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High cell-density fermentation of shark hepatical stimulator
analogue in Escherichia coli

Boping Ye, Zheng Pan, Huaibiao Li, Ying Wang, Heng Zheng, and Wutong Wu
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Abstract: The potential effects of recombinant shark hepatical stimulator analogue (r-sHSA) in liver disease have been revealed in
our previous studies. In order to further evaluate its clinic application, we carried out high cell-density fermentation in 5 L fermentor
to get enough products. Based on the trials in shaking flask, we optimized the parameters for 5 L fermentor, including medium
composition, medium supplement, inducer concentration and induction time, etc. In detail, the improved LB medium (0.97% glycerol,
0.91% yeast extract, 0.72% tryptone, 0.782% KH,PO,, 0.267% K,HPO,-3H,0, 0.062% MgS0,:7H,0, 0.5% NaCl, pH 7.0) is chosen
to cultivate the engineering bacteria with the constant fermentation condition (pH 7.0, and the dissolved oxygen concentration is
about 25%-30%). When bacterial culture reaches exponential phase, the modified feeding medium (620 g/L glycerol, 94.8 g/L
tryptone, 3.3 mL/L trace elements, and 7.5 g/L MgSO,7H,0) is then supplied through the method of exponential fed-batch mode.
After the optical density (ODgq) of engineering bacterial culture reaches to 23, the ultimately concentration of 0.5 mmol/L IPTG is
added to induce the expression of r-sHSA for 6 h. Results show that the amount of r-sHSA production is (2.662+0.041) g/L, which is
about 13.7 folds of the one optimized before.
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(Recombinant shark BBI ;
hepatical stimulator analogue, r-sHSA) (Kan) -B-D- (IPTG) Amresco

(Cihiloscyllium plagiosum) ;
[1]

r-sHSA & el L-1523 (5L)
Bl 12 MFEF
(TGF-B1) -70°C 15%
(ECM) LB ,37°C 12h ,
, , LB ,  37°C 12 h
( : , 20 mL LB (
CN101041066), 50 pg/mL ), 37°C 200 r/min
12 h, ODyoo 3.2~3.5 ,
r-sHSA , 0.5%(750 uL)
r-sHSA 150 mL LB (50 pg/mL )
cc 500 mL , 37°C 200 r/min
»> 10 h, ODgqo 3.8~4.1

(4]

13 EMABMGEFEY

-sHSA 2%(V/V) 50 mL LB
, , r-sHSA ( 50 pg/mL ) 250 mL
, 37°C 200 r/min ODyo
1.0 0.5 mmol/L IPTG 6h
R r-sHSA
1 M5 14 SMMEE AL
LB 0.4%

11 IRE. B#FFE. R REENSE

E. coli BL21/pET28a-sHSA > 13
: ~70°C : 6
Luria-Bertani(LB) WIv): 1% , (DPS7.05)
0.5% . 1% NaCl (pH 7.0) 15 M RIRRIHAL
WIV): 097%  , 0.91% . 0.72% , LB 0.2%
0.782% KH,PO, 0267% K.HPO,3H,0, 0.062% 13
MgSO,7H,0, 0.5% NaCl(pH 7.0) ’ 6
WIvy: 15.7% . 10% . 0.75% (DPS7.05)
MgS0,7H,0 . 091 gl CoCly6H,0, L6 Tetlafirsgit
55 g/L MnCly4H,0, 091 g/l CuCL2H,0, 1.1 g/L LB Mg8047H,0 KH,PO,
HyBOs, 091 gL Na;MnO,2H,0, 8.2 g/L ZnSO,7H,0, K,HPO,3H,0 3 , DPS7.05
14.5 g/L FeSO,7H,0, 1.8 g/L CaCl, 3 LB NaCl 4 3
Oxoid ; Uy(3%), 1
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1.3 ,
3 DPS(7.05) ,

B

1.7 /R8I ARt

DPS7.05
U6(33)5

DPS(7.05)

B

&1 THEMERKTEMEZE

Table 1 Factors and levels of experiment for inorganic salts

Factors Level 1 Level 2 Level 3
Xi (NaCl, g/L) 5 10 15

X> (MgS04:7H,0, g/L) 0.25 0.5 1

X5 (KH,PO4, g/L) 2 4 8

Xs (K,HPO4-3H,0, g/L) 2 4 8

T2 W/REMIRIKEREE

Table 2 Factors and levels of experiment for carbon-
nitrogen ratio
Factors Level 1 Level 2 Level 3
7, (Glycerol, g/L) 5 10 20
7 (Yeast extract, g/L) 25 5 10
Zs (Tryptone, g/L) 5 10 20
1.8 IPTG iRE M E
, 1.3

ODgp 1.0 , 025 0.5 0.75
1.0 mmol/L IPTG 6h, r-sHSA
19 SEEREFHMANL

5L
35 L, 1.2
5% ( 50 mg/L )
25%((V/V) 40%(V/V)
pH 7.0 ; R

25%~30%
ODgpo OD 1/3
0.5 mmol/L  IPTG s OD
1.9.1

3 h 40 min , 500 mL,

>

4.5 mL/min;
Bl P=(uXoVo/YSp)e" ,
F cu ) 0.3 ;
Vo , 3L Y
, 0.430% x;
, 4 g; Sp (g/L); ¢
(h)
1.9.2
, 3 3
Us(3Y),
, OD9 l6
0.5 mmol/L  IPTG 6h ,
r-sHSA
1.9.3 IPTG
ODg 23 28 35
0.5 mmol/L IPTG S
IPTG , l1h 1
> ODo0
1.10 BEREYEMEETYHTETE
ODgpo 1 mL ,
, 600 nm
6000 r/min 10 min
r-sHSA SDS-PAGE
(12%) [7], Bio-Rad
r-sHSA : r-sHSA (g/L)
X X X
2 %
21 EMABFHTHIEREEK
2.1.1 r-sHSA
LB , 3
(0.4% )

, 0.4% 0.4%
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r-sHSA (P<0.001),
0.4% LB ( 3,
0.4%
2.1.2
LB , 2
(0.2% )
r-sHSA 4,

®3 WBEMIBEREYMER r-sHSA RIZEMFI

4 r-sHSA ,
r-sHSA (Y
DPS(7.05)

Y=174.3975+
98.8663X,+14.1456X310.0736X,.X|—75.3561 X,X,—0.7466.X3.X;
—0.4048X,X3-0.7210X,.X;,

R=0.9994, F=118.0384,  p=0.0708,
F>F;,(0.1)=58.9000, F (a=0.1)
X;1=5.00 X,=0.62 X5=7.82 X,=2.67

» Yinax= 254.211

5=0.7369,

Table 3 Effect of carbon sources on the biomass of
engineering bacteria and r-sHSA expression level 3 > Y,
Carbon sources Biomass (g/L) Expression level (%) 254.82,
LB 6.52+0.24 22.47+0.34 2.1.4
LB+0.4% glucose 7.92+0.51" 23.75+0.65"
LB+0.4% sucrose 6.92+0.32 23.67+0.40
w " (21 (Z2) (Z5) ,
LB+0.4% glycerol 8.31+0.58 24.08+0.51
F-value 22.4155 12.4578 6
j2 0.0001 0.0001 r-sHSA
” P<0.001, vs LB. 00) ,
F4 ENEENTREEMER r-sHSA KL HOF M DPS(7 05y
Table 4 Effect of inorganic nitrogen sources on the 1 ¥=235.2400+6.98112,—0.40382,Z,—0.0158 Z; Z;+
biomass of engineering bacteria and r-sHSA expression level
9 J P 0.03392,7;, R=0.9999, F-
Inorganic sources Biomass (g/L) Expression level (%)
1530.2116, §=0.2355, p=0.0192, F>F,;(0.01)=
LB 6.49+0.25 22.30+1.17
563.0000, F (a=0.01)
LB 0.2% (NH4),SO4 6.45+0.30 22.00+1.69
LB 0.2% KNO; 6.49+0.25 22.20+1.25 s Zi( )
F-value 0.036 0.0726 5
P 0.9647 0.9303 R
2.1.3 5 : 21:7.2,
5 NaCl(X,) 72,=9.1,Z:=9.7 , Yna=266.833
MgSO47H,0(X;) KH,PO4(X;) K,HPO,3H,0(X,) 3 ; Y 272.694,
*5 THEWNIEEEYER r-sHSA RILZERIFM
Table 5 Effect of inorganic salts on the biomass of engineering bacteria and r-sHSA expression level
Trial No. X X5 X X Expression level (%) Y, Biomass (g/L) Y> Y,
1 10 1 8 8 24.50 9.49 232.572
2 5 0.5 2 8 24.37 9.35 227.775
3 15 1 2 4 24.97 9.06 226.147
4 15 0.25 4 8 24.90 9.28 230.957
5 10 0.25 2 2 25.10 8.70 218.261
6 5 1 4 2 24.40 9.57 233.391
7 10 0.5 4 4 24.43 9.78 239.022
8 5 0.25 8 4 24.40 10.00 244.000
9 15 0.5 8 2 24.80 9.49 235.420
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22 IPTGiESREIEE ( 1A) LB
2.1 , , ODg0 1.0
LB (W/V): 0.97% ,0.91% 0.25 0.5 0.75 1.0mmol/L  IPTG 6h
, 0.72% , 0.782% KH,PO4, 0.267% r-sHSA , IPTG 0.5 mmol/L
K,HPO,-3H,0, 0.062% MgSO,-7H,0, 0.5% NaCl, pH , r-sHSA ( 2B), IPTG
70 LB , LB 0.5 mmol/L

#6 BMALMIEEEVER r-sHSA RIZERIFIT
Table 6 Effect of carbon-nitrogen ratio on the biomass of engineering bacteria and r-sHSA expression level

Trial No. Z 7 73 Expression level (%) Y, Biomass (g/L) Y» Y,
1 20 2.5 5 25.77 9.71 250.198
2 10 5 10 26.00 10.00 260.000
3 5 2.5 20 26.07 9.42 245.556
4 10 5 10 26.03 10.00 260.333
5 5 10 5 25.67 10.36 265.966
6 20 10 20 25.77 10.29 265.135
A —a— Improved LB B 30 -
6 —e— LB ==
_ 2 0 B =
S z
© g
2 - 2 109
[S4]
0 0
1 23 456 7 89 1011 12 0.25 0.5 0.75 1.0
Cultivation time (h) Concentration of [IPTG (mmol/L)

1 IHEHEELBFMYR LBEFEDMEKMEA)RLTEIRE IPTG FESTH r-sHSA Rix £ (B)
Fig. 1 Growth curve of the engineering bacteria in LB and improved LB (A) and the expression level of r-sHSA induced by
different concentration of IPTG (B).

2.3 R E r-sHSA ( 8
, 550 g/L,
2 5L 3 (100 80 60 g/L)
r-sHSA , : 100 g/L
r-sHSA 9
r-sHSA « 7,

T HSMEEBINMBSMAEAEI r-sHSA FEMF I
Table 7 Effect of fed-batch and batch fermentation on
r-sHSA production

24 #RlEFEMNBERZEML li)zet;iei?ng Bi((;r/r]izi)ss ]i:s;els(ii)o)n r-sHSA zg;lf)entration
’ Constant 40.5 24.1 0.561
( ) 3 (620 550 480 g/L) Exponent 60.11 24.7 0.987
550 g/L No feeding 19.43 232 0.194
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(T3) r-sHSA
550 g/L 100 g/L, ODygo 23 0.5 mmol/L IPTG( )
r-sHSA ( 10, 6 h , r-sHSA ( 11
r-sHSA ,
) ( 8 9 DPS(7.05)
), r-sHSA ¥=0.643500+0.0315647,—0.000208 7,7,+0.000013 7, 75,

£8 HHMIREXM r-sHSA 2R F I
Table 8 Effect of the glycerol concentration on r-sHSA
production

Glycerol Biomass Expression r-sHSA concentration
(g/L) (g/L) level (%) (g/L)
620 80.26 24.5 1.671
550 80.49 24.3 1.715
480 77.62 243 1.376

*9 BREBBRREI r-sHSA F=ERIF N
Table 9 Effect of the tryptone concentration on r-sHSA
production

Tryptone  Biomass  Expressionlevel  r-sHSA concentration
(gL (gL (%) (gL
100 80.72 24.1 1.704
80 80.46 242 1.694
60 77.22 24.1 1.530
R10 WMEBRLREREX r-sHSA =ERFME

Table 10 Effect of the tracemetals concentration on r-sHSA
production

Tracemetals Biomass  Expression level  r-sHSA concentration
(mL/L) (gD (%0) (g/)
2 115.90 22.6 2.364
3 118.54 23.1 2.375
4 120.66 223 2.380
, Us(3")
6 (Tv) (T2)

T 11 AR EFEEMNRIRER r-sHSA 2RI

R=0.9570, F=7.2573,

8§=0.0585, p=0.1235, F>F;,(0.25)=3.1500, F
(0=0.25)
, (T3) ,
2 mL/L r-sHSA
7=620, T7,=94.8, T:=33 ,
Yinax=2.5106
( 620 g/L,
94.8 g/L, 3.3 mL/L, MgSO,7H,0 7.5 g/L)
, 124.1 g/L,
r-sHSA 2.657 g/L
25 IPTG ES &M
5L ,
, ODgoy 23 28 35
0.5 mmol/L  IPTG
( 6h 5h 4h ODgo
23 r-sHSA , 2.657 g/L (
12)
OD¢yp 23 0.5 mmol/L
IPTG, I h 1 ,
6 h (
2)

Table 11  Effect of the feeding medium’s composition and concentration on r-sHSA production

Trial No. T, T, Ts Biomass (g/L) Expression level (%) r-sHSA concentration (g/L)
1 550 80 3 118.54 22.3 2.453
2 480 60 4 113.05 21.4 2.152
3 480 100 2 115.15 22.4 2.328
4 620 100 4 122.67 22.5 2.504
5 550 80 3 119.27 21.0 2.336
6 620 60 2 116.11 21.5 2.261
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%12 BSEEX r-sHSA P2 K § M
Table 12 Effect of the induction time on r-sHSA production

ODgoo 23 28 35

Expression level (%) 24.1 23.8 24.1

Biomass (g/L) 124.10 122.27 124.47

r-sHSA concentration (g/L) 2.657 2.522 2.608 pH

(8]

25— Growth curves in optimized _80
feeding medium H , .
Growth curves after induction/,l;/’__. LB

204
Expression level 't 60

t ¢

40

Cell OD(,oo

LB

Expression level (%)

5 /,/, ‘ 20 r-sHSA ,

- [9]
—r . 0

0 123 45 6 78 910111213

Cultivation time (h)

2 TREEENR LBIFFERLERRMMALER (10-11]
BERTHERKIBERFSTREIEH r-sHSA RizE

Fig. 2 Growth curve of the engineering bacteria cultured in

improved LB medium with the optimized feeding medium and

the expression level of r-sHSA on different time.

26 MMUBELIREEMEYENREENTL , g
., SL (2,

, r-sHSA (131
s r-sHSA 13.7 LB

r-sHSA
# 13 IREEMUABEZGTHRERRE
Table 13  Stabilized experiment of the engineering bacteria
under the modified fermentation condition

Biomass Expression r-sHSA (4]
(g'L) level (%) concentration (g/L) [15]
1 121.95 24.1 2.729 ’
2 122.89 243 2.628
3 122.47 23.9 2.642
4 124.56 23.8 2.675 [91
5 124.46 24.1 2.638

X+SD 123.27+1.184  24.04+0.195 2.662+0.041

Trial No.

3 it

[16]

[17]
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[18]

, r-sHSA

R r-sHSA
. r-sHSA

(2.662 + 0.041) g/L, 13.7

it Bt Clemson XFAMAFZETFEIHEE
AT g5 E .
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