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s T A G 5 RE 77 KT A TE TR R KA G 3R
H. AWTTTONE N IR DR IRGE i, 57
RE T N N TR & IR R SR T R
T A ASEEE P A T8 R AT PLAR,
LA N S B 7 A0 0 e IR SR B A A TR AR AR A
It S 2 vk

1 #RERE

11 KEMRE5ET

BIG FT ) s ok B R K R R A
Bt AR U 7K P BT 8 T R AT A R G, R IE BV
AT TG, B IR A G, EBUA IR e A, R
M — S gh T, HATE 7R 5 & N (2.02+
0.13) g, 7R+ 4(40.17+0.81) mm.

TRIGAR LN DU IR I 7E SR R TR B
FRSIE T . SO R BV 75 s 24 M D1 2K 77 A b
3 RIS RS 9 1T m R[5 T 3% G, AT JES 0
W3—5 emEMIRD -, YO 5 51 NIEK, SCIG I F75E
B 200K /m”, B 51 E AR, RIGWE
AR, 43 B N AR R R & 4, Horp N
TRk 4 B MR RORL T B A TR, i 2E P R s
Fe; BB E3ANPAT, B TFATIRNTO R . 15
F4+70d, £K7:00—9:00115:00—17:0045% M2, W 52
il HEEEN . W EKE17.2—29.4C,
£hEE28—30, pH 8.0+0.3, V45 mg/LLA k.
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PEARMREAS: 23 B30 N AR R ivr &, i
G IERE220.22 umALARIE I E, R KB 8T
BN TCHE S, 37 EI N80 C HHK IR UK AH h AR 77,
M T2 R4

HAEREA: R NG, Rk Fagmil
AL 24h, FFHM3AFAT HBEH LA EUE & 15
TETRREE, 2R R EAVAK, TR AR TR
FA75%0 ks Bk 3, Bl BT ok BB @), o6 25 4
WEVIKIE. slITERBMZAR. B GBI N
Py, FLrb— 47 55 T FE 0074 1 KT A B R K ke,
W G B T —80°C UK R AR A7, F T 1Lt &
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20 FN) ARG 25 A (10 A 30 HNFE I 5E 3%, $R7544
Ji B S AR KSR S, TE A AR (WGR, %)
SEEK K (SGR, %/d)FIAEHE (SR, %).
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W, EVKIR M LML), (EACHAMET
2000 r/min & .0>20min, B 375 A E A B B0, TH
WlG(E & AN, B AB. BRI . JF
5 7 M G 9% I (BRI W R G ACP L B 1 o R T
AKP. R EALEESOD I HEFLZM) il 28
T3 e B AR ) TR S TR R S, B
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SLUE YL RN 8 , AR SR Aoy o FE T E TR
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SDNARH: R QlAamp DNA Mini Kit
(QIAGEN, 7 [ )i 771 5 % 2H SURE AR R R FE A 32
U A 2 DNA

PCRY™ 34 % e 2 I 5 : K 38 25 157 S f e
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16S rDNA V3—V4 S X FH 79 1. PCRx
REAAR F225 pl: S} R ZEMIRS pL. SxmGCLE MR
S5uL. Q5EifRIHDNAKAH0.25 uL. dNTP(10 mmol/
L)2.0 uL. 1E. K574 1.0 uL. DNABEAR1.0 pL,
FNFEIKE25 uLo PCRI N 4544 98°C FiiAE 14:30s;
Z R HEANY AR 98 °CAE 1305, 50°C B k30s,
72°C $EAH30s, B HE25—27MEIE; 572 C ZEAH
5min. PCRKJMAEPCR M AX9700(Applied Biosys-
tems” GeneAmp", CA, 3 [E) F#F4T. S35kt
JBE LUK AT U 5 A i, A4 S P, i I Tlumina MiSeq
V& X BV DNA F Bt A7 Xty (Paired-end) il 5 -
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B FE o A AT 430k, A S 3R 15 5 R = R A
WAL EE = 97% 10 /7 51 U N LA AT #8443 28 ot
(Operational taxonomic units, OTU), EHEA~OTU
IARENE T 5, H AT YR 3 K2R . XOTUSs
REFHNBATYF AL, Alpha® #EMEFIBeta®
PEAIHT, 1655 2K AT AR AR KT () B
BT S5 RIBF T PCA it 4l
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Activity of trypsase

FE BT R PR AR L, WP S T Al

B Kb s an i B R AR 1 e s T AL
TPRHH (B 1a)o ¥ & 406 B 1 i 3 12 B o VH AT
FE IR T, TER it f s . R o ) g B
RSV & 4L 2 = T AN Tk (P<0.05; B 1b).
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Tab. 1 Differences in growth performance of juvenile Siganus
guttatus between the two groups

2H 3 Group
¥eFrIndex N rkHA WEH

Artificial Enteromorpha

feed group  prolifera group
¥I4KE Initial body weight (g)  2.02+0.13° 2.02+0.13"
H A Final body weight (g) 4.69+0.18" 3.58+0.37°
HA T 2% WGR (%) 132.18£1.03°  77.23+0.29"
I E 4 K% SGR (%) 1.20+0.04" 0.82+0.02°
1715 % SR (%) 100 100

W F AT EARANS FEREAN R RN A B3 % R (P<0.05);

T

Note: Different lowercase letters in the same row indicate
significant differences (P<0.05). The same applies below
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Digestive enzyme activities in different parts of juvenile Siganus guttatus in two groups

a. B EABRENE; b. RE ABRENE; o VERMEEIETE; d. IRITEENEE; bR L5 ARRN S FEER R — TR S B AL 3 B (A7 AE S
FPEZE R (P<0.05); 71 Rl R 5 - BER AR (R AP A0 9% B 2L AN A7 76 S 35 M 22 57 (P<0.05) . FIAIF243 A2 N LARRHAANF &4 TR

a. activity of pepsase; b. activity of trypsase; c. activity of amylase; d. activity of lipase; different lowercase letters above the icon indicate

significant differences between different digestive organs in the same feed group (P<0.05); different capital letters indicate significant

differences between different groups of the same digestive organ (P<0.05). F1 and F2 respectively represent the artificial feed group and

Enteromorpha prolifera group. The same applies below
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B 4H S T 4 £ S T R B T A s, AT IR
2, 3R T A IE F AR AL (P<0.05) . WFE
AR 7 I =0 R0 SR o R ) N B | S
(P<0.05). HHE 1d7] WA ok SOE 1 4l
BN MR e T S A N ARk
U7 B PR R e, B R 2, W B I e 1
It 55 7 3 P A T AR O3 v o T ZELR I R A
b i 1 E AR T L (B  E R R ENE R
(P>0.05); W & 4LAR i B v 1 I b e v, B IRZ,
P A 2 e AN B2 (P>0.05).
23 FWEWERNEH T RREEMEHELL R

W 2af 7R, RUE T4 EIEAE T ACPE 2
S AAE R, B EBACPIE MRS, 2 A8 T FoAh A
L3S B (P<0.05). PIHEIALL, & d S 7o
THAGTE R ACPYE PRI WS & T N Lok, AT AT A
ACPE M 23 & T N IR H(P<0.05) . i T
o)y 0 1 PR B (A K PV P £ B0 A T i, W s
S AL AK P& 14 24 48 3 v T N LAk (P<
0.05), W& HH HAKPERE S, ez . A
TARRFA 55 7 0 4 8 LZMBRS 0 75 36 v B,
H B8 738 7 AR IR AR (B 2¢). WEH iR T
4 LZMEE 5> A5 5 N TRkl A AL, wi B i,
Wiz JElIkZ, (H =3 2 (8 2 J A R 3 (P>0.05);

PRI R A B, N AR A T £ &) £
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A E
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LZMBEIE /7 53 & T8 4, 1 5 I LZM B 5 0
B ET W E 4(P<0.05), HAB BB TE B 2 M %=
Fo W YL T 4h B SR A SOD R I M1
FANTRA, s dd. sy il
it (SOD )7 P I i (K 2d) .
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Fig. 2 Non-specific immune enzyme activities in different parts of juvenile Siganus guttatus in two groups
a. ACP BHE PE; b. AKP BEIETE; c. LZM BgifPE; d. SOD B

a. activity of acid phosphatase; b. activity of alkaline phosphatase; c. activity of lysozyme; d. activity of superoxide dismutase
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Fig. 3 Species abundance dilution curves of samples in two
groups
F1 W. F1 Y. F1 QC. Fl ZC. Fl HC/} HFE & N THE
MEETagEE. WIIEE. Wi, 1. B F2W. F2
Y. F2QC. F2ZC. P2 HCHBR R~ EWE N m i T agm
H. WlTEE. 5. T, Bl AFRZR N LR, EPER
reE; TR
F1 W, F1Y,FIl QC, F1 ZC and F1 HC represent the stomach,
pyloric caecum, foregut, midgut, and hindgut respectively of
juvenile Siganus guttatus fed artificial feed; F2 W, F2 Y, F2 QC,
F2 ZC, and F2 HC represent the stomach, pyloric caeca, foregut,
midgut, and hindgut respectively of the larvae fed Enteromorpha
prolifera; AF represents artificial feed, and EP represents Ent-
eromorpha prolifera. The same applies below

*2 MERETEYEHILERRFSHY
Tab. 2 Diversity of the digestive tract flora of juvenile Siganus
guttatus in two groups

¥ebrIndex Chao 1 Shannon
AT RIAF 760.87+1.43" 3.2440.12"
HF1W 722.42+12.41° 3.0540.05"
Mo T EEF1 Y 788.49+6.34° 3.5440.05°
HifAF1 QC 839.64+6.11° 3.4620.04"
HfFF1 ZC 914.5142.33° 3.39+0.04°
J5%F1 HC 1762.13+5.95" 6.72+0.06°
WS EP 819.72+10.72° 4.27+0.82"
HF2 W 882.36+37.78™ 3.98+0.12°
AT EEF2 Y 853.46+7.49" 4.69+0.03°
HilAF2 QC 896.33+24.59" 3.72+0.06"
HfFF2 ZC 1015.86+68.59" 5.67+0.94"
J& AF2 HC 1148.09+93.28" 5.98+0.07°

RUE 4 AL E &AL AR T B [ ] (Proteobac-
teria) FIAEXS = B By, A XA, ARG KIRGE R
BE T [ (Firmicutes) FIHFT B4 | J(Bacteroidetes). 5
N LA L R A 2H U5 1 TE A L, s RO s
SR E R R IR BT AHECT
&, kLR AL R TG0 7 PEEE 11 (Verruco-
microbia). JZ B | ](Actinobacteria); 1Al 4H 5
W LA EL, W ATE PRI T AR 1 1) A
FEWA Frgn &l 4).

i 38 T A A DU 2 FH P o = R SR B o
(K 5), N LopkL R H 598 AT B8 & (Psychrobacter)
AHKE=F B By, W 3R TH I A B &8 (Hydrogeno-
phaga)FXT = BE e o AT N AR REE W A6 TE
BAE, W& AV A B R R I R 22
3 iTig
31 AMENEEHSEFaEKMEENRN

AR, TERIAS [F] 220 1 2R 1) A KA E TS
P, RIS R L, WS R L, t R
SR T R g I AN i BE BB B 2 T, X
H5ANTHBEHERMEENTSERESE XK. RET
2 DU RN ) s B 2R, XTI SR AN
FERE, X AN FUE TR AR A R I B e 7D R, 2 1]
MRS (7] K TR () R R I R I AR K AR, X
ot 4 4Pt B 0 - f8.(Siganus canaliculatus) (]
W aE A A Ay, N TR A R
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I 4T ] Bacteroidetes Ml £k 4[] Actinobacteria
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Fig. 4 The composition of the dominant bacteria phyla in each
part of the digestive tract of the juvenile Siganus guttatus
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COMPARISON OF DIGESTIVE TRACT FLORA AND ENZYME ACTIVITY OF
JUVENILE SIGANUS GUTTATUS UNDER TWO FEEDING CONDITIONS
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Abstract: Enteromorpha prolifera is a common large-scale alga, which can make filaments grow vertically in the pond
in a short time (1—2 weeks). It is a common enemy organism in filter feeding shellfish culture ponds. Once it breaks
out, it will not only affect the growth of cultured varieties, but also cause biological diseases and even endanger the sur-
vival of cultured varieties, resulting in economic losses. This paper attempts to make use of the habit of Siganus gut-
tatus feeding on Enteromorpha prolifera, and compare Enteromorpha prolifera as a natural bait with artificial feed. In
order to study the structure of digestive tract flora, digestive enzyme and nonspecific immune enzyme activity of juve-
nile Siganus guttatus were fed with artificial feed and Enteromorpha prolifera respectively. High-throughput sequen-
cing technology combined with biochemical analysis methods were used to systematically analyze and compare the
composition and distribution of microflora in the stomach, pyloric caecum and intestine of juvenile Siganus guttatus,
and to compare the influence on growth performance and digestive enzyme activity of the juvenile Siganus guttatus
with the two diets. Biochemical analysis showed that although the growth performance of juvenile Siganus guttatus fed
with Enteromorpha prolifera was lower than that of the artificial feed group, its amylase activity was higher than that of
the artificial feed group. The juvenile Siganus guttatus had good feeding and digestive ability to Enteromorpha proli-
fera, which was enough to meet the growth needs of Siganus guttatus. The activities of alkaline phosphatase and supe-
roxide dismutase in the digestive tract of Enteromorpha prolifera group were significantly higher than those in the artifi-
cial diet group, showing higher immune and antioxidant capacity. High throughput sequencing results showed that bac-
terial diversity shows an upward trend with the extension of the digestive tract. The dominant bacteria in the digestive
tract were Proteobacteria, Firmicutes and Bacteroidetes. The composition of bacteria in the digestive tract of Siganus
guttatus was greatly affected by the diet. The results can provide data support for the bait research of Siganus guttatus.
At the same time, it shows that the feeding of Siganus guttatus on Enteromorpha prolifera has a good feasibility basis
and significant ecological value, which is worthy of in-depth research and promotion.

Key words: Artificial feed; Enteromorpha prolifera; Digestive tract flora; Digestive enzyme activity; Non-specific
immune enzyme activity; Siganus guttatus
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