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1. RNAOHIH

BOC HMELT Yy T3 g e FIATA A LFICa——I VP THIEL,
RNA i BERB L 72/ — Vi THLCIRo TR Lz, & 612, 78
ORIV L/ AT INTIVIA=VEMLTHELEY., &0 LTKEZ BRL
7oo FIBRDEAER 3R R L7, KEEA Lz TNITHEILY T7 2% M
Tl Ly & U 72ikix | L 72,

2. cDNATA 77 —DFH

FRERNAMBHE 24 Y) T AT 7 A5 I1ZH L, mRNA B Z HEE L7z, 2O\ »
& Pharmacia ¥ cDN A synthesis kit % Fi\> TE L 72 ds cDNAIZ Not I—EcoRIT ¥
Ty — R, Agt 1027 ¥ —IZEA L7z,

3. CPODNAZ O— =V

JACPTHALAVTA Y a, B y(O)DcDNAA ¥ — % EcoRI & HindllI T
gL, AL ET Ao - 2BRKE) 7 VTHE L, TNz mIL 72,
R2p TN LTz T =T &AW TEA O BIRES IS L TN, T ) T4 -2 a >
it BT S — 7 BRI,

4. CPOKRIGHIC & 5 FEHARE
4.1. B TIAI FORESEL £

Glutathione S-trans ferase(GS T)-progliadain, GST-protriticainy (Z2W TldZh £h
cDNA %8681 & LT sense I 7J 4 ¥ —. antisense fll 7’7 £ ¥ —T PCR 47> T
cDNA Wi % I8 L. pGEX-3X N7 & —|JEHE LIEERS % 2 L /2o GST-
riticainy 122\ T b PCR 247> T cDNA W % 3 IEf%, FARICpGEX-3X Y ¥ —
WZHEA U720 RWTKIGE AD202 #k, YA21 bR%E W TIREEHR 2172 72,

4.2. FEBREYORE. HHEO R
T E snfikk % 553 L. isopropyl- B -D-thiogalactopyranoside (IPTG) THIAFERE
EEBMIN L7z, bz BBRTIV IV IVE Nz, BEBEROBHENSEMT 5 F T
BEW % P CHEAEBER Lz, KICPY Frama <, FEEER 2y va v
Mo MY PUNEBITEE 2, TR GL TREEZEIL, SEHERE L7z,
K \Z glutathione Sepharose 4B 4 iE 12 SEHA R & & £ ¥ 720 0.2% b > /PBS
THT LEERER. TV T4 VERTER LMLz, CPEHIRUTOL I
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7070 BRRICEEBIZEZ (Z-Phe-Arg-MCA) EFE 10 4 M, BEOKEM 2.
SOURHE 500 1 Z TR L7z, MEHLU/-BESE & FUBH RIS L, 10 9F. 37 CT
n &2, JUSEHEFEREDOLY /) — ) IEFRTRIDZ E1E X 72, FieskE 370
nm THZAETHHIED 460 nm (B 2iEEZHE L. HHEOFE L Lz,

4.3. GST-progliadain DWCIZ & 5 EFM Oat

CPA v ¥F— (WC61, WC92, SIS X% F | E-64) ¥ ZNFN 10u M. 1
pM, 100nM, 100M DRETEFETHA by 7 #HE L, BELBZLEPIC
HOHPLORMLTBE, EREEOSMEEZIRIEIC LTESEEBRE Lo 4>
LYy — RN TOEGEEY 100% & L, #NFNOREEL B8R TE
LT7ay L, 50%DEAEEATRTA VL S —RER 7T IhbiEs LD,
ICs0 & L7z,

4.4. GST-progliadain & I A FHEFHIEDEE S /37 & O EAEH
4.4.1 3L FHEFHNIEDKEY /37 B DR

JLFFET % —H 80 CTHFEL, I—L—3INVTFIA TARLEITHRL
7o RIATAAZFEI /%, MHBERENZZEBTEERE L. ZLLTE
BEIDERE, LRICET BB EE M FREOBREL 3 MR E L. MR
IZHE 28 YN EERD BTz, o b ISR Z I 2B IR D IRETH S FkE
2L Ly M2 ) Rz, RBICHIEETHS 70% Ty / —VE Mz TEL <
RODRETCT) T VESZHERL. BOLTEERE L, ChEBEERL, &
VTV VS (TaTI VR VISTE) B, FVTFEVES (VT R
g YNZE) . ya7) VEsy (RTEES)  AEES vosr BlS REWVER
%) (TR FERFRE FHHLA—1E+ L ) ft5 L TIEW -,

4.4.2. GST-progliadain |2 & 5 3 & FEFHTE 5 >~ 7327 B O 5% Ui

200 mM FEEE T bV 7 L fRMEH (pH 4.5) /0.2MEDTA % 2 x B R &t &
Ly B-ANAT LY )= VERKRE 25mM 2% % K@ mL, kL7
F VNI EREE R 02% (viw) 1275 X9 1B EE. GST-progliadain %37 C
TR KRS Sz, BRERMT 37 C 2BMEFELZD DRGBE L,
PF g &

1. 34 FCP cDNADHEEB X % OREHT
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1.1.  IAFEFmRNADOZEH

A FTET I B ACPORIINY — v R BET 5 12010 —F VBT E4T o 72,
WO TR AR TCPORVRIESREINL Z L2 b, I LFEFORF
0. 1. 2. 3. 5 HEREF X Y RNA % Uiz, £RFBMEDOERNA 10 1 g & IKE)
L. #9994 Y an Be yDI— FEEEE EUDNARAZE 77 L LTHNT
ICTCNATY T A=Y a Y &fTo 72 o B2V TIE50 T, 2XSSC,
YKOWT@%TL2X$QAH%$ET%m%ﬁotg;5\%%155(i
3. OBIIRZ W) I yeiml 7 OAT BNy FARIB SNz, T2, on B I
DVT HEFVR DS L 7 B AT 5NV PRI ST,

1.2, 27 Y—=v 7B IUEERE 7 X BREFORE
1.2.1. 7a—7tLTHI)HFA v ycDNAZHWT

WS0FTT — 2 b BABDNATA T T ) =%, VYA Y yDa— FERE S
HDNAWTE % 70 —7 L LTRWTS5 CTNA 7Y S A E—va vz, 55T,
21XSSC/0.1% SDS B CAZ V—= v T fiolc b 2 A, 6EDEES 1 —
VRET, IRLHDZT— VIZOoW THIRB R A ER L 25, $NTHL
MRNARBSEZ EZ 2 iz, 20O HD 1 DWCP122% T L7z & A, Cys-His-
Asn OfE 547 FEALTHBY, CPE2I— FLTWAZ ENMERINTz, €
@%%73/&MW@%UW%vyﬁlﬁ?Un—b%V@%nt%wﬁﬁﬁ%ﬁ
L. 73 /BRFIRICE. @Ry -7y 74 vV 7T VAN L Tz,
— AR TR I BRSO CP A L RS VSV EoTR T A ) YA
ARG LTCVA EEbNT WD, £ 2T, I AFHETHDOCPOBIRE & 7l T
T2, ST VFA VB Da— FERE FUDNAKFE 7H—7 L LTH
WTAZ Y —= V7 &4TH) 2T L7,

1.2.2. 7a—7&LTHYHFA ¥ BcDNATHWT

12.1. YAL DNATA T T =%, FVHFA VB OI— FiElEE & TcDNAKT
B sa—7E LTHWTS0 CTNA T FAE—va vE, 50T, 2XS8C/
0.1 %SDS BRESAMETAZ V==V V2 fTolc L TA RUADHIEY U — ¥ 21572,
AT O ER. B b2 EOEs 0— Y IidWCP122& 138 %2 53185 (WCP133,
WCP92,/WCP211. WCP81B) IZkBI &N, KAMHOCPEa— F§ 5 LB
L77e =05 HWCP2E WCP211IHEE LAV T1.6%. 7 I /R NIVTIS5.8%
LEbOTHEWHHEEEL R L2,
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1.3. BEEIoCcPEl T I BEEHOAE R

QEDAZ ) == Y T Lo TIRONTZATBEDCP IOV TEEMOCP & 7 X ik
BeH) % B L7z, ZDfER. WCP13313 4 ) 4 ¥ o & 82.9%. WCP92,/WCP211
(&A1) A ¥ B £83.8%,83.4%, WCP122134 J A vy L82.4% L IEH ITEW
MEELZRLI-ZEDPL, TIAFDFEYL (Trticum) [CHAT, #RFNRIY 74
B A Y (miticain) o P17 P2, y &% Lo T BT 525, WCP8IBIZDOW
TX 7V 754~ (gliadain) 6T 52 LITL72,

MU TANA Yo ldv O A XF X FORD2IAI2)E 67.4%, ) FA VB &
62.7%+ F % #COT44(13) £ 60.7%DME LA L Tz, FARIC, NI T4 A A
YBREF)YA Y o £65.0%. YA XFXFDORD2IAL 60.7%. F % F DCOT44
E54.7% DR EEF L Tz NITAIA Y yEIFFLFDT Va—1 4 Lk
94.5%., ~ 7 EW I DCCP210)E84.8%DHFLEEE L TWice VT ¥4 ik
& A L X DOEP-B(14 ~16) £ 87.8%., 1) MSEN102(17)&58.7%. A ¥ %~ < A DEP-
C1(18)& 58.7% 7V W7 X¥ OSH-EP(19)£55.8%DHRIMEZ A L TWiz, b
FTRTDCPIZOWTT X/ BEHIOREEAR 1 12F & 7z,

2. ALFXHEFCPOKIGHE TOIRIBLERE
2.1, TAFHEFCPERTIAI FNOIER

LB L72ESIT M) T4 A4y (FTHEELLDLDEHBMBEZI DL D)
TO)TFAY (FAEEIPSDbD) IZOWTHERIBTIT AI FEERLE, 27
NeRBEICEAL, IPTGHEICLYVRERSELLT A, PFENLH5FF 4 X
ZLOHMS VS BEIWT NN BEES & LTHRLN Iz, REEHHIC L ) TE
SE, TNVETFAYTITAZT A =0T NI T T4 —IZ0FTHE—LZFKBRY ~
INTE & LTHER LT,

2.2. MAWZ CPEERTEEDOMRE
22.1. MITAHA Uy

M) T ALYy BT TV VHIRDEREZFEO T ) 2 — L 4 Y EHREAENE <
FITAAAY Yy b AT TV VHIRDEREZFEObDEEZ SNz, hT TV
VH DR MICEINT T A HEEEE Arg-MCA WV THRE Z 1T o720 Z DR, W
FThObD (FTHEEHIrLOL DL BRAEIPLOLD) LIEHE2RETE Z2ho
720

222, T)TEFALY
TVTTALIZOWTE AT TV Y LERDIERRFO b D LEZ b/ D,
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HFT YL DRI 5 MGG ZPhe-MCA ¥ AV TIRH 24T 0 720 £
@%%\%ﬁ%ﬁ%ttﬁ%@%ﬁmiwaLfﬁézkﬁfgto:nuﬁf
Kﬁ%%ﬁ&<\ﬁ%%<ﬁﬁ%@&%f%%k%ifwéo

2.3. #AHI 2 CPOpHKAFIE
B R E % pH 2.5~7.0 £ T 0.5 & &A Tho T, GST-progliadain {HED
pH KR BE Lk & A, B pH 1345 (HEICHET 2 2 edbir o7,

2.4, MAHz 7)) TIA Y EWCOMEAEH

Fik L2 ISRV A Y F Y E AT 7Y Y LEOCPERMICHE T 52 L
2. FPEROMBEZIVTIAVS DT TV VY LEOEREZRL Twice L72D®
STHEM Y A Y F L D HRICHES N B Z e FREI N, T2, FHEA ¥
vy —0fFER T, BEHENZICsEWT S 108MTH o 72,

2.5 WA TVTIAVE ILAFEFHREDIFES ¥/ 7 B L OME/ER

) — U, HHVIE T =AY YAHTIC & D ARESRFBRTE L REE
FHAT B L B LA, COMAPS 7T A YHE S v B0 T E
FFYLAREIEELBETHL LN FRENLZ, 22T, EEICT L FET
WD KRS v /7 BRI L, 70754 YICE DB NG » &9 » & REf L
7o FORER. BT VSV BEOERSTHHIITY Y (0TI VRETES
JSZE) RRNE K CRIET B I EAHBA LI, ABERE V)T 5 A Y (gliadain)
Lhsn LI Th %o T 72, MOWES ¥ XV ETHBTNVT =¥ THT Y,
TS ¥ 87 BcowT b ARORI ER AT CORMR, T VT =Vid, 7
FUVIIETIE RV, — S s s 2 EEESh: (H2) o

0.6 MAMZ TV T YA VIEHICHET 2IRIRE ORE

NaCl 0~3 MIEETOMAMZ /) T 5 A v OKBEEZ R LIzE 25,

1 MIEEET b ARG T 56.2% L BWIEM 2 RFE L7ze 720 3MIRET b 30% 0 E
DEMNFBIEL TWBEIERL, VT A VIITIHEEDOCPTH S Z EAHIHAL
770

— TR S ONaCLHEEE 1.3% (0.2M) BETH L, ZOHET VT IA
v OMTHEMEE 70%L ETH Y, /S INT % &0 7z & TR 1@k T a%E
HAgech b L BEbhs,
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KFFE T4 FBHOTHOCPO I/ O —=V F IR LT FDH) B, M) T4 Hh
Yo, BRIADFTVFA Y o, By LENEFNIEEICEHRAKEEZAELTBY .
INSEFIFA Vo By DI T VI == THALATRENEV, FEEIZ, b
VFA Ay R T ) a—VA v FUFA Yy DA VI == ThHbEEZDL
NbB, T2, ZIVTHFA Vb A4 4 FOEP-BEFEICEVHEKEZELTBY.,
INLEP-BOAT V¥ == ThhrLE2LOLNA,

INSATEDOCPIEVWT NONEKMAIIZY 7 VEFIZELTBY ., SO Ehb
MR ICDWMEND D, BIBD L) A NVT X THICY —F 4 VT ENBE T LR
mEnize T2, YO FIVENOBICIEITERTFFOELTE Y, MOCPLFE
FRICRTESE 2 787 4 F— EREME TEREND 2 LR ENTZ,

MEYFET L L THOTEEERE LICRETHBEACPRERTAZENTE L,
TVTFAEALFETFHFTROIATVY—IIEHALTWACPTHY ., BHED
MRt AL, Fo. A REOKRICBWTREFROEN:TOTF 4 ¥ K574
—DEBICHFEREDPHEREN 22 b, IO DIRREERIC X 0, FHFEHOIRE & >~ 3
JEDTATA NV ARE) ZENTHTFETER, AWFRET, BELIHARL S
V7% A4 YD in vitto TOEERTITH 505, ERICILFESFORDL AT v— 2
By UNIBTHAT )T VUV ESBRLIZE W) BEFEFICHEREN L TH B,

) TFTIVPHNDY VN TETH BTN =1 4% BT AESE LT, 'O
TV VIE IMBTERESE LT EENZLDTHb, F)TFAvizrary v
B CMR L p oS, VT VIEHARENML 72, 7)) T84 VIdRIER
BICBWTHEBY 328 (F)7YY) o7asqrd) VAICESLTWwWA Z &x
5, JLAXERBEEDY Y JE (FVvT V) ORERE., 5 \WIidEamin TEE,
Bl 2 AT B T RETORAOEM DB KNICH L EEZL bNDE, EHICESMT
HED L WEHEOCPEBRERT L) /EDOS TEEL WEETH ), ZEL 72
BOBMOPRKICHFSTE HLHFINS,
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Cysteine Protease-Cystatin System As a Modulator for Physical Properties of
Proteins: A Study from the Aspect of Enzyme Chemistry and Food Processing

Keiko Abe and Ichiro Matsumoto

Department of Applied Biological Chemistry, Graduate School of Agricultural
and Life Sciences, The University of Tokyo

Summary

Among a variety of food legumes, wheat is one of these which are most abundantly
produced and most popularly consumed in the world. A great deal of research endeavors have
been made so far to improve the quality of gluten, a mixture of gliadin and glutenin, which
forms during the processing of wheat-based foods. Despite that, no extensive studies have
been conducted, at least from a molecular aspect, on wheat proteases and their inhibitors that
may serve as key factors involved in the processing. With this as a background, we noticed
wheat cysteine proteases and their inhibitors, cystatins, and started a food-technological as well
as enzyme-chemical study on the enzyme-inhibitor system as a factor modulating physical
properties of food proteins.

We first isolated four cysteine proteases from wheat seeds and found that one of these,
named gliadain, can almost specifically hydrolyze gliadin. To dissect biochemical properties of
gliadain, we obtained its recombinant product by overexpression in Escherichie coli . For this
in detail, the cording region of the cDNA encoding progliadain was inserted into an expression
plasmid to produce it as a glutathione S-transferase (GST) fusion protein. The plasmid was
then introduced into E.coli and forced to express the fusion protein by induction with
isopropyl-1-thio- 3 -D-galactopyranoside. This resulted in producing it as an insoluble fraction
which, however, was solubilized by treatment with a surfactant. We then purified the product
by glutathion-affinity chromatography to obtain a single protein whose enzymatic activity was
clearly observed. This is apparently the world first that succeeded in obtaining a recombinant
cysteine protease of plant origin in the active form.

An activity assay based on the hydrolysis of a fluorescent substrate, Z-Phe-Arg-MCA,
demonstrated that the gliadain preparation thus obtained is most active at pH 4.5 and that it most
efficiently hydrolyzes gliadin, a prolamin-classed component of major storage proteins in wheat
seeds. The assay suggests that this enzyme may be largely involved in the proteolysis during
seed germination.

Salt effect on the enzymatic activity of gliadain were evaluated. It resulted that the enzyme
preparation was active enough in the presence of NaCl, retaining 56% and 30% of its original
activity at 1M and 3M NaCl, respectively. The result thus indicates that gliadain should be a
salt-tolerant cysteine protease. Since the salt concentration in commercial bread items is usually
around 0.2M, gliadain is almost fully active and may thus be successfully used for food
processings in general as well as for baking in particular.

We then investigated the inhibitory effect of wheat cystatin on the gliadain preparation
obtained as a GST fusion protein and found that the inhibition actually takes place efficiently.
This investigation strongly suggests that the use of cystatin can optimize the cysteine protease-
catalyzed reaction to proceed during baking and also that gliadain possibly modulate the
proteolysis of seed storage proteins in vivo .
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