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Evaluation of Protective Effect on Flea Allergy Dermatitis in Cats
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Abstract; This study evaluated the protective effect of immunoprophylaxis on flea allergy dermatitis in cats by co
—immunization TFSA1 and pVAX -FSA1. The prokaryotic expression plasmids pET28a—-FSA1 and eukaryotic
expression plasmids pVAX1 -FSA1 were constructed, respectively. PET28a—~FSA1 was transformed into E. coli
BL21 (DE3) competent cells to induce expression and purification of FSA1 to obtain rFSA1. More than 12 months
old cats were immunized with rFSA1+pVAX-FSA1, and received a second immunization after 2 weeks. After
immunized, cats were challenged by fleas and sum of cat dermatitis scores were accounted for four times. The
results showed that the co—immunization group dermatitis scores were very significantly lower than FAD control
group at 4th flea challenge. It indicated that co—immunization of rFSA1+pVAX-FSA1 could inhibit the symptoms of
FAD, and had a significant protective effect to FAD. It could be used as a good way of anti—flea allergic diseases.

Key words: co—immunization; flea allergy dermatitis; flea salivary antigen 1

EEE T B 5, WL A, NI Ge il i se
BIES . K}Eﬁmgo E-mail ; chensa727@ 126.com



"2 2 2k 2018 4F 3 H 4 52 %45 3 1)

Chinese Journal of Veterinary Drug

TR SRR, R T iRk, LA i
R R R I ™ G RS ke ek
R (Flea allergy dermatitis, FAD) J& Hi Bk 25 1T W Wt
LA 5 E S K & R Z R DL R AR 2 B0 —
YRGS (L SO B s BRI, XA 1 3 1 B
5 ST B e R R (R B R AR

ATV R 28 T s 5 | 7 R s B B R 1) B
WBHBA 2R, BRI, Y AT
SR, AR JE R 25 IR TRIER R 25 W 55 XHE
IRIT, BREHUR — 5 T AL, (R X Pl o7 A2 7EYT
B2E R I RIVE RSl i B Y k5 1=
PRI ASBERH 1E Bk S bk i R R R AR

S e g 0Tk 2y Wl i B A o

Ji, B8 5 B Sl ke A N DR A TS 32 Y Sl F R
22 i gk SR ATLAAR 23 R A9 A I3 1 R T
N TITYBE A b B e R ) i R B A2 o e i
SRR P RE S B B TR A A5 L 2 T S0
W, R AT e AT,

WFoE 3 Wi v B 1 & 26 5 Thl ) Th2 5
B, Th2 b FHsafiA 5 o 354 T i el L)
AT AN B T P45 SR Th Th2 fSEA %t 1k
H B e g & A BRE M 8 0 55 B d AR
R g oFSAT S 22 G AR D L 1 R T
DIVE S —BEA MR 5P T 40 (iduced Treg,
iTreg) , REAL PR 3 BRI FAD HOREAR™ . BF5EIT
W T ILGRREXTAE FAD WY TP PR RR, B 7 T
e i J2 75 REAS AT AL T Bl 3 B 5075
1 #R5FEE
L1 Mgk & 45 HAERKT 124 H KR
2 kg MR — fb Pl A ) 1 Ao T 2% R S 56 Bl o
BT AR E e s T A PO B AL
1.2 A 5 0#E  pET28a 2 iA, pVAXT kI [
kR AEYRHE (D) A IRAF] L E.coli DH5a, E. coli
BL21(DE3) J&3Z 25 40 i ) F AR AE AL R (B 5)
F IR w), BRI N YIS EcoR T .\ Xho I . Xba I,
DNA % 4%, DL2000 DNA Marker, DL15000 DNA
Marker & [543 3 s bn o, b i 32 100 0 45 34
W 5 A TR (K% ) A R F BCA B H ik

I R G A RS R A BR A F 5 g A
SR ) B b TR AR W B R A BR A D Ni -
NTA A 2T EORNE B A6 50 R iR A R
/) ; Biosafer150—96 i 75 I 4t Al il #4402 %
(HE)ARATA NanoDr0p® Lite 284N GG BT
W 7 b == R TR A PR | 5 18 B W F AR
SRR () AR ) 5 2R I B
A IR ] e 50 Bk [ 7= A pr 4l

1.3 FSA1 £HE 539wkt &k FSAL B Y
S LA T AN TRARAFA G, 318
Genbank 541 & & i FSA1 JEH 751 (&5 H
AF102502) , BEit¥ 48 FSA1 JEH 514 P1 P2 I
P3, #% R F 4 i F P1: 5 - CGGGAATTCATG-
GAAGATATTTGG-3"; P2: 5"~ CGGCTCGAGTTATT-
TATTTTTTGG - 3 “; P3: 5~ = GCCTCTAGATTATT-
TATTTTTTGG-3", P1 J L5 ¥ A EcoR 1 i
PIGiai, P2 . P3 R UEG 1443 34 A Xho 1 Xba |
P AL

1.4 FSA1 HH# 7%

4.1 RAEFEZFEGMERLSELT UNTAEK
() FSAT KA ik, L P1.P2 95149, PCR 971
B B, mabE 2 A% R IR #UA pET28a, I f% 4k E.
coli BL21(DE3) [z 54, ¥k 45 T LB RARPT Ik
SEAR, PRHCRA A 7S EcoR 1T Xho T W) I > %
E % 8 I 9 JR A 2% 5K UK A 44 pET28a -
FSA1, EA A4 BL-FSAL,

142 AMFk ReegmErkze LIPLP3 N
1%, PCR 4" 34 B[R | B, s &8 A% R Gk 2K
pVAX1, 3544k E. coli DHSa JRZZS UM, ¥ A T
LB RABHUIEF-AR , PR 7%, EcoR 1 Xba [ XUfif
P02 5, K %8 5 TE A A SR 4L T i 44 0 DH -
FSAL, %5E I pVAX1-FSA1 2 JR S A% Y
R G U 4 BHK 400,72 h S U4, 42
U4 & RNA, RT-PCR % 52 pVAXI-FSAl £ K
&) LB ST

1.5 sl

1.5.1 1FSAl BaH &5 MEMHHE BL-
FSAL 27 T & A RIF & R W LB W 15 5%,
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0D600 fHILF] 0.6~0.8 B} WG 70 4 41, Hrp 3
0435 2L 0.1 mmol/L, 0.5 mmol/L, 1.0 mmol/L
IPTG WS, 55 —HAE FAE XTI, FH SDS-
PAGE #43#T 4 h e EMAREHRILE, WEIAESE
IR TRAR , UK S5 08 T HEAT 75 B, LA 10000
r/min B O MK 15 min, B E 3 & A DTE AT
SDS-PAGE 4347 .

WA A, 1 8 mol/ L IRk 3 43 1 7 it £, T
T B OB T, 0t Ni-NTA 5% FZ AR 4> 55
HArEH , Y (8 mol/L X .300 mmol/L KCI1.50
mmol/L, KH2P04 500 mmol/L BKmk pH8.0) ¥k /i H
fRIEE A FSAL, M 0.5 mol/L K& MRLL 1 : 20
(Vo V) B v, & @i E i 36 h, &
12 h B4 — UGBTI (PBS) o A Tl 758 25 Bk A
FEE B 10% M8 X-114 #% 1 : 4 (KIS oF-
SA1/PBS IR %), VK 10 min, R )5 37 C K 15
min, 10000 r/min 5.0 15 min, W FJEW, HE LU
EAPIR 3 YR e R R £ P B A A 9 v N B
ORI BCA FE e B s ) i B A R
FIVEE)S , =70 CI-A7,
1.5.2 Adkik ¥ pVAXI-FSAL #9414 H &
4T DH-FSA1 =0 T&A RISE R LB W h,37
Cid A%, 4 B Sk Bk 5 241 4 BB pVAXT

~FSA1, EBRBURLA N B R TR N 35 3R &
FHEAM ORI E Ve B, T =70 CLRAE

1.6 R AFM 45 HIBENL Y N 5 4, et
PZE2H 45 H AR 500 pg tFSAT 8 F1+500mg pVAX] -
FSAT JFhr , A% B2 A i 500 pg rFSAT 2R
F+500 wg pVAXI %5 44 85 0 R4 B X e
500 g BSA E1+500 pg pVAX1-FSAT ks, T
LRSS, —f)a 14 d FFHREOk %, A Hlh A
100 Bk BRI A I I 14 25 ) |, R Bk
& 48 h 5, AR VA B (A RO 6 E HUE ) BR
&L ERR 12 d JRIFGA N e, Bk g (4
FoBkE S FAD J R0V e ik B i s MH, A Y
FBOF AR SN RYE4r43H) . FAD X fE 41
AGPE R FHAH [R] 1) 25 B8 10 0 4 3k a0 4] L B 2%
2}y, 28 PN B RN G e AN Tk o5, (R 2 M) PR
e AR BIPERT B fR Rl B BE N D 2R B R
FEARFT 43, VRN FL a2 XA FAD LRI CR . A&
YRS 50 A Bk SR 0 BR 2 B B S, T A A A
TERRE R EK 90 cm %% 63 cm 7 82 em, & H
FTEV O HEM Y | 257 1 (K R R, LA (L &7
W IREE A5 FOGT R 6 I BE T R 5 T
A RRAT . RS S DL IR 1,

x1 WLRRESE

Tab 1 Dividing cats into five groups

Rl Kokt GeE I G ik W
Groups Amounts Immune supplies Immune procedures Challenge fleas Dermatitis scores
et yiss 10 FSA1+pVAX1-FSA1 - N o ,

Rl : P L2 WS, B — 54 14 KRBk PR

EAES O 10 tFSA1+pVAX1 164 14 d, BFREFRIBT 45 0o 100 BB B i&;ﬁgfﬁfi
des A2 S F _ [ -4 9 0 R B
A AR 10 BSA+pVAX1-FSA1 HLATIERS 500 g Bl 48 bR FIREE R, AR
14 d —%, % 4 %
FAD X 4] 10 - -
23 AN IR ZH 5 - - [ o ] W A4 A [ B 9 V-5
“T AR AR

" =" on behalf of not operating

FAD IR 2 ALHE % S50 B, A B
BPEI N 0 5028 3 7300 73— SR RER ;1 0= K
TR BEER I 2 7 - AR BE Y R 53 7~ RO R
JEEL, AT BT ARIE (2 1~3 N1 4,4~

6 Mt 2 43,7 ARV B3t 3 0 B T ARUR T 4R
Flem” H/hF4em® 3114, KTFHETF 4 em® H
INF 9 em® it 2 50, RFEET 9 em® 1 3 505 4570
LA 48,2402 48,3 AN Lk B33 4. A3
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ASEBAL AR IR T ZEAFOEE « (1) TUE &R, WL T2 2
P DX I8 5 (2) M R DA 38 %) B s 28] e Jii — AR
T X (3) Bkt = AR X, sh T A 4%
Ji B MR B ZH R — A~ = A X

ST B R 43 b e S AR A SCHk ™ ik T ik ik
— AR R I R A e A BT T (R
Al FAD KIRFEE
2 &% B
2.1 FSAl EEMmBREEELER FSAl HHY
JFAZFRIR AR pET28a i £2 )5 # & pET28a-FSAL,
JERiZE EcoR T +Xho T MUY 0] 7 A 5400 bp £ 47
28 B S Fl— 2% 480 bp MU H S (18 1)
FSA1 5 [ 5 U 3 3k 80k pVAXT % 1
pVAX1- FSAL, FikiZs EcoR | +Xba 1 AU ) 7] 7
A2 3000 bp e AT B 25 B AA 2571 Fl— 2% 480 bp B9 H
BZH (K 2) . pET28a—-FSA1 5 pVAX1-FSA1 il
JPYE A R S WA, B pVAXT - FSA1 % 4L
BHK 4iifit, % RT-PCR 320 52 5 41 Jki 7F BHK
YN R Ak, 25 LR A E A TR pVAXT-FSAL §%
Y RETE BHK A fese 2k (1 3) .

M11 2 M2
15000 bp
7500 bp
5000 bp
2500 bp 2000 bp
1000 bp 1928 Eg
500 bp
250 bp 230 bp

100 bp

M1: DL15000 bp DNA Marker;M2. DL.2000 bp DNA Marker;
1 FA TR pET28a-FAS1 ;2. AR EcoR 1 +Xho I XUEHI =4
M1: DL15000bp DNA Marker; M2: DL2000bp DNA Marker;

1: recombinant plasmid pET28a~FSA1; 2: The product from
recombinant plasmid pET28a-FSA1 digested with EcoR I +Xho |
B 1 EARIEFRH pET28a-FSA1 HWEIEE
Fig 1 Double restriction enzyme digestion analysis

of the recombinant plasmid pVAX1-FSA1

M1 1 2 M2
15000 bp
7500 bp N

5000 bp
2500 bp

2000 bp

1000 bp 1000 bp

750 bp

500 bp

250 bp 250 bp

100 bp

M1: DL15000 bp DNA Marker; M2: DL2000 bp DNA Marker;
1 A TR, pVAX1-FAST;2. B4 ki EcoR 1 +Xba I XUEHTI ™4
M1: DL15000bp DNA Marker; M2: DL2000bp DNA Marker;

1: recombinant plasmid pVAX1-FSA1; 2 The product from
recombinant plasmid pET28a-FSA1 digested with EcoR I +Xba I
B2 FEHEFRERM pVAXI-FAS1 HINEETIETE
Fig 2 Double restriction enzyme digestion analysis

of recombinant plasmid pVAX1-FSA1

2000 bp

1000 bp
750 bp

500 bp

250 bp

100 bp

M: DL2000 DNA Marker;1: ¥ 4% /f) BHK Ziffl 1 3R3k 1Y FSA1 I
2 ARG BHK 4l i
M: DL2000 DNA Marker; 1: Transfected BHK cells express
the FSA1 gene;2; untransfected BHK cells
E 3 FSA1l EEHR RT-PCR ¥£7E
Fig 3 Identification of FSA1 gene by RT-PCR

2.2 FEhk v &

22,1 & a#% HEANW BL-FSAl £ IPTG i
J5 F SDS - PAGE I, 45 2R R W 7 37 «C.
0.1 mmol/L IPTG W& T i3 4 h ile KRk E
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HEEH rFSAL, B R A IPTG JE A3 H 1Y
EHNFRIEE (K 4),

1 M 2 3 4 5

116.0 kDa

66.2 kDa

450 kDa
350 kDa |

250 kDa

184 kDa
144 kDa

M : A TRG Y 3 1 BT 53 A
1:pET28a K% IPTG 52 pET28a~FSA1 K £ IPTG 5
3:pET28a-FSA1 £ 0.1 mmol/L IPTG %S ;4. pET28a-FSA1 £
0.5 mmol/L IPTG i% 5 ;5 pET28a-FSA1 £ 1.0 mmol/L IPTG ¥ 5
M: Unstained protein molecular weight Marker; 1. pET28a without
induction with IPTG; 2. pET28a~FSA1 without induction with IPTG;
3. pET28a—-FSAl induction with IPTG at 0.1 mmol/L;
4. pET28a-FSA1 induction with IPTG at 0.5 mmol/L;
5: pET28a-FSAl induction with IPTG at 1.0 mmol/L
B4 FSAl EEF SR IPTG REMMKL
Fig 4 Determination of induction IPTG concerntration

for FSA1 gene

101

B #5343/ Dermatitis Scores

WA 2 At T 0 I Y T SRR TE 43 B R AT
SDS-PAGE , Al ¥ M43 M & W 1FSA1 F 2 I IR 4
WA ; A E A woE S b LR e R
J& R R I N 3 R & i< 1.25 EU/mL; 40
VIR BCA B 1 00 5 3 0) 6 D0 s v o
0.5 mg/mL,

2.2.2 Fadl g R BRSO o B R
Rom POl AN TR G, SRR TR A
H<1.25 EU/mL, ORI 2858 A0 e e B vl
WHEHR 1.5 mg/mL,

23 HRIFLLER STSUAMPRBBEEE 3
REHEHAT FAD SERAT 53, 118 92 R | 4590
SR R AT B A5 A Tk 2 B £ Al
WAL B 450, B S5 I R AT, 1 T ™ 1Y
I B 48, FAD XFRRZL (5.5 23) 1645 4 Ik
FIG R BB, © 5 8RR R4 (5.7
57 FIEE AR IR (5.3 43) 1940450, e 4156
4 Wk 5 B RIS 1.9 43, 5 FAD YRR
AR R 4 0 B 1 X R 4 A EE A3 (i B ) (R
5), VA LZ5 SR BXF HR 4 rFSAT+pVAXIT Fll BSA+
pVAXI-FSAT X FAD ¥ AT 52 M 52 M #5718, 1
HApE tFSAT+pVAXT -FSA1 AE & Z 4 I FAD,
PR AT AR TG A FAD B e i . K 6 i
FAD 9 B SLIURE LR |

mm E4%¥%E4  Co-immunization Group
e i kix 4 Plasmid Group

Em E 534 Protein Group

BB FADXI 41 FAD Group

B A Native Group

O Pa P@A>  OaPdaMBPA®>  SMPNOPA® S PRDPA®  Ouhbad DPA>
%1d

5 BELWHMEXDES
Fig 5 The total dermatology scores of five groups
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F$% papules

R =E alopecia

#5900 crusts

6 i FAD B2 EUGER
Fig 6 Typical symptoms of FAD in cats

3 i3t i

PHTPE T 4 MR — 28 H A R Y A S g At
DIRER T A0SR, 89 1 T 4 A7 2 Fh e sz )
AL, JH e T ) — o 2 3 43 0 2 L PR
FEWEA . BFSE N Bk B3 A % vl DL AL A
PR —BE CD4+CD25-Foxp3+Treg, X #F iTreg H A
XPRE SR PR Y 52 M, 431 IL-10 AT TGF-B 4%
RPN N T, PO 2 T 40ie Y S EE IR
A FAD 1) S 56 rp ot — 25 0F B T e g8 vl LA S5
XoF k2 B I K 1RO 2 2H 2R I DR 4 i 1Y 2R
AR T S5 33 S AL Hh ik BORE G 4t i ]
F IL-5 (953 WA U /b, 41 il 448 B PR 5 TL-10 1943
ARG A G, DT B0 T Bk A O MO KR B E
ARET L BT 4NN T AR AL, Treg 14 AT LASH 5 41
JH s A A BEL BT | 9 5 4% SR 240 L 1Y) i A B D) e
RAEIHIAVE . AH H A7 A R L g il
iTreg 15 S e il & &G Z R LR SR RIEH . fiE
UL FRATTHE N | A B 58 ) S G g TR AR 47 8 FAD
BHA FRZERI I,

FENEAG FAD & 93 1 L it , F& A7 & 20 B 4 7
R AL TS FAD, B FAD A9 %00 2 2
FETEZE S . A T VRIS 1Y & R R S % FAD
X BEZH 2 RV BRI N 4 RGYK .0 43 AR K 5
1-3 53R BRI 4-6 43 i BE R 56-9 43l ™
HARIG, FAD M HRAHATEISE 4 5ok )5 A 6 Hfh
JEE KA1 PR A 2 RO, R
A 1 HEAAEER . AT R FAD 205 & 9
T 2 S A K 5 00 % Bk 95 1 SRR R A A R 22
G, B A A o 20 e Bk 2% 0T s R R | Ak i 2 ek

P, 7= B A RE , (A P R R TR Bk
F A EH RO 2R L, Wik, ANisS
W FAD AR R AR AR ZE 71, X 5 Wilkerson M.
JAEF K FAD 19 &6 B B 77 /8 25 55 I 1 Ol 2%
U,

AR SCHE HY ) Tk 2 R B 58 VE 43 U7 B - Wilk-
erson M J £ g5 38 TR K FAD KIRRREE,
JE A S R X R T IR AR S T T RE AN S s
XA FAD VRITROR . TEABTFE Hh, Fe A1 9% fit ]
BER D B N5 S T Al FAD FEEAT e R PE4Y , i
ot DU T 5 AR V43 Rl Ik B R e {E, A L AT
PIX A RE TG A FAD FORSCR DR T B IR . T
Hul L d 7 FAD RS ORI 3G G0 % 15 9T A
FAD, e R VF 43 Il T B B T 3 3R 97 R0CR
FEFRATT A 150 vl o TS A G e PR AT A
FAD, K 2P 53 HUORBERG In , 2 38 /N T FAD X
LI Bz RT3, UEW] T G ge 8 20 2 1 rFSAL+ i
L pVAXT-FSAL X FAD HAT I8 2 1% 7 By PR 47 3%
B b THEBRIAL DNA AN (R4 A5 AR R
PG 300 00 T Re P, FRATT IS I T S g oFSAL +
pVAXI BSA+pVAX1-FSAT 5 1 o 2 4 %) 18 4
FNEE X B2, 5 R R S e A G & oFSAT +
pVAX1 BSA+pVAX1-FSA1 %4 FAD B4 £ 375L
He HAT 4 oFSAT +pVAX1 — FSAT A fE XAl
FAD B R4 1E T, AT 1200 158 12 v 1 e S
SRIM AL 20 (1.9 43) 525 FIXTHRZH (0.4 43) A
Vo DA SR 000 B2 SR . X, FRATTAE I AT e
BN SR R R W R R i B B I o N U
AR 14 d S —k, I 2 I, BIR 500 wg



25 4R35 2018 4F 3 AR 52 455 3 1

Chinese Journal of Veterinary Drug -7

BSA+500 pg pVAX1-FSA1 TR &AL 5, F—
A AT g et S U =X AR e LAIBI AR
B AR RCR

AR Sy = R T e e A i ) 9 BT ek
PP 2 4%, S UE I AR IR Y T AR
HABAETE SrRmm s, EXRIER, &2 —4
GAER BAYURR R T . Bk, S
W R T R T I WA FAD BB RE, 7N
e i B R R I & NI ET S . (E AT 4
LA A T PR3P ROCR T 2 — DY
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