LV K224 2023,45(6)

Acta Agriculturae Universitatis Jiangxiensis

Th g RO, T, A5 ek S R AR AN K S0 T ) S e 4y AR O LR AR AR SR Sk R ik B s [ .
TP K742, 2023,45(6) - 1486-1495.

MA L T,CHENG W Y,WANG S,et al.Effects of dietary valine supplementation levels on growth and development, blood biochemi-
cal parameters and related gene expression in Apis mellifera L. larvae[J]. Acta agriculturae universitatis Jiangxiensis,2023,45(6):

1486-1495.

il Bk 22 R 4% N K ~P- %) o8 K ) o 0 2 oy
A K & L ZE AR §6 b B iH G IE
235 B 5%
X B, E OWLEREL,E AT
(1 AR I2F iR 2ABe (IR 24BE) , LU AR 284 27101852 INARE & HOE , 1LZR B 250100)

FE [ H ]S 1EH E DR R R X 7 R 2 46 (Apis mellifera L)% A K & & ML EV A AL 35 47 & PI3K-
AKT-TOR {55538 BEAH I (152w o [ 73 e 1 d il 8 R 2 e &)y o 480 1L, BAIL A S 4, A 4
BAEE 24 Hghdt, DI H RN IRZH (0% 022 ) , 7250l H R 2353380 0.25% .0.50% .0.75% Fi1 1.00%
AR . AHINE 6 d & BRI AR A LIS P ik B SR AR B, DA &) PIBK-AKT-
TOR {755 38 1% A 5 35 PR 14 38 o [ 25 5L 145 6] 200 L, ) Al 48 2 1 WA 201 90 S AHL 26 P9 55 o (38 0, 0.25% A1
0.50% 551 2 BN 1 20 %l B £ 30 25 R 5, 0.50% 401 20 B VS /K SF- S 3548 v T 4 s AR SR A Pl fb R, 5
0.50% FiE MRS INZLAR EE L 0.75% F1 1.00% 45 2R s N4 &)y s A et AR 20 A0 Ak 3 o 8 I 28 R N I i
FERUR L)) R A AR AR N R AR R AR AR SR A AR S . Mk A b Al
SRR, 5T FRAHAH Lb , SRRl FOR PS4 220 8 7T Sl 25 WA AR 0t ok £ JIL Vol it % kL o 400 20 W o K ST 7Tl 3
TN AR IR i, LA, 0.75% F1 1.00% 4 2 FR 7S KT 3 R 8 AmTOR . Amp70S6K . Am4E-BP %
R 2R3k [ 4596 JAE LR R Pl VR A s R RS (2 E 4 A KR B, s 4 i@ Btk 0L . 13 43 &
W] AEARIO AT | R %8 e 4y e 4] 8} 1) 68 P 400 2 R VR TN 7K 74 0.308 9% o ISR #7817 78 KA %8 e 4y ot
MAERR TR SAK KB Z IR, i B OR 2 e4)) da e} i) 3 T A s B /KO B At T 3R AR

SR ORI A L AR s RN A R AT

hESHEES.S894  THEIERERAD:A TR (ETRARSS ) #7123 (OSID) :
X EHS:1000-2286(2023)06-1486-10

Effects of Dietary Valine Supplementation Levels on Growth and
Development, Blood Biochemical Parameters and Related Gene
Expression in Apis mellifera L. Larvae

MA Lanting', CHENG Wenyi'*, WANG Shuai*, XU Baohua', WANG Ying"

W H#I:2023-10-20  fEEIHH#3:2023-11-06

EETUE : INAA ARBHERE T H (ZR2022MC069) FlE ZHARAO 7 Ml H AR & R 55 H (CARS-44)
Project supported by the Natural Science Foundation of Shandong Province (ZR2022MC069) , the China Agricul-
ture Research System (CARS-44)

{EE B D22 18, SIS, 11, orcid.org/0000-0002-6498-557X , malanting@sdau.edu.cn ; * FL[F 55 —VE# ;<@ EVEH
A, PRI, L, 322 A 5 S AR B A Y, oreid.org/0000-0003-0270-7897 , wangying@sdau.edu.cn



55 6 3] L 2 R RAS KX M e Al A OB T LA AR SAFOCIE R s - 1487 -

(1.College of Animal Science and Technology (College of Veterinary Medicine) , Shandong Agricultural
University, Tai’ an, Shandong 271018, China; 2. Shandong Provincial Livestock Bureau, Jinan, Shandong
250100, China)

Abstract: [Objective] This study aims to determine the effects of dietary valine on the growth,
development, hemolymph biochemical parameters, and expression of genes related to the PI3K-AKT-TOR
signaling pathway in honeybee larvae (Apis mellifera L.).[Method] A total of 480 1-day—old female Italian
honeybee larvae were randomly divided into five groups with four replicates of 24 larvae each.The control group
was fed a basal diet (0%) , and the experimental groups were fed the basal diet supplemented with 0.25%,
0.50%, 0.75%, and 1.00% valine, respectively. The final larval weight, body composition (moisture content,
crude protein) , pupation rate, emergence rate, hemolymph amino acids and biochemical parameters, and
expression of genes related to the PI3K—AKT-TOR signaling pathways were analyzed and measured.[ Result ]
The results showed that compared with the control group, the crude protein content in the valine—supplemented
groups significantly increased. The groups supplemented with 0.25% and 0.50% valine showed significant
improvements in larval weight, while the 0.50% valine supplementation level significantly increased pupation
rate and emergence rate.Compared with the 0.50% valine supplementation group, the groups supplemented with
0.75% and 1.00% valine showed significant reductions in final larval weight, pupation rate, and emergence rate.
Valine addition significantly influenced larval hemolymph bar glutamate, glycine, alanine, valine, methionine,
leucine, lysine, and proline content. Hemolymph biochemical analysis results indicated that valine
supplementation in the basal diet significantly reduced creatine kinase levels, and high levels of valine
supplementation significantly increased aspartate transaminase levels.In addition, the supplementation levels of
0.75% and 1.00% valine significantly downregulated the expression of AmTOR, Amp70S6K, and Am4E—-BP.
[ Conclusion It can be concluded that appropriate supplementation of valine in the basal diet can promote the
growth and development of honeybee larvae and improve their health status. Regression analysis results
suggested that the optimal level of valine supplementation in honeybee larval feed under the experimental
conditions was 0.308 9%. This study revealed the relationship between valine requirement and growth and
development of honeybee larvae, providing a theoretical basis for determining the suitable valine level in
honeybee larval feed.
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1.1 ks

T2 BT 3 KR % 8 (Apis mellifera L) ) BB A IR R R 241501637 (36.16°N, 117.16°E ) o
1.2 A& 5EFEE

] — T A2 e T BT o S R 2 ek i 480 1L, BEAIL > My S 4, BRHH AN E A EE 24 H
g, S RV = I T AR B AR T SR o (0 24 FLAH M RE TR R SR 40 0, A R T 4 1 IR AR
B gy dU R 200 wL Pkl HPETEIREEFRAE (35 °C.RH 95%) 1Y 6 d )y i CR B4l do ) HEIR R Eh i,
15 1TV B &l U B S A A O ARAY 24 FLARMERE FRM P, T35 “C . RH 65% FiaF 2= RLH o

X BT JE Al H AR (0% ) 2 B Kaftanoglu 5574 J7 BRI, LAIERTE H OB XT BRZA1 (0% ) , 76 FE Al HRR

SR 0.25% .0.50% .0.75% F11.00% &5 2 1% , i I AR AR 7 W3 1.
£1 BANEZESHARBARRTREESHIER

Tab.l1 Composition and nutrients content of the basal diet of Apis mellifera L. %
ok pos:l
Ingredients Treatments

0 0.25% 0.50% 0.75% 1.00%
% F 3% Royal jelly 50.00 50.00 50.00 50.00 50.00
HIEE Glucose 6.00 6.00 6.00 6.00 6.00
M Fructose 6.00 6.00 6.00 6.00 6.00
BERFEEHUY) Yeast extract 1.00 1.00 1.00 1.00 1.00
IR Valine 0.00 0.25 0.50 0.75 1.00
JCH K Sterile water 37.00 36.75 36.50 36.25 36.00
BT Total 100.00 100.00 100.00 100.00 100.00
IR ¥ i Valine content 0.40 0.68 0.91 1.20 1.49

A R % A i T R P A R S AP X(E (mg - g7 SRR T 2 R
The content of lysine is the average value of the measured lysine content in the experimental feed (mg+g™) , converted to per-

centage content.

1.3 EHRNESFHE

13.1 HRRE HEGEE S in e SAHREILE 10 26 d4h Bk % 0.000 1 ¢) )5,
B2 Y ffE R LAFEA, 105 “CHET 2 EE, 715K 43 5 5 JE A 100 mL LG e U i, ok AL
RN HAE A S TGRS KR A I et 4l s sl i pls 4, R A8 e T A4, B
FIRTA S PR b7 Ry Ak IR e 0 AU AR SR A Y P AR

1.3.2 44t ke R AR A F R ARG T BRIKERESE S REDNITE, 20 pL
BYCRMAE R 6 d Y MM T 1.5 mL 808, BA 3N EE A BT R E 220 wL ke, irf
I3k ELAE T - 80 CHREAR IR VKARRAE o 4 IMERRFRI 0.25 g CHF 1 22 0.001 g) ] BHEE 5 AT 100 L 1L K
CURE 5 T 2 02 1 3 384 b, N A 10 ml 6 mol/L HCLL 3257, £ AN, T 110 °C L4 K % 24 h 5, fi
JH L-8900 £ 4> F 2l 2 FE MR 43 Hr A ( H AR H 37 28 w) )W 20 608 5 o TDRMAE ot 0 2 40 22 75 2, Mok 12
FE i I 52 R A R (Aspartic acid) \ 77 Z ik (Threonine ) . 22 % 2 (Serine) .4+ 2 2 (Glutamic acid) . H &R
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(Glycine) . INZ R (Alanine ) .5 & 12 . &5 Z iR (Methionine) \ 5752 &R . 7= 2R . A N & R (Phenylalanine) |
i 2 2 (Lysine ) .20 2% (Histidine ) ¥ 22 ( Arginine ) Al 2 & (Proline) A & 1 . %3 B 100 wL I 34k B2 FH
H 377020 294 [ 8 AR AL S HAL (H AR B S22 W) 0 T3 202 B U (ALLT) | JULIR 8t ( CO) 0 H 3l =
iR (TG By & 5o

1.3.3 AW Ekegm e BEPLEEE1 H 6 d2hH (£50.25 ¢) h 1 4MALBE, fdi F RNA Express Total RNA Kit
(IR INETFESE A R AT BRA WD 2R RNA, T4 4T o SR B R 0 6B TSI RNA YR JE &
&5, 8 Transcriptor First Strand cDNA Synthesis Kit (i 2 [l 254 BRA 7)) I 8% 538075 206 2L RNA
e 5% 2 eDNA , 4% 1 Real Time PCR ARG & (_F V% I 2547 FR 22 7)), 78 ABI 7500 2¢ )6 %€ Ht PCR X
(Thermo Electron Corporation) F#FA7ME o S WAK R 20 WL, W 8 4:95 °C 10 s, 1 MEH 395 °C 5 s—
60 °C 34 5,40 MG . LLB-actin MEN SR THE H 093 R A AR ik i B85 ) il A TAEY) TRk
) Bl A FRA R G i, 5 1P 9 Wk 2.

&2 RT-PCR 5|#FFIEE
Tab.2 Primer sequences for RT-PCR

A S WFHI(5" - 3") HR B RS

Genes Primer sequence(5’ - 3") GenBank accession number

F:CCGTGATTTGACTGACTACCT
B-actin NM-001185145
R:AGTTGCCATTTCCTGTTC

F:ACGGGACGTGATTTCTCTCA
AmTOR XM_006566642.1
R:ACCAAAAGGGACACCATCCA

F:GGAGGAAATGTGTGCTCAACC
AmP70S6k1 XM_624925.4
R:ACCTACAACGTGATGCCTATGT

F:AGACCATCCTTTTCCACGCT
AmPI3K XM_623894.3
R:CGGCTTGGAGACCAATCTCA

F:AGGCAAGCTACCCAAAGTCA
Am4E-BP XM_395030.3
R:ACGAGTACCTCCAGGCGTAG

F:GCTCCTTTCTTTCAACTTCCTCA
AmBCAAT XM_396341.4
R:GGAATAGATCCTATCCTTGGCGT

F:CCAGCAGCGAGGAGAACG
AmVg NM_001011578
R:TTGCGTGAACGGGGATGT

1.4 ZHIEAIE
{5 FH SPSS 18.0 8/ A7 B ds AT, 1 Je b A 707 2555 PR R I, SR 5 254 7 B PR 25 7 25 (one—way ANOVA)
AT, 4R Z2 B F AR Turkey 325, BB DL P SE bR ifE 22" 3R , L P<0.05 NS A ST 5 L.

2 HERSSH

21 WRBAMKENERFEESDRERKEZ TN

H L 1 AT 2R, 8 W A 0y IR e I R A TR TS I K T 4 8 22 S T SR BRI 34 (R 1A, Ho
0.50% %7 22 TR U8 INZH 2R 1% 2 AR i (25 7 T4 IR 4.(09%) .0.75% F111.00% 251 & R 5 I 2H (P<0.05 ) 5 X
HEZH (0% ) . 0.75% F1 1.00% % 52 B8 s N 40 22 6] , 0.25% F11 0.50% 45 28 FR Vs TN 2H , A 0% 4 A4 i G B
Z2 5 (P>0.05) o AS[R) H KA Z R AN K P R 3 4l K o 1 0 B M (&1 1B, P>0.05) o 4 2
IR 55 M A S 4 HORLER 1 2 (B 1C) , i, 0.509% ,0.75% i1 1.00% 4528 B U8 AL A 4 4 e A4 ot
I T IR AL (0%) (P<0.05) o DARER A5 21 A0 Al 2y B4 o e STE R b, AT — o2tk [ml )= 4
BT, 45 ] 4651 2 B AN 7 S el AR 7 20 H R I 52 Wi 7 [T U 7 2 (R 2) 2 y=—74.217%7+45.857x+249.24 R
49°0.929 4, F WA 2 0] V3 Ty A AT SRR A R AT O R T AR I A E R Ak A R A L TR N K
0.308 9%,
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Fig.1 The effect of dietary valine supplementation on the growth and development of Apis mellifera L. larvae
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Fig.2 Regression analysis of suitable levels of dietary valine supplementation
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Fig.3  The effect of dietary valine supplementation on the emergence rate(A)and pupation rate(B)of Apis mellifera L. larvae
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HEZH (P<0.05) o 0.25% 451 24 R WS i 2H &y s it bk B4 7N 201 % 2 30 3 v % B A L 0.75% 11 1.00% 451 4 1R
UM (P<0.05) , H 5 0.50% %51 22 F2 U8 in 20 TG . 2% 22 5% (P>0.05) o Bl 451 22 2 45 Ik 7 1 B8 5 L 45 b 3
ZH &y I Ik A R e R T o ST IR L A SR N 0 L &l Ut b B B AR i R T
(P<0.05) , H: 1 1.00% 451 28 1R Vs I 28 25 22 2 7 it b 2 1 T LAt 45 220 W2 S i 4 (P<0.05) , 0.25% . 0.50%
1 0.75% 45 28 12 1S 1IN 2 (8] &)y M bk B AR 242 & 12 JC I I 25 5% (P>0.05) o 0.25% 451 24 I S Jin 25 4y 1
I SR i 3 TN IR L0.50% 1 1.00% 45 & R T8 N 4H (P<0.05) o 5 % BEZEHAH Fb , 40 0 R s
TS 3 B R Al I R B SR 7 i (P<0.05) , {H AN [ 401 I VS I 4 &0y A o g £t R o i G W
5 (P>0.05) . 5xF REZEAR 1L, 461 20 2 8 0 Jub =55 A AR 4 o i o 0 il 22 R 5 1 (P<0.05) , Horr, 1.00% 4l
GATR VN TN ZH 4 H i ybk U 2208 5 6 300 3 0K T 0T REZE 0 0.25% 4 24 IR WS 2 (P<0.05) o
F3 HEBFNATENE AR EEY H M ME SRR S BN EN

Tab.3 The effect of dietary valine supplementation levels on the hemolymph

amino acid content of Apis mellifera L. larvae mg/100 mL
TR AEFR Treatments FAG P
Amino acid 0% 0.25% 0.50% 0.75% 1.00% Fvalue P value
RAER . . . . .
. . 27.53+£3.13 28.38+1.59 23.02+0.91 28.77+£5.21 28.27+5.24 1.251 0.351
Aspartic acid
PR AL . . . . .
. 469.20+88.75"  308.28+100.52" 375.26+23.05* 365.26+£20.26" 331.23+26.46 2.906 0.078
Threonine
2L H R
Seri 40.81+8.00° 25.26+11.63*  20.26x1.08" 23.81+11.71° 26.45+13.23*  1.821 0.201
erine
IR J= s
ﬁ%@&, . 15.09+2.56" 3.66+2.84° 7.69+2.42° 8.85+2.03" 16.36+3.63" 11.166 0.001
Glutamic acid
Hﬁm a b b b b
. 175.31+10.56 93.43+14.47 78.46+1.09 90.35+11.59 91.17+£5.28 47.905 0
Glycine
Wﬁ@ﬁ b a ab b b
Alani 42.00+18.90" 136.27+55.07 64.62+4.34 51.65+12.47 60.40+8.37 5.809 0.011
anine
HAR : : . :
Vali 107.97+11.99°  376.18+111.08" 718.85+27.81° 1019.44+16.82" 1302.94+75.31" 179.813 0
aline
ST
E%M 1.43+1.33¢ 7.10+1.29" 5.50+1.95" 6.53+2.59" 9.19+2.12" 6.682 0.007
Methionine
SAEER u : : : :
. 34.72+6.73 42.96+5.01 34.82+2.11 35.08+0.76 39.08+5.35 1.908 0.186
Isoleucine
%gﬁf\i b a b ab b
. 6.77+2.43 28.77+11.01 10.95+2.79 12.84+5.30 12.47+4.47 5.800 0.011
Leucine
ESRE . . . . .
. 27.55+5.59 107.56+23.18 32.84+34.08 63.63+42.46 39.27+45.64 2.888 0.079
Phenylalanine
#i =R Lysine 79.23+27.76"  218.57+38.45* 213.27+21.35* 210.38+14.07° 247.37+15.82* 20.531 0
H AR Histidine 39.15+5.31° 38.41+1.21° 39.86+2.04" 35.79+1.84" 34.30+0.94° 2.189 0.144
IR Arginine 131.44+20.98" 157.54+87.90"  87.44+7.54" 84.48+7.32" 74.00£1.43" 2.324 0.127
i &2 Proline 990.08+138.52" 633.53+87.22" 481.54+45.15" 419.53+47.79™ 286.81+26.04° 34.306 0

ARVNE B R AN H A ZE P<0.05 K 255 0%,

Different lowercase letters indicate significant differences between treatments at the P<0.05 level.
2.3 GEERAN K R R KT B 4h ik B A L FE AR Y B2

H 1] 4 1T, 0.25% B PR INZHA IS 2 S Ak B i ALT S8 8 5K T 0.75% 1 1.00% N2 (P<0.05),
XF HEZH 0.25% 1 0.50% %5 S 2 Vs N4 40 B gk E b ALT 35 5 G g 3 M 22 5% (P>0.05) , 0.75% 1 1.00% s
BZE i K B ALT S50 B B 22 57 (P>0.05) (K1 4A ) . S5%FBRLHAH L, A& R S I 2H 2 e i ipk B CK A5
i P E AR (P<0.05) , 1.00% 45 22 2 Vs in 41 %)) B i ipk B CK 5 52 30 35 80 1 0.25% 46 20 R 14 I 4 (P<0.05,
KI4B) . 0.50% 4R B AL 40 B il bk O TG & 35 8 TXF B4 (P<0.05, K1 4C) .



N AYY AYY 4 =
1492 AL N A N 445
_Aso B 300 - ¢ C 3r
- - b
- c 0 ab
- P T
o g =
Pl = = > - ~
oo 5 ab ab & l =2 \\ a P ,-T E’ = / \E\ ab
- ~ =Y \ g ] PO / -
% 28 \ z L a

Mo osoF I = © 100 N 2 & | as )

- na - % E_— §' M}
g NG 5 g

I -
W 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 0
]'K Qoo oo ol g A IR N Qo oo ol e
RN S D RPN S5 D S5 N
oF P O o 7 MO o 7 MO
AL Treatments AL Treatments AL Treatments

A NETRESE RN B IR ; C HHl =18 . ARVNE FREIRA PRAILE P<0.05 /K- 128 5 25
A :alanine aminotransferase (ALT) ; B: creatine kinase (CK) ; C: triglycerides (TG ).Different lowercase letters indicate signifi-

cant differences between treatments at the P<0.05 level.
Bl 4 SR TR AN K T X 728 A A 8 e 0l SR b 2 24 A s e

Fig4 The effect of dietary valine supplementation on the hemolymph biochemical markers in Apis mellifera L. larvae
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Fig.5 The effect of dietary valine supplementation on the expression levels of PI3K-AKT-TOR-signaling

pathways related genes of Apis mellifera L.larvae
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