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NGHIEN CUU MOT SO TINH CHAT PROTEINAZ NGOAI BAO
CUA BACILLUS SUBTILIS BANG PHUONG PHAP DIEN DI
TREN GEL POLYACRILAMIT

D6 Thi Bich Thuy™, Pham Thi Tran Chau®
DTruong Dai hoc Nong lam Hué, ®Dai hoc Quéc gia Ha Noi

1. M& dau

Bacillus subtilis c6 kha ning sinh tdng hgp mdt s6 proteinaz cé cac dic tinh khac
nhau vé pH, nhiét d6 hoat ddng thich hdp, tinh d#c hiéu v..v... Ti 1é giita cAc emzim nay
phu thudc vao diéu kién nudi cdy. Vi vay tuy muc dich dng dung, cdn lua chon diéu
kién nudi cdy sao cho enzim cé cac tinh chidt mong muén chiém ti 1& 16n trong cac
proteinaz dugc tong hop.

Ching t6i da phan lap dudc chang B. subtilis ti phé liéu ddu tém [1] va da
nghién citu sd bé anh hudng ctia mot so yéu t& dén hoat dd phan giai protein (PA) téng
s6 cua dich méi trudng nuoi cdy [2]. Tuy nhién cac két qua nay méi cé tinh chat dinh
huéng cho cac nghién citu tiép theo. Céng trinh nay nhdm tim hiéu ddy du hon “bo”
proteinaz cua chung B. subtilis dd phan lap dudc va gép phin dinh huéng khai thac cé
hiéu qua hon cac proteinaz ciia ching. Dé dat dude muc dich nay da st dung phuong
phap dién di trén gel polyacrilamit cé co chat dé phat hién truc ti€p cac bang proteinaz.

2. Nguyén liéu va phuong phap

2.1. Nguyén liéu

- Chung B.subtilis phan 1ap tit ddu tom.

- Hod chdt: Cac hoa chit dung cho dién di nhu: acrylamide, Amonium persulfat,
Sodium sulfate, Tris, TEMED, Coomassie brilliant blue... cia hang Merck va Bio-rad.
Céac chat kim ham d#c hiéu: 1,10-phenanthroline, Trypsin inhibitor from Soybean type

I-S (STI), p-chloro-mercuribenzoic acid (PCMB) cia hang Sigma. Cac ion kim loai dat
do sach phan tich

2.2. Phuong phap

- Nudi B. subtilis 44 phan lap dude dé thu nhan ch& phdm proteinaz: mdi trudng
long c6 thanh phan nhu sau: pepton 1%, cao thit 0,3%, tinh bdt hoa tan 1,75%, cao nidm

Ch{r viét tit: PA, hoat dd cla proteinaz. SDS-PAGE, dién di trén gel polyacrilamide cé sodium dodecylsulfate.
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0,1%, NaCl 0,5% véi pH ban ddu cia mdi trudng bang 6. Nudi trong 24 gid 4 nhiét do
35°C.

- Thu nhan ch& phdm proteinaz tit méi trudng nudi cdy: ly tdim dich méi truong
nudi vi khuidn dé loai bd t& bao, thém 2 thé tich cén 96° vao dich trong nhan dude dé két
tia enzim. Thu két tda, hoa tan trong dém Tris-HC1 0,05M, pH 7,6 (ch& pham ETC).

- Séc k¥ qua cdt Sephadex G-100: gel sau khi da truong nudc, loai bot, duge cin
bing vdi dung dich dém Tris-HCI 0,005M, pH 7,6, nhéi vao cot va tiép tuc cin bang véi
dung dich dém nay.

- Xac dinh protein theo phuong phap Lowry [5].
- Dién di phat hién protein theo phudng phap Laemmli [10].

- X4ac dinh hoat dd proteolitic (PA) bing phudng phap khuéch tan trén dia thach,
phuong phap Anson cai tién [8].

- Dién di phat hién proteinaz (PA) theo phuong phap Heusen va Dowdle [6] véi
gel 12,5%, nong dd casein trong gel 1a 0,1%, mau khong xu 1y nhiét. Tién hanh dién di &
4°C véi cudng d6 dong 20mA. Két thic dién di tdy SDS trong gel bing dung dich Triton
X-100 2,5% trong 30 phiit, ria sach Triton bing nudc cit , u gel trong dung dich dém &
35°C trong 3 gid. Nhudm gel biang dung dich Comasie brilliant blue 0,1% trong dung
dich methanol: axit axetic: nudc theo ti 18 4:1:5. TAy mAu bing hén hdp dung méi trén.
Bing PA khéng bit mAu trén nén gel tim.

- Xac dinh anh hudng cta cac chat kim ham: tron chat kim ham vdi enzim dé dat
néng d6 cudi cung 1a 10°M, @ 6 37°C trong 30 phiit, tién hanh dién di nhu trén.

- Nghién citu anh hudng cua pH dén phan Ung enzim: truéc hét si dung phuong
phéap khuéch tan trén dia thach dé xac dinh sd bg, sau d6 tién hanh dién di nhu trén.
Sau khi dién di, va loai SDS, cit doc ban gel, u gel trong dung dich dém thich hgp & 35°C
trong 3 gid, nhuém gel bing dung dich Commasie brilliant blue 0,1% trong hén hgp
methanol: axit axetic: nudc (4:1:5), t4y gel bing dung dich pha Coomassie brilliant blue

- X4c dinh anh hudng ctia céc chit kim hdam dic hiéu, ion kim loai : tron chat cAn
xac dinh vdi enzim dé dat ndng d6 cudi cung la 10°M, 4 & 37°C trong 30 phiit, tién
hanh dién di nhu trén.

- Nghién cftu anh hudng cta pH dén phan ing enzim: su dung phuong phap
khuéch tan trén dia thach, phuong phap Anson cai tién va phuong phap dién di.

3. Két qua va thao luan

3.1. Thu nhén ché phdm proteinaz tit moéi truong nudi Bacillus subtilis va tinh
sach so bg: Pé thu nhan ché& phadm proteinaz tit dich méi trudng nudi vi khuin dé loai

Tap chi Khoa hoc PHQGHN, KHTN & CN, T .XXi1, 56’3, 2006
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bo t& bao, thu dich trong, két ta bing 2 thé tich etanol 96°. Thu két tua, hoa tan trong
dém Tris-HC1 0,05M, pH 7,6 (ch& pham ETC).

Tién hanh sic ky qua cot Sephadex G-100 da dude can bing véi dém Tris-HCI
0,005M, pH 7,6, téc @6 dong 17ml/gid, thé tich phan doan 2ml, xac dinh protein va PA
cua cic phan doan. K&t qua trén hinh 1 cho thay c6 2 dinh protein nhung chi c6 mét
dinh PA tng véi dinh protein chinh (dinh 1). Dén cac phan doan cé PA, déng khd, duge
ché phdm ESG. Ché phim c6 ndéng d6 protein la: 1,067mg/ml. K&t qua qua trinh tinh
sach so b duge tém tat trong bang 1.

Két qua trén bang 1 cho thay hoat d6 thu duge sau khi két tha bing cén lai ting
1én so véi ban ddu, dat dude 125,25%. Didu nay c6 thé do trong méi truong nudi cdy vi
khuén c6 cac chat kim hdm enzim phéan ti thap (vi du cac ion kim loai) khéng bi két
tua bai con va da bi loai.
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Hinh 1. Sic ky d& cGia ché@ pham ETC qua cot Sephadex G-100
Cét c6 kich thudc 80 x 1,5cm, t6c dé chay 17ml/gid, thé tich méi phan doan 1a 2m.
Dung dich dém Tris_HCI 0,005M, pH 7,6; PA: Hoat d0 proteinaz ; Pr: ham lugng protein
DI dinh protein | ; DII: dinh protein Il
Bang 1. Tém tit qua trinh tinh sach sd bé ché pham proteinaz
. . | Hoatdé tdng | Proteintdng | -Hoat dd riéng ; Hiéu suat thu
Budc tinh ché (HP) (mg) (HP/mg) Do sach (lan) héi enzim (%)
Dich MTNC 8,91 104,713 0,080 1,00 100,00
ETC 11,16 47,121 0,237 2,22 125,25
ESG 7,080 0,993 7,132 89,15 79,46

Tap chi Khoa hoc PHQGHN, KHTN & CN, T. XX, S6'3, 2006
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Sau khi tinh sach sd bd qua Sephadex G-100, da tach dugc mét phan protein
khéng c6 hoat tinh (dinh protein 2) nén dd sach tang lén dang ké so vdi ban ddu , tuy
nhién hoat d6 tdng s& bi giam hon 20%. Vi vay tuy muc dich st dung, c6 thé chuén bi
ché& phdm cé d sach khac nhau. Ché& pham ETC c6 18 thich hgp dé st dung trong ché
bién thuc phdm.

3.2. Anh hudng cua pH dén PA

Pha dung dich cazein trong dung dich dém cé pH khéac nhau, xac dinh hoat dd
enzim bang phuong phap Anson cai tién. Két qua nghién ciu véi 3 mau: dich mai
trudng nudi vi khudn (MTNC), ché pham ETC va ché pham ESG (hinh 2a) cho thay PA
cla ca 3 mAu cao nhit ¢ vang pH tit 6 —9. G cac pH thip hon 6 , hoat d§ giam manh.
Tuy nhién & pH 10, PA cia MTNC va ETC giam khong dang ké (con hon 80% hoat do
cuc dai, trong khi ch&€ phdm ESG hiu nhu bi mat hoan toan hoat déng. Diéu nay ciing
phu hop véi 1y thuyét 1a: ché phdm cé db sach cao thudng kém bén hon ché& pham c6 d6
sach thép.

- Tai pH 10, hoat d6 cia dich MTNC va ETC van con hon 80% , trong khi d6, hoat
d6 cua ESG giam manh, con lai dudi 5% hoat d¢ cuc dai
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Hinh 2a. Anh hudng cta pH dén phan img clia cac ché pham enzim

Dé xac dinh chi tiét hon, ching téi tiép tuc khao sat anh hudng cia pH trong
khoang tit 6,5 dén 9,5 , cach nhau 0,5 don vi pH. K&t qua (hinh 2b) da khing dinh thém
cac sd lidu nhan duge ¢ hinh 2a va giéi han duge pham vi pH hoat doéng thich hgp cua
ca 3 ché phdm 1a ¢ pH ti 6,5 dén 8,0; ch& phadm ESG bit didu giam manh tu pH 8,5, ¢
pH 9,5 chi con khoang 50% hoat dé cuc dai.

Tap chi Khoa hoc DHQGHN, KHTN & CN, T.XXI, 56 3, 2006
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Hinh 2b. Anh hudng cla pH (6,5-9,5) dén phan img cla cac ché pham enzim

3.3. Dién di phat hién PA cua ché phim ESG trén gel poliacrilamit cé6
SDS (SDS-PAGE) c6 co chat.

Dién di ché phdm ESG trén SDS-PAG c6 casein 0,1%da phat hién duge 6 bang PA
(bing sang trén nén tim) va mot ving sang c6 do di dong cham, ky hiéu la: bang, PA-1,
PA-2, PA-3, PA-4, PA-5, PA-6 va vang PA-7.

94 kDa
67 kDa

43 kDa

30 kDa

20,1 kDa

14,4 kDa

Hinh 3. Phé dién di PA clia ché phim ESG
(a. Cac bang protein chuin; b. Cac bang PA clia ESG)

Dé tim hi€u khéi lugng phan tit clia cic bang PA ching t6i da tién hanh dién di
song song vdi protein chudn (cdt a, hinh 3). K&t qua cho th&y bang PA 1 c¢6 khéi luong
phan ta (M,) vao khoang 20,1kD; M, cua bang 2 vao khoang 30kD; biang 4 va 3 c6 M,
gin bang nhau, vao khoang 43kD; M, cia bing 5 va 6 vao khoang 67kD; ving sang

Tap chi Khoa hoc PHQGHN, KHTN & CN, T.XXII, S6 3, 2006
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(bang PA-7) c6 M, trén 67 kD. Theo d6 sang cia bang, thi viing PA nay chiém uu thé,
cing c6 thé ching bao gdm mét sd bang PA khong tach riéng dude. Nhd s dung
phuong phap SDS-PAGE, nén day la két qud ddu tién phdt hién duoc nhiéu bing PA
nhét tit ché phdm da tinh sach mot phan cla B. subtilis. Trong s& cac bing PA phat hién
dudc, bang PA 2 c6 M, gidng véi proteinaz cta Bacillus subtilis da duge phat hién trude
day [7]; cac bang PA 4 va 3 lai ¢6 M, gidéng vdi proteinaz cua Bacillus megaterium [9].

3.4. Anh hudng cac pH khac nhau dén phé dién di PA ctia ché pham ESG

P& tim hiéu, so sanh tinh chat cac PA da tach dudc tit ché phdm ESG, sau khi
dién di ban gel duge u d cac pH khac nhau. Két qua trén hinh 3 cho thay ¢ pH 9 chi
phat hién dude bang PA-2, nhu vay biang PA-2 14 mét proteinaz kiém. M6t 1an niia lai
cho thiy PA-2 gidng véi proteinaz xerin nhu da néi trén. Phé dién di ¢ hinh 3 ctng cho
th&y PA-2 ciing 12 mot trong 2 PA chiém wu thé da phat hién dude (néu khong ké dén
vung PA-7). Nghién cdu cia nhiéu tac gia ciing cho thiy proteinaz kiém (subtilizin)
thudng chi€ém uwu thé trong cic proteinaz ngoai bao cua Bacillus.

O pH 3 hau nhu khong phat hién dude biang PA nao ngoai viing PA-7. Nhu vay &
pH 7,4 da phat hién dudc nhiéu biang PA nhat, vi vay trong cac thi nghiém tiép theo
déu tién hanh 6 pH nay.

a b C

Hinh 4. Anh huéng clia pH dé&n hoat dé clia cac bing PA trén gel SDS-PAGE
(a.pH3,0;b.pH 7,4; c. pH 9)

3.5. Anh hudng ctia méot s6 chat kim ham (I) dac hiéu

Dé khao sat so by anh hudng cia cac I dic hiéu dén PA ching tdi da sit dung
phuong phap khuéch tan trén dia thach. Két qua cho thay chi EDTA c6 tac dung kim

Tap chi Khoa hoc DHQGHN, KHTN & CN, T.XXII, S6' 3, 2006
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ham mét phan hoat d6 enzim (hinh 5), nhu vay trong ché phadm ESG c6 thé ¢6 proteinaz
can kim loai héa tri 2.

Hinh 5. Anh hudng cta cac chat kim ham dic hidu dén PA

a. Bdi chimmg (thay dung dich chat kim ham bang dung dich dém)
B- PCMB; C- STl dau tuong; D- 1,10 orthophenantrolin; E- EDTA

a b c d e

Hinh 6. Anh hudng clia cac chit kim ham dén hoat dé clia cic bing PA trén gel SDS-PAGE
(a. EDTA,; b. STI; ¢ B&i chimg pH 7,6; d. PCMB; e. 1,10-phenanthroline )

K&t qua trén chi cho biét anh hudng cta cac I dén PA téng s6 cua ché pham ESG
ma chua biét dude Anh hudng ctia né dén mdi mot bang PA da duge phat hién. Dé tim
hiéu thém van dé nay, ching t6i da tién hanh dién di PA ,cit va @ mdi miu gel véi mot
dung dich c¢6 chita mdt chét e ché. Két qua cho thdy PCMB giam rd rét hoat dd (giam
d6 sang) caa tat ca cac bang PA; 1,10 phenanthrolin c ché mét phan PA1, PA 2, PAS,

Tap chi Khoa hoc DHOGHN, KHTN & CN, T.XXIIl, S6 3, 2006



8 D6 Thi Bich Thay, Pham Thj Tran Chau

PA4. Can luu y rang PCMB phan dng véi nhém -SH, 1,10-phenanthrolin phan dng véi
Zn*?. EDTA 1a m6t chit tao phdc cang cua, kim ham PA 5 va PAG6 (c6t a hinh 6). Tuy
nhién con chua r6 vi sao dudi tic dung cia chit nay con phat hién thém dude mot bang
5. STI, 1a ch4at kim ham dic hiéu tripxin nhung hau nhu khéng c6 tac dung kim him
ddi véi cac biang PA ké ca PA2. Nhu vay, PA2 ¢6 thé 1a proteinaz kiém nhung khac véi
tripxin, va c6 thé cAn nhém SH va Zn**.

3.6. Anh hudng ctia cac ion kim loai dén PA ctia ch& phim ESG

Két qua khao sat sd bo anh hudng ctia nhiéu ion kim loai hoa tri 2 dén PA cia cac
ch& ph4m bang phuong phap khuéch tan (két qua khong trinh bay ¢ day) cho thay chi
c6 Ca*?, Cu'? Zn' c6 anh hudng dén hoat d6 cla enzim. Vi vay, da tién hanh khao sat
chi tiét hon anh hudng cia cac ion nay dén PA ctia ché phdm ESG. Két qua (hinh 7) cho
thay Cu*?, Zn*? ¢6 tac dung tuong tu nhau, kim ham hau hét cac bang PA, dac biét 12
cac PA-3, PA-4 va PA-5. Nguge lai Ca*? hinh nhu lam tang PA cua tat ca cac bang (dd
sang cua tat ca cac bang PA nay déu tang). Cac két qua nghién cltu trén day dude tém
tit trong bang 2.

Hinh 7. Anh hudng cia cac ion kim loai d&n hoat dé clia enzim
(ndng dd ion kim loai trong dung dich 1a 10
(a: BGi chimg; b: Ca?; c: Cu?; d:Zn?)

Tap chi Khoa hoc DPHQGHN, KHTN & CN, T.XXll, 56 3, 2006
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Thao luan

Cac cong bd trude day phan 16n déu cho thay Bacillus subtilis c6 2 loai proteinaz
la proteinaz kiém va proteinaz trung tinh, véi khéi lugng phan ti khoang 24 kD dén
khoang 50 kD [4, 6, 8, 9], gin diy Akinori va cong su da tao dugec mot proteinaz kiém
tai td hop c6 M, 72 kD [3 ]. Cong trinh nay st dung phuong phiap SDS-PAGE da lan
ddu tién phdt hién duoc nhiéu proteinaz nhdt tit ch€ pham proteinaz ngoai bao tinh
sach mot phan cta Bacillus subtilis: it nhat c6 6 bang proteinaz khdc nhau vé khél
luong phén ti. Trong s& nay cé 2 proteinaz PA-5 va PA-6 ¢c6 M, 16n khoang 67 kD. Tat
ca cac PA déu manh nhat d pH 7,4 va hdu nhu khéng phat hién duge 6 pH 3; 6 pH 9 chi
con lai PA-2 va vang PA 7. Dua vao cac tinh chit da nghién citu (bang 2) c6 thé tam
phén cac proteinaz nay thanh 3 nhém : nhém cé khéi lugng phan ti (M,) thap 1a PA-1
va PA-2 (khoang 20 — 30 kD) c¢6 thé cdn nhém SH cho hoat déng xic tac, PA-2 1a
proteinaz kiém , ciing 12 PA chi€ém uu thé trong sd 6 bing PA. Nhém thi hai bao gém
PA-3 va PA-4, c6 M, gin giong nhau, vao khoang 43 kD, c6 d6 nhay gidng nhau doi vdéi
cac chit da nghién ctitu. PA-2, PA-3 va PA-4 c¢6 nhiéu tinh chat giéng vdi cac céng bd
trudc day, PA-2 c6 thé 1a proteinaz c6 tinh kiém tudng tu proteinaz ciia Bacillus
polymyxa [7 ]. Cac PA-5 va PA-6 c6 khéi lugng phan tit khoang 67kD dugdc phat hién
trong diéu kién c6 SDS ching té ching 1a nhiing proteinaz monomer. Ngoai khéi
lugng phan td, két qua trén bang 2 cling cho thiy PA-5 va PA-6 kha tuong tu nhau vé
d6 nhay déi véi cac chat kim hdm: ca 2 PA nay déu bi kim ham bdi EDTA, PCMB,
ophenanthroline, Cu, Zn, nhung hoat d6 lai dugc tang 1én khi ¢6 Ca. Phai chang day la
mét endoproteinaz trung tinh mdi cAn nhém —SH cho hoat dong xtc tac?...

4. K&t luan

Hoat dd phan giai casein cua dich méi truong nudi Bacillus subtilis phan lap tu
ddu tém nuodi cdy trong diéu kién thi nghiém nay cao nhat d vung pH 7,4, gidm manh &
pH 3 va pH 9.

- Ché& pham proteinaz ngoai bao tinh sach mét phén bang cach két tia véi etanol,
sic ky qua cot Sephadex G-100 (ché phdm ESG) c6 d6 sach ting 1én 89 lan, va vin gid
dude 79% hoat d6 ban dau.

Ché& phAdm ESG c6 it nhat 6 proteinaz: PA-1, PA-2, PA-3, PA-4, PA-5 va PA-6 vdi
khéi lugng phan tit (M,) ting dan tit 20 dén hon 67kD va mét viing PA c6 khéi luong
phén t 16n hon. Hoat d6 cta ché phAm ESG manh nhit & viung pH tit 6-8 va bi giam
nhanh & cac pH 16n hon 8,5 hodc thap hon 5. Tuy nhién tat ca cac bang PA thé hién
hoat déng manh nh4t 6 pH 7,4; 6 pH 9,0 chi phat hién dugc bang PA-2, 6 pH 3,0 khéng
phat hién dugc bang PA nao. Diéu d6 ching to PA-2 (c6 M, vao khoang 30kD) 1a mét
proteinaz kiém. Vang PA-7 it bi thay d6i dudi tac dung cta cac yé&u t& da nghién ciu.

Tap chi Khoa hoc PHQGHN, KHTN & CN, T XXll, $6 3, 2006
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- Tat ca cac PA déu dudc hoat héa boi Ca?*, va déu bi kim ham bdi Zn?* va Cu?';

EDTA kim ham nhe PA-5 va PA-6, khong kim ham t4t ca cac proteinaz khac,

STI d4au tuong kim ham PA-6.
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CHARACTERIZATION OF EXTRACELLULAR PROTEINASES
FROM BACILLUS SUBTILIS BY USING SDS-PAGE

Do Thi Bich Thuy” and Pham Thi Tran Chau®
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@ Viet nam National University, Hanoi

Bacillus subtilis is isolated from shrimp-processing by- product.

A partly purified enzyme preparation is obtained from cell free broth culture by
precipitation with ethanol (ETC) and gel filtration through Sephadex G-100 column
chromatography (ESG) shows a specificity activity higher than that of the broth culture
89 folds, and the total activity is still remained 79% of the initial activity.

There are at least 6 proteolytic bands detected from ESG preparation by using
SDS-PAGE method named PA-1, PA-2, PA-3, PA-4, PA-5, PA-6, with M, of 20.1kD to
67 kD and a PA zone corresponding to a M, higher than 67 kD.

The proteolytic activity of ESG is highest in the range of pH from 7 to 8 and
decreases markedly at pH higher 8.5 and lower than 5. However, all 6 PA bands
show strong activities at pH 7.4, while at pH 9 only PA-2 band is detected; at pH 3 no
PA bands are observed on the gel. It indicates that PA-2 is an alkaline proteinase and
may be suggested as a serine proteinase.

All PA bands seem to be activated by Ca** and inhibited by Zn**, Cu** at different
levels; EDTA slightly decreases activity of PA-5 and PA-6 but has no effect on the
others. PA-6 is partly inhibited by soybean trypsin inhibitor.
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