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Comparison of expression and antibacterial activities of
recombinant porcine lactoferrin expressed in four
Lactobacillus species

Hui Yu', Yanping Jiang?, Wen Cui?, Xiao Wu? Jia He? Xinyuan Qiao? Yijing Li?
and Lijie Tang™?

1 Life Science College of Northeast Agricultural University, Harbin 150030, Heilongjiang, China
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Abstract: The coding sequence for the mature peptide of porcine lactoferrin (PIf) was synthesized according to the codon
usage of lactobacillus, to establish optimized porcine lactoferrin Lactobacillus expression system. The gene was ligated into
the Xho I /BamH I site of Lactobacillus expression vector pPG612.1 and the recombinant plasmid pPG612.1-plf was
transformed individually into Lactobacillus casei ATCC393, Lactobacillus pentosus KLDS1.0413, Lactobacillus plantarum
KLDS1.0344 or Lactobacillus paracasei KLDS1.0652 by electroporation. After induction with xylose, expression of the
recombinant proteins was detected by Western blotting and confocal laser scanning microscopy. Secretion of recombinant Plf
proteins from four recombinant species was determined quantitatively by ELISA. The antibacterial activities of recombinant
proteins were measured by agar diffusion method. The result shows that PIf was correctly expressed in four species of
recombinant lactobacillus, with molecular weight of about 73 kDa. The expression levels in recombinant Lactobacillus casei,
Lactobacillus pentosus, Lactobacillus plantarum, Lactobacillus paracasei were 9.6 pg/mL, 10.8 pg/mL, 12.5 pg/mL and
9.9 pg/mL, respectively. Antimicrobial activity experiment shows that the recombinant proteins were active against E. coli,
Staphylococcus aureus, Salmonella typhimurium, Listeria, Pasteurella. The recombinant PIf expressed by recombinant
Lactobacillus plantarum showed the best antibacterial activity among all recombinant lactobacillus species. These data
represent a basis for the development and application of porcine lactoferrin from recombinant lactobacillus.

Keywords: porcine lactoferrin, Lactobacillus casei, Lactobacillus pentosus, Lactobacillus plantarum, Lactobacillus
paracasei, expression, antibacterial activity
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BT HEFRMER . AR BRI
UK RN L A R i A 1 Y B AR
WU H AN R E R R TR R, A
PR A

AT & BT #E 7Lk & A (Porcine
lactoferrin, PIf)ACAAKZm S 741, FK: HvepE 2|
FUFFR R A A, T 4 PRk EILRE
FAEHIFRE, FEXF 4 FhEAFAFmRE ™
YIRS BTG PR AT T A, AT A AR
Yy Y B2 A LR 1 DL R i — DA R
PR B E T B

1 MHEE7T*®

1.1 EFFRAL

& v FLOAT Lactobacillus  pentosus
KLDS1.0413 , #H#1ZLFF 5 Lactobacillus plantarum
KLDS1.0344 ; FEl T 1% #L #F & Lactobacillus
paracasei KLDS1.0652 & H FL B HE T
S0 KBFFE Escherichia coli IM109,
4 75 {0 % % BK B Staphylococcus aureus
CVCC26003 . B 15 J€ 0 '] [ I/ Salmonella
typhimurium SL1344 | 2 [G #F Listeria
CVCC0586 , [ [ #F & Pasteurella multocida
P1059 B B0 i , 3B A AR Al R sh Py e
e A ORGEC 2 s T FLAF A Lactobacillus
casei ATCC393 ., FLIR B 4 R 415 70 WA B 3 1A o
L pPG612.1 H M7 2% Jos Seegers 1 I
1.2 tE5FE. TABMEERF

bR LB Bi3R3E, MRS 8537 3k (5 A %
10.0 g, FHE 8.0 g, HHE 5.0 g, FFEMREA
Tk 2.0 g, HEHE20.0g, TTKZEREN 5.0 g,
BERR S 41 2.0 g, BRIREE 0.58 g, BiliR%h 0.25 g,
i 80 1.0 mL, Z&iE/K 900 mL. i pH % 6.4,
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FEZAZE 1000mL, 121 CKH 15 min), AR
FRILAE M IERE EnBilE 15.0 g0

bt PIf Il (L8 A HDHIY, Bk
ALY R IC I L E B 1eG L BRI R N V)
fiti . DNA B4 HF. T4 DNA %40 . ExTaq i |
DL 8 000 DNA marker #J14 [ TaKaRa /A ; /)
TR BUR & S /N DNA R [ IR 5 &1
AR AW R A E W, SEREN
H Sigma 2\ 7],

1.3 EREMULEKRS5IM

45 GenBank AN EREHA
HBRITY] (55 L77887), 4rHrHLlRl W F 51
7 X, 45438 ExPASY Wi R4 1407,
AR FLAF TR B B0 T O v R0 8 AR
AEW TSR E RS, HAETAEY
TR (R HIRARER 2 016 bp M
FLERE HJE N ¥ 4] (GenBank Accession No.
KJ003838).

RIS B 3L P41, F Primer 344
Wit—x 514, B A AL A P B R A B F
G, BlWE s s B E S (5-3)
GGATCCTCCTAAGAAGGGGGTTC; TFis|4
(5'-3"): CTCGAGCTATTACGTGGCGATAG.
14 RiXBIBEOEHAFHIUWENLEE
141 HARKWHESYE

pPG612.1 Jiiki Ffl BamH I #1 Xho I XLFY],
MV VAR ZR 37 “CAKME 2 h, F 1%3 R WEEEIE
LUK B 05 1 3290 bp 9 H B, F 0.8%35f18
WREERC LTRSS 2, S IEM Lttt pPG612.1
55 PIf AR GRS 7 O HEF T, TR R FiE A
th16 Cikdit i . EH WAL KB TGL,
£ 10 pg/mL (9 LB S8 R MR RO L
37 CHiFE 12 h BREUATA VR , 37 CHRPHEFE 10 h,
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F/INE: SR DNA $2BUGR 7 & L R 4 ok, i@
R OWEFYIR PCR k%, FEHFHEH B BH
M TERE A 44 A pPG612.1-plf (] 1)
142 BEHIFEOHEMLSE

T & FLAF B ATCC393 . R B FL AT &
KLDS1.0413 . #H¥F.H W KLDS1.0344 F&E| T
M FLAT KLDS1.0652 43 51l 45 132 Zs 4

HL 5 L (B P8 35 [E] BTX /3 w) Transformation
Apparatus BTX EC399 i FHiji B 41iE47): 4%
FE IR pPG612.1-plf JFiki /55 4 FhzLAF &
()82 TR A, VKB S min; FHR AW A
TCE TR ) 2 mm AR BE$E 2200 V HE
FE, srzldd ;s ZJEHEMA 1 mL KA S
A 20%FEREIY MRS WARRE 5556537 CHrE iR 57
2 h; B 100 pL WA T & A 10 pg/mL S5
) MRS BifisHigR Ak b, 37 CHiFE 36 he

PRI YE , HeFh T 10 pg/mL A& ER
) MRS }i s 5kh, 37 'CHi 3% 16 h, Fl/INia BokL
DNA #2 BU 77 & $2 B 21 ok . X 35 40 o ks
pPG612.1-plf JE47 5 XUEED) % 5 Al PCR %552

Bglll XbalSphl
Not 1

plf
pPG612.1
vector

5174 bp

Xho 1

BstE 1l

Hind 1l Hinc 1l

Nhe 1

1 pPG612.1-plf R EL
Fig. 1 The schematic structure of pPG612.1-plf.

YE TR S IR AP A R T A
15 FHIAMEMFSREMREFYHETE
151 HAAHENHEIRRE

G3EC 4 i TE A Y A FLAT I A A
10 pg/mL MR E RPN MRS i b RIZ S
3SR, PREURTEVEHEM T 5 mL &% 10 pg/mL
AERPUEMN MRS WARIE SR, 37 CHE .
JRAESEFR 16 ho BUGFRBMAL 1 ¢ 100 HLAIERD
T RPUEN MRS MARRE IR, TR R
ODgoo THR T 1, PFRMAE TS T B0, IR
SEWEIRTTTE , Fl MRS (AN & A 20%) WA $s 37 2
B, JPmMAEENIESAARE, 37 CiER
24 h, DIFEAL pPG612.1 Bk Y B 2H FLAF B 1E N
X R, RIS R A 7 51
152 HEHAIAMFHRETYH Western
blotting % 5&

TP R P, =R 2R (TCA)ILTE M e 4 ik
PHFE

Kol 12% SDS-PAGE #Efie, HEAL FRER N
20 uL, EFEMPROIERALEA SR, PIRH
JEH 80 V, FRIEARRIEA BT, R
£ 120V, ZEHIKLE

SDS-PAGE #535, YI'F HF Western blotting
Rl BERS, 50 A fERFEED 55 min, 458,
NC Z A 20 mL 5%/BifEFLEY PBS B =R
FEANEA 2 h, FH PBST Vfis 3 K #2644 NC i
NSRBI 12 200 FBeA—Pi (bt PIf I
) w37 CHERI 1.5h, F PBST BRAS 3 9K
PR NC R AR EIR 3R 1« 2 000 154 B i
PR (HRP ARICHFEPLR 1gG) B, 37 CHE
A 2h, BUH NC B, FH PBST PRI 3 ¥k, bt
Ji ECL 4, B2 min, 25 30s, &5 2min,
153 BOLHRERNEAREEREIER

A3 HIE 0.5 mL 535 ELLE, 5 000 r/min
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B0 3 min; BARUIEA PBS Z&0TE 3 ¥k, N
A5 mL PBS 1 : 100 M) fedt PIf MIEVE R —
B, 37 CH¥HE 1 h; 5000 r/min &> 3 min, # b
i, FAJCIR PBS ¥ 3 ¥k, fiA 5 mL PBS 1 : 200
M B FITC FRic i1 2405 1gG 8 — 48,37 °C
B8 1 h; 5000 r/min &.0> 3 min, F L3, A
W PBS Ut 3 ¥ TEROGAMET: 500 puL PBS
1 :1 000 R DAPI YUl s sraile 40w, %k
HEYEYEA 15 min; 5 000 r/min 2.0 3 min, 3 L3,
FHJCE PBS ¥ 5 ¥%; WA 200 uL PBS &g,
BC10 uL ¥ Fr, REHT, LSRR B uise
1.6 ELISA Akt 4 MEHAF B ALK
ERRIEE

K HIAE ELISA Jy it ik By H
B, A pPG612.1 28 ik py H 3
FETE I8 WA S BT o B, R A i JE 2 0
FLER A Y S L3 1R R B PEBTAR XS B, DA ]
5 U BRI PLE B o it AV Sy BE AT X B

DL 4 FE 2 LA IR TE RIS 450 Tk
kB MPUR, bk 96 L ELISA KW, HEfL
A 300 uL FVEW, 4 CHwdi. FH PBST ik
B2 3 U5 AL 300 uL 7% 5%/BEAEFLAY PBS 4]
W, 37 CHM 2 h, F PBST Pkt 3 %; 51
PBS ZZ# 1 = 200 F B Ayt PIf LIEVE A —P,
3fL 100 uL, W¥F 1 h, FH PBST Ukth 3 Ik #4
FFLINA 100 uL BT 1 ¢ 3 000 Fi BEAOBEHR L
(HRP FRiCHI %R 1gG), 37 ‘CH¥H 1 h, i PBST
Vet 3 W FEAEFLAN 100 uL OPD-H,0, B4,
37 C#tE A 15 min, SRJFMA 50 pL &k
(2 mol/L HySOy), Z1bf s FeJa il OD fH : i
FRXTF 490 nm AMKHMAFFLIEOEREE (ODago fE). #R
P BHPEXT Y OD (EANKEE, ZehilbruEdhZe, M
13 4 FhEARE L P EAE AR AR
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1.7 FHIFEREYIRIMIEFE LR

TR A TBCRIAFT TR . 4 R A KA |
FRAFEVD T IR . 2% FCAT TR R L CO AT P PR Rl 2
FREESIR AR L, 37 CHiE, PREBUAAFETE,
HEEEAEAR 2 WK, USRS BAS TR B Rh R0 40 1
PRE I, FLR AT IR . 4 o €0 2 PR A
FiF LB K53, 37 CHEARE: 5% Z X504 K.
RAGFEDTTIRE . ZRIRFF . B G R80T
LB 553 (A 5%MIT5), 37 CHRKEF
EXEAE K. B ODgoo 290 1 145 Fl 40 B
200 pL, WFHEFHR, FEEWAs T, £
AR AT AL, Hh—AhA 200 pL A
pPG612.1-plf J5 47 4 5 2 ZLATF B 75 5 10 vk 4
200 MR B3, 55— DI AFE RN A
pPG612.1 AR HEH LA WA 5 4R 200
TR EAVE XTI, BRI 3 AR, A
P EATE EIEH0E pH 2 7, HAIEFRAALHE

BB B A 37 CHRA PRI, MEK
T - B 0 AR )4 R P LA

2 X

21 BRAAFENMENEARASEAN
Western blotting £ &

K EALFORL pPGO12.1-plf #54k 4 FhFLATIA
JG, AT 4 P EAFFTIE 4 PP EA RN ES
ki 22 PCR 4% , BamH [ 1 Xho [ XSG/ Hr
Brifds 5w BOR/N— B E5 R, RS E R
1S54 T plf FEH WY 4 FHEHZARRE, 73544
4 pPG612.1-plf/L. casei .pPG612.1-plf/L. pentosus
pPG612.1-plf/L. plantarum F1 pPG612.1-plf/L. paracasei.,

4 FHEHAAMFIFEREREBE, H#1T Western
blotting 43 # , 7£ 73 kDa v & 3 H B T HE 5 10 [
N, U HEATE 4 A EAARE SRS
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)i MR I8 T RIE (B 2). L. pentosus , pPG612.1-plf/L. plantarum ., pPG612.1-
22 HBAHBERWEHERERIE plf/L. paracasei DU 4 P44 WL 52 21 5 im 4 0,2

FHBOCIE R A BB T 4 MR ZLIR ISR o, REABIAKEOTE 4 FHEHI R
ik . M pPG612.1-plfiL. casei . pPG612.1-plf/ RIS RS (F 3),

1 2 3 4 1 2 3 4 1 2 3 4

1 2 3 4
A

B C D

2 MihELAFLAFE A Western blotting £ E 4R

Fig.2 Western blotting identification of four species of recombinant Lactobacillus. (A) Recombinant Lactobacillus casei.
(B) Recombinant Lactobacillus pentosus. (C) Recombinant Lactobacillus plantarum. (D) Recombinant Lactobacillus
paracasei. 1: induced total cell protein of pPG612.1/Lactobacillus; 2: induced total cell protein of pPG612.1-plf/
Lactobacillus; 3: induced supernatant of pPG612.1/Lactobacillus; 4: induced supernatant of pPG612.1-plf/Lactobacillus.

.

um
T
€l '-"

s

B3 HMAHREXWEHEREBRERNRIE

Fig. 3 Confocal immunofluorescent analysis of the expression of porcine lactoferrin in recombinant lactobacillus. The target
protein showed green fluorescence. (A) pPG612.1-plf/L. casei. (B) pPG612.1-plf/L. pentosus. (C) pPG612.1-plf/L. plantarum.
(D) pPG612.1-plf/ L. paracasei. 1: dark field examination results of recombinant Lactobacillus; 2: bright field examination
results of recombinant Lactobacillus; 3: bright field examination results of recombinant Lactobacillus without filter.
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23 M#MEAIMEEAKERREENILR
AR PR VXS B R RN 42, 198 4 FhEEZH
A AR A R S AR AT,
4 FEHFLAFE PIf RiKE 251K 9.6 pg/mL.,
10.8 pg/mL, 12.5 pg/mL il 9.9 nug/mL; %1k
pPG612.1 ZHAKN) 4 FhEE 4 BRI 2 PIf 36
Ko 4 FHEEA D EAMY IR PIf Rkt
FHA 3 F, H2E5 8% (P<0.05), H43 FhE
4 TR e 0A i 25 5N 3 (P>0.05) (& 4).
2.4 BHERIEFYPERIIMIEFEILER
MR, $210 plf i 4 FHEE 1R IK
(%) 7L 1 A0 0T <6 0, 2 K TR B I A
FAER, B R B AR, it G %E
FIRRH . ELTRAFRR . 2R AT T A Sl VE
{EZ TR A XS 0N, DA R FE VD 1] TR TR A 4
W R/ 3R H, 4 FhEAZATF R E I
ROR DV AR Y UM R i, B2 SO LA A
41T 1% FLAF A A EE A R T s LA TR A R A

*1 EAIFEXNHREMNERR

55, ¥4k pPG612.1 25 ZRARMY 4 FlvHE 41 v 410 747 el
B g R ST LA B — 2, B M B
A, BIEAEMRESER (& 1),

Expression amount of PLF protein (png/mL)

m pPG612.1-PLF/ L. casei
= pPG612.1-PLF/L. pentosus
pPG612.1-PLF/L. plantarum

14 - O pPG612.1-PLF/L. paracasei
T
12} /
T
1

Four types of recombinant Lactobacillus

E4 [EEELISARNMELIAFHIESELERPE
HEAMERIE

Fig. 4 Measurement

of expression of porcine

lactoferrin in induced supernatant of recombinant

Lactobacillus by indirect ELISA.

Table 1  Antimicrobial activity assay of the recombinant Lactobacillus

Inhibitory activity (diameter, mm)

Indicator strains pPGOI2.1-plf/

pPG612.1-plf/

pPG612.1-plf/

pPG612.1-plf/

L. casei L. pentosus L. plantarum L. paracasei
E. coli 10.21+0.41 11.63£1.03 12.43+0.62 10.13+0.47
Staphylococcus aureus 17.86+1.46 18.18+0.83 19.03+0.74 16.27£1.02
Salmonella typhimurium 9.34+0.59 10.64+0.47 12.23+0.36 9.21+0.62
Pasteurella multocida 10.52+0.56 11.14+0.64 12.82+0.79 10.26+0.45
Listeria 10.41+0.42 11.18+0.39 12.74+0.26 10.73£0.62

http://journals.im.ac.cn/cjben



FH SHARENE « HEALFERNRARNEELLE

3 it

R R s AN T NI v B i o
Fy . AR A AR L R AR S S AMIF, ASBF 5
WP T TR . ORI . A LA
DA R B FLAF B AR N 2 K . &R i3
B, OB FLFF AR SR I TR R, TR i A
I EM TGS, A E R A
K5, XA ITE A — & o), fl
Yy 7L A R E A O Bl T AR RO AR, S T
i, CAPTMER R 25 A Z a3 P, R
i LT BV A 8 BT 0 350 1) PR A 5 T S A AEG
IS4 0 % A PR 02 T B 0 T 7 0 e )

M T AR A B i FedE, SRR AN
/N, REGKME], B AT AR SR 2L
PR 2610 F i 8 1, 7 B UE 2 R TR KN 7 1 A
T, fife T pif BB, &5 T EARERRE, K
ik Western blotting FIOCILRAERIE T3
ik, JFH ELISA K458 T 4 A EAE AR
Tk, HopEAMPIUT RN FRRERK, 7]
IKF] 12.5 pg/mL, HoAt 3 FiE 2 AT R A K5
WAk, HAIE R Z2F A B, X ] gl TARFS
Bt A % SRR R, 4 A H A S P10
AR, RN RB RN 2SR

ABIFE R PG G (T DR 4 400 7R R A
T ERA IR 2% B T 4 (0 A AT BR
[N AN SR ey AN VY N 772 R N W P
VIR . BRI 5 Fh R WSO 1Y
MR, LIRAEIRRY, Rk EAGARE
FIRT IR A P i AR R R B T — s il A
o MR LE], —Fh iR Tk
BT LSRR E e PSS SR T, R
R A DI AT LT R T B —Fhi

TR IE HL Ay LR AR 115 AN I B el A A7
T LT AR AR A B AT IR SR A A, 5540
MRS, Mo T AR RS, fe AR
Z5 0 0 R U SR I A BE AR B PO oo
<5 T O] 2 R ERT PO A R R A A, A R
Pl WS R A A, i () R A D 4 22 TR
P BT A 2 R BR7 A 400 BT R 5 At L 2 587 I
WS 2250, 3 AT R 55 4 T Y 40 0 JBE A B 22 S A
Ko AL, FEAAAY TR EXT S BhEON R A
R R T A B A R, R A TR SR 4T A 3
ME L FLAF IR, X AT REJE N O AR LA R
MFLBRE AR T A A, dun] REER
ARl A FLAF A B A 0 56 . DFSEa R
R AR, MY FUT R E B T A
WAL BRE AR, AT — PR RN
AR GRIN ARG AR AR AL TSR
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