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[7] Antiviral agent discovery through computational study and calculation at atomistic level
(Hengphasatporn, Shigeta)

According to the Dr. K. Hengphasatporn’s previous study, FN5Y was used as a template to search
for the novel potent molecule from flavonoid databases using multiple virtual screening strategies that
newly develops in this study. Besides, several computational techniques, such as all-atom MD
simulations, pharmacophore-based virtual screening, molecular docking, binding free energy
calculations, and FMO method, he has also developed a program to predict the possible binding sites of
structural protein using a Python script and confirmed the results by the molecular docking method. In
addition, the trajectory from molecular dynamics (MD) simulation was analyzed the binding affinity

using the integration of quantum and molecular mechanics approaches, including pharmacophore-based
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virtual screening to search for the novel potent inhibitors screening. The inhibitory effect and binding

affinity of flavone derivative (F18) are greater than FN5Y about three-fold at 4 binding sites, which is

confirmed by computational and experimental assay.

Another study, our team reveals the inhibitory effect of phenolic lipid; cardol triene, on dengue E

protein using cell-based assay, and the binding pattern and interaction is also supported by the binding

free energy calculation. However, the time of addition study showed the series of inhibition that result

indicates the compound might disturb other proteins and some inhibitors cannot be specified the protein

target based on an experimental study. The possible targets of this compound were predicted using a

homopharma concept and network-based method as shown in his recent article.
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The overview of this study. (1) FMO study of lopinavir and ritonavir on SARS-CoV2 3CL

pro, (2) Dengue viral target identification of phenolic lipids, (3) the estimation of acid dissociation

(pKa), and (4) the study of multiple virtual screening strategies.

He theoretically estimated pK, of N-containing heterocycles in DMSO by a quantum chemistry

method with a polarizable continuum model, which was previously developed for estimating pKa of

molecules in water. Furthermore, he also calculated the permeability of middle-sized drugs through lipid
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bilayer using steered MD and umbrella sampling method. Also, his research focuses on structural
modeling for biological systems, for example, to evaluate the rotation of the transient receptor potential
cation channels (TRP channels) and model the 3D structure of CDK-related protein. Recently, the
fragment molecular orbital (FMO) method has been implemented in my latest article in order to carry
out the binding pattern and energy contribution of the anti-HIV drugs on SARS-CoV2 main protease
which is the cause of COVID-19.
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& TIE M. maris O SRGEHINLE 2 fEE TE RN > 7278, 2019 FHEIT 338 BB T —F &7 v
TTF=NLET Lo & 2 A, REWMNR 7 ) T FAZAEYBEOIEBIAE ST 522 &08, mn
AT RN — FTlETT Sz, £/, MRRNIEAE LT ¢ A ERIRL LT 3 O E
BB ORHEMRZ 75 BioF7 —ZIC K D FECAIT 2 2 L3 TE DT, ZOMTIC
DWTHET % (Sarai et al. 2020 Proc Nat Acad Sci USA 117:5364-5375)

338 EI5FT— 4% IZE 3 < Microheliella maris M KL E DR ET

IHVET 150 BARTRENOHERINDT T4 AL b T =2 25 b TEBEM O RGE
Mz L T&em, 2oV A XDT — % Tl Microheliella maris S°AFLHE EZEY) SRT605 1K
D BRI E Z B C X 7 2 & 3B L 72,2018 AR EE 121 7 F 4 Dalhousie K% Gordon Lax
FEEAMER L7z 351 s 77 —# (Lax etal. 2018 Nature 564:20-27) D435-%%1F, 2019 4
ZZDT T A A MTHx OERD & % EMEN S OT —F 2B L, KEBCRGEAFT 2 B
L7z B38BIETT—4 ; A5 98,904 7 X/ WRIENT) . Z OfFNTIZ XV Microheliella maris
DR B TR E T2 LN TE DT, ZOMEERET 5,

2018 4EE DFFHT T M. maris O RRHINLE PR LERIFIN & & 2 b eT v 2~ HAOEST
— X2 %7 v 7T — L%, AT T, Ty 7T — MED 338 BT — X HEILE
NI AR (K1) T, Lax bR L7z 351 BIa 7 — XIS FHTHER (Lax et
al. 2018 Nature 564:20-27) LB XXX E LW RMBEMENIEIL SN, 6127 U7 Mg,
I =AFF 2F (Hemiarma marina % 5<12) | X7 V77 U R$, Palpitomonas bilix 7> 5
MR SIS 7 U FTF AL EMBENEIL I AL, M. maris 13O GREEIZL LT — A
N7y ME 9% DR AR T Tl Le (K1) o ko> 338 ST — 2 > b OfFHT#E R
S M maris \IZOWT 2B ORMNARETH D, £ M maris 137 ) TF A2 EYFED
MR L IR CTE D, — 7, Momaris 1£27 UV 7 FAZEWYFIITEZENT, 7V TF R
SR IR L 2 DR THDH E b EZ DD, b 2 DOMROZ L PEIZ OV TR
AT A7, O RENT 72T Tl < M. maris & IR#i72 7 ) 7F A L W T ORI
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PNBGHIARE I O LLES AT A LB CTdo D, BIfE, 338 AR 17 — XIS < M. maris O HZAAINL
EICB LT, 3GRICHED DI 21T > T D,

AW 8
—— 7 OFY oy = s, =
59 —— 1. 3B EBIEFT—RICE IR

L %48, Microheliella maris (%
DIFRAEMBFE (VYT LE. T
89 —rhE
M% —HEFRE. HETLIFUR
99 a )| j"g: 1,9 #8. Palpitomonas bilix % 5 < )
r Microheliella maris DESMNSHIE LTz, M. maris &

ASTAFITAS JUTFRAEYEE OEBMEIL
- . BEAZET—FR RSy TE 99%T
TAADIN zmanr

XIEFAR

TSVLEFR
PFOEFR

FENIAT

5 BEFT—FICEIRBEBRE (ERKW) 2R OBEEE 3 BORMKEAROKE

REB DA FRMEREE BRI D kB k> TR Sh AR (YT =206
FIR) =HOMN, 3 FOMMETERE. Lepidodinium chlorophorum, FRiC#imHEE#: 2 F8 (MRD-
151 BE3B LYV TRD-132 #%) TliE, AR ONY 7 = aRENREEICH KT 5721 7 ¢
Voa kb S REAGERICERIN TS (Sarai et al. 2020 Proc Nat Acad Sci USA
117:5364-5375) . AL T E TIZ LFE 3 OBFERST /) AESIZERITRE L, @A Lz

(Kamikawa et al. 2015 Genome Biol Evol 7:1133-1140 ; H27 4FBEAR R R £ ; H28 4FEEAE IR R
HE) . REETED D BAFERT— RO 51 EE ISR SRR CIX, Bt
P 3 FEOREAFIRORIRIT T « /#E, & <IZ Pedinomonas JE\ZWGD Tilifx THH Z &N
e TH s (K27/4) . Lo LimdiEs 3 Mo NS 2 5 < ) B IT A
WCRES R 2D, b ULERBEREL L LITEIEREDAWVITEZR CTRWEIRET H LT 1/
BEOMBANIAE L BRBEPMNLITEE 72 & B2 X5 2572003, VAR Y —24 rRNA BIs5 1
BRI & 2 RAEARAT ClIfk i £ 3 M ORMBERIC O W TEmA I 2 LN TE 2
ol ZZTES ) La— RO T5 BIBFNOIERESNDT T4 A T —Z ZAERL - T L
7o EDORER, L. chlorophorum, MRD-151 £33 O TRD-132 #R D fig £ RFIL AT IR & 13
ROV EREWVEY AR — b TS (K2 F) o fEo T, iR L T,
AN AEZ R T RT ¢ ) BOBHEREIID < b 3ERI > TS EE X LND,
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Glenodinium foliaceum
Kryptoperidinium foliaceum
Durinskia baltica
Scrippsiella hangoei
Heterocapsa routundata
Symbiodinium minutum
Symbiodinium sp.
Pelagodinium beii
Alexandrium margalefi
Lingulodinium polyedra
Protoceratium raticulatum
Dinophysis acuminata
Proracentrum minimum
Gymnodinium catenatum
Lepidodinium chlorophorum
Togula jolla
Karenia brevis
Karlodinium veneficum
TRD-132¢
Noctiluca scintillans
-151#k

I . — ] R D
—T A RL-Z HHETD ol_._ Oxyrrhis marina
—_— Perkinsus marinus J\—# 425

Lep;dodmrum
Pedinomonas tuberculata 83
Pedinomonas minor
Marsupiomonas sp. NIES1824

FCHAT /RYPF-TO1H
FAVR oOS550=A>%E

I
i’\T‘f JE
A 84

FLARFSFER

BEERN

0.1

B2 #HShREREEE3EOERERM (£) LEIRHM (B) . &: BRAKI— RO 51 BETICESCRARH
#f. iB¥EEE Lepidodinium chlorophorum, MRD-132 ¥, TRD-151 #%(3BER#F L LY, RT 4 / BDLEH TH Pedinomonas
BIZEG LGz, COETHE, BEERLRTA/ BV L—FUNOTBRDT— R Sy TEFERLEZ. B: %5/

LO— RO 75 BEFT— 5 CE S BARME. BBEE3BEERRKLASHNI LN BLWI— R 5y TETEH
SATWS. BEDBRIET— R RSy FE 100%%E RS
(2] B LS VRV T b—L - 5/ L@

AEBRMERMENOBREYT / LIEF

Fox 1, 2 E Tl 3 FEOIRHEESL, Lepidodinium chlorophorum, A FC# R =B 2 fE (MRD-
151 BRI LUV TRD-132 %) DEFEE GERkER) 7/ AEdYZ27E L= (Kamikawa et al. 2015
Genome Biol Evol 7:1133-1140 ; H27 SRS 5 5 H28 AR EARR IR &) o BIEILFEINITEH
RERFET U7 EWERREN TS o 7 — AR, SisfmtiEL) 2335 L, MRD-151
I LU TRD-132 RO IEARGEHGR LA E T TH D, MHROLHGR XA HR Sz, &
FIRT ) LDIZT DL OBEICIVEND FETH D, EHIZ20BFENHIE, [HF40
FREIMEERL ] OBAEERYT ) LB IOX 7 LFELTY ) A (BT 4 ) BOEWE) O
i A Bida L. BUEMITh TH 5,

HERE A O . — BIER LA REES O 2 IR KRR DSMSIIZE IR Z - T
WD, ZONERIES D 2 IR ISRFE T, Mk LAt aB R 2 REEL T D
T2 A REES ORI L O B FE AR %%%%%\#%éﬁMLtﬁﬁ@é$%€/
DT A OO SRR - I FERS L & L [RIFZE & o0 C & 7= (Kamikawa et al. 2015 Phycol
Res 63:19-28; Kamikawa et al. 2015 Mol Biol Evol 32:2598-2604; Kamikawa et al. 2017 Mol Biol Evol
34:2355-2366) . F7o, HEE L IIRMACHEN T2 U 7 NERIZIBWT 2 IRIGZRIESLA BB AN
SERBEGRIE TR Z 5 TV D Z E RS- TR Y ENCRH AR AR - SRS L L 3
FENAHAL LTS D 7 V7 NEDOFEIRT ) DOEGH T T2, T OWFEERIL Genome
Biol Evol FE\ZHg# S, T OMEE LI FIZHE T2 (Tanifuji et al. 2020 Genome Biol Evol
12:3926-3937)
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ZOMFFETIE FENERANEZ U 7 k2 FE Cryptomonas sp. CCAC1634B 35 X O SAG977-2f,
HARNMED C. curvata CCAPIT/52 DEFEIRY /) L fiRge L, ZiVE Clofifme S nizftho 7 U
7 NERGBHFERT ) LT 21T o7 (K 3) o IEHIEGRRS ) 2613006 Rk B
BAR T ORI L TWER, FEHARFETH 5 SAGITT-2f BRDO SRR 7 KZidb 7z
< &H 10 HOEBR T2 ST, A RMEARES 7 AR CILE S FIEF X R R AT
ENTWEN, 7 AP LT IEE AR OGRRTIEY ) AERESEEICKR . 5722
EMVHIEA LTz, BRI Z &2 CCACL634B #EIS L O SAG77-2f #£ TIE, ifE & & ARk
PETHLIZHEDLLT7rr T v a BRICED B FRREINT W, £, TITif
e TR S NI IEEE HE C. paramecium CCAP977/2a DK ) MZIZVE AT L Z DR
HE R F RIS oS, RIS TG SNV I B UERRER T ) LD EH HIZH /L E X
BB TR A INR 0T, RBIRIZE D SEBREETI O 2 WK KIZIE S BFREKT ) L
FOBIET L /3= N — O/ NEBRRIIZZHRERNH D 2 2L o T,

il

vt
!
-

Cryptomonas sp.
CCAC1634B ..

80,503 bp __

Cryptomonas sp.
SAG977-2f

Cryptomonas curvata

o

CCAP909/52
129,974 bp

106,661 bp

B3 MELLY )T FEIBOBRRES /L —FBEDS
S LOAXERE. BY 2005/ LITFERERETHD.

SR N F"J7’7’/Aﬁ¥*ﬁ'
Ferld, THETRBEICEHEZI Fa R T M) 7 LafRi L, B-AEwEC
BITD Mt 7/ LOHE, Bin . FTEIMEAS > e OEICOWTHIE A2 T > TE T2
(Masuda et al. 2011 Harmful Algae 10:130-137; Nishimura et al. 2012 PLOS ONE 7:¢37307,;
Kamikawa et al. 2014 Genome Biol Evol 2:306-315; Nishimura et al. 2014 Mob Genet Elements
4:¢29384; Takeuchi et al. 2015 PLOS ONE 10:¢000132030; Nishimura et al. 2016 Genome Biol Evol
8:3090-3098; Nishimura et al. 2019 Sci Rep 9:4850) ., H30 FFEEICHE L72i@Y | Fx 23 LT
7 ) FF AL EMFEC S5 END Hemiarma marina D Mt 7/ & BALSEHEZERT (BLR UK
%)-Eﬁﬁéﬁtﬁ%ﬁbkﬁt<&U7%x&$%ﬁ@#%MTkéﬁ57v77Ux
\ZJB 3 5 Leucocryptos marina ® Mt 7/ 2% & H CTHGER L & L C Frontiers in Ecology
mMEmmmnm:&mLﬁ;Qmoﬁsﬂfﬁmfﬁﬂﬁk2m0$4H24H§ﬁ)o&%ﬁ
COWNEIE, H30 FFEICHE L@ ) 2D THIET D,
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B30 ) TFAZEMHEOSHME L L2 AT 5 1 DOFRE LT, AR
DETEEM O Mt 7/ ZOFEFEIZIRY #lA TE 72 (Nishimura et al. 2012 PLOS ONE 7:¢37307 ;
Nishimura et al. 2016 Genome Biol Evol 8:3090-3098 ; Nisihimura, Kume et al. Front Ecol Evol 2020
8:140) . HIRIRNZ iz, [1] HHEEMEDMORMMOULEORT THE LIZHED |
Microheliella maris 137 U 7*F A Z EWRITRO Tl CTh b EFEX HiLDH, £ T 2019 4F
FEITIT, MEERTZEPR TS - R BRI L & 3EF T M. maris © Mt 77/ DREGEHTELY #4725
7o (BUEMHTH) o M. maris © Mt 7 7 JZ2W T, 2020 4EFEEHIZ 338 @fn 17— Z f#T ¢
TR ZHER S V72 M. maris O RAFEHINLE & BDOETERIGHLE LTHERRT A2 TETH D,

RAEFZLARE LU OB O Mt 7 M2 TE L T % : OF ar S EY) SRT605
¥k, @SRT312 ¥ (Glissandra sp.) . @SRT706 ¥, @WFH FLH Ammonia berccari, & HHEL H

(Didymocyrtis tetrathulumus & Acanthodesmia viniculata)

iB¥EEE Ornithocercus magnificus [CEX&ET BT /N9 T VT DT/ LR

BERAMIT ORI Y Vb2 25 I hary N7 BEREADLER AL Z 2
O EBFRE CERME) OREBIX. TN ENMNILE LI a-T 0T AT T VT LT IR
TIVT ThDH, BREEVELOMMERETING 2 MEOA LT X7 BN LTz 2 L IXHE
WA, Z OREALE R TIAMIE & 15 EEEMIIC &0 &5 b & 7oy, R
B 72> B 1 BRI S S D ANV TR T ~DLEAE TRIER L EHRIITIZ - To DN TFH S h
TV, BUFT 28 AEMICRBITS2I hary R 7 - BRIEIANVITRT L LTHIL S
TRVEHEARE L TREY . AT IEOPEE TR I2TH S 5 1~ hOEBZ &
DIFHTENREEL, —FH, FEOEEAY TIL, HEMRIKFELTWDLINI har R
7’%)@??14‘ EETEEIC L DHME « KAWL L TO WM 2 S5, 20Xk H7%

M — ERZ A A R ORI LA BT 2 R - B arRE 2 A T hiE, TomA

E**E%J@%ﬂﬂ;ﬁ EETREEI bar R T7TRBREOM 2N TS5 -Bie s, Th
FTHAIE, mAnT o TREREOMEMNICEAETDEREEST N7 T VT (FEHE)
MR AE ST m e 7 ¢ TREERIZ OV THFZE 21T - T & 72 (6l 21X Nakayama et al.
2014 Proc Nat Acad Sci USA 111:11407-11412; Nakayama & Inagaki 2017 Sci Rep 7:13075) . £7-
T id, B RALRY: - Al AR & SR [E TN I EE R B I SRR D M E RIS O
TR 24T > T & 7o 2019 AR Z DAFFEDHS 1 % Proc Nat Acad Sci USA 55123 FRK T 2
ZENTEEDOT, UTICZEOMEZHRET D W%wmmadlm9HwNmmmMﬁUM
116:15973-15978)

—RIZT T NI T ) TIRBEREEICR T S —RAEERE L LTHEREWTHY . ZhE
THMHAERMEMEZ T2 DA, M, B EPRAICHIES N TE L, S BIZES, i
TERUZEY) &M O A D BHEBNE . RRICEEMAED L RAERBRRICH DT 2 N7 T ) TIZHon
TOMANERLTBY WEERRIIB I 2IETT /"7 T VT OBEBENEH S Lo
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Db, LnLBUEDE 2 A, WHFREIZRIT 2AETT /"7 T VT OFFEMIZ OV T OH
EIE oy E XS 20, AR Tl BSRBEWIRICAE T 2 RH £ Ornithocercus magnificus
OMIFASMEERICIAET D7 2377 U7 (OmCya) DF ) DERE LT, 7/ LEHID
FE L LTSRN i, OmCya X2 N E TOHBAERMEY T ) "7 7 U 7 2l & L-hf
TR SN TWRVWHBORK TH Y . TN E THFEABRICEE &R Z 505 L35
ZONWTWOMEST /N7 T VT Rt LD Clitg T 2 LHEN S iz, A Z 57 ) DEHT
TlX, OmCya lIREK AR Z R~ — ., M s BBICFT 22 L, 2
NHORRAERET 5 & imHiERE & ERRZ © D OmCya IZZIVE TITbILZ A X 7 ) A
AT CIEABM SN Tz EE 2 Hid, OmCya Liltfx/e B AIEMES T 2 X377 U TRIT
B /N— MY —%&k#k U7z & 2 A, Prochlorococcus J&>7 /N7 7 U 7 &£ OmCya XA
BEDT ) Agik %~ LTz, Prochlorococcus (X B RAETEES T 2 327 7 U7 D H 6 The biffi
BL7=7 ) 5% FFO7, OmCya & Prochlorococcus OD77 ) AKEIBIZ A WITIMNIIZE Z » 72 &
EZ2 N5, 15 ER & BREIZIAET D OmCya DI RIL, WBRES T /N7 T U T DLk
P, AR, ERICEERMREZ 720 Lo, £ EFRRIT, RO RIT, BE-EMAEY &3t
AR Z RO AT LT N T U T SRR TR T D R A R T D,

—

—

Size of protein reperioire (number of protein type)
Prochlorococcus clade ? 5c|° 1000 ‘55'? ?BOCII 250(:
Prochi. marinus MIT 9312
Prochiococcus sp. MIT 0604
Prochi. marinus MIT 9301
Prochi. maninus MIT 9215
Prochi. maninus MIT 8515

0.2 Substitutions/Site

sp. CCO902
Synechococcus sp. WH 8103 Synechococcus
Symechococeus sp. KORDI-49 subcluster 5.1

|

6. RCC307 | subcluster 8.3
Paiinelia

[l Gyanobacterial ‘Core’ Protains [l Others

mmwmmm

Synechococeus sp. WH 5701
Cxwmobs ke POC 8907
— «= Symechocystis sp. PCC 6803

——————— Synachococeus slongatis PCC 6301

Synechococeus subchaster 82 | Outgroup

4. k : B¥EEE Omithocercus magnificus DXFBWHHEETE. RBEFHRELLIT/ NI TUVTERT. BR: 48R
FT—RIZEDICEEEQLT/ NI T T7OREZRGE. BEERICEET L7/ /39717 (OmCyn) (£, BEH®
BEVT/INITITERLBIHHERHKTHD. B BEEILTFT/ NI TYTE OmCyn BITOR VNGB L/IR— 1) —
D&, OmCyn DEDZ VNI BLNR— M —[EthOBBREEERHEZGELIY LNV, BEERLOHEETETT
OmCyn 7/ LIEHER LIz&EZA BN B.
iR U7z O. magnificus OITiEAE T 5 5MEVE IR TESE Histioneis depressa 1%, OmCyn & %
B GEOREMEEREFL TS I ENmhole (RERT—F) . BIE, Bxlx H
depressa 7553 BE LTI O 7 ) LABLHNZEIT L TN D, Z OFFEHTHRE RIS DWW TR

FELIRRIC 9%,

(3] RIFEBITICB TR AERARS LUV VNI EIAFELE L D FELLEHE LR
Ao\ B FEERR A S0 CysN- EF-1a D EZ D&
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B R RF EF-Tu & EF-la 13% v /7 EERICEET 5 GTP IR iRERETH D |+
TOEMNZ L > THHEADZ XV ETh D, MEED EF-Tu & il - B4 O EF-lo 13
HUMIHEFETT, 1 EEED D 3 IREEE LUV T O MR 28>, 7272 L., EF-la & EF-
Tu OSARHEE 2GRN BT 5 & EF-la D N Kifi KA A VDO 3FHD a~V v 7 AT
M5 2 WAEIED, EF-Tu IZIEFFAE L 72V, EF-TWEF-1a 13\ < O ORGEHR & v 37 B O
JRETeoTHY EECHEEE & ATP ST T /v 5" VIRLEERE 2 AT 5 ATP A
N7V L—RAEHRT 57 2=> § (CysN) ZZD—fITH D, HBEZHENZ LIZ CysN &
EF-Tu/ EF-la & & B2 FRMMTEAT O & MEZ /X7 Th % CysN 1Z[A U < ME &
X7 THDEF-Tu L0 b lHIE - E4EMO EF-1o (240 & 72 % (Inagaki et al. 2002 Curr Biol
12:772-776) . Z® CysN & EF-lo [l COURRMENIE L2 51X, CysN O =& 2 EF-la
BREAG72 o~V v 7 ANIFEET D AMREMES BV, LA L EF-lo F7 58 A o ~ U v 7 ZF 405
D3 EAREE CysN #tdh (PDB %% 1ZUN ; Mougous et al. 2006 Mol Cell 21:109-122) H1® disorder
FEIIC S ENTTD, 202 RIEEDN 3Ol (K5E)

P 2 VLA AR B ZE R P A Ay B RE 1 0y B OO JRUH B S HE SR & JE[F T CysN fEda o
disorder fE}k7% EF-1o #5520 o~V » 7 ZZTERL L 9 % D EFED D D 7280 K3 OfKAR B
CysN X /X7 DR fENFyIalb—rarkw 2 v 7 aibiitoiz, TORE,
CysN # /37 {0 disorder kX o ~V v 7 A& L 2 5 & THITEZ (¥5) ., 2D
FERIT, 0 T RFENT T/RIB & 72 CysN & EF-lo MO E & o /3 7 BN ARKEE ) FL
DOMTRT HFER & o7, BUERBAWERZ PO, ZORMREEGHLE LTERT S
TeOIZHE i 2 D TV D,

MG gl LRFATONE | em
(PDB no. 1ZUN) { Disordertit ) SRl B T . .
? FURAER-= . E5 CysN 2Ry BEO= RIS
RE y () ERFBNPELIaL—T 3

¢ VICEYHRASH-ZRBEETIL
() . ERMICRE SN-RIRE
CysN 2 /D #58IZ1% disorder %8
HENEEND () . 2 FBhEDS
aAl—2avn#ER. Z 0 disorder
fEEIL EF-1a BFE MG aN) v I R
EEOWHRMENTE I (B) .

Zoft, B &R OFRIFRKEHRT IR - C R B A A 2B DE IR RIZHONDTO
MG « 3 FHEALRY RHD O OMGEAIT > T D, 2 OBFSE S AEmEHFH P A g Re I H oy
B & DILFETIT > T 5D,
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. BB
EAKE, Ft (), WXL BEEAEMICBITAS SMC X o0 77 2 ) —D%EE b &
TRy EE A
INRREAY, St (BRR) , GRCA  BER - PR REREE R D SR A X | R ITB T S fifkE R
REEEESE DAL,
EriER L
L

ZE. SNEER. MMIEESF

OS2 A AARBAEEMEESRS XA NS L TF—2 a7 U— L, FEHE, 2019
10 H 26 H

SRR E &

1.

Gwr, KA, REK - OB RIRERE, &8 EA)

Blbse B4 FURATIE (B) , fdEthE] (RER) , 2019-2023 4L, 44 -
R EER R 13,100 TH (R1 FEEHRE 2,900 TH) , I F=FY7 DNA
WY AT =DM L LR GREE 5 19H03280)

BHemt e afiBh4e  EESEFEFFEmE A (ERRERIER®)) , fEdi= (R
#) , 2018-2023 4R, AHH : RAFEEHGRHE 13,700 TH (R1FEEHERE 2,900
M) WERERE RN IR T 2 M Rk O 2R MR RS> 18KK0203)
Femfse g adiBhe Bt (B) , fidEthi=] (040) (RR&FE - A1) , 2017-2020
R, ZTEE . RFEEERE 17,420 M (R1FEEHRE 3,100 TM) , XSG

AN OIS L DR RY]T GRS 17H03723)

FHemt e g aiBh4e  EREFEFRME LS (ERREFREERIB) , BAES (R
), 2019-2022 4R, AfHER - AAEREE PSR R 18,330 TH (R14F B ELEERR A 3,300
TH), 7ANV=—XEWYRRCBT 5 Fhar KU 7EEA LT R T OREE(LO
fil] (RS 5 19KK0185)

Brenrse i BEESE (B) , HIUEF (RER) , 2019-2021 L, (44
P EERE 15,210 TH (R1 FEESRE 4,100 TH) , ¥ =48 dumedt A pk
Vs AN D LB FRBLE v U — 7 RO RS 19H03026)
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6. FBHEFFREMBE HEME (O , AREZ ((RF) , 2018-2020 &, {14
PR 4,420 T-H (R1AREEELEGRE 1,000 T-1) , KBS ERHEE — =
AW OREE &AL %ﬁ’%%ﬁﬂﬁx#! — (%5 18K03820)

7. BEERRREAMIBIG AT %(m,iﬁﬁﬁz<%ﬁ)(ﬁ%-&%&ﬂ%),mn-
2019 4R, ZSfH4E AR EHRE 17,810 TH (RIS EHERE 3,000 TH) , A
%Emﬁﬁé%%%%%®%%—EWM®7?y&ﬁy&x%%<—(ﬁ%ﬁ%
17H02978)

SNAYRLEEHE
7L
6. WFREME

(1) BRI
A) EHEMEHRX

1.

Sarai C, Tanifuji G, Nakayama T, Kamikawa R, Takahashi K, Miyashita H, Ishida K, Iwataki
M, Inagaki Y. Dinoflagellates with relic endosymbiont nuclei as models for elucidating
organellogenesis. 2020 Proceedings of the National Academy of Sciences of the United
States of America 117:5364-5375

Tanifuji G, Kamikawa R, Moore CE, Mills T, Onodera NT, Kashiyama Y, Archibald JM,

Inagaki Y, Hashimoto T. Comparative plastid genomics of Cryptomonas species reveals

fine-scale genomic responses to loss of photosynthesis. 2020 Genome Biology and Evolution
12:3926-3937

Ciacci C, Grimmelpont MV, Corsi I, Bergami E, Curzi D, Burini D, Bouchet VMP, P.
Ambrogini P, Gobbi P, Ujiié Y, Ishitani Y, Coccioni R, Bernhard JM, Frontalini F.
Nanoparticle-biological interactions in a marine benthic foraminifer. 2019 Scientific Reports
19:19441

Yuvama I, Higuchi T. Differential gene expression in skeletal organic matrix proteins of
scleractinian corals associated with mixed aragonite/calcite skeletons under low mMg/Ca
conditions. 2019 PeerJ 7:€7241

Nakayama T, Nomura M, Takano Y, Tanifuji G, Shiba K, Inaba K, Inagaki Y, Kawata M.
Single-cell genomics unveiled a cryptic cyanobacterial lineage with a worldwide distribution
hidden by a dinoflagellate host. 2019 Proceedings of the National Academy of Sciences of
the United States of America 117:5364-5375
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Arisue N, Hashimoto T, Kawai S, Honma H, Kume K, Horii T. Apicoplast phylogeny reveals
the position of Plasmodium vivax basal to the Asian primate malaria parasite clade. 2019
Scientific Reports 9:7274

Sakamoto K, Kayanuma M, Inagaki Y, Hashimoto T, Shigeta Y. In silico structural modeling
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