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Proteolytic Digestion of Soy Protein Isolates and the Coagulation of the Digests
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ABSTRACT

We investigated the deodorization of soy protein isolates (SPI) with various solid absorbents
and reported that some of them removed free or bound hexanal on the surface of proteins but
not at the inside of proteins. Since the chymotryptic digestion of SPI did not promote the
removal of hexanal by the absorbents, it was concluded that the inside hexanal might exist in
the similar state even in the digests. For more efficient deodorization of SPI with absorbents, the
proteolytic digestion of SPI must be improved. In this study, the digestions of SPI by subtilisin
Carlsberg, subtilisin BPN’, chymotrypsin, papain, and trypsin were investigated. The
measurement of the absorbance at 280 nm of acid-soluble fraction and SDS-PAGE of the
digested SPI indicated that subtilisins Carlsberg and BPN" showed similar digesting activity
against SPI and their activity was significantly larger than that of the other proteases.
Precipitation of the coagulum was observed in the digestion of SPI by subtilisin Carlsberg,
subtilisin BPN’, and papain, but not by chymotrypsin and trypsin. The time needed for the
precipitation by subtilisins Carlsberg and BPN" was considerably shorter than that by papain,
indicating that the fragmentation of SPI significantly causes the coagulation. However, the
differences in the clotting time and in the time-course of the turbidity between two subtilisins
albeit the comparable digesting activity indicated that the property of the digested fragments
also plays an important role in the coagulation. These results suggest that the states of SPI
digests significantly depend on the digesting activity and the substrate specificity of the
proteases. Soy Protein Research, Japan 3, 22-28, 2000.
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KRG, 7AAEZEECECEERTH Y, Y

WOMEEE L TEELVEZ HORRBICEESN
TWa 7, BIFKE R ABEFENZMIIAFT
2. —F, MEK-7-BOMIIETNEKRELAH
EE, RIS, A, Sk, RatE, v
TERRE 7 EOMEREE L H A0S, HRIMICEFDIZLEA
EAMEEN e LTRSS TWAIEEY, AC#mS
BEINS A HEICBWT, ZORIBRKEZAAREY
AERELTESICHEMICERT A Z LIETRERERED
5o, FOROOMEBESNLIDRAKERTHYY, £
OB L REREORBFEEINS. KL, &F
W5 #] % F v 5 W LSRR E B EL ORI T
HBH, ABBNTICEEEAFTF - VAREL,
FNHRFE N TV UL BOBRBICIR AL L
THBRETELVWIEZHLMIILAY, 2L, &
U750 « BEYTICAF Y F - Vo FOKERZH
FTRWENRE L TWATRARIEL, 5L A
Booiciy, Tusr7 Ptk aBERE-ARE
DOWILEIS &, FOFEROERERCICHET 2R %
BAELENS . Mih, Ta7F T —ERHIZLoT
EULRE-ARESEDZ, bEoORSHEOI-AR
AT, BEE, UL, RAKESELC R L720
29, BT, FUEHEI L L CoORADEE S
TWwh, 72, RELABESBYHRICE, EREN
RTFEPEFNTVALIEDRHENTVWAEY, Th
LARE-AHBD s 7 — PREOMBESIX, 5
WMOBETHY, TREITHEYORERTZ O 5.
LaL, —HTIoREWIZIE, I VATHE—VET
Ve EOBEEEDSH B I L HE SR TWES, &
DLz, KELZARBEO a7 — B, A&
NMTOFHTELHAVWSR TV pb 6T, K
IEOEWER, HTHREGEICETAIANZALFIEL
A SNTVBRW, o T, ZOAAZAL%W
ST AEI LR, BROARLT, KE/-ABHED
MITICBWTHERRMAEY 52 2 TEREVFS 5.
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KEBEME S LURE

SEERT 72 ATTE  (soy protein isolate : SPI) T %
TYTURE, ATEEHRET L VES SN T
PFER%005% T ALF P T LEEL20mM Y ¥
FemRfEie  (pH8O) 12100 mg/mL &7 5 & DB L,
SR CIEEMEH L0 MSPLEE, 7Y 70R
% RIABE W 40 mg/mL » 72 5 L) ICERL, ERT
3R L7205, Whatman No. 41 8% IV THE
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BLb 0% SPIEIKE L7z, SPIEHE O IL Lowry
EY 2Lk

Tas7—Yid, vUEE N 7Y RO,
o UBIE - M) 7Yy FDbEER), X750
v = VANV S (SIGMA 8), X751) ¥~ BPN
(F # b3 TRE), /(S YHIBES8A >
(SIGMA ) # W/, P TY v, FEMI TV,
XTFY Y e H—VARVY, AT F1) ¥ BPN
i, 005%7 Vb b U D AR ET 20 mM ) RS
7 (pH80) ML, 781 Y1 005% 7 1L+ b
U AkED 20mM Y VEERRETR (pH6.0) L
7o, BEFIEE, 1% (wiv) OBEEEEOWE 280 nm
2B BBEHARE, Ewon (1%) 25KD7Z. AW
i, 154 (M) T )9, 205 (FEM T 2)0,
86 (XT7F Yy - H—NANLTIW 117 (XTF
)3 BPN)W, 25 (V%4 )Y ThHb.

N 1) 7 0 OFERR (TCA) EALHISE, < V777V 15/25
BLUOSFEY— I —I3ELFEEPLEALL.
FOMOREIETFAITIATAZ LVEALL.
SPIO7OF7—EIlLB3PBRICDEE

FOF 7 — YL L B5MIGIE, EEE L THSPI
B A AV, 37C T, 20mM J v BERER R TITo 7.
Ny Ty, FENY TV, ATFVTL A=
AN T, AT F1) v BPN 13 pH8O T, /%34 ¥
\E pH 74 TRIGEITo 72, BEEIRMAIE 100 ug/ml & L,
PR IL 75, 50, 25, 125mg/mL & L7z, BUGEZE
%, RO 1EMIZ1I008 512, D, 1REBE
48 5[t ¥ CTRUG %8B L7z, SPLIEH O 7 Wb H
MR L OBREYOLBROFE, TNLICETLEHE
sz L7z, SPLAaLEEME AL ¢ 558)%, SPL&
HIEMEE L7z,

SDS-PAGE

SPI D5 #RIE, 2354 2 pH 74, 37C, D7
o7 7 —+¥ik pH80, 37T TIT-7-. SPIEH, B&
Fu s 7 — BB L SPIR# %, SPLIBEA 75
mg/mL &7 5 X5 1220mM J L EEEER (pH80) T
FL, AR 30 uL % SDS BERKENY >~ 7V ALER
W (00625M U AYEFEERR L (pH 6.8), 2% SDS,
15% 1) Ea—)b, 5% 2- AVAHTNILY =,
0.001% BPB) 30 ul & {RA L, 3HER L2tk <
F AV 15-25 F R VERKE =170 72,

FU S OORER (TCA) ILBGEIC & 2 SPI HEEMED
AIE

11.8mL @ SPLEH % 10 9B A »Fax—a L
7%, BERIEREN10 ug/ml & %25 X9 200 ul DB
FWBEWEIMA 72 (SPIHEEE 20 mg/mL). S, /¥
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A4 DA 3T, pHT4 T, DML 37C, pHEO T
Tofz. —ERE I LSBT % 500 uL oL, &
ED20% TCABHEMZ CEELIE S ¥/ Bk s ¢
7o A E OB (13000rpm TS5 4 H) L2k, B
BAETH Y F—aryTED LBy BRI BE,
W2 LR (13000 rpm T 15 4781) L, hiEhsEs
WZHLD Brva7z, B A 20mM Y > ERRE K (pH 8.0)
THERICHRL 7205 280 nm TOULE (As) % il
5 L7z, Blank 12, 20% TCA V& ikl-, BEEVAM, SPI
BRE ZONETIZ, RBEORExIT-72b0%Hv
2. SPloTus 7 —EAMic LY, 10% TCATFET
THBAEORTF FESHINT 5720, "5 L
ED Aoso DEDIEN L T L., ZOBILEER ST
T—EDOSPIHEREE AL, 158 T Ag DE%
0.01 B S & 2 BEFIBE* SPI fEHD 122w b
EEFR L.

BRIC K 2 5 EER (clotting time) DEITE

SRERE (EZ15mm) 2, SPLEW 36mL %%,
37C TG4 ¥ Fa~x— b L7tk BT 400 ul
%hnz, 37C, pH8.0 TG % Bifh X872, SPI Rk
12 10mg/mL & L7z, BROBEICIE, RBEO®RAKC
OWOHRRAEREZBE, KICTH L TRBROREL B

Table 1. Coagulation of the SPI digests by proteases

B L 72, clotting time (Z, WIR CEEW DR F AR T
XLEHRLITIIhILEMEEE L.
DAREECLZBELLDOAE

L VPIC SPL B % 1.8 mL Nz 37C TS50 R4 >~
FaN— b L7k, BREWZ 200 uL INZ T 37C, pH
80 THIB S 7z, SPIAZREIX 10mg/mL & L7, k
LB B OBELEILE 660 nm 12817 5 B2
TREEZIBEIZLTHE L.

] e

TOF7—ENEIZL S SPI DEFE

SPla& 7077 —ETUELLEZDORISERD
BT % Table 1 1273, B4, SPL o7 WAk & Gkt
DI & > THETE, BElEE L T2V SPLE
WEARBEY L EC/2OBEBE L TB L L NEWSILEL,
B2 F 205, BRYILET 254 LB A ES
ERL LB 0BGIKFITE S,

ATFN V- A—VANVY, X7F1) 3 BPN,
PINA V3 ETOLBIBE TSPl * SE X/, B
SPI ¥ (75, 50 mg/mL) T, IR ¥ 94 VL L (Fig.
1), BICHBIlED LREWKILAGED, ke BE

Enzyme” SPI concentration Gelation Time for Precioitation of Time for
the gelation the coagulum the precipitation
(mg/mL) (min) (h)
Subtilisin™ 125 — — + 1
Carlsberg 25 - - + 1
50 + 50 + 3
75 + 40 + 4
Subtilisin™ 125 — - + 1
BPN’ 25 — — + 1
50 + 50 + 3
75 ++ 40 + 4
Papain™* 125 — — + 25
25 - - + 24
50 + 720 + 25
75 ++ 360 + 24
Chymotrypsin™ 125~50 — - — _
75 ++ 1440 - —
Trypsin™ 12.5~50 - - - -

SPI (125-75mg/mL) was digested by 100 ug/mL of the proteases at 37°C. Papain was used at pH 7.4 and the
other proteases were at pH 8.0 in 20 mM phosphate buffer. Gelation and precipitation of the coagulum were
inspected visually. The mark of + indicates that the SPI solution formed the coagulum and turned viscous without
gelation, while the mark of ++ indicates that the SPI solution changed into gel and did not slide down when the

tube was turned upside-down.
TE) =100 ug/mlL, *pH 8.0(37°C), ™ pH 7.4(37°C).
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Fig. 1. Gelation of SPI induced by subtilisin Carlsberg.
SPI (75 mg/mL) was digested for 1h by 100 pg/
mL of subtilisin Carlsberg at 37 C, pH8.0. The
digestion : 0 h, the upper tube ; 1 h, the lower tube.

Fig. 2. Precipitation of the clots. SPI (75 mg/mL) was
digested for 24h by 100 ug/mL of subtilisin
Carlsberg at 37°C, pH80. The digestion: 0 h, the
upper tube ; 2 h, the lower tube.

Fig. 3. Precipitation of the clots. SPI (12.5 mg/mL) was
digested for 2h by 100 ug/mlL of subtilisin
Carlsberg at 37°C pH 80. The digestion : 0 h, the
upper tube ; and 24 h, the lower tube.
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A BEL 72 (Fig. 2). BViEw (25, 125 mg/ml)
TH, FAMEER 5T, BEYOILKRIC L > THE
PHERTEL (Fig3). i, A7FY Y - =N
ANRNT EXTF 1) v BPN 1%, #ER 012 SPI % %
B, MOWSPIREEEEET LI L5 2
ol TOERBREETIE, T0O200BERICEIIR
biielpoiz.

FE MY T UE, 75 mg/mL D SPILBBE TORT IV
LRI LBESHHETE . Lo L, BEWHTILE
THI LW hrorz, )T, ETORERE
TEERREI S o7,

SDS-PAGE

SPI A 75 mg/mL, BEFRAIELE 100 pug/mL, pH 8.,
37C OEHTC, SPL#&7a5 7 —YCMEL, 4
fROKET % SDS-PAGE 12 & WiEZE L7z (Fig.4). X7
FUTL Y H=IWARNT, X751 v BPN i SPI
BRLMPIZYINT L, 1B © SPLIkA 7 W RS F1b S
TW/io, INLIKRREENL Y, TN TV
D3RR IE LB DY SPT DR TAL AR & & b 12
T EPHESNRoTz. =7, PUTY iz 24
HEZEDIZEAESPLAGE L 2\ I EFBEL I
Zolz. Tablel & Fig 4 DFERD S, SPIER D7 L
fbid, BOFALEBEEL TWAZ EPHL NI o7,

Mw., — 1

97k
66k

6 7 8 9 10 1

Fig. 4. SDS-PAGE of the SPI digests. SPI (75 mg/mL)
was digested by 100 ug/mlL of the proteases at
377, and at pH 7.4 for papain and 8.0 for the other
proteases. Gelation was shown in Table 1. Lanes 1
and 11, marker ; 2, undigested SPI ; 3, SPI digested
by subtilisin Carlsberg for 1 h ; 4, that by subtilisin
BPN’ for 1 h ; 5, that by chymotrypsin for 1h ; 6,
that by chymotrypsin for 24 h ; 7, that by trypsin
for 1h ; 8 that by trypsin for 24 h ; 9, that by
papain for 1 h ; and 10, that by papain for 24 h.
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Fig. 5. Formation of soluble peptides with 10% TCA
during proteolysis. SPI (20 mg/mL) was digested
by 10 ug/mL of the proteases at 37Cand at pH 7.4
for papain and 8.0 for the other proteases. At time
indicated, 0.5mL of the digestion solution was
taken into a tube and added by 0.5mL of 20%
TCA solution. After two-step centrifugation at
13,000 rpm for 5min and then for 10 min, the
supernatant was diluted 5times with 20 mM
phosphate buffer, and absorbance at 280 nm was
measured. @, subtilisin Carlsberg ; O, subtilisin
BPN' ; A, trypsin ; [, chymotrypsin ; 4, papain.

SPI A& D RIE

&7aF 7 — X0 SPLICKT T 555 R RN & BT 5
720142, 10 ugimL OEEFE % F vy, 20 mg/mL @ SPL &
@ L7- (Fig 5). BEEZO SPI45BHEMRIEE, X7 F
VY A= WARLVY (122=y M), ATFYY
VBPN (122=v b)), ¥FEMI S~ (0041 2=
M), FUTY Y (0055 =y b)), 28981 (0028
=y b)) LERERS. INSORKRLY, XTF
oy A= VANV TE XT7F1) v BPN I, it
D3 DODEEIE L V20 ~ 40 FERWSREE T RO 2
EDBHL DI o7z,

XTFUIY e H—IWANIL T EXTF) L BPN
)73

D EoERERPS, XTFITY - H= VANV T L
X7 F1) ¥ v BPN &%, FEHIZH SPL A MREE LA

L, FLEEREIBNTVL I EFWELN T o7,

Z 2T, WEEERIC L B SPL O L BEORT Z, H
#12 & B clotting time & H RN & AV 7o B EZEAL
(660 nm) % fEREICHEL 7o, Fig 5 DERE D LI,
MBEEOSPIOBERE*3 2=y MIEAHXT, 10
mg/mL @ SPI % 53ff - B4 &+ clotting time % 7€ L
72 (Fig.6). BRI & b2, BERT=y PO ER TS
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Fig. 6. Effect of enzyme activity on clotting time. SPI (10
mg/mL) was digested by subtilisin Carlsberg and
subtilisin BPN" at 37°C, pH 8.0. One unit is defined
as the amount of enzyme which produces the
peptides with an increase in absorbance at 280 nm
of 0.01 per min in a stedy-state in the fraction
soluble in 10% TCA under the conditions used. @,
subtilisin Carlsberg; O, subtilisin BPN".

IZoN T, clotting time A5 BIMIZ A L, Fl—=
=y NTEXTFY Vv - A= IVAN T D clotting
time 1&, X7F VY v BPN OfES ko2, 72,
3=y FOWEEZF, 10 mg/mL SPLIETICINZ, 77
BEORFZHEEMICIVAELEIA, £ED
DA D B USME A U7, BINcET,
RRICELABECRL L Fig7). LrL, BE

0.9
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Fig. 7. Turbidity-change during the proteolysis. SPI (10
mg/mL) was digested by 3 units of subtilisin
Carlsberg or subtilisin BPN' at 37C, pH80.
Turbidity was estimated by measuring the optical
density at 660 nm.

---, subtilisin Carlsberg; —, subtilisin BPN".

KE7ZABEME Vol 3(2000)



Mgz E_pE, XTFYT Y - A= VANV T DI
A, LYRIBMELRAMIEL, Fom/MEDEK

Kb REXEERT S EPHALPICE 72 (Flg 7).

Z =

Table 1 DFERIE, XTFN TV H—VAXVT L
A7F) TV BPN i, MR SPLGEEEREE AT AL
E&#RLTwA, F£72, Tablel & SDS-PAGE (Fig. 4)
DB D 5, SPL D ERE IS T-1b L 72 SPI Wi A A3
ELTwa I ed%rhsn. SPLARENE (Fig5) Ok
BEIIhFXHEL, v SPIERLEREHETLATF
VY e A= WARNV T L XTF1) ¥ BPN 1%, FE
IV SPIAMEEN A TH I LERLTWD, —
FH, Fofo 7o 57— ¥ T, SPLAaiEEIX, TCA
BT, PITYVY, FENITVY, 2L YOE
[ZK &2 o725 (Fig 5), SDS-PAGE 513, 75,54
Y, FEN)TVY, VYTV UDIREE R 57 (Fig
4). COERD 121, 7uF7—YOEARREEL
SPI HOFEET I/ BEREOHFEREISER S AW
e H 5. FEICHERANPRZL 7077 —F
%,Fig 5 1" L7 SPI G CHET A DITEE L »
EEZONE. 2L, XT7FIIY = VARL

B

e X7TF) Ly BPN W, BESREIELUL TS
DTEW | RO SPL ARG % BT 5 D112 TCA
FBERENTHLEEZLNS. ZNIZH 2D T,
MLarzy VDX TF) Y« A=V ARV TEX
7F1) ¥ BPN 2B WT, £% 5 clotting time (Fig.
6) LEEZEA (Fig 7) PBEShzZ i, SPI&%
DA ZALE, Bb SPLOESTFLE VIR T
FHPESNLLOTERL, TuF T —E¥OREHREME
WRRET A SPLTR OMEICKE (B SN LT hEM
FRBELTCWE Ry VO TF YT VT —
VARV T & XTF1) Y BPN @ SPL 5 RiE A5
BETHDLLEZLL Fig TIZBTAEED LA O
BUKITE DB, B LW QR EE DR %,
BEORKEOECIGEEIIOECERBR LTS L
Ezonsnrb kv, vhbs, AT7FYTS -
H= VAN TIZE ) E LR, XTF) T
BPN ICX DAELLL DL D SBEREI M, DO
L35/ & 127% A, —, Tablel & Fig 4 75 8
S, LA, FE MY TV T SPL S FED
ST L TH SPLMEENMET hidEESBE SR w
M, L, FEPN) TSI ICEDELZSPLETH O
BEEE IR VD, BREIHENET N IR T
LUREENDH B

#

Feald, SNFTICHRA RBEFREER AW CTHBERIZAHE (SPD) ORELHAR, oD
#HoPL, BEEER SPIOETICHELET AAFTF—IVIZRETESLD, WO DRBRETELZN

ZrrHELL.

FEMN)SY LB SPLOBRIZE 5T, WMERIZ L AAFTF—LOKED

MBI L Dol 0 b, RNEOANTYF—VidxE b 7Y 5 @WicBvWT b R IR
BETHEAETALEHRL. HoT, BERbHEEITHI 2D, SPIOoTu T 7—¥IZL5HELE

WLk s ewneEx .
PAVAR SV = 3 N B 2V 8

KT, ATFV V- H— WAL, XTF1) 3 v BPN,
N T2 & B SPLOS R R 2. SPL R O BT A EE 5D

W oGEE 280 nm D PIE & SDS-PAGE Db, XTF ) v H— VARV T & X 75 ¥ v BPN
3, SO REEEAEL, FOERRZFOMO 7a 77— L DIFEFICREVZ EPHL 2% -
7 BEWOLEBIE, XTF) Y= VARVY, A7F1) Y BPN, 258 VX BAEIC
BWTEHEINLY, FEMN) TV E M) UV TERBETES o7 BREWOREICET S
B, X7FV Y - h= VARV TEXTF) ¥V BPN 2 WIZGanlns, 281 Y& [

WEBEL DR EC, SPLOWFtrEELRITERTHL EEZ LN,

L Ladon,

XTFVY v - A= NWARVTEXTF) 2 BPN &, SPLICH L CRISRMEEEEET51CH
b b, T HEEER T clotting time & BEORBELICB W TEEFBRE SN L, 7

BENIWF OMED E 1 REICEREL KRB 2 R/I§IERLTWS.

NS DRI, SPLE

YWOFIEREIL, 7077 —EOSREE L EREREICRE(BESNL I LZRRL TV,
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