BEAFZBHFERER S R FRRLEFRFE)
SR EREE

FRBETFHEEET V7 L— NAREAOER

nEEE T&H BE RRAKFERERERVANAREST BE

MREE

BT ERAE D RPA HEIC K B BGEFRIBEORIZIIRBEEO R RTF L O

SRLECTHB, £ L TEREAEIC & HREEBE ORI = 0F 7 LB L KU EB 4
HLEILND, AEEIWLEORRA CREMONET A A R) 2A, BHRTORY AL
ZADBRECERBAANER THENEPRI L, X BIEFA LAY AL ADBETF S AT
L. 20L7Y 3y (ERBEATRETEE AR YA LAY ) ADEERIER) O ERICR
DAL, EREABROHTRAMARRCE. £ 070 20 OERICKS L1,

A. THEBH

=7 U7, BFANE TS0
MHERPIEDOER~DRABBRICEET B
®. RPA EIC L 2R - EBFEERBED
BIZHME LTS, RHEDORENICIIRE
MRREETVOBENBLETHY, UL
ADFRRLHEIZ T A L ADER A B LT,
FRFEOEEERNTH S RPA EIC L BRE
 BREGEEFERETILOTHIM, R
BT LOBEIIB N TRUIOBRHEICLS
BRODHEEOHENLEEND, VA LADK
HiEE LTI YAV REEFO (PCR &Eio k
D) B, REMORIE,. VALV RHFROK
HRENREZ NN, BEFRIERITIICL
De—h—BEREFESH-E-ARZI YA LR
DEMNTTETHHDOT, REFAEBEIZE
WTIEAEERE (GFP 2 F) OBEFL2E
Tl VAN ADERBETAEBELESIC
TEBHDTEARAVWNEEZT, BEEEDLE
FEHHELRLTWETIEH D2, AFEMN
ML THREEOBEITEII LT8R
RERIREARNEEZEZILNDO TRVEE
X beuy, .
FTPREREO>—H— L LTOBERLER
BoHFRAEAKEEORETAILZA—ay
VaynTERRZTRHEL., BWTHESAA
BMOANRY ) AOBERFRIEXIT T,

B. BIEHE
1. HRaEEs
t MRIRE Bk 293 THIIAR /LA H—

B B 3 BHK HBAS X DMEM 52 112 FE @1 7 S BB IR
MERVCHREDEEMZ - bDEHANT
3TC-5% CO, FETCHEHE LI, YayPa
7S HED. Mel-2 #MA L Drosophila-SFME2
HUZ L v 2 R OSEEME T IR IRE %
Mz=bD2ANT2BCTEREL,

2. KREHEORKRTA X (VSV)

GFP B F %M AAA T VSV (1 B8R) 1T
Dr. Mike Whitt 5 ERIL /=S a— KF A4
TANZ (VSVOHF ) L BETFREL.CE
HEBGTH 2 KEELEAQE GFP OR’IE
FILBEMZA b0, BIIAEREL -4
V) BV /= (Takada et al., PNAS, 1997),
293THIBICVSVO G B HERBA 77 A3 %
WAL, 4B BICa— FEL T I LR
R X H, BIZ 24 BRI DXL # Lg% GFP
¥z VSV & LTHW -, GFP a2 VSV O
BYAMHORE L D. Me1-2 A2 F5 L U BHK Hifa
FRAWTifTo7,

B AERID VSV 1T Indiana BkZ AV, R
VR D #) E VL BHK fila 2 AW TiT - 7=,

3. RERgEs
ayTagnRIaDy AN AOERITE
RERHEEIZ L WiTo7-, GFP ##fax VSV DK
ROHETEREREMELZAVT P &8
WIBZLICEVITo, BAR VSV 5
. VAN REEEEE ) CBEBEIR (PBS)
NTTVoO5L, ZOLEEDRLEM% BHK #
RTRET S ZEICkLEEMmL~,
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4., BFANVBETANA

1999 il = 2 — I — 7 THAT L 7= NY99 #%
DY ) LD cDNA (4 DIZH/HINEHD) %
Canadian Science Centre for Human and
Animal Health LY AFL, Thzxbiil v
FYay YA NARY ) LAOACHEIER)
DEEEIT o7z, ~—H—& L TEERBEN
BEOELERE Venus A=,

(R EmE~DELHE)
ABFFEICE D DB L FHEB X EROERRIT
UM ARBEICTESN TS,

C. IR
1. BBk ~o GFP ## 2 VSV R
varuYa T hE D.Mel-2 MARERIZ
GFP #R#ax VSV 2HE L L 2 A, W2IT7R
T K 5 18 BRI L4772 GFP O R BE
BaAhi-, GFP ORI ITEEMMA 30 HLAL
BELEZCTLEEINK, D.Mel-2 MAEE
I8 5 GFP f#z VSV DL 2.95 x
10°1U/ml T, WHELIFEMAEEE (BHK Mifa%) <T
DERLRETH T,

2. B m{@E{&k~ GFP % VSV D%

ayYa ySTOEENIZ 1 x 10U ©
GFP #H#a % VSV # 5 L7z 2 A, H3 IR
4 X 9 IC 48 R ICIT+ 4 72 GFP D RENE
BZEEINT, GFP OFEIMIIRERE 11 BRICLERD
bLivr-, GFP Az VSV 5 kB avy
a UNRTORTEBO N T,

3. Yawla N ~DEER VY ORE
avuYa N OEERNICEAR VSV &
BELEEZA, 4R T L 52 26 PFU/
EOERESERBIZBWVWTH VSV OENRED L
Nz, VSV B EIZXBHvavlau RO
ik 2.6 x 10° PFU/IEOEREETHRD L
nignoit,

4, "HFANLBTANADOLTY a2 DR

SUFENI-cDNAZ b LI BT ANALBAT A

NADBEGFE~v—N— (HNEBHE Venus)
BETF & HICR S5 ITRT L HICH#ER Lo, SP6
uE—FZ—%MAWTRNA % invitro TERK
L 293T MR EA LA E T A BeIZrnT &
31z 48 H#Faﬁ{&l:GiVjﬁ—EEE (Venus)
DO+ BENBED T,

D. EE

HIBEICH T 2 REGETH HKBEHEORNRX

JANA(VSV) REBHRICRET S Z &0,
BEFEBECL-TY ) AMIEBRAAE~—
H—AEHELEM TO VSV REOREBICHE A
ThAZ LIEFICHELNTW:, SEIORKE
Mo, VSV AERREHICHRRE L THETE
(FELERDO 3, H4), FAEoBmHIcHE
BIANTEw—Hh—NEHR (i) CLHEAT
HBHE HEERO1L. 2. B2, 3) H»
HEB L, ZOZERARETHRE THEL
AT ANZ (BFANLVBRT AL NVART
TIANR) OEREETLVOEEIZ, 7A
WA ) b~ —J—DHBPIAFHF LV D
DOREH TRIDLDERDZEERLTY
HEEZBNT,

ZDVSV TORREZBEE X, AFFETHER
ELTWBREED—> BTANLVRATAL L
2Kt L, FDH ) A~Dw—h—DHEIHIA
HEITV, LY a2 OEBUCERD LT (BF
ERD4, M6), ZDOLTY aTEAET
ANVBT A )V ADREFEIZLADHBEERAE (C,
prM BEOE BEHE) 2REBLTWS (K5
BHW) OT, BRT7ITAI FEILL - THE
EAE % trans [CHBETHIE VSV OB E &L [
BOBBRERB L OBRBERESHES LEX
bhd, -1 —BEFHYEZEFERD
C-prM-E BiaF & THRIEHFAEROTE T A /LB
DANANRELNDIZTTHS, EHIZ, A
FANBTANRAET U ITOALVAZRIL 7
FEUANABZBT HOT, RBEOFEIX
Fo oA NAZFLTHLEAERITIT TH D,

AFEOBH L (3 LA H A5, GFP #iR
Z VSV Rk X7 B hR REE T
FRUEICEHIZIH-5 GFP ORBABED L
ni- BFEgERD1, 2), 2O EEVSVO
(&7 / L) #EFED B RO EECE (H
BWIE) EETHIZLDERTHDILEE
Zbh, B (M) (cBiF5 VSV OBAE
BRI ¥ —HbDH VT BETFEARY ¥ —¢
LCOREEM AR LTS, £7- VSV i34k
HWABEICRRETHI VA NATHDIDT, —D
CTRH - HLEORFIELDL I F—Ln
IBEVWHFLTED, RIF—LLTOERD

BFEIZERA H D b AN,
E. %R

AFFEREICLD, BREETLOBEREICE
MNOMBEZHDEWVITFAR U A L ZDMEED
c‘t D%%‘Ct‘cof:o ’ :
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F. fREFEGRE#
L

G. HFRRR

1. 3

Shimojima M, Tkeda Y, and Kawaoka Y. The
mechanism of Axl-mediated Ebola virus
infection. J Infect Dis 196 Suppl 2:
S259-5263, 2007

TEHEE Fa®gERELT AL RAOBRELEN

BT DR AR BT EE 1 B
p75-82, 2007
2. FERR
T, EER 7474020k

RAWM® B 55 BIAARY A ALRED (&
) 2007. 10. 22

FEEE FHAZR —RKIFI9ANLABLY
T v UANAITIET DG AE P
30 [l H A AEMFES (§ik) 2007.12.15

H. WA ERED HIFE - SR8
ol

B AR VSV

GFP #i#& % VSV

[NH{PHM]

B KEEARRK T A LR (VSV) O#EH
(E) BPAERI VSV, N, P, M, G, LiZ VSV A
FioBEFE27T, G BEFIE VSV OFiHEIC

FETOIHMEAR C BARE2—-FLTW5,

(F) GFP #H#.2 VSV, VSV @ G {74t
GBI R D RAEEEAE FP 0 #E T
ICEBE#ZI- LD, o VSV IS L -
TIXGFP Mo 7 A L ABAE L & HIZBR
THEBZOLENS, ZOUANLAOMMIT G
BHE®RHE 77 A3 NS T trans 12858 L
TiT 5.

W R EF

W 1R BF

X2 : BEHR#f~O GFP f#z VSV O K il
GFP #Mx VSV #> a v g vk
D. Mel-2 [CHERE L, 18 MR |- BEREMIRD % 3%
FFMBE TR L7,

X3 : Rf@{k~c GFP #l#x VSV Lk
auYa v OMERIZ 1 x 10U ©

GFP ## 2 VSV ¥ 45 L, 48 BRIz a ¥
Ya AT EENEEE WS TR L,
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PFU (log/ml), BHK

3 i L A = i " i " i TE

0 1 2 3 4 [ ] ] T ] ] M n
Days post injection
M4 :vavyauRzizBiloHER vy
DR

REFEPIC BF AR VSV % 26 PFU #25- L (day O,

TR L-EP&ICyayYa ik
RO VSV DRSSl 2 B E L 7=, — 803 10 L4y
DOVSVEE VRS, EBRE 2EITRoT-,

E5 : i+ Ny AL LRDHF 7 LAOBEAR
(k) FARMOWE A VBT A NADY )
LifitE, 75 AO RN THY . BEEAHT

[+ E NS1-NS5
—
SUTR JUTR

(sP§) —

Venus 2A

(C. prM, E) B L UHHEERE (NS1-NS5)

Fa—KFLTWA UTR IZEMREREZ R,
(F) #XEAH Venus OBI=FEHAA
AR A VRS 7 A, 2A 1T Foot-Mouse
disease virus ® 24 77 7 —E OMIEF.
ZDOHELLA 7 Lix mRNA & L THERE L. Venus
EABA MO YAV AEABEE L LICEEAS
¥5, £F-204 7 AiZ NSI-NS5 BABEOE

HAickhwrFYVaryLTRACHEMENS,

. e -
B6 : iFrA ABAOANADLTY a2y
X 5DFIZa L7 RNA Z &R L, 293T #ka
(2 A L., 48 FERA#IZ RNA i A 293T #ifa %
HFEMBI L VRE L,
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REFBHFENERHDE R BREPEFRLEE)
SHEMEREE

FRECFHEEEDORLBICHITIZA L, 7a< b« 2 MY o FEREOHES

DEAFEE FH FZ FERRKERER

EFRIAR RBEMIEEL 5 —

Bh#

HREE

v Z YT "BFANVER, F o T L OEEMNEDRBEDAR~DEBABRICES

T 278, RPATEIC L 2BH - MERBEERRHIEORSIZBME L, SHEHFEZIIRPAEIZLY
B SN HEEM L RIS L VHIERFETH DML/ 70w MEBEO-D BHEOFEES
BRIRIBERNTA L/ 70> AN v 70ER, BEICLBHER YOBRREIT-7-,
BRFRIZE Y FRERER S R BEHBEE LER N o 72ERT A 2 L ISR L, HiER
GFEAVEREERBEEOISRA~OERET — Y2 B5 2 LN TET-,

A. HFEEB/

RE, BEREAEE (ELISA) 2K LT
DREFHBHIEDE IIHN TORBITE
BRREOVBES R YRS 22 L Tldiv,
RREFITHIC B W TR EDF T, R
WEARZT Y T BT H7-DI0, RiEMD
HERFRERHENVLETH S, FEOH
FICIRNT, RE - WELBEEE LT, 1
L/Za<wh - Ao TERNCEIT YT
B, VTP RARYIFT 4908, HAHWTY
— Y av =T ORWEOHRESBEINL T
5, TNHLORERIFEFETFHEMEILLE
A MYy FICREMEE RV TREE LB
TEFETHAINRY L TILOE, Ktk
RAMFBEDOFEMIC L > CHENEL RS
LD ENEHRTH D, AP IT S RPA
B VBRI IEEY L2 BRI L v
ERETHDIA L) 7u~ NEBREPTZ
EICE- T, mREZEZMICRETZ - &
ZEWHRLTHEY, RPA BIC L 2HEEDD =
-8R R THLRETETHD, T,
BIEBETFORMBETCHIEAS L/ s~
b« ANV Y 7ORBIIRIEO BT R,
ER~DRBABRICESTILOEEZ LN
o
T T, MESHEIEHELBROBIYED
ELTBTFORESBEB 2 2 R0 B0
led4b/7u~wb - AN v 7OER. BE
ICEXPHEB LU ZITo7,

B. Bt FH
1. Babesia equi Be82/236-381 @EE&ETF DK

MBS & RV 2 5 L/ B RS

BIZBEINTWAU~E R 7S X<ED
R JE 5T & B Babesia equi(B. equi) ®
Be82/236-381 #E{=F (H. Hirata et. al.,
Journal of Clinical Microbiology, 2003) %
HWT, ZOBEGEFRERREHRLY /8
GST/ Be82/236-381 % 50pg/ml ¥R L 7-,

2. GST/ BeB82/236-381 # /XU HD& =1
A FHIF2REA S 55 o ORE

4 2o A4 KK F (British BioCell
International) (FR€4) & GST/ Be82/236-381
Z R BEORE pH OB %21To7=, GST/
Be82/236-381 % pH 5.6, pH 5.8, KRUpH6. 2
ICHABLEEEH R T FETF & GST/
Be82/236-381 # R/ B Hx#EG X #. HE&IZ
Boli pH OBEt 217 - 7=, .

3. GST/ Be82/236-381 # L /S/ B LHELX
THEa0 A FRiFH A4 OB

—RMICE A FRIFOREAKE WY
BHRLRLTVIERRRISHHER TV, —F
BIENNZ WS OIIEFRRISAHIZ 1A
BRICLDHESBEEI 2D, T2 Than
A FRIFOHY A X% 20 nm & 50 nm ® 2 B
DRIBEZAEBE L. T TNEB pH ORHET T
GST/ Be82/236-381 L#EB & HEHEAR4 =
A4 FRIFORIBEEFBRIFL,
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3. AL/ 7ua=hb-- A v TOERK

AFY »7FIRUTFTORIICFLEL S IZE
L7,

(@Absorbent pad

”_ Detection band

@Nitrocellulose membrane

@Conjugate release pad

(DSample application pad

1 (EHo#HHA]

DY FLEANDE T A NT—TH LTI
FIZEENHEREIWVIFE2ID RS &RIN
Hb,

@ k@A of#E pH THERL 7 ST/
Be82/236-381 # /N7 H L& oo KR
DREEZ LV NRIBETFTAT A 13—y
F (Schleicher & Schuell) (Z¥es = £+
THE &Ny FAtERIL 7=,

@=hkruntra—R A7 (Schleicher
& Schuell) (Z EFEAHE THER - BB L
Mz & > 737 B GST/ Be82/236-381 ¥ >
2327 '8 % 500pul (Img/ml) BioDot” s BioJet
3050 quanti dispenser (BioDot Inc.)# H
WTRRHHAS Y FE LTR#E pH (ZF%E L 1nm
FEH{EE2ITo =, BRH Y FEEMELL S
r=btrEro—RA 7Lt 0.5 %0
A 8 50 mM A VEEREKICLY 30 4
50CT7 0 v VEITV, & HIZHER

(0.5% sucrose, 50 mM Tris-HC1 (pH7.4) .
0.05% cholanic acids) T 3 REEEE{T-
7=,

@OTTTI7A4 LIV T A0 =KL
4573 b (Schleicher & Schuell)

Uk, Qo@D nRy b2TTFATF 4927
L— hZENFNT—7 TR0 17 5 mm 82

Ay bl BRLI-A L/ Za~wh -« R}
Vo 7I3ERT S CEEREZ VN TEIRIC
THREL-E,

4. f L/ Zu=b ALY vTEHWEB
equi B EE DO R H

tER3ITCHEMLEAL) Zu=w b R }Y
v 7% B. equi B&Y:i %% A\ =B HOFEM
#{ro7=,

(f@BE fn~ DA RE)
AR FEEABEHEOR ST BETLOT
HY, BEOHGHR LOEEFEALS 00,

C. FEfER
1. B. equi Be82/236-381 @iz D KIBHE %
AWz 7 o 7 ORI LR & o<
PEDOFRBHREY AV ETHDLH L OER
Be82/236-381 Min % KMBHIZ L » THRH
SERMLE, B LEY R 27 B
SDS-PAGE (Z Lk » T FREZMHEL. VA ¥
y7uay MEIZLE ST B equi H¥EDBIEF
ThHZLERERLE,

2. GST/ Be82/236-381 # 7 BD4&an
A4 PRI 2456 S 5508 pH OPE

GST/ Be82/236-381 # /7 HE D&z A
REIF (BIFRH A X 20 nm) % pH5.6, pH5.8
Bt pH. 2 [ZAHEE L - TRASE, 1
Lroma<wh e AR w7 B equi BYE
% R OFERR B i il 2 AV CFFl L 7= (X
2),
TORE, pH6.2 THE L-EREIETIT B
equi &Y TG TR/ S FAREH L, FER
Rl CIRRRESRD b hoT-, Ll
235, pHS. 8 THR¥E L 7= Rk Gl
iE L e m i i RH A FIZED S
L, pH5.6 T L 7- 4Rk < i 5
FOFERBB MK BRI FIZRO bR
Mot-, LLEOFHRL V. GST/ Be82/236-381
FURIBOE A, FRIFER#ERSELIR
iE pH i pH6. 2 DR B AZFIHTH Z L IZHRE
Lfes

3. GST/ BeB2/236-381 # "/ HLiEE X
HB5&an A FRFH 4 XOWE

oo FRIFOY A X% 20 nm & 50 nm @D
2 MEONBEHEL, ThAE£NAE pHe. 2
R DS T T GST/ Be82/236-381 &#iA
S, A7~k ALYy, B equi
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RO B i i R ONIE R L i 78 A VT EFAR L
7-(&E 3), ZORKE., &30 1 FELTORIFE
A% 20 nm (ZBWT, B equi BRiLmiE THRHE
Ny FRRO L, EREME TIIRIEIE
HHNBRMroTz, LRSS, €34 K
B F ORIEN 50 nm 2B WT, RifmiFis &
USER M iF L CR S Rz boni-,
LIEDfFER LD, B equi MEBORHICHE
Riz@=aooA FRFHIES 20 nm 28| BT 5
ZEIZREL,

3. REEHTCOS L/ 270wk R RY
v 7T EBAWT-RH

WMEREL1, 2055 . GSI/
Be82/236-381 # /R E D& au A FhiF%
MESEDLEE pHe. 2, HEXEH&zaA
FRIFORES 20 m ¢ LTA L/ 70~
Fe R v 7FE2ERMLE, ZORFY v
® B. equi R&YFE i & OFER S Mm% % A
Wi EEZIT -2 (B 4),
IOFRLY, RREBEMELXFRICRETD
ARETHDHZ L AR L=,

D. B8

WRSEE IEHEBROBIZEME LT
BEORREHEEEZ 7 0 Ex AW A L
JZa<=hs AN wTOER. BRIZLSD
HERBLIUBRNZITo-. AFRIZBITAR
ICORMNBEL LT, Fo\7BEEaoA
FOFEE/Sy bOEBEBERALRE TIIRR
WERTHD, ZOZLIIHESRT+9ThH
HI-IZBEREEZEZILTWALEZ LN
H, ZOZE XD, IHITEMREERNS
VETHH, HEREFORHOBE TOR
MNEERTLH S,

E. &
AFFEIZLY, 1L/ 7wk ARy
TiEEFRA Lo HEREFE R RRER
HEDIER~OERT — Y285 LN TX
1

F. f@EGREH
72 L

G. %%
. WXEE
Sasaki M, Omobowale 0, Tozuka M, Ohta K,
Matsuu A, Nottidge HO, Hirata H Ikadai H,
and Oyamada T. Molecular survey of Babesia
canis in dogs in Nigeria. ] Vet Med Sci

69(11): 1191-1193, 2007

2. FERFE
72 L.

H. WA EREOHE - B¥&iE 8
7L

A)pH62 B)pHS58  C)pHS56

1 2 1 2 1 2

M2 ARTRERABBEEMFELHVEZAL
Jruawhk - AN w7 (pH 3F4)

GST @& Be82 # U /" HEDO& oA FRi+
(BIfRH A X 20 nm) % pH5.6, pH5.8 KX
pH6.2 ICTHE L -R|EERTHEESSE. 14/
zuavhes AU v7 B equi BB MmiE
EUOERESEMELZBVTHEMLE, L —r
LA 7T RABREmME, L —> 2133k
B mE., FENIEBME A FE25RT,

A) 50 nm B) 20 nm
1 2

fi f

B3 A THRAREEMELAVEZA L
Jr7awhs AN v 7EME (224 FE
F-3E{H)

oo FRIFOH A X% 20 nm & 50 nm ©
2 MEONELXYHEL. ThFnEiE pHe. 2
BEEOFRETCCSTMEBeS2 Z "7 B L
Eaxt,. f L/ u=whks AN yF, B
equi BRYL 55 M 7§ K& O FE MG 5 m i % AV TEF
L7, 1iIEAs7TRARLEEDRE, L —
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v 2 I3ERRB/MIK, KENIBE L FER
LK

M4 A7 RABRSmniEE A L
Jrzua=wbhs AR 7 (EHEERGET)
GSTM & BeB2 # L "7 ED& =0 A FRIT%
EEXELEE pH6. 2, &3 EAs&a0A
FRIFORZESY 20mm L TA AL/ 7~
beRARY o TRERLEZ, ZOAN) vF
® B. equi UG MK K CIER YIS m i 4 A
W=l 2T o7, 1A T ERRRE
mi%, v—r 2 3EREBMFE. KAZEHE
Ry FETRT,
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(#%X5)

[(HEOHEHEF ~DEFEFE]
G - U IYEM FEHEEF %)

1. ZEEHRAE
PTRMERS @ WASFEXRFREBHEL 7 — - #iR
K % o EEEE OVERE

2. LREERE ’
TR - B4 (Fax0) @ Et~7 VTH%E - Hfistr 44—+ 2=y rE (Ph.D.)
(EX) . Centre Nationa.l de Recherche et de Formation sur le Paludisme
K % (Fax) : X77y—-Vv H7v
(#&3X) : N’Fale Sagnon

3. ZEFCHER - TR1941081EB~¥R20%3H318 (183HM

4. FTFEHE TNXFT 77 VHIBRIZEIT 2BER~F ) TRARE AT THOD
Y T VRE R ORI R H o HE (I 45

5. BEEORE

LE2OBBEIC 170X 77 YVHIRICKIT 28R~ T ) TRARE N T THOY
Y IMRER IR OEHEREICET A KOV TERELERE. UTITTR
REB/BD LR LT,

W5, KEFEETIE. ZHUOORPEOERT~DBANKRICEST 20, B—BEREFHY
BHEICLDBE - BEREERBEORI ~MIT-EHBHFELLT. A5 Y T
(Plasmodium falciparum) FATHMIRIZISIT B/ ~4 T H (Anopheles gambiae) DY 7Y o
TaRE Lz, ZOFVTRBEE2ETAHENMMOAFIIEEBO THETHI-0, BT 7
YA« Thxr77 VENZBWTC, EBORITHIRN OOREL S I RoT, TR OLDH
FABEEN— R, RREREDOTEDDNAT Y FL— k5475 — & LTREE L. B—
TRERETFHRIBEC L 2 HRREERBEORREROEFEBRAHET I LICRIILE,
AEFEFRETIE. . IAFFT 77 VTHIBIZB T 3RER~S Y TRBEEN~FITHDY
TLREEDPLIE, FRERBEREOREFERELXBETLOTHD, FEFEE (EE

HRE: WASERFRERHEE ) L. BT7 7V - TAx+77 YVEICHSEL
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<7 IUTHE - et F— (IELZHERE X T77—V -7 - F4EYF2=
v FR) BHAL. AEEZEK LIz, TENFE, UTOFRT v FICAID FITI N,

(1) 7rxr 77 VENOBRFER~- T Y THITHIKICSIT S, ~N~v¥ 75 (Anoppheles
gambiae) DEREE. (2) BELENYTHIOBABLIUVRAFER~FT IV THER
(Plasmodium falciparum) OBE - §¥fi. (3) FEHZOWY v 7LV OREMELE L UE
EHIR L TN O ORIKBIT B prevalence IZh &S, (4) WY TADEEMHOR
HRAA~DHE, BLY (5) DNAT T L—b 5475 ) —DIER, D5 EFEICHE
Lz, WOBEIZY->TIE CC M7y 72#FEIZFABL, DEHADPHOSBRKIZELY TV
REZRLT-, SHREIOEECZHT-V, AEFZOEMIIIESENT., E—BE &K THIE
BT L AR - SEREER BT DN REOREARELSETHEZ b, X
BELBAEBROIEIV L, Z8lBICL Y TLVOEBEORFICESEB W, N~ ¥
Z A OWEIZ X, BSOS L URNEBREZEA L THERE L, WENIKBITE~F )T
FRHEFHOFMEECEHNLI~T Y THE -PHEEL LV Z —IZERIZEFE L, WY 7 Am 50 DNA
MHBLUDNA T T Lv— b 547 7Y —DERIZOWTIR, EEFEES L RS R
ENGEMICH &, BELEIMEES L OERABOEREZEY L7,

FEMEENERTOINERECTIE. TORBE LTRAERT YV TERALZENTE <
7‘775%)%&%'(“&)60 v &5 5 (Anopheles gambiae) (. W7 7V - hfh7T7 VU Hh - &
77U ADRONIHIBIC T L, BEHERETHE IR T 7 VE - B~ U T
R -HHELL Y —E, TONT T THERST- BT LIHRERBRERLT
Wb, MIRZFLERE CHDHX 77— - B 7)) VELE (HFEMFE2=y FR) . Z
NETIC N F T H Ik BREEOREERICET 2% % EEMEE L LA TR
FALTHO., HEOHREGBAGHNBIEBEINRL TV,

S SV TEATETHC L THI SNSRI TH D . Bl EABHILD 70 » ELL
FEAT LTS, SR CER 3~5BA, REHTHSEADBE, 100~150 TADREH
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The Mechanism of Axl-Mediated Ebola Virus

Infection
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We previously reported that expression of the receptor-type tyrosine kinase Axl, which regulates cell survival
and activation, enhances both pseudotype and live Ebola virus (EBOV) infection. To clarify the mechanistic
basis of this enhancement, we created a series of Axl mutants and identified amino acids/domains necessary
for this function, by using a pseudotype virus carrying the!EBOV glycoprotein (GP). Analyses of the Axl
mutants showed the importance of extracellular and intracellular regions for Axl functions, including ligand
binding and signal transduction, in EBOV GP-mediated infection. These data suggest that EBOV uses the

physiological functions of Axl to enter cells.

Ebola virus (EBOV), a member of the family Filoviridae,
causes severe hemorrhagic fever in humans and non-
human primates [1]. The virus can be detected in vir-
tually all organs of infected primates [1]. Furthermore,
pseudotype viruses carrying EBOV glycoproteins
(GPs)—the only surface protein of the virus that me-
diates viral attachment and entry into cells—infect
many types of cells in vitro [2, 3]. Thus, EBOV has
broad cell tropism. Several cell surface molecules, in-
cluding calcium-dependent lectins 4, 5] and Bt inte-
grin [6], have been shown to be involved in EBOV
infection, but these molecules do not fully account for
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this broad cell tropism. Recently, we found that the
Tyro3 family members—the receptor-type tyrosine ki-
nases (RTKs) Axl, Dtk, and Mer—are involved in
EBOV cell entry [7]. Their ectopic expression in lym-
phocytes, which normally are highly resistant to EBOV
infection, enhances EBOV GP-mediated infection [7].
In general, ligand binding to the extracellular domain
of RTK activates the intracellular tyrosine kinase, re-
sulting in cytoplasmic signal transduction and in en-
docytosis to reduce the levels of cell surface expression
of RTKs. The Axl RTK has a number of cell-type—
specific roles, including growth induction of and an-
tiapoptotic effects on endothelial cells, the activation of
platelets, and the deactivation of antigen-presenting
cells [8-11].

To further understand the role of Axl in EBOV cell
entry, we introduced a series of deletions/mutations
into the Axl molecule and assessed their effects on in-
fection of a pseudotype virus carrying EBOV GP. The
results suggest that EBOV activates Axl to enter cells
through endocytosis.

MATERIALS AND METHODS

Cells and pseudotype virus. 293T and Jurkat cells
were cultured as described elsewhere [7]. HIV-based
pseudotype virus carrying EBOV GP was prepared by
triple transfection of the following plasmids into 293T
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cells: pCAGGS-EBOVGP, p8.9QV, and pHR-SIN-CSGW. p-
CAGGS-EBOVGP is an expression plasmid for EBOV GP
(Zaire EBOV ‘76 Mayinga); p8.9QV provides the structural
proteins, except envelope, of HIV; and pHR-SIN-CSGW pro-
vides RNA for an HIV-packaging signal, as well as the enhanced
green fluorescence protein gene (EGFP) under the internal
spleen focus-forming virus U3 promoter. Three days after trans-
fection, culture supernatants were collected, clarified through
0.45-um filters, and then stored at —80°C until use.

Axl mutants, cDNAs encoding mutant Ax} were obtained
by polymerase chain reaction—-based mutagenesis and were then
used to replace the EGFP gene in pHR-SIN-CSGW. In some
mutants, 9 consecutive amino acids (GQAQPVHQL) present
between the fibronectin type 111 (FN) and transmembrane (TM)
domains of Axl were replaced with a hemagglutinin (HA) tag
(YPYDVPDYA), to detect their cell surface expression by flow
cytometry. Because deletion of this 9-aa sequence within Axl
has been observed during RNA splicing and seems to have no
effect on Axl function [8], we considered it unlikely that its
replacement with the HA tag or its deletion would affect the
enhancing effect of Axl on EBOV GP-mediated infection. Fe-
line CD2 (fCD2) cDNA was used as a negative control [12].
To obtain HIV vectors for the expression of Axl mutants or
fCD2, pHR-SIN-CSGW was transfected with p8.9QV and the
vesicular stomatitis virus G protein-expression plasmid pMD-
G into 293T cells. Jurkat cells were incubated with the HIV
vectors for 2 days and then used for further analyses.

Flow cytometry. Cell surface expression of Axl mutants was
analyzed by flow cytomery as described elsewhere [7]. Anti-
Axl (R&D Systems) and anti-HA tag (Sigma) monoclonal an-
tibodies were used as primary antibodies.

Infection of Jurkat cells with EBOV GP pseudotype virus.
Jurkat cells (4 X 10° cells/mL) were inoculated with 200 uL of
pseudotype virus carrying EBOV GP; 2 days later, EGFP-ex-
pressing cells were counted by use of a fluorescent microscope
(TE300; Nikon). For the inhibitory experiments, cells were sus-
pended in culture medium containing ammonium chloride
(Wako), CA-074 methyl ester (Sigma), or E-64d, (Sigma), and
the final concentration of dimethyl] sulfoxide (vehicle; Wako)
was adjusted to 0.1%.

Statistical analysis. Student’s t test was used to measure
differences between sample means.

RESULTS AND DISCUSSION

Expression of Axl mutants. The Ax] mutants constructed in
this study are illustrated in figure 1A. Each mutant was des-
ignated as shown at the top of the figure. Flow-cytometric
analysis with anti-Axl or anti-HA tag antibodies revealed the
cell surface expression of each mutant (figure 1B-1D). The

expression of Ax11D, Axldel9R, and AxIP5 was 3-4 times higher

_ than that of the other mutants (figure 1C and 1D). -

Effects of extracellular mutations of Axl on EBOV GP-
mediated infection. When cells expressing Axl mutants were
infected with the pseudotype virus carrying EBOV GP, the sus-
ceptibility of AxXIHA-expressing cells was similar to that of intact
Axl-expressing cells (data not shown), indicating that the region
between the FN and TM domains was not important for Axl
enhancement of EBOV GP-mediated infection. Our previous
finding that pretreatment of Axl-expressing cells with a ligand
for Axl (Gas6) decreased the enhancing effect of Axl on EBOV

_ GP-mediated infection [7] suggested that the ligand-binding

domains of Axl, the 2 immunoglobulin domains [13], play
important roles in the enhancement. Therefore, we deleted the
first immunoglobulin domain from Axl (Axldel1D; figure 1A)
and found that the deletion reduced the susceptibility of cells
to the pseudotype virus carrying EBOV GP to the level observed
in control molecule-transduced cells (figure 2A). To test

" whether the immunoglobulin domains were sufficient for the

enhancement of viral infection, 2 Axl mutants were con-
structed: Axl1D, which has only the first immunoglobulin do-
main, and AxI1D2D, which has only the 2 immunoglobulin
domains in the extracellular regions (figure 1A). The infectivity
of the pseudotype virus carrying EBOV GP was higher in cells
expressing these mutant Axls than in control molecule—trans-
duced cells but lower than that in AxIHA-expressing cells (fig-
ure 2A). These resuits indicated that the ligand-binding do-
mains in the extracellular region of Axl were important for the
enhancement EBOV GP-mediated infection, although the FN
domains may have a supportive role.

Sasaki et al. [13] reported that a point mutation (E—R) at
aa 59 in the first immunoglobulin domain of Axl dramatically
reduced ligand binding. E59 interacts with a Gasé6 ligand [13].
Therefore, we constructed a mutant Axl (AxIES9R; figure 1A)
with the same point mutation and measured the virus titer in
AXIE59R-expressing cells. The infectivity of the pseudotype vi-
rus carrying EBOV GP was similar between AxIE59R- and
AxIHA-expressing cells (figure 2A). Pretreatment of cells with
the Gas6 ligand (5 pg/mL for 30 min at room temperature)
reduced the virus titer in AxIHA-expressing cells, as reported
elsewhere [7], but not in AXIE59R-expressing cells (figure 2B).
These findings indicated that the region required for enhanced
EBOV GP-mediated infection overlaps the ligand-binding re-
gion, but the specific amino acid(s) required for the enhance-
ment are not identical to those for the ligand binding.

Effects of intracellular mutations of Axl on EBOV GP-me-
diated infection.
ulates Axl expression to control the duration and intensity of
Axl-mediated signaling [9]. This signaling pathway involves
ligand-induced internalization by endocytosis, and phospho-

The binding of the Gas6 ligand down-reg-
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rylation of the intracellular region of Axl plays an important
role [9]. Several amino acid residues are involved in the phos-
phorylation of Axl {14]. To test whether Axl phosphorylation
is important to EBOV GP-mediated viral infection, 2 point
mutations, K—M at aa 567 and Y—F at aa 821, were introduced
in Axl (AxXIK567M and AxIY821F, respectively; figure 1A). The
K567M mutation is known to destroy an ATP-binding site and
to inhibit Axl phosphorylation, and Y821 is a major target for
phosphorylation [14]. We found that the susceptibility of
AxIK567M-expressing cells to the pseudotype virus carrying
EBOV GP was similar to that of control molecule-transduced
cells (figure 2C). The AxY821F mutant, by contrast, moderately
enhanced viral infection (figure 2C). These results indicate the
importance of K567 and the involvement of Y821 in Axl en-
hanclement of EBOV GP-mediated infection.

This finding, however, is not consistent with our previous
finding that a simian Axl clone (P5) lacking most of the in-
tracellular region, including both K567 and Y821, enhances
viral infection [7]. To resolve this discrepancy, we constructed
additional Axl mutants. Because the above-described P5 clone
is of simian origin and lacks the 9-aa sequence proximal to the
cellular TM domain present in human Axl, we constructed a
human counterpart that lacks the 9-aa sequence and has a stop
codon at aa 507 (AxIP5; figure 1A). We also prepared 3 other
mutants: Axldel9, which lacks only the 9-aa sequence; Axldel9R,
which lacks the 9-aa sequence and has a stop codon at aa 476;
and AxIdel9R2, which lacks the 9-aa sequence and has a stop
codon at aa 615 (figure 1A). The deletion of the 9 aa had no
significant effect on Axl enhancement (compare figure 2C and
2D). The virus titer in AxIP5-expressing cells was slightly, but
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- Figure 2. Susceptibility of Axl mutant-expressing cells to an HiV-based pseudotype virus carrying Ebola virus glycoprotein. A, C, and D, Cells
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appreciably, higher than that in contro! cells (figure 2D). The
expression of Axldel9R and Axldel9R2 had no or negligible
enhancing effect on virus titers (figure 2D). Flow cytometry
revealed increased expression of AxIP5 and AxIdel9R in cells,
compared with that of Axldel9 and Axldel9R2 (figure 1D). A
similar increase in simian P5 expression had been observed [7].

Thus, the enhancing effect of EBOV GP-mediated infection
by the simian clone (and AxIP5) seemed to originate from the
increased expression of Axl containing an intracellular region
of aa 476~506. The enhancing effect observed in Axl1D-ex-
pressing cells (figure 2A) might also be due, in part, to this
same mechanism (i.e., the increased expression of the mole-
cule). In Axl-positive adherent cell lines (e.g., Vero E6, a cell
line highly susceptible to wiid»type EBOV infection), however,

such an enhancing mechanism seems to be unlikely, because
Ax] expression levels in adherent cells are not as high as those.
in, for example, AxIP5-expressing Jurkat cells [7]. Furthermore,
the extent of the enhancement by AxIP5 was small when com-
pared with that by Axldel9 (figure 2D) or by intact Axl (figure
2C). Therefore, these findings indicate that part of the Axl
intracellular region that was not present in AxIP5 (i.e., aa 507
to the C-terminus) is more important than aa 476-506 for
enhancement. The fact that K567 was important (as shown
with AxIK567M; figure 2C) but not sufficient (as shown with
Axldel9R2, figure 2D) for enhancement may indicate that some
concerted action or interaction between K567 and the region
between aa 615 and the C-terminus is required. Because this
latter region contains 14 tyrosine residues (including 3 major
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targets of phosphorylation: Y779, Y821, and Y866 {14]), phos-
phorylation of tyrosine residues involving K567 is probably
necessary for efficient enhancement of viral infection by Axl.

Endosomal low pH and cathepsin dependency of the effect
of Axl. EBOV GP-mediated infection is reported to be en-
dosomal low pH dependent and cathepsin dependent [2, 15].
To test whether the Axl-enhancing effect on infection was in-
fluenced by pH or cathepsin, intact Axl-expressing Jurkat cells
were infected in the presence of ammonium chloride (20 mmol/
L), which raises the intracellular pH, and in the presence of
the cathepsin inhibitors CA-074 (100 umol/L) or E-64d (50
umol/L). Each reagent dramatically reduced EBOV GP-me-
diated infection (figure 2E).

EBOV cell entry is thought to be initiated by attachment of
viral particles to the cell surface, followed by internalization
through endocytosis [1). The results of this study strongly sug-
gest a mechanism for Axl-enhancing EBOV-mediated infection
in which viral particles attach to the cell surface and activate
Axl via interaction with its immunoglobulin domains, resulting
in endocytosis with the activated Axl. Our finding that Axi-
enhancing infection was endosomal low pH dependent and
cathepsin dependent supports this hypothesis. Because Axl sig-
naling stimulates tyrosine phosphorylation of integrin com-
plexes, via PI3K and Akt [10, 11], the inhibitory effects of anti-
B1 integrin on EBOV GP-mediated infection that we observed
previously [6] may also be associated with Ax| signaling.
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