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L. GIGI THIEU ENZYME SUPEROXIDE DISMUTASE (SOD)

Enzyme Superoxide Dismutase EC 1.15.1.1.(dugc goi tit la SOD) la .
enzyme oxy hoa khi (Oxydoreductase), thudc loai metaloprotein. Enzyme
Superoxide dismutazase xic tdc cho phin @ng oxy héa khit, loai trir gdc dién tir
ty do superoxide O, 1a dfc (6 oxy dugc sinh ra trong 1€ bao séng clia co thé
song. Enzyme SOD da duge tim thdy 1dn dau tién cdch day khodng 60 nim bdi
Mann va Keilin. Vao ndm1938 Mann va Keilin dd tich duge tr mdu bd mot
protein mang mau xanh gan giéng véi mau cda ion Cu™, ¢6 phan tt lugng
khodng 35000 Da, c6 chita khodng 0,38% nguyén (6 déng, di dudc goi véi
nhifng t€n nhu haemocuprein hodc erythrocuprein (vi€t tdt cia haemoglobin-
cupric-protein hay erythrocyte-cuproprotein). Vao théi diém d6 chua xdc dinh
duge tinh ning xic tdic quan trong cda SOD va chi duge bi€t nhu la mot loai
protein phic ¢6 chifa nguyén 16 déng. Khi O, va dic tinh cda né duge khim
pha thi ddc tinh xidc tdc cda SOD ciing duge phédt hién vao nim 1962 bdi Joe
Mccord and Irwin Fridovich. Bé&n nim 1968, J. Mccord and I. Fridovich di thuce
hi€n lai thi nghiém thu nhdn SOD tir hdng huy&t cdu cda bd, va sau dé di
nghi€én ciu xdc ldp duge phuong phdp dinh lugng hoat tinh ctia SOD, tr d6 SOD
dugc khiang dinh 14 mot enzym. J. Mccord va 1. Fridovich da ¢6ng bé ¢6ng trinh
nghi€n citu phat hién enzyme SOD vio ndm 1969. P&n nam 1970, ion Zn* tdn
tai trong nhém coenzyme cla phin tr SOD duge phét hién. Ti€p theo d6 Cong
cudc nghi€n cttu SOD dugce thuc hién khéng ngitng bdi cdc nha khoa hoc trén
th€ gidi va ti€n trién khd nhanh chéng rong vong 30 ndm qua.

SOD da dugc khing dinh (0n tai trong (€ biao sdng cia cdc loi sinh vit
hi€u khi, 13 td¢c nhin duy nhat ¢6 thé gidi doc cho & bao trong viéc loai trir dd¢
(8 oxy superoxide O, sinh ra trong qud trinh trao d8i chat trong t€ bao. Nhing
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thanh twu vé nghién cdu SOD dugc xem la nhiing Lhang lgi to 16n cia nganh
¢bng nghé enzyme & th€ ky 20, nhiing thdng lgi nay dd gép phan quan trong cho
ti€n b6 y hoc. Cdc nha héa hoc va y hoc da nghién cfu duge sy li€n quan mat
thi€t giita mot s6 bénh tat va chifc ndng xuc tac cia SOD, da dp dung tinh nédng
¢tia SOD trong thlﬂll dodn bénh va thyc nghiém diéu tri 1im sang mot sG bénh,
chéng ldo héa va bdo vé (€ bao. Mt wong nhitng phudng hu’dng hién nay cia
cong nghé sinh hoc 12 nghién ciu phat hién SOD tir nhiéu ngudn nguyén liéu
phong phi d€ tim, dic biét chd y dén ngudn nguyén lidu vi sinh vét, nghi€n ciu
trich chié€t, tinh ch€ va &ng dung SOD vao cdc nganh thyc phdm, my phidm va
dugc pham.

II PHAN LOAL CAU TRUC_ PHAN BO SOD TRONG TE BAO

SOD thu6c loai metalloprotein, phan t SOD (holoenzyme) bao gbm cdng
t8 kim loai (cofactor) va apoenzyme. cor.g t6 kim loai tdy theo loai SOD ¢6 thé
12 Cu* va Zn **, hoac Mg2+ hodc Fe 2. Apoenzym ciia SOD la chudi polypepud
xofn kép gbém hai sgi giéng nhau, mdi sgi polypeptit ndi véi nhau bdi ciu ndi
disulfua(-S-S-), mot nhém Sulhydryl va mot sin phim amino acetyl héa cudi
ciing, s6 acid amin va vi trf cdc acid amin trong chudi polipeptid khdc nhau ty
theo ngudn nguyén liéu.

Tdy theo ion kim loai dugc mang & cOng 6 ma SOD dudc phén thanh ba
loai nhu sau: Cu,Zn-SOD (Coper, zinc-superoxide dismutase), ¢6 chita mdt 1on
Cu?* va mot ion Zn**, Mn-SOD (Mangan-superoxide dismutase) cé chira mot
ion Mn** trong cong t6 va'Fe-SOD (Ferri-superoxide dismutase) co chita mot
ion Fe* trong cong 1.

Cu.Zn-SOD va Mn-SOD dudc tim thdy trong t€ bdo c6 nhén cda sinh vat
hi€u khi. Cu,Zn-SOD t3n tai trong nguyén sinh chdt, trong gian bao cia t€ bao
déng vat bac cao. Mn-SOD ¢6 thé dugc tim thdy trong mitochondria cia t€ bao
dong vat bic cao. Mn-SOD va Fe-SOD da duge phét hién On tai trong nguyén
sinh chit cda t&€ bao khong nhan. Riéng Fe-SOD cdn dugc phdt hién tOn tai
trong nguyén sinh chat cla t€ bao sinh vat yém khi.

SOD da dugc phét hién t6n tai trong t€ bao cia cac loai vi sinh vat, thyc
vat nhat 12 cdc cdy ho ddu, t€ bao cia cédc loai tdo nhu tio dd, trong hong huyét
cdu va trong t€ bao ndi tang cda dong vat nhu ndo tim gan (hinh 1).
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II1.1 Mot sé ddc tinh ciia Cu,Zn-SOD:

e Ion Cu® gii¥ vai trd quan rong trong co ché xic téc rao déi dién uf ¢fia

holoenzyme, Zn?* chi gif vai trd phu trg cho sy bén viing clia apoenzyme.

v 2 ~ 2 ‘A ol A - - ~ st w .
e lon Cu® va lon Zn** lién kél mdt cdch chdt ché v6i apoenzyme, va vi

tri cia ching ddc 14p nhau trong holoenzyme, nhung gan nhau.

e Ca 2 ion Cu® va Zn® ¢6 thé chuyén d8i vi ti thudn nghich cho nhau
trong holoenzym.

e lon Cu** dudng nhu khéng phdn iing vdi diethyl-dithio Carbamate, va
khéng bén & pH < 4,5.

e Cu-Zn-SOD bi mat hoat tinh trong dung dich cyanide trung tinh, ¢
nhiét dd phong do bdi su mat di hai ion Cu** va Zn®™*, 1am hu hoai enzyme.

e Ham lugng ion Cu®* bi gidm thiap 90% trong trudng hgp Cu,Zn-SOD
ti€p xdc véi dung dich EDTA néng d6 10°M & pH=3,8 , gdy mil hoat tinh
enzyme.

e Cu,Zn-SOD ¢6 thé duge két tinh trong cdc dung mdi chroloroform,
ethanol, aceton va nudc, nhung hoat tinh enzyme c6 thé bi 4nh hudng.

e Cu-Zn-SOD la mdt protein khong bén, phai duge bdo vé wianh khdi sy
thiy phan cda proteases va tdc dong cia nhiét dd cao.

e Hoat tinh SOD khéng bi 4nh hudng ding k€ trong mdi trudng ure néng
dé 8.0M-9,5 M.

e Apoenzyme thi€u tryptophan.

e Cidc nhém thudc thir dic trung nhu xanh metylen duge st dung d€ nhin
dang nhém amino acid mad thudng bi cdn tr§ bdi Cu** hodc Zn**trong
holoenzyme. Thudc thi dac trung c¢6 thé gy bién tinh nhanh chéng apoenzyme
nhung khong 4nh hudng dé€n holoenzyme. Chi mdt loai acid amin 12 histidine bi
bi€n ddi bdi nhém thudc thi hoat quang. Mot s8 trudng hgp enzyme bi thél
hoat, bi€n tinh hodn toan 12 do sy mat di 3 g&¢ histidine trong mt s¢i xodn kép.

e Acid diazosulfanilic d& dang lién k&t v6i gbc histidine 1am bi€n tinh
apoenzyme nhung khong dnh hudng dén holoenzyme.

I11.2 Mt sé ddc tinh riéng ciia Mn-SOD, Fe-SOD
Mn-SOD bi that hoat bdi quang phd EPR bdi vi tdm hoat déng Mn bi

tach ra. Mn-SOD ciing bi that hoat bdi chloroform va ethanol, bdi pH acid va
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kiém. Tdm hoat ddng xuc tac Mn®* chuyén thinh Mn™ va ngugc lai trong chu
trinh xdc tdc phdn dng loai it Oy

Fe-SOD ¢6 thé nhdn bi€t bdi quang phd EPR, nhung ciing bi tha't hoat
bi chloroform va ethanol, bdi pH acid va kiém. Tdm hoat ddng xic tdc Fe™
chuyén thanh Fe®* va ngugc lai trong chu trinh xic tdc phan ing loai trit Oy

Ci Mn-SOD va Fe-SOD déu khéng bi thit hoat bdi cyunide.
IV CG CHE XUC TAC CUA SOD

SOD lu6n tdn tai trong t&€ bao sinh vét, 1a nhan & quan trong thue hién
nhiém vu xic tdc cho phdn dng oxy héa khi loai uir O;. Cd ché xic tac cho
phdn &ng loai trir O, xay ra nhu sau:

SOD
202- ¥ 2H" e 1'1202 T+ Og

Gé6c superoxide Oy trao cho 1on Cu®" cia SOD mdt electron ¢ va ud
thanh mot phén tf oxygen O,, khi do SOD tré thanh mot gde wr do hoat dong va
lai nhudng mot e ty do cho mdt gdc hoat hda superoxide Oy vai sy c6 mat cia
hai ion H*, tao ra H,O; (hinh 2).
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Hinh 2: S¢ db ¢o ch& xiice tice cia Cu,Zn-SOD

V CU CHAT SUPEROXIDE 0, CUA SOD
Trong ¢d thé s6ng clia sinh vat hi€u khi, chu trinh oxy héa khir sinh

ndng lugng cho cd thé dién ra trong 1€ bao ¢ diéu kién nhi¢t d§ thuong, goC
dién (& ty do Oy, dugc sinh ra tir O,, nhd xic tdc van chuyén dién tf cia mot s&
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enzyme oxy héa khit dic hiéu ctia chudi hé hdp (€ bao § mang trong cta ty lap
thé.

V.1 Tinh tich cuwe cia 05

D1 véi dong vat ¢dp cao, Oy duge sinh ra § liéu lugng rdt nhd dudi sy
xic tdc clia xanthine oxydase dé thirc hién nhiémvu tich cyc: tiéu diét cdc ADN
bi t8ng hgp sai, cdc protein ¢ cdu tric sai l&ch hodc di ldo hida; va tiéu diét cac
vi khudn x4m nhap t€ bao, thyc hién trach nhiém loai trit nhitng thanh ph'?in
khoéng thich hyp, nhitng thanh phan khéng thé thyc hién ding duge chie ning
cla minh trong t€ bao. '

V.2 Téc hai ciia O, doi vdi t& bao:

Cac k&t qud nghién citu da cho thdy O, ¢é tdc déng truc ti€p dén céc
mach protein, lipid, polisaccharide, acid nucleic va nhitng hgp chdt sinh hoc nhu
ADN; O, 1a nguyén nhin kh&i ddu sy phian cit mach ADN, acid polisaccharide
nhu acid alginic hodc hyaluronic thanh nhitng géc wr do, va sy phén cdt van ti€p
dién gdy ra sy thodi héa mach polime; O, ciing khéi ddu cho phdn @ng peroxid
héa chdt béo khéng no ciing nhu giy nén sy ty oxy héa cla thiol va cila
epinephrine, b4l ddu cho chudi phdn dng oxy héa cysteine.

O, dugc xem 12 nguyén nhin sinh ra sy t6n hai cho t€ bao vd mé, chinh
SOD 14 enzym duy nhat ¢6 khd ning xdc tdc cho phdn ¥ng loai trit su tdn tai cda
O, ngdn chidn hién tugng hu hoai xdy ra trong céc (€ bdo hay cdc md cia céc
cd thé€ sdng ciing nhu cdc c¢o thé da ngung hd hip. O, du thira, ngoai viéc lam
t6n hai cdc cdc md né s& chuyén héa 1ao thanh cic doc 18 khac chia oxy 1a ROH
va 'O, va H,0,".

VI SUPEROXIDE DISMUTASE LIEN QUAN PEN MOT SO BENH
GAY RA BOI1 0,

VI.1 Bénh xo citng phéi

Cac loai thudc tri sdu trong néng nghiép, thudng ¢ chita hoat chat para-
dinitro-dimethyl benzydil (PDDB), du lugng thudc ndm trén mat dit, wén ciy cd
cia dong rudng sé theo gié phan tdn trong khong khi khi€n ngudi dan di lai,
sinh s6ng trong nhitng ving nay d& dang bi nhiém PDDB vao phdi. Chit thudc
trt sdu PDDB.canh tranh dién tt vdi NADPH tao thanh O, du thira s& gﬁy bénh
X0 citng phdi. PE loai trir duge lugng O, ndy thi phéi ting ham lugng SOD trong
cho t€ bao phéi.

V1.2 Bénh Down
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Bénh Down la do cap nhiém sdc thé thit 21 cda 1€ bao bao thai chifa s&
lugng gen di truyén SOD gap doi so v6i cap nhiém sdc thé thit 21 cia t& bao
binh thudng. Do dé lugng SOD dugc t6ng hdp nén trong t€ bao cia bao thai nay
16n hon nhidu so véi cac bao thai binh thudng, khién lugng O; trong t€ bao bi
chuyén héa nhanh chéng thanh H,O, va tang cao vugt binh thudng trong chu
trinh ho hap. Do d6 lugng 1,0, nay gdy t6n thuong hé than kinh vé ndo cla thai
nhi. Triéu ching thudng thd'y & bénh Down 1a chitng tang bach cau.

V1.3 Bénh tai bién mach mdu néo

Do phdu thudt hodc mdt dang bénh ly nhu ¢6 nhitng phin Lt vat chdt phan
gidi tir ATP tich ty lai trong huy€l quan da khi€n mdu khong thé luu théng mot
cdch binh thudng. Khi dé6 ham lugng O, trong (€ bao gidm xudng dot ngdt do 1€
bao khéng dugc cung cidp diy di O, d€ 1o lai sy cidn bing thi
xanthinedehydrogenase (XHD) 1a s& bi€n ddi thanh xanthine oxidase dé tang
cudng xic tdc phdn dng tao O, (Y ¢d chit hypoxanthine. dé€n khi mdu lwu théng
trd lai thi O,, hypoxanthine, XDH, XOD, ciing ton tai tao ra mot ludgng thita Oy
khong thé duge chuyén héa kip thdi bsi SOD. Do d6 sinh raOH gdy t6n hai

tim mach.

VI.4 Bénh ung thu

Trong co thé ngudi binh thudng, nhitng phdn tf la dugc 6ng hgp tr gene
gay bénh ung thu déu bi e ch€ tiéu diét bdi O, , do d6 madm mdéng ung thu
hoai. Khi gene nay hoat ddéng manh thi O,” khéng thé 1am tron nhiém vy ma
con bi e ché& bdi lugng 16n phin 0¥ la duge tong hgp. NEu gene gy ung tha da
k€t gdn vSi mach ADN thi phdt sinh bénh ung thu, hoat tinh SOD wong € bao
ung thu gidm thdp. Phuong phdp phéng xa va héa dugc duge sit dung diéu tri
bénh ung thy, tao cdc gdc héa tri iy do ¢6 khd ndng gdy t6n thuong hw hoai hau
nhv todn bd cdc phan tf ADN, gdy chét 1€ bao ung thu. Xa tri mang tinh cdch
di€u tri tai ving ki€m sodt cdc ung thu con khu trd, han ché€ 61 da sy 18n thuong
cho cdc viing mé 1an cén, trong khi phuang phép héa duge diéu tri thudng ¢6 thé
gy t6n thuong cho nhiéu viing m6 lanh khdc. Vi viy ma SOD duge dua vio &
bao d€ bdo vé cdc md lanh chéng lai t8n thuong bdi phudng phap duge tri ung
thu.

Ngoai ra ¢dn rdt nhiéu bénh c6 lién quan dé€n SOD.
VII QUY TRINH CONG NGHE THU NHAN SOD

D€ thu nhian SOD, giai doan ddu tién 1a phd vd (€ bao, trich chi€t dich
bao, trong giai doan ndy cdn bdo ton duyc hoat tinh enzyme. Nhiéu phucug
phdp trich chi€t cé thé dugce dp dung nhu phuong phip co hoc, phusngg phép
héa hoc va phuong phap k€t hgp clda co va héa hoc. Giai doan phin ly k& tiép
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nhim tach dich bio khéi bd t&€ bao vén trong diéu kién bdo ddm hoat tinh
enzyme, ¢6 thé dp dung phuung phdp loc qua mang si€u loc hoac phuung phdp
ly tim. Giai doan tinh ché thudng duge thyc hién bdi syt k€t hgp cda nhi€u
phuong phap héa ly: mudi tich bing sunfatc amonium, rifa gidi, sdc ky nhiéu
giai doan, k€U tinh, ddng kbho, ¢6 dac chin khong hodc siy. Tuy theo yéu cau
ciia nganh sit dung ma enzyme duge-tinh ch€ & nhi€u mic do khdc nhau.

VIII PHUONG PHAP DINH LUGNG HOAT TINH SOD [2,3,4,5]

Phuong phdp phin tich dinh lugng hoat tinh SOD dua trén nngyéd tic do
d6 héap thu quang phd cla chal bi khit & thoi di€m cubi cda phdn dng oxy hoéa
khit O,” v&i cytochrome C hodc nitro blue tetrazolium véi phdn @ng canh tranh
cia ion hydro duge xdc tdc bdi SOD.

VII1.1 Phuong phdp Cytochrome C (ppC):
Nguyén tic:

Tm._y Cytochrome € — Cytochromem C dang khit

XO0D
R
) SOD
> e [‘1202 + O
XA + O, By o

Mot ham lugng xéc dinh ca superoxit O, dugc sinh ra do phén dng cia co
chat xanthine (XA) vdi O, dudi xic tdc cda enzim xanthinoxydaza (XOD), s€ la
¢o chdt dac trung ciia hai phdn tng oxy héa bdi cytochrome C va bdi ion H
duéi xdc tdc cia SOD, canh tranh nhau.Ham lugng cytochrome bi khi sinh ra
duge do & bude séng 550nm bdi may hap thu quang phé (spectrophotometer), va
hoat tinh SOD dugc tinh theo ¢6ng thic sau:

-AODbluuk(m) ‘ 1 -
AODlusl VS
Hoat tinh SOD (U/ml) = ( <15 x df

V, = thé tich mAu dem phan tich.
df = hé s6 pha lodng.
VIIL.2 Phuong phdap NBT (ppN)
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Nguyén tic:

—» NO, TB ——— di-formazan
XOD T
XA + 0O, —_— Oy

SOD
> oyt — > H0; + O

Phuong phdap NBT dugc thyc hién trén cing nguyén tic véi phuong phép
cytochrome C nhung thay thé cytochrome C bdi chit nitro blue tetrazolium (NO;
_TB), di-formazan sinh ra dugc do 6 bude séng 560nm va ti hoat tinh SOD dugc
tinh theo céng thic:

AODb}d nk — AOD|¢51

Ti Hoat tinh SOD (%) = AODyu x 100

AODyx = Ey - Epp
AOD, = E, -E,

ppN 1a phuong phdp do cho k€t qua gidn ti€p phai dua vao dudng chuin dé
tinh ra gid tri hoat tinh, dudng chu&n dvgc dyng td SOD thudn khiét.

IX KET LUAN

SOD (6n tai trong t€ bao s6ng cla moi loai sinh vat hi€u khi, 1a enzyme
duy nhat ¢6 kha ning gidi doc cho t& bao khdi sy 1do héa hut hoai bdi hoat ddng
cia cdc gbe dién ¥ ty do cla oxy. Thé nhung nhiém vu tich cyc cia SOD va
bdn thin enzyme nay chi dugc phat hién va nghién ctu tX nita sau thé kg 20. Sy
phat i€n cda cdc cong trinh nghién cu SOD da dem lai nhiéu gidi ddp quan
trong ¢ho Y hoc hién dai. Trong wong lai, SOD s€ ti€n vao nhiéu lanh vyc khéc
nhim muc tiéu bdo vé sic khde con ngudi. P61 v6i Viét Nam chiing ta, Y hoc
va cdc nganh cong nghé enzyme, cong nghé sinh hoc, ¢6ng nghé thyc phdm cin
Quan tam nghié€n c\tu va ¥ng dung enzyme SOD dé nhim bio vé sic khde nguoi1
dan m&t cdch hitu hiéu.
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REVIEW OF SUPEROXIDE DISMUTASE

Pong Thi Anh Pao - Nguyen Puc Luong - Le Van Nhuong
Yumi Yoshikawa ~ Kanji Matsumoto

ABSTRACT : Superoxide dismutuse EC 1.15.1.1 (SOD) is ¢ metallvenzyme which
catalyzes the disproportionation of superoxide radicals (02 ) (o moleculur oxygen and
H>0,. Superoxide dismutases have been discovered by Jue Mccord und Irwin Fridovich in
1968;SOD have been found in almost uerobic and unuerobic bacteriu, funji, prokaryotic
and eukaryotic algae, plants and vertebrates. SOD plays an importunt role in protecting
cells aguinst oxygen toxicity. Three types of SOD  have been found and they are
distinguished by different metals in their catalytic center. Superoxide dismutase and
superoxide radical have relations with various human diseases.
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