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Supplementary Table 1. Variational crystallization of gp120s containing the V1V2 region

Complex # gpl20 Ligands # Ligands Hits

D1D2 17b 48d  M48Ul NBD557 BMS806

1 YU2 44-492 AV3 0 0
2 YU2 44-492 AV3 X X 2 0
3 YU2 44-492 AV3 X X X 3 0
4 YU2 44-492 AV3 X X X 3 0
5 YU2 83-491 AV3 new X X 2 0
6 YU2 83-491 AV3 new X X 2 0
7 YU2 0 0
8 C1086 44-492 AV3 X 0 0
9 ZM53 44-492 X X 2 0
10 ZM5S53 44-492 0 0
11 ZM53 44-492 X 1 0
12 ZM53 44-492 X 1 1
13 ZM53 44-492 glyc 0 0
14 ZM109 44-492 0 0
15 ZM109 X 1 0
16 ZM109 0 0
17 ZM197 44-492 X 1 0
18 CAP45 44-492 X 1 0
19 ZM248M 44-492 0 0
20 ZM249M 44-492 glyc 0 0
21 DU123.06 0 0
22 DU172.17 0 0
23 CAP244 0 0
24 HXBc2 83-491 AV3 new X X 2 0
25 SF162 44-492 AV3 X X 2 0
26 SF162 44-492 AV3 new 0 0

Mammalian codon-optimized genes encoding full length, 44-492 (HXBc2 numbering), or V3 loop-deleted gp120s from various
strains were synthesized with a human CD5 leader (AV3: V3 residues have been replaced as follows: 297-GAG-330, AV3 new:
V3 residues have been replaced as follows: 302-GGSGSGG-325).The genes were cloned into the Xbal/BamHI sites of the
mammalian expression vector pVRC8400, and transiently transfected into HEK293S GnTI™ cells. gp120 proteins were purified
from the media using a 17b affinity column, eluted with IgG elution buffer (Pierce) and immediately neutralized by adding 1M
Tris-HCI pH 8.5. The proteins were flash frozen in liquid nitrogen and stored at -80 °C until further use. Complexes or unbound
gp120 (with and without N-linked glycans) were used for crystallization screening. All proteins were passed over a 16/60 S200
size exclusion column. Monodisperse fractions were pooled, and after concentration, proteins were screened against 576
crystallization conditions using a Cartesian Honeybee crystallization robot. Initial crystals were grown by the vapor diffusion
method in sitting drops at 20°C by mixing 0.2 ul of protein complex with 0.2 ul of reservoir solution.



Supplementary Table 2. Expression of large V1V2 scaffolds

Scaffold PDB ID*  Chain ID Expression (mg/L)

1DQG A 1.0
3HEI A <0.1
3AL9 A <0.1
3FBX A <0.1
2BCE A <0.1
3HRZ D <0.1

*Scaffolds described in Supplementary Table 3.



Supplementary Table 3. V1V2 scaffolds

PDB Protein Length' Insertion" Mutations/Insertions Sequence As Computationally Designed"
1CHL L quinquestriatus 36 30-31 Y29A MCMPCFTTDHQMARKCDDCCGGKGRGKCACVG
chlorotoxin AGSCCTCLCR
2BRZ P brazzeana sweet 54 39-45 None DKCKKVYENYPVSKCQLANQCNYDCKLDKHAR
protein SGECFCVGAGSCQCICDYCEY
1IW4  H roretzi trypsin 55 25-30 E31Q, E32T AHMDCTEFNPLCRCNKMLGDLICACVGAGSCQT
inhibitor HRNMCALCCEHPGGFEYSNGPCE
1FD6  Designed Protein G 57 9-15 I7A, 18A, G15Q, MTTFKLAACVGAGSCQTTTTEAVDAATAEKVFK
B1 domain E16T QYANDNGIDGEWTYDDATKTFTVTE
1JO8  Stabilized S 58 42-43 None GPWATALYDYDAAEDNELTFKEGDKIINIEFVDD
cerevisiae Abpl SH3 DWWLGELECVGAGSCGSKGLFPSNYVSLGN
domain
1E6G  Chicken spectrin SH3 62 46-49 125V TGKELVLVLYDYQEKSPRELTVKKGDILTLLNST
domain NKDWWKVECVGAGSCQGFIPAAYLKKLD
1G6M  Naja kaouthiaCBT 2 62 32-33 D31L, G34N LECHNQQSSQTPTTTGCSGGENNCYKKEWRLCV
GAGSCNYRTERGCGCPSVKKGIGINCCTTDRCNN
1QPM  Mu phage repressor 69 38-44 K37L, Ad5V KSIWCSPQEIMAADGMPGSVAGVHYRANVQGWT
domain KRKFCVGAGSCTVEYDVMSMPTKEREQVIAHLG
LST
1XQQ H sapiens ubiquitin 76 46-47 F45L, K48Q MQIFVKTLTGKTITLEVEPSDTIENVKAKIQDKEGI
PPDQQRLIACVGAGSCQQLEDGRTLSDYNIQKES
TLHLVLRLRGG
11P9 S cerevisiae PB1 85 20-21 Y19L, D22N, D84P GAMGSSTSGLKTTKIKFYLCVGAGSCNIFALMLK
domain GDTTYKELRSKIAPRIDTDNFKLQTKLFDGSGEEI
KTDSQVSNIIQAKLKISVHPI
1XBD Cfimixylan binding 87 53-59 G51P, S52L, T60N TGCSVTATRAEEWSDRFNVTYSVSGSSAWTVNL
domain ALNGSQTIQASWNANVTTDCVGAGSCTRTVTPN
GSGNTFGVTVMKNGSSTTPAATCAGS
1DQG M musculus mannose 135 19-23 VGS inserted pre- LDARQFLIYNEDHKRCVDAVGSCVGAGSCYFFV
receptor cysteine-rich V1V2, YFF inserted QTATCNPEAESQKFRWVSDSQIMSVAFKLCLGVP
domain post-V1V2 SKTDWASVTLYACDSKSEYQKWECKNDTLFGIK
GTELYFNYGNRQEKNIKLYKGSGLWSRWKVYGT
TDDLCSRGYE
3HEI H sapiens ephrin 160 30-37 VLYV inserted pre- EVVLLDFAAAGGELGWLTHPYGKGWDLMQVLV
receptor 2 fragment V1V2, LFV inserted CVGAGSCLFVYMYSVCNVMSGDQDNWLRTNW
post-V1V2 VYRGEAERIFIELKFTVRDCNSFPGGASSCKETFN
LYYAESDLDYGTNFQKRLFTKIDTIAPDEITVSSDF
EARHVKLNVEERSVGPLTRKGFYLAFQDIGACVA
LLSVRVYYKKC
3AL9 M musculus plexin 539 255-258 WYED inserted pre-  GTTGMPQYSTFHSENRDWTFNHLTVHRRTGAVY

A2

V1V2, DRVF
inserted post-V1V2

VGAINRVYKLTGNLTIQVAHKTGPEEDNKACYPP
LIVQPCSEVLTLTNNVNKLLIIDYSENRLLACGSLY
QGVCKLLRLDDLFILVEPSHKKEHYLSSVNKTGT
MYGVIVRSEGEDGKLFIGTAVDGKQDYFPTLSSR
KLPRDPESSAMLDYELHSDFVSSLIKIPSDTLALVS
HFEDIFYTYGFASGGFVYFLTVQPETPDGMAINSAG
DLFYTSRIVRLCKDDPKFHSYVSLPFGCWYEDCV
GAGSCDRVFYRLLQAAYLAKPGEALAQAFNISSD
EDVLFAIFSKGQKQYHHPPDDSALCAFPIRAINLQI
KERLQSCYHGEGNLELNWLLGKDVQCTKAPVPI
DDNFCGLDINQPLGGSTPVEGLTLYTTSRDRLTSV
ASYVYNGYSVVFVGTKSGKLKKIRADGPPHGGV
QYEMVSVFKDGSPILRDMAFSINQLYLYVMSERQ
VTRVPVESCEQYTTCGECLSSGDPHCGWCALHN
MCSRRDKCQRAWEANRFAASISQCMSSRENLYF

Q




3FBX M musculus
lysosomal protein

559

183-188 YAW inserted pre-
V1V2, LGM inserted
post-V1V2

LPTLGPGWQRQNPDPPVSRTRSLLLDAASGQLRL
EDGFHPDAVAWANLTNAIRETGWAYLDLSTNGR
YNDSLQAYAAGVVEASVSEELIYMHWMNTVVN
YCGPFEYEVGYCEKLKNFLEANLEWMQREMELN
PDSPYWHQVRLTLLQLKGLEDSYEGRLTFPTGRF
TIKPLGFLLLQISGDLEDLEPALNKTNTKPSLGSGS
SALIKLYAWCVGAGSCLGMLLVAHNTWNSYQON
MLRIIKKYRLQFREGPQEEYPLVAGNNLVFSSYPG
TIFSGDDFYILGSGLVTLETTIGNKNPALWKYVQP
QGCVLEWIRNVVANRLALDGATWADVFKRFNSG
TYNNQWMIVDYKAFLPGGPSPGSRVLTILEQIPG
MVVVADKTAELYKTTYWASYNIPYFETVFENASG
LQALVAQYGDWFSYTKNPRAKIFQRDQSLVEDM
DAMVRLMRYNDFLHDPLSLCEACNPKPNAENAIS
ARSDLNPANGSYPFQALHQRAHGGIDVKVTSFTL
AKYMSMLAASGPTWDQCPPFQWSKSPFHSMLH
MGQPDLWMFSPIRVPWDGRGS

2BCE B taurus cholesterol
esterase

579

19-26 DGT inserted pre-
V1V2 LVP inserted
post-V1V2

AKLGSVYTEGGFVEGVNKDGTCVGAGSCLVPVD
IFKGIPFAAAPKALEKPERHPGWQGTLKAKSFKK
RCLQATLTQDSTYGNEDCLYLNIWVPQGRKEVSH
DLPVMIWIYGGAFLMGASQGANFLSNYLYDGEEI
ATRGNVIVVTENYRVGPLGFLSTGDSNLPGNYGL
WDQHMAIAWVKRNIEAFGGDPDQITLFGESAGG
ASVSLQTLSPYNKGLIKRAISQSGVGLCPWAIQQD
PLFWAKRIAEKVGCPVDDTSKMAGCLKITDPRAL
TLAYKLPLGSTEYPKLHYLSFVPVIDGDFIPDDPV
NLYANAADVDYIAGTNDMDGHLFVGMDVPAINS
NKQDVTEEDFYKLVSGLTVTKGLRGAQATYEVY
TEPWAQDSSQETRKKTMVDLETDILFLIPTKIAVA
QHKSHAKSANTYTYLFSQPSRMPIYPKWMGADH
ADDLQYVFGKPFATPLGYRAQDRTVSKAMIAYW
TNFARTGDPNTGHSTVPANWDPYTLEDDNYLEIN
KQMDSNSMKLHLRTNYLQFWTQTYQALPTVTSA
GASLLPPEDNSQASPVPPADNSGAPTEPSAGDSEV
AQMPVVIGF

3HRZ  H sapiens
complement factor B

741

444-449 KWAL inserted pre-
V1V2, QFFM
inserted post-V1V2

TPWSLARPQGSCSLEGVEIKGGSFRLLQEGQALEY
VCPSGFYPYPVQTRTCRSTGSWSTLKTQDQKTVR
KAECRAIHCPRPHDFENGEYWPRSPYYNVSDEISF
HCYDGYTLRGSANRTCQVNGRWSGQTAICDNGA
GYCSNPGIPIGTRKVGSQYRLEDSVTYHCSRGLTL
RGSQRRTCQEGGSWSGTEPSCQDSFMYDTPQEVA
EAFLSSLTETIEGVDAEDGHGPGEQQKRKIVLDPS
GSMNIYLVLDGSGSIGASDFTGAKKCLVNLIEKV
ASYGVKPRYGLVTYATYPKIWVKVSEADSSNAD
WVTKQLNEINYEDHKLKSGTNTKKALQAVYSM
MSWPDDVPPEGWNRTRHVIILMTDGLHNMGGDP
ITVIDEIRDLLYIGKDRKNPREDYLDVYVFGVGPL
VNQVNINALASKKDNEQHVFKVKDMENLEDVEY
QMIDESQSLSLCGMVWEHRKGTDYHKQPWQAKI
KWALCVGAGSCQFFMCMGAVVSEYFVLTAAHC
FTVDDKEHSIKVSVGGEKRDLEIEVVLFHPNYNIN
GKKEAGIPEFYDYDVALIKLKNKLKYGQTIRPICL
PCTEGTTRALRLPPTTTCQQQKEELLPAQDIKALF
VSEEEKKLTRKEVYIKNGDKKGSCERDAQYAPG
YDKVKDISEVVTPRFLCTGGVSPYADPNTCRGDS
GGPLIVHKRSRFIQVGVISWGVVDVCKNQKRQKQ
VPAHARDFHINLFQVLPWLKEKLQDEDLGFLAA

'Number of residues before deletion of native segment and insertion of V1V2 stub.
"Residue range listed was removed from the native structure for the V1V2 insertion procedure.
""CVGAGSC is a placeholder sequence for the V1V2 stub used in our modeling software, derived from PDB ID 1RZJ. Any V1V2

sequence can likely be inserted in place of the stub.




Supplementary Table 4. Peptide mapping of V1V2-directed murine monoclonal antibodies

Protein or peptide SBS01 SBS02 SBS03 SBS04 SBS05 SBS06 F105 9ES8

YU2gp120FL ++ ++ ++ ++ ++ ++ ++ -
YU2gp120 AV1V2 - - - - - - ++ -
V1 (Tia3-E147) - - - - - - - -
V1 (S143-Cis7) - + - - ++ - - -
V1V2 (E;s3-Die7) - - - - - - - -
V2 (Tie3-Y177) + - +- + - - - -
V2 (Y173-Aagr) - - - - - - - -
V2 (P1g3-S197) - - - - - +/- - -
V2 (S193-S207) - - - - - - - -

Monoclonal antibodies against the V1V2 domain were obtained from ProSci. These antibodies were generated by
immunizing mice with YU2 gp120 and the sera were tested against YU2 gp120 AV1V2 to select positive wells. Six
YU2-V1V2 specific monoclonal antibodies (SBS01-06, subtype 1gG1, 1gG2a) were obtained. Peptide mapping was
performed by ELISA. Serial dilutions of the six V1V2-directed antibodies were added to YU2 V1V2 peptide-coated
wells and binding was probed with horseradish peroxidase-conjugated anti-mouse 1gG antibody. YU2 gp120 and
gp120 AV1V2 were used as positive and negative controls, respectively. Anti-HIV-1 antibody F105 and anti
influenza hemagglutinin antibody 9E8 were also used as control antibodies.



Supplementary Table 5. Antibody and integrin recognition of YU2 V1V2 scaffolds

SBS01 SBS02 SBS03 SBS04 SBS05 SBS06 a7

YU2gp120 FL ++ ++ ++ ++ ++ ++ +
YU2gp120 AV1V2 - - - - - - -
1FD6 V1Vv2*+* ++ ++ ++ ++ ++ ++ +
1XQQ V1v2 +- +- +- +- +- - -
1XBD V1V2 - - - - - - ND
2BRZ V1V2 - - - - - - ND
11W4 V1v2 - - - +- - - ND
1G6M V1V2 - - - - +/- - ND
1QPM V1V2 +- - +- +- +/- - .
1J08 viv2* +/- +/- +/- +- +/- +- +
1E6G V1Vv2* +- +/- +- +- +- +- .
11P9 V1V2 - - - - - - ND
1CHL V1Vv2 - - - - - ND

*1FD6 scaffold protein is a variant of the B1 domain of streptococcal protein G, which binds the Fc region of
antibodies and could contribute to binding in the ELISA assay, however this scaffold also binds o4f; in the
competition assay.

#These scaffold proteins were tested with surface plasmon resonance and biolayer interferometry.

Antigenic analysis of the YU2 V1V2 scaffolds was initially performed by sandwich ELISA. YU2 V1V2
scaffolds were expressed as GFP fusion proteins. The expressed V1V2 scaffold proteins in culture
supernatants were added in duplicate to wells coated with a goat polyclonal anti-GFP antibody (Santa Cruz) to
allow capture of the desired protein. SBS01-06 proteins were used as detection antibodies and binding was
probed with horseradish peroxidase-conjugated anti-mouse IgG antibody. Full length YU2 gp120, AV1V2,
and secreted GFP were used as control proteins and antibodies. A subset of purified V1V2 scaffold proteins
was antigenically characterized by surface plasmon resonance and biolayer interferometry.



Supplementary Table 6. ELISA binding of PG9 and PG16 to clade B and C gp120 monomers

Clade B Clade C and negative controls

gpl120 PG9 PG16 VRCO1 HIV-IG gpl120 PG9 PG16 VRCO1 HIV-IG
6535.3 +++ +++ CAP45.2.00.G3 +H++ +++ +++
AC10.0.29 ++ - +Ht CAP210.2.00.E8 + - ++ -
BaL.01 +H++ - bt CAP244.2.00.D3 - - 4
CAANS5342.A2 +++ + ++++ +++ Dul51.2 + - T+ T+
HXB2 ++ - +HHE Dul156.12 ++ - HHEE
PVO.4 + - +++ +++ Dul72.17 +++ - + +++
QHO0692.42 - - ++++ Du422.1 ++ - - 44+
R2 - - +++ +++ ZM53M.PB12 e R s s
REJO4541.67 ot + EEEE ZM109F.PB4 FHHE HEE bR b
RHPA4259.7 ++ - R ZM135M.PL10a - - ot
SC422661.8 ot + HHHE b ZM197M.PB7 FHHE A
TRJO4551.58 +++ ++ +++ +++ ZM214M.PL15 + - 4 T+
THRO4156.18 +++ + ++++ +++ ZM233M.PB6 +++ +++ ++ +++
TRO.11 ++ - e ZM249M.PL1 +++ + NI
WITO4160.33 ++ - +++ +++ SIVmac239 gp140 - - - ++
YUz ++ - HHH+ SIVmac251.30 gp140 - - + +++

H5 HAL . - . .

Purified recombinant gp120 (200 ng) was adsorbed onto Reacti-Bind 96-well plates (Pierce), followed by blocking and incubation
of serially diluted antibodies. Bound antibody was detected using a horseradish peroxidase-conjugated goat anti-human IgG Fc
antibody (Jackson ImmunoResearch Laboratories). Plates were developed using SureBlue 3,3',5,5'-tetramethylbenzidine
(Kirkegaard & Perry Laboratories). gp120 proteins were purchased from Immune Technology Corp. or were expressed and
purified as described in Supplementary Table 1. Binding was categorized based on the OD,s, value at the highest concentration
tested (5 mg/ml for mAbs, 50 mg/ml for HIV-1G) and ECs, values as follows: ‘++++’ = ODy5o > 3.0 and ECsy < 0.10; ‘+++’ =
ODysp> 3.0 and EC50 > 0.10; “++” = 1.0 < ODyg0 < 3.0; “+” = 0.2 < ODys0 < 1.0; “-* = ODyg0 < 0.2. OD values were rounded to the
nearest tenth and ECsx, values to the nearest hundredth before categorization. mAb VRCO1 and HIV-IG were included as control
antibodies and SIV gp140 proteins and avian influenza hemagglutinin HAL1 (H5 HA1) were included as control proteins.
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Supplementary Table 7. Data collection and refinement statistics for V1V2 scaffolds complexed with PG9 Fab

1FD6-CAP45/PGY

1FD6-ZM109/PG9

Data collection
Space group
Cell dimensions

a, b, c(A)

o B,y (°)
Resolution (A)
Rsym or Rmerge
/ol
Completeness (%)
Redundancy

Molecules/ASU

Refinement

Resolution (A)

No. reflections

Rwork / Rfree

No. atoms
Protein
Ligand/ion
Water

B-factors
Protein
Ligand/ion
Water

R.m.s. deviations
Bond lengths (A)
Bond angles (°)

PDB ID

P2,2,2,

73.0, 103.5, 186.4
90.0, 90.0, 90.0
50.0-2.2 (2.24-2.19)*
11.2 (33.9)

8.7 (2.4)
92.0 (68.7)
4.1 (2.4)

2

30.0-2.19
67,671
0.182/0.234
10,341
9,507
348
487

46.0
71.9
43.4

0.009
1.09

3U4E

P2,

89.5, 86.6, 94.9
90.0, 92.1, 90.0
50.0-1.8 (1.83-1.80)*
6.3 (43.8)

20.3 (2.0)

91.2 (64.8)
3.7(2.9)

2

41.6-1.80
122,322
0.178/0.205
10,152
9,074
231
847

45.7
43.3
42.1

0.007
1.07

3U2S

*Values in parentheses are for highest-resolution shell. Each data set was collected

from a single crystal.
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Supplementary Table 8. Structural characterization of HIV-1 gp120

Residues in mature gp120

Residues in structure that remained to be defined

Crystallization

Reference

Structure N :
(HXB2 numbering) crystallographically ligand(s)
HIV-1 gp120 core
83-127, 195-297, 31-82, 128-194, Kwong et al.,
ACLICSAVIV2AV3 330-492 208-329, 493-511 CD4 (d1d2), 17b Nature, 1998
strain HXBc2
HIV-1 gp120 core + i i
V3 ACIC5AVIV?2 83-127, 195-492 31-82, 128-194, CD4 (d1d2), X5 Huang et al,
. 493-511 Science, 2005
strain JR-FL
HIV-1 gp120 core +
31-123, 199-297, Pancera et al.,
N/C 4V1V2AV3 330-511 128-194 CD4 (d1d2), 48d PNAS, 2010
strain HXBc2
HIV-1 gpl120 V1V2
strains ZM109 126-196 none PG9 Current
and CAP45

*The mature protein is comprised of residues 31-511.
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Supplementary Table 9. Interactions between CAP45 V1V2 scaffold and PG9 Fab

A. CAP45-Protein : PG9-Protein interactions

Interface Residue Bond Type ASA BSA AG
CAP45:SER 158 3111 3.86 || 0.06
CAP45:ASN 160 88.58 39.38 Il -0.23
CAP45:THR 162 65.55 6.14 | 0.03
CAP45:THR 163 64.39 0.37 | -0.00
CAP45:GLU 164 82.79 0.24 | -0.00
CAP45:LEU 165 139.58 4.53 | 0.07
CAP45 CAP45:ARG 166 H 225.48 40.18 || 0.01
CAP45:ASP 167 H 106.95 34.99 || -0.29
CAP45:LYS 168 HS 117.90 78.82 |I[11] -0.22
CAP45:LYS 169 H 130.55 102.54 [l 0.72
CAP45:GLN 170 H 103.11 69.70 ||I[1l] -0.05
CAP45:LYS 171 H 153.85 90.29 |||l 0.52
CAP45:ALA 172 25.17 7.26 | 0.12
CAP45TYR 173 14752 17.94 || 0.29
H:ARG 31 47.00 0.29] -0.01
H:ARG 100B 103.55 9.77 | -0.14
H:GLY 100D 57.64 14.72 | -0.17
H:TYR 100E H 148.93 113.74 |1l 0.87
H:ASN 100F H 82.37 30.92 || -0.22
PG9 H:TYS 100G 122.49 69.66 ||l 0.59
H:TYS 100H H 121.32 59.02 |||If -0.20
H:ASP 1001 H 24.40 14.02 (|II1f -0.07
H:PHE 100J 155.15 97.54 [l 1.52
H:TYR 100K 194.18 20.13 || 0.08
H:ASP 100L HS 74.70 47.17 Il -0.24
H:TYR 1000 89.21 19.92 ||| -0.17

Bond type: H: Hydrogen, S: Salt bridge
ASA Accessible Surface Area, A?
BSA BuriedSurfaceArea, A2

AiG Solvation energy effect, kcal/mol

|[[[Buried area percentage, one bar per 10%

Detailed interface data was calculated on the EBI PISA server (http://www.ebi.ac.uk/msd-srv/prot_int/cgi-bin/piserver)
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B. CAP45-Glycan : PG9-Protein interactions

Interface Residue Bond Type ASA BSA AG
CAP45:NAG 656-PG9:H 361.41 36.62 || -1.05
H:GLU 56 77.43 2.00 | -0.03
H:PHE 100J 155.15 31.56 || 0.51
CAP45:NAG 657-PG9:H H 362.60 122.88 || -2.52
H:ASP 53 53.25 5.50 || -0.09
H:SER 55 76.26 37.26 ||| 0.44
H:PHE 100J 155.15 24.25 || 0.39
H:TYR 100K H 194.18 35.17 || 0.17
CAP45:MAN 658-PG9:H 289.03 48.25 || -0.81
H:ASP 53 53.25 0.61 | -0.01
H:GLY 54 24.47 9.22 Il -0.06
H:SER 55 76.26 27.76 ||| 0.30
CAP45:MAN 659-PG9:H H 288.45 86.97 ||l -0.91
H:GLY 54 H 24.47 9.57 Il -0.11
H:SER 55 H 76.26 11.24 || -0.04
H:GLU 56 77.43 2.18 | 0.03
H:LYS 57 H 94.60 40.92 ||lll -0.34
H:SER 70 40.32 0.50 | 0.01
CAP45:MAN 660-PG9:H 288.61 10.75 | -0.25
H:TYR 100K 194.18 11.03 | -0.00
CAP45:MAN 662-PG9:H H 291.08 123.55 |l -1.79
H:SER 30 49.55 2.34 | 0.04
H:ASP 53 53.25 24.81 ||lll 0.10
H:ASN 73 H 47.36 20.56 ||| 0.03
H:TYR 100K 194.18 40.78 || 0.55

Bond type: H: Hydrogen, S: Salt bridge
ASA  Accessible Surface Area, A?

BSA  BuriedSurfaceArea,A?

AiG  Solvation energy effect, kcal/mol

it Buried area percentage, one bar per 10%

Detailed interface data was calculated on the EBI PISA server (http://www.ebi.ac.uk/msd-srv/prot_int/cgi-bin/piserver)
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B. (cont’d) CAP45-Glycan : PG9-Protein interactions

Interface Residue Bond Type ASA BSA AG
CAP45:NAG 560-PG9:H H 362.10 123.39 | -2.04
H:ASP 100 H 64.98 8.99 || -0.07
H:ARG 100B H 103.55 32.01 ||| -0.35
H:TYS 100G 122.49 23.42 || 0.18
H:TYR 1000 89.21 19.12 || -0.05
CAP45:NAG 561-PG9:H H 362.52 91.85 | -2.63
H:ASP 100 H 64.98 25.49 ||| -0.01
H:ARG 100B 103.55 12.87 || -0.22
H:TYR 1000 89.21 26.17 || 0.41
CAP45:MAN 562-PG9:L 286.50 8.13| -0.24
L:TYR 30 75.49 7.86 || 0.13
CAP45:MAN 564-PG9:H 286.69 32.35|| -0.40
H:ASP 100 64.98 2.91 | 0.00
H:ASN 100P 52.24 0.98 | -0.01
H:HIS 100R 153.38 28.66 || 0.20
CAP45:MAN 564-PG9:L 286.69 54.34 || -0.73
L:TYR 30 75.49 22.70 ||| 0.36
L:GLU 31 111.38 10.91 | 0.13
L:SER 32 39.82 7.04 || -0.08
L:LEU 91 43.42 8.46 || 0.14
CAP45:MAN 565-PG9:H H 284.85 76.50 ||| -0.32
H:ASP 100 64.98 6.20 | -0.11
H:ASN 100P 52.24 2.58 | -0.03
H:TYR 100Q 100.63 2287 0.16
H:HIS 100R H 153.38 20.14 || -0.00
CAP45:MAN 565-PG9: L H 284.85 110.93 I -2.08
L:GLU 31 111.38 22.00 || 0.29
L:SER 32 H 39.82 12.65 || -0.13
L:ASP 50 54.82 3173l -0.15
L:LYS 53 H 100.49 14.07 || -0.50
CAP45:MAN 566-PG9:H H 289.57 97.00 [ll| -1.09
H:TYR 1000 89.21 24.01 || 0.38
H:ASN 100P H 52.24 23.54 ||l -0.24
H:HIS 100R H 153.38 26.35 | 0.49
CAP45:MAN 566-PG9:L 289.57 91.51llf -1.19
L:TYR 30 75.49 9.88 || 0.08
L:LEU 91 43.42 17.50 ||l 0.28
L:THR 92 1.09 0.49 I -0.01
L:ARG 95 202.42 44.97 || -0.58
L:ARG 96 149.20 10.25 | -0.35

Bond type: H: Hydrogen, S: Salt bridge

ASA  Accessible Surface Area, A?

BSA  BuriedSurfaceArea,A?

AG Solvation energy effect, kcal/mol

it Buried area percentage, one bar per 10%

Detailed interface data was calculated on the EBI PISA server (http://www.ebi.ac.uk/msd-srv/prot_int/cgi-bin/piserver)
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Supplementary Table 10. Interactions between ZM109 V1V2 scaffold and PG9 Fab

A. ZM109-Protein : PG9-Protein interactions

Interface Residue Bond Type ASA BSA AG
ZM109:CYS 157 8.96 172 -0.02
ZM109:SER 158 27.85 6.02 || 0.10
ZM109:ASN 160 80.18 35.40ll -0.17
ZM109:THR 162 14.08 2.33 -0.03
ZM109:LYS 166 140.78 11.39 ] -0.13

ZM109 ZM109:ASP 167 H 133.11 55.27l 0.14
ZM109:ARG 168 HS 150.27 99.54 Il -0.92
ZM109:LYS 169 H 92.29 9L.52 (Il 0.19
ZM109:GLN 170 113.66 65.25lllll -0.09
ZM109:LYS 171 HS 141.53 9L.22 |1 -0.09
ZM109:VAL 172 45.81 0.31] 0.01
ZM109:ASN 173 H 135.28 60.34llll 0.20
H:ARG 31 42.07 1.01] -0.04
H:ARG 100B 99.05 8.00 | -0.30
H:GLY 100D 58.60 14.18 ||| -0.16
H:TYR 100E H 138.43 98.50 |l 0.85
H:ASN 100F H 90.98 42.07 |11 -0.28
PG9 H:TYS 100G H 126.29 85.17 Il 0.38
H:TYS 100H H 125.91 68.59 lllll 0.06
H:ASP 100l HS 32.23 21.66 Il -0.21
H:PHE 100J 145.90 97.54 |IIlI 1.54
H:TYR 100K H 179.08 46.70 ||| -0.06
H:ASP 100L HS 73.70 35.34lll -0.08
H:TYR 1000 83.78 20.22 || -0.13

Bond type: H: Hydrogen, S: Salt bridge
ASA Accessible Surface Area, A
BSA BuriedSurfaceArea,A?

AiG Solvation energy effect, kcal/mol

llBuried area percentage, one bar per 10%

Detailed interface data was calculated on the EBI PISA server (http://www.ebi.ac.uk/msd-srv/prot_int/cgi-bin/piserver)
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B. ZM109-Glycan : PG9-Protein interactions

Interface Residue Bond Type ASA BSA AG
ZM109:NAG 560-PG9:H H 360.05 126.97 |II| -2.32
H:ASP 100 H 59.01 10.14 || -0.08
H:ARG 100B H 99.05 26.55 ||| -0.36
H:TYS 100G 126.29 23.20 || 0.21
H:TYR 1000 83.78 19.41 || -0.03
ZM109:NAG 561-PG9:H 361.72 86.56 ||| -2.49
H:ASP 100 59.01 24.98 Il -0.00
H:ARG 100B 99.05 11.69 || -0.26
H:TYR 1000 83.78 22.80 ||| 0.36
ZM109:MAN 562-PG9:L 290.21 7.54 | -0.25
L:TYR 30 72.56 7.14 | 0.11
ZM109:MAN 564-PG9:H 288.35 3243 -0.41
H:ASP 100 59.01 1.30| -0.02
H:ASN 100P 57.91 1.22 | -0.01
H:HIS 100R 153.20 30.19| 0.71
ZM109:MAN 564-PG9:L 288.35 49.24 || -0.65
L:TYR 30 72.56 19.58 || 0.31
L:GLU 31 109.49 6.31 | 0.06
L:SER 32 38.09 551 -0.06
L:LEU 91 44.38 9.4l 0.15
ZM109:MAN 565-PG9:H H 291.61 78.19 || -0.20
H:ASP 100 59.01 8.70 -0.15
H:ASN 100P 57.91 2.82 | -0.03
H:TYR 100Q 95.03 19.22 || 0.10
H:HIS 100R H 153.20 21.99|| 0.01
ZM109:MAN 565-PG9:L H 291.61 108.26 ||| -2.20
L:TYR 30 72.56 0.16 | 0.00
L:GLU 31 109.49 19.78 || 0.17
L:SER 32 H 38.09 12.62 || -0.09
L:ASP 50 49.15 28.76 Il -0.19
L:LYS 53 104.44 12.48 || -0.44
ZM109:MAN 566-PG9:H H 292.40 100.98 Il -1.12
H:TYR 1000 83.78 21.34 | 0.34
H:ASN 100P H 57.91 25.01 I -0.26
H:HIS 100R H 153.20 26.23 | 0.51
ZM109:MAN 566-PG9:L 292.40 87.27 || -1.17
L:TYR 30 72.56 7.27 0.10
L:LEU 91 44.38 17.63 1l 0.28
L:ARG 95 205.09 44.09 | -0.42
L:ARG 96 148.86 10.56 | -0.37
ZM109:NAG 573-PG9:H H 361.83 101.33 || -2.89
H:LYS 52 50.77 1.71] -0.06
H:ASP 53 53.71 5.03 | -0.09
H:SER 55 71.82 19.19|| 0.24
H:PHE 100J 145.90 28.94 | 0.46
H:TYR 100K H 179.08 32.94 -0.15

Bond type: H: Hydrogen, S: Salt bridge

ASA Accessible Surface Area, A2

BSA BuriedSurfaceArea,A?
AiG Solvation energy effect, kcal/mol

Buried area percentage, one bar per 10%

Detailed interface data was calculated on the EBI PISA server (http://www.ebi.ac.uk/msd-srv/prot_int/cgi-bin/piserver)
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Supplementary Table 11. ECs, (ng/mL) of PG9 and PG16 binding to V1V2 scaffolds and to associated glycosylation mutants

1FD6 ZM109 WT N130D N138D N160Q N173D N189D N192D
scaffold
PG9 0.1 0.4 0.2 - 7.0 0.1 0.1
PG16 3.4 15 4.4 - - 4.0 2.5

“-* indicates no binding or EC5,>50ug/mL

1FD6 CAP45 WT N143D N147D N156D N160Q N192D
scaffold
PG9 0.2 0.1 0.1 4.9 - 0.2
PG16 9.1 3.3 0.7 - - 27.0

“-* indicates no binding or EC5,>50ug/mL
For 1FD6 CAP45 scaffold, a combination of multiple glycosylation mutants was also

tested. N156D/N160Q did not bind PG9 nor PG16. N143D/N147D/N192D bound PG9
with an ECspof 0.1 pg/ml and PG16 with an ECsgof 15.1 pg/ml.

ELISA assay with purified protein:
WT and site mutated 1JO8 ZM109 V1V?2 proteins produced in 293F cell (10mg/

swainsonine) in PBS (pH 7.4) at 2ug/ml were used to coat plates for 2 hours at room
temperature (RT). The plates were washed five times with 0.05% Tween 20 in PBS
(PBS-T), blocked with 300 pl per well of blocking buffer (5% skim milk and 2% bovine
albumin in PBS-T) for 1 hour at RT. 100 ul of each monoclonal antibodies 5-fold
serially diluted in blocking buffer were added and incubated for 1 hour at RT.
Horseradish peroxidase (HRP)-conjugated goat anti-human IgG (H+L) antibody
(Jackson ImmunoResearch Laboratories Inc., West Grove, PA) at 1:5,000 was added for
1 hour at RT. The plates were washed five times with PBS-T and then developed using
3,3",5,5"-tetramethylbenzidine (TMB) (Kirkegaard & Perry Laboratories) at RT for 10
min. The reaction was stopped by the addition of 100pl 1 N H2S0O4 to each well. The
readout was measured at a wavelength of 450nm. All samples were performed in
duplicate.

ELISA assay with supernatant:
Culture supernatants from 293F cell (10mg/L, swainsonine) transfected with WT and site

mutated 1FD6 CAP45 VV1V2 were used to coat His grab plates (150uL/well) for
overnight at 4 °C. 100 pL of each monoclonal antibodies 5-fold serially diluted in
blocking buffer were added and incubated for 1 hour at RT. Horseradish peroxidase
(HRP)-conjugated goat anti-human IgG (H+L) antibody (Jackson ImmunoResearch
Laboratories Inc., West Grove, PA) at 1:5,000 was added for 1 hour at RT. The plates
were washed five times with PBS-T and then developed using 3,3",5,5 -
tetramethylbenzidine (TMB) (Kirkegaard & Perry Laboratories) at RT for 10 min. The
reaction was stopped by the addition of 100uL. 1 N H2SO4 to each well. The readout was
measured at a wavelength of 450nm. All samples were performed in duplicate.
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Supplementary Table 12. PG9/PG16 heavy chain affinity maturation and CAP45/ZM109 V1V2 recognition*

Heavy PG9/16 Heavy Explanation Heavy PG16  Explanation
Germline PG9 (modeled)
SER 55 SER 55 MET 55 MET has larger surface than SER
to interact with NAG 573
CDR H3 insertion ASP 100 Contact glycans ILE 100 ILE might clash with NAG 561
CDR H3 insertion ARG 100B Contact glycans/peptide HIS 100B Contact glycans/peptide
CDR H3 insertion GLY 100D Contact peptide ASP 100D Contact peptide
CDR H3 insertion TYR 100E Contact peptide VAL 100E Contact peptide — VAL might
have weaker interaction
CDR H3 insertion ASN 100F Contact peptide LYS 100F Contact peptide — LYS might
disrupt binding
TRP 100K TYR 100K TYR introduces a hydrogen ~ ASN 100K Polar more favorable than
bond with NAG 573 hydrophobic
SER 100L ASP 100L  ASP introduces a hydrogen ASP 100L Same as PG9
bond with ARG 168 of
V1Vv2

TYRor THR 100P ~ ASN 100P  ASN introduces a hydrogen ~ ASN 100P Same as PG9
bond with MAN 566

TYR 100R HIS 100R  TYR will clash with MAN HIS 100R Same as PG9
566 and HIS introduces a
new hydrogen bond with
MAN 565

*Residues for which the buried surface area is <5SA? were not considered. Residues interacting with ZM109 V1V2 or
CAP45 VV1V2 that are not affinity matured are not listed (these include heavy chain ASP53, TYS 100G, TYS 100H,
ASP 1001, PHE 100J, TYR 1000 and TYR 100Q).
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Supplementary Table 13. PG9/PG16 light chain affinity maturation on CAP45/ZM109 V1V2 recognition*

Light PG9/PG16  LightPG9  Explanation Light PG16 Explanation

Germline (Modeled)

TYR 30 TYR 30 PHE 30 Unclear

ASN 31 GLU 31 Interaction is through main chain with ASP 31 Same as PG9
MAN 565

TYR 32 SER 32 TYR will clash with MAN 565 and SER 32 Same as PG9
possible loss of one hydrogen bond

GLU 50 ASP 50 Both GLU and ASP should interact ASP 50 Same as PG9

ASN 53 LYS 53 ASN might lose interaction with MAN HIS 53 Same as PG9
565

TYR91 LEU 91 TYR will clash with heavy HIS 100R LEU 91 Same as PG9

SER 95 ARG 95 ARG closer to MAN 566 SER 95

LEU 96 ARG 96 ARG closer to MAN 566 ARG 96 Same as PG9

*Residues for which the buried surface area is <5A? were not considered.
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Supplementary Table 14. Structural effect of V1V2 mutations on PG9 neutralization

JR-CSF! ConC?
Residue Mutation 0! 1Cso Mutation ~ -21d 1Cso Predicted Structural Effect
Increase Increase
127 VoA 30 NA® disruption of V1V2 hydrophobic core
134 N—>A 5 NA
156 N—>A 280 NA glycan-156 removal
158 S—HA >2000 S—A 0.9 glycan-156 removal
159 F—A >2000 F—A 11.2 disruption of V1V2 hydrophobic core
160 N—>K >2000 N—>A >1000 glycan-160 removal
162 T-A >2000 NA glycan-160 removal
165 I—>A 1 L—>A 2
166 R—A 2 R—A 0.5
167 D—A 5 D—N 0.6
168 K—A 1 K—A 0.1
169 NA® K—E >1000 contact site, PG9 TYS 100G proximal
171 K—A 1 K—A 5.9
172 E—>A 1 NA
173 YA 1400 NA destabilization of glycan-156 position
176 F—A >5000 NA disruption of V1V2 hydrophobic core
177 YA 1 NA
179 L—>A 1 NA
180 D—A 1 NA
181 VoA 200 I-A 13.2 unknown: residue not seen in structures
182 VoA 1 NA
184 I—A 1 NA
185 D—A 1 NA
188 N—>A 3 NA
190 T->A 2 NA

Effect on neutralization of mutants is shown in two contexts, JR-CSF and ConC. Mutations with greater than ten-fold increase
in I1Cx, values are in bold.

!Data obtained from (Walker et al., Science, 2009)

’Data obtained from (Moore et al., J. Virol., 2011)

NA, Data not available

21



Supplementary Table 15. Neutralization activity of PG9, PG16, VRCO01, 2F5 and 2G12 against a cross-clade panel of 178
pseudoviruses (1Csg)

% of Total Strains Neutralized % of Strains Neutralized
1C50 <1ug/ml IC50 >1 and <50ug/ml
Clade #VS" PG9 PG16 VRCO01 2F5 2G12 PG9 PG16 VRCO01 2F5 2G12 PG9 PG16 VRCO0l 2F5 2G12
A 27 89 89 100 85 30 92 92 100 26 13 8 8 0 74 88
AC 4 100 100 50 75 25 100 100 100 0 0 0 0 0 100 100
ACD 2 50 50 100 100 0 100 100 100 50 0 0 0 0 50 0
AD 1 100 100 100 100 0 0 0 100 0 0 100 100 0 100 0
AE 16 88 81 94 94 0 86 92 80 60 0 14 8 20 40 0

AG 16 94 94 81 69 31 87 73 85 0 40 13 27 15 100 60
B 39 59 56 92 82 64 78 68 81 31 48 22 32 19 69 52
BC 7 100 100 100 14 14 71 71 86 0 100 29 29 14 100 0
Cc 53 81 75 85 9 6 84 83 80 20 33 16 18 20 80 67

CD 3 67 67 67 100 33 100 100 100 0 0 0 0 0 100 100
D 9 56 22 89 67 44 60 50 63 33 25 40 50 38 67 75
G 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Total 178 78 74 89 57 27 83 81 84 28 38 17 19 16 72 63

*VS: Viral strains

Neutralization was measured using single-round-of-infection HIV-1 Env-pseudoviruses and TZM-bl target cells, as described
previously (Wu et al., Science, 2010; Li et al., J.Virol., 2005; Seaman et al., J. Virol., 2010). Neutralization curves were fit by
nonlinear regression using a 5-parameter hill slope equation as previously described (Li et al., J.Virol., 2005). The 50% and 80%
inhibitory concentrations (ICso and 1Cg) Were reported as the antibody concentrations required to inhibit infection by 50% and 80%,
respectively.
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Supplementary Table 16. Neutralization activity of mAbs against a cross-clade panel of 178 pseudoviruses (1Csg)

Virus ID Clade | VRCO1 PG9 PG16 2F5 2G12
0260.v5.c36 | A >50
0330.v4c3| A 0.018  0.006 1.04
0439.v5.c1 | A >50
3415v1cl | A 0.149  0.036 1.32
3718.v3.cll | A 0.050  0.019 >50
398-F1_ F6_ 20 | A 0.280
BB201.B42 | A 0.014  0.003 0.421
BB539.2B13 | A 0106 0012 0136 [JEN
BI369.9A | A 0.029 0.007 0249 PR
BS208B1| A 0.031  0.004 >50
KER2008.12 | A 0.017  0.006
KER2018.11 | A 0.001  <0.0006 >50
KNH1209.18 | A 0.367  0.678 1.45
MB201L.A1 | A 0.024  0.001 >50
MB539.2B7 | A 0.058  0.025 >50
MI369.A5 | A 0.058  0.011 5.09
MS208.A1 [ A 0.071  0.047 >50
Q168.22 | A 0.106  0.031 >50
Q2317 A 0.007  0.002 >50
Q259.17 | A 0.045  0.028 >50
Q46le2 | A >50
Q769.d22 | A 0.007 0010 0609 [EN
Q769.h5 | A 0.002  0.002 >50
Q842d12 | A 0.005  0.001 >50
QH209.14M.A2 | A >50
RW0202 | A 0.103  0.070 >50
uUG037.8 | A 0.021 0001 0202 B
3301_V1_C24 | AC >50
3589 V1 C4 | AC 1.68
6540.v4.cl | AC >50
6545_V4_C1 | AC >50

0815_Vv3_C3 | ACD [IXED >50

6095_V1_C10 | ACD Rty 0.242 <0.023 @ 0.147 >50

3468_V1 C12 | AD XL 2.09 >50

620345.c1 | AE 0.393 >50 0.455 >50
C1080.c3 | AE 0.004 0.001 0.056 >50
C2101.c1 | AE 0.097 0.026 0.009 0.344 >50
C3347.c11 | AE 0.037 0.038 0.006 0.051 >50

[ZIEENCIIE 0110 0037 | 0.021 >50
CNE3 | AE 0.079  0.173 >50
NI 0228 <0.023 <0.023 >50
CNES5 | AE ORIV IRIOEYE >50
CNES6 | AE YTV >50
OIS 0516 0091 0113 >50
VIR o742 0122 | 0.022 >50

R1166.c1 | AE 0.587 >50

R2184.c4 | AE NI FLIRN XD >50

R3265.c6 | AE [ONENE 0.036 >50

GRS 0331 0042  0.008 >50

TH976.17 | AE [ONVELS >50
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Supplementary Table 16 (cont’d). Neutralization activity of mAbs against a cross-clade panel of 178 pseudoviruses (1Cs)

Virus ID Clade
235-47 | AG IVERIEZZIVIT  >50
242-14 | AG 0.025  <0.023
263-8 | AG JIEECIRNOEEE!
269-12 | AG [JEIE] 0.281
SVl 0052 0097  0.102
928-28 | AG [T IRINrX]
DJ263.8 | AG [IZEICECIIE I >50 [ONZE
T250-4 | AG <0.0006 <0.0006
T251-18 | AG >50
7253-11 | AG [N 4.27 >50
T255-34 | AG [PEPRRENOOIERRIOIN  >50 >50
T257-31 | AG 0.020 0.003 [JEIE >50
T266-60 | AG [JEER 8.04 >50
T278-50 | AG | >50 [BORHE]
ISl 0017 0379  0.233
IEERAIE <0023 <0023 <0.023
398825 | B 0010  0.002
SCEEN 0099 0073 0020 0.139
6101.10 | B [OE
65353 | B 0.465
7165.18 | B
89.6.0G | B [N
AC1029| B 0.078  <0.023  0.975
VSIS 0424 0342 0.023 0271
Bal.01 | B [ INENNY
BaL.26 | B [Ny SRR
BG1168.01 | B [RuL¥L
BLO1.DG | B
BRO7.DG | B
BX08 16 | B 0.024  0.062
CAAN.A2 | B
HO86.8 | B 0.014  0.001  0.049
GIEEEFEEEI 0438 0271 0153 0172
HXB2.DG | B [RIIRNNEE] 0.040
JRCSFJB | B LI 0.857
JRFLJB | B [JIKE] >50 >50
MN.3 | B [ <0.023  0.213
PvO.04| B [MUEEE
QHO0515.01 | B 0.52 >50 >50 03  0.039
QH0692.42 | B >50 >50
REJO.67 | B VIR
RHPA7 | B [y
SC4228 | B [NEZIEENES 1.20 1.34
SF162.L.S | B [¥EY >50 2.47 [JUKIK
SV 0276 0293  0.069
THRO.18 | B 0.975
IRCEIEEI o079 0246 0393 PEN >50
TRO.11 | B [EIK 0.209
WACEEEEEI 0112 <0023 <0.023 0.887
YU2.DG | B |G 0.041
CNE10 | B [ONGCNWYER 9.17 1.10 [JETE
CNE12 | B [NCEM >50 >50 5.02 >50
CNE14 | B [BOKEEM  >50 >50 5.68 >50
CNE4| B [MEHW >50 >50 1.77 >50
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Supplementary Table 16 (cont’d). Neutralization activity of mAbs against a cross-clade panel of 178 pseudoviruses (1Cs)

Virus ID Clade PG9 PG16 2F5 2G12
CNE57 | B >50 >50 1.09 >50
CHO038.12 | BC 0.500 | >50 |
CH070.1 | BC 0.006 0.002 B >50
CH117.4 | BC 0.008 0.005 B >50
CH181.12 | BC 0.008 0.002 (B >50
CNE15 | BC <0.023 <0.023 [JEX >50
CNE7 | BC 0.393 |[JEE >50
CNE40 | BC WV 116 [4900 >50 >50
286.36 | C [NIKEEENVAREEGIE  >50 >50
288.38 | C 0.186 |HEEEU
0013095-2.11 | C [RVERRRNPEIRI N7kl  >50 >50
001428-2.42 | C [REPXIIRSOPRIRS N7l  >50 >50
0077_V1.C16| C 0.001 <0.023 B >50
00836-2.5 | C [MEPE >50 >50
EEVEII 0105 0014 0005 [JEX >50
16845-2.22 | C >50 >50
16936-221 | C [EIE >50 >50
ORI 0545 0038 <0.023 [EN
2571124 | C [NV 0.037
PSRV 0559 <0.023 <0.023
26191248 | C [ONELINRORYY
3168.v4.C10 | C [OEENETYINETA
3637.v5.C3 | C
3873.V1.C24 | C |[NELYAN >50 | >50 >50
6322.VAC1| C >50 >50 >50 >50 >50
6471.V1C16 | C >50 >50 >50 >50 >50
6631.V3.C10 C >50 >50 >50 >50 >50
6644.v2.C33 | C [IORTYENEE WER >50
6785.V5.C14 [ C |[VERVENEONPXIIRNPRE  >50 >50
96zM651.02 | C [P >50 >50
BR025.9 | C [Pk 0.236
CAP210E8 | C 0.087 <0.023 B >50
CAP244.D3 | C [IEETANCEIRNPEN  >50 >50
CAP45.G3| C <0.023 <0.023 [N >50
CNE30 | C [IEFM >50 >50 >50
CNE3L | C [HELY >50 >50
CNE53 | C [N IRy, >50 >50
CNE58 | C [EPZENRNPXIIRIVEN  >50 >50
DU123.06 | C 0.091 <0.023 [JEK >50
DU151.02 | C <0.023 <0.023 BN >50
DU156.12 | C [N CERNP ROVl  >50 >50
DU17217| C 0262 0.030 B >50
DU42201| C 0.303 <0.023 [JE=KN >50
MW965.26 | C 0.961 [JEN >50
S018.18 | C 0.061 0.023 [JEEN >50
TV129| C 0.008  0.002
TZA125.17] C 0231 0024 [JEN >50
TzBD.02 | C [IZNCF NI  >50 >50
ZA01229 [ C [OPL 0.631 [JEN >50
ZM106.9 | C  [BPYERRENIGET >50 >50
ZM109.4 | C  [ORKZIRNVET >50 >50
ZM135.10a | C >50 >50
zM146.7 | ¢ NGO >50 >50
zZM176.66 | C  [IOREERMIONARINGPIN  >50 >50
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Supplementary Table 16 (cont’d). Neutralization activity of mAbs against a cross-clade panel of 178 pseudoviruses (1Cs)

Virus ID Clade
AVICIAAINCI 0624 0414 0650 |
ZM214.15 | C  [NOELVEN  >50
AYAEERIES 0276 <0.023 >50 | >50
ZM233.6 | C <0.023 <0.023
VPRSI 0082 0033 0.073 |
AVREVEIS 05839 0041 <0.023
YR 0144 0571
3326.V4.C3 [ CD <0.023 <0.023
3337.V2.C6 | CD
3817.v2.c59 | CD | >50 |NCTANII 686 | 2.70
231965.c1 | D [IWEN >50
i ve s | D
57128.vrcl5 | D >50 [OETVERENETY >50 | 172
6405.v4.c34 | D [ 263 | >50 [ >50 [ 751 E
A03349M1vrcda| D [ 466 | >50 [ >50 [ >50 [ >50
NKU3006.ec1 [ D >50 | >50 | 1.10 [ >50
UG021.16 | D >50 | >50 | >50 | 212
UG0242 | D 394 | >50
X2088 c9] G [ >50 | >50 | >50 | >50 | >50
SIVmac251.30.5G3 | NA >50 >50 >50 >50 >50
SVAMLV [ NA | >50 | >50 | >50 | >50 | >50

ICso<1pg/mL are shown in red; 1< IC5o<15ug/mL are shown in yellow;
15< 1C5p<50 pg/mL are shown in green.
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Supplementary Table 17.

Neutralization activity of mAbs against a cross-clade panel of 178 pseudoviruses (ICg)

Virus ID Clade | VRCO1 PG16 2F5 2G12
0260.v5.c36 | A 1.48 >50 >50 >50
0330.v4.c3 | A [FEIBOICEINPAN >S50
0439.v5.c1 | A [PRE >50
3415.vicl | A  [ES ORI EY) 5.84
3718.v3.cll| A 0.202  0.102 >50

398-F1_F6_20 | A 0320 | >50 | >50 | >50 |
BB201.B42 | A 0046  0.008 |

BB5302813 | A RECEEYZENZE 159 | >50
BI369.9A | A NGTANSIIRRENN</AN 5.57 9.75
BS208.B1 | A [STZEEONERROOIPIN  9.87 >50
KER2008.12 | A 0.085  0.046
KER2018.11 | A 040  0.004  0.002
KNH1209.18 | A [NOREL
MB201.AL | A [NYCIOECEROGITEN  5.44
MB539.2B7 | A 0.383  0.205
MIESVSIIN 0769 0364 0.082
VAN 0668 0589

Q168.a2 | A [EIZENNKYVEENET

P SV 0252 0020 0.004

Q259.17 | A [PLy RN W i RN

Q461e2 | A >50

Q769.d22 | A [INIZENNKE! 9.52 >50

Q769.h5 | A [ONOROTANNOIIE  >50 >50

Q842.d12 | A XL >50 >50
QH209.14M.A2 | A [IIE >50 >50

RW020.2 | A KL INCPY)

UG037.8 | A [INEEIVERENONEIOE 121 >50
3301_V1_C24 | AC 151 [KEY

3589_V1 C4 | AC 0.102
6540.v4.cl | AC 0213  0.154
6545_V4_C1 | AC 0.315  0.562
0815_Vv3_C3 | ACD Y2

6095_V1_C10 | ACD | 150 Wl 0443 0660 [EEN

3468_V1_C12 | AD >50 >50 >50
620345.c1 [ AE >50 >50 7.58 >50

C1080.c3 | AE 0011 0.004 [JEEI >50
(I o558 0289 0069 JEN >50
C3347.c11 | AE [NELEMENET: RO 120 >50
C4118.09 | AE [ETZEENFIIOFIOE  >50
CNE3 | AE
NI 0788 <0.023 <0.023 >50
CNE55 | AE ERIRN 132 >50
CNE56 | AE | 1.69 >50 >50
CNE59 | AE | 168 [NGH 0.230
M02138 | AE | 1.85 - 0.810  0.221
R1166.c1 | AE | 7.05
R2184.c4 | AE XY _
R3265.c6 | AE >50 >50
TH966.8 | AE 2.66 >50
TH976.17 | AE 3.28 >50
235-47 | AG . . >50 1.64
242-14 | AG 0.112
263-8 | AG . .
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Supplementary Table 17 (cont’d). Neutralization activity of mAbs against a cross-clade panel of 178 pseudoviruses (1Cg)

Virus ID Clade 2F5 2G12
269-12 | AG [ >50 >50
271-11 | AG [P >50 >50
928-28 | AG [CLINNEIINYTIN 571 >50

DJ263.8 | AG [N IINONAE]
T250-4 | AG 0.001  0.001
T251-18 | AG >50 >50
T253-11 | AG NP 172 >50
7255-34 | AG IEIEIRFYIIEYEE >50 |
T257-31 | AG 0.075  0.021
T266-60 | AG
T278-50 | AG
T280-5 | AG [ONER
1337 | AG [RRIERIA
3988.25| B | >50 [ONOEKI
5768.04 | B [OEIVM 132 >50
610110 | B [ER >50 >50
65353 B | 6270 | 231 >50
7165.18 B >50 >50 >50
890.6DG| B 158 >50 >50
AC1029| B KRRl 0306 0083 [EHN >50
ADADG | B 1.40 SOl 0458 [EEE >50
Bal.ol | B [HEIE >50 >50
BaL26 | B [EEYSMEIEE >50 7.77
BG1168.01 | B 1.43 >50 >50 >50
BLO01.DG B >50 >50 >50 >50
BRO7.DG | B 4.67 >50 >50 >50
Bx08_16 | B |INENIIFIE >50
CAAN.A2 | B 2.63 >50
HO86.8 | B SOl 0125 0020 [JPER >50
HT593.1| B 1.72 3.31 >50
HXxB2DG | B [N >50 [N 2.19
RSNEEEEI 0804 0009 0015 5.39
JRFLJB| B [BEEVAN >50 >50 8.50
MN3| B [OGOM >50 >50 [ >50
PVO.04 | B [RUEEN) | >50 | >50 (RO
QHO0515.01 | B 3.66 >50 >50 0.169
QH0692.42 | B 3.00 >50 >50
REJO.67 | B [N 8.71 >50
RHPA7| B [EEMN >50 >50 >50 >50
SC4228 | B KN >50 7.78 >50
SF162L.S| B [NVIAN >50 >50 8.64
SS1196.01 | B MM 3.08 2.90 >50 >50
THRO.18 B >50 >50 >5O >50
TRJO.58 | B [JPRL >50
TRO.11| B _ 0.489
IACEANEN 0267 0030 <0023 NG 4.56
YU2.DG | B [JEVER >50 >50 >50 >50
CNEL0 | B 187 | 1610 | >50 5.04
CNE12 | B 2.19 >50 >50
CNE14 | B >50 >50
CNE4| B 2.36 >50 >50
CNE57 | B 1.34 >50 >50
CH038.12 | BC | 153 >50 >50
CH070.1 | BC | >50 [NZZEONIE

28



Supplementary Table 17 (cont’d). Neutralization activity of mAbs against a cross-clade panel of 178 pseudoviruses (1Cg)

Virus ID Clade 2F5 2G12
CH117.4 | BC [JEEZCIEONEE  >50 >50
CH181.12 | BC 004 o010 [HEEN >50

CNE15 | BC EEIRNERIR Al  >50 >50
CNE7 | BC 3.45 >50
CNE40 | BC >50 >50
ZEIIE 0379 0385 0018 PEN >50
28838 | C >50 >50

0013095-2.11 | C |OEICEENGGEEEYEE >S50 >50

001428-242 | C  [RONEITIRESPR ISP R  >50 >50

0077_ V1 Cl6| C 0343 0075 [JEEN >50
00836-2.5 | C [EEN >50 >50
16055-2.3 | C RN  >50 >50
16845-2.22 | C >50 >50
16936-2.21 | C >50 >50
25710-2.43 | C 0179 0120 [EXN >50
2571124 | C 0573 BN >50
25925-2.22 | C 0063 0025 [EN >50
26191-248 | C 0.959 >50 >50

3168.V4.C10| C 0657 0515 [JE= >50

3637.V5.C3| C >50 >50
3873.V1C24| C : >50 >50
6322.V4.C1| C >50 >50 >50 >50 >50
6471.V1.C16 | C >50 >50 >50 >50 >50
6631.V3.C10 | C >50 >50 >50 >50 >50

6644.V2.C33 | C

6785.V5.C14 | C 0.094  <0.023

96ZM651 02 | C
BR0259| C 0215 0049 [HEN 1.86

CAP210.E8 | C 0501 0882 HEN >50

CAP244D3| C 0362 0058 [HEN >50
CAP45G3| C <0.023 <0.023 JE=N >50

CNE30 | C >50 >50

CNE31 C >50 >50

CNE53 | C >50 >50

CNE58 | C >50 >50
DU123.06 | C >50 >50
DU151.02 | C >50 >50
DU156.12 | C >50 >50
DU172.17| C >50 >50
DU422.01| C >50 >50
MW965.26 | C >50

S018.18| C 0.227  0.136

TV1i29| C 0.044  0.150
TZA12517 | C 0.719

TZBD.02| C 0175 BN >50
ZA01229 | C >50 >50 >50 >50
ZM1069 | C 6.58 >50 >50 >50
ZM109.4 | C 2.64 >50 >50 >50
ZM135.10a| C 6.16 >50 >50 >50 >50
ZM146.7| C 1.62 6.78 >50 >50 >50
zm176.66 | C  [IEZTINEIIOIOE  >50 >50
ZM197.7 | C 155 1.92 6.67 >50 >50
ZM214.15 C 3.04 >50 >50 >50 >50
ZM2158 | C >50 >50 >50
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Supplementary Table 17 (cont’d). Neutralization activity of mAbs against a cross-clade panel of 178 pseudoviruses (1Cg)

Virus ID Clade 2F5 2G12
ZM2336 | C <0.023 <0.023 JE=N >50
ZM249.1 | C  [ZV R WL >50 >50
ZM53.12| C 0170  0.103 [HEEN >50
zM55.28a | C  [EEZ >50 >50 >50

3326_V4_C3| CD 0111  0.221

3337_V2_C6 | CD |[JuNEE]

3817v2.c59 | CD | >50 |[ENZZBRNGH
231965.c1| D | 155

247-23| D >50 R  >50

3016.v5.c45 | D [JEEA

57128.vrcl5 | D >50  [ES

6405.v4.c34 | D >50 >50

A03349M1.vrcda | D >50 >50

NKU3006.ecL | D >50 >50
UG021.16 | D >50 >50
UG024.2 | D >50 0681 0574
X2088_c9 | G >50 >50 >50 >50 >50

SIVmMac251.30.5G3 | NA | >50 >50 >50 >50 >50
SVAMLV | NA | >50 >50 >50 >50 >50

ICgo<1pg/mL are shown in red; 1< 1Cgy<15ug/mL are shown in yellow;
15< 1Cgy<50 pg/mL are shown in green.
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Supplementary Table 18. Data collection and refinement statistics for gp120-T13

gpl120-T13
Data collection

Space group P4,
Cell dimensions
a, b, c(A) 122.42,122.42,178.41
apy ()
Resolution (A) 50.0 - 6.00 (6.21-6.00)*
Mosaicity (°) 0.6
/ol 14.4 (2.0)*
Completeness (%) 99.5 (99.8)*
Redundancy 3.8

Structure solution
gpl120 (PDB ID: 3HI1)

Rotation (Euler) a, B, vy (%)

Translation vector (A)
Fab (PDB ID: 1HZH)

Rotation (Euler) a, B, vy (%)

Translation vector (A)

147.44,-100.52, 2.34
44.20, 62.84,-43.19

62.81, -60.86, 43.98
258.09, 139.37, -93.15

Refinement (rigid body with no positional refinement)

Resolution (A)
No. reflections
Rwork/Rfree

50.0 - 6.00
6,435 (630)*
0.31/0.46

*Values in parentheses are for highest-resolution shell.

31



Supplementary Table 19. Data collection and refinement statistics for unbound Fabs from V1V2-directed broadly neutralizing

antibodies
PG9 Fab CHO04 Fab CHO4H/CHO2L Fab CHO4H/CHO2L Fab PGT145 Fab
Data collection
Space group P1 P2,2:2, P452,2 P2,2:2, P4,2,2

Cell dimensions

a, b, c(A)

a, B,y (°)
Resolution (A)
Rsym or Rmerge
/ol
Completeness (%)
Redundancy

Molecules/ASU

Refinement

Resolution (A)

No. reflections

Rwork/Rfree

No. atoms
Protein
Ligand/ion
Water

B-factors
Protein
Ligand/ion
Water

R.m.s. deviations
Bond lengths (A)
Bond angles (°)

PDB ID

71.59, 81.04, 91.70
107.2,90.1, 108.0
50.0-3.30 (3.42-3.30) *
0.12 (0.35)
7.4(1.9)

89.2 (73.1)
1.7 (1.5)

38.5-3.28
24,997
21.4/24.9

12,824
30
0
125.0
162.2
0.004
0.90

3U36

73.36, 74.23, 183.57
90, 90, 90
50.0-1.90 (1.93-1.90)*
0.13 (0.50)

15.1 (3.0)

99.9 (99.7)

6.9 (5.0)

2

39.7-1.90
78,886
19.6/23.8

6,858
10
624

38.7
24.1
43.1

0.013
1.39

3TCL

86.20, 86.20, 185.68
90, 90, 90
50.0-2.90 (3.00-2.90)*
0.14 (0.53)

142 (2.2)

97.9 (90.4)

6.8 (3.9)

30.5-2.89
15,976
22.1/26.8

3,398
0
38

68.9

51

0.003
0.72

3U4B

70.61, 105.54, 163.97
90, 90, 90
50.0-2.90 (2.95-2.90)*
0.11 (0.55)

13.1 (1.8)

82.7 (50.1)

5.3 (3.5)

2

32.4-2.91
22,836
21.5/24.5

6,780
0
22

87.3

51

0.002
0.58

3U46

118.73, 118.73, 101.18
90, 90, 90
50.0-2.30 (2.40-2.30)*
0.09 (0.47)

19.1 (4.1)

99.2 (99.9)

8.4 (8.6)

50.0-2.30
32,692
19.1/22.6

3,491
0
353

243

36.1

0.009
1.20

3U1S

*Values in parentheses are for highest-resolution shell. Each data set was collected from a single crystal.
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Supplementary Table 20.

CHO01-04 crystallization

Heavy Chain
Light CHO1 H CHO2 H CHO3 H CHO4 H
Chain
Small crystals, . .
CHO1L not reproducible Low yield (1gG) Low yield (1gG) No crystals
. . Two crystal forms,
CHO2 L Low yield (1gG) No crystals Low yield (1gG) 2.9 A resolution
CHO3 L Needle like crystals,_ca_n No crystals Small crystqls, not Crystals,.not
reproduce but not optimize reproducible reproducible

CHO4 L Not Done Not Done Not Done Crystals,

1.9 A resolution
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Supplementary Table 21. V1V2 and PG9 interface surface areas

CAP45 ZM109

V1v2 PG9 V1v2 PG9
Total surface area (A?%) 1611 1376 1299 1124
Glycan 69% 64% 60% 52%
B-C hairpin 31% 36% 40% 48%

Strand B 3% 7% 3% 8%
Connecting B-C loop 3% 5% 5% 5%
Strand C 25% 24% 31% 27%
Electrostatic (A% 141 151 153 89
Sequence-independent (A?) 348 330 350 321
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N-term gp120 119 B2 126 Variable region V1v2 196 B3 205 C-term gpl20

Supplementary Figure 1. V1V2 B-hairpin stubs in previously determined core structures of HIV-1 and
SIV.

V1V?2 residues (119-205 in HIV-1 HXB2 numbering and 103-215 in SIV numbering) are highlighted in red; in
all cases, residues 128-194 of V1V2 were deleted from the crystallization construct and in some cases, the
deletion was more extensive. a, Schematic of the bridging sheet and variable region V1V2, with the location of
conserved cysteines at residues 119, 126, 196 and 205 highlighted. The V1V2 region has historically been
defined as encompassing residues 119-205. Residues 119-127 and residues 195-205 have been defined
crystallographically, and these form part of the “bridging sheet” region in the CD4-bound conformation of
gp120, with the B2- and B3-strands of gp120 defining residues 119-123 and 199-203, respectively. b, 48d- and
CD4-bound gp120. ¢, b12- bound. d, b13-bound. e, F105-bound. f, unliganded SIV core.

35



1CHL 1E6G 1FD6 2BRZ 1XQQ 11P9

1XBD 1G6M

1DQG 3HEI 3FBX 2BCE

3HRZ 3AL9

=
LTINS

Supplementary Figure 2. Scaffold proteins used to host V1V2 regions.
Structures of the scaffold proteins before transplantation of the V1V2 region are shown as grey ribbon

diagrams, with their PDB ID codes listed above. The red segment in each scaffold was removed for insertion of
the V1V2 region.
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Supplementary Figure 3. HIV-1 gp120 V1V2 scaffolds interact with gut-homing receptor, integrin a4f-.
YU2 V1V2 scaffold proteins interaction with asf37 was studied by an indirect and direct binding assay.

a, Indirect binding assay: % inhibition of AN1 gp120 binding to a4f7 on CD4+ T cells by three YU2 V1V2
scaffold proteins (1JO8, 1E6G, 1FD6). In the competition assay, purified CD4+ T cells were preincubated with
an anti-CD4 antibody (Leu3A) and YU2 V1V2 scaffold proteins in divalent cation containing buffer (ImM
MnCl, and 100um CaCl,) followed by the addition of biotin labeled ancestral gp120 (AN1 gp120). Mean
fluorescence intensity (MFI) was measured to determine the extent of inhibition of AN1 gp120 binding to a4f7
by the YU2 VV1V2 scaffold proteins. This experiment was performed with 5-fold molar excess scaffold proteins
over AN1 gp120. This initial competition assay indicated that two of the scaffolds, 1IFD6A and 1JO8, provided
the most pronounced inhibition of all scaffolds tested, therefore, a direct binding assay was performed with
YU2 V1V2 1JO8. b, Direct binding assay: % reactivity of YU2 V1V2 1JO8 scaffold protein to asp7 on CD4+
T cells. The scaffold protein was biotinylated and used to bind directly to CD4+ T cells in the presence of
Leu3A and divalent cations (1 mM MnCl; and 100 uM CacCl,). Binding of AN1 gp120 and YU2 V1V2 1JO8 to
CD4+ T cells is reduced to background levels in the presence of HP2/1, an anti o4 antibody. Separate duplicate
experiments were performed for each assay, and SD error bars are shown (except for 1JO8 binding to asf7in
EDTA containing buffer and its inhibition by HP2/1). Note that PG9 does not inhibit gp120 (subtype A/E)
binding to a4f37 in our assays.
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Supplementary Figure 4. Binding of HIV-1 ZM109 gp120 and V1V?2 scaffolds to antibody PG9.
Surface-plasmon resonance sensorgrams with their respective fitted curves (black) are shown, with the highest

concentration of each 2-fold dilution series labeled. The association and dissociation rates as well as the affinity
values are shown to the right of the sensorgrams. In curves fitted with a heterogenous model, separate kinetics
data are listed, along with contributing percentages for each component. Data were processed as described in
Methods.
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Supplementary Figure 5. PG9 tyrosine sulfate (TYS) characterization.
a, PG9 Fab has two sulfated tyrosines although there is some heterogeneity. b, Sulfation is controlled by tyrosyl

protein sulfotransferase (TPST) and co-expression of TPST-1 promotes hypersulfation of PG9 (up to quintuple).
Hypersulfated PG9 Fab was produced by co-expression of human tyrosyl protein sulfotransferase (TPST-1) in
HEK 293T. Hyposulfated PG9 Fab was produced in Sf9 cells using a recombinant baculovirus, pFastBac Dual,
expressing both the heavy and light chains under the control of the polyhedron and p10 promoters, respectively.
Fabs were purified by anti-lambda affinity (CaptureSelect, BAC) and cation exchange using Mono S (GE
HealthCare). Fractionation of PG9 sulfoforms was achieved by a shallow KCI gradient and individual fractions
were characterized by electrospray time-of-flight mass spectrometry (ESI-TOF). ¢, Sulfation enhances PG9
association with gp120. Hypersulfated PG9 Fab (green, co-expressed with TPST-1) shows higher affinity for
monomer than not hypersulfated PG9 Fab (red), however PG9 binary complex does not completely survive
SEC. d, Effect of neutralization of hyper-sulfated PG9. Tyrosine to phenylalanine CDR H3 mutants (H100A,
H100E, H100G, H100H, and H100K) were generated by the polymerase incomplete primer extension method
(PIPE), expressed, purified, and fractionated as for wild-type.
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Supplementary Figure 6. On-column complex formation and purification.
a, Schematic of the on-column complex formation between PG9 and scaffolded VV1V2s, as described in

Methods. b, Gel filtration result of the elution shown in (a) for 1JO8 ZM109. A coomassie blue-stained SDS-
PAGE gel is shown for fractions 18-25. MW=molecular weight standards. L=purified 1JO8 ZM109 before
passage over the PG9-bound resin. FT=flow through of purified 1JO8 ZM109 after passage over the PG9-bound
resin.
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Supplementary Figure 7. Structure of PG9 in complex with the V1V2 region from HIV-1 strain ZM109.
The PG9 heavy and light chains are shown as yellow and blue ribbons, respectively, with CDRs colored

different shades. V1V2 residues 126-196 from HIV-1 strain ZM109 are shown as green ribbons, and attached
glycans are shown as sticks with a transparent molecular surface. Residues that are different from the CAP45
strain (main text Fig 1) are shown as opaque molecular surfaces, colored according to chemical properties (red:
negatively charged; blue: positively charged; cyan: polar; grey: hydrophobic). The 1FD6 scaffold is shown as
white ribbons, with side chains shown as sticks and colored pink for those residues that were altered during the
scaffolding process, including a Glu to Ala mutation that ablated 1gG binding.
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Supplementary Figure 8. Glycan recognition of CAP45 V1V2 by PG9.
PG9 recognizes the MansGIcNAc; glycan attached to Asn160 of CAP45 VV1V?2 through interactions analogous

to those observed for ZM109. Additionally, the CAP45 V1V?2 structure also reveals several interactions
between PG9 and the Asn156-glycan. a, PG9 is represented as a grey molecular surface, and CAP45 V1V2 is
shown as a ribbon diagram (magenta). Mannose and GlcNac residues are shown as sticks, as are the side-chains
of Asn160 and Ans156. 2F,-F. electron density contoured at 1o is shown as a blue mesh. b, Ribbon
representations of CAP45 V1V2 (magenta), PG9 heavy chain (yellow) and PG9 light chain (blue). Glycans and
PG9 residues hydrogen-bonding to the glycans are shown as sticks. Nitrogen atoms are colored blue, oxygen
atoms are colored red, and black dotted lines represent hydrogen bonds. ¢, Schematic of the MansGlcNac;
moeity attached to Asn160. GlcNac is shown as blue squares, and mannose is shown as green circles. Hydrogen
bonds to PG9 are listed to the right of the symbols, as is the total surface area buried at the interface between
PG9 and each sugar. d, e, f, An orientation of the structure highlighting the interactions between PG9 and the
Asn156-glycan of CAP45 VV1V?2 is presented in the lower three panels with representations corresponding to
panels a, b, c, respectively.
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CAP210 SS1196 0260.v5.c36

Supplementary Figure 9. HIV-1 strains with V1V2 regions lacking an N-linked glycan at position 156.
Electrostatic surface potentials of V1V2, with modeled V1 and V2 loops. a, CAP45. b, ZM109 along with

models of five additional strains lacking glycan 156. Coloring scale is blue to red, corresponding to positive and
negative surface potentials, respectively. Potential glycosylation sites are shown for glycans 160 (green),

156/173 (yellow) and other glycosylation sites within strands A-D (orange). Glycans for the modeled V1 and
V2 loops are not shown.
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Supplementary Figure 10. Negative-stained reference-free 2D-class averages of the 128 classes calculated
from untilted micrographs collected for the random conical tilt (RCT).
Class averages with white numbers in the top left were used to generate the RCT volumes. The white numbers

represent the RCT volumes shown in Fig. 4b. Numbers in the lower left represent the total number of particles
in each average. Reference free hierarchical class averaging within each class average produced
indistinguishable results to the parent class average. An RCT volume was calculated from the appropriately
combined class averages shown in this figure. RCTs were only calculated from class averages where the hole in
the center of the T13 and PG9 Fabs were clearly visible. This hole in the center of the Fabs was used as a
biophysical restraint to support the authenticity of the class averages.
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Supplementary Figure 11. Negative-stained reference-free 2D-class averages compared to raw particles.
First column entries represent the RCT volume designation shown in Fig. 4b. Second column entries are

reference free class averages determined from the untilted micrographs collected at a 150,000x magnification.
Classes 7 and 8 are the binary complex of T13 in complex with gp120, and the PG9 Fab, respectively. Third
column entries are the reference free class averages determined from the untilted micrographs collected at
62,000x for the RCT image reconstruction. The scale bar in each column is 100A long. Columns 4-25 are
representative raw particles for each class average at the 62,000x magnification. The particles are extracted
from CTF corrected images. The final column depicts the total number of particles in each class. A total of
11,997 particles were extracted from the untilted micrographs collected at a 62,000x magnification.
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Supplementary Figure 12. 6A crystal structure of JR-FL gp120 core bound to T13 Fab.
Ribbon representation of JR-FL gp120 core (red) in complex with T13 Fab (yellow) at 6A with 2F,-F electron

density shown in blue mesh. JR-FL gp120 core was expressed in HEK 293S GnTI"" cells using a codon-
optimized synthetic gene incorporating an Ig kappa signal peptide inserted into the vector phCMV (Genlantis).
Cells were transfected with PEIMAX (PolySciences) and allowed to secrete Env for 72 hours. Cell supernatant
was concentrated and filtered and loaded on to Galanthus nivalis lectin agarose beads (Vector labs) and eluted
with 1.0 M methyl-a-d-mannopyranoside. The eluted gp120 was further purified by SEC using Superdex 200
16/60 (GE Healthcare). T13 Fab was expressed by periplasmic secretion of both the light and heavy chains
using pET-Duet. Cells were induced with IPTG and allowed to express Fab overnight at 16°C. Cells were then
harvested by centrifugation, protease inhibitor cocktail set VV (CalBiochem) was added, and passaged three
times through a cell disruptor. Clarified cell lysate was loaded on a 5 mL HiTrap Protein G column and Fab was
eluted using 1 M glycine pH 2.8. Affinity-purified Fab was then purified further by Mono S cation exchange.
A complex of JR-FL gp120 core and T13 Fab was concentrated to 16 mg/ml and crystallized by sitting drop
vapor diffusion in 20% PEG 3350, 0.2 M lithium chloride, 12.5 mM Tris, pH 8.0. Crystals were cryoprotected
by addition of 30% glycerol to the mother liquor, and a data set to 6.0 A was collected. Molecular replacement
was carried out with PHASER. A shell script was used to cycle through 176 different Fab models using an in-
house database of structurally aligned Fab coordinates derived from the PDB. A solution using F105-bound
gpl120 (PDB ID: 3HI1), truncated V1/V2 stem and 320-21 loop, and the 176 Fab database placed gp120 and
two different Fabs, which yielded the same solution. Env residues 91-116, 210-297, 330-395, 412-491 were
used in the structure solution and the Fab from PDB ID 1HZH.

-gp120 solution: rotation (euler) o, B, y 147.44, -100.52, 2.34; translation vector (A) 44.20, 62.84, -43.19
-Fab solution:  rotation (euler) o, B,y 62.81, -60.86, 43.98; translation vector (A) 258.09, 139.37, -93.15
Rigid body refinement was undertaken with PHENIX, and the structure was refined to an Reryst 0f 0.31 (Rfree OF
0.46). No coordinate refinement was performed.
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Supplementary Figure 13. Negative stain of gp120-T13 and gp120-T13-PG9 complex.
a, Crystal structure of gp120-T13 complex at 6A. b, 2D class average of the same complex by EM. This view

corresponds to view 7 in Supplementary Fig. 11. c, 2D class average of ternary complex of gp120-T13-PG9. d,
Same as b but colored by component. This view corresponds to view 1 in Supplementary Fig. 11. Thus, the
binary crystal and EM structures unambiguously define the location of T13 on one side of the strong rod-shaped
gp120 density. These fits all orient the V1/V2/V3 loops into the additional plume of density adjacent to the
other strong density for an Fab, which then is PG9. Additional evidence for this arrangement is provided by an
EM titration experiment required to get higher populations of the ternary complex. Briefly, it was necessary to
add excess PG9 to the stoichiometric, purified gp120-T13-PG9 complex after diluting the sample in preparation
for deposition on the EM grid. Failure to do so resulted in a proportionally higher population of view 7
(Supplementary Fig. 11), which represents the gp120-T13 complex as discussed above.
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Supplementary Figure 14. Functional definition of PG16 paratope by “arginine-scanning” mutagenesis.
22 individual arginine mutants were assessed for neutralization on nine different strains of HIV-1. Residues
mutated to arginine are displayed as spheres on a ribbon diagram of the unbound PG16 structure (Pancera et al.,
J. Virol., 2010), and colored according to the fold-increase in ICsy for the mutant relative to wild-type.
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Supplementary Figure 15. PG9 and PG16 binding to gp120 in the presence and absence of the V3 loop.
Full-length gp120 monomers (left column) or VV3-deleted gp120 monomers (right column) were tested for

binding to PG9 (top) and PG16 (bottom). Surface-plasmon resonance sensorgrams with their respective fitted
curves (black) are shown, with the highest concentration of each 2-fold dilution series labeled. The equilibrium
dissociation constant (Kp) is shown above the sensorgrams. In curves fitted with a heterogenous model,
separate Kps are listed, along with contributing percentages for each component. Data were processed as
described in Methods.
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Supplementary Figure 16. PG9 CDR H3 electron density in unbound and V1V2-bound structures.
To determine the degree that unbound structures resembled complexed ones, we determined the structure of

unbound PG9. PG9 crystals diffracted to 3.3 A with 4 molecules in the asymmetric unit. In three of the four
molecules that comprise the asymmetric unit, the CDR H3 appeared to be completely disordered, with weak
density observed for only one molecule, consistent with the unbound PG9 CDR H3 being a highly mobile
subdomain; in contrast, other regions of the unbound PG9-variable domains closely resembled the bound
structures. We previously determined the unbound structure of PG16, which also displayed a flexible or more
mobile CDR H3. Superposition of the unbound PG16 structure with that of PG9 in the PG9-V1V2 complex
indicated that somatic differences focused primarily at the region N-terminal to the V1V2-interactive strand of
the CDR H3 and to residues involved in glycan recognition. Overall, unbound PG9 and PG16 structures were
compatible with an induced fit mechanism of recognition, where CDR H3 mobility enhances the ability of PG9
and PG16 to penetrate the flexible glycan shield that covers V1V2. a, Ribbon representation of the unbound
PG9 Fab, zoomed in on the CDR H3. Heavy chain is yellow, and light chain is blue. 2F,-F. electron density
within 6 A of the CDR H3 and contoured at 0.7 o is shown as a light blue mesh b, Ribbon representation of the
1FD6-ZM109-bound PG9 Fab, zoomed in on the CDR H3. 2F-F. electron density within 1.5 A of the CDR H3
and contoured at 1.0 o is shown as a light blue mesh.
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Supplementary Figure 17. Unbound structures of CHO04 Fab and of chimeric CH04H/CHO2L Fab.
Antibodies CH01-CHO04 form a clonal lineage, identified from a clade A-infected donor (CHAVI-0219), with

heavy chain-derived from the VH3 family, the same as PG9/PG16 (Bonsignori et al., J. Virol., 2011).
Neutralization characteristics of CH01-04 closely resemble those of PG9 and PG16, with a highly similar,
alanine-mutagenesis-defined, target epitope. Fabs of CH01-CHO03 formed small needles, which were not
suitable for structural analysis (Supplementary Table 20). CHO04 formed orthorhombic crystals that diffracted to
1.9 A, with two molecules in the asymmetric unit, and structure determination and refinement led to an Reyys; Of
19.6% (Rfree = 23.8%) (Supplementary Table 19). Chimeric Fabs of CH04H/CHO2L formed orthorhombic and
tetragonal crystals that diffracted to 2.9 A. a. Unbound structure of Fab CHO4. Ribbon diagram displays heavy
(orange) and light (blue) chains, with CDRs shaded as indicated. b. Unbound structure of orthorhombic Fab
CHO4H/CHO2L. Ribbon diagram displays heavy (magenta) and light (light pink) chains. ¢. Unbound structure
of tetragonal Fab CHO04H/CHO2L. Ribbon diagram displays heavy (green) and light (light green) chains. d.
Superposition of the CDR H3s with color described in a, b and c. e. CDR H3 lattice contacts.
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Supplementary Figure 18. Unbound structure of PGT145 Fab.
Antibodies PGT141-145 form a clonal lineage, identified from a clade A- or D-infected donor (IAVI protocol

G-84), with heavy chain-derived from the VH1 family (Walker et al., Nature, 2011). Neutralization
characteristics of PGT141-145 closely resemble those of PG9 and PG16, although PGT145, the most effective
member of this lineage, appeared to have greater tolerance for the type of glycan. Crystals of PGT145 diffracted
to 2.3 A, with 1 molecule in the asymmetric unit, and structure determination and refinement lead to an Reyys; Of
19.1% (Rsree = 22.6%) (Supplementary Table 19). a. Ribbon diagram displays heavy (green) and light (pink)
chains, with CDRs shaded as indicated. b. PGT145 CDR H3 details with 2F,-F. electron contoured at 1 ¢

shown in brown.
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Supplementary Figure 19. Binding of GIcNAc2 to PG9 by NMR.
STD (lower) and reference (upper) NMR spectra of 1.5 mM GIcNAc2 in the presence of 15 uM Fab PG9. (*)

Buffer impurity exhibiting nonspecific binding to PG9.
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Supplementary Figure 20. Binding of mannopentaose to PG9 by NMR.
STD (lower) and reference (upper) NMR spectra of 1.5 mM mannopentaose (structure shown above) in the

presence of 15 uM Fab PG9. Protons that exhibit STD enhancements are labeled.
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