HERY I 2 L — Z TN — Earth Simulator JAMSTEC Proposed Project —

75 7 A ¥ oy FIE LD P BRI
- 7 A IV ADZHERNDR G R~ -

T
i IR EEERRERSE RN R G R v s —
%

Jull aET, SRR RERL T, FIREET T, OB MC W BT
B EEAT, KA FIEET, W gLt gEE MOV, R &
2R O#hiET, mE ES BB AT

*1 MEPERTSER e A B AR v Y —

*2 IEEERTSER SRR IR v v —

*3 EEEIFFE RS REAE  REE S BRI TR 50

%4 PERTSERIZENEME R - SN AR BT SR 5 T

*5 R LZERY LA

%6 KT KEBEY 27 LGRS

*7 MBOKFE  BFEMLEER

%8 HAKRS =

%9 FEEHMRAWIZERT N4 X T4 A IVIEFEER M

%10 WELERY

*11 MRS SR AES

ARIFFeClE, HERBIEZLA RO T — U A VAL ARYEIC G52 28 A ¥ 3 2 FCEEE R L4
VAL ZDZEEROREEREREEZHIRY I2 V-V TN T L2 HIE Lice ZOMITICIZSHEAE L ZNCHE
HIANREY YT EOEMERVAEEPLETH LI N, ZOHEMPEMNTHIMMETA VA (B bOE—-LY
TANWAR) DARTIVFZ V5T, ZOZHRETH S SLAM B X U Nectind & DFEGE 757 A ¥ MrFE (FMO)
FZX VIR L7z ZOKE, & b SLAM TiE LYS77. GLUI23 i3 MVH & O CTHWII WM EER 2R LTBY,
NS DORERMEFAMFB TRAESN TS Z L OEYM A2 T SLAM OB L OE—Y ) 74 VA L OMEEM
WCHEEERBEIN, /2. MVH (A8H) & Nectin4 (B§) MBI EIER 2R 35RIERT L4020 o
I HIZ, AT OB EMRNTEERICB W THEBE L RIBIN 6 DOIEMELET I VBBRIEED ) B 3D (Leud6d, Pheds3,
Tyr543) e EN/z. SNOHORHRLYD. FMO BRMEIC X 2 7 A VA - R A b HEAERBAT O F HYEA 7R Sz,

F—T—=F: E-CYIANA, KRBT A VA, ZHK, SLAM, Nectin-4, 7 T 7 A » b3 Fiil# ik

1. ZL®IZ VA NVATHEMRE T A VA (MV) & bDZEED
MAEOHIRBREOZLIX, EVOBERLHA 5 - BFRE 75272 MaTiE (FMO) B2 & 0 T3 %
BT LEZON, TRHE-T. TOAEYORYE:  ZrxHME L,

HEDHAOEALT HEEZ SN L, WAL TD 2 i E—EYIA VALV RLMESEA TV DIHKE Y
HRBEHECTL, T—C ) YA VAL DBYIENKE A NVATHZOZHEAREOMEEMNIZTI Y Ea—510&
AR THIMOEN TV EH, HERRBEOLLIZLY LTSN L, ZOMEMEAE I Ea—
ZONTNEAT DU H D, TNOHOEYOREN SIS DHL2ICHESL L, FEFEEORVE—
TOREOTFENIEE EWEMENOBMBREZRD T B A VAOEIHEEESEO LI T, T4
LEROBMAEEII L b, AR TIE, 20X % DX LRBHWEICZIOI A VADPERETE L 00HEE
BELZENELLTE-CYIA VAL ZOZHEROKE TE2I9Ch2%E, EERERIEOND LIS
ZHWERY I 2L -5 TN L., ToEEEHEET A b,

LR HEL LTS, COMITIIEZRRETLVAD

R IR IR L ETH B, L L, WEMAE 2. B4 VAL e bOZEMRE X O s
DE—VYY 7 A VA TIEZEDWHEOARREE A S A2 MV OFi4, EEZEREMEERT 203~ 7V
HoTWhv, 22T, MBEOVVAREESH S>> F=22 (MVH) Th b, MVH PR T 548 EZHMEKIC
TWC, BEOZEENFLSGFHEIET L POE—E  1Z, OCD46 (WDIZROD o 722 HKTEH, % THE

251



Annual Report of the Earth Simulator April 2015 - March 2016

BT 7 FURPZIBFAT L2 EHHP L), @ SLAM
(% DEAEKRY A VA DKW O ZHK) . 3 Nectin-4
(7 4V AHEGERAG T A S BT 2B 5 Z818)
DIDPHMOENT VB, TNHED3IZHEAEIVTNRY,
MVH D F T CHIBICH G5 5 & 25 i S i <
HEPZENTWD [1]e T A IV ADTE E4FREICED S
DX SLAM ZHERTH 5, WFZeikiil & L Cid. MVH &
SLAM DA HAEH D W TIZ 312 JAMSTEC 234041 L,
MVH & Nectin-4 # EAE IO WTIEF IS A KFETHED
HZ 27

3. ABINIT-MP ®#i ES ~D#Hii

SERE 27 AEBEICIZHER Y R 2 L — ¥ OB Th D
T, 9. FMO it 7 12 775 2 ABINIT-MP ®# ES ~
DB EAIT> 720

HBI/N S VR Tl ES2 & R e YERE DS 5 L7z A5,
MVH-SLAM L HFEEDO KX X2 DRTT X MatH % FE it
L7-L 2 A, WHHLRIERE 2 D B L 2GR L 2o 72,
ES H AR — MZHIEE L. 2015 4F 12 H I REE AT A3 e L
oo B, 797X MRTHATHEHRBZERKL TWS
AoV, BHET v 7 BRI ERANIHEM L. Rk
(Zallreduce $A5EI)ICT—F2EH LA, TNITLD,
64 / — F 256 2 7 TH 22,000 %o TWIzEHE IR
3,500 B2 A L7z HES TIXES2 &L T, /—F
M720 OAHNVEA 12, 7 — FImSEMEN 18 Lo/
72, GO IT— FEBRLEIC R 722 E 2 bh,

4. FHREE

SLAM-MVH # 44k (PDB: 3ALX). Nectin-4-MVH # &
f& (PDB: 4GIT) O &#5 S % H W T, #& R Tl
WHEMERZ7RT 7 I 7 BiEIE % FMO 3T L 72 [2]6
FHEIEE TR ZEZEE L., 77 v TIVI— VA%
JABLY L2 RE v de T BIUK A BAE ) & 3T T & 5 MP2/6-
3G T VTR L7z, SRS D S0 CoKIZ A
L CRITALEE % Jiti L 720

5. MVH & SLAM H EAEH Dbt

IO - RO EAE IS EIZIZIEHET I /8
WX BDDNEHOTB Y, KIbEMN D53 Ai A3 FRPE
WCHEGT5E0w) PllZEMATHRPBE LN (K1,
#1)o b b SLAM Tldkk4 ZRAYHB TR I TS
LYS77. GLU123 i& MVH & O [ TG M AR H %
RLTEBY, APz B2 CHAKRERZREL TV
WHEMEASRIE S N7 (K1),

6. MVH & Nectin-4 O HAEH O i

T K %7 T3 n-computer % FlJ ] L T MVH & Nectin-4
RO M ILAEFENT %2 FMO 12X V4T 5720 MVH &
Nectin-4 OB EEROK ffEE (PDB: 4GIT) %5~ > 10—
FU. EEAEIZEE LT KREMNE GLE O Ra#E b
EHTEMEY 7 Y 2 7 MOE TAT o M & 12k L ¢,
FMO-HF (Hartree-Fock) /STO-3G &4 & FMO-MP2/6-31G
A% ABINIT-MPIC & D FEAT L 72,2 LGB RD 5.
NN EBAEIRICEETND T I BRRILI @ IFIE (Inter-
Fragment Interaction Energy) f##T 247V, MVH (A 8H) &

X1

MEAER .07 3 78 E SLAM K& 054
Stick EFIVIEREEN (K r2), WM (B) ok by 7
5FFR. Ay V2 RIEBM (). ABW OR) 2T,

1 KA WM EEHO LM 10 FTOT I JBRT
MEASEHRE LA o7 3 7 BBFRIERT . /i A0 5 e, K3, HISR LW SLAM O 7 3 #5535 (1 letter code)
BRAN () BLOKFEW (F9) oh I AR,
Position MP2-IFIE | Amino acids variation Position MP2-IFIE | Amino acids variation Species
kcal/mol on SLAMs kcal/mol on SLAMs P
77|LYS -197.22 |- 124|LYS 3723 |[E K, Q Buffalo, Cat, Chimpanzee,
123|GLU -70.88 |- 94| ASP 31.15|D, H,N Cow, Dog, Elephant,
90[ARG -59.52 |D, H, P, R 34|LYS 19.02 |E,K, M, T, V Goat, Human,
71|GLU 3757 |E,G LK, M, Q 61|HIs 16.75 |[H,R Iriomote wildcat,
93|Lys -35.96 |E, G, K, N 109|GLU 1669 |E, G, K, Q Killer whale, Lion,
Manatee, Marmoset,
75|GLU 2883 |E, K, LN 85|GLU 1621 [E,K
Mouse, Norway rat,
50|GLU 226.66 |E, D 114|ASP 1563 [D,N, S, T Pacific white-sided dolphin.
127|SER 2572 - 136|LYS 14.59 [K, R Rhesus monkey, Sheep,
95|ARG 2418 |G, R 78|ILE 13.79 |- Spotted seal, Walrus,
131|{PHE -17.38 |- 51|ARG 11.76 |E,G, H, R West indian manatee
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1J Distance MP2-IFIE 1J Distance MP2-IFIE

chain B chain A A kcal/mol chain C chain A A kcal/mol

2|GLU 547|ARG 3.33902 -42.060 7|ASP 334| ARG 1.4468 -127.010
26| ASP 550[SER 1.80109 -26.100 4|GLU 302| ARG 2.73434 -82.477
54{LYS 392|ALA 3.25429 -19.595 2|GLU 302| ARG 2.44697 -54.297
33|GLN 389|LYS 4.47766 -14.977 111{ARG 332[|ASP 4.98998 -26.200
103[ALA 465|GLY 1.96688 -12.124 24| ARG 317|VAL 1.85537 -13.954

2|GLU 548|SER 3.15353 -9.509 6|SER 336|TRP 2.12916 -13.357
52|HIS 389|LYS 2.05239 -8.990 111{ARG 331|THR 2.81938 12.187
30|GLN 506|GLY 2.25769 -8.685 8| VAL 335|SER 3.52653 -11.610
54|LYS 499(TYR 1.91785 -7.198 2|GLU 282|ASN 4.97807 -8.358
76|PRO 505|ASP 4.30220 -5.813 25|GLY 302|ARG 4.98643 -6.340
54|LYS 500|LEU 2.75333 -5.407 6|SER 334|ARG 4.79836 -5.816
100|THR 464|LEU 3.17785 -5.129 10|THR 422|GLU 4.94686 -4.961
103|ALA 543| TYR 223473 -5.090 10|THR 420|THR 2.61118 -4.733
105|SER 483|PHE 2.29355 -4.428 11{VAL 421|VAL 2.56961 -4.415

1|GLY 549|PHE 2.55267 -4.399 15|{GLN 421|VAL 2.53251 -3.698
104|GLY 543|TYR 2.67688 -4.285 3|LEU 302|ARG 4.84089 -3.266
29|GLU 550[SER 4.49376 -4.090 4|GLU 318|SER 3.18061 -3.105
106|PHE 547|ARG 2.48912 -3.839 6|SER 335|SER 1.90559 -3.064
103|ALA 464|LEU 2.38729 -3.518 4|GLU 337|VAL 4.68368 -2.910
101{PHE 460|LYS 2.76674 -3.173 4|GLU 336|TRP 2.77864 -2.500
102|PRO 541|TYR 3.23272 -3.002 2|GLU 281|SER 2.62034 -2.129
104{GLY 524| TYR 2.78755 -2.948 5|THR 336|TRP 2.96858 -2.077
29|GLU 548|SER 3.90966 -2.884 24| ARG 318|SER 2.59284 -1.935
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To understand the effect of recent global climate change on the spreading of diseases among marine mammals, we focused our
attention on the supercomputer assisted estimation of the interaction between the morbilliviruses and the receptors of marine mammals.
However, to do such estimations, precise three dimensional structure of the receptor-virus coat protein complex is necessary. Because
this type of information was available only for the human measles-virus MV and its receptors, we analyzed hemagglutinin of MV and
its receptors, SLAM and Nectin-4, by fragment molecular orbital (FMO) method. The results showed that the most and second strongly
interacting amino acid residues of human SLAM were calculated to be Lys77 and Glul23, which are well conserved among various
mammalian SLAMs. For the interaction between the Nectin-4 and MV-H, the strongest interaction was calculated to be that between
Asp7 of Nectin-4 and Arg334 of MVH. Three non-charged residues, Leu464, Phe483 and Tyr543 of MV-H, which have been reported
to be important in the molecular recognition, were found to be in the top 20 strongly interacting amino acid residues. These results

indicate that the FMO method is useful for estimating the interaction between the virus and the receptors.

Keywords: morbilli virus, measles virus, SLAM, Nectin-4, fragment molecular orbital method

1. Introduction interaction and determining the specificity of the host-virus

Recent climate changes are thought to affect distribution interaction is the binding affinity between the viral envelop and
of organisms on the earth and hence their diseases. In marine its receptor on the host cell. Although the virus-host specificity
mammals, like cetaceans and pinnipeds, mass die offs, which is believed to be high in morbilliviruses, expansion of host
have often been reported in the Atlantic Ocean, are caused range from dogs to pinnipeds and cats has been reported in
by various pathogenic diseases. The major pathogens were canine distemper virus. This also indicates the importance
found to be morbilliviruses belonging to Paramyxoviridae. The of studying host range specificity of morbillivirus that may
distribution of the diseases is expected to be changed by the influence the expansion of the disease together with the change
climate change. To predict such changes, we have to understand of the host animal distribution. For the analysis, the accurate
the factors affecting the interaction between the virus and three dimensional structures of the virus hemagglutinin and of

the host animal. One of the important factors restricting the the receptor, signaling lymphocyte activation molecule (SLAM)
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are necessary. In morbilliviruses other than the measles virus,
no information is available for both hemagglutinin or for the
SLAM. So that in this study, we chose the measles virus for the
analysis. In this virus, the situation is a little complicated. Three
receptors, CD46, SLAM and Nectin-4, have been reported.
Although CD46, was reported for the first, it was later shown
to be a receptor only for a vaccine strain of the measles virus.
SLAM is the receptor for the wild type virus when the virus
infects the host human being, and the Nectin-4 is the receptor
when the virus escapes from the host. These three receptors are
known to bind to almost the same region of the measles virus
hemagglutinin (MVH). Their three dimensional structures have
been reported in the binding forms with the MVH[1]. In the
present study, binding affinities of the MV-H to human SLAM
and Nectin-4 were analyzed by using FMO method.

2. Method

Two interactions between MVH and one of three human
receptors, SLAM or Nectin-4, in their respective bound
complexes, of which structures were retrieved from the protein
structure database (PDB: 3ALX and 4GJT) were calculated
by the FMO method with MP2/6-31G scheme using software
ABINIT-MP[2]. Preparations of the complex structures
employed for the FMO calculations were carried out through
molecular modeling by Molecular Operating Environment
(MOE, CCG Inc.) or Discovery Studio (BIOVIA).

Table I Top ten strongly interacting attractive and repulsive amino acid pairs. Left, attractively interacting pairs.

3. Results
Interaction between MVH and SLAM. Among the binding

interactions, electrostatic forces for repulsive and attractive
interactions were shown to be stronger than others as predicted
previously (Fig. 1 and Table 1). Top two amino acid residues of
the human SLAM in the strength of the interaction, Lys77 and
Glul23, were shown to be well conserved among the reported
mammalian SLAMs, suggesting that they may be important in
the interaction of SLAM with the MV-H (Table 1).

Fig. 1 Top 5 strongly interacting amino acid residues of SLAM in the

SLAM-MVH complex. Red mesh, positive charge; Blue mesh,

negative charge. Pinc stick, attractive interaction.

Middle, repulsively interacting pairs.

Right, list of animals of which amino acid variations are shown in the left and middle tables.

.. MP2-IFIE | Amino acids variation .. MP2-IFIE | Amino acids variation .
Position Position Species
kcal/mol on SLAMs kcal/mol on SLAMs

77|LYS -197.22 |- 124|LYS 37.23 |[E, K, Q Buffalo, Cat, Chimpanzee,

123|GLU -70.88 |- 94| ASP 31.15|D,H,N Cow, Dog, Elephant,

90| ARG -59.52 |D,H,P,R 34|LYS 19.02 |E,K,M, T,V Goat, Human,

71|6Lu 3757|E G LK, M,Q 61|HIS 1675 |H, R Iriomote wildcat,

93|Lys 3596 |E, G, K, N 109|GLU 1669 |E, G K, Q Killer whale, Lion,
Manatee, Marmoset,

75|GLU 28.83 |E,K,L,N 85|GLU 1621 |E, K
Mouse, Norway rat,

50| GLU -26.66 |E, D 114|ASP 15.63 |D,N, S, T Pacific white-sided dolphin,

127|SER 2572 |- 136|LYS 14.59 |K, R Rhesus monkey, Sheep

95| ARG 24.18 |G, R 78|ILE 13.79 |- Spotted seal, Walrus,

131|PHE -17.38 |- 51|ARG 11.76 |E, G, H, R West indian manatee
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Interaction between MVH and Nectin-4. The stronger
interactions in the MVH-Nectin-4 complex were calculated
by FMO-MP2. The strongest interaction among the calculated
pairs was found between Asp7 of Nectin-4 and Arg334 of
MVH (Fig. 2). Three non-charged residues, Leu464, Phe483
and Tyr543, which have been reported to be important in the
molecular recognition[1], were among the top 20 strongly

interacting amino acid residues (Table 2).

MVH dimer

Nectin-4
chain C

Fig. 2 Three dimensional structure of the complex of MVH dimer and
2Nectin-4 showing the strongest interacting amino acid pair,
Asp7 (Nectin-4) and Arg334 (MVH), and the second one Glu2
(Nectin-4) and Arg547 (MVH).

4. Conclusion and future perspective.

The present study showed that the interactions between the
MVH and the receptors calculated by FMO-MP2 well agreed
with the experimental data reported previously.

In future studies, we will extend this approach 1) to more
detailed interactions, including van der Waals interactions, 2)
to MVH-CDA46, which we did not analyze in the present work,
and 3) to those various amino acid substituted receptors. The
third one is important to get some insight into understanding

morbillivirus infections in marine mammals.
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Table 2 Strongly interacting amino acid pairs between MVH and Nectin-4.
Chain A indicates MVH. Chains B and C indicate 2 Nectin-4s. Yellow indicates the hydrophobic interactions, which

have been shown to be experimentally important.

1J Distance MP2-IFIE 1J Distance MP2-IFIE

chain B chain A A kcal/mol chain C chain A A kcal/mol

2|GLU 547| ARG 3.33902 -42.060 7|ASP 334| ARG 1.4468 -127.010
26| ASP 550[SER 1.80109 -26.100 4|GLU 302| ARG 2.73434 -82.477
54{LYS 392|ALA 3.25429 -19.595 2|GLU 302| ARG 2.44697 -54.297
33|GLN 389|LYS 4.47766 -14.977 111{ARG 332|ASP 4.98998 -26.200
103[ALA 465|GLY 1.96688 -12.124 24| ARG 317|VAL 1.85537 -13.954

2|GLU 548|SER 3.15353 -9.509 6|SER 336|TRP 2.12916 -13.357
52[{HIS 389|LYS 2.05239 -8.990 111{ARG 331|THR 2.81938 12.187
30|GLN 506|GLY 2.25769 -8.685 8| VAL 335|SER 3.52653 -11.610
54|LYS 499(TYR 1.91785 -7.198 2|GLU 282| ASN 4.97807 -8.358
76|PRO 505|ASP 4.30220 -5.813 25|GLY 302|ARG 4.98643 -6.340
54|LYS 500|LEU 2.75333 -5.407 6|SER 334| ARG 4.79836 -5.816
100|THR 464|LEU 3.17785 -5.129 10{THR 422|GLU 4.94686 -4.961
103|ALA 543| TYR 223473 -5.090 10|THR 420|THR 2.61118 -4.733
105|SER 483|PHE 2.29355 -4.428 11|VAL 421|VAL 2.56961 -4.415

1|GLY 549|PHE 2.55267 -4.399 15|{GLN 421|VAL 2.53251 -3.698
104|GLY 543|TYR 2.67688 -4.285 3|LEU 302|ARG 4.84089 -3.266
29|GLU 550|SER 4.49376 -4.090 4|GLU 318|SER 3.18061 -3.105
106|PHE 547|ARG 2.48912 -3.839 6|SER 335|SER 1.90559 -3.064
103|ALA 464|LEU 2.38729 -3.518 4|GLU 337|VAL 4.68368 -2.910
101{PHE 460|LYS 2.76674 -3.173 4|GLU 336|TRP 2.77864 -2.500
102|PRO 541|TYR 3.23272 -3.002 2|GLU 281|SER 2.62034 -2.129
104|GLY 524| TYR 2.78755 -2.948 5|THR 336|TRP 2.96858 -2.077
29|GLU 548|SER 3.90966 -2.884 24| ARG 318|SER 2.59284 -1.935
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