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» Gathering raw data
— Popular sources

Confidential

Gathering Raw Data Epiax, lnc./

Popular Databases

GenBank (frequently used)

— Agenetic sequence database, an annotated collection of all publicly available DNA sequences?.
— There are approximately 106,533,156,756 bases in 108,431,692 sequence records

SwissProt
— integral part of the UniProt Knowledgebase (UniProtkB).

— a curated protein sequence database which provides a high level of annotation, minimal level of
redundancy, and high level of integration with other databases

The Institute for Genomic Research (TIGR)

— leading center for microbial genome sequencing
— now absorbed by the J Craig Venter Institute (JCVI)

Los Alamos National Laboratory (LANL)

— HIV/HCV genetic sequences, immunological epitopes, drug resistance-associated mutations, and
vaccine trials

PoxVirus

— acomprehensive Poxviridae informational and analytical resource

INucleic Acids Research, 2008 Jan;36(Database issue):D25-30
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Intracellular Pathogens - SECRETION

Proteome Annotation/Protein Triage Aim ln(./

* Intracellular Pathogens take up residence in a host cell and secretes
proteins that alter the chemistry of the host cell

— These secreted proteins will eventually be degraded by the host cell’s recycling
machinery

* These proteins are presumably visible to the immune system.

Does the protein have a signal motif at its n terminus?

YES
Does the protein have additional transmembrane
regions elsewhere?

NO

Does the protein contain a lipoprotein attachment site?

NO
Our protein is most likely secreted.

:m“"""w;' fokded Gomez M, Johnson S, Gennaro ML. Identification of Mycobacterium tuberculosis
secreted proteins by a bioinformatic approach. Infect Immunol 2000;68(4):2323-7.
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Intracellular Pathogens - SECRETION

Proteome Annotation/Protein Triage ,Afp'\fu lnc./

« Signal P
— http://www.cbs.dtu.dk/services/SignalP

— predicts the presence and location of signal peptide cleavage sites in
amino acid sequences from different organisms

* Phobius

— http://phobius.sbc.su.se/

— A combined transmembrane topology and signal peptide predictor
* LipoP

— http://www.cbs.dtu.dk/services/LipoP/

— produces predictions of lipoproteins and discriminates between
lipoprotein signal peptides, other signal peptides and n-terminal
membrane helices in Gram-negative bacteria
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Gathering Raw Data ipuvulnc./
FASTA format '

* FASTAIs a very simple file format, and one of the most common in the field.

* Asequence in FASTA format begins with a single-line description, followed by lines of
sequence data.

>gi-168805691 hemagglutinin [Influenza A virus (A/Brisbane/59/2007 (HIN1))
MKVKLLVLLCTFTATYADTICIGYHANNSTDTVDTVLEKNVTVTHSVNLLENSHNGKLCLLKGIAPLQLG
NCSVAGWILGNPECELLISKESWSYIVEKPNPENGTCYPGHFADYEELREQLSSVSSFERFEIFPKESSW
PNHTVTGVSASCSHNGESSFYRNLLWLTGKNGLYPNLSKSYANNKEKEVLVLWGVHHPPNIGDQKALYHT
ENAYVSVVSSHYSRKEFTPEIAKRPKVRDQEGRINYYWTLLEPGDTIIFEANGNLIAPRYAFALSRGFGSG
IINSNAPMDKCDAKCQTPQGAINSSLPFONVHPVTIGECPKYVRSAKLRMVTGLRNIPSIQSRGLFGATIA
GFIEGGWTGMVDGWYGYHHONEQGSGYAADQKSTONAINGITNKVNSVIEKMNTQFTAVGKEFNKLERRM
ENLNKKVDDGFIDIWTYNAELLVLLENERTLDFHDSNVKNLYEKVKSQLKNNAKE IGNGCFEFYHKCNDE
CMESVKNGTYDYPKYSEESKLNREKIDGVKLESMGVYQILAIYSTVASSLVLLVSLGAISFWMCSNGSLQ
CRICI

The description line starts with a greater than symbol (">").
The text after (”>”) is the sequence identifier (unique)
The text after the ID is the description (optional)

Next lines display the AA sequence in 80 character lines
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Gathering Raw Data , Ep'vwnc./

FASTA format

* Agiven FASTA file may contain one or more sequence entries.

>gi-168805691 hemagglutinin [Influenza A virus (A/Brisbane/59/2007 ( N1))]
MKVKLLVLLCTFTATYADTICIGYHANNSTDTVDTVLEKNVTVTHSVNLLENSHNGKLCLLKGIAPLQLG
NCSVAGWILGNPECELLISKESWSYIVEKPNPENGTCYPGHFADYEELREQLSSVSSFERFEIFPKESSW
PNHTVTGVSASCSHNGESSFYRNLLWLTGKNGLYPNLSKSYANNKEKEVLVLWGVHHPPNIGDQKALYHT
ENAYVSVVSSHYSRKFTPEIAKRPKVRDQEGRINYYWTLLEPGDTIIFEANGNLIAPRYAFALSRGFGSG
IINSNAPMDKCDAKCQTPQGAINSSLPFONVHPVTIGECPKYVRSAKLRMVTGLRNIPSIQSRGLFGAIA
GFIEGGWTGMVDGWYGYHHQONEQGSGYAADQKSTQONAINGITNKVNSVIEKMNTQF TAVGKEFNKLERRM
ENLNKKVDDGFIDIWTYNAELLVLLENERTLDFHDSNVKNLYEKVKSQLKNNAKEIGNGCFEFYHKCNDE
CMESVKNGTYDYPKYSEESKLNREKIDGVKLESMGVYQILAIYSTVASSLVLLVSLGAISFWMCSNGSLQ
CRICI

>gi-168805697 neuraminidase [Influenza A virus (A/Brisbane/59/2007 (HIN1))]
MNPNQKIITIGSISIAIGIISLMLQIGNIISIWASHSIQTGSONNTGICNQRIITYENSTWVNHTYVNIN
NTNVVAGEDKTSVTLAGNSSLCSISGWAIYTKDNSIRIGSKGDVFVIREPFISCSHLECRTFFLTQGALL
NDKHSNGTVKDRSPYRALMSCPLGEAPSPYNSKFESVAWSASACHDGMGWLTIGISGPDNGAVAVLKYNG
IITGTIKSWKKQILRTQESECVCMNGSCEFTIMTDGPSNKAASYKIFKIEKGKVTKSIELNAPNFHYEECS
CYPDTGIVMCVCRDNWHGSNRPWVSEFNQONLDYQIGYICSGVFGDNPRPEDGEGSCNPVTVDGANGVKGE'S
YKYDNGVWIGRTKSNRLRKGFEMIWDPNGWTINTDSDEFSVKQDVVAITDWSGYSGSFVQHPELTGLDCIRP
CFWVELVRGLPRENTTIWTSGSSISFCGVNSDTANWSWPDGAELPFET

Sequence 1

Sequence 2

FASTA format is the same whether your data is encoded as amino acids or
nucleotides.
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» Gathering raw data

— Data Management

Epi¥ax, Inc. /
7#’!
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Data Management

Uploading Raw Data

IVAX A safer, faster approach to vaccine design

About CCHI Callaboratars IVAX Tool Kit News

bptac g
7-"

Home | Contacs

B Dats Mansgesart

Data Management

Eile Manager
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Uploading Proteins
Browse for Protein File or...

Upload a Protein File for Analysis

Qr Pgsts g Sequence 1or Anahveis

Data fles for upload must be named: unigue_file_name.pep

File format 1s FASTA. For example:

mammceunamcmwss
AMWO AGID_SEQUENCE W 50 CMARACTER LNES
AMWO_AGID_SEQUENCE W 80 CHARACTER LNES

name

n-vo AGID_SEQUENCE IN_80_GHARA Em_um
AMINO_ACID SEQUENCE IN 80 GNARACTER LMES
AMINO_ACIO_SEQUENCE_IN_80 CNARACTER LIES
> prodein seq

Choose a Protein File to Upload: [ Bewe.
Fiie Label (optional):
Source of File: GEMBAIK
Action: 51 New O Overwrile
[ Uptoas |
File format help:

Confidential
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Uploading Proteins

Paste a Sequence

Paste a Sequence for Analysis

Or Upload g Data Fila for Analysis
File Name: SANPLE
Fite Label {optional):
Source of Flle: GENIVWNK
Action: & New O Ovenwiie O Append

Enter an Amino Acid Sequence in FASTA format:
>Unigue_sequence_name  Optienal sequence Dbel
AMWO_ACID SEQUENCE W _80 CHARACTER LINES

Liplend.)

12
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Data Management
Uploading Raw Data

IVAX A safer, faster approach to vaccine design

About CCHI Callaborators

Epi¥ax, Inc. /
yo'r

Home | Contact

IVAX Tool Kit News

M Dats Mansgemart

Data Management

Confidential

File Manager / Editor ,Afp:m_lm./
Description :ﬁ

File Manager
(Quary By Example)
Rowhum Flle Fila Laba| Source # Protains Date

Cempir Search Jrrphed AMD | Exacutn Quary | Adare o Search (3Q1L Wheen Claun
) EANFLE 3 GErRmm 1 A8 1007 43

File Editor

File:  SswpiE
File Label:

Source: GEHEAN
# Proteins: ' (ot
UserName: wanno
DateTime: 1200110 431003
| Update | Archive | Delate |

Return to File List

11/17/2010
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Sequence Manager / Editor [prurln(./
Description
Sequence Manager
(Query By Exampio)
RowNam File Sequence ID Sequence Label — AA SEQUENCE Dataten Temp Ssoco Date
Strpde Saaih negsed ANCH) | _Baesate Query Advasies Do 1000 N Clasae)
ROy PRIfEN. ROTEn LT TAY = Erw AT
\ ) s
Sequence Editor Sequence Insert
File: SANPLE File: SAMPLE
Sequence ID: FROTEN Sequence ID:
Sequence Label: "ROTENL Sequence Label:
50quonco: QXLFGHRHSTATL CLOH Sequence:
Data Length: 2 Data Length:
Temp Score: Temp Score:
UserName: wasnmo UserName: WaEDTo
DateTime: 140CT-10 031003 DateTime: 4.0C110 011021
| Upcate | Delets | Inaert | swomn |
Return to Sequence Manager Return to Sequence Manager

e,
7«

» Conservation Analysis
— Multiple Alignments / Consensus Sequences
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Variable Pathogens

Conservation Analysis Afplhx.ln(./

* The genetic variability of some pathogens constitutes a significant challenge
to efforts to design a vaccine driven by cellular immune response.

HIV HCV Influenza
* Vaccines designed to protect against a given strain or clade of a quickly
mutating pathogen may be ineffective when faced with a heterologous
challenge.
* One approach to solving this problem is to include conserved and
functionally (or structurally) important epitopes in the vaccine.

Confidential

Conservation Analysis
Multiple Alignments (ClustalW)

*  http://www.ebi.ac.uk/Tools/clustalw2/index.html
« Perform alignment of all available isolates and manually extract conserved segments.

« This might be a viable strategy assuming the protein you are interested in is
— a) fairly short and b) you have a limited number of isolates to align.

Saguance Olecactue W i

A [ TR -
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http://www.ebi.ac.uk/Tools/clustalw2/index.html
http://www.ebi.ac.uk/Tools/clustalw2/index.html
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http://www.ebi.ac.uk/Tools/clustalw2/index.html
http://www.ebi.ac.uk/Tools/clustalw2/index.html
http://www.ebi.ac.uk/Tools/clustalw2/index.html
http://www.ebi.ac.uk/Tools/clustalw2/index.html
http://www.ebi.ac.uk/Tools/clustalw2/index.html
http://www.ebi.ac.uk/Tools/clustalw2/index.html
http://www.ebi.ac.uk/Tools/clustalw2/index.html
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Conservation Analysis

Multiple Alignments (ClustalW)

- 31 = MY

i-4872821s

g2~40357863
GL-4GALTR4D
Wi-ARERTAAD

WA-AARATRAS
1v4573

gi~40720

gi-4RTaILE

TA-ABIRTHAS

ARMMANNN

gi-4020
19
Conservation Analysis prqx._ln;/
Consensus Sequences (Consensus)
» Once you have an alignment, you can create a consensus sequence
*  http://coot.embl.de/Alignment/consensus.html
frrttantng
fe-4s2e 124 :
f-asiavien oot
SRS
£
Pa-ssahtak T
SEERAELT]
SRS Y
o -erranaan .
xi-42120329 WL
L1 . 2023248, W3ag!
peetesave/nay T
alll .
|-ccansazaain
A ey
. Note: Frequency ONLY. Does not weigh for immunogenicity
Thwasbett £7100 108 )00 Diee Z10 D108 100 i 100 88 C)ee
LAdat] [ Ll e LI
183 3mALY e AN Sedlry tie  preey | o asins e
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http://coot.embl.de/Alignment/consensus.html
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» Conservation Analysis

— Conservatrix

21
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Conservation Analysis Mlm./

Conservation without MultiAlign

Conservatrix Finds Conserved 9mers

= CTRPRNTRR™
ECTRPNNTR K —
‘ CTRPNNTRK

Conserved
CTRPNNTRK epitope

Identifying the most conserved 9mers will allow us to protect against
more strains with fewer epitopes

You can set a cutoff for the acceptable level of conservation so that
only the results you want are displayed.

Conservatrix will list the conserved peptide, and which proteins it

appearsin
Conservatrix does not care where a 9mer appears within a protein, only that it does appear

Confidential 2
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Execution

Conservatrix Analysis A Epi¥ax, Inc. /

|VAX A safer, faster approach to vaccine design Home | Contact

About CCHI Collaborators IWVAX Tool Kit
Conservation Analysis

consenabon analys

23
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Execution

Conservatrix Analysis A EpiVax, Inc. /

Execute Conservatrix to Identify Conserved Peptides

Ch an A lon: FluHa -

New Sequence: LU CvrOary

Parse: 8y lre By Ten
Show Sequence Name? '« Trs O Fase
Cutoff % of 100: 5
| Execute |

Confidential 2
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Conservatrix Analysis
Frequency Table

SEQS:
SEQS:

SEQS:

SEQS:

100

SEQS:

Conservatrix Results

Current Accession: FLU-HA
Report Date: 24-SEP-2010 - 1249

Accession Sequence Parss Peptide Count Percent

FLU-HA  FLUHA-CVX.DATA NINE ACPRYVKON 4 1.00
NONE 2080 BOSTON-202% CHICAG0-2013 FROVIDENCE - 2012

FLU-HA FLU-HA-CVX-DATA NINE CPRYVKONT 4 1.00
NONE 2050 BOSTON. 2025 CHCAGD-2013 PROVIDENCE.2012

FLU-HA  FLU-HA-CVX-DATA NINE GACPRYVKQ 4 1.00
NONE-2050 BOSTON-2025 CHCAGO-2013 PROVIDENCE-2012

FLUMA  FLU-HA-CVX-DATA NINE  CTLIDALLG 2 30

NOME-2050 BOSTON-2025
FLUMA FLUHACVX-DATA NINE CLOHHAVPN 2 50

CHICAGO-2043 PROVIDENCE-2012

Epi¥ax, Inc. /
70#!

Confidential

» Screening for putative T cell epitopes (EpiMatrix)
— MHC Class I and |l

Epiax, Inc. /
rr

Confidential
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Screening for T cell Epitopes ,Lé[pNax.ln(./
MHC/Ligand Interactions ’/,,-Q-r

« Binding is mediated by the interaction of the candidate peptides side chains
with specific regions in the floor of the MHC binding groove.

h aminc acid at eat;h
protein fragment
will bindl to 1 HLATllgle’ Raran

Because thége interactions are non-random. they can be
modeled

27

Confidential
Screening for T cell Epitopes ,Lé%pt\‘ax.ln(./
MHC/Ligand Interactions A /4-.-{
* The binding groove of both Class | and Class Il can be divided into 9 such
regions

* In the case of Class | MHC, the binding groove is closed-ended and can
accommodate peptides between 8 and about 11 amino acids in length,
although 9-mer and 10-mer peptides are preferred.

* Inthe case of Class Il MHC the binding groove is open ended. Class || MHC
can accommodate longer peptides, typically 12-20 amino acids in length.

28
Confidential
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How does in silico mapping work?

Screening for T cell Epitopes Aipﬁulm./

Th cell epitopes are linear and
restricted by MHC (HLA).

«
S
f Because the pockets of the HLA are
Mature well known, interactions with peptides

\ APC
can be modeled.

\
~

OHW

The EpiMatrix algorithm scores all the 9-mers in a given
sequence for binding affinity across a range of common
HLA and reports both detailed and aggregated results.

29

Constructing the matrix

Screening for T cell Epitopes Afpthx.lnc./

» Early researchers eluted, sequenced, and aligned peptides bou)nd to MHC

« They (Falk et al.) discovered that certain amino acids appeared in certain
positions more often than others.

» This information was used to develop rudimentary binding “motifs”

T
I |

Falk, K., Rétzschke, O., Stevanovic, S., Jung, G. and Rammensee, H.-G. Allele-specific motifs

revealed by sequencing of self-peptides eluted from MHC molecules. Nature 1991, 351,290-296.
30
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Other methods

Screening for T cell Epitopes Aipl‘lax.lnc./

» As additional training data became available, many statistically based
techniques where used to model the data:

* Frequency Analysis

+ Hidden Markov Models (HMM)

* Support Vector Machines (SVM)

+ Stabilization Matrix Methods (SMM)
+ Random Forests

* Naive Bayesian Analysis

31

How EpiMatrix Scores

Screening for T cell Epitopes ,Afp'vmnc./

Graphical Representation of A*0201 Coefficient matrix

# =1.75-2.00
“T'f‘,,), =1.50-1.75
=1.25-1.50
© il = =1.00-1.25
hary i 0.75-1.00
(&) #10.50-0.75
0.25-0.50
0.00-0.25
-0.25-0.00
(@] it -0.50--0.25
c % -0.75--0.50
#-1.00--0.75
—_ =-1.25--1.00
E =-1.50--1.25
=-1.75-1.50
< m-2.00--1.75

m-2.25--2.00
m-2 50--2.25
m-2.75-2.50
= .3.00-2.75

5

Position
S+L+Y+N+V+A+T+Y+L = indication of binding likelihood

32
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Screening for T cell Epitopes EpNzx._Inc./

Comparing scores on a standard scale

Predictive matrices are benchmarked against a randomly generated standard curve

True
epitopes §

33

Screening for T cell Epitopes tp:‘m_lm./
EpiMatrix: Class | Analysis

IVAX A safer, fastor approsch o vaccine design e | Contact

Class | EpiMatrix Analysis

Execots & Stanaaid Eoddatry Class | Anatrsy  <———

ot e PRI

110 Dhagtay 1e Profidn nesunogoni oty 3
Class | Cluster Analysis

g Ciges | ¥ Cell Eploos Chusians

& A Lkt wan 1y ile SN 1 Clasy Mifpr 1l

Confidential 34

11/17/2010

17



Screening for T cell Epitopes
EpiMatrix: Class | Standard Analysis

#4~ EpiVax, Inc.

Choose a File:

FLU-HA

Choose a Protein or Null for All Proteins:

Score Standard Class! File with EpiMatrix

’

Confidential 35
EpiMatrix Results
Current File: SAMPLE
Current Sequence: SAMPLE_01
[ Top 10% of Z-Scores Top 5% of Z-Scores
All Z-Scores In Top 5% are Considered "Hits"
Matrix: KB_A0101_09] KB_A0201_09] KB_A0301_09] KB_A2402_09] KB_B0702_09| KB_B4403_09] Hit | Average
AA AA Start GRAVY Z-Score Z-Score Z-Score Z-Score Z-Score Z-Score | Count| z-Score

MGARASVLT 1 0.79 034 0.24 0.48 115 -0.39 0.14 0 038
GARASVLTG 2 0.53 ~0.85 -0.36 0.17 1.28 0.16 0.32 0 031
ARASVLIGS 3 0.49 -0.01 -0.19 0.52 0.91 0.3 0.05 0 031
RASVLTGSK 4 0.14 0.75 -0.24 2.22 0.73 0.54 -0.49 1 0.34
ASVLTGSKL 5 0.78 0.42 0.29 0.33 0.93 1.26 115 0 0.73
SVLTGSKLD 6 0.19 -0.01 0.5 0.73 0.64 0.6 0.51 0 -0.09
VLTGSKLDA 7 0.48 0.03 13 0.59 0.22 0.16 0 0.11
LTGSKLDAW 8 -0.09 0.68 -0.09 0.04 0.5 0.44 0 0.22
TGSKLDAWE 9 0.2 -0.84 0.18 1.05 1.49 0 0.82
GSKLDAWEQ 10 0.34 113 1.49 1,55 0.9 0 0.87
SKLDAWEQT 11] 124 0.73 0.94 0.68 0.57 0 0.1
KLDAWEQIR 12| 033 0.97 0.91 152 0.92 0 -0.08
LDAWEQIRL 13 -0.01 0.91 0.39 1.28 0.1 0 0.24
DAWEQTRLK 14] 0.45 -0.45 0.76 -1.07 0.21 0 0.16
AWEQIRLKP 15 0 -1.56 0.3 -0.46 -0.08 0 -0.48
WEQIRLKEG 16 2.36 -0.86 0.72 0.5 1 0.54
EQIRLKPGC 17 132 -0.54 0.91 2.12 0 0.93
QIRLKPGCK 18] 0.04 0.33 0.95 -0.29 1 0.13
TRLKPGCKK 19) 0.16 -0.83 0.5 0.47 1 -0.22
RLKPGCKKK 20| 0.15 0.47 0.22 -0.13 1 0.38
LKPGCKKKY 21] 2.06 137 0.15 -0.31 1 0.1
KPGCKKKYR 22) 1.1 124 141 134 0 0.27
PGCKKKYRL 23] 113 0.42 0.61 0.02 0 037
GCKKKYRLK 24 -0.42 163 117 14 117 0 0.75
PFASLKSLE 488 0.88 0.16 -1.64 031 2.02 0.34 0.59 1 0.19
FASLKSLEG 489 1.01 0.88 0.52 0.49 -0.79 -0.09 0.22 0 0.13
ASLKSLEGT 490] 0.62 0.39 0.76 0.59 031 0.67 0.81 0 0.26
SLKSLEGTD 491 0.03 0.79 0.85 0.83 0.22 0.24 0.64 0 -0.04
LKSLEGTDO 492 0.27 0.22 0.79 0.9 0.63 0.88 1.44 0 0.74

Maximum 2 -

Sum of Significant Z 25.98 . = -

Hit Count | 11 | 23 | | | 33 | 25 | 125 -
Total Assesments: | 2952 | Total Significantz: |  240.58 ExpectedZ: | 32638 | Deviation: | 758 | Deviation per 1000: | -14.36

11/17/2010
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Screening for T cell Epitopes Ep\faglm./
EpiMatrix: Class | Extended Analysis

Score Extended Classl File with EpiMatrix

Choose a Flle: FlLuHa v
Choose a Protein or 3]
Null for All Proteins: —
Choose a Parse Number: = 6y tine By Ten
A Locus

FlAD101 By 9 [FJAC201ByS [SAD301ByS [JA1101ByS [CA402By9 [ASSO1EyH

40101 By 10 [[]A0201 By 10 | [T A0301 By 10 [JA1101 By 10 T A2402 By 10 [/ AS801 By 10
' ~ BlLocus

[“]B0T02 By 0% -/BO401 By 00 [~ B27085 By 00 - 83401 By 00 |- 54403 By 09 [eserveq

180702 By 10 | /80801 By 10 | 182708 By 10 83807 By 10 || 54403 By 10 Resenved

Ciecute |

Confidential 37
Screening for T cell Epitopes Ep:Vu_lnc./
EpiMatrix: Class Il Standard Analysis

|VAX A safer, taster approach to vaccine dasign Home | Confact
ADOL CCHI Collabotator IVAX Tool Kit Mewn
Class Il EpiMatrix Analysis
Eoxyle g g g'.x.-f el I AN <——
Class |l Cluster Analysis
PILERES St se Jmil <]
38
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Screening for T cell Epitopes EpNax._lnc‘/
EpiMatrix: Class Il Standard Analysis }

Score Standard Classl| File with EpiMatrix

Choose a File: FLLLHA, |

Choose a Protein or Null for All Proteins:

[ Exscte |

FLUMACVE
NOME 2080
PROVOENCE 2012

|Success! standard Class Il Scoring Complete |

Classll EpiMatrix Protein Summary Report

Choose a File:  FLuHA vl

Choose a Protein: vl
| Execute |

Confidential 39
Screening for T cell Epitopes tpc‘m_lm./
EpiMatrix: Class Il Standard Analysis :

Overview of Classl| Protein Selections

Current File: FLU-HA - Current Sequence: All Proteins
September 29, 2010 (Epx Ver. 1.2)

Clckto Pt Clicicto Downigad

Eils |Protein Sequence Hits | Soore
FLU-HA| BOSTON-2025 |hemapgiubren| 329 98 -3078 018
FLU-HA] CHICAGO. 2013  |hemaggubrn| 329 180 4469 4468
FLUHA|  NOME205  [hemaggutrin| 320 | 170 [ 2037 a3l
FLU-HAIPRONIDENCE - 201 2 hemagghutrin | 329 247 46 24 2024

?

rformation on the protens analyzed as part of thes analysis ICE38NS prowded above

EpiMatrix HEs is the number of EpiMatric Z scores above 164 found within the sequence

The EpiMatrix Score is danived from the numbear and intensity of the EpiMatric HEs normaiized for tha kength of he protein

1 olher wards the Scare is the excess or shodfal in predicted agoregate immunogenicity relative 1o a random peptide Slandard

40

Confidential
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Classll EpiMatrix Report
File: FLU-HA - Sequence: PROVIDENCE-2012
September 29, 2010 (Epx Ver. 1.2)
Click to Print_Click to Download
Frame AA Sequence Frame DRB1*0101 DRB1*0301 DRB1*0401 DRB1*0701 DRB1*0801 DRB1*1101 DRB1*1301 DRB1*1501 Hits
Start Stop  Z-Score Z-Score Z-Score Z-Score Z-Score Z-Score Z-Score Z-Score
1 QKLPGNRNS 9 0.58 0.25 1.06 -0.2 0.23 0.95 0.45 0.31 0
2 KLPGNRNST 10 0.41 0.48 -0.19 0.57 0.34 0.8 -0.75 0.84 0
3 LPGNRNSTA 11 0.94 1.03 1.26 0.5 0.49 0.96 0.92 0.84 0
4 PGNRNSTAT 12 0.35 -1.66 -0.43 0.23 -0.21 -1.07 -0.57 0.18 0
5 GNRNSTATL 13 11 0.74 1.16 0.6 0.62 0.95 0.95 0.2 0
6 NRNSTATLC 14 1.14 0.29 0.51 1.04 0.07 -0.39 -0.05 0.58 0
307 RYVKONTLK 315 -0.51 0.58 -0.57 0.77 -0.23 0
308  YVKONTIKL 316 _ 8
309 VKONTLKLA 317 0 97 151 0 95 1 06 l 62 1. 41 2
310 KONTLKLAT 318 0.49 -0.1 0.22 0.54 1 0.89 OA86 1.34 0
311 ONTLKLATG 319 0.15 -0.22 0.23 -1.29 1.19 1.26 0.23 0.01 0
312 NTLKLATGM 320 0.24 0.63 -0.41 0.33 -0.02 -0.77 1.07 -0.44 0
313 TLKLATGMR 321 0.9 0.78 0.81 0.55 1.24 0.7 -0.09 0.46 0
314 LxkiaTeMRN 322 [NNEEENN 117 @S2 123 [N@ee 14 0.2 4
315 KLATGMRNV 323 -0.23 -1.07 -0.73 0.29 -0.96 -0.6 -0.69 -0.55 0
316 LATGMRNVP 324 -0.57 0.68 -0.6 -0.24 -0.07 0.37 -0.55 0.01 0
317 ATGMRNVPK 325 118 0.31 132 0.09 0.6 0.74 0.15 0.6 0
318 TGMRNVPKK 326 -0.24 -1.37 -0.28 -0.98 0.52 0.23 -0.18 -1 0
319 GMRNVPKKQ 327 0.86 0.13 0.98 1.06 1.04 1.26 0.34 0.04 0
320 MRNVPKKQT 328 0.81 0.36 -0.03 0.85 1.13 1.58 0.77 141 0
321 RNVPKKQTR 329 -1.22 1.25 -1.36 -1.75 0.16 -0.74 0.7 0.34 0
Summarized Results DRB1*0101 DRB1*0301 DRB1*0401 DRB1*0701 DRB1*0801 DRB1*1101 DRB1*1301 DRB1*1501 Total
Maximum Single Z score -
Sum of Significant Z scores 65.04 58.45 52.95 64.72 51.65 81.61 62.54 72.96 509.92
Count of Significant Z Scores 30 29 25 30 25 38 31 36 244
| Total Assessments Performed: 2568 | Deviation from Expectation: 224.26
| Adjusted for Regulatory Epitopes | Deviation from Expectation: 224.26

Screening for T cell Epitopes Epru_lnc./

EpiMatrix: Class Il Standard Analysis

Overview of Classl| Protein Selections

Current File: FLU-HA - Current Sequence: All Proteins
September 29, 2010 (Epx Ver. 1.2)

Clckto Pt Clicicto Downigad

Fils (Protain Sequence
FLU-HA| BOSTON-2025  |[hemapgiubren
FLU-HA] CHICAGO 2013 | hemaggutrm| 329 180
FLUHA| _NOME2050 _hemaggutnn| 320 170

FLU-HAIPROVIDENCE Ahemagohtnn| 329 | 247

réormation on the protens analyzed as pant of thes analysis iIcessons prowded above

EpiMatrix HEs is the number of EpiMatric Z scores above 164 found within the sequence

The EpiMatrix Score is danved from the number and ntensty of the EpiMatric HES normalized for tha length of the protein

1 olher wards the Scare is the excess or shodfal in predicted agoregate immunogenicity relative 1o a random peptide Slandard

Confidential a2
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EpiMatrix Classll Protein Immunogenicity Report

File: FLU-HA - Sequence: PROVIDENCE-2012
September 28, 2010 (Epx Ver. 1.2)

LR % Fyed Coch 1y Cuerdind

<PROVIDENCE-2012 (89.24)

EBV-BMRAFD >
Totwres Town =
mrnogenc Ambodes”
fueren HA > 20

Ao >

05 FC Hegon -

Non immunogonc Nmibodess
Fensoge: Apha »

Fcabopn Bety

43
Confidential

Screening for T cell Epitopes ianu_lnc./

EpiMatrix: Class Il Extended Analysis

Score Extended Classl| File with EpiMatrix

Choose a File: 7. vl
Choose a Protein or Null for All Proteims: s
CoRstom1 TIORE1'0331 TICAAT'0M CIDRBT'EIDY TICAB1'08)Y TIORST 1981 TIDRE1131 CIDRB1180Y
ORE10%2 ORS00 Aewrmd  DRETENIS  CAB1I'0SOY  ORSI 1982 DORS11201  CABYISD
ORS1014  CRE1T'CIE  Rewerssd Rewver DREIONMT DRI DRE1IDM  CRET1SM
ORSTOME  CREI'GNT  fesewed  Sesend  CRSI'0SM  DRSTIWE  DRST130S  CRET1808
Feserved  DRE1OOM  FReservol Feserned CRE1'08YT  DRSIMWT  DRS1311  Reseres
Reserved | ORBI'O0YY Weserwos Resaniel Resenaz  DRBI'I1I4| DRS113NY Reseres
Reserved Reserved Resatwod Reserved Resenvee DRSI'11I6  DRE1I321 Fesermel
Teeserved figserven Reserst el fieserms DRSI'1120 DRETI3N  Resermed

fieweved  Resensd | Resened  Aseved  Reserss  DRSIMI DREIMA | Reseress

Resmved | Resees | Resenes  Reeved | fimsenss | DRBEHY| DRENIGN  Resenes

Feenved | Reseryed | Resenes  Bsieved  Resenes | DRBIIUE DREIM3M  Ressnes

Feened | feseet | Aesees  Resewed | Reserees | DRBINID  Reseved | Resenes

Resved | Reseren | Ressnes  Reseved Resenes | DRBIMIS  Reseved  Aesanes
[ Exeans |

Confidential a4
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Screening for T cell Epitopes

'A Epifa, Inc. /
EpiMatrix: Class Il Standard Analysis ’7/“'{
IVAX A safer, tastar approach to vaccine design Home | Contack

CCHI Collsbarators IVAX Tool Kit

Class Il EpiMatrix Analysis

Class |l Cluster Analysis

i Epiee Csters «<——

45

Confidential

Screening for T cell Epitopes
Epitopes Tend to Cluster

» T cell epitopes are not randomly distributed throughout protein sequences but
instead tend to cluster in specific regions.

— These clusters can be very powerful. One or more dominant T-cell epitope clusters can
enable significant immune responses to even otherwise low scoring proteins.

» ClustiMer is used to identify T-cell epitope clusters. It identifies polypeptides
predicted to bind to an unusually large number of HLA alleles.

DRBl:OlOl ' I 8 'I | T4 ;' il -Ai-ni sxaee I:' l ..! TirTatt £
DRB1*0301 =I ] l Illill |i
|

|
I
i L
[} | 1. I R
| |
1
1
!

DRB1*0401 | i ll lllﬁll ! i ]
DRB1*0701 | l
DRB1*0801 I ] l I'[ l 'I

DRB1*1101 | ll | | Illflf|[| | l |

DRB1*1301 i ‘[];i" | |
ore1so1 | " | BV

» T-cell epitope clusters make excellent vaccine candidates:
— compact; relatively easy to deliver as peptides; highly reactive in-vivo

46
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Screening for T cell Epitopes
Finding Class Il Clusters

Class I Cluster Analysis

Success! 12 Clusters Found

EpiVax, Inc.
A,
W

Choose a File: FLU-HA
Choose a Protein or Null for All Proteins:
(Execute |  |gosronz0
CHICAGO-2013
NOME-2050

Find Classll T Cell Epitope Clusters

¥/

¢

Confidential

47

Screening for T cell Epitopes

Finding Class Il Clusters

LY
7"{

EpiMatrix Classl| Interactive Immunogenicity Report

Choose a File: FLU-HA .
Choose a Protein or Null for All Proteins: PROVDENCE 2012 w)
Summarize EpiBars? S True O Fale
Execute

Confidential
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Screening for T cell Epitopes
Interactive Class Il Cluster Report

Overview of Cluster Selections

Current File: FLU-HA - Current Sequence. PROVIDENCE-2012

September 29, 2010 (Epx Ver. 1.2}

Confidential

> Hydro- | Enifiatris Ep@Bars?
Input Sequencs
e InLELANSE) Cluster Sequence | phobiciy |, HIT2 )
FLUAHAPROVDENCE 2012 2.4 SOTLVKYITMRG I KD 030 ] | Yes (1)
[FLUHAPROVDENGE-2012 11 .54 NP IAVINATRLYIS S STGRI SR 0 65 17 Yes (3)
FLUHAPROVIDENCE 2012, 61.78 SENCTLINALLONF . & 029 8 1 Yes{!)
FLU-HANPROVIDENCE -2012] TNRENELIVERSRAT AN LF 111 18 | Yes (1)
FLU-HAPROVIDENCE 2013 EIRYTRIASLASIVASSOTANFINE | 017 b | Yes {3)
FLUHAPROVDENCE 2012 2 VTLAY ENARPMWTTAY 038 ! No
[FLUFAPROVOENGE-2012 Va1 154 RS VNS ESRIAMLINSRERTPAL | -0 60 19 | Yos (3)
FLU MA{:W‘!.’CUEE-“DP 18t . 207 ERTANACTTS L T VA SURVTV AT 051 12 Yes (1)
FLHHAPROVOENCE 2012] 213234 ARPRVROQESRISITM 078 12 | Yes (2)
Ft'.‘HAr-R!"'u’CE‘E:-?U‘I? 231.256 J;ma;umjmr_, 0e0 2 Yes (5)
FLUHAPROVDENCE 2012|2561 . 278 ERSYVRIIN0KSS IMRSAAR LODSY | 068 » | Yes (4)
FUAHAPROVIDENCE-2012] 305 - 325 SFFIVRANTARLAT G 7 E 073 14 Yas 12)
T
49

Screening for T cell Epitopes

Class Il Cluster Detail Report

Summarized Results
Maximum Single Z score
Sum of Significant Z scores
Count of Significant Z Scores

EpiVax, Inc. /

EpiMatrix Cluster Detail Report
File: FLU-HA Sequence: PROVIDENCE-2012 Cluster: 76
September 29, 2010 (Epx Ver. 1.2)
Click to Print Click to Download Back to Cluster Summary

Frame AA Sequence Frame Hydro- DRB1*0101 DRB1*0301 DRB1*0401 DRB1*0701 DRB1*0801 DRB1*1101 DRB1*1301 DRB1*1501 Hits

Start Stop phobicity Z-Score Z-Score Z-Score Z-Score Z-Score Z-Score Z-Score Z-Score
76  CRSFONKKW 84 -0.37 1.49 0
77  RSFONKKWR 85 -0.54 are 1
78  SFONKKWRL 86 -0.34 14 0
79  FONKKWRLF 87 12 1.48 P 180 isa T 144 3
80  ONKKWRLFV 88 -1.04 0
81  NKKWRLEVK 89 -1.09 0
82  KKWRLFVKR 90 1.2 0
83 KWRLEVKRS 91 -0.86 1.39 1.39 1.44 0
84 WRLFVKRSK 92  -0.86 141 1.57 1.42 144 2
85 RLEVKRSKA 93  -0.56 14 [017 152 2
86  LFVKRSKAY 94 -0.2 1.28 _ 1
87  FVKRSKAYS 95  -0.71 _— 14 3
88  VKRSKAYSN 96  -141 ______ EE
89  KRSKAYSNC 97 -0.34 0
90  RSKAYSNCY 98  -0.28 s 1.31 1
91 SKAYSNCYP 99 -021 0

DRB1*0101 DRB1+0301 DRBl*0401 DRB1#0701 DRB1*0801 DRB1*1101 DRB1*1301 DRB1*1501 Total
__ -

217 5.34 2 02 025 0.8 8.18 23 4384
3 1 4 4 4 1 20

Total Assessments Performed: 128

1
[ Hydrophobicity-1.11 | EpiMatrix Score:30.66

11/17/2010
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Screening for T cell Epitopes
Interactive Class Il Cluster Report

Overview of Cluster Selections

Current File: FLU-HA - Current Sequence. PROVIDENCE-2012
September 29, 2010 (Epx Ver. 1.2}

Epi¥ax, Inc. /

Sk 10 Pt Chek to Dowedoad
Epiftatriv
Fio | putSequenc FANMEAMERIN  Cuersequence | WS | Thirs [ scome (P
FLUHAPROVDENCE 2012] 2. 3 SITLVKYITNRG K7D 030 8 | 1409 Yes (1)
[FLUHAPROVIDENGE-2012 31 .54 NP IAVINATELYIS SSTGRI SRa -0 85 17 78 Yes (3)
FLUHAPROVDENCE 2012 61.78 029 8 ] 1335 Yes {})
FLU-HANPROVIDENCE 2012 75 . 40 111 18 21 99 Yes (1)
FLUHAPROVIDENCE 2013] 99193 017 . | 4369 Yes {3)
FLL. % ROVDENCE 2012] 11410 SUTLAY NARPNNTUTAG 030 7 1000 o
FL ROVIDENCE-2012] 141154 RESVHSFESEIMMLURSKIRYPAL | -069 19 | 0 03 Yos (3)
FLU PROVIDENCE 2012, Bt . 207 33 S LVRASUNYTVED) 091 12 17.06 Yes (V)
FLEHAPROVOENCE 2012] 212 2 TR N 078, 12_ 1 LR Yesi2)
FLUHAFROVIDENCE-2012 231.- 256 RIXNTIVESGRILLIMS IRLAARRE! 060 2 5T.72 Yes (5)
FLUHAMPROVDENCE 2012 2564 . 278 ERSAYRIFNONSS IMRSAARLODCY | 008 » | 5501 Yes (4)
[FLUHAPROVIDENCE 2012] 305 - 325 SFFIVRANTARLAT G 7 E 073 14 76 74 Yas{2)
T
Confidential 51

Screening for T cell Epitopes
Class Il Cluster Scale

EpiMatrix Cluster Immunogenicity Report

Flle: FLU-HA
September 29, 2010 (Epx Ver 1.2)

Shck 1o Pt Clck 1o Dasnioad

Tetarux Tann (825-850) -

PROVIDENCE-2012.76,(31 96)
Hapatitis C NS3 (1248-1267) >

riivenza HA (307-319) -
Souttwwood- 1998 (1188 18) ->
Human CLIP .»

Southwood- 1996 (1188.32) >

Minimum 20-Mer Pepide -m

EpiVax, Inc. /

11/17/2010
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Screening for T cell Epitopes spnv;x._lng/

Interactive Class Il Cluster Report

Overview of Cluster Selections
Current File: FLU-HA - Current Sequence. PROVIDENCE-2012
September 29, 2010 (Epx Ver. 1.2}
Sk 10 Pt Chek to Dowedoad
Epittstriv Ep@Bars?
Input Sequencs ‘ Hybe-

Fie Lt FLANKS) Clustar Sequence phebiciy|  HITH SCORE )
FLUHAPROVDENCE 2012 2.4 SOTLVKYITMAG IEYD 030 [} | a0 Yes (1)
[FLUHAPROVDENGE-2012 1. 5¢ NRGIAVINATELYIS SSTGRI TR -0 85 17 8 Yes (3)
FLUHAPROVIDENCE 2012 61.78 UNCTLINALLONF S 029 8 ] 1338 Yes(t)
FLU-HANPROVIDENCE 2012 75 . 40 CRSTOMKRNELFVARSKATASIOYE | 111 18 1198 Yes (1)
FLL PROVIDENCE-2013]  99.123 | DIBVISSASLASIVASSOTANFINE | -0 17 -~ S | 4368 Yes {3)
FLUHAPROVDENCE 2012] 11412 SITLAY INARPANT AL 038 ! 1062 o
FL ROVIDENCE-2012 141 164 RaSVHST T SEIMMLHASKIRY PAL -0 69 19 | 0 03 Yas 13)
FLUHAPROVIDENCE2012] 188 - 207 £ TMNIT S LT VRASURVT AT 061 12 17.06 Yes (1)
FLUEHAPROVOENCE 2012] 21324 TR N 078 12_ 1 $57_ Yes(2)
FLUHAFROVIDENCE-2012]  231.25  |nIyWRIvEPGRILLINSIGMLIATRG] 060 2 51712 Yes (5)
FLUHAPROVDENCE 2012] 264 . 278 EROAYRIINORSS IMRSRAR[ODEY | 006 » | 5501 Yes (4)
[FLUHAPROVIDENCE 2012] 305 - 325 SRR IVRNTIALATREUC F E 073 | 2824 Yas 12)

-~ 53
Confidential

Screening for T cell Epitopes EpNz,x.Jn;/

Class Il Logo Report

EpiMatrix Peptide Logo Report
Individual Amino Acid Contribution to Binding Averaged Across Alleles and Frames
(fom stzecolor o eyed b averades score)
File: FLU-HA - Sequence; PROVIDENCE-2012 - Cluster: 76
Septembar 29, 2010 (Epx Ver 1.2)
Chcke Pont Chox 22 Qavinkoad Sack s Summany Bepert
T8 T 7T 79 80 %1 82 & 84 B5 85 87 B8 39 W 91 02 B3 94 05 96 97 W 9

cas sFan KKWRLFVKRSK  vswocve

O 472 245 1570 625 066 1709 1025 1001 3642 307 17461101 1927 1641 1610 1927 878 44 1132 908 4 19 0

11/17/2010
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» Searching for homology
— Human genome / Other pathogens (GenBank)

Epi¥ax, Inc /

Confidential

55

Searching for Homology

BLAST at NCBI

% NCB' Search) | N Osatases vl

Resources

woivaas Welcome to NCBI
Al Rwasaremg (A The Yasscnai Cermer a1 Bl ctachinaiogy brfsrmal on 3tances sownce md
Tl & Schmary et by 10 OO 1D BAMIBGACIE 3N G0 NN aTtimanian

tia AR Wore bz

CR8 | Misren | Orpastration | Resesrch | R3S
Commns & urtires

smi A Esny

Genome
-
Garemui 8 Vaps
- 1000 prokaryolic genomes are
now completed und availetie in
Natatura the Cenome datsbaie.

wrehos A Mudene

- v 2 D 4

Gt On T

Nl Metecires

Trarwng & Tutanats

Pustten
FUtbied Curtin

PR s

s UV T g e

wzide ana Praten pages
sarve 30 updeted (oot and fes an

Wy PICES Mows 16 woatatrd

Confidential
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Searching for Homology

BLAST at NCBI

IMrrribwtiom of 193 Hlaar Mtz on the Cien Sequencs

Mol Balated Scygorures I
5133, Dlygiiaovesnioizispsse protein-tyzdsine winsse (2C 2.7.1.311) JAKI «~ tumen
Sezgeh = 1134
|
Jequences producing sagn
fcore = 10,7 Eic
¢ 1034)
R
rapiens]
wese XL (Janus winase 1) (JAR-]

spise kizase

I procwaz [Momc sapiens

Searching for Homology

BlastiMer
IVAX A safer, faster approach to vacane design

About CCHI Colaborators IVAX Toot Kit

EpiVax, Inc. /

Home | Contact

Class | Blast Analysis

Class il Blast Analysis

Confidential %8
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11/17/2010

Searching for Homology [pNzx._lnc‘/
BlastiMer

' Success! 12 Clusters Submited and 12 Clusters Returned.

EpiMatrix Class |l Cluster Blast

Choose a File: FLUHA vl
Choose a Protein or Null for All Proteins: #RrOVICENCE 2017
Choose a Database to Search: o= Non-R Protewes | O Genbank Patert I
Search Human Sequences Only? (=) Searen Eniire Databass O Limit Duast 10 Muman Secpiences
[ Overwrie Exstng Bast Data
_Execute

59
Confidential

Searching for Homology ivau._lm:./

Interactive BLAST Report

Interactive Class || Cluster BLAST Report

Choose a File: FLUHA R v
Choose a Protein or Null for All Proteins: PROVOENCE 2012 v
——

Overview of Cluster Blast Results
Current File: FLU-HA - Current Sequence: PROVIDENCE-2012

Clck to Pani,. October 15. 2010 Cick to Downioad

g Add CLUS Linkto | Link to

Flle | Input Seq ot FLANKS) Cluster Sequence SCORE Summary
fwio FLANKS} | Report | Report

FLUHAFROVIDENCE-2012] 22-37 ¥ETLVRTITNRQIZVT 14.02 Nigrynent |Summ
FLU.HAFROVDENCE-2012 31-54 | FRCIRVINATRLVOSESSTORICRS 278 Agrwnent |Suremary
FLU-HAPROVDENGE-2012] 61-78 | GENCTLIRALLGRPMIRS 13.35 Nigrenant |Sumenary
FLU-HAPROVDENCE-2012 76 .96 CRAPONRAWALPVERERATSNCY 2 31 88 Agrnent |Surrnary
FLUHAPROVIDENCE 2013 90123 | SYRVIREASLASIVASSOTIAFIN 4369 Axgrevant|Surmary
FLU-MAUPROVDENCE- 2012 115. 132 AGTLEF INERFWRTOVAD 10.02 Murrnent |Surmnary
FLURAPROVDENCE 2012] 141164 | mosvaesrysLMMLANSKINY VAL 3003 |sigremantSumynary
FLUMAFPROVDENCE 2012 185 . 207 | PATRARQTSLYVRASORVIVATE 17.05 Nirrnent [Sutrenary
FLUHAPROVDENCE 201 218-234 | SRFWVROQSSRE S 1 YW 2487 HMgrement |Summary
IFLU-HAPROVDENCE-2012] 231 - 256 DITWTIVRAPGRILLINS IGNLIAFRG 5772 Nigrenent ISurrnary
FLURAPROVDENCE- 20121  254-278 | FROYPRINNOKSS IMRSRAPIOTCE 85601 Asgrwment [Surmmary
FLU-HAPROVWDENCE-2012] 305 - 325 | CPRYVEQNTLRLATGGUNTEE 26.24 Algrenent ISummeny

30



Searching for Homology EpNu.]nL/
BLAST Alignment Report

Blast Alignment Report for FLU-HA_PROVIDENCE-2012-115

Analysis of Homologous Sequences
October 15, 2010

LEXIE AN kIR ioeines QK ID LARINC ANTITA

FILE | DESCRIPTION ORGANISM
FLUHA - na

i | AB1244 | temaggusinn [infsenza A vrus {ANew Yook 75119353021
£ |ACYV42004 | nemaggusinn | Jriluerca Avius (AswneKansas0 1 52522009(HINZ]
E ABM91T2 | hemaggutinn ifuenza A wrus (Aiswinetaly B30 1967 HAN2{
_l ABOA016T | hemaggutinn [infuenza A v (AEngiand 121 1905(HIN2 Y

8 | |CACAOME | Tasmaggunn | [luena A s (e tay B368T(ON)
e AATEASAE | hemagmusinn [ifuenza A wis (AL o2 59509 HINZ|
“_: | AAKET1T2 | hemaggioinn Jrfhenza A vns (A/Seod 1BEXHING)I|

e | JACU12404 | hemaggisinn | friberan A vrus (ASiena N9 1{HING]]

|ACHOET46 | hemapgaonin )rﬂ.ema Airus (ATTamanVGHTMDG04 0B 1SE0HIN) N
Total:

Confidential

Searching for Homology

Epiiax, | Inc
BLAST Summary Report yﬁ

Cluster Blast Summary Report for FLU-HA_PROVIDENCE-2012-115

Analysis of Homologous Sequences
Oclober 15,2010

96 [ 198 | 937 | 118 | 199 | 20 | 21 | 122 | %23 | ¥a4 | 925 | 128 | 427 | 428 | 128 | 130 | 431 | 132
5 G T L K F | N K R F N w T G v A Q
s a T L [3 F 1 N B ] : N W Lr a J v A Q
100100 | 100100 | 150138 | 100100 | 96100 | wxiron | 100 | 38900 | 900 | $6-438 | 1Arad | 100-100 | 180 | 1OMT00 | 18038 | 100100 | 4100 | veoite |
3 1 Q 3 N T
4184 1 Vi) " 2 &1
G
| &1 |
5
100
A
1100
62
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EpiVax, Inc.
A pla. /
rf

* Vaccine Design
— Concepts

63
Confidential

Vaccine Design ,Afp'mlnc./
Concepts ‘ 7"{
* Immunogenic peptides can be formulated and delivered in various ways
- as peptides o R B e Y-
— as pseudo-proteins ¥ 33=2ocEXFF%850eRd
{z;\,n.c‘-.n». VaudEix
— in formulation with micro-spheres I ZEITIRASUEUAZRRA<T|
— linked to carrier proteins
— embedded into viral genomes. 866’
— Plasmid DNA based formulations 4
Epitopes in a single contiguous ( DVAX 1 g
sequence that is back translated 3.0 kb 3
to DNAis inserted into a carrier % g
‘ Need to construct ‘ \_/
Confidential o4
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EpiVax, Inc.
A /
%‘

* Vaccine Design

— Immunogenic Consensus

65
Confidential

Immunogenic Consensus - EpiAssembler

Vaccine Design Afp'm Inc./

+ EpiAssembler

+ Start with a core, immunogenic 9mer conserved in multiple strains

+ ldentify overlapping immunogenic 9mers

* Generate an ICS using pieces of sequences from each of the strains

+ ICS may be distinct from any one strain of the pathogen, but contains
immunogenic elements from each strain, making it cross-reactive with
many strains

66
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Vaccine Design
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Vaccine Design

EpiAssembler — Final Immunogenic Consensus Sequence
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* Vaccine Design

— String of beads

Epiax, Inc. /
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Overview

VaxCAD M
pr urn(./

* VaxCAD — computer assisted vaccine design

* VaxCAD algorithm can be used to create
synthetic antigens from T cell epitopes,
epitope clusters, and ICSs

SYFPEITHI SLYNTVATL ILKEPVHGV

|

SYFPEITHISLYNTVATLILKEPVHGV
“String-of-Beads”

Junctional Epitopes

VaxCAD M
p ax.rnc./

VaxCAD will identify junctional epitopes and rearrange chosen epitopes to reduce
junctional epitope formation

arrangement CREATENEW|EPITOPES|
ICREATENEW
- _—‘T‘\

Arangerment  -(EPITOPESNEW
N V/ PITOPES)

NEWCREATE |

Optimized - R -
acpimzed  LEPITOPESINEWCREATE|

11/17/2010
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Vaccine Design
String Of Beads — Junctional Immunogenicity

Paylaad Epitopes and Junctional Sequonces

Confidential 7

Vaccine Design
String Of Beads — Junctional Immunogenicity

@ P sylowd Egdopes
o Junctional Sequences |

Payload Epitopes and Junctional Sequonces

78
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Vaccine Design Sp-m_lnc./

String Of Beads — Junctional Immunogenicity

@FPaylosd Egdopes
8 Junctonal Sequences

Confidential

Vaccine Design
VaxCad

IVAX A safer, faster approach 1o vaccine design Home | Contact

CCHI Collaborators IVAX Tool Kit

80
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Vaccine Design
VaxCad

Epi¥ax, Inc

Choose a File:
Choose a Protein:
Research Program:
Junction Threshold:
Class:

Start wiSpacer:

Execute Vaccine CAD to Reorder an Accession

FLU-HA -
PROVIDENCE-2017 ]

FLU-HA VA

0 -989 to Force Spacers
O Classt &) Clas32
LNO JYES

Execute

Confidential
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Vaccine Design

VaxCad

Pepeide | 1D Peptide |
PROVIDENCE- 2512 SIYWTIVEPGRILLINSIGNLIAPRG &3 431790
PROVIDENS PRGYVIKINGESSIMRSRAMIGTCS &8 S001 1)
PROVIDENCE JPYRVPRYASLASLVASSGTLAYINK S0 a2ss00s)
PROVIDENCE J CRSFONIAWELFSKRSRAVENCYP 20 60501088
PROVIDENCE-2512 RGEVNSIFSRINWLARSKOIRYPAL % 58
PROVIDENCE CPRYVROQN Y1441
PROVIDENCE- 2212 NRQIVINATRELVQSSSTGRICHS 10 9841802
PROVIDENC ? SKFOARGQSSRISO™
TOENC 2 PSTRRRQT:
PROVIDENCE
PROVIDENCE
PROVIDENCE-29

1% 9820034

VRASGEVTVSTIR -2 &7M9102

PIEIe

TLEIINKEINWIGVAQ & 4135018

Peperde | Score

EpiVax, Inc.

Original Default Sequence

Peptide I 1D Popasde 2 Peptade 2 Scare Junction Scere
PROATDENCE-201) PRGITFRINGRSSIMESRAMGTCS 45 82000103
o PYREVIRY AL REINK 3702830780 |
CRSFQNOLWRLFVERSKATSNCYP 20 s058 1084 12175

P
DRGNS FOUNVLECSKIYRYZAL 20 18474 4 TR
CPEYVEONTLELATGMRNTK bR TR FE ] 1 1Y0ss40e
NEQIXVTRATRLVOSSSTGRICRS 19 6041002 1 IN01020 €<——
M SEPASRGQSSRISIYW 19 10sa8108 S AAUN M

PETRARQTS RASGRATVSTE w4712 -] 408
ANCTLIRALLGRINCRS 11487 13199

1 NGTLVKTITNRQINVT 8508 {TN
SGTLEFINERINWTGVAQ 14135001 YR

FROVEDENCE-2012 SIYWTTVEPGEILLINSIGNLIAPRG 03 45125701 -5 1M1

TOTAL: 3501941158

Confidential
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Vaccine Design
VaxCad

Reordered Sequence

EpiVax, Inc. /

Pepesde L ID Puptide 1 Poptids | Scorw  Puptide 2 ID Poptis 2 Fepthde ? Score Juaction Score

3012 PRGYFRIANGRSSMRSRAPIGTCS 4% 042001))  PROVIDENCE- SGTLEFINKRENUTCNAQ
2 SGTLAYDRXINWTGYAQ 4419500 PROVIDENCE- CPRYVYRONTLELATGMENTR
PROVIDENCE-2012 CPRYVEQNTLELATGMENVPK 112370 PROVIDENTE 2012 RGSVXSITSRLNWLHKSKYKYPAL

VP

PROVIDENCE 2012 RGSYNSFFSRLNWLHKSEYRYPAL 2
PROVIDENCE. 2012 CREFQUSKWRLS AR SEAVENCYP
PROVIDENCE-2012 PIRVPRYASIRSLVASSOTLRFING 2
PROVIDENCE-2012 SIYWTIVIPCRILLINSIGNLIAPRG 2 PROVIDENCE- 201 PETRERQTSLVVRASGRITVETK
PROVIDENCE- 2012 PSTRRAQTSLYVRASGRVTVSTE 047340102 PROVIDENCE-201.) /GANCTUSRALLGRIHCRS
PROVIDENCE- 2012 GENCTLIRALLGRPCRS T PROVIDENCE- 2002 NGTLYRTITNRQIVT
PROVIDENCE -2012 NGTLVETITNRQIKNT £.5003 7802 PROVIDENTE NRQEEVINATELVOSSSTGRICRS
PROVIDENCE 2012 NRQIEVINATELVOSSSTGRICRS  19.9641082)

€475¢  PROVIDENCE
PROVIDENCE.-
PROVIDENCE-D

CRSFQNEEWRLFVERSEAYSN

PYRVPRYASLRSLVASSGTLEFTNK 37 42
12 SIYWTIVEPGRELINSIGNLIAPRG 63 431701
9 7340182
P I4RTIMY
P I
18 9841
1535645155
TOTAL:

-2012 SRPWVRGQESRISIVW 10 30680395 PROVIDENCE-201] PROGYTRERNCGRSSIMESRAMGTCS 43 94200133

5 80101085

1t

-1 1103¢
4 4l4e0) AR LEL
22 A42234T8
29 35084756

4 TES0E006
GORTESH] <——
SAMme
111038
A 4TS
3.280537)
40024
SeA%00602

Confidential
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Vaccine Design

VaxCad

Reordered Sequence with Spacers

Peptide 1 1D Peptsde | Pepurde | Scure Specer
PROVIDE
PROVIDENS
PROVIDENCE
PROVIDENCE
PROVIDENC

ARSEAPNGTCS &8 a0
12°90TL ARENWTOVAQ ‘414
CPAVVEKONTLELATGMENVPR el U
RGSUNSFESRINWLEKSKYYPAL 3
2 CRSFOMIXUBLFVERSEAVSNCYP 29 60551958 PROVIDENCE
12 PYROPRYASLESLVASSGTIAIING 576059750 GPGPG PROVIDENCE
N2 SIVUTIVIDCRILLINSONLIAPRG 63 s31 ML
2 PSTRRRQUSLTVRASG!
INALLGETHORS
RITTNRQIKVT )]
NRQIEVTNATELVQSSSTGRICRS (19 9041092

AQ

CPTVKONTLALATOMENVIS
T RGSVESTFERLNWLEKSEYRYPAL

PROVIDE
PROVIDENC

SIYWTIVRPGRR LINSKRNLIAPRG
2 PSTRREQTSLYVRASGRVTVSTK
3 GXNCTLIRALLGRPHORS

EpiVax, Inc.

@0y
3813483
224200408

3 308758

FROVIDENCE. 012 CREFONIURLFVKASEAVENCTD
2012 PYSSPRYASCRSLVASSGTLAFING 3

T TRTIN

LR LR LM

19963}

19 35099735
TOTAL

2]

Scerw Mancumasl Scoow

711650
1lisse
711934
1637
Lio4e?
173906958

n

Confidential
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Vaccine Design Epi¥ax, ln(./
VaxCad- Resulting Construct

Optimized w/Spacer Sequence

>FLU-HA-VAX FLU-HA
SRPWVRGQSSRISIYWPRGYFKIRNGKSSIMRSRAPIGTCSSGTLKEFINKRENWTGVA
QCPRYVKONTLKLATGMRNVPKRGSVNSFEFSRLNWLHKSKYKYPALCRSFQNKKWRLFE
VKRSKAYSNCYPPYRVPRYASLRSLVASSGTLKFINKGPGPGSIYWTIVKPGRILLIN
SIGNLIAPRGPSTRRRQTSLYVRASGRVIVSTKGKNCTLIRALLGRPHCRSNGTLVKT
ITNRQIKVTNRQIKVTNATKLVQSSSTGRICRS

* Once you have completed the design of your string of beads it is a good
idea to reanalyze it with EpiMatrix just to confirm that the potential for
junctional immunogenicity has been adequately addressed.

* Run through the BlastiMer to look for newly created homologies, particularly
to the human genome.

85
Confidential

Vaccine Design Epeiax, lnc./

Reverse Translation and Optimization

* There are many products available to accomplish the task of reverse
translation and codon optimization.

@ invitrogen [DN ASTAR
Lefe : SOFIVIASE FON LFE SCITISTS

* Most gene synthesis companies have methods of codon optimization that
they feel enhance the quality of their products

IMPORTANT
» Codon optimization

— Be sure to optimize for the system you will be testing in (human, mouse, etc)
* Restriction Sites

— Be sure to map the restriction sites in your construct.

— Make sure your construct does not include any copies of the restriction sites you will be using
to digest your plasmid

http://www.neb.com/nebecomm/tech_reference/restriction_enzymes/frequency_of restriction_sites.asp

Confidential &
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Vaccine Design Ep:\hx]m./

Enhancing in-vivo performance

Add a Kozak sequence to enhance initiation of translation

ACC ATG G

Consensus

01

9 -
0.0 ﬁnmmﬂsug =
-6 -5 -4 -3 -2-14+1424+3 +4

AccAUGG

Each letter is written in proportion to its biased use in a sequence logo. If a base were
used in all ~25,000 human mRNAs it would score 2 and be written two units tall. The
most significantly biased bases are -3 (A) and +4 (G). The Initiation codon AUG is not
drawn to scale (it would score 2 bits) of information on this scale.

87
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Enhancing in-vivo performance

Vaccine Design ,Afp:m_lm./

Target CD8+ T cell epitopes to the Class | degradation pathway with Ubiquitin

=f
l/'; ,,S"l’cp(nh.s
Degradation R o Deublquitination
[ e o

)

/ 265 Proteasomeo ATP ADP UBPs C e
Ubiquitin monomer

AI r

% Aw'

Ub Lunm&,d(xm Ub Activation

Target
— @% % o2

Confidential 8
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http://upload.wikimedia.org/wikipedia/commons/b/bf/KozakConsensus.jpg

Enhancing in-vivo performance

Vaccine Design ,Aip-vmnc./

Target CD4+ T cell epitopes the Class Il secretory pathway:

Secretion targeting sequence: (preferred strategy)
Tissue Plasminogen Activator Signal Sequence: MOMSPALTCLVLGLALVFEGEGSA

MIIC compartment targeting: LAMP (Lysosome-associated membrane protein-1)

LAMP LAMP2

Lumen

Lywscmal membrune

Cyhplasm

89
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Enhancing in-vivo performance

Vaccine Design Afp'mlnc./

To enable detection of multi-epitope concatamer expression, engineer an expression tag
at the end of the coding sequence immediately before the translation termination signal.
In general, these tags should follow directly after the multi-epitope string

c-myc (myelocytomatosis cellular gene):

EQKLISEEDL
Six
= % HA (Anti-Hemagglutinin Tag):
Feeey YPYDVPDYA
L
6xHis-tag protein binding to Ni-NTA resin.
FLAG-tag:
6X histidine DYKDDDDK

HHHHHH
(preferred choice)

Confidential o0
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Enhancing in-vivo performance

Vaccine Design ,Aip-vmnc./

Enhance the detection of translation termination with a stop codon.

91
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IVAX Development Team Afp'mlnc. /

* William Martin, Chief Information Officer
+ Tel: (401) 272-2123 (ext. 102)
» Email: martinb@epivax.com
* Frances Terry, Inmunoinformatics Program Manager
+ Tel: (401) 272-2123 (ext. 125)
+ Email: fterry@epivax.com
» Gary Kurczy, iVAX Lead Programmer
+ Tel: (401) 272-2123 (ext. 128)
* Email: gkurczy@epivax.com
* Matthew Ardito, Immunoinformatics Programmer/Analyst
+ Tel: (401) 272-2123 (ext. 128)
* Email: mardito@epivax.com
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