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Why are we interested in mapping?

to understand the basis of broad neutralization in:

*HIV+ patient sera
-identify valuable targets for vaccine discovery

*vaccine sera
-to determine why present vaccines sometimes elicit type-specific neutralization
-S0 we can try to engineer rational vaccine improvements

-to determine how specificity is affected by variables:
e.g. form of Env, choice of adjuvant, animal model



Challenges:

*distinguishing neutralizing from non-neutralizing fractions

*deconvoluting mixtures of different neutralization specificities



Epitope mapping methodologies
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HIV-1 YU-2 ~QQEKNEQELLALDKWASLWNWFDITEWLWY IKIFIMIV.,
HIV-2 7312 - QQEKNMYELQKLNSWDVFGNWFDLASWVEY IQYGVYIV..
7312R-C1 ~QQEKNMY ELLALDKWASLWNWFDITERLWY TEYGVYIV..
7312A-Cle - QQEKNMYELLALDEWKNLMNWFDI TKNLHYTRYGVYIV.,
7312A-03 QQEKNMY ELLALDKWASLWNWFDLASHVEY IQYGVYIV.. .
T312A-C4 QOEKNMY ELGKLNSHIVFGNWFDI TEWLHYIKYSVY IV..
7312A-C5 CEKNMY ELOKLNSHDVFGNWFDITSWVEY IQYSVYIV..

. 7312A-C6 ~QQEKNMY ELOKLNEWDVFGNWFDITSWIKYIQYGVYIV...
TI12A-07 OOEKNMYELOALDKWAV FONWFDLASWVEYIQYGVYIV.
T7312A-CB QOEKNMYELQKLNESWASLWNWFDI THRLWY IKYGVYIV..

Modified Neutralization Assays  Epitope-engrafted HIV-2 and SIV  Virus Capture Competition
i) Post-CD4 V3 and MPER total binding epitopes

ii) Post CD4/CCR5
VYR
-

V3, CD4i, MPER epitopes
Gp120
‘ column ’
Neutralization Interference Assays Serum fractionation Native PAGE
using peptides, fusion protein competitors conformational, CD4bs epitopes CDA4bs, 2612, others
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HIV+ plasma panel

Clade B:

n=8

Z2, Z23, ZA8, Z52, Z85, Z86, Z87

From Zeptometrix.

From chronically infected patients in the US.
Prescreened for neutralizing activity.

Plasma LT2 from Doug Richman

Clade C:

n=16

BB8, BB12, BB14, BB21, BB24, BB28, BB34, BB47, BB55, BB68, BB75,
BB8O,BB81, BB87, BB105, BB107.

From South African Blood Bank.

From chronically infected patients.

Prescreened for neutralizing activity.

Provided by Dr. Lynn Morris.

HIV- control plasmas:
210, 211
From Zeptometix




Neutralization breadth analysis

clade B clade C
Virus Clade | Location BB14 | BB21 BB47

JR-FL d301 B USA

SF162.LS B USA
HXB2 B France 278 332 <20 <20
Bal.26 B USA | 533 130 | 798 <20 | <20
6535.3 B USA | 143 197 | 306 <20 | <20
RHPA4259.7 B USA | 141 | 112 | 503 | 149 | 258 | 728 | 354 | 426 | 177 192 | 366 | 175 | 152 | 101 | 182 | 210 <20 | <20
AC10.0.29 B USA | 425 | 267 | 119 | 162 | 275 | 520 | 403 | 281 | 284 | 142 | 370 | 216 | 460 | 218 | 118 | 253 | 205 | 504 | 331 <20 | <20
REJO4541.67 B USA | 610 | 870 | 217 | 624 | 320 | 126 | 324 | 670 | 115 | 116 | 331 | 199 93 224 43 99 97 268 | 425 <20 | <20
SHIV-89.6P B USA | 441 | 335 | 172 | 448 | 313 | 389 | 180 | 312 | 155 80 131 | 136 | 207 | 144 o1 224 o3 332 | 290 | 900 | <20 | <20
WITO4160.33 B USA | 106 | 780 | 204 | 392 | 293 | 277 | 389 | 237 | 307 | 126 | 243 | 238 | 193 | 133 95 168 | 141 | 307 | 307 | 146 | <20 | <20
SS1196.1 B USA | 146 | 178 | 187 | 367 | 161 | 298 | 509 | 189 | 211 53 416 | 258 | 363 80 125 | 176 90 804 | 136 | 145 | <20 | <20
SC422661.8 B | Trinidad | 203 | 201 | 121 | 150 | 197 | 289 | 250 | 224 | 246 97 800 | 240 | 210 | 140 | 130 | 130 | 162 | 408 | 180 | 140 | <20 | <20
JR-FL B USA 40 143 |NNSPON| 102 | 131 | 413 40 35 20 35 292 | 100 | 100 20 150 50 80 600 70 600 | <20 | <20
TRO.11 B Italy 110 | 130 | 195 | 171 | 564 | 476 66 251 66 72 250 80 200 73 41 331 61 404 | 101 | 519 | <20 | <20
CAAN5342.A2 B USA | 263 | 180 | 110 | 125 | 199 | 175 | 157 | 338 | 201 81 150 | 305 | 229 | 104 71 108 96 527 | 303 | 279 | <20 | <20
THRO4156.18 B USA | 262 | 259 | 138 | 173 | 180 89 213 | 409 | 171 | 105 | 131 | 207 | 239 | 109 50 131 85 132 | 140 88 <20 | <20
SHIV-SF162P3 | B USA | 237 | 315 | 138 | 243 | 155 | 126 | 115 | 226 | 115 88 66 56 94 75 38 85 64 146 | 139 | 453 | <20 | <20
TRJO4551.58 B USA 99 55 83 316 | 155 | 172 77 182 50 735 73 73 33 54 58 o1 36 109 84 30 <20 | <20
QHO692.42 B | Trinidad | 117 | 216 | 124 | 114 65 204 64 48 120 44 110 o1 63 65 75 94 75 167 65 57 <20 | <20
PVO4 B Italy 67 97 141 | 118 38 225 31 54 50 40 38 55 76 32 26 31 35 41 44 93 <20 | <20
geometric mean titer clade B 182 219 190 245 206 285 179 218 141 111 203 155 173 96 77 142 95 319 170 293 <20 <20
MW965.26 C Malawi <20 |_<20
CAP452.00.G3 | C | S.Africa] 922 | 995 | 153 | 394 | 480 <20 | <20
Dui51.2 C | S.Africa| 64 60 72 108 o8 <20 | <20
Du156.12 C [ S.Africal 380 | 358 | 149 | 333 | 242 <20 | <20
ZMI35M.PL10a | C | zambia | 422 | 353 | 128 | 171 | 433 <20 | <20
CAP210.2.00.E8| C | S.Africa| 546 | 228 | 174 | 313 | 471 | 269 | 562 | 682 | 627 | 267 | 329 | 733 | 408 | 253 | 145 | 250 | 416 | 433 | 470 | 224 | <20 | <20
ZM233M.PB6 C | Zambia | 146 | 190 86 156 | 434 | 230 | 369 | 327 | 596 | 272 | 269 | 786 | 462 | 231 | 148 | 410 | 725 |NEBBBNl 341 | 160 | <20 | <20
ZM214MPLI5 | C | Zambia |ENOBEN 390 | 132 | 470 | 359 | 382 | 142 | 209 | 483 | 233 | 268 | 414 | 204 | 220 | 113 | 154 | 271 | 291 | 261 71 <20 | <20
ZA012 C | zambia | nd. | nd. | nd. | nd | nd | nd | nd. | nd | nd | 168 | 382 | nd. | nd. 50 (MO8 nd. | nd [ nd. 11 nd. | nd | nd
ZM109F.PB4 C | zambia | 282 | 185 | 183 | 320 | 467 | 280 | 472 | 685 | 395 | 136 | 384 | BOL | 363 | 253 | 133 | 236 | 213 | 336 | 285 | 249 | <20 | <20
ZNM249M.PLL C | Zambia | 296 | 161 | 227 | 568 | 270 | 172 | 255 | 378 | 398 | 263 | 141 | 391 | 222 | 160 | 120 | 168 | 417 | 490 | 312 | 159 | <20 | <20
ZM197M.PB7 C | Zambia | 414 | 402 | 141 | 276 | 274 | 137 | 375 | 348 | 302 | 126 | 877 | 275 | 271 | 167 83 160 | 148 | 155 | 218 92 <20 | <20
Du172.17 C | S.Africa| 35 99 39 86 208 | 954 | 167 | 105 | 230 | 288 94 551 | 195 95 232 | 207 | 231 | 428 | 138 | 248 | <20 | <20
TV1.29 C | S.Afical 96 69 22 123 | 192 | 185 93 170 | 247 | 127 | 286 | 462 | 264 | 158 | 137 | 161 | 131 | 274 | 178 | 136 | <20 | <20
ZM53M.PB12 C | Zambia | 232 | 112 | 209 | 247 | 230 82 138 | 275 | 115 | 286 68 201 | 131 | 258 35 114 77 83 151 | 104 38 <20
Du422.1 C_ [ S.Africal <20 31 36 55 92 221 | 170 | 147 99 112 89 305 | 113 | 251 30 224 | 167 | 140 | 120 | 487 | <20 | <20
Du123.6 C_[S. Afical o8 118 56 103 60 210 64 73 186 77 226 | 158 | 109 133 | 106 | 118 | 258 82 237 | <20 | <20
Geometric mean titer clade C 250 | 209 | 121 | 236 | 333 | 403 | 363 | 370 | 444 | 256 | 437 | 501 | 369 | 242 228 | 310 | 268 | 489 | 262 | 287 | <20 | <20
overall geometric mean titer 212 | 214 | 152 | 240 | 260 | 337 | 252 | 282 | 246 | 168 | 298 | 273 | 250 53 132 | 207 | 157 | 392 | 211 | 290 | <20 | <20
SIVmac239CS.23 <20 | <20 | <20 | <20 | <20 | <20 | <20 | <20 | <20 | <20 | <20 | <20 | <20 | <20 | <20 | <20 | <20 | <20 | <20 | <20 | <20 ] <20
HIV-2 KR <500 [ <500 <500 [ <500 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20
HIV-2 7312A <20 | 166 25 100 | <20 | <20 | <20 [ <20 26 <20 | <20 27 <20 | <20 | <20 | <20 | <20 52 <20 | <20 | <20 | <20




Fractionation of HIV+ Plasmas
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Forms of gpl120 for plasma fractionations

-gp120 wt protein (BalL, YU2)
-gp120 wt protein (denatured) -
-gp120 core AVI2VZ ——— 4"
-gp120 point mutant D368R

-gp120 point mutant D368R +
E370A

gp120 368DR and 368/370 point mutations:
. Eliminate CD4 binding site antibodies (e.g. b12, F105, sCD4)
. Retain binding to other gp120 antibodies (Oishevsky et al, 1990; Thali et al, 1991)
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Summary of gpl20 fractionations

1D50
0p120  gpl20 % gpl20- % CD4bs-
plasma ID virus subtype blank? wt®  D368R°  directed’ directed®

1648 HxB2 B 354 20 40 94% 6%
SF162 B 1330 173 150 87% 0%
BalL.01 B 63 40 20 37%
JRFL B 64 51 40 20%
1652 HxB2 B 1080 531 1105 51% 51%
SF162 B 615 249 280 60% 5%
BalL.01 B 55 40 20 27%
JRFL B a3 20 43 78% 25%

HxB2 B 408 40 40
SF162 B 928 158 93
BalL.01 B 1069 40 778
JRFL B 1185 70 797
RHPA B 365 40 456
RW020 A 121 20 104
ZM249M C 432 40 174
1702 HxB2 B 456 284 320 38%
SF162 B 804 182 141 77% 0%
BalL.01 B 161 130 95 19%
JRFL B 146 88 66 40%
BB12 HxB2 B 982 60.5 807 94% 76%
SF162 B 2144 80.4 219 96% 7%
JRFL B 676 20 20 97% 0%
Dul51 C 2285 166 362 93% 7%
C 859 185 367 —18%— 21%
BB14 HxB2 B 2666 55.8 1820 98%
SF162 B 769 59.9 276 92%
JRFL B 218 69.3 166 68%
Dul51 C 739 285 525 61%
Du156 C 281 140 274 50%
9426 2592 6364 o 40%
SF162 B 2304 174 362 92% 8%
JRFL B 160 76 88 53% 7%
Dul51 C 174 81 133 54% 30%
Du156 C 605 645 673 0%
BB81 HxB2 B 671 130 463 81% 50%
SF162 B 458 123 249 73% 28%
JRFL B 139 68.9 106 50% 27%
Dui51 C 145 88 175 39%
Du156 C 441 375 302 15%




Blue Native PAGE
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BN-PAGE: analysis of mutants

Env WT N295A (2G12 knockout)| D368R (CD4bs knockout
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BN-PAGE analysis of plasma LT2 binding

LT2

‘
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*368 mutant eliminates most trimer binding




Summary of BN-PAGE mapping with HIV+ plasmas

*4 of 8 clade B plasmas (50%)
5 of 16 clade C plasmas (31%)
contain >50% 368 sensitive (CD4bs) activity

*no plasma contained >50% 295 sensitive (2G12-like) activity,
although some competed with mAb 2G12 in virus capture,
suggesting non-neutralizing Abs that overlap the 2G12 epitope



Assays for measuring MPER activity

Z13el

C-HR l_llm lﬂ' } MSD

HIV-1 YU-2 QQEKNEQELLALDKWASLWNWFDITKWLWY IKIFIMIV..
HIV-2 7312A QOEKNMYELQKLNSWDVFGNWFDLASWVKYIQYGVYIV..
7312A-C1 WQQEKNMYELLALDKWASLWNWFDITKWLWYIKYGVYIV..
7312A-Clc QQEKNMYELLALDSWENLWNWFDITEWLWYIKYGVYIV..
7312A-C3 QQEKNMYELLALDKWASLWNWFDLASWVEKYIQYGVYIV..
7312A-C4 QOEKNMYELQKLNSWDVFGNWFDITEWLWYIKYGVYIV..
7312A-C5 LPOEKNMYELQKLNSWDVFGNWFDITSWVKY IQYGVYIV..
7312A-C6 .. O0EKNMYELOKLNSWDVFGNWFDITSWIKYIQYGVYIV. .
7312A-C7 WQOEKNMYELQALDKWAVFGNWFDLASWVKYIQYGVYIV..
7312A-C8 ~QQEKNMYELQKLNSWASLWNWFDITKWLWY IKYGVYIV...
Modified Neutralization Assay Epitope-engrafted HIV-2

Post CD4/CCR5
using SOS pseudovirions



HIV-2/YU2
JR-FL neutralization C1 chimera
plasma | standard |post-CD4/CCR5| % MPER | | neutralization
1648 40 8 20 [ 104a |
1652 143 19 13 884
1685 368 <2 <1 225
ose [EGEON <2 < 55
1687 911 <2 <1 73
1688 605 3 1 78
1702 192 31 16 641
WS e g
BB8 131 <2 <2 31
BB12 413 <2 <1 46
BB14 40 <2 <5 32
BB21 35 <2 <6 35
BB24 20 <2 <10 170
BB28 35 <2 <6 353
BB34 292 200 69 | 6734 |
BB47 100 <2 <2 453
BB55 100 <2 <2 42
BB68 <20 <2 <10 124
BB75 150 <2 <1 83
BB80 50 <2 <4 31
BB81 80 5 6 326
BB87 600 <2 <1 70
BB105 70 3 4 62
BB107 600 <2 <1 20
210 <20 <2 N/A
211 <20 <2 N/A
2F5 0.2 0.3 0138 |
4E10 2 3
Z13e1 26 6 0.282
[1gG1o12 (DA >3 N/A




MPER chimera mapping

clade B plasmas
reactivity scattered
throughout MPER

clade C plasmas
reactivity focused
on 3’ part of MPER
Z13el and MPER

HIV-2
7312A
YU2

7312A
7312A
7312A
7312A
7312A
7312A
7312A

HIV-2
7312A
YU2

7312A
7312A
7312A
7312A
7312A
7312A
7312A

7312A MPER grafts:

(HIV-2)
Cl (YU2)
C3 (5' inc. 2F5)

C4 (small 3' inc. 4E10)

C4GW (small 3' inc. z13, 4E10)
C6 (minimal 4E10)

C7 (minimal 2F5)

C8 (big 3' inc. Z13, 4E10)

7312A MPER grafts:

(HIV-2)
Cl (YU2)
C3 (5' inc. 2F5)

C4 (small 3' inc. 4E10)

C4GW (small 3' inc. z13, 4E10)
C6 (minimal 4E10)

C7 (minimal 2F5)

C8 (big 3' inc. Z13, 4E10)

NMYELQKLNSWDVFGNWEFDLASWVKYIQY
NEQELLALDKWASLWNWFDITKWLWY IKT

NMYELLALDKWASLWNWFDITKWLWY IKY
NMYELLALDKWASLWNWFDLASWVKYIQY
NMYELQKLNSWDVFGNWEFDITKWLWY IKY
NMYELQKLNSWDVFWNWFDITKWLWY IKY
NMYELQKLNSWDVFGNWFDITSWIKYIQY
NMYELQALDKWAVFGNWFDLASWVKYIQY
NMYELQKLNSWASLWNWFDITKWLWY IKY

NMYELQKLNSWDVFGNWFDLASWVKYIQY
NEQELLALDKWASLWNWFDITKWLWY IKT
NMYELLALDKWASLWNWEDITKWLWY IKY
NMYELLALDKWASLWNWEDLASWVKY IQY
NMYELQKLNSWDVFGNWFDITKWLWY IKY
NMYELQKLNSWDV‘
NMYELQKLNSWDVFGNWE D WIRY ITQY
NMYELQALDKWAVFGNWFDLASWVKY IQY
NMYELQKLNSWASLWNWFDITKWLWY IKY




Sequences of V3 scaffold viruses and V3 peptides

Clade B/C V3.01 and V3.02

JR-FL.V3.01 TRPNNNTRKS IHIGPGRAFYTTG
MW965.V3.01 TRPNNNTRKSVRIGPGQTFYATG
T™V1.V3.01 TRPNNNTRKSVRIGPGQAFYATN
JR-FL.V3.02 Y TTGEIIGDIRQAHC
Mw965.v3.02 YATGAITIGDIRQAHC

T™V1.V3.02 Y ATNDVIGDIRQAHC



Summary of V3 activity

clade B virus (JR-FL d301)

clade C virus (TV1)
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Summary of mapping of JR-FL neutralization activity

B CD4bs

[ MPER

B Other

1648 1687
JR-FL 1C50: 40 JR-FL 1C50: 911

21% anti-gp120

1652 1688
JR-FL 1C50: 143 JR-FL 1C50: 605

79% anti-gp120

1685 1702
JR-FL 1C50: 368 IR-FL 1C20: 192

40% anti-gp120

1686 LTNP2

JR-FL 1C50: 1,329
94% anti-gp120

JR-FL 1C50: 3,609

BB8
JR-FL 1C50: 131

BB12
JR-FL 1C50: 413

97% anti-gp120

BB14
JR-FL IC50: 40

68% anti-gp120

BB21
JR-FL IC50: 35

BB24
JR-FL 1C50: 20

BB28
JR-FL 1C50: 35

BB34
JR-FL 1C50: 292
53% anti-gp120

BB47
JR-FL 1C50: 100

BB55
JR-FL I1C50: 100

BB68
JR-FL 1C50: <20

BB81
JR-FL 1C50: 80
53% anti-gp120

BB87
JR-FL 1C50: 600

BB75
JR-FL I1C50: 150

BB105
JR-FL 1C50: 70

BB80
JR-FL 1C50: 50

BB107
JR-FL I1C50: 600




Potential impact of HIV+ plasma mapping

-define broad neutralization: (including mixed samples)
-identify novel epitopes

-assist in efforts to isolate new nAbs
-map any newly emerging neutralizing mAbs

-may allow rational improvement of promising vaccines,

e.g. If we know the basis of type-specific neutralization activity,
we may be able to make targeted adjustments to broaden it.



What’s next?...

Attempt to identify the “other” broad neutralizing activity in HIV+ plasmas:
1) Additional point mutants for gp120 fractionations and BN-PAGE

2) Combined approaches: e.g. gp120 fractionation and BN-PAGE
3) Improved epitope mimics for interference assays

Increase mapping capabilities:
4) Adapt other Env clones for mapping:

e.g. B and C panels and transmitted Env isolates to link up with parent vaccine strains and
neutralization assay data.

New plasmas and sera:
5) Clinical trial sera

6) Animal vaccine sera
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