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Isolation and Characterization of Bacillus spp. with High-Level

Productivity of Poly—-y-Glutamic Acid
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ABSTRACT Bacillus strains not producing harmful components were isolated from Korean traditional soybean
products. Extracellular enzyme activities (amylase, protease, cellulase, and xylanase) of isolated Bacillus strains were
measured, and Bacillus strains with high protease activity were selected. The selected 15 strains were identified as
Bacillus amyloliquefaciens (10), Bacillus methylotrophicus (1), Bacillus velezensis (1), and Bacillus subtilis (3). Among
them, B. subtilis JBG17019, B. amyloliquefaciens JBD17076, and B. amyloliquefaciens JBD17109 showed antimicrobial
activities against food-borne microorganisms. The production abilities of glutamate, glutamine, and poly-y-glutamic
acid (y-PGA) of the selected Bacillus strains were measured to analyze fermentation characteristics related to glutamic
acid metabolism. The factor for multivariate was analyzed by the principal components analysis (PCA) method between
fermentation characteristics and y-PGA production. The three principal components were classified according to the
PCA method: PCI1 [enzyme activity (amylase, cellulase, and xylanase)], PC2 (y-PGA), and PC3 (protease, glutamate,
and glutamine). As a result, B. amyloliquefaciens JBD17076 and B. subtilis IBG17019 strains were evaluated as having
excellent enzyme activity and y-PGA production.
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Table 1. Enzyme activity and anti-microbial activity of selected Bacillus spp. isolated from Korean traditional soybean products

Enzyme activityl)

Anti-microbial activity

Strain B. cereus L. monocytogenes S. aureus E. coli
Amylase Protease Cellulase Xylanase KACC KACC KACC KACC
13064 10764 1927 10115
JBG17015  1.34+0.06°? 3.15+0.16 1.00” 1.00 1.00 1.00 1.00 1.00
JBGI7019  1.3620.04  2.16+£0.20° 2.64+0.12°  2.40+0.04" 1.00 1.11£0.01° 1.80+0.11° 1.00
JBG17044  1.37+0.06°  2.86£0.00° 3.02+0.24°  2.82+0.37° 1.00 1.00 1.00 1.00
JBG17057  1.2320.03%7  2.23+0.11° 2.64+0.06°  2.64+0.08® 1.00 1.00 1.38+0.09° 1.00
JBD17064  1.61+0.04"  2.23£0.02° 2.7440.18% 2.55+0.13% 1.00 1.00 1.00 1.00
JBDI17065 124200157  2.07+0.17° 2.79+0.08% 2.54+0.05 1.00 1.00 1.54+0.14° 1.00
JBDI17073  1.51£0.02°  2.18+0.16° 2.77+0.02% 2.55+0.23% 1.00 1.00 1.00 1.00
JBD17076  1.37+0.04°  2.09£0.23° 2.62+0.09° 2.49+0.19° 1.58+0.23" 1.07+0.03° 1.25+0.05° 1.00
JBD17089  1.63£0.09°  2.09+0.14° 2.93+0.17% 2.65+0.23% 1.00 1.00 1.00 1.00
JBDI17109  1.27+0.02%  2.14+£0.17° 2.28+0.06° 2.17+0.08° 1.59+0.05" 1.00 1.46+0.14%  1.20+0.02°
JBS17138  1.42+0.03°  1.06+0.01° 2.7320.06 2.57+0.16™ 1.00 1.00 1.00 1.00
JBS17145  1.17£0.05%  2.54+0.20" 1.00 1.33+0.04¢ 1.00 1.00 1.00 1.00
JBS17146  1.1620.07"  2.10£0.19° 1.00 1.29+0.06° 1.00 1.00 1.00 1.00
JBS17169  1.10+0.028  2.94+0.00 1.00 1.22+0.04¢ 1.00 1.00 1.00 1.00
JBHI7182  1.58+0.07°  2.06£0.35° 3.38+0.11° 2.82+0.19° 1.00 1.00 1.00 1.00

"Halo diameter / Colony diameter.

*Means=SD (n=3) within each column followed by the same letter are not significantly different according to Duncan’s multiple

range test (P<0.05).
?1.00 means no activity.

JBD171097}F &1 ATt 12v} protease Edo] 73
2 JBG170154} amylase, cellulase, xylanase &4 o]
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(T) FZB42¢} daA 7} 718 7V 2™, JBD17073
T B methylotrophicus®, JBH17182 ¥+ B. vele-
zensisZ &1 E . JBG17019, JBD17065, JBG17057
2 B subtilis, JBD17064= B. amyloliquefaciens(T) NBRC
155359} 717 717he A #AR YERRT
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Bacillus 9] glutamate9} ¥H ¥ A= Fig. 29 2
o] g3} ol ofg] @At AgshaA Al vt vk
Aol G E o3l FIFES H=Th26). T G He]
obH| %Akl glutamate= W& S48 ofv| Akl &
Aol Bacillus @+l 9)a] @& 717 &<t glutamine 2 &
g ALY y-PGA 3ol #odste S 8¢k ofnislolth

27). WetA Bacillus A3+ GaEAS 43517 9
slo] ¥@E % glutamate®} glutamine $HEFWH3IE S A3
AF(Table 2), T EF FE2 F8= o] &A= gluta-
mate®} glutamine®] %2 27} 20.09 pg/mLe}F 31.86
ng/mL 4250] . Protease &AJo] 3.159} 2.94% 9
e JBG170159 JBS17169 52 glutamate $&-2 7]
7} 33.18 pg/mLet 34.84 pg/mLz Ha ARt 747
65.16%¢} 73.42% Z7}3+9ith. Glutamine %S amy-
lase®] @A%Ado] BT 943 JBD17089 o7} 259.2
pg/mLz 9rg A 31.86 pg/mLRE.T}H 88 o] S7)ske] A

A

Table 2. Changes of glutamate and glutamine contents after fer-
mentation in soybean water extracts

Amino acid productivity (pg/mL)

Strain Glutamate Glutamine

N 20.09 31.86
JBG17015 33.18 217.87
JBG17019 20.65 108.11
JBG17044 18.80 41.83
JBG17057 17.15 138.05
JBD17064 8.66 86.02
JBD17065 8.66 185.08
JBD17073 30.97 178.67
JBD17076 16.59 208.60
JBD17089 21.57 259.20
JBD17109 26.36 32.57
JBS17138 12.35 24.73
JBS17145 8.48 24.02
JBS17146 12.72 26.16
JBS17169 34.84 26.87
JBH17182 29.31 21.17

UN.C. means non-inoculated soybean water extract.
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JBD17076
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JBG17015
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T _I_JBD17109
Bacillus amyloliquefaciens (T) FZB42 (CP000560)
[~ Bacillus methylotrophicus (T) CBMB 205 (EU194897)
— JBD17073
JBH17182
" Bacillus velezensis (T) BCRC 17467 (EF433407)
g4l |IBG17019
JBD17065
76(| JBG17057
Bacillus subtilis (T) DSM10 (AJ276351)
O\ Bacillus tequilensis (T) 10b (HQ223107)
62" Bacillus subtilis subsp. spizizenii (T) NBRC 101239 (AB325584)
JBD17064
o - Bacillus amyloliquefaciens (T) NBRC 15535 (AB325583)

Bacillus sonorensis (T) NRRL B-23154 (AF302118)
9g8|| Bacillus licheniformis (T) BCRC 11702 (EF433410)
N 1
95— Bacillus aerius (T) 24K (AJ831843)

— Bacillus atrophaeus (T) JCM 9070 (AB021181)

Bacillus altitudinis (T) 41KF2b
| Bacillus benzoevorans (T) DSM 5391 (D78311)
Bacillus coagulans (T) NBRC 12583 (AB271752)

4

30

0.0100

Fig. 1. Phylogenetic tree based on 16S rRNA gene sequence of selected strain. All sequences used here were from Bacillus type
strains. GenBank accession numbers are given in parentheses. The branching pattern was generated by maximum likelihood method.
Bar, 0.01 substitutions per nucleotide position. Bootstrap values are expressed as percentages of 1,000 replicates.
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aminotransferase, E3: glutamine synthetase (GS), E4: L-glutamic acid:pyruvate aminotransferase, ES: alanine racemase, E6: D-gluta-
mic acid: pyruvate aminotransferase, E7: direction conversion, E8: PGA synthetase.
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the mean, and means with the same letter are not significantly
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Table 3. Principal component analysis (PCA) scores for fermen-
tation characteristics

Principal component" analysis

Strain

PC1 PC2 PC3
JBG17015 -2.64 -0.35 -2.31
JBG17019 1.44 -2.67 -0.09
JBG17044 -0.01 0.85 -0.09
JBG17057 0.95 -1.64 0.17
JBD17064 0.85 2.06 0.48
JBD17065 1.10 -1.00 0.58
JBD17073 0.83 0.87 -1.46
JBD17076 1.54 -1.81 -0.39
JBD17089 1.58 1.32 -1.47
JBD17109 -0.26 -0.43 0.29
JBS17138 1.62 0.54 2.01
JBS17145 -2.42 0.05 1.52
JBS17146 -2.36 0.51 1.66
JBS17169 -3.32 -0.53 -0.54
JBH17182 1.09 2.25 -0.35

YpC1: amylase, cellulase, xylanase (+), PC2: y-PGA productiv-
ity (—), PC3: protease, glutamate, glutamine (—).

Function of principal component

Z1=0.37(x1) — 0.38(x2)+0.54(x3)+0.53(x4) — 0.15(x5)+0.19(x6)

+0.2(x7)+0.24(x8): PCl

72=0.41(x1)— 0.06(x2)+0.13(x3)+0.12(x4)+0.02(x5) — 0.17(x6)
—0.63(x7)— 0.61(x8): PC2

Z3=—0.3(x1)—0.45(x2) — 0.07(x3)+0.01(x4) — 0.63(x5) — 0.56

(x6)—0.01(x7)—0.03(x8): PC3

x1: amylase activity, x2: protease activity, x3: cellulase activity,

x4: xylanase activity, x5: glutamate, x6: glutamine, x7: y-PGA

(synthetic culture medium), x8: y-PGA (Cheonggukjang).
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