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2+ DECLARATION OF INTERESTS

“» Employment / Leadership
CEO & Co-founder, HITS Inc.

s Stock ownership
HITS Inc.

** Products discussed in this talk
K-Fold and HyperLab are developed by KAIST and HITS Inc., respectively.
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 Importance of Biomolecular Structure Prediction

N s N r 2

Input Prediction : Ground Truth
Protein & Ligand Predicted Binding Pose Experimental Pose
(e.g., from X-ray)

Protein Sequence

MGSRVAAGLWLYV... MKEAIWQRGKYF =
Binding Pose

Ligand SMILES & Graph Prediction
Model

NC1=CN=C(C2=-CC=CC=C2) ‘
N=C1C=0))C ‘
<o

‘ , ; <
. ‘ : '
Ly Output: 3D Pose Evaluation Metrics:
(Position + Orientation + Confomation) ' RMSD, Success Rate

Ligand SMILES Ligand Graph

" J

mpComparesp

Applications
Structure-Based @ Virtual Screening Lead Optimization @ Biological Insight
Drug Discovery - -
Identify promising Rank and filter Improve binding Understand
binding modes candidate molecules interactions molecular interactions
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¢ 2024 Nobel Prize in Chemistry

I1l. Niklas Elmehed © Nobel Prize I1I. Niklas Elmehed © Nobel Prize I1l. Niklas Elmehed © Nobel Prize
QOutreach Outreach Outreach

David Baker Demis Hassabis John Jumper

Prize share: 1/2 Prize share: 1/4 Prize share: 1/4

 David Baker: "for computational protein design“ = =7} ofCtd B} EH L.

 Demis Hassabis and John Jumper: "for protein structure prediction = 503 X

e ESIHO|X0}E}=!
orean Society of Gynecologic Oncolog;
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7 Next-Generation Bio Foundation Model: K-Fold

We re-define the generative modeling in bio as “Structure Prediction = Structure Change Prediction”

Generalization on Multiple Modalities

Modeling of Multiple States

ngand A

=

- )/
{ 3

R W~y
AR Vi,
#’\ w 8 e %

Apo state Ligand B

Multi State

predictionHoIo state - A

OmIC w
base

protein 4 Q} F
9 s Ea
. N&/‘} € '1‘(\ E S AN ‘\\"
*—( o~ & & <
Multlple Sequence Alignment Trigular Attention Dynamic structure prediction Holo state - B
i . . Small Molecule Compounds SARS-CoV-2 Virus
Multi-state modeling of proteins (Yuhan Corporation - Leclaza) mRNA-Protein Complex
induced by ligand binding
. Ligand
GPCR
GOP  GTP [7@}
Random # ros
VS8
“\:«f % < } Inactive Active ) , . . . .
“Ib o ) . . GLP-1-like Synthetic Protein Antibody-drug Conjugate
Modeling of Signaling Pathways (Novo Nordisk - Wegovy) (molecular glue)
(G-Protein Coupled Receptor)
Efficient/fast structure prediction pipeline Clarify biological mechanisms Change in the drug design paradigm
Implementation of a protein-complex data Model dynamic biological pathways Combined understanding and design of
structure prediction framework multiple molecular modalities

o CistRelS st s
rean Society of Gynecologic Oncology
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¢ Conformational Change Prediction with Diffusion Bridge

« Goal: Learning Apo-to-Holo structure changes

« A distribution shift problem with diffusion bridge

modeling
a
X Protein-ligand conformation . Metnc-ba;ed perturbeq
apo protein conformation
—> Geodesicpath e » Riemannian diffusion simulation
—> Logarithm map exp)—(: (2) o » Bridge process simulation
b
Diffusion bridge
t=0
Radomly oriented unbound-state structure Predicted bound complex
e e Prediction Experiment
Jointly infers ¢ binding interface ) relative pose conformational adaptation Unbound Current Bound

structure structure structure structure

1. Start with apo states
2. Simulate structural change S Lo bl
3. No MSA required

Hersolzorats)

rean Society of Gynecologic Oncology
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/ Prediction Example: Multi-modality Systems

K-Fold predicts three-dimensional structures of multi-modal, multi-molecular systems.

(a) 9AVR (Protein, RNA, molecule) (b) 8V7B (Protein, DNA, molecule, ions)

K-Fold predicted (best of 5) K-Fold predicted (best of 5)
Ground truth




20264 CHPHE

FYLD| MI31X F=H A EXH

7 K-Fold Benchmark Results: General Set

B High W Intermediate Acceptable

Protein—-protein Protein-ligand Protein—-nucleic acid

100 1
75.7 75.0 74.7
3 751 69.2 30 1 71 73.7 L7 102 7 721
= 59.3 586 576
w
$ % . B . l EpB
o
=
w
25 1
0 (o) ¢ O ¢ (o) ¢
o S\ TN U o¥ N o N \1: S
&« ¥ o a€® d\?/% R\ & N ?‘xe P @Qo & N o a€® & (,o

10 seeds x 5 samples = Top1 of ,,C; combinations

K-Fold: ~10 s per complex, against ~25 min for AlphaFold3 (NVIDIA B200).

Protein—peptide

82.3 809 823

83.8
79 .6
BE b
0\6 Q’b 6\'1- \1‘,‘\ \&?’
\lj la ?(.O\G %0\ 66\\1\? ©

FoldBench
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¢ K-Fold Benchmark Results: Challengeable Sets

Antibody-Antigen Molecular Glue GPCR (agonist vs antagonist)
I High B Intermediate Acceptable
PXmeter Full Success 100 A
100 - 100 - S
g g 75 68.5%
g "] g "™ £ 53.4%
: 54.92 o ” 3 50 -
E . Q i . o]
g 50 43.08 38.08 § 50 442 38.6 =
g 3
Sl BB

K-Fold AF3

Q¢ ¢ N \fL‘\ OF O
\(3 v Q(O\'e %C'\ eawh?o “So

PXM-2025 MGBench GPCRBench

10 seeds x 5 samples = Top1 of ;;C; combinations
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HyperLab:
Bio Co-Scientist
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¢ HyperLab: Al Co-Scientist powered by Multi-Agent System

214
K-Fold
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¢ Case 1: Design of Antibody Targeting AHSP

Workflow of antibody design in HyperLab.

Preflight research Design pipeline Candidate selection

Target structure & epitope Backbone generation Filtering & ranking

by web search and structural analysis. RFdiffusion (RFantibody variation) Confidence scores, sSCRMSD,
epitope contact, etc.

Design options Sequence design Top recommendation with
Antibody format, CDR, etc. ProteinMPNN (CDR only) reasoning

Campaign scale Co-folding

Number of generations and predictions. Structural validation with K-Fold.

Bennett, N.R. et al. Nature 649, 183-193 (2026).

; 2 SIHOIX0LS)=
Korean Society of Gynecologic Oncology
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¢ Case 1: Automated Identification of Epitope

AHSP © im > i alpha-hemoglobin

Violet: Epitope (MVTVVE) of a
known antibody PCE 5.

Pink: Residues from native interface
& SASA analysis.

Yellow: Overlap of the above two.

Final suggestion: Pink U yellow.
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¢ Case 1: Reference Comparison

ipTM Comparison pLDDT Comparison - Epitope Contact Comparison
©
100 - -
£
~ G- (0]
@ 5.5 5.4 55
s 0 B 954 051+ --5-- NS S .- -
= = e m
= 2 8 ? 4 - - B - -
5 e 90- T
[ o 0 37
= g ©
et
c 2
85 - o
9]
c 14
o
80 - s 0-
»\‘Ojo 50[0 e oo 0Jo) o\?!o 60!0 e ole ofo)
07 1007 o0 > 400 © \ oo° 0T 007 00> o0t \ 0o°
<o® oc@
== GX-aAHSP-1 (Report, AHSP Binder) — =+ GX-aPARVA-1 (Control, Non-binder) O Top 3 candidates in Top 1% pool

+ Total pool = 800 designs
* Rank by agent := (Sum of normalized ipTM, pLDDT, contact) - 15-scRMSD.

Cha, H. et al. bioRxiv 2025.11.21.689414 (2025).

2t 2lSsts|

orean Society of Gynecologic Oncology
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¢ Case 1: Predicted Structure of a Top-Design Example

GX-aAHSP-1
(dark cyan)

Top-1 design
(orange)
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¢ Case 1: Design Campaign Scale & Time Summary
Design speed (on 1 GPU)

Campaign scale (Quick test)

Backbone

RFdiffusion 100 backbones
Sequence 8

ProteinMPNN sequences / backbone
Co-folding

N 5 samples / sequence
SofH| = HEZ

Total 4,000 co-folding inferences

Backbone 2 min / backbone
Sequence ~0.1 sec / sequence
K-Fold 30 sec / 5 samples

MSA computation time ~ 10 min per complex on avg.

Total campaign wall time ~ @ 5 GPUs.

(Total wall time with MSA ~ )




¢ Case 2: RNA-seq Analysis in HyperLa

-logl0(Adjusted P-value)

-

3,82670 S Xt0f| Ciist RNA-Seq raw countsCl|O|EH{ 22 E DEG 242 8H
=4 oo|=ztel A — 24 ZI™M(PCA, DEG, ORA, GSEA) — Z2E2 =&

Volcano Plot: Abemaciclib vs Control in Murine Mammary Carcinoma (GSE99061)

Not Significant Slcllal
® Downregulated (padj < 0.05, n=15) ‘(chihp3
@ Upregulated (padj < 0.05, n=48)
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aet meilof| ofdf|obA|S&l (abemaciclib) & H2|HS

GSEA Preranked: Top Activated Signaling Pathways
Abemaciclib vs Control (GSE99061)

Neutrophil Degranulation -

Interferon Alpha Response

Interferon Gamma Response
Phagosome

Lysosome -

Inflammatory Response
Immunoregulatory Interactions Between A Ly
Antigen processing-Cross Presentation A
Staphylococcus aureus infection
IL-6/JAK/STAT3 Signaling 4

Innate Immune System -

Complement and coagulation cascades 1

Pathway / Gene Set

Interferon Gamma Signaling

Antigen processing and presentation
Viral myocarditis 4

Allograft Rejection

Complement A

Transport Of Small Molecules
Cytokine-cytokine receptor interaction -

Coagulation 1 @

1.9
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¢ Case 3: Literature Search in HyperLab

. 23 XA HRY 4B g2 AL
- W= ol XA O =of 7|ghot EHE HS
Olaparib0| Y& A8t S U BEXOAIMTE £Eict 25 2atE 20|= 24 +-F0 MEH XE 7| Mo tist LHES
= i
= 2t 2T0i|M Aot 22t e Hels FM 2.
PARP2 .
oy MEojst x|A Tz 24 Ha} Olaparibdt 2 7te] 2A1N A2E CtS1t 20| ASE 4sxgo = AAFLICE
apari
1. Olaparib — PARP1/ PARP2 X3}: Olaparib( CHEBI:83766 )= PARP1(NCBIGene:142 ) % PARP2(NCBIGene: 10038 )2| S0 242 o{xstn 22
XMoo AggLIct (DrugBank, BindingDB, Pharos, OpenTargets).
2.PARP1/2 — DNA 57 [ 238 =¢ Z = 20f: PARP1/2E= |TX 2E 2X|(G0)2| DNA repair ( 60: 0006281 ) X double-strand break repair via
ovarian cancer hOIT‘lO].OgO'LlS recombination ( GO: 0000724 ) HESHE D24 A0 27 2tofEhL|Ct
RROAT 3. MSMZEE — BRCA1/BRCA2: BRCA1( NCBIGene:672 )2t BRCA2( NCBIGene:675 )= ASMEE 0|F7ct Ht 21 ( 6o: 0pa0724 )2 SHA A8 QIx}el
Lict,
DNA repair
breast/ neoplasm 4. BRCA1/2 — thA-9f 9l gubel Q1at2hA: UniProt, DisGeNET, ClinVaroi| 72|04 &l Hiet Zto|, BRCA1/28| H a4 #0|= thA 2t ( MONDO: 0008170 )2t B
H+2f( MONDO: 0007254 / MONDO: 0021160 ) H4H2| A0l X RICIOZ ZbESHL|CL
O| XA T A== Bh FzhEfZl HH|7t ot & SEEQI DNA 2| Z2(PARP 07§ Z=2t BRCA 07 AMsSHi=g A=)o| AL K= M X| 2 =op7} Zadst
PARP1 = MBS HER3 2 Es| HojELICH
breast cancer Y.
BRCA2

double-strand break repair via homologous recombination

. Ol
CH 2t 015 45} 2]

Korean Society of Gynecologic Oncology
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