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Table 1  Sequences of primers for gene amplification

Target Gene Primer Probe Oligonucleotide Sequence (5'—3")

§ PC-F GCCCATGGCTGAGATCAC
bPC gene
PC-R CCCAAGCTTTCAGATGG
148-F TATAAGGAGGCACTCA
No/bPC gene 8148 G cACTC
8143-R TCAATCAAAGCAACAC
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ZHR A 2 X0 B0 K T, I A [ e i
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T —2529 41 kDa 8417, 5 KK bPC 45 K/
—3, Nisin J-2WE N 10 ng/mL I 3R 55 7 &
fHo Western blot # I Z5 R UNE 3 firws. i EIATH,
Anti-chymosin # I 7§ 5 K4k bPC FI1HE 4] bPC # %
A P R B N . NZ9000/pNZ8148 15 45 4%
A e X R E YL bPC MRS bPC HA /ML
() S EREE

<—1113bp

B 1 RT-PCRE¥ELER

Fig. 1 Identification of RT-PCR. M. DNA Marker;1. Production
of RT-PCR with recombinant NZ9000/pNZ8148-PC; 2.
Production of RT-PCR with NZ9000/pNZ8148.

kbDa M 1 2 3 4 5 6
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2 FRiEFY SDS-PAGE ¥ F

Fig. 2 Identification of SDS-PAGE. M; Protein Marker; 1,3, 5;
NZ9000/pNZ8148 , nisin 1 ng/mlL, 10 ng/mL, 100 ng/mL; 2,46
NZ9000/pNZ8148-PC,, nisin 1 ng/mL,10 ng/mL,100 ng/mL.

41kDa—>

B3 =EHZEHHR Western blot £7F

Fig.3 Identification of recombinant protein by Western blot.
1. Recombinant bPC; 2. Natural bPC; 3. Control NZ9000/
pNZ8148.
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F 4] bPC 4lifb G A5 (1) SDS-PAGE &l 4 fit
No M B 43 0] A, 4 BR-tn W2 &% % 1 DEAE-
cellulose JZ AT L 4lifb 5, i O BR L4 R 25
A, 2741 kDa ZhHEL T B K/NE 4 bPC EH
o Al REM AR AL/ h AL 3, SDS-PAGE 4521
UL 44 7E2) 36 kDa 4b Hy BT FU0 A 35 AL IS B 4
BEFLE R I . X R E 4 bPC FEMRME S T BE
iy B IR AL, T /N IE B 1 A B 2L

M 123 4

E 4 ZE4HbPC HUFFLLETE

Fig.4 Identification of purification and activation of recombinant
bPC. M. Protein Marker; 1. Control NZ9000/ pNZ8148; 2.
NZ9000/pNZ8148-PC; 3. Recombinant bPC after purification;

4. Activated bC after purification.

H 4] bPC A BEFLIE PEAL NS5 SR AN S PR
I 5-2,3,4 al g, kil R A% n] ik 2 IMCU #EFL
Wi, F2 bPC( 5-5) 5 KR bPC (& 5-1) ik h
BEFLIEYE . WK 5-6,7,8 AL EA bPC 215 AL)R 2
AR T RLAE R FLIE T, BB AT A 2 x 10° IMCU/mL,
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KA IR MG — A 58— & 5 E 655
XRIR bPC FIE 2 bPC H47 2E i R (1815 -
9,10) , i 22 %4 1% £ 1 L — P30 A 57— kg
e EATBEA MHER (B 5-11,12)

WG ]
b el s A 1:161:321:641:1k
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Fig.5 Milk-clotting activity test of recombinant bPC. Enzyme or
inhibitors were serially diluted 1:1 in reaction mixture. 1: 10 pg/
mL Natural bPC; 2,3,4: 10 pg/mL, 2 pg/mL and 0.8 pwg/mL
Natural bC, respectively; 5:50 pL recombinant bPC; 6,7,8: 50
pL, 6 pL and 1 pL recombinant bC, respectively; 9: 10 pg/mL
Natural bC with 200-1. 5625 mmol/L pepstatin A; 10: 50 pL
recombinant bC with 200-1. 5625 mmol/L pepstatin A; 11: 10 wg/
mL Natural bC with 2000-15. 625 mmol/L PMSF; 12: 50 pL
recombinant bC with 2000-15. 625 mmol/L. PMSF.
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Production of bovine prochymosin in Lactococcus lactis

Daging Sun®*, Lanxia Qin' *, Liyan Yao®, Bin Li’, Xingguang Qu’, Xiyan Han’, Yujun
Jiang'® *

('National Research Center of Dairy Engineering and Technology, Northeast Agricultural University, Harbin 150086,
China)

(*Agri-Food Processing Development Centre of Heilongjiang, Heilongjiang August First Land Reclamation University,
Daqing 163319, China)

(*Key Laboratory of Dairy Science, Ministry of Education, Northeast Agricultural University, Harbin 150030, China)

Abstract ; [ Objective ] Bovine prochymosin was expressed by the nisin controlled gene expression system in Lactococcus
lactis. [ Methods] We amplified bovine prochymosin gene from pS19-PPC vector by PCR, and ligated the gene with
expression vector pNZ8148. Ligated products were electrotransformated into Lactococcus lactis NZ9000. Then we identified
transformants by restriction, PCR and sequencing, and molecular weight and immune characteristics of expression product
by SDS-PAGE and Western blot after inducting using nisin. We tested milk-clotting activity after purification. [ Results ]
Recombinant bovine prochymosin was not significantly different in molecular weight, immune characteristics, bioactivity
and sensitivity of inhibitors comparison from nature bovine prochymosin. The milk-clotting activity of recombinant bovine
prochymosin was 2 x 10" international milk-clotting unit per milliliter. [ Conclusion] We expressed recombinant bovine
prochymosin of milk-clotting activity in Lactococcus lactis. This study suggested potential application in cheese manufacture
as a new method, which could regard Lactococcus lactis as starter of milk and host of expression bovine prochymosin.

Keywords: Bovine prochymosin; Lactococcus lactis; Western blot; milk-clotting activity
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