
Paul Shapshak
John T. Sinnott
Charurut Somboonwit
Jens H. Kuhn Editors

Global 
Virology I
Identifying and Investigating 
Viral Diseases



  Global Virology I - Identifying and Investigating 
Viral Diseases 



     



       Paul   Shapshak     •      John   T.   Sinnott    
   Charurut   Somboonwit     •      Jens   H.   Kuhn     
 Editors 

 Global Virology I - 
Identifying and 
Investigating Viral 
Diseases                        



 ISBN 978-1-4939-2409-7      ISBN 978-1-4939-2410-3 (eBook) 
 DOI 10.1007/978-1-4939-2410-3 

 Library of Congress Control Number: 2015944819 

 Springer New York Heidelberg Dordrecht London 
 © Springer Science+Business Media New York   2015 
 This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part of 
the material is concerned, specifi cally the rights of translation, reprinting, reuse of illustrations, recitation, 
broadcasting, reproduction on microfi lms or in any other physical way, and transmission or information 
storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar methodology 
now known or hereafter developed. 
 The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication 
does not imply, even in the absence of a specifi c statement, that such names are exempt from the relevant 
protective laws and regulations and therefore free for general use. 
 The publisher, the authors and the editors are safe to assume that the advice and information in this book 
are believed to be true and accurate at the date of publication. Neither the publisher nor the authors or the 
editors give a warranty, express or implied, with respect to the material contained herein or for any errors 
or omissions that may have been made. 

Cover image courtesy of John Bernbaum and Jiro Wada, NIH/NIAID Integrated Research Facility at Fort 
Detrick, Frederick, MD, USA 

Printed on acid-free paper 

 Springer Science+Business Media LLC New York is part of Springer Science+Business Media 
(www.springer.com) 

 Editors 
   Paul   Shapshak   
 Division of Infectious Diseases 

and International Health
Department of Medicine
Morsani College of Medicine 
 University of South Florida 
  Tampa ,  FL ,  USA

Department of Psychiatry 
and Behavioral Medicine

Morsani College of Medicine
University of South Florida
Tampa, FL, USA 

    Charurut   Somboonwit   
  Division of Infectious Diseases 

and International Health
Department of Medicine
Morsani College of Medicine
University of South Florida
Tampa, FL, USA

Clinical Research Unit
Hillsborough Health Department
Tampa, FL, USA    

     John   T. Sinnott   
  Division of Infectious Diseases 

and International Health 
 Department of Medicine 

Morsani College of Medicine 
University of South Florida 
  Tampa ,  FL ,  USA   

  Clinical Research Unit 
 Hillsborough Health Department 
  Tampa ,  FL ,  USA 

     Jens   H. Kuhn   
  Integrated Research Facility at Fort Detrick
Division of Clinical Research
National Institute of Allergy and Infectious 

Diseases
National Institutes of Health
Frederick, MD, USA      

www.springer.com


v

   Foreword   

 Viral diseases are spreading globally. Recent changes are accelerating due to 
 concomitant human behaviors including war, violence, poverty, starvation, and con-
temporaneous vector transmission. Additional factors include global warming, 
international travel, and encroachment of the prior balance of nature, i.e., invasion 
of nonhuman ecological domains by humans. 

 This book for professionals, students, faculty, and the interested reader brings to 
bear a snapshot of where we are. 

 We acknowledge and thank Professor Francesco Chiappelli (UCLA, Los 
Angeles, CA) for help in initiating this book, and Ioanna Panos Morris and Rita 
Beck of Springer Science + Business Media for help and guidance through the steps 
leading to the production of this book.  
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  Pref ace   

 Global warming, ever-increasing international travel, concomitant changes in 
human and animal behaviors, and vector transmission all infl uence and have had a 
huge impact on the spread of viral diseases. Many excellent and informative books 
review these topics. To reference a few, Wertheim et al. [1] published a human 
infectious disease atlas and Petersen et al. [2] published a geographic guide to infec-
tious diseases. Geopolitics is also discussed in these books, as is the involvement of 
many diseases, including measles, infl uenza, poliomyelitis, yellow fever, dengue, 
malaria, smallpox, cholera, leprosy, typhoid, typhus, bubonic plague, tuberculosis, 
and diseases caused by parasites and protozoa. Historically, of 150 common infec-
tions, the most devastating have been 35 diseases caused by bacteria, 28 diseases 
caused by viruses, and 6 diseases caused by protozoa [3]. 

 This book provides trajectories and illustrations of viruses that have catapulted into 
the global arena (linked to humans, animals, and vectors) due to human behaviors in 
recent years, as well as viruses that have already shown expansion among humans, 
animals, and vectors just a few decades ago. Topics in the current book include vac-
cines, environmental impact, emerging virus transmission, fi loviruses (Ebola virus), 
hemorrhagic fevers, fl aviviruses, dengue evasion, papillomaviruses, hepatitis C, giant 
viruses, bunyaviruses, encephalitides, West Nile virus, Zika virus, XMRV, henipavi-
ruses, respiratory syncytial virus, infl uenza, and several aspects of HIV-1 infection.    

 It should also be noted that among many articles pertaining to public health, lack 
of hygiene is demonstrably an important element in the spread of disease. Moreover, 
public education is a key component of what is needed to combat the spread of dis-
ease (e.g., hepatitis A) [4, 5]. 

 In conclusion, the eradication of war, human traffi cking, drug abuse, and poverty 
should be major goals toward the suppression of such pestilence. Education is a pil-
lar upon which such eradication is based. 

      Tampa, FL, USA    Paul     Shapshak     
Tampa, FL, USA    John     T.     Sinnott     
Tampa, FL, USA    Charurut     Somboonwit     
Frederick, MD, USA    Jens     H.     Kuhn    
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    Chapter 1   
 Short Peptide Vaccine Design 
and Development: Promises and Challenges 

             Pandjassarame     Kangueane     ,     Gopichandran     Sowmya    ,     Sadhasivam     Anupriya    , 
    Sandeep     Raja     Dangeti    ,     Venkatrajan     S.     Mathura    , and     Meena     K.     Sakharkar   

          Core Message   There is a need for novel vaccine technologies where existing viral 
vaccine types (viruses, killed or inactivated viruses, and conjugate or subunits) are 
unsuitable against many viruses. Hence, short peptide (10–20 residues) vaccine 
candidates are considered promising solutions in recent years. These function on 
the principle of short epitopes developed through the binding of CD8+/CD4+-
specifi c HLA alleles (12542 known so far). Thus, the specifi c binding of short 
peptide antigens to HLA alleles is rate limiting with high sensitivity in producing 
T-cell-mediated immune responses. Identifi cation of HLA allele-specifi c antigen 
peptide binding is mathematically combinatorial and thus complex. Therefore, 
prediction of HLA allele- specifi c peptide binding is critical. Recent advancement in 
immune-informatics technologies with the aid of known X-ray-determined HLA-
peptide structure data provides solutions for the accurate identifi cation of short 
peptides as vaccine candidates for further consideration. Thus, we document the 
possibilities and challenges in the prediction, large-scale screening, development, 
and validation of short peptide vaccine candidates in this chapter.  
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1     Introduction 

 The types of approved viral vaccines include live attenuated viruses, killed/inactivated 
viruses, and conjugate/subunits. However, these types of vaccine technologies may 
prove unsuitable against some viruses. In some cases, there is interest in the devel-
opment of short peptide vaccines to fi ll the gaps. For example, the use of live attenu-
ated HIV-1/AIDS vaccines is not as yet approved due to safety concerns [ 1 ]. There 
are several subunit vaccines under consideration and evaluation. However, one of 
these, the NIAID and Merck Co.-sponsored 2004 STEP (HVTN 502 or Merck 
V520-023) trial using three recombinant adenovirus-5 (rAD5) vectors containing 
HIV-1 genes Ad5-gag, Ad5-pol, and Ad5-Nef, did not show promising results [ 2 ]. 
This has led to the development of a multifaceted strategy for HIV-1/AIDS vaccine 
development. However, encouraging results were observed with four priming injec-
tions of a recombinant canary pox vector (ALVAC-HIV) and two booster injections 
of gp120 subunit (AIDSVAX-B/E) in a community-based, randomized, multicenter, 
double-blind, placebo-controlled effi cacy trial (NCT00223080) in Thailand [ 3 ]. The 
main concern following this study was that this vaccine did not affect the degree of 
viremia or the CD4 T-cell count in patients who later seroconverted. Further studies 
indicated that the challenges with the development of an HIV-1/AIDS vaccine are 
viral diversity and host-virus molecular mimicry [ 4 – 6 ]. Nonetheless, there is con-
siderable amount of interest to develop gp160 (gp120-gp41 complex) TRIMER 
envelope (ENV) protein as a potential vaccine candidate [ 4 ]. 

 The production of an HIV-1 ENV spike protein trimer complex is nontrivial due 
to protein size, protein type, sequence composition, and residue charge polarity. 
Therefore, the need for the consideration of alternative approaches for vaccine 
development such as T-cell-based HLA-specifi c short peptide vaccines is promising 

    S.   Anupriya    
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[ 6 ,  7 ]. The LANL HIV molecular immunology database provides comprehensive 
information on all known T-cell epitopes in the literature [ 8 ]. Thus, these resources 
in combination with other predictive advancements described in this chapter are 
collectively useful for the design, development, evaluation, and validation of short 
peptide vaccine candidates.  

2     Methodology 

2.1     Structural Data 

 A structural dataset of complexes for class I HLA-peptide (Table  1.1 ) and class II 
HLA-peptide (Table  1.2 ) is created from the protein databank (PDB) [ 9 ]. The char-
acteristic features of the datasets are presented in Tables  1.1  and  1.2 .

2.2         Structural Superposition of HLA Molecules 

 The peptide-binding grooves of both class I HLA (Fig.  1.1a ) and class II HLA 
(Fig.  1.1c ) molecules were superimposed using the molecular overlay option in the 
Discovery Studio software from Accelrys ®  [ 10 ].   

2.3     Molecular Overlay of HLA-Bound Peptides 

 HLA-bound peptides in the groove of both class I HLA (Fig.  1.1b ) and class II HLA 
(Fig.  1.1d ) molecules were overlaid using the molecular overlay option in the 
Discovery Studio software from Accelrys ®  [ 10 ].  

2.4     Accessible Surface Area Calculations 

 Accessible surface area (ASA) was calculated using the WINDOWS software 
Surface Racer [ 12 ] with Lee and Richard implementation [ 13 ]. A probe radius of 
1.4 Å was used for ASA calculation.  

2.5     Relative Binding Measure 

 Relative binding measure (RBM) is defi ned as the percentage ASA Å 2  of residues in 
the peptide at the corresponding positions buried as a result of binding with the 
HLA groove. This is the percentage change in ASA (ΔASA) of the position-specifi c 
peptide residues upon complex formation with the HLA groove (Fig.  1.2 ).    

1 Short Peptide Vaccine Design and Development: Promises and Challenges
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  Fig. 1.1    The structural basis for short peptide vaccine design is illustrated. The allele-specifi c 
nomenclature defi ned, ethnicity profi led using known HLA sequences at the IMGT/HLA database 
[ 11 ], and the striking backbone structural similarity of antigen peptides at the HLA binding groove 
is the bottleneck. This is generated with using a dataset (Tables  1.1  and  1.2 ) of HLA-peptide com-
plexes (67 class I and 16 class II) retrieved from protein databank (PDB) [ 9 ] using with Discovery 
Studio ®  (Accelrys Inc.) [ 10 ]. ( a ) The peptide-binding groove (superimposed) in class I HLA is 
structurally similar among known alleles and complexes. ( b ) The peptide-binding groove (super-
imposed) in class II HLA is structurally similar among known alleles and complexes; ( c ) class I 
HLA-bound peptides overlay showing structural constraints (bend peptides) at the groove; 
( d ) class II bound peptides overlay showing extended conformation at the groove. This clearly 
suggests that class I (panel  c ) and class II (panel  d ) bound peptides do not have identical binding 
patterns at the groove       

3     Results and Discussion 

3.1     HLA-Peptide Binding Prediction for T-Cell Epitope Design 

 The rate-limiting step in T-cell epitope design is allele-specifi c HLA-peptide bind-
ing prediction. The number of known HLA alleles is over 12542 in number as of 
March 2015 at the IMGT/HLA database [ 11 ]. Hence, a number of methods have 
been formulated so far and optimized for HLA-peptide binding prediction during 
the last two decades. Structural information on HLA-peptide complexes has 
increased our understanding of their binding patterns (Tables  1.1  and  1.2 ). The 
HLA-binding groove is structurally similar among class I (Fig.  1.1a ) and class II 
(Fig.  1.1b ) alleles. The class I (Fig.  1.1c ) and class II (Fig.  1.1d ) bound peptides do 
not show an identical binding pattern at the groove. A detailed illustration of peptide 
binding patterns (Fig.  1.2 ) at the groove of class I and class II alleles provides valu-
able insights using mean and deviation profi les (Fig.  1.3 ).  
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  Fig. 1.2    The peptide binding pattern at the groove is illustrated as function of residue position for 
class I and class II alleles using a dataset (Tables  1.1  and  1.2 ) of HLA-peptide complexes (67 class 
I and 16 class II) retrieved from protein databank (PDB). This dataset is represented by several 
class I and class II alleles (see Tables  1.1  and  1.2 ). The peptide lengthwise distribution of the bind-
ing pattern is shown as relative binding measure using change in solvent-accessible surface area 
upon complex formation with the HLA groove       

 A comprehensive description of HLA-peptide binding prediction is documented 
[ 14 ,  15 ]. Lee and McConnell [ 16 ] proposed a general model of invariant chain asso-
ciation with class II HLA using the side-chain packing technique on a known 
 structural template complex with self-consistent ensemble optimization (SCEO) 
[ 17 ,  18 ] using the program CARA in the molecular visualization/modeling software 
LOOK (Molecular Application Group (1995), Palo Alto, CA) [ 16 ,  19 ]. This was an 
important development in the fi eld and the approach was extended to a large dataset 
of known HLA-binding peptides. Kangueane et al. [ 20 ] collected over 126 class I 
peptides with known IC 50  values from literature with defi ned HLA allele specifi city. 
These peptides were modeled using available templates for a large-scale assessment 
of peptide binding to defi ned HLA alleles. Thus, a structural framework was estab-
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