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Screening of Protease-Producing Strains in Liquor Pit Mud and Mixed-Culture Fermentation for Enhanced Protease Production
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Abstract: Eight strains of facultative anaerobic bacteria with higher capacity to produce protease were isolated and screened
from high-quality liquor pit mud. Out of the 8 strains, 3 strains producing higher endopeptidase, aminopeptidase and
carboxypeptidase activities including HDS4, HDS6 and HDS8 were selected and identified by morphological, physiological
and biochemical properties and 16S rDNA sequence analysis as Bacillus subtilis, Bacillus amyloliquefaciens, and Bacillus
thuringiensis. Mixed-culture fermentation with the 3 strains yielded an increase of 8.907%, 6.181% and 8.781% in
endopeptidase, aminopeptidase and carboxypeptidase activities compared with single-culture fermentation, respectively.
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W EAMER G, W AR G E AR, R
PEREMR K . Sumantha 5" W[ 25 K WK B b 19 51—tk
FEH SR AR R NMERE (Rhizopus microsporus NRRL
3671) , X HEGFHYERUEATIL, KILZBE RGO C .
pH 7.00 19 B 5K EEE /1. SuE N E R ke, 4y
EH R HI M (Aspergillus sp. FC-10) , W F=if 3k 2%
Hlg. T UEF 2R E D AN E & AR IR
HEPETe AR, R R R AR, R
117 %,

R G A A 7K A B 1 5 PR ) — SR 1 AR
T HK R Z IRR 7720, AT DK 53 S 3 K g 0 1 Tt
KB, KK U 2 T I, RO TR
(IR o MRS AR (157 431 (7 28 E R BUR JE I AR i
ANKERESE KM, TUFE IR, ATE VR, 5
NRRREE . fE R RS AR, 3 R EIMER, AT
DA S5k o (0 R 1 PR R SE I e 4y, RS I R R IR AR
whn, B R R 2, I A B i 2R A A
R o

NS SN Ey RI N =l TN | S /N R
Ve, RIS ROEFEE, AR B, ik &
(N PKEE. ZBEBE. AR MIanEE, DUITRIES fir=i&
I PR S8 B I B AR, X TR HE A B AR AT S .
W07 108 HH ) S 3 R B B A R BEA T B R R, DUIER
3 P A BRE J), NIT i R A R, B2
F P R T ) DR R FH 2, (i T A AR KRR 1y N A S
HIFER -

1 MHE5HE

11 MR R ER 7R

MBI AR & 22 2 A R A =] LR 2 253t
BRI 2R .

DL2000DNA Marker. 27 % K 4L DN AR 7 &
ETATRE (R HIRAH: BfEgk ekl
WAHRAR: EEA b BEEEMEAGRAF .

Iy S FIAR S IR A LR WA 10 g WA TR VE R
10 g« KH,PO,0.3 g« MgSO, * 7H,00.5¢g. NaCl 1 g. 3
fI§20 g, ZE4/K1 000 mL, 121 °C &k K20 min™.

KRR FR5L: v MEERS ¢« FRNES ¢ &
HES ¢ BHEE2.5 ¢o KH,PO, 0.3 g. NaCl 1 g.
MgSO, * 7TH,0 0.5 g, Z&1H7K1 000 mL, 121 C ik K

- [26
15 min™%,

12 {5

FAHeER < M (polymerase chain reaction, PCR) {X
fiEBiometraA 7] B HEALER KA S EBio-Rad
NF); UVTSSBEANMMOLE T FAI004H 7R E

IR ERENER AR AR SEAHEON EEHL
AF.

1.3 ik

13,1 FEaRE

WHEASFIREE, RS sy i) i 5 25 it
AT RE. BUFEE LI T, %4 Z00R4E, [F—
JZ THI 4% O RN R A RS s HORE, JRIRA I SIE N A
i, (ESEIR T REE, 0iFbrid, LWEHE, 4 CUKE
R
132 FREE AR AR I

FRECL g2 3 i\ B2 4799 mL K B 40 B 5 77 3L 1) =
ke, FERIR24h, WIEERER0.S mL, HHTA
[F ok FE B FE AR, 0 IR0, 1 mLig A T B 1 97 3 I,
FEANBEREB APATRE, 37 CHIBIHIRREF24 0, 5
Bl 1¥1 0 H BRI PR o AR S L B VR T A AN R 3k AT ] 5 9 28,
H AT AR o
1.3.3 7 R AR I S

I 78 ) 977 B R 1) B G AT S0 . R R R
Fot BB bRREAT R R, B0 JE B I o e K
M. ZAKEE. SRAKBERIE 7.

PN RIS ) B R 4B E38 C. pH 5.5% 4 F, 1 min
WK RIS B 1 P AR S R N Bl s BRI ) B 2 A
7E50 'C. pH 5.541E T, 1 min P /KRS R (774 TR IR
Ml FRAKEES /1A 2 F6 7630 C . pH 6.6551F T,
1 min P 7K . B B8 R R £ T8 77 AR B 2 IR (M B 5L . 3 Al
TG TR RN e BRI
134  BHRESY RARANEE

S (ARHEECTM) » dimitdmmEA
W& I R RR AT IR S R R A B AR A S e . AR
R EAHG: WRL (MR S23. WIMszi . IRE
WIS, CBEFEE (VPO SEER. BRI, AR SRR
FHSRES . JEM KRG . AR SR #6148 Jif St
56\ R BE A R TR R PR AR . BE/ERE (D-Bi R
Wi D-AKBE. D-HEEE) KBRS, B E
§3 \{j—,\[29-30]0
1.3.5  Htk16S iDNA% &
1.3.5.1  $EEHUANE 2 R 4HDNA

Y KA DNASREUE A TAEY TR (i) &
P PR 2 =) 241 22 R ZH DN AT & o

16S rDNAMEHA S W& IF W ~: IEH5IPI:
5'-AGAGTTTGATCCTGGCTCAG-3"; RI[54#P2:
5'-ACGGCTACCTTGTTACGACTT-3".
1.3.5.2  PCR AR R FIFEFT?

PCRY 1 X MK & A: 10X PCR Buffer (Mg*")
2.5uL, dNTP Mixture 2 uL, P11pL, P21 puL, DNAKR
Lul, ZETFI/K173 UL, Tag DNARATH02 uL, H£25ul.
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PCRY 1 [ RiFEJF: 94 CTRAZPEL0 min; 94 “CAF
1£0.5 min, 56 CiB‘k1 min, 72 CZE1.5 min, ¥
32 s 72 CALES min, 4 CLRAT.

1.353  HMFBESHEEER

F TaKaRai% 45371 SR B SO™ P& 4% 22 pMD19-T#,
b, 4 CRMER, FH Tiangen 2 7 Ji ki 32 B 7 £
WA 5SDNA F Bl AT, &4 H =Y L Z DHSa
BN, RAFEM e, HEHTY AR IR, ]
BUR KL, PR TPCRY 4.

1.3.54  16StDNAK BT 5 2GR E it

HPCREMZEEATAMTRE (L) BHERA
A AT R A E . BRI BTS2 16S tDNAJF IS
GenBank#{ ¥ E #E /T BLASTEL X047, IEIEMEGA ¥ 1
MERZRKEM .

1.3.6 BRI
1.3.6.1  BEFRMEK L

V4 57 38 H I 3 bR AR A IR MRHDS4 . HDS6.
HDSS8E A B B3GR e R % 55 9%, K2 h7E660 nm
WAL E BRI JE E (ODggo ) 15, 2 E 124 h
ARl 2R, B E 3 B R I R B SRR (]

1.3.62 HEHKER

FE T 0 w3 PR ARG IY B ARHDS4. HDS6.
HDS8HHT & Ee ik L, I LA @ Eefh s B, F)
Rk gR%L, 7637 'C. pH 7.0, FEIKFEIE 140 r/min
Ki#216 h, EPEHDS4HIEMEN1%. 2% 3%, HDS6
(RN 3% 4% 5%, HDSS8HIHERE N2%. 3%.
4%, LAEBCE MR IR R, M=% =KF
(1 IEAZ 3RS
1.3.6.3  KHFE3 i (B 7110 g

BT EARAERK S e . R FRET
PEM R BCE A, 7637 'C. pH 7.0+ FEPKHE# 4140 r/min
FAFTIRG 7%, BERB2 hEUR BRI 78 TR (1 O D ggo
B, FRECENE3 MEAE, ShEEnAEK
MR 2k, DB SEBEARAEKSEEE 2K R. [
I AERE 77 16 hjE X LG B R 13 PPl g gt ar e, I
HEAT B — TR AR AE S FE R P SR 25 R T R 9% 16 h)E I B /75K
55, X IO AR R B TR AR R S AT LG
14 WRARIEREER 7 HT 72

VTR R TR BE A RE R FH PR R T 0 U A R T
0, Ftiz F ik B IRIOD g0 nnfBL, AR HE B AAAN B
V5 H0 5 OD g0 o [ELIIFE S, WA ] U1 B H A o

2 ZERESH

2.1 T ER BN B A 23 B O
W97 i 3k46 B, MRIE3 RPN D s LB

8 &, BEVEHIILFE 1. HEFKHDS6M W AKEFTE /7. HDS4
) S IR T 70 FMTHD S 8 1) ¥R K B s A 8w, 0 A
104.516. 84.269. 72.538 U/mL.

1 SHREN3MEAMRE LR

Tablel Comparison of three enzyme activities in 8 strains
U/mL
[RRER 7 IkEE YN IR
HDS1 85.312+2.102 78.2514+2.083 70.599+3.162
HDS2 90.715+2.162 57.254+2.301 63.1731£6.943
HDS3 98.5991+6.943 77.582£2.601 55.42542.022

70.793£1.801
62.295+3.961
70.387£1.704
54.43112.884
72.538+£2.256

HDS4 95.969+1.817
HDS5 92.87412.641
HDS6 104.516+2.772
HDS7 92.30411.183
HDS8 88.301+1.800

84.269+1.552
72.821+£1.832
80.57411.084
45.621£1.803
78.837+3.103

22 HHRI%E
221 WEHRBIER MG SR E

K MRHDS4. HDS6. HDSS8EAT 4524 W 22 Al 2L 7
AfbsE, SR IER2IES, 3 PR A LIYID L e A A
.

F2  3HRERIBEEIE
Table2 Morphological characteristics of three selected strains

B ok ome oww e owm BN ww JRE
HDST W f W Wl W+ fR
HDS6 M HH WA wE RES + PR b
HDSS AW W RER R
VE: B, L

#3  IHREMEEEATRER
Table3 Physiological and biochemical properties of three selected strains

IR R il L G LR P R

i E R i
m¢ + + - + + + + 4+ f + 0o v 0o v oo o t - 1
me + + - - + + + + £ + 0o v oo v oo o t + 1
me + + - - + + + + f + 0o v oo v oo o t + +
W= B o PERRAE A L A w BEARE IR AN g PR R

222  HFEMI16S IDNAKSE K RS R G L

M 1 2 3

2 000 bp—> «— #J1 600 bp

1 000 bp
750 bp—>,
500 bp

250 bp
100 bp

M. DL2000 DNA Marker; ki 1~3% 5 NEKHDS4. HDS6. HDSS.

El 1 16S rDNA PCRY =ik 50t
Fig.1  Electrophoresis analysis of 16S rDNA PCR amplified products
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PLF#HDS4. HDS6. HDS8HJ LK 4L NI, 2
PCRY"HE, FLIKEEM, 7E1 000~2 000 bpibA W5 4FE
s, IEL, FAIMKE SIS RAR

FHRHDS4., HDS6. HDS816S rDNAZ 7,
HFFK 5% N1 570, 1513, 1550 bp, 5GenBank
K4 AT BLASTLIHO X 43 1, FI FIDNAMAN##F 2
FIRRM RAKER, EHRNE2, SEREEMEM
AR A A A BT, W DA 8 R AR HD S4 ik B3 AT R
(Bacillus subtilis) « HDSO6NFEFEN 2Ef8F B (Bacillus
amyloliquefaciens) . HDS8NJh = & H 1A B (Bacillus

thuringiensis)

A 9 KF689543.1 Bacillus amyloliquefaciens strain ZW07
56{ 1X907998.1Bacillus amyloliquefaciens strain CY21
U —————— KE578076.1Bacillus vallismortis strain CZ
KM817244.1Bacillus siamensis strain THB B15652

9 KM4974381Bacillus subiils strainYA-3

KI152102.1Bacillus spRA-19
KM269197.1Bacillus amyloliquefaciens strain KB-82

B { HQ853018.1Bacillus amyloliquefaciens strain FXHT3
¥ KI767326.1 Bacillus amyloliquefaciens steain THBB 7126

7 L KP686229.1Bacillus amyloliquefaciens strain D15

HDS6

ﬁ KFO40978.1Bacillus amyloliquefaciens strain CAS1
5
W msi Bl

CPO09749.1 Bacillus subtils strain ATCC 19217

s amyloliquefaciens strain MD3

CPO09611. 1 Bacillus subrilis strain Bs-916

C { JX051375.1Bacillus cereus strain P2
7 KCI78715.1 Bacillus cereus strain w22

KC293998.1Bacillus cereus strain EB36

KF935650.1 Bacillus thuringiensis strain NBIN-863

DQ286336.1 Bacillus thuringensis serotype H27

JF496321.1Bacillus thuringiensis strain Al-1

JF947357Bacillus sp.bC38

75

B2 TE#HDS4 (A) . HDS6 (B) ., HDS8 (C) RERFMHARE
Fig.2  Phylogenetic trees of strains HDS4 (A), HDS6 (B) and HDSS (C)

23 HWHRIIER
231 3 HRERAK L

V4 0 3% HA K 3 Bl R B R RHDS4 . HDS6.
HD S8 % Fft 2| J B 1 772 e v 4R 3% 15 7%, B &3 w7 4,
PRHDS4HE M N2~4 h, XEW N4~12h, FaE
H12~16 h, FT-H16~24 h; BIHDSO6MIRZEH N

2~4 h, MEW N4~14h, FEEW14~18h, FT-H
18~24 h; WHHDSSHIIRZEM N2~4 h, XHIW N
4~12h, faEM12~16h, FT-H16~24h, &3 PR

PRI, e SRLH R B FRIT )N 14~16 h.

3.01 —s—HDS4
B
2.0k

Sst

C 1ol
05)
0

A4 6 s 10 12 14 16 18 20 22 24
FE RN A)/h
B3 3HRERAERER
Fig.3  Growth curves of HDS4, HDS6 and HDS8

232 HEWERIRIGEEM &
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Bk E/ (10° CFU/mL)
[\*)
E

(=)

54 s o
At /%

N [e]
T 1
o]
—
o

~
T

&K EE/ (10° CFU/mL)
[}e)
_:

(=}

- ) oo
T T 1
@]

[38)
T

T2 3 4
PR/ %
H4 SFEXHBEKRADS (A) |
HDSS (C) ERKEyHM
Fig.4  Effect of inoculum amount on the growth of HDS4 (A), HDS6 (B) and

HDSS8 (C)

&K EE/ (10° CFU/mL)

1

HDS6 (B) .

(=}

WE 4R, HDS4M i i&H:Fl & 2%, HDS6/H
ERFENA%, HDSSM G N3%, H&EAMNE
AR P 357328 B Bt 1
233 HMMWWEHKWER

4T RN, HiE H KK SR RSN
A,B,Cy, BIUAHZFN 25 5 N2%FHDS4, 4%[IHDS6,
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4% JHDSS B MR AT W AR IR & L. RS E IR
B, ke 28 R I s e T A A : HDS4>HDS6>
HDS8, HDS4[NF=8.75F,,,, =941, ks R
M 22, HDS6. HDSSH AN A 2% i 56 45 55 A
B,

£4 BHEREREZRBETSHER

Table4 Orthogonal array design with experimental results for the

optimization of mixed starter cultures
BHDS6 ~ CHDSS . PR

s A HDS4

B/ % B EI% BRI % (10’ CFU/mL)
1 1 (D 1 (3 1 (2 1 3.42540.104
2 1 2 (4 2 (3) 2 527340213
3 1 3(5) 3 (4 3 3.92140.075
4 2 (D 1 2 3 421640211
5 2 2 3 1 6.814+0.092
6 2 3 1 2 5.01640.201
7 3 (3) 1 3 2 3.262+0.112
8 3 2 1 3 3.08140.105
9 3 3 2 1 3.01540.045
k, 4206 3.634 3.841
k 5.349 5.056 4.168
k, 3.119 3.984 4.666
WZR 1.087 1.422 0.825

MHTT%  A,B,C;

®5 HNERERERRBERTEZSH

Table5 Analysis of variance of orthogonal tests
ESES 75 Al H HE ¥7 F P
A 7.456 2 3.728 8.700 R
B 3.292 2 1.646 3.828
C 1.035 2 0.518 1.204
R 0.860 2 0.430

I Foien =90

24 HRL)E3 M AR 10 iR
241 EBCE AR AE KNP g R 2 22 i)

120 5
3100 4
g
S 80 3 o
260 2 O
3 kR
51 40 —— RIIKEG I
& —e— Ik
20 +0Dm, 0
0% 1 1 1 | 1 1 1
0 4 8 12 16 20 24 28 32 36 40 44 48
SRR []/h

ESs SawkERur-mhisg
Fig.5  Growth and enzyme production curves of optimal mixed start culture

HT ST, A2 T PR DR HE O, B AR 16/
UL, AR AR HTRE AR 2 o U 2 PR P ik
Mg, ZUIKEE. FRIKEE IR )i OCME, BT R A
NEE AR AEKBRIER S, AR BT 4678, 1
HLBEE AR . Mt AR s, T2
o R 1A T B

242  EEBRE X

DL FlE 23 9 2% HDS4. 4% HDS6. 4% HDSS
W R E RS B B EARIR G R 9216 h, HIR6T A,
N RN NN NN 3N Y A g
112.736. 91.987. 82.269 U/mL. [FIIf#E473 #k ¥ 7E i
fEHFNE (HDS42%. HDS64%. HDS8 3%) T 1K™
Filpscag, Seubstk BAnReHN, ERCEKN3 FERE 1w
TRk, BRI RIS SO, YK
TR FRIKRE D 4L 17 8.907% 6.181%- 8.781%, iit
B R LS A e [ CAR0E ™ M B AR Py ik
filEi% 7162.538. 147.322 U/mL, 7P=&BKEEREIS 11102.347.
23.825 U/mL, FERMKMERET 1186.535. 117.523 UmLALL,
ZHETCNR R3 FIBEE 1 S =

£6 HEREEAEEOM MR

Table 6 Comparison of protease activities of HDS4, HDS6, HDS8 and
their combination

. H3& 1 (UmlL)

e s i i R
HDS4 2 92.964+1.817 86.632+1.023 71639+ 1.072
HDS6 4 103.516£2.772 813821 1.062 705271074
HDS8 3 90.38241.204 80.833+3.293 75.628+2.526

SR ABC, 112.736:+1.729 91.98742.058 82.269+1.036

3 4

A S AR A6 T XA BT BT A U RO O K
B ZRHE . PRIV 7738 = B B kHDS4. HDS6.
HDS8, JF&fiidsss. ABAMMI6S IDNAKE, e
R B NFE B 2T (Bacillus subtilis) « fRIER 2
AT E (Bacillus amyloliquefaciens) 754 S AT B
(Bacillus thuringiensis) » VAR E A, CLERIH K
WA N H B, X H M wREITER, 520 S R
FR3 PGS J15CT R— R 03 PRl S 73515 DA s,
SRR 18.907% 6.181%. 8.781%.
SO AR BB R UR T SN A, BRE N KRR
B, BHNAHT AW AR, {53 FEAMSEERT,
ALK R s R R 2, A E R R 2
A PR G AS S, 1 HLIE T R Y i 2 A KR A
J, MR A E R, X6 R A AR A S

RN

EE PN
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