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1.GIOI THIEU

Céc thu nghiém doc hoc mai truong dang ong nghi¢m (in vitro) sir dung co thé sinh hoc nho
bé nhu vi sinh vat, 4u tring sO.. . hodc cé&c chét sdng ciu tric nhd bé hon té bao nhu: bao quan,
enzyme, khic phuc duoc nhitng yéu diém caa céc thir nghiém ding co thé sinh hoc bac cao. Cac
thir nghiém in vitro ndy thuong cho két qua nhanh, do 1ap lai cao varé hon nhiéu ma do nhay cua
phép thir nghiém ciing twong dwong trong da sd cac trudng hop. Vi khéng cé mot loai thir nghiém
no laly tuéng cho tat ca céc chat doc méi truong, hon nira, mdi cdng cu thir nghiém déu c6 uu
va nhuoc diém riéng va thuong chi nhay cam véi mot sb dang chat doc nhat dinh, cho nén dé co
dugc nhitng danh gid rai ro tin ciy nht, cAn sir dung mot nhom hay mot bo c¢ong cu thir nghiém
c6 mbi quan hé sinh théi.

O Viét Nam céc dang thir nghiém da va dang ton tai 1a thir nghiém ding ¢4, dung bo nudc
(Daphina magna va Ceriodaphina cornuta), dung tao Selenastrum, dung vi khuan Vibrio fischeri
- day ciing lamot phuong phap thi nghiém invitro dé duoc thuong mai héa dudi dang Test Kit va
yéu cau do trén méy chuyén dung duoc san xuat boi cong ty Microtox.

Phuong phap thu nghiém doc t6 mdi truong sir dung hé hd hap cia mang ty thé tim bo da
dugc nghién ciru rat som tir cudi nhirng nam 70 [4]. Ty thé 1a nhitng bao quan riéng biét co thé
dugc nghién cau sém nhat va day di nhat vé ca ciu truc, cau tao phan tur va chic nang sinh 1y,
sinh héa trong té b&o. Vai tro chinh caaty thé 1a cung cip ning luong cho té bdo théng qua viéc
tong hop c&c phan tir ATP (adenosine triphosphate) mang nang lugng cao. Qué trinh tong hop
ATP duoc dién ra kha phirc tap nhd chénh léch thé nang (Dj ) gitra hai bén caa mang trong ty thé
do qué trinh proton dugc bom qua mang théng qua hoat dong cua chudi chuyén dich dién tir trén
mang dugc goi 14 chudi hd hap. Oxy la chat nhan dién tir cubi cling ciia chudi hé hap.

Hoat dong caa chudi hd hip thuc chét |a nhitng qué trinh sinh |y caa c&c enzym thdng qua
trap ddi vat chit qua mang ty thé. Vi vay cac enzym ndy la cira ngd dau tién cua té bao co phan
rng nhay cam véi sy ¢6 mit cia cac chat kim ham - chat gay doc. Cac phan mang |6p trong cia
ty thé sau khi pha bang siéu &m cho céc tiéu phan hinh cau (Sub-mitochondrial particles, viét tat
la SMP) mang cac enzym cua hé ho hip dugc huéng ra phia ngodi, nho vy ma cac phan ng
enzym c6 thé dugc khao sét. Ban than SMP rat nho nén phan ing c6 thé dugc thuc hién trong dng
nghiém va duogc theo ddi bang phd hap thu vi khéng can bude sdng.

V& nguyén tac thi thir nghiém doc hoc ding SMP |a thir nghiém kha nang e ché hoat tinh
ctiia hé enzym cua tirng phan hay toan phan chudi hd hip tao boi sy twong téc caa cac enzym sau:
Phirc hop (Complex)-l1: NADH dehydrogenase; Phac hop-I1: sucinate hydrogenase; Phirc hop-111:
cytochrome-c; Phic hop-1V: ferrocytochrome-c; Phirc hop-V: ATPase. Cac phan ung thir nghiém
doc hoc thuong 1& 1/ ETr: phan tng van chuyén dién tir xudi voi sy tham gia cua 3 Phac hop-,
Il valV; 2/ RET: phan ang van chuyén dién tir nguoc véi sy tham gia caa 3 Phac hop-1, 11 vaV;
3/ FEW : phan (g |y dién tir véi sy tham gia caa Phic hop-1. Thir nghiém déc hoc sir dung hoat
tinh cua cua céc phan ung trén da duoc cdng bb trong céc tai liu [1], [2], [4], [5] va[6].

Muc dich cua nghién ciru ndy 1a nham thir nghiém tng dung phuong phap SMP ty thé tim bo
cho thir nghiém doc hoc nudc, bao gdm céc ndi dung: 1/ Thu nhan ty thé va SMP tir tim bo; 2/
Thtr nghiém doéc hoc dung SPM trén co so hoat tinh phan tng RET va hoat tinh phan ung ETr
véi: @) kim loai nang: Cd, Cu, Hg, Pb, Zn; b) Thudc bao vé thuc vat Carbamat va thubc diét co
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Vifosat; ¢) 4 mau nuéc thai cong nghiép);3/ So sanh véi phuong phép thir nghiém diing SMP Vi
céc phuong phap hién hanh: Daphnia va Mirotox. Sy thanh cdng cia nghién ciu gop phan dua
thém mot phueong phép thir nghiém doc hoc invitro vao sir dung ¢ Viét Nam.

2VAT LIEU VA PHUONG PHAP

2.1Vt liéu

Tim bo twoi méi, sau giét md khdng qué 6 gio va duoc bao quan trong da lanh (~ 4°C - 6°C).
Hoé chat sir dung déu c6 do tinh sach cao (nha cung cap: 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-
dichlorophenolindophenal).

Céc kim loai nang dung cho thur nghiém la dung dich chuan: CU(NGs)2 , ZN(NOs),, Cd(NO3),,
Pb(NO;),, va HY(NO;), cua nha sin xuit Merk. Carbamate |a thudc trir sau do cong ty thubc sét
trung Mlen nam cung cap. Glyfosalt (chira hoat chat Glyfosate-isopropylamine) |a thudc diét co
cho cay trong can dugc bén rong réi trén thi truong. Bén mau nudc thi cong nghi¢p co ma sb:
T03.57-1/4, T03.36-1/5, T03.38-3/8 va T03.18-5/5 duoc cung cap boi Phong Chét lugng nudc
Vién Mai truong va Ta nguyén, PHQG-HCM.

2.2.Phwong phép téch ty thé va SMP tir tim bo

Qua trinh tach chiét chu yéu tién hanh theo Rodney F. Boyer [3] c6 cai tién. Toan bo qua
trinh duoc thyuc hién & nhiét do 7 + 3 °C. Sau khi loai bo phan m& va gan, tim bd dwgc xit miéng,
riea, va xay nhuyén trong Tris-sucrose: 10 mM Tris chita 0,25 M sucrose, pH 7,8 (Pém-1). Loc bo
dich vaméu. Bong héatim bo da xay bang cbi nghién piston trong cting dung dich Bém-1 trén cé
thém 5 mM MgCl,, 1 mM Succinate, 2 ng/ml Leupeptin va 0,1 mM PMSF (Bém-2). Loai bo té
b&o chwa v biang céch ly tam ¢ tbc do 1500 rpm trong 20 phdt véi may ly tam Sorvall RC26. Ty
thé dwoc tua lai sau khi ly tam & téc do 8000 rpm trong 45 phdt trén cing may ly tam. Ty thé
nang dugc dong hoéa trong dung dich Bém-2 c6 thém 2 mM GSH (bém-3), sau d6 duoc rua lai
bang cuing dich dém, 1ing bang ly tam, roi dong héa lai. Tir day ty thé co thé chuyén sang budc
téch SMP hoic déng lanh nhanh bang nito 16ng rdi bao quan & nhiét do -20°C.

Ty thé (~ 20 mg/ml) con tuoi hay d4 rd déng duoc dua qua may siéu &m (Sonics model
VC130PB). Ty thé chua v duoc loai bo bang ly tm 8000 rpm trong 15 phit (Sorvall RC26), thu
phan dich. SMP duoc lang bing ly tam siéu tbc 30.000 rpm trong 1 gid (Sorvall UltraPro 80). Sau
khi ddng hoa, rira va dong héa lai bang dung dich Bém-3 c6 thém 1mM ATP, SMP dugc dong
lanh nhanh bang nito 16ng va bao quan & nhiét do -20°C.
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Hinh 1.Nguyén tic caaphan tng RET
2.3.Phan wng RET [6]:
Nguyén tic cia phan @ng dugc trinh bay trong Hinh-1. Phan ung duoc thyc hién trong dém

25 mM HEPESKOH, pH 7,5, 6 mM MgCl, 5 mM Nasuccinat, 1 mM NAD*, 2,5ny/ml
Antimycin va ~ 0,2 mg/ml SMP. Phan &ng bat dau khi thém 1 mMATP vao dung dich. B$ gia
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tang hip thu quang phd & budc song 340 nm duoc ghi lai cor mi 10 gidy (tinh tir thoi diém thém
ATP) .

2.4.Phan wng ETR [6]:

Nguyén tic cia phan trng dugc trinh bay trong Hinh-2. Phan ang duoc thuc hién trong dém
25 mM HEPES-/KOH, 6 mM MgCly, pH 7,5 va ~ 0,2 mg/ml SMP. Phan (g bat dau khi 0,16
mM NADH thém vao dung dich. B giam hap thu quang pho ¢ bugc sdng 340 nm duoc ghi lai
clir mdi 10 gidy (tinh tir thoi diém thém NADH).

Hinh 2. Nguyén tic cia phan ing ETR

2.5.Phwong phap xac dinh ECs, va danh gia do twong dwong giira cac phwong phap:

ECso dugc tinh theo tuyén tinh bac nhit cia logarit phan trim d6 kim ham hoat tinh theo su
thay doi nong do trong do ti 1¢ phan tram kim ham = [1 — (S, / S)] * 100%) véi S, lahé sb goc
khi khong co chat doc; S, lah¢ so goc khi co chét doc. Do tuong duong gitta 2 phuong phép duoc
bleu didn mdi bang tuong quan tuyén tinh (y = ax + b) cuanhém tri so logarit ECso cua tat ca cac
mau thu dugc theo phuong phép ndy ddi véi nhom tri s logarit ECs, ciia tat ca cac mau thu dugc
theo phuong phap kia[4].

2.6.Cac phwong phép khéc:

1/ Xé&c dinh ham luong protein bang phwong phép Lowry [7];

2/ Phan ang hd hip caaty thé vsi DCPIP nhu 1a chat nhan dién tir cudi cing;
3/Thir nghiém doc tinh cip ECs, -24h trén Daphnia magna theo OECD-202;
4/ Thir nghiém doc tinh cip 15 phtt trén Vibrio Fisheri theo Microtox [8].

3KET QUA VA THAO LUAN

3.1.Két qua tach ty thé va SMP

Hiéu suat thu protein ty thé dat trong khoang 1-1,4% trong luong tim bo tuoi (d&loai bo phan
m& va bao tim). Hoat tinh chudi hé hap trén ty thé dugc khao sét dyatrén phan irng chuyén dién
tir v6i chat nhan dién tir cusi DCPIP (0,754 + 0,013 mmoles/mg protein/phit). Qué trinh tao
SMP tir ty thé thu dwoc kho khan hon véi yéu cau nang lugng cia méy siéu am phai du 16n dé
lam dat g8y nhanh mang ty thé, sau d6 hdn dich thu duoc phai duoc ly tam téc do cao, nhanh
chéng taa mang, tach bo chat nén. Véi nang luong méy 100 W/22 Hz, hiéu suat thu dugc khéng
cao, 4,4 + 0,4% trong luong tuoi cua ty thé. Ciing do niang luong thip nén viéc pha v ty thé
bang siéu &m phai |ap lai nhiéu lan trén dalanh, do vay tang nguy co lam giam hoat tinh SMP sau
nay. Tuy nhién, hoat tinh cia SMP thu dugc theo quy trinh ndy kha 6n dinh va duoc dé cap dén
mot cach chi tiét trong phan sir dung SMP cho céc phan ttng thir nghiém doc hoc dudi day.
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3.2.Hoat tinh cia SMP theo phan wng RET vaETr

H‘!nh-3 la mot két qua thu duoc 1am v[ du cho phém ung RET trong d6 hoat tinh cia RET bi
rc che boi Pb**. Phan {ing tao NADH tuyen tinh it nhat trong vong 15-20 phdt. So véi phan ting
ETr thi toc 6 RET cham hon nhiéu do 1a phan tng van chuyén dién tir nguoc. Toc do phan tng
RET khi khong co chét doc 1a6,2 + 2.5 mmoles NADH/g protein/pht (18 thi nghiém).

RET-Pb 23-3-2006

A340Nnm
0.185 -

—a=— control
—o— 0.15mg/Il
—a— 0.3mg/I
—<— 0.5mg/I

0.16

0.135

—»— 0.8mg/I

0.11

0.085

2 3 4 5 6
Thodi gian (phuat)

Hinh 3.Anh huéng ciaa Pb? d6i véi hoat tinh RET

Hinh-4 1a mot két qué thu duoc lam vi du vé phan tng ETr, phan ang phan hay NADH, bj tc
ché boi nudce thai san xuat bot ca So véi phan ing RET thi toc do caa ETr nhanh hon do day |a
phan (g van chuyén dién tir xubi, c6 nghia la theo chiéu hoat tinh sinh Iy caa chudi hé hap. Téc
do phan ng ETr khi khéng co chét doc do dugc 1a 12,0 + 4,3 mmoles NADH/g protein/phat (14
thi nghiém).

3.3. Panh gia doc tinh cia kim loai ning (ECsy) bang phwong phép thir nghiém déc hoc
dung SMP

Céc kim loai nang dic biét 1a cac kim loai héa tri 1l & ndng d6 nho ¢b vai tro tao nén Co-
enzym xuc t&c cho nhiéu phan @ng sinh hoc: nhu Fe, Zn, Cu, Ni, Se, ... tuy nhién & ndng d6 cao
hon ndng d6 sinh Iy cac ion ndy thuong 1a cac chit kim ham céc qué trinh enzym do co ché canh
tranh (thay thé) hoic khdng canh tranh (khda vi tri xdc t&c) vai co chét. Viéc tich liy céc ion ndy
trong co thé nguoi vadong vat ddy doc tinh. Trén Bang-1, ddi voi c&c kim loai nang (chat chuan),
gia tri ECso thu dugc qua thi nghiém hoan toan cé thé so sanh dwoc véi céc gid tri ECs, cling
phuong phép ghi nhan trong tai lidu sb [4]. Déi véi kém, két qua rat ngac nhién lagiatri ECs, thu
dugc nho hon trong tai liéu gan 100 lan, diéu ndy chuatim dugc ly giai, trong khi 6 SMP t6 ra it
nhay cam hon ddi véi Cadmium.



TAP CHi PHAT TRIEN KH&CN, TAP 10, $0 01- 2007

Nuoc thai T03.18-5/5 (21-04-2006)
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Hinh 4. Anh huéng caa nudc thai san xuét bot cAddi véi hoat tinh ETr

Bang 1. Giatri ECsy cia céc kim loai nang (ppb)

Kim loai

Phuong phép Cd Cu Hg Pb Zn

RET 1103 -1263 - 69,5 76-419 | 432131
Két qua thue | ETT 463 243 - 720 25,2
nghigm Microtox 60,5 66,6 72,6 10,2 199

Daphnia 39 25 <10 169 -
. RET 520 - 130 2000 1700
L?; (')"fz]tham ETr - 300 - i -

Microtox 41000 9300 59 11000 33000

3.4. Panh gia doc tinh cia TBVTV va mét sé nwéc thai cdng nghiép bang phwong phép
thir nghiém dgc hoc dung SMP

Hai cong cu thir nghém (SMP-RET, SMP-ETr) déu d4p (g tdt véi 2 loai thuéc BV TV, cho
cac gia tri ECy twong duong véi phuong phap Microtox (Bang-2). Daphnia cuc ky nhay vai
Carbamate (ECs, < 50 ppb). O day Vifosalt |a thudc diét co, két qua cho thay thudc ndy co kha
ning gdy doc cho cac dong vat phi du nhu bo nuéc ¢ ndng do khoang 10 ppm va véi SMP ¢
khoang 5 ppm, nhu vay c6 nguy co gay doc cho dong vét bac cao hon. Carbamate ching nhitng
diét sau bo ma con c6 kha nang diét cac sinh vat song hd ¢ ndng do cuc ky nho, < 50 ppb.

Bang 2. Giatri ECs, ciamau TBVTV vamot sd mau nudc thai cdng nghiép

Phuong
phap RET ETr Microtox Daphnia
Mau
Thubc biové thye | viosalt 4510 - 4339 0684
VAt (ppB) : (Glyphosate)
: Carbamate - 4400 8760 <50
Nwdc thai cong T03.38-3/8
nahido (Vo) 4,8-10.2 475 >45 >100
0, -
(%o Vi) T03.57-1/4 0.266-0,375 | 0,081-1,136 0,68 1,587
(dagiay)
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Tq3.1§3-5/5 0,134 0,084 0,117 2,504
(bot cd)

T03.36-1/5 781 27.2 i -
(m§ pham)

Nudc thai T03.57-1/4 tir san xuit da gidy va T03.18-5/5 tir san xuét bot ¢4, rat doc vai chi sd
ECs < 0,5% v/v (Bang-2). T03.38-3/8 (nudc thai Vedan) gay doc manh cho phan ung RET
(ECso: 4,8 ~ 10,2% v/v) nhung dudng nhu it gy doc néu sir dung céc cdng cu con lai. Mot diéu
dang ngac nhién nira |3, trong khi mau T03.18-5/5 va T03.36-1/5 (nudc thai héa my phim) kha
tuong tu nhau vé két qua phan tich hda hoc (khéng cong bé caa Phong chat lugng nudc Vien Mo
truong va Ta nguyén) thi lai rat khéc nhau vé d6 doc. T03.36-1/5 gay doc nhe (ECso < 27,2) con
T03.18-5/5 gay doc rat manh (ECso < 0,2%). Hai cong cu SMPIRET va SMP/ETr t6 ra nhay Véi
nugc thai tuong duong vei phuong phap Microtox, trong khi d6 Daphnia it nhay hon khodng 10
lan.

3.5.S0 sanh phwong phép SMP veéi cac phwong phép hién hanh

Bang-3 lakét qua xu ly sb liéu ECs, cuating cap cong cu thir nghiém. C6 tat ca 146 cip cong
cu. Giatri “R* cho biét do tin tuong hay 1a do gin sét cua cac diém thuc ‘nghiém so véi duong
tuyén tinh. R?= 1 khi tat ca c&c diém déu nam trén duong tuyén tinh. Hé s goc “a’ cho phép so
sanh d¢ nhay gitra 2 phuong phép. Vi du: so sanh ETr vaRET (ETr/RET) c6 a= 0,9651 thi ETr
nhay hon RET chit it, nguoc lai Daphnia/ETr c6 a = 1,1049 cho biét ETr nhay hon Daphnia.
Do léch gbc hay léch tam “b” caa duong tuyén tinh cho biét sai sb cua cac phép thir nghiém. O
day sai s6 16n nhat 1a khoang 0,5 tirc ¢6 nghia la sai Iéch giita céc cap gia tri ECs, khong quéa 4
ppb. Néu quy uéc sy twong duong giira 2 phuong phép khi céc giatri 0.9 £ a£1,1 va do tin
tuong R?3 0.9 thi phuong phép Daphnia khdng twong ddng véi cac phuong phép khéc trong thir
nghiém doc hoc nuéc thai cdng nghiép, trong khi ¢6 ETr va RET tuong dong voi phuong phép
Microtox ddi vai tat cac mau thir nghiém.

Bang 3. Bang so snh phuong phap SMP véi cac phuong phap hi¢n hanh (sir dung giatri ECso
cua tat ca cac mau thu nghiém: KLN, TBVTV, nudc thai)

S6 lan thtr nghiém Do tin tuéng Hé s6 goc Do 1énh goc
(m (R) @ ©)
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
Daphnia/ ETr 17 0,8162 1,1049 -0,4973
Daphnia/Microtox 20 0,8615 1,054 -0,1004

4. KET LUAN

Dé tai d4 tao thanh cong phép thir doc hoc sir dung SMP dya trén co so phan tng RET va
phan &rng ETr tuong ty nhu “kit” thi doc hoc cia cong ty MitoScan. Hoat tinh phan tng RET la
6,2 + 2,5 mmoles NADH/g protein/phtit, tuy nhién, chi bang 10% hoat tinh caakit thir cua cong ty
MitoScan, vi vay can c6 buéc cai tién dé nang cao hiéu suat va hoat tinh SMP. Hoat tinh phan
tng ETr 1412,0 + 4,3 nmoles NADH /g protein/phit, gip 2 lan phan ting RET. Ca 2 hoat tinh
cling dép trng tét véi chit doc thir nghiém.

SM-/RET va SMP-ETr c6 c6 thé dung thay thé cong cu Microtox, dép tng vé tiéu chi ky
thuat nhung wu diém hon vé kinh té.
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SMP-RET va SMP-ETr nén dung thay thé phuong phép Daphnia cho thir nghiém chét doc
hitu co (vi du nhu nuéc thai cng nghiép hay céc loai thudc bao vé thuc vat) vi 2 cong cu nay
nhay cam hon. Tuy nhién, Daphnia lai nhay cam véi kim loai nang hon, vi vay day la cong cu
thich hop nhét trong truang hop mau thir nghiém chirakim loai nang.

Ciing giéng nhu céc thir nghiém doc hoc mdi trudong khéc, phuong phép dung ty thé hodc
SMP cuaty thé ciing c6 yéu diém caand. SMP cd d6 nhay kém véi ammonia, colchicin [9]. Hon
nita, do phép thir sir dung phuong phép so mau cho nén mau c6 d duc cao hoic c6 mau déu gay
anh huéng téi tinh chinh x&c cuia phép thir. Mot 1an niva két qua nghién ciru ndy cho thiy dé danh
gia doc tinh ciamot mau mdi trudng nén két hop mot vai hay nhiéu cong cu thir nghiém.
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