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Abstract: To achieve an efficient preparation of lactoferrin N-lobe, we optimized the fermentation
process for a recombinant Bacillus subtilis pMA0911-D60Y/Y92D producing lactoferrin N-lobe. The
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IOD of the lactoferrin N-lobe reached 68.03% under the optimized cultural conditions, that is using
glucose and tryptone as the best carbon and nitrogen source, respectively, and conduct the fermentation
under pH 7.0, 28 °C, for 25.5 h. An optimized fermentation process was obtained through fermentation
optimization on a 10 L fermenter. That is, culturing the recombinant strain at 30 °C, pH 7.5 within
0—7 h, and switching to induction at 28 °C, pH 7.5 within 7-25 h for production of lactoferrin N-lobe,
using an agitation speed of 300 r/min throughout the fermentation. After the fermentation, the cells were
collected and disrupted, followed by purification of the lactoferrin N-lobe to homogeneity by using
HisTrap HP-affinity and a Superdex™ 200 (10/300 GL)-affinity chromatography. The purified
lactoferrin N-lobe proteins with over 94% purity were obtained. One liter culture of recombinant
B. subtilis pMA0911-D60Y/Y92D produced 23.5 mg of pure protein. This study may facilitate the

fermentative production of the recombinant lactoferrin N-lobe.

Keywords: bovine lactoferrin N-lobe; Bacillus subtilis; protein expression and purification; fermentation

process optimization; response surface analysis
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Levels A-pH B-temperature (°C)  C-time (h)
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Figure 1
pMA0911-D60Y/Y92D.
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Effects of carbon (A) and nitrogen (B) sources on cell growth and protein expression of B. subtilis
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Figure 2 Effect of pH (A), temperature (B) and

induction duration (C) on cell growth and protein
expression of B. subtilis pMA0911-D60Y/Y92D.
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F2 ABIZHFHMAWEZEREZITRESR
Table 2 Design and results of response surface test
for fermentation optimization

No. A-pH  B-temperature (°C) C-time (h) 10D
1 -1 0 1 51.33
2 0 1 1 48.78
3 -1 0 -1 43.11
4 -1 1 0 49.36
5 -1 -1 0 48.32
6 0 0 0 67.23
7 0 0 0 67.80
8 0 0 0 67.51
9 1 0 1 52.14

10 1 1 0 49.33
11 1 0 -1 51.03
12 0 0 0 67.49
13 1 -1 0 48.22
14 0 -1 -1 45.11
15 0 -1 1 47.11
16 0 -1 42.09
17 0 0 0 67.44

[ 6 PR 2 Xl o oy (L () sE A R B, F R B
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(R R[] > % 5 pH> & BRI
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& R 25 e 2k i K 3A FI 3B W41, 7E pH 6.5-7.5 .
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JE R, S m R i LB
XTFIRBEA pH XF 10D W22 5 1Y, TR
M pH XA R Z B EmARE. HhE 3C
13D Al A, £ pH 6.5-7.5. KWEmFA] 20-30 h
M, 10D I TR EREARA &S, M
FE I MR LA ), AT pH FlUK BERT
)X P R R % 10D 54 8.3, &% pH Al
K ERT R AR 2R 2Z Al sg i 2 % . IRl 3E
A 3F 0] A, fERBEREE 25-37 C. K EAT[HE
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Table 3  Variance analysis of response surface test results

Source of variance Sum of square Degrees of freedom Mean square  F' value P value Salience
Model 1 440.41 9 160.05 96.90 <0.000 1 Significant
A-pH 9.24 1 9.24 5.60 0.049 9 &
B-temperature 0.08 1 0.08 0.048 4 0.8321

C-time 40.59 1 40.59 24.58 0.001 6 ok

AB 0.001 2 1 0.001 2 0.000 7 0.979 0

AC 12.64 1 12.64 7.65 0.027 8 o

BC 5.50 1 5.50 3.33 0.110 8

A2 238.63 1 238.63 144.48 <0.000 1 ook

B’ 524.24 1 524.24 317.41 <0.000 1 ok

c 469.82 1 469.82 284.46 <0.000 1 ook
Residual 11.56 7 1.65

Pure error 0.166 5 4 0.041 6

Total dispersion 1451.97 16

* means significant, ** means very significant, *** means extremely significant.
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Figure 3 Response surface 3D map and contour analysis of the effect of pH, temperature and time on IOD.
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Figure 4 Effect of agitation (A), pH (B), and temperature (C) on cell growth and protein expression of
B. subtilis pMA0911-D60Y/Y92D.
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Figure 5 Fermentation parameters of B. subtilis pMA0911-D60Y/Y92D (A) and SDS-PAGE analysis of
expression and purification of target protein in B. subtilis pMAO0911 (B). M: marker; lane 1: B. subtilis
pMAO0911; lane 2: cell-free extracts of B. subtilis pMAQ0911-P,..-BLF-N; lane 3: cell-free extracts of B. subtilis
pMAO0911-D60Y/Y92D; lane 4: purified protein from B. subtilis pMAO0911-P,.,-BLF-N; lane 5: purified
protein from B. subtilis pMA0911-D60Y/Y92D.
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Table 4 Expression of bovine lactoferrin N-lobe in different hosts

Hosts Yield (mg/L) Feature References
Escherichia coli 15.3 Antibacterial activity [27]

Insect cells 10.0 Inhibits E. coli [28]

Bacillus subtilis 10.0 Inhibits E. coli, Staphylococcus aureus, Pseudomonas aeruginosa [19]

Bacillus subtilis 16.5 Inhibits E. coli, Staphylococcus aureus, Pseudomonas aeruginosa [19]
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