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Figure S5: LOG-specific antibody responses occur against amidine-GM3g across multiple protein carrier proteins.
(a) SDS-PAGE of amidine-GM3g modified and unmodified proteins pre- and post-PNGase F treatment. (b) Free amine ELISA post-LOG

modification. (c) Immunisation schedule. (d—h) Longitudinal or terminal serum IgG endpoint titres against LOG-specific and protein carrier
constructs in animals immunised with gp120-[-amidine-GM3g]+e. Data were evaluated using a post-hoc Tukey’s test. (i) SDS-PAGE of IAV-derived

H1N1 (NC99) HA post-GM3g modification. (j,k) Longitudinal and terminal IgG endpoint titres. Data were evaluated using Mann-Witney tests.
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Figure S6: Evaluating the sex and murine background effects on the anti-amidine-GM3g LOG response.
(a,b) Male and female WT BALB/c mice were immunised three times (A ) with 10 uyg HEL-[-amidine-GM3gls + 20 ug MPLA. Both LOG and protein

backbone-specific serum IgG endpoint titres were determined both longitudinally and at the terminal timepoint. Data were compared via Dunn’s
multiple comparison test. (c,d) BALB/c and C57BL/6 mice were immunised with 10 pg gp120-[-amidine-GM3g]1e+ 20 pg MPLA. Serum IgG

endpoint titres against antigen components, LOG and protein backbone, were measured.
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Figure S7: Th cell recall responses in mice immunized with gp120-[-amidine-GM3g]1e.

(a—d) Intracellular cytokine staining was performed on splenocytes of immunised mice, restimulated in vitro with different protein antigens, as

indicated. IFN-y production among CD4* T cells was compared between vaccination and restimulatory conditions. (e-g) Cytokine release was

similarly compared in splenocytes restimulated for 72 h via ELISA. (h,i) Serum LOG-specific IgG subclass endpoint titres were measured via

ELISA. Data were compared pairwise via Tukey’s post-hoc test. Establishment of an interaction effect between vaccination and restimulatory

conditions were determined via two-way ANOVA.
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Figure S8: Clonotyping of HEL-[-amidine-GM3gle-immunized mice.
(a) Gating strategy for IgD™ B cells. (b) Clonal family clustering and (c) /GHV gene-segment utilisation in mice primed with HEL-[-amidine-GM3g]e.

(d) Gating strategy to identify the antigen-specific naive B cell population from splenocytes. (e) The absolute number and percentage of [-amidine-

GM3g]" B cells. (f,g) Heavy chain V-regions were recovered and sequence-validated from one mouse, confirming their clonotypic origins and GC

inexperience.
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Figure S9: Determining the backbone-dependent Tfh population size in LOG-immunized animals post-prime.
(a) Gating strategy for CD4*CD62L"CD44". (b) Representative FACS plots for determining the Tfh population. (c) Absolute total cell count in iLNs.
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Figure S10: Mutation frequencies observed across the gp120-[-amidine-GM3g]4e-raised IGHV2 subgroup population.
(a) Manhattan plot of the nucleotide mismatches from all isolated IGHV2-origin GM3g-binding B cell raised against the gp120-[-amidine-GM3g]+e
LOG. (b) Substitutional implications at mutation hotspot codons, where the wild-type encodes T6 and S7. (c) The most common substitions were

mutated into the WT BAR-1 sequence and their relative binding against gp120-[-amidine-GM3g]41¢ was compared via ELISA.
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Figure S11: Biophysical characterisation and uSTA analysis of BAR-1.
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Figure S11: Details of Lys—C(NH)NH-GM3g*BAR1 complex by uSTA NMR.

(a) Raw titration data of BAR-1 Fab against Lys—amidine-GM3g. (b) ICT performed against amidine-GM3g. (c) Results of the Bloch-McConnell
fitting of BAR-1 with Lys—C(NH)NH-GM3g. (d) These reveal good quality fits of the data. Iteratively changing and fixing the Kp value, refitting the
data and following the variation in the probability of the model being correct (exp(-chi%2)) allows construction of an error surface. To an excellent
approximation, the variation in the fitted Kp follows a gaussian distribution (e). Performing the same analysis on the keff parameter resulted in a
non-central distribution, indicating that in this case, while Kp is well determined, kofr is not. The distribution is reasonably interpreted by a log-normal
distribution, resulting in the most probable value being 3.77 s but with asymmetric error bars, +4 s, -2 s™!. The distribution can be interpreted as
placing a limit on ko, such that ket <8 s7'. (f,g) R1 and Rz relaxation rates were obtained for each proton in amidine-lysine. The variation in
relaxation rates approximately by a factor of 3, prompted us to consider the effects of this on the transfer efficiency. Notably, the R1 determined
from the Kp analysis for the NAc proton (0.37 s') was consistent with the value measured directly and independently (0.4 s™') supporting the
quantitative uSTA analysis. (h,i) The simulated parameters from the Kp analysis in ¢ were used to simulate the variation in transfer efficiency as a
function of R4 and Ry, revealing almost no variation with Ry, but a modest variation with R4. (j) These curves were interpolated using a biexponential
function for R1 and a linear function for Rz, and were used to provide a rescaling factor to adjust the transfer efficiencies of each atom to the value
expected if relaxation was identical to the NAc proton. The largest correction was for the lysine delta proton (R4 1.4 s™') which was furthest from the
NAc R1 (0.4 s™). In this extreme case, the correction to the transfer efficiency was a factor of 2. (k) The original and rescaled interaction surfaces for
Lys—C(NH)NH-GM3g. The overall pattern observed is largely invariant of the rescaling, with some positions varying more than others. The main
conclusions drawn from inspection of the surface, that the NAc methyl group and the sialic acid moiety dominate the interaction, that protons in all
GM3g sugars are important, and that the lysine does not contribute substantially to the interaction are independent of the relaxation correction. In

the manuscript, all interaction surfaces shown have had the transfer efficiencies ‘corrected’ using this method.
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Figure S12: Details of the X-ray structure of Lys—C(NH)NH-GM3g*BAR1.

Y Ser36a)

(a) Fo—Fc electron density omit map at 3 o around SiaLac-amidine-Lys molecule. SiaLac-amidine-Lys is shown as sticks with carbon atoms
coloured in yellow, nitrogen in dark blue and oxygen in red. (b) Surface of the binding side of BAR-1/SiaLac-amidine-Lys complex structure. The
surface of Bar-1 is colored by electrostatic charges calculated in CCP4MG (red for negative potential, white for neutral and blue for positive).
SiaLac-amidine-Lys is shown as sticks with the carbon in yellow. CDR loops have been labelled. (c,d) Ligplot diagrams illustrating BAR-1/siaLac-
amidine-Lys interactions for chain H/L and A/B. Covalent bonds of the polysaccharide and the protein residues are in purple and brown sticks,
respectively. Hydrogen bonds are represented by green dashed lines and hydrophobic contacts are shown as red semi-circles with radiating

spokes
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Figure S13: Comparison between BAR-1 and ch28/11.
(a) Structural alignment of the BAR-1 x-ray structure bound to Lys—C(NH)NH-GM3g and that of ch28/11 to SSEA-4. (b) Sequence alignment of the

two structures. Highlight similar SiaGal-recognition pattern as indicated by similar CDRH1/2 motifs.
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Figure S14: Alanine scanning of BAR-1.

(a) Sequence schematic of BAR-1 and select residues targeted for mutagenesis. (b) ELISA EC50 binding was compared against gp120-[-amidine-
GM3gl46 binding (n = 4). Data were compared via Tukey’s post-hoc multiple comparison test. P-value denotations: *** P < 0.0001, ™*** P < 0.001,
** P <0.01 and ™ P < 0.05. (c) 'Pulse off' 1D NMR (black) and saturation transfer difference (STD) spectra for the various BAR-1 mutants

considered, showing specifically the distinctive NAc methyl groups that terminate the Lysine moiety (Left hand peak) and the Sialic acid (Right hand
peak).
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