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FF iR

EHRPFERE LA BIZENTS, RS L TRYENS AP TRERMEL > T D, BIYE
DOHTHRHIIA 7N L, T2V IRLTE OARRBT H2ERR T A LV AEYYETH
Lo WM FT 3~5 EALREL, 25~50 FABDALZNIFEL LTS [1], 2009 FITFEEL
7 ZHRHRA o T A A [HRCREEES (World Health Organization; WHO) (2 XY
A(HINL)pdm09 & ] 1L DT I v 7T FEERBITH LWL, Zo%E NI A7z
TANADE b ~OEGBIPFARNTHE SILTNWDRE, Fiez T Iy 7 ORENREIN
W5,

ATV ANRE, A %Y 740 AF (Orthomyxoviridae) (Z/&9 5 7 A L AT,
WELZ R 7 BOHURMEDEWIZE Y A, B KO C BTSN D, £z, B b ~DREITRY]
2LOO, BT CBA T T A LR L OMEMES 50% Ly D Blgf 7oy
POANALIMERINT [24], 2nbHOFT, A RIS 7= AL A (influenza A virus;
IAV) (365 BN IEFITIA <, 1918 DAL VAU Z YD & Lik 4 BIONR T Iy 7 25| &
ZLTWAHZEND [6], RBHBEFEETARETANLATHD, B BA TNz F 0 A VA XFEHIM:
AVITNTZUFOERTANVAD 1 D& LTHLILTIEN DA, ZOEEBITHRN D, N7
v 7 Bl I fERE IR, £, CRA TN AN RIS D — R I TH D,

IAV D7 ) K% 8 D AR~ F Akt A RNA Bk 5, oI EWIEIC PB2
(polymerase basic 2), PB1 (polymerase basic 1), PA (polymerase acid), HA (hemagglutinin), NP (nucleo-
protein), NA (neuraminidase), M (matrix protein), NS
(nonstructural protein) & MEIEAL, ZFEA 1 fHE 721X
2 HOZ N EEIFEA— LTS, UALA
KL ORI B OE & D & ™7 B DR %, Tt Q@ ‘
N Fig. 1 X% Tablel 127 L7= [6]. 1AV OIE{E T : _ , G —
PoHTH HA & NA XU AV AHRE L THRICE
TCTH Y, HA 1Zi1E 17 FEO A (H1 ~ H17), NA {2 . — — A
1% 10 O (N1 ~ N10) DNENZENAFEET 5, .
HA & NA OLAAEDLEIZE D & HIZEHOTERL)
FEL, TRHDIEE L ERTFAEDKBITRA ST
WHEZEZLNTWD [5], BifE, b FORITHAITL
TWAEHMA 7P oA 020, AHIND)
pdm09, A(H3N2) T B Iy A VA TH %,

vira.l RN(\b
complexed with

envelope & NP and Ps

Fig. 1. Schematic diagram of an
1AV particle [6]



Table 1. Characteristics of IAV proteins [6]

Protein Total length (aa) Major characteristics

PB2 759 component of RNA polymerase, cap recognition

PB1 757 component of RNA polymerase, elongation

PB1-F2 ™ 90 pro-apoptotic activity, IFN antagonist

PA 716 component of RNA polymerase, endonuclease activity, protease
HA 566 surface glycoprotein, receptor binding, fusion activity, major

antigen, assembly and budding

NP 498 RNA binding, RNA synthesis, RNA nuclear import
NA 453 surface glycoprotein, neuraminidase activity
M1 252 matrix protein, interactions with VRNPs and glycoproteins, VRNP

nuclear export, assembly and budding

M2 97 membrane protein, ion channel activity, assembly and budding
NS1 230 multi-functional protein, IFN antagonist activity
NEP/NS2 121 VRNP nuclear export, regulation of RNA synthesis

aa: amino acid, IFN: interferon, VRNP (viral ribonucleoprotein): complex of a viral RNA segment,
polymerase complex (PB2, PB1, PA) and NP
" Since PB1-F2 of A(H1N1)pdm09 virus is truncated, this viral PB1-F2 does not seem to be functioning [7].

FHMEA TN PR TR, PIA VTN T T AL ADE b ~DREIA DOME 2 % &
Motz 7onzZ Linh, BETREMEE 25> T D, BRI, ®mIREME (highly pathogenic avian influenza:
HPAI) @ A(H5N1) A /L ALE, FEFITEVIETHE (53.1%) Z2/RLTWDH I &b, b EmT X
EUANAREIRSTND [8], F7z, 2013 FLURE, EIZHEIZHWT 662 #HilH D AHINI) KU A
VINTEUPFTALNADE S ~OEGFINERE SN TEY, RERMBEE 2> TW5D, Bl R TIE,
T FLEE CHATE RN B & 2R D72 72 8 B3 AHTNY) 7 A L A IR SN TV, EWAE
U3 (39.6%) EHREHEDOFEmIMNOER T RETUANLAD 1 DLEZLND [9], S HIZ, 2014 ~
2015 AE(Z2MF T, A(HENG) KX A(HIN2) RV A > 7z A L AD e b ~DEYLF] ik &
TWD 9, 2OEINE, PIVA TN HPFTANZADE FA~DOREGEFIEINL T D Z &nb,
NIA TN TANRZE DN T Iy 7 b ERBEIND,

BITE, AARENTIX 6 BEOPIA V7V A NV AIOFE AR ST D, 1AV O M2
AF T v xNVERETD A MLV (—4: T~ XU UERRE, Fig. 2A), A BIR O B &Y
A ITNTZHFTANLZAD NA ZFHEL, TA XN S~ EEET 205 <Z I 7L
(—f4: AEAZ I ENY R, Fig.2B), UL (—k4&: ¥ 3 EAKFIM, Fig.2C), Tt
TR (W4 2T 2 EULKF, Fig.2D), 4 FEL (k4 T=F I NS T X UBRT AT )L
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NH,

0. _CO,H

s NH

NH
Fig. 2. Structures of amantadine hydrochloride (A), oseltamivir phosphate (B), zanamivir hydrate (C),
peramivir hydrate (D), laninamivir octanoate hydrate (E) and favipiravir (F)

KT, Fig. 2E) &, VAL AD RNA RU AT —PEHETLTEH L (&L 77EETEL,
Fig.2F) Th 5, BUETIE, FATLTWDIZEAERTO IAV BT~ ¥ VIR 2 8%
PEPME T 2ERLERLTWDHZ b, NA HEENFE —RRFEL LTEHESATHD [1]. L
ML 5, NA EEICEH, JIEHR 48 RHUNOERGENEE L S TWH 72w, 1EHRBM
WEND ETHRIRPEFEONRNE NI REDRDH D, T2, UA/LAD RNA R A7 —E%[H
EFHLWIF LWVERFA2A L7 7 E ¥ UL (Fig. 2F) 28 2014 4 3 HICHAICI W Tl
EIRFE D KRENTZD, T OO MDD TR SOTFHRA A 7L U A )L ARG
JE (72720, #ofiaf TNz By A )L ZFGNEN AN RA 15372 b DITHR D)) &G H IR
ENTWNWDHID, BEOA TNV IANVABIEICH L CINEEHATLZ LFTE 20
[10], L7=A-T, A v 7NATFOIBEICEBWTIES NA EEBZFEHIND &0 9 R0 ki
| ANGAYN

PiA v INTZ o P TANAIEIL, TDOELBUANVARER) X R0 (R) #fET D2 ki
Lo TUA N ADHIEFEZNHT 2 Z LD, MY A V2O HBITET Bty FiZA 7
NEZ T AN AT RNA U A VA TH Y Z O B E I TMRD TR\ [11], WHEZE R—IEN RS
WCHBT 2 B 20N %, 2009 FFICRELT AT I v 7 LI, BARIZEIT S AHINL)pdmMO9,
A(H3N2) Y B B A LV ADAELH I EJL T I EARXMEROFIS T Z T 0~4.1%,
0~07% LN 0% &72o TN, EWRZ EITEWEIGAEV TV [12], LaL, 2013/2014
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—RNZ, ALMEE TEBIHIC 6 MIRDMMHROWmE (W THORIED, NA BEEP KRGS
EDRNVBENGHEEESNTZ b D) BHRWEZ L A2BETDH L [13], WOMMERAEIEL TH AR
BEE Tl MitHE Y A L 2 OBESITHRAIC HiTh TR Y, 2013 4 3 A ~2014 4 3 AIZE
W, I DR 2% DA TN oA VAR D7 E b 0o NA PLEIKIC 4 2 %

ZHEOIRTERLIZZ ERRESNTND [14], P14 v 7NV oA VA TN G 72 < B
IBEEETIEH L0, ZOFEEEHZHTIUIMIE Y A VAR THS ZERTFRIND Z D
5, 47N FOFYIRFRIIIRAN L2505 5,

IR LIRS, D7 F o OFHBERENA 7NV RO E D 1 DOREBRETH D, I
FOA TN FOFITORNNE, KELDE 2 =XV ENTELODO, KHTEH 2015/2016
= RUING A lDA T HA U7 F 2 (A(HIN1)pdmO09, A(H3N2), B/Yamagata ~&#t &
W BNVictoria REDOENEND HA ZIRAELIEZV I F ) 2EATLHZ L L0 [15], iR om
DI END, LLAEns, BIIEAARTRIISNTWES A TV HA U7 F 0%, A7
NPT AN ZADOREHTIR (HA) (ST 2HUEOEAZ BIIE LTWDT28, itfT2 Tl L T
ESNTZT 7 F U E EBRICTAT LI A NVAR =K LR, HDWVIEEBRICHIT LY A VAR
DI FURREB TN L LTHZOREIUREDPER L CTWEGAICE, V7 F ULl > TEDS
NIZHUERENAER L WAlRetEnN H 5, £, ERITON TS T « NS 5V
FHZ X 20 7 F UM, MEPICHRARRN 196 Z2EASE D 2 L R E Lo 2iMEmEin
BaHET DHINTEOD, YIREGEHZH 5 & SN2 PURRRA WA IgA ZFEESEL &
BERE LTI n A A FE T 2T Z LW, LER- T, U7 F U ORI & v ifidkss
OEIEEFIS Z EIXTETYH, KM TOREAEREZLET 2 Z L IXRETH D [16],

Flo, AT W HA U7 F U0, 2OREFECHLMERRH L, T7hbb, BEHIIL
HAWTA 7N T A L R B S D 0RO FIETITAEEEDNEWZ D, N7y 7584
BREICHERIC KR TE 2RV, 202 &1, 2009 HC R T 2 v 7 BNEE 2K, ENTOT 7 F AR
MEIZEDT, WP L ORI L2 ENL LN TH D, T T, BATHLIEREL X
B DEIN D0 LWRIE FIEA A LT 7 F U OB RED LTV D, FlziE, vA
IV A Z ARG S C, B ICHUR L 72D HA 2RI TGS 2 U 7 F U N EGEIRGE AR
NTW5b, flich, HA R FE2HAAATENNF 21 7 A )V A & B EMICERSE T, BELLE
HA Z AW CTiET 57 7 F 0 ORUENGEARO HENMThhTW\Wd, T b oREREICLY U
7 F U RENOREICRET N TEDL L INTNWDNR, EHEFENEROT 7 F LR
THDHIED, INHLDU I F b A NVADRBYAEREE S Z ST LV E W) REEZTND

INOOEMEEEIRT D70, RERINY 7 F 2 ORFZE « BRFE A IR E THED Hh T
Do BRI T 7 F 0%, AV TNV W U A VARG DRI R 2 R 5720
AT T OHURRF RV WR 1gA DREATFEN R L ATb s, £72, RFTORRLT, MiFHo
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PR O BRI HITITMRMEREOFE L FRETH DL Z b [17], 1EROEERL — F LD HI&
YHEHENE W E ZE 2 bR D, BREWRINAID 7 F 0%, KETIET AV h&LEESE (Food and
Drug Administration; FDA) 73, EU (FRMNES) TIEERMNESLSHT (European Medicines Agency; EMA)
N, BBV OFEAY 7 F 2 Th D FluMist LY Fluenz DR ZZNENFFTLTW5, L

L, METIERNERY 7 F o 0 bR BH L 00, BN L TIRhAENT <, o 2 ek
WOFNFNHEFET 2 & ABED Y R 7 OMGIRAEINT 2 Z L2 h, KETIE 2~49 5%, EU TiX 2
~18 ik &, TNETNAEMEIRAZH T SN TWD [17,18], £/, BHATIE —E#EERBRNEA TWHD
LOD, HDLZAKRENTOWERETININDT 7 F AIFE LR, LEN- T, BEFTZ2%
T TV 5% FluMist HRCZEMETEHRORMNH Y, BT HRMBOD 7 F N2 Lnb,
RSN T 7 F o DELRLABENRMNELZZ BND,

FTOMDTANAEGIEICH ZMIT D L, B MEEAREY A /LA (human immunodeficiency virus;
HIV) OBELRIE L 72> T 5, WHO (2L 5L, 2014 4R(2I3K 200 5 ADSH721C HIV (ZEY
L, 2014 4EROBFE TR 3,690 AL HIV TG LTV D EHEES LTS [19], £72, HIV O
JEYL ) A T HHIA~ L2 T A LA 2 A (herpes simplex virus type-2; HSV-2) (Z/&H L7 BEFICE
WTHR 3 T 5 EME STV b 2 LD [20], HSV-2 OHEFEMHIN HIV EGD U A 7 21K
TEED 1 2OFKRELTAEDNTHLEBEZ LTV [21],

B~ LA 7 A4 )L A (herpes simplex virus; HSV) [F~/1
A7 A )V AF}L (Herpesviridae) 7 /L7 7 ~/L_A 7 A L ZAHE}
(Alphaherpesvirinae) IZJ& 5t PR T AL AT, [fL{HR
DENND 1 AL (HSV-1) & 2 B (HSV-2) I EEn 5,
HSV-1 [ZEIZ OB~ RA, HSV-2 [T BT~V A D
KA NVAL LTHLIVTWD D, £ OS5 IR Tld
<, HAETIE HSV-L (T KB PERA~ LA BRI L T3 [22], {egment
HSV-L % OF HSV-2 0% 7 MF4uh, —AgH DNA T, % SDNA - core
DY A RFXENZEIR 152 kbp (base pair) KUY 155 kbp C
&YV, open reading frame (ORF) X\ 1% 80 LLEFTET D
[23]. £72, HSV-1 & HSV-2 OF ) AREROMEMES, —EFI5MIH D DODK 83% Th D [24].
HSV D ¥ A )V AR OREENE, 77/ & DNA 2 G0 a7 OfF ) 2 1E A miko 7 7> R)
I, BT RexzoXa—TORMIZET 7 Ay N EMEINDZEZMRS D, —FIMIlOoT > ~a—

Zi% 10 ML EORES LNV ERFEL, MREEICH L VBT —~DOREREIZED S
(Fig. 3) [23].
HSV DOFE LT, —EERT D LAREICOI DV BRIERT 2 2 LR T b5, HSV (T

Je L7k IV TG L, SR ORIm L ME 7 2 2 & THREMEMICRERAL, X7 VA N7y
5

capsid glycoproteins

= lipid
envelope

Fig. 3. Schematic diagram of an
HSV particle [23]
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Fig. 4. Structure of aciclovir (A), vidarabine (B), valaciclovir hydrochloride (C) and famciclovir (D)

R (7 A /LA DNA Z& AT 7 R) Al oM RIZ & 2 B I2l@E S i, 2 2 CR R
T 5 [23], YN K > TERIBYG T 2RI Z 272 0, HSV S O FERIDICEEY: L7561 =X
FRRRELC, MERRE I REYE U 72 A 1B s i 2 2 2RI T 5, I RIEGE L T D 1
FEFIFR RNA @ LATSs (latency-associated transcripts) (X AR EIZFEEL L TV D DSEFEMED ©7 A L A 13
Haniwn, 2L T, BRIER LT YAV ZTESINCS L<IEA B L 2AEORIHIC X > THIEME
LS T, WIS L7202 O IEIXN CEIRIIET 5 [23], HSV-2 O FHEME(LIZESER O
PETH o ThH LIE LITHESSWIIC 7 A VAR S D728 [25], ZhB#EERELE Lz
PEGYEDILRZBIE L CWD LB b5,

AATHEANT T SN TVDHFALALRT A L2 (i) T, EEAEELE LT/ YTy
J A (—4 TV a e, FigodA), 7 78 -A(— 4 X T, Fig.4B), NV R Ly 7 R
(—fs: NT o7 n VR, Fig. 4C), 7 7 AEL (—fk%: 77 L7 1 e, Fig 4D) R dH
5o Flo, DESNNXRXAOEREEZHNE L, 770y LIEEX T 2G5 A7 K
MEFELBTRINTND, WTHLOEAL R TEEY s Thh, ZOEMEITIZY A V2%
B DNA RY 27 —BiGEOHEFEIZL D VA /LA DNA $HOERUEI-TH D, £z, Hiz/ribm
FOBEME LT, VAR DNA GRICHLATH L~V I—F « T4 ~—BHEEGEREZHET S
ASP2151 (7 AF A EJL) 23, 2015 EBUEHARTE Il MHEEKRBRP CTHL, HFinLXAT A LR
(HfZ) FILT A NV AIRRTER T 25, BRICBRER L TV 2D 7 A LRI 2R 4R
R0, EBIT, SEHENMET L TV 2B ICIIEMEANNETH D0, AL A LA
EHET L AREEN S D, FEEE, BHIME D A L AT GRIESREN B 7R ERE L0 L RIESRE MK T
L7ZBEDLRHEINDEIENE N ERMESINTND [26], Tz, 18 EOREHEEEITKE S 3
P A VA BRGSO L 2 23 2 Lo s [27,28], BAFEH D ASP2151 LIAMZ & 7=7006
WE, b L ITBRRERIENLELEZ HND,

AU TN WA )L R RYE & 1R 720, B ST HSV BEYYEISST D HN R Y 7 F 1%
ST, LLBrs, 1) BN EZATL2EV 7T, (2) HREEINRL<, I OERER
Pl Z ShWAEU I F o, B) RELU 7 F o, (B) B9mET s F, (B) MMz bEy B

oY 7a=y NUIF, (6) XTFRUIF L, (T)DNA DI F, 8) 77/ UANARIRE
6



ST Z—U 7 F Ui Effaly HSV U2 F L O, HHWIZRRENED LN TEY, BE
[ZHEANCIXiE A 5 ERIT 40 FEELL LD U 7 F UEMIZ O W CHIEEKRBR M Thil, 05 HoO 4
FEENBAES | FEZIEE N MHERRBRTTHD [29], LrL, U7 F UHERIC LY BIRREER
DIERZINHIT 2 Z LN TETH, YUY, SOICITIBREREZPI< 2 LA REAR HSV U7 F o
OBRIZHEFICRETH D, LEEnN-T, V7 FUEMIZE D HSV OEGHIEICIE, 72 E 700
MEzET5HEEZHILD,

ERL725951Z, 1AV & HSV OWTHUCxt LT, BEFOI T A NVAESLY 7 F UL 21T
- RBEPE D REICHIET H 2 EIFH LS RoTETWDH, ZO LY RIOF, FEHFOFE
T HWEETATONT AT U —= 73 BR T, Kot Streptomyces sp. strain FV60 7> & Hiff S 4172 A
7 4 Fu 77 UFHER (1IR,2R)-1-(5-methylful-3-yl)propane-1,2,3-triol (MFPT) 2%, in vitro (235 C
HSV-1 ORIFEPLES S A 79 2 & 0SS Sz [30]. 2 MFPT IZAgiEIc k- TIELN D — Ik
K@D 1 ST, A7 4 Fa 7T UNBIUESRMETTHERL, ERT2LE LY 7 VFEETHD
Z LA 1971 FiCH ST\ S (Fig. 5) [31],

MFPT 1%, H5#EMIlZ H 2 in vitro 3R TIEHT 1AV IEVEITIRLS Zedpo 7o b DD, KRYET
IAV ZALEE (MFPT f71E F CHENEEE) 5 L, IAV O~ 7 AT BIREMEME T 5 2 &b
mote, e, MRUTELNZUA NV ADHIEG BRIF Cho7cZ & h, ThEIGHTHZ LI
Ko CHiEMDEMM CHEEY 7 F L 2/(D 2 L
NARECH B = EMRBINTZ, Lo, ABF OH HO, OH
JETIX MFPT ALBRIZ X D 1AV OJFFEMHEEK T A B
=X LORHERRO 1 D& Lz, £72, MFPT ©
L HSV-1 1EMEA Z £ T in vitro #ER T L2

—_— Y OH

0

Stable furan derivative

- = Sphydrofuran
LTV oloZ & &, HSV-2 1T L D EYMEDE (MFPT)

KPEZEEEE 2T, MFPT @ in vivo ({2817 55 _ _

] ] o . Fig. 5. MFPT was obtained by acid treatment of
HSV-1 i&ME L, U HSV-2 &M (in vitro & OV in sphydrofuran isolated from Streptomyces [31].
vivo) OFHili & AMFFEOHRYD 1 D& Lz,

RYxF LA I (polyethylenimine; PEI) [ Z=F L > A I U NEE LICIEFITIN T T4 %
ZRTAKEBEMERY ~—THY, 7 DNA #EREERHHER D FMEEZ AT 0D, KbEIERD
BWEMLBTFXY V7 —& LA ZIFTANLILTWD [32,33], PEI ® 1 5 Toh 5 N,N-dodecyl,
methyl-PEl 27T AAXF A4 RRTT v 7 ZAay F—Aila—7 47 LTk &, TRENDBA
VINELUHFTANNARL HSV ZARIET D2 ERHAE I T\ [34,35], Zoftiicd, PEI I
HIV-1 23RS A 2 o 2045 2 &0 [36], BIOESIRD PEI IX invitro 2BV Tk kX
H—~ T ANNARY A N AT e A VAT L THU A NVAEEZ R T Z ERREIN TS [37],
LALR3 s, BET VAW PEI OHFIALRAT AV ZIEILZIVE THE STV,
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HSV O _u— 23S VR ERNFEL, 2O R BICITABRM 2O 2 AT
LTI BIEENTND Z G, EEMEMH O PEI APEY VX7 EEMEERT L Z Lk
ST HSV Z#fl§ 5 TREMENE 2 bz, & 2 CABFZETIE, Epomin SP-012° L5, —#k7 2
Y, THRT IV, ZRTIVEEARLALTE AT

%577 PEL (Fig. 6) @ in vitro &% O in vivo (2815 % N/\/H

PLHSV JEHEICOW TR 5 Z &2 LT, K/w n
AWFIEIE, FHEPIMEICH D MFPT & SP-012 % K/NHQ

filioT, UANREIIEIE LD DAL D=L 72

HZEEREBRAME LTRVHATL LD TH S, Fig. 6. Structure of a PEI, Epomin SP-012



N

B MFPT 2k 2 IAV OFFFMRT A = X L OfEH

F—Hi  MFPT Tt ™ A /v A OAERL KL Y invitro (Z351F 5 BEFEEE O FEA

TIHEBROFER, 1AV 2 MFPT f#7E T T 10 EFEAIEET 5 &~ U ATk D IREMEDME T
DT ENbinoTe, ZORRESEIL, EELFEEKIZ IAV & MFPT f#7E T T 10 [EfkIEEL,
MFPT (it 7 A /L 2 DR A 3 777,

MDCK #HfIZ NWS #k [A/INWS/33 (HIN1)] Z &0 t%, MIRED 2mM 12725 K 912 MFPT %
MNZ 7=R5HC 24 WEfEEE L, ZOR®E BiE% PL UA LV RiRE L, Fiioicfifd L7z MDCK
felZ, P A VAHED 10 FEAIRIR AN A TG SE 7212, e & [ARRICHOIREEDY 2 mM (12725 &
91T MFPT Z A T-3GHL T 24 BRRIEGER L, ZO8#E LiE4E P2 A VAR E Li-, ZOREE K
HMIIZEE 10 BV IR L, MFPT f#7E T T 10 fRIEEE L7V A VAR (P10) %#457=, P10 7 A LA
W5, plaque purification {EIC K VEEEE F T 7 —2 % 1 ETOBRET 52 Z ik ->T, 20 &
DIANATa—2 %G, TOHHD 10 7 v—r (cl.l~cl10) ZZFiZi MDCK a2 iy
SHTC, WS E%, KR BEE2REFEL, Tha VA VAR by ke LT, 27— DA b
v JIROTA VA RIE, MDCK Milgz W=7 77— 7 veAEIck v ERLE, 2L, o
nNoorZa—rofTthEIC el ZHWT MFPT Mt ™ 1 /LA (MFPT-resistant virus; MFPT'
virus) OFFPEIZ OV TR,

N

o7 MFPT HEY A /L 2D invitro (Z361T D IEFHAEZ TR 572 01T, Bk TH D AINWS/33
(HIN1) ZBEpAR (WT) w1 /LA (wild type virus; WT virus) & LT, WT 7 A /LA KON MFPT it
TANVAZDNWT, ENENDT T —7 A X MDCK MfaZis 1T 5 50 A VA fi &% b
L7,

7T — 7 YA AOHHERIZIE, MDCK Hifid & [FIRFIC, AX-4 Ml s g Ml L LTV, AX-4 H
f&iX, human B-galactoside a-2,6-sialyltransferase | 73 =1— R X #17= ST6Gal-l Bin a2 EF AT 7 A
R CIEE#A# L7z MDCK #ila T, 1AV 23R AET HMlamm Lt 72— @E8l L T 2 #ila CTh
% [38,39], T 72oh, AX-4 flifdid MDCK AL W & 1AV OESZMERE VMK TH 5,

MDCK #if £ 721 AX-4 ffaC, WT A LA £721% MFPT ittt 7 £ /LA (cll) ZZhEhk
YeX7-th, EREMAZBRE LT, 37°C T 72 BiflA > F 23—k L7z, EREMAZRER, 2V
AZNWNAF Ly MR Afldzgeta L, 77 —7 DAY LT,



- WT
-e— cl1
-e— cl.2
-e— cl3
e cl4
-8 cl5
—— Ccl.6
cl.7
—— Cl.8
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Virus yield (PFU/mI)
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0 - 8 112 16 20 24
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Fig. 7. (A) Plaque phenotypes of the WT virus and MFPT" virus (cl.1) were characterized in MDCK and AX-4
cells. (B) Growth kinetics of the WT virus and MFPT" viruses in MDCK cells. Data were expressed as the

mean of triplicate assays.
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107~ Fig. 8. Virus yields of the WT virus and MFPT'
T T T T T T T T T 1 viruses at 24 h post-infection. *** p < 0.001 vs.
WT 1 2 3 4 5 6 7 8 9 10 WT virus.
Clone No.

MDCK fifiZ3WT cll WK L7277 —7 %A XL WT UANLAZADHE D XD H DT 0T/
Enotz, —J7, AX-4 HIIE CHIE S B 7284, cll 1%, WT UAALARERLEZTT7—27 L0
BHOMNNSWT T —7 BB LTz (Fig. TA), 77— 27 ORKE ZX T AV ADOHEFRAE 2 R T FRIED
1 D2ThDHIEND, ZORMEEY cll 1T WT UA VALY BIFEREME T LTV 5D 2 &3S
Sz,

F72, WT AL AL MFPT MifPEY A /LA (cl.1 ~ ¢l.10) % 1 PFU (plaque-forming unit)/cell T
MDCK a2 S, 2 DOReORE RIETICHI SRV A VA B4 24 FeffI2HE > TRk
BIZER LI E 2 A, MFPT M7 A /L 2L WT U ANV A LR THFRY A VAR ERED L
TWe (Fig. 7B), &Y 24 FEA#ZICBIT 2 FHRUA NV AOKRMEZHET 5 L, WT U A LA TiX
1.24 x 10° PFU/mI 725 7=Di2xk LT, cl.l X 5.56 x 10* PFU/mI TH v, HEZRBA N R 57 (Fig.
8), fihdd> MFPT MtED A /L2 G, 7 u— R TEITALNIZEDOD, cl EFRERICFHRY A LVAD
I ENAEIJED LT (Fig. 8),

PLEDOFEE DS, MFPT (it 7 A4 /LA 1% invitro IZBWTHEBERENME T LTV D Z & DR S iz,
10



Viviaw

HE Invivo [T D MFPT it ™7 A L A2 OJ5E JEME O 2Ef

IAV % MFPT {#/£ FC 10 [EfREFET 2 &~ 7 AT T 20 EMEME T 95 2 & 23 T 95
LV RENTW I 20D, AEVERLL 72 MFPT MiE Y A L A2 H R invivo (238 TEDIF
JEPEDME T LW A ATREMERHER S vz, £2 T, v~V RABPEETLEZHNT, WT A LR L
MFPT i w7 A /L A DIFIFEPEIZ DWW TR,

AV DIFJEMEZ DD 572012, WT 7 A VA E7=1E MFPT (it A4 v 2 (cl.l~cl7) ZF—7
AV ARSI, REMLE L7- BALB/c ~ o7 A ICREPEFE L= (1 x 10° PFU/50 pl/mouse, n=10),
BHOYE O~ T ANDLEY: 3 HRICH KR ORE « K08 X PR (oronchoalveolar lavage fluids;
BALF) #flLL, 77— 7 v A2V AN AEEZRE LT, 7D OFEDO~ 7 A5 TIT,
AV BRI XD BIEORREDIRIE L 72D~ U ADKREROBETH %2, Y 14 A% Cridk L7,

ZORER, WT 7 A LV AHEFERFITIEY 9 ARICHRKT 36% DOFRERDMBIZEI NI, —F, cll
PERERECIIEYs 8 HIAICHR KT 20% RBREDKEMD ThoTo, 7o, BIEMHAEL T WT ¥
A VAERERE L D HIRERD ME S e (Fig. 9A), 72, o> MFPT ittt Y A v 2 & BEFE L 7=
FECH, cll Bl L RAIREOERERDEZ R LI, S5, WT UA VAR TIIETED 60%
Eofe®IZH L, cll B CIECHINER I N2 -7 (Fig. 9B), Lo 7 v— 2 THIZIEFER
DOIFFEMEOIR T RBIE S 23, cld BERRED AN, FETEN 20% (5 Pif 1 PLFEL) &720, WT
U A L AEREREL DD MFPT bk & A L 2 BfERE & O R BRI A = LTz, 20k, YL 15
H#% UL, WINORECBW T O HITBER S o7z,

B
100 nnnonn
100 = p=004% o
S 90- g 801 b0l
£ o ——
% 80- E 60 o
© 704 E 40 Lo
ui] w
60+ 20
I,
G{I | 1 I I I I 1 0 I I 1 | 1 I I 1
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
Days after infection Days after infection

Fig. 9. (A) Body weight changes of mice infected with the WT virus or MFPT' virus. Data were expressed
as the mean. (B) Survival rates of mice infected with the WT virus or MFPT" virus.
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Y 3 BRI ALY BALF O 7 A NV AEEZHE LR, WIROEMMICEWTE ol
PRI WT UA VAR D & U A VAENEA LT (Fig 10), o> MFPT it A
JVABERERETH, ol L RBRICKEML T A L ABENED LTz, L LAaRns, cl.2 o
., BALF F DT A LA BTN L T\ /= (Fig. 10B),

ULEOFRERNSG, 7 e —UTETOETIRGNATZE DD, MFPT D A VA1, ~ 7 A%t
THWREENMETLTNT, BHFEL WD Z EDBfERSNT, £ LT, ZOREEDKTIE, 18

FHIRIZ 31T DHIEREDIR T AR L T D b D EHEZE STz,

A B
—4004 T ~ e T
£ Sonn] |
3 ‘8_800 i E
300+ 5
S5 - -
w | o600+ o
B | ekt m“:’_
% 2001 | * 400~ .
= R T ke e .
E 4 H ° ° g - —’vk— #* ek ok
> 100+ 2004 E o - T
4 dokk ok = D ko .
= ’E“H' T = :E E
> = = = > = E+
0 1 | | I 1 1 | I O_ 1 | I 1 1 | I 1
WT 1 2 3 4 5 6 7 WT 1 2 3 4 5 6 7
Clone No. Clone No.

Fig. 10. Virus yields in the lungs (A) and BALF (B) of the WT virus and MFPT" viruses determined at 3 days
post-infection. * p <0.05, ** p <0.01, *** p < 0.001 vs. WT virus.

~ 7 AT DEMEAME T LTV 22 ED, MFPT itk 7 A v RAi3g58mAEY 7 F 2 & LTH
MATE D AR RIRS NIz, £ZTEBIL, V7 F b LTOMEEZHIET 5720(2, MFPT fif
PED A VA DRHEFEIZ L > TEDRDBIEED U A )V AFEFRIZ~ U AR B0 E D v a i~
HZ iz,

Fak DR CTAEF LIz~ T A (Fig. 9B) (2, #IEGE D 32 HIZLIZEIEED WT 71/ A (1.0 x
10° PFU/50 pl/mouse) 4 Bl FCHREABERE L 7=, [AIFC, HlSHSE LT IAV ICRIRGED~ 7 2
(n=3) ZHITEMLT, RIBEO VA NAZPER L=, TO%, FEY: 14 A% E T, v~V ADKE
M OFE il % Figk LT,

ZORER, BRI WT DA NVZAETIL MFPT TMED A VA ZHER ST\ e~ U A TlE, B5t®
DA NAZERE L THRERBDIZR SN hoTe, TDO 5T, UANADRHERI 720> 725t
FREECI, BUEROD U A VARG IEEN MR 22D L, &Y 8 BZICIE 66% F CHRENED
L, B 9 BRICITBFINET L (Fig 11A), 2O Z Lnn, MFPT [itE ™ A /L X ORiIHFEIC X

D, WT DA LADOREG & DEREZBE RN T 5 2 L QMRS T,
12



Body weight (%)

—o— WT
—a— cl.1

20000+

—e—cl2
—a— cl.3

—e— cl4
cl.d
cl.6
cl.7

;r —a— Non-vaccinated
0

Neutralizing antibody titer

L L L L L e mntro'
0 2 4 6 8 10 12 14 WT 1 2 3 4 5 6

7

Days after infection Clone No.

Fig. 11. (A) Body weight changes of mice re-challenged with the WT virus in the lethal condition. The WT
virus or MFPT" virus-inoculated mice were infected with the WT virus (1.0 x 10° PFU). In addition,
non-vaccinated control mice (n=3) were also treated under the same condition. Data were expressed as the
mean. (B) Neutralizing antibody titer against the WT virus in sera from the WT virus or MFPT'
virus-inoculated mice at 3 weeks post-infection. Data were expressed as the mean + SD.

Fiz, ABEIOFBEYAE FEHT 200, B 3 BE%O~ 7 ADRERY O MiEEST, WT 7 A
JVANTHRET D AP 2 [ LTz & 2 A, MFPT (ifPE Y A L ABEFRREIY WT o A L ABREREIC T
B9 2 PRIHLAMIZZE LT e (Fig. 11B), 2O & 9 2R EH-23, © A /L A LY ES
T DGR S LIz B BN,

PLEDFERD G, MFPT MitfE 7 A L A1%, ~ U Rk 2RO T A2 R LR b, —H Tl
WT A VAZILET D REFEREAHERF L T2 end, mAEV I F e LTHIHATE 5%
HEHZ WD EBEZ LN,
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HEE MFPT (e 7 A L 2 D ZS BN O fRHT

INETORREND, MFPT MHED A NV RIZIXZE DS 7 MTHETHRE DK TIZBE I 2 5 )28 5
PNEASHTWAARENEZ DNz, 2T, IAV BERSEERROZE BRI ORERE LTHWD
NTWBEA LY hyr—7 2 AEEHOT, WT AL AL MFPT iET A V2D ) LofEHE
BlA e L, AR OB 257 T,

WT 7 A L2 E721E MFPT MitPEw A L% (cl.l ~ cl.10) 2 MDCK #jaljgeduts, 158 byt o
TR A NANE A /LA RNA (viral RNA; VRNA) #1572, S 517 VRNA Z§IC, &t 7 2
v b 3 RUEOIEFFREIRC IE AT T DA & FRICERL L 7= 7T A ~— (Unil2) (Fig. 12)
Z W TWHR S L, FEMHPS DNA (complementary DNA; cDNA) %#1587-, 15 5i17= cDNA Z#lz,
5 KUl —2 Z U AZ T EfMIMLIz& T A MR R RES 2 LI LT T4 ~—
(Table 2) # AT PCR THjIE#, ¥ A L7 by —7 2 AR L > THE BT A2 ORI %
e L7z (Fig. 12), AR, #A V27 Fir— 7 o AEOFERITEBEFEITRT,

Virus particles
in medium

uceuuuuceuce ‘ Isolation of viral RNAs
et VRNAS (-)
PB2, PB1, PA, HA, NP, NA, M, NS
AGCAAAAGCAGG
Uni12 )
RT-PCR of all eight segments
= CcDNA (+)
PB2, PB1, PA, HA, NP, NA, M, NS
' o e = Forward primer with sequence tag at 5' end
PCR with primers specific 4= Reverse primer with sequence tag at 5’ end
for each segment
(1 PB2, PB1 or PA (@ HA, NP or NA 3 M or NS
Set 1
it = set2 Set 1
Fo X ses g T ¥ se2 o o Setl___
- - |
‘ PCR ‘ PCR ‘ PCR
PCR ‘ PCR
- Set 1 ‘ - Set 1 - Set 1
dsDNA g Set?2 - Jv PCR dSDNA g Set2 dsDNA
dsDNA g Set3 dsDNA
dsDNA
Sequencing Sequencing Sequencing Sequencing Sequencing Sequencing

Fig. 12. Schematic representation of direct sequencing of IAV genome. Viral RNAs isolated from virus
particles were reverse transcribed to synthesize cDNA using Unil2 primer, and the cDNA was amplified by
PCR using segment specific primers.  After purification, each PCR product was sequenced [40-42].

14



Table 2. Primers for direct sequencing of IAV genome

Target Primer Primer Primer sequence (5°-3”)
gene  set number name (S: sense, A: anti sense)
PB2_1F S: tgtaaaacgacggccagtCTCGAGCAAAAGCAGGTCAA
' PB2_816R  A: caggaaacagctatgaccCGCTTTGRTCAAYATCRTCATT
PB2_713F S: tgtaaaacgacggccagtCAAGCAGTRTRTACATTGAAGT
PB2 ? PB2_1509R A: caggaaacagctatgacCGGARTATTCATCYACMCCCAT
PB2_1447F S: tgtaaaacgacggccagtCCAAGYACMGAGATGTCAATGAGA
’ PB2_2341R A: caggaaacagctatgaccTAGTAGAAACAAGGTCGTT
PB1 22F S: tgtaaaacgacggccagtAGCAAAAGCAGGCAAACCAT
' PB1 843R  A: caggaaacagctatgaccGTTCAAGYTTCTCRCAWATA
PB1_711F S: tgtaaaacgacggccagtTGAACACRATGACCAARGA
Pt ? PB1_1566R A: caggaaacagctatgacCAGCTCCATGCTRAAATTRGC
PB1 1489F S: tgtaaaacgacggccagtATGAGYAAAAAGAAGTCYTA
° PB1 2321R A: caggaaacagctatgacCAGTAGAAACAAGGCATTT
PAOF S: tgtaaaacgacggccagtAGCAAAAGCAGGTACTGAT
. PA989R A caggaaacagctatgaccGGTTCYTTCCATCCAAAGAATGTT
PA894F S: tgtaaaacgacggccagtAAATTRAGCATTGARGAYCCA
ia ? PA1662R A: caggaaacagctatgaccTCWAGTCTYGGGTCAGTGAG
PAl444F S: tgtaaaacgacggccagtAATGCATCCTGTGCAGCAATGGA
’ PA2233R A:caggaaacagctatgaccCAGTAGAAACAAGGTACCTTTT
HALF S: tgtaaaacgacggccagtATACGACTAGCAAAAGCAGGGG
. HA943R A: caggaaacagctatgaccCGAAAGGGGAGACTGCTGTTTA
A HA736F S: tgtaaaacgacggccagtAGGATGAACTATTACTGGAC
? HA1778R A: caggaaacagctatgaccGTGTCAGTAGAAACAAGGGTGTTT
NP1F S: tgtaaaacgacggccagtCAGGGTAGATAATCACTCAC
. NP1042R A: caggaaacagctatgaccCCTGRCTCTTGTGTGCDGG
NP NP872F S: tgtaaaacgacggccagtTATTGAGRGGRTCAGTTGCTC
? NP1565R A: caggaaacagctatgacCAGTAGAAACAAGGGTATTTTTC
NA1F S: tgtaaaacgacggccagtAGCAAAAGCAGGAGT
. NA1063R A: caggaaacagctatgacCCATATYTGTATGAAAACC
NA NAS536F S: tgtaaaacgacggccagtGGTCAGCAAGCGCATGYCATGA
? NA1452R A: caggaaacagctatgaccCAGTAGAAACAAGGAG

15



Table 2. Primers for direct sequencing of IAV genome (continued)

Target Primer Primer Primer sequence (5°-3”)
gene  set number name (S: sense, A: anti sense)
M . MP1F S: tgtaaaacgacggccagtAGCAAAAGCAGGTAG

MP1027R A: caggaaacagctatgaccCAGTAGMAACAAGGTAGT

NS24F S: tgtaaaacgacggccagtAGCAAAAGCAGGGTGACAAAGACA
NS890R A: caggaaacagctatgacCAGTAGAAACAAGGGTGTTTTTTAT

NS 1

B—IH PB2 DA J LELFIOREKT

PB2 i DA FEIT 2341 bp T, ZOEZANIE PB2 3 —REHL T, ORF % 2280 bp T,
LR DOERNL 759 TR THS (Fig. 13), PB2 1% PB1 KON PA T =®IKEFL,
RNA {&f7% RNA RUAZ—B LU THRET 5, 72, PB2 1378 EHIED pre-mRNA @ 5 Fyv7/(iC
fE G T OHREZFFOZ LMD, pre-mRNA ZFIH 228 THllASND VRNA OGO YIHIEFEIZRE 5
1% [6].

Bru—r 0 PB2 Ein ORI AT LR R, HEESNDTI/EERYIL Fig. 14 OO0
720 WT UANVAELLIGL T2 A, BEPFRD LD cl.1 (G682C) & cl.5 (K627Q) 72 CTh-oT=, %
NN DI v — AT RITFRO IR >T,

1 759
PB2 1 PB2 | 2341

Fig. 13. Schematic illustration of PB2 gene structure of A/INWS/33 (HLIN1). RNA segment (positive sense)
and its encoded protein (amino acid) were indicated in black and red, respectively. The lines at 5’ and 3’
termini represent the noncoding region.

16



20 0 B0 & 1!im 120

1 1 1 1 1
WT MERIKELRNLMSQSRTREILTKTTVDHMAI IKKYTSGRQEKNPALRMKWMMAMKYP | TADKRITEMIPERNEQGQTLWSKMNDAGSDRVMVSPLAVTWWNRNGPVTSTVHYPKIYKTYFE
cl1

cl1

1 1 1 [ 1 1
WT EQMYTPGGEVRNDDVDQSLI|IAARNIVRRATVSADPLASLLEMCHSTQIGGIRMVDILRQNPTEEQAVD ICKAAMGLRISSSFSFGGFTFKRTSGSSVKREEEVLTGNLQTLKIRVHEGY
e

Fig. 14. Alignment of putative amino acid sequence of PB2 in the WT virus and MFPT" viruses. The
identical residues were represented as dots when compared with that of WT virus.
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TH PBL OF J LERHIOfRMT

PBl #fxFD4RlE 2341 bp T, ZDOEZ A Mt PBI-F2 KO PBL AAa— RENTWVA,
PB1-F2 K U* PBL @ ORF [XZMZ4L 273 bp KO} 2274 bp T, # 2/ JEOEREZTETNZI 90
TR EEEREE KON 757 TR VI TH D (Fig. 15), PBL-F2 1fE EMIRO I v R Y TIEA
THZLET, BISMROT R b — A &2FET D, —J5, PBL X PB2 XKUY PA L~T u =w&{K%
L, RNA {&K1FEMHE RNA RY 27 —8 L LTHET 2, PBL 1%, EIZEGOEEERTD RNA O
HRIZEA5-9 2 [6],

27 va—2O PBL B5{OWEESZ AT L7-#E R, #HEE X5 PBL-F2 XU PBL 7 X /g
ELAIITEnEH Fig. 16 KO Fig. 17 O X 5272 o72, WT A LA LW L= & 25, PBL-F2 IX
BTO7v—r CERIFFERO NN oT, —FT PBL I, WT UANREHIERLT- & 2 ABHD
MFPT [ 7 A )L ACZERAFRD BTz, cl.2 1Zid G101S ZEF 7S, cl.3 1% K578N ZER3F80 5
=, F7z, cl4, cl.5, cl7 O cl.8 @ 578 FH DT I /EAFEEIE, Lys & Asn 2METE (K578K/N)
LTz, cll, cl.6, cl.9 KX cl.10 (ZEBITR D b oiz,

1 757

1 -| PB1 |—2341
PB1 { 1 90

1 —| PB1-F2 2341
119 391

[ORFO | [ORF+1]

Fig. 15. Schamatic illustration of PB1 gene structure of A/INWS/33 (HIN1). RNA segment (positive sense)
and its encoded protein (amino acid) were indicated in black and red, respectively. The lines at 5’ and 3’
termini represent the noncoding region. PB1 segment contains a second ORF in the +1 frame resulting in the
PB1-F2 protein.

20 0 L an

| | | |
WT MGQEQDTPWILSTGHISTQKGEDGQQTAKLEHHNSTRLMGHCQKTMNQVVMPKQ I VYWKOWPSLRNP ILVSLKTRVLKRWRLFSKHEWTS

Fig. 16. Alignment of putative amino acid sequence of PB1-F2 in the WT virus and MFPT' viruses. The
identical residues were represented as dots when compared with that of WT virus.
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20 40 &0 80 100 120

I I I I I I
WT MDVNPTLLFLKVPAQNAISTTFPYTGDPPYSHGTGTGYTMDTVNRTHQYSERGRWATNSETGAPQLNPIDGPLPEDNEPSGYAQTDCVLEAMAFLEESHPGIFENSCLETMEVVQQTRVD

Fig. 17. Alignment of putative amino acid sequence of PB1 in the WT virus and MFPT" viruses. The
identical residues were represented as dots when compared with that of WT virus.
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WEIH PA D NEHOfFENT

PA Efs 7 DRI 2233bp T, 2O A2 M PA 32— REATW5, ORF X 2151 bp
T, XXV BOERET 716 7R VR TH D (Fig. 18), PA X PB2 &Y PB1 L~T7nu =ik
ZIZE L, RNA &{FE RNA RY 2T —8 L L CHERET 5, F7=, PA 1375 ZHAED pre-mRNA %
I 2 RX7L T —BIEMEEZ RS2 LMD, pre-mRNA 25952 TR EILD VRNA DERE
DY BLREZEE 532 [6].

27— O PA BIn T ORI A fENT L7ofE R, #Eshs 7 < 7 BEESIE Fig. 19 O X5
272 o7z, WT UANVARELHKIGLT-EZA, £TO7r—r TERITRD LN oT,

1 716
PA 1 PA |- 2233

Fig. 18. Schematic illustration of PA gene structure of A/NWS/33 (H1IN1). RNA segment (positive sense)
and its encoded protein (amino acid) were indicated in black and red, respectively. The lines at 5° and 3’
termini represent the noncoding region.
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20 40 60 B0 100 120
I

1 1 1 1 [
WT MEDFVRQCFNPMIVELAEKAMKEYGEDLKIETNKFAAICTHLEVCFMYSDFHF IDEQGES |1 VELGDPNALLKHRFEI IEGRDRTMAWTVINS ICNTTGAEKPKFLPDLYDYKENRFIEI
I
DL L i i e e e e e e e e e e e a e e e e aae e e aa e e e e e e a e e e e aa e e e e e e e
e

1 1 1 1 1 |
WT GVTRREVHIYYLEKANKIKSEKTHIHIFSFTGEEMATKADYTLDEESRARIKTRLFTIRQEMASRGLWDSFRQSERCEETIEERFEI TGTMRKLADQSLPPNFSSLENFRAYVDGFEPNG
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1 ] ] ] | |
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WT KKTSQLKWALGENMAPEKVDFDDCKDVGDLKQYDSDEPELRSLASWIQNEFNKACELTDSSWIELDEIGEDVAPIEHIASMRRNYFTAEVSHCRATEY IMKGVY INTALLNASCAAMDDF
e
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1 1 1 1 1
WT QLIPMISKCRTKEGRRKTNLYGF | IKGRSHLRNDTDVVNFVSMEFSLTDPRLEPHKWEKYCVLEVGDMFLRSAIGHVSRPMFLYVRTNGTSK | KMKWGMEMRRCLLQSLQQIESMIEAES
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]
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1 1 ] 1 |
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Fig.19. Alignment of putative amino acid sequence of PA in the WT virus and MFPT" viruses. The identical
residues were represented as dots when compared with that of WT virus.
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WEIUIE  HA D& ) LAECHIOfEHT

HA Bz 7 O2EX 1778bp T, 2O A2 MIiX HA 82— K& T, ORF X 1701 bp
T, XX EOERET 566 7R /@KL THD (Fig. 20), HA [IHE “EAEZEKL, = Xn
—PVAFET DHEX VRV E T, FEMBOREIZSH D > 7 VHEHZ 58 L C v A V2R & il
RIEIZHE SHED, MENIEAR, BH= FY—AI2T HA X HAL & HA2 IZBZL, VA1
NADTRa—F oy R — ARG S TRERT, MIaE~?D vRNPs O8N % rlHEIC
T (W) [6].

7 v—r0O HA BIEFOMEERINZ N LToRR, #HESNLST I 2 BESIE Fig. 21 O X5
i oTn, Fiz, WT A VREWIRL, 7 VREENELD L D% Table3 I2F & iz,

1 566
HA = HA 1778

RNA segment (positive sense)

Fig. 20. Schematic illustration of HA gene structure of A/INWS/33 (H1N1).
and its encoded protein (amino acid) were indicated in black and red, respectively. The lines at 5’ and 3’

termini represent the noncoding region.
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20 40 &0 80 100 120

[ 1 1 1 1 [
WT MKARLLVLLCALAATDADTICIGYHANNSTDTVDTLLEKNVTVTHSVNLLEDSHNGKLCKLKGIAPLQLGKCNIAGWLLGNPECDSLLPARSWSY IVETPNSENGACYPGDF IDYEELKE

140 160 180 200 20 240

I E. A, e

-1 T T

Fig. 21. Alignment of putative amino acid sequence of HA in the WT virus and MFPT" viruses. The
identical residues were represented as dots when compared with that of WT virus.

Table 3. Amino acid substitutions in HA of the WT virus and MFPT' viruses
Residue at 212 Residue at 214 Residue at 237 Residue at 454

WT E/V AlT \Y L/F
cl.l E A \Y L
cl.2 E A \Y L
cl.3 E/V AlT VIl L/F
cl.4 E A \Y L
cl.5 E/V AlT \Y L/F
cl.6 E A \Y L
cl.7 \% T \Y L
cl.8 E/V AlT \Y L/F
cl.9 \ T \Y L
cl.10 \% T \Y L
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WHIE NP D7 ) LEH|OfFEHT

NP {1 D4RiE 1565bp T, ZDOEZ A2 MIiE NP AAa— K& CTW5, ORF X 1497 bp
T, XUV EOERIT 498 72 VR TH D (Fig. 22), NP [ IREA Y 2~—%EK L, VRNA
KRV AT —BEAIK (PB2, PB1 KT PA TR INLD~T 1 =8IK) LS LT VRNP % Bk
3%, £72, VRNA OEZGE0HM, VRNP O - B4t ~0likic B 545 [6].

27 m—r 0O NP Bln ORI Z Mt LIoRER, #EESNnD7 I/ BEESIE Fig. 23 O X9
\Z7poTm, Flo, WT UAVREERL, 7 VEERIENELRD L D% Tasbled [2F & D7,

1 498
NP 1] NP - 1565

Fig. 22. Schematic illustration of NP gene structure of A/NWS/33 (H1N1). RNA segment (positive sense)
and its encoded protein (amino acid) were indicated in black and red, respectively. The lines at 5° and 3’
termini represent the noncoding region.
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2 40 L) B0 100 120

1 1 ] 1 1 1
WT MATKGTKRSYEQMETDGERQNXTE IRASVGKMIGGIGRFYIQMCTELKLSDYEGRL IQNSLTIERMVLSAFDERRNKYLEEHPSAGKDPKKTGGP | YRRVDGKWMREL | LYDKEE | RRIW
A

Fig. 23. Alignment of putative amino acid sequence of NP in the WT virus and MFPT' viruses. The identical
residues were represented as dots when compared with that of WT virus.

Table 4. Amino acid substitutions in NP of the WT virus and MFPT" viruses

Residue at 3 Residue at 22 Residue at 115 Residue at 127  Risidue at 328

WT T AlT E D M/L
cll T A E D M
cl.2 T A E D M
cl.3 T A E D M
cl.4 T A E/G D M
cl.5 AlT T E D M/L
cl.6 A T E G L
cl.7 T T E D L
cl.8 T A E D M
cl.9 T A E D M
cl.10 T AlT E D M/L

25



FANE NA OF ) NER O BN

NA Bz T OEET 1409bp T, ZDOEZ A2 MIZiX NA a— REh T, ORF 1% 1362 bp
T, XURNVBEOREFEIL 453 7 X BREILTH D (Fig. 24), NA [IHRENERE LT D842 2%
BT, moR_Ra—TMHET D, V7 VA —BIEEFED, 5 EMIN DO THRY A L AD K
WZR59% [6],

27 u—r0 NA B TO8EERY 2T LIcRER, #iESh o7 < /7 BRdsiX Fig. 25 X5
o7z, WT UALREREGLIZE Z A, BRPBEDOLNTZOF cld, clb KO cl8 Tholz,
cld }X cl6 @ 133 HFHD T I/ WEFEIIE, Phe & Ser 23REAEL Tu /= (F133F/S), cl.8 o 273
FHOT 2 WEFEIEE, Met & lle 25RAEL Tz (M273M/1),

1 453
NA 14 NA |- 1409

Fig. 24. Schematic illustration of NA gene structure of A/INWS/33 (HIN1). RNA segment (positive sense)
and its encoded protein (amino acid) were indicated in black and red, respectively. The lines at 5’ and 3’
termini represent the noncoding region.

26



o 40 ] 8 100 120

1 1 1 1 1 1
WT MNPNQKIITIGSICMVVGIISLILQIGNIISIWISHSIQTGNQNHTGICNQGI INYNVVAGQADSTSVILTGNSSLCP IRGWAIHSKDNGIRIGSKGDVFVIREPFISCSHLECRTFFLTQ
-
L
T
e
o
L N N O O O O O O O O O O N O O T T
L N O O O O O O O O O O N O O T e
e
1

1 1 1 1 1 1
WT GALLNDKHSYGTFKDRSPYRALMSCPVGEAPSPYNSRFESVAWSASACHDGMGWLT IGISGPDNGAVAVLKYNGI ITET IKSWRKKILRTQESECTCINGSCFTIMTDGPSDGLASYKIF
T
e
- I T T T O T
cld oo K e e e e e e e e e e e e e e i e i e e e e e
N R R O O O O O O O O O O O O T T
el . a e L T R R O O O O O T
L
I
o

i i i i i i
WT KIEKGKYTKS |ELNAPNSHYEECSCYPDTGKVMCACRDNWHGSNRPWVSFDQNLDYQIGY ICSGVFGDNPRPKDGTGSCGPVSADGANGVKGFSYRYGNGVWIGRTKSDSSRHGFEMIWD
- I T T T O T
- T T T T O T
L I N O O O O O O O O O O N O O T T
- S R R R R N R R T
- T T T T T T T T

1 1 1 1

WT PNGWTETDSGFSVRQDVVAITDRSGYSGSFVQHPELTGLDCIRPCFWVEL IRGAPEENTIWTSGS 1 ISFCGYNSDTVDWSWPDGAELPFTIDK
-
- e T N R O T O
- I T R R R R R R T T T T T T S I R
o
o
-1 T T T T T T T e

I
e
.
-1 1

Fig. 25. Alignment of putative amino acid sequence of NA in the WT virus and MFPT" viruses. The
identical residues were represented as dots when compared with that of WT virus.
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BEE M OF ) LAESIORRHT

BlaTO2KEIE 1027bp T, 2D A MZiE M1 (matrix protein 1) &Y M2 (matrix protein
2) Wa— RINTWVD, ML KON M2 ® ORF [ZZ 424 759 bp KX 294 bp T, XL /37 BED
BRITENEN 252 T VB LD 97 TV BIRETH D, F£72, M2 1L mRNA DA T T A
VT ERTEHIEREN D (Fig. 26), ML (ZUA VAR FOHFICRLEZEENTNDLHX N IET
b, =oXe—T7OFETIZEERL TWD (Fig. 1), M1 1%, 7A /L ZRiFHNT VRNPs =
R —NAGFET DL N EOMIEN (T A NVARLAN) RAA EFEERT S, £7-, B
“HITIE VRNP OBEASOERRICEE T 5, —7, M2 IZRENEELERL, = Nm—72ff
ET D5 NNIETHD, £12, M2 O7v b F v FUEERE, HRICEAZOBH = RV —
LT 2 D kBB S B 595 [6],

B70—r0O M BAGF ORI 2T L7/, #ES D M1 & M2 7 X/ BRECSIE

A Fig. 27 KO Fig. 28 ® L H 1278572, WT TA LA LG LIZEZ A, ML, M2 L Hics
TO7 v—r TEETFED SRR T,

1

1 M1 |71027
{ -

Fig. 26. Schamatic illustration of M gene structure of A/INWS/33 (HIN1). RNA segment (positive sense)
and its encoded protein (amino acid) were indicated in black and red, respectively. The lines at 5’ and 3’
termini represent the noncoding region. The M2 protein is encoded by spliced mRNA (the intron are
indicated by the V-shaped lines).

28



0 40 60 80 100 120

1 1 [ [ 1 1
WT MSLLTEVETYVLSI|IVPSGPLKAEIAQRLEDVFAGKNTDLEVLMEWLKTRPILSPLTKGILGFVFTLTVPSEQGLOQRRRFVAQNALNGNGDPNNMDKAVKLYRKLKREITFHGAKEIALSYS

Fig. 27. Alignment of putative amino acid sequence of M1 in the WT virus and MFPT" viruses. The
identical residues were represented as dots when compared with that of WT virus.

20 40 60 80

| | | |
WT MSLLTEVETPIRNEWGCRCNDSSDPLVIAANIIGILHLILWILDRLFFKCIYRRFKYGLKRGPSTEGVPESMREEYRKEQQNAVDVDDGHFVNIELE

Fig. 28. Alignment of putative amino acid sequence of M2 in the WT virus and MFPT" viruses. The
identical residues were represented as dots when compared with that of WT virus.
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HBINIH NS D7 J LECH DT

S BAaTDORIX 890 bp T, Zdk&Z AL MMZiE NSI (nonstructural protein 1) } U8 NEP/NS2
(nuclear export protein/nonstructural protein 2) 73 =— K X1 TW %, NS1 2 OY NEP/NS2 @ ORF 3%
LEI 693bp KN 366bp T, Z NV EOERITENLN 230 T X BIRELO 121 7
BITHD, £72, NEPINS2 X mMRNA DA T T4 v 7 RFETCHREND (Fig. 29), NS1 1Zv A1
VAR E ENRWIERIE X N7 E T, 15 EMIO IFN OEALZIGEIT 52 006, IFN 7
S A=A EFHTIN TV S, NSL 1E VRNA ROfE Elifla DL d 2 ™7 B EMEEHT 2 Z LT,
T A IVADEIEN R Z E O TN D, F72, NEPINS2 & AT T A L AR I8 2\ 0 IEES
2R TETHY, ML &1L T VRNP DR ~DBak B 59 % [6].

7 m—r 0O NS Bin FOH LIS 2 gt L7-k5R, #E SN D NS1 KUY NEPINS2 7 X/
il A e E4 Fig. 30 XY Fig. 31 D L 51272572, NS1 {IZ2WT WT UA LR L&l L7z &
Z A, &TOH MFPT ffithE™ A L2 (cl.1~cl.10) I2, 4Ei@ L C P164S RN R 57, 7277 L, cl.10
IZ Pro & Ser AJRIEL TU /= (P164P/S), —7JC NEPINS2 I%, £ ChH 2/ m—r TERIIRD SN
RN Tz,

121

Fig. 29. Schamatic illustration of NS gene structure of A/NWS/33 (HIN1). RNA segment (positive sense)
and its encoded protein (amino acid) were indicated in black and red, respectively. The lines at 5° and 3’
termini represent the noncoding region. The NEP/NS2 protein is encoded by spliced mRNA (the intron are
indicated by the V-shaped lines).

——
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20 40 60 80 100 120
| | | | | |
WT MDPNTVSSFQVDCFLWHVRKRVADQELGDSPFLDRLRRDQKSLRGRGSTLGLDIETATRAGKQIVERILKEESDEALKMTMASYPASRYLTDMTLEEMSRHWFMLMPKQKVAGPLC | RMD

a
m
Mmoo wnnn

Fig. 30. Alignment of putative amino acid sequence of NS1 in the WT virus and MFPT" viruses. The
identical residues were represented as dots when compared with that of WT virus.

20 40 &0 L 100 120

1 1 1 1 1 1
WT MDPNTVSSFQDILMRMSKMOLGSSSEDLNGI! I TQFESLKLYRDSLGKAVMRMGDLHS LQNRNGKWREQLGQKFEE IRWL | EEVRHRLKITENSFEQI TFMQALQLLLEVEQEIRTFSFQL

Fig. 31. Alignment of putative amino acid sequence of NEP/NS2 in the WT virus and MFPT" viruses. The
identical residues were represented as dots when compared with that of WT virus.
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FIH NAV T LT O/

MFPT [ A /LA (cl.l ~ cl.10) D47/ L% WT TA )L ADH O L Hlg L7=fER % Table 5 (2
FL O, 70— BICEASNEERIZEDOENAR LN HO0, NSI O P164S 28R |34
s u— 2l LR STz, LR - T, MFPT X NS1 # E4RERZ—4% v hE L TWbHa]
REMENE 2 b,

Table 5. Mutations in MFPT" viruses

PB2 PB1 HA NP NA NS1
cl.l G682C P164S
cl.2 G101S P164S
cl.3 K578N V237VII P164S
cl.4 K578K/N E115E/G F133F/S P164S
cl.5 K627Q K578K/N T3T/A P164S
cl.6 T3A, D127G F133F/S P164S
cl.7 K578K/N P164S
cl.8 K578K/N M273M/1 P164S
cl.9 P164S
cl.10 P164P/S
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FVAET MFPT (i 7 A L A RGO MIZ 31 D HSREZE (L O FEAfh

MFPT it 7 A L 221348 LT NSL @ 164 FZH O Pro 73 Ser (2485 (P164S 2 5) LT
e i, ZOEEN MFPT MiHE Y A L 2 OHIFHEECIHRIFMEDIR FIZFH G LT b & X b,
Z 2T, NS1 OREREICKIT 5 P164S BHEMN G712 & B RN L7z,

NSL [T A NV ARAITIEE ENRND, EYSHIAN CREICHBLSNT, EEORLLZ X7
BEMEERTHZ LT, UANVADOEEZ R —FLTW\W5 [43], TDORED 1 5L LT, NS1
2% phosphatidylinositol 3-kinase (PI3K) EAHAEEH L, PISK/IAKt o 7 /VAREREE 215 HAb 325 2 &
NET B [44], Z DL, NS1 @ ™Ppro 1% PIBK & D AE/EMICEERT I VRO 1 5T
HDHZENMESNT WD [45-48], = Z T, MFPT [itthE™ A L ZAXMEE T2 NS1 @ P164S 255
RGN T PIBKIAKt & 7 F /UARER B OIEMERIZ & 5 229 5 D7)y, Western blotting 12 &
DR,

MDCK iz WT 7 A /LA E 71T MFPT it A /LA (cl.l) % 1 PFU/cell Tlky: s+, J&Y
0, 5, 10 F7=1% 15 WEfHf&IZIEYLHfa 2 U L, = OfMiaiE ik %= SDS-PAGE (2} L7=1%, Western
blotting (Z & W &FE & LRV B EKH LT,

5Pk L 7= PI3K (% phosphatidylinositol 4,5-bisphosphate (PIP,) 7>% phosphatidylinositol 3,4,5-
triphosphate (PIPs) %4 L, PIP; & 3-phosphoinositide-dependent protein kinase 1/2 (PDK1/2) (Z X~
T, Akt (ZIEMA LA TH D Y ER{E Akt (phospho-Akt; p-Akt) & 72% [49,50], WT 71 /LR % &k
SETAMIETIE, p-Akt 1S 5 BERZICIIRHE S, ZOBBML Tz, —7, ol YL
TIE, p-Akt [TWTHOEFRIZEBWTYH WT U A NV RAEGSHEOZ L0 R BLEN D IRho T2
(Fig. 32), L7=23-> T, cll 2K SE7-MI T, PIBKIAKL 3 27 UAREER G O1E ML AN ] &
NTWDZ ENHERINTZ, £ 08, @7 AV AEGSIIZIBWT, 1AV OX LRI ETHD
NS1 & M1 ORBEITIIKE RZITA Lo 72 (Fig. 32),

PIBK/IAKt o 7T )AREREE OIEMEAGIT, MO ELFLH Y A NV AR 78 E DRk 4 72 /il o v Hi
LA L TWD [44], £Z T, WT UA/LAL MFPT [itfEw A LA (cl.1) @ NS1 OFEREDE
ZHONCT D701, EEMIO T R F— X2 % cleaved caspase-3 (cCasp-3) K& U cleaved
poly(ADP-ribose)polymerase-1 (CPARP-1) D8 El & 2 7~ 7,

T UA VARG CIE, e 10 K% 5 cCasp-3 &N cPARP-1 OFEHIM R LA, #EKF
FICHEIN L7, —5 cl.l JEYSMICIE, &Y 10 MR K O 15 WREIZICHVT, 2 b OFBLE
T WT A L RGO Z 1 L 0 4072 ino 7= (Fig. 32), L7235 C, cl.l FUsHiia <%, WT 7
ANVASEPHIE L D & TR b — ZAOHEITNIE KN TWAB T EARIB I T,
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Ohpi Shpi 10 hp.i. 15 hp.i.
Mock WT MFPT" Mock WT MFPT* Mock WT MFPT Mock WT  MFPT

Akt -___--—-—-—_—_—--_-_

Akt/Actin 038 039 048 042 086 042 067 037 029 072 044 100

p-Akt
(Ser473)
p-Akt/Actin 0 0 0 0 012 00 0 059 033 0 1.00 099

cCasp-3 | - —‘—
cCasp-3/Actin 0 0 0 0 0 0 0 002 001 0 100 019

— - ——

PARP-1  — e il 4l e Bl O G S

cPARP-1 i

PARP-1/Actin 090 065 090 095 077 050 05 039 040 068 061 100
cPARP-1/Actn 0.03 003 004 006 006 004 004 011 003 005 100 095

Actin —--——‘F_--—-—-
100 100 100 100 100 100 100 100 100 100 100 1.00

IAV NS1 ST = — —

1AV M1 — — _—

Fig. 32. Comparison of activation of Akt, proteins related to apoptosis and viral proteins in virus-infected cells.
MDCK cells were infected with the WT virus or MFPT" virus (cl.1) or mock infected with PBS (phosphate-
buffered saline). After incubation for the indicated periods, Akt, phospho-Akt (p-Akt), cleaved caspase-3
(cCasp-3), PARP-1 and cleaved PARP-1 (cPARP-1) were detected by Western blotting. Expression levels
of NS1 and M1 were also checked. Semi-quantified expression levels normalized against value for actin
were indicated. p.i.: post-infection.

RGN T D18 IO 7 AR h— 2 AOHEITIE, BN THZIT/ED . VRNPs 23 Al ~
BATT20%MB L, RELTTHRUANARBZEMNIEL 0D 2 ERMEIN TS [51-53],
F 72, NEPINS2 23842 VRNP DHREENAVERLE A B = X ABIMEICEFEIEXT 5 b D0 [654], 7K
=3 212X 5T VRNPs BHIIRE ~BATT 5 Z E BT RUANADNRINRFELEIILETH D &
ENTWD (Fig.33), £ Z T, MYSHIMANTD VRNPs DJR[TEZE, IAV O NP Z it 452 &
TH~72,

MDCK #HlEiZ 1 PFU/cell TG X W72, WT 7 A /L AEIMINE T, Y 5 R NP 1%
EWNORTR[EL TV, B 10 RE% &K O 15 FE#%ZIC NP 13N &I o i 5128\
B E iz, — 5T MFPT itk T A /LA (cl.l) YL TIL, B L-WTRoRRIZBWTH
NP [ZEENTO LRI S 4, HIIE CIHIEE A ERHE N2 o 7o (Fig. 34), BEGEARNIZIWT,
NP [ZZDIFE A ED VRNP Z LTV [55], L7=2-> T, AEIOFERND cl.l e
1% VRNPs DO A~OBATHIH SN TND Z EMNRBREN, ZDOZ L NFFRY A VAN &4l
L, HIEREDIK T2 b7 LB 2 bz,

4l
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Release

apical side

‘e

Assembly

~GDP
+Pi

cytoplasm

nucleus
basolateral side

C——yRNP @M1 @ONEP/NS2 @ Cmi1 Ran (GTPase)

Fig. 33. Shematic representation of VRNP nuclear export at late stage of infection. In IAV-infected cell, the
VRNP newly synthesized in nucleus was interacted with M1 and NEP/NS2, and the VRNP-M1-NEP/NS2
complex was recognized by the chromosome region maintenance 1 (Crm1) which mediates the nuclear export.
Thereafter the VRNP-M1-NEP/NS2-Crm1 complex was exported to cytoplasm to produce progeny virus. At
late stage of infection, it was suggested that the VRNPs were also exported to cytoplasm by another
mechanism, which induced by apoptosis, since the VRNPs were retained in the nucleus by inhibition of
apoptosis [51,52,54,56,57].

Fig. 34. Localization of IAV NP in virus-infected cells. MDCK cells were infected with the WT virus or
MFPT" virus (cl.1) or mock infected with PBS. After incubation for the indicated periods, IAV NP in the
cells was stained with FITC-labeled anti-NP antibody and detected by using fluorescence microscopy.
Nuclei of cells were counterstained by DAPI.  Scale bar = 50 um.  p.i.: post-infection.
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Relative expression level

PIBK/IAKt * 7 F VARER I DIEVELIEL, TR b= ADHR72 5T, FLVANVAZ LRI ETHD
IFN-B DA EZ DT, HEMRORENEIC LS5, £2T, 1PFU/cell T A LA %
e XH7-FE MDCK HifIZEIF 2% IFN-B @ mRNA O R ILE % €& PCR (quantitative PCR;
gPCR) (Z k> Tl L7,

ZOFER, FERYAHIN (mock) TiX IFN-B @ mRNA OFEFITIEFEAERO NS, TO—HT
WT 7 A )L ARG CIE, &G 10 R LY 15 BEfE#2IZ IFN-B @ mRNA OB 52
FEINTND I ENFERS N, F72, Y 10 BR#% LY & 15 Fr#% O 55 mRNA FEHE
N o7z (Fig. 35), Zauzxf LT cll Yl T, IFN-B @ mRNA ORILIFEINTND
HOOD, EY 10 FFEZ LY 156 FF#ZOWTUZIBWNTE WT U A LR L E_TREEN A RIS
B L CTne, oo MFPT itk 7 A L A REGSHIFL T 6, cl.l & RIEROFER NG L7 (Fig. 35), £
72, MFPT it 7 A v A EEEHIIC BT 5 IFN-B @ mRNA OFEBLEI, &Y 10 K% L 15 B
R TIEE A EZENR, B DWIFEYE 15 REI#Z O3 Y 10 Kl L 0 47220 & 5w
W% D7 a—rTRLNTZ,

1.5-

i [ ]10hp.i.

| B 15 h p.i.
1.0-
05__ ook

HH
| m ok H*### sk HE L == sk g Rk R ok Ll
ol i I 0 5 I s W O e

Mock WT cl.1 cl.2 cl.3 cl.4 cl.5 cl.6 cl.7 cl.8 cl.9 cl.10

Fig. 35. Relative expression level of IFN-B mRNA. MDCK cells were infected with the WT virus or MFPT'
virus or mock infected with PBS. At 10 and 15 hours post-infection, the infected cells were collected, and
the total RNA was isolated followed by RT-PCR to synthesis cDNA. Gene expression level of IFN-B
MRNA was quantified by g°PCR. Data were expressed as the mean £ SE.  *** p < 0.001 vs. the level in WT
virus-infected cells at 10 h p.i., ## p < 0.001 vs. the level in WT virus-infected cells at 15 h p.i. p.i.:
post-infection.
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HHE 1AV ICXT 5 MFPT OVERET OfEt

—MREINT, FEAITME D A L ZTH T A NV ABEOAEENAC AR Z AT H 2 Lk, fivA v
ZHNT DM ST 5, LA~ T, MFPT [ifE ™ A L 2213 d@ LT NSL @ ®Pro (248
BPBEAIILTNZZ &0 D, MFPT X2 OEAMI/EH T2 2 & T, $t IAV IEEZR"T 52D
iz, ZNEMHEPDDT-DIZ, WT UA VA% MDCK M@ S E 72 MFPT 2Nz % &,
TGN T ED K 9 7B b E T D DR Western blotting (2 L > T % Z i L7z,

MDCK iz WT v A /L 2% 1 PFU[cell TIEHuTR, BiHE7ITMIRED 2 mM &7 5 K91
MFPT Z X 7o85HCA V% 2 _X— b L7z, J&Ye 0, 10 F7-1% 15 RERICIRYSIZ I L, 2D
MR 2 SDS-PAGE (T L7=%%, iRz W TARE Y 7 Baekt Lz,

ZORER, WT UA VA E Y SE -0, e 10 FEF% LY 15 BEZIZEBW T, MFPT RN
FECIE p-Akt OED D LWz (Fig. 36), £/, 7AHR h—YAD~—A—Th 5 cCasp-3 L
CPARP-1 ®&H, MFPT IRIIEE Tl LTz, —5 T, NSL X° M1 OFRHEICKE 2272413
B hoTo, Fiz, FEEIGSHARIC MFPT 2L CTHAIXIZE A ER BN 7272 (Fig. 36),

INHORRELY, MFPT N U A NV ADEGEEZ AR — b3 2% PIBKIAKt 7T WVARTERRIE DIE
fbZ4H L, % OfEREGSHn0 7R b — ZAOHITE2MHT 5 Z AR SN, T LTIDT
R b= ZAHEFTOME DY, MFPT MittE Y A LR LERRIZ, THRVA VAR EOK 27287
EEZ b,
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MFPT (2 mM)
WT infection

Akt

p-Akt/Actin

p-Akt
(Serd73)

p-Akt/Actin

cCasp-3
cCasp-3/Actin

PARP-1

cPARP-1
PARP-1/Actin
cPARP-1/Actin

Actin

IAV NS1

IAV M1

Fig. 36. The action of MFPT against IAV. MDCK cells were infected with the WT virus or mock infected
with PBS. MFPT (final concentration = 2 mM) was added to the medium immediately after infection.
After incubation for the indicated periods, Akt, phospho-Akt (p-Akt), cleaved caspase-3 (cCasp-3), PARP-1
and cleaved PARP-1 (cPARP-1) were detected by Western blotting. Expression levels of NS1 and M1 were
also checked. Semi-quantified expression levels normalized against value for actin were indicated.

post-infection.
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IAV (NWS #) % MFPT TMLELT %5 Z & T LIz MFPT i 7 A /L A1, invitro THAFERED
KTL, v~V RELET B TREMEMET LT, £72, MFPT ifED A L 2%~ T (T
BT LICLo T, BRTHD WT A LRI 5 FFPUAREA SN Z &5, MFPT
M A VA ZFHHEET 7 F o e LTRIATE 2 BEREZE 2 b, VI Fra2/ET 5701
&, ETUIFURERD VAN AZ REITHIES D MERNH D, MFPT itk A /L 213 WT ¥
ANVALVIZETF LT b ODEEMIICB N THIREOHIEEEZ R L2 LD, TI7F
BROA N AL LTCREBEMBSE D ETXEIAnEEx b, &5, AT, v 7 vz
7 A VA EAERIT S reverse genetics HiAlT e A MEE LI, BHEALTUA N AERGIZ, oLk
FOETHIR (R CFY 2 WHRIFEEE) R4 5 Z LN TE 580%, MFPT MitHEY A L 2ADFf & B %
bivd, E£72, MFPT THETVANVAZZEDEEV I FUETVANVAELTHMHLZWELTY, 4
IR ST 285 (NS1 D P164S Z85) Z#EHEEICB D DDA R LAE LY D Z LT, 5E4E
D0 F L OREEROENEZRED D ZEBARETHD LB X BT,

MFPT (i A VADT ) b WT DA VAL ER L& 2 A, 7 a— BT OE R RED
b, ZTNHDEREDOHT, NS1I O P164S ZROHNPE7 v — 4@ L TRO b= Z L
5, MFPT LEEIZ L% 1AV OBIEREDIR FIXZ OERIEFET b0 LRS-, £/2, 7
— U [H CHIIHRE IR L DA F ORREZITE FOED R SN 72 DI, NS1 @ P164S 28 FLISN 78 5
NEH L TCWDHTienhtEZxohnl,

O ETEND D120, 5lERNT NSL @ P164S ZEENED L HIZ LT 1AV OHEFED
KFZH726 LTWDOR Lz, HBUEI TR~z X 51T, NS1 (FEGSHIEN CREICHE I
TIEEHRDREA 22 R EEFEAERA L, AV ADHEFENRZ @D T\ D [43], F DOREEED 1
2L LT, NS (% PIBK SHHAEMER L CZNZIEMLL, Akt OV U EbZ#2T, PI3K/IAKt ~ 7
IARER S 2 M9 5 [44,49,50], Lavh, BEMNFE LN NS1 @ ™pPro 1% PI3K & OAHAME
FINCEERT X JBEED 1 D THDH Z ERHREINTWD [45-48],

IR DERIZIESNT, MFPT (iftE 7 A VA THD cll &> T, EYSHRMNICERIT 5 p-Akt
DEEZF-LE 5, cll YN TIE Akt O UERES WT 71 /L ZREYERE L 0 S 4l Sh
T\, ZOZ END, cll EYSHINETIX PIBKIAKL 3 7 UG EER IS OFE AL 23 KT D
DRI NT, FTz, THUE P164S A FIZL T NS1 & PIK L O OMAAERAWEES LTz
T RSN, EBE, NSL 28 PIBK @ p858 #7==v MI®H D i-SH2 KA1 > LFAIEH
THE, Pro IH X O ET v VOESINELTRY, #EREEKT S ECEERT I B
HEEZONDTD [4547], ZOT X JBBERENERTHZ LT PIBK L OMAMEHAN T 5 A
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REMENE X b,

cl.l EYLSHAIZ W\ T Akt O U UERkIEIIR S TW b 0D, —FT IAV O NS1 KT M1
DFBEIT WT UANVAERTEITA LN ST, 2D L5, NSL @ P164S 2 #<> p-Akt
DRI ANAZ R EORBUNTIZE N EFE LW LRI, £2, cdl DU A
JVARY AT —BIEMEE, cll [ZEOHIEE D 1 DOERTHD PB2 O G682C ARIZLDHE
BEZITTWRNE WS Z 2B EZ BT, PB2 @ %Gly %, VRNP JEED7-HIZ PB1 ° NP &
FEETHEIKICEENTND Z EIFHESNTWD LD [54], PB2 OREREICRBITA 207 I /#E
FRIEEOBEEMIIHLDICENTWRY, LR - T, PB2 @ G682C ARIZXL D cl.l D08FElb~D
WA 2 IR T A Z L IXTE RN L DD, FORBORE TV EEZ LD,

PIBK/AKt > 7 /ARIERR S DTG AL, HIRROATFOH Y A VAR R e & O~ e fifia o Bl
LEHELTWD [44], F 2T, MFPT Mt A L ZRYHINIZ 1T 2 7 R b — 3 2 DHEIT O

L IFN-B @ mRNA ORBL&E %, ZiLZ4L Western blotting & gqPCR (Z X VF~, WT A /LR &
e U7z, 2 ORER, ol Y C7 AR b — 3 A& X7 E (cCasp-3 2 Y cPARP-1) D¥Hi
wERA L, &2 TO MFPT [iHEY A VA EGSHIIE T IFN-B @ mRNA OFEHLE A LTz,
Ihbild, PBBKIAKt o 7 T IRERE O IIH SN RES b D EEZL bR,
JEYSHIIENIZ I 1T 5 IFN-B @ mRNA OFSBL&E % 58M L 72 K%, MFPT (it 7 A /L A JEYsHIE Tl
Y 10 BE% L 15 BRI CIEE A EEN R, HDHWITEYE 16 FEM% O3 Y 10 K
E0HlENTND ENS, WT UA VR EFR R - REEIN, HEEXY VN IED
protein kinase R (PKR) & retinoic acid inducible gene | (RIG-I) IZHIE > VRNA %3785k L Ty
ANV ARG ETEALT 5 Z L vh [65], 2D 3781 vRNP 110 vRNA ZEik LT\ 5
EHEER SN D, F72, IAV BYSHIIICH VT RIG-L 1T IFN-B OFEAZFET D DICHMED X %

?%5:&%%%5%?“5[%%@ L7245 T, MFPT itk 7 A L 2 &Gz B\ ¢,
FZ I ZEIEN D VRNPs 238 L7=Z & T RIG-1 (12X % vVRNA OB L, ZOFEE IFN-B
O MRNA OHBLAEZDTZ RIG-I IZX > THEINDIMU A NVARIERIH SN2 &0, WT ¥
A VA JERYNE & I DRBINE — B R LT EICH G LTWA EEB X b,

MFPT it &7 A L A JEGSHIE C7 AR b — T AOEITHIEI SN TWD Z &1L, 7TH b—v R0

ITIZE > TRES LD IAV @ VRNPs DEEAAA~OBATH cl.l EYSHIIE THHl S TnizZ &b
bR STz, 612, IFN-B (A4 —hr27 U o Fid"T 7 U AERIC L » TIEEMIADO 7 R b —
VAEFHHETHI LG, IFNB O mRNA OFEBLARFD L TWeZ &b, 7R b— ZETON
fllcwmEELTWD EEX b, BYEHIICE T 21 B0 T A h— ZOH#ETIE, N THE
IZEB 7 VRNP DHEIVE ~BITT 202 ML, THRVANVABEZHNSE S Z ERHE ST
W5 [51-53], £7-, NEP/NS2 73f84> % VRNP DHREEHAVHGE A I = X AWMBNCFET D H DD
[6,54], 7R F—T RITL > T VRNPs 23lfE ~BIT SN D Z L IEF RV A NV ADIFR LV EES
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METHDLEINTWD, LER->T, MFPT MHED A L 2 DOBEFEREDIR T IE, NS1 @ P164S 4
FUZ L 5T PIBKIAKt ¥ 7 F ARER K OIEPEAL 3 Il S 72 2 & ¢, EREIICBIT 57 R h—
VADEITHRIEI S AL, FOTEOITENTH L <EH L7 VRNPS OFZINA~DBATHA L, Zh%
FOWTBRYANAOEENH SNIZRERE LD TH D LRSI,

B2, 1AV ITx3 % MFPT OEREFIZ W TR 21T > 770 MFPT THE ™7 A /L 2 O KM
5, MFPT @ IAV [ZHTHIEAA B =X A% NS1 & PISK OFAEAORETHD Z LN THES
N7, MFPT fF£ FC WT DAL AZEYSET, p-Akt OEZ LR L2, ZOFEE, MFPT {7
FETF T p-Akt DN L, S HICTHR M=V ABEX X7 EOENED LT\ e, Lo
T, MFPT (Z NS1 78 PI3K/Akt ¥ 7 /VsiERR K A TEMHEL T 2 D284 5 2 & TH 1AV &%
R EAURB SN, £, ZOREND, 1AV 2 MFPT THUER L7 PIBK & OHAEIEA
RO A EERT I BRFRIRICAR (NS1 @ P164S Z55) M4 U7-diE, MFPT f#/E T THiiE+ %
72DIZ, T2 6 MFPT PMEET DREICAIGT 572DIZAE Lz b o LR ST, —kiic, 3K
FUMEE &7 A L 2 ZIRANTHE 2 85T 5 72 DI EREAE T, TOERIZE > THEENK T 5
ZEMNHMLNTVD, MFPT IZ2oWTH, i IAV {EMEIZEL Wb DD (50% 7 A /L AHEFERH IE
TR =28mM), ZOZENRYTIXED, ZO/RE MFPT itk 7 A /L A DOHFEAECHHFMEME T L
mEEZXLNT,
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B3 MFPT OFL HSV iEME O

H—H Invitro (BT 5 MFPT OHL HSV TEMED M

(XL HIZ, MFPT @ in vitro (2317 581 HSV 1EMEZFH~To, AMFZETIL, HL HSV-1 1&MEDEE
ICHER STV D HFE BRIZINA T, HSV-1 OFEUERRD 1 > THDH KOS £k, F IV FF—EI(C
EREHFT L7 7 v el (aciclovir; ACV) TiHERED A4-3 Bk [61] LN HSV-2 THDH UW 268
WaEMRTANAL L, £z, BFOPANVRATA VA THL ACV ZxtiE LT,

L HSV {EPEDOFEARIEL, Vero AR OEAEIZ k32 50% Al e HESEBH 1L B (50% cytotoxic
concentration; CCsp) &, 50% v /L AHEFHBH IR EE (50% inhibitory concentration; 1Csp) Dk, 3724
B IRFEEL (selectivity index, CCso/ICs) ZHH L CTITo72, —MRMICERIEED 10 UL ECTHNE
HUANAEERSH D L SN TWD, ACV 1L, KOS #EE N HF FRIZK - 2 BIREEUI T T
1100, 450 L mimofz, LA L, ACV MR TH D A4-3 BRICKHT 23&IREEIE 75 TH Y, iy
ANARIERITET D200, o ACV EZME HSV-1 L0 ERIICE) -7, £z, ACV [T,
HSV-2 1Zxf L Tid 1900 &9 mvagiRfadia r L7c, —J, MFPT |X HSV-1 THh 5 KOS #E,
A4-3 BN HF BRICKkHT 2@ IRFEHAZ 24 410, 340 J2 X 530 Th o7, i A4-3 HRIcD
WTIE, MFPT @5 ACV L0 bW sEIGES A R LT, £72, HSV-2 @ UW 268 FRIZx7 %
ERFEET 310 TH 7= (Table 6),

LLEOFERM S, MFPT 1X invitro (28T, ACV [itERE S & ® 75T HSV-1 15 & 0L HSV-2
TEMEDR B D L fIETE T,
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Table 6. In vitro antiherpetic activities of MFPT

Virus Strain Sample Cytotoxicity Antiviral activity Selectivity index
(CCsp, M) (ICsp, UM) (CCso/ICs0)
HSV-1 KOS MFPT 890 + 160 2.2+042 410+ 12
ACV 2600 + 250 25+0.64 1100 + 200
A4-3 MFPT 890 + 160 2.7+0.82 340+ 50

ACV 2600 + 250 36 *45 75+ 86

HF MFPT 890 + 160 1.7+0.49 530 + 100
ACV 2600 + 250 6.0+£1.7 450+ 72
HSV-2 UW 268 MFPT 890 + 160 3.0+0.91 310+ 93
ACV 2600 + 250 1.4+0.20 1900 + 260

Each value was the mean + SD from triplicate assays.
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Sipe —= oA

51 Invivo ([Z31F 5 MFPT Oft HSV &M DO

AIEIC, MFPT (X invitro (23T, HSV-1 KON HSV-2 IZxt L CHLV A VAR EZHT5H 2 &
DHERSINTZ, BlEHix, v U AT HSV ZEYE S DR~V RXETVE FWT, invivo 128
75 MFPT O#t HSV iEMEE MGt L7z,

BALB/c ~ 7 A|Z medroxyprogesterone 17-acetate % Ji&¥: 6 HATL ' 1 HAENIK F&EEL T, ¥
ANVAZT D~ ADRSZ M Z B DT [62], D, HSV-1 (KOS #, A4-3 FEE721% HF £8) %
7213 HSV-2 (UW 268 #k) A JEPIBERE L7~ (HSV-1: 5 x 10° PFU/20 pl/mouse, HSV-2: 2 x 10* PFU/20
pl/mouse), AFEPLHEED MFPT 721X ACV I, &Y 1 FEEATOI&Y% 7 AL E T, 1 B 2 [FR
5 L7= (20 pi/mouse x 2 [A], n=5), XfMREEICIE, FIU A7 Y 2—/LC PBS ZfEERE LIz, &
v 1, 3, 5 ROV 7 HIEZICHENTERFRZ L, &Y 14 BHEE THCH - LT H R OFIEDFEE
ERTBIEAT ik Uiz, BIEA T, 00 SER, 1 AJEBICBREORFENALLND, 20 £
FHER AR O AR L BRSO D, 30 AFEEsICHE ORIEN A TR KRR b b, 4 thik
N5, 5 FE1S, LEF LT (Fig. 37).

A

Fig. 37. Images of lesion score in mice infected with HSV. Clinical signs of infection were scored based on
disease severity as follows: 0 = no signs; 1 = slight genital erythema and edema (A); 2 = moderate genital
inflammation (B); 3 = severe exudative genital lesions (C); 4 = hind limp paralysis (D); and 5 = death.
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3 FEFHD HSV-1 Z L S ET-REOBENTER KT O VA NAEE T T — 7T vl A THIE LI
R% Fig. 38 |2/~ L7z, MFPT ZfRfER G L7=If, KOS HREERRED 7 A /L X BRI
L, ¥FlZ MFPT % 1.0 mg/day THEH L7-FFDORY 1 HRIZEBIT D VA LV AT REEOK 49%
ThY, AEICED LTV (Fig. 38A), £72, MFPT % 1.0 mg/day TG L7-Fpoj&kys 3 H%
DA VAT BEEOR) 19% THY, SIS 5 BRICIT VAV ARRE S o7z, W
FTHORIZIB W T HEGE 7 HRRICBW TENTERR I Y A VAT S 720~ 72 (Fig. 38A),

ACV Tt A4-3 BREEFERFD 7 A L 2B MFPT O 502 K » TREKRFCHED L, MFPT %
1.0 mg/day THE L72lRDEYL 1 HIRICHIT D U A NV ARIIHRIEOK 52% THY, AEIHED
L CW /= (Fig.38B), %7z, MFPT % 1.0mg/day CT#H L7zBFDEY: 3 ALY 5 HZDO 7 A )L
A, TNENRREEOK) 19% KO 6% ThHY, ACV HEHOLD LRRELE 72, Wi
DFZBNTHIEY: 7 BRRIZB W TENTRERIE I A LV AT S e s> 72 (Fig. 38B),

HF BREEFEREO 7 A L 2 &S MFPT OEHIC K - TREKAFHIZHED L, MFPT % 1.0 mg/day
THE L= O/RRYE 1 H%ICHT 5 7 A L ZRITHBEEOK 40% ThY, AHEICHED L= (Fig.
38C), F7z, XHERETIIEY: 3 HERICEW TERTREHE T 7 A L A5 S ey, foRETl
Y 3 BN T A VAR SR o 7= (Fig. 38C),

HSV-2 & UW 268 #hA MR L 2R DENTEFRT OV A VA BZE LT L ZAH, BT U &
T HRA 2 MZBWT, MFPT & 58 CIRIRERFHIC A VA BN LT, £7-, MFPT % 05 &
721% 1.0 mglday &5 L7=FHE, 297V RS b TRHIBEEL D b A NV ZABENHREIZHD L
2o ACV BHRETIE, VA NVAENE LA L TNT, BEY 7 BRICERR L EATEER I Y
A VAR S o 72 (Fig. 39),
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Fig. 38. Virus yields on day 1 to day 7 in HSV-1-infected mice treated with MFPT or ACV. Mice pretreated
with medroxyprogesterone 17-acetate were inoculated intravaginally with ACV-sensitive KOS strain (A),
ACV-resistant A4-3 strain (B) or ACV-sensitive HF strain (C) of HSV-1.
+SE. *p<0.05 **p<0.01, *** p<0.001 vs. control group.

Data were expressed as the mean
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Fig. 39. Virus yields on day 1 to day 7 in HSV-2-infected mice treated with MFPT or ACV. Mice pretreated
with medroxyprogesterone 17-acetate were inoculated intravaginally with UW 268 strain of HSV-2. Data
were expressed as the mean £ SE.  * p < 0.05, ** p <0.01, *** p < 0.001 vs. control group.
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Fig. 40. Herpetic lesion scores in (A) KOS strain (HSV-1), (B) A4-3 strain (HSV-1) or (C) UW 268
(HSV-2)-infected mice. Each value was expressed as the mean. * p <0.05, ** p <0.01 vs. control group.

HSV DS LD~V ADRBIEOREEZFIEA 2T L L itk L= & 25, HSV-1 @ KOS #k
Y ST, S PRBE TR, 4 HIRICIIEA 7 SN Lk 72, MFPT #5BECI, BlstL
TWHIFIZRB W O IREE L W B FIEA a7 MRS, E7ET SR BN > 72, 7235, 1 mg/day
T MFPT &5 L7, BIEHIM 48 TR Th 72, ACV &EHETH, 80% (5 L 4 L)
D~ AN CTh -7 (Fig. 40A),

A4-3 BRZ G SET560E, SIREECIUEIYE 5~8 HZRICO T RBIERA a7 O AR AL
HLOD, ZOMORETITERS SN 7eh - 7= (Fig. 40B), F£7-, HF HRa e S 841%, Wi
ALOBEIZB W T HIAERIZA G472 h > 72 (data not shown),

HSV-2 Z#fE L7250, HRBECIEY: 3 AENOIIERA a7 8 EA Linw, Y 9 BT
2HFE T Lo, MFPT 58 ClE, XHRBEICHE R THIER 27 o EFIZbT M icmfl s izt oo,
Y 10 HEE TIZABBET Lie, — T ACV BEEETIE, MR ADIERIZA B HH &
, LDl 5 i 1 PEoHTZ 7= (Fig. 40C),
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H A NAREER LIZREO~ 7 ADFEH22 5 ONIFEE HZ5ifk L7z & 2 A, HSV-1 BEfEfET
TN T DT A VAR THIETHNTEBIR S 472 - 7= (datanot shown), L L7223 5, HSV-2 %2
Fl L7-FEIX, Table 7 (TR Lz X 9 2R & e o7z, XHEREL MFPT B GHHIWVT b 2FIE T L
TWbHHOD, MFPT O 5 X - TEFHIIZTOTMIERE LT, L, BEKRTNZRR)
RITFR OGN oT,

Table 7. Effects of topical application of MFPT or ACV on the survival rates in mice
infected with HSV-2 (n=5 for each group)

Survivors/total (%) Day of death
Control 0/5 (0) 7,7,7,8,9
ACV 4/5 (80) 9
MFPT
0.1 mg/day 0/5 (0) 7,8,9,9, 10
0.2 mg/day 0/5 (0) 7,8,8,909
0.5 mg/day 0/5 (0) 7,8,8,9 10
1.0 mg/day 0/5 (0) 7,8,9,9, 10
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i

D EER

DIRTOME T, MFPT i invitro (ZBWTH HSV-1 7EM: (HF ¥%) 28 LTk, TO/EHE
HIE, (1) VA NVARZAOFFREOIE], (2) BAAILIZI T D U A )V AFEAOIH KO (3) YAl
Jea 22 & DFFR D A )V A OMBNCE DD, &#d LTz, AWFFET, MFPT X HF Bk (HSV-1)
721 T2 <, KOS # (HSV-1), ACV [tk CTdH 5 A4-3 & (HSV-1) KTY UW 268 ¥ (HSV-2)
*LTh, invitro 28T 57 A LV AEERBRICEBW TEWEIRIERZ R LT, £z, ACV X
PERR (HF #K) & ACV MitERE (A4-3 BE) OBHIEEICKRE BN, Do T o U A LA S
HSV-1 IZJE L TWS Z Larh, ACV MHPERRISH 9 2 EHARRIIE HF BRI 2ERER &R C T
boLHRINT,

MFPT 7% invitro ThE& Z2BRICKE L THL HSV 1&MEEZ AT 25 2 L SRR CTE 20T, RIT invivo
IZHB1F D80 HSV TEMEZ, YEER~ VR ZET VA2 W TR L 72, MFPT (X ACV MittErk b Z 7 3
D HSV-1 2% LT, RFTD U A L AR ZREKFIICHD S, K 1mg/day TRéERSG LTz
REIIRTRRRE & LR T U A VAR EH B SH¥72, —J, HSV-2 (Zxf L TiX, HSV-1 &5 &
PRI T LTV b DD, MFPT [XIREKFIIZRETOD A VA &'zl SE7e,

JERYSENL T H DIENICIESE MFPT 285 LT\ AD Z &, invivo IZBIF% 3 Fid HSV-1 |2
ST DERAI =X LDIFEAER invitro OZFNEFRETH D RHEMENR B 2 bz, L LR
5, invitro (2T invivo IZBT 280 HSV TEHENEIN -T2 & vh, MFPT OFE A 71 =X I
WZOWTEBITHETT 20 ERD D,

HSV-1 F721% HSV-2 ZiRfEtefid 5 &, #fiii, CRIENFHE SN D, KOS HRAHHE L 72Rf D
RIEAAT /DL, PBS HGHETIE, ELIE~ T A TN b0D, <07 AL TNk
JEZ L Z LTV, — 5T MFPT (1 mg/day) %5 L7-FEORIEA a 71 3ERYIMb 2@ L TR
THY, 05 mg/day T MFPT Z#& 5 L7-HA6TH 1 ILETNRREZRZTICHE-T, Lo
T, MFPT (X HSV-1 [ K> THELDRIEZ LS MBI LT EF 25,

HSV-1 OFEFEIZIART, HSV-2 ZHHE L 7-RR 3 BRI B W COIER ICEE BB AL o, g
9 HEETIZATO~YT AN Lz, —FHT ACV HEERETIE, % 9 HEIIC 1 o~y AN
T HICHEE -T2, HSV-1 & HSV-2 OFFJFMEI, AL THALNI- L 2T Bips Z b
DHESHTWD [63], TDT28, DR (2% 10* PFU) 126D 5 HSV-2 [ ZBIEH 72 E
WERL, ZVEERER (5% 10°PFU) (260 53 HSV-1 (ZIEE ICFE0m B LAV E o T2
EEZLND,

MFPT 1, SIRFEER L 0 HIlr9-2 & invitro TiX HSV-1 & HSV-2 I[ZRFEEDOHL Y A L ATEME %
HLTWZ, LML, invivo (28T MFPT [, HSV-1 (kL TIE D A L A ESORIEZ M L7z
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25, HSV-2 (2 L CIZIRIEZIR NG5 o 72, T OEWE, MR~V _RAETILICEIT S HSV-1 &
HSV-2 O¥iRMEDE VRN TR & s Sz,

fenm & LT, MFPT (X in vitro & in vivo O WT ACV BEZMERR KT ACV MR
Tk U CHERER 2R Lz, MFPT @ HSV (ST A1EA A =X LD HERHBEHINETH D

HLOD, MFPT (X ACV it HSV (Zxf L CTHEEH TE 2R EZ T 2 DITH LD E#HELR S
77,
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% of untreated control

B RUTF LA I SP-012 DL HSV IHMEDFEH

H—E Invitro I2BIT 5 SP-012 OFHL HSV {EMD AN

[T U IZ, HSV-1 (KOS #) & HSV-2 (UW 268 #k) % i "C,SP-012 @ invitro (23515 551 HSV
TEME A RN L7z, BT HSV i&MEDREMIL, CCs & 1Cs D, 72 B4 (selectivity index,
CCslICsp) ZHEH L TITo 72,

F7o, WBE A LAY L FRHCINZ 72 5E (A K) &, BLEENOMZTHE (B K) 0
NECX LT, BEIREEZ RO, A KOGAIZIZ T A NVADOWSE - RABMEN LB TEET

DIZxE LT, B ROGEITITWAE R OHETHEFED OB FET 2 2 810D, LR > T, A K

BIFDEEN B KIZBIF LRIV bEmWGE, SBHIV ANV ZADRAE - RABEBIZARE DS
HOoWIER LTS EExbND, —Ji, B KIZBIT22RN A RKICBIT2RLFA%ETHD
By, BRBHIME SMIANICBIT 57 A L AOHEFRFRIC =S LTERA L TW A REEER S 5,

SP-012 i, f5 MM TH 5 Vero MIKLICHK LT 100 pg/ml E TIZEBAIFEMEN K<, CCs 1 310
ug/ml & 72-7- (Fig. 41, Table8), —7J7, ICs 1%, HSV-1 KT HSV-2 OZFNENICH LT, A X
TiE 2.6 pg/ml 2O 29 ug/ml, B X TiE 210 pg/ml KT 150 ug/ml THY, A K& B K TR 7%
ZENR O (Table8), ZDfER & LT, BIUFHIZH K& 2EN R H4, SP-012 (X B KiZHW
TIEHL HSV {EHEMELS, A KIZBWTIEMEWEL HSV EERH L EHE LT, 202 &b
SP-012 (XU A NVADHIATEAE - RATLOEMHEL TWD I &R INI,

10 | Fig. 41. Cytotoxic and antiviral activities of SP-012. Closed
80 triangle, cytotoxicity was determined by culturing Vero cells for 3
days in the presence of different concentrations of SP-012, and the

60__ CCs was calculated. The antiviral activity was determined by
40 plaque yield reduction assay after HSV-2-infected Vero cells were
| treated with SP-012 from the virus infection (closed circle) or
20+ immediately after infection (open circle), and the ICs was
0 | calculated. Data were expressed as the mean of triplicate assays.

04 1 10 100 1000 * p < 0.05, *** p < 0.001 vs. the ICs of drug treatment
Concentration of SP-012 (ug/ml) immediately after infection.
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Table 8. Anti-HSV-1 and -HSV-2 activities of SP-012

) Cytotoxicity Antiviral activity (ICs, ng/ml) Selectivity index (CCsy/1Cs)
virs (CCso, pg/ml) AV B? A B
HSV-1 310 2.6 210 119 1.5
HSV-2 310 2.9 150 107 2.1

Each value was the mean of triplicate assays.
) SP-012 was added to the medium during viral infection and throughout the incubation thereafter.
2 SP-012 was added to the medium immediately after infection.
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¥ SP-012 @t HSV 1ERIEHI OGS

fEUNT, HSV-2 DOIEFEELRE X % SP-012 OIEREERIZHEE T 27212, SP-012 DO UshnkEH %
2R TAT D, time-of-addition FEBRZ1T > 7=, AFEERTIE Vero #MfiC HSV-2 % 10 PFU/cell Ty
W [ZOEMETIZAETOMIUT 7 A )L ZEYA KL Z 5 (data not shown)], = DE, SP-012 % &%
Yo 6 WA DGR E T, Y 3 KFFRTD DREYLATE T, B 04, EYES (&% 0 KR
%) 22D, FTIFEYE 6 REEIBGINX 7o, B 20 KRG ICE R RIEAIEL, 79— T vk
ALY A NAREERDIZ, ZOF, SP-012 MIRMNEEDO 7 A L AEZ 100% & LT, SP-012 @
T A b A ST 0 R A Rl L7,

100+
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Fig. 42. The effects of time-of-addition of SP-012 on HSV-2 replication. SP-012 was added at 6 h (open
column) or 3 h (light grey column) prior to infection, during infection (grey column), immediately after
infection (dark grey column) or 6 h post-infection (closed column).

ZORER, 15 EMiaA SP-012 THILEE L 7-8H &, SP-012 AU 2 7255 & I RIR EE AR EY
WZUA VARG Sz, L, Y% (&Y 0 KON 6 K§f#l#%) (T SP-012 i L7 5a1d,
T AV AHEFRITIE & A S ST, VBT HSV-2 {EMEE R S 720072 (Fig. 42), 2D Z Lk,
SP-012 (X7 A N ADWH R ABEBSCBE G+ 5721 T2 <, 15 LI & o /RS MEPIC
WVAEND Z EIZL->TH HSV-2 IEME L7263 2 ERRB I L,

SP-012 1%, VA NAEYHOHAFAE LTI EITH HSV-2 [EMEZ R L2 &b, Al by
ANADRE - BABEBEICTHT B2 0615, £22C, BEMBEA~OTA VARG L, ZD%
(2L Z D AN~ 7 A L AR A JIET SP-012 DR ZMa L7z,

AR ERBR T, WAL - Vero HIIC HSV-2 KT SP-012 (Wb mHEIER) 2z T, 4
OC TREY: XH 7o, Y, RWAED VA NVAKD SP-012 #FRELT, 77— 7T vk Liz,
4°C ITRDZET, UANADOYWFHEITEZ 202N Z iz, B OWAE R ERR 2 37
T5HZ LN TED, SP-012 BIRIMXK DT T —7#% 100% & LC, SP-012 ifRIKD 77— D %
ZEE Lo, ZTORER, SP-012 [HRERFANCEREN R4~ L1z (Fig. 43A),

53



RABLEREBTIX, 4°C T Vero Ml HSV-2 ZJEH (W) SHIh, RBAEDD A VA EER
£ L, SP-012 GARMAZINZ T, 72725612 37°C ITBLTUA L ADREAERIMSHETZ, 37°C I
B L C—ERHE, 7=UBEEKR UL TRRADYA L AZRNELL, BALZYA VAL
T T oA TER L, TOMEE, SP-012 1T OREICEDL LT, BHER YA VAR AME
MR ERI72ho 72 (Fig. 43B),

UL EDFERD S, SP-012 OAFMAEIL, EFEMRRE~D T A NV ADOWHEBER TH D Z &3 HEL
ST,

A B
2100+ 9
2 801 21007 .
S 60] 5 801
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SP-012 (ug/ml) Time after shift to 37°C (h)

Fig. 43. The effects of SP-012 on early events in HSV-2 replication. (A) Effects of SP-012 on HSV-2
adsorption to Vero cells were determined by an infectious center assay. *** p < 0.001. (B) Effects of
SP-012 on HSV-2 entry were determined by plaque assay. SP-012 was added at the concentration of 0
(closed column), 1 (dark grey column), 2.5 (grey column), 5 (light grey column) or 10 ug/ml (open column).

fEVNT, SP-012 D&Y A NV ATEMZFITo, VA NVAIEH SR, FBR AV 2CERER L
T, TORPENEHERSEHLEROZ ETHD, BTA LMD SP012 Ny A L ADT R —7
ICFET HDRABMEH O X VR EA A VKT DL, ZOL ) kT A NVAZRNAE
Loz EnMifFcE 5,

BT AV AIEMERER T, HSV-2 & SP-012 Z#JEA L, 37°C E7-i% 4°C T ERFMLEEL 7=,
%@%,@aﬁ%%ﬁ#é:&uiof,%ﬁféwﬁwa(90&)@%&%?4»x@%ﬁz%
BLAVWBEICETERTESYE, ZORICZOFREE T T7—27 T A1t Liz,

ZOFER, SP-012 Nz 72< CTh, 37°C THERL7ZHEITIE, HSV-2 IZRFRMEAFIC AR L &
NCTWe, —J, 4°C THUIRLT2GE1E, BHER VANV ADORELITZR 678 - 72, SP-012 T
HLUZEAE, 37°C KON 4°C OWTHIUTE W T, BERFNDMHR KT HSV-2 %
ANEAL L7z (Fig. 44).

L7235 T, SP-012 [TV A NVADOWEBELZILET S L & B2, VANVRERFLTHZ LT
HSV-2 IEMEZRTEEZ BT,
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Fig. 44. The virucidal activity of SP-012 was evaluated by incubation of HSV-2 in the presence of 0 (closed
circle), 1 (open circle), 2.5 (closed triangle), 5 (open triangle) or 10 pug/ml (closed square) of the compound at
37 °C (A) or 4 °C (B) for the times indicated. * p <0.05, *** p < 0.001 vs. no-drug control.

RIZ, HSV-2 73 EEGu e & BT 2 IF G~ 5T 2 75D 1 5 TH S cell-to-cell
spread (ZkF L C, SP-012 MFHEMICIEM T 20 E 5 7%, plaque size-reduction assay (Z & > THET
L7z, BARHIIZIZ, Vero fRIC HSV-2 2 &S ¥ C, flix OIRED SP-012 ZNx 717 F—0 7T
A A ERL A Fax—L, 2 HRIZT I =2 2FEELT, 77— 27 OEZEEZWE
L7z, AEBRTIE, FREICENT 20 HO7 7 —27 OEELZHE Lz, ZORER, Table9 (IR L
72X 912, SP-012 IXEFEIKIFMNC HSV-2 O 7 T — 7 ODERERD SE7-,

L7235 T, SP-012 1%, WPl ERN S & # w7 A L RIEPEICINZ T, HSV-2 @ cell-to-cell spread %
P35 2 L AR ST,

Table 9. The inhibitory effect of SP-012 on cell-to-cell spread of HSV-2 infection

Concentration of SP-012 Plaque size (mm)
(ng/ml) Range Mean + SD
#1 0 1.22-1.70 1.50+0.16
#2 1 1.01-1.33 1.13+0.088°
#3 25 0.83 - 1.09 0.95 + 0.096 *"
#4 5 0.77 -1.11 0.94 £0.11 2"
#5 10 0.76 —1.02 0.90 +0.087 2"

%p < 0.001 vs. #1, " p < 0.001 vs. #2

SP-012 RED L HIZLTHL HSV-2 IEMEEZ R T O E I HICH LN T 572012, HEMRICK
7% SP-012 %A RIFIICHEIL T 5 2 LI Lz, HIRMICIE, Alexa Fluor 488 THEf L 7=
SP-012 (FI-SP-012) C Vero #fifld% 5 /7ALER#%, FI-SP-012 % & F 7 W EEHIC AL L C— EIRFfE A
YFaN—b L, Mg BEEA L, 0%k, EBMEIT T FI-SP-012 OMIfaN TOXE) 2
L7, &5HIT, FI-SP-012 O#Hi HSV-2 JEMEZ T,
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FI-SP-012 FI-SP-012 + SP-012

5 min

3h

6 h

20 h

Fig. 45. Microscopic images of fluorescent SP-012.  FI-SP-012 (10 pug/ml) was added to Vero cells for 5 min
alone or in the presence of a tenfold excess of unlabeled SP-012 (100 pg/ml). After removal of FI-SP-012,
the cells were further incubated at 37 °C in the absence of SP-012, fixed at 5 min, 3 h, 6 h and 20 h after
addition of SP-012, counterstained with DAPI, and examined by fluorescence. Scale bar = 20 um.

ZDFER, FI-SP-012 ¥shN 5 /51212, FI-SP-012 HkDfkfA s Y E E 0N TR Sz
(Fig. 45), L7=723->C, FI-SP-012 (FHIFIPNIZEGRICE Y IAE N D Z & DRIB STz, N 3 IRefilf4
I & MIE O 7 THOER RO, 6 REfZICITEOE S MIRE IR LTz, W 20 B
M2, MR RITBER SN o 72 (Fig. 45), £7-, FI-SP-012 THLFR- 2 BRIl 72
SP-012 ZMx I=WpICkkad N e BE SN oo Z & h, BlE Sk Y IXIER A 72
HOTIER L, FI-SSP-012 B3RO TH D Z L B Sl (Fig. 45, £51).

PLEORER LI Y, SP-012 IXMIaRmICHES L TE IR0 TIE e <, MiapniciiE iz
DIAENTENICEEI L, FFHOKREE & I~ BEIL TW 2 Enmm®aEni, £,
FI-SP-012 X7 ~/L L T 722\ SP-012 L IZIEFFEE DOHL HSV-2 IEMEA A L TV 7z (data not

shown),
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AR DIANRATA N ZHETH D ACV ITIMEDT A NV ZADHBIARE L 7> Tnd, £ZT,
SP-012 (T X BMtEY A W A HBLO A Reth 2 MEtT 5729012, SP-012 ICRMIBRE S vA VA%
R, £DTANAD SP-012 (IR DRESZMEZ R L7z, £ DBRIZ, ACV Zxfle Lz,

HARMYIZIE, SP-012 F721% ACV {#fE FC HSV-2 % Vero MIEICI&Y ST 10 [EIfE L,
plaque purification VEIZ X > CTENEI 10 OV A NA T v— %05 ik, ZbD 7 r— 12D
WT ICs ZHEML, WART AV ADEO Ll LT,

ZOFER, ACV ([ZOWTIE, BAERIT A L AD ICs (0.74 ng/ml) Etb_2 L, LT
ANATB—2D ICs 1FZD 100 FLLETH o=, LIz ->T, ACV FEF TR T 52 & T
ACV TP A VAN AE U T2, —T7, SP-012 ([ZOWTIE, BRI Y AL 2D ICsx (4.1 pg/ml) & 71
WA =D ICs IXFRRETH Y, B TIXR N2> T (Fig. 46),

L7223> T, SP-012 ORMIEGIZ X DMHED A /L A HELORTRENEITRW 2 L VR ST,

ACV SP-012

10000
10001 O
2 100 g
Ee)
2
E 0 4.1% Fig. 46. Sensitivity test of drug-treated virus clones. Ten virus clones
- o) recovered from 10 passages in the presence of SP-012 or ACV were tested
0.74* g for sensitivity to the corresponding drugs. Data points represent the 1Cs
1 ' . . . .
value of each virus clone. *, ICs, value of wild-type virus without drug
treatment.
0.1
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WA HSV EOENM) T T LICEIT D SP-012 DOIEERNHE

SP-012 % in vitro THL HSV {EMEZ R LD T, WO THRALRZETF L~ T 2% T,
SP-012 @ invivo (2331 D51 HSV 1&MEZ G ~7=,

F9°, AT T SP-012 DN EEHGRM 2N d 572912, ~ v AT SP-012 % #&fEHR 5 L (0.2
mg/20 pl), —EHRFIHICHENTEAR 23R T, 2 E HSV-2 &g SH7= Vero Ml inz <A
V¥ aX— kL, 24 B ORE BEE 77— 27 7 v AL, PR O HSV-2 SRR
RaRDI-, TORER, SP-012 Bh 9 RFRIZICITIY A4 L ATRERK 50% &720, 15 Kk

ITPLT ANV ATEMEDNT & A ER L 72D 2 & D3RS S 4u7z (data not shown), L72735 T, SP-012 D52
BERET 72018, AV ARRIEDT O ORENBERIR 2 BRI 2P 11E, SP-012 b6 15
P LA ERRBERICIT S Z & T L,

PEERANRAET IV T AZHkT 2D SP-012 O EEZFHD7-H1Z, BALBlc ¥ 7 A |Z
medroxyprogesterone 17-acetate % &% 6 HATL N 1 HAENIKE FHRE5 LT, T AD T A LA THT
DIESME DT [62], ¥ T AT HSV-1 (KOS #) F721% HSV-2 (UW 268 ) ZENEREL (W
T b 1x10* PFU/20 pl/mouse), SP-012 £7=i% ACV % 1 H 2 [a], Ji&¥ 1 BEf#% 5 7 HEE
T, Tl 24 FEE#% 5 7 B E TRER S L2, SP-012 & ACV L&l WThd 10
mg/kg/day (20 pl/mouse x 2 [A]) & U7z, FRREEICIE, R U A ¥ o — )V CAEBREK 2 B ER S LT,
YL 3 HIRICHENTER AL, 77— 7 oMLY VA NVAEERE LT, £, 2 HEfH
(ZHE > THEF R OTIEDRRE 2 £ T RIEA 2T (Fig. 37) ZFtek L7z,

HSV-1 %~ U AT S W70 F, SP-012 Z /&Y 1 Mo & 532 LY 3 HRICBITS Y
ANVABITAEEICWD L, ACV &5 LR IFE A LRI L THo7- (Fig. 47A), F7=, SP-012 #
HEEOFRIEA a7 1L, MBHEEC ACV ELHEL Y HIK< (Fig. 47B), AEfF%EH 100% Th-o7-
(Table 10), L2>L72236, SP-012 ZJkYe 24 WD REGT 5 LIBFNRIMET L, Y 1 FF
BB NOEE LI L TG 3 HEDENDO U A LV AEITE L (Fig. 47TA), BIEA 2T 45
<721 (Fig. 47C), AfFFE b4 L7z (Table 10),

HSV-1 L[RL T AN AED HSV-2 Z~ U AT S EERHE, ~ 7 2380 BEERMR L
ADFERZ R LTz, SHHRBETIE, BSRBREINERZ L WThoOERETYH, B 8 AETlIce
THO~ AN Liz (Fig. 47TE ~ F, Table 10), —J7, SP-012 % J&¥: 1 K% » o535 2 & T,
Y 3 BREDO A N AEIIRBE L LR THEREICED L, FREAaT LKL, TOAEFRIT
80% T -7 (Fig. 47D ~F, Table 10), L7/ L7235, SP-012 Z iy 24 BEfIE B #5925 &,
HSV-1 Z4fH L 72 & [RIERICTRRA IR T L7z,

L7223> T, SP-012 (X HSV-1 & HSV-2 O U A /L AT K DML AT DI R %
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Virus titer (x10 PFU/M 00 pI)

Virus titer (x10 PFU/100 pI)
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Fig. 47. Therapeutic effects of SP-012 in mice. BALB/c mice were given SP-012 or ACV intravaginally
twice a day starting from 1 h post-infection (p.i.) or 24 h p.i. with 1 x 10* PFU HSV-1 or HSV-2 until 7 days
p.i. (A) Effects of SP-012 and ACV on HSV-1 shedding from mouse vaginal mucosa were determined by
plaque assay at 3 days p.i. The compounds were administered from 1 h (closed column) or 24 h p.i. (open
column). * p < 0.05, ** p < 0.01, *** p < 0.001 vs. control group. (B) Herpetic lesion scores in
HSV-1-infected mice. Saline (closed square), SP-012 (closed triangle) and ACV (closed circle) were given
from 1 h p.i. Each value was the mean for five animals. * p < 0.05 vs. control group. (C) Herpetic lesion
scores in HSV-1 infected mice. Saline (open square), SP-012 (open triangle) and ACV (open circle) were
given from 24 h p.i. Each value was the mean for five animals. (D) Effects of SP-012 and ACV on HSV-2
shedding were determined at 3 days p.i. The compounds were administered from 1 h (closed column) or 24
h p.i. (open column). *p <0.05, ** p <0.01, *** p < 0.001 vs. control group. (E) Herpetic lesion scores in
HSV-2-infected mice. Saline (closed square), SP-012 (closed triangle) and ACV (closed circle) were given
from 1 h p.i. Each value was the mean for five animals. * p < 0.05, ** p < 0.01 vs. control group. (F)
Herpetic lesion scores in HSV-2-infected mice. Saline (open square), SP-012 (open triangle) and ACV
(open circle) were given from 24 h p.i. Each value was the mean for five animals. * p < 0.05 vs. control

group.
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Table 10. Survival rates of mice infected with HSV-1 or HSV-2

Time of application Survivors/total (%)

Treatment (post-infection) HSV-1 HSV-2
Control lh-7d 3/5 (60) 0/5(0)
SP-012 1h-7d 5/5(100) 415 (80)
ACV 1h-7d 4 /5 (80) 415 (80)
Control 24h-7d 215 (40) 0/5(0)
SP-012 24h-7d 3/5(60) 1/5 (20)
ACV 24h-7d 3/5(60) 3/5(60)

F 7o, HSV-2 1YL L, SP-012 5 S THAZ KR ST~ U A BB O B AR RS A2 B EL L
T DNA Zfifiti L, PCR (2L > T HSV-2 IZFrRAYZR tk Bz F25 2D DNA FHUZEEN TV D
E O DR LT iR, tk BASFIZHRT 5 PCR EW) (/N2 ) SN2 o72Z &b (data
not shown), HSV-2 (3B FRRENCRIE L TW W EVRBR SN, £/, 20O Z L vh SP-012 #
BRECIHEBRERENEX TRV D EEZ X b,
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HIUE &

b

AT TIXIEHEL D PEI Tdh D SP-012 OHL HSV EMEZFHM L7z, In vitro (23T SP-012
AL ARG L RIRFIZUIN L72FE, HSV-1 KON HSV-2 12X 5 SP-012 OERIEEITZENZ
119 K * 107 T -7, Spoden HIZL VY, SP-012 & FH7/A2 5 RIOESLKD PEI (25 kDa) Db 4
A RATTANAKR DO B R —v T A LVAIKT 5@ IFEHITENZE 324 KON 212 Th
v, TOERAT =X 20F SP-012 L ISR ~D 7 A NV ADRERE CTh 722 &G
ENTWD [37], —#&MIZ, PEI & 07K U A F A MOWEITRERIZH D~ T UHiig T
a7 42V 71> (heparan sulfate proteoglycans; HSPGs) & #k&iea B35 Z &b, PEI & HSPG 47
T-L OMENEAN PEI OFL7 A NV AIEEORBFICEHE L E2 5% [64], ZiiE, SP-012 DR
FRERPLT A NV AIEHERER D B KICBWTIEFITIK T LIz & &, SP-012 23fE LA ~D v A L
ADIRAEFILE L2722 e b XS NAERTH T,

FER DA D 59 HSV-2 12X D Mg~ LA T, BFTCI W TR 22 JE -0t Hl i
ORMEPMEE SN TIY, 2D HSV-2 MIFHEERE I T 5 HIV OGN & RfE O TS
BR-TND EEZ BND [20,65], FERE, HirL_A YA L REEREST D2 L TlEfRo HIV-1
DL, HERIZEIT S HIV-1 OHOBE & &K T L2 EndE S Tng [66], Loy L72RA
5, 77 V0L =TT - KRR RS CTIE, HSV-2 miEEMHEEE I ACV 25 LT
t, HIV-1 OJRGENL SARTERD Ligino 7o 2 LR E Tz [67-69]), Z OFERIE, Dl &b —
WL, B A VAEEEZEZ 220 ACV A HSV-2 ORY A ERICH S Z EMTERMhoT2Z I
ERTDHEZEZOND, LIRS T, RTCUANAZRNE LT D57 ANV AIEORBITEETH
D, O X9 RIRANL HSV-2 % & 6 - MHRGYE DOIRIFICB W CHERICER EZE 2 b D [10], A&
HFFEICEN T, SP-012 1 HSV-2 1Zxt L TR T ALV ATEMEZ /R LTz, 37 °C &\ 9 @R T,
SP-012 THLEL TWARWT A NLALHRE NE LI TWolo, THUEL, TANVADZ LRI EE
B DAL FRFURO RN 7o b Lz EHEER S D [71]. [ U4MH4T SP-012 29 2 &,
HRMEFL 0 A NI LD HEICRIE (LS TWoTa, LEER-> T, UANVARRADEET D
JRFTIZ SP-012 %572 Z L2k - CIRIFEDIRNE £ 5 AMREMEN B 2 DT,

ACV %Zflio7= HSV DIGRICEBIT DD 1 o & L CHEAIMME Y A VADOHBENE T L, =
AU ISR RE M T L 72 B ISR W CHRAI e R & 72 5 [26], HUAS A AN e R A 151
DN F > THRIZHEEDME T L7EBZFOHEDHZ THY, ZO X5 REHIZBWTIEL HSV DfH
RIIEZ 2> b —LT 5720 ACV &2 HWIBRN/EMIIC/ D Z LN TRENS, 97k

UL, EBIME DT A NV APHEBLL, FUFRBEZa2 he—Ld3 5 ECRENEL D, AFEICEND
Th, invitro IZHBWT ACV it A LV AREEG BTz, Fig. 46 TiE, ACV fFfE£ FC 10 [
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ML TR ONT A NA T m—2 D ACV KT DIEEZMEDIR T 2R L2y, 5 BIOMKRTEEC
ACV (T T B MEME T LTV Z & bR L T\ % (data not shown), L7=723->T, ACV L1E
HAA T =X LR ET 0 Dy DIHFNMMED A TIZ S WIRIFRIEDOBFE 2 KD BT\ 5, SP-012 13 ACV
EVER A =X LNRE2 0, DOIAFIMET A VAR LIZS W 0D, FEFICHZE R HSV O
IBREEDGEM & 70 D LR S LT,

7 A IV ARLA- DAE, 5 ERIEASD 7 A V2 DWW ERRE LT cell-to-cell spread DO#N% & 72 5
L7=Z &6, SP-012 I3, 5 LA MIE 72 TR TR Z 54 Xy h&2FERE LTND 2 &
WA SNE IR ST, ZORE, MIEREICIBWT HSPGs I PEI SMEMEHTHART-THY, Fiz
HSV-2 o¥i% > /X7 & D (glycoprotein D; gD) (% cell-to-cell spread (2B TH D Z & NEINZE I
mENTWS [64,72], ZNHDZ &b, SP-012 &, HSPGs KO} gD DOfi 7 £zidnFno—7
& OHANERD, HSV-2 @ cell-to-cell spread OIFNZFH G- LT\ D LHEE SN D, £72, HSV-2 O
A NARLA-DRENL gD 2 FDTHES NV BIL Lo TREMEHFORTCND Z LD, BTFF
PED SP-012 N AN ADKES X7 E L FESKINCHAFER LI Z 128D, UA NV ZRA D5
HIREIFEAET OB ESN, FOFERIA N AR TORELE HT-6 LI- &2 Hi7-, PEI ©
—flTa—7T 4 LRV T LURAT A NI, VTN PO N RS ED L, UA
JVARLADY PEI ASARAIYICHEZE L, £ OMEICH A=V RAE L TRELS, TOH T A LA
RNA D END Z ERHE SN TND Z EMnD [73], SP-012 THRELL HSV I2BWTH Zh
ERBRDOBIG N X T AIREM D B 5,

Fig. 45 T/rL72 & 912, SP-012 FduiE(Z Vero MIFIOBEWNICER VAL N, Ziux, PEI ([Z4iE
T 2558772 DNA FEBRRICIKD LD EEZ BD [32,33], Seib i, WA PEl Az LA
T 10— ) URAFI 728 BRI K o THIBNICE D GAE L, Z0% 60 43 RIIEET O 2 el ast ~ o i A3
BN hol2Z E2ME L TWD [74], SP-012 LD PEI THHZ b, ZhEREURKR
HCHMENICIRAENTZEEXOND, £ LT, SRIOERFERD, SP-012 ¢ 1 KL EAH
FANICEE £ 5 Z B ES Nz,

Time-of-addition FEER<> Table8 & B XO#ERA D, SP-012 1L HSV-2 A3 EY: L 7=l ot =
HHFERRICITIE E A ERREN 2N LR E T, Lo, SP-012 IERRNIcHEE53 25 L0
b, UANRRFPFIET DRFNICEGET5HREREExOND, £z, RS ThilInE
L SNDIRED SP-012 ZAEFFT2ONEG THLLEWVI R THAAEZZ HLD,

Invitro T? PEl O A LV ATEPEFEEIC N D ST 528, BiE T /LT PEI O%) %
ZRH L 72 13 2 OFAERY TIER WL D Th D, LLRRnn, EEEORBICHE N TEY
ETVCREIODRAZTHMT 5 Z LITEETHDH, Liznd> T, AW T in vitro #BR721T Tre
<, HSV-1 X°> HSV-2 (1T X B MR~V AET VAW T SP-012 OIFEN &R LTz, ZOfk
H, SP-012 % ACV L[A&E TG 1 K%M O~ U ARG LIz, JRPTcEsiT 5 v A VA
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BT L, AERITER U, —05, &Y 24 BRf% 5 SP-012 Z#5 LI-HEE, 1AM RIX
MRV UTc, ZHUE, DAV AEGROMIIERS, T7Rb b RFTEIC Y A VARFEET LD %
FHETHICIIEEGT XA IV I BREBETEREIENRREEZILND,

AEFIETIE, FEFITBND T AL MEEGT D SP-012 ORFTE G723, HSV-1 KT HSV-2 I2L 5
PEZRALARZNTHE LT ACV IZIEECT 1R R 2R3 &0 O #ER MG BTz, SP-012 13 Ak72 1k
FEMOWMBEEZR > TV, MEEFOERICLD L 22N LN TS, £7, SP-012 7
KEMETHDHZ L E2EETDE, RINICBOWTIVESEEL LN TE L L) Rtk ARt b
HDHZETELITIHFIRNEED Z L BWIFFTE 5,
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M

. MFPT i 7 A4 L 21X, invitro THIEREME T L, ~ 7 A YT TV THRIFEMENME T LT =,
F72, MFPT it A VA ZBRE S LT~ 7 A TIZER AR 0 A )L 226 D PR HA I EA &
W=z Enb, MFPT MiHET A VR EGFETY 7 F o L LTEH T B[RRI T,

. MFPT it w7 A /L 21213368 LT NS1 |2 P164S ZBENEA ST, LT, MFPT ik
U A VARG T PISK/IAKL o 7 MRERR B OIEMHAL NI STV = oiE, ZoERIC K
57T NS1 & PIBK & DOMAAERNEES Lzl EHEE I,

. MFPT it ™7 A /L R SRS CIE 7 A b — 3 ZAOMEFT ] ST, gzl 2 7R
h = ZADOWEITIZA BRI AN ADNR L VELEICKETHD Z 2, MFPT itk ™ A L A D
FEREDIK FIZZ NI D b D EE 2 BT,

AV YR MFPT 23RN 2% & PIBKIAKL & 7 VARGERR R OTEMEAL 23] &, JGefmia
DT R b=V ARIH S TN ENnD, MFPT 1%, NS1 282 D> 7 F /U msEf i 2 &Mk 9
HOEMMET S ZETH IAV EEEZRT 2 ERNRB I NI, F72, MFPT itk A4 L A8 A
SRR (NS1 O P164S Z5H) 1%, 1AV 78 MFPT 1F1E FOBEIEGT 572D AE T H 0
EHERINT,

. MFPT %, invitro {28\ T, ACV TMiERE %2 & 75t HSV-1 1EM K OBt HSV-2 1&EMEZ R LT,
. MFPT 1%, ME~ I RRAET L~ ZIZBWT, ACV Mtk E & 7= HSV-1 OFETICEBIT 5

A LA B A RN S, —F7, HSV-2 1Zxf L TIE, HSV-1 LV &85 IE T L
TW=b oD, BEKRFEIZRTIICBIT D VANV ARZ D S8,

. SP-012 I, invitro 2BV, HSV-1 KN HSV-2 (2% L THRW LY A )V ATEMEZ R LT, £7-,
il 2 DFEEROFERD S, SP-012 17 A /L A DY A& B Y cell-to-cell spread (ZBHERIT/ET T
HEEHIT, UANAEZRET D Z L TH HSV {EHE2RTEEZ ONT-,

. SP-012 1%, ACV L3872y, E#EGERC HIRANMME T A L ARETIZSWI ERRBINT-,

. SP-012 1%, MERRANARAET LT AZEWT, HSV-1 & HSV-2 OWFHITH LT HIGHRL
RERLE, LInLRRS, +o0a R a5 5 IR CTE IR BMIC&R G+ 2 BB
HDHZENH BN RoTz, £z, SP-012 #HH TIiX HSV-2 OIMRIEENSEE T b oL
EZ b,
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KEROER

fEA L 7o BgeR
1) CO; 1 ¥ F a2~X—%: CO, INCUBATOR MCO-17AIC (SANYO),
CO, INCUBATOR MCO-175 (SANYO)
2) WG EEHIE: UV-1800 spectrometer (HITACHI)
3) Thermal cycler: icycler (BIO-RAD)
4) HEIELYfiE S EEE: ABI PRISM 3100 Genetic Analyzer (Appllied Biosystems),
Applied Biosystems 3130xI Genetic Analyzer (Appllied Biosystems)
5) U7 /VH A LERE PCR v A7 I Mx3005P (Agilent Technologies)
6) HCEAMSE: BZ-8000 (Keyence), HSBZ-9000 (Keyence)

EEBRAE
1) #ifE (IAV EBRH): MDCK #ifi@ (Madin-Darby canine kidney cell: X 1F # & #lliE H 3k)
2) ffe (IAV F2ERH): AX-4 ke [38,39]
Human B-galactoside a-2,6-sialyltransferase | 23 =— R &7z ST6Gal-liEm 2 E AT 7 A3
N CIEE R L7 MDCK #ila <, MilaEsE AL HIZ puromycin (7.5 pg/ml) x5 2 & T
TAIRDEBLVZ Vg a2,
3) ffc (HSV ZEBR): Vero #AE (Africa green monkey kidney cell: 7 7 U 7 2 K U ¥ /L HIIEH 3E)
4) (1R,2R)-1-(5’-methylfur-3’-yl)propane-1,2,3-triol (MFPT):
Streptomyces sp. strain FV60 D355 RO HEES 72 b DR OAREK SN b D (IR
EBIZED G- 5 E 7)),
5) RUTZF LA v HARMEAH Epomin SP-012°
Epomin SP-012° (‘F#)4yFH&: 3610, #Vigikr/ n~ /T 7 4 —lCk W ikEESnz [75]) 1%
RS AR 1 0 12k L Tz 72Tz,
6) A BlA LT Lm L A L2 NWS £ [AINWS/33 (HIN1)]
7) Hfli~ L2 A LA 1 B (herpes simplex virus type-1; HSV-1):
KOS # (ACV &2 VERE), A4-3 & (ACV IMiHHRK) [61], HF £k (ACV JEAZMERE)
8) Hiffi~ /LA A LA 2 B (herpes simplex virus type-2; HSV-2): UW 268 £
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A L =g
FLEAEE MEM + 0.15% NaHCO; + 0.3 mg/ml L-glutamine +
0.057mgiml ~=>V > G AV VL +25ug/ml 77 ¥
ARSI R B 1l SEARES L + 5% AR Uiy
AV 77— 277 vt A FFERE M
100 ml = [2 x MEM + 0.15% NaHCO; + 0.3 mg/ml L-glutamine + 0.5% BSA (bovine serum, albumin) +
05ug/ml 77> +1lpugml 7EF L EY 7150 ml+
[1.6% %&XK/K¥ik] 50 ml
HSV 72— 277 vt A HEEH:
MEM +0.8% * F/Lt/bm—R +2% GG

MFPT ffitt 7 A /v 2 DYER

NWS #% PBS (phosphate-buffered saline) < 2 x 10° PFU (plaque-forming unit)/ml (ZFH% L, 48
well plate 25578 L7 MDCK MiflZ 8k CREY w72 (50 pliwell), 1 FEfT%, VA VAR ERE L
7o, REREN 2mM E7ed X 51T MFPT Z X 7- A EsE A5 % 200 ul/well TNz T, CO,
A Fa_X—% (37°C, 5% C0O,) T 1 HEsFE L=, ZO8#E EIEA PL A LA E LT, —80°C
WZHRAF L7, 48 well plate (ZH7-(ZFRHL L7 MDCK #ifldiz, P1 7 A /L A% PBS T 10 f&AiR
U, SRR S 72 (100 pliwell), 1 FefI#%, S8 & RBRICHIREED 2mM L7225 X512 MFPT %
INA TN C 1 AR L, BociiE BEE P2 A VAR E Uiz, Z O#EEA ik
BIZEE 10 [E# VK L, MFPT f#{£ FT 10 fRE5#& L7z VA L AWK (P10) %157,

P10 YA N ADF n—=7 (plaque purification ¥%)

P10 7 A /L RiE% PBS T 10'~10° f5# R L, 35 mmdishes (Z5%# L7 MDCK Hifa |2 ==iR T
YuXH7- (100 piidish), 1 BfEI#E, 1AV 79— 7 v A JHEREEHZERE L (2 ml/dish), CO, A
V¥ aX—XT 2 HMEE L, BRENET 7= D OBME T CUA VA7 r— 2% 20 {H
(cll ~cl.20 & L7z) 8%, MlasiEHs ez Anie~A 7 nFa—7I12% L, —80 °C IZfRfFL
77

MFPT VA NR 70—V DR by JIBORBEL S F— I T oA

100 mm dishes 1538 L 7= MDCK #HlaiZ, MFPT ffift: ™ A /LA (cl.1 ~ cl.10) % =il CRY: w7
(500 pl/dish, 2 dishes/clone), 1 FFff%, MlaEAHER LA 5 ml/dish Iz T, CO, A »F 2X—X
IZEW-, 1~2 HREE:#E LT, +4972 CPE (cytopathic effect, #fuZSIEzhiR) ZmeiRt:, &7 n—
CORE RFEIEL, —80°C THRfFL, UANWARX My ZikE LT,
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ERRYANARA Ny ZIEO—E%E PBS T 100~ 10° {EMIRLCTT7—2 T vk A &1{7o72, 72
B, 35mmdishes (ZHJEIRICH;HE L TRV 72 MDCK HIfEIZ 1 BEELL E=RIE TR (100 pl/dish)
SH, IA TF— T vk A IR AZEB L (2 miidish), CO, A > % 2~_—X|Z AR, H
#L7, 2~3 HRIZTY 72— OB ZMR L7z LT, BEizfrEL, 7 UAZALAAL I Ly MNEIK
(20% =% /—/L 500ml {27 U RZ WAL F Ly |k 300mg ZINx72t D) THEE - Yetatk, TAK
BT TSI —V52Hz, KB/ —r DA My ZIROTA NV ZA&EHIE LT,

A DT T — 7 A XD

35 mm dishes (255%# L 72 MDCK Ml £ 7213 AX-4 ffic, B4R (WT) w1 /L2 (wild type
virus: NWS #£) £721% MFPT ittt A L 2 (cl.1) % 1 x 10° PFU/cell TE&Ys <+H7= (100 pl/dish,
SRiR), WS, FERGEMNE (mock) (21 PBS % 100 wl/idish iz 7=, 1 B, 1AV 77 —2 7 v
YA AR A EE L (2 mi/dish), CO, 1 > ¥ 2 _X—HFIC AN TEE Lz, B 72 BREICH;
WEREL, ZUVRZALASNALF Ly MEKR (20% =% /—/L 500 ml (227 U AHZ LA ALy b
300mg ZMx 76 ?) THlAZEE - Yufatk, 77 —7 OEEZRE LT,

Invitro 1281} % 1AV DEEFAREDRRET

48 well plates 1Z55# L7 MDCK #lifaic, WT U A /LA E71% MFPT [itfE ™ A /L& (cl.1 ~ cl.10)
R TR S 72 (1 PFU/cell), 1 BEf#, T A LV RERZEL, PBS M2 T 1 [m¥EEE, M
FadEFE R 2 N2 T CO, £ »F a2 _X—H T AL 30 77 A % 2 _X— b L7z, MIRusEFE s H 2
FRZEM%, 40mM 7 — U FRRRMER (pH 3.0) Z X =IET 1 DMAE LT, READT A VA ERE
fbL7e, Z OfREREZRE L, MBS C 1 BIYEE L7z, # Ly HERassE e 2 2. <
(200 pl/well), CO, £ > FaX—X i TH#%Z L=, 0, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24 KFf
Mz IcE % AR L7z, 20 EE% PBS THEARL, 77— 7 v EAECLV VANV AE
ZHE LT,

Invivo 128135 1AV DJEFME DR
ZOBERIT, BRI FEEBREERRR I > CTEME LTz,
(1) 1AV DO FEfE
WT 7 A L2} MFPT TiifftE™7 A L 2 (cl.l~cl7) %, PBS % AT 2.0 x 10°PFU/mI (= 4L
FEE FC BALB/c ~ 7 A (Q,5~6 i) (n=10) 12, & 7 A VAR A F &R L7 (50 ul/mouse),

K ORE « 58 SRR O U A )V A BEOHE

(2) ik
YL 3 H1R, BHEZHOE 5 Lo~ T ALk OVRUE « XU SRR (bronchoalveolar lavage
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fluids; BALF) Z8Hi L7, VANV ADERILIT 7 —7 7 v AETITo7, MOEAEIEL, 1mg 2
xtLC PBS % 1l Iz CTY=4—3 a4tk 10 5l (4°C, 3000rpm) L, 0 k%
10"~ 10° AR L C 77— 7 v eA It L7z, BALF OHAE PBS T 10" ~ 10° @R L= b
DEEH LT,

(3) KEDRIE & A FFEOFE
TANAEERAAZ 0 HAL LT, 14 ARE TO~Y ADRELY, £ 5 Lo A HE LT,
F72, R~ 204 %A 14 HH FTEBIELT-,

BIEE 1AV DFERGE & PG o HE
(1) BIEED WT 7 A LA D YL

SOFEBRTESF LI~ AR LT, Y 32 B#IZ 1.0 x 10° PFU/50 pl/mouse @ WT A /L
A 7 R T CREEEERE L7 (PIEYRED 10 {5 &), FIRFS, 1AV ICRERO~ T 2 (n=3) Z il
(ZIEINL T, [ARRICHR SR L7z,

(2) KEORIE & EFROTEE
XS 7-HZ 0 HEE LT, 14 HEECO~YRAOEKELZBE L, £7-, Rk 2
DAENE 14 HH ETEIE LT,

(3) HAnHUAMmOMIE

PIEGEN S 3 WM%ZIC, EFE L~V ADORERAOHM LT, £ IZhbMmiE4 L7z, P
FOHLAAMIL 50% plague reduction assay (2 & - CHIE L7z, 3745, 200 PFU/L00 pl (2R L 7=
WT A VAH L, PBS TERERICAINLZMEL 1:1 TRAGL, 37°C T 1 KA o F 2—
L7, XELT, WT AL RHKE PBS % 111 TIRELIELOBFRERICEIEL T, £ D%,
35 mm dishes [ZHLUERIZHE:# L7 MDCK #ilaicZ OIRAWE 100 ul 2 01% T, IR 1 FRRE
TGS E 214, 1AV 77— 7 v A HEREEZNA T o Fax—h L, 2 HEIZST7—7
aH v b Ulce WT A VAT 2 indikilix, PBS LIBGSELRICRONZTT—7
A& 100% & LT, FT—2H 50% L bRomiEORHRERTR L,

Direct sequencing {2 &% MFPT e A VA DY ) LEKT
(1) A 7rxHF A A RNA Ot

35 mm dishes |Z55# L7= MDCK iz, WT 7 A /LA FE7-1L MFPT Mt A LA (cl.l ~
cl.10) Z SRR TREY: (100 ul/dish) %, HMIMSHTE RS2 N %, 1 BEEER Uiz, Ml 3% B35 (140 )
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725, QlAamp Viral RNA Mini Kit (QIAGEN K.K.)) ZHW T w1 LA RNA IRHR =137,

(2) RT-PCR 2L % cDNA D&KL
SuperScript 111 First-Strand Synthesis System for RT-PCR (Life Technologies) % i\ T, RNA AHIK
(8 ul) 7 SARAHAI7: DNA (complementary DNA; cDNA) % &% L7, JegeftiE, NITE/NID @
T ha—AE BB L [40], 774 ~—I%, BFELE O 3 KiuiOIEFERE I s A7 E
T HEH & HEICVER L7z [41]. Z OFEHIL Fig. 12 Oi@h) THh D,

(B) A 7N YT A )L AT D PCR
cDNA i (1 ul) 75, GoTaq Flexi DNA Polymerase (Promega KK) % V2T PCR %471\, HIY
B O 21T 572, PCR RUSSRIFIRA OBEMEDEFHTZT 4 pk< &0, BN (96 °C,
30 B), 7=—VU 7/ (40~50°C, 30 B), fEKIE (72°C, 15 4) % 1 HA /1L Liz, 30~
40 YA 7 Ltk, 72°C T 5 HEMLEEL, 4°C [ZEW -, 7 T7A4 ~—I, KBl ITEFERAZRES
BIRRICEREL, &EBIC 5 Ky — 27 = v T2 TR LT [42], 7T A ~— DT Table
2 DY ThBH, PCR FISHIEIIT 12% 7 Ha— 2 S L% BNTESKE L (100V), =FU Y
L7 m~wA RE7IE GelRed (Biotium) THE L72%%, F T U AA VI Rx—F —%HW\T PCR EY
DR EIT o7,

(4-1) 7B D PCR FEM O
PCR FUSHRIAWE (K9 100 ul) & 2% 7 H o —2RZ L Z W TEKKEI L (100V), =F 7 L7
nvA RCRELEE, T AAL VIR —F—T PCR EMDO NV REfE#R LTz, BHIIDO PCR
PEV) DR RREENTWDA T NLVOH %A 7 Thy L, <A ATEH, SUPREC-01
(TaKaRa Bio) Z MW\ TH L b PCR EME KA 1572, TH#kIX, Dr. GenTLE precipitation carrier
(TaKaRa Bio) Z W\ Tx= % / — Wik S &, voffef%, TE /N 7 7 — (10 mM Tris-HCI, 1 mM EDTA,
pH8.0) ZMNx TEHMEL, PCR PEMIZTGT,

(4-2) PCR USRS HR O 2 AL Pt
PCR BUGTHEIRIE (20 pl) % ExoSAP-IT (GE Healthcare) THLEE L 7=, 472 H, PCR [IGTEIANIR
(20 pl) &, diethyl pyrocarbonate (DEPC) ZLEE/KC 41 {%#7FR L 7= ExoSAP-IT (4 ul) ZiEAL,37°C
T 30 47, 80°C T 15 43 A v Fa~—h L7tk 4°C (T X, K PCR HIRAE1ST=,

(5) ¥5HL PCR &> DNA R L HEOHIE
K8 PCR A& (10 ul) % 10 mM Tris-HCI (pH 8.5) T#J 30 {54 L, 260 nm, 280 nm % (% 320
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nm B AWEEZRIE Lz, R PCR RIKD DNA JEE K OSHE XL T oI hit > TR

-
—o

DNA JREE = (Ao —Asz) x 30 x 50 [ng/pl]
FIEE = (Ageo— Asz0) + (Azgo— Aazo)

Aoeo: 260 nm 2k U’ %) Iﬂﬁ[ﬁ};ﬂt
Aogo: 280 nm 2k U’ %) Iﬂﬁ[ﬁ};ﬂt
Aszzo: 320 nm GC:I’O‘WE)%%&*F

(6) ¥ —7 =2 AR

BigDye Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems) z HAWTI— 7 = A S EAT
o7z, K PCR Wikl%, v MIBOZ 1\ b a—ZfE-> T DEPC UHEUK Tl HAR L Tk
(EER Uiz, RUSEAFTRAIOBERORITTZ T 1 k<L, AN (96 °C, 10 B), 7=—
Jr7 (50°C, 5 F), MEG (60°C, 4 23) % 1L 47 0b L, 25 ¥4 7k, 4°C [ZEWN
2o 774~ —OFMITTRO Tablell DEY Th D,

Table 11. Primers for sequencing reaction

Primer name Target primer Sequence of primer (5°-3”)
m13F forward primers (F) tgtaaaacgacggccagt
m13R reverse primers (R) caggaaacagctatgacc

(7) ¥ — 7 = A BIEIR D FE 3

— 7 T ARSI (20 pl) % Agencourt CleanSEQ (Beckman Coulter) % VW CTHRLL 72,
Xy MEBO 71 b a— Uit -> TR, 50 Wl @ DEPC MLEKEINZ Ty —7 = AR S %
BHIL, 4°C \2—RHRIE LT,

(8) HEFLALH DIRIE & 25 B D5 E
FE8LEE DY I O 3% (40 pl) % 96 well Reaction Plate (Applied Biosystems) (2% L, i 5:Ad 4%
BEE AW T — 7 = U AR OHEERS 28~ 7-, 4peaks & ¥ CLC Sequence Viewer |Z k&
07— 2 DB EATV, BRI ZRE LTz, £z, #ESNDT I /BRI MFPT (it
A IV ADIEFINL &R E LT,
Fo47e MFPT TifEY A /LA (cl.l) @ pb2 &Y ns @ cRNA ElFliX, Z4#E4. DDBJ (DNA
Data Bank of Japan) (Z%%%k L 7= (accession numbers: pb2, AB981587; ns, AB981588),
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EE PCR IZE 3 IFN-B mRNA ORBHED ik

6 well plates (Z55# L7 MDCK iz, WT 7 A /LA E72iL MFPT Mt w7 A /LA (cl.l ~ cl.10)
% 1PFU/cell CRYe X7, RIS, FEEYHIIE (mock) (21X PBS % 100 ul/dish Hix 7=, & 10
IREfEf2 M O 15 W21, 5538 EiE2BRrE L C PBS CIREYSHIn 2 ¥y L, JEYsiiind —80 °C (2
%1% L 7=, RNeasy Mini Kit (QIAGEN K.K.) % A CERYSHIfN O total RNA ZHliHi#%, 260 nm, 280
nm J O 320 nm ([ZBITDWEEEZRET D2 L1ck b, KlED RNA JBE L HEZHE Lz, 1
ug @ total RNA Z #8542 L C, Oligo(dT) 7 A ~—& SuperScript Il First-Strand Synthesis System
for RT-PCR (Life Technologies) % fv C, total RNA HZ& £415 mRNA #Wis 5 L=, 6l
cDNA &% (1 wl) 2852 LC, GoTag gPCR Master Mix (Promega KK) % i\ »"C quantitative PCR
(QPCR) #AT- 7= (Fct&IAH & 20 wl/sample), qPCR DGR, 95°C T 2 0% 1 A 7,
95°C T 30 #, 56°C T 30 % 45 A /)L, 55°C~95°C % 1 ¥ Z /L (dissociation curve ™
TERR) & L7z, IFN-p OBl BEIX, 18srRNA % normalizer, WT 7 A /L AJEYLE (&Y 10
M%) % calibrator & L C, efficiently corrected AACt method % FWCHH L7- [76], EFL7=7F
A ~—OFEHIL Table 12 |Z/R L7=# Y TH D [77,78],

Table 12. Primer sequence for qPCR

) Sequence of primer (5°-3”)
Target mMRNA Primer name )
(S: sense, A: anti sense)

IFN-B_FOR S: CCAGTTCCAGAAGGAGGACA
IFN-B

IFN-B_REV A: TGTCCCAGGTGAAGTTTTCC

18s rRNA_FOR S: CGGACAGGATTGACAGATTG
18s rRNA

18s rRNA_REV A: CAAATCGCTCCACCAACTAA

Western blotting (D)

35 mm dishes (255 L7= MDCK #Hfalz, WT DA /LA E1X MFPT Mgt A /LA (cl.l) % 1
PFU/cell TR SH7-, [RIFFIC, FERGLMMAE (mock) (21X PBS % 100 plidish fnx 7=, f&4: 0, 5,
10 K O* 15 Wef#4ICHEE LA BRELC, PBS THildZ 3 [RIMEd L7-t%, EY-Mildz —80°C (2
A7 L7,

Lysis buffer (0.05 M Tris-HCI pH 7.0, 0.15 M NaCl, 1% SDS, 1% Triton X-100) % 200 pl/dish /1%
T, A7 b A N—THURIA IR 2 B %, S D 2 [FIREED sample buffer (0.125 M Tris-HCI, 4% SDS,
20% glycerol, 0.2% bromophenol blue, 10% 2-mercaptoethanol) i1z CIEA L7z, Z DR/ % 100
°C T 4 4yRIFUER L7-7%, 10% SDS-PAGE Zff L7-,

vkENt%, Vo s X7 8% PVYDF 5 (Immobilon-P Transfer Membrane, Merck Millipore) (Ziis
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LT, izB#%D PVDF % 2% BSA in TBS (Tris buffered-saline) 1 CilE & 5> LT 1 v & 74L
U (IR, 1 KefH),

KRX X EEKBET 572912, rabbit anti-Akt antibody (Cell Signaling Technology),
anti-phospho-Akt (Ser473) (D9E) XP Rabbit mAb (Cell Signaling Technology), anti-cleaved caspase 3
antibody (Cell Signaling Technology), anti-PARP-1 antibody (Santa Cruz Biotechnology), anti-Actin (C-2)
antibody (Santa Cruz Biotechnology), anti-influenza A m1 antibody (Santa Cruz Biotechnology) & 7-1%
anti-influenza A nsl antibody (Santa Cruz Biotechnology) %, —WkPiikE L CRnSE7- (4 °C,
overnight F7213=R, 1 Kffi]), & D%, horseradish peroxidase (HRP)-conjugated goat anti-rabbit 1gG
antibody (Santa Cruz Biotechnology) = 7-i% HRP-conjugated goat anti-mouse IgG antibody (Santa Cruz
Biotechnology) % —WRFUAL L CRIGSH2 (S8R, 1 B,

TMB Stabilized Substrate for HRP (Promega KK) % fifi > TR X7 B2 L, T O % A%
¥ L7, Ilmage) Y7 b o =7 [79] % HWC semi-quantifying %17~ 7=,

R RRIT L D BRGSO 1AV NP DR H

Glass base dishes (IWAKI, Asahi Glass Co. Ltd.) (Z5%# L7~ MDCK #ifid (7.6 x 10° cells/dish) (Z,
WT A VA E72IE MFPT (it 7 A /L2 (cl.l) % 1 PFU/cell TGS/, RIFRC, FERYSHIAD
(mock) (Z1% PBS % 100 pl/dish Nz 7=, &% 0, 5, 10 KON 15 BFRIZICHE BIEZREL T, 4%
INTRNVETNT B R PR 2 0% CHllla 2 [E & L7-#%, 0.2% Triton X-100 % i & Tl i
DFEBUBE 1T - T, FMLPEE L 7-Me% 1% BSA in PBS T7 v v X ZJWE L1-#%, FITC-
conjugated mouse anti-influenza A virus nucleoprotein (431) antibody (Abcam PLC) T/t SH T b,
4’ 6-diamidino-2-phenylindole dihydrochloride (DAPI) (Nacalai Tesque) % f{# -~ CTH 7o Z —Yufa L7~ Yu
O U7 AIE, HOCIERSEE CRIES - B A L7214, Image) Y 7 b7 =7 [79] &AWV CHELAR
Hri7z,

Western blotting (@)

35 mm dishes [ZH5# L7z MDCK #ifdic, WT © A /L A% 1PFU/cell TR =t7=, [RFREZ, FE
YA (mock) (21X PBS % 100 wl/dish Mz 7=, & O, AMIEHEFEALRGHE 72 I3RS 2 mM
LD X DT MFPT Z AN Z TR ES I C A > F 2 _X— Kk L7z (37 °C), f&Y%: 0, 10 &K TN 15
eI 128548 R 2 RE L C, Mlaad PBS T 3 [HIBEH L7=, —80°C ITfR1F L7z,

Z D% Eik L7z Western blotting (D) & RIBkOEAEZR CKFE L RV BE i L, O %
AX L7214, Imaged Y7 h 7 =7 [19] Z M\ T semi-quantifying 17> 7=,
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i A R
(1) MDCK #lifi (306 MFPT)
MDCK #ifa%, MFPT Z ¥ L7=ksidh ¢ 72 BRfIEs#%% (37°C), MU S F—YeaZ LT
A A FHR L7z, MFPT SERINGHRRX OMIfa % 100% & L7=REDZ i E ¥4 Rk, 7
7 7 £ 50% #mAmHESEREL -2 (50% cytotoxic concentration; CCs) Z HH L 7=,

(2) Vero #ifa (FUEF MFPT)
Vero iz, MFPT Z¥INL7=ksich ¢ 72 BREs#% (37°C), F VU R 7 —Yefh % L T4
MR 2 315 L7z, MFPT BRI IRIX oMl 2 100% & L7zReDENZEN DO AZ KD, 77

7 kT CCs ZHM LTz,

(3) Vero ifE (FAUE}: SP-012)

96 well plates (25538 L7= Vero #ifg (1 x 10% cells/well) %, SP-012 Mz < 3 HEEEE L
72 SP-012 DffnEE:1% Cell Count Reagent SF (Nacalai Tesque) Zfi#i-7= MTT RBaIZ L v HlE L
72 SP-012 MERINxHEX OMIfEE 100% & L7ZREOZNZNOHIEEREZ R, 77 7 ET CCy
ZHEM LT,

oA NV AEERBR
(1) 1AV (kL MFPT)

MDCK HflZ NWS ¥k (WT A /L R) %Z 0.1 PFU/cell TIEY:SH7-1% (iR, 1 Kf#), PBS
T L, HifEabi a2 Nz C 37 °C THEE L7z, Z K, MFPT Z¥HSHN L 7ZRs M A2 LBk c
Iz 7z, 24 WEZICHEE HIGA I L, MDCK Mz fEis7-7 7 —2 7 v AIEIC LD A LA
BAME L7z, MFPT R X O 77 — 27 % 100% & LT, MFPT iRIX D7 T —7 D %
ZEMREG, 777 1T 50% A L AGEIEEEE (50% inhibitory concentration; ICsp) % K7z,
F72, CCs fHE I1Cs fHN HIEIRFEEL (selectivity index, CCso/ICs) Z K7z,

(2) HSV-1 (KOS #£, A4-3 #£, HF k), HSV-2 (UW 268 #£) Ukl MFPT)

Vero FfEIZA T A L A% 0.1 PFU/cell TREY:IH7-% (=i, 1 KFfH]), PBS TUEEL, Hrfif/e
B A %2 C 37°C CTH#E L7z, Z OFE, MFPT Z RN L 7= 2 YL E % 2N 2 72, 24 FERET:,
Br W 2 I L C 3 [OOSR 21T > 72, Vero Milax 7277 —27 7 v AIEICLY
UA VA RERE LTz, MFPT SEERIIRBX O T — 27 % 100% & LT, MFPT WX
— 7D % ZEtHE&, 777 LT ICx ZRTz, 72, CCx HE 1Cs & RIFEH 2 R D T2,
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(3) HSV-1 (KOS #£), HSV-2 (UW 268 Fk) (#0E}: SP-012)

Vero MIfRIZE A VA% 0.1PFU/cell TREY:SH7=1% (iR, 1 WefH), PBS TS L, #Hfife
Br a2 Nz T 37°C THEE L7z, SP-012 IX, U A /LAY & RIRFICIN 2 CREGL % &I L TH5%
T2 (A K) 2, EREVANVAEREEEPOEMLT (B X), 24 Kk, HBEDEZIGEL T 3
[B] D AR ALER 21T > 72, Vero flEZE 727 T —27 T v AIEICI Y VA VABEEZIE L
72, SP-012 fEUSINKHRIX D77 — 7 ¥ % 100% & L, SP-012 iIXD 7T —27 D % % 5tH %,
757 LT ICs RO, F7z, CCs fHE ICs M B IEIFESE R DT,

Time-of-addition 2Bk

Vero A2 HSV-2 (UW 268 1K) Z=IRC 1 KRGS ¥ 72 (10 PFU/cell), Z dFF, SP-012 (1,
25, 5 71 10 pg/ml) %, &Y 6 REROAT (FTLER), S 3 RefAT (ATLER), Yo, Yk
B (Y 0 FERIER), F7oI13UYe 6 RRMIMRICIRIN L7z, Y 20 WEIRLICHE L2 I L,
T—=IT v AICED TANABEEZRE LTz, SP-012 ERIBX DT T — 7 %% 100% & LT,
SP-012 MK D77 —27 D % ZFHE LT,

% 25 BH = R

WA BHERER X, infectious center assay (2L W1 T-7- [80], T HEIRICHFE L7 Vero i,
HSV-2 (UW 268 #£) (1 PFU/cell) K T* SP-012 (1, 2.5, 5 %721 10 ug/ml) % 4°C T 3 FEEGHAIL
72, SP-012 fF7£ F T Vero #ifEiZ HSV-2 Z /1% T 4°C (2 1 BFEW=%, KRRED T A NVARK
W SP-012 #[RETHOHIC, WAL MEM T 3 BIEE L, 20%, 77 —77 viA Hs
Mz EE LT, 37 °C T 2 HRE#E L=, SP-012 HRIXIX DT T — 7 $% 100% & LT,
SP-012 IRNMX. DT T —2r D % ZEHRE LT,

7z, EREO 4°C DAELDS, MA~D T A )V ARAEITFHEIC T 5 — 7 THIl~D 7 A L 22 A
BLIEG 5 2 & 2T 572018, YA VAKREZMA T 4°C T 1 R L 7= Vero HERRIZ SV,
40mM 7 = RfEENR (pH3.0) T 1 BAER L C, WE LA VAEREL L, £D%, [F
T 7= T v A A aER L, 77— OHBEOAEL KRG LT,

BARERER [81]

Vero il 4°C T 3 MiflmHEI L7=#%, WAL= HSV-2 (UW 268 £k, 100 PFU) %1% T 4°C
T 1 B ST, RBED VA NVAEZRET H72DICHA L MEM T 3 [B3:E L7214,
SP-012 (0, 1, 2.5, 5 £7=1% 10 ug/ml) Z RN L7=8% 0% C, Vero #ifd% 37 °C THi#& L7z,
37°C IZv7 b LT b —ERRIRGEE (1,3 £721% 6 ) (1, =R T Vero iz 40mM 2
T UPERRER (pH 3.0) T 1 LB L TRIZRAD VA VA EZAREL LT, MEM T 1 [BI%iEE,
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bl — T oA AAEEL, 77— 7 2K Lo, SP-012 ®ERINXBX D7 T — 7
H¥Z& 100% & LT, SP-012 IRIXD T T —27 D % ZHE LI,

B AN RIEERER

HSV-2 (UW 268 k) (2 x 10* PFU/100 ul) & SP-012 (0, 2, 5, 10 £7-1% 20 ug/ml) 48 TIRA L
T,4°C F£721F 37°C T,0,1,3 F720% 6 KfLE L7, IREWKZH5HIT 100 54 L7 (SP-012
DPLT A NV ATEM 2 R S 72 WRELLUTICAIR L2) %, 2 OARIKZ BERICH: 2 L7z Vero #ilaic
MZTT 7= T vl Uiz, Z O, Y 0 Kl (RAER) [ZBIT5 77 —7 %% 100%
L L7,

Plaque size-reduction 2B

HSV-2 (UW 268 #k, 200 PFU) % 1 WFRHes+7- Vero §faic, SP-012 (0, 1, 2.5, 5 7%
10 ugiml)y ZE5A7ETT7—0 7 v A HEGAZEE L, 37°C I[ZEW, 2 B, 7 U AZLAALF
Ly MR (20% =% 7 —/L 500 ml {227 VU ZAZ AL ALy b 300 mg ZINz7=d D) THM
R LT T — 0 REE - Yefatk, 20 HOT T — 7 OEREZPE L TEORE SEHH L,

SP-012 DHERAAIER Y A Ix Bk

SP-012 % Alexa Fluor 488 NHS (Invitrogen) & 1:1 ((E/L k) T=HIRT 1 BEEEASES 2 & T,
SRR S 7z SP-012, 3725 Alexa Fluor 488-conjugated SP-012 (FI-SP-012) %157,

Glass base dishes (IWAKI, Asahi Glass Co. Ltd.) (Z85% L7= Vero #la%, 10 ug/ml @ FI-SP-012 T
5 AR, 721X FI-SSP-012 @ 10 f=D SP-012 =¥/ &iuv7= FI-SP-012 T 5 ZyfjdusEf L=,
ZOth, PBS T 3 [EIYEA L, FI-SP-012 & E /e 5Hia il x T 37°C 2\, 5 3%, 3 el
%, 6 R E721% 20 BERIFEIT, 4% RI ARV LT LT e R UEEREER T 5 4yRIAWE LT Vero
A2 [EE L, DAPI (Nacalai Tesque) TH 7 v & —Yeth L7-1t%, HCBAMEE (HSBZ-9000, Keyence)
& HSBZ-Il analysis application (Keyence) % H\ T FI-SP-012 Z it L7= (F6Hef: 1 s), 7=,
FI-SP-012 231 HSV-2 {EMHEZHERF L T O DENE R T D720, 77— 7 v A X H1E M
RER ATV, JERERE SP-012 DG4 Ll LT,

FHANME 7 A4 L 2 DIERL & BBz MR

Vero ffifidz VT, HSV-2 (UW 268 ££) % 100 ug/ml @ SP-012 F7-i% 30 pg/ml @ ACV {F1E
T 3 [EfkERE LZ (P1~P3), TD%%, 200 pg/ml @ SP-012 £721% 60 ug/ml ® ACV TS
T 7 [k L2 (P4~ P10), Z OKF, HSV-2 1% 0.01~ 0.1 PFU/cell T SH7=, Vero fifiz
F\ 72 plaque purification {512 X > T, P10 7 A /LA H B SP-012 ALFLE 7213 ACV LB L 7
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HSV-2 O A VA7 a— 2 28 1%, FREFEND 7 a— oW, SP-012 £7-1% ACV IZXT 5
EE‘@S%‘@%T’?*?T‘/‘TZ%KJ: D%}ﬁf{, |C50 %%m Lflo

PN BT LVEP~D MFPT O RFTHREGER

Z OEMWERIL, PERTFEM FEER AR (S HE o THEM LT,

BALB/c ¥ 7 A (Q,5~6 i) (Z medroxyprogesterone 17-acetate (3 mg/mouse) % v A /L AJ&Y: 6
ARE 1 ARNCE TG L, ~ 7 AD YA L ARKZMEZ DT [62]. Z D%, HSV-1 (KOS £, A4-3
BR, HF ¥K) (5 x 10° PFU/20 pl/mouse) % 7-1% HSV-2 (UW 268 #£) (2 x 10* PFU/20 pl/mouse) % fEEpN+H%
FiL7-, &FEED MFPT (0.05, 0.1, 0.25 F72i% 0.5 mg/20 pl/mouse) F7-1% ACV (0.1 mg/20
ul/mouse) %, J&Y: 1 BERIAI2OIEY 7 HEE T, 1 H 2 [A] (9:00 &N 18:00), #RfER S L7-
(n=5), XIRREICIL, WU A4S Y 2—/L T PBS (20 ul/mouse) % fefEfeE- Uiz, &Y 1, 3, 5 KON 7
ARZICABEDO~ 7 A BENTEEHIR (100 W) ZHIRL, 2OV A NV A&EE Vero Mifdzfio7c77
— 7T vBAIZKVRE LT, £z, BY 14 AR ETHTHKRORIEORE 7Lk LT-, FIED
REAZERTZa7E, 0 8K, 1 AESICEEOHRRPRLOND, 20 ATHSHRICHREDRR L
JERRS R 65, 30 AdasICHEDORIEN A CIRIIEA RO b d, 4 BIKDPMET 25, 5 JEL,
LEF LT,

PR~ ETFNVEH~D SP-012 DRIk EER

C OEWERIL, B LR ENY) ERR AR 2O - T L7z,

SP-012 DY FFrfot R 2 fe 20 5 72012, SP-012 (0.2 mg/20 ul DAFLAHE/K) % BALB/Ic ~ v
Z (9, 5~6 Hp) ICRE®RES L= (0=5), #5 1, 3, 6, 9, 15, 20, 24 HFRIfLIC, fEPNZ 100 pl
DOAEBRE K THE L, ZNZEHT 10 57K L721%, HSV-2 (0.1 PFU/cell) Z &4 SH7- Vero i
Rk 1 BRI DN A 7o, 24 BFfEiR, HiR LIEEINEL, VA NVABET T =77 viAIZ
X HIE Uiz, BRI (PR ofb 0 IcEfZ2 iz -6 0) 077 —27 %% 100% & LT,
VIR DT T — 27 D % ZaHE LT,

BALB/c ~ 7 A (Q,5~6 #i##) | medroxyprogesterone 17-acetate (3 mg/mouse) % v A /L AJ&Y% 6
ARTE 1 ARNCE THREL, ~ 7 AD T A )V ARZWE DT [62], T D, 1x10°PFU & HSV-1
(KOS #K) F£721% HSV-2 (UW 268 k) #fEN#fE L 7=, SP-012 F£7-1% ACV (3, 10 mg/kg/day (20 pl/
mouse) T, FEMERG L7z (n=10), skt 51X 1 H 2 [A] (9:00 L 18:00) & L, Ji&k¥e 1 K
Bb 7 HEET, F3ERE 24 K% G 7 B ETRE L, REECIE, RILAT Y2
— /LU CAEBRIK (20 pwl/mouse) ZfXfER G- L7, YL 3 A%, AIEIOFEHE % 156 Wik L
TG, FHEO~ T ZANGRENTEEHK (100 pl) ZEREL, ZOU AV Z&% Vero flilaz V7=~
T—=I 7 vEAICEIVRE L, £, Y 14 HEE THREHIRORIEORRE 2 Fidk LTz, HIiE
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OREEZFRT A a7E, 0 HER, 1 FHEGSICEREORBRN AR 5D, 20 AFEERIC PR DI IR
CHERDS R 65, 30 AFESRICEE O RIENE UREIEPED bLd, 4 BENMES S, 5 5
T, tE&£LT,

BRI BT 5 HSV-2 HENF IV —PEa— L7 DNA OB

PIEG L D T A v A DISRIEG DF M2 it 3 5728, HSV-2 J&Ys 28 A% D%~ U A (SP-012
B G-HE) DB OBRARMREE 4, M K0 BRE L 72, B RIZ DV T,50°C T 4 HFf#], 0.2% SDS
KON 0.8mg @ proteinase K TALEE L 7=, DNA %, phenol-chloroform-isoamyl alchol (25:24:1) % Hu»
THiH#%, Dr. GenTLE precipitation carrier (Takara Bio) {2k =% / — Lkt SH7-, 507~ DNA
Z#A2 L, GoTaq Flexi DNA Polymerase (Promega KK) & primers % T, tk &{x+? PCR %
iTo72, PCR GGIFIHRAIOBEMEORRTET 2 nEL &0, B (96°C, 30 ), 7=—1
L7 (60°C, 30 Fb), MIERIG (72°C, 2 45) % 1 ¥ A 2 b L, 30 %4 7 /L4%, 72°C T 5 %5
MERL, 4 °C IZEWe, 774 ~—OlFIIT Table 13 127k L7z, PCR MEMIL, 2% 7 r—2A
FNERWTESKEIL (100V), =F VA7~ A RCRELER, FFUALLIR—F—T
PCR FEMID /N REER LT,

Table 13. Primers for detecting of tk gene (HSV-2)

Primer name Target gene Sequence of primer (5°-3’)
Forward primer ) tgtaaaacgacggccagtTGGCGTKRAACTCCCGCACCT
tk gene
Reverse primer caggaaacagctatgaccGGCCTTCCGTTCGGGCTTCC
Hrat LB

(1) 1AV (2B 2 FhR
W) EBRICB T D~ 7 ADAEFRIZOWTIE, log-rank test %z W CREFHIEIT 21T o 72, Z Dfh
DEERTIL, Dunnet test & FWCHREFHIENT 21T o 7=

(2) HSV-1 KUY HSV-2 (2B % FEl (0B MFPT)
B FEERIZ BT, NIRRT O v A VA EIZ-OWTIE Dunnet test (vs. PBS-treated group) %

FWT, FIEA 2T IZ2WTIE Mann-Whitney U test % FV CREGHIREIT 24T 5 7=,

(3) HSV-1 KO HSV-2 2B % gk (UK} SP-012)
—JCHLE BT, Dunnett test % W CRERHIENT 21T > 7=,
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