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TOM TAT

Muc dich cGa nghién ctru nham tuyén chon ching vi khudn Bacillus subtilis c6 khd ndng sinh enzyme p-
glucosidase dé& chuyén héa ginsenoside trong cao tam that thanh ginsenoside Rg3 va CK. Téng s 24 chang vi
khuan dwoc nubi trén méi trwéng cé chira 0,1% azo-CMC va 0,3% Azo-avicel trong 3-7 ngay. Phan loai ching vi
khudn béng hinh thai va xay dwng cay chiing loai phéat sinh dwa vao phan tich trinh tw 16S. Hoat tinh enzyme pB-
glucosidase dwoc xac dinh bang phwong phap DNS sir dung co chat PNP-B-D-glucopyranoside. Sw chuyén héa
ginsenoside thanh ginsenoside Rg3 b&i B-glucosidase dwoc xac dinh béng séc ky Iép méng (TLC). Pinh lwong hop
chét Rg3 va CK bang sac ky 16ng hiéu ndng cao (HPLC). K&t qua cho thay trong 24 chlng vi khuan cé ching NL812
la loai Bacillus subtilis va c6 khd nang sinh B-glucosidase cao nhat. Enzyme B-glucosidase thu nhan tir chiing
Bacillus subtilis NL812 c6é khad nang chuy&n héa ginsenoside tam th4t tao thanh Rg3 va CK sau 30 phut véi ham
lwvong Rg3 tang 50,3% va CK tang 47,7%.

T khéa: B-glucosidase, Bacillus subtilis, tam that, ginsenoside, Rg3, CK.

Selection of Bacillus subtilis Strain NL812 with B-glucosidase for Hydrolysis
of Ginsenoside from Panax pseudoginseng Extraction

ABSTRACT

The study aimed to select Bacillus subtilis strains which are capable of producing B-glucosidase to hydrolyse
ginsenoside from the root of Panax pseudoginseng into the bioactive compound Rg3 and CK. Twenty four strains
were primary screened for the B-glucosidase n using 0.1% azo-CMC and 0.3% azo-Avicel. The classification of
strains based on the morphology and phylogeny was analysed by the sequence of 16S. B-glucosidase activity
obtained from strains was determined by DNS method using PNP-B-D-glucopyranoside substrate. The hydrolysis of
ginsenoside to Rg3 with enzyme B-glucosidase was identified using thin layer chromatography (TLC). Rg3 and CK
content were determined using high performance liquid chromatography HPLC). Results showed that Bacillus subtilis
strain NL812 produced B-glucosidase with the highest activity. The B-glucosidase released from Bacillus subtilis
strain NL812 hydrolyzed ginsenoside from Panax pseudoginseng into Rg3 and CK after 30 min. with Rg3 content
increased by 50.3% and CK content increased by 47.7%.

Keywords: B-glucosidase, Bacillus subtilis, Panax pseudoginseng, ginsenoside, Rg3, CK.

L AT VAN B khode cho con ngudi, da dude st dung hang ngan
T nim tai cac quéc gia chdu A nhu Han Quéc,
Nhan sam (Panax ginseng) 1a mot loai dugc Trung Quéc va Nhat Ban. O Viét Nam, tam that

litu quy dung dé chita bénh va ting cudng stc hay con goi la sim tam that (Panax
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pseudoginseng) dugc coi 1a nhan sdm quy. N6 la
cay dugc lidu duge tréng dac hitu 6 cac tinh Tay
Bic nhu Lao Cai, Ha Giang (Nguyén Thi Thiy
& cs., 2016; Tran Anh Tuidn & Truong Ngoc
Kiém, 2017). Thanh phéan chinh trong ct tam
that 1a cac ginsenoside Rc, Rd, Re, Rb1l, Rgl
(Nguyén Thi Thiy & cs., 2016). Day 1a cac hop
chat c6 phan ti lugng 16n, dd hoa tan thap va do
tham kém trén mang té& bao. Ngoai ra, ching
con nhanh chéng bi dao thai ra khéi co thé dan
dén thoi gian ban thai trong co thé ngén va sinh
kha dung thap (Nguyén Thi Thiy & cs., 2016).
Vi thé, nhiing ndm gan day, cac nha khoa hoc
tap trung nghién ctu chuyén hoéa ginsenoside
chinh trong tam th&t thanh cac hgp chat
ginsenoside c6 phan ti lugng thap, d& hap thu
va ¢6 hoat tinh dugc hoc cao nhu Rd, Rg3, Rh2,
CK, F2 (Tran Bao Tram & cs., 2017).

Pé lam giau cac hgp chét trén, nhiéu
phuong phap khac nhau da dudc st dung nhu
thiy phan bing axit nhe, phan tach kiém va lén
men vi sinh vat. BAng phuong phéap 1én men bdi
vi sinh vat, mot s6 nghién ctiu da chting minh
rdng cic ching vi sinh vat c¢6 kha ning sinh
B-glucosidase cao sé chuyén hoéa ginsenoside
chinh thanh céac ginsenoside phan ti lugng thap
hon. Yin Chengri & cs. (2017) da cho thay
2-F2 c6 thé
ginsenoside Re thanh ginsenoside hiém Rh1 va

Sphingomonas chuyén hoa
Rg1 dudc xic tac bdi cac enzyme déc hiéu sinh ra
tlt cac vi sinh vat loai bé6 mdt phan ti B-glucose
tao ra ginsenoside hiém khic.

Ngoai ra, enzyme B-glucosidase ctia vi sinh
vat ciing c6 thé cit lién két 1-6 glucoside cta cac
chat cao phan ti (Rb1l) thanh cac hgp chat nhd
hon Rg3 (Hinh 1), tham chi 1a CK (Song & cs.,
2015; Lee & cs., 2016; Sun & cs., 2017; Yu & cs.,
2017). Cho dén nay, cac chung vi sinh vat dudc
st dung

trong nghién céu p-glucosidase bao gdém
nam moc (Aspergillus niger, Aspergillus oryzae,
Aspergillus candidus,..), xa khuén (Actinomyces
khudn
(Acetobacter xylinum, Bacillus bubtilis, Bacillus
pumilis,..) (J1 & cs., 2015; Lee & cs., 2016; Sun
& cs., 2017; Yu & cs., 2017). Tuy nhién, & Viét

griseus, Streptomyces reticuli,..), vi
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Nam hién nay, viéc nghién ctu chuyén héa
ginsenoside chinh tit tam that bdi B-glucosidase
t vi sinh vat chua dudc nghién cttu nhiéu.

Muc dich ctia nghién ctiu nhdm tuyén chon
ching vi khuin c¢6 kha ning sinh enzyme
B-glucosidase chuyén hoéa ginsenoside tit tam
that (Panax pseudoginseng) thanh ginsenoside
Rg3 va CK tit 24 ching vi khuédn phan lap dude
tu dat ré sam Ngoc Linh. Ngoai ra, nghién ctiu
nay con khdo sat anh hudéng ctia méi truong
nudi cdy dén hoat tinh B-glucosidase thu dugc
tit cac chung Bacillus subtilis tuyén chon dudgc.
Viée tim ra duge céc chung vi khudn Bacillus
subtilis c6 kha ning sinh enzyme B-glucosidase
chuyén héa ginsenoside tit tam th4t thanh sin
pham giau hoat chit Rg3 va CK c6 ¥ nghia d6i
v6i cac san phadm duge phadm, thuc phdm cé lgi
hon déi stic khde con ngudi.

2. PHUONG PHAP NGHIEN CUU
2.1. Vat liéu va hoa chat

Téng s6 24 mAu vi khudn duge Phong Hoéa
hoc cac hdp chat thién nhién, Vién Héa hoc -
Vat liéu, Vién Khoa hoc Quan sy va Céng nghé
- B6 Quéc phong phan lap tit dat xung quanh ré
sdm Ngoc Linh tai tinh Kom Tum, Viét Nam.
Ginenoside tam that dugc tach chiét ti c tam
that bic c¢6 trén thi trudng Viét Nam tai Phong
Hoéa hoc cac hgp chat thién nhién, Vién Héa hoc
- Vat liéu, Vién Khoa hoc Quin sy va Cong
nghé - Bo6 Quéc phong. Chat chuin Rg3 (d6 tinh
khiét 98%) va CK (dd tinh khiét 98%) dugc mua
ti hang BTGIN (Daejeon, Han Quéc). Chat
chudn Rbl, Re vd Rd dudc mua ti héang
Singma-Aldrich (My).

2.2. Tuyén chon chung vi khuin cé hoat
tinh B-glucosidase

Céac chung vi khudn dudc nudi trén méi
truong thach thuong, sau 24 gié nudi cdy, dich
vi khuéin duge chuyén sang méi trudng c6 chiia
0,1% azo-CMC va 0,3% azo-avicel va duge nudi
trong ti &m ti& 72 gid 6 nhiét d6 37°C. Hoat tinh
enzyme cta cac chung vi khuin duge tinh bing
duong kinh vong phan giai.
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Nguén: Jin & cs. (2011).
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Hinh 1. So d6 chuyén héa Rbl thanh Rg3

Bang 1. Bang cac méi trudng nudi ciy vi khuin

Ham Iwong (g/l)

Thanh phan
MT1 MT2 MT3 MT4 MT5
Pepton 3 20 -
Glucose 3 20 30 - 2
Cao ndm men 20 5 5 0,5 -
Khoai tay 200 -
Ligno cellulose 20 -
KzHPO, 1 -
KCI 0,05 0,5 -
FeSO., 0,1 - -
CuSO, 0,005 - -
NaNO; 0,3 - -
MgSO,.7H,O 0,2 -
CaCl, 0,1 -
(NH,)2S0, 0,5 B}
CaCOs 2
KH,PO,4 1 -

Sau khi chon dudc cac chung vi khuén c6
hoat tinh thay phan 0,1% azo-CMC va 0,3%
Azo-avicel, ching duge nudi trén cic méi trudng
nudi cdy MT1, MT2, MT3, MT4 va MT5
(Bang 1) ¢ nhiét do 37°C, lic 200 vong/phit
trong 72 gio dé xac dinh kha ning sinh enzyme
B-glucosidase.

2.3. Pinh danh chung vi khuin cé enzyme
B-glucosidase hoat tinh cao

Chung vi khuin cé hoat tinh enzyme
B-glucosidase cao nhat dugec nudi cdy trén moi
truong thach thuong 6 nhiét @6 phong. Sau 48-96
gi6 quan sat hinh thai khuén lac va phan loai vi
khuén bing phén tich trinh tu gen rARN 16S

dung méi 27F va 1495R c6 trinh tu 27F: 5 GAG
AGT TTG ATC CTG GCT CAG 3’; 1495R: 5CTA
CGG CTA CCT TGT TAC GA 3 (Weisberg & cs.,
1991). Doan trinh tui rRNA viung 16S cua chung
phan tich dugc so sanh véi cac loai gan giii trén
Genbank st dung phan mém CLUSTAL X
(Kumar & cs., 2018). CAy phén loai dya vao trinh
tu rARN viing 16S duge dung 1én nho vao thuat
toan Neighbor-joining tree (gia tri bootstrap lap
lai 100 14n) (Nei & Kumar, 2000).

2.4.Xac dinh hoat tinh enzyme B-glucosidase

Hoat tinh enzyme B-glucosidase xac dinh
theo mé ta cua Jitendra & cs. (2014) va dudc
thuc hién nhu sau.
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24.1. Chuidn bi thuéc tho axit

3,5-dinitrosalicylic

Thuéc thtt DNS dude chudn bi bao gém 2
dung dich A va B. Liy 880ml axit
3,5-dinitrosalicylic (DNS) 1% va 255g mudi
Rochelle cho vao 300ml NaOH 4,5%. Hén hdp
dudc 14c déu dé hoa tan hoan toan (dung dich A).
Can 10g phenol tinh thé véo binh dinh mtc
100ml. Cho thém 22ml NaOH 10% va thém nuéc
tinh khiét dén thé tich 100ml rdi lic déu dé hoa
tan hét. Dung pipette 18y 69ml hén hgp dung
dich nay dé hoa tan hoan toan 6,92 NaHCO;
(dung dich B). Sau khi trén 1an dung dich A va B,
dung dich thuéc thit DNS dudc bao quan trong
bao bi t61 mau trong 2 ngay trude khi st dung va
¢6 thé st dung trong vong 1-2 thang.

2.4.2. Chuin bi mau phan tich

Dung pipette 14y 2ml dung dich menzyme
thdé cho vao ong nghiém. Thém 2ml dung dich
PNP-b-D-glucopyranoside, lic déu rdi u trong 1
gid 6 nhiét do 37°C. Dung pipette 14y 0,2ml hén
hop dung dich vao 6ng nghiém roi thém véi
0,6ml thudc thit DNS, lidc déu. Sau khi dung
phan ting bing cach giii 6ng nghiém trong nudc
s0i trong 5 phit, hdn hop dude lam mat bang
nuéc lanh rdi tién hanh pha lodng véi 4,2ml
nuéc tinh khiét. Do d6é hap thu quang hoc
UV-Vis 6 buéc séng 500nm. Hoat d6 clia enzyme
B-glucosidase duge biéu thi bing luong enzyme
can thiét dé giai phéng 1 mmole PNP mdi phut
trong diéu kién thi nghiém.

Bang 2. K&t qua sang loc kha ning sinh B-glucosidase

cua cac chung vi khuin khi thi nghiém biang Azo-CMC va Azo-avicel

Hoat tinh B-glucosidase

Ky hiéu ching

Co chét Avi Co chat CMC

NL33 Khéng Khéng
NL** Khéng Khéng
NL11 Khéng Khéng
NL10 Khéng Khéng
NL28T Co Co

NL92 Khéng Khéng
NL* Khéng Khéng
NL50 Khéng Khéng
NL128 Khéng Khéng
NL49 Khéng Khéng
NL17 Khéng Khéng
NL812 Co Co

NL 4 Khéng Khéng
NL6 Khéng Khéng
NL100 Khéng Khéng
NL378 Co Co

NL91 Khéng Khéng
NL509 Co Co

NL485 Khéng Khéng
NL66a Khéng Khéng
NL497 Co Co

NL103 Khéng Khéng
NLB4 Khéng Khéng
NL86 Khéng Khéng
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Hinh 2. Kha ning phan huy Azo-CMC va Azo-avicel cia mot s6 chung vi khuin

2.5. Xac dinh kha niang chuyén hoa

ginsenoside tam thit béi enzyme

B-glucosidase

2.5.1. Tinh sach enzyme f-glucosidase

Dich méi trudng nudi cdy chtia enzyme
B-glucosidase tho duge ly tAm véi tée d6 12.000
vong/phit trong thdi gian 15 phidt ¢ nhiét do
4°C, sau d6 cén than tach 14y dich chiét chia
enzyme B-glucosidase. Sau khi c6 déc bang cach
ly tam qua c6t loc cut-off point (Ultra filter 100-
50-30-10kDa), dich chiét thu dudc tinh sach
bang dung dich (NH4)2SO..

2.5.2. Chuan bj dich thiy phan ginsenoside
tam that

Lay 2,0mg ginsenoside tam that hoa tan
trong 0,2ml methanol (MeOH) rdi 1an lugt thém
dich chiét enzyme B-glucosidase (khoang 1,1U)
va 1,8ml dung dich dém natri acetate 0,1M (pH
4,8). Sau khi dudc 1t 6 37°C trong 96 gid, hén hop
duge chiét hai 1an véi 2,0ml n-butanol béo hoa
v6i nuée. Cod déc chan khong dén kho dich chiét
roi hoa tan phén con lai bang 1,0ml MeOH. Dich
chiét MeOH nay dudc st dung dé phan tich TLC.

Déi véi phan tich HPLC: Dich chiét MeOH
duge siéu Am 15 phit rdi tién hanh ly tam véi
téc d6 4.000 vong/phit trong 10 phit. C4n than
gan 14y dich trong cho vao 6ng HPLC dé phan
tich Rb1, Rd, Re, Rg3 va CK.

2.5.3. Phan tich siac ky 16p mong

Su chuyén hoa ginsenoside tam th&t thanh
ginsenoside Rg3 dudc xac dinh bang phuong
phap phan tich TLC theo mé ta cua Jitendra &
cs. (2014). Phan tich TLC dich chiét MeOH dugc
thuc hién trén tdm silica gel 60 F254 véi

CHCI:-CHsOH-H20 (65:35:10, pha thip hon).
Cac dom trén TLC dudc phat hién bang cach
phun 10% H2SO. trong ethanol va siy khoé bang
may say trong 10 phiit.

2.5.4. Phan tich sic ky long hiéu ning cao

Rb1, Rd, Re, Rg3 va Ck trudc va sau thuy
phian ginsenoside tam that bing enzyme
B-glucosidase dugc phan tich bang phuong phap
sic ky 16ng hiéu ning cao (HPLC) thuc hién
trén hé théng Agilent 1260 Infinity LC (M¥) vé6i
detector UV & buée séng 196 nm. Cac hgp chat
nay dugc tach st dung co6t ZORBAX Eclipse
XDB-C18 (4,6 x 250mm; 5 pm) & nhiét do 30°C.
Pha dong bao gém nuéc tinh khiét (A) va
axetonitril (B) véi chuong trinh chay gradient
nhu sau: 30% B (0-5 phit), 30% B (5-15 phut),
57% B (15-25 pht), 70 B% (25-30 phut) va 30%
B (30-40 phut). Téc d6 dong 1,2 ml/phut. Thé
tich bom la 20ul.

3. KET QUA VA THAO LUAN

3.1. Tuyén chon ching vi khuin c6 hoat
tinh B-glucosidase

Cac chung vi khudn c6 kha ning sinh
enzyme B-glucosidase dugc trinh bay 6 bang 2 va
hinh 2. 24 chting vi khuén da phan lap duge nudi
cay trén méi truong thach chtia 1% co chit Azo-
CMC va mbi truong dia thach Azo-avicel, sau d6
duge nudi trong ti 4m ti 3-7 ngay. Nhiing ching
vi khuén c6 hoat tinh B-glucosidase sé tao ra
vong phan huy mau tring.

B-glucosidase nim trong phtic hé enzyme
cellulase ctia vi khuén, néu endo-cellulase cét
viing uwa nudc cua cellulose, exo-cellulase cét
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vung ki nudc cta cellulose thanh cic phan tu

duong mach ngin hon (di, tri-, tetra-..
saccharide) thi B-glucosidase sé cét lién két 1-6
glucoside cua cic phan ti dudng da nay thanh
cac phan ti duong don. Chinh vi vay, thong qua
khio sat danh gia hoat tinh ctia enzyme
cellulase trén Avi va CMC dé tién hanh sang loc
chtng vi khuén c¢6 kha nang sinh p-glucosidase.

Két qua thuc nghiém cho thiy vong tron
phan hiy mau trang trén dia petri c6 5 chting vi
khuén c6 kha nang sinh enzyme cellulase. Gém
cac chung NL28T, NL812, NL378, NL509 va
NL497 (Bang 2).

Trong cac nghién ciiu truéc day, nhiéu tac
gia cling da thanh cong trong viéc phan lap va
tuyén chon céac chiing c6 hoat tinh sinh cellulase
cao, trong dé bao gbm ca enzyme B-glucosidase.
Theo nghién ciiu cia Vo Vin Phuéc Qué & Cao

Ngoc Diép (2011), khi phan lap vi khuén phan
giai cellulose trong dat tréng lda va da cd bo,
nhém tac gia da phan lap dude 4 dong vi khuédn
c6 kha n#éng sinh enzyme cellulase ngoai bao
gom Q4, Q5, Q8 va Q9. Theo Behera & cs.
(2014), khi phan lap cac dong vi khuén
Micrococcus spp., Bacillus spp., Pseudomonas
spp., Xanthomonas spp. va Brucella spp. c6 kha
ning phan huy cellulose 6 viing dat ngap mén 6
An Do thi thay cac vi khudn nay c6 sinh enzyme
thity phan cellulose c6 hoat tinh rat cao. Ngoai
ra, cac nghién ctu truéc diy vé kha ning sinh
cellulase cua vi khuén, Bacillus 12 mét trong
nhiing chi c¢6 kha ning phan huy cellulose cao
nhat. Mot s6 chiing dude quan tdm nhiéu nhat
thuoc loai Bacillus subtilis (Park & cs., 2014),
Bacillus pumilus (Padaria & cs., 2014), Bacillus
megaterium (Shakoor, 2013) va chtng Bacillus
sp. KMS-330 (Ozaki, 1991).
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NL28T NL378 NL812 NL509 NL497

Chuing vi khuan va méi trwong

Hinh 3. Hoat tinh enzyme B-glucosidase

’ . A‘) ’\‘) A n” ’ ne < ’
cua cac chung vi khuan tuyén chon nudi ciy trong cac méi truong khac nhau

B

Hinh 4. Hinh dang khuén lac (A) va hinh thai t& bao (B) chiing NL812

1494



Vi Duy Nhan, Lé Thi Hoang Yén, Tran Huyén Thanh,

Nguy&n B¢ Doan, Nguyén Thi Hwong Nhu, Trinh B4c Hoanh, B3 Vinh Truwdng

3.2. Anh hudng méi trudng nudi ciy dén
hoat tinh ctia enzyme B-glucosidase

Hoat tinh enzyme B-glucosidase ctia 5 chung
vi khudn tuyén chon dudc trinh bay & hinh 3.
Theo cac nghién ctu trude day, viéc chuyén hoéa
ginsenoside mach dai thanh loai nho hon, ¢6 hoat
tinh dugc 1y t6t hon phu thudc vao hoat tinh sinh
B-glucosidase ctia cac chung vi sinh vat. Trong
nghién cttu nay dua vao su phan huy co chat
PNP-B-D-glucopyranoside dé tuyén chon chiing
c6 kha n#éng thiy phan ginsenoside.

Két qua cho thay chung NL28T c6 kha ning
sinh enzyme pB-glucosidase trén méi trudng
MT2, MT3 va MT4; ching NL812 sinh enzyme
trén moi truong MT3 va MT5; chung NL509
trén moéi truosng MT3, MT4 va MT5; chung
NL378 c6 kha n#ng sinh B-glucosidase trén moi
truong MT4 va ching NL497 c6 kha ning sinh
enzyme trén moéi truong MT2 nhung hoat tinh
rat thap. Hinh 3 cho thiy ring MT3 la moi
trudng tot nhat dé nudi cAy chung vi khuén
NL812 sinh ra enzyme B-glucosidase cé hoat
tinh cao.

100

3.3. Pinh danh ching vi khuin cé hoat tinh
enzyme B-glucosidase cao

Hinh thai khuén lac va hinh thai t& bao caa
chtng vi khudn NL812 dugc trinh bay 6 hinh 4A
va hinh 4B.

Két qua quan sit cho thiy sau 48-96 gio
nudi cdy trén moéi trusng thach thuong ching
vi khuédn NL812 c¢6 khuén lac tron, hoi nhd,
mau tridng nga va kich thuée 0,5-2,5 mm. T¢&
bao c¢6 hinh que. K&t qua giai trinh tu gen ma
héa cho rARN 16S cta chung NL812 dudgc
trinh bay 6 Hinh 5. So sanh trinh tu gen ching
vi khudn NL812 cho thiy ring c6 su tuong
déng dén 99,37% vé6i trinh tu gen cua loai
Bacillus subtilis.

X4y dung cady chuing loai phat sinh cua
chiing NL18 dya vao trinh tu gen 16S véi cac
lodi ¢6 moéi quan hé ho hang gan trong chi
Bacillus, ching vi khudn NL812 ndm trén ciung
modt nhanh nhd véi Bacillus subtilis NBRC
137197 véi boostrap 100% (Hinh 5). Dua trén
cac két qua thu duge, c6 thé két luan ring
ching vi khuan NL812 1a loai Bacillus subtilis.

0,005
— Bacillus subtilis NBRC 137197

INL812

Bacillus seohaeanensis BHT24T AY667495

50

100
B,

92

Bacillus carboniphilus_JCM
Bacillus manusensis Ma51-5T MF582328

Bacillus kexueae Ma30-57 MF382327
Bacillus salidurans KNUCT7312"_KX904715
acillus omubensis 0911MAR22V3T NSEB010
Bacillus timonensis 104030237 CAET01000

W‘j‘j Bacillus sinesaloumensis _Marseille-P351
96

Bacillus humi LMG

100

_|:Bncn’fir5 shackletonii LMG

Bacillus dabaoshanensis GSS04T KJ818278

100

Bacillus taiwanensis FIAT-14571T_KF0405

[~ Bacillus endophyticus 2DTT_AF295302

Bacillus

Bacillus halosaccharovorans E33T Q4334
Bacillus herbersteinensis D-1-5a™_AJ781
Bacillus drentensis LMG

Bacillus dakarensis Marseille-P35157 1T

Bacillus korlensis ZLC-26" EU603328
Bacillus circulans ATCC

Bacillus dryzisoli 1DS3-10T KT886063

Bacillus endozanthoxvlicus 14047 KX8651
Bacillus purgarioniresistens DS22" FR66

Bacillus depressus_BZ17_KP259553

Ornithinibacillus bavariensis WSBC 24001

Hinh 5. Cay phat sinh ching loai cia chung NL812
vé6i cac loai c6 méi quan hé ho hang gan, Ornithinibacillus lam nhém ngoai
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tlr tam that
A B

Hinh 6. Sic ky d6 TLC cta ginsenoside thé (A)
va ginsenoside sau khi thiiy phin bdi B-glucosidase tit ching NL812 (B)

45.055

225 A Rb1

200

24.628

175 4

150

50.340

125 4 Rd

100 <

75

50

25 4 A A

g
Rbl %

180 ~
B \

160 4

140 4

24.834

120

50.376

100 4
80
60

40

20 4 /

10 20 30 40 50 60 70 min

Hinh 7. Sic ky phé HPLC cua Re, Rb1, Rd, Rg3 va CK trudc (A)
va sau (B) khi thuy phan bing enzyme B-glucosidase
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Bang 3. Ham lugng cac hgp chit ginsenoside trudc va sau chuyén hoa

Ham Iwgng (mg/ml)

Hop chét
Trwéc khi thdy phan Sau khi thdy phan
Rd 0,423 0,326
Rb1l 2,041 1,571
Re 0,303 0,218
Rg3 0,330 0,496
CK 0,044 0,065

3.4. Su chuyén héa ginsenoside tam that
cua enzyme B-glucosidase

Ginsenoside tam th&t c6 5 ch&t thé hién
trén TLC (Hinh 6A), cac chat c6 trong lugng
phan ti cao ndm phia duéi va c6 ham luong
tuong dé1 16n. Chit trén cung cé trong lugng
phéan td trang véi chat chudn Rg3. Tuy nhién,
sau khi bi thity phan bdi enzyme B-glucosidase ti
ching Bacillus subtilis NL812 thi cac chat co
trong lugng phan ti 16n ndm phia duéi da gan
nhu bi thily phan hoan toan. Chat c6 trong lugng
phan ti 16n nhat khéng phat hién dudc trén TLC.
Rg3 dugc phat hién tang 1én rd rét so véi cac chit
con lai (Hinh 6B). Duya trén két qua thu dugc tu
thi nghiém nay, ching t6i tiép tuc tién hanh phan
tich cac hop chat ginsenoside trong tam that va
trong dich thiy phan bang HPLC. Két qua thu
dugc trinh bay 6 bang 3 va hinh 7.

Két qua & bang 3 cho th4y, cac hop chat Rd,
Rb1, Re tam that gidm sau khi bi thiy phan bdi
enzyme [-glucosidase. Ham lugng Rg3 tang
50,3%, tu 0,33 mg/ml trong tam that lén
0,496 mg/ml sau khi thuy phan. Tuong tu nhu
vy, ham lugng CK ciing tiang 47,7%, tu
0,044 mg/ml trong tam that 1én 0,065 mg/ml sau
khi thuy phin. Nhu vay, rd rang enzyme
B-glucosidase tit chting Bacillus subtilis NL812
c¢6 kha ning thuy phan ginsenoside tam that
thanh cac hgp chat quy Rg3 va CK

4. KET LUAN

Nghién ctiu nay da tuyén chon duge ching
vi khudn Bacillus subtilis NL812 c6 kha ning
sinh enzyme pB-glucosidase dé chuyén héa
ginsenoside tif tam th&t thanh ginsenoside Rg3

va CK. Két qua cho th4y, sau qua trinh chuyén
héa bdi enzyme PB-glucosidase thi ham lugng
hop chat Rg3 va CK dudc tang lén dang ké.
Trén c6 sé cac s6 litu thu duge, day c6 thé la
huéng nghién ctiu tiém ning dé lam gidu thém
cac chat c6 hoat tinh sinh hoc dé& hap thu tu
nhan sam, trong d6 c6 tam that Viét Nam bing
phuong phap sinh hoc.
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TOM TAT

Ki thuat danh gia va xem xét dw an va Phwong phap dudng gang 1a cac cong cu tinh toan nén tang trong lap
tién trinh va didu chinh cac hoat déng clia dw an. Tuy nhién, & Viét Nam, vé phwong dién md hinh héa va tinh toan,
cac cong cu trén day con it dwoc tim hiéu, trinh bay mét cach hé théng, k& ca trong dao tao, nghién ctru va thuc té
quan li cac dy an trong linh vwc san xuét - kinh doanh néng nghiép ciing nhw nhiéu linh vwe khac. Cung véi viéc
trinh bay mot sb kién thirc nén tang vé& Ki thuat danh gia va xem xét du an va Phwong phap dudng gang, bai bao
nay d& xut mot cach thire 4p dung quy hoach tuyén tinh vao viéc 1ap tién trinh dw an, xac dinh cac hoat dong géng
va dwong gdng cuia dw an, cling nhuw vao viéc diéu chinh rat ngén thoi lwong thye hién cac hoat dong cia dw an dé
day nhanh tién d dy an véi tdng chi phi diéu chinh thap nhat. Dwa trén phwong phap mé hinh héa va tinh toan khoa
hoc, cac khung thuat toan méi cé ap dung quy hoach tuyén tinh dwoc thiét [ap nhadm téi muc tiéu 1a hd tro mét cach
hiéu qua cho viéc phan tich va quan Ii dy an véi Ki thuat danh gia va xem xét dy an va Phwong phap dwdng gang.

T khoa: Ki thuat danh gia va xem xét dw an, phwong phap dwérng géng, quy hoach tuyén tinh, 1ap tién trinh dw
an, diéu chinh dv an.

Application of Linear Programming to Project Scheduling and Project Crashing

ABSTRACT

Program evaluation and review technique and critical path method are powerful computing tools in project
scheduling and project crashing. However, in Vietnam, modeling and computing aspects of program evaluation and
review technique and critical path method have not yet been considered sufficiently and systematically in university
education and applied research as well as in project management of agricultural production and business and many
other fields. Besides reviewing fundamental knowledge of program evaluation and review technique and critical path
method, this paper proposed the application of linear programming in project scheduling for determining project’s
critical activities and critical path as well as for crashing project’s activities in order to shorten project completion time
with a minimum total crashing cost. As a result, utilizing the modeling method and the scientific computing method,
new linear-programming-based algorithm frames were constructed for efficiently supporting project analysis and
management with program evaluation and review technique and critical path method.

Keywords: Program evaluation and review technique, critical path method, linear programming, project
scheduling, project crashing.

duong ging (CPM) dugc phat trién 14n dau cing

1. DAT VAN DE vao nhiing ndm 50 cta thé ki trude béi tap doan

Ki thuat danh gia va xem xét du an (PERT)
lan d4u tién dugc phat trién bdi Hai quan Hoa
Ky trong nhitng nam 1950. Cu thé hon, vao nim
1957, Phong céc du an dic biét cua Hai quan
Hoa Ky da phat trién PERT dé quan 1i mot du
an phat trién tau ngAdm hat nhan. Phuong phap

Dupont ctia Hoa Ky, sau nay dugc tich hgp véi
PERT va dugc coi 1a mot thanh phan khong
tach roi cia PERT (Anderson & cs., 2010;
Nguyén Hai Thanh, 2019). Trén thé gidi, cung
v6i viéc phat trién cac cong cu quan tri dit liéu
I6n va cac cong cu tinh toan hién dai, dap tng
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