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Table 1 The names, signs and levels of independent variables
Novagen 3 GPAG relative to culture conditions
lipL32/1-lipL21-ompL1/2 Independent . Variable levels
3 3 variable 1808 o 4 0 1 o
GGGGS Induction start DI 08 1.6 2.4 39 36
time/h ’ ’ ’ ' '
pPET-42a Xho Nde Post-induction

time/h D2 1.3 4 6 8 10.7

E. coli BL21(DE3) ¢(PTG) /(mmol/L) ~ C  0.08 0.15 02 025 0.32

1.1.2 LB Oxoid pH tomperaten T 2126 300 3439
30 ug/ml pH H 65 72 78 84 9.0
Sigma IPTG
15 BHERREZFHMUBAFERBIMIBETE
CDD
HRP IgG Jackson
ImmunoResearch X=A-AJAA Ay A AA
12 EEHXFHTFHEMERESR X
30 mL 150 mL 37 200 r/min Y=bo+Zbx+Zbix +IIbyxx; Y X
12 h 1% VIV by bi bi by
100 mL 250 mL 37 "
200 r/min IPTG
13 BWEAZEENSENER N
15 min 10000xg 16 BEEEFEEMMR LB LEE 52T H
4 10 min 0.01 mol/L pHS8.0 SAS v8.0
PBS 1x R’ R’
5 min 8%
SDS-PAGE R-250 1]
BioRad BioRad Agarose 1.7 Western blot
Image Analyser Quantityone 11000 14000
rL1lipL32/1-LipL21-OmpL1/2 HRP IgG SDS-PAGE
BSA Western blot
14 BE®WEHEH CDD AEMMHE 2 5%
D1 2.1 ET CDD WIFREiXHE
D2 IPTG C T 42 1~42 10
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43~52 rLlipL32/1-LipL21- 10
OmpL1/2 2

*2 WEHAERCODHXRRREREFE
Table 2 The tests based on CDD and the output of the target recombinant protein

Run H D1 D2 C T Output /(mg/L)
1 —-1.000 —-1.000 -1.000 —-1.000 -1.000 16.37
2 —-1.000 -1.000 -1.000 —-1.000 1.000 21.31
3 —-1.000 —-1.000 —-1.000 1.000 —-1.000 19.29
4 —-1.000 -1.000 -1.000 1.000 1.000 22.16
5 —-1.000 —-1.000 1.000 —-1.000 —-1.000 18.80
6 —-1.000 -1.000 1.000 —-1.000 1.000 21.86
7 —-1.000 —-1.000 1.000 1.000 —-1.000 24.14
8 —-1.000 —-1.000 1.000 1.000 1.000 20.58
9 —-1.000 1.000 —-1.000 —-1.000 -1.000 23.84
10 —-1.000 1.000 -1.000 —-1.000 1.000 22.45
11 —-1.000 1.000 -1.000 1.000 —-1.000 26.52
12 —-1.000 1.000 —-1.000 1.000 1.000 2591
13 —-1.000 1.000 1.000 —-1.000 —-1.000 19.89
14 —-1.000 1.000 1.000 —-1.000 1.000 18.54
15 —-1.000 1.000 1.000 1.000 -1.000 21.84
16 —-1.000 1.000 1.000 1.000 1.000 22.66
17 1.000 -1.000 -1.000 —-1.000 -1.000 21.63
18 1.000 —-1.000 —-1.000 —-1.000 1.000 24.56
19 1.000 -1.000 -1.000 1.000 -1.000 22.03
20 1.000 —-1.000 —-1.000 1.000 1.000 24.02
21 1.000 —-1.000 1.000 —-1.000 —-1.000 23.76
22 1.000 —-1.000 1.000 —-1.000 1.000 22.80
23 1.000 —-1.000 1.000 1.000 -1.000 18.79
24 1.000 —-1.000 1.000 1.000 1.000 24.78
25 1.000 1.000 —-1.000 —-1.000 -1.000 28.83
26 1.000 1.000 -1.000 -1.000 1.000 30.61
27 1.000 1.000 —-1.000 1.000 —-1.000 23.19
28 1.000 1.000 —-1.000 1.000 1.000 28.61
29 1.000 1.000 1.000 —-1.000 —-1.000 22.40
30 1.000 1.000 1.000 —-1.000 1.000 22.17
31 1.000 1.000 1.000 1.000 —-1.000 22.56
32 1.000 1.000 1.000 1.000 1.000 27.72
33 -2.366 0.000 0.000 0.000 0.000 15.39
34 2.366 0.000 0.000 0.000 0.000 18.52
35 0.000 -2.366 0.000 0.000 0.000 22.54
36 0.000 2.366 0.000 0.000 0.000 26.62
37 0.000 0.000 -2.366 0.000 0.000 20.42
38 0.000 0.000 2.366 0.000 0.000 17.95
39 0.000 0.000 0.000 -2.366 0.000 20.23
40 0.000 0.000 0.000 2.366 0.000 22.98
41 0.000 0.000 0.000 0.000 -2.366 21.72
42 0.000 0.000 0.000 0.000 2.366 26.42
43 0.000 0.000 0.000 0.000 0.000 33.20
44 0.000 0.000 0.000 0.000 0.000 37.26
45 0.000 0.000 0.000 0.000 0.000 34.59
46 0.000 0.000 0.000 0.000 0.000 38.18
47 0.000 0.000 0.000 0.000 0.000 36.07
48 0.000 0.000 0.000 0.000 0.000 41.43
49 0.000 0.000 0.000 0.000 0.000 34.95
50 0.000 0.000 0.000 0.000 0.000 34.09
51 0.000 0.000 0.000 0.000 0.000 35.66
52 0.000 0.000 0.000 0.000 0.000 38.61

22 HIWEMERERREFERR P<0.05 C P>0.05
CDD 52 43~52 D1 D2
3 H P=0.0036
DI T P<0.01 D2
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Table 3  Results of the regression coefficients of factors and their statistical analysis based on the CDD-associated expression tests

Sourse DF SS MS t Pr>|t| Estimate Std Err
H 1 57.219 57.219 3.707 0.0008 1.1509325 0.31046
D1 1 59.094 59.094 3.767 0.0007 1.169631 0.31046
D2 1 26.564 26.564 -2.526 0.0168 —0.784195 0.31046
C 1 10.698 10.698 1.603 0.1191 0.4976513 0.31046
T 1 33.377 33.377 2.831 0.0081 0879023 0.31046
HxH 1 691.128 691.128 —12.884 0.0001 —3.466545 0.31046
HxD1 1 1.349 1.349 0.569 0.5733 0.2053125 0.269057
HxD2 1 2.514 2.514 -0.777 0.4430 -0.280312 0.360705
HxC 1 19.704 19.704 -2.175 0.3734 —0.784688 0.360705
HxT 1 9.364 9.364 1.500 0.1438 0.5409375 0.360705
D1xD1 1 254.706 254.706 -0.7822 0.0001 -2.010444 0.360705
D1xD2 1 41.246 41.246 -3.147 0.0036 -1.135313 0.269057
D1xC 1 0.970 0.970 0.483 0.6328 0.1740625 0.360705
DIxT 1 1.829 1.829 -0.663 0.5124 -0.239062 0.360705
D2xD2 1 541.4129 541.4129 —11.404 0.0001 -3.068185 0.269057
D2xC 1 3.585 3.585 0.928 0.3606 0.3346875 0.360705
D2xT 1 2.527 2.527 -0.779 0.4420 -0.280937 0.360705
CxC 1 399.593 399.593 -9.797 0.0001 -2.635884 0.269057
CxT 1 2.709 2.709 0.807 0.4261 0.2909375 0.360705
WxW 1 277.236 277.236 -8.160 0.0001 -2.195545 0.269057
Model 20 1926.533 96.327 25.768 0.0001
Error 31 129.067 4.163
Total 51 2055.601
23 RIEFHMUBFRERHEES CDD RIEKWLE 4 CDD
BEbE; Table 4 The tests based on CDD and the output of the target
recombinant protein
Output Predict Output Predict
rLlipL32/1-LipL21-OmpL1/2 Run = omgiy  mgL) | R JmgL)  A(mgL)
1 R2 87.83% CCD 1 16.37 18.95 27 23.19 25.56
2 21.31 20.08 28 28.61 29.06
52 3 19.29 19.91 29 22.40 22.53
4 22.16 22.21 30 22.17 23.75
5 18.80 20.10 31 22.56 22.39
CDD 52 6 21.86 20.11 32 27.72 22.77
4 7 24.14 22.41 33 15.39 14.28
8 20.58 23.58 34 18.52 19.73
1 9 23.84 23.28 35 22.54 22.39
10 22.45 23.45 36 26.62 27.92
11 26.52 24.93 37 20.42 17.39
pH 12 25.91 26.28 38 17.95 20.48
IPTG 13 19.89 19.89 39 20.23 22.83
14 18.54 18.94 40 22.98 22.04
15 21.84 22.89 41 21.72 26.2
Y (expression predict values) = 36.4099+1.1509325>< 16 22.66 23.11 42 26.42 36.41
17 21.63 21.89 43 33.20 36.41
H+1.169631><D1-0.784195><D2+0.4976513><C+0.879023 18 24.56 25.18 44 37.26 36.41
><T-3.466545> H>H+0.2053125 < H > D1-0.280312 < 19 2203 1971 45 34 36.41
20 24.02 24.17 46 38.18 36.41
H><D2-0.784688 >< H >< C+0.5409375 < H >< T-2.010444 1 23.76 21.92 47 36.07 36.41
> D1 > D1-1.135313 =< D1 =< D2+0.1740625 =< D1 > 22 22.80 24.09 48 41.43 36.41
23 18.79 21.08 49 34.95 36.41
C-0.239062><D1><T-3.068185><D2><D2+ 0.3346875> 24 24.78 24.42 50 34.09 36.41
D2><C-0.280937><D2><T-2.635884><C><C +0.2909375 25 28.83 27.04 51 35.66 36.41
26 30.61 29.38 52 38.61 36.41

XC>xT-2.195545<T>=T 1
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Fig. 1 Fit degree between the predict and actual values. The
linear correlation between the predict and actual values.
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Fig. 2 Response surface plot of fusion protein concentration by E.
coli DE3. A: pH(H) vs. induction start time(D2) with constant levels
of post-induction time (D2), IPTG concentrations(C) and post-induc-
tion temperature(T); B: IPTG concentrations vs pH with constant
levels of induction start time , post-induction time and post-induction
temperature; C: induction start time vs post-induction time with con-
stant levels of IPTG concentrations ,pH and post-induction tempera-
ture; D: post-induction time vs post-induction temperature with con-
stant levels of IPTG concentrations ,pH and induction start time.
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Fig. 3 Changes of the target recombinant outputs before and
after the optimization of expression conditions.M. marker; 1 and
2. the 0.1 and 0.5 pg BSA, respectively; 3 and 4. the lower ex-
pression level before the optimization and the higher expression
level after the optimization, respectively; 5. the non-induced
control; 6 and 7.the Western Blot results of the lower and higher
expressed recombinant proteins, respectively; 8: the negative
control for Western blot assay.
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Optimization of prokaryotic expression conditions of Leptospira interrogans
trigeminy genus-specific protein antigen based
on surface response analysis

. *k .. . *k . *
Jiang Wang" S Dongjiao Luo®, Aihua Sun*"", Jie Yan'"?

('National Key Laboratory of Infectious Disease Diagnosis and Therapy, the First Affiliated Hospital of Zhejiang
University, Hangzhou 310009, China)
(*Department of Medical Microbiology and Parasitology, College of Medicine, Zhejiang University, Hangzhou 310058, China)
¢ Qianjiang College, Hanzghou Normal University, Hangzhou 310012, China)
(* Zhejiang Medical College, Hangzhou 310053, China)

Abstract: Lipoproteins LipL32 and LipL21 and transmembrane protein OMPL1 have been confirmed as the superficial
genus-specific antigens of Leptospira interrogans, which can be used as antigens for developing a universal genetic engi-
neering vaccine. [Objective] In order to obtain high expression of an artificial fusion gene lipL32/1-lipL21-ompL1/2, we
optimized prokaryotic expression conditions. [Methods] We used surface response analysis based on the central compos-
ite design to optimize culture conditions of a new antigen protein by recombinant Escherichia coli DE3.The culture con-
ditions included initial pH, induction start time, post-induction time, Isopropyl p-D-thiogalactopyranoside (IPTG) con-
centration, and temperature. [Results] The maximal production of antigen protein was 37.78mg/l. The optimal culture
conditions for high recombinant fusion protein was determined: initial pH 7.9, induction start time 2.5 h, a post-induction
time of 5.38 h, 0.20 mM IPTG, and a post-induction temperature of 31 .[Conclusion] Surface response analysis based on
CCD increased the target production. This statistical method reduced the number of experiments required for optimization and en-
abled rapid identification and integration of the key culture condition parameters for optimizing recombinant protein expression.

Keywords: Leptospira interrogans; prokaryotic expression; surface response analysis; expression condition optimization
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