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Production of gastric-mucosa protective collagen III by
Pichia pastoris

Weina Li 7, Zifang Shang 12 Zhiguang Duan 2 Linbo Li %, Jing He 2 and Daidi Fan '

1 Shaanxi Key Laboratory of Degradable Biomedical Materials, School of Chemical Engineering, Northwest University, Xi’an 710069,
Shaanxi, China

2 Shaanxi R&D Center of Biomaterials and Fermentation Engineering, College of Chemical Engineering, Northwest University, Xi'an
710069, Shaanxi, China

Abstract: To improve collagen production by recombinant Pichia pastoris, we applied Placket-Burman and
Box-Behnken design to optimize the fermentation medium. Through Placket-Burman design, three variables in the medium
(concentration of yeast extract, peptone and glycerol) were selected for having significant effect on cell dry weight.
Through Box-Behnken design regression coefficients analysis, a secondary degree polynomial equation was established,
and the optimum levels of the three variables were yeast extract 1.13%, peptone 1.61% and glycerol 0.86%. During the
growth period, an average cell dry weight of 4.41 g/L was obtained after 12 h fermentation, increased by 26%. Through
high density fermentation, the production of recombinant human collagen (III) was up to 4.71 g/L in 22 L fermentor. The

recombinant human collagen (III) exhibited good results to repair acetic acid induced gastric ulcer in rats.

Keywords: Pichia pastoris, human collagen (IIT), response surface methodology, gastric tissue
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Table 1

coefficients estimated by multiple linear regressions

Response to Plackett-Burman design of 6 variables and 12 trials for dry cell weight and model

Variables Yeast extract (%) Peptone (%) Glycerol (%) Ammonia sulfate (%) Biotin (%) YNB (%) DCW
X, X, X; X, X; X (g/L)
1 0.8 2.25 1.2 1.2 3.0x10° 0.30 2.931
2 1.2 1.50 0.8 0.8 4.5x10° 0.30 3.129
3 1.2 2.25 0.8 0.8 3.0x10° 0.45 2.924
4 1.2 2.25 1.2 0.8 3.0x107° 0.30 2.692
5 1.2 1.50 1.2 0.8 4.5x10° 0.30 2.983
6 1.2 2.25 0.8 1.2 4.5x10° 0.45 2.763
7 1.2 1.50 1.2 1.2 3.0x10° 0.45 2.994
8 0.8 1.50 0.8 1.2 3.0x10° 0.45 3.334
9 0.8 2.25 0.8 1.2 4.5x107° 0.45 2.459
10 0.8 1.50 0.8 0.8 3.0x10° 0.30 2.944
11 0.8 1.50 1.2 0.8 4.5x107° 0.30 2.789
12 0.8 2.25 1.2 0.8 4.5x10° 0.45 2.425
Statistical analysis of Plackett-Burman design in six variables
X X X X, Xs Xs Intercept
Coefficient 0.1264 -0.1367 —0.1241 —0.5978 —-0.0372 -0.0603 2.8643
t-value 5.271 5.699 -3.989 -2.492 -1.551 -2.516 119.429
P-value 0.003° 0.002" 0.004° 0.055* 0.182°  0.053* 0.000
g‘ellﬁgzr)lce 100 99.7 99.8 99.6 945 818 94.7

Note: R°=95.33%; R’ (adj)=89.72%; * Non-significant at P<0.05; ” Significant positive effect; ® Significant negative effect.

Box-Behnken
Design-Expert 8
17

1.3.5
22 L
500 r/min
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0.1 Mpa

20% ODgoo 20
2 L BMGY
( 12mL/L PTM1
50% ) L
18 mL/h pH 285 C 5
900 r/min

12 mL/L PTM1
60 s
30% 78 h

(ODs00)
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Table 2 Box-Behnken design plan in coded value
and the observed response

Coded Variables
level Yeast extract Peptone Glycerol
(X1 (X2) (X3)
-1 1.1 1.3 0.7
0 1.2 1.5 0.8
+1 1.3 1.7 0.9
Code X X5 X; DCW (g/L)
1 1.2 1.875 1.2 4.534
2 1.0 1.500 1.2 3.634
3 0.8 1.875 1.2 4.225
4 1.0 2.250 0.8 4.834
5 1.0 1.500 0.8 1.890
6 1.0 1.875 1.0 2.941
7 1.2 1.500 1.0 4.356
8 1.0 1.875 1.0 2.222
9 1.0 1.875 1.0 4.281
10 1.0 1.875 1.0 1.791
11 1.0 2.250 1.2 3.869
12 0.8 2.250 1.0 3.603
13 0.8 1.500 1.0 2.894
14 0.8 1.875 0.8 1.751
15 1.2 1.875 0.8 3.782
16 1.0 1.875 1.0 4.628
17 1.2 2.250 1.0 3.569

Note: x,=(X;—1.2)/0.1; x,=(X,—1.5)/0.2; x;= (X;—0.8)/0.1.

1.3.6

4°C 8000 xg

CM

Fast Flow

0.01 mol/L PBS (pH 6.0)

0—1.0 mol/L

215 nm
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20 min

(PBS)

Sephadex G-100

[17]

1.3.7
20 2 10
2d
24 h
1
50 pL
20%
3 I (
)
0.8 mL/200 g 7d 1d
1% 10 mL
10% 15 min

B 1 XERBHEEEIRERIEFXRMENEE
A), VIFARREZEBEREKXEE B)

Fig. 1 Animal modeling process on gastric mucosa in
rats on back fixation (A), and cutting the abdominal wall
of rat to find the stomach in the abdominal cavity (B).
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[18]
PB
6 12 1 PB
2.42-333 g/L
t P<0.05
1 P
0.002
(0.003) (0.004)
3

2.2 Box-Behnken i%it+3L4
Box-Behnken
3 3
Box-Behnken 2

175 g/ 4.83 g/L
(X1)
(X2) (X3)

Yoew = 4.43 — 0.077X; + 0.059X, + 0.92.X; —
0.33X,° = 0.60X,° — 1.13X57 - 0.58X,.X; — 0.26X,.X; —
0.044X,X;3

R*=95.87% R*=
89.67% 10.33%
3
F=0.051>0.05
P=0.000 P=0.945
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*3 ATHRTERUHBESHXEAFENS
E9h

Table 3 Analysis of variance (ANOVA) for the
fitted quadratic polynomial model of the optimization
of dry cell weight

Source DF SeqSS AdjMS F P
Regression 9 152171 1.6908 15.46 0.002
Linear 3 6.8803 2.2934 20.97 0.001
Square 3 6.7275 22425 20.51 0.001
Interaction 3 1.6092 0.5361 4.91 0.047
Residual error 7  0.6561 0.1093 - -
Lack of fit 3  0.0320 0.0107 0.051 0.982
Pure error 4 0.6239 02080 — -
Total 16 15.873 1 - - -

2.3 MO g mE o4
3D 2D
(191 2A B C

2A

1.5% (

Plackett-Burman

2B

0 ( 0.7%-0.8%)

(0.8%-0.9%)
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Fig. 2
alternate the effect of yeast extra and peptone (A), yeast
extra and glycerol (B), peptone and glycerol (C) on
human-like collagen.

Response surface plot and contour plot of
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Fig. 3 The cell growth curve and target protein expression curve of high density fermentation (A) and SDS-PAGE
analysis of time-dependent protein expression (B). 1-6 in (B) are samples in fermented supernatant at 3, 6, 9, 12, 27
and 33 h during induction culture.
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54 h (2611 111 al
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33 [ I
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B4 HWEE (A) EXBRAXAREEZR B). [E
(C) #n IIZE (D) XK BEREIE
Fig. 4 Anatomical drawings of rat in stomach for
model group (A) and experimental human-like collagen
group (B), human collagen I group (C), human
collagen III group (D), respectively.
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Fig. 5 Body weight change of rats for healthy control
group, model group and experimental human-like
collagen group, human collagen 1 group, human

collagen III group, respectively.
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