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Tém tat. Ngay nay, toc d6 6 nhiém moi truong dang gia tang, do d6 can phai thuc hién nghiém
ngat cac tiéu chuan déi véi viée thai chat thai vao moi truong. Cac phuong phap xtr 1y hod hoc va
sinh hoc thong thuong ngay cang khé dat duoc mikc d6 can thiét dé loai bé cac chat 6 nhidém nay.
Do d6, can phai trién khai nhiing phwong phép xtr ly nhanh hon, ré hon, dang tin cay hon va véi
nhiing dung cu don gian hon so véi nhitng hé théng xtt 1y hién hanh. Hién nay nguoi ta da biét
nhiéu loai enzym khac nhau cta thuc vat va vi sinh vat. S6 lugng enzym da biét dat t6i con s& hon
3000 enzym. Cac enzym, dac biét la Hydrolases va Oxidoreductases c6 tac dung ddc thu trong xtt 1y
céc 6 nhiém béng cach két ttia hodc chuyén héa céc san pham phan hty chat thai.

Enzym cé nhiéu trién vong tng dung trong tuong lai. Mot s& enzym da duoc ting dung thanh
cong trong viéc xtt ly chét thai. Tuy nhién cin c¢6 nhing nghién ctu tiép theo d€ tim ra enzym c6

hoat d6 tot nhat va tdi wu nhat trong thuc t&'stt dung.

1. Mé dau

Ngay nay, toc d6 6 nhiém mdi truong
dang gia tang, do d6 can phai thuc hién
nghiém ngét cac tiéu chudn d6i véi viéc thai
chat thai vao moéi truong. Cac phuong phap
xtt ly hod hoc va sinh hoc thong thuong ngay
cang kho dat duoc muic d9 can thiét dé loai
bd cac chat 6 nhiém nay. Do d6, can phai
trién khai nhing phuong phap xt ly nhanh
hon, ré hon, dang tin cay hon va vdi nhitng
dung cu don gian hon so v6i nhitng hé thong
xtt ly hién hanh.

Nhiéu nghién cttu da chiing minh duwoc
enzyme c6 nhi€u kha nang va trién vong giai
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quyét van dé néu trén trong giam dinh va xt
ly 6 nhiém méi treong. Hau hét nhitng quy
trinh xt ly rac thai déu st dung mot trong
hai phurong phép hoa ly hodc sinh hoc hoac
két hop. Phuong phap xt ly béng enzyme la
trung gian gitta hai phuong phap truyén
thdng, né bao gdm cac quy trinh hod hoc trén
co sO hoat dong ctia cac chat xuic tac ¢ ban
chat sinh hoc. Enzyme c6 thé hoat dong trén
cac chat 6 nhiém dic biét khé xi ly dé€ loai
chiing béng cach két ttia hogc chuyén ching
thanh dang khac. Ngoai ra chung c6 thé lam
thay d6i cac ddc tinh cta chat thai dua ching
vé dang dé x1r Iy hodc chuyén thanh cac san
phdm co gia tri hon.

Phuong phap xtt ly bang enzyme so véi
phuong phap xt ly thong thueong c6 nhiing
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uvu diém sau: dugc ap dung doi véi cac hop
chat sinh hoc kho xtt ly; tac dung ¢ ca vung
nong do6 chat 6 nhidm cao va thap; mot s6
enzyme riéng biét c6 tac dung trén pham vi
rong pH, nhiét 60 va d0 man; khong gay ra
nhitng bién dong bat thuwong; khong gay ra
cac can trd pha v can bang sinh thi.

Trong bai nay, chung t6i xin trinh bay
ngén gon vé viéc nghién cttu ting dung mot
sO enzyme va danh gia mot cach co ban tiém
néng ctia chiing tng dung trong thuc tién va
twong lai d€ xt ly chat thai.

Cho tdi nay, nguoi ta da biét duoc
khoang 3.000 enzyme. T4t ca cac enzyme déu
duoc goi tén va duoc xép vao “Hé thong
phan loai” gdm 6 16p (class). Trong cac 16p co
cac 16p phu (subclass), nhém (section). Mbi
enzyme déu co ky hiéu phan anh cic thi ty
phan loai trén [1].

Cac chat doc hai trong moi truong
thuong la cac chat hitu co ¢6 vong thom nhu
cac hgp chat phenol, cac amin vong, hodc cac
chat hitu co phospho. D€ dat dugc muc dich
xtt Iy moi treong, can phai pha hiy hodc loai
b cac chat doc hai néu trén. Cac enzyme xtc
tdc phan tng oxy hoda - kht thudc lop 1
(Oxidoreductase) va cac enzyme xuc tac phan
tng thay phan thuoc 16p 3 (Hydrolase) c6 vai
tro tich cyec trong viéc nay.

2. Cac enzyme Oxidoreductase trong xtt ly
moi treong

Véi y nghia d6i véi cong nghé modi
truong, trong 16p Oxidoreductase cd thé ké

dén cac enzyme peroxidase, cic enzyme nay
c6 y nghia quan trong.

2.1. Cdc enzyme peroxidase phin I6p EC 1.11

Trong s cac enzyme peroxidase, dau tién
phai nhéc téi Catalase. Catalase (ky hiéu EC

1.11.1.6) xtc tac phan &ng dac hiéu phan huy
H20:2 [2]. Ngoai ra, catalase con c6 thé phan
huy formaldehyde, formic acid va alcohol.
Cac chat néu trén la nhitng chat doc hai voi
mdi treong, duoc thai ra trong nudc thai cta
cac nha may ché bién stta, pho mat hodc cac
nha may dét, soi. Catalase vi khudn c6 tac
dung tich ciee trong viéc pha huy chiing.

Trong cac enzyme peroxidase néu trén,
catalase, peroxidase va manganese peroxidase
duoc nghién ctu nhiéu phuc vu cho viéc
phat hién mot s ion kim loai déc cho moi
treong nhuw: Hg*?, Pb*?, Cd*?, Cr*6, Mn* [3].
Peroxidase cu cai ngwa (Horseradish
peroxidase-HRP) ¢é ky hiéu EC 1.11.1.7, tac
dong nhu catalase, xtic tac phan ting dachiéu [4].

HRP la mot trong nhitng enzyme duogc
nghién ctu nhi€u nhat cd lién quan téi
phuong phap xtt ly réc thai bang enzyme.
HRP ¢6 thé xtc tadc phan tng oxy hod mot
phé rong cac hop chat thom doc bao gom
phenol, biphenol, aniline, benzidine va céac
hop chat thom di vong nhu hydroxyquinoline
va arylamine carcinogen nhu benzidine va
naphthylamine. San pham phan tng duoc
polyme hoa thong qua qua trinh khong co
enzyme xuc tic dan t6i hinh thanh cac chat
két tha co thé dé dang loai bo khoi nude hodce
nuéc thai nho qua trinh ling dong hodc loc.
HRP déc biét phtt hop vdi xe Iy nudc thai boi
nd giit nguyén hoat tinh ¢ pham vi rong pH
va nhiét do.

HRP c6 kha nang lam két taa nhiéu chat
thai kho loai bo cling véi nhiu hop chat dé
loai bo hon béng cach hinh thanh cac polimer
phtic tap c6 tinh chét twong tw nhw cac san
phdm polimer ctia cac hop chat dé loai bo.
Mot hé qua cta dac tinh nay d6i voi cac loai
nudc thai nguy hiém da duoc ching to khi
nguoi ta thay réng cac chat biphenyl duoc
polichloride hoa c6 thé bi loai bo khoi dung
dich khi két ttia véi phenol.



T.D. Togi, T.T. Hong / Tap chi Khoa hoc DHQGHN, Khoa hoc Ty Nhién va Cong nghé 23 (2007) 75-85 77

Nguoi ta da dung peroxidase chiét xuat
ttr ca chua va da huong nuéc d€ polimer hod
cac co chat phenol. Cac peroxidase nay co
kha néng loai bo co chat guaiacol va cac loai
ré cay da tap trung cac chat 6 nhiém phenol
trén bé mat ré. Cac enzyme peroxidase c6
trong 1é cdy c6 kha nang gitip han ché’ toi
thiéu sy hap thu cac hop chéat phenol vao
trong cay bang cach tap trung ching kéo ra
bé mit cua ré.

Peroxidase con duoc st dung d€ cai thién
qua trinh khtt nuwéc bang cdn phosphate. Cén
phosphate chita mot lwgng dang ké nhu dat
sét co thé treong nd ¢d kich thudc nho va vi
tinh sa ldng ctia né nén lam cham qud trinh
khtt nwdce [5]. Dung peroxidase trwedc khi xt
ly béng can phosphate s& tao nén mot lién két
co hoc manh hon gitta cac phan tx cua chat
long va peroxidase thuc day manh sy sinh
treong cua tdo va ndm moc, co loi cho viéc
tap trung cac phan t, tao tinh nhdt va tao
gel. Nhuw vay, khi d nhot tang va tao gel sé
gitip cho viéc tao 16p lang can.

Chloride peroxidase (ky hiéu EC
1.11.1.10) xtc tac phan tng dac hiéu [6].
Ngoai kha nang oxy hoa mot vai hop chat
cua phenol, Chloroperoxidase tit nam
Caldariomyces fumago [7] con cho thay kha
nang xuc tac cac phan tng van chuyén oxy
nhe phan Ung oxi hod ethanol thanh
acetaldehyd hodac oxy hoa khtt cac ion clorua.
Cdc enzyme phan gidi lignin (phdan Iép EC.1.11)
[8].

Lignin la mot trong cac polysaccharide
cua thanh t€' bao ctia thue vat, néi dung hon
la mot polymer vong thom. Lignin la mot dai
phan t&, c6 khoi lugng phan ti lon hon
10.000. Lignin c6 cdu trac nhiéu vong thom,
c6 ddc tinh khong wa nudc. Do dé rat kho
phan huy. Vi vay, cac enzyme phan giai
lignin c6 vai troé quan trong trong chu trinh
van chuyén carbon trén trai dat.

Vé& cdu tao, lignin gom cac mach
phenylpropanoid phttc tap, cau tric khong
dong nhat (heterogeneity). Chinh vi tinh chat
d6é nén viéc phan huy sinh hoc lignin
(biodegradation) can doi hoi hé enzyme oxy
héa manh. Trong cac enzyme oxidase phan
huy lignin, enzyme c¢6 hoat tinh rat manh la
Ligninase (Lignin peroxidase) va Manganese
peroxidase EC 1.11.1.13. Enzyme Manganese
peroxidase xtic tac phan tng ddc hiéu phan
huy H,O; [9].

Manganese peroxidase (MnP) xtc tac
phan ting oxy hoa mot vai loai phenol don
vong va sac t§ vong, nhung nhitng phan ting
nay phu thudc vao sy cé mdt cia Mg? va
dém. Trén thuee t€, MnP xtc tac phan ¢ng oxy
hoa khtr Mn(Il) thanh Mn(Ill) khi c6 mit
ligand lam bén viing Mn(III). Két qua la tao
thanh phttc hop Mn(Ill) sau khi xay ra phan
tng oxi hod khtr cac chat hitu co.

Ligninase EC 1.11.1.14 [10] (LiP) la mot
phan cua hé théng enzyme ngoai bao cta
nam muc tréng Phanerochaete chrysosporium.
LiP c6 déc tinh gay khoang hoa nhiéu loai
hop chat thom kho xt ly va oxy hoa mot s6
leong 16n cac hop chat phenol va hop chat
thom da vong. LiP ¢6 dinh trén chat mang
x0p ceramic hodc trén mang silicon, né c6 thé
sit dung dé€ xtr ly cac rac thai nguy hiém kho
pha huy.

2.2. Cic oxidase thudc cdac phin lop oxidase EC.1.1

Trong phan l6p EC.1.1, L-galactonolactone
oxidase (EC 1.1.3.24) ¢6 y nghia ddi véi viéc
xtt 1y & nhiém mdi tredng. Enzyme nay xtc
tac phan tng ddc hiéu la phan tng oxi hoa
L-galactono-1,4-lactone thanh L-ascorbate [11].

L-galactonolactone oxidase tir ndm men
Candida norvegensis c6 thé dwoc dung dé€ bién
galactose tir qud trinh thuy phan lactose trong
dich sita chua thanh axit L-ascorbic. Enzyme
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nay da dwoc thit nghiém xt¢ Iy nwedc thai ctia
nha may ché'bién stra.

2.3. M{t so enzyme phin 16p khdc: Polyphenol
oxidase

Cac enzyme polyphenol oxidase la mot
ho khac trong nhém enzyme oxy hoa khtt c6
kha nang xtc tac cho cac phan tng oxy hoa
cac hop chat phenol. Cac enzyme nay duoc
chia thanh hai phan ho: tyrosinase va laccase.
Hoat tinh cia ca hai ho déu cin sy ¢ mat
clia oxy phan tir nhung khéng can c6 mit cac
coenzyme.

Tyrosinase c6 ky hiéu EC 1.14.18.1 [12]
con goi la polyphenol oxydase, phenolase
hay catecholase xtic tac cho hai phan ng lién
tiép: phan tng thit nhat la phan Gng thuy
phan monophenol nho oxy phén t thanh cac
o-diphenol va phan tng thit hai la phan ting
dehydrogen hoa cac o-diphenol nho oxy
thanh cac o-quinon. Céac quinon thuong
khong bén va bi polime hoa khéng can
enzyme thu dugc cdc hop chat khong tan
trong nuéc va dé dang bi loai bo nho qua
trinh két tta don gian.

Tyrosinase c6 dinh trén chitosan cho két
qua x&¢ ly hop chat phenol rat hiéu qua (loai
bd phenol 100%). Viéc c¢d dinh tyrosinase cd
uvu diém trong viéc gitt lai duoc cac enzyme
trong ban thé phan tng va bao vé chung
khong bi mat hoat tinh khi thuc hién cac
phan Gng voi quinon. Tyrosinase dugc c&
dinh van con giit dwoc hoat tinh ngay ca sau
10 chu trinh phan ting. Do vay di€u nay cho
thay su két hop gitra tyrosinase duwoc cd dinh
va chitosan 1a mot phuong an c6 hiéu qua dé
loai thai cac phenol doc.

Laccase (EC 1.10.3.2) la mot enzyme kim
loai xtc tac cho phan tng oxi hoa
hydroquinone thanh benzoquinone [13].
Trong trung tam hoat ddng ctia enzyme nay

c6 ion Cu?* tham gia. Dung laccase c§ dinh
trén chat mang d€ x& ly cdc thudc nhudém
anthraquinonic lam giam t6i 80% d6 doc cua
cac thudc nhudm nay [14]. So véi cac chat
hod hoc d€ khtr ddc ctia cac chat nhudm vai
thi laccase c6 cac wu di€ém quan trong hon
han vi xt ly bang phuong phap hoa hoc thi
hop chat azo cta chat mau nhuém vai
thuong chuyén vé cac dang amin twong tuw,
ma cac amin nay thuong la cac tac nhan dot
bién gay ung thu [15].

2.4. Ung dung két hop mot so enzyme dé phin
Qidi lignin

- Ung dung két hop Peroxidase va laccase

Qué trinh tdy tring gidy dugc ap dung
rong rai trong cong nghiép nghién bot gidy
d€ loai bo cac goc lignin trong bot gidy. Cac
goc nay la nguyén nhan lam cho bot gidy co
mau nau va duoc loai bo ma it ton kém béng
cach duing cac chét tdy trang nhuw chlorine va
cac oxid chlorine. Qud trinh tdy trang tao ra
dich long c6 mau nau den chita cac san pham
bi chlorin hod doc va cé kha nang gay dot
bién gay nguy hiém doéi véi modi truong.
Peroxidase va laccase c6 tac dung tich cuc
trong viéc xtt ly dich long sau qua trinh tay
noi trén va dang cd dinh cua cac loai enzyme
nay trong moi truong hop déu hiéu qua hon
so voi dang ti do.

- Ung dung két hop laccase véi manganese
peroxidase

Laccase két hop véi manganese
peroxidase tit ndm trang Dichomitus squalens
cing cho nhiing két qua rat kha quan dé
phan giai lignin. Pac biét, laccase c6 thé oxy
hoa cac hop chét phenol thanh cac goc anion
tie do twong tng c6 kha nang phan tng cao
do d6 Laccase con dugc sit dung dé x ly cac
hop chat Clo hodc phenol trong nudc thai cua
cac ché bién san pham chtra cellulose. Trong
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truong hop nay khi laccase két hop voi
manganese peroxidase ¢ dinh cho hiéu qua
dang k€. Nguoi ta da sit dung hai enzyme
nay c6 dinh trén mang siéu loc polysulphone
d€ loai bo cac hydrocarbon vong thom trong
nudc 6 nhiém boi dau mo [16].

3. Cac enzyme Hydrolase trong xt ly moi
treong

3.1. Cic enzyme thity phin amylose: cdc amylase

Trong cdu truc cua tinh bot, khdng chi ¢
lién két o(1- 4) glucosit tao nén thanh phan
cht yéu la amylose, ma con ¢ lién két a(1- 6)
glucosit tao nén phan nhanh amylopectin. Do
d¢6, viéc thuy phan hoan toan tinh bt can c
amylase véi nhitng tdc dong dac trung riéng
biét. Thi du: Exoamylase gom B-amylase va
v-amylase, day la nhitng enzyme thuy phan
tinh bot amylose tir ddu khong khtr ctia chudi
polysaccharide [17].

Cac Amylase la cac enzyme duwong hoa,
c6 kha ndng phan huy amylose va
amylopectin, glycogen va cac polysaccharit
twong tu giai phong glucose. Trong s cac
enzyme d6, mdi enzyme c6 mot chirc nang
phan biét. a-amylase (EC 3.2.1.1); f-amylase
(EC 3.2.1.2) tac dong lién két a(1-4) amylose
ctia tinh bot, o-amylase cit tinh bot thanh
dextrin, con B-amylase cdt tinh bot hoic
dextrin thanh maltose. Maltase tiép tuc ct
lién két o(1- 4) chia maltose d€ tao thanh
glucose. o(1-6)-gluosidase cat lién két phan
nhanh a(1-6) cia amylopectin d€ tao thanh
cac doan amylose [18].

Vi vay, cdc enzyme nay c6 y nghia quan
trong trong viéc phan huy phé’ thai chita cac
ngudn tinh bot tir cac lang nghé lam bun,
banh da, banh cudn, ché& bién ndng san ngd
khoai, san ... Tt cic phé thai lwong thuc nay,
nho cac amylase c¢6 thé dung dé san xudt
alcohol. Ciing nho cidc enzyme duong hoa

o-amylase va glucoamylase, tit cac phé’ thai
luong thuc chita tinh bt cta cac day chuyén
quy trinh ché bién thitc dn cé thé san xuat
mang bao goi c6 tinh chat phan huy quang
hoc va sinh hoc. o-amylase triedc tién duoc
dung d€ phd v& cac phan ti tinh bdt mach
dai d€ tao thanh nhitng manh nho. Tiép theo
glucoamylase tac dung tao thanh glucose
thong qua qua trinh dwong hoa (hon 90%
tinh bot dwoc chuyén thanh duong). Glucose
duoc lén men thanh axit lactic nho ching vi
sinh vat san sinh axit lactic. Axit lactic cudi
cung duoc thu lai, tinh sach va dung d€ san
xudt mang bao goi kiéu nay. San pham cudi
cung chita 95% axit lactic va 5% cac chat thai
an toan véi moi trueong [19]. O nudc ta, viée
nghién ctu st dung cac enzyme vi khuan
amylase d€ xtt ly nudc thai cua cac lang nghé
lam ban, banh da da cé nhiing két qua dang
keé.

3.2. Cic enzyme phdn huy cellulose

Trong thap ky qua, enzyme thuy phan
cellulose ngay cang duoc quan tam. Sy quan
tdm nay la do cdc enzyme nay c6 kha nang
thily phan chat thai chta cellulose, chuyén
hod cac hop chat kiéu lignocellulose va
cellulose trong rac thai tao nén nguén nang
luong théong qua cic san pham duong,
ethanol, khi sinh hoc hay cac cdc san pham
gidu nang luong khac. Thi du: tir cac chat
thai nha mdy gidy nhu cac san pham tir bot
gidy va gidy cd thé thu ngudn nang luong
nhu ethanol [20].

Hién nay van c6 sd luong 1én cic cong
trinh dé xuat nhiing phuong phdp c6 thé
thiec hién duoc trong viéc st dung cac
enzyme dé€ thuy phan cellulose cé trong cac
chat thai hitu co tai cac thanh phd'16n (MSW)
d€ thu cac san pham duong c6 thé 1én men
va cudi cung 1a tao ra ethanol va butanol.
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Trong cdu trac caa cellulose va
cellotetraose chu yéu la lién két B-(1-4)
glucosit. N6i chung, dé pha huy hoan toan
cau trac cua polysaccharide nay can ¢6 cac
Cellulase v&i nhitng tac dong ddc trung riéng
biét. Sau khi Cellulase (EC 3.2.1.4) (con goi la
endoglucanase D) va B-glucosidase (EC 3.2.1.21)
(con goi la cellobiase) pha huy khong chon
loc B-1,4-glucan thanh cac manh c6 khoi lugng
phan tt nho oligocellulose, enzyme cellobiosidase
(EC 3.2.1.91) con goi la cellobiohydrolase pha
huy ti€p cac manh nho nay cho téi don vi
nho nhat la duong don [21].

Nhuw vay, viéc thay phan cellulose, hay
néi mot cach ding dén hon la thiy phéan céc
polysaccharide cua thuc vat, khong phai chi
mot hodc hai enzyme la du, ma can téi mot
hé enzyme. Chinh vi vay, da c6 nhiéu nghién
ctu dé cap dén viéc san xuat cac ché pham
bao gdm mot s enzyme d€ xit ly phé thai la
cac polysaccharide thiec vat.

Thi du ché pham enzyme titr nam
“Econase” duoc st dung d€ nghién cttu hiéu
qua cua cac enzyme thuy phan cellulose doi
v6i viéc xtt ly MSW [22]. Ché pham Econase
c6 thanh phan chinh 1la endo-1,4-B-D-
glucosidase (EC 3.2.1.4), cellobiohydrolase va
exo-1,4-B-D-glucosidase (EC 3.2.1.74) va mét
s cac enzyme khac.

Véi cac tinh chat nhu néu trén, cac
enzyme cellulase da c6 nhitng tng dung
trong linh vic xt ly nudc thai nha may giay

Nguyeén liéu lam gidy la gd, sinh khdi ctia
thuc vat bac cao. Sinh khoi nay chita rat
nhiéu loai polysaccharide, trong do6 cac
polysaccharide quan trong quyét dinh dén
chat lwong s6 luwong gidy nhu cellulose.
Ngoai ra, con cd cac polysaccharide khac
cling gop phan quan trong nhu aminopectin,

pectin, xylans, galactomannan,... Vi vay,

nudc thai cia cac nha may gidy, cac co so ché

bién go cac xwong mdc, cac xuong san xudt

may tre dan déu chira cac loai polysaccharide
néu trén.

Do d6, ngoai cdc enzyme néu trén, véi
muc dich xt ly triét d€ nudc thai loai nay,
con c¢6 thé st dung bd sung mot sd enzyme
khac d€ phan huy cac polysaccharide khac
ngoai cellulose. Thi du nhuw: st dung
mannobiohydrolase (EC 3.2.1.10) goi la exo-
B-mannanase hodc mannan 1,2-(1,3)-0-
mannosidase (EC 3.2.1.77) va endo-B-
mannanase (EC 3.2.1.78) d€ pha huy mannan
[23], galactanase (EC 3.2.1.89) con goi la
arabinogalactanase d€ pha huy arabinogalactan
[24]. Cellulases va Hemicellulases d€ pha
huy hemicellulose. Hai enzyme cudi nay c6
thé san xuat tir nhi€u ching vi sinh vat, trong
dé c6 Cellulomonas biazotea [25].

3.3. Cic enzyme thity phin pectin

Pectin la heterosaccharide ctia thanh té&
bao thiec vat, cd cdu tao mach dai tao nén boi
cac don vi monosaccharide, gom cac lién két
(1,4)-a-D-galacturonic acid va cac methyl
ester:

Pectin la thanh phan quan trong ton tai
trong rac thai. Khong nhu cellulose, Pectin
kh6 phan huy. Vi vay phai tim dwoc cac
chiang vi sinh thich hgp d€ giai quyét van dé
nay. Trén co so& lea chon 100.000 gen khac
nhau cta ndm (Fungus) Aspergillus japonicus,
nguoi ta da tdch duoc cac enzyme phan giai
pectin (pectinolytic enzyme) nhu Pectinase,
Pectinesterase (Pectinmethylesterase 3.1.1.11).
Ngoai Aspergillus japonicus, gan day, nhi€u
nam khac cing dugc khao nghiém kha nang
phan huy tot pectin nhu: Euglena gracilis [26],
Ceriporiopsis  subvermispora [9], Aspergillus
fumigatus [27], Sitophilus oryzae [28], Aspergillus
niger [29], Clostridium thermosulfurogenes,
Clostridium  thermosaccharolyticum  Sitophilus
oryzae [30].
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3.4. Cic enzyme thuy phin protein

Protease thudc nhém enzyme thiy phan
protein dwoc st dung rong rai trong cong
nghiép thuyc phdm, Chéng han trong ché bién
ca va thit. Protease c6 thé thuy phan cac
protein ¢6 trong chat thai, d€ san xuat cac
dung dich déc hodc cac chat rén khé ¢ gia tri
dinh dudng cho ca hodc vat nudi. Protease
thuy phan cac protein khong tan thong qua
nhiéu budc, ban dau ching dugc hap thu lén
cac chat rén, cit cac chudi polypeptit tao
thanh cdc lién két long trén bé mat. Sau do,
qué trinh hoa tan nhiing phan ran xay ra véi
toc d6 cham hon phu thudc vao sy khuéch
tan enzyme lén b€ mat co chat va tao ra
nhing phan nho.

Chinh vi tinh chét trén ma protease duwoc
stt dung, mot mat dé tan dung cac phé'thai ti
ngudn protein d€ nhiing phé thai nay khong
con 1a cac tdc nhan gay 6 nhiém mai truong,
mot mat d€ xit ly cac phé’ thai protein ton
dong trong cac dong chay thanh dang dung
dich rtra tr6i khong con mui héi thoi [31].

Long tao nén 5% trong lwong co thé gia
cam va c6 thé duoc coi nhu la ngudn protein
cao trong tao nén cau truc keratin ciing dwoc
pha huy hoan toan. Long c6 thé duoc hoa tan
sau khi xt ly véi NaOH, lam tan bang co hoc
va bang cac enzyme thuy phén, nhw protease
kiém ttr Bacillus subtilis tao thanh san pham
c6 dang bot, mau xam véi ham lreong protein
cao ¢d thé duoc sit dung lam thic an.

Protease ngoai bao dwgc tiét ra tte Bacillus
polymyxa Bacillus megaterium, Pseudomonas
marinoglutinosa va Acromonas hydrophila cé
thé c6 dinh trong canxi alginat dé€ thuc hién
cac phan tng lién tuc thu dwoc san long cao
trong cac phan ng thuy phan thit ca [32].

3.5. Cic enzyme phd huy hop chit chiva halogen
Cac enzyme vi sinh vat pha huy hop chat
chita halogen, pha huy lién két carbon-

halogen c6 thé chia lam 2 loai haloalkane
dehalogenase and haloacid dehalogenase
(HAD) [33].

Rat nhi€u enzyme c6 vai tro trong viéc
khtt chlo nhu: 4-chlorobenzoate dehalogenase
(EC 3.8.1.6); 4-chlorobenzoyl-CoA dehalogenase
(EC 3.8.1.7); atrazine chlorohydrolase (EC
3.8.1.8); 2-haloacid dehalogenase (EC
3.8.1.10); 2-haloacid dehalogenase (EC
3.8.1.11). Mdi enzyme nay cd cac dic thu
riéng. Chéng han, Alkylhalidase EC 3.8.1.1
(halogenase) hoac haloalkane dehalogenase
(EC 3.8.1.5) [14], 1-chlorohexane
halidohydrolase xtc tac phan ting phan huy
haloalkane tao thanh aldehyde [34].

Atrazine la mot chat ddc diét co (herbicid)
hau nhu hoan toan khéng tan trong nudc
(33mg/lit), nhung nong d6 cho phép trong
nudce 1a 0,2 mg/lit. Mot s6 chung vi sinh nhue
Pseudomonas sp. strain ADP c6 kha nang
chuyén hod atrazine. Chung nay tiét ra
Atrazine chlorohydrolase xtic tac phan tng
chuyén hoa atrazine. Nhu vay, bang phan
tng Atrazine chlorohydrolase, atrazine ddc,
khong tan c6 thé chuyén hoa cic san pham
tan duoc va khong doc [35].

4. Cac 16p enzyme khac

4.1. Enzyme tham gia vao qud trinh khir doc cic
kim logi ngng. Khir 6 nhiém arsen

Khtt 6 nhiém arsen

Cac kim loai ndng nhu arsenic, dong,
cadmi, chi, crom va mot s6 kim loai khéc, déu
14 nhitng chat 6 nhiém nguy hiém tim thay
trong mot s6 dong nudc thai cong nghiép va
mo khai thic ciing nhu cac chat thai ran, buin
thai cua thanh. Hién nay, van dé€ 6 nhiém
arsen dang la van dé thoi s, can cap bach
giai quyét. Trong khudn khd cua bai bao,
chang t6i trinh bay quan diém s dung
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enzyme vi sinh gop phan vao giai quyét van
dé nay

Trong cudc sdng, con nguoi ti€p xdc voi
arsen qua khong khi, nudc uéng va thiic an.
Luwong arsen di vao co thé hang ngay c& 20-
300ug voi khoang 25% la arsen vd co, phan
con lai la arsen hitu co. Cac dang arsen hitu
co trong thitc &n nhw asenobetain,
asenocholin tuong d6i khong doc, nguoc lai
cac dang arsen vO co lai rat doc, véi li€u
luong gay chét ¢ nguoi la 100-200 mg oxyt
arsen. Trén thé gidi, ngudén nudc ngdm co
chta arsen trén 50ug/L duwoc phat hién o
nhiéu nwdc nhu Achentina, Mehico,
Myanma, Viét Nam, v.v...

O Viét Nam, theo két qua nghién ctru ctia
nhiéu tac gia cho thdy, ham luong arsen
trong cac giéng khoan cé nong do téi 50ug/L,
tham chi c6 noi cao hon 150ug/L. Nhu vay
vin dé 6 nhiém arsen trong nudc giéng
khoan dung cho sinh hoat tai néng thon va
ngay ca mot sd noi trong thanh phd ctia Viét
Nam la mét thuee trang dédng lo ngai da anh
huong téi st khoé con ngwoi.

Viéc xtt ly nhiém ddc arsen bing phuong
phap hoad hoc rat khé khan. Phuong phéap
enzyme c6 thé khic phuc duoc nhitng khé
khin. Nguyén tic chung ctia phuong phép
enzyme la chuyén hoa Arsenite (hod tri III)
rat doc thanh Arsenat (hod tri V) it d6c hon,
hodc chuyén hod Arsen dang v0 co sang
dang hitu co. Arsen trong dang hitu co it doc
hon trong dang v6 co. Chang han, enzyme
Arsenate reductase (con goi la arsenite
oxidase) (EC 1.20.98.1) ttit chung Alcaligenes
faecalis, xtc tdc cho phan tGng chuyén hoa
Arsenite (hod tri III) rdt doc thanh Arsenate
(hoa tri V) it doc hon [36], hoac arsenate
reductase (donor) (EC 1.20.99.1) (con goi la
glutaredoxin), te chung Chrysiogenes
arsenatis xuc tac phan ung chuyén hoa
Arsenite [37]. Chat cho electron ¢ phan tng

nay c6 thé la benzylviologen hodc mot s6
chat khac hodc cting cé thé chuyén hoa
arsenite dang vd co sang dang hittu co
(methylarsonate) nho' Arsenite methyltransferase
(EC 2.1.1.137) xtic tac phan tng [38] chuyén
hod cac arsenite thanh methylarsonate it doc
hon nho S-adenosyl-L-methionine.

4.2. Enzyme tham gia vdo xtr Iy cdc chdt co hoat
tinh bé mat

C4c tac nhan co hoat tinh bé mat hay hoat
dong bé mat 1a cac chat hitu co, d6 1a cac
phan tt ¢6 tinh phan cic manh va la thanh
phan co ban cua chat tdy. Cac chat ¢ hoat
tinh bé mat c6 thé gay ra sy 6 nhiém nghiém
trong khi ¢ nong d6 cao vi du nhu tir cic nha
mdy xa phong, hé thong thoat nudc thanh
phd va co thé phat sinh cac hién twong khong
mong mudn nhuw viéc tao bot [37].

Alkylsulfatase tit Pseudomonas C12B
Pseudomonas putida hodc tiv Pseudomonas
aeruginosa [38] c6 thé lam giam hiéu suat cac
chét c6 hoat tinh bé mat xudng téi nong dod
750 mg dm®. Enzyme nay dac hiéu vdi cac
goc alkyl sulfate, va ¢ thé pha huy hoan toan
goc alkyl sulfate, alkyl ethoxy sulfate hodc
aryl sulfonate trong cac chat c6 hoat tinh bé
mdt. Tuy nhién, trén thuc t€, enzyme nay
khong thé tan cong cac alkane sulfonate. No6i
chung, alkylsulfatase hita hen mot ting dung
trong twong lai vé€ viéc xit ly mot pham vi
rong cac chat cd hoat tinh bé mat c6 trong
nudc thai.

4.3. Enzyme xw ly chat thdi xyanua, Cyanide
hydratase

Nguoi ta wdc tinh rang mdi nim b
khoang 3 triéu tan xyanua dugc st dung trén
toan thé gidi vao cac muc dich cong nghiép
khac nhau nhu cac san pham hoa hoc trung



T.D. Togi, T.T. Hong / Tap chi Khoa hoc DHQGHN, Khoa hoc Ty Nhién va Cong nghé 23 (2007) 75-85 83

gian, tong hop to sgi, cao su va duoc liéu
cing nhr cac mdé quing va ma kim [39].
Ngoai ra, nhiéu loai thwce vat, vi sinh vat va
con trung cling cé kha nang thai ra HCN
cung voi cac enzyme thuy phan. Cubi cung,
thuc pham hau hét déu chita mot ham lwgng
ding k& xyanua bat ngudn tir cyanogenic
glycoside c6 nguon goc tir mot vai loai thiee
pham. Khi ¢ mat xyanua sé ttc ché qua trinh
trao doi chat, c6 thé gay chét nguoi va cac
sinh vat khac, can phai loai bo ching trude
khi thai ra mdi trieong.

Cyanide hydratase (EC 4.2.1.66), hoac
formamide hydro-lyase la mdt enzyme co
kha ndng chuyén hoa cyanide [39] trong
nudc thai cong nghiép thanh amoniac va
formate thong qua mot budc phan tng [40].

Cyanide hydratase duoc phan lap tir moét
vai loai ndm va duogc tao ra tit ndm khi nong
d6 xyanua thap. Khi dugc c6 dinh, tinh bén
cua Cyanide hydratase ting lén nhiéu va
enzyme tir Gloeocercospora sprrghi bén viing
hon t& Stemphylium loti [41]. Cyanide
hydratase ttt ndm thich hop dé x ly cac chat
thai cong nghiép chira xyanua.

Mot s6 vi khuan Gram-(-) nhw Alcaligenes
denitrificans cling tiét ra cyanidase c6 ai luc
dd bén cao va c6 kha nang loai xyanua &
ndng do rat thap, vi du nhu < 0.02 mg dm
CN. Sau nay, khi cong nghé sinh hoc phat
trién, nguoi ta da tach dugc gen cyanidase tie
Pseudomonas stutzeri AK61 [39] Pseudomonas
pseudoalcaligenes [42].

Hoat tinh cia cyanidase khong bi anh
hudng baéi cac ion thong thuong cé mat trong
nudc thai (vi du nhue Fe*, Zn?* va Ni?*), hay
bdi cdc chat hitu co nhu acatat, formamide,
acetamide va acetonitrile. pH t6i wu trong
khoang 7.8-8.3 va mat hoat tinh hoan toan,
khong phuc hoi khi pH cao hon 8.3 [40].

Tom lai, viéc st dung enzyme trong xt ly
phé thai c6 mot tuwong lai day hita hen. Bay

la mét trong nhitng hudng nghién cttu tng
dung d€ st dung c6 hiéu qua enzyme trong
cong nghé xi ly phé thai sinh hoat 6 nudc ta
hién nay.

Cong trinh dwgc hoan thanh dwdi sw hé trg
kinh phi ctia Chwong trinh Nghién citu co bin
trong Khoa hoc Ty nhién.
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The future of Enzyme application in waste treatment
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The implementation of increasingly stringent standards for the discharge of wastes into the
environment has necessitated the need for the development of alternative waste treatment.

Nowadays, it is well known a number of enzymes derived from a variety of different plants and
microorganisms has been reported to above 3000 ones more. Among these, many of them lay an
important role in an array of waste treatment applications. Enzymes, especially Hydrolases, and
Oxidoreductases can act on specific recalcitrant pollutants to remove them by precipitation or
transformation to other products. They also can change the characteristics of a given waster to render
it more amenable treatment or aid in converting waste material to value-added products.

Enzymes seem to have a promising future. There is a presentation of some enzymes have
successful application in waste treatment. However, further research need determine which enzyme is
best corresponding to reality and to optimize the enzymatic process as a whole.
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