. HOKKAIDO UNIVERSITY

Title DO DEEEY VNV ET ) FUICET 2EENHR
Author (s) e, B—
Degree Grantor biEEKE
Degree Name B (BEZ)

Dissertation Number 2853245

Issue Date 1998-03-25
DOI https://doi.org/10.11501/3137287
Doc URL https://hdl. handle.net/2115/51517
Type doctoral thesis
File Information 000000322477, pdf

kaid,
P U"/Le

Hokkaido University Collection of Scholarly and Academic Papers : HUSCAP




7 v DKEL ¥ ‘//\"?E'f7:r_ V)FICBT 5
AL AR SE

[ e A S




Y DEEET NIE T ) FUIZET S
KA R 5E

L ER

T




CH XD

I

oty

< iii

=ull

i

afl
ik

o U FEHBRITLE DN @ FaeliZa N\ G— g 20y U F

BXUOEH
J¥ 3L 4
ME B X O HE
(1] WS X LM Ft o R R 6
(2] WREHR Yy <MW, v~ 0B LY VR Ft I

T APMBFEOFREE X KO MR 6
[3] SDS-PACE, A& 270y bEBITFLZIF V¥ Tuy b 7
[427] 2R BBEUTLBEDRAG 20 =Z2 P B LD

S LB ACE Y 7
[56] Y FtHB X 'L 84 ¢cDNA O H 8
SRS
[1] v v~ lEB X LK Ft ® SDS-PAGE

BXUA4as7uy b LR
(2] " FtHBXULMDNADY — 2 vy v 7BLUEH 10
z o = 17
/N5 19

B Y BIPCYYFOBRENEIICKIZTTMER I CMEOBRERR

J¥ 3 20
MR B X Oh B

[1] MM Ft o KR | 21
[2] v~ TIORHE 21
[3] MmiFEB L S 21

(4] WRHTHEYyEBFtB IOy VK Fticxd 3 4




P iE o i R/ 21
[56] FuHh)HRAT77 % —+¥ (ALP) EEMAB IV

vt F ALk o i R 21
[6] >~ FA4 v F ELISA B & U8 ABC % ELISA 22
[7] FtEAHEH O % 23
S
(1] w~MmHEWCHRERML Y < B Ft o BRI KITT

U EORVE S 24
[2] w~In{E Ft il 212 &IT3 i o g 24
[3] v~IERB L M Ft il 24 0 28
(4] v MmEB XOTME Fefl 2070 O MR 28
ook 37
/N F 40

=8 ELISAMHTHELZRBELBLUOEHEERFOME FtigE
Wy U BEFiEOE Ft L )v

J¥ X 41
MR B X Ok

1 1o SaPeB U6 Ft il 42
[2] 41 A7 7uy bE 42
[3] v ik 42
[4] T8 XU TIH A 42
[5] #¥ F4 v 5 ELISAB XU ABCH¥EY ¥ F4 v ¥ ELISA 43
[ 6] MmMiE& B X O TIBC @ Ml 5E 43
(7] o7 miE Fegkill 2 43
[8] BFIiE Ft ® ConA ~D & A FEBK 43
S

[1] HIRMMS O Ft R E 44
[2] BFLEFHE O MG Ft g 44
(3] vV BFMFBEICBITALFtBIUOHKIRE 44

(4] v BFMEFtE&BEE 44

11




(5] vy BTl FtOY 7=y b

(6] vV BTFMEICBITA TIREB XU T Wl E
25

/N H

LT
AGXLTHVZZFRIILTOM®E) TH 5,

ALP . alkaline phosphatase

BSA [ bovine serum albumin

cDNA [ complementary deoxyribonucleic acid
ConA . concanavalin A |

dNTP . deoxy nucleoside triphosphate

Pt . ferritin

kb . kilobase

m.o.1 . multiplicity of infection

PAGE : polyacrylamide gel electrophoresis
pfu . plaque-forming unit

TIBC : total iron-binding capacity

Tf . transferrin
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SRBICHEST ABOBMEB IR O XJEELTIFI VAT Y Y
(T BLXT 720 F> (Ft) $BVEANETT) VPRGN TWE, 2D
£ Ft 121937 4F Laufberger (35) CX NEOIC Y~ OAR S E LTHBES
n7-As, FOBRIFHEEY . MFHETY. MY, ZERB XML 0T 5
ZENBS M ENT (60) o FtidsFEM 480 kDa DKEWDEKIKS ¥ /X7
BT, 24 OV T2=y bbb RS, £ONEa TITIdHRARS 500 EO
SO EF E2ER TE 5 (60) o FtiZHFMEIYWOIZLALETOMI
RSB A (60) . IMFEHICOMEICHFLET S (2) o =0T 72
=v b+ [H(eart) 84 : 21 kDa, L(iver) §4 . 19 kDa, #E$ 2 &> G484 © 23 kDa] %
FIESNTEY (4, 14,52, 60,67) . MMFt 13fl4 OROHEEB XL R
SHEB SN (4, 60) . —HMEr LW INE EEZLNLMFEFL IZLHP
FUOGCH#MPOMBIEINS (562) o GHIZLSLBEFWRENDT
A2 & (52) . BIXUMEFtoa»h 48 YA (ConA) ~DOFEEICHET
HIENHEIN TS (14,67) o

Sodium dodecyl sulfate- R 7 7 ) V7 I NNV ESIKE (SDS-PAGE)
THIEENL L, YIBIU Ty POLKEFt IZBW TESELZHBEOS T &IZ
JFBFt ICBWTERZLBEI Y KEVWI EHEEINR TS (4,39,60) . k&
Pt TIXHSER X O LSEOBICEIEN 2 BV R o, HBICE TRt EgID
RBIZEHERTHY, LEICEUTFt ESEFRICBLTWwAZ ElES
Tw5 (37,38) o

TN T TY IRt D5FHIRIZOW TEFFNICKET A T L T e o 7295,
B, Kakuta & (30) 13SDS-PAGE THIE S LB 7 Y Ft DHSAD T &L L 8K
ED/RENWZ EZHOMZI LA (H (18kDa; L :21kDa) o 2 DI &IiESDS-
PAGE THlI%E E N AMOMFLEFt HEO S FESLEI D KR E W & LMEY
5o T3, ABLOE—FTIE YV LMOMABOM OFt 7=y DI T
BEOBRWHPMNERTA2P2HLNICL, 7 IFt OHE B X UL 8 B OBEER
ZEVWEHLPICTAENTY SRty 722y b7 IV BREH ZREL. BE
ROMOWIEEFt 7=y b7 I BRES & L7 (48) o

MEFt OFFEFEMHEENFBRE SN, b P BLUOSHEEREIZBW T, MFEFt




s LA SRR L OFIIZIEOM MM H B Z & (2, 29, 44,56, 67) | F
2 b MCBWTIHIER B RER L EEMRRIC BT EAT LI L
ZSHH S I ENTWS (26, 66) o & DX ) ICIMFEFt OWEIFERZHB LT
R R 22 1C #3805 H B, Furugouri Hid 7 VI{HEFt EEHDIODTTI AN
7ok4 (23) BLUBERENER 43) 25 L. wid, Rt W
s BT A AR AE) B X U8R FEIRE & iEFt & & O B O WTHRE L
Tw3 (22 23 43, 44) . Lo L. O OB% L-BERLENERIIBIT AFt
OW5ERAIEEng/mITH Y . BERISHIZIEIA TS THorz (43) o 7VF A A
)7 v L EBEEWEER YD) LT L oofll#aE S 2, TV A4
ATy A OBREICILET ABHE 2O BERENEELEFELL T,
L7955 Ty w3 MiERt W58 2 BRRAIZ IS 2 7201213 & 0 BEE O -\ BER
IS EE TR T A EPLETH 5,

Y2 ATINES 5 WL, FtiEGS VX EOFET A2 &b R
Tw3 (13,70) o d L, CAPIMFFtOLY F— T2 BT 5 261X, K
M FEIC L DRES NS IMEFt BEIEER LI VEIRABIONL EE 2D
N5, Niitsub (46) &, b bk % SDS UM F 7-1E£70°C T10 bz
422 EI2EY, FUFAL 2T v, THlELMEFt @A LRT AL
ARH L, ohs OMEIE, FtO Y b—7 %Rl LYUEIUA SUG % BRE 5
FFRENAFtEAMER TR ST L2OTEZWIEHEM L, L2L2D
5. b FUAOB)IC B TIIFIC X AFt el A B A UL A IR
D TIE 2 %2\, Smith & (67) 1&7 ~Ft MED 720 O F 50 5 ik & B 76
L 725, FtogllEs i RIZ+y v miEO MERRE RB L2072, &
72, Furugouri & (23, 43] ity IMEOFt BENEICRITTRHEIZOVWTE
CWE LTy, 2 THEETIEY Pt OREIERICKITT 7Y IEB
FOMMORES RELBRE L2 2 A, v~IiER X UM 3Rt %l E
PHETAHERFIFAETAIEEZHONICLA (49,50) » 62w &Il
BEP L OMEFtED /- D BHRFREWEELHALT L 72012, TEY V- EF
F v 8 & 1K (avidin-biotin complex) £ % M \ 72 & J& B enzyme-linked
immunosorbentassay (ELISA) (ABC {EELISA) ZBA%Z L. v Y I{E B XL Ol
HFt WE D 720 O FEHEW SR 2 Bad L7z,

B T~ D OURE 12PE S B BORNE RSk B OB & SO L, AR S




B OMmEER X UOFBEIZRDT 2018 LT, TIREEM AT A (1,9,
31 62) o BFOIMMEEL NV ITHB I BOIIN LT, WK GHE
(TIBC) WEHH LWV 26 TBY (9, 18, 20) . Z MILSKkA M AEER
JERE R L O 1B O WEEE D & 21O Ol O B\ EF O M2 #ak & e
FHUE bV EERT, MRt REIE AN RS EZ MY 5 2 L 03% <
OFFZEHIZ L D HE SR TWwS (2, 29, 44, 56,57) o & MEROIMFEFt L)V
dEEE L bIc kAL (1, 55) . HAERIZIZ80~290ng/mI T, BEBIO MFEFt
Lk De~10EVZ L EEESNRTwA (1,31,51) o L7cdsoT, JBlR
DY SR IEIBIED BHEICE VK LHARIIER L NVICET L EE2DR
5o LALAEDS, b FUSAOBEOMETICBIT A IMLERt 122V TORFHIL A
AR TideL vy,

T, BEBETIIRAFESB L OSEERFOMIEFtIRE, 7 VIEFINHEIC
B AFtIBEBIUFt SE&ERBEMEL (30) . FtiBELEKEOMFRBIY
JaFFt DEHEICOWTERE LT,
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w2 wIFtHB IULSEDNA DI O—=2 7T,
S

STV VIBLY

P30

Ftid24 BAEAOSKEE Y VN7 HTHY, FHEPYOIZL AL TOMBTE
maEnsd (60) o MBEFt 1L OMEt (ICEEE R H(eart) BB X RSB X UM Et
ICBWTHES 2 Liver) Blo2 OV 7=y b THE S 1Ld (4,39, 60) .
SDSPAGE Tl &EnAB Y ~, b, UHFBLXUI v FFt HEO S FEITL
GMrhikxwv (H:21kDa, L :19kDa) (4, 39,53,60) o £1idSDS-PAGE
B ABENELEDL K TAHAZENLOHBLPLBEITENL ENH(eavy) BL T
Light),e &N, HBIXUL#EMO7 I 7 BRES O MEFEHILE k
Ft I2BWT56% (10) . ¥ FFt IZBWT50% (36,45) THH, MgHITH
WIZHEEEN (41) BXURBEER (37 38) I8R5, HBICEDFLIZSHELY
ARBIZHRTHY . LEICETFIZSOERICHEL Twas Z erEInTw
% (37, 38) o —J. SHEMILEFt OHMMOT I/ BRI OAH FI1EIE94 % LA
F (8,6,10,45) . LM TIZ79%L L (3, 6, 10, 16, 27, 36) & E\, MFLMH
FtOH}72=y b7 I/ BESIOMBIZBWTIE, 720t F ¥ 5 —EIlH
53573 BOUHBICISRIFEEI N, —HROBILTERICEES T 57 X/ B
KL TILREENRTVAE ZEXFPHLPIZEN, TNEDT IV BRORFD
BWCITTSEO M OB 2V 2 T 5 L Ex b TWwb (3 21) o

Kakuta & [30]) 1ZSDS-PAGE IZX D IZE S b ¥ VI X OV0EEFt O HEH
D45-F & (18 kDa) L8 (21 kDa) XD /MSWZ EZHOLMII Lz, LA
L. ZOEBIZHL McEN TRV, 2O X)) %Y ¥ EAOIIE & DE W
ERFLNUVTHLPIT AR, 7IFtY 7=y b7 I/ RACSIZ
oL, BEROMOMILEF 7122y b ERBT A2 LENDH 5,

ARETIEY VFtHBIUOL#O7 IV  BESN ZHOL P IZT H712012,
7Y MEDNAT A 75 ) — O HBXUTLEDNA 70— 208 L, TEAR
FERE LT, ESNA- VIRt T2y b7 I/ BRELY & o MFLEHFt
Y7212y b7 I VBRES BB T AL L BIC, HBXO L#EOH ORREER
REWVIZOWTHHBRKE L, /2, NF 20/ VAEBRREHWTY 7




2= FcDNA 25H &4, By /37 HDOSDS-PAGE it 24772 272,




(MHELB LU

[1] MR X OUEEFe ORR

H B <M MFt (Sigma, St. Louis, MO, USA) &, FtE/ X —DOAZ LT Ft
FUTT—bETHDOT (47) . E2x—%BA7-01C, HiELEH ST
¥»phosphate-buffered saline (PBS : 20 mM sodium phosphate, 150 mM NaCl, pH
7.0) TH¥#HILL 72+ 77 a2 — ACL-6B (Pharmacia, Sweden) 7 7 A
(2x100cm) WML, ##12.5 ml/hr THH L, 5 ml 2045 B L7-, Ft €/
v — 2 EUHS RO, HREME L7

Y BIPY vHBFCIZDTOMIEBELAL, BMEIZ2 ED L oM
ethylenediaminetetraaceticacid (EDTA) . 0.1 mM phenylmethanesulfonyl
fluoride (PMSF) Zinz. 10 SBAEY A4 X 7. KAEY X — bidCetinkaya
5 (11) D HBEHE- Th#E (70~75C, 10 min) . BEMEILE (pH 4.8)
BLU40% AT Y E= v A (RE) T eiTo72, MEEMICE VDL
N7- ik ZPBS IS L, PBS 1 IZH L C—M@AT L7z, EMNW L4 TCT
10,000xg, 15 7ML LTHRL N HFEEZ10% (w/v) ¥ abELZ &L PBS1 ml
WERBL. HIL70P-72 BE .M TRPSHT2 U —F—2HW4TCT
150,000xg, 2 R L7z, 135 172tk % PBS IS L. PBS THfL L7z
77 U—ACL6B A4 T4 (2x100cm) ZHWTH IVAB LHERFtE/ v —%
87,

TYBITYT BRI TOM R L7, IVALORIZ2 R 1
mMEDTA. 0.1 mM PMSF Z iz TLOZM#HE#HE, £ 4 F (No.6535) &5
fPRELTHEML, 7y 7F—u—+THBALL, HBonl-AlE LB LT
X9k, bRk, AT, EaEn, BV ABL THEREFL €/
YW HED, TEFEERE L,

F Ny EIBEIL., v ImE TV 73 (BSA, Boehringer Mannheim, FRG)
PAER Y Ny B E LTHWT, Lowry & (40) OFEICHE - THIE L7z,

[2] W8I Y <M. v~ 0B L Oy YRt 1203 APE O fR B
AQOETIRINDYE
R Y ~ M. v~ O S A Wik VBRI A Buiig o R L




FTOML Fo770 1~3mg DIMFt €/ ¥ —%ZHFLPBS 0.5 ml & Freund's
Complete Adjuvant 0.5 mlZ{EA L. ¥ (HAZ L7, Hi) OHFHENL0
B IR U7 #EIGRED 53 8B X0 AkiZ, £ 2 heRfEIc v
MEEOEXEZR TORIIIIHAL, BEREL D2 HRIC, X2 by
Uy — VT T SRR L, IMiEZ 5 H L, 0.05% NaN3 f-4E T T
B T-20CIZBWTRF L7,

X ABERGMAE, T4 =72 u~x T 7 4 =X ) PuiE e S L
TOMSHERB LA, 5~10mgD WHHEFt E/ v —2 R T UEHILE
757 U — Z4B (Pharmacia) 10ml WHEAESSETHAR LT 74 =74
55 (1.5x5.7cm) 0.5 MNaClZ&ETL20mM V) YEEEMEW (pH
70) THOPUDFMALL, 20 ml OIMMFEFZHRML 720 B T AWHB O
280nm TOWNE (A280) #50.01 LLTFI27% 5 F CRBHEBRTH I A %
%, SMF AT 78N ) 7 A%EELPBS (pH 7.0) THAARZ B L., dHIBIE
B ICPBS 103 LT BT L7zo SARIIEIE v 4 F1gG OWILHR A Z50=14. 6cm™
rHWTHEH L,

[ 3] SDSPAGE, 4 & 77 uy bBBL L 2F Ty ik

SDS-PAGE i¥Laemmli (33]) DHEIZHEL TIT . 120% KU T 727U VT 3
FoBES VB XU45% R) T2 I)NT I Ry VERHWU T2, 4167
Oy b#EidWatanaben [(65) O FEIHE - TiTo 720 H L, PUFt PitkiZ
1pg/ml ORBETHV, PRIME & L TIER 7Y FlgG ik z w7z,
Lo7F7ay bEldConA (Sigma) Z H\WCSantambrogio® [(52) @
HEICR L TTo 72,
FUVYVRAMN)-RBERIEETISA VT ARY PAF ¥ F— (CS-9000)
W, 7= =TV YTV b TV—RmH O S VIZHERES65nm TEMIBIL
ETHIE L7z,

[4] YYFtHBXULEDNA DI U=V I BIPY—s 20y

7 VR A gt11cDNA 5 A 75 1) — (Clontech Laboratories, Inc., CA, USA. #§
AERRL, EcoRI) 25,000 pfu % Escherichia coli Y1090 & 3%iZLuria-Bertini &€ X
B T42C, 35 KA Y FaX—FL7 10mMAY TR ENV-FF-8D- T




Sr» Y RPBAATEA= PO LT — AT 4 A K (Bio-Rad, USA) %7
L— MZ#¥, E5I37CT35 A Y FaxX—-bLA, £OH%A L/ TT
v MEEFEMICEZPATUE L, HLHBXTLSiDNA 70 —2idEh
FHHSBER Py < DBEt PiARB X VL SEEF R OPTTTIR Y ~ P ¢ ik z 1
WCSBIRMIZ L 7o (BSPUKIREE 1pg/ml) o 7 0 — 2 Dffi AcDNA D
polymerase chain reaction (PCR) T X A HWRIZLL T DU {4772 272, PCR DX
AR 21001 &L, ZOMBE A 77 —TDNA (50~200 ng) . Amplitag*
DNA 1) X5 —<% (Perkin Elmer, USA) 25U, dNTP (dATP dCTP, dGTP,
ITIPLLo00 M) R gl VP v [omwmad VP T {6 CACTE
CTGGHRGEEES 31 body S e s birse Wi M et S BSGETAGCGA
CCGGCGC-3') , 420 pmol ] . 2 mM MgCl: . 20 mM (NH4SO: ., 80mM
Tris/HCl. pHOO0 IZFASL 7z, PCR ixBEM (96T, 158) - 7=—-1) 7/
(50C, 1#) =R A5 —ERIE (60T, 45) D% A Z7)V%E25 BiTo7,
PCRIEIRE T 5 7 A ¥ b OMRITIE microcon 100 (7 I 2>, HH) ZHW,
ADNA B X U'PCR HlEDNA 75 7 X > b O¥EIAECHIL, Taq Dye Terminator
Cycle Sequencing Ready Reaction Kit ( Perkin Elmer) % H | Applied
Biosystems model 373A DNA ¥ — 2 L4 — (Applied Biosystems, USA) Tk
E LTz, WAEB L U7 I/ BRACKIAHFEEIZGENETYX-MAC Ver. 8.0 Ti#~7z,

[5] 7 TFt HB X UL §HcDNA D583

BEBR NI VAT 7RI I-—BIUORBHEANRI I —OBEDZDOIZHWT
pAcYM:, E. coli JM105, = b 7 # YR BAMINaHH K Spodoptera frugiperda (Sf) il
fa (IPLV-SF-21AE) . /8% 20 {4 )W A (Autographa californica nuclear
polyhedrosis virus) 3 X U’AcRP23-JacZ DNA (32]) 1ZdbE K BREE & BEFH K
BRWERENFE—HEL I 55307, $3°, HBXUL#cDNA 70—
YT PR e Py XD pmg By pheYNMARE T g Q=S I Y
A7, HBED 754~ — (5-TCAGGATCCCACCATGACGACCGCATC
3'BL U5 -AAAGGATCCTGAGGCTTAGCTCTCACTG-3') ELBHD T 54 < —

(5"TTAGGATCCAATCATGAGCTCCCAGATTC-3' B X U 5-ACTGGGATCCA
GAAGCTCCTAGTCGTGCT-3' ) %4FR L7 (BamHI @A Z TH THR
T) o TNHEDT5AY—2HVWTHBIUPL#EO I FikE EaRDHIk 12




FESTPCRICED L., o7/ u— ABKRKEICHLEKDPCR 777
A MEYODH L. BRPCR 75 7 X~ % BamHI | REEF LB L 72,

BamHI BEEMBEPCR 75 7 A~ b & BamHI B X U ~ BRICALEEpA cYM 1 DNA

D5 4 —3 3 ik, DNA Ligaton System Ver 2.0 (Fi#HE Hint) ZHWTIT
gL Bl N0 B R A AR e L e B S A R RN
y— %87, Y AT MV BY oS Mk, 10% 7 ¥V BET AR
TC-100 34 (GIBCO BRL, USA) THE L. VoY E¥F X P T VYATT—
~ %7 % —DNA 50 ng B X UEco811 BFFE MM ESHIKEIARP23-]1acZ DNA 200 ng

e LRAEMWIOuIZ )R 727 F ~ (Bethesda Research Laboratories Life
Techonologies, USA) (5ul1) ZJHWT, 35 mm ¥ ¥ — LIZ#kWw 7251 Al
1.5x10° cells I23Lf&Ye L7z (19) o 28°C T H MIRE#EM%L, lacZ 2RI T 4Mllld
Xgal TYA L, HRLZVWT Iy s Eru—=r T L7, 70— V{tllAR
AR 4 )V ADSE M DEG I mo.i=10 TIT72 V, FEHIISDS-PAGE BL U
AL Ty MEWICEIDTAR, avyba— e LTI ABRZAANNF 2 O
A NWAE W,




CREARD

(1] 7 &or<OMES X OLHFt OSDS-PAGE BX UM A/ 710y |

mYDOFt DY T 1=y MEREFANL OIC, WEB X O ULRFt 2 SDS:
PAGE T/ L. W~ OFERE B L 2o Fig 1A IR T X IY <L eFt i
188 kDa IZBRV/N Y F %25 2, HMPHERSI N, 72, v MkFt 13188
kDa DF8WV Sy KL 17.6 kDa DS F (L) &%), ¥ A M-
DEERH T LOENVIIEL ;23 LEHEER, 2B, UV UHEFt OH DL
39 1 Thote —H. 7R X OVEFL 1218 4 kDa £20.9 kDa D 2 A
DINY K2z, 184 kDa O/ Y FIZLEFt O FRDTH D, o015
L <HS (188 kDa) LIFIZR—%NT, ThPYYHHETHH., L HKEZ
7220.9kDa DNV FHFET DL EZONL, TRHEDNY FOT YT B X

R — 2k kRS, H: LEVRIZY VORFt T D1, MFtT1 115
LI AN, SO OERIE, Y IYFtHB X ULHADSDS PAGE 2 X 5 BH)
BEAMMOILERt Y 7=y b EMTH A Z L 2T,

A h7 70y MEIBWT, ZEAELSE THR ST Y < MEFt (Fig
1A) 25Ky v BI O <FtOL#EOAE L L, HE &34 < BUS
L7 o7 (Fig. 1B) o —7F. HE2590% %505 v~ LBEFt (00 3 % Jidk
. vYBITYFt OHBOAE L L, LIRS LR o7z LY ¥
MRt FAIZ Y Y BX Oy ~OHB L L OWgE & JUS L7z, L72h%> T, L
R < IRt Piik B X OB <~ DBFt ik 2 /A A 27 ) —= 0 T %
7o TENZFNL BXUHEHDNA 70— 2 BIRWIHHET S5 ZEHTES
EHIWr L7z,

L7Fr7ay MECBWTY YFtOHB XU L#EITWINLHConA & KD
LindPa e

[2] w3 Ft HBXULSEDNA DY =2 2 v 7B L U%EHR

AN AL )=V ZIZE W RBT 5 200 -, LHERHAT
4Oy O— %87, 7 u— v Offi AcDNA %PCR THIELT 7O — A&
SKETHELRAN, BHABEDODNA 2FH2HB XULs o— > 2IEAR
Flgeszic Fiva7z (H 900 bp, L © 800 bp) o HPB X TU'L $HcDNA 255" Kim

-10-
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Fig. 1. SDS-PAGE (A) and immunoblotting (B) of purified bovine and
horse Fts. (A) The samples (2 px g each) were bovine heart Ft (1),
bovine spleen Ft (2), horse heart Ft (3), horse spleen Ft (4), and
commercial horse spleen Ft (5). M represents marker proteins (lug
each). (B) The membranes containing Ft antigens (100ng each)
purified from bovine heart (1), bovine spleen (2), horse heart (3), and
horse spleen (4) were incubated in anti-commercial horse spleen Ft ,
(a) , anti-horse heart Ft (b), and anti-bovine spleen Ft (c) antibody
solutions. Anode at bottom.
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mdEa — F#ER (H :1657bp, L © 77bp) « I — F#HIK (H 543 bp, L .
525 bp) B LU KM Ea— F4EE (H ;161 bp, L : 154 bp) DIE
HRH 2 g L7 (Fig 2) o I— FHEBICBITA HB X UL S O HEHER
FIOAMFIMEIE63% THo72A%, FEa — FHEBICBVTEEWH R R L vz
Hotze 1. AWFETIZ Y OHB X L#EOS JEa— FFIRITIE, Mo I
FEFt OHB X O LEmRNA O5' JEa — FHEBICHEICRF SN TWL 27~
28 DS =L 2~ FEEF] (61) 2 WFHIZBVWTS Rild2 o7z,
FESNZ-HBIUOLBEBO 7 I VBENOMEMHIEIE4% T
o7 (Fig.3) o 7T3I/BEH2» BB W/ -HBON)F 81320920, LK
1$19,856 Th o7, HB L LSO FHNIITHESEF N 7 F v (Asn-X-Ser)
HN1IAIFAFEEL (H:108%FH, L :8%H) . LaL&d b, LryF 70
v MEICBWTYIFt ¥ 722y MIConA UG LEZWVWZ EnDb, WIND
L EE T e EL LN, YYHSEE N (10) . Ty b (45]) BX
= A (6) Ft HEO BoOMEHIZZEN EN91%, 92% B LU 93% L@ -
Jeo VL @iy (27) o 2 b 00} BETF7HF (16) Ft LEER LT
IOBBREKTHY, TIVEBRES2LEN LAY LEOSFEIZINL D
BWOLEITEAERLUTHo (7L 119,830, & ML 119,888 U F
L :19943) (Tablel) o ¥/, ThoOEWOLHICIEFig 3 ICAOLNA K
5%y FBIUSY T ALBICHFAETEA 25 XTF FOHA (6, 36]) 134
ELGPolz, 9 Ew<, EbBITYHFOLEORI B TIEIENE R
24 8 (FCHUAMIEITE 86%) . 28 1l (84%) B LU 23 M (87%) DT I /RRIEMR
BRONID, T3 BHEVIERTF FOFHATIIREEED L Leh o
7 g B v

NNF 204 ) A% vz HEcDNA 3 R0 R Y B L 020 K53 B
DSDSPAGE IZBWVTWFIIZH IFHABZARICRE DL 2wy FAs1oR o
(Fig 4A) « SOV Fidy VPt HEEE R UBE)EEZ /R L7, HB X UL
DWEY % W% 5 Py VIRt Pkt W THER Y VX7 O A A/ 70 v k
AT 24707 £ 2 A, HB X ULEEIRO Bl B X U8 LiF L85 R
Vra=y FABEEMICBREBENS (Fig 4B) « 2o DFERNL, SDS
PAGE IZBF ARBHBIULHEOBEE LY VB FtOZL L2 RLT
b ENPHLNIZIEINTZ,
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H) ctgetegtececccectacceeggeeggecactcagagecagecctegteaccacttgaca
(H) . gegeectecgacceggeccaaggtecccegecacegetecagtgeegeteggeegtegeege

(L) - agtcagccactcagetgtcecgegatcaccgggaccag
' 1

(H) : caccaccaccaccaccgeccegttttcageegeecaccATGACGACCGCATCCCCCTCGCA

(L) : ccaccattttttaactccttattattaccgaccaatce ATGAG- <=L~
20 40 60

H) : GGTGCGCCAGAACTACCACCAGGACTCGGAGGCCGCCATCAACCGCCAGATCAACCTGGA

(L 8 et TS s =i ~ T RCTARES Wi Fa s v pr v s (ises ot i i1 gl R TRy D
80 100 120

H) : GCTCTACGCCTCCTATGTCTACCTGTCCATGTCGTACTATTTTGACCGTGATGATGTGGC

(L) RGUGG e LAL 3% %5 O S L B R S ekt sl {d e u
140 160 180

(M) : TTTGAAGAACTTTGCCAAATACTTTCTTCACCAATCTCATGAGGAGAGGGAACATGCTGA
(L) : CC--G--GGTG-G-GTC-C-TT----GCG-ATTGG-CA-G---A--C-C--GGGC--G--

200 220 240
H) : GAGACTGATGAAGCTGCAGAACCAGCGAGGCGGCCGAATCTTCCTTCAGGATATCAAGAA
T i Sl 4 i A thi G S SR e OO0~ T=0 T G U e~
260 280 300

() : ACCAGACCGTGATGACTGGGAGAATGGGCTGACTGCAATGGAATGTGCGCTGTGCTTGGA
(L) : G---TCT-AA-----G----GT--AACC-A-GAC--T-----GGCC--C--TCT-G-A--

320 340 360
() : GAGAAGTGTGAATCAGTCACTACTGGAACTGCACAAACTGGCCACTGAAAAAAATGATCC
L) : --AG-ACC------- AG-C--GT----T-----TGGC- - - - - TT- - -CCCGCGGA- -C~ -
380 400 420
() : CCATCTGTGTGATTTCATTGAGACTCATTACCTGAATGAGCAGGTGGAAGCCATCAAAGA
L) : +--CA-C--~--C---C-G----AC--C-T---AG-----G-A---A--CT---=" GA-
440 460 480
() : ATTGGGTGACCACATAACCAACCTGCGCAAGATGGGGGCCCCTGGATCTGGCATGGCAGA
L) : GA---------- TC-G-------- C----G-C---CT-GT- -CCAGG- - - -GT---GC--
500 520

(H) : GTACCTCTTTGACAAGCACACCCTGGGACACAGTGAGAGCTAAgcctcaggetggtttee

L) s Teras -0 A-G--TT-=-== CAAG- - -GACTAGgagcttctggagaccagtggeca
H) cacagccacgggggtgacttecctggtcaccaaggeagtgeatgeatatttgggttacet
ﬂ) ctgaagaacccacctaacatcagggetgectgaageccctetetgeagetactaggeage
GD :  tcatcttttctataagttgtaacaaaacatctacttaagttctttctttagtaccattece
(L) tttttttaacaccctggageectcetetcaageettggaccatatggaaacaataaagett
(H) ttcaaataaagtaatttggtaccce

)

tttgcagcata

Fig. 2. Nucleotide sequences of bovine Ft H and L chain ¢cDNAs. The
sequences have been aligned to give maximum homology over their
coding (capital letters) and noncoding regions (lowercase letters).
The dashed lines indicate conserved nucleotides in their coding
regions. The putative polyadenylation signals are underlined.
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1 10 20 30 40 50
sk cokdok kekk ok kK kkk ek stofokdokokokok

Bovine L SSQ1RQNYSTEVEAAVNRLVNMQLRASYTYLSLGFYFDRD)VALEGVGHFFRELAK
ffuman L SSQIRQNYSTIVEAAVNELY SYTYLSLGFYPDRDDVALFG%EEFFRI Ag
Horse L SSQIRQNYSTEVEAAVNRLVNLYLRASYTYLSLGEYFDRDDVALEGVUHFFREL
Rabbit L [ISQIRQNY SHEVEAAVNHLVNLHLRASYTYLSLGFYFDRDDVALEGVISHFFRELA
Rat L TSQIRQNYSTEVEAAVNRLYNLHLRASYTYLSLGFFFDRDDVALEGVGHFFRELAE
Mouse L TSQIRQNYSTEVEAAVNRLVNLHLRASYTYLSLGFEFDRDDVALEGVGHFFRELAE

Bovine H TTASPSQVRQNYHQDSEAAINRQINLELYASYVYLSMSYYFDRDDVALKNFAKYFLHQSH
Human H  TTASTSQVRQNYHQDSEAAINRQINLELYASYVYLSMSYYFDRDDVALKNFAKYFLHQSH
Rat H TTASPSQVRQNYHQDSEAAINRQINLELYASYVYLSMSCYFDRDDVALKNFAKYFLHQSH
Mouse H  TTASPSQVRQNYHQDSEAAINRQINLELYASYVYLSMSCYFDRDDVALKNFAKYFLHQSH
d d d d
60 70 80 90 100 110

% dk ok k kk kekekk ¥ kk ok ok ¥k ok kk ok
Bovine L EKREGAERLLKLQNQRGGRALFLDVQKPSQDEWGKTQDAMEAALLVEKNLNQALLDLHGL
Human L  EKREGHERLLKMQNQRGGRAL PEEDEWGK DA%EQNMAL NQALLDL
Horse L  EKREGAERLLKMQNQRGGRAL PSQDEW DAMKIAAILVIIEKISLNQALLDL
Rabbit L EKREWAERLLKMQNQRGGRALFRDVQKPSQDEWGKTLNAMEAALMLEKNLNQALLDL
Rat L EKREGAERLLKLQNERGGRALFQDVQKPSQDEWGKTLEAMKAALALEKNLNQALLDLHAL
Mouse L  EKREGAERLLEFQNDRGGRALFQDVQKPSQDEWGKTQEAMEAALAMEKNLNQALLDLHAL
Bovine H EEREHAERLMKLQNQRGGRIFLQDIKKPDRDDWENGLTAMECALCLERSVNQSLLELHKL
Human H  EEREHAEKLMKLQNQRGGRIFLQDIKKPDCDDWESGLNAMECALHLEKNVNQSLLELHKL
Rat H EEREHAEKLMKLQNQRGGR IFLQDIKKPDRDDWESGLNAMRCALHLEKSVNQSLLELHKL
Mouse H  EEREHAEKLMKLQNQRGGRIFLQDIKKPDRDDWESGLNAMECALHLEKSVNQSLLELHKL

d d « t
120 130 140 150 160 170
dokk kkk k %k %k % * %k % kk sk sk
Bovine L ASARGDPHICDFLENHFLDEEVKLIKKMGDHLTNLRRLAGPQ-------- AGLGEYLFERLTLKHD
Human L ES%E%DPEEEDFLEﬂHFLDEEVKLIKKMGDHLTN i AGLGEYLFERLTLKHD
Horse L DFLESHFLDEEVKL IKKMGDHL TN G AGLGEYLFERLTLKHD
Rabbit L DFLENHFLDEEVKLIJKKMGDHLTN[IRR AQLGEYLFERLTLKHD

Rat L GSAQADPHLCDFLESHFLDKEVKLIKKMGNHLTNLRRWQGPQPAQTGVAQASLGEYLFERLTLKHD
Mouse L  GSARTDPHLCDFLESHYLDKEVKLIKKMGNHLTNLRRVAGPQPAQTGAPQGSLGEYLFERHTLKHD

Bovine H ATEKNDPHLCDFIETHYLNEQVEAIKELGDHITNLRKMGAPG-------- SGMAEYLFDKHTLGHSES
Human H  ATDKNDPHLCDFIETHYLNEQVKAIKELGDHVTNLRKMGAPE-------- SGLAEYLFDKHTLGDSDNES
Rat H ATDKNDPHLCDFIETHYLNEQVKS IKELGDHVTNLRKMGAPE - - - - - - - - SGMAEYLFDKHTLGHGDES
Mouse H  ATDKNDPHLCDFIETHYLNEQVKSIKELGDHVTNLRKMGAPE-------- SGMAEYLFDKHTLGHGDES

t 4 S ) f f f

Fig. 3. Alignment of amino acid sequences of mammalian Ft H and L subunits.
Gaps for maximum matching are indicated by dash lines. Numbers of the amino
acids are from the human L sequence and do not include the extra octapeptide
underlined. The amino acids identical in aligned Ft subunits sequences are
indicated by asterisks. Residues which are substituted as compared between
bovine L chain and human, horse, or rabbit L chains are boxed. Both H and L
chains contain residues involved in dimer formation (d) and in 3-fold (t) or 4-
fold (f) symmetry axis proposed by Ford et al. (21) . Sequence data were from
human H and L chains (10) , horse L chain (27) . rat H (45) and L (36)
chains, mouse H and L chains [6] “and rabbit L chain (16]) .
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Table 1. Molecular Smwmrmmm of mammalian Ft H and L subunits calculated from amino acid sequences

Bovine Ft Human Ft Horse Ft Rabbit Ft
L H 158 H ke H L H
Number of Amino 174 180 174 182 174 ND 174  ND -
acid residues |
Molecular weight 19 856 20,920 19,888 21,0914 19,830 o 19,943 =

a)Molecular weights of Ft subunits were calculated from amino acid sequences deduced from cDNA sequences of human H

and L chains (10) , horse L chain (59]) . and rabbit L chain [16) . ND: not determined




Fig. 4. Expression of bovine Ft H and L chains in Sf cells. Sf cells
(1.5x10%ells) were infected with the wild-type baculovirus (lane 2)
or the recombinant baculovirus carrying H (lane 3) and L (lane 4)
chains, respectively, and then the cells and the culture medium were
collected by centrifugation at 16,000xg for 5 min. The whole cells
and the culture medium were subjected to 12% SDS-PAGE. The gel
was stained with Coomassie Brilliant Blue (A) or subjected to
immunoblot analysis using anti-bovine spleen Ft antibody (B). Lane
1, purified bovine spleen Ft (2 x g/lane and 200ng/lane in A and B,
respectively); lane 5, culture medium of cells infected with the wild-
type virus; lane 6, culture media of H chain expressed cells; lane 7,
culture media of L chain expressed cells. L and H are liver- and
heart-type Ft subunits, respectively.
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Cetinkaya © (11]) IZSDS-PAGE IZX WU I Ft 7T 1=y b @y s 2 L
PHTE LoD, AFRTY IFt 72—y FE2HBIULBICHHEST S
LSTE I, O 1LY VMEFt DSDS-PAGE ICWeber 8 X MOsborn Dk fli &
FHWTW A2, AWFFETldLaemmli DFEEHR L HWTWhH DT, ZDOY T
= v MO BEDE\VIESDSPAGE ICHWBRHE RO BV I A D EEZ LR
720 F 72, Mertz 3 X U Theil (42]) 1XF MR Ft O Heavy) : L(ight) I 2%1.56 1 1
EHELTBY, choo 7=y MERILIZY Y EFt O LR CTH
57 L7250 T, FMPEFt DH(eavy)B & UL(ight) $HIZZ N ENL(iver) BX
UFH(eart) SEICK BT 5 & L H5HEZE S, SDS-PAGE IZX Y LEHASHEH X 0 3 <
KE)END DB EOHADHRTHALZ ENEZLNS,

L NBIOYSFt LD Y N2 HOT I BERLSIE X UFcDNA D3 ARSI
5. LEHIEEHIERE N K Met FREDBRZE S, K DSer FRADVN T T b S
NAHEZERHEHLMIENTWAS [10,27,59,69) « VYFt HB X UL b [akk
DEIRBBHEZITAD D EEZLNS, HEIN U IFtY 7=y bDT
IOBEFPLSFREERD LA, Hi (1807 I VBRE) 0N
F& (20,920) (L8 (174 &) 041 & (19,856) LD REWIZ LAHDL
PZENT, ZDZ LIESDS-PAGETHIE SN A HEH (18kDa) Do+ &
L8 (21kDa) L Y/ & BT E, YV EUT, EbBLU I FD
MO LEADRINIILEICBNTT I/ BH 5 WIERTTF FOHf AT 72 RKILEE
OHLNnolz, & MITEFIIZL & RBEIICRZEIS L, WHE AT A
G AETA Z LTS (52) o 2D} 7=y MISDS-PAGE IZ
BWT23kDaDHFEERL, ConA ZHWALZF > 7uy METHRHE
SRS (52) o U UFt HB X UL $HIC 132 & hE ST IR AL S AE ¥ 5
B, LoFr7ay bETYIUFtYH T2y MldCon A e B L2272, B
oz NS, SDSPAGE IZ2BWTw v L#EPMBOMFLEL $H L b FFFITES
KBNS NAEDIE, FIENDT I/ BHLVIERTT FOFHADH L WIERET -
TSI X A D DT VwEEZ LA,

SDSPAGE IZX WIS N AFt 7=y bOFEDT X/ BRSO HE
ESNLHFRELTLI —HLEZVWI EHELER TS (12, 17])
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Beaumont » (7) 1T KBREHREZH VT Y AFt HB XU L§ADNA 23
x4, SDS-PAGE AT IC X D BHHSEPFEH LML VIEFFITES KB)S A D
YEARMLZ. v AETy hOFt Y 7=y MO T I BRESHIIFR ICH
WHEMERL, LM <14 M (ByIARREYE92%) . HEEM T1ME (99%) @
BRSO NLBEAT (6, 36,45) « T v MICBWTILSDS-PAGE THIE SN A L
4 (19,700) DFEIFHSE (20,700) X D/ASVIEMFRESINT VS (4
39)] o CHLDOHRAS., SDSPAGE i2BWTH T 2=y b F U HAD
SDS DiEABIATHTH 2012, RATOGTFERYT I/ BRECHI 6 R H
éﬂ%ﬁ%zlbﬁ%<E%%%h%pt#%x%néo

Ford 5 (21) W~ L8O 7 I /) BESI LSO} 722y P4 Y—BHR, =
fed HVIZ U NS ICES A7 I VBEEEE LTS (Fig 32MW) . 7
T2y AR —BEB L O=ZEMERICESTA2 T IV RIZBVWTING
DR & RFEH LRt 72 =y PO BB TW L D0 BRIZE Sz
B, ChLDBBRENLT I VEBERLOBEBSRHHEOEWIZED bR o
J2o L7252 T, ShLDT I/ BOBRIIT 7= v O RRIBKZ WHEIZIZ
MBERITERVWEEZONSL, LPLAENL, WEMEZERTST I /BRIC
BWTIF169 FHOT7 I VMASLEITIE Leu . HEEITIdHis L BARMHEOE
A RBBTIVBEFNZFROBPIIBVTRAESINRTEBY, ZOEVIEIHB X
"L OBBEN 2BV E T 5 LRI TWAS (10) » 7 YLEHIIBNT
t 0 FHEBICB T A0 BIICE 53515 7 3/ BRiRME (His49, Argb2,
Glu53, Glu56, Glub7, Argh9, Glu60, Arg64, Lys67, Glul36, Lys139, Lysl42,
Lysl72, His173, Aspl74) 2EEShTBY (21) . b DORHNIFFIC NS
BTHHY Y IO MIBLBEICBVTERICH A0 IIEBITERIRFEINT
Wi Y LSDSKOBALIEERICE ST 5T X/ BRIZGIub6D A Lys IZEH S
NTWroxBE, o7 /BRI TREIRLTW T, —/h, 7=0FF ¥
¥ — P IS 457 73/ BEE (Glu23, Tyr30, Glub7, Glub8, His61,
Glul03, GIn137) (3) W7 Y2 &UMILEHHEICELEIIRFIN T, I
HOHBIULSEMOBENT I/ BRORFDEN, Lﬁfﬁqﬁtiﬁﬁﬁ
DEERICHEFRTHY, —HFHBPIELF AR 2SAFGITHE L T 5 & FHY
ENnd (37.38) o "YFtOHBIULHOMIZY RN ZENDD S
ZEBBED LN,
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CONED

SDSPAGE IZXWlEEh B Yy~, B+, UHFBLYT v bFt HHEHD I+
BERLBI DS HmESNTWSDY (H ;21 kDa, L :19kDa) , ¥
YT THo7 (H:18kDa, L ;21 kDa) o AW TILY ¥ &AMOM IR
OMOFt 72 =y FOGFROBDHINIEIKRT 202 WHOLNIZT 5700
W, VB Agtll cDNA A7) — oMLY YFt 7= |
cDNA 70—V DIFERINZREL, HESNLZYVIFtY T2y FOT7 I/
RERCS & BERR O OFLEFt Y T =y b7 I BRI B L7-, HB X
LI ENZFNIS0B L U 1747 I/ BEFRHA THERL S L, 73 /VBRECIDP O &
HEN7-HED 75 F51320,920 . L§HIZ19,856 THo7-o HB XU LMD
73 BRSO EMHIZ54% THholze VOHBIEL M, Ty FBIUTYTA
Ft HEOBOMFEMEIZ, £ EN91%. 92% BLU93% & ®»r o7z, V¥ Ll
Ey~, e b BLXUUHIFLLBIEFLUT I BBEREKTH V., 73/ BRALY
POEH LAY VLS TRERIEIINLDEWOLELIZEAERLTH -
2o 7l EFBITYYFOLEOBENILBETIEIZNEN24 ] (BH
MEEE 86%) . 28 18 (84%) BX U231 (87%) 7 I /EEEIRAHS N7
B, TI/BDANVIEIRTT FOHAH L VIIREIEOL W oTlze U ¥
Ft¥ 72 =v MidConA EFIS L o7z, NF 2074 )V A- B aREH AR
THHIL-HB XU LEZSDSPAGE ICX VT L7-L 2A, BHHB LU
LSEOBEFE LY VIEFt Oz h o L & F UBEIE LR Lz, LEORKRD
5. SDS-PAGE IZBWT 7 Y LMD MFLE L S8 ~IEH ITE KBS h
HDiE, TV LENDT I I BHLVIERT T FOFHAD L VIdREF/-I3H
AL B DTIE%R (., ThOHDL#ENDSDS DI GREDE VIR T 5 &
I ND,

- ¥ G




B B LY <Ft OREHIEICRITTIEB X IO HE X

(P30

B FOMED B IZIMAEI IRt G THIWEPFAET S L
DHE SR TWw5 (13,70) o FtEEWEOEMPYERIIWLNIZ I TR
WS, RS M ICERE S - RFt 02 ) 7T VAT A EHER SR
Tw5b [68) o Bellotti & (8) IFt&EGWHEE LTkl (C3,C4) | a
< zurzur)yBIUA A2 ra s v ERFEE LK, Niitsu & (46]) i
BACEENAFLREAWHEIFt ERATAHILICIDFtOLE b — 7 Ak S
., BEHUARUE 2SHE S A 72012 R I E RIS X D E S A IiEFt
BEAEBLIYEIRBEONL ZE2WHLMI Lz, L2LAEML, ¥ FUAD
B CIE IS X A Ft RRillE I RITTRBIC O TOmHRIE e 2,

Smith & (57) &, v ~iniEFt OBFEFE RENEEEZRE Lcds, WEERICR
T IEOHEREL R LB % 2577, Furugouri HidY YIMEFt EED /-
DDSTFA L) TorAL (23) BIXFZ YA 2467 Ty A (43) %
BRZE L 7225, W ROMERICBWTS v VIMEOFt 050 12 B ITd IS
DWTHRE L TRV, o, HOORB LAY L AL LT vEAI
BIAFtOWERFIESng/mI TH DY, KRICHIZEATITTH o7
(43] o

ARETIEETEOIIC Y YFtED 2D OBEE fEllEE L HE L. v < IFE
BXOMBEDOBHESEIZOWTHBKRE Lz, 26107 YFtllED /2O DABC Ik
W BIREELISA 2% L. v ViiER X SRt WD 72 O OFPERI S
2 mE L7,

5 B




(MRS XD

[1] MRt DX R

L Y~ M B X O VIRt ORI, B8 TR HE IS TYT o
L

5 Sy BEEE. BSARERY LSy HE L THWT, Lowry b (40) @
FiEIZHt o> THE L 72,

[2] w7 <T{DXEHR
2T 17 <A & Watanabe & (64) OHEIHE > THE L7,

[3] I{ERB X i

v MY v 7 vid, R KRFEREEESHB LTS A~ M8 (FHREA
Bifi) TRELS WY I T Ly FHiD»OERELL 72, Ml 1437 C T i
F 7o, MmBEEANY) BRI A S 1,650xg « 15 I OELZ XD 5k L7z,
3% B X OCImAEC ik, BHRAI & L TNaNs 2R 01% 22 5 X ) 12z,
R C4CTHBIEEL. $ME0—HIZ20C TEHHRF L7,

v M A HK S EREE 3 A MR K B b TR E S o R R VA S
A VEBIOTHHAEREY y—TERSN7 Y2 0B Lz, MEBLT
MmAEx bR FETHRE L7,

(4] BRI Y <Rt B X 05 VMRt (2R 5 Puliii o i
v EHH B Y < Rt Mg B L O - FHy VMRt i LA B (RS
aYik: AP RUE E LA DA

(5] 7WAYKAT 7 ¥ —+F (ALP) EibihkB X U A F AALHUADTHE

v BB X Oy VR (SRS AR RAKIE B TR T T4 =T
f—ra< k7574 =12k, FhEFERHEY v MEFt B LT VEEEFtIC
b 2 Fumigs SR L /2. ALP EEPiKiZAvrameous (5] OFEIZHEN 7
VI LT IVFE KB CHE HRICALP (Sigma) 2 AR ESETHEL
770 ¥ F vAbHikIZHsu & (28) DI THEHUAIID -EF T =)b- ¢

LB H




FI)ATOUVEENLRFOXFIAIT UL I REAT )V (Sigma) ZHEKE
é'&f%ﬁ%&bf:o

[6] ¥~ FA v FELISA B X "ABC #ELISA

AHFZE TIE Y <Ft BRMED/-DIZ 2D > K4 v FELISA Y A7 A &5
L 720 PBSTHML - HBPLHIR Y ~ MEFt Hi/k (100 ng/ml) (¥ A
FAA) . T/, 90,000 R/ 2Py v Ft &P (Y A7 AB) %
Immuno Plate Maxisorp F96 ¥4 271 % 4% —7 L — bk (Nunc, Denmark) @4
T WIZENRENRLOO | FOHIML, 4CT—KHMEBELZ. TV — L+ %
0.1% BSA. 0.1% Tween 20 3 X 1U70.02% NaN3 % & {»PBS (ELISA #&fi ) T
3 mPEE L (1 Mo EREH20 47) . PUROIERFREAE 2 S0 L —
R#BSATYRAZ L7zo KWT, w~Ft BEH#ER B X UELISA A& TAMRL /-
ML XM E 100l 257 = VIZEML, 37C T2 R UG S ¥/,
ELISA #Rl Cokis 4. ALP B RPIFt Pk (A7 A A) | F2id, FE
APty <Ft &g (Y A7 A B) %, ELISA &Ml T € vz AR
L. &7 V2100 1l 2@ L, 37°CT2 R US ¥ 72, 7L — b Z#%
B TR A, 200l OREBER BuMp=rua 7)) VB 100 mM 7
1) 2>/ NaOH, 1 mM ZnSO4, 1 mM MgClz, pH 10.0 ) %2 4& 7 = WIZ@ L,
3TCTORILTHEMT Ap = b7/ —)IV®D405nm (2B ABNE %,
ELISA ') — # — Titertek Multiskan MCC/340 (Flow Laboratories, USA) % H\
THlE L7z,

U< IMEB X CIMAIZELISA SRR TS A WIZ2 1R IR L 756 CT15%
[N LB % TV, 24,000xg T15 G L7z, %55 Nz B ZELISA (28t
L. FtiBELHE L. BIERICB W CREEAE ORI 7 < MEFt 221
ARy < FCAmL ., bt & FAZAE L7z,

7 YFtIED7-DICBAS S 1L72ABC IKELISA LI TFOML TH L, =74
YTBIORAF VIR Y ¥ BHEFt Y4k %2 PBS T200 ng/ml (AR LY
¥ FA4 v FELISA LRIATR o720 Y AF V7R, FFEERTT L— 2%
B L. 0.5M (NH.):S0« & & T ELISA B (pH 7.2) T11 AL 7z ¥ ¥ ik
BLOmMERS NIy YRt AEERIOON] 27— bPOFZF T VIZHEML .,
37°CT1.5 B S & €72, thi#E. ELISA B THMLI-E A F 1ty

A -




SRt PRI (250 ng/ml) 100pl 2457 = )VIZHML . 37°CT1.6 KR RIS
K, WiFE, AL MTEY Y (10xg/ml)  (Sigma) & ¥4 F “-ALP
(Syg/ml) (Zymed Laboratories, Inc., So. San Francisco, CA, Usa) =#& 0
ELISA @ 100 11 28 7 = VIZIRINL, 37CT1 KOS S €72, LIED
AR~ FA4 v FELISA ICHE L TiTo 720

7 FA v FELISA iz LR AL IR L TITk o/, HL, a—7 4 Y7 H
D AERPLY T Ft PuRIEPBS T200 ng/ml (AR L TH V>, ELISA #RAEMW® 1Z13
01% ¥FF U, 01% Tween 20 B X 170.02% NaN3 % & L PBSEH W7z, ALP
Bt HUAARIE250 ng/ml OFRETHWZ-,

[7] Ft &EEHOWE

PBS TI00 e/ nlE I t0nsialil@ L= 94 79 2o
v (Sigma) « U~NIET7 VT IV (Sigma) BEIFUYTIHRZ100pu] $§2OF
A28 45 —=TL—=rDET7VICHEML, 4CT—RKBEL . 7L—}2Z
ELISA R <3 Mk L (1 MoOykgkE 120 43) . ELISA #l TARL
7B Y ~ MREFt (10« g/ml) 100 1 28K 2 VI, 37CT2 K
[ U & 472, ELISA AR T3 MYk %, ELISA ¥ A7 AATHW/AZALP
WYL <Ft AL &Y = VIZ100 ] FOWMLIz, 37T T2 KM UGHE, ¥~
FA v FELISA &L FROFETREULCE1T%2 272,

« 9 B




R

[1] U~IMF G L 727 < MRt O BRI RT3 N2 L o 3 5
AWGE T < IMFEOFt FFEWE I KITT B L RS 72012, 2FOELISA
VATAZBRE L, VAT AABIUBOWTRICBWTY ., HERRIL
1 ng/ml TH o7z (Fig. 5) o ELISA M T21 ML 727 ~ Ml 12 BEA &
DR Y <t Z3M L. FLBEZMEL 720 LALAEDS, WFho v R
T AICBWTH EIPERIIFEFICE,r o7 (VATFAATE0~71%, Y AT ABT
42~79%) (Table 2) o ZTHHDENENRIZMIE DFtEEE Y > /327 BIZ L 5
bOLHERESI NIz (45]) o £T T, FtHBmMM sy oS B THAH (24) T L%
FIFHL T, IR EOFt B 6WE AWM S 572012, MmiF%75 ‘CT15 2B
BB L 7L ZAH, VATLAAZBITAEIERITELL EHLE (90~96%)
D3, VAT A BICBIT A BIRIGKRIK 22> 72 (75~83%) - 50T H 5 Wit
60 CTO RO INZAETid, BRI SBES N b o7, T/, 1M
D10 mM EDTA #ANE, BRI B RIS =hoiz,
FtAEWHEIIEWROR 2Pt LG THZENHONTWS [13) . v
BEBERt 2 2 1R 72 FIEFMFE AL, BB L 2\ Ty A7 A A
TFtREZ W E L7 R, BIRIE8T~89% (n=5) Thol, DI &I,
U FMF LY YFt ORERE SN LTHWHEDEL AL 2Wn I & 25
To L7220 T, WMBPAB X O2miE 2 - W OELISA ¥ A F AlC
BWTHUYFIMFERt FGEWEIC L ARINERICRITT BB TX 5 L # 2
B35 o

[2] U~ IiEFt J5E BT3B 28

VAT ABIZBIT A EIERIE, MIEOMBLBEZIZ BT o 72D T,
DROFEEBRIIVATFAAZHCTIT 2072, FHEFESB X OBE O IMiBF: il 12
AT TINBRBEOLBEL R ZAH, FETEB X UBEOWTHOMmE b
IMBSLERS 5 Z L2 X 0, BB OF ¢ WM 1 FAABImE D 2 h L 1 2
LI®mWEZ/R L7 (Table3) o |

COMMERIZ L B HENEEREIE7.6% (0=4) . H2EMZEMRBIL6.1%
(n=14 ) THhHo7,

.
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Fig. b. Standard curves for horse spleen Ft in ELISA
Systems A (OO) and B (@). Each point represents the mean
of triplicate determinations.




Table 2. The effect of heat treatment on the recovery of horse spleen Ft added to horse serum in ELISA Systems A and wmv

System A System B
Serum Added Untreated serum Heat-treated serum Untreated serum Heat-treated serum
No. Ft Found Recovery Found  Recovery Found  Recovery Found Recovery
(ng/ml) Ft (%) Ft (%) Ft (%) Ft (%)
(ng/ ml) (ng/ml) (ng/ml) (ng/ ml)
0 4 4 6.4 3.1 6.1
1 4 8 7.8 =1 11.0 96 s T3 9.8 Ty
9.9 4395 6 4 1 5.3 0 4 1 2.9 79 s ib 78
0 3.8 6.5 4. 8 b2 M
A 4 8 6.8 6 3 11.0 94 o 54 9.8 7o _
9.5 8.5 50 15.0 90 9.0 9 5 s 5 i
0 9. 4 145 1 3.0 I 5
3 4 8 2.5 6 5 190 94 5.0 4 2 1. 8.5 8 3
9.5 14.5 5 4 A 90 b7 4 7 2250 79

a) Known quantities of horse spleen Ft were added to three horse sera diluted 21 -fold with ELISA buffer and
the concentrations were determined by ELISA Systems A and B as described in Materials and Methods.




Table 3. The effect of heat treatment on serum Ft concentrations

Serum Ft (ng/ml)

Sample Adult horse” Newborn horse’

No. Untreated  Heat-treated Untreated  Heat-treated
1 6 6 110 20 25
2 6 8 140 3.F 4 2
3 3 8 160 20 30
4 6 6 108 g8 77
5 102 155 4 4 6 4
6 138 180 b7 ¥
7 79 104 g 45
3 108 I 58 93 108
9 144 202 b 9 2

10 76 142 52 59

MeanSE 045 0.1 1434+1037 4827067 200

a) 3 to 14 years of age.
b) 1 to 3 days of age.
c) Significantly different from untreated serum ( p<0.05 ) by Student’s t-test.
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[3] »~imiEB X MR MEMH O g

6] — MW SRR L 72 7 < MiFB X It W% Table 4 (253 L7, ok
SUBEIMAEDF t fE I ARMBRINE & D 10 ~50% K22 o 7245, InBsE+ 3 = &2 &
N, MEADOFtEIZ LA L, ZITFECHEERL 720 SO E2S, MBS
DFt WEMEMEOFAET 5 LARBRENS, £2C, Y<IMFIZ T~ 74
TV =T redmML., TOF s BHOFt JlEW RITTER)E 2R

(Fig. 6) o BMADBED 7 4 7Y ) =4 %21 /WY < MIFIHE ML &
ZAH, 74T =7 iEMiERt W e 2 IR BRI IC RS S, 74 7Y
=7 V0.5 mg/ml TIIMEAINIMFIC UM EFt i 2 14~ 32% (K F &
720 T2 747 ) 7 =7 VIIFt AR OWEMIC S HESEE KITT I &8
ROLNTz (Fig 7) o RWT, 74 7Y )= UHFtiEEEWEET 5 0Ex
ZM-N (Fig 8) o ZA4A TN 7=V <7 VI3 7B L0 i<
THLLEVYFtREEREZR Lz, 74 7)) 7 =5 v BIXUy~BBFt ORE
Y% PBS CEMALL7Z- 770 —-ACL6B I T ATHFLVABLTH, 2hbD
N EOBREERIEIIN SN o7, TG T4 7Y 2 =4 ORI
x5 BRIMDTER IR & 2RBT 5,

[4] U v X CIEFt J5%E D 72 9 o FEs it

ABC B LU~ N4 v FELISA IZBIT 5 7 VMBS Ft 0 Y ) 7 LA 4 %
Fig 91Z/R”T o SO DELISA ¥ AT AMIBIT 57 MKt OH%E B BRA 13
ABC t£T0.1 ng/mITH Y, ¥ ¥ K4 v FELISATI ng/mlTH o7, 7 <Ft
ELISA VA7 A AIZBWTIE, UNFt ¥ X2 BB TH A L 2#FH L
T I 275 CT15 M OMBMEE L | Ft AW E 2 EME LT LIk
0 IiE O < Ft BRI AT T BER R AR L7 LA LARAS, vl
HEZ RO TIMBLIE L 7L 25, ABC HELISA THll5E L 7 hn#ALBs i
DOFt FEMEIERLBEMEFO T L VERNfiZ/R L, D2 &id, 7 v IiEFt
DB NS BLEWED Y~ MFF 1IN Z EATRBR E N7, £ 2 Tl

(M#E) Ft LFtEEWEOMEAEMZHES 2 HI THIGED A A i % 1
RSE, U VIMEB L CMBEOFt FEWEIC KT TRBELZRRL 2 & 2 RHA
72 U IMEVIRE 2D (BARE © 0.46 M) L ABC IEELISA CTINiEFt &
BER W U785 . WA hNmiE OF t Wl i T mAmmE o £ L & 2o

R




. . a)
Table 4. Comparison of Ft concentration between serum and plasma’ .

Ft (ng/ml)

Horse Untreated Heat-treated

No. Serum Plasma Serum Plasma
1 126 9 7 15 i 199
2 6 3 By 8 2 38 0
3 5§ 29 76 b 2
4 143 97 A | 2 21
o 176 139 Z 2-1 z % 1

a) Serum and plasma were obtained from the same blood samples.
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Fig. 6. The effect of fibrinogen on the immunoassay of serum
Ft. Various amounts of horse fibrinogen were added to three
horse sera ( O, @, and []) diluted 21-fold with ELISA
buffer containing 10 mM EDTA, and the Ft concentrations
of the mixtures were determined.
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Fig. 7. Inhibition of the immunoassay of horse spleen Ft by

fibrinogen. Various amounts of horse fibrinogen were added
to 12.5 ng/ml (O) or 25 ng/ml ( @ ) horse spleen Ft in ELISA

buffer, and the Ft concentrations of the mixtures were determined.

% s




© o M
eeeeee
—~ +©

C
///,4 A
g |

.....
B © P

/
///AC
ell
)

O —{
= i -
SRS S

wusovy s s
v o m —




Asosnm
b

o o o o
o N By (o2} (o] o N A
|

—

1 lJllllll 1 1 lllllll 1 Llllllll 1 1 llllllj

0.01 0.1 1 10 100
Ft(ng/ ml)

Fig. 9. Standard curves for bovine spleen Ft in
ABC ELISA (@) and sandwich ELISA (()) systems.
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7= (Table 5) o —77, MHEFt PEMIRL O BINCE ST, BWEshmAt &

| 1ZE AR LEER L7, MEFAETB L OHEFAETOVTRIZB VTS I

| BLDEr o, T, MFCHRIN LY VBEFt O BIERIE39~567% & AR»
o7 GEREURES) 25, LA T CHE IS L 72 ¥ MIEt o FRRER I
91~109% L ‘X N7 (Table 6) » LA L. IIHE ICBIT A RIS HREAFAE
TTH73~87% LK<, 7V IMMEIC X AFt gl ER R L MR35 2 & id
f%&#otoxwz&mﬁwam%nm%mﬁEMW%W%@%ﬁ
755.5% (n=6) . WEMEEMREA9.2% (n=8) TH-o7,

-394~




Table 5. The effect of ammonium sulfate on bovine serum and plasma Ft

concentrationsa)
Ft (ng/ml)
Sample Serum | Plasma
No. Without (NH4):SOs+ With (NH4)2SOs+ Without (NH4):SOs With (NH4)2SOs4
1 10 3 7 4 4
2 29 4 6 1 2 |
3 3 2 o0 4 4
4 5 2 9 7 18 18
o 18 2 Z 13 13
6 4 6 0D 19 19
7 Z 3 4 0 %) 3
Mana B85 B {9 PPN e g S BER - L g g g

a) Serum and plasma obtained from the same blood samples were diluted
11-fold with ELISA buffer containing 0.5M ammonium sulfate and applied
to ABC ELISA to determine the Ft concentrations.

b~1f) There was a significant difference between the same superscripts
(p<0.05) by Student’s t-test .
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Table 6. The recoveries of bovine spleen Ft added to bovine serum and plasma

: . a)
in the presence of ammonium sulfate

Serum Added Serum Plasma
No. Ft Found Recovery Found Recovery
(ng/ml) Ft (%) Ft (%)
(ng/ml) (ng/ml)
0 0
| 1 . 91 . %2
L 3.8 104 Z. 5 87
0 Z. 0.
2 1.1 3.7 109 1.6 8 2
2.9 4.3 100 . ks 7 8
0 B
3 L4 . 91 3. 19
Z S 6.0 104 4.8 33

a) The known amounts of bovine spleen Ft were added to bovine serum diluted

11-fold with ELISA buffer containing 0.5M ammonium sulfate and the

concentrations were determined by ABC ELISA.




(CEEE)

Niitsu & (46) &, & MMiE%E 75CT10 A MRS H Z LI2X D), T2
i3, 1% SDS AEF 3 & X2 X D MiEFt WEMAH KT 5 2 & & RIS
L. ZH50MBERMEFt OLY b — 7 2 RilT A RA LOFt MEWHE 2R
SFLDOTIEH VP EER T, MEFtEESWEAS, © FEAOEIH O INE TFt
G HE R ET S LV HEITS RV, AfRTIR, Vv ET Y OIMHEB
X O Rt S E R HET ARESH A L AR Lz, VY T IO
BHERBET S IC1E, MER75 CTTL5 S HEMBALET L Z EXFAHNTH -
7o L2055 Ty < IE I HURPVAR G 2 BHE S 2 0 (BT (PG
NI EEN, FROIIMBMBIC L VAR T A EEZ LN A, Snith
5 (57) k. &¥imiE & vt ¥ vy —PYE#RepnFEE ALYy FAy T
ELISA (2 X V. U<IFEICHRIMLAFtDIEE AL TREILL, FtR@EilleEi
RIT+ Y <MiEOMENEE BRI LB R 7. LA LRSS, ABFZE T
EOMERICEMLZVATABEHWTL, V~IMEDOHERRE D7,
EDEREDOA—FIZOVTIE AV HRE T - 3RO BN L5 b0 EEZD
NDo o7 MIFICHIM Lz <Ft ORISR, LB IZ X > THELISA ¥ A
FABTIHEVWTF T THol, Lo T, 774 =7 4Gk zE Hivwizv A
FAADHEBEHIME L BV AT AB LX) bERTVS,

Smith & (57) \EIEHBE D MiEFt #BEIE70 ~250 ng/ml EHE LTHY .
AETHES L7ZELISA ¥ A7 A IEFt fIEIC T ORELZ AL TWz,
7-. Harvey & [(25) 131 HEOFEOMEFt REEIZEHIZ160 ng/ml i
i ERF 205, ZOBGREICEC RS LT3 AR ICIERKE60 ng/ml &R
L. ZHUBEHE LR LIED6 » BRICIEBREL NIVICET AT L 2iE L
TWh, Harvey b (25) 1ZELPICHBEOFt (354 ng/ml) PHFIETAHIL
2o, MEBOT EOMEFt BEO FAFMHILOBIUC LD ELS LR LT
2. FtillsEw B2 iEHEIHERBHOHAETFRICBL T RO LN
Lnh | Ftiga sy vz Bz, MEHDORE WISy < IS § TICAFET
EBEbhb, |

g (M) 12X AFt Gl mER IdmiE (4E) Ft LFtRHeWEOHE
SRR L0, HERERSERES A DRI A LBESINTE (8

~ 3T+




47) 25, FtiEEWHE B ZFOMEDEO RN TS 5 &) HEEMZ2GELIISE b1
TWiWv, Bellotti & (8) 1&. b MIEFt A ¥ /X7 H & L THIFt iR
(IgG. IgM, IgA ) « a2 ~¥zTZ a7y BIUHKs VX7 H (C3,C4) %
FE LA, SO0y 23y BAFL Gl E %2 HET 2 0E2II2 TR
HFLTwhv, Lo T, AR k21t oy~ icz4 7)) /=7~
% B BGIBE (0.1 ~0.2 mg/ml) 275 XL & &, i ENR
SRR ENS-Z L, U747 )= BMTHF BAR OWEMIZ b KT
FRREMENES Wz e, BXO, 74 7)) =% v BRICFt RaTEHATE
BDENT-ZEPS . SDFUNIENFLESY VNV HD—DOTHAZ L, B
Y UFt &4 % VN7 BHFt BENEL HES 2RKKDO—DOTHAHZ L 2L
P LB OMETH 5, BB B X Ol dE CRt iz m§ 2 &h
5. MEBEC X DV 747 ) =703 7 4 7)) ICERT B, MBEFt D
ORI ET B EEXOND, 74 7)) =7 VEINMEDF t e H & AR
BMEOZN LV EWlER LT Lo T, 74 7 7 =7 Ol
RGPt S Y YN EBAAETAZENELLNR, ThHD 8 V37 B A
e & 5 W IAHTEM /R LRt EICBER R 25| 2R 3 BEUY D 4,

Furugouri B & OO RN EEIRE LT IA AL 4T vEATH
SELTARE 2 A O TE R IMER B ER40 ng/mlITH Y, MAEFFEO LR
Wk RHE LTV (23,43) o L7245 T, AEFRTH% L/ZABC
ELISAIZ W ¥ IiEFt PEIC + 0 DEEZ AL Tz, Furugouribid v 1
BRtHEDED DI TA AL T vEA (23) BT VLALLM L/ T vt
£ (43) ZBFKLTVEAS, WTFRDELISA Y AT AICBWT S BIIEREER
o TB LT, U VMEICK AFt EICRITTRBIZOVWTHRE LTk
Vi, L2L, ARFETIR Y VIFEICHEML 7-Ft OEERPMENMEZ/RL, 7 ¥
&2 X AFt il HEDESR S iz, v~ Tk 8 X iz 75C,
15 3 OMBULEE % F 5 Z L1 X ) RS OFt il BERD R AW bR S L7z
2. FIREOHETY VIMERRBE L2 A, 7 VIMEFt OBREWHIZL L E%E
25N BIEFLIBEORIIRS Wiz, 22T VICBW TIEME 724
DFFBINTR LR TRIMLA A VREORD S Z L2 8D, Mm% (f4E) Ft &Ft
o EOMEAE Y HECTE 20E0% W72, 1V Y & i W%
(BHGBEE0.46 M) WRINL 728558, IF IS L7 Y Ft i3 & A & THIL

o e




SR, IMFIC X AR E N EE RSB SN, 05 M IRLIRBETHEL
727 3 BRBRF ¢ OB BIERL R TRINOBRBEARN A BB L7z (KR
BRET) o SO Eid, ELISA I W - TR% B CHURPUAR UG A IR 1259
CPESNE I EERT, F72. FHBEFt ORRITIZ40% RARZRE Z H\»
TWBA, ZOBEBEIZHL6 MIZHY4 T 5D TELISA THW - BRZHREE T id M
Ftidfafi Shawne £ ohb, 7<INEICBWCEHELERML T I
X AP EMBIIMBETE 20 o7z, Covell b (13) ik b, YT F, v¥BX
CEOMERS FtgEaWwE) HEwiEO R AFt EAEERT 52 &2 Rl
L. 2hoolig e Fds iy SHsgFt & OBFMIHOHTRE2 L 2
YR LT, AR TRS M EMROMBRORMHEOR VL, TYET Y
OB O MEFt & MEFt EWEOBHEDORNZL LD EEZ LML,

AWFFETIZY ¥ MM X ARt IEMEMR L MR T A2 L L TE 2o 75
L L 2d55 ., w7 T ImMEC  MAEROFt AW EVFAET 5 2 EAnrdh
%, KETIH, w747 —rrEERNFtEEWHETHLZ L 2N
NI LIRS, YT AT ) = UHF SRS L. Ft e 2 E 4
PEPIZOVTIEFARL N TV W,

Covell & (13) kv FRtESWHEIZHME ETHBIFL &R/ 2777
2. IMEFt i3l AR L2 WS £ 2 HE L 72, Worwood & (68) 131
v MRt % W CEBR A S MiEFt (Tv. =27~30 hr) 2HFAFt (Tie
=2~10 min) ICHRTHEEIIBL )T I VASNLZ LW oML, ¥
SBIUY Y OFtEAWESHSICE L UEFt LREET 2060, B LTINS
Ft LHRFt D2 ) 7 T ¥ ARBIRWD D B P BEPICOVTERRL LTWn i
Vo % DIMiED B WIS 87 B ARt AT R0 b A A5, 4
%, IOy vy EFt EOMEEHOAEBFHERE WO PICT 2 4E
D5 o
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CNFED

v TPt OREHEICRITTIMFEOEEL, 2D~ FA4 v FELISA Y AT
AEHWTHAR. VAT AATIE, —XkPifkE LTT 74 =74 RGLY < |
WFt Piik % . kPuk e U CALP BRI RIPUAKE v ¥ A7 A B Tid&hull
B LUBEERERNE L 2 E V. 7 IEICEM LR R Y ~ |
BFt OEIRIE, WTFRO YA FATHIFEFIK P72 (VAT AATE0~
71%, Y AT LB T42~79%) A%, IiE 275°CT15 A RmMEALIE§ 5 Z £12 &
DY ATFAATOEERTSEE SN (90~96%) « LPALEFL, Y AT A
B 2B A BESIEMBMEIZ L o CTh T+ i BFEI NP o7z (76~
83%) o PAETEDS X UBEOMFEFt WEMIE, MFOIMBLBIZ L Y F L <
R UL A—y~mil > 5 AR L-mEs X gz ML L wnwT
ELISA VAT AAICKDELZEZ A, MAEIME LD $10~50% HKWFt
AR L7245, BB X ), WEOFt WEMIEERL, ZITFECMEZRL
770 URIFICHEMULIzy<T7 4 7)) =7t FtllEEEEZZELCETSE
Iz E7o T AT =S VICRFt A BRI S Wz, BLEDOKRDPG,
v < MES L MBI IEFt D5 IE % HE 3 5 BAZE R EDVFAET 5
Y. F7. 747 7 = VIEFt RIEIE 2 B ET A MR RWFL KEWHET
HHIENERITO N, v VMERt WIE D72 DI B L7 mIEBEABC ik
ELISA @7 T Ft DM R 120.1 ng/ml TH o727, W% & LELISA &1l
WO L -7 (BB . 046 M) OFt JIEMIE L T & F 7 [F R
THR L MFO Z 0 X ) A IE R R L7zAs, ARt W8 8 1322 D52
W ST o7 MEFAETE L OIEFAL TOWT HICE W T b MM i
I ABIRCFtEE R L, I ICHRML 727 & MhEt O BIERIE39~57%
AR o 72, BRERIMT A EICXD91~109% 83k sz, LarL,
MAEC BT 5 BILRIZ73~87% o7z THOLDOKRIET Y VIMEB LT
MM S Ft @l s EST APt EWEIFAET A L 2T %,

s




B—=2 ELISAETHEL/EESB X OSSO MRt B NI
7 VBT IEO BFL LX)y

730>

Ft i35 T8&48 HOSKEH Y X2 B TH Y, MfBNO A% 6 I
WMEIWHETA ZEXWPLPICENTWS (2) » B FBIUTEHEZIIBNT
IMiEFt WED 72 & O R EEHBAFE S 1, MIEFt B ITARNE R SE & IEOAM
2RI EPHL L E R0 (2,29, 44,56,57) o £72. B MZBWTHE
MEFt T BUMY V7 EBIVPEE Y- —THrZ P MES N TV
(26, 66) o Furugouri Hid 7 VIFEFtERDIZODITI VA AN T Y
A4 (23) BXUOZUyHFA4a46/)T7vtvA (43) 2HBEL. LIRS,
WFLA . BHEA, WE 4SBT A AMNAE) B X OBRFEINE & IFFt = & O
BEE M DOWT s L7 (22, 23, 43, 44) o Furugouri (22) 3R ERED
RIWVAZ A VHETFOMBEFCBES LAT A EE2HEL TWAHER, ¥ VINHE
Ft JIE DR F BRI O W LI ShTwnz vy,

b MEIROIMmMEFt L VidEds e b kA L (1, 55) o HAERIZIE80~
290 ng/m1 C, BBOMFEFt LWV ED6~10 fEHVI ErHiEsnhTnws (1,
31,51) o COHRIL & ZBBIGBRZIKEICH > T TH, BEOHINT
HEREREM /-T2 010, SIBEARICES o THRE~SH s AT L %
Yo BIERDEFESEIIBEORRIEVE KL, HARHIIEE L NIVIZET
hrEZONL, LPLAENL, b FENOEWONEFIZBIT 5 MiFEFt (20w
TOFHRITEL 2\,

KETIZEETY VIMFEFt WED - OIZBS L7 EREABC LELISA = H
W, BEEAB X SRS OIMEFREL E Lz, 72, Willy Yia+
i B AP RIES L OFt B2 H5E L. v VBT ik i RoBmy
Ft DS IBREEICAAET A 2 LSO IR 072,

o




BB XU ED

[1] w7 T Ft B XUPIFt ik

v MEEt (X, BB TR A THR L7,

Ft i2ehd 28 RPKIL, -2 TR X 912y Fh Y v MRt 2 5
Ft--£77 0 —2Z4B Z HWTHE L7,

Fof favresrass ik
4570y MRIZE—FEIZHRR-FERICH - TITo7, BL. iy VR
Ft PuikiZl x g/ml TH, R & L CIER v FlgG Pifkz vz,
FUYMA M) —RBE_BEETIIA VT ARY PAF ¥ F— (CS-9000)
RV, 70y MEEDOFt N2 Fid#ES35nm TR THlE L7,

[3] 7 ik

v MBI AL B K BRI R R K b, W R RAE B XU
W TR S W FE 2T v M AR, HAEMAE, BB, AV 51 R
BIUOIhS OFMRE NI HHHERN LY ¥ —TeRINTTy b8k L
7zo Ty NEB X UHBEKBGICBOTIEYR RIERE #HEL TWE Y b b
BRI L7z, SAEERE, HIMEB X OVMIY 75 X< (Theileria sergenti) [
ek D MF & MR K HEWE ., BREE B M B X O IL 3 Bl a2 20 5 00 5-
SNz, MIFIZE—BE TR/ HEICHE - TRR L, MK F T-20 CTHHIR
fFL72

7 VB TFIMmiE idBiocell Laboratoriesf (USA) . CSL
Diagnosis #t (Australia) . Flow Laboratories #1: (USA) . GIBCO BRL #t.
Irvine Scientific (USA) 4t X UJRH Biosciences £t (USA) O#mizuy b %
Bz, BFImFEEMAR L T20C THHERF L7,

[4] Tf B X OHITE Huik

v U Tf iZWatanabe b (63) OHEIHE - THE L7z, 74 FHITL MFHIXE
— B TR A7 FEEICHE - TR L., Puy T BRI Y U FHTI 215
Tft 7 70— A4BEZHWTHR L7,

A D




[5] %> FA v FELISA B X U'ABC EELISA

T YFtHED DO DABC BB XU Y FA v FELISA 134 2|2 R7-F ik
(ZHEV, IMYEFt IRBEEIZABC KELISA. JEFIIEFt BEEIZY >~ M4 v FELISA #
HWTHllsE L7z,

DTN s Ty FELISKE 3Tt ¥ ¥ P4 v FELISA AR LT T o9
BLa—7 4 7 HOBERBPIT HiRIEPBS T5 xg/ml (ZAFR L THW, ELISA
BB IZ120.1% ¥F F >, 0.1% Tween 20 B X U80.02% NaN3 = & £ PBS % H
V72, F7-ALP BERTE HidKiZ200 ng/ml OBETHW -,

[6] 1miEeedB X U TIBC DllsE

Mi#ESLB X UTIBC (dEnvironmental Sciences Associates (USA) #t#loo 7 = 1o
FAT (MiES - MFM/TIBCHBIWEY AT 4) 2 HWTHWELL

(58] &

[7] 7 T iiEF: $lE

v VI IMEL ml (R RBTY MRt PR 50 1 g B X UPBS TH50% (28K
L7874 27A 77 0—ACL4B (Pharmacia) 2001 (FV100ul) Z#
mL4C, —MisBBEEE . FIRT1400xg, 30 &G LA, Ft—Hifk— 70
74 YA &7 70 —ACL-4B &M E HEixBEAF KA AK (200 mM NaHCOs,
150 mM NaCl, 0.02% NaNs, pH8.2) T2 MIPE#HH%, 200103 N HCl (iR
2NHCD IC&DE77u—XIZHEML37TCTL BHA Y F 2~ L7, &
D%, EESOu ]l ZHHWTHCIIC X DR LA-Ft8kz 7207 A T THIE L
Fady

[8] J5TFIMiEFt DConA ~DiE S EER
v 3 BBTFIEFt B X 0ConA DOFEA 1ZConA £ 77 U— 24B (Pharmacia) %
H\W T Worwood & (67) OHEICHE> THIE L7,
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CRERD

[1] fEaRIIE PO IEFL R

2 UL ko Ik (n=69) DO UEFt i f7-& 25, FHl+
SD=46 28 ng/mIT&H - 7= (Fig. 10) o 2 AL O ORI b 2B 5
M{EFt O ELBYILEIRL » Ao O FRL. 4 » HEEIRMEIRY X W A B
N EZR L, 5 » A CIEIEERFOH 1/2 FTICRAD Lz, 2064 LAM
EZHE U7225, FERERA LAV FCIEE Lo 7z, MTHEFt R AR IRk
kg & IEOMBME/RT 0D (2, 29 44, 56,57) . BHEOIMEFt RO
DVIIIEF DB I ) KNS R O 5 L E 2 b5,

[ 2] &AELIHF D MTEF IR

MEFt I REB L OEFE ~— I —THL PO TS (26, 66)
Fig 11 127”35 X9HIZHIMAK (1494130 ng/ml, n=14) B X PRAEMRR

(6563£530 ng/ml, n=7) IZBWTIHHEFt HIZIEF L ~SVIZHARIERIZ BVl
ER L7z T, MBI T 75 AR T MiFFtiBE 1341545337 ng/ml (n=
13) EIEE L XVICHAREFICHEZ R L7,

[3] U VBETFMFICBT AFt B X OgkiBE

fa BT 5 MIEFE ASTE £ D SRS 5 L T A 0EBEr e fi<5s 7-012
¥ FA4 v FELISA T13 By FOWHRY UBFIFEDOFLIRE ZHlE L7z, M
{HFt =B OFPHIL800~6,000 ng/ml , € DOFHfH +SD 1£2,300+ 1,500 ng/ml
ThHolz, MFKIBBEDOFPHIL1.56~3.37pg/ml. € DFH1L2.40+0.63
pg/ml THolz, MHEFt R & MFSKREOMIZ T WCIE OB (=
0.8855, p<0.001) 25D L7z,

[4] 7 ¥Rt Sk

TR AMEFERIREO#PI20.16~0.96 1 g/ml TH Y, Fig.
12 1R £ 912, MIEFt IR & IMEFt §ki8 BE O BN IEFER I\ IaE o BT
BB STz, LT |

MR SRR
TR

e
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Fig. 10. Serum Ft concentration in cows during pregnancy.
Figures in the graph indicate the number of animals.

@®: pregnant cows over 2 years old; l: non-pregnant cows

over 2 years old; *: significantly different from non-
pregnant cows (p<0.05) by Student’s t-test.
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WX DRDOLNEFt ShERIZIMEF IBEIZH DD 5L TH20% & —ETHo 7,
Fig. 13 1R 3T X IMESICHED A MEFt #D H51388~285% D& PHT
HY CEHE ;178 +6.0%) . IMiFFt BEE & A Z I BBIBM (AR L7,

[5] UV BFIEFt oY 7=y b

Fig. 14 &7 YEFIiEe oy v BLXPT Y WBFtOA4 A 70y MR IR
Vo BFMFFtOLBLXUHY 7=y O TEIIEEFtOFNR S EF U T
DolcsA DL TRy PPt 7=y FE VS EROBAEIC Wl
WOINY RPENIZEIM SN TZ2S, T 0Ny RIZIER Y 3 FHik 2 Hw T
bR S, IR RN LRUNMI XA 0 Ez N5, BTFIMEFt DL © HI
i1 :0.03~1:027 DFPEHTHY, LYy 72= v FMEETHo 2, Tz, ¥
VIEFMEOL ml L ConA 77O —2A4B &4 v Fa— Lz E, KBTI
HFt DConA ~“DFEIL10% LLFTH Y, BT IHEFt idConA I2IE & A ERUS
Lol

[6] 7 VHBTFIMEICBIT AT BES X OT fufll g
U URBFICBITAMETIREIL18~22 mg/ml OFPHTIITETHY) . £
DOFEEIZ2.0£01 mg/ml THo7z, TIERE L FtiBER X OISk M
GAHBIHEIERRD Doz, VBT IC BT, B X UTIBC I2F 5

T AFt kO EAHD T, T fuFlE L
ik ¢k —Ft $ o
TIBC—Ft %% X
WX DEHE L7 (30) o TR IZ548~917% & RECLE L, IMIEFt B

EREAIS BB A L7 (Fig 15) .

.
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Fig. 13. Relation between serum Ft concentration and
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Fig. 14. Immunoblot of fetal bovine sera probed with a
rabbit anti-bovine spleen Ft antibody. Samples are
purified spleen Ft (100ng, lane 1) and fetal bovine sera
(lanes 2-7). L and H are Ft subunits. Anode at bottom.
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FurugouriBX OO EMEEH LT A4 L 24T vt A THEL -
BB OFHMFBEFREIEIN40ng/mI THEEHREL TS (23,
43) . BT ETHS L72ABC EELISA THI%E L7 2 F Dk oA 7z BulE Ak o i
TEFtIBEI1Z48+28 ng/ml TH V. Furugouri b DA L2MFEFt LX)V & DJH]
WCREREIRS Neholz, v VIMEFt IREEIZ AR TR E 2RO hi:
A5, T OZEE)NIFurugouri H (23] OGO R OIS,

EMIZBWTEFt WRIEB LR ~— 1 — 12 W5 Z & ST
W5 (26, 66) o EEMEBEEOIMFEFt O AT A A X HHNR
BB DRt 73 d 5 Wi JEFHIEN OFt RO L2 b D EEZ LN T WA
(66) o 7TIZBWT RAEMEK BB X UHMMKRA O MEFt LXVASE 725
ZERRD LNz, IO T 5 A EREIIBWT S MIFEFt IR 412
HRIFEICEEZ R LIz, /MUY 075 X< BITRIMERORIRIZ L) EHE
DEMZEL., BEELZHEHICELIRATH S, ZOEMITHEMPEREINTDH
D, Fr/U Y075 A< BEYAC X 5 RE RSN O KA (LB S
L5, Sibille & (54) i&in vitro T2 v /S—HflBICRMERE BE &, TORMN
EEMPE A U F 2= T B LV IERE TV, 7 v - HBOARIZLD
MBS N7-8kDSFt OB THRUN S e, IFEEMRICID AT S Z &, B LU
DAFNLFtDY NI HBRIEFTA VS — A THAREN, Tf TRONE XD &
DA ZvBER (15) 2RV EERHO I L7z, S O8I PHIE
F. BB TER I N RINEROANEZ O U EkBFL kTR S A, 1
W% BT A~BAT L, IFEEMIICIDATNEZ E2RRY S, LIZH o
T, AR T 7T A< Bged 12 BU A IMIEFL BEO LA /RI0BRBIEAZE L <
T L. BENCEAE S N-F ASIIICEE S - EICHA EE X LN,

Furugouri® (23) 1Z#FiR4~9 » A OO IMEFt LX)V 134935 ng/ml, I
HEEL SVIEHL1.7 g/ m] CTHEBEBIIVNS W L 2HE LTwh, AT
WES T VBTFIMiELS Oy b OFMEFt WAL R X D #65 A58
o F 7o, ERHIMIESIRE LI 40% B EH L ICR o7, B
MIBWT b BROMERt B X OMiE SRE T s BB L) B & DT
BEEhTws (1,20) o VB FIEBYA2MBETIRAMEILE0~




95% @<, ThIZ17T AL Lov PRIETHE SNTWA T fufliEF60~
95% (20) &—,F %, b MENOIFEFtIRES X OB/ EBIMEFL tLidkh
EnE EBI ERA L, HAERICRD Wil (MEFt @ 80~290 ng/ml, J58 /8
M{EFt I 1 6~10) IZET A EDHESN TS (1,31,51, 55) - WlRIGT
MEITEZHTHE » AU LOKBTF208L, VY= vah-dbodruay b
ELTHRFEE N TWA DT (JRH Biosciences #LD #AEHR) . AR 0
TOmMFEFt . MHESKB X OTHIREDOZAL 2 AMIEN LM A Z LI TE 2V, 1
BRGD T OFHIMIEFt B D14 ng/ml (44) 3G ShTBY ., HAERRIC
FEFHAOMEFt 25 LBD T A ez bh, BTWINEFt 2584 F 7-14
ERICBIT LA 2B L Bbh b,

TVBFIMEF EN20% OBVWESKEEEA L, MEKICHO AFt
KOHFE D FHH1I8% LB/ b, YV TFIIBW TIZMEFt 258k
kI KESHEG L Tws e HEINS, b MERIMEFt O8kE = ITNE
SNTWWnzO, MEKICED AFt SkOFGIIH 6 0 TIE WS, II#EFt L
NUVHR S B 2ANBHRFICBW TRt SkE®mAW20% SREL TS, Frgkidim
HEROME2~4% 2 HO BT E 2\ (31, 51, 62) .

Worwood 3B X OO I FEMIFEF X IEH © b IEH OFt 258\ #46 TConA &
RETAHIENS (14,67) . b MNEFISHERFt O HB X OV L S0 12 b 8K
PR Eh7eTa=y bEGOGI EEHOPIC LA, LY LRSS, vV
FIMEFt DT & A EDConA EFIS Loz, LchEo> T, 7 VB TFIEFt
IS E T hnEEZ LN,

Lamparelli & (34]) IZHHRENEY FIZ¥Fe B X U] T )V L 7-HBEFt %
BRI S- L, 5 K1 Fe D71% HSIGMB X UM TICBAT L7225, 1 id4
CHEFITEBITET, 21 BFHEFTICZDIIRE AL THIBBORPIZEH LI
CEZHEL TV A, L7dio T, vV BFIMFERICHIBEICHFAT AFtIEH
BHERTIE RV EHERIND,, EFt IREIE AN RSk & & EOMBM 2R
b (2, 29 44,56, 57) . VVRBRFIEO R VFt LXVIEY VEFHO &
WEFRSE T BT 5 EEZONS,
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2 ¥ L E oW O fE g B B A MEF MBI AERL » H #6225 TR L.
RS » A #CIdIE MR ((FI44l +SD=46 +28 ng/ml, n=69) O #1/2 $T
B L7zo £ 0% R U 2245, 2 F P EOFEHIRFOFt L)V T
FEL o, RIEMEE (5534530 ng/ml, n=7) . HINHK (149+ 130
ng/ml, n=14) BIUONMIE T 75 X< (415+337 ng/ml, n=13) IZBWVTIM
HFAIZIEF ISR WEEZ R Lz SIS OFERIE Y VIEFt I RIAER X O ES
=AW=l hZ s, BIU/NE DTS X VHIEFIIBW TIRN RHNE M
eI s L ZRRT 5, Y VBEFIELST Y MIZBITAFt LAV
800~6,000 ng/ml DFPHTH o 7z, HFeih UL X 0 ll5E L 72 MIKF t $65R B
130.16 ~0.96 g/ mIDFHTH o7z, FtERETRIIFIBEICI DD L TH20% &
HiEZ R L., FtEkiZImiEgko88~2856% #5072, FtEkEE & IMEFt IRED
BT IZ B VIE DAY SRR & 7z (1=0.9398, p<0.001) - JETIMEHDOFt
DConA ~NDOFFIFIFEA RO N o7, MEFt DL BIXPHED T
IMEFt DZFN S LRI THY . LEPEH TH o7, MFHTI WEILL8~22
mg/ml LIXT—ETH o725, Tf fWAIEEIE54.8~91.7% & K& SAEH L7, MM
HFt iR & T A OB IZIZ & WAHBY (r=0.8864, p<0.001) 25O 5
720 LD EDNPG ., YV FIERVEER L NVEAT A Z L, B XU
Ft 1T IMBARER RO AICHF 5T 5 2 EAVRR S /e,
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Ftid24 B THTFEN48 HOSKIEE Y VX HTH A, Ftidfifa g >3
JETHAHD, MHPIZSWMEICHFAET 5, MIEFL BT RN RS EORET
HY, TR LTEENEBETERT A, 2612 MERED MEFt L)V
bR DOMEITE & BIZEAT A, ¢ PO O BT IZBT B BTFFLICD
WTOFEHRITEL v, ERE Y, MiFED 5 WL IRt HE Y 237 BT
L. Ft OREENIEICEEL 5 25 2 EITRBR I N TV, K Tidy
TFt ORERE L RREAMZENEREHO ST AHNT, 3. 7 Mt 05
FHIREHOSIZ Lze RICY VB XY <Ft ORELNNEE 2L, &
T A1MEB L IO BRER R ER/7. 2L T, TOWEELEEZHNT
fEEB X OHHEERFOIMEFt REEZNEL 72, 0107 VBTFIEFt D5
FHIRZW O 202 L, K IEFt OG- FRERIMBCR (BT 5 AR EENC D
WTHRE L7z SRODEEICOWTIHUTOmM ERHEINL,

1) SDSPAGE IZBW T YFt 7=y s OBE)EITMBOMFLEFt 1 71
=y MCHRHTH L DIIMICERT A220E2HOPICT A, vV R
I A gtll cDNAGA 77 — oW L/: 7V Fty 7=y FeDNA 70—V
OWBERINZRE L, HESN Y VFtY 722y b7 2 BEEH % BEHRO
MOWILEFt V72 =y bOT7 I JBEASIE HB L7, HBXULHIZZENE
N180 BL U174 7 IV MFRETHER I, 73/ BESI2» L8NS /- HH
Dor¥E13£20,920, L§41319,856 Tholzo VY HEiE ., Ty FPBIUY
v AFt HEHOMOMEMHIZENEN191%. 92% ﬁi(ﬁ%% EErolze HB X
CL#MOT I BESOMEMIZ54% Tholzo VY LIEY~, B FBX
O FFt LEEFULTI / BREBTHY, v & o~ e b BIPUHF
DO LSEOEF LB TIidehehe4 i (BHIAHEM, 86%) . 28 fl (84%) B X
23 (87%) D7 I VBEEWRSR O Nz, T BB DHWIIRTTF FOF
AFEREEEDON P oz, YYFt Y T2y MdConA &I L 7%
oz NF 2T NVA-BHMBIEHERTHEHASEL-HB X UL #%SDS
PAGE WX VT L= &2 A, BEHBLOLEOBEIEIL Y VHEFt O h
LEEL P UTHo7, LEDOFENS ., SDSPAGE IZBWT Y ¥ LMD
WFLEE L 81 BRI B O IKBY S A DId . R, BIBMIZERZ o T 5
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0

2) URFtHRENEICRITTIMFOREL., 2D} FA v FELISA ¥ A
TAERWTAR, YATAATIE, —RPERELTT 74 =748y <
WIEFt Pudk 2 . — k¥udk & L TALP %%Ef%%émﬂ%}ﬂvx v AT A BTikeih
Mm% B &L OB FEER g 2 2 2wz, o~ mEICHRML By <
MRt ORIERIE, WTFhO Y R T7F A THOIEFIE -7 (AT AATE) ~
71%, AT ABT42~79%) », MiFE % 75 CT15 % M & 5g
TAHZEIWLID VAT AA TORINRITSES N (9o~96%) ol L
G, VAT A BB ARG MBAMEIZ Lo TH T mITidtiE S
ol (76~83%) o %ﬁéz%,%is;mﬂz%@m«%mﬂl SEAE L, I
OMEAMF L NFELL R L, ThoofFRIE Y < IiFICIEFt il E
T ES L BICAZELRYEPFAET LI L ZRRT 5,

3) ELISA Y AT AAIWCEDHIE Ly~ mEOFt PEMEIMFEOZ L LD
$10~50% RWFtEZ 78 L72A5, WiE 2 e (75°C, 15 min) 542 &I
£, ThooFtllEMIEER L, 3ITFECMEZ R L, 7 ~IEICHML 7
BRGNSl BB SR L e B 4T S
TPt RENEEZHEL, Ft L KET 52 ERMEI N, LLEDOKED
L. 747 =7 idFt SRl % B ES 5 MRV Ft R EWETH 5 2
VKR O b7z,

4) ABC o2 HWTY Y MEFtHED - DELISA 2% L1z, ML 2 &L
B CAR L 72 (AR ©0.46 M) OFt WEMIIHRE & & % 72\ [l#k
R THRL-MEOZN L D AEICH W EZ /R L7205, MRt 2 13052
DB ZT I2dro Too MEFAET BLXOEFETO T IIIBWT S IHE L
IMF & D EEIRNFEZ R U7z, {EICEM L7z D & BigFt O EHER 139~
57% LKA 57225, MEZRMT A EI2XD91~109% (3 Shiz, LA
L. MB8T5 BEIERIIREFAETTH73~87% Lo 7z THODKEE
EY T mER X CImMAECFt SR EZ HEST APt MG WHEIFIAET 5 2 & 2R
B35,

5) IM{EFt Lvide DL E o 2 IFtE ikt O MiEFt i (F¥fE £SD=46
+28 ng/ml, n1=69) ZHT, HIMHKE (1494130 ng/ml, n=14) , KAEHKE
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(663%+530 ng/ml, n=7) BIXF/PIBET 75 X< (415+337 ng/ml n=
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SUBE~— -2 iBa2 ¢, BIXONUIEO 7S5 A RELDBFt L
VAN R DIEFE 2R MIRO B RITER T 5 Z L HATRIR S N7,

6) Y YBFIE1L3 Oy MBI AFt LX)Vid800~6,000 ng/ml DO#d
FTH o7z RIBEFESICIZ X D JE L2 MiEFt Sk 130,16 ~0.96 xg/ml T
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BIOCHEMICAL STUDIES ON BOVINE FERRITIN
Kouichi Orino
Laboratory of Biochemistry,
School of Veterinary Medicine and Animal Sciences,
Kitasato University, Towada, Aomori 034,
Japan

Ferritin (F't) is an iron-storage protein with a molecular weight of 480,000.
Ft is an intracellular protein but also present in serum. Serum Ft
concentration reflects the amount of storage iron in the body, and increases
in inflammatory and malignant diseases. Fetal serum Ft level increases as
gestation progresses, but there has been no information about the fetal
serum Ft in the animals other than humans. It has been suggested that
serum or plasma contains Ft-binding proteins which can inhibit
immunoassay of Ft. The aims of this study are to clarify the molecular
structure of bovine Ft and to assess the pathophysiological significance of
the serum Ft. For this, first, I studied the molecular properties of bovine
tissue Ft. Next, I investigated inhibitory effects of serum and plasma of
bovine and horse on ELISA of their Fts. Finally, I measured the serum Ft
level of bovine with various diseases and also of bovine fetus. The results
are summarized as follows:

1) In order to clarify what causes the reversed mobility of bovine Ft
subunits compared to other mammalian Ft subunits by SDS-PAGE, the full-
length ¢cDNA clones for bovine Ft H(eart)- and L(iver)-type subunits were
isolated from a bovine spleen Agtll ¢cDNA library using anti-Ft subunit
antibodies and sequenced. The bovine H and L chains were complosed of 180
and 174 amino acid residues with calculated molecular weights of 20,920
and 19,856, respectively, based on amino acid sequences of the H and L
chains deduced from their cDNA sequences. These molecular weights of the
H and L chains of bovine Ft contrast with those of the H and L chains of the
Ft determined by SDS-PAGE (H : 18 kDa; L : 21 kDa). The H and L chains
have 54% amino acid sequence homology. On the other hand, amino acid
sequence of the H chain shows 91, 92, and 93% homologies with those of
human, rat, and mouse H chains, respectively. The bovine L chain consists
of the same amino acid residue number as horse, human, and rabbit L
chains, and amino acid sequence of the L chain also displays high
homologies with those of horse, human, and rabbit L chains (86, 84, and
87%, respectively), with 24, 28 and 23 amino acid substitutions,
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respectively. These sequence comparisons showed that there were neither
insertion of amino acid(s) or peptide(s) in the bovine L nor deletion On
lectin blotting, bovine Ft subunits did not react with concanavalin A,
suggesting that these subunits do not contain carbohydrate chain. When
bovine Ft H and L chains were expressed in Spodoptera frugiperda cells
using a baculovirus expression system, the expressed H and L chains
showed the almost same mobilities as the respective chains of bovine spleen
Ft on SDS-PAGE. These results suggest that the much slower mobility of
bovine L chain compared to other mammalian L chains on SDS-PAGE may
result from significant differences in the binding affinity of SDS to these L
chains.

2) To confirm the effects of horse serum on immunoassay of horse Ft, two
sandwich ELISA systems were developed. In System A, affinity-purified
antibody to horse spleen Ft and its conjugate with  alkaline phosphatase
were used as the first and the second antibodies, respectively. In System B,
whole antiserum and its conjugate with the enzyme were used. The
recoveries of horse spleen Ft added to horse sera were very low in both
systems ( 50-71% in System A; 42-79% in System B). However, heat
treatment of the sera at 75°C for 15 min improved the recoveries ( 90-
96% ) in System A, although the recoveries in System B were not improved
sufficiently by the same treatment (75-83%). The apparent Ft
concentrations of adult and newborn horse sera increased by heat
treatment of the samples. These results indicate that horse serum contains
a heat-unstable substance(s) which inhibits the immunoassay of horse Ft.

3) Ft concentrations of horse plasma determined by System A were 10-50%
lower than those of the sera. However, Ft concentrations of plasma and
serum were elevated to the almost same levels by heat treatment. The
apparent Ft concentrations in horse sera were markedly decreased by
adding horse fibrinogen to the sera. It was also found that horse fibrinogen
bound to spleen Ft and inhibited the immunoassay of this protein. From
these results, it is concluded that horse fibrinogen is a plasma-specific Ft-
binding protein which inhibits the assay.

4) A highly sensitive ELISA for bovine serum Ft was developed using
avidin-biotin complex technique. Estimated Ft concentrations of bovine sera
were increased when the serum samples were diluted with an ELISA buffer
containing 0.5 M ammonium sulfate, whereas those of bovine plasma were

not affected by ammonium sulfate, being lower than those of serum
samples. The recoveries of bovine spleen Ft added to bovine sera were low




(39-57%), but were improved by the addition of ammonium sulfate to the
sera (91-109%). However, in plasma, the recoveries were still low even after
the addition of ammonium sulfate (73-87%). These results indicate that
bovine serum and plasma contain Ft-binding proteins which disturb the
immunoassay of bovine Ft.

5) Serum Ft concentrations of cows with leukemia (n=14), inflammatory
diseases (n=7), and theileriasis (n=13) were significantly higher (149 + 130,
553 £530, and 415 =337 ng/ml, respectively) than non-pregnant cows over 2
years old (46 =28 ng/ml, n=69). These results suggest that bovine serum Ft
may be inflammation and malignant markers and that high Ft levels of
theileriasis caused by Theileria sergenti result from the activation of
reticuloendothelial system.

6) To elucidate physiological roles of serum Ft in bovine fetal circulation,
the levels of Ft and its iron in fetal bovine sera were estimated. In 13 lots of
commercial fetal bovine sera, the Ft levels ranged between 800 and 6,000
ng/ml. The serum Ft iron concentration measured by a quantitative
immunoprecipitation technique ranged from 0.16 to 0.96 £ g/ml, and the
iron content of F't was about 20% regardless of serum Ft concentration. The
percentage of Ft iron to total serum iron ranged from 8.8 to 28.5%, and
correlated significantly with Ft concentration (r=0.9368, p<0.001). No
significant proportion of the Ft in fetal serum bound to concanavalin A.
Immunoblotting showed that the molecular sizes of H- and L-type subunits
of fetal serum Ft were identical to those of H and L subunits of adult bovine
spleen Ft (H : 18 kDa, L : 21 kDa), respectively, and that the L subunit
predominated. Serum transferrin level was relatively constant (1.8-2.2
mg/ml), whereas transferrin saturation varied from 54.8 to 91.7%. There
was a significant correlation between serum Ft concentration and
transferrin saturation (r=0.8864, p<0.001). These findings demonstrate that
bovine fetus has the elevated iron stores and that serum Ft may contribute
to the iron transport in the fetal circulation.
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