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W E: ARFAZHIAKZFOARGTAREK, FEMNE ARG TAHEIKEOWAFHE, A RT-PCR F kit
FL3dEBEIIMME T I T HIEES N3& 1077 bp 49 PLE-N £ B /&, 5 GenBank E& k8 4 sk & £
B R4, FREBRMIGIAR 99% vl b, H T2 HEAAF6) PLF-N AR, vAF 34y PLF-N R BBA S LR, &
FEATHRAG, AR ESRT %HAHILLEE N sbeg A E PLE-NS. ¥ 2 @6 A2 Rz EZEAR pET-30b 7, 44k
XMAFH BL21, 4% 7T &3k PLF-NS #9 €411 pET-PLF-NS/BL21; £ IPTG #%, 3t REL4H#THA, A RET
SDS-PAGE #= Western blotting 2 #73 Z A% Ik ZE A 1F2| T EA LA, MW H T 844 42kDa, RILEAZEMHTE
ARALFTEHREZRAN 2%, AEFYLQLBAYXAE, CRARZEMK. b, IHAEEHEEAT 8% . AR
FELRY I E A MEAN EAHIASETO LA NI O AEA . RNBELARRAST F X FIRGA R #ATEEEZ
BARE, ARG REKE G LT K.
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recombinant N-terminal porcine lactoferrin

Zhuo Ha', Lili Zhao', Xiaoxu Yuz, Xiaolin Zong3, Yayuan Mao', Jian Zhangl, Yijing Lil,
Junwei Ge', Xinyuan Qiao', and Lijie Tang’

1 College of Veterinary Medicine, Northeast Agricultural University, Harbin 150030, China
2 College of Resources and Environmental Science, Northeast Agricultural University, Harbin 150030, China
3 College of Life Science, Northeast Agricultural University, Harbin 150030, China

Abstract: Lactoferrin in milk is a multifunctional protein. In addition, lactoferrin has antiviral, antifungal and antiparasitic
activity. In this study, the N-terminus from porcine lactoferrin (PLF-N) was designed to express the antimicrobial action of
recombinant porcine lactoferrin. We cloned a 1077 bp fragment of the PLF gene from mammary gland tissue of the lactating sow at
the third day. Comparing nucleotide sequence with four strains of PLF gene published on GenBank, the homology was more than
99%. With the reference template of the cloned fragment of PLF-N and optimizing codon bias, we synthesized the gene of
N-terminus encoding porcine lactoferrin (PLF-NS). The high expression gene of PLF-NS was cloned into the fusion expression
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vector pET30b and expressed in E. coli BL21 (DE3). After induced with Isopropyl B-D-1-Thiogalactopyranoside (IPTG), the target
fusion protein was successfully expressed and identified in inclusion bodies by SDS-PAGE and Western blotting. The protein had a

molecular weight of 42 kDa and accounted for 32% of the total cellular protein. After purification and renaturation, the purity of the

expressed protein was 98%. The expressed PLF-NS protein showed obviously antibacterial activity. This method provides an

excellent way for high expression of antimicrobial proteins when optimizing codon bias.

Keywords: porcine lactoferrin, codon optimization, high expression, antimicrobial activity
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1.2.2  JFAHEFT RNA BIHIGHEA D 1

BORFL 3 d B E s FUIRH 237 WA TP AR L
WA, $%HR4AE 50~100 mg HZUINA 1 mL Trizol %
fRFLIRH AN, DL . Sl ZL A 4L
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P2 N5 | Wk PCR 7 5444 11 1077 bp Y PLF-N
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pET-30b kL, 439%e BamH 1 Fl Xho 1 XY ) ,
Jiz Il 2 AR 300 & Dl H 36, 48 T4 DNA i 82
W45, Ak E. coli BL21(DE3)EZ 54000, HEK
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M pET-PLF-NS/BL21(DE3)id %} 9%, # 1: 100
e B R T 100 mL 2 2 75 8% K 100 mg/L LB 5%
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32°C ., 37C&FFLL 0.4 mmol/L # IPTG #4755,
FEFESIER 6 h 9, BERE 1 h BUFEE4T SDS-PAGE
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BN 4h (4°C), MR PR RER TR, @
it SDS-PAGE % BandScan % {446 i 4fi 1k Ji (AL &
1.6 EHERRANE AN

2 B 1P A T A R FH AR L X B
PR PR 4 0 B A BR R L KA R R E) S mL
LB 1, 37 CHEIRK:F2 ZXECAE KM ZUATF R T
5 mL MRS };igi3trr, 37°C#r k557 28Uk K
B, 10 pL AN R FRBANAF] 1 mL 155 775
S, W THURTMR, PR TG, BOE AR,
A 200 L EHBIEHA Y 1 o/L HAEH, X
KB JR — UGBTI, 01 B S I 0 5 V75 BT 1) 400 1A
[SRER

HOR B 58 10 52, 0l 41 5 3¢,
s 1~5, SRR 4 B 00 2 3K R R R I AT B i R
FEXEUE R, PR RE 107mL, &3O T
A 0.5 mL, 1 25— 3R oA 0.5 mL g
WARREMAE A, RS 0.5 mL A Z| S =
WA, AR 5k — B R RS TSl 1~5
B EHAEAMKES S 2.0, 1.0, 0.5, 0.25,
0.125 g/L, 37°CHEH 18 h, MELYNEE 4= KR,
SE MIC "),

2 HR

2.1 EHFRHK pMD-PLF-N BIEE

4 kL pMD-PLF-N ] BamH 1 8¢ Xho 1 H.fif
YR REI K/ K 3.6 kb BFEH A BE, H BamH 1
M Xho 1MUY JE#3 3 K/NZ1H 1.0 kb F1 2.6 kb Jk
KRB, DL PUP2 h51it4T PCR Y1, 1551290
1.0 kb B B, S5 R/MARFG . £Y PLF-N
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B R Beddi A 3 se 2 & pMD18-T i, 23 EFHERIEBAHETE
D745 R R W ARAF /N 1.0 kb 1) PLF-N JEPH PRUCA TRV R 5, 4RIUTTRLZE BamH 1 FI

SWHIMAE, #id S GenBank LT REMFHIAHLL — Xho T WEFIIH PCR %7€ 3 ] 5 FU R/

XF, SR FARE R E M PLE-N S YE R BOH—B0 B2 E B0 Y B SOR e fe 31 3

GenBank J¥%1 AY306198.1, M81327.1, L77887.1 & iAW BL21(DE3) 1, FRIGEA R pET-PLF-NS/

M92089.1 HIR%HF BR [FI WL 43 113k 99.16% .99.07% . BL21(DE3) Al pET-PLF-N/BL21(DE3),

99.63% 1 99.35% , WL PLE-N #:H7ERF TS 24 EBRMNBSRE

R LAY X A A AR E R AY, SRR
22 EREM AL G W A ETE 28°CiES 3 h ik EHoAk, HXT

W P h AR S i A B TR FT R P TR0 42 kDa (181 2), )= kbl
BRSBTS T, [N B TEN e S HAEARE RN SRS Y 32% . i B AR
R 0.2 5 E 0.5, HALE LSRR EARE ORI ERAC, R I R
AWy A 1, L EAE A RA R,

ATG AAA CTG TTT ATT CCG GCC CTG TTG TTT CTG GGC ACC CTG GGT CTG TGC
M K L F I P A L L F L G T L G L C
CTG GCG GCC CCG AAG AAA GGC GTT CGC TGG TGC GTT ATT AGC ACC GCC GAA
L A A P K K G V R W C V 1 S T A E
TAT AGC AAA TGC CGC CAG TGG CAG AGC AAA ATT CGC CGT ACC AAT CCG ATT
Y 8 K €C RQ W Q S K I R R T N P I
TTT TGC ATT CGC CGT GCC AGC CCG ACC GAT TGC ATT CGC GCC ATT GCG GCC
F ¢ 1 R R A S P T D C I R A 1 A A
AAA CGC GCC GAT GCC GTT ACC CTG GAT GGT GGC CTG GTT TTT GAA GCC GGT
K R A D A V T L D G G L V F E A G
CAG TAT AAA CTG CGC CCG GTT GCC GCG GAA GTT TAT GGT ACC GAA GAG
Q Y K L R P V A A E V Y G T E E
AAC CCG CAG ACC TAT TAC TAT GCC GTT GCC GTT GTG AAG AAA GGT TTT AAT
N P Q T Y Y Y A V A V V K K G F N
TTT CAG CTG AAC CAG CTG CAG GGC CGC AAA AGC TGC CAT ACC GGC CTG GGC
F Q L N Q L Q G R K S C H T G L G
CGC AGC GCC GGT TGG AAC ATT CCG ATT GGT CTG TTG CGC CGT TTT CTG GAT
R $ A G W N I P I G L L R R F L D
TGG GCC GGT CCA CCG GAA CCG CTG CAG AAA GCC GTT GCC AAA CTG TTT AGC
W A G P P E P L Q K A V A K L F S
CAG AGC TGC GTT CCG TGC GCC GAT GGT AAC GCC TAT CCG AAC CTG TGC CAG
Q S € vV P C A D G N A Y P N L C Q
CTG TGC ATT GGC AAA GGT AAA GAT AAA TGC GCC TGT AGC AGT CAG GAA
L ¢ I G K G K D K C A C S S Q E
CCG TAT TTT GGT TAT AGC GGT GCC TTT AAC TGT CTG CAT AAA GGC ATT GGT
P Y F G Y S G A F N Cc L H K G I G
GAT GTG GCC TTT GTT AAA GAA AGC ACC GTG TTT GAA AAC CTG CCG CAG AAA
D V A F V K E S T V F E N L P Q K
GCC GAT CGC AAC AAA TAT GAA CTG TTG TGC CCG GAT AAC ACC CGC AAA CCG
A D R N K Y E L L C¢c P D N T R K P
GTT GAA GCC TTT CGC GAA TGC CAT CTT GCC CGC GTT CCG AGC CAT GCC GTT
V E A F R E C H L A R V P S H A V
GTG GCC CGC AGC GTG AAT GGT AAA GAA AAC AGC ATT TGG GAA CTG TTG TAT
V A R 88 V N G K E N S I W E L L Y
CAG AGC CAG AAA AAG TTT GGC AAA AGC AAT CCG CAG GAA TTT CAG CTG TTT
Q 8 Q XK K F G K S N P Q E F Q L F
GGC AGC CCG GGC CAA CAG AAA GAT TTG CTG TTT CGC GAT GCC ACC ATT GGC
G 8 P G Q Q K D L L F R D A T 1 G
TTT CTG AAG ATT CCG AGC AAA ATT GAT AGC AAA CTG TAT CTG GGT CTG CCG
F L K I P S XK I D S K L Y L G L P
TAT CTG ACC GCC ATT CAG GGC CTG
Yy L T A I Q G L

1 LR EE FIIF0 3 R B S BB 55

Fig. 1 Optimized gene sequence and its deduced amino acid sequence.
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2.5 EHEBHFTIEFYIA Western blotting £ F

HF pET-30b ikl i i 23k iyl & 25 F1t
His #7345, DASFXT His FR%E Y 5 s BEBT 1A S —HiFn
HRP #ric i EH B 1gG o —HT, #E1T Western
blotting /M AT7E 42 kDa o7 B H 3L T ¢ 5% 1 KA
ULHE H I E R TR (B 3).
26 EHEAWMAKSEM

it SDS-PAGE 73#fr, BVEH AR S] H iy
BE, RMHMWEAGFETIED, Wz HWE
FILVEL A TE A . SRR . BB TR A
B B A R, 58 T A E A
HHE (F 4), 4 BandScan #4481, AL IR
#) 989% LI |,
2.7 E4H PLF-NS &R BHNE AN

MR R, E2H AR O O R A BRI A
B S I B VR, X R A B I B VR AR5, i
XoF 25 A BT I FLAE B A AR B VR (B 5).

kDa 1 2 3 4
116.0 —

o 2
45.0 — W ‘

35.0 — i S

=

18.4 — —
-~ i W

B2 EFEHEFEIFFRIEMN SDS-PAGE 517

Fig. 2 SDS-PAGE analysis of induced recombinant strain.l:
protein molecular weight marker; 2: non-induced expression of
pET-PLF in E. coli BL21(DE3); 3: expression of wild-type gene
in E. coli BL21(DE3) induced for 3 h; 4: expression of
optimized gene in E. coli BL21(DE3) induced for 3 h.

25.0 —

G B0 ) 2 BR TR RN K i T T ) 0 TR R AR G ol
13 mm Al 6 mm, X4 8 (0% %5 3K 3 1 B /D B
W 1.0 g/L, XKW AT B Y S/ N R 2R T
2.0 g/L,

kDa 12 3
1180—
90.0—
5m—|'

34.0—

26.0 —

19.0— M

3 E{HZE QAT Western blotting 5> 47

Fig. 3 Western blotting analysis of recombinant protein
PLF-NS. I: protein molecular weight marker; 2: non-induced
expression of pET-PLF-NS in E. coli BL21(DE3); 3: induced
expression of pET-PLF-NS in E. coli BL21(DE3).

kDa 1 2 3 4 5 6

116.0 —- -
66.2 — =
350 — ==
25.0 — w=
18.4 — ww
144 —

El4 GRAFILEULESR SDS-PAGE £

Fig. 4 SDS-PAGE analysis of the inclusion and purified
fusion protein. 1: protein molecular weight marker; 2: inclusion
body of recombinant strain pET-PLF-NS/BL21(DE3); 3-6:
purified fusion protein of inclusion body from recombinant
strain pET-PLF-NS/BL21(DE3).

E5 Z=HEPLF-NS EEMEHBHEKE. AMFENSEEE THRATENIEFMNE
Fig. 5 Antimicrobial activities of recombinant PLF-NSto S. aureas CVCC25923, E. coli CVCC10141 and L. casei ATCC393. 1, 4,
6: control assay; 2: S. aureas CVCC25923; 3: E. coli CVCC10141; 5: L. casei ATCC393.
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H1 T 1% 58 1 7L AR 1 43 25 WD L b A7 4 Bt
T 2%, MAg B o, FIEER TR 2k 73
BREABMIUCHEE, KBHFRRERGEERNE
RHEAR PR R, HETN R IZ S RIE R
gy, HABLEREE. BNERFRRKEE. 5
EIE E I R =P L X A (EV (DR DN 77 4
R IERGHATRIERS, 1R 238 BN HMEE (K
FARARIKNT, A TAR A M R T AR
IRAKSFAR A R) R, e Lo T 45 30 8 KO- 5k 1 3 A
PEAT T RM WAL, EEXTEG TR B D
TIENAEE . PR T XIEAT T T, EAIER
FERAAERE LT, F AR LA 3 PR R4 7 ik
FNACHE BT A LB 8 5 i T B R R ik i, S5 E
A 38 2o 55 DR O 1 00T e 0k AR EAS 3R a5 i L
HEAT B0 i 22 i 8RR — PR R R AR A K
FEB.

pET RGEMA AL FIE Ty R Z 1 &R
g5, ASLH i e FH Y pET-30b ZRAASZ 50 MG A T7 %
SRR S, Rt 18 EAI MR LR T7 RNA
REWMIAET, 7m0, JLTA B4R R
MFFREBMEAS, HAh &4 His 472, LA
FHSERUZ BT 7 ik ali Al ml 5 8 o a0 35k 2 A 1Y
el , FIBEETIA B 2 HIAR 32% . B SDS-PAGE
F1 Western blotting 738, 4854 557 BT b 1467 850
THEKLAN 42kDa, H5HISTHEMN SR,
BHEAEW T PLF-N nl S AE M SE st . e P % &
B E ARG MAR B ST, ARSI pET-30b #kA,
Tl A bR s /N, FikF=Yaaifh G vk E TFH 17
PR R PIBR, wtn] IS B 5 A A 2 T PR 0 3Lk
ES

fEaifb i B T EA R RE, CEE T
bSO, a4t inA 0.1% Triton-100 1 10% 14
=R TR, R TaifReR ., R
IR FEME LB E T, M TRAMKEME
PEWR Y pH B4 B 152 M I IR G P M 2,
MR R B S L A R AR R AR TR EE,
SRS PR ) pH (EAZRFE 7.0 Db, SXFERT LABK 1k
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FI A 1 5 A A P 52 el L A TS0 6T 1 i S ) I
B, it GRS AR MERCR Y, BT AARTF 5T 2
BTN E R 46 2 R BE RN R pHE, B J5 i E
EHE ] 0.1~0.2 mol/L, pH{E K 9.0 i, 1%
HIRE

ARSI B C6: e A LAk AR 0 AR 2 TG PR 4
B (4 2 BRI R A 22 G K A TR A A A TR A
F T AR TR ELRR TSR AE s DA 4
HOMAKEMEENN S, b gL REAS
HAWFLZE A 4, fEHUE TR B8R B %t
522 [ BH A B 0 A P LA = DA P v 2 )k 2
XATRE S GRA G A Y 4 MR Al 2 A G, FLER
e SRR EY 0N S o e i DR R ey e
PR AT REAN ], T MR 22 7. A X
HAHREFLERE A HAl AR D S Re A e Tk — 2
WHFE . AR AT B4 SRR B s Rk A
A= W) o) fig R 1A e RO A R A e A R A HR =
G, SRy DA AR R 2 R LA AR A A 7 N B
ST
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