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TOM TAT 

Ubiquitin, protein co khoi lupng phan tir nho, bao thu, co mat trong hau het cac loai mo te bao nhan thirc 
Trong cau tnic gen, ubiquitin co hai dang: polyubiquiiin va gen uhiquuin protem mo rong (con c6 ten got la 
gen ubiquitin lien ket). Trong mfli loai co it nhkt mgt polyubiquitin locus chiia cac doan lap lai 228 bp ma hoa 
cho ubiquitin don 76 ammo acid ciia polypeptide nay So lugng cac doan lap lai c6 the khac nhau gifta cac 
locus trong mpt loai va giOa cac loai. Ubiquitin tham gia nhan biet cac protein, polypeptide bj bien tinh hoac 
can loai bo thong qua qua trinh ubiquitin hoa nho he thong ubiquitin-proteasome Co 3 loai enzyme tham gia 
vao qua trinh phan giai protein nay. Do la enzyme hoat hoa ubiquitin El. enzyme Uep hgp vcri ubiquitin E2 va 
enzyme gan vol ubiquitin E3 (E3 ligase) Sir ubiquitin hoa tham gia dieu hoa chirc nang nhieu loai protein 
trong te bao, donp vai tro quan trong trong qua trinh sinh tnrdng va phat tnen ciia cay cung nhir kha nang 
khang benh va chong chiu voi cac yeu to cue doan trong moi tnrong. Sir da dang ve chirc nang cua ubiquitin da 
tao lien de su dung promoter cua loai gen nay nhu mot loai promoter co dinh h&u hieu trong cong nghe gen 
th\rc v^t. Cac nghien ciru cho thay promoter iihiquiiin c6 kha nang bieu hien gen trong thuc vat cao hon 
promoter 35S CAMV nhieu lan. Doi voi cay mgt la mam kha nang sil dung promoter nay cao hon doi voi cay 
hai la mam, Trong b^i nay, cac nghien cuu ve ubiquitm, cac gen ma hoa cho chung, gia thiet ve cac chuc nang 
ciia chiing va tiep theo do la cac nghien ciru phan lap, sir dung promoter ciia gen iibiquitm mot huong img dung 
day tricn vgng trong cong nghe gen thuc vat se duoc tong quan va phan tich 

Tirkhoa iihiqiiiliii. lie uhiquilin-prin : FJ liaase. . '-. hieu hien i^en I'r ihtn 

MO DAU 

Ubiquitin la protein bao thii voi khoi lirgng phan 
ttr nho 8,5 kDa duoc ton lai trong hau het cac le bao 
nhan ihirc Hien lirong ubiquitin hoa hay qua trinh 
ubiquitin hoa (ubiquitination) dugc dinh nghT la qua 
trinh gan cac doan ubiquitin len mgt phan tir protein, 
qua trinh nay co vai tro trong dieu khien hoat dong 
cua cac protein va phan htiy ciia chiing. NhCrng 
nghien ciru sau ve ubiquitin cho thay chiing tuong 
tac vol histon cung nhir nhieu loai prolein khac nhau 
va tham gia vao qua trinh phan huy protein ngi bao 
ben ngoai lysosome De khoi dau cho sir phan hiiy. 
ubiquitin c^n nhan biel co chat- protein can loai bo, 
va chuyen cho proteasotne phan giai ihanh peptide 
va amino acid (aa) Qua trinh nay dugc thtrc hien 
nho h? thdng ubiquitin-protcasome - UPS (Ubiquitin 
proteasome system) Nam 20(14. ba nha nghien cuu 
Aaron t'iechanover. A\ram Hershko \a Irwin Rose 
da dirge nhan giai Nobel hoa hgc ve phat minh ra sir 
tirong tiic giGa ubiquitin vai protein can dirge phan 
htjy - s\r nhan bi^t dSc hi?u khai diu cho hien tirong 

ubiquitin hoa http u\v\s nobeiprize.org/ 
nobel prizes.-'chemistrv/laureates. 2004/ 

Su ubiquitin hoa cho phep dieu hoa chirc nang 
cua nhieu loai protein khac nhau, mo khoa cac 
protein co vai tro quan trong trong te bao, hoat hoa 
cac yeu to phien ma (transcription factor - TF). khai 
dau cho nhieu qua trinh bieu hien gen, cho su phan 
chia te bao, sao chep DNA ciing nhu duy tn sir song 
trong te bao. Trong thtrc vat, cac protein noi bao 
cung diroc dieu hoa thong qua sir phan giai chung 
nho UPS Sir ubiquiim hoa dieu hoa qua trmh sinh 
truang \ a phat tnen. dieu hoa cac hormone sinh 
trirong thirc vat. qua trinh phan bao ciing nhir phan 
irng \ oi cac yeu to cue doan 

Vi ubiquitin co mat a moi te bao, mo cua ca the 
Ihuc vat \a co chirc nang da dang, \iec nghien ciru 
sau ve gen ma hoa cho ubiquitin, lim kiem kha nang 
su dung promoter ciia chiing da duoc tien hanh tir 
nhieu nam nay Trong bai nay, chiing toi long quan 
cac nghien ciiii ve ubiquitin, cac gen ma hoa cho 
chiing, gia thiet ve cac chiic nang ciia chimg va tiep 
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theo do la cac nghien ciru phan lap va sir dung 
promoter ciia gen ubiquitin trong bien nap gen a 
thirc vat. 

Ubiquitin, cau triic cua gen ma hoa ubiquitin. 

Ubiquitin duoc tach chiet lan dau lien vao nam 
1975 lit luyen ijc bo (Goldstein et ai, 1975). Nhung 
trong thoi gian do, chiic nang ciia chiing van con la 
van de bi an. Sau nay, ubiquitin da dirge lim thay 
trong nhieu loai mo te bao ciia cac ca the nhan thirc 
khac nhaii Tiep theo, Busch va cgng sir da phal hien 
thay dang hen ket dau tien ciia loai protein nay vai 
histon H2A va ggi phirc he nay la protein A24 trong 
nhan t^ bao (Goldknopf, Busch. 1977). Nam 1978, 
Ciechanover va cgng sir nghien ciru tren dich chiel 
reticulocytes (te bao hong cau chua truong thanh) da 
tim thay mgl loai prolein ben nhiel co lien quan sir 
phan hiiy protein phu thuoc vao nang lirang ATP va 
sau nay goi chiing la APFl (active principle of 
fraction 1). Protein dugc xac djnli vai khoi lirong 
phan tir khoang 9000 Da. Wilkinson va cgng sir xac 
nhan protein nay la ubiquitin. Theo lieng Lalinh, 
"ubique" co nghTa la moi noi (everywhere) 
(Ciechanover el ai. 1978, Wilkinson et ai, 1980), 
Ubiquilm con dugc xep vao nhom protein soc nhiet 
(heat-shock protein) theo dac tinh phan irng ciia 
chiing khi nghien ciru protein nay trong cac sgi 
nguyen bao phoi ga (Bond, Schlesinger, 1985) 
Trong nguyen sinh chat, ubiquitin tham gia vao qua 
trinh phan hiiy prolein ben ngoai lysosome 
(nonlysosomal proteolysis) (Ciechanover et cd., 
1981. Pickart, Eddins. 2004; Moon et ai. 2004). 

Ubiquitin duac phan lap tir nhieu loat khac nhau, 
nhung trinh lu 76 aa deu co cau tnic bao thii Giiia 
nam men, thirc vat va dong vat, ubiquitin chi khac 
nhau hot 4 goc aa (Sharp, Li, 1987) Trinh tu 
ubiquitin 76 aa a nguai nhu sau. 

MQIFVKTLTGKTITLEVEPSDTIENVKAKIQDK 
EGIPPDQQRLIFAGKQLEDGRTLSDYNIQKEST 
LHLVLRLRGG 

Gen ubiquitin: Ho gen ubiquitin co hai dang gen 
vol cau Inic khac nhau: polyubiquitin va gen 
ubiquitin protein mo rgng (ubiquilin extension 
protein gene), con c6 ten got khac la gen ubiquilin 
lien ket (ubiquitin fiision gene). Nguai ta tim thay 
trong moi loat il nhat mot polyubiquitin locus, co 
chiia cac doan lap lai 228 bp lien liep nhau, ma hoa 
cho ubiquitin don 76 aa cua polypeptide nay. Trong 
viing ma hoa nay khong phat hien thay co intron giira 
cac doan lap lai nay. Gen ubiquilin protein mo rong 
bao gom 2 loai, moi loai chiia mgl doan ubiquitin 
don va doan ma hoa cho polypeptide ribosome L40 
hoac S27 (hoac con ggi la gen ubiquitin lien ket 
uf80, uf52). Protein da thuan thuc la ubiquitin dang 
don dugc tach ra tir chuot polyprotein nay (Catic, 
Ploegh, 2005, Sullivan el al, 2003). Sharp va cgng 
sir (1987) nghien ciru cau tnic ciia vimg ma hoa cho 
polyubiquitin ciia gen polyubiquitin a cac loai khac 
nhau (Hinh I) Hg thay rang so doan ubiquitin dem 
lap lai CO the dao dgng trong khoang tii 1 den 9 (6 
nguoi), cho den 50 o Trypanosoma crusi. Cac locus 
CO the khac nhau a goc amino acid cuoi ciing khong 
nam trong thanh phan doan lap lai. Chung nam gan 
ke voi codon ket thiic. Do co the la GTC (Vai) a 
ngucri; TAT (Tyr) o git, hay AAC (Asn) o nam men. 
Tan va cgng sg (1993) phan tich tren 40 gen 
ubiquilin ctia ca 2 nhom cung cho thay su da dang 
cila gene nay giiia cac doan lap lai ca trong mol 
locus ciing nhu giua cac locus khac nhau trong mgl 
loai. Tuy trinh tu amino acid bao thii, nhung trinh tu 
nucleotide co muc do da dang nhit dinh. Do dong 
nhat giua cac doan lap lai trong ciing mot gen, giira 
cac gen trong ciing mgl loai, giCra cac toai dao dgng 
trong khoang 50-98% (Sun et ai. 1997, Tan et al, 
1993) 

ATG GGN ATG GGN/ 

228 bp / \ 228 bp -^ 

/ATG ...GGN ATG GGNXYZTER 

\ 228 bp / \ 228 bp •' 

Hinh 1 Cau true locus ubiquitin (Sharp. Li, 1987) 

Trong thuc vat, so doan ubiquitin dem, chiia 76 
aa, lap lai nay khac nhau giira cac gen trong ciing 
mot loai cay. Nghien ciiu o Arabidopsis (My) da 
phan lap duoc 5 gen UBQ3. UBQ4. UBQIO, UBQII 
va UBQI4, so doan lap lai la 3 doan doi vai UBQII, 

la 4 doan doi vai UBQ3 va UBQI4, la 5 doan doi vai 
UBQ4,vk la 6 doan doi voi UBQIO. So gen nay vol 
gen ciing loat co goc lir Diic, Ba Lan, Nga, Phap, cho 
thdy 3 gen UBQ4.^ UBQIO. vd UBQI4 khong thiy co 
sy khac biel ve so doan lap lai. Con hai gen UBQ3, 
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UBQII CO so doan ISp lat dao dgng trong khoang 3-
6 doan phu thuoc vao cac dong cay c6 nguon goc 
khac nhau. Nghien ciru tren cay dau Ha Lan da phan 
lap dugc 4 gen ubiquitin PUBIf PUBI2 PUBIS 
PUBI4 So doan lap lai tir 5-6 doan. 0 dau tuong, 
trong 9 gen polyubiquitin, gen Gmubil, Gmubil, 
GmubiS va GmubiS co so doan lap lai la 4, con 
Gmubi4, Gmubi6 co so doan lap lai nay la 7. Trong 
khi do, GmubiS, Gmubi? va Gmubi9 c6 so doan lap 
lai tucmg irng la 6, 5 va 2 Cay hoa huang duong co 
2 gen ven so doan lap lai la 6 doan. Goc amino acid 
CUOI ciing CO the la AAG (Lys) cr dai mach, CAG 
(Gin) a ngo va liia, TTT (Phe) a dau tucmg. Rieng ca 
chua CO them 2 amino acid. Asp va Leu, con dau Ha 
Lan - Phe va Iso, So locus Irong lirng loai ciing dao 
dgng tir 2 d^n 10 locus (Binet et ai, 1991, Callis el 
ai, 1990, Sun el al. 1997, Christensen el ai, 1992, 
Hemandez-Garcia el ai 2010, Rollfinke . Pfitzner, 
t994,Xia, Mahon, 1998). 

Cac CO the tien nhan khong co dang phan tu 
protein nao giong nhu ubiquitin. Cac protein c6 the 
tuong tac voi voi cac protein khac nhu dang 
ubiquitin ciing khong phat hien dugc. Tuy nhien, vi 
khuan co hai prolein, c6 the la to tien cua ubiquilin, 
trong cau triic phan tir ciia chiing co nhCrng doan gap 
khiic theo each thirc nhu ubiquitin. Do la ThiS va 
MoaD (Pickart, Eddins, 2004). 

H? ubiquitin - proteasome 

Trong cac co the song, protein phan htiy theo hai 
con duong- Protein ngoai bao dugc cac enzyme thiiy 
phan prolein phan hiiy trong lyzosome hoac cac bao 
quan tuong tu, Cac enzyme do la cac protease, 
cysteine protease, serine protease, carboxypeptidase, 
aminopeptidase Trong nguyen sinh chat va trong 
nhan te bao, cac protein ngi bao va polypeptide can 
dao thai hoac bi bi^n tinh thirong bi phan giat trong 
proteasome voi su tham gia ciia mgt loai prolein vai 
khoi lugng phan tir nho - ubiquitin Su phat hien ra 
ubiquitin nhu chat danh dau gan vao protein can 
dugc phan hiiy trong nguyen sinh chat da ma ra mgt 
each nhin mai trong qua trinh dao thai prolein trong 

Sir ubiquitin hoa 

Trong chuoi 76 aa ciia ubiquitin co mgt so vi tri 
quan trpng nhu Gly76 6 dfiu C, con cac g6c Lys29, 
Lys48 va Lys63 tham gia vao tao chuoi 
polyubiquitin trong qua trinh ubiquitin hoa (Hinh 2). 

Qua trinh tuong tac giffa ubiquilin va protein 
CO sy tham gia boat hoa ciia nhieu enzyme. Chiing 
dugc van chuyen theo quy trinh phiic tap bao gom 
ba buac chinh sir dung nang luang ATP. Trong 
do, CO it nhal 3 loai enzyme iham gia vao qua trinh 
nay: Enzyme hoal hoa ubiquitin (ubiquitin-
aciivating enzyme) E l ; enzyme liep hcrp vcri 
ubiquilin (ubiquitin-conjugaling enzyme) E2 va 
enzyme gan voi ubiquilin (ubiquitin-ligating 
enzyme) E3 (E3 ligase). Enzyme El duac xac 
dinh, tach chiet va tinh sach lan dau tien tir dich 
chiet reticulocytes 6 dang homodimer voi khoi 
lugng phan tii: 210 kDa (Ciechanover et ai. 
1981). Lan lugt cac enzyme E2. E3 dugc tach 
chiet, tinh sach va xac dinh khoi luong phan tu 
tuang irng la 35 kDa va 300 kDa (Hershko et ai. 
1983). Qua trinh co the mo ta long quat theo cac 
buoc dugc tien hanh theo hinh 3 (Hershko, 
Ciechanover, 1998, Pickart. Eddins. 2004, Moon 
el ai. 2004). 

Gdn E l Dku tien, nhom COOH dAu C (Gly76) 
ciia ubiquitin gan covalent vai nhom SH ciia goc Cys 
Irong enzyme hoat hoa ubiquitin El su dung nang 
lugng ATP. Thudng moi loai ubiquitin chi co duy 
nhat mpt enzyme El tuong iing. 

Can E2 Tiep theo, ubiquitin duoc enzyme El 
chuyen sang nhom SH ciia goc Cys trong enzyme 
tiep hgp voi ubiquitin - E2, dong thai giai phong ra 
enzyme El So lugng E2 c6 the nhan biel dugc moi 
El ban gap nhieu lan. 

Gan E3 truoc het, nhffng protein can bi phan 
giai, protein co chat, dugc gan voi enzyme E3-
enzyme gan voi ubiquitin Tiep theo, enzyme E2 va 
E3 tucmg tac tao phuc E2-E3 de Ihuc day ubiquitin 
gan vol protein ca chat can dugc phan giat So lugng 
E3 Irong te bao nhieu han E2 phu thugc vao protein 
CO chat can phan giai phuc nay tao kha nang de 
nhom COOH - ubiquitin chuyen sang gan vai nhom 
NH-i ciia goc Lys cua protein ca chat Viec chuyen 
ubiquitin dugc thuc hien hen tiep nhieu lan lap lai 
cac buoc tren de tao Ihanh chuoi polyubiquitin: goc 
COOH a dau C ciia ubiquitin tiep theo gan voi goc 
NHj ciia Lys48 ciia phan tir ubiquitin truoc no So 
lugng ubiquitin chiem 4 phan tu. Phirc he E2-E3-
polyubiquiiin-protein phan ly, tach E2, E3 ra khoi 
chuoi polyubiquitin- prolein co chat Chuoi 
polyubiquilin-protein ca chat thiic day viec chuyen 
protein nay lu ubiquitin sang proteasome de phan 
giai thanh aa 
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Hinh 2. C§u true phan tir Ubiquilin A CSu true ktidng gian voi cac vi tri dac hieu. Lys29. Lys48, Lys63 va Gly76, B. Mo 
hinh nbbon (Buchannan ef at, 2000] 

ATP 

\ M P - PPi ':^ 

Hinh 3. Sy hinh thanh chu6l polyubiquitin va van chuyen protein co chSt voi su tham gia cua cac enzyme: enzyme ho?t 
hoa ubiquitin (ubiquitin-activating enzyme) - E l ; enzyme tiep hgp vai ubiquitin (ubiquitin-conjugating enzyme) - E2 vS 
enzyme g§n voi ubiquitm (ubiquitin-ligating enzyme) - E3 si> dung nang luang ATP (Dreher, Callis, 2007). 
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Su dac hieu ciia enzyme El doi vai E2 va doi 
vtJi E3 dugc the hi^n trong co Xhk sinh vat bSng sy 
luong quan so lugng cita chiing. trong cac co the 
nhan thuc c6 the co mgt vai dang enzyme E l , nhung 
CO nhieu E2 va rat nhieu E3. Vi du trong tS bao nim 
men, moi loai ubiquilin c6 duy nhat mpt enzyme El 
dac hieu tucmg ijng, nhung co den 11 enzyme E2 c6 
the nhan biet dugc phtic he El-ubiquilin nay va 20 
loai enzyme E3 co the tucmg tac vat cac E2 ke tren 
Trong te bao dpng vat c6 vii, co mgt vai El , vai chuc 
E2 va vai tram E3, So luang E3 nhieu nhu vay la do 
sy da dang ciia co chat prolein can hi phan giai. E3 
can CO cau true phii hgp de nhan biet va tuong tac 
vai cac dang protein ca chat nay (Pickart, Eddins, 
2004). Cho den 2009, ngucri ta xac dinh dugc a dau 
tuong (Glycine max) co den 1519 gen ma hoa cho 
qua trinh phan giai protein theo he ubiquitin/26S 
proteasome, chiem khoang 5% long so gen cua cay 
nay, no lon hon so voi bat ky co the dong vat nao 
khac. Trong do, El co 6 gen, E2 c6 107 gen con E3 
CO 1406 gen. Dieu do chiing to nhieu qua trinh hinh 
thanh, phat trien va trao dot chat trong Ihyc vat phu 
thugc vao sy ubiquitin hoa nay. Trong so gen do, co 
den 92,5% ma hoa cho cac enzyme E3 (Moon el cd., 
2004, Schwechheimer& Schwager, 2004, Du et ai, 
2009). 

Enzym E3 ligase 

(i) ihyc vai co nhieu nhom E3 ligase: HECT 
(Homologuos lo E6AP carboxy terminus), RING 
(Really interesting new gene), F-box, SKP (S-phase 
kinase-associated prolein ), BTB (Broad-complex, 
Tramtrack, Bric-a-Brac), Cullin, U-box, RBX (RING 
box), DDB (DNA Damage Binding) (Moon et al. 
2004, Dreher c'/fl/., 2007) 

HECT (Homologous to E6AP carboxy terminus) 
la mot nhom E3 nho a thuc vat, a Arabidopsis co 7 
dai dien ciia nhom nay, trong khi do a nguoi c6 tren 
50 gen thuoc loai nay. Day la nhChig protein c6 khoi 
lugng phan tii tit 100 den 400 kDa. Viing hoat tinh 
HECT khoang 350 aa CO chiia diem gan vai 
ubiquilin va diem gan voi enzym E2. 

RING (Really interesting new gene) la mgt 
nhom protein lon a thuc vat, chung c6 vung gan vai 
ion Zn hoac con goi la vung dau RING (RING 
finger) nhu mgl dac diem quan trong ciia protein 
dang nay. Viing nay co khoang 70 aa chira ion kem 
de on dinh cau tnic va la diem gan voi enzyme E2 0 
Arabidopsis co den tren 465 gen ma hoa cho protein 
dang nay. RING co the ton tai a dang don chi co mgt 
lieu don VI hoac dang da tieu don vi Dang don co 
the vi du nhu COPl (Constitutive 
Photomorphogenesis 1). S1NAT5 (SEVEN IN 
ABSENTIA IN ARABIDOPSIS THALIANA 5) va 
ARCl (Arm repeat containing 1) Dang da tieu don 
vj g6m CO SCF, CUL3-BTB. CRL (Cutlm RING 
ligase) va APC (anaphase -promoting complex) 
Trong cac dang da tieu don vi, nhom SCF dugc 
nghien cuu sau nhat. Ten cua nhom protein nay lay 
tu ten ctia 3 trong so 4 tieu don vi cau thanh: SKPl, 
Cullin protein va F- box. Tieu don vi thir 4 chinh ia 
dau RING protein 

Ngoai RING finger va HECT, cac nhom nhu F-
box, SKP (S-phase kmase-associated protein), BTB 
(Broad-complex, Tramtrack, Bnc-a-Brac), Cullin, U-
box, RBX (RING box). DDB (DNA Damage 
Binding) co the k^t hop ciing hoat dong bo trg trong 
mpt so truang hgp, tao dang da tieu dem vi. 

Bang 1. So li#u th6ng ke ve UPS a thu'c vat (Du et al. 2009) 

cay duong 

D^u tuang 

Nho 

Co Medicago 

NgO 

1305 

1332 
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Co so dir lieu database ve he thong UPS da hinh 
thanh tren ket qua nghien cihi cac Ngan hang 
genome thuc vat chinh Day la 7 doi tugng thuc vat: 
Arabidopsis. Liia, cay duang (Poplar), Dau tuong, 
Nho, CO Medicago, Ngo (Du et ai, 2009), Ca sir dff 
lieu doi voi Arabidopsis la TIDR; doi voi lua - Rice 
Genome Annotation Resource, doi voi dau tuong -
Soybean Genome Project; doi vai ngo - Maize 
Genome Sequence project, doi vai c6 Medicago -
Medicago Genome Sequence Consortium, doi vai 
cay duong: Populus genome project, doi voi Nho: 
Genoscope. Tren 8000 gen da dugc nghien cuu phan 
bo thanh 11 nhom UPS, trong do c6 1 nhom El , I 
nhom E2 va 9 nhom E3. Cac du heu nay co the truy 
cap tren dia chi http,//bioinformatics.cau.edu.en/ 
plantsUPS. Mot so du lieu thong ke ve cac enzyme 
El , E2 va E3 voi mpt so nhom dien hinh duoc trinh 
bay tren bang 1. Trong so do, genome ciia cac loai 
Liia Ngo Dau luong va Arabidopsis duoc nghien 
cuu, dpc trinh ty tuong doi hoan chinh nen so lieu 
tuong doi dong deu: so Iugng gen E3 c6 tren 1000 
gen' tu 1023 gen cua ngo den 1406 gen 6 dau tuong. 
Cac loai khac so lieu nay han che hon. 

Proteosoine 

Mol le bao ciia nguoi chua khoang 30.000 
proteasomes. Nghien cuu phat hien ra bo may phan 
hiiy protein trong te bao duac tien hanh tu nhffng 
nam 80 ciia the ky truac Proteasome c6 the pha vo 
lal ca cac protein dai 7-9 aa. Day la phuc he protein 
vai khoi luong phan tu tren 1,5 MDa, ton tai a hat 
dang' 20S va 26S Proteosome 208 cau tao tu 4 vong 
lien ket cac lieu dem vi . . . , co dang hinh try. 
Moi vong cau lao lir 7 chuoi polypeptide, Tam hoat 
tinh protease nam ben trong ranh cua cac vong Phuc 
he protein dieu hoa 19S gan vai hai dau ciia 
proteosome 20S tao thanh proteosome 26S sit dung 
nang luong ATP Tiep theo, chuoi polyubiquitin 
chuyen protein dich den proteosome va dua vao ben 
trong loi ciia phuc he 26S. The hinh khoi 26S c6 hai 
nap day ngan cac protein khac vao proteosome va 
khong phan giai cac protein khac ciia te bao. Protein 
I9S 6 Ihyc vat cau tao Iff 9 tieu don vj nho. Chuc 
nang ctia chimg la nhan biet ca chat protein do chuoi 
ubiquitin chuyen den va giai phong chuoi ubiquitin 
sau do. Trong qua trinh phan giai nay co su tham gia 
ctia nhieu protein - san pham bieu hien ciia tren 
100 gen, 

Phan cat ubiquitin 

Chuoi polyubiquitin khong bi phan giai ciing voi 
protein co chat Chiing bi phan cat bang mot loai 

enzyme dac hieu: deubiquitylating enzyme (DUBs). 
Co nhilu loai DUBs voi cac vung dac hieu co cau 
tnic khac nhau &k co thh kiem soat hoac dieu hoa cac 
qua trinh tao moi, chuyen hoa, hoac chinh sua 
ubiquitin khac nhau trong le bao. Tat ca cac DUB 
deu la cysteine protease, chiing phan giai moi hen 
ket goc amin ngay sau goc COOH ciia Gly76. CJ nam 
men co it nhat 17 loai DUB Cac loai nhan thuc khac 
CO the nhieu hem. Phu thuoc vao kich thuoc phan tit, 
sy dong nhat trinh ty amino acid trong phan lu va 
tam boat linh, DUB co the chia thanh 2 nhom: UCH 
(Ubiquitin COOH-terminal hydrolyses) va UBP 
(ubiquitin-specific protease). UCH thuang la cac 
enzyme nho khoang 20-30 kDa. Chiing Ioai bo doan 
pepetide nho cuoi duoi COOH ciia phan tit ubiquitin 
Chiing thuong co tam boat tinh la Cys, His, va Aps. 
Trong mgt so truong hgp co them Giu UBP la cac 
enzyme lon voi khoi lugng phan tu khoang 100 
kDa. UBP CO chiic nang cat moi Hen ket Ubi-Ubi 
hoac Ubi-Protein, cung nhu chia cat chuoi 
polyubiquitin mai long hap thanh ubiquitin dang 
don. Tam hpat tinh ciia chiing thuang co Cys, His va 
Aspartate (Glickman, Ciechanover, 2002, 
Schwechheimer, Schwager, 2004) 

Chuc nang ciia he ubiquitin-proteasome trong te 
bao thuc vat 

Q dgng vat va nguoi, nguai ta da gia dinh nhieu 
chuc nang cua UPS nay, UPS loai bo cac protein bj 
bien tinh hoac tao cau tnic khong diing trong ca 
nguyen sinh chat va nhan le bao Va qua do chiing 
tham gia vao qua trinh phan bao, sua chffa DNA. 
phan irng bao ve te bao va co the, phan irng mien 
dich trong te bao, apoptosis - hien tugng hoai lu tat 
cho dugc lap trinh truac. Chi mot loi nho trong qua 
trinh ubiquitin hoa co the gay ra benh hiSm ngheo 
cho ngucri. UPS loai bo protein uc che hoac cai troi 
cho TF nham kich boat mot qua trinh boat dgng cu 
the trong te bao, vi dy nhu phuc hgp protein ggi la 
"anaphase -promoting complex" (APC); p53, NF-kB 
(nuclear factor kappaB) (Glickman & Ciechanover, 
2002). 

Trong te bao Ihyc vat, tuong tu nhu d6i vai te 
bao dong vat, nguoi va cac te bao nhan thuc khac, he 
thong UPS, voi chuc nang phan huy protein bien 
linh, tham gta vao nhieu chu trinh s6ng trong tk bao, 
phan ling vai anh sang va cac dieu hien moi tru&ng 
bat loi Dac biet UPS dieu hoa cac hormone sinh 
trudng chiu trach nhiem ve cac qua trinh sinh truang 
va phat trien trong te bao cung nhu loan bg ca the 
thuc vat. Chung boat dpng trong ca nguyen stnh chSt 
va nhan te bao: 
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- L PS tham gia vao qua trinh phat trien te bao, 
phan bao, phien ma, djch mS, sira chffa DNA. Chung 
con tham gia qua trinh phat trien hoa, hinh thanh 
canh, dai hoa, nhi hoa voi sy tham gia ciia nhi§u gen. 
Vi du nhu UFO (UNUSUAL FLORAL ORGANS) 
ma hoa cho F-box protein dieu boa qua trinh phien 
ma gen APETALA3. Day !a TF ciia cac gen long hgp 
canh hoa va nht hoa. SCF con dieu khien sy khong 
tuong thich doi vai bao tu, hat phan Chi vai dieu 
kien cac yeu to protein trong te bao nhan biet dugc 
sy tuong thich iff cau triic protein dac thit ciia hat 
phan, hat phan moi phat trien dugc (Sullivan et ai. 
2003, Moon at ei, 2004). 

- UPS tham gia vao qua trinh dieu hoa cac 
hormone sinh truang thuc vat, Cac enzyme E3 
ligases dac biel tich cue tham gia trong viec nhan 
biet hormone, uc che hoac kich boat duong dan 
truyen tin hieu hormone, phan hiiy yeu to phien ma 
dac hieu cho hormone va dieu boa qua trinh sinh 
long hgp hormone. Ngay nay, 10 loai hormone thuc 
v^t dugc ghi nhan la auxin, cytokinin, giberillin, 
abscisic acid (ABA), ethylene, jasmonic acid (JA), 
brass inosteroid. salicylic acid, nitric ocide va 
strigolaclone. Cac dai dien ciia nhom SCF dieu khien 
sy long hpp cac chat hormone sinh truang trong thuc 
v$t thong qua viec phan giai cac protein kim ham 
hoac ho^t boa phien ma Mol so vi du dugc mo ta 
sau day, Nhom SCP'"""'^'" di^u hoa su nhan biSt tin 
hieu auxin, trong do, co cac protein tin hieu auxin 
(auxin-signaling F-box protein -AFP) Doi vai JA, 
S C F ' " " tham gia vao duang dan truyen lin hieu JA. 
c o i l (coronatine-insensitivel) la SCF chua ASKl, 
CULI va RBXl. S C F ' ^ " " chm trach nhiem giai 
phong proiem dieu hoa phien ma J A la JAZ 
(jasmonale ZIM-domain protein), Doi voi ethylene, 
c^c F-box ETPl/2 (EIN2 TARGETING PROTEIN 
'/i) thiic d5y qua trinh dao thai yeu to EIN2 
(ETHYLEN INSENSITIVE 2) khi thi^u ethylene 
Ngoai ra, cac F-box EBFi (EIN3 Binding F-box 1) 
diiu hoa yiu l6 E1N3. D6i \a i ABA, hai loai RING 
E3 thucmg thiy la A1P2 (ABI3-lnteracting protein) 
va KEG (Keep on Going) dieu boa hoat dgng ciia hai 
TF • ABI3 (ABA Insensitive 3) va ABI5 ( Moon et 
ai. 2004. Santner, Estelle, 2010. Sullivan et al, 
2003, Liu & Stone, 2011). 

Trong truang hgp dieu khien su smh long hgp 
gibberellin bang protein DELLA co su tham gia ciia 
SCF DELLA la bp protein co chuc nang lam TF c6 
tan cimg dau N la chuoi aa DELLA, vung tin hieu 

dinh VI nhan va vimg boat tinh. Trong Arabidopsis 
CO 5 protein thugc dang nay. DELLA dieu khien 
bang each ffc che sy long hgp giberillin. Khi khong 
CO giberillin trong te bao, DELLA d dang tu do va 
lie che sy sinh long bop chat nay. Khi c6 chat boat 
hoa gibberelhn, chat nay tac dong vai 
GIPKGIBBERELLIN INSENSITIVE DWARFl), 
thiic day DELLA den voi SCF-E3 va bi phan giai 
trong he UPS. DELLA bi phan giai, qu^ trinh tong 
hop gibberelhn khong con bi uc che va tao dieu kien 
long hgp nhieu gibberellin trong le bao. O lua. moi 
phat hien mpt gen ma hoa cho protein dang DELLA 
la SLRl (Slender rice 1) (Zeng el cd, 2002, Wang, 
Deng, 2011). 

Kha nang sfr dung ubiquitin promoter trong cong 
nghe gen thuc vat. 

Su da dang ve chuc nang ciia ubiquitin, kha 
nang bieu bien phan ung vai cac dieu kien cue doan 
nhat la nhiet do, da thu hiit su chii y ciia nhieu nha 
nghien ciiu trong lmh vyc chuyen gen thye vat. Tu 
nhieu nam nay. ngoai promoter CAMV 35S, viec lim 
kiem cac promoter mai co kha nang bieu hien cao 
trong cac loai mo thuc vat khac nhau luon duoc xiic 
tien manh me 

Ciiy ngo: Lan dau tien, Christensen va cong su 
tiOii liaiiii nghien cuu phan lap de irng dung ubiquitin 
promoter vao khoang nhffng nam 90 the ky truac 
Trong so 8-10 gen duoc du doan tir ket qua !ai 
Southern, hai gen pohubiquiiin duoc phan lap tir 
Ngan hang genome ngo Charon Dong then, cac tac 
gia phan lap gen nay tu cDN.'\ cua ngo. Ca hai gen 

Uhil. Ubi2 deu chua promoler va intron truac 
vung ma hoa protein, Vai moi gen, viing ma hoa cho 
polyubiquitin voi 7 lan lap l^i va co amino acid cuoi 
la CAG (Gin) Hai gen khac nhau bai viing 
promoter, trong do promoter ciia gen Ubil dugc 
nghien cuu ky \a su dung de thiel ke vector chuyen 
gen (Hinh 4). Viing nay khoang 2 kb, chita promoter 
0,9 kb. vung 5' khong djch ma (5 ' Untranslated 
Region - 5' UTR) (exonl) 82 bp va intron gin 1,1 kb. 
Trong doan promoter co c/r-element 
(TAATAAATA) va yeu to soc nhiet (beat-shock 
element HSE) ( , GGA TTC ) So sanh kha 
nang bieu hien gen chi thi cat (chloramphenicol 
acetyltransferase) ciia hai cau triic pUbi-CAT va 
p35S-CAT cho thay kha nang bieu hien ciia 
promoter ubiquitin cao gap 10 lan so vai promoler 
CAMV35S a ngo (Christensen et ai. 1992) 
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Hinh 4. Cau true he thong dilu khien gen ubiquitin a thuc vat (m5 hinh gen ubiquitin cua ngo) HSE (heat-shock element) -
yeu to s6c nhi^t 

Tiep sau do, cac nha nghien cim Nhal Ban su 
dyng ZmUbil promoler da bieu hien thanh cong gen 
bar (khang thuoc diet co) trong cau triic pUBA khi 
bien nap cau triic nay vao liia gao (Toki at ai. 1992) 
Nghien ciiu nay da mo ra co hot su dung promoter 
mai trong cong nghe gen ihyc vat 

Tu do tra di, tren thuc vat da phat hien ra mgt so 
luong dang ke nhom promoter ubiquitin co kha nang 
bieu hien manh o thuc vat Ngoai ngo, polyubiquitin 
promoter dugc phan lap va xac djnh dac tinh tir 
Arabidopsis (Callis et ai, 1990), cay huang duong 
(Binet et al., 1990), khoai lay (Garbarino et ai, 
1995), ca chua (Rollfinke et ai. 1998), cay thu6c la 
(Plesse et ai, 2001), liia (Wang el al. 2003, Lu el 
ai. 2008), mia ducrng (Wei el al. 2003) va dau 
luang (Chierae/«/,, 2007), 

Khoai tay: Tren cay co cii, dai dien la khoai lay, 
cac nghien cuu ve promoter ubiquilin ciing dupc xiic 
lien manh. Garbarino va cong su da phan lap 
ubiquitin promoter cua gen ubi7 tir thu vien genome 
khoai lay FlXIl (Solanum tubeculo.s). Truac day, 
cDNA ciia gen nay da dugc phan lap Irong dieu kien 
cam ung vai nhi?t do cao, JA va ABA, Doan nay 
chua promoter va 5'UTR dai 1156 bp va mtron 569 
bp. Trong doan promoter co cis-element 
(TATAAAA), G-box va viing giau GT. Doan 
promoter ciia gen ubi7 da dugc thiet ke vao cau triic 
gin VOI gen chi chj GUS- NOS ter. Cac dong khoai 
lay chuyen gen cho thay kha nang bieu hi?n ciia gen 
GUS cao gap khoang 10 lan so vai cau triic khong c6 
intron (Garbarino e/fl/, 1995). 

Gin day, Rockhold va cong sy da phan lap dugc 
hai gen ubiquitin bul409 va bul427 tix loai khoai lay 
dai Solanum bulhoca.sianum. Gen bul409 va bul427 
CO s6 doan ubiquitin don lap lai tucm^ ung la 6 va 7 
doan. Gen bul409 co do tuang dong ctia viing 
5'UTR, viing ma hoa polyubiquitin va 3'UTR tren 
95% so voi gen ubi7 ctia khoai lay, Rieng vung 
promoter co do luang dong thap hon khoang 80%. 
Con gen bul409 co dp tucmg dong ciia viing ma hoa 

polyubiquitin den 96% so voi gen LEPUR cua ca 
chua. Rieng vimg promoter co dp tuang dong thap 
han 80% Trong cau tnic cimg vai gen GUS de 
chuyen vao khoai lay, viing dieu khien cua gen 
bul409 chua 771 bp (trong do mtron chiem 536 bp), 
con viing dieu khien cua gen bul427 bao gom 
promoler va 5'UTR dai I27S bp va mtron 1555 bp. 
So vai cau tnic su dung promoler 35S, hoal tinh gen 
gus ciia cac dong su dung ubiquilin promoler tang 
gap nhieu lan (Rockhold et ai. 2008) 

Dau lucmg Nghien cuu phan lap va bieu hien 
promoter ubiquitin Gmubi iff gen SUBI3 cua dau 
luong da duoc lien hanh. Chiera \ a cong su da su 
dung promoler nay de bieu hien gen gfp (green 
fluorescent protein) tren mo l;i mam hat dau trang vii 
cho thay cau tnic promoter Gmiibi3 (923 bp), trong 
do CO intron (595 bp) c6 kha nang bieu hien cao gap 
5 lan SO vai promoter CAM\' 35S, cao gap 2 lan so 
vdl promoter nay khong chua intron (Chiera et al, 
2007). Nhom tac gia nay lai khang dinh kha nang 
bieu hien gen gfp ciia promoter Gmiibi3 tren mo phoi 
mam ciia dau tuang Trong cay bien nap gen, GFP 
dugc bicu hien trong nhieu loai mo te bao khac nhau: 
mo bieu bi, la, hoa, chop re, hat phan va hat dang 
truong thanh (Hemandez-Garcia et ai. 2009) Va ma 
rgng hon, su dung cac du li?u tren Ngan hang Gen, 
nhom tac gia nay da nghien cuu phan lap 10 gen 
Gmubi va 10 gen GniERF (G max Ethylene 
Response Factor) va so sanh kha nang bieu hien gen 
gfp tren la mam, re cay dau trang Ket qua cho thay 7 
trong so 10 promoler Gmubi co kha nang lam tang 
hoal linh GFP Iff 2 den 7 lan so vai promoter (AMV 
35S tren la mam. Trong do, 4 trong so 10 promoter 
GmERF chi lam tang tu 1,5 den 2.2 lan so voi 
promoter CAMV 35S nay Con o re 6 irong so 10 
promoter Gmubi co kha nang lam tang boat tinh 
GFP tff 2 dgn 4 lin so vci\ promoter CAMV 35S 
Trong do. cac promoter GmERF chi lam tang tu 1.4 
den 1,7 lan so vdi promoler CAMV 35S nay 
Promoler Gmubi3 cho kel qua cao nhat Trong sd 10 
gen Gmubi phan ldn deu co intron Irong vimg dieu 
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khien. tuy nhien su khac biet ro ret giira cau tnic cd 
intron va khuyet intron chua phat hien thay 
(Hemandez-Garcia ei ai. 2010). 

Ca> Ilia Trong cac cay tuong thye, cay lua 
dugc quan lam dac biet. Wang va cdng su da phan 
lap 4 gen ubiquilin tu cay liia, trong dd co 2 gen 
RUBQI va RUBIQ2 la polyubiquitin. Trong doan 
3184 bp phan lap dugc ciia gen RUBQI. doan 
promoter va 5'UTR dai 920 bp, cdn intron 782 bp. 
Cdn gen RUBQ2 bao gom 4442 bp. trong do 
promote va 5'UTR dai 1824, cdn intron 926 bp. Ket 
qua nghien cuu bieu hien gen gus cho thay promoter 
cua RUBIQ2 cd kha nang bieu hten cao hon va hon 
10-20 so vdt 35S CAMV Promoter nay uu viet ban 
so vdl ZinUbil cila ngd bieu hien tren cay lua (Wang 
e! al, 2003). Nhom nghien cuu ciia Sivamani da phan 
lap gen rubi3 promoter: 808 bp, vung 5' khdng dich 
ma (exon 1): 67bp, intron' 1140 va exoiiZ cd 1140 bp 
ma hoa cho polyubiquitin vdi 5 doan lap lat. Kha 
nang bieu hien gen gus ciia promoter nay cd intron 
cao han khoang 20 lan so vdi promoter khong chua 
intron (Sivamani, Qu 2006) Gan day nhat, 
Bhattacharyya va cong sy da phan lap OsUbil 
promoter tir cay liia Doan gen bao gdm promoter 
678 bp, viing 5' UTR (exon 1): 74 bp, mtron: 787 bp 
va mpt doan exon 2237 bp duoc gan vao vector vai 
gen gus de nghien cuu kha nang bieu hien. So vai 
ZmUbil. promoter nay c6 kha nang bieu hien lot hem 
tren mo cay liia (Bhattacharyya et al, 2012). 

Cac cay trong khac: Ngoai cac cay luang thuc, 
cay Irong cd gia In kinh te cao, viec tim kiem cac 
ubiquitin promoter tu cac loai khac nhau van dang 
duac tiep tyc. Dac biet vdi sy bimg nd cua nang 
lugng sinh hpc, mot so loai cay mdt la mam nhu cay 
CO dang duoc xuc tien manh me. Hai gen PvUbil va 
PvUhil dugc phan lap iff mgt loai cd o Bac My 
(Panicum virgatiim L.). PvUbil cd chua 607 bp 
promoter, 5' khong dich ma (UTR) 93 bp (non-
coding exon) va 1291 bp intron, doan ma hoa 
polyubiquitin dat 918 bp vai 4 doan lap lai ndi tiep 
nhau va 191 bp diu 3' UTR. Con gen PvUba chua 
692 bp promoter, a 5' UTR dai 97 bp (non-coding 
exon) \k 1072 bp intron, doan ma hda polyubiquitin 
dai 1146 bp vdi 5doan lap lai va cudi cung la 183 bp 
3' UTR. Tuy nhien khdng phat hien thay HSE trong 
viing promoter ciia hai gen nay (Mann et ai, 2011). 
Ty loai cay mgt la mam khong thugc nhom cay 
luang thye Gladiolus da phan lap gen dugc gen 
GUBIQI. Gen nay chira viing promoler dai 1898 bp, 
bao gom promoter 600 bp, 5" khong dich ma 80 bp, 
va intron 1218 bp. Cac thu nghiem bieu hien gen gus 

va gfp su dung promoler nay tren cac ddi tugng cay 
mo hinh khac nhau Arabidopsis, thudc la. Gladiolus 
cho thiy chiing bilu hien tren tit ca cac ddi tugng 
tren va kha nang bieu hien cao hem nhieu lan so voi 
promoter khdng chira intron (Kamo et ai, 2012). 

Beo tam ia cay mpl la mam vdi kha nang sinh 
trudng va long hgp protein cao. Vdi tdc do sinh san 
rat nhanh, beo tam cd the nhan ddi trgng lugng trong 
vdng 24 - 72 gid. Mot sd gidng beo tam cd tdc do 
tang sinh khdi cao ban han so vdt cac loai ihyc v|t 
khac. Mat khac ham lugng prolein ciia beo lam co 
the dat tu 6,8 - 45 % trong lugng kho tiiy theo loai, 
tuc la ty le tuong duang vdi dau tuong, va c6 trien 
vpng sir dung de san xual protein tai to hgp. Nghien 
Cliu phan lap promoter SpUbi beo tam Spirodela 
polyrrhiza va Lemna aequinoctialis da dugc mgl so 
lac gta tien hanh. Tren promoter ca hai loai nay deu 
CO cac trinh tu tuong irng vdt HSE va f(,9-element 
(TATAAATA). G-box, Tren beo tam, promoter 
LciUbi nay co kha nang bieu hien cao hon promoter 
CAMV 35S (Dickey et ai, 2007), 

Da sd cac promoter nay dieu khien d muc do cao 
hon so vdl promoter CaMV35S trong qua trinh bieu 
hien d cac loat Ihyc vat dugc chuyen gen. Do gen 
ubiquilin dugc bieu hien d hau het cac mo thuc vat 
trong dieu kien tu nhien, nen promoter ubiquitin dS 
dugc su dung de bieu hien gen trong cac loat thuc 
vat chuyen gen dac biet la giffa cac loai gan gui, ke 
ca cay mdt la mam va hai ia mam. Nhieu nghien cuu 
Iren cac ddi tuang cay trdng khac nhau nhtt 
Arabidopsis, lua, ngo . cho thay: Su bieu hien manh 
ciia promoler ubiquitm dugc chi phoi bdi sy xuat 
hien cOa cac doan intron, nhffng doan chii yeu dinh 
VI trong vimg 5' UTR ciia gen ubiquilin. Cac doan 
intron gan vdi bd 3 khdi dau dich ma la nhffng nhan 
td CIS quan Irpng, la nguyen nhan gay ra sy tSng 
cudng gian liep cd hen quan den intron (intron-
mediate enhancement - IME) ciia qua trinh bieu hien 
gen d thuc vat. Dot vdi cay hai la mam, intron co the 
lam tang kha nang bieu hien len tff 2 den 20 lan, 
nhung ddi vdi cay mdt la mam cd Ihe tren 20 lan, 
Trong mgt sd thir nghiem, ngudi ta cdn su dung mgt 
doan gen ma hda cho ubiquitin tff 27-237 bp ngay 
gan ke vdi intron thiel ke cimg trong vector chu\cn 
gen va cho thay kha nang bieu hien gen cao hon so 
vdi can tnic chi co promoter va intron. Ve phan img 
vdi nhiel do, trong promoler ZmUbi co HSE va co 
phan irng bieu hien gen cita chiing d nhj^t dp cao la 
dang ghi nhan. Trong phan Idn cac promoter 
ubiquitin deu cd yeu Id nay, tuy nhien mgt so 
promoter ubiquitin khdng cd hien di^n ciia HSE, vi 
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du nhu PvUbi (Calhs el ai. 1990, Chiera et ai, 
2007, Hemandez-Garcia et ai. 2012, Kamo et ai, 
2012. Maas etai 1991, Mann er a / , 2011, Lu et ai, 
2008, Rose, 2004, Sivamani et al, 2006). 

Cac loai promoter ubiquitin ciia ngd, lua dugc 
thu nghiem su dyng de bieu hien cac gen co gia tri 
kinh te trong cac ioai cay trdng khac nhau: nhu gen 
Cry lac, gen zeatin O-glucosylation -ZOGI, gen 
chill... (Rodo er a/, 2008; Sripriya er fl/, 2008, Wu 
el ai, 2008, Loza-Rubio et ai, 2008). Promoter 
ZmUbil con dugc su dung rdng rat de nghien cuu 
chuc nang cac protein lien quan den tinh chiu han d 
mdt so cay luang thuc mpt la mam nhu, ddi vdi gen 
TPSP hen quan den trao ddi chat trehalose tren cay 
liia; gen DREB1A/CBE3 ma hoa TF hen quan d^n 
linh chiu han d cay lua, gen HVAI ma hoa cho LEA 
protein ciia dai mach bieu hien tren cay liia my.., 
(Umezawa et ai. 2006), Tuy nhien, cac promoter 
ubiquitin tu cac gidng cay trdng khac chii yeu van 
dang cdn trong giai doan nghien ciru thu nghiem 
bieu hien gen gus hoac gfp. Kha nang bieu hien vugt 
trgi ciia cac loai promoter ubiquitin la tien de de su 
dyng chiing ngay cang nhieu trong ky thuat bien nap 
gen a thye vat bac cao 

0 Viet Nam, nghien ciru lao cay chuyen gen 
mang nhffng tinh trang mong mudn dugc lien hanh 
Irong mpl sd phdng thi nghiem lien tien trong nudc 
Promoter chii yeu dugc su dung la promoter CAMV 
35S Cac loat promoter khac nhu ubiquitin ciia ngd 
(ZinUbil). actin ciia liia dang duoc dan dan di vao 
ihu nghiem thiel ke vao cac vector va chuyen vao 
cay mol la mam nhu ngd, liia (Ndng Van Hai, 2010) 
Tren cay liia, gen cn'IA(c) dudi sy dieu khien cua 
promoter ZinUbil da dugc chuyen vao gidng C71 
thdng qua vi khuan A. tumefaciens Hien nay da nhan 
duac ddng lua bien ddi gen C67T311-1 bieu hien 
tinh khang sau due than (Scirpopluiga incerlulas) 
cao ( D 6 Xuan Ddng et ai, 2009). Budc dau, cau triic 
cd promoter ZinUbil da dugc sir dung de chuyen 
dugc gen crylA(c) vao cay ngo (Nguyen Van Ddng 
el ai. 2010). Ngoai ra, viec phal tnen tim kiem cac 
promoter ubiquitm tren cac cay trong khac cung 
dugc tiln hanh Tren beo tam, trinh lu doan dieu 
khien gen SpUbi ciia Spirodela polyrrhiza DB2 co 
dogn promoter va 5'UTR co chilu dai la 1033 bp, 
intron 980 bp, con ddi vdi gen LciUbi cua Lemna 
aequinoctialis DBI co doan promoler va 5'UTR cd 
chilu dai la 964 bp, intron 1104 bp (Tran Thj 
Phuang Lien et ai. 2009). Cac ciu trdc vector va cac 
promoter phan lap dugc Iren cay trong d nudc ta van 
dang dugc liep tyc nghien ciru khao sal 

Tom lai. vdi sy phat trien manh me ciia smh hpc 
hien dai, ubiquitin cung nhu qua trinh phan giai 
protein ciia he UPS ngay cang dugc lam sang to. 
Trong 3 nhdm enzyme E l . E2 va E3 tham gia vao 
qua trinh nay, sd lugng E3 nhieu va da dang nhit. 
Nhieu emzyme E3 da dugc phan lap va xac dinh tinh 
chat, chuc nang trong nhieu qua trinh sdng cua te 
bao, Vai tro dieu hda nhieu qua trinh smh truong 
phal tnen, phan itng vdi cac yeu td cue doan trong tk 
bao ciia UPS dupc phat bien mdt each loan dien va 
danh gia long the. 

Sy da dang ve chuc nang cung nhu sy tdn tai ciia 
ubiquitin trong te bao thye vat da md ra tiem nang su 
dyng promoter ciia chiing trong chuyen gen thuc \ at 
Tren co sd nghien ciiu sau ve gen ubiquitin. \iec 
phan lap ngay cang nhieu promoter cua gen 
polyubiquitin tren cac ddi tugng cay trdng khac 
nhau, tir cay luong thye tbyc pham den cay co cd gia 
tri phat trien nang lugng sinh boc cang duoc xiic lien 
manh. Cac promoter ubiquilin cd kha nang bieu hten 
gen cao so vdi cac loai promoter thdng dyng khac. 
dac biet doi vdi cay mdt la mam. Day la hudng 
nghien ciiu ung dung day tnen vong trong luong lai 
L&i cdm cm- Cdng trinh duac long quan Iren mgt sd 
hudng nghien ciru ve promoler cua cac de lai thuoc 
Chuang Irinh Cong nghe sinh hpc phuc vu Nong 
nghiep 2006-2011 
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UBIQUITINS: STRUCTURE, FUNCTION AND THE POTENTIAL USE OF THEIR 
PROMOTER IN PLANT GENETIC ENGINEERING. 

Tran Thi Phuong Lien'*, Chu Hoang Ha', Nong Van Hai' 

Insthule of Biotechnology, Vietnam Academy of Science and Technology, 
In.stitule of Genome Resean li. Vietnam Academy of Science and Technology, 

Ubiquitm. the small conserved protein, is present in most t>pes of tissues m eukaryotes In their si 
ubiquitin genes have two forms, polyubiquiims and ubiquitm extension protem genes (also known as ubiquitm 
fusion genes). Each species has at least one polyubiquitin locus eontammg the tandem repeals of ubiquitin-
coding monomer containing 228 bp for 76 ammo acids The number of tandem repeats can %dr> beiween loci 
within species and between species. Ubiquitm involves in proteolysis recoiniizmg denatured proteins and 
polypeptides, or polypeptides need to be removed through the specific ubiquiUnaiion bv the ubiquitin-
proteasome system. There are three types of L-nzymes involved m this process ubiquitin aciivaiing enzyme 
El, ubiquitin-conjugating enzyme E2 and ubiquitin-ligaung enzyme E3 (E3 ligase) The ubiquiti 
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regulates many protein function in cells, plays an important role in the grovrth and development of plants as 
well as disease resistance and tolerance to different stresses in the environment The diversity of fiinctions of 
ubiquitin has created the permission to use the ubiquitin promoter as an effective constitutive promoter in plant 
genetic engineenng. The promoters showed higher level of gene expression in plants than CAMV35S promoter 
in times. For monocols this lever has been higher than that in dicotyledonous plants. In this article, our 
knowledge about ubiquiUns, the assumption of their fiinctions, die encoding genes and the subsequent isolation 
and charactensation of ubiquUin promoter, prospects of their application in plant genetic engineering will be 
analyzed and discussed. 

Keywords, ubiquiim. iihiquiiin-proiea.some sssiem. ES ligase. prcmioler structure, gene expression into plants 




