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Abstract Virtual screening of a known antibody-antigen complex: a positive control In vitro validation of top antigen
The B cell population in each individual produces an estimated 1010 different antibodies, A Abbinding & o o To confirm the authenticity of the predicted Ct1 — S-RBD
COH@CUVQ‘V kHOWD as the aﬂtibody I’@p@ﬁ@if@. This extraordinary diversity Is essemia} fOI’ re;ponding Table 1. In silico screen with scPem-Fv correctly identifies human PD-1 as the target antigen RMSD Values Squilibration Antigenbinding - lssoctation binding, the scCt1-Fv sequence was cloned into a CHO cell
to the unique history of infections, vaccinations and cancer encountered over an individual's Primary screen: Boltz-2° Secondary screen: Boltz-1 - expression vector. Following expression and purification (Lytic
ifetime. Efficient deciphering of that history could contribute to improving human health in Antigen Runtime Confidence Score Antigen Runtime Confidence Score Heavy chain. c K, 1nM Solutions, Madison, WI), Ct1 binding to a series of purified
numerous ways, from better clinical decision making to improved diagnostics and therapeutics. PD-1_116aa 4m 0.95 PD-1_116aa om 0.92 Overall < R20.9935 SARS-CoV-2 S-RBD variants was tested by BLI on an Octet
Toward that goal, we have commercialized a suite of computational tools for predicting 3D gg;‘l’;g?g’; - ;2 8'22 'E";g‘l'?_-oﬁFsF; (t)oxin 3: 06772 0.4979 A instrument (Figure 3). High affinity binding was observed
antibody structures as well as modeling their interaction with potential antigens using artiticial HSV1 gE 10m 0.86 HSV1 gE 10m 0.67 CDR H3 loop between Ct1 and S-RBD variants from two different Omicron
ntelligence (Al) and biophysical (BP) based algorithms. Here, we present results from an ongoing Mtub_CFP10 3m 0.86 Cdip_CRM 5m 0.9 06325 A B subvariants, JN.1 and BA.2.86 (Lytic Solutions), with KD
hpman repertoire sequencing study in vvhph a high abundance memory B-cell Clono_type, Ct1, was “Top 5 scoring candidates shown out of 55 tested values of TnM (Figure 3A) and 1.5nM (Figure 3B), respectively.
d|sgovered .a.nd used N g virtual screen against a panel of 55 common pathogen antigens done Light chain: K, 1.5nM In contrast, S-RBD from the Wuhan reference strain
entirely in silico with the two Boltz models™ accessed through DNASTAR's NovaCloud. The screen (N « Averal £ R20.9985 (GenScript, Cat. No. Z03479) showed weak binding with a KD
indicated that the receptor binding domain of the SARS-CoV-2 spike protein (S-RBD) is the target To assess the abllity of the NovaCloud Boltz implementations to correctly identify a target antigen from a | R 04074 A of 4uM (Figure 3C). These results validate the predicted Ct1 -
antigen of Ct1. Additionally, the models predict Ct1 binds to an epitope in a S-RBD tip region that virtual screen, we performed the following positive control experiment. The linear protein sequence of g W " | S-RBD interaction and show antibody specificity for more
overlaps the ACEZ interface required for infection of human cells. Finally, we show bio-layer single chain Fv fragment of Pembrolizumab, a human PD-1 binding antibody, was constructed and used to e CDR L3 loop recent SARS-CoV-2 strains consistent with the donor's
interferometry (BLI) data using purified Ct1 antibody and a series of S-RBD variants demonstrating screen a virtual panel of 56 protein sequences, 55 known pathogen antigens plus human PD-1. Results ) S v 04150 A C infection and immunization history.
nigh affinity Ct1 binding to recent S variants with KD values as low as TnM. These results, together from the primary screen with NovaCloud Boltz-2 were sorted by Confidence Scores and the top five
vv@th the speed ofthe NovaC\Qud BQItZ software (typica 'y <10 minutes per prediction), provide a candidates re—screened -vvith NovaCloud Boltz-1. HumanPD—W was the top SQOHH@ candidate in both Figure 2. Protean 3D (P3D) structural alignment of the e 2232“455
glimpse of how virtual screening will become a viable approach for characterizing personal screens by a wide margin (Table 1). Further, structural alignment of the predicted scPem-Fv — PD-T predicted scPem-Fv — PD-1 complex and the crystal <
repertoires in the near future. complex with the known crystal structure (PDB: 5B8C) showed the predicted pose was near native with structure. Boltz-2 predictions: VH, green; VL, gold: PD-1, red. |

overall RMSD values of the heavy and light chains of <0.5 A (Figure 2). The results demonstrate that the Crystal structure (PDB entry 5B8C): VH, blue: VL, gray; PD-1, Time (sec)

NovaCloud Boltz models are capable of identifying the correct antigen for an antibody from a panel of nink. RMSD values for the overall alignment and CDR3 loops

A t.b d . d o t I t. b. d. decoys and predict the binding pose with high accuracy. of the heavy and light chains were calculated with P3D Figure 4. Bio-Layer Interferometry (BLI) anaIyS|s of scCt1-Fv blndlng to S-RBD variants.
NUuboay sequencing ana virwial antigen ninding screens Aligned sensorgram traces from an Octet instrument. Antibody binding/equilibration, Antigen binding and
Dissocliation stages are indicated. Colored traces correspond to the added antigen concentrations ranging
10X Genomics VDJ/GEX Virtual screening with a memory B-cell clonotype discovered from personal repertoire o 0.510 10uM for 3A and 3B and 2.510 20 uM for 3C. Fitted curves (red lines) used to calculate KD and
s o = | . . . . R2 values. (A) Binding profile of scCt1-Fv to S-RBD from the JN.1 strain. (B) Binding profile of scCt1-Fv to
s T _F;_}»' #_; | Memory B-cell sequencing identifies SARS-CoV-2 S-RBD as the target antlgen S-RBD from the BA.2.86 strain. (C) Binding profile of scCt1-Fv to S-RBD from the Wuhan reference strain.
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FACS N @?’ - + =R - Clonotype Profiles Table 2. Summary statistics for memory B cell VDJ single gell sequench Table 3. Virtual antigen screening results for scTD1-Fv The bineline for in il | ont ‘ 1 inu ont ¢ redicted ‘ Heveloned b
ks . T -5 V“Eﬁ y | Draw 1 Draw 2 Primary screen: Boltz-2° Secondary screen: Boltz-1 € pipeline Tor In silico screening o armgen panels and in y/tro Ver| |Cat|on OT predicted complexes Sveloped Dy
AT T T r e > il < Estimated cell number 2,671 6,977 Antigen Runtime Confidence Score Antigen Runtime Confidence Score DNASTAR an-d Scarab Genomms-, respeotwe\y, show how y;rtua\ screening can be Jsed as a powerful ﬂrst step 1o
CE"S;‘"“‘ H|+L pairs , 2,934 6:7237 HA2-H1N1-SC1918 Am 0.89 SARS-CoV-2_S-RBD 2m 0.84 identify the binding target for antibodies of unknown specificity. The ever-improving speed of the modeling
. 0/0 . . . . . )
$‘ “"; Fa“tcf“;ty';es >0| > 42 o SARS-CoV-1_81 4m 0.88 HA2-H1N1-SC1918 2m 0.77 software together with batch processing of arbitrarily large antigen panels on the cloud make virtual screens fast
Ol red of aduntan’ ¢ onotypes ° SARSLOV-Z SRED | 11m 0.88 SARS-COV-1_S1 2m 0.75 — for example, the 55 antigen screens described above took just one hour to complete. Moreover, minimizing the
Paired clonotype diversity 1,477.99 2,795.85 Mtub ESAT6 3m 0.87 Mtub ESAT6 'm 0.72 DI | | J | . Ju - U D o J
Individual P'ﬁ;igzt;:;°;::;::;::c:z:if,,;::;:"g N a- P Total Freq of most abundant clonotypeb 34 64 Mtub_CFP10 10m 0.87 Mtub_CFP10 m 0.67 ﬂumber Of Caﬂd|date |ﬁt@raCT|OﬂS that ﬂeed J[O be exp@ﬂmeﬂtany \/erm@d |ead8 J[O S|gh|ﬂcaﬂt Sa\/mgs I terms Of
2':?352 T o . Proportion of most abundant clonotype 1.27:/0 0.92:/0 *Top 5 scoring candidates shown out of 55 tested cost and {abor. AS the tools become more robust, these advahtages nave the potenma\ to greatly acce!erate Not
d @ gggggggggg - T T o Proportion of second most abundant clonotype 0.49% 0.34% only medical research but also development of new diagnostics and therapeutics as well as personalized
60 proect(s) remaining n your foznse —— 7 HSV1_gE-scTD1Fv-Boltz2 & o « Confidence Score = 0.79 a - e . ) : :
+ — — gl R B Draws were taken 5 months apart medicine through understanding of one's antibody repertoire.
Multi-S & o  eemonl oy & Yistiects ® Same clonotype sequence from both draws
ulti-Seq w5 e — g > In vitro References
Pathogen B lidati 1. Wohlwend, J., Corso, G., Passaro, S
Antigen validaation | | | | | | | | . U, O, SO,
Panel NI We next applied the entire workflow (Figure 1) to discover novel antibodies and predict their target Figure 3. P3D Ad t + t : et al. (2025) Boltz-1 Democratizing
e vantages over in viiro screening

antigens. Briefly, memory and nalve B-cell populations were isolated from two whole blood samples
taken from a donor five months apart. Following single cell VDJ/GEX sequencing and analysis, the most
abundant clonotypes from each population were chosen for further testing. For memory B-cells, the
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Speed: T hour for the primary screen of 55 antigens DIORIV.
Figure 1. Project design overview.

same clonotype, Ct1, was the most prevalent in both draws representing 1.2/% and 0.92% of the scCt1-Fv — S-RBD Cost effectiveness: ~$30 in cloud compute costs 2. Passaro, S, Corso, G., Wohlwend, J.

| | o - | | | sequenced cells, respectively (Table 2). Ct1 heavy and light chain protein seqguences were used to complex. et al. (2025) Boltz-2: Towards Accurate
A schematic of the overall project design is shown in Figure 1. Brietly, white cells are isolated construct a single chain variable fragment sequence, scCt1-Fv, which was screened for binding - - No protein expression or purification required. and Efficient Binding Affinity Prediction.
from whole blood samples and subjected to fluorescence-activated cell sorting (FACS) from candidates with the 55 antigen sequence panel mentioned above. The top five scoring antigens from (A) Space-filling model of the overall predicted hioRIY
which naive and mermory B-cell populations are collected. ach population is then processed the primary screen with NovaCloud Boltz-2 were re-screened with NovaCloud Boltz-1 from which the | structure (scCt1-Fv: VH, green; linker, gray; VL,
with the 10X Genomics VDJ/GEX workflow from which expressed antibody and general gene S-RBD domain from SARS-CoV-2 emerged as the prime candidate (Table 3). Further, the predicted gold: S-RBD: red). (B) Zoomed in view of the 3 Yuan M. Wu, N.C. Zhu X et al
expression prqﬁ\es are determined for each cell. Individual anﬂbgdy clonotype protein sequences binding pose indicates that Ct1 binds to the tip region of S-RBD (Figure 3A) and shares several contact naratopeepitope interface. Coloring as in A, (2020) A highly conserved cryptic
are then used in virtual screens against a panel of pathogen antigen sequences to identify residues necessary for viral infection of human cells through interaction with the ACE2 receptor? (Figure except S-RBD contact residues with Ct1 CDR H3 epitope in the receptor binding domains
binding candidates for that antibody using the Lasergene Protein suite of tools. Top scoring 3B). That suggests Ct1 binding would be sensitive to variants in those positions as are found in more or L3 loops in cyan and mauve. Cyan residues of SARS-CoV-2 and SARS-CoV Science

candidates from the screens are then evaluated in vitro with purified proteins. ‘ecent strains of the virus. also contribute to human ACE2 binding. 368 630



