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TOM TAT

B-Galactosidase tir Bacillus subtilis G1 (LacA), dwgc ma hoa bdi gene lacA c6 ma sb EU585783 trén Genbank,
la enzyme tham gia xdc tac cho phan (rng thdy phan duwong lactose trong sira. Tuy nhién, hoat tinh ctia LacA con
thap. Vi vay chuing téi tién hanh tao dot bién diém suy bién tai mét sd vi tri amino acid ttham gia lién két truc tiép véi
co chéat trong qua trinh thiy phan dé danh gia vai trd ctia mot sé amino acid t&i hoat tinh enzyme, va muc dich xa
hon la tim dwoc dong c6 hoat tinh cao d& &ng dung vao san xuét. Trong bai bao nay, ching tdi da s dung thong tin
mo hinh enzyme trén Swiss-Prot va xac dinh dwoc 7 vi tri amino acid dwoc dw doan 13 lién két trwe tiép voi co chét
cla LacA la Arg120, Asn158, Trp331, Glu371, Lys372, Leu373, His374. K&t qua sang loc hoat tinh ban dau cla 7
thw vién dot bién cho thay cac vij tri nay déu tac dong dén hoat tinh enzyme voi co chat ONPG. Phan I6n cac sw thay
thé amino acid déu lam gidm manh hoat tinh enzyme. Trong do, vi tri Arg120 c6 dén 99,66% cac dong giam va méat
hoat tinh, cho thay Arg120 cé thé déng vai trd quan trong trong ving lién két co chat. Cac dot bién Arg120Phe,
Arg120Thr va Arg120Val d& lam mét hoat tinh thiy phan clia LacA.

Tu khéa: Bacillus subtilis G1, p-Galactosidase, d6t bién diém suy bién.

Effect of Amino Acids of Substrate Binding Sites
on B-galactosidase Activity from Bacillus subtilis G1

ABSTRACT

B-Galactosidase (LacA) encoded by lacA gene from Bacillus subtilis G1 (Acession No EU585783) is a hydroltic
enzyme that catalyzes the hydrolysis of lactose to produce lactose-free milk products. However, LacA has limited
activity toward lactose. Therefore, we employed the method of site-saturation mutagenesis using PCR amplification
with degenerate primers for generating mutants based on prediction of substrate binding sites to assess the effect of
amino acids to the enzyme activity. Seven amino acid residues containing Arg120, Asn158, Trp331, Glu371, Lys372,
Leu373 and His374 were identified as candidates for substrate binding sites using ExXPASy program in Swiss-Prot.
The screening results of the 7 libraries showed that these sites affect activity when ONPG was used as substrate.
Most substitutions at these sites dramatically reduced the hydrolysis activity. Notably, 99.66% of colonies with Arg120
site showed decrease in and loss of hydrolysis activity. The result suggested that Arg120 may play an important role
in substrate recognition. Mutants at Arg120 substituted by Phe, Thr and Val showed complete loss of -galactosidase
activity.

Keywords: Bacillus subtilis G1, B-galactosidase, site-saturation mutagenesis.

phan ti dudng lactose thanh B-D-galactose va
a-D-glucose (Ly and Withers, 1999). Cac B-

B-Galactosidase (B-D-galactohydrolase, galactosidase dugc ting dung rong rai trong céng
E.C.3.2.1.23) 1a enzyme xtic tac cho phan ting nghiép san xuat sfia cling nhu st dung lam
thuy phén lién két B-1,4-D-galactosidase trong  thudc hd trg tiéu héa trong y duge. Mot trong

1. DAT VAN DE
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nhiing {ng dung chinh ctia pB-galactosidase
trong coéng nghiép siia 1a thiy phan dudng
lactose trong stia danh cho nhiing ngudi di ting
v6i lactose (Kang et al., 2005).

B-Galactosidase la moét trong nhiing
enzyme dugc biét rd, phd bién trong tu nhién va
duge tim thay 6 thuc vat (qua hanh, dao, mo,
tdo,..), cic cd quan ddng vat, nim men, nim
méc va vi khudn. B-Galactosidase dugc chia
thanh 4 nhém trong gan 100 ho c6 hoat tinh
thiy phéan glycosyl (glycosyl hydrolases - GH) la
GH1, GH2, GH35 va GH42 dva vao trinh tu
amino acid tuong déng (Henrissat, 1991). Mot
6 sinh vat sinh téng hdp p-galactosidase thudc
ho 42 c6 thé sinh truéng ¢ nhiing diéu kién khéic
nghiét nhu néng, lanh, mén va acid
(http://www.cazy.org/fam/GH42.html).

Hién nay, ngudn enzyme tu nhién thudng
c6 hoat tinh dic hiéu cting nhu hiéu suét xic tac
thap, vi vay viéc nang cao hoat tinh ciing nhu
kha néng xtdc tic cla enzyme dudc coi 1 mot
yéu t6 quan trong trong ting dung san xuat cong
nghiép. Trén thé giéi, Dong et al., (2011) d& dua
vao ving lién két co chat nghién ctu tao dot
bién B-galactosidase tu
stearothermophilus trong d6 E315R lam tang
hoat tinh 3,5 1an va R109Gly lam ma4t hoat tinh
hoan toan (Dong et al., 2011). Placier et al.,
(2009) gay dot bién vi tri R109Lys ctia p-
galactosidase ti Geobacillus stearothermophilus,
lam ting su téng hop oligosaccharide (Placier et
al., 2009).

Trong nghién ctu trudc diy, ching té1 da
nhin dong gene lacA ma hoéa B-galactosidase

Geobacillus

(LacA) tu Bacillus subtilis G1, da tinh sach va
danh gia tinh chét LacA tai td hop (Quyen et al.,
2011). Day la mo6t enzyme thich hgp cho cong
nghiép ché& bién siia. Trong bai bao nay, ching
t6i stt dung phuong phap tao dot bién diém suy
bién dé danh gia anh hudng cia mot s6 amino
acid tham gia lién két tryc tiép véi co chat trong
qué trinh thiy phén, cing nhu dé chon loc duge
dot bién c6 hoat tinh cao dé c6 thé tng dung
trong c6ng nghiép.

2. NGUYEN LIEU VA PHUONG PHAP

2.1. Nguyén liéu

Gene lacA (2061bp, ma s6 EU585783) ma
héa cho pB-galactosidase (LacA) tu Bacillus
subtilis strain G1 da dude dua vao pET22b(+)
tao thanh plasmid tai t6 hgp pELacA theo
nghién ctiu truée day (Quyen, et al., 2011).

Ching Escherichia coli JM109(DE3)
[endAl, recAl, gyrA96, thi, hsdR17 (r,, m,"),
relAl, supE44, A-, A(lac-proAB), [F’, traD36,
proAB, lacl'2AM15], IDE3] (Promega Corp,
Madison, WI) dugc st dung dé tao dong céc thé
dot bién LacA.

Céc hoa chat dude cung cdp bdi cac hang co
uy tin: Pfu polymerase, T4 ligase, BamHI, Dpnl,
Notl  (Fermentas), ortho-nitrophenyl-p-D-
galactopyranoside (ONPG), isopropyl thio-p-D-
galactoside (IPTG), peptone, yeast extract
(Biobasic, Canada); cot trao d6i ion Ni** Probon
resin (Invitrogen). Cac bd mdi dung dé tao dot
bién diém suy bién trén gene lacA c¢6 trinh tu
nhu trong bang 1.

Bang 1. Trinh tu méi gAy dot bién diém suy bién tai cac diém lién két véi co chat

Tén moi Trinh tw

R120X CAGCTGCACGGCGGANNKCACAACCACTGCCTC
N158X ATGTGGCACATTTCANNKGAATACGGGGGAG
W331X CCAAGCGCGGTCAATNNKCATAACGTCAACAA
E371X TCACGGGGGTCATCANNKAAATTACACGGAGC
K372X CGGGGGTCATCAGAANNKTTACACGGAGCGGT
L373X GGGTCATCAGAAAAANNKCACGGAGCGGTTGTG
H374X TCATCAGAAAAATTANNKGGAGCGGTTGTGGAT
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2.2. Tao thu vién dot bién diém

St dung cap mdi c6 bd ba suy bién 3
nucleotide ‘NNK’ dé tao mot thu vién dot bién
diém thay thé amino acid tai cac vi tri lién két
cd chét bang cAc amino acid khac nhau, bang ky
thuat tao dot bién diém dinh huéng - SDM (site
directed mutation) (Zheng et al., 2004).

Khuon plasmid mang gene lacA (pELacA)
dude nhén 1én véi cac cap moi dt bién tuong
tng tai vi tri cAn giy dot bién trong phan tng
PCR gom 2,5ul 10x buffer, 1ul DNA khuon (50
ng), 1ul mbéi mdi (10 pmol/ul), 2pl 2,5mM dNTPs
va 0,5ul Pfu polymerase, 2ul 25mM MgSO,, 15ul
H,0. Phan tng dugc thuyc hién véi chu trinh
nhigt: 95°C/3 phuat, 18 chu ky (95°C/30 gidy,
54°C/1 phut va 72°C/8 phut) va 72°C/10 phut.
Sau d6, khuén plasmid pELacA ban diu dugdc
pha bd bing cach b6 sung 20U Dpnl, G 37°C
trong khoang 2 gid. San pham PCR sau dé dugc
tinh sach bang kit tinh sach PCR va dudc déng
vong trd lai trong phan tng néi ghép gbém: 3pl
san phdm PCR tinh sach, 1,5l 10xbuffer, 1pl
T4 ligase va 9,5ul H,O. Phan tng duge u 22°C
qua dém.

San pham PCR sau phan ting néi ghép dudc
bién nap vao E. coli JIM109(DE3), chon loc trén
méi truong LB ¢6 b6 sung 50 pg/ml ampicillin.
Cac khuén lac moc trén méi trudng chon loc tao
thanh thu vién cac dong dot bién va duge nudi
biéu hién dé sang loc hoat tinh.

2.3. Sang loc hoat tinh

Cac dong E. coli JM109(DE3) mang gene
IacA dot bién duge nudi trong 300pl méi trudng
LB c¢6 b6 sung 50 pug/ml ampicillin trén dia nudi
cdy 96 giéng, 14c 200rpm qua dém & 37°C. Tiép
theo, 15ul dich nuéi cay duge tiép vao 300ul méi
truong LB méi ¢6 bd sung 50 pg/ml ampicillin va
0,5mM IPTG, 14c 200 rpm & 37°C. MAu dugc thu
sau 8 gid nudi lic dé xac dinh hoat tinh LacA
biéu hién.

Dung 3pl dich nudi cdy (dich va t& bao)
chuyén sang dia 96 giéng c6 chia 17ul dém
0,1M Na-phosphate pH 7.0 va 5ul 0,1% SDS, u
5 phut ¢ nhiét d6 phong dé pha t& bao. Tiép do,
50ul co chdt ONPG (4 mg/ml) duge b6 sung, U
phan tng & 50°C trong 10 phit va diing phan
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ting v6i 25ul 1M Na,CO,. Phan ting mau duge do
4 budc séng 420nm trén hé thong may doc khay
vi thé tu dong E1x800™. Mbi mau duge do hoat
tinh 13p lai 3 1an.

Hoat tinh LacA cta dich nuéi cdy dudc tinh
theo cong thic:

Miller Unit (nmol/min/ml) = [(OD 4, — 1,75 x
OD;50)] x VAT x V, x ODgyp x 0,0045)

Trong d6, OD,,,: budc séng hdp thu cta
ONP; OD,,,: budc séng tan sic do t& bao cb
trong hén hop phan tng; ODg,,: mat dd té& bao
ctia dich nu6i mang xac dinh hoat tinh; T: thoi
gian thuc hién phan tng (phut); V,: téng thé
tich phan tng; V,: thé tich dich nudi cdy t& bao
mang thi hoat tinh; 0,0045: hé s6 hap thu cua
ONP 4 buéc séng 420nm.

2.4. Biéu hién va tinh sach enzyme

Cac dong E. coli tai té6 hop mang gene lacA
ban dau va lacA d6t bién dudc nubi trong moi
truong LB 16ng c¢6 bd sung 50 pg/ml ampicillin,
l4c 200rpm 6 37°C, qua dém. Sau d6 tiép gidng
1% dich nudi preculture vao 50ml moi trucng
LB c6 b6 sung ampicillin, 1ic § cung diéu kién
dé OD dat 0,6 - 0,8 (khoang 4 gid) thi cam tung
v6i 1mM IPTG. T€ bao dude thu sau 6 gid cam
tng bing ly tdm 4000rpm, 10 phit.

LacA tai td hop c6 gdn dudi 6 histidine duge
tinh sach dic hiéu qua cot trao d6i ion Ni**. Dé
tinh sach LacA, t& bao dugc thu tu dich nubi biéu
hién bang ly tdm 4000rpm trong 10 phut ¢ 4°C
va rta v6i 8ml nuée cat khu trung rdi hoa lai
trong 8ml dém gin cot (dém 1x native
purification 50mM NaH,PO,, 0,5mM NaCl c¢6 bd
sung 0,1M Imidazol, pH 8.0). B3 sung lysozyme
v6i nong d6 cudi ciing 1a 0,5 mg/ml, 4 trong da 30
phiit va pha siéu Am 10 l4an, mbi 14n 30 gidy. Sau
d6, dich pha siéu 4m duge ly tdm 13000 rpm, 10
phut dé thu dich protein va dua 1én cot co chua
2ml resin d4 dudc cdn bang voi dém gin cot
khéng bién tinh, G 45 phut & nhiét d6 phong va
thi thoang dao nhe. Cot dugde rua 3 14n, mdi lan
voi 8ml dém rua khong bién tinh. LacA tai t6 hop
dude ddy ra khoi cot bing 8ml dém 1x native
purification ¢6 bd sung 250mM Imidazol. Dich
enzyme tinh sach dudc dung &8 x4c dinh hoat
tinh riéng. Xac dinh hoat tinh galactosidase.
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Hinh 1. Ving lién két co chat cuia B-galactosidase tit Bacillus subtilis G1

Dé xac dinh hoat tinh ctia B-galactosidase,
1ul enzyme tinh sach cung véi 74pl 22mM
ONPG pha trong 50mM dém Z pH 7 dudc u 6
50°C trong 10 phut. Sau d6, ditng phan tng voi
25ul 1M Na,CO,. Dp hdp phu mau phan tng
duge do 6 bude séng 420 nm. Ong déi chiing gom
ONPG, dm Z va nuéc cit dudc thay cho
enzyme.

Mot don vi hoat tinh duge dinh nghia la
lugng enzyme xtc tac thiy phan gidi phéng 1
umol co chat ONPG trong thoi gian 1 phit &
diéu kién thich hgp. Hoat tinh déc hiéu cta
LacA 1a s6 don vi hoat tinh trén milligram
protein enzyme.

Hoat tinh B-galactosidase tinh sach dudgc
tinh theo cong thtc:

Ufml = OD,,, x V,/(0,0045 x 1000 x T x V,)

Trong d6, OD,,,: buéc séng hap thu cua
ONP (o-nitrophenol); T: thoi gian thuc hién
phan tng (phut); V,: thé tich phan tng (ml); V,:
thé tich enzyme (ml); 0,0045: hé s6 hdp thu caa
ONP 6§ buéc séng 420nm.

3. KET QUA VA THAO LUAN
3.1. Xac dinh vung lién két co chat

St dung phan mém ClustalX (version 1.81;
Thompson et al.,, 2008) cin nhiéu trinh tu
protein cliia p-galactosidase két hgp véi viée xac
ExPASy

dinh cAu trdc protein trén

(http://www.expasy.org) va st dung ciu tric cia
—galactosidase tit chung B. subtilis — 007012 dé
dinh huéng, ching t61 da xac dinh dugc cac vi
tri Argl120, Asn158, Trp331, Glu371, Lys372,
Leu373 va His374 tham gia truc tiép vao tuong
tac véi galactose nhu lién ké&t hydro giiia
enzyme va co chat (Hinh 1). Tt d6, chiing toi da
st dung 7 vi tri nay dé gay dot bién diém dinh
huéng ngiu nhién cho tiing vi tri.

3.2. Tao thu vién dét bién diém suy bién va
sang loc hoat tinh

Tai 7 vi tri duge xac dinh c6 kha nang lién
két truc tiép véi co chat trong qua trinh thuy
phdn 1a Argl20, Asnl158, Trp331, Glu371,
Lys372, Leu373 va His374, cac thu vién dot
bién dudc xay dung theo md ta ¢ phan phuong
phéap véi cac cap moi dot bién tuong tng cho
tting vi tri 6 bang 1.

San phdm PCR véi cac ciap mdi dot bién
tuong dng v6i 7 vi tri cAn tao dot bién duge
khuéch dai dic hiéu, c6 mot bing duy nhat véi
kich thudéc khoang 7500bp (Hinh 1), tuong ting
kich thudc cta plasmid tai t6 hop pELacA (gém
pET22b+ c¢6 kich thude 5500 bp va gene lacA c¢b
kich thuéc 2061bp). Két qua nay chiing té toan
b6 khuén pELacA da dude khuéch dai véi cip moi
d6t bién va tao thanh plasmid tai t6 hgp hoan
chinh véi cac vi tri @6t bién mong mudén khi déng
vong trd lai véi T4 ligase. Cac plasmid sau phan
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tng déng vong tai mdi vi tri dot bién duge dua vao
JM109(DE3) tao thanh thu vién cac dong dot bién.
Budc dau sang loc hoat tinh cac dong trong 7 thu
vién d6t bién (tuong tng véi 7 vi tri cAn tao dot
bién) cho thay hau hét cac dong d6t bién & cac vi
tri déu giam hogic méat hoat tinh (Bang 2). Trong
d6, nhiing d6t bién tai vi tri Argl20 c6 anh hudng
dén hoat tinh enzyme manh nhat. Tai vi tri nay,
c6 dén 84,33% cac dong mat hoat tinh hoan toan.
Vi tri 331 c6 ti 1é cac dong mat hoat tinh it nhat
véi 56,73%.

=

E— 1
=
o
p—
¥

Hinh 2. Pién di san pham PCR khuéch dai
khuén pElacA véi cac ciap méi dot bién

R120X (1), N158X (2), W331X (3), E371X (4), K372X (5),
L373X (6), H374X (7)

Theo nghién ciiu cia Dong et al., (2011), vé
ning cao hoat tinh p-galactosidase tut Geobacillus
stearothermophilus (thuéc ho GH42), cing cho
thay vi tri lién két véi co chat dau tién nay
(Arg109, tinh tit dau N) c6 vai tro rat quan trong
d61 véi hoat tinh thiy phan ctia enzyme. Téc gia
da tim thay dot bién Argl09Gly lam mat hoan
toan hoat tinh enzyme. Ciang trong mot nghién
cttu khéc vé viéc cai bién B-galactosidase tit

Geobacillus stearothermophilus, Placier et al.,
(2009) da tim duge dot bién Argl09Lys lam ting
hoat tinh chuyén hoéa glycosyl
(transglycosylation). Nhiing két qua nay chiing to
vi tri lién két co chat diu tién tinh tir ddu N caa
phan tii p-galactosidase trong ho GH42 c6 vai tro
quan trong t6i hoat tinh ctia enzyme.

3.3. Phan tich trinh ty cac dong dot bién

Buéc dau chiing t6i lua chon vi tri Argl120
dé phan tich trinh tu va danh gia cdc amino
acid d6t bién thay thé. Khi phan tich trinh tu 3
dong hoat tinh khéong thay d6i cho thay cac dong
nay khéng cé dot bién. Véi 4 dong mat hoat, két
qué doc trinh tu cho thay c6 cac bd ba nucleotide
dot bién TTT, ACT, GTG thay cho by ba AGG
ban ddu (Hinh 3). Két qua nay dan dén Arg ban
dau (thudoc nhém basic) dudc thay thé 1an lugt
bing Phe (thuéc nhém vong thom), Thr (thudc
nhém ai nhan) va Val (thudéc nhém ky nuée). Su
thay thé& cac amino acid thudc cdc nhém khac
véi amino acid ban ddu da lam mé&t hoat tinh
thiiy phan cua enzyme.

3.4. Tinh sach va xac dinh hoat tinh LacA
dot bién

LacA ban dau va LacA ti cAc dong dot bién
dugc biéu hién noi bao va duge tinh sach qua cot
trao d6i ion Ni2+. LacA ban dau va LacA dot bién
dugc tinh sach mot bang déu cé kich thude khoang
70 kDa. Cac phan doan tinh sach chi ¢6 mot bang
duy nhat ctia LacA ban dau va LacA d6t bién duge
chon dé xac dinh hoat tinh riéng véi co chét
ONPG (Hinh 4).

Bang 2. Sang loc hoat tinh cac dong dot bién

S6 khu&n lac sang % cac dong dét bién co hoat tinh so véi ban dau

Mau loc N N = ~ p
; Tang Khoéng doi Giam Mat
R120X 300 0 0,33 15,33 84,33
N158X 92 0 5,43 18,48 76,09
W331X 278 0 0,36 30,58 69,06
E371X 57 0 0 19,30 80,70
K372X 57 0 0 28,07 71,93
L373X 104 0 1,92 41,35 56,73
H374X 220 0 0,45 19,55 80,00
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CAGCTGCACGGCGGAAGGCACAACCACTGCCTC CAGCTGCACGGCGGATTTCACAACCACTGCCTC
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Argl120 Arg120Phe
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Arg120Thr Argl20Val

Hinh 8. K&t qua xac dinh trinh ty mot s6 dong dot bién tai vi tri Arg120X.

1 2 3 M 4 5 6 7 8 9 M 10 11 12 13
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Hinh 4. SDS-PAGE protein tinh sach LacA ban dau (7-9), Arg120Val (1-3),
Argl120Thr (4-6), Arg120Phe (10-13)
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Bang 3. Hoat tinh dic hiéu ctia LacA ban dau va LacA dot bién véi co chat ONPG

Hoat tinh dac hiéu % Hoat tinh so vo&i

Mau B ba nucleotide thay dbi Uimg protein ban dau
Wild-type AGG - AGG 1,02 + 0,02 100
Arg120Phe TTT - UUU 0,016 + 0,02 1,6
Arg120Thr ACT - ACU 0,02 +£ 0,04 2,8
Arg120Val GTG —» GUG 0,03 +0,01 2,9
Két qua cho thay enzyme d6t bién Argl20 TAI LIEU THAM KHAO

Phe, Arg120Thr va Argl20Val gan nhu bi mat
hoat tinh hoan toan so v6i LacA ban dau. Hoat
tinh cta cac LacA dot bién chi bang 1,6-2,9% so
v6i LacA ban dau (Bang 3).

4. KET LUAN

Chung t61 da xac dinh duge 7 vi tri amino
acid cua B-galactoisidase tit B. subtilis G1 c6
kha nang lién két truc tiép vdi cd chat trong qua
trinh thty phan. Tu d6, da tao dude 7 thu vién
dot bién dinh huéng ngiu nhién tucng tGng véi 7
vi tri lién két co chit va buée dau da xac dinh
duge anh hudng cia moét s6 amino acid tai vi tri
120, trong d6 su thay thé& arganine thanh
phenyl, threonine va valine lam mat hoat tinh
enzyme B-galactosidase.
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