Nghién ctru khoa hoc céng nghé

banh gia tac dong cia Cu* Ién dap ung stress oxy hoa va sira chira DNA thong qua
biéu hién gene va protein trong phoi Ca ngwa van (Danio rerio)

Ngé Van Tuin'”, Dang Pang Khoa®, Nguyén Thi Thu Hang®

4 Truong Pai hoc Luong Thé Vinh, Ninh Binh, Viét Nam
@ Trieong Pai hoc Lac Hc;ng, Déng Nai, Viét Nam
S Truwong Pai hoc Phii Yén, Ddk Lik, Viét Nam
" Téc gid lién hé: DPang Pang Khoa
DBia chi: Truong Dai hoc Lac Hﬁng, B&ng Nai, Viét Nam
Email: khoadd@lhu.edu.vn
Diém noi bt
v' Phat hién chinh: Cu®" gay ra sy diéu hoa trai nguoc giita hai gene sira chita DNA: gadd45a
bi trc che (giam 11 1an) trong khi gadd45g dugc cam Gng manh (tang 17.5 1an).
v’ Tac dong rd rét: O ndng do cao ao ng/L Cu*), cac gene giai doc mi2 va chéng oxy
hoa (sodl, sod2) ting manh theo nong do (gip 9-17 lan).

v' Gi4 trj thuc tién: Bo ba MT2, SOD2 va GADD45G la cac diu 4n sinh hoc tiém nang dé
giam sat 6 nhiem Cu?* trong moi trudong nudc

Tém tit: O nhiém kim loai nang, dac biét la Cu?* trong moi truong nudc la mdi quan tdm toan cau.
Nghién ctru ndy nhim muc dich danh gid mot cach c6 hé thong cac dép tmg phan tir ciia phoi ca ngya van
(Danio rerio) khi tiép xuc véi cac nong dd Cu?* khac nhau (0,1; 1,0 va 10,0 pg/L Cu?*) trong 24 gid.
Nghién ctru tap trung vao cac ddu an sinh hoc chinh lién quan dén giai doc kim loai, dap tng ton thwong
DNA va chdng oxy hoa, bao gom metallothionein 2 (m#2), cac protein GADD45 (GADD45A, GADDA45G)
va cac enzyme chdng oxy hoa superoxide dismutase (SOD 1, SOD2). Phuong phép Real-time PCR (qPCR)
va Western blot duoc sir dung dong thoi dé phan tich ca mirc do phién mi va dich ma. Két qua cho thiy
mirc biéu hién cta cac gene (mr2, gadd45a, gadd43g, sodl, sod2) va cac protein tuong tmg (MT2,
GADD45A, GADD45G, SOD1, SOD2) c6 dap tmg 1d rang theo ndong d6 Cu?". O ndéng do 10 pg/L Cu?,
biéu hién cia cac gene mr2, gadd45g, sodl va sod2 ting manh & mirc d6 mRNA (gép 9,1 dén 17,5 lan),
ddng thoi muc protein twong tng (MT2, GADD45G, SODI va SOD2) ciing ting dang ké (gép 8,5 dén 15,8
lan). Nguoc lai, gadd45a bi tc ché rd rét (giam 11 lan & mic &6 mRNA), trong khi protein tirong tng
(GADD45A) ciing giam dang ké (6,7 1an) & nhom 1,0 pg/L Cu?. Su trong dong trong xu hudng biéu hién
gene va protein cho thdy cac co ché dap ing chu yéu dwoc diéu hoa & mic d phién ma. Sy diéu hoa trai
nguoc giita GADD45A va GADD45G phén anh mét chién lugce thich nghi cua té bao nham can bang giira
stra chita DNA, sng sot va chét té& bao. Nghién ciru nay cung cip dir liéu nén tang quan trong cho danh gia
rti ro sinh thai va sy hiéu biét sau sic hon vé co ché ddc tinh ctia Cu?* & cap do phan tir, dong thoi khang
dinh vai tro ctia ca ngya van nhu mot mé hinh sinh hoc nhay cam dé giam sat 6 nhiém.

Tir khoa: Doc tinh Cu?'; cda ngua vd’n; stress oxy hoa; tén thwong DNA; biéu hién gene; Western
blot; dau an sinh hoc.

1. PAT VAN PE

Su phat trién nhanh chong cua d6 thi hoa va cong nghiép hoa di lam gia ting su tich tu kim
loai nang trong méi trudong nudc, gay rui ro dbi v6i hé sinh thai va stic khoe con ngudi [1, 2]. Cac
ngudn phat thai chinh bao gdm nudc thai cong nghiép (luyén kim, dién tir), khi thai tir nha ‘may
nhiét dién va phuong tién giao thong, cling nhu cac hoat dong khai thac mo [2, 3]. Trong so cac
kim loai nang, ddng (Cu?) 1a mot nguyén tb vi luong thiét 'yéu, dong vai tro la dong yéu t6 thiét
yéu trong nhiéu qua trinh sinh 1y nhu hd hap té bao va hé thong chdng oxy héa [3].
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Tuy nhién, khi vuot qua nguong sinh hoc, Cu*" tré nén ddc hai do kha nang xuc tac hinh
thanh cac loai oxy phan tmg (ROS) thong qua cac phan ing oxy hoa khir, dan dén stress oxy hoa
va ton thuong protein, lipid cling nhu DNA.

Cé ngua van (Danio rerio) 1a mot mo hinh 1y tuong trong nghién ctru doc chat hoc moi
truong va sinh hoc phat trién nho cac dic diém nhu kich thude nho, sinh san nhanh, phoi phat
trién ngoai co thé va trong sudt, cing véi muc do tuong dong di truyén cao véi nguoi [4, 5].
Ngoai ra, cac con dudng dap tng stress O ca ngua van dugc bao ton cao, giup loai nay tro
thanh mot hé théng canh bao sinh hoc hiéu qua dbi véi 6 nhidm méi trudng nude [5, 6]. Dé
d6i pho véi stress kim loai, té bao phat trién mot mang ludi phong vé phic tap. Trong do,
metallothionein 2 (MT2) la mot protein lién két kim loai c6 vai trd quan trong trong gidi doc
kim loai va diéu hoa stress oxy hoa [6].

Cac protein thuoc ho GADD45 (GADD45A va GADD45G) dong vai tro quan trong trong
dap ng ton thuong DNA, tham gia diéu hoa chu ky té bao, stra chita DNA va apoptosis [7-9].
Su diéu hoa khac biét giira cac thanh vién trong ho nay c6 thé quyét dinh s6 phén té bao, tir stra
chira dén chét theo chwong trinh [7]. Qua trinh apoptosis - mot co ché sinh hoc co ban trong dap
g stress té bao - dong vai trd quan trong trong duy tri can bang ndi méi [10]. Hé enzyme
superoxide dismutase (SOD1 va SOD2) déng vai trd tuyén phong thu dau tién chdng lai stress
oxy hoa, xuc tac chuyén d6i superoxide thanh hydrogen peroxide va oxy [11,12].

Mac du da co nhiéu nghién ctru vé doc tinh cua kim loai ning, cac nghién ctru danh gia
dong thoi mdi tuong quan gitra biéu hién gene va protein cua cac dau 4n sinh hoc nay trong
phoi ca ngua van ¢ giai doan phat trién sém van con rat han ché. Do d6, nghién ctru nay
nham: (1) danh gia tic dong cua Cu?* 1én biéu hién cua cac gene mt2, gadd45a, gadd45g,
sodl va sod2; (2) phan tich mdi tuwong quan gitta cac dap tng ¢ muc do phién ma va dich
mi; va (3) cung cép co so khoa hoc cho viée ing dung cac dau 4n sinh hoc nay trong giam
sat 6 nhiém Cu?* trong moi trudng nude [13].

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Nudi ca va thu phoi

Cangya van truong thanh (dong AB) duoc duy tri trong hé thdng tuan hoan dudi cac dié’u
kién ti€u chudn: nhiét d 28 + 1°C, pH 7,2 + 0,2, d6 dan dién 500 pS/cm va chu ky sang/toi
14:10 gio. Ca dugc cho an hai lan moi ngay bang artemia va thirc an vién céng nghiép. B¢ thu
phoi, ca bé me dugc cho giao phoi ty nhién vao sang som voi ty 1€ dyc:cai la 1:2. Phoi duge thu
thap trong vong 30 phut sau khi de, rira sach va chon loc nhirng phoi phat trién binh thuong (giai
doan phoi nang sém) dudi kinh hién vi soi noi (stereomicroscope)

2.2. B6 tri thi nghi¢m

Phoi ca ngua van dugc phan bd ngau nhién hoan toan vao bdn nhém xir 1y (150 phdi méi
nhom cho mdi lan lap lai (n = 3): (1) nhom dbi chung duogc nudi trong moi trudong ti€u chuin

(E3); (2) nhém xur 1y véi 0,1 pg/L Cu?; (3) nhom xu 1y voi 1,0 pg/L Cu?'; va (4) nhdom xu ly
véi 10,0 pg/L Cu?.

_ Cac dung dich xtr 1y dugc chuan bi tr CuSO4-5H:0 (d9 tinh khiét > 99%, cap phén tich).
Nong d¢ dong trong thi nghiém dugc biéu dién theo ham lugng ion Cu*" twong duong (ug/L
Cu?"). Céac gia tri nay dugc tinh toan dua trén khoi lugng phan tir cia CuSOs-5H-0 d€ dam bao
tinh chinh xac va kha nang so sanh véi cac nghién curu trude.

Phé1 dugce nudi trong dia Petri polystyrene duong kinh 90 mm chira 50 mL méi truong
tuong ung va u ¢ 28 + 1°C trong 24 gio. Moi truong dugce thay méi sau 12 gio nham duy tri
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noéng do Cu?* 6n dinh trong subt thoi gian thi nghiém. pH cta mdi truong dugc theo ddi va duy
tri 6n dinh trong suot qua trinh thi nghiém.

2.3. Phin tich biéu hién gene bang real-time PCR (qPCR)

Téng RNA dugc tach chiét tir phoi ca ngya van bang bo kit TRIzol Reagent (Thermo
Scientific, USA) theo huéng dan ctia nha san XUAt. Néng d06 va do tinh sach cua RNA duoc xac
dinh bang may NanoDrop 2000 spectrophotometer (Thermo Scientific, USA), véi ty 1é
A260/A280 trong khoang 1,8-2,0.

Thu vién cDNA duoc tong hop tir 1 pg RNA tong s6 bang bo kit RevertAid First Strand
cDNA Synthesis Kit (Thermo Scientific, USA) theo quy trinh cua nha san xuat.

Phéan tmg qPCR duoc thuc hién trén hé thong QuantStudio 5 (Applied Biosystems, USA)
su dung bg kit SYBR Green qPCR Master Mix (PCR Biosystems, UK). Quy trinh qPCR dugc
thuc hién theo phuong phap 2 budce (two-step), sir dung cDNA 1am khudn. Thé tich phan tmg la
20 pL, bao gdm 10 pL master mix, 0,8 pL moi xudi va mdi nguge (10 uM), 2 pL cDNA va 6,4
pL nude khong chira nuclease. Trinh tw moi st dung trong real-time PCR (Béng 1)

Chu trinh nhiét gom: 95°C trong 2 pht, tiép theo 1a 40 chu ky gom 95°C trong 10 gidy,
58°C trong 15 gidy va 72°C trong 15 gidy. Do dic hiéu ciia san pham PCR dugc kiém tra bang
phan tich duong cong néng chay (melting curve analysis). Biéu hién gene duoc chuin hoa theo
gene noi chuan ef/a va tinh toan theo phuong phap 2°-AACt [14].

Bang 1. Trinh ty mdi sir dung trong real-time PCR (qPCR)

. e ne Trinh ty mi nguwgc | Kich thuéc
Trinh tw moi xuoi

. (reverse) 3 A
Gene (forward) (5' - 3") san pham
5'-3") (bp)
mi2 CCT GCA AGT GCA CTA TCT GTT TCA AGA 120
ATT GCC AGT AGC CGA AAG CCC

AAC GTG GTCTTG TGT AGG TCC ATC GAC

gadd43a CTG CT TCT CCT CC 152
idsse | CGCCTTGGATACGTC | CTC TTG ACA CGC 145
gaadsog CcG GAC CAG TA
od] TGA GAC ACG TCG GAG | TGC CGA TCA CTC 138
ACC CAC AGG
d2 TTC AGG GCT CAG GCT | ATG GCT TTA ACA 6l
50 GG TAG TCC GGT
efla GTA CTA CTC TTC TTG GTA CAG TTC CAA 110
ATG CCC TAC CCT CCA

Nguén.‘ Mbi cho mi2, sodl, sod2 duwoc diéu chinh tir [15]; moi cho gadd45a, gadd45g
duoc diéu chinh tir [14]; moi efla tr [14, 15].
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2.4. Tach chiét protein va phan tich Western blot

Mot nhom phdi song song (50 phéi cho mdi mau, n = 3) duoc st dung dé phan tich
protein. Mau duoc dong nhét hoa trong 200 pL dém ly giai RIPA (Beyotime, China) ¢6 chta 1
mM PMSF va hén hop tic ché protease. Dich ddng nhat dugc ly tam & 12.000 x g trong 15 phut
0 4°C. Protein hoa tan trong phan n6i phia trén duoc thu thap va dinh luong bing phuong phap
Bradford st dung albumin huyét thanh bo (BSA) lam chuan [16]. 30 pg protein tir mdi mau
dugc dién di trén gel SDS-PAGE 12% va sau do6 chuyén 1én mang PVDF (Millipore, USA).
Mang duogc u trong dung dich chin (5% sira gdy Tris-buffered saline containing 0,1% Tween-20
(TBST)) trong 2 gio 6 nhiét do phong. Tiép theo, mang dugc 1 qua dém & 4°C véi cac khang thé
so cap sau: anti-MT2 (Abcam, ab12228, pha loang 1:1000), anti-GADD45A (Cell Signaling
Technology, #4632, 1:1000), anti-GADD45G (Santa Cruz, sc-133685, 1:500), anti-SODI1
(Abcam, ab13498, 1:2000), anti-SOD2 (CST, #13141, 1:1000), va anti-B-Actin (Sigma, A5441,
1:5000) lam dbi ching ndi sinh. Sau khi rira, mang duogc U v6i khang thé thir cap lién hop HRP
(goat anti-rabbit IgG hodc goat anti-mouse IgG, pha loang 1:5000) trong 2 gid ¢ nhi¢t 6 phong
(~25°C). Tin hiéu dugc phat hién bang thudc thir ECL Prime (Cytiva, USA) va chup anh trén hé
théng ChemiDoc™ MP Imaging System (Bio-Rad, USA). Cudng d6 vach dugc phan tich dinh
luong bang phan mém Image Lab (Bio-Rad, USA) va chuan héa theo B-actin.

2.5. Phén tich thong ké

Céc thi nghiém duoc thuc hién véi ba lan lap lai sinh hoc doc 1ap (biological replicates).
Dir liéu dugc trinh bay dudi dang gid tri trung binh + d9 1éch chuin (Mean + SD). Su khac biét
gifta cac nhom duoc phan tich bang phuong phap phén tich phuong sai mot yéu td (One-way
ANOVA) va kiém dinh hau kiém Tukey cho so sanh nhiéu cap. Gia tri p < 0.05 dugc coila co y
nghia théng ké. T4t ca cac phén tich dugc thuc hién bang phan mém GraphPad Prism phién ban
9.0 (GraphPad Software, USA).

3. KET QUA
3.1. Tac dong ciia Cu? 1én biéu hién gene
. Két qua phén tich gPCR cho thidy Cu?* gdy ra nhiing thay d6i manh m& va phy thudc vao
nong d6 trong bicu hién cua tat ca cac gene dugc nghién ctru sau 24 gio xu ly (Bang 2, Hinh 1).
Bing 2. Mirc do biéu hién twong doi clia cac gene mi2, gadd43a, gadd45g, sod1 va sod2 trong
phoi ca ngua van 24 hpf duogc xt ly véi cac nong @ Cu?" khac nhau (0,1; 1,0; 10,0 pg/L Cu®)

Gene Poi chirng 0,1 ng/LL 1,0 pg/LL 10,0 pg/L
mt2 1,00 £0,10 1,15+0,12 1,20 £ 0,15 9,10 +£0,95*
gadd45a 1,00 +£0,08 0,63 £ 0,06* 0,09+ 0,01* 0,15 +0,02*
gadd45g 1,00 + 0,09 1,50+ 0,14 2,30 +0,20%* 17,50 + 1,80*
sodl 1,00 +£0,11 1,25+0,13 1,40 + 0,16 14,20 + 1,50*
sod2 1,00 £0,10 1,30 +0,12 1,50 + 0,14 14,50 + 1,55*
*p < 0,05 so sanh cu thé véi nhém doi chimg
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Gene expression response to Cu?*
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Hinh 1. Biéu hién twong ddi cta cac gene mt2, gadd45a, gadd45g, sodl va sod2 theo ndng d6 Cu?".

Biéu hién gene m¢2 ting manh gip 9,1 1an ¢ ndng d6 10 pg/L Cu?* so v6i dbi chimg (p <
0,05). O cac ndong do thap hon (0,1 va 1,0 pg/L Cu?" ), sy thay doi khong c6 ¥ nghia.

Gene gadd45a: Nguoc lai, gene gadd45a bi tc ché sau sic. O nong do 1,0 pg/L Cu**
biéu hién gene giam manh nhat, chi con 9% so véi mirc ddi ching (giam 11 lan, p < 0,05). O
cac nong do khac, biéu hién gene ciing giam déng ké.

Gene gadd45g cho thay xu huéng biéu hién hoan toan trai nguoc voi gene gadd45a. Biéu
hién gene ting dan theo nong do, dat mic ting gp 17,5 lan & nhom 10 pg/L Cu?* (p < 0,05).

Céc gene sodl va sod2 déu cho thiy xu huéng biéu hién ting manh, ¢6 ¥ nghia chi & ndng
d6 cao nhat (10 pg/L Cu?*), voi muc ting 1an lwot 13 14,2 va 14,5 1an (p < 0,05). O cac ndng do
thap hon, sy thay ddi khong ¢ y nghia thong ké.

3.2. Tac dong ciia dong Cu?* 1én biéu hién protein

Két qua phén tich dinh luong protein bang phuwong phap Western blot (Bang 3, Hinh 2)
cho thay Xu hudéng biéu hién protein nhin chung twong ty voi dit li€u phién ma, méc du co6 sy
khéc biét ve murc do.

Protein MT2 tang manh ¢ nong do 10 pg/L Cu** (gip 8,5 lan so v&i dbi chimg, p < 0,05),
trong khi & cac ndng d6 thap hon sy thay doi khong cé y nghia théng ké.

Protein GADD45A giam 3 rét, ddc biét & nhom 1,0 pg/L Cu?* (giam 6,7 lan), phi hop véi
xu hudng gidm ¢ mirc d0 mRNA
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Biing 3. Muc d¢ biéu hién protein twong doi cia MT2, GADD45A, GADD45G, SODI va
SOD2 trong phdi ca ngua van 24 hpf dugc xu 1y voi cdc nong do Cu?*

Protein Poi chimg | 0,1 pg/L Cu* | 1,0 pg/L Cu** | 10,0 pg/L Cu?'
MT2 1,00 £ 0,12 1,30+ 0,15 1,45+0,18 8,50 £+ 0,90%*
GADDA45A 1,00 £0,10 0,70 = 0,08 0,15+0,02* 0,25+0,03*
GADDA45G 1,00+ 0,11 1,40 £ 0,16 2,10 +0,25* 15,80 + 1,65*
SOD1 1,00 = 0,09 1,35+0,14 1,60 +0,17* 12,50 + 1,30*
SOD2 1,00 £ 0,13 1,25+0,15 1,55+0,18 13,50 + 1,40%*

*n < 0,05 so sanh cu thé voi nhom doi chung

Protein expression response to Cu?*
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Hinh 2. Biéu hién protein MT2, GADD45A, GADD45G, SOD1 va SOD2 theo ndng do Cu?".

Nguoc lai, protein GADDA45G tang manh theo néng do va dat mirc cao nhat & nhom 10
png/L Cu?* (tang 15,8 lan, p <0,05).

Protein SOD1 va SOD2 déu tang dang ké ¢ nong do cao nhit, voi mic ting lan luot 1a
12,5 va 13,5 1an (p < 0,05).

4. THAO LUAN

Nghién ctru nay cung cAp mot cai nhin toan dién vé dap tng phan tir ciia phoi ca
ngua van doi voi stress do Cu?* gay ra thong qua phén tich tich hop gilta muc d6 phién ma
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va dich ma. Két qua cho thay co ché dap ting phirc tap, phu thudc nong do va dic hiéu theo
timg gene/protein.

4.1. Pap vmg giai doc va chong oxy héa

Su gia ting manh mé biéu hién ciia protein MT2 & ndng d6 10 pg/L Cu** 1a mot dap tmg
dién hinh dbi véi stress kim loai niang va phu hop v6i cac nghién ctru truge déy [6]. Su cam Ung
nay c6 lién quan dén hoat héa cac co ché didu hoa ndi bao nham duy tri cin bang kim loai. MT2
¢6 kha nang lién két véi cac ion Cu?* tu do, gop phan lam giam doc tinh va han ché su tham gia
cua Cu*" vao cac phan tng oxy héa khur tao ROS.

Su gia ting dong thoi cia protein SOD1 va SOD2 cho thiy sur hién dién 16 rét cua stress oxy
hoa. Pic biét, SOD2 dong vai trd quan trong trong ty thé - noi san sinh chinh cac gbc superoxide
trong qua trinh phosphoryl hoa oxy héa. Két qua nay phui hop véi cac nghién ciu trude do vé
stress oxy hoa va doc tinh kim loai trén ca ngua van [11,12, va 17]. Ngoai ra, cac nghién clru gén
day ciing cho thdy stress oxy hoa va ton thuong ty thé 13 co ché trung tdm trong doc tinh kim loai
két hop va cac tac nhan moi truong khac [18].

4.2. Pap img ton thuwong DNA va sy diéu hoa trai ngwoc ciia GADD45

Mot phat hién quan trong cta nghién ctu la su diéu hoa trai ngugc gitta hai protein
GADDA45A va GADDA45G. Dit liéu cho thdy GADD45A giam dang ké, déc bi€t ¢ nong d6 1,0
png/L Cu*, trong khi GADDA45G lai tang manh theo nong do.

Theo Hollander va cong sy (1993) [8], GADDA45A la mot thanh phan quan trong trong
dap tmg ton thuong DNA va c6 lién quan dén qua trinh apoptosis. Sy giam biéu hién cua
GADDA45A trong nghién ctru ndy c6 thé phan danh mot co ché thich nghi nhim han ché kich
hoat sém qua trinh chét té bao theo chuong trinh, mét hién twgng sinh hoc co ban da dugc moé
ta bdi Kerr va cong su (1972) [10].

Nguoc lai, GADD45G dugc cdm ung manh, phu hop véi vai tro diéu hoa chu ky té bao
va hd tro stra chita DNA di dugc bdo cao trude do [9]. Su gia tang nay co thé cho phép té bao
kéo dai thoi gian stra chita tén thwong trude khi tiép tuc chu ky té bao. Ngoai ra, cac protein
thuoc ho GADD45 da duoc ching minh ¢ vai trd nhu cac cam bién stress phan tir trong cac
co ché stra chita DNA [7].

Su diéu hoa trai nguoc gitta GADD45A va GADD45G cho thiy mot chién lugc thich
nghi tinh vi ctia t& bao: & muc stress trung binh, t& bao uu tién han ché apoptosis dé duy tri sy
song sot; trong khi & mirc stress cao hon, céc co ché stra chita DNA dugc ting cudng nham
bao vé tinh toan ven b gene.

4.3.Y nghia sinh thai va méi truong

Két qua nghién ciru khong chi cung cip hiéu biét vé co ché ma con co gia tri ung dung
trong giam sat moi truong. Cac protein MT2, SOD2 va GADD45G cho thay dap tng 10 rang va
phu thudc ndng do doi vdi Cu?, cho thay tiém nang st dung nhu cac dau an sinh hoc phan tu.

Viée két hop nhiéu déu &n sinh hoc (vi du: MT2 phéan 4nh phoi nhiém kim loai, SOD2
phan anh stress oxy hoa, va GADD45G phan anh ton thuong DNA) c6 thé cung cap mot danh
gia toan dién hon vé mitc d6 6 nhiém so vdi chi dua vao nong do Cu?* trong moi trudng nudc.

5. KET LUAN

Nghién clru nay 1am sang t6 tac dong cua Cu** 1€n dap Ung phén tir cua phoi cd ngua vén
thong qua phan tich tich hop gitra bi€u hién gene va protein. Két qua cho thay Cu** gy ra céc
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thay d6i phu thudc ndng do trong biéu hién cua cac gene mt2, gadd45a, gadd45g, sodl va sod?2,
dong thoi phan anh tuong rng & mirc d¢ protein.

Su gia tdng manh cta cac protein MT2, SOD1 va SOD2 xéc nhén vai trd quan trong cua
cac co ché giai doc kim loai va chéng oxy héa trong dap tmg voi stress do Cu?*. Nguoc lai, su
diéu hoa trai nguoc gitta GADD45A va GADDA45G cho thiy mot chién lwgc thich nghi phirc tap
ctia té bao nham cin bang giita sira chira DNA va kiém soat chét té bao.

~ Céc protein MT2, SOD2 va GADD45G cho thiy dap tmg rd rang va phu thuc nong do
d61 voi Cu*’, qua do thé hién tiém nang s dung nhu cac dau an sinh hoc phén tir trong giam sat
0 nhiém Cu?" trong moi truong nudce.

Dao dirc nghién civu: Nghién ciru sir dung phéi Cé ngwa van (Danio rerio) dugc thiee hién theo
cac quy dinh hién hanh vé su dung dong vt trong nghién cuu khoa hoc va dam bdo giam thiéu toi da
dau don cho sinh vdt thi nghiém.

Loi cam on va nguon tai tro: Nghién ciru ndy khong nhan tdi tro tiv bat ky t6 chire nao.

Tuyén bé vé viéc siv dung tri tué nhén tao (AI): Nhom tic gia cé sir dung cong cu tri tué nhan tao
(A1) chi nham ho tro chinh sitra ngén ngik va trinh bay ban thao. Noi dung khoa hoc, phdn tich dir liéu va
ket lugn hoan toan do cdc tac gia thuc hién va chiu trdach nhiém.

Tuyén bo vé dong gop ciia tic gia: Ngo Vian Tuan:Thiét ké nghién ciru, xdy dung ¥ twong, phdn
tich dir lidu va viét ban thdo va chinh sira ban thao;, DPang Pang Khoa: Thyc hién thi nghiém, thu thdp dit
liéu, hé tro phdn tich va chinh sita ban thdao; Nguyén Thi Thu Hang: Xik Iy s6 liéu, ho tro viét va chinh
swka ban thao. Tat ca cc tac gia da doc, gop ¥ va dong y véi phién ban cudi ciing ciia bai bdo.

Tuyén bo vé xung dit loi ich: Céc tdc gic cam két khdng cé xung dét loi ich lién quan dén nghién ciru nay.
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ABSTRACT
Effects of Cu*" exposure on oxidative stress and DNA damage response via gene and
protein expression in Zebrafish (Danio rerio) embryos

Heavy metal pollution, particularly copper (Cu?**), in aquatic environments is a global concern.

This study aimed to systematically evaluate the molecular responses of zebrafish (Danio rerio) embryos
exposed to different Cu** concentrations (0.1, 1.0, and 10.0 pg/L Cu?*) for 24 hours. We focused on key
genes and proteins involved in metal detoxification (MT2), DNA damage response (GADDA45A,
GADD45QG), and antioxidant defense (SOD1, SOD2). Real-time PCR (qPCR) and Western blot were
used in parallel to analyze both transcriptional and translational levels. The results revealed a clear
concentration-dependent response. At 10 pg/L Cu?', the expression of MT2, GADD45G, SODI1, and
SOD2 increased significantly at both mRNA (9.1-17.5-fold) and protein (8.5-15.8-fold) levels.
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Conversely, GADD45A showed significant inhibition (11-fold decrease in mRNA and 6.7-fold decrease
in protein at the 1.0 pg/L Cu?* exposure level). The consistent trends observed between gene and protein
expression suggest that the primary response mechanisms are largely regulated at the transcriptional
level. The contrasting regulation of GADD45A and GADDA45G indicates a sophisticated cellular strategy
to balance DNA repair, survival, and cell death. These findings provide important insights into the
molecular mechanisms of copper toxicity and highlight the potential of MT2, SOD2, and GADD45G as
sensitive molecular biomarkers for monitoring Cu?* contamination in aquatic environments.

Keywords: Biomarker, copper toxicity, DNA damage,; gene expression, oxidative stress; Western
blot; zebrafish,
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