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B3 UR TR i 3B T A R SO B AR S ZE AL, T AU b
76 Zn A WX — 4 1 ZIPS SE AR b R A
O R R e 4 P R 200 L P 5 i A E I ot
TR R AN S e B Zn AT 2830 i B Zn 2 Fh T
2O 4E 5 40 M0 Zn K SENT . ZIP6 X FR LIV-1
(SLC39A6) , HFZ U REJ& ¥ Zn™ F5 iz 3] 20 ffd i
Bt ZIPT RE LT PN T R R JE A AR A
LN Zo FEHCETIAN" BG5S ZIP5 ALY
YEH, BEANE S 5 1B Zn 7F 5 28 B v i i B fRL
S < Zn thEET N T ZnT1 A7 T 41 i 3
JIEAMM AR L 38 3 R A B R Y Zn®
WeRE 22 ZnT5~2ZnT7 RN Zn iz 2
IRIERN, S 5EARMMNT sk, KL
2 KB ARSI, MM &R i E 1 1 (di-
valent metal transporter 1, DMT1) 4 J& #i & H 1
( metallothionein , MT1) Fl £ ¥ iz 5 H LIV-1 %K
J% (LIV-1 subfamily of zinc transporters, LZT ) %5
257 Zn %, DMT1 ¥ EZ 5 &R 5
WA R sk 5 e B R AR B ) BB A R
K 7E Zn WS R R & ¥R VR  MT AT
W ZT1 i 5 N IR Zn A LU0, JeE
THAHY Zn FRMAF LZT WA —A 10 4
(3¢ (HEXPHEXGD) , HA ¥ Zn 85 102 i 19 2
REY M, Zn WREEARIL T E Zn s 8 ik ZIP
CDF MT1 #1 DMT1 %5 Wiy [ 835 LA 445 Zn 7EAR Y
ffas

2 InREGEXS
2.1 Zn #HF

AT, s 7= iz 20 Zn RDRHR I &
BAT 2 T ML Zn I Zn BIEREE WY,
R R BREE (Zn-Met) FHi % REE(Zn-Lys) (KA H
FR 4T (Zn-Asp) FTH & FR £F ( Zn-Gly ) %5 Zn & HE M
AW sh Yk N 2 L IEHL Zn 545 1 A= P A
FHEE , BiF LA 7 8 AATTICRURT 4% 327" | Huang
SEUVIESE M T B RR £ (ZnSO, ) , W I Zn-Met
M Zn-Gly 4b P I Bz 20 i T GE $2 & 40 i 7% 7, 2
LAMMARAS s 9 B Zn 5532 0k MT1 1 ZnT1 mRNA
PR R, X T RS E A ML Zn A ROR Y
Bl Z—
22 InR#EMGELRE

W b e 3~5d & 1k, Hah i & T
Fouss JRE 3 19 % 18 T 40 B2 (intestinal stem cell, ISC)

AP (RLAR IS T ML) o B AR
ZR A I 1 A0 PR R AR A R B 3 1 R
T T AR ST, X ISC 1 5l Ay A i 7 4
R B S HE IR IE RS . Amches-
lavsky SR E B HE B (zine finger protein,
ZFP) REAE 7 SR Wi Ji 3 1 40 i o3 Ak, Kol Js 1
A0 5 AL D RE A J% T 20 M BB 5 S A RO
Ohashi 55" W 5% 7R, 15 3 B 85 b i JE R ik 19
ZIPT R m i RO M D e ™ 55, il T 4
W& AT, #hFE Zn RE NS 1 95 i 18 T 40 i 1 5
AT, 80 i VR AT M B AR 40 i R g PR 0 240 i
Bt o b EOE S S  R e gE R
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HEH K% znic-regulated transporter-like proteins; LZT; ¢ %%
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ers; HEXPHE : LZT H1Jifi 2 F2 F1 45 & B2 5% FE proline and glu-
tamate residues in LZT; plasma membrane: 14 H}%; vesicles:
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1 Zn WMERERIE

Fig.1 Transmembrane transport of Zn''

7N 1 %685 155 l) bR 2% % ( brush-border membrane ,
BBM) AJ 3 fin /1N 2 T AR iz P RBEREL g, ik o 5%
YT AL, AF 5T B Zn-Met fE i i 5
M iz 35 11 BT A BBM il 09 35 R, ol i B R S 45
), 08 38 X9 B 90 B i &k Fw L I B, Zn-Met 5§
Zn-Glyid ] & 2 34 0 A 8 0 g 4 s A
mRNAERE 2k [ S i . sk, zn
iR BE I 45 B 18 B B D) R . Zhang %Y R B, 1A
UM ALEE (ZnO) AT LA W 5474 0 P 5 2R
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F (occludin ) F1'E %5 % #2414 —1 ( zonula occludens
protein-1,Z0-1) B 31k , FEAK 7 8 5 1, 32 &
T HUHK G B I BE ; 3X 55 Shao %™/ 7E Caco-2 41 ifg
PR Zn XA b B A R R B S e A O 4 2R
—%, ZnSO, WIHE i 18 ] 8 1o A2 2 LR T 7F M i
FEAE I3 DA TR ) Jo 0 ) A T AR A, DT 4
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i 3 b 0 AR A S R B D RE S A W b R
A0 2 WUEE AR bR, F7E 2000 4F, Cario 5
RIN,FPFE Zn BEHE = I B B Ak e O, Ik
1 b Bz A M SR A, Mg B Zn BRI 2. [H
I YA B Bt A T8 A, £ 45 R AR A ) G 1k il
( superoxide dismutase , SOD) FI14+ Bt H K1 S84k 9y
fiff ( glutathione peroxidase , GSH-Px ) ¥ ¥ P 78 &5 il
Zn-Gly J&i @ % #m™ | ptsh, Han %5 0 58 %
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Ou %Y ER] , ZnO 3 5 F 8 i i A K 4 i v+
I K7 ( stem cell factor, SCF) 3Kl mRNA Fl#E
5 Rk KT 400 ] HC R il A e, DT e I A 7 2 T
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TR e F G0 558 =3 Bl Fa o7 2Pk A g vk
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TS TS () 3B 43 HL B, (2 H il A7 7E — 26 BE 05 5%
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4 Zn X R7iE T HEAIEEN SR

ISC 345 431652 3] Wnt/B—i% ¥ 8 1 (Wnt/
B-catenin) MIFFL SN W) FIHH XL EALZGY 1
( mammalian target of rapamycin complex 1,
mTORC1) {5 5 38 % 55 15 5 38 % 019 9 5
Wt/ B-catenin 38 2 4E 577 18 1 40 i 4 5 o0 16 B
WA HY T mTORC 5 538 B 3 5 90 49 i 3 2
FLUTACIE, 15 3 T Al s e e s S
T Zn fEFEIE T A0 B E A A E R (K 2) .
4.1 Zn %5 Wnt/B-catenin 15 = 18 %K iA ¥ ISC
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J 1 Wt {5 58 B2 I B s — 2806 il 2 T I
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ZAREES 51 B-catenin AR 1L , i 15 B-catenin
FEANML T h IR B A AZ N, 5 T 4R
S PEFE SR I (T cell-specific transcription factor,
TCF) 454, ¥ c-Myc F: R 20 i &5 W 5 1 D1
( cell-cycle protein cyclin D1, Cyclin D1) Fl 5% % R
BwE AN G 5 A B Z K 5 (leucinerich-repeat-
containing G-protein-coupled receptor 5, Lgr5) %5 &
SHE R PR S AT R SR A g L ISR R
Zn REWZ & = M LA B I 3B ( glycogen synthase
kinase 3B, GSK3B) B ik bk /K, 1% 5 B-catenin |
Wi i) S JE 42 I GSK3B LR 4 ¥ — 1 ( creatine ki-
nase-1,CK-1) il £ 9 2 (axis inhibition protein
2, Axin 2) F1%5 iz 988 14 B R 9% 25 H ( adenomatous
polyposis coli protein, APC ) % 41 i, 1) B¢ fift 2 5 ¥
3% , TS Wit/ B-catenin {5518 # ™', Zhou
ST IR Zn-Asp W] 305 /N BB 3 o Wt/
B-catenin 15 5@ %, 18718 + 40 Mibs & Legrs 1
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FIk AR AN BT AR A SN S e L A R
M2 7E T AN FR 3 P B2 Wit BCIRAGTE AL T,
KT ZFP e s N T ——Z R L IR JE I R 3 2
( pleiomorphic gene-like protein 2,
PLAGL2) [FlFEBEHLTS Wnt/B-catenin {5 51, 12
P A 0t 31

Zn%'@%‘ Zn

NS

adenoma

Axin 2
~ GSK3p | Akt
CK;I APC _ _L
_p-catenin__J
 TSC1/2
ﬁ—caten‘m B-catenin ) _L
| p-catenin
1 mTORC1
[‘B—calenin J l
GBS e Sf“
Sox9 ¢-Myc - S6e

Nigtb Cyclin D1
Zn: ¥F zinc; GSK3B: # J& & i % 1 3B glycogen syn-
thase kinase 3B ; APC %4 iz IR J5 4 JE. A 6 25 1 adenomatous
polyposis coli protein; CK-1: /LR #{ B —1 creatine kinase-1;
Axin 2. B 2 9 2 axis inhibition protein 2; S6K ; 1% Hi {4
T S6 A} ribosomal protein S6 kinase; S6: S6 1% #i A &
F1 S6 ribosomal protein; TCF: T 4 Jil 45 &6 W+ T
cell-specific transcription factor; Cyclin D1 MM JE I A D1
cell-cycle protein cyclin D1; Lgr5. 52 & MR &2 .47 [ G &
5% 5Z & 5 leucinerich-repeat-containing G-protein-coupled
receptor 5; TSC1/2 . 255 P44k 1/2 tuberous sclerosis 1/2;
mTORCI : 5. 3) ¥ 75 1A 7 R 4 11 2 54K 1 mammalian
target of rapamycin complex 1;Sox9; P57l E X Y HEHE H
J5i 9 sex determining region Y-box 9; Akt % [1#{ /i B protein
kinase B ;B-catenin:B—iEHE I,
2 Zn §r % Wnt/B-catenin 1 mTORC1 5 S SALH
Fig.2 Regulatory mechanisms of Wnt/f-catenin and

mTORC1 signaling pathways by Zn"**"

4.2 Zn 35 mTORC1 ESERATHELRYS
A B %57 3] mTORC] 5 51 5% 1)
517 mTORCT S B BEWLEE 3 — 3 i A 5% 4 il
G B 01, A Ao ol 1 Ak B 35 R 4R R T eIF4 I
BEREE 1 S6 W 1 4% mRNA 1) BH1E , 25 i 4
TANLIETE . p70S6 W& mTORCI {5538 #% T
e A ¥ bR 22—, Lynch 210 % 3, Zn W] 3 5
% mTORC1 {5538 1, 1 p70S6 W 1%k,

{2340 40} 46 19 5% (9 4 . Nimmanon 45 ik — 2
WFITUESE , Zn 3l i $2 55 26 11 #4% B ( protein kinase
B, PKB/Akt) B i {k. 7K - fi¢ i#f mTORC1 15 = i
A BTG , R BT 0 T GSK3B iRk, Ab, Geiser
LT B W /N WU 3 TP i ZIPA 3£ N R, mTORC1
T PR R 2 R AR, S 08 1 i A R L, W (S 4H
G U TR RN o= 7 A 2R 1 T BE & A B A Al T
A I Ak S H, I L R Dy RE R i A A
FEAR

5 I 5

25 LA Zn AR 0 JC 2 dE R LK IE
R RSy 7/ .= R RE S o PN s A
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SRR A T Wnt/B-catenin il mTORC1 %515 5 il
HEPREER . N H T BESE R B, GSK3B8 1l fg
B R Zn 5 Wnt/B-catenin 1 mTORC1 2 [a] f
9 BRI, Zn 5 AT Z 0] 2 A5 A7 A At B 422 5 )
FVE IS AN TE R . RORTE 2 1 4 W 2 1 2L ik
L 85503 5 Al ae A B T8 s Ml Ak Zn AN
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FE 25 B 25 5 DO i 98 TS T S5 95806 IR T B At 2
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Research Progress on Mechanism of Micronutrient Zinc Promoting
Development and Regeneration of Intestinal Epithelium

ZHANG Dexiang ZHU Qiujie LIU Zhenhua WANG Xiuqi”
( Guangdong Provincial Key Laboratory of Animal Nutrition Control, National Engineering Research Center for Breeding

Swine Industry, College of Animal Science, South China Agricultural University, Guangzhou 510642, China)

Abstract: Zinc, an essential trace element, is an important component of many enzymes, which, as a cofac-
tor, participates in protein activation, folding and functional regulation. Zinc is mainly absorbed in the small in-
testine, and zinc homeostasis is regulated by zinc transporters, osmotic channels and metallothionein. The ab-
normality of zinc homeostasis leads to the dysfunction of intestinal structure and barrier, and hinders the growth
and development of the body. In addition, zinc can recognize cellular signals, increase intestinal stem cell ac-
tivity by regulating the Wnt/B-catenin and mammalian target of rapamycin complex 1 ( mTORC1 ) signaling
pathways, and promote intestinal epithelial development and repair after injury. This paper reviewed the trans-
port system of zinc in the intestine and its regulatory mechanism for intestinal renewal and regeneration, in or-
der to provide new ideas for the development and application of zinc preparations. [ Chinese Journal of Animal
Nutrition, 2020, 32(11) :5038-5045 ]
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