KHOA HOC CONG NGHE

TOI UU HOA CAC YEU TO ANH HUOGNG DEN
KHA NANG SINH TONG HOP ENZYME FIBRINOLYTIC
CUA DONG VI KHUAN Bacillus subtilis MLO 1
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TOM TAT

Nghién ctru duoc thuc hién véi muc tiéu t6i vu hoa cac yéu to anh huéng dén kha nang thu nhan
enzyme fibrinolytic tit Bacillus subtilis MLO1 st dung phuong phap dap tmg bé mat (RSM) voi
phuong 4n cau truc c6 tam (CCD). Thiét ké thi nghiém Plackett - Burman duoc st dung dé sang
loc cac yéu to chinh tac dong dén qua trinh sinh téng hop enzyme fibrinolytic trong 10 yéu to
duoc chon, bao gom: Glucose, maltose, sucrose, soya peptone, yeast extract, K,HPO,, MgSO,,
CaCl,, pH va mat do vi khudn ban dau. Két qua cho thay, maltose, soya peptone, K,HPO, va mat
do vi khuén la 4 yéu t6 c6 anh huong nhiéu nhat (p-value < 0,05). Trén co s& do, khi st dung
phuong phap RSM - CCD da tim ra mdi truong thich hop cho qua trinh sinh téng hop enzyme
fibrinolytic véi cac gia tri toi vu duoc xac dinh la maltose 18,15 g/L, soya peptone 9,59 g/L,
K,HPO, 2,33 g/L va mat do vi khuan 2,6 x 10° t€ bao/mL, sau 48 giv 1én men & 37°C cho hoat tinh
enzyme fibrinolytic cao nhat 1a 25,56 FU/mL, cao hon trudc khi t6i vu 2,9 lan (8,89 FU/mL). Ma
tran Plackett - Burman két hop véi RSM - CCD duoc danh gia 1a cong cu pht hop dé t6i uu hoa

gia tri clia cAc yéu to c6 anh hudng dén qua trinh sinh tong hop enzyme fibrinolytic.
Tt khéa: Bacillus subtilis, enzyme fibrinolytic, RSM - CCD, sinh téng hop, to1 uu hoa.

1. BAT VAN BE

Tac nghén mach do huyét khoi dan dén nhoi
mau co tim, dot quy va céac réi loan tim mach khac
la mot trong nhitng nguyén nhan chinh gay t&
vong ¢ nguoi. Nam 2012, kKhoang 17,6 triéu nguoi
chét vi bénh tim mach (CVD), chiém 31,43% tong
sO ca tir vong trén toan cau [1]. Huyét khoi duoc
hinh thanh do su tich tu fibrin théng qua qué trinh
dong mau boi nhiéu yéu to, fibrin cha yéu duoc
tao thanh tur fibrinogen do tac dong cua thrombin
[2]. Cac lieu phap diéu tri st dung thudc lam tan
huyét khoi dang duoc st dung rong rai nhung chi
phi tng dung lam sang dat va c6 cac tac dung phu
khong mong muén nhu xuét huyét tiéu hoa hay di
ung [3]. Do do, viéc tim kiém cac phuong phap
moi lam tan huyét khoi an toan, tiét kiém va hiéu
qua hon dang duoc tién hanh. Enzyme tir vi sinh
vat da duoc lga chon nghién ctru rong rai vi day co
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thé xem la nguén nguyén liéu ré tién va an toan
[4].

Enzyme fibrinolytic 1a enzyme phan hiy huyét
khoi duoc san xuat tir nhiéu loai vi sinh vat khac
nhau trong do6 co6 chi Bacillus1a mot chi 16n cuaa vi
khuan c6 kha nang sinh enzyme hiéu qua trong
viéc 1am tan huyét khoi [5]. Diéu kién nuoi cay va
thu nhan enzyme tir chi Bacillus don gian, ché
phim enzyme c6 @0 bén cao, hoat dong trong
khoang nhiét do va pH phu hop tng dung trong
cong nghiép [6].

Viec stt dung thong ké trong thiét ké thi
nghiém sang loc cac yéu t6 anh huong dén moi
truong nudi cay vi khudn nhu nguén nito, cac bon,
ngudn khoang va t6i wu héa cac yéu té duoc chon
nhiam tim ra moi truong toi wu dé thu nhan
enzyme fibrinolytic dat nang suat cao la huong ti€p
can ctia cac nghién ctru gan day [7 - 10]. Trong do,
toi wu da yéu t0 theo ma tran cta Plackett va
Burman (1946) [11] 1a phuong phap giup tiét kiém
thoi gian nghién ctru va s6 luong thi nghiém can
thuc hién [9] nho vao kha nang phat hién cac yéu
t0 quan trong trong cac thanh phan duoc khao sat

20 NONG NGHIEP VA PHAT TRIEN NONG THON - KY 2 - THANG 1/2024



KHOA HOC CONG NGHE

[10]. Trong nghién cttu nay, cac yéu t6 anh hudng
clia qua trinh nudi cay Bacillus sp. duoc sang loc
theo ma tran Plackett - Burman va toi wu héa theo
phuong phap dap tng bé mat (RSM) - phuong an
cau trac co6 tam (CCD), voi muc tiéu tim ra gia tri
toi wu cta cac yéu to tac dong truc ti€p dén qua
trinh tong hop enzyme fibrinolytic, lam tién dé tao
sinh phdm tng dung vao thuc té san xuat.

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Vat liéu nghién ctu

Giong vi khudn: Dong vi khuan Bacillus
subtillis MLO1 duwoc phan lap, dinh danh va luu trix
tai Phong thi nghiém Vi sinh vat cong nghiép, Vién
Cong ngheé sinh hoc va Thuc phdm, Truong Dai
hoc Can Tho [12]. Vi khudn Bacillus subtillis
MLO01 dugc nuéi cdy ting mat do vi khudn trén
moi truong NB (Nutrient Broth, Merck). Mat do vi
khuan duogc xac dinh bang phuong phap dém truc
ti€p tréen budng dém hong cau (Neubauer -
Improved, Bright - line), duoi kinh hién vi quang
hoc & @6 phong dai 100X.

Hoa chat Fibrinogen, thrombin, sodium
tetraborate decahydrate, trichloroacetic acid - TCA
(Sigma - Aldrich, Merck).

Moi truong lén men truoc tor uu. Glucose 2
g/L, maltose 20 g/L, soya peptone 10 g/L, yeast
extract 10 g/L, K,HPO, 2 g/L, MgSO, 1 g/L [7].

2.2. Phuong phap nghién cttu

2.2.1. Phurong phap lén men

Cho 99 mL moi truong 1én men long cé thanh
phan nhu trén vao binh tam giac 250 mL, dung nut
bong khong thim nudc day kin miéng binh tam
giac (phia trén day ndp gidy) va tién hanh kht
trung & 121°C trong 20 phut. Sau khi dé nguoi
hoan toan, b6 sung 1 mL dich tang sinh vi khuin
voi mat do 1 x 10° t€ bao/mL (tb/mL) vao moi
treong. Tat ca cac mau duoc U lac lién tuc véi toc
do 150 vong/phut & 37°C. Sau 48 gi¢ 1én men, cac
mau duoc dem ly tdm 10.000 vong/phut & 4°C
trong 10 phat, thu 14y phan dich léng dem phan
tich hoat tinh enzyme.

Chi tiéu phan tich: Hoat tinh enzyme
fibrinolytic (FE) theo phuong phap Japan Bio

Science Laboratory Co., Ltd. (JBSL) (Japan
Nattokinase Association, 2000).

2.2.2. Phuong phap xac dinh hoat tinh enzyme
fibrinolytic sir dung phuong phap dinh lirong theo
str thuy phéan fibrin

Thi nghiém dugc tién hanh trong cac 6ng
nghiém, méi mau enzyme c6 mot mau doi chung
(mau chtta enzyme bat hoat) va lap lai 3 lan. Cho
0,4 mL dung dich fibrinogen 0,72% va 1,4 mL dém
borate vao 6ng nghiém, t trong bé cach thuy 37 +
0,3°C trong 5 phut. Thém 0,1 mL dung dich
thrombin 20 U/mL, lac déu. Sau 10 phut, tién hanh
cho 0,1 mL enzyme thu nhan, a 37 + 0,3°C. Sau 20
phut va 40 phut ké tir thoi diém phan tmg bat dau
(khi cho mau thtr vao), lic déu 6ng nghiém. Sau 60
phut, théem 2 mL dung dich TCA 0,2 M (dé ngling
phan tmg), ti€p tuc u trong bé cach thay 37 = 0,3°C
thém it nhat 20 phut ntta. Ly tam 15.000 vong
trong 10 phut, thu nhan dich trong. Po d¢ hap thu
cua dich trong & budc séong 275 nm. Mot don vi (1
FU - fibrinolytic unit) duoc dinh nghia la luong
enzyme lam tang su hap thu cta dich sau phan
ung enzyme tai buéc song 275 nm bang 0,01 trong
thoi gian mot phut dudi cac diéu kién phan tng.

22.3 Sir dung thiét k€ thi nghiém Plackett -
Burman dé sang loc cdc yéu to anh huong dén kha
ndng sinh tong hop enzyme fibrinolytic

Thi nghiém dugc thiét ké theo ma tran
Plackett - Burman dé sang loc cac yéu t6 anh
hudéng chinh trong céac yéu té anh hudng ctia qua
trinh t6i wu, moi yéu t6 anh huong duoc kiém tra &
hai cap do: Mic thap (-1) va mirc cao (+1). Cac yéu
t6 duoc chon trong nghién ctu nay la glucose,
maltose, sucrose, soya peptone, yeast extract,
K,HPO,, MgSO,, CaCl,, pH va mat d¢ té bao vi
khuén (tb/mL) dwoc thé hién trong bang 1. Do so
lan chay hay nghiém thitc (n) trong thiét ké
Plackett - Burman lué6n 1a boi so ctia 4 va s6 luong
cac yéu t6 anh huong (k) co6 thé it hon mot s6 so
voi 6 1an chay (k <n-1) [11], nén tir 10 yéu t6 anh
hudéng duoc chon sé cho 12 nghiém thic dé sang
loc yéu t6 quan trong c6 anh hudéng dén kha nang
sinh hoat tinh enzyme fibrinolytic ctia vi khuin
Bacillus subtilis MLO1 (Bang 2). Két thuc qua
trinh 1én men, xac dinh hoat tinh enzyme
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fibrinolytic (FU/mL). Xt ly s6 liéu bang phan
mém Design - Expert 7.0 dé xac dinh cac nhan to

Bang 1. Céc bién trong ma tran Plackett - Burman

Mtc
STT Yéu to bon vi
-1 (Thap) +1 (Cao)

1 Glucose g/L 13 33
2 Maltose g/L 10 30
3 Sucrose g/L 25 45
4 Soya peptone g/L 5 15
5 Yeast extract g/L 10 20
6 K,HPO, g/L 1 3
7 MgSO, g/L 0,25 0,75
8 Ca(Cl, g/L 0,25 1,25
9 pH 5 9
10 Mat do tb/mL 10* 107

Bang 2. Cac nghiém thic dugc thiét ké theo ma tran Plackett - Burman

tac dong y nghia dén qua trinh 1én men.

STT | Glucose | Maltose | Sucrose p;;iie eszi ; K,HPO, | MgSO, | CaCl, | pH l\ggt
13 30 45 15 10 1 0,25 1,25 | 5 | 107
13 30 45 5 20 3 0,75 025 | 5 | 10*
33 30 25 5 10 3 0,25 1,25 | 9 | 10
33 10 45 15 10 3 0,75 1,25 | 5 | 10
33 30 45 5 10 1 0,75 025 | 9 | 10
33 30 25 15 20 3 0,25 025 | 5 | 10

22

NONG NGHIEP VA PHAT TRIEN NONG THON - KY 2 - THANG 1/2024




KHOA HOC CONG NGHE

7 13 10 45 ) 20 3 0,25 1,25 9 | 107
8 13 30 25 15 20 1 0,75 1,25 9 | 10*
9 13 10 25 15 10 3 0,75 0,25 9 | 10
10 33 10 45 15 20 1 0,25 0,25 9 | 10*
11 13 10 25 o 10 1 0,25 0,25 5 | 10*
12 33 10 25 ) 20 1 0,75 1,25 5 | 10

224 Toi uu hoa cdc yéu o dnh huong dén
khd nang sinh tong hop enzyme fibrinolytic va
kiém dinh thuc nghiém mo hinh t67 vu hoa da
chon

Céac yéu t6 c6 anh huong nhat dén két qua
khao sat sé duoc chon dé tién hanh thi nghiém
theo RSM - CCD @€ xac dinh gia tri t6i wu [13]. Tt
két qua xtr ly thong ke dua trén mo hinh Plackett -
Burman, cac nhan t6 co tac dong y nghia dén qua
trinh 1én men duoc t6i wu hoa theo RSM - CCD béi
phan mém Design - Expert 7.0. Mdi nhan t6 duoc
xac dinh véi 5 gia tri (-a, -1, 0, +1, +a) va thuc hién
3 lan lap lai. Cudi cung, dua vao két qua thuc
nghiém thu duoc tir thi nghiém theo RSM - CCD,
phan mém Design - Expert 7.0 da phan tich va dé
xuat cac nghiém thuc dé thu duoc hoat tinh
enzyme fibrinolytic cao nhat dua trén cac yéu to
khao sat. Sau do, thi nghiéem kiém dinh moé hinh
duoc thuc hién voi 3 1an lap lai dé xac nhan lai cac

diéu kién t6i vu voi 3 nghiém thie du doan két qua
cao nhat.

2.3. Phan tich thong ke

Phan mém Design - Expert (phién ban 7.0, Stat -
Ease Inc., USA) duoc stt dung dé phan tich phuong
sai (ANOVA), tinh toan hé so ctia phuong trinh hoi
quy va dé xuat giai phap cho mé hinh t6i vu hoa.

8. KET QUA NGHIEN CUU VA THAO LUAN

3.1. Sang loc cac yéu t0 anh huéng dén qua
trinh sinh t6ng hop enzyme fibrinolytic sit dung
thiét ké thi nghiém Plackett - Burman

Nham sang loc cac yéu t6 quan trong c6 anh
huéong dén kha nang sinh hoat tinh enzyme
fibrinolytic ctia vi khuin Bacillus subtilis MLO1,
ma tran Plackett - Burman [11, 14] da duoc thiét
ké voi 12 nghiém thitc dua trén 10 yéu to duoc
chon. Két qua hoat tinh enzyme fibrinolytic duoc
thé hién & bang 3.

Bang 3. Hoat tinh enzyme fibrinolytic cia 12 nghiém thic thiét ké béi ma tran Plackett - Burman
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Mat Hoat tinh enzyme
STT G| M| S |SP|YE | KHPO, | MgSO, | CaCl, | pH ; fibrinolytic
do
(FU/mL)
1 13 130 | 45| 15 | 10 1 0,25 1,25 5 107 12,22
2 13 130 | 45| 5 | 20 3 0,75 0,25 5 10* 16,11
3 3313025 5 | 10 3 0,25 1,25 9 10* 14,22
23
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4 33 110 | 45 | 15 | 10 3 0,75 1,25 ) 10* 12,78
) 33130 45| 5 | 10 1 0,75 0,25 9 10 13,89
6 33 130 | 25| 15 | 20 3 0,25 0,25 ) 10 14,44
7 13 110 | 45 | 5 | 20 3 0,25 1,25 9 10 19,44
8 13 130 | 25 | 15 | 20 1 0,75 1,25 9 10* 8,89
9 13 1 10 | 25 | 15 | 10 3 0,75 0,25 9 10 17,78
10 33 110 | 45 | 15 | 20 1 0,25 0,25 9 10* 12,78
11 13 110 25| 5 | 10 1 0,25 0,25 ) 10* 16,67
12 33 110 25| 5 | 20 1 0,75 1,25 o 10 12,78
CV (%) 1,11

Ghi chu: Pon vi cua glucose (G), maltose (M), sucrose (S), soya peptone (SP), yeast extract (YE),
K.HPO, MgSO,, CaCl, 2 g/Lit; don vi mat do vi khuén I4 t€ bao/mL.

Bang 4. Phan tich phuong sai két qua hoat tinh enzyme fibrinolytic thiét ké béi thi nghiém Plackett -
Burman tir phan mém Design - Expert 7.0

sows | T Bttt e | 4
Mo hinh 88,28 10 8,83 350,20 0,0416 Cé y nghia
A-Glucose 9,28 1 9,28 367,94 0,0332
B-Maltose 13,63 1 13,63 540,77 0,0274
C-Sucrose 0,64 1 0,64 25,36 0,1248
D-Soya peptone 16,08 1 16,08 637,79 0,0252
E- Yeast extract 0,65 1 0,65 25,73 0,1239
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F-K,HPO, 24,68 1 24,68 979,12 0,0203
G-MgSO, 4,33 1 4,33 171,85 0,0485
H-CaCl, 11,35 1 11,35 450,21 0,0300
JpH 0,23 1 0,23 9,22 0,2025
K-Mat d¢ vi khudn 7,41 1 741 293,97 0,0371
Phan du 0,025 1 0,025
Téng twong quan 88,30 11

c6 tac dong manh dén su sinh tong hop enzyme

Bang 4 cho thady, mo hinh c6 y nghia thong ke
fibrinolytic.

voi gia tri cta pvalue: 0,0416 < 0,05. Diéu nay
chimg minh céc yéu t6 duoc chon ctia thi nghiém

Bang 5. Mitc 6 anh hudng ctia cac yéu t6 dua vao hoat tinh enzyme fibrinolytic

Mitc Mtc @6 anh hwong
Ki hiéu Yéu to

-1 +1 He s6 anh huéng P- value
A Glucose 13 33 -0,88 0,0332
B Maltose 10 30 -1,07 0,0274
C Sucrose 25 45 0,23 0,1248
D Soya peptone 5 15 -1,16 0,0252
E Yeast extract 10 20 -0,23 0,1239
F K,HPO, 1 3 1,43 0,0203
G MgSO, 0,25 0,75 -0,60 0,0485
H CaCl, 0,25 1,25 0,97 0,0300
J pH 5 9 0,14 0,2025
K Mat do 10* 107 0,79 0,0371
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Hé s6 anh huong ctia timg yéu t6 duoc tinh
toan bang phan mém Design - Expert 7.0 (Bang 5).
Néu hé s6 anh hudng ctia mot yéu t6 1a s6 duong,
c6 nghia 1a yéu t6 d6 anh hudéng nhiéu hon & mic
cao va nguoc lai, gia tri anh huéng 1a s6 am thi yéu
to6 d6 anh huong nhiéu hon & muc thap dén két
qua khao sat [9]. Can c vao hé s6 anh hudng
(chon cac he s6 co gia tri tuyéet doi l1on hon), xac
dinh duoc 4 yéu to co tac dong manh nhat dén su
sinh téng hop enzyme fibrinolytic voi do tin cay
trén 95% (p-value < 0,05) la: Maltose (-1,07), soya
peptone (-1,16), K.HPO, (1,43), mat do (0,79). Do

do, 4 yéu t6 maltose, soya peptone, K,HPO,, mat
do vi khuidn duoc chon cho thiét ké thi nghiém
RSM - CCD.

3.2. Gi4 tri t6i wu cta cac yéu t6 anh hudng
dén qua trinh sinh tdng hop enzyme fibrinolytic

Dua trén két qua thi nghiém theo ma tran
Plackett - Burman, thi nghiém RSM - CCD véi 4
yéu to duoc chon (Bang 6) da duoc tién hanh dé
xac dinh gia tri toi vu ctia moi trudng lén men va
s6 liéu duoc xtt ly bang phan mém Design - Expert
7.0.

Bang 6. Cac bién dugc chon cho thiét ké thi nghiém RSM - CCD

Mirc
STT Yéu to bon vi
-1 (Thap) +1 (Cao)
1 Maltose g/L 10 30
2 Soya peptone g/L 5 15
3 K,HPO, g/L 1 3
4 Mat do tb/mL 10* 107

Phan mém thong ké Design - Expert 7.0 danh
gia sy phu hop va c6 y nghia cia moé hinh thi
nghiém qua phan tich phuong sai (ANOVA) va cac
chi so tuong quan. Mtrc do y nghia ctia cac hé so
hoi quy duoc kiém dinh véi cac gia tri p-value <
0,05 cho biét cac hé so héi quy co y nghia. Két qua
phan tich ANOVA duoc trinh bay trong bang 7, voi
p-value cia mo hinh 1a 0,0038 < 0,05 (c6 y nghia
thong ké), diéu doé cho thdy mo hinh hoan toan co
y nghia thong ke véi @6 tin cay > 95%.

Ngoai ra, dé xac dinh mac do phu hop cta
mo6 hinh thi hé s6 x4ac dinh R*1a mot thude do
quan trong va gia tri nay cang gan voi 1 thi moi
twong quan gitra gia tri thuc nghiém va gia tri du
doan cang tot [15]. Trong mo hinh nay, gia tri R*
la 0,8024, tuy nhién R® khong hoan toan quyét

dinh gia tri nghién cttu cia mé hinh vi con phu
thuoc vao nhiéu gia tri khac. Bén canh chi so R?
thi chi s6 R? hiéu chinh thudng duoc st dung vi
gia tri nay phan anh sat hon mac do phu hop cia
mo hinh héi quy. Bang 7 cho thay, R* hiéu chinh
1a 0,6181, diéu nay c6 nghia la cac nhan t6 khao
sat giai thich duoc 61,81% su bién thién ctia hoat
tinh enzyme fibrinolytic va 39,19% con lai anh
hudng boi cac nhan t6 khac ngoai mo hinh ciing
nhu sai s6 ngau nhién. Miat khac, do chinh xac
pht hop (Adeq Precision) ctia mé hinh nay bang
5,420 duoc cho la tot nhat khi > 4 vi n6 thé hién ty
lé tin hiéu nhiéu va R? du doan c6 gia tri “am” da
thé hién gia tri trung binh tong thé 1a mot du
doan phan héi t6t hon so véi mo hinh hién tai
[16].
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Bang 7. Két qua phan tich phuong sai toi tu qua trinh téng hop céc yéu to

Yeu ts Téng binh Bac tu do | Trung binh binh Gid tri F Gia tri P
phuong (df) phuong Prob>F
Mo hinh 442,43 14 31,60 4,35 0,0038
A-Maltose 0,63 1 0,63 0,087 0,7723
B- Soya Peptone 2,89 1 2,89 0,40 0,5375
C-K,HPO, 19,60 1 19,60 2,70 0,1212
D-Mat do 3,71 1 3,71 0,51 0,4860
AB 0,019 1 0,019 2,604E-003 0,9600
AC 42,61 1 42,61 5,87 0,0285
AD 102,87 1 102,87 14,17 0,0019
BC 4,32 1 4,32 0,59 0,4527
BD 2,33 1 2,33 0,32 0,5792
CDh 14,08 1 14,08 1,9 0,1841
A? 149,29 1 149,29 20,56 0,0004
B? 123,77 1 123,77 17,74 0,0009
C? 17,74 1 17,74 2,44 0,1389
D? 0,045 1 0,045 6,202E-003 0,9383
Phan du 108,92 15 7,26
Su thiéu phu hop
104,73 10 10,47 12,50 0,0061
(Lack of Fit)
Sai s6 4,19 5 0,84
Téng tuwong quan 551,35 29
NONG NGHIEP VA PHAT TRIEN NONG THON - KY 2 - THANG 1/2024 27



KHOA HOC CONG NGHE

bo lech chuan 2,69 R? 0,8024
Trung binh 15,48 R? hiéu chinh 0,6181
bo bién dong (CV %) 17,41 R? du doan -0,1051

Bang 7 cho thay, maltosexK,HPO,, maltose x
mat do, maltose x maltose, soya peptone x soya
peptone 1a tac dong c6 y nghia dén kha nang sinh
enzyme, voi gia tri P-value lan luot 1a 0,0285;
0,0019; 0,0004; 0,0009 (déu nhé hon 0,05). Bén

B 5oy Peptone S A Matoss

canh do, két qua su twong tac gitra maltose va soya
peptone, K,HPO, va mat do vi khuan cing duoc
thé hién trong biéu d6 bé mit dap ung hoat tinh
enzyme fibrinolytic theo cac yéu t6 anh huong
duoc trinh bay & hinh 1.

A Nehose O MAT 80 - A Matose

Hinh 1. Biéu d6 bé mit dap tng thé hién sy tuong quan lan luot gitta maltose va soya peptone, K,HPO,
va mat d6 vi khuin dén hoat tinh enzyme fibrinolytic

Dua trén cac két qua phan tich, su trong quan
clia cac yéu to khao sat duoc thé hién qua phuong
trinh héi quy duoc xay dung bing phin mém
Design - Expert 7.0 nhu sau: HOAT TINH = +19,72
+0,16*A+035*B+0,90*C+0,39*D-0,034 *
A*B-163*A*C+254*A*D+052*B*C+
038*B*D-094*C*D-233*A2-212*B2-
0,80 * C2 - 0,041 * D2. Trong d6: A, B, C, D lan
lwot 1a cac gia tri maltose, soya peptone, K,.HPO,va
mat do vi khuidn. Mat khac, dua vao cac nghiém
thiec duogc thiét ké san tir mo hinh téi vu héa CCD,
phan mém da xtt ly va cho két qua cac thanh phan

t6i wu hoa voi 30 nghiém thuc. Trong 30 nghiém
thitc phan mém dé xuat, 4 t6 hop maltose, soya
peptone, K,HPO, va mat do vi khuan tai 3 nghiém
thirc o6 s6 thir te 1a 4, 9, 21 cho hoat tinh enzyme
fibrinolytic cao hon so v6i cac nghiém thirc con lai.
Tuy nhién, dé xac nhan tinh ding dan cta mo
hinh t6i uu hoat tinh enzyme fibrinolytic duoc sinh
ra boi dong vi khuan Bacillus subtilis ML01, can
tién hanh céac thi nghiém kiém chimg 3 nghiém
thitc t6i wu mo hinh dua ra (Bang 8). Tur do, chon
ra nghiém thic cho két qua hoat tinh enzyme
mong doi t6i vu nhat.

Bang 8. Két qua kiém tra hoat tinh enzyme fibrinolytic thu duroc tir mé hinh va thuc té

STT Soya Mat do vi Hoat tinh FE Hoat tinh FE
~ MaltOSG KZHPO4 kh R h h A 7 h h ~
mo (/L) peptone (/L) uan theo thuat toan theo thyc té
hinh (g/L) (tb/mL) (FU/mL) (FU/mL)
4 16,83 11,39 2,42 3,1 x10° 20,86 24,44
9 18,35 10,45 2,19 3,1 x10° 20,41 25,00
21 18,15 9,59 2,33 2,6 x 10° 20,95 25,56

Ghi chu: So' liéu ¢ cot trong bang 13 trung binh cua 3 Ian Iap lai.
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Bang 8 cho thay, hoat tinh enzyme fibrinolytic
thu duoc tir thuc té cao hon so voi thuat toan. Piéu
nay chung té su tinh toan ctia mo6 hinh va thuc
nghiém twong doi thong nhat, mo hinh t6i wu
tuong thich véi thuc nghiém.

Véi cac gia tri maltose, soya peptone, K,.HPO,
va mat do vi khuan dao dong trong cac khoang gia
tri pht hop (Bang 8), két qua thuc té cho thay,
hoat tinh enzyme fibrinolytic cao, dao dong tu
24,44 - 25,56 FU/mL. Trong d6, nghiém thtc s6 21
véi cac gia tri maltose 18,15 g/L; soya peptone 9,59
g/L; K,LHPO, 2,33 g/L va mat do vi khuén 2,6 x 10°
tb/mL cho hoat tinh enzyme fibrinolytic cao nhat
la 25,56 FU/mL. Nghiém thtc s6 21 véi cac gia tri
maltose 18,15 g/L pht hop véi két qua nghién ctru
cta Ngo6 Thi Tuong Chau va cs (2017) khi st dung

maltose trong moéi truong lén men voi ham luwong
15 g/L [17]. Ham luwong soya peptone 9,59 g/L
ciing & murc phit hop v6i két qua nghién ctu ctia
Tran Quéoc Tuan va cs (2014), khi st dung soya
peptone voi ham luong 10 g/L dé t6i wu viéc san
xuat nattokinase bang phuong phap dap tng bé
mat phuong an cau truc cé tam [8]. Bén canh do,
viéc b6 sung khoang K,HPO, voi ham luong 2,33
g/L ciing c6 tac dong dén hoat tinh ctia enzyme
fibrinolytic, két qua nay phu hop voi két qua
nghién ctru ctia Tuan va Huong (2014) [18] khi st
dung 2,125 g/L K,HPO, trong méi truong lén men
san xuat enzyme nattokinase. Tir két qua trén cho
thay, day l1a nghiém thttc t6i vu nhat cho kha nang
léen men sinh tong hop enzyme fibrinolytic cua
dong vi khudn Bacillus subtilis MLO1.

Bang 9. So sanh hoat tinh fibrinolytic enzyme trong méi trudng trudc va sau téi tu

Thit Nguén cac bon Nguén nito Nguén khoang Mat do Hoat tinh FE
nghiém (/1) (g/1) (g/D (tb/mL) (FU/mL)
e Maltose: 20 Soya peptone: 10 K,HPO,: 2
Trudce toi 2 4 1 x 10° 8.89
uu Glucose: 2 Yeast extract: 10 MgSO,: 1
Sau téi vu | Maltose: 18,15 | Soya peptone: 9,59| K,HPO,: 2,33 2,6 x 10° 25,56

So sanh véi khi chua t6i vu thi viec toi wu hoa
thanh phan moi truong lén men da gép phan lam
tang hoat tinh cta enzyme fibrinolytic tir 8,89
FU/mL (truéc toi vu) lén 25,56 FU/mL (sau toi
uu), tang khoang 2,9 lan (Bang 9). Két qua nay
chtmg t6 viéc t6i wu hoa st dung phuong phap dap
tmg bé mat theo phuong an ciu triac c6 tam co y
nghia thuc tién trong nghién ctru.

4, KET LUAN

Bang phuong phap st dung ma tran Plackett -
Burman va t6i wu hoa theo phwong phap dap tng
bé mat (RSM) véi phuong an cau truc cé tam
(CCD), thanh phan méi treong 1én men toi vu cho
kha nang sinh tong hop enzyme fibrinolytic cta
chiang B. subtillis M101 duoc xac dinh véi cac
thong s6 bao gdm: Ham lwong maltose 18,15 g/L,
soya peptone 9,59 g/L, K,HPO, 2,33 g/L, mat do vi
khu4n 2,6 x 10° tb/mL cho hoat tinh enzyme

NONG NGHIEP VA PHAT TRIEN NONG THON - KY 2 - THANG 1/2024

fibrinolytic cao nhat la 25,56 FU/mL. Két qua nay
lam tién dé cho nghién ctu sdn xuit enzyme
fibrinolytic tao ché phdm tng dung trong cong
nghiép thuc phdm va duoc phim.
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OPTIMIZATION OF FACTORS AFFECTING FIBRINOLYTIC ENZYME BIOSYNTHESIS
OF Bacillus subtilis MLO1
Le Thi Ngoc Han"2, Vo Thi Ngoc Diep?, Nguyen Van Thanh!
! Institute of Food and Biotechnology, Can Tho University
?Can Tho Technical Economic College
Summary

The purpose of this study was to optimize the composition of the culture medium to obtain
fibrinolytic enzymes from Bacillus subtilis M1.01 using Response Surface Methodology (RSM)
with Central Composite Design (CCD). The Plackett - Burman experimental design was used to
screen the main factors affecting the biosynthesis of fibrinolytic enzymes among 10 selected
factors, including glucose, maltose, sucrose, soya peptone, yeast extract, K,HPO,, MgS0,, CaCl,,
pH and initial bacterial density. As the results, maltose, soya peptone, K,HPO, and initial bacterial
density were identified as significant factors (p-value < 0.05). On this basis, when using the RSM -
CCD method, a suitable environment was found for the biosynthesis of fibrinolytic enzymes with
the optimal values determined to be maltose 18.15 g/L, soya peptone 9.59 g/L, K,HPO, 2.33 g/L
and bacterial density of 2.6 x 10° cells/mL at 37°C for 48 hours of fermentation, which gave the
highest fibrinolytic enzyme activity of 25.56 FU/mL, which 2.9 times higher than the pre-
optimized medium (8.89 FU/mL). The Plackett - Burman matrix combined with the RSM - CCD
is therefore a useful tool for identifying optimal values of different factors affecting the
biosynthesis of fibrinolytic enzymes.

Keywords: Bacillus subtilis, biosynthesis, fibrinolytic enzyme, optimize, KSM - CCD.
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