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Miraculin is a natural sweet-tasting protein and has the ability to
convert sour taste into sweet taste even though its property is not
sweet. In this study, the genetic code of miraculin was optimized. In
addition, to enhance the expression of miraculin in transgenic tomato,
the fruit-specific E8 promoter from tomato and the HSP terminator
from A.thaliana were also used to control the activity of synthetic
miraculin. Applying PCR analysis, the results showed that there were
16 transgenic lines carrying E8-pro:Mir:HSP-ter and were 11
transgenic tomato lines carrying transferred miraculin gene, the
transgenic efficiency were 42.11% and 52.38%, respectively. Among
them, five of these 27 transgenic tomato lines contained a single copy
of the targeted gene (T.E8.4, T.E8.7, T.E8.8, T.35S.2, T.35S8). The
content of recombinant miraculin tomato lines carrying E8 promoter
and terminator HSP 18.2 was higher than the content of miraculin in
tomato lines carrying 35S promoter and terminator NOS. The content
of recombinant miraculin was highest in the T.E8.8 line, reached
118.0 ng/ug of total soluble protein (equivalent to 11.8% of total
soluble protein) and was 4 times higher than that of the T.35S.2,
T.35S8.
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Miraculin 12 mot protein tu nhién c6 kha ning chuyén vi chua thanh vi
ngot méc du dac tinh cta n6 khdéng ngot. Trong nghién cuu nay, ma di
truyén ciia miraculin duoc t6i wu. Ngoai ra, nhim ting cudng su biéu
hién ciia miraculin trong cay ca chua chuyén gen, promoter E8 dzc hiéu
& qua tir cay ca chua va terminator HSP tir cay A.thaliana ciing dugc st
dung dé diéu khién hoat dong cua gen miraculin tong hop. Ket qua phén
tich biang PCR cho thdy c6 16 dong ca chua mang Cau tric E8-
pro:Mir:HSP-ter va 11 dong ca chua duoc chuyén ciu tric 35S-
pro:Mir:NOS-ter, hiéu suat chuyén gen twong ting 1a 42,11% va 52,38%.
Trong s6 d6, nam dong mang ban don copy cua gen chuyén (T.E8.4,
T.E8.7, T.E8.8, T.35S.2, T.35S8. Ham lugng & qua cua cac dong duoc
chuyén promoter biéu hién dic hiéu E8 va terminator HSP 18.2 déu cao
hon so v&i ham lugng miraculin & cac dong dwgc chuyén promoter 35S
va terminator NOS. Ham luong miraculin tai t6 hop cao nhéat & dong
T.E8.8, dat 118,0 ng/pg protein tan tong sb (twong duong 11,8% protein
tan tong s6), cao hon 4 1an so véi cc dong T.35S.2, T.35S8.
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1. Giéi thiéu

Miraculin dugc thu nhan tir qua cdy than ky (Richadella dulcifica) 1a mot loai cdy gd nho &
viing Tay Phi, miraculin c6 ban chat 1a mot glycoprotein tao cam giac ngot va it sinh nang luong
[1]. Ban chat caa miraculin 12 khdng ngot nhung c6 kha nang thay ddi vi chua thanh vi ngot. bay
l& mot chat 1am ngot tiém nang, ding dé cai thién ché do an ciia cac bénh nhan béo phi va tiéu
duong [2], [3]. Trong tu nhién, cay than ky sdng & ving nhiét doi, khdng chiu dwoc lanh, khi
nhiét d6 modi truong thap hon 7°C, cay khdng thé sdng sot. Pay ciing 1a loai cay c6 thoi gian sinh
truong kha dai, cin dén 3-4 nam dé c6 thé ra hoa nhung mot phan nho s hoa d6 mai duoc thy
phan. Ngoai ra, miraculin ty nhién thuong bi mat hoat tinh trong khoang 2-3 gio sau khi thu
hoach va bao quan ¢ nhiét &6 phong [4]. Vi vay, nguon miraculin tu nhién bi han ché.

Miraculin tai t6 hop dang dimer da duoc biéu hién thanh cong trong E.coli, nhung hoat tinh
thap, chi bang khoang 1/6 so vai hoat tinh ciia miraculin ty nhién [5]. Miraculin tai to hop ciing
déd duoc biéu hién trong A.oryzae [6]. O té bao nim men, miraculin tai t6 hop duoc tao ra sau khi
da t6i wu codon va trinh tu tin hiéu, hoat tinh chi dugc phét hién khi cac chudi duong di bi loai
bo [7]. Miraculin di dugc biéu hién thanh cong ¢ trong cay xa lach [3], cay dau tay [8] va cay ca
chua [9]. Cac nghién ciru cho rang, thuc vat 1a hé thong biéu hién miraculin hoat tinh phu hop
nhét, c6 thé la do & thyc vat c6 qua trinh cai bién sau dich ma (glycosyl hoa) twong ty nhu & cay
than ky. Tuy nhién, méi hé thong biéu hién déu ¢ nhing uu nhuge diém khac nhau nhu & cly xa
lach, du miraculin tai t6 hop tao ra ¢6 vi ngot twong dwong véi miraculin tu nhién xong xay ra
hién twong “cam ling” cua gen & cac thé hé con chau [3]; con & cay dau tay, miraculin tao ra 6n
dinh qua céc thé hé nhung ham lwong rat thap [8]. Theo Yano va cong su (2010), cly ca chua la
hé théng biéu hién thich hop nhat do miraculin tao ra c6 hoat tinh twong duong véi miraculin tu
nhién va n6 dugc tich luy 6n dinh tir thé hé cay chuyén gen thir nhat (T1) dén thé hé chuyén gen
ther nam (T5) [9]. Ngoai ra, hiéu suat chuyén gen vao cay ca chua cao, cé thé dat 40% thdng qua
Agrobacterium [10].

Tuy nhién, mot han ché 16n gap phai, hiu hét cac thuc vat khi duoc sir dung 1am hé thong
biéu hién d6 1a protein tai to hop tich luy thap, han ché kha ning mé rong san xuat protein téi to
hop & quy mo cong nghiép [11]. Dé vuot ‘qua han ché nay, co nhiéu chién lugc khac nhau dé ting
cuong muce do biéu hién cua protein tai té hop nhu cai bién promoter va terminator trong cassette
biéu hién, téi vu ma di truyén cho phu hop véi hé thong biéu hién hogc biéu hién dic hiéu [12].

Trong nghién cuu nay, gen miraculin di duoc téi wu ma di truyén, thiét ké vector biéu hién
gen miraculin ¢ gidng ca chua PT18 cua Viét Nam, su biéu hién cua miraculin tai t6 hop dugc
diéu khién boi promoter E8 dic hiéu ¢ qua dugc phan 1ap tir cdy ca chua va terminator 18.2 duoc
phan lap tir cly Arabidopsis thaliana. Cau tric biéu hién dwoc st dung lam dbi chung la
promoter 35S va NOS terminator, ngodi ra protein tai t6 hop & giai doan qua chin ciing dugc
phan tich danh gia biéu hién.

2. Vat li¢u va phwong phap nghién ciu
2.1. Vat ligu nghién cizu

Gen miraculin duoc tdng hop nhan tao bai hing Epoch Life Science (M$). Gibéng ca chua PT
18 (Vién Rau qua Trung wong) dugc dung lam hé théng biéu hién. Vector biéu hién gen pBl1121
& thuc vat, chung E. coli DH5a dung dé nhan dong gen, ching vi khuian Agrobacterium
tumefaciens GV2260 dung dé chuyén gen. Thi nghiém sir dung cac hda chat nudi cdy vi sinh vat,
nudi ciy mo té bao thuc vat va cac hoa chat khac phuc vu chuyén gen do Phong Cong nghé Té
bao Thuyc vat, Vién Cong nghé sinh hoc cung cap.

2.2. Phwong phdp nghién ciu

2.2.1. Thu thdp, téi wu héa ma di truyén va thiét ké cap moi cia gen miraculin nhan tgo
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Nghién cau thuc hién dga trén trinh ty nucleotide cua gen miraculin (D38598.1 va
AB512278.1) tir ngan hang GenBank. Ma di truyén cta miraculin duoc t6i uu cho phi hop Véi
hé théng biéu hién ¢ cay ca chua bang chuong trinh Codon Usage Database [13] va Codon
Optimization 2.0 cua Invitrogen. Dé thuan lgi cho qua trinh phan tich, danh gia gen chuyén, céc
trinh tw mé4 hda cho c-myc tag va epitope His-tag duoc gan vao dau 3’ cua doan gen téng hop.
Ngoai ra, vi tri nhan biét ciia enzyme BamHI va Sacl ciing duoc thém vao dau 5° va 3 ctia gen
miraculin. Kich thudc gen miraculin nhén tao la 762 bp.

2.2.2. Thiét ké vector biéu hién protein tai té hop miraculin

Trong nghién cau nady, céc vector biéu hién gen miraculin gom (i) pPBI121/E8-pro:Mir:HSP-ter
va (i) pBl121/35S-pro:Mir:NOS-ter dugc thiét ké dua trén vector pBliz. Cu thé tir vector pBlix
chtra gen chi thi GUS dugc kiém soat bai promoter 35S va NOS-terminator, gen GUS duoc thay
bang gen miraculin thu dwoc vector (i), tir vector nay, promoter 35S duoc thay bang promoter
E8 c6 kich thudc 2203 bp dugc phén lap trude d6 tir cdy ca chua PT 18 (KJ561284), sau d6
terminator duoc thay bang terminator HSP 18.2 ¢6 kich thudc 262 bp dwoc phan lap trude do tir
A. thaliana (KP008108) thu dugc vector (i), sau khi thay gen GUS béng gen miraculin (Hinh 1).

1

i
\
ll.w“ll 50

My Banil

Hinh 1. So do cassette biéu hién 35S-pro:Mir:HSP-ter va E8-pro:Mir:HSP-ter

2.2.3. Phuong phdp chuyén thdng qua vi khuan Agrobacterium

Gen miraculin t6~ng hop dugc chuyén vao giéng ca chua PT 18 théng qua Agrobacterium theo
phuong phap cua Bo Xuan bong (2007) [14].
2.2.4. Kiém tra sy c6 mat cia gen chuyén bang ky thugt PCR

Thu Q,5 gam Ié‘non cua cac dong ca chua tai sinh, chon loc da thich nghi ngoai nha ludi dé
tach chiét DNA bang CTAB (Cetyl trimethyl ammonium bromide), DNA nay duoc dung lam
khubn cho phan (tng PCR bang maéi dac hiéu San pham PCR duoc phan tach bang dién di trén gel
agarose 0,8% (w/v).
2.2.5. Phan tich si biéu hién ¢ mizc phién ma bang ky thudt RT-PCR

RNA tong sb tir 4 ciia dong ca chua chuyen gen dugc tch chiét theo bg kit Trizol Reagent
(Invitrogen) va duoc stir dung dé lam khuén cua ky thuat RT-PCR (Reverse Transcriptase-PCR)
theo kit RevertAidTM" Minus First Strand cDNA Synthesis cua Fermentas.

2.2.6. Xdc dinh so ban copy cuia gen chuyén bang ky thugt Southern

Sir dung enzym gi¢i han (BamHI & Sacl) cho m&i ug mau DNA tong sé. Ct qua dém & 37°C,
sau do tinh sach va dién di trén gel agarose 1% ¢ dién the thap trong khoang 6-12 tieng. Ban gel
dugc chuyén lén mang nilon, cac budc hién mang duogc thyc hién bang b kit Biotin
Chromogenic Detection Kit (Thermo Scientific).
2.2.7. Phan tich su tich liiy protein tdi t6 hop bang ki thudt ELISA

Miraculin téi to hop duoc dinh luong gian tiép bing ELISA thong qua dinh lugng protein c-
myc theo phuong _phap cua Sun va cong su (2006a) vai mot sb cai bién [3]. Dich chlet protein
téng sb cua cac mau chira miraculin duwgc pha lodng dén ndng d6 200 pg/ml, 100 pl mau duoc tra
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vao cac dia trén dia microplate, mdi mau 13p lai 3 1an; U qua dém ¢ 4°C; Rira dia 2 1an bang PBS-
T (Tween 0,05%); Blocking bang sita tich béo 5% trong 2 gid & nhiét d6 phong; Rua dia 2 1an; U
mang véi khang thé 1-anti c-myc (180pg/ml) pha lodng 1:100 trong 2 gio; Rira dia 3 1an; U véi
khéng thé 2 1a khang thé khang dé 1gG cong hop HRP (Thermo scientific Pierce) pha loang
1:10.000 trong 1 gid va co chat hién mau 1a TMB; Dung HCI 1 N dé dirng phan tmg mau; Po
mau & budc séng 630 nm. Nong do miraculin tai t6 hop duoc tinh todn tir phuong trinh dudng
chuan protein scFv gén dudi c-myc.

2.2.8. Phan tich va xiz Iy sé lidu

Céc dir liéu dinh lwong dugc phan tich théng ké bang phan mém Excel theo cac tham sé nhu
gi tri trung binh, do léch chuan (o), str dung phuong phéap gidi han sai khac nho nhit LSDg s dé
kiém tra su sai khac gitta cac gié tri trung binh [15]. C4c chi tiéu duoc phan tich théng ké gdm
khi lwong twoi, khdi lwong khd, chiéu dai ré, ham lwong miraculin téi to hop.

3. Két qua va ban luan
3.1. Tgo dong ca chua mang gen chuyén

Miraculin tai t6 hop da duoc biéu hién thanh cong trén ca chua Moneymaker [9], Micro-Tom
[16], 1a cac gidng ca chua dugc st ‘dung nhu la ¢y mo hinh. Trong nghién ctru nay, miraculin da
dugc chuyén vao biéu hién trén glong ca chua PT18, mot glong ca chua lai cua Viét Nam, c6 kha
nang khang bénh héo xanh ril vi khuan tét, chéng chiu tét véi diéu kién bét loi cua méi truong,
¢6 tiém ning ting nang suat miraculin tai to hop thdng qua m¢ rong hé thong néng nghiép.

Két qua danh gia kha nang tai sinh va chon loc chdi chuyén gen miraculin dugc thong ké trén
bang 1 va hinh 2 cho thdy sé cum chdi dugc tach ra tir cac manh 14 cdy chuyén ciu tric E8-
pro:Mir:HSP-ter va 35S-pro:Mir:NOS-ter lan luot dat 112 va 135. S6 chdi duoc tach ra lan luot
la 38 va 21.

Hinh 2. Qua trinh tao dong ca chua mang gen chuyén miraculin
(4). Bong nudi cay & mam véi vi khuan A. tumefaciens; (B), (C). Tai sinh cum chai; (D), (E), (F). Chon
loc chai; (G). Cay ca chua trong buong sinh truweng; (H). Cay ca chua trong ngoai tu nhién
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Bang 1. Két qua teo dong ca chua mang gen chuyén miraculin

S6 mau cam ing tao N
gta Chon lgc choi

CAu tric L6 thi S6 chdi - M

chuyén nghiém mau - o lwong  T§ 1¢ (%) S(t)ét(::f;]ol So c\t;glrzopg sot 'Eg;o I)e;
N 1 300 18 6,00 40 12 30,00
gg 5 2 300 27 9,00 39 15 38,46
0 £~ 3 400 30 7,50 33 11 33,33
= Téng sb 1000 75 7,50 112 38 33,93
5 1 300 15 5,00 46 9 19,57
59 o 2 300 18 6,00 52 7 13,46
NDE*= 3 400 26 6,50 37 5 13,51
© = Téng sb 1000 59 5,90 135 21 15,56

5 g 1* 30 16 53,33 0 - -
QS 2% 30 14 46,67 102 89 87,25

Chu thich: 1* va 2* cac choi dieoc nubi cdy trén méi trweong chon loc va khong chiza khang sinh
3.2. Kiém tra sw c6 mdt ciza gen chuyén miraculin

Trong phan tich sang loc cay chuyén gen, PCR la ki thuat duoc sir dung phd bién do tinh
chinh xéc cao, thao tac don gian va tiét kiém thoi gian [17]. DNA tong sé thu tir 14 ca chua trong
ngoai ty nhién duoc st dung cho phan tng PCR véi cap mdi dac hiéu. Néu c6 gen chuyén chdi
tai sinh, két qua phan tng PCR sé& cho ra biang DNA c6 kich thuéc khoang 700 bp. Két qua dién
di san pham PCR sang loc cac dong ca chua da qua chon loc dugc thé hién trén hinh 3.

A
hp.\l~"I214567S‘)ll’)|ll!l.‘l4|5|6
B

-1 2 3 4 5 6 7 MZS8 910 11

bp
750 — <700

Hinh 3. Hinh dnk dién di kiém tra dong ca chua sau chon loc trén moi truong chia khang sinh trén gel
agarose 0,8% (w/v). 1-16: cac dong ca chua chuyén cau tric E8-pro:Mir:HSP-ter; (B): 1-11:céc dong ca
chua chuyén cau tric 35S-pro:Mir:NOS-ter; (+), (+). Doi chimg duong va doi chimg am; (M). Thang DNA

chudn 1 Kb
Két qua sang loc cho thiy, trong tong s6 38 dong ca chua dwoc phan tich, c6 16 dong mang
gen chuyén miraculin trong cdu tric E8-pro:Mir:HSP-ter co, dat ty 1& 42,11%. O cac dong
chuyén cau triic 35S-pro:Mir:NOS-ter, phan tich 21 dong cho thy, c6 11 dong mang cau triic
35S-pro:Mir:NOS-ter, dat ty 1€ 52,38%.

3.3. Ddnh gid sw biéu hién gen ¢ mic mRNA

D¢ dénh gia bude dau hoat dong cua gen chuyén trong cac dong ca chua, 11 dong ca chua
mang cau truc 353-pro:Mir:NOS-ter dugc dung dé danh gia sy bicu hién ¢ muc phién ma bang
ky thuat RT-PCR. Két qua duoc thé hién & hinh 4.

1 2 3 4 5 6 7 8 M + -9 10 11

bp

Hinh 4. Hinh dnh di¢n di san phdam RT-PCR cua gen chuyén miraculin trong cac dong ca chua 35S-
pro:Mir:NOS-ter. (+),(-). Lan luot la doi chitng duong va doi ching &m; (M). Thang DNA chudn 1 kb.
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Phan tich thé hién & ca 11 dong ca chua chuyén gen 35S-pro:Mir:NOS-ter, miraculin dugc
biéu hién & mirc phién ma (mRNA), nhu vay c6 thé khang dinh gen miraculin chuyén vao gidng
ca chua PT18 di hoat dong. D4i véi cac dong ca chua dugc chuyén ciu tric E8-pro/Mir/HSP-ter,
vé mit ly thuyét gen chuyén miraculin chi phién ma khi promoter E8 duoc kich hoat bai ethylen
& giai doan qua chin, do vay cac dong nay khéng dugc phan tich ¢ thi nghiém nay.

3.4. Xdc d@inh sé ban copy cia gen chuyén miraculin

Nghién ciru trude ddy khang dinh dong chuyén gen chira mét ban don copy c6 xu huéng 6n
dinh hon vé mat di truyén so véi cac dong chuyén gen mang nhiéu ban copy cuing ldc [18]. Trong
nghién ciru nay, 27 dong ca chua gdm 16 dong ca chua dugc chuyén cau tric E8-pro:Mir:HSP-ter
va 11 dong ca chua chuyén gen 35S-pro:Mir:NOS-ter dugc phan tich, két qua cho thay 3 dong ca
chua dugc chuyén ciu tric E8-pro:Mir:HSP-ter (dong 4, 7 va 8) va 2 dong ca chua dugc chuyén
ciu tric 35S-pro:Mir:NOS-ter (dong 2 va 8) mang mét ban don copy cua gen chuyén miraculin
(Hinh 5).

b4 v
123 456M -7 891011

Hinh 5. Hinh dnh xdc dinh s6 ban copy trong céc dong ca chua chuyén gen. (A). Dong ca chua chuyén cdu
tric E8-pro:Mir:HSP-ter; (B). Cac dong ca chua chuyen cau tric 35S-pro:Mir:NOS-ter; (M). Thang DNA
chudn 1 Kb; (+). Poi chiing dwong, Mii tén danh dau cac dong mang 1 ban copy.

3.5. Xdc dinh ham Iwong va hogt tinh ciza miraculin tai té hep

Xdc dinh ham hrong miraculin tai té hop bang ki thudt ELISA

Qua ca chua ciia cac dong chuyén gen dugc thu ¢ giai doan qua chin do. M6 vo ngoai 1a noi tich
lity ham lwong lon miraculin tai to hop [19], [20] dugc tach ra dé xac dinh ham lwong miraculin téi t6
hop. Két qua dinh lwong miraculin o VO ngoai qua ca chua duoc thé hién ¢ hinh 6.

140
1184

60

40 2%

i
1]

TEs4 TERS T.355.2 T3558
U\)ng <4 chua chuyén gen

Musculin (ng pg protein)

Hinh 6. Biéu do ham hrong miraculin tai t6 hop ¢ qua ca chua chuyén gen. Gia tri thé hi¢n 12 gié tr; trung
binh cua 3 lan nhac lgi. Thanh bar chi dé léch chudn (o). Ki tir a, b, ¢ giza cac cét so liu thé hi¢n sy sai
khac ¢ mirc y nghia a=0,05

Phan tich cho thdy, ham luong miraculin tai t6 hop qua ca chua chin d6 cua cac dong dugc
chuyen cau tric E8-Pro:Mir:HSP-ter dat lan luot I 56,0; 65,0 va 118, 0 (ng/pug protein tan tong
s6), ham luong cao nhét la & dong T.E8.8 (118,0 ng/pg protein tan tong s6, twong dwong voi
11,8%). Trong khi do, cac dong ca chua chuyén gen T.35S2 va T.3558 c¢6 ham luong miraculin
tai to hop twong wng 1a 29,0 va 32,0 ng/ug protein tan tong s6. Theo nghién ctu trude day, sir
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dung terminator ciia miraculin tir cAy than ky lam ting sy biéu hién cua miraculin téi té hop trong
cay ca chua Ién 1,5 lan so véi s dung terminator NOS [16], sir dung HSP terminator trong
cassette biéu hién miraculin cling lam tang ham lugng miraculin tich luy trong qua ca chua Ién
gap hon 10 1an (miraculin tai to hop tuong duong 17,1% protein tan tong so) [21]. Trong nghién
clru nay, ham lugng miraculin ¢ vé ngoai qua chin cua cac dong dugc chuyén cau tric ES-
Pro:Mir:HSP-ter ciing cao hon va gip 4,06 1an so v4i ham lwong miraculin trong cac dong dwgc
chuyén cau triic 35S-pro:Mir:NOS-ter. Két qua nay la kha cao so véi cong bé trudc day.

4. Két luan

Gen miraculin da dwoc tdi wu ma di truyén va tong hop nhan tao, vector biéu hién miraculin
duéi su diéu khién cua promoter dic hiéu & qua E8 tir cAy ca chua va terminator HSP 18.2 tir cay
A. thaliana ciing dugc thict ké. Cac cau tric E8-pro:Mir:HSP-ter va 35S-pro:Mir:HSP-ter dugc
chuyén vao 14 mam cay ca chua théng qua vi khuan A. tumefacien. Thu duoc 16 dong mang cau
trdc E8- pro:Mir:HSP-ter va 11 dong mang cau tric 35S-pro:Mir:HSP-ter, ty 18 chuyén gen tuong
ung 42,11% va 52,38%. Bang phan tich Southern blot, da xac dinh dugc 5 dong mang ban don
copy cua gen chuyén (T.E8.4, T.E8.7, T.E8.8, T.35S.2, T.35S8). Miraculin trong qua chin cua
cac dong chuyén gen duoc didu khién boi promoter biéu hién dic hiéu va HSP terminator déu cao
hon so vai cac dong dugc Chuyén miraculin duoc diéu khién boi promoter ciu tric 35S. Trong
d6, ham lwong miraculin tai to hop cao nhat & dong T.E8.8, dat 118,0 ng/ug protein tan tong s6
(twong dwong 11,8% protein tan tong s6), ham luong nay 1a cao hon 4 14n so véi ham lugng
miraculin & cac dong T.35S.2, T.35S8.

Loi cam on

~ Cong trinh dwoc sy hd tro vé thiét bi va hoa chét cua dé tai: “Nghién ciu san xudt protein tai
t6 hop trong cay ca chua chuyén gen”, ma so VAST02.01/13-14. Thuc nghiém dugc tien hanh
tai Phong Cong nghé té bao thuc vat, Vién Céng nghé sinh hoc.
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