PHAN I

CO SO DI TRUYEN



MO DAU

LUQC SU PHAT TRIEN CUA DI TRUYEN HOQC
VA KY THUAT DI TRUYEN

1.1- LINH VU'C NGHIEN CUU CUA DI TRUYEN VA CONG NGHE DI TRUYEN

Thuat ngit “di truyén” (geneties) xuit phat tir gbc latinh 1a gentikos
(ngudn gdc). Di truyén hoc 1a mot bd mon cua sinh hoc, chuyén di sau nghién
ctru hai dic tinh co ban cua sy song 1a tinh di truyén va tinh bién di.

Tinh di truyén biéu hién & sy gidng nhau cta céac tinh trang giira thé hé
nay va thé hé khac. Pac tinh di truyén cho phép thé gidi sinh vat bao toan nodi
gidng. Trai qua nhiéu thé hé ndi tiép nhau nhung nhiing dic tinh di truyén
khong bi mat di, thé hé con chau luén c6 nhitng dic diém giong bd me, 6ng
ba.

Céc sinh gidi song trong diéu kién moi trudng ludn cé nhimg bién dong
nhu su thay doi thoi tiét, nhiét d6 méi truong, luong nude, luong thirc dn va
su d4u tranh sinh ton gitta cac loai. Pé thich nghi véi diéu kién sdng, cac co
thé séng ciing c6 nhitng thay d6i, lam xuat hién nhitng tinh trang khac nhau
gitra cac thé hé, d6 1a sy bién di. Bién di biéu hién su sai khac cta thé hé con
chau so v6i thé hé bd me dé)ng thoi su sai khac cia mot ca thé nao do so véi
cac ca thé khac cung dan.

Di truyén hoc thuc sy tré thanh mdt bd mon khoa hoc doc lap ké tur
nhimg nam 1900 - 35 nim sau ngdy Mendel céng bd cong trinh “Céac thi
nghiém lai & thuc vat”. Tu do dén nay, cung véi su phat trién manh mé cua
cac nghanh khoa hoc khac nhu vat 1y, toan hoc, hoa hoc, di truyén hoc da va
dang kham pha rat nhiéu quy lut vé sy ton tai va luu truyén su séng va tré
thanh m§t miii nhon trong nghién ctru sinh hoc.

Nhitng thanh tuu ruc r& cua di truyén hoc da dem lai nhiing nhan thtrc
m&i vé cdu tao va sy van hanh bd may di truyén caa co thé song. Cung véi su
phat trién manh mé coa di truyén hoc, mot linh vuc nghién clru mdéi cua di
truyén hoc ra doi, d6 1a ky thuat di truyén hay con goi 1a cong nghé gen hoic
cong nghé di truyén (genetic engineering).



C6 thé nodi, k¥ thuat di truyén 1a mot tap hop cta nhiéu k¥ thuat nhu
hoa hoc, sinh hoc phan tir, vi sinh vat hoc,... ma trong do, vai tro hang dau
thudc vé cac tu duy va phuong phép cua di truyén.

Cong nghé di truyén st dung cac phuong phap sinh hoc phan tir dé tach
DNA tir mot co thé sdng va sau d6 ct, ndi cac gen trén DNA. Bing cach nhu
vy, ngudi ta c6 thé loai bo cac gen khong mong mudn va dua vao cac gen
moi dac hiéu theo chu v lua chon. Cac thao tac cat, ndi trén DNA dugc thuc
hién bén ngoai co thé séng trong cac éng nghiém (in vitro). Phan tir DNA moi
duoc tao dung sau cac thao tac cit, ndi cé mot sé dic diém khac véi phéan tir
DNA ban dau duoc tach ra tir té bao séng, dugc goi 1a DNA tai td hop va ky
thuat nay duoc goi 1a k¥ thuat tai t6 hop DNA. Su téi to hop DNA duoc déanh
gia 1 thanh cong chi sau khi dwa duoc phan tir DNA tai to hop vao trong té
bao séng va ching biéu hién cac hoat tinh di truyén va ¢ thé hé con chau s&
mang phan tir DNA tai to hop.

Co thé noi: K¥ thuat di truyén 1a su thao tdc bd may di truyén cua mot
co thé sdng bang cach thém vao hay loai b6t gen dic hiéu.

1.2- GIAI POAN DI TRUYEN SAU MENDEL

Phét minh cia Mendel d dit nén mong cho di truyén hoc. Tuy nhién, &
thoi diém ma Mendel cong bd cong trinh nghién ciru cia minh, mot phan do
chua hiéu rd duge co ché phan bao, cac nha khoa hoc chua thé hiéu va danh
gia diing mirc tim quan trong ctia phat minh nay.

Cubi thé ky XIX, 5 nim sau ngdy céng bd cong trinh ciia Mendel
(1870), cac giai doan ctiia qua trinh phan bao nguyén phan va sau do, phan bao
giam nhiém (1890) da duoc md ta mot cach chi tiét. Dudi kinh hién vi, cac
nha nghién ctru di quan sat thiy cac nhiém sac thé va sy phan chia cac nhiém
sac thé trong qua trinh phan bao.

Nam 1902-1903, W.S Sutton, Th. Bovery va mot sb6 nha khoa hoc khac
d3 tién hanh cac nghién ctru doc 1ap, ciing da phat hién c6 sy twong quan dong
di€u gitia su biéu hién cua nhiém sic thé trong phan bao vai su biéu hién cta
cac tinh trang theo Mendel. Thuat nglr “gen” do nha khoa hoc Pan Mach W.
Johansen néu ra nim 1909. Hoc thuyét di truyén nhiém sic thé ra doi: Cac
gen dugc chung minh 1a nam trén nhiém séc thé, chiém mot vi tri xac dinh,
xép theo dudng thang va chung chiu su phan li nhu nhiém sic thé.



Hoc thuyét di truyén nhiém sic thé di dua di truyén hoc 1én mot budc
phat trién moi. Sy phét trién cta di truyén nhiém sic thé gan lién voi nhom
nghién ctru do Morgan lanh dao v&i cac nha di truyén hoc ndi tiéng nhu C.
Bridges, A.H Sturtevant va G. Muller:

- Viéc phat hién ra sy khac nhau gitta cac ca thé duc va cai ¢ 1 cip nhiém
sdc thé goi 1a nhiém sac thé gidi tinh, 14 mot dit kién quan trong dé xay dung
nén hoc thuyét di truyén nhiém sic thé. Cac gen nam trén nhiém sac thé gidi
tinh s& c6 su di truyén khac hon so v6i cac gen nam trén nhiém sic thé
thuong. Quy luit di truyén cua cac gen lién két v6i nhiém sic thé gisi tinh da
duoc xac dinh.

- Hién tuong trao d6i chéo gitta cac doan nhiém sic thé twong dong trong
phan bao giam nhiém dan toi su sdp xép lai cac gen, tir 6 xuat hién cac giao
tor dang méi khong gidng ciia cha me, goi 1a dang tai to hop (recombinant).
Dua vao tan sd tai t6 hop 6n dinh gitta cac gen, ngudi ta xay dung cac ban dd
di truyén nhiém séc thé.

Hoc thuyét di truyén nhiém sic thé da cung cb thém cho hoc thuyét vé
gen ctia Mendel, nhung né cu thé hon, dong thoi, nd chi rd giéi han cia quy
luat phan li doc 1ap trong hoc thuyét cia Mendel.

Sau chién tranh thé gidi 1an tha hai, di truyén hoc phén tir da phat trién
rat manh mé. Nam 1944, O. Avery, Mc. Leod va Mc. Carty di ching minh
rang: DNA chinh 13 chat di truyén. Nam 1953, mé hinh céu tric DNA cua
Wattson-Crick ra doi, da tao mdt budc ngodt 16n cho sy phat trién cua di
truyén hoc va sinh hoc.

Nam 1961, M. Nirenberg va J. Matthei da xac dinh dugc bd ma di
truyén dau tién va sau do, toan bo cac bd ma di truyén cling da duogc tim ra.

1.3- SU'RA POI CUA CONG NGHE DI TRUYEN

K§ thuét di truyén ra doi vao nhitng nim dau cta thap nién 70 trong thé
ky 20. Phan tir DNA tai t6 hop dau tién dugc nhom cac nha nghién ctru My 1a
Berg, Boyer va Cohen tao ra nim 1972-1973 tir nguén vat liéu di truyén ban
dau 1a DNA cua virus SV40 giy ung thu & khi duogc cat, ghép voi DNA cua vi
khuan E. Coli. Phan tit DNA m&i dugc tao ra trong dng nghiém nay da khong
duoc dua vao vi khuan E. Coli nhu da dy dinh vi Iy do an toan cho nguodi va



dong vat, s¢ rang loai vi khuan md&i mang gen cua virus gay nén ung thu, néu
thoat ra ngoai s€ gay dich bénh ma con nguoi thi chua c6 cach di€u tri, tai hai
1a kho luong.

Nam 1973-1974, nhém cac nha khoa hoc ngudi My do Cohen ding dau
v6i Helinski, Boyer di sir dung plasmid 1am ngudn vat liéu cho cac nghién
ctru ciia ho. Plasmid 14 nhiing phan tor DNA mach vong, xoan kép, ngoai
nhan. Plasmid xuét hién kha pho bién ¢ vi khuin, ma hoa cic gen biéu hién
tinh khang thudc, khang khang sinh ¢ vi sinh vat - plasmid pSR100 duoc
phan 1ap va 1am sach. Plasmid ndy mang gen khang tetracycline dugc cat tai
mot vi tri bang enzyme cat han ché EcoRlI, vi tri cit nay khong nam trong
ving c6 chtra cac gen co ban va ndi mot doan DNA cua plasmid Rg_sd c6
chtra gen khéng kanamixin tao thanh mot phan tir lai goi 1a DNA tai t6 hop.
Nhu vay, phan tr DNA tai t6 hop c6 chtra hai gen biéu hién tinh khang
tetracycline va kanamixin. Phan tt DNA dugc tao dung trong 6ng nghiém
nay duoc dua tré lai vao té bao E. Coli. Két qua 1a vi khuan E. Coli mang
plasmid c6 chtra hai gen khang thudc da c6 kha niang khang cé tetracycline va
kanamixin, nghia 13, loai vi khuan nay c6 thé phat trién dugc trén méi trudng
chon loc ¢6 chira ca tetracycline va kanamixin. Mot thi nghiém kiém tra dugc
b6 tri dd khang dinh rang, loai vi khuin méi ndy mang phan tir DNA tai to
hop.

Sau thanh cong ruc r& clia nghién ctru trén, nhidu nha khoa hoc da tién
hanh céc thi nghiém lip ghép gen va di thu duoc nhiéu két qua tng dung
duoc trong thyc tién.

Ttr nhitng nam 1990, sy két hop giira sinh hoc, cong nghé di truyén va
tin hoc di cho phép rut ngin thoi gian nghién ctru va di thu duoc nhiéu két
qua hoan hao hon.

1.4- Y NGHIA KHOA HQC VA THU'C TIEN CUA CONG NGHE DI TRUYEN

Cong nghé di truyén hién dang déng vai trd co s& cho nhitng nghién
ctru va ing dung cua cong ngh¢ sinh hoc, 1a miii nhon ctia nghanh cong nghé
sinh hoc.

Vé y nghia khoa hgc, c6 thé n6i rang, sy ra doi ciia cong nghé di truyén
va nhirng thanh tyu dat dugc da tao nén mdt cudc cach mang v€ nhan thuc
cua con nguoi doi voi theé gidi sinh hoc. Ngay nay, con nguoi hiéu rd hon vé
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cac co ché di truyén va dang tirng budc di€u khién ching dé tao ra cac chung
loai sinh vat c6 lgi cho con nguoi.

Vé v nghii thyc tién, cong nghé di truyén dugc Gng dung trong nhiéu
linh vuc nghién ctru va san xuat lién quan dén nong nghiép, cong nghé thuc
pham, y dugc, bao vé moi truong, ... Kho co thé liét ké hét tit ca nhimng két
qua nghién ctru dua trén co s¢ cia cong nghé di truyén di duoc tng dung vi
tbc do phat trién nhanh chong cia linh vuc cong nghé nay, xin gidi thiéu mot
s6 vi du cu thé nhu sau:

1.4.1- Trong y dwgc

Van dung k¥ thuat di truyén, cac nha khoa hoc d3 c6 thé chan doan céc
bénh do rdi loan di truyén va tién téi diéu tri bang cach thay gen bénh bang
gen lanh hay dua gen lanh vao co thé dé bu dip cho gen bénh - day 1a mot
huéng tng dung kho thuc hién nhat.

Trong nhitng ndm qua, linh vyc tng dung cong nghé di truyén manh
nhat trong y té 1a nghanh san xuét thudc khang sinh, vac xin, khang thé don
dong va céac protein ¢ hoat tinh sinh hoc. Hién nay, cac nghién ciru nham tim
kiém cac chat khang sinh m&i ting manh do hién tuong vi sinh vat khang lai
tac dung ctia khang sinh ngay cang nhiéu hon.

Pham vi tng dung cua khang thé don dong trong nganh y té ngay cang
tang nhu phan tich mién dich, dinh vi cac khdi u, phat hién mot ) protein cO
lién quan dén su hinh thanh khdi u, x4c dinh sy c¢6 mit cta cac loai vi khuan
khéac nhau, ... giip cho céac bac si xac dinh bénh mot cach nhanh chéng va
chinh xac.

Khang thé don dong 14 tap hop cac phan tir khang thé dong nhat vé mat
cAu trac va tinh chat. Khang thé don dong duogc tao ra bang cach cho lai té
bao lympho trong hé mién dich ciia dong vat hodc clia ngudi véi té bao ung
thu. Mot sb thé lai c¢6 kha nang tao ra khang thé dic hiéu ddi véi khang
nguyén. Chon cac thé lai d6 nhan 1én va san xuét khang thé don dong. Céc té
bao lai c¢6 kha ning tang sinh vinh vién trong moi truong nudi cdy - tinh chat
nay nhan dugc tir té bao ung thu.

Nho cong nghé st dung DNA tai to hop ma ngudi ta co thé san xuat
mét sd protein co6 hoat tinh sinh hoc dung dé chira bénh nhu insulin chita bénh



tiéu duong, interferon chita bénh ung thu, cdc hormon ting trudng cho con
ngudi. Ban chét ciia cong nghé nay 1 1am thay d6i bo may di truyén cua té
bao béng cach dua gen ma hoa cho mot protein dac hi¢u va bt nod hoat dong
dé tao ra mot lugng 16m loai protein ma con nguoi can.

1.4.2- Trong nong nghiép

Van dé€ chon giong c6 vai tro rat quan trong trong san xuat nong
nghi¢p, nham nang cao san lugng va chong cac loai sau, bénh cling nhu cac
di€u kién tu nhién bat lgi doi véi cay trong va vat nudi.

K¥ thuat di truyén dugc st dung dé xac dinh vi tri ctia cic gen mi hoa
cho cac tinh trang mong mudn, gitp cho viéc lai tao, chon giéng cling nhu tao
ra cac sinh vat chuyén gen nhanh va hiéu qua cao. Hién nay, nhiéu dong vat
va thuc vat chuyén gen da ra doi, dap tng nhu ciu cho con ngudi.

Cay chuyén gen la cdy c6 mang nhiing gen dic hiéu ma trudc d6 né
khéng c6, do con ngudi da dwa vao né bang ki thuat di truyén. Cac gen dugc
chuyén thuong lién quan dén cac tinh trang nhu chiu han, chiu man, chéng
duoc sau bénh, ...

1.4.3- Trong cong nghé thwe pham

Cong nghé 1én men 1a mot linh vuc quan trong trong san xuét thuc
pham. Viéc tuyén chon céc ching vi sinh vat ¢6 kha ning 1én men tt, dem lai
hiéu qua cao 1 rt can thiét. Cac nghién ctru st dung cong nghé di truyén
phuc vu cho cong nghé 1én men chi yéu di vao hai huéng chinh la:

- Phan tich di truyén cac loai vi sinh vat sit dung trong qué trinh 1én men,
xac dinh cac gen ma héa cho cac tinh trang mong muodn nham tao ra nang suat
va chat lugng san pham lén men.

- Tao ra céc vi sinh vat chuyén gen phuc vu cho céc qui trinh 1én men.

Vi duy trong san xuat ruou, ngay nay ngudi ta da ding cac ching vi sinh
vat c6 kha nang tao rugu cao va cho huong vi tdt. Phan 16n cac chung do
dugc nghién ciru, tuyén chon, lai tao bang cong nghé di truyén.

B¢ san xuat rugu vang, trudc day, nguoi ta phai dung hai loai vi sinh
vat 1a S. Cerevisiae d¢€ tao ra ham lugng rugu trong dich 1€n men va sau do, su



dung Leuconostos trong 1én men phu & qué trinh tang trit, nham nang cao chat
lvong cta rugu. Ngdy nay, ngudi ta tién toi ding mot ching vi sinh vét
chuyén gen dé thuc hién ca hai qua trinh.

Cong nghé di truyén dong vai tro quan trong trong viéc tuyén chon va
tao ra cac vi sinh vat c6 hoat tinh enzyme cao, st dung trong cong nghé thuc
pham. P6i v6i cac san pham 1én men sira nhu phomat va sita chua, trude kia,
nguoi ta thudng st dung nhitng vi sinh vat ty nhién c6 mit trong sira dé 1én
men, do vy, nguodi ta kho long kiém soat qué trinh 1én men va hiéu qua
khong cao. Ngay nay, véi cong nghé di truyén, nguoi ta dd tao dugc cac
ching méi véi cac tinh chét xac dinh va da diéu khién duoc qua trinh 1én men
theo dinh huéng mong mudn.

Trong nhitng ndm gan ddy, bang cach st dung cong nghé di truyén,
nguoi ta da tuyén chon va tao ra nhimg chung vi sinh vat c¢6 kha nang tong
hop cac enzyme chiu nhiét, chiu axit, chiu kiém tot dé san xudt enzyme.
Enzyme A-amylase chiu nhi¢t da va dang duoc stir dung nhiéu dé san xuét nha,
duong glucose tur tinh bot.

O thoi gian dau, nhitg nghién ctru cua cong nghé di truyén cha yéu
huéng vao nhitng van dé sinh hoc co ban thuan tuy va cho dén nhitng nim
gan ddy, nhanh cong nghé nay da chuyén thanh mot nghanh coéng nghiép tri
gia nhiéu ty USD.

Bén canh nhiing img dung cuc ky to 16n, c6 lgi cho con nguoi, cling
can nhin nhan su quan tam, lo lang chinh ddng vé cac thuc phdm chuyén gen.

Tuy ngdy nay, cac nha khoa hoc dé c6 thé tong hop dugc cac gen nhan
tao hay ghép gen nay hay gen kia vao b may di truyén ctia mot sinh vat nao
d6, nhung chic chan, con rat nhiéu van dé vé nhitng bi an cia su séng, nhat 13
& cac sinh vat bac cao van chua dugc kham pha. Nguoi ta co thé chirng to su
vO hai cua cac loai thuc phém tur thuc vat, dong vat hay vi sinh vat chuyén
gen qua céc thi nghiém, nhung vé 1au dai, nguoi ta chua thé khang dinh duoc
su vo hai d6, vi vay, khong it ngudi di t6 ra lo lang khi sir dung ching thuong
xuyén vo1 mot s6 luong 16n.



CHUONG I
BAN CHAT CUA VAT CHAT DI TRUYEN

1.1- AXIT NUCLEIC - VAT CHAT DI TRUYEN CUA MOI SINH VAT
1.1.1- Thanh phin ciu tao héa hoc ciia axit nucleic

Axit nucleic dugc F. Miescher phat hién nam 1869. C6 hai loai axit
nucleic 1a axit deoxyribonucleic (DNA) va axit ribonucleic (RNA).

Axit deoxyribonucleic (DNA) 1a polyme c6 phan tor lugng 16m, c6 mat
trong tit ca té bao song. DNA tap trung chu yéu ¢ cac nhiém sic thé trong
nhan té bao, ngoai ra con ¢6 mot sb luong nhé nam & ty thé va luc lap - 1a cac
DNA ngoai nhan. S6 lugng DNA 1a khong thay doi trong nhan cua cac té bao
cung loai. Axit ribonucleic ¢6 mit ca trong nhan té bao va trong nguyén sinh
chat

1.1.1.1- Thanh phan nguyén t6

Trong cdu tao cua axit nucleic ¢6 5 nguyén t6 hoa hoc 1a carbon (C),
hydro (H), oxy (O), nito (N) va phospho (P). Trong d6, thanh phan nito
thudng chiém khoang tir 8-10% va phospho 1a 15-16%.

1.1.1.2- Thanh phan ciu tao héa hoc

Phan tir axit nucleic dugc cdu tao tir 3 thanh phﬁn chinh la cac bazo
nito, duodng pentose va axit phosphoric.

Khi thuy phan hoan toan axit nucleic bang enzyme hodc bang axit thi
thu duogc ba thanh phan chinh 1a bazo nito, dudng pentose va axit phosphoric.

Néu thuy phan ting budc biang cac enzyme thi dau tién, enzym
ribonuclease cit lién két phosphoester, giai phong cac nucleotide - 1a don vi
cAu tao co ban cua phan tir axit nucleic. Cac nucleotide s& tiép tuc bi thuy
phan dudi tic dung cia cac enzyme nucleotidase va nucleosidase dé giai
phong axit phosphoric, dudong pentose va bazo nito (Hinh 1-1).



Axit nucleic

(DNA va RNA)
- Deoxyribonulease
v 1 - Ribonuclease
Nucleotide

Nucleotidase

v v

Nucleoside
Axit phosphoric
&—— Nucleosidase
Duong pentose Bazo nito
- Deoxyribose - Purine
- Ribose - Pyrimidine

Hinh 1-1: So' d0 thuy phan tirng buéc ciia axit nucleic
1,- Cdc bazo nito:
C6 2 nhom bazo nito 1a purine va pyrimidine (Hinh 1-2):

- Bazo purine 1 hop chat nito di vong. Vong purine dugce nha hoa hoc Ptc
E. Fischer goi 1an dau tién, trong d6, bao gdm mdt vong pyrimidine va mot
vong imidazol ghép lai. Cac bazo ¢6 nhan purine 1a adenine (A) va guanine
(G). Mdi bazo déu co6 2 dang dong phan. Mot dan xuit quan trong cla bazo
adenine la hypoxanthine. Hypoxanthine dugc tao thanh khi nhom —NH; cta
adenine duoc thay bang nhom —OH. Hypoxanthine c6 y nghia quan trong
trong qua trinh trao doi chét cia té bao song.

- Bazo pyrimidine 1a mét vong 6 canh c6 chura hai nguyén tr nito. Céc
bazo c6 nhan pyrimidine 1a cytosine (C) va thymine (T).

Trong diéu kién sinh 1y, guanine va thymine thuong ton tai ¢ dang
ceton. B6i khi, bazo cytosine con gap dudi dang S5-methyl cytosine, con
adenine va cytosine thudng ton tai dudi dang amin.
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NH NH,

HNJ N\ N N\

L= LI

N N° NH N~ NH

IN Y 7\ Adenine (A)

gks ‘ 9 >8 (6-aminopurine)

N"? 'NH

Purine JO OH

HN N ~_N

N N N\

AT > = T LD

HN- N NH HN = N~ 'NH

Guanine (G)
(2-amino 6-oxypurine)

NH NH,
NJ )N/ |
0~ NH
N~ 5 Cytozine (C)
3 ‘ (2-oxy-4-aminopyrimidine)
zk 1 6
N
Pyrimidine )
O NH
Thymine (T)

(2,4 dioxy-5 methylpyrimidine)

0 OH
HNJ )N/ |
0~ NH
Uracil (U)
(2,4 dioxypyrimidine)

Hinh 1-2: Céng thirc cau tao ciia cic bazo nito
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2,- Buong pentose:

Trong DNA c6 chira gbc dudng deoxyribose, trong RNA chira gbc
duong ribose nam dudi dang vong, ¢ cong thirc cu tao l1a:

C.H,0: HOHC O~ OH HO-H,C O<_OH
Pentose H H H H
H H H
OH H OH OH
Deoxyribose Ribose

1.1.1.3- Nucleoside va nucleotide
1,- Nucleoside:

NH, 0
N7~ ‘ N\> HN) ‘
K Lién két N

N N9/ glycoside \OA Nl
HOH,C O HoH,C O
1 1
H H
n\ Vu H /H
OH R R = OH hoac H OH R

Hinh 1-3: Lién két glycoside giira bazo nito va dwong pentose

Khi mét bazo nito lién két v6i phan tir duong pentose bang lién két
B,N-glycoside s& tao thanh mot nucleoside. Lién két B,N-glycoside nay hinh
thanh giita nguyén tir carbon tht nhat (C,) ctua duong pentose v4i nguyén tir
tht 9 (Ng) cua bazo purine hodc véi nguyén tir ther nhat (N) cua bazo

pyrimidine.

- Nucleoside cua bazo pyrimidine véi duong ribose mang tén cua bazo va
c6 duoi 1a “-idine” (thymidine, uridine, cytidine).
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- Nucleoside cua bazo purin voi dudng ribose mang tén cua bazo va cod
dudi 1a “-osine” (adenosine, guanosine).

- Khi bazo nito lién két véi duong deoxyribose thi c6 thém tiép dau ngir
“deoxy-*“ (deoxyadenosine, deoxyguanosine, deoxycytisine). Riéng bazo
thymine chi c¢6 mit trong DNA nén gbc dudng trong nucleoside ludn 13
deoxyribose, trong trudng hop nay, nhiéu khi ngudi ta khong can goi thém
tiép dau ngir “deoxy-*, ma chi goi mot cach don gian 1a thymidine.

2,- Nucleotide:

=
z

OH OH OH OH
Adenosine 5’-monophosphat Uridine 5’-monophosphat
(Adenosine monophosphat) (Uridine monophosphat)

(AMP) (UMP)

Hinh 1-4: So' d0 AMP va UMP

Nucleotide 1a ester phosphat cua nucleoside. Axit phosphoric tao lién
két ester véi mot nguyén tir carbon nao d6 cua dudng (thuong 1a & Cs), tao
thanh nucleotide (Hinh 1-4).

Céac nucleotide 1a don vi cu tao cta axit nucleic, phan tr DNA duoc
cAu tao nén tir 4 loai nucleotide: dAMP, dGMP, dCMP va dTMP.

Nucleotide dong vai trd sinh hoc quan trong. Ngoai chirc ning ciu tao
nén vat chat di truyén, ching con c6 mit trong cac coenzyme, xuc tic nhiéu
phan ung héa hoc trong té bao nhu cic coenzyme NAD, FAD, FMN va
coenzyme A.
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Bing 1-1: Tén goi va chir viét tit ciia mot s6 nucleotide

Tén goi Ky hiéu
Adenozine 5’-monophosphat (axit adenylic) AMP
Guanosine 5’-monophosphat (axit guanylic) GMP
Cytidine 5’-monophosphat (axit cytidytic) CMP
Uridine 5’-monophosphat (axit thymidylic) UMP
Deoxyadenosine 5’-monophosphat (axit deoxyadenylic) dAMP
Deoxyguanosine 5’-monophosphat (axit deoxyadenylic) dGMP
Deoxycytidine 5’-monophosphat (axit deoxycytidylic) dCMP
Deoxythymidine 5’-monophosphat (axit deoxythymidylic) dTMP

1.1.2- CAu tric phan tit DNA
1.1.2.1- Déc diém céu tgo

Axit deoxyribonucleic (DNA) 1a phan tir mang thong tin di truyén cta
té bao sdng ma trong do, gen 1a don vi di truyén co ban.

DNA duogc xay dung tir 4 loai nucleotide: dAMP, dGMP, dCMP va
dTMP. Gbc dudng trong cic nucleotide nay 1a deoxyribose. DNA 1a mot
polynucleotide, cac nucleotide ndi voi nhau bang lién két 3',5' phosphodiester.
Hai lién két ester duoc hinh thanh giita gdc phosphat véi carbon thtr 3 cua
nucleotide nay va carbon thr 5 cta nucleotide nam ké n6 (Hinh 1-5).

Phan tir DNA bao gom hai soi polynucleotide nguge chiéu nhau, bazo
purine cua soi polynucleotide nay nam dbi dién véi bazo pyrimidine ctia soi
polynucleotide kia theo quy luat bd sung nghiém ngat: adenine dting ddi dién
v6i thymine (A-T) va guanine dimg ddi dién voi cytosine (G-C). Hai soi
polynucleotide duoc gitt vitng va 6n dinh nho cac lién két hydro giita cac
bazo nito cua hai mach (Hinh 1-5).
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Quy luat lién két bd sung giita hai loai bazo nito do E. Chargaft phat
hién. Khi nghién ctru thanh phan cac bazo nito trong phan tir axit nucleic, 6ng
thay rang: SO bazo adenine ludn bang thymine va sd bazo guanine luén bang
cytosine. Quy tic nay duoc goi la quy tic Chargaft:

A+G
A=Tva G=C hay —— =1
T+C

V& sau, cac nha nghién ctru thay rang: s6 luong cac cap bazo A-T va

G—C rat khac nhau & mdi loai nén quy tac nay dugc bo sung ndi dung sau:

Ty 18 (A+T)/(G+C) la tup theo loai

Mot dic diém rat quan trong cua cac bazo nito nhu da néu & phén trén
1a chung c6 cac dang dong phan. Néu xét vé goc do hoa hoc thuan tuy, dua
vao kha nang cho va nhan dién tir cua cac nguyén tir trong cac loai bazo nito
(Hinh 1-5), thi khi thay d6i dang dong phan, bazo adenine c6 thé tao lién két
hydro véi ca bazo thymine (A—T) va cytosine (A—C), tuong tu nhu vay, bazo
guanine ciing ¢ thé tao lién két v6i cytosine (G—C) va thymine (G-T).

Trong diéu kién sinh Iy cua té bao, nguoi ta théy, bazo adenine va
cytosine thuong nam dudi dang amino, nghia 13, nguyén tir nito gin voi vong
purine va pyrimidine ludn c6 hai nguyén tir nito (-NH,), rét it khi gip & dang
imin (—NH). Tuong tu nhu vady, & bazo guanine va thymine, nguyén tir oxy
gin & carbon thtr 6 ctia vong purine va pyrimidine ludn nim dudi dang ceton
(C=0) va rét it khi gip ¢ dang enol (C—OH) (Hinh 1-5). Nhu vy, vi tri cta
nguyén tr hydro ¢ cac nhom thé trén 1a hét stc quan trong. Néu nguyén tur
hydro khéng ¢ dinh vi tri thi s& dan dén su bat cap nham giita A—C va G-T,
lam thay d6i trinh tu sip xép va thanh phan cic bazo nito trén céc soi
polynucleotide. Néu truong hop nay xay ra thi bd may di truyén sé bi bién
dong, phan tir DNA cua thé hé nay s€ khac thé hé trude. Tuy nhién, té bao co
thé song ludn c6 cach kiém soat thich hop dé dam bao bo may di truyén 6n
dinh tir thé hé nay qua thé hé khac, vé van dé nay, chung ta s¢ xem xét & phén
sau.
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1.1.2.2- Céu trisc bic II - Mé hinh Watson va Crick

Nam 1953, Watson va Crick da kham pha ra mo hinh ciu trc phan tir
DNA - day 1a mot phat minh quan trong ctia thé ky XX, danh dau mot budc
ngodt cho sy phat trién cta di truyén hoc. Watson va Crick da dugc trao giai
thuong Nobel nam 1962.

Theo Watson va Crick, mé hinh ciu tao khong gian ctia DNA c6 nhiing
ddc diém chinh sau:

- Phan DNA gdm hai soi polynucleotide sip xép theo hai huéng nguoc
chiéu nhau (dbi song song): soi bén nay c6 dau 3'-OH thi soi bén kia s& 13
5'-P.

- Hai s¢1 cung xodn (xodn doi) xung quanh mot truc chung.

- Céc bazo nito ctia hai sgi nam quay vao trong. Bazo cua sgi nay dung dbi
dién vé6i bazo cua soi kia theo quy luat bo sung A d6i dién T va G ddi dién C.
A ndi v6i T bang hai lién két hydro, G ndi véi C bang 3 lién két hydro.

- Nhom phosphat va gbc dudng trong chudi polynucleotide xoay ra ngoai,
hinh thanh lién két véi nudc, ddm bao tinh 6n dinh cho phan tir.

- Mbi vong xodn b¢ tuong tmg voi 10 cip bazo, chiéu cao ciia mdi vong
xo4n 6c 1a 34A (1A = 10" m). Nhu vay, chiéu cao cia mdi nucleotide 1a
3,4A, duong kinh trong 1a 20A (Hinh 1-6).

1.1.2.3- Cdc dang céu tritc ciia DNA

Phan tir DNA & sinh vt eucaryote c¢6 dang thang, con phan 16n té bao
procaryote c6 dang vong. Tuy nhién, di vong hay thang, cac DNA déu co céu
tao cudn xoan.

+ Dang thang:

Phan tir gdm hai soi xoan kép, ddi song song, mdi soi déu c6 dau
3'-OH va 5'-Phosphat tu do.
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Hinh 1-6: Céu tao ciia 2 s¢i polynucleotide va sw bit cip bd sung ciia cac
bazo nito
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Ngay nay, nguoi ta da phat hién va mo ta duoc 6 loai cau triic xoan doi
cua DNA 1a A, B, C, D, E va Z. Su khéc nhau gifra céac loai dugc thé hién chu
yéu ¢ nhitng dic diém sau:

- Chiéu xo04n (xoan phai hodc xoan trai),

- S6 lugng d6i bazo trong mdi vong xoan,
- Khodang céch giita mdi d6i bazo,

- Khoang cach 16n nhat giita mbi soi.

Loai B 1a loai hay gip nhat trong diéu kién sinh 1y va 1a loai diing theo
mo hinh ctia Watson va Crick, ¢ chiéu xodn phai.

Loai Z dugc tim thiy trong nhiém sac thé cua rudi dam, co chi€u xoan
trai va 12 doi bazo trong moi vong xoan.

Loai A dugc tim thay trong moi truong chira nhiéu ion natri hay canxi,
c6 chiéu xoan phai va c6 11 doi bazo trong moi vong xoan.

Loai C, D va E khong c6 mit trong co thé séng.
+ Dang vong:

Phén tir hinh tron, xodn. C6 thé gip dang xoan don vong nhu DNA va
mot s virus hay dang xodn d6i cia DNA vi khuén.

1.1.3- Tinh chat cia DNA

Dung dich DNA c¢6 tinh keo do phan tir 16n va ¢6 tinh axit do cé chura
gdc axit phosphoric.

Duéi tdc dung cua cac tdc nhan nhu nhiét hay céc chit hoa hoc
(formamide, uré), hai soi don ctia phan tir DNA bj tach roi do cac lién két
hydro gitta cac bazo bo sung bi pha v& - hién tugng nay goi 1a su bién tinh
ctia DNA. Gi4 trj trung binh ctia khoang nhiét do trong qua trinh bién tinh goi
la nhiét d6 nong chdy cia DNA (Tm - melting Temperature). Sau khi hai
mach don cua phan tir DNA tach roi ra, néu ta giam nhiét do tir tr, cong voi
diéu kién thich hop thi hai mach sé bat cap trd lai - hi¢n tuong nay goi 1a su
hoi tinh. Néu ta giam nhi¢t do mdt cach dot ngdt thi su bat cap tr¢ lai s€
khong dién ra.
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Cac nucleotide trong DNA hip thu tia cyc tim v6i do dai budc song toi
da la 260nm. Do vay, kha nang hép thu tia cuc tim cua hai so1 don s€ 16n hon
mot soi1 kép.

DNA bi thuy phan dudi tdc dung cia cac enzyme nuclease.
1.1.4- Céc thi nghiém chirng minh DNA 12 vit chat di truyén
1.1.4.1- Cdc chirng minh gidn tiép

Trudc day, ngudi ta cho rang, protein 1a vat chét di truyén, quan niém
nay van con ton tai cho dén nhitng niam dau cua thé ky XX. Sau khi phat hién
ra axit nucleic (1869) va nha hoa hoc btc R. Feulgen tim ra phuong phap
nhudm mau dic hiéu voi axit nucleic (1914), thi rat nhidu két qua nghién ctru
vé axit nucleic da lam sang to rang, DNA mdi 1 vat chat di truyén chir khong
phai la protein.

Nhiing phat hién sau day gian tiép cho thdy DNA 1a vat chat di truyén:

- DNA c6 mat trong tat ca cac t€ bao song, tir vi sinh vét, thuc vat cho dén
cac dong vat bac cao.

- DNA 1a thanh phan chi yéu ciia cac nhiém sic thé trong nhan té bao.

- Ham luong DNA trong tat ca cac té bao dinh dudng (té bao soma) cia
mot loai sinh vét bat ky nao déu gidng nhau, khong phu thudc vao trang thai
hay chirc ning cua chung. Nguoc lai, ham lugng RNA va protein lai thay d6i
tuy theo trang thai sinh ly.

- Khi gay dot bién bang tia tir ngoai, nguoi ta thiy hiéu qua giy dot bién
cao nhét 13 & budc song 260nm, 1a budc song ma DNA hap thy cao nhat.

- S6 lugng DNA trong cac té bao sinh duc (trang, tinh trung, nodn, phan
hoa, ...) bang mét nira s6 lwong DNA trong té bao dinh dudng cta co thé.

1.1.4.2- Thi nghiém cua Griffith va Oswald Avery

Nam 1928, Griffith da phat hién ra hién tugng bién nap
(transformation) & vi khuan Streptococcus pneumoniae gy bénh sung phoi &
dong vat c¢6 va. Vi khuan nay co6 hai dang khac nhau:
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- Dang S (Smooth) c¢6 khuén lac lang trén méi trudng thach. Té bao cua vi
khuan dang nay c6 vo bao (capsule) nén hé thong mién dich cta co thé dong
vat khong thé tan cong tiéu diét dugc, vi vy, khi xdm nhédp vao co thé, chung
gdy nén bénh sung phoi.

- Dang R (Rough) c6 khuan lac nhin, té bao cta ching khong c6 vo bao,
nén khi xam nhip vao co thé dong vat, ching s€ b1 hé théng mién dich cua
dong vat tiéu diét, khong gdy nén bénh.

Griffith da phat hi¢n ra réng, néu tiém djch vi khuén dang S da dun so61
dén chét vao chudt thi chudt khong bi bénh. Nhung khi tiém vao chudt hdn
hop bao gdm mot lugng nho vi khuan sdng dang R voi mot lugng 16m té bao
vi khuan dang S da dun chét, thi chudt phat bénh va chét. Léy mau cua chuot
chét vi bénh nay dwa vao méi truong nudi cdy, 6ng thdy su c6 mit cua vi
khuan dang S. Nhu vay, vi khuan dang S khong thé tu song tro lai sau khi bi
dun dén chét duoc, nhung cac té bao chét ndy da truyén tinh gay bénh cho té
bao sdng dang R. Hién tugng nay goi 1a bién nap.

Nam 1914, Oswald Avery, Colin Mc. Leod va Maclyn Mc. Carty da
xéc dinh tac nhan gy bién nap bang thi nghiém theo so ¢6 nhu Hinh 1-8.

® e g
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Té bao vi khuan DNA + mot s
dang S protein

Hinh 1-8: So dd thi nghiém ciia Oswald Avery, Colin Mc. Leod va
Maclyn Mc. Carty
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DNA ciia té bao vi khuan giy bénh dang S duoc tach va lam sach. Mic
du da tach va lam sach nhung san phém thu nhan duoc van con mot it protein.
Gia thiét, néu protein 1a tac nhan gay bién nap thi sau khi xt 1y loai bé protein
bang enzyme protease va phdi tron véi té bao sdng dang R, thi hién tuong
bién nap s& khong xay ra. Nguoc lai, néu tic nhan bién nap 1a DNA thi sau
khi loai bé6 DNA bing enzyme deoxyribonuclease va phdi tron véi té bao
song dang R thi ciing s& khong xuét hién hién tugng bién nap.

Két qua thi nghiém cho thay, hién twong bién nap chi tim thiy khi c6
mit DNA, con ¢ truong hop DNA bi enzyme phéa huy thi khong xuat hién
hién tugng bién nap. Piéu d6 khéng dinh r@ing, chinh DNA 1a tdc nhan gay
bién nap, truyén tinh gy bénh tir t& bao dang S sang té bao dang R cua vi
khuan.

1.1.4.3- Thi ngiém ciia A. Hershey va M. Chase

Niam 1952, bang thi nghiém vé su xdm nhép cua virus bacteriophage T,
(goi tat 1a phage) vao vi khuan E. Coli, Alfred Hershey va Martha Chase di
chting minh tryuc tiép rang, DNA chinh 1a vat chat di truyén.

N
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Pia goc
- Long duéi

2P /_sss
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Hinh 1-9: So' @6 vé sw xAm nhép ciia virus phage T,

Phage T, c6 cdu tao gdm 2 thanh phan chinh, vo protein bén ngoai va
DNA ¢ bén trong phan dau, ty 1¢ giita 2 thanh phan nay 1a tuong dwong. Khi
xam nhap vao vi khuan, ngudi ta xac dinh rang: dau tién, phan dudi cua phage
bam vao mang té bao cua vi khuén, sau d6, mot phén chit nao d6 dugc bom

-23 -



vao té bao vi khuan va sau mot thoi gian, rat nhi€u té bao virus méi dugc tao
thanh bén trong t€ bao cua vi khuan va chui ra ngoai.

Thi nghiém cta A. Hershey va M. Chase dugc tién hanh véi muc dich
xac dinh xem, chét nao cta phage dugc bom vao té bao vi khuan dé tao ra cac
thé hé phage moi.

Dua vao thanh phan cdu tao cia DNA va protein, ngudi ta thiy rang:
DNA chira nhiéu phospho nhung khong chira luu huynh, con protein thi chira
lwu huynh. Vi vay ho da sir dung 2 dong vi phong xa la S*° va P>* dé gan vao
protein va DNA cua phage T, nham dé dang theo ddi. Tién trinh thi nghiém
gdm cac budc sau:

- Tao ra mot thé hé phage T, cé protein chira S* va ¢c6 DNA chira P>
bang cach nudi vi khuan E. Coli trén mdi truong co S*° va P*%. Thé hé phage

T, méi tao thanh s& mang dong vi phong xa $¥ va P,
- Tach virus dd mang dong vi phong xa.

- Cho virus mang dong vi phong xa xam nhap vao té bao vi khuan E. Coli
khong mang dong vi phong xa. Budc nay thuc hién bang cach cho phage T,
tiép xuc véi té bao vi khuan trong khoang thoi gian dii dé virus bam vao mang
té bao ctia vi khuan va bom vat chit di truyén cua ching vao trong té bao, roi
dung dich duoc lic manh va li tam dé tach roi té bao vi khuén ra khéi phén
con lai ciia phage bén ngoai té bao.

- Phan tich thanh phan phéng xa ¢ phin nam ngoai t& bao vi khuan cia
phage va phan nam bén trong té bao vi khuan.

Két qua cho thdy: Phan nim ngoai té bao vi khuan cua phage c6 chira
nhiéu S’ (80%) nhung rt it P**. Piéu d6 cho thay rang, phan 16n protein cta
v6 phage ndm ngoai t& bao vi khuan. Nguoc lai, phan bén trong té bao vi
khuan c6 chira nhidu P> (70%), nhung it S35, chtng t6 rang, DNA dugc bom
vao té bao vi khuin dé sinh san ra mot thé hé phage mdi.

T cac két qua thi nghiém di dén két luan: Vat chét di truyén cua phage
T, 1a DNA.
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1.2- CAC RNA
1.2.1- Céu tao hoa hoc va dic diém chung cia RNA

Axit ribonucleic (RNA) ciing 1a mot axit nucleic. Hai ddc diém co ban
vé ciu tao, phan biét giita axit ribonucleic va axit deoxyribonucleic 1a ciu tir
dudng va bazo nito. Trong phan tr RNA cé chira dudong ribose, con trong
DNA c¢6 chirta dudng deoxyribose. Thanh phan cic bazo pyrimidine trong
RNA va DNA cling khic nhau. DNA chura cytosine va thymine, khong bao
gio co uracil, ngugc lai, RNA chtra cytosine va uracil, khong khi nao co
thymine. Ngoai ra, trong RNA c6 nhiéu bazo thir yéu (cic bazo nito it gip)
hon trong DNA.

Pon vi co ban xdy dung nén RNA cling 1a céc nucleotide. Céc
nucleotide lién két voi nhau ciing bang lién két 3'-5'-phosphodiester dé tao
thanh phan tir polynucleotide nhu DNA. Vé cau triic phan tir, RNA c6 cau
trac mach don cht khong phai 13 mach kép nhu DNA. Céu trac bac I cua
RNA xéc dinh trat tu sap xép cac gdc nucleotide trong chudi polynucleotide.

Hinh 1-10: Mo hinh biéu dién kha niing tao thanh cau tric xoin doi &
nhirng doan RNA c6 cic trinh tw bazo bo sung

Céu trac bac IT cia RNA ciing 12 xoan nhung khac voi DNA, phan tir
RNA 1a mot chudi polynucleotide lién tuc nén cdu tao xoan chi thuc hién
trong pham vi mot phan tir. Khi d6, chudi polynucleotide tao cu trac xodn
bang cach tao nén cac lién két hydro giita adenine va uracil (A-U) va giira
guanine va cytosine (G—C). Trong cdu trac bac II cuia RNA, chi c6 khoang
50% chudi polynucleotide ctia phan tir RNA dugc xodn, con cac phan khac thi
khong. Hon nira, cdu hinh cua cac doan xoin cling chua hoan thién nhu &
DNA. Do khong c6 su tuong tng hoan toan trong trat tu cia cic bazo bd sung
nén mot sé mat xich nucleotide riéng 1é c6 dang vom 1.
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RNA nam trong bao twong, trong ribosome va ca trong nhan té bao,
nhung tip trung chu yéu trong bao tuong.

1.2.2- Cac loai RNA
1.2.2.1- RNA théng tin (mRNA)

RNA thong tin (messenger RNA) duoc tong hop trong nhan té bao trén
khuén cia DNA nén ching chira mot lugng 16n thong tin can thiét cho su
téng hop cac protein dac hiéu khac nhau. B§ 16n cuia mRNA phu thude vao
d6 16n cua protein can tong hop, nhu vy, cac phan tir mRNA cta mot té bao
c¢6 kich thude rat khac nhau va trinh tu nucleotide cua cac RNA thong tin
cling rat khac nhau. Sau khi dugc téng hop & nhan té bao, mRNA sé& chuyén
tir nhan dén ribosome, mang nhiing thong tin can thiét cho qua trinh tong hop
protein.

So do6 cau tric chung ctia cac phan tt mRNA c6 thé chia lam ba doan:
0 dau 5’ c6 doan dan dau, tiép sau la doan ma hoa protein va doan theo sau,
doan dan dau va doan theo sau khong mang ma cho cac axit amin.

doan dan dau doan mad hod protein doan theo sau

Hinh 1-11: So @6 cdu triic chung ciia phan tir mRNA

1.2.2.2- RNA vin chuyén (tRNA)

tRNA (transfer RNA) lam nhiém vy van chuyén céc axit amin da duogc
hoat héa dén ribosome 12 noi tong hop nén phan tir protein. tRNA chiém
khoang tir 10% dén 20% tong luong RNA cua té bao, va ¢ trong lugng phan
tr khong 16n 1am, nd chi chira khoang tir 75 dén 90 nucleotide. Ngay nay,
nguoi ta da xac dinh dugc thanh phan va trat tu sap xép cta hon 100 tRNA.

MGdi axit amin trong 20 axit amin, c6 thé két hop véi mot hodc mot sd
dang tRNA. Piém khac trong cau tao ctia tRNA 13, ngoai bon bazo nito thong
thuong 1a A, G, C va U, né con chira mét lugng nho cac bazo bo sung phu
nhu 6-methylaminadenine, dimethylguanine, inosine, ...
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Hinh 1-12: M hinh cAu tao RNA vén chuyén alanine ciia nAm men
Co thé tom tit mot sd diém chinh vé ciu tao cla phan tu tRNA nhu:

- O dau 3’ cta phan tir ludn két thuc bang bd ba CCA, con ¢ ddu 5°-(nhém
monophosphat) thuong két thuc bang gbc axit guanilic (G). O mdi phan tir
thuong c6 boén doan cd chia cac lién két hydro gitta cac bazo bd sung va 4
vung 16i, ¢ 0, gitra cac nucleotide khong c6 lién két hydro vi cac bazo khong
6 cip bo sung.

- Pau 3’ két thuc bang 3 nucleotide CCA—OH. Phan tir aminoaxit ludn
ludn gin & dau 3’ & bazo A cudi.
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Ribose  \ / \ / Ribose
—cC C—N N—/
\ 7
H (0] Ribose N—H
/
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Inosine-Cytosine
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Y Y . .
Anticodon Codon \ Guanll}f\e-Uracﬂ
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Codon hoac Codon hoac
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Ribose \ / Ribose  \ / \ / Ribose
\ \
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Inosine-Uracil Inosine-Adenine
[ v J___ v N v \ v
Anticodon Codon Anticodon Codon

3; 5’ 3; 5’
UCU Anticodon UCuU
(RN (NI

5 AGA==3"  S0iMRNA  5'e=mAGA==3’

a>s asa

Codon Codon

Bazo U ciia anticodon cé thé lién két

vdi bazo A hodc G cua codon

3; 5’ 3; 5’ 3) 5’
CCI Anticodon CCI CCI

e ) [N e
== GGU==3" S0i mMRNA 5= GGCm==3’ 5= GGA==3"’

Db N N

Codon Codon Codon

Bazo I ctia anticodon co thé lién két
véi bazo U, C hodc A cua codon

Hinh 1-13: Sy hinh thanh lién két hydro giira nucleotide thir 3 trong
codon véi bazo ngoai lai va bazo khong nim theo quy luit
(A-U, G—C) trong anticodon ciia phan tir tRNA
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- Vung 16i ndm gan ké dau 3’ (Hinh 1-12) chira 7 bazo khong sip xép theo
quy ludt bd sung, nén giita cac bazo khong cé cac lién két hydro. Hién nay,
nguoi ta cho rang, RNA van chuyén gan voi bé mit cia ribosome nhd ving
16i nay.

- Ving 10i ké tiép (tinh tir dau 3°) v&i do 16n rat that thuong, goi 1a ving
16i phu (extra loop).

- Vung 10i tht ba (Hinh 1-12) chira 7 bazo khong c6 lién két hydro (khong
bd sung), trong d6 ¢ 3 bazo chi yéu ké nhau - anticodon 1a bo ba d6i mi, bo
ba ndy s& bo sung cho bd ba ma hoa (codon) trén RNA thong tin. Nho vy,
céc axit amin dugc dua dén dung vi tri trong qua trinh tong hop protein.
tRNA van chuyén alanine & ndm men & vi tri tha ba cia bd ddi ma
(anticodon) 13 bazo inosine (I) 1a din xuét cta purine, inosine c6 thé tao lién
két bd sung véi ca ba loai bazo 1a A, U va C (Hinh 1-13).

- Ving 16i tiép theo (thtr tu) chtra 8 dén 12 bazo khong bd sung, goi la
vung 16i D (D-loop).

1.2.2.3- RNA ribosome (rRNA)

Ribosome duoc ciu tao tir hai tiéu don vi, gém mét tiéu don vi 16n va
mét tiéu don vi nho. Mdi tiéu don vi duoc xay dyng tur ba thanh phén chinh la
protein, lipit va rRNA.

C6 ba loai phan tir rRNA thuong gip trong té bao vi khuan, d6 la:

- TRNA c6 do dai 1542 nucleotide (16S) trong tiéu don vi nhd cua
ribosome,

- rRNA ¢6 d6 dai 2904 nucleotide trong tiéu don vi 16n (23S),

- rRNA rat nho, c¢6 do dai 120 nucleotide (5S) cling nam trong tiéu don vi
16n.

- Trong té bao sinh vat eucaryote, tiéu don vi nho cua ribosome chira soi
rRNA 188, con tiéu don vi 16n chira hai soi rRNA 14 28S va 5.8S.

Trong ca ba loai rRNA déu cé s6 lugng cac bazo bo sung khong bang
nhau (G=C va A=U).
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1.2.2.4- Nhiém sdc thé

Nhiém sdc thé c6 thé quan sat ro dudi kinh hién vi & ky gitra cia phan
bao nguyén nhiém. Nhiém sac thé c6 cau triic phuc tap, dac biét 1a nhiém sac
thé cua cac vi sinh vat nhan chuan (eucaryote).

Trong mot nhidm sic thé c6 mot phan tir DNA soi kép cudn xoan, lién
két voi protein histon. Mdi nhiém sic thé c6 hinh dang dic trung riéng, hinh
dang d6 c6 thé quan sat rd trong thoi ky phan bao.

Té bao sinh vat don boi c6 mdt bo nhiém sic thé (n NST), vi du nhu &
vi khuan c6 mot nhidm sic thé. Sinh vat ludng bdi nhu con nguoi va dong
vat, t& bao c6 hai bo nhiém sic thé (2n NST). Sinh vat ludng boi thuong sinh
san hiru tinh nén trong co thé, ngoai té bao dinh dudng (té bao soma) con co
té bao gidi tinh. té bao dinh dudng ludn c6 2n nhidm sic thé, con té bao gidi
tinh chi c6 n nhiém sic thé. O cac té bao ludng bdi (2n NST), mdi nhiém sic
thé c6 mot cip gidng nhau, goi 1 nhidm sic thé twong dong.

SO luong nhiém sac thé trong tat ca cac té bao dinh dudng ctia mot co
thé song déu giong nhau, cho du chirc nang hoat dong cua cac co quan trong
co thé song khac nhau.

Sd luong nhiém sic thé 1a dic trung cho tung loai, vi du:
- Nguoi : 2n = 46 nhiém sac thé,
- Rudi ddm: 2n = 8 nhiém séc thé,
- Vit: 2n = 80 nhiém sic thé,
- Ngua: 2n = 64 nhiém sic thé.

SO luong nhiém sac thé khong mang y nghia cho su tién hoa. Nhiém
sac thé nhin rd nhat dudi kinh hién vi vao ky gitra ciia nguyén phan, khi cac
mach da xoan va co ngan mot cach cuc dai.

Moi nhiém sac thé c6 mdt di€m that eo goi 1a tam dong (centromere).
Tam dong chia nhi€m sac thé Iam hai phan véi chiéu dai khac nhau. Dya vao
vi tri tam dong c6 thé phan bi¢t ba ki€u hinh thai cia nhiém sac thé:

- Nhi€ém sac thé can tam: Tam dong nam & gitra nhiém sac thé.
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- Nhiém sac thé léch tam: Tam dong chia nhiém sic thé lam hai phan
khong déu nhau, mot bén dai va mot bén ngén.

- Nhiém sac thé mut tam: Tam dong ndm & gan cudi cua mdt dau, chia
nhiém sac thé lam hai phan rat khong déu nhau, mgt bén rat dai va mot bén rat
ngan.

Bing phuong phap nhuém mau va quan sat dudi kinh hién vi quang
hoc & giai doan khong phan bao, ngudi ta nhan thiy trén nhiém sic thé c6
vung nhudm mau ddm va c6 vung nhudém mau rat it. Viung bat mau dam goi la
chét di nhiém sic (heterochromatine) va vung it bat mau thudc nhudém goi 13
chét nguyén nhiém sic (euchromatine).

Ngay nay, bang nhiing thiét bj nghién ctru hién dai, nguoi ta d ching
minh rﬁng, O trang thai cudn x4n cao cla phan tir DNA va protein, nhiém sdc
thé s& bat mau tbt voi thude nhudm, con & trang thai gian x04n thi sy bat mau
kém hon. Nhu vay, chit di nhidm séc 1a trang thai cudn X04n, khong phién ma
dugc ciia DNA, con chit nguyén nhiém sac 1a trang thai DNA dang hoat dong
va gidn xodn.

1.3- MA DI TRUYEN
1.3.1- Khai niém vé mi di truyén

Chung ta biét rﬁng, trinh tu cac bazo nito trén DNA quyét dinh trinh tu
clia axit amin trén protein tuong ung. T4t ca c6 20 axit amin trong protein,
nhung chi c¢6 4 loai bazo nito trong DNA. Nhu vy, néu mdi bazo nito xac
dinh mot axit amin, thi chi ¢ 4 axit amin dugc xac dinh. Néu ¢ hai bazo nito
x4ac dinh mot axit amin, thi sb luong cac axit amin dugc xac dinh chi la
42=16, con thiéu 4 axit amin chua duogc xac dinh. Viy, tdi thiéu phai 3 bazo
nito xac dinh mot axit amin. Nhu thé, s6 t6 hop bo ba co thé co tir 4 bazo 13
4=64. Néu mi di truyén 13 nhitng bd ba thi xay ra truong hop nhiéu bo ba
xac dinh mot axit amin.

Ngay nay, bang két qua thuc nghiém, nguoi ta dd chimg minh rang, bo
ba ma di truyén la dang. Trong by ma di truyén, mot by ba nucleotide duoc
goi la codon.
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1.3.2- Pic tinh ciia ma di truyén
Ma di truyén c6 mot sb dic tinh sau:

1,- Ma di truyén khong c6 dau phay, nghia la thong tin di truyén dugc doc
theo tirng cum 3 nucleotide mot cach lién tuc, khong ngit quang.

2,- Thong tin dugc doc theo mot chiéu, bt dau tir mot diém xac dinh.

Bing 1-2: Bing ma di truyén

Vi tri thit hai
) U C A G
W -
e UUU 5, UCU. o UAU < | UGU ¢ U ™
45 U uucC UucCcC Ser UAC UGC C 'g
3 UUA 7, | UCA UAA* Siop | UGA* Stop | A .
s UUG UCG — UAG* Stop |UGG Tip |G o
S
§ CUU — CcCU — CAU i | CGU U =
S| |CuC | lcee g, cac cee |, |C -
CUA CCA CAA ), | CGA A
CUG — CcCG — CAG CGG G
AUU — ACU — AAU 5, [AGU g, U
A |AUC [lle [AcC |l AAC AGC C
AUA - ACA AAA  [AGAT A
AUG* Met | ACG — AAG — 7 | AGG G
GUU GCU — GAU 7 5, | GGU U
G | GUC | leee |, eac GGC | |C
GUA GCA GAA 7y, | GGA A
GUG GCG — GAG GGG G

3,- M4 di truyén mang tinh pho bién, nghia 14 tit ca moi sinh vat déu dung
chung mot loai thong tin.

Vi du: Mot gen léy tir t& bao dong vat ma hoéa cho mét loai protein nao
d6. Gen do du dugc dich ma trong té bao dong vat hay dich ma trong té bao
E. Coli, thi ciing chi tong hgp nén mot loai protein ma thoi.

4,- M3 di truyén mang tinh thoai hoa (degenerate), nghia 13, nhiéu bo ba
cung xac dinh mdt axit amin, trir hai ngoai 1¢ 12 bd ba AUG ma hoéa cho
methionine va UGG ma héa cho trytophan.
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Vi du: Valine c6 4 bd ba ma hoa cho n6 1a GUU, GUC, GUA va GUG.
Sy khac nhau chil yéu ctia cac bd ba nay 1a ¢ nucleotide thir ba. Tuy viy,
khong phai ltc nao cip nucleotide dau giéng nhau ciing mi héa cho mot axit
amin, vi du truong hop cua leucine ¢6 6 bd ba ma hoa, trong dé co6 hai bo ba
c6 hai nucleotide dau khac véi 4 bo ba kia, d6 1a UUA, UUG va CUU, CUC,
CUA, CUG.

5,- M4 di truyén c6 nhitng b ba khai dau va két thuc dic hiéu. AUG 1a tin
hiéu khoi dau, néu né khéng c6 & dau 5° ctia RNA thong tin thi qua trinh dich
mi khong bat dau duge. Cac bd ba két thuc 1a UAG, UAA va UGA.

1.4- VAT CHAT DI TRUYEN CUA MQT SO NHOM SINH VAT
1.4.1- Vit chat di truyén caa virus

Virus dugc phat hién vao cudi thé ky 19, c6 kich thuéce rat nho, séng ky
sinh trén cac loai sinh vat khac nhau, khong co ciu tao té bao hoan thién,
nghia 13 khong c6 mang té bao, khong co cac bao quan. Virus khong co thé tur
tong hop protein khi ching nim bén ngoai té bao chi, nén sau khi di hinh
thanh, chung khéng ting vé kich thudc. Ciu tao cta virus don gian gdm mot
bd may di truyén cta no, goi trong vo protein, bén ngoai cd thé cd mang bao.

Bo may di truyén cua virus chi c6 mot loai axit nucleic: DNA (mach
kép hodc mach don) hodc RNA. Céu tric ctia phan tir axit nucleic trong virus
c6 thé ¢ dang thang hodc dang vong. Bo gen nho nhat co 4 gen, 10n nhat c6
ching vai tram gen.

Virus chi c6 thé tu tai ban bd may di truyén cta minh va tong hop
protein bao goéi bd may di truyén trong té bao chi.

1.4.2- Vit chat di truyén ciia vi khuan

Vi khuén 12 loai vi sinh vat ¢6 ciu trac té bao nhung don gian, tic la
ching c6 mang té bao, nguyén sinh chéat va cac bao quan, tuy nhién, chiing
chura c6 mang nhan. B6 may di truyén ctia vi khuan nim trong nguyén sinh
chat 13 phan tr DNA mach kép vong tron, dugc goi 1a nhidm sic thé. Ngoai
nhiém sac thé, trong té bao vi khuan con co plasmid - 13 nhitng phan tir DNA
nhd, mach vong, X04n kép, chung c6 kha nang phan chia doc 1ap khong phu
thudc vao DNA nhiém sic thé.
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Vi khuan thudéc nhém té bao don bdi - co sd nhiém sic thé 1a n, cac té
bao ludng boi ludn co s6 lugng nhidm sic thé 1a 2n. Bo may di truyén cua vi
khuan E. Coli dugc nghién ctru ky nhat. E. Coli ¢6 mdt nhiém sic thé
(chromosome), bd gen c6 khoang 2.000 dén 4.000 gen trén phan tr DNA
vong tron, xoan kép bao gdm khoang 4,5 triéu nucleotide, ciu trac khong gian
nam dudi dang siéu xoan.

1.4.3- Vit chat di truyén ciia eucaryote
1.4.3.1- DNA trong nhdn

T€ bao cua cac sinh vat c6 nhan dién hinh (eucaryote) cau tao hoan
thién, bao gdm mang té bao, nguyén sinh chat, cac bao quan va nhan té bao.
Khac véi t€ bao vi khuan, nhan té bao c6 mang nhan bao boc.

Bo may di truyén cta té bao 13 nhitng phan tir DNA nam trong cdu tric
nhiém sic thé. Mdi nhiém sic thé chira mot phan tr DNA thang, mach xoan
kép. Cac nhiém sic thé phan bé trong nhan. S6 lwong va hinh dang ctia nhiém
sdc thé 1a dic trung cho mdi loai sinh vét.

Céc té bao dinh dudng cua nhom sinh vat eucaryote déu co sd luong
nhiém sac thé 1a 2n (té bao ludng boi). Té bao gidi tinh chi c6 mot bo nhiém
sdc thé n (t& bao don boi).

Histone H2A, H2B, H3 va H4

Y¢S

Doan lién két

Hinh 1-14: So @6 céu tao ciia nucleosome

Cac nhiém sic thé cta eucaryote c6 to chirc phtrc tap. Mdi nhiém sic
thé chira mot phan tir DNA dai mach xoan kép lién két véi protein histone va
cudn lai, tao thanh phirc hop nucleoprotein.
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Histone 1a nhiing protein c¢6 phan tir nho chira nhiéu axit amin mang
dién tich duwong nhu lysine, arginine nén d& lién két véi phan tir DNA mang
dién tich am.

Phan tr DNA trong nhiém sic thé dugc cudn xodn & nhiéu muc do
khac nhau. Nucleosome 13 don vi cu tric co ban, duge tao nén do mot doan
DNA khoang 200 cip nucleotide lién két v6i 5 loai protein histone 1a HI,
H2A, H2B, H3 va H4.

CAu tao cua mdi nucleosome gém mot doan DNA khoang 145 cédp
nucleotide quin quanh mét céi 16i gdm 8 protein histone 1a 2H2A, 2H2B, 2H3
va 2H4 va mot doan DNA lién két co do dai khoang 55 cdp nucleotide, doan
nay gan véi protein histone H1. P9 dai cia doan DNA lién két nay thay do6i
tuy theo chung loai sinh vat.

Cac nucleosome xép sat vao nhau, tao thanh so¢i chromatin. Soi
chromatin cuén xodn, uén khuc nhiéu lan, tao thanh ving xép cudn day dam
dac, goi la chit di nhiém sic. Chat di nhiém sac la trang thai cudn X04n cao
cua phuc hgp nucleoprotein ¢ thoi ky phan bao (Hinh 1-15).

Cac nhiém sic thé duoc nhan ddi 1én trude thoi ky phan bao va sau do,
chia déu vé cho céc té bao con trong thdi ky phan bao. Nhu vay, cic thong tin
di truyén dugc truyén tir thé hé nay sang thé hé khac.
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1.4.3.2- DNA ngoai nhdn

C6 mot sb bao quan trong té bao chat nhu ti thé va luc lap cua té bao
eucaryote cd chirta DNA. Ciac DNA ngoai nhan ndy cling mang gen ma hoda
cho protein va truyén tir thé hé nay sang thé hé khac, tuy nhién, sy phan ly cua
cac gen té bao chit khong tuan theo cac dinh luat cua Mendel vi co ché phan
chia té bao chat vé cac té bao con khong déu nhu cac nhiém sic thé trong
nhan. Lyc lap va ti thé 1a hai loai bao quan tham gia truc tiép vao qua trinh
chuyén hoa nang lugng cua té bao.

Dé phan biét v6i DNA nhiém sac thé, DNA cua luc lap duoc ky hiéu 1a
cpDNA (chloroplast DNA) va DNA cua ti thé duoc ky hiéu 1a mtDNA
(mitochondrial DNA).

Bo gen cua cpDNA ma hoa cho cac protein trong thanh phan cia luc
lap. cpDNA c¢6 ciu triic dang vong tron, soi xoan d6i co kich thude nho,
khoéang tir 120 dén 200kb (kilobazo) tuy theo chung loai thyc vat.

DNA cuia ti thé (mtDNA) ma héa cho nhiéu protein ciia mang bén trong
ti thé va mot sb protein tham gia vao chudi chuyén véan dién tr. mtDNA ciing
c¢6 cau trac dang vong tron nhung nhd hon cpDNA nhiéu lan.

Mic du bo may di truyén ngoai nhan 1a cac DNA cua ti thé va luc lap
c6 thé tu nhan d6i mot cach doc 1ap va c6 bo may tong hop protein riéng,
nhung hoat dong ctia ching c6 su phdi hop chit ché véi bdo may di truyén
trong nhan, hoat dong ctia cac gen ngoai nhan gop phan bo sung cho cac hoat
dong cua cac gen trong nhan.

Nhu vay, trong céac loai té bao eucaryote co chua luc lap thi ton tai ba
loai DNA 1a DNA nhiém sic thé, cpDNA va mtDNA, con céc té bao khong
c6 luc lap thi chi c6 hai loai 1a mtDNA va DNA nhiém sac thé.
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CHUONG II
HOAT PONG VA SU BIEU HIEN CUA GEN

2.1- GEN LA PON VI CHUC NANG CUA BQO MAY DI TRUYEN
2.1.1- Céc quan niém vé gen

Thuat ngt "gen" dugc Johansen néu ra vao nam 1909 dé€ chi nhén t6 di
truyén xac dinh mot tinh trang nao do6. Vi tri va cau truc cua gen da duoc
Morgan va cac nha khoa hoc xac dinh va ngay cang lam ro thém.

Giai doan trudc nam 1953, khi ciu tric cua phan tot DNA chua dugc
kham pha thi cdu tao cua gen ciing chua duogc xac dinh, tuy nhién cac nha
khoa hoc da khéng dinh rﬁng, gen la mot don vi di truyén, mdi mot gen xac
dinh mot tinh trang, c6 mot vi tri nhét dinh trén nhiém sic thé va gen co thé
phan chia nhé vé& mat tai to hop va dot bién.

Nam 1941, Beadle va Tatum da xac dinh r'fmg, gen kiém tra hoat tinh
clia enzyme va néu ra gia thuyét 1a: mdi gen kiém soat su tong hop mot
enzyme. Gia thuyét nay vé sau dugc md rong va cu thé hoa hon 13: mdi gen
kiém soat sy tong hop mot chudi polypeptide. Vi du, mot phan tir enzyme
duogc cau tao tir hai soi polypeptide thi s& do hai gen xac dinh.

Sau khi Watson va Crick xac dinh duogc ciu tric DNA thi ciu tao cta
gen cling ngay cang dugc lam rd hon.

Hién nay, cau tao va chirc nang cua mdt gen duogc xac dinh nhu sau:

- Gen 1a mdt doan DNA dam bdo cho vi¢c tao ra mot polypeptide hay mot
RNA. Mdi gen co cau tao gom ba ving (region) c6 chirc ning riéng biét la:
ving trude, ving sau va ving ma hoa. Ving trude 1am nhiém vu diéu hanh,
vung trude va vung sau khong ma héa cho cac axit amin. Trong ving ma héa
& té bao sinh vat eucaryote c6 nhitng doan mang ma cho cic axit amin goi 1a
exon xen k& voi nhimg doan khong mang ma goi 13 intron. Mdi gen chiém
mot vi tri (locus) nhét dinh trén nhiém sic thé va xac dinh mot tinh trang nhét
dinh. Gen c6 thé bi chia nhé boi cac don vi dot bién va tai to hop.
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2.1.2- Céu triic ciia gen

M&i mdt gen c6 cdu tao tong quat gdm ba vung chinh: ving diéu khién
(vang trudc), ving mang thong tin di truyén (ving mi hoa) va ving két thic
(vang sau). Vung diéu khién nam ¢ dau 3’ va ving két thuc nam & dau 5° cua
soi DNA 1am khuén (coding strand hodc sense) dé phién ma. Tuy nhién, khi
ghi so d0 cia mot gen bat ky nao d6 vao ngin hang gen, nguoi ta déu 1y soi
DNA khong 1am khuoén (antisense) vi trinh tu siap xép cac bazo trong soi
antisense giébng nhu trinh tu sip xép cac bazo trong sgi RNA sau khi phién
ma. Do d6, ¢6 thé ndi ving diéu khién nam ¢ dau 5° va ving két thuc nam &
dau 3’ cua gen. Vung diéu khién va ving két thuc khong mang mi cho cac
axit amin trong qua trinh tong hop protein. Ngoai ra, trong mot gen con c6 thé
c6 mot s ciu tric dic thu khac, ¢ vi tri khong xac dinh nhu trinh ty ting
cudng (enhance), trinh ty bat hoat (silencer),...

So do cau tric chung ciia mot gen ¢é thé biéu dién nhu sau:

viing mang thong tin di truyén

LR P oV 3
— ~ /) -
viing diéu khién viing két thiic

R: Trinh tu diéu hoa
P: Promoter
O: Operator

Ving diéu khién khong dugce phién ma ma cé chirc ning gitip enzyme
RNA-polymerase thuc hién sy phién ma chinh xéc.

2.1.2.1- Céu trikc ciia promoter

Promoter 1a trinh ty nhan biét ciia enzyme RNA-polymerase va la noi
ma enzyme RNA-polymerase gan vao dé xac dinh vi tri bat dau phién ma. Do
vay nén promoter c6 nhitng cau truc dac hiéu gilip enzyme nhan biét chinh
xac.

Khao sat nhiéu promoter khac nhau ciia cdc gen, ngudi ta nhan thay
phan tAm cta promoter c6 nhitng trinh tu chung giéng nhau va goi 1a cac hop,

vi du & E. Coli ¢4 hop TATAAT. Hop nay thuong nam & vi tri khoang —10,
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tirc 14 ndm & khoang 10 nucleotide phia trudc vi tri khai dau phién ma hay
trinh tw TTGACA nam & vi tri =35, tic 1a khoang 35 nucleotide trudc vi tri
khoi dau phién ma. O vi khuan c6 mot loai promoter vi chi c6 mot loai RNA-

polymerase.
Vi tri khoi dau
-35 -10 phién md ciia RNA
TTGACA TATAAT
+

—CTG|TTGACA|ATTAATCATCGAACTAG|TATAAT|AGTACGCAAGT—
—GAC AACTGT TAATTAGTAGCTTGATC ATATTA TCATGCGTTCA—

Hinh 2-1: Viing tim promoter ciia operon Trp & vi khuin

O té bao eucaryote, vung diéu khién thudong 16n hon ¢ té bao
procaryote. Eucaryote c6 ba loai enzyme RNA-polymerase nén ching c6 ba
loai promoter, mdi loai tmg véi mot loai enzyme dé chiing dé dang nhan biét
va bam vao d6 dé thuc hién phién ma. Promoter nhom 1 1a vi tri bam cua
enzyme RNA-polymerase I, promoter nhém II va nhom III 1a vi tri bam cta
enzyme RNA-polymerase nhém 2 va nhom III. Mdi loai promoter cé nhiing
trinh ty chung giéng nhau, cac trinh ty ndy dinh vi & nhitng vi tri xac dinh, do
d6, cac enzyme dé dang nhan biét va thuc hién phién ma chinh x4c.

2.1.2.2- Céiu triic vitng mang théng tin di truyén

O té bao sinh vat procaryote, cac gen dugc to chirc theo dang operon,
nghia 13, mdi mot gen mang ma dé tong hop mot sé chudi polypeptide. Ving
mang mi dé tong hop mot polypeptide goi 13 mot cistron. Nhur vay, gen ¢ té
bao procaryote thudc loai polycistron. Cac cistron sip xép theo timg nhom,
chung mot ving diéu khién tao thanh mot operon. Cac protein duoc ma hoa
trong moQt operon thudong co6 lién quan chdt ché véi nhau trong mot qua trinh
chuyén hoa sinh héa nao d6 trong té bao. Kiéu to chitc bd may di truyén nhu
vy giup vi khuan thich nghi nhanh véi nhitng thay dbi cua diéu kién ngoai
canh mdi trudng. Toan bo ving mang thong tin di truyén dugc ma hoa cho
cac polypeptide.

Ving mang mi di truyén cua sinh vét eucaryote ¢ cdu tric phirc tap
hon. Phan 16n cac gen ¢ chira cac doan khong mang ma (intron) ndm xen k&
v6i cac doan mang ma (exon). Chi c6 mot sb it cac gen 13 khong co intron
nhu mot s6 gen mi hoa cho protein histon. O nhiéu gen, phan khong mang ma
(intron) c6 tong d6 dai 16n hon tong d6 dai cia cac doan mang ma, nhu gen
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ma héa cho albumin, conalbumin, ... Sb luong intron c6 mat trong cac gen
cling khong gidng nhau, vi du nhu ¢ gen mi héa cho a-globin chi ¢ hai
intron, trong khi do, & gen ma hoéa cho colagen lai co dén 52 intron. Cac doan
intron s& duoc cat bo trong qua trinh phién ma. Piém giao tiép giita intron va
exon c6 nhiing diu hiéu riéng bigt, d6 1a cac cap bazo GU va AG
(...GU.....AG..).

2.1.2.3- Céu tritc viing két thiic

Ving két thic nam & dau 5° cia sgi DNA 1am khuén (sense) - 1a dau 3'
clia gen (soi antisense), bao gdm nhiing trinh tu khong mi hoa cho céac axit
amin. Vung nay thuong c6 céc tin hi¢u dung phién ma, giip enzyme RNA-
polymerase durng phién ma ding vi tri. Ngoai ra, trong vung nay con c6 mdt
s6 trinh tu ¢ chirc ning chua 13 rang.

2.2- SU'SAO MA DNA (Replication)

Mot trong nhiing tinh chat cin ban cia DNA 1a kha ning tu sao chép
(replication) hay la ty nhan doi (self duplication). Nghia la tor mgt phan tu
DNA me sao chép tao ra hai phan tit DNA con giéng y nhu phan tot DNA me
ban dau.

Su tai ban DNA 13 mot trong nhitng tinh chat quan trong, nhd d6 ma
thong tin di truyén duoc truyén tir thé hé nay sang thé hé khéc.

2.2.1- Ly thuyét vé sao ma DNA theo khuon
2.2.1.1- Gid thuyét ciia Watson - Crick

Sau khi x4y dung mo hinh cdu tric ciia phan tir DNA, Watson va Crick
da théy réng, néu hai soi DNA tach roi ra thi mot soi s& lam khuon dé téng
hop mot sgi méi vi do cac bazo nito ludn c6 xu hudng bat cip véi nhau (A
v6i T va G véi C). Theo du doan ctia Watson va Crick, qua trinh tong hop
DNA c6 thé tom tit nhu sau:

- PAu tién lién két hydrd sé& bi dit ra dé tao hai mach don lam khuén.

- Cac bazo nito mdi s€ bat cdp bd sung voi cadc bazo nito trén s¢i lam
khuon theo qui tac A doi dién voi T va G doéi dién vai C.
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- K&t thic qua trinh sao ma, tor mot sgi DNA xoan kép me s€ tao hai soi
xoan kép con. Moi sg¢1 xoan kép con c6 mot sgi mai tong hop va mot soi s&
lam khuon.

Ngay sau khi mé hinh dugc néu ra, nhiéu thi nghiém chtng minh da
duoc tién hanh dé xac nhan dy doan.

2.2.1.2- Thi nghiém chirng minh ciia Meselson - Stahl (1958)

Thi nghiém nay nham muc dich chtirmg minh kiéu tong hop theo khudn
cua DNA nhu du doan cua Watson va Crick. Thi nghiém duoc thuc hién trén
E. Coli. Vi khuan dugc nudi cdy qua nhiéu thé hé trén moéi trudng cd chua

nito déng vi ning N'° va nito thuong N

Nguyén tac ctia thi nghiém 14 dya trén kha nang phan biét ti trong cta
hai déng vi NP vaN™ ¢6 mat trong cac loai DNA khi li tim trén thang nong

dd CsCl, . Qua trinh thi nghiém dugc tién hanh nhu sau:

- Thé hé dau (goi 1a thé hé 0): vi khuan duoc nudi trén moi truong chira N
nhu vay ¢ thé hé ndy, cac nguyén tir nito trong DNA cua vi khuan sé& 1a N,
Sau khi nudi tién hanh tich DNA va dem li tdm trén thang nong do CsCly,
nhan thay:

+ O thé hé 0: chi chira 1 giai don c6 ti trong cao. Nhu vay tat ca DNA cua
thé hé cha me déu chua 2 soi véi nito nang.

- Thé hé 1: Chuyén vi khuan & thé hé 0 sang nudi trén mdi truong chira
N'*. Thoi gian va diéu kién nuoi tuong ty nhu & thé hé 0. Sau khi tich DNA
va dem i tAm nhu & thé hé 0, thi thiy:

+ O thé hé 1 chi chira 1 giai don c6 ti trong trung binh. Nhu vay mdi phan
tr con & thé hé 1 ¢6 1 sgi chia nito nang cua bd me va 1 soi bd sung ma&i

téng hop c6 cAu tao tir nito nhe N14, goi la sg1 DNA lai.

- Thé hé 2: Tiép tuc chuyén vi khuan cua thé hé 1 sang thé hé 2 va cling
nudi trén moi truong chira N, Qua trinh thi nghiém tién hanh twong ty nhu &
cac thé hé trén. Sau khi li tAm, quan sat thiy c6 mot nira s6 luong phan tir
DNA 1a phan tir lai giéng thé hé 1 va mot nira s6 lugng con lai 1a phan tir
DNA véi ca hai soi déu mang N (Hinh 2-2).
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Thé hé 0: DNA ndng
) A ) N 15
nuoi trén moi truong N

Thé hé 1: DNA lai
A A A N 14
nuoi trén moi truong N

Thé hé 2: Nuoi
trén moi truong N M

Hinh 2-2: Mo hinh thi nghiém ctia Meselson-Stahl

Thi nghiém trén 1a mdt bang chimg ching minh gia thuyét cia Watson
va Crick 1a dung. Qua trinh tong hop DNA phai thyc hién theo khuon, hai
mach ban dau dugc tach ra, mdi cai lam khuon dé tong hop mach méi. Két
qua 13, moi phan tir con déu mang mot mach cti va mot mach moi. Kiéu sao
ma nhu vay goi 12 “sao ma ban bao ton” (semi-conservative).

2.2.1.3- Thi nghiém chvwng minh cua Arthur va Kornberg

Cling trong nam nay (1958), Arthur va Kornberg tai truong Pai hoc
Washington da tinh sach mdt loai enzyme tir £. Coli, goi 1a DNA-polymerase.
Enzyme ndy xic tac tong hop mot soi polynucleotide tir cac nucleotide-3-
phosphat.

Nguyén liéu ding cho thi nghiém gom:
- Bén loai nucleotide dang triphosphat: dATP, dTTP, dGTP, dCTP.

- Enzyme DNA-polymerase chiét tir vi khuan E. Coli.

- Ion Mg+2 la cofactor cua enzyme, tao diéu kién thuan loi cho hoat dong

cua enzyme.
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Tién trinh thi nghiém c6 thé mé ta nhu sau:

Thi nghiém tht nhit duoc tién hanh véi diy du cac nguyén liéu nhu da
gioi1 thi€u & trén, trong cac diéu kién thuén loi cho su téng hop soi DNA mdi,
nhung khong c6 soi lam khuon.

Thi nghiém thtr hai cling duoc tién hanh tuong ty nhu thi nghiém 1
nhung c6 mot soi DNA lam khudn. Sg¢i lam khudn dugc thu nhan béng cach
lam bién tinh va tach mach, sau d6 dua vao thi nghiém.

Ho thay rang, ¢ thi nghiém thir nhat, enzyme DNA-polymerase khong
thé téng hop soi DNA tir cdc nguyén liéu khi khong c6 mat cua soi khuon,
viéc téng hop soi DNA mdi chi xay ra & thi nghiém thtr hai, khi c6 mat DNA
khuon. Piéu d6 khang dinh rang gia thuyét cia Watson va Crick 1a dung.
DNA dugc tong hop chi khi c6 mét soi lam khuon.

2.2.2- Qua trinh sao ma
2.2.2.1- Cac enzyme va protein ddc hiéu tham gia sao ma

bay 1a mdt qua trinh phuc tap, dé€ thuc hién sao ma can thiét phai co
mat ciia cac enzyme, cac protein dac hi¢u va cac di€u ki¢n can thiét sau day:

1,- Lién két hydro giira 2 mach b6 sung ctia soi DNA me phai bi phd v& va
tach roi timg budc 1am 2 mach dé lam khuon.

2.- Phai ¢6 doan mdi (primer), ttc doan RNA mach don ngén bat cap voi
mach don DNA khuén tir vi tri bat dau ctia mdi doan sao chép.

3,- C6 du 4 loai nucleotide ¢ dang triphosphat (dATP, dTTP, dGTP,
dCTP) dé bt cap bd sung véi cac nucleotide mach khuon.

4,- Mach méi dugc tong hop theo huéng 5°—P — 3’—OH.

5,- Mbi bude duoc diéu khién bdi enzyme dic hiéu va duoc thyc hién mot
cach nhanh chéng, chinh x4c.

ke +2 1 ,
6,- C6 mét ciia ion Mg ~ lam cofactor clia enzyme.
7,- Trong qua trinh sao chép, ngoai cac enzyme dac hi¢u con cd cac

protein dic hi¢u.
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Cac enzyme va protein dac hiéu tham gia sao chép gom co:

- Enzyme topoisomerase, lam nhiém vu thdo xodan vé hai phia trén sgi
DNA kép.

- Enzyme helicase, sit dung ning lugng ATP dé lam dut lién két hydrd
gitra cac bazo nito cia hai mach khuon.

- DNA-polymerase I, -II, -III 1am nhi¢m vu téng hop sg1 mai va sua sai.
- RNA-polymerase, lam nhiém vu téng hop doan mdi.
- Enzyme primase, 1am nhiém vu gin moi.

- Enzyme ligase, 1am nhiém vu ndi hai nucleotide dimg canh nhau bang
lién két phosphodiester dé tao mach polynucleotide.

- Enzyme ribonuclease (RNase) lam nhiém vu cat bé moi sau khi tong hop
xong mach méi.

Hinh 2-3: Sao chép theo quy luét bd sung
Céc protein tham gia sao ma gdm c6:
- Protein B, nhan biét diém khoi dau (origin) sao chép trén soi DNA kép.

- Protein SSB (Single Strand Buiding), lam nhiém vu giitr hai mach cua sgi
DNA khong cho chdp vao nhau, tao diéu kién thuan lgi cho qua trinh sao
chép.
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2.2.2.2- Qua trinh sao ma
1,- Nhan biét diém khdi sur va thao xodn DNA:

Qua trinh sao ma duoc nghién ctru khd k¥ ¢ té bao vi khuan E. Coli. Su
sao ma bat dau khi protein B dac hiéu nhan biét diém khoi sy sao ma
(replication origine) va gin vao trinh tu dic hiéu do. Tiép theo, enzyme
topoisomerase thuc hién thao X04n phan tir DNA tur diém khai su.

Enzyme helicase st dung ning luong ATP cit dit cac lién két hydro
gilta cac bazo bat cap cua hai mach phan tu, tach hai mach dé tao thanh chac
ba hinh chit Y, goi 1a chac ba sao ma (replication fork). Cé nhiéu loai enzyme
helicase: c6 loai gan trén mach, di chuyén va cit lién két hydro theo chiéu tir
dau 3' dén dau 5"; c6 loai gén 1én mach, di chuyén va cét lién két hydro theo
chiéu 5' — 3'. Sau khi tach roi, hai mach don s& duoc protein lam cing mach
SSB giir khong cho chap lai, 1am cho trang thai md xoan dugc bén vimg. Mbi
phan tir protein SSB bam vao 8 nucleotide trén mach don, mdi chac ba sao ma
c6 khoang 250 phan tir protein SSB hoat dong. Mach khuon dugc st dung
dén dau, cac phan tir protein SSB sé& dugc giai phong dén do.

2,- Tong hop moi:

Enzyme DNA-polymerase chi co6 kha ning tong hop sgi DNA moi
bﬁng cach ndi dai dau 3'-OH tu do cua mot doan modi da bat cip san trén
khuon theo chiéu 3'-OH dén dau 5'-P. Moi 13 mot doan RNA nhé chung 10
nucleotide, dugc tong hop tir khudn cta soi DNA. Phirc hop enzyme primase-
RNA-polymerase bam vao mach don cua chac sao ma téng hop doan RNA
moi tao dau 3'-OH tu do cua doan mdi. Enzyme DNA-polymerase III xtc tac
téng hop mach bo sung tur dau 3'-OH tu do cua mdi, kéo dai mach. Su téng
hop cac mach don DNA méi, vi vdy, chi di theo mot chiéu xac dinh tir dau 5'
dén dau 3' (5'>3").

3,-Sw téng hop mach DNA maoi xay ra mot cach lién tuc trén mach khuon co

chieu 3'— 5'va gian doan trén mach khuén co chiéu 5'— 3':

Trén mach khuén c6 chiéu 3'—5', mach méi duoc tong hop theo chiéu
5'—3' mot cach lién tuc, cing hudng thao xoan cta phan tir DNA. Poan mdi
s€ duoc téng hop tu diém khoi su sao ma. Khi xuit hién dau 3'-OH ty do cta
doan mdi thi enzyme DNA-polymerase III gin vao va tong hop ngay mach bo

_46 -



sung theo chiéu 5'—3' mot cach lién tuc cho dén diém két thiic sao ma. Mach
nay duoc tong hop nhanh hon nén ngudi ta thuong goi 14 mach nhanh
(leading strand). Nhu vdy, dé tong hop dugc soi DNA méi bd sung cho soi
1am khuon nay, enzyme DNA-polymerase chi can c6 mot doan méi (Hinh 2-
4).

T !
".. A
L P

il [— Chac ba sao ma

Huéng sao ma

Mach nhanh

>
»

Mach cham

Hinh 2-4: So @6 biéu dién cach sao chép gian doan va lién tuc trén 2 soi
DNA Kkhuén

Trén mach khuén c6 chiéu tir dau 5'—3', viéc téng hop mach md&i phuc
tap hon, do qui luat téng hop soi DNA méi bo sung ludén thuc hién theo chiéu
tir dau 5'—3'. Mach méi bo sung cho mach khuén nay dugc tong hop dudi
dang tirng doan ngén goi 14 okazaki. Mdi mot okazaki c6 mot doan mdi. O vi
khuan, d6 dai mot okazaki khoang 1.000 dén 2.000 nucleotide, con & té bao
eucaryote, sO luong nucleotide trong mot okazaki ngan hon so véi ¢ vi khuan.
Huéng di chuyén dé tong hop soi méi cia DNA-polymerase III nguoc véi
huéng thao xoan ctia phan tir DNA me.

Soi con thr hai nay dugc tong hop mot cach chdm hon nén thuong goi
12 mach cham hay mach sau (lagging strand). Cac doan RNA mdi sau d6 s& bi
enzyme ribonuclease phan huy. Cac 16 trong xuat hién sau khi cac doan moi
mat di s& duoc 1ap diy nho hoat dong ctia enzyme DNA-polymerase 1. Cudi
cung, enzyme DNA-lygase ndi cac lién két phosphodiester giita cac doan, tao
nén mach DNA con hoan chinh.

Ngoai chirc ning téng hop soi DNA méi theo chiéu tir ddu 5'—3',
enzyme DNA-polymerase III con c6 kha nang stra sai nhd hoat tinh
exonuclease. Trén duong di chuyén dé tong hop, néu né gip chd ma
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nucleotide mai bat cdp sai, n6 s& Iui lai cat bo nucleotide sai va lap nucleotide
ding vao.

Két qua, sau qua trinh sao ma, hai phan tir DNA con duoc hinh thanh
c6 céu tao gidng y nhu phan tir DNA me ban dau, dam bao théng tin di truyén
duoc truyén tir thé hé ndy qua thé hé khac mot cach chinh xac.

2.2.3- Sao mi DNA so¢i kép dang vong ciia té bao procaryote

2.2.3.1- Sao ma theo kiéu hinh miit

Sao ma thuc hién Sao md thuc hién
— —_—
theo 1 huéng theo cd 2 hudng

Hinh 2-5: So dd tong hop DNA dang vong & vi khuan

DNA cua té bao procaryote thuong c6 dang xoan kép hinh tron. Qua
trinh t6ng hop ciing dugc thyc hién tir mot diém khoi du (replication origine)
goi 1a diém xudt phat va trién khai ra ca hai phia chac ba sao ma va lan dan vé
hai phia, cudi cung tao ra hai phan tir DNA lai. C6 truong hop sy tong hop chi
xay ra vé mot phia cua diém khoi dau. Khi DNA dang vong tron dang sao
chép, quan sat thdy c6 dang hinh con mat (eye replication).

Mot don vi sao ma théng nhat (tir mot diém xuat phat) goi 1a replicon.

Bo gen cua cac sinh vat procaryote chi c6 mot replicon. Toc do tong
hop DNA cua E. Coli c6 thé dat 50.000 nucleotide/phit, chu ky sao ma kéo
dai khoang 20 phut (Hinh 2-5).
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2.2.3.2- Sao mi kiéu hinh tron xoay

3 Catlién két
—_—) Z A

Soi méi duogc tong
> hop tir dau 3'> 5’
mot cach lién tuc

~. Soi khuon cé chiéu
<) 5->3’ dugc tong hop
Ry mot cach gian doan

Okazaki trudc Poan moi

Okazaki sau

Hinh 2-6: Sao ma theo kiéu hinh tron xoay

Ngoai kiéu sao mi c6 dang hinh con mét nhu trén, & mot sd vi khuéan
va virus con co kiéu tong hop khac goi 12 sao ma hinh tron xoay. Qua trinh
tong hop bat dau bang sy cat lién két phosphodiester tai mot diém xac dinh
trén mot sgi DNA tron kép tao ra hai dau muat, mot dau két thic bang nhom
3'-OH va dau kia 1a dau 5'—phosphat. Sy tong hop mét mach méi mot cach
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lién tuc bang cach kéo dai mach tir ddu 3'-OH ddng thoi dich chuyén theo
dang xoay tron, dau 5'-P duoc xoay ra ngoai va mot mach méi khac duoc
tong hop gian doan theo okazaki, sau khi két thiic, hai phan tir DNA con dugc
hinh thanh (Hinh 2-6).

2.2.4- Sao mi ¢ té bao eucaryote

O té bao eucaryote c6 nhiéu nhiém sic thé, da dang, mdi nhidém séc thé
12 mot phan tir DNA nam lién két voi protein, nén qua trinh sao ma phirc tap.
Nhiéu diém sao ma xay ra dong thoi, hay néi cach khac 1a trong cung mot
thoi diém c6 nhiéu don vi sao mi (replicon). Vi du nhu & nAm men banh my
S. Cerevisiae ¢ 500 replicon.

Qua trinh téng hop DNA ¢ té bao eucaryote phirc tap hon va téc do
cham hon (3.000 nucleotide/phtt).

Pic diém quan trong trong qua trinh sao ma ¢ té bao eucaryote 1a c6
nhiéu don vi sao mi xay ra, ddng thoi, trén mot phan tir DNA va té bao c6 co
ché kiém so4t nghiém ngit qua trinh nay. Piém nao di sao qua mot 1an rdi thi
khong ldp lai trude khi toan bd phan tir DNA dugc tai tao hoan toan.

Sau khi sao mi, cac DNA con c6 cu tao gibng y nhu DNA me ban dau
dugc phan chia déu din vé mdi té bao con trong qué trinh phan bao.

2.2.5- Sira sai DNA trong té bao
2.2.4.1- Sira sai trong sao ma

Stra chita nhitng sai sot trén DNA nham khoi phuc lai cAu trac ban dau
1a mot dic tinh ctia moi té bao séng. Trong qua trinh sao mi, cac bazo nitto
cling c6 thé bat cip sai. Sy bét cap sai thuong xay ra 1a A bat cip sai v6i C
(A...C) va G bit cdp sai voi T (G...T). S& di c6 sy bét cip sai nhu vay 13 do
trang thai tdn tai cta cac bazo co nhirng thay ddi, dan dén su nhan biét sai.
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Nho co ché tong hop DNA ludn ludn khéi dong tir ddu 5°— 37, nén
viéc sao mi duoc kiém soat va stra chira mot cach chinh x4c. Cac enzyme
DNA-polymerase I va III vira lam chttc ndng polymer hoa vira c6 hoat tinh
exonuclease theo huéng 5°— 3> va 3> 5°. Néu trén dudng di chuyén bat gip
mot nucleotide 1ap sai, chiing s& Iui lai dé cit bo va lp nucleotide dung vao.

Khi hé thong kiém tra phat hién c6 sai sot, cac enzyme endonuclease s&
cit bo doan sai, sau d6, enzyme DNA-polymerase I s& tong hop lai cho ding
va enzyme DNA-ligase s& noi lai dé phuc hdi trang thai binh thudong. Khi tong
hop nhan tao phan tdt DNA (invitro) ngudi ta udc tinh sai sot la 107 , nghia
la, trong 10° nucleotide dugc tong hop thi ¢ 1 nucleotide sai. Vi du DNA
trong té bao E. Coli ¢6 3x10° nucleotide, nhu vay clt sau mdi lan sao ma thi

c¢6 30 nucleotide sai, hay cac nhiém sic thé & ngudi c6 3x10° nucleotide, nhu
vy clr sau mdi 1an sao ma thi c6 30.000 nucleotide sai. Néu véi tan xut sai
nay thi s6 luong dot bién s& rat 16n. Qua thuc té nghién ctru cho thiy tin xuét
d6t bién trong cac quan thé sinh vat 1a nho hon rat nhiéu.

Bang cach danh gia tin sb dot bién xuat hién trong cac quan thé, ngudi
ta wdc tinh sy sai sot trong sao ma nam trong khoang 107, Tuy nhién, trong
thuc té, ti 18 sai so6t con thép hon nhiéu, vao khoang 107" dén 10_“, diéu nay
ching té su tdn tai mot hé théng kiém tra va sira sai rat hiéu qua cua té bao.

2.2.4.2- Stwra sai sau khi sao ma

MOoi trudng sdng va co thé sdng c6 mdi quan hé mat thiét v6i nhau. Cac
bién dong cua moi truong séng ludn tac dong dén cac sinh vat. Nhiing thay
d6i cia mdi trudong bén ngoai co tac dong truc tiép dén bo may di truyén, lam
bién doi no.

1,- Cdc tac nhan c6 thé lam thwong ton DNA trong qud trinh ton tai:

- Céc tia vil tru va cac tia phong xa cd ning luong cao ¢6 thé 1am bién doi
céc bazo nito nhu gan thém cac nhom chire khac vao mach vong hay lam dut
vong, lam dat cac lién két hydro gitra hai mach hay 1am cit mach ctia DNA,...

- Céc tia cyc tim trong dnh sdng mat troi thuong gay nén sy dimer hoa cac
bazo thymine, hinh thanh lién két giita hai bazo thymine nam ké nhau, 1am
chung mat kha nang lién két v6i bazo adenine ctia mach b sung.
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- Tac dong cua cac thanh phan trong ndi bao.

Sy ton thuong phan tir DNA c6 thé gy ra do qué trinh trao d6i chat bat
binh thudng gy ra cac chat doc hai va cac gdc tu do bat lgi, hay do hoat dong
clia cac enzyme khong déng bo lam ton dong nhitng san pham trung gian bét
loi.

Ngoai ra, con c6 nhi€u tdc nhan héa hoc khic cua moi truong bén ngoai
cling gdy nén su bién doi co thé xay ra trén DNA.

2,- M4t s6 kha néng gay bién doi trén phdn tir DNA:

- Gay mach hay dut mach: Do sgi DNA rit manh, ban than nd lai xoan
cudn nhiéu 1an nén rat dé bi giy hay dit mach do tac dong bén ngoai hay khi
thao xodn.

- Mat cac bazo b6 sung, nghia la 1am cho bazo tuong tng khong co cip
(nhu mat bazo purine).

- Bién bazo nito nay thanh bazo khac, gdy nén su bat cap sai, nhu: Khi mét
nhém amin, cytosine s& bién nod thanh uracil hodc 5-metyl-cytosine-desamin
bi nhan nham 1a thymine.

- Céc bazo nito c6 thé ton tai dudi 2 dang ceton va enol nén dan dén bat
cap sai.

- Gén thém nhém —CHj3 , —C,Hs: Khi gin thém nhom ankyl s& lam thay d6i
tinh chat cuia cic bazo nito din dén bat cip sai.

3,- Co ché phong ngua va sua sai:

Dé bao vé va thich nghi v4i nhitng bién d6i, té bao co co ché phong
ngira va stra sai. Cac co ché phong ngira cua té bao nhu hé théng enzyme khu
doc, loai bo cac doc td, hé théng diéu hoa can bé'mg can thiét cho té bao, hé
théng enzyme tham gia stra sai. Vi du sau cho thdy hé thong stra sai va phong
ngtra cia té bao:

- Enzyme Superoxide Dismutase (SOD) lam nhiém vu giam ddc: Enzyme
SOD dugc phat hién nam 1968, c6 ma s6 EC.1.15.1.1 , ¢6 mat trong tat ca cac
té bao c6 chuyén hoéa oxy. Chung xuc tic phan (mg phan huy goc superoxyt

O, trong té bao theo so dd phan tng sau:
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20, + 2HY —p H,0, + O,

H,0, s& dugc enzyme catalase hodc peroxydase chuyén héa. Do do,
SOD cung voi catalase dugc xem la nhan tb quan trong co thé giai doc, bao
vEé va chéng 130 hoa cho té bao. Gdc O, duoc sinh ra lién tuc va cling bi phan
huy khong ngung bdi hoat dong cia SOD, do do, khi SOD c6 hoat do cang

cao thi ndng d6 O, cang thip.

- Hé thong stra sai trong té bao rat da dang va c6 hiéu qua véi sy tham gia
clia cac enzyme, nhu photolyase, DNA-metyl-transfersase, hé thong enzyme
mi hoéa trong hé théng gen SOS.

O vi khuan E.Coli, do tac dong cua tia tir ngoai lam xuét hién céc
thymine dimer (T=T) trén DNA. Khi ¢6 4nh sdng, enzyme photolyase s¢ duogc
hoat hoa va cét b lién két T=T, chuyén vé trang thai binh thuong va on dinh.

Hé thdng enzyme nuclease co thé cit bo chd sai hong bang nhiéu cach
va tong hop lai cho ding. Enzyme DNA-metyl-transferase c6 kha niang loai
b6 gbc metyl trong trudng hop cac bazo bi metyl hoa. Tom lai, té bao co co
ché kiém tra va sitra nhitng sai s6t néu c6. Ngoai ra, t& bao con co hé thdng
SOS (cap ctru): Hé thong nay hoat dong khi t& bao bi tac dong manh boi cac
tac nhan gdy dot bién, tao nhiéu sai hong trén DNA. Trong truong hop cép
bach c6 nhiéu sai hong can cap ctu, cac gen SOS dugec mé ra. Néu sira sai
khong kip, té bao phai chép nhan hodc bi d6t bién hodc chét.

Trong té bao con co hé thong didu hoa can bang axit-bazo, tao diéu
kién thuan loi cho hoat dong trao ddi chat lam giam kha nang tao cac chét doc
hai.

O sinh vét da bao, viée khir ddc va loai bé nhiéu hoa chét gay doc duoc
dam bao bdi gan va than.

2.3- SU PHIEN MA (Transcription)

Qua trinh tong hop phan tir RNA tir khuon DNA duogc goi 1a qua trinh
phién ma (transcription).

Nhitng thong tin di truyén co trong phan tir DNA dugc sir dung dé tong
hop protein. Tuy nhién, phan tir DNA khong phai 1a chat lam khuon dé tong
hop protein, bdi vi, cac phan tir DNA tip trung chu yéu trong nhiém sic thé,
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phan bé trong nhan té bao, con qua trinh tong hop protein lai dién ra trong té
bao chat. Nhu vay, phai c6 mot chit trung gian 1am nhiém vu chuyén thong
tin di truyén tir DNA trong nhan ra té bao chat va lam khuon cho qué trinh
téng hop protein.

Niam 1957, sau khi kham ph4 ra cdu trac phan tir DNA, Francis Crick
d3 néu ¥ tudng vé mot chét trung gian truyén thong tin di truyén cho qué trinh
tong hop protein, va du doan "ngudi phién dich" trung gian d6 1a RNA. Du
doan nay di duoc khang dinh bang cac nghién ctru ching minh RNA ¢6 cau
tao hoa hoc twong ty nhu DNA va duoc tong hop trén khuon ciia DNA.

Nam 1960, c6 3 nhém nghién ctru doc 1ap & My da chiét tach duoc
enzyme RNA-polymerase, enzyme ndy c6 kha ning tong hop phan tir RNA tir
khuon DNA.

Benjamin Hall va Sol Spiegelman (1961) da tdch va tinh sach RNA va
DNA tir thuc khuan thé T, . LAy DNA ctia T, lam bién tinh dé tach thanh 2
soi don. Khi cho céc soi don DNA bit cap voi sgi don RNA thi ching tao
thanh dang phan tir lai DNA/RNA. Tuy nhién, khi ho 1y DNA cua cac co thé
khac tron voi RNA ciia T, thi chung khong bét cip, nghia 1a khong tao phan
tir lai. Pidu d6 ching t6 rang, RNA cta T, di dugc tong hop trén khuon DNA
ctia n6 theo co ché bo sung nén chung co thé bat cap va tao thanh phan ti lai.

Nhitng bang ching khac nhu RNA tip trung chu yéu & té bao chat
nhung chiing ciing c6 mit trong nhan té bao. O nhimg loai té bao ma sy tong
hop protein xay ra manh mé& thi ham luong RNA tép trung nhiéu hon so vdi
nhiing té bao it tong hop protein.

Nhu vay, RNA chinh 1a chit trung gian truyén thong tin di truyén dé
tong hop protein. Mbi quan hé giira DNA, RNA va protein dugc thé hién nhu
sau:

Phién ma Dich ma
(\];NA » mRNA » protein

N (Transcription) (Translation)
Sao ma

Vé sau, ngudi ta con phat hién qua trinh phién mi nguoc, nghia 14,
phan tir DNA duoc tong hop trén khudn ctia phan tir RNA. Qua trinh phién
ma ngugc dugc enzyme phi€én ma nguogc (reverse transcriptase) xuc tac.
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Enzyme nay duoc phat hién lan dau tién khi nghién ctru su sao chép bo gen
clia virus gdy ung thu (retrovirus). Pau tién, enzyme phién ma nguogc sé tong
hop soi DNA don (cDNA) trén khudén ctia phan tor RNA, sau do, enzyme
DNA-polymerase s& tong hop mach bd sung dé tao thanh soi DNA kép
(cDNA kép). Qua trinh c6 thé biéu dién qua so d6 sau:

E phién ma DN- Dich
RNA ——— ¢DNA 4> cDNA 4> mRNA —» protein
nguoc polymerase ma
(soi (soi (soi
don) don) kép)

2.3.1- Pic diém chung ciia qua trinh phién ma
Sy phién ma duoc thuc hién theo mot sé nguyén tic chung sau:
- San pham phién ma la mot soi polyribonucleotide mach don (RNA).

- Pé thuc hién phién ma, phan tit DNA phai dan x0an cuc bd. Ddi véi mdi
gen, chi mgt trong hai sg1 DNA dugc chon lam khuon dé téng hop phan tu
RNA. Enzyme RNA-polymerase sé& quyét dinh viéc chon soi lam khuén va
xuc tac qua trinh tong hop phan tir RNA.

- Phan tir RNA méi duogc tong hop theo chiéu tir ddu 5S'—phosphat dén dau
3'-OH.

- Su phién mad dugc thuc hi¢n khi c6 mat cua cac enzyme va 4 loai
nucleotide 1a GTP, CTP, UTP va ATP.

- Phan tr RNA duogc tong hop theo co ché bd sung twong ty nhu su sao ma
& DNA nhung dbi dién véi A trén soi DNA s& 12 U trén RNA.

- Khéng ¢ co ché stra sai di kém voi qua trinh phién ma, do viy, nhimng
sai sot s& dan dén su sai khac trong biéu hién gen. Tuy nhién, sy sai khéc
trong qué trinh phién ma khong anh hudng gi dén viéc truyén dat thong tin di
truyén cho thé hé sau.
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2.3.2- Phién ma tong hop mRNA & procaryote
2.3.2.1- Enzyme RNA-polymerase o procaryote

O cac sinh vat procaryote chi c6 mot loai enzyme RNA-polymerase, né
chiu trach nhiém xtc tac qua trinh tong hop ca ba loai RNA 1a mRNA, tRNA
va rRNA. RNA-polymerase cta vi khuan E. Coli duoc nghién ctru k¥ nhat.

Enzyme ndy co cdu trac bac 4 rat phic tap, bao gdm hai hop phan
chinh 13 enzyme 15i va nhan t6 o. Nhan t6 o c6 thé tach ra khoi enzyme 15i,
c6 trong lwong phan tr 1a 70.000dalton (Idalton=1,66x10*¢=1/12 khéi
lugng nguyén tir carbon). Enzyme 16i duoc cau tao tir 5 chudi polypeptide:
hai chudi o, mot chudi B, mot chudi B' va mot chudi . Ngoai ra, & enzyme
16i con ¢6 nhan t6 phién ma 13 p va nus A. Cac nhén t6 phién ma nay dé dang
tach ra khoi enzyme 161, nén trong qua trinh tach va tinh sach enzyme thuong
khong tim thiy.

Bang 2-1: Cac tiéu don vi RNA-polymerase ciia E.Coli

Tiéu don vi | SO luong | Trong luong phan tir Chutrc nang
(dalton)

B' (beta) 1 160.000 - lién két véi DNA khuon

B (beta) 1 150.000 - kéo dai mach RNA

o (alpha) 2 42.000 - chua ro

® (omega) 1 11.000 - chua 10

G (sigma) 1 70.000 - nhan biét promoter

p (rho) 6 46.000 - két thuc phién ma

Nus A 1 70.000 - kéo dai va két thiic

Tw liéu dwa theo S.C. Rastogi

Giita cac soi polypeptide trong enzyme 15i khong co lién két dong hoa
tri bén vitng ma chi hinh thanh cac lién két thi cap. Trong luong phan tir cta
cac chudi polypeptide duoc biéu dién ¢ Bang 2-1.
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Chtrc niang ctia chudi B' 1a lién két v6i soi DNA khudn, con chudi B c6
tac dung xac tac hinh thanh lién két phosphodiester. Vai trd cua hai chudi a
hién chua biét r5.

Nhén t6 o dong vai trd quan trong trong viéc tong hop RNA, né giup
cho enzyme 15i c6 thé khoi dau qua trinh phién ma tai mot diém dic thu.

Nhiéu thi nghiém (in vitro) cho thay, khi thiéu nhan té o, enzyme 15i s&
khoi dau phién ma mot cach tuy tién, khong dung vi tri quy dinh. O E. Coli,
nguoi ta da tim thay 3 loai nhan t6 o, mdi loai ¢ trong lugng phan tir riéng.
RNA-polymerase phat hién ra promoter, sau d6 gan 1én phan tir DNA, mé
xo0dn cuc bo va thuc hién qua trinh téng hop phan tot RNA. Sy c6 mat cua

Mg+2 1a can thiét cho hoat dong xtic tic cia enzyme RNA-polymerase.

Hinh 2-7: Céu triic RNA-polymerase & procaryote
2.3.2.2- Phién ma téng hgp mRNA ¢ procaryote

Pic diém cia mRNA procaryote 1a mdi phan tir mang dir liéu thong tin
cho su téng hop nhiéu soi polypeptide ddng thoi (polycistronic mRNA).

Phién ma tong hop mRNA & procaryote dugc nghién ctru kha k§ & vi
khuan E. Coli. Qué trinh ndy c6 thé chia lam 3 giai doan: khoi dong, kéo dai
va két thic.

1,- Giai doan khoi dong:
Tiéu don vi o ciia enzyme RNA-polymerase nhan biét va gin enzyme

vao promoter dé khoi dong qua trinh phién ma. Promoter 13 doan phén tir
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DNA c¢6 ciu truc dic biét, giup enzyme RNA- polymerase nhan biét vi tri bat
dau cta su phién ma.

Enzyme RNA-polymerase gian vao trinh tu =35 ciia ptomoter, trugt doc
theo phan tr DNA dén trinh tu —10 thi mé xodn, 1am 10 soi 1am khuon, doan
mo xoan c6 do dai khoang 12+17 nucleotide, qua trinh phién ma bat dau tai vi

tri xac dinh.

=35 -10
TTGACA TATAAT

AAT|GTGTGGAAT

TGTGAGC=3 "~

ACACTCG=35 °
N s ve oa
TAC CACACCTTA” \ Piém khéi diu

phién ma

5—CCCCAGGC|TTGACA|CTTTATGCTTCCGGCTCG|TAT

3=-GGGGTCCG AACTGT GAAATACGAAGGCCGAGC ATA

Hinh 2-8: Khéi dau phién ma ¢ promoter UV5 operon lactose

Sau khi tong hop dugc doan RNA ngin khoang 8+10 nucleotide thi
nhan t6 o tach khoi enzyme 151 va soi khuén DNA, két thuc giai doan mé dau.
Sau d6, nhan td o co thé két hop v&i mét enzyme 161 khac dé khoi dau mot sy
phién ma méi.

2,- Giai doan kéo dai:

Sau khi nhan t6 o tach khoi phirc hop, mot nhan t6 kéo dai 1a protein
Nus A gin vao, enzyme DNA-polymerase tiép tuc chuyén dich doc theo gen,
lam gidn xoan sgi DNA va thuc hién qua trinh polymer hoa, kéo dai soi RNA
moi. Soi mRNA duoc téng hop theo nguyén tic bd sung: A dbi dién véi U, T
doi dién véi A, G d6i dién voi C va C dbi dién véi G, nhu sau:

Soi khuon DNA: - A—T—G— C —
Soi RNA maoi: -_—U—A—C —G—

Khi enzyme RNA-polymerase truot doc theo gen dén dau thi su thao
X04n va téng hop méi dugc thuc hién dén d6, con doan gen sau khi da thao

xoan, phan tt RNA-polymerase truot qua roi thi dugc xodn trd lai cau tric
ban dau (Hinh 2-9).
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RNA
N T

Gen khoi dau Piém két thic
W DNA X
[— |||||||||||||||||||||||||||||||ﬁ
c bam vao RNA- NusA roi khéi E

RNA-polymerase polymerase
@ @
Ec

» p roi khoi
o giup E RNA vi RNA-

nhqinkl;lig; polymerase
gen

v ‘ PPP
iﬁ”hlllllllllllllll [ m

O 1L

A
ddu dé bdt A
ddu phién p bam vao
ma RNA va
polymerase
Nucleotide [ | V‘J

triphosphat G tdach ra ngay NusA
\‘ ! sau khi phién |bam vao
md bat dau
PPP PPP
RNA duoc Nucleotide Soi RNA phién md dai thém ra
phién md triphosphat

@ RNA-polymerase B Nhdn 16 sigma (o)
V¥V  Nhdn t6'rho (p) ‘ Protein NusA
Hinh 2-9: So' d6 biéu dién qua trinh tong hop RNA
3,- Giai doan két thiic:

Trén soi DNA khudn c6 chia doan ma két thic, co chire nang lam
dirng qua trinh phién mi ¢ diém qui dinh. Tai diém két thic, enzyme RNA-
polymerase dimg qua trinh ndi cac nucleotide, giai phong phan tir RNA mai
tong hop ra khoi phirc hé enzyme va DNA khuon, dong thoi, enzyme ciing
tach khoi sgi DNA dé co thé dén v6i mot trinh tu khoi dong méi.
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C6 hai kiéu két thuc phién ma:
- Tht nhat: Enzyme RNA-polymerase tiép nhan tac nhan két thiic p.
- Thtr hai: Két thuc xdy ra khong cin sy c6 mit ciia tic nhan p.

Khi nghién ctru vé€ cach ket thuc phién ma theo ki€u tht hai ¢ vi khuan
va phage, nguodi ta nhan thay c6 hai di€ém dac trung vé cach sap x€p cac bazo
nito & doan cuoi trén s¢1 lam khuon nhu sau:

- C6 2 trinh ty d6i xtmg bd sung phia trude diém két thuc.
- Mot doan poly A nam ngay trudc diém két thiic (Hinh 2-10).

Nho céu trac dic biét nhu vay nén sau khi hai trinh tu débi xung bo sung
duoc hinh thanh trén soi RNA, chung co thé bat cap voi nhau, tao thanh cau
trac c¢6 dang "kep toc", ngin can RNA-polymerase phién mi tiép tuc, dong
thoi, c6 tac dung kéo soi RNA méi duoc tong hop ra khoi phirc hé enzyme va
soi khudn. Qua trinh tong hop sé& ding lai ¢ doan poly-U.

5-CCOAGCCCGCICTAATGAGCGGGCTITTTTTTTTGAACAAAA-3
Soi khuon DNA: 3-GGGTCGGGCGIGATTACTICGCCCGAAAAAAAAACTTGTTTT-5

RNA: 5-CCCAGCCCGCCUAAUGAGCGGGCUUUUUUUU-0H3’

A A U
U G
C A
C-G
G-C
Dang “ kep toc” : C-G
C-G
C-G
G-C
5-CCCA-UUUUUUUU-OH3’

Hinh 2-10: So @b biéu dién cach hinh thanh céu tric dang "kep toc"

Tai céc vi tri két thuc can sy c6 mat cua protein két thuc phién ma p,
cau tric ciia doan DNA khuon thudng thay thiéu doan poly-A trude diém két
thuc va khong phai lac nao ciing ¢6 céc trinh ty doi xtmg bd sung dé co thé
hinh thanh dang "kep téc" néu trén.
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Hién nay, chiing ta con chua biét 13, bang cach ndo ma nhén t6 p tac
dong 1én qua trinh két thuc phién ma. C6 thé nd di sur dung ning luong tir
phan to ATP dé thuc hién su tac dong nay.

Mot dic diém noi bat & té bao sinh vat procaryote 1a cac phan tot DNA
nam trong té bao chat, nén qué trinh phién ma va dich mi duoc tién hanh
d6ng thoi.

2.3.3- Phién mi tong hop mRNA & eucaryote

Su phién mi & eucaryote xdy ra phuc tap hon nhiéu so véi 6
procaryote. Pic diém cia mRNA eucaryote 1a mdi phan tir mang dit liéu
thong tin cho su tong hop mot polypeptide. Qua trinh phién ma dugc thuc
hién trong nhan té bao, con su dich ma xay ra & té bao chat, hai qua trinh nay
xay ra ¢ hai vi tri khac nhau.

2.3.3.1- Enzyme RNA-polymerase ¢ eucaryote

O té bao eucaryote ¢ 3 loai enzyme RNA-polymerase, mdi loai dam
nhan mot chirc nang riéng biét, RNA-polymerase I chiu trach nhiém tong hop
rRNA; RNA-polymerase II chiu trich nhiém tong hop mRNA va RNA-
polymerase III chiu trach nhiém tong hop cac loai RNA c6 kich thudc nho
nhu tRNA, RNA 58S ¢ ribosome va cac phan tirt RNA nho khéc.

Céu trac ciia cac RNA-polymerase ¢ sinh vét eucaryote rat phirc tap, c6
trong luong phan tir 16n va cling dugc hinh thanh tir nhiéu tiéu don vi nhu
enzyme RNA-polymerase ¢ sinh vét procaryote. SO luong tiéu don vi ciu tao
thuong ¢ khoang 10.

MGdi loai RNA-polymerase chiu trach nhiém chinh dé tong hop mot loai
RNA, do viy, cac RNA-polymerase khic nhau s& c6 kha ning nhdn biét
promoter ciia minh dé khoi dau phién ma ding vi tri. Nhiéu két qua nghién
cuu cho théy, ¢ eucaryote, trinh ty doan DNA promoter dai hon so vdi & té
bao procaryote, dac biét 1a do1 khi con cé su hién dién cua nhom trinh tu
khuyéch dai (enhancer), c¢6 tac dung lam ting biéu hién gen.

Ngoai 3 loai RNA-polymerase chu yéu ké trén, trong té bao sinh vat
eucaryote con c6 cic RNA-polymerase cia ty thé va cta lap thé. Cac enzyme
nay chiu trach nhiém phién ma cac gen nam trén DNA ty thé va lap thé.
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2.3.3.2- Qua trinh phién md ¢ eucaryote

DNA cua té bao eucaryote tap trung chil yéu trong cac nhiém sic thé
trong nhan, c6 phan tir lwong 16n va chtra nhiéu gen. Phan 16n cac gen, & phan
mang ma dé tong hop protein, ¢ su dan xen giita cac doan mang ma (exon)
va cac doan khong mang ma (intron). Do vay, qua trinh phi€én ma xay ra phuc
tap hon va thudng bao gém hai qua trinh chinh:

- Qua trinh phién ma tao nén phan tr mRNA dau tién, goi 1a phan tir tién
mRNA.

- Qua trinh bién d6i phan tir tién mRNA thanh phan t&t mRNA trudng
thanh.

Qua trinh phién ma tao nén phan tir tién mRNA ciing duoc thuc hién
theo cac giai doan twong ty nhu qua trimh phién ma & té bao procaryote: Tic
1a, enzyme RNA-polymerase ciing véi tac nhan khdi dong phién ma nhan biét
promoter va khoi dong phién ma & vi tri chinh x4ac, tiép theo d6 13 qua trinh
kéo dai mach mRNA va két thuc phién ma tai vi tri xac dinh. Enzyme RNA-
polymerase II s& chiu trach nhiém phién ma téng hop phan tir mRNA.

Phéan tir tién mRNA trai qua mot s6 bién d6i méi trd thanh phan tur
mRNA truong thanh. Qua trinh bién d6i bao gdm: gan mii, hinh thanh dudi

poly—A va loai bo céc intron, ndi cac exon.
1,- Gan mii (capping):

Phan t&r mRNA duoc tong hop theo hudng tir dau 5°—P dén dau 3°~OH.
Sau khi phan tr tién mRNA hinh thanh duoc mot doan thi & dau 5°—P duoc
gan thém mot nucleotide 1a 7-methylguanosine (Hinh 2-11). Vi chiéu nguoc
lai tao lién két phosphodiester giita hai cacbon thir 5 cuia hai nucleotide. Tao
mach lién két 5°—5° thudng dugc goi 1a “mii”. Sau khi duoc gan “mi” thi &
dau 5 ciia phan tr mRNA ciing s& ¢ nhém 3°—OH ty do ¢ gdc duong gidng
nhu ¢ dau 3°. Tuy vdy, nhd nhom metyl (~CHs) & vi tri nito thir 7 ctia bazo
guanosine c6 thé phan biét dugc dau 5. Nhu vy, sau khi gin “mi”, dau 5°
khéng con nhom phosphat tu do nita. “Mii” gitip cho ribosome nhén biét va
gan vao dau 5’ ciia mRNA, khai dau dich ma dang vi tri qui dinh, dong thoi,
“m0” bao vé mRNA khoi bi cac enzyme nuclease phan huy.
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Bazo

HO—P—0—CH, Bazo
Il (0]

3 2’
O —(CH; hoacH)

m'GpppNm(Nm)N AAAAAA ,AAA
5 i

Hinh 2-11: Céu tao "mii" chup é diu 5' ciia mRNA
2,- Hinh thanh duéi poly-A & dau 3°—OH:

Nguoi ta phat hién rang, trong phan 16n cac phan tr mRNA cua ndm
men va té bao eucaryote, O dau 3’ c6 chira mot trinh tu dai khoang 200
nucleotide v4i cac bazo adenine (A) goi 1a dudi poly-A. Pudi poly-A 1a diém
dic trung cua cac phan tr mRNA & eucaryote. O cac loai RNA khac nhu
rRNA, tRNA khong c6 dudi poly-A. Pudi poly-A dugc gin vao sau khi phan
tir tién mRNA d3 dugc tong hop xong. Enzyme chiu trach nhiém gin dudi
poly-A vao tién mRNA 1a poly-A-polymerase.

Qua trinh hinh thanh dudi poly-A duoc tién hanh theo mé ta & Hinh 2-
12. O dau 3'-OH cua phan tir tién mRNA c¢6 chira mot trinh ty nhan biét 13
AAUAAA. Mot enzyme endonuclease dic hiéu nhan biét va cét soi tién
mRNA & mot vi tri khoang tur 11 dén 30 nucleotide sau trinh ty nhan biét vé
phia dau 3'-OH, tiép sau d6, enzyme poly-A-polymerase s& xuc tac gin cc
nucleotide A vao dau 3'-OH tao thanh dudi poly-A. Do dai dudi poly-A cia
cac mRNA thay d6i tuy theo loai va giai doan phat trién cta té bao.

Khi mRNA di chuyén tir nhan ra té bao chét cling nhu trong qua trinh
ton tai, dudi poly-A bi thoai hoa ngin dan. Pudi poly-A cang dai, thoi gian
t6n tai cia mRNA trong té bao cang lau. Trong mot sd it truong hgp, mRNA
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khong c6 dudi poly-A nhu caic mRNA phién ma tir gen ma hoa histon khong
c6 duoi poly-A.

DNA
I A A T A A A I

I T T AT T T I

lPhién md
mRNA

I/5////////////////////////////////I A AU A A A I iz
; 3
Enzym endonuclease
nhdn biét trinh tu
AAUAAA va cat m-RNA
0 khoang 11 dén 30
nucleotide Cit

il A AU A A A7z * iz
5’ 3

Enzyme poly-A polymerase

gan duéi poly-A

i AAUA AAIIITTIA AAAAAAAA

5’ /v 3
Duoi poly-A
(khoang 200 nucleotide)

Hinh 2-12: So d0 vé sy hinh thanh dudi poly-A
3,- Cat bé intron va néi cdc exon (splicing):

Cac gen ¢ sinh vt eucaryote thuong rat dai. Phan 16n c6 chira cac doan
khong mang ma cho protein (intron) xen 1an v6i doan mang mi (exon). Nhiéu
gen c6 tong d6 dai cua cac intron 16n hon tong d6 dai cua cac exon. Vi du nhu
gen ma héa cho B-globulin ¢6 2 intron: Mot intron nho c6 do dai 116 cdp
bazo va moét intron 16n c¢6 do dai 1a 646 cap bazo, thém vao do, ¢ dau 5’ ¢o 52
cip bazo va & dau 3’ ¢6 110 cip bazo khong mang ma cho protein. Tong do
dai cua cac doan khong mang ma 16n hon tong do dai cua cac doan mang ma
(Hinh 2-13).

Tuong tu nhu vay, & gen ma hoéa cho ovalbumin cling c6 tong do dai
cua cac doan intron 1én hon tong do dai cua cac doan exon cdng lai.
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Intron Intron

gen —t——] |\—|\ | }
N <A \ s
RN \ -,
A \\\ \\ 7 s ’
MRNA ——a—ss — AAAA (150)
mii duni
0 0,4 0,8 1,2 1,6 2,0Kb

Hinh 2-13: So sanh d¢ dai cia mRNA cuaa B-globulin cia chudt véi do
dai cua gen ma hoa

Doi véi cac gen co chira intron thi sau khi hinh thanh ban phién mi dau
tién phai trai qua giai doan cit bo intron va ndi cac exon dé tao thanh phan tir
RNA truong thanh. Quéa trinh nay xdy ra theo hai budc chinh: Céc
endonuclease thuc hién vét cit ¢ ranh gidi gitra intron va exon, tiép theo do la
su ndi cac exon lai va loai bo intron.

Trong qua trinh loai bo intron va ndi cac exon c6 sy tham gia clia cac
phan tir ghép nbi (spliceosome) d6 1a phirc hop giita RNA ¢6 phén tir luong
nho gidu uracil 6 mat trong nhan té bao voi mot sé protein chuyén biét trong
nhan.

Sau khi céc intron duoc loai bo, cic exon duoc ndi lai, phan tt mRNA
trudng thanh lac ndy c6 mil chup & dau 5°, dudi poly-A & dau 3’ va cic trinh
tu mang ma cho protein. mRNA truéng thanh s& di qua 16 mang nhan vao té
bao chét két hop véi ribosome thuc hién qua trinh tong hop protein.

Tuy nhién, khong phai tit ca cic gen trong té bao sinh vat eucaryote
déu c6 chira intron. C6 mot sé gen khong co intron, vi du nhu phan 16n cac
gen ma hoa cho cac protein histon. Trong truong hop nay, qua trinh phién ma
tao mRNA s¢€ khong c6 giai doan splicing.

2.3.4- Phién ma tong hop tRNA

Trong bd gen cua té bao procaryote ciing nhu eucaryote c6 cac gen mi
hoa cho tRNA. O vi khuan, thong thuong mot gen c6 thé ma héa cho mot sd
tRNA khac nhau. Vi du & E. Coli, mot gen co thé ma hoa cho 7 loai tRNA
khac nhau. Tuy vay, d6i luc ngudi ta ciing tim thay c6 nhitng gen chi ma hoa
cho mot tRNA.
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Qua trinh phién mi tong hop tRNA & vi khuan do enzyme RNA-
polymerase xtc tac, con & ndm men va cac sinh vat da bao do enzyme RNA-
polymerase III xtic tac. Sy phién ma tong hop tRNA & sinh vat ndi chung
thuong dién ra theo 2 giai doan:

- Phién ma tong hop phan tir tién tRNA chung,
- Cit bo cac intron tao phan tir tRNA hoan thién.

Trong truong hop mot gen ma hoa cho nhiéu tRNA thi & ban phién ma
dau tién c6 doan dan dau & dau 5°, doan cudi & dau 3’ va cac doan dém nim
gitta cac tRNA can dugc loai bo dé tao cac phan tir tRNA hoan thién. Phan tu
tién tRNA s& dugc mot endonuclease 1a ribonuclease P (RNase P) cit tai cac
vi tri x4c dinh & dau 5°, tao dau 5’—phosphat va mot exonuclease khac la
ribonuclease D cit bo doan khong mang mi ¢ dau 3°, tao dau 3°~OH. Tuy
nhién, & dau 3’ cua tRNA ludn c6 bd ba CCA cudi cung, la noi axit amin gén
vao. Néu ribonuclease D cit sai vi tri & dau 3’ thi enzyme dac hi¢u CCA-
nucleotidyltranferase s& stra sai dé dau 3’ luén c6 bo ba CCA. Mdi loai tRNA
dac hi€éu cho mdt axit amin, do vay, co it nhét 13 20 loai tRNA.

O té bao eucaryote, s6 lugng gen mé hoa cho tRNA nhiéu hon & té bao
vi khuan. O té bao nAm men S. Cerevisiae, nguoi ta da xac dinh dugc 46 loai
tRNA khac nhau, nhung c6 dén khoang 360 gen ma hoa cho cac tRNA nay.
Nhu vy, tinh trung binh, mdi tRNA c6 khoang 8 gen ma hoa riéng biét. Tuy
nhién, con sb nay khong thé chia déu nhu vy ma thong thuong, nhimg loai
axit amin ndo c¢6 mit trong protein véi s6 luong 16n thi s6 lwong gen ma hoa
cho tRNA van chuyén axit amin d6 s& nhiéu hon. Cac gen ma héa cho mot
loai tRNA thuong phan bd trén cic nhiém sic thé khac nhau. Do d6, cac
promoter cta cac gen dong vai tro quan trong trong su kiém soat qué trinh
phién ma.

2.3.5- Phién mi tong hop rRNA

Cac phan tir rRNA ciing dugc tong hop tir cac gen ma hoa cho chiing
trén DNA. Trong té bao procaryote c6 3 loai rRNA tham gia vao qué trinh
tong hop protein 13 16S, 23S va 5S; con & té bao eucaryote, cac rRNA c6 mat
trong ribosome 1a 18S, 28S va 5,8S.
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Qua trinh phién ma tong hop rRNA ciing xdy ra theo hai buéc nhu &
tRNA. Phan tir tién rRNA duoc tong hop dau tién dya trén khuon DNA. O té
bao eucaryote, qua trinh dugc xtc tdc nhd enzyme RNA-polymerase 1. Phan
tir tién rRNA trai qua giai doan cit loai intron dé tao cac phan tor rRNA hoan
thién.

23S

<R,

vl H B

I
I

58
1 hoac 2 0 hoac 2

Rm - Vi tri ciit ciia enzyme RNase I1I trén sgi tien RNA

Hinh 2-14: Nhiéu rRNA cé mit trong ciing mét phén tir tien RNA
& E. Coli

O vi khuan E. Coli, mot gen thudng ma hoa cho mot sé phan tir rRNA.
Vi du 3 loai rRNA 1a 16S, 23S va 5S dugc ma hoa trong mot gen. Khi phién
ma s€ tao mdt phan tir tién rRNA chung cho ca 3 loai rRNA trén, sau do, cac
enzyme ribonuclease s& thyc hién qué trinh cit loai cac intron dé tao 3 phan tir
rRNA hoan thién. Cling c6 truong hop, trong mot operon ma hdéa cho rRNA
¢ ca phan ma hoa cho ca tRNA (Hinh 2-14).

2.4- DICH MA (Translation)
2.4.1- Pic diém chung ciia qua trinh dich ma

Dich m4 1a qua trinh tong hop chudi polypeptide dua trén cac thong tin
mi hoa trén mRNA vé trinh tu sip xép céc axit amin trén soi polypeptide do.
Qua trinh dich mi phtrc tap hon nhiéu so v&i qua trinh sao mé va phién ma.
Dich mi duoc thyc hién & ribosome véi su tham gia ctia ba loai RNA. Mdi
ribosome gém mét don vi 16n va mot don vi nho. O té bao vi khuan, tiéu don
vi 16n chira hai sgi rRNA 1a 23S va 58S, con & tiéu don vi nho chira mot soi
rRNA 16S. O té bao nAm men va sinh vét da bao, tiéu don vi 16n chia hai soi



rRNA 1a 28S va 5,8S , con tiéu don vi nhé chira mot sgi rRNA 1a 18S. Khi
khong tién hanh tong hop protein, mdi don vi ton tai tach roi trong té bao
chat. Trong thoi gian dich ma, hai tiéu don vi ribosome két hop véi mRNA va
tRNA thyc hién qua trinh téng hop protein. Huéng dich ma trén mRNA tir
dau 5 dén dau 3°. Qua trinh dich ma duogc tién hanh khi hoi tu du cac yéu td
nhu su c6 mat cuia mRNA, cic ribosome, tRNA, cac axit amin va cic enzyme
can thiét, dam bao qua trinh van chuyén va hinh thanh lién két peptit.

Dich mi dugc thuc hién & té bao chat. O sinh vat procaryote, hai qua
trinh dich ma va phién mi xay ra dong thoi. Sau khi soi mRNA duoc phién
ma dugc mdt doan thi qua trinh dich ma khéi dau. O sinh vat eucaryote, hai
qué trinh nay xay ra doc lap ¢ hai vi tri khac nhau.

2.4.2- Sw hoat héa va van chuyén axit amin

Céc phan tir tRNA 1am nhiém vu van chuyén cac axit amin cho qua
trinh tong hop protein. Mdi axit amin c6 it nhdt mot phan tir tRNA 1am nhiém
vu véan chuyén.

Céac axit amin (Aa) dugc hoat hdéa nho enzyme aminoacyl-tRNA
synthetase v6i ning luong tir phan tor ATP. Enzyme nay lam nhiém vu gin
axit amin vao dau 3' cua phan tir tRNA. B ba cudi ciing ¢ dau 3' caa phén tir
tRNA 12 —CCA. Nhom cacboxyl cua axit amin s& tao lién két dong hoa tri voi
gbc dudng ribose ¢ nucleotide cubi.

San pham trung gian: Aa~AMP sau khi xuét hién lap ttrc gan véi phan
tr enzyme cho dén khi gip tRNA twong tng thi axit amin s& dugc trao cho
tRNA hinh thanh t6 hop Aa~t-RNA, giai phong AMP.

Qua trinh chuyén hoéa c6 thé biéu dién nhu sau:

Aminoacyl-t R NA synthetase

| ~ ~

Aa +ATP o Aa ~AMP + (P)~(P)
Aminoacyl-tRNA synthetase

Aa ~AMP +tRNA R Aa ~tRNA + ATP
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Hinh 2-15: So d6 biéu dién qu4 trinh gin axit amin vao tRNA ciia
enzyme aminoacyl-tRNA synthetase
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Cac axit amin luon duoc gén vao tRNA cua n6 moét cach chinh xac,
diéu d6 cho thiy: trong phan tir enzyme phai c6 nhitng ving lam chtic ning
nhan biét cac co chit ctia n6 mot cach chinh xac. Trong mdi té bao phai ¢ it
nhat 20 loai enzyme aminoaxyl-tRNA synthetase twong Gmg véi 20 loai axit
amin.

Qua trinh gin axit amin vao tRNA cia enzyme aminoacyl-tRNA
synthetase dugc biéu dién ¢ Hinh 2-15.

2.4.3- Hueéng doc ma va huwong kéo dai s¢i polypeptide

Su kéo dai soi polypeptide c6 thé biéu dién nhu sau:

H [0) Iil O
/
H_llf"_l Aa, H Aa, H Aas |—C//’HEN+——C/

| L | L

tRNA(y) tRNA )
H
O
. 7
H_N_| Aa, H Aa, H Aasy H Aay |—C + tRNA(a)

L

H Q)

tRNA(p)

Trong qué trinh dich ma, ribosome s& di chuyén doc theo sgi mRNA tir
dau 5' dén dau 3'. Cac bd ba ma hoa cho axit amin dugc doc mot cach lién tuc
tir bo ba khoi ddu AUG ndm & dau 5' ctia phan tr mRNA cho dén khi gip cac
b6 ba két thiic & dau 3'-OH.

Soi polypeptide duoc téng hop bat dau tir dau chira nhém —NH, dén
dau chira nhém ~COOH.

2.4.4- Cac giai doan cua qua trinh dich ma
Qua trinh dich ma gdm 3 giai doan: Khoi dau, kéo dai va két thic.
1,- Giai doan khdi dau:
Pau tién, mot methionyl-tRNA synthetase (1a mdt aminoacyl-tRNA

synthetase) gan phan tor methionyl vao dau 3' cia {RNA™ tao phan to Met-
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tRNA™, Trong té bao ton tai hai loai tRNA™": Loai thtr nhit chju trach
nhiém mang phén tir methionyl dén vi tri khdi dau dich ma, loai tht hai mang
methionyl dén céc vi tri ¢6 chtra bo ba AUG nim ¢ gitta phan tir mRNA.

Véi sy tro gitp cta cac phan tir khai dong IF (initiaion factor), tiéu don
vi nhé cua ribosome s& dén gén vao mot vi tri chuyén biét cia mRNA, vi tri
nay nam ¢ dau 5', khong xa trudc bd ba khoi dau AUG, dong thoi, phan tir
Met-tRNA™" ciing dinh vi vao vi tri ¢6 chtra bd ba khéi ddu, tao nén phic
hop gitra tiéu don vi nho cia ribosome-mRNA-Met-tRNA™". Ngay sau khi
phitrc hop nay hinh thanh, tiéu don vi 16n cta ribosome s& két hop vao tiéu
don vi nho, tao nén hé théng dich ma: ribosome-mRNA-Met-tRNA™" (Hinh
2-16).

Céc nhan t6 khoi dong sau do tach ra khoi hé dé tiép tuc khoi dong cho
mot qua trinh dich ma khac. Hién nay, nguoi ta da biét duoc 3 loai nhan té
khoi dong & procaryote va 6 loai & eucaryote. Nang luong str dung dé khoi
dong dich ma dugc lay tir cic phéan tir cao nang nhu GTP. Phan tir mRNA gén
vao tiéu don vi nho cia ribosome khi trong mdi truong phai ¢ néng do Mg+2
nhat dinh.

2,- Giai doan kéo dai:

Trén ribosome c6 hai vi tri chuyén biét cho tRNA mang axit amin dén,
do 1a vi tri P (peptidyl) va A (aminoacyl). Phan tor tRNA mang methionine
(Met-tRNA™" ) dAu tién dén s& bam vao vi tri P - déi dién vé6i bd ba AUG,
tiép sau d6, mot tRNA thir hai mang mot axit amin c6 by ba ma hoa tiép theo
xép vao vi tri A.

Budc tiép theo 1a hinh thanh lién két peptit giita nhém cacboxyl cua
axit amin gan voi tRNA trén vi tri P v6i nhém amin cta axit amin gan voi
tRNA trén vi tri A, dong thoi, lién két giita axit amin v6i tRNA trén vi tri P
mat di, soi polypeptide dang hinh thanh lac nay gin voi tRNA trén vi tri A.
Cung lac do, sgi mRNA dich chuyén mot budc, lam cho tRNA & vi tri P déy
ra ngoai, con tRNA & vi tri A chuyén sang vi tri P. Vi tri A s€ tiép nhan mot
tRNA mang axit amin thir ba dén. Qua trinh nay lai lap lai, lién két peptit thi
hai dugc hinh thanh. C nhu vay, chudi polypeptide dugc kéo dai cho dén khi
xuat hién dau hiéu két thuc, nghia 12 c6 bo ba két thuc nam dbi dién vi tri A.
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30S tiéu don vi

1F1 1F2 1F3 GTP
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16S rRNA
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3’
Bo doi md tRNA AUG
rb ®
gjf‘Met
S’b" 3
Hé 30S khdi dau
50 tidu don vi |‘> @@ :or + ®
vitri P vitri A

H¢é 70S khdi diau

Hinh 2-16: So @6 biéu dién giai doan khéi déng dich ma & procaryote
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Val

Me

&

JUAC >~ UACCAG,

mRNA AUGGUCUAUGAA

.CAGAUG. - CAG

Chuyén dich

Glu
3V

|Met|-| Val|— Tyl‘|
3

37

G ."00 2, . 2
“ G* - Ovi tri nay, G co thé
Lk o bi methyl hod, né két

AR cdp vdi U do tinh linh

5 AUGGUCUAUGAA i3 hoat o vi tri thit 3 nay

Hinh 2-17: So dd biéu dién giai doan kéo dai chudi polypeptide dang
téng hop
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Cac tRNA mang axit amin (Aa~tRNA) dugc xép vao ding vi tri A trén
ribosome nho nhén t6 kéo dai EF (elongation factor) véi ning luong tir phan
tor ATP. Lién két peptit dugc hinh thanh nhd enzyme peptidyl transferase.
Mobi mot bude dich chuyén, mRNA sé tién vé phia trudc ba nucleotide.

3,- Giai doan két thiic:

Khi diém A trén ribosome tién dén dbi dién véi cac bd ba véo nghia
(UAG, UAA, UGA) thi s& khong c6 mot tRNA ndo mang axit amin dén nira,
nén su kéo dai lién két peptit s€ dung lai. Két thic giai doan dich ma c6 su trg
gitip ctia cac nhan td két thiic RF (release factor). Nhan t6 két thuc nhan biét
bd ba két thic va lam dat lién két gitra cac chudi polypeptide mdi hinh thanh
v6i phan tr tRNA cubi cung, giai phong soi polypeptide. Soi mRNA ciing
tach khoi ribosome, hai tiéu don vi cua ribosome trg vé trang thai ban dau,
san sang cho mot chu ky dich ma méi.

O E. Coli, nguoi ta da tim ra ba nhan td két thuc 1a RF1, RF2, RF3.
RF1 nhén biét céc bd ba két thic 1a UAG va UAA; RF2 nhan biét cac bo ba
UGA va UAA. Cac RF nay nhan biét cic bo ba két thuc va dua enzyme
peptidyl transferase cat lién két giita tRNA v&i chudi peptit. Cach hoat dong
cua riéng RF3 chua dugc lam r6.

2.4.5- Polyribosome

Hién tuong nhiéu ribosome cung bam vao mot mRNA va thuc hién
dich ma dong thoi goi 12 polysome hay polyribosome. Sau khi ribosome dau
tién két hop vé1i mRNA ¢ dau 5' thue hién dich ma dugc mot doan ngén, thi &
doan phia sau, nhiéu ribosome khac ciing bam vao va ciing thyc hién dich ma
déng thoi. Moi ribosome dam nhan dich md mot doan trén mRNA. Nguoi ta
udc tinh khoang dam nhiém dich ma ctia méi ribosome trén mRNA & E. Coli
1a khoang 80 nucleotide. Nho vy, tbc do tong hop protein ting 1én dang ké.

2.5- PIEU HOA BIEU HIEN GEN (Diéu hoa sinh tong hop protein)
2.5.1- Muc dich ciia diéu hoa biéu hién gen

Muc dich cua sy diéu hoa biéu hién gen 1a nham diéu chinh hé enzyme
cho phu hop véi cac nhan té dinh dudng, tac nhan 1y héa va méi truong, tao
s6 luong va sd loai can thiét dé dam bao nhu cau cua té bao 1a phat trién va
sinh san.
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Trong bat ky té bao nio, tit ca cac gen déu khong hoat dong dong thoi,
bdi vi nhu cau protein cua té bao thay doi lién tuc. Trong co thé sdng, khong
phai loai protein nao ciing duoc tong hop véi sé luong nhu nhau. C6 loai
dugc tong hop mot cach lién tuc trong subt qua trinh sdng, vi du nhu
hemoglobin ctia mau; c6 loai chi duoc tong hop trong mot giai doan nhat dinh
nao dé trong chu trinh séng, vi du nhu hormone sinh truéng, hormone sinh
san, ... Nhu vay, mot ) gen s€ hoat dong nhiéu hon, thuong xuyén hon, mdt
s6 khac chi hoat dong & nhimg giai doan nhét dinh hodc trong nhimg diéu
kién nhat dinh cua chu trinh séng. Dé dap tng diy du va dung sd luong
protein cho co thé séng, trong co thé séng phai co co ché didu hoa sinh tong
hop protein, lam sao cho luong protein tao ra vira du, khong thtra va ciling
khong thiéu. C6 nhu vay, hoat dong trao ddi chat cua co thé séng moéi1 dam
bao binh thudng, nguoc lai s€ lam r6i loan trao ddi chat, phat sinh bénh tat
hodc tir vong.

2.5.2- Céc yéu t6 diéu hoa biéu hién gen

bé thuc hién di€u hoa biéu hién gen, dau ti€n, phai co6 tin hi¢u gy diéu
hoa, sau do, thuc hién qua trinh di¢u hoa.

O té bao procaryote, tin hiéu gy diéu hoa thuong 1a nhitng yéu té dinh
dudng hay nhitng yéu té vat Iy cia méi trudng. Su thay ddi cac yéu t dinh
dudng hay yéu td vat 1y ciia moi truong cé tac dong lam thay doi hoat dong
ctia co thé séng, nham thich nghi véi diéu kién méi dé phat trién.

O té bao eucaryote, tin hiéu diéu hoa 1 nhitng phan tir do té bao chuyén
biét phat sinh. Vi du nhu cac hormone duoc tong hop ¢ cac bd phan chuyén
biét nhu tuyén yén, tuyén giap, ... di vao trong mau, dem tin hi¢u dén cac mo
thuc hién diéu hoa biéu hién gen.

Diéu hoa biéu hién gen cO thé thuc hién bﬁng nhiéu cach khac nhau nhu
thay d6i ciu triic cia DNA, tac dong truc tiép dén cac giai doan tong hop
protein nhu phién ma, dich m4, ..., qua trinh xay ra rat phtc tap.

Phan 16n sinh vat procaryote déu ¢ dang don bao, té bao chwa c6 mang
nhan, qua trinh phién ma va dich mi xay ra dong thoi trong té bao chat, nén
su diéu hoa biéu hién gen duoc tién hanh chu yéu ¢ giai doan phién ma. Doi
voi cac sinh vat don bao, su diéu hoa 1a nhanh va nhay, vi céc tin hi¢u diéu
hoa tac dong truc tiép ngay té bao. Nguoc lai, sinh vét eucaryote 14 nhiing co
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thé da bao: Mdi té bao 1a mot thanh phan cia co thé sdng, nén phai tuan thu
nghiém ngit theo modt chwong trinh phat trién chung cta co thé, méi bo phan
c6 mot chirc nang riéng biét, sy diéu hoa & ddy mang tinh thong nhat cho toan
bo co thé. Thém vao do, té bao eucaryote co cAu tao hoan chinh, su phién ma
xdy ra trong nhan té bao, con sy dich ma thuc hién & ngoai té bao chét, do
vay, su diéu hoa biéu hién gen phuc tap hon nhiéu va duoc tién hanh & nhiéu
giai doan.

2.5.3- M6 hinh diéu hoa biéu hién gen & vi khuin
2.5.3.1- Céu tritc operon

Bd gen cua vi khuan duoc to chuc theo operon. Mot operon c6 mdt
vung diéu khién va ving ma hoa. Vung diéu khién bao gdm gen diéu hoa,
promoter va diém diéu hanh (operator). Ving mi héa bao gdbm mdot sé gen
cAu triic ndm ké nhau, mdi gen cau trac mi hoéa cho mot polypeptide. Cac
protein duoc mé héa trong mot operon thuong ¢ quan hé mat thiét véi nhau
trong mot qua trinh chuyén hoa sinh héa nao d6 trong té bao.

Mot operon c6 it nhat mot promoter, tuy nhién, operon cé thé c6 nhiéu
hon mot promoter va ai luc cia cac promoter ny dbi véi RNA-polymerase 13
khac nhau. Operator 13 trinh tuy DNA, noi ma protein ¢ ché (repressor
protein) gan vao.

Khai niém vé operon dugc F. Jacob va cac cOng sy cia ong néu ra nam
1961 khi nghién ctru su kiém soat di truyén hap thu duong lactose 6 E. Coli.
Vi su kham pha ra co ché diéu hoa biéu hién gen, ong da nhan duoc giai
thudng Nobel 1965.

2.5.3.2- Operon cam wng - Operon lactose ¢ E. Coli

Vi khuan E. Coli ¢6 kha niang st dung dudng lactose nhu ngudn cacbon
chinh dé phat trién. Lactose 1a mot disacarit, nén khi co6 mit lactose trong moi
truong, vi khuan san sinh ra enzyme B-galactosidase dé thuy phén lactose, tao
thanh cdc phan tor monosacarit 1a glucose va galactose thuan loi cho qué trinh
chuyén hoa. Ngoai B-galactosidase ra, t& bao vi khuan con tong hop enzyme
permease 1am nhiém vu van chuyén lactose qua mang té bao. Khi nghién ctru
su kiém soat di truyén hip thu dudng lactose, F. Jacob di phat hién co ché
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tong hop cac enzyme hap thu duong lactose. Qua trinh thi nghiém c6 thé mo
ta nhu sau:

- Khi nuéi vi khudn E. Coli trén méi trudng khong co lactose, thi ta thdy
ndng d6 enzyme B-galactosidase va permease do vi khuan sinh ra rat thap: khi
dua duong lactose vao moi trudng nudi thi ndng do hai enzyme nay ¢ té bao
vi khuan tang 1én rat nhiéu. Nhung néu nudi vi khuan trén moi truong cod
duong glucose va lactose dong thoi thi ndong do hai enzyme néu trén trong té
bao thap hon so véi trudng hop chi c6 dudng lactose. Khi phan tich tong nong
dd mRNA c6 mat trong té bao trudc va sau khi dua lactose vao trong moi
truong nudi, thdy rang: Khi khong c6 mit lactose trong moi truong thi khong
xuat hién mRNA mi héa cho B-galactosidase va permease. Khi bd sung
lactose vao mdi truong nudi thi trong té bao xuat hién mRNA ma hoa cho hai
enzyme néu trén. Tir két qua thi nghiém trén, cung voi nhitng két qua thu
duoc vé dot bién gen, F. Jacob va J. Monod da dua ra mo hinh diéu khién
operon lactose nhu Hinh 2-18.

Ciu trac cua operon lactose gom: gen diéu hoa (R), promoter (P),
operator (O) va ba gen céu truc 13 lacZ ma hoa cho enzyme B-galactosidase,
lacY ma hoéa cho enzyme permease va lacA ma hdéa cho enzyme
transacetylase.

Khi khong c6 mat lactose trong méi trudng, gen diéu hoa thudng xuyén
tong hop protein wc ché. Protein trc ché co 4i luc véi diém diéu hanh
(operator) nén né gan vao diém diéu hanh, ngin can khong cho enzyme RNA-
polymerase thuc hién phién m3, mRNA khong thé téng hop dugc, operon
dong.

Khi c6 mit lactose trong mdi truong, nhd enzyme permease co san &
mang té bao chuyén mot luong rat it vao trong té bao. Khi di vao trong té
bao, lactose chuyén thanh allolactose (c6 chira lién két B-1,6). Allolactose 1a
chat cam g, no lién két voi protein kim hdm. Phtrc hop nay khong c6 ai luc
v6i operator, nén khong gan 1én operator dugc, lic nay, operon md. RNA-
polymerase thuc hién phién ma céc gen cau tric.
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R: gen diéu hoa
¢ P: promoter
O: operon diéu hoa

¢ Protein iic ché gdn vao
operator kim ham qua
o trinh phién ma
Protein itic ché
(Repressor protein)

R P o Z Y A

v

lac. nRNA

B-galactosidase

H— \

i Permease
Chat

cam ing \

Transacetylase

Hinh 2-18: M6 hinh hoat dong ctia operon lactose

Phan 16n sy tong hop cac enzyme hoat dong trong cac qua trinh phan
gidi ¢ t€ bao duogc sy kiém soat theo co ché cua operon cam ung.

2.5.3.2- Operon kim ham - Operon tryptophan ¢ E. Coli

Operon tryptophan ciing c6 cdu tric twong ty nhu operon lactose, nghia
13, bao gdbm gen diéu hoa (R), promoter (P), operator (O) va 5 gen cu trc.
Mdi gen céu tric mid héa cho mdt enzyme, xiic tac phan ung tong hop
tryptophan. Trong té bao, tryptophan dugc tong hop bang mot chudi 5 phan
rmg, mdi phan tmg dugc xtc tic bang mdt enzyme ma hoa trong operon. Nam
gen cAu trac ma hoéa cho 5 enzyme, lan luot dugc ky hiéu la trpE, trpD, trpC,
trpB va trpA. Gen trpE nam ngay sau ving diéu hoa, dugc phién ma dau tién.
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5 gen cdu tric

Operon tryptophan .
- gen diéu hoa - - - - - - 5
- promoter
- operator ¢
- 5 gen cdu tric
xdc dinh 5 enzyme R p|lo| 1 2| 3| 4| s
xitc tdc phdn iing
to”’ng hop ¢
tryptophan
I
l mRNA
Protein kim ham duoc tong hop

(operon mo)

‘ (aporepressor)

R P‘12345

—

l

Nhan to dong L .

kim ham
(corepressor)

Gen cdu triic khong duoc tong hop

Hinh 2-19: M6 hinh hoat dgng ctia operon tryptophan

Hoat dong cia operon tryptophan khac véi operon lactose & chd 1a
protein kim ham, ban than né khong c¢o6 ai luc véi operator nén khi dung riéng
mot minh, nd khong thé gin vao diém diéu hanh, nén operon méd. Ngugc lai,
khi protein kim ham két hop v6i chat ddng kim him (corepressor), thi sé c6 ai
luc véi operator nén d& dang gin vao d6, lam operon déng. Hoat dong cua
operon ¢6 thé mé ta nhu Hinh 2-19.

Nhu vay, khi lugng tryptophan du, operon doéng, con khi thiéu
tryptophan thi operon mé.

Nhin chung, cach diéu hoa biéu hién gen & sinh vat procaryote chi yéu
dugc thuc hién & giai doan phién ma.
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2.5.4- M hinh diéu hoa biéu hién gen ¢ eucaryote

Céu tao té bao eucaryote 12 hoan chinh, c6 mang nhan ngin cach nhan
té bao voi té bao chat. Bo may di truyén tap trung chil yéu trong nhén té bao.
Qua trinh phién ma duogc thuc hién trong nhan, con dich ma xay ra trong té
bao chat. Hai qua trinh nay khong xay ra dong thoi nhu ¢ té bao procaryote.

Bd gen cua sinh vat eucaryote c6 kich thudc 16m, cAu trac phtrc tap,
phan 16n cac gen déu chira cac doan khong ma hoa, xen k& voi doan ma hoa.
Trong nhiéu truong hop, phan khong mang ma 16n hon phin mang mi. Do
dic diém cau tao nhu vy nén viéc diéu hoa biéu hién gen rat phirc tap. Cac
gen diéu hoa thuong cé kich thude 16n hon nhiéu so vé6i & sinh vét procaryote.
Céc gen diéu hoa thudng nam cach xa promoter. Piéu hoa biéu hién gen c6
thé duoc thuc hién ¢ nhiéu giai doan nhu: diéu hoa bang cach thay d6i cau
tric ctia nhiém sac chat, diéu hoa trong giai doan phién ma, trong giai doan
dich ma va sau dich ma.

2.5.4.1- Diéu hoa hoat dpng biéu hién gen bing cdch thay doi ciu triic ciia
nhiém séic chit

Nhiém sic chét 1a cau trac lién két gitra protein histon voi DNA. Gen
dugc phién ma khi DNA phai gian x0dn cuc bd, néu nhiém sic chit xoin chit
lai v6i cac protein histon thi khong xdy ra phién ma. Két qua ctia nhiéu nghién
ctru cho thiy: & sinh vat eucaryote, nhiéu gen hoat dong biéu hién manh, lién
tuc, thuong duoc sép xép vao mot nhiém sic thé, nhu vay, s€ thuan loi cho
vi€c sao chép va phién ma. Vi du cidc gen ma hod cho hemoglobin (4 gen)
duoc sap xép gan nhau, biéu hién cia cac gen nay duoc diéu chinh phu hop
v6i timg thoi ky phaét trién cia co thé.

Su thay d6i thanh phan cau tao cla cic bazo nito trong nhiém sic chat
cling lam thay ddi hoat dong biéu hién gen. Vi du nhu sy metyl hod mot )
bazo nito & ving 5' ciia gen ¢ dong vat s& kim him hoat dong biéu hién gen
hay nhiém sic thé X khong hoat dong & ngudi thude loai siéu metyl hoa.

2.5.4.2- Diéu hoa hoat déng biéu hién gen 6 giai doan phién ma

Su phién ma dugc tang cuong hoac kim ham do sy c6 mat cia mdt so
nhan t6 di€u hoa sau:
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1,- Sw co mat cua trinh ty cis trong phan diéu hanh cua gen va cdc nhan to

trans (protein diéu hoa):

DPoan DNA tham gia vao qué trinh di€u hoa biéu hién gen, c6 cau tric
gom hai phan doéi xirng nhau, dugc goi 1a trinh tu cis. Trinh ty nay nam &
phan diéu hanh, 1a noi ti€p nhan cac protein di€u hoa (nhan t6 trans).

Pic diém ciu tao chung ctia nhan t trans 1 chiing bao gdm hai ving
cAu trac: vung chiu trach nhiém gan nhan to trans vao trinh ty cis va ving tac
dong 1én su phién mai. Cac ving cau trac chire ning nay 1a doc 1ap voi nhau.
Ngoai hai ving chinh ké trén, nhiéu nhan td trans con c6 mot sé ving phu
khac. Nhan t6 trans gan vao trinh tu cis cia DNA nho cac lién két yéu va né
tac dong 1én su phién ma, 1am khoi su phién ma va dat toc d6 cao. Nhén t6
trans c6 thé 1a mot hormone hay mot protein diéu hoa.

2,- Sw co mat cua trinh tw khuyéch dai hodc trinh ty ddp tat:

Trinh ty khuyéch dai 1a doan DNA c6 tic dung 1am ting su phién ma.
Khi ¢6 mit trinh ty khuyéch dai (enhancer) trong gen thi s& 1am ting su biéu
hién gen. Vi tri cta trinh tu khuyéch dai trong gen 1a khong c¢d dinh, c6 thé
nam & dau 5', dau 3' hay ngay trong intron ctia gen.

Ngoai trinh tu khuyéch dai, con c6 trinh ty dap tat (silence), 1a doan
DNA, ma khi c6 mit trong gen thi s& c6 tac dung wrc ché phién ma.

Nhu vay, néu trong gen co6 chtra trinh tu khuyéch dai thi sy phién ma s€
xdy ra manh m¢, nguoc lai, néu co trinh tyu dap tat thi su phién ma s€ khong
thuc hién.

3,- Chon lya promoter thich hop:

Pay la kiéu diéu hoa dua vao tuong tac cis-trans thuong gip & sinh vat
eucaryote. Vi du dién hinh 1a gen ma hoa cho a-amylase & dong vat bac cao,
gen ndy cé hai promoter, mdi promoter c6 hoat tinh phién mi khac nhau va
chiu trach nhiém phién ma cho mdt loai mRNA nhét dinh, dic trung cho cac
co quan khac nhau trong co thé (tuyén nudc bot va gan, tuy).

Su lua chon promoter hoat dong tuy thudc vao nhan td trans hién dién
trong té bao cua cic co quan c6 kha ning tong hop a-amylase. Nhén t6 trans
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dac trung s€ tuong tac vdi trinh tu cis lam cho su téng hop mRNA duoc thuc
hién, két qua 1a protein dugc tong hop.

2.5.4.3- Diéu hod hoat déng biéu hién gen é giai doan sau phién ma

O sinh vat eucaryote, soi mRNA dau tién dugc téng hop (tién mRNA)
phai trai qua giai doan hoan thién nhu tao mii chup, cit bé intron, ndi exon,
gan dudi poly-A dé hinh thanh sgi mRNA trudng thanh. mRNA di qua mang
nhan, vao té bao chat dén ribosome, thuc hién qua trinh tong hop protein.

Diéu hoa hoat dong biéu hién gen & giai doan sau phién ma chi yéu tac
dong vao giai doan hoan thién mRNA. Céc kiéu tac dong co thé xdy ra nhu
cit cac intron va ndi exon khac nhau, giy dot bién trén mRNA. Ngoai ra, thoi
gian t6n tai cia mRNA ciing ¢6 anh huong dang ké dén sé luong protein tong
hop. mRNA ton tai cang lau thi sb lugng protein dugc tong hop cang nhiéu.

2.5.4.4- Diéu hod hoat déng biéu hién gen 6 giai doan dich md va sau dich

ma

O giai doan dich ma, sy diéu hoa biéu hién gen thuong thé hién & sy
bién dobi cac nhan td khdi dong ctia qua trinh dich ma.

Diéu hoa & giai doan sau dich mi thudng dugc thé hién & su bién d6i
hoat tinh ctia phén tir protein. Sau khi duoc tong hop, chudi polypeptide phai
tral qua mdt giai doan hoan thién médi tré thanh phan tir protein hoat dong.
Trong giai doan sau dich ma, chudi polypeptide c6 thé duoc gin thém cac gbc
khong c6 ban chét protein nhur dudong, phosphat hay mét nhom hitu co hoat
dong hodc ¢o su sap xép, tao cAu hinh khong gian, cat bé hodc gan thém doan
peptit dé tao phan tr protein hoat tinh.

2.5.5- Sw biét héa té bao
1,- Cdc té bao biét hod chira thong tin nhu nhau:

O cac sinh vat bac cao, co thé truong thanh bao gém nhiéu loai t& bao
khac nhau (da, thit, gan, than,.. ). St dung k¥ thuat lai DNA cho théy, DNA tur
nhimng té bao cua cac mo khac nhau ciia cing mot ca thé khong bi bién d6i
trong qua trinh biét hoa. No6i cach khéac, sb luong DNA cua té bao biét hoa, vé
cin ban, giéng hop tir ban dau va chia nguyén thong tin di truyén, da dé phat
trién thanh c4 thé nguyén ven.
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2,- Cdc té bao biét hod tong hop cdc nhém protein khéc nhau:

O céc té€ bao biét hod, ngoai viéc tong hop cac protein chung can thiét
cho céc qua trinh sinh ly, ching con tong hgp mdt hoac mdt sé protein chu
yeu, vi du:

- Té bao co tong hop nhiéu myosine,
- Té bao biéu bi tong hop nhiéu keratine.

Nhu vdy, cung chira thong tin di truyén nhu nhau, nhung mdi loai té
bao biét hoa chi st dung mot phan thong tin dé tong hop chu yéu mot sb loai
protein. Tom lai, mac du tat ca cac budc trong su biéu hién cua gen vé cin
ban dugc didu hoa, nhung dbi v6i phan 10n cac gen, viéc khoi su phién ma 13
diém kiém soat quan trong nhét.
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CHUONG III
BIEN POI VAT CHAT DI TRUYEN

3.1- KHAI NIEM VE BIEN DI

Bién di 1a nhiing biéu hién sai khéc gitra cac ca thé ¢ theé hé trudc véi
thé hé sau hay gitra cac ca thé trong cung mdt thé hé.

Giita co thé song va mdi truong ludn cd quan hé mat thiét voi nhau.
Khi diéu kién moi truong séng thay d6i, cac co thé song cling phai c6 nhiing
thay d6i dé thich nghi v6i diéu kién mai, phat trién tét hon. Bién di phan 4nh
moi tuong quan gita co thé va méi trudng. Bién di 1a nguén nguyén liéu cho
chon loc tu nhién va chon loc nhan tao.

Bién dj c6 thé duoc di truyén hoac khong di truyén cho thé hé sau. Bién
di duoc di truyén cho cac thé hé ké tiép goi 1a bién di di truyén. Bién di di
truyén thuong thé hién & sy bién ddi trong bd may di truyén. Su thay doi co
thé xdy ra trong pham vi mot gen, cé thé trong mot nhiém sic thé hodc ca bo
gen.

Bién dj co6 thé khong di truyén lai cho cac thé hé sau. Su thay doi cua
mot ca thé hodc mot sd ca thé, nhiam thich nghi tirc thoi voi su thay ddi bén
ngoai, nhung bd gen cia ching khong bi thay d6i, nén nhiing bién doi d6
khong tim thiy & thé hé ké tiép.

Nhiing ca thé bién di di truyén con duoc goi 13 nhitng dot bién. Dot
bién co thé 13 do con ngudi giy ra c¢6 dinh huéng hodc do cac tac nhan tu
nhién.

Dua vao tac nhan gay bién di, nguoi ta chia chiing 1am hai loai 1a bién
di tu nhién va bién di nhan tao.

3.2- POT BIEN
3.2.1- Tac nhan gy dot bién
Bo gen ludn hoat dong trong sudt chu trinh sdng, né chiu sy tac dong

cia hé enzyme trong té bao. Trong qua trinh van dong nhu sao chép, phién
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mi, mic du ¢ sy kiém soat rat nghiém ngit, nhung nhiing sy thay doi van
ludn xay ra. Ngudi ta thiy rang, trong tu nhién, cac gen déu c6 thé bi dot bién,
d6 1a cac dot bién ty nhién hay con goi 1a dot bién ngu nhién. Cac dot bién
ngau nhién thudng xay ra véi mot tan sd nhat dinh va khong xac dinh dugc
tac nhan chinh gay dot bién.

bPé gay mot dot bién nhan tao, nguoi ta thuong sir dung mdt trong cac
tac nhan sau:

- Dung tia phong xa ion hod nhu cac tia a, B, y hodc tia X, cac chum tia
neutron hodc proton ban vao bo may di truyén, gy ion hoa cic thanh phan
cAu tao ciia DNA, 1am bién d6i DNA.

- Dung tia phong xa khong ion hoa nhu tia tir ngoai (UV) dé tao cac dimer
thymine. Khi chiéu tia tir ngoai, cac bazo thymine nam ké nhau trén mot
mach s& lién két voi nhau, 1am mat lién két hydro giita cac bazo bd sung giira

hai mach.
—_— A A ——
CGATAACTAG _UV CGA? Crac
GCTATTGATC GCT, GATC

—d = G—

Hinh 3-1: M6 hinh biéu dién sy hinh thanh dimer thymine

- Dung cac chat hoa hoc gdy dot bién. Hién nay ngudi ta da sir dung
nhiéu loai chat hoa hoc khac nhau dé lam thay ddi céu trac cia DNA. Co ché
tac dung ctia mdi tdc nhan hoa hoc 1én DNA 1a khac nhau: C6 loai tac dong
vao gial doan sao chép, lam sai hong DNA trong giai doan sao chép nhu
bromouracil hay 2-amino purine 1 cac dong dang cua bazo purine va uracil,
cling co loai tac dong truc tiép 1én gen, 1am bién ddi cac bazo nito. Vi du
truong hop tac dong ciia bromouracil: Do dic diém céu tao ctia bromouracil
ma nd co thé bit cip bd sung véi bazo adenine thay vi tri ciia thymine, dong
thoi cling co thé bit cip bo sung véi bazo guanine thay vi tri ciia cytosine
(Hinh 3-2), do viy, sau vai lan sao chép tir cip A—T ban dau c6 thé chuyén
thanh cap G-C.
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3.2.2- Dot bién gen

i
H/N\C/N\H
il
0
(a) Thymine
H
H WNe—H-0 Br
NN/ N\
| C—C C—C
N—.Z \ / N\
7/ =C N--H—N C—H
H \ _C/ \C— /
N 7\
H o H

(b) Adenine 5-Bromouracil

5-Bromouracil
(dang ceton)

H [0 FTTrI H— B
N2 7 N
1 /C—C C—C
N7 O\ 2\
/N=C N—H+~(H) =N C—H
H \ _C/ C—N/
\ / \
T_H .............. 0O H
H

(¢) Guanine

(dang ceton)
A
T
A
BU
l <—— Sao chép lan 1
A G
. + °
T BU
A A G
° + ° + ° +
T T C

5-Bromouracil
(dang enol)

\:— Sao chép lan 2

A

BU

Hinh 3-2: 5-Bromouracil tic dong vao giai doan sao chép 1am chuyén doi
cap bazo A-T thanh G—C
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Dot bién gen 14 nhitng thay d6i trong pham vi mot gen, thuong thé hién
bﬁng su bién d6i mot vai nucleotide hay mot codon, dan dén sy thay ddi ban
chét hay trinh ty sap xép ciia cic axit amin trong mot phan tir protein nao do.
Dot bién gen con goi la dot bién diém.

Cac dang cua dot bién gen c6 thé gip la:
1,- Dot bién im ldng hay con goi la dét bién dong nghia:

La khi mot nucleotide trong gen bi thay doi nhung khong dua lai hau
qua. Su thay d6i ndy thuong xay ra & bazo thtr 3 trong codon, nén van mi hoa
cho axit amin do.

Vi du: Codon UCU ma hoa cho serine, néu bi thay ddi bazo thtr 3 thanh
UCC, UCA hay UCG, van ma ho4 cho serine ma khong c6 gi thay doi.

2,- Dot bién sai nghid:

Khi dot bién, mot codon nay duogc thay thé béng mot codon khac, ma
hoa cho mdt axit amin khac, su thay doi nay dan dén sy tong hop mot phan tir
protein c¢6 thanh phan axit amin sai khac, 1am thay doi ban chét cua protein
ban dau.

Vi du: Codon AAG mi hoa cho lysine, khi dot bién bazo A ¢ dau
codon thanh G, hinh thanh codon mé&i GAG, ma hoa cho axit glutamic. Khi
tong hop protein tai vi tri ctia lysine sé thay bang axit glutamic.

CAU UAG
(His) (Stop)

UAA

(Asp) .

AAU <« UAU P UAC

(Asn) / l \ (Tyr)

UGU uuU
(Cys) (Phe)
UCU

(Ser)

Hinh 3-3: Tir mdt bd ba ban diu, UAU ma hoa cho tyrosine cé thé tao
thanh 9 bd ba khac nhau bing cach thay ddi mét bazo nito
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3,- Dot bién lam thay doi khung doc:

La truong hop ma dot bién xay ra do mat di hodc chén thém céc bazo
nito trén DNA lam 1éch khung doc cua cac bd ba trong khi dich ma. Hau qua
dan dén su sai khac hoan toan vé trat ty sip xép ciing nhu ban chit cua cac
axit amin trong phan tir protein tir diém xay ra dot bién. Cac dot bién sé cang
tram trong néu diém dot bién cang nam gan dau 5' cia mRNA.

Vi du: Tir mot doan gen ma hoa cho 7 axit amin ban dau la:

AUG GCC UCU AAC CAU GGC AUA
Met Ala Ser Asn His Gly lle

Néu mat G & vi tri tht tu thi khung doc s& dich chuyén va 1am thay doi
thanh phan va trat tu sip xép cac axit amin, tro thanh:

AUG CCU CUA ACC AUG GCA UvA
Met Pro Leu Thr Met Ala

4,- Dot bién vé nghia:

La truong hop, khi mot bo ba ma hod cho mdt axit amin, sau khi thay
doi, chuyén thanh mot trong ba bd ba két thuc la: UAA, UGA va UAG. Kiéu
dot bién nay s& lam mét doan trong soi polypeptide, diém dot bién cang nam
gﬁn dau 5' cia mRNA thi d6 dai doan bi mét cang 16n.

3.2.3- Dot bién nhiém sic thé
3.2.3.1- Djt bién céu triic nhiém sdic thé

Dot bién cau tric nhiém sic thé 13 su thay doi xay ra trong pham vi mot
nhiém sic thé nao d6. Su thay d6i cdu hinh cta nhiém sic thé thuong gip 1a
mét doan, dao doan hodc 13ap doan.

1,- Mat doan:

La truong hop nhiém sdc thé bj thiéu mot doan nao do. Poan bi mat c6
thé ndm ¢ gitra nhidm sic thé, cling c6 thé ndm & dau mat (mat dinh). Poan bi
mét co thé nho, mang mogt gen hay mot phén gen. Vi du: & nguoi bi bénh bach
huyét, nhiém sic thé 22 bi mat doan.
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Su mét mot doan dai nhiém séc thé thudng giy tir vong vi mét can bang
di truyén bo gen.

Nguyén nhan giy mat doan 14 do trong qué trinh van dong, nhiém sic
thé bi dut ra, sau d6 duoc ndi lai nhung khong day du nhu ban dau.

O céc thé di hop tir ¢ nhiém sic thé bi mat doan co thé quan sat dugc
duéi kinh hién vi & ky trudce cliia giam phan, khi cac nhiém sic thé twong dong
bat cap nhau. Néu c6 mat doan thi s& thay ngay c6 nhitng doan khong tuong
d6ng gitta hai nhiém séc thé.

* A < P A
Doan nhiem sac thé ban dau

1 4 5 6 7
| | | | | |
(a) Mdt doan (2,3)
1 2 5 4 3 6 7
| | V77 | |
(b) Pdo doan (3,4,5)
1 2 3 4 5 6 4 5 6 7
| | | | | | U777 |
(¢) Lap doan (4,5,6)

Hinh 3-4: So @6 biéu dién sy mat doan (a), sw dio doan (b) va su lip
doan (¢)

2,- Pao doan:

La truong hop dot bién xay ra, khi mot doan nhidém sic thé quay 180°.
Ltc dau, doan nhiém sic thé nay bi dut ra, sau d6 quay 180°, roi duoc nbi lai.
O sinh vat eucaryote, doan bi ddo c6 thé chira tAm dong hoac khong chira tam
dong. Néu chi xay ra su dao doan, thi cic gen c6 thé chi bi quay ngugc ma
khong mat di. Trong truong hop dao doan xay ra o té bao gidi tinh kém véi su
trao d6i chéo giita hai nhiém sic thé tuong dong trong ving dao doan, thi
thudng mot nira san pham cia giam phan s& mat stc song (khoéng thu tinh
dugc).
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3,- Lap doan:

La trudng hop mot doan nao d6 ctia nhidm sic thé duogc tang 1én. Poan
lap c6 thé nam canh nhau hodc ¢ xa nhau trén cung nhiém sac thé. Su lap
doan thuong khong gdy hau qua ning né nhu mét doan, nhiéu khi sy ting
doan lai o 1gi cho su tién hod va tao vat liéu di truyén méi, 1am cho co thé c6
s6 luong gen doi dao hon.

3.2.3.2- Dét bién s6 lwong nhiém sdic thé

Hién tuong thay ddi sé lwong nhiém sic thé thuong gip trong ty nhién
va thuong gip hon cé 13 su ting bdi sé lwong nhidm séc thé hay con goi 1a da
boi thé. Co nhiéu kiéu da boi thé nhu da boi thé nguyén, da boi thé 1éch.

1,- Da béi thé nguyén:

La su ting nguyén bo nhiém sic thé don bdi 1én mot s6 1an nhat dinh.
Néu ca thé ¢ s6 nhiém séc thé 1a 2n thi dang da bdi thé nguyén s€ 1a 3n, 4n,
5n, ... Cac cé thé da boi thé 1& nhu 3n, 5n, ... thuong méat kha nang sinh san
hitu tinh do cac giao tir tao nén bji mat can bang vé di truyén. ¢ cac c thé da
boi chan nhu 4n, 8n, ... thi kha ning sinh san hitu tinh phu thudc vao su phan
chia giam nhiém cua té bao gidi tinh. Néu su phan ly cac nhiém séc thé 1a can
bang trong giai doan giam nhiém thi s& tao nén cac giao tir c6 kha ning thu
tinh, con nguoc lai, s€ tao nén cac giao tir bét thu.

Nhiéu loai cay an qua va cay canh la cac thé da bdi cé qua to, hoa to.

Pa boi thé phat sinh do tang boi toan bo nhiém sac thé ciing ngudn goi
1a da boi thé cung ngudn. Trudng hop da boi thé duoc hinh thanh do tap giao
gilta cac loai vdi nhau, goi la da bdi thé lai. Trong té bao cta da bdi thé lai cd
thé co ca hai bo nhiém sic thé cta hai loai khac nhau. Vi du dién hinh cta da
boi thé lai 13 thi nghiém ctia Karpochenko, khi cho lai cdy ci cai véi bap cai,
nhén duoc thé da boi lai.

2.- Pa béi thé 1éch:

Pa boi thé 1éch 1a trudng hop dot bién do su thay d6i sé lwong nhiém
sac thé ctia mot cap hodc mot sb cip trong bo nhiém sic thé. Vi dy, b nhiém
sdc thé 1a 2n thi cac ca thé dot bién da boi thé 1éch co thé s& c6 bd nhiém séc
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thé 1a 2n-1, 2n+1, 2n+2, 2n-2, ... Nghia 1a c¢6 thé mét di hodc thém vao bo
nhiém sic thé mot hodc mot s6 nhiém sic thé nao do.

Dot bién theo kiéu nay co thé tim théy O ca thuc vat va dong vat.

O sinh vat ludng bodi co s6 luong nhiém sic thé 1a 2n. Néu thém vao
hodc bst di mot hodc mot s6 nhiém sic thé thi trong giai doan phan chia té
bao thudng mat cin bang.

Trong trudng hop té bao gidi tinh ¢ s6 nhiém sic thé 1a 2n-1 thi trong
giai doan phan chia giam nhiém s& tao thanh hai giao tir c6 sé nhiém séc thé
1 n va n-1. Cac dot bién da boi thé 16ch thuong yéu, co thé tao cac kiéu hinh
khac nhau va trong nhiéu trudng hop bi chét hoic khéng sinh san.

Mot s6 dan chimg vé da boi thé 1éch tim thdy ¢ nguoi 1a:

- Héi chitng Down: do Langdon Down phat hién ¢ nguoi c6 3 nhiém sic
thé tha 21, nghia 13, bd nhiém sdc thé 2n tro thanh 2n+1 va béng 47 nhiém séc
thé. Nguoi bénh c6 cip mit hoi gibng méit ngudi Méng cd, méc ching dan
don. Ty 1¢ méc bénh & tré em do cac ba me c6 tudi cao sinh con la nhiéu hon.
Nguoi ta ude tinh co khoang 1/60 dira bé bi mac hoi chimg Down do céc ba
me c6 tudi trén 45 sinh con va khong bi anh hudng boi tudi ciia ngudi cha.

- Hoi chung Turner: do Henry Turner phat hi¢n ra. La truong hop nir bi
mat mot nhiém sic thé gidi tinh. Bo nhiém sac thé s& c6 2n-1=45 cip nhiém
sic thé XX tro thanh XO. Nhitng nguoi bi hoi chimg Turner thuong kém
thong minh, co quan sinh duc kém phat trién, c6 chiéu cao thap, khong sinh
san.

- Héi chimg Klinefelter: do Henry Klinefelter phat hién dau tién. La
truong hop nhitng ngudi nam c¢é 3 nhiém sac thé gidi tinh 1a XXY, nhu vay,
bd nhim sic thé s& 1a 2n+1=47. Nhitng ngudi bi hoi chimg nay khong c6 kha
nang sinh san, tri tu¢ kém phat trién, c6 bd nguc giéng nt.

- Nhitng truong hop khac c6 thé gip ¢ nguoi la: nit ¢6 3 nhiém sic thé gidi
tinh (XXX) hay nam c6 2 nhiém sic thé Y (XYY). ¢ hai truong hop nay, bo
gen c6 s6 lugng nhiém sac thé 14 2n+1=47. Nhitng nguoi c6 bd gen nhu vay
thudng phat trién khong binh thudng, khong c6 kha nang sinh san.
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3.3- TAI TO HQP

Trong qué trinh van dong, bd may di truyén cé thé thay ddi. Cac phan
tir DNA c6 thé tai to hop véi nhau, két qua 13 su sap xép cac gen & phan tir
DNA ctia thé hé sau c6 thé khéac véi thé hé trude. Diéu kién dau tién dé tai to
hop xay ra 1a trén DNA phai c¢6 diém dat. Co ché cua tai t6 hop noi chung
cling chua duge xac dinh rd rang. Kiéu tai t6 hop duoc nghién ctru nhiéu 1a tai
t6 hop xdy ra giita cac nhiém sac thé tuong ddng trong qua trinh phan bao
giam nhiém. Cac nhiém sic thé twong ddng bat cip hay tiép hop v6i nhau va
c¢6 su trao doi chéo, két qua tao thanh cac giao tir co nhidém sac thé tai to hop
(giao tir tai t6 hop). Trao d6i chéo gitta hai nhidm séic thé twong dong c6 thé
xay ra mot 14n hodc nhiéu lan.

Tiép hop va trao doi chéo Cuoi giam phdn I Cuoi giam phan I1
A B
) —
A B /
——————————
5 / A b A b
o  —_—]
A g b B
=6 :Oa=_
a b \ F_ B
\ = b
_
/ B
==
A / \ B
(_:—

a b \%—é/’ a b

a b .\‘:oa b

/v<>—B

. c /y:=\ .

\‘CC [ b

Hinh 3-5: M6 hinh trao ddi chéo giira cac chromatit
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Tai t6 hop c6 thé xay ra déu hodc khong déu. Tai to hop déu 13 khi sd
luong cac gen trén hai nhiém sic thé tuong ddng sau khi tai to hop 1a nhu
nhau, nghia 13, sy hoan ddi cac doan twong ung gitra hai nhiém séc thé twong
dong va khong lam mat thong tin di truyén.

Tai to hop khong déu 1a truong hop sau khi tai to hgp, mot nhiém sic
thé bi mat doan, con nhidm séic thé kia dugc thém mot doan. Tai to hop khong
déu s& dan dén két qua 1a mot nhiém sdc thé c6 sb gen lap lai, con nhiém sdc
thé kia bi mat gen. T4i t6 hop khong déu dong vai trd rat quan trong trong qua
trinh tién ho4 cua sinh gioi.
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PHAN II

NHUNG NGUYEN LY CO BAN CUA
CONG NGHE DI TRUYEN
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Cong nghé di truyén con goi 1a cong nghé DNA tai to hop, di va dang
tién hanh mot cudc cach mang sinh hoc. N6 ngdy cang c6 nhiéu anh hudng
dén y hoc 1am sang, trong chin nudi, trong trot va nhiéu linh vyc cong nghé
khac. Khi str dung cong nghé di truyén chung ta di tao ra protein ctia ngudi
vol mot luong 16n can thiét cho diéu tri bénh. Vi du nhu insuline, hormone
sinh trudng nguoi, chat hoat hoa plasminogen.

Ciing bang cach nay nguoi ta di tao ra nhiing vaccine phan tir dé ngan
ngira cac bénh nhiém virus nhu bénh viém gan B, hay dé chuan doan nhu
trong test phat hi¢n AIDS.

V& nguyén 1y co ban dé thyc hién cong nghé di truyén c6 nghia 1a phai
thuc hién ky thuat DNA tai to hop. Dé tién hanh ky thuat nay phai trai qua
nhiéu budc phirc tap va tinh vi sau day:

- Bué6c 1: Tach chiét DNA tir nguon khac nhau,

- Budc 2: Chuén bi phuong tién van chuyén gen,

- Bude 3: Chuan bj céc enzyme cat va gén DNA, dé thiét ké vector DNA
tai t6 hop,

- Budc 4: Bién nap DNA tai t6 hop vao vat chi,

- Budc 5: Theo ddi biéu hién hoat dong ciia gen tai to hop,

- Budc 6: Phan tich cac san pham cta gen tai to hop.

Trai qua hon 30 nam phat trién, khai niém vé k¥ thuat di truyén duoc
hiéu theo nghia rong hon, bao tram hon, né bao gdm nhing thao tac khong
chi véi timg gen riéng 1¢ ma ca nhimg phan 16n hon cia bd gen va nhiéu
phuong phap khac khuyéch dai gen (khong qua tao dong invivo) nhu phuong
phap PCR. Duéi ddy chiing t6i s& trinh bay cong viéc thuc hién ctia mdi budc,
tién hanh theo timg chuwong ma dau tién 13 vé enzyme.
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CHUONG IV
CAC ENZYME SU DUNG TRONG CONG NGHE DI TRUYEN

Sinh hoc phan tir dd phat hién va hiéu rd co ché tic dong cua hang loat
enzyme, nho d6 da str dung chung nhu nhimg cong cu hitu hiéu trong viéc cat
ndi va ghép cac gen.

Céc enzyme st dung trong cong nghé di truyén cé thé chia lam bon
nhém 1én sau day:
- Cac enzyme gioi han
- Cac nuclease
- Cac enzyme két noi

- Céac enzyme tong hop
4.1- CAC ENZYME GIOI HAN (RE-Rectriction Enzyme)
4.1.1- Hién twong giéi han va hé thong han ché - cii bién
4.1.1.1- Hién twong gioi han

Khi nghién ctru vé sy xdm nhiém cta thuc khuin thé (phage) vao té bao
vi khuan, nguoi ta nhan thdy rang trong mot sd truong hop, thuc khuan thé
khong thé phat trién duoc trong té bao vi khuan vi bd may di truyén cua
chiing bi pha huy. Né6i cach khéc, cac vi khuan nay khang thyc khuan thé. Thi
nghiém c6 thé mo ta nhu sau:

Cho phage xdm nhiém hai ching vi khudn A va vi khuan B, céc vi
khuan nay dugc nudi cdy trong hai méi truong thich hop. Sau khi thu hoi va
phan tich DNA ciia phage, ngudi ta nhan thay:

- O ching A: Xuét hién nhiéu DNA ciia phage con nguyén ven nhung té
bao cuia vi khuan bi pha v& (do sy nhan 1én cta phage trong té bao vi khuan).

- O ching B: Té bao vi khuan khong bi pha v& nhung DNA phage bj cét
thanh nhiing doan c6 kich thudc xac dinh. Trong trudng hop nay, DNA cua
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phage bi mdt hé thong bdo v¢ cua vi khuan tiéu di€t khi vira méi xam nhap
vao vi khuan.

Hién tuong xay ra ¢ vi khuan B goi 1a hién tuong gioi han.

4.1.1.2- Enzyme gidi han va hé thong han ché - cdi bién (Restriction
modification system)

Vao nam 1962, 1an dau tién Werner Arber di chimg minh rang: C6
nhimg enzyme dic biét, hoat dong trong té bao vi khuan, chiing c¢6 kha ning
phan biét DNA ctiia minh va DNA la ctia phage. Cac enzyme ndy han ché kha
nang sinh san ciia phage trong té bao vi khuan bang cach phan huy chiing mot
cach dac hi¢u.

Vao nim 1970, Hamilton Smith phat hién & vi khuan Haemophilus
influenzae Rd enzyme gidi han va dit tén cho né HindII.

Véi nhitng thi nghiém tiép theo, Arber va cong su tai truong Pai hoc
Geneva da phat hién ra nhiéu ching vi khuan c6 kha ning phan huy duoc
DNA tir loai khac xam nhép vao chung nho két hop cta hai qué trinh enzyme.

Hai qué trinh enzyme duogc théng nhat trong mdt hé¢ théng goi 1a hé
théng han ché - cai bién, nham phan huy DNA la va bao vé DNA ctia minh.

- Su han ché duoc thuc hién nhd sy hoat dong cua cac enzyme cit han ché
(RE - Rectriction Enzyme). D6 chinh la cac endodesoxyribonuclease dac biét
6 thé nhan biét mot trinh ty nucleotide dic hiéu trong chudi DNA s¢i d6i va
cit ca hai sgi DNA d6.

- Su céi bién 13 sy thay d6i DNA cua ban than té bao theo con duong dac
biét ciia mbi loai, khién DNA d6 khac voi DNA cua loai khac va khong phai
1a co chéat cua enzyme cit han ché. Nho d6 ma DNA cua té bao chi duge bao
v€. Sy cai bién dugc thuc hi¢n nho cadc enzyme metylase (métyl hod) co trong
té bao vi khuan. Enzyme ndy s& metyl hoa cytosine ¢ vi tri (Cs) va adenine

(trén N ctia Cg) thudc ving gi6i han (chudi dich).
Vi du: O Enzyme Hind III, sau khi duogc metyl hoa (ddu chiam) ¢

adeninee, chudi dich nay khong duoc nhan biét boi enzyme Hind III nira, do
d6, DNA khong bi cit:
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*AAGCTT
TTCGAA,

UN

Vay enzyme han ché va enzyme cai bién c6 cing mot ddi twong nhan
biét 1a chudi nucleotide dic hiéu trong DNA ngoai lai va DNA cua té bao chu,
nham han ché su sinh san cia DNA ngoai lai va bao vé DNA cua minh. Tuy
nhién, ciing c6 mdt s6 loai enzyme c6 ca hai chtrc ning han ché va cai bién.

Vi du: Enzyme EcoRI véi chudi dich la:

5’ -——-GAATTC-----3’
3’-——-CTTAAG---5’

4.1.2- Cach goi tén cia enzyme gidi han

Tén goi cuia enzyme gidi han thuong c¢6 3 hoac 4 chir xuat phat tur tén
cua vi sinh vat ma tur do, enzyme dugc xac dinh va chiét tach.

- Chir cai dau (viét hoa) 1a chir dau cua tén giong cua vi khuan tr do
enzyme dugc trich 1.

- Chir thr 2 va thir 3 (viét thuong) 1a chit dau tén loai cia vi sinh vat.
- D61 khi ¢6 chir thir 4 chi ching sinh vat.

- Chir s6 la mé chi tht ty RE dugc phét hién (c6 thé c¢6 nhiéu RE dugc phat
hién tr mot chung).

Vi du nhu EcoRI - dugc xac dinh dau tién & E. Coli va EcoRV - 1a
enzyme tht 5 cling da dugc xac dinh ¢ E. Coli.

EcoRI: 5--—-GAATTC----3’
3’----CTTAAG----5’
E: Giéng Escherichia
co: Loai coli
R: Chung Ry 13
I: Enzyme duoc tach 1an dau tién
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Hpa I: 5----GTTAAC----3’
3’-—--CAATTG----5
H: Giéng Haemophilus
pa: Loai parain fluenzae
I: Enzyme dugc tach 1an dau tién

Hind III: 5’----AAGCTT----3’
3’----TTCGAA----5’
H: Gidng Haemophilus
in: Loai influenzae
d: Chung Rd
[I: Enzyme tht ba dugc tach ra
BamHI: 501----GGATCC----3[]

3’--—--CCTAGG----5’
B: Gidng Bacillus
am: Loai amyloliquefaciens
H: Chung H
I: Enzyme thir nhit duoc tach ra

4.1.3- Cac loai enzyme gi6i han
4.1.3.1- Logi 1

Nhitng enzyme gidi han loai I ¢6 trinh tu nhan biét dic hiéu. Vi tri cit
clia cac enzyme loai nay nam ngoai trinh tu nhan biét mot khoang cach khong
nhat dinh, dao dong tir 1.000 dén 5.000 nucleotide. Do khong c6 tinh dac hi¢u
trong cat doan nén san pham ctia né khong dong nhat va khong phat hién
duoc béng dién di trén gel.

Phan tur luong cia chung vao khoang 300.000D, cac ban don vi khong
giéng nhau. Can MgJr2 lam cofactor va ATP dé cung cap ning luong cho
enzyme ndy chuyén dong doc theo phan tir DNA tir diém nhan biét dén diém
cat. Vi du nhu EcoK do Meselson va Yuan tach duoc, cit & diém céach trinh tu
nhén biét 1.000 nucleotide hodc xa hon nita.

4.1.3.2- Loai IT

Bao gdm nhitng enzyme co trinh ty nhan biét chudi nucleotide dic
hiéu. Khi nhén biét dugc trinh tu d6, ching cat ngay tai vi tri nhan biét.
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Phén tir lwong thap hon loai I va ¢ khoang tir 20.000 dén 100.000D.
Chi can Mg+2 lam cofactor va khong can ning lugng ATP. Do c6 tinh dic
hiéu vé cit doan DNA nén san pham thiy phan 1a tap hop nhitng doan DNA
dic hiéu va cho phép phat hién bang dién di trén gel agarose.

Ngay nay co trén 1.000 RE loai II d3 dugc tach ra tir cac té bao
procaryote khac nhau va c6 hon 70 loai dang dugc thuong mai héa trén thi
truong.

4.1.3.3- Loai 111

Bao gém nhitng enzyme sau khi nhan biét mot trinh twr DNA dac hiéu
thi cit & vi tri cach d6 20 nucleotide va tao ra méot s6 dau cit khac nhau. Tuy
rang vi tri diém cat rat gan trinh tu nhan biét cia ching nhung kho doan trude
dugc cac diém cat d6. Vi vay ma RE loai III ciing nhu RE loai I khong dugc
st dung rong rai trong cong nghé di truyén.

Trong 3 loai RE néi trén chi c6 RE loai II duoc Gmg dung nhiéu hon.
4.1.4- Cac loai RE trong nhom II
4.1.4.1- Tinh dac hiéu vi tri

1,- Trinh tu nhan biét ciia RE:

Co thé ndi cac RE nay la nhitng cong cu thuc thu dé cit cac DNA. Su
cat nay xay ra & mgt vung dac bi¢t dugc nhan biét boi enzyme. Mbi mot
enzyme nhan biét mot doan nucleotide khac nhau rat dic hiéu dbi véi nd va
duoc goi 1a trinh ty nhén biét (chudi dich) hay doan doc nguoc xudi.

Pic trung quan trong nhét cia cac trinh tu nhan biét 1a chiing ¢ cau trac
d6i xtmg nghich dao (palindromic), nghia 1a hai mach cua trinh ti hoan toan
giéng nhau khi chung duoc doc theo chiéu 5° dén 3” & mdi soi don. Cac trinh
tu nhan biét cua enzyme gidi han duoc cAu tao tir 4 dén 6 doi bazo. Vi du nhu
doan DNA duoc dong khung sau:

5-CCAGAATTCIAT-3
3-GGTICTTAAGI|TA-5
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2,- Cdc kiéu cdt ciia RE:

Cit dau bang: Mot sb RE tao vét cat trén phan tir DNA ngay chinh giita
palindrom, tao ra hai doan DNA dau bang. Sau khi cat, hai dau khong c6 kha
nang tu két hop trd lai.

Vidu: Hpal 5 3'

Q
-
-
>
>
a

G |T|T A |A |C
Cl|A]A T|T |G

Cit dau dinh (dau 1éch): Cat bén nay va bén kia cua tdim d6i xtng dé
tao ra hai dau 1éch nhau mét vai bazo. Trong trudng hop ndy, cac dau dinh bd
sung c6 thé bi bat cap tro lai. Nhu vay, khi cac DNA khac nguén nhung cung
¢ chtra trinh tu nhan biét dic hiéu ciia mot RE, sau khi bi cét s& ¢6 cac dau
dinh bo sung giéng nhau nén cic doan DNA khac ngudn c6 thé ndi lai dé tao
ra nhitng phan to lai. Pay la co s& cua phuong phap tao dong gen, mdt
phuong phap thuc day sy phat trién cua cong nghé di truyén.

Vidu: EcoRI ¢

a
-
-
>
>
Q

3,- So luong doan cat:

Mot RE c¢6 kha nang thao tac trén toan bo chiéu dai cia mot phan tu
DNA. S6 lugng doan cit phu thudc vao s6 chudi dich cia mét RE co trén
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phan tir DNA ma no thao tac. Sir dung RE khac nhau, s& bi cat khac nhau va
tao ra luong doan cat khac nhau.

Vidu: EcoRI
—GAATTC—
—CTTAAG—

Néu chudi nay c6 5 lan trong mot phan tir DNA thi enzyme EcoRI s&
cit tai 5 diém trén phan tir DNA do:

- Ta s& dugc 5 doan néu DNA dang vong
- Ta s& duoc 6 doan néu DNA dang thang
4.- Kich thudc doan cat:

Vi viing gidi han duge phan bé mot cach ngau nhién doc theo mot phan
tor DNA ma duoc tao thanh bing cach t6 hop 4 loai bazo nito (A,T,C,G) nén
kich thuéc mdi doan cit phy thude sd cip bazo cia mdi chudi dich.

Néu viung nhan biét (chudi dich) cua enzyme 13 6 cip bazo s& sinh ra
cac doan co kich thudc trung binh 4° = 4.096 bazo ~ 4,1kb.

Néu ving nhan biét ciia enzyme 13 4 cip bazo s& sinh ra cac manh c6
kich thudc 1a 4* = 256 bazo ~ 0,26kb.

Tuy nhién mot sé RE nhan biét cac ving rat hiém gip trong DNA. Vi
du nhu Notl ¢6 chudi dich (GC\GGCCGC), khi cat cho ciac manh co kich

thuéc khoang 1.000kb. Pvul c6 chudi dich (CGAT\CG) cho méanh khoang
300kb.
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Bang 4-1: Mot s6 enzyme han ché (HC), enzyme cai bién (CB) va chudi

dich caa no

Tén vi sinh vat Enzyme Chudi dich | HG/CB
Bacillus amyloliquefaciens H (BamHI) | G\GATCC HC
Bacillus amyloliquefaciens K BamKI G\GATCC HC
Bacillus brevisS Bbrsl GCTGC CB
Haemophilus aegyptium (Hae III) | GG\CC HC
Baccillus subtillis Bsull14 | GGCC HC
Brevibacterium albidum Ball TGG\CCA HC
Brevibacterium luteum Blul C\TCGAG HC
Diplococcus pneumoniae Dpal GATC CB
Escherichia coli Ryl3 EcoRI G\AATTC HC/CB
Escherichia coli Ry13 EcoRV GAT\ATC HC
Haemophilus influenzae Rb Hinb III A\AGCTT HC
Haemophilus influenzae Rd Hind I CAC CB
Haemophilus influenzae Rd -d6t bién | (Hind I1I) | AAAGCTT HC/CB
Haemophilus influenzae Rf Hinf 11 AAGCTT HC
Haemophilus parainfluenzae Hpal GTT\AAC HC
Haemophilus parainfluenzae Hpa Il C\CGG HC
Thermus aquaticusYTI Taq | T\CGA HC
Xanthomonas amaranthicola Xam I GTCGAC HC
Xanthomonas badrii Xba I T\CTAGA HC
Xanthomonas malvaccarum Xma I C\CCGGG HC
Xanthomonas paravericola Xpal C\TCGAG HC
Stetomyces achromogenes Sac II CCGCGG HC
Stetomyces albus G Sal I G\TCGAC HC
Nocardia otitids caviarum Not I GC\GGCCGC HC
Providencia stuartii 164 Pst I CTGCA\G HC
Proteus vulgaris Pvul CGAT\CG HC

Ghi chii: Nhiing enzyme c6 cung chudi dich, enzyme nao tim thay trudc dugc

dé trong ngoic ( - )
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4.1.4.3- Diéu ki¢n hoat dpng ciia RE

Pa s6 enzyme ban trén thi truong cd d¢ hoat dong tur 1 dén 100 don vi
trén pl. Mot don vi duoc tinh bang khéi luong enzyme du dé cit hoan toan 1
ng DNA A trong 1 gid véi thé tich phan tng 50 pl, nhiét d6 phan tmg 37°C.

Tuy nhién trong thuc t&, mudn cat hoan toan lugng DNA can phai ting
noéng do cua enzyme tir 5 dén 10 1an so v6i cach tinh don vi chi dinh. Diéu
kién dé phan ung cat t6i wu la:

-Co Mg+2 lam x1c tac

- Nhiét do 37°C

-pHtr7,2dn 7,8

- Thoi gian phan Gng tir 1 dén 2 gio.

Cac RE bi trc ché trong cac diéu kién: néng do EDTA cao qua hodc su
c6 mit ctia phénol (khi tich DNA chua loai hét).

4.1.5- Ung dung ciia RE trong cong nghé di truyén
4.1.5.1- Phédn ldp gen

Cac RE cung cip mot phuong phap méi ¢ hiéu luc cho viéc phan lap
gen. Vé nguyén tic mot bo gen DNA phirc tap c6 thé b cat thanh nhiéu phan
doan, ma tir d6 ngudi ta co thé phan 1ap mdt phan doan mang gen dac hi¢u
bang cach dién di trén gel. Nhitng bang dién di DNA dic hiéu dugc tha
nghiém cho gen dinh nghién ctru bang cach lai héa vdi nhitng ban sao phong
xa cua gen tinh ché tir t& bao bang nhiing bién phap thich hop. Gen toan bo
hodc mot phan ciia nd c6 thé thu dugce nhitng phan doan nhd hon bang cach
cat doan lién tiép v6i nhitng RE khéac. Tir d6 ta c6 thé phan 1ap duoc gen
mong mudn.

Vi du, muén phén lap ving diéu hoa lac, dau tién cat DNA chira gen
lac bang Hind III va tao nhiéu phan doan trong d6 c6 mot doan chira lac dai
660bp. Poan nay dugc tach bang cach dién di trén gel. Phan doan thu duoc
cit tiép bang enzyme Hae III thanh doan chtra 174bp van con chira hé thdng
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diéu hoa va gen lac. Néu tiép tuc cat bang nhimg RE thich hop ta s& phan lap
duoc ving diéu hoa gen lac.

Ngoai ra, cac RE con duoc str dung dé tao cac vector chuyén gen.
4.2- CAC LOAI NUCLEASE
4.2.1- Phan loai

Céc nuclease c6 kha niang phan cat phan tr DNA hodc RNA. Co ba
kiéu phan loai c4c nuclease sau:

1,- Dya vao ban chat cua co chat ma né tac dung, nguoi ta chia nuclease
lam hai loai:

- Deoxyribonuclease (DNase), co chat ciia no 1a DNA
- Ribonuclease (RNase), co chat ciia nd 1a RNA

2,- Dua theo kiéu lién két ma enzyme thiy phan, nguoi ta ciing chia ra lam
hai loai:
- Nuclease "a": Thuy phan dic hiéu lién két phosphodiester giira cacbon

(C3°) va nhom phosphate.

- Nuclease "b": Thuy phan dic hiéu lién két phosphoester giita cacbon (Cs>)
va nhoém phosphate (Hinh 4-1).

3,- Dya theo hoat tinh enzyme, nguodi ta cling chia ra lam hai loai
exonuclease va endonuclease:

- Exonuclease: Cat céac lién két phosphoester tir hai dau ciia chudi poly-
nucleotide va tir d6 cat dan timg nucleotide, chiing doi héi 13 phai c6 nhom
OH (3”) hodc OH (5°) tu do & hai dau chudi.

5 3 5 ------ 3
3’ 5’ 3’ 5’ ------
5’ 3’ 5’ ’ 3 ------
3 5 3 ------ 5
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- Endonuclease: Thudng thuy phan lién két phosphoester & vi tri bat ky bén
trong chudi va tao ra cac oligonucleotide.

OH

I Nuclease (a)

HO—}’=O
0, .
SN\
Nuclease (b) \
CH,
(0]
I
H\ 3
OH

UUHinh 4-1: Phan loai nuclease theo lién két bj cat

4.2.2- Mot s6 nuclease thuwong ding va ing dung ciia né
4.2.2.1- DNase I

La mot endonuclease c6 kha ning phan cat phan tir DNA soi don hodc
soi ddi sau cac bazo pyrimidine dé tao hdn hop oligonucleotide c6 nhom
phosphat ¢ dau 5. Kha ning phan cit soi don hoic soi doi trong phan tir

DNA phu thudc vao sy c6 mat ctia Mn"2 va Mg+2.
- Khi ¢6 mat cua Mn+2, enzyme nay tAn cong vao sogi doi tao vét cat dau
bang hay dau dinh.
- Khi ¢6 mat cua Mg+2, né tan cong vao mot soi trén phan tt DNA mdt
cach ddc lap.
Céac DNase dugc st dung dé loai DNA ra khoi dich chiét RNA nhim

1am tinh sach RNA. Ngoai ra, nguoi ta con dung dé tao vét dut ngay trén phan
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tir DNA trong k¥ thuat danh dau hay phat hién nhiing gen dang hoat dong trén
nhiém sic chat, vi & ndng d6 thap chang chi cit ¢ nhitng vi tri siéu nhay cam
nhu nhitng gen md, vung vtra phién ma.

4.2.2.2- Nuclease S1

La enzyme dugc tach tir nAm soi Asp. oryzae, ¢ kha niang phan huy
DNA sg1 don, DNA s¢i d61. Khong c6 kha ndng phan cit phan tr lai DNA-
RNA.

Céc enzyme nuclease S1 dugc sir dung nham cac muc dich sau:
- Phan tich cu triic ctia cac phén tir lai DNA- RNA,
- Loai bo cac mach don cua dau so le dé tao dau bz“mg,
- Loai bé nhiing ciu tric kep toc trong khi tao cDNA.
4.2.2.3- Desoxyribonuclease I1I (Exonuclease III )
Enzyme nay dugc tach tir vi khuan E. Coli.

N6 xuc tac phan ung phan cit cac trinh ty nucleotide tir ddu 3 —OH tu
do ciia mot theo huéng 3 — 5. Két qua 1a tao ving mach don dai trén DNA

soi doi, ngoai ra con ¢ hoat tinh 3 —phosphate.

3’ 5’ 3’ .......... 5 ’

’ ’ ) — 9 wWmEEEEEEE

5 3 5 3

Enzyme nay dugc ung dung dé tao cac cAu trac mach don & mot sb
vung trén phan td DNA dé san xuit mau do dic trung cho timg mach hoic
phéi hop vo1 nuclease S1 tao dot bién mét doan tai nhirng vung dac biét.

4.2.2.4- Enzyme ribonuclease ( RNase A va RNase H)
RNase hién dién & moi noi, enzyme thuong mai duogc trich ly tir tuy bo.

Pic trung cat lién két phosphodiester ngay sau mot bazo pyrimidine
nhu uracil va cytosine cuia RNA mach don. RNase A bén nhiét khong mét
hoat tinh & 90°C trong mot gio.
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Puoc ing dung dé loai bd RNA con sot lai trong dich chiét DNA hoic
loai bo cac ving khong bat cip cia RNA trén phan tir lai DNA- RNA.

RNase H 13 enzyme xtic tic loai bo RNA. Sau khi phién mé nguoc dé
tiép tuc tong hop mach thir hai cia cDNA hinh thanh mach DNA soi d6i.
4.2.2.5- Enzyme phosphodiesterase

La mdt loai nuclease c6 trong noc ran, co chat tac dung 1a DNA va
RNA, tan cong tir ddu 3’ ctia chudi polynucleotide.

4.3- ENZYME KET NOI
4.3.1- Ligase

Dé két ndi hodc han hai manh DNA hodc RNA ngudi ta phéi st dung
enzyme ligase trong su ¢6 miat ciia ATP. Khi d6 tao ra mot lién két ester giita
mot manh chira 5 —phosphat va mot manh chira 3 —OH. Chung thuong dugc
str dung két hop véi enzyme khac nhu kinase va alkaline phosphatase. Thong
thuong, chap hai manh dau dinh dé hon hai manh c6 dau phang.

4.3.1.1- Ecoli DNA ligase

Enzyme nay dugc trich ly tir £. Coli, chi c6 thé xuc tac ndi hai manh
DNA c6 dau so le. Ung dung tao DNA tai t6 hop trong k¥ thuat tach dong.

4.3.1.2- Ty DNA ligase

Enzyme nay duoc trich tir phage T4. C6 kha ning xtic tac ndi hai trinh
tw DNA dau so le va dic biét 13 hai trinh ty dau béng. Kha nang gén manh
hon 10 1an so véi ligase tach tir E. Coli. Pugc ua chudng trong k¥ thuat tach
dong.

4.3.1.3- Ty RNA ligase

Enzyme nay dugc trich tir phage T4 , Xdm nhiém E. Coli. C6 kha ning
xtc tac ndi hai trinh ty RNA bang lién két phosphodiester. Co chét cua né
thuong 12 nhimg phéan tr nho nén duoc dung danh dau phong xa dau 3’ cua
cac phan tir RNA dung 1am mau do phan tir.
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4.3.2- Cdc enzyme dephosphoryl hod ( khit nhom PO4'3 )
1,- Alkaline phosphatase:

Puoc trich ly tor £. Coli hay tir ru¢t bé. Pac tinh cia enzyme nay la
hoat déng & pH kiém va c6 kha ning xtc tac khir nhom phosphate 5 ctia mot
chudi DNA hoic RNA va cac nucleotide tu do.

5'P—OH

3 OH —P
Manh cai (DNA) ngoai lai bi
cat cung RE véi vector

3!
5!

Vecto bi cit bang RE va sau
khi khir nhém PO, bing
alkaline phosphatase

5'
OH |-cn, 0
Bazo
H H H ,
OH > Khe ho
OH OH SOH
E kinase chuyén nhém
Nucleotide tu do da

; Po,va han lai
khit nhém PO,

UUHinh 4-2: Phan ng ndi DNA ngoai lai véi vector da khir nhém PO,

Alkaline phosphatase dugc tmg dung dé:

- Loai bé nhém phosphate 5 trén trinh tu DNA hodc RNA trude khi danh

dau phong xa 5 cta chung bang P>? lam mAu do phan tir lai.

- Loai bo nhom phosphate 5 trén mot vector vira méi bi cat boi enzyme
RE. Nhim tranh vector nay dong kin tré lai, khién cho viéc cai manh DNA
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ngoai lai vao bi can trd. Trong trudong hop nay, soi kép dugce cai vao c6 mang
hai nhom phosphat & 5 s& tao ra hai trong bén lién két este dé hinh thanh mot
DNA tai t6 hop kép vong kin ¢6 chua hai khe h.

Su chip nbi vector da bi khir PO4'3 &5 v6i DNA ngoai lai tao ra DNA
tai to hop soi kép co hai chd trong (OH) do OH 3’ ctia doan ngoai lai khong
tao lién két ester véi OH 5 cua vector di khir nhém PO4~ (Hinh 4-2) .

4.3.3- Cac enzyme phosphoryl hoa

- Enzyme kinase (T4 polynucleotide kinase): duoc chiét tir tryc khuan Ty
xam nhiém E. Coli. C6 kha niang chuyén nhom phosphate tir phan tor ATP 1én
dau 5 cua DNA hay RNA di bi khir phosphate boi enzyme alkaline
phosphatase.

Enzyme kinase dugc tmg dung dé danh ddu phéng xa ¢ dau 5 cua

DNA lam mau do phan tir trong k¥ thuat lai hodc dé chuyén nhom PO4'3 toi
cac trinh DNA khong ¢6 nhom PO4-3 trong phuong phap tao dong.
4.4- CAC ENZYME TONG HOQP

Enzyme sao chép mot axit nucleic: Quéa trinh sao chép chudi axit
nucleic tirc 1a tong hop mot chudi DNA hoic RNA dugc tién hanh theo
nguyén tic bd sung va ddi song song. Viéc thém mot nucleotide méi dugc
tién hanh theo huéng 5 — 3.

4.4.1- Enzyme sao chép DNA — DNA

La cac enzyme DNA-polymerase I, enzyme T4 DNA-polymerase, Taq
polymerase tong hop chudi DNA tir mdt khuén DNA hay con goi "enzyme
phu thuoc DNA".

4.4.1.1- Enzgyme DNA - polymerase I

Enzyme DNA-polymerase c6 ngudi goc dugc tach tir vi khuan E. Coli,
chung c6 ba hoat tinh:

- Hoat tinh tong hop DNA theo huéng 5 — 3’ va stra chira trong sao chép,

- Hoat tinh exonuclease theo hudng 3 55,
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- Hoat tinh exonuclease theo huéng 5 — 3.

Ngay nay enzyme DNA-polymerase duoc dung chu yéu dé xac dinh
trinh tw DNA bang phuong phap didesoxynucleotide ciia Sanger, ngoai ra,
con dung dé tong hop mau do co6 do phong xa cao, hodc xay dung cac vector
tr DNA mach don.

Trong thyc té ngudi ta hay sir dung doan Klenow 13 san pham thiy
phan ciia enzyme DNA-polymerase I, c6 hoat tinh exonuclease theo huéng 3
— 5 va hoat tinh tong hop.

4.4.1.2- Enzyme Ty DNA - polymerase

C6 ngudn gde tir phage T4 xam nhiém E. Coli c6 hoat tinh exonuclease
theo hudng 3 — 5 . Enzyme nay manh nén dugc sir dung nhiéu dé tong hop
mau do c6 do phong xa cao.

4.4.1.3- Enzyme Taq - polymerase

Trich 1i tir vi khuan Thermocellus aquaticus, 1a enzyme chiu nhiét cao,
c¢6 tac dung khuyéch dai tong hop DNA. Enzyme ndy chu yéu st dung dé
nhan dong gen trong phan img PCR.

4.4.2- Enzyme phién ma ngugc (Reverse transferase)

La enzyme c6 kha ndng sao chép bo gen RNA cua retrovirus khi ky
sinh trong té bao chu tao ra cDNA, theo chiéu 5 — 3 cin c¢6 mat cia mdi.
Pay la giai doan can thiét dé tao ra ngan hang cDNA.

Hién nay trén thi truong enzyme phién mi nguoc c¢6 ngudn goc tir
AMYV (Avian Myeloblastosis Virus). Enzyme phién ma ngugc 1la mdt DNA-
polymerase 5 — 3, ¢ cac dic tinh sau:

- La enzyme phu thudéc RNA,
- Tong hop DNA theo huéng 5 — 3,

- C6 hoat tinh RNase.
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Chung duoc tmg dung dé thiét 1ap ngan hang ¢cDNA hodc tién hanh
phan tmg PCR trén mRNA, ngoai ra, chung con dugc sit dung dé xac dinh
trinh tw DNA bang phuong phap sir dung céc didesoxynucleotide ctia Sanger.

4.4.3- Cac enzyme tong hop RNA (RNA-polymerase)

C6 ba loai RNA polymerase dugc st dung nhiéu nhéat hién nay 1a SP6
RNA-polymerse c6 ngudn goc tir phage xam nhiém Salmonella typhimurium.

T3, T7 RNA-polymerase duoc trich ly tir phage T3 va T7 xdm nhiém E. Coli.

Céc enzyme ndy hoat dong trén soi khuéon DNA xtc tac sy tong hop
RNA theo huéng 5 — 3. Qua trinh tong hop khong can mdi nhung khuon
DNA phai mang promoter dac trung cua phage. Cac enzyme nay dugc ung
dung dé:

- Pé tong hop cic miu do RNA danh diu phong xa trong phong thi
nghiém.

- Nghién ctru ban phién ma RNA cua mot DNA da dugc dong hoa nho
phuong phap PCR.

- Xac dinh trinh tw DNA dugc gian trong mot vector ¢ mang cac promoter

dac trung cua phare SP6, T3, T+.

Ngoai ra ngudi ta con dung enzyme nay tong hop luong 16n RNA tir
DNA duoc ndi ngay sau promoter thich hop.

4.4.4- Enzyme terminal - transferase
Enzyme nay dugc trich ly tir tuyén e bé. Co cac dic tinh:

- Terminal-transferase xuc tac gan cting mot loai nucleotide vao dau 3 —OH
tu do ctia phan tir DNA dé tao dudi polynucleotide.

Chung duoc Gmg dung dé:

- Thém dudi polynucleotide dé tao dau sole cho phan tir DNA dung trong
k¥ thuat tao dong.

- Panh dau dau 3 (OH) cua phan tit DNA dé xac dinh trinh ty axit nucleic
theo Manxam va Gilbert.
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CHUONG V
VECTOR CHUYEN GEN

5.1- KHAI NIEM VE VECTOR
5.1.1- Su chuyén gen

Viéc nghién ctru mot gen xéac dinh & sinh vat eucaryote gip phai nhiéu
kho khin, vi gen d6 chi 14 trinh tur nhé nam lot trong toan bd gen c6 kich
thudc 16n. Bé thu nhan lugng gen tinh sach véi ham luong 16n ngudi ta phai
chuyén va tao dong gen do.

Dé chuyén gen tir t& bao A (& bao cho) sang té bao B (té bao nhan) chi
c6 thé thuc hién bang cach dinh cac gen can chuyén vao mdt yéu té trung gian
duoc goi 1a doan dan.

Nhiing doan dan nay c6 kha nang hudng dan, van chuyén cac doan gen
can nghién clru vao t€ bao nhan. Poan dan nay chinh la cac vector chuyén
gen.

5.1.2- Vector

Vector 1a phan tir DNA nhé (ngan) dang thang hodc dang vong, trong
d6, nguoi ta s& cai mot manh DNA (gen qui) can nghién ctru. Nhitng manh
DNA da duoc cai goi 1a doan cai (insert) hoac DNA ngoai lai hoac DNA la.

Céc phan tt DNA nho ndy thuong 1a nhitng thuc khudn thé hodc cac
plasmid ma trong bd gen cia chiung cé tin hiéu can thiét cho chung tai ban,
nhung ching lai khong biét tai ban (sinh sb6i ndy né) mot minh. Chung can
dua vao trong cac té bao chu (vi du nhu té bao vi khuan chang han).

5.2- NHUNG YEU CAU TOI THIEU CUA MQT VECTOR CHUYEN GEN

Vector phai c6 mot ving nhan biét d6i voi mot enzyme gidi han loai II.
Ving nay sé& 1 ving cai lap mot DNA (gen can nghién ciru) dd dugc xtr Iy boi
cung enzyme gi¢i han. That vy, mdi mot RE tao ra mot dau so le riéng, co
kha ning gin v4i mot doan DNA mang dau so le twong tmg. Hon nita, cac
vung nhan biét nay thuong duoc dit vao gitta cac gen chi thi dé tién theo ddi
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su biéu hién hoat dong cia gen tai t6 hop. Thong thuong, d6 1a nhiing gen
khang khang sinh, hodc gen ma héa tong hop enzyme c6 kha ning chuyén hoa
co chat tao mau dé phat hién trén mat thach.

Vector phai ton tai trong té bao chu qua nhiéu thé hé va it gy x4o tron
trong té bao chil.

Vector c6 kich thudce cang nho cang t6t dé thu nhan luong DNA tbi da
va dé bién nap vao té bao chu.

Vector phai c6 kha ning tu sao chép tich cuc trong té bao chu, khong
phu thudc vao su sao chép bo gen cia té bao chu.

DPam bao sy di truyén bén viing cia mot DNA tai to hop.

Chung khong c6 kha ning séng sot ngoai té bao chii va khong chuyén
vao té bao chu khac bang con duong tiép hop.

Co trinh tu diéu hoa tao di€u kién thuan lgi cho viéc phién ma cta gen
duoc dua vao.

Kha ning bién nap 16n nghia 1 c¢6 kha ning thdm tét vao té bao chu
clia vector mang gen tai to hop.

Dé theo doi su bi€u hién cua gen tai to hop, y€u cau nay la can thiét cho
viéc phat hién dong can tim.

Tinh ché dé dang véi khoi lugng 1én ban sao cia gen géan vao vector.

Ngay nay cac vector chuyén gen ngay cang hoan thién va tién loi cho
viéc str dung. Khong cé vector ndo toan ning cho su chuyén gen ma can c6 su
lwa chon tuy ddi twong va tuy kich thuéc doan gen can tao dong. Ching duoc
cAu tao v&i nhiéu tinh chét chuyén biét dé mang dugc cac trinh ty nucleotide
nhu mong mudn.

5.3- MOT SO UNG DUNG CUA VECTOR CHUYEN GEN

- Mot ung dung dau tién 1a dé tién hanh mot qué trinh duogc goi 1a sy tach
dong nham khuéch dai luong 16m ban sao DNA x4c dinh.

- Nghién cuu sy biéu hién ciia mot doan DNA chua biét.
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- Pua gen ma con ngudi can nghién ctru vao té bao chu.
- San xuat protein tir gen duoc tao dong.
- San xuat RNA v&i khdi lugng 16n tir DNA tao dong.
5.4- CAC VAT CHU THU NHAN CAC VECTOR CHUYEN GEN

Moi thao tac v6i DNA va viéc tao dung cic phan tir DNA tai to hop
duogc thuc hién trong dng nghiém. Nhung viéc tao dong mot gen momg mudn
phai duoc thuc hién trong té bao séng. Do vay, viéc bién nap, tiép nhan va thé
hién gen trong té bao sdng 1a cuc ky quan trong trong qué trinh nghién ctru.

Té bao nhan gen tai t6 hop phai 1a mot co thé phu hop voi gen dé va
phai c6 nhitng bién phap chon loc cac té bao chu di tiép nhan gen.

Ngay nay, nguoi ta di biét c6 bén loai vat chii thu nhan céc vector
chuyén gen la:

- Vat chu 1a vi khuan E. Coli va céc vi khuan khac,
- Vat chu 1a nAm men va nAm méc,

- Vit chu 14 té bao thuc vt bac cao,

- Vat chu 13 té bao dong vat co vi.

5.5- CAC LOAI VECTOR CHUYEN GEN

DNA tai t6 hop

o /// \T

N N\
/ / // Su bidu hign

Sw tach dong

UUHinh 5-1: Nhirng ing dung DNA tai t6 hop
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Dua vao ngudn gdc ngudi ta phan ra:

- Céc vector 1a nhiing plasmid,

- Céc vector la phage,

- Céc vector lai nhan tao nhu: cosmid, bluescript.
Duya vao chirc ndng nguoi ta phan ra:

- Vector tach dong (c6 kém theo su biéu hién hodc khong biéu hién cua
protein - Hinh 5-1),

- Vector biéu hién (vector tong hop).
5.5.1- VECTOR CHUYEN GEN LA PLASMID

Céc plasmid 13 nhitng mau DNA nhd, ngan, dang vong (khép kin), soi
d6i nam ngoai nhiém sic thé, dugc tim thiy dau tién trong té bao mot sd vi
khuan. Chung sao chép dugc 1a nhd mot sd enzyme cd mit trong té bao vi
khuan va khong phu thudc vao sy sao chép nhiém sic thé vi khuan. Tuy cac
kiéu cta plasmid ma s6 ban sao plasmid béi vi khudn s& khac nhau. Mot s6
plasmid chi c6 mot ban sao duy nhét vi ching tu tai ban chi mot lan trong moi
1an phan bao. Mot s6 khac ¢ s6 ban sao 16n vi chiing tai ban dugc nhiéu 1an
trong mdi chu ky phan bao. Nhiing plasmid c6 tir 10 dén 100 ban sao trong té
bao chu duge xem nhu plasmid c6 ban sao cao. Plasmid khac ¢6 tir 1 dén 4
ban sao trong té bao chu, dugc xép vao nhém cé ban sao thip. Trong sinh vat
eucaryote, plasmid chi ¢6 trong té bao nim men.

Mdi plasmid déu c6 mot chudi ma di truyén (sequence) mang chic
ming tu tai ban DNA. Néu khong c6 vi tri khoi dau phién ma (ori) nay, DNA
khong thé tu tai lap trong té bao chil. Vi tinh chat ty tai ban, plasmid 1a mot
vector chuyén gen dé nhan dong DNA can thiét.

Do kich thudc nhé nén plasmid chi chura rat it gen chon loc, thuong dac
tinh chon loc 1a khang khang sinh. Tu khi dugc phat hién dén nay, cac
plasmid khong ngimg duoc cai tién va ngay cang dugc c6 thém nhiéu dic tinh
qui cho viéc tao dong.
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Trong phong thi nghi€ém, nguoi ta st dung cac plasmid nhan tao ma
duogc tao ra tir cac plasmid ty nhién va cai thém mot s6 chudi DNA.

5.5.1.1- Cdc plasmid thé hé thir nhit

Thé hé dau tién d6 1a cac plasmid tim théy trong tu nhién pSCj
(Stalay-Cohen), ColE1 dd gop phan dau tién vao lich st tao dong. Tuy viy
cac plasmid nay c6 rat it nhitng dic tinh can thiét. Sau nay, cac nha nghién
ctru dd tim ra cac plasmid nhédn tao thé hé hai, ba bang cach tap trung nhiéu
dic tinh qui cta nhiéu plasmid tu nhién vao mot cau trac duy nhat.

5.5.1.2- Plasmid thé hé thir hai
pBR3», - 13 plasmid duoc st dung rat phd bién vao nhitng nam 1980 dé

nhan dong trong té bao E. Coli. N6 duoc tim ra vao nam 1977 béi Bolivar
Rodrigues.

Céc plasmid thé hé thir 2 dugc cdu tao phirc tap hon bat ngudn tir
plasmid nho va duoc ciu tao thém nhiéu doan gen qui (Hinh 5-2).

. 4 diém nhan biét
Amp —

3 diém\

nhan biét

TetR

6 diém
nhan biét

.......................

Ori

6 diém nhan biét

Hinh 5-2: Ciu tao plasmid pBRj;;

pBR3»; ¢6 kich thude 4.363bp va hai gen khang thubc, mot chdng chiu
duogc ampicilline (ampR) va mgt chong chiu dugc tetracycline (tetR)

Co6 nhi€u diém nhan bi€t boi enzyme cat han ché va trong s6 do co
nhiéu diém nhan biét nam trong gen khang khéang sinh.
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Vi du, gen khang ampicilline c6 ba trinh ty nhan biét boi ba enzyme cit
han ché 1a Pstl, Pvul, Scal. Con gen khang tetracycline c6 sau diém nhan biét
la: EcoRV, BamHI, Sphl, Slal, Xmalll, Nnul.

Viéc cai DNA la duoc tién hanh mot trong hai gen khang thudc. Néu
chi con mot gen khang vdi khang sinh 1a do mot trong hai gen da khong nhan
doan cai. DPiéu nay cho phép dé chon lwa cac plasmid tai t hop.

Mot tng dung nita cua pBRj3y, 1a ching co s6 ban sao 16n. Thuc
nghiém cho thdy ctt 15 plasmid tai t6 hop duoc bién nap trong E. Coli, 6
lwong nay cé thé ting 1én tir 1.000 dén 3.000 ban sao trong diéu kién nudi
cy tot.

5.5.1.3- Cdc plasmid thé hé ba

Pay la cac plasmid manh va da ning, tién st dung cho nhiéu loai RE
khac nhau vé1 hang chuc trinh ty nhéan biét cua ching duoc ndi tiép nhau
thanh mot doan dai goi 1a polylinker. Kich thudc nhd, sao chép nhanh trong té
bao vi khuan, tao s6 luong ban sao 16n.

Cac plasmid thé hé 3 duoc chia 1am 3 nhom 16n:
- Day pUC nhu: pUC;g, pUCj9 (Hinh 5-3)
- Day Gemini: Plasmid pGEM;, Plasmid pCR 2.1
- Nhém céc plasmid Bluescript
1,- Day pUC:

pUC Ia plasmid cua University California, c6 kich thudc 2,6kb va co
mét s dic trung sau:

- C6 mdt manh operon lacZ, cac vi khuan cha yéu sir dung voi pUC dung

dé tong hop enzyme B-galactosidase.
- C6 vung polylinker véi 13 ving gidi han cta 13 enzyme cat han ché.

-0 pUC,g , vung han ché (EcoRl, Sacl, Knpl, Xmal, BamHI, Xbal, Sall,
Hindl, Accl, Bspml, Pstl, Sphl, Hind III).
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- G pUC,y , vung polylinker ¢ trinh ty nguoc lai (Hind III .....EcoRI).

- C6 mot gen bén véi ampicilline, gen nay ma hoa cho protein (enzyme)
von duogc ti€t ra trong khodng ngoai bi€n mang sinh chat cta vi khuan.

Polylinker

Gen khang

ampicilline Operonlac

Hinh 5-3: Céu tao plasmid pUC

Su hién dién cta lacZ tao thuan lgi cho vector tai to hop béng cach
quan sat cac vi khuan trén thach dé chon vi khuan c6 kha nang tiép nhan mot
plasmid. Sy c6 mit cuia gen khang ampicilline cho phép pUC duoc tién hanh
nudi ciy trén méi truong c6 ampicilline (Hinh 5-3).

Uu diém: Kich thuéc nho, d& bién nap vao té bao vi khuén. Viung
polylinker cho phép gan xen bat ky trinh tu DNA la ndo, hoidc co thé cho phép
tao dong doan DNA c¢6 hai dau dinh khac nhau ma khong can chéat gin.

2,- Plasmid pGEM; : (Hinh 5-4)

Promotor Sp,

Promotor T,

Hinh 5-4: Ciu tao plasmid pGEM; (Gemini)

Kich thudc khoang 3kb, mang gen khang ampicilline (AmpR) va vung
polylineker gdm 13 trinh ty nhan biét boi 13 enzymee cat han ché tuong tu

nhu vung polylineker cua pUCyg.
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Hai promotor dac trung cho RNA-polymerase Sps va T; ¢ hai bén
vung polylinker. Vi vay c¢6 wu diém 1a cho phép phién ma doan DNA gin
trong vector thanh nhiéu RNA, ma ciac RNA ndy thuong duoc dung lam mau
do, hoidc dung trong nghién ctru cu tric chirc ning ciia RNA.

3,- Nhom cac plasmid bluescript:

Bluescrip 1a vector lai nhan tao phage soi va plasmid vi vy n6 dugc
két hop tat ca nhiing vu diém cua cac phage va uu diém cua céac plasmid, c6
thé xem d6 1a nhom c6 tiém ndng nhat hién nay.

Céu tao: Bluescript co cdu tao dang vong khép kin, kich thudc vao
khoang 2.961bp (Hinh 5-5), bao gom:

_Nael131

Ssp119

Ssp 12850 \

Xmn I 2645

Ssp I 442

Sca 12526

Y

Pvu I 2416

T7i

Vang polylinker SK

T3

A

pBluescript II SK (+/-)

~ Sacl759
BssH 11 792

Pvu 11 977

Afl IIT 1153

Hinh 5-5: Céu tao pBluescript SK (+/-)

- Mot manh lacZ & dau 5° cta gen nay c6 cai san polylinker gom 21 ving
gi61 han: Kpnl, Apal, Drall, Xhol, Accl, HindlII, Sall, Clal, HindIII, EcoRV,
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EcoRlI, Pstl, Smal, BamHI, Spel, Xbal, Notl, Xmal, Sacll, BstXI, Sacl hoac
nguoc lai. O ving polylinker nguoi ta con tim thdy mot ving nhan biét twong
d6i hiém (Notl) ma khong c6 & didy pUC. Vé6i 2 promoter T3 va T7 dé thu
duoc doan cai RNA cung chiéu hodc nguoc chiéu qua viéc sir dung RNA-

polymerase cua phage T3 nhan biét promoter T3 hodc nguoc lai.

- Mot manh DNA cua phage tiuy muyc dich st dung c6 thé 1a phage M3
hodc phage f; .Ving nay sé sit dung khi ngudi ta muén DNA tai ban dudi
dang soi don hoac s¢i doi, ngoai ra ¢ vung nay con chira diém khoi dau cho
su tai ban (ori). Song su tai ban chi c6 thé xay ra boi su dong gy nhiém véi
mot virus tro gitip (virus helper). Virus ndy s& bd khuyét nhitng chirc ning
thiéu bang cach mang dén nhitng gen ma hoa cac enzyme can thiét cho su tai
ban. Phu thudc vao su cai dat cia manh DNA nay so voi chiéu cua gen lacZ,
nguoi ta s€ co vector bluescipt + hoac —. Cdp nay cho phép nhan duogc soi
cung chiéu hodc nguoc chiéu.

Mot gen chong chiu dugc ampicilline, gen nay cho phép chon lua tit ca
nhing vi khuan di sat nhap mot bluescript.

Trong vector bluescript con c¢6 diém khai dau sao chép colEI ori, chudi
nay cho phép nhan ban cua phagemid (bluenscript) ¢ trong E. Coli nhu
plasmid. Gidng gbc E. Coli duogc str dung thuong 1a XL1Blu, trong bd may di
truyén ctia chiing c6 chira gen mi hoa tong hop tetracycline. Diéu nay cho
phép d& dang chon Iwra nhitng vector da sat nhap vao vi khuan.

Ung dung: Tuy theo diéu kién thao tic ngudi ta co thé st dung
bluescript dé nhan ban mot doan DNA soi don hodc soi kép hodc sao chép
RNA invitro d¢ san xuat dau do lai hoa hodc tao ngan hang cDNA.

5.5.2- CAC VECTOR CHUYEN GEN LA PHAGE

Phage (thuc khuan thé) 1a virus xdm nhiém vi khuan lam phan giai vi
khuan. Viéc str dung phage lam vector chuyén gen c6 nhiéu wu diém hon so
vo1 vector 1a plasmid:

- D€ xam nhap vao vi khuan,

- Kha ning nhan 1én nhanh trong té bao chu,
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- Kha nang tiép nhan doan DNA la 16n hon plasmid.
Tuy nhién, viéc stt dung phage c6 nhiéu bat loi nhu:
- Thao tac ghép DNA Ia phuc tap,

- DNA tii t0 hop khong tao thanh khuan lac nhu DNA tai t6 hop 1a
plasmid, ma thanh dia phan giai xuat hién trén mat thach phu day vi khuan

Phan 16n cac nhom phage sir dung 1am vector déu bat ngudn tir phage A
thudc thé hé thir nhat.

5.5.2.1- Phage A (thé hé dau)

Céu tao (Hinh 5-6) gébm hai phan: Phan dau chira DNA va duoc dong
g06i trong vo protein. Phan dudi cho phép virus c6 thé tu c¢b dinh trén cac té
bao chu 1a vi khuan:

- DNA ciia phage: Soi ddi, mach thang, dai 48,5kb gém hang chuc gen.
Pau tan cing cua DNA 1a soi don gdm 12 nucleotide va chung duoc goi 1a
nhimg dau dinh.

- Cling nhu tat ca virus, DNA nay dugc bao boc trong vo protein.
Phage sinh s6i ndy no theo hai cach:

- Chu ky tan: phage duoc sinh s6i ndy né trong vi khuin. Cac phage moi
dugc tao ra s& di ra khoi vi khuan bang cach lam tan vi khuan nay.

DPau

DNA

Hinh 5-6: CAu tao ciia phage A
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- Sinh tan: La mot kiéu sinh san khac cta virus, phage khong lam tiéu tan
vi khuén, thay vi tu sinh san trong té bao chat, phage sat nhap DNA ctia minh
voi DNA cua vi khuén.

5.5.2.2- Cdc bién hinh ciia phage A (phage thé hé sau)

Céc phage thudc thé hé tht hai rat da dang, mdi mot loai thich tng voi
mot muc dich str dung.

1,- Giam mot so vung han ché giong nhau:

Phage A ty nhién (chua bién hinh) goi 13 phage hoang dai c6 chira nhiéu
vung han ché giong nhau nhu:

- 5 vung EcoRI
- Nhiéu ving Hind III

Khong thé cit vector nay bang EcoRI hodc HindIII dé cai vao diy mot
manh DNA la. Nguoi ta di bién hinh loai phage A ndy chi con chira mot ving
nhan biét cia EcoRI tao ra vector cai va hai ving EcoRI tao ra vector thay
thé. Vi du:

- 2 NM607 1a vector cai chira doan cai DNA dai 9kb & vi tri ¢t boi EcoRI
trong gen CI.

- A charon 16: DNA duoc cai vao vi tri EcoRI 1am e ché gen lacZ.
- » EMBL4 12 mot vector thay thé, doan DNA thay thé dai 23kb.
2,- Lam khuyét nhitng phan khéng can thiét: (Hinh 5-7)

Phage A chi co thé nhan dugc DNA la trong mot churng muc rat han
ché. Kha ning cta no s& bi giam rat nhiéu khi do dai genon (bd gen) 16n hon
105% (51 + 52kb) hodc nhé hon 78% (38 + 38,5kb) so voi do dai ban dau.

Nguoi ta tim cach ting chidu dai cua doan duogc cai bang cach giam di
nhiéu hodc it chiéu dai nhitng phan khong can thiét cua genon ctia phage A.
Trong sd cac vector bo 1/3 phan trung tim giita gen J va N. Trong khi d6 gitt
lai diu 5 (tay trai) von ma hoa cho protein dau, dudi. Ciing nhu dau 3 (tay
phai) von ma hoa cho protein thiét yéu cho sy tai ban va chu ky tan.
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Cdc gen md hoa Cdc gen md hod protein
protein dau duoi DNA la tdi ban, chu ky tan
J N
5 ’ V A 3 ’
3’E j Ass

Okb 17kb 35Kb 48,5kb

Tay trai Phan trung tam Tay phai

Hinh 5-7: Phage A bién hinh

Phan trung tdm gitta gen J va N khong can thiét cho su sinh san cia
phage c6 thé dugc thay bang DNA la. Cac dau manh 5 va 3 déu la dau dinh.

3,- Cai mot manh cua operon lacZ:

Muc dich 14 chon ra phage tai t6 hop ma dem lai kha ning phéan biét
bang mit cac phage A da duoc sat nhadp mot doan cai vao trong bd gen cua

ching.

Enzyme

B-galactosidase

X(5 Brom-4 Clo- Galactose
3 Hydroxyindole)
OH mau xanh

X-Gal (khong mau)

Hinh 5-8: Co ché phan tng thity phan X-Gal b6i enzyme B-galactosidase

Bit dau tir phage A ngudi ta dd ciu tao nén (bién hinh) phage Agt;; d6

1a mot vector biéu hién. Phage nay c6 cai vao gen lacZ mot DNA can tao
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dong. Cac phage gtA;; tao ra duoc cac ving tan trang néu chung da dugc cai
DNA la vao gen lacZ (gen chiu trach nhiém tong hop B-galactosidase).

Céc phage gth|; tao ra ving tan xanh néu nhu ching khong tiép nhan
doan cai DNA la.

Dé phat hién cac phage A tai t6 hop, ngudi ta cho vao mdi trudng chia
phage A tai t6 hop (mdi trudng nudi ciy) mot duong X-Gal (Sbrome-4chloro-
indolyl-B-galactopyroside). Giébng nhu dudng lactose, nd bi thuy phan boi
enzyme P-galactosidase. Nguoi ta c¢6 thé dé dang phat hién khi c6 mit cua
enzyme [3-galactosidase (Hinh 5-8).

5.5.2.3- Cdc vector chuyén gen M3

Dic tinh cdu tao: La phage thé soi, xdm nhiém dic trung E. Coli. DNA
cua phage mach don, c6 kich thudc 6,4kb, trong d6 c6 khoang 10 gen.

Ung dung: Do vu diém cua loai vector ndy 13 tao dugc mét luong 16n
ph?m tdr DNA chi mang trinh ty ctia mot mach, nén chung thuong duge dung
xac dinh trinh tu nucleotide trong phuong phdp Sanger.

5.5.2.4- Cdc bién hinh ciia phage M;;

- Vector M3 mp2 la dang don gian nhat, c6 mot hodc hai trinh ty nhan biét
boi EcoRI nhéan doan cai ¢6 dau dinh duoc cét boi enzyme EcoRI.

- Vector M3 mp7 duogc tao thanh béng cach dua thém vi tri cit han ché vao

gen lacZ cia vector M3 mp2. Vector ndy c6 4 diém nhan biét boi bon
enzyme cat han ché: EcoRI, BamHI, Sall va Pstl.

5.5.3- CAC VECTOR CHUYEN GEN KHAC
5.5.3.1- Cac cosmid
1,- Ddc tinh cdu tao: (Hinh 5-9)

Céc cosmid 1a nhirng vector lai nhan tao tir mgt plasmid voi1 céc trinh tu
cos cua phage A (dugc st dung tir nim 1978). Céc trinh tu cos ndy diéu khién
su dong goi DNA tai t6 hop vao dau ciia phage. Khi bao goi cac ving cos déu
bi cét, chi con mot phén DNA cua cosmid dugc gidi han béi cac dau dinh véi
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doan cai DNA la dugc bao goi. Trong phan ung bao goéi in vitro, cac protein
can thiét cho sy tao thanh dau va dudi phai dugc thém vao dé cho cac phage
c6 thé ty hop thanh.

Cosmid 1a nhiing plasmid c6 cac vung gidi han ma tai day, nguodi ta co
thé cai lip DNA la va mot gen chong chiju ampicilline. Kich thudc cosmid ~
5kb do 06, n6 co6 thé nhan dugc doan cai 35+45kb va co thé t6i 47kb (nhu
chung ta da thay & Muc 5.5.2.2, dau ctia phage A c6 thé bao géi dugc 52kb).

Vao thoi diém gay nhiém E. Coli, DNA tai to hop dugc phong vao vi
khuan. Trong vi khuan cac dau dinh s& bat cip tao ra cosmid tai t6 hop khép
kin dang vong va tai ban nhu mét plasmid.

2,- Uu diém va 1ng dung cua cosmid.

Ciing nhu phage, cosmid cho kha ning xAm nhiém té bao vi khuan 1én,
nhan doan cai c6 kich thudc 16n.

Vung cat bang RE

H / dé cai DNA ngoai lai
ST

Cos

Hinh 5-9: Ciu tao cosmid

Trong té bao cha, né tu nhan ban nhu plasmid. Cho nén ngudi ta nhan
dugc nhitng khuan lac, chir khong phai dia phan giai trén mat thach, thuan loi
cho vi¢c quan sat.

V6i nhitng tién loi trén, nguoi ta dung cosmid dé tach dong tir nhiing
gen 16n dé tao ngan hang genom (b gen). Nhitng vi khuan mang vector nay
c¢6 kha nang chéng chiu vi méi truong co6 ampiciline.

Tuy vay viéc tmg dung cosmid dé tach dong cling rat kho khin va vat
va.
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5.5.3.2- Cdc nhiém sdc thé nhén tao ciia ndm men YAC
(Yeart - Artificial - Chromosomes)

Do nhu cau tao dong véi nhiing trinh tw DNA ngay cang 16n, cac nha
nghién ctru tim toi phat trién nhitng vector ngdy cang méi. Ngay nay ngudi ta
da tao ra YAC cho phép tao dong vdi nhiing doan DNA dai 150+1.000kb,
trung binh 1a 350kb. Bang nghién ctru cho thdy & nAm men (Saccharomyces
Cerevisiae), nhiém sic thé muén nhan d6i va phan ly tét can ba trinh tu:

- 2 TEL (telomere): Trinh ty dau cudi cia NST

- CEN (centrmere - tam dong): Trinh ty trung tdm ctia NST, dam bao su
chia d6i va di vé 2 cuc cta té bao

- ARS (autonomously replicating sequence): Trinh tg sao chép tu chu
tuong tu nhu ori & plasmid

Duya vao do nguoi ta da cAu tao NST nhan tao c6 du ba trinh ty ndi trén
v6i cdu tao gdbm 2 canh tay, gitta 2 canh tay nguoi ta c¢6 thé cai dat mot doan
DNA can tao dong voi kich thudc khoang 150 dén 1.000kb. Trén mdi canh
tay gom cac gen danh dau di truyén dé chon loc cic té bao nAm men c6 chira
YAC va cac chudi tan cung cé chirc ning telomer doan cudi caa NST. Mot
trong hai canh tay mang mdt manh DNA hoat dong nhu mdt tam dong va mdt
ngudn tai ban ori. Viéc cai DNA la vao gen ma hoa chét (rc ché tRNA van
chuyén tyrsine s& 1am bién d6i mau sic khuan lac té bao gdc c6 mang gen ho
phach (khuén lac tir tring sang d0) khi c6 miat cia DNA la. Pay 1a dau hiéu vé
su hién dién ctia YAC tai to hop trong té bao nAm men.

Cac nhiém sac thé nay dugc dua vao t€ bao chu (nam men), né duoc
nhan 1én nhu NST khac & trong t€ bao nam men va ta c6 dugc nhiing gen
mong muon.

5.5.3.3- Cdc nhiém sdc thé nhén tao ciia dong vit cé vii
1,- Cdu tao: Tuong tu nhu YAC va bao gém:

- Trinh tu TEL

- Trinh ty CEN

- Trinh tr ARS
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Nhung khac véi YAC 1a trinh ty TEL va CEN ¢6 nguén gdc tir ngudi.
Piéu nay cho phép MAC (Mammalian Artificiel Chromosomes) vio té bao
dong vat c6 vu va gitr duoc 6n dinh trong té bao.

2,- Muc dich su dung:

Chu yé€u str dung nghién ctru cho céc t€ bao bac cao ma ching ta khong
st dung dugc véi té bao nam men. Khi dua NST vao té bao chu, né cling ton
tai dugc va nhan Ién trong té bao chu.

5.5.4- Cac vector la virus cua eucaryote

La nhitng vector tir virus va t€ bao ti€p nhan vector nay la t€ bao
eucaryote. N6 co cau tao giong nhu phage A. Tuy nhién céc loai vector nay co
tinh dac hi€u cao va nguoi ta xay dung dua trén nhiing hi€u biét cu thé.
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CHUONG VI
CONG NGHE DNA TAI TO HQP VA SU TACH DONG

6.1- CONG NGHE DNA TAI TO HQP
6.1.1- DNA tai t6 hop
6.1.1.1- Khai ni¢m

1,- DNA:

DNA 1a chir viét tit coa axit 2’-deoxyribonucleic, dugc nha sinh hoc
ngudi Thuy Dién Miescher tim ra vao nam 1869 trong nhan té bao bach cau
(té bao mu). Pau tién dng goi né 1a nuclein cd nghia 13 hach nhan. Sau do,
ong da phat hién ra n6 c6 ban chit axit va goi n6 la axit nucleic. Sau hon 80
nam cung voi su tranh cai cia nhiéu nha khoa hoc, dén nam 1952, nguoi ta
maoi cong nhan DNA 1a vat chat di truyén.

DNA gbém 3 thanh phan chinh: bazo nito dang purine va pyrimidine
(A, T,C,G), duong pentose (duong 5 carbon) va axit phosphoric (H;POy4). Ba
thanh phan nay co ty 1& 1:1:1 va chung lién két véi nhau tao thanh mot
nucleotide:

Hinh 6-1: Ciu tao mét nucleotide

Céu trac cia DNA dugc Watson-Crick kham phé ra. D6 13 chudi xoin
kép cong nhe nhang, c6 ciu tric khong gian 3 chidu, gdm hai soi song song,
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d6i xtmg va bod sung cho nhau theo mot qui luat nghiém ngit: A bat cap véi T
va C bét cip v6i G nho cac lién két hydro. Cau tric xodn kép ciia Watson-
Crick 1a chiéc chia khoa dé mo ra nhiing k¥ thuat cta su séng.

2,- DNA tdi t6 hop:

Véi cau trac dic biét ciia phan tr DNA va sy bat cap nghiém ngit cia
céc bazo nito, nhiéu nha nghién ciru di nay ra y tuong: néu tao ra dugc nhiing
dudi & mot trong hai soi ciia phan tir DNA khac nhau thi chung c6 thé nbi lai
v6i nhau nho bét cap bo sung.

Vao nhitng nim 70, bang nhitng phuong phap khac nhau, nguoi ta da
tao duoc nhitng phan tir DNA tai t6 hop dau tién.

Nam 1972, nhém nghién ctru cua truong dai hoc Stranford (Paul-Berg)
d3 dua ra phuwong phap dudi dé ndi cac phan tir DNA khac nhau. Dé tao dau
dinh, nguoi ta st dung enzyme terminal transferase. Dudi tic dung cua
enzyme nay, ngudi ta di tao dugc nhitng dudi poly nucleotide khoang 50 dén
100 gdc adenine (polyA) ¢ dau OH (3’) cia mach don DNA SV 40 (Simian
virus 40) va dudi polyT & DNA plasmid da dugc mé bdi enzyme. Sau khi tron
1an hai loai DNA nay, cic dudi bd sung adinine va thymine bat cip lai véi
nhau va véi sy c6 mat cua enzyme ligase, hai DNA nay duogc ndi lai va tao ra
plasmid tai t6 hop vong. Vi sy an toan cho cong dong nén san pham tai to hop
nay khong duoc bién nap trong té bao chii. Tuy chwa hoan tat, nhung thuc
nghiém ctia Berg dé cho ta hai van dé mau chét vé DNA téi t6 hop. Ong cho
réng, 6 thé dung enzyme dé cit DNA mét cach dinh trude va cac doan DNA
& cac loai khac nhau c6 thé ndi lai v&i nhau.

Nam 1973, Staley Cohen va Annie Chang da tao ra nhitng phan tu
DNA tai to hop tur cac loai khéac nhau, co nhiéu vu diém va da duoc bién nap
trong té bao chu. Va tir ddy, cong nghé DNA tai to hop ra doi. Sau do, nhiéu
nha khoa hoc di lao vao cac thi nghiém lip ghép gen va nhanh chong thu
dugc nhimng két qua c6 tng dung trong thuyc tién.

K§ thuat tai to hop DNA do Rerg, Chang, Boyer va Cohen dé ra da
gitip cac nha sinh hoc ¢ thé lam thay ddi tinh di truyén cta co thé séng theo
chiéu huéng dinh trude va vuot qua duoc hang rao ngan can loai. Mbi to hop
DNA moi déu tao nén nhitng dic diém sinh hoc méi ké ca vé mit di truyén
14n sinh hoéa.
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Vay nguoi ta goi DNA tai t6 hop 1a mot DNA lai, tim duoc invitro
(trong dng nghiém) bang cach t6 hop 2 DNA thudc 2 loai khac nhau.

Vi du: Hai vector 1a plasmid, phage A dugc cai manh DNA la dé tao ra
DNA tai t6 hop (Hinh 6-2).

Céac DNA la nay duoc goi la doan cai hay DNA ngoai lai. N6 chinh 1a
mot manh (doan) DNA hay 1a gen ma ngudi nghién ctru quan tdm va ghép n6
vao DNA cua plasmid hay DNA cua virus.

DNA plasmid )
Plasmid DNA la
asmi N
Vect0r<: Phage DNA phage > DNA tai to hop
DNA la
J

Hinh 6-2: M6 hinh biéu dién sw tao ra DNA tai t6 hop

6.1.1.2- Muc dich tao DNA tdi t6 hop

DNA tai to hop duoc ché tac voi muc dich 1a dé thuc hién mot qua
trinh goi 13 su tach dong. Tach dong 14 sy tach 1ap va thu nhan nhiéu ban sao
d6ng nhit ciia mot gen hay cia mot manh doan DNA. Tach dong c6 thé dugc
di kém hodc khong duoc di kém voi su biéu hién protein. Nhitng ap dung nay
ciia DNA tai to hop dung dé thiét 1ap cac ngan hang bo gen, cDNA hoic tong
hop protein, enzyme, hormone, ...

6.1.1.3- Nhitng yéu cdu ciia DNA tdi t6 hop

- DNA tai t0 hop phai dat dugc nhitng yéu cau can thiét cia mot vector
chuyén gen (xem Chuong 4).

- DNA téi to hop phai ¢ hoat tinh khi dwa vao té bao chu.
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- DNA tai t6 hop phai c¢6 nhitng ddu hiéu dé phat hién trong quan thé vi
khuan. Va dé quan sét sy hoat dong va biéu hién cua gen tai td hop.

6.1.2- Cac cong doan chinh tao DNA tai t6 hop
6.1.2.1- Chon nguyén li¢u

DNA duoc chon lam phuong tién van chuyén gen (vector) thuong la
DNA plasmid va DNA phage. Chiing duoc thu nhan chu yéu tir té bao vi sinh
vat, duoc tach va 1am sach theo phuwong phap chiét tich DNA plasmid, DNA
virus (Chuong 7).

DNA chira gen can nghién ctiru (DNA la) ciing dugc thu nhan tir té bao
sinh vat duoc chiét tach va 1am sach va kiém tra theo phwong phap chiét tach
DNA. Ngoai ra, ngudi ta con sir dung DNA tong hop bang phuong phép hoa
hoc hodc tong hop tr mRNA nho enzyme sao chép nguoc theo co ché
nuclease S; hoac ky thuat Gubler-Hoffman.

Céac enzyme d€ cat, ndi cac doan DNA lai v61 nhau nhu enzyme
ristriction, enzyme ligase cung véi su hop tdc cia mot s6 enzyme khac nhu
kinase va alkanline phosphotase, ...

6.1.2.2 Cong doan cit véi sw tham gia ciia enzyme RE kiéu I1

RE (Restriction Endonuclease) kiéu II: 12 nhirng enzyme cit han ché ¢
nhimng vi tri x4c dinh va dugc dung trong cong nghé DNA tai t6 hop boi vi
chung c6 mot sé vu diém: Hau nhu chi c6 mot kiéu hoat tinh cit, enzyme
khac dam nhiém viéc cai bién. Mdi mot enzyme cit & vi tri phu hop dinh
trudc ngay & bén trong hay canh trinh ti nhan biét. Chiing chi can ion MgJr2
va khong can nang luong ATP.

Vidu:

EcoRI: GJAATTC
CTTAAk}

V < vét ciit

Bam HI: G|GATCC

CCTAGIG

V < vét cit
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- Cac enzyme nay gip chudi dich ctia n6 trén phan tt DNA va cit DNA
thanh hai manh dang dau bang hay dau dinh. Hiéu qua cit cta enzyme gidi
han phu thudc vao nhiéu yéu t6 khac nhau nhu ham luong cua enzyme, nhiét
d6, ion kim loai, méi trudng dém, pH va do tinh khiét cia DNA.

6.1.2.3- Cong doan néi véi sw cé mt ciia DNA ligase

Budc tiép theo cua ki thuat di truyén 1a ndi cac doan DNA vao vector
chuyén gen dé tao plasmid c6 mang DNA la. Phan tng ndi dugc thyc hién
nho enzyme DNA ligase.

DNA ligase 1a mot enzyme xtc tac cac phan ung ndi hai manh DNA
bang cach tao cau ndi phosphodiester gitta dau 5°(P) va dau 3’(OH) cua hai
nucleotide ding canh nhau (Hinh 6-2). Trong sinh hoc phan tur, nguoi ta coi
DNA ligase nhu mot chét keo phan tir dé két dinh cac mau DNA lai véi nhau.

1,- Noi dau bang:

Nbi dau bang dugc xay ra khi hai doan DNA dau bang dting canh nhau.
Duéi tac dung ciia enzyme ligase, lién két phosphodiester giita dau 5°(P) va
dau 3’(OH) duoc hinh thanh va hai nucleotide dugc nbi lai voi nhau (Hinh 6-
3a). Kha nang ndi hai doan DNA dau bang rat thap. Pé ting hiéu suat phan
g, thudng nguoi ta phai ting ndng d6 cua cac doan DNA.

2.- Noi dau léch:

Pau tién, hai manh DNA dau léch do c6 nhitng bazo bd sung nén
chiing tién gan lai nhau dé tao lién két hydro giita cic bazo nito bod sung. Sau
d6, hai nucleotide ctia hai dau néi tao lién két este giira OH(3’) va P(5”) dudi
tac dung ctia enzyme DNA ligase. Phan tmg ndi duoc thuc hién theo so do
dugc biéu dién trén Hinh 6-3b.
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a,- Noi dau bang:

on) (p
—c c|” a1
_Jdcacl|. ° T Al
5 3
p) (OH
oR)--:( P
— C C AT[I—
—1G G T A |—
DNAjigy P ).---(OH
—/1CCAT[—
— 1GGT A | —
b,- N6i dau léch:
— G GATCTpP—
+
CCTAG A— Bt cdp bazo
bo sung
—G G AT C T[— DNA ligase

—CCTAGAPL—

Hinh 6-3: DNA va cic phan rng noi
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6.1.3- Cac phwong phap tao DNA tai t6 hop
6.1.3.1- Phwong phdp don giin ding diu léch
1,- Chon va xw li DNA plasmid.:

Plasmid dugc tach tir té bao E. Coli hoic té bao ndm men theo phuong
phap chiét tich DNA plasmid. Sau d6, ding enzyme RE II (nhu EcoRI) cat dé
tao ra plasmid hé c6 hai dau 1éch nhau.

2,- Chon va xw li doan cai:

DNA doan cai duge thu nhan va luya chon, tinh ché theo muc dich cua
ting nghién cru. Cat DNA bang enzyme RE loai II cung loai v6i enzyme cat
plasmid (EcoRI) dé tao ra cac vét cét giébng nhau.

3,- Tao plasmid tai 16 hop:

Ghép doan cai vao plasmid bang cach i cac DNA doan cai voi plasmid
v6i sy c6 mit ciia enzyme DNA ligase, ta thu dugc DNA tai t6 hop. Phan ng
nbi xay ra theo so d6 dugc biéu dién trén Hinh 6-4.

6.1.3.2- Phwong phdp sit dung doan noi (linker)
1,- Chon va xu li vector plasmid: (tuong ty nhu trén)
2,- Chon va xw li doan cai:

Linker 13 nhitng doan DNA dai 10 dén 15 nucleotide, duoc téng hop
bang phuong phap hoa hoc, sao cho ¢ gitta mdi linker phai co trinh ty nhin
biét bai mot enzyme cat han ché loai II. Vi du nhu EcoRI c6 chudi dich 1a
G/AATTC.

cDNA dau bang dugc tong hop tir mRNA nhd enzyme sao chép nguoc
theo co ché nuclease S;. Metyl hoa cac vung han ché c6 trong doan cDNA soi

doi duoc nhan biét baoi enzyme EcoRI.

U linker c6 chira chudi dich G/AATTC véi cDNA va enzyme DNA
ligase dé tao phan tir lai.

Cit phan tor DNA lai boi enzyme EcoRI, ta dugc phan tir lai ¢6 hai dau
1éch.
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Plasmid

Cat boi Eco RI
(RE,)

DNA la
Cat boi Eco RI
(RE,)

AATT AATT
— mm —_|
TTAA TTAA

AATT

TTAA
DNA ligase

DNA TAI TO HOP

Hinh 6-4: Phwong phap dung dau léch
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Piém nhdn biét ciia Eco RI

—— CC|IGAATT C|G G—
— GGICTT A AG|CC—

Linker
5 /
-
= TTT1
= 1111 DNA la (cDNA)
=1 TTT1
§ LLLl +
< TTTT
‘é_ LLLl
8 DNA ligase _
O DNA plasmid
TTTT TTTT
1101l 11
Lo N
rrri rrrrgrrrrygrrria ECORIl
Eco RI
v
gy e

N

[

DNA TAI TO HOP

Hinh 6-5: Dung cic doan noi linker tao DNA tai t6 hop
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3,- Tao vector tdi té hop:

Dé tao vector tai t6 hop, ngudi ta ghép phan tir DNA lai dau léch vao
plasmid ma ciing dugc cat boi cung mdt enzyme EcoRI. Nho tic dung cia
enzyme DNA ligase ma vector ti t6 hop dugc tao thanh (Hinh 6-5).

6.1.3.3- Phwong phap s dung enzyme terminal transferase (ETT)

Nguyén tic: Dua vao dic tinh cta enzyme terminal transferase c6 kha
nang gan cung mot loai nucleotide vao dau 3’(OH) ctia phan tir DNA.

Céch tao DNA tai to hop bang phuong phap nay duoc tién hanh theo 4
budc sau (Hinh 6-6):

1,- Buoc 1:

Chon va phan lap DNA la diu bang va plasmid, gia sir ta phan lap
plasmid c6 chira chudi dich dugc nhan biét boi enzyme BamHI (G/GATCC).

Cit plasmid bang enzyme BamHI d¢é tao plasmid hd ¢ hai dau dinh.

Cit DNA la bang enzyme exonuclease theo huéng 5°— 3’ dé tao DNA
¢6 hai dau léch nhau.

2,- Buoc 2:

U DNA la véi cung mot loai nucleotide dCTP vo6i sy c6 mat cua
enzyme terminal transferase dé tao dudi polyC & dau 3°(OH) cua DNA la.

U plasmid voi cung mot loai nucleotide dGTP véi su c6 mat cua
enzyme terminal transferase dé tao dudi polyG ¢ dau 3°(OH) cta plasmid hé.

3,- Buoc 3:

Dua DNA la vao plasmid vo1 su ¢ mat ciia enzyme DNA ligase, cac
dau mut ctia homopolymer c¢6 trinh ty bd sung (---GGGG 3°/3’CCCC---) s&
bét cap v6i nhau.

4,- Buoc 4.

B6 sung enzyme DNA-polymerase I dé gin cac nucleotide twong mg
vao chd trong theo nguyén tic bo sung. Enzyme ligase nbi lién két
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phosphodiester va cudi cung tao duoc plasmid tai to hop c6 hai chudi dich
dugc nhan biét boi enzyme BamHI.

Uu diém cta phuong phap 13 ghép DNA la dau bang vao plasmid dé
tao DNA tai to hop va ché tac dugc DNA déu 1éch tir DNA dau béng.

v
: AT )
] (C}gT Agg Plasmi(! chira chuoi
i ; w dich cua BamHI
Cat DNA bang E
exonuclease 5’ — 3’
e e
5 ,
’ G (3)GATCC
PolyC CCTAG3) G
ETT
cee PolyG
Ilccc ETT

G 3)GGGGGATCC
CCTAGGGGG G
<Ei::: - _

GGGGGATCC

G C C C INNEENNENESNENENEEEEEEEE
CCT AGGGGG AT Ty CCC G
@ —

BamHI l BamHI

! ' |

GGATCCCCCyp GGGGGATCC
CCTAGGGGGE CCCCCTAGG
g /))

l DNA tai t6 hop

Linker Linker

£ v

Hinh 6-6: Cach tao DNA tai t6 hop dung enzyme terminal transferase
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6.2- MOT SO PHUONG PHAP PUA DNA TAI TO HQP VAO TE BAO CHU
6.2.1- Héa bién nap

Hién tuong bién nap 1a chia khoa gitp ta hiéu biét co so phan tir cia
gen, cling la cong cu dé thue hién céc thao tac tao tinh di truyén cua vat séng.
Theo Mandel va Higa cho thiy ring, E. Coli tré nén rat d& bi bién nap boi
DNA ngoai lai khi cac t& bao vi khuan duoc xir li trong méi trudng c6 CaCl,

va trudc do duoc soc nhiét ¢ 42°C.

Hoéa bién nap 1a phuong phap st dung chat héa hoc, tao diéu kién dé
dua vector tai to hop vao té bao chu. Qua trinh duogc thuc hién theo hai budc
sau: Xir 1i té bao chu trong dung dich CaCl, & nhiét d6 thdp nham dé thay doi

mang t€ bao va u vector tai to hop voi té€ bao chu da xu 1i.

Hiéu suét ctia phuong phap hoa bién nap nay vao khoang 10° dén 10° té
bao bién nap trén 1mg DNA tai t6 hop. Qua cac két qua thuc nghiém, ngudi
ta thay rang, cac té bao phat trién ¢ pha som dén pha gitta dé duoc bién nap
hon. Nhitng nghién ctru sau nay cho thdy viéc xir li té bao bang cac ion kim
loai hoa tri hai nhu Mg+2, Mn ™% va Ba™ cling cho kha niang bién nap 16n.
Ngoai ra, hi¢u suat bién nap con phu thudoc vao kich thudc cua plasmid,
plasmid cang nhé thi hiéu suat bién nap cang cao.

6.2.2- Pién bién nap

Nguyén tic: Str dung dong dién cao thé cuc bo theo xung dé tao 16 nho
trén mang sinh hoc ctua té bao, tao diéu kién cho té bao hép thu DNA tai to
hop dugc dé dang.

Hiéu suat: Tur 10° dén 10" té bao bién nap cho 1mg DNA tai t6 hop,
tuy nhién, lugng té bao bién nap bi chét nhiéu co6 khi 1én téi 70%. Hiéu suét
ctia phuong phéap nay phu thudc vao cac yéu tb sau:

- D6 manh cua dién truong tdc dong khac nhau do1 véi cac loai té€ bao khac
nhau,
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- Do dai ctia hiang sb thoi gian (thoi gian ngat xung - ms). Theo nhiéu
nghién ctru, hau hét ddi véi céc loai té bao sinh vat, hiéu qua bién nap cao khi
hang sb thoi gian dat dugc khoang 6ms,

- Nong db té bao chu,
- Nong d6 DNA tdi t6 hop,

- Giai doan phat trién cua té bao (t& bao qua gia hodc qua non déu khong
thich hop),

- Méi truong dung dich dém,
- Céu tric mang té bao.
6.2.3- Bién nap té bao tran (protoplast)

La phuong phap chuyén DNA tai to hop vao té bao chi da duoc xir li
bang polyetylen glycol (PEG). Dé tao té bao tran, ngudi ta u té bao voi PEG
noéng d6 30% dén 40%. Py 1a phuong phap chuyén gen c6 hiéu qua cao d6i
v6i té bao thuc vat. Bang phuong phap nay, ngudi ta da nhan duoc cac cay
mang gen bién nap 6n dinh va di truyén qua nhiéu thé hé (Potrykus va cong
su - 1995).

Uu diém: Tan sb bién nap dong thdi gen chi thi va gen can bién nap
cao. Co thé chuyén gen vao té bao protoplast cua bat ky loai cdy nao. Pic biét
la loai cay c6 gia tri kinh té cao nhu lua, ngd, dai mach.

Nhuoc diém: Viéc tai sinh cay protoplast con rat khé khan & mdt so
loai cay.

6.2.4- Phwong phap bin gen

Nguyén tac: Nguoi ta sir dung hat kim loai ndng dugc bao boc DNA va
ban tryc tiép vao té bao.

Uu diém: Phuong phap nay c6 thé bién nap cho tit ca cac loai té bao
thue vat. Thao tac d& dang, ban mot 1an dugc nhiéu té bao.

Nhuoc diém: Hiéu suit bién nap thép, thuong xuyén nhan dugc cay
bién nap kham (cay c6 té bao bién nap va té bao khong bién nap).
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Mot sb thanh tyu da dat duoc bang phuong phap ban gen: Nam 1988,
Mc. Cabe va cong sy da nhan duoc cdy dau tuong bién nap dau tién b?mg
phuong phép ban gen. Nam 1990, Promm, Gordon, Kamm va cong sy di
nhan duoc cdy ngd bién nap ¢ nhiu phong thi nghiém. Nhitng nim gan day
c6 hang loat cong bd vé bién nap thanh cong ¢ lta. Nam 1996, Zthang va
cong su da bién nap & du du, mia va bong. Diéu d6 da khﬁng dinh tinh vu viét
cua phuong phép nay.

6.2.5- Phwong phap vi tiém

Phuong phap vi tiém 1a phuong phap str dung vi kim va kinh hién vi dé
dua DNA tai to hop vao mdi té bao nhét dinh.

Pay 1a qué trinh lai ghép cho té bao bac cao hoic té bao hop tir. Tuy
thudc timg truong hop cu thé, nguoi ta ¢ thé chon phuong phap sao cho viée
dua DNA tai to hop vao té bao ¢ hiéu qua cao.

Uu diém: C6 thé t6i wu lugng DNA tai to hop dua vao té bao va quyét
dinh dua DNA vao loai té bao nao. Pua chinh xac va tham chi vao tan nhan
cua té bao va co thé quan sat dugc. Cac té bao o cau tric nhod nhu hat phén,
té& bao tién phdi cling co thé tién hanh mot cach chinh xac. Co thé bién nap
cho moi gibéng cay.

Nhuoc diém: Mot phat tiém chi dugc mot té bao va thao tac can phai
khéo 1éo va ti mi.

6.2.6- Tai nap

Tai nap 1a hi¢n tuong chuyén vat liéu di truyén qua vector la virus tur vi
khuan cho sang vi khuan nhén, trong d6 c6 qué trinh chuyén gen va tai t6 hop
gen ¢ vi khuan nho thyc khudn thé (Bacteriophage).

Thyuc nghiém da chimg minh dugc tai nap & E. Coli qua phage A, phage
Py va & Bacillus subtilis qua phage SPyy . So véi cac phuong phap trén, tai
nap cho hiéu suét cao hon.

Nhu vdy, dén nay di c6 nhiéu phuong phap héa hoc, hoa 1y, co hoc va
sinh hoc dé dua DNA tai to hop vao té bao cha. Tuy cac di tuong va yéu cau
cu thé, phuong phép nay hay phuong phap khac c6 hiéu qua va duoc sir dung
nhiéu hon.
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6.3- KY THUAT TACH DONG (tao dong)

K¥ thuat tach dong bao gdm viéc phai cai mot manh (chudi) DNA la
vao mot vector (plasmide hodc phage 1) bang phuong phap hoa sinh. Sau do,
dua phan tir lai nay vao té bao chit d chon lua bang phuong phap bién nap
hodc tai nap. Truong hop mudn tao dong téng hop enzyme thi manh DNA
dinh cai phai ma hoa cho gen cau tric cia mdt enzyme nao do.

6.3.1- Muc dich cua su tach dong
- Thiét 1ap ngan hang bd gen,
- Thiét 1ap ngan hang cDNA,
- San xuét protein, enzyme,
- San xuét vaccine,
- San xuét khang sinh.
6.3.2- Cac budc co ban cua phwong phap tach dong

Qua trinh thuc hién c6 thé thay doi phu thudc vao nhan td tham gia va
muc dich cta qua trinh tich dong. Tuy nhién dé tao dong, can phai thuc hién
cac buodc sau:

6.3.2.1- Tdch ldp cdc DNA lg can tao dong

Chon va cat DNA la cta té bao cho bang mot enzyme cat han ché (RE).
Phén lap doan DNA (gen qui) phi hop véi vector va muc dich can tao dong.

Trong trudng hop dic biét, dé tao dong mot gen chua biét, nguoi
nghién ctru co thé téng hop héa hoc doan DNA can tao dong khi du doan ciu
trac protein do gen chi huy tong hop hodc tong hop cDNA tir mRNA.

Tao dau dinh khi can thiét.
6.3.2.2- Chon va xw li vector

Chon vector can phai chu ¥ nhitng yéu cau sau: d6 16n cua gen la (doan
cai), loai té bao chil tiép nhan vector va phuong phéap tmg dung.
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Xtr i vector: cat vector bang enzyme cat han ché cung loai voi enzyme
d3 cit DNA ndi trén (dé tao nhitng vét cit gidng nhau, thuin tién cho viéc ndi
ghép sau ndy). Khir nhom phosphat bang enzyme alkanline phosphotase dé
tranh hai dau vector dong kin tro lai.

6.3.2.3- Tao DNA tdi té hop (Vector tai to hop)

Viéc tao DNA tai t6 hop bang cach ghép DNA la vao vector da duogc
cit ciing mot enzyme cat han ché loai II, khi d6, ching s& ghép d6i nhitng dau
dinh lai véi nhau nho bét cip bd sung.

Mot phan tng ghép ndi xay ra voi sy ¢6 mit ciia enzyme DNA ligase

ctia E. Coli hoic phage T4 dé hoan chinh phan tir lai.

6.3.2.4- Chuyén DNA tdi t6 hop vao té bao chii bang phwong phdp bién nap
hodc tdi nap

Cong doan nay nham muc dich st dung bd may cua té bao chii dé sao
chép vector tai t6 hop thanh mot sd lugng 16n ban sao. Viéc chuyén DNA tai
t6 hop vao té bao vi khuan tirc 1 1am cho vi khuan tré thanh kha bién, nghia
1a c6 kha nang tham vector tai t6 hop. Su tham nay c6 thé xay ra mot cach tu
nhién hodc dugc cam ung. Tuy nhién, nod s€ phu thudc vao loai plasmid su
dung Iam vector va phu thudc vao su dinh vi ctia vung cai lép chtra bén trong
vector ma ngudi nghién ctru s& chon phuong phap bién nap hoic tai nap.

Bién nap 13 hién tuong chuyén vat chat di truyén truc tiép tir té bao thé
cho D (Doner) sang té bao thé nhan R (Reception), khong can sy tiép xuc
gitta hai t& bao hodc nhén td trung gian 14 phage hodc virus. Bién nap dugc
thie hién voi vector chuyén gen 1a plasmid. Co nhiéu phuong phap bién nap
nhu héa bién nap, dién bién nap, bién nap té bao tran, phuong phap ban gen
va phuong phap vi tiém.

Tai nap 1a hién tuong chuyén vat chat di truyén truc tiép tir té bao thé
cho D (Doner) sang té bao thé nhan R (Reception) qua nhan t6 trung gian 13
virus. Tai nap duoc thuc hién véi vector chuyén gen c6 ngudn goc 1a virus
nhu phage, cosmid, ...
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6.3.2.5- Phdt hi¢n dong cin tim

Cong viéc tiép theo 1a kiém tra sy hién dién cua gen mong mubn. Viéc
chon lua nhimg chung nhu ¥ muén 1a khong don gian, vi cach tién hanh thi
nghiém trong mot hon hop khong dong nhét nén cac dong vi khuan cé thé
moc 1€n theo ba kha nang:

- Té bao vi khuan khong nhan plasmid tai to hop,
- Té bao nhan plasmid nhung khong c6 gen la,
- Té bao vi khuan nhan dugc plasmid tai t6 hop.

Tuy thudc vao muc dich nghién ctru ma nguoi ta cd cadc phuong phap
khac nhau dé xac dinh dong can tim. Néu muc dich 1a nghién ctru doan gen
chua biét, ngudi ta thuong dung dau do. Néu doan DNA di biét (cDNA),
cong viéc s€ don gidn va nhanh chong.

6.3.2.6- Kiém tra va thu nhin sin pham ciia gen tdi t6 hop

Tuy timg truong hop cu thé ma ngudi nghién ciru dua ra nhitng phuong
phép kiém tra thu hoi san pham cia gen tai t6 hop. Néu 1a muc dich thiét 1ap
ngan hang cDNA, ta phai tién hanh cac budc sau: Dau tién ngudi ta phai tach
plasmid tai t6 hop ra khoi dich nudi cy, sau d6, cat plasmid tai to hop bang
enzyme RE loai II va thu dugc hai bang DNA, mot c6 do dai b?mg khung
vector, con bang khac c6 do dai twong mg dung bang cDNA. Cach kiém tra
lai cDNA di duoc cat bang cach dién di trén gel agaroza 0,8% va kiém tra lai
dd dai cia nhiing bang cDNA thu dugc. Nhitng doan ¢ kich thudc khac nhau
s& di chuyén nhiing khoang cach khac nhau trén gel.

Néu san pham clia gen tai t6 hop 1a protein, enzyme, hormone, vaccine,
khang sinh,... nguoi ta ¢6 thé thu nhan san pham bang phuong phap chiét tach
lang loc ly tAm két tiia phan doan hoic trao d6i ion.

6.3.3- Mot s6 phwong phap xac dinh dong can tim
6.3.3.1- Phwong phap lai axit nucleic
1,- Khdi niém dau do:

Céc dau do 1a nhitng manh DNA duogc danh dau, c¢6 kha nang nhan biét
mot chudi DNA hodc RNA dong dang qua lai hoa.
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2,- Pac diem cua dau do:

La mot doan axit nucleic (DNA hodc RNA) soi don. Pau do phai bd
sung cic bazo nito, ddi song song voi doan axit nucleic can nhin biét.
Dau do phai so méc duoc, d6 1a cac dau danh dau phong xa.

3,- Cdc loai dau do:

cDNA 1am dau do cuc tot, ngoai ra, mRNA va oligonucleotide cling co
thé lam dau do. Néu chudi DNA chua biét trinh ty, nguoi ta phai tinh sach
mot luong nhod protein twong Gmg véi DNA d3 nghién ctru va tir 46 tong hop
dau do. Con néu mot phan DNA phai so mdc da biét thi cong viéc rat dé dang
dé tong hop mot dau do.

4,- Neguyén tdc ciia phirong phdp lai axit nucleic:

Dua vao kha niang bién tinh khi nhiét d6 ting va hdi tinh khi ha nhiét
do tur tr cia DNA. Khi tidng nhiét do0 cia DNA 1én quéd nhiét d0 sinh ly
(thudong & khoang 80 dén 95°C), hai soi don DNA s& tach rdi nhau do lién két
hydro bi dit. Khi ha nhiét d6 tir tir cia khéi DNA dé bién tinh cing véi cac
diéu kién thich hop khac, cac mach don bat cap tro lai. Su bat cap chi co thé
xdy ra khi hai trinh ty DNA hoan toan bod sung cho nhau. Tinh dac hiéu cuc
16n cua phan tng lai nay cho phép bat ky trinh tu mach don ndo cling tim gip
mach bd sung vdi nd, mac du ching nam trong hang tri¢u cac trinh ty DNA
va RNA khéc nhau. C6 thé dung dong vi phong xa danh diu dé phat hién
doan lai.

5,- Cdch tién hanh:

Chuén bi miu (dau) do di dugc danh ddu bang dong vi phong xa hoic
héa chét. Bién tinh dong can tim & dudi dang mot soi1, sau do ha nhiét do tu
tir, cac soi don twong dong bat cip voi nhau. Sy bat cip xay ra giita DNA va
DNA, RNA va DNA, RNA va RNA.

6.3.3.2- Phwong phdp sir dung khdng thé
1,- Nguyén tdc:

Dua vao phan tmg dic trung ciia mot sb protein va khang thé ma chung
ta co thé nhan biét dugc qua phan Gmg dic trung d6 nhu phan Gng tao mau,
phan tng két tia.

- 146 -



2.- Cdch tién hanh:

Chon khang thé dic trung cho protein (thudc thir cho protein). Tach
protein duoc biéu hién trong qua trinh tao dong. U protein voi khang thé dic
trung. Sau d6 tién hanh nhan biét thong qua cac diu hiéu cta phan ung dic
trung gitra protein va khang thé.

3,- Ung dung:

Chu yéu sir dung trong y hoc véi hai yéu cau sau: DNA can nghién ctru
dugc gan vao vector phai biéu hién protein khi tao dong va dong thoi, vector
tao dong phai 1a vector biéu hién (vi du nhu vector Agtl1). Protein biéu hién
can phai c6 khang thé dic trung.

6.3.3.3- Phwong phdp phdt hién do mit hoat tinh vi xen doan

Nguyén tic: Dua vao su mat kha ning khang thudc cta vi khuan mang
vector tai to hop khi chung duoc nudi ciy trong mdi trudng khang sinh.

Pham vi st dung: Phuong phap nay dung cho vector c6 tur hai gen
khang thubc trd 1én, vi du nhu vector pBR3y, . Trong plasmid pBR3,; ¢6 hai
gen khang thudc AmP® va TetR. Trén céc gen nay c6 nhitng diém nhan biét
ctia cac RE noi cai d¢at DNA la. Khi gan DNA la vao mot trong hai gen noi
trén thi gen nhin doan cai mat kha ning khang thudc. Quan sat nhitng khuin
lac bi mat gen khang thudc, ching t6 nhitng khuan lac d6 c6 chia gen can tao
dong.

Uu diém ciia phuong phap 14 it ton kém so v6i phuong phap lai.
6.3.3.4- Phwong phdp phdt hién do thay doi kiéu hinh
1,- Nguyén tdc:

Dua vao sy thay d6i1 mau sac cua khuan lac, chung to rang, khuan lac
do6 co6 chua gen la.

2,- Cdch tién hanh:

Chuan bj hai mau thir nghiém ma plasmid tao dong c6 chira gen lacZ
(vi du nhu day pUC), mot mau dé so sanh con mau kia dé cai DNA la vao gen
lacZ. Sau d6, nudi cay ca hai mau trong méi trudng c6 chat cam tng X-Gal (5
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brom-4chloro-3indolyl D-galactopynoside). Chat cam tng ndy bi phan hiy
bdi enzyme B-galactosidase tao ra galactose va X (dan xuét indol), ngoai moi
truong, dan xuat nay bi oxy hoa cho mau xanh dam.

Qua quan sat, ta thdy plasmid khong chta gen la cho khuan lac mau
xanh do gen lacZ tong hop enzyme B-galactosidase. Con plasmid thir 2 cho
khuan lac mau tring, diéu d6 ching to né chira DNA la duoc cai trong gen
lacZ va chon nhitng khuéan lac mau trang.

6.4- NGAN HANG GEN (Genomic library)

Ngéan hang bd gen cua mot sinh vat 1a tap hop cac trinh ty DNA cAu
thanh bd gen duoc gin vao vector, nd chi biéu dién téng sb ctia gen. Ngin
hang nay dugc tao ra tir mot bo suu tdp DNA tai td hop ca cac chudi ma hoa
1an cac chudi khong ma héa. Khic voi ngan hang cDNA, ngan hang bo gen co
thé duoc thiét lap bat ky loai té bao nao cua sinh vat nghién cuu.

Céc budc thiét 1ap ngan hang gen:
- Tach va lam sach DNA cua sinh vat,

- Cat DNA thanh nhimng doan c6 kich thuéc xac dinh bang enzyme RE loai
IT - thong thuong, nguoi ta st dung EcoRI,

- Vector dugc chon dé tao dong gen thuong 1a cosmid hoic phage A ciing
dugc xtr Iy béi EcoRlI,

- Tao vector tai to hop va dong goi trong vo phage,
- Pua vector tai to hop vao té bao chu va tao dong,
- X4c dinh dic tinh va biéu hién cua dong vi khuan vira lap,

- Tién hanh sang loc, nghia la phai tich nhiing vector nao c6 doan DNA ua
chudng, tir d6 xay dung ngan hang b gen.

Dic diém va ung dung:
- Ngan hang gen chtra cac doan DNA 16n hon 100 14n so v6i cDNA.
- Giai ma thong tin di truyén chta trong bd gen, dic biét 1a ciu trac intron

va exon cua mdt gen xac dinh.
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- Tao dong nhiing trinh ty DNA khong mi héa nam canh cac gen mi hoa
va dong vai tro quyét dinh trong su diéu hoa biéu hién cua gen.

6.5- NGAN HANG cDNA
6.5.1- Thiét ké ngan hang cDNA

Ngan hang ¢cDNA 1a tap hop cac ban sao cDNA tir tit ca cac mDNA
ctia mot t& bao. Nhu vay, ngan hang duogc thiét lap tor mot loai té bao xéac dinh
(té bao biét hoa), vi thé, cDNA mang tinh té bao rét cao.

Qua trinh chuan bi ngan hang cDNA bao gdm cac budc sau day:

- Chiét tach RNA tong s, ta phai chon nhiing té bao c6 chira nhiéu mRNA
can thiét va sau do, 1am sach mRNA,

- Chon Iya cic mRNA chta nhiéu A (polyA) bang cach tach trén cot
xenlulose oligo dT,

- Tong hop cDNA soi kép dau bang tir mRNA dudi tac dung cua enzyme
sao chép ngugc nho k¥ thuat nuclease S, hodc k¥ thuat Gubler-Hoffman,

- Metyl héa cac ving han ché (co trong doan ¢cDNA soi d6i) dugc nhan
biét boi enzyme EcoRI dé bao vé vung nay khong bi cat khi thao tac voi
EcoRI,

- Tao dau dinh b?mg cach st dung doan ndi linker ¢6 chira trinh tw nhan
biét bai EcoRI, sau do, cit bang enzyme EcoRI. Trong trudng hop nay, chi c¢6
doan ndi bi cit con cDNA van con nguyén ven (do dugc metyl hoa). Pua
cDNA vao vector tao DNA tai to hop,

- Ghép cDNA dau dinh véo vector thich hop d& dugc md EcoRI va da khir
nhém phosphat,

- Han kin mach nho enzyme phosphoryl héa va enzyme ligase dé tao
vector tai t6 hop,

- Pua vector tai to hop vao té bao chii va nudi cay trong cac diéu kién
thich hop dé tao dong,

- Xéc dinh dong can tim va thanh lap ngan hang cDNA.
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Muc dich cta viéc thiét 1ap ngan hang cDNA 1a nham nghién ctru sy
biéu hién ctia mot gen xac dinh cing voi nhitng van dé lién quan dén su diéu
hoa biéu hién gen ciing nhu mbi twong tac gitta cac gen trong mot qua trinh
song.

Chu y: Khi phan tich két qua thu duoc ngan hang cDNA, can cha ¥ tac
dung sinh i timg thoi diém thi nghiém.

6.5.2- Sang lgc ngan hang cDNA

Mot phuwong phap phd bién nham sang loc ngan hang cDNA dugc bit
dau tir viéc tao canh truong nudi cdy chira dung nhiéu khuan lac tir ngan hang
cDNA. DNA plasmid tir mdi mé cdy vi khuan gan véi manh nho nitro-
xenlulose (mang lai) s& bi bién tinh va lai voi mRNA tong s6. M&i mRNA
khac nhau s& duoc lai trén nitroxelulose véi thir tw cDNA b sung ctia nd. Cac
mRNA bam vao mang loc duogc tach ra va ding dé tong hop protein ma né
mi hoa bang hé théng dich ma invitro. Protein hinh thanh dwgc dem phén tich
xem c6 phai 13 san phim ctia mRNA can tim hay khong, va tir d6, xac dinh vi
sinh vat nudi cdy chira gen mong mudbn. Sang loc tit ca cac mé nudi ciy theo
cach trén dé xac dinh dong don thé hién gen tim kiém.
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CHUONG VII

MOT SO PHUONG PHAP NGHIEN CUU
TRONG CONG NGHE DI TRUYEN

7.1- CAC PHUONG PHAP TACH CHIET AXIT NUCLEIC

Moi nghién ctru va ung dung ciia cong nghé gen déu duoc bit dau tir
viéc thu nhan mdt lugng axit nucleic tinh sach. Mbi quan tan dau tién cta ky
thuat tach chiét axit nucleic 1a thu nhan duoc cic phan tir ndy & trang thai
nguyén ven, khong bi phan huy boi tdc nhan co hoc, tac nhan hoa hoc va
enzyme nhu RNase, DNase.

7.1.1- Phwong phap tach chiét DNA vi khuan

DNA c6 kich thudc 16n, moi viée chiét tach can phai tranh moi tac
nhan co hoc, hod hoc t&i phan tr DNA nay.

Viéc tach DNA tir té bao vi khuan dugc chia lam bdn budc co ban:
7.1.1.1- Nuéi cdy va thu sinh khéi

Tuy timg loai vi khuin ma nguoi nghién ctiru chuan bi méi truong va
diéu kién nudi cdy khac nhau nhu nhiét d6, d6 pH, va diéu kién dinh dudng
thich hop cho sy phat trién cta vi khuan.

Tach té bao ra khoi dich nuéi cdy bang cach ly tdm va lam sach té bao.
Thong thuong khoang 1.000ml dich nudi cdy li tAm va thu liy khoang 10ml
can vi khuan.

7.1.1.2- Phd vé mang té bao va gidi phong cdc thanh phin bén trong

Axit nucleic duoc giai phong ra khoi mang té bao bang phuong phap
héa hoc va sinh hoc dé thu dich chiét té bao.

Enzyme lysozyme 1a mot enzyme c6 trong 10ong trang trimg hoic phage
Ts4, c6 kha ning pha v& thanh phan tring hop cua thanh té bao. EDTA
(TrilonB) tao phtrc véi MgJr2 dang hoa tan va 1am v& thanh té bao. Pong thoi
EDTA ngin khong cho enzyme trong té bao phan hay DNA. Ngudi ta con ¢6
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thé pha v& mang té bao va giai phong DNA ra khoi lién két histon bang chat
tay rira SDS (Sodium Derecyl Sylfat) hodc enzyme protease.

Céc chat pha v& mang nay lam li giai mang, tach roi cac phan tir lipit
va giy ra sy gy mang té bao.

7.1.1.3- Lam sach DNA tir dich chiét té bao

Loai bo cac thanh phan khong mong mudn nhu protein, lipit va cac
thanh phan khac bang két taa phan doan. Mau duoc lic manh trong hé dung
moi phenol-chloroform dé bién tinh, két tua protein va giai phong axit nucleic
vao dung dich 1ong. Protein bi bién tinh s& tach ra khoi pha nuéc c6 chira
DNA sé& duoc tach ra nho ly tim. Dich ndi gom axit nucleic va nuéc dugc hat
ra va tiép tuc phan huy RNA bang enzyme RNase. Sau d6, tich DNA va nudc
dé thuc hién budc phan tich tiép theo.

7.1.1.4- Thu héi DNA dang dic

Muc dich cua budc nay la thu DNA dang c6 dac, nham bao vé ching
khoi su phan hay cta enzyme. C6 2 phuong phéap két tia:

Két tia DNA trong etanol v&i su c6 mit Na’ néng do cao, nhiét do
thap, ty 18 gifta etanol va mau phan tich 1a 3:1.

Két tua trong izopropanol, ty 1& gitta rugu va mau 1a 1:1. V&i phuong
phép nay khong can sy c6 mit ciia mudi va loai duoc DNA ¢6 phén tir luong
thép. Ly tam cao tdc va thu nhan DNA dang c6 dac.

Trong ca hai phuong phap, DNA thu dugc sé rira trong etanol-70% dé
loai izopropanol va mudi dé thu duoc DNA tinh khiét.

7.1.2- Phuwong phap tach DNA plasmid

Viéc tach DNA plasmid ra khoi DNA nhiém sac thé 1a rat kho khan.
Tuy nhién nguoi ta c6 thé dua vao su khac nhau 1y hoa giira hai loai DNA
nhu: kich thudc, hinh thai, cdu trac ctia chung.

Vé nguyén tic duogc tién hanh theo 3 budc sau:
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7.1.2.1- Buwoc 1

Sau khi thu héi va 1am sach céc té bao co chira plasmid, ngudi ta xir 1y
trong hén hop SDS, EDTA hodc NaOH lam DNA soi doi bién tinh thanh
DNA soi don nam canh nhau.

7.1.2.2- Buwoc 2

Xir Iy hon hop trén trong moi truong dém (NaCH3;COO+CH;COOH)
dé két tua protein va SDS dang tap hop.

7.1.2.3- Buoc 3

Pua vé& méi truong trung tinh, DNA soi don duoc hdi tinh tro lai. Con
DNA (NST) do dai nén héi tinh chim va két tia cung SDS. Tach DNA
plasmid bang cach két ta trong etanol hoic izopropanol, sau d ly tim tach
duoc plasmid tinh sach.

7.1.3- Tach DNA ciia té bao khac

Ngoai vi khuan, DNA cua virus, cta té bao thuc vat, dong vat cling c6
thé tién hanh tach dé phuc vu cho cong nghé di truyén. Cac giai doan lam
sach twong ty nhu trén. Chi c¢6 giai doan nudi cdy va pha v& mang té bao thi
khac, tuy nhién, tiy ting loai té bao ma c6 nhiing cach xtr Iy sao cho thich
hop.

7.1.4- Phwong phap tich RNA tong sé va mRNA
7.1.4.1. Tdch RNA tong so

RNA duoc tién hanh chiét tach gdm cac budc co ban tuong ty nhu
DNA (bao gdbm pha v& mang té bao, loai protein, tia RNA) nhung ¢ day ta
dung enzyme desoxyribonuclease (DNase) dé phan huy DNA. Do RNA kém
bén va dé bi phan huy boi enzyme ribonuclease (RNase) ¢ nhiéu & khip noi,
hoat tinh cao lai bén véi nhiét (trén 90°C), vi vay, diéu kién thao tac dé chiét
tach phai dugc tién hanh trong mdi truong vo cung nghiém ngit. Phuong
phap chung dé tich RNA tong sé dugc tién hanh nhu sau:

Té bao duoc nghién voi chét t:fly rua SDS, sarcocyl n6ng do cao, nito
long dé bién tinh protein. Pong thoi mau ciing dugc nghién voi chat khir (2-

- 153 -



mercaptoethanol) dé trc ché RNase. Nudc str dung ciing dugc xir Iy véi DEPC
(Diethylpyrocarbonat) ciing dé loai bo RNase.

Cac protein, DNA dugc loai bo qua xir Iy mau véi hdon hop dung moi
Trizol (phenol pH=4, guanidinium thiocyanate, glycerol, sodium acetate), khi
ly tam, ta tich dugc RNA trong pha nuéc. DNA & pH=4 bi hap phu vao pha
dudi cung véi phenol, protein bién tinh ndm giita hai pha ciing bi loai cung
vo1 DNA cung véi pha phenol. RNA trong pha nudc dugc hut ra sau do taa
bang izopropanol dé -20°C, li tim va rira lai bang ethalnol 79%, thu hoi RNA
tinh khiét, bao quan lanh dé lam céac thi nghiém tiép theo. Chat luong cua
RNA tong s6 dugce danh gia so bo qua dién di trén gel agarose.

7.1.4.2. Tach tieng loai RNA khdc nhau

Dua vao kich thudc trong lugng phan tir, nguoi ta c¢é thé tién hanh sic
ki, dién di hodc ly tAm dé tach timg loai RNA. Phuong phap tich mRNA:

Do kich thuéc bé lai chiém lugng nho (1+5%) RNA téng s, co ciu
trac da dang nén khong thé tach bang phuong phap trén.

Nho dic diém mRNA c6 dudi polyA, do d6, nguoi ta tich mRNA ra
khoi mau bang phuong phap sic ky ai luc oligodt-xenlulose.

Ngay nay trén thi truong c6 loai vién bi tlr, trén bé mit co gin oligodt.
Sau khi mRNA bam trén bé mat cac vién bi tir, thong qua lién két bo sung véi
oligodt, cac vién bi nay thu nhan va dem ly tdm ta thu dugc mRNA tinh khiét.

Luu ¥ ring, dé tach mRNA, ngudi ta di tir t& bao biét hoa, luong
mRNA nhiéu va day cling 1 con dudng nghién cru cau tric gen ma hoa.
Ngay nay ngudi ta da tong hop dugc ngan hang mRNA.

7.1.5- Tach va thu nhan gen

Ngay nay, ngudi ta ¢6 thé thu nhan gen dé thyc hién k¥ thuat di truyén
bang ba phuong phép:

7.1.5.1- Tach cdac doan DNA tir b gen

Pay 1a phuong phap sir dung rong rii ngay tir budi dau tién cta su phat
trién k¥ thuat DNA tai to hop. Toan bo phan tir DNA ctia mdt sinh vat dugc
cit nho thanh nhimg doan c6 kich thudc 1,5+2kb bang restriction enzyme
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(RE). bién di hoic sic ki dé tach doan DNA tinh khiét, sau d6 gan véao vector
chuyén gen, tao plasmid DNA tai t6 hop.

Nhuoc diém 13 ton nhiéu cong strc va thoi gian nhung ngay nay ngudi
ta van sir dung dé tao ngan hang DNA bd gen (genonic DNA libraries).

7.1.5.2- Sw tong hop gen bang phwong phdp hod hoc

Niam 1969, gen nhan tao dau tién dugc tong hop do nhém nghién ciru
Khorama, d6 1a gen ma ho4 téng hop tRNA van chuyén amino axit (alamin) &
nam men goém 77 c¢ip nucleotide. Gen dau tién khong dugc biéu hién vi khong
c6 cac trinh tu diéu hoa.

V& sau, chinh nhom nay di tong hop duoc gen c6 hoat tinh: d6 1a gen
mi héa cho chat tc ché tRNA véan chuyén tyrosine & E. Coli, ¢6 chiéu dai
khoang 200 cdp nucleotide.

Vao nam 1977, K. Ttakura va Boyer d3 tong hop dugc gen ma hoa sinh
téng hop hormone somatostatin ciia dong vat c6 va dugc biéu hién & E. Coli.
va tir d6, noi E. Coli mang gen tong hop héa hoc dugc tao ra. Sau ndy, ngudi
ta tong hop hoa hoc gen ma hoa hormone tang truong ctia ngudi dai 584pb.

Phuong phép tong hop hoa hoc gen ciing dugc st dung dé tao ra noi vi
khuén téng hop insulin, mdt loai hormone chita bénh tiéu duong cho nguoi.
Gen insuline dugc tong hop tir hon 40 doan oligonucleotide khac nhau, sau
d6, duoc nbi lai nho enzyme lygase dé tao ra hai chudi polynucleotide dai 271
va 286bp ma hoa, tong polypeptide A ¢ 21 aminoaxit, polypeptide B c6 30
aminoaxit.

Qua cac két qua thu duoc, cac nha khoa hoc da khéng dinh rﬁng: mudn
tong hop dugc gen bang phuong phap hoa hoc can phai biét trinh ty cua axit
amin & protein ma gen d6 chiu trach nhiém tong hop.

7.1.5.3- Sinh tong hop gen tir mRNA

Tong hop cDNA tir mRNA nho ki thuat ctia Gubler va Hoffman véi su
cO mat cua enzyme phién ma nguoc (Rever transcriptase - Hinh 7-1). Sau do,
cDNA (complementary) gan vao plasmid va bién nap vao vi khuan dé tao
dong cDNA. Phuong phap nay duogc trinh bay & Chuong 6 (thiét lap thu vién
cDNA).
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Uu diém 1a: Gen thu nhan bang phuong phap nay da loai bo duogc
nhimng trinh tu khong ma hoa. Bing con duong ndy, nguoi ta da tao dong gen
mi hoa tong hop globine ctia nguoi, dong vat va chim, protein thily tinh thé
mat bo, ovalbumine (protein 1ong trang trimg) va fibroin to tam.

Vao ndm 1992 cac nha khoa hoc My da tao dugc dong cDNA cua
2.375 gen cta b ndo ngudi. Phuong phap téng hop gen tir mRNA ngay cang
dugc phat trién, n6 két hop voi cac phuong phap khéc cia sinh hoc phén tir va
dugc ting dung trong nhiéu linh vuec.

5 , Dudéi polyA
m-RNA AAAA
l Enzyme - RT TTTT-méi oligo-dT
Cdu tric
kep toc  (_

l NaOH, RNase

C

l DNA -polymerase

¢DNA (@

l Nuclease S1

c¢DNA soi kép
Hinh 7-1: So d6 tong hop gen tir mRNA

7.2- PHUONG PHAP NHAN BAN (PCR - Polymerase Chain Reaction)

Phuong phép tao dong invivo ma chung ta da dé cap trong Chuong 6
tuy di giai quyét vé van dé sd luong, nhung doi hoi thao tac quéa phuc tap va
thoi gian quéa dai. Trong sy ra doi ctia cac phuong phap khuéch dai (tai ban
nhanh) invitro c6 chon loc, chung ta phai ké dén phuong phap PCR.

Phuong phap PCR - phan tmg day chuyén nho hoat dong cia enzyme
DNA-polymerase - do K. Mulis cung cdng sy phat minh ndm 1985, da dua lai
mot cude cach mang trong di truyén hoc phan tir. Pay 1a phuwong phap hoan
toan mai trong viéc nghién ctru, phan tich gen va hé gen. Khé khin 16n nhat
trude day trong viée phan tich gen 1a & chd chiing 1 nhing muc tiéu don 1¢ va
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rat nho trong mot hé gen phtec tap khong 16. Ky thuat PCR ra doi da thay do6i
tat ca, gitip chung ta c6 thé tao ra mot s6 lugng 16n cac ban sao ciia mot doan
DNA mong mudn.

Do nhitng vu diém tuyét d6i trong nghién ctru sinh hoc phan tir, k¥
thuat PCR dugc nhanh chéng ap dung rong rai dé chuan doan cac bénh vé
virus, vi khuan, cac bénh ky sinh trung va cho két qua rat chinh xac. Mit
khac, su phén tich thanh phan va trat ty nucleotide trén phan tir DNA trong hé
gen con ¢ v nghia to 16n trong phan loai cac loai sinh vat. Chinh nh¢ tinh
thuc tién to 16n cta k¥ thuat nay ma tac gia cia PCR, Kary Mulis, duoc ting
gidi thuong Nobel vao nam 1993.

Thuc chat day 1a phuong phap tao dong invitro, khong can dén su hién
dién cta té bao va dya trén nguyén tic dugc trinh bay sau day:

7.2.1- Nguyén tic ciia phwong phap PCR

Nguyén tic ctia phuong phép 14 tao lugng 16n cac doan DNA dic thu tir
DNA khuon dua trén co sé hoat dong ctia DNA-polymerase dé tong hop soi
méi bo sung.

Céc yéu t6 co ban dé thyuc hién phan ing PCR bao gom:

- Soi khuon DNA chi can biét trinh tu nucleotide cua doan nhé nam canh
doan cAn nhan dé thiét ké hai mdi oligonucleotide.

- Hai doan mdi ngan dé xac dinh cac diém bat dau tong hop DNA. La tin
hiéu chi huéng di (5 — 3) ctia enzyme DNA-polymerase. Moi dai khoang 20
nucleotide va cac nucleotide & hai ddu ctia moi khong tu két hop voi nhau
theo nguyén tic bo sung.

-Co déy du cac loai nucleotide dATP, dTTP, dGTP, dCTP.

- M6i trudng dém cung cap ion Mg va nudc tinh khiét khong co enzyme
RNase va DNase.

- Enzyme chiu nhiét Thermus aquaticus (Taq)
Dung tich tong s6 cho mot phan tng PCR khoang tir 20 ul dén 50pl.

Dic diém cua phan tng PCR 14 chon loc, nhdy va nhanh.

- 157 -



7.2.2- Céc buérc tién hanh thi nghiém

Phan tmg PCR 13 mét chudi gdm nhiéu chu ky va mdi chu ky gém 3
budc (Hinh 7- 2 va Hinh 7-3):

3 5’
Yivead , Yy
5 t 3

e Trinh tu muc tiéu
Bién tinh

2 Ao
Bo sung moi l

3 5
u—
+— (1171
5 3
B0 sung
DNA -polymerase
3 5
Lt >
< (11T
5 3
3 5 3 5’
HNEENEREENENNR ANNEEENERNEREER
5’ 3’ 5 3

Hinh 7-2: Cac buwéc thue hién phan ing PCR mét chu ky
7.2.2.1- Buwoc 1 - Thuc hién qua trinh bién tinh DNA béng nhiét

Pua DNA vao dung dich phan tmg (g0m céc thanh phan can thiét cho
su sao chép), tang nhiét d0 ctia dung dich 1én t&d1 90+98°C, thoi gian luu
tuong ung khoang tr 30s+1 phut. Tai nhiét 46 nay, cadc phan trt DNA mach
kép bi tach ra (do lién két hydrd bi dut), tao nén cic soi don dung dé lam

khuon tong hop sgi méi.
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7.2.2.2- Buoc 2 - Thyc hién phan ting lai

Sau budce 1, ngay 1ap tirc nhi¢t d§ duogc ha Xuéng tr tir va nho hon nhiét
d6 Tm cta mdi, vao khoang 37+68°C va thoi gian luu 30s+1 phut. B6 sung
mdi dé mdi bat cap voi soi khuon. Moi duoc té)ng hop hoéa hoc, co mdi nguoc
va xudi. Nguoi ta con co thé dua vao trinh tu nucleotide & dau 3 cua khuon dé
tong hop moi. Sau d6 bo sung DNA-polymerase dé kéo dai moi.

7.2.2.3- Buwde 3 - Tong hop mach méi hay con goi 1a kéo dai (extension)

Nang nhiét phan tng 1én 72°C trong vai chuc gidy dén 1 phut & DNA-
polymerase téng hop so1 m&i. Trong thuc té, thoi gian va nhiét d§ phan Ung
phu thudc vao soi DNA can khuéch dai.

Két thuc mot chu ky tir mét DNA kép me tong hop 2 soi DNA kép con.
Clr nhu vay, phan tng xay ra trong 25 dén 40 chu ky. Sau chu ky cudi, nhiét
d6 duoc duy tri & 72°C trong khoang tir 5 dén 10 phut sao cho tit ca cac soi
don xoan lai va tao nén san pham ctia PCR. Sau d6 ha xudng 4°C dé bao quan
san pham.

San pham ciia PCR duogc kiém tra bang cach chay dién di trén gel
agarose né)ng do tir 0,8%+2% dé phat hién su da hinh cua cdc doan DNA dac
thu, hodac cac doan DNA bi thay ddi do cac tac nhan nao do (dot bién, tai to

hop).
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7.2.3- Céc yéu td anh hwéng dén phan ing PCR
7.2.3.1- DNA méu lam khuén

Phan tng PCR tdi wu xay ra khi mau DNA khong duoc dai qua, thuong
khuéch dai tdt nhat ddi voi doan DNA dai khoang 1-+1,5Kkb.

Mau DNA tinh sach s& cho két qua tdt, tuy nhién, k¥ thuat chuan doan
bang phuong phap nay van dat két qua tot trong trudng hop mau DNA khong
can c6 d6 tinh sach cao, nhu vét mau kho, nhitng mau vat khao cd (toéc, mong
tay nguoi da chét). Phuong phap nay cho phép xac dinh DNA v&i mét luong
thap, khoang nho hon 100 ng (1g = 10°ng).

7.3.3.2- Enzyme DNA-polymerase

Chat luong cua phuong phap phu thudc vao kha niang chiu nhiét cua
enzyme polymerase (do phan trng ludn phai thuc hién ¢ nhiét d§ khac nhau).
Pau tién ngudi ta sir dung cac doan Klenow ctia DNA-polymerase I tir E. Coli
& 37°C (cat nho manh DNA-polymerase I thanh doan Klenow mét hoat tinh
exonuclease) do d6 da nhan duoc doan can nhan khong tinh sach vi day
khong phai 12 enzyme chiu nhiét. Phuong phap PCR chuyén sang mot budc
ngodt méi cing voi su phat hién enzyme Taq-polymerase c6 ngudn gbc vi
khuan (Thermus aquaticus) tach tir sudi nudc néng nén chiu dugc nhiét do
cao. V&i enzyme nay cho phép nhan dugc cac san pham DNA tinh sach. Piéu
nay cho phép tu dong hoa tat ca cac budc cia chu trinh nhan ban DNA. Tir d6
may chu trinh nhi¢t PCR ra do1 va c6 kha nang diéu khién vé ca nhiét d6 1an
thoi gian. Ngay nay c6 rat nhiéu hing trén thé gidi san xuit may chu trinh
nhi¢t PCR nhu: Perkin Elmer, MJ, Eppendorf, ...

Nhuoc diém cta enzyme nay 13 khong tong hop duoc trinh ty DNA dai
qué 3kb, hon nira, enzyme nay khong c6 kha nang stra sai trong qua trinh sao
chép. Hién nay c6 nhiéu enzyme polymerase chiu nhiét méi dugc dua ra thi
truong voi nhiéu chic ning chuyén biét va hoan thién hon, nhu 1a Tth-
polymerase tach tir vi khuan Themus thermophilus, Elogase (bao gdm nhiéu
enzyme két hop trong d6 c6 su tham gia ctiia Tag-polymerese).

7.2.3.3- Moi va nhigt dé nong chdy ciia moi

Mbi 1a mdt chi tiéu quan trong nhat dé dat duoc su khuéch dai dic
trung va c6 hiéu qua cao. Chon moi phai tudn theo nguyén tac sau dy:
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- Trinh tu ctia moéi dugc chon khong c6 su bat cap gitra moi xudi va moi
nguoc, va cling khong tao nhitng cau tric kep toc.

- Mbi phai chon dic trung cho DNA can khuéch dai va khong tring véi
cac trinh tu 13p lai trén gen.

- Trinh ty nam gitra mo61 xudi va moi ngugc khong qua 16n (1kb).

- D6 dai moi can chon khoang 18 dén 30 nucleotide, néu mdi nhé hon 10
nucleotide, mdi bam khong dic hiéu. Con méi dai hon 30 nucleotide s& anh
hudng dén co ché tong & Budc 3.

- Tm mdi xudi va moi nguoce khong cach nhau qua xa, thong thuong trong

khoang tir 4+5°C, va nhiét 46 nong chay ctia mdi khoang 72°C.
7.2.3.4- Anh hwéng ciia cic nuleotit

Can phai c6 bén loai nucleotide dang triphosphat nhu: dATP, dTTP,
dGTP, dCTP. Nong do mdi loai nucleotide phai ¢ dang can bang, tmg véi
khoang 20+200uM cho mdi loai nucleotide. Néu mat trang thai can bang thi
s& gy ra 161 khi sao chép, néu ndng do cac nucleotide cao hay thap hon s&
dan dén hién tuong sao chép gia.

7.2.3.5- Moi trwong phan rng

Ion Mg+2 1a thanh phan khong thé thiéu duoc ctia phan ing PCR, ndng
do Mg+2 tdi wu dé thuc hién PCR tir 150+200uM. N(‘Sng do chuén cho tung
khoan twong tmg, phai dugc xac dinh trong diéu kién thi nghiém nhat dinh.

Nudc st dung cho phan tmg PCR phai 13 nuée tinh khiét, khong chira
bat ky ion la ndo. Khéng dugc chira cac enzyme cit han ché va cac enzyme
phan huy axit nucleic.

MBoi truong dung dich dém phai 6n dinh.
7.2.3.6- Thoi gian va sé lwong chu ky

Qua nghién ctru cho thay: tong thoi gian cho mdi bude ctia mot chu ky
va ctia chu ky dau véi cac chu ky tiép theo 1a khac nhau. Ngoai ra, thoi gian
cho mdi phan tmg con phu thudc vao d6 dai ctia doan DNA can nhan dong.
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S6 luong chu ky cho mot phan timg PCR thong thuong trong khoang tir
30 dén 40 chu ky. Bdi vi phan Gmg dién bién theo hai giai doan: O giai doan
dau, sb luong ban sao tang theo cép s6 nhan, va dén mot gi61 han nao doé thi
sd ban sao giam, hiéu qua khuéch dai giam do cac nguyén nhan:

- Nong dd nucleotide gidam,
- Xuat hién san pham phu,
- Do céac ban sao khong bat cdp véi moi ma chiing lai bat cdp véi nhau.

Ngoai ra, s6 chu ky phu thudc vao s6 ban miu ban dau, néu s6 ban mau
14 10° thi thyc hién 25+30 chu ky, con sé mau 10%10° thi thyc hién 35+40
chu ky.

7.2.3.7- Thiét bi va dung cu

Thiét bi can dap ung yéu cau thay ddi dugc nhiét do nhanh va chinh
xéac. Tranh téi da sy bdc hoi nude trong qua trinh phan tmg. Tuy nhién, Gmg
v6i mdi phan Gmg cu thé c6 cac thiét bi va dung cu khuéch dai riéng.

7.2.4- Ung dung ciia phwong phiap PCR
7.2.4.1- Uu va nhwoc diém ciia phwong phdp PCR

Uu diém: Thoi gian thuc hién nhanh, chi can 3 gio 1a c¢6 thé khuéch dai
dugc mot trinh ty dang quan tam. Thuc hién don gidn va it tén kém (n6 duoc
thuc hién trong 6ng nghiém plastic nhé gém thanh phan tdi thiéu duge thuc
hién déng thoi). Yéu cau vé do tinh sach ctia mau khong cao (Vét mau kho,
mau vat khao cd, nhitng vét tich dé lai ciia ngudi di chét).

Nhuoc diém: Can phai ¢6 DNA moi dic trung cho DNA can khuéch
dai. Dé co6 doan mdi nay it nhat phai biét trude trinh ty nucleotide can khuéch
dai. Kich thuéc DNA can khuéch dai khéng vuot qua 3kb. Kha ning ngoai
nhiém 16n (do thao tac nhiéu lan). Sai sot con do sir dung E-Taq-polymerase

khoang 10" (sai sét cho mét 14n sao chép).
7.2.4.2- Pham vi s dung

San xuat mau do danh ddu phong xa (dau do) véi khéi lugng 16n, phu
hop véi phuong phap lai gitta DNA va DNA, RNA va DNA.
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Khuéch dai s6 luong RNA, do Iugng mRNA nhé dudi muc cho phép
nén nguoi ta dung phuong phap RT-PCR dé ting nong do mRNA dén mot
gi6i han phat hién bang cach phién ma nguoc: mRNA — c¢cDNA. Tir cDNA,
ta danh gia dugc mRNA.

Khuéch dai DNA va RNA ngay tai hé mo: Goi 1a k¥ thuat insitu, k¥
thuat ndy c6 nguyén tic nhu trén, dugc tién hanh ngay trén 1at cit mo, té bao
¢d dinh trén lame trong thiét bi PCR ¢6 bd phan tao nhiét cho lame.

Trong nudi cdy md té bao, k¥ thuat PCR dugc dung dé nghién ctru
nhimng thay d6i & mtc d6 DNA cia cac dong mé nudi cdy va cic cy tai sinh
tir mo seo, dé nghién ctru sy co6 mit clia cac gen ngoai lai trong cic ciy bién
nap.

Pinh luong DNA: Khi nong d6 DNA thap, diung phuong phap PCR
nhan 1én dén muc xac dinh. Nguoi ta xac dinh duoc $6 lugng ban mau ban
dau qua tinh toan dwa vao san pham cudi cung va s6 chu ky nhan. Piéu quan
trong 13 s6 chu ky nhan khong dugc vuot quéa giai doan dau cia phan tGng, khi
ma sd luong ban sao con ty 1€ thuan véi sb luong ban mau ban dau.

Ung dung: Trong phép y, chuan doan nhitng bénh di truyén, nghién ciru
mau khao ¢, bao ton va duy tri nhitng gen qui.

7.2.5- Nguyén ly co ban ctiia phan irng RT-PCR (PCR nguoc)

Phan tng RT-PCR thuc chat 1a phan Gmg nhan mdt doan gidi han cia
khuoén RNA, theo nguyén 1y ciia phan img PCR gdm c6 hai giai doan: Giai
doan thtr nhat 1a sao chép RNA khudn thanh DNA so1 d61 nho hoat dong cua
enzyme sao chép nguogc. Giai doan nay dugc thuc hién ¢ 50+55°C va thoi
gian 1a 30 phut. Giai doan 2 1a dung chinh DNA vira sao chép lam khuon cho
phan tng PCR, qua trinh dugc thuc hién theo ba budc nhu da trinh bay & trén.

Sau khi phan tung két thuc, san pham ctia phan tmg PCR nguoc duoc
giam xubng 4°C dé bao quan cho toi khi sir dung. Dé danh gia va phat hién
san pham PCR nguoc ngudi ta cling dién di trén gel agarose 0,8+1%. Va
DNA chuan 12 DNA A duoc cit boi enzyme HindIII ¢6 d6 dai 23,1kb; 9,4kb;
6,5kb; 4,3kb, ...

- 164 -



7.2.6- Phwong phap dién di DNA
7.2.6.1- Nguyén tic dién di

Dién di 12 k¥ thuat dugc str dung trong thi nghiém dé phan dé phan tich
cac dai phan tir tich dién. Trong phong thi nghiém sinh hoc phéan tir nguoi ta
thuong st dung phuong phap dién di dé tach ly, phat hién phan td DNA
nguyén ven, DNA bi cit han ché va DNA cua san phém PCR.

Axit nucleic néi chung 1a mdt phan tir tich dién am, vi vay, ching co
thé dich chuyén qua bang gel tir cuc am (cathode) sang cuc duwong (anode)
dudi tac dung cua dién truong. Trén cung mot ban gel, cd cung mdt dong dién
nhing phan tir DNA khéac nhau vé trong lwong nén khac nhau vé dién tich va
chay duoc nhiing quang duong khac nhau sau mét thoi gian nhu nhau. Sau
khi phan tach bang dién di, dé phat hién phan tr DNA, ngudi ta ding phuong
phap lam hién hinh. Pbi véi gel agarose, ngudi ta nhuém bang ethidium
bromid. Chat ndy s& gan xen cic bazo cta phan tt DNA va phat quang dudi
tia tir ngoai. Nhu vay dé dang cho phép phat hién vi tri cdc doan DNA trén gel
va ¢ thé phan biét dugc phan tir DNA trén cing mot bang gel. Bdi véi gel
polyacrylamid, cac phan tir thudng duge danh dau bang dong vi phong xa va
vi tri ctia chiing s& dugc phét hién bang k¥ thuat phong xa tu ghi. Trong dién
di, nguoi ta str dung thang DNA chuan, thuong 1a DNA A. Khi dién di cho
chay cung véi mau nghién ctru, qua d6 cé thé so sanh véi DNA miu vdi DNA
chuéan dé biét trong luwong phan tir, hoic trich li dwoc DNA khac nhau.

7.2.6.2- Cdch tién hanh

Hé théng dién di bao gdm ngudn dién, budng dién di, khudn do gel va
hé théng soi chup anh. Cac budc dugc tién hanh nhu sau:

- Can khoang 1g agarose cho vao 100ml dém TBE (Tris-borate-EDTA)
hoac TAE (Tris-acetate-EDTA) & nhiét do phong, khqu déu va dé yén 1
phut, cho vao 10 viba (Iam nong chay gel va khong tao bot).

- Lam ngudi gel xudng 50+55°C, thém 1ul ethidium bromid, d6 gel vao
khuon gel va lap luge.

- Khi gel nguoi, dat khuon gel vao buéng dién di, thao lugc va do dém

chay vao khay gel sao cho dém cao hon mat gel khoang 2+5 mm.
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- Nap DNA mau va DNA chuén vao cac giéng, ddy nip va cim dién cuc.
- Pién di trong khoang 30 phut véi dién thé 100120V,
- Chup hinh anh gel duéi 4nh sang UV dé xem két qua.

Luu y: Tuy thudc vao kich thudc cia DNA mau ma ngudi ta chon loai
gel (agarose, polyacrlamid), nong do gel, loai dém (TBE hoic TAE). Pém
TAE cho dd phan giai cao cac phan doan 16n hon 4 kb, trong khi dém TBE c6
phan giai cao tir 0,1 dén 3kb. Ngoai ra, ¢ phan giai cac phan doan DNA con
phu thudc vao phuong phap dién di, tdi vu dién thé, toi uu luong DNA nap va
dém nap.

Thuéc nhudém ethidium bromid (EtBr) 1a mét thuéc nhudm huynh
quang ma c6 thé nhan biét ca hai loai DNA soi don va soi kép. Mic du vay, ai
luc lién két voi DNA soi don twong d6i thap hon so voi DNA soi kép. DNA
nhudm EtBr dugc nhan biét b::ing tia cuc tim. Tai budc song 254nm, anh sang
UV duoc hap thu bsi DNA va chuyén sang thudc nhudém. Tai budc song
302nm va 366nm, anh sang UV duoc hap thu boi chinh thudc nhudm. Trong
ca hai truong hop, nang luong dugc phat xa img vadi tia tai budc séng 590nm
trong ving vang do cta quang phd thay duoc. EtBr 1a chat gay dot bién manh,
can phai mang ging tay khi thao tdc v6i dung dich thubc nhudém ndy va cac
gel nhuom. Pé tao d6 phan giai cao rd nét, cac vach va nén nhat nén nhudém
gel véi EtBr ngay sau khi dién di.

7.3- CAC PHUONG PHAP LAI PHAN TU
7.3.1- Phwong phap Southern blot

Phuong phap Southern blot dugc E. Southern phat minh vao nam 1975,
cho phép nghién ciru DNA cta bo gen, kiém tra két qua chuyén gen hoic
kiém tra sy c6 mit ciia mot gen nao do trong bd gen cua té bao. Dé thyuc hién
dugc qua trinh lai, dau tién, nguoi ta phai tich DNA bo gen cua té bao. St
dung enzyme cat gi61 han dé cat phan tor DNA thanh nhitng doan nho, dién di
trén gel agarose dé tach nhitng doan c6 kich thudc khac nhau. Gay bién tinh
DNA trén gel bang dung dich NaOH-0,5M, sau d6, chuyén DNA tir gel sang
mang lai (nitrocellulose). Trong qua trinh chuyén, vi tri cia DNA phai dugc
gilt nguyén.
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DNA c¢6 dinh trén mang duoc lai véi mau do c6 danh dau phong xa, ¢
nhiét do 65°C va thoi gian lai khoang 3+8 gid. Sau qua trinh lai nguoi ta rira
mang lai dé loai bo nhitng miu do khong bét cip chuyén biét voi DNA c¢b
dinh trén mang lai.

8
- 1: Dung dich dém
20X.SSC
T —> P 2: Gia d6
: Gia
<6 3: Bac giay loc
5 —> S SR ERRIRRIRIIRNRRIRNARRNNRY 4: Gel agarose
| <—4 R .
5: Mang lai
6: Giay tham
7: Tam kinh
8: Vat nang

Hinh 7-4: K¥ thuit chuyén DNA tir gel agarose 1én mang lai

Cubi cung, nguoi ta dung ki thudt phong xa tu ghi dé dinh vi cac phan
tur lai. Trong ki thudt nay, nguoi ta dat mot phim nhay cam véi tia xa ap sat
vao mang lai. Cac phan tr lai c6 danh ddu phong xa s& tac dong 1én phim va
két qua duoc thé hién qua cac cham den trén phim (Hinh 7-4).

Céc ung dung quan trong cua Sourthern blot:
- Lap ban d6 gidi han ctia mot gen.

- Phat hién céac da dang trinh ty ctia cung mdt gen & cic chung hay céac ca
thé khac nhau qua sy so sanh ban d6 gidi han ctia ching.

- Phat hién céac dot bién mat doan, dot bién diém hay tai td hop trén mot
gen vi ching 1am thay doi ban do gi6i han.

7.3.2- Phwong phap Northern blot

Phuong phap lai Northern blot 1a phuong phéap lai RNA cua té bao véi
mau do DNA. Phuong phap nay duoc st dung dé xac dinh kich thudc va ham
luong ctia mét mRNA dic trung trong mdt hén hgp RNA. Vé nguyén tic
gidng nhu lai Southern blot, duoc tién hanh nhu sau:
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RNA (d3 duoc 1am bién tinh) s& duoc phan tich theo kich thudc nho
dién di trén gel agarose c6 chtra chat lam bién tinh. Cac chat lam bién tinh c6
tac dung ngan can su hinh thanh céu trac bac hai cia RNA sau khi da bién
tinh. Va do d6, khong can tré su di chuyén ciing nhu sy tich cia cac RNA
trén gel. Sau d6, RNA dugc chuyén 1én mang lai. Nhitng RNA ¢6 dinh trén
mang lai dugc dem lai v6i mau do DNA c¢6 déanh dau phong xa dé tao phan tir
lai RNA-DNA. Céc phan tir lai dugc phat hién nho ki thuat phong xa tu ghi.

7.3.3- Lai tai chd

Lai tai chd 1a phuong phap lai phan tir, trong d6, trinh tu axit nucleic
can tim ndm ngay trong té bao hay trong mé. Lai tai chd cho phép nghién ctru
axit nucleic ma khong cin qua giai doan tach chiét chung ra khoi mo, té bao.
Céac tng dung cta kiéu lai nay rat da dang di tir ki thuat dinh vi gen trén
nhiém sic thé, phat hién dong vi khuan tai t6 hop trong phuong phap tao dong
dén viéc nghién ctru mot mRNA chuyén biét trong t& bao va mo. Phuong
phéap nay it tbn kém hon 1a lai Southern blot, mau do dugc danh dau bang
huynh quang thay cho mau do ddnh déu phong xa. Tuy timg loai té bao va md
c6 thé thyc hién cac phuong phép lai tai chd khac nhau.

7.3.3.1- Lai trén khudn lac

Phuong phap nay dugc st dung dé phat hién dong vi khuan c6 mang
vector tai to hop can tim trong mot ngan hang gen. Ngan hang gen duoc trai
trén mat thach ctia hdp petri. Sau khi céc khuan lac dat kich thudc nhét dinh,
nguoi ta thu ldy ddu 4n cta ching bang cach ap mot mang lai trén mat thach.
MBOi khuan lac s& dé lai vai té bao vi khuan trén mang lai. Sau d6 xir li mang
lai bang NaOH d¢ lam v& té bao vi khuan va lam bién tinh DNA. Két qua
phong xa tu ghi cta ddu 4n cho phép xac dinh dong vi khuan can tim trén hop
pectri ban dau. Dong nay s& duoc thu nhan va phan tich.

7.3.3.2- Lai trén nhiém sdc thé

Phuong phéap nay cung cap thong tin chinh xac vé vi tri va su phan b
ctia mot trinh tw DNA can tim trén nhiém sic thé nhd mot mau do chuyén
biét. Chon té bao ki gifia ctia qua trinh phan bao khi cac nhiém séc thé c¢6 kich
thudc 16n nhat (cac nhidm sic thé ndy thuong co ngudn gdc tir bach cau).
Béng cac ki thuat xur 1 ¢ dinh té bao trén lam kinh, dinh vi hinh dang va vi
tri ctia nhiém sac thé. Str dung enzyme RNase va enzyme protease K dé loai
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bo RNA va protein. Nhiém sdc thé cb dinh trén lam dugc dem lai véi mau do
DNA hodc RNA c¢6 danh dau phong xa. Sir dung ki thuat phong xa tu ghi dé
phat hién phan tir lai (phan tir lai trén lam duoc phit mot huyén dich nhay cam
voi tia xa). Sau mot thot gian, cho tia xa tac dong 1én huyén dich, lam duoc
dem quan sat dudi kinh hién vi. Tai cac diém c6 cac phan tir lai xuat hién cac
cham den trén 16p huyén dich.

7.3.3.3- Lai trén té bao va mé

Lai trén té bao va mo thudng duoc st dung dé phat hién cac mRNA.
Céc loai mRNA hoat dong & cac giai doan khéac nhau trong qua trinh phat
trién té bao va co thé. Lai trén té bao va md nham nghién ctru giai doan hoat
dong ciia mRNA, tir d6, tim hiéu hoat dong cia mot gen, méi lién quan giira
phién ma va giai ma, dinh vi cac gen can nghién ctru trén nhiém séc thé.

M0 hoic té bao duoc xir li bang phuong phap md, t& bao hoc nhu: cd
dinh, khir nu6c, tim paraffin, cat thanh nhiig lat méng (7+10pum) trai trén
lam. Xt li v&i enzyme protease dé loai bo protein, sau d6 xir li v6i enzyme
DNase dé loai bo DNA. Lai v6i mau do c6 danh ddu phong xa hodc huynh
quang. Sau d6 phti mot 16p huyén dich nhay véi phong xa hodc huynh quang
dé mot thoi gian thich hop cho phan Gmg xay ra, quan sat két qua lai dudi kinh
hién vi. Trong té bao nhiing vi tri c6 phan tir lai dugc phat hién bang cac
cham den.

Pham vi st dung cua phuong phap:

- Péi turong nghién ciru o t6 chirc phirc tap bao gdm nhiéu tap hop cac té
bao khac nhau nhu bo nao.

- Cac phuong phap mién dich té bao cho phép phat hién mot protein
chuyén biét thong qua khang thé dic trung cua né. Khi phdi hop nhiing
phuong phap mién dich té bao va lai tai chd, ngudi ta s& phat hién dong thoi
mRNA va protein ctia né, tir d6, xac dinh duoc mdi tuong quan giita hoat
dong phién ma va dich ma cua mdt gen.

- Bang céch lai nhiéu lat cat lién tuc (c6 cau truc gan nhu dong nhat) voi
nhiéu mau do khac nhau, nguoi ta co thé xac dinh vi tri, sy phan bo va tuong
tac gitra cac mRNA cung tham gia vao mgt qua trinh song.

- 169 -



7.4- PHUONG PHAP GIAI TRINH TU CUA AXIT NUCLEIC

Khi nghién ctru vé gen, viéc xac dinh dugc vi tri cua gen trén nhiém sic
thé chua cho phép két luin vé ban chat ctua ndé nhu gen d6 twong tng véi gen
gi, chtic nang diéu hoa hay ma hoa cho protein nao. Nho viée giai trinh tu gen
ma nguoi ta da giai quyét duoc nhimg kho khin trén. Co hai phuong phap
giai trinh gen d6 1a phuong phap hoa hoc cia Maxam-Gilbert va phuong phéap
enzyme cua Sanger va cOng su.

7.4.1- Phwong phap hoa hoc cia Maxam-Gilbert

Vao niam 1977, Maxam va Gilbert 1dn dau tién phat minh ra phuong
phép giai trinh ty gen bing phuong phap hoa hoc. Nguyén tic ctua phuong
phap 1a dua trén phan tng hoa hoc thuy giai dac hiéu, cac DNA khong tu
xo0an lai voi nhau, tao thanh tap hop nhiéu phan doan c6 kich thudc khac
nhau.

Trudce hét, phan tir DNA dugc danh dau dong vi phong xa P& dau s’
cua mach don, tao nhirng doan danh diu co thé phat hién béng hinh phong xa.
Xt 1i héa hoc dac hi€u phan huy dac trung mdét loai nucleotide cua mach
DNA di danh diu phong xa, tao cadc doan oligonucleotide co chiéu dai hon
kém nhau 1 nucleotide duoc phat hién bang dién di. Két qua cic phan tng hoa
hoc xir i mach DNA duoc phat hién bang dién di trén gel polyacriamid c6 thé
xac dinh duoc trinh tu mach don.

Mach don di danh dau phong xa cé thé xtr li theo 4 nhém phan tng:

- Nhom phan Gng th@ nhat xor 1i mach don DNA bang dimethyl sulphat
lam dut mach tai G.

- Nhom phén tng tht hai xt i mach don DNA bang axit (pH=2) gay dut
mach don tai A hoac G.

- Nhém phan @ng thir ba xir 1i mach don DNA bang hydrazin giy dat
mach don tai T va C.

- Nhém phan tng thir 4 xir 1i mach don DNA bang hydrazin véi ndng do
mudi cao lam dut mach don tai C.
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Két qua: Cac phan ng tao thanh cac doan DNA cat ngau nhién, co

kich thudc khac nhau. Dién di trén gel polyacriamid (Hinh 7-5), doc két qua

dién di bang may phéng xa tu ghi ta thu duoc trinh tu nucleotide cia mach

don DNA.
G G+A T+C
— — ACACT
— ACAC
—— ACA
— AC
] A
+

Hinh 7-5: So db giai trinh gel theo phwong phap hoa hoc

Vi dy, doan mach don DNA danh diu phéng xa P32, dau 5° &
nucleotide A c¢6 trinh tu : 5P ’ACACTG

Sau khi xt li bang phuong phap hoa hoc va cit mach don néi trén ta

thu dugc cac phan doan sau:

- Két qua nhém 1 cat tai G:

- Két qua phan tmg nhom 2 cit tai A hodc G:

- Két qua phan tmg nhom 3 cit tai C hodc T:
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P2 ACACT
P2 ACACTG

P?AC

P?ACACTG
P2 ACACT
P2 ACACTG

PZA
PZACA
P?ACACTG
PACAC
P?ACACTG



- Két qua phan tng nhom 4 cit tai C: PA
PZACA
P> ACACTG

Tong hop cac két qua, ta thu duoc trinh tu cac nucleotide trén mach
don DNA, tir d6 ta biét duoc trinh tu Sép Xép cac nucleotide cua gen.

7.4.2- Phwong phap enzyme sir dung cac dideoxynucleotide

Phuong phap nay dugc F. Sanger va cong sy phat minh vao nam 1977.
Nguyén tic ciia phuong phap dideoxy 14 dwa vao su tong hop mach bd sung
cho trinh tu cin x4c dinh nho hoat dong cua enzyme DNA-polymerase. V&i
viéc sit dung thém cac dideoxynucleotide (ddNTP) véi cac deoxynucleotide
(ANTP) thong thuong, két qua tong hop cling 1a sy hinh thanh mot tap hop
nhiéu doan DNA c¢6 kich thudc khac nhau. Trong phan tng st dung doan
DNA mdi mach don khoang 20 nucleotide, bon loai ANTP (trong d6 c6 mot
loai danh dau bang dong vi phong xa) va bo xung thém 1% ddATP (hoic
ddCTP, ddGTP, ddTTP) cho mdi loai phan tmg. Cac ddNTP mat hai nguyén
tr oxy & C3 va C2 khi mach don DNA dang tong hop duoc gin 1 ddNTP
phan tng ngimg tong hop. Mdi loai phan tng duoc thuc hién riéng ré, co
DNA khuon, DNA mdi, dﬁy da cac loai ANTP, enzyme Taq DNA-
polymerase, dung dich dém va c6 thém khoang 1% mot loai ddNTP. Két qua
phan Gmg tong hop nén cac doan oligonucleotide dai ngan khac nhau mot
nucleotide va dugc nhan biét nhd phuong phap dién di (Hinh 7-6). Tong hop
két qua phan ung & 4 éng, thu duoc trinh tu cac nucleotide ciia mach don, co
thé biét duoc trinh tu sap xép cac nucleotide trong gen.

A G T C

| | | o | - | TGAGGTC
— TGAGGT
TGAGG
TGAG

— TGA

— | TG

+ — T

Hinh 7-6: So' dd giai trinh gen theo phwong phap Sanger
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Vi du: Giai trinh doan gen: 5 - AGTCCAG-3
- Mach can tong hop 1a 3'- TCAGGTC-5

- Két qua phan ting theo loai A: TCAdd
TCAGGTC

- Két qua phan ting loai G: TCAGdd
TCAGGdd
TCAGGTC

- Két qua phan tng loai C: TCdd
TCAGGTCdd

TCAGGTC

- Két qua phan ting loai T: Tdd
TCAGGTdd
TCAGGTC

7.4.3- Phwong phap xac dinh trinh tu nucleotide bing may tu dong

Trong ki thuét nay, nguoi ta khong danh dau bang cac dong vi phong
xa ma bang hoa chét (cac fluochrome). Mdi loai ddNTP dugc danh diu bang
mot fluochrome c6 mau khac nhau. Nhu vay, tat ca cac oligonucleotide cung
chidm dat tai mot loai dANTP s& ¢6 cung mot mau. Sau khi dién di trén gel
polyacriamid, két qua s& duoc xir i qua mot hé thong vi tinh.

-173 -



TAI LIEU THAM KHAO

1- Pai Duy Ban (19980, Céng nghé ADN trong diéu tri gen cdc bénh hiém
ngheo, Nxb Y hoc, Ha Noi.

2- Bui Chi Btru, Nguyén Thi Lang (1999), Di truyén phén tir - Nhitng nguyén
tic co ban trong chon giong cdy trong, Nxb Nong nghiép, Ha noi.

3- Nguyén Hiru Chan cha bién (1999), Nhitng vin dé hod sinh hoc hién dai,
Nxb KH&KT, Ha Noi.

4- Pham Thi Tran Chau, Tran Thi Ang (1997), Hod sinh hoc,
Nxb Giao Duc, Ha No1.

5- Nguyén Lan Diing chu bién, Nguyén Dinh Quyén, Pham Vin Ty (1997),
Vi sinh vat hoc, Nxb Giao duc, Ha Noi.

6- Ho Huynh Thuy Duong (1998), Sink hoc phdn tir, Nxb Gido duc, Ha noi.

7- Nguyén Nhu Hién (2002), Di truyén va céng nghé té bao soma,
Nxb KH&KT, Ha Noi.

8- B4 Binh Hoa chi bién (1996), Gido trinh hod sinh,
bai hoc Y Duogc, TP HCM.

9- Pham Thanh H6 (2000), Di truyén hoc, Nxb Giao duc, Ha Noi.

10- Nguyén Dinh Huyén (1998), Sinh hoc phan tir ADN,
Nxb KH&KT, Ha Nai.

11- V6 Thi Thuong Lan (2002), Sinh hoc phan tu,
Nxb Pai hoc Qudc gia, Ha Noi.

12- Nguyén Thi Lang (2002), Phiwong phdp co ban trong nghién ciru cong
nghé sinh hoc, Nxb Nong nghiép-Chi nhanh TP H6 Chi Minh.

13- Lé Pinh Luong, Phan Cy Nhan (1993), Di truyén hoc,
Nxb KH&KT, Ha Noi.

14- Phan Cy Nhan (1992), Mot s6 van dé vé di truyén hoc (hién dai),
Nxb Gido duc va Pao tao, Ha Noi.

15- Phan Cy Nhan (1998), Sinh hoc dai cwong,
Nxb Pai hoc Qudc gia, Ha noi.

174 -



16- Khuat Hitu Thanh (2003), Co s6 di truyén hoc phén tir va ky thudt gen,
Nxb KH&KT, Ha Noi.

17- Nguyén Puac Thanh (2000), Nudi cdy mé té bao thwc vit - Nghién cieu va
ung dung, Nxb Nong nghiép, Ha Noi.

18- Lé Ngoc Tu (1997), Hoa sinh cong nghiép, Nxb KH&KT, Ha Noi.

19- Lé Ngoc Tu, P4 Ngoc Lién, Pang Thi Thu (2002), T¢ bdo va cdc qud
trinh sinh hoc, Nxb KH&KT, Ha noi.

20- Nguyén Vin Uyén chi bién, Nguyén Tién Thing (2000), Nhitng kién thirc
co ban vé cong nghé sinh hoc, Nxb Giao duc, Ha Noi.

21- C.Vili va Dethio (1979), Cdc nguyén ly va cac qua trinh sinh hoc,
Nxb KH&KT, Ha Noi.

22- Emil L. Smith (1983), Principles of Biochemistry,
Mc. Graw-Hill Book Company (7th Edition), New Dehi.

23- Emil L. Smith, Robert L. Hill (1983), Principles of biochemistry -General
aspects, McGraw-Hill Book Company, New Dehi.

24- Hartl Daniel L., Freifelder David, Snyder Leon A. (1988), Basic genetics,
Johnes and Bartlett Publishers Inc., USA.

25- Rastogi S. C. (1996), Biochemistry,
Tata McGraw-Hill Publishing Co.Ltd, New Dehi.

26- Ren¢ Scriban coordonnateur (1982), Biotechnologie,
Technique et documentation lavoisier, Paris.

27- The national medical series for indepenent study (1996), Genetics,
William & Wilkins, USA.

28- Watson James D., Hopkins Nancy H., Roberts Jeffrey W., Steiz Joan
Argetsinger, Weiner Alan M. (1987), Molecular biology of the gene,
The Benjamin/Cummings Publishing Co. Inc., USA.

29- William M. Fogarty (1983), Microbial enzymes and biotechnology,
Applied Science Publishes Ltd, London & New York.

- 175 -



MUC LUC

Phan I- Co s¢ di truyén

Mo dau- Lugc sir phat trién cia di truyén hoc va k¥ thuat di truyén
1.1- Linh vyc nghién ciru cta di truyén hoc va cong nghé di truyén
1.2- Giai doan di truyén sau Mendel

1.3- Sy ra doi ciia cong nghé di truyén

1.4- Y nghia khoa hoc va thuc tién cua cong nghé di truyén
1.4.1- Trong y dugc

1.4.2- Trong nong nghi¢p

1.4.3- Trong cong nghé thyc pham

Chuong I - Ban chat ctia vat chat di truyén

1.1- Axit nucleic - Vat chat di truyén cua moi sinh vat

1.1.1- Thanh phﬁn cAu tao hoa hoc cua axit nucleic

1.1.2- Céu trac phéan tir DNA

1.1.3- Tinh chat cia DNA

1.1.4- Céc thi nghiém chimg minh DNA 1a vat chat di truyén
1.2- Cac RNA

1.2.1- Chu tao héa hoc va dic diém chung cia RNA
1.2.2- Cac loai RNA

1.3- Ma di truyén

1.3.1- Khai niém vé ma di truyén

1.3.2- Bic tinh cia mi di truyén

1.4- Vat chét di truyén ctia mot s6 nhom sinh vat

1.4.1- Vat chat di truyén cua virus

1.4.2- Vit chat di truyén cua vi khuan

1.4.3- Vit chat di truyén cua eucaryote

Chuong II - Hoat dong va su biéu hién cua gen

2.1- Gen la don vi chire ning cua bo may di truyén

2.1.1- Céac quan niém vé gen

2.1.2- CAu trac cla gen

2.2- Sy sao ma

2.2.1- Ly thuyét vé sao ma DNA theo khuén

2.2.2- Qua trinh sao ma

2.2.3- Sao ma DNA soi kép dang vong cua té bao procaryote
2.2.4- Sao chép ma & té bao eucaryote

2.2.5- Stra sai DNA trong té bao

2.3- Sy phién ma

2.3.1- Bic diém chung cua qua trinh phién ma

2.3.2- Phién mi tong hop mRNA & procaryote

2.3.3- Phién mi tong hop mRNA & eucaryote

2.3.4- Phién mi tong hop tRNA

- 176 -



2.3.5- Phién ma tong hop rRNA

2.4- Dich ma

2.4.1- Pic diém chung ctia qua trinh dich ma

2.4.2- Sy hoat hoa va van chuyén axit amin

2.4.3- Huéng doc ma va hudng kéo dai soi polypeptide
2.4.4- Céac giai doan cia qua trinh dich ma

2.4.5- Polyribosome

2.5- Piéu hoa biéu hién gen (Piéu hoa sinh téng hgp protein)
2.5.1- Muc dich ciia diéu hoa biéu hién gen

2.5.2- Cac yéu t6 diéu hoa biéu hién gen

2.5.3- M6 hinh diéu hoa biéu hién gen ¢ vi khuan

2.5.4- M6 hinh diéu hoa biéu hién gen & eucaryote
2.5.5- Su biét hoa té bao

Chuong I1I - Bién d6i vat chét di truyén

3.1- Khai niém vé bién di

3.2- Dot bien

3.2.1- Tac nhan gay dot bién

3.2.2- Dot bién gen

3.2.3- Dot bién nhiém sdc thé

3.3- Téi t6 hop

Phan II- Nhitng nguyén Iy co ban ctia cong nghé di truyén
Chuong IV- Céc enzyme sir dung trong cong nghé di truyén
4.1- Céc enzyme gioi han

4.1.1- Hién tugong gidi han va h¢ théng han ché - cai bién
4.1.2- Cach goi tén cua enzyme gidi han

4.1.3- Céc loai enzyme gidi han

4.1.4 - Céc loai RE trong nhom II

4.1.5- Ung dung cuia RE trong cong nghé di truyén

4.2- Cac loai nuclease

4.2.1- Phan loai

4.2.2- Mot sb nuclease thuong ding va tmg dung ciia né
4.3- Enzyme két n6i

4.3.1- Ligase

4.3.2- Cac enzyme dephosphoryl hoa

4.3.3- Céac enzyme phosphoryl hoa

4.4- Céc enzyme tong hop

4.4.1- Enzyme sao chép DNA

4.4.2- Enzyme phién ma nguogc

4.4.3- Cac enzyme tong hop RNA (RNA-polymerase)
4.4.4- Enzyme terminal-transferase

Chuong V - Vector chuyén gen

5.1- Khai niém vé vector

5.1.1- Sy chuyén gen

- 177 -

66
67

68
70

74

75
76
80
82
84

86
88
92
94
96

98
99
100
104
105

106
108

109

110

111

112

113



5.1.2- Vector

5.2- Nhiing yéu cau tdi thiéu ctia mot vector chuyén gen
5.3- Mot s6 ung dung cua vector chuyén gen

5.4- Cac vat chu thu nhan cac vector chuyén gen

5.5- Céc loai vector chuyén gen

5.5.1- Vector chuyén gen 1a plasmid

5.5.2- Cac vector chuyén gen 1a phage

5.5.3- Cac vector chuyén gen khac

5.5.4- Cac vector la virus cua eukaryote

Chuong VI - Cong nghé DNA tai t6 hop va su tach dong
6.1- Cong nghé DNA tai t6 hop

6.1.1- DNA tai to hop

6.1.2- Cac cong doan chinh tao DNA tai to hop

6.1.3- Cac phuong phap tao DNA tai t6 hop

6.2- Mot s6 phuong phap dua DNA tai to hop vao té bao chu
6.2.1- Hoa bién nap

6.2.2- Pién bién nap

6.2.3- Bién nap té bao tran

6.2.4- Phuong phap ban gen

6.2.5- Phuong phap vi tiém

6.2.6- Tai nap

6.3- K¥ thuat tach dong (tao dong)

6.3.1- Muc dich cua sy tach dong

6.3.2- Céc budc co ban cua phuong phép tach dong
6.3.3- Mot s6 phuong phap xac dinh dong can tim

6.4- Ngan hang gen

6.5- Ngan hang cDNA

6.5.1- Thiét ké ngan hang cDNA

6.5.2- Sang loc ngan hang cDNA

Chuong VII - Mot sb phuong phap nghién ciru trong cong nghé di truyén
7.1- Cac phuong phép tach chiét axit nucleic

7.1.1- Phuong phép tach chiét DNA vi khuan

7.1.2- Phuong phap tach DNA plasmid

7.1.3- Tach DNA cua té bao khac

7.1.4- Phuong phép tach ARN tong sb va mRNA

7.1.5- Tach va thu nhéan gen

7.2- Phuong phéap nhan ban (PCR)

7.2.1- Nguyén tic ciia phuong phap PCR

7.2.2- Céc budc tién hanh thi nghiém

7.2.3- Cac yéu t6 anh huong dén phan tmg PCR

7.2.4- Ung dung ctia phuong phap PCR

7.2.5- Nguyén ly co ban cua phan trng RT-PCR (PCR nguoc)
7.2.6- Phuong phap dién di DNA

- 178 -

114
115

116
121
125
128
129

132
135
140

141

142

143

145
148
149

150
151

152
153

154
156
157
158
161
163
164
165



7.3- Cac phuong phép lai phan tir

7.3.1- Phuong phap Southern blot

7.3.2- Phuong phap Northern blot

7.3.3- Lai tai chd

7.4- Phuong phap giai trinh tu cua axit nucleic

7.4.1- Phuong phap hoa hoc cua Maxam-Gilbert

7.4.2- Phuong phap enzyme sir dung cac dideoxynucleotide

7.4.3- Phuong phép xéc dinh trinh ty nucleotide bang may tu dong
Tai li¢u tham khao

Muc luc

- 179 -

166

167
168
170

172
173
174
176



	Về ý nghĩa khoa học, có thể nói rằng, sự ra đời của công ngh
	CHƯƠNG I
	BẢN CHẤT CỦA VẬT CHẤT DI TRUYỀN
	Tên gọi
	Ký hiệu
	AMP
	A = T  và  G = C   hay                 = 1




	5'     R                P              O                    
	RNA                   cDNA                     cDNA         
	BIẾN ĐỔI VẬT CHẤT DI TRUYỀN

	AUG   GCC    UCU   AAC    CAU   GGC   AUA
	BamHI:     5’----GGATCC----3’
	CHƯƠNG V
	VECTOR CHUYỂN GEN

	Hình 5-7:  Phage \( bi?n hình
	Hình 6-1:  Cấu tạo một nucleotide
	6.2- MỘT SỐ PHƯƠNG PHÁP ĐƯA DNA TÁI TỔ HỢP VÀO TẾ BÀO CHỦ





	TÀI LIỆU THAM KHẢO

