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La Viét Hong'”, Nguyén Thu Giang', Pham Bich Ngoc'!, Chu Hoang Ha'*

'Vién Cong nghe sinh hoc, Vién Han 1dm KH & CN Viét Nam, *chuhoangha@ibt.ac.vn

*Trudmg Pai hoc Su pham Ha Noi 2

TOM TAT: Miraculin 13 mét pmtem ta0 cam gidc ngot va it sinh ning luong, dugc tich chiét o
qua cay than ky (Richadella duicifica), mét loai ciy bui & Téy Phi. Trong nghién ciru nay, ching
tdi tién hanh téng hop nhin tao gen miraculin v&i mé di truyen dugc t6i wu hda trong dong t€ bao
thudc 14 BY-2. Gen miraculin duoc chén vao hai cau tnic pBl;;/HSP-pro:Mir:HSP-ter véi
promoter va terminator cua gen HSP 18.2 dugc phén lip tir cdy Arabidopsis thaliana cé hiéu qua
ting cudng biéu hién cia protein tii t& hop vi pBI,zl,fSSS-Pm Mir:NOS-ter. Cic n:au tnic nay dugc
su dung dé chuyen gen miraculin vao cdc dong t€ bao thude 14 BY-2. Céc dong té bao BY-2 duoc
ddnh @i hang kv thudt PCR va la: rmen dich Western blot. Két qua cho thay, chiing tﬁl da tao dugc
cdc dong té bao BY-2 sinh tnrimg n dinh trong médi trrdmg l6ng sau 4-5 l4n ciy chuyén voi
khodng cdch giita méi ldn 12 2 tuén. Céc dong BY-2 sinh tnrong én dinh va biéu hién protein téi tu
hop miraculin ¢6 kich thudc khoang 43-45 kDa, trong d¢ cdc dong té bao BY-2 duge chuyén ciu
tric HSP-pro:Mir:HSP-ter hleu hién manh hon so v&i cdc dong BY-2 duge chuyén ciu tnic 358-
pro:Mir: NOS-ter. Day la lan diu tién ¢ Viet Nam va trén thé glm protein tao cam gidc ngot
miracutin dugc bigu hi¢n trong dong té bao thudc 14 BY-2. Két qua nay mang lai tiém ning 1ém cho

nghién clru va san Xuét protein miraculin trong thizc tién.

Tir khoa: Béo phi, BY-2, cam gidc ngot, cdy thin kv, miraculin, té bao thuéde I4.

MO DAU

Miraculin 14 mét protein tao cam gidc ngot
dugce tich ra tr qua cay thin ky (Richadella
dulcifica)}, 1a loal ciy bui sf::mg ¢ ving Tiy Phi
[14, 15]. Miraculin 1a protein it sinh nang luong
vil cé tiém ning thay thé chit 1am ngot nhan tao,
ca1 tién dang ké ché d6 dn cho ngudi mic bénh
tiéu duong va béo phi [6]. Tuy nhién, kha néang
thirong mai héa miraculin b1 han che vi ciy thén

ky phan bd & vung nhiét d6i khic nghiét, sinh
frrdng chiam, qua nhé va khé bao quan [14].

Ngay nay, vai sy phat trién cia ki thujt di
truyén dic biét 1a bang cic cnng cu sinh hoc
phén tir, dd giip cho con nguoi cé thé vuot qua
rao can vé lodi, guip san xuat dugc cdc protein
ciine nhur cdc chit mong mudn. Dong té bao
thuoc 14 BY-2 duge phan 13p boi Kato et al.
(1972) co rat nhiéu wu diém nhu dd dnng déu
cao, c6 toc dd sith trudng nhanh, 1én dén 80-
100 1in sau mot tuan nudi cay, ¢6 ham luong rat
thip nicotine so v&i cdy thubce l4 nguyén ven
[12]. Day 1a mot trong s6 it dong té bio thye vat
duwoc sir dung dé san xuit protein tdi t& hop:

protein erythropoiletin cua ngudi [10, 11], doan

khdng thé biscFv [3], khdng thé don dong khéng
khing nguyén bé mit cia virus viém gan B
(mAb against HbsAg) [16], protein hGM-CSF
(Human  granulocyte-macrophage  colony-
stimulating factor) [3).

Sy biéu hién cia protein tdi td hop trong
thue vt c6 thé dugc ting cudng nhd t6i wu mé
di truyén cua gen dich voi hé thong sinh tung
hop protein cia hé thong biéu hién, vector biédu
hién, su dung hop gen dich, cac yeu t6 tham gia
vao qud trinh phién ma va dich ma [2]. Trong
nghién ciru nay, chiing 16 tién hanh chuyén gen
miraculin nhin tao thong qua hai cassette biéu
hién khdc nhau trong dong t€ bao BY-2, dinh

gid cdc dong té bau BY-2 chuyén gen bing k¥
thudt PCR v lai mién dich Western blot.

VAT LIEU VA PHUONG PHAP NGHIEN CUU

Vit liéu

Gen miraculin nhin tao c6 mi di truyén
duoc téi wu hoéa: khai thic théng tin trinh tr
nucleotide cua gen miraculin (D38598.1 va
AB512278.1) trén Ngin hang Gen quic té. Tbi
wu héa ma di truyén biang chuong trinh Codon
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Usage Database [4] va Codon Optimization 2.0
cia Invitrogen. Doan trinh trr nucleotide ma héa
cho c-myc tag va epitope Hls-tag duge gan vao
dau 3’ coa doan DNA. Hai vi trf nhin biét cia
enzyme gu:n han BamHI va Sacl dugc thém vao
dau 5’ va 3" cia gen miraculin theo thir ty trong
\rng, gen miraculin dugc tdi wu cé kich thudc la
761 bp. Trinh tr nucleotide ciia cip moi dic
hiéu cho gen miraculin duwgc thé hién & bang 1.

Bang 1. Trinh ty nucleotide cta cip moi
Mir_opt_F/R déc hiéu cho gen miraculin

E.:.l hl@;l{ Trinh tur nucleotide 5’—3°
cip mbi

Mir_upt_F ATGAAGGAACTTACTATGTTGAG
Mir opt R AGGATCTGAATGGTTCC

Gen miraculin dwgc tdng hop tai hing

Epoch Life Science (Hoa K¥) vd dugc nhin
dong trung vector pBluescnpt 11 SK. Dong ¢
bao thudc 14 BY-2 dang nuoi cay trong dicu
kién in vitro, ching vi khuin chuyén gen
Agrobacterium tumefac:ens, ching E. col
DH5a mang vector biéu hién do Phdng Cong
nghé Té bﬁu Thye vét, Vién Cung nghé Sinh
hoc cung cap. Trong nghién citu ndy, ching tdi
sit duyng hai vector biéu hién: pBI;,/HSP-
pro:Miraculin:HSP-ter, chira promoter vi
terminator cua gen soc nhiét HSP 18.2 (heat
shock protein) dugc ching t5i phén lip tir cdy
Arabidopsis thaliana di dang ky trén Ngan
hing Gen québc té voi ma s lan lugt I
KM083119 va KP0081038 nhim ting cuomg
biéu hién protein miraculin vid vector
pBI,4,/358-pro:Mir:NOS-ter (hinh 1) di duoc
nhan déng trong chung E. coli DH5a.

Cassette bidn hién

c-myc His-tag

—

REB

|
|
A_L NOS-pro I npt 1 fan') >bﬂ$-ter || HSP-pro

Mna-:uhnu> HSFP-ter ﬁ
/ LB

¢-myc His-tag

| !
B ﬁ_ NOS-pro > rpi 1l (kan') > NOS-ter —|! 355-pro 1 Muraculin NOS-ter ﬁ
RE | LE

Hinh I. So d6 vector bidu hién miraculin véi cassette khdc nhau: (A) pBI,2,/HSP-pro:Mir:HSP-ter;
(B) pBIl,5,/35S-pro:Mir:NOS-ter

NOS-pro: promoter nopaline synthase gene, npt II: gen khidng kanamycin, NOS-ter: terminator nopaline
synthase gene, HSP-pro vad HSP-ter: promoter va terminator cia gen HSP 18.2, 35S-pro: promoter CaMV355,
c-myc: trinh ty nucleotide m& héa protein c-Myc, His-tag: trinh ty nucleotide md héa cho chué: axit amin
Histidine; RB va LB: bién phai va bién trdi cua T-DNA.

Protein ¢-Myc duoc tong hop tir khuin béi
Phong thi nghiém trong diém Cong nghé gen,
Vién Cong nghé sinh hoc, Vién Han 1am KH &
CN Viét Nam. Khang thé anti-mouse IgG cong
hgp HRP cia hing Promega (USA).

Phwong phép chuyén gen vio té bao BY-2
théng qua vi khuin Agrobacterium

Quy trinh chuyén gen vio dong té bio thudc
14 BY-2 théng qua Agrobacterium, qui trinh
chon loc dong BY-2 mang gen duoc tién hanh
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theo phuong phdp ciia Nocarova & Fischer
(2009) [13].

Kiém tra sy c6 mit cia gen miraculin dong
té biao BY-2 bing k¥ thuit PCR

Sit dung DNA duge tich chiét tir céc dbng
té bao BY-2 1am khuén cho phén tng PCR dé
kiém tra su ©6 mdt cua gen chuyén miraculin
bang cip mdi dic hién Mir_opt_F/R (bang 1)
theo chu trinh nhir sau: 94°C/3phit; 94°C/45
gidy, 54°C/30 gidy, 72°C/45 gidy; 72°C/10 phiit,




Biéu hién protein tdi t6 hgp miraculin (rong dong té bao thuoc ld

1ap lai 30 chu ki.

Kiém tra s biéu hi¢n cia protein mlraculm

trong té bao BY-2 bing kj thuit lai mién
dich Western blot

Déi véi céc dong té bao BY-2 chuyén cau
tric HSP—pm Mir:HSP-ter, ching t6i tién hanh
xur ly soc nhiét [9] ¢ 37°C trong 2 gid, sau d6
nudi phuc hoi 4 gid & 27°C, thu sinh khdi té bao
dé tich cluet protein cho cdc thi nghiém tiép
theo. Thu té bao BY- 2, nghién thanh bot min
trong nito 16ng bang cdi chay s, b6 sung dém
PBS (Phnsphate Buffered Saline) 1X. Thu dich
nghién vio ong eppendorf 2 ml, ly tdim 10.000
vung/phut 0 4°C, thu dich protein ¢ phia trén,
Protein tong s6 dugc dinh luong bing phuong
phdp so mau cua Bradford (1976). Biéu hién
cua protemn miraculin dugc kiém tra bang ky
thudt lai mién dich theo phuong phdp cua
Burnette (1981) [1] véi mot sb cai bién. Protein
dugc phan tiach bang dién di SDS-PAGE 12%
theo phuong phdp cua Laemmli (1970) [8], sau
do chuyen lén mang nitrocellulose bang mdy
chuyén mang fast blotter cua hang Thermo
Scientific Pierce & 25V, 1.3A trong 20 phuit.
Sau khi blocking bang sita tich béo 5% pha
trong PBST (0,05% Tween trong dém PBS)
trong 5 gid, mang duoc U voi khdng thé 1 anti-
c-Myc pha loiang 100 lan bang PBS chira 5%
sita tich béo qua dém trude khi G véi khang thé
2 anti-mouse IgG cong hop HRP pha loang
2.500 lan biang PBS chira 5% sira tich béo trong
2 gidr. Su ¢6 mit cua miraculin trong mau dugc
phat hién nho phan tmg hién mau bang co chét
TMB (3,3',5,5"-Tetramethylbenzidine).

KET QUA VA THAO LUAN

Két qua tao dong té bao thudc la BY-2
chuyén gen miraculin

Trong thi nghiém nay, sau khi lay nhiém va
d6ng nudi cay voi vi khuan A. tumefaciens
mang vector biéu hién khédc nhau, huyén phit té
bao BY-2 dugc cay trai nhe trén moi truong
chon loc c6 bd sung kanamycin & nnng dg cao
(100 mg/l). Do trong qud trinh x4m nhiém,
ngodi cdu tric gen miraculin, gen npt/ trén
vector chuyén gen ma héa cho enzyme phin
hity kanamycin ciing duge tich hgp vao genome
t4 bio chit nén chi nhimg té bio dugc chuyén

gen mdi c6 thé song s6t trén mdi truomg chira
khiang sinh kanamycin, cdc cum callus dugc
hinh thanh trén méi trudng chon Ioc dugc dung
nudi cay trén moi trudmg long (toc do lic 130
vong/phiit), duéi 4p lyc chon loc cia khzing sinh
kanamycm sau 4-5 lan cay chuyén vé&i khoing
cich giira c4c lan 13 2 tuan, chung to1 chon duoc
nhimg dbng BY-2 sinh treéng 6n dinh két qua
duogc thé hién & hinh 2.

Hinh 2. Qua trinh chuyen gen miraculin vao
dong té bao thudc 14 BY-2

A. Bung nudi cay gilra vi khuin A. tumefaciens
mang cassette biéu hién khidc nhau véi té bao BY-2
chung dai; B. Callus BY-2 duoc tdi sinh trén médi
trirtomg chon loc sau 3 tudn nudi cay C. Callus trén
mol1 t:mt:mg chon loc sau 2 tudn cdy chuyén: D. T4i
huyén phil callus BY-2 trén mdi trudmg long chira
tac nhéan chon loc.

Kiém tra sur ¢O mat cua gen miraculin trong
dong té bao BY-2 bing ky thuit PCR

Pé ddnh gid sy c6 mit cua gen miraculin
nhén tao trong cac dong té bao BY-2, chiing t0i
chon ngau nhién 3 dong voi moi cau tric tur cdc
dong BY-2 6n dinh sau 4-5 lan cdy chuyén trén
moi trm:mg long c6 bu sung khdng sinh chon
loc, tién hanh tach chiét DNA va thuc hién phan
ing PCR su dung cap moi dic hi€u cho gen
miraculin. Két qua dién di san pham dugc thé

hién & hinh 3.

Phén tich ket qua ¢ hinh 3 cho thay cdc
gleng dién di déu xuat hién mot bang dac hiéu
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kich thuoc khoang 750 bp, kich thudc nay
trong ung voi kich thudéc phian doan gen
miraculin dugc ching t6i thiét ké (761 bp). Két
qua nay khang dinh, ching t6i da chuyén thanh
cong gen miraculin c6 ma di truyen dugce téi wu
vio té bao BY-2, cdc dong té bao BY-2 nay
dugc sir dung lam nguyén liéu dé d4nh gid su
biéu hién cua protein tai t6 hop miraculin bang
ky thuat lai mién dich.

Hinh 3. Két qua dién di san pham PCR st dung
cip mdi dic hiéu cla gen miraculin trén gel
agarose 0,8% (w/v)

(+). Péi chimg duong; 1-3. cic dong BY-2 dugc
chuyén céu tric pBly2,/HSP-pro:Mir:HSP-ter; 4-6.
cdc dong BY-2 dugc chuyén ciu tric pBI,21/35S-

pro:Mir:NOS-ter; M. thang DNA chuian 1 kb
(Fermentas)

Kiém tra sir biéu hién cia protein miraculin
dong té bao BY-2 bang ky thuét lai mién dich
Western blot

Su bieu hién cua protein tdi to hop la dich
dén quan trong trong qud trinh chuyén gen vao
thuc vat. Dé kiém tra va ddnh gid su biéu hién
cua protein miraculin trong té bao BY-2, cic
dong t€ bao BY-2 chuyén gen va mot dong
khong chuyen gen dung lam d6i chirng 4m durge
tich chiét protein dé tién hanh phan tng lai
rruen dich Western blot. Nhur két qua cho thiy &
phan trén, ching t6i da thiét ké gan dudi c-myc
vao gen miraculin nhim phat hién sy c6 mat cua
protein miraculin trong méu protein téng s6
bang sir dung khing thé anti-c-Myc. D§ nhay
cua phan img lai mién dich duoc dénh gid bang
d6i ¢chimg duong la protein tdi t6 hop c6 gan
dudi cmyce. Két qua dugc thé hién & hinh 4.

Két qua chi ra céc dong té bao BY-2 chuyén
gen miraculin 1, 2, 3 dugc chuyén cassette

370

HSP-pro:Mir:HSP-ter va dong s6 4 chuyén
cassette 35S:Mir:NOS xuit h1¢n mot bang kich
thudc khoang 43-45 kDa. Két qua nay ciing phil
hop véi mot s nghién ciu tnn:rc diy vé
miraculin ti nhién va miraculin t4i to hop. Theo
mot nghién ciu cua Kurihara (1992) [7),
miraculin tach chiét tir qua than ky la mit
glycoprotein, ton tai {r dang dimer gom hai phén
tr miraculin li€n két voi nhau qua lién két
disulfit, c6 khéi lugng phan tir dimer khoang 43
kDa. O mét nghién ciru khde, khi bleu hién
miraculin t4i t6 hop trong céy rau diép chuyén
gen, nhém nghlen ctru Sun et al. (2006) [14] da
x4c dinh khéi hugng phén tir clia miraculin ti td
hop khoang 45 kDa trén gel SDS-PAGE trong
diéu kién khong khur, két qua d6 c6 thé do
miraculin tdi to hop tén tai dang dimer va bj
glycnsyl héa. Phan tich chi tiét hinh 4 cho lhﬂ}'
mic d6 biéu hién khdc nhau gilra cac dong té
bao BY-2 1, 2, 3 va 4. Cu thé dong 1, 2 va 3
biéu hién manh hon so véi dong 4. Trong khi
do, dong 5 va 6 khong cho thay su bleu hién cua
miraculin mac du kiém tra PCR cho thiy 2 dong
té bao BY-2 niy déu mang gen dich miraculin,
két qua nay o6 thé do hién tugng gen chuyén
khong hoat dong [14]. Tém lai, két qua phén
tich bang lai mién dich mét lan nira khang dinh
ching t6i di chuyén thanh coéng gen miraculin
va d4 biéu hién thanh cong protein td tﬂ hop
miraculin trong mot sé6 dong té bao thuoe 14
BY-2.

Hinh 4. Két qua lai western blot kiém tra su
biéu hién cua prutf:':in miraculin trong cdc dong
té bao BY-2
(+). Poi chung duong; 1, 2, 3. dong té bao BY-2
dugc chuyen cau tric pBI;,;,/HSP-pro:Mir: HSP ter;
4, 5, 6. dong té bao BY-2 dugc chuyen ciu tric
pBl1,3,/358-pro:Mir:NOS-ter; (-). P6i chimg 4m

Phan tng lai sir dung khéng thé anti-c-Myc.




Biéu hién protein tdi t6 hop miraculin trong dong té bao thuoc ld

KET LUAN

Tao dugc céc dong té bao BY-2 6n dinh

bleu hién protein tdi to hop mu'aculm cdc dong
tté bao BY-2 dugc chuyén cau tnic HSP-
pro:Mir:HSP-ter mang promoter va terminator
cua gen HSP 18.2 tir cay Arabidopsis thaliana
dugc soc nhiét & 37°C trong 2 gi¢s va phuc hoi &
27°C trong 4 gi¢ c6 mirc do biéu hién manh hon

s0 v&i dong té bao BY-2 duoc chuyén ciu tric
35S-pro:Mir:NOS-ter.

Loi cam on: Nghién ciru nay nhan dugc su ho
trg vé thiét b1 va hoa chit cua dé tai: “Nghlen
clru san xuat prﬂtem tai tu hop trong cdy ca
chua chuyén gen” Ma s6 VASTO02.01/13-14.
Thuc nghiém dugc tién hanh tai Phong Cong
nghé té bao thuce vat, Vién Cong nghé sinh hoc.
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EXPRESSION OF A TASTE-MODIFYING PROTEIN, MIRACULIN, INBY-2
TOBACCO CELL LINE (Nicotiana tabacum L. Cv Bright Yellow 2)

La Viet Hong"?, Nguyen Thu Giang', Pham Bich Ngoc', Chu Hoang Ha'

'Institute of Biotechnology, VAST
’Hanoi Pedagogical University N%2

SUMMARY

Miraculin is a taste-modifving and low calorie protemn isolated from the red berries of Richadelia
duicifica, a shrub native to West Africa. In this study, a synthetic miraculin gene was designed to optimize its
codon usage for BY-2 tobacco cell lines. This gene was inserted into two construcis including pBly,,/HSP-
pro:Mir:HSP-ter that contains HSP promoter and HSP terminator isolated from Arabidopsis thaliana for
enhancing production of miraculin and pBI,3,/35S-pro:Mir:NOS-ter for transformation into BY -2 tobacco cell
lines. The presence and expression of miraculin gene in BY-2 tobacco cell lines were venfied by PCR and
Western blot, respectively. It was demonstrated that transgenic BY-2 tobacco cell lines grew stably in liquid
media after 4-5 times of transplant. The expression of miraculin gene in transgenic BY-2 tobacco cell lines
resulted in the accumulation of miraculin protein with molecular mass of approximately 43-45 kDa. Besides,
it was observed that the expression of miraculin in HSP-pro:Mir: HSP-ter transformed BY -2 tobacco cell Lines
is better than the expression of miraculin m 35S-pro:Mir:HSP-ter transformed ones. For the first time,
miraculin recombinant protein has been expressed in BY-2 tobacco cells providing a great potential for
research and production of miraculin protein at indusinal scale.

Keywords: Arabidopsis, Nicotiana, Richadeila, BY-2, diabetes, miracle fruit, miraculin, taste-modifying
protein.

Ngay nhin bai: 5-4-2014
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