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Tém tit: Catalase 13 enzyme c6 mit & peroxisome trong héu hét cac té bao hiéu khi va 1a mot thanh phan
trung tdm cua cac qua trinh khtr ddc, ngdn chan nhanh sy hinh thanh H,O, bé“mg cach xuc tac cho qua
trinh phan g1a1 H,0, thanh H,0 va O,. Trong nghién ctru nay, catalase tor Bacillus subtzhs PY79 da duoc
tinh sach bang phuong phap tia ammonium sulfate bao hoa ¢ nong d6 50% két hop vai sic ki trao d6i ion
am Q-sepharose va sdc ki trao dbi ion dwong CM-sepharose. Catalase tinh sach c6 hoat d6 riéng la
30717,2 U/mg va hiéu sut thu hoi dat 8,9%. Enzyme hoat dong trong khoang pH tir 5 - 11, nhiét d¢ 4 -
40°C va tbi thich tai pH 7,0; nhiét d6 37°C. Enzyme c6 gia tri K, v&i H,0, 13 14,4 mM va V,, dat
16294,83 U/mg. Ngoai ra, catalase tinh sach bi trc ché bai NaN;, FeCls, FeSO,, NaCl ¢ cac nf“)ng d6 lan
luot: 5 uM, 15 mM, 50 mM, 2 M va khong bi anh hudng bai MgSO, va MnSO, dén néng do 1 M.

Tir khéa: Bacillus subtilis PY79, catalase, tinh sach, tinh chét catalase.

1. Mé diu

Catalase (EC 1.11.1.6) la enzyme c6 mat &
hau hét cac sinh vat hiéu khi bao gém thuce vat,
dong vat va vi sinh vét [1]. Enzyme la mot
trong nhiing thanh phan trung tim cia cic quéa
trinh khir doc, ngdn chan nhanh chong sy hinh
thanh phan tmg hydroxyl bang cach xiic tac su
phan huy H,O, thanh H,O va O, [2]. Catalase
dién hinh hoat dong trong khoang pH 5 - 10, tdi
vu tai pH 6 - 8 va on dinh ¢ nhiét do tr
10 - 30°C [3]. Catalase tir cac nguén khac nhau
chu yéu 1a mot tetramer voi khdi lwong phén tir
(KLPT) tir 220 dén 270 kDa [4] va da duoc tng
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dung trong nhiéu quy trinh céng nghé sinh hoc
khac nhau. Do c6 hoat tinh phan giai nhanh
H,0, nén catalase c6 kha ning tc ché sy phan
giai ciia t& bao than kinh, apoptosis, viém, ldo
hoa va mot loat cac khdi u [5-9]; hd trg phan
phéi thude ndi bao [10] va st dung trong dinh
lugng cholesterol [11]. Theo mdt sO cong b
gin ddy, su giam cua catalase c6 thé dong vai
tro trong qua trinh bac toc sém & ngudi. H,O,
tu nhién dugc tao ra bdi cac hoat dong trao doi
ciia co thé va catalase co vai trd phan giai
chung rit nhanh. Do vy, néu ham lugng
catalase glam di, n6 s€ khong thé phan huy hét
H,0,, dan dén toc bi tdy trang tir bén trong.
Nhan dinh nay van dang dugc lam sang to voi
hy vong phat trién cac phuong phap chira bac
toc dira trén viée bo sung catalase [12].
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Catalase tr cac vi khuan khéc nhau da duoc
tinh sach va nghién ctru tinh chat nhu tir ching
V. rumoiensis S-1" [13], C. terrigena [14],
ching R. radiobacter 2-1 [15]. Bacillus subtilis
(B. subtilis) dugc xem nhu chung vi khuin c6
lgi cho con nguoi va da dugc st dung dé san
xuit cac ché phdm sinh hoc [16, 17]. Cho dén
nay, & Viét Nam chua c6 nghién ctru nio vé
tinh sach va xac dinh cac tinh chét cua catalase
tir nguon gdc tu nhién. Cac nghién ctru chu yéu
la dinh tinh va dinh Iugong hoat tinh cta catalase
¢6 trong mau dich chiét [18]. Vi viy, trong
nghién ctru ndy, ching t6i tién hanh nghién ctru
tinh sach va xac dinh mot sd tinh chit cua
catalase tir B. subtilis PY79 v6i muc tiéu tao
duoc ché phém enzyme cé d0 tinh sach va hoat
tinh t6t dé phuc vu cho cac nghién ciru tng dung.

2. Vit liéu va phwong phap nghién ctru
2.1. Vat liéu

Chung vi khuin B. subtilis PY79 1a qua
tang cua Gido su Simon Cutting, Pai hoc
Hoang Gia Holloway London, Vuong
qudc Anh.

Gel Q-sepharose Fast Flow, CM-sepharose
Fast Flow dugc mua tr hang GE Healcare
(M¥); HyO, dugc mua tu hang Sigma Aldrich
(M¥); thang chuan protein dugc mua tir Themo
scientific (M¥); cic hoa chit khac déu dugc
mua tlr cdc hing uy tin va dat do tinh khiét can
cho nghién curu sinh hoc phan tir.

2.2. Phwong phap nghién cuu

2.2.1. Nuéi cdy vi khudn va thu nhdn dich
chiét protein

Vi khudn B. subtilis tr méi truong thach
dugc cdy vao niam mdi trudong 16ng khac nhau
bao gom LB (Tryptone 1%, cao nim men 0,5%,
NaCl 1%); DSM (Nutrient Broth 8% g; MgSO,
1 mM; MnCl, 10 mM; CaCl, 1 uM; FeSO,
1uM); PYS (Peptone 1%, cao nim men 0,5%,
NaCl 0,5%); TBS ¢6 1% cao nim men (Peptone
1,5%, tryptone 0,5%, cao ndm men 1%, NaCl
0,5%) va moi truong ky hi€u MTS5 (Glucose

3%, peptone 0,5%, cao ndm men 0,2%,
NaH,P0,4.2H,0 0,61%, K,HPO,.3H,0 0,61%,
(NH4),SO4 0,3%, MgSO,.6H,0 0,3%) [19],
nudi cdy lac 200 vong/phit tai 37°C. Sau 14-16
gio, tré hoa té bao trong 1 lit mdi trudng sao
cho mat do t& bao Agyp =0,05 va cam ung vi
khuan sinh catalase bang cach bd sung cac nong
d6 khac nhau cia H,O, (cam tng 4 1an, mdi lan
cach nhau 10 phut) trong pha sinh truéng. Thu
nhan lai té bao vi khuan sau 0,5 - 3 gi® cim Ging
bang cach ly tm véi toe do 6000 vong/phut &
4°C trong 10 phut.

Dich chiét té bao di duoc thu nhin bing
cach hoa tan vi khuén trong 50 ml dém
phosphat 50 mM, pH 7,0 (d&ém A); si€u am pha
té bao (4 lan, mdi lan 30 gidy) tai 4°C trong
dém A. Dich siéu am sau d6 duoc ly tim & 4°C,
toc do 12000 vong/phut trong 30 phat dé loai
b6 cin té bao va thu dich noi cho cac nghién
ctru tiép theo.

2.2.2. Tinh sach enzyme catalase tu dich
chiét vi khudn B. subtilis

Catalase budc diu duge tinh sach tir dich
chiét vi khudn B. subtilis bang két tna véi
(NH,4),SO4 bao hoa ¢ cac né)ng d0 khac nhau
30 - 60%. Sau khi it & 4°C trong 3 gio, tién hanh
loai dich ndi va thu ldy tua bang ly tim 12000
vong/phit & 4°C trong 30 phut, hoa tan phén tia
trong dém A. Phan 16n catalase di dwoc tim
thdy trong phan doan tua 50 va 60% ammonium
sulfate. Dich hoa taa 50% dugc tham tich loai
mubi qua dém & 4°C trong dém Tris-HCI 20
mM, pH 8,0 (d€m B) va duoc stir dung cho céc
budc tinh sach tiép theo.

Bude tiép theo, dich tham tich duogc cho 1én
¢t Q-sepharose (2,5x4 cm) da dugc can bang
véi dém B, toc d6 dong chay 0,5 ml/phﬁ,t. Sau
khi rira cac phan doan protein khong gin cot
bang dém B, cdc phan doan protein gan cot da
dugc rtra chiét bang gradient NaCl (0-0,7 M)
trong dém B. Cac phan doan thu nhan (1 ml)
sau d6 dugc xac dinh hoat tinh cua catalase va
dinh luong protein bang do do hip thu tai A,s
nm. Céq phan doan c6 hqat tinh cua catalase sé&
duoc don lai, c6 dac bang amplicon 10 kDa
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(Mllipore) va thdm tich & 4°C qua dém trong
dém CH;COONa 20 mM, pH 4,8 (dém C).

Dich ¢6 va tham tich cho 1én cot
CM-sepharose (1x2 cm) dd duoc cin bang bang
dém C. Sau khi rira cac protein khong gan hodc
gén khong dac hiéu, protein gén cot s€ duoc rira
chiét bang dém C c6 lan luot 0,1 M, 0,3 M va
0,5 M NaCl. Cac phéan doan c6 hoat tinh cua
catalase dugc don lai v6i nhau va tham tich loai
mudi & 4°C trong dém A va bao quan & nhiét do
-20°C cho céc nghién ctru tiép theo.

2.2.3. Xac dinh hoat do cua catalase

Hoat d6 cua catalase dugc xac dinh dua trén
kha ning phan giai co chit H,O, & nhiét do
37°C sir dung may quang phd kha bién & budc
song 240 nm [19]. Luong H,0O, phan giai trong
mdi phut duge tinh béng cach st dung dinh luat
Lambert Beer voi hé $b hép thu caa H,O, ¢
bude song 240 nm 1a 43,6 M'em™. Mot don vi
hoat dd cua catalase phan giai 1 pmol cua H,0,
trong mot phut & 37°C tai pH 7,0.

2.2.4. Xac dinh ham luwong protein

Ham luong protein dugc xac dinh bing
cach sur dung dinh luat Lambert Beer véi hé $6
hap thy cua catalase & budc song 280 nm la
40,75 M'em’™.

2.2.5. pH t6i thich va anh huong cia pH
dén hoat do cua catalase

Dé xac dinh pH hoat dong tbi thich, catalase
tinh sach tur B. subtilis PY79 (212 U) da duogc
do hoat tinh ¢ cac dung dich dém cé pH 4-12
tai néng d6 50 mM cac dém: CH3;COONa (pH
4-5); Kali phosphate (pH 6-7); Tris-HCI (pH 8);
glycine-NaOH (pH 9-10), dém Na,HPO,-NaOH
(pH 11-12).

Pé xé4c dinh do 6n dinh pH cua catalase,
enzyme tinh sach dugc pha trong d¢m c6 pH tir
4-12 va u 6 37°C trong 30 phut. Xac dinh hoat
d0 cua catalase nhu muc 2.2.3 va hoat do cao
nhat thé hién 100% hoat tinh cua catalase.

2.2.6. Nhiéet do 16i thich va dnh hwong cua
nhiét do dén hoat dé cua catalase

Dé xé4c dinh nhiét do tdi thich cho hoat dong
cua catalase, enzyme tinh sach (212 U) dugc xac
dinh hoat d6 tai dai nhiét do tir 20 - 80°C.

Pé xac dinh do 6n dinh nhigt do cua
catalase tinh sach, enzyme dugc 0 ¢ 4 - 80°C
trong 30 phut. Xac dinh hoat do cua catalase
nhu muc 2.2.3 va hoat d6 con lai cao nhét cua
catalase dugc xac dinh 1a 100% hoat tinh.

2.2.7. Anh hwong cua mot $6 chat dén hoat
dong cua enzyme

Anh hudng cua cac chét rc ché (NaN;) va
ion kim loai (MnCl,, MgSO,, FeCl;, FeSO,,
NaCl) 1én hoat ddng ctia catalase dugc xac dinh
bang cach do hoat tinh con lai cua enzyme &
cac noéng do khac nhau cua cac chat. Catalase
duogc xem la con 100% hoat tinh khi trong phén
{rmg khong c6 mit ciia cac cht nghién ctru.

2.2.8. Dong hoc cua catalase tinh sach

He‘ing $b dong hoc K,;, va V.« cla catalase
tinh sach tir B. subtilis PY79 duogc xac dinh dua
trén tuong quan téc d6 thuy phan H,O, cua
catalase va nong do co chét theo phuong trinh
Lineweaver - Burk. Néng d6 H,O, duogc su
dung trong thi nghiém la khoang tir 6 - 30 mM.

3. Két qua va thio luin

3.1. Cdc diéu kién toi wu cho nuéi cdy B.
subtilis PY79 sinh catalase

Trong nghién ctru ndy, cac didu kién thich
hop cho nudi ciy B. subtilis PY79 sinh catalase
da duoc xac dinh. Trong mdi thi nghiém, chi mot
diéu kién (méi truong nudi cdy [Hinh 1A], ndng
d6 H,0, [Hinh 1B], thoi diém cam tmg [Hinh 1C]
hodc thoi gian thu t& bao [Hinh 1D] 14 thay doi
trong khi cac didu kién khac dwoc giit nguyén.
Két qua duoc thé hién & Hinh 1A-D cho thiy,
hoat tinh catalase cao nhat khi nudi cdy vi
khuan B. subtilis trong méi truong LB; cam mg
H,0, tai ndng d 0,1 mM tai thoi diém giita pha
sinh trudng cia vi khuin (Agy = 0,6 - 0,8) va
thu nhan t& bao sau 2 gid cam ung.
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Hinh 1. Céc diéu kién thich hop cho nudi cdy B. subtilis PY79 sinh catalase. A) moi trudmng nudi cdy,
B) nong 6 H,O, cam ung, C) thoi dién cam ung H,O,, D) Thoi gian thu sinh khoi té bao.

3.2. Tinh sach catalase

Catalase tir dich chiét vi khuan B. subtilis
nudi cdy trong diéu kién thich hop da duoc tinh
sach qua ba budc két tua thuin nghich bing
mudi trung tinh (NH4),SOy,, tiép theo 1a sic ky
trao doi anion Q-sepharose va cation CM-

sepharose (Bang 1, Hinh 2). Két qua cho thay,
enzyme da dugc tmh sach 144 1an véi higu suat
thu hoi 8,9% tir dich chiét thd va c6 hoat do
riéng phan giai H,0, 1a 30717,2 U/mg, cao hon
so voi catalase duoc tinh sach tir B. subtilis sp.
(1500 U/mg) [20], va Neurospora crassa InaCC
F226 (3339,82 U/mg) [21].

Bang 1. Bang tom tit tinh sach catalase tir B. subtilis PY79

Hiéu suat

Céc phandoan V(ml) (mg) (U/mg) ToéngU Do sach thu hoi
Dich chiét 50 418,2 2134 89250 1,0 100
(NH,4),S0, 50% 10 275,8 272 74992 1,3 84
Q-Sepharose 18 12,7 3475 44163,4 16,3 50
CM-Sepharose 2,5 0,26  30717,2 7912 144 8,9
1.8 A 0.04 B r
- 10000 0.6
1.6 0.035 10000
i = i 0.03 _
12 - éa e g sone 0l 8000 E
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Hinh 2. Séc ki dd cac phan doan tinh sach catalase tir dich chiét B. subtilis qua cOt trao ddi
anion Q-sepharose (A) va CM-sepharose (B).
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Két qua SDS-PAGE (Hinh 3) ciing cho thdy
sw ¢6 mat cia duy nhit 1 bang protein khdi
lugng phan tir (KLPT) khoang gan 66 KDa
tuong tu nhu KLPT cua catalase tinh sach tu
ching B. subtilis 168 [22].

3.3. M§t 56 tinh chdt ciia catalase tinh sach

Trong nghién citu tiép theo, chung t6i tién
hanh xac dinh mot sb tinh chét cua catalase tinh
sach tir dich chiét vi khuan B. subtilis.

Anh huong ciia pH va d@é on dinh pH

Anh huong cia pH dén hoat d6 cua catalase
tinh sach tr B. subtilis PY79 da dugc khao sat &
khoang pH tir 4,0 dén 12,0 (Hinh 4A). Pham vi
hoat dong cua catalase dugc quan sat thay tir
pH 5,0 dén 11,0 v6i pH t6i wu 1a pH 7,0. Khi
enzyme dugc u trong dung dich dém co gia tri
pH tir 40 dén 12,0 ¢ 37°C trong 30 pht,
enzyme cho thiy do 6n dinh t6i da 100% & pH
7,0 va hon 80% hoat tinh van dugc giit & pH
6,0 va pH 8,0 (Hinh 4B).
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Hinh 3. Bién di SDS-PAGE c;ic phan doan tinh sach
catalase tur dich chiét B. subtilis.

1. Thang chuén protein, 2. Protein tong s6 trong dich
chiét B. subtilis, 3. Dich hoa tan tia 50% (NH,),SO,,
4. Protein tong s6 1én cot Q-sepharose, 4. Phan doan
gan cot Q-sepharose va 1én cot CM-sepharose, 5.
Phan doan tinh sach qua ¢t CM-sepharose.
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Hinh 4. Anh hudng ciia pH (A), d¢ 6n dinh pH (B) dén hoat d6 ciia catalase tinh sach tir B. subtilis.

Anh huong cua nhiét do va do on dinh
nhiét do

Hoat tinh cua catalase tinh sach tir B.
subtilis PY79 d3a duoc xac dinh & cac nhiét 3o
khac nhau (20-80°C). Két qua cho thdy, nhiét
d6 tbi wu cho hoat dong cua catalase 1a & 37°C
(Hinh 5A). Mit khéc, hoat tinh clia enzyme van
6n dinh & khoang nhiét d6 4-40°C va van con
hon 70% khi xtt Iy enzyme & 50°C trong 30
phut (Hinh 5B).

Anh hwong cua mot $6 chat dén hoat dong
cua catalase

Anh huong cua cac chat (NaN3) va cac ion
kim loai (MnCl,, MgSO,, FeCl;, FeSO,, NaCl)
1én hoat dong cua catalase (Hinh 6) cho thay
NaN;, NaCl, FeCls, FeSO, 1a cac chat trc ché
ddi v6i hoat dong cua catalase, lam méat hon
80-90% hoat tinh ctia enzyme & cac nong do lan
luot 1a: 5 uM, 2 M, 15 mM va 50 mM. Trong
khi do, MgSO, va MnSO, khong anh huoéng
dén hoat do cua catalasse. Hussein et al. (2012)
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khi thir anh huéng cua cac chat déi voi hoat
dong cua catalase dugc tinh sach tir Bacillus sp
& cung nong d6 1a 5 mM ciing cho thay NaN,
KCN 1a cac chét trc ché manh ddi véi hoat dong
cua catalase; con & n(‘Sng do 0,5 mM cho théy
CuSO,, MnCl, va FeSO, khong anh hudng dén

hoat d6 cua enzyme [20]. Két qua nay ciing cho
thiy, khong thé bd sung chat khang khuin
NaNj cho bdo quan catalase & nhiét do phong
cling nhu can loai NaCl sau cac budc tinh
sach enzyme.
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Hinh 6. Anh hudng cta cac chit dén hoat d0 cua catalase tinh sach tir B. subtilis.

Dong hoc cua catalase tinh sach

Trong nghién ctru nay, theo phuong trinh
Lineweaver-Burk, K., va V.« ciia catalase tinh
sach da dugc xac dinh twong Ung la 14,4 mM

voi H,0, va 16294,83 U/mg (Hinh 7). Két qua
nay twong tu voi cac cong bd trude diy vé K,
clia catalase tir vi khuan 1a thuong trong khoang
8,8 -40 mM [22, 23].
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Hinh 7. Su phu thudc cua tdc d0 phan tng thuy phan H,0, cua catalase & cac néng do6 H,O, khac nhau
theo phuong trinh Lineweaver-Burk

4. Két luan

Céc diéu kién thich hop cho nudi cdy vi
khuén B. subtilis PY79 sinh catalase bao gom:
moi trudng nuodi céy LB long, tai nhiét d6 37°C,
cam Ung té bao 4 1an v6i H,0, 0,1 mM tai thoi
diém giita pha sinh truong cua t& bao va tién
hanh thu sinh khdi sau 2 gi¢ cam tng.

Catalase di duogc tinh sach tir dich chiét vi
khudn B. subrtilis béng két tua chon loc véi
(NH,),SO; 50%, sic ky cot trao ddi anion
Q-sepharose va trao d6i cation CM - sepharose.
Catalase sau tinh sach c6 mot bang protein kich
thudc khoang 66 kDa trén gel SDS-PAGE voi
hoat d¢ riéng phan giai H,O, 30717,2 U/mg, do
tinh sach tang 114 so véi dich chiét ban dau va
hi¢u suat thu hdi dat 8,9%.

Catalase tinh sach hoat dong trong khoang
pH tir 5 — 11, nhiét d6 4 — 40°C va hoat dong tdi
thich tai pH 7,0; nhiét d6 37°C. Enzyme c6 gia
tri Ki,1a 14,4 mM va Vi, dat 16294,83 U/mg.
Ngoai ra, catalase tinh sach bi mat 80 - 90%
hoat tinh khi c6 mat bdi mét trong cac chét
NaN3, FeCls, FeSO,4, NaCl ¢ cac néng d6 lan
luot: 5 uM, 15 mM, 50 mM, 2 M va khdéng bi
anh huong béi MgSO, va MnSO, dén ndng
do 1 M.
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Purification and Characterization Catalase
from Bacillus subtilis PY79

Pham Thu Huong', Le Thi Thuy', Dinh Nho Thai', Nguyen Thi Hong Loan'~

'Key Laboratory of Enzyme and Protein Technology (KLEPT), VNU University of Science,
334 Nguyen Trai, Hanoi, Vietnam
Faculty of Biology, VNU University of Science, 334 Nguyen Trai, Hanoi, Vietnam

Abstract: Catalase is an enzyme present in peroxisome in most aerobic cells and is a central
component of detoxifying processes that rapidly suppress the formation of H,O, by catalysing the
degradation of H,O, into H,O and O,. In this study, catalase was purified from Bacillus subtilis PY79
by three steps: ammonium sunfate precipitation, anion exchange chromatography on Q-sepharose and
cation exchange chromatography on CM-sepharose. The purified catalase showed high specific
activity of 30717.2 U/mg with 8.89% yield. The enzyme remained active over a broad pH range of
5 - 11, with a peak in activity at pH 7.0. A broad optimum temperature range from 4 - 40°C was
observed with highest activity at 37°C. The apparent K,, for HO, was 14.4 mM and its V,, was
16294.83 U/mg. Moreover, it was inhibited by NaNj3, FeCl;, FeSO,, NaCl at concentrations of 5 uM,
15 mM, 50 mM, 2 M, respectively and MgSO, or MnSO, at 1 M was no inhibitory effect on
this enzyme.

Keywords: Bacillus subtilis PY79, catalase, characterization, purification.



