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W E: KRS EMEENTEIAEF pLA-Newcastle disease virus (NDV)-F/Lactobacillus casei, #*4% %
BEY, AR L EMR. AR PCRY B FH s T2 B AL NDVF AR, 5 FHRFH pLA 4
HALE X MATH BL21 (DE3) ¥, ke ETa/fit, FL O METFRIAFE Y, HEZTATFTHRIAFE
PLA-NDV-F/L. casei, & A PCR % & K # 4k, Western blotting %2 T4 H R RH, HiELZLL. A
K@ RFHAERELENEAELLZFN, KBL A 14 A%, ZALAFXATR+FER. KL
PLA-NDV-F/L. casei B K % & hfe = R o Ja 20, 35 &2 40, pLA/L.casei. R PBS 4 Aoz & PBS 4.
B3 ELISA F iz m S o 1gG. MiE. S, IR sIgA RN, M RBEEL L ERPE,

LREAP, A IAIONHMELABARAT FEY, Ao AAETHAFA@IRATD, &4 K 4 62 kDa,

F a5 40 NDV PR f g4 ik A, &% 95 20 anti-F 1gG #= sIgA 3tk K-F 2 3 & F 2820, pLA-NDV-F/L. casei = Kk
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Immunogenicity of the truncated NDV F protein
surface-displayed on Lactobacillus casei

Huanhuan Liu*, Shudong Li*, Yuging Yang', Xiaoying Sun, Yan Li*, Xinyang Liu?,
Xiaoyan Chen?, Lianmei Zhang?, Yongfei Bai?, Xilin Hou', and Liyun Yu?

1 College of Animal Science and Technology, Heilongjiang Bayi Agricultural University, Daging 163319, Heilongjiang, China
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Abstract: To evaluate immune efficacy of the recombinant Lactobacillus casei, we constructed pLA-Newcastle disease
virus (NDV)-F/L. casei and obtained the expression products. PCR amplified the NDV F gene carrying part of the major
epitopes. The target gene was inserted to the shuttle plasmid pLA, and then transformed into Escherichia coli BL21 (DE3) in
order to screen positive recombinant plasmid. The positive recombinant plasmid was transformed into L. casei by
electroporation to construct pLA-NDV-F/L. casei. The positive strains were identified by PCR. The reactivity of the
recombinant bacteria was identified by Western blotting and the protein expression was detected by indirect
immunofluorescence, flow cytometry and laser confocal microscopy. The 14-day-old chickens in each group were vaccinated
by oral plus nose drops. The pLA-NDV-F/L. casei twice immunization group and three times immunization group, the
commercial vaccine group, the pLA/L. casei group, the unchallenge PBS and the challenge PBS group were established. I1gG
in serum and sIgA in the lavage fluid of intestinal, nasal and lung were detected by ELISA. The protection rate of chickens
was evaluated. The results showed that 94.10% of the recombinant bacteria expressed the F protein. The recombinant protein
was highly expressed on the surface of L. casei with a protein size of 62 kDa, which specifically bound to anti-NDV serum.
The levels of anti-F 1gG and sIgA antibodies in each test group were significantly higher than those in the control groups. The
duration of antibody in the pLA-NDV-F/L. casei three-time immunization group lasted 28 days longer than that in the twice
immunized group, and there was no significant difference between antibody peak values. The attack protection rates in each
group of immunized pLA-NDV-F/L. casei three times, twice, attenuated vaccine, pLA/L. casei and PBS were 80%, 80%, 90%,
0% and 0%, respectively. Therefore, the antigenic protein of NDV F was successfully expressed by L. casei expression system,
which has of reactogenicity and immunogenicity, and could induce protective immune responses in chickens.

Keywords: Newcastle disease virus, immunogenicity, Lactobacillus casei, mucosal immunity, protection rate
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BT F AR R R S b g M. ND E
LU LR R R AL, Bk, AT RS
VB KL I 16 AR AR 2 266 RS2 1 e s 1) 9 42 L
AHAEENE S, AFFREBULEE Fes £
NDV F 2 [ B b 32 B0 I e 0 3 5 A B, 26 71
1 FLAF B 2 1B R B AR pLA 5 H W B B
Fe, W@ E AT REFLAT A pLA-NDV-F/L. casei,
W ORI R A L ARSI B 0
TR, RE Ik I T A D i AR X G e SR
HEFTAXHT kil A T dnloie B R TR LR TR 1 1Y
W SR

1 MRE5FE

1.1 f/E. @Bk, RR. Rz

EIETEFE Y (LaSota k) W E M 24 4E A A=
YIEE AT IR | 5 FABES R BT N\ — KB K
T B SR % R A s KB E BL21 (DE3)
JERSZ ZS A ML T S LA R R I R s KA A pLA
4ifb 1 E AL NDV F 8 13 i AR 5256 2 A AR AT 5
T LA 3 B TR CE D O O R
FHRS A 14 H RS R A A
1.2 EZEZRXFIFAEE

TRIzol. Taq DNA R4& 1. BRGIPEZRR M)
fitg BamH I . Sal I . T4 DNA 30 . S ik
Fl 4. pMDI18-T #fk¥lly [ TaKaRa 2\ wl; kL
PBORF &M B AXYGEN A5 eGR4
SDS-PAGE % iz il #5157 & H Solarbio 23w ;
FH0AY 19G-HRP | FITC FRic i EHUXG 2 il
Bt R, LEH00Y IgA-HRP g H Abcam
Zvw); DAB & A5 & W B A2 & A F] ; DHS5a
2SN, BL21 (DE3) &2 4. $it NDV
PR M YE AL B 2 /A7, BT NDV B I i #t
R 22 1M P A (SNT) ARl 11 256,
BEIE AR R G N T Y, 558 Bio-Rad 4wl 5
Mg TAER, MIREARBKH FREARIF LA, It
REDME, THE Leica AF],

&: 010-64807509

1.3 HrYEREAIIRE
4 NDV F Z:H 751 (GenBank % 5%

AF077761.1) Wit —XRe 519, LTSI
2393 A BamH I 0 Sal I B0 A5, LS| ¥)F
51). P1 5-GGATCCATCATAGTTAAGCTCCTCCC-3'
(FRIZLE 0 BamH 1), FiHfgl¥ 4. P2
5-GTCGACGTAATCCATATTTCCACCAG-3' (F
Ril£k3B 4k Sal 1) PCR J W 4544 :94 °C 5 min;
94 °C 1 min, 56 C 1 min, 72 'C 1 min, 3: 304
fi5¥R; 72 °C 10 min, PCR /=4 0.9%3i i Hi it
B3 HT o

1.4 pLA-NDV-F/E.coli W5 % F

K BEHREE A DNA [ENSGRFI &x 1.3 7 PCR
FEPIEA T ISR B2 E pMD18-T |, i b A
DH50 JEAZ AL, WA TS 20 RHER LB A s:
FRrf, 37 CHER, HBKBUARRTR, 1T PCR %)
HUE . WY PHPE T, R R RI A Rt
PRIBHE A BRA W o K DUy E8% 0 B 0 B
PLA ZHRFORLERLILE BL2L Bz S, v
%} pLA-NDV-F/E. coli, % PCR., W14 E ik
FH: T 4H ok pLA-NDV-F
1.5 pLA-NDV-F/L. casei B# 2

W 1.44K45 1) BRI FE AL TR pLA-NDV-F HL 5% 4E
TR AT R S M rh, A T EER
MRS /AR FRI (FAEBE R 34 po/mL), K HH
BUATHTS 37 CHPERIIR 12 h, $RIGEH b7
PCR %5, ik PHMEE A T RSB, I 4
7 pLA-NDV-F/L. casei. [m]HsF4 s LT 0 i
B, 40 pLAIL. casei FHTsh¥iks:, TmsFLAT
TS A0 o 4 2 LR A 2 VR R i T ik
1.6 pLA-NDV-F/L.casei RiIZBMEHRMETE
1.6.1 pLA-NDV-F/L. casei BJZiA

HX pLA-NDV-F/L. casei fll pLA/L. casei % 2%
PR MRS WA B3R 3L, 37 CHEEREFE 10 h
G, RIREAEN.

B<: cjb@im.ac.cn
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1.6.2 Western blotting 43 #f

PR EAE AL A RS, 1% 92
R E R, SDS-PAGE J&, PTHBACK & A
BB 4RI -, 5%BilFLE ] . $T NDV
FHPEIMYE (1:50) WEE 2 h. FH04 19G-HRP
(1:5000) %7 2h, DAB {5 {5
1.6.3 [ElE:AER T

Bk 10 h A9 pLA-NDV-F/L. casei, ¥J51%
M FEIE A b, AT TCK B e A
S5%IEREFLI R E A, Ht NDV FHPEIMLIE (1 © 50)
37 CWE 2 h, FITC frid WFEHING 2L —ht
(1:100) 37 CH¥HE 1 h, PBS PRIKH A T4
TN B AR
1.6.4 WZHHAR

B3k 10 h A9 pLA-NDV-F/L. casei, &% 4l
Jk B 9 5x10° AN mL, W B AT 5% i3
B 4 CHMMK, HKK&PT NDV FHPE I F
(1:50). FITC #tRicdM-FHTaEZt —Ht (1 100)
37 CHOLME 1 h, PBS HEEMA, WA MM
iR
1.6.5 BOLILRE

BRI At L AR A BHL 5 ) 2 58 TR U A Tk B
L BRI, ORI R BRI
1.7 E¢HAH pLA-NDV-F/L. casei BRI E R
ETak k35 m)
1.7.1 Y

IR, B Ry 101 CFU/mL

F1 RERE

1 pLA-NDV-F/L. casei 1 pLA/L. casei, i [
MR S5 S T T e e, fyiile
0.2 mL/H (Ffk 0.15 mL, i 0.05 mL). ¥%H
14 H¥RAEAY, BEHLN 540, B4l 30 2, AL Al
A2 2H % F 4 1 pLA-NDV-F/L. casei, B ##E
SHEEEE (5 PY/mL), C H%IE pLA/L.casei,
D1 1 D2 #H% 0% PBS. Al 41 NPk fEdl, A2
HN =W AL, D14 INEE PBS 4, D2 41k
KU PBS 41, B[R0 Al e ge iR . HAR
TSI 2,

B e s dE i s ARy, KRR A%
SRR 5 d R, —f. . =R
Ak 10 d, eIt indhs 7 d AR 2 2
SRAEIMIE , KRR SE 19G FLiksKSF, HUAE
il . G PR DU R S M s1gA BLiRKF .
1.7.2  IMiEH 19G Hifkm

PR 1 pg/mL 1 2lifL 21 NDV F 2 14
PeEEbRR , 4 CRBIR, 5% AT 37 ‘CHIA 1 h,
IMARRKGAES (10 10) , 37 CH¥E 1 h, A
P4 1gG-HRP (1 :5 000) 37 CH¢&E 1 h, JiE
¥ (TMB-H,0,) &, 2 mol/L HySO4 £ 1k )%
B, BERRSCEIN , 152E ODaso WG o 1546 1L 77
ODyso/ BRI TE = 2.1 BRI R BAPEZE S, [ 2 A B
g5,

1.7.3 JGiE. B FEErRF YRR+ sIgA HuikR i

K sIgA Fiik, —4iik FH ILFEHiXS 19A-HRP
(1:10000), HAKLETRSIR 1.7.2,

Table 1 Immunological test

Groups Immune components Immune dose (mL) Number of immune Immune mode

Al pLA-NDV-F/L. casei 0.2 2 Oral + Intraocular-nasal

A2 pLA-NDV-F/L. casei 0.2 & Oral + Intraocular-nasal

B Commercial vaccine 0.2 & Oral + Intraocular-nasal
pLA/L. casei 0.2 & Oral + Intraocular-nasal

D1 Challenge PBS control 0.2 & Oral + Intraocular-nasal

D2 Unchallenge PBS control 0.2 & Oral + Intraocular-nasal

http://journals.im.ac.cn/cjbcn
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1.7.4 KGR B EHST

K Ffl Graphpad Prism 6 {41 )5 250 B g %t
i 45 SR AT B E M. *: 0.01<P<0.05; **:
0.001<P<0.01; ***. 0.000 1<P<0.001; ****,
0.000 01<P<0.000 1.
1.7.5 pLA-NDV-F/L. casei B HFRE

¥ FABES ®EtkLILAATEST I =, X AL 4
5 7d, A2, B, C, D14 =5 7d BikK:
MHEATIRE, AR 10° EIDsy, W #J5 7 d
SRR IEAG G ACREIR B IET I, TG R

oS R R (%) =(1— e £ L AL T2 IX) R 4H Bt
T23%)x100%. D2 41 WA E: PBS 4.

2 ER5AW

2.1 pLA-NDV-F/L. casei 2 5% F
2.1.1 PCRXE

L pLA-NDV-F/L. casei $& B ) = 40 JoikL Ay 6
M if17 PCR ¥4, 25 E/RA K/l 564 bp
MR B, SRS R —80 (B 1),
2.1.2  Western blotting %58

X235 10 h ) pLA-NDV-F/L. casei Fl pLA/L.
casei i g Ab #LJ , #5417 Western blotting 487 ,
ZE R B IR, pLA-NDV-F/L. casei ik M) H 8T
NDV BHYEME I, 78 62 kDa AbHBEAA & Epid
(1 2), % REZH R H IR Sk 45t , 5 TR 2 SR A4

bp M 1 2 3

2 000

750
500
250
100

564 bp

1 pLA-NDV-F/L. casei PCR #/ ##45 R

Fig. 1 pLA-NDV-F/L. casei recombinant plasmid PCR
results. M: DL2 000 marker; 1: negative control; 2: positive
control; 3: PCR product of NDV F.

&: 010-64807509

kDa M 1 2 3
100

70

62 kD
55 a

40

35

2 pLA-NDV-F/L. casei Western blotting £ E 4R
Fig. 2 Western blotting result of pLA-NDV-F/L. casei. M:
low molecular weight protein marker; 1: pLA/L. casei; 2, 3:
pLA-NDV-F/L. casei.

2.1.3 [HERERNAREEE

XF pLA-NDV-F/L. casei il pLA/L. casei 17
[ e o S e, 45 R KB, pLA-NDV-F/L.
casei 7 BHALEY T a] WAL B IATES (K 3A), %
X6l WGPV =SB R TR ES S S WA AN (4]
3B), HYO L MFE KR (A,B HEEIK 3C),pLA/L.
casei 7EBALEF T o] LB IATE S CRANLER), 2%
B R LBk ek oh (B 3D), E
PLA-NDV-F/L. casei il Ih# ik /MR .
2.1.4 WHAMARKE

HE&4 10 h 11 pLA-NDV-F/L. casei F1 pLA/L. casei
AT ARG, 25 R B8, pLA-NDV-F/
L. casei »¢ G50 & I 2 = F pLA/L. casei, fiiiknd
10 000 ™3 41 L W2 1 v] 2 35 0 2R 119 1 1K i 36
94.10% (I&l 4), ] pLA-NDV- F/L. casei & #.2)
RIRIMNEER, HREIEES.
215 BOLHREXE

I FF 985 e 2R A ARG DU B 24 1 B 1 R R
O, WER Rt a5 R EEAE Th T AR (K 5C),
1M pLAJ/L. casei JLH IS (14 5D), 5 Fil i 45 R AH
£+ (8 5).
2.2 MLiEF 19G HUIKRSUA M E

)42 ELISA J7 kA I i H 19G P kK-,
ZE R, pLA-NDV-F/L. casei FiURAE2H . =ik
Yo R AN 55 R AL ARG T s 7 d R RTAS

. cjb@im.ac.cn
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E 3 pLA-NDV-F/L. casei &N 45 R

Fig. 3 Fluorescence analysis of pLA-NDV-F/L. casei. (A) Bright field photograph 400x of pLA-NDV-F/L. casei. Bar=100 pym.
(B) Fluorescence photo 400x of pLA-NDV-F/L. casei. Bar=100 pum. (C) Merger 400x of pLA-NDV-F/L. casei. Bar=100 pum.
(D) Fluorescence photo 400x of pLA/L. casei. Bar=100 um.

Mun-sample: All events pLA-NDV-F: All events
2001 P1(94.10%
. pLA I I ( . 0)
! Bl PLA-NDV-F I
400 | |'1
..
=
o]
1| |
[ 1
200 | |
L 1
[ T
| ﬁ "
| A \
oLt N
102 10° 10* 10° 10° 107 10° 10* 10° 10°
FITC-H FITC-H

4 pLA-NDV-F/L. casei it 34 A 45 R
Fig. 4 Fluorescence-activated cell sorter analysis of pLA-NDV-F/L. casei. The red curve is the fluorescence intensity of the
pLAJ/L. casei control; the purple curve is the fluorescence intensity of experimental group pLA-NDV-F/L. casei.

FIARPA, SIS sl (P=0.098)  KET 42 d G BB EMZE R (P<0.05), 7dJ5
MES B4l (P=0.382) ML RIEMEXR A R SRR ATAK T8 E & T pLA/L. casei 41
F25 (P>0.05), =W HEd Sk gyl PBS 4l (0.000 1<P<0.001) (&l 6A).

http://journals.im.ac.cn/cjbcn
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Fig. 5 Laser confocal microscopy detection of pLA-NDV-F/L. casei. (A) Fluorescent photo 630x of pLA-NDV-F/L. casei.
(B) Bright field photo 630x of pLA-NDV-F/L. casei. (C) Merger 630x of pLA-NDV-F/L. casei. (D) Fluorescent photo 630x

-NDV-F/L. casei 1t
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pLA-F/L. casei three times immunized
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LIRS
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28 35 42 49

Day post immunization (d)

14 21
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7
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0

-
S ne
N — —

<
[32)

\
‘N
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(03D "“"'qo

,
b
)

4.0
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—= pLA-F/L. casei twice immunized

== pLA/L. casei
= PBS

D

Commerial vaccine
= pLA-F/L. casei twice immunized

pLA-F/L. casei three times immunized

pLA/L. casei
== PBS

25¢

20t

(v318) *"qo

Day post immunization (d)

Day post immunization (d)

El6 FHEREHGME (A) HFF71E 196G kKT RAEBHE (B).

LRk F

REFF M slgA

(C). BfE (D) i3

Bz

=
[==]
E

Fig. 6 Specific 1gG antibody response in sera (A) and specific sIgA antibody response in intestinal (B), nasal (C) and lung

(D) following immunization with recombinant strains.
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23 BHiE. B, BHAEIAIEE slgA iR M
M ZE

XSRS A TE . e . S op e e T
)42 ELISA Jy 6 I, J 3 o A 0 285 SR s
H % pLA-NDV-F/L. casei iYL BT K T B3 =
FXf B4 (0.000 01<P<0.000 1), 4 %IFH¥E)5
56 d. 28 d iAFPUARIEE B AU KV B &
25 (P>0.05), =R AEdPLAKN-T 42d J5 i
Fim TR . 55T WA TE S T 49 d 4T
BT RS, SR APTAOKE Y 8w T
PpLA/L. casei 41 (0.000 1<P<0.001) £ PBS #i
(0.000 1<P<0.001) (K 6B).

EL PRI £ 4B, pLA-NDV-F/L. casei
R G P 2R TR R 5 A AR K S 43 S e
J5 37.d. 21 d R BIHUARIE A HPTAAK IR W%
PE2 5 (P>0.05), pLA-NDV-F/L. casei =Xy
HEPAKET 35 d J5 B EHE TRk aEd
(0.01<P<0.05), F 21 d Je B &M THEEHA
(0.05<P<0.01) , Jf & # & T pLAJ/L. casei 41
(0.000 1<P<0.001) #1 PBS #H (0.000 1<P<0.001),
xF R BT IR TC I B3g K (B 6C).

JIts JFE o 35 A T 45 SR R BT, pLA-NDV-F/L.
casei #uy% IR M IR A e )G 21 d Bt
I BIGRIF B TRE, 50T 49d F128d 35
FNE(E, T 42d 5 HHBLEEMEZES (0.01<P<0.05),
SR AL 5 AR AP AOK R B 2
5 (P>0.05), ik 50 4Bk KT B % & T
PpLA/L. casei 41 (0.000 1<P<0.001) #1 PBS #i
(0.000 01<P<0.000 1) (/¥ 6D).

2.4 pLA-NDV-F/L. casei IERIFIXILLER

A3 T PR S F =k 5% 7 d J5 LA NDV i
BER FABES XA In XY FhAT WL wE:, B XS HiZH 72 h
WAERTET; RICEE PBS 4 (D2) iRXIe iy 2317
6, (EHRES R, o, frsE A T AT A
PLA-NDV-F/L. casei 1Y PiZH T 36 h JF 4G HIFET:

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

%2 GREEATHRAFRRPE
Table 2 Protectiveratio of recombinant Lactobacillus
casei

Group Negative ratio  Average protection rate (%)
Al 8/10 80
A2 8/10 80
B 9/10 90
C 0/10 0
D1 0/10 0
D2 10/10 100

L, PR S 20 55 8 i 20T 48 h FF IR gt
o4, RICTMAMEBERS Y RS, AL A2,
B. C. D1 #l D2 &4 x4 351512 80% . 80%.
90%. 0%. 0%71 100% (# 3).
3 it

A SCHRGE T DA T B LT B AR bt s 2% 2k
W — T RS B T X Bz i B s . FLAAR Ry
HIBUIE Fes 7ZE 9 NDV F 85 11 B9 W b = AT
JRHER B, 5 pLA FERRBTRAHE , MR EA T
W& FLFF 7 pLA-NDV-F/L. casei, ZH6i %& P & 20
W PR R 1k 94.10%, HJE /RN R, i
TAZE AL B R A A

FhB S e A AE I BN, 5 R AR A B
PRI, 24 80% T2 4 iR [l Hit St SRR 107
RERFEIRE, RICHRI e, Hap 20%55%E
2 i DO B 7% 2 A R SRR 6 A 4B T e, BN [
BB A0  H b S I e o g 26 e
HsIgA LA BRI AT L& B, A A 4 21
A R A AL S I BUAR R ZE I R X B, 5
AR ICE O TR WA R €Ay 3 d A&
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