Y E FR #2021 ,33(4) :2253-2262
Chinese Journal of Animal Nutrition

doi: 10.3969/j.issn.1006-267x.2021.04.044

REBREERATFEAIBRIAKENNEREX
FREBE/NRBERGNEEER

XRAS BB X W TN R
(WA Al Bl 24 B 3 OSBRI SE OT, B 310021)

i B, KRRy EMERAKEARERKEF (pEGF) 49 T4 5LB SL3K A (L. lactis) , - F 0
*EH RAEARBL (DSS) #F F e 45 K AR D R i Hi4h 6915 2 4R, A ¥ &k pEGF €4
L. lactis 2 | T Wi 547 % B AR 37 324k & B0 1R B, X3+ 4R 3 N N4 pEGF Fl &) $ BE A
B3, 34T L. lactis B AT AL, 56 09 3pEGF X B i ¥ 5 & ik # 4k pNZ8148 £ 4, M3
4.k pEGF #9 & 28 L. lactis, #%JA 32 X BALB/c R, MiAL»h 4 20, 4208 X, KA 4% %
DSS A R4 MmEARR B/ R ERAE 4 T EFATRBA XBE 1~12 X4KA 8 kK,
DSS BRI 3T PR L0 XI5 1~7 KA 4% % DSS K&, % 8~12 K48 B kK ;L. lactis 48,4k
K B DSS KA 2 B LA AL B | B BY 4 R 2 R 1x10" CFU L. lactis, % %2 12 d; 20 L. lactis 41, 4%
K F P8 DSS B A 2t PR LA AL 32 | B B 2 AR 1x10" CFU & ik pEGF #9 £ 48 L. lactis % %: 0k 12d, %
RET:1)i8id 53] 52 7T 4 3pEGF 2 B & 2 3 N\ L. lactis; Western blot 4~ #7 & ¥ BT & ik 4
PEGF #t 545 ik AR & My itz TmEa LA ER, 2)5 B st B4R DSS A& A
st R KRR FH AR (P<0.05) ;5 DSS A s A F40 L. lactis 400 R 4 K
B2 E¥Mm(P<0.05), 3)5 £ Batart DSS £ A 5 8 210 K 4 1 H 41 % & (occludin) 3
B R FEMK(P<0.05) ,D-3L8 ( D-LAC) R E R F 3 (P<0.05) , =k &AL B ( DAO) FH M %
%73 (P<0.01) ;5 DSS A - BB 20 g bk | & 20 L. lactis 280> K. %5 % occludin & & 2 % 7 3
(P<0.05) ,D-LAC # % B Z 4K (P<0.05) ,DAO #F M4 2 F B (P<0.01), 4) 5 E% 2 B4
#gre DSS BEA 3t R LA R & M A F —10(IL-10) R E M B F BAK (P<0.01) , & 48 LA
F-4(IL-4) R E B F %A (P<0.05) , /P95 3 58 B T —a( TNF-o ) 3K B M R F 3 e (P<0.01) ;5
DSS B A xF PR LA AR YL |, F 40 L. lacits 2/ R 45 1 IL-10 JRE AL 2 % 38w (P<0.01) | IL-4 R E 2%
¥4 (P<0.05) , TNF-a 3R E A Ak ey 4% b T, KX R I MET KL pEGF ey £4
L. lacits, 41 pEGF A R4F A &, ) R 0 IR & X pEGF # £ 4 L. lacits 7T 47 4] 45 B 09 4
K2, R E M B BN AT MR TR E D) A Ew KR X 3L AR pEGF #9 £ 4L L. lacits
YT M B IE S Ak 0 M ARG 0 i AR — A5 SRR
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S 33 &

W RATHE L2 P ) — A RIS, &
MH R T A R T N O B i A R
B, 2 BT 25 W% T Ak 0 P A, T RE
HENEEARITE, A FEHENHERSEY
REZEAL, S HBHAT T AP A R A K, 45 & Rl 3 1
FEE MBI T T8 R R P AT R A
e RIS W1 AE 72 J1 7K S 1 O B R 2R % i 1 i AT
PE R — H AT E IR T I AR

2% [l 2 K Hl 7 (epidermal growth factor, EGF)
T 53 MR PR Z IR, o F iR
6.05 ku, J& T2 A K HFREM I Z—"", EGF
s — PR A 1) A0 22 51 ST AT 5 A O
4 MaTE AN LA 2N E) DNA 5 &E A A R, H
MEE RSB A gUERMERD , R
7~ , EGF 1 LU B il b iz 40 B vt o 5 o4k, A2
i1 /B Ra oo N A = 7 A AN R Y T RN SR
ik, SR LA 3R 2 I AR R RERLE S
WFLE A% 8 EGF 1Y 32 B2k U, F 30 W % i A1 5%
BRI L R 2 B AR A L (porcine epider-
mal growth factor, pEGF) , It B} 38 & #b J5 %b ¢
pEGF W A7 F] e 218 52 Wi W A7 4% i 18 4540 4 iF
w18 Dy e bR BRI — A RE AR, R, 6T
pEGF X Wi W5 A4 1 38 4 FH 757 T 194 41 38 380 Ho 38 i
Z AT RR A RUE | B Bt A A 2 i 20 FLAE B ol 45
BB 5T SO FH Y R A

BRI TR S 3Rk 15 pEGF SRR 145 5 ik . FLIR
FLERH ( Lactococcus lactis, L. lactis) 52 FL.1R # 1) —
BRI bR, 27 T N RS 19 i i v I &
RSN IR, & A AL 2 YA (gen-
erally recognized as safe, GRAS) '™, L. lactis B A5
AN TER ER RS THEAEER A, s
FARHMEHE B0 AR L S8, L. lactis ik
AN AR 1 A] R A R IR Y R i — P Al Ak
A R A — R R . BET, R L. lactis
HERGCLRKBWN T ZFAMIEGUIR (HaiP:
M5Es 5 G & A, I AVHS 2 B R 96 8 VPL &
1) 7 A (B-1, 4RI A V) B egl3  L-FL
PR i )T MR R (S BRI
F- 1 AR AR TP A R R TR
b AWy 2 R B AR Y ik, pEGF B R TR A
PR 249 T ILAE Wr A7 4 L 058 Jni 1, L. lactis
RKIKR GO &K, 2% T I, A5 R L.
lactis f 05 3 I8 R G0, # # &35 pEGF Y EH 41

L. lactis, VL 7] 5 B¥ 75 2 &1 ( dextra sulfate sodium,
DSS) i 5 W &4k i R /N RO BRI S iy, F 5 4
pEGF X i 18 1 25 2548 38 375 14 0 40 i D 5 B /)
some PEA 6 45105 1l 1 B9 AE AR, b Rk
pEGF B L. lactis) FH T Wi W A4 i 38 14 4 2 1t
B PR

1 MRlEFR*E
1.1 BRI R

FLIRBEBR T & (Nisin ) i75 5 BU40 g P4 26 18 4044
pNZ8148 F1 15 F B L. lactis NZ9000 W [ i 2=
NIZO WF5E fr .
1.2 FEiRXHA

Nisin 14 [ 25 [# Sigma 23 w1, B 61 2E 4 1] il
Nco I  Hind Il A1 T4 DNA i $% W9 | 3% [E NEB
NHE], ST BEGF 850 B B K AR o 4 1k ) i
(HRP) FRic 09 1L 2EH0 % —HT 40 [ 25 [F Abcam 24
Al ,DSS (A X} 43 F i i A 36 00 ~50 000) ) H I
8 MP 2~ F], 10% Htk: B I F AU K & 16 T A R
NN
1.3 pEGF EERE&it5#k

pEGF J&—/~H1 53 1~ % LR 41 Wi 1 4 1 i i
4 6.05 ku B/NorFEE BT, O TNk 5 AR
P GenBank & St pEGF F: N F 41, 544 3
M8 DB pEGF HE A [R] [a] 1 #H 4K pEGF 751
Z [ 52 2P Linker (2 5 /R 7 51 GGGGSG) i
B, SRIG, T L. lactis X801 f 1M 0k — 26
AL IF B, 78 3L P 51 4 K 19 57 38 i A BR 1
WIS Neo 1,35 IN AL 1E 217 (TAA ) FIBR
il P YD Hind T, 6 3% X7 514K 542 bp,
YES TR =LA 19 ku, B0 L P 51 %
F gAY T RABRAFA
1.4 FE4 L. lactis I E

Bk Bk pNZ8148 HBR M N VI EENCo T |
Hind Il 5LV , 464k [l XS V) 314k R B, ¥ &
BT 3pEGF 3 [H 5 2 3k 8K 7 42 | i i 1k 22 )k
% & L lactis NZ9000 i, F| H & &H &
(10 mg/mL ) XF 5% Ak 47 i 2 , Bk 0 B v
B AL, SR B R 2 Ok, K 4 TR R AT
LGP %5 5 DNA J3 3005 (i g 0B AL Y
ARA A F SR ) . % & IE 8 5K Ay 48
pNZ8148-3pEGF, H 41 I fiy 44 M L. lactis NZ9000
( pNZ8148-3pEGF) ,
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1.5 E4 pEGF BJFRiE K Western blot 1 il
¥ E 4 B L lactis NZ9000 ( pNZ8148-

3pEGF) #:1 T GM17 MR K F= 5k 37 CIRALE
FEHE (OD)=0.4~0.5, it A& JEH
5 we/LAiE S5 Nisin, 462217538 3 hy K R0 &
O JE AR A 1) B o SRR Y 1A% A
SRR, W KTE 10 min J5 L, BIER S+ ki
it PR — 3R TN s T i 2 2 FL K ( SDS-PAGE) J= %%
EN YR LT 4k Z B L, LE 30 EGF $5e B Hiik
—¥H0, HRP Fnic i LU 2B 5 =40, X B 1Y 8 ik
(R
1.6 Ri% pEGF E4 L. lactis ¥ /NR B E G
EEERMMR

¥ 32 H 8 JEIE M BALB/c /NRL(W A L
W va LB sh WA BR 54T A 7l AR E Ry 18~24 ¢)
BEMLAT R 4 4, RE2H 8 Ko R 4% 1) DSS #a7 /)
B2 I R AT 44 21 /N B AR AR BN T . 1E 5 X IR
2RI 1~ 12 R A SKRIK ; DSS BRI R4,
IR EE 1~7 R 4% DSS /KB, 55 8~12 K
WA KIK s L. lactis 4, PROK 3% B8 DSS 45 7Y Xf B
HAbER A B A K 08:00 R (FEH ) 1x10" CFU
L. lactis NZ9000 (pNZ8148) ,iELE MR 12 d; 4
L. lactis 4,2k K $i2 B DSS #5885} FE 40 4b B | [6] i
K 08,00 H R (#H)1x10"2 CFU &4 L. lactis
NZ9000 ( pNZ8148-3pEGF) ,i#£L Mk 12 d, 3%
W E N (24+£1) C AHXBEE 40% ~ 70% , 6
FRJEI 12 h B 12 h B
1.7 MNEEARERLLIE

RIS 13 K, T/ BUE T # kR M, 4329 i
T 5 SOMEE 5 AR S8 /N R T IR 23T F I, R
B2 /N ERUE M AL TS K R
1 em S5 A4 LU 10% Hbvk B RS v b R
s AR S U R, 95 KK — P 41 ( hematoxylin-
eosinstaining, HE ) Y& {4, I} fi 2 F W2/ B &5 4 12
S, T HLR I 550, FRBE BT
=70 C UK IRAF T DU HABFE 7 .
1.8 ZEipiEE M XIS A E TR ERNE

HERR PRI/ BRSO K R A B R K
BUBRA) IR T 7 0 B 13, >R FH Tl K 9 3 W R 4 5
(ELISA) ¥ % 45 7 P 81 28 1 (occludin) | F 4 g
I FE-10(IL-10) | 1 40 /7 28 -4 (IL-4) F1 i 6 3R
FEHF—a ( TNF-a ) ¥ B, SR FH Eb 6832 000 5 /s B
W 8 AL B ( diamine oxidase, DAO) 1 ¥4 11 D—

#LI& ( D-lactate, D-LAC) ¥ & |
1.9 ZitaHh

IR EHE R H SPSS 21.0 # 4 iE4T 5 K 2 Oy
224387 (one-way ANOVA) M Duncan [KikZ b
B ORISR L ORI bR S For, P<0.05 N
ZeF W P<0.01 W22 S0 w2,

2 &% B
2.1 Ri% pEGF E4A L. lactis Mt

FiRH AR pNZ8148 L B il N VI Neo 1 |
Hind 1Y) 5, 5 & B 3pEGF 3: 7 F B i%
AL Z L. lactis NZ9000 | FLH TR 2 Neo |
Hind I X U1 %5 5 , H 3L R/ NHAF (B 1) 3F
WISMIEJE N BpEGF 1 AFIR AR T, P45 R 3%
B H i H B 51 1E B, 3pEGF JE PR A A & 7
] 55 T 45 R 0 4 — B

2000 @
1000
750
500
250
100

M :DNA 4 F & brifi DNA marker;1.2:Nco | Hind Il
¥ ] Nco 1 and Hind Il double digestion;3pEGF:3 4%
DB 3 2 B2 £ K ] F 3 copies of porcine epidermal
growth factor,
B 1 ZFHRK pNZ8148-3pEGF N E Y] £ E
Fig.1 Identification of pNZ8148-3pEGF by

double enzyme digestion

2.2 pEGF W3R iE K Western blot 531

L. lactis NZ9000 ( pNZ8148-3pEGF) £ Nisin
BRI, AR S 2 SDS-PAGE J5 #5 E1 &
TEFRET 4E Z I [, % ] Western blot J5 ¥ 46 il 5 40
E1, 5 L. lactis NZ9000 ( pNZ8148) ALt , i |
YR E IR R A (B 2) Ui L. lactis
REf% F35 pEGF, H At 5 EGF Sug ik &, %)
AR § 4 pEGF A ik
2.3 RE/PMRIGEREDR

TE R HRA /N BROR B AROK T 3l BORS iR 3
BIEH, 2 BIM A L B, oI, DSS #55 A%t i
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H/NRIKH 4% DSS KIFW G, 2R B IR IK B M7
D TGRS KGN BE, B BEM TR A
6 RaHB I E B M sl KR E , L. lactis 4/
FCR B MK AH Rk 2D B B 55 6 K
L B AE A AR A L. lactis /)
SRR B LI, 3% Sl FIORS PHOIR 0 38 R 1E 7, S/ B
AR

HEHpEGF
Recombinant pEGF

1.3: L. lactis NZ9000 ( pNZ8148-3pEGF ) I & & 11
bacterial protein of L. lactis NZ9000 ( pNZ8148-3pEGF) ;2.
4 L. lactis NZ9000 ( pNZ8148) 4K [ bacterial protein of
L. lactis NZ9000 ( pNZ8148)

B 2 Western blot 55 EH pEGF
Fig.2 Recombinant pEGF detected by Western blot method

24 REPMREFRERES

51EH % BB ZH A0 F, DSS A5 R XF B 241 /)N B 4%
W BE 2 FE AR (P <0.05) , BEAR T 34.77% (K
3) ., 5 DSS BLHIX A RN L. lactis 20 AH It , 5 41
L. lactis?]/)NFUS5 < BE i 35 38 in ( P<0.05) , 4351
BN 34.32% 1 19.72% , I-15 1E F %t BALH A1 H 22
SARFE(P>0.05) (K 3), DSS A& X%F B8 241 1
L. lactisl [Al/NREE K E 22 AR B 3% (P>0.05)
RS R UL O IR FR X pEGF B HE 4L L. lactis T
il 7 /N B I i

HE Y4558 (1 4) 8w, 15 XTI 41 /) flgh
Jor 25 A6 TR OB , 80 T2 I B A L 2 A R LB VR, R
U4 240 M 322 108 R 5t 977 45 DSS 455 8% #R 20 /)N B
g7k ) N9 ST ARG € 77 0 2 2
(1) 5 i A0 VR, 15t 97 Sl a0 b Bz AR A= s L. lactis
/N P 450 W AR, B2 R Al R e g,
A T, T UL ¥ 97 /D S8OE 20 VR 4 AL
L. lactis H/NREEH B IE b 265 A U BE £2 Fist
I , LRI N /0 B 9 0 A MR
2.5 RIG/NRIAIEIE B R KSR R A E F iR E

FH 2% 1 AT, 5 0 5 X B4 AR LE, DSS #5878 X6
ML/ NS5 W occludin ¥R 2 & F# AR (P<0.05) ,
FEAIK T 30.43% ,D-LAC ¥ & B 1 (P<0.05) ,

DAO i e 3 Th i (P<0.01), 2 5l Jh & 1
60.81% Fll 56.48% , 5 DSS % A %} B8 40 A b,
L. lactisd/NR.45 % DAO iE 4 .D-LAC F11 occludin
WIEHZE RS AR E(P>0.05) ; A L. lacits 4/
&5 occludin ¥ FE 2 & 380 ( P<0.05) , 34 m 1
40.63% ,D-LAC ¥ FE it Z [ ik (P<0.05) ,DAO i
PR 5 25 BE AR (P<0.01) , 43 I BEAR T 36.13% Fil
26.03% , B L. lacits H/NR &5 D-LAC WL
DAO JiPE B E KT L. lacits 41 ( P<0.05) , 535
KEAR T 29.62% 1 17.27%

B [ % B 4 Normal control group
ODSSH LT R 4H DSS model control group

NL. lactis#l L. lactis group
RAEA L. lactis?l Recombinant L. lactis group

‘ i X a
6 N
H %
\

25 Groups

—_ =
[S=R==T \U)

(3]

25K Colon length/cm
=

(=}

B A AR AR P 3R 22 5 A 35 (P>0.05) , A
[6/NE F R R R 2% 5 5.3 (P<0.05) , ARl RS FhF R 2%
S R 3 (P<0.01)

Data values with the same letters mean no significant
difference ( P>0.05) , while with different small letters mean
significant difference ( P<0.05), and with different capital
letters mean significant differrence ( P<0.01).

B3 OMREA L lactis 3/INREBFK BN

Fig.3 Effects of oral administration of recombinant

L. lactis on colon length in mice

H 1 A, 5 0E % X B ALAH Ee |, DSS A5 7 X
HRZH/INER S5 i TL-10 ok B2 A Wb 35 B IR (P <0.01)
IL-4 ¥ B 5 2 BRI ( P<0.05) , 4> BIFEAR T 32.19%
F121.94% , TNF-o ¥k FE M 2 & 38 ( P<0.01) , 3
T 29.37% ., 5 DSS #EARIXF BLH A I, L. lacits
/B S I TL-10 ¥ A 0 35 39 in ( P<0.01) , 3%
BT 36.21% , i IL-4 F TNF-o ¥ JF 1425 55O 3%
(P>0.05) ; 4 L. lacits 21/ &S5 TL-10 e
WEBI(P<0.01),IL-4 W JF B EHN(P<
0.05) , 435N T 58.87% 1 27.86% , %% i TNF-a
WEARIR S, 51E% X B4 M L. lactis 41
AL, AL L. lacits 41/ B85 5 TNF-a IL-10 F11
IL-4 W ¥ 223 AN 83 (P>0.05) ,
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20 1 . IE % % B4 normal control group; 41 I ;. DSS ##
HIST HE 2 DSS model control group; 21 Il ; L. lactis 41 L.lactis
group; 411V . § 4 L. lactis 2 recombinant L. lactis group,

4 ORREA L. lacits 3 /INRE B ARSI
Fig.4 Effects of oral administration of recombinant L. lactis

on colonic morphology in mice (50%)

3 i #

EGF J2& — il 5 2 1) 4 g R 47 [HL 1, Al 42 E 1
b ML I O
T3 LB ) 5 3 BB B RE T 2 9%

YEHT . EGF HA B iR e 1k, X IR BAT T A2
PR, REHR ST H & WG B AR R BE AR 1 Y TN
b, X HAE 8 R AE AW FAE R BB R
SCUT R, AT PR A SR 2 BR 1 EGF 1 7 4 5k
AT Ko B 3 28 s B D TR 2 4R 1% EGF 1Y
Wk, HAET, A7 0B R KW 3% 45 18 ( Esche-
richia coli |E. coli) 15 IR ¥+, ( Pichia pastoris, P.
pastoris) 531k pEGF, Lee 2" 5% P. pasto-
ris J§ )33k pEGF, Jf ¥ pEGF 43 M T FIE W
BOHAEOHET 1.2 F1 3 A4S pEGF #5 U1 B0E R A%
HHFRB TR, AN R A E. coli ]GRBT
pEGF, {BJERHH E. coli ik pEGF £ L) A {AIE
KAETE, W S P B 2l S G A5 B miab 3, |
INFEREMEL PR MR P. pastoris 363Kk R G755
HisS it — 2 TSR, L. lactis 1F
JE ER R HAE T ER T EMBMEY, &Kk
PR S S IINCS Y W e I RS S A (R
i [ PR AR — W] B MR, BT e 4 R v
SRR, B, A R L. lactis 80055 3235
ARG ,H 3 A9 VLK pEGF SE 1R Ty 51 82 056 914
b, Ik T %15 pEGF WA L. lactis, 3+ HHE
2H pEGF LA A I PEIE A7 7E , Western blot 4347 i
NHEHE I RE 5 R R M BUIR S G, W) A0 IR
L. lactis52 iK1 pEGF B4 Wi .

F1 HOREA L lactis X/NREHIBIE XIS R M EFIREZ0
Table 1 Effects of oral administration of recombinant L. lactis on colonic permeability indexes and

cytokine concentrations in mice

1E H X AR 4 DSS FE X} A 2 A L. lactis H
miH L. lactis #H )
Normal control ~ DSS model control Recombinant L. lactis
Items L. lactis group
group group group
P45 5 Occludin/ ( ng/mg) 0.46+0.08" 0.32+0.09" 0.42+0.07" 0.45+0.11°
D-A.f8 D-LAC/( pmol/mL) 1.48+0.21° 2.38+0.66" 2.16+0.47° 1.52+0.24°

“WE L DAO/(U/L)

i EE RBE K F TNF-o/ (ng/g)
4 & -10 IL-10/ (pg/mg)
M4 ZE -4 IL-4/ (ng/g)

18.66+1.19°
11.78+1.69"
36.04+4.46™
21.38+3.71°

29.20£3.95*
16.68+1.68*
24.44+3.11%°
16.69+1.78"

26.11x1.85%*
14.84+2.29"%
33.29+2.02*
20.43+2.63%

21.60+2.92°°
14.32£2.00*%*
38.83£6.36™
21.34+3.65"

[T B SR AR A RN PR OR 22 5 W3 (P<0.05) , AR E 78 22 7 U 38 (P<0.01) MR B0 7 R 3R 22

SR E (P>0.05)

In the same row, values with different small letter superscripts mean significant difference ( P<0.05) , and with different cap-

ital letter superscripts mean significant difference ( P<0.01), while with the same or no letter superscripts mean no significant

difference ( P>0.05).

AWF5E K DSS i 5 /N 45 17 6 #E 78 3F: []
W /N O AR 4 L. lactis, DA 3E— 4 56 F 41

pEGF (A% K X i1 i e E/EH . DSS
2t i RAEAL L H AT A BT B —Fh g R AR A Gl
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i /IR 4~ 7 d 1Y 2% ~ 5% DSS KA WOk &
B TS ) 1 25 W RS AL /N R s LIRS
I 45 B 40 0 B4, BRAG I 4 7R 45 i 22 1 5
5 FERAE B B AW, I 4% DSS
VW 7 d e /N AR IR S KA i B, 45 1
450, S BRI K BLAS W 7 g, B
Fe AR 5 i 7, B 22 9 0 A LR U I 45 W R
FEHY L g W T, 1 1 R #% 15 pEGF HE 41 L. lacits
INERAS T S B KA A A 445 1 BE & 1S i, HE
Juta R I/ BGE I R - R AB 5, AR UL JBE % st
5 , WL G 622 N /D 1 R 4B ML= 1 . EGF J& —
0t g 1 BB AT AR BCBRINE I MR F I 4R
W2, HA L b B 40 B 5 58 R0 434, in i 1 )
Gif A AR AR IR A I A oY
IR, B4 EGF 7] 203 DSS 45 1 R AR 7 /N B,
SR BUE S, BRARSS i 10455 A2 B 1 40 AR
UG ROR S 5 R IR K R 5 EGF Bk
BRI RN , T 4 28 IR R RE i 4
Tl S RE S I, W 45 i b B B A DR P AR T, FEAS BiF
e /N IR 3k pEGF WU EE 4 L. lacits M T
NG AR BT T B R, AR T 4
W b R 25 B AR SRR

JW 38 AN AN 8 SR I A R Y 37 BT A
BELLEJ9 s 9 A BT L 75 3R S5 3 W B AR AR I Y
SRR, B BE )RR Y 58 PR R 4E R 8 E R D g
B fa FE 1) CHER &R . occludin J2 7 38 2 i [7)
B9 3% % (tight junction, TT) Y FE LW E N, 5
T W 41%e o MR i 3 Bt B T e 2% UIAH G, vk
JEEREAR 2> 5 350 18 3 35 PR 3 | B 3 B T RE R
TH4E  EGF BA 197 I 18 Bt i 2 B 5 B 1 19
YER ., W98 87w, 45 IR B8 M 3 R K BU#h 78 EGF,
EGF AJ 3 i {1 A1 R 20 Jf iy o 228 R 268 Y 1 7= 2B ok
e 3 AT B AL 2 DR T A IE TI SR A
Tk K, B i B PR R L 0 R A0 i
Caco-2 2 i 76 I E VS W, AT 3 Caco-2 X 4%
G 2208 00 240 i 55 38 i 1, B IR occludin ¥ B, 1M
*NFE EGF A BHIE FEE X TT 5268 R RIR | 2
T occludin W FEABFZEH, NUIK 4% (1)
DSS 7KW e 2 AR T 451 occludin ¥R B 1M H IR
F6iKk pEGF WY E 4 L. lacits o 2 ¥ 0 17 /N B &5
occludin B JE JF S IEHE X BAM L ZRAE F,
UL DSS 400 T 25 i (%) 38 aE M BEIR T 1 Y R
BIOfE , 45 /N iR 35 pEGF YT 4 L. lacits 1]

REAIRZE i () 3 35 M | 2% A DSS X i 3 Bt [ D) BE 1)
B 34595 HE Y (e 45 A —3%

1ML DAO 757 F1 D-LAC ¥ JE #l Ay J2 Sz ol
Jo i ML AR B W 52 B M RN 2 6 405 AR Y B R AR
FRT, DAO &M 8 B T B B T T A 40
DI , 76 20 e K 22 B AR h A/ F ;s D-LAC J2& i
P R E AR AT, IE RSB T DAO A
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3 1 A7 5 10 266 FORE B 3 0l 4, S Bl i h DAO
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25 TNF-o e B 3 T, IL-10 Ve B AR i 2%
REAIG, TL-4 MR I 2 R AIC; 11 IR 18 pEGF M E 4
L. lactis 035 T 45 v A B 7V B, R i 5 42
TIL-10 ¥R, W E M 7 IL-4 W, I K
TNF-o #BE 8 3, IF H b3 40 B X 79k 3 5 0E
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4 & it
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Construction of Recombinant Lactococcus lactis Expressing Porcine
Epidermal Growth Factor and Its Repair Effects on Intestinal
Damage of Colitis Model in Mice

LIU Shujie TAO Xin DENG Bo MEN Xiaoming XU Ziwei"
(Institute of Animal Husbandry and Veterinary Science, Zhejiang Academy of Agricultural Sciences, Hangzhou 310021, China)

Abstract: This study aimed to construct recombinant Lactococcus lactis ( L. lactis) expressing porcine epider-
mal growth factor ( pEGF) , evaluate its repair effects on intestinal damage of colitis model induced by dextra
sulfate sodium (DSS) in mice, and further provide an important foundation in order that recombinant L. Lactis
could be applied to intestinal protection in weaned piglets. Three copies of mature pEGF with the same nucleo-
tide sequence were designed by tandem repeat strategy. The gene sequence of designed 3pEGF was further opti-
mized based on codon bias of L. lactis. The resulting fragment was synthesized, and then was cloned into
pNZ8148 vector. Recombinant L. lactis expressing pEGF was constructed. Thirty-two BALB/C mice were ran-
domly allotted in four groups with eight mice per group. Colitis model was induced by 4% DDS in mice. The
mice in the four groups were treated as follow; normal control group received normal drinking water on the 1st
to 12th day; DSS model control group received 4% DSS solution in drinking water on the 1st to 7th days and
followed with normal drinking water on the 8th to 12th days; L. lactis group received the same treatment of
DSS as DSS model control group, meanwhile, these mice were orally administered with 1x10'> CFU/d of L.
lactis for consecutive 12 days; recombinant L. lactis group received the same treatment of DSS as DSS model
control group, meanwhile, these mice were orally administered with 1x10"” CFU/d of recombinant L. lactis
for consecutive 12 days. The results showed as follows: 1) by sequence identification, the 3pEGF had been
successfully transformed into L. lactis. Western blot analysis results revealed that pEGF could react with the
specific antibody, which primarily indicated that pEGF had biological activity. 2) DSS treatment significantly
shortened colon length compared with normal control group ( P<0.05) , and oral administration of recombinant
L. lactis significantly increased colon length compared with DSS model control group ( P<0.05). 3) DSS treat-

ment significantly decreased colonic occludin concentration ( P<0.05) , significantly increased colonic D-lactate
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(D-LAC) concentration ( P<0.05) and diamine oxidase ( DAO) activity (P<0.01) compared with normal
control group. Oral administration of recombinant L. lactis significantly increased colonic occludin concentration
(P<0.05) , and significantly decreased colonic D-LAC concentration ( P<0.05) and DAO activity ( P<0.01)
compared with DSS model control group. 4) DSS treatment significantly decreased colonic interleukin-10 ( IL-
10) (P<0.01) and interleukin-4 (IL-4) concentrations ( P<0.05) , and significantly increased colonic tumor
necrosis factor-a ( TNF-a) concentration ( P<0.01) compared with normal control group. Oral administration
of recombinant L. lactis significantly enhanced colonic IL-10 ( P<0.01) and IL-4 concentrations ( P<0.05) ,
and significantly decreased colonic TNF-a concentration compared with DSS model control group. In conclu-
sion, recombinant L. lactis expressing pEGF is successfully constructed, and recombinant pEGF possesses
good biological activity. Oral administration of recombinant L. lactis in mice can prevente colon shortening,
improve intestinal permeability, and regulate the concentrations of intestinal cytokines to normal levels, these
show that recombinant L. lactis expressing pEGF can maintain the integrity of intestinal mucosal barrier, and
has a certain effect for repairing the damaged intestinal tissue. [ Chinese Journal of Animal Nutrition, 2021,
33(4) :2253-2262]
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