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TOM TAT

Interleukin-2 (IL-2) Ia mot trong cac cytokine déng vai trd quan trong trong hé mién dich. IL-2 thuc day sw hoat
hoa cla cac té bao T, vi vay thwong dwoc st dung trong didu tri ung thw bang cac liéu phap mién dich nhw ung thw
bidu mo than &c tinh va ung thw hic t6. Gen ma hoa il-2 cai bién thay thé Cys125 bing Ser da dwoc dwa vao vector
bidu hién pET22b(+) c6 gan trinh tw tiét pelB (pelB signal sequence) dé& bidu hién trong E. coli BL21 (DE3). Bé téng
hiéu qua biéu hién protein ding c4u tric va tinh tan cla protein, IL-2 dwoc biéu hién cung véi chaperone GroESL va
thioredoxin (Trx). K&t qua cho thay cac protein IL-2 biéu hién ciing GroESL va Trx c6 kich thwéc khoang 20 kDa van
tdn tai & dang khong tan trong t& bao chat va gan véi tin hiéu tiét pelB.

Tl khoa: Biéu hién, chaperone, interleukin-2, thioredoxin, tin hiéu tiét pelB.

Co-expression of Human Interleukin-2 Gene with Chaperone GroESL
and Thioredoxin in Escherichia coli BL21 (DE3)

ABSTRACT

Interleukin 2 (IL-2), one of the cytokines plays an important role for the immune response. IL-2 promotes the
activation of T cells and so often used in immunotherapy such as kidney epithelial malignant and melanoma cancer.
Gene encoding il-2 modified Cys125 to Ser was inserted into pET22b(+) harboring pelB secrete signal for expression
in E. coli BL21(DE3) cells. To enhance the correct protein folding and solubility, IL-2 was simultaneously expressed
with chaperone GroESL and thioredoxin (Trx). The results indicated that IL-2 proteins co-expressed with GroESL and
Trx of 20 kDa were still existed in insoluble form and consisted of the pelB secret signal.

Keywords: Chaperone, expression, interleukin-2, thioredoxin, pelB secret signal.

et al., 2005). Cac san phdm IL-2 tai td hop

1. DAT VAN DE

Gen mé héa il-2 ngudi lan diu tién dugc
tach dong vao ndm 1983 va ciu tric clia protein
nay da dudc mé phdéng viao nam 1992. Cho dén
nay, gen il-2 cia ngudi da dudc biéu hién trong
nhiéu sinh vat cht khac nhau nhu Escherichia
coli (E. coli), Pichia pastoris va trong té& bao
dong vat (Hyung et al., 2005). Tuy nhién két
qua biéu hién IL-2 cao nhit 1a trong t& bao E.
coli va san pham IL-2 tai td hgp c6 hoat tinh
sinh hoc tuong dudng véi IL-2 tu nhién (Liang

thuong mai hién nay dugec FDA cdp phép st
dung hd trg diéu tri ung thu cht yéu san xuit
trong E. coli vA da dugc st dung trong nhiéu
thap ky qua.

IL-2 ctia ngudi c6 trong lugng phan tu
khoang 15 kDa gom 133 axit amin. Trong trinh
tu nay chiia 3 goc Cys tai cac vi tri 58, 105, 125,
trong d6 hai géc Cys58 va Cysl05 tao cau
disulfide. Viéc hinh thanh chinh xac cau
disulfide nay sé quyét dinh dén hoat tinh sinh
hoc cta IL-2. P& ngin can su tao thanh ciu
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disulfide khéng mong muén gitta Cys125 véi
Cys58 va Cysl105, dot bién thay thé Cysl125
thanh Ser da dugc nghién ctitu. Ngoai ra, 3 axit
amin dau tién tai ddu N cla protein IL-2 la
diém glycosyl héa dugc nhan biét béi trinh tu
Ala-Pro-Thr. IL-2 trong tu nhién ton tai é dang
glycosyl héa c6 tinh thim cao véi mang té& bao,
vi vay liéu lugng 16n IL-2 s& gy nén doc tinh
cla protein nay trong cé thé. Do dé, IL-2 dang
thuong phdm ding lam thudc tiém cin duge
thiét k& méi dé loai bd alanine ¢ ddu N va dot
bién goc Cys125 thanh Ser.

Céc protein tai td6 hop biéu hién trong E.
coli duge bat dau véi formyl-methionine & ddu N
(Marcker and Sanger, 1964) va c¢6 thé anh
hudng dén chiic nang cia protein (Millan et al.,
2007). Viéc st dung peptide tin hiéu (signal
peptide) biéu hién protein trong khoang chu
chat gitp protein tiét loai bd dugc methionin
(Met) va cudn xoin dung c&u tric. Trong thi
nghiém nay, doan tin hiéu tiét pelB dugc thiét
ké& phia trudc trinh tu protein IL-2 va biéu hién
kém véi chaperone GroESL va thioredoxin dé
tang tinh tan va hiéu qua ct tin hiéu tiét pelB.
Trinh tu tin hiéu tiét pelB du doan sé bi cit bo
cung véi alanin (Ala) va Met & dau N trong qua
trinh chuyén tit t& bao chit ra khoang chu chat
dé tao protein IL-2 trudng thanh.

2. VAT LIEU VA PHUONG PHAP
2.1. Vat liéu va hoéa chat

* Chiing vi sinh vt

Chung E. coli DH10B dugc st dung lam
chting tach dong gen; chuing E. coli BL21 (DE3)
duge st dung lam ching biéu hién gen.

* Plasmid

Plasmid pJET1/blunt dugc st dung lam
vector tich dong; plasmid pET22b(+) dugc su
dung lam vector biéu hién; plasmid pKY106
mang chaperon GroESL duge biéu hién kém véi
IL-2; plasmid pET22-thio dudec st dung lam
vector biéu hién kém véi IL-2.

* Héa chat va enzyme dung trong sinh hoc
phan tir: SDS, tris HCIL, Acrylamide/Bis-
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Acrylamide, TEMED, protein Marker
(Fermentas, Diic), EDTA (Serva, Ditc), X- Gal
(Sigma, M¥), phenol, methanol, isoamyalcohol,
EtBr, Glyxerol, IPTG, Ethanol, Chloroform
(Rohde, Dic), agar (Fluka, Dic), ampicillin
(Merck, Drc), agarose (Gibco, My), MgSO, (Bio-
Labs, My), cao ndm men (Gibco, M), peptone,
glucose, NaCl, CaCl,, khang thé khang IL-2,
khang thé khang chudt (Sigma, Mg).

2.2. Phuong phap nghién citu

2.2.1. Thiét ké vector biéu hién gen ma hoa
il-2 ¢6 tin hiéu pelB

Trinh tu gen il-2 dugc thiét k& dua trén
trinh tu gen il-2 ngudi trén Ngan hang Di liéu
Gen Qudc t&€ NCBI véi sd dang ki NP_000577.
Plasmid tai t8 hgp dudc thiét k& c6 trinh tu doan
gen il-2 cai bién Cys125 thanh Ser c¢6 gén trinh
tu tin hiéu tiét pelB & dau N va dudc tdng hop
bdi hang Gen Script (M5).

Plasmid tai t6 hgp pET22_IL-2_pelB dugc
bién nap vao t& bao kha bién E. coli DH10B
bing s6c nhiét. Ching tai t6 hop duge sang loc
trén moi truong LB chtia khang sinh ampicillin
(Amp) nong @6 cudi cing 100 pg/ml va dude nubi
cdly trong moi trudng 1dng cho tach chiét DNA
plasmid. Cac plasmid tai t6 hgp nay duge cit
kiém tra bing ciip enzyme han ché& Not I va Nde
I dong thoi duge tinh sach dé kiém tra trinh tu
gen bang phuong phap giai trinh tu thé hé méi
(New Generation sequencing).

2.2.2. Thiét ké chiing biéu hién E. coli BL21
mang plasmid tai t6 hop pET22 IL-2 pelB
va chaperone GroESL

Dé tao duge chung E. coli BL21 biéu hién
protein IL-2 va chaperone GroESL, trudc hét
ching t6i bién nap plasmid pKY106 mang
chaperone GroESL vao t& bao E. coli BL21 va
chon loc trén méi trudng LB c6 tetracyline nong
d6 12,5 pg/ml dé tao chung E. coli BL21 mang
chaperone GroESL. Chung E. coli tai t8 hgp nay
dudc st dung lam t& bao kha bién va bién nap
plasmid tai t6 hop pET22IL-2 vao, va chon loc
trén moi trudng LB chtia 2 loai khang sinh 1a
ampicillin nong d6 50 pg/ml va tetracyline nong
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d6 12,5 pug/ml. Ching E. coli BL21 chta ca 2
plasmid pKY106 va pET22IL-2 s& phat trién trén
moi truong chida ca hai loai khang sinh trén.

2.2.3. Thiét ké chiing biéu hién E. coli BL21
mang plasmid tai t6 hop pET22_IL-2 pelB
va thioredoxin

D& tao duge chung E. coli BL21 biéu hién
protein IL-2 va thioredoxin, qua trinh thyc hién
ciing giéng véi thiét k& chiung E. coli BL21 biu
hién protein IL-2 va chaperone GroESL. Truéc
hét chiing t6i bién nap plasmid pET22thio mang
Trx vao t& bao E. coli BL21 va chon loc trén méi
truong LB ¢6 kanamycin néng d6 25 pg/ml dé
tao chtiing E. coli BL21 mang Trx. Chung E. coli
tai t8 hgp nay dude st dung lam t& bao kha bién
va bién nap plasmid tai t6 hgp pET22IL-2 vao
va chon loc trén moéi trudng LB chtia 2 loai
khang sinh 14 ampicillin néng d6 50 pg/ml va
kanamycin néng d6 25 pg/ml. Chung E. coli
BL21 chia ca 2 plasmid pET22thio va
pET22IL-2 s& phat trién trén méi trudng chiua
ca hai loai khang sinh trén.

2.2.4. Cam ting dé biéu hién protein tai t6 hop

Nubi cdy qua dém mét khuédn lac (san phdm
bién nap) trong méi trudng LB 1dng c¢6 bd sung
Amp dén néng d6 cudi ciing 1a 100 pg/ml (moi
truong LBAmp) 14c 200 vong/phit & 37°C qua
dém. Dich nudi cdy duge chuyén sang méi
truong LBAmp dé dat OD600 ban dau 1a 0,1nm
nudi trong 2 gié 6 37°C cho dén khi OD600 dat
0,6 — 0,7nm, 14y mau ra tién hanh cam tng
bing 1mM IPTG. MAu duge thu sau cam tng 4
gid. Protein téng hop dude kiém tra bing dién di
protein trén gel polyacrylamide SDS-PAGE va
kiém tra tinh bat cap dic hiéu véi khang thé
khang IL-2 bing western blot.

2.2,5. Phuong phap thu protein tan va
khong tan

Dich t& bao duge li tdm 5000 vong/phut
trong 5 phut loai dich néi. Taa t& bao duge hoa
lai trong dung dich dém TE (Tris 20mM, EDTA
10mM, PMSF 0,05mM). Miu duge dé tu lanh -
80°C trong 1 gid. Sau d6 lam tan & 50°C trong

30 phut. Tiép dén, tién hanh siéu 4m 3 14n méi
lan 20 gidy. Mau sau khi siéu 4m dudc ly tim 6
13000 vong/phit trong 5 phut. Chuyén pha tan
(phén dich phia trén) sang 6ng eppendorf méi.
Codn phén cin t& bao (pha khéng tan) duge hoa
lai trong 100ul dém TE. Tiép d6, b sung 20ul
dém x1 1y protein vao ca pha tan va pha khéng
tan. Bién tinh ¢ 100°C trong 15 phit. Cuéi cung,
thu toan bd mau va chay dién di protein.

2.2.6. Ky thuat Western blot

Chay dién di bién tinh protein bing SDS-
PAGE véi cac mAu tuong tGng. Sau dé chuyén
protein sang mang PVDF trong dung dich dém
(Tris-HCl 48mM, Glycine 39mM, ethanol 20%)
dé lanh trong 15 phut & 15 V. Mang sau khi
chuyén dugc phu trong dung dich siia d4 tach bo
(skim milk) 5% trong dung dich TBS1x (Tris-
HC1 1M, pH = 7.5, NaCl 5M ), & 4°C qua dém.
Sau d6, tién hanh rtia mang bing dung dich
TTBS 1x (TBS 1x b8 sung 0,1% Tween-20) 3
1an, mdi 14n 10 phut. Tiép d6, rita mang bing
dung dich TBS 1x, rtia 3 14n mdi lan 5 phit.
Pha khang thé 1 (khang thé khang IL-2 caa
chuét) pha loang 5000 - 10000 lan trong sita
skim milk 5%. Lic & nhiét d6 phong (25°C) trong
1 gio. Rtia mang mot 14n niia l1an lugt trong
dung dich TTBS 1x va TBS 1x. Phu khang thé 2
(khang thé khang chudt) trong 1 gid. Riia mang
1an cudi va hién mau bing dung dich hién mau
TMB (TMB)
substrate system for membranes).

(Tetramethylbenzidine liquid

3. KET QUA

3.1. Biéu hién protein IL-2 gén tin hiéu tiét
pelB tai t6 hop

Doan gen il-2 dude gin thém trinh tu tin
hiéu tiét pelB dé giup cho protein IL-2 sau khi
tong hop duge chuyén tit nhan qua mang va ra
khoang chu chét. Trong qué trinh van chuyén,
tin hiéu tiét pelB sé dudc cit bdi cac peptidase
trén mang t&€ bao chat dé tao protein IL-2 dang
don khong c6 methionine 6 dau N véi kich thuée
khoang 15 kDa.
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kDa M 1 2 3 4 5 6 7

116.0

66.2
45
35

25

184
144

kDa

116.0

66.2
45
35

25

184
144

(a)

IL-2 pelB
IL-2 TQ

IL-2 pelB
IL-2TQ

(b)

Hinh 1. Pién di d6 kiém tra protein tai t6 hgp IL-2 trén SDS-PAGE (a)
va bang k§ thuat Western blot (b)

Ghi chii: a) M: Thang chuén protein (Fermentas); 1-4: Céc dong t& bao E. coli BL21 (DE3) mang plasmid tai t6 hop pET22_IL-
2_pelB; 5: Dong té bao E. coli BL21 khong mang plasmid tai t6 hop; 6: Péi chitng 4m (khéng cam tng béi IPTG); 7: P61 chitng

duong (IL-2 Trung Qudbc).

b) M: Thang chuan protein (Fermentas); 1-4, 6: Céc dong té bao E. coli BL21 (DE3) mang plasmid téi t6 hop pET22IL-2;

5: Déi chiing duong (IL-2 Trung Québc).

Quan sat két qua dién di trén hinh 1a cho
théy, cac protein IL-2 duge tong hop déu co
kich thuéc khoang gan 20 kDa (dudng chay 1-
4), cao hon protein chudn Trung Quéc cé kich
thuée khodng 15 kDa (dudng chay s6 7). Két
qua nay cho thay protein IL-2 duge biéu hién
van con gin véi tin hiéu tiét pelB. Ngoai ra
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két qua kiém tra bang ky thuat Western blot
ciing da khéng dinh protein IL-2 biéu hién c6
kha ning lién két dac hiéu véi khang thé
khang IL-2 cta chuét. Mot s6 dong t& bao c6
hai bing protein biéu hién (dudng chay 2, 8;
hinh 1b) ¢6 thé do protein IL-2 bi phan cit
trong qua trinh biéu hién.
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3.2. Khao sat tinh tan cua protein tai to
hop IL-2 trong E. coli BL21(DE3)

Protein IL-2 biéu hién vAn con gén tin hiéu
tiét pelB c6 thé 1a do protein dudc biéu hién &
dang khong tan (inclusion bodies), vi vay
protein khé ¢6 thé di qua duge mang t& bao chat
noi chita cac enzyme peptidase tham gia vao
qué trinh cit tin hiéu tiét pelB. Do vay, dé
khéng dinh protein IL-2 biéu hién van con gin
tin hiéu tiét pelB hay khong, chiing t6i tién
khao sat tinh tan cta IL-2. Két qua kiém tra
dugc biéu hién trén hinh 2.

Két qua dién di trén hinh 2 cho th4y, toan
bd protein tai t6 hop duge tong hgp déu ton tai &
dang khéng tan (dudng chay s6 3 va s6 6) va
khong thdy xuat hién bang protein IL-2 & pha
tan (dudng chay 2, 5). K&t qua nay c¢6 thé duge
giai thich 14 do cac protein biéu hién c6 thé cudén
chit vao nhau, vi vay rat khé dé van chuyén
qua mang ra khoang chu chat. Dé tang kha
ning biéu hién protein ¢ dang tan va giup
protein cudn xodn ding ciu tric, ching tdi da
tién hanh nghién ctu biéu hién protein dich
cung véi chaperone hodc v6i Trx (Bazewicz et
al., 2012).

3.3. Biéu hién déng thoi plasmid tai t6 hgp
pET22_IL-2_pelB va chaperon GroESL

IL-2-pelB

Su biéu hién qua mic cha protein trong
chting chti sé din dén su biéu hién cac protein
sai cdu tric va tén tai dang khong tan.
Chaperon heat shock GroESL déng vai tro
quan trong biéu hién cing véi protein dich lam
ting tinh tan cta protein biéu hién dang khong
tan trong E. coli va da dugc ching minh 1a dat
k&t quid nhu mong mudén (Martinez et al.,
2010). Trong thi nghiém nay, ching téi tién
hanh biéu hién kém chaperone plasmid
pKY106 (chtia 2 protein GroEL va GroES) cung
v6i plasmid pET22_IL-2_pelB trong dong té&
bao E. coli BL21. K&t qua biéu hién dugc biéu
hién trong hinh 3.

Két qua dién di trén hinh 3 cho thay, ca
hai protein GroEL va GroES déu biéu hién 6
mtc cao va ding kich thudc khoang 60 va 14
kDa cung v6i IL-2 c6 kich thuéc khoang 20
kDa (duong chay 3, 5, 7, 8, 10). Kich thudc
phén ti clia protein IL-2 chiing t6 tin hiéu tiét
pelB ctia protein nay van van chua dugc cit.
Piéu nay cho thdy mic du IL-2 da dugc biéu
hién kém véi chaperon nhung chua lam tang
tinh tan caa IL-2, protein vAn bi cudn xodn va
chua duge van chuyén ra ngoai mang té& bao, do
vay ma van protein IL-2 biéu hién van chia
tin hiéu tiét pelB.

6 7 8 kDa

35

25

18.4

14,4

Hinh 2. Pign di SDS-PAGE kiém tra tinh tan ctia protein tai t6 hgp IL-2

1-3: Déng t& bao E. coli BL21 (DE3) mang plasmid tai t6 hgp pET_IL-2_pelB dong s6'1 (1: protein téng so: 2: protein tan; 3:
protein khéng tan); 4-6: Dong té bao E. coli BL21(DE3) mang plasmid téi t6 hop pET_IL-2_pelB dong s6 2 (4: protein téng so;
5: protein tan; 6: protein khéng tan); 7: D61 chiing duong (IL-2 Trung Quéc; 8: Dong té bao E. coli BL21(DE3) khéng mang

plasmid tai t6 hop.
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12 3 4 5M6 7 8 9 10 1112 1314 kDa

GroEL —»

IL-2-pelB

GroES _

—116.0

— 66.2
— 45
— 35

—25

— 184
144

Hinh 3. Pién di d6 kiém tra két qua dong biéu hién protein IL-2
gan tin hiéu tiét pelB va chaperone GroELS

1- 13: Céc dong té bao E. coli BL21 (DE3) biéu hién protein tai t6 hop IL-2 g4n tin hiéu tiét pelB; 14: Doi chiing duong (IL-2

chuan Trung Qudc); M: Thang chuan protein.(fermentas).

3.4. Biéu hién déng thdi protein tai t6 hop
IL-2 v6i Trx

Ngoai viéc biéu hién cung véi chaperone
GroESL, ching t6i tién hanh biéu hién protein
dich cang v6i Trx dé nhidm nang cao tinh tan
cta protein khi biéu hién trong E. coli. Hai
pET22_IL-2_pelB va  pET22thio-
kanamycine chtia trinh ty protein Trx dugc bién
nap dong thoi va biéu hién trong t& bao E. coli
BL21 (DE3). Két qua phan tich protein trén gel
SDS-PAGE trén hinh 4a cho thay, Trx dudgc
biéu hién t6t c6 kich thude khoang 25 kDa. Tuy
nhién, protein IL-2 vAn dugc biéu hién kém véi
tin hiéu tiét pelB véi kich thuéc khoang 20 kDa
(duong chay 1-6), cao hon so véi déi chiing
protein IL-2 IBT. Két qua Western blot ciing
khing dinh IL-2 d4 dugc biéu hién cing véi
protein Trx trong E. coli (Hinh 4b).

vector

4. THAO LUAN

Cac két qua biéu hién IL-2 véi tin hiéu pelB
trong E. coli BL21 (DE3) cho thiy protein nay
cht yéu tén tai 6 dang khong tan trong t& bao
chat. Cac protein c6 nguén goc tit Eukaryote
thuong bi biéu hién & dang khong tan 1a mot
trong nhiing bat 1gi khi biéu hién trong hé vi
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khudn. D& cai thién tinh tan ctia protein biéu
hién trong E. coli ngoai cac phuong phap téi uu
diéu kién biéu hién nhu nhiét do, méi trusng
nudi cdy va néng d6 chit cam ting IPTG, mot s
nghién ctu da cho ring viéc biéu hién protein
kém v6i mot s6 chaperone lam tang lugng
protein biéu hién ddng cu tric trong bo may vi
khudn (Martinez, 2010) nhu DnaK (DnakK,
Dnad va GrpE) va GroESL (GroEL va GroES)
giip ngan can su hinh thanh protein dang
khéng tan va gidp protein cudén xoén dung cdu
tric. Tuy nhién, két qua nghién ctiu cua ching
t6i cho thdy mic da protein IL-2 da biéu hién
dong thoi cing véi cac chaperone GroESL va
Trx nhung tit cd protein IL-2 vAn déu & dang
khong tan va tin hiéu cit pelB vAn chua duge
loai bd. Két qua nay trai ngude véi comg bd cua
Takashi Yasukawa et al. (1995) cho rdng biéu
hién kém véi chaperones GroESL lam tang tinh
tan ctia 4 trong 8 protein nghién ctu khi biéu
hién trong E. coli, trong khi protein thioredoxin
giip lam ting hiéu qud tinh tan ctia 8 protein
nghién ciu. Tuy nhién, két qua nghién ciu caa
ching t6i phu hogp véi nghién cGu cua
Gabrielhea Halfmann et al. (1993) khi biéu hién
IL-2 gin tin hiéu tiét OmpA hay PhoA da
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IL-2pelB

(a)

kDa

66
45
35

25

184
144

4

1

2 M 3 5 6 78

IL-2pelB

)]

Hinh 4. K& qua biéu hién protein IL-2 dong thoi véi Trx (a) va Western blot (b)

1,2, 4-7: C4c dong t€ bao E. coli BL21 biéu hién déng thoi hai protein IL-2 va Trx; 3: MAu IL-2 chuan Trung Quéc; M: Thang
chuén protein (Fermentas); 8: MAu déi ching 4m khong cam tng IPTG.

Cic duong chay tuong tu nhu ban dién di (a)

khong lam tiang tinh tan cta protein khi biéu
hién kém véi chaperone GroESL. Nhu vay, két
qua ctia chung téi c¢6 thé duge giai thich do
protein IL-2 cudn xoén qua nhanh sau khi téng
hgp, khién cac trinh tu tin hiéu tiét khéng thé
huéng protein di vao bo may van chuyén
protein, do vay chaperone va thioredoxin khong
kip tham gia v&o qué trinh lam tan va cit tin
hiéu tiét pelB. Nhiéu nghién ctiu da chi ra ring,
v6i nhiing protein cso cAu noéi disulfide nhu IL-
2, khi duge dong biéu hién voi Trx sé tao protein
tan va c6 hoat tinh sinh hoc t6t hon do Trx lam
giam tinh khi trong khoang chu chat va gidp
protein cuén xodn dugc t6t hon. Tuy nhién,
nghién citu ctia ching t6i chi ra rang protein IL-
2 tao ra van ton tai dang khong tan va con gin
trinh tu tin hiéu tiét pelB. Mic du két qua nghién
ciu nay chua lam ting tinh tan cta protein IL-2
nhung day 14 nghién ctu dau tién & Viét Nam vé
viée biéu hién protein nay dong thoi véi hai hé
thong chaperone GroESL va Trx, tit d6 gitp cho
viéc dinh hudng va lua chon céc hé biéu hién thich
hop d61 v6i gen ma héa iI-2 & ngudi.

5. KET LUAN

Protein IL-2 dugc biéu hién trong dong t&
bao E. coli BL21 (DES3) c6 gin tin hiéu tiét pelB
6 dang khong tan trong t& bao chat. Su biéu

hién ctua protein IL-2 cung v6i chaperone
GroESL va thioredoxin vAn khéng lam ting
tinh tan cta protein tai t6 hgp va khong loai bd
dugc tin hiéu tiét pelB khoi cdu tric cta IL-2.

TAI LIEU THAM KHAO

Hyung JC, H.S., Hye J.L., Hye S.C., Nimish N.D.,
Minh Q.P., William E.B. (2005). Comparative
production of human interleukin-2 fused with
green fluorescent protein in several recombinant
expression systems. Biochem Engin J., 24: 225-
233.

Liang, S.M., et al. (1985). Characterization of human
interleukin 2 derived from Escherichia coli.
Biochem J, 229(2): 429-439.

Marcker, K. and Sanger F. (1964). N-Formyl-
Methionyl-S-Rna. J Mol Biol, 8: 835-840.

Fernandez-San Millan, A., et al. (2007). Expression of
recombinant proteins lacking methionine as N-
terminal amino acid in plastids: human serum
albumin as a case study. J Biotechnol, 127(4): 593-
604.

Bazewicz, C.G., et al. (2012). Expanding the utility of
4-cyano-L-phenylalanine as a vibrational reporter
of protein environments. J Phys Chem B, 116(35):
10824-10831.

Martinez-Alonso, M., et al. (2010). Side effects of
chaperone gene co-expression in recombinant
protein production. Microb Cell Fact, 9: 64.

Halfmann, G., et al. (1993). Targeting of interleukin-2
to the periplasm of Escherichia coli. J Gen
Microbiol, 139(10): 2465-2473.

783



