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TOM TAT

Tdi wu gen d€ biéu hién khac loai 1a mot budc quan trong trong cong nghé DNA
tai t0. Pa c6 nhiéu cong trinh nghién ctru vé cac tiéu chi can dat duoc trong qua
trinh t6i wu gen. Mot s6 tiéu chi ph6 quat gom thién vi ma bo ba, thién vi cdp ma
bd ba va t6i wu cau truc tht cdp cia mRNA. D€ ¢6 thé dong thoi dap tng nhiéu
tiéu chi t8i wu, cac nha Tin sinh hoc phat trién cac phan mém t6i wu gen nham tu
doéng hdéa qua trinh nay. Tuy nhién dé€ c¢6 dugc gen theo y mudn, can ¢ sw can
thiép cta con ngudi. O day chung toi diém qua mdt s8 phan mém t&i wu gen phd
bién va mién phi cho muc dich t6i wu biéu hién gen 6 mot s§ vat cht phd bién.
Chung t6i cing md ta quy trinh st dung cdc phan mém nay va mot sd kinh
nghiém rut ra trong qua trinh st dung phan mém khi t6i vu gen d€ biéu hién mot

s0 protein ¢6 nhiéu tng dung trong Y duwgc hoc & Escherichia coli va ndm men.

Tw khéa: Toi wu gen, biéu hién di loai, E. coli, ndm men, tiéu chi t6i uu.

1. MO PAU

Biéu hién gen di loai, trong dé gen dwoc 14y tir loai nay duwoc dem di biéu hién
O mot sinh vat thuong dung lam vat chu, vi du Escherichia coli (E. coli), nAm men banh
mi Saccharomyces cerevisiae (S. cerevisiae), t€ bao thuc vat va t€ bao dong vat, dat nén
mong cho nganh cong nghiép cong nghé sinh hoc ¢6 tri gia hang tram ti USD [1], [2],
[3]. Gen biéu hién di loai sé chiu sy diéu hoa biéu hién gen cua vat cha, tic gom cac
budc diéu hoa ngoai di truyén (epigenetics), diéu hoa phién ma, diéu hoa hau phién
ma thong qua miRNA va diéu hoa sau dich ma [4], [5]. Trong thuc t€, nguoi dung chi
6 thé kiém soat qua trinh dich ma cua gen quan tam do nhitng yéu td diéu hoa ngoai
di truyén, diéu hoa phién ma va hau dich ma déu da duoc t6i vu hoa thong qua cac hé
thong biéu hién thuwong mai (vector va t€ bao vat chu thwong mai) [1].
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Hai phuong phép pho bién d€ thu nhéan gen can bi€u hién la tao dong gen ti
nguon tu nhién va téng hop gen. Tao dong gen tir ngudn tw nhién st dung cac ky
thuat tao dong phd bién nhu PCR, hodc két hop cac ky thuat tao dong phtic tap hon
nhu PCR moi thoai hda, sang loc thu vién hé gen hodc thu vién cDNA dé thu nhan gen
quan tam. Ky thuat nay thuwong di kem mot s6 kho khan nhu khé thu nhan ngudn sinh
vat hién (vi du sinh vat hién 1a virus gay bénh) va phai biét tredc trinh tw DNA ctia gen
can tao dong. Ddc biét viéc sit dung gen tu nhién dé€ biéu hién dj loai thuong khong
dam bao muic d6 bi€u hién t6t d€ cd thé thuwong mai hoa san pham [6], [7]. Phuong
phép t6i vu va tong hop gen ngay nay duoc dén nhan va 4p dung rong rai boi mot sd
wu viét ctia né nhu dé thu nhan ti trinh ty trén cac co so dit liéu sinh hoc, tinh dn dinh
cao khi biéu hién va gia thanh tong hop da giam manh trong thoi gian qua [1], [3].

T6i wu gen d€ bi€u hién di loai da dat dwgc mot sd kham pha quan trong, giup
cac nha khoa hoc thiét k& tdi wu gen voi két qua bi€u hién 6n dinh va dé du doan hon.
Trong thoi ky dau t6i vu gen dwgc hiéu don gian la thay thé cac ma bo ba dong nghia
hiém trong gen can biéu hién bang cic ma bd ba phd bién hon & vat cht bidu hién. Tuy
nhién cach ti€p can don gian nay thuwong cho két qua khong 6n dinh do khi tat ca ma
bd ba trong gen déu la bo ba phd bién, tRNA sé nhanh chéng bi can kiét dan dén toc do
téng trudng bi anh hwong. Bang cach “bat chudc” cac gen biéu hién manh & vat cha,
gen can biéu hién duoc t6i wu sao cho ma bd ba dwgc phan bd theo mot sd dac trung
ndi tai cua cac gen ¢ vat chu. Cach ti€p can nay khoéng chi dam bao gen can tong hop
duoc dich ma t6t ma cac yéu t6 anh huwong dén mic d6 dich ma khac nhu d6 bén
mRNA, cac trinh ty ldp, ma két thic an cting duoc t6i wu hda [6].
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Hinh 1. Tai mbi thoi diém bat ky luén c6 hai phan tit tRNA gén véi tiéu phan 16n cuia ribosome
tai vi tri P va A. Hai phan ti tRNA nay phai twong thich vé ciu trac d€ qua trinh dich ma
khong bi gian dan.
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Tai thoi diém nay mot sO tiéu chi quan trong trong thié€t ké t6i wu gen dé tong
hop di loai da dwoc xac 1ap. Tiéu chi quan trong nhét chinh 1a t6i wu ma bo ba sao cho
mot s6 ma bo ba hiém bi thay thé d€ qua trinh dich ma gen nay tdi wu, nhung khong
anh hudéng dén tdc dd tang truong. Tiéu chi nay dwoc danh gia bang nhiéu phuong
phap khac nhau nhung phd bién nhat 1a chi sd thich tng ma bd ba (Codon Adaptation
Index, viét tat CAI) [1], [2], [3], [6]. Mot tiéu chi khong kém phan quan trong la sy hai
hoa vé cac cdp ma b ba nam canh nhau. Diéu kién nay xudt phat ttr thue t€ rf!mg tai
bat ky thoi diém nao trong budc kéo dai cua qué trinh dich ma, ribosome ludén ludén
gén véi hai ma bo ba [1], [3], [8] (xem Hinh 1). Tiéu chi thi ba la cdu triic tht cdp cta
mRNA, duoc phan thanh hai tiéu chi phu gom cdu trac th cap tong thé cila mRNA va
cau trac thit cdp cia mRNA ¢ vung 5’ khong dich ma (UTR 5’). mRNA phai c6 cau truc
thit cAp dt bén d& dam bao khong dé dang bi cac exonuclease phan huy, nhung phai
c6 dau 5’ ¢d cau trac th cdp yéu dé tao diéu kién cho ribosome gén vao, dic biétla &
sinh vat nhan chuan [1], [3], [9], [10], [11]. Thuc t€, da ¢ thi nghiém dep cho thay khi
cdu truc tht cdp cua mRNA ¢ vung 5 qua chat, gen hau nhw khong dwoc dich ma cho
du c6 rat nhiéu mRNA [12] (xem Hinh 2). Ba tiéu chi trén tré thanh nhiing tiéu chi
quan trong nhét trong thiét k& gen d€ biéu hién di loai. Ngoai nhiing tiéu chi quan
trong ndi trén mot s6 tiéu chi khéc cling thuong dwoc dua vao qua trinh téi vu gen
nhu ti 1& GC trong gen [13], cac trinh tu lam suy yéu mRNA [14], [15], ma két thuc an
va céc vi tri cit han ché khong mong mudn [1].
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Hinh 2. C4u trac thit cdp cia mRNA & vung 5" khong dich ma anh hwong rat 16n dén hiéu qua
dich m3, qua d6 anh huong dén murc d6 biéu hién. Ma mé dau dwgc biéu dién béng hop mau
xanh luc trong hinh. Hiéu qua dich ma 16n nhat khi khong c6 cau truc th cap ¢ vung UTR 5

(c&u tric 3). O cau trac 1, do vi tri dé ribosome gén vao mRNA qua ngén nén hiéu qua dich ma

giam. O ciu trac 2, tuy ribosome c6 thé gén vao mRNA nhung su hién dién cuia cdu truc bac 2 &

vung chita ma mo dau khién hiéu qua dich ma kém hon so véi ciu trtc 3. O cdu tric 4, do cau
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tric tht cap cé ndng lwong qua 16n, ribosome khong thé tiép can ma mo dau dan dén protein
khong duoc tong hop (Kozak, 1989).

Tuy c6 sy dong thudn vé cac tiéu chi quan trong trong thiét ké va téi wu gen dé
biéu hién di loai ¢ muic dai thé, mot s chi tiét vé cac tiéu chi nay da duoc ching minh
déng vai tro rat quan trong ddi véi hiéu qua dich ma. Mark Welch va cs phat hién rang
mot s& ma bo ma ma hoa cho mdt s6 axit amin, cu thé la serine (ma hoa boi AGC),
threonine (ACG) va leucine (AAG) anh huéng rat 1on dén mirc d6 dich ma. Nhitng ma
b ba nay gitp tang hiéu qua dich ma vi cac tRNA mang axit amin twong tng vdi cac
ma bd ba nay duoc nap axit amin mdi nhanh hon cdc tRNA mang ma bd ba dong
nghia cho du chiing phong pht hon. Diéu nay ddc biét dung vdéi biéu hién gen ¢ E. coli
do mttc d6 phién ma o E. coli rdt manh [16]. Thomas E. Gorochowski va c¢s nghién ctu
ky hon vé cau triic cia mRNA ¢ cac gen tw nhién va sy phong pht cua cac tRNA ¢
kha nang nap nhanh cho thay c6 nhiing ap liec chon loc d€ hai yéu td nay bu trit nhau
dé qué trinh dich ma dién ra thuan lgi hon cho tat ca cac gen. Nghién cttu nay ciing
cho thdy can c6 nhiing tiéu chi cu thé hon nira trong qua trinh thiét ké t6i wu gen [17].

D¢ thiét ké toi uu gen thoa man dong thoi cac tiéu chi noi trén 1a mot nhiém vu
b4t kha thi néu thuc hién bang tay. Vi vay da c6 nhiéu phan mém duwoc xay dung dé hd
tro cho nguoi dung thiét ké t6i wu gen. Mot s6 phan mém pho bién gom DNAworks,
Jcat, Synthetic gene designer, GeneDesign, OPTIMZER, Visual Gene Developer,
Eugene, COOL, D-Tailor va Costar. Cac phan mém nay cho phép nguoi dung tuy bién
cac tiéu chi pho bién noi trén, wu tién mot s6 tiéu chi so voi cac tiéu chi con lai tuy theo
kinh nghiém va quan diém riéng. T4t ca cdc phan mém nay déu mién phi va chay trén
nén tang Windows/OS hodc truc ti€p chay trén web [1], [3].

Tuy thiét k& t6i wu gen da duoc tng dung rong rai trong cong nghiép Cong
nghé sinh hoc, & quy md phong thi nghiém, dac biét 6 Viét Nam, qua trinh biéu hién
gen di loai van duoc thuc hién theo phwong phap tao dong va biéu hién cac gen tu
nhién. Chinh vi vay trong nghién cttu nay chung t6i mo ta mot s6 thi nghiém t6i vu
gen va phuong phap dé c6 duoc gen t6i wu tong hop voi gia thanh ré nhat dé tién hanh
cac thi nghiém tiép theo. Ba gen duoc chon cho nghién cttu la gen ma hda mién III caa
protein vo virus Dengue tuyp 1 (EDIII) gay bénh s6t xuat huyét [18], gen ma hoda khang
nguyén vo cua virus Coxsackievirus Al6 gay bénh chan tay miéng o tré em
(Polyprotein) [19], va gen ma hoa protein ddc td nhay nhiét cta E. coli (LTB) gay bénh
tiéu chay ¢ nguoi [20]. EDIII dwoc t6i wu dé€ biéu hién 6 E. coli, trong khi LTB va
Polyprotein dwoc t6i wu d€ bi€u hién 6 ndm men Pichia pastoris va Saccharomyces
cerevisige. O day chiing t6i cling sé ban mét s& wu va nhuoc diém ctia nhitng phan mém
chung t6i da chon d€ t6i wu cac gen nay, ¢ day cu thé la Visual Gene Developer va
COOL.
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2. PHUONG PHAP NGHIEN CUU
2.1. Vit lidu

Trinh te DNA hodc protein ctia cac gen noi trén dwogc thu nhan tir co s¢ dix liéu
(CSDL) Genbank hoéc Genpept ctia NCBI thong qua tim kiém bang tir khda trén
Entrez. Truong hop gen virus, ¢ thé thdy cd sy bién di 16n ¢ trinh ty ctia cac ching
khac nhau, do d6 can phai chon trinh tu dai dién nhat bang cach tim kiém tat ca cac
trinh tw polypeptide ctia protein can tim kiém trén CSDL, tién hanh sép giéng cot
nhiéu trinh ty d€ tim trinh ty dai dién nhat (consensus).

2.2. Phuong phap nghién cttu
2.2.1 Thu nhéan trinh tu

D€ tim kiém céc trinh ty caa EDIII, Polyprotein va LTB, trwdc tién ta tim kiém
c4c trinh tu protein trén CSDL genpept bang cac tit khéa lién quan. Vi du dé tim kiém
trinh ty polypeptide cua EDIII cua virus Dengue tuyp 1 ta c6 thé danh cau lénh:

Dengue virus 1[organism] AND Envelope protein AND 495[sequence length]

Theo cau lénh tim kiém nay két qua tra lai sé 1a cac trinh ty protein envelope
cua virus Dengue tuyp 1 c6 chiéu dai chinh xac 1a 495 axit amin, 1a chiéu dai day du
cua protein nay. Tuong ty ta ciing c6 thé tim kiém trinh tw ctia polyprotein cta
Coxsackievirus A16 bang cau lénh:

Coxsackievirus Al6[organism] AND polyprotein AND 2193[sequence length]

Sau d6 ta tai tat ca cac trinh tw tim thay va sip giéng cot bang cac phan mém
sép giong cdt nhidu trinh ty phd biéh nhie MEGA [21] hoéc cac phan mém sip giong
cot mang c6 kha nang xtt 1y dit liéu 16n. Két qua sap giong sé duoc dung lam di liéu
dau vao cho phan mém Weblogo [22] d€ tao trinh ty dai dién nhat. Trinh ty dai dién
nay sé dugc dung dé tim kiém BLAST xem liéu ¢ trinh tw polypeptide giong nhw vay
hay khong trong tw nhién. Tiép dén trinh tw DNA ma hda cho cac protein nay sé duoc
thu nhan dé€ dung lam d6i chiing (gen tw nhién).

2.2.2. Toi wu trinh tw

Dé t6i wu EDIII biéu hién ¢ E. coli, chung t6i van dung két qua cua Mark Welch
va cs lam tiéu chi tdi wu chinh, c¢é nghia 1a rang budc sao cho cac ma bd ba ma hoéa
serine, threonine va leucine sé lan luot la AGC, ACG, va AAG. D€ lam diéu nay ching
toi st dung phan mém Visual Gene Developer [23] va thay doi ti 1é cac ma by ba dong
nghia sao cho ddi vdi serine, threonine va leucine, cac ma bo ba AGC, ACG va AAG sé
chiém ti 1é cao nhat va tat ca cac ma bd ba dong nghia con lai chiém ti 1é thap nhu
nhau.
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Dbé t6i wu EDIII va polyprotein Coxsackievirus A16 chung t6i st dung phan
mém COOL [24]. Tuy nhién do qua trinh dich ma cac gen biéu hién cao khac vdi qua
trinh dich ma cac gen biéu hién binh thuong hodc thap, do d6 khong thé dung dix liéu
chtra cac gen biéu hién thap ¢ vat chu can biéu hién ma nén chon cac gen biéu hién cao.
Dé xac dinh cac gen biéu hién cao & mot s6 loai, chung t6i stt dung co s¢ dix liéu vé do
phong pht ctia protein ¢ sinh giéi (PaxDb) dé xac dinh cac protein c6 ham luong cao 6
E. coli va nam men, va sau d6 stt dung cac gen biéu hién cao nay lam m6 hinh d€ phan
meém tai thiét ké gen quan tam [25].

Do polyprotein sé tu phan cit thanh 3CD la enzyme proteinase sé xt ly P1
thanh cac protein VP1, VP2, VP3 va VP4, ching t6i tién hanh t6i wu protein nay duwdi
dang hai protein riéng ré la 3CD va P1.

Cac phan mém thuong sé cho mot sd trinh tw tng vién d€ nguoi dung lua
chon. Trong treong hop nay ching ta c6 thé chon ngau nhién ba trinh tw (vi du truong
hop EDIII) hodc chon mdt trinh tw cé tiéu chi nao do trong cac tiéu chi dwoc chiing ta
quan tdm hon (vi du c6 chi s6 thich tng cdp ma b ba cao), dong thoi dam bao cac chi
s6 ctia céc tidu chi khdc nam trong khoang chap nhan dugc.

Cac trinh ty t6i wu dwgc chon sé duoc gui di tong hop tai cong ty Phusa
Biochem (http://www.phusabiochem.com/vi/.html) dwdi dang geneblock, vdi gid thanh

khoang 1,4 triéu cho mot gen dai dwdi 500 bp. Doi véi nhitng gen dai trén 500 bp,
chung sé dugc tong hop dudi dang cac trinh tu geneblock dwdi 500 bp va sau d6 n6i lai
véi nhau bang phan ting overlap extension PCR. D& tao ra cac trinh tu geneblock nay,
phan mém DNAworks 2.0 dugc sit dung [26].

3. KET QUA VA THAO LUAN
3.1. T6i wu gen EDIII cta virus Dengue tuyp 1

Dua trén cach 1am mo ta & phan PHUONG PHAP NGHIEN CUU ching t6i da
thu nhan dwoc hon 200 gen t6i wu ma hoéa cho EDIIL. Do phan mém Visual Gene
Developer thiéu chttc nang tinh chi s6 thich hgp cdp ma b ba, chung t6i budc phai st
dung phan mém Anaconda 2.0 d€ tinh toan do thich nghi cap ma bo ba cta cac gen toi
uu [27]. So sanh do thich nghi cap ma b ba cta cac gen t6i wu nay véi mot s6 gen tu
nhién ¢ mc do biéu hién manh & E. coli giup chon ra it nhat 18 trinh tw dé€ c6 thé sw
dung cho thi nghiém tdng hop gen. 3 gen duoc chon ngau nhién cho cac thi nghiém
tiép theo duogc trinh bay ¢ day dudi dang két qua giong cot trinh tw, chi s6 CAL nang
luwong gap cudn cdu triac bac hai mRNA va chi s6 thich nghi cdp ma bd ba. Dua trén két
qua nay, 3 gen duoc chon déu c6 CAI thap hon gen ty nhién (0.72) nhung cac chi s6
khéc déu tot hon. Theo nhiéu nghién ctru CAI hién tai khong con la mot chi sd dang tin
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cay dé du doan murc d¢ biéu hién [3] do dé chung t6i gia dinh rang mic do bi€u hién
cua cac gen dugc chon sé xap xi hodc hon gen tw nhién.

Bang 1. Gen ma héa EDIII cua virus Dengue tuyp 1 da duoc tdi wu d€ bi€u hién ¢ E. coli

Téntrinhtw  Ham lwong CAI Chi s6 thich nghi Ning lugng cdu
GC3 cap ma bj ba trac bac hai mRNA
Dengue 1 50,5 0,69 -0,12086 77,5
Dengue 2 45,4 0,69 -0,12042 81,4
Dengue 3 47,4 0,67 -0,11857 -83,5
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Hinh 3. Céc trinh ty EDIII ctia virus Dengue tuyp 1 t8i wu d& biéu hién ¢ E. coli. K&t qua sap

gidéng cot dwoc thiee hién bang phan mém ClustalX.

Dé€ rang budc diéu kién gen t6i wu phai cd cac ma bd ba nhat dinh cho mot s6
axit amin (serine ma héa boi AGC, threonine ma hoa bdi ACG va leucine ma hoéa boi
AAG), chtng t6i thay ddi tan s6 ctia cac ma bo ba ma hoa cho cac axit amin nay sao cho
AGC, ACG va AAG c6 tan s6 cao nhat c6 thé cé. Tan s6 nay duoc tinh bang cach tim
tan s6 thdp nhat ciia nhém ma bo ba dong nghia trong bang ma chuén cta E. coli (&
day la AGG ma hoa cho Arg, tan s& 0.02), sau d6 ap dung tan s6 nay cho tat ca ma bo
ba dong nghia con lai. Vi du d6i v6i Thr, bdn ma b ba dong nghia la ACC (0,440) ACG
(0.270), ACA (0,130), ACT (0,160). Bang cach rang budc diéu kién ACG sé ma héa cho
Thr khi c6 thé, ba ma bo ba ACC, ACA va ACT sé dugc gan tan so thap nhat la 0,02 va
tan s6 cia ACG ma hoda cho Thr sé la 1 — 3x0,02 = 0,94. Tuong tu nhu vay tan so cta
AGC ma hda cho serine sé 1a 1 — 5x0,02 = 0,9 va tan sd ctia AAG ma hda cho leucine sé
1a 1 -5x0,02 = 0,9. Bang cach gan tan s6 nhu vay ta dam bao rang AGC, ACG va AAG
s& xuat hién nhiéu nhat c6 thé trong trinh tw gen t&i wu, nhung van bi rang budc theo
cac tiéu chi khac nhw do thich nghi cdp ma b ba, ti 1¢ GC va ndng lugng gap cudn ctia
mRNA.

3.2. T6i wu gen LTB ctia E. coli

Trinh tw ctia LTB duoc nhap vao pham mém COOL va t8i wu bang cach t&i uu
chi s6 CAI, t6i wu d6 thich nghi cdp bo ba va t6i wu ti 1é GC. Tai thoi diém chung toi t6i
vu trinh ty LTB phan mém COOL chua c6 tinh ndng t6i wu cau truc th cap mRNA

nén chung t6i st dung phan mém Visual Gene Developer dé€ tinh toan nang luong gap
cudn cau triuc thit cdp mRNA dé€ chon ra gen t6i wu. Két qua chung t6i da chon mot
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gen dé€ t6i vu. Trinh ty gen nay dwoc cung cdp ¢ phan phu chu. Két qua tim kiém gen
nay trén CSDL mRNA cuta S. cerevisize dwoc chon la tiéu chi phu d€ chon gen tur tap
hop cac gen duoc t6i wu, va két qua nay dwgc trinh bay ¢ Hinh 4.

3.3. T6i wu gen CD3 va P1 ctia Coxsackievirus A16

Dé€ t6i uu cac gen nay chung tdi chon ra 14 gen ma hoda cho cac protein c6 do
phong pht cao nhédt ¢ chung ndm men Pichia pastoris (tén moi Komagataella phaffii
GS115) dua trén thong tin tim thay trén CSDL PaxDb [25] va danh muc cac protein ctia
Pichia pastoris sap theo th tw ham lwong cao dén thap [28] (Bang 2). Cac gen nay duoc
sap giong cot d€ tim trinh tw Kozak (Hinh 5) va dung d& lam gen mo hinh d& phan
mém mo phong theo trong qua trinh t6i vu gen. Két qua chung t6i chon duwoc mot gen
3CD va mét gen P1 dé€ tong hop cho cac thi nghiém tiép theo. Cac trinh ty nay duoc
cung cap ¢ phan phu luc.

Do cac gen nay kha 16n (1961 bp d6i véi 3CD va 2609 bp ddi voi P1), chung
duoc chia nho ra thanh cac gen c¢6 kich thudc khoang 350 bp dé dit hang tong hop
dwdi dang geneblock. Trinh tw cac gen nay dwgc trinh bay ¢ phan phu luc.

Mouse over to see the defline, click to show alignments \

Color key for alignment scores
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Hinh 4. Két qua BLAST gen LTB t6i uu trén CSDL mRNA cua S. cerevisiae. Gen ¢ nhiéu ving

gidng nhau véi cac trinh ty trén CSDL RNA ctia S. cerevisiae nhat dwoc kiém tra bang méat va

chon d€ tong hop.
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Hinh 5. Trinh ty Kozak ctia gen ma hda protein & ndm men P. pastoris xay dung tir cac gen tw

nhién c6 micc do biéu hién cao 6 P. pastoris bang phan mém Weblogo.
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4. KET LUAN

Tdi wu va tong hop gen d€ biéu hién di loai la xu hudng chu dao trong cong
nghé DNA téi to hop. Hién nay céc tiéu chi t6i wu va sy hién dién ctia nhiéu phan mém
mién phi c6 kha ning t6i wu gen theo cac tiéu chi cia nguoi dung dé bidu hién ¢ nhigu
vat chu pho bién. Téi uu gen duoc ching minh la gitip cai thién két qua biéu hién,
dong thoi t6i wu gen cting cho phép thu nhan cac gen ¢d ngudn goc tir cac vi sinh vat
gay bénh.

Bdng 2. Danh sach cac gen dugc dung d€ t6i wu 3CD va P1 cua Coxsackievirus A16 [28]

Xép hang Mi truy ) ,
do phong R Tén protein
) cap
phua
1 254568470 Glyceraldehyde-3-phosphate dehydrogenase, isozyme 3
2 254567507  Nhan t6 kéo dai phién ma EF-1 alpha
3 254570367 Enolase I
4 254568544 Alcohol dehydrogenase isozyme III ti thé
5 254573764  ATPase tham gia gap cudn protein va van chuyén nhan
6 254566601 3-phosphoglycerate kinase
7 254566257  Protein s6c nhiét Hsp90
8 254567798 Protein gia dinh
9 254570575 Pyruvate decarboxylase chinh trong s& cac isozyme
10 254571387  Tiéu phan alpha ciia ATP synthase F1FO ti thé
11 254571425  Thanh phan protein cta tiéu phan nho cta ribosome
12 254568572 Protein dung hop, giong hét voi Rpl40Bp
13 254571679 Projtei7n d}mg hop d\uqc. cét. ’Fhémh protein thanh phan tiéu phan
nho ctia ribosome va ubiquitin
14 254569858  Tiéu phan beta cua ATP synthase F1F0 ti thé

Trong nghién cttu nay ching tdi trinh bay mot s6 két qua tdi vu mot sd gen
khang nguyén tit virus (Dengue tuyp 1, Coxsackievirus A16 va E. coli) bang hai phan
meém t6i wu gen pho bién la Visual Gene Developer va COOL. Do cac phan mém sé cho
ra nhiéu gen t0i wu tng vién, viéc lwa chon mot sd gen dé€ kiém tra doi hoi nguoi dung
phai c6 mot s8 kinh nghiém va tri thiec riéng. O day ching toi trinh bay mot s6 kinh
nghiém nhu vay trong viéc lua chon mot sd gen vi sinh vat tdi wu. Cac tiéu chi lya
chon gbém: mtc dd gidng véi cac gen tw nhién trén toan bd chidu dai, hodc chon ngau
nhién ba gen dé€ kiém tra, hodc trong treong hop bat kha khang (khi chiéu dai gen qua
16n dan dén gi4 thanh tdng hop gen qué 16n) chon mot gen cé cac thong s tt nhat co
thé.

LOI CAM ON

Nghién cttu nay dwgc thuc hién dudi su tai trg caa Dé tai PHH ma s6
DHH2016-01-87. Tac gia tuyén bd khong c6 mau thuan gi vé quyeén loi.
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GENE REDESIGN FOR HETEROLOGOUS EXPRESSION IN COMMERCIAL
SYSTEMS USING FREE GENE OPTIMIZATION PROGRAMS

Ha Thuc Duc Tung, Doan Trong Bich, Nguyen Ngoc Luong*
Faculty of Biology, University of Sciences, Hue University
* Email: daigoro77@gmail.com
ABSTRACT

Gene optimization for heterologous expression is the foundation in modern
recombinant DNA technology for biopharmaceutical productions. Several studies
have examined and established opitimization criteria. The most popular criteria
include codon bias, codon context bias and mRNA secondary structure. To
simultaneously optimize several criteria, software has been developed to automate
this process. However, to obtain genes for subsequent work, human intervention is
necessary, particularly in selecting a few among several candidates, based on
users’ experience, insights or own criteria. In this study, we overviewd some free
gene optimization programs for gene optimization. We described in details
procedures for using these programs and our own experience in using these
programs to optimize some proteins that have applications in biopharmaceutical
biotechnology industries, particularly in common expression hosts such as

Escherichia coli and yeasts.

Keywords: E. coli, Gene optimization, heterologous expression,, optimization

criteria, yeasts.
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PHU CHU
Trinh ty CD3 toi wu:

CCAAAATGGCTGGACCATCACTTGACTTTGCACTTTCACTTCTTCGTCGAAACATTCGTCAAGTCCAAACGGACCAGG
GTCACTTCACCATGTTGGGTGTCCGGGACAGGCTTGCTATTCTCCCAAGACACTCCCAACCAGGCAAAACCATTTGGG
TGGAGCACAAGCTCATCAACGTTCTGGATGCCGTCGAGCTGGTGGACGAACAAGGGGTCAACCTGGAGCTTACACTT
GTCACGTTGGACACCAACGAGAAGTTCAGAGATGTCACCAAGTTTATCCCAGAAACCATCACTGGTGCTTCAGATGC
TACGCTCATTATCAACACCGAACACATGCCCTCCATGTTCGTCCCAGTTGGGGACGTCGTTCAATATGGGTTCCTCAA
TCTCTCTGGAAAGCCAACCCACCGTACCATGATGTACAACTTCCCGACCAAGGCCGGACAATGTGGTGGTGTTGTTAC
CTCTGTCGGCAAGATTATTGGTATTCACATTGGTGGCAACGGTCGTCAGGGTTTCTGTGCTGGTCTCAAGAGAGGTTA
CTTCGCTTCAGAGCAAGGCGAAATACAATGGATGAAGTCCAACAAGGAAACCGGGAGACTCAACATCAACGGTCCA
ACCAGAACCAAATTGGAGCCAAGCGCTTTCTACGATGTTTTCGAGGGTTCCAAGGAACCAGCTGTTCTCACTTCCAAG
GACCCACGCCTGGAAGTCGACTTCGAACAGGCCCTATTCTCCAAATACGTTGGGAACACCTTGCACGAGCCGGACGA
GTATGTCACTCAAGCTGCATTGCACTACGCAAACCAACTCAAGCAATTGGACATCAACATCAACAAGATGTCCATGG
AGGAGGCTTGTTATGGTACGGAGTACTTGGAAGCTATCAATCTTCACACCTCAGCTGGTTACCCATACTCTGCTTTGG
GAGTCAAGAAGTCAGATATCTTGGATCCAACCACCAGAGACACTACCAAGATGAAGTTCTACATGGACAAGTACGGC
TTGGACCTGCCCTACTCTACCTACGTCAAGGACGAGTTGCGATCGCTGGACAAGATCAAGAAAGGAAAATCCCGCCT
CATCGAAGCCTCTTCACTCAACGACTCCGTTTACCTACGAATGACCTTTGGACACTTGTACGAGACTTTCCACGCAAA
CCCTGGGACGGTTACAGGATCTGCCGTGGGGTGCAATCCCGATGTCTTCTGGTCGAAGTTGCCAATTCTGCTTCCAGG
TTCCTTATTTGCCTTCGACTACTCGGGTTACGACGCCTCCTTGTCTCCAGTCTGGTTCCGAGCCTTGGAGGTTGTATTA
CGGGAGATCGGCTACTCCGAAGAAGCCGTTTCTCTTATCGAAGGTATCAACCACACTCACCACGTGTACCGAAACAG
AACTTACTGTGTTTTGGGAGGTATGCCATCCGGTTGTTCTGGGACCTCCATCTTCAACTCTATGATCAACAACATTATC
ATCAGAACTTTGCTTATCAAGACTTTCAAGGGTATCGATTTGGACGAGCTCAACATGGTTGCTTACGGCGACGACGTT
TTGGCCTCCTACCCATTCCCAATCGACTGTTCGGAGCTTGCCAAGACCGGAAAGGAATACGGTCTTACCATGACTCCA
GCGGACAAGTCCCCATGTTTCAACGGGGTTACATGGGAGAACGCTACCTTTCTCAAGAGAGGATTCCTCCCAGACCA
CCAATTCCCATTCCTTATTCACCCAACCATGCCAATGCGAGAGATCCACGAGTCTATCAGATGGACCAAGGATGCCA
GAAACACTCAGGATCACGTCAGATCTCTGTGTTTGTTGGCCTGGCACAACGGAAAGGAGGAATACGAGAAATTCGTC
TCCACCATCAGATCTGTTCCAGTTGGAAAGGCTCTGGCTATTCCAAACTTCGAGAACCTCAGAAGAAACTGGTTGGA
GTTGTTCTAA

Trinh ty cac geneblock can tong hop dé tong hop gen 3CD vat ly:

Gene 1:
GAATTCACACAATGGCTGGACCATCACTTGACTTTGCACTTTCACTTCTTCGTCGAAACATTCGTCAAGTCCAAACGG
ACCAGGGTCACTTCACCATGTTGGGTGTCCGGGACAGGCTTGCTATTCTCCCAAGACACTCCCAACCAGGCAAAACC
ATTTGGGTGGAGCACAAGCTCATCAACGTTCTGGATGCCGTCGAGCTGGTGGACGAACAAGGGGTCAACCTGGAGCT
TACACTTGTCACGTTGGACACCAACGAGAAGTTCAGAGATGTCACCAAGTTTATCCCAGAAACCATCACTGGTGCTTC
AGATGCTACGCTCATTATCAACACCGAACACATG
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Gene 2:

TCATTATCAACACCGAACACATGCCCTCCATGTTCGTCCCAGTTGGGGACGTCGTTCAATATGGGTTCCTCAATCTCTC
TGGAAAGCCAACCCACCGTACCATGATGTACAACTTCCCGACCAAGGCCGGACAATGTGGTGGTGTTGTTACCTCTGT
CGGCAAGATTATTGGTATTCACATTGGTGGCAACGGTCGTCAGGGTTTCTGTGCTGGTCTCAAGAGAGGTTACTTCGC

TTCAGAGCAAGGCGAAATACAATGGATGAAGTCCAACAAGGAAACCGGGAGACTCAACATCAACGGTCCAACCAGA

ACCAAATTGGAGCCAAGCGCTTTCTACGATGTTTTCGAG

Gene 3:

CGCTTTCTACGATGTTTTCGAGGGTTCCAAGGAACCAGCTGTTCTCACTTCCAAGGACCCACGCCTGGAAGTCGACTT
CGAACAGGCCCTATTCTCCAAATACGTTGGGAACACCTTGCACGAGCCGGACGAGTATGTCACTCAAGCTGCATTGC
ACTACGCAAACCAACTCAAGCAATTGGACATCAACATCAACAAGATGTCCATGGAGGAGGCTTGTTATGGTACGGAG
TACTTGGAAGCTATCAATCTTCACACCTCAGCTGGTTACCCATACTCTGCTTTGGGAGTCAAGAAGTCAGATATCTTG
GATCCAACCACCAGAGACACTACCAAGATGAAGTTCTACA

Gene 4:

TGTGATGGTTCTACTTCAAGATGTACCTGTTCATGCCGAACCTGGACGGGATGAGATGGATGCAGTTCCTGCTCAACG
CTAGCGACCTGTTCTAGTTCTTTCCTTTTAGGGCGGAGTAGCTTCGGAGAAGTGAGTTGCTGAGGCAAATGGATGCTT
ACTGGAAACCTGTGAACATGCTCTGAAAGGTGCGTTTGGGACCCTGCCAATGTCCTAGACGGCACCCCA

CGTTAGGGCTACAGAAGACCAGCTTCAACGGTTAAGACGAAGGTCCAAGGAATAAACGGAAGCTGATGAGCCCAAT
GCTGCGGAGGAACAGAGGTCAGACCAAGGCTCGGAACCTCCAACATAAT

Gene 5:

GCTCGGAACCTCCAACATAATGCCCTCTAGCCGATGAGGCTTCTTCGGCAAAGAGAATAGCTTCCATAGTTGGTGTGA
GTGGTGCACATGGCTTTGTCTTGAATGACACAAAACCCTCCATACGGTAGGCCAACAAGACCCTGGAGGTAGAAGTT
GAGATACTAGTTGTTGTAATAGTAGTCTTGAAACGAATAGTTCTGAAAGTTCCCATAGCTAAACCTGCTCGAGTTGTA
CCAACGAATGCCGCTGCTGCAAAACCGGAGGATGGGTAAGGGTTAGCTGACAAGCCTCGAACGGTTCTGGCCTTTCC
TTATGCCAGAATGGTACTGAGGTCGCCTGTTCAGGGGTAC

Gene 6:

TCGCCTGTTCAGGGGTACAAAGTTGCCCCAATGTACCCTCTTGCGATGGAAAGAGTTCTCTCCTAAGGAGGGTCTGGT
GGTTAAGGGTAAGGAATAAGTGGGTTGGTACGGTTACGCTCTCTAGGTGCTCAGATAGTCTACCTGGTTCCTACGGTC
TTTGTGAGTCCTAGTGCAGTCTAGAGACACAAACAACCGGACCGTGTTGCCTTTCCTCCTTATGCTCTTTAAGCAGAG
GTGGTAGTCTAGACAAGGTCAACCTTTCCGAGACCGATAAGGTTTGAAGCTCTTGGAGTCTTCTTTGACCAACCTCAA
CAAGATTCCATGG

Trinh ty gen P1 t6i vu:
CCAAAATGGCTGGTTCTCAAGTCTCTACGCAACGCTCTGGTTCTCACGAGAACTCCAATAGTGCATCAGAAGGTTCA
ACGATCAACTACACAACCATCAATTACTACAAGGATGCCTACGCGGCCAGCGCTGGACGTCAAGACATGTCGCAAGA

CCCAAAGAAATTCACGGACCCTGTCATGGATGTTATCCACGAGATGGCTCCGCCCCTCAAGAGTCCAAGCGCGGAAG
CCTGTGGTTATTCAGACAGAGTTGCACAACTTACCATCGGCAATTCTACCATCACAACACAAGAGGCGGCAAATATT
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GTTATCGCATATGGCGAATGGCCCGAGTACTGTCCAGACACGGATGCTACCGCAGTCGACAAACCAACCAGACCGGA
TGTGTCTGTCAACCGGTTCTTTACTTTGGACACCAAGTCTTGGGCGAAAGACTCGAAGGGATGGTATTGGAAGTTTCC
CGACGTTCTTACAGAGGTTGGTGTCTTCGGACAGAATGCCCAATTCCACTATCTTTATCGCTCGGGATTTTGCGTTCAT
GTGCAGTGCAATGCCTCGAAGTTCCATCAGGGTGCTTTGCTTGTTGCGGTTTTGCCAGAATATGTACTCGGGACCATT
GCCGGGGGTACGGGGAACGAAAACAGCCATCCCCCTTACGCCACGACCCAACCTGGTCAAGTTGGTGCCGTGCTCAC
GCATCCATATGTGCTGGATGCGGGTATCCCACTGTCACAGCTCACCGTCTGTCCACATCAATGGATCAATCTCAGGAC
GAACAACTGCGCTACGATCATTGTACCCTACATGAATACCGTTCCATTCGATAGCGCTTTGAACCACTGTAACTTCGG
CCTGTTGGTTATCCCAGTTGTTCCTCTTGACTTCAACACTGGAGCTACTTCTGAAATTCCTATCACTGTGACCATTGCT
CCAATGTGTGCTGAGTTTGCCGGTTTGCGTCAGGCTGTCAAGCAAGGTATTCCAACTGAGCTGAAGCCTGGTACAAAC
CAATTCCTTACCACCGATGACGGTGTTTCCGCCCCAATTCTGCCAGGTTTCCACCCAACCCCACCAATCCACATCCCT
GGTGAGGTTCACAACTTGTTAGAGATCTGTAGAGTTGAGACCATTCTAGAAGTTAACAACTTGAAAACTAACGAAAC
TACTCCAATGCAAAGACTGTGTTTCCCAGTTTCTGTCCAATCCAAGACTGGCGAGCTTTGTGCCGCTTTCAGAGCTGA
CCCAGGTAGAGATGGTCCATGGCAGTCCACCATTTTGGGTCAGCTGTGTAGATACTATACTCAGTGGTCTGGTTCTCT
AGAGGTTACTTTCATGTTCGCTGGTTCTTTCATGGCCACTGGAAAAATGCTGATCGCTTACACTCCACCAGGTGGTAA
CGTCCCAGCTGACAGAATTACCGCTATGTTGGGAACACACGTTATCTGGGACTTCGGATTGCAGTCCTCCGTCACCCT
GGTTGTTCCATGGATTTCTAATACCCACTACAGAGCTCACGCTAGAGCTGGTTACTTCGACTACTATACTACTGGTATT
ATCACCATCTGGTATCAAACCAACTACGTTGTCCCTATTGGTGCCCCAACCACCGCTTACATTGTAGCCTTGGCTGCT
GCTCAAGATAACTTCACTATGAAGTTGTGTAAGGATACTGAAGACATCGAACAAACTGCTGACATTCAAGGTGATCC
AATTGCCGACATGATTGACCAAACTGTCAACAACCAAGTCAACAGATCCTTGACGGCTTTGCAAGTCTTGCCTACTGC
TGCTAACACCGAGGCTTCGTCCCACAGATTGGGTACTGGAGTTGTCCCAGCTTTGCAAGCTGCTGAAACCGGTGCTTC
CTCCAACGCCTCCGATAAGAACCTGATTGAGACTCGTTGTGTTTTGAACCACCACTCAACTCAAGAGACAGCTATTGG
TAACTTCTTCTCCAGAGCTGGACTTGTTTCTATTATCACCATGCCAACCATGGGAACTCAGAACACTGATGGCTATGC
AAACTGGGACATTGACTTGATGGGATACGCTCAGCTGAGAAGAAAGTGTGAGCTGTTCACTTACATGAGGTTTGATG
CCGAGTTCACCTTCGTTGTTGCCAAACCTAACGGTGAGTTAGTTCCACAATTGCTGCAATACATGTACGTCCCACCTG
GTGCTCCTAAGCCAACCTCTAGAGACTCTTTCGCCTGGCAAACCGCTACTAATCCATCTGTCTTCGTCAAGATGACCG
ACCCACCAGCTCAGGTCTCAGTCCCATTCATGTCCCCAGCCTCTGCTTATCAATGGTTCTACGATGGTTACCCTACCTT
CGGGGAGCACTTGCAAGCCGACGATTTGGACTACGGTCAATGTCCAAACAACATGATGGGCACTTTCTCCATTAGAA
CCGTCGGTACTAAGAAATCCCCACACTCTATCACCTTGAGAGTCTACATGAGAATCAAGCACGTTAGAGCCTGGATC
CCAAGACCATTGAGAAACCAGCCATACTTGTTCAAGACCAACCCAAACTACAAGGGTAACGACATCAAGTGTACTTC
TACTTCCAGAGACAAGATCACCACCTTGIAA

Ma mo dau (ATG) va ma két thac cta cac gen duoc bdi dam va gach dudi (ghi chu cta
tac gid).
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