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W Z.BH MEABETARE GFP-momp FAMR A G . CMEYRE ETHE R4 pET-momp A2 E AT G E Y,
B S0 BALB/c oM D R B SRR, HiE (DEMERYE DNA Y4, 5 823 momp AW, LK E
pEGFP-C1 &k 2 F 4 i % GFP-momp, %2 EH )G, ¥ & 3 4 3] NIH3T3 48 8, A B 5% % 2 445 0K GEP-momp 4 £ ik
(2)i£ IR BALB/c 3 /R 60 R, T35 h 4 40, Bp s 2 4 b i (PBS) 48 (A 4) & i # pEGFP-C1 42 (B 41) \DNA 7% % 41 (C
W) BB GMDU)., AELHAE GFP-momp 4F % DNA %, T AR 4 GFP-momp 7= MOMP ZaE AR A E S . % 1 X A
LA WL B E 4T PBS 50 pL,B 28 4 pEGFP-CL 50 pug,C.D L& i 4 GFP-momp 50 pg; % 14 R &M AME H i m ik 1 k; %
21 R AB.CAAMRA RN ZAEEALE 1 R, DAEH 10 pg bty MOMP & & . 4585 35 &K B 200y R o9 SR K F | H?%E&émﬂ@
¥alEk mpdr THEMB(CTLD A FRFHAFNDSAMN, BN DNA A S ST aRGOLRRE. ER ¥
831 bp & momp A B  HEEH T GFP-momp, EFEANNIH3IT3 wmietemp R k2 g EeExLEG., E)ﬁi&élﬂ}]&,f‘%?ﬁﬁ(ﬂﬂ
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WEHT DM, 2 FAG%ITFELP<0.05), M ELISAMZ ok PR BRFFHAAKFLEREIF.ABHAILE £} L%
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CTL A4 ERRBERI T, ABBARKEF AL HFZENL(P>0.05);C.DHEAHHT BA, £FH % % &FL(P<0.05);
D@FHERST CU, ZFA%TFELP<0.05), it ARAMAE momp A B & A4 & &k H ARG AE NIH3TS @ e F 7% 5|
ik =R REFER Y momp AR EF T A4 DNAGE Y f» DNA-ZR OB G- A Wb o i iRk gk, B A S
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Abstract: Objective To observe the immunogenicity of the DNA vaccine induced by eukaryotic recombinant plasmid GFP-
mom p combined with protein vaccine induced by prokaryotic recombinant plasmid pET-momp in BALB/c female mice immunized
intramuscularly. Methods The MOMP gene amplified from DNA of Legionella pneumophila by PCR were cloned into pEGFP-C1
vector, which produced the recombinant plasmid named as GFP-momp. GFP-momp was analyzed with restriction endonuclease di-
gestion, PCR and DNA sequencing techniques. The NIH3T3 cell was transfected by recombinant plasmid GFP-momp through lipo-
fection. The stable expression products of MOMP were observed by the fluorescent microscope. Sixty BALB/c female mice were di-
vided into 4 groups averagely,the PBS control group (A group),the plasmid pEGFP-C1 control group (B group) ,DNA vaccine ex-
perimental group (C group) and the combination vaccine experimental group (D group). By recombinant plasmid the GFP-momp
combined with MOMP protein,mice of group A were given intramuscular injection PBS 50 pL. and mice of group B were injected
with pEGFP-C1 50pg. In addition, mice of group C and D were injected GFP-momp 50 pg in the first day. Each group injected the
same dose immunization once in the fourteenth day. Then mice of group A,B and C were injected with the same dose of an addition-
al immunization and in the twenty-first day and that of the group D were injected with 10 pug purified MOMP protein. Then antibody
levels,lymphocyte proliferation activity and CTL killing activity were tested to evaluate the immunogenicity of DNA vaccines and
combined vaccine. Results 831 bp momp gene was amplified. Under the {luorescent microscope,green {luorescent was observed in
the cell cytoplasm. In the lymphocyte proliferation test, there was no significant difference between group A and B (P>>0. 05). Pro-
liferative activity of group C and D were significantly higher than that of group B (P<C0. 05). And proliferative activity of group C
was significantly higher than that of group D (P<C0.05). The indirect ELISA results showed that antigen-specific levels of serum
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antibody in A Group and B Group had no significant difference (P<C0. 05). And the levels of serum antigen-specific antibody of

group C and D were significantly higher than that of group B (P<C0. 05). Antibody titer of group D was significantly higher than

that of group C (P<C0. 05). CTL Kkilling activity experiments showed that there was no significant difference between group A and

B (P>>0.05). The activity of group C and D were significantly higher than that of group B (P<C0.05) and the activity of group D

was also significantly than that of group C (P<C0. 05). Conclusion

The recombinant plasmid GFP-momp is constructed and ex-

pressed successfully in the NIH3T3 cells. DNA vaccine and DNA protein vaccine induced by Legionella pneumophila bacteria mom p

gene have immunogenicity which can generate cellular and humoral immune responses.
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T 3 11 I 240 A 30 sl A 0 A Vs T AR 0 R 4R L DR E A
A AR A . B AT C A0 4 TR L S A B (Lp) 1 A
BRI B R T R A DX AR AT i 4% R B 1 R i 48 1 R B
JETA . A TR BRI A RO R T R
TF 5% w28 2801 928 1 8 1A B I B I R 119938 Y05 5K . AS BF 5 R
Y R E BT IR AT L AT e R B R AN O
(MOMP) 72 5 PF 323K A AR X 43 7 Bt o 30 X 10° R AR 1
BA R mE . AW & 5 4 BURL GFP-mom p fE
9 DNA S #0F /N BLHEAT 5 - O 4 £ 0% 5 20 UKL pET-mom p
PR EAE T MOMP 5y 8 %5 . WS 1% 5 Y fo
Y€ D 5 AV T TR B AT Y B kA L BLARGE I T .
1 MBE5FE
L1 RERRRBUR. Lp 1 BG4k i DO )1 R A% B T 04 5
H 2 MOMP 3 H i E BTt . EcoR T I Hind Il BR 1 ¥
WIHEEN B fermentas 23 7] s DNA $2 I % #4610 & 18 T A6 5t
KM\ s BOR$2 U R & W A Omega A W, K5 3) 9
BALB/c #fitE/NRL .6 ~8 Ji #% . SPF £, A Bi 2y 18 g, g AL
Y ) AR SE I S A BRA L S A AR IE S - 0239997,
1.2 ik
1.2.1 Lp K4 DNA (28 =% DNA 2 Bl 7 & 4
BRI .
1.2.2 Lp momp ) PCR ¥ Mg Pub Med {3 ik
{1 momp FEHJFH . Be it IE4 314 - 43 BIHE 5" 350 1 EcoR T
A Hind Il N Y)W 4. B 5'-ATA ATA TAG GAA TTC
GGT ACG ATG GGT CCA GTA TG-3" , Fiif 5'-CCC AAG
CTT TTA GAC ATT GCC AAC ATA TTT TAA GC-3',
PCR 4" #§1& & B 41 DNA 1 pL, BT #ESI 94 1 pl, Taq
mix 25 pL, JG RNA Ak 22 pL. § 8% F.95 C HiA k5
min; 95 ‘C 284k 30 s; 48 “CiB k 45 s; 72 “C#Eff 1. 5 min; 30
ANPER; 72 C BFEEAR 7 min,
1.2.3 IR pEGFP-CI
$ TR pEGFP-C1,
1.2.4 momp EH R MM E  FH EcoR I A1 Hind [l X} ¥ 1%
1) momp HeH FEMA pEGFP-C1 #47 W) . 7E 16 °C F # AT
B AT RIS B UM %A T RIRE R
LB [ 877 3,37 CHi % 12 h,
1.2.5 MHMEACEMRLE.LEE BRENEEEMT A
RIRE R A LB 5 35 Wb, 35 R JF R OsOkL. A Hind [T A
EcoR | #4780 BURE U] %6 58 . LA G U0 % 5@ P % 1% 8 40 B okL oy

2 I8 TR 4R B ) & # A 20 3R

vaccine

R 41 J5 HL KOS
1.2.6 FEAFRF I E  HCSE B Y B 4 00 1A A4 . %
A T AR ROR A R BT
1.2.7 %4y WY@ E# RS EH GFP-momp % ik pEG-
FP-C1 1 5 AT 3 1 1 4 320500 &5 1 W] 1 4R UG 9 735 R ik
FHREYL . (R ARI AL T X B8 19 NTH3TS 40 i &b T 24 FL 40 i 35
FEMLAFFLLY 1X10° A, 15 % 45 40 o 35 AR IS 1 BR 80 %0 it T F
e, IR0 iEH NIH3T3 4114 . = Bkl PEGFP-C1 4
H GFP-momp 4 .
1.2.8 EHFRAAEAM PRI LKL Y 48 h FH] 300
pg/mL i G418 #4701 . I F 72 h J5 K ill GFP-momp #£ 4l
it v (9 1% B 2R 35
1.2.9 iy W BALB/c MM/ EL 60 2, P14y 4
40, /) PBS 40 (A 41) . % fihr pEGFP-C1 41 (B 41) .DNA %
HCHD BEABE N4 (D 4D . R LA 750k 30 47 4 0
Fro 55 1M A 418 /NS PBS 50 pL. B 414 HE 528 R
#i pEGFP-C1 50 pg, C 21 7 5 5 241 i ki GEP-momp 50 pg.D
2H R B R GFP-momp 50 pg; 85 14 K45 20 A 6] 1 &2 18
JngesE—w ;58 21 K ACBLC 41 FHAH A /I 38 i fe e 1, D
MG 10 pg gk MOMP [T,
1.2.10 [ $#z ELISA K i i e St du il Wi 5 56
14.21.28 REH 4 5 H/NR, IRHR M, Lh2hi1k JF MOMP
FE BB . 05 MLV P4 AR 5 M e 4 KO L O 9 4
X HRFL . 5 PR IR FLSF ¥ OD fi /B 3¢ IR FLSF ¥ OD { Kk
T2 1 D00 Sy PR B O 1 N D I R e s A R R
RBUAE B
12,11 R4t i fe i b JF I s JE 56 14.21.28 R, 4
A3 A5 FUNER S T8 B A% R T TRCHE FROBE L R A R R . A
Mg MR T 95 % A B A
1,212 KG9k B0 200 SO 396 40 3% M (MUTS ) 9 22 6 b 12 4 i
W2 1X10°/mL,100 pL/fLANE] 96 fLAR, 23 41 i ConA (4
Wl 5 pg/mL) IR B AL CR I ConA) . 4 H/NR 3 A&
FL7E 37 °C 5% CO, WAEThREFR 72 h, WRHX 20 pL Y CellTi-
ter 96® Aqueous IXFN F| & A 100 pl 8RB AN H 1374 h,
Mtk OD {8, 1155 0 s B (SD FE bk & 41 Mo 38 58 72 8 14 45
o SI=id 3L OD {8 /xF B£L OD fH i) ¥{H
1.2.13  A0fad5tk T kB 400 (CCTL) A 45 36 PG I (LDH 3%
VLE 20 GEP-momp %% Y& 4 (% FH 1 40 M A Dy k6 W CTL 2% 4
HTERYHE AN E . PBS 4l .25 ki 4l . 5§ 4 GFP-momp 4 . GFP-
mom p/ MOMP Z 1 20 /)™ BRI bk B 440 JE VR A 28007 4 B . 97 4 30
N 240 JIE 5 S A ) 2 R R L Dy 10 5 1, I B0 A i L HE A
J et B AL K a5 okt BRAL L B3 3 A AT L. TR B R 40
LDH F R B L 48 40 g + 100 L RPMI1640; 48 41 ffiy LDH
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S RBERCAL BRI 490 pL RPMI1640+10 pL 7 i 5
OB AH A LDH [ 4R B ik fL . 100 nLRPMI1640 [ %5 17 2 Jfd .
37 CWE 4 he IMAARLKHY) 50 pL . #EHWFE 30 min, Jil 50
pL 2R R 490 nm MBS OD {H .

1.3 it A8 R SPSSI8. 0 8RR #E4T G it 43 7, 3 &
PRl T s TR A AR 22 7 ECR B R 5 22 040, D
P<0.05 F2FH G35 L.

2 4 S

2.1 HHAAK GFP-momp ) PCR ¥ 45K M5 E4
GFP-momp #4791 . 13 5125 800 bp K/NHIF=# (B D,

1 M 2

2 000

1 000
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500
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100

¥ :M 2y DL2000 marker;1 2 PCR 42 Sy 4% B,
B 1 GFP-momp BEER PCR ¥ 1 7=4

2.2 GFP-momp WEGVI%E  F Hind Il X} AL 5 5 D) , 15 2]
5500 bp ZE 45 B 7= ; Hl BamH T A1 Hind I #E47 %) . 6] —
vkiE H B 4 700 bp 1 800 bp WiF F= W), If 5 pEGFP-C1 25 Jii
B momp FeF B AH—E(E 2),

ML 1 2 3 4 M2
bp
10000
7000
5000
4000
3000

2000

bp

2000
1000 1000
750
500

250
100

I :M1 2y 1kb marker; 1 2 Hind [l # %Y GFP-momp f=4);2
Hind [l #1 EcoR I XA Y] GFP-momp 74 ;3 24 Hind [l HL Y] pEGFP-
C1 =4 ;4 Jy PCR =4 ; M2 Jy DL2000 marker,

B 2 BABRN GFP-momp WG &E R

2.3 FOUWMBE T MELER TEIOCR BT KW E AR
ki GEP-momp ¥ Gt () NIH3T3 M 3 rb A7 S0 10 4% (0 50 L [
— PL BT R AT UL B 0 40 R 2, UE S8 T 41 SR GEP-momp §
gty o [F s Bk pEGFP-C1 e Yy 1 40 it R 1E 5 20 fif %o BR
ZH IR WL (0 (] 3D,
2.4 NEURASTECRE RSO BRI ILER 1. JT IR SR
Je 55 14.21.28 K/ BRI SR I 43 5 1M 37 5 >R A ELISA JU %€ 1
TR SRR OK T, RIS R BR . A 41 B 41 R

ZRIGHHE X (P>0.05) . H A B LA NG 2570
G FREX(P>0.05, CHMDAMERTF BA. 254
%1+M%X<P<o 05); D A It C Bk KF-&, 22 74511
B (P<C0.05), H C 4 M D 44 P4 H7 7 o Bl 6 5% B[]
Lk UK B ﬂ%lﬁzi"k 25 A gLt B L (P<<0.05),

IS '/

H:a ﬁﬁfﬂ}ﬁf GFP-mom p ¥ ¢

s (1) NH3T3 4 ifd (1) 2 35 (¢ 6D 5
b A4 JE K GEP-momp %3y NH3T3 4 i L35 GF6) s¢ S R

KL pEGFP-C1 ¥ 4L i) NH3T3 4 (456 5d S % Bk pEGFP-C1 % 4t
B9 NH3T3 4 s (56D 5 e Sy 1E 7 40 M 4T BRAH (5 00) 5 1 2 TE 3 20 g X B
HGEE .
3 KRB NEARP GFP-momp TE
NIH3T3 40 Bl i By 3R 3%

*1 LHEFREREEE 14.21.28 RINRISEERE

WERNER (TEs,n=3)
21 5 %14 K %21 R %28 K
A4 0.32%+0.01 0.36+0.03 0.42%0. 04
B 0.44+0.04 0.48+0.02 0.524+0.02
c4l 1.23£0.12" 1.5340. 20" 1.82£0.10"
D 4 1.52+0.05* 7 1.9740.06*# 2.13+0.02*#

.5 BA4LHE, * P<<0.05; 5 C 4l bk, # P<<0.05.

2.5 FH MTS y& G 0 bk & 40 i 3 58 05 1 ST W% 2. FFIR
GREIR A 14.21.28 KRBIASR M 45 R 8%, A 4180 B 419 & 41
Jo 38 58 75 pE ST Hed, 22 R RS 8 L (P>0.05), H A.B
PN GG 22 R MG E L (P>0.05), CHHMD
I T B, ZRA G E L (P<0.05); DA C HiF
PEE LR G X (P<<0.05), H C 41/ D 44 M40t
B, Bl G e B AT A G, 3 B 0 1 STEPEZ 3 K. 2 5 A 4t
2 Y (P<C0.05),
*2 A AFBRBIEE 14.21.28 RANVRME A
WHEE S (s, n=3)

2153 514 K %21 K 28 K
A 1.49+0.01 1.52+0.01 1.54+0.01
B4 1.5240.01 1.5640.05 1.55%+0.07
Cc4 1.87+0.01" 1.75+0. 03" 2.0340.01"
D 4 2.14+0.04" % 2.4640.027 # 2.6740.08" %

W5 B4lk#. * P<<0.05; 5 C 4l h4e, # P<<0.05,

2.6 CTLARGEMERI W3 3. JFIR G55 14.21.28
Kol CTL A0 P AT S5 R 2R . A A0 B AL LS 25



o 1452 EFRIESRE 201646 1% 37 4% 114 Int ] Lab Med.June 2016,Vol. 37.No. 11

TG it L (P>0.05), H A B WA NG 2% S B TSR
IF#E X (P>0.05, CHARMDUHRGTEME KT BAH . EZRE
Giil2 8 L (P<0.05) ;D4 CHRGIE MR, ZRA5%IT
22 Y (P<C0.05), H C 41 H1 D 441 M 5 #7 7R » Bl e 928 B[]
WA A G MR BE 2 3 K, 25 A e L (P<<0. 05).,
x£3 LAFBEBIESE 14.21.28 R/AE CTL
FHEE(TLEs,n=3,%)

gl 14 R 21K %28 K
A4l 5.2340.02 5.52£0.05 6.05%0. 06
B4 6.4530. 04 6.784-0. 04 7.15340. 06
(OF i 67.5820.03" 69.74=£0. 04~ 73.91£0.03"
D% 71.12£0.05" % 75.32£0.04" 7 79.51£0.03" %

W5 B4lE, © P<<0.05;5 C 41 %, # P<<0. 05,

3 4t B

P A SRR I (OMPY FE M i EBom L fE R EZAEH .,
PR Sy AN ASOT SR SR YR e 82 o, ] 0 R ML B, R T RAF
1 G 8 S o I ZE P RE P DNA R PR R AR 3 AR
RO TIER AT T 2 K, H DNA &8 HH K 5 38, ff
P24 ARAE 25 T B A0 R, 3T LA JHE Al 82 7 o o o S 28 58028,
H 26 [ 2 & B A IR HEE HIV SR R T e s %
ZFh DNA B 1 A G R . MR IE 1 51 & I g 1y 2
AR B 55 JUILAE R S B AR A 2 DL 51 2 8 1) B 32 AR 4
RORTT I LA 9T e BT 22 B T A TR 9 1 SR IO 0 O 9
Forh ) —Fho B SEAT R AG e, 50 53 — Fh B 2 A OR [R 2E AY 1Y
P2 P FEAT IR S g B Prime-Boost 4y 5 I 1 5 23 77 Az L 5
— 5 B G g N L R DI R BB AR T SR Y 4 IR G 5
L A S N N G R A Y A L BT P L T R T AR
i L I S5 o AS OF 58 BT A R 1) EE A KL GEP-momp AE
DNA % it S F 2 ikl pET-momp £k M HE AMERE AN,
X /0N BRAIEAT G928 o G N0 L A% P 40 L G 8 A TR e 94 1) A OGP
Fr o G5 R 25 53 W 3 W1 (o R AS [ A G 88 SR MG o ™ A 1) A 93 o 25
AR EA AN . C.DWABIATHEKEHRET A BW
41, U] C.D W20 35 8 )™ A AT I % 53 PR AR (8 D 2 4t iAok
FHRHEST CH. XA ERNA DAY CAMWLR#TT —
WA 5355 C.D PR TE 3 24 W I T A4 K- B 00 R H
A 2 5 2 AR B b AT 38 o MR s 23 3 00 L 53X 55 Ferraz 4577
FRAR A5 R — 2. SR . 20 M G g5 N 28 T T R A5 R A IR [
C.D WA A0 e Be kP m T ABHA, B C.D P 1 fk
PR AT B A M S s s R S C AL AH LA, D2 48 if 5 K-
W T C AL o H R R AT R R oy 3 R T A F i A
BETT VR T B — 1 DNA 4 . J5 % i Prime-Boost 535 5
W s HL CD T2 ZH P ) — B ) 0 19 250308 7K 1 Al 56 e 3 1 (1] 384
AN 3R . DL E 45 SR 5 Prime-Boost 5 W 1) 3 A< | B AR
£, H 5 Ferraz %1 R ARG AT 1 Apa (R & T8 &R Tl &
B2 40 ) W Hsp 65 F1 Hsp 70 7 DNA % 3 ¥ K S L R A mi
TIN5 1 WS G /N B Belyakov 285 I DNA B 1 #) IR 625
T MVA 5 T3 058 G 528 BIF 5800 IR e 328 -0 5 o 38 5 i 45 R —
Bl WA RIS FE DNA BE W R (8 i A e Xt HIV
(OB F1 gp120 R VR0 %0 9% (9 52 I HhoiE 52 DNA IR (9% i 3t

[Fi) S 38 A ) 4 151 SCWER B 5 S M PL IR RO B K -, J3 4,
il — SE B 5% /N 41 25 R B B R Prime-Boost 3 % 7] L4 BH @ $2 5
PE ARG ROCRT Y Lp V8 Ry — Pl i Py 27 26 3, OB e LIk
S5 7 A B R A TR R A B A B 45 R 7R Prime-Boost ¢
W i ™ A AT 1 44 I S 9% I A BT I P B 1 TR

ARHF5E 55 W L LL Prime-Boost % 5 1% 4 4K 3 1) DNA
PE TR UR B3 o B 1958 1 00 e 08 1) 7 4 Lp R J5 1 BT 4K
TKOFAG BT 4R R %o ok 2 200 39 78 3 PR R CTL % 495 1 1k s W)
iy =

R s mom p K R % 1) DNA S 8100/ BRUA fes Jm k-
Lp A &0 i i O s 32 406 T BS80S i F (A .
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