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HE RHFR i T FL40E X EF (Litopenaeus vannamei) i 18 4% B K & = E 4k, FFE R T @R HF
AR E P EAAR LN EST I AR SR ERE T, ALGE I 3 3 0F 2 — Rk 3ok ™
E &k 74.87% H tk SDVGH3, % % % & T2 ¥ B (Pantoea sp.), W% HKE T REFHA,
DR T A, dRBAOTAEEZHR,; RO T ZERER KT BRI RL . HEIRE h 28°C,
pH % 7.5, #E 4 0, ¥ E X 10mL, F’WKE % 0.01 mmol/L; F 4L ¥ #okAn 7 ik
FOWEE R, DRI S AN ENITBORE .. Bt AR A e SDVGH3 #ik, L4 E
S ERMEARAAERHEAE, LARKE. FEEMOLEBHANE., HEEUHLIELREE
0975, Bl YE I (Vibrio parahaemolyticus) K % J& , SL¥ 48 R B F KTt 4, 10" CFU/g
S4B LT R AK, K 61.4%; WAn 107 CFU/g SDVGH3 B i 4L 48, L4k & 3 T i i 1 2 % %
MEZERT, INHEVibrio sp)EEHAF S AW E TR, FREW, %hBEFFEHk
SDVGH3 # ¥ B 123t LA E iR A K | ke, Wi warid g, BANA T AR
B

KA BB ARE AR LAEXE; W E A, HABEEN; EEFEAR

hESEE S917.1 CERIREE A XEHS  2095-9869(2022)06-0228-11

it 25 ok R 5 5 O TR & R, I 26 28 H 9 o Tl
R, Ry R M % € gt B S 5 R ) R 290 ) R (ot R 5
4,2020), HAT, PR E 32 0 TR R R E
Biia e H bR, (HPTAE R R R P2 T = A
O R EPNAEE B2 REYu et al, 2020).
2019 4F 12 H, Lol e #B &N 194 505, H 2020 4
1 A1 B, REMAED 2SRt R, 2
WATIEPUIRE, Wik, SFRPAEZ WA ETE
JEBE . g 2E AR A RS N 700 32 21 732 1) 5 T (R

A5, 2020; BEHAE 2021), BFFTR, MY ERE
FTHAL | ek B SR R v kA N T sl PR
JH(Rooks, 2016), 7EmPEIRES N A0, EA L
NN ER (Litopenaeus vannamei) -1 | FEim s .
5 M 38 TR R R D) RORT B IR R R (SR N AR
2020; AiEfEAE, 2020). MEMAYEEE R, DIkE
FH5, BEREGAERNHEEREZ —, i/ EEmn
i 26 2 28 WA 7K 7= FR P 9% () S (BRI R 5, 2018;
FEFRAE, 2016), HOCTRREIAR £ A T I E A IR AR D
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BRI 5 A TR — SRR SRS, it = A
15 S RN 7 B R B AR 5 B0 TR T Ak T 2 TR B0 AL
B AR . B H(2003) )\ BE TS X EF (Penaeus
monodon) 4R W1 4385 T — MRBR AR =5 77 TR AR S (628
B (Alteromonas aurantia) PB1, AT 4 [X
SN (Vibrio harveyi) F 885K B (Vibrio anguillarum)f
FHPUE M, g B W3 b AR g8 E B (Eriocheir
sinensis) W 95 It T4 & % 52 K W (Leucothrix mucor)
HL-1. 2RI S5 (2007 K 52 56 28 DR AT 1Y 7 BR A f 1
BB HMEE A18 WA IELIR T —RmE =gk
BARBIAT 45 TR 61321, Fiv 7k 8 1A T 410 i £, 288 g )t
PRSI 1 AR G o AT DA PLAA T X R 7 1 4 5 45
TERE A R H bk SDVGHS3, 43 B H: X6 i i o 35 47t
ROV, BRFRTEFRIP I SDVGH3 B R X FLYHTE X
WRA= BRI AL, B AE A X W g 0 2 AR TR 0 2 45 s
FHBB AR RS

1 #MR5F*®
1.1 SCIaHR

F IR A 7R 8 T AR DX I 7R 3 DX SR 5 b 3 1k
WL XRTAE , ML 38 i i kA s 7 B bk . 4
B GRDRE IS IS 56 Y PLAA T R ) 1L 2R A H R T T
DURXS U FRAE Y, TESCmaE 8 aR 7 d, H4M 3 K,
H Fe o A S Y 5%, H ok 1/3, #EE5T
R, BEIREM W 23-25°C, EhEN 29, pH K
7.8~8.2, FEEHN 5.6~6.2 mg/L,

1.2 LAEIMIRZESHE SRR LS EE

121 JUHEAT S 8BRS Z AR ik FE
LW, KA TCE T, 2EvKis i
FEARAF Y — R R, O A B KB PR R, IR
JER 10°°~107", SRIGHATIRA . FRTEVE HEL, PRECR
[F] 1) R 5 R B Z F R B ikaitt AT alid . AR, R CAS
(Chrome Azurol S) Agar V-4 J7 i % 8k 28 A 15 7= T ik
AT R , 12 3 HRE R iy 2% WA 5 00 B R i 15 7
AR, BREIA T T EGE T CAS RNV E Tk
SRAGIN, R 1 I E 2 ] Yoshida 55(2002)11)
Ik, IS M7 AE(2008) A7 kA Bk AR 1L .
rliE L Csaky . Arnow Fl Shenker 77 6K Il 5+ ¥ g
FRA . JLASER I | FRARER Rk AA

122 # &K FH A SDVGH3 o 52 bt
SDVGH3 &k KMB [k 373 X2k, e 28°C
B, R SR S , F IR SV K/ TR
AR B B SR RRAE o AR (RS IR o % 01 )

A UL BG4 F W) S T A AR . =
ZIENE (010K Z LRI JE [H 41 DNA, PCR
P14 16S rDNA #5357 Bt . §715 16S rDNA J¥51] r fiff
51 B G Y) . 27F: 5'-AGAGTTTGATC
CTGGCTCAG-3'Fl 1492R: 5-TACGGCTACCTTGTT
ACGACTT-3', PCR ¥ 3=k 28 Ak TAE W) () Ik
Oy A BR A FIMY . %05 25 A NCBI W 3 #E47
BLAST X or#r, BEHR R B 0 e 51 kA 7 22 8
FEYIHE, 8] MEGAT B RS KB R .

1.2.3 4845~ H4k SDVGH3 #9%Aitts ¥
TSRS B AR B R AP T A L, F 28 CHE R R
7% 24 h JE WS BERRROES INLRE FT, 2 1A TR A 1R i B
IR, SR BHIZ AN P A L BE T o SRAAC R iR
ORI 22 B RR A 25850, B 0.1 mL R T = I 3420
TR T MHA BER s 3R 3L, Kbl 25t 155
FRIEERM, T 28 CHEEKT R PRI, M 24 e
M EAR

1.3 %FHAES~E% SDVGH3 WINEFE M

SR R LA B W2 B 32 B2 Ok AR i o 15,
B LR CBEAL PR XAD-2 KFLAER G I A &
HRERER AR BWEWC, 7E 20°C . 120 r/min 5040 TR
i, RJE, FIERFESH 1 1 H R AR 1
AR e, K EIRRBEBRE 50°C | 50 r/min Z&fF
e 7E R BR T BEAIK, N5 mL EBAUK T ERIE R
R AR AR, T 0.22 um AR I LIRS A0
T 4CORAF o RUBAR R 10K 5 PR A w7 T B
R 35 ST A T <K 100 WL g D T B DAL 7
4 W0, 2 BRI (Staphylococcus  aureus) . 15 ¥ K &
(Vibrio alginolyticus). KWG¥T 1 (Escherichia coli), %
IR & (Vibrio anguillarum) F1 W 4E [C 9K B (Vibrio
harveyi) | R AIIEAAE 2216E I, ¥as HIEH g
YRR TR 4°Cad i, e mlk
BRAGAR, Bz B AT R B T UR A e A A Y [ A R
b, 28 CHE IR 24~48 h, WEZE = AEMMEE .

1.4 $FAS~HEk SDVGH3 B3 &4k

TSI AT, R A R 7 R & SDVGH3 7 48 h
IRBIXTERR e I . SEIR Ak R B 35 A iR . pHLL
hEE | BRI PR, B 3 A ER, X
YR, B EARAE 28°C L 160 r/min 54 Fi%4k 24 h,
DL 1% He A 43 SR 3] KMB WK KRG 258, 2
SEVE A R A, LA ST AR IRESh 28°C,
pH b 7.5, #REHR 0, #£H K 160 r/min, £ 7 E
BAEE . WRE N 24°C . 28°C ., 32°CHI36°C, pH N 4.5,
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6.0, 7.5%19.0, F£FEFEH 0. 10, 20 F130; 7F 50 mL
SRR RS R 10, 20, 30 A1 40 mL BYRARRE
R, BRI Fe' M FeCl; WEML,
0.01 mol/L HCI ¥ EC il 16.7 mmol/L AY FeCls i #%
W, {8 0.01 nmol/L HCI Hi B A 6k B FeCly
TR, Fe ' WeEi%E 5 0.01, 0.1, 1. 10 mmol/L, fF
FRE R IR A R 38 72 h, S 12 h B 1 RS
FEWL, KA CAS L@ mR Ak E AR =, LIgkEk
PR = B o AR AE, B RR S R B 0] Sk A A R 22 1 2k 3K
A= 2, DT AR A AR 2 A ™ i e e 1 B 3R A

15 fERFRmEHEESTERNIRIRE

JULENIE XS IR AESC R 2 B 97 7 d ), PRIBUL AR S 2 |
15 J 158 B R HR[(2.0£0.1) g] o FEAik Galk Ay 35 b Xof R A A6

&1 KHEABES

Experimental feed formula

& Content/%

Tab.1
JE B} Ingredient

18 Fish meal 35.00
FE4 81 Peanut meal 5.00
K1 Soybean meal 17.00
JNAZH Wheat flour 30.00
B £ Squid liver 2.00
¥RE Shrimp paste 1.00
HR5E 4 Shrimp shell meal 0.50
il Fish oil 2.00
W5 B8 Phosphatidic oil 4.00
W2 — 455 Ca(H,POy), 1.50
) R Mineral premix® 1.50
2 IR AL Vitamin premixb 0.50
E K Nutrient level

A H i Crude protein 43.30
MBS Crude fat 5.40
HLEF4E Crude fiber 4.70
KUK 53 Ash 15.80
7K 43 Moisture 11.50

TE: a: BT R4EAERTURES : Va, 4000000 1U;

Vg1, 58; Ve, 15g; Ve, 8 g5 V12, 40 g5 Vps, 2 000 000 1U;
Ve, 30 g; Vis, 10 g; ZMRE5, 25 g; MR, 2.5g; W
#, 0.08 g; MR, 30g; WIEE, 150 g

b: BT T YR BURAS . MgSO, H,0, 12 g; KCI,
90 g; Met-Cu, 3 g; Met-Co, 0.16 g; FeSO,H,O, 1 g;
ZnS04-H,0, 10 g; Ca(10;),, 0.06 g; NaSeOs, 0.003 5 g,

Note: a: Vitamin premix per kilogram contains: Vi,
4000 000 IU; Vg1, 5 g5 Via, 15 g5 Vis, 8 g5 Vi, 40 g; Vs,

2 000 000 IU; Vg, 30 g; Vs, 10 g; Calcium pantothenate, 25 g;

Folic acid, 2.5 g; Biotin, 0.08 g; Niacin, 30 g; Inositol, 150 g.

b: Content of mineral premix per kilogram: MgSO,4-H,O,

12 g; KCl, 90 g; Met-Cu, 3 g; Met-Co, 0.16 g; FeSO,-H,0,
1 g; ZnSO,4-H,0, 10 g; Ca(103),, 0.06 g; NaSeO;, 0.003 5 g.

(TP RIPH AT, FREC WL 1, IR
VERXTIEZE, FERREDRN LURRE L 5 2 0.001 A1 5 ¢ 1
(Wig : V/mL)¥s/ SDVGH3 HWAE N2 Fel .
Fe2, Fel. Fe2 ZH MR350 1x107,
1x10'"° CFU/g, 7E5 R FI21H 10 ho FE5EE W 42 d,
TR AT 5 F 5 — 2, BURERT R R 0,21 1 42 d,
42 d FEFH SIS RS HEA T MORE S8, T A
YR (Vibrio parahaemolyticus)H W B 1 K 22K 7= 8
YRk A BB E AL 1o, TS A0 A o m
ISR EE XoF FLAAEEXFUR A 380 H B A 1x10° CFU/mL,
FRXHR A B AR RV I 9 B s B 2 Ok B, 5K
IS 2H O 5 08 T4 R IR 3 546 4 3 a1
S 40 puL B RIS IR R B, 25 N R A R AR R
40 pL XFHRAFER K, TORE IS 45 4 43 A AR SR AR PRAR I Y
Tk, VESE S, S 7d, CsERHIRFET R

1.6 HmEl&E

IR B A BOREAR $E Chand 25(2006) 89 5 ¥ 9647 .

K FHVE S RS P B 1 mL LsEH, #5210 1 Y BIAN
DO AN A1 RS2 N St 195 1 N = s 111 1
TR SR I, T4 FE 5 800xg B0, I
HWT-80°CHRAE, FHF I3 i S8 AL Bl 6 Pk A b i 15
PRI AE o KAl S I AR X A A ) SRS T R N
i, B K E R, AR, KA
EMAWRIE, B, R EIRAE D BARNEIK
9, A1 mL B AEK 510 22 R B EE A — BT,
TE 4°C . 10 000 r/min 2504 250> 30 min, B,

AT —-80CUkA

1.7 SEIEREIIE

1.7.1 A K IAmegm e N5 45 2 X 0 ) 400 4
SR AE AR R TR, TS AT IR R R KR
(SGR)FMAE I KA (WGR); Geit & L4 MLt
R PR R R A, TR DB AL R (FCR) . XTEF SGR
FCR Al WGR B AKX .
SGR=[(InWInW;)/T]*x100%
FCR=W\/(WW)
WGR(%)=100x(W—W,)/ W;
Kb, wee W SRR AR T (g) . FRIRIE
it (g); T FnFRafa)(d); W, 2m LA

TRk ().
1.7.2 AFIFAR R o 69 ) 2 Kot WRAAR 1 43 o3 AT 2 R

HELRICH %5(1990)f /5o 7K 43I R HET(1057C)
REWE; HEAS =R HEMEIRE /AL
(Nx6.25); LR & 0 >R FH R Ak MK o
B R R DA K AR5 (550°C, 12 h),
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1.7.3 K ACEE & Mg ) 2 %% Zhang %(2021)
D T AT B s, I PLAN s %o B g TR T i 2
IR . V€ T FD A 7 T 1 SR FH AR PRI 1 5 2 1
F G, 3,5- A Sk A R I I A VE R Wl R, MR
it 8 A 1 000 2 R B U TR S B R Y B 4
Wi Er i, SR A I SR S s . WS
PELLLGIE S22, BTSN 2 s R

1.7.4 S5 354769 M I 24 Y 5 e ) I 2 R
M ERAR 5L, AR E S Feng 45(2010)89 )7
B, HUE G PR Hultmark 28 (1980) 0775, 406
S B 0 2 1 3 v ) 1 S AR Bl (PO TR P

1.7.5 Mhid kAo % HEp ey X BT A A 3
T B TEHE DNA $EBCRIAI . SRI5, I AEAR %
F g AR R 2R A B BT 400
1) 338F (5-ACTCCTACGGGAGGCAGCAG-3")H1 806R
(5-GGACTACHVGGGTWTCTAAT-3"), X} 417 16S
rRNA FEK 1Y VA~VS DI 74738 Al o Iy SC2E
i TruSeq”DNA PCR-Free £ fil il # A4 it T HAL(3E[H
Mlumina A ), XEFRFTE Qubit®2.0 FiEF7PEAY,
%7 (Thermo Scientific) FIZHE(E = 9143 B 2100
R4, Jf L S wE %€ 0t & i PCR (Quantitative
Real-time PCR, q-PCR)IFATE ® ., fixJa, X SCEIAT
WY .

1.8 HiEabiE

FITAT S 56 B4 2R F SPSS 22.0 # 4 A 7 40 #r . 52
25 UL 3 A AT A BOHE Y O 5 £ b o 2=
(Mean+SD) /R , I R B K 2 J7 2% 43 #7 (one-way
ANOVA)#I Duncan K3 75i# 174815047, P<0.05 1A3%
P ATE N

2 #R

21 BREEBTERNFTESERE

M ILGREERTIR ) 1 3 25 ) 106 B T Hh i ik
24 B AESERE B R ER(E 1), Hdr, F
SDVGH3 WA i fem, =ik 74.87%, J& T 5
Fl5ma Rl . SDVGH3 W& FRIE M LB, 58
U W, W, EAPRANME, % FCRH A S IR
A . XTHEYE SDVGH3 W9 #7578 NCBI i 4
hiEFT BLAST HoXt, 453 B, 592 & (Pantoea sp.)
Hitk F6-PCAj-T3P21 (GenBank: JN853256.1)HJAHAL
J&H 98.19%., Jf-¥5H#k SDVGH3 fi 16S rRNA #5>
FNF S F A GenBank (% 35 MZ322505), 7E
GenBank H#kik 570 B RARAH LAY 8 BRIEHY 16S
rRNA BEHFE3, @it MEGA 7.1 WS RGERE
W& 2). H#itk SDVGH3 (K4 BRA 45 W% 2,
SDVGH3 b 48 b S il 7] e A 4 1o 512 e 422 P
B ARG . MIME . B LT R IR A S S B . 25
FAALAT 16S rRNA AT R, WXL %% SDVGH3
ZEE o AR B TRV A L CE B RN (B] 1), R
W R R OV I, BAT R T 7K™ SR T v g
ik SDVGH3 X RUIEVD AR . ZVUER | il 7ok
R R 4 Fphih R B AW 250, % 6 Fhid: R UK,
XA 12 Rl AE 2 BEEUR (A 1e)o

2.2 H%FASTEK SDVGH3 WINEFE M

Ptk SDVGH3 MR WL 1d. 8k gk xd
KIAT B I VE T, XF 5 Fobvos it 1 A 300 ol R 2l o
FUFHUCIHy « R I IR > 0 2 Iy > 88 I Py > 4 B
00 58] 28 BR A>T PR o

[ .
\

Bl 1 Fitk SDVGH3 #tk
Fig.1 Characteristics of strain SDVGH3

a: BREMERRE; b WMSR; o AH0LK; d WEBCR

a: Siderophore halo pattern; b: Hemolysis test; c¢: Drug sensitivity test; d: Pathogen inhibition

2.3 HEAEZFE K SDVGH3 £ 4R

A 55T ik SDVGH3 8k = i1
M ULE 3. mE 3 alAEL, BRERIAE PP R SDVGH3

Fi g% 60 h BBk ER R = i ik B d i o ol B 35 551
RN 28°C, pH N 7.5, RE R 0, 2 E N 10 mL,
Fe*" ¥4 0.01 mmol/L,
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%2 HE¥ SDVGH3 4B L s 2.4 fARHRMEKEE ST E K SDVGH3 Xt FLAE
Tab.2 Physiological and biochemical characteristics . < o B B By
of the SDVGH3 strains FPHR2E AL RE IR I
i H Ttems SDVGH3 H1%% 3 AI%1, Fe2 4 JLANIEXFUFH WGR

2% [CYL 4 Gram staining
FH 2T 5250 MLR test

308.37%, I3 X HRAIFN Fel 41(P<0.05), WGR
xRS

HeR i 33.52%; Fel ZH FLANUEXTERAY) WGR iy

A=

V.P 555 Valerie plame test + o e
269.70% , WGR # 75 16.78%, ! i R 2
Ml Catalase test + % , b ) ) /21 AL %L/"_J T , DE
e b e S N < ° Z ZH PLE YRS v 4"‘/\" |
A + (P<0.05), Fel ZHF Fe2 ZH FLANTE XS KR i f bk 22 K43 31
Glucose oxidation fermentation test H1.26 F11.20, WEACFXTHRAL(P<0.05), {H Fel 5
W5 S5 Tndole test + Fe2 4R R B 3 225+ (P>0.05) . Fe2 AAYHLE
E L“‘AL ’3‘_’7“ 1 1 1 + N s e
Hg(ﬁ%;f;é@ﬁ Gelatin liquefaction test 18k 19.36% , 52 e X FA 41 Fl Fel 2}/(P<0.05),
fikt S 5 Urease test + R . N o
E. v AREE, " REFE FHELT X B4R R 11.55%; 45 2H LRI X iR 22 i) 17K
. + M. _ J
: 5 o ya y B ey A= =N =1 ; E>N
Note: “+” represents positive; “—“represents negative. or  MLRRRT AR 53 7 B 22 53 A8 .25 (P>0.05).
100 SDVGH3
90 KF053335.1 Pantoea sp. HBR8
95 — JN853255.1 Pantoea sp. F30-PCAi-T3P21
MK883112.1 Pantoea agglomerans strain S31 BM2T
86 —— MK999938.1 Pantoea agglomerans strain LB213
|7 100 L MK999934.1 Pantoea agglomerans strain LB132
JX993785.1 Pantoea deleyi strain KLBMP5301
‘ o7 JX993787.1 Pantoea ananatis strain KLBMP4949
KJ865571.1 Pantoea sp. MSc-1 168 ribosomal RNA gene
[
0.020
K2 Bkk SDVGH3 J£T 16S rRNA N1 R4 % B W
Fig.2 Phylogenetic tree of strain SDVGH3 based on 16S rRNA gene
100 100 - -0 100 - .
o 1R Temperature o ¥ Salinity 10 o pH ggg
N N 20 N .
B 80 s 80 30 S 80 ;.(5)8
S =-24°C S - S 9
<= X < =
LEer BE TEor TEeor
€3 ~36C £ €3
WA 40 KA 40 FA 40
® O R = ® o
=] = =)
s 20 s 20 s 20
e y e o
0 L L L L L 1 0 1 1 1 1 1 1 1 1 1 I L L
0 12 24 36 48 60 72 0 12 24 36 48 60 72 B 0 12 24 36 48 60 72
ffiE] Time/h 5[] Time/h 5} [a] Time/h
100 -
HEW & Medium volume 100 e Density
N N --0.01
> 80 > 80 0.1
8 8 1
IS 60 | W]Bﬂ'g.éo_ -~ 10
g L —
£3 £3
go 40 ~10mL P40
£ 20mL WO
220 30mL T 20f
2 ~40mL
0 1 1 1 1 1 I 1 1 1 1 1
0 12 24 36 48 60 72 00 12 24 36 48 60 72
BfiE] Time/h BfiE] Time/h
K3 OR[EIEE SR S % R Bk SDVGH3 £k A ™ &k (1 52

Fig.3 Effects of different culture conditions on siderophore yield of strain SDVGH3
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®3 HKRBESTEY SDVGH3 X LIRS HR 4 < M BE R4 B 23 B R M CF- (B 05 22, n=3)

Tab.3 Effects of high-yielding siderophore strains on growth performance and body composition of L. vannamei (Mean£SD, n=3)

i H Items AL’ Group
FeO Fel Fe2
H K B %L Growth parameter
WIHRIE IBM /g 2.00+0.10 2.00+0.10 2.00+0.10
L ARIGE FBW /g 6.62+0.03° 7.39+0.02° 8.17+0.02°
T2 WGR /% 230.95+3.57° 269.70+5.21° 308.37+4.63°
R 4 KR SGR /(%/d) 2.85+0.02° 3.11£0.04° 3.35+0.04°
ik R FCR 1.46+0.01° 1.26+0.01° 1.20£0.01°
A& 14> Body composition
7K 43 Moisture /% 78.42+1.18° 77.25+1.36° 78.28+1.21°
HLZE 1 Crude protein /% 17.3241.04% 17.39+0.96° 19.36+1.02°
8B Ether extract /% 1.62+0.01* 1.68+0.02% 1.84+0.02%
K43 Ash /% 2.64+1.35° 2.58+1.29° 2.7541.31°

T Fl—A78E EAR 7 REANR 2R 22 57 138 (P<0.05), T,

Note: Different superscript letters in the same row indicate significant differences (P<0.05). The same as below.

25 ARPRMGHES=EKSDVGHI X LAE  2.5.2 4 v Fmsk B4k &~ Bk SDVGH3 s /L4

x4 4 B R BRI LR B AR W TR IR IRV B
251 R B AT B SDVGHS s TUVRTE T BRI LR T 69 AN 7
B Y BT bk R PO LRGP LI 4, fEFA 21 d
KX LA S S R 0 0 A W A gy T 2 ALIOTRDR | PO SRS B TRl
{4 TR, Fe2 ALONTHURE A 8 % 15 T Fet Auin Pl AUP<0.09) SRABATRI LTI LR AL 47
XHIRAL; 45 401G NS I A Y B I T e g 01 RI(P<0.05)c FEIRAE 42 AT, S AOXTARE AL

=

(P>0.05). TERAHN, Fe2 AUithmmpmmyy R FERRGLINITE(P<0.05), HAE Fe2 41T

WHTHE(P<0.05); EHRFIFN, Wiitirh Fe2 alnys Mo SR PO RIEA 21 d IAFINE(R, P/ P

F AR 7B 4 35 5 T % 4L (P<0.05). e (L85 TXS AL
— EHEMFEM: Protease activity/(U/mg prot) 10
Hepgj:)}?aﬂrireas TEMYBEHE 1 Amylase activity/(U/mg prot)
L JEBEE I Lipase activity/(U/g prot) 8
il — B EFE M Protease activity/(U/mg prot) ]
Intestinal JEMEETS M Amylase activity/(U/mg prot)
— Be Wi M Lipase activity/(U/g prot) a a b .
48 THC/(x10°C/mL) 2 b b
- eﬂzﬁky%ph W3R Endocytic activity/% a b b a b b i >
By & LREE M PO activity/Units
PiB %M Antimicrobial activity/Units . 0

21d Fe0 21d Fel 21d Fe2 42d Fe0 42d Fel 42d Fe2
4 BREMRE 7 TR SDVGH3 X FLYA T Xk W T 11 I 24 0 G 352 By A H 8 A (1 5% 1

Fig.4 Effects of high-yielding siderophore strain SDVGH3 on digestive enzyme activities and immune defense indexes of L. vannamei

PR P YA R BT R T B Fe bR S ik m A BEARAR: 21 d F 42 d R X HFFR54 1 21 d M1 42 d; FeO: XfMEZH;
Fel: FRIFERIN 13107 CFU/g MRk A S 7= T8 bk SDVGH3; Fe2: PRI IRIN 1x10"° CFU/g M8k 24 % 7 1H bk SDVGH3.
The ordinate number in the heat map indicates the content of the measured experimental index; Abscissa: 21 d and 42 d

represent 21 and 42 days of shrimp culture; FeO: Control group; Fel: High-yielding siderophore strain SDVGH3 added with
1x10" CFU/g in feed; Fe2: High-yielding siderophore strain SDVGH3 added with 1x10'° CFU/g in feed.
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XFEF R BBE TR ANNE 5 fls o BUEE 7 d Ja % BRZH i3t
T2%N 93.55%, Fel @M Fe2 HIYFET A4 51N
82.24%FH1 61.40%, SLHAAAET A N FHAL T X 2l
(P<0.05). BFFELEAFRM], GRDRL b R gk a8 Ak s 7 1
tk SDVGH3 I I 2 R IR PL AN T o R JRR e 74 1 5K
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Fig.5 Effects of high-yielding siderophore strain SDVGH3
on L. vannamei cumulative mortality in challenge assay

FET-# Cumulative mortality rate/%
B
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2.6 fARFIRMESEAE T =E#k SDVGH3 3 FLAE
Xt 4R B 18 1 A M0 RO B2 0

X HF B 3B RE R 4T 2 R AL SR 4
Coverage 88 /RAE S I PR, 3 AL FRAL Y
Coverage $85(37E 0.986~0.993 Z 0], FHARE S Hh#k
K 21 /) 7 51) 76 55 B2 155 o Chaol Fl Ace 38 £ VA6 B
T (R FIHE bR, Fe2 4119 Chaol Hl Ace 5%
E T (P<0.05), Fel iy Ace 5% E (KT X 4
(P<0.05), Shannon Fl Simpson $& %2 1Ak 7 E 22 #E
PERIFEFR, Simpson 8445 Shannon $8%5 &2 i AHIC K
# . Fe2 411 Shannon 5% 3 & % B4 (P<0.05),
Ifii Fel £ 1) Shannon 544w T X FAZH , H 0 I 3 25 5%
Shannon 544, 3 >4 1 = 2K AYHEJF /& : Fe1>Fe2>
XTHREH ; Simpson F5 0 B = BURAVHEF 2 . X IR

>Fe2>Fel, MRAE 97% IS & o & 19 77 51 3
3790 4~ OTU, K 6a o, Xt HELH v iz i i 5 50 56
Hrp AT 344 4~ OTU, AL 5 X IR4L 34.89%, i
1E Fel 2001 Fe2 A3 515 16.40%F1 48.65%.

JLAA T XTI gy 18 1 B A 40 BCAE 1] (Phylum) 9 7K
F (K 6b), LIASIEHE [ T(Proteobacteria) . fLLFTFFE 1]
(Bacteroidetes) . JiXZETE | J(Actinobacteria), JERETE ]
(Firmicutes)% 4 1M E, Fel AL E] &K
TXFHRZHF Fe2 4H(P<0.05); Fel 4111 %
T X FRZHFIl Fe2 4H(P<0.05), Fel ZHAY/EREE ] W
TR R ZH A Fe2 2H(P<0.05), H Fel ZHRYEREE
I T T 1(P<0.05), Fel AINER B2
I T %t BB 40 Fl Fe2 #H (P<0.05), Fel AR R
(Clostridium prazmowski) .3 & T X BRZH(P<0.05)(&] 6¢).

3 it
3.1 RAEXERE R SRS T ERN Rt 5L E

X 9 %5 (2006) M 2R T8 7 0 16 15 21 T — Rk 2k a8 4k
R AR sp-f, 2R %8 R UOUR B ML TR (Pseudomonas
Sluorescens), HAREAM 1R 90%, = Ekdk R )L
R AR . 115 44 (2013) M1 121 4 i 2 6 e e
BAA T 326 ARYNGE , 3 ik [ AR AR ik S 0 2k
52 MRERERIRE AR, BRERIA B ITE 50%L L.
AT FE LGN ST UR I 16 40 85 1 106 BRI, Ok
24 BRFEERBAR OB RE , 6 MRERERMA = R AE 50%L) I,
Hr, Hitk SDVGH3 Wy#kaihr=mt i ik 74.87%,
J& TSR IRA, S%E iz wWIE Rk, EL IS5
LGOI Won , KRR VRS . R,
BT PR BRI AR TE T K P SR B PR B A IR 5 sh
8 FpiE v WESERE, BRI R R AR AE K Bl
Y—2es A, A NIRRT AT

3.2 HHESTE SDVGH3 W EF

R4 3555 (2016) M\ A0 25 i T8 5 16 1) — bk 4 2R AR
PR CB-EH-2 n] g & 0] 4 Fhao m iR,
i 3 bl a8 3 S VR Ry 4 v 078 2 BR A > K AT >

F 4 ET 16S rDNA FHHNAEX MG EME o SHEEHCFHERERE, n=3)
Tab.4 Bacterial a-diversity index of L. vannamei based on 16S rDNA sequence (Mean+SD, n=3)

FEZR Sample  Ace $8%{ Ace  Chaol $8%% Chaol  IM/FIRFEEIEHL Coverage FHFAIEHL Shannon % FRFE %L Simpson
Fe0 632.94+3.78° 599.00+4.61° 0.987+0.01° 3.479+0.01° 0.126+0.01°
Fel 1074.00£6.38° 1 069.57+7.23° 0.993+0.08" 5.023+0.06° 0.025+0.00"
Fe2 521.9245.29° 512.63+4.07° 0.986+0.01° 3.585+0.03° 0.064+0.00°

TE [ — SR AN R (19 _Em 7 4R 22 57 1.3 (P<0.05)

Note: Data in the same column with the different superscript letters are significantly different (P<0.05).
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Fig.6  Effects of high-yielding siderophore strain SDVGH3 on intestinal microbial diversity of L. vannamei

a: WAIEERE Ven &5 b: il 117 ACFRBFAXTEE; o0 M “J&” ACF AR 422
a: Venn plot of intestinal flora; b: Relative abundance of horizontal flora of intestinal phylum;
c: Relative abundance of horizontal flora of intestinal genus

& > Ml K2 9K E (Vibrio splendidus). Gram %5(1999)
T, D AR B L TRT T 7 Ak A AR T 400 o 6 )0 17 1
Ao AW RYEREA S 7 E R SDVGH3, X 5 Fif
3 L TART P8 A1 o 5 B P R B 5SR-S I R >
A [T > 8 51 P > 4 V800 ) 4 BR A>T R o X i
HH AN ) B9 Ak 280 3 7= T R 410 o i D 1 A 21 R4 o) A
JEYA 225, TTRe S5k E A TR AR AR 1 1 1 W 1B PR
A, TR, B8R R AR A 7™ B ik (] A 000 s
JECTRT , I A 28 A R TR R X — A B T B A )
MU, AT i — SRR

3.3 HKEAESHE# SDVGH3 EFEHHMRK

SO )BT FT I 8 A9 BRBIA R ™ B bk WMQ-7
BB R i R Y pH Ry 7.5, MRBESN 30°C, HiE
SEBK, A, HEEEFQIIHIR
KB, IR PR B (Rhodopseudomonas  palustris)
CQVT7 FEARGIN FeCls if, RERAR=Hidum, 24 Fe'
WREER T 5 pmol/L B, KAk, HIZEk
FEREFR 108 h i, Bk A = ik B iRk . ARFTER M,
R 7 TR AR SDV GH3 4k A 7™ ik e K5 75 2% 1F

TN 28°C, pH N 7.5, T HEk# A S B E R
FRILRF BRI T . 78 0~36 h YL N, Fe* Ik i
7 0.01 mmol/L B}, RS s, Fo' Wk
2910 mmol/L B}, PERREREIA S AL, HEAMRERE
P HTE 60 h IRFIE(H ., iRH R B SDVGH3 f=#kzk
WIE— R R, X5 Lalarsr g AL, [FAT,
PR RRER R MR P~ bl Fe™ vk B T iy i R IR 3545 5 ol
Yixt Fe' IR, (ERTRIA RS2 Fe® MR BE R
R AN TA], ELAR B AR 1 7= k52 R RR 355 5% B 1] ) 52 )
BK,

3.4 fARFRMESRBES =E % SDVGH3 3 FLAE
POLINE L - A !

Far S5(2012)WIBF5E s, R ERN P AR FE T A%
T FLRT TR, LA TR T A 52 0 T v 1049 A il 0
K5 B QOB Lt W], (T 3t A 2F AT B
(Bacillus licheniformis) . 7= Wt & 2 W% +) (Candida
utilis) . MY FLFTH# (Lactobacillus plantarum)X} FE 7]
BT K T REAS [ 75 82 b £ = PLAA X AR B | AR
M IE PR 4 FIEALBERY TR . AP, Fe2 AL
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Gullian 55(2004) P\ FLAA I X U g 3 e 4325 1 3
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Screening a High-Yield Intestinal Iron Carrier Strain of
Litopenaeus vannamei and Effect of Feed Addition

HE Jingjing, PAN Luging”, ZHANG Guotao, CHEN Yuanjing
(Key Laboratory of Mariculture, Ministry of Education, Ocean University of China, Qingdao, Shandong 266003, China)

Abstract In this study, a high-yielding siderophore strain, SDVGH3, was screened from the gut of
Litopenaeus vannamei using a combination of the CAS plate method and liquid-phase detection. Strain
SDVGHS3 is a Pantoea sp. gram-negative, facultative anaerobe. The SDVGH3 colony was cream-yellow
and round. The strain was non-hemolytic and sensitive to 18 antibiotics. The siderophore extracted by
XAD-2 large-aperture resin adsorption belongs to the isohydroxamic acid type, and its yield reached
74.87%. The filter-paper method was used to test the antibacterial characteristics of the strain. The degree
of inhibition of the five pathogenic bacteria of L. vannamei was as follows: Vibrio parahaemolyticus >
V. harveyi > V. anguillarum > Staphylococcus aureus > V. alginolyticus. The optimal culture conditions of
SDVGH3 are as follows: 10 mL of culture medium in a 50 mL triangle flask; concentration of Fe’” in the
medium of 0.01 mmol/L; salinity of 0; initial pH value of 7.5; and culture temperature of 28°C. This study
investigated the effects of SDVGH3 bacterial solution at concentrations of 10'® and 10’ CFU/g on growth
performance, immune defense indices, and intestinal microflora of L. vannamei. The results show that
feed supplemented with 10'° CFU/g SDVGH3 bacterial solution significantly promoted growth and
enhanced the immune capacity of L. vannamei. The feed supplemented with 10" CFU/g SDVGH3
bacterial solution significantly increased the intestinal floral diversity of L. vannamei, and significantly
decreased the proportion of Vibrio in the intestinal flora. The strain SDVGH3 screened in this study is part
of the indigenous probiotics in the intestinal tract of L. vannamei and has an inhibitory effect on the main
pathogenic bacteria of L. vannamei. The supplementation of feed with strain SDVGH3 can promote the
growth of L. vannamei, improve its immune capacity, and improve its diversity of intestinal flora,
providing a theoretical basis for the application of high-yielding siderophore strains in the culture of
L. vannamei.

Key words Siderophore strain; Litopenaeus vannamei; Intestinal flora; Digestive enzyme activity;
Nonspecific immunity
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