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Abstract: The food-grade Nisin controlled expression (NICE). system of Lactococcus lactis (L.lacti) was studied emphatically as a vector
of recombinant protein expression. Thetherapeuticproteins or protective antigen protein expressed can secrete and anchor in the cell envelope or
bacterial peptidogly cans and thus the NICE system of L.lacti canpresent the vaccine antigen to the mucosal surface and result in a specific s-IgA
response. Using recombinant L.lacti tha present antigens as live mucosal vaccines provides an effective way to prevent microorganisms
invading and shows a promising future. In this study, BALB/c mice were immunized with the bacterial supematant to evaluate the mucosal
immune response and Immune tolerance of recombinant L.1acti PNZ8149/NZ3900-M/PRRS strain that expresses ORF6 gene of PRRSV,. 1¢G
in serum and s-1gA in lung lavage fluid and intestinal washes were analyzed by using a similar enzy me-linked immunosorbent assay (ELISA).
For evaluating changes in cytokines IL-4 and IL-10, the spleen collected was analyzed. The results clearly showed that mice immunized with
recombinant strain PNZ8149/NZ3900-M PRRS could induce remarkable special s-IgA in lung lavage fluid, a the whole experimental session,
compared with the control group-1'and 11. The level of special s-IgA and 1gG showed significantly increase(P<0.01) and IL-4 and IL-10 contents
of cytokines showed little difference to those of the control groups. All the results indicated that mice immunized by the recombinant L.lactis
expressing ORF6,/gene of PRRSV can significantly induce mucosal immune responses and avoid producing the phenomenon of mucosal
immune tolerance.The study wasexpected to lay atheoretical foundation on developing of the gene engineering L.1acti s mucosal vaccines.
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1.1 #k
1.1.1 R

BALB/c /MR, MEME, {4 18~229, 6~8 i,
) A PH AR IR B P o
1.1.2 AR

A AR PNZ8149/NZ3900-M/PRRS, A<
S M IR A
1.1.3  FERF]

HRP-EHTA B 1gA I H 3£ [H Sigma A w]; 4
TR GO HEF LA A =0 96 FLEGFRIW H
corning A#]; BRI IWH BD A .

1.1.4  FBFEECH]
1.1.4.1 [a]$% ELISA 7]

L% VAT (0.05 M pH 9.6 BRIEZER ZEr i) -
Na,C03 0.75g . NaHCO3 1.46.g< 2 B 7K 500 mL.

JEWVIZE MR (pH 5.0 B R AT ERZ): 0.2 M
Na;HPO, (28.4 g/L) 25.7mL. 0.1 M #7#:1(19.2 g/L)
24.3mL. £E 17K 50 mL.

Vel i PBST (0:15 M pH 7.4 [¥] PBS):
KH,PO, 0.2 g+ Na;HPO4 12H,0 2.9 g. NaCl 8.0 g. KCl
0.2 g. 0.05%f#] Tween-20 0.5 mL. 2 77K 1000
mL.

TMB LAE: 2 mgimL TMB 0.5 mL. JEIZE
IR 9.5mLs 0.75% H,02 32 mL.

212 M HoSOs): 751K 178.3 mL, & AN
A 98% Ik Bt iR 21.7 mL.

HHR: 5% 1) AR Wk -
1.1.4.2 4 A7 ) 3= B8

ZLYN R : NHACI 8.29 g. KHCOs 1 g.
Na;:EDTA 0.037 g. 2 &F/KEA A 1000 mL, i pH
7.2~7.4, HEKEESH.

ConA (1 mg/mL): 25 mg ConA AT 25 mL €4
R/MINI-1640 372, 434, -20 CEORFF#&H

1.15 FEUIRS

fig kR4 Synergy HT (Bio-TEK)
1.2 itk
1.2.1 RISk S b e

TG REL R MENE BALB/C /N 45 L (6~8 A4,
1A 18~22.¢), FENL/T N 34H (n=15), 4 | & i
PBS ZZHiA R, v PBS X HRAL; ZH 11 bl G s ik
PREGFRI, NEMAGTIRAL; 4111 2 st s AL R
FLERE PNZ8149/NZ3900-M/PRRS, Ay fia b J3s S ity
H, BARNER 1. %ZHIE N 100 P, B b il B
TN 1XI0M CFU/ML, 2056 I s s —
K, [AIRG 7 R, BRGESGE=R(E0: 1dy 2dv3d.
11.d. 12d. 13d. 21d. 22d. 23d)Pl. REBHIESS
ZWASEE 0dy 7dld4d. 2140, 28d S Al wAbAE,
TR AIE =R, B it AR e A
SR FH B8z ELISA J5 A8 i a5 Hh 4 5 P A4 1gG AR
T s-1gA PUAE SV BIASIEN, FRER =
WAGE)E 14 d BUE R T4 MR 7 IL-4 F11L-10 3%
PERTI -

1 RIS E R AL IR
Table 1 Four groups of BALB/c mice

. o BAHE
4 1/(n=15) ST ATH BAiE G
[(uL/R)
4 | PBS N _
. PBS % # & ik intranasally 100
w11 Ftk AR )
intranasally 100
*t B84 PNZ8149/NZ3900
Wl HE T .
S %4 PNZ8149/NZ3900-M/PRRs Mtranasally 100

1.2.2 %% RIS AR} ] &
1.2.2.1 AR %

+ E 415 PNZ8149/NZ3900-M/PRRS %5 5 5
WeAE A, 0.01 mol/L ok PBS IFMMEA—IR, T
FH PBS ZZnfifiekir, (H4Hmw & &4 110" CFU/mL.
1.2.2.2 PNZ8149/NZ3900 4% £ A4 B il 4%

75 AR LR FLERTE PNZ3900 HAHE M17 8597
£ EIMTRIFEE 0D600=1 Af, BOEREE, H
PBS &L — Ik, T PBS B iFam, g &
N 110 CFU/mL.

1.2.3  FEECREE R Fabrtil 77k
1.2.3.1 e ORI s-1gA Kl

ST = %R 0d. 7d. 14d. 21d. 28d
RFE/NR =R, BURE, K e e D EE RN,
FHVEST S EL 0.5 mL PBS 22 M It B <& A
Mk, REME= R, 4 °C 6000 r/min
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B0 10 min, W HEW, -20 CHRAFLAER FH IR #2
ELISA J7 V24 Ml itk i o s-1gA 7K
1.2.3.2 % BUMTE PR P 19G Al

(1) FEECREE: AT T3 =k 9% )5 0d. 7d.
14d. 21d. 28d HRHE#F#IKFAE =R KR, 37 C
TR A ERE 30 min, RIS 4 “CUKFHE = 60 min,
3000 r/min E5.C» 10 min, WER I, -20 CLRAFEH .

(2) kil 7. R A% ELISA J7 Al
1.2.3.3 ZHffIA¥ (Cytokines) Al

KR AT I 1L-4 A IL-10 e, 20558
ZIRGSESE 14 d, AOHESEELRARAE, il B IR E 41
P 22 :

58 1 21 00 BT 0 350 75 $ 0 KBS

Q@ FAEFENR,  SRF 7T0%H) ZBEZ 3 15 min,
TobE 2 FRUGH BT THE AT 4 mL RIMINI-1640
B5 ROV Rk R IR, R JC T8 35 24 R AT
PERE, i 2 MR, SR 200 HJE eiidiE 3] 10
mL BB H, K B0 B B LF, 2000 rimin &

L» 10 min,

@3 LEEFRM, A 4~6 mL 240 RZL i,
BN, RS ER 5 min, BB E DR
4, 2000 r/min B0 10 min.

@3 _EE TR, N 4~6 mL R/MINI 1640 3%
TR IF VR AN AR, P RO AT 4R

G®FK A RMINI 1640 1% 7775 540 o W N
1108 NMmL, &H.

®HL 100 pL #1145 Atk E2m Mo N 96 FLI% 7%
BN, PAZIREER 2.5 ng/mL [f] Con A 1EA I,
37 ‘C 5% CO. #5774 157796 h.

(5000 r/min &0 5 min, WA R R i, A
ELISA 27 S A WA A R T 1L-4 A 1L-10 (3

2 ZR5E

21 4
2.1.1  RRGE AN s-IgA F I

* 2 BRI KE RE /R R s- 1A RNER

Table 2 The contents of specific s-lgA from intestinal mucosa of mice immunized with gene engineering L.acidlophilus

28 7 od 7d 14d 21d 28d
20 | PBS 2 e 48 0.0324).0019Aa  0.03740.0018Aa  0.034#0.0028Aa  0.04540.0023Aa  0.039+0.0012Aa
2011 AR R A 0.0374).0033Aa  0.037+).0010Aa  0.041+0.0016Aa  0.033#0.0012Aa  0.03020.0036Aa
Al AHEREA 0.45640.0356B 0.46340.0254B 0.49710.0120B 0.49140.0247B 0.491+40.0294B

E: RPVRAARR FEAFAN 254 2F, MEATHERRANEFARE; KEFEHEFO00LKF, NEFHET 005 KT
* 3 EAEREDRREMAEPHRIERE 126 N5

Table 3 The contents of specific IgG from serum of mice immunized with gene engineering L.acidlophilus

28 7 od 7d 14d 21d 28d
40 | PBS 341 0.05520.0036Aa  0.04010.0792SAa  0.040 #0.0013Aa  0.041 #0.0014Aa  0.040 #0.0019Aa
20 |l FAkst 80 0.058 40.0047Aa  0.04720.0019Ab  0.042 #0.0023Aa  0.043 #0.0031Aa  0.043 #0.0019Aa
801 2 REEe0 0.441 30.0347Bb 0.51140.0288Bc ~ 0.516 #0.0465Bb 0.59440.1256Bb  0.544 #0.0223Bb

E: BRVRAARKRR FEATANEF2E, HRAFAELRTANEFARREE;, KEFFET 001 KF, JPEFHELT 005 KF,

s— il PRSATEU] —e— SN 4 ) B —e— ST 5 S A
Ldr
1.2 _
Lir |
- S
E 06— : &
04
0.2
m';] 7 Et-__=j——__;};
() /ol

1 EEERE /N REFIERRSF R s A AT
Fig.1 Variation of specific s-lgAfrom respiratory of mice
immunized with gene engineering L.acidlophilus
H% 2 45 tH, HAFLERFLER B PNZ8149/NZ3900
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S-1gA ZKF-ERE/N I 3 1] A # ORE I Rk, LG
B F AR . PBS N WAL AR At A AR N i
W ANTE [ — P, oAtk . S5 R3RM, ZEA
BH A BT /)N B LA 50 IR e A, eI i
TR B S 1 s-1gA R 33k

2.1.2  IfiERREDUR 106

2] F PNZ8149/NZ3900-M/PRRS %% /N »

TEER =R % 5 0 d BPRT RN H ISPk 19G, 1E%
925 i PRI S N (1) P B A B i A I iR 119G Pt
K BE T PBS WHRAL (41 1) MERiAxiga (A
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1D, ZRWEE (P<0.01); mHAEIRKHiAKTF
FEEE IR IE 7 dISFmy, FEEENI g i TR P 4
FRERUKE (3. K 2). GRS ZEHARAIK
P 2 RS AR B i A RN R AR IS R 1 19G

CTIRLNS
—e— H1l PRS &L —e— HINTRE 400 B —a— SO0 R A5 4
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Fig.2 Variation of specific IgG from serum of mice immunized
with gene engineering L.acidlophilus
2.1.3 RSB 321K 5 IL-10 AT IL-4
%k 4 EERERE/) RS BEMER T A AR E TN LS R
(pg/mL)
Table 4 The lewels of production of the cytokines from

splenocytes of mice immunized with gene engineering

L.acidlophilus
48 ) IL-4 1L-10
28 | PBS *f A& 40 17.261+1.4739a  97.21943.4745a
411 Akt B a 17.998+1.4377a  97.37143.3271a
8 11l H&954m  21.466340.9893a  96.23546.4714a

E: FIPRARR R F AL TANE KT E, MEFEET
Wmim £ FREF; KEFHET001KF, »NEFRH4T0.05
P

% 4 54, FZH PNZ8149/NZ3900-M/PRRS
g% /NG R IR BB B IL-10 AT IL-4 B
MR e = Bt (p>0.05), Z5R FW EAH
PNZ8149/NZ3900-M/PRRS 4 Hifliigs 12 6 /)N B R
T G R G2 52 P Ay D BB % 1 IR 20 B
F 2452 7 HR L.

22 Tig
2.2.1 RGN %

S-1gA JERHIE G e (1) 32 BRI -, A R B G %
FEAR, H 2425 g ZARBAR 2 MM 2R Z
JR A Aoy W B R, oo WA FE R R o W S
F A0S BB S, o0 AT T R R T T A 4%
TP, s-1gA T ELEITHPHIREE . SRR,
fRANTEE . TFAYREE. 5 ADCC S5 HPRATE H L
AEVNINRE, MR KA R )% N2 1S Ol R 5t

FEC B35 s ik S 2R

Grangette 545 T RIAB R E R F B C(TTFC)
FLERAT I, 25 s/ NG B 3 T Rt
s-IlgA T 19G (177 A Bl RIS R IS AL I B
KB (TGEV) S & A M H 4 7.’ 7 Bk i
pNZ8I12-Sa/NZ9000 £ 11 lxffs BALBIc /MR, 7Ef
928 Ji PRI [D R TR U6 4 A I3 HH 11 s-1gA AT 1gG $it
1A, 455 4 1 pNZ8112-Sa/NZ9000 7£ Fuf% Jr i) 2 18
d 76 3E PRI TS Y s-1gA Pisk, AE5%E RIS 38 d
RIEE 3 IRy Jauidoik B fe ey, L7 H A I HY
s-IgA Tk, IMiES 196 PA S 3 A5 1
JABUAIK Rt T2 AR 119G Bk s =
FIo PR AL, S A S (OB PR s 4T 44 SCHINA%
Y4y 322 1D A4 L 2 T SR AN 43 WMSE AN 28 (Porciine
parvovirus virts, PPV) [ VP2 & [ 4 T-Hs SR
1R 2 VR, S5 S IN B 2B B0 PPV AR 1 s-1gA
1 1gGPl; ZRie ekl 23 ISR T (Clostridium perf
ringens, C. pserf ringens) o &2 3K {2 2 T BSFLAT
» HRGE BALBIC /R, 45 RAE/NRIEE. AR pp
Ve BAN A FAIERS RE A SR I T o B3 104 5
P s-IgA $LAR - AE /N ERMTE AT BT o B3 1ORE
PEAQG fifk, . HXE G et 25e A4 B, 3R
IRFETERRTA o B35 )% TR Mt i 10 B0 FLIR FLAT B
1R G2 S0 Rt P AT ORI ie . RV Sae L
& R AR IR, AT LLNR O B, SR
B S e e Moy ik, PR B AL LR O R T
PNZ8149/NZ3900-M/PRRS 7 Sk B G e (47 71 Al
TEAERIN N E, 255 Bl S Reil B LA™ AR5 =
IKT O T s-lgA R E 45 7 MR 19G
2.2.2 R G e 52

FLIR FLER B IAE Rl R T A PR B A Re
75 5| RN LA S i 522 SRRl 207 BR L BR R LR T
FER BRI, AR RN R BRI ERE AVE T A
HIVIMIE SRR, A K TRiE. M
T8 SR A FATE R, fE— e R R T K
SO FG PR R 5 G PR TR 52 0 R PR 52 32 L3 3o %o
IL-4 F1 1L-10 ()50 5 15k 2 5 Bl s i e i
My 5%, SIHVART TR “HRBEANE” IR .
IL-4 1 IL-10 75 KGR 38 i 52 (1) 4 Fe b = 2 0
KA FR ] NICE RIBR G, LLFLRR FLER BN 24 B
WD T HEPT PRRSV [RK IR Gape 51 PNZ8149/
NZ3900-M/PRRS, Sz ffis /N it ELISA Al
G JFE AT L B o 1L-10 0 IL-4 351, 45 5 PBS X HEZH
RS FAA R AN BRI A4 B VR 1 1L-10 AT IL-4
M 5 LR ER B 1 PNZ8149 /INZ3900-M/IPRRS
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G UG T B F R (p>0.05), ¥R W E AR
FLERTE PNZ8149/NZ3900-M/PRRS £ HAflE 3847 Hhfis /)N
BRL S Rl Skl LS ey 2 =4, DR, LR ALK B
A] DUME 1 S AR v (R AR AR P, iz
YR — 2D N S T A

3 g

31 KM NICE Fik R Gty @t B4l AL ALK B
PNZ8149/NZ3900-M/PRRS, &&Jlxu i/ NRJE, 45 %
TE /IS RIS RS REAS D3] I 5 vy T X HE AL ) e e
s-IgA, LG4 FPE 196 S B T R4
(P<0.01) . & A H 4L BRALBR B 28 8 i G 0% /N BV
75 ORGSR AU R G S S, e Gy (1) Tl
5 i SR AL ) B B
3.2 EZHE PNZ8149/NZ3900-M/PRR &£k
R S e G ANBR S, AR ARG I S T 2R, A
RIS G 28 925 T I EER ISR FRAL T IR L

B33k
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