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Construction and functional identification of ZAPI gene

overexpression transgenic Drosophila

LI Ziru, XIAO Guiran
(School of Food and Biological Engineering, Hefei University of Technology, Hefei 230601, China)

Abstract; The homeostasis of trace metal element zinc is closely related to the occurrence and development of
Parkinson’s disease(PD). The yeast ZAPI transcription factor has been identified to perceive cellular zinc
status and increase the expression of its target gene in response to zinc deficiency. However, there have been
few reports on the relationship between ZAPI and the occurrence and development of PD. In order to better
study the function of ZAPI , this paper amplified the full length of the ZAPI gene using polymerase chain re-
action(PCR) and connected it to pUAST to construct pUAST-ZAPI. Drosophila eggs were introduced using
microinjection technology to obtain UAS-ZAPI transgenic Drosophila. The successful construction of the
transgenic Drosophila was verified through PCR, and genetic and behavioral methods were used to specifically
express the ZAPI gene in dopaminergic neurons of the transgenic Drosophila. Overexpression of ZAPI was
found to rescue the reduced climbing and jumping ability induced by rotenone in Drosophila. These findings
lay a foundation for further studying the function of ZAPI gene in rotenone-induced PD.

Key words: ZAPI1 gene; zinc; Drosophila; Parkinson’s disease(PD); rotenone

0 2 = Bk R B BB B R BLREAL ) — R
HLA AR R 5 S 1A TP ARES BN PR AS

PEETAA AR DB MEICR A PR KR — R B 18 8 R A P
LUK I BER i i Z sk Z R AR SRR TR LIRS IR TS Ty

Weim B #A:2024-04-10; f& [E] B H7 : 2024-05-14
E&WE: BRARFFREETRIIH (32170576)
EE BT SR (1998—) . Lo U H & T ol K+ 4
BEEAR (1988—) , 2, INZRABIR - 1, A B Tl K2F 8% P42 S0 . 38 {5 4F % » E-mail: xiaoguiran. 101@163. com.



% 8 FEW . FZAP] ARSI R FHE ARG ML T 1149

], BRI SR AT 3 Oy ZIP Fl ZnT2 DR, B
FA SR KRR EAHORE T 75 5% s K 7 B X ZIP #il
ZnT W7, Blun, iiFlsh¥) MTFEI (metal reg-
ulatory transcription factor 1) 3% Kl 45 5% 55 K
T m A A L AU S 5 B R AN P Y
LR FIE LA W5 BE VIR RAR SF TR 4 e . %
ZAPI B 300 I B RS 2 2R Y 3R
T o LA RO 40 PN KT AR AR

WFEE % I, 2 5 1A 4 #% 9% (Parkinson’ s dis-
ease, PD) Z [AJfAAE— MY BK &, G i BRI K
25| Kk 2 B R 22 T I 28 1 i 22 2 i (DAD
IKPHIREARS . WA I R F o2 £ B . PD B % TR
JRECIRIAZ BB R Gt TP AR R R 5 R o
B B B P BUR B SCIR A % 2 U RE P 42T
BB PE R T e T A S I - A
i 2 4% (ubiquitin-proteasome system, UPS) {fi 143
T o AR R T 2 T i RE P 227
PEST L BRI L PD SRR RIAFTE B VIR R

SRR e B R 2 — A
SR TR AT T E B DTk ARYERGE L 7526
1 295 9 i DR A S e rp ELA TR RS R
b SR HA AR A A (2 12 D JEAR
B2 o) THR RS BORSE A R  fl
HBChB AL A 5T b AR R SR R
PEARITBIE T S A0 1 AR AL T 1o A B Afe
SR ZIP M ZnT (IR EPLH S A R IR A
T

IR — R )i A 2 e — PR
PIZRARSZ G 1 Al snl. 5 A 2R (i
6-F2 Ak 2 UM L 1-H 40K 01, 2, 3, 6- P S it e
(MPTP) F1H HEAG) AN [7] o fe e i 3 3% AT o B2 5
N » 25 5 ZF 3o M1 57 6 AN B AT A e i AR E
ZERE 2 oC . IR i T 0 4 AR 4
B R AR T Al 2 R 2 S A2
SRR — RIS g R W, AR S Y
PD #5 HyH A 5236 PD #5578 B B 203, i
TE R At 2 B RER 2T ik S A 2K
BRADLBEIR 7 T o FRR 2205 B2 R AE 5 ) P e
5 S 1 SR g PD AR T 2 o T B 2l B2
o,

A 5% 38 3 JE PR TR B R # E#E pUAST-
ZAPI JOkL R F R GO S EORIR A ZAPL 3 3%
TR R R, I ) P £ TR 2% 5 1 PD R
B K ZAPT 33 33556 PD By5200

I MRS

L1 SEIMBIRUE
.11 =&ZH#4#

BENCAE 2 ATt SRR B T A 1B
Je RS 9858 s FH R i/ NS — St T 1 4
BERWEODEHEN LS om. BEEK N 16 cm, K
AT B A R DHS o I Tt 2 e 4 P
ARA R 7] pUAST JiORE H 7 A6 R A Bl 2
e el e S A i s TH-Gald SRR T 4 &
BH 5 SR g J%E A7 0 (Bloomington Drosophila
Stock Center, BDSC) ; Bf /RIS B w1118 AR IR T
At g S i 9% YR P 0 (Vienna Drosophila Re-
source Center, VDRC) ,

1.1.2 Z&AN

0 JHE TR A T BT R T AR AR R A R
Al EcoRT Sal T .Not T FR&IH: P ;Y. T4
DNA ZE 4 H0 TIb 2N a A VARG RA
5 NI B-D-BRACE I (IPTG) VAN 8 R
BN T A0 508 R w5 1AL OB BUIR R I T
I 24 4 P A 2 1R A R ) 5 51 4 e i AR P 4
ARA R Al 44
1.1.3 E=&ZMNE

JITFl FE2ANAR A - EPS300 HLyk AL C 1K fE
FHEA R WD 5 025 KOG R AL (Protein Sim-
ple) ;5418 B0 ML (Eppendorf) ; SZ660 & 4L .
B G R AAER A IR A D .

1.2 SEWHE
L2.1 Bk RA

FIH] Primer Premier 5. 0 #4453 k& 514

FEA HARGT
F:5'-GCATCAGCAAGTGCATACGG-3';
R:5-CTGCGCTTCTCGCAAACAAT-3',

A cDNA 8L F i 5T 17 4
5% 2 )2 W (polymerase chain reaction, PCR)
7.

1.2.2 pUAST-ZAPI ik #H ke Hs

Wl s 19 ZAPT H B PR BR i 9 1)
fii EcoR T #1 Sal T F 37 “C k47 M), pUAST
JRi ] EcoR T #1 Not T XU, B T4 DNA i#%
FERGTE 16 “Cad Bt 42 ¥4 1 Head i) 7= e A3
KIGHFRIRZEME . HE A& Y ERER LB
[l 4% 5% 1 B 1 FH A4 e g 5 Pk B ) B0 e o T i 0
17 PCR %€, JFH IPTG -3 1E 37 CTF iR
4 h, XFFRIXFERIRWE QT2 T .



1100 ARe Tk K AR AAF R

%49 %

1.2.3 R#WwiIH

SR AR E T OK K B R AR T N KR
100 g K&Ky 10 g FI0E 14. 5 g £10% 40 g, Wbk
25 g Bilg 8 g WEBAI/KE 1 L, $izssisrit
TP v B0 F IS R FE A 2 %6 1 B S
FUBE R SY B AT A SRR A . S SR AR
25 CLIBE 65%,

L.2.4  &EERR Y BLH

D) B~ SR 3% 75N o AR — U
WAL 0.3 g AR B/ NMEMA 1 mL RS
VBT P BT T 1 2 B TR BRI 10
B il 2 IR AT .

2) W1 mL Bel Ay By 451 R G O AR
IR UM B RN TR B A B A R
LB N

3) HeTT LA B KA 100l EE MR T A
FRIUFA R IR I 138 B DMSO 135 #% . I AR &b
JETRAT IR 1 mL 5 £ R TR 5 1 A 3
— UM B R SN B A R Y 2R
LETRRE

4) i SR PR 32 A G ) T B A SR
BRSO T 1) SR g s IR v, A R
WECHEA T, BT B TR R R
1.2.5 PD RugtiA My

PRy o B ANRRUE & 186 5 431 5 BT LA £ R 1
RN B . T 2RO A T B
1 d Sk 7 3k, FE 0 0 e 5% B8 2 0 B0 1 ) 8 7
T RFRYY 7 d BP AT R PD SRR
1.2.6 Zest Amlax

H 20 FUMEP: SRR A ZEIQAEE Y PR 15 min
JE AT i BN [ SR T R Y B
JEHR L ZI I IR T, iE % 8 s WIEL 7 em 1Y
I Ia]

1.2.7 3#3kak A4

FH AR A 2 7 5 S DR R 1) SR g, A 85 57
ANE R Ay g 20 UL mE, SR R BN TR S R
15 minfsfi HoE P 8T BR 5 5 358 BC— > A1) T AT 52
SR SR ET L ABC S B i A AR s o
IINE RS S ) LR BRER R INA TR B S 2%
ML B /NVE e s/ NE TR R EEAE 1 min Z MY
BB UL LAkl B F8 AR R AE SR g s Bl e
HEIEER
1.3 HIESH

ASCAH ] Graph prism 8 B0k 52 B 45 R i
17 t K50 53 A » B DAY M8 4 Ay 22 3R, L

H NS FR IO E 22 575 « 8 P<0.05; ¢ x
8 P<C0.01; % % % Fn P<T0.001; x % % x
278 P<<0.000 1,

2 HBRESH

2.1 ZAPl BEEyEER

DIRIE cDNA ity 34 ZAPT 3L R
B s e 1 R, i VA L FE SRS
— SRR RN A 1623 bp, 5 HIEY ZAPI
] BORAT AT LA TR 225550 .

Marker ZAP1

3000 bp
2000 bp

1 000 bp

B 1 ZAPI EERBHRE

2.2 ZAPl 5 pUAST RHEHIWEEYI 4 R

F EcoR T F1 Sal T ) 8%t 0] i 45 1k 19
ZAPI 2N R Brfnzs 2 pUAST J5oR: 17 XU
DI E NP 2 pros . AL 2 AT LU L g e B
P e DRI 27 3 WA 56 8 R/ 5 U TR TR A BER
ANFRAF s HLA BT ORI LS . Il
Y5 5ok A TA-DNA 3% BB B 5 1 2
P B5 pUAST Brkife 16 Cul ROk, 1015 1%
),

Marker ZAP1 pUAST

5000 bp
3000 bp
2000 bp

1 000 bp

2 EE AN E )

2.3 ZAPl REBHHHRUREE

RIS W5 AR R 2 245 DHS o 411
B STURA T AR T R R PR LB [ R B SR
B b O e FHPE B e R L 25 SR AN 3 s . AAIAT 3
AR L B SR P v 2 BUE i AR H AR



% 8 I R H

F:ZAP] AR R A SRR R HEL 5%

%57 1151

W1 FRTCNE 4 5 T LR LA . IR 7
AR AL K R AT

3 BURHREEREXEITE

PRI TR T RV PCR %852 , 58 i Bl
B BRE I P VAR 7 s S SR AN TR 4 B BT LR
U 4 DV AT s B . AT RE 17
AT ) PR 28 BOA B8 25 A 2 R AR B B BT

3000 bp
2000 bp
1 000 bp!

1234567 8 910111213141516171819202122 324
B 4 W% PCRByHEXE

2.4 HEFRRBHEE

PR 2R pUAST-ZAPI j@ 2ok i i3 5
Fi AR G A B A R B 0 1118 CHR B 11 £8) v, 15 5]
AE AL S ZAPL B R R W, BT
pUAST 3R B A (H AR LA, B T3k 45 1 i 2L
UAS-ZAP1 RG240, Kl 5 s,

(a) HFAE Ghiigw1118 (b) ZAPI1HL M
B> HEERBHOBAE

2.5 RIBECRE AKX R

FIFH UAS/GAL4 RGi1EZ EEREM £ T
w3k ZAPL, B A TH-GAL4 4b 4 g 5
UAS-ZAPI 7258, B —AMEPE SR, 717 1 f0
Tl 5 1% 175 5 ST I HIOR P PD S 7Y R 47 28 e
REJIRLIN , 5 SR A& 6 Fs

K6 F.1 Fm»~ NF wlll8; 2 £/~ RF
wll18;3 F/xn NF ZAPI ;4 £/ RF ZAPI, T
i, HH:NF /R normal food., B IF # 55 5% 3
RF 7R rotenone food ., R £ Bl 5% 55 3L

H 1 6 FTH: 5 NF w1118 R AH . RF
wl 118 SRIEHENERE Ty FEAK . B PD AR 4 5 1
U135 RF w1118 JR#igAH kb, RF ZAPI R EE)E
REJIThE . 45 REH, ZAPL fE 2 W4T
()3 208 T W R RR R 175 5 1Y PD SR EE e RE )
IR

1.5+

NS

._.
S

AN 2R E g )

o
W

2 3
Rig 20 53
6 Uik RIBAIERIEEE N

2.6 RugiEpkeENMIRER

FIFH UAS/GAL4 RG22 B EREM £ Tt
ik ZAPL, (P FI ) TH-GAL4 kb g 5 UAS-
ZAPIL 7238 WU — PR SR . P 070 i) 2 %
VP HENT UK M PD SR AR AR R 17 5 Bk B K
W, 25 anE 7 R,

99
<z

RSN S

3
1

2
RIgAL %
B 7 MR EE

ME 7 nf L 5 NF w1118 SR H
RF w1118 Feif Bk HE J7 B MK, Bl PD SR 1Y
R 5 RE w1118 SR L. RF ZAPL R
KRR ) Th s . Rt ZAPT ] 46 £ e 1 5



1152

ATk K FIRCH KAF RO

%49 %

T PD S sigk e 1 (1 FEAIG .
3 % it

AR PCR HORY 3 ZAPL FEIR 22 3 il
YIE ¥ Ho i B fe pUAST ki b, S A KA
JEAZ AN rp o 200 7 ] AR A T .
A 2o 8 B S AR A g A B R SR i, R st
e AR B Ty AR B AR 5 DR Ay SR e, PR
UAS/GALA RG¥ Z B kRE M 2031k ZAPI,
FH 00 T 2 5% 175 T i 7 Uk PR PD R AR, I
HEAT 28 € Fn 3 Bk ge s K. A B 45 R 2k B
ZAPI X T g s S i 8ok vk PD SR HoAg i
ROSOR . AR R ST R, PD Y o Bk 5 s 1L R
FA K, WS AR FEA Y H PD &L
AN TERTE R, AT CA R k. I,
ARICEER RWESE ZAPL BN PD VRY7398E T
FER

(& % X Wkl

[1] Vallae B L, Falchuk K H. The biochemical basis of zinc physiol-
ogy[ J]. Physiological Reviews,1993,73(1):79-118.

[2] Hambidge M. Human zinc deficiency[ ] ]. Journal of Nutri-
tion,2000,130(5) :1344S-1349S.

[3] Wang X X,Wu Y T,Zhou B. Dietary zinc absorption is me-
diated by ZnT1 in Drosophila melanogaster [ ] ]. The
FASEB Journal, 2009,23(8) :2650-2661.

[4] Eide D J. Homeostatic and adaptive responses to zinc defi-
ciency in Saccharomyces cerevisiae[ ] . Journal of Biological
Chemistry, 2009,284(28) :18565-18569.

[5] Kumar V,Singh B K,Chauhan A K, et al. Minocycline res-
cues from Zinc-induced nigrostriatal dopaminergic neurode-
generation; biochemical and molecular interventions [ ] ].
Molecular Neurobiology,2016,53(5):2761-2777.

[6] Dexter D T,Wells F R,Lee A J,et al. Increased nigral iron
content and alterations in other metal ions occurring in
brain in Parkinson’s disease[ ] ]. Journal of Neurochemis-
try,2010,52(6) : 1830-1836.

[7] Kumar A, Ahmad I, Shukla S, et al. Effect of zinc and pa-

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

raquat co-exposure on neurodegeneration: modulation of ox-
idative stress and expression of metallothioneins, toxicant
responsive and transporter genes in rats[ ] |. Free Radic
Res,2010,25(8) :950-965.
Kumar V, Singh D, Singh B K, et al. Alpha-synuclein aggre-
gation, ubiquitin proteasome system impairment, and I-Dopa
response in zinc-induced Parkinsonism: resemblance to spo-
radic Parkinson’s disease[ ] |. Molecular and Cellular Bio-
chemistry,2018,444(1/2) :149-160.
Ugur B,Chen K C,Bellen H J. Drosophila tools and assays
for the study of human diseases [J]. Disease Models &.
Mechanisms,2016,9(3) :235-244.
Bier E. Drosophila, the golden bug, emerges as a tool for
human genetics [ ] ]. Nature Reviews Genetics, 2005, 6;
9-23.
Xiao G, Zhou B. What can f{lies tell us about zinc homeo-
stasis? [ J]. Archives of Biochemistry and Biophysics,
2016,611:134-141.
Gutman M, Singer T P,Casida B J E. Reaction sites of ro-
tenone, Piericidin A, and amytal in relation to the nonheme
iron components of NADH dehydrogenase[ ] . Proceedings
of the National Academy of Sciences of the United States
of America,1970,65(3):763-770.
Subaraia M, Vanisree A K. Rotenone causing dysfunctional
mitochondria and lysosomes in cerebral ganglions of Lum-
bricus terrestris degenerate giant fibers and neuromuscular
junctions[ ] |. Chemosphere, 2016,152:468-480.
Johnson M E, Bobrovskava L. An update on the rotenone
models of Parkinson’s disease; their ability to reproduce
the features of clinical disease and model gene-environ-
ment interactions| ] ]. Neurotoxicology,2015,46:101-116.
Coulom H, Birman S. Chronic exposure to rotenone models
sporadic Parkinson’s disease in Drosophila melanogaster
[J]. The Journal of Neuroscience, 2004, 24 (48):
10993-10998.
Xue J, Wang H L, Xiao G. Transferrinl modulates rote-
none-induced Parkinson’ s disease through affecting iron
homeostasis in Drosophila melanogaster [ ] . Biochemical
and Biophysical Research Communications, 2020,531(3)
305-311.

(GHfEdmE  EAED



