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Identification of a Newly Isolated Protease-producing Bacterium, Bacillus subtilis FBL-1, from Soil

Mina Kim, Jin-Beom Si, and Young-Jung Wee*

Department of Food Science and Technology, Yeungnam University, Gyeongsan 38541, Republic of Korea

A novel proteolytic bacterium was isolated from soil at Yeungnam University, South Korea. The strain,
named FBL-1, was rod-shaped with a smooth surface. Biolog and API 50CHB test results revealed that
strain FBL-1 was a Bacillus species. Based on 16S rDNA sequencing and chemotaxonomic characterization,
the strain was identified as Bacillus subtilis because it had the highest homology with Bacillus subtilis
subsp. subtilis NCIB 3610 (99.5%). In liquid culture at 37°C with shaking at 200 rpm, fructose and yeast
extract were found to be the best carbon and nitrogen sources, respectively, for cell growth and protease
production. The highest protease activity (451.640 U/ml) was obtained when the strain was cultured in
medium containing 20 g/l of fructose and 5 g/l of yeast extract. Although further studies are needed to char-
acterize the protease and enhance its activity, the newly isolated protein-degrading B. subtilis FBL-1 can
be applicable for the production of peptides and for the degradation of proteins in various industries.
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Fig. 1. Isolation of proteolytic bacterial strain FBL-1. (A) Proteolytic activity of the strain on agar plate. The strain was cultured on
TSB agar plate containing skim milk at 37°C for 24 h. (B) Scanning electron microscopy (SEM) analysis. Cells were fixed with 2.5% glu-
taraldehyde and 1% osmium tetroxide, dehydrated with a series of ethanol concentrations in distilled water (50—-100%), dried with crit-

ical point dryer, and coated with gold.
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Table 2. Phenotypic diversity of strain FBL-1 and related
strains of Bacillus subtilis®.

Characteristics A B C

Utilization of (with APl 50CHB kit)
Control - - -
Glycerol +
Erythritol -
D-Arabinose -
L-Arabinose +
Ribose +
D-Xylose -
L-Xylose -
Adonitol - -
[B-Methyl-D-xyloside - -
D-Galactose -
D-Glucose +

+

+

o+ o+
A

D-Fructose

D-Mannose

L-Sorbose -

Rhamnose -

Dulcitol -

Inositol +

Mannitol +

Sorbitol +
+

G+
e

o-Methyl-D-mannoside
o-Methyl-D-glucoside
N-Acetyl-glucosamine
Amygdalin -
Arbutin -
Esculin

Salicin -
Cellobiose
Maltose
Lactose
Melibiose
Sucrose
Trehalose
Inulin
Melezitose
Raffinose
Starch
Glycogen
Xylitol
Gentiobiose
D-Turanose
D-Lyxose -
D-Tagatose -
D-Fucose - - -
L-Fucose - - -
D-Arabitol - - -
L-Arabitol - - -
Gluconate - - -
2-Keto-gluconate - - -
5-Keto-gluconate - - -
Protease production + + +
3Strains: A, strain FBL-1; B, B. subtilis subsp. subtilis NCIB 3610; C,
B. susbtilis DSM 347. Data were obtained from Oguntoyinbo et
al. [14].

+, Positive; -, negative.

L

R I T R
T T S S e e e

I T LT T T i T S S S i S S B S S S
+

A BEEEE A AAste] e Tl EagdE UE
ot FARAAE 0 (SEM) o 2 ¥E3 43, FBL-1 #5+
70 e 2] T Ajzolw oF 3 um Zol¢ THt FEHE
UeERth(Fig. 1B).

o FBL-19] 2@ FH o gt 1258 4= o
Biolog test®} API 50CHB testE& 433t on 11 21&
Z}Z} Table 13} Table 29| L EFW T} Biolog test& AF&-3t
Agsta EA BEA AT, dextrin, inulin, N-acetyl-D-
glucosamine, D-fructose, o-D-glucose, maltotriose, D-
mannose, P-methyl-D-glucoside, palatinose, D-psicose,
D-ribose, sucrose, D-trehalose, L-malic acid, pyruvic
acid, L-alanyl-glycine, L-glutamic acid, L-pyroglutamic
acid, inosine, thymidine, uridine, thymidine-5'-mono
phosphateo]] t)3t assimilation HF-g-of A FAH o2 HE 5
%tk API 50CHB kitE AHE3H A 2jehd E4 24 21,
Table 204 X+ u}e} Zro] FBL-1 #3+ glycerol, L-
arabinose, ribose, galactose, glucose, fructose, inositol,
mannitol, sorbitol, o-methyl-D-glucoside, N-acetyl-glucosamine,
maltose, melibiose, sucrose, trehalose, inulin, raffinose,
starch, D-turanose®] ™3t assimilation ¥F-3-of|A] Ao 2
TEE 21, esculin hydrolysis (B-glucosidase) & A4S
oA S-S RYrt v #52 B. subtilis subsp. subtilis
NCIB 36102 7% glycerol, L-arabinose, ribose, D-
xylose, glucose, fructose, mannose, inositol, mannitol,
sorbitol, a-methyl-D-glucoside, amygdalin, arbutin, esculin,
salicin, cellobiose, maltose, melibiose, sucrose, trehalose,
inulin, raffinose, starch, glycogen, xylitol, D-turanose®]
tfsto] FA o2 Hh-E3lg o, B. subtilis DSM 3472 73
£ glycerol, L-arabinose, ribose, D-xylose, glucose, fructose,
mannose, inositol, mannitol, sorbitol, o-methyl-D-glucoside,
arbutin, esculin, salicin, cellobiose, maltose, melibiose,
sucrose, trehalose, inulin, raffinose, glycogen, xylitol, D-
turanose®] 3t FAJ¥H-gS YEFHTH14]. Table 20 A
HE= vkl Zo] protease AAto]| WA= FBL-1, B.
subtilis subsp. subtilis NCIB 3610, B. subtilis DSM 347
2T S o 4= 9l9th Biolog test Zx+e} API 50CHB
test 23= vHlEF© 2 API 50CHB database V4.0 ©]-83}
o] B3R A3}, 5 FBL-12 Bacillus megaterium™} 73%,
B. subtilis9} 22.9% 540 AR A2 BAE oY B
ot o et 5L HalAE 16S rDNA E7|AE B4
St 8% Ao g woEgi

ATTIRE 54

5 FBL-19] 16S rDNA g7 A g2 E435}9] NCBIC
BlastN program© 2 TH2 ] 4 BE53to] A5A & 2ALT
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A 84 - Bacillus amyic 1S subsp. amylc DSM 7 (FN597644)
42|l Bacillus methylotrophicus KACC 13105 (JTKJ01000077)
40l Bacillus subtilis subsp. subtilis NCIB 3610 (ABQL01000001)
99 | Strain FBL-1 (KR336550)
Bacillus subtilis subsp. spizizenii NRRL B-23049 (CP002905)
90 | 72| Bacillus subtilis subsp. inaquosorum KCTC 13429 (AMXN01000021)
Bacillus mojavensis RO-H-1 (JH600280)
Bacillus sonorensis NBRC 101234 (AYTN01000029)
Bacillus aerius 24K (AJ831843)
65! Bacillus licheniformis ATCC 14580 (AE017333)
Bacillus aerophilus 28K (AJ831844)
100 | Bacillus altitudinis 41KF2b (ASJC01000029)
Bacillus aquimaris TF-12 (AF483625)
Bacillus is SGD-1123 (KF265350)
100 & Bacillus haikouensis C-89 (KJ868191)
Bacillus firnus NCIMB 9366 (X60616)
Bacillus filamentosus SGD-14 (KF265351)
Bacillus de DSM 8715 (X76439)
Vibrio rotiferi: HT110622 (JQ792238)

56

59

0.02

Bacillus subtilis subsp. inaquosorum KCTC 13429 (AMXNO01000021)
Bacillus mojavensis RO-H-1 (JH600280)
Bacillus subtilis subsp. spizizenii NRRL B-23049 (CP002905)
Strain FBL-1 (KR336550)
Bacillus subtilis subsp. subtilis NCIB 3610 (ABQL01000001)
Bacillus amylolic iens subsp. amyloli iens DSM 7 (FN597644)
Bacillus methylotrophicus KACC 13105 (JTKJ01000077)
Bacillus aerophilus 28K (AJ831844)
100! Bacillus altitudinis 41KF2b (ASJC01000029)
Bacillus sonorensis NBRC 101234 (AYTN01000029)
Bacillus aerius 24K (AJ831843)
90! Bacillus licheniformis ATCC 14580 (AE017333)
Bacillus aquimaris TF-12 (AF483625)
Bacillus is SGD-1123 (KF265350)
99 L Bacillus haikouensis C-89 (KJ868191)
Bacillus firmus NCIMB 9366 (X60616)
\— Bacillus filamentosus SGD-14 (KF265351)
Bacillus pseudofirmus DSM 8715 (X76439)
Vibrio rotiferi: HT110622 (JQ792238)

60

0.02

Bacillus subtilis subsp. inaquosorum KCTC 13429 (AMXN01000021)
Bacillus mojavensis RO-H-1 (JH600280)

Bacillus subtilis subsp. spizizenii NRRL B-23049 (CP002905)

Strain FBL-1 (KR336550)

Bacillus subtilis subsp. subtilis NCIB 3610 (ABQL01000001)

Bacillus amyloliquefaciens subsp. amyloliquefaciens DSM 7 (FN597644)
Bacillus methylotrophicus KACC 13105 (JTKJ01000077)

Bacillus sonorensis NBRC 101234 (AYTN01000029)

Bacillus aerius 24K (AJ831843)

Bacillus licheniformis ATCC 14580 (AE017333)

Bacillus aerophilus 28K (AJ831844)

Bacillus altitudinis 41KF2b (ASJC01000029)

Bacillus aquimaris TF-12 (AF483625)

Bacillus enclensis SGD-1123 (KF265350)

Bacillus haikouensis C-89 (KJ868191)

Bacillus firmus NCIMB 9366 (X60616)

Bacillus SGD-14 (KF265351)

Bacillus s DSM 8715 (X76439)

Vibrio rotiferic HT110622 (JQ792238)

Fig. 2. Phylogenetic tree based on 16S rDNA sequences showing the evolutionary relationship between strain FBL-1 and other
related taxa. Trees were constructed by the (A) neighbor-joining method, (B) maximum likelihood method, and (C) maximum parsi-
mony method, respectively. Vibrio rotiferianus (JQ792238) was used as an outgroup in the trees. Numbers at nodes are bootstrap values
expressed as percentages of 1,000 replications. GeneBank accession numbers of the sequences are indicated in parentheses. Bar indi-

cates 2 substitutions per 100 nucleotides.
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Table 3. Similarity index of strain FBL-1 compared with related taxa.

Strain Accession number  Similarity (%) differe’\rlmlégse;)ctcl)(::pare d

Bacillus subtilis subsp. subtilis NCIB 36107 ABQL01000001 99.5 8/1477

Bacillus subtilis subsp. inaquosorum KCTC 13429" AMXNO01000021 994 9/1477

Bacillus subtilis subsp. spizizenii NRRL B-23049" CP002905 99.3 11/1477
Bacillus methylotrophicus KACC 131057 JTKJ01000077 99.3 11/1477
Bacillus mojavensis RO-H-17 JH600280 99.1 14/1477
Bacillus amyloliquefaciens subsp. amyloliquefaciens DSM 77 FN597644 98.9 16/1477
Bacillus licheniformis ATCC 145807 AE017333 98.0 30/1476
Bacillus aerius 24K" AJ831843 97.8 32/1465
Bacillus sonorensis NBRC 1012347 AYTNO1000016 97.8 33/1476
Bacillus altitudinis 41KF2b" ASJC01000029 96.9 46/1476
Bacillus aerophilus 28K" AJ831844 96.8 47/1475
Bacillus aquimaris TF-127 AF483625 95.9 60/1456
Bacillus haikouensis C-89" KJ868191 95.6 64/1456
Bacillus firmus NCIMB 9366" X60616 94.9 73/1419
Bacillus pseudofirmus DSM 87157 X76439 94.0 87/1456
Bacillus filamentosus SGD-14" KF265351 93.6 90/1399
Bacillus enclensis SGD-1123" KF265350 91.1 122/1375

T type strain

A3, Bacillus & WAEST 2 A54S EAh Table
30| A H&= Hiel Zro] FBL-1 #3F2] 16S rDNA 7|4 g2
B. subtilis subsp. subtilis NCIB 3610 (99.5%), B.
subtilis subsp. inaquosorum KCTC 13429 (99.4%), B.
subtilis subsp. spizizenii NRRL B-23049 (99.3%), B.
methylotrophicus KACC 13105 (99.3%) & Bacillus <&
F53 £& ABAL et o A%E wgos
Neighbor-Joining ¥, Maximum likelihood ¥, Maximum
parsimony ¥ &2 Z}7F A= A5t I 4%E Fig.
20 Uetith. ASLAsHs HAE v o2 43 FBL-1<
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Fig. 3. Effect of carbon sources on (A) cell growth and (B) pro-
tease production in liquid culture. B. subtilis FBL-1 was cultured
in the medium containing 20 g/I of each carbon source and 5 g/
| of beef extract with shaking at 37°C for 24 h. Means with differ-
ent letters (a-g) are significantly different (p < 0.05) according to
Duncan’s multiple range test, and the bars indicate the standard
deviation of three replicates experimented. A, glucose; B, malt-
ose; C, xylose; D, starch; E, fructose; F, glycerol; G, galactose; H,
sucrose; |, lactose.

Aado] ZFE R g2 v o A= M3 protease TS
UERR] o83E7] wj&of AN E3 ekA T} 31 protease
Ao Fast AU & 4 Ut Protease A4kl 74
L% G n| A= ALY O ZE yeast extract (451.640
U/mDE &0l on, 11 o} 22 beef extract (194.014
U/ml)¢} tryptone (183.414 U/ml)-& AHE-3SH 7 -0 A vl
A 2 @4E At dREEY 7] A4y Aol
protease ZAlo] =7 UEE oY, malt extract W peptone
o A= UE f7] Ao vty AHer ¥
protease EA4¥ A AFES Eoh. E3, ammonium

http://dx.doi.org/10.4014/mbl.1511.11016

Dry cell weight (g/1)

Nome A B C D E F G H I

Nitrogen sources (5 g/l)

(vy)

500

d

400 -

300 4

200 - c

100 4

Protease activity (U/ml)

a a
0 - - =S

None A B C D E F G H I

Nitrogen sources (5 g/l)

Fig. 4. Effect of nitrogen sources on (A) cell growth and (B)
protease production in liquid culture. B. subtilis FBL-1 was cul-
tured in the medium containing 20 g/I of fructose and 5 g/I of
each nitrogen source with shaking at 37°C for 24 h. Means with
different letters (a-g) are significantly different (p < 0.05) accord-
ing to Duncan’s multiple range test, and the bars indicate the
standard deviation of three replicates experimented. A, beef
extract; B, yeast extract; C, malt extract; D, tryptone; E, peptone;
F, urea; G, ammonium sulfate; H, ammonium chloride; I, corn
steep liquor.
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