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Characterization of an Alkaline Protease from an
Alkalophilic Bacillus pseudofirmus HS-54
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An alkalophilic bacterium producing alkaline protease was isolated from waste water and solar
saltern sample and identified as Bacillus pseudofirmus HS-54 based on morphological, biochemical
characteristics as well as 16S-rRNA gene sequencing. The HS-54 protease was purified to homo-
geneity using ammonium sulfate precipitation, DEAE cellulose column chromatography, and sephadex
G-100 gel filtration with a 4.0 purification fold. The molecular mass of the purified enzyme was
estimated by SDS-PAGE to be 27 kDa. The optimal pH and temperature for the purified protease
activity were 10.0 and 50°C, respectively. The purified enzyme was relatively stable at the pH range
of 6.0-11.0 and at the temperature below 50°C. This enzyme was activated by Ca™ and Mg2+ and
inhibited by Hg™*, Cu™, Zn®’, AI", Ag’. And this enzyme was strongly inhibited by PMSF,
suggesting that it belongs to the serine protease superfamily.
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Fig. 1. Scanning electron micrograph of the B. pseudofirmus
HS-54 cultured on the isolation medium for 24 h.
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HS-54+= 7Htold =7)= F79] 0.6 ym-0.9 pm, Zo]
1.8 um-2.0 pmo|tKFig. 1). B3+ HS-54= 28 A, 3714
olal, &/l U FATF EAISIGIL, catalase AP ¥
A, oxidase AlE-2 o4, MR-VP A8 S4°]%01L, glucose,
xylose, lactose, maltose, sucroseE ©]-838}o] Ak} 7]A1E A)
”’5‘}?‘] BTk o]t o] HS-54°] Fej, A3y SHE

2 Bacillus 49 578 YePH o™, 16S rRNA 314 A&
< I3t Ay} HS-54= Bacillus pseudofirmus (GenBank
accession no. CP001878)9} 99% 2] fAMS YePthAl=
uAA). o] AnE HS-545 HFHOE  Bacillus
pseudofirmus HS-54% 5734t
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Table 1. Purification procedures of the alkaline protease from
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Fig. 2. SDS polyacrylamide gel electrophoresis of purified
alkaline protease from B. pseudofirmus HS-54. Lanes: 1,
molecular weight marker; 2, purified enzyme after sephadex
G-100.
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(Fig. 2). YHH2Z Bacillus 4914 A== d2Z2]4d protease
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549 3 pH ¥ pH {Y¥A: B pseudofirmus HS-54
9] protease 2] & &4 pHE LolR 7] Y314 pH (5.0-12.0)
HE 50°CoA] 30837 WRAIA 1 &8 SA-vustdth
(Fig. 3). ®49 %3 &4 pHE 10.0 (100%)°1%a, pH
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B. pseudofirmus HS-54

Procedures Total activity Total protein Specific activity Purification Yield
) (mg) (U/mg) fold (%)
Culture broth 10,279,000 1,700 6,064 1 100
30-80%(NH4)2S04 3,211,704 396 8,110 1.34 31.2
DEAE cellulose 1,102,572 108 10,209 1.68 10.7
Sephadex G-100 235,952 9 25,647 4.13 23
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Fig. 3. Effects of pH on the protease activity and stability
of B. pseudofirmus HS-54. Symbols: (m) protease acitivity;
(o) protease stability.

Z-3te] 50°CollA 3027 A2k ¥, #HF pHRI 10022
z7gste] JEFAHS 54 47, pH 7.0-11.0704] HlwA
Fg3tAal pH 11.0 o143} pH 7.0 WfollMe a4l

B. licheniformis NCIBM 681694 A2Fsl= subtilisin
Carlsberg & HIE3t Bacillus 48] AlEe] Aikshs B2 &
Z+e]A] protease 5] 7 &4 pHE 8.0-10.0°|tK(10, 16, 27,
29). B. licheniformis NH17} A§3¥sl= 224 proease™
pH 11.094% =& 445 el =ul(14), HS-549] protease
% pH 110914 Ariaos ¥ 342 vehick

HS-54 protease®] pHoll tigh P42 pH 7.0-12.0¢014
VA3 B. licheniformis NH1(13), pH 8.0-10.0914 ¢F83}+ B,
subtilis PE-11(1), pH 8.0-11.0114] V43t B. subtilis VSG-4
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Fig. 4. Effects of temperature on the protease activity and
stability of B. pseudofirmus HS-54. Symbols: (m) protease
acitivity; (o) protease stability.
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4724 protease 2] subtilis DM-04
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Table 2. Effects of metal ions on protease activity

Table 3. Effects of inhibitors on protease activity

Relative activity (%) Inhibitors Concentration Relative activity (%)
Metal ion
1 mM 5 mM None 100.0

1 mM 2.4
None 100 100 PMSF
NaCl 102 97 5 mM 1.9
KC1 104 99 SDS 0.5% 90.5

1 mM 62.3
CaCl, 105 134 EDTA
FeCl3 98 78 5 mM 32.0

1 mM 78.1
MgSO. 103 102 EGTA
CuSO; 60 10 5 mM 76.1

1 mM 98.4
HgCl, 2 9 L-cysteine
MnSO;, 104 100 5 mM 97.1

All reagents were preincubated with the enzyme solution at 50°C for 30
ZnCl, o8 72 min. Buffer system: 0.1 M NaHCO3-NaOH buffer (pH 10.0)
AIK(SO4), 98 75
AgNO:; 91 55 N s = -
£ w, He™, Zn™, Cu™, Al 5ol 2Jaix Eagio] As)=l

BaCl, 105 103

Metal ions were preincubated with the enzyme solution at 50°C for 30
min. Buffer system: 0.1 M NaHCO3-NaOH buffer (pH 10.0)

25,27, 29). Ca”" 9} Mg™ & Goll T3k Eae] WAdol) BE 2t
£S5 3t BRI BA FR PSS AT At
I Jth9). 2 Cu®, Zn™, Hg™ 5 ligand9} Z3atod
FA9 MY E EAE At 4o 848 Yt &
#HA Arh29).

Protease A3JA| 2] G B. pseudofirmus HS-542] &L
24 protease 2] 4l W= Thkg AsAY] FFS AL
3{tHTable 3). HS-54°] ¢42#]d protease= PMSFl| |3}
At AFEE-S Wtk o] AWE HS-549] g
protease™= A|F7HA] AFE A9 e &2l protease$}
ulX7FA 2 serine protease® HHETKI, 2, 18, 19, 20). &
gk EDTA®] oJ3l E4840] 50% ©1’3(5 mMollA) 7HAE 3]
=], ol o] Ea&vt F&ols EERIAE aFdt= A
< Yehdth o] EDTAY W3] @ A3 &35 mMol|A]
20% olste] A& &hE Rl tE AT protease
Hole AlA A7HEER9] o] &l ozte] ©om ZRgeith(l,
13, 18, 20).
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Bacillus pseudofirmus HS-542 5431931, HS-547} AJ4ks)
= ¥¢Z2Ad proteaseE ammonium sulfate 37, DEAE
cellulose chromatography, sephadex G-100 gel flltration%
EAA ARSI =], FAE proteased] AR 27 kDa
olgitk AA® &FAol wHeHZA pHE 0. oo] i pH
7.0-11.0004 ¥lA <oFAsIYc). 3k AAE Fho] vz
7] 2%E 50°CO)AL 10-55°CollA] SHgeyith. F&ro]eo
gk GRS Ca™ o} Mg™ Toll sl EAEA0] =

o} B &4% PMSFo o8] ZslA AsE i
serine proteased] £3H= Ao® kT

Ao Mo}

ZAte| o

B A7 20109 A TSt i ARI(101 ©]8} 103)
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