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Recombinant expression of Bacillus cereus collagenase colR75E in
Pichia pastoris
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Abstract: [Objective] In order to find a safe and stable method to produce collagenase in vitro, we
expressed the Bacillus cereus collagenase col/R75E in Pichia pastoris. [Methods] With the Bacillus
cereus genomic DNA as template, we successfully amplified the collagenase co/R75E DNA fragment
by PCR and cloned it into pPICZaA plasmid. The pPICZaA/co/R75E recombinant plasmid was
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lineared with Sac I, and then the lineared plasmid was transformed into Pichia pastoris X-33
competent cell in order to integrate the inducible AOX1 promoter controlled co/R75E fragment into
Pichia pastoris X-33 genomic DNA. The successfully integrated Pichia pastoris X-33 strains was
cultured and induced by methanol addition. To acquire the highest production, the optimized
conditions for ColR75E collagenase expression in Pichia pastoris X-33 were investigated here. After
induction, we purified recombinant ColR75E collagenase in supernatant sequentially by ammonium
sulfate precipitation, desalting and affinity capture. Finally, the recombinant collagenase ColR75E
was analyzed by catalytic activity assay, SDS-PAGE, zymography, type I collagen proteolysis and
substrate specificity assay. [Results] The highest level of collagenase ColR75E induction was gained
under pH 6.0 for 72 hours incubation by 2.5% methanol. As expected, the molecular weight of the
recombinant collagenase is nearly 110 kD to ColR75E. The results of zymography and type I
collagen degradation analysis uncovered that the recombinant collagenase ColR75E had an excellent
collagen proteolysis activity. Its specific activity after purification reached to nearly 4.977 U/mg
under standard conditions. The recombinant collagenase ColR75E exhibited specific proteolysis to
type I collagen, but not to BSA, Casein or Lysozyme. [Conclusion] Pichia eukaryotic expression
system is suitable for the expression of Bacillus cereus collagenase ColR75E, which supplied a good
basement both for its subsequent theoretic research and industrial exploitation.

Keywords: Bacillus cereus, Collagenase, Pichia pastoris, Type I collagen
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[9] [10]
ColR75E
B3l Nagano 7]
[11]
Bl ColR75E
[5]
(Clostridium histolyticum) G (Collagenase
G ColG) 6]
Nagano ' 2000 (Pichia pastoris)
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0.71 U/mg
Bacillus cereus R75E [12-15]

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



colR75E

809

ColR75E

1 MEEE
11w

L11  EHRFARHRL:
cereus R75E)
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CGMCCO) CGMCC 8614
Trans10 X-33
pET28a

Novagen

Promega

pPICZoA
112 EZRLFFINEE:
KOD DNA

(Zeocin)
dNTPs T4
Dpn 1

Invitrogen
DNA
TaKaRa DNA
DNA marker
( ) Marker
Fermentas I
Sigma-Aldrich

PCR

DNA
LB YPD BMGY BMMY
Invitrogen
BMGY 1%
2% 100 mmol/L (pH 6.0)
4x107°% 1%
BMGY 1%

1.34%

BMMY

1%
1.2 A%
1.2.1 PCR ¥ colR75E £HHA:
Server colR75E

KP987200) DNA colR75E
N (1-30 ) colR75E-Xho
I-F  colR75E-Not I-R 1
Xho I Not 1

SignalP 4.0
(GenBank

F1 ALEHERSY
Table 1 Primers used in this study

Primer name Primer sequences (5'—3")
CGCCTCGAGAAAAGAIGAAGAAAAAG
TACCGTATAACGTG
CGCGCGGCCGCTCATTTTACTGACAA

TTCGTATGTTCC
GTAAAGGCACAGTATCACCG

colR75E-Xho 1-F

colR75E-Not I-R
1267-F

2013-R TCATAGGCAACGTATCACTA

pPICZa a

R75E
50 uL PCR
DNA
0.2 mmol/L

KEX2
gDNA PCR
5 pL 10xBuffer 100 ng
0.2 mmol/L.  dNTPs
2.5 UDNA
50 uL 94°C30s 58°C30s
3 min 30 PCR 1%

68 °C

1.2.2 EEERIEHIRBIITRE:
PCR Xho 1
pPICZaA
Trans10 LB (
Zeocin 25 mg/L)
LB ( Zeocin 25 mg/L) 37°C
16 h DNA Xho1 Notl
pPICZaA/colR75E

DNA
Not1 PCR

123 EHEBRRAERIEL: (1) X-33
X-33

200 r/min

1 500 r/min

20 mL YPD 30 °C

ODgyp  1.3-1.5 4 °C

20 min 10 mL

2 mL (1 mol/L)
200 pL (1 mol/L)

2
Sac 1
pPICZaA/colR75E

98 uL

2 uL
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0.2 cm 5 min
1.5 kV 5.4 ms
1 mL (1 mol/L)
30°C lh 200 uL YPD (
Zeocin 100 mg/L) 30 °C 2d

124 B EES ColR75E HEEEFEEB T FIRE
iE: (1) YPD
YPD
YPD (
100 mg/L) 30 °C 200 r/min
24 h 12 000 r/min
gDNA
1267-F  2013-R (1)
gDNA 1.2.1 PCR
(2) PCR
YPD
5 mL YPD (
100 mg/L) 30 °C 200 r/min
1% ( )
30 °C 200 r/min
2.0-6.0

Zeocin

3 min

colR75E

Zeocin

20 mL BMGY
16-20 h
6 000 r/min
BMMY
28 °C 200 r/min
24 h  100% 1%
50 mL

ODgq 5 min

ODgyp 1.0
72 h

5 000 r/min
125 FEREEKEML:

10 min

pH 3
1.2.8

(1)
BMMY (pH 6.0) 24 h

1% ( ) 12 24

36 48 60 72 96 h
12 000 r/min

1 mL

3 min

()
24 h 05% 1.0% 1.5% 2.0%
2.5% ( ) 72 h
12 000 r/min 3 min
(3) pH H3PO4
KOH pH BMMY
pH 55 60 65 70 7.5 8.0
pH BMMY 72 h

12 000 r/min 3 min

1.2.6 EEREBELQBZEWL:

80% 0°C

12 000 r/min

20 mmol/L PBS (500 mmol/L NaCl
PMSF pH 7.4)

12 000 r/min

His Ni-NTA

20 min
1 mmol/L

30 min

1.2.7 FLHRRER SDS-PAGE #6:0 & bR B G +6

W : SDS-PAGE
[16]

0.1% I

[17]

1.2.8 FRREERYTE AMZE:

Mandl (18] 1
V) 1
37°C pH7.4 5h
I mol 1

(1 0)

1.29 FEEAREBEVHFHEHRR:
I
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Sac 1 pPICZaA/colRT5E
37 °C X-33
100 mg/L Zeocin  YPD
6
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DNA 750 b
PCR 2 800 bp DNA P
DNA 2
1A colR75E 6
750 b
(2 831 bp) PCR P
PICZ E
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23 FHEREMHFSRERFZGRL
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Figure 1 Agarose gel electrophosis of Bacillus cereus
colR7SE  PCR  products (A) and recombinant
pPICZaA/colR75E plasmid cut with X4o I and Not 1 (B)

M DNA 1 PCR 2

Note: M: DNA marker; 1: PCR products; 2: Products of recombinant
pPICZaA/colR75E plasmid cut with Xho I and Not 1.

2 211k pPICZaA/colR75E Rk B B 84 E EEFRls
£ X-33 £ FEHH PCR £E

Figure 2 PCR identification of linear pPICZaA/colR75E
integration into Pichia pastoris X-33 genomic DNA
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Figure 3 Determination of expressed ColR75E collagenase
by SDS-PAGE (A) and zymography (B)
M 1 2
: 72 h
Note: M: Protein marker; 1: Precipitated protein from supernatant
of Pichia pastoris X-33 fermentation without induction by 72 h (2)
methanol; 2: ColR75E collagenase containing precipitated protein
from supernatant of Pichia pastoris X-33 induced by methanol. 4B 24 h
A B
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<20+ =20
£ £
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2 20F
2
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g 10t
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= 5E
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Figure 4 Effects of induction time (A), methanol concentration (B) and pH (C) on the expression of recombinant
ColR75E in Pichia pastoris X-33
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Table 2 Lo(3*) orthogonal test of fermentation conditions for collagenase production from Pichia pastoris X-33

A B D
H
Number A Induced time (h) B Concentration of methanol (%) Cr D Vacant column Enzyme activity (U/mL)
1 1(58) 1(1.5) 1(5.5) 1 16.04
2 1 2(2.0) 2(6.0) 2 17.71
3 1 3(2.5) 3(6.5) 3 15.21
4 2(72) 1 2 3 28.87
5 2 2 3 1 20.53
6 2 3 1 2 24.76
7 3(96) 1 3 2 18.86
8 3 2 1 3 22.20
9 3 3 2 1 25.15
K, 16.32 21.26 21.00 20.57
K, 24.72 20.14 2391 20.44 7=252.42
K; 22.07 21.71 18.20 22.09
R 8.40 1.56 5.71 1.65
AkD M 1 2 3 4 5 6 7
0 130 _)-
2% 05 R T pe——
72
2% (3) pH ’
4C pH 5.5-6.0
pH
pi 6.0 ) 5 He7EEEEL ColRTSE B RRILL{LIS # SDS-PAGE
Ly(37) FEIK(A) A R B R B i A4 45 SR (B)
Figure 5  Analysis of SDS-PAGE (A) and collagen
zymography (B) of purified recombinant ColR75E
2 collagenase in Pichia pastoris X-33
2
A>C>B I
A,B3C, 72 h (
2.5% pH 6.0 1-7) Ni-NTA
29.79 U/mL ColR75E
2.4 EHERIFEMEBRSEL RN
1.2.6 SDS-PAGE 4.977 U/mg 1.037 U/mg
5A 4.8
ColR75E His 2.5 E ColR75E IR I BUIIREHRIFE
ColR75E FRAE R R 45 AR 3R
5B 1
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SDS-PAGE CoIR75E
6A 1
I
I 3 al  ( 126 kD) 3 EREITR
2 116 kD
* ( ) b (e CoIR75E
) 2-6 ColR75E
pH
I ol a2 P ) ColR75E
10 h I al (Pichia pastoris)
oz B ColR75E
pH 6.0 24 h
ColR75E 2.5% 72 h CoIR75E
I
SDS-PAGE
6B 4.977 U/mg
10 h 3 I (Sigma
c0130) 0.417 U/mg 11.9
I
A .
CollagenCasein BSA Lysozyme
kD M 1 2 4 6 8 10 KD M — + — + — + — +
130— = e |
—B 95— &=
170 — n—. "
p Eb
95 — i iy e ;‘i _:
_| - .
72 —- - = ! g. 26—
55 — . s B
4. 17—
34 — . -
26 — . 10—+

&l 6

EARIREEE ColR75E MR & fa#irh 1 YRR & B /KRR T B2 A0 (A) R R 45 =1L 5 H7(B)

Figure 6 Hydrolysis phase of type I collagen extracted from grass carp by recombinant collagenase ColR7SE with
incubation time (A) and analysis of substrate specificity of recombinant collagenase ColR75E (B)
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-1.0 2.5
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Figure 7 Lineweaver-Biirk plot of recombinant ColR75E
collagenase to type I collagen substrate
0.5 1.0 2.0 201
40 6.0 8.0 100 g/L) I
ColR75E 21] pPIZaA
7 Lineweaver-Biirk (AOX)
7 ColR75E 22
I Vmax
6.45 mmol/(g-min)
Viae  5.71 mmol/(g-min) 23
Kn 2.75 g/L
ColR75E Kn 2.93 gL 24
[9] ( 9
ColR75E
colR75E
Ko 38.41% 40 Leu 32
Thr 29 Val 9 Ala
ColR75E I
[25]
BSA colR75E
ColR75E
[1-2]
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Frequency (per thousand): Bacillus cereus (Pichia pastoris)
UUU 24.1(32.4) UCU 24.4(15.7) UAU 16.028.3) UGU 7.7(6.3)
UuC 20.6(13.4) UCC 16.53.3) UAC 18.1(94) UGC 4422
15.6(48.0) UCA 15.2(14.8) 0.8(2.4) UGA  0.3(0.6)
31.5(10.2) UCG 7.44.5) UAG  0.5(0.6) UGG 10.3(10.2)
CUU 15.9(17.9) CCU 15.8(9.7) CAU 11.8(16.1) CGU 6.9(13.2)
cuc  7.6(4.1) CCC 6.8(1.3) CAC 9.14.7) CGC 2.2(4.3)
CUA  10.7(10.9) CCA 18.9(16.4) CAA 254(30.9) CGA 4.2(5.5)
CUG 1493.4) CCG 3.9(6.7) CAG 163(7.3) CGG 1.9(1.4)
AUU  31.1(49.4) ACU 224(13.4) AAU 25.1(35.0) AGU 12.5(14.8)
AUC 19.4(12.8) ACC 14.53.2) AAC  26.7(13.3) AGC 7.6(5.8)
AUA 11.1(17.9) ACA 13.8(28.0) AAA 29.9(56.6) AGA 20.1(9.9)
AUG 18.7(26.9) ACG 6.0(12.2) AAG 33.8(18.7) AGG 6.6(2.6)
GUU 26.9(25.0) GCU 28.9(20.7) GAU 35.7(38.2) GGU 25.5(24.2)
CAG 149(5.6) GCC 16.6(4.1) GAC 259(8.8) GGC 8.1(7.9)
9.9(29.8) GCA 15.1(29.8) GAA 37.4(56.0) GGA 19.1(24.4)
GUG  12.3(10.5) 3.9(11.8) GAG 29.0(18.4) GGG 5.8(9.2)
B8 EFESHEMFANEZHEFRIFELR
Figure 8 Comparison of codon preference between Pichia pastoris X-33 and Bacillus cereus
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