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AR OlF 92 2E AE 3289 p-hydroxybenzoic acid butyl esterE E3)3h1, esterase 4
< 28, 548 159 A% 2 a4 M4 5L 2ABIGY. 298 15 AR Bacllus
. 2 54 2™, specific growth rate= T30l whe} 0.844~1.213 h'%. 0.1, esterase activity = Bacillus sp.

KB8 #5-7} 222 mU/miZ tiul5< B. subtilis ATCC66332] 21 mU/miRth 108} =& 248 o p-hy-
droxybenzoic acid butyl ester #3) B4 5.4~8.1 mU/mIE F5o W& £ o= 2 5 ¢1ch. Bacillus sp.
KB8 @5-2] W FA] NaCl9] H7h= A4S AsA17]H, esterase] AES) 13 AT FAE AN 7= R

2 Yephgon, 53] NaCl 7 559 S7h= ME9
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A Bacillus sp. KB8 @59 §4 42 A8l stationary phase ©]% Hx} Z7}ato] vk 6447kl 420 mU/

m/E BT S0l e esterase®] B4 50°CollA 30E7H AEglo] FAEA o 70°CAAM = AR A

HA 60C 9 65°C cllA9] B B wF Aol upe} X580 A& AFE B 3AZF F 60°CAHA 76%,
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HF 22 o) §HE HAF Fol: 47 mx A% 4
¥ 50 ester 3B So) tie Frjz LrEw, st
Ho2E ester HARY FHL Folo] ATPRE VS

71% gt} esterd}3E<! p-hydroxybenzoic acid butyl
ester(butyl paraben)< ethyl paraben, propyl paraben %
3 A BEASA v S 288t 88, FFo|, AT
o] &L AR T THE 2™ QlojA HERR AF|
2o o] &HH, FuldlAE 1HY, A%, AnF, OF, gF
9 A Fel AHgo] LV k. AF AAR AMRHE
A8 2-AFN FREAAU, 54 715 25l Qi e=z
A7t = ester JFEEL o]F et EaA AeS
g Ao, B3] HEFEE AMHEE 79 esterasedl| oJF
g ASAAEte 2Hle] 7)F s A% "o
esterasex 58 2”7 % o} n|AEA T g E¥
H3u e Aoz A dow, Aspergillus niger,”
Aureobasidium pullulans,” Bakers Yeast,” Bacillus sub-
tilis,”  Bacillus  stearothermophilus,” Pseudomonas flu-
orescens,” Brevibacterium sp.”* 719 9] esteraseol| #3+ 2
2], 44 2 T S4E FHeE Aol B Aot ¢
B o] gt} A esterase™ P §x9} A= 3T
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o AlPEATE wp2tA A Fe] Y8 Wol AHE 1L, 53
2 AzA FARR AASEHe AR oiF oA
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parabeng £3)|3H= esterase B AT ES 3, 43}
3 olE #F ol te 2 UHA S 54 AASAHAH
g St 58 ZAMET ol EF Ad A daE] &
T Al 719 Eael dE ester SIFEEY EUA
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HE U

Alek 8 717

oS FE A0 AHES Ui F 9 EHVP)E S AF
Abe] AEE TYst Aoy, MR B8 2 BE
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nutrient broth media(NB) % bacto-soytone 5°]1H, &4
24 48 AFo2E Sigmarle] prnitrophenylacetate
(pNPA), prnitrophenol(pNP)#} p-hydroxybenzoic acid
butyl ester(pHBB, Kanto Chemical, Japan)E A}&3}%1
o 2 739 4HE& st Automatic Vitek Mi-
crobial Identification System(bioMeriéux Vitek, Ins.,

USA)E AHgsla, AS 2 §4849 SHoE spec-

trophotometer(Jasco-570, Japan), HPLC(Samsung SLC,
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2b=w : Bacillus sp., esterase, AH-8ll ol 5 @84, p-hydroxybenzoic acid butyl ester



= 2vd A AdsE 100 @
T2 BEaldE 50 colonyra— PCAB}A|
% NBHIA] 5 miol 1 loop HE3te] 48417k
3t %, pHBBE 200 ppm©] H =2 H7Fsta oA
gHEA1Z1 3 pHBBe i3t #3853 pNPAE 7|2 =
sterase &5 %L/H g 7].;3 %_7,:%% }\-]ul—o}oﬂq_ A—]HLQ
%“*“t’é 2 3 F7E AT VITEK

Fold
2] #5752 PCAuIX A 30°C, 18217t v 5 34
ol Hykste] "o A vt} *ﬂiﬁ- PCA wjA|o A &3}
AIA ALEEI e, ZAstd #FFE NB AA =l 1
loop HE3EaL 30°CollA] 12 AZF vkt AL FF o= A}
£33t

Hi et wiA]= glucose 10 g/l, bacto-soytone 10 g/l, KH,
PO, 3g/IZ 3}a1, 2% pH7F 7.00] %% 243 £ 100
m/ ¥ 500m/ baffle B3 4tz Zahsze] HEFE]
121°Coll A 1083 A% F0& 0.1 ml HEsho] st
Ark. M FE1-2 30°C, 120 rpm&) Ngujeko g o) A
7F &<t viokslEA] S Y gAgH =2 =239k o
H| 52 esterase AT B. subtilis ATCC6633%
AHE-3HA

4N

M ol esterase gAJ0| =X

9] A5-2 spectrophotometerZ ©]-€3}] 600 nmol|
FEE ZA4sF4E ) BS993l FaAHE uj
Mini-centrifuge (6,000 rpm)ollA 1087F G4 &

g 5o NS Ao, g4 dePgA T NaCl
FEol e A4S e ARy TATS o] 43 BaSo)
ABE, AEY 484 sonicator(Vibracel) 2 A XS
e T AHELF A BT £ELH0F AR Ele] 27
O}ME]'-

B2 10 mmole/liter pNPA 0.1 miol] ZF A
0.3 m/3 100 mmole/liter sodium phosphate 2+&=8(pH
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(Table DollA & E]C”E} pHBBE E3JA17) esterase
Adeg B #5F 6%°] 2HAL, WE7F Gram
(ol TAHZE Lil rod type 0.2 As}st uh-g-3}
e 29X Bacilluss: E£2 2 (Table 2)5% ).
B A AFRE W3 #FE esterase A TS 7HA A
o2 2#% Bacillus subtilis ATCC6633 T+t 24
TE9 AS 9 54 #3 A= Table 33 2o}
BlA A& S Bacillus sp. KB50 1571 0.844 h™ 2 A|Y
=% o™, Bacillus sp. KB27 757} 1.213h™ 2 A|Y w&
ASEEE BT 48AI17F vl 5te] ds-2 &8 oF
b okzhe] Apol= gl ot thef 2.88~3.359] SHEE B
Atk pHBB 2 &AL 54~8.1 mU/miE #57F & Aol
£ Ho|R] ¢Fgkor} esterase 42 21~222 mU/miE v}
Ef} ol wel 2 xolE Bk BEEdTE F Ba-
cillus sp. KBS 757} 222mU/m] & AY & esterase
A8 Bo] vud2 B. sublilis ATCC6633 w59 21
mU/m/ o 8]3] 1009] =& &AL vy, BeudFe £
A e A4S Wel Bacillus sp. KB50 #5¢) 34 mU/
m/ H}= 6.58] =2 @40t pHBB 3l &4 34 est-
erase E4284 9] zto|&= 7|22 AM8-E pHBB ¢} pNPA 2]
ester 2% T2 ester A 3t alkylZ] 9] AololA
719" &ZAhe 71" BolAgt wiEelzl AlgETh. Ba-
cillus sp. KB8 #79 8484 F5& Meghji 59 B
subtilis NRRL365 TF& o|&3t AEA =710 ule}
50~4,500 mU/mi2] esterase 2% Jelith & Aap=
H3 g oA zlelE B o, ol  A¥ = )
S5, iR RA] Fo] Aolgh 2o AAIFEAY] Wi
2 "37]'5]”3] Meghji 502 T3 gtae] /4 w1
Adsol & AolE KA st X x F9 ddH o]

ot
3:
]o

Table 1. Physicochemical parameters of acid hydrolysed soybean
protein

H Aw NaCl conc. Bacteria Total amino acid content
b (%)  (CFU/m)) (mg/100g)
4.89 0.833 16.4 15x10> 3,241
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Table 2. Morphological and biochemical characteristics of isolated
strains from acid hydrolysed soybean protein

A

Table 4. Growth and esterase activity of Bacillus sp. KB8 strain at
various NaCl concentrations

Isolated strain ATCC
KB5KB8 KB16 KB27 KB50 KB141 6633

Gram staining + +  + + + + +
Spore formation + + o+ + + + +
Cell morphology rod rod rod rod rod rod rod
Sucrose + o+ o+ + + +
Tetrazolium red -
Tagatose -
Glucose +
Inositol -
Galactose

Arabinose

Xylose

Mannitol

Raffinose

Salicin

Amygdalin

Inulin

Ribose

Maltose

Trehalose

Palatinose

Sorbitol
N-acetyl-D-glucosamine
amylopectin

Potassium thiocyanate
7% NaCl

Mandelic acid
Oleandomycin

Sodium acetate
Arabitol
Polyamidohygrostrepin
Nalidixic acid

Esculin

Morphology &
biochemical data

+
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Table 3. Growth and enzyme activity of isolated strains and type
strain on soytone media

Growth” Esterase activity pHBB dec. act.?

stram - mex (7 g0y0) (mU/ml) (mU/ml)
KB5 0.946 2.887 123 5.8
KBS 1.038 2.903 222 6.6
KB16 0.975 2.912 106 59
KB27 1.213 2.984 88 7.5
KB50 0.844 3.354 34 6.5
KB141 1.196 3.268 47 8.1
ATCC6633 1.043 3.250 21 54

Y Growth was measured by absorbance at 600 nm after 48 hours cul-
tivation.
2 pHBB decomposition activity.

ZHE 7142 AMEE o A1 260 mU/mie] 248488
1<l Ho|u, Donaghy$t McKay”= Fusarium gram-
inearume 547+ AA wjgd H¢ H1 200 mU/mie] &
284E B AL B A3 £ dF<! Bacillus sp.
KB8 #5¢ 484 +&3 MBI E49 4HdA
ol £&1g 3T W A7) Meghji 53 Donaghy 59
esterase Ao Be A3 A7 E AFlA 22
Bacillus sp. KB8 #FoAE AT 71x7) e ALz

NaCi Growth” Extra. Spe. Intra. Spe.
conc.  Mumax act. act. Ratio”
’ . (mU/mg  (mU/mg
/b 24h 48h 64h protein) protein)
0 1.038 3.015 2.787 2.595 290 879 0.33
30 0.908 2.733 3.073 2.878 55 124 0.44
50 0.734 2.868 3.034 3.025 32 111 0.29
70 0579 2.778 2.843 2.971 17 105 0.16
90 0.394 2.384 2.820 2.823 4 87 0.05
110 0.224 0.338 2.318 2413 4 64 0.06

UGrowth was measured by absorbance at 600 nm.

PExtracellular specific activity.

ntracellular specific activity.

“Ratio of extracellular specific activity to intracellular specific
activity.

Atz

NaCl s =0j 1t2 Bacillus sp. KB8 Z39| M1 &4
2

BTFE F esterase BAET AY =S Bacillus
sp. KB8 T#F& ooz A8y 34 AAS VA=
NaCl 59 988 FA}8}tH(Table 4). NaCl =9 5
7t wak #F9 vlAdF =& NaCl #3H7H) 1.038h*
2 ¥ NaCl #7Fsxol et =214 NaCl 11% 71
0.224h" 2 79 XAz AT 1¥E NaCl =
Aste] FAPA AL uiUAIzke] Aol wet HA} 3
BrE S Bon), AXEe g4} B84 NaCl ¥
A 7HA] 290 mU/mg protein ©] 11, NaCl 11% FH7HA+= 4
mU/mg protein®. 2 37t vl &F 1%9] HEAHE B
o] 29 ME2 E3 o] NaCloll 23] 433 Asi=<= A
oz yehdth AXY Zie HEAELE NaCl F3H7M]
879 mU/mg protein <16 B3] NaCl & 11% #7}3 735
o] H|E4& 64 mU/mg protein® 2 F3H7IA1¢] v|BAHE
Y] 7% T HEC. olE FAh HES] FH|A
B¢ NaCl 37} 93 FARE 232 NaCl 7ol 23]
F4 A0l JAEE Aoz AR HUTH 28y AR
gaoh AEY The H1@HEY BE NaCl FE 5% 7
AE 0.29~0.449] W& 22l ¥HH, 7% o4& A7 4§
£0.05~0.162] B]E B NaCl 5=9 F7p7F 249 B4
HokE AEY 3L 9 JAANTE AR JEETH
Lambrechts ¢} Galzy'*= #5H 2 esterase Ao gk
NaCle]l 93-S Q7319+ Brevibacterium sp. R312 9
AE NaCl 37}2 esterase ¥Alo]l XM, B. linens
629 A4 JAANTHE T/ O 2HE Fol A
A4 3k NaCl #7} a3y #F3d wel 24 vebd

& Rt glek

Bacillus sp. KB8 @32} ATCC6633 32| MT %
esterase MM profile ’
Bacillus sp. KB8 @39} B. subtilis ATCC6633 T2
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(a) ’ (b)

0.04 , | 0.4
0.03 j03

4 0.02 702

Growth{A600]
N

4 0.01 4 0.1

Enzyme activity (Unit/Broth m1}

oW s g »
0 16 32 48 64 0 16 32 48 64
Fermentation time [h] Fermentation time [h]

Fig. 1. Growth and esterase production of B. subtilis ATCC6633 (a)
and Bacillus sp. KB8 (b) strains by flask fermentation.

(-3 : growth measured by absorbance at 600 nm.

WM : esterase production(U/ml).

v A7 £ 5= Table 3004 ®i= wheb o] zhz} 1.038 b
9} 1.043 07, Ao} ¥ == 22} 3.015, 3.1779) FREE
Hol F F79] AL udd £ ) A= HellA
o9 AR SO, el A4 ke thE s vehge
B. subtilis ATCC6633 2] 7-%-(Fig. 1(a)) 53 A
¥ &4 AJA 5 (growth-associated product formation)<
wol QA& Stk fEY a4 AT S8t
stationary phase Z7]|(¥]%F 20 A7k o] F)o A FA A
ol Hdjzldl =g o] % ¢ 0.03 U/ml 2 F7HE A &
Aol dAGsA FR= At ol w8 Bacillus sp. KBS T
F(Fig. 1(b))2] &4 A5 Stalder?} Bachofen™9] B
a1} go] H#F AHo] late exponential phase H= sta-
tionary phase ©]Z-(39k 16 A|7} 0]%F) BE Zv}sl7] Al
zhste] wioko] TR E wi7hx] HFde S Ho] Wy
64 At & B. subtilis ATCC6633 5 HU} oF 14y =2
042U/ ml 2| 24 A4S B

o] olmA
o ™2 Bacillus sp. KB8 7 71¢) esterase®] &<t
g 30, 40, 50, 60, 65, 70CY) FerFolA 2EAAS
3083 AR & A& aaga o7 ZALEATHFig. 2).
1 A3 50C 7= 4o FAE R, 60°C oA 90%,
65°ColAE oF 50%9] & E284E B3 o, 70°CH A
v AR AEEAu). Bacillus sp. KB8 75 7199] est-
erase © Bacillus sp. Wai 28A5™ 3} B. stearothermophilus
G18A7™ 71919 esterase Hrhe debgdAde) woken, B
stearothermophilus® % Aureobacidium pulllans’™ 7199
esterase ol tH¥F A= FAR AT
Bacillus sp. KB8 #7¢] EAHE 3253604 30°C,
60°C, 65°C oA 3AI17F B¢t AXA)F)|HA AAH oz A=
F4EAdE ZAEE AdH(Fig. 3) 30°ColAeE 347 &
100%2] & 248 Bya 60°co1wt 76%2] & A
& B o, 65°CAME 3% E FAL Hol 7o A
8= Aoz YehY 60°C o)A 23l e &

o o fob

I o
tjo HT F>

H
N

Remaining enzyme activity [%]

0 1 1 1
30 40 50 60 70
Temp. [TC]

Fig. 2. Thermal stability at various temperatures. Enzymes was
preincubated for 30 minutes at each temperature.
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Fig. 3. Thermal inactivation of the esterase at 30(0) , 60(») and
70(0)°C.

Age e £x2 JFHAnt 60°Ce 65°C o4 ¢
e %“é" %_‘E o]&A L 60~70°C Alo]oll= semilog-
o7 AgsE A4 AAE gErs
as'?e] Aol FARRE 2% ofFE
BEE E‘}i‘?}.
‘Ef& 25 wizle) wel Bacillus sp. KB8 a2 est-
se TEAAMLE 4°C L A2o|A ¢ 457 G4 4ol
1549;121% -18°CAM = 1579 59 F400M 100%
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5 A tH(Data 1] AA]). ol AF Az AN 71E A
of o3 Fdol £ TS v 79 esterased) £
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ol o2 Rk Be AFE dAlol & Aoz Alg
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olare] AollA AF AR Fo] AFRH= AR o
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AAslE g £l B]E 15T 2] NaCl ZA 5 A
A5} esterase AL 433 AAE wou, AF A
717 £ REF AA Fe FFolA 71YE est-
erase®] 9J3] H21AHQ FHAsr} o dHT) o] HEE
2 AR ester S13HES] 3] Bk ol vzt A
g OHE ester S tEiNE o= A= GFS v
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Esterase Production and Culture Characteristics of Bacteria Isolated from Acid Hydrolysed
Soybean Protein

Nam-Soon Oh*(Department of Food Science and Technology, Kongju National University, Yesan 340-800, Korea)

Abstract : The characteristics of growth and esterase activity of bacterial strains isolated from acid hy-
drolysed soybean protein were examined. All the isolated strains having decomposition activity of p-hy-
droxyhenzoic acid butyl ester and esterase producing activity were identified as Bacillus sp. by morphological
and biochemical methods. The specific growth rates, esterase activities and p-hydroxybenzoic acid butyl est-
er decomposition activities of isolated strains were 0.844~1.213h", 21~222 mU/m/ and 5.4~8.1 mU/mi,
respectively. In the fermentation of Bacillus sp. KBS strain which had the highest esterase producing activity,
growth, extracellular excretion and intracellular synthesis of esterase were inhibited by adding NaCl in the
culture broth. Esterase producing activity gradually increased after late exponential growth phase, until max-
imum value of 420 mU/m/ reached after 64 hours culture period. Esterase of Bacillus sp. KB8 strain was
stable up to 50°C for 30 minutes, but was inactivated by heating for 30 minutes at 70°C. The enzyme activity
exponentially decreased during the incubation time at the temperatures of 60 and 65°C.

Key words : Bacillus sp., esterase, acid-hydrolysed soybean protein, p-hydroxybenzoic acid butyl ester
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