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1  

Advanced glycan analysis using HPLC-Chip/MS technology 
Rudolf Grimm1 2 3 , Carlito Lebrilla2 , Hyun-Joo An3  

1. Life Science Group, Agilent Technologies Inc, Santa Clara, CA, USA 
2. UC Davis, Davis, USA 
3. Chungnam National University, Daejeon, South Korea 
Glycosylation is the primary cause of micro-heterogeneity in proteins (glycoisoforms). These reflect 
complexity at both molecular and cellular levels. There are many potential functions of glycosylation. 
For instance, physical properties include: folding, trafficking, packing, stabilization, protease 
protection, quaternary structure and organization of water structure. Properties relating to recognition 
and biological triggering are characterized by: weak interactions, multiple presentation and precise 
geometry. Changes in sugar prints may both reflect and results in physiological changes, e.g. cancer 
and other diseases. Hence it is necessary to understand the degree of glycosylation. Furthermore, 
free glycans in human milk are known to stimulate the innate immune system of infants. 
In this presentation an update about the latest technical developments of the Chip-MS system for 
glycan analysis will be provided. Applications of the Chip-MS system to the study of all classes of 
glycans (free glycans, N-glycans, O-glycans and glycosaminoglycans) will be discussed. Furthermore 
a method will be discussed that allows the determination of N-glycan, O-glycans and their 
glycosylation site in a single experiment including the analysis of stereo-glycopeptide isomers. 

2  

Polymer based intraocular lens adsorbome: a bottom up proteomics study 
Virginie Bertrand1 , Yi-Shiang Huang1 , Gabriel Mazzucchelli2 , Dimitriya Bozukova3 , 
Christophe Pagnoulle3 , Marie-Christine Durrieu4 , Edwin A De Pauw2 , Marie-Claire De Pauw-
Gillet1  

1. Mammalian Cell Culture Laboratory, University of Liege, Liege , Belgium 
2. Mass Spectrometry Laboratory, University of Liege, Liege, Belgium 
3. Physiol, Liege, Belgium 
4. Institute of Chemistry and Biology of membranes and nanoobjects, University of Bordeaux 1, 

Bordeaux, France 
The cataract is one of the leading causes of blindness in the world. The surgery is the only effective 
treatment to overcome the cataract and consists in removing the cloudy lens and replacing it by an 
artificial intraocular lens (IOL). Secondary cataract, or Posterior Capsular Opacification (PCO), is the 
most common postoperative complication of the cataract surgery. PCO is raised from the host 
response to the implant: the residual lens epithelial cells (LEC) proliferate, migrate, transdifferentiate 
to mesenchymal cells which form a cloudy layer and enclose the intraocular lens, causing patients to 
lose vision again. Following implantation of an IOL, the human host responses include protein 
adsorption, cell adhesion, inflammation, and wound healing. These foreign body reactions are all 
initiated from the first step of protein adsorption from aqueous humor or blood instantaneously after 
implantation of the IOL in the capsular bag. Numerous factors such as the chemical composition of 
the material, the design, the roughness, the bioadhesive character of the IOLs play a role in the 
appearance of these complications. In the present work, an optimized sample preparation protocol to 
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have a higher or a lower incidence of PCO, respectively, was obtained.  Polymer disks incubated in a 
physiological environment simulating aqueous humor (diluted human serum) were used. Quantitative 
analysis of common proteins in all samples was made after trypsin digestion on disks and peptide 
analyses by mass spectrometry (UPLC-SYNAPT G2, MSE-IMS acquisition). Albumin, 
immunoglobulins G, apolipoproteins and vitronectin are a first common protein signature of 
hydrophilic and hydrophobic acrylic materials. After quantification, it will be possible to correlate the 
relative intensities within protein signature and the surface properties, as well as  low or high cell 
adhesion percentages of (LEC) on polymers.   

1. Bozukova, D., C. Pagnoulle, R. Jérôme and C. Jérôme (2010). "Polymers in modern ophthalmic 
implants Historical background and recent advances." Materials Science and Engineering: R: 
Reports 69(6): 63-83 

2. Christophe Pagnoulle, Dimitriya Bozukova, Laure Gobin,Virginie Bertrand, Marie-Claire Gillet-De 
Pauw. Assessment of new-generation glistening-free hydrophobic acrylic intraocular lens material 
JCatarct Refract Surg 2012 1271-1277. 

3  

A Proteomic View of the Suppression of Host Cell Antiviral Responses by 
Respiratory Syncytial Virus 
Keyur A Dave1 , Alexander A Bukreyev2 , Emma L Norris1 , Ursula J Buchholz2 , Marcus L 
Hastie1 , Madeleine J Headlam1 , Buddhika Jayakody1 , Kirsten M Spann3 , Toshna Singh1 , 
Peter L Collins2 , Jeffrey J Gorman1  

1. Queensland Institute of Medical Research, Herston, QLD, Australia 
2. National Institute for Allergy and INfectious Diseases, National Institutes of Health, Bethesda, 

Maryland, USA 
3. Clinical Medical Virology Centre, The UNiversity of Queensland, Herston, Queensland, Australia 
Respiratory syncytial virus (RSV) is the most serious cause of lower respiratory tract infections in 
infants, young children and immunocompromised individuals. It is increasingly being recognised as a 
serious respiratory pathogen in the elderly. A hallmark of RSV is the lack of an adequate long lasting 
immune response to the virus, resulting in multiple infections throughout life. There are no vaccines or 
efficacious therapeutics for RSV. RSV encodes two small proteins which suppress antiviral responses 
of the host cell, including interferon induction and signalling. These proteins are termed non-structural 
proteins (NS1 and NS2) because they appear not to be packaged with budding virions. One of these 
proteins, NS1, appears to be the major culprit in terms of host cell response suppression, which it 
achieves through post-translational mechanisms. For instance it is proposed that NS1 acts as an E3 
ligase. NS1 would appear to be a potential target for development of therapeutics for RSV. 
Accordingly, we have adopted a proteomic approach in conjunction with reverse viral genetics for 
identification of molecular targets for NS1 and to define its mechanism of action. Of interest is that 
NS1 appears to sustain the survival of proteins within the infected cell in order to suppress apoptosis 
on one hand whilst suppressing interferon responses on the other hand. These findings suggest that 
in part NS1 does not function to subject its targets to degradation. Processes used to achieve this 
novel marriage of reverse viral genetics and high-performance proteomic technologies will be 
presented in addition to the data supporting the observations cited above. In particular, a method for 
identification of protein regulation at a specific proteoform level will be presented. 

4  

Progress, Problems, and Prospects 

Ralph A Bradshaw1  

1. Department of Pharmaceutical Chemistry & Mass Spectrometry Facility, University of California, 
San Francisco, CA, USA 

Over the last 15 years, proteomics has evolved into a major field of biomedical/biological research, 
but one that is still well short of achieving its vast potential. Arising as a true paradigm shift from 
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protein chemistry, it is rooted in the determination of the human genome sequence (and a rapidly 
growing number of additional genome sequences) and three principal technological advances 

 
2D 

gels, protein and nucleic acid arrays and MALDI/ESI mass spectrometry. It has, as its generalized 
objective, the complete description of individual proteomes - derived from whole organisms to 
biologically defined subsets - and requires the identification/description of the structure/function of all 
proteins in the set including, where present, splice variants and post-translational modifications. It also 
requires the determination of the both the stable and transient protein-protein interactions that make 
up the highly complex cellular networks of even the simplest organisms. Achieving these objectives 

nscriptomic and metabolomic), important for systems 
biology experimentation, has emerged as a major objective and have emphasized the necessity of 
quantitative data. This has lead to the emergence of SRM/MRM/PRM-based methodology and the 
measurement of individual entities/modifications under normal and pathological conditions as an 
increasingly popular approach. While there have been notable advances in both types of efforts, 
providing some useful new insights, progress has been slow, particularly in translational applications, 
relative to the scope of what remains to be done. An overview of the accomplishments (both positive 
and negative) of the past decade and half, and some predictions about what the next decade and a 
half will bring, will be presented. 

5  

Venomics Proteomics  
Iekhsan Othman1 , Muhamad Rusdi Ahmad Rusmili1 2 , Mohd Ezharul Chowdhury1 , Tee Ting 
Yee1 , Wayne Hodgson2  

1. Jeffrey Cheah School of Medicine and Health Sciences, Monash University Sunway Campus, 
Bandar Sunway, Malaysia 

2. Department of Pharmacology, Monash University Clayton Campus, Victoria, Australia 
Malaysia is home for numerous venomous animals which are either terrestrial or marine. However, 
many of these venoms are not well studied and the active components of the toxins and venoms are 
remain biochemically and pharmacologically unknown. In recent years, advancement of proteomics 
technology has enabled rapid and massive discoveries in the composition of the venom of numerous 
animals. The technology could also help in understanding the venom and antivenom interaction and 
reactivity which could help the development of better antivenoms production. Novel bioactive 
discoveries made from utilization of proteomics technology not only enable the discoveries of various 
types of new novel toxin classes and isoforms of previously described toxins but also potentially new 
ones. In our laboratory, we are concentrating on the purification and characterization of new bioactive 
proteins and their isoforms for potential application not only in biomedical research but also in 
potential pharmaceutical and agricultural applications. There are five species of snakes of interest that 
currently being studied in our laboratory namely  Bungarus candidus, Bungarus fasciatus,  Naja naja 
kouthia, Ophiophagus hannah and Callosellasma rhodostoma. In order to selectively purify bioactive 
proteins of interest, we are using mass-spectrometry guided purification strategy to selectively purify 
bioactive proteins of interest. The purified bioactive proteins were then being characterized by using 
pharmacological and  biochemical techniques to determine the activities such as neurotoxicity, 
cardiotoxicity, cytotoxicity and antibacterial properties. The bioactive proteins were analysed by using 
Q-TOF LCMS/MS  for identification and de novo sequencing. By using this approach, we were 
successful in isolating several novel toxins which are currently undergoing characterizations.   In 
conclusion, application of proteomics and mass spectrometry technologies provide a very rapid 
approach to purify known and identify unknown bioactive proteins from venoms. Application of these 
technologies could also help in understanding the composition and of venom and antivenom 
reactivity.    
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6  

Pros and cons of inter-alpha trypsin inhibitor h4 fragment  as cancer 
biomarker  

Onn Hashim1  

1. University of Malaya, Kuala Lumpur, Malaysia 
The potential use of a 35 kDa inter-alpha trypsin inhibitor H4 fragment (ITIH4f) as a cancer biomarker 
was unveiled when it was detected in sera of patients with breast cancer using gel-based proteomic 
analysis and a lectin that binds O-glycosylated glycoproteins.  Subsequent studies showed that the 
serum ITIH4f was also of relatively higher abundance in patients with endometrial and ovarian cancer 
(germ-line and epithelial ovarian carcinoma) but not in patients with nasopharyngeal carcinoma, 
osteosarcoma (localized disease) and cervical cancer (squamous cell cervical carcinoma and cervical 
adenocarcinoma).  One of the differences between the types of cancer that are associated with 
increased abundance of serum ITIH4f with those that did not is that the former is associated with 
enhanced levels of serum oestrogens.  This suggests that release of ITIH4f is oestrogen-induced, and 
the hypothesis was further substantiated when sera of healthy pregnant women and patients with 
hydatidiform mole, whose serum oestrogen levels were elevated, were shown to contain relatively 
higher levels of serum ITIH4f than controls.  In this seminar, the pros and cons of ITIH4f as a cancer 
biomarker will be discussed.  

7  

Quantitative Chemical Proteomics for the Identification of Specific Drug 
Targets 

 

Application to the Study of Anticancer Mechanism of 
Andrographolide 
Qingsong Lin1  

1. Department of Biological Sciences, National University of Singapore, Singapore 
As most drugs exert pharmacological effects by interacting with their target proteins, identification of 
which is a critical step in unravelling the mechanisms of drug action. It is also imperative for our 
understanding of the pharmacodynamics of a known drug, suggesting the potentially unrevealed 
actions and thus refining its future clinical applications. However, current in vitro affinity 
chromatography-based and in vivo activity-based protein profiling (ABPP) approaches generally face 
difficulties discriminating specific drug targets from non-specific ones. We have come up with a novel 
approach combining isobaric tags for relative and absolute quantitation (iTRAQTM) with Clickable 
ABPP, named ICABPP, to specifically and comprehensively identify drug targets in live cells.  This 
approach was applied to identify the protein targets of andrographolide (Andro), a natural product with 
known anti-inflammation and anti-cancer effects, in live cancer cells. A spectrum of specific targets of 
Andro was identified, revealing the mechanism of action of the drug and its potential novel application 
as the tumor metastasis inhibitor, which was validated through cell migration and invasion assays. 
Moreover, the target binding mechanism of Andro was unveiled with a combination of drug analogue 
synthesis, protein engineering and mass spectrometry-based approaches and the drug-binding sites 
of two protein targets, NF-kB and actin, were determined. 

8  

Proteomics and Metabolomics 

 

Thoughts Combine for Biomarker Discovery 
Manfred Raida1  

1. Singapore Lipidomics Incubator, Life Sciences Institutes, National University of Singapore, 
Singapore 

In the post-genome area, Proteomics has become a major tool for qualitative and quantitative 
analysis of complex biological systems and to understand the background of cellular functions and 
malfunctions. While mass spectrometric methods have reached the required level of sensitivity to 
identify proteins in biological systems, the vast complexity of protein modifications, isoforms, 
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truncations or splice variants cannot be covered by today approaches. Recent publications have 
shown that each gene results in many different active forms of the protein are present in a cellular 
system. Protein-biomarker discovery is mainly based on the search for up- or down-regulated 
proteins, either by quantitative mass spectrometry comparing samples from healthy and diseased 
individuals or on extracting potential candidates from orthogonal data sets, as from Transcriptomics. 
This approach only takes increased or decreased levels of proteins into account, not looking at 
possible different post-translational modifications that affect the function of the protein and lead to 
diseases. Also gene-related modifications, as mutations, truncations, splice-variant, RNA-edited 
amino acid exchanges are not considered. Taking all the possible modifications into account, each 
protein covers a wide space in a three dimensional room with the dimensions: concentration, gene-
related modifications and post-translational modifications. In this room some of the combinations will 
not affect the protein function in the cellular system, while others lead to malfunction and diseases. 
These would serve as an biomarker for diagnostics and to stratifying personalized medical treatment. 
The full analysis of each protein covering all of these dimensions is still not possible today. 

are either directly or indirectly connected to metabolic processes, to the synthesis or conversion of 
small molecules. Even these are representing a vast complexity of different molecules, each of them 
represents a unique structure accessible by mass spectrometric techniques in combination with 
targeted sample preparation and extraction procedures. These metabolomic data enable the 
conclusion back to the disturbed pathway and a targeted analysis of the proteins and their mutations 
and modifications involved this pathway. Beside the potential use of the identified Metabolites as 
biomarkers, proteins of the disturbed pathway can be taken into account as biomarker candidates and 
submitted to verification using targeted mass spectrometry. A general approach for the combination of 
Proteomics and Metabolomics to detect potential biomarkers will be discussed.  

9  

Kinetics of antigen expression and epitope presentation during virus infection 
revealed by next generation proteomics 

Anthony Purcell1 , Nathan Croft1 , Nadine Dudek1 , David Tscharke2  

1. Monash University , Clayton, VIC, Australia 
2. School of Biological Sciences, ANU, Canberra 
Current knowledge about the dynamics of antigen presentation to T cells during viral infection is very 
poor despite being of fundamental importance to our understanding of anti-viral immunity. We have 
used advanced mass spectrometry to simultaneously quantify the presentation of vaccinia virus 
peptide-MHC complexes (epitopes) on infected cells and the amounts of their source antigens at 
multiple times after infection. The results show a startling 10,000-fold range in abundance as well as 
strikingly different kinetics across the epitopes monitored. The tight correlation between onset of 
protein expression and epitope display for most antigens provides the strongest support to date that 
antigen presentation is largely linked to translation and not later degradation of antigens. Finally, 
using data independent acquisition approaches (SWATH-MS) we have monitored all viral and host 
cell proteins providing a global view of viral antigen expression and host cell responses. This study 
highlights the complexity of viral antigen presentation and demonstrates the weakness of simple 
models that assume total protein levels are directly linked to epitope presentation and 
immunogenicity. 

1. 1. Croft, N. P., Smith, S. A., Wong, Y. C., Tan, C. T., Dudek, N. L., Flesch, I. E., Lin, L. C., 
Tscharke, D. C., and Purcell, A. W. (2013) Kinetics of Antigen Expression and Epitope 
Presentation during Virus Infection. PLoS Pathog 9, e1003129    
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10  

Genome-wide proteomics: What have we learnt from the C-HPP initiative?  
W. Hancock1 , G. Omenn2 , M. Snyder3 , R. Beavis4 , Y-K. Paik5  

1. Northeastern University, Boston, MA, United States 
2. University of Michigan, United States 
3. Stanford University, United States 
4. University of British Columbia, Canada 
5. Yonsei University, Seoul 
We report progress assembling the parts list for chromosome 17 and illustrate the various processes 
that we have developed to integrate available data from diverse genomic and proteomic knowledge 
bases.  As primary resources we have used GPMDB, neXtProt, PeptideAtlas, Human Protein Atlas 
(HPA), and GeneCards.  All sites share the common resource of Ensembl for the genome modeling 
information.  We have defined the chromosome 17 parts list with the following information: 1169 
protein-coding genes, the numbers of proteins confidently identified by various experimental 
approaches as documented in GPMDB, neXtProt, PeptideAtlas, and HPA, examples of typical data 
sets obtained by RNASeq and proteomic studies of epithelial derived tumor cell lines (disease 
proteome) and a normal proteome (peripheral mononuclear cells), reported evidence of post-
translational modifications, and examples of alternative splice variants (ASVs).  We have constructed 

(MS) identifications.   In this report we have defined a process to establish a baseline for the 
incorporation of new evidence on protein identification and characterization as well as related 
information from transcriptome analyses.  hat will guide the 
selection of appropriate samples for discovery studies as well as antibody reagents.   Also we have 
illustrated the significant diversity of protein variants (including post-translational modifications, PTMs) 
using regions on chromosome 17 that contain important oncogenes.  We emphasize the need for 
mandated deposition of proteomics data in public databases, the further development of improved 
PTM, ASV and single nucleotide variant (SNV) databases and the construction of websites that can 
integrate and regularly update such information.   In addition, we describe the distribution of both 
clustered and scattered sets of protein families on the chromosome.   Since chromosome 17 is rich in 
cancer associated genes we have focused the clustering of cancer associated genes in such genomic 
regions and have used the ERBB2 amplicon as an example of the value of a proteogenomic 
approach in which one integrates transcriptomic with proteomic information and captures evidence of 
co-expression through coordinated regulation. 

11  

Epitope binning assays on monoclonal antibodies using label-free biosensor  
Yasmina Abdiche1  

1. Rinat Laboratories, Pfizer Inc, South San Francisco, CA, United States 
In the discovery of therapeutic antibodies, finding an appropriate antibody/epitope pair is challenging 
because both the epitope and the antibody can have undesirable properties that frustrate the intended 

to organ
binning assays can be performed on label-free biosensors.  

12  

Captive, Doped and Boosted: Enhancing capabilities for glycopeptide 
characterization with ETD/CID through electrospray supercharging 

Sawyen Ow1  

1. Life Science Applications Manager Asia-Pacific & Japan, Bruker, Selangor, Malaysia 
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Although the analysis of glycosylation patterns in glycoproteins has been well established, parallel 
analysis to localize glycosylation sites as well as determining the peptide amino acid sequences are 
also paramount in reducing analysis time and improving data mining. The generally lower ionization 
efficiency of glycopeptides compared with non-glycosylated peptides during mass analysis coupled 
with the high micro-heterogeneity in glycan structures however, have made the analysis of N- and O-
glycopeptides largely a challenging subject. More recently, the combination of collision-induced-
dissociation (CID) and electron-transfer-dissociation (ETD) techniques has been shown to be highly 
complementary and provides a more comprehensive characterization of glycopeptides. However, 
confident use of ETD has often been hampered by the lower charge states and the significantly 
increased molecular weights of glycopeptides. Herein, the application of a new spray source set-up 
utilizing a solvent-doped sheath gas has the capability to not only augment charge states, but improve 
overall signal intensities during mass spectrometry analysis is presented. We apply this pilot 
investigation on a model glycoprotein and report on the overall performance increase. We also 
observed that supercharging appears most pronounced on glycopeptides with larger glycans and/or 
higher degrees of sialylation. Based on this methodology, we demonstrate its successful application 
on the analysis of both N- and O-linked glycopeptides.  

13  

Improved accuracy and sensitivity of large-scale labelled quantitation via 
multi-notch MS3 approach on hybrid quadrupole-Orbitrap-linear ion trap mass 
spectrometer  
Lin Tang Goh1  

1. Thermo Scientific, Australia 
The utility of multiplexed quantitation using isobaric tags (ITRAQ or TMT) has been well documented 
in the literature. Today such protein quantitation approach has become a first choice method in many 
proteomics laboratories due to its proven protocol and productivity to facilitate comparative study of 
up to 10 experiments. On a high resolution mass spectrometer, the quantitative data are obtained 
from the cyclic targeted MSMS process (data-dependent acquisition) which releases the associated 
reporter tags for the detected peptides. In most complex sample situation, isolations of target peptides 
during DDA have been challenged with co-isolation of other peptides within a 2-Da or 3-Da selection 
window. This invariably leads to unresolvable error in quatitation. A novel approach based on the new 
hybrid Orbitrap platform (Orbitrap Fusion) offers significant improvement in accuracy and sensitivity in 
complex labelled quantitation scenarios. This method involves a triple-stage HRMS measurements 
(MS3) using ion-trap based CID followed by HCD to generate the corresponding reporter tag ions.  

14  

Old Proteins and Human Age-Related Disease. Understanding Processes 
using Spontaneous Peptide Degradation  

Roger Truscott1 , Michelle Hooi2 , Brian Lyons2 , Michael Friedrich1  

1. Wollongong University, Wollongong, NSW, Australia 
2. Save Sight Institute, Sydney University, Sydney, NSW, Australia 
It is not widely known that there are a number of proteins in the body that are long-lived and some 
that exist for our lifetime. The list includes spectrin, elastin, collagen, crystallins and components of 
the nuclear pore complex. Over time, these old proteins become modified, however our knowledge of 
the molecular details, and which are of most importance, is poorly understood. 
We have been characterizing some of these modifications using the human lens as a model system 
and characterising the reactions using synthetic peptides. Major modifications result from the intrinsic 
instability of some amino acid residues: serine, asparagine and aspartic acid. Quantitatively the most 
important reactions are racemisation, deamidation and spontaneous peptide bond cleavage. 
Unstructured regions of proteins are particularly susceptible to these posttranslational modifications. 
In the lens, the extent of these reactions increases over time and it is probable that they lead to 
protein denaturation. The ultimate result is that the lens becomes opaque and that age-related 
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cataract develops. It is likely that the gradual deterioration of long-lived proteins plays a role in other 
human age-related diseases. 

15  

Diagnosing IBD? A quantitative proteomic view and marker validation study  

Valerie C Wasinger1 , Rupert Leong2  

1. The University of NSW, Kensington, NSW, Australia 
2. Endoscopy, Concord Hospital, Concord, NSW, Australia 
Disease-specific proteins, including low-mass peptides, can be difficult to detect amongst a diverse 
range of concentrations present for plasma proteins. Combined with the immense extent of human 
and disease variation and the challenges facing the development of sensitive and specific 
differentiators; developing diagnostics suitable for clinical use is a formidable task. Discovery phase 
quantitative approaches entail the differentiation of as many peptides as possible (rather than the 
identification of all proteins) from LC-MS experiments. The development of targeted, quantitative 
approaches that provide accurate and statistically reliable quantitative outcomes for multi-site studies 
may provide a critical bridge to establishing validity of individual or panels of biomarkers. 
Inflammatory bowel disease (IBD) is a life-long relapsing and remitting inflammatory disorder primarily 
affecting the gastrointestinal tract and is main
colitis (UC).1 Current treatment regimen aims to dampen the vigorous inflammation without a cure. 
The importance of an accurate diagnosis is paramount as the prognosis for CD and UC differ 
markedly, although a definitive diagnosis is difficult to achieve as clinical manifestations are very 
similar. Protein markers may strengthen the discrimination of IBD subtypes and provide prognostic 
information. This study has incorporated the techniques of low mass partitioning, LC-MS/MS and 
label free quantitation for a discovery based survey of unique peptides and proteins able to 
distinguish between our phenotypes. Selected candidates have then been further evaluated in fresh 
cohorts comprising of 109 patients using multiple light and heavy synthetic peptides to determine 
absolute quantities within those phenotypes. Antibody detection using Westerns has also been 
carried out. Discussed will be the identification of unique differentiators for application to diagnosis of 

 

16  

Conotoxin evolution gets messy  
Aihua JIN1 , Sebastien Dutertre1 , Quentin Kaas1 , Vincent Lavergne1 , Petra Kubala1 , Alun 
Jones1 , Richard J Lewis1 , Paul F Alewood1  

1. Institute for Molecular Bioscience, St Lucia, QLD, Australia 
Cone snail venom comprises many 1000s of venom peptides that have evolved for prey capture and 
defence from a smaller set of transcriptomic sequences. Deep venomics has revealed surprising 
messiness in the venom at the proteomic level that arises from variable peptide processing by 

- and C-terminal processing underlying 
much of the peptide diversity found at low levels using high sensitivity LC/MS techniques, in addition 
to a smaller number of predicted major cleavage products. Recently, we have uncovered another 
layer of venom peptide messiness seen at the transcriptomic level in cone snails. A surprisingly large 
number of conopeptide gene sequences were found to be expressed at low-levels, including a series 
of single amino acid variants, as well as sequences containing deletions and frame and stop codon 
shifts. Some of the toxin variants generated alternative cleavage sites, interrupted or elongated 
cysteine frameworks, and highly variable isoforms within families that could be identified at the 
peptide level. Together with variable peptide processing, this background biological messiness 
explains the hypervariability of venom peptides. Variable processing and transcriptomic messiness 
likely contributes to the rapidly evolution of venoms with new or altered function and might be 
exploited in non-venomous species and prove useful in expanding structure-function studies.   
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17  

Peptide Tissue Imaging Mass Spectrometry in Ovarian Cancer 
Peter Hoffmann1 , Johan O Gustafsson1 , James S Eddes1 , Martin K Oehler 
1. School of Molecular and Biomedical Science, Adelaide, SA, Australia 
In 1997, Caprioli et al detailed the novel application of MALDI-TOF MS directly on tissue for mapping 
of protein and peptide species [1]. Imaging Mass Spectrometry (IMS), is typically used to determine 
the distribution of proteins in fresh frozen tissue. In this respect, however, Tryptic Peptide Imaging has 
some advantages over imaging of intact proteins. These include access to higher molecular weight 
and hydrophobic proteins. Furthermore, peptide level analysis provides the possibility for identification 
by matching accurate m/z and in situ MS/MS to high quality LC-MS/MS data obtained through 
digestion of relevant laser dissected tissue. Finally, formalin-fixed paraffin embedded (FFPE) tissue 
can be analysed after antigen retrieval. FFPE archives have the additional advantage of providing 
large sample numbers complete with patient and disease specific annotations. 
Here we present the latest developments within our group, including up-to-date methods for analysis 
of formalin-fixed tissue (e.g. tryptic peptide MALDI-IMS), a method for linking LC-MS/MS data to 
MALDI-IMS data using internal calibrants as well as the generation of the first data for a MALDI-IMS 
patient and disease specific tryptic peptide database. This database will serve as a reference for 
tissue micro-array MALDI-IMS experiments, with the ultimate aim of extracting clinical information 
such as therapy response and patient outcome. The potential for tryptic peptide imaging on FFPE 
tissue as a diagnostic tool for ovarian cancer will be discussed using FFPE tumour tissue-micro-
arrays from patients responding versus patients not responding to chemotherapy. 
[1] Caprioli RM, Farmer TB, Gile J. Molecular imaging of biological samples: localization of peptides 
and proteins using MALDI-TOF MS. Anal Chem. 1997 Dec 1;69(23):4751-60 
[2] J.O.R. Gustafsson, J.S. Eddes, S. Meding, T. Koudelka, M.K. Oehler ,S.R. McColl, P. Hoffmann. 
Internal calibrants for high accuracy matching of tryptic peptide MALDI imaging features to peptides 
identified by LC-MS/MS. Journal of Proteomics, 2012 Aug 30; 75(16):5093-105  

18  

Targeted Quantitative Proteomics 

 

an Evolving Tool Kit 
Christie Hunter1  

1. AB SCIEX, Redwood City, CA, United States 
The goal of quantitative proteomics is to both identify and quantify a broad range of proteins and 
peptides. Targeted quantification continues to grow in importance as an increasing number of 

e verified / validated to confirm or refute their ultimate utility. 
This need for better quantification strategies drives technology development, pushing for increased 
throughput with increasingly lower detection levels. Increased throughput is required as larger sample 
numbers must be analyzed for verification / validation, which often means accelerated 
chromatography. This can increase the chance of interferences that could confound robust 
quantification which drives the need for higher selectivity strategies. Getting quantitative coverage of 
both high and low abundant precursors is a combination of both sensitivity and selectivity 
improvements as well as dynamic range increases. Recent MS innovations have also enabled a 
resurgence in data independent acquisition strategies which are proving to play an important role in 
targeted proteomics for early stage verification work. Technology progress in a variety of these key 
LCMS acquisition attributes will be explored.   
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Total Chemical Synthesis of Mirror Image Proteins 
Stephen Kent1  

1. Department of Chemistry, Department of Biochemistry and Molecular Biology, Institute for 
Biophysical Dynamics, University of Chicago, Chicago, USA 

All natural protein molecules are made up of L-amino acids and the achiral amino acid glycine.1  The 
homochirality of natural proteins molecules is one of the most fundamental aspects of the biosphere. I 

-protein molecules made up of D-amino acids.2  Novel features of these examples include 
facilitated determination of protein X-ray structures by racemic crystallography,3 and the systematic 
development of a D-protein antagonist for VEGF-A.4 

1. y Kurt Mislow, Dover Publications, New York, 2002 
2. Total chemical synthesis of proteins. Stephen B.H. Kent, Chemical Society Reviews, 38, 338-51 

(2009) 
3. Racemic protein crystallography. Todd O. Yeates, Stephen B.H. Kent, Ann. Review Biophysics, 

41, 41 61 (2012) 
4. Chemical synthesis and X-ray structure of a heterochiral {D-protein antagonist plus VEGF-A} 

protein complex by racemic crystallography. Kalyaneswar Mandal, Maruti Uppalapati, Dana Ault-
Riché, John Kenney, Joshua Lowitz, Sachdev Sidhu, Stephen B.H. Kent, Proc Natl Acad Sci 
USA, 109, 14779-14784 (2012) 

20  

Immune Therapies Targeted to HLA-Peptide Complexes 
William Hildebrand1 2 , Oriana E Hawkins1 , Andrea M Patterson1 , Saghar Kaabinejadian1 , 
Michael S Diamond3 , Ted H Hansen3 , Sojung Kim3 , Jon A Weidanz4 5 , Paolo Piazza6 , Curtis P 
McMurtrey1 2 , Alina Lelic7 , Jonathan L Bramson7  

1. Department of Microbiology and Immunology, University of Oklahoma Health Sciences Center 
School of Medicine, Oklahoma City 

2. Pure Protein L.L.C, Oklahoma City 
3. Department of Pathology and Immunology, Washington University School of Medicine, St Louis 
4. Department of Immunotherapeutics and Biotechnology, Texas Tech University Health Sciences 

Center School of Pharmacy, Abilene 
5. Receptor Logic, Inc., Abilene 
6. Department of Infectious Diseases and Microbiology, University of Pittsburgh Graduate School of 

Public Health, Pittsburgh 
7. Department of Pathology and Molecular Medicine, McMaster University, Hamilton, Ontario, 

Canada 
West Nile Virus (WNV) was introduced into North America in 1999 where it has emerged as the most 
common cause of arboviral neuroinvasive disease.  An estimated 2 million infections occurred 
between 1999 and 2013 in North America and there is no specific treatment or vaccine 
available.  WNV-infected cells can be detected and destroyed by CD8+ cytotoxic T lymphocytes via 
the presentation of viral peptides by major histocompatability complex class I molecules.  Briefly, 
class I MHC molecules provide CD8+ 

into the cell by sampling peptides from all protein constituents within a cell and then displaying these 
peptides at the plasmalemma. Currently, no one knows how many WNV derived peptides decorate 
the MHC of infected cells, nor do we know which viral proteins MHC molecules 
sample.  Understanding the number and origin of viral peptides available for immune recognition is a 
key prerequisite in the development of immunotherapeutics that target intracellular disorders.  Using 
secreted HLA class I molecules in a comparative proteomics system, we eluted peptide ligands from 
infected and uninfected class I molecules and compared these ligands by mass spectrometry.  The 
resulting data demonstrate that different class I MHC molecules consistently prune a Flavivirus of 
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more than 3,000 amino acids down to a handful of peptides for immune recognition.  We then 
extended this experimental protocol to HIV-1 infected cells, influenza infected cells, breast cancer 
cells, and ovarian cancer cells.  In all instances we find a dozen or fewer MHC class I presented 
peptide ligands distinguish the diseased from the healthy cell.  Finally, peptide based vaccines as well 
as antibodies specific for peptide/MHC complexes demonstrate the therapeutic potential of these 
peptide/MHC complexes during infection and cancerous transformation. 

21  

How anti-

 

Luke A Miles1 , Gabriela AN Crespi1 , Michael W Parker1  

1. St Vincent's Institute of Medical Research, Fitzroy, VIC, Australia 
Alzhe
the biggest risk factor. The mechanisms by which the disease progresses to cognitive decline in the 
sufferer are complex and not fully elucidated. A defining pathological feature is the deposition of 

constituents of amyloid plaques that burden the diseased brain, plaque burden correlates poorly with 
the severity of the disease. There is accumulating evidence that a prefibrillar or protofibrillar soluble 

rapy targeting Abeta 
is a promising direction in AD research with active and passive immunotherapies shown to lower 

-
significant class of AD therapeutics currently in human clinical trials. 

analysis of clinical trial data and to guide the engineering of anti-
specificity and affinity. We have determined the structures of three different AD antibodies in complex 
with Ab peptides: (1) WO2, which recognises the N-
immunotherapeutic Ponezumab (Pfizer), shows specificity for the C- has no 
significant cross-
Pfizer and Johnson & Johnson which recognises the N- -

recognition by the antibodies and suggest new avenues for AD antibody development. 

22  

A Semisynthetic Platform for the Site-Specific Conjugation of Lipid Adjuvants 
to Recombinant Protein Vaccines  

Peter M Moyle1 , Jon Hartas2 , Anna Henningham1 , Michael R Batzloff2 , Michael F Good2 , Wei 
Dai1 , Yingkai Zhang1 , Mark J Walker1 , Istvan Toth1  

1. The University of Queensland, St Lucia, QLD, Australia 
2. Institute for Glycomics, Griffith University, Southport, QLD, Australia 
Immunization has proven to be one of the most effective means to prevent disease. Despite this 
success, effective vaccines are lacking for many important diseases (e.g. HIV & malaria), and the use 
of vaccines to treat disease (e.g. cancers & autoimmune disease) remains an exciting prospect that 
awaits its full exploitation. Developing new vaccines in many cases will require a movement from 
traditional whole organism approaches, towards chemically defined systems (e.g. subunit and DNA 
vaccines), and their administration with powerful immunostimulatory compounds (adjuvants). With 
relatively few safe adjuvants for human use, novel adjuvant systems are essential for producing new 
vaccines. 
We have developed subunit vaccines incorporating defined peptide antigens attached to lipid-based 
adjuvants. The immune response against these vaccines was significantly enhanced compared to the 
administration of peptide antigens with the commercial adjuvant alum, and allows for stimulation of 
both antibody and cellular i
of peptide antigens however imposes limits on the amount of antigenic information that can be 
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incorporated into a vaccine. We have therefore developed methods that enable the site-specific 
conjugation of lipid adjuvants onto expressed denatured or folded protein antigens. With recent 
advances in antigen identification providing numerous protective antigens suitable for subunit vaccine 
development, such an approach provides a more efficient means to develop lipid adjuvanted 
vaccines. These techniques have facilitated the simple and efficient production of homogeneous, 
chemically defined lipoprotein vaccines targeting group A streptococcus, incorporating combinations 
of conserved and protective peptide and protein antigens. These vaccines formed particles in the low 
nanometer size range (~ 40 nm), ideal for eliciting humoral immune responses. Following 
administration to mice, antigen-specific IgG antibodies were elicited against each incorporated 
antigen, without need for added adjuvant, or signs of toxicity. 

23  

Peptide-Polymer Conjugates as Therapeutic Vaccine against Cervical Cancer 

Mariusz Skwarczynski1 , Tzu-Yu Liu1 , Waleed M. Hussein1 , Zhongfan Jia2 , Nigel A. J. 
McMillan3 , Michael J. Monteiro2 , Istvan Toth1  

1. School of Chemistry and Molecular Biosciences, The University of Queensland, St Lucia 4072, 
QLD, Australia 

2. Australian Institute for Bioengineering and Nanotechnology, The University of Queensland, 
Brisbane QLD 4072, QLD, Australia 

3. Cancer Research Centre, Griffith Health Institute and School of Medical Science, Griffith 
University, Gold Coast, QLD 4222, QLD, Australia 

Cancer is the No. 1 killer of Australians. Cervical cancer remains third only to breast and ovarian 
cancer in terms of female cancer mortality worldwide. Only small increment in survival using 
chemotherapy has been witnessed. Immunotherapy has been proposed as one of the most attractive 
methods to reduce cancer mortality in human.1 Among the various immunotherapeutic delivery 
systems, peptide-based vaccines are simple, stable, well tolerated and can be tailored to produce the 
desired immunogenic effects.2 However such vaccines need delivery system and immunostimulant 
(adjuvant) to trigger desired immune responses. 
We designed new vaccine delivery system-based on the polyacrylate polymer conjugated to peptide 
epitope. We applied this system to Group A Streptococcus (GAS) vaccine and have demonstrated 
that peptide subunit vaccine formulated into nanoparticle was able to induce desired humoral immune 
response in mice after single immunization when administered subcutaneously or intranasally without 
help of any external adjuvant.3-5 

Recently, we applied this delivery strategy to create therapeutic peptide-based subunit anticancer 
vaccine. The synthesis of peptide epitopes was greatly improved by the change of standard SPPS 
procedure and application of the isopeptide method under microwave irradiation condition.6 The most 
promising antigens were identified, conjugated to polymer, and self-assembled into the particles. 
Modification of immunogenic epitope allowed the elimination of undesirable disulfide bond-based 
aggregation/polymerization of the peptide-polymers conjugates. Polyacrylate conjugated to the 
selected epitope produced excellent therapeutic effect against established tumour without help of any 
external adjuvant. This delivery system overcomes the lack of immunogenicity of peptide-based 
vaccines and common toxic side effect of external adjuvants. Noticeably, in contrast to many 
previously reported vaccine candidates, the conjugates demonstrated therapeutic effect after single 
immunization. Thus, we developed the first self-adjuvanting delivery system for the therapeutic 
vaccine against cervical cancer. 

1. Liu, T. Y.; Hussein, W. M.; Toth, I.; Skwarczynski, M. Advances in peptide-based human 
papillomavirus therapeutic vaccines. Curr. Top. Med.Chem. 2012, 12, 1581-1592. 

2. Skwarczynski, M.; Toth, I. Peptide-Based Subunit Nanovaccines. Current Drug Delivery 2011, 8, 
282-289. 

3. Ahmad Fuaad, A. A. H.; Jia, Z.; Hartas, J.; Ziora, Z. M.; Lin, I. C.; Moyle, P. M.; Batzloff, M. R.; 
Good, M. F.; Monteiro, M. F.; Skwarczynski, M.; Toth, I. Polymer Peptide Hybrids as a Highly 
Immunogenic Single Dose Nanovaccine Nanomedicine 2013, in press. 



56 10th

 

Australian Peptide conference, 8th

  

13th

 

September, Penang, Malaysia

    
4. Zaman, M.; Skwarczynski, M.; Malcolm, J. M.; Urbani, C. N.; Jia, Z. F.; Batzloff, M. R.; Good, M. 

F.; Monteiro, M. J.; Toth, I. Self-adjuvanting polyacrylic nanoparticulate delivery system for group 
A streptococcus (GAS) vaccine. Nanomedicine-Nanotechnology Biology and Medicine 2011, 7, 
168-173. 

5. Skwarczynski, M.; Zaman, M.; Urbani, C. N.; Lin, I. C.; Jia, Z. F.; Batzloff, M. R.; Good, M. F.; 
Monteiro, M. F.; Toth, I. Polyacrylate Dendrimer Nanoparticles: A Self-Adjuvanting Vaccine 
Delivery System. Angewandte Chemie-International Edition 2010, 49, 5742-5745. 

6. Hussein, W. M.; Liu, T. Y.; Toth, I.; Skwarczynski, M. Microwave-Assisted Synthesis of Difficult 
Sequence-Containing Peptide Using the Isopeptide Method. Organic & Biomolecular Chemistry 
2013, in press. 

24  

MUC1 Glycopeptide Vaccine 

Yan Mei-Li1  

1. Department of Chemistry, Tsinghua University, Beiijing, China 
Due to its over-expression on almost all types of epithelial tumor tissues, the tumor-associated mucin 
MUC 1 is an attractive target antigen for a cancer immunotherapy. However, there also some 
problems to be solved. The first problem is tumor specific antigen. MUC1 is a member of 
transmembrane glycoprotein family, mucin. In normal tissues, MUC1 expresses on the free face of 
epithelial cells and complex glycosylated. But in tumor tissue, MUC1 protein over-expresses on all the 
faces of epithelial cells and specifically glycosylated, such as Tn, T, Sialyl-Tn and Sialyl-T due to 
alteration of  enzyme activity. So 20-mer extracellular repeat glycopeptide sequence of MUC1 is an 
excellent target of vaccine development. The next problem is vaccine systems. Short peptides are 
always poor immunogenic, so vaccine systems are necessary to increase the immunogenicity of 
MUC1 glycopeptides. We synthesized MUC1 glycopeptides by solid-phase peptide synthesis with 
glycosylated threonines and serines as building blocks. And several systems were developed to load 
antigens. The first system is conjugates of glycopeptides and bovine serum albumin (BSA). This 
carrier protein elicited high level of antibodies1 . To simplify the structure, we conjugated T cell epitope 
or Toll-like receptor ligand to MUC1 glycopeptides, this kind of vaccines also elicited immune 
response23 . To simulate multivalent structure, we designed self-assembling vaccines, which 
aggregated in neutral condition and elicited immune system4 . 

1. Cai, H.; Huang, Z. H.; Shi, L.; Sun, Z. Y.; Zhao, Y. F.; Kunz, H.; Li, Y. M. Angew. Chem. Int. Ed. 
2012, 51, 1719-1723. 

2. Cai, H.; Huang, Z. H.; Shi, L.; Zhao, Y. F.; Kunz, H.; Li, Y. M. Chem. Eur. J. 2011, 17, 6396-6406. 
3. Cai, H.; Sun, Z. Y.; Huang, Z. H.; Shi, L.; Zhao, Y. F.; Kunz, H.; Li, Y. M. Chem. Eur. J. 2013, 19, 

1962-1970 
4. Huang, Z. H.; Shi, L.; Ma, J. W.; Sun, Z. Y.; Cai, H.; Chen, Y. X.; Zhao, Y. F.; Li, Y. M. J. Am. 

Chem. Soc. 2012, 134, 8730-3. 

25  

Poly-L-lysine Dendrimers as Vectors for Targeted Drug Delivery 
Chris J.H Porter1  

1. Drug Delivery Disposition and Dynamics, Monash Institute of Pharmaceutical Sciences, Royal 
Parade, Parkville, VIC, Australia 

Dendrimers are dendritic or branched polymers that can be synthesised to provide macromolecular 
constructs with hydrodynamic radii in the low nanometer size range and with good control over size 
and surface properties. As such dendrimers show increasing promise as drug delivery vectors, and 
have particular application in cancer therapy. In common with most potential nanomedicines, the in 
vivo distribution properties of dendrimers are highly dependent on molecular weight and surface 
character. Derivatisation of the dendrimer surface with polyethylene glycol (PEG), for example, can 
maintain concentrations of dendrimer based drug delivery systems in the plasma for several days and 



57 10th

 

Australian Peptide conference, 8th

  

13th

 

September, Penang, Malaysia

    
in doing so promote passive uptake into sites with increased vascular permeability. PEGylation also 
promotes absorption from subcutaneous injection sites and appears to preferentially redirect a 
proportion of the administered dose into the lymphatics and lymph nodes. These delivery properties 
are highly consistent with the use of dendrimers as drug delivery vehicles and when coupled with the 
use of tumour-specific drug release mechanisms have the potential to significantly enhance 
therapeutic benefit. Here, the impact of modification of the dendrimer surface with a PEG on 
dendrimer absorption, clearance and tumour targeting is described and the implications of these 
findings for delivery system design discussed. Examples of PEGylated and drug conjugated 
dendrimers as enhanced anti-cancer nanomedicines will be subsequently described and in particular 
recent data suggesting utility in the targeted treatment of lymph-resident and lung-resident cancer 
metastases.  

26  

Cell penetrating peptides for skin delivery: enhanced skin permeation and 
efficacy of diclofenac  
Heather Benson1 , Yousuf Mohammed1 , Maritxell Teixidó2 , Ernest Giralt2  

1. Curtin University, Perth, WA, Australia 
2. Institute for Research in Biomedicine, Universitat de Barcelona, Barcelona, Spain 
The aim of the study was to assess the skin permeation and distribution of a novel cell penetrating 
peptide (CPP), diketopiperazine (DKP) and HIV-1 Trans-Activator of Transcription (TAT). The effect of 
DKP and TAT on the skin permeation, distribution and efficacy of diclofenac was assessed. 
CPPs were applied as physical admixtures with diclofenac and conjugated to diclofenac. DKP alone, 
TAT alone and chemical conjugates of DKP-diclofenac (1:1 molar ratio) and TAT-conjugates were 
synthesized. Ex vivo permeation across human epidermis was assessed (300 µL at 500 µg/mL DKP
or TAT alone, physical admixture of DKP and diclofenac, and DKP-diclofenac or TAT-diclofenac 
conjugates). The content of DKP, TAT, diclofenac, and conjugates in the receptor and epidermal 
membrane samples was determined using HPLC. COX-2 inhibition by DKP-diclofenac conjugate and 
diclofenac alone was assessed using a COX fluorescent inhibitor assay concentration range up to 0.3 
mM). 
The cumulative amount of DKP, TAT and diclofenac permeating human epidermis over 24h was 
10.46, 3.43, and 4.06 µg/cm2 respectively. The physical admixture with DKP enhanced permeation of 
diclofenac (7.61 µg/cm2; >2-fold increase). Chemical conjugation with DKP or TAT enhanced the 
permeation of diclofenac (7.82 and 7.92 µg/cm2 respectively). The amount of DKP, TAT, diclofenac, 
DKP-diclofenac and TAT-diclofenac recovered from the epidermal membrane at 24h was 10.43, 13.2, 
8.58, 138.07 and 20.25 µg respectively. There was no significant difference in COX-2 inhibition was 
seen between diclofenac alone and DKP-conjugate. 
CPPs enhanced the permeation of diclofenac into and through human epidermis. Diclofenac 
permeation  through the epidermis was enhanced to a similar extent by conjugation to DKP and TAT 

- -
fold). This novel skin permeation enhancement approach may be useful for targeting delivery within 
the skin. 

27  

Xentry, a new class of cell-penetrating peptide for delivery of drugs  
Kristopher Montrose1 , Yi Yang1 , Xueying Sun1 , Siouxsie Wiles1 , Geoffrey W Krissansen1  

1. The University of Auckland, Auckland, New Zealand 
Cell-penetrating peptides (CPPs) offer new opportunities for the delivery of drugs as they overcome 
the impermeability of the plasma membrane, and can be readily modified to confer tissue-specific 
targeting. We have discovered an entirely new class of cell penetrating peptide represented by a 7-

-terminal region of the X-protein of the 
hepatitis B virus. Xentry permeates adherent cells using syndecans as a portal for entry, but is 
uniquely restricted from entering certain non-adherent cells, such as resting blood cells. Intravenous 
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injection of Xentry alone or conjugated to beta-galactosidase led to its delivery to most tissues in 
mice, except circulating blood cells. Thus, it may have a therapeutic advantage as it is not taken up 
and diluted by blood cells. It has a predilection for uptake by epithelia, becoming concentrated in the 
epithelia of major organs, including the epithelial lining of the lungs and intestine. Xentry is able to 
deliver a variety of different biologically active cargo types to cells including peptides, proteins, 
antibodies, and siRNA. Anti-B-raf antibodies and siRNA linked to Xentry were capable of killing B-raf-
dependent melanoma cells. Xentry represents a new class of CPP with properties that are potentially 
advantageous for life science and therapeutic applications.  

28  

Future of Peptides as Blood-Brain Barrier Shuttles 
Meritxell Teixido1 , Ernest Giralt1 2  

1. IRB Barcelona, Barcelona, Spain 
2. Organic Chemistry, University of Barcelona, Barcelona, Spain 
Over recent years we have worked extensively on the use of peptides as BBB-shuttles to carry drugs 
that cannot cross the blood-brain barrier (BBB) and therefore cannot reach the brain unaided. The 
capacity of a drug to cross the BBB is crucial, as several major diseases require brain treatment. 

nervous system (CNS) diseases, such as schizophrenia, epilepsy and bipolar disorder. Cerebral 
cancer, HIV, and some aspects of obesity can also be included as pharmaceutical targets inside the 
brain.1 

Initially, we focused our efforts on passive diffusion as a transport mechanism.2,3,4 In these studies, 
we achieved molecules with 2-4 amino acids that act as passive BBB-shuttles and are efficient at 
carrying drugs such as L-Dopa, Baicalin, GABA, Nipecotic and Aminolevulinic acids. In some cases, 
the shuttle plays a dual role and once inside the brain acts as an enzyme inhibitor.5 In spite of their 
potential use for small molecules, passive diffusion shuttles have limitations for transporting 
macromolecules (proteins, mAbs, nanoparticles). This prompted us more recently to focus on the use 
of peptides recognized by receptors as actively transported BBB-shuttles6,7 and study their ability to 
carry antibodies through this barrier. 
In our quest for novel BBB shuttle candidates, we have been interested in studying animal venoms 
that have been reported to affect the CNS without disrupting the BBB. Designing non toxic analogs of 
these peptides that have the BBB transport capacity but are non toxic is one of our recent sources of 
BBB-shuttles that we are developing.  
In this communication, we will review our latest results of peptides as passive BBB-shuttles and 
present our unpublished results on peptide-shuttles that use active transport to cross the blood-brain 
barrier. 

1. Malakoutikhah M.; Teixidó, M. ; Giralt, E. Angew. Chem. Int. Ed. 2011, 50, 7998-8014. 
2. Teixidó M. Zurita, E.; Malakoutikhah, M.; Tarrago, T.; Giralt, E. JACS 2007, 129, 11802-11813. 
3. Malakoutikhah M.; Teixidó, M.; Giralt, E. J.Med.Chem. 2008, 51, 4884-4889.  
4. Malakoutikhah M.; Prades, R.; Teixidó, M.; Giralt, E. J.Med.Chem. 2010, 53, 2354-2363. 
5. Teixidó M.; Zurita, E.; Mendieta, L.; Tarrago, T.; Giralt, E. Biopolymers Pept.Sci. 2013, in press. 
6. Prades R.; Guerrero, S.; Araya, E.; Teixidó, M.; Kogan, M.J.; Giralt, E. Biomaterials 2012, 33, 

7194-7205. 
7. Oller-Salvia, B.; Teixidó, M.; Giralt, E.; Biopolymers Pept. Sci., 2013, in press. 

29  

Bioportides: Bioactive Cell Penetrating Peptides 
John Howl1  

1. University of Wolverhampton, Wolverhampton, United Kingdom 
Many polycationic cell penetrating peptides (CPPs) have been effectively utilised as intracellular 
delivery vectors. Common CPP sequences such as Tat, Penetratin and Transportan-10 are highly 
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efficient vectors that can access intracellular compartments with minimal cellular toxicity when 
employed at concentrations achievable in vivo. Thus, CPPs can be engineered to enhance the 
intracellular delivery of a range of bioactive cargoes which vary in size from small drugs to whole 
proteins.  
It is likely that intrinsic cell penetrating sequences, alternatively described as transduction domains, 
could enable structurally diverse proteins to translocate biological membranes - a mechanistic 
process analogous to the intercellular shuttling of transcription factors. Furthermore, the sites of 
protein-protein interactions (PPIs), often containing polycationic micro-domains, represent a viable 
therapeutic modality. PPIs are considered intractable to small drugs but can be effectively targeted 
with more extended peptides including helical sequences. Thus, there is tremendous scope to 
develop bioactive CPPs or biportides that can selectively modulate the activities of intracellular 
proteins. One common approach is to utilise a sychnologically-organised chimeric peptide consisting 
of a distinct CPP vector extended with a known bioactive sequence. Other bioportides present 
multiple pharmacophores for cellular penetration and biological activities that are discontinuously 
organised within the primary structure. The term rhegnylogic is a useful descriptor to delineate this 
latter class of bioportide. Thus, recent years have witnessed a tremendous increase in the description 
of bioportides that can modulate cellular dynamics. Methodologies to target CPPs and bioportides to 
therapeutic sites include the application of receptor ligands and other homing sequences. 
This presentation will provide a succinct overview of developments that support the contention that 
bioportides exhibit tremendous potential for the development of research tools and potential 
therapeutics. 

30  

Molecular Obesity, potency and other addictions and challenges drug 
discovery, with a special focus on PPI and peptide related issues 

Mike Hann1  

1. Molecular Discovery Research, GlaxoSmithKline, Stevenage, UK 
This presentation reflects on some of the learnings of recent years in relation to the causes of attrition 
in drug discovery and looks at the particular challenge of Protein-Protein Interactions and Peptides as 
sources of inspiration for and translation into drugs. 
Despite the increase in global biology and chemistry knowledge, the discovery of effective and safe 
new drugs seems to become harder rather than easier. Some of this challenge is due to increasing 
demands for safety and novelty, but some of the risk involved in this and the consequential attrition 
should be controllable if we had more effectively learnt from our failures. The term Molecular Obesity 
has been introduced to describe the tendency to build potency into molecules by the inappropriate 
use of lipophilicity which leads to the premature demise of drug candidates. The challenge of PPI and 
peptide derived drugs is further compounded by the need for cellular access of many targets of 
interest which again is in conflict with the size of molecules typically active in this domain of drug 
discovery.  The emergence of and role of indices to help in drug discovery will be discussed as will 
ways of understanding the chemical tractability of targets. The challenge of understanding the 
concentration of drug molecules at the site of action will also be discussed as this is another critical 
issue for understanding dose related and hence ADMET issues.  

1. Leach, A.R and Hann, M.M.. Molecular complexity and fragment-based drug discovery: ten years 
on. Current Opinion in Chemical Biology 2011, 15:489 496 

2. Hann, M. M. Molecular obesity, potency and other addictions in drug discovery. MedChemComm 
(2011), 2(5), 349-355 

3. Hann, M. M.; Leach, A. R.; Burrows, J. N.; Griffen, E. Lead discovery and the concepts of 
complexity and lead-likeness in the evolution of drug candidates. Comprehensive Medicinal 
Chemistry II (2006), 4 435-458 

4. Leach, AR.; Hann, MM.; Burrows, JN.; Griffen, EJ. Fragment screening: an introduction. . 
Molecular BioSystems (2006), 2(9), 429-446. Publisher: Royal Society of Chemistry 

5. Hann, MM.; Oprea, TI. Pursuing the leadlikeness concept in pharmaceutical research. Current 
Opinion in Chemical Biology (2004), 8(3), 255-263 
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6. Hann, MM.; Leach, AR.; Harper, G. Molecular Complexity and its impact on the probability of 

finding leads for Drug Discovery. Journal of Chemical Information and Computer Sciences (2001), 
41(3), 856-864  

31  

Activation of g-protein-coupled receptors (gpcrs) by peptide ligands
Mark Wheatley1  

1. University of Birmingham, Edgbaston, Birmingham, United Kingdom 
A fundamental issue in molecular pharmacology today is defining, at the molecular level, how G-
protein-coupled receptors (GPCRs) are activated.Despite being activated by a wide variety of stimuli 
from photons to large glycoproteins, these receptors exhibit a conserved protein architecture 
comprising a bundle of seven transmembrane (TM) helices linked by extracellular loops (ECLs) and 
intracellular loops. Defining differences in the mode of binding exhibited by agonists and antagonists 
within this receptor structure will aid rational drug design and will provide insight into understanding 
their agonist-induced activation processes.   
Our studies have addressed GPCRs for peptide ligands (peptide-GPCRs) and have focussed on the 
receptors for the neurohypophysial peptide hormones vasopressin and oxytocin in particular. Using 
systematic mutagenesis we have identified motifs and individual residues that are critical for high 
affinity agonist binding and receptor activation but not antagonist binding. Using a combination of 
peptide chemistry, site directed mutagenesis and molecular modelling, we have identified key agonist-
specific contacts established between the receptor and ligand.  

32  

New insights into the molecular mechanisms underlying the formation and 
function of caveolae  

Robert G. Parton1  

1. University of Queensland, Brisbane/St Lucia, QLD, Australia 

Caveolae are abundant cell-surface pits that have been implicated in lipid regulation, 
signal transduction, and endocytosis. Caveolins, the major membrane proteins of 
caveolae, play a crucial role in the formation of caveolae. Mutations in caveolins are 
associated with breast cancer and with a number of muscle diseases, including limb 
girdle muscular dystrophy. We have studied how caveolin-lipid interactions generate 
the unique architecture of the caveolar domain by studying caveola formation in a 
model prokaryotic system. Vesicle formation is induced by expression of wild-type 
caveolins, but not caveolin mutants defective in caveola formation in mammalian 
systems. In addition, cryo-electron tomography shows that the induced membrane 
domains are equivalent in size and caveolin density to native caveolae and reveals a 
possible polyhedral arrangement of caveolin oligomers. The caveolin-induced 
vesicles form by budding in from the cytoplasmic membrane, generating a 
membrane domain with distinct lipid composition. We propose a model in which 
caveolin oligomers expand the cytoplasmic leaflet and generate membrane 
curvature. Our recent studies have identified a new family of coat proteins, termed 
cavins, that regulate caveola formation in vertebrate cells. Study of the cavins and 
their dynamics of caveola association/dissociation provides new insights into the role 
of caveolae in mechanosensation.   



61 10th

 

Australian Peptide conference, 8th

  

13th

 

September, Penang, Malaysia

    
33  

Stem Cells: Changing Cell Biology and Evolving New Medicine 
Alan Trounson1  

1. California Institute for Regenerative Medicine, San Francisco, United States 
CIRM is the $US 3 billion stem cell initiative that was founded by Proposition 71 in 2004 by the State 
of California. These funds have been used to establish the institutional and intellectual infrastructure 
that has resulted more than 1300 publications (27% in high impact factor journals), 12 new stem cell 
institutes and a wave of new investigators from within and from outside California, moving into stem 
cell science and translational medicine. CIRM has established 23 national and international 
collaborative funding agreements now involving 27 projects and >$75M from the collaborating 
partners.  
The basic research program has led to transformational discoveries  such as the establishment of 

  

direct transdifferentiation of adult cells in vitro and 
in vivo; repurposing tumor suppressor genes for regeneration; determination of gene regulatory 
mechanisms and robust pathways in differentiation and maturation of cell function; and discoveries in 
many other new areas of biology and medicine. CIRM has also in initiated the formation of academic-
indusrty research teams focused on translational medicine to prepare the way for clinical trials for a 
wide variety of diseases and injuries. These include treatment for macular degeneration (loss of 
central vision); type I diabetes; stroke; targeting cancer stem cells in; gliobastoma, leukaemias, solid 

thalassemia and epidermolysis bullosa. CIRM is establishing a major new center of excellence in 
genomics/stem cell biology to transform genetics in stem cell medicine and biology and will be 
creating a major network of alpha new stem cell clinics in California to deliver clinical benefits to 
patients7 in the next 2 years.  

34  

Novel Neuroendocrine Peptide Analogues in Reproductive Hormone 
Modulation for Hormone-Dependent Diseases 

Robert Peter Millar1  

1. University of Pretoria, SA, Pretoria, SA, South Africa 
The reproductive hormone cascade is driven by the brain decapeptide, gonadotropin-releasing-
hormone (GnRH), which in turn stimulates pituitary gonadotropins which regulate ovarian and 
testicular sex hormones and gamete production. Total ablation of GnRH actions through 
desensitization with GnRH agonists  or inhibition with GnRH antagonists reduce sex steroids to 
castration levels. Substitution of glycine in position six with a D-amino acid enhances a beta II turn 
which increases binding affinity, reduces degradation and metabolic clearance. 
These analogues are extensively used to treat prostatic cancer and other hormone-dependent 
diseases.  

However, reduction of  sex steroids to castration levels results in unwanted side effects such as bone 
loss and flushing. To ameliorate this bifunctional GnRH-steroid molecules have been developed as 
well as orally-active GnRH analogues which can be dose adjusted to partially inhibit sex steroids.  

Recently, novel neuropeptides, kisspeptin Kp) and neurokinin B (NKB) were discovered as regulators 
of GnRH secretion. Their cognate receptors have therefore become a target for the partial inhibition of 
GnRH and ensuing sex steroids. Kp antagonists inhibit GnRH neurone firing, GnRH secretion, 
gonadotropin secretion and sex steroids. They delay progress through puberty and prevent the 
ovulatory surge of LH gonadotropin but do not lower basal LH and steroids. Hence they have promise 
as novel female contraceptives and the treatment of a number of hormone-dependent diseases, such 
as endometriosis, uterine fibroids, polycystic ovarian disease and benign prostatic hyperplasia, 
without causing bone loss and flushing. 
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Design, synthesis and biological evaluation of dual opioid agonists - 
neurokinin 1 receptor antagonists: Modulation of opioid and NK1 activity 
through structural modification 
Karel Guillemyn1 , Patrycja Kleczkowska2 , Nga N. Chung3 , Attila Keresztes4 , Eva Varga4 , 
Jozef Vanden Broeck5 , Joost Van Duppen6 , Peter W. Schiller3 , Dirk Tourwé1 , Steven Ballet1  

1. Vrije Universiteit Brussel, Brussels, Belgium 
2. Mossakowski Medical Research Centre, Polish Academy of Sciences, Warsaw, Poland 
3. Laboratory of Chemical Biology and Peptide Research, Clinical Research Institute of Montreal, 

Montreal , Canada 
4. Department of Pharmacology, University of Arizona, Tucson, U.S.A. 
5. Zoological Institute, KU Leuven, Leuven, Belgium 
6. Zoological Institute, KU Leuven, Leuven, Belgium 
Bifunctional peptides possessing both neurokinin 1 receptor (NK1R) antagonist and opioid agonist 
properties have shown advantages over currently used opioid analgesic drugs (e.g. a potent 
analgesic effect in neuropathic pain states, suppression of tolerance).2 In this study, compact opioid 
agonist-NK1R antagonists were prepared, based on a constrained azepinone scaffold. By framework 
combination of an active in-house opioid tetrapeptide and a newly designed NK1R antagonist, a 
chimeric ligand with the desired dual activity, H-Dmt-D-Arg-Aba-Gly-NMe-3,5-(CF3)2Bn, was 
obtained.1 This compound underwent in vivo bio-evaluation. Because of its compact and constrained 
character this peptide did cross the blood-brain barrier (BBB) and was able to induce a potent 
antinociceptive response after systemic administration. Transport through the BBB represents a major 
hurdle for CNS drugs. Unfortunately, after repetitive administration and in analogy with morphine, 
tolerance did emerge. Hence, efforts were dedicated to improve both opioid and NK1 activity within 
this lead structure.  
By structural modification of the lead structure, crucial features were identified for both activities. As 
such, the interpharmacophore distance was adapted by replacement of the glycine unit by a beta-
alanine, a modification that resulted in a significant enhancement of opioid potency. A second 
modification that boosts the opioid potency is realized by a switch to D-Cit in position 2, whereas the 
removal of the amide N-methyl and trifluoromethyl groups reduce NK1R antagonism. Next, these 
compounds were tested in vivo. Upon comparison of in vivo and in vitro results, it became clear that 
the challenge herein does not only consist of finding high potency. One also has to consider the 
detrimental impact on BBB transport by subtle shifts in molecular flexibility. 
In conclusion, this structure-activity study can be used to modulate the relative potency in the 
investigated ligands and shows the importance of flexibility in these hybrids. 

1. Ballet et al. J. Med. Chem., 54, 2467-2476 
2. Kleczkowska et al. Curr. Pharm. Des. 2013, 19. Epub ahead of print, PMID: 23448481 

36  

Novel roles and regulation of the vasopeptidase, ACE2 
Anthony J. Turner1 , Nicola E. Clarke1 , Nikolai D. Belyaev1 , Daniel W. Lambert2  

1. University of Leeds, Leeds, United Kingdom 
2. University of Sheffield, Sheffield, United Kingdom 
Angiotensin converting enzyme-2 (ACE2) acts as the protective arm of the renin-angiotensin system 
(RAS). ACE2 counterbalances the actions of ACE by metabolising its catalytic product, angiotensin II 
(Ang II), to Ang-(1-7). ACE2 also metabolises a restricted number of other bioactive peptides, 
including apelin. Enhanced ACE2 expression may be protective in disease states including diabetes, 
cardiovascular disease, fibrosis and cancer. ACE2, like ACE, also plays important non-catalytic roles 
ranging from acting as viral receptor, as integrin receptor, and in regulation of amino acid transport. 
Relatively little is known, however, about the specific physiological factors regulating ACE2 and few 
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transcriptional regulators have been identified. Here we show that ACE2 expression is increased 
under conditions of cell stress including hypoxic conditions, cytokine treatment and treatment with the 
AMP-mimic AICAR via mechanisms involving the NAD-dependent deacetylase SIRT1. Chromatin 
immunoprecipitation analysis demonstrated that SIRT1 was bound to the ACE2 promoter. AICAR 
treatment increased SIRT1 binding to the promoter. Inhibition of SIRT1 activity ablated the AICAR-
induced increase in ACE2. As such it was established that the expression of the ACE2 transcript is 
controlled by the activity of SIRT1 under conditions of energy stress. ACE2 is also subject to 
microRNA regulation. These novel factors regulating ACE2 expression and functional activity may 
represent novel sites for modulating the angiotensin peptide levels, and other bioactive peptides, in 
cardiovascular and other diseases. 

37  

Substrate Specificity of Lysine Deacylases In Vitro 

Christian A. Olsen1  

1. Technical University of Denmark, Kongens Lyngby, DK, Denmark 
Histone deacetylase enzymes (HDACs and sirtuins) have received considerable attention due to their 
potential as targets for therapeutic intervention in a variety of disease states, including several types 
of cancer. Methods for accurate biochemical profiling of putative drug candidates are therefore 
desirable. Furthermore, recent reports in the literature have shown that acyl groups other than acetyl 
may also play important roles in cellular signaling, which considerably broadens the scope of this 

-N-acyllysine posttranslational modifications.1 

Here, the evaluation of a series of diverse fluorogenic substrates against the panel of human zinc-
dependent HDACs 1 11 as well as the NAD-dependent sirtuins (SIRT1 7), will be discussed. Kinetic 
parameters describing a selection of the enzyme substrate interactions in further detail were 
performed, and a selection of inhibitors were evaluated. Our investigations show noteworthy trends in 

-of-inhibition across different enzyme isoforms, which is of importance for 
correct selectivity profiling.  
Additionally, efficient new fluorogenic substrates for SIRT52  and SIRT6 screening will be presented, 
and finally, we have shown that HDAC3 harbors lysine decrotonylase activity in addition to 
deacetylase activity,3  albeit at a considerably lower rate than its deacetylase acitivity. 
Generally, our synthetic chemical peptide tool approach holds promise for discovery and investigation 
of yet undiscovered enzyme function related to this class of posttranslational modification. 

1. Olsen, C. A. Angew Chem Int Ed Engl 2012, 51, 3755-6. 
2. Madsen, A. S.; Olsen, C. A. J Med Chem 2012, 55, 5582-90. 
3. Madsen, A. S.; Olsen, C. A. Angew Chem Int Ed Engl 2012, 51, 9083-7. 

38  

Redesigning Insulin 
Andrea Robinson1 , Briony Forbes2 , Alessia Belgi1 , Sof Andrikopoulos3 , Roy Jackson1  

1. Monash University, Clayton, VIC, Australia 
2. Molecular and Biomedical Sciences, The University of Adelaide, Adelaide, SA, Australia 
3. Department of Medicine (AH), The University of Melbourne, Heidelberg , VIC, Australia 
The determination of the key molecular determinants of insulin function is important not only for 
examining the downstream pathways leading to its physiological effects but also the development of 

erve a structural role 
in maintaining the receptor-binding domain in its correct conformation, yet less is known about other 
possible functional roles including disulfide exchange at the receptor binding site, proteolytic 
degradation and/or formulation stability. It is now very clear that these bridges play a significant role in 
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This paper will discuss the design, synthesis and biological evaluation of dicarba insulin analogues. 
Using a homogeneous catalysis approach, three dicarba insulin analogues (two unsaturated (C=C, E 
and Z isomers) and one saturated (CH2-CH2)) can be generated from a single linear precursor. Not all 
linear peptides, however, undergo facile metathesis and performing metathesis on insulin sequences 
was found to be particularly troublesome. During the course of our study, the application of microwave 
irradiation, chaotropic salts, turn-inducing pseudoproline residues, interrupted SPPS-catalysis 
methods, and tandem catalysis were all investigated to overcome competing aggregation phenomena 
and low metathesis/hydrogenation yields.  
This work culminated in viable syntheses of target dicarba-insulin analogues. The insulin receptor 
competition binding and receptor kinase activation assays which followed showed that many of the 
dicarba insulin analogues possessed identical metabolic activity to insulin. Several of the analogues 
were also equipotent in [3H]-2-deoxyglucose uptake assays and in vivo glucose tolerance tests. 
However, unlike insulin, and its short and long acting variants, several of the dicarba analogues 
possess significantly lower mitogenic potency as measured in DNA synthesis assays. 
The generation of diaminosuberic acid analogues of cystine-containing peptides via homogeneous 
catalysis provides a powerful tool for examining structure-activity relationship. This presentation 
highlights how homogeneous catalysis can be used to solve complex biological problems.  

39  

Understanding the structure/activity relationships of the iron regulatory 
peptide hepcidin  
Richard J Clark1 , Johannes W.A Van Dijk1 , Chia Chia Tan2 , Gloria C Preza3 , Eileen Fung3 , 
Elizabeta Nemeth3 , Tomas Ganz3 , David J Craik2  

1. School of Biomedical Sciences, The University of Queensland, Brisbane, QLD, Australia 
2. Institute for Molecular Bioscience, The University of Queensland, Brisbane, Queensland, Australia 
3. David Geffen School of Medicine, University of California Los Angeles, Los Angeles, California, 

United States of America 
The peptide hormone hepcidin is a key homeostatic regulator of iron metabolism and involved in 
pathological regulation of iron in response to infection, inflammation, hypoxia and anaemia. It acts by 
binding to the iron exporter ferroportin, causing it to be internalised and degraded; however, little is 
known about the structure/activity relationships of the interaction of hepcidin with ferroportin. Here we 
show that there are key residues within the N-terminal region of hepcidin that influence its interaction 
with ferroportin, and we explore the structure/function relationships at these positions. We found that 
the interaction is primarily hydrophobic with critical stereochemical requirements at positions 4 and 6. 
In addition, a series of hepcidin mutants in which disulfide bonds had been replaced with diselenide 
bonds showed no change in biological activity compared to native hepcidin. We have also explored 
the effect of backbone cyclisation on stability and biological activity. The results provide mechanistic 
insight into the interaction between hepcidin and ferroportin and identify important constraints for the 
development of hepcidin congeners for the treatment of hereditary iron overload.  

40  

A novel non-animal collagen-like protein functionalized using expressed 
protein ligation 
Friederike Fehr1 , Violet Stoichevska1 , Yong Peng1 , Jerome Werkmeister1 , Veronica 
Glattauer1 , John Ramshaw1  

1. CSIRO, Clayton, VIC, Australia 
Collagen is the most abundant structural protein in vertebrates being a substantial part of the 
extracellular matrix. The protein is built of three polyproline-II-like polypeptides which super-
coil  forming a triple-helix. These  triple-helices form bundles and fibres to form larger tissue 
structures.1 
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Collagen is used in a variety of medical products, but there is significant concern about possible 
transfer of diseases due to extraction from animal sources. Cost-effective production of recombinant 
collagen is desirable.2 For animal collagens, the requirement of co-expression of prolyl-4-hydroxylase 
(P4H), which enables secondary modification of certain proline residues to give hydroxyproline, 
makes fermentation cost intensive and complex.2  An alternative approach uses stable collagen-like 
triple-helical sequences, with glycine as every third residue and high proline content, which have been 
found in various bacteria, and which do not require co-expression with P4H.3 

The bacterial collagen V-CL(V: globular domain, CL: collagen-like domain) examined in this work was 
fermented giving yields up to 19 g/L lacking biological activity, making it a versatile template for further 
modifications.4 To enhance the properties of this collagen-like protein, expressed protein ligation 
(EPL) is used. This method enables a number of novel materials to be produced.  A key aspect of this 
approach is the possibility to modify the protein after expression by functionalising its C-terminal in 
many potential ways only at one specific site.  For example, new functionality can be easily introduced 
by ligation of biologically active peptides with different cell specificities. In particular, this allows the 
introduction of unusual amino acids, cyclic peptides, sugars, molecules to enhance solubility, cross-
linking, etc., that cannot normally be introduced by recombinant approaches.  Alternatively, constructs 
bearing an N-terminal Cys residue can be ligated to the protein via its C-terminal thioester yielding a 
native peptide bond and forming dimers or higher polymers. 

1. Brodsky and Ramshaw, Matrix Biology 1997, 15:545-554 
2. Werkmeister and Ramshaw Biomed Mater 2012, 7:012002 
3. Peng et al. 2012, Biomaterials 31:2755 2761  
4. Peng et al., Microbial Cell Factories, 2012, 11:146 

41  

Post- MicroAntibodies -
targeting peptides by directed evolution  

Ikuo Fujii1  

1. Osaka Prefecture University, Sakai, Osaka, Japan 
Use of antibody medicines has been limited due to the biophysical properties, immunogenicity, non-
cell permeability, high cost to manufacture, and so on. To enable new applications where antibodies 
show some limitations, we have developed an alternative-binding molecule with non-immunoglobulin 
domain. The molecule is a helix- loop- helix peptide, which is stable against natural enzymes in vivo 
and is too small to be non-immunogenic. In our previous work, we have succeeded to develop a 
directed evolutionary process for improving efficiency of catalytic antibodies.1  Here, we apply our 
technology to construct a phage-displayed library of the helix-loop- helix peptides2 and then screened 
the library for G-CSF receptor. Finally, the screened binding peptides were cyclized by introduction of 
a disulfide- bond linkage into the N- and C-termini. The cyclic peptide showed strong binding affinity 
(Kd: 4 nM) to the receptor, an enzyme-resistant property (half-life: 15 days in mouse sera), and non- 

microAntibodes
of antibodies. The semi-rational strategy, which combines directed evolution with de novo design, 
provides a new way to generate structured functional peptides as alternatives to antibody medicines.  

1. N. Takahashi, H. Kakinuma, L. Liu, Y. Nishi, and I. Fujii, Nature Biotechnology, 19, 563-567 
(2001). 

42  

Exploring bioactive peptides as pharmacological tools for oxytocin and 
vasopressin ligand design 

Johannes Koehbach1 , Margaret O'Brien2 , Muharram Akcan3 , David J Craik3 , Markus 
Muttenthaler4 , Christian W Gruber1  

1. Center for Physiology and Pharmacology, Medical University of Vienna, Vienna, Austria 



66 10th

 

Australian Peptide conference, 8th

  

13th

 

September, Penang, Malaysia

    
2. National Center for Biomedical and Engineering Science, National University of Ireland, Galway, 

Ireland 
3. Institute for Molecular Bioscience, The University of Queensland, Brisbane, QLD, Australia 
4. Institute for Research in Biomedicine, Barcelona, Spain 
The diversity in nature has long been and still is one of the biggest resources of pharmaceutical lead 
compounds and many natural products often exhibit biological activity against unrelated biological 
targets,1  thus providing us with starting points for pharmacological analysis. Natural peptides of great 
number and diversity occur in all organisms from plants to microbes to man. Examples for such rich 
and yet largely untapped libraries of bioactive compounds are animal venom peptides, invertebrate 
peptide hormones or plant defense peptides. Our goals are to discover and characterize novel 
bioactive peptides,4  screen their pharmacological activity, determine their structure-activity 
relationship and synthesize optimized peptide compounds to study ligand-receptor signaling.3 

As proof-of-concept we have used a genome-mining approach or mass spectrometry to determine the 
occurrence and molecular structure of naturally-occurring oxytocin-like peptides and we have 
investigated their pharmacological profile on human oxytocin and vasopressin receptors. Plant 
cyclotides, insect inotocins2  and marine cone-snail conopressins5  have been identified as 
pharmacological probes to study receptor-subtype selectivity. Combining structure-activity analysis 
and peptide chemistry, we are aiming to generate selective, potent and stable peptide ligands that are 
potentially oral bioavailable and may be useful for the treatment of a wide range of challenging, but 
yet untreated diseases. 

1. Gruber CW, Muttenthaler M, Freissmuth M. Ligand-based peptide design and combinatorial 
peptide libraries to target G protein-coupled receptors. Curr Pharm Des. 2010; 16: 3071-3088. 

2. Gruber CW, Muttenthaler M. Discovery of defense- and neuropeptides in social ants by genome-
mining. PLoS One. 2012; 7(3): e32559. 

3. Koehbach J, Stockner T, Bergmayr C, Muttenthaler M, Gruber CW. Insights into the molecular 
evolution of oxytocin receptor ligand binding. Biochem Soc Trans. 2013; 41: 197-204. 

4. Gruber CW, Koehbach J, Muttenthaler M. Exploring bioactive peptides from natural sources for 
oxytocin and vasopressin drug discovery. Future Med Chem. 2012; 4: 1791-1798. 

5. Dutertre S, Croker D, Daly NL, Andersson A, Muttenthaler M, Lumsden NG, Craik DJ, Alewood 
PF, Guillon G, Lewis RJ. Conopressin-T from Conus tulipa reveals an antagonist switch in 
vasopressin-like peptides. J Biol Chem. 2008; 283: 7100-7108. 

43  

Total Chemical Synthesis of the antimicrobial peptides Snakin 1 and 2 
Paul WR Harris1 , Margaret A Brimble1 , Sung-hyun Yang2 , Antonio Molina3  

1. School of Chemical Sciences and Maurice Wilkins Centre for Molecular Biodiscovery, The 
University of Auckland, Auckland 1142, New Zealand 

2. School of Chemical Sciences, The University of Auckland, Auckland 1142, New Zealand 
3. Centro de Biotecnología y Genómica de Plantas (CBGP, UPM-INIA), Universidad Politécnica de 

Madrid (UPM), Campus Montegancedo, M-40 (Km 38), Madrid, Spain 
Snakin 11 (63 residues) and Snakin 22 (66 residues) are disulphide rich antimicrobial proteins isolated 
from solanum tuberosum (potato) tubers. Both are active (1-20 uM) against several fungal and 
bacterial plant pathogens but due to a lack of readily available material a detailed investigation of their 
structure and structural requirements for their biological activity remains undetermined. We outline the 
first synthesis of these intriguing peptides using native chemical ligation techniques and describe the 
oxidative folding of the 12 cysteines present in the linear polypeptide to afford the postulated 6 
disulphide bonds. Both synthetic Snakin 1 and 2 demonstrated full biological activity when compared 
to natural Snakin 1 peptide. Furthermore, comparison by spectroscopic methods of the folded 
synthetic Snakin 2 to that obtained from natural sources suggested that these were otherwise 
identical.  

1. A. Segura, M. Moreno, F. Madueño, A. Molina and F. García-Olmedo, Mol. Plant-Microbe 
Interact., 1999, 12, 16-23. 
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2. M. Berrocal-Lobo, A. Segura, M. Moreno, G. López, F. García-Olmedo and A. Molina, Plant 

Physiol., 2002, 128, 951-961. 

44  

Downsizing proteins into short water-stable alpha helices that maintain 
biological properties 
Timothy A Hill1 , David P Fairlie, Huy N Hoang 
1. Institute for Molecular Bioscience University of Qld, St Lucia, Qld, Australia 
Recombinant proteins are important therapeutics due to potent, highly specific, and nontoxic actions 
in vivo. However, they are expensive medicines to manufacture, chemically unstable, and difficult to 
administer with low patient uptake and compliance. Small molecule drugs are cheaper and more 
bioavailable, but less target-specific in vivo and often have associated side effects. Here we combine 
some advantages of proteins and small molecules by taking short amino acid sequences that confer 
potency and selectivity to proteins, and fixing them as small constrained molecules that are 
chemically and structurally stable and easy to make. We show that short peptides, corresponding to 
helical epitopes from viral, bacterial, or human proteins, can be strategically fixed in highly a-helical 
structures in water. These helix-constrained compounds have similar biological potencies as proteins 
that bear the same helical sequences. Examples are (i) a picomolar inhibitor of Respiratory Syncytial 
Virus F protein mediated fusion with host cells, (ii) a nanomolar inhibitor of RNA binding to the 
transporter protein HIV-Rev, (iii) a submicromolar inhibitor of Streptococcus pneumoniae growth 
induced by quorum sensing pheromone Competence Stimulating Peptide, and (iv) a picomolar 
agonist of the GPCR pain receptor opioid receptor like receptor ORL-1. (vi) Agonists of AP-1 
transciptional regulator This approach can be generally applicable to downsizing helical1  regions of 
proteins with broad applications to biology and medicine  

1. Harrison, R. S.; Shepherd, N. E.; Hoang, H. N.; Ruiz-Gómez, G.; Hill, T. A.; Driver, R. W.; Desai, 
V. S.; Young, P. R.; Abbenante, G.; Fairlie, D. P. Proc. Natl. Acad. Sci. U.S.A. 2010, 107, 11686-
11691. 

45  

In vitro selected cyclic peptides for the cocrystallization and inhibition of a 
transmembrane multidrug transporter  

Christopher J Hipolito1 , Yoshiki Tanaka1 , Takayuki Katoh1 , Osamu Nureki1 , Hiroaki Suga 
1. The University of Tokyo, Bunkyo-ku, Tokyo, Japan 
Transmembrane proteins are challenging crystallization targets. Their ample hydrophobic surfaces 
create the need for restricted buffer conditions and undermine specific protein-to-protein interactions 
that lead to lattice formation. Cocrystallization proteins, such as antibodies, have been employed in 
the past to help solubilize the target protein, mediate lattice formation, and increase the chances of 
quality crystallization. In search of a new ligand scaffold to expand the cocrystallization ligand toolbox, 
we used the random non-standard peptide integrated discovery (RaPID) system to identify high-
affinity, target-specific cyclic peptides and evaluated their efficacy as cocrystallization ligands. 
Pyrococcus furiosus multidrug and toxic compound extrusion (PfMATE) transporter was used as a 
model protein in our proof-of concept experiment demonstrating the efficacy of cyclic peptides as 
ligands in cocrystallization. Not only does PfMATE have a copious amount of hydrophobic surface but 
is also proposed to be highly dynamic according to its putative proton-driven antiporter mechanism. 
Therefore, even highly purified samples of PfMATE could exist as a heterogeneous mixture of protein 
in various conformational states.  The cyclic peptides identified by the RaPID system did facilitate 
crystallization and structure elucidation to 2.5-3.0 angstrom resolutions, but not by mediating lattice 
formation.1 The 17-residue macrocyclic peptide, MaL6, was found to bind to the cleft on the 
extracellular side between the N-terminal and C-terminal lobes. Lariat-shaped peptides MaD3S and 
MaD5, bearing identical 7-residue minicycle heads, were found in the substrate-binding pocket of 
PfMATE. Both methods of binding appear to lock PfMATE into the outward-facing conformation. 
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Additionally, it was found that the one of the transmembrane helices, TM1, interconverted between a 
kinked and a straight state as part of the drug extrusion mechanism. The pocket-binding peptides 
would also lock this helix into the straight conformation, which further increases the homogeneity of 
the cyclic peptide-protein mixture.  

1. Tanaka, Y.; Hipolito, C. J.; Maturana, A. D.; Ito, K., Kuroda, T.; Higuchi, T.; Katoh, T.; Kato, H. E.; 
Hattori, M.; Kumazaki, K.; Tsukazaki, T.; Ishitani, R.; Suga, H.; Nureki, O. Structural basis for the 
drug extrusion mechanism by a MATE multidrug transporter. Nature 2013, 496, 247 251. 

46  

Proline-rich antimicrobial peptides of the apidaecin and oncocin family 

 

in 
vivo therapeutic potential and pharmacokinetics in mice 

Daniel Knappe1 2 , Eszter Ostorhazi3 , Elisabeth Wende1 2 , Rico Schmidt1 , Knut Adermann2 , 
Ralf Hoffmann1  

1. Institute for Bioanalytical Chemistry, Universität Leipzig, Leipzig, Germany 
2. AMP-Therapeutics GmbH, Leipzig, Germany 
3. Department of Dermatology, Dermatooncology and Venerology, Semmelweis University, 

Budapest, Hungary 
Serious infections by multi- or pan-resistant bacteria are causing more and more increasing concern 
in clinical microbiology, hospital hygiene and antibiotic management. Antibiotic resistance does 
therefore not only develop in hospitals and the community, but arises in parallel from excessive 
prophylactic antibiotic treatments in livestock farming. Uncontrollable spread in the environment and 
horizontal gene-transfer by bacteria multiplies this challenge frighteningly. In contrast, the 
pharmaceutical pipeline is almost empty with colistin being the last approved antibiotic that often 
represents the final treatment option of infections caused by multi-resistant Gram-negative Klebsiella 
pneumoniae and Pseudomonas aeruginosa pathogens. 
In the last 20 years research focused on natural antimicrobial peptides (AMP) to investigate their 
clinical potential as a novel class of antibiotic drugs. Among the different AMP families proline-rich 
peptides like apidaecins and oncocins appear especially interesting as they act intracellularly on 
specific bacterial targets, e.g. heat shock protein DnaK. This class of AMPs does not penetrate 
eukaryotic membranes and does therefore not exhibit cytotoxic potential, as confirmed in vitro against 
eukaryotic cell lines and by hemolysis assays. 
The optimized apidaecin derivatives Api88 and Api137 and oncocin derivatives Onc72 and Onc112 
show minimal inhibitory concentrations in the low micromolar range and half life times of more than 
six hours in serum. Tolerance testing with NMRI mice treated four times intraperitoneally with a total 
daily dose of at least 160 mg/kg body weight revealed no adverse effects. 
The in vivo antibacterial activity was examined using three different systemic intraperitoneal infection 
models with Escherichia coli and Klebsiella pneumoniae. When dosed intraperitoneally three times, 
the mean ED50 was around 1.25-2.5 mg/kg body weight. Pharmacokinetics in mice was investigated 
after single intraperitoneal and intravenous injections by a quantitative LC-MS/MS method from 
plasma, kidney and liver, linking the determined levels of the peptides to their therapeutic effect. 

1. Czihal, P. et al. Api88 Is a Novel Antibacterial Designer Peptide To Treat Systemic Infections with 
Multidrug-Resistant Gram-Negative Pathogens. Acs Chemical Biology 2012, 7 (7), 1281-1291 

2. Berthold, N. et al. Novel Apidaecin 1b Analogs with Superior Serum Stabilities for Treatment of 
Infections by Gram-Negative Pathogens. Antimicrob. Agents Chemother. 2013, 57 (1), 402-409 

3. Knappe, D. et al. Bactericidal oncocin derivatives with superior serum stabilities. Int. J. 
Antimicrob. Agents 2011, 37 (2), 166-170 

4. Knappe, D. et al. Oncocin derivative Onc72 is highly active against Escherichia coli in a systemic 
septicaemia infection mouse model. J. Antimicrob. Chemother. 2012, 67 (10), 2445-2451 

5. Ostorhazi, E. et al. In vivo activity of optimized apidaecin and oncocin peptides against a 
multiresistant, KPC-producing Klebsiella pneumoniae strain. Protein Pept. Lett. submitted 
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De Novo Design Natural Xanthone Derivatives Based Peptidomimics to Mimick 
the Topology of Cationic Antimicrobial Peptides with Potentials for Topical 
Application 
Shouping Liu1 2 , Hanxun Zou1 , Jun Jie Koh1 , Shuimu Lin1 , Jianguo Li1 3 , Rajamani 
Lakshminarayanan1 2 , Chandra Verma3 , Roger Beuerman1 2  

1. Singapore Eye Research Institute, Singapore 
2. SRP Neuroscience-Behavioral Disorders, , Duke-NUS Graduate Medical School, Singapore 
3. Bioinformatics Institute (A-STAR), Singapore 
Methicillin-resistance Staphylococcus aureus (MRSA) is a predominant source of infections 
associated with the blood, skin and soft-tissue. In our series of studies, alpha-mangostin, a natural 
xanthone, which was extracted and purified from pericarp of Garcinia mangostana, has shown good 
activity against Gram- -mangostin with the bacterial membrane 
are responsible for the rapid concentration-dependent membrane disruption and bactericidal action; 
however, it has low selectivity between bacteria and mammalian cells, and less action against Gram-
negative organisms [1]. A new family of xanthone derivatives was designed using alpha-mangostin-
based peptidomimics to mimick the topology of cationic antimicrobial peptides. AM-0016 showed the 
most potent antimicrobial activity amongst the series of semi-synthetic alpha-mangostin based 
dicationic molecules. AM-0016 has broad spectrum antimicrobial activity with improved potency 
against 15 isolates of MRSA with MIC99 in the range of 0.39- -

rabbit red blood cells, and increased selectivity index of 25-100. AM-0016 exhibited rapid in vitro 
bactericidal activity (3-log reduction within 10-20 minutes). In a multistep (20 passage) resistance 
selection study using MRSA DM21455 (source: eye), Enterococcus faecalis ATCC29212 and VISA, 
AM-0016 showed less than a 4-fold increase in MIC. [2] Biophysical studies together with molecular 
dynamics demonstrated that the amphiphilic AM-0016 was a membrane targeting antimicrobial 
against MRSA, disrupting bacteria membrane leading to leakage of intracellular contents within 20-30 
minutes.[2] New lead compound shows excellent selectivity and in vivo activity with potential for 
topical application [3]. The design principle and approach provided a powerful platform for design of 
membrane targeting antibiotics by fine tuning the hemolytic and antimicrobial activities of xanthone 
based peptidomimics with potentials for topical and even systemic application to treat the infection 
caused by MRSA. 

1. Koh JJ, Qiu S, Zou H, Lakshminarayanan R, Li J, Zhou X, Tang C, Saraswathi P, Verma C, Tan 
DT, Tan AL, Liu SP, Beuerman RW., Rapid bactericidal action of alpha-mangostin against MRSA 
as an outcome of membrane targeting, Biochim Biophys Acta. 2013 Feb; 1828(2):834-44. 

2. Zou H, Koh JJ, Li J, Qiu S, Aung TT, Lin H, Lakshminarayanan R, Dai X, Tang C, Lim FH, Zhou 
L, Tan AL, Verma C, Tan DT, Chan HS, Saraswathi P, Cao D, Liu SP, Beuerman RW., Design 
and synthesis of amphiphilic xanthone-based, membrane-targeting antimicrobials with improved 
membrane selectivity, J Med Chem. 2013 Mar 28; 56(6):2359-73.  

3. Koh JJ, Lin SM, Zou H, Liu SP, Beuerman RW, et al, De novo design of xanthone derivatives 
based antimicrobials through mechanism of action and tuning structures, and in vivo activity 
evaluation , manuscript in preparation.  

48  

Macrocyclisation of Peptides by Novel Stable Selenoether Bridges 
Aline Dantas de Araujo1 , Mehdi Mobli1 , Irina Vetter1 , Zoltan Dekan1 , Richard J Lewis1 , Glenn 
F King1 , Paul F Alewood1  

1. Institute for Molecular Bioscience, St Lucia, QLD, Australia 
In the search for more potent, selective and less toxic drugs, medicinal chemists have turned their 
interest into peptides as drug candidates instead of small molecules. Nevertheless, the proteolytic 
instability of peptides still presents a limitation for the widespread utilization of these molecules as 
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therapeutics. One common strategy to improve bioactivity and stability of peptides is to cyclise the 
linear peptide into a rigid, stable conformation.  
Here we report a novel approach for macrocyclisation of peptides based on selenoether crosslinking. 
Selenoethers, like thioether linkages, are promising surrogates of disulfide bonds with the advantage 
of being stable to reducing environments. However, thioether macrocyclization of peptides by 
intramolecular thiolation of cysteine is often difficult, but can be overcome by replacing cysteine with 
the more reactive isosteric selenocysteine amino acid. This simple synthetic strategy provides an 
easy way to cyclize peptides with short non-reducible linkages. 
The linear peptide is assembled on solid support and equipped with selenocysteine and halogenated 
residues. Cyclisation is carried out under mild conditions in solution via Se-alkylation of the 
selenocysteine by the halogenated amino acid. The selenide closure is chemoselective and can be 
applied to unprotected peptides in aqueous media at room temperature without a catalyst. We have 
recently applied the new methodology to construct seleno-analogs of naturally occurring lantibiotic 
peptides in an unprecedented simplified fashion.1  We now describe biologically active analogues of 
the neuropeptide oxytocin, where the stable selenoether bridge replaces the native disulfide bond with 
minimal structural perturbations.  

1. de Araujo, A. D.; Mobli, M.; King, G. F.; Alewood P. F. Cyclization of peptides by using 
selenolanthionine bridges. Angew. Chem. Int. Ed. 2012, 51, 10298-302. 

49  

Natural Sources for Oxytocin and Vasopressin Ligand Design  

Markus Muttenthaler1 , Aline D de Araujo2 , Asa Andersson2 , Irina Vetter2 , Marta Busnelli3 , 
Christian Bergmayer4 , Daniela Braida5 , Sebastien Dutertre2 , Mehdi Mobli2 , Stuart M Brierley6 

, Philip E Dawson7 , Mariaelvina Sala5 , Chini Bice3 , Christian W Gruber4 , Richard J Lewis2 , 
Paul F Alewood2  

1. Institute for Research in Biomedicine, Barcelona, CAT, Spain 
2. Institute for Molecular Bioscience, The University of Queensland, Brisbane, Qld, Australia 
3. CNR, Institute of Neuroscience, Milan, Italy 
4. Center for Physiology and Pharmacology, Medical University of Vienna, Vienna, Austria 
5. Department BIOMETRA, University of Milan, Milan, Italy 
6. The University of Adelaide, Adelaide, SA, Australia 
7. The Scripps Research Institute, La Jolla, CA, USA 
Oxytocin (OT) and arginine-vasopressin (AVP) were the first peptides to be discovered, synthesized 
and characterized over 60 years ago, yet today we still lack a complete toolbox of selective agonists 
and antagonists for the four known receptor subtypes. Considering the ubiquitous presence of OT and 
AVP receptors in the periphery and CNS in addition to their role in a multitude of important 
physiologically processes, it is central to have a plethora of selective ligands for concluding studies. 
Ideally, these ligands should not only be selective, but should also preserve their selectivity in 
different species allowing for translational studies important for drug development. While there has 
been great medicinal chemistry conducted over the last decades on shaping such ligands, we 
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decided to take a different approach, taking advantage of the fact that the OT/AVP signaling system 
has been well preserved in the kingdom of life for millions of years, and started exploring these 
natural sources for novel ligands. 
The venom of the cone snail and the genome of social ants turned out to be such natural sources, 
both yielding excellent lead compounds for the design of receptor selective ligands. Here we would 
like to discuss the rationale behind our approaches, the techniques involved and how structure-
activity relationship studies of these lead peptides influenced our ligand design, eventually leading to 
the identification of an agonist to antagonist switch for AVP, the development of a selective hOTR 
agonist that retained its selectivity profile in mice and humans, the identification of exceptionally 
potent peptides for zebra fish social studies and the development of stable ligands towards the 
treatment of chronic abdominal pain. 

50  

In Silico platform for predicting and designing therapeutic peptides for drug 
delivery  
Ankur Gautam1 , Kumardeep Chaudhary1 , Rahul Kumar1 , Harinder Singh1 , Pallavi Kapoor1 , 
Atul Tyagi1 , Raghava G.P.S.1  

1. Institute of Microbial Technology, Chandigarh, Chd, India 
Many therapeutic molecules like DNA, proteins, and small molecules do not reach clinical trials due to 
poor delivery and low bioavailability. However, small peptides known as cell-penetrating peptides 
(CPPs) have remarkable ability to traverse biological membranes without significant membrane 
damage. In addition, CPPs are capable of transporting a wide range of therapeutic molecules into the 
cell interior, thus offering a great potential as versatile drug delivery vehicles. Keeping in mind the 
huge therapeutic importance of CPPs, we have developed a database of CPPs-
repository of its kind , which provides comprehensive information about experimentally validated 843 
CPPs. A wide range of user-friendly tools like searching, browsing, analyzing, and mapping 
tools have been incorporated in CPPsite. Next, we have developed a support vector machine (SVM) 
based algorithm-
Preliminary analysis revealed that certain residues are dominated, and few residues (e.g. Arg, Lys, 
Pro, Trp, Leu, and Ala) are preferred at specific locations in CPPs. Therefore, SVM models were 
developed using amino acid composition, dipeptide composition, and binary profiles as input features. 
In addition, we have identified various motifs in CPPs, and used this information for developing a 
hybrid prediction model (Motif + SVM). All models were evaluated using five-fold cross-validation 
technique. We have achieved maximum accuracy of 97.40% using the hybrid model. CellPPD is the 
first web server in the public domain where users not only can predict CPPs but also can design 
better CPP analogs with desired physicochemical properties. CellPPD will generate all possible 
substitution mutants of each submitted peptide with SVM scores and physicochemical properties and 
allows user to select the best analogues. In conclusion, both CPPsite and CellPPD will be helpful in 
designing efficient CPPs for delivery of therapeutic molecules. 
Availability: 
CPPsite: http://crdd.osdd.net/raghava/cppsite/1  

CellPPD: http://crdd.osdd.net/raghava/cellppd/2  

1. Gautam A, Singh H, Tyagi A, Chaudhary K, Kumar R, Kapoor P, Raghava GP. (2012). CPPsite: a 
curated database of cell penetrating peptides. Database (Oxford). 2012:bas015.  

2. Gautam A, Chaudhary K, Kumar R, Sharma A, Kapoor P, Tyagi A; Open source drug discovery 
consortium, Raghava GP. (2013) In silico approaches for designing highly effective cell 
penetrating peptides. J Transl Med. 11:74.   

http://crdd.osdd.net/raghava/cppsite/
http://crdd.osdd.net/raghava/cellppd/
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Surface-Bound Peptides for Biosensing and Cell Biology  
Justin Gooding1  

1. School of Chemistry and Australian Centre for NanoMedicine, The University of New South 
Wales, Sydney, NSW, Australia 

Peptides on surfaces have many applications in biosensing and biomaterials, both in influencing the 
affinity for biomolecule and cells for a surface and in providing that surface with the ability to 
determine the activity of protease enzymes in a biological medium.  In this presentation we will 
discuss some of our work on using peptides on surfaces for biosensing and cell biology 
applications.  We will initially start with an electrochemical biosensors for glycosylated haemoglobin, 
referred to as HbA1c and an important biomarker of the glucose levels in the blood over the preceding 
3 months.  This biosensor employs a surface-bound glycosylated pentapeptide to ensure specific 
binding of anti-HbA1c antibodies to the surface.  The presentation will next cover using peptide 
modified photonic crystals as a means to monitor the release of matrix metalloprotease enzymes, 
MMP2 and MMP9, from live macrophage cells.  In this work surface chemical techniques to allow 
different peptides to be immobilised on the exterior and interior walls of mesoporous silicon photonic 
crystals is outlined.  In later work we demonstrate the ability to give these photonic crystals specificity 
for a given protease enzyme using a custom synthesized polymer cross-linked with appropriate 
peptide sequences.   Finally the talk will cover work on modifying flat surfaces with different densities 
of RGD peptides on a surface and showing how the surface density of peptides influences cell 
phenotype and behaviour.  The influence of the peptide density on cell behaviour is ascertained using 
electrochemical impedance, cell migration studies and western blots for monitoring signalling proteins. 

52  

Homopolysilaproline a new peptide with PPII structure  

Florine Cavelier1 , Charlotte Martin1 , Aurélien Lebrun2 , Jean Martinez1  

1. IBMM, UM1-UM2-CNRS UMR 5247, Montpellier, France 
2. LMP, Montpellier, France 
The importance of the left-handed polyproline II (PPII) helical conformation has recently become 
apparent. This conformation generally is involved in two important functions: protein-protein 
interactions and structural integrity. The PPII helix is believed to be the dominant conformation for 
many proline-rich regions of peptides and proteins. In particular PPII are major features of collagens. 
In our laboratory, an original proline analogue has been synthesized: the 4,4-dimethylsilaproline, 
denoted silaproline (Sip)1 . The presence of dimethylsilyl group confers to silaproline a higher 
lipophilicity as well as an improved resistance to biodegradation. 
Recently we developed a gram scale synthesis of enantiomerically pure Sip, requiring resolution of 
the racemate by chiral high performance liquid chromatography (HPLC)2. 
With this new starting material, our aim was to construct polysilaproline polymers to investigate 
physico chemical properties and modifications of PPII structure. 
In this study monodisperses homopolypeptides have been synthesized by peptide coupling in 
solution, polydisperses homopolypeptides have been prepared by ring opening polymerization of N-
carboxyanhydrides (ROP). These peptides have been characterized by RMN, MALDI-Tof and circular 
dichroism. 
*Correspondance : florine@univ-montp2.fr 

1. Vivet B., Cavelier F., Martinez J. (2000), Eur. J. Org. Chem., 5 :807-811. 
2. Martin C., Vanthuyne N., Miramon H., Martinez J., Cavelier F. (2012), Amino Acids, 43:649-655.   
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Modulation of nano-structure properties by peptide design 
Morten Meldal1 , Surendra Vutti1 , Nina Buch-Månson1 , Karen Martinez1  

1. University of Copenhagen, Copenhagen, DK, Denmark 
The modification of surface properties of metal and semiconductor surfaces is important to tailor and 
modify the in vitro and in vivo interaction of these materials with biological systems, e.g. for implants, 
for diagnostics and control of cellular growth on such surfaces. We immobilize complex and bioactive 
peptides on such surfaces in a highly controlled manner by application of click chemistry. 
Methodology for reliable silanization to produce complete and flawless monolayer coverage by 
reaction with azidopropyl triethoxysilane will be presented. All reactions performed on the support 
were thoroughly characterized by fluorescence labeling and imaging. We show that elaborate 
washing procedures are required for proper production of covalently bound monolayers. Similar 
experiments were carried out, both with silanization and with thiolate modification of InAs wafers, 
often used in growth of Nanowires. The modifications of Nanowire arrays were compared to 
modification of the planar surfaces.  CuAAC click reactions1  were optimized using model reactions on 
these types of substrates. The optimized conditions were used in CuAAC immobilization of adhesion 
peptide k-l-h-r-v-r-a-Pra-a-OH,2  a metabolically stable D-amino acid peptide that promote cell 
adhesion, proliferation and spreading of cells. The interaction of the membrane of the cells with the 
modified surface was investigated by high resolution fluorescence microscopy.  

1. Tornøe, C. W., Meldal, M. Peptidotriazoles: Copper(I)-catalyzed 1,3-dipolar cycloadditions on 
solid-phase, in The Wave of the Future. American Peptide Society and Kluwer Academic 
Publishers, San Diego, (2001),pp. 263-264). 

2. Meldal, M.; Wu, B.; Diness, F.; Michael, R.; Hagel, G. ChemBioChem, 2011, 12, 2463-2470. 

54  

Effectively delivering a drug using nanoparticles: Improving solubility of a 
unique C-terminal modulator of Hsp90 inhibitor  

Seong Jong Kim1 , Deborah M. Ramsey1 , Cyrille Boyer2 , Thomas P. Davis2 , Shelli R. 
McAlpine1  

1. School of Chemistry, University of New South Wales, Sydney, NSW, Australia 
2. School of Chemical Engineering, University of New South Wales, Sydney, NSW, Australia 
We have identified a novel molecule, SM 145, which is a peptide natural product derivative that 
inhibits heat shock protein 90 (Hsp90). Clinically relevant Hsp90 inhibitors target the ATP-binding 
pocket within the N-terminal domain of Hsp90, and these molecules do not inhibit binding interactions 
between co- -terminal domain. Previously we have shown that SM 
145 inhibits the formation of ionic interactions between the basic residues of client proteins and 

limitations of existing Hsp90-targeted drugs, the hydrophobicity of SM 145 has limited its potential as 
a viable clinical candidate. Drug delivery of this unique molecule via nanoparticles is one approach 
that could enhance the efficacy of SM 145 by delivering the molecule to the cell via endocytosis 
instead of passive diffusion. Herein we report the synthesis of a novel Hsp90 inhibitor conjugated to a 
star polymer. Using RAFT polymerization, we prepared star polymers comprised of PEG attached to a 
predesigned functional core with vinyl benzaldehyde (VBA) and crosslinker. Disulfide crosslinker 
generates nanoparticles that are easily degraded by the body. Star polymers are non-toxic, they 
reliably enter cells, and the drug payload is easy to calculate. The Hsp90 inhibitor, SM 145, release 
was studied at pH=5.5, and 7.4; conditions representative of endosomal and extra cellular 
environments. We show via cytotoxicity studies and confocal analysis that using this nanoparticle 
delivery system improves the effectiveness of this Hsp90 inhibitor by five-fold. Further, like the parent 
compound, we showed that conjugating SM145 with star polymers induce apoptosis by a caspase 3/7 
dependent pathway. These studies show that we can deliver SM145 into cells effectively using 
nanoparticles, and lower the dose of compound required to induce apoptosis.  
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Tyrosine Mediated Ultrathin 2D Peptide Assembly 
Yoon-Sik Lee1  

1. Seoul National University, Seoul, South Korea 
Tyrosine is one of the most significant amino acids. They can store the mechanical energy by protein 
folding and also facilitate proton-mediated electron transport in photosystem II. In our study, we 
systematically introduced repeating tyrosine units into peptides of various lengths to study the impact 
of the peptide sequence on self-assembly. The ordering of peptides investigated here has a strong 
driving force that overcomes the large surface tension of water. We have identified specific 
sequences of tyrosine containing peptides that can afford densely packed 2D film structure at 
air/water interface and the resulting structure can withstand the surface tension of water and modify 
the intrinsic curvature of water droplet. The atomic force microscopy (AFM) analysis along the film 
edges shows the evidence of film stacking of multiple nano sheets, whose minimum thickness is 1.4 
nm. Additionally, the peptide interface presented here provides a tunable platform to template 2D 
hybrid materials. Consequently, highly ordered 2D assemblies of polypyrrole that cannot be formed by 
using conventional methods were created for the first time 

56  

Self-assembling aliphatic ultrashort peptides: A model systems for 
understanding and preventing amyloidosis 
Charlotte A.E Hauser1 , Anupama Lakshmanan 1  

1. Institute of Bioengineering and Nanotechnology, , Singapore  
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We have designed a new class of aliphatic peptides made of just 3-6 amino acids that self-assemble 

-helical intermediate -type fibers. While core sequences of 4-7 residues 
that form amyloid fibrils have been identified within natural proteins, the mechanism of aggregation 
remains unclear. We compared the self-assembly of our designed peptides with core sequences in 
Amyloid-beta, Amylin and Calcitonin using a multimodal approach. A common feature was the 

- -turn structures. Another amyloid-beta core 
sequence containing the diphenylalanine motif was chosen to evaluate the role of aromatic residues 
in self-assembly. The repeated occurrence of aromatic residues in core sequences has led to 
widespread conclusions about their key role in driving self-assembly. Surprisingly, the 
diphenylalanine-containing sequence did not form cross- -helical 
intermediate step. Our study puts forth a new, simplified model system to study amyloidosis and 
indicates that aromatic interactions are not as important as previously postulated. The results provide 
valuable insight into the early intermediates and factors driving self-assembly, which is necessary for 
developing small molecule therapeutic drugs that prevent amyloidosis. 

1. A. Lakshmanan, D. W. Cheong, A. Accardo, E. Di Fabrizio, C. Riekel and C. A. E. Hauser, 
"Aliphatic Peptides Show Similar Self-Assembly to Amyloid Core Sequences, Challenging the 
Importance of Aromatic Interactions in Amyloidosis," Proceedings of the National Academy of 
Sciences, 110 (2013) 519-524. 

2. C. A. E. Hauser, R. Deng, A. Mishra, Y. Loo, U. Khoe, F. Zhuang, D. W. Cheong, A. Accardo, M. 
B. Sullivan, C. Riekel, J. Y. Ying and U. A. Hauser, "Natural Tri- to Hexapeptides Self-Assemble in 
Water to Amyloid Beta Type Fibre Aggregates by Unexpected Alpha Helical Intermediate 
Structures," Proceedings of the National Academy of Sciences, 108 (2011) 1361-1366. 
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Supramolecular Self-Assembly of N-Acetyl Capped -Peptides Leads to Nano- 
to Macroscale Fibre Formation  

Patrick Perlmutter1 , Mibel I Aguilar1 , Adam I Mechler2 , Mark P Del Borgo1 , Daouda Traore1 , 
Craig Forsyth1 , Jackie A Wilce1 , Matthew Wilce1  

1. Monash University, Clayton, Vic, Australia 
2. Molecular Sciences, La Trobe University, Bundoora, Vic, 3086, Australia 
Supramolecular self-assembly represents a powerful approach to the design of functional 
nanomaterials. Peptide self-assembled systems offer significant advantages including biological 
compatibility, ease of synthesis, low toxicity and functionalisability. However, the control over 
essential features such as chemical, structural and metabolic stability, the scale and relatively slow 
rate of self-assembly remain significant challenges.  3-amino acids 

3 peptides exhibit high metabolic stability. 
Structurally, they adopt stable, helical conformations in solution. 14- 3-peptides in particular 
contain exactly 3 residues per complete turn of the helix (ie n = 3) and thus form cylindrical molecules 
with perfect longitudinal alignment of residues. This provides extraordinary opportunities for designing 
new materials with functionality located along these faces. Perhaps even more significant, is that the 
perfect pitch offers the opportunity to design a supramolecular self-assembly motif to link the 
monomers in a highly symmetrical manner reminiscent of one dimensional crystallization. 
We hypothesized that a H-bonding motif similar to that required for 14-helical stabilization would, if 
propagated intermolecularly, mediate axial head-to-tail self-assembly, and ultimately promote fibre 
formation.  This mode of fibre self-assembly contrasts with existing approaches which predominantly 
exploit lateral interactions, rather than axial, assembly motifs. Indeed we have now found that 14-
helical, N- 3-peptides spontaneously self-assemble in a unique head-to-tail fashion to form 
fibres from solution. Fibre size can be controlled from the nano-to macro scale.[1] The inherent 
flexibility in design and ease of synthesis provide powerful new avenues for the development of novel 
bio- and nanomaterials via supramolecular self-assembly.  

1. Mark P. Del Borgo, Adam I. Mechler, Daouda Traore, Craig Forsyth, Jacqueline A. Wilce, 
Matthew C. J. Wilce, Marie- -
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Assembly of N- -Peptides Leads to Nano-
Angew. Chem. Int. Ed.,2013, 10.1002/anie.201303175. 

58  

Self-Assembling Peptide Materials for Cell Engineering  

Kazuto Fukunaga1 , Masaki Tsuchiya1 , Hiroshi Tsutsumi1 , Hisakazu Mihara1  

1. Tokyo Institute of Technology, Yokohama, Japan 
Self-assembly of biomolecules has attracted increasing interests for fabrication of nano- and micro-
scaled biomaterials.  In particular, designed peptides that self-assemble into nanofibers can form 
hydrogels and be utilized as biomaterial scaffolds for cell engineering with biocompatibility and 
biodegradability.  Designed peptides have advantages in modulating molecular assembly and 
introducing functionality.1  

We have found that de novo designed short peptides, Y9 (Ac-YKYEYKYEY-NH2), self-assembled into 
highly-networked fibrillar structures with beta-sheet conformations in aqueous solution.  In addition, 
we have constructed self-assembling peptide nanofibers with responsive ability to calcium ion (Ca2+) 
to control assembled structures.  A various number of Glu residues were conjugated to the N termini 
of Y9 as a Ca2+ responsive site (EnY9). Moreover, the cell-adhesive and -differentiation peptide units 
(RGDS and IKVAV) were introduced to the C termini of E1Y9 to functionalize as cell-adhesive 
scaffolds (E1Y9-RGDS/-IKVAV).  In the presence of CaCl2, EnY9 and E1Y9-RGDS/-IKVAV peptides 
assembled into wider structures than Y9, and formed stable hydrogels. On the hydrogels composed 
of E1Y9, E1Y9-RGDS/-IKVAV, 3T3-L1/PC-12 cells were cultured more than 7 days without any 
toxicity.  The self-assembling peptide materials based on the Y9 peptide are useful for cell 
engineering as novel scaffolds. 

1. T. Sawada, T. Takahashi, H. Mihara. J. Am. Chem. Soc., 2009, 131, 14434. T. Sawada, M. 
Tsuchiya, T. Takahashi, H. Tsutsumi, H. Mihara, Polymer J. 2012, 44, 651. H. Tsutsumi, H. 
Mihara, Mol. BioSyst., 2013, 9, 609. 
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Homo- -amino acid to 
support helical diversity  
Muriel Amblard1 , Baptiste Legrand1 , Christophe André1 , Laure Moulat1 , Emmanuel Wenger2 , 
Claude Didierjean 2 , Marie-Christine Averlant-Petit3 , Jean Martinez1 , Monique Calmès1  

1. Institut des Biomolécules Max Mousseron, Montpellier, France 
2. Laboratoire de Cristallographie, Résonance Magnétique et Modélisation Moléculaire, CNRS UMR 

7036, Vandoeuvre-lès-Nancy Cedex, France 
3. Laboratoire de Physique Chimie-Macromoléculaire, CNRS UMR 7568, Nancy Cedex, France 
Foldamers are non-natural oligomers able to adopt well-defined conformations, stabilized by non-
covalent interactions, often inspired by natural compounds.1  By mimicking the shapes of natural 
polymers such as peptides, proteins or nucleic acids, they became attractive tools for designing 
molecules with specific function and potential biomedical applications. For example, they can be 
putative cell penetrating compounds, protein-protein interactions modulators or can present 

- - -amino acids 
have received much attention for the construction of artificial architectures able to display a large 
diversity of helical structures (i.e. 14-, 12, 10/12-
enlarged with the use of homo- and heterochiral constrained cyclic derivatives and/or with the 

- - - amino acids to syn 2 

In this work, we explored the ability of homo- and mixed oligomers incorporating a highly constrained 
-amino acid [(S)-aminobicyclo[2.2.2]octane-2-carboxylic acid] [(S)-ABOC],3,4   to induce a 

broad range of stable and predictable helical structures. 
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-amino- 3-homo-

amino acid sequences have been generated.5  Their synthesis and their structural characterizations 
conducted by circular dichroism (CD), X-ray diffraction crystallography (XRD), nuclear magnetic 
resonance (NMR) and molecular modeling will be presented.  

1. S. H. Acc. Chem. Res. 1998, 31, 173-180; Hill, D. J.; Mio, M. J.; Prince, R. B.; Hughes, T. S.; 
Moore, J. S. Chem. Rev. 2001, 101, 3893-4011; Cheng, R. P.; Gellman, S. H.; DeGrado, W. F. 
Chem. Rev. 2001, 101, 3219-3232; Seebach, D.; Beck, A. K.; Bierbaum, D. J. Chem Biodivers 
2004, 1, 1111-1239; Goodman, C. M.; Choi, S.; Shandler, S.; DeGrado, W. F. Nat. Chem. Biol. 
2007, 3, 252-262; Martinek, T. A.; Fulop, F. Chem. Soc. Rev. 2012, 41, 687-702. 

2. Horne, W. S.; Gellman, S. H. Acc. Chem. Res. 2008, 41, 1399-1408; Vasudev, P. G.; Chatterjee, 
S.; Shamala, N.; Balaram, P. Chem. Rev. 2011, 111, 657-687 

3. Songis O., Didierjean C., Laurent C., Martinez J., Calmes M. (2007), Eur. J. Org. Chem. 3166
3172. 

4. André C., Legrand B., Deng C., Didierjean C., Pickaert G., Martinez J., Averlant-Petit M.C., 
Amblard M., Calmes M. (2012), Org Lett., 17;14(4):960-3. 

5. Legrand B., André C., Wenger E., Didierjean C., Averlant-Petit M.C., Martinez J., Calmes M., 
Amblard M. (2012), Angew Chem Int Ed Engl., 5;51(45):11267-70. Legrand B., André C., Moulat 
L., Wenger E., Didierjean C., Aubert E., Averlant-Petit M.C., Martinez J., Amblard M., Calmes M. 
(2013), Submitted. 
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The Evolution of Anticancer Peptides from Self-Assembled Hydrogels 
Joel Schneider1  

1. NCI - Frederick, Frederick, MD, United States 
We have designed a class of hydrogels from self-assembling beta-hairpin peptides that enable the 
direct three-dimensional encapsulation and subsequent localized delivery of small molecules, proteins 
or cells to tissue. Although cytocompatible towards mammalian cells1 , we found, through a 
serendipitous discovery, that some of these hydrogels kill a broad spectrum of drug-susceptible 
bacteria on contact.  Through de novo peptide design, we have been able to prepare next generation 
gels that have potent activity against drug-resistant strains of bacteria including MRSA and P. 
aeruginosa, a multi-drug resistant bacterium.2,3  . Based on our understanding of the mechanism of 
antibacterial action and the fact that bacteria and cancer cells share similar traits with respect to their 
cellular membranes, we have gone on to design a new class of non-gelling, soluble peptides that 
show anticancer activity against a broad array of cancer cells. 4  These peptides adopt an ensemble 
of random coil, bio-inactive conformations in solution.  However, when they encounter cancer cells, 
they bind to, and fold at, the c
cell.  This surface-induced folding mechanism takes advantage of the aberrant lipid composition that 
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characterizes many cancer cell types and allows these peptides to exert their action preferentially 
against cancerous as opposed to non-cancerous cells. 

1. Chomdao Sinthuvanich, Lisa A. Haines-Butterick, Katelyn J. Nagy and Joel P. Schneider, 
-based Hydrogels and the Effect of Network Electrostatics on Primary 

 
2. -Hairpin 

Peptide Hydrogel that Kills Methicillin-
2009, 21, 4120-4123. 

3. Ana Salome Veiga, Chomdao Sinthuvanich, Diana Gaspar, Henri G. Franquelim, Miguel 
-rich Self-Assembling Peptides form Potent 

 

4. Chomdao Sinthuvanich, Ana Salome Veiga, Kshitij Gupta, Diana Gaspar, Robert Blumenthal and 
-hairpin peptides: Membrane-

Am. Chem. Soc., 2012, 134, 6210. 

61  

Tunable Peptide Dendrimers as Bioactives 

James Tam1  

1. Nanyang Technological University, , Singapore 
Peptide dendrimers are branched polypeptides and represent a cost-effective approach to design 
bioactive peptides by amplifying peptides of various lengths. They have the advantages in the ease of 
synthesis and in the increase of binding affinity to protein targets by virtue of their multivalency.  Here 
we report on the development of peptide dendrimers as as anti-infectives and anti-proliferatives.  
For anti-proliferatives, we have designed tunable peptide dendrimers that are membrane-permeable 
and are capable to inhibit intracellular protein-protein interaction. We were able to develop such a 
design by combining both intracellular delivery and functional roles in a single moiety with high 
efficiency and specificity. An advantage of the dendrimer peptide is that it avoids the conventional 
design of a bipartite construct consisting of a functional cargo and a cell penetrating peptide (CPP) as 
transportant. An example of our design is D4R which contains four tetrapeptide (RLYR) strands linked 
to a branched trilysine scaffold.  Modification of D4R at its N- or C-terminus with small-molecular 
chemicals showed extraordinary specificity of delivery to subcellular compartments. Epi-fluorescence 
microscopy showed that they can penetrate into the most densely-packed cellular compartments such 
as the nucleolus and the mid-body during mitosis in HeLa or MCF-7 cells. Cold treatment and ATPase 
inhibitor showed that their translocation is direct and independent of both endocytosis and ATP-
dependent process. When coupled to a 19-residue p21 antitumor peptide, D4R also served effectively 
as a transportant in cargo delivery to enhance apoptosis. Combining peptide dendrimers with small 
chemical moieties could lead to an approach to develop useful organelle-specfic cell-permeable 
intracellular inhibitors for laboratory and therapeutic uses.   

62  

Total synthesis and biological studies of thiazole/thiazoline-containing marine 
peptides 

Tao Ye1  

1. Hong Kong Polytechnic University, Hong Kong 
Marine cyanobacteria have produced a wide variety of peptides, many of which have demonstrated 
antiproliferative activity, acute cytotoxic activity, or have specific neurotoxic activity. Their diversity in 
both biological activity and in structural complexity has made these marine peptides the focus of much 
work in recent years. In a large number of marine peptides, thiazole/thiazoline heterocycles are found 
as key structural features. These heterocycles rigidify otherwise flexible backbones, contribute to 
lipophilicity, and their presence frequently correlates with DNA, RNA, and protein binding properties. 
The recently isolated thiazole/thiazoline-containing marine peptides included largazole, 
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grassypeptolides, hoiamides and bisebromoamide. The small quantities of peptides that are produced 
by many marine cyanobacteria have proven to be a severe obstacle for the development of promising 
new leads for the development of novel drugs. In order to verify the primary structure proposed on the 
basis of studies of the marine peptides, and modify the structure, with the ultimate aim of improving 
activity or the physicochemical/biological properties of the lead molecule, we have undertaken 
extensive programs towards the synthesis of thiazole/thiazoline-containing marine natural products. 
The presentation will focus on two aspects: (1) Synthetic studies towards the total synthesis of these 
thiazole/thiazoline-containing peptides, which included the strategic design of the synthetic 
approaches, problem-solving, confirmation of structures of largazole, grassypeptolides, hoiamides, 
and revision of stereochemistry of bisebromoamide. (2) Biological studies of largazole and 
bisebromoamide in treatment of liver fibrosis through inhibition of both fibrogenesis and angiogenesis. 

1. 505, in 
-VCH, 

Verlag GmbH & Co. KGaA, Weinheim, 2011  

63  

Flipping the life/death switch with peptide-based antagonists of the Bcl-2-
regulated apoptosis pathway 
Erinna Lee1 , Marco Herold1 , Stephan Glaser1 , Brian Smith2 , Peter Colman1 , Andreas 
Strasser1 , David Huang1 , Samuel Gellman3 , Doug Fairlie1  

1. WEHI, Parkville, VIC, Australia 
2. La Trobe University, Melbourne, VIC, Australia 
3. University of Wisconsin, Madison, WI, USA 
Disruption of protein:protein interactions can often be achieved with synthetic peptides which are 
capable of binding their targets with high affinity and specificity. As such, synthetic peptides have long 
been considered for clinical applications to antagonise or activate cell signaling pathways. In this 
presentation, our efforts to target the cell death or apoptosis pathways regulated by interactions 
between the pro-death and pro-survival members of the Bcl-2 family of proteins are reported. As this 
pathway is frequently dysregulated in cancer, new strategies to activate the pathway in a highly 
specific manner provide a potential avenue for therapeutic application of Bcl-2 antagonists. 
Accordingly, through rational design as well as screening of large peptide libraries, we have 
developed highly potent peptide-based ligands that can specifically target particular pro-survival Bcl-2 
proteins 1 . We will present data on how viral delivery of such ligands can be used to effectively kill 
tumour cells lines (e.g. acute myeloid leukaemia cells)  as well as primary tumour cells from 
patients 2 , providing proof-of-principle for similar-acting drugs. Moreover, modification of the peptide 
sequences through incorporation of non-natural amino acids, specifically beta-amino acids, renders 
them highly stable compared to their natural BH3 peptide counterparts, an important first step in their 
direct clinical application 3 . High resolution X-ray crystallographic structural data on how such 
peptides engage their targets will be presented 4, 5, 6 , together with how this information can be used 
to rationally design new sequences with altered binding profiles 6 . These data have wider application 
for the design of unnatural peptide ligands for other cellular targets.    

1. Lee et al., J. Cell Biol., 180:341-355 
2. Glaser et al., 2012, Genes Dev., 26:120-125 
3. Sadowsky et al., J. Am. Chem. Soc., 129:139-154 
4. Lee et al., 2009, Angew Chemie Int Engl., 48:4318-4322 
5. Lee et al., 2011, Chembiochem., 12:2025-2032 
6. Boersma et al., 2012, J.Am.Chem. Soc., 134:315-323   
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Structural capacitance in protein evolution and human diseases  
Adrian Woolfson1 , Chen Li2 , Jiangning Song2 , Ashley M Buckle2  

1. Discovery Medicine and Clinical Pharmacology, Bristol-Myers Squibb, Princeton, New Jersey, 
USA 

2. Monash University, Clayton, VIC, Australia 
Canonical methods of protein evolution include diversification of folds through genetic and epigenetic 
alterations including point mutations, silencing, deletions and duplication. Following a survey of the 
entire human mutation database, we describ
the de novo generation over rapid timescales of new peptide microstructures in previously disordered 
regions. These new elements of peptide microstructure are functionally implicated in the pathogenesis 
of a wide range of human diseases. The finding has implications for the ancestral diversification of 
protein folds, the engineering of highly evolvable proteins, and the identification and selective 
targeting of human disease epitopes. 

65  

NextGen Venomics: Natural, virtual and synthetic venoms for peptide drug 
discovery, target deorphanization and lead optimization 

Reto Stöcklin1  

1. Atheris Laboratories, Geneva, Switzerland 

years of evolution. Each venom typically consist of a unique cocktail of hundreds different molecules, 
mostly highly potent and selective bioactive ingredients falling within the class of well-structured 
medium-sized peptides. These biomolecules naturally possess a number of key drugability 
requirements: while poorly immunogenic, they are highly potent, selective, stable and soluble. In 
addition, they are a proven source for screening pharmaceutical targets that are difficult to address 
using standard medicinal chemistry approaches such as ion channels, transmembrane or circulating 
proteins. Dozens of venom-derived mini-protein drug candidates have been taken into drug 
development and six of these made it to clinical use1,2. 
Usually, the first step in the search for new compounds is a bioassay, which is followed by a 
deconvolution process leading to isolation and characterization of the bioactive substance. While 
these conventional bioactivity-guided strategies have a proven track record, they are time and sample 
consuming . Today, the 

 

strategy that we pioneered3  combines state-of-the-art peptide 
synthesis, proteomics4 , transcriptomics5  and post-genomics technologies with specialized 
bioinformatics tools6 . This generates an abundance of valuable data in a very short period of time 
and using much smaller amounts of natural products.  
We will present an innovative NextGen Venomics platform that is aimed at providing access to yet 
impossible to explore samples in an unprecedented manner through a combination of natural, 
synthetic and virtual venoms: 
    Pre-fractionation of venoms to produce libraries of natural venoms for HTS 
    Massive venom gland NextGen mRNA sequencing 
    Bioinformatics to extract sequences and produce the first virtual venoms 
    Original software to streamline the transcriptomics-assisted deconvolution process 
    An integrated in silico platform to screen virtual venoms and design optimized leads 
    Large-scale multiplex synthesis of peptides as first synthetic venoms libraries 

1. Harvey, A.L. and Stöcklin, R. (2012). From venoms to drugs: introduction. Editorial. Toxicon, 
59(4):433-433 

2. Stöcklin, R. and Vorherr, T. (2011). Future perspectives of venoms for drug discovery. 
Pharmanufacturing: The international peptide review. (Nov. 2011):21-24 
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3. Ménez, A., Stöcklin, R. and Mebs, D. (2006). 'Venomics' or: The venomous systems genome 

project. Editorial. Toxicon 47(3):255-259 
4. Violette, A., Biass, D., Dutertre, S., Koua, D., Piquemal, D., Pierrat, F., Stöcklin, R. and Favreau, 

P. (2012). Large-scale discovery of conopeptides and conoproteins in the injectable venom of a 
fish-hunting cone snail using a combined proteomic and transcriptomic approach. J. Proteomics. 
75(17):5215-5225 

5. Terrat, Y., Biass, D., Dutertre, S., Favreau, P., Remm, M., Stöcklin, R., Piquemal, D. and 
Ducancel, F. (2011). High resolution picture of a venom gland transcriptome: case study with the 
marine snail Conus consors. Toxicon. 59(1):34-46 

6. Koua, D., Brauer, A., Laht, S, Kaplinski, L., Favreau, P., Remm, M., Lisacek, F. and Stöcklin, R. 
(2012). ConoDictor: a tool for prediction of conopeptide superfamilies. Nucleic Acids Res. 40(Web 
Server issue):W238-41 

66  

Structure based design Hepatitis C Virus immunogens 
Philip Dawson1  

1. The Scripps Research Institute, San Diego, CA, United States 
It is estimated that more than 170 million people are infected by HCV worldwide. HCV infection is 
considered a silent killer because it can be transmitted to new hosts unnoticed and can take up to 20-
40 years before severe clinical symptoms develop. To solve the global HCV problem, more effective 
and affordable drugs against HCV, as well as a vaccine are needed. The extreme genetic diversity of 
circulating HCV is a major roadblock to a HCV vaccine. HCV isolates from different genotypes can 
differ by as much as 35% in sequence, consequently, any vaccine based on a single isolate is unlikely 
to be effective. To overcome this challenge, a broadly effective vaccine must target conserved B and 
T cell epitopes. We are working towards immunogen development using the epitope vaccine 
strategy:  that a broadly effective HCV vaccine can be attained by targeting conserved neutralizing 
epitopes on the virus. We have designed peptides to mimic the conformational epitopes observed in 
the crystal structure between broadly neutralizing HCV antibodies and fragments of the HCV E1 and 
E2 coat proteins. The design, synthesis and structural properties of these peptides will be discussed 
as well as our progress towards developing these peptide mimics as immunogens capable of inducing 
a neutralizing response to HCV 

67  

Extending chemical ligation 
John Offer1 , fabienne burlina2  

1. National Institute for Medical Research, London, United Kingdom 
2. UPMC university of Paris 06, CNRS, Paris 
Native chemical ligation is a remarkable reaction that enables the chemoselective coupling of two 
unprotected peptides. This technology has found numerous applications in chemical biology beyond 
its original purpose for the synthesis of small proteins. However, there are two major limitations to its 
use, the requirement for a peptide thioester, not straightforward by Fmoc solid phase peptide 
synthesis, and the absolute requirement for an N-terminal cysteine. Recently we reported that a 
peptide N-methylsulfonamide synthesised by Fmoc chemistry using the popular sulfamylbutyryl linker 
can participate directly in a ligation reaction with no need for prior conversion to a peptide 
thioester.1  We report recent developments in ligation with latent thioesters using simple Fmoc 
chemistry and their use in tandem with  ligation auxiliaries to extend the synthetic reach of chemical 
ligation. 
Burlina F, Morris C, Behrendt R, White P, Offer J. 2012.Simplifying native chemical ligation with an N-
acylsulfonamide linker. Chem Commun; 48:2579-81   
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Different binding modes of antagonists and agonists at the relaxin-3 receptor 
RXFP3  

Johan Rosengren1 , Linda Haugaard-Kedstrom1 , Maria Oh2 , Richard Clark1 , Ross Bathgate2  

1. The University of Queensland, Brisbane, QLD, Australia 
2. Florey Institute of Neuroscience and Mental Health, University of Melbourne, Parkville, Victoria, 

Australia 
The neuropeptide hormone relaxin-3 mediates its actions through activation of the relaxin-family 
peptide receptor-3 (RXFP3). Current evidence confirms an involvement of the RXFP3/relaxin-3 
signalling system in the central regulation of feeding, arousal/sleep, emotional memory, and 
metabolism/neuroendocrine function. Thus RXFP3 represents a promising new target for various 
mental disorders. However the development of lead molecules for this receptor is non-trivial. Relaxin-
3 is a large, complex, two-chain peptide and poorly selective for RXFP3 over related receptors. In 
addition any drug targeting RXFP3 is required to be able to pass the blood-brain barrier after systemic 
delivery, a considerable challenge. A detailed picture of how ligands interact with RXFP3 is therefore 
desirable for the rational design of novel analogues. 
We have through extensive mutational efforts generated structure-activity relationships both for 
ligands and the receptor identifying key features of the interaction. These data have been used to 
generate models of the complex using the program package HADDOCK. Our data suggest that a 
recently developed single-chain antagonist,  R3 B1-22R, which is a truncated variant of the relaxin-3 
B-chain binds strikingly different to native relaxin-3. These data are highly relevant for the future 
development of this antagonist towards the clinic. 

69  

A strategy for stabilizing weak interactions of posttranslationally modified 
proteins 
Nam K. Chu1 , Konstantinos Tripsianes2 , Anders Friberg2 , Michael Sattler2 , Christian F.W. 
Becker1  

1. University of Vienna, Vienna, Austria 
2. Technische Universität München, Chemistry, Munich, Germany 
Survival of motor neuron (SMN) protein is part of the SMN complex that mediates assembly of 
ribonucleoprotein complexes1. SMN protein contains a central Tudor domain that recognizes 
symmetrically dimethylated arginine residues (sDMA), leading to transient interactions with Sm 
proteins. Due to the weak but specific interaction of SMN Tudor with sDMA (KD ~ 0.5 mM) a large 
excess of free sDMA had to be used in previous structural studies of the SMN Tudor-sDMA complex2. 
Such conditions are not ideal for structure analyses of weak interactions and covalent coupling of the 
two interacting moieties can shift the equilibrium to the bound state by lowering the entropic cost of 
binding.  
Here sDMA is covalently linked to SMN Tudor via expressed protein ligation, using a flexible glycine 
linker3. NMR analyses and ligation yields allow assessment of the ideal linker length and enable 
structural analysis of a weak interaction at moderate concentrations. The described strategy can help 
to overcome current challenges in structural analysis of such weak, transient interactions often 
mediated by posttranslational modifications. 

1. Pellizzoni, L.; Yong, J.; Dreyfuss, G. Science 2002, 298, 1775-9. 
2. Tripsianes, K.; Madl, T.; Machyna, M.; Fessas, D.; Englbrecht, C.; Fischer, U.; Neugebauer, K. 

M.; Sattler, M. Nat. Struct. Mol. Biol. 2011, 18, 1414-20. 
3. Muir, T. W.; Sondhi, D.; Cole, P. A. Proc. Natl. Acad. Sci. U.S.A. 1998, 95, 6705-10.   
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Bioorganic-inorganic materials and polymers from hybrid alkoxysilane-
peptidesbuilding blocks 

Gilles Subra1 , Said Jebors1 2 , Soultan Al-Halifa1 , Christine Enjalbal1 , Benjamin Nottelet1 , 
Ahmad Mehdi2 , Jean Martinez1  

1. Amino acids, Peptides and Supported synthesis, IBMM institute of biomolecules Montpellier, 
Montpellier, 34, France 

2. Molecular Chemistry and solid Organisation CMOS, ICG institute of Materials Charles Gerhardt , 
Montpellier, france, France 

The mild conditions used in sol-gel process allow the preparation of hybrid materials containing 
peptides. In most of reported cases, peptides are either non-covalently entrapped or grafted after the 
synthesis of the material1 , requiring surface treatment and chemoselective ligation. In contrast, we 
designed a new family of bioorganic-inorganic hybrid structured materials relying on the hybrid 
peptide-trialkoxsilyl building blocks, synthesised in Fmoc/tBu SPPS, that can be engaged directly in a 
sol gel process.  

Figure 1. A Hybrid peptide ordered mesoporous silica catalyst, B Nanoparticles grafted with bioactives 
hybrid peptides, C,D,E Structures obtained by self assembly of hybrid peptides sequences derived 
from collagen. 
This bottom up approach is flexible enough that any type of functionalities, biological and 
physicochemical properties afforded by the peptide unit can be introduced on the material either by 
grafting or by direct synthesis. Several examples of hybrid peptide materials will be presented (i.e. 
multifunctional nanoparticles, peptide-catalytic mesopous materials23  , anti fouling glass surfaces). At 
last, the self-assembling properties of the peptide unit can be exploited to yield a range of bio-inspired 
nanostructured materials 

for medicine for orthopedics, catheters, drains, shunts, extracorporeal equipment, implants and as 
injectable fluids for soft-tissue augmentation. On the other hand, peptide-based hybrid 
copolymers4  are a class of biomimetic materials that significantly become important due to their 
bioactive properties. To the best of our knowledge, only silicones incorporating random 
homopolypeptide sequences obtained by ring opening polymerisation of amino-acids NCAs or from 
hydrolysates of proteins are described so far. In this context, we first describe a new class of silicon-
peptides biopolymers obtained by  mild hydrolytic polymerization using well defined chlorosilyl hybrid 
peptides as mononeric units, synthesised in solution or on solid support 5 .   

Figure 2. Types of peptide-silicon hybrids 
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1. G. Subra, A. Mehdi, C. Enjalbal et al., J Mater Chem 21 (17), 6321 (2011). 
2. S. Jebors, C. Enjalbal, M. Amblard et al., J Mater Chem in press (2013).  
3. Jebors, C. Enjalbal, M. Amblard et al., Tetrahedron in press (2013)  
4. H. Enomoto, B. Nottelet, S. Al Halifa et al., Chem Commun 49 (4), 409 (2013).  
5. N. Masurier, P. Zajdel, P. Verdie et al., Chem-Eur J 18 (37), 11536 (2012).  

71  

Glycopeptide and lipopeptide derivatives with potent activity against multi-
drug resistant pathogenic bacteria responsible for UTI, cSSSI and CAP/NP 
infections 
Matt Cooper1 , Mark A. Baskovich1 , Tanya Bradford1 , Mark S Butler1 , Bernd Becker1 , Mu 
Cheng1 , Alberto Da Silva1 , David Edwards1 , Karl Hansford1 , Johnny Xiao Huang1 , Tomislav 
Karoli1 , Angela Kavanagh1 , June C Lee1 , Fredrik Lindahl1 , Craig Muldoon1 , David Paterson1 , 
Ruby Pelingon1 , Rajaratnam Premraj1 , Soumya Ramu1 , Jason Roberts1 , Hanna Sidjabat1 , 
Azzah Suboh1 , Karen Wong1 , Benjamin Yakimoff1 , Zyta Ziora1 , Johannes Zuegg1  

1. The University of Queensland, St Lucia, QLD, Australia 
The lack of treatments available for multi-drug resistant bacteria is one of the most pressing health 
issues currently facing humankind. We have designed lipopeptide and glycopeptide derivatives 
selective for bacterial membranes. We are optimising and developing these for the treatment of 
community-acquired and nosocomial infections; complicated skin and skin structure (cSSSI), urinary 
tract, and pneumonia (CAP/NP). 
In the Gram ve active lipopeptide series, we have identified compounds active against multi-drug 
resistant E. coli, P. aeruginosa, K. pneumonia, and A. baumannii, including colistin-resistant and 
NDM-1 strains. In the Gram +ve active glycopeptide series, compounds are 20- to 100-fold more 
active (MIC <3 ng/mL) than vancomycin (MIC ~ 1 ug/mL), and are bactericidal. They have excellent 
plasma and microsomal stability, show minimal inhibition of CYP450 enzymes, are clear in Ames 
mutagenicity testing, and show no cytotoxicity in mammalian cell MTT assays at concentrations 
exceeding 1000 times the MIC.   Mouse pharmacokinetic profiles are consistent with once daily 
dosing in man, and the compounds show equivalent or superior efficacy to the reference antibiotics 
vancomycin and daptomycin in multiple mouse models, including MRSA and S. pneumoniae thigh 
infection, blood bacteremia, sepsis, and lung infection models.  For example, potent activity is 
observed in the MRSA thigh infection model with a single sub-cutaneous 10 mg/kg dose, showing 
equivalent efficacy as 200 mg/kg vancomycin, with greater than 100,000-fold reduction in bacterial 
load (cfu/thigh) at 24h.  The compounds are also active in lung infection models (where daptomycin 
fails), with 100% survival in a lethal dose study with a MDR S. pneumoniae strain. 

72  

Is there a future for peptide mimetics as anti-microbial agents? 

James Mahony1  

1. Pathology & Molecular Medicine, McMaster University, Hamilton, ON, Canada 
Background: In an era of questionable antibiotic stewardship there is a increasing need for new 
antimicrobials as bacteria and viruses become resistant to commonly used drugs. Peptide mimetics 
have recently been added to our weaponry for the treatment of infectious diseases and they offer 
some advantages against resistance. 
Methods: We have developed peptide mimetics and dominant negative decoy proteins (dNdP) that 
can block the replication of specific viruses and bacteria by mapping binding domains of essential 
protein binding partners for selected targets of Influenza virus (virus replicase PA/PB1, PI3 kinase 

 

subunit), 
Chlamydia trachomatis (type III secretion proteins LcrH1, CopD/B, and Cpn0585) using Pepscan 
epitope mapping and synthesized peptide mimetic inhibitors (10-20mers). A cell penetrating peptide 
(11-mer) was conjugated to peptide mimetics and dNdP which were expressed in E. coli or yeast as 
fusions with either maltose binding protein (MBP) human serum albumin (HSA) as the scaffold.  
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Results: Peptide mimetics and dNdPs inhibited replication of influenza and RSV when added to 
MDCK cells 10 minutes prior to infection with virus. These antiviral peptides had ID50 values ranging 
from 10-20 µM. Anti-chlamydial peptides inhibited chlamydial infection of HeLa cells even when 
added 6 hours post infection. We have recently genetically engineered probiotics and commensal 
bacteria to synthesize and secrete antimicrobial proteins and are presently testing these 
antimicrobials in animal models. 
Conclusion: We have developed novel antimicrobials including peptide mimetics and dNdP that inhibit 
both viruses and bacteria. These proteins have been engineered onto a human serum 
albumin scaffold to increase half life and allow synthesis in gram quantities using commercially 
available yeast expression systems. These proteins are presently being tested in animal models and 
if they demonstrate good pharmacological profiles will be candidates for human phase I trials.    

73  

Functional designed peptides: Antimicrobials and enzymes 
Surajit Bhattacharyya1  

1. Nanyang Technological University, Singapore 
De novo designed active peptides are of significant interest. Such peptides can be potentially utilized 
as novel therapeutics and catalysts. Further, designing folded peptides allow us to examine 
fundamental problems of protein structure and folding. We are developing two groups of peptides: 
broad-spectrum antimicrobial/anti-endotoxic and membrane protein mimics. Antimicrobial peptides 
(AMPs) have high potential as novel antibiotics active against multiple drug resistance (MDR) 
pathogens. Among drug-resistant bacteria, Gram-negative ones are of significant threats due to the 
lack of potent antibiotic in drug discovery pipelines. The outer membrane or lipopolysaccharide (LPS) 
of Gram negative bacteria acts as a permeability barrier against antimicrobial agents. LPS or 
endotoxin is also well known for sepsis mediate mortality. In our studies, we have developed peptides 
those act through LPS-outer-membrane. These peptides adopt boomerang like beta-structures in 
complex with LPS lipids. Further, we have observed that hybrid peptides obtained from boomerang 
motif conjugated with inactive (against Gram negative bacteria) AMPs are highly potent against drug-
resistant Gram negative bacteria. In another project, we have designed beta-hairpin peptides (IV8) 
with heme binding and peroxidase activities in lipid membrane. NMR structure of IV8 has been 
determined in detergent micelles. This research has implications in membrane protein design with 
novel functions. 

1. Beta-Hairpin peptides: heme binding, catalysis and structure in detergent micelles.. Angewandte 
Chemie (published On-line).  

2. Lipopolysaccharide neutralizing peptide-porphyrin conjugates for effective photo-inactivation and 
intracellular imaging of gram-negative bacteria strains. Fang Liu, Annie Soh Yan Ni, Yingjie Lim, 
Harini Mohanram, Surajit Bhattacharjya and Bengang Xing. Bioconjugate Chemistry (2012), 23, 
1639-1647. 

3. Designed beta-boomerang antiendotoxic and antimicrobial peptides: structures and activities in 
lipopolysaccharide. Anirban Bhunia, Harini Mohanram, Prerna N. Domadia, Jaume Torres, and 
Surajit Bhattacharjya. Journal of Biological Chemistry (2009), 284, 21991-22004.  

4. Designed beta-boomerang antiendotoxic and antimicrobial peptides: structures and activities in 
lipopolysaccharide. Anirban Bhunia, Harini Mohanram, Prerna N. Domadia, Jaume Torres, and 
Surajit Bhattacharjya. Journal of Biological Chemistry (2009), 284, 21991-22004.  

74  

Sub3, an antimicrobial peptide with cell-penetrating properties 

Sonia T. Henriques1 , Ines M. Torcato2 , Yen-Hua Huang1 , Henri G. Franquelim2 , Diana D. 
Gaspar2 , David J. Craik1 , Miguel A.R.B. Castanho2  

1. Institute for Molecular Biosciences, Brisbane, QLD, Australia 
2. Instituto de Medicina Molecular, Lisbon University, Lisbon, Portugal 
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The discovery of new antimicrobials that use novel modes of action and avoid antibiotic resistance is 
crucial to fight microbial infections. Cationic antimicrobial peptides (AMPs) have been regarded as 
promising antibiotic candidates and knowledge on their mode of action is important for further 
improvement. Here we investigate the mechanism of action of Sub3, an AMP with high activity 
against Gram-negative and Gram-positive bacteria and low cytotoxicity. Using model membranes and 
bacterial cells with fluorescence spectroscopy, flow cytometry, Zeta potential and atomic force 
microscopy imaging we found that the action of Sub3 involves both membrane and intracellular 
targeting. At lethal concentrations Sub3 targets the bacteria membrane, trough electrostatic 
attractions, and internalizes inside the bacteria without permeabilizing the cell membrane. In addition, 
Sub3 can also internalize into human cells without being toxic to them. The observation that Sub3 is 
able to internalize into host cells, is of major relevance because in addition to its potent activity 
against bacteria, Sub3 has promise for treating locally-infected mammalian cells which are difficult to 
treat. 

75  

Development of first-in-class adiponectin receptor agonist and antagonist 
peptides 
Laszlo Otvos1 , Ilona Kovalszky2 , Annadora Bruce-Keller3 , Tim Hewitson4 , Ralf Hoffmann 5 , 
John D. Wade4 , Eva Surmacz1  

1. Temple University, Philadelphia, PA, USA 
2. Semmelweis University, Budapest, Hungary 
3. Pennington Research Center, Baton Rouge, LA, USA 
4. Florey Institute of Neuroscience and Mental Health, University of Melbourne, Melbourne, VIC, 

Australia 
5. University of Leipzig, Leipzig, Germany 
The adipose tissue participates in the regulation of energy homeostasis as an important endocrine 
organ that secretes a number of biologically active adipokines, including adiponectin.  The research of 
adiponectin and its receptors is hampered owing to the difficulties in handling these proteins. The C-
terminal half of adiponectin protein representing the globular domain (gAd) exhibits potent metabolic 
effects in various tissues.  In addition, epidemiological studies found an inverse association between 
circulating adiponectin levels and several obesity-related malignancies, including cancers of the 
breast.  In spite of the clinical need, before our studies adiponectin receptor response modifier 
peptides were not available. 
Recently we developed and characterized a first-in-class adiponectin receptor agonist.  This 10-amino 
acid residue multiply modified peptide has attractive physical properties and was indeed used to 
describe a series of cellular processes in vitro and investigate the potential of adiponectin-based 
therapies in vivo.  Peptide ADP355 inhibits AdipoR-dependent cancer cell growth at 100 nM 

 

1 µM,
frequently better than gAd.  In scid mice carrying MCF-7 orthotopic xenografts, ADP355 treatment 
moderately reduces the growth of established tumors.  Similarly modest effects were observed on 
preservation of body mass and fat pad weight in lipodystrophic mice suggesting that the structure 
needs further refinements to warrant further preclinical development efforts. Nevertheless, the peptide 
fully restores fear conditioning in lipodystrophic animals.  
Based on the sequence of the AdipoR agonist, a novel receptor antagonist was designed according 
to general rules of agonist 

 

antagonist conversions.  This peptide counteracts 100 nM ADP355-
mediated breast cancer cell growth inhibition in a concentration-dependent manner.  The antagonist 
itself slightly promotes cell growth, perhaps due to antagonizing endogenous adiponectin or acting as 
an inverse agonist.   
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Engineering stable disulfide-rich, cyclic scaffolds 
Norelle L Daly1 2 , Lai Y Chan1 , Rasmus Eliasen3 4 , Pedro Quimbar5 , Uru Malik1 , Richard J 
Clark6 , Christian P Sommerhoff7 , Marilyn A Anderson5 , David J. Craik1  

1. Institute for Molecular Bioscience, University of Queensland, Brisbane, QLD, Australia 
2. James Cook University, Smithfield, QLD, Australia 
3. Novo Nordisk A/S, Måløv, Denmark 
4. Technical University of Denmark, Kgs. Lyngby, Denmark 
5. La Trobe University, Melbourne, VIC, Australia 
6. School of Biomedical Sciences, The University of Queensland, Brisbane, QLD, Australia 
7. Institute of Laboratory Medicine, University Hospital, Ludwig-Maximilians-University Munich, 

Germany, Europe 
Gene-encoded cyclic peptides were originally thought to be anomalies in the peptide world, but are 
now known to be widespread throughout nature, with examples in plants, bacteria, fungi, and 
mammals. The evolution is not well understood but recent studies have provided fascinating insights 
into how these cyclic peptides are made. The intrinsic stability associated with the cyclic backbone 
has piqued the interest of researchers and has led to the hypothesis that these cyclic peptides can be 
used as scaffolds in drug design. Gene-encoded cyclic peptides from plants have been of particular 
interest for drug design. The potential of plant-derived disulfide-rich cyclic peptides in the design of 
novel drug leads for a range of therapeutic applications, including cancer, will be discussed. 

77  

Towards the development of rxfp1 receptor specific minimised relaxin 
analogue  
M. Akhter Hossain1 , Linda Chan1 , Chrishan Samuel2 , Johan Rosengren3 , Ross Bathgate1 , 
John Wade1  

1. University of Melbourne, Parkville, VIC, Australia 
2. Department of Pharmacology, Monash University, Clayton, Australia 
3. School of Biomedical Sciences, the University of Queensland, Brisbane, Australia 
Since its discovery in 1926, human relaxin-2 (H2 relaxin) has undergone several clinical trials. It has 
finally passed the last Phase (Phase III) of the trials late last year for the treatment of acute heart 
failure. The indications are that H2 relaxin will enter into the clinic by the end of this year. However, 
this drug faces some limitations that need to be addressed in order to maximize its translational 
potential: 
1. Cross-reactivity with other receptor: H2 relaxin exerts its biological function through its own 
receptor,  Relaxin Family Peptide Receptor 1 (RXFP1; also known as LGR7). However, it also 
activates other receptors, including RXFP2 (native receptor for the related insulin-like peptide 3, 
INSL3). Thus, it would be beneficial to have a highly selective RXFP1 analogue to avoid potential 
undesired side effects mediated through RXFP2. 
2. Large size and complex structure: The size (53 amino acids) and complex structure (two chains, A 
and B, and three disulfide bonds) of H2 relaxin represent a considerable challenge for its 
synthesis. This is a major limiting factor for the exploration of modifications of this peptide to optimize 
efficacy and stability. Thus a simpler H2 relaxin analogue that would be easier to prepare and modify 
is desirable. 
Our recent structure-activity relationship (SAR) studies1,2,3 on H2 relaxin provide new insights into the 
mechanism of interaction of RXFP1 and RXFP2 by H2 relaxin, leading to a potent and RXFP1-
selective minimized analogue. 

1. Chan LJ, Rosengren KJ, Layfield SL, Bathgate RA, Separovic F, Samuel CS, Hossain MA, Wade 
JD. J Biol Chem. 2012 30;287(49):41152-64 
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2. Hossain MA, Rosengren KJ, Samuel CS, Shabanpoor F, Chan LJ, Bathgate RA, Wade JD. J Biol 

Chem. 2011; 28;286(43):37555-65. 
3. Hossain MA, Rosengren KJ, Haugaard-Jönsson LM, Zhang S, Layfield S, Ferraro T, Daly NL, 

Tregear GW, Wade JD, Bathgate RA. J Biol Chem. 2008; 20;283(25):17287-97.  

78  

Medicinal Chemistry of Peptidic Compounds for the Treatment of Muscular 
Diseases 
Yoshio Hayashi1  

1. Tokyo University of Pharmacy and Life Sciences, Hachioji, Tokyo, Japan 
Muscular diseases occur in all age groups and can cause serious physical disabilities. Duchenne 
muscular dystrophy (DMD) is one of the most severe forms of dystrophinopathy that occurs in 
younger age groups. The current trends among aging populations in developed countries indicate that 
sarcopenia, which is a muscular weakness involving muscular atrophy, will continue to be a serious 
problem in elderly persons. Our research has focused on identifying peptide therapeutics for these 
muscular diseases.  
Two therapeutic approaches have significantly progressed in this field. The first approach centers on 
a mutation in the dystrophin gene that codes for an important structural protein within muscle tissue, 
dystrophin. This mutation accounts for about 20% of the congenital disease cases and is caused by 
nonsense mutations that introduce a premature termination codon (PTC) into the mRNA sequence. 
We have examined the utility of a dipeptidic antibiotic (+)-negamycin 1,1 which promotes PTC 
readthrough activity, and recently succeeded in developing more potent derivatives of 1 that displayed 
low levels of antimicrobial activity.2  These derivatives may be effective for the treatment of other 
genetic diseases caused by nonsense mutations. In an effort to increase the muscular mass in 
patients, we have focused on myostatin (growth differentiation factor 8, GDF-8), a member of the 
TGF-
amino acids in length have been developed as a second therapeutic approach. These peptides 
selectively inhibit myostatin signaling in a cell-based reporter assay and have resulted in improved 
muscular mass in mice upon direct intramuscular injection. These peptides could potentially enhance 
the muscular mass of elderly persons, treat muscular dystrophy, and improve cachexia in patients 
with cancer, chronic obstructive pulmonary disease (COPD), metabolic syndromes, and the muscular 
strength of astronauts.      

1. a) Hayashi, Y., et al. Chem. Commun. 2008, 2379. b) Nishiguchi, S., Hayashi, Y., et al., 
Tetrahedron 2010, 66, 314.  

2. Taguchi, A., Hayashi, Y., et al. ACS Med. Chem. Lett. 2012, 3, 118-122. 

79  

Self-assembling cages from de novo designed peptide modules 
Jordan M Fletcher1 , Derek N Woolfson1  

1. University of Bristol, Bristol, United Kingdom 
Encapsulation and compartmentalization are key features of living systems.  An ability to mimic this 
via designed peptides would provide a unique route towards new materials for delivery, and the 
development of encapsulated complex systems.  Recently, we have made use of the coiled coil; a 
fold in which two or -helices self-associate about a central hydrophobic core.  As one of the 
most well-understood protein folds, we utilized a number of design rules 1 to produce a pair of 
robustly-folded assemblies: a parallel homotrimer; and a heterodimer.  Tethering these together in a 
back-to-back fashion produces two 6-stranded hubs which, when combined, produce a network of 
tessellated hexagons.  Moreover, owing to the symmetry of this system, any inherent curvature (as 
indicated by molecular dynamics simulations) would result in enclosed objects.  Indeed, when the 
homotrimer heterodimer peptides were mixed a fine precipitate was observed, which, following 
Scanning Electron Microscopy was shown to be composed of uniform spherical objects 97 ± 19 nm
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(n=135) in diameter.  Further analysis by Atomic Force Microscopy confirmed the spherical nature of 
these objects in the hydrated state, which were seen to collapse to ~9 nm in height when dehydrated 
providing evidence for hollow structures.  Startlingly, images obtained using Lateral Molecular Force 
Microscopy revealed details of a hexagonal surface structure consistent with the design.  More 
recently, we have explored factors contributing to the formation of the cages: by making single point 
mutations to our coiled-coil building blocks we can affect both curvature and the stage at which 
closure occurs, furnishing populations of larger and smaller nanocages, respectively.  This work has 
recently been published 2  and reviewed 3 . 

1. JM Fletcher, et al., (2012) ACS Synthetic Biology. 6, 240-250. 
2. JM Fletcher, et al., (2013) Science. 340, 595-599. 
3. MS Ardejani & BP Orner, (2013) Science. 340, 561. 

80  

New methods for amide bond formation  
James R Cochrane1 , Aysa Pourvali1 , Craig A Hutton1  

1. University of Melbourne, Parkville, VIC, Australia 
In recent years a range of novel amide ligation strategies have been developed, many incorporating 
thioacids or thioesters as carboxylic acid surrogates.1  Most of these methods also require either a 
thiol-functionalised amine coupling partner, or an amine surrogate. We will present investigations into 
the scope and limitations of the reaction of amino acid thioamides with carboxylic acids in the 
presence of silver(I) to generate imide and amide adducts, based on the work of Palacios.2  This 
transformation represents an umpolung approach to amide bond formation that does not require pre-
activation of the carboxylic acid, and as such epimerisation levels are very low.  

The application of this methodology to the solution- sis of the 
pentapeptide thymopentin (Arg-Lys-Asp-Val-Tyr) will be described.  

1. Pattabiraman, V. R.; Bode, J. W. Nature 2011, 480, 471 479. 
2. Avalos, M.; Babiano, R.; Duran, C. J.; Jiminez, J.; Palacios, J. C. Tetrahedron Letters 1994, 35, 

477 480. Avalos, M.; Babiano, R.; Cintas, P.; Durán, C. J.; Higes, F. J.; Jimenez, J. L.; Lopez, I.; 
Palacios, J. C. Tetrahedron 1997, 53, 14463 14480. 

81  

Utility of Peptide Ligation Chemistry for the Chemical Synthesis of Post-
Translationally Modified Peptides and Proteins 
Richard J Payne1 , Brendan L Wilkinson1 , Yves Hsieh1 , Lara R Malins1 , Robert E Thompson1  

1. The University of Sydney, Camperdown, NSW, Australia 
Glycopeptides and glycoproteins are ubiquitous in nature and possess a range of biological activities 
that make them attractive targets as novel therapeutics and for applications as biomaterials. The 
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difficulty associated with isolating these complex biomolecules in pure form from nature has led to 
significant research effort directed toward the total chemical synthesis of homogeneous glycopeptides 
and glycoproteins for biological study.1,2 This talk will highlight the use of novel solid-phase 
methodologies and chemical ligation strategies for the total chemical synthesis of a range of 
homogeneous glycopeptides and glycoproteins (up to 19.5 kDa in size). The preparation of 
homogeneous fish-derived antifreeze glycoproteins,3 chemokine receptor domains4 and potent anti-
thrombotic glycoproteins will be described. Structure-activity data has provided important information 
on the role of glycosylation on the activity of the peptides and proteins and will also be discussed. 

1. Kent, S. B. H.; Chem. Soc. Rev. 2009, 38, 338-351. 
2. Payne, R. J.; Wong, C.-H. Chem. Commun. 2010, 26, 41-43. 
3. Wilkinson, B. L.; Stone, R. S.; Capiccioti, C. J.; Thaysen-Anderson, M.; Matthews, J. M.; Packer, 

N. H.; Ben, R. N.; Payne, R. J. Angew. Chem. Int. Ed., 2012, 51, 3606-3610. 
4. Taleski, D.; Butler, S. J.; Stone, M. J.; Payne, R. J. Chem. Asian J. 2011, 6, 1316-1320. 

82  

Development of a Universal Influenza Synthetic Peptide Vaccine  
Robert Hodges1 , Z. Jiang1 , W. Hartsock1 , C.T. Mant1 , Z. Qian1 , K.V Holmes1 , R.S Hodges1  

1. School of Medicine, University of Colorado Denver, Aurora, CO, USA 
Influenza A virus infects billions of people worldwide resulting in 500,000 deaths every year. Current 
vaccines target the receptor-binding domain (RBD) of the viral surface hemagglutinin (HA) protein. 
This region is antigenically dominant and is prone to mutations that leave current vaccines ineffective 
at neutralizing virus, thus requiring the design of new vaccines every year. Furthermore, antibodies 
generated to the RBD of HA from one strain of influenza typically lack the ability to cross-react with 
and neutralize infection by other strains of influenza A. We have designed a platform technology to 
elicit protective antibodies against class-1 viral fusion proteins in vivo. These antibodies target 
conserved regions of the viral HA protein that are involved in large conformation changes during the 
infection process. Therefore, any mutations in this region that may produce escape mutants are also 
likely to produce inactive viruses that are unable to infect host cells. Since this region is conserved 
across multiple strains of influenza, the antibodies derived from our immunogen exhibit enhanced 
cross-reactivity. Our platform technology consists of a synthetic two-stranded alpha-helical coiled-coil 
peptide template with Ile and Leu residues buried in the hydrophobic core a and d  positions of the 
repeating heptad sequence (abcdefg)n to provide maximum stability to the coiled-coil structure. The 
resulting peptide immunogen is further stabilized with an interchain disulfide-bridge.  An alpha-helical 
sequence from a native protein of interest is inserted into the template to expose the helical surface of 
the native protein (positions b, c, e, f and g). Antibodies to our lead peptide possess broad cross-
reactivity among distant strains of influenza virus (Group1 H1, H2 and H5 and Group2 H3 and H7). 
Hence, this technology is a robust means of generating cross-reactive antibodies in vivo and should 
protect against any new pandemic strains.     
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100  

Intracellular delivery of Cathpesin D inhibitors by dipeptide mimetic oligomers: 
a target for cancer cell proliferation inhibition?  

Muriel Amblard1 , Jean-françois Hernandez1 , Lubomir L Vezenkov1 , Vincent Martin1 , Marie 
Maynadier1 , Marcel Garcia1 , Jean Martinez1  

1. Institut des Biomolécules Max Mousseron, Montpellier, France 
The identification and the use of tumour progression key modulators, an overexpressed peptidase for 
example, constitutes a relevant approach to decrease the side toxicity of standard chemotherapies. In 
this work we targeted Cathepsin D (CathD), a lysosomal aspartyl protease, overexpressed and 
abnormally secreted by a large number of malignancies.1  This protease is involved in tumor 
progression and metastasis development. Moreover, several evidences involve proteolytic activity of 
the intracellular CathD in tumor growth and progression.2,3  Therefore, CathD inhibition represents an 
attractive approach for the development of potential anti-cancer agents.4  In this context, pepstatin, 
the most potent inhibitor of CathD so far identified has been evaluated. However, this inhibitor was 
showed to be inactive on cancer cell growth and this inefficiency was mainly attributed to a problem of 
cellular internalization. In this work, we developed cell penetrating CathD inhibitors by combining the 
potent pepstatin inhibitor with new vectors of cell penetration. This cell penetrating compounds were 
constructed by oligomerization of constrained dipeptide mimetics and they specifically targeted the 
endolysosomal compartment where the CathD activity is mainly localized.5,6  We showed that these 
conjugates were able to cross the cell membrane and  exhibited a potent anti-proliferative activity 
associated to the intracellular CathD proteolytic activity inhibition.  

1. Rochefort H., Chalbos D., Cunat S., Lucas A., Platet N., Garcia M., J. Steroid Biochem. Mol. Biol. 
2001, 76, 119. 

2. Kute T. E., Shao Z. M., Sugg N. K., Long R. T., Russell G.B., Case L. D., Cancer Res. 1992, 52, 
5198. 

3. Brouillet J. P., Spyratos F., Hacene K., Fauque J., Freiss G., Dupont F., Maudelonde T., 
Rochefort H., Eur. J. Cancer 1993, 29A, 1248. 

4. Knight C.G., Barrett A.J., Biochem. J. 1976, 155 (1) , 117. 
5. Vezenkov L. L., Maynadier M., Hernadez J. F., Averlant-Petit M. C., Fabre O., Benedetti E., 

Garcia M., Martinez J., Amblard M., Bioconjug. Chem. 2010, 21, 1850. 
6. Paramelle D., Subra G., Vezenkov L. L., Maynadier M., André C., Enjalbal C., Calmès M., Garcia 

M., Martinez J., Amblard M., Angew. Chem. Int. Ed. Engl. 2010, 49, 8240.   
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Rational Design of Substrate-Based BCR-Abl Kinase Inhibitors for the 
Treatment of Chronic Myeloid Leukemia   

Yen-Hua Huang1 , Sonia T Henriques1 , Louise Thorstholm1 , Norelle L Daly2 , Quentin Kaas1 , 
David J Craik1  

1. Institute for Molecular Bioscience, St Lucia, QLD, Australia 
2. School of Pharmacy and Molecular Sciences and Centre for Biodiscovery and Molecular 

Development of Therapeutics, James Cook University, Cairns, QLD, Australia 
The constitutively active tyrosine kinase BCR-Abl has been implicated as the underlying cause of 
chronic myeloid leukemia (CML). Current treatments for CML patients focus on the long-term use of 
imatinib, a small-molecule tyrosine kinase inhibitor (TKI) targeting the ATP binding site of BCR-Abl, 
but the response is not sustained for a number of patients due to point mutations that develop in the 
drug-binding region. Second- and third-generation ATP-competitive inhibitors have been developed to 
override imatinib resistance, but none of them exhibits inhibitory activity against T315I mutated BCR-
Abl (Quintas-Cardama et al, 2007). Therefore, therapeutic approaches that target regions distant from 
the ATP cleft may be a promising strategy to overcome the emerging drug-resistance. In this study, a 
new class of substrate-based Abl kinase inhibitors targeting the ligand binding site was developed by 
grafting modified substrates onto the cyclotide scaffold to improve the stability and therapeutic 
efficacy of the inhibitor. Disulfide-rich cyclic peptides within the cyclotide family have been shown to 
possess extraordinary stability against enzymatic, chemical and thermal degradation (Colgrave & 
Craik, 2004). The exceptional stability combined with the possibility to accommodate different loop 
sequences without disturbing the overall peptide fold point towards potential pharmaceutical 
applications of cyclotides. A cell-penetrating cyclotide, MCoTI-II (Cascales et al, 2011; Greenwood et 
al, 2007), was employed as the scaffold for our grafting study. One of the grafted peptides showed 
significant Abl kinase inhibition in the low micromolar range in vitro. More importantly, the MCoTI-II 
mutant displayed enzymatic stability and cell penetrating properties inherited from its parent scaffold. 
The results suggest that this approach can be applied to develop stable, non-toxic peptide-based 
kinase inhibitors towards various disease-linked kinases. 

1. Quintas-Cardama A, Kantarjian H, Cortes J (2007) Flying under the radar: the new wave of BCR-
ABL inhibitors. Nat Rev Drug Discov 6: 834-848 

2. Colgrave ML, Craik DJ (2004) Thermal, chemical, and enzymatic stability of the cyclotide kalata 
B1: the importance of the cyclic cystine knot. Biochemistry 43: 5965-5975  

3. Cascales L, Henriques ST, Kerr MC, Huang YH, Sweet MJ, Daly NL, Craik DJ (2011) 
Identification and characterization of a new family of cell-penetrating peptides: cyclic cell-
penetrating peptides. J Biol Chem 286: 36932-36943 

4. Greenwood KP, Daly NL, Brown DL, Stow JL, Craik DJ (2007) The cyclic cystine knot miniprotein 
MCoTI-II is internalized into cells by macropinocytosis. Int J Biochem Cell Biol 39: 2252-2264 

102  

Membrane interactions of modified helical cell-penetrating peptides 
Marco Jan Klein1 , Manfred Kansy2 , Anne S. Ulrich1  

1. Institute of Biological Interfaces (IBG-2) and Institute of Organic Chemistry, KIT - Karlsruhe 
Institute of Technology, Eggenstein-Leopoldshafen, BW, Germany 

2. pRED, Pharma Research & Early Development, Non-Clinical Safety, F. Hoffmann-La Roche Ltd., 
CH-4070 Basel, Switzerland 

Cell penetrating peptides (CPPs) are able to translocate across cellular membranes and transport 
various cargoes, but the uptake mechanisms are yet not fully understood. Our goal is to determine the 
membrane binding properties and conformational features of two different types of CPPs, in order to 
correlate them with the uptake efficiency and toxicological effects. On the one hand, we compare 

-helical CPPs with their linear analogues. Furthermore, we have designed 
-
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bridges for compensating the net charge. Circular dichroism (CD) is used to determine the extent of 
helicity in different lipid vesicles, and Oriented CD reveals the helix alignment in the membrane. A 
high-throughput screening in model membranes is used to measure the uptake efficiency of the CPP 
and leakage of the lipid vesicles simultaneously. These experiments allow us to detect any 
aggregation tendency of the CPPs and at the same time provide insight in the correlation between the 
uptake efficiency with peptide structure, lipid composition, and membrane curvature. 

103  

Novel polymeric excipients for prolonged residence time  
Flavia Laffleur1 , Andreas Bernkop-Schnürch1  

1. University of Innsbruck, Innsbruck, Tirol, Austria 
The aim of this study was to develop and evaluate a more effective mucoadhesive thiomer for 
prolonged applications. Therefore, 2-iminothiolane was covalently attached to chitosan backbone. 
Following, a preactivation step followed, mediated by 6,6´dithionicotinamide (6,6-DTNA), thiol groups 
were modified by disulfide bonds formation. Mucoadhesion studies were performed on mucosa. 
Additionally, water binding capacity, disintegration and cytotoxicity studies were accomplished. 
Chitosan-thiobutylamidine-mercaptonicotinamide (Ch-TBA-MNA) displayed 1.8-fold higher stability 
and 1.6-fold higher mucoadhesive properties, respectively. Due to these results preactivated thiomers 
exhibits an improved stability and enhanced mucoadhesive properties. Therefore, preactivated 
chitosan seems to be advantageous administrations with prolonged residence time compared to 
corresponding thiomers and chitosan. 

104  

PepFect15, a novel endosomolytic cell-penetrating peptide for oligonucleotide 
delivery via scavenger receptors. 
Staffan Lindberg1  

1. Stockholm University, Stockholm, Sweden 
Gene-regulatory biomolecules such as splice correcting oligonucleotides and anti-microRNA 
oligonucleotides are important tools in the struggle to understand and treat genetic disorders caused 
by defective gene expression or aberrant splicing. However, oligonucleotides generally suffer from 
low bioavailability, hence requiring efficient and non-toxic delivery vectors to reach their targets. Cell-
penetrating peptides constitute a promising category of carrier molecules for intracellular delivery of 
bioactive cargo. In this study we present a novel cell-penetrating peptide, PepFect15, comprising the 
previously reported PepFect14 peptide modified with endosomolytic trifluoromethylquinoline moieties 
to facilitate endosomal escape. Pepfect15 efficiently delivers both splice-correcting oligonucleotides 
and anti-microRNA oligonucleotides into cells through a non-covalent complexation strategy. The 
peptide and its cargo form stable, negatively charged nanoparticles that are taken up by cells largely 
through scavenger receptor type A mediated endocytosis. 

105  

Cell-penetrating peptide-mediated delivery of telomerase inhibitors  
Andrés Muñoz-Alarcón1 , Ülo Langel1  

1. Neurochemistry, Stockholm University, Stockholm, Sweden 
Targeting telomerase presents several key advantages compared to most other cancer targets in its 
relative universality, criticality and specificity for cancer cells including cancer stem cells. At present, 
there are several therapeutic approaches for targeting telomerase in tumors. One in particular, 
currently undergoing clinical trials, is based on synthetic lipid-modified oligonucleotide antagonists 
aimed at inhibiting the ribonucleoprotein subunit of human telomerase1 . However, while enabling 
efficient uptake, the lipid modifications reduce the potency of the therapeutic oligonucleotides 
compared to non-modified oligonucleotides2 . Non-covalent complexation strategies for cell-
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penetrating peptide-mediated delivery presents an option to circumvent the need for potency-reducing 
modifications while allowing for a highly efficient uptake, and could significantly improve the efficiency 
of telomerase-targeting cancer therapeutics. 
The aim of the current work is to assess the capacity for a cell-penetrating peptide designed in our 
lab, PepFect153 , to efficiently deliver and potentially improve upon the potency of telomerase-
inhibiting oligonucleotides. 

1. A. Röth, et al. Imetelstat (GRN163L)--telomerase-based cancer therapy. Recent Results Cancer 
Res. 2010. 

2. B-S. Herbert, et al. Lipid modification of GRN163, and N3' -> P5' thio-phosphoramidate 
oligonucleotide, enhances the potency of telomerase inhibition. Oncogene. 2005. 

3. S. Lindberg, A. Muñoz-Alarcón, et al. PepFect15, a novel endosomolytic cell-penetrating peptide 
for oligonucleotide delivery via scavenger receptors. Int J Pharm. 2013. 

106  

D-PYC98, a novel substrate-selective peptide inhibitor of c-Jun N-terminal 
Kinase (JNK) 
Kevin R Ngoei1 , Bruno Catimel2 , Nadia Milech3 , Paul M Watt3 , Marie A Bogoyevitch1  

1. Bio21 Institute, University of Melbourne, Parkville, VIC, Australia 
2. Ludwig Institute of Cancer Research, Heidelberg, VIC, Australia 
3. Phylogica Ltd., Subiaco, WA, Australia 
Protein kinase have remained attractive drug targets in the treatment of various pathological 
conditions with recent attention moving from ATP-competitive inhibitors towards the discovery and 
development of peptide inhibitors targeting the protein kinase substrate-binding site. Initially 
discovered in yeast two-hybrid screen, PYC98 is a JNK inhibitory peptide with a 5-fold increased 
potency to inhibit c-Jun phosphorylation in its D- retroinverso form. In vitro JNK activity assays 
revealed that D-PYC98 inhibited phosphorylation of an EGFR-derived peptide substrate, transcription 
factors c-Jun and ATF2, and the microtubule-regulatory protein DCX (doublecortin), but not 
phosphorylation of the transcription factor Elk1 or the microtubule-destabilising proteins SCG10 and 
Op18 (Stathmin). Surface Plasmon Resonance analysis confirmed D-PYC98 binding to both non-
phosphorylated (inactive) and active JNK1, but not the substrates c-Jun and Elk1. Further 
biochemical analyses to determine the kinetics of inhibition revealed the non-ATP competitive 
mechanism of action of D-PYC98. The targeting the common docking site of JNK1 by D-PYC98 was 
further confirmed by BIAcore competition assay in presence of TIJIP and the failure of JNK1 common 
docking site mutants (JNK1-R127A-E329A) to bind D-PYC98. Lastly, in evaluating the efficacy of this 
peptide to act as a substrate competitive inhibitor in cell culture system, we observed the action of a 
cell-permeable version of D-PYC98 (D-PYC98-TAT) to inhibit c-Jun phosphorylation at Ser63 under 
hyperosmotic stress conditions. Overall, D-PYC98 is a novel substrate-selective, non-ATP competitive 
inhibitor of JNK, and in its modified form as D-PYC98-TAT represents an effective JNK-inhibitor 
suitable for use as a probe to discern particular biological functions of this important stress-responsive 
kinase in cellular systems. 

107  

Multifunctional silica nanoparticules obtained in one step 
withhybridtrialkoxysilyl-peptides 
Gilles Subra1 , Said Jebors1 2 , Jeremie Ciccione1 2 , ahmad Mehdi2 , Jean-Luc Coll3 , Jean 
Martinez1  

1. Amino acids, Peptides and Supported synthesis, IBMM institute of biomolecules Montpellier, 
Montpellier, 34, France 

2. Molecular Chemistry and solid Organisation CMOS, ICG institute of Materials Charles Gerhardt , 
Montpellier, france, France 
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3. cancer Imaging, Institut Albert Bonniot (IAB), Grenoble, France 
Drug delivery systems have continuously evolved to improve the efficiency of the cancer treatment. In 
this field, silica nanoparticles (SiNPs) are a class of promising nanomaterials.1  Their easy synthesis 
by sol-gel condensation, tuneable size control, high surface areas, chemical stability, fonctionalizable 
surfaces and biocompatibility3  make SiNPs adequate tools for theranostic applications. In this 
context, we develop an efficiency strategy to obtain in a single step, multifunctional silica 
nanoparticles. It relies on the use of trialkoxysilyl-peptide hybrid building blocks developed in our 
laboratory42 . Noteworthy, the use of the hybrid peptides do not require any prior functionalization of 
the silica surface, nor chemoselective reaction, and proceeds at RT in water.    

Noteworthy, the derivatisation of fluorescein with trialkoxisilane moiety, enables the direct synthesis of 
fluorescent NPs, avoiding any unwanted bleaching.  
The synthesis of hybrid alkoxysilane bioactive peptides and enzyme-sensitive sequences for a 
releasing system based on shell degradation is reported. At last, the simple grafting of SiNPs using 
sol-gel process will be presented. 

1. Zongxi Li, Jonathan C Barnes, Aleksandr Bosoy, J Fraser Stoddart, Jeffrey I Zink, Chem. Soc 
Rev. 2012, 41, 2590-2605  

2. S. Jebors , C. Enjalbal , M. Amblard , G. Subra , A. Mehdi , J. Martinez. J. Mater. Chem. B, 2013, 
early view  

3. Tewodros Asefa, Zhimin Tao, Chem. Res. Toxicol. 2012, 25, 2265-2284  
4. S. Jebors , C. Enjalbal , M. Amblard , G. Subra , A. Mehdi , J. Martinez. Tetrahedron, 2013, in 

press 

108  

More Light, Greater Sensitivity - Revolutionary New LVF MonochromatorTM 

Technology in the CLARIOstar® Microplate Reader 
James Balmer1  

1. BMG Labtech Pty. Ltd, Mornington, VIC, Australia 
Monochromators are wavelength selection devices that can be used in a microplate reader. With 
monochromators, users can conveniently type in any wavelength for excitation or emission, whereas 
with filters, it is necessary to have the correct hardware. A major drawback to conventional 
monochromators, however, is that they are not sensitive enough to perform all of the leading 
microplate reader applications, like filters.   

In this poster, BMG LABTECH introduces a new, advanced type of double monochromator to 
microplate reading instrumentation, the LVF MonochromatorTM. Able to use adjustable bandwidths up 
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to 100 nm, LVF MonochromatorsTM can have significantly greater light transmission than conventional 
monochromators. In addition, this new monochromator technology is based on linear variable filters, 
which avoid the inherent stray light encountered with conventional monochromators. The result is 
more light transmission and greater sensitivity in all fluorescence and luminescence assays.  

109  

A new strategy for on line sequencing of peptides bearing disulfide bridges  
Philippe Massonnet1 , Emeline Hanozin1 , Denis Morsa1 , Loic Quinton1 , Edwin A De Pauw1  

1. Mass Spectrometry Laboratory, University of Liege, Liege, Belgium 
The characterization of peptides bearing multiple disulfide bridges requires sequence and a correct 
assignment of cysteine pairings. One major goal of the European Project Venomics is to develop a 
reliable high throughput method to fully characterize peptides in complex mixtures such as raw 
venoms. A specific emphasize is given to the determination of cysteine pairings. Ion mobility may 
bring an important contribution. It separates mass selected conformers on the basis of differences in 
drift time in the presence of collision gas. Those differences result from differences in collision cross 
sections that can be represented by the rotationally averaged projection of the ionic volume on a 

nced using MS/MS.  
We modified the method to assign cysteine pairing inducing differences in cross section using eletron 
transfer reduction.This step consists in statistically opening only one disulfide bond1 . As verified by 
molecular modeling, once a disulfide bridge is opened, the structure rapidly expands. CID MS/MS of 
the opened moiety becomes more efficient. In the case of peptides bearing two disulfide bridges, two 
arrival time distributions can be observed for the singly reduced species, each corresponding to a 
specific connectivity. On the contrary to chemical reduction in solution, disulfide bond scrambling is 
less likely to occur. Differences in MS/MS spectra allow assigning the S-S pairing. 
Applied to crude venoms, this LC/MS-ETD-IMS-CID-MS is a promising new fast online full 
characterization strategy, including SS pairing assignment. Figures of merit and limitations will be 
commented on the basis of examples involving species of increasing mass ranging from small toxins 
(<4kDa) in Conus snails type venoms to larger peptides (>4kDa) from snake venoms. 

1. Ion Mobility Mass Spectrometry as a Potential Tool To Assign Disulfide Bonds Arrangements in 
Peptides with Multiple Disulfide Bridges J. Echterbille, L. Quinton, N. Gilles, and E. De Pauw Anal. 
Chem., 2013, 85 (9), pp 4405 4413 

110  

Cyclotide Discovery by Peptidomics and Transcriptome-Mining 
Roland Hellinger1 , Johannes Koehbach1 , Alfred F Attah2 , Andreas Berger3 , Christian W 
Gruber1  

1. Center for Physiology and Pharmacology, Medical University of Vienna, Vienna, Austria 
2. Department of Pharmacognosy, University of Ibadan, Ibadan, Nigeria 
3. Department of Systematic and Evolutionary Botany, University of Vienna, Vienna, Austria 
Cyclic cysteine-rich plant peptides (cyclotides) are found in many plant species of the Rubiaceae, 
Fabaceae, Violaceae, Cucurbitaceae, Solanaceae and Poaceae families. Despite promising 

in plants and of in planta bioprocessing. Widely recognised identification criteria in peptidomics for 
cyclotide research are their strong retention in reversed phase chromatography, a molecular mass of 
2500-4000 Da, a head-to-tail cyclized backbone and a knotted arrangement of six conserved 
cysteines, nevertheless a valid identification relies on de novo sequencing of at least two adjacent 
inter-cysteine loops of the peptide1. However, cyclotide screening is prone to false-negative or false-
positive hits. Hence, more robust criteria for large scale screening studies are of interest in cyclotide 
research2. Here we present a combined peptidomics/transcriptomics approach to overcome 
limitations in conventional cyclotide discovery3. Applying this refined identification workflow, ~300 
species of >40 plant families with focus on Rubiaceae species were evaluated. Altogether six full 
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sequences, ten partial sequence tags and nine new cyclotide expressing families all from the 
Palicoureeae tribe were identified for the first time. Two novel sequences from Carapichea 
ipecacuanha lack of the highly conserved glutamic acid, thus our finding underlines the little 
understood plasticity of these plant peptides. In particular transcriptome mining provides the full 
primary sequence and eliminates false-negative hits. Besides phylogenetic insight into cyclotides 
distribution in Psychotria species, comparison of cyclotide precursor sequences amongst the 
Rubiaceae family revealed a moderate variability for several amino acid residues on the proto-N and 
proto-C-termini previously described as highly conserved due to their involvement in in planta 
bioprocessing. In conclusion, combined peptidomics/transcriptome analysis is a powerful tool to shed 
light on the distribution, evolution and diversity of circular, disulfide-rich peptides within the plant 
kingdom and enables targeted screening to accelerate peptide discovery. 

1. Ireland, C., D., Clark, R.J., Norelle, L.D., Craik, D. J., Isolation, Sequencing, and Structure 

 

Activity Relationships of Cyclotides. J. Nat. Prod., 2010. 73(9): p. 1610 1622. 
2. Hashempour, H., Koehbach, J., Daly, N. L., Ghassempour, A., Gruber, C. W., Characterizing 

circular peptides in mixtures: sequence fragment assembly of cyclotides from a violet plant by 
MALDI TOF/TOF mass spectrometry. Amino Acids, 2013. 44(2): p. 581 95.  

3. Koehbach, J., Attah, A.F., Berger, A., Hellinger, R., Kutchan, T., Carpenter, E., Rolf, M., Sonibare, 
M.A., Moody, J.O., Wong, G.K., Dessein, S., Greger, H., Gruber, C.W. Cyclotide discovery in 
Gentianales revisited 

 

Identification and characterization of cyclic cystine knotted peptides and 
their phylogenetic distribution in Rubiaceae plants. Biopolymers, 2013. in press 

111  

Doping control analysis of bioactive peptides in horse urine and plasma by 
liquid chromatography 

 

high resolution mass spectrometry  

Wai Him Kwok1 , Gary Ngai Wa Leung1 , Terence See Ming Wan1  

1. Racing Laboratory, The Hong Kong Jockey Club, Sha Tin, N.T., Hong Kong 
The abuse of performance-enhancing peptides is a threat to the integrity of both equine and human 
sports. Last year, a large number of post-race samples from different horse racing jurisdictions in the 

1. Besides, the 
Australian Crime Commission has recently reported the widespread use of peptides and hormones by 
professional athletes in Australia2

established a method to detect seven bioactive peptides and their in vitro metabolites in horse 
plasma3. This method has recently been expanded to cover a total of 16 bioactive peptides (namely, 
AOD9604, -casomorphin, bremelanotide, CJC-1295, dermorphin, desmopressin, GHRP-1, GHRP-2, 
GHRP-6, hexarelin, hyp6-dermorphin, ipamorelin, morphiceptin, N-acetylated LKKTETQ (active 
ingredient of TB-500), selank, and triptorelin). In addition, another method has been developed to 
detect 15 of the above peptides (excluding CJC-1295) and -casozepine in horse urine. This paper 
describes these two methods for the simultaneous screening of 16 bioactive peptides and some of 
their in vitro metabolites in horse urine or plasma. Urine and plasma extractions were performed using 
different mixed-mode ion exchange solid-phase extraction cartridges. The final extracts were subject 
to ultra-high performance liquid chromatographic separation on a C18 column and then analysed with 
LC/HRMS in positive ESI mode. The limits of detection for the target peptides were within 50 

 

200 
pg/mL in urine or plasma. The applicability of these multi-analyte methods was demonstrated by the 
identification of N-acetylated LKKTETQ and/or its metabolites in urine and plasma obtained after 
subcutaneous administration of TB-500 to two thoroughbred geldings. Method validation with respect 
to specificity, precision, recovery and ion suppression effect will be presented. A comprehensive in 
vitro study to identify potential metabolites useful for the control of these bioactive peptides will also 

 

1. Headlines 

 

Heath Taylor among trainers cited for dermorphin positives: The Times-Picayune 
7/12/12, Racing Medication & Testing Consortium. 
(http://www.rmtcnet.com/content_headlines.asp?id=&s=&article=1198) 

http://www.rmtcnet.com/content_headlines.asp?id=&s=&article=1198
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2. Organised Crime and Drugs in Sport, Australian Crime Commission, February 2013. 

(http://www.crimecommission.gov.au/sites/default/files/files/organised-crime-and-drugs-in-sports-
feb2013.pdf) 

3. W.H. Kwok, E.N.M. Ho, M.Y. Lau, G.N.W. Leung, A.S.Y. Wong, T.S.M. Wan, Anal. Bioanal. 
Chem., 2013, 405, 2595-2606.  

112  

Multi-state Membrane Perturbation Mechanisms of Antimicrobial Peptides 
Tzong-Hsien (John) Lee1 , Daniel J Hirst1 , Marcus J Swann2 , David I Fernandez3 , Marc-
Antoine Sania3 , Frances Separovic3 , Marie-Isabel Aguilar1  

1. Biochemistry and Molecular Biology, Monash university, Clayton, VIC, Australia 
2. Farfiled Group, Biolin Scientific, Manchester Airport, UK 
3. School of Chemistry, Bio21, University of Melbourne, Melbourne, Victoria, Australia 
Multi-drug resistance (MDR) bacterial infections represent a major global health problem with 
increasing rate of mortality. Antimicrobial peptides (AMPs) targeted to destroy bacterial membranes 
have great potential as effective antimicrobial agents against MDR infections. Due to our limited 
understanding of the precise mechanism of action of AMPs required for improving therapeutic 
efficacy, no antimicrobial peptide has been approved as a drug against bacterial infection in over a 
decade. While alteration of the molecular organisation of lipid molecules is the major effect of AMPs 
resulting in loss in membrane functionality, this phenomenon is rarely measured. We have developed 
membrane chip technology combined with dual-polarisation interferometry (DPI) to simultaneously 
measure the mass bound to and the structural ordering (birefringence) of the membrane. The 
interaction characteristics of melittin, magainin and its analogue, HPA3, aurein 1.2, maculatin1.1 with 
supported planar DMPC, DMPC/DMPG (4:1), POPC, and POPC/POPG (4:1) bilayers show various 
degrees of disordering at different levels of bound peptide. These data allow us to determine the P/L 
ratio for critical threshold events corresponding to distinctive membrane structural changes related to 
surface binding, insertion and disruption. Further analysis of the real-time binding profiles using our 
recently- - a three-state 
binding process with bilayer expansion on a POPC bilayer while at least a two-state binding process 
for DMPC bilayers. Overall, studying the perturbation mechanisms induced by peptides over a range 
of mass-density loadings provides further understanding of the mechanisms of membrane-active 
peptides. We also show for the first time multi-state kinetic models for simultaneous changes in 
bilayer structure and membrane-bound peptide which can be used to map the route of membrane 
destabilisation required for the rational design of membrane-destructive antimicrobial agents. 

113  

ISD high-throughput platform for the sequencing of animal peptide toxins  

Loic Quinton1 , Michel Degueldre1 , Eric Opsomer1 , Nicolas Vandewalle1 , Edwin De Pauw 
1. University of Liege, Liege, Belgium 
Animal venoms are complex mixtures, comprising a wide range of biologically active reticulated 
peptides that target with high selectivity and efficacy a variety of membrane receptors. Assuming the 
fact that each of the 170,000 venomous species reported can produce more than 250 bioactive 
toxins, at least 40,000,000 bioactive peptides/proteins may be discovered. Following this idea, a FP7 
European Project called VENOMICS (http://venomics.eu/) was proposed in November 2011. Its goal 
is to construct a bank of 10,000 toxin sequences generated from the study of 200 selected venomous 
species. This bank will be exploited to discover new peptides that can potentially be used as human 
drugs. High-throughput toxin sequencing represents one of the main bottlenecks of the project. 
This work shows the strategy designed to generate high-throughput accurate sequence tags from 
crude venoms. The sequencing strategy rests on a chromatographic purification of the venoms 
followed by MALDI-In-Source Decay fragmentation. ISD has already been demonstrated efficient for 
toxin sequencing 1 , and especially when using 1,5-DAN as a reducing matrix. Even if this technique 
requires simple peptide mixtures, reached by LC-MALDI, ISD yields to sequence tags that cover more 

http://www.crimecommission.gov.au/sites/default/files/files/organised-crime-and-drugs-in-sports-
http://venomics.eu/
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than 70% of the full toxins, even for high molecular mass toxins (>6500 Da). Additionally, ISD spectra 
are simpler to interpret than classical MS/MS ones. Indeed, when using 1,5-DAN, ISD generates 
intense singly charged c-type ions that can be easily exploited to sequence unknown peptides. This 
property permitted the development of in-house software, dedicated to the automated spectra 
interpretation. The software firstly treats the spectra with a smart smoothing, then normalizes the 
peaks and finally analyzes the spectra to propose relevant sequence tags. A score is calculated for 
each tag, on the basis of the intensity of the fragments and on the difference between the measured 
amino-acid masses and the theoretical ones. 

1. Quinton, L., et al., New method for characterizing highly disulfide-bridged peptides in complex 
mixtures: Application to toxin identification from crude venoms, 2007, J. Proteome Res., 6(8), 
3216-3223.  

114  

Cyclization of the antimicrobial peptide gomesin with native chemical ligation: 
Influences on stability and bioactivity 
Lai Yue Chan1 , Veronica M. Zhang2 , Yen-hua Huang1 , Norman C. Waters2 , Paramjit S. Bansal3 

, David J. Craik1 , Norelle L. Daly3  

1. Institute for Molecular Bioscience, The University of Queensland, Brisbane, Queensland, Australia 
2. Australian Army Malaria Institute , and The University of Queensland, Brisbane, Queensland, 

Australia 
3. Queensland Tropical Health Alliance, School of Pharmacy and Molecular Sciences and Centre for 

Biodiscovery and Molecular Development of Therapeutics, James Cook University, Cairns, 
Queensland, Australia 

Gomesin is an antimicrobial peptide which contains two disulfide bonds (CysI-CysIV and CysII-CysIII) 
in a beta-hairpin structure.1 Poor stability often hinders potential peptides such as gomesin for further 
development into drug candidates. There are many ways to improve peptide stability, one possible 
way is through backbone cyclization. An example on using this approach is a study based on a small 
bioactive peptide, Vc1.1, which derived from the cone snail venom.2 Improvement on stability and 
bioactivity were observed after cyclization of Vc1.1. Given the close proximity of the N and C termini 
of gomesin, cyclization approach was utilized in this study to assess if similar improvements could be 
observed. Cyclization was done by substituting the pyro-glutamic acid residue in the sequence with a 
glycine residue as a linker and using native chemical ligation3 method to link both N and C termini. A 
range of in vitro assays including membrane binding study were carried out to compare the bioactivity 
of the linear and cyclic forms of gomesin. Structural studies by NMR were also carried out to 
characterize the cyclic form of gomesin. In summary, this study has provided additional insights into 
the range of improvements in bioactivity and stability that can be achieved as a result of backbone 
cyclization of peptides. P. I. Silva, Jr., S. Daffre, P. Bulet, J. Biol. Chem. 2000, 275, 33464-33470.  

1. R. J. Clark, J. Jensen, S. T. Nevin, B. P. Callaghan, D. J. Adams, D. J. Craik, Angew. Chem. Int. 
Ed. Engl. 2010, 49, 6545-6548. 

2. P. E. Dawson, T. W. Muir, I. Clark-Lewis, S. B. Kent, Science 1994, 266, 776-779.  

115  

Identification of Novel Anti-Viral Peptides Against Dengue Virus Serotype 2 By 
Using Peptide Phage Display Technique.  

Miaw Fang Chew1 , Sharifah Syed Hassan1  

1. Monash University Sunway Campus, Jalan Lagoon Selatan, Bandar Sunway, Malaysia 
Dengue is an important tropical and subtropical viral disease caused by the infection of any one of the 
4 dengue virus (DENV) serotypes (DENV 1, 2, 3, and 4). In human, DENV infection causes a 
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spectrum of illness ranging from mild symptoms to life threatening dengue shock syndrome[1]. 
Treatment for DENV however remains limited to supportive care with emphasis on fluid therapy and 
management of its complications. No specific anti-viral drug is currently available to treat dengue 
infection [2]. In the current study, peptide phage display methodology was applied to screen for novel 
anti-viral peptides against DENV. This technique allows high throughput screening billions (106 

 
1011) 

of components with a fast selection procedure to identify novel lead candidates. In this study, DENV 
was cultured in Vero cells and purified for peptide screening assay. A random dodecapeptide and 
loop-constrained random heptapeptide library displayed on filamentous bacteriophage M13 were 
interacted with the purified DENV. 3 rounds of biopanning procedure were carried out and blue 
plaques were selected. A total of 18 different gene sequences from blue plaques were obtained and 
analyzed. Further studies were carried out to test for cytotoxicity and antiviral properties of the 18 
different peptide conjugated phages by using WST-1 assay and plaque reduction assay, respectively. 
Phage that showed highest inhibitory property was subsequently synthesized. Synthesized peptide 
(SP) was tested for cytotoxicity (WST-1 assay) and antiviral properties (plaque reduction assay and 
real-time pcr). No significant cytotoxicity was observed up to 1mM while 78% viral inhibition was 
achieved at 50µM. It is hoped that continuation and further optimization of current study would reveal
potent peptides with anti-viral property for the development of new drugs for the control of DENV.  

1. Halstead, S.B., Dengue. The Lancet, 2007. 370(9599): p. 1644-1652.  
2. Sayce, A.C., J.L. Miller, and N. Zitzmann, Targeting a host process as an antiviral approach 

against dengue virus. Trends Microbiol, 2010. 18(7): p. 323-30. 

116  

Proteomic analysis of the venom from the giant ant Dinoponera quadriceps: A 
comparative study and characterization of the major components of the venom 
derived from 4 distant areas of Brazil  
Camila CT Cologna1 , Jaqueline JC Cardoso2 , Emmanuel EJ Jourdan3 , Michel MD Degueldre1 , 
Upert UG Gregory4 , Nicolas NG Gilles4 , Ana Paula APTU Trovatti Uetenabaro2 , Philippe PT 
Thonart3 , Edwin ED De Pauw1 , Loïc LC Quinton1  

1. Universite de Liège, Liège, Wln, Belgium 
2. Laboratory of Animal Studies, Universidade do Estado da Bahia, Salvador, Bahia, Brazil 
3. Département des sciences de la vie /-Biochimie et microbiologie industrielles , University of Liège, 

Liège, Belgium 
4. -S, SIMOPRO, Gif-sur-Yvette, France 
Ants from the genus D
of 3cm. Their occurrence is restricted to tropical areas of South America. Despite the noxious effects 
inflicted by its envenomation, the information about the biological properties and composition of their 
venom is still  limited. In this work, we study the venom of the giant Dinoponera quadriceps ant 
collected in 4 different regions of Brazil. By using combinatorial mass spectrometric approaches, we 
aim at: (i) characterizing the venom composition of these ants; (ii) establishing a comparative analysis 
of the venom from the 4 different regions. The ants were captured in the surroundings of Contendas, 
Manoel Vitorino, Caetite and Feira de Santana (Brazil). Venom was extracted by mechanical 
stimulation and then dried. An aliquot of each sample was analyzed by MALDI-TOF/TOF and 
nanoLC-ESI-Q-TOF. The combinatorial mass spectrometry analyses demonstrate that ant venom is a 
copious source of new compounds. Several new peptides were id de novo 
sequencing
antimicrobial assays were performed with the purpose of evaluating their activity. The biological 
assays were carried out on a broad spectrum of microorganisms, including Gram-positive and Gram-
negative bacteria, yeasts and fungi. In regard to the comparative study, we observed considerable 
differences in the venom composition which could be linked to an adaption to the environment. 
Concerning the biological assays, the peptides called Dq-3162 and Da-3177 showed a wide-ranging 
antimicrobial activity. In an increasing antibiotic resistance era, the description and characterization of 
new AMPs with a broad spectrum of activity and different scaffolds may aid scientists to design new 
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therapeutic agents and understand the mechanisms of those peptides to interact with microbial 
membranes. The results obtained pinpoint the biotechnological potential of ant´s venom. 

117  

Novel antibacterial peptide against oral pathogens isolated from Jatropha 
curcas L. 
Dr. SAMIRAN S. GAURI1 , Dr. Shibendu S. Das1 , Dr. Santi M Mandal2 , Abheepsa Mishra1 , 
Sourav K. Mukhopadhyay1 , Soumya Chatterjee1 , Dr. Satyahari Dey1  

1. Plant Biotechnology Laboratory, Department of Biotechnology, Indian Institute of Technology 
Kharagpur, Kharagpur-721302, WB, India 

2. Central Research Facility, Indian Institute of Technology Kharagpur, Kharagpur, WEST BENGAL, 
India 

The increasing tendency of microbial infections, rapid emergence of drug-resistant to recent 
antibiotics and quick evolution through mutation are of great threats to control of microbial infection. It 
has generated the urgency to develop new class of antibiotics. Antimicrobial peptides (AMPs) are the 
most important and effective antibiotics to combat the increasing emergence of drug resistant 
bacteria. In plants, several molecules are responsible for defense having known function as 
antimicrobial peptides (AMPs). The plant species used in this study is Jatropha curcas L., the twigs of 
J. curcas are used for tooth brushing from the ancient times. A novel antimicrobial peptide isolated by 
RP-HPLC from Jatropha curcas L and molecular weight was determined in MALDI-ToF mass 
spectrometry, designated as Jc-AMP. It has excellent activity against S. mutans and S. epidermidis, 
human oral pathogenic bacteria. The MIC and MBC values of the Jc-
respectively. Jc-AMP showed antimicrobial activity by increasing the membrane permeability through 
the degradation of cell membrane of S. epidermidis and S. mutans.It also inhibits the biofilm formation 
of S. mutans and has no adverse effects on red blood cells. Jc-AMP showed a hydrophobic ratio of 
64% and a boman index of -1.03 kcal/mol. Electron microscopy and membrane permeability assay 
(FACS) confirm the formation of pores or channels in the bacterial cell membrane through 
hydrophobic surface of the peptide. 
Key words: Antibacterial peptides, Jatropha curcas,hydrophobic, membrane permeability. 

118  

Better activity of shorter cathelicidin-derived peptide ll-31 against Burkholderia 
pseudomallei   
Hongsing Nuttaya1 2 3 , Phophetleb Onanong1 2 3 , Patramanon Rina1 2 3  

1. Department of Oral Diagnosis, Faculty of Dentistry, Khon Kaen University, Khon Kaen 40002, 
Thailand 

2. Protein and proteomics research group, Department of Biochemistry, Faculty of Science, Khon 
Kaen University, Khon Kaen 40002, thailand 

3. Department of Biochemistry, Faculty of Science, Khon Kaen University, Khon Kaen 40002, 
Thailand 

Burkholderia pseudomallei (BP)is causative agent of melioidosis, a disease endemic in tropical area 
such as in Southeast Asia and Northern Australia. Previous reports showed that cathelicidin-derived 
peptides LL-37 and its truncated LL-31 could inhibit growth of BP and LL-31 showed better activity 
than LL-37. This study aimed to elucidate the mechanism of action that allow better killing activity of 
LL-31 when comparing to LL-37 on live BPand membrane model, LL-31 showed better killing 
activities on BP than LL-37. In LPS-binding assay, LL-31 exhibited 9 to 14% displacement of PMB-BY 
whereas LL-37 exhibited only 3 to 5%. For the membrane permeabilization study, LL-31 showed 
slightly stronger in both outer and inner membrane permeation than LL-37, as observed with NPN-
uptake assay and SYTOX® green influx in both cases. In addition, testing membrane fluidity by 
change in TMA-DPH and DPH anisotropy, results of this study showed that LL-37 could induce a 
change in membrane fluidity more effective than that of LL-31 through observed change in TMA-DPH 
anisotropy and DPH anisotropy. The leakage activity of ANTS/DPX liposome induced by LL-37 and 
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LL-37 were about 55% and 50%, respectively. The hydrophobicity (H) and hydrophobic moment (µH)
of LL-31 were more than those of LL-37. Taken together, we demonstrate better activity of LL-31 was 
through its better permeabilizing ability due to more hydrophobic content. 

119  

Additive inhibitory effect of combined peptides with ATPase inhibitor, 
membrane permeabilizing agent, or detergent against Burkholderia 
pseudomallei 
Siritongsuk Pawinee1 2 , Patramanon Rina1 2 , Madhongsa Kanjana1 2  

1. Protein and proteomics research affiliation, Department of Biochemistry, Faculty of Science, Khon 
Kaen University, Khon Kaen 40002, Thailand 

2. Department of Biochemistry, Faculty of Science, Khon Kaen University, Khon Kaen 40002, 
Thailand 

Burkholderia pseudomallei (BP) is the causative agent of melioidosis, the endemic disease causing 
septic shock in Southeast Asia and northern Australia. BP is intrinsically resistant to conventional 
antibiotics, resulting in difficulty in treatment. Antimicrobial peptides (AMPs) are alternative to classical 
antibiotics and does not cause resistance due to different mode of action. Combination effect between 
AMPs and other agents have been proved to increase the bacterial inhibitory effect. This study aimed 
to determine antimicrobial activity of AMPs alone and combination of AMPs with ATPase-inhibiting 
agent (NaN3) or detergent (TritonX-100 and Tris) on live BP. The selected peptides were bactenecin 
(RLCRIVVIRVCR-NH2), BMAP-18 (GRWKRWRKKWKKLWKKLS-NH2), CA-MA 
(KWKLFKKIGKFLHSAKKF-NH2), and RTA3 (RPAFRKAAFRVMRACV-NH2). When testing AMPs 
without combination, bactenecin exhibited strongest inhibition as seen in percentage of killing. When 
combining peptides with NaN3 or Tris, all combination exhibited stronger inhibitory effect than treating 
with peptides or the agents alone. However, the only CA-MA combining with TritonX-100 exhibited 
stronger effect that the peptides or the agent alone. 

120  

Fatty acid chain length determines antimicrobial activity of the lipopeptide Cx-
KYR 
Samutnavee Pitawat1 2 , Patramanon Rina1 2 , Nasompag Sawinee1 2  

1. Department of Biochemistry, Faculty of Science, Khon Kaen University, Khon Kaen, 40002, 
Thailand 

2. Protein and proteomics research affiliation, Department of Biochemistry, Faculty of Science, Khon 
Kaen University, Khon Kaen 40002, Thailand 

The increasing resistance of microbe to available antibiotic is a major concern, leading to seek for a 
promising new generation of antimicrobial compounds. Alternatives to classical antibiotics are needed 
and peptide antibiotics are promising as one of the choices. Two promising families of drugs that meet 
these criteria are host-defense cationic antimicrobial peptides (AMPs) and lipopeptides. Most 
lipopeptides consist of a short linear or cyclic peptide sequence, with either a net positive or negative 
charge and a long fatty acid (8-18 carbon atoms) attached at the N-terminus with covalent bond. 
Many studies have shown that an amphipathic structure and hydrophobicity of the peptide are 
important for the biological function of antimicrobial peptides. However, the factors that dictate their 
cell selectivity are not yet clear. In the present study, we investigate the activity of KYR sequence and 
the attachment of fatty acid with different lengths as decanoic acid (C10), lauric acid (C12), myristic 
acid (C14) and palmitic acid (C16) at the N-terminus of the KYR sequence to compare effect of 
aliphatic acid length and addition of hydrophobicity of ultrashort peptide activity. The results reveal 
that: (i) increase in chain length of Cx-KYR increased lytic activity against different type of microbes; 
(ii) In the time killing kinetic assay, C16-KYR at 20 µM could completely inhibit the growth of
Staphylococcus aureus 1466 and Escherichia coli O157:H7 within 1 hour; (iii) All lipopeptides could 
depolarize the membrane of bacteria. 
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Competitive lipid membrane environments to better mimic the in vivo situation  
Marc-Antoine Sani1  

1. University of Melbourne, Melbourne, VIC, Australia 
By combining vesicles of a particular lipid composition that contain the fluorescent dye calcein with 
calcein-free vesicles, the activity of an antimicrobial peptide having a known pore-forming activity has 
been investigated within a competitive lipid environment. This novel approach allowed demonstrating 

than for a neutral membrane, such as prokaryotic cell membranes, in a single experiment despite the 
AMP was dramatically more active in eukaryotic-like membrane environment only than prokaryotic-
like only. This approach can also be used to probe the binding strength in a competitive lipid 
environment. By pre-incubating the peptides with a calcein-free lipid environment and then introducing 
another lipid environment containing the dye, the pore-forming AMP was shown to traffic from the 
eukaryotic-like membrane interface to the prokaryotic-like interface, although it had formed a pore in 
the previous environment. 
This result questions the value of the therapeutic index, which are often measured in infected and 
healthy cells separately. It also opens further possibilities in testing for instance the impact of 
membrane curvature in modulating membrane-active peptides or proteins activity. 

122  

Chemical interference with HLA-peptide binding explains the majority of 
immune mediated adverse drug reactions 

Anthony Purcell1  

1. Monash University , Clayton, VIC, Australia 
Human leukocyte antigens (HLAs) are highly polymorphic proteins that initiate immunity by presenting 
pathogen- -binding cleft, 
thereby diversifying the repertoire of self-derived and pathogen-derived peptide antigens selected by 
different HLA allotypes. A growing number of immunologically based drug reactions, including 
abacavir hypersensitivity syndrome (AHS) and carbamazepine-induced Stevens-Johnson syndrome 
(SJS), are associated with specific HLA alleles. However, little is known about the underlying 
mechanisms of these associations, including AHS, a prototypical HLA-associated drug reaction 
occurring exclusively in individuals with the common histocompatibility allele HLA-B*57:01, and with a 
relative risk of more than 1,000. We show that unmodified abacavir binds non-covalently to HLA-
B*57:01, lying across the bottom of the antigen-binding cleft and reaching into the F-pocket, where a 
carboxy-terminal tryptophan typically anchors peptides bound to HLA-B*57:01. Abacavir binds with 
exquisite specificity to HLA-B*57:01, changing the shape and chemistry of the antigen-binding cleft, 
thereby altering the repertoire of endogenous peptides that can bind HLA-B*57:01. In this way, 
abacavir guides the selection of new endogenous peptides, inducing a marked alteration in 
'immunological self'. The resultant peptide-centric 'altered self' activates abacavir-specific T-cells, 
thereby driving polyclonal CD8 T-cell activation and a systemic reaction manifesting as AHS. We also 
show that carbamazepine, a widely used anti-epileptic drug associated with hypersensitivity reactions 
in HLA-B*15:02 individuals, binds to this allotype, producing alterations in the repertoire of presented 
self peptides. Our findings simultaneously highlight the importance of HLA polymorphism in the 
evolution of pharmacogenomics and provide a general mechanism for some of the growing number of 
HLA-linked hypersensitivities that involve small-molecule drugs. 

1. 1. Illing, P. T., Vivian, J. P., Dudek, N. L., Kostenko, L., Chen, Z., Bharadwaj, M., Miles, J. J., Kjer-
Nielsen, L., Gras, S., Williamson, N. A., Burrows, S. R., Purcell, A. W., Rossjohn, J., and 
McCluskey, J. (2012) Immune self-reactivity triggered by drug-modified HLA-peptide repertoire, 
Nature 486, 554-558.    



104 10th

 

Australian Peptide conference, 8th

  

13th

 

September, Penang, Malaysia

    
123  

Evidence for the Antagonistic Form of CXCL10 in Ovarian Cancer 
Andrew N Stephens1  

1. Prince Henry's Institute of Medical Research, CLAYTON, VIC, Australia 
Patients with high grade, serous epithelial ovarian carcinoma (HGSOC) are generally diagnosed with 
extensive peritoneal metastases, and exhibit 5-year survival rates <30%. A subset of these tumours 
over-express mRNA encoding the T-cell-recruiting chemokine CXCL10. Whilst tumour infiltrating 
CD4+/CD8+ T-cells are generally associated with good prognosis, patients diagnosed with HGSOC 

- modified by the enzyme 
Dipeptidyl Peptidase 4 (DPP4) - was identified as an in vivo inhibitor of leukocyte recruitment (J. Clin. 
Invest. 121, pp.308-317). We hypothesized that some HGSOC's might also express antagonistic 
CXCL10, interfering with leukocyte recruitment and contributing to poor patient prognosis. 
We analyzed the expression, localization and association of CXCL10 with CD3+ T-cells in HGSOC 
tissues grouped according to pathology, grade and FIGO stage at diagnosis. CXCL10 was increased 
in a subset of HGSOC samples, and correlated with CD3+ tumour infiltrating T-cells in benign disease 
but not in malignancy. Immunoprecipitation and de novo sequence analysis of CXCL10 from patient 
samples identified the N-
Furthermore, the cleaved variant was localized to the tumour epithelium by Imaging Mass 
Spectrometry. The presence of cleaved CXCL10 in tumour epithelium also correlated well with the 
presence of DPP4. 
Our data demonstrate that antagonistic CXCL10, known to inhibit (rather than promote) leukocyte 
recruitment, is present in serous ovarian tumours and is associated with decreased leukocyte 
infiltration. We suggest that represents a previously unrecognized mechanism by which tumours 
might partially attenuate the early anti-tumour immune response, and is a plausible explanation for the 
commonly poor prognosis experienced by these patients. This finding provides new insight into 
ovarian tumour progression, and may lead to novel therapeutic interventions. 

124  

Immunosuppressive mechanism and properties of circular plant peptides  
Kathrin Thell1 , Roland Hellinger1 , Emine Sahin1 , Carsten Gründemann2 , Gernot Schabbauer1 

, Christian W. Gruber1  

1. Center for Physiology and Pharmacology, Medical University of Vienna, Vienna, Austria 
2. Center for Complementary Medicine, University Medical Center Freiburg, Freiburg, Germany 
The immune system is in a stringent vigilance recognizing and defending endogenous and exogenous 
threats. In case of an over-reactivity, as in autoimmunity, self-reactive T-cells or antibodies target the 
body's own cells and tissues and may cause severe organ damage even leading to death. Therefore 
several immunosuppressive treatment options are available to medicate autoimmune diseases. One 
of these inhibitory agents is cyclosporine A, a naturally-occurring circular depsipeptide, which 
interferes in interleukin-2 signaling in T-lymphocytes to prevent proliferation. However this and other 
treatment options often produce severe and life-threatening side-effects. 
Recently we identified circular peptides from plants, which exhibit promising anti-proliferative effects 
towards T-cells 1. These so-called cyclotides are composed of about 30 amino acids with six 
conserved cysteines that are arranged in a typical cyclic cystine-knot motif, which confers them with 
resistance to enzymatic, chemical or thermal degradation, making them attractive pharmaceutical 
tools 2. The aim of this study is to investigate the immunosuppressive properties of native and 
synthetic cyclotides and its underlying mechanism in human and mouse immune cells in vitro and to 
compare their mode-of-action to known immunosuppressive drugs. Furthermore we want to examine 
a proliferation inhibition in vivo using a murine autoimmune model.  
We were able to demonstrate an interleukin-2 specific anti-proliferative effect of cyclotides towards 
human activated lymphocytes in vitro 3. This significant inhibition was dose-dependent without 
inducing cytotoxicity in the active concentration range. To test the therapeutic impact in vivo an 
experimental autoimmune encephalomyelitis mouse model was performed. Here a significant delay 
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and minor symptoms of disease in mice treated with cyclotides were observed. This anti-proliferative 
effect could additionally be confirmed in isolated restimulated mouse splenocytes in vitro. Plant 
cyclotides, due to their unique structural topology, have great potential as peptide-based drugs and 
display promising immunosuppressive properties towards lymphocytes in vitro and in vivo. 

1. Gründemann, C.; Koehbach, J.; Huber, R.; Gruber, C.W. J Nat Prod. 2012, 75, 167-174. 
2. Craik, D.J.; Swedberg, J.E.; Mylne, J.S.; Cemazar, M. Expert Opin Drug Discov. 2012, 7, 179-

194. 
3. Gründemann, C.; Thell, K.; Lengen, K.; Garcia-Käufer, M.; Huang, Y-H.; Huber, R.; Craik, D.J.; 

Schabbauer, G.; Gruber, C.W. PloS ONE 2013, in press. 

125  

A robust affinity chromatography for antibody purification based on IgG Fc-
binding peptide 
Weonu Choe1 2 , Hyo Jin Kang2 3 , Young Mi Lee3 , Sang J. Chung2 3 , B. Moon Kim1  

1. Department of Chemistry, College of Natural Sciences, Seoul National University, Seoul, Korea 
2. Chemistry Department, College of Science, Dongguk University, Seoul, Korea 
3. BionanoTechnolodgy Research Center, KRIBB, Daejeon, Korea 
Use of antibodies is rapidly increasing in therapy and diagnosis and technology relevant to antibody 
production and purification is of great academic and industrial interest. Although bacterial protein A 
and protein G have been widely used as affinity ligands for antibody purification, use of these proteins 
has many disadvantages leaving much room for the development of small ligands. We have 
previously described an IgG Fc domain-binding cyclic peptide conjugate (FcBP) consisting of 13 
amino acids and a soluble surface linker, which was used for the efficient capture of antibodies on a 
surface plasmon resonance (SPR) chip. In the present study, the peptide was immobilized on 
Sepharose resin and packed into columns, and the use of such columns for antibody purification was 
investigated. 
All four columns packed with FcBP, reduced FcBP (FcBP-Red), protein A, or protein G showed good 
binding capacities for a human IgG, Herceptin. Of these columns, FcBP-Red allowed antibody 
purification at a less acidic pH (pH 2.8) than was required by the protein affinity columns (pH 2.1 and 
2.3 for protein G and protein A columns, respectively). The use of FcBP column also purified antibody 
of swine serum to a level as pure as that obtained from the protein columns, and the regenerated 
FcBP column operated 30 runs without loss of efficiency, which is the maximum number performed in 
the present study. These results demonstrate that FcBP, used as a robust affinity ligand for antibody 
purification, is a viable alternative compensating the disadvantages associated with protein affinity 
ligands such as protein G and protein A. 

1. A.C.A. Roque, C.R. Lowe, M.A. Taipa, Biotechnol. Prog. 20 (2004) 639 
2. Y. Jung, H.J. Kang, J.M. Lee, S.O. Jung, W.S. Yun, S.J. Chung, B.H. Chung, Anal. Biochem. 374 

(2008) 99 
3. W.L. DeLano, M.H. Ultsch, A.M. De Vos, J.A. Wells, Science, 287 (2000) 1279 

126  

PK20, a novel enzymatically stable hybrid compound that induces 
antinociceptive responses by bearing a full agonist activity at both opioid and 
neurotensin receptors 
Patrycja Kleczkowska1 , Engin Bojnik2 , Piotr Kosson1 , Emmanuel Hermans3 , Isabelle Van den 
Eynde4 , Dirk Tourwé4 , Andrzej W Lipkowski1  

1. Mossakowski Medical Research Centre, Polish Academy of Sciences, Warsaw, POL, Poland 
2. Biological Research Centre, Hungarian Academy of Sciences, Szeged, Hungary  
3. Laboratory of Neuropharmacology, Université Catholique de Louvain, Brussels, Belgium 
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4. Department of Organic Chemistry, Vrije Universiteit Brussel , Brussels, Belgium 
The clinical treatment of various pain states relis upon opioid analgesics. However, most of them 
produce 

 
apart from strong antinociceptive effect 

 
several side effects such as sedation, euphoria, 

constipation, and finally development of dependence and addiction 1-3  . One strategy to overcome 
these major side effects and to prolong the antinociceptive efficiency of the applied drugs involves the 
creation of multifunctional compounds, which contain hybridized structures 4,5  .  
Neurotesin (NT)-induced antinociception is not mediated through the activation of the opioid system 
which makes it a potentially interesting target in pain research. Additionally, hybridizing neurotensin 
with an opioid element may result in a potent synergic antinociceptor 6 .  
Herein, we would like to present the first hybrid compound containing both opioid and neurotensin 
pharmacophores, PK20. This chimera was shown to induce a long-lasting and time- and dose-
dependent analgesic action when administered centrally (i.t) as well as peripherally (i.v.). The high 
antinociceptive effect of the investigated compound was proven by comparing the potency of PK20 
injected at a much lower dose than morphine (0.02nM/rat vs. 3nM/rat, resp.). At a time-point of 60min 
post-injection, the administered dose of PK20 induced an almost equipotent antinociceptive effect to 
morphine, injected at the 150-fold higher dose 6 . Interestingly, the opioid-neurotensin chimera PK20 
showed full agonism at both MOP receptor (pKi of 7.09 and EC50 of 79 nM) and neurotensin NTS1 
receptor (pKi of 6.66 and EC50 

 

7 . 
These results give hope that more efficient opioid analgesics are accessible through the combination 
of the agonism at opioid and NT receptors. 

1. Snyder SH, Pasternak GW. Historical review: opioid receptors. Trends Pharmacol Sci 2003; 24: 
198-205. 

2. Leppert W. The role of opioid receptor antagonists in the treatment of opioid-induced constipation: 
a review. Adv Ther 2010; 27: 714-30. 

3. Benyamin R, Trescot AM, Datta S, et al. Opioid complications and side effects. Pain Physician 
2008; 11: S105-S20. 

4. Ballet S, Pietsch M, Abell AD. Multiple ligands in opioid research. Prot Pept Lett 2008; 15: 668-82. 
5. Morphy R, Rankovic Z. Designed multiple ligands. An emerging drug discovery paradigm. J Med 

Chem 2005; 48: 6523-43. 
6. Kleczkowska P, Kosson P, Ballet S, et al. PK20, a new opioid neurotensin hybrid peptide that 

exhibits central and peripheral antinociceptive effects. Mol Pain 2010; 6: 86. 
7. Kleczkowska P, Bojnik E, Lesniak A, et al. Identification of Dmt-D-Lys-Phe-Phe-OH as a highly 

antinociceptive tetrapeptide metabolite of the opioid-neurotensin hybrid peptide PK20. Pharmacol 
Rep 2012 (in review). 

127  

Effects of the hybridization of opioid and neurotensin pharmacophores on 
neurotoxicity in hippocampal organotypic cultures 

Patrycja Kleczkowska1 , Maria Kawalec1 , Barbara Zablocka1 , Andrzej W Lipkowski1  

1. Mossakowski Medical Research Centre, Polish Academy of Sciences, Warsaw, POL, Poland 
Neurodegenerative diseases are defined as hereditary and sporadic conditions which are 
characterized by a progressive loss of a structure or functions of neurons. In such disorders neuronal 
destruction is caused mainly by an abnormal elevated level of one of the primary excitatory 
neurotransmitters in the mammalian CNS 

 

glutamate 1 . This prolonged and excessive accumulation 
of glutamate causes over-stimulation of its receptors, especially of the N-methyl-D-aspartate (NMDA) 
receptor, which in consequence leads to excitotoxicity, a process well seen in CA1 area, which is 
known to be the hippocampal region most sensitive to excitotoxicity. According to that, several 
endogenous peptides have been studied for their neuroprotective profile. 
The tridecapeptide neurotensin (NT) is known from the ability to induce naloxone-insensitive 
analgesic responses after brain injection 2 , which makes it a promising target in treatment of various 
pain states. Unfortunately, NT plays an important role as a neurodegenerative factor by significantly 
increasing glutamate release in discrete rat brain regions and intensifying NMDA-mediated glutamate 
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signaling 3 . In contrary, our as well as others recent study regarding an opioid peptide indicated that 
opioids have neuroprotective behavior following NMDA exposure 4,5  . 
This information prompted us to combine an opioid and neurotensin into one entity hoping that an 
opi
This step seems to be understood according to our previous study reporting that a chemical 
hybridization of opioid and neurotensin pharmacophores resulted in hypersynergism between both 
parts of the novel chimera 6 . 
The aim of the presented study was to investigate the possible neuroprotective effects of PK20 
opioid-neurotensin hybrid peptide on glutamate-mediated CA1 region cell death in comparison with its 
opioid element as well as with neurotensin.   

Acknowledgment: This work has been supported by NCN Grant:2011/03/N/NZ4/02417 

1. Arundine M, Tymianski M. Molecular mechanisms of glutamate-dependent neurodegeneration in 
ischemia and traumatic brain injury. Cell Mol Life Sci. 2004; 61: 657-68. 

2. Dubuc I, Sarret P, Labbe´-Jullie´ C, et al. Identification of the receptor subtype involved in the
analgesic effect of neurotensin. J Neurosci 1999; 19: 503 510 

3. Antonelli T, Tomasini MC, Finetti S, et al. Neurotensin enhances glutamate excitotoxicity in 
mesencephalic neurons in primary culture. J Neurosci Res 2002; 70:766 773 

4. Kawalec M, Kowalczyk JE, Beresewicz M, et al. Neuroprotective potential of biphalin, a 
multireceptor opioid peptide, against excitotoxic injury in hippocampal organotypic culture. 
Neurochem Res 2011; 36: 2091-2095 

5. Zhang JH,Gibney GT,Xia Y.Neuroprotective role of delta-opioid receptors in cortical neurons.Am 
J Physiol Cell Physiol 2002; 282:C1225-C1234. 

6. Kleczkowska P, Bojnik E, Lesniak A, et al. Identification of Dmt-D-Lys-Phe-Phe-OH as a highly 
antinociceptive tetrapeptide metabolite of the opioid-neurotensin hybrid peptide PK20. Pharmacol 
Rep 2013 (in review). 

128  

-step-and-
HPLC 
Imre SALLAY1  

1. DAISO CO., LTD., Osaka, Japan 
What works in analytical HPLC is not necessarily feasible on larger scale separation. A whole new set 

-step-and-
two HPLC techniques. The presentation aims to give practical guide, ample examples for crucial 
differences. 
While on analytical scale almost all octadecyl bonded silica based stationary phases are practically 
the same, the small dissimilarities add up and make decisive difference in the economics of a real 
purification process. Comprehensive explanation on how bonding style and density affects the 
retention time resulting in different stationary phase characteristics. Mechanical strength of the silica 
is coming into focus in larger processes. The chromatographer faces new challenge: The necessity of 
self- packing the big columns on site. Large scale process HPLC users demand guidelines for CIP 
(Cleaning In Place) or regeneration. Regulatory issues come to play. The presentation highlights the 
new challenges and provides guide to successful scale up to process scale HPLC purification.   
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PeptiSil 10: The New Bulk Silica for Peptide Purification 
Imre Sallay1  

1. DAISO CO., LTD., Osaka, Japan 
Large scale peptide production is the second biggest market for HPLC grade bulk spherical silica 
based stationary phases. (The biggest application is insulin manufacturing.) 
Reversed phase HPLC purification of peptides is a widely used technique in the purification process. 
Peptides with less than 6000 dalton mol. weight are purified best on 100 

 

120 Angstrom pore size 
silica, the usual choice is 10 micron particle size with ODS (C18) modification. 
PeptiSil 10 is a 100A 10 micron C18 modified phase featuring extremely high alkaline resistance (it 
makes stronger cleaning or re-generation steps) and super mechanical strength. These two features 
combined promise longer life time of the silica. 
High loadability makes this phase a good choice for better process economy. 
The creation of this new phase from concept to experimentals is detailed demonstrating an example 
of the holistic design approach. 

130  

APR-1 and ASP-2 protein-based subunit peptide based vaccine against 
hookworm parasite 
Abdullah AH Ahmad Fuaad1 , Guangzho Zhao1 , Ben Cristofori-Armstrong1 , Mariusz 
Skwarczynski1 , Istvan Toth1 2  

1. School of Chemistry and Molecular Biosciences, University of Queensland, St Lucia, QLD, 
Australia 

2. Pharmacy Australia Centre of Excellence, University of Queensland, St Lucia, QLD, Australia 
Hookworm is a blood feeding helminthes that infects more than 700 million people worldwide, 
predominantly in regions with low socioeconomic conditions.1  Hookworm moulds into 5 different 
stages in its life cycle. The different stages resulted in difficulties in selection of specific vaccine target 
against the parasite due its biological reformations. Thus, it is preferably to develop a vaccine that can 
target at least two of the five hookworm stages to combat the hematophagous parasite. 
Two critical hookworm enzymes were found to be essential in feeding and growth. Hookworm larvae 
(L3) utilizes aspartic enzyme (ASP-2) during its growth into adult hookworm while adult hookworm 
exploits aspartic enzyme (APR-1) for haemoglobin digestion during feeding (Figure 1). Vaccine 
candidates based on these two proteins resulted in reduced faecal egg counts2,3 ; however, APR-1 
autodegrades rapidly3  while ASP-2 vaccine trial to individuals previously infected by hookworm 
resulted in immediate-type hypersensitivity.4  To overcome these problems, subunit peptide based 
vaccine approach utilizing minimal peptide sequences from the proteins, showed promising results.5  

vaccines based on APR-1 and ASP2 wer
sequence modifications and conjugations to lipid core peptide (LCP) delivery system were performed. 
The peptide series were designed using Peptide Secondary Structure Prediction tools and homology 
test were performed using UniProt Blast software. LCPs and peptide epitopes were synthesized via 
solid phase peptide synthesis (SPPS). Products were analysed using transmission electron 
microscopy (TEM), dynamic light scattering (DLS), and circular dichroism (CD). We demonstrated that 
these vaccine candidates were able to self-assemble to form particles. The peptides were also 
verified to have the desired conformation upon conjugation to the LCP system. 
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blood loss after hookworm infection in dogs. PLoS medicine 2, e295 (2005). 
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4. Diemert, D. J. et al. Generalized urticaria induced by the Na-ASP-2 hookworm vaccine: 
implications for the development of vaccines against helminths. The Journal of allergy and clinical 
immunology 130, 169-176 e166 (2012). 

5. Skwarczynski, M. et al. Peptide-based subunit vaccine against hookworm infection. PloS one 7, 
e46870 (2012). 

131  

Peptide-based antibody delivery into live cell  
Il Hak Bae1 , Weonu Choe1 2 , Hyo Jin Kang2 3 , Young Mi Lee3 , Sang J. Chung2 3 , B. Moon 
Kim1  

1. Seoul National Univ., Gwanak-gu, Seoul, South Korea 
2. Chemistry Department, College of Science, Dongguk University, Seoul, Korea 
3. BionanoTechnolodgy Research Center, KRIBB, Daejeon, Korea 
Antibody has become a crucial tool for the detection and regulation of protein functions. It serves as a 
key element in immunodetection for disease diagnosis or laboratory sensing of biomarkers. However, 
limited cell permeability of antibodies restricts their usage towards experiments involving cell surface, 
body fluids or cell lysate. 
Antibody delivery into live cells can be effective tools for live cell imaging and into-cell delivery 
technique. Though live cells do not uptake the antibody easily, several methods for internalization of 
antibody into live cells have been developed including electroporation, microinjection, and transfected 
gene mediated intracellular expression of antibody and each method is not without some drawbacks.  
We have developed new antibody delivery methods using cell-penetrating peptides (CPPs) and IgG 
Fc domain-binding cyclic peptide conjugate (FcBP). CPPs have been employed for the cellular 
delivery of proteins, DNA or nanoparticles in the form of complexes. Several CPPs have been 
reported including penetratin, Arg8, HIV-1 TAT, MPS, etc. FcBP is a peptide ligand comprising a 
soluble surface linker and 13 amino acids, which specifically binds to Fc domain of IgG, and it has 
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been utilized for capturing antibodies on various solid surfaces.  
In this work, we constructed several antibody carriers, placed FcBP and CPPs via protein expression 
technique or chemical method using an adequate linker, and tested their usage for transduction of 
fluorescence-labeled antibodies. This represents the first peptide reagents enabling targeted antibody 
delivery into live cells avoiding any detergents or other physical methods.  

1. Y. Jung, H.J. Kang, J.M. Lee, S.O. Jung, W.S. Yun, S.J. Chung, B.H. Chung, Anal. Biochem. 374 
(2008) 99  

2. W.L. DeLano, M.H. Ultsch, A.M. De Vos, J.A. Wells, Science 287 (2000) 99  
3. H.J. Kang, Y.J. Kang, Y.M. Lee, H.H. Shin, S.J. Chung, S. Kang, Biomaterials 33 (2012) 5423  
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Lipopeptide containing B-cell and T-helper epitope as intranasal vaccine 
candidates against Group A Streptococcus (GAS)  
Saranya Chandrudu1 , Mehfuz Zaman1 , Mariusz Skwarczynski1 , Michael R Batzloff2 , Michael F 
Good2 , Istvan Toth1 3  

1. School of Chemistry and Molecular Biosciences, University of Queensland, Brisbane, QLD, 
Australia 

2. Institute for Glycomics, Griffith University, Gold Coast, QLD, Australia 
3. Pharmacy Australia Centre of Excellence, The University of Queensland, Brisbane, QLD, 

Australia 
Group A streptococcus (GAS) infections result in a number of human diseases, including potentially 
life-threatening postinfectious sequelae. To protect against infection with multiple GAS serotypes, we 
designed and synthesized a self-adjuvanting lipopeptide (LP) 1  GAS vaccine constructs. Each 
lipopeptide was composed of GAS B-cell epitopes (J14 or 88/30 or incorporating both epitopes), a 
universal CD4+ T-cell helper epitope (P25) and an immunostimulant lipid moiety 23. The lipopeptides 
were synthesized using Boc-solid phase peptide synthesis (SPPS) and were self-assembled into 
nanoparticles 4. The immunogenicity of the nanoparticles was tested in mice and antibody titres were 
analyzed using ELISA. Systemic IgG antibody response was elicited in outbred swiss mice after 
intranasal immunization 5. In comparison, 88/30 specific IgG response was higher in the analogue 
containing both 88/30 and J14 epitope (LP-88/30-J14) than LP containing only 88/30 epitope (LP-
88/30). Physico-chemical characterization was carried out including dynamic light scattering (DLS), 
transmission electron microscopy (TEM) and circular dichorism spectroscopy (CD) studies. Studies 
exhibited that LP-88/30-J14 formed nanoparticles of smaller size (10 nm) than LP-88/30 (100 nm). CD 
spectroscopy was performed to analyze the peptide conformation. Results showed that none of the 
tested LPs formed a typical conformational secondary structure. The current study showed that the 
incorporation of multiple copies of GAS peptide epitopes into a single LP construct enhanced 
systemic IgG antibody response to epitopes of interest. Size of the lipopeptides and immune 
response is mediated by the choice of peptide epitopes. These findings could provide an optimal 
strategy for the development of a GAS vaccine.  

1. Skwarczynski, M.; Zaman.; M. Toth, I. Lipo-peptides/saccharides in peptide vaccine delivery. In 
Handbook of the Biologically Active Peptides, the 2nd Edition, Abba Kastin (Ed.), Elsevier Inc.: 
Burlington, Massachusetts, 2013, pp 571-579 
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2. Zaman, M.; Abdel-Aal, A.-B. M.; Fujita, Y.; Ziora, Z. M.; Batzloff, M. R.; Good, M. F.; Toth, I. 

Structure-activity relationship for the development of a self-adjuvanting mucosally active 
lipopeptide vaccine against Streptococcus pyogenes. Journal of Medicinal Chemistry 2012, 55, 
8515-8523 

3. Zaman, M.; Abdel-Aal, A. B. M.; Fujita, Y.; Phillipps, K. S. M.; Batzloff, M. R.; Good, M. F.; Toth, I. 
Immunological evaluation of lipopeptide group A streptococcus (GAS) vaccine: structure-activity 
relationship. PLoS One 2012, 7, e30146 

4. Skwarczynski, M.; Toth, I. Peptide-based Subunit Nanovaccines Curr. Drug Deliv. 2011, 8, 282-
289 

5. Zaman, M.; Chandrudu, S.; Toth, I. Strategies for intranasal delivery of vaccines. Drug Delivery 
and Translational Research 2012, 3, 100-109 
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Thioether-conjugated glycopeptide lipopeptide antitumor vaccines 
Zhan-Yi Sun1 , Yan-Mei Li1  

1. Key Lab of Bioorganic Phosphorus Chemistry & Chemical Biology (Ministry of Education), 
Department of Chemistry, Tsinghua University, Haidian District, BJ, China 

Mucin MUC1, a large membrane glycoprotein, is expressed on almost all epithelial tissues. In tumor 
cells, MUC1 is over-expressed and aberrantly glycosylated. So MUC1 glycopeptide is considered as 
promising antigen for the development of tumor vaccine.  
MUC1 glycopeptides have weak immunogenicity. To overcome this problem, extra stimulant is 
needed to induce strong immune response. And a novel thioether-ligation method for the synthesis of 
glycopeptide vaccines containing T-cell epitopes and the Pam3Cys lipopeptide was developed. These 
vaccines can induce strong immune responses and produce high levels of IgG1, IgG3, and IgG2a. 
Moreover, the antibodies have strong affinity to MCF-7 cells and can initiate the killing of the tumor 
cells through activation of the complement-dependent cytotoxicity (CDC) of rabbit. 
Acknowledgments: This work was supported by the National Natural Science Foundation of China 
(20825206 and 21028004) and by the Sino-German Center for Research Promotion (GZ561). 

 

1. Cai, H.; Sun, Z. Y.; Huang, Z. H.; Shi, L.; Zhao, Y. F.; Kunz, H.; Li, Y. M. Chem. Eur. J. 2013, 1962-     
1970. 

134  

Synthesis and characterization of HIV1-Tat and bovine antimicrobial peptide 
indolicidin conjugated to levofloxacin  
Khairunnisa Abdul Ghaffar1 , Mariusz Skwarczynski1 , Istvan Toth1 2  

1. SCMB, University of Queensland, Brisbane, Queensland, Australia 
2. Pharmacy Australia Centre of Excellence, University of Queensland, Brisbane, Australia 
There is a need for new drug compounds or new ways in delivering a drug to its target due to the 
rising trend in drug resistance1 . Levofloxacin is a potent broad-range antibiotic belonging to the class 
of fluoroquinolones currently used as a first-line therapy for community-acquired pneumonia23  . 
However, levofloxacin resistance occurs worldwide. We developed a new drug delivery method to 
combat antibiotic resistance by attaching peptides to the antibiotic. The peptides; indolicidin and Tat 
were chosen for this study as they have been known to assist in drug delivery by increasing 
membrane permeability. Indolicidin peptide has antimicrobial properties, however; it is also 
haemolytic4 .The parent peptides, indolicidin and Tat, were synthesised using Fmoc SPPS. 
Subsequently, either glycine or glycolic acid linker was attached to the peptides. Conjugation of 
levofloxacin to the peptide via glycine linker was performed using HBTU/DIPEA. An additional 
catalyst, DMAP, was used alongside HBTU/DIPEA for the conjugation of levofloxacin to the peptide 
via ester linker. Conjugates were characterised using ESI-MS and analytical HPLC prior purification 
by preparative HPLC. Haemolytic assay was carried out following conjugation. 
The parent peptides (indolicidin and Tat) and final conjugates (levofloxacin-glycine-indolicidin, 
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levofloxacin-glycolic acid-indolicidin, levofloxacin-glycine-Tat and levoflxacin-glycolic acid-Tat) were 
successfully synthesised. The conjugation methods were optimised to attain the final compounds with 
moderate to high yields (44-
the 7 compounds including levofloxacin. Both indolicidin-levofloxacin conjugates were haemolytic 
(11% ± 0.05 and 13% ± 0.01) at 100µM. However, these conjugates were not haemolytic at lower
concentrations while both Tat-
high concentrations of 100µM. These new antibiotic derivatives are currently under biological
evaluation to determine their antimicrobial activity. The current study has paved a novel method for 
drug delivery. 

1. Sebbage, V. Bioscience Horizons 2009, 2, 64-72 
2. Hurst, M.; Lamb, H. M; Scott, L. J. & Figgit, D. P. Drugs 2002,62, 2127-2167. 
3. Wimer, S.M.; Schoonover, L. & Garrison, M.W. Clinical Therapeutics 1998, 20: 1049-1070. 
4. Rossi, L. M.; Rangasamy, P.; Zhang, J.; Xiao-Qing, Q. & Wu, G. Y. Journal of Pharmaceutical 

Sciences2007, 97, 1060-1070. 

135  

N-terminal Racemisation: A New Peptide Modification 

Brian Lyons1 , Ann Kwan2 , Joanne Jamie3 , Roger Truscott4  

1. Save Sight Institute (Sydney University), Sydney, NSW, Australia 
2. School of Molecular Bioscience, Sydney University, Sydney, NSW, Australia 
3. Department of Chemistry and Biomolecular Sciences, Macquarie University, Sydney, NSW, 

Australia 
4. Illawarra Health and Medical Research Institute, Wollongong University, Wollongong, NSW, 

Australia 
Background 
Understanding peptide stability is a key factor underpinning the use of peptides as drugs and for 
following changes to long-lived proteins in the human body. Physiologically, polypeptides are subject 
to a range of non-enzymatic modifications including truncation, deamidation and racemisation, 
however, it is likely that other modifications remain to be elucidated. 
Methods 
Peptides were exposed to prolonged incubation at 37oC, as well as to elevated temperatures, at pH 7 
and the products characterised using MALDI and ESI mass spectrometry and NMR spectroscopy.   
Results 
Incubation of peptides resulted in racemisation of the N-terminal amino acid.  The rate varied 
depending on the N-terminal amino acid with 38% racemisation of PFHSPSY occurring after 2 weeks 
at 60 °C compared with 25% for SFHSPSY and 5% for AFHSPSY.  Incubating PFHSPSY at 37oC 
resulted in ~5% racemisation after 8 weeks [1]. 
The penultimate residue also influenced racemisation, with the extent varying between 15 to 40%. A 
mechanism is proposed to explain this modification that involves formation of a Schiff base 
intermediate which may decompose via one of two pathways: one yielding a diketopiperazine and one 
producing a racemised N - terminus.   
Conclusions 
This study reports for the first time, spontaneous racemisation of the N-terminal amino acid in a 
peptide. While the implications for peptide structure are unknown, it is likely that having a D-amino 
acid at the N-terminus of long-lived proteins will inhibit cleavage by exopeptidases  
Given the decades that some long-lived proteins such as those found in the brain, heart and lens are 

-lived 
proteins are subject. Analysis of one such long-lived protein (aquaporin 0) from aged human lenses 
revealed 28% conversion of the N-terminal amino methionine to the D-form.  

1. Lyons, B., Kwan, A. H., Jamie, J., and Truscott, R. J. (2013) FEBS J 280, 1980-1990 
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Evaluation of the YB-1 protein as a prognostic biomarker in breast cancer by 
immunohistochemistry 

Olivia Scully1 , Yingnan Yu1 , George Yip1 , Ken Matsumoto2 , Boon Huat Bay1  

1. National University of Singapore, Singapore, SG 
2. Chemical Genetics Laboratory, The Institute of Physical and Chemical Research (RIKEN) , 

Saitama, Japan 
The Y-box binding protein 1 (YB-1) is a multifunctional cold shock domain protein which has 
physiological roles in growth and development, transcription, DNA repair and translation. However, 
YB-1 is also widely reported to be involved in tumorigenesis with roles in tumor growth, metastasis 
and chemoresistance. The aim of this study is to determine the association of the expression of YB-1 
in invasive ductal carcinoma tissue samples with clinicopathological parameters of breast cancer 
patients. Immunohistochemical staining of the YB-1 protein was performed on breast cancer tissue 
microarrays. The intensity of YB-1 staining and its percentage were scored and immunoreactivity 
score (IRS) was computed. Chi- association 
of IRS of YB-1 with parameters such as age, tumor size, mitotic index, lymph node metastasis and 
estrogen receptor status. The specificity of the antibody was verified by Western Blotting. Cytoplasmic 
staining of the breast cancer cells was observed and a higher expression of YB-1 was significantly 
associated with higher grade of tumor, increased mitotic index and estrogen receptor negative status. 
There was also an association between the expression of YB-1 and tumor size with borderline 
significance. Since mitotic index and tumor size are proliferation parameters, the correlation of YB-1 
with a proliferation marker, proliferating cell nuclear antigen (PCNA) was evaluated. There was a 
significant correlation between YB-1 and PCNA. Multivariate analysis revealed that a higher 
expression of YB-1 increased the risk of having higher mitotic index by 4.5 times. The results showed 
that YB-1 is a potential biomarker for breast cancer and further studies done on this protein could give 
rise to a promising target for the prognosis and treatment of breast cancer. 

137  

General mechanism of matrix-assisted laser desorption/ionization in-source 
decay mass spectrometry: Toward a novel method for De Novo sequencing of 
peptides and proteins 
Daiki Asakawa1 2 , Nicolas Smargiasso1 , Loic Quinton1 , Edwin De Pauw 
1. University of Liege, Liege, Belgium 
2. Osaka MCH, Izumi, Osaka, Japan 
MALDI in-source decay (MALDI-ISD) is a fragmentation that occurs in the MALDI source. It has 
already been successfully used for the de novo sequencing of peptides and proteins, including the 
localization of post-translational modifications. MALDI-ISD involves the hydrogen attachment to 
peptides, leading the N -
ISD was investigated by Takayama using deuterium-labeled peptide and/or matrix. The result clearly 
shows that MALDI-ISD is initiated by the hydrogen transfer from the matrix to the peptide. However, 
the mechanism of fragmentation that follows this transfer is not fully understood.During our 
investigations, we observed that the formation of ISD ions was suppressed by using ionic liquid and 
amorphous structure of matrix whereas strong signal were observed on sharp crystals. This seems to 
indicate that the initial step of MALDI-ISD forming hydrogen-abundant peptide radical mainly occurs 
on the matrix crystal during the dissipation of the laser energy. Resulting hydrogen-abundant peptide 
radical fragments into /z -induced N

 

on the 

losing their side-chain. These two reactions competitively occur and are controlled by the collision rate 
in MALDI plume. This work led to new insights in the hydrogen-abundant radical formation, N C

 

bond cleavage and further radical reaction processes during MALDI-ISD that will be helpful to 
interpret MALDI-ISD spectra of peptides and proteins.  
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Large Scale Targeted Protein Quantification Using HR/AM Selected Ion 
Monitoring with MS/MS Confirmation on a Novel Hybrid, Q-OT-qIT Mass 
Spectrometer  
Lin Tang Goh1 , Reiko Kiyonami1 , Michael Senk1 , Vlad Zabrouskov1 , Jarrett Egertson1 , Sonia 
Ting1 , Michael MacCoss1 , Andreas Hühmer1  

1. Thermo Scientific, To be confirmed, tbc, Australia 
A highly sensitive and selective data independent acquisition (DIA) workflow for large-scale targeted 

mass spectrometer. For data independent acquisition set-up, three high-resolution, accurate-mass 
(HR/AM) selected ion monitoring (SIM) scans (240,000 FWHM) with wide isolation windows (200 
amu) were used to cover all precursor ions of 400 

 

1000 m/z. In parallel with each SIM scan, 17 
sequential ion trap MS/MS with 12 amu isolation windows were acquired to cover the associated 200 
amu SIM mass range. Quantitative information for all precursor ions detected in three sequential SIM 
scans is recorded in a single run. All MS/MS fragment information was recorded for sequence 
confirmation of any peptide of interest by querying specific fragment ions in the spectral library. The 
quantitative performances and throughput of this new approach were evaluated using various 
samples. Ten (10) attomole limits of detection (LODs) were observed for the isotopically labeled 
standards spiked in 500 ng E. coli digest matrix. Four (4) orders of linear dynamic range was 
observed with good precision. Highly reproducible and complete quantitative results were achieved by 
applying a targeted data extraction strategy after the data independent acquisition.  

139  

Analysis of protein changes during oil palm fruit ripening by 2-DGE and 
MALDI-ToF 

Hasliza Hassan1 , Umi Ramli1  

1. Malaysian Palm Oil Board, Kajang, SEL, Malaysia 
The oil palm (Elaeis guineensis) is the highest yielding crop in the world. The fruit is a drupe whose 
thick fleshy mesocarp is exceptionally rich in oil (80% dry mass). Many studies have focused on the 
biochemical and dynamic changes of mRNA levels of oil palm fruit ripening and this study focuses on 
profiling of mesocarp proteins using two-dimensional gel electrophoresis (2-DGE) and mass 
spectrometry approaches. Oil palm fruits were collected at various stages starting 10 week after 
anthesis (WAA) to complete ripe stage of 20 WAA. Total proteins were extracted using TCA-acetone 
precipitation and individual proteins were separated by 2-DGE. In this study, changes in the oil palm 
mesocarp proteins expression between 18 and 20 WAA were reported. More than 60% of up- and 
down-regulated proteins were successfully identified and majority of the proteins were linked to 
carbohydrate, amino acid and xenobiotics metabolisms. Fewer proteins related to energy, lipid, 
secondary; and cofactors and vitamins metabolisms. Further analysis is being conducted for a better 
understanding on the regulatory mechanisms that function during the maturation and ripening in the 
oil-rich mesocarp. 

140  

Elucidating the envenomation strategy of cone snails through integrated 
Venomics  
Prashanth Jutty Rajan1 , Sebastien Dutertre1 , Ai-Hua Jin1 , Vincent Lavergne1 , Paul Alewood1 , 
Richard Lewis1  

1. Institute for Molecular Bioscience, University of Queensland, St. Lucia, QLD, Australia 
Cone snails are renowned for their deadly envenomation strategy where small neuro-active peptides 
called conotoxins are injected into prey and/or predators producing rapid paralysis. Increasingly 
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sensitive proteomics techniques have revealed they can produce thousands of conotoxins along their 
venom duct, with different sections expressing different toxins. However, the injected venom 
represents only a small subset of the total venom complement. Therefore, understanding 
envenomation strategy requires characterisation of the injected venom in conjunction with duct 
venom. Here we present for the first time, the proteomic and transcriptomic characterisation of the 
injected venom of two worm-hunting cone snails Conus vexillum and Conus capitaneus of the 
Rhizoconus clade through the integration of highly sensitive LC-MS and LC-MS/MS data with RNA-
Seq powered by 2nd generation sequencing on the 454 platform. Surprisingly, the injected venom was 
the simplest discovered thus far, being dominated by conotoxins belonging to the D-superfamily that 
are active on mammalian nicotinic acetylcholine receptors. We also report the presence of a peptide 
belonging to the con-ikot-ikot superfamily that was previously discovered in fish-hunting cone snails 
found to be active at the AMPA receptors. This illustrates the ability of cone snails to exquisitely target 
receptors that have vital physiological functions in prey to induce rapid paralysis with both nAChRs 
and AMPA type glutamate receptors shown to have important functions in worms. Interestingly, the 
injected venom peptides were predominantly expressed within the proximal sections of the venom 
duct along with lower levels of numerous other peptides. Thus, despite the expression of hundreds of 
peptides within the venom duct only a few were injected, suggesting the existence of a hitherto 
undescribed toxin selection mechanism(s).  

141  

Analysis of Differentially Expressed Proteins During Early Oil Palm (Elaeis 
guineensis Jacq.) Fruit Development 
Sau Yee Kok1 , Meilina-Ong Abdullah1  

1. MPOB, Kajang, Sel, Malaysia 
The fruit is a highly specialized plant organ as it provides suitable environment for seed maturation 
and also dispersal mechanisms. Fruit development involves fruit set, cell division and establishment 
of tissue identity, cell expansion, maturation and ripening. These processes occur in a successive 
way suggesting an underlying developmental program. One of the critical stages to fruit development 
is the fruit set which determine the fruit developmental program to continue or abort. Oil palm (Elaeis 
guineensis Jacq.) is an economically important crop and accumulates up to 90% of oil in its fruit. 
Despite its scientific and economic interests, information about how the fruit develop and the 
molecular, cellular and physiological events of its growth are becoming available more recently. To 
add to the array of information, a protein approach was undertaken to study proteome changes during 
early oil palm fruit development. In this study, differentially expressed proteins between early fruit 
tissues of oil palm (Elaeis guineensis Jacq.) at stages 2, 5 and 8 weeks after pollination (WAP) were 
identified and characterized. Proteins were extracted using the phenol-based method and subjected 
to two-dimensional gel electrophoresis. Extracted proteins were resolved by using two-dimensional 
gel electrophoresis in the 4 to 7 pH range and stained with Coomassie Brilliant Blue-250. The 
differentially expressed proteins were excised and digested with trypsin and then identified with the 
matrix-assisted laser desorption ionization-time of flight tandem mass spectrometry (MALDI-
TOF/TOF-MS). The identified proteins were mostly involved in metabolism, growth and developmental 
processes, cellular biogenesis and response to stimuli. This proteome analysis provides some 
information on early oil palm fruit development that could be linked up with previously reported 
transcriptome study.  

142  

Methodical Guide for Stationary Phase Selection for Peptide Purification 
Imre SALLAY1  

1. DAISO CO., LTD., Osaka, Japan 
Peptide purification on ever larger scale is a challenge for API manufacturers. Effective removal of 
commonly generated by-products during assembly and cleavage is essential (deletion peptides, Cis-
Trans isomers of Pro, Succinimide from Asp, degradates of Trp generated by acid cleavage, Met-
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sulphoxide). Another indicator of the worthiness of stationary phases is the separation effectiveness 
of oligopeptides especially di-, tri-, penta-, and octapeptides. The major application is the final 
purification of recombinant human insulin from its highly similar analogs. Taking a systematic 
approach for phase screening for these purposes is essential. A simple step-wise guide is provided to 
choose the best matching stationary phase for any given purification challenges, because always the 
stationary phase should be chosen for the process and not the process optimized for the stationary 
phase. 

143  

Oil palm root proteome during Ganoderma boninense infection 

Syahanim Shahwan1 , Abrizah Othman1 , Mohamad Arif Abdul Manaf1 , Idris Abu Seman1 , 
Mohd Din Amiruddin1  

1. MPOB, No.6, Persiaran Institusi, Bandar Baru Bangi, Selangor, Malaysia 
Ganoderma boninense is a fungus which causes basal stem rot disease in oil palm and affects the 
palm oil productivity. Fungal attack on oil palm results in numerous host-specific biochemical 

releases some compounds which may act as a defence mechanism during the fungal attack. Many 
efforts have been made to control the basal stem rot disease spread. However, the infected palm did 
not show any early symptoms, which aggravates the control measure action as early as possible. 
Biochemical study via gel-based proteomic was conducted to identify the differentially expressed 
proteins during artificial infection of Ganoderma boninense on oil palm at day 7. Control palms were 
also prepared to get rid of background effect. The oil palm was subjected to two different treatments 
(infected and control). Artificial infection was conducted via root-inoculation technique, which the 
primary root was inserted into a rubber wood block filled with Ganoderma inoculum. The respected 
roots were taken for phenol-based protein extraction method (Sheffield et al., 2006). Proteome maps 
with different molecular masses and pH, ranged between 10 to 100 kDa and 3 to 11 respectively, 
were successfully dissolved. In total, 450 protein spots per gel were emerged and only 25 protein 
spots were determined as highly expressed in the infected root at day 7. MALDI-TOF MS analysis 
was carried out and the mass spectra were searched against in-house database. About 12 protein 
spots with significant MOWSE score was also searched through other databases (NCBI, Swiss 
Protein, InterProScan, Pfam, TAIR) for confirmation. These spots gave high identities to proteins that 
involved during fungal infection in other plants.  

144  

Time and space monitoring of surfactin secretion by Bacillus 
amyloliquefaciens colonizing plant roots, revealed by MALDI Mass 
Spectrometry Imaging 

Delphine Debois1 , Emmanuel Jourdan2 , Philippe Thonart2 , Edwin De Pauw1 , Marc Ongena2  

1. University of Liege, Liege, Belgium 
2. Gembloux Agro-Bio Tech / University of Liege, Gembloux/Liege, Belgium 
One of the greatest challenges of the next century is to develop new eco-friendly weapons to fight 
against crop diseases by limiting the input of chemicals. During the past decades, biological control 
through the use of natural antagonistic microorganisms has emerged as a promising alternative. In 
that context, plant beneficial rhizobacteria are good candidates, especially members of the Bacillus 
genus. Indeed, some Bacillus amyloliquefaciens isolates may devote up to 8% of their genetic 
equipment to the synthesis of antibiotics including cyclic lipopeptides (LPs). Among these LPs, 
surfactins play a key role in plant-Bacillus interactions since, on one hand, they contribute to the 
rhizosphere fitness of the producing strain by favoring motility and biofilm formation and on the other 
hand, they act as elicitor of the host plant immunity. Nevertheless, little information is available on the 
in situ production of such lipopeptides, allowing to better understand their spatio-temporal 
accumulation in the root microenvironment.  



117 10th

 

Australian Peptide conference, 8th

  

13th

 

September, Penang, Malaysia

    
In this work, we took advantage of the versatility and sensitivity of MALDI mass spectrometry imaging 
to analyze the metabolites that are released by bacterial cells following their inoculation on roots of 
tomato plantlets. We developed specific bioassays for time-course monitoring by MALDI MSI. First 
analyses revealed an efficient secretion of surfactin by Bacillus cells after 7 days when colonization as 
biofilm-structured populations is well established. Looking at earlier time-points, we observed that the 
lipopeptide starts to accumulate in the medium surrounding roots as early as 24-48h post-inoculation. 
However, such a time-period is not sufficient for significant biomass development, suggesting that the 
surfactin biosynthesis machinery may be up-regulated in Bacillus in the earliest hours following 
recognition of root cells. Preliminary data on gene expression support this hypothesis and the role of 
surfactin as keyword in the molecular dialogue between plants and their root-associated Bacillus 
communities will be discussed. 

145  

Radiosynthesis and preliminary PET study of an 11C-labelled RGD peptide 
containing [1-11C]1,2,3,4-tetrahydro- -carboline-3-carboxylic acid 
Masayuki Hanyu1 , Atsushi B Tsuji1 , Kazunori Kawamura1 , Ming-Rong Zhang1 , Toshimitsu 
Fukumura1  

1. Molecular Imaging Center, National Institute of Radiological Science, Inage-ku, Chiba, Japan 
Molecular imaging is an emerging technology that allows for the visualization of the interactions 
between molecular probes and biological targets. Positron emission tomography (PET), in particular, 
is a useful modality that enables in vivo biological information to be obtained in a noninvasive manner 
using a variety of PET radiopharmaceuticals.1  Radiolabeled peptides are becoming increasingly 
important in nuclear oncology, where they are used in the diagnosis and treatment of several different 
cancers. Cyclic RGD peptides, such as cyclo[Arg-Gly-Asp-D-Tyr-Lys], are potent antagonists for the 

2  A variety of different cyclic RGD peptides conjugated to a radioactive tracer 
have been reported for the PET imaging of tumors that over- 3  

We reported here radiosynthesis and preliminary PET study of a 11C-labelled peptide containing [1-
11C]1,2,3,4-tetrahydro- -carboline-3-carboxylic acid ([1-11C]Tpi), from corresponding cyclo[Arg-Gly-
Asp-D-Tyr-Lys(Trp)] hydrochloride via a Pictet-Spengler reaction by using [11C]formaldehyde. We 
proceeded to investigate the remote-controlled radiosynthesis of cyclo[Arg-Gly-Asp-D-Tyr-Lys([1-
11C]Tpi)]  ([11C]1)  using an automatic production system to generate the [11C]CH3I.  From a starting 
point in the range of 21.0-22.2 GBq for the [11C]CO2, [

11C]1 was obtained at the end of synthesis in 
the range of 0.8-1.4 GBq. The average time required for the synthesis was found to be 35 min from 
the end of the bombardment. The radiochemical purity of [11C]1 was found to be greater than 98% 
and its specific acti

      

The usefulness of our synthesis was demonstrated PET studies using [11C]1 for the mouse bearing 
MIAPaca-2 and Bx-PC3, a pancreatic cancer cell line. The Bx-PC3 cell-to-muscle and MIAPaca-2 
cell-to-muscle of [11C]1 at 22 min were retained at 2.8 and 1.3, respectively. Further details about the 
tumor imaging studies by PET will be reported. 

1. Ametamey M.S. Honer M. Schubiger A. P. Molecular Imaging with PET. Chem Rev. 2008; 108: 
1501-1516. 

2. Schottelius M. Laufer B. Kessler H. Wester H- -Integrin Expression in 
vivo. Acc. Chem. Res. 2009; 42: 969-980. 

3. Mas-Moruno C. Rechenmacher F. Kessler H. Cilengitide: The First Anti-Angiogenic Small 
Molecule Drug Candidate. Design, Synthesis and Clinical Evaluation. Anticancer Agents Med. 
Chem. 2010; 10: 753-768.   
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conotoxin Vc1.1 analogues with differential selectivity for nicotinic 
acetylcholine and GABAB receptors  

Alessia Belgi1 , Bianca J van Lierop1 , Samuel D Robinson2 , Shiva N Kompella3 , Jeffrey R 
McArthur3 , Andrew Hung3 , Christopher MacRaild2 , David J Adams3 , Raymond S Norton2 , 
Andrea J Robinson1  

1. Monash University, Clayton, VIC, Australia 
2. Monash Institute of Pharmaceutical Sciences, Parkville, VIC, Australia 
3. Health Innovations Research Institute, RMIT University, Melbourne, VIC, Australia 

-conotoxin Vc1.1 is a peptide extracted from the venom of the cone snail Conus victoriae 1. 
Specifically, Vc1.1 is a 16-residue peptide with an amidated C-terminus and four cysteine residues 
which form two cystine bridges with the connectivity CysI-CysIII, CysII-CysIV 2. It acts both as 

 

receptors (nAChRs) and as an agonist on 
aminobutyric acid (GABAB) G protein-coupled receptors showing a potent analgesic activity 3,4. The 

mechanism by which Vc1.1 exerts its analgesic effect has not been fully elucidated yet. 
In the present study, each disulfide bond of Vc1.1 was replaced with an unsaturated dicarba bond 
using a technique successfully developed within our group and applied to several peptidomimetic 
studies 5,6,7. This mutation is an invaluable tool in determining whether a disulfide bond within a 
peptide plays a functional or structural role. Four dicarba Vc1.1 analogues were obtained: cis-[2,8]-
dicarba Vc1.1, trans-[2,8]-dicarba Vc1.1, from the substitution of the CysI-CysIII bridge, and cis-[3,16]-
dicarba Vc1.1 and trans-[3,16]-dicarba Vc1.1 from the replacement of the CysII-CysIV bridge.  
NMR spectroscopy showed that the structures of cis-[2,8]-dicarba Vc1.1, cis-[3,16]-dicarba Vc1.1 and 
trans-[3,16]-dicarba Vc1.1 are almost identical to the structure of native Vc1.13 confirming that the 
dicarba mutation is well tolerated by the peptide. 
The activity of the dicarba analogues was assessed in vitro B 

receptor 3. The two [2,8]-dicarba Vc1.1 analogues were both only active on GABAB receptor, 
conversely the two [3,16]-
These findings highlight the importance of the disulfide bonds in regulating structure and function of 
the native Vc1.1 peptide.  
Selected dicarba analogues are currently being assessed in animal models of pain to gain further 
insights into their analgesic properties. These results will be presented in this paper. 

1. Sandall, D. W., Satkunanathan, N., Keays, D. A., Polidano, M. A., Liping, X., Pham, V., Down, J. 
G., Khalil, Z., Livett, B. -Conotoxin Identified by Gene 
Sequencing Is Active in Suppressing the Vascular Response to Selective Stimulation of Sensory 
Nerves in Vivo, Biochemistry 42, 6904-6911. 

2. Clark, R. J., Fischer, H., Nevin, S. T., Adams, D. J., and Craik, D. J. (2006) The Synthesis, 
-Conotoxin Vc1.1, J. Biol. Chem. 

281, 23254-23263. 
3. van Lierop, B., Robinson, S. D., Kompella, S. N., Belgi, A., McArthur, J. R., Hung, A., MacRaild, 

C -Conotoxin Vc1.1 Analogues 
with Differential Selectivity for Nicotinic Acetylcholine and GABAB Receptors, Chemical Biology 
accepted for publication June 2013. 

4. Yu, R., Kompella, S. N., Adam -

3557-3567. 
5. Illesinghe, J., Guo, C. X., Garland, R., Ahmed, A., van Lierop, B., Elaridi, J., Jackson, W. R., and 

Robinson, A. J. (2009) Metathesis assisted synthesis of cyclic peptides, Chemical 
Communications, 295-297. 

6. Robinson, A. J., Elaridi, J., Van Lierop, B. J., Mujcinovic, S., and Jackson, W. R. (2007) 
Microwave-assisted RCM for the synthesis of carbocyclic peptides, J. Pept. Sci. 13, 280-285. 

7. Robinson, A. J., van, L. B. J., Garland, R. D., Teoh, E., Elaridi, J., Illesinghe, J. P., and Jackson, 
W. R. (2009) Regioselective formation of interlocked dicarba bridges in naturally occurring cyclic 
peptide toxins using olefin metathesis, Chem. Commun. (Cambridge, U. K.), 4293-4295. 
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Peptidomimetic inhibitors of the West Nile virus NS2B-NS3 protease 
Annie Lim1 , Melgious Ang1 , Joma Joy1 , Anders Poulsen1 , Jeffrey Hill1 , Brian Chia1  

1. Experimental Therapeutics Centre, Singapore 
The West Nile virus (WNV) is a member of the Flaviviridae family of viruses transmitted by infected 
mosquitoes.1 Originating from Africa, it has spread to humans in Asia, southern Europe, the Middle 
East and North America.2 Between 1999 and 2011, the United States Center for Disease Control 
reported more than 23,000 human infections in North America, resulting in 1,251 fatalities.3 The most 
recent outbreak that occurred in North America resulted in 1,118 human infections and 41 fatalities in 
2012.4 There is currently no vaccine or specific drug therapy to treat WNV infections, highlighting the 
urgent need to develop an anti-viral against this disease.  
A potential drug target is the viral NS2B-NS3 trypsin-like serine protease due to its crucial role in viral 
replication.5 Herein, we describe the structure-activity relationships of dipeptides containing a C-
terminal agmatine (decarboxylated arginine) moiety which were found to inhibit the viral protease at 
low micromolar IC50s.6,7 We believe our results will facilitate the design of new peptide-based anti-
virals against WNV infections. 

1. Solomon. N. Engl. J. Med. 351 (2004) 370-378. 
2. Gould and Fikrig. Clin. Invest. 113 (2004) 1102-1107. 
3. www.cdc.gov/ncidod/dvbid/westnile/index.htm. 
4. Kaiser. Science 337 (2012) 1030. 
5. Chappell et al. J. Biol. Chem. 281 (2006) 38448-38458. 
6. Lim et al. Eur. J. Med. Chem. 46 (2011) 3130-3134. 
7. Lim et al. Eur. J. Med. Chem. 62 (2013) 199-205.  
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2-Oxoamides based on dipeptides and pseudodipeptides as inhibitors of Ca2+-
independent phospholipase A2 

Anneta Smyrniotou1 , Ishita Shah2 , Edward A Dennis2 , George Kokotos3 , Violetta 
Constantinou-Kokotou1  

1. Agricultural University of Athens, Athens, Greece 
2. Chemistry and Biochemistry, University of California San Diego, La Jolla, CA, USA 
3. Department of Chemistry, University of Athens, Athens, Greece 
Phospholipases A2 (PLA2) hydrolyze phospholipids to release free fatty acids and lysophospholipids, 
some of which can mediate inflammation and demyelination, two hallmarks of the autoimmune 
disease multiple sclerosis. We have developed polyfluoroketones which are selective inhibitors of 
Ca2+-independent phospholipase A2 (GVIA iPLA2)

1 and we have shown that such selective inhibitors 
reduce the severity and progression of experimental autoimmune encephalomyelitis (EAE).2 Most 
recently, the interactions between a polyfluoroketone inhibitor and the active site of GVIA iPLA2 have 
been studied.3 Our studies have shown that an aromatic ring attached to a four-carbon linker fits very 
well to one of the binding sites of GVIA iPLA2. To increase the binding of the inhibitor to the target 
enzyme, we decided to develop new 2-oxoamides containing an aromatic ring attached to four-carbon 
linker in combination with a small peptide chain. Thus, a series of 2-oxoamides based on dipeptides 
and pseudodipeptides have been synthesized and their activities towards the two human intracellular 
GIVA cPLA2 and GVIA iPLA2 and the human secreted GV sPLA2 have been evaluated. tert-Butyl 
esters of 2-oxoamides based on either Nle-Gly or a corresponding ether pseudodipeptide were found 
to present interesting inhibition of GVIA iPLA2. This work was supported by the European Social Fund 
and National Resources Herakleitos II. 

1. Kokotos, G.; Hsu, Y. H.; Burke, J. E.; Baskakis, C.; Kokotos, C. G.; Magrioti, V.; Dennis, E. A. J. 
Med. Chem. 2010, 53, 3602-3610. 

http://www.cdc.gov/ncidod/dvbid/westnile/index.htm
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2. Kalyvas, A.; Baskakis, C.; Magrioti, V.; Constantinou-Kokotou, V.; Stephens, D.; Lopez-Vales, R.; 

Lu, J. Q.; Yong, V. W.; Dennis, E. A.; Kokotos, G.; David, S. Brain 2009, 132, 1221-1235. 
3. Hsu, Y.-H.; Bucher, D.; Cao, J.; Li, S.; Yang, S.-W.; Kokotos, G.; Woods, Jr, V. L., McCammon, J. 

A.; Dennis, E. A. J. Am. Chem. Soc. 2013, 135, 1330-1337 
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Approach of peptide as a drug in medical science 
Sharmistha Dey1 , Rahul Kumar1 , Suresh kumar1 , Vishal Sahu1 , Amrendra Pratap Singh1 , 
Abhishek Gupta1  

1. All India India Institute of Medical Sciences, New Delhi, Delhi, India 
Rational drug design solves the problem through the use of structural biology combined with many 
other disciplines to speed up the development process. The structure based drug involves the 
selection of target proteins based on their involvement in the biological pathway integral to the course 
of a disease, in-vitro/ in-vivo studies and uses the structural information as a blueprint to design drug 
candidate. Once the target molecule is characterized the specific ligands are required to be designed 
to interact with it for the inhibition of its function leading to the design of specific therapeutic agents. 
Peptides are usually highly specific and therefore exhibit relatively low systemic toxicity. They do not 
accumulate in the body as they have relatively short half lives. They are easily acceptable by body; 
side effects will be very low. We have targeted PLA2, COX-2, LOX, p38a

 

p38b, for different 
cancers.  The expression level of theses enzyme in the patients serum level were estimated and 
specific peptides against different enzymes were tested for inhibition studies. The biochemical assay 
was done for determining the Ki, IC50 and KD and very significant result were obtained which were 
comparable with the known drugs. The specific peptides also inhibited the proteins in serum in the 
presence of respective substrates, which were also confirmed on various cell lines. Hence, peptide 
can be considered to be  potent therapeutic agent for different cancers. 

150  

Diffusion-limited kinetics and membrane domain heterogeneity facilitate 
sustained excitation of sympathetic neurons by angiotensin ii: single photon 
imaging and fluorescence correlation spectroscopy 

Ian Gibbins1 , Yvette DeGraaf1  

1. Flinders University, Adelaide, SA, Australia 
Sympathetic neurons lie outside the blood-brain barrier and are exposed to circulating regulatory 
peptides. Angiotensin II (AngII) produces sustained increases in sympathetic excitability via AT1 
receptors, with little desensitisation. Therefore, we used a Leica SP5 confocal microscope with 
photon-counting avalanche photodiodes and a resonant scanner with capture time of 0.5µs/pixel to 
image AngII linked to Alexa-647 fluorophore (AngII-A647) or Alexa-488 (AngII-A488) binding to AT1 
receptors expressed by sympathetic neurons from guinea-pig coeliac ganglion. We also used 
fluorescence correlation spectroscopy (FCS) to  measure AngII-A647 diffusion through extracellular 
space and close to neurons expressing AT1 receptors. AngII-A647 or AngII-A488 (10-100nM) binding 
to sympathetic neurons occured in distinct membrane microdomains. After 60 minutes continuous 
exposure to the peptide, little internalisation was observed, and most binding microdomains remained 
fixed in their location. Sequential exposure of neurons to AngII-A488 following AngII-A647 revealed 
that some microdomains binding AngII-A647 also bound AngII-A488, some did not, while some AngII-
A488 bound to domains not previously labelled by AngII-647. These inaccessible domains 
presumably had flipped rather than fully internalised. FCS showed that diffusion coefficients varied 
from 120µm2/s in free space to less than 1µm2/s at binding domains. Optically-measured binding 
kinetics around binding domains were no faster than those in extra-cellular connective tissue, 
indicating that receptor-ligand binding is significantly limited by slow peptide diffusion. Our 
observations suggest that diffusion-limited kinetics combined with rapid local turn-over of membrane 
receptor domains facilitate prolonged excitation of sympathetic neurons by AngII.   
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The effect of Antioxidant Peptides UPF1 and UPF17 on the Intracellular 
Localization of Transcription Factor NRF2 and on the activation of 
Antioxidative Response Element 
Mats Hansen1 , Teele Paltsar1 , Ursel Soomets1  

1. Biomedicine and Translational medicine, University of Tartu, Tartu, Estonia 
Excessive oxidative stress has been considered as one of the key factors in development of several 
neurodegenerative conditions, cancers and cardiovascular diseases. A battery of protective enzymes, 
such as glutathione S-transferases and NADPH quinone oxidoreductases has evolved in order to 
combat the excessive oxidative stress. Antioxidant response element (ARE) is a conservative domain 
found in the promoter region of majority of genes responsible for expression of protective enzymes. 
The expression of the genes that contain ARE is regulated by the transcription factor NRF2 (NFE2L2) 
which in turn is regulated by Keap-1 protein.  
UPF1 and UPF17 are glutathione (GSH) analogues, developed recently by Ehrlich et al. which 
outperform free radical scavenging properties of GSH, while not showing any toxicity to the cells 
[1].  Although similar in structure, UPF1 and UPF17 show diverse effects on the Antioxidant Defense 
System as shown by Kairane et al. in Human Erythroleukemia Cells K562 with UPF1 increasing the 
cellular GSH levels, while UPF17 having the opposite effect [2].  
In the present study we investigated if the increase and decrease of the cellular GSH levels induced 
by the UPF peptides are related to the intracellular localization and expression of the ARE activating 
transcription factor NRF2. We found that while UPF1 and UPF17 have neglible effect on the mRNA 
expression in human HepG2 cells, the peptides have diverse effects on the intracellular localization of 
the NRF2. UPF1 increased the NRF2 levels in the nucleus after 15 min incubation with peptide, while 
UPF17 after 15 min lowered the nuclear NRF2 levels. 
Together our data suggests that GSH analogues UPF1 and UPF17 have effect on the activation of 
ARE when affecting the intracellular localization of it's transcription factor NRF2. 

1. Ehrlich, K., et al., Design, synthesis and properties of novel powerful antioxidants, glutathione 
analogues. Free Radic Res, 2007. 41(7): p. 779-87. 

2. Kairane, C., et al., Diverse Effects of Glutathione and UPF Peptides on Antioxidant Defense 
System in Human Erythroleukemia Cells K562. Int J Pept, 2012. 2012: p. 124163. 

152  

A novel tripetide that suppresses PGE2 formation in rat mesangial cells 

Sofia Vasilakaki1 , Efrosini Barbayianni1 , Victoria Magrioti1 , Oleksandr Pastukhov2 , Thomas M 
Mavromoustakos1 , Andrea Huwiler2 , George Kokotos1  

1. University of Athens, Athens, Greece 
2. Institute of Pharmacology, University of Bern, Bern, Switzerland 
Cytosolic phospholipase A2 (cPLA2) and secreted phospholipase A2 (sPLA2) play a major role in the 
production of arachidonic acid and various eicosanoids, for example PGE2, in cells. We have recently 

-(S)-leucine (GK126) presents interesting inhibition of 
sPLA2.

1 In addition a simple amide derivativ -(R)-norleucine (GK115) showed inhibition of 
sPLA2.

2 The purpose of the present work was to study the effect of these two sPLA2 inhibitors on the 
suppression of PGE2 formation in mesangial cells and to identify novel small peptides that will be able 
to cause such an effect. Cultures of renal mesangial cells were stimulated for 24 h with interleukin 1 
plus forskolin to trigger a huge increase of PGE2 synthesis. Cells were treated in the absence or 
presence of increasing concentrations of sPLA2 inhibitors. Supernatants were collected and taken for 
a PGE2-ELISA to quantify PGE2 released from the cells. Both sPLA2 inhibitors GK126 and GK115 
presented interesting suppression of PGE2 formation. After these promising results, we continued our 
project carrying out molecular docking studies to understand if small peptide derivatives based on 

- -norleucine may interact with sPLA2. Some of the peptide derivatives that 
presented interesting binding score were synthesized and tested for their effect on rat mesangial 
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cells. We were pleased to find that benzoyl-glycyl-glycyl- -(R)-norleucine showed an interesting effect 
on the suppression of PGE2 formation. Thus, we have identified a lead for the development of novel 
agents that can be used to treat inflammatory diseases. 

1. V. D. Mouchlis, V. Magrioti, E. Barbayianni, N. Cermak, R. C. Oslund, T. M. Mavromoustakos, M. 
H. Gelb, G. Kokotos Bioorg. Med. Chem. 2011, 19, 735-743. 

2. G. Antonopoulou, E. Barbayianni, V. Magrioti, N. Cotton, D. Stephens, V. Constantinou-Kokotou, 
E. A. Dennis, G. Kokotos, Bioorg. Med. Chem. 2008, 16, 10257-10269. 
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Peptides Derived from the Transmembrane Domain of Bcl-2 Proteins as 
Potential Mitochondrial Priming Tools 

Vicente Andreu-Fernández1 , Ainhoa Genoves1 2 , Tzong-Hsien (John) Lee3 , Matthew Stellato3 , 
Federico Lucantoni1 , Ismael Mingarro4 , Mibel Aguilar3 , Enrique Pérez-Payá1 2  

1. Laboratory of Peptide and Protein Chemistry, Centro de Investigación Príncipe Felipe, Valencia, 
Spain 

2. Instituto de Biomedicina de Valencia, Valencia, Spain 
3. Biochemistry and Molecular Biology, Monash university, Clayton, VIC, Australia 
4. Departament de Bioquímica i Biologia Molecular, Universitat de València, Burjassot, Spain 
The Bcl-2 family of proteins is crucial for apoptosis regulation. The Bcl-2 proteins are synthesized in 
cytosolic ribosomes before reaching the lipid bilayer, where they insert through a specific C-terminal 
anchoring transmembrane domain. The members of this family of proteins target distinct intracellular 
membranes, including the mitochondrial outer membrane where they interact in order to determine 
cell fate. While the mitochondrial membrane has been proposed to actively participate in these 
protein-protein interactions, the influence of the transmembrane domain in the membrane-mediated 
interactions is poorly understood. The putative transmembrane domain (TMD) of anti-apoptotic (Bcl-2, 
Bcl-xL, Bcl-w and Mcl-1) and pro-apoptotic (Bax, Bak) members were selected and synthetic peptides 
(TMDpepts) derived from the respective domains were synthesized and characterized. TMDpepts 
showed higher affinity to interact with mitochondria-like than with plasma membrane-like model 
bilayers and higher binding correlated with greater membrane perturbation. These TMDpepts were 
effective as tools to prepare mitochondria for apoptosis by sensitizing human cervix adenocarcinoma 
cells to chemotherapeutic agents. 

154  

Selectivity in LIM-binding peptides 
Jacqui Matthews1  

1. School of Molecular Bioscience, University of Sydney, Sydney, NSW, Australia 
LIM-only (LMO) and LIM-homeodomain (LIM-HD) proteins play important roles in cell specification 
and cell development in many different tissues. Several members of this family also have causative 
roles in diseases including T-cell leukaemia and breast cancer, and are potential target for inhibitior 
development. These proteins share a common motif of two tandemly arrayed LIM domains at, or 
near, their C-termini, which mediate interactions with other proteins, including the LIM domain binding 
protein 1 (Ldb1). My laboratory has shown that a short intrinsically disordered peptide region in Ldb1, 
the LIM interaction domain (LID), binds in an extended fashion across the same face of both LIM 

- -stra -
hairpins in the LIM domains. We have now established that a number of other proteins use similar 
peptide regions to target the same binding face in the same manner - despite low sequence homology 
in the binding peptides. However, whereas all 4 LMO and 12 LIM-HD proteins (from mammals) bind 
Ldb1, these other binding peptides have higher levels of selectivity. We are investigating the basis for 
selectivity in this system and are using a range of protein engineering approaches to try and develop 
peptides with tailored binding properties for specific LIM targets.   
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Role of amyloid precursor protein intracellular domain (AICD) peptide in 
transcriptional regulation of peptide clearance proteins 

Natalia N Nalivaeva1 2 , Caroline Kerridge1 , Nikolai D Belyaev1 , Daria I Kozlova2 , Anthony J 
Turner1  

1. School of Molecular and Cellular Biology, University of Leeds, Leeds, United Kingdom 
2. I.M. Sechenov Institute of Evolutionary Physiology and Biochemistry, RAS, Saint Petersburg, 

Russia 
- -

amyloid- , a 50-59 amino acid peptide. The 
latter, as we have demonstrated, regulates expression of the metallopeptidase neprilysin (NEP) 

-regulation of NEP requires binding of the AICD 
peptide to the NEP promoter while down-regulation of NEP gene involves histone deacetylase 
occupancy at the promoter site. Functionally active AICD was found to be preferentially generated 
from the amyloidogenic processing of the neuronal APP695 isoform. We have examined whether 
differences exist between the various APP isoforms in the production of AICD and have recently 
confirmed that AICD action is modulated via MED12, a subunit of the RNA polymerase II 
transcriptional Mediator complex. Since AICD is rapidly degraded in the cell and seldom detected we 
have developed several techniques to manipulate AICD peptide levels in order to study its function 

-secretase inhibitors and hypoxic conditions reduce AICD levels, whereas the 
tyrosine kinase inhibitor, Gleevec, and alkalization with ammonium chloride increase AICD levels in 
the cells. We have shown that in SH-SY5Y-APP695 cells expression of several other genes is also 
changed. However, unlike NEP, AICD appeared to down-regulate expression of the EGFR gene. 
Chromatin immunoprecipitation experiments also confirmed the presence of AICD on the promoter 
region of the transthyretin (TTR) gene in APP695 over-expressing cells. Like NEP, TTR is also involved 

es an important role of APP and 
AICD in epigenetic regulation of various neuronal genes and especially of those participating in 

-04-00388. 
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Identification of virtual bicyclic, membrane permeable cyclic peptide inhibitors 
of peptidyl arginine deiminase 4. 
Toby Passioura1 , Shamim Reza1 , Yuki Goto1 , Takayuki Katoh1 , Hiroaki Suga1  

1. Department of Chemistry, Graduate School of Science, The University of Tokyo, Tokyo, Japan 
The RaPID (random non-standard Peptides Integrated Discovery) system is a powerful methodology 
for the identification of bioactive cyclic and bicyclic peptides, and has been previously used to great 
effect to find both inhibitors and agonists of a wide range of protein targets.  However, peptides in 
general as well as those discovered by the RaPID system often suffer from poor permeability across 
biological membranes, diminishing their utility for intracellular targeting.  We reasoned that cyclic 
peptides containing two non-canonical long aliphatic side chains may be able to adopt both 
hydrophobic (i.e. side chains outwards) and hydrophilic (i.e. side chains inwards forming a virtual 
bicyclic structure) conformations, thus facilitating membrane permeability.  Using genetic 
reprogramming combined with mRNA display, we screened a library of greater than 1013 such bicyclic 
peptides for binding to the human histone-modifying enzyme peptidyl arginine deiminase 4 
(PAD4).  In this manner, two virtual bicyclic peptides were identified, which exhibited very strong 
binding affinities for, and moderately strong inhibitory activities against, PAD4.  Moreover, one of 
these peptides exhibited membrane permeability in cell culture studies, demonstrating the utility of 
this scaffold for the isolation of membrane permeable inhibitors of target proteins.   
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Bifunctional vs. Bivalent Opioid Receptor Ligands: Facts and Fiction  
Peter W. Schiller1  

1. Clinical Research Institute of Montreal, Montreal, Que., Canada 

antagonists as analgesics with no or low propensity to produce tolerance and 
dependence.  Bifunctional compounds with this profile would interact with distinct non-interacting µ

interactions at the systems level.  
antagonist component connected via a linker of the correct length could simultaneously interact with µ

  

However, on the basis of simple 

 

-protein-coupled receptor 
heterodimers do not support a bivalent binding mode. Bifunctional compounds may contain 
integrated, overlapping or distinct pharmacophores.  As expec
tetrapeptide of the integrated pharmacophore type, DIPP-NH2

antinociception in the rat tail-flick assay, little tolerance and no physical dependence. In an effort to 
onist capable of crossing the blood-brain barrier (BBB), a series of 

chimeric peptides containing the µ agonist [Dmt1

were synthesized. In these bifunctional compounds [Dmt1]DALDA plays a dual role as potent 
analgesic in both acute and neuropathic pain models1,2 and as vector for carrying the entire peptide 
construct across the BBB.  
profile in vitro.  One of them given s.c. was a potent centrally acting analgesic and, in comparison with 
morphine, was longer acting and produced less tolerance. These results indicate that systemically 
active, bifunctional opioid peptides of this type look promising as drug candidates for chronic pain 
treatment. 

1. Schiller PW. Bi-or multifunctional opioid peptide drugs. Life Sci 86, 598-603, 2010. 
2. Shimoyama M, Schiller PW et al. Superior analgesic effect of [Dmt1]DALDA, a multifunctional 

opioid peptide, compared to morphine in a rat model of neuropathic pain. Chem Biol Drug Des 80, 
771-774, 2012.  

158  

Discovery of the myostatin inhibitory peptide from myostatin prodomain 
Kentaro Takayama1 , Shin Aoki1 , Yuri Noguchi2 , Shota Takayama1 , Momoko Yoshida1 , Tomo 
Asari1 , Fumika Yakushiji1 , Fumiko Itoh2 , Yoshio Hayashi1  

1. Department of Medicinal Chemistry, Tokyo University of Pharmacy and Life Sciences, Hachioji, 
Tokyo, Japan 

2. Laboratory of Cardiovascular Medicine, Tokyo University of Pharmacy and Life Sciences, 
Hachioji, Tokyo, Japan 

Transforming growth factor- - -
1 . 

Among them, GDFs mainly regulates cartilage and skeletal development, and one of the GDF 
proteins, GDF-8, which is designated as myostatin, functions as a negative regulator of skeletal 
muscle volume. In the previous studies, inactivation of the myostatin gene in knockout mice 
significantly increased muscle volume up to 2-fold and systemic myostatin-overexpression induced 
cachexia in adult mice2 . It is also known that the activity of myostatin is physiologically regulated in 
several ways. One of which is the inactivation by myostatin prodomain. Lee, et al., reported that a 
cleaved N-terminal prodmain sequence of myostatin precursor interacted with the mature myostatin at 
the C-terminal part3 . Hence, in the present study, we have focused on the N-terminal region of mouse 
prodomain sequence to discover a short peptide that selectively binds to human myostain, resulting in 
the inhibition of myostatin function. Using a reporter assay with pCAGA12-luc, which is activated via 
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the intracellular Smad signaling pathway lying downstream of the myostatin receptor, we screened 
synthetic peptide fragments and found a selective myostatin inhibitory peptide (24 AA, named as 

50 

by the treatment with the peptide 1. Moreover, intramuscular administration of 1 in the groin of mice 
notably increased the femoral muscle volume. Therefore, peptide 1 would be a significant starting 
point for the development of more potent inhibitors, which may contribute to the treatment of muscular 
diseases in a near future. 

1. J. Massagué, Annu. Rev. Biochem. 67, 753-791 (1998). 
2. (a) A. C. McPherron, A. M. Lawler, S.-J. Lee, Nature 387, 83-90 (1997); (b) T. A. Zimmers et al., 

Science 296, 1486-1488 (2002). 
3. S.-J. Lee, A. C. McPherron, Proc. Natl. Acad. Sci. 98, 9306-9311 (2001). 
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An approach for formulation of self-assembled amphiphilic peptide containing- 
somatostatin sequence 
Daisuke Takami1 , Koushi Hidaka1 , Anna Miyazaki2 , Isoko Kuriyama3 , Hiromi Yoshida3 , 
Yoshiyuki Mizushina3 , Yuko Tsuda1  

1. Faculty of Pharmaceutical Sciences, Kobe Gakuin University, Kobe, Hyogo, Japan 
2. Graduate School of Pharmaceutical Sciences, Kyoto University, Kyoto, Japan 
3. Faculty of Nutrition, Kobe Gakuin University, Kobe, Hyogo, Japan 
The noncovalent self-assembly of molecules into nanostructures is used as target selective drug 
carriers, or contrast agents in MRI. For example, amphiphilic molecules, comprised of hydrophobic 
and hydrophilic blocks, self-assemble to form micelles that solubilize hydrophobic drugs under 
aqueous environments, thus improving their bioavailability. On other hand, somatostatin-14 (SS-14) 
related peptide, octreotide (cyclic 8-amino acid peptide) is successfully applied for preparation of 
nanoparticles targeting SS-14 receptors (SSTRs) overexpressed on cancer cells. Added to octreotide, 
a lot of efforts have been made to develop SS-14 analogue with clinically useable anti-tumor activity. 
Keri et al. reported that TT-232 [H-D-Phe-c(Cys-Tyr-D-Trp-Lys-Cys)-Thr-NH2], exhibited a potent 
antiproliferative activity without antisecretory action through SSTRs [1]. Based on its sequence, we 
synthesized H-Tyr-D-Trp-NH-1-(Ada; Adamantane) (YO-14) and reported YO-14 had potent 
antiproliferative activity on human colon carcinoma (HCT116) cells. A structure-activity relationship 
analysis revealed that the hydrophobicity of YO-14 could be responsible for its antiproliferative 
activity. 
In this presentation, we described design of amphiphilic peptides and their self-assembly formulation. 
Amphiphilic peptides consist of a charged amino acid sequence (Tyr-D-Trp-Lys or TT-232 itself) 
covalently attach to hydrophobic alkyl chain (Stearic acid or palmitic acid) through a variety of linkers. 
YO-135, in which a stearic acid bound to the Tyr-D-Trp-Lys, through the linker, (AdOO; 8-amino-3,6-
dioxaoctanoic acid)2-Gly, showed both antiproliferative activity on HCT116 cells and DNA polymerase 
inhibitory activity at 100 microM. YO-136, in which Tyr-D-Trp-Lys sequence was substituted with TT-
232 , showed more potent antiproliferative activity than YO-135. Furthermore, in the aqueous YO-135, 
the critical micelle concentration (cmc), 1.1 x 10-4 M, was obtained, suggesting that YO-135 could self-
assemble to form micelles. Physicochemical properties and anti-cancer activity of the self-assemblies 
will be discussed.   
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Next generation microwave SPPS 

 
4 minute cycle times, scalable, and 90% 

waste reduction 

Grace Vanier1 , Jonathan Collins1 , Keith Porter1 , Sandeep Singh1 , Eric Williamson1 , Joseph 
Lambert1 , David Herman1  

1. CEM Corporation, Matthews, NC, United States 
A new process for SPPS is presented that allows for cycle times of only 4 minutes along with up to 
90% reduction in total chemical waste compared to existing methods. In all cases this new process 
has met or exceeded the maximum purity we have observed using either conventional or standard 
microwave assisted SPPS with close scrutiny of well-known side reactions such as aspartimide 
formation and epimerization. Substantial economic and environmental value is realized from major 
solvent reduction, replacement of the controlled substance piperidine with a novel piperazine 
deblocking cocktail, use of a low cost enhanced carbodiimide based activation, and the ability to use 
high substitution resins (> 0.6 mmol/g). Recently developed derivatives for cysteine and histidine were 
also explored and will be discussed.  
The application of these new methods is demonstrated on a new automated microwave peptide 
synthesizer which allows the total synthesis and cleavage of average length peptides to be as short 
as standard purification methods. The scalability of this new process was then demonstrated utilizing 
a new automated 2.5 liter microwave peptide synthesizer. This new process for SPPS will have a 
major impact on synthesis of difficult peptides, high throughput peptide production, and larger scale 
peptide production as it offers improvements in speed, chemical usage, and synthesis efficiency. 
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Angiotensin I- converting enzyme inhibitory activities of bioactive peptides 
derived from Stichopus horrens 

Bita Forghani1 , Afshin Ebrahimpour1 , Azizah Abdul-Hamid1 , Jamilah Bakar1 , Nazamid Saari 
1. University Putra Malaysia, Serdang, Selan, Malaysia 
Hypertension, a non-communicable disease affecting over one third of the world population, is a risk 
factor for heart diseases. Thus developing functional foods with ability of alleviating hypertension is of 
great importance to maintain body health in a natural way.Sea cucumbers,belonging to the class of 
Holothuroidea, are rich sources of nutrients and bioactive compounds and there is a strong belief 
upon their various health benefits. Angiotensin-I converting enzyme (ACE) is a key enzyme of the 
renin-angiotensin-aldosterone system,and responsible for the elevation of the blood pressure. 
Therefore, production of natural, safe and effective ACE inhibitors is a tall order. Due to the 
advantages of food-derived bioactive peptides, this work was aimed at generating bioactive peptides 
through enzymatic proteolysis of S. horrens flesh using different proteases. The proteolysate was 
further purified and characterized for ACE-inhibitory activity. Among the six (6) different proteases 
employed,alcalase exhibited the highest ability to proteolyse and generate ACE-inhibitory peptides 
followed by flavourzyme with IC50 values of 0.41 and 2.24 mg/mL, respectively.  Fractionation of the 
effective peptides was carried out based on their hydrophobicities and isoelectric points.The most 
effective fraction was subjected to UPLC-MS/MS for peptides identification. A total of 24 peptides 
were identified showing 4 to 16 amino acid residues (molecular weights between453.4 and 1771.9 
kDa) withIC50values in the range of 0.05-8.8 mM. The Kinetics studyof the peptides revealed amixed-
mode inhibition pattern.This study has demonstratedS. Horrens as a suitable marine source for ACE-
inhibitory peptides generation.   
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Novel multifunctional bioactive peptides derived from Actinopyga lecanora  
Raheleh Ghanbari1 , Afshin Ebrahimpour1 , Azizah Abdul-Hamid1 , Nazamid Saari1 , Amin 
Ismail1  

1. Universiti Putra Malaysia, UPM Serdang, SGR, Malaysia 
Actinopyga lecanora, a type of sea cucumber commonly known as stone fish with relatively high 
protein content, was used as raw material to generate bioactive peptides using six commercial 
proteases. Among the enzymes used, bromelain hydrolysate showed the multifunctional bioactivities 
including antimicrobial, antioxidant, ACE inhibitory and NO production inhibition. Therefore, the 
bromelain protein hydrolysate was fractionated based on the hydrophobicity and isoelectric point of 
their peptides content. The total, twelve peptides were identified using UPLC-MS/MS system, 
synthesized and their biological activities were evaluated. Among the peptides identified three novel 
bioactive peptides revealed multifunctional activities including antibacterial against Pseudomonas 
aeruginosa (48.64-65.5%), Pseudomonas sp.  (40.26-51.32%), Escherichia coli (61.76%) and 
Staphylococcus aureus of (45.30-50%); antioxidative (68.4-93.3%); ACE inhibitory (59.9-98.12%); 
and ability to inhibit LPS-induced NO production in RAW 264.7 cells (56.32-69.94%).These 
multifunctionalbioactive peptides would be used in the formulation of various functional foods, and 
nutraceuticals. 
*Corresponding author: Prof. Dr. Nazamid Saari, Department of Food Science, Faculty of Food 
Science and Technology, University putra Malaysia, 43400 upm, Serdang Selangor, Malaysia. Tel: 
o3-89468385, Fax: 03-89423552 
E-mail: nazamid@putra.upm.edu.my 

163  

The Potential of Green Soybean (Glycine max) as a Source of Angiotensin I-
converting Enzyme Inhibitory Peptides 
Mohamad Ariff Hanafi1 , Siti Nadia Hashim1 , Afshin Ebrahimpour1 , Nazamid Saari1  

1. Department of Food Science, Faculty of Food Science & Technology Universiti Putra Malaysia, 
UPM Serdang, Selangor, Malaysia 

The rising global prevalence of hypertension sees no sign of abating in the near future, and the 
common use of synthetic antihypertension drugs causes undesirable side effects. Hypertension has 
been identified as one of the main risk factors leading to mortality. Therefore, there is considerable 
interest in developing alternative means of lowering blood pressure through consumption of functional 
foods. Green soybean is mostly cultivated as a vegetable crop, but other than that, it has limited use. 
Nonetheless, green soybean seeds have been found to be a good source of protein containing all of 
the essential amino acids that cannot be produced by the human body, as well as phytochemicals, 
vitamins and minerals. The green soybean protein was subjected to partial enzymatic hydrolysis (DH 
up to 50.1%) under optimized conditions to yield a mixture of unique smaller peptides in the 
hydrolysate, possessing strong antihypertensive effect with IC50 values ranging from 0.140 mg/ml to 
3.160 mg/ml. The hydrolysate was fractionated via high performance liquid chromatography and 
further separated according to their isoelectric points. A total of 6 novel peptides were identified, and 
were able to exert significant antihypertensive activity with IC50 values ranging from 0.307 mM to 1.01 
mM. These peptides may potentially be incorporated into various types of beverages and food which 
confers them with the ability to lower blood pressure through a normal diet. The use of green soybean 
protein as a source of antihypertensive peptides is advantageous as it is easily cultivated, provides 
essential amino acids and does not cause any adverse side effects when compared to synthetic 
antihypertensive drugs. It may also open up new opportunities in the production of high value-added 
products based on green soybean constituents.   
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Evaluation of anticancerous activity of sandalwood peptide  using silk based 
3D breast cancer model 

Abheepsa Mishra1 , Deboki Naskar1 , Sourav K Mukhopadhyay1 , Banani Kundu1 , Tuli Dey1 , 
Subhas C Kundu1 , Satyahari Dey1  

1. Indian Institute of Technology Kharagpur, Kharagpur, India 
Development of novel anti-cancer peptides requires a rapid screening process which can be 
accelerated by using appropriate in vitro tumor models. Breast carcinoma tissue is a three 
dimensional (3D) microenvironment, which contains a hypoxic center surrounded by dense 
proliferative tissue. Biochemical clues provided by such 3D cell mass can not be recapitulated in 
conventional 2D culture systems. In this experiment, we evaluate the efficacy of the sandalwood 
peptide on established in vitro 3D breast cancer model using invasive MDA-MB-231 cell line. The 
anti-proliferative effect of the peptide on 3D silk tumor model is monitored by alamar blue assay, with 
conventional 2D culture as control. Apoptotic cell morphology, DNA fragmentation assay and flow 
cytometry are investigated. Further investigations involve the combinatorial use of this peptide with 
doxorubicin; resulting decreased IC50 compared to the peptide alone. Overall, these findings indicate 
the role of sandalwood peptide as a promising anti-cancer therapeutics. 

166  

Diversity of conotoxin gene superfamilies in Conus victoriae 

Samuel D Robinson1 , Helena Safavi-Hemami2 , Lachlan D McIntosh3 , Anthony W Purcell4 , 
Raymond S Norton1 , Anthony T Papenfuss3  

1. MIPS, Parkville, VIC, Australia 
2. Department of Biology , University of Utah, Salt Lake City, UT, USA 
3. Bioinformatics Division, WEHI, Parkville, VIC, Australia 
4. Department of Biochemistry and Molecular Biology, Monash University, Clayton, VIC, Australia 
Animal venoms represent a vast library of bioactive peptides and proteins with proven potential not 
only as research tools but also as drug leads and therapeutics. This is illustrated elegantly in cone 
snails (genus Conus). Conus venom consists of a mixture of hundreds of peptides (conotoxins) with a 
diverse assortment of molecular targets including voltage- and ligand-gated ion channels, G-protein 
coupled receptors and neurotransmitter transporters. Several conotoxins have found use as important 
research tools while some are being used or developed as therapeutics. The primary objective of this 
study was the discovery of novel conotoxin sequences from the venom gland of Conus victoriae.  
To this end, a combination of state-of-the-art techniques in molecular biology and bioinformatics was 
utilized; including cDNA library normalization, high-throughput 454 sequencing, de novo transcriptome 
assembly and annotation with BLAST and profile hidden Markov models. Subsequent matching of the 
transcriptome to a mass spectrometry profile of the crude venom was used to interrogate venom 
peptide composition and confirm post-translational modifications present in the mature venom 
peptides. 
We report the discovery of over 100 unique conotoxin sequences from 20 gene superfamilies. Many 
of the sequences identified are new members of known conotoxin superfamilies, some will help to 
redefine these superfamilies and others represent altogether new classes of conotoxin. This work 
paints a comprehensive portrait of the molecular diversity present in Conus venom and demonstrates 
how an animal venom gland can be efficiently mined to generate a library of sequences encoding 
bioactive peptides.   
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A Proteomic Analysis of low molecular weight Excretory/Secretory 
components of the blood-feeding hookworm Ancylostoma caninum  

Catherine Shepherd1 , David Wilson1 , Severine Navarro1 , Jason Mulvenna2 , Marcus 
Baumann2 , Norelle Daly1 , Alex Loukas1  

1. Centre for Biodiscovery and Molecular Development of Therapeutics, James Cook University, 
Cairns, QLD, Australia 

2. QMIR, ueensland Institute of Medical Research, Brisbane, QLD, Australia 
Hookworms secrete a barrage of Excretory/Secretory mol
mucosa to assist in blood-

  

ES products of the 
hookworm, Ancylostoma caninum, are therefore of interest as a source of therapeutic molecules for 
treating inflammatory disorders [1]. To date, hookworm ES proteins >10 kDa have been characterized 
using proteomics techniques,[2] and have displayed efficacy in suppressing inflammation associated 
with mouse models of colitis[3]. Some of the ES proteins responsible for suppressing inflammation 
have been identified and shown to protect against chemical colitis[4]. Much of the amino acid content 
of hookworm ES products is associated with as yet characterized low molecular weight peptides that 
pass through 10 kDa cut-off membranes but this material has not yet been characterized at the 
molecular level. Small peptides and compounds of less than 10 kDa are capable of acting in roles as 
diverse as signal transduction, immunomodulation and hormone-driven processes. In this 
investigation we carried out a shotgun proteomic analysis of the low molecular weight ES products 
secreted by A. caninum and show that defined fractions separated by RP-HPLC protect mice against 
TNBS colitis. Future work will identify the protective moieties and produce them in synthetic form for 
further trials. We have shown that hookworm secreted peptides possess anti-inflammatory properties 
and reveals their potential as a source of novel therapeutic compounds. 

1. Navarro, S., I. Ferreira, and A. Loukas, The hookworm pharmacopoeia for inflammatory diseases. 
Int J Parasitol, 2013. 43(3-4): p. 225-31 

2. Mulvenna, J., et al., Proteomics analysis of the excretory/secretory component of the blood-
feeding stage of the hookworm, Ancylostoma caninum. Mol Cell Proteomics, 2009. 8(1): p. 109-
21. 

3. Ruyssers, N.E., et al., Therapeutic potential of helminth soluble proteins in TNBS-induced colitis 
in mice. Inflamm Bowel Dis, 2009. 15(4): p. 491-500. 

4. Ferreira, I., et al., Hookworm Excretory/Secretory Products Induce Interleukin-4 (IL-4)+ IL-10+ 
CD4+ T Cell Responses and Suppress Pathology in a Mouse Model of Colitis. Infect Immun, 
2013. 81(6): p. 2104-11. 

168  

Generation of multifunctional bioactive peptides from winged bean 
[Psophocarpus tetragonolobus (L.) DC.] seeds 
Chay Shyan Yea1 , Afshin Ebrahimpour1 , Azizah Abdul-Hamid1 , Sharifah Kharidah Syed 
Muhammad1 , Jamilah Bakar2 , Nazamid Saari1  

1. Department of Food Science, Faculty of Food Science and Technology, Universiti Putra Malaysia, 
43400 UPM , Serdang, Selangor , MALAYSIA 

2. Department of Food Technology , Faculty of Food Science and Technology, Universiti Putra 
Malaysia, 43400 UPM, Serdang Selangor, MALAYSIA 

Winged bean seeds is a rich source of proteins with amino acid composition comparable to soybean. 
In this study, winged bean seed was proteolyzed using papain enzyme under optimum pH and 
temperature conditions. The crude proteolysate was determined for in vitro ACE inhibitory and 

ng 
activities were found to be 87.2%, 65.0% and 65.7% respectively. The proteolysate was further 
characterized using a two-step purification, which consisted of reverse phase-high performance liquid 
chromatography (RP-HPLC) and isoelectric focusing. Fractions showing ACE inhibitory activity 
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between 50.1 and 87.2% with reasonable peptide content were subjected to peptide sequencing. 
Three multifunctional bioactive peptides were successfully identified, namely YPNQKV, FDIRA and 
VSARDLVG. The physical and biochemical properties of the peptides were compared. 

169  

Towards engineering greater NaV selective ligands: rational mutagenesis of a 
spider venom peptide 

Joshua S Wingerd1 , Yanni Chin1 , Mehdi Mobli1 , Richard Lewis1 , Lachlan Rash1  

1. University of Queensland, St Lucia, QLD, Australia 
Because of their key role in the transduction and transmission of nociceptive stimuli, voltage-gated 
sodium (NaV) channels represent an essential therapeutic target for the treatment of multiple 
neuropathic conditions. However, with nine Nav isoforms 

 

each of which displays a distinct functional 
profile and tissue-specific expression pattern 

 

subtype-selectivity is of the utmost importance for both 
research and therapeutic purposes. To date, current therapeutics targeting NaV channels critically lack 
subtype selectivity and as such exhibit a range of harmful side-effects. 
The high specificity towards ion channels, inherent selectivity, and ability to act as gating modifiers 
through state-dependent interactions make spider venom peptides an excellent starting point for the 
engineering of selective NaV -TRTX-Pre1a was isolated from the tarantula 
Psalmopoeus reduncas and is part of the recently classified NaV spider toxin Family 1, sharing high 
sequence similarity and structural homology in the form of an inhibitory cysteine knot (ICK) motif. 
Pre1a exhibited neuronal selectivity and unique pharmacological characteristics, acting as a sub-
micromolar inhibitor of peak current to NaV1.2 and NaV1.7 and also an inhibitor of fast inactivation for 
NaV1.3. Further, Pre1a demonstrated structural heterogeneity by exhibiting multiple, identifiable 
conformations in solution. To study the pharmacology and structure in more detail, a rational 
mutagenesis was pursued in combination with the standard Ala substitution. Residues of interest 
were decided using publicly available data on known peptides of similar sequence and function.  
The work presented here details the results of functional mutations at a single residue of Pre1a, K34, 
and how these changes strongly affected NaV selectivity towards specific isoforms.  

170  

Multifunctional peptides generated from palm kernel cake proteins  
Mohammad Zarei1 , Afshin Ebrahimpour 2 , Azizah Abdul-Hamid 2 , Fatimah Abu Bakar Abu 
Bakar 2 , Nazamid Saari 2  

1. Department of Food Science, Faculty of Food Science and Technology, Universiti Putra Malaysia, 
Serdang, Salangor, Malaysia 

The aim of this study was to generate multifunctional bioactive peptides from palm kernel cake (PKC) 
protein. Extracted PKC protein was hydrolyzed using different proteases Antioxidant activity and 

activity assay and O-phthaldialdehyde spectrophotometric assay, respectively. The results revealed a 
strong correlation between DH and radical scavenging activity of the hydrolysates, where among 
these, protein hydrolysates produced by papain after 30 h hydrolysis exhibited the highest DH (91 ±

enging activity (73.5 ± 0.25%) compared to the other protein
hydrolysates. The papain generated proteolysate was further fractionated based on hydrophobicity 
and isoelectric point to separate the peptides using RP 

 

HPLC and IEF methods, respectively. 
Consequently, nine peptides were identified and their respective antioxidant activities were evaluated. 
All of the nine peptides showed multifunctional activity. The antioxidant activity as measured by 
radical scavenging activity and chelating activity assays were found to be in the range of 31-71% and 
38-56% while those of ACE inhibitory activity and antibacterial were in the range of 40-100% and 10-
78%, respectively.. Fractionation of the most effective proteolysate by reverse phase high 
performance liquid chromatography indicated a direct association between hydrophobicity and radical 
scavenging activity. Isoelectric focusing tests also revealed that proteolysates with basic and neutral 
isoelectric point (pI) have the highest radical scavenging activity.The peptides derived from PKC 
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proteolysate were more potent and distinctive compared to those previously reported from the other 
protein sources. 

171  

Research on the Aggregation Kinetics of  Human Amylin  

De-Sheng Zhao1 , Yong-Xiang Cheng1 , Yan-Mei Li1  

1. Department of Chemistry, Tsinghua University, Haidian, BJ, China 
Small changes in the terminal region can result in significant differences in protein folding and 
aggregation for several important proteins. In this work, we described the impact of the C-terminus on 
determining the assembly process of amylin peptides via Thioflavin T (ThT) fluorescence assay, 
photo-induced cross-linking of unmodified proteins (PICUP) and conducted SDS PAGE-silver staining 
experiments. It has been proved that Amylin37-CONH2 aggregated remarkably faster than Amylin37-
COOH and there are more LMW oligomers during the aggregation process for Amylin37-COOH. From 
the molecule dynamics simulation of amylin37-COOH and amylin37-CONH2 dimers, we found that 
the amylin37-CONH2 dimers are more stable than amylin37-COOH, which may promote the 
aggregation process. This work provides us new clues to understanding the underlying mechanism of 
peptide aggregation and the development of toxicity induced by terminal differences and will be 
helpful for future work involving mutations and modifications at specific residues within these 
peptides. 

1. Mei-Sha Chen, De-Sheng Zhao, Ye-Ping Yu, Wei-Wei Li, Yong-Xiang Chen, Yu-Fen Zhao and 
Yan-Mei Li, Chem. Commun., 2013,49, 1799-1801 

2. C. Goldsbury, K. Goldie, J. Pellaud, J. Seelig, P. Frey, S. A. Muller, J. Kistler, G. J. Cooper and U. 
Aebi, J. Struct. Biol., 2000, 130, 352-362. 

3. E. T. Jaikaran, C. E. Higham, L. C. Serpell, J. Zurdo, M. Gross, A. Clark and P. E. Fraser, J. Mol. 
Biol., 2001, 308, 515-525. 

4. J. J. Valle-Delgado, I. Liepina, D. Lapidus, R. Sabate, S. Ventura, J. Samitier and X. Fernandez-
Busquets, Soft Matter, 2012, 8, 1234-1242. 

172  

Neurotensin analogue design: Stability and affinity improvement for in vivo 
analgesic activity 

Florine Cavelier1 , Adeline René1 , Pascal Tétreault2 , Mylène Lafrance2 , Nicolas Floquet1 , 
Philippe Sarret2 , Jean Martinez1  

1. IBMM, UM1-UM2-CNRS UMR 5247, Montpellier, France 
2. Department of Physiology and Biophysics, Faculty of Medicine and Health Sciences, Sherbrooke, 

Canada 
Neurotensin (NT) is a tridecapeptide, which was first isolated from bovine hypothalamus1. This 
molecule exerts a variety of physiological effects as hypothermia, analgesia or antipsychotic 
properties. Structure-activity relationship studies showed the minimal active sequence was the C-
terminal fragment called NT(8-13). As many peptides, neurotensin has a short half-life time due to 
enzyme degradation. Indeed, electrophoresis analysis and plasmatic stability studies highlighted that 
specific enzymes affect three out of the five peptide bonds. 
To overcome neurotensin instability, we developed several NT analogues using different approaches 
including unnatural amino acid incorporations2 , peptide bond modifications and cyclisation3 . One of 
our objectives was to target the NT-induced analgesic effect. Among the three receptor subtypes, 
Sarret et al4  showed that selectivity toward NTS2 receptor is a parameter that has to be considered in 
the analogue design strategy. Molecular modelling calculations have been instigated to assist the 
understanding of NTS2 selectivity and help the design of new analogues. 
A strategical approach was initiated to study structure-activity relationship of the active NT(8-13) 
fragment and offered an access to bioactive and resistant NT-analogues. Synthesis, binding affinity 
as well as in vivo analgesic activity on acute and neuropathic pain in rats will be presented. 
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1. Carraway, R. E., Leeman S. E., (1973), J. Biol. Chem. 248: 6854-6861. 
2. Vivet, B., Cavelier, F., Martinez, J. (2000), Eur. J. Org. Chem. 5, 807-811. 
3. Bredeloux, P., Cavelier F., Dubuc, I., Vivet, B., Costentin, J., Martinez, J., (2008), J. Med. Chem., 

6, 1610-1616. 
4. Roussy, G., Dansereau, M-A., Baudisson, S., Ezzoubaa, F., Belleville, K., Beaudet, N., Martinez, 

J., Richelson, E., Sarret, P., (2009), Mol Pain., 5, 38. 

173  

Prospection of Bioactive Molecules for G Protein Coupled Receptors: Mass 
spectrometry as a tool to explore new specific ligands  

Camila Cologna1 , Nicolas Gilles2 , Denis Servent2 , Edwin de Pauw1 , Loic Quinton1  

1. Universite de Liège, Liège, Wln, Belgium 
2. -S, SIMOPRO, Gif-sur-Yvette, France 
G-protein-coupled receptors (GPCRs) constitute the largest family of transmembrane proteins. They 
control almost all physiological processes in humans and consequently emerge as a molecular target 
of around 40% of the commercially available drugs. However, most of the GPCRs subtypes are still 
unexplored, mostly due to the lack of specific ligands. Since the number of bioactive compounds 
found in animal venoms can reach up to 40 millions, the use of this natural library as a source for new 
ligands and pharmacological tool discoveries comes to light. This work aimed the development and 
the improvement of a new MS based technique able to identify new ligands for GPCRs. Vasopressin 
type 2, human Endothelin (ET-B) and human Muscarinics M1 receptors were incubated with their 
respective ligands (vasopressin, endothelin-1, and MT-7 toxin) plus a simple mix of known peptides. 
After the incubation, two fractions were obtained: one containing the peptides that bound to the 

fractions were analyzed with a MALDI-TOF/TOF. The second phase of this work is linked to the 
incubation of receptors with crude (or fractions of) animal venom to ensure the workability of the 
protocol when applied for a complex mixture of unknown compounds and to discover new specific 
ligands. The MS analyses showed the presence of the non-specific peptides in the free fraction, while 
the ligands were just detected in the bound fraction. These results demonstrate the feasibility of the 
protocol in fishing for specific ligands. The presented work developed and improved a new 
methodology to screen for specific ligands for GPCR in either a simple mixture or a complex mixture; 
in consequence, this may assist the discovery of new ligands or even characterize orphan receptors, 
since the protocol can be adapted for other GPCR. 

174  

Convenient synthesis of phosphonopeptides and sulfonopeptides 
Jiaxi Xu1 , Fanhua Meng, Saeed Kakaei 
1. Beijing University of Chemical Technology, Chaoyang District, Beiji, China 
Phosphonopeptides and sulfonopeptides are important phosphorus and sulfur analogues of naturally 
occurring peptides. They have been widely used as stable mimetics of tetrahedral transition states for 
the hydrolysis of peptides and proteins in recent years. The phosphonopeptides and sulfonopeptides 
as transition state analogues have also been exploited as enzyme inhibitors and as haptens for 
catalytic antibody research.  
Recently, we developed a new and effective one-pot approach to synthesizing phosphonopeptides, 
phosphonodepsipeptides, phosphinopeptides, and phosphinodepsipeptides using the Mannich-type 
pseudo four component condensation reaction of carbamates/amino amides, aldehydes, and 
dichlorophosphite/aryldichlorophosphines, followed by aminolysis, alcoholysis, and hydrolysis. This 
is an economic and convergent synthesis of phosphonopeptides. 
For synthesis of sulfonopeptides with various functionalized side-chains, an efficient and convenient 
method was developed.  We synthesized O-ethyl S-(2-N-protected aminoalkyl) xanthates via the 
radical addition of various xanthates to N-allylphthalimide. The synthesis of N- -substituted 

-aminoalkanesulfonopeptides was realized via NCS/HCl oxidative chlorination of xanthates or 
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thioacetates to the corresponding sulfonyl chlorides followed by reaction with amino esters. It is a 
useful and efficient strategy for the synthesis of sulfonopeptides with diverse functionalized side-
chains. 
In summary, efficient strategies for synthesis of phosphonopeptides and ulfonopeptides have been 
provided. 

175  

Synthesis of covalent RANTES-PF4 heterodimers using an optimized oxime 
strategy 
Stijn Agten1 , Dennis Suylen1 , Hans Ippel1 , Ingrid Dijkgraaf1 , Pieter van de Vijver1 , Kevin 
Mayo1 , Christian Weber1 , Rory Koenen1 , Tilman Hackeng1  

1. Maastricht University, Maastricht, LB, Netherlands 
Atherosclerosis is caused by chronic inflammation of the arterial wall leading to serious complications 
such as myocardial infarction and stroke. Inflammation is driven by recruitment of mononuclear cells 
to the vascular wall, a process that is exacerbated by platelet-dependent deposition of chemokines 
CCL5 (RANTES) and CXCL4 (platelet factor 4: PF4) on the inflamed endothelium. Recently it was 
found that heterodimer formation of RANTES and PF4 promotes monocyte recruitment to the 
vascular wall and might thus be a very suitable clinical target.  
In order to study the mode of action of the RANTES-PF4 heterodimer bridging the monocyte-
endothelium interactions, synthetic access to a homogenous covalently linked RANTES-PF4 
molecule was needed. Molecular dynamics simulations and HSQC chemical shift mapping show that 
non covalent RANTES-PF4 interactions are occurring in the N-termini of the chemokines1. However, 
as RANTES interacts with its receptor via the N-terminus it was hypothesized that a coupling of the 
two termini would not lead to an active dimer. Based on the molecular dynamics, positions for 
covalent bond formation between the two proteins were identified that will not influence chemokine 
activity. The covalent linkage will be made with an oxime bond using novel oxime formation chemistry. 
The usual introduction of a ketone functionality through levulinic acid led to low yields in a model 
setup. It was found that cyclization leads to a side product that is unable to react with the aminooxy 
modified protein. A mechanism for cyclization of levulinic acid was proposed based on NMR 
measurements. The oxime formation was optimized using alternative keto-acids; kinetics of the oxime 
formation were characterized. Both PF4 and RANTES were synthesized in three parts and ligated 
using native chemical ligation. PF4 and RANTES were modified with ketone and aminooxy moieties, 
respectively. Results of the heterodimer synthesis with optimized oxime chemistry will be presented.  

1. R. R. Koenen, P. von Hundelshausen, I. V. Nesmelova, A. Zernecke, E. A. Liehn, A. Sarabi, B. K. 
Kramp, A. M. Piccinini, S. R. Paludan, M. A. Kowalska, A. J. Kungl, T. M. Hackeng, K. H. Mayo, 
C. Weber, Nat Med 2009, 15, 97-103. 

176  

The cyclic cystine ladder in theta-defensins is a structured and stable scaffold 
for the design of peptide therapeutics.  

Anne Conibear1 , Johan Rosengren1 , David Craik1  

1. The University of Queensland, St Lucia, QLD, Australia 
Many disease processes are mediated by protein-protein interactions that involve large molecular 
surfaces and highly specific contacts, making them difficult to disrupt using small organic molecules. 
Peptides are able to fill the size and specificity requirements needed to target protein-protein 
interactions, and cyclic peptides have the additional advantage that they have the stability needed to 
withstand protease-rich biological environments. Theta-defensins are cyclic peptides from mammals 
and have inherent antimicrobial and immunomodulatory properties, and low cytotoxicity. In addition to 
these inherent properties, we have demonstrated that the core structural motif of theta-defensins, the 
cyclic cystine ladder, can also be used as a structured and stable scaffold for the design of peptide 
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therapeutics. We explored the role of the cyclic peptide backbone and three disulfide bonds 
comprising the cyclic cystine ladder and showed that one or two disulfides can be removed without 
compromising the thermal or serum stability. Inclusion of an integrin-binding RGD motif in either or 
both of the turn regions demonstrated that a desired bioactivity can be imparted to the cyclic cystine 
ladder, and also highlighted the potential for designing dual-functionalised theta-defensin analogues. 
This study demonstrates that the cyclic cystine ladder of theta-defensins is a versatile scaffold for 
providing stability and conformational restriction to bioactive epitopes in a beta-strand or hairpin 
conformation and has the potential to be applied as a scaffold for targeting protein-protein interactions 
involved in a variety of diseases. 

177  

Development of stabilized helical peptides for vitamin D receptor-coactivator 
interaction inhibitor 

Yosuke Demizu1 , Megumi Kawamura1 2 , Yukiko Sato1 , Mitsunobu Doi3 , Masakazu Tanaka4 , 
Masaaki Kurihara1 2  

1. National Institute of Health Sciences, Setagaya, Tokyo, Japan 
2. Graduate School of Bioscience and Biotechnology, Tokyo Institute of Technology, Yokohama, 

Kanagawa, Japan 
3. Osaka University of Pharmaceutical Sciences, Osaka, Japan 
4. Graduate School of Biomedical Sciences, Nagasaki University, Nagasaki, Japan 
Antagonistic vitamin D receptor (VDR) ligands are considered to be useful for the treatment of 

5-dihydroxyvitamin D3 2D3

disease of bone, which results in an abnormal bone architecture.  To date, several secosteroidal VDR 
antagonists have been developed.  In addition, small molecules and peptides containing the 
consensus sequence LXXLL [L: leucine (Leu), X: any amino acid residue] have been demonstrated to 
inhibit VDR-coactivator interactions.  Therefore, they are also considered to be drug candidates for 
reducing VDR-mediated transactivation.  In order to bind to the VDR, small molecules/peptides must 
contain three Leu residues or Leu mimics.  Furthermore, small peptides have to have an -helical 
structure to efficiently interact with the VDR.  It is sometimes difficult to form stable -helices in short 
peptides.  However, -disubstituted -amino acids and a covalent cross-linking system have been 
demonstrated to be useful for stabilizing the helical structures of such peptides.  Here, we developed 
several stabilized helical peptides containing the LXXLL motif and evaluated their ability to inhibit 
VDR-coactivator interactions.  The peptides were prepared by solution-phase methods using EDC 
and HOBt as coupling reagents.  These peptides were examined the inhibitation assay by human 
VDR on receptor cofactor system, and some of them showed moderate-to-

 

1. Demizu, Y., Tanaka, M. et al., Chem. Eur. J. 2012, 18, 2430. 
2. Demizu, Y., Kurihara, M. et al., J. Org. Chem. 2012, 77, 9361. 

178  

Gp10 based-thioetherification (10BASEd-T) on a displaying peptide of the 
bacteriophage T7  

Keisuke Fukunaga1 , Masumi Taki1  

1. The University of Electro-Communications, Chofu-city, Tokyo, Japan 
Here, we report that site-specific introduction of haloacetamide derivatives into designated cysteines 
on a displaying peptide at a capsid protein (gp10) of a bacteriophage T7 has been achieved. This 
easiest gp10-based thioetherification (10BASEd-T) undergoes almost quantitatively in one-pot without 
side reaction or loss of phage infectivity. Construction of such peptide-based library possessing  non-
natural structure will be useful for future drug discovery. For this aim, we constructed a 
tetramethylrhodamine-conjugated peptide library and isolated a glutathione S-tarnsferase binder with 

successfully constructed stapled peptide libraries. 
Affinity selection against target proteins with the peptide library is currently underway, and we have 
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already obtained several candidates. Functional analysis of the peptides in vitro and in vivo is also in 
progress. 
In conclusion, we established a general and instant method of post-translational chemical modification 
for peptide library on T7 phage.   

179  

Fmoc-Cys(Ddm) and Fmoc-Cys(MBom) prevent the risk of racemization in 
solid phase peptide synthesis  

Hajime Hibino1 , Yuji Nishiuchi1 2  

1. Peptide Inst. Inc., Ibaraki-Shi, Osaka, Japan 
2. Graduate School of Science, Osaka University, Toyonaka-Shi, Osaka, Japan 
In Fmoc chemistry, the Trt group is widely accepted as offering protection for Cys. However, the use 
of Fmoc-Cys(Trt) in peptide synthesis occasionally entails serious obstacles: (1) racemization of Cys 
arising during its incorporation mediated by phosphonium or uronium reagents such as PyBOP or 
HBTU, respectively, and (2) racemization of the C-terminal Cys esterified to the solid support during 
repetitive base treatment. These may hamper purification of the products including those obtained 
after the NCL and disulfide formation reactions. Therefore, the carbodimide-mediated coupling 
method has been recommended to reduce the racemization rate to acceptable levels (<1.0%), 
although the DIC/HOBt method is considered to have no advantage in terms of coupling efficiency 
over that using PyBOP/HBTU. In addition to this, racemization of the C-terminal Cys likely to occur 
even when employing a Trt-type resin with the aid of its steric hindrance. In the present study, we 
reviewed the acid-labile protecting groups on Cys from the perspective of suppressing racemization 
both when Cys incorporation is conducted with PyBOP/HBTU and when Cys is linked to a resin via 
ester linkage. The base-catalyzed racemization of Cys is considered to proceed via enolization due to 

-proton abstraction. To destabilize this enol form, therefore, 
an S-protecting group that possesses an electron-donating and/or a sterically-hindered effect(s) would 
be essential to prevent racemization of Cys. As had been expected, the 4-methoxybenzyloxymethyl 

-dimethoxydiphenylmethyl (Ddm) groups were found to effectively prevent the risk of 
Cys racemization during its incorporation and that of the C-terminal Cys esterified to the solid support. 
Even when performing the 1-min preactivation procedure of coupling with Fmoc-amino acid/HCTU/6-
Cl-HOBt/DIEA (4/4/4/8 euiv) in DMF, Fmoc-Cys(Ddm) and Fmoc-Cys(MBom) caused a significant 
reduction in the level of racemization (0.6% and 0.4%, respectively) while Fmoc-Cys(Trt) led to a 
considerable level of racemization (8.0%).   
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180  

Cyclic Pentapeptides As Alpha Helix Nucleators In Unstructured Peptides  
Huy N Hoang1 , Timothy A Hill1 , Russell Driver1 , Fabien Plisson1 , David P Fairlie1  

1. Division of Chemistry and Structural Biology, Institute for Molecular Bioscience, The University of 
Queensland, St Lucia, Brisbane, 4071, QLD, Australia   

-helix in water is a pentapeptide stabilized by cyclisation.1 Here we closely 
compare the alpha helicity of several cyclic pentapeptides and then examine one as an alpha helix 
nucleator appended to the N- versus C-terminus of short unstructured peptides. The structures of 
cyclic pentapeptides Ac-(cyclo-1,5)-[KAAAD]-NH2 (1), Ac-(cyclo-1,5)-[DAAAK]-NH2 (2) and Ac-(cyclo-
1,5)-[EAAAK]-NH2 (3) were compared by CD and 2D proton NMR spectroscopy, with (1) being the 
most alpha helical in water.  However, detailed NMR studies revealed a small defect from idealised 
alpha helical geometry near the C-terminal Asp residue in (1), due to torsional strain imposed by the 
K(i)¦D(i+4) lactam bridge. The more water-soluble Ac-(cyclo-1,5)-[KARAD]-NH2 (4), being identical to (1) 
in helicity and structure, was appended to the N- or C- or N- and C- termini of an unstructured 

0% and 100% alpha helicity 
respectively in water (10 mM phosphate buffer, pH 7, 25°C). Detailed analysis by 1D and 2D 1H NMR 
spectra, including multiple solution structure determinations, Ramachandran plots and molecular 
dynamics simulations highlighted torsional effects imposed by the K(i)¦D(i+4) lactam bridge and 
explained why Ac-(cyclo-1,5)-[KARAD]-NH2 is more effective as an alpha helical nucleator when 
appended to the C-terminus of a peptide sequence. Finally, the capacity of (4) to nucleate alpha 
helicity was investigated through attachment to extended 10-25 residue palindromic peptide 

-helical in water 
before the helix structure dissipated.  

Figure 1. A model cyclic pentapeptide as N- and C-termini helical inducer caps. The dotted lines are 
represented H-bonds and atoms colored blue and red are possible H-bond donors and H-bond 
acceptors respectively. 

1. Shepherd, N. E.; Hoang, H. N.; Abbenante, G.; Fairlie, D. P. J Am Chem Soc 2005, 127, 2974.    
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O-
Acyl Isopeptide 

Hiroyuki Kawashima1 , Youhei Sohma1 2 , Tomoya Nakanishi1 , Hitomi Kitamura1 , Hidehito 
Mukai1 3 , Masayuki Yamashita1 , Kenichi Akaji1 , Yoshiaki Kiso1 3  

1. Center for Frontier Research in Medicinal Science, Kyoto Pharmaceutical University, Yamashina-
ku, Kyoto, Japan 

2. Graduate School of Pharmaceutical Sciences, The University of Tokyo, Bunkyo-ku, Tokyo, Japan 
3. Laboratory of Peptide Science, Nagahama Institute of Bio-Science and Technology, Nagahama, 

Shiga, Japan 

development of an anti-Alzheimer's disease agent. In this context, a number of fragment peptides of 

 

[1]  in many cases with modifications (e.g., N-methylation, replacement with D-amino acid), have 
been reported as aggregation inhibitors of full-

-strand-formi -
progress packings into fibrillar aggregates. 
We previously reported that an O- 42 (1), in which a Gly25 Ser26 amide bond of 

42 was isomerized to an ester bond at th -hydroxy group of Ser26, exhibited considerably 
42. [2] Here, we demonstrate that 1 also has a capability of 

42 at equimolar ratio. In addition, the inhibitory activity was retained in 
the N-Me- -Ala26 derivative 2, in which the ester of 1 was replaced with N-methyl amide to avoid O-to-
N acyl rearrangement under the neutral pH conditions, verified by the measurements of fluorescence 
anisotropy, western blot analysis and atomic force microscopy. The results would provide a valuable 

25

Ser26, towards an anti-

 

1. Stains, C. I.; Mondal, K.; Ghosh, I. ChemMedChem 2007, 2, 1674. 
2. Sohma, Y.; Kiso, Y. Chem. Rec. 2013, 13, 218. 

183  

Amino Acids and Peptides as Efficient Catalysts for Various Asymmetric 
Organic Transformations 

Christoforos Kokotos1  

1. University of Athens, Athens, Greece 
Over the past decade several peptides have emerged as efficient organocatalysts for various 
asymmetric transformations.1 Within our project dedicated to the development of organocatalysts 
based on amino acids and peptides, we have reported that primary amine-thioureas based on di-tert-
butyl aspartate are excellent organocatalysts for the Michael reactions.2 Herein, we present our work 
based on simple amino acids and peptides that can be efficiently employed as catalysts for the aldol 
reaction, the Michael reaction and the epoxidation reaction. Tripeptide and tripeptide mimetics based 
on proline have been employed for the aldol reaction leading to high yields (up to 99%) and 
selectivities (up to 99% ee).3 More recently, we have disclosed the use of either phenylalanine or 
aspartate derivatives as catalysts for the Michael reaction between aldehydes and maleimides leading 
to substituted succinimides in high yields and selectivities with low catalysts loading (1 mol%).4 

-amina -
-

disubsituted amino acid derivatives.5 Finally, our efforts have been focused on the design and 
synthesis of tripeptides bearing thioureas that can be employed as catalysts for the asymmetric 
epoxidation reaction of olefins. 

-financed by ESF and the Greek State 
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1. Wennemers H. Chem. Commun., 2011, (47): 12036-12041. 
2. a) Kokotos C. G., Kokotos G. Adv. Synth. Catal., 2009, (351): 1355-1362. b) Tsakos M., Kokotos 

C. G., Kokotos G Adv. Synth. Catal., 2012, (354): 740-746.  
3. Fotaras S., Kokotos, C. G., Kokotos, G. Org. Biomol. Chem., 2012, (10): 5613-5619. 
4. Kokotos C. G. Org. Lett., 2013, (15): 2406-2409. 
5. Theodorou A., Papadopoulos G. N., Kokotos C. G. Tetrahedron, 2013, (69): 5438-5443. 

184  

Synthesis of BVD15 Analogues as Models for Radioligands in Tumour Imaging 
Mengjie Liu1 , Simon J Mountford1 , Lei Zhang2 , Herbert Herzog2 , Philip E Thompson1  

1. Medicinal Chemistry and Drug Action, Monash Institute of Pharmaceutical Sciences, Parkville, 
VIC, Australia 

2. Neuroscience 
Darlinghurst, NSW, Australia 

Breast carcinomas are prevalent in females around the world. However, current diagnostic and 
therapeutic measures are limited by low sensitivity and specificity. Breast carcinomas are found to 
over-express neuropeptide Y (NPY) Y1 receptors, whose functional roles in tumour growth and 
metastasis have been demonstrated.1 Therefore, Y1 receptor is a valuable target for diagnosis and 
treatment of breast carcinomas. Here we describe the synthesis of 38 truncated NPY analogues as 
models for Y1-specific peptidic radioimaging agents used in positron emission tomography. These 
sequences are based on the previously reported Y1 antagonist BVD15 scaffold.2  Different strategies 
to improve Y1 affinity and metabolic stability were investigated. We found that a basic amino acid 
residue at position 4 improved Y1 affinity, and Arg4 substituted analogues possessed excellent 
tolerability to N-terminal aryl capping groups. While various conjugations at Lys4 -amine were 
tolerated, a further N-terminal aryl group sacrificed affinity. Replacing Asn2 by a Lys retained affinity, 
and a NOTA conjugation at its -amine was well tolerated. Modifications to position 5 were limited to 
small prosthetic groups. Finally, incorporation of D-amino acids for stability enhancement caused loss 
of Y1 affinity. 

1. Reubi, J. C., Gugger, M., Waser, B. & Schaer, J.-C. Cancer Res. 61, 4636-4641 (2001).  
2. Leban, J. J. et al. J. Med. Chem. 38, 1150-1157 (1995).  

185  

Synthesis of cyclic -disubstituted amino acids bearing a pendent chiral 
center and conformational analysis of heteropeptides containing their amino 
acids 
Makoto Oba1 , Ikumi Kato1 , Yosuke Demizu2 , Masaaki Kurihara2 , Mitsunobu Doi3 , Yukiko 
Takano4 , Hiroshi Suemune4 , Masakazu Tanaka1  

1. Nagasaki University, Nagasaki, Japan 
2. National Institute of Health Sciences, Tokyo, Japan 
3. Osaka University of Pharmaceutical Sciences, Osaka, Japan 
4. Kyushu University, Fukuoka, Japan 
Cyclic -disubstituted amino acids, in which the side chain becomes a cyclic structure, have 
attracted considerable attention because of their characteristic properties, such as chemical stability, 
metabolic stability, and conformational restriction.  We recently reported that side-chain chiral centers 
of amino acids affect the secondary structures of their peptides.  Herein, we wish to report the 
synthesis of chiral cyclic -disubstituted amino acids; (S)-PipMe,Ph and (S)-oPipMe,Ph, and also the 
preparation of heteropeptides containing them in dimethylglycine sequence. Amino acids Cbz-(S)-
PipMe,Ph-OMe and Cbz-(S)-oPipMe,Ph-OMe were prepared using dimethyl malonate and 2-
bromomethyl-1,3-dioxolane as starting materials.  The synthesis of heteropeptides was carried out 
according to solution-

  

FT-IR and 
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NOESY 1H NMR spectra indicated that (S)-PipMe,Ph heteropeptide preferentially formed a 310-helical 
structure in CDCl3 solution.  X-ray crystallographic analyses indicated that (S)-PipMe,Ph heteropeptide 
formed both right-handed (P) and left-handed (M) 310-helical structures, while (S)-oPipMe,Ph 

heteropeptide formed (P) 310-helical structure. 

186  

PepFect 20-28; a series of novel amphipathic cell-penetrating peptides 
Jakob Regberg1  

1. Stockholm University, Stockholm, Sweden 
Cell penetrating peptides (CPPs) are peptides capable of crossing the cellular membrane and 
transporting cargoes into the cell. In most cases CPPs are cationic peptides, 8-30 amino acids long 
and commonly either primary or secondary amphipathic. 
CPPs have gained considerable interest as potential delivery systems for drugs and oligonucleotide 
therapies; most of this has been focused on peptides derived from naturally occurring proteins or 
chimeric combinations of protein-derived and synthetic sequences. Purely synthetic CPPs have also 
been reported, in many cases synthetic peptides are simple poly-amino acid sequences such as 
polyarginines, but there are also examples more complex synthetic structures. 
In a recent study, we have developed a series of novel cell-penetrating peptides using a combination 
of the model amphipatic peptide (MAP) sequence and PepFect strategies. Stearyl-MAP and a series 
of stearyl modified MAP analogues were designed and synthesized. The novel peptides were found to 
form non-covalent peptide-plasmid complexes by co-incubation of peptides and plasmids in water 
solution, the complexes were characterized by dynamic light scattering and cellular uptake of the 
complexes was studied in a luciferase based plasmid transfection assay. A quantitative structure-
activity relationship (QSAR) model of cellular uptake was developed and experimental uptake data 
correlated to QSAR predictions. The predicted biological effects obtained from the model correlated 
well with experimental data. This QSAR model could potentially be used to understand structural 
requirements for cell penetration, or to predict novel CPP sequences. 

187  

Semi-enzymatic cyclisation of disulfide-rich peptides using Sortase A  

Christina I Schroeder1 , Soohyun Kwon1 , Xinying Jia2 , Yen-Hua Huang1 , Jason Mulvenna2 , 
David J Craik1  

1. Institute for Molecular Bioscience, Brisbane, QLD, Australia 
2. Queensland Institute for Medical Research, Brisbane, QLD, Australia 
Cyclotides are head-to-tail backbone cyclized peptides with knotted topology brought about by three 
conserved disulfide bonds1. Kalata B1 was one of the first cyclotides discovered and is now well-
characterized in terms of its structure and activity2. Due to its remarkable stability at high temperature 
and on exposure to proteases it has been considered as a potential drug scaffold3,4. To date, the most 
commonly used method for peptide head-to-tail cyclization has been native chemical ligation5. 
However, enzyme-mediated cyclization has been emerging rapidly in recent years because of several 
attractive properties, including efficiency, safety and cost-effectiveness. Sortase A is a bacterial 

the peptide bond between Thr and Gly6 following attack by a poly-glycine sequence resulting in an 
amide bond formation. Here, we present the cyclization of the disulfide rich kalata B1 by sortase A as 
a proof of concept of disulfide rich peptide cyclization by enzymes. The successful cyclization of 
kalata B1 with LPVTG motif in loop 6, its structure and activity will be discussed.  
1 D.J. Craik, N.L. Daly, T. Bond, C. Waine, J Mol Biol, 1999, 294, 1327-1336. 
2 N.L. Daly, K.J. Rosengren, D.J. Craik, Adv Drug Deliv Rev, 2009, 61, 918-930.  
3 M.L. Colgrave, D.J. Craik, Biochemistry, 2004, 43, 5965-5975. 
4 S. Gunasekera, et al. J Med Chem, 2008, 51, 7697-7704. 
5 P.E. Dawson, T.W. Muir, I. Clark-Lewis, S.B. Kent, 1994, Science 266, 776-779. 
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6 H. Ton-That, G. Liu, S.K. Mazmanian, K.F. Faull, O. Schneewind, Proc Natl Acad Sci U S A, 1999, 
96, 12424-12429.  

188  

Organic Peptides - New Technologies for a bio-based Production  

Christian Schwarz1 , Sander Smits1 , Thomas Schwarz2 , Lutz Schmitt1  

1. Institute of Biochemistry, Heinrich Heine University Duesseldorf, Duesseldorf, NRW, Germany 
2. Cluster of Industrial Biotechnology 2021, CLIB2021, Duesseldorf, Germany 
Peptides are a very attractive and promising class of biomolecules combining high specificity and 
activity, low toxicity and unique characteristics. Previously mainly applied in oncology, the peptide 
market has broadened and nowadays peptides are considered in various fields 

 

for example 
metabolic diseases, obesity, as antimicrobials, surfactants or bio-glues. The global market is 
continuously growing and reached 14 billion US $ in 2014, considering only therapeutic peptides. 
Above 70 therapeutic peptides are currently on the market and a tremendous progress in this field is 
ongoing reflected by 270 peptides in the clinical and 400 peptides in the preclinical phase of 
development.  
Despite the obvious demand, major challenges are limiting the sustainable growth of the peptide 
market. A major challenge is the manufacturing process of peptides, especially in large scales. 
Currently, more than 90 % of peptides are produced by chemical synthesis (solid-phase or solution-
phase peptide synthesis). Suitable for many peptides up to 30 amino acids, these techniques are 
challenged with the production of long, hydrophobic or repetitive peptides. Moreover, they are rather 
expensive, difficult to up-scale and generate huge amounts of chemical waste.      
In contrast, the bio-based, recombinant production of peptides is currently very restricted and no 
suitable platform-technologies exist. Here, the major limitations are 1. the expression of peptides per 
se, 2. the intrinsic instability of peptides directing them to proteolytic degradation and 3. the tendency 
of peptides to form insoluble aggregates. 
Here, we present new bio-based approaches for the efficient production of peptides. These 
technologies tackle limitations of chemical synthesis and allow the recombinant production of peptides 
in high yields and in a cost-efficient and an organic way. 

189  

Effect of amino acid side chain length on the pH and temperature 
-hairpin peptide hydrogels  

Chomdao Sinthuvanich1 , Katelyn J. Nagy2 , Joel P. Schneider2  

1. Department of Biochemistry, Faculty of Science, Kasetsart University, Bangkok, Thailand 
2. Chemical Biology Laboratory, National Cancer Institute, Frederick National Laboratory for Cancer 

Research, Frederick, Maryland, United States 
Hydrogels is a class of material that composed of heavily hydrated network. It has been studied and 
used in various biomedical applications including drug delivery, cell therapy and tissue engineering. In 
our lab, we are interested in generating an acidic peptide-based hydrogel for cellular delivery and 

-hairpin peptides capable of folding and self-assembly affording self-
supportive hydrogels were rationally designed. Then, acidic amino acids with different side-chain 
length were incorporated into each peptide to investigate the folding, self-assembling and 
subsequently rheological behavior of the hydrogels. The resulted peptides are VX, VE and VD, 
composed of aminoadipic acid, glutamic acid and aspartic acid as one of the building blocks 
respectively. Each peptide undergoes gelation in response to changes in environmental pH and 
temperature. The side-chain length of amino acids dictates the conditions at which folding and self-
assembly is permitted. For examples, at 50oC pH 7.0, VX folds and self-assemble affording self-
supporting hydrogel while VD remains unfold as shown by circular dichroism spectroscopy and 
oscillatory rheology. All VX, VE and VD display similar network morphologies as revealed by 
transmission spectroscopy even though the building blocks are different. To generate acidic hydrogels 
that can form under physiological conditions, VE3 and VEQ1 were then designed by controlling 
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peptides' charge state. Both gels can be used to directly encapsulate cells providing homogeneous 
cellular distribution. The shear-thinning and recovery property as well as the cytocompatility of the 
VE3 and VEQ1 gels make them promising cell carriers and scaffolds for tissue engineering 
applications.  

190  

Heating and Microwave assisted SPPS of C-terminal acid peptides: The truth 
behind the yield  
Gilles Subra1 , Cécile Echalier1 , Soultan Al-Halifa1 , Aude Kreiter2 , karine Puget2 , Jean 
Martinez1 , Muriel Amblard1 , Pascal Verdie1 , Luisa Ronga2 , Pierre Sanchez1  

1. Amino acids, Peptides and Supported synthesis, IBMM institute of biomolecules Montpellier, 
Montpellier, 34, France 

2. Genepep, Saint Jean de Vedas, France 
Microwave (MW) irradiation is now accepted as an alternative and efficient way of heating, speeding 
up organic reaction.  Applied to SPPS,  the thermal effect of MW12  enable the synthesis of a 20-mer 
in few hours.  However, despite correct purity of crude peptides prepared in Fmoc/tBu microwave 
assisted SPPS3 , surprisingly, lower yields than those expected were obtained while preparing C-
terminal acid peptides on trityl resin. This could be explained by cyclisation/cleavage through 
diketopiperazine formation during the second amino acid deprotection and third amino acid coupling. 
However, we provide here evidence that it is not the case and that this yield loss was due to high 
temperature promoted cleavage of the 2-chlorotrityl ester, releasing the growing C-terminal acid 
peptides in solution through a SN1 hydrolysis during MW-assisted SPPS. This mechanism is simiral to 
which was observed to explain trityl acetate hydrolysis in solution.4  

Three different peptide models (compds 1 2 and 3) were synthesised with and without heating, 
examining the yields and the side products. Moreover, a tripeptide model was prepared to perform 
kinetic studies at different stages of the MW assisted SPPS cycle. 

Cmpd # sequence MW (g/mol) Yield (%) (RT) Yield (%) (70 °C) 

1 H-EKRYCS-OH 784.8  64.6 7.2  

2 H-GSNKGAIIGLM-OH 1060.3 95 2.6 
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3 H-WHWLQLKPGQPMY-OH 1684.0 91 0.5 

At last we demosntrated that  is possible to get advantage of the thermal instability of trityl-peptidyl 
resin to cleave in neutral conditions a fully protected peptide. However, due to long reaction times that 
could be required (> 48 hours), a careful monitoring of the released peptide has to be set up to ensure 
that side chain protecting groups are not partially removed. 

1. Bacsa B, Horvati K, Bosze S, Andreae F, Kappe Solid-phase peptide synthesis at elevated 
temperatures - A comparison of conventional and microwave heating technology. J Pept Sci 14 
(8):73-73 2008 

2. Barlos K, Chatzi O, Gatos D, Stavropoulos G 2-Chlorotrityl Chloride Resin - Studies on Anchoring 
of Fmoc-Amino Acids and Peptide Cleavage. Int J Pept Prot Res 37 (6):513-520 1991 

3. Pedersen SL, Tofteng AP, Malik L, Jensen KJ Microwave heating in solid-phase peptide 
synthesis. Chem Soc Rev 41 (5):1826-1844 2012 

4. Horn M, Mayr H Stabilities of Trityl-Protected Substrates: The Wide Mechanistic Spectrum of 
Trityl Ester Hydrolyses. Chem-Eur J 16 (25):7469-7477 2010 

191  

Using the SFTI scaffold to deconstruct and redirect the Laskowski mechanism 
of protease inhibition.  
Joakim E Swedberg1 , Simon J de Veer2 , Muharrem Akcan1 , Johan K Rosengren1 , David J 
Craik1 , Jonathan M Harris2  

1. Institute for Molecular Bioscience, The University of Queensland, Brisbane, QLD, Australia 
2. Institute of Health and Biomedical Innovation, Queensland University of Technology, Brisbane, 

QLD, Australia 
Laskowski inhibitors play vital roles in development, cell differentiation and death by reversibly 
inhibiting proteolytic enzymes. In nature, these inhibitors masquerade as efficient substrates but they 
avoid the fate of genuine substrates by way of a unique religation reaction that restores the reactive 
site bond following cleavage 1,2  . Understanding this mechanism is imperative when adapting these 
molecules for new protease targets. Here, we use the cyclic peptide, sunflower trypsin inhibitor-1 
(SFTI-1)3 , as a model system to explore the molecular basis for Laskowski inhibitor potency and 
specificity. We demonstrate that pre-organization of the inhibitory loop confers rapid binding 
association while coordinated inter- and intramolecular interactions promote religation and slow 
release. By applying these concepts to SFTI-1, we engineered a series of potent inhibitors tailored for 
selective or broad-range inhibition. Analyzing fold-divergent inhibitor families revealed that these 
features are generally applicable to Laskowski inhibition, providing new insights on protease inhibitor 
function and design. 

1. Laskowski M, Jr. & Qasim MA (2000) What can the structures of enzyme-inhibitor complexes tell 
usabout the structures of enzyme substrate complexes? Biochim Biophys Acta 1477(1-2):324-
337. 

2. Zakharova, E., Horvath, M.P. & Goldenberg, D.P. Structure of a serine protease poised to 
resynthesize a peptide bond. Proc. Natl. Acad. Sci. U. S. A. 106, 11034-9 (2009). 

3. Luckett S, et al. (1999) High-resolution structure of a potent, cyclic proteinase inhibitor from 
sunflower seeds. J Mol Biol 290(2):525-533. 

192  

Synthesis of potent mu

 

Jingjing Wan1 , Mehdi Mobli2 , Andreas Brust1 , Irina Vetter1 , Stuart Brierley3 , Mathias Nilsson4 

, Richard Lewis1 , Paul Alewood1  

1. Institute for Molecular Bioscience, University of Queensland, Brisbane, QLD, Australia 
2. Centre for Advanced Imaging, University of Queensland, Brisbane, QLD, Australia 
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3. Discipline of Medicine, University of Adelaide, Adelaide , SA, Australis 
4. School of Chemistry, University of Manchester, Manchester, United Kingdom  
Peptide dendrimers as therapeutics have potential use in different biotechnological 
applications.1 Nevertheless, the efficient conjugation of peptides containing disulfide bonds to a core 
dendron may be challenging due to the steric hindrance.2,3 In this study we describe the synthesis, 
structure, functional activity and anti-nociceptive properties of dendrimeric oxytocin (OT) agonists 
containing one disulfide bond. Dendrimeric peptides with up to 16 copies of OT agonists were 
successfully synthesised via copper(I)-catalyzed azide-alkyne cycloaddition (CuAAc) reaction based 
on the biodegradable, alkyne modified, oligolysine dendron and azido-PEG(9)-[Lysine]8-OT. Detailed 
NMR analysis of the OT dendrimers suggests that each attached OT molecule is identical with 
negligible structural perturbation as compared to OT in the monomeric form. The motion of OT 
dendrimers in solution was studied by diffusion ordered spectroscopy (DOSY), indicating that the 
arms of the dendrimers are disordered allowing each OT monomer to rotate freely about its own axis. 
Functional activity was demonstrated on human cell lines containing the OTR receptor. Interestingly, 
the OT dendrimers inhibited colonic nociceptors in a mouse model of chronic abdominal pain. 

1. Niederhafner, P.; Sebestik, J.; Jezek, J. J Pept Sci 2005, 11, 757.  
2. Heegaard, P. M. H.; Boas, U.; Sorensen, N. S. Bioconjugate chemistry 2010, 21, 405.  
3. Van de Vijver, P.; Schmitt, M.; Suylen, D.; Scheer, L.; Thomassen, M. C. L. G. D.; Schurgers, L. 

J.; Griffin, J. H.; Koenen, R. R.; Hackeng, T. M. Journal of the American Chemical Society 2012, 
134, 19318. 

193  

Inhibitor peptide design 

 

improving affinity without losing specificity  
Jacqueline A Wilce1 , Menachem J Gunzburg1 , Ketav Kulkarni1 2 , Rebecca Brandt1 , Gabrielle 
Watson1 , Reece Lim1 , Richard Payne3 , Patrick Perlmutter2 , Matthew Wilce1  

1. Department of Biochemistry and Molecular Biology, Monash University, Clayton, VIC, Australia 
2. School of Chemistry, Monash University, Melbourne, VIC, Australia 
3. School of Chemistry, University of Sydney, Sydney, NSW, Australia 
A challenge in the development of inhibitors of intracellular targets is to achieve specificity and high 
affinity for those targets. Here peptides, that can mimic specific protein-protein interaction surfaces, 
can provide the answer, so long as cell permeability and stability issues are addressed. Here we 
describe progress in developing a specific inhibitor of the Grb7-SH2 domain involved in cancer 
progression. Grb7 is an adapter protein, aberrantly co-overexpressed with erbB-2 and identified as an 
independent prognostic marker in breast cancer. Grb7 signals the activation of erbB-2 and erbB-3, 
which play key roles in disregulated cell growth in cancer. Grb7 also mediates signalling pathways 
from another tyrosine kinase, focal adhesion kinase (FAK) exacerbating cell migration and the 
metastatic potential of cells. It is thus a prime target for the development of novel anti-cancer 
therapies. We have characterised a non-phosphorylated cyclic peptide (G7-18NATE) that is a specific 
inhibitor of Grb7 and inhibits cellular growth and migration in cancer cell lines. X-ray crystallographic 
structure determination of the G7-18NATE/Grb7-SH2 domain complex and binding studies using 
surface plasmon resonance have revealed the basis of affinity and specificity of the peptide1-3. Here 
we describe how this information has been used to successfully design second generation bicyclic 
peptides that show enhanced binding without loss of specificity. These peptides can be coupled to cell 
penetrating peptide sequences to be taken up by cells, lowering cell growth and migration. We 
anticipate that these Grb7 inhibitor peptides will form the basis of novel therapeutics that can be used 
in conjunction with existing therapies against breast cancer. 

1. Ambaye ND et al., (2011) J. Mol. Biol. 412, 397-411.  
2. Gunzburg MJ et al., (2012) J. Mol. Recog. 25, 57-67. 
3. Gunzburg et al., (2013) Biopolymers. Mar 15.[Epub ahead of print]   
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194  

Synthesis of single chain Nitro-Tyrosine B16 des Thr-B30  
Mohamed Zewail1  

1. National Recearch Centre, Cairo, Egypt 
A new class of human insulin analogues has been developed and produced by biosynthetic and semi 
synthetic methods.  These analogues are characterized by the replacements or deletion of single 
amino acid residue to the C-

  

The analogues have been evaluated by 
measuring the in vitro biological potency in mouse fat cells, by osmometric determination of 
association state in solution at natural pH and the blood glucose lowering effect found after 
subcutaneous injection in pigs. 
Our plan is to synthesis Nitro-Tyrosine (B16)-insulin as single chain with deleting of Thr-B30 
Systematic procedure is as follows 
        Zinc free insulin and enzymatic cleavage of B23-30 to give des-octa peptide (DOP) insulin 
        Sulfitolysis of (DOP) insulin to give A(SSO3)4+B(SSO3)-DOP to give A(SS)2+B(SS)2-DOP after 

reduction-oxidation 
        Synthesis of heptapeptide B23-29 by automatic peptide synthesizer 
        Cleavage of heptapeptide B23-29 from resin, purification, and protection of the N-terminal 

heptapeptide by Boc-group 
        Coupling of Boc-B23-29 to A(SS)2 by chemical coupling with Dicyclohexyl carbodiimide (DCCI) 

method 
        Nitration of Tyr(B16)DOP insulin with tetranitromethan 
        Protection of Boc-B23-29 A(SS)2 (cleavage of Boc group) 
         Coupling of NO2-Tyr(B16)DOPBSS+B23-29-A(SS)2 to give single chain as des Thr-B30 insulin 

by using trypsine as single chain des Thr-B30 insulin 
Characterization of the single Des (Thr-B30) insulin NO2-Tyrosine was held by HPLC, capillary 
electrophoresis amino acid analysis  

195  

Heteroatom-contained Peptide Side-chain Formation Method Development 

Qingzhou Zhang1 , Zigang Li1  

1. Peking University Shenzhen Graduate School, Xili Town, China 
Peptides as drug candidates have the prior of biocompatibility (compare with small molecular) and 
easy manual synthesis (compare with protein), while peptide also have the shortcomings of short half-
life, conformation flexible, poor cell permeability. To conquer these many peptide modification 
methods were developed. Side-chain cyclization developed in the past several decades was wildly 
used now days and have been proved can neutralize these shortcomings. While till now only a few 
methods such as RCM was wildly used for the side-chain formation. For variable side-chain 
modifications new facile side-chain formation methods were needed. Our group has developed 
several methods which can easily insert heteroatom on most of the position of a hydrocarbon side-
chain. And we have proved through serum and mouse digestion that this kind of side-chain on short 

efficacy in peptides alpha-helix conformation stabilization.   
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Evaluation of cytotoxic effect of peptides derived from ninety-four medicinal 
plants against a gastric carcinoma cell line 

Chartchai Chaichana1 , Sittiruk Roytrakul2 , Sunanta Ratanapo1  

1. Department of Biochemistry, Faculty of Science, Bangkok, Thailand 
2. Proteomics research laboratory, National Center for Genetic Engineering and Biotechnology, 

Pathum Thani, Thailand 
Medicinal plants have been widely used in the complementary and alternative medicine. In addition to 
various bioactive organic substances, the efficacy of bioactive peptides released from the plant 
proteins by the digestive enzymes was become a research interest. In this study, crude protein 
extracts of ninety-four medicinal plants were subjected to hydrolysis by pepsin. Each plant 
hydrolysate was filtered through a 3kDa molecular weight cut-off membrane. The peptide mixture 
from each plant was then evaluated for cytotoxic effects against human gastric carcinoma (KATO-III, 
ATCC No.HTB103) cell line by MTT assay. Only the peptides from three medicinal plants includings 
rhizome of Gynura pseudochina var. hispida, stem bark of Streblus asper Lour and seed of Piper 
nigrum showed potent cytotoxicity against the cancerous cell line with no effect to African green 
monkey kidney cell line (Vero, ATCC No. CCL 81) at 100 ug protein/ml. The peptides from rhizome of 
Gynura pseudochina var. hispida showed the highest cytotoxicity with an IC50 value of 55.28 µg
protein/ml. Isolation and identification of the peptide responsible the cytotoxic effect is on going. 

197  

Antimicrobial Peptide from the Crab Hemolymph  Eurypanopeus Orientalis 
(Sakai, 1939) 
Kaliyaperumal Kumaravel1 , Samuthirapandian Ravichandran1 , Thangavel Balasubramanian1 , 
Asish K Bhattacharya2  

1. Annamalai University, Chidambaram, , India 
2. Organic chemistry, National Chemical Lab, Pune, Maharastra, India 
Marine organisms seem to contribute remarkable drugs for several diseases. Many antimicrobial 
agents have been characterized from the marine organisms which defend against several 
opportunistic pathogenic infections. Antimicrobial peptides are a major component of the innate 
immune defence system in marine invertebrates. In such a way an antimicrobial peptide from the 
hemolymph of a marine crab Eurypanopeus orientalis was isolated for the first time and it seems to 
have an immense antimicrobial effect against the bacteria Salmonella typhii. A maximum antimicrobial 
effect of 17mm was recorded against these pathogens. The preliminary analytical screening of active 
crab hemolymph with thin layer chromatography assured the presence of peptides in it. The exact 
peptide which possesses the antimicrobial effect from the hemolymph was then isolated by 
purification through RP-HPLC. The active peptide fraction was then quantified using SDS PAGE 
analysis and 1H-NMR and ESI-MS studies for their determination of molecular weight. The 
antimicrobial peptide isolated was a 16 k Da peptide and its mass range was quantified to be 431 m/z 
range. Further the 3 dimensional structure prediction of the isolated antimicrobial peptide through X-
ray crystallography is in progress for molecular docking studies. The present study indicates that the 
hemolymph of E.orientalis crabs may possess potential antibiotics. 

1. 
Rameshkumar, Applied Biochemistry and Biotechnology,Volume 162, Number 4, 1039-1051.    
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Hunting for Cystine Knot Peptides in Seeds  
Tunjung Mahatmanto1 , Aaron Poth1 , David Craik1  

1. Institute for Molecular Bioscience, The University of Queensland, Brisbane/St. Lucia, QLD, 
Australia 

Plant-derived cystine knot peptides 

 
unique peptides sharing a disulfide knotted core, which endows 

them high stability against enzymatic, chemical and thermal degradation 

 

have promising use in 
medicine and agriculture. To fully exploit cystine knot peptides for these purposes, it is imperative to 
understand their diversity (inter-relationship between sequence, structure, function) and distribution 
(origin, localization, evolution); knowledge grounded on the discovery of cystine knot peptides. At 
times, discovery efforts are hampered by the availability of plant materials. However, current 
screening strategies have not taken into account the efficiency of extraction methods and availability 
of plant materials. Therefore, the development of an efficient screening strategy is vital. Here, we 
evaluate five methods commonly used to extract cystine knot peptides: acetonitrile/formic acid1, boiled 
water, dichloromethane/methanol2, ammonium bicarbonate3, and sodium acetate/acetone4, using 
small amounts of Momordica cochinchinensis (gac) seeds as the plant material. The relative 
abundances of nine known cystine knot peptides, i.e. MCoTI-I, II, IV, V, VI, VII, VIII, Mco-1 and Mco-2, 
inferred from their extracted ion chromatogram peak intensities, revealed large differences in 
extraction yield with the acetonitrile/formic acid method having an average of 42% higher yield than 
the second best (sodium acetate/acetone). Having established the best extraction method, the next 
challenge is sequencing the cyclic version of cystine knot peptides in crude extracts; given the 
complexity of fragments that could be generated by enzymatic digestion. Therefore, ongoing work 
attempts to develop a one pot reduction-alkylation-cleavage to produce full-length linearized cyclic 
cystine knot peptides in crude extracts for tandem MS sequencing. These data may then be 
interrogated against transcriptomic data, which would only require relatively small amounts of plant 
materials to generate, to confirm the peptide sequences and thus providing a new approach for the 
discovery of cystine knot peptides from rare samples. 

1. Poth, A. G.; Colgrave, M. L.; Philip, R.; Kerenga, B.; Daly, N. L.; Anderson, M. A.; Craik, D. J., 
Discovery of cyclotides in the Fabaceae plant family provides new insights into the cyclization, 
evolution, and distribution of circular proteins. ACS Chem. Biol. 2011, 6 (4), 345-355. 

2. Craik, D. J.; Daly, N. L.; Bond, T.; Waine, C., Plant cyclotides: A unique family of cyclic and 
knotted proteins that defines the cyclic cystine knot structural motif. J. Mol. Biol. 1999, 294 (5), 
1327-1336. 

3. Hamato, N.; Koshiba, T.; Pham, T. N.; Tatsumi, Y.; Nakamura, D.; Takano, R.; Hayashi, K.; Hong, 
Y. M.; Hara, S., Trypsin and elastase inhibitors from bitter gourd (Momordica charantia LINN.) 
seeds: Purification, amino acid sequences, and inhibitory activities of four new inhibitors. J. 
Biochem. 1995, 117 (2), 432-437. 

4. Chan, L. Y.; Wang, C. K. L.; Major, J. M.; Greenwood, K. P.; Lewis, R. J.; Craik, D. J.; Daly, N. L., 
Isolation and characterization of peptides from Momordica cochinchinensis seeds. J. Nat. Prod. 
2009, 72 (8), 1453-1458. 

199  

Optimization of the fermentation of okara by the lactic acid bacteria. 
Orathai Sawatdichaikul1 , Siriporn Tanjor1 , Patthinan Varichanan1  

1. Institute of Food Research and Product Development, Kasetsart University, Bangkok, Non-U, 
Thailand 

Okara, also named soy pulp is the by-product of the soy milk and tofu production process. Because 
the production of soy-texturized proteins from pilot plant will generate a lot of wastes, an attempt to 
make the value added from okara should be considered. However, the wastes contain high amount of 
proteins that can be useful for further food product development. Since the Lactobacilli (lactic acid 
bacteria) possess the ability to digest large protein molecules into small peptide chains and the 
bacteria are generally used in the food processing products. It would be thus interesting to investigate 
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the digestibility of the Lactobacilli to okara. In this study, three species of the lactic acid bacteria (L. 
brevis, L. fermentum, and L. rhamnosus) were selected. Each of the Lactobacilli was cultured in the 
yeast-extract depleting MRS media and okara was used as nitrogen source instead. All cultures were 
performed at 37 °C for six different fermentation times (0, 3, 6, 9, 12 and 24 hours). No inoculation set
was used as a control. The amount of proteins was extracted from the supernatants, and 
quantitatively measured the Quant-iT Protein Assay Kit. The results showed that the fermentation with 
L. brevis for 9 hours gives the highest amount of total proteins (5.12 mg/g of dried okara) when 
compared to those from the other two. On the other hand, after processing through the 3 kDa-MW 
cut-off ultrafiltration, the fermentation with L. fermentum for 12 hours gives the best yield of the low 
molecular weight peptide (2.26 mg/g of dried okara). The supernatant containing small peptide chains 
from the fermented okara by L. fermentum were subsequently analyzed by the HPLC/MS to estimate 
their mass. This optimization process will be applied for the semi-pilot scale in development of food 
processing products containing okara derived small peptides. 

200  

Environment-Dependent Conformational Switching in a Designed Peptide: a 
Molecular Dynamics Study 
Andrew Church1 , Tiffany Walsh1  

1. Institute for Frontier Materials, Deakin University, Geelong, VIC, Australia 
Intrinsically disordered peptides (IDPs) defy conventional views of the protein/peptide structure-
property paradigm, by conferring function in the absence of a well-defined secondary or tertiary 
structure.1An interesting sub-class of IDPs comprise peptides that can reversibly switch conformation 
from random-coil to a well-defined structure, in the presence of an external stimulus.2 To understand 
this behavior, bioinformatics approaches have sought to correlate sequence motifs and individual 
residues of IDPs to their structural preferences based on environmental influences.3 4 

JAK1 is a de novo designed IDP, comprising Ala-rich segments that favour helical structure at lower 
temperatures5 as well as the incorporation of Gla (gamma carboxy-glutamic acid), a strong chelator to 
calcium.It has been proposed that the Gla-rich regions, with their highly-charged side chains, make 
helical structures unfavourable in the absence of calcium ions. Based on circular dichroism 
spectroscopy (CD) JAK1 presents a random coil structure in Ca2+-free solution but an alpha helical 
structure when either adsorbed at the aqueous hydroxyapatite (HA) interface, or in the presence of a 
strong concentration of free Ca2+ 

showed no such behavior, and did not bind to HA. Molecular simulation can provide complementary, 
in-depth molecular-level insights into this reversible switching mechanism.6 Here, we present results 
of large-scale Replica Exchange with Solute Tempering (REST) molecular dynamics simulations of 
JAK1 and cJAK1 in buffer solution, as well as in Ca2+ saturated solution.7 Using Ramachandran plots 
to investigate secondary structure preferences, and residue-residue contact maps to determine key 
intra-peptide interactions, we provide molecular level insight into how environmental influences can 
mediate the conformational switching of JAK1 through side chain interactions.  

1. Uversky, V. N. Int. J. Biochem. 2011, 43, 1090 
2. Dunker, A. K.; Oldfield, C. J.; Meng, J.; Romero, P.; Yang, J. Y.; Chen, J. W.; Vacic, V.; 

Obradovic, Z.; Uversky, V. N. IEEE BIBE 2007. 2008,  
3. Delak, K.; Collino, S.; Evans, J. S. Biochemistry 2009, 48, 3669 
4. Delak, K.; Harcup, C.; Lakshminarayanan, R.; Sun, Z.; Fan, Y.; Moradian-Oldak, J.; Evans, J. S. 

Biochemistry 2009, 48, 2272 
5. Marqusee, S.; Robbins, V. H.; Baldwin, R. L Proc. Natl. Acad. Sci U.S.A 1989, 86, 5286 
6. Capriotti, L. A.; Beebe, T. P; Schneider J. P. J. Am. Chem. Soc. 2007, 129, 5281  
7. Terakawa, T.; Kameda, T.; Takada, S. J. Comp. Chem. 2010 32, 1228   
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Peptides and nanotechnology 
Abdollah Esmaeili1  

1. University Technology Petronas (UTP), Tronoh, Perak, Malaysia 
Remarkable progress has been made to date in the discovery of material binding peptides and their 
utilization in nanotechnology, which has brought new challenges and opportunities. Nowadays phage 
display is a versatile tool which has been adapted over the past decade to select material-specific 
peptides. Screening and selection of such phage displayed material binding peptides has attracted 
great interest, in particular because of their use in nanotechnology. Phage display selected peptides 
are either synthesized independently or expressed on phage coat protein. Selected phage particles 
are subsequently utilized in the synthesis of nanoparticles, in the assembly of nanostructures on 
inorganic surfaces, and oriented protein immobilization as fusion partners of proteins. The use of 
proteins to build artificial supramolecular nanostructures has advanced with the development of a 
computational method to design peptides that will self-organize into specific supramolecular 
structures on a given surface. Specifically, peptides that assemble on the surface of carbon 
nanotubes have been designed. Engineering structures on the smallest possible scales 

 

using 
molecules and individual atoms as building blocks 

 

is both physically and conceptually challenging. 
Recently, a method of computationally selecting the best of these blocks, drawing inspiration from the 
similar behavior of proteins in making biological structures has been developed. Proteins that can 
wrap around single-walled carbon nanotubes have been achieved. An algorithm that sifts through 
hundreds of thousands of atomically detailed actual and potential protein structures has been 
designed and can be compared with the structural parameters of the desired scaffolding. This 
algorithm can be used to design a protein that would not only stably wrap around a nanotube in a 
helix but also provide a regular pattern on its exterior to which gold particles could be attached. In this 
paper, we present an overview on the research conducted on this area.  

204  

Evaluating Peptide Interactions at the Aqueous Titania Interface Using 
Molecular Dynamics Simulations  
Anas Sultan1 , Zak Hughes1 , J. Pablo Palafox-Hernandez1 , Tiffany Walsh1  

1. Institute for Frontier Materials, Deakin University, Geelong, VIC, Australia 
Understanding the recognition and interactions at the interface between titania and peptides is crucial 
for numerous applications including the development of biocompatible materials for medical implants 
and the design and fabrication of nanomaterials for biotechnological and nanotechnological 
applications1-4. Despite the considerable efforts that have been directed toward a general 
understanding of peptide recognition and binding to inorganic materials, a deep understanding of the 
molecular-level features of recognition and binding is far from being accomplished5 . Although several 
MD simulation studies of peptide adsorption at titania interface have been reported,3,4 efficient 
conformational sampling of adsorbed peptides at the interface remains a great challenge. In this work, 
we meet this challenge by using a recently-developed state-of-the-art technique, Replica Exchange 
with Solute Tempering (REST)6,7 Using this approach, for the first time, we studied the binding and 
interaction of two titania-binding dodecameric peptides at the negatively-charged rutile titania (110) 
surface, under aqueous conditions. Metadynamics simulations were used to calculate the free energy 
of adsorption of the peptides to titania. The results reveal critical insights into the role of peptide 
sequence and conformation in the binding to titania surface. 

1. Carravetta V. and Monti S., J. Phys. Chem. B, 2006, 110, 6160-6169. 
2. Evans J. S. et al., MRS Bull., 2008, 33, 514-518. 
3. Schneider J. and Ciacchi L. C., J. Am. Chem. Soc., 2012, 134, 2407-2413. 
4. Skelton A. A. et al., ACS Appl. Mater. Interfaces, 2009, 1(7), 1482-1491. 
5. Puddu V. and Perry C. C., ACS NANO, 2012, 6(7), 6356-6363. 
6. Terakawa T. et al., J. Comput. Chem., 2011, 32, 1228-1234. 
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7. Wright L. B. and Walsh T. R., Phys. Chem. Chem. Phys., 2013, 15, 4715-4726. 

205  

Materials-Selective Binding of Peptides on Inorganic Substrates using 
Molecular Simulation  

Tiffany R Walsh, Zak E Hughes1 , Louise B Wright2 , J. Pablo Palafox-Hernandez1  

1. Institute for Frontier Materials, Deakin University, Waurn Ponds, VIC, Australia 
2. Dept. of Chemistry and Centre for Scientific Computing, University of Warwick, Coventry, West 

Midlands, U.K. 
Understanding how to control the interaction of biomolecules with noble metal (Ag/Au) and oxide 
(quartz) surfaces and/or nanoparticles, at the molecular level, will find widespread use in areas 
including biosensing and nano-medicine. Harnessing the capability of biomolecule-directed assembly 
of both metallic and non-metallic components may be crucial for realizing hierarchical spatial control 
in multi-materials assembly. Pivotal to success in this area is the exploitation of materials-selective 
binding of peptides (i.e. preference for a given sequence to stick to one material over another), under 
aqueous conditions. 
As a first step to gaining the in-depth knowledge required for predictably controlling compositionally-
selective peptide-materials binding and assembly, we use molecular simulations, in partnership with 
experiment. Molecular simulations give complementary information relative to experimental 
characterization, providing a detail of the peptide-materials interface at the atomistic level. Here, I 
report our findings for the peptide-quartz1,4 , peptide-gold1,2  and peptide-silver3  interfaces, that we 
are studying for the purposes of creating self-assembled Au/Ag and Au/SiO2 nanoparticle arrays with 
controllable spatial distribution. Our approach described can be generalized to a wide range of 
biomolecules and inorganic materials. 

1. L. B. Wright, J. P. Palafox-Hernandez and T. R. Walsh, "Peptide Binding on Quartz and Gold 
Surfaces: A Cross-Materials Comparison", in preparation (2013) 

2. L. B. Wright, P. M. Rodger, S. Corni and T. R. Walsh, "GolP-CHARMM: First-Principles Based 
Force Fields for the Interaction of Proteins with Au(111) and Au(100)", J. Chem. Theor. Comput. 
9, 1616 (2013); L. B. Wright, P. M. Rodger, T. R. Walsh and S. Corni, "First-Principles Based 
Force-Field for the Interaction of Proteins with Au(100)(5 x 1): An Extension of GolP-CHARMM", 
under review, J. Phys. Chem. C (2013); Z. Tang, J. P. Palafox-Hernandez et al.,"Biomolecular 
Recognition Principles for Bionanocombinatorics: An Integrated Approach to Elucidate Enthalpic 
and Entropic Factors", under review, ACS Nano (2013).  

3. Z. E. Hughes, L. B. Wright and T. R. Walsh, "Biomolecular Adsorption at Aqueous Silver 
Interfaces: First-Principles Calculations and Polarizable Force-field Simulations", in preparation 
(2013).  

4. L. B. Wright and T. R. Walsh, Efficient conformational sampling of peptides adsorbed onto 
inorganic surfaces: Insights from a quartz binding peptide, Phys. Chem. Chem. Phys, 15, 4715-
4726, (2013). 

206  

Design and Synthesis of Chloroalkene Dipeptide Isosteres as Ground State 
Peptidomimetics     
Tetsuo Narumi1 , Takuya Kobayakawa1 , Hirokazu Tamamura1  

1. Tokyo Medical and Dental University, Kanda, Tokyo, Japan 
Peptide isosteres have emerged as important peptidomimetics for chemical biology and medicinal 
chemistry. In particular, alkene-type dipeptide isostere is one of the ideal ground state mimetics of 
peptide bonds. Recently, we have designed a novel peptide isostere possessing an E/Z-chloroalkene 
unit as the surrogate functionality of a peptide bond, which is designated as a chloroalkene dipeptide 
isostere. In this study, practical and divergent methodologies for the synthesis of chloroalkenes 
dipeptide isosteres have been developed. A key to our approach is the use of organocopper-mediated 
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single electron transfer (SET) reduction of allylic gem-dichlorides, which allows the gram-scale 
synthesis of Xaa-Gly-type chloroalkene dipeptide isosteres. In complementary work for the 
preparation of Xaa-Yaa-type isosteres, we have found that the stereogenic center corresponding to 
the side chain of Yaa can be controlled by 1,4-asymmetric induction derived from the tert-
butylsulfonylamide group, which enables the stereospecific construction of (L,D)-type isostere 
framework in high to excellent yields. Design concept, synthetic methods, structural information of 
chloroalkene dipeptide isosteres and the unique reactivity of allylic gem-dichlorides will be discussed.  

207  

Global in-depth quantitative proteomic analysis of HIV infected cells using a 
novel Q-OT-qIT mass spectrometer  
Lin Tang Goh1 , S Eliuk1 , J Johnson1 , V Zabrouskov1 , N Krogan1  

1. Thermo Scientific, To be confirmed, tbc, Australia 
Quantitative changes in the phosphoproteome of human cell lines following infection by the human 
immunodeficiency virus (HIV) were analysed by hybrid Orbitrap-based mass spectrometry. Global 
identification and quantification of changes in human phosphoproteome in response to HIV was 
performed using stable isotope labeled (SILAC) Jurkat cells and HILIC/TiO2 fractionation and 
enrichments using the new Orbitrap FusionTM TribridTM mass spectrometer and EASY-ETDTM 
source. More phosphopeptides were identified using a combination of ETD and CID fragmentation in 
a single run (via novel data dependent decision tree with dynamic scan management) than when 
using CID fragmentation alone which permitted precise localization of phosphorylation more 
frequently.    


