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Figure S1
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Supplemental Figure 1. Generation and characterization of gl-CH31 KI (VuDJu X VkJk) mice. Related to Figures 2-6. (A)
Schematic depiction of the Ig-directed targeting strategies used to insert the CH31 UCA VuDJnand ViJx rearrangements into the
mouse Ju and Jx clusters, respectively. In each, top rows represent the wild type Ig loci, middle rows depict the targeting vector
DNA donor constructs (illustrating the CH31 expression cassettes between the 5” and 3’ homology arms), and bottom rows
represent correctly targeted Ig loci, after homologous recombination. The CH31 heavy chain (HC) expression cassette is
comprised of the murine H10 VJ558 family promoter (p) and split leader (L) in front of the rearranged human CH31 UCA
VuDJn coding segment (CH31 UCA VuDJy), while the CH31 light chain (LC) expression cassette contains a VkOx1 promoter (p)
and split leader (L) in front of the rearranged CH31 UCA V«Jk coding segment (CH31 UCA V«Jx). (B-C) Developmental B-cell
subset analysis in 8-12 wk naive, fully homozygous (ViDJn** x VkJi**) gl-CH31 KI mice. (B) FACS histograms representative
of splenic B-cell development, indicating percentages of total live splenocytes that are B220*CD19* (total B-cells; top row), or
Transitional (Trans; B220"™ CD93*) and Mature (Mat; B220" CD93-) B-cell subsets (2nd row). Total B-cells were also further
fractionated into Marginal Zone (MZ; CD21" CD23") or Follicular (FO; CD21'° CD23") B-cell subsets (3rd row), and into
kappa+ or lambda+ LC B-cells (bottom row). (C) Graphical representations depicting total numbers of splenocytes (upper left),
and, based on gating scheme described in Fig 1B, total numbers of B cells (upper right) or frequencies of Transitional (left
middle), Follicular (middle right), Marginal Zone (bottom left), and ALC-expressing B cells (bottom right) in the spleens of wild-
type C57BL/6 (WT B6) and CH31 VyDJy Kl mice. Individual WT B6 or gl-CH31 KI mice are indicated by closed or open

squares, respectively. Standard deviations are denoted by black error bars, and significance values were determined by a two-



tailed Student’s t-test, with only significant differences denoted. (D-F) Ig repertoire analysis in heterozygous (VDI X VicJic™")
gl-CH31 Kl mice. (D) Flow histogram reactivity profile of heterozygous gl-CH31 Kl peripheral compartment for CD4bs binding
that is prototypical of the CD4 mimic bNADb class. Total peripheral B-cells (singlet, live, CD19* B220* splenocytes) from 8-12
week naive, heterozygous gl-CH31 KI mice were further gated for CD4bs VRCO1-class specificity by staining with a WT and
mutant (KO) pair of fluorescently labeled eOD-GT8 multimer baits, with ‘on-target’ binders defined by staining for WT, but not
KO eOD-GTS8. (E) Graphical representation of on-target CD4bs+ binders in spleens of naive heterozygous gl-CH31 Kl mice (as
determined above for Fig. S1D), in relation to baseline levels of binding in age-matched, naive WT B6 mice. Circles represent
individual mice, with group means denoted by black bars. The p value was calculated using a two-tailed student’s t-test. (F)
HC/LC usage in the peripheral B-cell repertoire of naive heterozygous gl-CH31 KI mice (n=3). Shown are pie charts of HC/LC
rearrangement pairs from individually-sorted B-cells from the total (unselected) splenic B-cell repertoire, with a breakdown of
either the knocked-in human V«1-33-bearing LC rearrangement (green slices; right pie) or other endogenous (VJx or

VJA rearrangements used; denoted by gray or black slices, respectively), amongst LCs from single cells, paired to the knocked-in
human CH31 UCA Vu1-2-bearing HC rearrangement (green slices; left pie). Middle circles represent number of single-cell
rearrangements sequenced.
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Supplemental Figure 2. Biochemical and antigenic characterization of BG505 GT1.2. Related to Figure 1. (A) Blue-native
polyacrylamide gel electrophoresis (BN-PAGE) and sodium dodecyl sulfate PAGE (SDS-PAGE) in non-reducing (-DTT) and
reducing (+DTT) conditions. (B) The data sets show the glycoforms found at each PNGS. Data for oligomannose/hybrid-type

glycans are shaded in green, fully processed complex type glycans are shaded in magenta, while the absence of a glycan from

some PNGS is shaded in grey. Oligomannose-type glycans are categorized according to the number of mannose residues present,

hybrids by the presence/absence of fucose and complex-type glycans by the number of processed antenna and the

presence/absence of fucose. (C) HILIC-UPLC analysis of BG505 GT1.2. Peaks colored green represent endoH-cleavable glycans

(oligomannose/hybrid). The spectrum shows the overall oligomannose (green) and complex/hybrid (magenta) content. (D)
Differential scanning calorimetry (DSC) analysis of BG505 GT1.2. The Tm value is indicated. (E) The sensorgrams show the

specific binding signal in response units (RU) on the y-axes as a function of time during association and dissociation on the x-axes



(s). The color-coded legend gives the NAb concentrations for the empirical binding curves; the curves fitted with a model for

bivalent binding are in black.
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Supplemental Figure 3. Stability and antigenicity of AMCO008 GT1, ex vivo gl-CH31 B cell activation and serum antibody
binding of immunized animals. Related to Figures 1 and 2 (A) The AMCO008 SOSIP.v4.2 clade B trimer (de Taeye et al., 2015)
is based on an early sequence of an individual participating in the ACS that eventually developed bNAbs. We made the
corresponding AMCO008 SOSIP.v4.2-GT1 trimers that bear the same mutations as found in BG505 GT1. The resulting trimers are

native-like and largely present as closed trimers. The numbers represent the percentage of native-like closed/native-like open/non-
native-like trimers. (B) Differential scanning calorimetry (DSC) analysis of AMCO008 GT1. The Tm value is indicated (Tm,
70.6°C). (C) ELISA graphs showing AMC008 SOSIP.v4.2 trimers were unable to bind any of the gl-bNAbs tested at the



maximum concentration. However, its corresponding GT1 version bound efficiently to gl-PGV19, gl-PG9 and gl-PG16 and also
reacted with gl-VRCO0L1, albeit more weakly. (D) Calcium flux assay as a measure for B cell activation from WT C57BL/6 B cells
(left) and gl-CH31 KI B cells with the proteins indicated below. (E) Normalized area-under-the-curve (AUC) values of serum
antibody binding to the indicated Env as measured by enzyme-linked immunosorbent assay (ELISA) at time point T2 (Fig. 2D).
Each dot represents an individual mouse and the colors represent the priming immunogen received (green, GT1.2 trimer; purple,
GT.2-153-50 nanoparticles). (F) Normalized AUC values of serum antibody binding to the indicated Env at time point T3. Each
dot represents an individual mouse and the colors represent the first shaping immunogen received (red, AMCO008 GT1,; blue,
BG505 INT3). (G) Normalized AUC values of serum antibody binding to the indicated Env at time point T5, depicted as in Fig.
2E-G. Each dot represents an individual mouse and the background color represents the priming group (GT1.2 trimer/NP vs.
BG505). The shading of the dots indicates the clade of the Env trimer (green, A; orange, B; purple, C).



Figure S4

A 19G1 1aG2b 19G3 IgA IgM Igk
prees Py ey preey ey ’+‘
% TR, " | rrra—re % | re—ra % e % T %0
Ei 25. 25 25 25 25. 25
_8 2 20 20 20 20 20
E
2E 15 15 15 15 15 15
9>
*¥% 10 10 10 10 10 10
E 5 5 5 5 5
Q
0 0 0 0 0 0
) ) & N ) N 3 Q ) D S N N 2 3 N 2 S
\\f’q & @(Q \\.0@ @“& @9 Q"@ \s‘p¢ Qpcg § ® (}\0(\ @\q Q"@ (5‘0(\ Qé@ @(@ @‘& @"Q
°§ N 4\\'} °}q Y n és N (\‘} €:§ g /\’\.} ‘E§ n¥ n\’\("' ‘.9{2 ¥ ;\’\""
£ & 6 S ) £ & o6 & ¢ @ £ & 6 o a6
B
V11404 V11405 V11407 V10502 V10503 V10504
0.01 0.01 0.01 0.01 0.01 0.01
V11411 V11412 V11417 V11421 V11425

Supplemental Figure 4. Nonsynonymous mutations induced by immunization regimens and phylogenetic reconstructions.
Related to Figure 3. (A) Violin plot showing the number of total amino acid substitutions in the IGHV region for each group (x-
axes) for each Ig subtype. *, p < 0.05; **** p < 0.0001. (B) Clonal diversification of immunized mice (each tree represents one
mouse) as shown by circular trees of randomly sampled reads from the repertoires of each immunized mouse in the SOSIP-primed
(orange), “GT1.2 (short)” (green) and “GT1.2 (long)” (purple) groups. Scale is set to a phylogenetic distance of 0.01 nucleotide
substitutions per site for all trees and the trees are rooted on the gl-CH31 sequence.



Figure S5

150 150 150
@ A27/BG505 N276D & AZTIVSV-G
3 O A2TAFWR3/BGS05 N276D T g I @ O A2TAFWR3NVSV-G
— 100 % 4¢3 § o—a 100 & A27/BGS05 T332N 100 g ? 5 % £ ¥y 2 e ’;)
9;4 O A27TAFWRS3/BGS505.T332N B
i% 50 50 o A27/Q23 50
£ ©  A2TAFWR3/Q23
@ o A27/DU422
0+ T T T 1 Ot T T T " O A27AFWR3/DU422 0+ . T : . ]
0.001 0.01 01 1 10 0.1 1 10 100 1000 001 01 1 10 100 1000
Antibody concentration (ug/mL) Antibody concentration (ug/mL)
150
3
= 100 - VRCO01/BG505 N276D
T ] - VRCO1/BG505 T332N
£ -+ VRCD1/Q23
é 50 © VRCO1/DU422
0+ : - : v
0.0001 0001 001 01 1 10

Antibody concentration (pg/mL)

Supplemental Figure 5. A27 and A27AFWR3 neutralization. Related to Figures 4 and 5. The dotted line represents the

midpoint neutralization titer (ICso). Each dot represents the mean of two independent experiments (n=2) performed in triplicate.

NAD (IgG) Env trimer Kon1 Kort1 Kbo1 Konz Kotr2 Koz Sm
(1/Ms) (1/s) (nM) (1/Ms) (1/s) (nM)
BG505 SOSIP.v4.1 9.6-10° <10% <10 6.8-10* 9.2-107? 1.3-10° 22
(n=3) +3.5 10° +9.8-10° +1.5-102 | +53 +9.3-107
VRCOT | mature g 5505 SOSIPNA.1-GT12 | 26-10° | <10° <0.10 13-10° | 21:-10° [ 17-10° | 2.1
(n=2) +5.0-10° +15 +0 +20 +4.9-10°
BG505 SOSIP.v4.1 -
i (n=2) Minimal binding; <10 RU
germline
BG505 SOSIP.v4.1-GT1.2 3.9:-10° 26-10° 6.7 -10° 3.8-107 20 5.4-10% 27
(n=2) + 60 £1.1:-10% | £37 +1.1-107 +58 +7.3 +85-10°
BG505 SOSIP.v4.1 1.4-10% <10°® <1.0 8.6-10* 0.14 1.7-10° 22
=, . 2 . 4 . -2 . -2
CH31 mature (n=3) +3.1-10 +3.6-10 +6.2-10 +54 +9.5-10
BG505 SOSIP.v4.1-GT1.2 3.7-10° 5.0-10° 0.14 1.7-10% 2.5-1072 1.5-10° 22
(n=3) +22-10 +82-10% | £3.2-102 +2.8-10? +46-10° +2.7-10? +4.3-10?
BG505 SOSIP.v4.1
UCA (n=2) Minimal binding; <10 RU
BG505 SOSIP.v4.1-GT1.2 | 3.7-10° | 1.5-102 | 40-10° | 51-10° | 6.9-10¢ | 1.4-10° 14
(n=2) + 50 +15:10° | £3.6-10% + 60 +4.0-10° +24-102 +0.10
BG505 SOSIP.v4.1
PGV19 germline | (n=2) Minimal binding; <10 RU
BG505 SOSIP.v4.1-GT1.2 26-10* 49-10* 19 2.1-10° 24107 1.1-10° 23
(n=2) +2.5-10% +55-10° | +0.39 + 60 +3.0-10° +48 +0.10
. BG505 SOSIP.v4.1 9.9-10° 2.3-10% 23 6.2-10° 0.32 4.1-10% 0.28
PGV20 | germiine | (n=2) +20-10° | +4.0-10% | +0.57 +43-105 | 027 +15:102 | £3.7-10°
BG505 SOSIP.v4.1-GT1.2 3.4-10¢ <10°® <1.0 3.5-10° 57 22-10° 3.0
(n=3) +6.6-10° +3.3-10° +5.2 +2.8-10° +3.3-107

Table S1. SPR analysis of mature and germline/UCA NADb binding to BG505 SOSIP.v4.1 and GT1.2. Tabulated values are means + S.E.M of n replicates.
The parameters are fitted to the specific sensorgram binding data with a bivalent model; the constants for the initial, monovalent interaction are subscripted 1;
for the interaction by the second Fab-arm of the IgG they are subscripted 2.



Data collectionBG505 SOSIP.v4.1-GT1.2 + Fab PGT124 + Fab gl-PGV20

Beamline
Wavelength (A)
Detector

Space group

Unit cell parameters (A)
a,b,c(A),°
Resolution (A)
Total reflections
Unique reflections
Redundancy
Completeness (%)
<l/oi>

Rsymb

Rpimc

CCip®

Wilson B-value (A2)

Refinement statistics
Resolution (A)
Reflections (work)
Reflections (test)
Reryst(%)¢
Rfree(o/o)f
Average B value (A?) (Proteins/Glycans)

RMSD from ideal geometry
Bond length (A)

Bond angles (°)

Ramachandran statistics (%)
Favored

Allowed
Qutliers
PDB ID

APS 23-IDD
1.0332
Pilatus
P1211

146.0, 157.6, 158.5, p=102.9
49.7-3.8 (3.88-3.82)
63,048

5699

2.9 (3.0)°

95.7 (96.9)°
43(0.8)

0.28 (>1.00)

0.15 (0.73)

0.78 (0.31)2

104.9

49.7-3.8 (3.9-3.8)
63,928

3,180

27.0

30.1

122/115

0.003
0.54

93.24
6.08
0.68
8E1P

aNumbers in parentheses are for highest resolution shell

PRsym = Znk Zi | Inkii - <lhk> | / Zrt Zi Iniii, where Inij is the scaled intensity of the ith measurement of

reflection h, k, I, and < Iw> is the average intensity for that reflection
°Rpim = Znhi (1/(n-1))1/2 Zi | lhwii- <lh> | / Zhwa Zi Ihwti, where n is the redundancy
4CC12 = Pearson Correlation Coefficient between two random half datasets

®Reryst = Znki | Fo - Fc |/ Zna | Fo | x 100

Riee was calculated as for Rayst, but on a test set comprising 5% of the data excluded from

refinement

Table S2. X-ray data collection and refinement statistics. The data has been deposited in the Protein Data Bank under accession number 8E1P.



