YAKUGAKU ZASSHI 135(9) 1015—1021 (2015) © 2015 The Pharmaceutical Society of Japan 1015

—Symposium Review—

A TILITHIA4IRY N BOTERSFRB

Ot #

Antiviral Drugs Targeting Influenza Virus Surface Proteins:
A Computational Structural Biology Approach

Manabu Igarashi

Division of Global Epidemiology, Hokkaido University Research Center for Zoonosis Control;
Kita-20, Nishi-10, Kita-ku, Sapporo 001-0020, Japan.

(Received May 21, 2015)

For the prevention and control of infectious viral diseases, vaccines and antiviral drugs targeting viral proteins are
of great importance. Amino acid substitutions in viral proteins occasionally cause the emergence of antibody-escape and
drug-resistant mutants. With regard to this, we have studied the proteins of several viruses, especially the influenza A vi-
rus, by using techniques of computational chemistry and biology such as molecular modeling, molecular docking, and
molecular dynamics simulations. Influenza A virus is a zoonotic pathogen that is transmitted from animals to humans.
This virus has two surface glycoproteins, hemagglutinin (HA) and neuraminidase (NA). The HA of influenza viruses
plays a key role in the initiation of viral infection. And HA is also the major target of antibodies that neutralize viral in-
fectivity. Some amino acid substitutions in the antigenic epitope on HA could decrease the interaction between HA and
antibodies, leading to the generation of antigenic variants with novel antigenic structures of HA. In addition, HA pro-
tein seems to be a favorable target for anti-influenza drugs, but effective HA inhibitors have not been developed due to
the emergence of drug-resistant viruses with amino acid substitutions on the HA. To understand how amino acid substi-
tutions affect changes in drug susceptibility, we have been computationally analyzing the three-dimensional structures of
influenza virus proteins. In this paper, we review the results obtained through our current analysis.
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Fig. 1. The Structure of the wt NA in Complex with Osel-
tamivir
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Fig. 2. Percentage Occupation Pattern of Hydrogen Bonds
between Oseltamivir and Residues of NA (shown in Fig. 1)
for wt and 1117V NA

HAART #75 TH 5 02 72 & D I AHE 7 1 )L R
B U 5 W B Z8 B RNA ™71 )L A DIRGE T %
T 2201213, BESERREERERNE L ZEAZ
BEHERL THBL I ENHETHS. 19 22Tl
HA ZER & LRI OIEIZ DN TR S,

HA X7 1)V ABEGRIZBWT, OfF EMaEmic
HEWEHL TV —LHEET D, OFEEMEOT >
RY—LBEETAINAREZ#MEIES, WD 2D
DOHREZFFD. L7215 T, T 5O HA OHEHRE
ZHET DIEMDHIUE, i1 TINVIToTED
B R AREMED DD, TNET, BEHEL S
¥ —& HA OfEEZ2HET 5EY (Cyanovirin-
N, trisphenol-sialyllactose) <&l & 2 HE T %1k
&% (TBHQ, BMY-27709, CL-385319, N-carbox-
amide) NWESINTWND. 1620 L Lians, Z
NS DILEME D 2 EEDHBIZ UNFIEN W=
D, ERFERICIEEL TWan, BRICBWTKE
INTNBPLHA KT, WEEHFEEL TWRWN,
DUF, HA HEANCEHE T 2DbNONOHEITDN
T, 2DFERNRZWN,

4-1. HA FUBRERLHENE HARKRE
3ERMMEEE LD, SEARRNE B, BRIREEEE R A1 >
(globular head domain) & A5 /A K X > (stem
domain) 2407 55 (Fig. 3) .20 BRIREETET R A
A2 KOZAT L RAAL ZENTRN, LTy —fE
BROBEMEICHET 2E2H> Tna, £,
HA \ZK FRENCEE ICHFEET 5729, EEFEKRD

Globular
head
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Fig. 3. Crystal Structure of S139/1 Fab in Complex with H3
HA (PDB code: 4GMS)

Table 1. Summary of Broadly Neutralizing Antibodies
against Influenza Virus2”

Location I\;ig{)a:)l(ijziier;g Neutralizing breadth
Head C05 H1, H2, H3, H9
S139/1 H1, H2, H3, H13, H16
Stem 39.29 H1, H2, H3
C179 H1, H2, H5, H6, H9 (Group 1)
CR6261 H1, H2, H5, H9 (Group 1)
CR8020 H3, H7, H10 (Group 2)
CRO114 H1, H2, HS5, H6, H8, H9, H12
(Group 1)
H3, H4, H7, H10 (Group 2)
F10 H1, H2, HS, H6, H8, H9, HI11
(Group 1)
FI16v3 H1, H3, H5, H7

ROFERY Ty hERoTWS, LML
5, &5 HA iR 5 PrimiEid o HA HiAl
WFEAERIGLIRWY, 2Dk, ZNFE THA
MTHET PG GER (T M=) FEEA
EFTELRBVWEZBZSNTERE. LrLAENSE
i, WEIR W HA Hi% 2 385% 9 2 51 HA iR M D
WTHIEZINTWS (Table 1).2220 Z DXL S 72l
RIS BONMEZ R T HURIS, PUREREE L TH A
A TIVTFRAEROREIC, £oiiye h—
TEHEET 7 F 2 kEehi HA 2OEM & L Th
HATELEEMENH 5.
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Fig. 4. Phylogenetic Tree with HA Subtypes Neutralized by
S139/1

EZSOTIN—T1F, ELRKFITER S HA
Wi %R T 5 /7 0—F)VFilk S139/1 #EH
L, W& L7222 20k, A/Aichi/2/1968
(H3N2) #kZEHWTIEH SN, HI1, H2, H3, HI3 &
O HI16 RO A )L ZRRITH LT, HI TG RO
MiEMEZRT (Fig. 4). TAT—TERONEE
REOY—TFY DRI K DERTN G, 20
PiAOLE h—713 HA ORIRFEFH R A1 2 I2H
5Lt Ty —fEGEBIREICH D ENRB TN
7=. F=Dt%, H3 HA (A/Victoria/3/1975 #k) &
S139/1 & D4t naait%:_ﬁxﬁmm S139/1 kL&~
Y —ESHEEEES XOITHE L TWA Z ENHS
73\&7‘;971 (Fig. 3). % bbb id, *%bt;ﬁ*”l

B9 % S139/1 Oy TR Z S 5 ICFEIC
ﬁ%@"ég&’@?ﬁﬁ’ﬂ& L, ZoHiEHEEE2HEICH
& S139/1 LDy TR AEER ?&?r%ﬂ%éﬁ’aim:
KO T U 7.

BAKAYIZIE Table 2 I2/R9 8 DO HR D HA &
S139/1 L DE G HKEEICH L T, 20ns @ MD EH&E
Z11> 7= MD FHRE O 44413 Table 3 1T/RT).
wt LS DR O PG, St —EFY >
THEIZEOBELE. Z0% MD FHEOKERZH
WT, MM/GBSA (kIC X DA HBEIZRILF —2%
. U7z, Figure 5 IZ/R9 LD S139/1ic& D
MENDHD HA X S139/1 g #Ea L, hfaE
NI WEETIE S139/1 & DFEANTITN E W S FERMN
Bonkz ThbbEONE/EEEHIZ RIVF—
1, EERKE R EEAICKLSEERTSIEERLT

Table 2. Neutralization Breadth of Influenza HA Strains by
S139/129
Abbreviation Strain names Neutralization
wt A/Victoria/3/1975 (H3N2) O
PR3 A/Puerto Rico/8/1934 X
(HIN1)
Hlpdm A/California/04/2009 (HIN1) X
Adachi A/Adachi/2/1957 (H2N2) O
Aichi A/Aichi/2/1968 (H3N2) O
H6 A/turkey/Massachusetts/3740 X
/1965 (H6N2)
H9 A/swine/Hong Kong/10/1998 X
(H9N2)
H13 A/gull/Maryland/704/1977 O
(H13N6)
Table 3. General Parameters for Molecular Dynamics Simu-
lations in This Study
MD program AMBERI12
Force Field FF99SB
Simulation time 20.0 ns
Temperature 310K
Ensemble NPT
Time step 2 fs
Solvent TIP3P
Cutoff 10A
PME on
E 20l PR8 (H1)
= X
©
) H6
= o Hlpdm % H9
3 X X
c
o -60- O 0]
§ Adachi Aichi (H3) H(:l)3
‘@  -80- (H2) o
c
=§ Wt (H3)
@ -100

Fig. 5.
ent HAs

Calculated Binding Free Energies of S139/1 to Differ-

(O) and (X) denote the virus strains that were neutralized and not neu-

tralized by S139/1, respectively.

W5,
(decomposition fi#HT) 2T\,
Do TRHEREZ TR TN S,

4-2. RYF¥71) >

HAE, BEML X)L TOHEEEMM@BT

X UMz S139/1

AEF T i3

EOUN—TITROBES N RRLBEWTH 5.
A& F 713, HI RO H2 RO > 7))V T >

B A )L T U TR EI R R 2 7R 9703,

H3

DA ) ZTxt U CHEaE Gl R 2R S 7%
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Fig. 6. The Predicted Docking Model of Stachyflin with the H5S HA

W, 303 b b, HI, H2, H3 RN D1
VA (DFD H4-HI6 HiRl) [Td225F71
> OMHN RT3 T OFER, 25 FT71 >
13 HS JONH6 BiERID ™7 A )L Z 125t U T BEFE
NRERT ZENHSNIB o=, —FHEALZ
ALZDNT, ZAFZF 71 ) HA OEFEE BERE
ZHET S ZEMENTVWDN, TRl ER
OIS M TR, 22 Thhbhid, k&
2RO HA O kG E2RE0 S —E5 U >
THEICIOEEL, ThoOEICH L TAYFT
U>ORyF2 TV Ial—varwfio7- (Fig.
6). TOE, HA DAT L KA 22 D37, K51,
T107, K121 ®7Y X/ RIKHETH S N5 cavity 23
HFIEL, ZOZERICAZF T OBHEAELTWS T
EMTHE NG, T O cavity 2R T B 5RHIT A
GF T E VR IR Z MR TR S T & Bk
AT &E/~. Yanagita 5%, H1 #if#lD HA IZX L T
2AFF TV ORyFTIal—arifro
2.9 bbb FHIL 2 SMEER, 85 8THl
LidbDEEMHULTWE, 513, EHITAFFT
UoDT77—xIATF%T7ETFIVEHWT, insilico
A7) —Z 27 2170, HA [HEFIOERLEMIT
DNTHHMEL TS, 5% HA 2N E L
AN ORFEICHT, HRHMENEEND.

5. BHYIC

BE - O F D EAWEEEEDO O > hO—)LiZ

BT, WEEZET - 2 F LNV OR R THAEY
52 L3O TEETHD. AMTIIFERENT
FEERAWEFRICOWTRALEZD, InsiddN
T7 1 —)b B2 BB RIS & O FRIFSET
BB, BUDITHR=LDIT, ABRILGEBRYWEZE 3
> hO—=)V T 570121, HReREMFHIBE-ETO
MRNMBETH S, FHEFIE, FZEBREYE, RS
%, FRAIZBEE TOMIENEHEIICDRND, B
SERFZRMFERL TV T E 2T

B ARICER U2, R KZEERY
TRFER DI i R 2%,  ALiEE K2 N BRI RS YE
Y —Ft 25 —0EH RHEE SHLAZERZ
e, BE< 04 EQRREZETT. EHOERE
b, 2EOBATMERT DI ENTEERAN, H
FRICHED > T RS 2T XRTOERKIZ, LS
EGHE L BT ET.

MzEMER AR XSRS,
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