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Characterization of Germinated Proteolysis Enzymes
and its Reaction to Soy Milk Protein

KANAUCHI Makoto*'®, HATANAKA Sakiko*'*’, SHIMOYAMADA Makoto*},
OCHIAI Koji**, TAKAHASHI Yoshihiro® and TSUSHIDA Tojiro™*'

* 1  Department of Management, Miyagi University, 2—2—1 Hatatate Taihaku-ku Sendai, Miyagi 982-0215
% 2 Industrial Technology Institute, Miyagi Prefectural Government,
2-2 Akedoori Izumi-ku Sendai, Miyagi 981-3206
% 3 SEEDLIFE Tech Inc., Nagahama Bio Incubation Center-#13 1281-8 Tamura, Nagahama-city, Shiga 526—0829
* 4 Ogurayayanagimoto co., Ltd., 4—9-21 Mikageduka-cho Higashinada-ku, Kobe 658—-0044

Proteolytic enzymes are important to modify the processing characteristic of soybeans and have
been utilized for the production of soybean-derived foods—e.g., miso and soy sauce. Proteolytic enzymes
produced in the cotyledons of soybean seeds during germination are used to modify the characteristics
of processed foods. The optimum conditions for protease production during germination were
determined and the characteristics of these proteases were described. The soybean variety Ohtsuru
produced high levels of a semi-alkaline proteolytic enzyme under conditions of 20% CO. and 25C. The
protease was purified using cation-exchange and size-exclusion chromatography. The monomeric
protein had a mass of 84.9 kDa. The optimum pH and temperature for this protein were pHS8.0 and
30C, respectively, and the protein was stable at pH7.0-10.0 and 4-30C. The proteolytic enzyme was
activated by magnesium, zinc, and manganese ions and was inhibited by copper and mercury ions,
EDTA, and EGTA. However, the enzyme was not inhibited by trypsin inhibitor. The enzyme cleaved
substrates by endo-type proteolysis and cleaved the @-, a’-, and A-subunits of the soy protein B-
conglycinin. The enzyme was able to modify the characteristics of soybean during their production.
Moreover, it digested a major allergen protein, Gly m Bd60K, which is an e-subunit of beta-conglycinin.

(Received Mar. 19, 2014 ; Accepted Jun. 11, 2014)
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Kinds of Protease
Fig.1 Protease activity in soybean seedlings germinated

at various temperatures, under acidic, neutral, weakly
alkaline, and alkaline conditions

Protease activity was assessed under acidic (pH 3.0), neutral
(pH 7.0), weakly alkaline (pH 8.0), and alkaline (pH 9.0)
conditions. Soybeans were germinated at 15C, 25C, and 30T.
15T, 25T, M30C
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Fig. 2 Protease activity in soybean seedlings germinated
at various carbon dioxide concentrations, under acidic,
neutral, weakly alkaline, and alkaline conditions

Acidic, neutral, weakly alkaline, and alkaline conditions were
as described in Fig.1 Soybeans were germinated in a CO,
incubator adjusted to 5~20% CO..
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0 30 50 70 90
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Fig.3 Cation-exchange chromatography of the soybean
seedling protease

Gel, CM Gel (Macro-prep, Bio-Rad, CA, USA) ;
m¢ /min ; fraction volume, 4.0mf ;
phosphate-cittic acid buffer (pH 6.5) ;
gradient.

flow rate, 1.5
elution buffer, 50 mM
NaCl 0-1.0 M linear
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Fig.4 Size-exclusion chromatography of the soybean
seedling protease

Gel, P-100 Gel (Bio-Gel, Bio-Rad; exclusion limit 100 kDa) ;
gel bed, 67.5m¢; flow rate, 0.15m¢/min; fraction volume, 2.0
mé; elution buffer, 50 mM borate-NaOH buffer (pH 8.0).
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Fig.5 The molecular weight of the soybean seedling protease determined by using

sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)

size-exclusion chromatography (b)

100 +

[0}
(e}

[on}
(e}

40 A

Relative activity (%)

20 1

0

345 6 7 8 910
pH

Relative activity (%)

(a) and

100 +
80 1
60 1
40 A

20 A

0 20 40 60
Temperature (C)

Fig.6 Optimum pH and temperature of the soybean seedling

protease

The pH was adjusted using 0.1 M phosphate-citric acid buffer (pH 3.0~
80, O)and 0.1 M borate-NaOH buffer (pH 8.0-10.0, @) (a). The enzyme
was assayed in 0.1 M borate-NaOH buffer (pH 8.0) at 15~70T (b).
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Fig.7 Stability of the soybean seedling protease at various pH

and temperature conditions

The enzyme (0.Im¢) was added to 0.1m¢ of 0.1 M phosphate-citric acid
buffer (pH 3.0~8.0) and 0.1 M borate-NaOH buffer (pH 8.0~10.0) for 60
min at 4C (a). The protease activity of the enzyme (0.4m¢) assayed at
pH 8.0. The enzyme (0.1m¢), with the pH adjusted to 8.0, was kept at

15~70C for 60 min (b).

THDI, TuTA yy—r =% EOBEA W
B Bbhi,

ERAF ERIML, /A v OBBEHRE LR
HidTable 1 1278 L 720 AEEHR IIMg", Zn*", Mn*" {2
X o THMEPRIG & 1, Cu*', Hg*, EDTA, EGTA
KXo THESN, NIV SRTOTT7—¥ThHS
MG,

KEEH Dexolll (RTF ¥ —¥), endoBl OiEM:% b

Table1 The inhibition of seedling soy bean protease by
metals and inhibitors

metals and inhibitors Relative Activity

(1ImM*) (%)
Non 100.0
NaCl 103.9
KCl 98.1

MgSO, 133.7

ZnS0O, 120.4
CuSOq 9.9
CoSOq 59.9
FeCl; 66.9
HgCl. 0.0
CaCl, 90. 2
MnSO, 111.5
Todoacetamide 88.3
Azid 58.4
EDTA 19.9
EGTA 28.1

Azide, sodium azide EDTA, ethylenediaminetetraacetic acid
EGTA, 0,0-bis (2-aminoethyl) ethylene-glycol-N, N, N°, N’-
tetra-acetic acid.

*Final concentration
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FOMR, AT Vv Daka Ty NI
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Reacting time

kDa Standard (min)
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974 j
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Fig.8 SDS-PAGE of soy milk protein digested with
the soy germination protease

Soy milk protein was extracted using 0.1 M borate-NaOH
buffer and digested by the protease for 0—2h at 30TC.
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Germination Protease Trypsin

Fig.9 Effect of trypsin inhibitor on protease activity
Two proteases were adjusted to approximately 5mU and
combined with diluted trypsin inhibitor at a concentration

that inhibited trypsin activity by approximately 50%. [], with
trypsin inhibitor ; W, without trypsin inhibitor.
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Estimation of Bacteria in Spoiled Cooked Rice

IRISAWA Tomohiro*®, TSUJII Yosimasa*, OKA Daiki*,
NOGUCHI Haruko*, UCHINO Masataka* and TAKANO Katsumi*

*  Department of Applied Biology and Chemistry, Faculty of Applied Bio-Science, Tokyo University of Agriculture,

1-1-1 Sakuragaoka, Setagaya-ku, Tokyo 156—8502

Spoilage of cooked rice occurred as a result of heat insulation. The cooked rice had an off-flavor
that was caused by spoilage. This phenomenon is thought to be caused by microorganisms. Therefore,
in this study, we attempted to isolate the contaminating microorganisms from cooked rice and identify
them by using polymerase chain reaction (PCR) and PCR-denaturing gradient gel electrophoresis
(DGGE). No microorganisms were detected in normal cooked rice; however, microorganisms were
detected at 4.6 X10° cfu/g in rice spoiled by 72h of heat insulation. The isolates were able to grow at
60~65C on the cooked rice, and they produced an off-flavor. Based on phylogenetic analysis, the
isolates were identified as members of the genus Geobacillus, and were closely related to Geobacillus
thermoleovorans. Contaminating microorganisms in the cooked rice were identified by PCR using
bacterial universal primers and G. thermoleovorans was only detected using PCR-DGGE. These results
suggest that G. thermoleovorans was the contaminating microorganism in the spoiled cooked rice and
produced the off-flavor.

(Received Feb. 17, 2014 ; Accepted Jul. 16, 2014)

Key words : cooked rice, thermal insulation, spoilage, thermophilic, Geobacillus

KER, PR, M, WM, Geobacillus

SN FE TITRHURIRR I U A ZBIZOW TR T S?
WRELTb, TAKRBEHREZHTHKREL, 0

A, BUETIIERMBGDS TR E 2o TV, &

B L, ZDH19604E 12 IR

MEDSHIE SN, KEB LB AFHEZAE, KBNS
RIBDO—HB OB LRMKEER & o720 T OIRIEHERELC
X0, KEUTEM L, BOULWIREZHERTEL L)1
o7z

L2 L, BREEFEO FIZ X ) BRI ORI fE
o 7o JUH, FHUIE) BRELPLARPSMEHRIND X9
WX oT& 7. KB L ZOMLEMDIGHRDOTZS
JEHA & LT, BacillusI& M T R Clostridium J& I 7& (2 B 3
LIEDL L, BTHB. cereus’e EEPFHICHG T 54
BIZOWTOREIFFIZL WY, ThFEFTEFEYD X
I LRSI Eohn TR 2B S 2 2 M 72T A5
B ENTE L, 22 TREEGE TORIBHIZBNWTH Z
@J: I REMHDAE LB ER %% 272546, BAEWNER

CE BTNV EEZ BN,

%, 60CICCTHRIRE 32 & 5 BER B2 &M O 5 A5H
BENTz 361, ZM %] & 75 FEMRE
B. stearothermophilus (B 7E 1% T3 5 $1 & N Geobacillus
stearothemophilus) T& 5 LiEm 2T TWwb,

DL EOFED 5 b BAUKEE TORERAIIE T 52K

IDOVWTHHMREICEBbDTH S NSNS, #2T,
Z'Kﬁﬁjufﬂi}:kﬁ}i%?'c@1%(mqj Ny 3 A BYAL ST R A
BHEEGTEMENTELHCT, MEOMS 2o 0
3522 HME LTELZIT- 720

Hfte L UERTGE

. HEEUIRERES - AR B L OMRER - RIBERMG
I_J UASAE D IR AR 2 BB W TR 2 17\,
PRI HP I MeasH: U % MR EEE (Spoilage rice cooker,

¥  T156-8502 REHMHAFXERE1-1-1
§ Corresponding author, E-mail : sawa37@hotmail.com



242 H A in BBl 7 &k

VOL.40 NO.5 2014

(12)

SR) & ZEM A A U Wik 2 (Normal rice cooker,
NR) OfEz#iK L7z KRB L ORIB IR ER 1235
WEIN TV L EFEREEB L OPRIEERE L L7 3B
KELTEWLREI e 2MHA L. &b, k&L
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MRV ERFER L (F—7 KB
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PRECL 722K 870, 5 g (S PR KA. Sme 2 2, +0 123
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% ¥ % £, NaOHIZ CpH7.0l2 # %, 121C155r [, +
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—Bxf e 7, RIR24KER B OFEHI D W TIRER
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Z—%#HE L, 0.6% gellan gumer A GSE; # (GSGH;
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5. 16S rRNABEFIEEACTIICE D R

S BERBR20MK 12D\ T16S rRNAM AT IERC A 12 2
DL RIIFNT 2 AT o 720 BERRD S ODNAFH I Zmu
LOFFNH - THr o720 FBETOMIRICH VT

54 < — L WREMN, v — 27 0 AT B X OSSR
IrRisawa b D S ENIHE - 72,
6. PCR-DGGE%IC & 2 ZHEREMEADKRE

ZWFE KD W TR LI X 2B B2 2 TDNA
LRV TOMMZIT o720 £9, B2, & FEARICHEE
iR (SRB L UNR) &k x A CEE IR 1T
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WCTCT1IHMHE L. SoRBHRZSTL, 0.1g0
BWW L7 T AY — X &Lt IZBugCrasher
(TAITEC) X CHIMRZ Mk L 720 MkiE, 7=/ —N
- 7 uuR )V AP CTONAT 247 5 720 — MR %
WG L LCTablel ISRL72T I/ ~v—ty b2HWT
PCRIEIC TR %47 - 729 KIS 2504 (5.0u8 5X%
PrimeSTAR® buffer, 2. 0u¢ ANTP Mixture, 0.5¢¢ each
primer, 0.25.¢ TaKaRa PrimeSTAR®, 1.0x¢ $5IDNA,
15. 7540 dH.0) % Ji v T, PCRI & (94C for 5
min, 94C for 1min*, 63C for 1min, 72C for 1min,
go to *35times, 72°C for 5min, 4 C forever) % 17 -
Too T E— ZABEAIKENC & V) HWIESHERL S N 72PCRIE
W % 2SR R BE A B A L B ALK B (Denaturing Gradient
Gel Electrophoresis: DGGE) # (2 fit L 7z, DCode
universal mutation detection system (Bio-Rad) % H
W, T UNT I FIREES. 0%, 2SI EE A AL i3 35%
MH50%&E 7% X HITIRE L7 (1002 ME#11E 7 MR
# L 40%formamide % & L) o BEUKE)IZ40V, 3057, 60T
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Mo Yt %47 5 720 Jetitd, Molecular Imager FX Pro
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Table1 PCR primers used in this study
Primer Sequence (5" to 3") Target microorganisms Reference
U968GC CGCCCGCCGCGCCCCGLGLCCGETCCCGLLCGLeCeeceaeecea Bacteria 8
CCAACGCGAAGAACCTTAC
R-1401 CGGTGTGTACAAGACCC Bacteria 8
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Fig. 1

3. ZTHFEEME O 5
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ERB LTz, 202 &9 b2 Mo JE W 2% o
FRIEBHME TH 5 2 L AR E NI,
4. 16S rBRNAEGTFIEEESICE D  RKHEIR
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TR L B L 7s Geobacillus & T VLI 2438 Bg % T2
Y5, HHEREMETHY, AmBEEIIBNT7Iy b
U —WEFEN T2 Z OMBIE Tl 27
BRI RS, LMV MRETEEIIREITE B\,
D70, FiRahEmRH 2 INEANGE T 5 BHZHRER 7
EESLELEL I TV,
5. PCR-DGGE#IC & 2 ZHERME DR

— MR B9 5754 ~v—% vy MZTPCRZ1T-
72E A, BENHEEINS: (Fig.3). ZDPCREWZ
DGGEIZHE L, Wz T=% )y 7 L7 ZOME, #
0 RER] BT IZ I S e h o7z, LA L, iR
2AREME 22 B &NV FOVREMRRE S, ThoDd —

Log CFU/ g
O = N W o gl & N

upper part middle part lower part

Comparison of the number of cells during heat insulating (a) and distribution

of contaminated bacteria in the cooked rice (b)

NR; normal rice cooker, SR; spoilage rice cooker.

*N.D. : Not Determined
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77 Geobacillus thermantarcticus DSM 95727 (FR749957)
Geobacillus thermoglucosidasius DSM 25427 (FN428685)
Geobacillus caldoxylolyticus DSM 120417 (AF067651)
Geobacillus toebii DSM 145907 (FN428690)
97 Geobacillus galactosidasius DSM 187517 (AM408559)
0.01 93 Geobacillus thermolevorans DSM 5366" (226932)
_ Isolated strain No 1 - 20
Geobacillus uzenensis DSM13551" (AF276304)
9% 84 'Geobacillus jurassicus DSM 157267 (FN428697)
Geobacillus lituanicus DSM 153257 (AY044055)
Geobacillus kaustophilus DSM 7263T (X60618)
Geobacillus vulcani DSM 131747 (AJ293805)
% Geobacillus thermocatenulatus DSM 7307 (AY608935)
Geobacillus stearothermophilus DSM 22T (FN428694)
Geobacillus subterraneus subsp. aromaticivorans DSM 230667 (HE613733)
L 98 [ Geobacillus thermodenitrificans subsp. thermodenitrificans DSM 465" (FN538993)
73 72 Geobacillus thermodenitrificans subsp. calidus DSM 22629" (EU477773)
Geobacillus subterraneus subsp. subterraneus DSM 135527 (AF276306)
Geobacillus debilis DSM 16016" (FN428699)
Anoxybacillus tepidamans DSM 163257 (FN428691)
Aeribacillus pallidus DSM 3670" (226930)
Brevibacillus brevis NBRC 126227 (AB271756)
Fig. 2 Phylogenetic relationship of the isolates and closely related species based on 16S
rRNA gene
The tree was constructed by neighbour-joining method. Brevibacillus brevis NBRC 12622" was used
as an outgroup. Bootstrap percentages above 70% are given at branching points. Bar indicates 1.
0 % sequence divergence.
(@ (b) 8
Bacteria
M 1 2 3 4 1 2 3 4
(bp)
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Fig.3 Detection of contaminated microorganisms by
PCR (a) and PCR-DDGE (b) method

Lane M, 100bp ladder 1, Oh heating insulating; 2, 24h
heating insulating; 3, 48h heating insulating; 4, 72h heating
insulating. DGGE profile of PCR products of the cooked rice
samples obtain with the bacterial universal primer set (U968
GC and R-1401). Labelled bands with letters a to d were

identified to the following species: a, Oryza sativa; b, c, d,

Geobacillus thermoleovorans

I I UVAFMBLITFT—IR=2 LoF—% L oMM
M % AT o 72kE SR, 3 XTG. thermoleovorans & 99% L)
FOMEAMZR L7z, 2 OR#EIIRRT2RH B IZB W T
DRFICENR L RELLEDDTH o720 TOMEIX
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Time (hour)
Fig.4 Reproducibility of cooked rice deterioration by
the model test

The spore of the used strain were inoculated to cooked rice
and incubated at 60, 70, 75 and 80TC.
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