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TOM TAT

lon Pb%* da gay stress “6xy héa” & ré cay dau twong DT84 (Glycine max (L.) Merr. ‘DT84’) v&i sw cdm (rng tdng
hop manh mé cac dang dxy hoat héa ndi sinh nhw hydrogen peroxide (H202), gbc tw do superoxide (O27) sau khi
Pb®" tac dong 6 - 12 gio. Cudng do gidi phong H20, va Oz 1a khac nhau dwdi anh hudng cia cac ndng do Pb?
khac nhau: 0,1mM ; 0,5mM va 1,0mM. Sy tang Ién vé ham lwong céac dan xuét cla axit thiobarbituric (Thiobarbituric
acid reactive substances - TBARS) - san phdm cla qué trinh peroxide héa lipid mang, cung véi ty 1& tdn thwong té
bao 16n (13,89-25,03%) 14 hau qua cla stress “dxy hoa”. Cac enzym chéng 6xy héa superoxide dismutase (SOD) va
catalase (CAT) c6 hoat do cao da lam giam luong H20, va O™ sau 24 gid chiu tac dong cta Pb?*, gop phan kiém
soat stress “Oxy hoa” & ré dau twong DT84.

“A

Twr khoa: CAT, cay dau tuong, chi, hydrogen peroxide, stress “Oxy héa”, superoxide, SOD.
Lead-Induced Oxidative Stress and Defense Response of Soybean ‘DT84’

ABSTRACT

Oxidative stress in root of soybean [(Glycine max (L.) Merr.] cv. DT84’ was induced by exposure to Pb% ion. The
reactive oxygen species (ROS) products such as hydrogen peroxide (H202), superoxide anion radical (Oz2") were
rapidly produced 6-12 hours after treatment with Pb®*. The enhancement of the ROS was closely dependent upon
concentrations of Pb%. An increase in content of thiobarbituric acid reactive substances (TBARS) - product of
membrane lipid peroxidation, and the high percentage of injury (13.89-25.03%) indicated that the cellular damage
was resulted from oxidative stress. The induction of superoxide dismutase (SOD) and catalase (CAT) in roots of
soybean cv. DT84 as the defense response of soybean via these antioxidative enzymes reduced the concentration
H202 and O2" 24 hours following Pb? treatment, therefore, contributing to control oxidative stress in soybean roots.

Keywords: CAT, hydrogen peroxide, lead, oxidative stress, soybean, superoxide, SOD.

va hydroxyl - HO™ (Wojtaszek, 1997,
Bhattacharjee, 2005; Malecka et al., 2009). Sinh
tong hgp ROS thudng gén lién véi cac co ché
cam ting kich thich nhiing phan tng ctia thuc

1. DAT VAN DE

La kim loai ning phé bién trong dat, chi
(Pb) khéng bi phan hily ma c6 xu huéng tich

Iy, xAm nhap va giy dbéc cho thuc vat. Mot
trong nhiing tac dong dién hinh cta Pb ddi véi
cdy trong la gay stress “xy héa” véi su hinh
thanh manh mé cac dang 6xy hoat héa (reactive
oxygen species - ROS) ndi sinh nhu hydrogen
peroxide - H,0,, cac goc tu do superoxide - O,~

vat nhu: nhan dién yéu t6 tac dong, tang cuong
d6 bén cua vach té& bao, khdéi dong cac con dudng
tin hiéu, kich hoat biéu hién ctia gen va protein
c6 chiic niang bao veé,... (Mittler et al., 2004;
Malffei et al., 2007; Radville et al., 2011). Tuy
nhién, ROS ciing gy ddoc do6i véi t& bao séng.
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Stress “dxy hoéa” va phan &ng bdo vé cla cay dau twong DT84 dbi vai chi

Ham lugng ROS cao thudng lam réi loan tinh
tham ctia mang, déng thoi gdy nén nhiing bién
d6i khé phuc héi d6i v6i cae thanh phan quan
trong nhu lipid, protein, axit nucleic..., tham chi
gay chét t& bao (Ahmad et al., 2008).

D& han ché nhiing thiét hai do stress “oxy
héa”, thuc vat c¢6 nhiing cd ché kiém soat, diéu
chinh ham lugng ROS phu hdp, trong d6 c6 su
tham gia clia cac enzym chéng 6xy héa nhu
superoxide dismutase - SOD, catalase - CAT,
peroxidase - POX va ascorbate peroxidase -
APX (Maffei et al., 2007; Ahmad et al., 2008).
Cac enzyme nay viia duy tri sinh téng hgp ROS
dé tang cudong kha nang chong chiu trudc téc
dong ti moi trudng ngoai, déng thoi kiém soat,
giam thiéu doc tinh ctia ROS d6i véi cac yéu to
céu tric va qua trinh song dién ra bén trong té&
bao (Zhu-Salzman et al., 2004). Phan @ng bao
vé cua thuc vat d61 véi stress “6xy héa” do kim
loai ning giy nén da dudc ghi nhan & dau Ha
Lan khi chiu tac dong ctia Cd (Rodriguez-
Serrano et al., 2009) hay & ca chua duéi anh
hudng ctia Cu (Rueda et al., 2011). Déi véi Pb,
mot s6 thuc nghiém trén dau Ha Lan (Malecka
et al.,, 2001), dau xanh (Hassan and Mansoor,
2014) hay lda my (Dey et al., 2007) déu da ghi
nhan, cac loai thuc vat khac nhau c6 nhiing co
ché& bdo vé khong gidng nhau sau khi kim loai
ning nay giy bung né sinh téng hgp ROS.

DT84 (Glycine max (L.) Merr. ‘DT84) la
giong dau tuong dang dudc trong phé bién hién
nay & nhiéu dia phuong vi cho ning suit cao,
chiu néng, chéng d6 tot, c6 tinh khang cao d6i
v6l mot s6 bénh hai. Tuy nhién, cd s di liéu
khoa hoc vé kha ning chéng chiu, stic dé khang
cta giong dau tuong DT84 trudc diéu kién song
bat 1gi dang con it thong tin. Do d6, viéc danh
gia, b6 sung nhiing dan liéu mdéi vé co ché bao vé
cua cdy trong nay la thuc su can thiét.

2. VAT LIEU VA PHUONG PHAP

2.1. Vat liéu

Nghién ctiu dude thuc hién trén giéng dau
tuong DT84 (Glycine max (L.) Merr. ‘DT84’).
Hat giéng dugc cung cdp bdi Coéng ty cd phan
giong cay trong Nghé An.
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Kim loai néng chi (Pb) dung dé tac dong
dén cay dau tuong 6 dang ion Pb?* ctia mudi chi
nitrat - Pb(NO,),.

2.2. Phuong phap

2.2.1. Bé'tri thi nghiém

Hat gidng dudc khii tring kép bdi etanol 70°
va HgCl, 0,01%, rdi i trong cac dia petri c6 du
do Am, dit trong t61 6 nhiét do thich hop. Sau 48
gid, nhiing hat nay mam tét duge lua chon trong
trong dung dich dinh dudéng Hoagland.

Sau 10 ngay, b6 sung riéng ré vao moi
truong nudi cady mudi chi Pb(NO,), & cac noéng do
ion Pb*: 0,1mM; 0,5mM va 1,0mM. Céng thtc
d61 ching khong bé sung Pb?". T4t cic cic cong
thtc duge bd tri trong diéu kién nhiét do 23-
25°C, do Am 70%, cuong d6 chiéu sang 110 - 120
umol photon.cm™.s!, thoi gian chiéu sang 14 gio
lién tuc/ngay.

Ré dau tuong trong cac cong thtc thi nghiém
duge thu cin than (dé tranh tén thuong co hoc)
vao cac thoi diém 0, 6, 12, 24, 48, 72 va 96 gid sau
khi xt 1y bdi Pb*, bao quan ¢ nhiét do -20°C dé
xac dinh ham lugng TBARS trong quéa trinh
peroxide hoéa lipid va hoat d0 cac enzyme SOD,
CAT. Céac chi tiéu vé hydrogen peroxide (H,O,),
gbc tu do superoxide (O,~) va ty 1é tén thuong clia
t&€bao dudc phan tich trén nguyén liéu tuoi theo
cic méc thoi gian tuong tng.

Nghién cttu duge thyc hién trong nam 2014
v6i cac phan tich dugc tién hanh tai phong thi
nghiém Sinh 1y - Sinh héa thuc vat, Truong dai
hoc Vinh.

2.2.2. Phuong phap phan tich

Ham lugng H,0, dugc phan tich bang
phuong phap so mau quang phd (Becana et al.,
1986).

Ham lugng goc tu do O,” dugc xac dinh
thong qua danh gia kha ning phan gidi nitro
blue tetrazolium ngoai bao (Doke, 1983)

Ty 1é ton thuong cta té bao duge tinh toan
theo két qua ctia phuong phap dién héa do miic
do roi loan, that thoat cac chat dién li trén mang
sinh ch4t (Sullivan, 1971).



Miic d6 peroxide héa lipid mang t& bao dudc
danh gia thong qua phan tich ham lugng cac
dan chat hoat héa cta axit thiobarbituric
(Thiobarbituric acid reactive
TBARS) (Heath and Packer, 1968)

Hoat d9 cua cac enzyme chéng 6xy héa
SOD, CAT dugc xac dinh bing phuong phap so
mau (Beauchamp and Fridovich, 1971; Dhindsa
et al., 1981). Don vi hoat d0 cta cic enzyme

substances -

duge st dung la nanokatal/milligram protein
(nkat.mg™ protein).

Ham lugng protein trong cac phan tich hoat
d6 enzyme dugc xac dinh theo phuong phap ctua
Bradford (1976) vé6i chédt chuén 14 bovine serum
albumin.

Hoéa chat dung trong phan tich 14 cac héa
chat tinh khiét xuat x Sigma-Aldrich (M3).

Thi nghiém dudc ldp lai 5 1an. S6 lidu duge
xti 1y bing toan thong ké. Su sai khac gitia gia
tri trung binh cta cac thong s6 dugc danh gia
theo phan tich ANOVA 6 miic P < 0,05.

3. KET QUA VA THAO LUAN

3.1. Biéu hién ctia cac dang 6xy hoat héa
trong ré dau tuong DT84
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Su hién dién cta Pb* trong moi trucng
dinh dudng nhu mot yéu td bat lgi dd gy nén
stress “oxy héa” do6i véi cac t& bao ré dau tuong
DT84, biéu hién qua su thay d6i ham lugng cac
dang 6xy hoat héa noi sinh nhu H,0, va géc tu
do O,~ (Hinh 1).

Tac dong cua Pb*" da ting cudng qua trinh
sinh téng hgp H,0,, trong khi & méi truong nudi
cay khong bd sung chi, H,0, ndi sinh c6 su bién
d61 khéng dang ké (Hinh la). Ham lugng H,0,
trong ré dau tuong xu 1y bdi & cac néng do Pb?*
khac nhau déu tang nhanh va dat cao dinh sau
12 gié. Trong khodng thdi gian nay, lugng H,0,
giai phéng ty 1& thuan véi cudng do tac dong ctua
néng d6 Pb*: tri s6 cao nhat caa H,0, (8,65
uM.g? khéi lugng tuci - FW) dat duge 6 cong
thtc néng d6 1,0 mM Pb?*, cao hon trudc khi xt
Iy Pb®* (3,45 uM.g' FW) 2,51 1an va cao hon d6i
chting & cung thoi diém 12 gio (4,27 pM.g FW)
2,03 14n. Sau khi dat cao dinh ¢ thoi diém 12
gig, ham luong H,0, 6 ré dau tuong xu ly Pb*
gidm xudng. Phan tich ANOVA ghi nhan su sai
khéc c6 § nghia thong ké vé ham lugng cua H,0,
san sinh & cic cong thiic thi nghiém va déi
chiing trong 24 gié dau ctia thi nghiém; con sau
48 gio, khong con su khac nhau cta théng s6
nay gitia cac cong thic thi nghiém.
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Hinh 1. Bién d6i ham lugng hydrogen peroxide (a)
va géc tu do superoxide (b) trong ré dau tuong DT84

Ghi chi: Thé hién trén hinh la gi4 tri trung binh, dé léch chuan va ddu (*) biéu thi su sai khéc c6 y nghia giiia céc cong thiic

thi nghiém so véi déi chiing ¢ miic P < 0,05
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Stress “dxy hoa” va phan tng bdo vé cla cay dau twong DT84 dbi v&i chi

Tuong tu H,0,, gbc tu do O,  ciing ting
nhanh ngay sau khi xt 1y Pb®, tuy nhién, dat
dinh s6m hon (chi sau 6 gic tac dong cua Pb*")
va duy tri ham lugng cao dén 12 gid rdi gidm
nhanh. Trong khoang thdi gian nay, lugng O,~
sinh ra ty 1& thuan véi cudng do tic dong cua
Pb®* va sai khéc c6 y nghia gitia cac cong thiic
nong d6 Pb*" khac nhau. Tu 24 - 96 gid, ham
luong O,~ it thay déi va khong c6 su khac biét 1o
rang gitia cic cong thiic thi nghiém, ngoai trit ¢
cong thic nong do Pb?* 1,0mM (Hinh 1b).

Cam tng sinh téng hgp ROS thudng lién
quan v6i su khdi dong cac phan ting bao vé
trong co thé thuc vat dé dap tra nhiing tac dong
bat 1gi ti cac y&u t6 moi truong (Mittler et al.,
2004; Maffei et al., 2007; Radville et al., 2011).
Trong nghién ctiu méi day trén giong dau tuong
“Nam Dan” truéc tac dong cua Pb* (Mai Van
Chung va cs., 2014), ching t6i cing da ghi
nhan, qua trinh giai phéng H,0, va O, 6 ré
tdng cuong kha ning bao vé cho ciy; trong do,
H,0, déng vai tro 1a phan ti tin hiéu khéi dong
cic co ché ty bao vé, con O, 14 mot thanh t6
quan trong trong co ché d6 (Mai et al., 2013). Do
vay, doi véi giong dau tuong DT84, su gia ting
manh mé ham lugng cua H,0, va O, sau khi
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chi tac dong 6 - 12 gid c6 thé ciing lién quan dén
cd ché& bao vé cta cdy trong nay.

3.2. Anh huéng ctia Pb** déi véi cac t& bao
ré dau tuong DT84

Stress “oxy héa”, véi su biing né vé ham lugng
H,0, va O, trong 6 - 12 gid sau khi c6 su tic dong
cua Pb*, d3 gy nén nhiing thiét hai nhat dinh
cho ré dau tuong DT84. Su phan tan cac chat dién
ly bi rdi loan din dén thay d6i tinh tham cta
mang; déng thoi gidm lugng lipid do bi phan giai
thanh axit thiobarbituric va cac dan chat hoat hoa
(TBARS) trong qué trinh peroxide héa, da gay ton
thuong cho cac t& bao ré (Hinh 2).

Qua trinh peroxide héa lipid trong cac
t&bao ré dau da tang 1én ngay sau khi c6 su tac
dong ctia Pb?** va dat cao dinh trong khoang 24 -
48 gio. Lugng TBARS hinh thanh nhiéu nhat
trong cong thic 1,0mM Pb?" dat dude sau 24 gid
1a 14,83 uM.g' FW, cao gap 1,8 1an so véi thoi
diém ban dau (8,23 pM.g' FW) va gap 1,69 lan
so v6i d6i chiing (8,75 uM.g' FW). Sau 48 gio,
qua trinh peroxide héa lipid c6 xu hudéng giam
xuéng. Mic du tuong quan ty lé thuan giiia
lugng TBARS sinh ra véi nong d6 Pb* tac dong
biéu hién khong rd rang, song chi s6 nay luon
sai khac c¢6 ¥ nghia so véi d6i chiing (Hinh 2a).
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Hinh 2. Sy peroxide héa lipid (a) va ty 1é ton thuwong (b)
& cac t& bao ré dau tuong DT84 duéi tac dong cua Pb*

Ghi chu: Thé hién trén hinh la gi4 tri trung binh, do léch chudn va dau (*) biéu thi su sai khéc c¢6 y nghia giiia c4c cong thiic

thi nghiém so véi déi chiing 6 miic P<0,05
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Két qua nay phu hgp véi nhiing cong bo
truée day vé anh hudng cta cac kim loai ning
Cd, Zn, Cu, Hg, Fe, As.. déi véi cac loai cay
trong khéac nhau véi dic diém dic trung: khi tac
dong dén cac t& bao thuc vat, kim loai ning thic
ddy su phan giai lipid mang trong qua trinh
peroxide héa (din theo Skorzynska-Polit, 2006).
Tuy nhién, mtc d6 peroxide héa la khac nhau
tuy thudc vao ban chit ctia kim loai néng, loai
t& bao, mo va gidng cay trong khac nhau.

Cung véi peroxide héa lipid, tac doéng cua
Pb* ciing da gy that thoat cac chat dién ly, lam
thay d6i tinh thdm cta mang, dan dén t& bao bi
ton thuong. Trong 6 gid dau, chi mét ty 1é nhd
t&bao ré dau tuong DT84 (0,93 - 1,21%) bi anh
hudng. Sau d6, ty 1& nay tang lén, dat dinh &
thoi diém 48 gid, cao nhat 1a 25,03% & cong thiic
1,0mM Pb*; dén 96 gio thi chi s6 nay giam
xuéng con 9,59 - 12,14% (Hinh 2b). Mtic do thiét
hai ctia t& bao chiu anh hudng ctia Pb** sau 12
gid cao hon c6 ¥ nghia théng ké so véi d6i ching.

Qua trinh peroxide héa lipid va réi loan
tinh thdm ctia mang t& bao ré dau tuong DT84
la hau qua caa stress “6xy héa”. Su bung né
ham lugng H,0, va O, trong 6 - 12 gio dau da
gdy nén nhing thiét hai d6 (Hinh 1a,b). Khi
lugng H,0, va O, giai phéng ra it va én dinh,

20 T T T T T T T
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--A-0.5mM Pb2+
--¥- 1.0mM Pb2+

Activity of SOD (nkat.mg'1protein)

T T T T T
Oh 6h 12h 24h 48h 72h 96h

Mai Van Chung, Tran Ngoc Toan

cing v6i kha ning tu phuc héi ctia cac té& bao,
mtc do thiét hai 6 ré dau tuong DT84 da gidm
10 rét.

3.3. Cac enzyme chéng o6xy héa & ré dau
tuong DT84

V6i chitc ning kiém soat ham lugng ROS,
hoat dong ctia SOD, CAT (cung v6i mdt s6
enzyme chéng oxy hoéa khéc) gitp co thé thuc
vat c¢6 thé duy tri sinh téng hop ROS dé tang
cuong kha n#ng bao vé trudc tac dong tit moi
trudng ngoai, dong thoi giam thiéu doc tinh cua
ROS d6i véi cac yéu t6 ciu tric va qua trinh
séng dién ra trong t& bao. Thé hién vai trd nay &
dau tuong DT84, SOD va CAT trong ré bi stress
‘6xy hoéa’ do anh hudng cia Pb*" da ludn c6 hoat
dd cao, bién déi manh va tuong quan mat thiét
v6i ham lugng H,0, va O,” ndi sinh; trong khi 6
cong thic ddi chiing, cic enzyme nay c6 do hoat
dong thép va it thay déi (Hinh 3).

Déi v6i SOD, enzyme chuyén héa O, thanh
H,0, va O,, su ting nhanh d6 hoat dong sau 6
gid va dat gia tri cao nhat 16,39 nkat.mg’
protein vao thoi diém 24 gid, cao hon trude khi
xt 1y Pb* (7,71 nano katal.mg™ protein) 2,12
1an va cao hon déi chiing ¢ cung thoi diém (9,43
nano katal.mg™ protein) 1,74 1an. Hoat d6 SOD
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Hinh 3. Bién d6i hoat d6 enzyme superoxide dismutase - SOD (a)
va catalase - CAT (b) trong ré dau tuong DT84

Ghi chu: Thé hién trén hinh la gié tri trung binh, do léch chudn va dau (*) biéu thi su sai khéc c6 y nghia gitia c4c cong thiic

thi nghiém so véi déi chiing 6 miic P<0,05
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Stress “dxy hoéa” va phan &ng bdo vé cla cay dau twong DT84 dbi vai chi

trong cac cong thiic xt 1y béi Pb*" ludén cao hon
c6 y nghia so v6i doi chting; méi tuong quan ty 1&
gitia nong do kim loai ning nay véi d6 hoat dong
ctia SOD biéu thi o nét trong khang thdi gian 6
- 24 gid. Su ting nhanh va duy tri hoat d6 cao
cua SOD sau 6 gio (Hinh 3a) da gép phan lam
giam dang ké lugng cta O, ndi sinh (Hinh 1b).
Khi goc tu do nay duge duy tri é mtic thap sau
24 gid, hoat d6 ciia SOD ciing giam nhanh.

So véi SOD, hoat d6 CAT tiang va dat cao
dinh cham hon, sau tac déng cua Pb* 48 gio.
Trong su6t thoi gian 0 - 96 gid, d6 hoat dong cta
CAT trong cac cong thtc xt 1y kim loai niang
luén cao hon so véi d6i chiing; tuy nhién, khéng
ghi nhan dugdc méi tuong quan ty 1& gitia nong
d6 Pb?* tac dong v6i hoat dd enzym nay. Véi
chtic nidng phan giai H,0, thanh H,0 va O,, su
gia tang hoat d6 cia CAT da lam giam ludng
H,0,. 24 gid, khi hoat d6 CAT bit dau ting
nhanh (Hinh 3b), cting chinh 1a thoi diém H,0,
giam manh (Hinh 1a).

Biéu hién cua cac enzym SOD va CAT trong
ré dau tuong DT84 chiu anh hudng cua Pb?
tuong tu véi két qua nghién ctiu méi day trén
giéng dau tuong “Nam Dan” (Mai Vin Chung va
cs., 2014). Tuy nhién, d6 hoat dong va thoi diém
dat cao dinh cta céc enzym & cac giéng dau
tuong nay la khong giéng nhau.

4. KET LUAN

Ion Pb?* da gay stress “Oxy héa” & ré cay dau
tuong DT84 véi su tong hop sém va manh mé cac
dang 6xy hoat héa. Ham lugng cao nhat cua goc tu
do superoxide - O, dat dudc sau 6 gig, con doi véi
hydrogen peroxide - H,0, 14 12 gioc.

Stress “xy héa” da thic ddy manh mé qua
trinh peroxide héa lipid mang trong khoang thdoi
gian 24 - 48 gid cung véi ty 1é t& bao thuong tén
cao t6i 25,03% sau 48 gio, gy nhiing thiét hai
cho cac t& bao ré dau tuong DT84.

Cac enzym chéng 6xy héa SOD va CAT cé
d6 hoat dong manh da lam gidm lugng H,0, va
0, sau 24 gio chiu tac dong cia Pb*, gép phan
han ché tac dong tiéu cuc do stress “6xy hoéa”
giy nén.
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