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BE: Y THAAFNEERELEEA, AZBRFERAATHNFR, Rt T 2 gk
S A ANEE & (AOKLQ6 1 AOKHS9), 1L AOKHRO(OmpAIl) 4 *t B | 3 3 kb % 41 i
BEOSHPKREENEEAALTEBERER B2 EER, WRFAIFNHDL &8 #EK
NERBERPHRE BRET, EREFAREAA5LAZT AL, RAKERE
B R EREGHD & 4L F KA. BEIEFES4E Sug 78 T %% AOKHR9. AOKLQ6
Fo AOKHS89 & & 4 %) 35 15 61.60%. 65.39% Fu 84.96% 48 #t % & 1% 47 % (relative immune
protection rate, RPS), £ 5 pg 7| & T % £ 5% 47 % % # & & SWCNTs-AOKHR9. SWCNTs-
AOKLQ6 F1 SWCNTs-AOKHS9 451743 68.10%. 77.50% F190.43% # RPSs. 323417 40mg/L
% & T % % AOKHR9. AOKLQ6 #1 AOKHS9 & & 4 % 7% 12 30.80%. 25.85% #2 37.80% HY
RPSs, 7 40 mg/L & & 7| B T % % & 4h K & & & & 55 %% SWCNTs-AOKHR9. SWCNTs-
AOKLQ6 1 SWCNTs-AOKHS9 4 | 3 £ 63.60%. 73.74% F2 68.49% 4y RPSs. #F % % ¥ ,
HE TR T AR B E S EE G AOKLQ6 fr AOKHS9 % #h 4% 1F 4 1% A R # i H oy
THAEEHFEEEL, TEERPNRECEE AT IR AR ER AR EHREERT A
EITR, B—MEGTWETNREER. UEARA T ERE R B LM E T A E Y
BHE G REARMET ERKE.

REEWE: KR BEME; MEEE; RAKRY; EHEK; BEEE

FESHES: 59425 XakFRER: A

MRy, o E K R AL B 28 1K ) 5
KPR FRFE A Y 70%, H.FeE 5L B AR 136 1 Y
P R RIEE 5 R R A% 1 45 K R B
BB ™ EE P RBIK S LR (Aeromonas
hydrophila) 1§k —Fh & WL & FBUR T, BERS 1
2 ROV AE , 51 & i T i L R e
ZUR MR ERDE 250K, & SR T0,
Ah, M RN —F ML, CE
A T e e B A A A fa FR Y BT S
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PO, BAMRma e vk, WE—MaEE
HAFRE MY, FIVERZER MR EN .
IR SE A B, TEBRER IR B T B R IB g K<
B TR SRR 1 R A 3 SR BE S 0 (Danio rerio)
MR BE T, HE R Bk B R O AR AR 1 T g
R A TR B RE AR R R T, H R X S R R T Y
B 3% SR AT B B R A4 R DA R B g 1 = Oy 204 ()
BZ B BRI I, SRR RS . AR E A
e A5 A7 R0 R 2 e R 9 T R R AR R AN
AR, AN K BB T Y RRE Bl 40 K 45 (single-
walled carbon nanotube, SWCNTs) if i Tl 58 fb &
MiJa al LS s A g A, B 2R Mk
Gy B H A RS R A i . IR
FBENS, FEAEYESSEAR BT AR, I
FEIK 77 35 5 PE 1 AR B A8 B R S R A
TIPS 0 2 755 245 0 A A2 AR PN R 25 3005 4 R ]
(] B ) FH 40 2K bA Rk i 240 B R 2 3 300, Tl 4
RACHE B 2 2SI v 5 T R R S

1 MRS T

1.1 SN

OB D R (3+1) em, A& (0.3
0.1)g], WETHMTTLS TG ; BKIHLME
ATCC 7966 5 g 7K < 5 i 7 5 B Bk LP-2 i A< 52
1575 —80 °C P17 ; KIAFTFE (Escherichia coli) BL21
OE3) WA 2 REEVMHEAGRAF; JHE
FIREAR pET-32a(+) IR AF T AL T ; A A
W BERER . SALEAIE T A TAEY TR (L)
JRe o A BR 2 w5 52 55 By T BR ol v oy 1) il 5 e 4
fiti i TaKaRa 2> 7] 3244k

12 LW

SN T &S F] F UNIPROT F1 NCBI %%
Y&, Jfi8 43 Primer Premier 5.0 %4 X} #H 56 &5 4
SR AT I BT (R 1) FF XX g 3 X gk 7
PCR §"#4, 451X} PET-32a A1 44 H- BE AT ),
FrAFBg U e i kT, R E R, IR R R R
A FF R BL21 Hr, i 3% FH A SO R B R 50 0E . 4L
B 55 9% 2 ODgo N 0.4~0.6, JIIA IPTG 53
., 18 °C iK% T 6~8 h; #4200 mL %5 T F
WETE.OEFH, T 8000 r/min .0 10 min, F
B, K UTIE AT 10 mL 18 R 5 2% vh i
(PBS) ", EAE 3WK; SR WA B B A e
A 10 mL 5 mmol/L BK MRS , #8575 B #E 30 min;
BT 4°C, 10000 r/min & 0> 10 min WA % 1% )5
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M EAR EWE . SR HH 0.45 pum 8 B3 8 5 1)
FEM AR NI dr, 4°C, 10 r/min 454 6~8 h;
T5 Je AN T) o 5 Wk s A6 58 OB 8, Jr 45 2 Pl
b o T R B SR TN A T i 5 K FL Uk (SDS-
PAGE) £l 2%

*1 ERRESY

Tab.1 Primer sequences used for gene cloning

| SIFHI(5'-3") I
genes primer sequences (5'-3") restriction site
AHA_1279 F: CGCGGATCCATGAACATAAGA  BamH1
GTAAAACCTGTTT
R: ATTAAGCTTTTACTGCTCGGCC  Hind 11
GGGGCGGCGGCT
AHA_2699 F: GCAGAATTCATGAAGAAGACG  EcoR1
ATTGTTGCC
R: TAGCTCGAGTTACTGTTTAGCT  Xho1
TGCCAATCGGCC
AHA_1098 F: CCGGAATTCATGAAAAAAGTTGC EcoR 1
ACTTTCAGTTC
R: CCCAAGCTTTTAGAAGCTGTACT Hind 111
TCACACCCAGG

B REB R R KB ORI RS B & S A

3H 2 45 A TR Ak o R A I e R 9 OK A R
RET o 200 mg Fik F A M J5 19 BRRE i 498 KA (o-
SWCNTs) /il A % 100 mL 2-(N-R3 R uk) 2, 1tk iR 2%
MK (MES) H1 38 4018 41 30 ming 1 g 23— 1 JE
JHiz 5 JE B Ak — 30 i (EDC) I 1.4 g N-J 5L 38 31 R
WP K (NHS) A LR 22 v, #8575 4b 2 2 h,
SR 5 H 0.1 mol/L MES & wh il Ve ¥ 2K, Z A
7 000 r/min #5.0> 10 min WM ; HWWEHM L
WISEERE & T PBS(pH=7.4) TP /MR 4], JFHE A
AhEE2h, BT 4°CHiHE2d; LRI FEAE S
A 100 ku i# 48 iE T 3 d, ZJ53 000 t/min,
10 min, EOWERE S, RS FREIRIOKRE R
H ™, FE &2 ] Perkin Elmer /2 B {8 37 i A8 e 21
AN ETEALTEAT R . K5 1 mg 1 25 FARE AR 44
KAE R E RS 2 5 100 mg IRAL AP — & T A
oI R R S B R, SRS FTIR o6
AL 4 000 ZE 500 cm ™ Fl I ' E AR X 5 A
10T A0

L& EHNEEGIRERIE BE T 44 fifi
MLArRE 4 41, 4130 2, HEASIHCER 1 :
1V : vy leBRA, FAEEFHEE KK LAY #Ch
1k o Ao e FH A -+ IR L AR B R T
REWT (W2 AL L RE e 99 OK 45« PR & 0y it L=
1 1~1 2 3) X B 5 gF 47 3 5 s, 0 5t 43l
K12, 3 Spg; RIEI4d)E, WS EITH
UnsEGaRs, FESTRANZE 1 RAMIR], s 28 d;
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1426 KopE o R 44 3%

FIH LAFE S T B D fa bR e, HikR
B FE AL S8 A A BT KR, 2k BE 4y il R 10,
20, 30 140 mg/L PR AAEELAI 6 h 5, Hik
BEEK AR SR, SRR 28 d.

% K% % PCR(qQRT-PCR) 42 | %, /% 48 % &
A &k 3 90 3 B A Ak e BRE Iy
FI FH Trizon % #2 B RNA. B BE T f0 i B
BT MARA WO PO, A 1 mL Tri-
zon B &AL, #E 5Smin; AIA 0.2 mL 545,
Jl B0 4R ¥ I # B 2~3 min, 2~8 °C, 12 000 x g,
15 min, Z.O0WE EE®R, A 0.5 mL 5B,
#'% 10 min, 2~8°C, 12000 x g, 10 min, &>
% B BmIEIA 1mL 75% OB, JRIRAL,
2~8°C, 7500xg, 5min &0k L, F-20°C
PR A7 BE S5 09 T8 DOSE o IRt He AT S i A
KI5 238 RN (% 2).

%2 PCREBREMXEERIANSY

Tab.2 Primers used for the PCR quantification of

immune-related gene expression

FEA 3R (5'-3")
genes primer sequences (5'-3")
p-actin F:ATGGATGAGGAAATCGCTGCC
R:CTCCCTGATGTCTGGGTCGTC
Lyz F: GATTTGAGGGATTCTCCATTGG
R: CCGTAGTCCTTCCCCGTATCA
11b F: TGGACTTCGCAGCACAAAATG

R: GTTCACTTCACGCTCTTGGATG

MHC1 F: GGAGTTCACCTTGCTTATGC
R: CCCTCTGACCCATTCTTGT
MHCII F: TGACTCAACTGTCCGTGATA
R: CCATTAGCCATCTCCATAGTG
IL-8 F: GTCGCTGCATTGAAACAGAA
R: CTTAACCCATGGAGCAGAGG
IL-10 F: TCACGTCATGAACGAGATCC
R: CCTCTTGCATTTCACCATATCC
IL-15 F: ACAGAGGAAGAAGCCTACAG

R: GCGATGAAGACGAGAAAGAG

L &R EFERE FREKA R LP-2
T 37°C. 200 r/min TGk 16~18 h, K HE#:#E
SmLiE ™, ST RS ODyg=1.0, 1x
PBS i BE I W & 1x10° CFU/mL, Ik & g BE
P RBOE 0 25 7%, B R A e ST 20 pL #E 4T
WEELL, B30 E, HIT3REL.

2 4k

21 HRBETFHEIMEEENRESRIE

S 56 2 A AT T A Bk S T A O R R R
K TR A BR AR A TR B AR, 4R
e SRR ] RE A TR IR IEE o ARSI
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R4 17 B B A2 BT 4 SR, IR 2
A EEPFRSA K H 2 7 RIB M IMEE T (AOKLQ6
AOKHS9) Fll 7} f5 2 11 OmpA 11, K 3% 28 56 7 43
Bya . RIKFLifl, I TT N BE D ) e
PE SN A BER I o

A H PCR ¥ 3 5 R By ik LIRS
ML ATCC 7966 i DNA HHEAR , X b iR 40
% 1 (AOKHR9, AOKLQG6 1 AOKHS89) 3 [A i 17
PCR Y"1, S abise e ik g R o, Elp
s —HWR, KNS HWIEEMERF, £
FER Y8 By (K 1-a), 38 F R Mk 5 A FE A
¥ B EE A 5 PET-32a IR %EHE, A5 M TRE,
T o XU J5 2 B W R J P KRS I+ 2 S 4%
43 91K pET-32a(Jfi ki K/ 5900 bp), AN 4HH
PR, RS B SR/N—3 (Bl 1-b).

M2 4 5 6

bp

bp 5000

2000 2 000

1 000 1 000

750 500
500
250

(a) (b)

El 1 PCR 85 &4 Bk W ER 156 IE
(@)PCR " #4 &, (b) W E VI 4% E; MI. 2 000 bp DNA marker, M2.
5 000 bp DNA marker, 1. AHA_1098 (627 bp), 2. AHA_1279 (1 053
bp), 3. AHA 2699 (1 326 bp), 4. pET-32a-AHA 1098 (627 bp).
5. pET-32a-AHA_1279(1 053 bp), 6. pET-32a-4HA_2699 (1 326 bp)

Fig.1 PCR amplification of target genes and
results of recombinant plasmid digestion verification

(a) PCR amplification map, (b) double enzyme digestion verification;
M1. 2 000 bp DNA marker, M2. 5 000 bp DNA marker, 1. 4HA 1098
(627 bp), 2. AHA_1279 (1 053 bp), 3. AHA_2699 (1 326 bp), 4. pET-32a-
AHA_1098 (627 bp), 5. pET-32a-AHA_1279(1 053 bp), 6. pET-32a-
AHA_ 2699 (1 326 bp)

TR FFRIA AR EA
#AT IPTG 5 3 3Rik, £IAJ54 SDS-PAGE £,
ZiREW, SHNWEATEEHARTHRE, H
I _E pET-32a il & 8 K/, KB AR BAE KR
/h—3 (Bl 2-a), Z& Ni'tl:alifk By 15 5 11 28 SDS-
PAGE #:l,  H 0485 11 4571 #4100 ELAR X B —
H 0y 2% 07 B 5 X0 8 H R/ —3 (K] 2-b), 3R
W g bR b, C B4, AT R —
A5

22 BERPREFEREEAEQEZERE
FTIR &M 4E R

N T Bk A AR O R C 44 A TR LR iR

HHE K 7% 23240 sponsored by China Society of Fisheries
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w M 4 5 6

ku
116.0 116.0 | =

66.2 66.2 | W= e
45.0 45.0 | —

35.0 35.0 | —

25.0

25.0 | s—
18.4
18.4 18.4 | s

(b)

2 EHRBERFSRESHEL
(@ BHERAFESKREE, o) BARAMMLE: M & marker,
1. 4. AOKH89; 2. 5. AOKHR9: 3. 6. AOKLQ6
Fig.2 Expression and purification of
recombinants induced by IPTG

(a) recombinant protein induced expression, (b) recombinant protein
purification map; M. protein marker, 1, 4. AOKH89; 2, 5. AOKHRUY; 3, 6.
AOKLQ6

YOKAE b, 3k TR ST 2T A0 63 A 43 0l o B 4
. o-SWCNT H1 SWCNTs-5 2H 75 14 #4746 I
(1% 3). AOKHS9 & 11 LA K H: 5 w9 K45 45 5 77
Y E S UL E 3-a, Hob, AOKHS9 2 Y ke 1.
P Fie 10 R0 B8 S SR i W S04 43 314 1620, 1530
13340 cm™ Abo FESRAKE L GG, SWCNTs-
AOKHRO ) ok e T i 25 2 JH R A1 1 g g 43 )
1630 13410 cm™ &b & MW, IF HAE SWCNTs-
AOKHRO i 11 HE P (1 R A W il 2% 5 &1 3-b
FE 3-c b BA 5K 3-a tHLEI S5 F, FREH
FHE, SERGORELEGIR RN, B R
RIEFHIE A R B WA, e MERS
KREGHEAREAERKRZER, HEEGEN
Rk 5 RE Bk 40 K A5 I AR AL, R B X SE 2R
REE 3 I M 25 5 7F SWCNTs |,

40 .~ 0-SWCNTs — 0-SWCNTs — 0-SWCNTs
— AOKH89 60 F— AOKHR9 — AOKLQ6
5} 30 |- SWCNTs-AOKHS9 © — SWCNTs-AOKH89 o 60 +— SWCNTs-AOKH89
-l 1640 R g R g 20
a S a 40+ a8
Jrlﬁ":z()_ M= M = 40 | 3450
2l 7 g pra 1640
®Ei0f ®E207 S 20 | 3480
0 . 1620 11530 , 0 4 16201 530 ‘ 0 32f10 16301 g3
4000 3000 2000 1000 O 4000 3000 2000 1000 O 4000 3000 2000 1000 O
W E/em™ W /em™! W /em™!
wave numbers wave numbers wave numbers
(a) (b) (©)

3 o-SWCNTs, EHEHAM SWNCTs-EHEH RN
L 0-SWCNTs A B P % 8 T AOKHS89(a), AOKHRI(b) Fil AOKLQ6(c) ) FTIR Jt:ith, K Hxt 5 i) SWCNTs-H 41 5 14

Fig. 3 FTIR spectra of o-SWCNTs, candidate proteins, and SWCNT-encapsulated proteins
The FTIR spectra of AOKH89 (a), AOKHRO (b) and AOKLQ6 (c) respectively, as well as their SWCNTs-recombinant protein; o-SWCNTSs were used as

negative controls

23 WMO&ENREEHAEFEHMSWCNTs-E4A
EANRERN

ARSI T R B 2 A R BRI T 22 5 3Rk
A AN OB E R X 4, JFH B AR
G LY VE ) OmpA 1125 4R, 97X st
22 S MR H R TE L R IKRE T o BB
H ) 2 X B LD £ 9 B 5 A ASOR I P it
o1 20 £ R SWCNTs %% 5 41 85 (1 LA S fe 5
B e i e e B i, SR )5 F QRT-PCR 4%
ARG )% B e A P 7 Tl B 92 R OGS PR AR B S oK
AT R

e TS U, SXPRAL, K
T G e A OGS R & AR B B R 3Rk (A ik

o B 7K 77 % 22 F 4 sponsored by China Society of Fisheries

KT 2, B 4), 4350 i i s 9 9 5 pg AOKHRY
AOKHS9 I AOKLQ6, W] i JL-8 it %% 5% A0 X T~ %f
TRy BIBG M2 4.7, 111 F 718 1%, Sk &
H e L, SWCNTs 28 8 1 7 I8 0 1 4 s
HYGIN T BE 0 S SN o 9 AN B £0 A I
Jis 1 5 SWCNTs-AOKLQ6 Ji5 MHC 11 (1) 3% 35 34 fin
T 483.1 4%, i 1 5 SWCNTs-AOKHS9 Ji MHC 1
MY IR I IN T 189.31% . LA BRI, TEBRYK
BT, BAE TR R B B N
BRI KA B SR AE T, dE s R OK A S — Fh i
fi 14 DR 24 501D 24 ) A K AR

EXTREAE L, 2R R U S e R O B £
AR 22 H 95 FH G Jk PR %) 3R 3K K F- 52 Wi 508 (] 5)
SRIMTE R K R e s, BT
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Sr ggl;i 60— AokHRY
X X m SWCNTs-AOKHR9
ool mmSWONTs  Pop 45 )
% 3 <3 L
X <230
< 3L =< 30T
® oz ®Z
= =
=g EEo|
= o 2t = o
< Z < =
Z =y =
%gl %glo-
0 0
1 2 3 4 5 6 7 1 2 3 4 5 6 7
FE K] FE A
genes genes
(a) (b)
210
1 AOKHS9 410 1 AOKLQ6
H— =5 mm SWCNTs-AOKH89 H_ = mm SWCNTs-AOKLQ6
¥ g 140 % 2 240
® X -
RZ R 70l H =
'~ =~ T
m & =& 60
oy e
E E % g 40
s 8 £ 2 20
0
1 2 3 4 5 6 7
FE A
genes
(d)

4 BEREISRETRIERERE
(a) PBS. BSA Fl SWCNTSs 7 4 % % B 5 £ J5 4 926 4 9% 2 [H 1) RNA R IEKF; 5 pg AOKHRI(b). AOKHS89(c) Fl AOKLQ6(d) & F1 J b
Eff) SWCNTs-8 [ S e BE D 1 J5 S i M S 6 R 19 RNA 3% KFs 1. Lyz, 2.MHCI, 3.MHCIL, 4.IL-1f, 5.IL-8, 6.IL-10, 7.IL-15; F[d
Fig. 4 Immune response of D. rerio after intraperitoneal injection

(a) the RNA expression levels of immune-related genes in D. rerio by PBS, BSZ and SWCNTSs; (b) the RNA expression levels of immune-related genes
in D. rerio after injection with 5 pg candidate protein AOKHR9(b), AOKH89(c) and AOKLQ6(d), and 5 pg SWCNTs-encapsulated candidate protein; 1.
Lyz,2. MHC1,3.MHC 11, 4. IL-1p, 5. IL-8, 6. IL-10, 7. IL-15; the same below

B 5 40 = AOKHRY9 B 500 = AOKHS9 B- 5 30 [ S AOKLQ6
X %30 == SWCNTs-AOKHR9 ¢, = == SWCNTs-AOKHS9 % 2 == SWCNTs-AOKLQ6
) a ) 400 92 0
Kz 15 ®Z WS
Rl + 2 300 bl
2 Z 730 =
= & 10 = g = E
* o < o 20} < o 10t
<.z 51 < .z < .z
2 s ZE 10+t x
20 °é S 0 £E2 0
1 2 3 4 5 6 7 1 2 3 4 5 6 7 1 2 3 4 5 6 7
genes genes genes
(a) (b) (©

5 RERERATHIERENE
40 mg/L 1) AOKHR9(a). AOKHS89(b) 1 AOKLQ6(c) £ 1 2 H % I f) SWCNTs-2E [193 1 5 2 BE 5 11 Ji5 ff 985 AH 5 HE R 1) RNA Kb K P
Fig. 5 Immune response of D. rerio after immersion immunization

(a) the RNA expression levels of immune-related genes in D. rerio after immersion immunization with 40 mg/L candidate protein AOKHRI(a),
AOKHS89(b) and AOKLQ6(c), and 40 mg/L SWCNTs-candidate protein

BE 0 1) a8 N o 9] A e = 3 S %8 SWCNTs- f 2f SWCNTs-AOKHS9 J&5 W 34 /i T 460.8 15, %
AOKLQ6 J&i, IL-10 YRR T 14 £%; 7R HH B 20 K A T 3R B I RS AR IR A U T e R
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THILIAR A 9 G 8 25

24 EHEBAMSWCNTs-EHEZEARZ R
N

A S 6 v 38 RS UL B A PR P ROCR B Y
OmpA II 2 1 (AOKHRO) 1 Sy BH 1 ot BR 26 3 47 W00
gZ, Sy TE A I T S R e AR U, XAl
T2 DL K H Bk 4 oK 48 T 4R B S B Ao
I3 0 BE B4R I3 2 1 (BSA). SWCNTs ]
PEXT AR AT UL . 28 dJE, ok HU MG 7K A< BRI TR
[F] P55 BE R LP-2 AT RS 00, Mg Wige 2 4,
FERICSEAS A BIBET O, il Bt A e ih 4k
Ee6, K 7).

MRAEAFE R R KB, TSR,
AP ZE 11 OmpA 11 (AOKHR9) 7£ 1. 2. 3 Fl 5 pg
FE X BE S £4 B RPSs 430l 4 42.30% ., 48.80% .
61.60% 1 61.60%; SWCNTs-AOKHR9 7F 1. 2.
3 F1 5 pg 77 T O BE S £ 4 RPSs 4351k 42.30% .
53.90%. 56.70% Fi1 68.10%(/& 6-a), i B fifk 44 %
EREE AR TRMENER, TRUEREHE
X G BE AR PR LA, AOKHS9 Fil AOKLQ6 i
YK A B AR R A G Sk R S R 4L Y RPSs
(1 6-b, 6-c)o TEVES A R M S ug T,
5 AOKHR9(61.60%) Fl AOKLQ6(65.39%) #H It |
AOKHB89(84.96%) HA7 i fmi (AR X G e 4 % [F]
7 SWCNTs-HAHHE 11, 5 SWCNTs-AOKHR9
(68.10%) FHISWCNTs-AOKLQ6(77.50%) #Hlt, SWC-
NTs-AOKH89(90.43%) .76 fix = 1Y AH X 6 8 A4 3
Fo DL R, RS0 BTk B A I R
LA BT () S AR PR T, T A OK B AE
PE B AR BE A5 1 2 1 o A1 I B 1 R S e AR A
FH o Ud B 3 B6 2R 1 ] RAAE Ry VA I o8 1R RE T
It HoBR AR A S — PR A 25 3 3% 2 A

TER MR, Bk AOKHS9 fi ik &
P B f i 40 mg/L N HA 37.80% (1) RPSs LISk,
HoAth 2 4 19 RPSs AR T 31%. SR 1 7E LABKR 44 K
ERNBARIE , T SWCNTs-H 41 5 1 6 9% 1
HBFILH I A RPSs, HALL SWCNTs-AOKLQ6
(73.74%) 4 e f A 4% 3% 2 ¥ (%) RPSs 43 il
S SWCNTs-AOKHR9(63.60%) F1SWCNTs-AOKH89
(68.49%), XELHER R, FERMW AT,
RS VE N R B 4 S TR RS
1 ]G KRR I A ) e B ORI YE L, R
e 40 A A8 X ¥R T R B 19 R 1 3 R A A SZ AR AR

[ 7K 2 22 2 T 6 sponsored by China Society of Fisheries

HA BAFIOBOR, &R 43S a8k 25 W 3k
3 iR

A T A U B A ) H AR IR B
TR FRAGER DT IR, AN W & B SR i 5L
B e A Koy, VR 2 R D REHE F 3R IR K P
BAR, T 25 Bl BIF 58 3 i 2200 o A S 3 Y i
WIWFFE W], AR T BRI R A 08 K R R
ATCC 7966 1 & A7 AE 20 A~ 2k L (1) S &
FI, AR X B 2 5 A DR A o 8 5 1 1 4%
HHTE AN TERE . AT XL B R & E
WHET 24 SERE T ARG AME R L, AR
AOKHS89HI AOKLQ6, Jf H. it I WL A1 I = 2 4
F OmpA I g Xf IR, 3L [F] PPl T ok 28 85 1 o 78 5
S rp R R ER . AN, BR T BA
PRAP PR 1 B 2 1 R e R LASE e P D
7 5 TR A e A RCR B ) B, 5 g 2K
PR R e T X2 —, SRR
A 045 A 7 AR XE I T Rl A e =X IR A
R R PRAE T ELE & AL ™, (H il T
Be R B B A, PR T A Al v P
FIR S 7 ¥ B A 2R R, Bri iFsE R0,
F SWCNTSsS 9 K BB g 28440 25 11 B 47 1
B, Al LIE i IR e e 1 i A B P e e h
R S DR TR I TR 40 K 4 R T AT Rl B i
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Fig. 6 Cumulative survival rates of D. rerio, vaccinated via injection after being challenged

Cumulative survival rates of D. rerio vaccinated with AOKHR9(a), AOKH89(b) and AOKLQ6(c) protein and their recombinantion with SWCNT via
injection immunization, and then challenged with A. hydrophilia LP-2 for 14 days
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Fig. 7 Cumulative survival rates of D. rerio, vaccinated via immersion after being challenged

Cumulative survival rates of D. rerio vaccinated with AOKHR9(a), AOKH89(b) and AOKLQO6(c), and their recombinantion with SWCNT via bath

immunization, and then challenged with 4. hydrophilia LP-2 for 14 days
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Development of single-walled carbon nanotubes carrying
Aeromonas hydrophila outer membrane protein subunit vaccine and
evaluation of immune effect

JIANG Qianwen *, ZHANG Lishan ’, LI Xiaoyan >, WU Yao ",
ZHAO Yiyang ’, XU Huiming ’, LIN Xiangmin "**
(1. School of Life Sciences, Fujian Agriculture and Forestry University, Fuzhou 350002, China;
2. Fujian Provincial Key Laboratory of Agroecological Processing and Safety Monitoring,
Agriculture and Forestry University, Fuzhou 350002, China)

Abstract: To investigate the immune response of zebrafish to iron-related proteins and SWCNT-encapsulated pro-
teins, we overexpressed and purified two iron-related recombinant proteins (AOKLQ6 and AOKHS89) from
Aeromonas hydrophila. We then vaccinated Danio rerio with these proteins and their SWCNT-encapsulated coun-
terparts via both intraperitoneal injection and immersion immunization, and found they evoked a strong immune
response in D. rerio. When challenged with virulent 4. hydrophila, D. rerio administered 5 pg intraperitoneal
injections of AOKHR9, AOKLQ6, AOKH89, SWCNTs-AOKHR9, SWCNTs-AOKLQ6 and SWCNTs-AOKH89
obtained high relative percent survivals (RPSs) (61.60%, 65.39%, 84.96%, 68.10%, 77.50% and 90.43%, respect-
ively). Meanwhile, the D. rerio administered 40 mg/L immersion immunizations of aboved samples had 30.80%,
25.85%, 37.80%, 63.60%, 73.74% and 68.49% RPSs, respectively. These results indicate that the outer membrane
proteins AOKLQ6 and AOKHS89 can be used as potenial subunit vaccine candidates against 4. hydrophila infection,
and the SWCNTs-encapsulated counterparts can significantly improve the immune effect in both immunization
ways. Our studies may provide a theoretical basis for the development of vaccines and adjuvants candidates

Key words: Aeromonas hydrophila; outer membrane protein; carbon nanotubes; injection immunization; immer-
sion immunization
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