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Effects of Lactational Exposure to Sulfamonomethoxinon Keletal Muscle

Protein Metabolism and mTOR Signaling Pathway in Mice Offspring
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Abstract; The aim of this study was to explore the effects of lactating mice exposed to sulfamonomethoxine
(SMM) on skeletal muscle protein metabolism and the mTOR signaling pathway in offspring muscle. The lactating
mice were gavaged with 0, 10, 50, 200 mg/ (kg - d) SMM for 21 d. On postnatal day( PND) 22, some of the
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offspring were sacrificed and the gastrocnemius muscles were collected. And then the other offspring were
separated with gender, raised normally until PND 63, weighted once every week. The composition of free amino
acids in muscle was analyzed by the automatic amino acid analyzer, the key gene expressions of mTOR
pathwaywere quantitatively determined using real — time polymerase chain; Finally, the contents of total protein
were determined by bicinchoninic acid method in muscle. Compared with controls, the exposure to SMM on body
weight of the offspring made no significant difference during the experimental period (P >0.05). And at PND
22, the concentrations of Glu, Gly, Ala, Cit, Met, His and Ans were increased significantly in middle dose
group (P <0.05), the ones of Cit and Ans were increased significantly at the high dose (P <0.05) , but the one
of Cit was notably decreased in the low dose group (P <0.01). The expressionsof Mior, Pi3k3ca, Pi3k3cb,
Aktl, Eif4ebpl and Rps6kbl were not changed significantly (P >0.05). Moreover, the content of total protein in
muscle were not changed in the treated groups. Together, lactating exposure to SMM altered the free amino acid
profilingin offspring skeletal muscle, but the mTOR signaling pathway was not obviouslyaffected, all of whichwill
provide a scientific basis for toxiclogic risk assessment ofcausing metabolic problems when in early lifeexposure to
SMM.
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1F 5 PI3K/ Akt/mTOR 38 #% 52 i A1 BB % LA
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Pure /] ; LightCycler480 PCR 1%, Roch 43 ; TU1901
SANAT LA 6 BE T, b 38 B 3 A A A PR 52 4T
N TR ( 36[E Thermo MultiSkan3 1)

11,2 X% SMM Jsk 25 (A &R 7 & & M
99.8% ) , TRIAEWE Y HARA PR ] 3 Z IR 53 b
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1.3.1 Amar4®@yx  FREL0. 10 g HEm 414
(FE#H3 0.001 g) T 1.5 mL B0 A 0.5 mL
0.01 mol/L HCI /K# i A10.5 mL 0.01 mol/L HCI
KW, 213K . 4 °C,5000 r/m &0 S5 min, LI
0.5 mL, 0.4 mL BEE/K IR (LEAEM)  #E
15 min, 4 °C,10000 r/m #.0> 10 min, B |3, i
0.22 WLJEME, 2R/ BT A300 Al

1.3.2 RBABMHyM 4 RAMG B =TT A 1
SIPTEIERR A 20 plo JRBIAHR HEREIAR 4
FeAF ] A : A 25 min, B 10 min, C 30 min, D 5 min,
E 55 min, F 25 min,

1.4 PI3K/Akt/mTOR & i 41 3 3t [ th £

1.4.1 % RNA 280 M LA 530G, #c IR
RNA $#2IB55) & (Promega ) 1d I 42 B BUHEZ UL
HZUE mRNA . FIBAEAREEE I H Dk A RNA 11 528
Bk, BT A B RNA B E 0.2 pe/pl, 433 H
ai AR T - 80 CUKA .

1.4.2  ##5 FlE SR e ul W 517
Bk N, (1) RBARR (20 pL f& &) : & RNA
5 ul,4.75 pL B TCHZIR K , UG 5% 10 x 22 ofil
2 pL,MgClL (25 mM) 4 pL,dNTP J&4 47 (10 mM)
2 wL,AMV S5 55%M30. 75 wl, #5240 19 RNasin A% 8%
BRI 7] 0.5 L, Oligo (dT) 15 5|4 1 pL,
(2) R 2470 CIRE 10min,42 CHFF 60 min,
195 CHWEHE 5 min DAL (R S RN o B LY
cDNA fR¥5F -20 Cuk4i, FHiF RT - PCR 43047,
1.4.3  sab & PCR (1) P8 S 14 &
(20 pWL{k %) :2 pL ¢DNA, 10 pL GoTaq qPCR
Master mix, F FHE5147(10 pM) & 1 wl, TR HG
K6 Lo (2) RN &AF:95 CHIAEME 10 min,95 C
15 5,60 C 15 5,72 C 20 s, fEHF 45 K., KRG
JEHEAT WS A i 2 3 e 51 8 AT PubMed 7E 45
Primer3 BF5eT, B B AE TR, 5 R R 5 1)
FPHN LR 1, LABRRR H i 15 4 L 5] ( Gapdh) 1
WS,

x1 FERASIYFIFMERFRKE

N Elk7)E2] Jr BRI/ bp
Gapdh Forward: 5’ = ACCCCAGCAAGGACACTGAGCAAG -3’ 109
Reverse: 5’ — GGCCCCTCCTGTTATTATGGGGGT -3
Mtor Forward: 5’ = CAAGATGCTTGGGACGGGT -3’ 104
Reverse: 57 = CATTCCGGCTCTTCAGTCCA -3’
Aktl Forward; 5’ — CCGCCTGATCAAGTTCTCCT -3° 118
Reverse: 57 — TTCAGATGATCCATGCGGGG -3’
Pi3k3ca Forward: 5’ - TGTGTTCTCTGCTCGTCAGG -3’ 107
Reverse: 5’ — GAAACACAGCGAAGTCCACG -3’
Pi3k3cb Forward: 5’ — CAGCAAGAGACTGGGAGCGG -3’ 126
Reverse: 5 — CAGCTTAGAAGATGAACTGCCCC -3°
Pi3k3r1 Forward: 5’ = ATGGTGAGCACGGAGATGC -3’ 184

Reverse: 5’ = GGCCCGCACTGTAACCTATT -3°
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HEH Gkl Fr BRI/ bp
Eif4ebpl Forward; 5’ - GCACATACCTCCTTGTGCCT -3° 183
Reverse: 57 - TCCCAGGTAACCCAGCCTAA -3’
Rps6kbl Forward: 5’ - ATTGAGCTTAAGCAGCCGGT -3’ 131

Reverse: 5’ =5’ GTCCTCAGCTTCCCTGTGTC -3°

L5 REAMERKMNZ B30 mg HEM LA
L5 mbL B804, A B 19 RIPA 24
300 wL,PMSF 3 L, vk b 2) %, Z4f# 30 min )5,
4 °C,15000 g #5.0> 15 min, B3, F BCA i:05E
B, U S S RILS 0

1.6 it SR SPSSI7.0 Geit i i it 47 53
B BB LA = b2 (x = SD)Hom. Brftsh
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HIEVEPS 4

ZSRCR N 2R T7 2200, 2% 4L 18] DT A LR e
/N ZEERR P <0.05 Y22 A Gii T X
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2.1 7HILH SMM 2B X FRAEN Y m M
FIMERE A Bl £ A5 IR 39 % 751 k21 ) 4 o 22 S B o 4t
T 0 S0, (HR 5 0 IR B, 2% 70 2 A B
1),

B 50r

28 35 42 49 56 63
RIENEPS

14 21

E1 WZLE SMM REXHFRIEENFIT

2.2 AL SMM % B xf 7 3L T BRI LA R
e B RGBS W B m A ST L A A kB LA 21
SNt 23 Fofriffp 8 RHETR - P — 22 R (P - Ser) ,
AR (Ser) , RAZAM (Asn) , KA (Glu), H
LM (Gly), WA (Ala), VAR (Cit),, HEAMR
(Val), HAM (Met), 52 (lle), oM
(Lew), MEEMR (Tyr), ZRNZMR (Phe), H -]
Z MR (H - Cysteine) , 2% (His) , WM (Trp) ,
HIUIK(Car) , ALK (Ans) , FEMTER (Hylys), 5

ZMR(Om) B2 (Lys) , FZMR (Arg) , Il 2R (
Pro) . M2 AJ 0L, 55X MR 40 HL A, op 55 o 0 T
ZIER (EAA) FEE 20 S SE R (NEAA ) 5 3 =
B, R Y B R IR (AAA) H IR, 5
Xt BRZH Feds, R R 4R Glu, Gly, Ala, Cit, Met,
His, Ans S0 EFE (P <0.05) , R4l Cit
Fl Ans 2 B TR A (P <0.05) , Ik &
A Cit & HE W EREIR (P <0.01)

&2 MHFLEA SMM R EE T FL A (F FRAER7 ALt B E BRI

HIE Xt B2 {1k Hh fri 7 F P
P - Ser 243.6 +45.2 385.6+83.6 352.4 +60. 1 327.2£42.5 1.019 0.405
Ser 719.8 +46.9 662.9 +58.1 826.2+74.7 599.6 +34.0 3.008 0.054
Asn 356.3 +28.1 383.9 +42.4 364.0 £31.1 304.6 +£25.4 1.087 0.377
Glu 742.8 +36.2 927.8 +110.9 1200.1 £88.9 * = 780.3 +52.8 7.092 0.002
4485.2 +670.6 6057.2 £476.6 = = 5025.9 +219.6 3.997 0.022

Gly 3984.6 £252.1
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Ala 3116.5 £87.3 3209.9 +155.9 3807.6 £213.2 * * 3278.4 +121.5 4.176 0.019
Cit 89.2 +4.9 67.1+1.9 % = 111.6 £6.9 * * 103.1+2.4 = 18.700 <0.001
Val 512.9 +80.8 563.7 +54.4 739.2 +109.9 421.2 £74.7 2.633 0.078
Met 129.7 7.1 143.9 £10.5 175.4 £10.4 * * 129.9 +£7.8 5.596 0.006
lle 309.7 £35.1 361.2 £25.2 337.5+£35.3 258.5 +20.8 2.205 0.119
Leu 899.9 £55.2 1024.2 +64.7 1024.7 +77. 1 827.2 £45.3 2.497 0.089
Tyr 378.1£27.9 411.1+25.1 453.4 +37.5 356.6 £18.5 2.251 0.114
Phe 455.3 +69.8 459.0 +57.6 551.6 +71.8 327.8 £20.4 2.457 0.093
H - Cysteine 47.5+£24.2 15.8 2.7 14.3+1.8 15.0+1.6 1.758 0.188
His 299.4+19.3 329.8 £24.5 382.4 +£35.5 = 276.7 £16.5 3.325 0.041
Trp 88.7 £4.2 86.9 =+ 5.0 92.0 + 9.4 77.3 + 2.7 1.158 0.350
Car 633.7 +36.5 620.8 +37.0 810.1 +94.0 743.6 +21.5 2.745 0.070
Ans 97.4+9.9 105.2 8.6 132.2 +18.0 * 141.0+£7.0 = 3.224 0.044
Hylys 22.9£2.1 17.0£2.2 26.6 £4.2 18.4£0.8 2.766 0.069
Orn 46.4 +7.1 49.3+6.9 52.4£2.7 45.4 5.2 0.296 0.828
Lys 2806.0 +233. 1 2965.0 +529. 1 3362.3 £426.6 2124.2 +132.7 1.996 0.147
Arg 1157.8 +94.7 1233.9 +170.7 1514.8 +231.7 976.0 £69.9 2.076 0.136
Pro 518.9 +64.8 486.5 +59.2 652.8 £89.0 425.3 +34.3 2.198 0.120
EAA 4302.3 +345.3 4579.6 +545.5 5257.9 +487.0 3338.8 £156.5 3.734 0.028
NEAA 11274.3 +356.3 12131.0 +1101.5 15258.5 +983.6" " 12023.4 +269.9 5.241 0.008
BCAA 822.5 +115.1 924.9 +71.7 1076.7 +139.2 679.7 £90. 4 2.442 0.094
AAA 922.1+83.6 956.9 +67.8 1097.0 +93. 1 761.6 +£39.1 3.486 0.035

SXFEAMLL, " P <0.05,

2.3 H 3L SMM & 5t & 7 L mTOR = 5
HEAKREEREWE WA 2 P, Wizl

**P<0.01,"" " P<0.001
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CA TR R B4

SMM 2 & Xf WrFL I BRURE I L mTOR -7 i ik A
MR E M. BB E, Mtor, Pi3k3ca, Pi3k3ch,
Aktl | Eif4ebpl Fl Rps6kbl %7 & 41 7] 35 B L 40
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P9
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W& BFL, AR R Z A RO S ERA
BEXEF(P>0.05) , WA 3 Fin,
3 iFiREING

TEARZ 1 5 2 B 505 A 5C 1 {5 53 % B
mTOR {5 538 f§ 2 2 N8 A R 35 283 i
mTOR 7E B b G A PO Ry sz, 987 8 8

ZUrp i 5 25 0T LU i PI3K/AKT/mTOR 5553
Xt p70S6K HEAT Y, HE i Al LU G LR .
RO 58 R B 2L 109 SMM 22 5% 5% ) (AT B4R 7Y
JBR 5 2K B B LR R 5 22 FE A5 1 32 B4
wWEZ—, &G 2/3 VI LR A, BaEr,
KEMiZPiAEZE T mTOR T i 6= Bam ik
I RESIEY R IS T N o N2 = 1 S A 12 B S £
A -
AR AE R R I FL ] SMM 2 75 5 | 47 B
FABRIUL mTOR £ 538 B4 1 5 PR 30 30 0 AT e 1 2 22
S, TR B /0N R 4 o Y A BH I8 A8 Ak, {HJ& mTOR

NFE S pT0S6K FEm M AL HA EIHE S HEN
mTOR {553 76 1 SR i AL R 2 D 3R 7T 3%

A Gt 25, Al e S R RN A R BRI A A



2016,50(1) :36 ~42/3k i, 4 [ 8 2 7 -4l
B
A 1.5 5 2.0
E* %
¥
X ;f{ 1.5
g 1.0t —— B
£ %E 1.0 T
g 0.5 £
E 305
e 2
=
0 0.
A KFHEHLH PRIZEH SFEA MHEA KFEH PHREH "SFE4H
- 25 D 5
3 2.5 1.5
E 2.0 3 T
' #® 1.0
= 1.5 7
: :
% 1.0f —L Z
g 0.5
= g
2 0.5 3
2 .
MHEA KFEH PREH SFEA TONEA KFEA PHEA sHEA
E F
i 3.0 }'jé-» 25
)
® & 2
g 2.0 ' |
- E 1.5
Z £l T
Ero —= L&
5 Z05
= &
= . =o.

XA EA hHEL sREd
& 2

80r

60

40}

BEASE (mgyg)

=

20r

WHFLE SMM R EEXHF RUAHERA AL
SEASENR,

EHEH SHARE "HNEA
&3

SRR ER A Ko AMTTR S, DRES: 7 25
FHAZRORA RN Rk E R gE"™, 5

XA KHIEH PHEH SHEH
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et g I ] #0 AS O o B T 9 i BRI L
SMM % , e st AT BRI R 17 SMML ik J3 i N°
~ ST A i 1) FP A W ( ACSMML) PR B2 43331 Sy
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