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cua chung Bacillus subtilis BD170 tai t6 hop

Ngb Thi Tuong Chau®", Hoang Thi Bich Van', Nguyén Hoang Tam',
Lé Van Thién', H Tuyén?
‘'Khoa Méi truwong, Trueong Pai hoc Khoa hoc Tu nhién, DPHOQGHN, 334 Nguye:n Trai, Ha Néi, Viet Nam

2 Vien Cong nghé Sinh hoc, Vién Han lam Khoa hoc va Cong nghé Viét Nam,
18 Hoang Quéc Viét, Cau Gidy, Ha Néi, Viét Nam

Nhéan ngay 30 thang 9 ndm 2017
Chinh sira ngay 07 thang 11 ndm 2017; Chap nhan dang ngay 13 thang 11 niam 2017

Toém tat Nattokinase 1a mot protease kiém c6 hoat tinh phan huy fibrin, di dugc ching minh 1am
sang vé hiéu qua va an toan trong didu tri huyet khéi & nguoi qua duong uong Trong nghién cilru
nay, thanh phan méi truong 1én men da dugce t6i wu hoa cho kha nang sinh tong hop nattokinase tir
chung Bacillus subtillis BD170 tai t6 hgp. Cac ngudn carbon, nito va mubi khoang thich hop cho
hoat tinh nattokinase 1an luot 1a maltose, dau nanh, MgSO, va CaCl,. Sau do cac yéu té nay duoc tbi
uu hoa theo phuong phap bé mit dap tmg. Két qua cho thiy moi truong t6i wru cho qua trinh sinh
tong hop nattokinase tai to hop cua chung B. subtillis BD170 gém 15 g/l maltose, 45 g/l dau nanh,
0,75 g/l MgSO,4 va 0,75 g/l CaCl,. Sau 48 gio 1én men ¢ pH 7,0, hoat tinh nattokinase tai t6 hop tdi
da dat 342 FU/ml, cao gip 1,3 1an so véi trude khi toi wu.

Tir khéa: Bacillus subtilis, hoat tinh phdn hily fibrin, nattokinase tdi té hop.

1. Pat vin dé

Téc ngh&n mach do huyét khdi dan dén nhoi
méu co tim cip tinh va dot quy do thiéu méu
cuc bo la mét trong nhitng nguyén nhan chinh
gay t&r vong & nguoi [1]. Nattokinase, mot
protease kiém c6 hoat tinh phan huy fibrin, da
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duge chirg minh 1am sang vé hiéu qua va an
toan trong diéu tri huyét khbi qua duong udng.
Nattokinase duogc thu nhan theo con duong Ién
men truyén thong thudng c6 ham luong khéng
cao va hoat tinh it 6n dinh. Huéng nghién ciru
san xuét nattokinase tai to hop budc dau cho
thay hiéu qua vi enzyme téi t6 hop duogc biéu
hién c6 hoat tinh va tiét ngoai bao [2, 3]. Viéc
thuong mai héa nattokinase tai t6 hop doi hoi
su toi wu hda thanh phan moi trudng 18n men dé
dat san lugng t6i da. Trong nghién ciu nay,
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thanh phan mdi truong 1én men cho sinh tong
hop nattokinase cua chung B. subtillis BD170
tai t6 hop da duoc tdi wu hda theo phwong
phap bé mat dap ung, mot hudng tiép cdn méi
da duoc tmg dung trong vai nghién ciru gan
day [4-7].

2. P6i twong va phwong phap nghién ciru
2.1. Béi twong nghién ciru

Chung vi khuan Bacillus subtilis BD170 tai
t6 hop mang vector pHT43/Nat05 dong R4,
trong d6 gen ma hda nattokinase Nat05 (ma sb
truy cap KU341115 tai GenBank) ¢ ngudn goc
tir chiing tu nhién B. subtilis Natto5 (mé s truy
cap KR140153 tai GenBank) duoc phén lap tir
dau twong 1én men thu thap tai tinh Bic Giang.

2.2. Phwong phadp nghién cuu

MOi trueong 1€n men co so: 1a méi truong
MT2 (g/l) gém: maltose 30; dau nanh 20;
MgSO, 0,2; CaCl, 0,5; pH 7,0 (hat dau nanh
duge ngdm véi nudc 6 giv cho mém va xay
nhuyén thanh sita).

Chudn bi giong: Gibng vi khuan duoc bao
quan trong 6ng eppendorf chta glycerin 30% &
-86°C. Gidng dugc hoat hda ngay trude khi st
dung bang cach nudi cdy trong moi truong LB
long (1% tryptone; 0,5% dich chiét nAm men va
1% NaCl) qua dém ¢ 37°C véi toc do lac 220
vong/phut.

Phurong phép 1én men: Phan phdi 3% thé
tich dich giéng vao binh tam gi4c 500 ml c6
chtra 150 ml mdi truong. B sung isopropyl p-
D-1-thiogalactopyranoside (IPTG) ndng do
1mM khi 1&n men dé kich thich sinh tong hop
nattokinase tai to hop. Nudi trén may lic ¢ 200
vong/phat, 30°C trong 48 gio. Thu nhan dich
chiét enzyme bang cach ly tam & 10.000
vong/phat, 4°C trong 10 phdt.

Phuong phdp Xac dinh kha nang hoa tan
huyét khoi: Dua vao kha niang hoa tan huyét

khéi lon. Cho 1 ml dich chiét enzyme vao 5 g
huyét lon dong, u 37°C trong 4 gio. Can trong
luong cuc huyét dong con lai sau khi u va tinh
luong huyét khéi tan theo % so véi luong huyét
khéi ban dau [8].

Phuong phdp x&c dinh hoat tinh
nattokinase: Hoat tinh nattokinase dugc Xxac
dinh boi sy ting cAc san pham c6 trong luong
phan tir thip va tan trong acid ma duoc tao ra
trong qué trinh phan huy fibrin. Sy tang nay
dugce xac dinh bang cach do d6 hap thu ¢ tia
cuc tim (275 nm). Mot don vi hoat do
nattokinase (FU-fibrinolytic unit) dugc dinh
nghia la luong nattokinase dugc can dé lam gia
tang 1,0 ¢6 hap thu trong 60 phut cta dung dich
phan tng [7, 9].

Phuong phap lira chon cac nguon carbon
(C), nito (N) v& muoi khoang: Chung vi khudn
tai t6 hop duogc 1én men trong moi truong co so
c6 (i) ngudn C duoc thay thé bang mot lugng
twong duong cua tinh bot tan, glucose, maltose,
xylose, sucrose va fructose; (ii) nguon N duoc
thay thé bang mot lugng twong dwong cua dau
nanh, pepton, cao nim men, casein, (NH,),SOy,
va NaNOj; (iii) nguén mudi khoang dugc thay
thé hodc s dung véi cac nong do khac nhau
cua NaCl, CaCl,, MgSO, va K,HPO,. Sau 48
gid, Xac dinh kha niang hoa tan khéi huyét cua
dich 1én men.

Phurong phép t0i wu hoa bé mat dap img
(Response Surface Methodology- RSM): Sur
dung k¥ thuat md hinh théng ké thuc nghiém dé
phan tich hoi quy da diém. Tap hop dir liéu dinh
lwong nhan dugc tir thiét ké yéu t6 nhim giai
ddng thoi cac phuong trinh da bién. Cac thanh
phan mdi truong da lya chon ¢6 anh hudng dén
sinh téng hop nattokinase duoc tdi wu hoa sir
dung thiét ké phirc hop tai tdm diém. Dir liéu
dugc phan tich boi phan mém thong ké Design
Expert (DX7 version 7.1).

Phuong phap xit 1y so liéu: Thi nghiém
duoc lap lai 3 1an. S6 lidu duogc xir Iy bang phan
mém Microsoft Excel 2010 va Ducan’s test
theo chuong trinh SPSS 16.
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3. Két qua nghién citu va thao luan
3.1. Lwa chon nguén C

Trong sb cac ngudn C duoc khao séat, ngudn
maltose cho két qua hoa tan huyét khdi cao
nhit, theo sau la ngudn glucose va sucrose (P <
0,05). Ngudn tinh bot tan cho hoat tinh
nattokinase thap nhat, ching to ngudn nay
khong thich hop cho su phat trién ctia chung vi
khuan tai t6 hop. Két qua ndy phu hop véi
nghién ctru cua Jau va cs. (2009) [5], Liu va cs.
(2005) [6]. Ham luong maltose t6i wu cho hoat
tinh nattokinase cting da dugc xac dinh la 30
g/L (Bang 1).

3.2. Lwa chon nguén N

Trong sb cac ngudn N duoc khao sét, ngudn
dau nanh (dugc ngdm va xay thanh stra dau
nanh) cho két qua hoa tan huyét khoi cao nhat

(P < 0,05). Cac ngudn nitrogen hiru co khac
nhu pepton, cao nim men, tryptone va casein
cho gia tri hoat tinh thap hon, khoang 66-92%
S0 v6i ngudn dau nanh. Nguon NaNO; khéng
thich hop cho sy sinh tong hop nattokinase cua
chung vi khuan tai t6 hop. Két qua nay phi hop
véi nghién ctru cua Jau va cs. (2009) [5], Liu va
cs. (2005) [6]. Ham luong d4u nanh tbi wu cho
hoat tinh nattokinase cting da dugc xac dinh la
30 g/L (Bang 2).

3.3. Lua chon nguon mudi khodng

Trong s6 cac ngudn mudi khoang véi cac
ham luong khac nhau duoc khéo sét, sy bd sung
ddng thoi MgSO, va CaCl, voi ham luong la
0,5 g/l cho gia tri hoat tinh nattokinase cao nhét
(P < 0,05). Hai ngudn con lai NaCl va K,HPO,
cho gi4 tri hoat tinh thdp hon (Bang 3).

Bang 1. Anh hudng ctia ngudn C dén sinh tong hop nattokinase

Nguon C T.bot  Glucose Maltose Xylose Sucrose Fructose Maltose
(a/l) 30 20 25 35 40
Luong
huyét tan 8,1 27,7 30,6 14,8 18,1 16,1 202 266 30,6 30,3
(%)
Béng 2. Anh hudng ciia ngudn N dén sinh tong hop nattokinase
N Pau Cao ndm . R
Nguon N anh Pepton Casein  (NH,4),SO, NaNOj3 Pau nanh
(g/l) nan men
20 15 25 30 35
Lugng
huyét tan 30,6 25,7 28,1 20,3 14,9 12,7 247 341 368 36,6
(%)
Béng 3. Anh hudng ctia ngudn mudi khoang dén sinh tdng hop nattokinase
Muoi MgSQy:
khOéng MgSO4 CaCIZ NaCl K;HPO, CaCIZ

(a/1) 02 05 10 02 05 10

10 25 50 02 05 10 0505

Luong

huyéttan 36,7 39,1 388 37,6 389 386 295 287 274 251 299 29,6 40,7

(%)
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Bang 4. C4c phuong an trong ving tdi wru céc yéu t6 anh huong

TNsé Maltose (g/) DPaunanh (g/l) MgSO,(g/l) CaCl, (g/) Hoat tinh nattokinas (FU/ml)

1 45,00 15,00 0,75 0,25 99,5
2 45,00 45,00 0,75 0,25 3254
3 45,00 45,00 0,25 0,75 249,3
4 15,00 15,00 0,25 0,25 104,0
5 15,00 45,00 0,25 0,75 285,1
6 30,00 30,00 0,50 0,50 182,8
7 45,00 15,00 0,25 0,25 131,6
8 15,00 15,00 0,75 0,75 86,1
9 15,00 45,00 0,75 0,25 3227
10 45,00 45,00 0,25 0,25 292,5
11 45,00 15,00 0,25 0,75 81,9
12 45,00 45,00 0,75 0,75 304,6
13 15,00 45,00 0,75 0,75 342,0
14 15,00 45,00 0,25 0,25 288,3
15 15,00 15,00 0,75 0,25 73,3
16 45,00 15,00 0,75 0,75 72,3
17 15,00 15,00 0,25 0,75 94,2
18 41,35 17,23 0,53 0,54 1314
19 30,66 38,27 0,70 0,37 248,6
20 33,52 21,59 0,62 0,28 109,6
21 26,45 22,03 0,59 0,57 132,2
22 35,41 15,68 0,34 0,58 112,4
23 23,53 15,48 0,38 0,71 84,9
24 21,70 28,22 0,62 0,57 178,0
25 41,73 33,77 0,58 0,48 228,4
26 16,73 32,69 0,46 0,75 186,0
27 28,48 42,97 0,47 0,30 275,1
28 16,34 31,85 0,71 0,59 221,9
29 37,56 23,92 0,39 0,44 153,6
30 33,48 40,94 0,40 0,61 255,5
31 21,51 24,89 0,65 0,41 153,0
32 27,47 29,69 0,65 0,57 179,2
33 17,88 22,89 0,41 0,65 142,4
34 17,17 33,06 0,65 0,70 210,4
35 39,16 43,85 0,69 0,58 318,4
36 17,77 40,75 0,64 0,53 306,6
37 26,51 31,41 0,47 0,39 188,8
38 41,41 25,42 0,55 0,66 143,8
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39 17,22 34,61 0,74 0,69 228,8

40 41,46 19,68 0,59 0,31 129,2

41 15,92 24,21 0,73 0,51 167,2

42 40,65 31,87 0,54 0,70 172,5

43 19,54 27,86 0,65 0,50 183,4

44 22,90 40,49 0,44 0,67 255,8

45 16,01 43,87 0,46 0,57 332,9

46 38,91 37,50 0,50 0,74 200,4

47 16,73 33,93 0,29 0,72 190,1

Bang 5. Kiém chumg sy tuong thich ciia mo hinh véi két qua thuc nghiém

N Maltose Pau nanh MgSO, CaCl, Hoat tinh ly thuyét Hoat tinh thuc té
S0 (a/h) (a/l) (a/h) (a/h) (FU/mI) (FU/ml)
10 45,00 45,00 0,25 0,25 292,5 297
11 45,00 15,00 0,25 0,75 81,9 80,3
12 45,00 45,00 0,75 0,75 304,6 300
13 15,00 45,00 0,75 0,75 341,9 342
14 15,00 45,00 0,25 0,25 288,3 284

3.4. T6i wu héa gid tri cdc yéu té danh hwéng lén
hoat tinh nattokinase

Tir két qua néu trén, mién khao sat cua 4
yéu té dugc lya chon dé t6i wu hoa thanh phan
moi truong 1én men dugc xac dinh nhu sau:
maltose (A): 15,0+45,0 (g/l); dau nanh (B):
15,0+45,0 (g/l); MgSO, (C): 0,25+0,75 (g/l),
CaCl, (D): 0,25+0,75 (g/l). Str dung phan mém
t6i uu hod Design Expert (DX7 version 7.1) dé
thiét ké 30 thi nghiém va xir Iy két qua thuc
nghiém. Su ¢ nghia ctia cac hé sd va su thich
mg ctia md hinh dugc kiém tra bang phan tich
hoi quy. Két qua cho thiy chuan F md hinh cd y
nghia thong ké v&i do tin cdy 99,99% (P <
0,0001). Chuan F “sy khong tuong thich” bang
2,38 cho thiy md hinh tuong thich véi thyc
nghiém. Lan luot xét anh hudng cia timg yéu
t6 (khi cac yéu t6 khac giir & mirc trung tam)
dén sinh téng hop nattokinase cho thiy yéu t6
c6 anh huéng manh nhit 1a B (dau nanh), sau
d6 dén A (maltose), tiép dén la C (MgSO,) va
cudi cung 1a D (CaCl,).

Phuong trinh da thic bac hai tong thé cho
sinh tong hop nattokinase 1a: Y = +96,89189 -

7,75747 * A - 4,98930 * B - 59,95320 * C +
902,46992 * D - 0,036944 * A * B - 0,15000 *
A*C-75000* A*D +6,15000 * B * C +
0,68333 * B * D + 125,00000 * C * D +
0,17642 * A2 + 0,20874 * B2 - 47,01018 * C2 -
916,20599 * D2. Trong do: Y: hoat tinh
nattokinase (FU/ml); A: maltose (g/l); B: dau
nanh (g/l); C: MgSO, (g/l); D: CaCl, (g/l).
Ving toi wu cia tat ca cac yéu té anh huong
gdm 47 phuong an (Bang 4), trong d6 phuong
an sinh téng hop nattokinase cao nhat 13
phuong an 13, bao gdm cic thanh phén:
maltose 15,0 g/l, dau nanh 45,0 g/l, MgSO, va
CaCl, déu 1a 0,75 g/l. Hoat tinh dat dugc theo
mo hinh t&i uu 1a 342 FU/m, ting gip 1,3 lan
s0 véi trude khi toi wu.

Pé kiém tra lai tinh ding din ctua phuong
trinh t6i wu, tién hanh thi nghiém kiém ching
tai 5 diém t6i wu thu dugc bat ki (cac diém toi
wu nay co cac thdng sb cia cac bién va ca két
qua vé hoat do thu dugc theo ly thuyét) (Bang
5). Két qua cho thiy trong cac thi nghiém su sai
khéc vé hoat tinh nattokinase gitta ly thuyét va
thyc nghiém kiém ching tuong d6i nho (< 5
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FU/mI). Nhu vay, két qua toi wu cia md hinh
duogc xem la chinh xac.

4. Két luan

Biang phuong phap t6i uu héa bé mat dap
g, thanh phan moi trudng 1én men tbi wu cho
kha ning sinh tong hop nattokinase ctia chung
B. subtillis BD170 tai to hop dugc xac dinh nhu
sau (g/l): maltose 15,0; dau tuwong 45,0; MgSO,
0,75; CaCl, 0,75; pH 7,0. Hoat tinh t6i da dat
duoc 1a 342 FU/mI. Két qua lam tién dé cho
nghién ctru san xuét nattokinase tai to hop voi
quy md pilot tng dung trong cong nghiép thuc
pham va duoc pham.

Loi cam on

Nghién ctu ndy dugc tai trg boi dé tai
“Nghién ctu cdng nghé san xuat enzyme
nattokinase tai t6 hop wng dung trong cong
nghiép thuyc pham va duoc phim” mi so
DT.04.15/CNSHCB thugc Dé an phét trién va
ung dung cdng nghé sinh hoc trong linh vuc
cdng nghiép ché bién dén nim 2020 cua Bo
Cong thuong.
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Optimization of the Medium Components for Recombinant
Nattokinase Production by Bacillus Subtilis BD170
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Abstract: Nattokinase is a serine protease with fibrinolytic activity whose clinical efficacy and
safety for human by the oral route has been proven. In present study, we optimized the medium
components for recombinant nattokinase production by Bacillus subtillis DB170. Carbon, nitrogen and
mineral sources suitable for the recombinant nattokinase production were maltose, soybean, MgSQO,
and NaCl, respectively. These factors were subsequently optimized by using the response surface
methodology (RSM). The obtained results showed the optimal medium components for the
nattokinase biosynthesis contained 15 g/l maltose, 45 g/l soybean, 0.75 g/l MgSO, and 0.75 g/l CaCl..
After 48 hrs of fermentation at initial pH 7.0, nattokinase activity reached the highest level of 342
FU/ml, 1.3 folder higher than that in the pre-optimized one.

Keywords: Bacillus subtilis, fibrinolytic activity, recombinant nattokinase.



