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(2T : 20054F10H 308 )

REVIEW
THE SPREAD AND RESURGENCE OF WEST NILE VIRUS DISEASE : RECENT DEVELOPMENTS
IN THE VIROLOGY, EPIDEMIOLOGY, AND CLINICAL CHARACTERISTICS
Chang-Kweng LIM and Ichiro KURANE

Department of Virology I, National Institute of Infectious Diseases, Tokyo, 162-8640, Japan
[ Received for publication : October 30, 2005 ]

West Nile virus (WNV) is one of several members of the Japanese encephalitis
serocomplex within family Flaviviridae, genus Flavivirus. WNV is maintained in a
natural cycle between mosquitoes and birds. The virus causes febrile illness, meningi-
tis, encephalitis, and flaccid paralysis in humans and horses.

An epidemic outbreak of WN fever brought a high mortality in Rumania in 1996.
It was followed by outbreaks in Israel, Russia, and the United States. In the United
States the reported number of human and equine cases has exceeded 19,000 and
20,000, respectively, since it was first detected in New York City in 1999. The virus
spread to neighboring countries and areas, including Canada, Mexico, Caribbean islands,
and Colombia in 2003 and 2004.

In Japan the first human case of WN fever, who developed illness soon after re-
turning from the United States, was reported in 2005. Research on WNV has re-
markably progressed during the past six years.

This article aims to review recent progress in virology, epidemiology, and pathol-
ogy of WNV infection. It will also provide a new platform for future research and pre-
vention of WN fever / encephalitis.

1. [FUHIC

DIARFANTAINAEBEBR DA NART T IANABREERL 7S EYA AR TS ETAL IV ARIC
SEENDHRHWENETAINATHD, 193TEICTH O THDTHEEEI N ABLERMETSH 2 Y TR
RFAIVE - IRRET 77U A, 3—0u), B7 Y7, PEREPOLICE FOMERMARBE U THEL TR,
L990EEDEEN S BRITHITHIRE IR L2 BYWETH 5. 19994FEO = 21— 3 — & TORELSEZ ORiT T
LT AV AKBEBLTH ) THEOZIFT 2HICbILA L. BEDEORTAKRET ISR, 200441713
E7AVADIOETZIZBVWTHEOEENHER S N BOEIBWNT B REENZIC L 286 AGEHHI20054F
KHREEN, WoT50BMMAMEITE>TVS, ARYPYER M) 2EEELRORMICE>TE k, &l
MENDIAI)NAMBHEIMERTHD. TTZA R FANTA IV AREEOHO% ILERE R I BN, BicEm
FEBNWTIHARZRIET DI ENHS. BEYIYHIIA M AINARELT I F > BLUDNAT Y F U ACKET
BAISNTVUBNE FHTYZF 370, Lh> TUIR M FA I )L A OFfT R iz i s 2 8413w
3 < WRESSZHANOEREOTHXRSBATH S, APAOBANEEHEXBLRINTVEIYITZ L

* EVERPYETERT VAN AE—E  T162-8640 HEMEHERE L] TH3EL S
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VBT TREEDO T B L CRPEDBHITH T HERICET 21k TARERMEIEESNTSEYD, 48
ZEBWLIEMB 5 VIZBHEICET 2 BN REIEIC AN D, XIZhho TWaEENH D 2l L IE
il 775 I R AT 2 i U CERE RSB B 2 ek ohTnd, VIR TV DA VARG
i THRSERFETYIE ICEDBRTHMATHY, REBFERAUCMENM, FEFIREMRETERDL

TEHEFEMEICFOEE B HRTNIEZ S RN

2. IR MFAILTAILADHEIR

DIARFAINTAINRARTZTETAINAR, 75
EYAINARBORNTOHEMRTIAINA, 22T
UAWR, T B AWETAIVA, RL—Nb—
BT VA & & HICHARMMAMBERFFTEENS.
TNSODAINARMEEZEERETEDIAIINATSH
D, EEAEOT I/ BEIOHREENE L Z &M
Bﬂ-Cb);n)Zl. '!.?‘).

LA RFAINTIA I ARERA~50nm D —A 8
7S5 ARNAZ BT BHERY A IV ATHS (Fig.1). €
OIT7IREEMEAE THSH12kDaD I Y ERHEHIZ
F MR ENEZRL~mTH S, T 5IIT7IEH
8kDaDFEEHAE MEHM) &#53kDaDREEBE
(EEHYE) 02fEoEAEMSMEENS T >N
O—Flcko T#HbNTWS, HIKEEREIIFEER
i, HIfERE, FE ARMEKREEERISFICEoTH

75 4

.-'..-'r"‘ T
gi.ﬁ._a"‘:"'-

0, BITARFAITAIACKT B EHEI%REZF
T2EFRELAZEAETHS. REMENOERAD
T ARFAINTA VAR FIIMEREORDDIZE
ORIBIETH HpMEHE (#918~20kDa) 2HL T
WBH, IAIIARTAEEMBROKHENS L&
RpMEREN 7 ) ViICk DT MERRE &3
BT EICEDRMRIT LI2BY.
MIARFANIAINVAOBEGHERIEZTA IV ADD
TR TFRNICEET 511,020 0 —AHRNAIC O — R
TNTWD. —AERNAEICIFIHED 50— K
I EVWTCERE, pMERHE, EEAHEO 3§
HOBEERENI—REINTEY, S SICIENEE
BHETHABNS1, NS2A, NS2B, NS3, NS4A,
NS4B, NS5 7l OEEHH L 631ERED 3 JEHHE
EEATEET S (Fg.2). UAIVARNAIZD A ILAD
Bz X D IEXOMENICEENS EmRNAE LT
)< 75 ABEORNATH D, TOL WwiZiEFvrv T

Fig.1 DIRMFAINDAIADBFEABHRK
BT R FANGANRIZEEAONMOI Y AO—FEH o LHEI AR (KH) THH. (Barld100nm)

(B BRERRH DA INAE—E WHEEHLICLS)
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3 I IEEHER FR

NS2A NS2B NS4A NS4B

gyzzag(c][ pm || E | Eﬁﬁﬁ\ ] (L

E8E BEFRD A
o 97 - 465

pr 466 - 741

M 742 - 966

E 967 - 2469
NS1 2470 - 3528
NS2A 3529 - 4218
NS2B 4219 - 4611
NS3 4612 - 6468
NS4A 6469 - 6915
NS48 6916 - 7680
NS5 7681 - 10395

Fig.2 “IR MDA ADBREFBE

UIRRFANTANARIT—FEORNAD A ATHY, FORETFILS HRENS I FWIIMITIT, HEERHETHSHC
EAE, pMEAHE, EEAY, SSCHMEERETHANS 1 EAH, NS2AEHHE, NS2BEHHE, NS3HAH, NS4A
EHE, NSA4BEHHE, NSEEAEAI—RFELTLA, O JLARNAZA=RRYERRICHREN, ORUEBHENE
EBLUAANABGHSETIHBECLUIMEN, S9ANABEHEEAD. DA LARTFIEVAILARNA, CEAELY
EREhdh 7oy FEpMEREREOMESBS LUVERARL VRS h I RO—TICLUEMENS. DA

FANDAINABEFORI S 3 2([ENY?  flamingotklL 5™,

HOEMEET 588 3 IR Y AT —ILEEEL 2.
A ) ARNARRBEEMEATHREIN, 1AOKE
BRUVEAEZEFET S, TOEBER)EQHIZEES
FUTAL I ADOEEIZLDYIEH, &Y AER
HEiabn,
JEMEERE B EMBATY A )L ARNAD SN,
DAINADREEEICEEL TS, NS1ENS4A
W2 I AOEMIZEE L, NS2ADA VAR T®
W8 &S, NS2BENS3WETAIVAHEDEY >
TaF7—EL L TRUBEREOYTBZ{TS. NS&
IZIZRNAKTFERNAR U AT —E RV 5'F v v TH
BEDAFIALEMICESZ AFIN TR T2 T7—tE L
LTO@EENH B,
DIARFAINDANADOREETHEAEDD 5,
prM, E, NS1, NS3, NS5 ZEHEHEIERE, Ml
HREREICESELTNS" ",

3. DIRRFANDANADFITIRR

1) YTRA RFAI DG
TIARFAINTAINZIFIBTEICIT DT
A BFAINVHETHRAL =t 5D THlEE iz

A WATHAY, TOBIIAMFAIBETT 7Y
h, HBE, I—0Ov), PRY T HETRITZED
BLUTEENWTNS/NRETHHENTH S it
ReicsidfianToiahorz. L LahBs1996E0
N—ZTFDEFHT LA FERLE LRIz SY
BRFTTIRA00 0 GE < OREFLFEE LKA DS
2HA, FORTIXIEL TRV V. LkF =
o (1997), o O4fE (1998), Fx=IF (1997,
2003), 737 2A& (20000 A AZ )L (1997~2000),
7 (1998), o7 (1999~2004) KE (1999
~2005), HFHF (2002~2005), AF3 (2003) T
BERREINEY, TOovyd (1996, 1¥U7
(1998), 75 >4 (2000, 2003), #E (1999~2005),
HF4 (2002~2005), AFI-a (2002~2003) TiED
IDILTA M IVERIYEDFENRE SN 25
2, TYOmEFENAEICEDEKOIDETY
(2004) T, EFXLFRUOMEFHAETIEU R
(2003) THIYLTAMFAINTANABEHLTNS
ZEMHSMERS R Y (Table 1). EERITL
TWABYIARFAIT-AIIVADORERIZBUIZHT S
mEM, b hCHT AW REFRITORRETS
0, WfTHIESIE IR eIz H B .
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Table 1 TMETICOIRMFAILDAILADEE SRR S NICE Mg

[ & Hitss

77N RS, TCTh, TP UT, RYTF, RFT7UAH, O—-rTZRT7—), F70X, 3
>3, IFAET, I¥TAAN, F42z07, B3N, m77040, 924, EOoya,
EHIE—Y, HZTF, A—F, FaP7

Ebiige ARSI, 155, LN/, ¥UF, kIO

RRF T HFTAY > ZOFAZ L, TEWNAD Y, BIVIAZRASY Y, DARFAY

S—ow )\ 07 (@7, >RU7, BEHSESD), 7202, A1, A7U7, RILEHI,
TNHVT, W—=<=F, NHU—, Fxza, AONF7, F—AMUTF, R—=32F, FU ¥,
R)—, DESAF, BIEN, FIINTT, TIVAZT, TIVWNZT, BIVET - £25F%5
O, #O07F7, RAZT AW zdEF, 1FYZR

mit7 AU A KE, hFY, AFa, TIHILNERN, aO2EF, RIZH, Py=ah, F7EIL—F

F DA D H AR, NFRF >, ZAVFH, A—APIZUT (PP 014N A), Tb—27 (Ri4

B:oP2uA)VR)

2) MFEDOIIA MFAIVTA ) ADEH

1999 E I KEHEAEO - 12— I — 2 AT THIERIC
BWTHHTIIA M IVEENRES LY. £
DORMED19984 9 AZidfLigicm L1 A 5 T) e
DIAZ bHFHFDHF ay (Aunser anser domesticus)
BBIZBNT 3 ~12BEHOBEPION F a 7 BSEIRE
RERLTHETEL, Z2WETATETFaT0M410%
BEELE, Za—3—VWMTHtsh/i=oIT A M
A NI N ATBEFRITOBRA R ZTIIBNT
HF a0 O S DS Ntk & OHERMEAN9.8% &
EFITBWI ESHEMIENEY, CRTEMhSZa—
S—UHTHEELIZOTA b1 ILUA L ZAHRIZA A
SIWMERALEEEZLGNTVNS.

EZATAATIIOIA 5 MAITED BO ik
WTHD, FERITZDEDEAT—0O v NPHR
TUTOEREHE T 7 OBAH E BT B ERICH
ERDD. 19988 H, HFavBBETIIA ST
JVEEHYE OEMFEAAGE - A0l I—0y
N SESTELE—EAMDIT / M) (Ciconia
ciconia) LA Z M AIZIES T B, HFaw
BEMETHEELTWAZEAREZINTVS, 0
BORMETHECLZOAD ) NUMNSDTIA T IbD
TIVADGHEEN, TOBBETETFauhr sl
NETIZARFANTAIINADBET EEWHRM
(99.8%) #RLIZEMS, 19984EIC1 AT TIVT
BAELETIZA M VEREIZ19984EIzay / b))
MIA—DuNNNEA AT ITIIICEATEEHDICLS
LEZSNTVBY,

FOHIA T MMAFITBWLTHI999FEDFD 5LIT
M TE b OBREESTEZSN, 20006608 A 1 AH
5103 @BIICIZAT A T2 icBWTKRRTH
o miFFEMICRILER I N e MI4LITH
2 A, 9BIBANIECLE. ZORTFIRAIASTI
TINETIKWESNIETIA M FAINBITHIEELT

B S MICIAEIZRAEL, BWRECRERLEZ. 20
CEQREMNS, —a—T—IHTINMEIZ TSI >
OGS iz D1 )V Ak & ETE S O RED
BT AK 99.7%) BEUI—<=7 TI9974F
IZhtE eIV AREMEEDE W1 A
(98.4%) #HAiFhFhaEtEh T ",
Zoa—3I—IWTHE-IET AU A KEIZEBT S
TR BFAIVE - MR DFRTISEL BHICIERL,
INETRZEOBHFELEENRESN TN, FL
TEQRRII S, AFa, AV TilEERE, EH
a0 E7REDEDEEIZEN 2z, SHE 6y
IANFANTA ) AOTETHBSASTE Y AU AHKET
RTBHZEBBERINTNS,
F—ALSVTREBTIIA AN N ICiER
DT IWANEFEL, TESBFENRFHTA
BLTWa"Y, mos7hHshRY 27 HgicIEEkR
77D RS DIED EOFERMAEN-THED, KU
RIS IA RFAIVE - IRDEEEL Tz, A4
DITANFAIVE - [EOTITICBWTH RS
AEMORICHET 27 ) T 7 BN TI0984E IZFEE
ERBEMNSCUNDBENREST N, HACHILHE
WAET 2070455 — RIZBWLH 19994
21000 NDBEMFEAEL, Dz EH40AHNFETEL
7z, ZOUAINAKRRINTEIIN—F =7 THEEE h
It EEETOMRRMENEN I EARESTN TS,
F20044EITIRBE RNV TD/RPENAI T34
DR BENFEE SN, TR TMhEOST
M TR T A b1 L1 )L AHES
LTWwaZ &R, 19994FEM 5 2003EDR DT 5 A A
by ZEEOOL T REEE TO20F O aNg T
3 (Aegypius monachus) OIEGMEIZ L - THERZ
N7z, 20037 aONT T OREMS I TR b
AIWDAINABREENTBY, SHEORT 27 M
ANDIITA b FA 71 A DT HUE O K A E R
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Table2 1999F(C=a—A— 2 FHROBYRERER THERENAETIRA A IO N AR LEE—E"

H 4 4 R I
AXAH NZ A Corvus brachyrhynchos 5
NS A Corvus ossifragus 1
AHgF Pica pica 2
av/ kUH FU=FZR ¥ Phoenicopterus chilensis 5
O 9F Nycticorax nycticorax nycticorax 1
~UhrBE TTFHAAhFZOEAY Phalacrocorax bougainvillea 3
FRUH 7514 HEA Larus atricilla 2
HEH JEYOHE Anas specularis 2
THE Anas platyrhynchos 1
FH =%y Lophophorus impeyanus 2
Y Tasa Tragopan blythi 1
ZHHE NG b Haliaeetus leucocephalus alascanus 1
ZH50wA »aozsnon Nyctea scandiaca 1

* 19998 A10AMNS 9 ABHOMICZ a—3 =0 O 2 » FTOMMERIER THE SN IA MFA VUV ABREE 8 B3I LR

ENTWVEY,

4. RKEILCHBIFTDDIRAMFAINDA I ADEHHE

19994EIZ =2 —I— M THDTU LA hF L3k -
MEDOBENBESN, —oa—3—2NELTE2AD
BENHERINE. £ MBI BEEHNBEEIND
oy HANZXEE PO H 5 2 (Corvus brachyrhynchos)
NI LDz, TOMicsA T AL A (Passer
domesticus), BREHMTHBF ) —2753I>d
(Phoenicopterus chilensis) , )\ 27 = v7 77 3 (Haliaeetus
leucocephalus) , 777 F4 L+ 0 & AU (Phalacrocorax
bougainvillii), HFOWLHIEAZT N/ (Table2). Z
DESITHRERETHRITLTWE I A RF T I
W DEBII NS A2 TF4H 5 (Corvus ossifragus)
REDEITH T AR (Corvidae) O k1) ITHI 5 5HE
HTH5.

19994EDFEAELIE, 200061221 ADBENT A
AFMBERFENT, 20014EITIZ66 NDEFENT A AR
s S FEEEMN, PEBTHRE SN T 5122002
FITIET A W KEEFEARANRATHISAS AR L, YR
b1 IVEREALS6 A, FEF2RIAmE N, 2003
EITIZEBF0862A, FEH264N, 20044F1T12RE2470
N, FEEISAMHE TN, BET AU AEREICBN
TOIRARFAINTTINADEBARE S TN
DIXT ZAHAM, NTAMoH L7 (Fig. 3).
2005FICBWTH R, B, WOBEFEREICXDY
SAHM, NTAMERSTRTOMTITA bFA
WA I ADIEHDHEETNTED, E MIBIT5E
FRIZ2049N, ZORAFEFIZI6ALZ>TVS. &
NoDOEFMMERKERRANETH ¥ —
(CDC) #=H.LIZfThNTHED, HiEOREIRY
IARFANTAINADERZMS L CEEERT
H5,

5. BRICBITADIRMFAILE

INETIKEEITBWTYIRA AT I AN
HEELTWSZ L RTHERE<, 20054E108 3 H
WZHs THRAJERIRE SN, BFEIASHK
KEPSFELZ0RDOBET, KEIZ8 H28HMS
9H 4 HEXTHEL, REfE,MCEEREZEL, ¥
Ao FEE, B, 72, IEWERZELZ. ER=E
ZWE L TIgMyifkiE 2o/ & 2 A9 A0 ICE
He U 7= Caaiatt, 9H 20 B ICHEHL U 7z i 3 T Bk
ZRLE ISICWMEEATIMEE LPfikT
iz, 4Lt ERMAED SN, 108 3 BITHRERE
RIIGHE L EE Liz. 7238, RT-PCRIEK X 5T
RETIE, BETHoE.

6. DTRARFAIDAILADERE

1) BB

DIAMFAINTAINARZ NI PREREETHD,
U LENRERTHDOMT, BERSER - My
EhTWwa, PIRYIAMFAITA N AITERL
BT ENASZ EIZKD T A R FAINDIAIA
ICE L, @1 ~4 AORMICZEO YA )V MiE
R, FO MY 2 LAEEUO I ML
TAINVARERL, BEARSKITS™ " (Fg. 4).
FREEBNIZIE IS A, THAHIT R (Canocitta
cristata), ¥ (Pica pica), 70OTHEA (Larus
delawarensis) FEI\ZBWTHEMBELS, A5, 1T
AXA, TAUATLII XY (Bubo virginianus),
Ao 0L RUERF (Quiscalus quiscula), AT
<0 (Carpodacus mexicanus), 3 (Felis
silvestris catus) FIZBWTHROBESNHE SN TH
58"
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Fig.3 1999-2004=EMODKEICEIT B VIR b HAIL DA L ZEB I OHEK
CREFERMETF 7 — (CDC) DOHRFLUHE)
KEDEMNCENTHOHTIIA FFAIITA N AQEDPERSNACELRT. 199F(Coa—I—ImTHHEESNE

DIARFALIANAGEOSTEBEELILT A UDKEOENIEAL, 2002FLFAFRITER Lic. 2005FREDT
ARFANTANADEHBERENTONEWNET SAAMENTANOHTHS.

RREEX

Fig.4 DIRAMFAINDAIADERER

UIRRFAIDANAZERBE (ERIEHY) THIEMREENHEHD THAROMTRAREEMR - HIFLTULS.
EROYREEOBREBERMCLE>TITRAMFALNDIAINAZENENDY, BELABEOD AL AMAEZ BN
E<EEREARIEFANEEISNTNS, EeionaniERbEEF P L IC/ N BEELENEBEMNEE2TS
AL EISNTINVA.
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2) WBSTE R T

FELTIX M FAINDIAINADEMBILT 1 T
T1tE (Culex spp.) BT HIWTHD. ZOHDSE,
KETOEENIIRETOATH (Cr. pipiens.
pipiens) THV, T 71 ARPHRETIECk. univittatus,
A—0 wINTIICx. pipiens, Cx. modestus’s ETH S,
HAEICEETZHDTIETHIITH (Cr. p. pallens),
FHATH (Cx. p. molestus), &L THEGEEIZE
BE2FyyA4A4THh (Cx. p. quiquefasciatus) 73E
WOAINABSEE dDEEAZSNS. FOMlcby
THW (Aedes spp.) D FAP LRI EINET
ICAVRELA LD T A R FAIVIA N AEBRNT B
ZEMHGEMERS TS,

DIAMFANTAINARPRT T, 77U Hhs
EDWEHFITBOW TR ZTH N XF5 =R
(Argas spp.), EAY =& (Ornithodoros spp.), Tk
Y Thoda1459<¥ =% (Rhipicephalus spp.), 7
TS & (Dermacentor spp.) 75 EDWIMY =5
SEEETNTEY, WOWRWEREE PGS =98
HELDHENE RS ER > TWEAREEDHZ A 5N T
e,

3) faE

INE TSR I N /- BEORMEIZ 2205/
FZBER FICHZR, 1 Z2AZXA, PHAHT A,
JOTHEA, AFTaviaicBuTilhoy o
NARPBEWI EPMEESNTNS, ITEOYITA b
FTANDA I ARG E QRO — D3RGS OFENG &
BELTHS. RCBOPEETTIASFTILIAILZ
OWHECHBICHD THE-DREEEER LI
HPNICHET D OLREABBICETHS Z &8 E
LW,

E UM EFET S0, TITARFA I
AIWAITEREL Thb@EWLW I ) AMEERS RV, #o
TRRLEZE bSO &M UMY T 1L
DA N AT BRI TEL, £ hPyv
METIARFAITA I ADBEEEN KT 2 Z &%
IMNWEEZSNTND, UL LA S TER gk
R E LT, EiRPORBESBELEZ EICLBMBE
ANDEEGRE, BT DEYE, i LBy ey
Ml R DR BIEEL TWS, L EYIC LS
B ENMBESINTBOMRME, Ef SEFEGRE
WEEEEET B,

FIARA RETIA P FAINTAINAITEET 20
BEAEERERT &I, TNETOARICH
V5 IMmEEMRAEIC L IUE, 19804ER DT 7Y AT
DOFETIHIT%, 19904ED1 > R TOHETIE24%,
999 FEDKRE =2 —F— /I TORETIES YD1 X
WKOTA TN I AICRTSHEABRE SN
7=, EZ2005FE0KETORETH26% O XITH

H32F 2005 7

KIGHESFED 5N, BicroHESIBARTEEICE
Mo 4RDA X EHVEERBERTIIVWTNS
FERIZRD 5T 1 ILD A X TR )L Z ifEATZR
HENDOATHD, WRPIZHDIZ 11
IWARBHENEN Y., Lk Tr X LR
FFAIVTAINADBRFELD L EEL S
NTnh3,

TOMIZT T A MDA )b A DRSS 5h
EEWmELTITEY, PYUR, AAY, KA,
T, AINEPRESNTE0, JTARF1IY
AIWAMIEL BB T B Z MBS M E -
TWa, EEEBWNICTHSHI (Macaca mulatia)
BRoFy bEF— (Macaca radiataz), b % T
BRREERATRD 5H TS5 ),

7. DILRMFAIEL - BN DERREER

1) b

E MZBTBEBHRIEN 2 ~150 T2 <\ REIES
B (80%) IZfb B, TIARFAINBRERETS
CFERL, BN, T, ARPONE, RSRIRAR E Ok
B3~6 Bl <. FEETREMNIE, W, Ik
B 5N, U NEER, 5, 52N L—REE
HHIERZEdA5Z2E6H5. ISICEEMEREL
TEEFEDORI0AI 1T AAHRL W, &8, Wh
{KF, ShAEVERRE, SRR O/, EIHET, R,
BT, SRS X ONEEEL & OMIIEA DI ARERE 2T
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DECLINING FERTILITY IN TODAY’S DAIRY COWS:
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Faculty of Agriculture, Yamaguchi Universily
Yoshida 1677-1, Yamaguchi-shi 753-8515, Japan
[ Received for publication : December 5, 2005 ]

Decrease of fertility in dairy cows has recently been reported worldwide.
Underlying causes of the decreased fertility may include increased milk production per
cow per lactation and resultant negative energy balance during early lactation period,
which in turn cause delayed resumption of ovarian cycles postpartum and ovulation of
unhealthy ovum leading to poor conception rate. Another abnormality in resumption of
postpartum ovarian cycles recently identified is prolonged luteal phases after the first
and the second postpartum ovulation. The first ovulation occurs and corpus luteum
(CL) is formed without delay, but CL remains beyond a normal duration. After
luteolysis, which occurs spontaneously, cows show clear signs of estrus. Conception
rate at the estrus, however, is very poor.

On the other hand high milk production and increased dry matter intake may
cause increased liver blood flow and enhanced metabolic clearance rate of estradiol-17 8
and progesterone in the liver. Lower plasma concentrations of estradiol-17 8 during
estrous period are associated with shorter duration of estrus, which makes heat detec-
tion more difficult. Decreased plasma estradiol-17 3 concentrations may also be re-
sponsible for the increased rate of twin pregnancy.

Strategies to improve fertility in dairy cows should be focused on nutritional man-
agement to maximize dry matter intake after calving to facilitate postpartum resump-
tion of ovarian cycles, and also on reproductive management of cows for a higher heat
detection rate. Further studies are needed to clinically control the prolonged luteal
phase, since its pathophysiology has not been fully understood. New reproductive
technology should also be developed to solve the problems caused by decreased
plasma concentrations of estradiol-17 3 as a consequence of high milk production and
high DML

&I
T, AFOZHRENERMITETFTLTETHD, TORAOMIALHEIRDSENTNSY (Table 1). At
EHHZDHHNTRERELS, ZREOETICHST, SREROEENSEDSNTNS, ZOXI7, HFOZHRER
TOERREELT, OAL4DWARENR EIZHES> THEEDODONZIEL IS5 B> TETWAREMENHZ T L,

*  IORFREDREFRHRREMFEEE - B2 T153-8515 ILOTHKFEHICTT-1
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QOEBBROERICHE-S THEZEASHWALER T EMEL<RD, TOMKRELT, AR EokE
DU TWBARENNH B 2 &, QUFDAETEHEEDIR Tz & & OBE T A TR ICH WS BEHEIR O T D%
AR TFLTWAAHEMENS DI &, REMNDITENS.

=T, SN LOMENREE TH S ETHIE, ZHREORKTIE, BEHIETTELS, REEFIZBRSNSIE
FTTHD. LnLENS, AFFOFrNy s TORBEBRAERETIE, REESOHES LT 2 BB ZHEE,
19934FIC T, 20024E TIRTFLTHEST, DL A, ©OELLZ>TWAIEMNGNSY (Table2). —7, #iE
KT, WIPE, 2B EDIT, 1993FEDZHRBITHN, 2002EFEOHMETFTLTVNSY. 20k, HFOZHE
DIE T, iz, REFTROLN, REEFTRAODENTWRNEZEASNS. RIT, HBEEEROETOZHE
fRICDWTD, ¥Ry /7 TOFETIE, BEFRAINTVAHEEKIRIIDOVWTIE, WINDBIEETH D, WHEFRM
T, BHOMRERENOEEREZINTNSY. Lid>T, ZRFETOZRIREI, BN EOMES, K
R ORBE TR L, L3, FOEMBEEOELICKD, FF0bONEKRLIS<B>TETNSI LIS
BT EMERENS, KBTI, BICREFTHONIZRBMTOREZ, TFOKESTED 5N 5 EMEHE

DO EOMRTHRRT 5 EEBIT, TORRITDERL THEN.

Table 1 t#HFEH(CEHF 2IFORMFET ORK

FLAEDZIGRET
USA. FEZEE 0.45% per year GRZE204E[HE])
UK. WEZHESE 1.0% per year (GBFE20ERD
Fo WEZRZE from 55.5% to 45.5% (104E[ED
ANRA WEZESE 1.0% per year (1991-2000)

USA. 1 ZHRSEg S EEL from 1.75 to 3< (204E[E])
TANTE  HIEZESE from 65% to 57% (1990-2000)
TR HIEZHE42 15% decrease 1088-1997
hFs WIE A 4% to 39% 1999-2002

(Bousquet et al.,2001)

1. REEFLREF BT EREEBERTOLER

HebE, REEATIE, RIEFIDBZHREITS
WZ ENHMENTWDY, HFE, BEFOZREOK
FTHAELWI EME, FOEE, HYURE<R>TE
Tha" FIT, ZOXINRZHREOELOMRT,
MHFICED NS EHEHEDREZ bl L TA K S,

Hid, HEAMICEIIROBM TH S0, B/S—t>
MRREE, BRSNS T ENREEM SN TINS,
L Lizhin, HE, Sy, BESTHEEK
RO FEERNE Lo TSI EARENTNS
(Table 3). #EHESAHITIZ, 42K MRIER, MF
SEAIEINT B, WTHMHITIE, EERAOREDE
<, HEDHRBERBREDORELRLEFNVWIENS, &
Wik DA RED EIEANEN, ZHRELHETT 5.

LA THICZ K RONBEEIIMOERIE, &
WHAZE S B MR OB NAFE TOER 7o1 B
OEHREAED D0, MHAOITA POD x il
Nit+oic ERET, Y »— 7 OfRic 45012 FSH
MHWMENBZEICHBESINTHBO, @MELFD
EMRHRENWS T ENTES,

KT, ANTiEE#6 ABICBT 2IROEMERY, &
FEH-TIE, FBIEFICHERTELLEWI EAFED S
NTWa" BHLZESBZRT SAEEERENWDT,
IO ED, BEEIBTSZRRETOEENLE

Table 2 A FF 4Ty o MD2000548 (2EH(F5H1993F
HEANREETORHREDEL

AAEPE #eE 2pELLE

1993 2002 1993 2002 1093 2002

HEL 12,656 16,126 14,000 15,440 47,442 68,364
#](m 60 63 49 43 46 39

2[EH al 59 50 45 47 41

(Bousquet, 2001}

Bl &re s, REEEITHRT, RESTROLEMERH
EWERIZDWTIE, FBRZEDEN, EEFLOH
7, OHIFE NB0TDZHAET DD DKV H DA
2N &, OFERNBRRAFOEETTEANRENFR
DHONENT L ENBITENS.

TSR B, PELTIE, REEFLDHEL
<L, ZTOTEN, FEIETER &l OER % R
LTWa, /-, ®EFTIE, AEUEAALMEET
BPEFEE DI AR D E WY, EESTHEMNEL, 55
WHONLWEEE L T, W EOREEBRT, HFiEC
BWAHZTOA FOAMAR<AZD, FEEROIMmp
TR RODx BED, REEFITHEXTHSNZE
W EspFentTnsgd " Zoft, fFEREICE
FTBAPLABREFOLNKEL, HiFLREDTE

Table 3 BESERBEFICHTDEEBEEDLEE

Cow Heifer
M EEIRE 25.0% 1.8%
IEZETEER (SR NT) 47.2% 28.1%
FERG RIS 6.2h 10.9h
TERIE AL 20-40% 2%>

(Wiltbank, 2001}
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EHENWIEBEELTWASEEDNS,

FEANBRZOFERZ, RREFTEEDLDTEN
DITHL T, REFTHEHEL, FHE2ED20~40% &
WEINTNVSDY, Lnd, TOFEAEERN, IF =
SIZERFLTWS, FEARIMEMOEEIZDWTIE,
FHADRHZ VA, @A Tl ESRRERE
Dfth, AT AMEREDFEENEZ S, T,
TFTEOMEFRZEKREE, TEOREZESEST
L&, FEOMEICHT BHEMSETLTVRSD
DORBEEZTNWB I ERENRBITENS, DU%ICTFE
RIRRZEFIET 2 &, TOHEMMIChE - T, RIEN
R 5 LML, ZIREHEBIE T I 5" (Table 4).
Ei, SRBTFENERITIIEROMIEREIRELT
<, BEHOTENESD, EAIckoTIE, DLAE
HHEEFTIENHBHY (Table 5).

DIz, BPEH-ORICHIBELS T, wiETE
OEINZESFIETO 7 0P x 250 ABHEEAHE
HEENDER, P70 s A5T0 RENREES
L0 HODELABENNDH DT EMNMENTRED,
IO EE, ZHRRIET OB ZIEHT A2EED
WBYH, REEFLSNTIEWARWN,

kDX, ZREHLME WEREF &, =
JEZRAME T LV T BB O A RARERFE % Lo
T5&, FESTE OEBIERIRIEIRATZ WD
L, QUINIIFOZIEEKTAZ NI &, @FRHER
BERERAE LS, MESHIBEL TR ZE, OFENRN
ERMNLNWZ E, @HEHont 7O A 702

Table 4 EFOSHE 1 + ARIEOFEAREN
TOERDIEFERNMEICRITTHE

Srbi% 1 o ARiETER

AL B BEHEIAEL AT

IEH PRI % IE# RIS
T4 70 53 66 31
FEHGRETCOAE 3817 44£22 332417 45+23
WMEAIZETORK  68+18  72+21  80%17  78+£25
YIEALE 38.6 23.5 42.4 29,0
ez R 88.6 818 90.9 774
2N F ¥ 101444 114£55  103£39  110£59

Table 5 A4OHMH%E 1 v BEMRICEIT22%HKER
vA—RFROFEREABFOROIEERIEIC

RIZTTEE

bt e gy DEZR TR e
TR R ALk {{E~S # ) 22 i 4 2 B 3
R A PVP-1 30 24.1 63.3 11843
EAT No 29 31.8 59.1 8533
WyEEsEE PVPI 29 927.6 793  117£42
A ik No 30 62.1 80.0 85437
vmgres  PVPI 36 12.9 57.9 8931
F R No 33 55.9 85.7 03497
I PVPI 427 515 76.3 93435
E1- 1 No 387 54 757 90+36
aar PVP1 521 170 a1 95 =36
ki No 174 53.0 75.1 9035
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ERPREVI ERENBHITENS, INS5DOHT,
BEFENZ L, ZHRBICHTHEZNZENREN
LEZSNZHON, IEBAITOZRERTF TS 2.

2. IPRATFORBEICEETLIERL
DIREINRBEREREOESE

HIEBICHEIN S N DI FOZHGEICEET 2 ER E
LT, O0iEOIrINF—HREROKT, @@k
o, OBMANLRA, @ETEDYA I T TOEH,
@G BIEBORIE, RENBITENE. ZThoDH
T, $ic, BEEENEVDR, OLOTH S,

(1) DHBIcBI2TRILF—OFRE
JRAAIRIE A FEE L THREZAIPIEIC 72 5 DIX60~80 H [
EETLEINTVWS, LT, #IZE, 2
60~80 A EICRIAL TG Z B S &, HIPd 200
I, SRERENSEFERBLZbOOLEEASNS.
SripEED SRR E TORMIE, TXNF—FKE
OELWHETHD, ZOEMIZ, EEITSIEAD
BRFIE, TRNF—ARBICEDEEZT, ©THE
I B OZHEREDIR FHA LGNS T EAHSMCE
NTW5S, WWFLEEIIZHRIVE L 0 BRI E
TV, ZHEToThS, BORRET>/ZED S,
EDEGFHENE L EholtnIlELHB,

(2) SrssEd
BIIRfE, 7 h— R, BUBEMREDIHEE,
WEREZELETEIE, TRILF-—FRRIZHE
ENTHI LIRS, TOHKE (ITh~EXS7k,
IFNF—FRRBICL DI FZREDETEZM<.
IS LSO REIERD, HiREESZZRE
ICHEEZEEZRTTILNMENTVS (Table 6) .

(3) MK

Sk OWEIZHERIT, ERSE<ESEEETL,
¥iz, 2, 3EBLBOFTIE, FLEWI LA
HENTWa" Y (Fig.1). ZOFREIDVLTY, *
ST IERBA E T W AR LA, BT OZEK T 2T
ENRE S OMFRSEREN TN S,

Table 6 FFOBFBEBORENICE T DRHE
BT GERESEOLER) DOEE

, WEZ I
it R
W ~5.0%
i —25
Tk ~80
B 1 g —08
e “28
st —43

(Bousquet, 2001)
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70(

501

m/

301

20

e

10

A AEDE HIRE 27E 3,4

Fig.1 HF4 - Noo—N—D1ERICEITHERSE
ZHEEDOEE  (Nimmo, J. et al, 2005)

PlED& DIz, JIFOZHAEET OERERIZS K
BIEBTLZIFRINF—DARRIIHZEEASNDH,
IHRINF—DOFRRORES, UPREEREEE OEEE L
THHENS., LEK-T, BERMNIZIE, TFRIVF—F
EOFERLE U THEHN S 5000 B REEE 2 E I
DT TRREB IS8 EEBIT, T EETERBHE
EEORRALSBI>TVWBEEEADZOMNEYL EEZ SN
o,

3. ERFEETORELLTOARE
IREERERSOERE

JRELHEAEMEME AT, EEEAITIE, MFEENTIRE OE
£, TFTEOEREEE PTFOZMHEET, FHIHEMes,
AR A B IS, TORKRELT, F
FERER & ZERP KU IRE DK T o0 MR DI &
#18<.

R, EWELFITBNT, IRRSEERIE RE OHE
MEML TSI &R, BRTHREEINTHES "
B, FOFMIIDOWTIRELRADEMNEN, i,
ERNTIE, 4 HOEMELEDSiEEICBT 5 IIEHEE
EERRICBET 2 MEE I NETIEREAEA SN,
EL5ICLTYH, SHEQETIEETNRERT,
MRBICED KD RN EEEEERED, EORED
EIETHRAELTVBDM, FLT, Thoen, E0RE
7 D% QBTN B EE T T OMNIDNTI,
HllemERTbhiTWwaho /. £IT, %9, A
EBBAD I DOEBICBVWT, Sk INEEAEEEIR
MERELE"Y KOT, ERICGEELITFEEDS
PEFTEANBAFEIE FREF X EENE L LT, WOR,
ERBEBEICILHHED LO4FEITDNT, HSIEINH
MaEEE RE OKEREEEHP TH 5.

(1) ZrWeseop b BEEE DR E 5 1%

A O HBIZBIT 2 IPEMEERGERRIE, Sk
—EOHIBETOBFEMEREICL>T, #llick®
TELM, LEOLFETORFRZIEAICIEEE /2w,

EOERNLAER H2~3REEOHERT, A
EERL, 1~28EI&cAH POz 25O
WEZBETHILETHD (Fig.2). 7OPzAF0O
D ERIE, HREEESH o LERL, B
EOE TR, HEOBRFTLEFEEERT. LidoT,
Aoz xFa>7ar7rInG, FO4O
B REDE RN 2 ST ERMICHET A &N TR
5. pZE, amEl3~sEbNIcToYc2Far
BEOLENASN, F0%, BT EESENR
S, FIRBMIZEEICEEL TWa Z Eabhn
5, ZOEDRHTH, FEHEEREOHEET, SnIZh
BNWFETES (Fig.3 L), —F, oYz x5
O REO ERMNSREIHEIZR SN 56 TIE, 8
B EDDICHERIIAENTH D, 2Rk
FIEOHBINEVL FIT TR, FORORETOZ
R BEVY (Fig. 3B, F/=, 4FE, SHBEREN
W B EHEIRASE & o 1B ITTE AR & N R DB fT
MNENT, BAMERZIRTENBINOMEMICS S
(Fig. 3 FR). ZDXIpITH, ZHEITEL,.
FHid, BIEHE AN RBEICEREERERL, 4°C
(BEHLUARERTH L) TRETS, &Ky AKL
FREETHS. TOP T ATFOVEERE—HikE
VB hiAREM LR R AR REETRET 2 00—
BRETH 5.

< @0-%3-00 - @~

21 ] 35 42 49 56 a3 70 b L2
Days posipartum

Fig.2 SpEMEBEREERAICEIIATPIOIIRT
AYVREOEDS, NEFIENREIIEDLHESNS,

B A E R E W -
G o ERARRE
_/,—\“//’H\k//rﬂd Ty
DEHRORE L S0 ANEEEE P
& ERARER
AV
| pEsmEormnEs
mais
&
ERAREE
. ! \ ERpE
0 s 30 T 75 AMEEE Y

Fig.3 #AT70YVzZ27OVBREQOERN LRI FDON R
RICBEIT2NERBORERRERFERRERUZME
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(2) JEBREAD BEOSFITBIT S I EEEREER
I AR S FNDE OB DOETERBIC BT T HE
IEEERNO 9 MBI B AP ERE R DOFEA
=E, BESRODAZIVARE RESEDEN OB
HEZOMO THBECRSLT, B7TITRLE WT
NOEFTD, EREEHFIZS0%ICHT, EERE
DRELBRENZ ENDNS. FHITK>TERHS
HOO, BEOFTIE, B2, PEFEINREE &S
MEMNEN--. ZDXEIIZ, bBEIBLTH, &
EHCEOERTIRES N TS D ERRIZ, AF0n
MR IR S REEE R EABATWAS Z &R Eh
e
Kic, TOXS7z, IPEMBAEEEERTE OFEES, T

DROERAIC EOREEREE T TNMIONT,

WEEToM. 7, PEVHILEEZR LB O %M
A E EREERE RT3 &, 2ik#EI00ELARO
B EE GEEREAR) LYEREZREMEL
(P<0.05), I00HLIAEERHEFLSEMLD L
(P<0.01) (Table 8). 7, TFHERMbBEL <K
Moz (P<0.01). KWT, HAEWMEERHTS, FE
HEOPRAERE & FBRIT, 100 LANSERE EEIK <,
PEZkEL KNz (P<0.05). Lid>T, 100
HURNERENELS, FEHERHBOELO L
(P<0.01)", ZOXIIZT, FEE L TORMEREI,

Table 7 SMFLFEHICHIT 2 0HREIMER
HEEREORERR

Herd A Herd B Herds C to 1
HegLER K 110 36 66
FREEMEKER (%) . 49 @45 9 (25.0) 33 (50.0)
(B4 HE (%) 61 (55.5) 27 (75.0) 33 (50.0)
L (%) 37 (33.6) 4 (L. 17 (25.8)
MEHEIEEEE (%) 14 (127 21 (58.3) 16 (24.2)
B R (%) 5 (4.6) 2 (5.6) 0 (0.0
F& 1 1 (%) 5 (4.6) 0 (0.0) 0 (0.0)

Table 8 FLAFOHHEMEAMEERRT L

FTODEOIETERNME L DR
EwES NI W EsR
HE JEHE
BT 49 . | 14
ST SE BT 49 aT 13
BidES (=100 d) % () 83.7¢41)  62.1(23)°  53.8(7)°
IFER (=100 d) % (n) 42921 10807 00O

210 H BAMEHT A 47 36 12

SR EEHEH D4 (mean£SE)  67£5 946" 9311
WEERHZEES ) 29.8(14) 8.3(3)° 0.0(0)°
LN Z AT () 67.3(33)  3T8(14)  38.5(8)
7 H ftmean=S.E. 102+9 132117 166£5"
1 S hdh 1= 0 SRR 2.0 2.5 34

"P<0.05 "P<L0.01

w328 2005 17

PIRRERIEREORERIIL O TERERITSHI L
MR E NIz

(3) I EEREEEICEET 2 ER

GO EEAEREICEET AROEELQERIT
¥ETHD, B, rEBBARERAETOMD, T
FNF—FREOE FHEZIPEBEOREZESE
BZEMBESEMICENTVSY, SIEEB THL W
PR = — T RAEL, FORESIPESTERENS
2, T OESIRIEASRIAL THIRT 57201Cid, TE
55 OLH/NV X DHEEASENT 24 ERH 2.
ZOLH/S)IV AR, MBI FIVF-NT 2 ABET
BT TOWARBIBBEENMENEETHD, TRIF—
N AMEEGWEER LD S E, TOEES
Mg sy, Licat>T, sHEREASIERICHEnt
T, TRNF—RREMETFLET TSRO, 59
BHREOEEIZR Sz,

SE, SEEINEREEERROBREZTOIEE
BRO 14T, IREEEQIEREEEN, FEHNE
HERES & U E A IEE R O 0 IRETHE O 4 KE O Lk
Fof. YEPHLEER TS, EWEERICEST
163 DBCSOE T 188 T (P<0.05, P<0.01), 11
W £ TBCSOEEIERD s5Niaho/k” (Fig. 4).
Fie, YEHINBER TR, SMEBEOFERERRDNEL
<, MmYERNEFARESEWEMASR SNz, &b,
i §ff frtotal choresterol, REMEBHFHEB L UKERE
BEIZIE, ISR ERREDshEhoT.

—7%, HAEMEENTIE, BCSBIXUKELESBIT,
EHEEER S ORICENTRERL, DLA, EWHEX
DHEWEMNR SN, mEPNEFAREIZ HEITR
Shiamho7=" (Fig. 4).

ZOEDIT, HEYIRESEIGELER T, 18k1h5
MEXThTWS LB, HREEMICODE> TIRI
F-NFUADKTIHENTWS Z LA MR E N
Ei-, BT E OB OINEEREORIEICEREEE
BFT e T, SEOHAETS, R
DFEDEN-T LEBICBNT, BRETIE, 26
P EPEIGRIEAFEAE L= DIZK L, EEFIZBTS
ERITI - HEUS—E N ThoT.

HAKERR, b7 oP 2570 EEORA
lrk-oT, RO MIT> TERLRETHD, O
BERIZDOWTHRBAZENEZN, LinLdis, §
B OB RN S, HAMERTIE, LA, 53
A TER H 5 WTBEREMICH D T ENHS NI
XN, FORER, YEFHELELE S ZE<RR5 L
MEBENE BEREBEEORERO—DIE, FER
EORIENZET 515, HiREOFERENIER 6]
TR, FEOEERIER T, HENTEROFEER
MELLEVZEABEHOENTHY, Zh5OMICH
HEGRDH S Z Ehfieggansghl, #lE HTH S,
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EgE{ER < HAHRERS + VI EHEI R AR -
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° P<0.05; ** P<0.01

Fig. 4 FADDRATEORBINE S DIREINELERERS & QMG

4. FIREPEIIHEEERERE DR
(1) ZriEeIR B ILE
JREERRILIT T 2 H R RE R E N T WAL
EEoGESCdRkW, &, &I, FIVEEEER
ET, FEPHEBELTH, toiaZhEnEshian
ZENEN, BEOEDS, KOLD GRS
ns.

1) IREOLE LR OEM

TRINF R EDEFENFRDOESZ, £,
FWINEOWEEZRD, F/k, FmOFRENEREE -
bNBEEE, BN OBRIREROBMYRERE1TD.

2) WIVE RE

ERIPROELELSHRETE S L S 2HICiE, GnRH
DFEETD. ZHhCEoT, HRAHEREH, #iE
MEREND &, #ARITRICIEW R RENIEHRT 2
AHEMEN D B,

UL, BREIZERNEY = — 7 @ LA o S 31
MEE LB WEFICGnREM IR 5 S N6, PRI
AEENZWOT, BEIRBIETERN, Lizhio
T, BEEESEREREICK Oy = —7 2B L,
ESAIRRZTER L 72D A TR LIEWERFEL DR
Eshizn,

EREEN SO0 250 (CIDRE/~IZPRID)
ERET D EMEICALWREENZED BT &M

TZ5®T, GnRH, PGF2a, Estradiol Benzoate
(EB) MELBRATHI&ICLD, XVFERICTHEEE
AT HZENTES, IIEY z—7ORMIZEbS
T, WHERBICEAEAYNTESOT, GnRHEMRSIC
e, ShEAEWEZ A LND,

w7 B VEMEIRER)LE > (eCG) DEIME G,
BRI & Z IR E R Z S H5EHRENES VO T,
—fRIITITHER T E R,

PAED XS 12)LE AREIC L > TR E
BHET->TH, ZRESMENT LA, JREEE
OFELZIRRTEHEREORRIZELD2 T RINF—DOF
BIZHD, TFRINF—AREIE, IRET TR, T
DEZHHEICHDEXEZRITTNETH S, FILE AL
BEIZLD, UPIEATEREAL THERL TH, HiEhsap
TizREAHE, BNEZBRINETERN,

(2)  sriiss i &

SRR A HIE T L WP RE R T D, =
DX B ML TN TRV, e (R R A3 n
LTWaZ &E, 2000 12)F— O E" s
HTHSMILED, ThBTOBROEHKEICED
BEEEZEEFETMIOWTEAATS . 0
%, FEHE S, IKBRANORE TEOIRERNE N &
 DMNETHODTHLSMITHEESIZY (Table 7),
I, TOBOEMBAICE L EREERITTZ
L&, 004F @D THRE LI (Table 8).

FENT, IREKEMBEBEOFSEICBNT, 2%
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FREHSRE BRI ORFE 21TV, AR D FE A0
L EE, HEMERATIE, ZRFEHIHD TR
ZEEHoMIILE (Table9). ZITH, EWMEIE
T, WEPEINELERES L OB AT R O AR IRED
e EfTo/ 5, fiEl &Rk, EAENERTET

IR ORI ERT, R OBCS EfAEATEH <, 1 H
A EATEL (P<0.05) TEpREhi". Lo

T, EEMEREE, LERpgasiREn k<, 2z
AEHEIRFENSOT, Lind, LEOEWIITED
DTN EAHEREINEA (Table 10), FFMIICD
WTIE, SBOMRICEDETANKEN.

Table 9 FLFDO A BREMEHINERICET DA
ERNZDHROBIEMMICRIZTR

i WEARINEEL: B HEOH At
S 9 I T
R ETOAE 3342000 300£124°  GLT£03"
WEAIETOHK 63122207 76216 93.0£22.3
WEI AL fif 42 88.0%" 0.0%" 5T.19%"

Table 10 AAODHEYEHEIN®ICEH 1T 5 EFED
EE SFEKESLUVIE L OB

EH SRR W &l
Hil 9 5 7
BCS (4441%) 3424012 3504018 346009 345015
BCSi i 0.814£02" LOGE02" L0400 08102

SRR (kg TOL2E60.9 T48.£48.1 TILI£105.9 TITET3.4

R i 15.8+4.2  148+£35  19.8+£47 16844

FEM AL 3218 1019 2.5+ 1.6 LS

100 E BAN TR a0 @ T R T T o AR Rk
WO IR 607" 3882270 2094610 336%58
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L ity ] a0 10 An i o &0 W

T 110

Defutted milk progesierone
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Fig. 5 FLAOAREMEHINEICET5REIERC
5P IO T AT AVREOHES

WA RN B IRFHEIIRZHESL E N T W,
He R & [A4klC, PGF2a 05 #{T\, kDR
FRiHLTaIenELSNDY, HKHEREIZRE
A HOT, U &I ERRSE SN2 TR
WweEioNa, /o (Fig. 5) WRLELDIT, 3%
RHIEEFTIE, WAMSBITL, PRL 2R, B,
A OEEAR E D HINH D DT, AHRFILE
CEEOFEEZ RBT L3RS TERWY,

WARNIEE I FERBERENED T EMNE0NH, FE
NIERDHANEEDRR E 2200, HHWE, &
RIEEDS FENBROREEDRR E/LDDMNIDN
Tih, AHTHB. BESLL, MADTr—ABHYE
BEEZLN, B2OEMICE>TREDZDDEER
55, 5, WEKNMEEOREELT, TENKER
OIBTETO &, TOROZREZMLEITLE
hTHAERERDNS. LhL, TERNERDERE
IZBILTH, e THETHENEVONE[THS.

BbYIC
4 AOBBAEITBY B ZIRROL T, FEEEOA (L FOEMBIEOZICHE S TRETWS, HHHK

THROBEOMENEMEEIEAS5NS,

INETIR, HIAE, BBLSOZBEAIET ORRBARED TRIVF-FRICH D,

T EREZRKIZT

LS EMEEEONEETD CENTOMNEEEASN TR, £k, SREEHSTAOFITE, HILEHl
B ELTHREESELED, H20E, JEPRINIL - EHFERKZIATS LT, HHREOZKHEE LTS T
LTE. Fie REREMISEOHALEEORLLERS L, EEENEHET S LT, ARRHGEEL
THWLENTWVS., CNSOHER KAE L THRNTIEHZH, AL OEMBENELL TWBBHETHA,

NG TIRMETERVWEENHDEEAENS.

BT BT EE S M RO S T A hO Y VIMEAE T L, FEOME, RToMROMM,
GIOIERER EHRETNDHAITE, TEROEHEEEZTTE, MENEEEEZSNS.
B E T VWA AR LR A ERL, FhCETOE, BIL WIS EISMT 5T &n8, &

FIETERIIRIBOEEDNS.
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ARTHRALICHRO S, TFRIFEESRKFERMITREE RS OZHEGHETRE & U T O %0 8 6
BEIEEIES KOREMISOBENE & T ORE, BB XUTFIEOMIE), FRR16 - T4 S ER P FEIE f R F 5
RERTZER [FLA4- D IR TN BRI R Ot W TN AAREMHRE S | TEERHENR SR GHRITEC) A4 05 6%)
EHEIRER IS BV B IR OMBIE L IEFEOMTE] KL2bDTH 3.
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REVISION OF SPATIAL ARCHITECTURE OF THE FLAGELLUM OF TRYPANOSOMA EVANSI
AT THE PROXIMAL END PORTION
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Depariment of Microbiology & Immunology, Faculty of Medicine, Shimane
University, 98-1 Enya-cho, Izumo-shi, Shimane-ken, 693-8501, Japan
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Improvement in the fixation and the staining of the specimen for the electron mi-
croscopy of Trypanosoma evansi enabled me to study in detail on the spatial architec-
ture of the proximal end part of the flagellum.

As the result, many electron photomicrographs with distribution of the well-
defined cytoplasmic filaments (CF) (3~5nm in diameter) were obtained. In this
study the running patterns of CF around the axonemal doublet fibrils (ADF) and
subpellicular microtubules (SM) were carefully observed. Although the abundant CF
adhered to the organelles, owing to the difficulty to stain, would have inhibited the
previous investigators from remarking the actual existence of the underlying SM in
situ, these CF appear to join by themselves the ADF and SM to the intrinsic location
in the cytoplasm of the cell body and the flagellum.

This work enabled me to remark the existence of the unknown routes of SM
mounted by the abundant CF difficult to stain. Some SM at the basal body portion
were found to enter into ADF and join themselves to the ADF with CF, and get out
of the array. After winding themselves around a quartet of microtubules (QM) at the
appositional location with the reservoir wall, they finally terminate into somewhere of
the cytoplasm, which is unknown. This machinery, consisting of the SM and QM,
seems to give the tight junction between the cell and the flagellum and to modulate
the impulse from vigorous motility of the flagellum against the parasite body.

#

B E VI HT I Trypanosome evansi DHEDS, T OMAEWITIE—EEETSI b3 B 7 (Mitochondria:Mt)
(E3ke, = Dsatellite DNAIE = O d1lc #7 Okinetoplast (K) EWSAHTIHINTNS) LEFBLTWLHILE
FTEARERLEY. 0K, HHE, MOTLIEEOBRENTSH D, THIFHRIZRA L THEREICES
TWaEDEHRELZBIZBVT . 19914617, Robinson & Gull™%43, RFER7/=v I T, il D FLJES /N AR
OHM & K Dsegregation DRI HIBEBREDH 2 Z & & R L, EiZid, 4, Ogbadoyi”, Robinson & Gull (1991)*
&AL /MA (Basal Body : BB) & KORIICIE, #5748 “tripartite attachment complex” & fn# U /- filamentous
linkages® &b B Z &R LT,

jll

% BARKEESIESRMAEY - RESEHE  T0693-8501 BRI HETIEENTSI-1
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WED, HEIINEREDTHD, MRICHFELEMAHEETHIMIRICHEEZEADZEICLS>T, HEAD
TRIRKBERHBTREICL TV I LBV ORNWEETH L LD THS. EXIE, F0%, trypsinpronaseZ fi
WHRERICED, filaEMENFIML T, cofiast NEEZL{] (Morphological Change) T2 DI, $iEH4l
JafEn S HEEL 72%b, ZOFRAEY —LHRME" ™ (Macula adherentis : Ma) MEHTE-STWBS I Emi,
MliE & Mgz %< “microfilaments” 23 2 5 O (LEERE TUMF N 2= KIS WHE QRS BET 2 & H:3h
e I, ZOBEDOIER TTrypanosoma cellshSA s DIRIETZIR %% T %5 DT, microfilaments linkage = %
2, RIERGE A ISR BEETH S S5 Li=re,

IS DFER, BAMIZ, FHFITHLT, ZOFERIZBIT B microfilaments O & MGG 521 72 7L T o 52
IKHKZEBERII®E. 22T, FHIE BERESOETEMBBRERCBIT 2MEEE LT 50 TRKE-E
Beaik) (Similutaneous Double Staining Method) ™™™ ZAWT, ZOFSICEEEGEERL, FE41C. qilam
DOCFEEDMHMEEBETH &L

B L /- B FIMEI T B R&MITDigital Images& U THET I G THGUIE L T, BRERENEMRL D
TWEDITHN% DAFEREEFOEIT &ML, ZTOME, 3-inmD R A Ofilaments D F3FHITEE S -1 T W
T, TORELIBMENARIATD > zTrypanosoma evansiDHIE DO AFMEENH SN0 T, ZZIC#ET 5.
Bl mICE o EEOHRIZIE, TMET, FOHEEEENHTH o= A FHBMUNE (A Quartet of Microtubules :
QM) ' HEFEN D,

MH LA

MEHEGEIZDNTIE, FESBICREREL TW RN EEMERIL TH20T, TEo28RINL. ZOHY
T, FH2MBORELEREOHIEETWEOT, FNICD2NTHRT 5,
HEE R  Trypanosoma evansi (Taiwan strain).
[REEDHETE : BALB /c CrSlc micelZ IEIEPIERIIC & D BEYLHEhE & 7z,
REDOHTBEE IR © ORI DU X D4R Tparasitemialfifflic 722 £ TS ® 51, BAEIRETI0 IU/ml&
7% &Z DT U Jzheparinized saline# FRICAZ EDITTFO AN ENLEE B NT, Z ORY A heart
pucture techniquell &> THEHRHEME OHIZED 51, BHICE FiE0es 2 W TEL (3000r.p.m. for 10 minutes)
s x iz,
FEERD%E : ZORBOEMIZEEICH50.2 M Cacodylate Buffered Saline, Ph7.4T=[l, [F L MO T
DT 5.
FRORFZERE : HWT, BHM&FEHDE (Simultaneous Double Staining Method) ™™ 127\, HRO 7))
A= T b ORICEER EMIREE 2D X S ITERL - Eabsolute alcoholiZ0.5% D% & 12 g
7 ZIVERIREL, KRIZFEE Oabsolute acetonelZiBE ML THE> 7= 7 30HEAETRESGL, oML v
PG UL TRl S 6 E, BEsRarRMICiTo -
BREROBFHES : BESH, REDINAZMEOpeletid, TO%, [ UEGTHREHRWT2 EPESL-E.
THOA—=AZAN Ly MMERK : 0%, RO v bME, 60°CO 1 % agaroseik & 7531/ S L5 E O o 12 FHIA R
=R, TIHET B E Tl (3000 rpm for 10 minutes) L T4 UL ERBERCHEARL v ML,
Ry bOHET : ABREASROBELMBEORL Yy ML, #1mm'OkEXIzF1 7 THEFL 7=
Bk - B - BEBE Tho07 70y 73N a0OETEROFK - Bt - BHAOBOBEEsRE5.
JUy FOFKLE : 7)) y RIZZEOLICB#G & &< D> b 9§ 5R1IC, lon-coater Eiko IB3 (Eiko Engineering
Co. Ltd. Japan) TIZHEFIHME L IZHEKIEIT S,
BURGR : BiigicaiEh, @ikEN/z7 0y 2 idUltramicrotome M5000 or M6000 (Sorvall USA) % Fi\»
THBEY L FE LU TEREEN, SRAEISNES )y ROl o 2 b ans.,
BFREE: VYU y RO LIRS W@ 2 Fid, kOB ETHH I T UMM BT S =2 AR e
.
BEAEEELE | FEAETHEME, JEM-1200EX (80KV,av.) Z#MHL T, BRLUETFHEMETE#REZ -
ERAFAT © M8 L /2 T B P AT B R = (11F @ |, Digital CameraTH#% L, Digital Image Data
L T, Adobe Photoshop CS#install L /zApplefl:®Power Mac GAIZI D A, {4 D contrast%>brightness ¥ |2 1
sharpness & %28 L T, computer display E THEZSLTWERAEZEA THEL, HiUBRTHEAICE, F0E
DHREMOP T TSI, X, TOEROmMBERZOERNE S IZREOYLEIGEO LI250% 058
TO AT &L,
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Frad, e EHlE o #3512 idDesmosome (D) " 7 AEES L TWA. FiZ, #HilaoHIziZ amNGGE OEE D
JFAE# (%709 % 10 nm-filaments (or tonofilamens) ***" %Z&31L U /N Vicytoplasmic filaments (CF)™ Ao Z &
AHENTWS, FEHEOBLL /23-Inm@microfilamentslE Z DK I M6, CRIZHY T B EEA SN S, Fig. | (34
E DT firdidistal portionD & THMBM G E TH 2. HWEZTORIAMIZTET, MBEHEVIDENTNS, ZO5H
AR DM <, Simultaneous Double Staining Method"™"™"Z k> THTEERBEH LD TH S, WROHIKET
VZ % L fa /- 7= TR 3-onm D Wl 75 CEA3 il & Daxoneme fibrils (AF) 143 (yellow colored arrowhead 1) il
IEEIPNIC (yellow colored arrowhead 2) HBEAIIZMRE L Tz (Fig. 1 28). #EMIZEET 5/hEGRESPKE
DU HAFOEIE, #l¥tendril-like structure (TLS) (Fig. | Tgreen colored arrowhead 3ZHd) &L TKOH
IS 5N, CFZEM->T, Fh5idbasal bodyZHEET BAFICHIRT 2 Z &a<BiTLTWe Fig.l &), Rk
IZ, ZO# (20-26nm in thickness) &AF& [AFOE T %759 D Tsubpellicular microtubules (SM) (Fig.1 T
blue colored arrowhead 4ZH8) &E A2 5N 54, FNS5OMEH, KOTLS6dilE%E b5, CFEH-> TAFIC
KLU THG U, FHEE ZOSMASEA UL E, SO S, M Sreservoir wall (RW) Dl L5 % 5%
BLT, HOHIBEOFIZADOA D 5417 (Fig.! & 280). Z0O XD HHGEILHE Oproximal end7p 5 distal
endlZMFT, H25—EMRETRD SN (Fig. 2 &), @KL LT, fMEAO/NMNEIRET, TNSOEFD
B ZCFIZE B ENOMEIH L TOMEICE s TRIEThTWS, ZOHE, FiISMEEAZCFDM/NS —
CISMOGEfT BT HDICRILD. TOXIBREZADTFIISMESZ SN HRBEYEEML TA2 &, HIED
proximal endfHIT THIEIEOPETHEA LT, CFIZL-> TAFIZHIG T2 EEAGNHSMAADAD I &5 o
7= (Fig.1 & 2 &), Fig. 2 [ZTOBMOMERE SN BADSMA EDERIZ, Z OO Ty RRLET 5
MAERLUEEHEEETH S, BB T SNCFICEENZYWEHOBERIIM <, MInmTH 5. NS IEHMITE
DHCFZE > THN, BB/ DAFICCRICZ & > THEE L7z, RIAIOMIIBZENIZ A>TV,

YI<E Dreservoir (R) OHIDFHETIE, ROMEIELS/A>TWS. ZOHE TFig 2 IZm-d <, BIZCFRIZa
£/ 4 ADmicrotubules (M) A THAL L T A THEOE EFHFOLMIZES TWEDHREH EN5,
FNH5OMICFig. 2 P T1 —40EFEE0IR>7/~=. 1 OMOZ%iEiImicrotome knifeil ) SN Tl S GjiFE
NTW5. ZThooigEdcnE T, Mol FEn 0D Tiddka<, HilREomhiz, ToRmmiEn» 0 st h,
HEL)D DR S s o7/, FO2IRENSMST, (o T, EOMENT, TAREIZH S DM,
EEINTEMEESZ AN Z"Y, ZOMEDIIMO 4 AHOMETH D, ThaikE N TEZin situd
frEICEEEND 0T, FEHEZTOMEZNAMBNG (A Quartet of Microtubule : QM) (Fig. 2 1, KE 7k
BEORANDOHIQMOTFERFTI 2R L TNVW5S,) EFA 5. HRHENDIE, O TAFICHFET 2SMISHT Z0Ek
T, ZONAHMOMNEDED 2L Tisa L% T, EiZreservoir wall (RW) #Z THIENMD P OAFKES
THEDICHALT, MifETA3CF2N L THELERIS, TNMNASTELOLIZRLRSEMNS, HBUHIKA
ITAS TS, FOQMIZHET H(AAMOSMIE, i, TOFTHEROPOAFICHEL TWLW5OT, {38, S
MOED LSz R2L, FIT "fE" OL584HEZZELTWS (Fig.2 2H),

ZOHTHEOPICASSMAHIEOPOAFITERE T DRHICQMOE MIZEZ < O, BWbidehds, HEn
GITELEEIZ, QMIZEESH<ONEIEESHETHINEEFEZFICEM SR (Fig. 2 OZMW). Fig 3 38
YO LG0T RERT, HIIRIEOE T OHIIEE#E IS 5SMATHIIE I OHEE O TS, MR & HiEms
A, CFE#->T, MLl Paraflagellar Rod (PFR) RAFICHEAL TWALEEZALNZRTHS. HED
arrowheads % 7= E1UE, SMATEM IZHIED FRIZHEA L, AFSPFR&E KT 2 OAER SN 5,

Erh, i€ EAROEESTIZR Lizred arrowldCFE WD LD, 25 < SM@protofilaments (PF) @ “Jc3fe{g”
(palisade image) ™ "% BIRQEINIMEEZSND.

O THSMO iz b L7=CRZ3 70 b—LDFA 7 TlaFiE, TEMENZOTEDOTICH S,
SMO TS IME —F L= &5 A& Lizprotofilament palisade (PP) @QUHMDWLRDH 5N B, ZNMNCFTHB
e, Fhid FolfFolmEEGEanl, Tok3 R L RN FIERS W TH A D,

Z OV LAZPFOTAHIRIEOE R SHllal & fiEliz@ A, WEONICHFEEN > THWD I EFRT.
ZFhUIHE R, PFRIERE L TWS, FEXL TEHRTIUL, WEEOMNNS, WEONERIZHERZRS S HED
TR0 OME FOEs DL THES 515,

Fig. 1 1dFig. 3 O—#f#&AkL TRl 7. ZaldMacintosh computer & Adobe Photoshop CSZEF|M L TT. evansi
O35S M S E A0 ARIECCI L& 312, “brightness” & “contrast” ZZAWEL T, ZOHAIISMO
EOCRIZN% DNOFERETEDIT LAEMTHS. hALEABEVCFOREN LS TLEZ2OTIAL THD
WLz 2GS LAESE (Fig.b) ORETHS, IEFEMICCRICL > T, SMAE D I N /=MWENTE
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DEINTI—FHEHEN TSN %EFig 4 EFig 5 kL TERa 0,

Fig. 5 1ZAMA DU < SM® FICHfE L /=CFIZ & > TSMO—AHIC@ELEABEM L THLGERERLIZDDTH
5., FOBHMPIEMICRIN TS Z EI3Fig 4 ST 2 2 ETHRINS. HEOHNMBIZA DA AAKESMIE—
H, CFTPeripheral Doublet Fibrils (PDF) 1Z#%& L, F®d#IZCentral Double Fibrils (CDF) IZ#5& LT, WEE,
FOPDFICHEE LT, MBS, ZOFHETIE, MEBEOIMIHZSMMBE T ONEERTERN
7%, Parasite Body CytoplasmiCR A TdhA 5 EWS MHER 34 LE5.

Zh 5 OfiFE D Basal Body% & THITEOITAIHEOHEY D QYA EHiIasRIC & 2 MEDEY D OYFh 575
SNBEMEHETEAS & MEONIFICA DADSMAHENHFETHEHEALNS.

A

ZOWMEIEMEDRIT, BEDREE DG TTrypacsoma evansi® BAROHINLE 2 5 MBI T OHUNEATA DA
DEF IR EEME . A, EE, RAELSVEUKEOCFEE LG/ 2 & &, CFAIIBN/AGE @
in situBIEICIIARTT KOO THSH I EICHFA LI EEMEFRTIRAY, ERCREET L 2MEN TS, 46
DSMDZ &L, JEL, CFE#ioTWaE, FOHIZ, WRTHAHSMIZREEINT, ft->T, RESINLLWHIL,
FOEIBHEEREWHOLEELENTEZOTHAS. CFO R, SMABENTWAETHA D EWLSEMITFEE
I EONY — 2R L —EDON— b2 E>TWACFEEMTAZLETHELNKZ. TNoDHLIHDIE, KO
&Y (Tendril—like Structure : TLS) 5, HMEINIZEA ST, AT, BBIZZFOBREZE(LTE T
U < MR OB ORISR THEBIEO AMIC A DADHGED —iGAt, RU, TLShEiIREL, TO—#A, B
BIZf£f79 AMicrotubule S [l UTBIR T, (B4, HF->TnAEIAQHTFRAEMEDIZER—TH o7, WEOHE
IS8T, —AOMMEEL THIRENZESMEMEL THSNTVND DO FHUNE  (Subpellicular
Microtubules) DfHIZIZFH A 5N, FOLIRERO T TEMEINASMO—HAI 70 —LF 1 7 THE
LTWiETHAICFHFESN, FOTFENISMO LSS T & Sprotofilament palisade™ ™ Aifz /- Ei#H L
TWEObLEFOELEANGUTHDL T LGNS TSHTHA S, Protofilamentl Axoneme fibril ATIE 1 38",
Axoneme fibril BTIE 1 0~ 1 1{@& D, SMTiE1 2ld 5 &Aoo TWE ™ ENSIME Oen Tl
MRk OXDBMHREOGRE L THRESND ZEMHSNTNE ™Y,

FEENZOMEFETRLEZO EFR L LS 2MEN 5 HEONHBSMATEA T % &K 5 R RIZHBEOR T O % Bl
L7=Warner, FD Oz biRH5N5, L LENs, FESHLAICHIEO/AUNE A>T HhEEL T,
ZOHE TR L =MD —f % “radial spike” &L TrdifkL T, #h &[E URRE Off§EE T RINTIGE Nz,
A DAL SiliEE L 7= it & LT “radial spike” IC8A15 “RE" AEaIHIZMHALTED, #HosHizix
SERICHINL D7D 5 OHFE DLkl s b,

BFS5L, M “radial spike” AN SRR ELIZHBEALN SO THA D,

Brooks. A. S. (1978) " |dCrithidia faciculata, Trypanosoma equiperdum & Tryoanosoma lewisiZz HWT, HEODH
EADEESEAIZDWT, f L0 GE kR & 91 2129 % B Y TLanthanum  Hydorooxide & Lanthernum
nitrate 2 ; @k L7= 20k (Z41 5121dacid substituted aliphatic polymers<~acid polypeptide/igi £ %) %
F¥ 5 =8z Ruthenium-red & IV y/2) &85 FREMEIYET (Ultrathin Technique, Freeze-ethch& Rotary Shadowing
Technique for Carbon Replica) 2 L Tl T A, ZOREE, HiEE MOz, Hxmigiko TE5e)
EHTVWBY, HEEHESEELTE=MOBRoMEDLiRIcEEzD, OG0 L3I, NIl E O pHE,
[t BfE S L TSR0 T, 7245, Ruthenium red|T ¥ & - /= Crithidia faciculata O i -E 3¢
(R) ITRENTWBEIFHEEZMWIE THE) ICX-> THRHRELLEMEE LRTH LA, FHENIOMXLTIRRL
7z, SMIZ X BHIE EANIOHESIMICBIT ARG TH S E WS AICIEE-> Tz, FHZESHOXI SR 60
Tldiz<, FNSHBSMTIRAWLWMAEZA TS, ZOMHFIZTBNT, SMOMIENTERICAMNT 5 hhEHHE Sl
OB CHIAIEE FIZGEET 0000 SHEkICIEHRINTETWSTH 2S5 (Maculae adherens)'™"" #" DR
T HAE EA—HT SRS 505, FORENT R0 Thizly,

X 51ZAngelopouls, E. (1970) V& f#1 221k L 7= Langmuirik & RIEE I THNLORH E ST 277 — v ¥ #{llHG
HETHY, TORICEANEREZBEGL, 1550723 E #negativeft (& L T, #k#:%H O Chlamydomonas+>
Trypanosoma lewisiOFBOEH (SM) FIFORGEZEHEL TWa, TOHEHAMRT S L, SMIE, HEOHE
3 (Reservoir : R) fHE TldEMiZETZ2L, TOEMETIELT LS, MIEIER FOEME 206 3BT
5 EOUERARIEETH D, HIZ, SMO—EIER OROHEN S Iz ZIZ—E DML ME OO X 512 MEO MBI
BEMNTVEONEREIND, INSORRIE, HFENIOMLTHELRE, SMAHEREDOPIZA DA EWN
SHEmEF BN LD S,
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Wiz, FHEN, ZOLETHL, BRWE L4 Ad-> THE D Sh-mAa#lfhiE (A Qartet of Microtubules :
QM) " EZ N5 OSMOEELEMED, NS OVEKRNAMENERICHEEL TLWRVLDKRS, QMOBEE &
DBDHHFEA DUV NOT, (ZOXDRMEFEDOHEM > TR OMMIZIESSMFTE) HET S & 6K
H5THAD SMAGH, FEONTLSHAMEOCFORDIZ, REMNRAINMESE L TIEALSNTNED).
QMIZZNET, MROESICH- T, REFRESNIZMBEICH ST, 4A0HNNENELIL TOEEEEN L&
BoTHBITAMEELTEODONTER., A0, ZOMEDE, #Yoo, Lind, mESHIC> ToY)

TAHERAGICRE DI, ThETEOIDIBAMNDIZDIZ, FTIHEETLHIOMN G 3N TELMEYT
H5. G, FNh5TH, ZOMHEWAEAL > THZ (n situ) OALEICHENE QI TETRHEN D DR L LT
5N, Fhic, fRONOEFNG, ZOEICes TELEAEDOSMA, ROMOMIEL T, hE->T, HW=E
IZA DAL, ADRAALLEED, ICZOQMOED 2 —FELTWAEMAESNE (Fig 1&2). IS OER
BHGEZMENEHT2HMETHDEWIAFOD EICHEAZ EEHFR, TOHT, ZTOXSBSMOHEEDPEL
IZA DA ATPDFSCDFIZHEE L2 (B2 WD), QMOE 0 2—H LT, I 5 %#CFIZE> TQMIZHT
DFAH0E, QMAMIEDILENZ &> T, HFENEHRELT, BEESNIMNETHIITEVRWENEGRT 2. B
T56H<, ZOLSaiiEIMEE MR < T 201, i, WEOIERZSHICHIEOED & U T
SEBITANKOMEZEL TWAIZENZVL, ZOWMEVHQMOEDHEROHHHEICDODNTOYWBL TOMET
HhAI,

R &EFONEHEOMEIZDWTRBIYN, FHF 7Y, sifbEkiiklz £ > TRotary Shadowing L 7zreplicaz iJf

KT HLET, TOMEERNLMIEDASNTETNEY " iz Linder J. C. &Staehelin A. (1977) &, &
FZ DR TROAR LAz & D e M & 6 0 A~ D 45 H83E % Trypanosomatid Leptomonas collosoma st £k
OEFf EPFHTEZLTH DY, WoliZFolEul TR 5N 552 “champagne glass structure” é:)F’l\l,'C
W%, Z®D%, Yoshikawa et al. (1990)" © X, [FERIZTrypanosoma brucei gambiense DPDF & {EE N5 2 difk 4
“electron dense connections” ML TWa, FHIXZ @.IMKTSMﬁﬂ!ﬂI{IJ%@?HEM!bAGDPDFKbCDFi_l.L i
ToMEZRRLEZD, HSEMICEOMED—HEMEZL TWeDTHEAD.

Hemphil,A.55"|3SM EPFRO % it 45 7 1 5 A > M§iED & B T & % Trypanosoma brucei TFreeze-Etching
& Rotary Shadowing MethodZ i/ L TREWI L /=48, FHSHIEMY 1 ko SHIEFENAD "SM™ @A DAHIZ
DT TlEaho iz

SMZ K StubuliniTid @ & @ A3B 0, o IATEMERUR & U TALE THIBN O 7' —)L O HIZIE < @B 51

BB R RPN TIER WAL tubulin @ ATHHE TRRNEIZF O > AMbic L > TIEMiE N Atubulin e . DA, T EL
Tl &k DEET, EFIZH TN L ERAFIZE Stubulin @« THEE 2 11 % 435, SMidtubulin @ | & tubulin @ » & THERE
N TV % (Schneider A. ef al.1987)"". FHHIZZ OSMAHIILOPIEEN SHIEOPEIZ, 26 <, QMATHEE &M
JEDEAMIT BT, HEEOE FOSMODETOHR THRAMBT LD D4 AMEL T, ETTHROIEE, h
ARONMTHN, MEONETHN, ZORXTRTERE HEE OaroHENT 2 &, SMAQMO A
THEHMTHEONIZHEA L TAFPPFREFE S L= MEDOFIZRE2OTHAD EEZEATVS, INETER
SN EDRY, ZOXDESMEQMM HFE MR AL Z HEN & 8 5 (Ll A 2 DSMZ /RS Stubulin isomers
OB ED LI TRBHDTH DML M5,

/NVE  (microtubules : M) @D#IA 7 THBAL (Assembly site : AS) [ZAFESMICBWTHIOHEMETH 2 Z &8
HEETNTVWD, AFOEEIE, ASIZHIEO PO = ARHLNE  (Central Doublet Fibrils : CDF) @i fi i Distal
Point{Z ##{£ 9 % Capping structure? 7373 + X0 > (HSPT0) D{EFE(EEL TE OEBICAFO#M L T d 5 tubulinAs i
IRIE IR N, FOHTAFOH A THAAL SN S Z EHFEEFOChlamydomonas i > TH s MlZE N T3
(Dentler, W.L. 1980";Block&Johnson, 1995%"). Z @{-ANLIEZIEIEIZ 7 T-shaperone D E| # R4 —DDEF I
ELTEEENS. iy, SMOAIE, #4415 Tubulin/i—IY I tyrosinationd 5 H 5D d % T & #3Sherwin et
al. (198D IZk->THliEEH, MUEHSIZL ST, tyrosinated a-tubulinlZW$ 2E / 7 OF— I ¥ik%E{li-> T,
T. brucei D L WSMDil A TOWENH S M &7z, I NIE SMOFI AN TOFMIZEICH 2 E i
NVEFMATs  (Microtubule-associated-tubulins)  Zflifa L, #E NS WEANEOSMIZE, Bl s HEWEEOENVS
MESFHRET HZ ETEREFMITBEERSNSE NS, M5, SMIZTOFEET SAIILEE T Ocytoskeleton layer
THALEENEEWVWDIZETHS (Sherwin, T. ef al. 19877 ; Sherwin, T &Gull 1989*"). Wood et al. 1989"
13T, brucei DcytoskeletonE O H DAy, T @M L =il %2 R L 72 < o A S 1E S M7z hybrydoman 5
monoclonal antibodies % %5 L T, Flagellar attachment zone#% ifikd 5 4ifk% 2 {#, flagellar rod% 8k S ¥k

Z 1, #L TBasal bodyZifik ¢ 26 0% 1 @R/ MELTWS. ZOI &Id, RFEENTITRRHMICH
StubulinlTH] 5 RN H B E NS T EERLTWAS, 245 Omonoclonal antibody D {4173, Z D3 T L
FZSMERIRT 2@, BlkAF-h 5.
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{175, Ono & Nakabayasi (1987)* I3 Vinblastin, Colchitin%>Concanavalin A% —{iZT. gambiense® {5
T5E, WEENREOBICESG L, BGOSR, MIENICIDMA EN/zaxoneme DPDFDO &5 5 #HfiL & 6 & H
fEMRELT, TNOHETOEE, SMITILLAZEB|MELTWD, DT &R, {KIIRET, PDFASMICEELY
LU0 s I EERBLTWS, 0, BFEOELETS, HEHEDMHLL ZSMAEHLHOTHADH, HIZCF
ICEODNTWASETT, —OSMERUMET, FOMAILTORFTIZMUNIZ DN EMS 5N 57EN,
Trypanosoma brucei \Z BT, Trypanosoma cruzi D HETE % {012 B35 T S e fZ #1440 72-kDa GP72  (surface
glycoprotein & & Wy AE {1 % £F D546 amino-acid protein(Fla 1) % {5328 ¥ % i {57 T & 5 flagellum-adhesion
glycoprotein gene 1 (fla 1) A%L4E, RAZNTVS (Nozaki, T. ef al. 1996)*".
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EXPLANATION OF FIGURES

Fig. 1 and Fig. 2

Thanks to the more resolving power of a transmissible electronmicroscopy and the improved method of stain and
fixation in Trypanosoma evansi, more defined images of cytoplasmic filaments (CF) became evident. In the present
picture, abundant CF (3-5nm in thickness) both in the parasite body cytoplasm (PBC) and the flagellar cytoplasm
(FC) are visible. The green colored "arrowhead 3" shows that the tendril-like structure (TLS) arising from the
kinetoplast converts serially to the proximal end of the basal body (BB) in the shape.

The TLS possesses electron-dense properties, likely as the axonemal fibrils (AF) .

In the portion close to the exit of the reservoir Lumen, the other microtubules (yellow arrowhead 2,1 and blue
arrowhead 4 in Fig. 1) , which seem to arise from the similar TLS within the kinetoplast, run with CF toward the
reservoir, and serially connect to an axonemal fibrils (AF) through the reservoir wall and the flagellar membrane
(FM) and eventually back again to the cytoplasm (See yellow arrowheads 1 and 2 in Fig. 1) . These SM, there-
after, wind themselves around a quartet of microtubules (QM) in a coil at the appositional location with the
flagellar wall (RW) .

The numbered "1", "2", "3" or "4" of QM in Fig. 2 indicates a microtubule as a part of QM arising close to the RW.
Although "I" of 4 microtubules was cut obliquely on the way of protrusion, "2", "3" or "4" indicates its intact con-
struction associated with CF respectively. Each microtubule of QM is winding CF around it. This is perhaps the
first description of the spatial architecture of QM which enables us to estimate its functional role. Scale bar in Fig.
| and 2 reveals 200nm in length.

Fig. 3
The photograph shows the image of a section cut transversally against the long axis of an extra-cellular flagellum.
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The route of SM in the FC is visible in this section. If you follow the route of CF, you will confirm how it may
take the pathway between the PBC and the FC. (See the red, blue, green, reddish-pink, yellow, and pink colored
arrowheads that reveal the routes of SM) . The red arrow drawn at the attachment site of the flagellum to the
parasite body shows a "protofilament palisade" (See the red arrow in this figure) which is exposed after the cov-
ered hydrophobic CF was cut and removed with a microtome knife. A protofilament palisade is known to be a main
constructive component of SM so far. In this site, SM getting out of the PBC is invading through the parasite body
membrane (PBM) and the flagellar membrane (FM). It links to the paraflagellarrod (PFR) (See the blue and
green arrowheads at the lower part of this figure) or axonemal fibrils (AF) (pink arrowhead at the upper part of
the figure) . The direction of the reddish-pink cannot be confirmed because of the disappearance of CF on the way.
From various points on the circumference of FM circle in this cross thin-section of the extra-cellular flagellum, SM
originating from the PBC invades to the FC and links to a peripheral doublet fibrils (PDF) and to a central doublet
fibrils (CDF) and again to the PDF, and then appears to get out of the FM and back to the PBC. Scale bar in-
dicates 200nm in length.

Fig. 4
A part of Fig. 3 was enlarged in order to expose and define more clearly each route of SM covered by the CF with
hydrophobic property. This photograph will be compared with Fig. 5. Scale bar indicates 200nm in length.

Fig. 5

Each route of SM is visible in the transverse section. All the routes are colored in different colors. You may see
each path of SM in this transverse section of the flagellum, as well as in the longitudinal section of the flagellum
shown in Fig. | and 2, although the flagellum in this section seems to be a "neck-collar flagellum" from the exit
of the RW.,

Compare this figure with Fig. 4 to confirm the accurate routes of SM in the FC. Scale bar indicates 200nm in
length.
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NOTE
PREVENTIVE MEASURES AGAINST HIGH-PATHOGENICITY AVIAN INFLUENZA VIRUS
IN YAMAGUCHI PREFECTURE
Tomino YAMANISHI", Youji MATSUMOTO®, Sachiko KUNIYOSHI*, Shinji MATSUDA®

1) Yamaguchi-ken Mine Agricultural and Forestry Office 3449-5 Higashibun,
Ohmine-cho, Mine-shi, Yamaguchi-ken, 759-2212 Japan
2) Yamaguchi-ken Chubu Livestock Hygiene Service Center 671-5 Kagawa,
Yamaguchi-shi, Yamaguchi-ken, 754-0997 Japan
[ Received for publication : November 15, 2005 ]

We were informed by a layer poultry farm in the central part of Yamaguchi
Prefecture that they had discovered some dead chickens. In seven open poultry
houses they raise about 35,000 chickens. The reported number of the dead chickens
was small in the beginning, but soon it increased dramatically. As the result of develop-
ment egg inoculation it was confirmed that they died of High Pathogen Avian
Influenza (HPAI).

In order to prevent further infection, measures were taken immediately. We gave
special attention to the issues, such as ' systematization and the establishment of a
line of command, ’ ’ higher efficiency of destroying chickens, ’ and ’ improvement of
dropping disposal.” The killed chickens were buried. Thanks to the early report, the
correct diagnosis, and the timely measures, the epidemic was contained and the whole
problem was solved in ten days.

In the future it will be necessary to strengthen preventive measures to protect
humans and to define final and large-scale disposal methods.

IO ERic b 2 ERUPFETEE (B 7 B8& - 3.5 R M5, BEBOBMBA AL, WEIMAY), BT
Bz oz, To%, RECEML, BEWINEMEICX D ERELERT > 7NV FHPAD LRSI/,
FTD, BHFEEEEZMEBL, MERMEEMSRROMEL, BRASHEOHRL), BELEORL) L
ORERESEL, BAWEEZET Lz, FHOMBOMMRZE LIRMEREICLD, BREIEAOKIEET S
ZEMHK, 2FERZIAMTET L. 4%, & 5725 A0S HE(L & KRB RS L OBAE(LAS
WEERS,

S5N1IZXBHPAIOREAMNHKREINTWS, Lnl,
HATIZ19254EOH 7 N 7 17 & B FEAL SRR 12/ h-

EREMNET 7T Y (HPAD &, REAE 7=, GE, THEXRDICHATHSNI 2K SHPAIAIL
ICEBOEHEOFRFEEERT I N ARIETH D, OB, K8, FEFTREL, WRHATHLIARD
F, HM7 7 ThHEE (19979F) %1k, £HiTH IR EEEIC DWTHRET 5.
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1 BEBOHE

FEEBEGIE, L O RPTRATORIIERIET, AT
334,640 P TH o/, BBIZULNICEHENEMIZES
B3, BEHEiNCENTELGE-> T (Fig. 1), 3
L3 7HE (OB 1HBSEZTE) H, Gl &E,
AL—hEBIROBK1ET— (15HEDH 2 ER)
Tholz. P0F L, —a—hvZR)VWE (ND), &
RMSEXA (B), BRE7 7 7UFTUA8E% (IBD),
BRERZR (AE), BRI —Y (IC) AtEfah
T,

2 REOHE

20034E12 A 29 B I A5 OB TRBR =R & D KEREEE
R (R ~ElH D, BH, FEBEBEAIE
AVFHEEEEZEBL . MELYYOREBREITBT
HFTEIEE, 0.13%/H (8F) E{En-o7hi, 10
H#&IZIZM10%/H BT33) ICETERL, hEHEE
BEET A IZIE14.5%/H (8593 Eixoi (Fig.2).
AR, EELUTER, K8 BTE TRk
L (Fig. 3), INEFEOEEHHEML 7 (Fig. 4).
TOM, —HOMIZIREkO TR, OFFENORTEOETE,
IRM&VFIE, TF#, BALSRShk.
HEROMEREIZ L DR MEREES 2R T DU A
ZorEEL =A%, NDOfimiE THflE iz, &
Dz, HPAIZEEWIMME AR NEM LIzE T
%, 2004461 H12AICHS W®R, BHICHSH 1 #&Y
DOHPAI & HERR E 7z

3 RibpiEEEOHME

HPAI &S fEgB & 41/= 1 A 120 & 0BG & H#1E = B
L7z, {EEFIEZ, EPERISFE AITHGEL &
HPAIBFE~Y — 2 7 ILIZE D&, HE, Fils, 1A,
BEREEDIEIZfT> . UL, vZarlkicidEh
FROFHEIZDWT ORI LS, PHEEEs
TOHRT, T EMBRMOMET), RO IEE
oEh#RAL), [FNMEZEOZRN) ITRREMSE i/
O, HH, wEREHCL

1) &b MmaREOMEL

I AR L, B RAT R # IR (8
15 BEM#E, SEEE GRS, HES, B2 -
AN (BUBRGOMAGRE), BERGIBE (B
[BREBRICBIT 2K E AL, NOFEOBTHZEH), B
BIE (HHFEOMR DD ORE) @5 DOMEIZH
Wiz, %, BUEZENNZ, FREOMEMICIXSFEE
BB D TN, HEREDREMK TE2M 57
W, BPNOFREUADEEEEFICESEERZ2M
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ICHELE (Fg.5). UL, SEBREOELE G
SRBOREAE L, (EERITTEL OFLELAEDS
fe. T, REPHEREWELL, 54BREONE
Mo BICERRLE (Fig. ). ZHizkhEgit
ENAEREATEE /LD, (EEDRIEE o /-

2) B TEZEDOBEAL

PHIAYHE, 4 A—HET, 2 A0BEI—JX0EH
DL, BHEZVSERNANCE LRI NTVIicE
AL, 3D 2 AMREN A OFEAMEEERTo. HA
RoRFNkgD b DI LFalb—F—2EFLED
DERNE, BENOEBRERUNT Y EH AR A
ERBICEEBHLANSELS =T/ (Fig. 7).
Linl, ZOHNTIEBAEWED, AMNELDE
EuENEL, ERBBRMAIICEWOEE LS,
SR AR EARD, BEBIHNTEYT, AH
OtEERERWKESR o, a5, EMOR
TH, HARIRERDETHEEDIEEICR Y b
D, MBIZEAEFEDRIEOAY v "hiEhENT,
IR RITIEENMEEBO TR OET 2B E, EBERIC
K OEEDRER TS EIR-R Lo

FTIT, EOEBSHEDEEHREFESL, B
NHEOREER -T2, £T, AEERIYNT Y EHE
L, MBEEE2ERMEEBORIIREL, HAKRIAX
LHEBNSAEN 2BEOALMMEICEDREL .
RITIEETBROMERZBEREL, hLHEEE EFIC
FIHT 278, HREEHL, HhEzLdihnhEEsz
LTz, BEEMEERR, &r—Ih6HEEmMD
HU, FICLEEEBEHOR > XETHEHL, #E
LEZEOEZNVE (AfEaA, SMIRE) cHEek
ALk, ECIBELATAFEADEXER, E-LE
ICIPRBEA ST A2EAL, ESIEBO N %
¥l TLT, ECIVREEEEZTHEERN B
HAOEEZRT, NEELEZEZ)VEEADRENOEE
flcHiAzERE. EZIVEONRINEHEOINT SN
WEBEZIREFEAL, MilzRAEDIVEEER
TRETHAZEDBOLEIZRINL .
FORER, 13- HEONEPE N SFHETHE, H
IC4~5 BT 5EEZONTWIEESREN, 14
HOF &N SIERERZEEL, 10BICIT 4 FDMEE
BZEHEL, B#uszExETLE (Fig.8, 9.

3) EMEIEXDOEE/L

1 FEEE, EaADEENHD, BN
W, NIOZATL—N—1RBICEBHEERERE
hiz. UL, (EEEROMTE-S -IRHEETIE,
Frf=E 95 L, EOMOKLHEL, BE AN
ESETDEEFIM o FOLIRKEOR, FJly
RIEBUEIZIETIRT L, AEMRRBbHoTE
M5, ARICEBEEICXONEEZEEITLE. 1mild
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DENITZOIC2 A0 THa%EELKE (Fig. 10)
M, FEEICLHNER, FHEETKRAZILENT
iz
ZTOMOBEI T —PBHETRINTVNSIETT,
HeADOREBEEIE Mo, 1 EBEFERIC
B, FOEFE TIIMEERMSA ST HOMH
WHEETH 2/, F—IRENBETh k. 7—
POMEOMERELT, REFSREORMENZ
WEL TV, RERORBESREBAICHTIE
WL BRBPLROBEBREEDORENH >/, LoL,
REEORSFIIED, F—TFBENAREERD, K
I Td o L HBEEVAD L FEFIC (Fig.11),
AADITHEE UL RO IEIC S T-. F—Uik
%, EEOEI B EEAMOBECHIBMIEETI
FO—F—TECFHL, 7LarNy2IZ@ED T
7= (Fig. 12).

4) MHAWEREDEIRG
FHEREFIVE, SEEERT - BES M - (ESETIEICBAL
THERNET SN, BMABFICOWTIE, HIs{E
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BAOFM/sHASZERL, TOBAbHD, ITH
HoIFIZREL 2. HBERNOHHEL T, T
IKIERZEREIRR OB <R EH U D ETTMER
o, ESIREARTFOEMEFECHZSA2M D Ah,
TR RN DDz ik 2R T®RS L, EHIRO
HEEIZ @M 2 T B T & T, RSB AEDH B
RCHEBREETHIICHEDST, EHICEAEDS
sERk L7z

{EZETFIEE, #HABOEE, ERRKOWE, oL
lct a4, AN D T—HERD OREFEED
Bz —h&Eo7 (Fig. 13). HinsBhod s
A ORIEET, HMMICEHEENAETIEY S H
AARROEAIC LD EmZEBWMEIC L, T
KIBEREW T30, E-Vy— FOSIidnE
I, FRREQEMERITE LI Tt %
Wz, BRI, WnBEERANSETZ LN FIE,
BBEENSEHFETAMER TN YY) L—OHEH
Tl L7z (Fig. 14). ERIE, o Lkize—+2
FOERD LD ICHY, HEREBMLUELLL.
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DIETF) 3BT, FEEEL—F (10%) LAEISELZOR, @Hn510%THo/k L, BMRECEELE
HifEHE A U, BB AZIET S 2 EMTER, HPAIOMMBHEHEZ, BATIEEKICHHKE
{, ¥ aFZ )T TRITHBEORITHE o248, 2TRZI0BMTREY Ui, BUMEEIE QML & ad Rk
DI TIE, FEHEETRREVWEMA#HEZFEADERIWVEEE THoTH, FEWEERZIREL, BRI
RESAB T ETHEREESADVRMITI ZENTREE R . ISR EET —HORNEEHR/L /-(E
EMBRICEFTAHIET, 1 AU 2L LOEEDENE SN, FEHB DU TEDOYS TRAD I EMNT
ZHj- e, BEERUAINZAERBICES BRFEEISE0, BREMLRLERD SN, T OMMEEANiE
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CLINICAL CASE

A SURVEY OF THE FRACTURED TEETH OF SIXTY CANINES AND THEIR TREATMENT
Kayo YAMAOKA, Hisae HACHIMURA, Tomoko KUYAMA, Minako HIROKAWA and Akiteru AMIMOTO

Amica Pet Clinic, Ube City, Yamaguchi Prefecture, 755-0023, Japan
[ Received for publication : November 25, 2005 ]

In this survey of 79 fractured permanent teeth of 60 dogs, we studied the breed,
age, sex, incidence of fracture by tooth type, motive for finding out fracture, the
cause(s) of fracture, the extent of injury, time between fracture and treatment,
treatment procedure, and the post-treatment course.

The maxillary fourth premolar and the canine tooth had the highest and the sec-
ond highest incidence of fracture, respectively. Pulp exposure was found in over half
of the fractured teeth. Except traffic accidents, most causes of tooth fracture were not
known. Half of the owners did not notice the fractures. The fact suggests that further
education of home oral care and the performance of thorough in-clinic oral examina-
tion are necessary.

Some cases of restoration failure and refracture were found after the initial treat-
ment, as well as the development of apical lesions several years after pulpotomy.
These indicate the importance of owner education about living environment, regular

checkups and radiographic follow-ups.

KABEOMHTAH 5N/ R60ETIN T, R, Fv, M5, BHITOMMER, BITICRM WD, BHEE,
SRRGE, i) SIREE CORR, UEHE LBEEOJKBICOVWTHEE LA, BT LEB4a1EE, R
HOIETE<, BHLTWAHONEHLI ETH o2 FRIZZGHEFRLA THEHARLSDONE L, FNEIHT
AW TWARVWEFA DK EHS - o/d, FETOORES 7 OFE0REFOOENREEZ X ORIKT 2056EH
MdbsEBbhi iz, LWERIEEMORECEBITS RS NIER, A7EEbivEELE £l T o BaE
WRRFERDIBRRAH S NIIEFIEN B - iz, UBEHISENNZZRB KIURERNZL > M o REEERT

HEEMEEARL .
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GOBETOHTIZDWT (1) RFE, (2) Fis, (3) #5,
(4) HHoRfrEsk, (5) BiFICEM Wi=Hh,
(6) WIFFE, (7) BirhohfiEEzToME, (8)
ZEIREE, (9) W@EHE (10) NEEZOFBIZDN
THEL:.

w =

(1) Rffi: 5TS K=V PUN—, 2=FaT7Fv
AT EMETH, Ux)ad—F—, Hi~KH
OMFENH 68, T—IF L bUN—, SENELH
DEIz £ <, ETIZ/NERA208H, ~KBKA40
BEHTHoT=.

(2) 4Ffiy: 1ARMRATS B8, 2 RiAS138H, 3RS
SEH, 4MKEPASTEE, SHRENAI6 EH, 6 ERHMATS B,
THREMEAT 6 BE, SimMATAEH, 9RO 2EH, 1LEEED
AS28H, 125 LBE, 14isii7s LB Tho7z (Fig. 1).
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(3) ThB - MEAS26EE, R50HEAT58H, MEAI20EH,
AT 9B TH o .

(4) WEATERAr &%k @ H3ESE 4 AT AT (47%),
Kilhi2oths (32%) THRE 1 EEHES 8 (10%),
DA 7T (9%), LEEE2RTEEMSL1E (1%), F
S 2ATHEEA 1t (1%) THhoi/z (Fig.2)., 1
H- 0 OWARE T 1 FOA O A448E, 2 AT
FH, SHUEAS1EH, 4N 1ETH-o/ WA 1ED
HTdp o o AER OREHTERALIE L 55 4 AT # AT 195,
KilgAHT188H, t)eEAS3 8, THHE 1 #EEN 28, £
SEEE 2RIEAMEAS LBE, TREE2ATHMEMN 1ETH ok,
2t OWITII AR EHE AR A 8 B, A AN
28, EATEREAREEN 28, LFEE4RIENEE
TEEE 1 #AEN2ETH o= 3L EOMITIER
WETORIOYETH-7= (Fig. 3).

(5) WEFICRfWAEH  AESFhd0%ERE,
HENWRABETIHNTWLSOIZEM =D DAI23EE,
HiSEAOEFIZEM b DA6 5, FARRFOEKE
Wz EDERICEM Wb DM 3FHE, FENTAN
= DI608EH328H (53%) Tdh oz, BREAASHL L

#3255 2005

k5 2 s 2
Aif U

E5HsE 4

Fig.2 BRITERL

DI RM 6 B, Mo OEEHLEEhATITEE &,
HHETLEE (38%) Tholk., £z EDiD
AHEHLOMSEHDH T,

(6) WHFRE : ZGEFRA6 BT, TOMICHITO
FHENEEDEGH o TNEDHON48EH D, #,
=, HA, MERWAEZENRERTH-Z. Zh
S5LADH O TIIHWT LALBSDDMEHP, AWK
Ai2H O &N D DIER B LD o e BIRE QR E
ETERMo I

(7) Wi SiEE TOHIM - BirFREsE-o &0
LTWAIBATIE 1 HRICWEL/ZDbDH 28, 3 H
At 18, 1MERILANAI3EE, 2EMLINA1EE, 3
WRLAAMS 28, 1 AALUAMNIETHS /-

(8) ZGIKGE : B2/ bDM208 (25%),
BRI LG RAETHMMNRSNS DO (56%),
WRIEEZB L TWebONTH (9%), RHEmE
OEHHHENbOH 8 (10%) Th-o/ (Fig. 4).
(9) WMEHik: REEFFICL, 7yvFEEBMLE
HOMI2E (15%), dEZmRELEEMEERL
LOMS W (10%), iz —MREL EEGEHEE
MU= B m i vIwnE 31l (39%), ikifitRer A
EMLLME (14%), HheEA1THe (22%) THoik. =
SRRz B3 &, SBRATLM o 2208 TRtk =
FEHICL, 7vHRERAGLEDOMLHE, HEEORE
EEN 8 i TH o /. BhiDAHT TITAR i tIWri%
I3, ikt 4, kit 9OETh o/, Hliis
JED 7 i TId kiR 3 th, kN4 ETHok. R
SRBEAR SN 8 T RBIEA 4 th, A4t
THolz (Fig. 5).
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3, TR 1EAES L E, HEOWLEEIIRIEE
A3 8, EIEHEBCINGELS 48, bkt 2 i, A
BhEHEETOHMIZ 1 hA~2ETHo/. E/-,
B EBILELOM1EHD, EEBAREHED
RELESR 1 FETT7YRAE—ICX D ErZB L,
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