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712 o5 2Eo oA E =Y HiE
PeptiVerse H7 HHZ
2 HHZO0IN AJRE[}SLICE

O

Zhang et al. (2026)0] bioRxiv0f| &HE 5t PeptiVerse= Lt

Of 24
‘| I- x-"x EII‘EE x-“.n_oH__I |:_|-

5|01 ofg TS S8t CIF S4 2iss
ot ofL|2} 3= (Solubility), E£2}d(Permeability),
S4(Developability)

A2
oo
o A%t Zlst(Binding Affinity)s
=8(Toxicity), 23 Ht7|(Half-life) S CHAs I 7}
E#ﬁﬂHQ.

OI'

582 A %17}7}
HELO| 2| Z7I2

%

3KCyclization), PEGylation & &tstX
E|RELI.

sfsis w o
H|HH oHilIE-:’.‘_f(Non—canonicaI AA), Al0|2
MA Ml slet X8 BF X|Hol= HE oS SHF2 HRH0| i




JIE 0= 22 oA HN = B E

==0lA Ageh dHHL2

Zhang et al. (2026)2 7|Z AS2| L33 Z2 SHAIFE SaisU L.

ME 712t HI=712] Hlgt

Peptide-BERT S2 ¢ 00| =2 Canonical AA)0|2t ZStE|0f
Stel HY(H|IHH AA, AO|Z23t 5)S +8% 5 ULt TJSLICL

ABXI ADMET E70| Yttt ATy

XEXt 24=2(Drug-like molecules)2 £ E ADMET SHEZ2
nilEI.Oll:/I:.l-HHxIO| 198t gfsh 270 410|510
gefst 050] oLt AHZHSLICE

TE 7|8 XEO| S AT

AlphaFold3/OpenFold32] ipTM AT 0{= HEIO|=-CHl R 5t XISt 9}
HO| HHEAE HO[X| L=Ct HIMELICH (|o] =~ 0.05).

S& Hx[0= Fxy

A T} SMILES B3 25 X|#sHs AAIZ0|2 ZRHQl

J
HELO|S S 05 SUZ0| ZAH5H| SIUTH AZHELICE

Peptide-BERT

ME 7|t

X

3
re
2
=]

AlphaFold3
T 7|4t

X

A
rlo
0x
e
0x

ADMET Tools
22X} 7|8

X

ZHQI xfO|
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PeptiVerse?l| ai&] Contribution

£¢&t 2l& x| (Unified Input Support)

OOl .2t ME(Canonical sequences)it gtstX O 2 HEE SMILES B35S 25 X|5}
Z|x9| S X|=8 HEO|E E4 0|5 EMSC=, MA U H|MA HEO|IE REE HIH = USLC

rir

, 59,384, g, 83 Y|, 28 ’."_i} S =8 HEO|= JHZE0 E+Hel
771X Ol 2] sidl SES SiLte] SHEMA A0l KIS 5= USLICL

4% 0= o|=2 SOTA ds =24

e 718 RH(ESM-2, PeptideCLM)2| 117 UM} CrFst HAl2{'d FIEE Ag6I0
(MLP, CNN, Transformer ) 3:X 0|SHC} Iﬂ}E" X &l5t State—of-the—Art é%% HiSELCt,

Heid X H2d (Reproducibility & Accessibility)

>

HZ45HA| M| CIOIE|M, QAHE 7|8t 25K(Similarity-aware split)2 S8t YUts} M5 HZ,
370 ¥ QI 0]A(HuggingFace) M32 2 HPXIS0| &8 &2 +

PeptiVerse ¢ OF7[ElX FAd éj”
/KAERI‘ Korea Atomic Energy Research Institute



; SHAl OFF|ElH] A
PeptNerse =D I' |—| 'I == é?% SIRAUX|EI TR

PeptiVerse OF7|&I% Overview

PREDICTOR
ENCODER
OUTPUT
NeuT 0% 3=
MLP / CNN
@ ESM-2
Transformer
esm2_t33_650M
olHlcl == sl M b)Y - _
(g-r_lql EIIOIE'I |:|H'“o T= =Ac',l 01|§ XGBoost / SVM ?24:'_} §§1
8oz / 54
oto|l=t M > 9 2MH XX OE MEH 9
8y /HHEY

HEIO|E SMILES

HE EhT e

PeptideCLM

PeptideCLM-23M
skat & UM Cross—Attention

25 ZSE M

=2d o

Co * g 2Bt O Al 2R )
8




PeptiVerse 8+ OF7|EIX 2A

HlOJE] 4% 2

g 1E4: GOJE] AA 2%

DBAASP CycPeptMPDB ToxinPred3.0
SoluProtMutDB CAMP RCSB PDB
PepTherDia PEPlife PROSO Il THPdb2

e0]4

E& H|7: Tanimoto RALE, MMseqs2 22{AEZ
-

S| HA, 2t st

ERI  Korea AtomicEner

X2k

| ey |

ergy Res

éfz:\l SRR s

rh Institute

884 Sl
HEd =4
£ty 2l
Zgt e

,
Q ATH|: £|Z H|O|E{Al
IEX A 4Z Ho[H
9 AA M% + SMILES B3 £A| X|¢

Similarity-aware split X &




PeptiVerse @& Of7|ElX &

Encoder 2! I5redictor

Encoder?| <&t e N

HEI|= ME/SISt7EE AFE} AL 7158 £

ﬁ
1=
n
u
rE
ro
ot
L
_lTl_

e

o
2=

CHIET 010 B 24t JHo| EhIT MR Bty

Zt OOl . AHS 1280XHR HIE2 E&5HH, 4 \ s
ME Wl x| YE, 12X £, 7IsH LS8 25 &t
mi2to[E| 1% (Frozen)2 2 A&k 20| XAl &2 — HI2 T oYX " A

ESM-2 PeptideCLM
650M / 2.5GB 23M I}2to|E
\_ J \_

e PeptideCLM (23M It2}0|E)

SMILES &t&t +ZE Ololist= 2
HIME OO, AtO|22L, afet HASE BT B3 7IS510 A= WS At
sfelX He HEIO|E F7P7t 7HSEILICE 4 N\

~

e Pooled vs Unpooled oIM|E! HIE]

Pooled: Zx| AMEO| WRZt — ZHCHSH RH(XGBoost, SVM S)0i| Xgt
Unpooled: 2} §|X| M HZ= — HSE2 2M(Binding Affinity S)0fl £2

— Predictor

AA M€ / SMILES
° ESM-2 AlA| (650M Ii2t0|E], F 2.5GB) \ )

10



sHA| OF7|EIA B A )
PeptiVerse =4 72N 24 ; - SrRUK|EITa

Encoder 2 Predictor

&M MA o4 (GitHub Best Model List 7|t)

=

%4 (Property) AA g8 R SMILES & 2
Hemolysis (&4) SVM Transformer
Non-Fouling (H|2&A) MLP ENET
Solubility (E381k) CNN -
Permeability (Penetrance, £1}4) SVM -
Toxicity (M) - Transformer
Binding Affinity (Z& ZISIk) Cross—attention Transformer Cross—attention Transformer
Permeability (PAMPA) - CNN
Permeability (CACO2) - SVR
Half-life (BIZt7]) Transformer XGBoost
4b XGBoost = SVM/SVR € CNN
OJAIZEY LIRSO| YHE. E2 HIo|Eo Lt HIOIEE 2F/0ISst= ZAHM 371, 0| =0l & Mo E(ZRE|IZ)S 3= o 5t
% MLP &% Transformer & ENET
1= Hol MAY. W2 PN MZ FFQ| 2AS S0 Tt U ZE0 A 7L Sastil 4 ks

% Cross-attention: Zg ZIStT OS2 &M 7|&
EX) EIO|E2| Lys7t T Elo] AspQt 4SE2sl= As AtS ZX[510] 0 ofO|icit Mo| ZEo| =

Fo
o
A
o
o>
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F8 XEY 03 45 A3

Tl 95 Hlud

22 XA (Classification Tasks)

£4 (Property)

Hemolysis (2&4)

Solubility (2351x)

Non-fouling (H|2&14)

Permeability (Penetrance)

Toxicity (54)

© 2= 2= Similarity-aware split 7|8t 243 ZIQILIC}, AA = Ot|.eA M, SMILES = 3t5t 11X B

JEETY
AA Mg
SMILES
AA Mg
AA M2
SMILES

AA ME

SMILES

13

F1 Score

0.600

0.520

0.754

0.740

0.736

0.929

0.845

HlOlEf =

6,0767H1

6,07671

18,4537

17,18074

17,18074

2,324

11,0367



F8 XEY 03 45 A3

Tl 95 Hlud

3| =i (Regression Tasks)

%4 (Property) EER
AA ME
Binding Affinity (2} ZI5lE)

SMILES

Permeability (PAMPA) SMILES
Permeability (CACO2) SMILES
AA Mg

Half-life (¥27])

SMILES

Spearman p

© ZE Xl Similarity-aware split 7|8 245 Z2IALICE. AA = Ot0|.cit ME, SMILES = &t 21X B3

14

0.557

0.682

0.671

0.550

0.350

0.300

HIOIE =+

1,436

1,597’4

6,8697H

60671

13074

2457}



TR A28 05 45 838

Binding Affinity Al

@ Spearman &A= (o) Hlu

PeptiVerse (AA) PeptiVerse (SMILES) PepLand ESM-2

0.6

0.5

0.4

0.3

0.2

Spearman Correlation (p)

0.1

~

\

(0 FEEREL

® PeptiVerse= Ot0|'ctt ME 2 A| Spearman p = 0.557,
SMILES i3 A| p = 0.5822| H&A+E 7IS3HSLICE

e /IZ baseline 221} H|w A|, PepLand= p = 0.503,
ESM-2= p = 0.452& EREL|CY

o GIOIE 7|4 0S5 HHS2 DT MK Za2u Yo YHUBHE LEFASLICE

15

PeptiVerse (AA)

p = 0.557

OHO| LAt MY p { 0.001

ERE

PeptiVerse (SMILES)

p = 0.582

sfet 71 7% o™ p € 0.001

PepLand

p = 0.503

7| baseline 2

A
L SR XIEI0ITIQY
%AERI nﬁm ty_k| "..-._rlm'u:



HOlE A&

THPdb2, PEPIife, PepTherDiaOilA =%t H|O|E{= OfO|:=itt ME 718F 1307H, SMILES 718t 245712
CIE £4(B3Hx 18,4637H, Y 6,0767H)01| HISH X2t 2L Cf.

HlOlE{2] OIS =X

4 Z2ES0| MZ OED, £HYU0| YYH("M0Z 0l5F) E= HAY(2-4ARF)2z B0E FLIt |
HIOIE 2] 21X H2J0| 2=ELLCE Ol= Hx2] IFF0M &i2le] +X| HE0] 2LASLICE

OlI=2] Spearman &&H 4= OO0 242 A] p = 0.35, SMILES &3 A| p = 0.3022,
A%t 21817 (0.566~0.58)Lt £ }*1(0.67) Chd] 22 +=ZLC}.

XSS "=
0|ZIx0l Al

FX{ 3 HEIO|=2] SMILES 7|8t HiZt7| B2 HISH{ 0|11
1 HIO|E|2 Ql5H S0l H2F0] AUCH T HARHSLIC

|:|OII ﬁ

16
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=

PeptiVerse M& 7154

O 752715 O == aHe

AM = Jl= —
PR S e IR 2 OIE{HO|AL B4 058, 24| REST API 9

=1} Oy
C HYX] X L 0|x|1
OfO| At AT} SMILES B 2 HHX| X2| 7|5 0|X|&
- E0|X H|0|E] giS: 2
Binding Affinity 0= A| B Ct SSTR2 E0|X Cjolg giS: &
Apache 2.0 2}0|MIAZ PeptiVers Half-life CIIOIE| 52%: AA 1307, SMILES 245712t

StA K o] = bl H 41
StEEl Yl J1SX| M3 (s 22 S99 MEJO|E 0= A| A

AIAE! Q7ALSH

GPU E4:: CUDA X|& 6GB+ VRAM

ESM-2 Z: 2k 2 5GB (650M IL}2}0|E)

MR 4 14 Al: o 7.5GB (M4 cuML Zg)
|ZM (PyTorch, cuML, RDKit 5)

(EX): HuggingFace Repository — Full Setup 2129)

18
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IT/AAE 0] o &

REST API (Representational State Transfer API)
YoM T2 7|2 HIO|HE Falt= BE WAL o @ H2tX7F MH0| H0|E 2Fdk= AXMH ATEQN 2t S41= 740k LI

GPU (Graphics Processing Unit)
T M2 ZRMME, 3 HO| ALS SAI0) 288 4 ABLICEH Al B s5/F20) L4Ho|H,
CPUEL} 10-100Hf HI= tgig 2| =S HZSHLC}.

CUDA (Compute Unified Device Architecture)
NVIDIA GPUOIIA dfst ALt 3 Al GitE 2351 oiFe ATEQ0 SHE. GPU €85 flet 24 =41, 2 H|0|E X2 7tsotA

ol

fLC

1)

VRAM (Video Random Access Memory)
GPU M& MZd|=, 2& JH5X[2t LI0|EE GPUNIM X2 [ ASELICH Y Al R2U+E O B2 VRAMO| HQE!L|CH.

Apache 2.0 2f0[MIA
EX BA| 0= ME/H/HEI NRER RLEAA ZI0|MA HYH AHZ0| 7tS3IH, 2AZEYHE XAIREH 8T + JUSLICL

20



clefd 22 0] off2

CNN (Convolutional Neural Network, gid& 2149
MEO|L} O|O|X|OA =AXN INEH(ZE|Z)S = O S3HE MEY. 0: DNA ME2| EX ZE|X QIA 1t QARRILICE.

SVM (Support Vector Machine, A{ZLE HIE{ EHﬂ)
GIO|EIE TEGH= £X{0] AAHS S £2/35|7 Y, A HO|HHME D3 ASS HO|H =0|X0f ZEHCt,

MLP (Multi-Layer Perceptron, C}E HEE)

O3 02 TAE 7|2 NAY T Zo| e U HFslof w23 o

0z

M
o=
i

Transformer
t7|1F2|(Attention) LIS L Z ME MAQ] BAE SA0| &&. 21 M0 He| HOXI 7| Z2H S X2 HX0| 7HsEiL Ct.

XGBoost (Extreme Gradient Boosting)
O QAEE LIRE At AME DY AR /H| MY H|O|E{0f| ZotH

r
Jon
o>
2
~
ol
it
-
i

Cross—attention (X} F2J|)
= QI2i(BIELO| EHIR0| N2 25t 9IRS B0 45EE
Of: O™ HELO|= Xt7|71 OftH THuiEl HHAM Aotol=

21



SMILES (Simplified Molecular Input Line Entry System)
318t XS HAER B3l B,
0fl: "CC(=0)0C1=CC=CC=C1C(=0)Q" = oA L

Peptide-BERT
HEIO|E MY IHE! &t Al 22, M Of0| L At0E X|2, SteHY WY 27t

ADMET

or=9| HILH SEH: Absorption(E4
Excretion(Hi4), Toxicity(54)

Z), Distribution(2®), Metabolism(CHA}),

Pooled / Unpooled 2t
Pooled: Hat HIE{Z Q2 Unpooled: YX| ME EZ

|]:0II

f 0IE2 Unpooled At

Frozen (178)

AP ohE 23 JHSXIE Mets Sl0] ARS. Ht

i
Q'E
o>
(o]
0%
ko)
(o]
T
s

Spearman p (AIL|O{2F AFEAH|$)

=9 YA FF (C1~+7). IS MU &M LX|= HIt

Tanimoto FAITE
afet LX(2X} XI2) 2F QAKE £ X|E (0~1). SMILES S2{AEZI0| AL

MMseq2 S2{AHE

ME RAIE 7|8 HHE SHAHZY =51, Of0| =t ME HO|E 20| A

Similarity—aware split

FAFet MEO| train/testOll A0|X| =S SHAE T2 2. HI0JE £& YX|

datst/7= 80 ofl &2

22

PAMPA (Parallel Artificial Membrane Permeability Assay)

at.
=

re
O
ujo

018

o
-|rn

e EHH. logPexp 2 -6.00|H =2 £t

CACO2 (Caco-2 cell line)

QIZHHHY HER. B B4 U 42 SIH I AIZ

F1 A30{

HUT(Precision)2t Xi3E(Recall)?| X5t W, =7 HI0|E 25 M5 Lot

25H< (Solubility)

BN 5= HE. 4B MY U 4K 01880 B2

=M (Toxicity)

ML M0 si2L ™ME. ToxinPred3.0 SOZ 0|=

£8M (Hemolysis)
& M3 HE. HC50 ¢ 100uMO|H 8aM0z 22

EMA (Permeability)

MED ST 52 %2 B4 o 4F 0|88 2%

HZ

Zt7| (Half-life)

AN 7t U R FS0EE AlZh UE K|S AZHEH

ol
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