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TINH CHE PEROXIDASE TlT CU CAI T R A N G RAPHANUS SATIVUS VAR HORTENSIS 
VA UTNG DVNG TRONG XET NGHIEM ETHANOL 

Nguyen Thanh Thuy, Dirorng Anh Tudn, Vu NguySn Thanh 

Vi^n Cdng nghiep Thuc phdm 

T6M TAT 

Peroxidase la nhom enzyme chiia heme, oxy hda ca chat su dimg H2O2 va dugc ung dung rgng rai trong 
xet nghiem sinh hda. Peroxidase hien nay chii yeu dugc thu nhan tu cai ngua Armoracia rusticana, mgt loai 
cay chi mgc d cac viing on ddi. Nham tao su thay the hgp ly ve nguon nguyen lieu, trong nghien ciiu nay, 
peroxidase tii cu cai trang Raphanus sativus var hortensis dugc khao sat tinh che. Dich cu cai vdi boat tinh 
peroxidase ban diu 29 U/ml dugc tinh chi 190 lan sir dimg cac phuang phap kSt tiia bing (NH4)2S04, s5c ky 
trao dli ion va loc gel. Enzyme thu nhSn dugc co boat tinh 810 U/ml, hoat tinh rieng 3237 U/mg protein, kich 
thudc phan tti 43 KDa theo SDS-PAGE. Peroxidase tii cu cai trang dugc thu nghiSm umg dung trong xet 
nghiem ethanol dua tren he alcohol oxidase - peroxidase ket hgp vdi phan iing tao mau svt dyng co chat 
3,3',5'5'-tetramethylbenzidine. Phuang phap enzyme cho phep phat hien ethanol d miic 25 ppm. Tuong quan 
tuy^ tinh dugc xac dinh trong dai nong do ethanol tii 50 ppm tdi 500 ppm. 

Tir khoa: Cu cai trdng, ethanol peroxidase, Raphanus sativus, tinh che, xet nghiem 

M6DAU 

Peroxidase (EC 1.11.1.7) la nhdm enzyme 
chiia heme, oxy hda ca chit sfr duflg H2O2, frong 
do heme ddng vai frd trung tam xiic tac. 
Peroxidase dugc tach chilt va tinh chi tu nhieu 
nguin khac nhau trong dd cd vi khuin, nim va 
thuc vat bac cao. Dua vao dac dilm trinh tu amino 
acid, dac dilm phuc kim loai, peroxidase dirge 
chia lam 3 nhdm chinh. Nhdm thu nhit bao gim 
cytochrome-c peroxidase cua nam men, ascorbate 
peroxidase luc lap va peroxidase cua vi khuan. 
Nhdm thfr hai la lignin, mangan peroxidasfc ngoai 
bao cua nim. Nhdm thfr ba bao gIm cac 
peroxidase dugc tilt ra bdi tl bao thuc vat bac cao 
(Amaldose?a/.,2001). 

Trong si cac peroxidase dugc nghien cuu ky 
phai nhac tdi horseradish peroxidase (HRP). Day 
Cling la loai enzyme dugc san xuit d quy mo 
hiong dli Idn nhim iing dung frong cac muc dich 
khic nhau, vi d\i nhu trong cac xet nghiem sinh 
hda va miin dich (Veitch, 2004). Horseradish 
peroxidase dugc tach chilt tfr cai ngua Armoracia 
rusticana, mdt loai cay chi mpc d cac vung on ddi. 
Trong nghien cuu nay, chiing toi thfr nghiem tach 
chilt, tinh chi peroxidase tfr cii cai fring 
Raphanus sativus var hortensis vi frng dung frong 
x6t nghifm ethanol nhim tao s\r thay thi hgp ly vl 
nguon nguyen lipu. 

NGUYEN/VAT LIEU VA PHUONG P H A P 

Nguyen lif u 

Cii cai fring R. sativus var hortensis svt dvmg 
frong nghien cfru la loai cu cai dung cho thuc pham 
va dugc mua tii chg Ha Npi. Phin cii (400 g) dugc 
rua sach, cit nhd, bo sung them (100 ml) dem Tris-
HCl 0,1 M, pH 7,5 va nghiln min bing may xay sinh 
tl. Hdn hgp dugc ly tam d 10000 g frong 10 phut d 
4°C dl thu nhan phin dich frong (dich enzyme glc). 

Ket tua bing (NH4)2S04va loai muli 

Enzyme thd dugc kit tiia bing each bl sung tu 
tii (NH4)2S04 da nghien min cho tdi khi ning dp dat 
80% (w/v) va dl qua dem d nhiet dp 4°C trong dilu 
kien khuiy nhe. Hdn hgp dugc ly tam d 10000 g 
frong 10 phiit d 4°C. Phin kit tiia dugc hda tan lai 
frong 2 ml dem Tris-HCl 20 mM, pH 7,5. Dung djch 
enzyme tho dugc loai muli (chu ylu la ammonium 
sulphate) bing sic ky Ipc gel sfr dung Sephadex™ 
G-25 Medium (Amersham Biosciences, Thuy Diln), 
kich thudc cot gel 2 cm x 10 cm da dugc canliing 
vdi dem Tris-HCl 20 mM, pH 7,5. Qua tiinh sic ky 
dugc thuc hien fren fren thilt bi AKTA Prime 
(Amersham Biosciences, Thuy Diln), rfra dai bing 
Tris-HCl 20 mM, pH 7,5 vdi tic dp ddng 0,5 
ml/phut. Qua hinh rOra dai dugc theo doi bMig cam 
biln UV (280 nm) va dp din dien sfr dyng phin mim 
PrimeView 1.0 (Amersham Biosciences, Thuy Diln) 
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ket hgp vdi SDS-PAGE (Sambrook et al, 1989), 
dinh lugng protein tong so (Lowry et al, 1951) va 
phan tich hoat tinh. 

Sac ky trao dli ion DEAE Sepharose 

Cac phan doan mang boat tinh (xap xi 20 ml) 
dugc don lai va nap vao cot frao doi ion DEAE 
Sepharose^^ Fast Flow (Amersham Biosciences, 
Thuy Diln) (kich thudc cot gel 2,5 cm x 20 cm) da 
can bing vdi Tris HCl 20 mM, pH 7,5 vdi tic dp nap 
1 ml/phut. Enzyme peroxidase dugc riia dai bang 
gradient NaCl (tii 0 din IM) frong dem Tris HCl 20 
mM, pH 7,5 vdi tic dp 0,5 ml/phut fren thiet bi 
AKTA Prime. 

Sic ky loc gel Superdex 200 

Cac phan doan mang hoat tinh tii cong doan fren 
dugc ddn va cd tdi dung tich 1,5 ml sfr dung mang ly 
tam Centriprep 10 (Amicon, My) d 5000 g va nap 
vao cot Superdex™' 200 (Prep Grade, Amersham 
Biosciences, Thuy Dien; kich thudc cot gel 2 cm x 
80 cm). Enzyme dugc rua dai bang dem Sodium 
Acetate 10 mM, pH 5,0 vdi tic dp 0,5 ml/phiit. 
Nhirng phan doan mang hoat tinh cao nhat dugc thu 
nhan. 

Xac d|nh hoat tinh peroxidase 

Hoat tinh peroxidase dugc xac dinh thdng qua 
kha nang oxy hda ca chat 3,3',5'5'-
teframethylbenzidine (TMB) (MP Biomedicals, 
Phap) vdi su cd mat cua H2O2. Phan frng oxy hda 
dugc theo ddi thdng qua su thay dli mat dp quang d 
budc sdng 652 nm cua dung dich phan frng chua 
TMB 0,3 mM, H2O2 1 mM, CaC^ 5 mM frong dem 
Sodium Acetate 100 mM, pH 5,0 sfr dung thiet bi 
UV-1650PC (Shimadzu, Nhat). Mot dom vi enzyme 
(U) dugc xac dinh bdi so micromole TMB oxy hda 
frong mpt phut d 25°C. He sd hip thu (e) cho dang 
oxy hda cua TMB d budc sdng 6152 nm la 3,9x10" 
M'cm"' (Amaldosetgl,2001). 

Xac dinh nong dd ethanol bing phan frng 
oxidase-peroxidase 

Ethanol dugc dinh lugng theo nguyen ly ciia 
phan ling: 

alcohol oxidase 
CH3CH2OH -^02 > CH3CHO -HH2O2 

peroxidase 
H2O2 + S-2H^ > 2H2O + Sox 

Ch^t mau, TMB 

Phan ling dugc tiln hanh trong dem SPB 
(sodium phosphate buffer 50 mM, pH 7,0). TMB 
dung frong phan frng tao mau khdng tan frong nude. 
D I tao dang tan, TMB diu tien dugc hda frong 
DMSO tdi ndng dp 50 mM sau dd dugc pha loang 
bing dung dich P-cyclodextrin (Wako Pure 
Chemicals, Nhat) 0,25% frong SPB tdi ndng dp 0,5 
mM. D I xac dinh ethanol, 0,5 ml dung dich mlu 
pha frong SPB 50 mM, pH 7,0 dugc bd sung vao 1 
ml dung dich chfra TMB 0,45 mM, alcohol oxidase 
(MP Biomedicals, Phap) 0,2 U/ml; peroxidase 1,5 
U/ml frong SPB. Phan ung dugc thuc hien d nhiet dp 
phdng frong thdi gian 20 phut. D I dimg phan ling, 
0,5 ml HCl 0,8M dugc b l sung va mat dp quang 
dugc do d budc sdng 450 nm sfr dung thiet bi UV-
1650PC. Ndng dp ethanol frong mlu dugc tinh toan 
dua fren dudng chuan xay dvmg vdi cac ndng dp 
ethanol khac nhau. 

KET QUA VA THAO LUAN 

Tinh chi peroxidase tfr cu cai trang R. sativus var 
hortensis 

Khi kiem fra vdi dich chiet tu cu cai frang san cd 
tren thi trudng chiing tdi nhan thay loai cai nay mang 
boat tinh peroxidase kha cao. Viec khai thac ngudn 
enzyme tii cai frang cd the han che su phu thudc vao 
enzyme nhap khau, dac bidt khi nhu cau frng dung 
cao. Hoat luc peroxidase phu thudc kha ldm vao chat 
lugng cai va thdi gian bao quan sau thu hoach. Dich 
chiet cu cai (da bd sung dem) cd boat tinh peroxidase 
29 U/ml, ham lugng protein 1,73 mg/ml (Bang 1). 
Neu khdng tinh lugng dem bd sung, ban than dich cu 
cai cd boat tinh 38 U/ml va ham lugng protein tuomg 
ling la 2,3 mg/ml. Ket tua bang (NH4)2S04 va loai 
mudi cd the nang hoat luc enzyme len 126 U/ml vdi 
mfrc dp tinh che 14 lan. Tren thuc te, peroxidase thu 
nhan bang ket tiia phan doan tfr cu cai fring cd the 
ling dung true tilp frong mpt si test nhu xac dinh 
ham lugng thuy ngan frong nude thai (Tran Thi 
Hdng et al, 2008). 

Peroxidase tfr cu cai frang cd the dugc hap phu 
va tinh chi sfr dung cot anion ylu DEAE. Hoat luc 
peroxidase dugc phat hien d cap phan doan tu 72-88 
tuomg ung vdi pic Idn nhit frong phi riia dai (Hinh 
1). Dien di SDS-PAGE cho thay ham lugng quan 
tam chi chiem dudi 20% protein ting si. Mfrc dp 
tinh che cua peroxidase cua dich enzyme sau cpt 
DEAE dat 39 lan, tang 2,7 lan so vdi dich sau kit tiia 
va loai mudi (Hinh 1, Bang 1). 
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Lpc gel sfr dung cdt Superdex 200 cho dp phan 
giai cao ban so vdi phuong phap frao dli ion su 
dimg DEAE. Phd rua dai tao 3 pic kha rd net, trong 
dd hoat tinh peroxidase tap h^ng d pic diu tien 
(Hinh 2). Ciing gidng nhu nhilu loai peroxidase 
khac, peroxidase cii cai fring d ndng dp nhit dinh cd 
mau nau hdng. Sir khac biet Idn vl mau sic so vdi da 
si cac protein khac frong nguĵ en lieu la ylu td thuan 
Ipi frong qua tiinh tinh chi. San phim enzyme 
peroxidase culi cung cd boat luc 810 U/ml, boat tinh 
rieng 3237 U/mg protein, dp tinh sach 190 lin (gip 
4,9 lan so vdi san phim sau trao ddi ion) (Bang 1) va 
chi chua mdt luong nhd protein nhilm tap (Hinh 2). 
Peroxidase tii cu cai fring R. sativus var hortensis cd 
frpng lugng phan tii xap xi 43 kDa, thap han mpt 

chiit so vdi horse radish peroxidase (44 kDa) 
(Veitch, 2004). 

Nhu vay peroxidase tu cu cai tring cd thi 
dugc thu nhan vdi dp tinh khilt va hoat luc cao 
bang cac phuang phap kit tiia, trao ddi ion va lpc 
gel. Ket qua nay tuang duomg vdi nhirng cdng bl 
tinh chi peroxidase trudc day tu md thuc vat. 
Arnaldos va cdng su (2001) da tinh chi dugc san 
phim peroxidase cd dp sach gip 141,9 lin so vdi 
dich enzyme thd tu md dau tay bing trao ddi ion 
va lpc gel. Su dung cdng nghe mang, Guo va 
Ruckenstain (2003) cung da thu nhan horse radish 
peroxidase vdi muc dp tinh chi 142 lin so vdi 
dich chiet ban diu. 
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Hinh 1. Pho rCra dai peroxidase ti> cu ci i trang qua cpt trao doi ion DEAE Sepharose (trii) v i SDS-PAGE cua nhQ'ng phin 
doan mang hoat tinh peroxidase (phai). Mui ten chi pic mang hoat tinh peroxidase (hinh trai) v i bang peroxidase dy kien 
(hinh phii). HRP - Horse radish peroxidase thu-ang pham. 

Hinh 2. Phd rira dai peroxidase tO cu ci i trang qua c6t Igc gel Superdex 200 (trii). SDS-PAGE cua sin phim tinh chi theo 
cic cdng dogn. 1 - djch chilt cu c i i ; 2 - dich sau ket tua v i loai muoi; 3, 4 - s in pham thu hdi sau DEAE, 5 - sin phim sau 
Igc gel Superdex 200, 6 - Horse radish peroxidase thu'O'ng pham. Mui ten chi pic mang hoat tinh peroxidase (hinh trii) v i 
bang peroxidase dy kiln (hinh phii). 
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Bang 1 . Hogt tfnh enzyme peroxidase tCr cu cai trang sau cic bu'dc tinh che. 

Ten mau Hoat tinh peroxidase Tdng protein Hoat tinh rieng, iMfrc dp tinh che 
(U/ml) (mg/ml) (U/mg protein) /||p\ 

Dich chiet cu ci i 

Sau Igc gel G-25 

Sau trao doi ion DEAE 

Sau Igc gel Superdex 200 

29 

126 

156 

810 

1,73 

0,52 

0,24 

0,25 

17 

241 

663 

3237 

1 

14 

39 

190 

Ung dung peroxidase thu nhan duffc trong xac 
dinh ethanol 

Hien nay frong cdng nghe len men, ndng dp 
ethanol thudng dugc tinh toan thdng qua viec xac 
dinh nhiet dp sdi cua dung dich. Tuy nhien, phuong 
phap nay thudng chi dugc ap dung ddi vdi dung dich 
cd ndng dp cdn tuang ddi cao (>2%). Vdi ndng dp 
cdn thap hom, phuang phap phd bien la sfr dung sac 
ky ldng cao ap (HPLC). HPLC cho ket qua chinh xac 
nhung gia thanh cao va khd thuc hien ddi vdi mdt 
lugng mau ldm. Trong trudng hgp nay, xac dinh 
ethanol bang phuang phap enzyme la lua chpn thich 
hgp bdi quy trinh phan tich dom gian, khdng ddi hdi 
thiet bi dat tien, thdi gian phan tich ngan, do nhay va 
dp chinh xac cao. 

Phan ldm cac kit xac dinh ethanol boat dpng 
dua tren phan frng xiic tac bdi alcohol 
dehydrogenase vdi su cd mat cua NAD. San pham 
NADH tao ra dugc do bang su thay ddi mat dp 
quang frong vung anh sang tii ngoai. Nguyen ly nay 
cd nhugc diem la phan ung khdng quan sat dugc 
bang mat thudng va thanh phan mdi trudng cd the 
anh hudng tdi ket qua nlu hap thu anh sang tu 
ngoai. Do dd chung tdi lira chpn phuomg phap dinh 
lugng ethanol su dung he enzyme alcohol oxidase, 
peroxidase va chat mau TMB theo Gonchar va 
ddng tac gia (2001). Tuy nhien, trong cdng bd nay 
ndng dp oxidase va peroxidase khdng dugc thdng 
bao cu the. Sau khi thu nghiem d cac ndng dp 
enzyme khac nhau, thanh phan phan ung thich hgp 
dugc xac dinh bao gdm TMB 0,3 mM, alcohol 
oxidase 0,13 U/ml, peroxidase 1 U/ml (xem phan 
phuang phap). San pham oxy hda cua TMB hinh 
thanh dang phfrc truyen dien tich (charge-fransfer 
complex) cd mau xanh duomg, hap thu cao nhat d 
budc sdng 370 nm va 652 nm. O dieu kien trung 
tinh phuc nay chuyen sang dang dimer cua diimine, 
tao mau cam-nau va chuyen dan thanh nau. Viec 
dung phan ung bang HCl se chuyin cac dang oxy 
hda cua TMB thanh diimine bin va cd budc sdng 

hip thu cao nhat d 450 nm (Josephy et al, 1982). 

Su phu thudc cua mat dp quang d budc sdng 450 
nm (OD450 nm) va ndng dp ethanol frong mau dugc 
thi hien frong hinh 3. Vdi ndng dp ethanol frong 
mlu vugt qua 0,4%, mat dp quang dat frang thai bao 
hda. Bang phuomg phap enzyme chung tdi cd the xac 
dinh su cd mat cua ethanol frong mau d ndng dp 
0,0025% (25 ppm). Quan he tuyen tinh dugc xac 
dinh trong dai ndng dp tii 0,005% (50 ppm) tdi 
0,05% (500 ppm) vdi he sd tuang quan hdi quy 
tuyen tinh R̂  = 0,998. Thdi gian phan frng dugc xac 
dinh tdi uu la 20 phiit d 25°C. Vdi thdi gian phan 
ling dai hom (>30 phiit) chiing tdi thu nhan dugc he 
sd tuomg quan hdi quy R^ thap hom 0,97. Thdi gian 
phan ling ngan hom it anh hudng tdi dp tuyin tinh 
cua ket qua, tuy nhien gay khd khan frong viec dam 
bao dp ddng deu ve thdi gian giua cac mau. Phuomg 
phap phan tich ethanol bang enzyme cd the dupe 
thuc hien d quy md 200 pl/phan ung sfr dung cac 
khay vi dia. 

Do cd dp nhay cao, phuomg phap phan tich 
ethanol bang enzyme cd the dugc frng dung mdt each 
hieu qua ddi vdi cac mau pham cd ndng dp ethanol 
thap khi phuang phap do nhiet dp sdi khdng dam bao 
dp tin cay va cac phuang phap sic ky nhu HPLC, GC 
cd gia thanh qua cao. Trong mdt nghien cfru sang lpc 
cac chung nam men cd kha nang len men dudng 
xylose tii thien nhien Viet Nam, kha nang len men 
dugc chung tdi xac dinh thdng qua ndng dp ethanol 
trong canh trudmg nudi ciy chua dudng xylose. Tfr 
1177 chung nam men ddng hda dudng xylose cd 117 
chiing nam men dugc xac dinh la cd kha nang sinh 
ethanol tii dudng xylose. Ndng dp ethanol tao ra frong 
canh trudng nudi ciy ciia cac chiing dao dpng frong 
khoang tii 0.01% tdi 1.67%. Ciing frong nghien cfru 
nay, ngoai enzyme peroxidase tfr cu cai tring chiing 
tdi da tiln hanh tinh che alcohol oxidase tu nim men 
Pichia pastoris va cho thiy ca hai enzyme thu nhan 
dugc diu cd the thay thi enzyme thuomg phim (kit 
qua chua cdng bd). 
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Hinh 3. Budng chuin the moi tu-cng quan gii>a mat do quang hgc (OD450nm) cua hon hgp sau phin Ong va nong dg ethanol 
trong mlu. 

KETLUAN 

Bing cac phuang phap kit tua, sic ky frao dl i 
ion, lpc gel chiing tdi da thu nhan dugc enzyme 
peroxidase tfr cu cai frang R. sativus var hortensis 
vdi miic dp tinh chi 190 lin, boat tinh peroxidase 
810 U/ml, boat tinh rieng 3237 U/nig protein. 
Enzyme peroxidase thu nhan dugc cd the iing dung 
trong xet nghiem ethanol. 

Ldi cam om: Nghien cim ndy dugc thuc hien trong 
khuon kho de tdi cdp Nhd nuac KC.04.07/06-10. 
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PURIFICATION OF PEROXIDASE FROM WHITE RADISH RAPHANUS SATIVUS VAR 
HORTENSIS AND APPLICATION IN ETHANOL ASSAY 

Nguyen Thanh Thuy, Duong Anh Tuan, Vu Nguyen Thanh* 

Food Industries Research Institute 

SUMMARY 

Peroxidases are a group of heme-containing enzymes that oxidase substrates at the expense of H2O2. 
Peroxidases have found wide appUcation in organic synthesis, biotransformation, immunoassays, and enzyme 
assays. The main commercial peroxidase is obtained from horse radish Armoracia rusticana, a cultivar of 
temperate zone. In this stody, peroxidase from white radish Raphanus sativus var hortensis was extracted and 
purified for application in enzymatic assay of ethanol. Peroxidase from tissue extract of white radish with 
initial activity of 29 U/ml was purified 190 times using precipitation with (NH4)2S04, ion exchanger and size 
exclusion chromatographies. The final peroxidase preparation has activity of 810 U/ml and specific activity of 
3237 U/mg protein. Peroxidase from white radish was tested in enzymatic assay for ethanol using an alcohol 
oxidase peroxidase system with 3,3',5'5'-tetramethylbenzidine as a chromogen. The detection limit for 
ethanol was 25 ppm and linear correlation was obtained at the ethanol concentration range from 50 ppm to 500 
ppm. 

Keywords: Enzymatic assay, enzyme purification, ethanol, peroxydas, Raphanus sativus, white radish 
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