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DY DREFBAEICE (T HRIDEINEW | lett et al. [TL > TIBIEITIRE S,
1970F RICITEBIERMEIEZAIEAEER L (F)lln, 1988) , §B. KHiE
EOVOBEREARFERLELTEEGRMEAGY, BRBERTZERL-BE IO
%L (B, 1982; Smith, 1988) MERRICIHAIN TS, TDLSH4H
T, BRORBRERME. BOMEXFIA, ENBRERARFOCESOLEECE
ZRhREIZE-T S, EFEEBEFEOREICENE, 1995F (L HFF TH
400, 000EDIEMNFEIE S, FD 5 LEKEIENFI48% (192, 000@) % &, EH
DERBREFEENMEASEF THEASTNTINS (Thibier, 1996) ,

DR OEKEICET AL, 19735, Wil Imut and RowsonhHVEEE - RAEAT A
SFEDEECHOTHRIILIC EICHES, L), B H EBREEHICHD
LTEBEL, MBRIIEBNICER - BRETHIAEN—BMTH o1z, 19824,
Leibo et al. 5K URenard et a/. [Ck>TLaEEHINTAMO—ATI UL
) EFRR - RET HAENHES Tz, RUVT, Leibo (1983, 1984) (L, X k
O—NTO U VEEFERT S one-step™” FNDARBLETFNABREZ N L
TDEAMZHELMNILTLS, CNODHAERRICELE Y. FEE - SBEKEMN S D
REGLERIOFRR - BEEAREMICEHZIEESN, ERNTEHLeiboDIHEITEL
HEDREEMNMTIONT: (Bi K5, 1986; &85, 1987) , Y IEZAWWTA FO—
AT U ZHFR - BRETHHEE. BRATEIVRAFy T « R A=k
FEN., BATOERNERFINZ, LALEAS, R FE—R~NDESF L UE
BROE5|, MEBEROREMHLEFIOFR - REFENEH T, BELOABHMI R
EHEPLT VO, BEMNICEEMLEFIZER - BETAREDFEICHEATE
BEDEBEWVNC EANMBEINTE (FFH., 1990) , D=8, BER. EEH
LEIOFR - BREZVLEE LEVFH LIVEEROBESRMOMENDE L o 12,

RERLEFNZHR - -BREL I VVERE - MBRZBET IEEBEEE,
19784 (Wil ladsen et a/. MU AFILRILKRFS K (DMSO) #RWNTELE
L ZMEEZICDMSOZHFR - RECTZREFICRIELIZONRUDOIRET




Hbd. LML, ZRELEFIL208ER18ELZFTTH- Iz, TDE. NIL¥F—0D
Massip®D % JL— (Massip and Van Der Zwalmen, 1984 Massip et a/., 1987)
& JUERUVVEVIRDERREREHLEFE LTRANWTOVREEZEEL, @
Rk, EEMLRZHER - RELTZRFICEEBIEL TREFLZBE (50.0~
51.8%) ZHELT, CDMassipbDHZENMN., EEMICEHNTRARIGEELD VE
EREOEEBEECET IRVDOIMETH D, Suzuki et a/. (1990) (&, 7O

ELr7Ya—iL (PG) ZREMHLEFELT, R FA—HIZPGEY IHED2
DDBBRBZHEY. VVRZENGE - MR, ZHRFICEEBETLIAEZTSLR
R (60.6%) ZHMEL TS, Ffz. EMn (1991) HF &K UVoelkel and Hu
(1992a, 1992b) [, TF L VF1)a—IL (EG) ZAWTEFLGZE (69.0
HELU50.0%) ZHREL TS, ThoDEERBIEEL. FALGERBREERS LU
REEZFPDELET, JVATFY T - A MO—EZTHBEL L ABMGEREIX
ZR/NRICPHLETEEZENG, BNCETLIEAEDOSVVAETH DS, LML,
CNFETOHRETIE. EEBEECSTL2EEHLROEELS L VREMNZIE
[CRIFTEEL, BHCHRITIEEBIELIOZHRECEELRIEITERICDOINT
[E+DGEREFANMITHONTELT. SREEBEEZZFNERTLHILTINALD
BREAEEELGEETH D,

BiE - MR ZFRACERIZELTCESHLRIZ—ERBERTENEL KO
EHEMEZHEDILZLTERF(CBETSAHE0. SHOEGBRZEERER(ICAL
HERICH. EEMLFOER - REZENNICITO>ZIEMNARTH L, oI,
EEREROZBEEZFAUTLIZLLAREICGLIEERALNS, VR THEHE
CGRIUPGZRWTEBLE-EZFRZCERZEL T —BEEFRLTLAER
HEMNEHONIZND ENERE (Suzuki et a/., 1990; Voelkel and Hu, 1992a,
1992b) a2 TS, LML, FREZHVNV-—EBEFRECOVTE+SEH
MEGOREAMNMTONTE LT, RBLHFREEZHONCTLILENDH D,

XTI, Polymerase chain reaction (PCR) ZEIZK DO MH R MA
BFE St iz (Miller and Koopman, 1990; Herr and Reed. 1991; ltagaki et a/.,
1993) ., PCRIERICK UMHIBZIT S =HITIX., BERURIEICK > THMERED—AB




EFERLGATNEG S0, BlAORRIE, <4787 L— FERVWTERR
FLURZUMT AUMEL A VBERY FE2BVWTHMEEZRSIT 5K51%
D 22DMD7A%E (Thibier and Nibart, 1995) N&H B, WELAETA 2B ERY b
DERIZENEHTH LM, UMEEIHROEETA 707 L—FZHANS T L
MTEAHA-OHERRAMICFIAESNTUIVS (Herr and Reed, 1991; Itagaki et a/.,
1993) . LML, UIMREOERE - MEBERZOAFEMEVW EMABBELLG TS
(Schmidt et a/., 1992; Thibier and Nibart, 1995) , L7=M>7T. HHIFID 1=
DICHEBIREICLYBHEFTE —HOMIEEZRELEZDY VEOERBRERTES LU
EEBEEZOEILBELLGE>TET LS,

KARTHE, DVOBERRABANDREROFRZRET HSEMT., VVEEE -
MAEEOEEBELZ. REMLRIO-—EBREFEFREAS L UHEHIA OO 2 BEHHIEE
EMAREORBREFECDOVTERE LT,




182 DVEEROEEBEEXICBITAZIFLUT ) a—ILD
BihEDEET

&

Il

BEGLFZHER - RECTHBE LIRS CHET IEEBBATEEARC
Eld, FERICBHEINEZENZEREZCLVATFEZBUOLGVVERESEZ
RETIETHD, FERNICBIEINTES - MERNSZTLREZEFIL. &
EfFLERINIEMEEMN S RET LY B KAFEMREARISHRA L THRMENABEC
WETAHICERIS, COLSLEBEEEEE. @RESAMOEESHL
BlZAWTHREZEZLILZBEICEIYSL, F0O&6H, BEEBIEELZCAWNDGES
PRiEFIE, fEEEEEOSWNEFIZALDMN, Massip0)7)b—7° (Massip and
Van Der Zwalmen, 1984; Massip et a/.,1987) ML ST afE (SUC) &
DHREEIEEAYME % 2B EEEHH| (Leibo and Mazur, 1978) & L THA =&
EMLERZRAVAILENDH S, TIT. XETIEV VRIS T S MREREBE SN
gyt (GLY) FUYsWLWTFL Y )a—IL (EG. Szl et a/., 1989)
DEEHLEFIE L TOESMREUVEGDEBENZRBREICRIZTTEECOINTE
=t

MEEELUAE

EE& 1
HER AT

RILR A A UIERBREFICIBERBAILEY (FSH, 7o RU 2, TUHE
) FEFEMBEEMHRABAILEY (eCG, TAMOE Y, TEER) #
5 L CBEIBIMAB AT oz, FSHIL, &5t34mgZx 1 H2[E 6 BREEH11E
(5/5. 4/4, 3/3, 2/2, 2/2H & U2mg) [THIFTTEBMICHRRES L. FSH
SRR EBICTRAR AT ST 4 U F2a (PGFoa) BEER (ZTX k
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SAA M, EFREE) 500 ugZMmANEHLEBEZFELE L, e CGIL,
2500 1UFE 7= (L3000 1 UZ AR PREST L. 48RFFEIRIC P G Foa FRZIAS00 u g Z A
REESTLEFEZFRLT-, e CGERWVIEA DA, Takahashi and Kanagawa
(1984) DIMEICEL T, PG Fa FRATS RG2S 1. 5~2. 0FF IR
TEARBRRILEVRERILEVERRKR (25— L. REBER) 2485
400F 72600 gFARIRIESY L1z, AR, —BEORENBFORGERERE
AWTEBEMNARBL-BOFREBHO 20T o1z, BEUNE., FKiF#o6~8
HE (RBEHBEBZ0R) [CNIL—2AT—TILERVEFMHMICIT oz, EIR
L7zBEIE, BISIEEMER T CTRABERE 2470\, BE¥R (Lindner and Wright, 1983)
[CELTHEBRAT-VEIUREBEZHANT:, REMNME. BRELURIEHIESINT
EZXER~ MR BREZERICAW, #EKEE. HEFFLEZ20%DEIS TH
MLEBEAILRyOl) VEEERK (PBS—NCS, J/)La—X1g/t, EILE
VEEF R L0.036g/1BELU0. 4%V VMETILIIUER) THEEEL.
RIENEFETERH D WNIIICTHREFL,

EDRIES & URtfE

RIEEBIEX, PBS—NCSZEXRKLLI.BM EG. 1.8 EG+0.25M S U
C (EG+SUC) BLUNBRELTI.AM GLY+0.25M SUC (Massip and
Van Der Zwalmen, 1984) ZHRML THEM LTz, BEIEIPBS—CSALEREZTN
ETNOEBEERICHEL, EHIZ0.255mDTSXFy oA Ra— (IM, L Aigel,
TS UXR) ITT1ETOIRML, ERETTIS~NBHBRELZ, BEIMLIZX
O—(E, -1CIZRELETOIS LI Y —DAFILTILO— LEIZEEZE
L. 2RRICFORARZBRICETTAPLEEF TR O — DR AEIDERE % E
ATHEXKLIZOL, SHICRIBEET8 NHEAREFE LIz, RIWT-TCH5-25CE -
[I-30°CETO0.3C/ " PDRETHAMMLI-OEERAEZRICHEALERE LIz, HAKE
ENODEBAIL. EGEEGHSUCH-25CERLIF-30C, GLY+SUCIH
—25°CTIT o1z, EEELEIEIL. 20°CH B LNMIITCOHOKITKENHZ S FETHEIT
TREAE L 7=,




EDFEIES & VIR E

MR, FEHLAOHFR - REZ1THT. RIFER6~8HEDRRFDH
FREIFERCIET OFEEERHRERCLYEEBHE L, KBEERMEARR2 ~
0N LAAIZ T o1z, BREFICEXRMEOREEF AV,
BIERIT~5TEBICEERMBEEZAVTE 1 BEOIHIRZMZITL., &5
[CHRIERO~1UEBBICEBREZICLY 2EEOEIRZH ZE R L TEROF
|mEF|E LT,

RER 2

AR

HEEE, BRGNLEZHE L-REMEELIXEEBHFENORIFER 7 ~8
HECNIL—2AT—FILEZRAWTIEFMMICER Lz, FSH&F28mgZ 1 H
2[4 BfEEt 8[| (5/5. 4/4. 3/3. 2/2mg) [T/ T TEARMAES L T:EFIHINEE
RUBEZEI{Tolz. PGF 0 fEfEATS0ugE F S HIESTBIA & 488FE B (AW
FHLEFBZFELZ, ATERRE, RENMBEFORBRRZAVTRERIEH
DF#HEBHADE 2REIT oz, EURLEZFEE. ZB1ICH--TRESLUEEX
TN, ERICIE. RENE. BELURIEHESN-RIAZERKE~ T
B ZERICAN:, CThODEIEL, 20%F4MEMEES LAy O 1) UEEE
& (PBS—CS) TH#HR%XZELEZOL, BELEFEZTPBS—CSHTER
(25-30°C) F/=(L36°COMBIRLETRELT .

EOERES & VR

BIEIEEIX, PBS—CSZEKXKELELI.GBLU1.8M EGEHRMLTHERL
Izo BOREKEE., BAEABREADEAZ-B0°CTIToZLSEER 1 (THE>71-, #
BlX, REAZEZEHNORYE LR FO—%20~30°COKITKENERA D ETERE
i S,




EDOBIES & UiERE2
REEREE. BAXBESLUPGF2a (FOFILdF, HREESR) 20mgE
[P G FoafRix{A500 5 M MI7T50u gz 55 LTRBEZRBELIZRILA A2 A 2
BABEFBPLURMERESICRER1 CRUAETEERELZ, HIRZKHL
EE 1 ERRICITo 1=,

fRatLE
T—RADAE x *REZALNTITo 1=,

EER 1
BHEROZEABEER1ICR Lz, 3BEOEEHLABOZREICEREE
mObNEMoT, T AEMLFOBESLIURBER T —UMNZREICRIZT
THEELROONGEN STz, S5 EGBLUEG+HSUCZRWTERELT
EOZREL, BRABREANDBAREICKIEEEZZDOLMN T
DIRRAEER 2IZR LIz, EGRBLUEG+SUCEZRHWTERKLEKEICKRE
NENTN1HT OBEER210BELUIIBBICEAD SN, £z GLY+S
UCTIE3HIDIREMN. BiEHS2, 53K U106BBICEHONT-, RELIS
BRERCRBEOZRFIBELSFFZAHELIZ, GLY+SUCTEMLEZIEZ
BELTZBLEZ2BEORKREEIRNFE=0E L1,

RER 2

1LOBXU.SBMEGDZREE ENEN45. 0% (9/20) H&U52.9% (9/17)
T, MBICEELGEERHoNGMN > . 1.5&1.8M EGIZR 1 BT DREN.
BR3P L U2BBHIICEO LN, BYDZREIGEIRELSFEESBL
o
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#®1. EEDLEAZHR - RELITEEBE LV VRS - MERO RS

EER P

JE=] =
EG EG+SUC GLY+SUC

BARBZRADRARE

25 71.4( 5/ 7)b 50.0( 7/14) 60.0(15/25)

-30°C 68.2(15/22) 54.5(6/11) —
BORBRAT—V

SR 60.0( 9/15) 63.6( 7/11) 41.7( 5/12)

gl 78.6(11/14) 42.9( 6/14) 76.9(10/13)
e & 69.0(20/29) 52.0(13/25) 60.0(15/25)

a

EG:1.8M TFL >4 1)a—JL, EG+SUC:1.8M TFL 45 ya—)L
+0.25M >3 GLY+SUC:1.4M 51+ 1)>+0.25M < 3§

° DRsE (SRLEY /BIEER).




F2. EEMULRZHR - RELTVIURGE - MBERZEEBEL:

IR D MRS
HERG LEF)
IH B
EG EG+SUC  GLY+SUC
% B8 BB 20 13 15
nE E 1 ] 3
F 4 BB 19 12 14°

“EG:1.8M TFLVHYa—JL, EGH+SUC:1.8M TFL 51
J—J/L40.25M < afE, GLY+SUC :1.4M 1yt 1) +0.25M > 3
C2HOMFERT.




5 B

GLYZEELAFIELTHL, VR EE - MR, GLYZHRR - KRE
HTFRRICERRZELLYZRFICBELEY TH5E0EFRTENI EN
BAoMISNTLNS (BEEEE, 1983; Suzuki et a/.,1990) , LML, GL
Y(20.2~0.33MDSUCZMAS Z &ICL Y BHFGEEBEMNFTLONTLNS (Massip
and Van Der Zwalmen, 1984; Massip et a/., 1987; # K5, 1989) , KEET
H., GLY+SUCTERBELEEZZM4(THIEL T60. 0% DZIEMNF SN,
SUCORMMGLY ZRAW-EEBEZRICSVWTHRNTHL Z ENERSIN
2,

EGOEEHLEFIE LTOEMMEICIDONTIE, YDA, Tv bk (Miyamoto and
Ishibashi, 1977, 1978) & U E YU (Tervit and Goold, 1984; Cocero et
al., 1982) THEIN TS, —A&IC, HiE - MEEZFREICERZELS
B, EEMLEFINFEMENCHRET 5L YR CIHEHERANDKOTRAMNES 0.
FEHERE (E— B (CRE LEREMNELGHONL S, GLYD K D (CHifaEEEMEDE
LWRERERLEFZANTESE - MEL-RZEFRRCERRELZSE. KR
BEICHELTREEREZRT 5,

EGIE, GLYI[CHARTOVELVEYVROMEESAENELY (Szell et
al., 1989; Songsasen et a/., 1995) , Voelkel and Hu (1992a, 1992b) (&, BHfR
MZPBSICEZRBELEEHLFNZER - RELE-OLOERNEECE T HE
DEFERE, 1M GLY, 1LMPAFILRILIAF L EHAHWNELL.MTOEL >
JY3a—JL (PG) [TERTIL.5M EGHBLNZ EZREL TS, LI, B
FEGTHEBELEEZAER - RELTZRFCEEBEBELTEVZHREDE LN
I EEHRELTND, XEBRICENTE, BHUZHRELBELGCTFFMNEGT
RAELIZEMNSBLONT, REBOMKRE., MIEESAMEOENEGZERLTY
VIREREEITNIE, MEREZERECFEANICEERLTL. EGEIESICKHE
RMNSRET S -OEMEOBEDRALERITAZEERLTILS,

RIEFORDBRARZR~ADHEARE (-25°CL-30C) N, EGHEIZEG+S

10




UCZARWZGEEDRBERICRIZTHEIIASNIEMN 2Tz, Massip et a/. (1987)
L. BRAZEFE~DRAZ-25CTIT 58, GLYZERTHIWZEELYG
LY+ SUCZRWGEDRBENFRICENCLEZHREL TS, CORE
EARRBODERMN L, BFORKRZZ~AORBERABREILEEHLRICE >TER
HEBEZLOND,

Takagi et a/. (1993) (X, PG, EGHBLUAFILEILVILT ZRHWNTELE -
MEBELEANZEREREOARNEEZOMEREBR~ORBEERIL, FHEFRH
(10~120%) ISE > TEEZZITEMN > FZEREL TS, EEE1DEG+
SUCIZHITAKIETIE, 14~300 D FH T53.8%., 46~93nHDFEH T
66. T DZRBENFT oNTz, CDFERILTakagi et al. (1993) DI/EEZFHFL.
FHERENZBRICRETZEIDGTVNEBZZ 5N,

EGORENZHECRIITIHEZI.SELIVL.MEFANTERZE LK EZK
FICEEBHELTERLUEZER. BEDEWNILIZBEOEEZRHoNLEA -
Jzo Voelkel and Hu (1992a, 1992b) (&, 1.5M EGZRAWTEK L -2 4
[CEEBHELEISEOZBEL. GLYZAHWTERZ LR ZEBHIFR LK
DERBELEFTHORLEHELTINS, ER2DERF L UVoelkel and Hu
(1992a, 1992b) DIEM B, 1.5~1. MW BEYHLEGDEETHAZ ENREIN
it

REH(1989) (&, GLY+SUCZAWTEMELIZIES, MEEEREERC
MBS EMEOEFHRZRBLGIBNNAHY. MEZRSHLRICHIBEEZRA S0
ENHLH5ELTVNS, EB1BLU2TIE., FEAEDIRILZRRAEE S ~159 LKA
CBEEN, BN OBERTETCORMICKE23ZBEOEEIAONLEMN ST,
CORBRIE. MERISHLAICBEZRANEEOEGFENMBLGONAERD D
BN EERLTLNS,

AREETHH., GLY+SUCTEBLEZEZ1ET OBIELIZ2BORIEEN
RNFzDH iz, BEIE. ChETTEOEEBHELEICEHHLT. WFENE
ENE-BEBEAELTLS, BRS (1989) (X, 1EADOHEBEREEIEGLY THE
T MBELEEZBELCSHEORFNETh, NERERECLY TRT—IH

L1




WNFTHDHENERINZEREL TS, 1EOKEEBELZICEAHLT
WFNEFN-EHAL, BROBRESLTELR - AEERE TEEMNICHEN /RS
nNEHEHERINLGN, BoMLGEREREFBETH S,

LEDERMS, GLY+SUC, EGBLUEG+HSUCZERUWWTERKLL:
PRI, RfRE. REMLFNZHER - BRETHIILUGZRFCEEBELTLE
RIUEUTFHEZEETEAHAIEN DMz, Tz, EGOBEYIGLREILL. 5~1.8MT,
EGIESUCZEZMALGK CHEMTHYVRDERES K UVEREBIEED RS LA
ELTHENTHLSZEMNELMNIE T,

12




72

DU EBROEREBEEOEERLRELTOIFLYTUa—IL (EG) @
BEMMHERS Lz, #HERE, BRHINLE(CEL > THRoN-RER ~ iR
BTHD. REVLEFIOEENZHREICREITEEZLRT S0, 1.8M
EG, 1.8 EGH+0.250 & 3# (SUC) B&LU1L.M JULY>Y (GLY) +
0.25M SUCZEEFMLERIELTHIWV:, £, EGORENZBECRITTE
BrHFND120. 1.568KU1.8M EGZERAVZ, BREERTTENENDEFEE
BPTI3~BHEFHL Iz, BZIMLIZX O —(E, EEMNS-TCIZEEELT:
OIS LY —HF-—DIFIILT7ILa—/LEICEEREL. 220RICEKEZTL
8 IR LIs RINT-25CE(E-30CETO.3C/PTHRIALI-ODLERE
RITHEALTEBE L, MER. BREIREREHLFZHR - REELT. BEFITT
B OEEBEL-. EEMLFAOZMBEL 1.8M EG, 1.8 EG+0.25M S
UCHEKXU1.4M GL Y +0.25M SUCHZAZN69.0% (20/29). 52. 0% (13/25)
£ K 1U60.0% (15/25) T, REHLFIMICEEBOSNGMNoTz, T, 1.58&
V1.8 EGDZREEIL45. 0% (9/20) H&LU52.9% (9/17) TEELGM >z, &
fe L= 4 (6688) MO BRELI-7THEERZLTEELFFE0H LI, U
LOFERELY, EGREASUCZAMETERMTEEFRLFIE LTERLTHERE
BIBEICEITHAHZ EMNFELMNITLE T,

13




Eo2E IFLUJ)a—)L2zAVTEELEYVROEEREL(C
ESERSES T A

i

ji[ll

F1ECENT, TFL2TYa—I)L (EG) ZRAWVWTEB LIV VIEL. @
ik, EGERM - RELIZRFCEEBELTLEVZBRENFEONL I L
oMLz, EGZRVWTERBLEZV VIEOEEBBETIEL. 1.5 EG (Voel-
kel and Hu, 1992a,1992b) KL U1.8M EG (Dochi et a/., 1995) TRIFLF
BEMNBESNTINS, EGORENZREFEICRIZTTIHZEICDNT, 1.5&1.8M
EGTEMBLEZEODEEBEEDOZBREZLERL., REDEWVCLLIZREDE
MEWT ELFET1TETHOMI L, VU EEROERBEICENGESH LA
sLT7REL YT )a—IL (PG) £3RE (Suzuki et a/, 1990) EhTLY
He CNET. DV RBEHROEZRBIELECHS TH2EEHLRIOENEIZTDONTE
GEPGZHBLIERKREELGHNHABROHEIH NG, £, HEREERL
LTWATUtE)Y (GLY) ZAWEBMNEREHLIVET O RTy T -
FO—EDRBELEEBELZOZBEICONT, KRELHARBRETUOLEE
R LEMELHAoNG, EEBEEZEHFMNIERT H-HICE. GLY EFE
EMLEFICAWNV-RREZOZBELRFOZHRENEEBIELITLEONLINE
M BNEBREEELBOMNCTILENH D, £/, BN CTEEBHEEIZEL
R ZBIET 51568, RRUGEENZREICEETLHEEALOND, TDI-
O, RBRICHEIHIERDOHERAL. EEBEEZZERTHALTEETH S,

ZTIT,. RETEHGLYZRAWREREZOZHRELEEBEEZOZHBED L
zHMIC, EGLPGZERBHEEIDEEMLA L LTHWTHAEALBER
BREEE L. BEREBEZOEAMICOVWTHRIFEMAS L LD, ZREICEE
TH5ERICOVNTER LT,

14




MEE X UVAE

i
RERICITARBNUEZR L-REMBEFN L. FHIFER7~8HE (EEXHE
HZ0H) [CT/onzEZALV:, BREFHKRILEY (FSH, PR F
VARE) 24~28mgZz 1 B2E, 3~ 4 HRICHIzY 6 F£(E 8 EIZH I+ THE
FICERRRES L TBREIHENLEX{T o7z, FSHIEMIBREBRIBBEICTORA
Jo0T42F2a0a (PGF2a) 25~30mg (FOFINIUF, KAHRE) £/
PGF 0K (ZRXMTHAA b, FREE) T50ugZHmARESF L TRIEZ
FELZ, ALRBE. PGF2a0F PG FofERAIFHEZ2BEDF®R L
SHEDFRIO2E., F-IE2B8EOFENIC1E, REEMEFOFEEBREZAL
TEE Lz, #IEFL YRR LG, BEE (Lindner and Wrighit, 1983) [T
ELTHEBRAT—VBLUREBETHANT, EEICE. RENMESLIUREHES
NE-RPEZERE~GEEBEZAz, #BEARE, 200 FFMBEMEEZ LY
O UEEEK(PBS—CS, Gibco Laboratories, 7 * ') 71, Cat. No.14287)
ZROTHE®REL, EELEEFTERTFTTCPBS—CSHh(ZRELT,

ARG K URtEE

BREFFLEFICZIE, 1.8 EGHELU1.6M PGZEAL\., XEBXI(ZIX10% GLY %
Az, ChoDFEERLERIE. PBS—CSITHMRUEREREER L=,
RiE. PBS—CSHo BERERICEREBL. ELICX bO—(CUML (K
1) o BZPBS—CSHLEBERICHBELTASAINERIET AETDEEN
LEFINDFEHIL. EGTIES ~459M. PGTIL2~295/fTo1=, Tk, T
LA bO—IE, -TCICRELE=-TOTS LT —H—DAFILTILT—
ILEBIZH LTz, A hA—%2-TCIZHBLTHh L 20%ICHEKETL. SLICREE
T8NHEREF L, -7CM5-30°CETO0.3CHAUNL0.5C/ N TAE LKHEE
RITBA L, BEZEENLORYLELER FO—(E, ZRD TS5 ~10MRIEEFZL
I#. 30°COKITKENHEZSPETRALTHBALE, XBROEE., Bk
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(Bouyssou and Chupin, 1982) [CELTELE L, b, BEIMLEZX
FA—IE=ER (20~25°C) M5-5~-5.5°CET1°C/ N THRHE. F-IEXEEHNS
S5CHTATSLITY)—HF—DAFILT7IILa—/LECEEB LIz, HEKEI10SRH
HFHEL, 30~-31CEXTO3C/ " NTHAIMLTEAZERIZEALT,

EDOFBIES & ST R H#

EGEIUPGZRAVWTERLLEE, MRk ZEHLROHFR - REZT
HIELICTFERERBECLYZHRFOEFRAFERIC1ET OERBEL -,
SEBROKEE, R FA—MoRYHELTGLY ZEBHMFAR - BEA(GLY -1,
6% GLYZ+0.3M 3# (SUC) ., 3% GLY+0.34 SUC, 0.3M SU
C. E2IX7%. GLY., 8% GLY. 020 SUC)ELIZ0.3M SUCER
WTXFO—ATHER-BRE (GLY-LI, #HK5, 1986) LI=DbB, EGHE
UPGERARICTEDREF(CTET OBE L, ZEFICE. RILRE A Ui
(1,13858) . REFFE (3558) . BHEME (458) . HAEATE (2588) . X
#MIE (55HA) BLUTY—TU (1688) ZAV:Z, R4 DIFLALTERKE
THOEMN. —EIEPGFaFE PG Fra A% T8 L TRIBEORLLAN
EZITLY, REERS5~9BBICBEZIT . REFD S5 b 6 BIIHKES LD
BEHENE2BTH =M. KU1 267BEOZE4EOHTEEEOFEIE L1
HT®H o1z, WEIRZEIE. [REIE L THREROBELUBRICEBREEICKL YT
ot

T—2DINE

ARBOBEEIIEMIHYRKEL, FEDPEBICODNWTT -2 FIE LT,
DREEEYRE (EE&ROB%)

DRDOMEFHGESLUEBERT—D

DA LI EELERIDESR

4) REHLLFI~OREDFEHER S & L HEA A

O)BHEEEM LIl (5iE) | FRELUEE (F: 3~58. E: 6~8
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A, #{:9~118, £:12~2H)

6) ZMEFDmiE, EELSLIUVERDOKE (KES, R BELSLUHENEEE
E(ZADH., AFES, 1992)

NRBMOBIERTETIZELERFME (EGBLUPGERWVEMEIEDIRIER
D H)

B MEDFEEL L UNIHIER

SR

TR RNERSESIE (Harvey, 1977) #ANTRBERCEE T RIZT
ZRDRFTE1T o1z, BIEOHERIL. AZHBZ0. ZBE100&E LTADLAH
#1721z B, FREANDHER. EGELUPGIZEWNTHAILEENZIRE(C
RIZTHEIZBOH NG o=z (P>0.15) . AELEEEERDFMN SRS LT,

EOHTIE. BOREXT—Y, BORKE. EELFIOER. FEERE. B
B, BIBEER., BHEEH., IRFORE. EERLUEROENZIBEC
RIFFTEHEICOVWTHI LIz, 2ERABOXBEERLEAN:, RRECEZ L
ENEE (P>0.15) THVWERRE., ZRIWTEHIKLIZ. BEEDHER
R0 TTY olcs
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BA = ¢ b ¢

a:1.8M IFLU) Ya-b b ZEXKBE c:0. 2M ° 3 ¥
PG:1.6M 7 0t Lyy Ya-

1. EEBEZICAEVVER PO—ADHEK
A hO—A BB XKUIFLVY VI-VE K % U #
AbrbBR—B: /8., 70 b YVI-LBEEL K U0 20 o 3 ¥R K F UL
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BHEILS DDttt (A, B, C, DBE&LUE) TITL)., BIEBEMIE GN418
58, PGMAM400E, GLY—IMMTIBEEKUG LY — I A278BEMEEH1, 27358 T
Hof-. ZRELX, EGH44.7% (187.7418) . P GH36.0% (144/400) . G L
Y — 17/%48.5% (86.7177) BLUGLY — I H46.0% (128.7278) TEET42.8%
oAb 1213 T i,
EGRKIUPGZRAV:SEDZIBARMBEICAHEEE (0.3F2(£0.5C ) D
FZEEROoNGMN oz, T BORE. FERKRH. RREFORTE. BiEEE
MLIEZERELUFEHOEELEHoNGEM > (PX0.15) ,
ZBEOSTREREIR ISR LI, ZHREE, FEERLHF (P.05) . Hifthiy
(P<0.0001) . MOEBFXT— (P<0.001) . EFEE (P<0.0001) HLUEAXERD
f288 (P<0.001) (SR> THEICEZEZR(Tz, §ahb, PGOERBEKEG
BERUGLY-—ILIICHRTHEICEMN /2 (P0.05) A%, EG., GLY—-18&
UGLY-IDZRE(CEFDHONLGEA -1z, BIiEHEBELUCIELTOE
EMLEFITEORRENE LA, DB CTIELTOEEH LR TRELIENS
BETHO -, BBESLCIEEBRIBOZHERL, RMERES L ULHAKES
fUCEEAFRITEM 5 (P0.05) , RBEFIZ. BEFICHRTENZREE
LTz (P0.05) , MEEARILHIE SN-BEAREETLZHFTIEE. BELU
TREHESNT-BEREEITLIZHRFICERTHECEVWRREERLL:
(P<0.05) ,
EGFELZEPGTHEBLILIEE., RER1 ~450 (FH7H) LRICBIESL
Tz, MR, BHEKRTETITHURLULEZELLBAEDZEE (EG:38. 2%,
13/34, P G:24.5%, 12/49) &, 102 LIRIC#R X =158 (E G:45.3%, 174/384,
PG:37.6%, 132/351) (CLERTIEIMERZRLT=,
MESLURENDEERRIER4ITRELIEELSIC4DDE (PG, EG. GL
Y—IBELUGLY—I) OBTEEH NGNS, £, KERBTIE., T
GEDRELFEODBIEADNEN ST,
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®£3. JOELYYYa—IL, ITFLUFYa—LBLUST )Y UERINT
BRELEDVIEOBHEICE ITARBE (%) OR/NEETHELS LN Egmx

Z H BEKE  BHEEHK R/NBE  IEERE
(ZAEEEED) FfE
£ KT 1273(545) 33.3 2.39
EERIEFC P<0.05
VI E G = 400(144) 27.2° 3.09
IFLYS)a—i 418(187) 34.5% 3.14
G =1 177( 86) 33.5ab 4.52
g1yt o-1 278(128) i 3.80
Gl P<0.0001
A 324(137) 34.8% 3.87
B 228(112) 42.8% 4.05
& 298(164) 46.7% 3.89
D 194( 50) 10.4¢ 4.59
E 229( 82) 31.6% 4.00
HEBAT—D P<0.001
R EA R ERT 278(131) 40.8% 3.42
Y HARTAE R 377(187) 38.8° 315
AL A% e 425(160) 28,3 3.08
¥ 5R B A5 A 193( 67) 551 7 428
E B P<0.0001
KR 791(355) 46.2° 2.41
¥ E 207( 83) 3% 40 3.72
2 IE 139( 47) 23.8° 4.47
S3EUL 136( 60) 29.4° 4.60
HIADRRE P<0.01
& 477(219) 36.3% 2.73
B 509(222) 36.9% 253
AJ 176( 50) 22.8° 4.15
B 111( 54) 36.9° 578
a,b,c,d

. EFERITEEEZSH Y (P.05).
JOELYT Y a—IBLEUIFLUT Y a—ILITHEERE Y1) o-11%
ERFERIFIR - BgE, Ut -TFR FO—AER.
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*®4. JOELVTYa—)L, IFLUFYa—ILBLUT UL VERBINT
BRELEDVEORBEIZE T A0 A&

T BRAEY WY & = 5F A BA 2K I
BEER (%) (%) ° BEU (%) ©  FamEy

5F - GE ¢ (%) ¢
Bl 144 14( 9.7) 1 2(1.6) 127(88.8)
EG 187 18( 9.6) 3 5(3.0) 161(87.5)
GLY=1T 86 11(12.8) I 2(2.7) 72(84.7)
GLY-1 128 17(13.3) 2 3(2.8) 106(84.1)

D& O L U ol BT LS =, G e 28 ) 5
DEXBERIFIR - IBE, GLY—-I: 54Ut ORA CO—RER

O BT R RLTERL

:%EﬁﬁM§%ﬁﬁ—ﬁ@ﬁﬁ—ﬁ%a;U%tﬁﬁ»
EEFHIEY / (ZRBEH—i55H LU EEY .
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EGOXBERFIGLYDERELEMN G, PGIZERTHEICEMN -1
(PC0.05) S &ML, EGZRVWV-EERBHEZEIFNATOERAMEOE NI &
PEEIE ST,

ETORBEHLEFICENTBELZERE L - EAICZBEOENH ST,
ERIETIE, BMEOREBROEWNCLIYZHBEIZZOHIZENELLHMLN
THEY., AIRRRLUVEBRECERBRANEELEMEB(EOEICEATS
BEOBNI EAESNTIND (Schneider et a/., 1980 ; B4, 1983) ,
Fr. ZERFOXREBEREBELZHRECEEZRIEFTENEFIATIS
(Broadbent et a/., 1991; HM, 1994) , XEERT(L. #hiED D ZHEEMN
MOMBLITLESNTELS, BNMEOBERETS L UZHRFORETEOEEMN
ZHREB(CEELTVDLERINTZ, LENA-T. B TORBHEOZIE
ZRILSEL-OHICE, RNEOBHRESLUVUBR~DHABEEEICET I
MEEZETEMICITS CENEEELEEZ DT,

AREBTHE., BEERORBERT—UNRBREICEELFE®RITLE,
DIERIE. GLYZAW=7VRICET 53E (Pettit, 1985; Wright, 1985;
Humblot et a/., 1987) LEIGLHFERTH o1z, Massip et a/. (1984) [, <
VADERRES L UHHEERREIGRERIE L UTDEMENSE <. R
XEEMROMEOENS K UREEADKSEDENITHESEDZE(CAEE
LTWEEBELTWNS, §&. TREZLZRELIEELH. ThEFLDOH
BRAT—UICB LI EREEBICOVWTRATIAVENHDIEEZLND,

MBEZOZIBREIRBEFLBEFOBMICENLT LT HHE
(Wright, 1981; H, 1994) CRBEFIFEEENNE  BEBRDE BN
A THL120. BEFNZEEELTELTNS ET H3RE (Newcomb  and
Rowson, 1980) MH N5, RBEFNBRELEICHERTERFELELTEATL
DRIE. FERUEBREDENDENT EPEBEEDLLRNI ENLFS
N% (Broadbent et al., 1991) , ZREBTIE, BEFICHRTRBELT
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BLERENTLON. REBESMVBEF L YZREEFICTEL TS Z EMNFED
etz AEBRTHWVZRE4DEFEAERFRILRAE2A VETHY ., BESF

ZHREOBETLEZEAE, PBEOFR+H-LEAESER I UBAICHES X
FLAMBERLTWSD TGN EHEREINT-,

AREBTE, EBRETHAN-ZRFOEROBRENZHBECRITTEE
FEETH 7z, BERIE, KES, B, BEBLUEAEICLIYDEL,
EROHENRRBERICEETINE IMNIODVWTEHSLDER DD, &HIX
DREEE ZIBEICITEEMNAH 5NN E T B3RS ( Remsen and Roussel, 1982;
Looney et a/., 1984; Donaldson, 1985) N$%H 5, -, EBREICLSE
AEREDHIEXERMEICRFLH I LLERAINATILVS (Humblot et a/., 1987),
mPE7AC T RTFAUEN. 2ng/mLTO5ng/mbl EDZES TIERBEEN

\

B, 2~5ng/mDZRFDZHRENG N EMNHESIN TS (Remsen and
Rouscel, 1982) , LM L. BEAOHRELMGPTOY T X T 0O EDRIZIZEE
MIELN (Stubbings and Walton, 1986) . &5 WLNMIAFMBHEOERIZETRT
RRDOHEZHELTHLRBECENLZWNI L (Hasler et al., 1987) H4R
FINTD, FERTHE, BENBELIUBREHESA-BEREZETLHZ
BFTEWERENELATVIN, RIBERBELHIESNEEREET
SXMFETELAILHESINEZZHEFLYBVRBEAELIATWSE, ZOF
B AMREIL EBREICLIERDOHEHEEIERMCRTF, 1EEHTFD
EFRECLDIBEROMEHTETIE, ZHREEZFHITILERBETHSC
CERLTWS, LIzA>T, SERESVRRUEZ2ET 2Z2RE0OEHME
REZEDHRENVETH 5,
ARBRPMGTZEL T, MENOCBERTECORBBMEPGELEEGIZTDL
THELR, TORRE. SEOEEBEETIERMEND 1 ~450, FHH75H
BITHENART LTV, CORERL. BEMEREZLTIVRFy T - X b
O—RICHEAT, EEBEZLERHMICREERTITHIILENTE, HitC
BT2RAMMNENIEEZRLTWS, LML, BEICHUDLULEELES
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ENZHBEIL, 100LRICKRT LIEGSCHERTELLLSERERLIZ, E
EBEATIE. MENCBERTECOBENZHBRERCEET LS ENER
ShTWS (K&, 1989; HE, 1994) , FDEHBE LT, MERNEEER
RICRCBSNDT-ODEFENMET TS EEAONS, T, BIEICET S
BREIEBERTORELLRCERLTLNS, LEAST, 1MHLUEEZEL
BEFN TRBEDELLGLEBAE., CO2O0ON0ERNESMICEHEL-
EHREIND,
MRIEZDOREDRERIZDOINT, King et al. (1985) (TFHEEIERIBEERD
REZHBELEZHER, BiR2~7B0MICHS 0DRENKEEL-Z L%
HELTWS, Eto (1989) ([E, BERB THEBIN TNV ZRILREZA Y
BABREGZRHEF L LGS, BEENT7THAETOREDRERIZL,
fEET4.5% (8/176) B L UWERKEMETS. 1% (19/373) THY. AIEREOR
FEH4.6% (67/1446) LB LTENGM > EZHRELTINVS, BRS
(1996) X, GLY TEHEMBLIERZERTHEINATVWSFICBELIZSS
8.1% (15/186) MDMEMNFEAE LI LEHREL TNV, —WRERICEESN
TWAFZFE LTERFICHEA LRXEEBORERL, King et a/. (1985)
BELUEMS (1989) DMEFICLERTEMN 21N, —BREBROFEWREL
ZBRS (1996) MHELFUL-ETH -1, BBHIEOZHE(LE(IZ—
ELEREEENTONATVADICHLT., —MERTIIHEAETERINE
XETEGYRBYLGHEABEEENMTONTWEZEELEEN TV A RS
NHlY, AEEBRBEICLIREORELEZONT, LA->T, HRFE
BREDOL S CHEHULEABEEENTON TWSFATHEBEETIBEITHEAT
—REBERXRTHEBIEZT 58, REORERNSHLLLEFEEINS,
Fhz, EEMLROEZWNCLYRERICEEEOOLNT. EXEFTHLED
ERGFHEOPBBIL ANz, CORENS, EEBEEIBFOREIC
BREESZTIVEWEHEINT,

UHEDEREMNS., EGZRV-ERBEENERNGAEZTHSZ ENE
RS tz, £, BEBEBICLE - TERECZEDEDONEIENS, 5
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RIIBERMBEORME L UVZRFOHABESERMTORALENEETH S,




£

5O T, TFLUFJYa—IL (EG) £&FaELYSYa—IL (P
G) FZARVTEHEBL-MZEEBE LA CLYBIEBL, SHRECEEX*RIZT
ZERDHFE L UVEEBEEOHN B TAEABIIOVNTE L, £5&
(Z(E, BFBNULEZH LI-BEMEFMSHKEER7~8HBICERL 2%
HEER~ R Bl ZRA V-, CAoDEE, 1.8M EGF(E1.6M PG %
AWTEKE LRz, MERE, EEMLBZEZHFR - BREITLHIILELG(ELICRE
MECEEBEL, MBELT, 140Uty (GLY) THEELERK
ZERMEM (GLY—1) HHAWNEAMOA—HNTY I EE*HAVTHER - BE
(GLY—I) LEOLZRF(CHEL, EEBEEIOZBABE S EERL .,
A1, 273BEMDZ 4 (THBIEEITL)., 54558 (42.8%) DZREZHE-, FE
PRIEFIRI D ZREE(IL., E GH42.6% (373/876) . P GHY38.8% (207/533) .
GLY—15H48.6% (86/177) HLUGLY —IH46.0% (128/278) TH >
I~ EGORZBELIPGIZEREEICEC (P.05) . GLY ERZEDORE
MEontz, £, BiEHE (P<0.0001) . FOEBERT— (P<0.001) .
XEFDERE (P<.0001) BLUZHEFOEARDAZEE (P<0.01) £ ZREE(C
wETHAIEMNBELMNIE T,

UEDHERELY., EGHRERBEZOEERLBEELTHEITHY., EE
BEZIBNENTELEAKOB NS ENRIE SNz,
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EI3FE IFLUJa—)ILZAVTEKELEY VRO —BER
FED T

&

fl[

KAREDFE1TESLUV2ETE, TFLUFYa—IL (EG) NOVHEDE
BELUVEEBEZOEENLEIELTHENTHDIIEZBHEOMNITHEL
£ (2 (Dochi et a/., 1995) . EGZRAWVWTEZE L=V EOEERBIEENER
HOEWERITTHS I & ZBHNHABRTREIEL = (Dochi et a/., 1998),

EGEAVWTERLEVVEOERBEEZOZHELZARNEECLY T
TREZHICIE, MERZFRECEERELTEGE—EBEFRTLILEN
HhH, EGERAWNWTER -MBLELV VR ZERRCEERZELTCEGE—
BREHFRLTLERENEDODNIGE N EARE SN TS (Voelkel and Hu,
1992a, 1992b) , LM L. BHNHIEWTHERREZAVWTESH LR Z —EBEFIR
THBE. FREFEORELCHAERICAVLIEREDELEDFREHEN—EL
EWNAREEN DD, FEHICEH>TIEREOEGFEENBLEONEZ L FEEIN
Do TCT. RETHEEGZRAVWTEE - MELZY VHEO—BEHREIC
BITAHMBEE. FREBEENEGFRICRIEITEEZAN. AL —BRESR
KUEZBRHETILELLIC, " BREFREZCLIVEGERFR - BRELEE:RK&K
NEBETDILICKYEEBHEEDZBABEEZTAT L EANTENESH
[TDOWWTHKETL =,

MHEEXUVHE

BEL IR
EERE L, ARG BEE L REMEE L (EHEM S, S RIER 7
~8HHE (RBEHEBHZORH) IINIL—2AT—TIILERAVTIEFHMIZE




LTz, IRRERIBEARILEY (FSH, 7R, FUHEE) &5128mg% 1
H2[E4 Bfdst 8 (5/5. 4/4. 3/3. 2/2mg) ITHITTEARFES L TEE
B E{T o1z TRREBTS VT 4 VF 20 iEAT0ug (TA RS AA
f, EREE) ZF SHISMKBRESHERBBICHARESN LEBFEZFEL -,
ALEFBEE, REMBFOERBRZAVTREBERREAOF R LEHDET2
E{To7z ERLIZKEE, BIEMBRE T TCRESLIUEETERT— DR
(Linder and Wright, 1983) [CELTHIE L=, EEIZIE. REMNME. BH
FURIEHIEC-RPRRERE~KEBEZRAV -, ChoDEE, 20%F4Mm
BMMEESILNyO!l) UEEiE®ER (PBS—CS, Gibco Laboratories, 7 X4 )
71, Cat. No.14287) THEEXELI-DE, FEVLEBETPBS—CSHTER
(25-30°C) F1-IL36°COIER ETREL =,

RORES L UREER &

HIEEEIE, PBS—CSZEXRRZRELELTI.OM EGEARMLTHER LTz, &
BAHEEE 1R Tz, ThbhE. BEZEPBS—CSMNK1.8M EGIBRICH
L. EBIZ0.25mD FSRF YU X FO— (IMV, L' Aigle, T35 2R) (TUNHK
LTEERTTIO~3BNHERFE L, BZIRMLI-R FO—[E-TCIZERE LT
TOTS LT —H—OAFIILT7ILaO—LEICEEZEL., 29%IZHEKE
T, RURBETELIC8oRBREFELZ, £D#&. -30°CE TO.3°C/ 5 T/HAN
LIZOLRABRICEALTERE Lz, BEL BAZENORYHLEZR
b O—%20~30°COKIZKEIHEADETRELTIToT=,

KER 1

R - BB LIHEEPBS—CSICEZRBELCEG:2—BREFRITIE
DREN., BOEFHCRIFTEZEICOVNTHRI L, @R, X ~O—7D
CEZERYH L, 0. 1meDEREEE L £1222°CEF2(X38.5°COPBS—CS
(Sme) [CEEREL, 38.5CRIZERBEDEERNT. 22°CRIERIEE(C
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BEFEMEN-ERENTIO~I0DRIF L, MEBXIF2°CTEWEG, 3%E
GELUPBS—CSTRINHRETHIERBAREZA N, EGEH
R-BELEZEE, PBS—CSHEXLUI10%FFEMFMT CMIN (TCM—
CS) THEEELEZDBI00uIDTCM—CSEREL). 38.5°C. 5%C0:H8
L UBNEXNDEERAFTBTISFHIEE L THOEFMERAN, £5F M
DHEE., RFFIDEBRAT—UNRPREFROSEEFEREL L. Tkl
DHEEIFIREBIL EICHEE LR EEFER EHE LT

=B 2

EGE—KEFRTIEEOPBS—CSENER - MBAKOEFHIZE
ETEEBICDOVNTEET Lz, MEBIEE. UTOIEICEIYEGOHFR - KRE
Zi12o7zo AR EZ0. ImMDEFREREKEIZTEMOPBS—CSICHELIORD
FREF, BR : BZ0. It EFEKRK & H£(20.5mDPBS—CSICTHLI10AM
REF, XMEBX : 6%EG., SWEGHELIUPBS—CSTRIONHRET S
SEREFRREZZAWN:Z, AREBRTHIV-PBS—CSIEFH38. 5°CITHN
ml,. BMZBLI-PBS—CSII38.5COEBEBRNTRELE:, MBRDE
RIEZERT (25°C) T oz BAEMLEFEZHFR - BRELFEIERE 1 & EK
(RSN EEZITL. EFEERAT

£E& 3
MREREROAHNEENEGE—KBEARL-EZOROEFHICRIZTTZE
ZIRATz, BRI, 1.8 EGESTEMNEERINT 2188 (0.38 &£ 1U0.5C/
7)) OAHMEETAIM LIz, AFLERE UM IMORBREE CEHG TERE - B
METotf, EGOFER - BRE. AAEBLLULEBEHOHETER 2 (C
-1,
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EEZ 1
EGHO—EREHFREAEANDEERBILIRSITRLE, ROAEREEOERESE
(. 22°CEXM3B.5°CRE L UMBRXIZERTEHE (P<.05) [TEMN ST,

=ER 2

EGOHFR - REAZNOEERBELIRG6ICRLIE, AREBRDAEREE
[CEEGEL., FRICAWN:ZPBS—CSEDEEEITHONGEMN =, T
MXDEFRIBROEFERLRASETHH -,

EE& 3
2HEBONTHNEECEELEREO—EBEEFREOEGFRIIRT7IZE L,
MELREDEWNMILE > TERERIZEFIEAOONGMN - 1=,
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£5. 1LMIFLUIYaA—ILTEELEYDVHEO—BEBERICIBTAFREE
NEFRRIZRITTEE

IR - BRE o & &
B E g 3
A & (°c) BELUR a]
— ERPE A IR
22 7/27(25.9)%° 5/19(26.3) 12/46(26.1)
38.5 14/21(66.7)° 8/23(34.8) 22/44(50.0)°
3 ERMEFHIR 22 17/29(58.6)° 5/15(33.3) 22/44(50.0)°

EFIR R EEERRE (%) |
CEREEMCEEEEY (P.05).
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®6. 1.MIZFL U Ya—)ILTEZELEYCEOERERIZRITT
FHR - BREAZOEE

o & B
EEBRX” &
BELUR aJ
A 11/16(68.8)° 6/14(42.9) 17/30(56.7)
B 11/16(68.8) 7/14(50.0) 18/30(60.0)
S ERERR 12/17(70.6) 5/13(38.5) 17/30(56.7)

RS - RRRERT 0. 1 m0ODEAEIEE L ££(238.5°CFTEm (A) -4
0.5m (B) MD20%FHMBEMAILANY O UEBEFEEICEERALTE
M-BRELE. FR-BRELEFEIXI0%F4EMmMEMT CMI99EBINT,

5% C0z2, 38.5°C, 95%ZEXR, /EELITBDELET TI48RIAIMZE L 1.
CEBRS EEES (%) |

32




K7 1LMIFLUY)A—ILTRELEDVEO—BREFREDERFE
[CRITTAEEREDFZE

PENRE TE O & &
=
(/e ) BELUR El
0.3 17/34(50.0)° 2/11(18.2) 19/45(42.2)
0.5 29/62(46.8) 4/19(21.1) 33/81(40.7)

CEFIRR IR (%) .
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1L.8M EGZRVWTEMB LIV VR EZSERKICEEZEL, 38.5CTEGD—
BRERRETOLIGEEDEFEL22CIZHERTHEIZE C (P.05) . —F&
EHRFOPBS-—CSRENRBREODEFERCELET LI EMNHEL M
mofz. BEHLAIOHEMIA~NOMBEESAMS TEEXREENAS (. B
Ez LIFNILEREHUEFIOMIESBMEEEES (Leibo, 1977) , TAFIL
AT AF TV RZRAVTEBLIZIDR (Whittingham, 1974) BLUHHFE
ff (Tsunoda and Sugie, 1977; Whittingham and Adams, 1976) [ZP B S % E&ft
MIICARMLUTREMRLEFRZER - BRET S48, 3ICTIT2H=AN0E(Z
0CICEATEFEOBVNIENRESNTINS, ThoDHREIE. FER
EFIOFRR - REORENEOEFEMICEE LTSI EZBEREICIHELT
VD, 22°COPBS—CSICRELEZIETIX, EGOMAES MK BE
MRANDRHRGEKORAICLEZEEBENE L-EOEFEENMET L
EEZEZAbND, —A. 38.5COPBS—CSIZEBELEETIE., EGOHMA
REAENS <. FHERERANSOEGORE &L IFHIER~DKDFEANEE
CEEC Y., 2CRTEELEEEZEENREUN S -H-OEREAREIN
EHRIND,
EGHNEDLIICLTEZRFDFERNICBIESIN-ENSHER - RESN
SMHFMIEIFBETHAIN, PEDFERICE>THFERIA TS EHA SN
D, TLT, RB2TEH—EEERBEOPBS—CSE (FREXR) 14E
RICRIZTTEEICOVNTHET Lz, BAEEL, 38.5°CTFTO. ImDEHEER &
H£I120.5m¢ (6 fEHM) FE5m GIEFIR) OPBS—CSICEEZAL
N, MBOEFEICEELEL., SEEFFRELRAZOERERENABSNT,
COFBRMND, —EBEFREOPBS —CSEIFREEREG ~51{ENHEAET
PNIEEDEFRICEELLZ NI EMNBELMNTE S 1=,

Voelkel and Hu (1992a, 1992b) (X, ARZEERTHUL/Z1.8MIZ#ALM. 75M EG
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THERIELIZEZ, PBSIZHL20~24COEE TS5 NHEIREEBELE-OLERER
CHRLTEVEFENBONLILEZRELTHY.,. RERD2CROEE
EIFETGDEDTH =, oL, PBSHIZISHEERBFLEZ. 39°COE
ERITBLTWS, —A. XEEBTIL22°CTI10~305MPBS—C Stz
BEEZRBFLTEY., REFHOBOVNEGEROEIZEELTWAEEZS
NB, £z, Voelkel and Hu (1992a, 1992b) (&. #EK#%-35°CE TO.5°C.~
PORERETHELTLNSA, REE1 TIEL, -30°CETO0.3C/HTAHAIMLTE
U, "EEEDEVNL22CTO—EBREFREDEFRDE(CEELTLNASA
REMNH DS, £IT, REE3TIL, 0.3£0.5C/ 9D 20N SELEEEAL.
AELEEN—ERBEEREOEFERICRIZTTEEEZARLNEL LN 512, Hochi
et a/. (1996) (X, 1.5M EGZALVTO0.3~1.5°C/ 5 DAEEE THRNZHE
HXEBEZEE - MEBELEZOL—BEEFRLALHER. 0.3~0.9C/ HTE
WEFERNFON-ZLZHREL TS, KEBRTHW=AFLEEL. —E&
[EHRREOEDEFHRICKRELGEEERIFIHLONI ENBESMZAE Y, Hochi
et a/. (1996) DFEREL—FH L 1=,

LEDHRELY, 180 EGTEMBLAMESERAEREREEL TEGER
M-BRETIEE. FREESLUDINEREFEFRCEZELT. FREE
CE 2 TEFRIEESINSIEMNBEOMNTE Tz, EBIT, EGEANT
ARG LIZBEIL. RAfR#38.5°COERKZ (PBS—CS) ICEEBALTEG
EHER-BRELEZOEARNEEZTAE., EREKEOEEBERDZHAES

FRTESHIEMNTREINT,




2

FRBEZRAVE—REERAIFLUSIYUa—)L (EG) TEELED
VHEOEFRICREIITHEEZTZR Lz, BRHINLEBZHE L EEEL S R
FR7BSLUVBHBICENRLE-EEREBRICHIV:, BERMHLE-X FO—(
BRMNL-ICICERELETAT S LT —HF—DFILa—/LiEECEEDS
L. 270RICHEKZTL., 5IEHESHBEF L, RUNT, -30CET
0.3C/ " NTHREALIZOERERAZBRICTHRALT-,

ERER1THE MEBELEEZ20%FEMBEMEESL LAy a ) UEEERIC
ERRALTEGZHAR - RET 5 —EBREFREDEE (228 £ 1U38.5C)
MEFRICRIEFTEEEZRANT-, TOHER, 38.5°C (50.0%) DAEFET
22°C (26.1%) [TEERTHEITEC (P0.05) . IEBEEFFE (50.0%) &
RIFNDEFERZT LI, ER2TE, FHELEKE%238.5CTT—BEERY
DEEDFHMER (6 BLUSIE) ZRETLIz, MRODEREE (56. 78 LU
60.0%) ([CTZ[F7E< SEBEHERZE (56. 7%) LRAETH-T-, £E 3 TIL.
MELEE (0.3 KU0.5C/ ) N3B.5CTTH—EBEEFREDEREEICR
FIREEZRIT L, LML, £HFE (42.28&U40.7%) [CEERHSHN
EMotz, LEDHERELY, 1.8M EGTEMBLI-EZRMBEICERRTRITREL
T—BRETEGZAR - RETLH5E. FREOEENEOEFERICFEL,
38.5CTHM - RETHLBEVWEFEDBOLNDIZENBELMN -z, &
LIZ, —EREFREZZAVTEEBELXOZKBREE T TES I ENRE
ntz,
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FA4E BRWREICIYERAT L —HOMBERELEYVED
RIERTF L EEBHEORE

&

il

EXUI. Polymerase chain reaction(P CR)%XIZ& B IR MHIR:ENE
¥ (Miller and Koopman, 1990: Herr and Reed, 1991: Itagaki et al/..
1993) . ERILERICHD, VIOBEREITHED 435I =3 E 1
CERTA-DIICE. HHAIEORERERMOBINVERARTH 5,
PCRIZICLEHAHEDHHAZITHHEE. —HOMBEEHAAOHB L LT
RERLEINEG LGN, EFEIA 70T L—FERWVTERT L -0
RERELEUMEZEEHLEEE LTI U VERWTEEL, 24
[CRIELGEDZBEOEBEN EANBBEE L ->TLVS (Thibier and Nibart,
1995) ., UIMTREIL, BUBERICLHNTERENBRESINSE Z & ETOMIZES
BRO/BOREN EMN, S - BBRZOZBEOEVNVEREZEZSA T
o (Thibier and Nibart, 1995) , L7=M>T., YIMEZERAWTERE® & —
MOMBZERE LV OREOERE - MBREOEGFERLZUET LHLOICE., &
EEHDEE., BIEEHLEBIICOWTRATILNENHLLHEREINSD,
TIT, AETE, ERFTE—HOMAZRE LD VUMK EEREIC
BITFHAIFLUTUa—IL (EG) OFMMEELIUEGERNTEKE LY
ETAE D EEBEDRTREM(C DULNTHRET LT,

MEEXUAE

ERE
RERICIE, RILREA VESLIUVREMNEMAF CARBNLEZR L,
[F®&7~8HE (REXKKEBZ0H) [CARINEELZA I, IIFZRIBR




VB (FSH, 72 hY D TUAME) 24ang% 1 B2E 3 ARIEt6 E (5/5,
4/4, 3/3mg) FT=[XF SH3mgZ 1 H2E 4 AfE5t8E (6/6, 5/5 4/4,
3/3mg) [T/ T TEBHMICAHARAES L TARBIINE AT 1=, F S HE4
BIRR4BEFREIBICT AR 2SS VT A VF2a (PGF2a. JOFILTVF.
FvIoay) 3omgERIEPGF 2 o FREHK (TR M5 A b, FREE)
500~750 u g Z AN FREST L CTRIFZFR Lz, ALERBIL. RILREA ViE
SELURENBEFOEGREZRAVTERBOXBELE-BOFRLEEAOSF
FIDEt2E@ERE LTz, BOFERIE, NIL—2hF—FILERWTIEFHMIC
To7z. EIRLERIE, BEXILNy) UEEFEK (PBS. Gibco
Laboratories, 7 *1)71, Cat. NO. 14287) (220%™ < MEZMAT-8% (PB
S—HS) THEMESELE. BIIH, (Lindner and Wright, 1983) [Z# [ T
BUBMMRET TRESLURBERT V2R, RBICE, RBEMNEB L
UREHIESN-ERIAZEE~ R RIEE AU,

EER 1

MR ASMORRICAVNSUMBRNIMEDEOEFEEICRIZTTEE
EHANDELDIC, UMICKYERL-EHAAREOMBEELBREL =,
ROUMICAWZBS®&IE., PBS, PBS+3mg/mRyE=Z—/LEOQ K
(PVP-40T, Sigma Chemical, 7 AU BLUPBS+0.2M 34 (SUC)
DIFEMTHD, choDBFRICIE. BLUANSDIZMDNADRAZL
350, DVBEEOMBCTILII VRENOEREEMALN 2T,
MOUIRIELLTOEETIT >z, ERIOMD TS RF v I L v— L2200~
300D kO TEHEAEY., COrOy FITEEZ1EBT DA, €EBD
Lreeis X150 T =N A 7 BRI AT =2 EBmRLT,. @ EE
MTEIEOERICK L TH20%. #)EAEARRD ~ iR AR T (XN HAD 57 & £
(TTHROERZICX L TEREEMAA ZH20%01E L1, UIMEE. 20%F4
m#%E (CS) MPBS (PBS—CS) T#HME*%%L. 3~6FHE100uI0D
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10% C S0Ham's F 100 kO Jeh TR EE (38.5°C. 5%C02,95%
EIDEFERITE) LTEFEEZHRN, REEERTEREZRELRE
BLEZLOD, ¥EERE~IGRERE CEEEENBIELZE D EE TR
EFIE LT,
PBS+SUCHTYIE L TERERL 43R BB OMIaELPursel et a/.
(1985) DA EICE L TAXT X M3B2& B EE M LMK EST ALz, 374b
5. BEREBERSA RTSREDOAFR b (10ug/m) BEICHEL, h/—
J5REBHITEL THALBEMET CHEKZERL 1,

EER 2
ROUIEIEPBS+SUCZRAWNWTRERE 1 LRHRIZITL. EEHLEEL
T1.8M EGHAHLMI1.8M EGH+0. 1M FL/N\A—X (EG+TRE) ZHAL)
TTREDHRMMBZEE L1z, REER&RE. HEEHLEFIZPBS—CSIC
AMLUTHER L, — BB TEBERICHE LEZEE, E5S(20.25mMD TS5 X
Fy IR B— (IMV, L Aigle, 75 2XR) ITIRML., SEZEIBT S5F T
10~300fE =R (24~27C) [CREFLIz, BB L UM, EIKEETD
REFFMZI59E LEZUAETE1EICELTIT o=, THhE, BEIML
A PO—=RERPSTCRERELE IR S LT —=F=OrAFILT I
O—/LEBICEEREL., 27R&ICHEKZTL., REBETELICI3OBEREL
Tzo D&, 30CEXTEHOICTHIMLIEZOLRABRICEALTERKL
Ize ¥Tz. PBS+SUCZRAWTHEMEZEDITELVK 3 SERF Z U
L. EXY T4 UJIC&YBRFTERELZES1.8M EGEZAVTUIME LR
CLHZTEELZ, REAZERMNAOBMY B LR FO—(F20~30°CHDIKIZIKE
MWHAAETRELTRMHEL T,

REMLEROFRER - REE, ESETHELEL—EBEEREZZAVZ, T
THnbhb, 38.5°COPBS—CSICRBREZEEKZEL TIT o, EEHLA
ZHER-BRELEZEEIPBS—CSTHEXRELE-ZOL, EE&1 LREHIC
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ABEFRIAMER L TEFREHANT ., ERAMORBRT—UNERPRERD
SEEEBRICEETLELZEZ., FLEBIORBTRT—CAREBRBOES (L
FEEREANEHNGR LERATLE U RB LK%, FAENEREREHE L1,

=ER 3
UIMIEDZHE4S~DBIEIL. EGHTRETHEE - BB LS L UEat
MERAWNTITo> Tz, BERRICE, RILREA VEEHASCERINE-EEE
Wz, BOUMIE, PBS+SUCZRALEER1 LEALERTIT -, ¥t
fE (32@) (F. EE1 LB UAET S ~6BRIAINEER. PBS—CST
RFLEATICEME I REOTEBEICH IV, i - BT (56) (1.
EEBEEICLUBEBELEZ, RR4EICE. RILREA VERBEEBS L UR
EFEIEZAWN, 24D —EIEP G F 2 o BFAR500~750 u g F 5T L
TRBEORBPILDEZIT o=, BEBIEE. KiER6~SHBICZHRFDEHRK
BlFEAC1EBIT OD>FEEERBEICK YT oz, FIRZEIL. BiEk26~
NEBICHBERMBEERLUVEBREICLEYERL,

HET 4T
FOEFREL x *BEBLUFisherDEERERE %, M3 R AL O
HiEt REE. TN ENABAVTHERET L,

EE& 1
SHEMOUMBRZAVNTUM LEZ-EOIEEI ~6cBEZBRDEFEILXKS
SRLTz, SHEOBIRMICEFTFEDEIILL., FEAEOENEELREE
(CEEL-, UMOERERIE Pry—LERA~NOHEDERE - BEEDBESHEP
BS+SUCMHNENTL:,
Ul - SRER LM FIA AR OMBEBOBERREROITRLZ, HEERM
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B, BEEOERBERT—VICE>THEELRERIZRODOoNT . T
12.3 T, 4BLULEDMIBZRERL-ES(L£94. 8% (55/58) THoT=H. 1
~2MEDIES DENH SN,

EER 2

PR S LS U ERKKRERO R - MEBEOEFEREIRI0ZRLIZ, EG
ZRVWTEBLEUMBEOARTRE, EGHTREZHEWVWTERE LI-UIMKIE
BEUVEGZAVWTERBLE-ERFTREEOEFRICENTHEICEIMER
~L7f= (P0.01) , —A. 1.8M EGH+TRETEKELEYIMMIEL EGTELEL
EERABREROEGFERICEEZDSNGEMN - T,

=E& 3

RS LV ESE - MEBEOZRBEEIL, FAFN59.4% (19/32) LU
40% (2/5) Thotz., ZHREFER, FHRLZBEL-2BEOXRFEIEH
FEL. 1BEIXERE (REH®R252H. 27kg, FHEIEE) LA, ERYI6EL &
VEBERZBEL-2BORRFIL2TRBLGFF 0B LTIZ, TN 51858
DFHAEREE (RBFEROBEH) (£279. 38 T, FHERKEIL42 5kg (H#
41. 5kg., Itf42.6kg) TH > 1=
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8. Y UEOYIMRREICHL S BRNIREDAFICRIZTEE

=

IBEBEERDETFIRE (%)
A& HE It %
O B fHE 3 ~ 6 FFfHE]
PBS 15 15(100.0) 15(100.0)
PBS+PVP £, 21 985 2 95.35)
PBS4+SUC 150 150(100.0) 146( 97.3)

"PBS: EHBEESEHIMEEL IRy O UREFE.
PBS+PVP:3mg/m RYEZ-Z—)LEQOY RUKNMPBS.
PBS+SUC:0.2M < aERIPBS.
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®9. HHAHDLEOHITUMICK > TERRE =Y U EO ML

BOXE e AT M RE 2 #0
Ry (FHEZERE)

BREIZER 17 114%6.9 4~25
I EARE A A 27 13 1~27
it & A 7 i Sene 2~11
a8 & 51 12.3£7.3 1~27
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®10. EEVLEAIOERNER - MBROD D UIMEOEFEIC
RIZTEE

FEDLE R 5 EEDIEH LTS ()°
% B B A BF 2 1.8M EG 10/15(66. 7)°
g M R 1.8M EG 1/16( 6.3)°
g ¥ K 1.8M E G+TRE 28/47(59. 6) °

EIHBRER BBEELRE LI IEUINEE.
R T YT BCETRE | TF L H 1) e+

O.IMkL/NO—X.
Cthot iz BRIZ109%FLEME Ham' s F10T5% C0z 38.5°C. 95%ZE4.
T RE BRI T AR TASHEERAR A IR 2.

CCRESMIEEEZHY (P.O1).




%5 B

PCRIEIZK BV VEDMHIA (Miller and Koopman, 1990, Herr and Reed,
1991, Itagaki et a/., 1993) TEELG I &L(E, BLUANS DD U HIFEMN
DNADEAZHILET S ETHS, BE. VVEEERATRYIRSBS.
MBFEPLCTILITIVREZRMLULBERERVDH. UL THHBBEH %
BT ABICIE. VVBEEOMBLTILII VEEFHVAREZANWLINE
NHbd, RER1THEH., VVBEXOMBFOCTILIZIVEZSELVIEHEDER
D TRZVIMLTERRZLERLEBR. WITLOBRICEVTEEVER
ENgontz, PBS+SUCHEYY—LDOEREICENEZEEFELEETES A
TIRELE. EFHETOUMMNARETH >z, £z, PBS+SUCHT
(FEMNPPIFET 5720, 1D 2 DDBRICEE L TUIBFOEIBIZ & 5
ARG ERICE X 518815407 < (Herr and Reed, 1991) , PBS+SUC
(TUIETBERELTHELTWS EEZ b,

HHAREZEERFLTEVATREZB L -OICELER/NEOEMAL %
FERTAOMNEFELLY (Thibier and Nibart, 1995) , YIETE(E. Y42 OER
FZ AW ERELRICHEATERREINSHREKNZ NV 2H. BEADBENKE
- KERE - MBROZREOEN EMNMERBENTULVS (Thibier and Nibart,
1995) , AXEER (FE12. EOHMARZRELZE) TIE 1.8M EGIZ 0. IMTR
EZAMT AT LICE>TUMBEORMBEDEFREREENT, TREIKL
S U C LRMkICHREIEZEBEDOMET. BREEEEH| (Leibo and Mazur,
1978) L LTOMENH D, £, Ut 2DL S ICHBESAMEDELN
BERGLEH] (Szell et al., 1989) TH, SUCZHRMLI=T UtV ERNT
RIELE D UREEEHRLERZER - REE T ZR4GICEERETE S (Dochi
et al., 1995) , EGICTREZHMLUIERBERRICHEZRET 5 & RIEOPIR
BLTHIENIEZEIEEY., EHEA~NDEGODEBRBILIEGERDEEI(C
ERTIHEA TS EZEZ NS, T, MERZFRRICZELTES
FLERIZER - BRETHHE. TRETEMEA~NDKOZHERAZING L
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TWadEELEAOND, EGICTREZFRMLEC E TUMRPED EL - 57
BOEFENRELELEERIE, BEE~ODEGDAENREL L UFRED
BRLGLEKNTREICE>THEHEICHGEShz-0LHESIRS, LA
T, U ZMA LGN o -ERFREER TCEEGER TRIFLAERERMNSE
LMD LT, UMBEOEFENMEN-ZRERE LT, UKD MAE
BEENEELIZZOTEHGUNEHERINE, %, TREDRMUED
FREBICDWTCTIEESICHENLETH D,

UIETAIED RS - MEROEFRENMEVWERO—D2E LT, UHITE->TE
BEMNRESNL-OTHAHEEZEZA LN TIVS (Schmidt et a/., 1992; Thibier
and Nibart, 1995) , LML, VI EERE L UKEBRRO R - MEBREOLETR
MICERFTORELEZE LGN EMNREINTLVS (Niemann et a/., 1987),
ARETHE, INTORTEAFTZRELEZAN, EGICTREZARMLIZE
EERZROVTRBELEZETEEWERENB SN, Niemann et a/. (1987) D
BREL—HLIZ, CORBEND., UIMROERZICEVWTERFTOREENF
BEODEGFRICEEZRITTUREMEDLGWN ENERINT.

TRERMI.8M EGTHEEE - MAE LUK ZERBEECL Y ZR4F(CH
ELERGZFFO/BoNEIENL, UMBEEIFFORBICEZEZRIF
SN ENTRBEINT,

LLEDEREIY. HHBAO-OHERTES &K U—EOMEZUMIICE YRKRE
Lo REEET SHE5E. 1.8 EGTEREREMEC, 0.IM TREZAML
1.8 EGAMIRMTH Y. EEBEEICICATELZENTMN DT,




=z M

HEHRD-OBEBIREICL Y ERT L —HBOMBEERELE-FEOEERE
EICDOWTHRET Lz, BRBINLEZHE LIz oM SEURL - % EREF~
MR ZEEBRICAV ., BEAILRAya Y UEESEL (PBS) . PB
S+0.2MY 3% (SUC) B&LUPBS+RYE=Z—)L¥QY RuthT, £
BOL—FZRAVWTERFTE-—HOMAEUIN L. BEROEBENIMIEDE
FRICERETEZEICOVTHEL, TORE. BEROEWNIL>TERE
[CEEFEHNGEM -T2, PBSH+0.2M SUCHTOYIIEGENBS S TH -
Izo PBS+SUCZRHWTYIMIEIML-EHAAAHNDFHHMAEEIZ
12. 3T, 4@ LD ZERE L -IE(L94.8% (55/58) THo=h. 1~
MADIE L DEMNH NIz, 1.8 TF L5 Ja—)L (EG) ZAULTYIMKE
EELIBA, EGIT0IM FL/\O—X (TRE) #5%MT 5 LEMBEDE
FEREIALL, FB GEBEERE) REREOERENELNT, T, E
G+TREZAWTEE - MEBELUMKZSFE4(CEEZEBELTS5EF2
BE (40%) NZRE L. REBOUIMED ZHE3E (59. 4%, 19/32) EEZED 7LD
CENTREINT,

LEDFHERELY. 00.IM TREZRMUTIZ1. 8M E G (EUIBIEDEERIEEZD F
ERLBEELTENTHSEMNREINT,
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B5E B &

WE, VVROEBRERMICE I IMEIEIEANCTOLNA, B THL
THLERBREFROFAABEMNICITONE &Sz, 2DO&LKS54GHT,
FBEEN DEZFEHLFIOFRR - REBRMOEZLIE. FTH T L EER
FROERSLVLERBEOBRIANCEETHSH, T, N - MERTAE2E
EMHLEFZH/IN - RELIBETCESHEEBEZORRBE AN ESNT
Elee COELIBRRERBZERICT. ARRTEY VEEROEEBIEEZOEM
MISLUERZEMUELT, 1) EEHLERELTOZFLYT Y a—IL

(EG) OFMM. 2) EGERAVWTEB LYV ERTOEEBIEZDSE
AEICETHEFNRR. 3) EGEAVWTERELEZY VHEORMBEDE G—
BREEFRIE. 4) MHHO-OBEBIREICEL YERT L —EOMRZREL
EFROEEREEICOVNTES LT,

1) #EKEE, BEHBNLEICL > TEONEZERE~RRIEBREZ AL
fzo BEEFHLEFIL. 1.8M EG, 1.8M EG+0.25M> 348 (SUC) KU1 4M
JgY+1)2 (GLY) +0.25M SUCZHAI\:, £f-. EGORENZIEEIC
RIFTHEZARSL-O. 1.58LTI.MEGHA LV, BERMHLIZZ bO—
X Z2ERDPS-TCERELETRITLTY=HF=QrAFNTFILI=ILEBIC
EERFEL. 20%ICHEKZTL., 5IEHRET8EKRFLIZ, RINT—25C
F-E—30°CETO0.3C/ " HTHIMLI-OBRAZRICHRALTERKE Lz, &l
fRi%. RITEEHLFNZHR - REEITZRFC1ET DEEBELZ 1.8M
EG. 1.8M EG+0.25M SUCH&LU1.4M G L Y +0.25M S U CDZREEIL,
FHFH69.0% (20/29) . 52. 0% (13/25) £ & 1r60. 0% (15/25) T, HEEF LA
DEWNZKBZHREQEFHFSNEMN Tz, £, 1.58 KU1 8M EGDXRIEE
(£45.0% (9/20) L U52.9% (9/17) T, MEEMICZREDEEIZED S
nNigmot-, ZRBLEZRF6EDS bREL-7TEZREETERLG TS
i L1z,

49




2) BFBNLEZRmLI-REMEBEFNBON-ERYERIE~ LRI
faZAL., BN SHEBETERREEEBHEORBZT o, BZIMLIEX +
O—(%, BEMNS-TCIZTRELETOTSLIDY—HF—NDAFILT7ILa—IL
BICEEZRRAL, 22RCEKZITOS I EHZSHEAERELE, RU\T.
-30°CFE TO.3CEIL0.5C/ N THAHALE-DBREZBHRITHAL TELE L=,
BIEEE. MELEOLEEMLERZAR - BRETHIIELCEESRE(C
BELz, MBRXTIE, LIMGLYZHAWTEREL-EZERY (GLY—1)
HAHWEIR FA—RATO.3M SICZAHWNWTHER - IFE (GLY—-1) LEOLE
FEEICHIE LTz, G511, 273BEICxI L THIEZ1TL\54588 (42.8%) DERR %
B, EERLFIGOZEEL, EGH42.6% (373/876) . P GH38.8%
(207/533) . GLY—1h%48.6% (86/177) BLUGLY — IA46.0%
(128/278) THo1-o EGODZIEL, PGITLERTEHEEIZE (P0.05) .
GLY—-IBKLUGLY-IDELERAFETH >z, RESLUREBEHDOEESIL
AEMLEFIRICEEGLS, FEFOREFFONBREH NGNSz, T
HiE#E (P<0.0001) . MOEBERT—T (P0.001) . ZRFEFDER
(P<0.0001) BLUZMHFDOEAERDIAE (P<0.01) DEVWLZREICEEZ
BIFT ZEMNBELMNIE T,

3) BEBHRLEFNoF/FoN-RIPZEER~FEREZ1.8M EGLLEEICTR
FE—I2RML., BEMNS-TCICRELE-TRISLIY—HY—DAFILT
ILO—LEICEERELZ, 27RICHEKZETL. 5IZHEE8HHERFLLE
DH-30°CETO.3C/ N THEAMLTREARZBRICEALEL, FHAOBEMEES
IRyl VEEEER (PBS—CS) ITHEALTEGZHAR - KRELR
DENEBICBITHIEREZRZ, EGTERBLIE-EO-—EEFREOER
B (2285 &£ U388.5C) WEBFERICRIZTEEZHF-HER. 38.5C (50.0
%) MDETFIE(L22°C (26.1%) [TLERXTHEIZEC (P.05) . EEMICH
RLEMERX (50.0%) ERAEFEDAEFEZRLIZ, EGTERBLIEZKEZ
38.5°CT C—ERETEGEZHFMIIBEDHFREE (6L LUSIHE) [TL
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STUDIES ON FREEZING OF BOVINE EMBRYOS
—USE OF ETHYLENE GLYCOL AS A CRYOPROTECTANT AND DIRECT
TRANSFER OF FROZEN-THAWED EMBRYOS TO RECIPIENT ANIMALS —

Osamu DOCHI

Department of Animal Production, Chugoku National Agricultural Experiment Station

The objective of this study was to develop an applicable direct transfer method for
bovine embryos frozen-thawed with ethylene glycol (EG). The efficacy of EG as a
cryoprotectant for freezing and direct transfer of bovine embryos, and the practicability
of the direct transfer method for bovine embryos frozen-thawed with EG under on-farm
conditions were examined. Also examined were the effects of one-step dilution
conditions on the viability of bovine embryos frozen-thawed with EG, and the freezing

of biopsied bovine embryos with EG.

Efficacy of ethylene glycol as a cryoprotectant for freezing and direct transfer of bovine
embryos

The use of EG as a cryoprotectant before the direct transfer of frozen-thawed bovine
embryos was investigated. Embryos ranging from the morula to blastocyst stages
collected on days 6 to 8 (estrus=Day~O) in Dulbecco's phosphate-buffered saline (PBS)
supplemented with 20% heat-inactivated newborn calf serum were placed into 1.8 M EG
orin 1.8 M EG + 0.25 M sucrose (EG+SUC), and equilibrated for 13 to 93 min at room
temperature (20-25°C) or 37°C. Each embryo was then loaded in a 0.25 ml straw, and
placed directly in the cooling chamber of a programmable freezer precooled at -7 C.
After 2 min at -7°C, the samples were seeded, then held for a further 8 min at -7 C, and
cooled to -25 or -30°C at 0.3°C/min before being plunged into liquid nitrogen. Control
embryos were also frozen with 1.4 M glycerol + 0.25 M sucrose (GLY+SUC). Frozen
embryos were thawed in a water bath at 37°C (EG or EG+SUC) or 20 C (GLY+SUC).
After thawing, the straws, each containing an embryo frozen in EG, EG+SUC or
GLY+SUC, directly mounted into an embryo transfer gun and transferred to recipients
without diluting the cryoprotectants. The pregnancy rates were 69.0% (20/29), 52.0%
(13/25), and 60.0% (15/25) for EG, EG+SUC, and the control medium (GLY+SUC),
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respectively. A comparison was made as the pregnancy rate of embryos frozen-thawed
with 1.5 or 1.8M EG after direct transfer to recipients. No significant differences in
pregnancy rate were observed between 1.5M EG (45.0%) and 1.8M EG (52.9%). The
pregnant recipient animals delivered healthy calves except for 7 which aborted. These
results indicated that EG 1s a suitable cryoprotectant in which to freeze embryos before

they are directly thawed and transferred to recipients.

Direct transfer of bovine embryos of frozen-thawed with ethylene glycol under on-farm
conditions

The program was conducted to evaluate the practicability of the direct transfer
method for bovine embryos frozen-thawed with EG or propylene glycol (PG) under on-
farm conditions. Embryos ranging from the compacted morula to expanded blastocyst
stages were collected from superovulated donors on days 7 or 8 after estrus and
equilibrated in 1.8 M EG or 1.6 M PG in PBS supplemented with 20% heat-inactivated
calf serum (CS). Embryos were then loaded individually into 0.25 ml straws, and directly
placed in a cooling chamber of a programmable freezer precooled to -7 °C. After 2 min,
the straws were seeded, maintained at -7°C for 8 min more, and then cooled to -30 °C
either at 0.3 °C/min or 0.5°C/min before being plunged into liquid nitrogen. Embryos at
the same stages were also frozen with 1.4 M GLY by a conventional method which served
as a control. The frozen embryos were thawed by allowing the straws to stand in air for
5 to 10 sec and then immersing them in a 30°C water bath. Embryos frozen-thawed with
EG or PG were nonsurgically transferred into the uterine horn without diluting the
cryoprotectants. Embryos frozen-thawed with GLY were nonsurgically transferred after
removing the GLY either by the stepwise method (GLY-I) or by in situ dilution with 0.3
M sucrose solution (GLY-II). A total of 1,273 (PG, 400; EG, 418; GLY-I, 177, GLY-II,
278) frozen-thawed embryos were transferred into recipients, and yielded 545 pregnancies
(overall: 42.8%; PG, 36.0%; EG, 44.7%; GLY-I, 48.6%; GLY-IIL, 46.0%). The pregnancy
rate with EG was significantly higher than that with PG (P<0.05), and equivalent to
GLY-I or GLY-II. The pregnancy rate was also affected by the region where the embryo
transfer program was carried out, the developmental stage of the embryos, the parity of

the recipients, and the corpus luteum quality of the recipients. The present study

demonstrates that EG can be effectively used as a cryoprotectant for the freezing and




direct transfer of bovine embryos, and that the direct transfer method is applicable under

on-farm conditions.

Effect of one-step dilution procedures on the viability of bovine frozen-thawed with
ethylene glycol

Several experiments were conducted to examine the effect of the one-step dilution
on the viability of bovine embryos frozen-thawed with 1.8 M EG. Embryos were
collected from superovulated cows on days 7 or 8 after estrus. Embryos frozen-thawed
with 1.8 M EG were diluted directly in PBS supplemented with 20% CS (PBS-CS) by
one-step at 22 C or 38.5C and by stepwise. The dilution temperature significantly
affected the embryos viability (22 C, 26.1%; 38.5°C, 50.0%:; stepwise, 50.0% )
(P<0.05). Embryos frozen-thawed with 1.8 M EG were diluted in 6 fold or 51 fold of
PBS-CS by one-step at 38.5°C and by stepwise. No differences were observed in the
embryos viability (6 fold , 56.7%; 51 fold, 60.0%; stepwise, 56.7%). Embryos were
frozen with 1.8 M EG using two cooling rates (0.3 or 0.5 C/min) and were diluted in
PBS-CS by one-step at 38.5 ‘C. The viability of frozen-thawed embryos were not
affected by the cooling rates (42.2 and 40.7%). These results demonstrate that dilution
temperature 1s an important factor when bovine embryos frozen-thawed with 1.8 M EG

are diluted in 1sotonic solution by one-step.

Freezing of biopsied bovine embryos with ethylene glycol

The biopsy solution and freezing condition of biopsied embryos for sexing were
examined. Embryos ranging from the compacted morula to expanded blastocyst stages
were collected from superovulated cows on days 7 or 8 after estrus. Embryos were
biopsied using a micro-razor blade in one of three solutions (PBS, PBS+0.2M SUC, or
PBS+3mg/ml polyvinylpyrrolidone). Although the viability of biopsied embryos was not
affected by the solutions, manipulation in PBS+0.2M SUC was easier than that in other
two solutions. The number of biopsied cells was 12.3 after embryos were biopsied in
PBS+0.2M SUC. The addition of trehalose (TRE) to the EG solution was also evaluated.
The viability of biopsied embryos frozen-thawed in 1.8 M EG+0.1 M TRE was
significantly higher than that of those frozen-thawed in 1.8 M EG alone (P<0.01), and

equivalent to that of frozen-thawed intact embryos without zona pellucida with 1.8M EG.
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Two of five (40.0%) recipients became pregnant after the transfer of biopsied embryos
frozen-thawed with 1.8 M EG+TRE. This suggests that there is no difference in the
pregnancy rate of biopsied embryos frozen-thawed with 1.8 M EG+TRE and non-frozen
biopsied embryos (59.4%, 19/32). These results indicate that EG+0.1 M TRE can be
effectively used for the freezing and direct transfer of biopsied bovine embryos.

In conclusion, EG can be effectively used as a cryoprotectant for the freezing and
direct transfer of bovine embryos, and the direct transfer method is applicable under on-
farm conditions. Bovine embryos frozen-thawed with EG can be directly diluted in an
1sotonic solution by one-step. The EG +0.1 M TRE can be effectively used for the

freezing and direct transfer of biopsied embryos.
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