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Satigical Optimization of Protein Disulfide Isomerase Expression in E. coli

LUO Man, GUAN Yi-Xin~ , YAO SharrJing
( Department o Chemical and Biochemical Enginezring, Zhgiang University , Hangzhou 310027, China)

Abdgract Disufide bond formetion protein A, DA , exiging in the periplaam of E. cdli, is a protein
disulfide isomerase (PDI) , which asdgsfolding of the disulfide bond containing proteins to achieve biological
activities. In this paper , datidical experimental desgns were gpplied to optimize the fermentation process of
recombinant DsbA in E. coi. Frdly, four nog important parameters, which dfect the DsbA expresson,
were screened anong 17 parameters by HackettBurman desgn. Then hybrid desgn was goplied to fit a
reponse suface function, where gationary point was a saddle point with neither gobd maximum ror
mnimum Fnadly, the optima <ettings of fermentation parameters were calculated usng the ronlinear
condrained optimization method. Verification experiment followed by DS PAGE dowed that the settings
resulted in 50. 14 % higher expresson &ter the optimization.

Key words DsbA, datidicd optimization, HackettBurman desgn, hybrid desgn, regponse surface
methodology
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3 377
Dsb (disuifide bond) .
E. cdli 1.2.2 600
: nm (Aaw)
. (notif) Cys X- 1.23 PSPAGE ,
x-oys?. , Dsb 7 12 %, 4%,
DA G, DsbA 1991 Bardwell ™ 1.2.4 DsA 4 8000 r/
, , mn 10 min, , 1/10
E. cdi (periplasm) , , 3s ,6s ,500 W
21 kD. , DshA 90 .4 ,14 000 r/min 40 mn
) 5 , DSPAGE.
ts] (GPTI) Q- R250 ol :
' p-3 (GAFDH) DsbA
" Ragi (Ragi bifunctiond 1.3
inhibitor , RBI) 1.3.1
[91 ’ Pareto [11] )
: DsbA (the vital few)
, (the trivia many) ; “ 80/ 20"
DA , DshA 20%
80 %. , DsbhA
1 , Hackett-Burman
: (reponse
1.1 surface methodblogy ,RSM) .
1.1.1 E. cdi BL21(DE3) , , ,
(Anmp°) . pAVD63 ,
DsbA Anp (Amp") . 132 —Packett-Burman Alack-
DsbA lac / ett-Burman Fackett ~ Burman 1946
Fersht (2 ( balanced
1.1.2 2% YT, inconplete block) , N
LB +M9 N-1 (N 4 ). ,
1.1.3 \ (dummy variables)
. Ultrogpec 3300 , + - ,
pro Amersham Biosciences ; Rackett-Burman )
Srval Super T21 SORVALL ; 32000 N/2 , ()
Quartity One Bio-Rad , N/4
. , DA
1.2 Amp
1.2.1 Anmp 17 . , N =20 Hackett-
50M g/ml ,500 | (20% ) ,200  Burman ,
r/min 37 12 h. Table 1 , ,
Anmp 50d g/m 2% (VIV) .
,200 r/min ,37 Aso Table 2.
1.0, IPTG 1 mnol /L 7h ,
500 m 150 m LB , .
1.3.3 —_— (hybrid dedgn)
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Table 1 Matrix for Hackett-Burman experimenta desgn

Variables/Leves
Run No.
B C D E F (0° J K L o P Q R S
1 + - + + - - - + - + + + + - -
2 + + - + + - - - + - + + + + -
3 - + + - + + - - - + - + + + +
4 - - + + - + + - - - + - + + +
5 + - - + + - + - - - - + - + +
6 + + - - + + - + - - + - + - +
7 + + + - - + + + + . . + - + -
8 + + + + - - + 2 + + - - + - +
9 - + + + + - - + . + - - - + -
10 + - + + + + . + + - - - - - +
11 - + - + + + + - + + + - - - -
12 + - + - + + + - - + + + - - -
13 - + - + - + + + - - - + + - -
14 - - + - + - + + + - + - + + -
15 - - - + - + - + + + + + - + +
16 - - - - + - + + + + - + + - +
17 + - - - - + - - + + - - + + -
18 + + - - - - + + - + + - - + +
19 - + + - - - - - + - + + - - +
* Parentheses derote for the dummy variables
Table2 The actud values o variables chosen for gudy versus the coded vaues
Variables Unit Low level High level
A Tryptone glL 6 12
B Yeas extract gL 6 12
C Casamiro acid gL 5 10
D Nad gL 4 8
E Na, HFO, gL 6 9
F KH, PO, gL 3 6
(G Dummy, — -1 1
H NH,Q gL 4 8
J MgS0, mol L 0 5
K TES per fermentation volume (in mi) ul 0 1
L Anp Mg/m 50 100
M IPTG mnol L 0.5 1
N Tenperature 33 37
(o) Durmmy, — -1 1
P Induction time h 5 8
Q Induction a Aepo = — 0.5° 1.4°
R Shaking goeed r/min 180 220
S Medi um vol ume per 500m shake flask m 150 200
T Inoculum sze % 1 2

a. Aen =0.4 derotesfor the prophase of log phase.
b. Aen =1.4 derotesfor the angphase of log phase
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Roquenore 1976 4168
(l Table 3
Table 3 Matrix for hybrid desgn and predicted values o the rdaive expresson of DsbA

Variables/Levels Relative expresion of DshA
Run No. NH,A IPTG t Induction time
Bxperimentel Predicted
X3 x2/g-Lt X3 X3/ mol - L~ 2 X3 X3 X3 x2/h
1 0 3.5 0 0.4 0 39 1.732 14.20 0. 3965 + 0. 0210 0. 3965
2 0 3.5 0 0.4 0 39 - 0.270 8.192 0. 9089 + 0. 0061 0. 9090
3 -1 2 -1 0.2 -1 36 0. 605 10. 81 0. 9936 + 0. 0067 0. 9476
4 1 5 -1 0.2 -1 36 0. 605 10.81 0. 8109 +0. 0028 0. 8568
5 -1 2 1 0.6 -1 36 0. 605 10.81 0. 9079 + 0. 0069 0. 9538
6 1 5 1 0.6 -1 36 0. 605 10. 81 0.8223 +0. 0210 0. 7763
7 -1 2 -1 0.2 1 42 0. 605 10. 81 0. 6058 + 0. 0262 0. 6517
8 1 5 -1 0.2 1 42 0. 605 10.81 0. 7662 + 0. 0059 0. 7202
9 -1 2 1 0.6 1 42 0. 605 10. 81 0. 6127 +0. 0001 0. 5667
10 1 5 1 0.6 1 42 0. 605 10.81 0.5027 £0. 0115 0. 5486
11 1.518 5. 777 0 0.4 0 39 - 1.050 5.851 0. 9841 + 0. 0092 0. 9841
12 - 1.518 1.223 0 0.4 0 39 - 1.050 5.851 0. 7684 + 0. 0050 0. 7684
13 0 3.5 1.518 0.704 0 39 - 1.050 5.851 0.6873 +0. 0018 0.6873
14 0 3.5 - 1.518 0.097 0 39 - 1.050 5.851 0. 6185 + 0. 0020 0.6187
15 0 3.5 0 0.4 1.518 43.55 - 1.050 5.851 0. 6627 +0. 0189 0. 6626
16 0 3.5 0 0.4 - 1.518 34.45 - 1.050 5.851 1.0823 £0. 0078 1. 0823
a:ooded v ue
b:actud vaue
1.3.4 , (S E)
, 2
SE = Jvg = (nE") )
) E, N
’ (P ) t
s (student t-test)
E‘“i
1.4 tn-g o = ; (3
141 1.4.2 Scheffe
R K -1k K
E,Ai = ZRAi“)N/ZzRAi(-) (1) y =Bo + iZBiXi + iZ jZBinin + iZBiiX?
E, A N , (4)
N ZO’RAH” Re ) A y Bo Bi B
B i ) Xi
( ).



380

21

(4) :
y =Bo + X'b + X'BX (5)
X |b !B

2

2.1
Table 1 A ackett-Burman
Fg 1

, GH

DsbA
GHMNP S
M S N P
95 %

NH,d

9 gL , 9
aL , 10 gL (casamino
acid) , 4g/L Nad , 9 gL N&HFO, , 6 gL KH,FO, ,
150 m /500 m , 2 %(V/V) ,TES

MgD,  Anp 3mmolL 100
220 r/min Ao 1.4

1504 1/
Mg/m ,

99.00—
1 =p

95.00

90.00- - =N

80.00

70.00 g

50.00 - #
30.00 ﬂﬂ

20.00- g ®
10.00- s
5.0003

1 mH

Normal probability (%)
B

1.000—

T T T T T
-0.1426 -0.05444 -0.03370 -0.1218 -0.2100
Size of effect

Fig. 1  Normd probability plot based on Hackett-Burman desgn
eperiments

2.2

Table 3 16

y =0.8974 + 0.0087 X, - 0.0180X, - 0.1336X,
- 0.0762%; + 0.0150X: - 0.0820%;
+0.0133%; - 0.1231X; - 0.0217 X, X,
+0.0399X; Xs - 0.0594X, X, - 0.0228 X, Xs
- 0.0387 X, X4 + 0.0044Xs X4 (6)
X X NH,d IPTG

4 (X1 Xa)

y =3.8130 - 0.2384x, + 3.8640%, - 0.1801x,
+0.2735x, +0.0066% - 2.0490%
+0.0015%; - 0.0137% - 0.0722x, X,

+ 0.0089x; x5 - 0.0132x; xa - 0.0380x, X3
- 0.0645x%; x4 + 0.0005X; X4 (7)

0. 9686,

, F 0.0001,

(7

X1 = 36.6723, x. = 0.8006,
Xg =- 36.9201, x, =- 10.2674 (8

A =-2.0504, - 0.0694, 0.0635, 0.0017 (9)

(saddle point) , ,

IPTG

) 3D

max{ y} ;
subject to:x; = 0; x > 0; x5 =233; x4 >0

(10)
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Fig.2 3D and ioregonse contour plots o the regponse surface function with absent variables at their midde level
(a) IPTGNH,Q ; (b) TenperatureNH,d ; (c) Tenperature- IPTG;

(d) Induction timerNH,Q ; (e) Induction time-IPTG; (f) Induction time Tenperature

NH.Q

E. cdi

(xa) 33

ymex = y(0,0.4885, 33, 9.4463)

1.4,
h
2.3

NH,a ,33

0. 4885 mnol /L
DsbA

,IPTG

= 1.48064

IPTG

(11)
Ao
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® % o %
, 9 gL , 9 gL
, 10 gL , 4 gL Nad ,
9 gL NaHRO, , 6 gL KH,FO,. 150 ml /500
m , TES 150U 1/ MgSD, 3 mmol/L Anp
100pg/m, 2% (VNV) N
220 r/min Ao 1.4
0. 4885 mnol /L IPTG 9.4463 h
,DshA 1.5014,

+1.0%. Fg.- 3
DshA
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! 2 ’ 1.350 | X,:NH,Cl
kD
B X;:Low level
97.0 - !
.5 1175 A X :High level
66.0 @
o
&
%
s 1.000
e L
45.0 kS
2
<
300 2 0825
20.1 DsbA
0.650 —
14.4 T T T T T
: 36.00  37.50 39.00 40.50 42.00

X;:Temperature

Fig.3 SDSPAGE adyd:a DA expresson with different medium Fig. 4  The interaction plot for cuture tenperature and NH,A

and cuture conditions concentration
1:Marker ; 2:Not optimized condition; 3:Optimized condition
3 2 [15] ,
H akett-Burman A akett-Burman D , -
D [16]
(
) (
) . H akat- ’ 3
Burman (fractionated) , ,
2°- 5x2° " ,
, (corfounding)
, Aakett-Burman ,
, (orthogondlity) (rotatahility)
DsbhA , . (small
, CCD) ,
[14]
33 DshA (outlier)
. Roquenore 1976 346 7
(interaction plot) , , ,
NH.Q , FHg.4
, , DshA
) E Cdl y 1
, (7) ' :
B B, ) ' DsbA
. LB 10 gL 5¢gL

5gL 2.59L 49l :



383

[17]

,Ramirez ,

(amino acid pool) ,
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