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B ER T (Staph. aureus) ATCC43300 . Fii ik 553K B
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W (Lactobacillus casei) ATCC393 . Bl H&ZLAT A
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## FF 1 (Avian pathogenic E. coli) CVCC1551, &
iR 1 K B T % (Avian pathogenic E. coli)
CVCC1553 . & HURYE KM H 7 (Avian pathogenic
E. coliy CVCC1562 . &I % Ifl ¥4 9K & (Vibrio
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(V. alginolyticus) ATCC33787 ERLINE (V. cholerae)
569B . HIZSINE (V. mimicus) ATCC33653 . h[CH?
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B2 KT 18 (Citrobter freumdii) ATCC43864 & iV
IV (Salmonella pullorum) CVCC528 . FRARFEVN]
W (S. typhimurium) SL1344 | 3 E &LV 1] K
(S. choleraesuis) CVCC79102 . A it vb 55 R
(Serratia marcescens) ATCC8100 . /)Nig%h i 48 HE
IR # FQ T (Yersinia enterocolitica) ATCC9610 . 2 7%
M B FCFF IR (Pasteurella multocida) P1059 . 48 Feik
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B 26!, Byl A AR K 2F s B 22 B
Yy 5 o S A AR AT o
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UL AEYHE AR DA BRAE]; LB 5537 S (W b4
B s g BREE R 10 g, SALHN 10 g, FZEFFK
JEARZ 1L); MEE A K . BEAFERENG .
AR AN . MRS, M17 B3R3E0 H 5
B A B AR A B w5 CCK-8 il a7 &t
FRRRKRAEYHAAIR,H; DMEM 41557
JEWg B Thermo Fisher Scientific 2\l ; Ha2f 11
H T Gbico 2AH]; Mt AP BFHRP)FRICH L
3/ 1gG I H Thermo Fisher Scientific /A F .
1.3 FBRFABRBEORMEAARAREHNEE

SH BB ED, BEAR pAMI399-
LFcinBA/MG1363 (LFcinBA)EFI T GM17 K53E5E
H, T30 °C HHE 537 24 h (ODgy=3.0). A4
UNREYTIE RN IS, K BV =S L BR(TCA)HK
45, ANMIICTE FIVA TR EAE T . R BT Y B TE AT
JERESL, KA Tricine-SDS-PAGE #E4T HLIK/0Hr,
IFLARIRE S R 32 AU FREYS pAMI399/MG1363 L,
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& 2C6, P A HRP ARic i L EHT/N R 1gG Ptk
(11 10000), I TMB B ARHEITE €, R
IR IAE 450 nm ARYWROERE . FARE A 5 ik
M EHE LFcinBA FIFW AL, pAMI399/
MG1363 #9151 HIAE B A% B
1.5 AR 4 AR E O BRI S

K HSCER[161 R, KRR R R &
ODgo0=1.0, #ATIEETIE, A PBS Wik
10° CFU/mL, HU 1 mL FfeJa MR, 5004
EREIEE S T S G TR R B R g N E 1 ¢
MRS, B UEBRE S, K pH O 7.0 11
H R LFcinBA i (R 1.4 7 k6 € Lk
FLAREE KPR BE) 28 2R R pAMI399/MG1363
3. Jor PBS. A E % (0.01 g/mL)4% 100 uL il
AR, AR AN [ 200 T A R AR KT 43 )
BrFR 12 ho FFHWERR R RO L300 P BA
1.6 HERNGHBEENE 4 ALKRE K/
BRI E (MIC)

R R R . R TCA W4
FHA W LFcinBA i, FI PBS #H&, 7 pH A
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7.0, fEHAZLERE KRS 256 pg/mL (R4
1.4 05 Y 20 A 2L 4 AR R A U EE D R o i A%
FOTEARR), SRR G LR RS, s 43
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Ji% 10° CFU/mL 20 R, InA SR/ NI T i 2 11
HAFUE AR 2L A IARAESS , AR
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320 1 F1 64 1 1 BILLBIINA 20 pL AR FR Hr, FIHISE
G GPRANST 20 L RR, i E s A A4 TR
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1.10  A4-FLERE B AR 40 M T Al

1.10.1  WIMEFRE . S kA g5k,
il & T A B R 1%, HL 90 uL £141 i
EWMA 10 uL AR (256, 128, 64, 32, 16,
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A A BEA KA. MLy L
PAMI399/MG1363 ¥ 2H . 4= FLAk 2 AR 1 i
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X-100, 37 °C % 30 min, #&J5 4 °C. 1000 r/min
B0 5 min, AWH S0 pL g, FHEEAROIN &
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S A A LR R IR AL . M R A B T VR Y
PAMI399/MG1363 Lif4 . A FLEkER I RbRAE
41, PBS XML AR TCAn i as (1FL, IAFRENE
HAABRE RS, 5% CO,.37 °CHEFRFHEFR 12 h,
HALIA 10 pL CCK-8 ¥, Wit TR 3746
S E 1 h, FBEFR N E £5FLAE 450 nm N OB
HRAE A A4 ZLER B FUIRNT RAW 264.7 4HififLfY
T, AR =[(Ac-As)/(Ac-ADb)]x100%, H:f
As: FTIAL(EA YRGS | CCK-8. FRllY ),
Ac: XHHRFLCEA YIRS FRELE . CCK-8), Ab: =5
HLOA S A ARRll Y B R 57 5L . CCK-8),

2 HERAAAT

2.1 EBEHASFIREAKRNEE R ERST

B A 45 R R, HEA W LFcinBA 1)
B ME AT I 13 kDa 1) H W 25k
(# 1-A), HRIEFRHE NS00 2 B4 LFcinBA G
W A FLER B U RRAR FE R 24.39 pg/mL (K] 1-B).
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1. EHZEEFLIKE pAMJI399-LFcinBA/MG1363 RiZ4 AU EARNLEREESMER

Figure 1.

Identification and quantification of recombinant L. lactis pAMJ399-LFcinBA/MG1363 expressing

bovine lactoferrin peptide. A: the result of Western blotting. M: Trans2K Plus II DNA marker; line 1: the
supernatants of pAMJ399/MG1363; line 2: the supernatants of pAMJ399-LFcinBA/MG1363; line 3: the bacterial
pellets of pAMJ399-LFcinBA/MG1363; line 4: the bacterial pellets of pAMJ399/MG1363. B: the standard curve of
the standard of lactoferrin peptide. X: the concentration of LFampinB. Y: the optical density at 450 nm.
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2.2 EHAFLERE BRI E IS M

I AR AR L T 2 i 40 A 3L A B 1 K A 4
RS TR, Z5RANZR 1 R o X T4 B (0 2 BR AT
BEERTA . S ICHAF A SR 22 QPR PR i A, SR
LFcinBA #5455 pAMI399/MG1363 4

%= 1.

ERSFAKEARNERERZ(cm)

MEE B 22, BN TIARE A

ETAOE NV D0 S RN 7% & o I I AN R e
PG B S5 , T4 LFcinBA ZH3M & Bl 42 5
pPAMI399/MG1363 AN B EARFF7E B 5 2557,
IE B E 4 A 2Lk AR 1 K i 5K ) 9 i T 41 L

Table 1. Inhibition diameter of the recombinant bovine lactoferrin peptide (cm)

Strains PBS LFcinBA PAMI399/MG1363 Chloromycetin (0.01 g/mL)

Gram-positive bacteria
Staph. aureus CMCC26003 - 0.86+0.04* 0.74+0.01 2.63+0.09
Staph. aureus CVCC546 - 0.79+0.03* 0.70+0.01 3.50+0.10
Staph. aureus ATCC6538 - 0.82+0.02* 0.74+0.01 2.51+0.01
Staph. aureus ATCC43300 - 0.98+0.06* 0.80+0.03 4.40+0.13
Str. pyogenes ATCC21059 - 0.88+0.01** 0.83+0.01 2.33+0.03
Str. suis YBS3 - 1.73+0.02** 0.87+0.02 3.04+0.01
Str. suis T9 - 1.11+0.02* 0.79+0.01 2.50+0.02
Lis. monocytogenes CVCC0583 - 0.99+0.01%** 4.50+0.01
L. casei NZ900 - - - 5.29+0.17
L. lactis PNZ8112 - - - 1.83+0.01
Lac. casei ATCC393 - - - 5.81+0.01
Lac. paracasei KLDSI.0652 - - - 5.74+0.08
Lac. reuteri CO21 - - - 4.91+£0.03
Lac. delbrueckii - - - 5.81+0.03
Lac. pentosus KLDSI.0344 - - - 4.44+0.01
Lac. plantarum ATCC8014 - - - 6.30+0.01
Lac. brevis HF1.7 - - - 4.45+0.03
Ent. faecalis - - - 4.52+0.01

Gram-negative bacteria
E. coli CVCC10141 - 0.79+0.03* 0.69+0.03 1.27+0.09
Enterotoxigenic E. coli ATCC25922 - 0.81+0.02* 0.69+0.04 1.27+0.04
Avian pathogenic E. coli CVCC1551 - 0.99+0.01** - 2.27+0.01
Avian pathogenic E. coli CVCC1553 - 0.95+0.02%* - 3.73+0.02
Avian pathogenic E. coli CVCC1562 - 1.03+0.01** - 2.30+0.01
V. parahemolyticus ATCC17802 - 0.87+0.01* 0.82+0.01 2.50+0.07
V. alginolyticus ATCC33787 - 0.90+0.04* 0.81+0.05 2.80+0.13
V. cholerae 569B - 0.84+0.01** 0.76+0.02 2.01+0.08
V. mimicus ATCC33653 - 0.91+0.04* 0.80+0.02 2.72+0.10
C. freumdii ATCC43864 - 0.924+0.01%** 0.82+0.01 2.64+0.05
S. pullorum CVCC528 - 1.10+0.07* 0.86+0.04 2.80+0.03
S. typhimurium SL1344 - 0.86+0.02* 0.77+0.03 2.60+0.15
S. choleraesuis CVCC79102 - 0.86+0.01** - 2.12+0.02
Ser. marcescens ATCC8100 - 1.00+0.06* 0.80+0.02 1.69+0.14
Y. enterocolitica ATCC9610 - 0.80+0.01** 0.74+0.01 1.50+0.14
P. multocida P1059 - 0.87+0.03* 0.77+0.02 2.94+0.17
Sh. flexneri ATCC - 0.82+0.03* 0.73+0.02 2.37+0.07

—: no obvious zone of inhibition; *: the diameter of the inhibition zone of the LFcinBA group and pAMIJI399/MG1363 group is
significantly different (0.01<P<0.05); **: the diameter of the inhibition zone of the LFcinBA group and pAMJ399/MG1363 group

is extremely significantly different (P<0.01).
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2.4 WEEGIES S IAHE R IRMERCR
PR EMEEGR A AR BRI
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HHMIEATEE . TRARFIN | 20 M RS 3R EDE T
Sl NNE IR E W EA A FLGE A RIENS, &
YW LFcinBA 20 B 48 FUAJ AR 1 IRbm o i 21 1A 1
T T AR . B MG, R
o 20 A LR AR OO A0 B A R LR — E B R
YER
2.4.2

2.4.1

HEHT AR TS S B 8¢
ZERANE 3 R, pAMI399/MG1363 41 1 PBS
Xk A 2 T A 200 S 5 A S8 R R R 3R T Tl 4
BB 5], bR 4 S AL LFcinBA
A1, JLTR R P B A v Ak DX, A S 43 X 4k
SERIANE . RURHCIR 20 B 20 i RE R A0 i
ZER R VR, RO A A, ]
A 2L Ak 2R 1 KOKT 20 T 0 4 R R L — E
WA .
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F2 EEFISEARBRNERE
Table 2.
recombinant bovine lactoferrin peptide

Minimal inhibitory concentrations of the

Strains MIC/(ng/mL)
Gram-positive bacteria

Staph. aureus CMCC26003 16

Staph. aureus CVCC546 32

Staph. aureus ATCC6538 64

Staph. aureus ATCC43300 16

Str. pyogenesATCC21059 32

Str. suis YBS3 64

Str. suis T9 64

Lis. monocytogenes CVCCO0583 128

L. lactis NZ900 -
L. lactis PNZ8112 -
Lac. casei ATCC393 -
Lac. paracasei KLDSI.0652 -
Lac. reuteri CO21 -
Lac. delbrueckii -
Lac. pentosus KLDSI.0344 -
Lac. plantarum ATCC8014 -
Lac. brevis HF1.7 -
Ent. faecalis -
Gram-negative bacteria
E. coli CVCC10141 16
Enterotoxigenic E. coli ATCC25922 32
Avian pathogenic E. coli CVCC1551 32
Avian pathogenic E. coli CVCC1553 64
Avian pathogenic E. coli CVCC1562 32

V. parahemolyticus ATCC17802 32
V. alginolyticus ATCC33787 32
V. cholerae 569B 16
V. mimicus ATCC33653 64
C. freumdii ATCC43864 64
S. pullorum CVCC528 128
S. typhimurium SL1344 64
S. choleraesuis CVCC79102 64
Ser. marcescens ATCC8100 32
Y. enterocolitica ATCC9610 64
P. multocida P1059 64
Sh. flexneri ATCC 32

—: no obvious antibacterial effect in the experiment.
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B2 HEEEURER
Figure 2. Observation results of scanning electron microscope. A: PBS; B: pAMIJ399/MG1363; C: pAMIJ399-
LFcinBA/MG1363; D: the standard of bovine lactoferrin peptide. 1: E. coli CVCC10141; 2: Staph. aureus
CMCC26003; 3: P. multocida P1059; 4: S. pullorum CVCC528.

B3 EHBEEURER
Figure 3. Observation results of transmission electron microscope. A: PBS; B: pAMIJ399/MG1363; C:
pAMI399-LFcinBA/MG1363; D: the standard of bovine lactoferrin peptide. 1: E. coli CVCC10141; 2: Staph.
aureus CMCC26003; 3: P. multocida P1059; 4: S. pullorum CVCC528.
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243 RABBEMEGER . T RIHFHE, b
eSS 4 B LFcinBA 445 6 min, % 1 min
AR ILES, Hooe s B B e , YER 6 min J5
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Figure 4.

Observation results of fluorescence microscopy. A: E. coli CVCC10141;

B: Staph. aureus

CMCC26003; C: gray value of E. coli CVCC10141; D: gray value of Staph. aureus CMCC26003.
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Figure 5. Effects of the recombinant bovine lactoferrin peptide on bacterial DNA. A: effects of the recombinant
bovine lactoferrin peptide on the DNA of E. coli CVCC10141; B: effects of the standard of bovine lactoferrin
peptide on the DNA of E. coli CVCC10141; C: effects of the recombinant bovine lactoferrin peptide on the DNA
of Staph. aureus CMCC26003; D: effects of the standard of bovine lactoferrin peptide on the DNA of Staph.
aureus CMCC26003. M: Trans2K Plus II DNA marker; line 1: the ratio of bovine lactoferrin peptide to DNA was
2:1; line 2: the ratio of bovine lactoferrin peptide to DNA was 4:1; line 3: the ratio of bovine lactoferrin peptide
to DNA was 8:1; line 4: the ratio of bovine lactoferrin peptide to DNA was 16:1; line 5: the ratio of bovine
lactoferrin peptide to DNA was 32:1; line 6: the ratio of bovine lactoferrin peptide to DNA was 64:1; line 7: DNA
positive control; line 8: pAMIJ399/MG1363 control.
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Antibacterial activity of the recombinant bovine lactoferrin
peptide expressed by Lactococcus lactis
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Abstract: Bovine lactoferrin peptides are short peptides with broad spectrum antimicrobial activity produced by
hydrolysis of bovine lactoferrin by pepsin. As a food-grade microorganism, Lactococcus lactis has a natural
probiotic effect, and it is an ideal bacterial vector for expressing bovine lactoferrin peptide. [Objective] To
investigate the antibacterial activity of bovine lactoferrin peptide expressed by the recombinant L. lactis
pAMI399-LFcinBA/MG1363. [Methods] We used the standard of bovine lactoferrin peptide to determine a
quantitative standard curve to determine the concentration of the bovine lactoferrin peptide expressed in the
supernatants of the recombinant strain, and used the Oxford Cup method to determine the inhibitory effects of the
recombinant bovine lactoferrin peptide on 35 strains of bacteria including Escherichia coli and Staphylococcus
aureus. And we used the broth microdilution method to determine the minimal inhibitory concentrations. We
explored the effects of the recombinant lactoferrin peptide on a number of pathogenic bacteria using scanning
electron microscopy, transmission electron microscopy, and fluorescence microscopy. We used gel retardation
assay and adhesion test to investigate the effects of the recombinant lactoferrin peptide on bacterial DNA and
adhesion. We used CCK-8 to detect its toxic effects on RAW 264.7 cells and to determine the hemolytic rate of
red blood cells in mice. [Results] The results showed that the concentration of the bovine lactoferrin peptide
expressed in the supernatants of the recombinant strain was 24.39 pg/mL and the recombinant lactoferrin peptide
showed inhibition on 25 strains of pathogenic bacteria used in the experiment. Its antibacterial concentration
range was 16—128 pg/mL, but had no obvious inhibitory effect on 9 kinds of lactic acid bacteria and 1 strain of
Enterococcus faecalis. It destroyed the integrity of E. coli, Staph. aureus, Pasteurella multocida and Salmonella
pullorum, targeting the bacterial membranes. It could bind to bacterial DNA and inhibit bacterial adhesion to
Caco-2 and IPEC cells. The recombinant lactoferrin peptide had no obvious cytotoxic effect on mouse red blood
cells and RAW 264.7 cells. [Conclusion] The recombinant bovine lactoferrin peptide had the same antibacterial
activity as the standard of bovine lactoferrin peptide. It could inhibit or kill bacteria by targeting the membranes
of bacteria, intracellular nucleic acids and inhibiting the adhesion of bacteria to normal cells, exerting its
broad-spectrum antibacterial activity, and had no obvious cytotoxicity to eukaryotic cells.

Keywords: bovine lactoferrin peptide, Lactococcus lactis, antibacterial activity
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