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Ligand-protein interaction analysis based on deep learning

oZhizhen Xu?, Jian Yu?, Toyoyuki Ose*, Min Yao®
'Graduate School of Life Science, Hokkaido University

Binding specificity/affinity between protein and ligand
are  key-determinants for molecular performance.
Understanding the binding mechanisms is not only for
revealing how protein function, but also of great
importance to drug discovery, enzyme design and so on.

Although experimental assay is the most reliable
approach for analyzing ligand-protein interactions,
experimental  characterization of every possible
ligand-protein complex is daunting due to the enormous
costs and time involved. Thus, with the recent increase in
protein structure data and protein-ligand interaction
datasets, machine-learning-based methods are rapidly
evolving to alleviate those pressures. Deep learning
architectures such as deep neural networks, which can
model complex, non-linear input-output relationships, and
perform better feature extraction and pattern recognition

from low-level data representations, have been shown to

match or even exceed the performance of the other
machine learning methods.

In this research, we applied the deep learning technique
to the analysis of ligand-protein interaction. For this
purpose, we selected the existing database as training
datasets and then established a deep neural network to
calculate binding possibility for rapid screening of

protein-ligand binding (Figure).

Training Dataset

W O R LDWIDE

PROTEIN DATA BANK

PubChem | #2322

Prot :

Binding
possibility

_~ _ Deep neural network
Target protein

Figure. The sketch of virtual screening with deep learning
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Structural Basis for Thioredoxin isoform-based fine tuning
of Ferredoxin-Thioredoxin Reductase activity

O Linda Juniari,

Hideaki Tanakai,

Keisuke Yoshidas,

Toru Hisaborie,

Genji Kurisu:

(1IPR, Osaka University,

oLLab. Chem and Life Sci.,

Tokyo Inst.

Tech. )

Photosynthetic electron transport occurs on the

thylakoid membrane of chloroplasts. Ferredoxin (Fd)

distributes electrons to several Fd-dependent
enzymes including Fd-thioredoxin reductase (FTR).
A cascade from Fd to FTR further reduces
Thioredoxin (Trx), which tunes the activity of

target metabolic enzymes eventually in a light-

dependent manner. In this study, we determined the

X-ray structure of three electron transfer
complexes of FTR and Trx isoform, Trx—-yl, Trx—12,
and Trx—-m2, as representative examples of three
classes of enzymatic activity (Figure).

Superposition of the FTR structure with/without Trx

chain structural changes

There

showed no main upon

complex formation. was no significant

conformational change for single and complexed Trx—

m structures. Nonetheless, the interface of FTR:Trx

complexes displayed significant variation.

Comparative analysis of the three structures showed

two types of intermolecular interactions, and
differential electrostatic potentials of Trx
isoforms may be key to isoform—specific

interactions.

A 48 B
FTRC y> Treyl FTRC 3 Toct2
\ g’
S

isoform

Structures of the three FTR:Trx

A, FTR:Trx—y1, B, FTR: Trx-72, C, FTR : Trx—m2

Figure

complexes.
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STARGazer |37 — Z LB/ N— | &5 —Z [/ S— MZ oo
NTCNWD, T =X — N TIXGUI ZHWCAH 7 7 A v
T A NE L EIEE L, FHREFETHRD, T —F AN
— hCEET %, =27 —FOfEE, UB 175106 T48
Lo — Il E Rk s & TR O#EOREICH N D,

A% J-PARC DON#EZRH J1 RN BIAED 600kw 7> B i KD
1000kw [ZHIINT % = & T, E—AMEEIT 167 Zl1c 5, LV
T EB DR WIS CORMEFETT — & JER ATREIZ 72 D

ZENTREIND, BIX ILHME T & AR LTROKFRD 1
WA 135ALLTFCTHIUT, BFBEANE LS THER RS X9
ICERFF SN TS, 135A B2 AHEmO%E. ERESCH
LA 20 12X > CIXRETBELANER HMENECH, £ T,
7 o T [EHTBE AT b SRR E R D BRICHE 0 HiE DR % %
BEED T 5,

2—P—lZ LT, B A N T M BRET — 2 E
TOFMEEE LD~ =a T VEERL, V7 bR L

\ - 4
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iBIXZAW-HMEBRE/ A= F—tHtOHEFHEREBERMN

OWH XK. X% BEI&. BT
(T AKZF iFRC)

PR A F 7 AW Salmonella typhimurium LT2 ¥k H 2k
JA T I =2 —PELF VICEET HDHEERHDO ST
NBED «-2,3 7Y a3 RiESE & MK RS 258 50 i
R THDH, ZDOFEFEIL Garman HIZ XV & & 1.0 A 4y
fRRE DAEE AT N SN TWD, ZDOIEMEEAL T B
AV ITINZUYF AL NVARK ) AT I =K —8 L IE
RNEL, FIEERICKELE 2N TWDL T X /B
IR SN TV D, IEMESIICH D Asp 17V =
VRAEOMBIZT e P AR T A E TR
FHoFPHEEKOERERTEZELZON TS, £L T
Glu EKFZRESZEZERT D Tyr OKBRIEN VKR T F
AR ERZERT D E VD KIGHEBENIEBINT
Wb, INOLOEERKZEO T e AR EE P T
fEm ST CIRET D 2 & TRILHEE IOV TH 2
RARNEONDIOTIERWNEE X, 5., B
ANFRBG BRI AIFTAFEBAEKD ) 4TI =4 —F
Z DT HMEF - X OB A IS AT 21T o T2,

AR 2 mm3 FEE O S &2 ERk L, EHR K T TH A
L7, 600 kW TEl3 % J-PARC MLF BL03 iBIX % H
VN T AREAT IRE [ B e - B B2 BR 2 4T o T2, 41 R dl 7 0%
IZOWTENZEN S FRIBERER 1.5-55A 01
ZHPEF DN EATV, RAAEBIZ 1.5 A S ReER 47
— X2 &G, [FAEORSIESIE THE O ok db & 48
L T KEK PF BL-17A IZ T 1 A 53 fEBe D X A7 —
ZEWAG L, BIIE, 2hvooT7 — X %EH LT XN
O R EMANT 21T > T WD, TR o 4y R e
DB W T2 . FTEIB S TH S D KR L+ 23
PEFHBELREEX ECTHE I TWD, BLIE, MG
BEALEITOTNDHEZATHLDN, B ATOME%E
b, o777 IV BEEDO T e b oAbk
BLEZONDICHEEIZOWVWTRET 5,
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J4 DL ERBHASGHREBRH2DERZREIICAITT

OE E—'. MB B HEk EA°. BF 28" Bl E—

LR 2!

(ABRK-E.’BBHEX-E, "ZEX - I, ‘ZTEKKE - B, "RRKEE)

7L R¥ U RFEMEE U ViR LB & (FDBR) 1T~
LARBHTHDIEY LY (BV)ZET L, LA
HZRICHANWON kA ) VEBEEGRT H— R
D757 IV—ThHb[l]l, FDBRO—DTHDHT7 4 F7
2EE Y (POB)VAMKEESE HY2 1X, fWick )5 EH
RBEENZEERTHL 74 v iafizlhondEak
THDHPOBEZBVILELAEMT D (M), ZORIKT,
BVODO ABERMNEILINDZ EWCEY, 7THRAMT ¢+ 7
o AIXPOB EHARHEAL. AR ERDL I ENTE D,

¥ 2 1L LLATIC FDBR @ —Ffi T&H 5 PcyA @ BV fi&
BN DWW T HPEFMEATICE D fE A, BV S0 filt i 7% i o
Zu bR EE, XU RNV BEICHEALEE Rr =T A
A A OB IR LTE[2], £, EEORES
IZ T HY2 @ BV fif & B B O X B b A & i AT R R
DOWVWTHAE L TWb, HY2 & PcyA Tl BV O &4k
AR T A= a rPNeE BipoTWniZ[3], EiL
FOSIEAKFEEE 2D DS T, PeyA & HY2 DK

FIR A % & A T2 SRR E O L IE FDBR 24K O G %
BEBMIT 9> 2 TCAHAEEZLND, £ 2 T HY2
O HHEF RIS WmT THR A O RBBICEIR Y LA TV D,
KERTIIRMERIER A NS T —0 B L L
T, ZVAZ LI H T FOKESH T ANLT 4
RG-S OMEZ B L CEALZ HY2 OMALRE 2T
EREOFERBES S FEBICOVWTHET D,
<LK >

H H H
0 qu-& N 10 N\ 1B N 0
WAL WBF S ‘ﬁ%fj’s} [1] Sugishima M et al. Curr.
Hs 3 18
* Opin. Struct. Biol. (2019) 59,
- o BY
l 73-80
H H N y [2] Unno M et al. J. Am. Chem.

Soc. (2015) 137, 5452-5460
_ [3] Sugishima M et al. J. Biol.
3(z/E)-poB  Chem. (2020) 295, 771-782
1 POB AMEFICL?
BV O & Jt )i
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ZOMYRBY Y F—LEFEST,

EKREE/BERHD

hEFRERBERN

OCEH

BF. X =4

(RKXES )

Z NI O RS SE T EREIT O BT, # v
NWNIBEDOKFIEARFZE (EAKFE) 1L, BHFAZ—
® SIN e ED DI EADFETH D, EHAKHNTH
B-FBRLCHARILDGELH DN, ERKEIEMTH
Hlo, —RWIZITEARFY X7 EREIT, FE L
THREERE-CH LR BICEAFZILRAEZH VY, =
i A BABAARBKICRET S FETHBEEIAT
Woh., bhvbiild, EAKRFERZ LT 572012, HEK
WCTH R ITEEEESE, 2o X BENICEKES
MOVAFEFE THhoHELEESRERT HFIETHY N7 HEN
O EKFZACZITY, RO R WX 87 B HEHKFZE
PR LTCE., ST AE N7 HELTEWNE TY—
RIEEBGRNEHIZELNDG =T NVIIAY VI — L% H
vV, BHEAKNTE, K, BIXOBIC LA LEERX
RLEAT-oTERRIC, Ty ba— il T
EARFBILENEND Z L, TEEMEFIEICL > THKSE

fb¥eniE> Z L 2R L[], 2L, BES (hidiE 2+
GHNENENDOEMSRBIEIZCL > TE ZEERLT
W5, BSEMERGOBEZTML M50, Zh
FCICMEN  FAMG, EEMEN FHAEKEOF
PR E P ERAED TE ), av ba—fERod
PERBREITEBROFERRIE BT D2 LI1CLD, EAN
EWHIHECI > THEMLEEKRKBEMNMEZRET D 2 &
MWABEIZ 2oz, T2 TIEINETITITo T2, BBIEEME
SR AL, SRR TR AR RS AR o TR ME 7 RR BT FE R
oW THET 5.

[1] Kita A. and Morimoto Y., Mol. Biotechnol., 58, 130-136
(20160).
[2] Kita A. and Morimoto Y., J. Appl. Cryst, 53, 837-840
(2020).
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