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HIV Immunology Database Workshop

■ Yesterday 

Overview of the HIV Immunology and HIV Sequence Databases 

T cell epitope data and search interface 
Peptide tools 

■ Today 
Neutralizing Antibody Resources 

CATNAP 
neutralization exploration 
tailored for HIV but pathogen-agnostic 

Integration of Antibody and Sequence Data (a walk-through) 
CombiNaber, applicable for any pathogen 

Glycan shield 
HIV Genome Browser 

Vaccine design and evaluation tools



Antibody search interface and 
integrationhttp://hiv.lanl.gov

http://hiv.lanl.gov/
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Neutralizing Antibody Resources
www.hiv.lanl.gov/content/immunology/neutralizing_ab_resources.html

New analysis tools: 
■ Genetic Signature tool  

Finds phylogenetically corrected genetic 
signatures in a sequence alignment in conjunction 
with a phenotype file.  

■ Glycan Shield Mapping 

potential N-linked glycosylation sites 
(PNGS) on predicted glycan shields for 
a given ENV sequence
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10E8 Contacts

https://www.hiv.lanl.gov/components/sequence/HIV/featuredb/search/env_ab_search_pub.comp

Detailed information available for 242 HIV neutralizing antibodies



CATNAP (Compile, Analyze and Tally NAb Panels)
■ Compiles published HIV Ab neutralization data (currently >400 Abs and Ab 

mixtures, and >1000 HIV pseudoviruses) 

■ Integrates on one screen neutralization and viral sequence data. 
■ Provides important Ab and Virus details: 

Ab binding region, links to PDB structure, links to the donor info 
Clonal lineage and germline V/D/J designation, Ab sequences 
Ab contacts, Env positions of interest related to neutralization sensitivity, etc. 
Protein sequence variability by position 
Virus subtype, country, patient health, infection stage  

■ Selects Ab and viruses in multiple ways: 
Individual or all Ab and viruses, as well as by study 
Antibodies by germline V/D/J genes and binding region 
Viruses by tier, subtype, infection stage, 9 commonly used viral panels 
User’s list of viruses and antibodies 

■ Defines genetic neutralization signatures associated with sequences 
■ Custom INPUT: allows users to analyze and compare their own data with the 

stored CATNAP data 

https://www.hiv.lanl.gov/components/sequence/HIV/neutralization/index.html



Example: 10E8 and PG9

Retrieve Antibody, Virus or Assay details

Analyze IC50, IC80 or Both along with the 
viral sequences

 Select Antibodies and Viruses 
in Several Ways: 

• Individual or all antibody and 
viruses 

• Select by study 

• Select antibodies by attributes 
(germline and binding region) 

• Select viruses by attributes (Tier, 
Subtype, Infection stage) 

• Select viruses by a virus panel 



Collapse or expand details from individual studies

Potency and Breadth of  
neutralization over  
multiple studies

Pick Ab and click on contact position to analyze, or enter your own position



Position highlighted

Odds ratio > 1: enriched for 
detected 
Odds ratio < 1: enriched for 
undetected

Note: phylogenetically 
corrected signatures 
(via the Genetic 
Signature Tool) have 
been pre-calculated



One path through the database ...

Search database for a particular antibody record 
Examine comprehensive adaptive immune 
response data for the subject/patient of origin 

Germline antibody sequences 
Virus neutralization 

Cross-link to time-stamped viral sequence data 
Explore antibody-virus co-evolution to inform 
vaccine design







Antibody Search (https://www.hiv.lanl.gov/content/immunology/ab_search)

Can show only notes and 
references containing selected 
keywords or user’s text

Search by 
■ HIV protein, Epitope Sequence, 

Subtype, Immunogen, Vaccine 
Details, Species, Author, Country, 
Keywords, Isotype 

■ MAb ID  
List by Ab name 
List by Ab type 
■ By binding site, for example binding to 

similar region like V3 or near a common 
functional domain like CD4 binding site 
CD4Bs)  

■ Search examples: 
2F5 – 1 record with 815 
references 
Ab type: gp120 CD4BS – 438 
records 

Search for 
CH235.9
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Antibody search example: CH235.9
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Antibody search example: subject CH505



Antibody search example: subject CH505

Access to all available HIV sequences from this subject



Antibody search/HIV sequence links: patient CH505
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Antibody search/HIV sequence links: patient CH505

... 623 sequences in total ...



Antibody search/HIV sequence links: patient CH505

... 623 sequences in total ...



Antibody search/HIV sequence links: patient CH505

... 623 sequences in total ...



Antibody search example: CH235.9



Antibody search example: CH235.9



Neutralization Data: CH235.9
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Neutralization Data: CH235.9
❑ Antibodies with neutralization data are linked to CATNAP 

❑ Detailed antibody information including Ab sequences and germlines 
❑ Inhibition assay results against virus panels 
❑ Genetic signatures associated with antibody sensitivity or resistance
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Immune pressure drives HIV Env evolution

Korber et al. 2017  
Immunological Reviews  

 275:230–244 
doi:10.1111/imr.12516



Natural infection as a guide to vaccine design: 2 examples

Liao et al. (2013) Co-evolution of a broadly 
neutralizing HIV-1 antibody and founder virus.
DOI:10.1038/nature12053

Bricault et al. (2019) HIV-1 Neutralizing Antibody Signatures and 
Application to Epitope-Targeted Vaccine Design.
DOI:10.1016/j.chom.2018.12.001

Immunogens that bind 
specific germlines to steer 
bNAb development

Immunogens with signatures of bNAb 
sensitivity elicit greater neutralization 
breadth 



■ Background 
Kong et al, 2015, J Virol 
Wagh et al, 2016, PLOS Pathogens 
Questions: Kshitij Wagh, 
kshitij@lanl.gov 

■ Purpose: predict neutralization by 
antibody combinations (to optimize 
immunotherapy options) 

■ Input: 
Neutralization data (IC50 and / or 
IC80) with antibody and virus 
names
Antibody type (i.e. binding region)

CombiNAber

www.hiv.lanl.gov/content/sequence/COMBINABER/combinaber.html



Single mAbs

CombiNAber

https://www.hiv.lanl.gov/content/sequence/COMBINABER/combinaber.html



Single mAbs

2-mAb  
combinations

CombiNAber



Single mAbs

3-mAb 
combinations

CombiNAber



Single mAbs

4-mAb  
combinations

CombiNAber



Single mAbs

Best 4, 3, 2, 1  
Combinations

CombiNAber



Glycan Shield Mapping
We developed a sequence- and structure-
based method to predict the glycan shield 
for a given Env sequence.  

• Maps potential N-linked glycosylation 
sites (PNGS) for a given Env sequence 
onto a reference trimer structure.  

• Assumes each PNGS is occupied and 
shields 10Å around Asn C-alpha. 

• Compares the given Env’s glycan shield 
against M-group conserved glycan shields 
to find rare glycan holes.  

Wagh et al. used this method to show that 
the more complete the transmitted-founder 
virus’ glycan shield, the higher the 
neutralization breadth developed in HIV-1 
infections. 

https://www.hiv.lanl.gov/content/sequence/GLYCOSITE/glycosite.html



Genome Browser  
A tool at the interface between the sequence and immunology database

■ Provides a multi-
level scalable view 
of the HIV genome/
proteome 

■ Includes antibody 
and CTL epitopes, 
protein features, 
selected mutation 
sites, entropy ...

https://www.hiv.lanl.gov/content/sequence/genome_browser/browser.html



Yo

HIV Genome Browser: Nucleotide view 

Right click 
to switch to 
protein view

Your position
Navigation



Right-click: 
Links

Left-click:  
Details



More tools for Immunologists
Most tools are applicable to any organism and some to any numerical data 

■ CATNAP: Compile, Analyze and Tally published and your own NAb Panels 

■ CombiNAber: Predict and analyze neutralization by antibody combinations 

■ Sequence Locator: Find epitope location on the reference genome  

■ PepMap: Map an input set of peptides on the reference sequence (Fasta, PDF and HTML) 

■ PeptGen: Generate sets of overlapping peptides for epitope mapping.  

■ QuickAlign and AnalyzeAlign: Align query sequences or discontinuous positions to an 
alignment, create WebLogos, calculate frequency by position, tally variants in an alignment 

■ ELF: Epitope Location Finder. Search query sequence for 
❑ Known epitopes from our HIV immunology databases 
❑ HLA binding motifs 
❑ Epitopes predicted by the IEDB binding algorithm.  

■ N-Glycosite: Find potential N-linked glycosylation sites in an alignment 

■ Mosaic and Epigraph: Generate candidate vaccine protein cocktails with optimized potential 
epitope coverage, calculate and visualize coverage 

■ Heatmap: Display and organize neutralization or other quantitative data. 

■ And more …



HIV/SIV Sequence Locator Tool
■ Calculates DNA or protein fragment location relative to a reference strain 

Available for HIV-1, SIV, HCV, and similar tools exit in HFV database 
Such numbers, often included in the literature, are frequently incorrect 

Paste or type a 
DNA or protein 
sequence here.SLYNTVATL

Location in 
genome mapped 
in red.

http://www.hiv.lanl.gov/content/sequence/LOCATE/locate.html



Evaluation tools

Vaccine Design Tools (Mosaic/Epigraph)

Design Tools 
Generate candidate vaccine protein cocktails that optimize coverage of potential T-

cell epitopes (as linear k-mers) based on frequencies in sets of natural pathogen 
sequences — “all-natural” throughout, including breakpoints 

Mosaic Vaccine Designer — genetic algorithm (Fischer et al. 2007) 

Epigraph — graph theoretic approach (Theiler et al. 2016)

Epitope Coverage Assessment (EPICOVER) 
Alignment-independent “k-mer” coverage by vaccines or peptides. 

Positional Epitope Coverage Assessment (POSICOVER) 
Alignment-based coverage by vaccines or peptides.

https://www.hiv.lanl.gov/content/sequence/EPIGRAPH/epigraph.html

https://www.hiv.lanl.gov/content/sequence/MOSAIC/makeVaccine.html

https://www.hiv.lanl.gov/content/sequence/MOSAIC/



■ Vaccinating a diverse 
population with individual 
epitopes is infeasible 

■ Escape forms for one HLA 
are frequently sensitive for a 
different HLA 

■ It may not be necessary to 
predict epitopes — but 
only to deliver them 

■ Optimized immunogen 
cocktails could deliver most 
epitopes likely to be present 
in infecting virus

HIV epitopes are densely 
packed at the population level



New tool for comparing HIV vaccine 
antigens: VACC_COVER

■ Plots vaccine proteome coverage  
■ Shows 9-mer coverage of known pathogen variants 
■ Computes numbers of reported epitope regions and 

associated MHC alleles



New tool for comparing vaccine antigens: 
VACC_COVER

■ Counts epitopes (and their 
MHC alleles) in the regions 
included in the vaccine  

■ Reports the proportions of 
9-mers (potential epitopes) 
that match pathogen 
populations 

■ Allows comparisons 
between candidate 
vaccines to consider 
epidemiological and 
immunological context 

■  DOI:10.1080/21645515.2019.1666957

In development: AVAILABLE SOON!



Posicover output (1-dimensional summaries)

Matched 9-mers Missed 9-mers

Alignment positions



POSICOVER K-MER COVERAGE 
(YELLOW-BLACK GRADIENT SHOWS HOW MANY OF EACH 

RESIDUE’S K-MERS APPEAR IN VACCINE)

 40

Posicover output (2 dimensional)
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Worst natural isolate

Best natural isolate

Posicover output (2 dimensional)



Variable Region Characteristics
Purpose: Variable Region Characteristics 
analyzes protein sequences for V1, V2, 
V3, V4, V5 and reports length, 
glycosylation sites, and net charge. 

Details: The tool accepts a set of aligned 
protein sequences in Fasta, IG, table, 
and other formats, along with an 
optional reference sequence.



■ Allows comparison of unalignable 
regions w.r.t. properties relevant to 
antibody binding 

■ For HIV, pulls out defined variable 
regions from alignment,  

■ Computes lengths, charge, and 
number of PNG sites
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Variable Region Characteristics 

Length Glycosylation sites Charge

Length Glycosylation sites Charge



Thank you for attending! 
Please send us comments, questions, and suggestions!  

Your comments will help us provide future training and better tools.  

Slides available at https://tinyurl.com/HIVDB-2019-IEDB 

Contact us: seq-info@lanl.gov or immuno@lanl.gov

https://tinyurl.com/HIVDB-2019-IEDB
mailto:seq-info@lanl.gov
mailto:immune@lanl.gov?subject=

