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BaAE A 30.0 g/L BAMR, 10.0 g/L & @Bk, 5.0 g/L &4, 0.5 g/L KH,PO4, 0.2 g/L MgSO,-7H,0,
0.1 g/L NaCl, pH 8.5, 3%#93Fr &, 28 °C #9357/ /Z, 100 mL/250 mL 49 ¥ & &. HALE eIz
B @ BB 5345 (185.45£23.87) U/mL, #AMALATE) 3.7 4%, [ FKBeHRABM T 2H FF M0
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RETH 3T, ARREAFKRREOBG T AL AL T E ek, LA 7 F6 AN x.
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Abstract: [Background] Collagenase can efficiently degrade water-insoluble collagen and is widely
used in various industries. Most of the collagen from animal remains in fishing grounds of freshwater
lakes will settle into sediments, and thus the ecological environment should be rich in
collagenase-producing strains. [Objective] The collagenase-producing strains were screened from the
sediments of freshwater lakes around Dongting Lake. Among them, a strain with high enzyme
production and biosafety was identified and the fermentation conditions for enzyme production were
optimized. The result is expected to lay a foundation for the industrial production and application of
collagen and collagenase. [Methods] The collagenase-producing strains were screened with the spread
plate method and the spot inoculation method. The collagenase activity of fermentation broth was
determined by the ninhydrin colorimetry. Enzyme-producing strains were identified by 16S rRNA gene
sequence alignment and phylogenetic analysis. Antibiotic sensitivity and haemolytic activity were
detected with the disk diffussion method, amino acid decarboxylase activity by the bromocresol purple
chromogenic assay, and nitrate reductase activity by nitrate reductase activity assay kit. Single factor
experiment and orthogonal experiment were carried out to optimize the fermentation conditions for
producing collagenase. [Results] A total of 113 collagenase-producing strains were screened out.
Among them, a strain with high enzyme production and biosafety was selected from the sediment of
East Lake in Huarong County, which was identified an FExiguobacterium strain and named
Exiguobacterium sp. DJ1. The optimal enzyme production conditions of strain DJ1 were as follows: in
100 mL medium of 30.0 g/L. gelatin, 10.0 g/L peptone, 5.0 g/L fish meal, 0.5 g/ KH,PO,, 0.2 g/L
MgSQO,4-7H,0, 0.1 g/L NaCl in a 250 mL flask, with the initial pH of 8.5, inoculum of 3%, and culture

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



J8 A FE A5 KIS ORI o 7 J T B I A A 5 0k S A e DAL 2717

temperature of 28 °C. Under the optimized conditions, the activity of collagenase reached (185.454+23.87) U/mL,

which was about 3.7 times higher than that before optimization. [Conclusion] There are abundant

collagenase-producing strains in the sediments in fishing grounds of freshwater lakes. Strain DJ1 has

high enzyme-producing capacity and biosafety. After optimization of fermentation conditions, the

enzyme activity of strain DJ1 is increased by about 3.7 times, which lays a theoretical foundation for the

industrial application of collagen and collagenase.

Keywords: collagenase; collagenase-producing bacteria; lake sediment; fermentation process
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Figure 1
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Figure 2 Transparent zones on gelatin screening medium of 20 strains of bacteria from the sediments in
fishing grounds of four freshwater lakes. A: The strain is from the surface sediments of Anle Lake in
Hanshou county; B: The strain is from the surface sediments of Beimin Lake in Li county; D: The strain is

from the surface sediments of East Lake in Huarong county; M: The strain is from the surface sediments of
West Lake in Jinshi city.
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Figure 3 The collagenase activity of the supernatant
of fermentation broth of 20 strains of bacteria from the
sediments in fishing grounds of four freshwater lakes.
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Figure 4 Neighbour-joining phylogenetic trees based on the 16S rRNA gene sequences. Serial numbers
between brackets indicate accession numbers of the 16S rRNA gene sequences of strains in GenBank;
Numbers at nodes indicate levels of bootstrap support (%); The scale bar indicates 0.005 nucleotide

substitutions per nucleotide position.
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A TEFE DI X 20 FipiAd: R a9 B0k ; B: Wik DI MYE; C:

PR DI1 RS AR BOR B M, XS IR | JOUAEIR . A4, XS IRAH 2 TOEILIR . =W

Figure 5 Safety trials of strain DJ1. A: Susceptibility of strain DJ1 to 20 antibiotics; B: Haemolytic activity
of strain DJ1; C: Amino acid decarboxylase activity of strain DJ1, control 1 had no amino acid and was not
inoculated, control 2 had no amino acid but was inoculated.
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PRI E LI 25 R B, Btk DI1 A AH R I i i
G A 0.11 umol/(g-h), FUEHZET 0, 1My H.3E
B L AR B AW G (EL 23 51 0.05 F110.04, P
FHILF—3, RWNZ R IC YRR 146 )5 S P
NGRS TR AR A R B SRR SR, AT S % Sl A
Pt . 25 bR, WHk DI1 HABEEAEY
LAYk,
24 ABEEZMHIEME Exiguobacterium sp.
DJ1 BB I
241 BEZRREZESEFRERSHZN
FRBR DI & P 7 il 4 % i 10 foe AR TC ML AR 2

A _ 120
100
80'
60-

40

Ccollagenase activity (U/mL)

Inorganic salt

C 1401
120 !
100 -
80
60 -
40 —
20 -

Ccollagenase activity (U/mL)

435 KH,PO,. MgSO,-7H,0 F1 NaCl, FiZ4H
R FREE 1 d 5 LIS RS RmE, N
(79.53+27.07) U/mL (I8 6A). Hitk DI1 K" i
BRI IR B, AL R AR 7
PRIPR 1 d 5 38 VR S5 7 , (51.33+7.03) U/mL
(Fl 6B). TRtk DI A By i 1 5% 5 1) fe A U
s, FZAIG SRR R 1 d 5 IR
Mt iE f i, SM(127.01+5.21) U/mL (& 6C).
242 EXREZESTEFRERS SENEIE
R Li6(47)1F 58 277 = 2 PUAKF- 3 1
Pk DI R I = B A5, SCIR T SRR Z

B

= wn [*2)
[} f=4 (=}
v T —

(73]
[=}

20

10

Ccollagenase activity (U/mL)

Carbon source

Nitrogen source

6 EFREMOXE DI1 AEBEFEEEIRIE  A: AFEITCHIERA SN B: AREKIE; C: AFEEIR
Figure 6 The influence of medium component on collagenase production of strain DJ1. A: Different
inorganic salt components; B: Different carbon sources; C: Different nitrogen sources.
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W 2 FIFk 3, HESEREN, PR
A HNE), BEABEKEB WE)MabkEC
PRI 20t & T = B 340 EL AT S 3 P e ), 32 vk

T2 L@ EXRBRKIZIHTALRER
Table 2 Design of L16(45) table head of orthogonal
experiments and trial results

WS 4 B C MG FHME
A, B, C. %&imﬁ%‘@(m%%%ﬂ% 4, No. 1 2 3 Enzyme activity (U/mL) Mean
AFE 4ADNKEFEFEE, DL A K7 ! 1 i (U/mL)
- b 5 O D - 1 1 1 1 76.14 82.56 72.13  76.94
WW;B%“ MRS R, U é‘lﬁ(:F 2 1 2 2 122.64 121.04 164.07 13592
PEMREGR; CHER 4 KR EREE, B 1 3 3 12478 10875 111.95 115.16
Cy Ky i i i o 25 BTk, ZIECIRERIR 4 1 4 4 10153 101.80 152.84 118.72
PRI TN AaByCo o R BEFE IR 3% (8 2 2 1 2 7427 6l44 7748 71.06
e T 2K o [T 6 2 2 1 5815 76.70  68.79  67.88
%Mﬁ"ﬁﬁ: Eaﬂé‘c‘,lh‘(ﬁ%w*"ﬂﬁ)“@ 7 2 3 4 12585 90.57 14830 121.58
B 0.5% (T B BOME I K BEF- Bt 4] 2 4 3 6504 6772 7846 7041
g, FER T B T R S Rk W MG SR A5 o 31 3 117.57  132.80 123.98 124.78
WAk 10 3 2 4 6438 4621 25.63 45.41
243 BEEREESEREGENEN i; j j ; izjz 1‘7’233 1:8; i;jj;
N V=== iy = A ° : : :
HITE] 7TA HTRL, S bk DI A9 BeFi ity 3% 13 4 1 4 160.06 189.46 177.70 175.74
F10%I, EAFHBHE 0500 (244.87423.55) U/mL 14 4 2 3 11489 9538 88.17 99.48
F1(261.70£40.09) U/mL., FEMFRIOHES 15 4 3 2 15605 171.82 186.78 171.55
BRI A R E, eFE soomt et 10 2 % 1 2TLTT 292D MBS BRI
T3 HAESWER
Table 3 The results of variance analysis
AR SRR A ST ¥ FiE P
Sources of variation Degree of freedom Sum of square Mean square F value P value
X2 2 473.55 236.78 0.93 0.405 6
Randomized blocks
WOPLIEAERSS 15 131 528.21
Treatment combination
HAT ¢ 3 55539.59 18 513.20 72.65%%* 0.000 0
Gelatin (%)
EAEY S 3 30 669.32 10 223.11 40.12%* 0.000 0
Peptone (%)
fi1 g} 3 9 243.96 3081.32 12.09%* 0.000 0
Fish meal (%)
=l 6 36 075.33 6012.56 23.59%* 0.000 0
Blank column
2 30 7 644.84 254.83
Error
AR 47 139 646.60
Total

e o ZRWMEE, P<0.01
Note: **: Extremely significant difference, P<0.01.
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x4 HEMEEZEIR TR L. dE 7B Al 5, 44046 pH

Table 4 Duncan’s new multiple range test for 8.5 it I B E BeE, M(197.83+13.71) U/mL
multiple comparisons ’

M2 A7 3 IE E o Bt L3
T Y ERo i i Ellc AT, BRI 28 °C B b
Treatment Mean Significance difference TG , j9(173-51i4~71) U/mL. HEl 7D Al ’
P<0.05 P=0.01 R 100 mL/250 mL AR 3 VR A5
As 17623  a A s
A é‘ A L i
As 115.67 b B H(185.45+£23.87) U/mL, 2 ML RTIY 3.7 £% .
4, 111.69 b B N \
4 273 o ¢ 3 WwEER
B 156.18 A s . PN
N oess b 5 ARSI WK R i S BRI 3
3 .
B, 112.13 c C FLACER . T P A B R 4 IR K
B, 87.17 d D W10 W 22 )2 DR v SR 0 1E 43 2515 21 113 bk
e oo N 7 e i 2 11T T ke, 92 1 e K 1 3 AR g o
. a . N
. Usae b e P AT B B e SR T bR SR 4% W
G 10246 b C PR AR D6 HEAT 16S rRNA K& [H 4] He X 43
A g 350 B ~ 250 [
é3oo_ § .
b250 = L
Z 200( Z 150
> 150: § loov
5 100 g |
% 50 r g 50 [
C ol S o
0.1 1.0 3.0 50 10.0 15.0 20.0 55 65 75 85 95
Inoculation amount (%) pH
C < D _ 250
2 2
=) S 200
I? ;%‘ 150
5 = 100!
g |
3 B gl

0
15 28 37 45 Before 10 25 50 100 150
optimization
Before optimization and liquid medium volume (mL)

7 BHRFHNEK DI ABFBHEMEMURNEEENTNY A AFEME; B: ARWIH
pH; C: AREEIRUREE; D: AFREHE KA G B 221

Figure 7 The influence of culture conditions on collagenase production of strain DJ1 and the changes of
collagenase activity before and after optimization. A: Different inoculation amount; B: Different initial pH; C:

Different temperature; D: Different liquid medium volume and the changes of collagenase activity before and
after optimization.

Temperature (°C)
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Wi, SERHEIR N Exiguobacterium J&4NTE , fiy
%N Exiguobacterium sp. DJ1. W#HE DJ1 X
15 Fhhid: R R IBUK, Tous ik, Joiizdmg |
i 2 R 0 5 2 TR M 2 T 1% 1, JC M 1R 30 Dt i 1
PE, R DIl Zanlis, A/ fass
Y, BA R B AR e T T A
XK DI Y7 il 9 2% 11 AT D0 AR 75 21 Y
BAEE W4 K. 30.0 g/L WA . 10.0 g/L &
¥, 5.0 g/Lfa¥. 0.5 g/L KH,PO,, 0.2 g/L
MgSO4-7H,0. 0.1 g/L NaCl. pH 8.5. 3% (14
BORYHER L | 28 °C BYIFFRIREL | 100 mL/250 mL
MW o RS E T 0y e it 2 1 I Il 0
(185.45£23.87) U/mL, RILALSAF T R EE M
T T3 75 M (49.68+13.06) U/mL, FEIHIEE T4
3.7 485 RWITE PR DI SH ™ A i e I 2 1 il
A —Er N T,

R B, 43 B BIRAKUTEI I 1 #RR
R 25 AT 18 8 (Clostridium) R 3 Bk #AT
W & (Flavobacterium) i 7 BE 1% 7K fift I e 56 K 41
FHEID, FHRAK TR T EA RE g
Rof it B S A T R A TR B 0 N 4 IMIROK i1 3%
IR Z VIR TR AL 06 e o B 3 113 Ak I 5L
FIRE R R, 5 A PR AR A R i . i
FRENEBRIR . AT E A )
T REFUKAER B 2] 11 bR S A I R
A REN™ s XU AT 2 M 50 4y HERUE #Ab +4f
i 21 60 kAl A S S5 2R 11 i ks 4% LA
S5 T 0 PR BiF I ) 3 e R R F 17 R R
BV AE T X T HR A DA I T A B
HIR TR 20 BREA R UK MRS P Y T
WEYs Mt N T B RN
20 5 HAERUKAE IR S 95 HRA B R B M
PRRR? AR SO 113 7™ Jie S 26 11 it ol ke b i
H—RE R AR, LY N Exiguobacterium J&
Y . Exiguobacterium J&HA ) FMESE, H

H AT T8 AR R A IR, HAE RSG5 G
YR R ER S & T EP, B R
Exiguobacterium J&H ZFIEVEN, R85 fFA HL
1B AR R FATME), FTRMILT
A R IRBULT BT, A& -4
BT S M AR (RS 1Y REHAT,
AR KB Exiguobacterium & A & i 85 11 14 4
1B, RCKT Exiguobacterium Jg& I J5 25 11 B
5T AT 40 5 X 1% 8 B R B AT RN SEBR 1 o

T I D i 1 LA B R Tl v ) A
IR S, 9T A ok i 2 1 i D 2 F i A
PR IE o QG B 5 e WS A2 A TR G i i O
H44.98 U/mL™ | W RE 25 A0 R 1R R TR TG N
26.70-36.80 U/mLI"2M 0 vhdy G B e 5 i %
M 21.19-22.46 U/mLP*71 A £ {5 26 it 14 A1k
1K AT B R RS S 10.00-16.00 U/mLP2,
5 At ™ e D AR 1 TR AR A B, AR S A S 1
JIE JEL B 1% R 69.91 U/mL AYU/NFE I DI HAT
B MW AR BT o Ry i — 20 R 5 i T i
A TR N FRAAEL , AH SCBIFFE X BRI 1 & T Il 5
AT TAAL, DASRAS S A Bl . etk
ZEX} Brevibacillus laterosporus AL-13 4 F= 5
IR A AT T AR, 1 R D T R
(153.06+3.73) U/mL, 2 T2 9.5 5175 e
X} Bacillus glycinifermentans W& PESAFIEL T
TAHRAL, 1 Sl G £ 5 A (5.97+0.52) U/mL, &
T2 4.8 f50Y 4% LR AE XTI AR ZEAAT I Colls
(7 i R TSR T T 04, (I D Pl T i 1
(65.8122.06) U/mL, &5 T 2 1.5 £57); Pequeno
S50 — AR W 2E R TR 1) R I Il SR AR AT T
tedl, o Jt i 2 %5 4 (305.39+5.15) U/mL,
P T2 15 AR50 AR L A & e O Ak 4 B 5T 2
R, RSO B PE DI1 K 7 B 25 A i AR Ak ol i
Ji TG B2 5 A (185.45423.87) U/mL, 5 T4
3.7 4%, RS T B E BTG , ARG ™ Bl Y
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