5 3 = Y VA 94

NLX Y- 7TAFA F—FA oy

FRIAEESICAHEER
oSk % E ¥ 5
£ K bt ¥ B =
M =5 & =




LR g

NLRY—MiEPD T AFAF—EFA1 Y~
BRI ES XUCRHERBRIG

B 4 £ 1 H

WRRFRFEE L EHE
(FRE & E & E H#R)

m B & =



NLRE—EEPD ST A F—EA e R
REEME s UvatERIs

LK FEREFEE HEALFHE
(SRS i —
(% - & F & EER

Proteinase inhibitors in hamster plasma:

Purification, properties and acute phase response

Shuji Amemiya

Second Department of Biochemistry, Kinki
University School of Medicine, Osaka, Japan

(Director : Prof. Hyogo Sinohara)

ABSTRACT
In this study three proteins with trypsin inhibitory activity were purified to
apparent homogeneity from hamster plasma and the changes in their plasma level
after acute inflammation were examined. a-1-Antiproteinase had a molecular mass
of 68 kDa, and inhibited elastase, trypsin and chymotrypsin but not plasmin,
porcine pancreas kallikrein or guinea pig plasma kallikrein. Countertrypin and
pre-a-trypsin inhibitor had a molecular mass of 55 kDa and 120 kDa, respectively,

and both inhibited only trypsin. The pre-o-trypsin inhibitor consisted of light



(25 kDa) and heavy (90 kDa) polypeptide chains, which were dissociated by
chondroitinase ABC treatment but not by heating at 100°C in the presence of
sodium dodecyl sulfate and dithiothreitol. Thirteen amino acids of the N-terminal
eicosapeptide sequence of both light and heavy chains were identical with the
corresponding regions of human serum pre-a-trypsin inhibitor. After induction
of inflammation by intraperitoneal injection of Salmonella typhimurium lipopoly-

saccharide, the plasma level of pre-o-trypsin inhibitor increased and that of

murinoglobulin decreased, but other inhibitors showed no significant change.

Key Words : a-1-antiproteinase, countertrypin, pre-a-trypsin inhibitor, hamster

plasma, acute phase response, inflammation
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Syrian hamster # % {A&E 150-220g %, ZEREETFTOFEBEZE (FR2B + 1
T, WMESS+ 5% OHFRAHRET ) ks T/kEK, BEEGER (HBEBF —
2 ) THHEL K. RO, diethyl ether BM T COMA 51774, i EE #l
& L Tethylenediaminetetraacetic acid (EDTA) 10mMZHB W/, M3
{3 3000 rpm, 30RELDEEL % -80CIc TREL ..

BLUMBLERZOBALILTOLES D THS. EDTA, (P-amidino
phenyl) methanesul fonyl fluoride hydrochloride (APMSF ) ( I t#li%E )
; Blue cellulofine, chondroitinase ABC (Proteus vulgaris) ( HALZ¢
T#% ) ; hydroxyapatite, CM Affi-Gel Blue (Bio-Rad Laboratorie) ;
Sephadex G-100, G-150, Q-Sepharose (Pharmacia Fine Chemicals) ;
Toyopearl HW-65 (Tosoh) ; porcine pancreatic trypsin (Biozyme) ;
porcine pancreatic elastase, porcine pancreatic kallikrein, human
plasma kallikrein (Sigma) ; bovine pancreatic @&-chymotrypsin
(Worthington) ; human plasmin (Boeringer) ; benzoyl-tiL-arginine
p-nitroanilide (BApNA), Succinyl-L-alanyl-L-alanyl-L-alanine
p-nitroanilide (Suc-(Ala)s pNA) (Peptide Institute) ;
N-glutaryl-L-phenylalanine 2-nitroanilide (GpNA) (Research
Organics) ;

H-p-valyl-L-leucyl-L-lysine p-nitroanilide (S-2251), H-p-valyl
-1L-leucyl-L-arginine P~nitroantilide (S-2266), H-D-proryl-L-
phenylalanyl-L-arginine p-nitroanilide (S-2302) (Kabi Vitrum) ;

lipopolysaccharide (Salmonella typhimurium ) (LPS) (Difco).

2. F &
2.1, BRIk

sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS



-PAGE) i3 Laemmli6 @, native-PAGE i3 Davis 0)75‘[%7 IHE - TIT 5 -
fe. ZBABKIKEEE Yamamoto b DK% | L T - 72,

2.2. 7074 — CHEFEEAEG:

YTy HEESR, 757 v vORB S0 i0.2mg/ ml trypsin
1041 £ 50 mM Tris-HC1 buffer, pH 8.2 50041 /%, 37Cic T 5 535 4
¥ a~N— b U7k, BHHE 1mM BApNA % 5001 A 37T IC TI0 RIS & &,
RBRIC30% (v/v)BEER 2501 ZMMA TRIGZE L S € 410 nm QWL E Z R E L
. AHORBE Lo 74 - CYORBBICL > THAEOREBE L BRURIGHER I
BMHZELR . &7074F —CHEEMZNET 20 AVLEEE, UT
DESIDTH B,
elastase, Suc-(Ala)s pNA ; chymotrypsin, GpNA ; plasmin, S-2251
; pancreatic kallikrein, S-2266 ; plasma kallikrein, $-2302.

2.3 IM#EIERE

BRLEE o751+ —F4 ey —%0 0lmg %, complete Freund’s
adjuvant LI RE TS FICK TEHL, 2 BREE booster ZEML 7.
Ouchterlony i K THA v e £y —IE T ZHADBTETVEEE AL
7z® %, pentobarbital €M F THIMEZHRIL 7.

2.4 RfEDOE LA

LPS % 20 mM phosphate buffered saline, pH 7.0 (PBS) lci @ L, 1
B{EIC> X LPS 200pug 2REREANES L /.

2.5, Ifioh 8 R R E B

LPS dF&fmi, LPS A#H#% 0.5, 1, 2, 3, THOZHATSEDO NN LR
7 —#» 5 diethyl ether BB T TOBERIML 2. MFEPFOESI Ve s —DR
Bildory FEBRSE T TRIEL 2.

2.6. T/ BOW, T/ BRENDH

7 3/ B9#id Applied Biosystems derivatizer amino acid



analysis system 420AZFVWTITH -7, T3/ BEMNIBELLEQ%E
SDS-PAGE L 7% PVDF membrane K% L, ZM4$ 5/ FE2YodH L
Applied Biosystems 477TAICH T TNKIE20EO T 3 / BEFIAREL 2.
2.7 avfFoqF+—-¥H0HE
Pal 1.8 ug & chondroitinase ABC 0. 02U % 30 mM sodium acetate,
10mM EDTA#%A4% 50mM Tris~HC1 buffer, pHS8. 2 T 37C 307N G

X,

#= R

. ¥ =

LI, a-1-7vF7o0544+ -+ (AP)BLUA Y5 —1+ ) ENACT)

DFFRY

TNTOBMEIFACTTITE . BBELINL X5 -5 (35ml) %, 50 mM
Tris-HC1, pH 7.5, 0.15M NaCl TE#{LL 7-Blue Cellulofine ® % 7
LH (4 X24cm ) ih}, #Hi#E4O0ml/h TE buffer 2 LA, ZED % 10 ml
TOFML, BESD280nm TORKEE, trypsinfHEEBEZREL 2
(Fig. 1. A). i d -84 (HE4 21-50) 2 &%, [H buffer TEEIL L
hydroxyapatite # 7 & ( 4 X 12 cm) i/ F, [@—buffer THELILDL,
sodium phosphate buffer, pH 7.5 DEEHR (5-200mM)EZHWTHE H &
#7 ( & 30mli/h) . AHE%E 10ml $©2H5HL, EHIC 280 nm TOWREE &,
trypsin HEEW® ZREL 2 (Fig. 1. B). &ic, EHE S (34-39) 2 £ 80
FHMM LI THEFT L7z, SORVALL RC2-B SS-34i7T 10, 000 rpm, 10
FEEODBEL TESOBE, NEOD buffer ML, Sephadex G-100,
G-150 (M1 : 1BEWM) DA 54 (3X155cm) ik, 50 mM Tris-
HC1, pH7.5, 0.15M NaCl buffer 2B\ T4 E LRBICE®ZAE L 7 (
Fig. 1.C)., EHDdH -7~ ME45 (59-64) #%E» 50mM Tris-HC1, pH 7.5
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Fig. 1  Purification of AP and CT
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buffer XL 3 HBH Lic. RICZDONMK%E, 50mM Tris-HC1,pH 7.5
buffer TE®HIL L 72 Q-Sepharose # 5 4 ( 3 X 6 cm) iKH P iR&E24ml/h T
Ebuffer 2 L%, 0-03MDONaCl BEABE CHAL SIS L. EHEAET
3L2o0r - BHEL, BIAOE—-27R3CT%:, BADODE—-J73APE28A
TW/i (Fig. . D)., 2CT%9d, BHDOE— 7 Dy (46-50) %D
Immersible CX~-30 Ti## L, PD-10i T 25mM piperazine, pHb5.5 IC
buf fer 238 L 7%, [@ buffer TE#IL L /2. Q-Sepharose # 7 & (1 X 40
om) Ie 4> o, i 15ml/h CEE AL buffer #% L 728, 0 - 0.3 M NaCl
BEARICTANSYE, BIEMBRESAP»HESNHT (Fig. 1.E). ¥/7APLHE
BELEFIAT, GiAOE -7 (28-34) o3 CTHERINK (Fig. 1. F).

.2 Fvatb )7y vs4veesy — (Pa’I ) DXEHY

fREL 7oz — M 35ml % 50mM Tris-HC1, pH7.5, 0.15M
NaCl buffer T &1t L /- Q-Sepharose ®H 7 4 (2.6 X 10cm ) &» i, [F
buffer %L 7c%&, ## 40ml/hiCTO0.15-0. 50M NaCl BEARTHH &
i, BHEAS5ml FO2HL 280 nmTORKE L trypsin HEEW L RAIE
L7 (Fig 2. A). EHDOH - 2@ (39-48) 2% Immersible CX-30 T
B L7k, 50mM Tris-HC1, pH 7.5, 0.15M NaCl, buffer TE#H{LL
7z Toyopearl HW=- 65 75 4 ( 2.6 X 95 cm )it » ¥, [6 buffer % & 25 ml
/ATH U, HHE%E5ml © 298U 280nm TOWEE & trypsin AEEH:
ZEBRICHIEL 72 (Fig. 22 B). EHDd - -EH 4 (76-83) % 50mM Tris-
HC1, pH 7.5, 0.15M NaCl buffer THEHILL 7z CM Affi-Gel Blue /1 5
& (1 X 38cm ) ichld, Blbuffer 2 #E 10ml/h TH LA, ZEOESH» S
RIEMBESPal BN (Fig. 2. C).
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Fig. 3 Native-PAGE of AP, CT and Pal
Lane 1, AP ; Lane 2, CT ; Lane 3, Pal

)

2. AP, CTH&UPaloiE

zh#Zho4 ety —idnative-PAGE, &y, FH&Ex P SDS-PAGE T
M-ty FELTHKkB SN (Figs. 3-5). CTEPalRBIEFITHBELY
T, BHDOSI Bt i—nNy FTHBY, EKICCTE 280nmDENE » H
CHIE ERT3ADGH -7, SBEBIRKFTEZTNZTOHAD Y FELT
kBIh7c (Fig. 6). £ FAPZ2EEAETKEH TS L EEmicrohetero-
geneity D= OHAD Y FiBbnzH", ~Na2s—APTIEBL g 2
YED2AREBLIGQESLNVIFDP1I~2KEDNEDATH-T. BXRIKE» S
KON FREEES I Table 1OEHDTH%, AP i3 elastase



Fig. 4 SDS-PAGE of AP and CT
DTT, Dithiothreitol ; M, Molecular weight marker

DTT(-)
M Pal
kDa
94 [ Yy
43

Fig. 5 SDS-PAGE of Pal
DTT, Dithiothreitol ; M, Molecular weight marker



Table1 MW and pl of AP, CT and Pal

AP ) Pal

MW(Da) 68,000 55,000 120,000
pl 4.06-4.14 4.25-4.30 4.30-4.37

Table 2 Inhibitory Spectrum of AP, CT and Pal

AP CT
elastase (porcine pancreas) ++ -
plasmin (human plasma) - -
chymotrypsin (bovine pancreas) + -
kallikrein (porcine pancreas) - -
kallikrein (human plasma)
kallikrein (guinea pig plasma) - -
trypsin (porcine pancreas) ++ +

chymotrypsin & trypsinZfEL, CT & Pal i3 trypsinDAHAEHEL

(Table 2).

Ouchterony T34 Ye vy —MHAEOEBEHEHRIZH O hEL -7 (Fig.

7).

APODONRKm20BDOT I/ BENNEZLED/I-D S » b EHXTFig. 8iIKRL 7.

ErPal BEXATESMEINT, chondroitinase ABC % hyaluro-

nidase LBIL L > T2HXKDRY RTF FPRA/BRINBZT Eh D,

VRINVT 4

FREATREBLS VIS I/ TV AVEAENLT, 2KORYRTF FELES



Fig. 6  Isoelectric focusing of AP and CT
Lane 1, pl marker ; Lane 2, AP ; Lane 3, CT

i ] B



Fig. 7 Double immunodiffusion of AP, CT and Pal

1, AP ;2,CT ; 3, Pal ;4, anti AP ; 5, anti CT ; 6, anti Pal

inhibitor N-terminal sequence

it 5 10 15 20
hamster AP EDAQETD|AWK[QDQEI QA[R|DH
rat AP DAQETDITSQIQDOQS PTY|IRIKI
hamster PaI (heavy chain) SLPEGVVFDEVYNTKIGDG
human PoaI (heavy chain) SLPEGVIANI|IGIIIEVYS|ITKINSZK
hamster PoI(light chain) AVLPQEWEG|TGTGPLVRTDT
human PaI (light chain) AVLPQEEIEGSIGGIGQIL V|T E V(T

Fig. 8 Comparison of N-terminal eicosapeptide sequence



30

Fig. 9 SDS-PAGE of native Pal and chondroitinase-treated Pal
1, chondroitinase-treated Pad ; 2, native Pal

13

LTwasEZONTVWSE . T THBLALNLRY—Pal%kavFoAF
FoCNE L RERKFET S L, HTFRI2ZIO NSV FRHEA, ity TR
9T &E25 DNy FHPHBEAL K (Fig. 9). Thcho~NY FONKET $ /
REFIZREL, EbPalo7 I/ BRESEHELALLEIS, WL H20MEHP
13 —H LT (Fig. 8).

3. BM4vevres—Dr )Ty yHEEGHE
APBLUFCTHIC trypsinZ# 1 1 1 DENLTHETZDICHLPa I
trypsin : Pal=1:16DENTH-7 (Fig. 10. A-C).

4. BYERIER OREZEL

SEEMULICAP, CTHBLUPalitHd2HMEEMNTRA vELE S —
DEEZEor » MEBESKIEICTRE L., LMY BETHERLT
& - 7z a-macroglobulin (&-MG ) & murinoglobulin (MUG ) icxfd % il



A.Trypsin Inhibition by AP
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Fig. 10 Trypsin inhibition by AP, CT and Pal
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Fig. 11 Changes of plasma level of various proteinase inhibitors

after acute inflammation

The vertical axis shows relative plasma levels, the horizon-

tal axis days after the injection of LPS
The injection of LPS was done after the day 0
Each point represents the mean of five animals and each

bar the standard deviation
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HFEROTa-MGEMUGORERMASSGDLETRELR. Pald3BEK 1A
o ERLEDSHRKE—7 LD, BRAEAOK2H/ICE -7, MUGRER
RERE#ED SR LG, 3HRCREMBLILTV TARKCOSEEL T Eh -1,
AP, CT, a-MGRREBEMABLAL >, APRL2EICPPRELD, a-
MGR—AHIPPLED T MM EED 2 (Fig. 11).

B

NLZY —[MREHPS YT VHEERE OO IBEHO 0 T4 S — 1 v
EE-E2RBLZOBELZAN, REKFOREEMEZREL .

EPAPHREBEOIAFREEIN LT oFLAF—F¥4 YEEY —D—DT, 394
DT I/ BPORIZBE—-R)RTFIFEMNIBOL Y- EBFOa~Y) v 7 X
ZAE->Tw3, APOEMBRIFIRI IS -¥THD, ZDOERHIKIE
ERMESOBBEOREMSEL 67203, ~NL4X9—APEHTFRE8HT
EPAPORFERIDPPREN., COEVBHRICLIIDLT I/ BRITEDED
DPRIAHTH S, NRig220EO7 3/ BESN %2 b &7y PDODAPEHET S
&5vh&ﬁﬂ@th&ﬁ9@—ﬁLth(mg8).

CTRILRIR X7y 2AEKRVMIE»SFRIOI M) Ty vOHEHES
570545 — ¥4 ey —Ths" ., 4§, FRCABshETE, +YT
vy LDPBAFELREWZEDLDS inter-@~trypsin inhibitor (1@l ) O #EE
EbEZONIK, LAULNEXHOT I/ BEFBE BRI E, "bRy—
KOREEEZOCNIEABEMLERTAC LU EDLS, JIOEABLEEZL OGN 5,
TOHEEHNBREIAHET, 5BOMABETH 5.

Ialitglycoprotein 7 & LT Tamba ', %IC bovine trypsin
® inhibitor TH BT EMFENLT, ZOZREKKH L a - a: globulin
OMicBBHT I LichRT 5, lalid, BXHELET SDS-PAGEICTH—
Ny FELTH)REBIENED, BP—KFEOERLEEZON T,



LU 1 @l icB8#L 72 baboon liver mRNADEREY LS IEHOL Y T
FFEThH-72,®, E PFcDNAOHIRD S, Tl 2AXLUEDEAMD
K-> TW3Z c‘:iﬁﬁ?”ﬁéﬂw_“, X 5T testis hyaluronidase % chondro-
itinase ABCTRET 2L3KDE Y RTF FPANZEDbHD'?,
lalid2A&Dheavy chain& 1 AD light chain 23 v Fo 4 F v REEN
LTRERAL TV 3D TRAELH EHERMshE?, BEe tOPicR Il DED
IZ, agarose BRAKE Ta globulin DEIIKAME LD FE 12. 5 5 T heavy
chain, light chain 2 hZh 1A, SHE2Pa Il BEATZCEBRMESOL
BLAEBRTRYMN AL RS —ME»S T a ] 2EMTIHATHY 7y VHE
EHEDOHE0EEE> T El A, BohiKEYONFRIBIZETTELK
DRBEPICNEPot, £FCTLOREBM% chondroitinase ABC LEEL 7o
BREKGHL TAHILLEL A, RDFRIFL25HOFIE2AKD/ Y FHHBRL .
FhEho7T i/ BEMNEARELILETA, ErPal EEVHEBHIEL N,
COREYIZ e P Pa I ICHEYT B4 ey -THbIEBbhr -t &ML
NOEM TP ]l DEEVPHERINTLORBIHTTHD, "aXF4—-RBPalo
EENEEORIPILE > THORULEYTHSLE X 5.
AUHEEBEALLTToFAF— €4 Yy —BEIVIEBNBREEE-ST
WEPBHROBEHRL VY, KEAEVEILEVLWTOEBRERDO T 0T 4+
— ¥4 Ve by -DOBHHIPRLUIZOBEKREVERRTH 5. AXRBRTHEF ICHEM
LEDRBPalTh-t. 1alDd—ETHA light chain SEE LR I
MY 5 EOBERS LD, ol BRABKETHELLBL LV e
BomicmbtsL08E 850, Talio0T—ELLEREIEL, %
RPalik20WTRELAFMOGBESNTOEY, MUG <o s o Bl
Nl a-macroglobulin 7 7 1V — BT 39 TRIBHFOBEATH 3. «-
MG77 3 ) - REHMRUVCEFHFVRERETCER, RAKOWATIKEENS
BOTFEOEEAT, Yo74+ - “ molecular traps” &L THWT



Table 3 Acute phase response in various species

Inhibitors  Hamster Human Rabbit Rat Mouse Guinea pig

AP - t Mt - f
CT -
Pal t

a-2-MG - - - b - }
MUG | | | -

t, 24-fold increase; { |, over 10-fold increase; -, no significant change
| » decrease to 1/3 level of the control; blank, not detected in plasma

WA, SFHIC bait” region EMENET o F A F—ETYWENE VIS
BHO, TOWMYNDEEDTFLEDconformation BEAL LT e 74+ —+
Ztrap TEAH LD TV B, a-MGi trap&h k7o 574+ —-—+¥iE, «
-MGORAFAHRIAD D BENTEREEAMTE B0, ADADHOESTFE
BRAMTETLY . b a -MCGUE 4 BEL D=9 2MUG 3 HBKTC O
A#ME sy P REELE Y MCbEAT 2P, nn 25— MUG 2251285 7
BROSEHOIED 1 ARBICOTIKES b, THERI Y b, =9 X EEREL
Ritcds >, APREL, 5o b, Trey b THAKEEEATHY DY,
CTYURTREITHVD ', "AZ 5 —TRULAPPELT 2EANE SN I,
«-MG @R7v b, ErEy FCRAMEEATHZ2 Y, £, vy ¥, <
TRTREITH W Nz s b REREMRES 1. ULORER
#F L5 ETable 3T 3,

NLZG =S IEHEON) Ty vHEFER AR OO T O A F -4 v E
€4 — (AP, CT ,Pal ) ZR& LHEELH /. APRE btk PP THE
BREVODDBEE > HBERERE D>, Palide rUAOEYH S ZHH T
BREN, "L BV THAKRHEEATH BT E0Dh - 1.



BMEKZDILHILD, ARAOBMEZRLBXOBRMEME VLIV LBERIEL
BRICESCRHH VAL LET., TLKRBEBEI»VCABHEABE LV KE, a- MG
BLUMUG MG AHMBBEAERML T Z0 oA TIZERE LD SRBO
LET., SORARROERICHB AL 0RE 2 BIALFRZOHELEESIC
#MEALZLT T, F/Syrian hamster DRI LY ZEDE N RICKRH
fcLET.

BRICAFROBEESA TS LS > KREREMARSE 2 ARBFYE HB K
BHRCFHORBOI BT T,

KX DEFR, HBE3EHAAE/ES (199059 A, KBiK), HISEEEEAL
FL 199148 A, T v Lo )it THRRLK.
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