274 T
20154F7H

Ak Vol. 27, No. 7
Chinese Bulletin of Life Sciences

Jul., 2015

DOI: 10.13376/j.cbls/2015129
XERS: 1004-0374(2015)07-0936-05

mTORES BB AFIE S P RYIEEEH

HEH, FEE G K TER, TIW
(PZEHT R ARl 2B, DRSS 010021)

GRS RS H RO M R W B IR S 3 SR — o AR LR DT R A H i =,
LB AT M DA A 5 s 0 A PR R A IR TR it — b S B H i =5 . WA s BEmE R L ES
(mammalian target of rapamycin, mTOR) /& — AN b2 R~ (8 i, 5 HAME H—E4 M mTOR 15
S, RS A A AN TR T R s A A KA, AEFLIR S P R IEEEEH . R T
mTOR {5 S AEFLE A B IER SHLH, A5 EH FRBUIRE B T AR A

X %217 : mTOR {5 T8 « Hih =M ; FUIES K

FESHES . Q257 ; S823.91 XHRFRARRS - A

mTOR signaling pathway in the regulation of milk fat synthesis

GUO Zhi-Xin, LI Jia-Xin, FENG Wei, WANG Yan-Feng, WANG Zhi-Gang*
(College of Life Sciences, Inner Mongolia University, Hohhot 010021, China)

Abstract: Fat content and composition is one of the main substance constitutes of cow’s milk, and triacylglycerol
(TAG) is the main component. There are two sources of fatty acids in mammary epithelial cells for synthesizing
TAG, i.e. intracellular synthesis and uptake from outside. mTOR (mammalian target of rapamycin), a highly
conserved kinase in evolution, composes mTOR signaling pathway with other proteins, regulates cell growth and
metabolism by feeling the nutritional status in intracellular and extracellular environment, and plays a key role in
milk fat synthesis. The role and mechanism of mTOR signaling pathway in milk fat synthesis were reviewed, and
future research fields were discussed based on the current research.
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fiff (phosphatidylinositol kinase-related kinase, PIKK)
MR R, VBN LR R/ T & R B R 1R .
mTOR 5 ARG E &k, ]
mTORC1 1 mTORC2, " mTORCI % 45 57 P4 11
TR I % R UK, i mTORC2 AU, mTORC1/2
5T IR A FE AT RE RS2 E IR RO, TR
MR, AR AN A KA L P A T,
TR B FRRA SR ARSI 1 e P
J A RS FasE R FECBEAEF Y. A B 9T
& mTORCI 5F4ifid. MG &k ks 54K,
BEE . B IR S KRR 5 A i S 5 ) A BN B
TR RE—i2, mTOR & [ (E A E L F AR
SRR AR R B AR AN T AR, XA TR
TEHAZ A P2 = AR T I
1.2 mTOR{ESEBSEFRMRNE

H AT, 7£ mTORCI {5 5@ w7, F4k
MNE TR T & &8 25 mTOR HRFR 2 —1
WG, MEZXNMLERERDRAESS
mTORCI1 [0 R A& ZRIEHA T — L EEZH LI,
Duvel %5 " I mTORC1 15 WE W2 il 0 R 1 0k %
18 J g A pag A Hh R Ok i ik TR A RO o DT HE Ok
mTORC1 HGE AR LA TH LI R 2. 5T
mTOR 15 il 5 MR PUARHFI K R, 12 KE T
FAED T AR R A E YA S R, il 3 [ 2
FARIE 7 mTOR XYy AL E - FUR b B 40 i 1
FERIFLIG A LA AR U fEREERE P,
XF mTORCI 52 HE WL . 7 &) Bl 2 18] H 3k R BT 7045
B RN U0 H 5 g T R 2 TR IR B R AN T
21O, R OCHIE AT 3 B A A i AR A 7 1Y
WA R . 12 JLERIBE AL S mTOR 7 5
B B R A2 I R, AT PUIE AN [ L
i VA3 R 07 1B i Y ABLELAR 1 23 T WL R AN 2
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ke DR e SR s R - (R B S BRAS T JBLAF  p SR P,
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2.1 XHERAERRIAE X RE T SREBPs
PPARsHYIE#Z{E
SREBPs (sterol regulatory element binding protein)

1 PPARSs (peroxisome proliferator-activated receptor)
J2 5 IR ot B D] 3% 5 AH G FR PR 1> B ) A o A
o W FLEI 4T P4 SREBP 3 [A| ——SREBP1 Al
SREBP2. SREBPs /£ J5i & i, S8 )5 HeH% 2 m /R
FAR N T P 20 n-SREBP,  J#5 fg Il R Mk &
SRR IR [ AT, B & 2R T DA 1K AN n Lk 7%,
fie 1 n-SREBP f ¥ B fl A #% . mTORCI nf LL7E #%
3R I BB S A8 1 % 2 A KT s SREBP 2,
mTOR 155 538 ¥ 1F [ 1 # SREBP ¥y 0 T. 3 2 &7,
PPARs je —HZ2 W EH, ERp TR R
YER, BA o B/ ATy =Fh3AL, FHr PPARy [
YERBEFLBORN, e R & B S B 57 [ 1,
AT DA 5 G, R (R R R D A . mTOR
BB ER NI REP TR E RS /LGS, M
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R 7 PR 28 72 eh AL b R A M M it e i . AE R
IR B Sk B R, £ T A B R AL T (acetyl-
CoA carboxylase, ACC) AL TN & FAIE 4kl A A
F8 s A2 U7 5 T T T PG ) PR il < I U7 T 5 Pl (fFatty
acid synthetase, FAS) ff 1t £ i CoA F1 P — & 51 1k
CoA & IR (16:0), XA s A HE R X
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Fe i M 3k B B R e TR R A B A FLAR
i FT 51 2 Gy/S S BH i AT H ik = 18 ) 3 W s 2D
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TEAMERE iR BRI Frizid fE s, bR
36 (CD36) 2 AMENE N R 1 2R FI N i, i
g ¢t & 5 H (fatty acid binding proteins, FABPs) | &
TR N IS, R G T TR ) EURT
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CD36, MFRNPEE A IIL/IV 5% FAT, & —4
A ERERA I IR, N CD36 [AEX 437
N 7.5 x 10°~8.8 x 10%, M 472 N Kk LA
. CD36 75K 5 N5 7 8 18 B b i A R BT 1993
T, RS IR R A Ak . RN
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P AL R, T A 2 T S A 32 A SR s
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PLY, FABPs J&— ANk b AR S (KA 4 7 i
BN L4 x 10°~1.5 x 10* i A R Y, KR ERIE
I AS R W, CUEW SR B A
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1 LR 4 B AE 17 I 1 A R H i = e S BT R
o, H -3 B R I 2k % A2 I (glycerol-3-phosphate
acyltransferase, GPAT). i F& H i %t 2% 4% #% i 6
(l-acylglycerol-3-phosphate O-acyltransferase 6,
AGPAT6). Bt H i fig Bt % # B 1 (diacylglycerol
acyltransferase 1, DGAT1) 1 fif g B2 o MR Bs & 1
(Lipin 1, LPIN1) %2 54k, & H il =& o8
SHNG o 3K AL G B il kDR 47 40 2E 49 2 s LR R I
TR TE IR LG A R 4 i Y. GPAT i 4k H i
= W& (glycerol-3-phosphate) Fit 1k, FF p ¥ IfiL i i 182
(lysophosphatidic acid, LPA), LPA #—3 i AGPAT
Pk AY, T B B IS % (phosphatidic acid, PA), PA T
Lipin 7K % 5 H i M (diacylglycerol, DAG), DAG
W B DGAT Pigfb,, 5 278 i H it = (triacylglycerol,
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U R m R IE M s 1, (5 GPAT fi Ak H it s
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microRNA-145 % mTOR {5 5 il i H A — 2 i 15
YEFH, Tizn miRNA i id %t mTOR 15 53 # 1 1 4%
S E gk, o2 b, miRNA 7] LL7E g B iR 24E
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JE A R HP AR AR FE AL, R A A T L TR 2
JRAIE 9% IR 2oxt FLR b R 20 P LA & 1 5 K WL
fily AT AR T

(& F X WK
[1] A5, ThE, ZER A, 25 G IS FRRBE K B g i
i ol e L0 A A = 4 i RN TR I R 4L R I S . S
EFAAD 2011, 23: 1116-22
[2]  XML%, bEE, T, 2. HREBMLA FIDHA X3
il i i 2 e e EUARL RS20 Sy 37 2441, 2008, 20:

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

(20]

(21]

(22]

515-21

GB 19301-2010 £ #h %2 4= [ Fbn it AFL[S]

EhnE. IR E S BT LA b AR,
2013, 40: 1-8

BEy, B, KIER, E. A AR BRICEE S AR I
FHorTIR BRI BIE IR 3R, 2014, 26: 287-94
Bionaz M, Loor JJ. Gene networks driving bovine milk fat
synthesis during the lactation cycle. BMC Genomics,
2008, 9: 366-8

EIR . AR AR B B A RS LR AR
5&4, 2011, 2: 8-14

Nan X, Bu D, Li X, et al. Ratio of lysine to methionine
alters expression of genes involved in milk protein
transcription and translation and mTOR phosphorylation
in bovine mammary cells. Physiol Genomics, 2014, 4:
268-75

Wang L, Lin Y, Bian Y, et al. Leucyl-tRNA synthetase
regulates lactation and cell proliferation via mTOR
signaling in dairy cow mammary epithelial cells. Int J Mol
Sci, 2014, 15: 5952-69

Li N, Zhao F, Wei CJ, et al. Function of SREBP1 in the
milk fat synthesis of dairy cow mammary epithelial Cells.
Int J Mol Sci, 2014, 15: 16998-7013

Zhang X, Zhao F, Si Y, et al. GSK3p regulates milk
synthesis in and proliferation of dairy cow mammary
epithelial cells via the mTOR/S6K1 signaling pathway.
Molecules, 2014, 19: 9435-52

Wang ZR, Hou XM, Qu B, et al. Pten regulates
development and lactation in the mammary glands of
dairy cows. PLoS One, 2014, 9: ¢102118

THAMAR. RABIVE IR M), J63T: B H R, 2004
Stephan W, Robbie L, Michael NH. TOR signaling in
growth and metabolism. Cell, 2006, 124: 471-84

Diivel K, Yecies JL, Menon S, et al. Activation of a
metabolic gene regulatory network downstream of mTOR
complex 1. Mol Cell, 2010, 39: 171-83

André C, Cota D. Coupling nutrient sensing to metabolic
homoeostasis: the role of the mammalian target of
rapamycin complex 1 pathway. Proc Nutr Soc, 2012, 71:
502-10

Roa J, Tena-sempere M. Connecting metabolism and
reproduction: Roles of central energy sensors and key
molecular mediators. Mol Cell Endocrinol, 2014, 397:
4-14

Haissaguerre M, Saucisse N, Cota D. Influence of mTOR
in energy and metabolic homeostasis. Mol Cell
Endocrinol, 2014, 397: 67-77

Benjamin D, Hall MN. mTORCI1: turning off is just
as important as turning on. Cell, 2014, 156: 627-8

Cheng SC, Quintin J, Cramer RA, et al. mTOR-and HIF-
la-mediated aerobic glycolysis as metabolic basis for
trained immunity. Science, 2014, 345: 1250684

Laplante M, Sabatini DM. An emerging role of mTOR in
lipid biosynthesis. Curr Biol, 2009, 19: 1046-52
Wickramasinghe S, Rincon G, Islas-trejo A, et al.
Transcriptional profiling of bovine milk using RNA
sequencing. BMC Genomics, 2012, 13: 45-8



G gEEd

7%

[24]

[33]

[34]

[33]

[36]

[37]

Mcfadden JW, Corl BA. Activation of AMP-activated
protein kinase (AMPK) inhibits fatty acid synthesis in
bovine mammary epithelial cells. Biochem Biophys Res
Commun, 2009, 390: 388-93

Ma L, Corl BA. Transcriptional regulation of lipid
synthesis in bovine mammary epithelial cells by sterol
regulatory element binding protein-1. J Dairy Sci, 2012,
95:3743-55

Lewis CA, Griffiths B, Santos CR, et al. Regulation of the
SREBP transcription factors by mTORC]1. Biochem Soc
Trans, 2011, 39: 495-9

Bakan I, Laplante M. Connecting mTORCI] signaling to
SREBP-1 activation. Curr Opin Lipidol, 2012, 23: 226-34
Apodaca G, Brown WJ. Membrane traffic research:
challenges for the next decade. Front Cell Dev Biol, 2014,
2:52

Janesick A, Blumberg B. Minireview: PPARY as the target
of obesogens. J Steroid Biochem Mol Biol, 2011, 127: 4-8
Soliman GA. The integral role of mTOR in lipid
metabolism. Cell Cycle, 2011, 10: 861-2

FLPRHE, ARit, 2R pKE, 25, LB T IR AR WA LR
G W 4 B R R Ry s e | Lt Tk, 2012, 3:
15-7

AR, 24075, pedeih, & ZRNAIB-IE T BRANNT I
U b e 20 B 2L AN FL B A RO S T PR 2R R R
EYIE TR, 2014, 26: 1527-34

XFIH], B, RIE, & FRRP 9 FUIR bR A0 iy
i W R B SR B IK S ] R AL A 272, 2014,
43:160-3

FRYR, N, IR, &5 G AUIR R R I AU A R
BRI M. ZRACARO R 22224, 2014, 45: 84-90
Abumrad NA, Davidson NO. Role of the gut in lipid
homeostasis. Physiol Rev, 2012, 92: 1061-85

Xu S, Jay A, Brunaldi K, et al. CD36 enhances fatty acid
uptake by increasing the rate of intracellular esterification
but not transport across the plasma membrane.
Biochemistry, 2013, 52: 7254-61

Wang C, Hu L, Zhao L, et al. Inflammatory stress
increases hepatic CD36 translational efficiency via
activation of the mTOR signalling pathway. PLoS
One, 2014, 9: 103071

Wang C, Yan Y, Hu L, et al. Rapamycin-mediated CD36
translational suppression contributes to alleviation of

[38]

[41]

[42]

[43]

[46]

[47]

(48]

hepatic steatosis. Biochem Biophys Res Commun, 2014,
447: 57-63

Pereira MJ, Palming J, Rizell M, et al. The immuno-
suppressive agents rapamycin, cyclosporin A and
tacrolimus increase lipolysis, inhibit lipid storageand alter
expression of genes involved in lipid metabolism in
human adipose tissue. Mol Cell Endocrinol, 2013, 365:
260-9

Khalifeh-soltani A, Mckleroy W, Sakuma S, et al. Mfge8
promotes obesity by mediating the uptake of dietary fats
and serum fatty acids. Nat Med, 2014, 20: 175-83
Yamamoto T, Yamamoto A, Watanabe M, et al.
Classification of FABP isoforms and tissues based on
quantitative evaluation of transcript levels of theseisoforms
in various rat tissues. Biotechnol Lett, 2009, 31: 1695-701
Smathers RL, Petersen DR. The human fatty acid-binding
protein family: evolutionary divergences and functions.
Hum Genomics, 2011, 5: 170-91

Storch J, Thumser AE. Tissue-specific functions in
the fatty acid-binding protein family. J Biol Chem, 2010,
285:32679-83

Eaton JM, Mullins GR, Brindley DN, et al. Phosphoryla-
tion of lipin 1 and charge on the phosphatidic acid head
group control its phosphatidic acidphosphatase activity
and membrane association. J Biol Chem, 2013, 288: 9933-
45

Peterson TR, Sengupta SS, Harris TE, et al. mTOR
complex 1 regulates lipin 1 localization to control the
SREBP pathway. Cell, 2011, 146: 408-20

Zhang C, Wendel AA, Keogh MR, et al. Glycerolipid
signals alter mTOR complex 2 (mTORC2) to diminish
insulin signaling. Proc Natl Acad Sci USA, 2012, 109:
1667-72

FERE, A, D&, S5 ANFEA+ )\ 44
FUR b B 20 PR G i R T i = e S B R O R
224, 2012, 43: 1064-70

=V, FINE, B, 45, bta-microRNA-1455%F i
BB A AR 1 32 -1t IR 1 UL I 3 93 - £ 1 ¥R B/ 7L
SN TE % R HL R 5 5 I A SR JE PR Rk B o K
FOBAERUAR IR R, ShWIE IR, 2014, 26: 2736-44
R M, £ A, PR, %5, MicroRNAsH IR AR, 2k
Mk F 5 Ay, 2013, 40: 118-29



