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#) Bl RT-PCR Fix¥ 3% Hep A B, M LR A i85 )5 #:48 BL21 B S e, 2 IPTG (57 F A #4X F 5L 3, Isopropyl B—D—-Thiogalac-
toside) # F A X 3£ /F Hep TR G, 464005 IR R, &4 T2 & 6 09 % LB AR, 34T 04K 69 200 52 Western blotting %52 , #) )
AYEEFERT AT L AR T RTEMR BRI E RS = REhFHRn, [£R]Z594E IPTC LK EH
0.6 mmol/L .37 CTF#F4&k 6 h THMARZ AR E, ZHE ELATHEMEE G WYX AL ; Western blotting 45 R 27 ,AH #9335 fcdp L&
53 ie s 5 B &0 AR K A I A B RIFOI R R, #1409 B IS TR A 1.024%10°, A 15 B F oA R,k
L3008 Hep BB 05 F XA CougH iz Nan 0050 Sg , 2588 172 AR LB A0 F R34 19 013.49 u, %% & (PL) 4 5.24, & THZ &
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Abstract
properties. [ Method ] The present study utilized RT-PCR to amplify the Hep gene , constructed a recombinant expression plasmid and then trans-

(1. Guangxi Veterinary Research Institute/Key Laboratory of Veterinary Biotechnology of
[ Objective ] In order to obtain a polyclonal antibody to the Hep protein of Aeromonas hydrophila ( AH) and its basic biological

formed the BL21 receptor cells, which were induced to express the Hep recombinant protein through IPTG (Isopropyl B—D-Thiogalactoside) ,
purified and immunized rabbits, and then prepared a polyclonal antibody against the protein. Hep recombinant protein was obtained by IPTG
(Isopropyl B—D~Thiogalactoside) induced expression, purified and immunized rabbits, and polyclonal antibody against the protein was pre-
pared,and the potency of the antibody was determined, identified by Western blotting, and its basic physicochemical properties, conserved
structural domains,and phosphorylation sites were investigated using bioinformatics online tools, secondary and tertiary structure prediction.
[ Result | The results showed that the highest expression of the protein was obtained at the final concentration of IPTG of 0. 6 mmol/L at 37 C
for 6 h,and the protein mainly existed in the form of soluble protein; the results of Western blotting showed that the supernatant and precipitate
of the culture of AH were able to specifically bind to the prepared rabbit antibody with good reactivity, and the potency of the prepared poly-
clonal antibody reached 1. 024 x 10°. Bioinformatics analysis showed that the molecular formula of Aeromonas hydrophila Hep protein was
Cya6H 1304 Nous 0,59 S , encoding a total of 172 amino acids,with a relative molecular mass of 19 013. 49 u, an isoelectric point (pl) of 5.24,
which is a stabilized protein; the secondary structure of the protein was 51. 74% of the irregularly coiled,25.00% of the elongated chain,and
25.00% of the alpha-chain. 25. 00% , a-helix accounted for 19. 19% ,and B-turns accounted for 4. 07%. [ Conclusion ] In this study,a poly-
clonal antibody to Hep protein was successfully prepared, which can provide technical support for the further study of Type VI secretion system
(T6SS) of AH.

Key words Aeromonas hydrophila; Hep gene ; Prokaryotic expression ; Preparation of polyclonal antibody ; Bioinformatics

&K S BRI (Aeromonas hydrophila , AH ) S 2= [G R4
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FURITZE K FR5E ) 32 B R 2R AH g™ sk
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AH BB LT 452 A, A T2 B & A58 R
YRGS T ZRIA AR . TV B30 R 5 (type
VI secretion system, T6SS) /& AH R gz — JH 139
AL, TR RN R s e s B A Ah . i 3t
P25 1 (hemolysin co-regulated protein, Hep ) & T6SS ) 2
FIBUR 2 —, Hep 81 7] DUE R— D2 UER I 7S R Ak,
B TOSS SR FIAHOCEE T "™ o Hep 8 117E T6SS R 5¢
rhol A AR, W L b 2 1 B0 BT A 2 i
P, S HAN B AT L2 B b i o B
BT Hep Z e BEHUA, AR AT Hep AT DCHETE SR LD
FELH T8 3 A 5 B2 R o A A A P o 4544
&5 e R EURLER TR AR E B
1 #R55EE
L1 BE#kREMAE  AH-SC-3 Bk . pET-32a(+) #ifk ) 74
PRI BOR S0 % R A7 R $ it . DHSo BL21(DE3)
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1.2 FERFMMIEF  REIEAYIEE EcoRT F1 Xho 1.T4
DNA Ligase 14 5 5 H B AEYIHEOR (F050) A R 5 SOk N
PG G B OMEGA /4 7] 5 His A28 8 1 2l 10 &
FHiA 1eG(H+L) HRP HTiRI [ A A= P AR A R | T
YL 14 Marker 14 i GenStar 23],

L3 SI¥egit5&am  MiE Heop FER ¥ 5t Hop KK
A5 ST 140, R0 P U0 54350 EcoRT il Xho T, Hep—
F.5—3"; CCGGAATTCATGCCAACTCCATGTTATAT; Hcp -
R:5'—3". CGGCTCGAGTTACGCCTCGATCGGAGCAC,

1.4 Hep EEHIHF I LI AH-SC-3 () DNA Mt Hep-
F/R 510 34T PCR 473, i BEURE [T 5ol 790 & #4150 1
XF PCR WA 7 [l

L5 [RiZFRiEF#H pET-32a-Hep B9 XF H AL Hep
PRI R [PIC ) N pET—32a (+) ZRARTEA T XUEFT , FRUBE R0, 4%
T4 AU X 2 A BOak AT 7 4, 4 0% 1 7 W 4 IR
DHSec JESZ A ML FH I Ak 2 DHSoc JB 52 2540, K H
PR TR SR IR PR S0 S AR RS U R, X
A TR TR DI S 2 I, w44 4 pET-32a~Hep,,

1.6 EZ=i{H Hep EEHMIBSRIERFXSHFHMML HRUL
WK pET-32a-Hep 4L 2 BL21 B2 ARG T 5 &
RPUPER LA P4, 37 CHEIRIEFRAART TR 12 h, PRIBCRR T
F 37 °C 150 r/min ;5% 6 h, B0 R 3EFT PCR %5, % %
FEEAA Y B v B A T I TR AR . 3k B ES A K S ok
AR5 & 1 TPTG ek 728 1555 of 1] ok ff o2 e A5 5 4%
A, R 8 000 r/min 3 min 3¢ [¥%5, A 40 pL PBS &
BUUE, 5 10 wlxloading buffer {4, 7K ¥ 10 min J5 i
17 SDS-PAGE Hiik

1.7 EH Hep EAFRSBHERANEERANL BRI HER
HEAT RS 54, 2467710 4 000 ©/min 10 min 43 &5 b3 FI9IT
VE W UTVER T Inclusion Body Elutio Buffer, 440 L 4 I
WS UTIEEMR S 10 wlxloading buffer &, #i K 10 min
JE#E4T SDS-PAGE HiJk, B RiXIE 5 #H17 K it i S
WAt b ok aifb s m .

1.8 = Hep EHZRETMAEMGEIE LRE 1 imit
PERRY W R T AT 2 00 . RIELS RS T KiktT
MR AL, WACBE I (A e T M S R KR 1, 3285 1ML ¥ 1
BAPEXT R o

x1 REEF

Table 1 Immunization procedures

FREUEL A ez BRI ]
Immunization Protein Adjuvant Interval
frequency quality/mg type time,//d
B First immunization 1.0 DA o

4 Second immunization 0.5 I RANTE AR 14
=4 Third immunization 0.5 I RANTEREF] 14
JU4% Fourth immunization 0.5 I A SE A

1.9 %1 Hep EHSREREINHNE WETESH

SCHRL 14 ]

L10 &5 Hp EAZwERGAREENNE IE
27 °C 150 v/ min I FRAGIE K ERMIEEFRY) , 7350 AKE 37
Yy B SUREVE AR, UL 114 000 #758AY f BH H: 1 7 A fA
PEIMIE R—HT, LA 1210 000 7B HRP 112504 16G (H+
L) b 4704t Western blotting, LAHIBHZHTIR Y SO
1.11 Hep ZEBMEMERESN  HHTELENE LY
D3t %k Hep 25 BRI BT 45 4 25 A7 5000, BAAR Ry f
ExPASy 5 ProtParam Fl ProtScale T LA KA HE A,
PEBTAEBK Y, {4 ] SignalP 5.0 TMHMIM 2. 0 43 %} £
FIBTHEA TR 5 IR 3 A7 5 IS5 A8 3k 43 B . i ] NetPhos 3. 1
1 NCBI $dJ 2 () CD—search T H S0 1 BT AL (37 5 F1
PRy, ffi ] SPOMA F SWISS-MODEL 435I i &
JoT Y R AR =

2 RS

2.1 Hep ERMYIBRFERRIEHMEIIGE SR BIKS
R, EERAGE] 519 bp HE R Be(B 1A) o BRI HLIK
SR WoR X pET-32a—Hep JEA7XUEEDT, 7532 519 bp [ BeAil
5900 bp Jr B, 5HUBIARLT (K 1B) o P45 R 5 2% 75
T IEE S 100% .

A M il B M 1
T
— .Hl
10 000 bp
7 000 bp 5900 bp
4 000 bp
2 000 bp
2 000 bp
1 000 bp 1 000 bp
750 bp _
250 bp
100 bp 200 bp -

T AL Hep 27 3% 45 5, M. DNA 73 4 #fiE (DL 2 000)
1. Hep 3 PCR 44749 ; [§] B. pET-32a—Hep 41 TR AU
P14 , M. DNA 3754574 ( DL 10 000) , 1. pET-32a-Hep
ORI

Note : Figure A. Hcp gene amplification results, M. DNA molecular

weight standard (DL 2 000), 1. Hep gene PCR amplification

product; Figure B. pET-32a-Hep recombinant plasmid double

enzyme digestion identification,M. DNA molecular weight stand-

ard (DL 10 000) ,1. pET-32a-Hep recombinant plasmid enzyme

digestion product.

E 1 Hep EFE¥Y 1% pET-32 a-Hep EAFRH WEEYIE R
Fig.1 Amplification of Hcp gene and double digestion results of
PET-32a-Hcp recombinant plasmid
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WELZF HRAEIHE Hep ROV RERIL - § LERKFELENE LF oM 81

2.2 EHZER Hep RIEMFMHMUL 4PN, KBMH
MR RN 37 ku, SHIR/N—B (18 24 K 2B) . 4if
SPAYRE B IS , HE A A AR R (P 2A) T8 ) ) S 4
I AR IK O] 5T (& 2B) o

2.3 EHAEH Hep RIEFAWEER4L  SDS BEIKHLIK
gE LRI AR Hep 76 L3 MPLIE R A (- 3) ,
B 3 s TE i i Fak B e, dib s & H R/ S g
%gﬁo

37 ku

TE: 8] A. pET-32a—Hep it TPTG i UL AIR SR M. (40 T Rithni; 1. pET32a 2544k ;2. pET-32a—Hep A5 %33 ~7. PTG %4
WS4 0.2.0.4.0.6.,0.8.,1. 0 mmol/L Y EL Ah Hep #1115l B. pET-32a—Hep 3 FURAETE I RIECR SR, M. BT iE
FriE; 1. p32a 283844 ;2. pET-32a—Hep K553 ~7. B 2HA 2050 2.4 .6 .8.10 h i S EH Ah Hep 51

Note : Figure A. mapping results of optimal IPTG induction concentration of pET-32a-Hep protein, M. protein molecular mass standard; 1. pET32a empty

vector; 2. pET-32a-Hep uninduced ; 3—7. IPTG final concentrations of 0.2,0.4,0.6,0. 8,1.0 mmol/L induced recombinant Ah Hep protein. Figure

B. results of mapping the optimal induction time of pET-32a-Hep protein, M. protein molecular quality standard ;1:p32a empty vector; 2. pET-32a-Hep

uninduced; 3=7. recombinant Ah Hep proteins induced by the induction time of 2,4,6,8,10 h,respectively.
2 pET-32a-Hep EAZRBFESRIZEHHMUL

Fig.2 Optimization of induced expression conditions of pET-32a-Hcp recombinant protein

M 1 2 3 4 5 6
180 ku
135 ku
100 ku
75 ku

65 ku
45 ku

35 ku 37 ku

25 ku

15 ku

10 ku

M. R AT bRifE ; 1. pET-32a 25344 ;2. pET-32a-Hep 5
5;3. pET-32a—Hcep Ki%5;4. pET-32a—Hep S0 S
1#35. pET-32a~Hep i PRFEIG UIVE ;6. pET-32a~Hep HY7R
ikalif,

Note : M. Protein molecular quality standard; 1. pET-32a empty vector;
2. pET-32a-Hep induced; 3. pET-32a-Hep uninduced; 4. pET-
32a-Hep induced fragmentation and supernatant; 5. pET-32a-
Hep induced fragmentation and precipitation; 6. pET-32a-Hep
expression purification.

3 pET-32a-Hep EAFZAMKRIE 4L
Fig.3 Expression and purification of pET-32a-Hcp recombinant

protein

2.4 &I AH-Hep EASHEEMMAER N Western—blot
BFEE R SR, AH 3Ry s Mt 5 B —8t . —hik

S, AR S RN 19 ku, 5 THISE SR — (A
4A) , 5PN A LU S (&1 4B)

2.5 ZREREINBINE 206 +H: ELISA £ 25 511
I il A 1 bt Hep 25 1 2 se BEDUIA LTS T X586 Ry
1.024x10°( [ 5) o

2.6 Hep EEEFENLMR Hep HEH 172 MEIEREA
B, B R 2 ) A R O 502 R (Val ) (3 & 82 (Thr) |, ¥
8.7% ., H 153 TN CoH 50Ny, 0050y, AHXS 3 F 5T 1
19 013. 49 S Z5EHE 5 K 5. 24, %8R 541 19 1 F 7y ok
RBCH 138, G a7 58 3 BB 20, B R B SR K
(GRAVY) J=0.273 J& TRk WA A, 5 117 52 S5 1Y i
IRPESRR , (R 1. 433,55 55 5 G 518 1Y 2 K M fe o, (B
~1.911, IR RECH 73. 66, A ZECh 32.03, K
FREEM, #H ProtScale 43#1 Hep & AL B KM, 24 3
BRAME<0 FRUIEA KM, 4HE>0 R EAHKM:. 24
7R, Hep B PR A3 S 5L 18 107 T 3 K M X, A s Kk vk
EH, SEARIE RS’ 6) .,

2.7 Hep EEMESIAAMBELEMIETN  SignalP 5.0 43
Br (1 7) s, Hep 85 A {75 240080, ED Hep &1
ANEAES KR TIEE . B TMHMM 2.0 Fii (& 8)
R I TR RS I IX (transmembrane ) FE P X (inside ) 1)
RESAR, FERLAMX. Coutside ) FURESRAZE T 1, 16W] Hep 221
ToEE BREAE AR, H AL RN TSN,

228 Hep EAMBIBHUAMESEHLE A
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NetPhos 3. 1 il Hep & 1B AN, I8 (E N 0.5 B,
O I 30 BRI (1 9) A0 11 A2 5
(Serine) ,15 4~ 2 1% ( Threonine ) 1 4 /% Z ik ( Tyrosine ) ,

A M 1 2
100 ku
75 ku

65 ku

45 ku

35 ku

25 ku

i ] NCBI f) CD-search T H.7 Hep BASA 1 MRSFES
Fass (&l 10) ,J&F T6SS 43 R GeH Hepl F%, 4N i
EAR

185 ku
135 ku

100 ku
75 ku

65 ku

45 ku

35 ku

25 ku

15 ku

TE: P8 A B MR BRI 1 AH S5ESRY B2 AH IESRMITIRE . 18] B P M. SR 07 BTt Anifi; 1 AH RPITTHRE

Note:In Figure A, M. Protein molecular mass standard; 1. AH culture superatant. 2. AH culture precipitate;In Figure B, M. Protein molecular mass

standard; 1. AH culture precipitate.

4 BHEH Hep WHEME

Fig.4 Antigenicity of recombinant protein Hcp

2.5 mPON - P/ 140

130
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0Dy
PIN

110

o
(=]

1:512 000
1:1 024 000

FuA5] Proportion

BS5 fRmFELMUE
Fig.5 Rabbit serum potency assay

1.5

Hydropath. / Kyte & Doolitdle ———
Lot ; ‘ ;

0.5F

44 Score

20 40 60 80 100 120 140 160
4%, Position
6 Hcp EAFELKESHT
Fig. 6 Analysis of the hydrophilicity of Hcp proteins

L0p

E 0.6

% 0.4
0mm\llHIH (I,
0 10 20 30 40 50 60 70

4%, Position
E 7 Hep ZEHESKEN
Fig.7 Hcp protein signaling peptide prediction
2.9 Hep EAM=. =M  {FH SPOMA FfFxf Hep
I RS T B AT , 2 2 R I R IO AL 2 il
(random coil) , /55 51. 74% , 54 ( extended strand) (5 25. 00%,
o—12iE (alpha helix) (5 19. 19% , B~%%ffi (beta turn) (i 4. 07%
(18 11) . FIH] SWISS-MODEL il i) =2 Z5 F iy (5] 12) ,
THIA5 3] 4 SR AR Y ot B4l 11 ( global model quality estimation,
GMOQE) {E 7 0.95, GMQE {i A AR S 1A U AR A0 1y i g,
(RGBT 1, RISy, W] A SR T 5
3 Zr5itie
T6SS M i 7T 28 T4 Hep 8 I 2E 41N 2R
T RN AR G . ST R Hep B FE D15 2%
SFT R, Ko 172 D E R A, E ATk
CigH 130N oy O Sy, FHXT 737 FTAE Ay 19 013.49 u, FBAFHL AT
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1.9 1r —— Serine
= —— Threonine
S — Tyrosine
L0 § — Threshold
=)
Zos g
z 2
0.6 3
E £
i (=]
% 04 =
-~ —— transmembrane 9
—— inside 2R
0.2 —— outide )
3
20 40 60 80 100 120 140 160 180

20 40 60 8|0 160 12|0 12&0 16|0
{8, Position
8 Hcp E B BIELEMIHTIN
Fig.8 Predicted transmembrane structural domains of Hcp proteins
H 5. 24 Jm T AROKYERE 1L 3 A BRI R EBCR 73. 66, NFESE
FHCH 32.03, HFREE o Hep EFBATE 2O, )8
TR A, BZE P A 30 D BERR A A, [ 11
ML F R 1S D INVERF 4 DAL, A 1 AMRSFET SR

554, Sequence position

TE L1000 22 EIRTRRR AL 7 55 2R (0 SR A IR R AL 37 15 €008
B R IRERR AL 5 S AL A (B
Note; Serine phosphorylation sites in red; threonine phosphorylation
sites in green; tyrosine phosphorylation sites in blue; purple line
is the broad value.
9 hep BEBERL AL AT
Fig.9 Predicted hcp protein phosphorylation sites

Protein Classification o

Hcp family type VI secretion system effector( domain architecture ID 10022377)
Hcp family type VI secretion system effector acts as a virulence factor, as a transporter of effectors and as a chaperone; it may aggregate into a needle-like shaft that

can penetrate other bacteria via a puncturing protein attached to its head

[Gene Ontology: GO:0033103] | PubMed: 34061601 |

Graphical summary [RF2 eIt na] show extra options =
1

20 40 80

Dot oo o b b B b
Query seq, MPTPCYISIEGKTOGNITAGAF TSOSYGNIFYQGHEDEM!

Specific hits

100 120 1o 160 172

o P I [ TN T A St R . WO N O N DO W | (I ) [
LY QEFOHYYTYPTOP QSGOPAGORYHKP FKFT YALNKAVPLMYNSLASGEMLPKVTLKWYRT SVEGKQEHF FSTYLTDATIVD IDCOMPHCQDPAK SOF T OLIOVSLAY RKIDWEHTYAGTS GADDWRAP IEA

Superfanilies T6SS_HCP superfamily

Search for similar domain architectures | @ Refine search| @

List of domain hits

0
Interval E-value

Accession
[+ VI_effect_Hcp1 TIGR03344 type VI secretion system effector, Hcp1 family; This family includes Hcp1 (hemolysin ... 2-169 3.80e-87
& 10 Hcep EFRTLEHIE
Fig. 10 Conserved structural domains of Hcp proteins
|||||HHnuH‘nnnmu”mmHH |||H|||1||||||||||||||HH| i {{{{]{{] o |HH||||||||HH” '”H””'“”””””' H||||||||m||||n
20 40 60 80 100 120 140 160

20 40 60 80

100 120 140 160

45,5, Position

T (0 DA B, 21 (B X U AT i, 2 (0 XA SR B A

B XA R TCHN A o

Note ; Blue areas represent a-helices,red areas represent extended chains,green areas represent B-turns, purple areas represent irregular coiling.
11 Hcep EAZFZEHTN
Fig. 11 Hcp protein secondary structure prediction
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12 Hep &B8 = HEMTN
Fig. 12 Predicted tertiary structure of Hcp protein

X Hep 8 H —EEMPEAT BN 00 , i 88 B BRI 2 22
LI ] S A | o~ URTE B~ A1 o Hep 1M ALN 8 F1 Y
S D BRI, RTS8 B 1 AR S i B s A
AR EAE IR . P, Hep A L n] DRy T6SS TIfEIE
WP EAR AR . Wang %" H Hop B (1 S0 T it
SORIEM A LA T Hep 8 OB AFT% 580 7. 14%
Rt B 5l A 1 Hep 8 1 2 seRETIAR, LUBIRE AT LLAIESE
MRS AH AP R XHZ AN A T B4

BT pET-32a(+) REFKIAEAKE R XL H
RS e Rk Rz —" R & 24
HPHRBEE (7 2, B8 TR R B [ s e o i A A
ARAEE AL NI-35 B, FI ] pET-28a(+) R4 A
HA kL, Rk FE A pET-28a-Hep HEH, ZEHKR/NH
24 ku, SPEF RGN K 1. 28x10° T HRAE 52 50 %
PRI AH SEREHY 3G T Hep JEPR S8R 91, 1 At o 2 32 3k
JFki pET-32a—Hep, fii il IPTG i% % Hep 3 H 75 15 3
E. coli BL21(DE3) HEER TR ik . A5RSR], HdlE
H Hep [l 7E B SUEHRIL. T rliEtERis s A &
U E A R ™ BRI P i ek i i sl b
HEZ Hep SEHMEN BB IO A AT 1 e, ELISA 6l
SER R PR IAE) 1. 024x10° , BEIFRIAIY Hep B HA
RIFRY 5 EME, 4 Western blot 53l %E , 1% L4t BA BT
IR AR AT Hep IIARDCHIFSEAR BRI T H.
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