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TOM TAT: Thir nghiém déc hoc moi truomg sir dung hé ho hdp ciia mang ty thé tim bo la
mot phuong phdp thir nghigm in vitro mdi, chua dwgc nghién ciu thur nghiém tai Viét Nam. O
nghién ciru nay, mang ty thé (SMP) chiét xudt tir tim bo cho hoat tinh én dinh va ddp ung yéu cau
d@é dimg cho test thir déc hoc. Test thi SMP nhay cam voi mot $6 chdt djc chudn twong t nhi
SMP thu duoc trong mjt s6 két qua nghién civu dd cong bo trén thé gici. Trong pham vi 56 mdu
thit, phuwong phdp SMP cho két qua twong dwong voi phuong phdp Microtox. Phuong phdp SMP
16t hon phuong phdp Daphn:a doi véi chat doc hitu co. Véi lpi thé ciia phuong phdp 1 nhanh (cho
két qua thir nghiém trong vong 2 gm‘) gid thanh thdp, dj ldp lai cao, phuong phdp thir nghigm
SMP nén duge dia vao sir dung nhu cdc nhiing phirong phdp thir nghiém dgc hoc hién co.

1.GIOI THIEU

Cac thir nghlem ddc hoc méi trudong dang 0 ong nghiém (in vitro) st dung co thé sinh hoc nho
. bé nhu vi sinh vat, 4u tring so.. . hodc céc chat song céu tric nhd bé hon té bao nhu: bao quan,
enzyme, khic phuc dugc nhimg yéu dnem clia céc thir nghiém ding co thé sinh hoc bic cao. Cac
thir nghiém in vitro nay thudng cho két qua nhanh, dg lap lai cao va ré hon nhiéu ma d6 nhay cta
phép thir nghiém cling tuong duong trong da sb cac trudong hop. Vi khong c6 mgt loai thir nghiém
nao la 1y tudng cho tht ca cdac chat doc méi trudng, hon nita, moi cong cu thi nghlem déu c6 uu va
nhugc diém riéng va thudng chi nhay cam voi mot sé dang chét doc nhét dinh, cho nén dé cé du'cfc
nhitng danh gia rii ro tin cdy nhét, cin sir dung mot nhém hay mot bd céng cu thir nghiém co mbi
quan hé sinh thai.

G Viét Nam cac dang thir nghiém da va dang tdn tai la thir nghiém dung c4, dung bo nudc
(Daphina magna va Ceriodaphina cornuta), dung tao Selenastrum, dung vi khuan Vibrio fischeri -
day cung 1a mdt phuong phap thir nghiém invitro da duge thuong mai héa dudi dang Test Kit va
yéu cdu do trén may chuyén dung du’qc san xuét béi cong ty Microtox.

Phuong phép thir nghlem doc td mdi trudng st dung hé ho hép clia mang ty thé tim bo di duge
nghién ciru rit sém tir cudi nhiing nﬁm 70 {4] Ty the 1a nhitng bao quan riéng biét c6 thé duge
nghién clru som nhét va ddy di nhit vé ca céu truc, cAu tao phan tir va chirc niing sinh ly, sinh héa
trong té bdo. Vai trd chinh cia ty thé 14 cung cp nang lugng cho té bao thdng qua viée tbng hop
cdc phin tor ATP (adenosine trlphosphate) mang ning lugng cao. Qua trinh téng hcp ATP dugc
dién ra kh4 phirc tap nhd chénh léch thé ning (A) giita hai bén ctia mang trong ty thé do qua trinh
proton dugc bom qua mang théng qua hoat dong ciia chudi chuyen dich dién tir trén mang duoc

goi 12 chudi hé hdp. Oxy 1a chét nhén dién tir cudi cling ctia chudi hd hép.

Hoat déng cua chudi hé hﬁp thue chit 1a nhitng qua trinh sinh ly cha céc enzym thong qua trao
dbi vat chit qua mang ty thé, Vi vdy céc enzym nay la cra ngd dau tién cua té bao ¢ phan ng
nhay cam véi sur cé mit cia cac chit kim ham - chat gdy doc. Cac phin mang 16p trong cua ty thé
sau khi pha biing siéu 4m cho céc tiéu phén hinh cau (Sub -mitochondrial particles, viét tit |a SMP)
mang cac enzym cla hg hd hép duqc huéng ra phia ngodi, nho vy ma cac phan Ung enzym ¢6 thé
dugc khao sat. Ban than SMP rét nhd nén phan img co thé dugc thuc hién trong ng nghiém va
dugce theo dai bémg phd hép thu vi khdng can buéc séng.

V& nguyén tic thi thir nghiém doc hoc dung SMP la thir nghiém kha ning irc ché hoat tinh ciia
hé enzym cia timg phan hay toan phén chudi hd hap tao bdi sy twong tac cla cic enzym sau: Phirc
hgp (Complex)-I: NADH dehydrogenase; Phirc hop-II: sucinate hydrogenase; Phac hop-IIL:
cytochrome-c; Phirc hgp-1V: ferrocytochrome-c; Phirc hop-V: ATPase. Céc phén {mg thir nghiém
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ddc hoc thudng 1a: 1/ ETr: phan (ng vén chuyén dién tir xudi v6i su tham gia cia 3 Phirc hop-1, I1I
va IV; 2/ RET: phan Ung vén chuyén dién tir nguoc voi su tham gia cua 3 Phirc hop-1, 11 va V; 3/
FEW : phan (ng liy dién tir v6i su tham gia cia Phirc hop-1. Thir nghiém ddc hoc sir dung hoat
tinh ctia clia cac phan (g trén da dugc cong b trong céc tai lidu [1], [2], [4], [5] va[6].

Muc dich ctia nghién ctru nay la nham thir nghiém (mg dung phuong phap SMP ty thé tim bo
cho thir nghiém ddc hoc nudc, bao gém cic ndi dung: 1/ Thu nhdn ty thé va SMP tir tim bo; 2/ Thir
nghiém déc hoc ding SPM trén co s hoat tinh phan {mg RET va hoat tinh phan tng ETr v6i: a)
kim loai ning: Cd, Cu, Hg, Pb, Zn; b) Thube bao vé thue vat Carbamat va thudc diét co Vifosalt;

“¢) 4 mu nudc thai cong nghiép);3/ So sanh v&i phuong phép thir nghiém dung SMP véi céc
phuong phap hién hanh: Daphnia va Mirotox. Sy thanh cbng cla nghién ciru gop phan dua thém
mdt phuong phép thir nghiém doc hoc invitro vao sir dung & Viét Nam,

2.VAT LIEU VA PHUONG PHAP

2.1.Vit li¢u

Tim bd tuoi méi, sau giét md khong qua 6 gidy va duge bao quan trong da lanh (~ 4°C - 6°C).
Ho4 chit st dung déu cé do tinh sach cao (nha cung cép: Merk, Sigma): Tris (Trimabse), ATP
(Adenosine triphosphate), NADH (Nicotinamide adenine dinucleotide), NAD" (dang bi khir cia
NADH), PMSF (Phenylmethylsulfonylfluoride), GSH (Glutathion), va DCPIP (2,6-
dichlorophenolindophenol). y

Cac kim loai ning dung cho thir nghiém la dung dich chuan: Cu(NO3); , Zn(NO3);, Cd(NO;3),,
Pb(NQj3),, va Hg(NO;); cia nha san xuét Merk. Carbamate 1a thudc trir sau do cong ty thudc sat
trung Mién nam cung cép. Glyfosalt (chira hoat chét Glyfosate-isopropylamine) 1a thude diét co
cho céy trong can dugc ban rong rdi trén thi trudng. Bén mau nudc thai cong nghiép c6 ma 56:
T03.57-1/4, T03.36-1/5, T03.38-3/8 va T03.18-5/5 dugc cung cép bdi Phong Chét lwong nudc
Vién Mai trudng va Tai nguyén, PHQG-HCM.

2.2.Phwong phap tach ty thé va SMP tir tim bd

Qua trinh tach chiét chu yéu tién hanh theo Rodney F. Boyer [3] c6 cai tién. Toan bd qua trinh
duoc thuc hién & nhiét d 7 + 3 °C. Sau khi loai bé phén md va gén, tim bo dugc x4t miéng, rira,
va xay nhuyén trong Tris-sucrose: 10 mM Tris chira 0,25 M sucrose, pH 7,8 (Bém-1). Loc bé dich
va mau. Pdng hoa tim bd da xay bing ci nghién piston trong cing dung dich Bém-1 trén c6 thém
5 mM MgCly, 1 mM Succinate, 2 pg/ml Leupeptin va 0,1 mM PMSF (Pém-2). Loai bd té bao
chua v bing cach ly tim & tbc dd 1500 rpm trong 20 phiit v6i méy ly tdm Sorvall RC26. Ty thé
dugce tha lai sau khi ly tdim & tc do 8000 rpm trong 45 phit trén cing may ly tam. Ty thé niing
duge dong hoa trong dung dich Pém-2 c6 thém 2 mM GSH (Bém-3), sau d6 dugc rua lai bang
cing dich dém, léng bang ly tam, rbi dbng hoa lai. Tir day ty thé c6 thé chuyén sang budc tach
SMP hoic déng lanh nhanh bing nito long rdi bio quan & nhiét 46 -20°C.

Ty thé (~ 20 mg/ml) con tuoi hay di ra dong dugc dua qua may siéu dm (Sonics model
VC130PB). Ty thé chua v& dugc loai bo bing ly tim 8000 rpm trong 15 phit (Sorvall RC26), thu
phén dich. SMP dugc ling béng ly tdm siéu toc 30.000 rpm trong 1 gitr (Sorvall UltraPro 80). Sau
khi ddng hoa, rira va dong hda lai bing dung dich Pém-3 c6 thém ImM ATP, SMP dugc dong
lanh nhanh béng nito 16ng va bao quan & nhiét d -20°C.
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Hinh 1.Nguyén tic ciia phan img RET
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2.3.Phan ung RET [6]:
Nguyén tic ciia phan ting dugc trinh bay trong Hinh-1. Phéan img duoc thuc hién trong dém 25
mM HEPES-KOH, pH 7,5, 6 mM MgCl,, 5 mM Na-succinat, 1 mM NAD', 2,5ug/ml Antnmycm

va ~ 0,2 mg/ml SMP. Phan tng bat dau khi thém 1 mMATP vao dung dlch Do gia ting hép thu
quang phd & budc séng 340 nm dugc ghi lai cir mdi 10 gidy (tinh tir thoi didm thém ATP).

2.4.Phan ing ETR [6]:

Nguyén tic clia phan tmg dugc trinh bay trong Hinh-2. Phan tmg dugc thuc hién trong dém 25
mM HEPES-/KOH, 6 mM MgCl,, pH 7,5 va ~ 0,2 mg/ml SMP. Phan img bit dau khi 0,16 mM
NADH thém vao dung dich. Bj giam hép thu quang phd & budce song 340 nm duge ghi lai cir mdi
10 gidy (tinh tir thoi diém thém NADH).

Hinh 2. Nguyén tic cia phan img ETR

2.5.Phuwong phap xac dinh ECs va dinh gia dj tuong duong giira cdc phuong phap:

ECs duoc tinh theo tuyén tinh bac nhit cia logarit phﬁn tram dd kim ha@m hoat tinh theo sy
thay dbi néng do trong do ti I¢ phan trim kim ham = [1 — (S, / So)] * 100%) vé6i S, 12 hé sé goc khi
khong co chat doc; S, 1a hé sb goc khi co chit doc. Do tuong duong gifta 2 phuong phép duge bieu
dién mdi bing tuong quan tuyén tinh (y = ax + b) cua nhom trj so logarlt ECs cua tit ca cc mau
thu dugc theo phuong phép nay d6i v6i nhom tri s logarit ECs ciia tit ca cdc mAu thu dugce theo
phuong phap kia [4].

2.6.Cic phuwong phiap khic:

1/ X4c dinh ham lugng protein bing phuong phap Lowry [7];

2/ Phan img hé hép cia ty thé véi DCPIP nhu 13 chit nhan dién tir cudi cing;
3/Thir nghiém déc tinh cip ECsg -24h trén Daphnia magna theo OECD-202;
4/ Thir nghiém ddc tinh cip 15 phat trén Vibrio Fisheri theo Microtox [8].

3.KET QUA VA THAO LUAN

3.1.Két qua tich ty thé va SMP

Hiéu sudt thu protein ty thé dat trong khoang 1-1,4% trong lugng tim bo tuoi (d loai bo phén
md va bao tim). Hoat tinh chudi h6 hép trén ty thé dugc khao sat dua trén phan tmg chuyén dién tir
v&i chit nhén dién tir cudi DCPIP (0,754 + 0,013 mmoles/mg protein/phut). Qua trinh tao SMP tir
ty thé thu dugc khé khan hon v6i yéu clu ning lugng ctia may siéu 4m phai da 16n dé lam dat gy
nhanh mang ty thé, sau d6 hén dich thu dugc phai dugc ly tim téc d§ cao, nhanh choéng tia mang,
tach bo chét nén. Véi ning lugng mdy 100 W/22 Hz, higu suit thu duge khoéng cao, 4,4 + 0,4%
trong luong tuoi cia ty thé. Ciing do ning lugng thip nén viéc phd v ty thé bing siéu 4m phai lap
lai nhiéu lan trén d4 lanh, do vdy ting nguy co lam giam hoat tinh SMP sau nay. Tuy nhién, hoat
tinh ciia SMP thu dugc theo quy trinh nay kha 6n dinh va dugc dé cap dén mot cach chi tiét trong
phan sir dung SMP cho cdc phan tmg thir nghiém déc hoc dudi day.
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3.2.Hoat tinh ciia SMP theo phén \ing RET va ETr

Hinh-3 13 mdt két qua thu duge 1am vi du cho phan img RET trong d6 hoat tinh cia RET bj (¢
ché bai Pb?". Phan img tao NADH tuyén tinh it nhat trong vong 15-20 phut. So v6i phan mg ETr
thi tbc d6 RET cham hon nhiu do 12 phan tmg vén chuyén dién tir ngugc. Toc d6 phan img RET
khi khong co chéit doc 1a 6,2 £2.5 pmoles NADH/g protein/phat (18 thi nghiém).

RET-Pb 23-3-2006
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Hinh 3.Anh hudng ciia Pb®" dbi voi hoat tinh RET

Hinh-4 14 mdt két qua thu duge 1am vi du v& phan img ETr, phan Gng phan huy NADH, bi irc
ché bai nudc thai san xuit bdt cd. So voi phan Gng RET thi téc do cia ETr nhanh hon do déy 1a
phan mg vén chuyén dién tir xuéi, c6 nghia 12 theo chidu hoat tinh sinh ly ctia chudi hd hép. Tbc
d6 phan tng ETr khi khong c6 chit doc do dugc 13 12,0 + 4,3 pmoles NADH/g protein/phut (14
thi nghiém).

3.3. Panh gid djc tinh cia kim loai niing (ECs) bing phuong phép thir nghiém djc hoc
diung SMP

Céc kim loai ning dic biét 12 cac kim loai héa trj I ¢ ndng do nhé c6 vai trd tao nén Co-
enzym xic tac cho nhidu phan Gng sinh hoc: nhu Fe, Zn, Cu, Ni, Se, ... tuy nhién & nong do cao
hon nong dd sinh ly cic ion nay thuong 1a céc chit kim hdm céc qué trinh enzym do co ché canh
tranh (thay thé) hosic khong canh tranh (khéa vi tri xtc tac) véi co chét. Vige tich liiy cdc ion nay
trong co thé ngudi va dong vit ddy doc tinh. Trén Béng-1, dbi voi cac kim loai ning (chét chué'm),
gi4 trj ECsp thu duge qua thi nghiém hoan toan co thé so sanh dugc voi cac gia tri ECsp cung
phuong phap ghi nhén trong tai lidu s6 [4]. DSi véi kém, két qua rét ngac nhién la gia trj ECsp thu
duge nhé hon trong tai lidu gin 100 14n, diéu ndy chua tim dugc Iy giai, trong khi d6 SMP 16 ra it
nhay cam hon dbi véi Cadmium.

Nuéce thai T03.18-5/5 (21-04-2006)
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Hinh 4. Anh huéng ciia nude thai san xudt bt ca déi voi hoat tinh ETr
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Bang 1. Gia trj ECs cuia céc kim loai nding (ppb)

Kim loai )

Phuong phip cd Cu Hg Pb Zn

RET 1103 -1263 . 69,5 76-419 | 4,32-13,1
Kétquathye | ETr 463 243 - 720 25,2
nghi¢m Microtox 60,5 66,6 72,6 10,2 199

Daphnia 39 25 <10 169 -
. RET 520 . 130 2000 1700
I:;;'%:]tham ETr - 300 : : a

Microtox 41000 9300 59 11000 33000

3.4. Dénh gi4 ddc tinh ciia TBVTV va mjt sb nuée thii cong nghiép bing phuong phip
thir nghiém ddc hoc dang SMP

Hai céng cu thir nghém (SMP-RET, SMP-ETr) déu dap (mg tdt véi 2 loai thubc BVTV, cho
cac gia tri ECsg tuong du’cmg voi phuong phap Microtox (Bang-?.) Daphma cuc ky nhay voi
Carbamate (ECso < 50 ppb). O day Vifosalt 1a thude digt <o, két qua cho thiy thubc niy c6 kha
ning giy doc cho cac dong vét phi du nhu bo nudc &~ ndng do khoang 10 ppm va véi SMP &
khoang 5 ppm, nhu vdy ¢o nguy co gay déc cho dong vét bac cao hon. Carbamate ching nhiing
diét siu bo ma con c6 kha nang diét cdc sinh vat sdng hd & ndng dd cuc ky nhé, < 50 ppb.

Bang 2. Gia tri ECso clia mau TBVTV va mot s6 miu nudc thai cong nghiép

Phuong
phép RET ETr Microtox Daphnia
Mau
Thube biio vé thye | 7o 0salt 4510 . 4339 9684
véit (ppb) (Glyphosate) :
i Carbamate - 4400 8760 <50
T03.38-3/8
i 4,8-10,2 47,5 >45 >100
Nuée thii cong (Td‘;-”gf;’y)”" 0266-0375 | 0,081-1,136 | 0,68 1,587
nghi¢p n
(% viv) gﬁé:) 58 0,134 0,084 0,117 2,504
T03.36-1/5 51 g ] ]
(m¥ pham) ’ ’

Nude thai T03.57-1/4 tir san xuét da gidy va T03.18-5/5 tir san xudt bt c4, rat doc v&i chi sb
ECsp < 0,5% v/v (Bang-2). T03.38-3/8 (nudc thai Vedan) gy doc manh cho phan ing RET (ECs:
4,8 ~ 10,2% v/v) nhung dudng nhu it gy ddc néu sir dung cac cdng cu con lai. Mot diéu dang
ngac nhién nifa 13, trong khi mau T03.18-5/5 va T03.36-1/5 (nuwéc thai héa my phim) kha tuong tu
nhau vé két qua phan tich héa hoc (khong cong bb ctia Phong chét lugng nudce Vién Mbi trudng va
Tai nguyén) thi lai rit khic nhau vé do doc. T03.36-1/5 gay doc nhe (ECsp < 27,2) con T03.18-5/5
gy doc rdt manh (ECsp < 0,2%). Hai céng cu SMP/RET va SMP/ETr té ra nhay voi nude thai
tuong duong véi phuong phép Microtox, trong khi dé Daphnia it nhay hon khoang 10 lan.

3.5.S0 sanh phuwong phap SMP véi cac phuong phap hién hanh

Bang-3 12 két qua xir ly s6 liéu ECsp cta timg cap cong cy thir nghiém. C6 tit ca 14 6 ciip cong
cu. Glé tri “R*’ cho b:et d tin tudng hay lé d6 gin sat cua céc diém thyc nghlem so voi duong
tuyén tinh. R?>= 1 khi tit ca cac diém déu ndm trén dudng tuyén tinh. Hé s& géc “a” cho phép so
sanh dd nhay gitra 2 phuong phép. Vi du: so sénh ETr va RET (ETr/RET) c6 a = 0 9651 thi ETr
nhay hon RET chut it, ngugc lai DaphmalETr c6 a=1,1049 cho biét ETr nhay hon Daphnia. B
Iéch gbc hay 1éch tdm “b” cia dudmg tuyén tinh cho biét sai s6 cua cac phép thir nghiém. O day sai
sb 16n nhét 1a khoang 0,5 tirc ¢6 nghia 12 sai l§ch giira cdc cip gia tri ECso khong qua 4 ppb. Néu
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quy uéc sy tuong duong gilta 2 phuong phap khi cac gia trj 0.9 <a<1,1 va d6 tin twong R*> 0.9
thi phuong phdp Daphnia khong tuong ddng vai cac phu’ofng phép khac trong thir nghiém dgc hoc
nudce thai cong nghiép, trong khi dé ETr va RET tuong ddng v6i phuong phép Microtox déi véi tat
cac mau thir nghiém.

Bang 3. Bang so sanh phuo'ng phap SMP véi cac phuong phédp hién hanh (s dung gia tri ECsp
cia tét ca cac méu thir nghiém: KLN, TBVTV, nudc thai)

S6 lan thir nghiém DJ tin tudng Hé so gbc D§ 1énh goc
(n) (R (a) (b)
ETr/RET 20 0,9727 0,9651 0,3214
Microtox/ RET 20 0,8958 1,067 -0,2968
Daphnia/ RET 21 0,8302 1,0969 0,0462
Microtox/ ETr 17 0,9131 1,0579 -0,4902
Daphnial ETr 17 0,8162 1,1049 -0,4973
Daphnia/Microtox 20 0,8615 1,054 -0,1004

4. KET LUAN "

Pé tai d tao thanh cong phép thir ddc hoc sir dung SMP dua trén co s& phan tmg RET va phan
ung ETr tuong tu nhu “kit” thir ddc hoc cla cdng ty MitoScan. Hoat tinh phan Umg RET 1a 6,2
2,5 pmoles NADH/g protein/phit, tuy nhién, chi bing 10% hoat tinh cia kit thir cia céng ty
MitoScan, vi vdy cin c6 budc cii tién d& nang cao hleu suit va hoat tinh SMP. Hoat tinh phan (g
ETr 14 12,0 + 4,3 umoles NADH /g protein/phit, gdp 2 14n phan img RET. Ca 2 hoat tinh ciing dap
tmg tOt v6i chét doc thir nghiém.

SM-/RET va SMP-ETr ¢6 c6 thé ding thay thé céng cu Microtox, dp tmg vé tiéu chi k¥ thuét
nhung wu didm hon vé kinh té.

SMP-RET va SMP-ETr nén ding thay thé phuong phap Daphnia cho thir nghiém chét doc hitu
co (vi du nhu nudc thai céng nghiép hay céc loai thubc bao vé thuc vat) vi 2 cong cu nay nhay cam
hon. Tuy nhién, Daphnia lai nhay cam véi kim loai ning hon, vi viy ddy la cong cu thich hgp nhit
trong trudng hgp mau thir nghiém chira kim loai nang.

Ciing gidng nhu céc thir nghiém doc hoc mdi trudng khac, phuong phép dung ty thé hoac SMP
clia ty thé ciing c6 yéu diém cta né. SMP c6 d¢ nhay kém vGi ammonia, colchicin [9[. Hon nita,
do phép thir sir dung phuong phap so mau cho nén méu c6 d6 duc cao hoic c6 mau déu gy anh
huéng t6i tinh chinh xé4c ciia phép thir. Mt 14n nita két qua nghién ctru nay cho thiy dé danh gia
ddc tinh ctia mot mau moi trudng nén két hop mot vai hay nhidu cbéng cu thir nghiém.

ECOTOXICOLOGY TESTS BASED ON THE RESPIRATORY CHAIN
ACTIVITY OF BEEF HEART MITOCHONDRIAL PARTICLES

Lé Phi Nga ), Nguyen Thi Thu Hien ", Nguyen Thi Hoa Lien ,
Duong Thi Huong Giang'”, Dinh Duy Khang @
(1) Institute for Environment & Resources, VNU-HCM
(2) Can Tho University
(3) Institute of Biotechnology , Academy of Science & Technology

ASTRACT: An in vitro ecotoxicological testing method based on activity of the respiratory system
Jrom beef heart mitochondria has been newly introduced in Vietnam. Prepared submitochondrial
particles (SMP) from beef heart showed stable enzymatic activities and verified as tools for toxicity
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testing. Sensitivity of the lest to various tested toxicants was similar to that published. Whithin
tested samples, toxicity test using SMP gave similar data as that arrived from Microtox method,
and SMPs seem to be more sensitive lo organic toxicants than Daphnia. T aking several
advantages such as fast testing performance (within 2h), low cost and high repeatability, it is
suggested that SMP method can be enrolled into the conventional methods for ecotoxicological

testing.
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