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Antibody Structure is Constructed through 3 Genes
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Figure 4-2 Immunobioclogy, 7ed. (© Garland Science 2008)

Heavy chain and light chain joins 3 and 2 gene segments respectively to form
combinatorial diversity. Junctions form complimentary determining regions
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Antibody Diversity
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V-Gene codes for a majority of antibody variable region

Heavy chain variable region
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Motivation - HT sequencing reveals progenitor genes

* Crowe lab uses 454 pyro-sequencing to
access antibody repertoire of healthy and
viral infected patients.

* Antibody repertoire is the same for all
healthy patients

Reads High-Quality Reads

Total Reads: 1,965,037 Peripheral Blood 149896 132248

Bone Marrow 171111 156177

High Quality Reads: 1,868,183 Small Intestine 118044 108279

Lung 198660 181299

Lymph Node 165091 152175

95.1% of all reads are high quality antibody sequences Tonsil 137846 180319
TOTAL 1000648 910497

Briney, Willis, Crowe Blood 201 |
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Antibody Repertoire - VH3-23 dominates

Variable Diversity Joining
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Antibody Repertoire - VH3-23 dominates

Variable Diversity Joining
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PDB Antibody Repertoire - Recapitulates Sequencing
Repertoire

IGVH Group Classification (N = 373)
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Hypothesis

There exists conformational flexibility on commonly used
germline genes that accommodates a variety of antigenic
structures. Using multi-state design we can test if germline
sequences are optimal to bind a set of native complexes.

‘ HIV
igon bining YA -
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Mutations
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Multi-State Design

Multi-constraint computational design
suggests that native sequences of germline
antibody H3 loops are nearly optimal for
conformational flexibility

[] 1,2 o 1,2
Mariana Babor“ and Tanja Kortemme >“*

Native sequence recovery

Germline Mature

Figure 2 antibodies antibodies

Superimposition of the Vi domain of the germline 7gl2 antibody in its
bound (pdb: In7m) and free (pdb: 1ngz) forms (green and magenta,
respectively).
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Multi-State Design may reveal promiscuous sequences

Antigen A Antigen B An’riien C
mm (oo Yesr Y e

mpi_msd.linuxrelease - design in mutations that
give a lower energy structure for each state

\/

mAB X,Y,and Z all use the same germline, but bind separate, and structurally
unique antigens. The germline sequence must be flexible to accommodate all
these positions.

Conformational Flexibility Hypothesis
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Multi-State Design may reveal promiscuous sequences

Antigen A Antigen B

An’riienC
mm (oo Yesr Y e

mpi_msd.linuxrelease - design in mutations that
give a lower energy structure for each state

v

mAB X,Y,and Z all use the same germline, but bind separate, and structurally
unique antigens. The germline sequence must be flexible to accommodate all
these positions.

Conformational Flexibility Hypothesis
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VH1-69 Mature Antibody Complexes

Entry (PDB ID) Antibody Name Type Ligand Resolution
|g9m 17b FAB Kappa | EMelops Glreeproce 220
2bdc X5 FAB Kappa | Emeope Glrcoproten 330
2cmr D5 FAB Kappa Gp4| Fusion Intermediate 2.0
2dd8 m396 FAB Lambda SARS Spike 2.30

Ti b i
2xra HK20 FAB Kappa | "erememerane protei 2.30
2t D05 FAB Kappa | 'roprotein convertase 2.70
3fku FIO ScFV Kappa Hemmaglutanin 3.20
3gbn CR626 | FAB Lamda Hemmaglutanin Peptide 2.20
Transmembrane
3ma9 8066 FAB Lamda Glycoprotein 2.05
Transmembrane
3mac 8062 FAB Lambda Glycoprotein 2.50
Suppressor of
3nps 54 FAB Kappa tumolliggnicit;) pl?otein 1.50
3P3O 1281 FAB Lamda Gp4| Fusion Intermediate 3.30

|2 candidate test complexes using VH|-69
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VH1-69 Mature Antibody Complexes

2dd8_ignorechain/1-98
2xt)_ignorechain/1-98
2xra_ignorechain/1-98
3ma8 _ignorechaln/1-98
Imac_ignorechain/1-98
ifku_ignorechain/1-98
2CMR_ignorechain/1-98
3nps_lgnorechain/1-97
3gbn_ignorechain/1-98
3p30_ignorechain/1-98
1C9M_ignorechain/1-98
1-69/1-98

Conservation

Quality
Consensus

2dd8_ignorechain/1-98
2xtj_ignorechain/1-98
2xra_ignorechain/1-98
3ma9_ignorechain/1-98
3mac_ignorechain/1-98
ifku_ignorechain/1-98
2CMR_ignorechain/1-98
3nps_lgnorechain/1-97
3gbn_ignorechain/1-98
3p30_ignorechain/1-98
1C9M_ignorechain/1-98
1-69/1-98

Conservation

Quality
Consensus

IOVOQLQOQSCAEVKKPGSSVEKVSCLESTARERRRRRISWVRQAP CQCLEWMGS
I1QVQLVQSGAEVKKPGSSVKVSCLESTAREE AN, LY
IQVQLVESCAEVKKPGCGSSVKVSCLaBRIAmBR LRI SWVRQAPCQC L EWMGS
IQVOQLVQSCAEVKKPGSSVKVSCLERIAMBRE AN SWVRQAP CQCLEWMCE
I1QVOQLVQSCAEVKKPGSSVEKVSCLESTAMEBRBARENI SWVRQAP CQCLEWMGE
I1QVQLVQSGAEVKKPGSSVKVSCIBERIAARERRAEM SWVYRQAPCQCLEWLG
I1QVQLVQSCAEVRKPCASVKVSCLERIAREERRRFRISWVRQAP CQCLEWMG®
1 EVOQLVQSCAEVKKPGSSVKVSCLERAREERRRFRI SWVRQA~-CQCLEWMGS
Il EVOQLVESGAEVKKPGS SVKV S CLERTA AN SN N
l1ALQLVOQSGAEVKKAGSSVRVSCLESITAREBRRERISWVRQAP CQCPQWMGEH
IQVQLLESCAEVKKPCGSSVKVSCLENITIREEASRITWVRQAPCQC L EWMGLS
IQVQLVQSCAEVKKPGSSVKVSCKASCCTFSSYTISWVRQAPCQCLEWMCGR

Divergent from germline

SWVRQAPGCQGL EWMGLe

SWVRQAPCQGP EWMGLE

78 TAYMELSSLRSEDTAVYYCAR
7B TAYMELSSLRSEDTAVYYCAR
78 TAYMELRSLTSEDSAVYYCAR
7E TAYMELSSLRSEDTAVYYCAR
78 TAYMELSSLRSEDTAVYYCAR
7B TAYMDLRSLRSEDTAVYYCAR
7E TAYMELSSLRSEDTAIYYCAR
77 TAYMELSSLRSEDTAVYYCAR
78 TVYMELSSLRSEDTAMYYCAK
7B TAYLELSSLRYDDTAVYYCTR
7ETVYLELRNLRSDDTAVYFCAG
78 TAYMELSSLRSEDTAVYYCAR

TAYMELSSLRSEDTAVYYCAR

(MR Y AQK FQCRVT | URECRASRY S 77
(MY AQK FQGRVT | ENRRENE S 77
FVERENY AQK FQCRVT | UmECRINE S 77
ARRNY AQK FQCRVT | gENCASRES 77
ARRYY AQK FQCRVT | ESURSRE S 77
ARRANY AQK FQGRVT | UENHORRIR 77
ARFAIY AQAFQCRVT | IERERNIS 77
AN Y AQK FQCRVT | ESCASRE S 76
ARRRAY AP K FQCRVT | RESUIRRAC 77
MEERAY AQQ FQGR LT | RESCRERIN 77
(NENYAPHLQCRVT | NSNS 77
LCITANYAQKFQCRVTITADKSTS 77

QVOLVQSCAEVKKPGSSVKVSCKASCCTFSSYAI SWVRQAPCQCLEWMCCIIPIFGTANYAQKFQCRVTITADESTS

98
98
98
98
98
g8
98
97
98
98
98
98
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VH1-69 Multi-State Design

VHI1-69 MSD (|| States) I9/28 recovered to VH 1-69

VH1-69
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VH1-69 Multi-State Design

fl

Antibody |7b designs towards germline in MSD with correctly designed amino
acids shown in dark blue. Incorrect designed are shown in orange
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VH1-69 Single-State Design (3GBN)

|6/28 recovered to VH 1-69
24/28 Native

VH1-69 K ASGGTF S SYTI1G 1] ]1]pPIlLGIANTADTEKST

3gbn K ASGGPTFRGSYAIGII1IPI FGTTKTATDTDTF A
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VH1-69 MSD/SSD Design

Design Percentage recovered to native Percentage to VH1-69

MSD of | | VHI1-69 States

lg9m
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2xtj
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3ma9

3mac
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VH1-69 MSD/SSD Design

VH1-69 Sequence Recovery
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Native Sequence Recovery Average = 66%
VHI-69 Recovery Average = 46%

Wednesday, August 24, 11



VH3-23 Mature Antibody Complexes

Entry (PDB ID) Antibody Name Type Ligand Resolution
|s78 Pertuzumab FAB Kappa ErbB-2 3.25
g 6 FAB Kappa | Yascular endothelial groweh | g

2qqn Se&‘jfl':i;’g” FAB Lamda Neurophilin-] 2.20
2r56 IgE Fab Fragment | FAB Kappa Beta-lactoglublin allergen 2.80
2vXs Unnamed FAB Lamda Interleukin-17A 2.63
2vyr Unnamiﬂa?ri‘ngleVH Single Chain MDM4 Protein 2.00
3bn9 E2 FAB Kappa S”P"ess°;r§‘;;“nm§”ge“‘C‘ty 2.17
3dvn Apu2.16 FAB Kappa Ubiquitin 2.70
3kr3 DX-2647 FAB Kappa | Insulin-like growth factor II 2.20

9 candidate test complexes

using VH3-23
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VH3-23 Mature Antibody Complexes

2VXS[*01{/1-98
3BN9[+04]/1-98
2VYRI*011/1-98
3KR3[*01//1-98
2QQNI*011/1-98
2R56(*011/1-98
2FGI041/1-98
3DVNI*04]/1-98
1578/*04]/1-98

IGHV3-23"04/1-98

10 20 30 40 50 60 70

W00 U U U O O oUW o

62966356592 °6767

Divergent from germline

9 candidate test complexes using VH3-23
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VH3-23 Multi-State Design

9 States - VH3-23 fixed backbone

=== Amino Acids Recovered

16/27




VH3-23 Multi-State Design

Orange - Correct, Red - Incorrect
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VH3-23 Single-State Design

| 1/34 recovered toVH3-23

2 FJ G SS D 22/34 recovered to Native
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VH3-23 MSD/SSD Design

Design

Percentage recovered to
VH3-23

Percentage recovered to native

MSD of VH3-23 States

1S78
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VH3-23 MSD/SSD Design

VH3-23 Sequence Recovery

80-

B VH3-23
[1 Native Sequence
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Percent Sequence Recovery
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Native Sequence Recovery Average = 48%
VHI-69 Recovery Average = 36%
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VH5-51 Mature Antibody Complexes

Antibod Antibod . :
Entry (PDB ID) 4 oY Ligand Resolution
Name |Description
2bla 2219 FAB Lamda UGI933 2.35
Peptide
2XWwt KI-70 FAB Lamda TSH-R .90
3hmx ustekinumab | g IL-12 3.00
Fab
2dd8 m396 FAB Lambda SARS Spike 2.30

4 candidate test complexes using VI

5-51
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VH5-51 Mature Antibody Complexes

3hmx_input/1-98

2xwt_input/1-98
2bla_input/1-98
ICHV5-51/1-98

Conservation

Quality
Consensus

1 EVQLVQSCAEVKKPGESLKISCKMSCYS LCWVRQMPCKCLDWHRC | | YSPVDSDQIR"
1 EVQLVQSCAEVKKPCQSLKISCKEISCY S | CGWVRQKPCKCLEWGEC IQYPCDSDQIR"
1 EIQLEQSCAEVKKSGESLKISCQESCYS | CGWVRQMPCKCLEWQEC IlgYPCDSDER"
1 EVQLVQSCAEVKKPGESLKISCKMSCYS | CGWVRQMPCKCLEWEC IZNYPCDSDQIR”

1l B Im 1 ikl

36 & 5

EVOLVOSCAEVKKPGESLKISCKGSCYSFTDYWICWVROMPCKGLEWMGI IYPCGDSDTR

YSPSFIRCQVTYUSADEAS TRRIEN LOQOWS SLKIZSDTARYYCAR
YSPSFOICQVTRISADESS |

| (il i0 [k

i 4

YSPSFRICQVTIGSVDLSS | BRI LOQWNS LKEISDTARYYCAR
YSPSFRICQVTIISADISS I BRERMLOQWS SLKEISDTARYYCVCG

SR LOQWS SLKEASDTAQYYCAR

YSPSFOGOVT+SADKSINTAYLOWSSLKASDTAMYYCAR
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VH5-51 Multi-State Design

VH5-51 MSD
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VH5-51 Single-State Design

6/17 d toVH5-51
2B1A MSD

VH5-51
2BIA
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VH5-51 MSD/SSD Design

: Percentage
Design .
recovered to native
MSD of VH5-51
States
2bla
2XwWt

3hmx

Percentage to
VH5-51
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VH5-51 MSD/SSD Design

VH5-51 Sequence Recovery

100-
Bl VH5-51
g [ Native Sequence
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S
o States

Native Sequence Recovery Average = 82%
VHI-69 Recovery Average = 50.6%
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Conclusions

* Multi-state design recovers sequences closer to
germline progenitor.

* Single state design recovers sequences closer to
native (mature) antibody sequences, showing an in
silico maturation.

* Germline sequences are optimally flexible in
frequently used germline genes to accommodate

binding of many antigens.
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Future Directions

* Combine states of frequent and infrequently
used germline genes to see which sequences are
recovered.

*Full quanitative workup to find frequently used
amino acids (PSSM)

* |terative relax and MSD to accommodate
clashing rotamers and improve sequence recovery.

* Apply MSD to HIV antibodies to bind a diverse
panel of antigens
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Antibody Diversity

Pejchal et al., PNAS 2010
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Gene Usage is Driven by Structure

* Tian et. al reported on healthy and diseased

repertoire using Sanger sequencing

Healthy Donor

RSV Infected

Tian et. al Immunologoy 2007

1-46
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