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(AST)IU IS F B J5 b I 34(P<0.05) . R ATHEZL (4 AT TUNELAG I H A X 78 40 23U W 82 3, Lk
Jolh A 45 B UK S5 B i T A i A B35 O, W s R 5, kB 40, WL 2 5 BE AR T, AR A s T 48 4k b
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o IR BAF (Procambarus clarkii) XFRIR 7K /N TR R A AE PR AL, FRAE S BEAME DA, A7 AR
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J; SunZeC'7E 13k Wi (Megalobrama amblycephala)
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W FUAE LU B =, DL 38 06 e U s B 0 2R K K
T8 i FR 7 1R B s e 30 A5 itk — P AT . DRt AR
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A T AR fip A PR S M), Oy T TS B A 1) R B
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1 #RERE

1.1 SCEMKRER

o PGSR B AR SRR T VL 75 5 3 1 X AR IR
FREAR T, W FUAK e AR — 80 o IR i 20 (20.2+
0.15) g ML Bl6/NFREAHM, BRI 10E . #
WL R Ay T e IR R B AR R A HOR . R H DR E
192 %—4 % ¥ R T L2 K (9: 00F118: 00), BEIX
ISV, IhE R BRERIE, TEK A R YR 8 J5
BEAT LRSS
1.2 AFER

e R B KR AR I 14d J5 3EAT LR 5L 56,
SIS PR OR B H ROE S 78 G A, KR, RS
PUBRAIE K B i o BN R R K SR s 7K
(28.0+3)°C, pH N 6.0—8.0, A &K T0.05 mg/L, fii
HEMKT0.05 mg/L, AR A RFF/ES mg/LEA |
1.3 HRXESHH

EYLKOd. 7d. 14dF128dKKE, £ ] 2K
£E.6 U A ybk EL 3000 5 A B A b FE AR DATE 52 72 IR
JR BRI AR RS ; 3R IR I T-4% 2 5 H I ] e
W, BEHAT I HE st A TUNELZH M F T4 ; 3)2
UM i N A HEAT 16SIRN AT .

MKBERIERNE 1 mLG RS
A3 Mo QSR I S HE i il N Lo, 410X 0.5 mL
MR, BONT.5 mL3E A S5 rsE Al e O .
4°C & H 4h, 4000 r/min 50> 15min, BB W 126

HAEACTERR BN E o JKE(UREA). ILFE(GLU).
BELLI(AST). BNHEAMALT). SEA
(TP)FIH 1 =R (TG) /K ¥ 351K F AR Y1130 Bty A= 4 1=
I7 HL T B A BR 2 F i) i I BS-4004 H sh A AL 4
MG 5E

FAEHER G 2 5 ] e v b L [
SE Ui, 1B BT 0T JE ON B HE & N 281 K ok
0.5h, Ye{t, 75 v: 2 i FischerZe MR R K . 15 i
AR . HEGL B RN () ARKE 45
TR AR, 3 T B v R B MK 5E A, B JE K D) R
TN = FR 25 e s (2) 0000 R A P AR I A 1)
LB HOR R K, A G TN ZE 08K Q) H A
R ACEE3—8min 5 /K B, 7K PEAbEE 56 F 1% R IR -
CBEI A, 7 6 JG /KPR (4)0.6% 2 /KR 1 Ab 3
Jo A8 FPRS 1B R B 7K (S) MoK i BP0 e e £
1—3min, F ZEE AR J5 B — FF 2R b FE 52 5% B
(6) LAHRPER A 1) % 1, S A B WL 1 R

FABETUNELARAT B2 B PR E R
H S TR A I D) R PR [ 2h 5 #E T TUNEL S
W, TUNELAS I 75 3 2 [ 3 Aobe 21 iy sk o7 i
(A Y0 A fE ik )5, FH0.1% Triton X-1007
0.1% MR — AR A R IR AL 3 Smin; (2)V) v 1E
M ANTUNEL J MR A W HTH 0.1% R — 4.1
(DEPC) 4 #20min; (3)3% H,0,- F B IR I8
15min/& A L 2E I (402 2 R 1ML3E, IIAPOD
AR EAT RO F ; (5) IR AR R B Y4l utx; (6)h
PER S i 7E i 2 S T A SR T A

16S rRNASUA  KUR 718 N AW s H
sk, JREUDNABEIT A B 16S rRNAM 24T,
AN ] SN AR I 124 718 N BEVIREAS, ik
S ER" AR AIEOTUR . OTUH
. OTU Venn&4r#1. OTU PCATH#r. #fh 2y
FRHFELE M. VR AE S T RS R E o H
(RAFET B I B HTFIAE S AV R 24 FE A bT) s 3
P % %041 . LDA EffectSize M1 RS iEALRE .
NMDS7 T S D Re RS
14 HEZITS59Hh

TE5E 168 TRNA W JF &, f FIMOTHUR {4
TE0.97THHLRE 47 J K 4 79 FE BT (Operatio-
nal taxonomic unit, OTU), ¥ FRibosomal Database
Projectill 7> 045 3EAT RUAE A 2K 1 4. JE it sliva
rRNA I 2 (http://www.arb-silva.de/) 54 e X
OTURAT E X, i ok (2 A Ak $5 b K F SPSS# A4 .
Rl F 77 Z 53 HT(One-way ANOVA)BEATALEE, Z H HE
B HDuncan’si# 4T £ 7 B EH WAL, 45 R H T
{H+ARHE IR (mean+SE, n=6)K 7~ .
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H2 18] %0, IfUBE(GLU) K BE & YLk I 7] 2E
K 2 I FRHE i A(P<0.05); 11 JR Z(UREA)ATH i =
BE(TG)ZI L BE TG N, HATES
TRIER] T B KIE(P<0.05); BN REALT)HA
KA B EFEAA; BE A (TP MR F H(AST) &
Je T B EFE S, Hoh S A (TP)EYLIR 7dI
HILE/MA(P<0.05). K HAAL T LIRS B 7 IR R
HT I 9k £ A B o 2R 2L

2.2 YNBSS 5 KRB AR A E H R R
e IR M i TEHE e t 45 R B on (1 1), X
2 E RN S RN Z R AR A, 4R
FEFUR R BT, B LRI 7] (R SE K 28d I, oe IR &
BRAN i - R R = 4, LR T2 D, k=B
RIS BALPLA
2.3 YUHBHME X e R E R 7 1E 4R T RIS/
oo, ISR BT e 2 2R 4 i 1o 5 2R, T iE A ]
A WK E I TUNELRH P40 (18] 2), B4
PR, A N A R AR R . /N e dT a4
IR T P Fe K ah R W (K 2), H1LTR0d4]

=1 YURMME X TR R ZAT M B A4 (AR ARSI

Tab. 1 Effects of starvation stress on hemolymph physiology indexes of Procambarus clarkii (n=6)

YL [R] JRZ ] % A BNFERN BEF AN MEH Hh =g
Starvation (d)  UREA (mmol/L)  GLU (mmol/L) ALT (U/L) AST (U/L) TP (g/L) TG (mmol/L)
0 0.75+0.01° 47.2943.35" 4.73+0.48 21.27£2.67" 66.96+5.76 9.03+0.40"
7 1.19+0.06" 28.38+3.51° 4.86+1.16 17.83+0.73% 45.14+9.43 11.54+0.91°
14 0.78+0.14° 35.66+1.63" 6.25+0.32 27.2043.55° 52.12+7.60 10.09£0.70™
28 0.67+0.07° 19.4241.46° 5.1040.62 11.57+1.54° 63.41£5.10 9.06=0.26°
v [F— B A A R R R 22 R 3 (P<0.05)
Note: Different letters in the same column of data indicate significant differences (P<0.05)
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Fig. 1 The intestinal histological structure of Procambarus clarkii after starvation (200x)
LA EA—DABINYLRO. 7d. 14d. 28d; EPC. b2 40f; TE. 4L IC. falks; MS. NLAZ; N. 4%
The figures A—D are 0, 7d, 14d and 28d after starvation; EPC. epithelial cell; TE. outer membrane; IC. intestinal cavity, MS. muscle layer;

N. nucleus
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Fig. 2 TUNEL staining (400 x) and average apoptotic index
histogram of intestinal tissue of Procambarus clarkii after
starvation (n#=6)

LA & A EA—DJr 5 YLER0. 7d. 14d. 28d, EIENE T2 F
BIfaEOHR I ARl BER R 2 57 {2 (P<0.05)

Figures A—D of the above are starvation 0, 7d, 14d and 28d, and
figure E is a histogram of average apoptosis index; different letters
indicate significant differences (P<0.05)
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oA B4R 1286 22 B ] (Proteobacteria) 4
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7R I e /IMEL, 2828 R IZ T [A] B 2 5E 0 R KA
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Fig. 3 OTU venn diagram
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Fig. 5 Bubble diagrams of top20 genus levels under different
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EFFECTS OF STARVATION STRESS ON HEMOLYMPH PHYSIOLOGY AND
INTESTINAL HEALTH OF PROCAMBARUS CLARKII

LAI Ting', NIE Zi-Ying', ZHANG Xiao-Yu', SUN Cun-Xin’, XU Xiao-Di', JIANG Qing’,
LIU Ming-Yang', LIU Bo"? and WANG Ai-Min"
(1. Wuxi Fisheries College, Nanjing Agricultural University, Wuxi, 214081 China; 2. Freshwater Fisheries Research Center of
Chinese Academy of Fishery Sciences, Wuxi 214081, China; 3. School of Life Science and Engineering, Southwest University of

Science and Technology, Mianyang 621010, China; 4. School of Marine and Biological Engineering, Yancheng Institute of
Technology, Yancheng 224051, China)

Abstract: Procambarus clarkii is originated from the south-central United States and northern Mexico. In the 1930s, it
was introduced to China as a freshwater economic crustacean via Japan because of its good economic benefits and a
characteristic industrial chain. As the consumption hotspot of P. clarkii to grow, fundamental researches on the cultiva-
tion of P. clarkii were incredibly important. At present, researchers carried out a large number of analysis on the effects
of starvation on the physiology, endocrine, and digestive systems of crustacea. To explore the effects of starvation
stress on hemolymph physiological biochemical indexes, intestinal histology and intestinal flora of P. clarkii through
histopathology, high-throughput sequencing and bioinformatics analysis techniques, P. clarkii was subjected to a 28-
day starvation. Hemolymph and intestinal tract were collected at 0, 7, 14 and 28 days of starvation, respectively. Hemo-
lymph was collected to assess the physiological status of P. clarkii by measuring conventional physiological and bio-
chemical indexes; the intestinal tract was collected in 4% paraformaldehyde fixative for intestinal HE staining and
TUNEL cell apoptosis detection; and intestinal contents were taken for 16S rRNA sequencing. The results of hemo-
lymph biochemical analysis showed that alanine aminotransferase (ALT) did not change significantly; glucose (GLU)
levels gradually decreased with the prolongation starvation (P<0.05). The levels of urea (UREA) and triglyceride (TG)
first increased and then decreased (P<0.05), total protein (TP) and aspartate aminotransferase (AST) first decreased and
then increased (P<0.05). Starvation stress caused significant changes in the intestinal morphology of P. clarkia: the in-
testinal cavity became wider, the intestinal villi were atrophied, the thickness of the muscle layer became thinner, and
the tissue cell apoptosis index increased. High-throughput sequencing was performed on the 16S rRNA V3-V4 region
of intestinal microbes. The Alpha diversity analysis showed that the highest diversity of intestinal microbes was on the
day 7 of starvation. At the phylum level, the 12 samples were mainly anaerobic microorganisms such as Proteobacteria,
Bacteroidetes, Firmicutes, etc. However, on the 7th day of starvation stress, the population abundance of anaerobic mi-
croorganisms (Bacteroidetes, Firmicutes, and Proteobacteria) decreased significantly; at the genetic level, the abun-
dance of Bacteroides, Citrobacter, Streptococcus, Neisseria and Haemophilus increased significantly. The results indi-
cated that P. clarkii may adapt to the process of starvation metabolism by changing the energy material utilization path-
ways and the intestinal microbiological composition structure.

Key words: Procambarus clarkii; Starvation stress; Intestinal health; Hemolymph physiology; 16S rRNA



