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1. MO PAU

Lipase (hay con goi la triacylglycerol acylhydrolase. EC. 3.1.13) la mot enzim ¢6 kha nang
xuc tac qua trinh thuy phan cac triacylglycerol thanh glycerol va axit béo tu do. Cac lipase ¢6 &
dong vat, thuc vét, nam va cac vi sinh vét. Tuy nhién chi ¢6 lipase cua vi sinh vat méi ¢o gia tri
thuong mai va hién dang duoc ung dung nhi¢u trong céc qua trinh san xuat cdng nghi€ép nhu
cong nghiép gidy, cong nghiép san xuat bot giat, céng nghiép ché bién thuc pham. céng nghiép
héa tdng hop va dac biét trong linh vuc y duoc. Lipase c6 kha nang tham gia vao qua trinh ester
héa cac axit béo dé lam tang mui vi cua cac san pham bo sira, thic day qua trinh chin cua pho
mat va tang dé thom cho san pham db udng. Ngoai ra lipase con ¢o kha nang tham gia vao
chuyén héa su tao thanh cac dang dong phan R va S cla cac axit phenoxypropionic, tién chat
cta thude chéng viém khong chura steroid nhu naproxen, ibuprofen va cac loai Ihuoc chira
AIDS... Kha nang Gng dung cia lipase trong qua trinh san xuat cong nghiép chu yéu dua vao
dédc tinh enzim va su da dang vé tinh dic hiéu co chét cia no.

Gen mid héa lipase da dugc phan lap tu chung B. subtilis FS2 va biéu hién trong té bao
E. coli [7]. Ddy la mét enzim ngoai bao bao gom 181 axit amin véi trinh t bao thu ¢ 1am hoat
tinh 14 cac goc Ala-Xaa-Ser-Xaa-Gly g giong nhu lipase A cuia ching B subtilis 168 [1. 2]. Qua
nghién cdu chung t61 nhan Ihay lipase tir chung B. subtilis FS2 ¢6 mot s6 tinh chat kha 1y thu ve
tinh dac hiéu co chit va c¢6 tiém nang (ng dung trong mot so nganh céng nghiép. Vi vay. ching
toi da nghién clru qua trinh 1€n men chung E. coli BL21 tai t6 hop mang gen /ip va kha nang tinh
sach clia enzim tai t0 hop nay sau Ién men. Trong bao cao nay chung to1 trinh bay két qua lén
men chung E. coli BL21- Lip trong cac hé théng 1én men 1 lit. 10 lit. 200 lit bang phuong phap
nudi cay té bao mat do cao.

2. NGUYEN LIEU VA PHUONG PHAP NGHIEN CUU
3.2.Chiing vi sinh vit
Ching E. coli BL21 tai té hop mang gen lip cia B. subtilis FS2 (ki hiéu: E. coli BL21-Lip).
2.2. Mbi truomg va hoa chit

- Méi truong LB: Yeast extract (YE): 5 g/l, NaCl: 10 ¢/I: Tryptone: 10 g/l, glucose 3 g/I.

- Mbi truong giau: YE: 5 g/l NHiSOy 2,5 ¢/l; K,HPO.: 2 g/li KH, ,POs 3 g/l
Na;C Hs07.2H,0: 0.5 g/l. CaCly: 0.0139 g/, va thanh phan vi khoang (ZnS0;.6H,0: 0.0084 g/l
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CoCl,.2H,0: 0,0072 g/l; CuSO,.5H,0: 0,0072 g/l; MnSO,.H,0: 0,0216 g/I; CaCl,.H,0: 0,108 g/i;
FeCl;: 0,03 g/l, glucose 3 g/l; vitamin 0,66 mM, Thiamin 3%).

- Méi trudng affibody: thanh phan méi truong gidng moi truong giau nhung khoéng co YE.

- Mai truong GE: KH,PO,: 0,528 g/l; NH,SO,: 4 g/l, NaCl 0,06 g/l va thanh phan vi
khoang (giéng méi trudng giau), glucose 3 g/l.

- Cac hoa ghat khac Ampicilin néng d6 100 mg/ml, IPTG (Isopropyl B-D-
thiogalactosidase) nong dé 1 M.

3.3. Thiét bi 1én men

Hé théng 1én men 1 lit (SARA fermenter), hé théng 1én men 10 lit (Kent fermenter), hé
théng 1én men 200 lit (Gustav pilot fermenter) do hang Belach Bioteknik AB, Thuy Dién san
xuét. Cac hé thong nay dugc diéu khién bang chuong trinh phan mém Biophantom® do hang
Belach Bioteknik cung cap cho phép kiém soat ché do 1én men va thu thap cac thong sb ki thuat.

2.4. Lén men b sung co chit (fed-batch) trong cic binh [én men 1 lit, 10 lit va 200 lit

Chudn bi méi truomg lén men: Truée khi cdy gidng, bd sung Amp vé trang téi ndng do
cudi ciing Ia 100 pg/ml va chinh pH 7,0 (bing 14% NH,OH va 3 M H;PO,), bd sung chat pha
bot PPG (polypropylene glycol) vao binh 1én men ti 1€ 1/10000.

Chudn bi gidng cho lén men: Nhén gidng E. coli BL21-Lip trong binh tam giac chira 50 ml
méi truong LBA, lac 200 vong/phit, nhiét d6 37°C qua dém.

Diéu kién lén men: Thiét lap ché do 1én men trong binh nhu sau: pH 7,0; nhiét d6 37°C; suc
khi 1 lit/phut; téc do khuay 200 vong/phut. Cy huyén dich té bao da chuan bi qua dém vao cac
binh 1én men theo ti 1& 1/1000. Cac thong s6 chu yéu clia qua trinh [én men nhu nhiét do, pH,
téc do khudy, ndng do oxy hoa tan dO, dugc didu khién tu dong boi chuong trinh phan mém
Biophantom®. Diéu chinh téc d¢ khuay khoang 200 vong/phut va suc khi 1 lit/phit dé duy tri
dO, > 30%.

Cam tng sinh tong hop protein tdi té hop: Mat d6 té bao trong binh Ién men duoc theo dbi
lién tuc cho td1 khi ODggo dat 0,4 trong binh |én men 1 lit va OD600 dat 4 trong binh 1én men 10
lit va 200 lit, cam ung sinh tong hop protein bang bé sung IPTG nong d6 cudi ciing 1a 0,5 mM
va ha nhiét 36 [én men xuong toi 30°C.

Dién di trén gel polyacrylamide: Hit 1 ml dich nudi cay, li tim 5000 vong/phit trong S
phut thu can té bao. Té bao dugc pha v& bang dém pha va siéu 4m trong S phat. Li tim 15000
vong/phut va thu dich ndi. Hoa 20 wl dich ndi thu duoc va 5 ul dém xur li mau. Dién di kiém tra
protein trén gel polyacrylamide véi gradient ndng dd 8 - 25% trén may Phastgel (Pharmacia,
Thuy Dién).

2.5. Phurong phap nudi ciy té bao mat do cao (HCDC-High Cell Density Culture) [4]
Phuong phap nay tién hanh theo cac budc duge mé ta trong thong bao cia Lee (1996).

2.6. Tinh sach lipase tai t6 hop
Lipase tai té hop duoc tinh sach bang cot sac ki 4i luc His-Trap 5 ml trén hé thong sac ki

AKTA (Amershams Bioscience, My) v6i phan mém UNICORN 4.0. Can biang cot v6i 15 ml
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dém gan (S0 mM sodium phosphate. 0.5 M NaCl, pH 4). Bua 30 ml mau lén cot tdc do
1 ml/phat. Rira cot yc’yi 30 m] dém gén va day protein ra khoi cot véi 40 ml dém thoi ¢6 chira 600
mM immidazole. toc do 1 ml/phat. Kiém tra phén doan protein da thu bang dién di trén gel
polyacrylamide voi gradient nong dé 8 - 25%.

3. KET QUA VA THAO LUAN
3.1. T6i wu hoa qua trinh 1én men chiing E. coli BL21-Lip v&i cac méi treong khac nhau

Mbi truomg nuéi cay 1a mot trong nhiing nhén t6 quan trong nhét cho qué trinh phat trién
ctia vi sinh vat. Cac thanh phan trong méi trudng nudi cay bao gdbm ngudn carbon. ngudn nito va
cac thanh phan mudi khoang dugc cén bing & ti 18 nhét dinh dé thich hop cho su phat trién cua
tung nhém vi si’nh vat khac nhau. Tuy nhién trong qua trinh [én men, su phat trién cua vi sinh vat
c6 thé bi e ché boi ngudn carbon, nitrogen hodc glucose khi cac thanh phan nay & néng do cao
va han ché su sinh truong cla vi sinh vat. Do vay, dé tdi uu hoa qué trinh phat trién cua ching
E. coli t4i t6 hop, chung t6i da tién hanh Ién men chung £ coli BL21-Lip trong cac mdi trudng
nuéi cay khac nhau trude khi 1én men luong 1én bao gdm 4 loai moi truong 1a mai truong giau,
moi truong affibody, méi trudng LB va méi trudng GE (hinh 1).
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Hinh 1. Qua trinh phat trién cuia chung tai té hop E. coli BL21-Lip trén cac moi truong khac nhau

Két qua lén men ching E. coli BL21-Lip trén hinh 1 cho théy c6 su khac biét vé qua trinh
sinh trudng cia vi sinh vat trong mdi binh 1én men khac nhau. Téc do sinh trugng cua vi sinh vat
hoan toan phu thudc vao thanh phan dinh dudng trong méi truong nudi cay. Moi truong LB bao
gdm cac thanh phan nhu cao nim men, peptone la cac thanh phan giau chat dinh dudng va thich
hop nhat cho su phét trién cua ching téi t6 hop £ coli BL21-Lip so véi cac méi truong khac va
ODj0 t6i da dat dugc khoang 20. Trong khi d6 cac moi truong GE va mai truong affibofy la cac
méi trurong nghéo géom chi yéu la cac khoang chét va duong glucose. do vay vi sinh vat sinh
truéng trong cac moi truong nay cling bi han ché vé mat dinh dudng véi ODgg to1 da ‘chi ‘dat
khoang 13 va 11. Ngoai ra. mdi truong giau gom day du cac thanh phan dinh duong va Fha.nh
phan vi khoang gitip cho té bao phat trién. do vay sinh khoi thu duoc clng tuong duong vai sinh
khoi té bao khi Ién men trong mdi trudng LB voi ODgyo toi da dat khoang 19. Tuy nhién thanh



phan cua moi truong nay kha phic tap do phai bd sung thém mot sé cac chit khoang. Trén thuc
té trong qua trinh san xuét cong nghi€p thi méi truong 1én men cho cac chung vi sinh vit can
phai dugc don gian hoa dé giam chi phi san xuit ma vin dat duoc hiéu suét cao. Do vay méi
truong LB la méi truong thich hop nhat cho qua trinh 1én men lugng 16n ching E. coli tai té hop
mang gen ma hda lipase.

3.2 T6i wu héa qua trinh 1én men chiing E. coli BL21-Lip dat sinh khdi cao

Pa sb cac protein tai td "hop duoc tong hop trong té bao E. coli BL21 déu duoc tich lay &
dang ndi bao, do véy hiéu suét tong hop protein ti 1 v&i sinh khéi té bao sau khi lén men va hi¢u
suat tong hop protein (lugng protein duoc tao thanh trén mot don vi sinh khi té bao trong mét
thot gian nhat dinh). Do vy phuong phap nudi cay té bao tao sinh khéi cao voi chung E. coli tai
t6 hop mang gen /ip da duogc ing dung dé tang hi¢u sudt qua trinh tao thanh san pham lam giam
thé tich 1én men va giam gia thanh san pham Phuong phap HCDC nay chu yéu duoc sir dung
thong qua viée diéu khién toc d6 b sung nouon co chat cho phép té bao ludn sinh trudng ¢ toc
do t6i uu. Phuong phap nay thuong duoc t1en hanh trong qua 1€n men me ¢6 bo sung co chit dé
nguén dinh dudng cho vi sinh vat phat trién ludn dugc 6n dinh. Glucose la cac nouon cacbon
trong moi trudng nudi cay duoc vi sinh vat st dung hiéu qua nhat dé cung cap ngudn nang lugng
cho té bao sinh truéng va phat trién, vi vy ngudn co chat la glucose cting phai dugc bo sung
lién tuc trong qua trinh I€n men dé lam tang sinh khéi té bao va ting su témg hop protein tai to
hop trong cac t€ bao £, coli.

Cong thirc xac dinh téc d6 bo sung glucose tang theo lily thira dat sinh khéi cao nhu sau

[4]:

Ms (1) = Hox Vs exp[/,z(r —1, )]
Yy :

trong dé:
Ms (t)  Tdc do bo sung glucose theo thoi gian (gam/gio)
i Héng sb toe dd phat trién dic hiéu n=20,2(cuaE coli)
Y (x/s) Hiéu suat tao sinh khdi khi bé sung glucose 0,5
X Sinh khéi té bao tao thanh khi bé sung glucose (gam)
S Ndng d6 glucose bo sung (g/h

X (., Sinhkhéité bao ¢ thoi diém bét dau bd sung glucose 3 (g/1)

V) Thé tich nudi cay & thoi diém bat dau bd sung glucose 0,8 (lit)
t Thoi gian nuéi cay (gio)
to Thoi diém bat dau bo sung glucose to = 3 (gio)

Tée dé sinh trudng cia vi sinh vat duoc xac dinh bang viéc tang sinh khoi té bao theo thoi
gian va n6 duoc xac dinh ¢ pha sinh truong. Tuy nhién, khi vi sinh vat dat dugc dén toc d6 sinh
truong t6i da thi chi sau mét thoi gian toc d6 sinh truong nay sé bi giam dan do nguon dinh
dudng bi han ché va cac san pham doc doi té bao duoc tich luy. Do vay, dé sinh khoi té bao
duoc tang cao va sinh trudng ¢ toc dé tdi da thi ngudn co chat ludn luén phai dugc bd sung dé
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dap ang nhu ciu dinh duong clia cac té bao duoc tao thanh Dua vao cong thire xac dinh téc dé
bd sung glucose vao hé thong 1én men ma sinh khéi té bao ludn duoc tang theo thai gian va téc
dé sinh trudng cua vi sinh vat luén dat & pha liiy thura.

Bang 1. Toc do bd sung glucose vao binh Ién men va OD thu dugc véi ching E coli BL21-Lip

Thoi gian t (gio) Ms (t) (g/h) 0OD600
3 0,96 2,28
4 1,17 7,32
5 1,43 8,96
6 1,75 11,39
7 2,14 11,59
8 2,61 13,19
9 3,19 16,14
10 3,89 20.98
11 4,75 40,78
12 5,81 48,02
13 7,09 61,89
14 8,66 71,73
15 10,58 87,80
16 12,93 114,26
17 15,79 124,24
18 19,28 143,14

Két qua trén bang 1 cho thdy qua trinh 1én men chung tai td hop E. coli BL2!-Lip da duoc
toi uu hoa va gia tri ODeno do mat do té bao c6 thé Ién t&i 143 trén moi trudng LB sau 18 gio
nudi cay. Co chat glucose da duoc bé sung lién tuc vao hé théng lén men dé dat sinh khéi cao
trong khi néu 1én men khéng c6 bd sung glucose lién tuc thi ODyqo t6i da chi dat dugc khoang 20
(két qua phan 3. ). Lwong sinh khodi té bao thu dugc khi su dung phuong phap HCDC dat
khodng 160 g/l. Két qua nay hoan toan phu hop véi két qua nghién cuu cua Lee (1996) khi lén
men chung E. coli tai té hop bang phuong phap HCDC thi sinh khéi té bao thu dugc khoang tir
140 cho dén 200 g/I. T cac két qua nghién ctru trén cho thdy chung E. coli BL21-Lip thich hop
cho viéc sir dung trong céac nganh cong nghiép bai kha nang tao sinh khéi cao va hiéu suat tong
hop enzim lipase tai to hop ¢o thé duoc tang 1én bang phuong phap HCDC.

3.3. Lén men lrgng 16n lipase tai t6 hop

Pé khao sat kha nang tao sinh khéi cua chung E. coli BL21-Lip tai t6 hop khi lén men
lvong 16n, chiing toi da tién hanh 1én men chung vi sinh vat nay trong cac binh lén men vdi thé
tich khac nhau nhu 1 lit. 10 lit va 200 lit. Két qua dién di trén gel SDS-PAGE lipase tai t6 hop
sau qua trinh 1én men trong cac hé thong 1én men 1 lit, 10 lit, 200 lit duoc thé hién trén hinh 2.
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. e — 70 kDa
Hinh 2. Dién di protein tai t6 hgp sau khi 1én men trén gel . — 55
polyacrylamide véi gradient nong dé 8 - 25% l gg
Giéng 1: Lén men trong binh 1 lit _ 25
Giéng 2: Lén men trong binh 10 it 24 kDa —» ¢ — 15
Giéng 3: Lén men trong binh 200 lit « __ 10

Giéng 4: Thang protein chuan

Qua trinh 1€n men lugng 16n cac protein tai lo hop trong cac binh Ién men thuong phu
thude vao nhleu yéu t6 nhu ndng d6 oxy hoa tan, nong d¢ chat dinh dudng duoc bé sung, nhiét
d6 va pH téi uu. Céc hé thdng binh 1én men thudng duge dleu khién bang hé lhong tu dong dé
gilp cho cac thong s6 1én men dugc cin bang nhu viéc cung cap oxy hoa tan, diéu khién su “thay
déi pH bang axit hoac kiém, duy tri nhiét d6 sinh truong va nhi€t d6 cam img, diéu khién téc do
khuay trong binh 1&n men va cung cap chat dinh dudng dé tranh tao ra cac san pham trao doi gay
doc cho té bao. P& ti uu qua trinh 1én men sinh téng hop lipase tai t& hop trong cac binh 1 lit,
10 lit va 200 lit, cac théng sé cho qua trinh lén men da dugc nghién ciu va khao sat voi két qua
dat dugc nhu n6ng d6 oxy hoa tan 30%, n6ng d6 glucose duoc bd sung la 3 g/l, pH 7,0, téc do
khudy 200 - 250 vong/phut va nhiét d6 sinh truong cho ching E. coli tai t& hop 1a 37°C. Qua
trinh sinh tong hop lipase tai t& hop da duoc cam ung & nhiét do 37°C sau 4 gid nudi cdy véi
nong d6 IPTG cubi clng dugc bd sung vao cac hé thong 1én men 1a 0,5 mM. Sau khi 1én men,
tong s6 sinh khéi thu duoc trong binh 1én men 200 lit 1a 2,5 kg/160 it (tvong duong v&i khoang
16 g/1), lugng sinh khéi duge tao thanh trong cac binh 1én men 1 lit va 10 lit (khoang 20 g/l).
Nhu vay theo tinh toan va kél qua lén men luong I6n chung E. coli BL21-Lip trén hinh 2 cho
thay luong sinh khdi dugce tdng hop trong cac binh lén men dat duoc gan tuong duong nhau
khoang tu 16-20 g/l. Khi so sanh voi két qua nghién ctru cua Gosset (1993) cho thiy luong sinh
khéi t6i da tao thanh trong cac binh 14 lit va 300 lit dat khoang 20 g/I. Nhu vy, ket qué cua
ching t6i ciing tuong duong véi két qua cua Gosset khi Ién men E. coli chung tai t6 hop trong
cac binh 1én men 10 lit va 200 lit. K€t qua nay mo ra trién vong dé c6 thé tong hop luong lon
lipase tai to hop va ing dung vao mét sé nganh san xuat cong nghiép.

3.4. Tinh sach lipase tai t6 hop

Cac lipase tai t6 hop sau khi tong hop lrong binh 1én men 1 lit, 10 it va 200 lit duoc tién
hanh tinh sach qua c6t séc ki ai luc chia ion Ni** ¢o kha ning llen két v&i cac nhém Histidine.
Imidazole trong dém day s& canh tranh vi tri lién két voi fon Ni¥™ va protein tai td hop bat dau
duoc déy ra khoi cot & n6ng d6 imidazole cao. Két qua tinh sach protein tai o hop dién di trén
hinh 3. 12

160 —
§ 10
polyacrylamide véi gradient nong d6 8 - 25% 70

Giéng 1: Thang protein chuan 255

Hinh 3. Dién di protein tai to hop tinh sach trén gel

L

Giéng 2: Protein tinh sach 35
25— ww «—24 kDa
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loi cho qua trinh tinh sach. Do ai luc lién két gitra cac géc His va ion Ni’ nén tat ca cac protein
khong chira dugi His-tag duoc day ra khoi cot His-trap affinity column ¢ nong dé immidazole
thap va cac protein tai té’th o chtra cac goc His sé& duoc déy ra khoi cot o n6ng dé immidazole
cao khoang 300 mM. Két qua dién di trén gel polyacrylamide véi gradient nong d6 8 - 25% &
hinh 3 cho thay trén duong chay 2 xuét hién mét bang protein duy nhét ¢6 kich thudc khoang 24
kDa, kich thuéc nay dang véi kich thuée cua lipase tai td hop duoc tinh toan theo ly thuyét. nhu
vay chung t6i da tinh sach thanh cong lipasetai tb hop qua cot sic ki ai lu. Luong lipase tai t6
hop duoc tinh sach dat khoang 0,4 g lipase/lit nusi cay.

Lipase tai t6 hop ¢6 chira trinh ty ciia 6 gbe His duoc thiét ké nim & phia dau N dé thuan

Loi cam on. Céng trinh trén dwoc tai tro bai kinh phi cia dy an hop tac nghién cltru Viét Nam -

Thuy Dién SIDA-SAREC vé&i dé 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
ESCHERICHI4 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) ce_lls‘ T_he
fermentation processs of recombinant strain £. coli BL21 harboring gene /ip was.studled with
different culturing media. It was shown that the LB medium was the best for growing ofE.. coli
strain compare to the others. The biomass obtained from fermentation batchs of the recombinant
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strain £. coli BL21-Lip was 21 g/l in 1 liter fermenter, 20 g/l in 10 liter fermenterand 16 g/l in
200 liter fermenter under optimal conditions at 30°C after 4 hours with 0.5 mM Isopropyl B-D-
thiogalactosidase as an inducer. Maximum value of ODgy for the fermentation process of the
recombinant strain £. 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 | liter growth culture.
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