Vi sinh vdt hoc co sé PGS.TS. Trén Linh Thuéc

CHUONG 4

DI TRUYEN HOC VI SINH VAT

Chuong nay dé cip d€ cdc ndi dung lién quan dén van dé di truyén & ddi tuong vi
sinh vat, gdm cdc ndi dung nhu di truyén hoc phan t, di truyén hoc vi sinh vat va k§y
thuat di truyén.

Van dé trung tAm cda di truyén hoc phan tif 12 dong thong tin trong t& bao (tir
DNA dén protein), su di€éu hoa dong thong tin nay. Cdc cAu hdi can gidi dap 1a bing
cdch nao thdng tin trong modt gen & dang trinh tu cdc nucleotide dugc chuyén ddi thanh
trinh ty amino acid ctia mot protein (tuy nhién, mot s6 gen khong ma héa cho protein ma
ma héa cho RNA). Mit khic cd ché nio gitip su sao chép clia bd gen d€ mot ban sao
phdi dudc chuyén cho mdi t€ bao con trong qua trinh phan bao. C4c co ché diéu hoa su
thé hién ctia gen gitip thé hién cdc gen cin thiét ding liéu lugng, ding ldc dé thich nghi
vdi diéu kién thay ddi cia moi trudng tlir bd gen chita thong tin mi héa clia tit ci cic
gen. Sy diéu hoa con thé hién & chd thaim chi khi mot enzyme dugc tong hgp va hién
dién trong t&€ bao, enzyme nay cé thé khong cé hoat tinh & mot s6 diéu kién nhat dinh.

V& di truyén vi sinh vat, truc tién cdc dic tinh sinh hoc cd ban cda virit duge dé
cap vi diy 1a mot ddi tugng c¢6 déng g6p 16n cho sy phat trién clia di truyén hoc vi sinh
vat. Virit 12 nhitng y&€u td di truyén khong t€ bao chi gdm nucleic acid dudc bao boc bdi
mdt v4 protein. Virit ¢ kich thude 0,02 — 0,03um nhd hon t€ bao. Khi hién dién bén
ngodi t&€ bao, phan ti virus khong c6 hoat dong bi€n dudng va dugc goi 1a virion. Do
khong c¢6 bd mdy bi€n dudng nén virit cAn xAm nhiém vao t€ bao chi va ding hé thdng
ribosome, enzyme, cdc ngudn vat chit va ning lugng clia t€ bao d€ tw nhan doi. TE bao
vi khu&n, dong vat, thuc vat déu c6 thé bi nhiém bdi cdc virit chuyén biét. Biing cich
nay, virdt 13 mot tic nhan quan trong trong su chuyén d6i thong tin di truyén va giy dot
bi&n & vi sinh vat. Thong tin di truyén trong bd gen clia vi sinh vat c¢6 thé dudc bi€n ddi
do d6t bi€n hay do su chuyén gen tir vi sinh vat ndy sang vi sinh vat khdc. Trong phuong
thiic chuyén gen, su thanh cong clia phuong thifc nay phu thudc vao hai budc: viéc dua
thanh cong gen tir t€ bao cho (donor) sang t€ bao nhin (recipient) va sy tdi t6 hdp cic
gen nay vao trong bd gen clia t&€ bao nhan. Di truyén hoc vi sinh vit ¢6 vai trd quan
trong trong nghién citu di truyén do gen 12 nén tdng clia hoat dong t& bao va do vi sinh
vatla cong cu uu viét &€ nghién cifu chic ning clia gen.

C4c k¥ thuat sit dung trong nghién citu di truyén hoc vi sinh vat c6 kh3 ning ting
dung to 16n, dic biét 1a k§ thuit di truyén hay k§ thuat gen, tiic 1a nhitng k§ thuat tinh t&
nhim phan 1ap mdt gen, nghién ctu trinh ty va sy diéu hoa thé hién clia gen. K§ thuat di
truyén dudc st dung trong nghién ctfu ciing nhu trong cic tng dung thuc tién. Viéc tng
dung k¥ thut di truyén trong nhitng Gng dung c6 thé thuong mai héa thudng dudc goi 1a
cong nghé sinh hoc.

1. Di truyén hoc phan ti
1.1. Hoc thuyét trung tdm (central dogma)

Trong t€ bao prokaryote va eukaryote, DNA dudc diing 1am khudn d€ thong tin
di truyén dugc sao chép trung thuc bing sy bit cip clia cic base bd sung trong qué trinh

60

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Vi sinh vdt hoc co sé PGS.TS. Trén Linh Thudc

sao chép va trong sinh tdng hdp protein. Ba base s& ma héa cho mot amino acid. Cé 20
amino acid khdc nhau di vao thanh phan cda hiu hét cic protein. Thong tin di truyén
dudc ma hoéa trong trinh ty cdc base purine va pyrimidine trong mach polynucleotide.
Trong nucleic acid, nhém phosphate tao lién k&t cong héa tri giita carbon vi tri s6 3 trong
dudng ribose clia mot nucleotide ndy véi carbon vi tri s§ 5 clia dudng ribose clia
nucleotide k& cian. C4u tao nay lam phan tif nucleic acid phan cuc va cé dau 3’ va dau
5’. Piéu cin nhé 1a cdc phan t RNA va DNA mdi déu dugc tdng hop theo chiéu tir 5’
vé 3’ (Hinh 4.1). Phan t¢ DNA dudc ciu tao tir 4 loai base khdc nhau 13 adenine,
guanine, cytosine va thymidine. Cdc qud trinh hd trd cho sy ting trudng va phan chia
ctia t€ bao bao gdm: sao chép (replication) d€ nhan ddi DNA; phién ma (transcription)
dé chuyén thong tin di truyén trong DNA thanh RNA; dich ma (translation) dé chuyén
thong tin di truyén trong RNA thanh trinh ty amino acid cda protein. Sy truyén thong tin
mot chiéu tir nucleic acid d&n protein dugc goi 12 hoc thuyét trung tAm (the Central
Dogma) cla sinh hoc phan ti (Hinh 4.2).
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1.2. Dong thong tin trong prokaryote va eukaryote

Bo6 gen clia t€ bao eukaryote dudc chifa trén mot s& nhiém sic thé. Mdi nhiém
sic thé€ chita mot phan tt DNA mach thing vi cdc nhiém sic thé nim bén trong mang
nhan. Do viy, qud trinh tng hgp mRNA va qud trinh dich mi 1 tdch biét nhau vé
khong gian, khong bit cip nhau chiit ché nhu trong t&€ bao prokaryote (Hinh 4.3). Ngoai
ra, cdc gen trong t€ bao eukaryote chita nhitng trinh ty nucleotide khong mang thong tin
dudc goi 1a intron xen k€ v&i cdc doan trinh ty mang thong tin dudc goi la exon. Trong
qud trinh phién mi, trudc tién mot phan ti tién mRNA (pre-mRNA, primary transcript)
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chita ddy di céc introns va exons dugc tdng hdp tirt DNA trong nhan. Khi phan t& di
chuyén qua mang nhin vao t€ bao chit thi cdc intron bi cit bd d€ tao thainh mRNA hoan
chinh chi chita exons.

Mot s& dic di€m cin luu y khic 1a & t€ bao prokaryote, mdt phan t&f mRNA
thudng chira nhiéu viing md héa clia cdc gen riéng biét, dudc goi 1a polycistronic. P&i
vGi eukaryote, mRNA ludn luén chi chda ving ma héa thong tin cia modt gen
(monocistronic).

! ! Transcription
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Hinh 4.3 Khéc biét vé dong thong tin trong t& bao prokaryote (a) va eukaryote (b)

1.3. Pdc diém cdu triic nhiém sdc thé ciia prokaryote
Nhiém sic thé & prokaryote c6 cAu tao don gidn hon & t€ bao nhin that. P6 1a
mot phan tf DNA xodn kép va vong kin. Ciu tric ndy din d€n mot s6 hé qud quan
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trong vé dong thong tin & t&€ bao prokaryote. Vong xoin hinh thanh hai loai khe trong
phan ti&. Protein gin DNA (DNA-binding protein) cé vai tro diéu hoa sy thé hién cda
gen thudng gin vio DNA § khe 16n. Trinh tuy nucleotide c6 thé 1am phan t DNA hinh
thanh c4u tric bac 2 trong d6 cdc nucleotide trén mdt mach DNA s& bit cip v6i nhau
tao thanh c4u tric thin-vong (stem-loop) hay kep téc (hair spin). C4c ciu triic ndy dugc
hinh thanh tai modt ving nhat dinh trén phian tf DNA ma trinh ty nucleotide c6 chita cdc
trinh ty lip lai ddo ngugc (inverted repeat) (Hinh 4.4). Céc ciu tric thAn hodc vong
chinh 13 vi tri nhan biét (recognition site) d€ protein diéu hdoa gin vao DNA.

Miit khéc, trong t€ bao, phian tif DNA thudng c¢6 dang xodn chiit hon, goi 12 siéu
xodn (supercoil) (Hinh 4.5). Su siéu xodn giy kho6 khin cho enzyme sao chép va phién
mi khi cAn doc mot DNA mach don dung lam khudn. Do viy, cin c6 hé enzyme
topoisomerase gitip diéu hdoa mifc dd xoin nay. Trong t&€ bao prokaryote, topoisomerase
II gitip cho DNA hinh thanh c4u tric siéu xodn con topoisomerase I gitip ciu tric nay
gidi xodn. Khi bi ditt mot base thi phan tt DNA mat ciu triic siéu xodn (Hinh 4.6).

Tinh chidt mém déo ciia phan tf DNA thay d6i theo chiéu dai cda phin t¥ nay.
Phan tif DNA dai thudng rit mém déo trong khi cic doan DNA ngin hon 100bp thi ciing
rin hon. Do vy, & DNA dai, mt trinh tu nucleotide nhit dinh (gdm mot s6 trinh tu 1ip
lai ctia 5 hoidc 6 adenine trén cing mot mach va mdi trinh tu Iip lai nay cdch nhau bdi 4
— 5 base) c6 thé 1am cong mach DNA.
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Hinh 4.6 Sy hinh thanh c&u hinh siéu xoin 6 DNA mach vong béi hoat tinh ctia topoisomerase IT

1.4. Ddc diém cdu triic nhiém sdc thé ciia eukaryote

So véi t&€ bao prokaryote, kich thudc nhiém sic thé cla t&€ bao eukaryote 16n hon
nhiéu. O eukaryote, DNA chita mot trinh tu chuyén biét dugc goi 1a telomere & hai diu
va mot centromere & giita nhiém sic thé. C4u tric chung cia mdt nhiém sic thé & t&
bao eukaryote 1a mot loat cidc nucleosome. Mdi nucleosome chita khodng 200 cip base.
Khdc v6i prokaryote, eukaryote gom ba nhém DNA: (1) DNA mdt bdn sao, ma héa cho
céc protein chli yé&u clia t&€ bao; (2) DNA lip lai trung binh, chita mot vai cho tdi mot s6
lugng 16n ban sao, md héa mdt s§ dai phan t& chinh trong t€ bao (histone,
immunoglobin, rRNA, tRNA); (3) DNA lidp lai cao hay DNA vé tinh (satelite DNA),
hién dién vdi s& lugng 16n ban sao va chi€m 20 — 30% téng DNA trong t€ bao, ¢ chic
nang chua ro.

1.5. Cdc phuong phdp nghién ciiu DNA

Vat liéu di truyén clia t€ bao c6 thé dugc nghién cttu bing mot s6 phuong phap
khdc nhau nhu sau.

- DNA c¢6 thé dugc tinh ch€ theo qui trinh: 1am tan t& bao, 1am bié€n tinh va loai
bd protein, thiy phan RNA bing enzyme. Phin tit DNA c6 thé dudc phan doan bing ly
tam gradient ding ty trong hodc bing dién di gel. Co s clia sy khdc biét vé ty trong
gifta cdc phan t&r DNA 12 s cip base G-C (guanine-cytosine) hay thanh phin G-C. Cip
G-C ¢6 3 lién k&t hydrogen thay vi 2 nhu cip A-T (adenine-thymine) do vay gdn 2 mach
chit hon. Phan tf DNA c6 thanh phin GC 16n sé c6 ty trong nhd hon. Khi ly tAm
gradient ty trong, & van tdc ly tim 16n, phan tt DNA dirng lai & vi tri trong dng ly tAm c6
ty trong bang véi ty trong cia DNA.

Trong dién di, phan tif DNA c6 dién tich 4&m trong dung dich dién di sé& di chuyén
vé cuc duong trong dién trudng. Van tdc di chuyén clia cdc phan tit DNA khac nhau tuy
thudc kich thude cia DNA do ching phdi chui qua cédc 16 trong thach agarose. DNA c6
thé dugc phdt hién dya vao huynh quang khi nhué6m DNA véi phdm nhuom ethydium
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bromide. Mit khiac, DNA c6 thé dugc phat hién bing cich danh didu phéng xa bing mot
s6 phudng phap khac nhau dé dua 2P vao phan t DNA.

- C#u tric cda phan t& DNA c6 thé dudc khdo sit dwa vao diém tan chdy
(melting point) 14 gi4 tri phdn 4nh thanh phan GC ctia DNA. Nhu di dé cap, gitta cip AT
¢6 hai lién k&t hydrogen va cip GC ¢6 3 lién k&t hydrogen. O diéu kién nhiét do phong
va ndng do mudi sinh 1y binh thudng cda t& bao, DNA tdn tai & dang mach kép. O nhiét
dd cao, lién két hydrogen bi phd vd, hai mach tdch nhau. Qu4 trinh nay dugc goi la su
tan chdy (melting). C4c phin tf DNA khdc nhau & thanh phan GC va AT. Khi thanh
phan GC cda phan tif DNA cao, hai mach dugc gdn v6i nhau chit hon va cin nhiét do
cao hon d€ lam tan chdy DNA. Do viy, nhiét @6 tan chdy 13 dic trung cho mdi phan ti¥
DNA va c¢6 thé dugc xdc dinh bing thuc nghiém. Khi cdc phan tf DNA mach don cé
trinh ty bl trir nhau sau khi bi dun tdch, trong thdi gian ngudi dan sé& tdi bit cip v6i nhau
thanh mach kép.

- D€ biét trinh tu chinh xdc ctia DNA cin sit dung cdc phuong phap gidi trinh tu.
Trinh tu cda cdc DNA khic nhau cé thé dugc so sdnh vdi nhau bing mot s6 phuong
phap.

Trong k§ thuit lai phan ti (hybridization), DNA mach kép dudc dun dé tich
thanh sgi DNA mach don. Khi cdc s¢i DNA mach don khdc nhau dudc tron lai, néu cic
viing trén s¢i DNA c6 trinh tu b sung v6i nhau thi s& bit cip v6i nhau tai viing nay, khi
dé hai viing DNA nay dudc goi 12 lai véi nhau. Phuong phdp phdt hién sy gidng nhau vé
trinh ty nay dugc goi la lai phan t&. Su lai c6 thé dugc phat hién bing cach ddnh dau
mdt trong hai vach bing dong vi phéng xa hoic bing cdc chat phat quang. Phuong phép
lai phan t& dugc st dung dé€ so sanh sy tuong ddng cia DNA & nhiéu mitc do: trén toan
soi nhiém sdc thé hoic trén mdt doan DNA nhé goi 12 miu do (probe). Trinh tu céc
phan tt DNA ciing c6 thé dudc so sianh tryc ti€p bing cdch gidi trinh ty bing phuong
phdp héa hoc (Maxam-Gilbert) hodc phuong phdp enzyme (Sanger).

1.6. Cdc yéu té' di truyén

Trong t€ bao vi sinh vt c6 mot s6 yé&u td di truyén (genetic element) khong 12
thanh phan cta nhiém sic thé, vi du nhu bo gen virit, plasmid, bo gen ti thé, bo gen
diép lap thé va cdc gen chuyén vi (transposable element) (Bdng 4.1).

Bo gen virtit c6 thé 14 DNA hoic RNA, kiém sodt su tf sao chép va truyén t&
bao nay sang t€ bao khic cida virtt, hién dién trong hau hét prokaryote va eukaryote.

Plasmid chi y&u dugc tim thdy trong prokaryote nhung ciing hién dién &
eukaryote, 1a y&u td di truyén kich thuéc nhé, hién dién va sao chép doc 1ap vdéi nhiém
sic thé, phan 16n 12 phan ti vong, mach kép.

Gen nhdy 1a cdc doan DNA c6 kha ning di chuyén tir vi tri nay 1én vi trf kia trén
nhiém sic thé, hién dién trong ca prokaryote va eukaryote.

1.7. Enzyme cdt giéi han va su bién doi DNA

C4c enzyme cit gidi han (cit han ché, rectriction endonuclease) 12 nhém cic
enzyme c6 tinh chuyén biét cao, c6 kha ning tdn cong va pha vd DNA & nhitng trinh ty
chuyén biét. Mdi enzyme nhin dién mdt trinh ty d6i ngiu (palidrome) riéng va cit DNA
mach kép & trinh ty nay. Chifc ning clia cdc enzyme nay trong t€ bao 1a phan hiiy DNA
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la (vi du nhu virdt) xAm nhip vao t€ bao. DNA trong t&€ bao dugc bdo vé bing cdch bi
bi€n ddi bdi mot enzyme khdc tai trinh ty nhan bi€t twong @ng, do vay trinh tuy nay
khong thé di vao trung tAm hoat dong clia enzyme cit gidi han, do d6 khong bi thiy
phan bdi hé enzyme gidi han ctia t€ bao.

Bdng 4.1 Céc loai y&u té di truyén

ICGIRCR M Kinds of genetic elements

Element Description
Prokaryote
Chromosome Extremely long, usually circular,
double-stranded DNA molecule
Plasmid Typically a relatively short, usually

circular, double-stranded DNA
molecule which is extrachromosomal

Viral genome Single- or double-stranded DNA or
RNA molecule
Transposable Double-stranded DNA molecule
element always found within another DNA
molecule
Eukaryote
Chromosome Extremely long, linear, double-
stranded DNA molecule
Plasmid Typically a relatively short circular or
linear double-stranded DNA molecule
‘which is extrachromosomal
Mitochondrion Intermediate-length DNA molecules,
or chloroplast usually circular
Viral genome Single- or double-stranded DNA or
RNA molecules
Transposable Double-stranded DN A molecule
element always found within another DNA
molecule

Nhiéu enzyme cit gi6i han da dugc bi€t va dugc ban sin, c6 ¥ nghia quan trong
trong nghién citu di truyén hoc phan t& va k¥ thuat di truyén do dugc dung d€ cit
chuyén biét phan tf DNA 16n thanh cdc doan nhd hon d€ dé thao tic va nghién ciu.

1.8. Sao chép DNA (DNA replication)

Co ché sao chép DNA bao gdm sy phd v& lién két hydrogen trong phan tif DNA
mach kép dé tao ra hai khuon (template) va tao phan tf DNA mdi chita mdt mach don
cii vi mdt mach méi tdng hgp c6 trinh tu bb sung (Hinh 4.7). O E. coli, DNA polymerase
III xic tdc sy tao thanh cdc lién k&t cOng hda tri giita cdc nucleotide. Enzyme nay khong
c6 tinh chuyén biét ddi v6i nucleotide. Chinh mach DNA khudn quyét dinh trinh tu cdc
nucleotide dugc ndi véi nhau. Mach DNA méi ludn dugce tong hgp theo chiéu tir 5> dén
3. Su sao chép DNA dudc bit diu tai mot trinh ty dic biét khodng 300 base goi 1a trinh
tu khdi dau sao chép (origin of replication, ORI), dudc nhan dién béi cdc protein chuyén
biét 1a cdc nhin t6 khdi sy sao chép. DNA mach kép dugc gidi xodn d€ ti€n hanh sao
chép nhG hoat tinh clia topoisomerase va hai mach dugc tich nhau nhd hoat tinh cia
helicase tao thanh ché ba sao chép (replication folk). G phan t& DNA mach vong, su gidi
xo0dn va tich mach tao thanh hai ché ba sao chép ngudc chiéu nhau (Hinh 4.8). Su sao
chép dién ra dong thsi & hai ché ba sao chép nay (Hinh 4.9). & ché ba sao chép, mach
khuon DNA c¢6 chiéu 3’ — 5’dudc sao chép thanh mot mach bd sung lién tuc, khudn nay
dudc goi la mach trudc (leading strand). o) mach khuén DNA c¢6 chiéu 5° — 3°, su tong
hop mach mdi dién ra gidn doan (Hinh 4.10).
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Hinh 4.9 Sy hinh thanh hai ché ba sao chép tai vi tri ORI ¢ DNA mach vong

DNA & mach nay dugc tdng hgp tir tim clia ché ba sao chép (replication fork)
huéng ra ngoai theo tirng doan ngin dugc goi 13 doan Ozaki. PAu tién, nhitng phan ti¥
RNA nhé dugc tdng hop bdi enzyme primase va dugc ding lam mdi (primer) theo chiéu
3’ — 5° cho DNA polymerase tdng hgp cdc doan Ozaki (Hinh 4.11). Sau d6, phan tf RNA
nay bi phian hily va 16 hdng dudc 1ip day biing DNA nhd hoat tinh cia DNA polymerase
I. Cdc doan Ozaki dugc ndi v6i nhau nhd hoat tinh ctia DNA ligase (Hinh 4.12). Mach
khudn nay dudc goi la mach sau (lagging strand).
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1.9. Phién md (transcription)

Phién ma 13 qué trinh tdng hgp DNA thanh RNA. Cé 3 loai RNA: (1) RNA
ribosome, TRNA, 1a thanh phin ciia ribosome; (2) RNA van chuyén, tRNA, 14 phan ti
van chuyé&n amino acid trong sinh tdng hgp protein; (3) RNA thong tin, mRNA, 1a vat
liéu chita thong tin di truyén trung gian gitta DNA va protein. Khic v6i sy sao chép
DNA, RNA chi dudc tdng hgp khi c6 trinh ty nhan dién goi 1a promoter, 12 noi RNA
polymerase gin vao. RNA polymerase dugc ciu tao bdi mot sd ti€u phan, trong d6 ti€u
phan sigma (o) ¢6 vai trd quan trong trong nhin dién v gin vao promoter (Hinh 4.13).
Trinh tu nucleotide cia promoter thay ddi nhung cé hai viing dugc bao tdn cao 1a cic
base & vi tri -10 va -35 vé phia thugng luu so v6i di€m bit dau tdng hgp RNA (Hinh
4.14, 4.15). Sau khi RNA polymerase gin vao promoter, phan tf DNA mach kép gidi
xodn tam thdi va mdt mach don dudc st dung 1am khuon dé téng hgp phan tif RNA c6
trinh ty bl trit véi trinh ty cda mach DNA dung lam khudn. Khi RNA polymerase dén vi
tri k&t thic thi sy tdng hop dirng. Khi @6, mRNA va enzyme rdi khuon.

Tuong tu trudng hdp tdng hop DNA, mach RNA dudc kéo dai theo chiéu 5° — 3.
Sy tong hgp RNA sé& két thiic khi gip tin hiéu 12 mot ciu tric kep téc do su bt cip bl
trit bén trong mach cla phan t& RNA.
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Sigma
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CTARECGHHIG TG GATAACCATGTGTAT A
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PGS.TS. Trén Linh Thudc

Hinh 4.13 Cac buéc trong
qué trinh téng hgp mRNA

merase (core enzyme)

Transcription

\ mRNA

start
\ _\\

~ F b
CTGIEEAGEATTAAT CATC GAACTAG INESISIAGTACGCEAG
RCITAGAAABCA.
TG GEEIGIARAATCGCCTTTTGCTGTARIEEETEHCACAGCETA
JTT REGECHTGTGTATAACCCCTCATIEGREESAMIC CCAGRETT
TAGEECICATIGAACTCGCATG TCTCC ARG CGCGCTHACT

TTCIRERACACCTTTTCGGCATCGCCCIENMITCGGCEBTC

~35 sequence Pribnow box

Consensus [BRGATA AR

Hinh 4.14 Tuong tac giita
RNA va promoter

Promoter sequence /
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Hinh 4.15 Tuong tac giita RNA polymerase II véi promoter & t& bao eukaryote

O t€ bao prokaryote, cic gene lién quan dén cing mot con dudng bi€n dudng
thudng dudc lién k&t thinh nhém. Vi du tit cd cdc gen lién quan dén sinh tdng hop
histidine dugc sip x&p lién ti€p nhau. Khi RNA polymerase gin vao promoter vi tong
hdp mRNA, phin tif nay chita thong tin di truyén cho tit cd cdc enzyme lién quan dén
sinh tdng hop histidine. Phan tf mRNA nay dudc goi 1a mRNA da gen (polygenic mRNA
hay polycistronic mRNA). Co ché nay gitp t€ bao phdi hop tot su sinh tdng hdp dong
thdi tit cd enzyme can thiét dua trén sy diéu hoa bing mdt promoter.

Cédc gen trong t€ bao eukaryote chita nhitng trinh tv nucleotide khong mang
thong tin dugc goi la intron xen k& vGi cdc doan trinh ty mang thong tin dugc goi la
exon. Qu4 trinh phién ma x4y ra trong nhin tao ra tién mRNA (pre-mRNA, primary
transcript) chita day di cdc introns v exons. Khi tién m-RNA di chuyén qua mang nhan
vao t&€ bao chat thi cdc intron trong tién m-RNA bi cit bd v mRNA hoan chinh chi chita
exons di vao t& bao chi't (Hinh 4.16). Su cit bd intron dugc xiic tdc bdi mot phan tf RNA
nhd goi 1a ribozyme. Pa s§ cdc ribozyme 1a cédc intron ty cdt (self-splicing intron).
Ribozyme c6 thé cit bén trong phan tif RNA va ndi cidc doan exon tai cdc trinh ty nhan
dién nhat dinh (Hinh 4.17).

1.10. Ma di truyén (genetic code)

Thong tin di truyén trén mRNA s& dudc doc thanh bd ba (mi b ba, triplet codon)
khi dugc chuyén thanh trinh tw amino acid trong phan ti protein. C6 tit cd 64 mi bd ba
tir 4 loai nuleotide. Hau hét cdc mi bo ba dugc ding d€ mi héa amino acid nhung c6
mdt s6 ma bd ba mang tin hiéu dirng dich ma (Bdng 4.2). Trong nhiéu trudng hop, base
thit ba trong ma bo ba 12 khong quan trong: c6 thé thay th€ base nay thanh mot base
khdc ma amino acid khong thay ddi.

Mi di truyén vén dudc xem 13 chung (universal) cho cd th& gidi sinh vat. Tuy
nhién, sy ti€n bd cla cdc k§ thudt gidi trinh ty gen da gidp phat hién ra ring mot sd bao
quan vd md sd t€ bao sit dung mi di truyén hoi khic so véi ma chung. Vi du nhu trong
bd gen ti thé va nhiém sic thé mot s6 t&€ bao st dung ma bod ba khic (Bdng 4.3). Cic ma
bod ba ndy c6 quan hé chit ché v6i ma di truyén chung nén chic chin da dugc bi€n ddi
tif ma chung trong qua trinh ti€n héa. C6 thé gidi thich sy bi€n ddi nay 1a do sy cin thiét
phdi sdp x&p lai mdt ma bd ba nhat dinh nao dé vi né dugc st dung qua hi€m hoi.
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Guanosine

Exon 1 Intron Exon 2
(a) 5 mE===GU A—AG s 3'
Assembly of
spliceosome
2]

(b) ¥

formation of lariat

3

ﬂ Cutting of 3' splice site,

@ Cutting of 5' splice site,

joining of exons

(@ i

5 T
Intron Exon 1Exon 2

(e) (lariat)

Hinh 4.16 Cit bé mét intron khoi

mRNA ¢ té bao eukaryote Hinh 4.17 Sy ty cit intron béi ribozyme

Qua4 trinh loai bd intron c6 thé tém tit nhu Hinh 4.16. 1rén intron c6 trinh ty bao
tdon 12 GU & diu 5’ va AG & ddu 3°. Bén trong intron cin c6 vi tri A 13 diém udn. Mot s&
phan tif riboprotein nhd gin vao RNA hinh thanh thé cit (splicesome). Mdi phan ti¥
riboprotein nay c6 chita mdt doan RNA ngédn khdc nhau c6 vai trd trong viéc cit loai
intron. PAu 5’ dugc cit trudc, sau d6 dau 3°bi cit va hai ddu clia exon ndi lai véi nhau.

1.11. RNA vdn chuyén (transfer RNA, tRNA)

Phan tif tRNA van chuyén d6ng vai 12 phan tif ndi ghép, chon diing aminoacid va
van chuy én d€n mi bd ba tuong Gng. Phan tf ndy c6 modt ddu chita bo ba ddi mi
(anticodon) ¢6 trinh ty bu trll v6i ma bd ba ctia amino acid tuong @ng dugc gin cOng hda
tri vio dau kia (ddu nhan, acceptor end) clia phan tit tRNA. Viéc gin chuyén biét mdi
amino acid vao mdt diu clia tRNA tudng tng dugc xic tdc bdi modt enzyme chuyén biét
trong 20 1a aminoacyl-tRNA synthetase (Hinh 4.18). Trung tdm hoat dong cia enzyme
nay chi nhin dién dugc amino acid tuong tng va tRNA cé bo ba ddi ma tuong ng. Mbi
aminoacyl-tRNA synthetase nhin dién tRNA chuyén biét qua trinh tu clda thidn nhin
(acceptor stem) ctia tRNA. Nhu vay, viéc 1dp ghép chinh xdc amino acid vao mach
polypeptid dang tong hgp trén ribosome dudc quyét dinh bdi sy bit cip bu trir giita ma
bo ba trén mRNA va bo ba d6i ma trén tRNA mang amino acid tudng ng.
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Bdng 4.2 Ma di truyén (6 dang bd ba trén mRNA)

Codon Amino acid Codon Amino acid Codon Amino acid Codon Amino acid
uUuu Phenylalanine ucu Ser'me UAU Tyrosine UGU Cysteine
uuc Phen.yla]amm UCC T UAC Tyrosine UGC Cysteine
UUA - b Leuqne y UAA None (stop signal) UGA None (stop
UUG ™% = Leucine UAG None (stop signal) UGG Trvptophm
CUU" “ %" Leucine Netoas i a2l

CUC """ Leucine
CUA . = Leucine
CuUG Leucine
AUU - w5 Isoleucine
AUC Isoleucine
AUA Isoleucine

AUG (start)' Methionine

GuUU Valine GAU Aspartic acid GGU Glycine
GuUC Valine GAC Aspartic acid GGC Glyane
GUA Valine GAA Glutamic acid GGA Glycine
GUG Valine GAG Glutamic acid GGG Glydine

|
a The boxes of codons are colored according to the scheme:  ionizable: acidic, B ionizable: basic, nonionizable polar, and  nonpolar (X Figure l.ml
The nucleotide on the left is at the 5°-end of the triplet.

b AUG encodes N-formylmethionine at the beginning of mRNAs of Bacteria

1.12. Dich mad (translation)

Thanh phan protein va RNA trong ribosome quyét dinh cdc budc nhan dién va
tao thanh lién két peptid trong sinh tdng hgp protein. Ca t&€ bao prokaryote 1an eukaryote
déu sinh tdng hop protein trén ribosome véi co ché tuong ty nhau. Tuy nhién c6 sy khic
biét vé ribosome giita hai hé thdng t& bao nay (mdt s& khang sinh c6 tdc dung clia trén
ribosome t€ bao prokaryote nhung khong cé tic dung trén ribosome cta t&€ bao
eukaryote).

AMP

Linkage of
valine to
tRNAYA

AMP

Aminoacyl-tRNA  Hinh 4.18 Aminoacyl-tRNA synthetase. Viéc

X |
Articodon - 3;::;:9*359 for  hhan dién chuyén biét aminoacid doi héi sy
:nn tuong tdc gilta trinh ty cia tRNA va amino acid

véi enzyme tuong wng
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Mai bo ba dugc doc trén mdt ciu tric trong t&€ bao chit 1a ribosome. Ribosome
gdm hai ti€u phin dugc cAu thanh tit RNA va protein. Ti€u phin 308S cilia ribosome gin
vao phin dau ctia mRNA néi c6 ma khéi ddu AUG (start codon). P& tong hgp dugc phan
tlr protein c6 trinh ty amino acid ding din, phan tf mRNA cin dudc doc ding khung doc
(reading frame). Khudn doc 12 lién tuc, khong c6 tin hiéu bit diu cho mdi ma bod ba. Do
vay khi khung doc bi 1éch, vi du nhu chéch mdt base, thi mdt protein cé trinh ty hoan
tdoan khac sé dugc tong hop.

Trong mot s§ trudng hdp qud trinh dich ma ¢6 thé dién ra khdc v6i co ché chung
hodc cé sai sot. 3 virdt ¢6 b6 gen rit nhé, nhu virdt ®X174, mot doan DNA c6 thé ma
héa hai protein do st dung hai khung doc c6 vi tri bit diu khdc nhau. Hién tugng nay
dudc goi 12 gen gdi dau (overlapping gen) c6 thé gip & mot sb virtit c6 bd gen nhd.

Qua4 trinh dich ma c6 thé bi sai s6t khi ma bd ba clia hai amino acid khac nhau chi
khdc nhau bdi mot base (vi du UUU cua Phe va UUA cta leucine). Thyc nghiém da
ching minh ring tin suit sai sét trong dich ma 1a 10 — 10™. Mot s6 khang sinh nhu
streptomycin, nomycin lam ting tAn suit sai st bing cach tic dung l&én ribosome tao ra
céc phan tif protein bat binh thudng 1am t€ bao khong hoat dong chitc ning binh thudng
dudc. Sai sét trong dich ma ciing c6 thé dugc tao ra do sy chéch khung dich hoic su doc
nham codon két thiic thanh codon c6 nghia.

A N o A VN
2. Piéu hoa su bi€u hién cta gen

2.1. Téng qudt vé sy diéu hoa thé hién ciia gen trong t& bao

Mic du nhiéu phdn ng dugc xic tic bdi enzyme dugc dién ra trong mdt chu
trinh s6ng clia t&€ bao nhung ching khong xdy ra § mitc dd nhu nhau. Mot s6 hop chat
dudc t€ bao cin vdi sd lugng 16n trong khi cdc hop chat khic chi c6 nhu ciu véi s lugng
it hon. Ngoai ra, mot s§ protein cAn nhiéu cho t&€ bao § diéu kién nay nhung can it hon &
diéu kién khac; mot s6 protein khdc lai dudc cian & s§ lugng hau nhu khong ddi trong
moi diéu kién ting trudng clia t€ bao. Do t€ bao can tin dung dugc toi da tit ci tai
nguyén sin c6 nén cic qud trinh tao protein cin dugc diéu hoa. Su thé hién clia gen c6
thé dugc diéu hdoa & mifc phién mi (transcription), ki€m sodt sy sinh tdng hdp mRNA
ciia gen (vi du gen D, Hinh 4.19). Piéu hdoa & mitc dich mé (translation) 13 sy ki€m soét
sinh tdng hgp protein tif mRNA: gen dugc thé hién & mic phién mi tao ra mRNA, nhung
protein khdng dugc tao thanh (trudng hdp gen C, Hinh 4.19). Cic gen dugc thé hién
thudng truc (gen A, B, Hinh 4.19) c6 san phim protein dudc tao thanh thudng truc trong
t&€ bao. Tuy nhién hoat tinh hoic chifc ning clia protein c¢6 thé diéu hoa bing cic bi€n
d6i sau dich ma.

2.2. Diéu hoa hoat tinh enzyme

Céc con dudng bi€n dudng trong t&€ bao cé thé dugc diéu hoa bing cd ché€ kim
ham phan hdi (feedback inhibition), trong @6 sdn phim cudi ciia toan bd con dudng bién
dudng tc ch& hoat tinh enzyme diu tién dic trung cla con dudng. Khi phdn tng diu tién
nay khong x4y ra dudc, cic enzyme ti€p theo s& déi cd chdt va sdn phaAm cudi cling sé&
khong dudc tdng hdp (Hinh 4.20).
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Regulate Regulate enzyme synthesis
enzyme
activity At translation

Substrate Product At transcription
9 /N (=]
N
No uct
Q QO |
Enzyme A Enzyme B No enzyme

Hinh 4.19 Cic co ch& dugc ding trong diéu hoa sy bi€u hién cia gen

Sdn phdm cudi gin vio enzyme & mot vi tri khic véi trung tim hoat dong goi 1a
trung tAm bi€n ciu (hay trung tAm khdc vi tri, allosteric site). Khi d6, sin phim cudi
dugc goi 1a chit bi€n ciu (allosteric effector), lam thay d8i cAu hinh protein va trung
tdm hoat dong khi€n cho cd chdt khong gin dugc vao trung tAim nady va lam phdn @ng
khong x4y ra (Hinh 4.21). Hoat tinh enzyme c6 thé dugc diéu hoa bing bi€n ddi cong
héa tri dudc xtic tdc bdi mdt enzyme khdc c6 tdc dung gdn thém nhém phosphate, nhém
methyl hay mot nucleotide vao enzyme muc tiéu. Sy bi€n d6i nay 1am thay d8i cAu hinh
trung tAm hoat dong va hoat tinh clia enzyme. Nhém bi€n ddi niy cé thé dugc 14y ra
khéi enzyme bdi bdi mot enzyme khac va phuc hdi lai hoat tinh clia enzyme.

Enzyme

Starting material

- Substrate

4\ binding site

=

I A WV £ Algstenic site j
Enzyme A 1o+ j
Fs

3

Allosteric

First intermediate effector Substrate
Enzyme B Conformational
; change in substrate |
| binding site; enzyme
Second intermediate action inhibited
Enzyme C

Third intermediate '-
E ,,::)
D l Substrate
cannot bind
End product

No enzyme
reaction

Hinh 4.20 Kim him phan héi hoat tinh ’
enzyme du tién trong con dudng chuyén héa Hinh 4.21 . Cd ché kim ham hoat tinh
enzyme biing effector bién cau
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2.3. Piéu hoa phién md bang kiém sodt Gm (negative control): cdm ting (induction) va
tic ché (repression)

Su diéu hoa con thé hién & dang lam thay d6i s6 lugng enzyme dua vao co ché
cdm ng (induction) hoic ttc ché (repression) § mitc gen dua trén tic dung clia mot chat
phan tif lugng thap 1a effector (Hinh 4.22, 4.23).

Number of cells
_\ Relative increase

Number of cells ™\
~Total protein

f

Arginine added
Enzymes involved in

arginine synthesis

Time Time
Hinh 4.22 Uc ch€ tdng hgp enzyme lién quan Hinh 4.23 Cam ing tdng hgp B-galactosidae
dé&n sinh tong hop arginine do sy bd sung do bd sung lactose vao mdi truong

arginine vao méi trudng

Do st tdng hgp protein 1am tiéu tén nhiéu nang IWgng nen sy dieu hoa so 1Ugng
va ching loai protein cin tdng hdp la rat hitu hiéu cho su ting trudng tdi uu clia vi sinh
vat. Su diéu hoa nay dugc thuc hién & mifc phién ma thong qua viéc ki€m sodt sy gin
ctia RNA polymerase vao promoter cia gen ma héa protein.

O trudng hop didu hoa nay cdn c6 tin hiéu cho biét protein ¢6 cin thi€t & diéu
kién moi trudng hién tai hay khong. Thong thudng tin hiéu nay la mot phin ti kich
thuéc nhd goi 1a chat tdc dong (effector). Chat nay khong tryc ti€p gin vado promoter ma
gin vao vi tri bi€n cAu trén nhitng phan t protein diéu hoa (regulatory protein).

Protein diéu hoa trong trudng hop nay 13 protein c6 thé gin vao DNA § vi tri
chuyén biét goi 12 operator. Sy gin clia effector vao protein di€u hoa sé& lam ting hoic
gidm 4i luc hay do gidn két cia protein nay d6i v6i operator.

Uc ché (repression) 12 trudng hgp diéu hdoa ma sy gin effector vao protein diéu
hoa lam ting 4i luc clia protein ndy d6i v6i operator va ngin cdn sy phién mi xdc tdc
bdi RNA polymerase (Hinh 4.24). Ngudc lai, cdm tng (induction) 12 trudng hgp diéu hoa
ma sy gin effector vao protein diéu hoa 1am gidm 4i luc cla protein nay vdi operator va
do vay khdng ngin can su phién ma bdi RNA polymerase (Hinh 4.25).

Nhu vdy, & tc ché (repression) va cdm tng (induction), protein diéu hoa gin véi
mdt trinh ty operator nim gan promoter khi€n cho RNA polymerase khong gin dugc vao
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promoter. Vai trd clia effector 13 hoat héa hodc bit hoat kh3 niing gin clia protein diéu
hoa vao operator.

Trong cd ché diéu hoa nay, su gin protein diéu hoa vao DNA sé& ngin cdn su
tdng hdp mRNA; trudng hgp ndy, protein diéu hoa dudc goi 1a protein e ché (repressor
protein). Do vdy, cdc cd ché tfc ché va cdm itng da xét & trén dudc goi 1a cdc co ché
kiém sodt Am (negative control).

(lacZ) {lacy) (lacA)

Promote

Operator | Gene1 | Gene2 | Gene3 |
1 F

argC) (argB) {argH) {
[[Pomoter — [Operator | Gene1 ]| Gene2 | Gene3 | \ Repressor  Transcription blacked
RNA - =
ipolymerasel) —> —> — —>= Transcription occurs
: @
4 \/;jLRepmssor
: (ac2) (ac) (facA)
(argC) (argB) (argH) | Operator | Gene1 | Gene2 | Gene3 -|

r.|-Operator | Genei. | Gene2 | Gene3 ]

|/ c
1 PR Transcription blocked
Repressor
(b)
M Flepressor
Hinh 4.24 Cd ch& tic ché& sy biéu hién gen Inducer

Hinh 4.25 Cd ch& cam tng sy bi€u hién gen

2.3. Diéu hoa phién ma bang kiém sodt duong (positive control): protein hoat héa
(activator protein)

Sy tuong tic giita protein diéu hdoa va DNA c6 thé ting cudng su téng hdp
mRNA. Trudng hdp nay dudc goi 1a cdc co ché ki€m sodt duong tinh (positive control).
Protein di€u hoa sé& tuong tic véi mdt ving DNA gin promoter v viéc gin vao lam
ting cudng 4i lyc cia RNA polymerase vio promoter. Protein diéu hoa dugc goi 1a
protein hoat héa (activator protein), trinh tv DNA ma protein gin vao dudc goi 1a vi tri
gin actorvator (activator binding site).

Mot vi du diéu hoa bing ki€m sodt duong 13 trudng hdp cdc enzyme can cho bién
dudng maltose & E. coli (Hinh 4.26). Céc enzyme nay chi dugc tong hdp khi moi trudng
c6 maltose. Sy thé hién clia cdc gen mi hda cho cdc enzyme nay dudc diéu hoa bing
activator protein. Protein ndy binh thudng khong gin dugc vao activator binding site.
Maltose c6 vai trd 12 mot effector ¢6 tdc dung 1am d6i cAu hinh activator, gitdp protein
ndy ting 4i luc véi activator binding site. Chi khi activator protein gdn vao DNA, RNA
polymerase mdi tdng hgp mRNA. Cic gen dudc diéu hoa bdi ki€m soat duong thudng c6
promoter vdi trinh tu bdo tdn khong hoan hdo. Do viy, RNA polymerase khé gin vao
promoter. Su gin clia activator ¢6 tdc dung gitip RNA polymerase gin vao promoter
hoic gitip enzyme nay bit diu tdng hdp mRNA. Activator binding site c6 th€ nim gin
promoter, khi d6 activator twong tdc truc ti€p véi RNA polymerase. Ngoai ra, vi tri gdn
clia activator c6 thé xa promoter; trudng hgp niy activator uén cong gitip DNA d€ tuong
tdc v61 enzyme nay (Hinh 4.27).
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2.5. Tuong tdc giita protein va nucleic

| (malE)  (malF)  (mald) acid
[~ [Promoter] Gene 1.] Gene2 | Genes]
No transcription

Activator binding site

Tuong tdc gitta protein va
nucleic acid 12 y&u t6 trung tAm cda
céc co ché€ sao mi, phién mi, dich ma
va sy diéu hoa clia cdc qud trinh nay.
Co6 hai loai tuong tac: (1) tuong tic
khong chuyén biét la trudng hgp
protein c6 thé gin vao vi tri bat ky
trén nucleic acid; (2) tuong tdc chuyén

| (malE) (malF)  (malG]

~[Promoter] Gene 1 | Gene2 | Genedl biét 1a trudng hgp protein gin vao

. o 3 T mot trinh ty chuyén biét trén DNA. Sy

\_ tuong tdc gilta cdc protein histones

I:i‘;i‘” prasela mang dién tich duong va DNA mang

) dién tich Am trong nucleosomes cua
Hinh 4.26 Diéu hoa biing co ch& kiém nhiém sic thé § t€ bao eukaryote 1a
soat duong (positive control) tuong tdc khong chuyén biét. Tudng

tdc gilta cdc amino acid trong protein
v6i cdc base, nhdm phosphate va

Activator . ) . R > o
binding site dudng cua nucleic acid 1a co s cua sy
. tuong tdc chuyén bi€t. Trong trudng
hdp nay protein tuong tic dong thdi
;r v6i trinh tu chuyén bi€t goi 1a contact
@ Activator protein

point. Trén DNA mach kép, contact
point hién dién & dang céc trinh tu 1dp
lai ddo ngugc (inverted repeat) hién
dién & khe 16n (major groove). Mdi
protein gin véi DNA 1a mdt dimer,
trong d6 mdi don phan (goi la
N domain) tudng tac v4i trinh ty chuyén

biét trén mdi sgi cia DNA mach kép.
Activator binding site — (Hinh 4.28).

Hinh 4.27 Cac phudng thic tuong tac
giita activator v6i RNA polymerase

Activator protein —_

()

2.6. Pdc diém cdu triic ciia DNA binding protein

Céac DNA binding protein c6 mot sd dic diém cdu tric chung. Ba dang cdu tric
thudng gip 1a: (1) xodn-gap-xoin (helix-turn-helix motif); (2) ngén kém (zinc finger) va
(3) day kéo leucine (leucine zipper).

Trong c4u tric xodn-gap xodn, protein ¢6 mot doan trinh ty amino acid tao thanh
mot xodn a-helix cé vai trd nhan dién trinh tyw chuyén biét trén DNA. Poan nay dudc
ndi biing mot tripeptide véi mot doan xoin a-helix thit hai c6 vai trd 6n dinh xoin nhin
dién thong qua tuong tic ky nudc. Tripeptide thudng bit dau biing glycine 13 noi gip lai
cta mach polypeptide (Hinh 4.29a). Su gin giita doan xodn nhin dién clia phan t
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protein véi DNA 1a do lién k&t hydrogen va luc van der Waals. CAu triic xodn-gap-xoin
1a trudng hgp céc lac, trp repressor & E. coli.

Domain containing
protein—protein
contacts, holding
protein dimer
together

DNA binding domain
fits in major grooves

and along phosphate
backbone

Inverted repeats on the DNA

Hinh 4.28 Protein gin DNA dang dimer giin véi inverted repeats

Cau triic zinc finger thudng gip & protein diéu hoa trong t€ bao eukaryote. Pic
di€m ctlia cAu tric ndy 12 mdt xoidn o-helix (hinh dang giéng ngén tay) cé vai trd nhan
dién dudc &n dinh mot ion kém dudc gin vao thdong qua hai amino acid cysteine (C) va
hai histidine (H) (Hinh 4.29 b).

C4u tric leucine zipper dudc hinh thanh nhd dic diém 13 sy hién dién cda céc
leucine cdch khodng 7 amino acid trong xoidn a-helix cia hai domain cda protein. Cau
tric day kéo nay khong tuong tc tryc ti€p véi DNA ma ¢ vai trd tao cidu hinh khong
gian thich hdp cho hai xodn a-helix nhan dién dudc DNA (Hinh 4.29c¢).

Stabilizing helix

Turn

fa) Recognition helix (b)

Hinh 4.29 Céc dang ciu triic DNA binding protein. a, helix-turn-helix; b, zinc
finegr; c, leucine zipper
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2.7. Piéu hoa giam s6 luong (attenuation)

Piéu hoa gidm s& lugng (attenuation) 13 co ché€ diéu hoa can c6 sy bit cip clia
phién ma va dich mi do vdy ton tai chli y€u & prokaryote. Co ché nay thudng gip &
operon ma héa cdc gen lién quan dén sinh tdng hop amino acid, vi du nhu trudng hop
diéu hoa tryptophan operon & E. coli.

Trong cd ché& nay c6 sy tham gia cia mot trinh ty nuleotide 12 trinh ty tién phong,
hay gen tién phong (leader sequence, leader gene), con goi trinh ty 1am gidm s& lugng
(attenuator). P4y 1a trinh tv ma hoa cho mot polypeptide ngidn c6 su lip lai ciia amino
acid ma cdc sin phim clia gen trong operon tham gia tdng hgp. Trinh ty tién phong
thudng 13 gen dau tién trong operon va chifa mot trinh ty base cudi gen cho phép mRNA
tuong Wng c6 thé tu bit cip bén trong phan tif tao thanh ciu tric kep téc khdc nhau c6
tdc dung ngin cdn hoic cho phép RNA polymerase ti€p tuc phién ma cdc gen nim sau
gen ti€n phong trong operon.

Khi t&€ bao c6 nhiéu tryptophan, peptide tién phong dugc tao thanh bao gdm ca
doan nhiéu tryptophan cho dé€n mi két thic clia gen tién phong. Phan con lai trén phin
tr mRNA sé& hinh thanh c4u tric kep téc ngin cdn RNA polymerase ti€p tuc phién ma
céc gen con lai trong operon. Ngugc lai, khi t&€ bao it tryptophan, ribosome sé& dirng lai
tai vi tri cia mRNA tuong tng v4i polytryptophan vi khong c¢6 tRNA-tryptophan sdn c6
trong t€ bao. & c&u hinh nhu vay, phin con lai cia mRNA ciia gen tién phong tao thanh
ciu tric kep téc khong ngin cdn RNA polymerase ti€p tuc phién mi cdc gen con lai 1a
céc gen c6 vai trd trong sinh tdng hgp tryptophan (Hinh 4.30).

Can nhé, § E. coli, ngoai co ché€ diéu hoa nay, tryptophan operon con bi diéu hoa
bdi cd ché tic ché trong dé tryptophan 13 effector 1am ting 4i luc clia protein diéu hoa
doi v6i operator, ngin cdn sy gdn RNA polymerase vao promoter.

e [RE Tt e s 72 2T S e T
e T ophan st renseieton oL

= TLQWM&

Direction of

Ribosome

Trp-rich il
ondar Dirsction of Z::es
popiice Transcription e

(@) blocked ®)
Hinh 4.30 DPiéu hoa biing cd ché& giam s& lugng (attenuation). Truong hgp Tryptophane
operon: a, thita tryptophan, su phién ma bi ditng; b, thi€u tryptophan, sy phién ma xay ra
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2.8. Piéu hoa toan cuc (globalregulation): tic ché di héa (catabolite repression)

Mot cd ché& diéu hoa khic cho phép t&€ bao diéu hoa nhiéu gen khdc nhau cling
mot lic d€ ddp tng su thay d6i cla mdi trudng dudc goi 12 didu hoa toan cuc (global
regulation). Vi du, sy ting trudng hai pha (diauxic growth) trén glucose va lactose & E.
coli, con goi 1a su c ch€ di héa (catabolite repression). Khi ¢c6 mit ddng thdi clia hai
ngudn carbon nay trong mdi trudng, t& bao sé& tc ché sy tdng hop cdc enzyme sit dung
lactose (B-galactosidase); glucose dudc t€ bao uu tién dung. Khi moi trudng can kiét
glucose, sy tic ché€ nay sé dugc gidi tda dé tdng hdp cic enzyme cin cho bi€n dudng
lactose (Hinh 4.31).

Growth on

‘Relative

. Relative level.of
cell density fB-galactosidase

Hinh 4.31 Sy tang truéng hai pha
G E. coli trong méi trudng c6 su
hién dién ddng thdi ciia glucose
va lactose

Time (ho)

Co ché& diéu hoa nay phu thudc vao su gin clia mot phitc hgp protein hoat héa di
héa CAP (catabolite activator protein) va cAMP vao ving promoter clia lactose operon.
Khi t&€ bao cé nhiéu glucose, ndng dd6 cAMP trong t&€ bao thip, cAMP khong gin vio
CAP va protein nay bit hoat (Hinh 4.32). Can nhé 12 & E. coli lactose operon cdn dugc
diéu hoa bdi co ché ki€m sodt 4m, trong d6 lactose ¢ vai tro 13 chdt cdm tng bién ciu.
Do viy d€ operon nay dudc phién mi cin c6 hai diéu kién: (1) lugng cAMP dd 16n dé
gin vao CAP va (2) c6 chat cdm trng 1a lactose.

Piéu hoa toan cuc ciing 12 c¢d ch& diéu hoa khi mdi trudng chuyén giita hai trang
thdi hi€u khi va ky khi, su déi nitrogen, cdc s6c nhiét (heat shock) va stress 6xi héa
(oxidative stress).

lacZ
s Operator ——
~— Promoter ——

CAP
-binding sites -35 Pribnow <+—— ——
- E Ew_ =] B DNA
5 [ 1 I T mRNA
Shine—-  Star
Dalgamo codon

Hinh 4.32 Céc trinh ty tham gia vao diéu hoa phién ma lactose operon & E. coli
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2.9. Piéu hoa do mdt do té¢ bao (quorum sensing)

Pay 14 cd ch€ diéu hoa c6 lién quan d&€n mat dd t€ bao hién dién trong quin thé.
Trong trudng hop nay, t& bao c¢6 enzyme tdng hgp mot hgp chat 1a homoserine lactone
dugc acyl héa (acylated homoserine lactone, AHL). Hdp chit ndy dugc ti€t ra ngoai. Khi
mat do t€ bao dd 16n, ham ludng hgp chi't lactone nay cao va trd thanh effector hoat hda
mot activator protein. Vi du dugc bi€t nhiéu vé cd ch& diéu hoa nay 12 lux operon & vi
khuin phdt sing Vibrio fischeri.

2.10. H¢ théong diéu hoa hai thanh phdn (two-component regulatory system)

Trong tu nhién, vi sinh vat hién dién trong moi trudng thudng thay ddi vé nhiét
dd, pH, oxi, chit dinh dudng... T& bao ddp tng dé thich nghi v6i mdi trudng bing cic hé
thong hai thinh phin (two component system). Hé thdng hai thanh phin bao gdm mot
protein cAm bié€n (sensor protein) v mdt protein di€u hoa ddp tng (response regulator
protein).

Protein cdm bién thudng c6é hoat tinh kinase. Tru6c tién, protein nay tu
phosphoryl héa (autophosphorylation) khi diéu kién moi trudng thay d6i, sau d6 chuyén
nhém phosphate nay cho protein dap &ng. Protein diéu hoa ddp tng thudng I3 protein
gin DNA (DNA-binding protein) khong c6 hoat tinh khi & cdu hinh binh thudng va c6
hoat tinh (gdn dugc vao DNA) khi bi phosphoryl héa, tré thanh mot repressor. Ngoai hai
thanh phin néu trén, hoat dong clia hé thong nay con cin d&€n enzyme phosphatase c6
vai trd loai bd nhém phosphate khdi protein diéu hoa d€ ngirng dap tng (Hinh 4.33).

Mot s& hé thong hai thanh phan di dudc nghién citu rd 13 sy ddng héa nitrogen &
E. coli, su c6 dinh dam & Klebsiella, sy tao bao tit & Bacillus. C6 it nhat 50 hé thong hai
thanh phan hién dién § t€ bao E. coli. Nhitng hé thong tuong tu cling dugc phat hién & t&
bao eukaryote nhu nAm men Saccharomyces cerevisiae.

/— Environmental signal

Hinh 4.33 DPiéu hoa sy biéu hién ctia gen biing hé thdng hai thanh phin
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2.11. Co ché ctia tinh huéng héa (chemotaxis)

Tinh huéng héa (chemotaxis) & vi sinh vat lién quan dén mdt s6 protein cdm
nhan nhitng thay d6i vé néng dd theo thdi gian clia chit din du (attractant) hodc chat
xua dudi (repellent). Céc protein cdm bié€n (transducer) nay dudc goi l1a protein huéng
héa nhian methyl (methyl-accepting chemotaxis protein, MCP). Mdi loai MCP c6 thé
cdm bi€n mot sd hop chat khdc nhau. MCP c¢6 thé gin truc ti€p vdi chit din du, chat
xua dudi hodc gin gidn ti€p thong qua tuong tic véi cac protein gan khac hién dién &
ving chu chat (periplasmic binding protein), tao ra mdt loat tuong tdc vdi protein trong
t&€ bao chit va cudi cing 1am ddo ngugc chiéu quay clia tién mao (Hinh 4.34). Trong da
s6 trudng hop, su quay ngudce chiéu kim ddng hd clia tién mao gidp vi khuin di dong
(chay) con quay ciing chiéu kim déng hoé lam vi khudn dirng. Sy ting nong d6 chit din
du hoidc sy gidm ndng d6 chit xua dudi c6 tic dung kéo dai thdi gian di dong, trudng
hop ngudc lai sé rit ngdn thdi gian di dong va 1am t&€ bao dirng.

3. Nhitng diic di€m sinh hoc cia virit
3.1. Pai cuong vé viriit

Virit c6 déng gép 16n cho su phat trién cta di truyén hoc vi sinh vit, 1a nhitng
y&u t6 di truyén khong t&€ bao, chi gdm nucleic acid dugc bao boc bdi mot vé protein.
Virtt ¢6 kich thu6c 0,02 — 0,03um nhé hon t&€ bao. Khi hién dién bén ngoai t€ bao, phﬁn
tr virus khong c6 hoat dong bién dudng, dudc goi 1a virion. Do khong c¢6 bd may bién
dudng nén virdt cAn xAm nhiém vao t&€ bao chii va dung hé thong ribosome, enzyme,
cac ngudn vat chit va ning lugng ciia t& bao dé ty nhan doi. TE bao vi khuin, dong vat,
thuc vat déu c6 thé bi nhiém bdi cdc virit chuyén biét.

Q
o O/ Attractants \o Q
o o

Transducer (MCP)

ong

Cytoplasmic
membrane
Cell wall

Hinh 4.34 Co ché€ cia tinh huéng héa: tudng tc clia protein cdm
bi€n, cdc protein huéng héa (Che) va protein quay tién mao
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3.2. Virion
Bo6 gen cia virtt nhé hon nhiéu so véi vi khudn: bo gen virtt 16n nhat dudc biét

cho d&n nay 12 190kb so v6i 590kb clia mot bd gen vi khudn nhd nhat. Bo gen nay c6 thé

la DNA mach kép, DNA mach don, RNA mach kép hoic RNA mach don (Hinh 4.35).

BO gen ndm bén trong virdt va dugc bao boc bdi mdt vo protein goi 12 nucleocapsid. Sy
da dang vé bd gen cla viriit di gdy ra nhiéu van dé riéng d6i v6i viéc sao chép bd gen
va tao mRNA. Mot s6 virit ¢ bd gen dude phan doan thanh vai phin tf nim bén trong
v protein.

Vé protein bao gdbm mdt sd ti€u phan protein goi 12 capsomere tao hinh chudi
xodn hodc thanh mot vé 20 mit (icosahedron) chung quanh nucleic acid. Nhitng cdch
sip x€p nay rat hiéu qua vé mit hinh hoc nhiim lam gidm s& lugng capsomere can dé
bao boc bd gen, ciing nhu gitp su tu ldp ghép (su tuong tdc giita cdc protein cing loai)

xay ra.

_DNA RNA RNA — DNA
viruses viruses viruses

/N

Genome | o 'pnA dsDNA|  [SSRNA m

in virion

N\

L 2 dsDNA
(Hepadnaviruses)

%

Hinh 4.35 Phan biét virit theo bo gen
Céc ciu tric trén 13 thanh phin t&i thiu clia mot virdt. Ngoii ra, mot s virtt
con c6 cdc ciu tric khdc nhu dudi hodc dau dinh cé vai trd quan trong trong sy XaAm
nhiém t€ bao chi. Cdc virdt dong vat con c6 mang bao (envelope) chung quanh
nucleocapsid. Mang nay c6 ngudn gdc tir t& bao chl c6 thanh phin lipid tuong tv mang
t&€ bao chld nhung chita thém mdot s§ protein dugc ma héa bsi bd gen cia virit (Hinh

4.36)

. Envelope \
MNucieg-
Capsomeres capsid .
P AN Capsid —$/ .
zdé:iglmc Iu'l Nucleic
/ acid —
Capsid
{composed
of capso-
meres)

MNaked virus Enveloped virus

Hinh 4.36 So sanh giita viriit cé va khong c6 mang bao (envelope)
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3.3. Nuéi cdy va dinh lugng virit

Virit 14 nhitng ky sinh ndi bao bit budc. Do viy, dé luu giit hoic nudi ciy virit
trong phong thi nghiém, cin nudi t& bao chli va gay nhiém véi virit. Trudng hgp virit &
vi khudn (thuc khuin thé hay bacteriophage), c6 thé giit virit trong vi khudn bing cic
k§ thuit nudi cdy vi sinh binh thudng. P&i vé6i virlt dong vat, can st dung k§ thuit nudi
t&€ bao dong vat, trong da sd trudng hgp 1a nudi trén bé mit thanh trong binh nudi ciy
ngap trong mdi trudng giau dinh dudng va c6 thanh phan phic tap.

Virit dudc dinh lugng biing cdch trdi huyén phii chita virit 1én bé mit moi trudng
rin chita t&€ vao chd dang ting trudng manh. Virdt xAm nhiém vao t€ bao chd, sinh sin
va cdc virdt hau th€ lai xAm nhiém t&€ bao chung quanh tao thanh mot viing trong khong
c6 sinh khdi. Vung trong ndy dudc goi I1a plaque (vong tan). SO lugng virdt c¢6 trong mau
phu thudc vao sd lugng céc plaque thu dudc (Hinh 4.37).

3.4. Su xdm nhdp va sao chép ciia viriit trong té bao chii

Virtt cé hai loai chu trinh sinh sdn trong t€ bao chd: (1) chu trinh tan, 4c tinh
(lytic, virulent), trong d6 cdc phan tif virtt méi dudc tao ra va 1am vd t€ bao chi dé dugc
phéng thich ra ngoai; (2) bd gen clia virit dugc gin vao trong bod gen clia t€ bao chd,
dugc sao chép cling véi bd gen t€ bao chii. Chu trinh sinh sdn ndy dudc goi 1a chu trinh
tiém tan (lysogenic) & thuc khudn thé, hay chu trinh bi€n nap (transformation) & virtt
dong vat.

Phage
dilution

Bacterial cell

Pour mixture
onto nutrient agar plate

Nutrient agar
plate

Sandwich of
top agar and
nutrient agar

Hinh 4.37 Pinh lugng virit bing
phuong phap dé€m plaque dung k¥ thuit 16p
agar mém
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Trong bat ky trudng hdp nao, d€ sinh sin, virit cdn xdm nhiém vao t& bio chy,
thudng qua hai budc: budc gin va bude xAm nhap. PAu tién 12 budc gin (attachment)
chuyén biét 1én bé mit clia t€ bao chd. Protein cla virit gdn chuyén biét 1én thu quan
trén bé mit t& bao (Hinh 4.38). BuSc tht hai 1a budc xam nhap (penetration). Trudng
hop ciia thuc khudn thé, & budc nay, vach vd mang t&€ bao bi choc thiing bdi hoat tinh
clia enzyme d€ virtit bom bd gen vao bén trong t&€ bao trong khi v4 protein nim lai bén

ngoai (Hinh 4.39).

T& bao chi ty bdo vé tranh sy xAm nhi€ém cila virdt bing cidch khong c6 receptor
dé virit khong thé gin 1én bé mit, hoic c6 cdc enzyme cit gidi han dé phin hiy

nucleic acid cua virit.

Lipopolysaccharide
layer (outer membrane)
LT

Peptldoglycan !ml

\\\\\ ---------

W
Cytoplasmic \\\\\\\ \\\\\\
membrane \\\

Hinh 4.38 Sy gin phage T4 1én vich t& bao E. coli va tiém DNA

l— Virus particle
F—ona
1. Attachment
(adsorption)
\
- Cell (host)
Protein coat
remains s
outside —//
Viral DNA enters
2. Penetration 74(
(injection)

3. Early steps: virus
enzymes synthesized

: ,, 4. Nucleic acid
" replication

Hinh 4.39 Cic buéc trong chu trinh sao chép ciia thuc khudn thé
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O chu trinh tan cda thuc khuin thé, ngudi ta con phan biét thdi k¥ eclipse
(eclipse period) 1a thdi k¥ bd gen cla viridt tach khdi vé protein va thdi ky tiém tang
(latent period) 12 thoi ky ti€p theo sau khi virdt vao bén trong t&€ bao nhung chua tao
thanh phin t& virdt mdi dudc gidi phéng khdi t& bao.

Ngoai cd ch&é xAm nhiém néu trén, & t& bao nhan that, virit c6 thé xAm nhip vao
t&€ bao mdt cach khong chuyén biét bing qué trinh &m bao (endocytosis).

Sau khi vao t& bao chu, virdt diéu khién mot s6 su kién sau:

- Kiém sodt bo mdy sinh tong hop clia t€ bao chii, ngin cdn sy sinh tdng hop

protein clia t&€ bao, gitp su thé hién cic gen cla virit.

- Sao chép bo gen cla virdt.

- Téng hdp protein v4.

- L4p ghép bd gen vao v4 protein tao ra nhitng phan ti¥ virtt chua hoat dong.

- Phéng thich ra khéi t&€ bao

C4c su kién nay gop thinh mot ddp ng ting trudng rit nhanh clia virit sau khi
xam nhiém, dién ra khodng 20 — 30 phiit & vi khuin va 8 — 40 gid & t€ bao dong vat.

Trong chu trinh tiém tan, virtt can c ch& sy thé€ hién clia ciac gen diing d€ khai
mao chu trinh tan va st nhdp mot ban sao ctia bd gen dudi dang DNA mach kép vao
nhiém sic thé cia t€ bao chi. B6 gen cda virit dudc giit § trang thai tiém tan nay cho
dé&n khi nhan dugc tin hiéu dé chuyén thanh chu trinh tan nhu mo ta G trén. Hinh 4.40
tdng hop cdc phudng thitc tdng hdp mRNA cia virit trong t& bao chd.

ss DNA (+) $8 DNA (-)
virus virus
{ox174) X

Synthesis of - strand \ / Synthesis of + strand
ds DNA (+)

virus

(T4, vaccinia) ds DNA intermediate
P T % Reverse
‘w‘m
\ Transcription / N
SRR s ANA ()
mRNA Transcription [HIV)

of - strand

Can be used (+ sense) Transcription
directly of - strand

~_~ S D RO

55 RNA (+) ss RNA (9 ds RNA (3)
virus virus virus
MS32, Poliovirus) (rabies) {reovirus)

Hinh 4.40 Cac phuong thitc tdng hgp mRNA cia virit sau khi xAm nhi€m vao t& bao chi

3.5. Cdc ddc tinh chung vé su sao chép ciia cdc nhém viriit khdc nhau trong & bao chii

- Kich thuéc va bd gen nhd nén phu thudc nhiéu vao hé enzyme ctlia t€ bao chi
dé sinh sdn. Vi du nhu SV40 va ®X174. 3 ®X174 con ¢6 st chong gen trong d6 mot
trinh ty nucleotide dudc dich ma trén hai khung dich nhim tin dung khd ning ma héa
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cua bd gen. & cdc virtt c6 kich thuéc 16n hon thi ciu tric va chu trinh song tr§ nén phiic
tap hon.

- K&t thic sy sinh téng hop clia t€ bio chli bing mdt s6 phuong phap: (1) tao
protein tic ch€ RNA polymerase ciia t& bao chii (vi du phage T4, T7); (2) sinh tdng hdp
RNA polymerase mdi hodc nhan t& sigma méi khong gin dudc vao promoter cdc gen
cta t€ bao chi (phage T7); (3) bat hoat nhin t6 dich mi (& poliovirus); (4) phan hiiy
DNA t& bao chi (phage T4). o) trudng hgp T4, bd gen cua virtit ma héa cho enzyme
phan hiy DNA t€ bao chii nhung khong phan hiy DNA cia virit do dugc ddnh diu bing
mot nucleotide chuyén biét 1a hydroxymethylcytosine.

- Céc gen khdc nhau cia virit dugc phién ma vao thdi diém khac nhau trong chu
trinh xAm nhiém. Thong thudng, RNA polymerase clia t& bao chl s& phién ma céc gen
sém (early gene) trong d6 c6 gen ma héa cho RNA polymerase chuyén biét ctia virtt
hoic nhan t& sigma mdi. Cac protein nay gitip cho sy thé hién clia cdc gen giita (middle
gene) hoic gen mudn (late gene) 1a cdc gen lién quan dén sy sao chép bd gen, tdng hdp
céc protein ciu tric va 1ip ghép. Cdc protein 1am tan (lytic protein) dugc tdng hdp vio
thdi ky rdt muodn trong chu trinh nhiém va gitp phéng thich cdc phan tif virit ra khdi t&
bao.

- C4c co ch€ sao chép DNA nhu sao chép cudn vong (rolling circle replication) &
phage A hoic bit cip base cic doan lip lai § ddu cudi ciia bd gen & T4 va T7 c6 thé tao
ra nhitng phan t¢ DNA 16n do sy ndi lién cdc diu clia nhi€u bdn sao cla bo gen
(concatemer). Cdc concatemer nay sau d6 bi cit thinh nhitng doan bo gen c6 chiéu dai
thich hgp cho virtt (thudng dai hon bd gen mot it). Do vay, & cdc phan tif khac nhau cia
cuing loai virtt, c6 phan tf mang gen nhi€u hon mdt ban sao, phin t& khdc chita bdn sao
du nhung chi & phan cudi clia gen. Cd ché nay gitip cho virit c6 thé sao chép nhanh
chéng bd gen vao giai doan cudi clia chu trinh tan.

- Céc virdt c6 bd gen 1a RNA c6 chung mot khé khiin 1a t€ bao chi khong c¢6 bd
méy d€ sao chép RNA thanh RNA. Trong trudng hdp nay, enzyme gitip cho su phién ma
RNA thanh cDNA (enzyme phién mi ngudc) cian dudgc chifa sdn trong virion clia virit
(trudng hdp rhabdovirus, reovirus) hoic RNA cin dudc dich mi ngay phin chita enzyme
phi€én ma ngudc (trudng hgp MS2 va polivirus).

4. Di truyén hoc vi sinh vat
4.1. Djt bién (mutation)

Dot bién 13 nhitng bi€n ddi dugc di truyén trong trinh ty base clia nucleic acid,
tao ra vi sinh vat bi dot bi€n goi la thé dot bi€n (mutant). T4i 6 hgp di truyén la qua
trinh ma cédc gen tir hai bd gen khic nhau dudc k&t hop vdi nhau. Thé dot bi€n cé ki€u
gen bi bi€n ddi, khic vdi ki€u gen clia cha me. Tuy nhién, ki€u hinh tc 12 nhitng dic
di€m nhin thi'y dudc cia thé dot bi€n c6 thé thay ddi hoic khong.

Kié€u gen ctia mot chiing dugc ky hiéu ving ba chif thudng in nghiéng va mot chit
hoa ti€p theo, cho biét gen lién quan dén qud trinh dang xét. Vi du hisC c6 nghia l1a gen
ma hoa cho protein HisC.

Kiéu hinh ctia chiing dudc ky hiéu biing bo ba chit (chit diu viét hoa) va két thiic
bing ddu + hoic -. Vi du chiing Thr* c6 nghia 1a ching c6 thé ty tdng hdp threonine, con
chiing Thr' 1a chiing khong c6 kha ning ty tong hdp threonine. Mot ching tr¢ dudng
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(khuyét dudng, auxotroph) 1a chiing dot bién mat kha ning tdng hgp mot nhu ciu dinh
dudng thi€t y&u von c6 & bd me (chling b me dugc goi 1a nguyén dudng, prototroph).

4.2. Co sé phén tit ciia dot bién

Dot bién c6 thé xdy ra ngiu nhién & mic tin s6 10 do sai s6t trong qué trinh sao
chép hoic do chi€u xa t nhién. Pot bién c¢6 thé dugc cdm ng bing nhitng chit giy dot
bién, vi du nhu cdc chdt ddng dang (analog) c6 ciu tao tuong tu nhu cdc base purine,
pyrimidine trong DNA. T€ bao dua cdc chit niy vao trong DNA va trong cdc 1an sao
chép ti€p theo, cdc cdc analog ndy dé giy ra sy bit cip sai din dén hiu qud la gin
nhidm mot base sai vao mach DNA méi tdng hgp. Cdc chit dot bi€n héa hoc khic tic
dung tryc ti€p véi DNA va lam thay d6i base. Tia UV dudc hdp thu bdi cic base purine
v pyrimidine trong DNA, c6 thé din dén sy tao thanh dimer clia thymine trén cling mot
mach, do vAy ngin cén sy bit cip binh thudng ciia cdc base trong qud trinh sao chép.
Céc tia chi€u xa ion héa c6 thé tao ra cic goc tu do trong t& bao tin cong vao khung cia
phan tif DNA lam ditt DNA. Cdc yé&u t§ sinh hoc nhu gen nhdy (transposon) hoic thuc
khuin thé Mu gay dot bi€n bing ciach gin doan DNA clia minh vio gen trong bd gen
cda t&€ bao, do vay lam gidn doan thong tin di truyén.

Dot bi€n c6 thé do sy thay ddi & mdt cip base, goi 12 dot bi€n diém (point
mutation) hodc do mat mot doan gen hoidc thém vao clia mot s6 cip base. Viéc thém
vio chi mot base c6 thé c6 4nh hudng rat 16n 1én trinh ty amino acid trong san phdm cia
gen do su dich chuyén khung doc trong qu4 trinh dich md mRNA. Mit khdc, sy chuyén
doan (transposation) 13 sy chuyén mot doan DNA tif vi tri ndy qua vi tri khdc trén gen.

N&u gen bi dot bién 12 mot thanh phin clia operon, dot bi€n nay c6 thé giy 4nh
hudng phan cuc (polar effect) 1én cdc gen khic trong operon. Tdc dung clia modt dot bién
nh&t dinh nao d6 c6 thé bi ddo ngudc bdi mot dot bién thit hai trong cling mot gen hay
trong mdt gen khdc, dot bi€n nay dugc goi la dot bi€n tc ché (suppressor).

Can luu ¥ riing t&€ bao c6 cdc hé thong stta sai DNA (DNA repair system) dé stra
chita cdc tdn thuong trén DNA. Mot vi du 13 hé thong SOS. Tuy nhién hé thdng nay
ciing c6 sai s6t nén DNA di sita chita c6 thé vin con mang dot bién.

4.3. Thit nghiém Ames

Mot ng dung clia cdc chiing dot bi€n 1a d€ xdc dinh tinh gay dot bi€n ciia héa
chat dudc tdng hdp nhin tao hodc ty nhién. Thi¥ nghiém Ames (Ames test) Gng dung su
hdi bi€n ctia chiing vi khuin bi dot bi€n khuyé&t dudng. Khi t& bao khuyét dudng His’
dudc trdi trén mdi trudng khong cé histidine, chiing ndy khong song dugc. Tuy nhién,
néu chiing dugc x& 1y bing mot chit gy dot bién, chat nay c6 thé tao dot bi€n ngudgc
hay hdi bi€n gitip cho chling c6 thé ting trudng dugc trén mdi trudng khdng cé histidine.

4.4. Tdi t6 hop di truyén (genetic recombination)

Sy t4i t6 hgp phd thong hay 1a sy tdi t8 hop tuong ddng (general or homologuos
recombination) xay ra khi c6 su tuong dong cao vé trinh tu va can dudc xiic tic bdi mot
enzyme dudc goi la protein RecA. Cédc buGc cla qua trinh nay 1a nhu sau: (1) tao mot
vé&t dit trén DNA (nicking); (2) m3 vong DNA xodn kép; (3) bit cip gilta cdc doan
twong dong trén hai phan t&f DNA mach don (can enzyme RecA); (4) cit va ndi cic
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mach DNA va 1am trao d8i doan trén cic mach DNA nay (Hinh 4.41). Piéu quan trong
12 qua trinh tdi t8 hgp nay chi tao ra dugc ki€u gen mdi néu hai mach don tham gia trao
ddi doan tuong ddng c6 trinh ty khac nhau & ngoai viing cit va ndi. P& phat hién dudgc
cdc dot bién giy ra bdi trao ddi doan tuong ddng thi hau th€ mang d6t bi€n nay cin cé
ki€u hinh khic v6i bd me.

4.5. Bién nap (transformation)

O vi khudn, sy chuyén gen ngoai lai vao t€ bao (x3y ra truéc qud trinh trao déi
doan tuong ddéng) c6 thé dién ra theo ba cd ché: bi€n nap (transformation), tdi nap (tai
nap) va giao nap (conjugation).

Bién nap la qué trinh t&€ bao ti€p nhan DNA tran tif bén ngoai. Trong trudng hdp
ndy, t€ bao cAn phdi c6 mot trang thdi sinh 1y nhit dinh cho phép DNA gin chit 1én bé
mit t€ bao goi 1a tinh kha nap (competence). G E. coli, tinh kh3 nap cla ching c6 thé
dudc ting cudng bing cich xtt 1y trudc t€ bao véi CaCl,. DNA ciing ¢6 thé dugc dua vao
t&€ bao bing cich dién khoan (electroporation), tao ra nhitng 16 nhd tic thdi trén bé mit
t&€ bao cho phép DNA di qua.

Single-
stranded
binding
protein Strand invasion,
Binding of formation of
single-stranded = base-paired
binding protein : complex
g
Nick

Donor  Recipient
Development of
cross-strand
exchange

Patches

Resolution at

'sitas

Splices

Hinh 4.41 Tém tit cd ch& phan tif cia tdi té hgp di truyén
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Co ch& bién nap c6 thé dugc tém tit nhu trén Hinh 4.42. DNA dugc gin 1én vach
t&€ bao thong qua cic protein gin DNA (a). Enzyme nuclease trén vdch sé thily phan mot
mach DNA, cho phép mach don con lai di vao trong t€ bao (b). Trong t€ bao, mach don
con lai cia DNA dudc mang va bdo vé bdi mot s6 protein chuyén biét. Mach DNA nay
dudc sat nhadp vao nhiém sic thé bdi co ché tdi t6 hop véi sy xic tdc clia cic RecA
protein (c). Mot t& bao c6 kiéu gen mdi s& dugc tao thanh khi doan DNA nay dudc sao
chép chung v6i bd gen clia t&€ bao khi t&€ bao phin chia (d). Céc t€ bao eukaryote ciing
c6 thé dudc xit 1y dé trd nén kha nap.

- a Transforming DNA

DNA binding protein

GCompetence-specific
single-stranded DNA
binding protein

Nuclease

Free nucleotides

)

Hinh 4.42 C6 ché& truyén DNA biing tdi nap 6 mét vi khuin gram dvong

4.6. Tdi nap (transduction)

Trong tdi nap, doan DNA cia t€ bao cho dudc mang bdi mot virit. Trong trudng
hdp nay, bd gen cia virit dugc thay th€ mdt phan hoic toan bd bdi DNA cia t&€ bao cho.
Do vay cdc phin ti¥ virit nay c6 thé mat kha ning tu sao chép do cic gen cin thi€t di bi
mat.

O chu trinh tiém tan cia phage A, bd gen clia virit c6 thé mang theo gen cla vi
khu&n khi n6 bi cit mot cach khong chinh xdc ra khdi bo gen t€ bao chid. Trong trudng
hgp nay, nhitng gen nay cda vi khuidn luén ludén duge dua vao bo gen clia phan ti¥ virit
mdi. Hién tugng nay dudc goi la tai nap chuyén biét (specialized transduction) do chi
thuc hién t3i nap trén mot sd gen nhat dinh ctia vi khuin cho.

Ngudc lai tdi nap chung (generalized transduction) c6 thé chuyén mot gen bat ky
tir vi khuan cho sang t& bio nhin. Qu4 trinh nay dugc thuc hién § nhitng thuc khuin thé
phan hity DNA cia t€ bao chd thanh nhitng doan c6 kich thudc ¢ bd gen ctlia virtt. Cac
doan DNA nay c6 thé dugc dua nhdm vao cic phan ti virit méi dugc tao thanh va thong
qua cdc phan ti virdt nay ching dugc chuyén vao mot t€ bao vi khudn khic & chu ky
xaAm nhiém ti€p theo. Phage 22 & Salmonella typhimurium va P1 va Mu & E. coli thuc
hién tdi nap chung.

Mot s6 phage 6n hoa (tiém tan) c6 thé lam thay ddi ki€u hinh & vi khuin ma
khong cin tdi nap. Trong trang thdi tiém tan, sy th€ hién cla gen clia virit 4@ mang lai
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cho t& bao nhitng dic tinh méi. Hién tudng nay dudc goi 12 bi€n d6i bdi phage (phage
conversion). Vi du nhu sy sdn xud't doc t6 bdi vi sinh vat gdy bénh nhu Corynebacterium
diphtheriae va ciu tric polysaccharide bé mit t€ bao nhu Salmonella anatum.

4.7. Plasmid

Plasmid 12 nhitng phan tf DNA vong, kich thudc nhd cé thé tu sao chép ddc lap
so vdi nhiém sic thé cla t&€ bao chi. Sy hién dién cia plasmid cé thé dugc phat hién
bing k¥ thuat cho phép tich DNA plasmid ra khdi DNA cta nhiém sic thé. Piéu nay
lién quan dé&n su khdc biét vé ty trong giita hai loai phan ti¥ do hién tugng siéu xodn
(supercoiling) cia phan t& DNA vong, nhd hon so vdi phan tf DNA bd gen. Su khac biét
vé ty trong nay c6thé dudc ting cudng bing cich bs sung cic hdp chit c6 thé xen vao
giffa cdc cip base nhu ethidium bromide. Phin t& plasmid xodn chit nén khong thé gin
nhiéu ethidium bromide nhu trudng hop DNA nhiém sic thé.

Plasmid 12 phan t&t DNA c6 kha ning tu sao chép do c6 chita mdt trinh ti ki€m
sodt tin s6 sao chép va sd lugng badn sao clia plasmid trong t€ bio goi 1a trinh ty khéi
dau sao chép (origin of replication, Ori) (Hinh 4.43). Pa s6 plasmid c6 s& ban sao dugc
ki€m sodt chit ché & mifc vai ban sao trong mdt t€ bao; ngugc lai, mot sd plasmid c6 sy
khdi diu sao chép khong dudc ki€m sodt chit ché va c6 thé tao d&€n 20 — 30 ban sao
trong t&€ bao chi. Cdc enzyme can cho su sao chép plasmid 13 cdc enzyme clia t& bao,
dudc mi héa bdi nhiém sic thé clia t€ bao chi. Trong khi d6, plasmid chi ma héa cic
gen diéu hoa (vi du nhu Ori) d€ ki€m sodt sy sao chép.

Ndel, HgiEll 185

Nar 237
2622 Aatll  Eco0109 2674 / Bgll 252

Msti 259
" Puul 280

———— Pvull 309

2501 Sspi

2299 Xmnl Polycloning site
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2070 Pvul
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Hinh 4.43 S6 @6 cAu tric ciia plasmid pUC18/pUC19
Mot s& plasmid c6 gen diéu khién su truyén tir mot t€ bio nay sang mot t€ bao
khdc trong giao nap. Ngoai ra, plasmid con chita cdc gen mang lai cho t€ bao chid nhitng

kiéu hinh mdi nhu tinh khdng khdng sinh, tao ra ddc t&, kh3 ning bién dudng nhitng co
chi't khong binh thudng nhu thudc trir sdu, dung moi cong nghiép.
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Tinh khang khdng sinh dugc mang lai bGi cac plasmid R. Cac plasmid nay déng
vai tro rit quan trong trong tinh khang thudc & nhitng vi sinh vat gy bénh do: (1) ¢6 kha
ning cho t& bao tinh khiang ddng thdi d€n 5 loai khang sinh khic nhau; (2) c6 thé phat
tdn nhanh trong quan thé t&€ bao thdong qua qud trinh giao nap.

Tinh khdng da khang sinh nay cla plasmid 12 do sy hién dién dong thdi clia mot
s6 transposon trong phan ti plasmid, mdi loai cho tinh khdng d6i véi mot loai khdng sinh
nh4t dinh (thudng 13 gen ma héa cho mot enzyme xic tic sy bién d6i va 1am mat hoat
tinh ctia khang sinh trudc khi phan tif nay vao t€ bao va dén dudc phin ti muc tiéu). Co
ché& nay khdc vdi tinh khang khdng sinh do dot bi€n trén nhiém sic thé; & trudng hop
nay, tinh khdng khang sinh lién quan dén dot bié€n trén phin tf muc tiéu clia khang sinh.

Mot t& bao cé thé chita ddng thdi mot sd plasmid khac nhau. Tuy nhién, mot s&
plasmid c6 thé khong tuong thich véi nhau nén khong thé cling hién dién bén trong mot
t€ bao. Tinh khong tuong thich nay cé thé do sy gidng nhau clia cdc trinh tf kiém sodt sy
sao chép cua plasmid.

4.8. Su giao nap (conjugation)

Su giao nap & vi khuin dudc thuc hién thong qua nhitng yé&u td di truyén dic biét
goi 12 plasmid (Hinh 4.44). C4c plasmid giao nap xuc ti€n su chuyén gen biing cich lam
bi€n ddi bé mit t&€ bao sao cho t€ bao chita plasmid ti€p xic vdi t& biao khong cé
plasmid. Viéc nay dudc thuc hién thong qua su tdng hdp khuian mao pili gitip hai t€ bao
ti€p xuc, bit cip nhau. Sau d6 mot cau giao nap (conjugative bridge) dudc hinh thanh dé
truyén DNA. TruSc khi chuyén plasmid cho t&€ bao nhan, plasmid dudc sao chép bing co
ché& sao chép cudn vong (rolling circle replication) va mot phan tt DNA mach don dugc
chuyén cho t& bao nhin. T& bao nay sau d6 sao chép dya trén khudén DNA mach don
nay d€ c6 dugc phan ti plasmid vong mach kép. K&t qua clia qua trinh giao nap 13 ci t&
bao cho va t& bao nhan déu c6 plasmid. T€ bao nhan trd thanh t& bao cho trong cic chu
ky giao nap tiép theo.

O

§ i— Chromosome

Plasmid

FIGURE9.20 Plasmid transfer from cell to cell during conjugation.

Hinh 4.44 Sy truyén plasmid tir t&€ bao cho sang t& bao nhin trong giao nap

Mot s& plasmid nhu y&u t& F & E. coli c6 thé thuc hién viéc cho gen trén nhiém
sic thé. C4c ching E. coli ¢6 kha ning nay dugc goi 1a cdc ching Hfr. Y&u td F c6 chia
nhitng trinh ty di€u khién sy sdt nhap (insertion sequence) tuong ddng vdi trinh tu tuong
tiing trén nhiém sic thé gitip y&u t6 F sat nhdp vao nhiém sic thé cla t€ bao. Mit khac,
F con chita mot trinh ty quyét dinh sy chuyén gen goi 1a trinh tu khdi diu chuyén (origin
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of transfer). Trong qué trinh giao nap, trinh ty nay gitp F dugc chuyén sang t&€ bao nhin
va c6 thé mang theo cdc gen cdia nhiém sic thé nim ngay dudi ha luu cla trinh ty
chuyén. Céc budc clia qui trinh chuyén gen cda F 1a tuong tu vdi trudng hdp cia
plasmid. Tuy nhién do cdc gen ctia nhiém sic thé nim lién sau trinh tw chuyén nén gen
nay dugc chuyén trudc cd cdc gen clia F. Do vay, néu cau giao nap bi gay trudc khi toan
bod nhiém sic thé dude chuyén thi t& bao nhdn vin c6 ki€u gen 1a F.

Tuong ty nhu trudng hop sy cit khong chinh x4c phage lamda & tdi nap chuyén
biét d3 1am ting tin s6 chuyén mot s& gen trén nhiém sic thé clia t€ bao cho sang t&
bao nhan, su cit khong chinh xdc y€u t6 F ciing din d€n hé qud 1a F chita mot s6 gen
clia nhiém sic thé. Sy giao nap nhin t6 F nay sé& c6 tdc dung truyén vdi tAn sd cao mot
s gen chuyén biét clia nhiém sic thé sang t€ bao nhan.

Plasmid con mang lai cho t€ bao nhitng dic tinh thd vi. Vi du nhu, plasmid ma
héa cho su tao thanh cdc khudn mao pili. T€ biao nhan plasmid c¢é ciu tric pili trén bé
mit va trd nén min cdm v4i sy xAm nhiém clia phage bdi mdt s& phage RNA (phage c6
bd gen RNA) sit dung céc pili nay 1am thé nhan.

Su giao nap véi cic ching Hfr duge diing dé€ 1ap ban db nhiém sic thé. Gen dugc
truyén mot cdch tuin ty, theo dudng thing. Nhu vay, biing cdch chi dong pha v& su giao
nap theo thdi gian va phan tich gen thu dugc & t&€ bao nhin, c6 thé xdc dinh dudc sy sip
x&p clia cdc gen trén nhiém sic thé. Hai gen dugc truyén ciang sém thi khodng cich giita
chiing trén nhiém sic thé cang gan nhau.

4.9. Gen chuyén vi (transposon) va trinh tu sdt nhdp IS (insertion sequence)
Gen Tn (transposon) va trinh ty sat nhdp IS (insertion sequence) 1a céc trinh ty c6
thé€ chuyén vi tri trén bo gen, goi chung 12 gen chuyén vi hay gen nhdy (Hinh 4.45).
1S2

. - R

- —

@

Tns
IS50L

kan str  bleo

)

Hinh 4.45 Cu tric ciia gen chuyén vi IS2 va Tn5. Tnp: transposae; kan:
kanamycin; str: streptomycin; bleo: bleomycin

Transposon khdc véi trinh ty st nhdp & chd ching c6 mang thém mot s& gen phu
khdc, vi du nhu gen khang khing sinh. TAn s& chuyén vi cda Tn va IS khd thap chi
khodang 10 — 100 1an cao hon so vdi tin sd dot bién tu nhién (tic 1a khodang 107 - 10'4).
G dAu cla hai loai trinh ty nay c6 chtta céc trinh ty 1dp lai (repeated sequence) va bén
trong c6 chtra trinh ty ma héa cho enzyme transposase cho phép sat nhap Tn va IS vao
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moi vi trf trén mot DNA bAt ky. Transposase c¢6 vai trd nhin dién trinh ty 1ip lai, cit va
ndi cdc doan DNA.

Trong su chuyén vi gen, su gin gen chuyén vi vao mot vi tri muc tiéu s& din dén
viéc sao chép va nhan doi trinh ty vi tri muc tiéu nay. Hai trinh ty vi tri muc tiéu s& nim
hai bén gen chuyén vi. Luu y riing su gin bdi transposase dudc thuc hién & hai dau
bing, khong cin c6 y&u t& dau dinh. C6 hai dang chuyén vi gen (tranposition) 1a chuyén
vi sao chép va chuyén vi bio ton.

Chuyén vi sao chép (replicative transposition) 12 su chuyén vi trong d6 mot ban
sao van & lai & vi trf cii vd mot ban sao khdc dugc chuyén dén vi tri mdi, vi du nhu
trudng hop thuc khuin thé Mu. Trong trudng hdp nay, enzyme transposase sé cit mot
mach DNA tai hai dau chia trinh tu 1ip lai clia cdc gen chuyén vi ciing nhu tai vi tri
dich. Gen chuyén vi sau d6 dugc ndi véi DNA tai vi tri chuyén vi thong qua cdc dau
mach don sao cho hai mach don cia gen chuyén vi tdch nhau thanh hai bdn sao mach
don (Hinh 4.46). Sau @6 cdc phan mach don sé& dudc 14p day thanh mach kép bing DNA
polymerase. Nhu viy gen chuyén vi dugc sao ddi sau khi sat nhap vao vi tri chuyén vi.
Sau d6 hai gen chuyén vi cling chd (cointegrate) dudc tich nhau bdi co ché trao ddi doan
tuong dong d€ mot gen chuyén vi tach ra va con lai mdt ban sao & vi tri mdi.

G chuyén vi bdo tdn (conservative transposition) gen chuyén vi bi cit ra khdi vi
tri va gdn vao vi tri mdi, khong lam ting ban sao, vi du nhv trudng hgp ctia Tn5. N&u
gen chuyén vi dugc sit nhap vio bén trong mot gen thi gen nay bi bat hoat va tao thanh
mot dot bi€n khuyét (knock-out mutant) (Hinh 4.47).
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4.10. Su ddo doan va hién tugng bién doi pha

Mot dang dot bién khac x4y ra do sy ddo ngudc trinh ty mot doan DNA trong bd
gen. Dot bi€n ndy c6 ¥ nghia diéu hoa néu doan DNA bi ddo ngudc nay chita promoter.
Do chiéu cda promoter qui dinh chiéu tdng hgp mRNA nén sy ddo chiéu clia promoter
c6 thé sé& 1am thé hién mot gen hoan toan khac. Pay 1a cd ché ¢6 vai tro lam thay d6i
céc kiéu tién mao & Salmonella.

4.11. Ldp bdn do gen bang cdc phuong phdp chuyén gen

Ciéc co ché chuyén gen néu trén duge dung d€ dung ban d6 trat ty sip x&p cia
gen trén nhiém sic thé vi khuin. Phuong phdp giao phdi gidn doan (interrupted mating)
dudc diung d€ xdc dinh so bd trat tu ciia gen do nhitng doan DNA 16n ¢6 thé dudc chuyén
gen thong qua su giao nap. P€ xdc dinh chinh xdc trat ty clia cdc gen lién két chit ché
véi nhau (nim rit gan nhau) thi tdi nap 12 phuong phdp hitu hiéu nhit do trudng hdp nay
cho phép chuyén dudc nhi ng doan DNA ngin.

Céc co ch€ trao d6i vat lidu di truyén néu trén cling dudc st dung d€ xac dinh vi
tri clia gen trén nhiém sic thé. Vi du nhu bing cic phuong phdp nay vi tri clia khodng
1.900 gen clia E. coli da dudc xdc dinh vi trf va dad cho bi€t ring cdc gen tham gia vao
mdt con dudng bi€n dudng nhit dinh thudng k&t tu voi nhau hoic lién két rat chit véi
nhau trén nhiém sic thé. Sy sip thanh nhém cic gen nhu vay da din dén khai niém
operon cho ring cic gen lién k&t chit ché véi nhau thi dude diéu hoa bdi mot co ché
chung.

4.12. Di truyén hoc vi sinh vdt nhéan thit

O céc sinh vat nhan that, thudng xuyén cé su sip xé&p lai cic gen d€ tao nhitng t&
hgp gen mdi do su sinh sdn hitu tinh. & vi sinh vat nhan thit c6 hién tugng bién ddi cac
th& hé (alteration of generations) trong d6 s nhiém sic thé trong mdi t& bao c6 thé thay
ddi theo co sd hai. Trong chu trinh sdng, hai t€ bao don bdi chita mot bo gen don boi sé
trd thanh giao t& va dung nap v4i nhau tao thanh mdt hgp t& ludng boi. Qud trinh nay
gitip tao ra nhitng t6 hop mdi ctia cdc gen do sy sdp x&p lai trat tw clia cic gen tif hai bd
gen clia giao ta.

Giao tf thudng dugc hinh thanh bing qué trinh gidm phin (meiosis). Trong qud
trinh nay, mot t€ bao ludng bdi dugc phan thanh hai t€ bao trong d6 s6 nhiém sic thé
khong dugc nhian d6i vi cip nhiém sic thé tuong déng dudc tich ddi va chia vé hai t&
bao con. Mdi t&€ bao don bdi nay sao doi nhiém sic thé va phian bao tao thanh bon giao
tr don boi tir mot t&€ bao ludng bodi ban dau.

NAam men Saccharomyces cerevisiae 1a ddi tugng t& bao nhan that dudc nghién
cttu nhi€u nhat vé di truyén hoc. Trong phin 16n chu trinh s6ng, nAm men ton tai § dang
don boi. C4c t&€ bao nay c6 thé trd thanh giao ti khi hai t& bao khdc nhau vé kiéu giao
phdi (mating type). Céc ki€u giao phdi khdc nhau & cdc hormone ti€t va thu thé tuong
ting. M3i mdt hdp ti¥ ludng bdi tao ra do sy giao phdi s& gidm phan d€ tao ra bon nang
bio tir (ascospore) don bdi; mdi bao ti nay khi ndy mam sé& tao ra mot t€ bao sinh dudng
don bdi. NAm men 13 ddi tugng t6t d€ nghién cttu di truyén hoc vi c6 thé tich biét bon
bao tl, cho niy mAm riéng biét va xdc dinh d& dang cdc két qué clia qud trinh sinh sdn
hitu tinh (Hinh 4.48). Kiéu giao phdi (mating type)ciia t& bao nAim men dudc qui dinh bdi
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co ch& hop (cassette mechanism) trong locus MAT. C4c gen mi héa cho hai ki€u giao
phdi (a va a) hién dién dﬁng thdi § hai vi tri khdac nhau trén b6 gen. Trinh tw DNA & ha
luu cia promoter trong locus MAT c6 thé dugc thay thé bdi gen mi héa clia mot trong
hai ki€u giao phdi. Khi d6 gen ciia ki€u giao phdi nao dugc gin vao locus MAT thi sé&
quyét dinh kiéu giao phdi clia t& bao (Hinh 4.49). Nhu vay, ki€u giao phdi & nAm men c6
thé thay ddi qua lai phu thudc vao gen qui dinh ki€u giao phdi nao dudc sao chép va mot
bén sao dugc gidn vao hop MAT.

Céc t€ bao nhan that khong chi chita gen trong nhan nhung cdn chita gen trong
hai bao quan trong t&€ bao chat 12 ti thé va diép lap thé. Cac bao quan nay ciing cin dugc
nhan d6i d€ truyén lai cho cédc t€ bao hau thé. Do vy cic thong tin di truyén mang bdi
cdc bao quan nay dudc di truyén ddc 14p vé6i cdc gen clia nhan. Cdc bao quan nay chita
bd gen nhd trong dé cé cidc gen mi héa cho rRNA va tRNA dung dé€ sinh tdng hop
protein bén trong bao quan. Trong ti thé, mot s& codon dugc dich ma khac hon so vdi hé
thong clia t&€ bao.

. — FS
mmauctr @@

Silent a-type — Promoter Siient a-typ:

master gene MAT locus rnaster gene

W l_ Cel

a-type gene L

Mating type
» switch
| vENT—

k_ ’) 005.-1

Discarding of R -t

a-type gene gene

o Interaction of tagee

Bamination opposite »
g oee :[h:-Z n
a-type gene b

Asexual -
reproduction
IIMaiosLs

Diploid

Cell fusion

|
EORu

5\

FIGURE 9.37 The cassette mechanism involved in the
switch in yeast from mating type « to a and back again.
Whichever “cassette” is inserted at the active locus (raiy
head) determines the mating type. The process shownx#
versible, so type a can revert to type a.

Hinh 4.49 Co ch& hop trong chuyén doi
kiéu giao phdi giita a va a. ¢ nAm men
Saccharomyces cerevisiae

Hinh 4.48 Vong ddi ciia nAm men
Saccharomyces cerevisiae (2n= 32)
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5. K¥ thuat di truyén va cong nghé sinh hoc

5.1. Dong héa phén tit (molecular cloning)

Muc dich ctia mot chuong trinh nghién citu dung k§ thuat di truyén nhim phin
lap va lam thudn mot gen dudc goi 1a dong héa gen (gene cloning), vé co ban 12 phan
l1ap va thu nhan mot gen nh4t dinh tir mot bd gen 16n va phidc tap, sit nhap gen nay vao
mdt bo gen nhd va d& thao tic hon. Cic budc ciia qui trinh dong héa gen c6 thé dudgc
tém tit nhu sau:

(1) T4ach va phin doan DNA ngudn: DNA bo gen dudgc tiach ra khdi t€ bao cho va
dugc cdt thanh nhitng doan nhd bing moOt enzyme cidt giéi han (restriction
endonuclease). Enzyme nay nhan dién dugc cdc trinh ty d8i ngiu dugc goi 1a trinh ty
nhin biét (recognition site), cit v tao nhitng dau dinh c6 phin mach don cé trinh ty bu
trir nhau. Mit khdc mot vector dong héa ciing dudc cit bdi cing mot loai enzyme cit
gid6i1 han.

(2) Gidn cdc doan DNA bi cit vao vector dong héa: khi tron chung cdc doan DNA
bd gen va mot vector dugc cit cing mot loai enzyme, nhd sy xic tdc clia enzyme ndi
(ligase), cdc doan DNA lai dugc tao thanh trong d6 vecor dong héa dugc chén vao bdi
mot doan DNA tir bd gen.

(3) Bi€n nap va giit DNA tdi t§ hdp trong t& bao chi: hdn hgp cac phian tf DNA
lai nay dugc dua vio mot t&€ bao chii d€ tao thanh ngan haing DNA (DNA library, DNA
bank), tic 12 tdp hdp cdc dong khdc nhau clia t€ bao chd, mdi dong chita mdt vector c6
mang mot doan DNA khdc nhau tir bd gen clia t€ bao cho. Néu thi€t 1ap dudc mot ngin
hang DNA 6t thi ngin hang ndy c6 chita tit ci cdc gen & dang doan DNA bi cidt ngén
DNA nguén.

(4) Phat hién va lam thuan dong muc tiéu: tim dong muc tiéu trong ngan hang
gen, phan 1ap va lam thuan dong nay.

(5) Nubdi cdy s lugng 16n t&€ bao cia dong muc tiéu dé€ ly trich va nghién ciu
DNA t4i t6 hop.

5.2. Thé mang gen: vector

Vector trong kj thuat di truyén 13 phan tf DNA kich thuéc nhé diing d€ mang
gen, sao chép, thao tic trén gen. C4c vector dong hda cé vai trd quan trong vi chiing
gitip cho su chuyén cic gen tdi t6 hop dugc tao ra trong mot dng nghiém vao t€ bio chii
va luu giit dudc DNA tii t6 hop trong t€ bao nay nhd kha ning tu sao chép. Ngoai ra, do
vector 14 cdc phan tif DNA phan tf lugng nhd nén cic phan tich sau dé trén DNA tdi t6
hop sé& dé dang hon. Plasmid va cédc bacteriophage 12 nhitng vector dong héa hitu dung
nhat.

5.3. Vector dong hoa la plasmid
Céc plasmid t4i t8 hdp c6 thé dudc chuyén vao t€ bao bing sy bién nap. Sau khi

vao t&€ bao, cdc phan tt DNA nay tu sao chép. Mot s6 plasmid hién dién & trang thdi da
ban sao trong t€ bao nén lam ting s6 lugng DNA téi t& hgp trong mdi t&€ bio.
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Céc plasmid c6 thé mang cdc ddu hiéu di truyén dung cho muc dich chon loc
(selective genetic marker), vi du nhu gen khdng khang sinh, dugc diung dé€ tuyén chon
céc t&€ bao chli dd nhan dudc plasmid trong qua trinh bié€n nap.

Mot vu di€m khédc cda plasmid 14 kich thudc nhé nhd vay cé thé ting kich thudc
ctia DNA dudc gin vao do kich thuéc tdng clia mot phan tt DNA c¢6 thé dugc bi€n nap
vao t€ bao 12 ¢6 gidi han. Bdn than plasmid c6 kich thudc cang 16n thi kich thugc doan
DNA c6 thé gidn vao cang nhd.

Plasmid 13 vector dong héa thudng dudc chon va ciu triic sao cho chi chita mot vi
tri nhan bi€t duy nhat clia mot enzyme cit han ch& nhi't dinh. Piéu nay gitp bi€t dugc vi
tri chinh x4c ctia doan DNA tdi t6 hdp trong plasmid. Mit khac nguéi ta thudng ciu tric
trong phin ti plasmid mdt doan trinh ty ngin chifa trinh ty nhan dién duy nhat ctia nhiéu
enzyme cit gidi han goi 13 polycloning site, cho phép c6 thé sit dung nhiéu loai enzyme
cit han ché€ khic nhau d€ gin DNA vao plasmid tai vi tr nay.

Né&u vi tri nhan biét clia enzyme cit gidi han nim bén trong mdt trong cdc gen
mang tin hiéu chon loc thi plasmid c¢6 thém dic di€m hitu dung khéac 1a cho phép chon
loc dugc t&€ bao chli ndo c6 chita plasmid mang DNA t4i td hgp do su chén vao cia doan
DNA nay lam gen tudng ng bi mat hoat tinh. Hién tugng nay dugc goi 1a sy bat hoat
cheén (insertion inactivation). Vi du & plasmid pUC18/pUCI19, viéc gin mdt DNA ngoai
lai vao polycloning site niim bén trong gen lacZ s& tao mdt ki€u hinh @€ chon loc dong
mang gen tdi t6 hop 1a LacZ  (tic 12 khong c6 B-galactosidase).

5.4. Vector dong héa la phage A

Céc thuc khuin thé § E. coli ciing 1a cdc vector dong héa hitu dung. Trong diéu
kién in vitro, ngudi ta c6 thé ding enzyme cit gidi han dé loai bd 1/3 bo gen ctlia chiing
va thay biing DNA ngoai lai. Sau d6 DNA tdi t6 hgp nay dugc dua viao phin ti¥ virit.
Phan tf virtt nay trd thainh mot hé thdng gitdp chuyén DNA ngoai lai vao t&€ bao chi.

Vi du, c6 thé ding phage A dugc gin DNA ngoai lai d€ chuyén cdc gen nay vio
t€ bao E. coli bing cd ch& tii nap. Phage A hoang dai khong dugc ding d€ dong héa gen
vi c6 chita qud nhiéu trinh ty nhan biét cit gidi han. Thay vao d6 ngudi ta ciu tric lai
mot phage A dugc bi€n ddi chita it trinh ty nhan bi€t hon ding cho muc dich dong héa.
Vi du nhu mdt phage A dudc biét d6i sao cho chi chita hai trinh tu nhan bi€t cia mot
enzyme cit gidi han thi c6 thé cit bé doan DNA nim giita hai trinh ty ndy va thay bing
mdt doan DNA ngoai lai. Cdc phage dudc bi€n d6i tuong tu dugc goi 1a vector thay thé
(replacement vector) va cho phép dong héa dugc doan DNA ngoai lai kich thugc 16n.

5.5. Cdc vector dong hoa khdc

Cosmid 1a céc vector két hdp dudc cic uu diém ciia plasmid va phage L. Pay la
phan t& plasmid trong d6 c6 gin vi tri cos clia phage A cho phép plasmid tdi t8 hop c6
thé dugc dua vao trong phan ti phage A. Nhd vdy, plasmid tdi t hdp dugc chuyén vao
t€ bao mot cach hitu hiéu hon bing cd ché tii nap so vdi bi€n nap nhung lai c6 thé dugc
luu gift bén hon trong phan ti¥ phage.

Dv 4n bd gen ngudi (Human Genome Project) nhim 14p ban dd va gidi trinh tu
toan bd bd gen con ngudi da gép phan thiét 1ap dugc modt vector mdi goi 12 nhiém sic
thé nhin tao nAm men (yeast artificial chromosome, YAC). Vector nay cé kich thudc
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khodng 10kb, c6 thé mang doan DNA c6 kich thudc 200 — 800kb va dudc thi€t k& sao
cho c6 thé sao chép nhu mot nhiém sic thé binh thudng cia nAm men.

Thuc khuén thé M13 c¢6 bo gen mach don c6 thé dugc gin cdc trinh ty nhan biét
gidi han d€ tr§ thanh mot vector ding d€ gidi trinh ty DNA theo phuong phip cia
Sanger.

5.6. T¢ bao chii

E. coli 1a vi sinh vat dugc dung 1am t&€ bao chii phd bi€n nhit trong k¥ thuat tdi t&
hgp gen. Tuy nhién, dic tinh 1a mdt vi sinh vat gdy bénh c¢d h6i 6 ngudi va khong cé kha
ning ti€t enzyme ra ngoai moi trudng giy khé khiin cho qud trinh tinh ché cdc protein
tdi t6 hgp 1a nhitng nhugc di€m cho viéc st dung vi khudn nay trong sin xudt cong
nghiép.

Bacillus subtilis 12 vi khuin gram duong, khong giy bénh, khong tao noi doc to,
ti€t protein vao mdi trudng. Cac vector dong hda va qui trinh bi€n nap hitu hiéu ciing da
dugc thi€t 1ap trén d6i tugng nay. Tuy nhién, loai prokaryote c6 modt s6 nhugc di€m
quan trong nhu plasmid khong 6n dinh trong t€ bao chd nén nguy co mat gen tdi td hdp
trong t€ bao chl ndy cao. Do vay, loai nay chua 12 mot t€ bao chii hoan hdo cho céc tng
dung trong cong nghiép.

Niam men Saccharomyces cerevisiae 12 t€ bao eukaryote dugc nghién citu di
truyén k§ nhat. Do vy, nAm men nay ciing dudc nghién cttu st dung lam t&€ bio chi dé
thé hién gen eukaryote. Cic virdt dong vat nhu SV40, retrovirus... duge ding d€ dong
héa gen vao t&€ bao hitu nhil. Trong trudng hop nay, chiing sit nhip bd gen clia minh
cling v6i DNA t4i t§ hgp vao bod gen clia t€ bao chi.

5.7. Tuyén chon dong muc tiéu

Sau khi da thi€t 1ap dugc ngan hang DNA, cin tim dong t&€ bao chii muc tiéu
chita gen quan tam.

Né&u gen nay dugc thé hién trong t€ bao chii 1a vi khuidn tao thanh sin phim
protein thi c¢6 thé dudc phdt hién bing mot trong cic cdch nhu sau: (1) diung phudng
phap lai (Western blotting, Immunoblotting) dua trén mot khang thé dic hiéu vdi sin
phidm protein clia gen; (2) do dac hoat tinh cla protein néu 13 enzyme; (3) bo tr¢ cho
mdot dot bi€n khuyét & t&€ bao chili (trudng hgp gen ngoai lai 13 ddng dang vé6i gen clia t&
bao chu).

Trudng hop gen ngoai lai khong dugc thé hién trong t€ bao chi, ngudi ta dung
phuong phap lai khudn lac (colony hybridization) d€ phdt hién gen muc tiéu. Trong
trudng hop nay, can phdi tao mot miu do (probe) 12 mdt doan DNA ngin ¢6 trinh tu da
bi&t bl trlr v6i mot phin clia gen muc tiéu. Pdnh ddu mAu do biing phéng xa hoic khong
phéng xa. P& chon loc dong muc tiéu, ngudi ta tao ra cidc ban sao & dang cdc khudn lac
clia ciac dong t€ bao chd trén bé mit hop mdi trudng, dung gidi t& bao dé phdi tran
DNA. Sau d6, DNA nay dudc lai v6i mau do dé tim khuin lac chita DNA lai dudc véi
mau do (Hinh 4.50).
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5.8. Vector biéu hién (expression vector)

Trong nhiéu trudng hdp, muc dich clia dong héa gen la nhim d€ tdng hdp protein
t4i td hgp vdi s6 lugng 16n. Néu gen ma héa protein nay khdng c6 ciing ngudn goc vdi t&
bao chi, thi gen khong dugc thé hién. Trong trudng hdp ndy, can dung dén vector thé
hién (expression vector) 1a vector dudc thi€t k& sao cho gen ngoai lai dugc gdn vao
vector va ¢6 thé dugc diéu hoa bdi hé thdng cia t&€ bao chd, tic 13 gen dudc dit dudi su
kiém sodt cia mdt promoter dugc nhan dién bdi RNA polymerase clia t€ bao chii. P& tdi
wu héa su sinh tdng hgp protein hay thé hién clia gen, vector thé hién cAn hién dién
nhiéu ban sao trong t& bao, gen ngoai lai ciAn dugc gin dudi modt promoter manh cé 4i
luc cao v6i RNA polymerase clia t& bao chd, vi tri gin cho phép tao dugc mRNA c¢6
khung dich mi ding vd mRNA tao thanh can dudc dich ma mot cach hitu hiéu.

Sy thé hién ctia mot gen c6 thé dugce ki€m sodt bing cdch dit dudi mot hé thong
diéu hoa tit md (regulatory switch) nhu lac, trp hoic tc ché lamda. Trong trudng hdp
ndy, gen ngoai lai chi dudc thé hién khi moi trudng nudi ciy t&€ bao chii dudc chuyén vé
nhitng di€u kién thich hgp.

5.9. Tong hop héa hoc oligonucleotide

Ngay nay, vé mit k§ thuit cé thé tdng hdp héa hoc dudc nhitng doan DNA ngin
(30 — 35 base). Qui trinh dién hinh d€ tdng hdp ciac doan DNA nay 13 gin nucleotide dau
tién 1én mot gid thé rin c6 16, sau d6 tudn tw gin vio cic nucleotide ti€p theo. Mach
DNA sé& dudc kéo dai ra khdi cic 16. C4c doan DNA tdng hgp nay duge ding cho nghién
citu va trong cdng nghé di truyén (Hinh 4.51).
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Hinh 4.51 Téng hgp héa hoc mét trinh ty
oligonucleotide biing qui trinh pha rin

FIGURE 10.10 Solid-phase procedure for synthesis of a
DNA fragment of defined sequence. Chemical synthesis pro-
ceeds by adding one nucleotide at a time to the growing chain.
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5.10. Khuéch dai ban sao DNA bdang ky thugt PCR

Trong mdt s6 &ng dung vé cong nghé di truyén, cin st dung mot lugng 16n cic
trinh ty DNA chuyén biét. Phdn tng chudi polymerase PCR (polymerase chain reaction)
cho phép nhén s lugng ban sao cia mot doan DNA 1&n 10° 1dn. Phin tng bao gdm cdc
chu ky ldp lai ctia cdc bugc nhu: (1) dun néng DNA dé€ tao mach don; (2) 1am ngudi, b6
sung primer (doan DNA ngin c6 trinh ty bd sung v6i hai ddu cla doan DNA can nhin
ban); (3) kéo dai primer dua vao khuén DNA nhd su xdc tic cia enzyme Tag DNA
polymerase. Sau d6 mdt chu ki mdi gdm ba budc nhu trén lai dugc lip lai (Hinh 4.52).
DNA polymerase dugc st dung cAn phdi c6 tinh bén nhiét, chiu dugc nhiét do clia budc
(1). Do vay ngudn enzyme tif vi khudn wa nhiét Thermus aquaticus 13 Tag DNA
polymerase thudng dugc dung cho phdn tng nay. Mdi chu ky sé lam ting gip doi s6
lugng ban sao cia DNA ban dau. Phan tng PCR dugc két hdp v6i qui trinh dinh van tay
DNA (DNA fingerprinting) cho phép nhin dién dudc modt doan DNA nhit dinh c6 s6
lugng rat nhd.
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Hinh 4.52 Phan ting PCR d€ khué&ch dai ban sao DNA

5.11. Dong héa va biéu hién gen ciia t&¢ bao nhén thét trong vi khudn

Khi cdn dong héa va thé hién gen clia sinh vat nhan that trong t& bao E. coli, can
phdi xem xét nhitng khac biét cia sy bi€u hién gen clia hai hé thong.

Té& bao eukaryote chita nhiéu DNA hon vi khuan trong @6 mdt bd phan 16n 1a cic
trinh ty 13p lai khong mang ma. Ngoai ra, gen con chira cdc trinh tw khong mang ma bén
trong gen dugc goi la intron (xen 14n vdi trinh ty mang mi 14 exon) cAn dugc cit khdi
tién mRNA (mRNA sd cAp) khi mRNA nay di ra khdi nhian vao t&€ bao chat (qud trinh
ché& bi€n mRNA).
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Do viy, thong thudng, d€ dong héa va thé hién gen cda t€ bao nhan that, ngudi
ta thi€t 1dp ngan hang DNA bu trit (complementary DNA, cDNA, library) thay cho ngin
hang DNA bd gen. Trong trudng hgp nay, mRNA dudc trich ly va thu nhan tr cd quan,
md, t€ bao, sau d6 cDNA dugc tao thanh biing phdn tng phién ma ngugc dugc xtc tdc
bdi enzyme reverse transcriptase (RTase).

Viéc nhian dién mdt phian t mRNA nhat dinh dugc thuc hién biing phdn ¢ng lai
phan t& si dung miu do. Miu do DNA nay dugc tdng hop héa hoc dua trén thong tin
bié't dugc tir trinh ty amino acid cla protein tao bdi mRNA. St dung bdn mi di truyén, tir
mdt trinh ty amino acid c6 thé thi€t 1Ap dudc trinh tu nucleotide twong wng. Miu do nay
dugc ddnh dau va ding d€ nhin dién phan tf mRNA tuong ¥ng sau khi tdng cdc phan ti¥
mRNA tlf ¢d quan, md, t& bao dugc tich ra theo kich thu6c biing dién di trén thach
agarose.

Mot phuong phéap cé thé ding d€ lam giau phan tf mRNA muc tiéu l1a bS sung
khdng thé chuyén biét vdi protein md héa bdi mRNA vao hé théng polysome. Trén
polysome c¢6 chita mRNA muc tiéu, phan t protein dugc téng hgp sé tuong tic véi
khang thé tao thanh tda trong d6 c6 chita cd mRNA.

D€ thé hién mdt gen cla eukaryote trong t&€ bao prokaryote, gen nay dugc gin
dudi mot promoter manh va cAn c6 mot trinh ty gin cda ribosome vi khudn. Mot phuong
phap khdc 1a gin gen cia eukaryote dung hgp véi mot gen ciia prokaryote dé thé hién
thanh mot protein dung hdp (fusion protein), trong d6 protein clia eukaryote dugc gin
vao sau mot trinh ty amino acid ciia protein t&€ bao prokaryote. Sau d6, phan polypeptide
clia prokaryote dudc loai khdi protein tao thanh protein eukaryote thuan.

5.12. Tao djt bién diém (site-directed mutagenesis)

K§ thuat di truyén c6 dnh hudng quan trong ddi v6i cd sinh hoc co bdn va ting
dung. Mot dnh hudng quan trong trong nghién citu ¢é ban la linh vuc nghién ctu di
truyén hoc.

Ngiay nay, cdc nha di tuyrén hoc vi khudn c6 thé bi€n d6i trinh tv nucleotide mot
cach chuyén biét bing dot bi€n diém (site-directed mutagenesis). Ngudi ta tdng hgp mot
doan oligonucleotide ngin c6é chda trinh ty dugc bi€n ddi mot base. Trong phan dng in
vitro, oligonucleotide nay s& bit cip vdi doan tuong dong trén mach don clia gen ban
ddu. St dung DNA polymerase, ngudi ta c6 thé kéo dai oligonucleotide nay dua trén
trinh ty cda gen ban diu thinh mot phian tf DNA mach kép. Gen nay sau dé dudc gin
vao mot vector thé hién va dugc dua vio t&€ bao chi. Nhu vay, co thé thuc hién su thay
th&€ mot amino acid chuyén biét trén phan t protein (Hinh 4.53).

Céc thi nghiém dot bi€n di€m dugc diung d€ ki€m tra bing thuc nghiém céc gid
thi€t vé mdi quan hé giita ciu tric bac mot voi chifc ning clia phan ti protein.

Mot phuong phdp dé tao dot bi€n khic 1a dot bi€n hop (cassette mutagenesis).
Trong trudng hdp nay, mot doan DNA (cassette) trén gen ban dau dudc 14y ra khéi gen
va thay biing mdt doan tuong ng chita DNA tdng hgp va dugc thay d6i mdt hodc vai
cdp base (Hinh 4.54).
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Ngudi ta ciing ti€n hanh thay thé doan DNA trong gen ban dau biing mot doan c6
tinh khdng khang sinh, dudc goi 1a dot bi€n pha v3 gen (gen disruption). Khi d6 thé dot
bié€n sé& trd nén khang khang sinh nhung lai khong thé hién ki€u hinh clia gen da bi pha
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5.13. Ung dung thuc tiién ciia ky thudt di truyén

Ky thuit di truyén md ra kha ning to 16n d€ cai thién cdc qua trinh c6 y nghia
kinh t& va trong diéu tri bénh. Y hoc, ndng nghiép, cong nghiép déu c6 thé c6 nhirng
ting dung quan trong cda k¥ thuat dong héa va thé hién gen. Ngoai ra, ky thuit gen gép
phan thic ddy manh mé& cic nghién citu di truyén hoc & sinh vt bic cao va la cong cu
hiing manh d€ nghién cttu cd ban vé di truyén vi sinh vat.

Nhitng linh vyc ¢ng dung thuc tién chinh ciia ky thudt tdi t8 hop gen la: (1) sdn
Xudt nhitng sin phim trao d6i chit clia vi sinh vat, vi du nhu khidng sinh; (2) sdn xuit
vicxin phong chdng virus; (3) san xuit protein clia dong vat hitu nhil; (4) tao ra cédc thuc
vat, dong vat chuyén gen; (5) phan lap va tng dung ngudn gen vi sinh trong xt 1y moi
trudng; (6) tao cdc thudc diéu hoa sy thé hién cla gen; (7) li€u phap gen chira tri cdc
bénh di truyén.

o) ddng vat hitu nhil, nhiéu protein c6 gid tri y hoc chi dudc téng hdp vdi s luong
nhd, khé cé thé thu nhan, tinh ch€ va tng dung trong thuc t€. Viéc dong héa cic gen
tuong ng va thé hién gen nay trong hé thong vi khuin cho phép tdng hgp dudc cic
protein ndy véi sd lugng 16n. Vi du nhu insulin, hormon ting trudng, hormon tuyé&n cin
gidp, nhin t6 ting trudng xuong, cdc chit chong ung thu, chit diéu ti€t mién dich,
vicxin (Hinh 4.55)...

Ky thuat di truyén dugc tng dung d€ tao ra cic cidy khdng bénh, cdi thién chat
lugng sdn pham, tao cdc sadn pham cda ciy diing 1am ngudn chita protein t4i td hdp hoic
¢6 hiéu luc vdcxin. Vector dong héa thudng duge dung & hé thong thyc vat 1a plasmid Ti
cia vi khudn Agrobacterium tumefaciens, c6 kha ning chuyén gen ngoai lai vao thuc vat
(Hinh 4.56).

5.14. Tong hop cdc nguyén tdc cdn bdn ciia ky thudt di truyén

Nhitng nguyén tic sau diy can thi€t cho sy phat trién clia di truyén hoc (Hinh
4.57):

- H6a hoc DNA: thi€t 1ap cdc qui trinh ly trich, gidi trinh ty va tdng hgp DNA.

- Enzyme hoc DNA: phét hién enzyme cit gidi han, ligase va DNA polymerase.

- Sao chép DNA: hi€u dudc cd ché sao chép DNA va tim quan trong clia cic
vector DNA ¢6 kha niang sao chép doc lap.

- Plasmid va giao nap: phat hién plasmid, hi€u co ché& sao chép clia plasmid va co
ch€ truyén plasmid tir t& bao cho sang t€ bao nhan.

- Phage 6n hoa: hi€u dudc co ché sao chép va sit nhip cia phage 6n hoa trong t&
bao chi, co ché tdi nap bdi phage.

- Bi&n nap: phat hién cdc phudng phap chuyén DNA tran vio t&€ bao.

- Héa hoc va enzyme hoc RNA: bi€t phuong phdp thao tic v6i mRNA, hiéu ciu
tric va cd ché ché& bi€n mRNA sd cAp thinh mRNA hoan chinh § t€ bao eukaryote.

- Sao chép ngugc: phat hién enzyme phién ma ngugc RTase § retrovirus, Gng
dung dé tdng hop DNA tir mRNA.

- Phién ma: bi€t cdc nhin td tham gia diéu hoa sy phién mi, phit hién promoter
va co ché diéu hoa operon.

- Dich ma: hi€u c4c budc clia qué trinh dich mi, y nghia quan trong clia sy gin
ribosome 1én mRNA, vai trd ctia ma khdi diu va y nghia cla khung doc ding.

105

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Vi sinh vdt hoc co sé

PGS.TS. Trén Linh Thudc

- H6a hoc protein: hinh thanh cdc phuong phdp ly trich, tinh ch€, thi hoat tinh va

gidi trinh ty amino acid.

- Sy ti€t protein va bi€n ddi sau dich ma: hi€u co ché€ ddnh diu protein d€ ti€t ra
khéi t&€ bao, cdc phudng thitc bi€n d6i sau dich ma khdc.
- Bo ma di truyén: 1am sdng t4 bd mi di truyén, tinh todn ning vd mot s ma
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FIGURE 10.19 Production of transge ic plants using
Agrobacterium tumefaciens. (a) Generalized plant transfection
vector containing ends of T-DNA (in red), foreign DNA (in
yellow), origin of replication elements for both E. colf and A.
tumefaciens, and spectinomycin and kanamycin resistance
markers. The kanamycin resistance marker can be selected
for in plants. (b) The vector can be put into E. coli for
dloning purposes and then transferred to A. tumefaciens by
conjugation. (¢) The resident Ti plasmid used for transfer-
ring the vector to the plant (D-Ti) is itself genetically engi-
neered to remove key pathogenesis genes. (d) However,
D-Ti can mobilize the T-DNA region of the vector for trans-
fer to plant cells grown in tissue culture. From the recombi-
nant cell, whole plants can be regenerated.
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Hinh 4.57 Téng hgp cic qui trinh nén tdng cia k¥ thuat di truyén
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