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glutamate 150g/500mL, pH 64
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6.2. Protease

Milk casein®9 (06% in 50mM phosphate buffer)
25mLE AldTe] B NCE I3 o 2EL
of 05mLE 7h3ted 1087 ¥HEAIFATE TCA &9
(011IM in 022M sodium acetate+0.33M acetic acid)
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Protease®] AT ©9= Z&4Y ImLol| 93t 1
B7ho 1pg9] tyrosineo] 4Z3H= Folin 2449 &
WARHEo] YAFE AL 1GHE FostAen
H2A 1gg 71F 02 e At

6.3. y-Glutamyltranspeptidase
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6.4. Levansucrase
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mM elatekEdo] &3)8 20% sucrose®d 05mLE
30ColA 587 GEsty 7)o ZFEAY 05mLE
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glucoseS EFOZ dto FUFS FAsNeH &
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Z3AG AR ZAN ABAY 7HAAM A
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Zo]l NgE 7194 U AEde EAERH
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2zt Aste £5AAS, 22U A7)9 ¥

gt 277l dFE EElstHem, biotin 27
A3 HAE FAARE vZ L A FAGA #
Aagt =8 2eldFe FFE AL wADA
A A7 AA ok & AdE FAES JAEF
Z3 1 ethand JAEY AXFFHS FHd9 1
A7}E BF Table 1o Ao JAE vl
F#Z2A Bacillus subtilis BS629}+ F2-01¢] A5 &
A Yepl 23733 274%F Wl #F7F A%
ZA2A bioting L73IALH 1F #FHUIL KI3,
K22, K31, K53, K61, K94 50| biotinA| g4 3HH#H &
Ao HEAE AAEe] Bty I 2740 Yle
#FE A2 FREFo| HAU2 Y K429 K549 2
FFE A9 AAdFo] Bt

o|5¢] HABZAAL wix(DoA o] AAujF 2
72 Table 1914 H]|w3dted BH biotin d#FF <
K133} K94, biotin*@F 2 K429} K54 5ol IA
5% AZ2F% BF $439y EXdE wile
BS62%) 9} F2-01%R0 @59} v AT FFoIUE
2 o]5g MAE AYNE 7FE Misd oF 4
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A3 BFE HH F
dAE AR S GIA, Mgl AEd #F K13, KA
(biotin'), K32, K54 (biotin*)$} Bl dF2A BS62,
F2-01 (biotin) ¢ HujFd S FANF iAo A

Table 1. Comparison of slime productivities among Bacillus sp. isolates.

AAe AN oo #

Plate culture®

Broth culture™

Isolates
B{iotin Slime Stringness Wet slime Dry slime
reguirement  productivity (g/100mL) (g/100mL)

K12 + + = 327 093
K13 - +++ +++ 9.65 363
K14 + + - 6.48 268
K21 - ++ +++ 713 2.85
K22 - +++ ++ 752 2.05
K23 + ++ = 518 155
K31 - +++ - 6.23 223
K32 + ++ ++ 753 312
K33 = + = 552 2.10
K41l - + - 595 259
K42 + +++ +++ 713 290
K43 + + ++ 6.50 254
K51 + + = 8.05 251
K52 + + + 845 3.08
K53 = +++ +++ 8.10 321
K54 + +++ - 8.60 335
K61 - +++ ++ 790 262
K62 + + - 518 1.88
K72 - + - 6.40 287
K73 = ++ +++ 732 244
K74 + + = 823 354
K81 = + ++ 843 275
K82 + + = 8.25 2.60
K91 % ++ ~ 798 352
K92 + + + 5.90 260
K93 - + + 9.38 263
K94 = ++4+ +++ 737 3.00
BS62° - +++ ++ 7.08 278
F2-01¢ - +++ +++ 942 293

“Biotin requirement and slime productivity on agar plate were tested onthe media(2) consisted of salt solution A and B 50mL each,
sucrose50g, tryptophan 50mg, Biotin 100ug (with or without), agar 16g/L, after incubation for 24hr at 37C.
b Cultures were grown in 250-mL shake flasks containing 40 mL broth,the medium {1) for 48hr at 37C.

9The strain studied by Park®

dThe strain previously reported by Kubota et al™
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2) BEEY A

Kanno S%¢] CETH A we} ST vt
Z9 y-PGA #FHS A3y, otgdl 1 AdiH:
(mE T3tk MYE F PGAS FFH AAEE
o] W3l A A2 Ao HuldH A=
oto} PGAS] B Bt Zol7t &S & F A

Atk #F K42, K54 59 ZA$ols PGAY &3
gt AL vlgo] wed st K9 75
= 1 owe] AEE YePd o ZM, #F Kool 3t
o ANE PGAS Hg EAFo] egFo Aol H
& o =dy & 4 Sl

Table 2014 E 2+ 359 A%, PGAY] A% &
PR HuA 9} oo L= 22 E YA

< wwste) wokth #FF Kol o PGAY
o OA7F T 867mg/gl BN AddEF T MY B

01}, Bacillus subtilis F2-012) 1051mg/g Bt %
& FFoth W KI3e UAHE 18X10°cells/g,
18417+ ¥ PGA 700mg/ge] HIA| o2 on,
Koo Z9ole 4247 o) 3ol ztzt HIAo &%
sho], FA O ALSE HAEY AT A H
o2 vl A%S EATh

=

3) &40 AA

ZART W F FFY LEIT F dHA
By HEEY Aol #¥E protease, -GTP,
levansucrase S 9] T4 A E WIS AT
Protease= ZAFF 5 vl 12417
57) A&t ikt F Al

43, 1% K13 3F79 = ¥l M =t

Table 2. Maximal levels of growth of the selected strains and their slime productivities in the steamed

soybean culture.

Bacillus subtilis Growtha) Slimed) Viscosityc)
(viable cells/g) (CET mg/g) (7r)
K13 18x10° (24h)¥ 700 (18h) 747 (18h)
K94 43%10" (48h) 4 (42h) 10.81 (36h)
K42 6.6x10° (30h) 71.1 (36h) 592 (30h)
K54 6.0x10° (36h) 86.7 (42h) 563 (36h)
BS62 72%10° (36h) 75.2 (30h) 1094 (24h)
F2-01 24%10° (30h) 1051 (42h) 3257 (36h)

4Growth was presented as viable number of cells per gram of the steam-ed soybean culture
®Slime was determined as poly(y-glutamic acid) by the CET precipita-tion method *

“Viscosity was presented by the relative viscosity, 7r."”

dNumbers in parenthesis indicate the time required to reach the highestvalue.
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Table 3. Maximal levels of enzyme in the steamed soybean culture of the selected strains.

Bacillus subtilis Protease® Levansucrase® 7-Glutamyltrans-
(units/g) (units/g) peptidase’ (mU/g)
K13 729 (48h)? 363 (12h) 1626.8 (30h)
K94 449 (48h) 333 (12h) 16459 (30h)
K42 257 (48h) 400 (12h) 10334 (36h)
K54 432 (48h) 378 (12h) 1980.8 (42h)
BS62 374 (48h) 3.11 (12h) 31483 (30h)
F2-01 499 (48h) 359 (12h) 39114 (36h)

J0ne unit of protease activity defined as an amount of enzyme equivalent to produce lug of tyrosine per minute from mik casein.

YOne unit of levansucrase activity defined as an amount of enzyme equi-valent to liberate 1#mol of glucose per minute.

90ne unit of 7-GTP activity defined as an amount of enzyme equivalent to produce lp#mol of 5-aminosalicylic acid per minute from
7-L-glutamyl-3-carboxy-4-hydroxyanilide using a commercial -GTP kit (Inwha Pharm, Co. Ltd, Whasung Kyungi).
¥ Numbers in parenthesis indicate the time required to reach the highestlevel of enzyme activity.
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Table 4. Purification of y-polyglutamate by cetyltrimethylammonium bromide precipitation.

Medium (1) Medium {2)
B. subtilis

PGA (% sugar) Final PGA (% sugar) Final

(mg/100mL) pH (mg/100mL) pH

K13 3151 (8.75) 6.27 685 (0.84) 9.10
K94 252.2 (3.38) 797 102.7 (0.92) 890
K42 263.4(10.95) 6.82 822 (245) 916
K54 3209 (8.14) 732 704 (1.22) 899
BS62 2865 (5.37) 6.35 55.1 (0.54) 9.07
F2-01 3182 (2.34) 6.08 167.6 (0.69) 9.06

*The cultures were grown on the media (1) and ¢2) for 48 hr at 37'C with shaking.

Table 5. Effect of pH on ethanol the precipitation of 7-polyglutamate.

pH of the culture Crude slime PGA Total sugar(%)
broth and ethanol* (g/100mL) (g/100mL)
10.0 402 0.34 155
70 233 0.19 293
20 1.69 0.20 411
Control 3.20 0.26 158

*pH of the culture filtrate and ethanol were adjusted by adding NaOH or HC! solutions, The culture was obtained by growing the
strain K13 on the medium {1).
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