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1. MODAU 

Lipase (hay cdn ggi la triacylglyeerol acylhydrolase. EC. 3.1.13) la mot enzim cd kha nang 
xuc tac qua trinh thiiy phan cac triacylglyeerol thanh glycerol va axit beo tu do. Cac lipase cd d 
dgng vat, thuc vat. nam va cac vi sinh vat. Tuy nhien chi cd lipase cua vi sinh vat mdi co gia trj 
thuong mai va hien dang dugc ung dung nhieu trong cac qua trinh san xuat cdng nghiep nhu 
cdng nghiep giay, cdng nghiep san xuat bgt giat, cdng nghiep che bien thuc pham, cdng nghiep 
hda tdng hgp va dac biet trong ITnh vuc y dugc. Lipase cd kha nang tham gia vao qua trinh ester 
hda cac axit beo de lam tang miii vj cua cac san pham bo stra, thiic day qua trinh chin cua pho 
mat va tang do thom cho san pham dd udng. Ngoai ra lipase cdn cd kha nang tham gia vao 
chuyen hda su tao thanh cac dang ddng phan R va S ciia cac axit phenoxypropionic, tien chat 
ciia thudc chdng viem khdng chiia steroid nhu naproxen, ibuprofen va cac loai thudc chira 
AIDS... Kha nang ung dung cua lipase trong qua trinh san xuat cdng nghiep chii yeu dua vao 
dac tinh enzim va su da dang ve tinh dac hieu co chat ciia nd. 

Gen ma hda lipase da dugc phan lap tir chimg B siihiilis FS2 va bieu hien trong te bao 
E. coli [7j. Day la mdt enzim ngoai bao bao gdm 181 axit amin \di trinh tu bao thu a tam boat 
tinh la cac gdc Ala-Xaa-Ser-Xaa-Gly giong nhu lipase A ciia chung B. subiilis 168 [1, 2]. Qua 
nghien ciru chimg tdi nhan thIy lipase tir chimg B. subtilis FS2 cd mot sd tinh chat kha ly thii ve 
tinh dac hieu ca chat va cd tiem nang irng dung trong mdt sd nganh cdng nghiep. Vi vay. chiing 
tdi da nghien cun qua trinh len men chimg E. coli BL21 tai td hgp mang gen lip va kha nang tinh 
sach ciia enzim tai to hgp nay sau len men. Trong bao cao nay chiing tdi trinh bay ket qua len 
men chung E. coli BL21-Lip trong cac he thdng len men 1 lit. 10 lit. 200 lit bang phuong phap 
nuoi cay te bao mat do cao. 

2. NGUYEN LIEU VA PHI/ONG PHAP NGHIEN ClTU 

3.2. Chiing vi sinh vat 

Chimg E. coli BL2I tai td hgp mang gen lip ciia B. subtilis FS2 (ki hieu: E. coli BL21-Lip). 

2.2. Moi truong va hoa chat 

- Mdi trudng LB: Yeast extract (YE): 5 g/1. NaCl: 10 g/1: Tryptone: 10 g/1, glucose 3 g/1. 

..i - Mdi trudng giau: YE: 5 g/1. NHjSO,: 2,5 g/1: K2HPO4: 2 g/1; KH2PO4: 3 g/1; 

Na3C6H507.2H20: 0.5 g/1. CaCL: 0.0139 g/1. va thanh phIn vi khoang (ZnSO4.6H:0: 0.0084 g/1; 
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C0CI2-2H2O: 0,0072 g/1; CUSO4.5H2O: 0,0072 g/1; MnSO4.H20: 0.0216 g/1; CaCl2.H20: 0.108 g/1; 
FeCb: 0,03 g/1, glucose 3 g/1; vitamin 0,66 mM, Thiamin 3%). 

- Mdi trudng affibody: thanh phan mdi trudng gidng mdi trudng giau nhung khdng cd YE. 

- Mdi trudng GE: KH2PO4: 0,528 g/1; NH4SO4: 4 g/1, NaCI 0.06 g/1 va thanh phIn vi 
khoang (gidng mdi trudng giau), glucose 3 g/I. 

- Cac hda chat khac Ampicilin ndng do 100 mg/ml. IPTG (Isopropyl P-D-
thiogalaetosidase) ndng do 1 M. 

3.3. Thiet bj len men 

He thdng len men 1 lit (SARA fermenter). he thdng len men 10 lit (Kent fermenter). he 
thdng len men 200 lit (Gustav pilot fermenter) do hang Belach Bioteknik AB, Thuy Dien san 
xuat. Cac he thdng nay dugc dieu khien bang chuong trinh phan mem Biophantom® do hang 
Belach Bioteknik cung cap cho phep kiem soat che do len men va thu thap cac thdng sd kT thuat. 

2.4. Len men bo sung ca chat (fed-batch) trong cac binh len men 1 lit, 10 lit va 200 lit 

Chudn bi moi trudng len men: Trudc khi cay gidng, bd sung Amp vd triing tdi ndng do 
cudi ciing la 100 pg/ml va chinh pH 7,0 (bang 14% NH4OH va 3 M H3PO4), bd sung chit pha 
bgt PPG (polypropylene glycol) vao binh len men ti le 1/10000. 

Chudn bi giong cho len men: Nhan gidng E. coli BL21-Lip trong binh tam giac chira 50 ml 
mdi trudng LB A, lae 200 vdng/phiit, nhiet do 37°C qua dem. 

Dieu kien len men: Thiet lap che do len men trong binh nhu sau: pH 7,0; nhiet do 37''C; sue 
khi 1 lit/phut; tdc do khuay 200 vdng/phiit. Cay huyen djch te bao da chuan bj qua dem vao cac 
binh len men theo ti le 1/1000. Cac thdng sd chii yeu ciia qua trinh len men nhu nhiet do, pH, 
tdc do khuay, ndng do oxy hda tan d02 dugc dieu khien tu dgng bdi chuong trinh phan mem 
Biophantom®. Dieu chinh tdc do khuay khoang 200 vdng/phiit va sue khi 1 lit/phiit de duy tri 
d02 > 30%. 

Cdm ung sinh tdng hap protein tdi td hap: Mat do te bao trong binh len men dugc theo ddi 
lien tuc cho tdi khi ODeoo <Jat 0,4 trong binh len men 1 lit va OD600 dat 4 trong binh len men 10 
lit va 200 lit, cam irng sinh tdng hgp protein bang bd sung IPTG ndng do cudi ciing la 0,5 mM 
va ha nhiet do len men xudng tdi 30°C. 

Dien di tren gel polyacrylamide: Hiit 1 ml dich nudi cay, li tam 5000 vdng/phiit trong 5 
phut thu can te bao. Te bao dugc pha vd bang dem pha va sieu am trong 5 phut. Li tam 15000 
vdng/phut va thu djch ndi. Hda 20 pi djch ndi thu dugc va 5 pi dem xir li mau. Dien di kiem tra 
protein tren gel polyacrylamide vdi gradient ndng do 8 - 25% tren may Phastgel (Pharmacia, 
Thuy Dien). 

2.5. Phirong phap nuoi cay te bao mat do cao (HCDC-High Cell Density Culture) [4] 

Phuong phap nay tien hanh theo cac budc dugc md ta trong thdng bao ciia Lee (1996). 

2.6. Tinh sach lipase tai to hop 

Lipase tai td hgp dugc tinh sach bang cot sac ki ai lire His-Trap 5 ml tren he thdng sac ki 
AKTA (Amersbams Bioscience, My) vdi phan mem UNICORN 4.0. Can bang cot vdi 15 ml 



dem gan (50 mM sodium phosphate. 0.5 M NaCI, pH 4). Dua 30 ml mau len cot toe do 
1 ml/phiit. Rua cot vdi 30 ml dem gan va day protein ra khdi cot vdi 40 ml dem thoi cd chira 600 
mM immidazole, tdc do 1 ml/phiit. Kiem tra phan doan protein da thu bIng dien di tren gel 
polyacrylamide vdi gradient nong do 8 - 25%. 

3. KET QUA VA THAO LUAN 

3.1. Toi u-u hda qua trinh len men chung E. coli BL21-Lip vdi cac moi trudng khac nhau 

Mdi trudng nudi cay la mdt trong nhtrng nhan td quan trgng nhat cho qua trinh phat trien 
cua vi sinh vat. Cac thanh phan trong mdi trudng nudi cay bao gdm ngudn carbon, ngudn nito va 
cac thanh phan mudi khoang dugc can bang d ti le nhat djnh de thich hgp cho su phat trien ciia 
tirng nhdm vi sinh vat khac nhau. Tuy nhien trong qua trinh len men. sir phat trien ciia vi sinh vat 
cd the bj ire che bdi ngudn carbon, nitrogen hoac glucose khi cac thanh phan nay d ndng do cao 
va ban che su sinh trudng ciia vi sinh vat. Do vay, de tdi uu hda qua trinh phat trien ciia chung 
E. coli tai td hgp, chiing tdi da tien hanh len men chiing E. coli BL21-Lip trong cac mdi trudng 
nudi cay khac nhau trudc khi len men lugng Idn bao gdm 4 loai mdi trudng la moi trudng giau, 
mdi trudng affibody, mdi trudng LB va mdi trudng GE (hinh 1). 
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Hinh 1. Qua Uinh phat Uien cua chung tai to hgp £. coli BL21-Lip tren cac moi trudng khac nhau 

Ket qua len men chiing E. coli BL21-Lip tren hinh 1 cho thIy cd sir khac biet ve qua trinh 
sinh trudng ciia vi sinh vat trong moi binh len men khac nhau. Tdc do sinh trudng ciia vi sinh vat 
hoan toan phu thudc vao thanh phIn dinh dudng trong mdi trudng nudi cay. Mdi trudng LB bao 
gom cac thanh phIn nhu cao nIm men. peptone la cac thanh phan giau chat dinh dudng va thich 
hgp nhat cho sir phat trien ciia chiing tai td hgp E. coli BL21-Lip so vdi cac mdi trudng khac va 
0D,,,„) toi da dat dugc khoang 20. Trong khi dd cac mdi trudng GE va mdi trudng affibofy la cac 
mdi trudng ngheo gom chii yeu la cac khoang chit va dudng glucose, do vay vi sinh vat sinh 
trudng trong cac mdi trudng nay cung bj ban che ve mat dinh dudng vdi OD(,oo tdi da chi dat 
khoang 13 va 11. Ngoai ra. mdi trudng giau gdm day du cac thanh phan dinh dudng va thanh 
phan vi khoang giiip cho te bao phat tri^n. do vay sinh khdi thu dugc cung tuang duong vdi sinh 
khdi t^ bao khi len men trong mdi trudng LB vdi ODooo tdi da dat khoang 19. Tuy nhien thanh 
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phan cua mdi trudng nay kJia phuc tap do phai bd sung them mdt so cac chit khoang. Tren thuc 
te trong qua trinh san xuat cdng nghiep thi mdi trudng len men cho cac chiing vi sinh vat can 
phai dugc don gian hda de giam chi phi san xuat ma van dat dugc hieu suat cao. Do vay mdi 
trudng LB la mdi trudng thich hgp nhat cho qua trinh len men lugng Idn chiing E. coli tai td hgp 
mang gen ma hda lipase. 

3.2 Tdi u-u hda qua trinh len men chung E. coli BL21-Lip dat sinh khdi cao 

Da sd cac protein tai td hgp dugc tdng hgp trong te bao E. coli BL21 deu dugc tich luy d 
dang ndi bao, do vay hieu suat tdng hgp protein ti le vdi sinh khdi te bao sau khi len men va hieu 
suat tdng hgp protein (lugng protein dugc tao thanh tren mdt dan vj sinh khdi te bao trong mot 
thdi gian nhat djnh)- Do vay phuang phap nudi cay te bao tao sinh khdi cao vdi chiing E. coli tai 
td hgp mang gen lip da dugc ung dung de tang hieu suat qua trinh tao thanh san pham, lam giam 
the tich len men va giam gia thanh san pham. Phuong phap HCDC nay chu yeu dugc sii' dung 
thdng qua viec dieu khien tdc do bd sung ngudn ca chat cho phep te bao ludn sinh trudng d tdc 
do tdi uu. Phuong phap nay thudng dugc tien hanh trong qua len men me cd bd sung eo' chat de 
ngudn dinh dudng cho vi sinh vat phat trien ludn dugc dn djnh. Glucose la cac ngudn cacbon 
trong mdi trudng nudi cay dugc vi sinh vat sir dung hieu qua nhat de cung cap ngudn nang lugng 
cho te bao sinh trudng va phat trien, vi vay ngudn co' chat la glucose ciing phai dugc bd sung 
lien tuc trong qua trinh len men de lam tang sinh khdi te bao va tang sir tdng hgp protein tai to 
hgp trong cac te bao E. coli. 

Cdng thuc xac dinh tdc dd bd sung glucose tang theo Itiy thira dat sinh khdi cao nhu sau 
[4]: 

Ms'(/) = -^X,,,F„,^, exp[//(/-/J]. 

trong dd: 

Ms (t) Tdc do bd sung glucose theo thdi gian (gam/gid) 

H Hang sd tdc do phat trien dac hieu p = 0,2 ( ciia E. coli) 

Y (x/s) Hieu suat tao sinh khdi khi bd sung glucose 0,5 

X Sinh khdi te bao tao thanh khi bd sung glucose (gam) 

S Ndng do glucose bd sung (g/1) 

X (, ) Sinh khdi te bao d thdi diem bat dau bd sung glucose 3 (g/1) 

V (, j The tich nudi cay d thdi diem bat dau bd sung glucose 0,8 (lit) 

t Thdi gian nudi cay (gid) 

to Thdi diem bat dau bd sung glucose to = 3 (gid) 

Tdc do sinh trudng ciia vi sinh vat dugc xac djnh bang viec tang sinh khdi te bao theo thdi 
gian va nd dugc xac djnh d pha sinh trudng. Tuy nhien, khi vi sinh vat dat dugc den tdc do sinh 
trudng tdi da thi chi sau mdt thdi gian tdc do sinh trudng nay se bj giam dan do ngudn dinh 
dudng bi ban ch6 va cac san phlm ddc doi te bao dugc tich luy. Do vay, de sinh khdi te bao 
dugc tang cao va sinh trudng d toe do toi da thi ngudn ca chat ludn ludn phai dugc bd sung de 
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dap ung nhu cau dinh duang ciia cac te bao dugc tao thanh. Dua vao cdng thirc xac djnh tdc do 
bd sung glucose vao he thdng len men ma sinh khdi te bao ludn dugc tang theo thdi gian va tdc 
do sinh trudng ciia vi sinh vat ludn dat d pha luy thira. 

Bdng 1. Tdc do bd sung glucose vao binh len men va OD thu dugc vdi chung E. coli BL21-Lip 
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Ket qua tren bang 1 cho thay qua trinh len men chung tai td hgp E. coli BL21-Lip da dugc 
toi uu hda va gia tri ODooo do mat do ti bao cd th8 len tdi 143 tren mdi trudng LB sau 18 gid 
nudi cly. Ca chit glucose da dugc bo sung lien tuc vao he thong len men de dat sinh khdi cao 
trong khi neu len men khdng cd bd sung glucose lien tuc thi OD^o tdi da chi dat dugc khoang 20 
{kk qua phan 3.1). Luang sinh khdi te bao thu dugc khi sir dung phuong phap HCDC dat 
khoang 160 g/1 Ket qua nay hoan toan phii hgp vdi ket qua nghien cim ciia Lee (1996) khi len 
men chung E coli tai td hop bIng phirong phap HCDC thi sinh khdi te bao thu dugc khoang tir 
140 cho dSn 200 g/1. Tir cac k t̂ qua nghien ciru tren cho thay chiing E. coli BL21-Lip thich hgp 
cho viec sir dung trong cac nganh cdng nghiep bdi kha nang tao sinh khdi cao va hieu suat tdng 
hgp enzim lipase tai td hgp cd thS dugc tang len bang phuong phap HCDC. 

3.3. Len men lu-ong Ion lipase tai to ho-p 

DS khao sat kha nang tao sinh khdi cua chiing E coli BL21-Lip tai td hgp khi len men 
luang Idn chiing tdi da tien hanh len men chimg vi sinh vat nay trong cac binh len men voi the 
tich khac nhau nhu I lit, 10 lit va 200 lit, K t̂ qua dien di tren gel SDS-PAGE lipase tai to hgp 
sau qua trinh len men trong cac he thdng len men 1 lit, 10 lit. 200 lit dugc the hien tren hinh 2. 
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Hinh 2. Dien di protein tai to hgp sau khi len men tren gel 

polyacrylamide vdi gradient nong do 8 - 25% 

Gieng 1: Len men trong binh 1 lit 

Gieng 2: Len men trong binh 10 lit 24 kDa 

Gieng 3: Len men trong binh 200 lit 

Gieng 4: Thang protein chuan 

Qua trinh len men lugng Idn cac protein tai td hgp trong cac binh len men thudng phu 
thugc vao nhieu yeu td nhu ndng do oxy boa tan, ndng do chat dinh dudng dugc bd sung, nhiet 
do va pH tdi uu. Cac he thdng binh len men thudng dugc dieu khien bang he thdng tu ddng de 
giup cho cac thdng sd len men dugc can bang nhu viec cung cap oxy boa tan, dieu khien su thay 
ddi pH bang axit hoac kiem, duy tri nhiet do sinh trudng va nhiet do cam irng, dieu khien tdc do 
khuay trong binh len men va cung cap chat dinh dudng de tranh tao ra cac san pham trao ddi gay 
ddc cho te bao. De tdi uu qua trinh len men sinh tdng hgp lipase tai td hgp trong cac binh 1 lit, 
10 lit va 200 lit, cac thdng sd cho qua trinh len men da dugc nghien ciru va khao sat vdi ket qua 
dat dugc nhu ndng do oxy boa tan 30%, ndng do glucose dugc bd sung la 3 g/1, pH 7,0, tdc do 
khuay 200 - 250 vdng/phiit va nhiet do sinh trudng cho chimg E. coli tai td hgp la 37 C Qua 
trinh sinh tdng hgp lipase tai td hgp da dugc cam irng d nhiet do 37°C sau 4 gid nudi cay vdi 
ndng do IPTG cudi ciing dugc bd sung vao cac he thdng len men la 0,5 mM. Sau khi len men, 
tdng sd sinh khdi thu dugc trong binh len men 200 lit la 2,5 kg/160 lit (tuang duong vdi khoang 
16 g/1), lugng sinh khdi dugc tao thanh trong cac binh len men I lit va 10 lit (khoang 20 g/1). 
Nhu vay theo tinh toan va ket qua len men lugng Idn chiing E. coli BL21-Lip tren hinh 2 cho 
thay lugng sinh khdi dugc tdng hgp trong cac binh len men dat dugc gan tuong duong nhau 
khoang tii' 16-20 g/1. Khi so sanh vdi ket qua nghien cuu ciia Gosset (1993) cho thay lugng sinh 
khdi tdi da tao thanh trong cac binh 14 lit va 300 lit dat khoang 20 g/1. Nhu vay, ket qua ciia 
chimg tdi cung tuong duong vdi ket qua cua Gosset khi len men E. coli chiing tai td hgp trong 
cac binh len men 10 lit va 200 lit. Ket qua nay md ra trien vgng de cd the tdng hgp lugng Idn 
lipase tai td hgp va ung dung vao mdt sd nganh san xuat cdng nghiep. 

3.4. Tinh sach lipase tai to hgp 

Cac lipase tai td hgp sau khi tdng hgp trong binh len men 1 lit, 10 lit va 200 lit dugc tien 
hanh tinh sach qua cot sac ki ai luc chiia ion Ni^* cd kha nang lien ket vdi cac nhdm Histidine. 
Imidazole trong dem day se canh tranh vj tri lien ket vdi ion Ni^* va protein tai td hgp bat dau 
dugc day ra khdi cot d ndng do imidazole cao. Ket qua tinh sach protein tai td hgp dien di tren 
hinh 3. 1 2 
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Lipase tai td hgp cd chira trinh tu cua 6 gdc His dugc thiet ke nIm d phia diu N dl thuan 
lgi cho qua trinh tinh sach. Do ai luc lien ket giira cac goc His va ion Ni""nen tit ca cac protein 
khdng chira dudi His-tag dugc day ra khdi cot His-trap affinity column d ndng do immidazole 
thap va cac protein tai to hgp cd chira cac gdc His se dugc dly ra khdi cot d ndng do immidazole 
cao khoang 300 mM. Ket qua dien di tren gel polyacrylamide vdi gradient nong do 8 - 25% d 
hinh 3 cho thay tren dudng chay 2 xult hien mdt bang protein duy nhit cd kich thudc khoang 24 
kDa. kich thudc nay diing vdi kich thudc ciia lipase tai td hgp dugc tinh toan theo ly thuyk nhu 
vay chiing tdi da tinh sach thanh cdng lipasetai td hgp qua cot sic ki ai luc. Lugng lipase tai td 
hgp dugc tinh sach dat khoang 0,4 g lipase/lit nudi cly. 

Loi cam an. Cong trinh tren du-gc tai trg bdi kinh phi cua dy an hgp tac nghien ciru Viet Nam -
Thuy Dien SIDA-SAREC vdi dk tai: "Production of recombinant protein for agricultural and 
medical use", ma s6 VS/BT-03. 
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SUMMARY 

STUDY ON THE LARGE-SCALE FERMENTATION OF THE RECOMBINANT STRAIN 
ESCHERICHIA COLI BL21 HARBORING GENE ENCODING LIPASE OF BACILLUS 

SUBTILIS FS2 

The lipase of Bacillus subtilis FS2 is an extracellular enzyme which consists of 181 amino 
acids and enable to hydrolysis ester bonds of long-chain acyl glyceride (C > 10). The gene 
encoding lipase was cloned and overexpressed in Escherichia coli BL21 (DE3) cells. The 
fermentation processs of recombinant strain E. coli BL21 harboring gene lip was studied with 
different culturing media, it was shown that the LB medium was the best for growing of E coli 
strain compare to the others. The biomass obtained from fermentation batehs of the recombinant 



strain E. coli BL21-Lip was 21 g/1 in 1 liter fermenter. 20 g/1 in 10 liter fermenter and 16 g/1 in 
200 liter fermenter under optimal conditions at 30°C after 4 hours with 0.5 mM Isopropyl P-D-
thiogalactosidase as an inducer. Maximum value of ODooo for the fermentation process of the 
recombinant strain E. coli BL21-Lip on LB medium reached 143 using the high cell density 
cuture method under continuously feeding glucose. The recombinant lipase of 24 kDa was 
purified by His-trap affinity chromatography column at 300 mM immidazole concentration and 
purified protein achieved about 0.4 g lipase per 1 liter growth culture. 
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