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(1. KA, O 116023; 2. oh EURFE Bk A AT I T K 7 St B 1 5 2 AT B 552, 7R 430072)

WEE: NITAY JE R B L BR 5 25 H [Methanotroph bacteria (Methylococcus capsulatus) meal, MBM]#& 18 £ ) 75 50
KSR ZEMR (Procambarus clarkii) R W) AT ATVE, A ST TSP SRR AR, 4750 FIMBM B AR 2Rl A k)
0 (MBMO). 25% (MBM25). 50% (MBMS50). 75% (MBM75)F1100% (MBMI100)F] & ¥ 2 [, % M )
MBMZSINE N0 2.12% 4.24%. 6.36%A18.49% . HEHLHIUA 1A (3.4420.02) gff) 7 QR LR 4R 375 €,
BEAL 5> BCSA, [ 3N E A, AT NS M IR S50 . 45 R RoR: BEE & A6 T, MBM75F1
MBMI00ZH 2 RAR TR . YA, A AR KA A RE A3 1) 12 I T-MBMOZH. (P<0.05) . fEA= BEA 4L J7 THI,
EMBMOAAALL, 15 & AR (MBM75FIMBM 100) i i g 2 (1 B v 14 12 2 FEAIK(P<0.05), T 7 B G BV 1
EFFR(P<0.05). 4> F7KF k-, MBMI100ZH i It 2 1 0 A At S BE Rl (meor 6kl akts pi3kFlp62)3R 15 &
T T, A AR D R R E (gen2 atg3. atg9~ ubs psmdl. psmd6)RiEE L E Lif(P<0.05); HiE s
MR (eaat3 patl. mglur)fEMBM75HIMBM 1004 355 & 25 52 240 . 221240 %8 % B, MBM2541
JFF J i 4 2R 435 g 1E 5 ; MBMISOZHEL H! B0 A2 Bcdi %5 ; MBM75 ATMBM 1002EL T /N5 /85 s Wi 12, i s L ROBSORY, 2530
thE, HRREMRIER (tnfoas traf6 relishfirak4)3E R FRIE T ZE FFP<0.05). 45 LRTR, & HIMBME
ARy 2 3 5 IR B ARG iR A K B A AR, 5 S IR SORE TR 0 . DRIk, o EK S5 20T &)y iR e
MBME A 03 Eo A B R 50%, BDFREL R A8 IR A1 4.24% .
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JIRNE A R G R ki A B . 5 KR
FEUR AR R I00.3%—0.6% 1 R A5 21 B3R 5 7] LA
S N R S G R O = 1 R N e L B S = R A ol
3 5 IR AR AR Y, R T 4 S, g
MO BRI 7R 08 o IR R B IR AR K e . B8 e i kL R
FARE S R MU B A $a b 55 T T 35 R IR 57, &2
—FhAT 22 42 N T 7K 2R B A0 0 5 R R R
S JIE L BR T 2R 1 (MBM) 2 — i DL FF 5 Ry e — B
Ui, IR R A P A SRR e e A
MBMAHH & H & = 2170%, K& E418%, &AM
H 500 o ok AR AL . A N 4l B SRR 2R 1, MBM
AT KPR K R s ) B R R, B
ARG . REEERE TR, P ERR e
o RFERRE I RIR S NAR R, BT YK 78
JB . IB T ESE H AR T %, IMBM I 2240 AR
AL P23t T ORRE . BbAk, FRGESRIE) iz, #4)
KR A AR RRIE, DLEONIRY A P MBMA B
TR ARAL gt B 1 OB R R o SR ) B R S A R
JE ), ARG R . Kk, MBMAE A — P B &
FEME S e AL T AT A AT KRR K R TR 1) FR 4
M 1, 75 22 fif t0 ) D YR A ARt Rl B B B AR
FHEA T " BT, MBME X ok 75 H
SERE IR g

o, ISR (Procambarus clarkii), {8 F7 /N HF,
JEE TR R R AL E b gt B e
RN B S FRAME TR 22 725, 2R E YR 77
FE 7 B e K IR K B SRR B W), 20244 77 /A
344.7673 Wi, 5 3 B H 5 K R R B T =
60.45% . by T I JE B GRDRL b IR 18 5
WM mshmEATE. HAl, X TMBMEAR G K
JR B IR R R B A R S . DRI, ARHE 5T
B TEHR 7T MBM LAA [R] A5 85 A A0k X g EG i 2R
AR AR RE S THE B IR A BE A B o AR 1 52
M, AMBMYE H 52 2l 4) Pl Rk H 117 s ROR 42 ik
AR

1 MRERE

1.1 SEIGTARE

S PRDRHEC 75 A AL 2 R g 1R .
MBM [ 18 #) 7] ()5 5515 B & WA R o w184
X fb OB H 0 (MBMO). 25% (MBM25). 50%
(MBM50). 75% (MBM75)A1100% (MBM100)§] f4
R, BLHSMBM & &2 5080 2.12%- 4.24%.
6.36%7118.49% ) 5P SE B SENR Rk . K B A TalkL R
Bk B 5 ik 80 H 9, A4 1ADRLEC 77 Hh 2% JEORE B A7
2t/ 2 2 BRI I IE 78 IR 2, 2 Je

BT HIRLAL(SLP-45, H [ 7K 7= B 22 5 72 B il
MUBRAX 28 0F 72 BT, HH [ 36 ) ] 7 L 4%2.0 mm ) 1]
K, TR E B R H95°C 244k 20min, B 5 7E B A
H160°CHE IR 1) 5 B T4 °C ¥ FEH IR AF
1.2 LB EFREERE

i, DR R AR 7 I 1 80 )1 T R o 9 5
HARAEEAEDN) . 7EIE RS URTT, 7o R
W B T E N FRE ARG P E 722, o KTy
A e N IES e B~ 2 i K S A ol e 7 3 VR 92 N
KNS e (R BRBCR SR W] 46 4 B (3.44£0.02) g,
BE LN 157> 77 B 7K 46 (B 4 2502, /K & : 160 L,
120 cm*80 cm*30 cm). F: ¥ B SN H, B4
3N, SR HE], R T8:00F118:004 M AR M
WIrAIE. SRURRRE8E . S2u6 R KB (R 20—
22°C, pH7.0—7.4, iR A.6.0—7.5 mg/L, KA K<
0.1 mg/L, Jalf 9 H ARG
1.3 #HmRE

5 78 S 06 45 R 5, 10 S5 R ETAR 19 £ 5 Fr
. AGETFEHLIE 3 R MR T FE O 55 A e T bk ERL AR,
e N T T A 8 k1 20 A A L P 0
FAE4°C F 3000 r/min 0> 10mingy &5 1132, K 1 5
B A TR 5 72 £ -80°C UK A R A7, T J5 4L 4347
Y B B g R0 gy 108 20 2R AR ST R R A TE VR R T
Ji SRV T 0 T RO R DR SR AR AT . A B R4
ZIFH 4% % 58 W I ] v T o, T P TR IR TR 35 1
LM
1.4 £

PRI PR B IR IR 4H 24, T N0.01 mol/LAg 2 1
22 R ER T 45 10% (wiv) ST, B0 e s BT
W, A8 2 5 s W N S G = R ER T 7
FIT, PO006)l 7 &5 [ )i 7% &, 18 FH ma st A T
FEAIE T HT AR 77 ) A DU v, K Ji 2 e Ji o
(28 TR 5 B (ALT, C009-2-1). 75 i 5 B (AST,
C010-2-1). Jik % A H§ (TRY, A080-2-2). fli fifi fil§
(LPS, A054-2-1)FI5E#; B (AMS, C016-1-2), Ifl. 3¢ &
F1 5 AR 8 bR 1 2R 1 (ALB, A028-2-1). B & [
(TP, A045-2-2). L2 (BLA, A086-2-1). & A H &
fiff (ALT, C009-2-1)F1 4 & #% % g (AST, C010-2-
1o FARME J5 152 AR & U B AT
1.5 ERERESH

i F TransZol Up Plus RNAR #) & (b & &
XA H AR A R A A, A6 505 BUF g
SRNA. RNAK A4 A A & o) e e
11 NanoDrop 2000 (Thermo Scientific, MA, USA) &
Agilent 21007E4) 73 #1{X (Agilent Technologies, CA,
USA) 5 . f# FH HiScript 11T All-in-one RT Super-
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Mix Perfect for qPCRIR 7 6 (Fd &% v ME B AL VIR
& A R 2~ 7], B 50 )% RNAME AT 186 % 5% L3R 13
cDNA. SEI %56 E 8 PCRI 3 H SYBR Green
Premix Pro Taq HS qPCR Tracking Kit (i F5 3} i
A TR RN B, W R 1E 52 58 B AU LightCycle”
480 II (Roche, Basel, Switzerland) = %] 5 i AH O¢ &
IRk AT R . RBAR B SR £R6 pL, cDNA
2 uL, Primer#0.24 uL, dd H,0 0.52 uL, Master Mix
3 uL. PCRAE ¥F %% 1 : 95°C il 48 % 30s; 95°C 5s,
55°C 30s, 72°C 30s (fG¥401%). AW FAEFHTI514
R — R E AR A IR A 55 B 5175

T3 2. VB-actin§ N ZFE B, R4 5109 15 2L
FRAFEE E RS A Rk R
1.6 HiE4LE

AR AR AR SRR A S

1735 % (Survival rate, SR, %)=(%& K B /] th
FE#0)x100

1 5 # (Weight gain rate, WGR, %)=100x(& K
PR B W AR R B )/ AR AR

) B} 2 % (FE, Feed efficiency, %)=(100x .. 34
)R E

¥ 58 42 K % (Specific growth rate, SGR, %/d)=

#F1 SRENESRFAR % TR

Tab. 1 Diet formulation and chemical composition (% dry matter)

) _ Tk} Diet
J5EHngredient
MBMO MBM25 MBM350 MBM75 MBM100

81 ¥ Fish meal 8.00 6.00 4.00 2.00 0.00
T HSoybean meal 16.00 16.00 16.00 16.00 16.00
g F JEBR B 25 | Methanotroph bacteria meal 0.00 2.12 4.24 6.36 8.49
HE ¥4 45 2 A Cottonseed protein concentrate 3.00 3.00 3.00 3.00 3.00
3¢ ffRapeseed meal 14.00 14.00 14.00 14.00 14.00
1€ 4 H1Peanut meal 10.00 10.00 10.00 10.00 10.00
T KDDGS Distillers Dried Grains with Solubles 5.00 5.00 5.00 5.00 5.00
/INZE T Ky Wheat flour 28.00 28.00 28.00 28.00 28.00
18R ER M Sodium alginate 2.00 2.00 2.00 2.00 2.00
R — S5 Ca(H,PO,), 2.30 2.30 2.30 2.30 2.30
5% 55 )8 8% R}Ky Spray-dried sourdough powders 2.00 2.00 2.00 2.00 2.00
S Soybean oil 3.00 3.05 3.10 3.15 3.20
[i&iF - Bentonite 1.25 1.08 0.91 0.73 0.56
K 5 1% i5 il Soybean-lecithin oil 1.50 1.50 1.50 1.50 1.50
JIH [ B Cholesterol 0.50 0.50 0.50 0.50 0.50
44 Z HUE Y Vitamin premix’ 1.00 1.00 1.00 1.00 1.00
¥ EE TR Y Mineral premix’ 1.00 1.00 1.00 1.00 1.00
S HINaCI 0.20 0.20 0.20 0.20 0.20
FAHETH Choline chloride 0.25 0.25 0.25 0.25 0.25
44 2 C Vitamin C 0.25 0.25 0.25 0.25 0.25
15 5¢ 2 Molting substance 0.10 0.10 0.10 0.10 0.10
755 X L-Threonine 0.35 0.35 0.35 0.35 0.35
= BRL-Lysined 0.30 0.30 0.30 0.30 0.30
k2240 il Chemical composition (%)

84 1 Crude protein 32.33 3222 33.28 32.48 32.47
*H I8 Wy Crude lipid 6.19 6.65 6.70 6.15 6.28

i S YRR Y (mg/kg RN EEFAd g HEED0.02 g A EE10g FAEEK, 10g JH4ERB, 10g, f4EEB, 10g, fikE
B 20 g, MHER40 g, LM 0.2 g, 2 HR4520 g, 205 g, 4L 5B, 0.01 g, 44 5£C 20 g, WIEZ400 g; "L 1 TR (me/kg Fkh): MR
0.6 g, FLK LT ER4MH0.08 g, BEER —S411320 g, MR EE200 g, —/KIREREG20 g, —/KEALA2 g, L/KBREREE60 g, L/KIRER W 4%k50 g, &1L

#4100 g, ﬁ;k%ﬂc%ﬁz g

Note: Vitamin premix (mg/kg diet): Vitamin A, 4 g; Vitamin D, 0.02 g; Vitamin E, 10 g; Vitamin K3, 10 g; Vitamin B;, 10 g; Vitamin
B,, 10 g; Vitamin B, 20 g; Niacin, 40 g; Biotin, 0.2 g; Calcium pantothenate, 20 g; Folate, 0.5 g; Vitamin B,, 0.01 g; Vitamin C, 20 g; Inos-
itol, 400 g. *Mineral salt premix (mg/kg diet): KIO;, 0.6 g; Na,SeO;-5H,0, 0.08 g; KH,PO,, 320 g; MgSO,, 200 g; MnSO,4-H,0, 20 g;
CuCl,-2H,0, 2 g; ZnSO,-7H,0, 60 g; FeSO,4:7H,0, 50 g; NaCl, 100 g; CoCl,-6H,0, 2 g
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S I A L BR A A 1 B AR AR ] e ER R B AR AR AR R L 3R A B A P IR e Ak e 52

100x[1n (£ A A 5 ) —In(FI 4614 2 ) |/ HE W R 4L

JF Ji% i 8 21 (Hepatosomatic index, HSI)=100x
(JHF J i 2/ 4k )

& P (Flesh content, FC, %)=100x(Ji§ &5 L A
H/A )

JIT 8 i 22 SPSS 20,048 {1 34T L K K 7 2 4
HT(One-way ANOVA), K H Duncan’siZ 17 % # Lt
B, B FEMIKOP R NP<0.05. 45 B DL S 41 5 v

Zh

2 #£R

2.1 EKMEERAEAS

WIEE 37, &Pl b B 20 7] 5o BC 5 B0 ) 47
TR R E 2 7 (P>0.05). MBM7581MBM1004H
ZORIRE(FBW). MEELK(WGR). FrEAKZH(SGR)
ALK (FE) 3 2 2 A T X B 4H.(P<0.05). %4
JH IR (HSD A I ZE(FC) i3 22 57(P>0.05) -
2.2 [MHE. FFERAREIRSE KIEFR

1% (mean+SE)& R W 4ffr7s, Mk 2 TPE & fE MBME AR L
®2 ZHRCEEPCRIIFSI
Tab.2 Primers sequences for Real-time quantitative PCR
LA Y FE31°5 Accession || FE[H] . ey JE 515 Accession
Gene 5| 1% %1|Primer sequence (5'—3) number Gene 5% 7 %|Primer sequence (5'—3") pumber
mtor GGTGGATGGGTTGCAGTCTT XM 045763213.2|| psmal CTTTACCTCATTGACCCATCT XM 045741152.2

CCCAAACCTCGTACTATATGCCA

s6k] AGGAGGACGCCATAGAGTGT XM_045741213.2
TTTGCCACCGGTCGTTTTTC

4ebp]I CCTGCCCCTTCCTTGGATTT XM_045727917.2
ATGCGGGTATGACCCTGTTG

atf4 CCAGCTGTGACGATGCCATA XM_045739953.2
CTTGTCTGTGGCGGCAATTC

gen2 AAGCAGAAGAGCTGCAGAGG
GAAAGAACGCCGGTGAGTTG
akt CCTTGGGGCGTCTACTCCTA
TCCTCATAATCCTCACTTTCCT
pi3k ACCTAATTTTCCTATCACACCTGC XM_069321151.1
AGTTCATAAATGGCCTCCTCAC
atg3 GCCAAGACAACCACCATAGC
AGAGCCGAGGTGTCTGGTAG
atg9 TCATACATCCAGGGTTCGCC

XM_069333951.1

XM_069307851.1

XM_045763793.2

XM_045748647.2

GGGCAAAGGAACAAACGTCC

atgl 6 AGATGGATGGCACAGAAGGC XM_045768894.2
GTTCACTTGCTTGGGCTCAC

atgl 8CGTGTTGTAGTGGAGGAGCA XM_045769987.2
CGTGGCTGCTTTTGAATCGT

p62 TACGGCCAGAGTTCCCCTT
GGCAGTTGTTTGTGCTACTGG

ub TCCAGCCTCTCCTGCCTT
CCTTCCTTATCCTGAATCTTTGCC

XM_069327145.1

XM_069311960.1

psmdl

psmd6

psmcl

traf6

relish

irak4

tir4

tnf-o

eaat3

patl

mglur

p-actin

CACAACCATAGTATCCATTACACAT

ACTCATACAGCAAACAGAATCC XM_045745880.2
CGTCCACCAGCATCAATAA
AGCTTTTGCTAAAACCTACG XM_045743433.2
TCCCAATCTCCTCCCTCT
TGTCTCCATTCTCTCCTTTGT XM_045744658.2
TTGAGGTGCCTTCTCTAGCT
CTCAGGCATGCTCCTTCCAA XM_045747709.2
GCTCGTCACAGAGAGCACAT
TGGTCCATGCACGTCTTCGT XM_069312362.1
GGAAGGGTGATTGGGCGATA
TGCTCCTTCCAACTTCATCTCC XM_045757634.2
AGGAGCATGCAACTACCACC
GGAGGGCACGTGTCTGTTTA XM_070135259.1
ATACCCTTGACGGCTCCTCT
GGCCTGGGAAGTAAACGCTC XM_045756285.2
CCTGAAGACTGGAGGAGCAC
CCCCCAAGTCTGAGTGGGAT XM_045747303.2
GTGGTTTTCCTTTCGCACCC
GCGTGTGTTTTGAAACGGGA XM_069300105.1
TTCAGCGTGTGTTCTGGCAT
TTCATTCCGAAGCAGGGACG XM_045739566.2
GTGGAGTGCAGGCCAATAGT

ACGCCCTTCCCCATGCT XM_054343472.1
CGAACGATTTCTCGCTCT

:: mtor. mammalian target of rapamycin'fi 7,2} ¥ ¥ 1 % 3% ¥ 25 (; s6k.. ribosomal protein S6 kinase B1A% #i 14 £ H S6 I B1;
4ebp 1. eukaryotic initiation factor 4E binding protein-1 5 A% §ll P L 45 K T-4E45 & 5 A 1; atf4. activating transcription factor 4% S8 [
“F4; gcn2. general control non-derepressible 2— B ¥4 1 % [ i& & A ¥ B¥2; ake. protein kinase BEE H i i B; pi3k. phosphoinositide 3-
kinasel# 2 LA 3-Y 1 ; atg3. autophagy related 3 [ MEAH 5<3; atg9. autophagy related 9 F Wi AH5<9; atgl6. autophagy related 16 F Wi AH 9%
16; atgl8. autophagy related 18 H Mz HH K 18; p62. equestosome1iZ 2 45 & 5 1 ; ub. ubiquitin proteiniZ % ; psmal. proteasome 20S subunit
alpha 125 B 1A £ o124 ; psmdl. proteasome 26S subunit. non-ATPase 1 26545 [ i 4 JE ATPRS il 17 I % 1; psmd6. proteasome 26S
subunit. Non-ATPase 6 [ B A IEATPEE i 15 W.3£6; psmcl. proteasome 26S subunit. ATPase 125 [ {426SF 2. ATPase 1; traf6. TNF
receptor associated factor 6/JfJ8§ J5 4L [K -7 52 A4 FH 5% K] 1-6; irak4. interleukin-1 receptor-associated kinase 4 4 40l A\ 25-1 52 (A AH < I ;

tlr4. toll-like receptor 4 TollFf 52 144; eaat3. excitatory amino acid transporter 3%

MR FE IR 18 B H 3; patl. proton-coupled amino acid

transporter 1Jii F{RC R FEIRFEIZ A 1; mglur. metabotropic glutamate receptors{R I I R & IR ZAK; p-actin. B-WEhEH
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B b 28R M 2 R/ (P<0.05); MBM75F1
MBM 1002 ifil itk B2 ASTHG 1 & 3 = T MBMOZ .
MBM75FIMBM 10025 AT i i ASTATAL T P 2 3%
T+ 151 (P<0.05); [A] I 6 2 g 0 14 W 2 PR IR (P<
0.05); - 2L [7] JFT-Ji5k Ji Jg J7s T A°0 3 A T 1 320 TG ¥ 25
Z R (P>0.05).
23 fFRBERRREMFESERECHEHXE
S

96 € B PCRZE I .78, MBM1002H mTOR{
5 IH S B I K (mtor s6kl . akt. pi3k)FX) KA
B IR F T IR 2L ATMBM25 4 (P<0.05), T gen2#
WA EEM AR ). FE, S5,
MBMI1004H H W5 BRI 1T (atg3 atg9; Kl 2A)
2 R —E AR IEZ (b psmdl. psmd6; ¥ 2B)H
KL HIFRIE T FE L, pe2 RN RIXBE T
H(P<0.05; & 2A).

L MBME X EL B 3 50% 0, T B SR B R 41
U ) i 18 28 B2 R ¥ ie B Heaat3 pat] Mimglurk K]
FHXS A 5 25 T R (P<0.05; & 3).

2.4 BFERARAEIEME X EERIAFILELNF

i1 & 457 7~ , MBM7541 MBM1004H % % [X T
(tnf-o) S AG T B B FE K (irak4~ traf6 relish)F13iE
KB 2 T HAth 4 (P<0.05)

HLY) 25 R WK 5Hr7R, MBMOFIMBM2541
JHFBR AR GE R S8, TEAS IR, FE /NS BRI b, 5 i
EETE, KA b7 4% R % . MBMSO4
By BB AR, /NGB HEZIRA B, 353 FF /N8 A s
k. TMMBM75A MBM1004H %% 28 ™ &, fiF /N &
E P9k i I HAR AL, & s m T, B IR
W, AN, RETAD A= Jk/ b, BAAE P AK =71k .

3 WTig
31 ERBEKEEAEREMTRRERENE
K4 RERI ST

B B B 7R o I R B R R R R A R
I8, AR B A B AR A S 0] T QR B AR
A, FF H Y Ol H B B AR E R25%I 7] 2
R E R R, PR L B R AR 50% R R

3 MBMER &35 KR TR+ KM B RIS20m
Tab. 3 Effects of MBM on growth performance of juvenile Procambarus clarkii
e brIndex MBMO MBM25 MBM50 MBM75 MBM100
WIGGIE EIBW (g) 3.3120.09 3.40+0.07 3.34+0.03 3.33+0.09 3.34+0.04
LRI EFBW (g) 11.24+0.48° 10.47+0.61" 10.08+0.47" 9.2840.36° 9.26+0.11°
IEHSR (%) 88.00+2.30 92.00+0.00 90.67+1.33 94.67+1.33 85.33+3.53
1 8 X WGR (%) 239.64+14.82° 208.23+19.40" 201.89+12.99" 178.29+3.64° 177.02+1.96"
I 2 A K SGR (%/d) 2.18+0.08" 2.01£0.11" 1.97+0.08" 1.83+0.02° 1.82+0.01°
TR IR FE (%) 67.52+0.68" 66.70+1.68" 63.14+3.81" 57.5142.19° 55.69+2.46"
JFF Mt gt 6 HHS T 9.16+0.28 8.40+0.30 8.26+0.40 8.27+0.36 8.29+0.39
FERFC (%) 18.89+0.32 18.90:£0.29 19.12+0.30 18.84+0.31 18.75+0.42

VE: FATEAE B VA A B ROR 22 57 i3 (P<0.05); TIH]

Note: Different superscript letters in the same row indicate significant differences (P<0.05); the same applies below

# 4 MBMER &M REEITAMTMAKE, FFERRELIRRZM
Tab. 4 Effect of MBM replacement of fishmeal on haemolymph and hepatopancreas biochemical indices of juvenile Procambarus clarkii

i FrIndex MBMO MBM25 MBM50 MBM75 MBM100
Ik X Haemolymph
BEATP (ZL) 47.65+3.56" 66.23+5.81° 71.17+4.56" 58.61+4.96" 59.53+1.62"
I ZBLA (umol/L) 128.85+5.35" 159.14+21.22" 171.16+9.95 198.85+19.51°" 194.77+13.94"
F & HALB (g/L) 9.61£0.21 9.51£1.38 9.95+1.06 9.32+0.18 10.30+0.95
BHERMALT (UL) 2.93+0.31 3.03+0.24 3.37+0.44 3.99+0.65 4.02+0.57
BHEEEMAST (U/L) 4.00+0.22° 4.20+0.30™ 4.59+0.52" 5.55+0.67" 5.87+0.60"
HF g i Hepatopancreas
R EHEFEAST (U g prot) 20.36+1.03° 21.31£1.26° 23.57+0.82° 27.38+1.88" 28.0040.89"
BHEHEZRALT (U/g prot) 2.55+0.40 2.86£0.22 3.66+0.61" 4.51+0.76" 4.6120.52"
J#4E B TRY (U/mg prot) 8.26£0.11° 8.11£0.23" 8.19+0.44° 7.1240.09° 7.0120.35°
R Wi EELPS (U/g prot) 0.41+0.01 0.42+0.02 0.42+0.01 0.39+0.03 0.39+0.03
JEREFAMS (U/mg prot) 1.23+0.02 1.19+0.03 1.18+0.06 1.10+0.05 1.11£0.12
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Fig. 1
Procambarus clarkii
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Fig. 2 Effects of replacing fishmeal with MBM on the expression of genes related to autophagy and ubiquitination in the hepatopancreas of

juvenile Procambarus clarkii
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Fig. 3 Effects of replacing fishmeal with MBM on gene expres-
sion related to amino acid transport in intestine of juvenile
Procambarus clarkii
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Fig. 4 Effects of replacing fishmeal with MBM on gene expres-
sion related to hepatopancreatic inflammation in juvenile Procam-
barus clarkii
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REPLACING FISHMEAL WITH METHANOTROPH BACTERIA MEAL ON
GROWTH PERFORMANCE, PROTEIN METABOLISM, AND
HEPATOPANCREATIC HEALTH IN JUVENILE
PROCAMBARUS CLARKII

LIU Jin-Mei" >, WU Li-Yun’, JIN Jun-Yan’, HAN Dong’, LIU Hao-Kun’, ZHANG Zhi-Min’ and XIE Shou-Qi’

(1. Dalian Ocean University, Dalian 116023, China; 2. State Key Laboratory of Breeding Biotechnology and Sustainable
Aquaculture, Institute of Hydrobiology, Chinese Academy of Sciences, Wuhan 430072, China)

Abstract: To evaluate the feasibility of replacing fish meal with Methanotroph bacteria meal (MBM) in feed for the red
swamp crayfish (Procambarus clarkii), this study designed five isonitrogenous and isolipidic diets. MBM replaced 0
(MBMO), 25% (MBM25), 50% (MBM50), 75% (MBM?75), and 100% (MBM100) of fish meal protein, corresponding
to MBM additions of 0, 2.12%, 4.24%, 6.36%, and 8.49%, respectively. A total of 375 juvenile crayfish with initial
body weight of (3.44+0.02) g were randomly divided into five groups with three replicates each and reared for 8 weeks.
Results showed that as the substitution ratio increased, the final body weight, weight gain rate, specific growth rate, and
feed efficiency in the MBM75 and MBM100 groups were significantly lower than those in the MBMO group (P<0.05).
Physiologically and biochemically, compared with the MBMO group, the high-substitution groups (MBM75, MBM100)
exhibited significantly reduced pancreatic trypsin activity (P<0.05) and significantly increased alanine aminotrans-
ferase activity (P<0.05). At the molecular level, the MBM100 group showed significantly downregulated expression of
hepatopancreatic protein synthesis-related genes (mtor, s6kl, akt, pi3k, and p62), while proteolysis-related genes (gcn2,
atg3, atg9, ub, psmdl, psmd6) were significantly upregulated (P<0.05). Intestinal amino acid transporter genes (eaat3,
patl, mglur) showed significantly suppressed expression in the MBM75 and MBM100 groups. Histological examina-
tion revealed normal hepatopancreatic structure in the MBM25 group, mild damage in the MBMS50 group. The MBM75
and MBM100 groups exhibited hepatopancreatic ductal lumen deformities, blurred basement membrane boundaries,
and severe vacuolation. Inflammation-related genes (tnf-a, traf6, relish, and irak4) showed significantly upregulated
expression (P<0.05). In summary, high proportions of MBM replacing fish meal inhibit growth and protein metabolism
in juvenile crayfish while inducing hepatopancreatic inflammatory damage. Therefore, the replacement ratio of MBM
for fish meal in juvenile crayfish feed should not exceed 50%, corresponding to a maximum feed inclusion rate of
4.24%.
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