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Effects of Rice Aleurone Trypsin Inhibitor on the Protease of P.interpunctella
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Abstract: Caseinolytic activities in homogenates from the indian-mealmoth, P.interpunctella, were
inhibited about 10% by trypsin inhibitor from rice aleurone, described earlier, which has a same dose of
the ability to inhibit about 35% the activity of trypsin. Secondary, proteolytic activity in the extracts of the
P.interpunctella decreased in the presence of commercially available protease inhibitors of each classes;
decreased 90% by aspartic protease inhibitor and 10 to 30% in cysteine protease inhibitor, however, was not
inhibited by metallo protease inhibitor. Furthermore, the optimum pH's of the protease of P.interpunctella
were detected at pH 3,6 and 9.5. These results suggested that the digestive enzymes of the noxious insect
may be consisted of a few classes of proteases. Casein or bovine serum albumin was digested by protease in
four given pH, pH 3, 6, 8 and 9.5, respectively. Amino acid sequencis of the peptide fractions obtained from
the digests by high-performance liquid chrdmatography, were analyzed. We considered that N-terminal
amino acid of peptides fractionated were reactive sites of the midgut protease. From these results, it was
confirmed that the cleaved sites were coincided with those of aspartic protease at pH 3 and 6 and with
those of aspartic, cysteine and serine protease at pH 8 and 9.5. Consequently, the proportion of aspartic

protease in the protease of P.interpunctella were high level, but metallo protease was not detected.
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Trypsin (from bovine pancreas, Type 1) 1%, SIGMA#: (MO) #HDH D%, Casein, acc.
to HammarstenlidMerktt (NJ) ®#obozrnTnt+ o1 7 A 7kRX=tt Giff) K0
AL, TOMOMED2 THRBERIBESITHZEAL .
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J U ARY I AAH (Plodia interpunctella Hitbner) DIPIE. #FE KFERKFBZWHIER
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Ut o Z2BEEEZER.en. &I 10cnDH T ZBAAM L v — L ERWTITW, ERR
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3. 9VINVEDER
BT O > )X B#BEIL. bovine serum albumin (BSA) %#E#E LT, Lowry

5 DAk % Hartree' | B AE L FHEIC L > THIE L.

4. TI/BEINHF
CaseinB3 KU'BS A % 4 Hproteasel B THILL. 0.1% MU 7L FA OFEE 2210 ~80%
acetonitrile D EHRYIBELJECIEIZ & D Cosmosil 5CISTHE LA D%, 73/ BREVEES

i PP SQ-10 (Shimadzu) THHrL 7=

REBHR

1. /AT T XA Y iHproteasei® D RATI IT L BFHE

HEESRXT—IOYH LM%, 5mM Na-phosphate buffer (pHT7. 0, 4°C) THREZF A L1,
OB LI EELIEZR, FbufferiZht U THa @M 270, OB D L& % Y dproteaseld
#®&E L7z, ProteaselRMEDIEEZE. trypsin®DiEMZHK40%HETHEDORAT I ZHETIZBW
THIEL 7z. TDHER. proteaselBRICH LU TRATIIZI0%FERDEER-L 7 (Table 1),

Table 1 Inhibition of proteases included in the extracts of Pinterpunctella by RATI*

pH Inhibition by RATI

Trypsin activity Protease activity in extract
6.0 25-30% 0%
8.0 , 27-50% 9-14%

* RATI; rice aleurone trypsin inhibitor

2. JARHI T AA HHiHprotease DRER
1) Yl Oproteaseifh: & pH & DRI
YK EcaseinE DR ZE, ZpH?DO. 2M buffer [Glycin-HC1 (pH2. 5-3.5), acetate
(pH3. 5-6. 0), K-phosphate (pH6. 0-8.0), Tris-HCl (pHS. 5-10.0)] H'T, 905 ffT > 7=
Z DR, HBHHIE OproteaselE D E — 713, pH3. 0, pHS6. 03 L TUpHI. 50 3 7 ik

Hah (Fig.1).
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Fig.1 Activities of protease included in the extracts of
Pinterpunctella as the function of pH buffers were used.

—Gly-HCl, —h—Acetate, --@-K-phosphate, and -4~ Tris-HCI

2) HhhhHE OproteaseiG IS 2 FHHAER OZE

£ SADOHHREER ZHNT, TNSHFEY T A Dprotease® FI40% HE T 2 ICET
HEEITBWT, HHproteaseid I T 2 EEEZKRET L /. £ DHKER, aspartic protease
inhibitor T & % pepstatinidpH 3 I 31T SproteaselfE 1 2 90% FHE L 72743, metallo protease
inhibitor T % EDTAIC LK BFHEIL. pH8 IZBWTHED 6NN . TOMDAEFEHTII.
ZHENOREPHI B T10-30% OIENSTED 5N/ (Table 2. 3),

Table 2 Commercially available proteases and protease inhibitors employed in this study

Protease Inhibitor*
Enzyme pH Concentration Substance Concentration
Trypsin 8.0 0.005% STI 1304 M
PMSF : - 0.7 g/mé
Thermolysin 8.0 0.008% EDTA 417uM
Ficin 6.0 0.008% E-64 ‘ 13uM
NEM 4004 M
IAA 6uM
: PCMB 1uM
Pepsin 3.0 0.030% Pepstatin 0.17uM

% STL soybean trypsin inhibitor, PMSF; phenyl methyl sulfonyl fluoride, EDTA; ethylene-
diamine tetra acetic acid, E-64; L-trans-epoxysuccinylleucyamido-(-4-guanidino) butane,
NEM; N-ethylmaleimide, IAA; iodo acetamido, PCMB; p-chloromercuri benzoic acid.
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Table 3 Inhibitory activities of various inhibitors against proteolytic activities
in the extract of Pinterpunctella

Class of Inhibitor Inhibitor Inhibition (%)
(Trypsin inhibitor) STI _ 10
' PMSF 14~17

(Thermolysin inhibitor) EDTA 0

(Ficin inhibitor) E-64 2~5
- | NEM 30

TIAA 1~3
PCMB 2
(Pepsin inhibitor) Pepstatin 90

3) %Hdproteasell &k ZcaseindB L U B S A DYIRTEBAL DHEE
Casein, BSABLUELT I FIL'"BSA%, ¥ dprotease& & ¥ ICpHS3. 0, pHE. 0,

pHS. 05 X UpHY. 5Dbufferd T, 37°C. —BRKIGE B/, TNENDHLY DE L5 8E G
Zpore size 0. 45 umDETAEH%. HPLCIZX D HEL, BWE—7H4ox20RLE (K4
i) ZOBE—I D7 I JBEFIES IV LALRETZ A, caseinBLUIBSADY I/
ksl (Fig.2. 3) OEFTERELETY I /JBONKRMZYKT S5 L5 % 50/ (Table
4), %< DproteaseD ELBEHFREMIIBE T, /= & ZiLtrypsin proteaselI BB 7 I F =
EBFU S DEREDHNAFIINEBMOXRTF REGOHEYNT 5, ULOKEND A1
Ji giHproteasell & B HEEVIBIERLL I, &2 5 X DproteaseDF RIS EBS L H
by 7-#%, pH3. 0. pH6. 0Tlidaspartic protease@fiﬁfx%ﬁﬁ[ &, pHS. 0. pHY.5Tlidserine
protease. cysteine protease. aspartic protease® ZJnERML & K< —F L 7= (Table 5),
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Each slash represented hydrolytic site when casein was digested at pH 8.

Fig.2 Amino acid sequence of milk casein
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Each slash represented hydrolytic site when BSA and alkylated BSA

were digested at /; pH3, | ; pH6, 1; pH 8 —; pH 9.5, %; alkylated.

Fig.3 Amino acid sequence of BSA
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Table 4 N-terminal amino acid sequences of peptides fractionated from milk casein,
BSA and alkylated BSA digested with the extract of Pinterpunctella

Substrate pH Fraction No. N-terminal amino acid sequence
Casein 8.0 1 Alaam-Val-Pro-Tyr-----
2 Vala7o)-Leu-Pro-Val-----
3 Leuas»-Tyr-Gln-Gln-----
4 Ilew@e)-Asn-Lys-Lys-----
5 Alaos-Pro-Lys-His-----
BSA* 3.0 1 Pheen-Ser-Gln-Try-----
2 Leusn-Lys-His-Lys-----
3 Ileasv-Ala-Arg-Arg-----
4 Tyrase-Glu-Ile-Ala-----
5 Tyrso-Glu-Tyr-Ser-----
6 Leue9-Tyr-Glu-Tyr-----
6.0 7 Trpass-Gln-Lys-Tyr-----
8.0 8 Valeo-Glu-Lys-Asp-----
9 Lyswi2-Val-Pro-Gln-----
10 Valua-Asn-Glu-Leu-----
11 Leut42-Lys-Tyr-Val-----
9.5 12 Aspaon-Asp-Ser-Pro-----
13 Leuais-Lys-Pro-Asp-----
14 Glnaes-Ala-Glu-Asp-----
Alkylated BSA 3.0 15 Gly©os-Glu-Arg-Ala-----
o 16 Alao-Lys-Thr-Cys-----

* Bovine serum albumin

Table 5 Number of cleaved sites in milk casein, BSA and alkylated BSA by digestion
with proteases included in the extracts of Pinterpunctella

Serine protease or

Substrate pH Aspartic protease Both Cystein protease
Casein 8.0 2 2 1
BSA 3.0 6 0 0
6.0 1 0 0
8.0 3 0 1
9.5 0 1 1
Alkylated BSA 3.0 2 0 0
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EYETOHEER. SEOPIZ2EFXEATVEN, TOPI O%ENT. BFHARMRTS
BIET., HOVREFIRFETELILRENES T, MBECERN B ZRETILOLEE
ABNTNSG, —F, REREBROEPHEMICH AT, PIAGKIRY >N THHET
B2EAFBTED, THITHRER MEYPERCIIVENEEZZTHICHEFEINDPI
M. B ES (phytoalexinif¥) Z2 V&R Z FelicitoriZzbd &EdHEFEZHN, TOWEYAEK LT
DEBOHBEIFREEIFAEDNR A LD ENTN S,

BTHEYTICH L EHERETHIERT. TOEYOERD B Nproteaselfth 2 1 ICHE
THEEE. DEVHEERZRIBVWIESNH D, b UED DT HFEDcysteine protease
inhibitorid 38 S 72 BAEIE M 2R TH, 1 T H K Dcysteine protease inhibitorld 1 % &
2D 5 Nceysteine proteaseliid LbEoHEESREERIRNY, SEIZA FETFHKtrypsin
inhibitor (RATI) Z2AWVT. 1 XBOKBERTH D/ L ATY I AL T OHHBH
proteasell K T D HEEMRFL =, RAT II13% HproteaselZXt L TI0 ~14%. ZDiEM %
ELJ, Irie” SOWEDLSITRATI b, MEFEHDENPI THHEBEASNDA, 9
HOHLIKRZ R T DproteaseD V7 T AN, TNETNEB OB THAGODESNTVWS &
EZEEE. INSOEHROBAIZIL. trypsin type protease® 5% S EIENHHEEND TIX
BunpEBbhiz, ZI T/ YARY FIAL HYROBENEROBREA SO, XTHR
H 4 < FHET DproteaseD 7 7 A DBRE #2175 /2. S Dproteasel 14 ZpH2. 5-10. 0
D EbufferPIZBNVTRE LR, pH3, 6 BLUY. 5D 3 FFricEmhE -7 2D 5N,
EDHEDproteaseN R ETDHZENTERN >z, LML, ZTOERHIIEDTADOEETT
134EFR LU, pepstatinlZ K> TIWXHEI N/ ZD I EMNS AT HEHEBNEESE DAL,
pepsin type protease CHOONTNB EMBTE S, ILHITHRTHLEDIT, /AT S
AT EME®R S, caseinE/~IEFBSA L & HIZpHS. 0. 6.0, 8. 0B KU 5DbufferfT—
BG S8, ZOHbEINMEONEKREEY 2 JBEErés THRHELZ. LML, £OD
HeEYIWTERATIZ. pHS. 0. 6.0TE LN/ d DA, BKRH % < aspartic protease D K LA IZ —
BU. A HHRBNBEROWEICIZIES Mo 7.

Protease DEERHEMEIIBMETH 2 H DMLV, Proteasell Lo Tk, HFEEDEVWDHD
HELFEEL, £ SEIERBE L THHO2EKEZFEHAL /20, BRNBRUNOBEEDEF
BELEETELRWED, UEOHERENSIE. A TYHHBABEFREICIE. aspartic protease’) i
HZHFEL. metallo proteaseld FE LW I EDAMNHES Moz, SHBIX. HILBEE
DHZEHHE UBERE L2,
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EY A RETF (Onza sativa L.cv. Nihonbare) F®Dtrypsin inhibitor (T1) OBHRERTHS /I ATY S
A T DI Fprotease~ DHBORI 217> 72, HEHIIE, SWOHBRREERL, ULEBF MU U LB
pH7 0 THREDFA XL LIEEBRERE L. 1 RETHEETI Mitrypsinz i 35 BHEETIOLERLY >
NOEBEBERISRICEML 2L, FHEBREHEITICE > TR L0 %HEESN. A1 HOHLEE
serine protease M TIZ/aNWEEZX SNz, PHBRKROPHII L 2EEE2RN L. EEOE —213pH
3. 6BLXVO5DITFTICED SN, EDEDproteaseM EEET DI ENTERN . RIZEI S A%
&K Sprotease inhibitorfFfE F TOY HBREENOFELRIF L= & 25, aspartic protease inhibitor T
90 %, cysteine protease inhibitor T 1 0-30 %{EMAMET L /=4, metallo protease inhibitor Tl L
BINEEETHo . £z, CaseinBEKUBSAZEEICAHW, pH3. 6. 8 BXU9. 5 Dbufferh T—HE
HRBRRE LDIIRIES B, BoONERTF RBIFEPHHPLCICEDAE L., ThENOEHITONT
72/ BECHINETORERE EHDOBSATY IV BESI, S UMMM 2 #E L. YIS0 S 5, pH 3.

6 Tldaspartic protease DIGERAL &, pH8 . 9.5 Tllaspartic protease. cysteine protease. serine protease
DRIBEPLE—B L /ze AED T EMD, A1 T BRBEERTITIE. aspartic proteaseNEDEZ<EEL. K
SHZmetallo proteaselIBFEIEL iAW EE X 5=,
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