lzrazanje genov

lzrazanje genov je kombinacija procesov, ki vkljuCuje prepisovanje gena v mRNA, njeno
procesirjanje in prevajanje v protein.

Vsi geni se ne izrazajo v enaki meri v vseh celicah in pod vsemi pogoiji.

Dve vrsti genov

- vzdrzevalni geni — se konstitutivno izrazajo v priblizno enakih koli¢inah
- regulirani geni — se izrazajo kot odziv na dolocen signal
inducibilni geni — izraZanje se inducira (sprozi/poveca) kot odziv na signal

represibilni geni — izrazanje se reprimira (zmanjsa/prekine) kot odziv na signal



Izrazanje genov

TABLE 31.1 Highly expressed protein-encoding genes of the pancreas and
liver (as percentage of total mRNA pool)

Rank
1

O 0 ~I O Ul B W I

[EEEN
o

Pancreas

Procarboxypeptidase Al
Pancreatic trypsinogen 2

Chymotrypsinogen
Pancreatic trypsin 1
Elastase I11B

Protease E

Pancreatic lipase
Procarboxypeptidase B
Pancreatic amylase

Bile salt-stimulated lipase

%
7.6
5:8
4.4
St
2.4
1.9
1.9
1.4
1.7
1.4

Liver

Albumin
Apolipoprotein A-I
Apolipoprotein C-I
Apolipoprotein C-II1
ATPase 6/8
Cytochrome oxidase 3
Cytochrome oxidase 2
a-1-Antitrypsin
Cytochrome oxidase 1
Apolipoprotein E

%

3.9
2.8
Bl
2l
1.5
1.1
1.1
1.0
0.9
0.9

Sources: Data for pancreas from V. E. Velculescu, L. Zhang, B. Vogelstein, and

K. W. Kinzler, Serial analysis of gene expression, Science 270(1995):484-487. Data

for liver from T. Yamashita, S. Hashimoto, S. Kaneko, S. Nagai, N. Toyoda, T. Suzuki,
K. Kobayashi, and K. Matsushima, Comprehensive gene expression profile of a normal
human liver, Biochem. Biophys. Res. Commun. 269(2000):110-116.




Regulacija izrazanja genov

Regulatorni elementi so proteini, hormoni in metaboliti, ki ponavadi interagirajo s
promotersko regijo in regulirajo delovanje RNA polimeraze.

-35 -10 +1
Prokarionti DNA template TTGACA TATAAT
—35 region Pribnow >
box Start of
RNA
=75 -25 +1
Evkarionti DNA template GGNCAATCT TATAAA
CAAT box TATA box AN
(sometimes present) (Hogness box) Start of
RNA

Pri E. coli poznamo tri glavne tipe regulatornih elementov:
- Specifiénostni faktorji — o podenote RNA polimeraze
- Aktivatorji — pospesijo vezavo RNA-polimeraze na promoter

- Represorji — preprecujejo vezavo RNA-polimeraze na promoter



Specificnostni faktor;ji

o podenota RNA polimeraze je tista, ki prepozna promoter in omogoca vezavoholoencima
na DNA. V E. coli poznamo sedem razlicnih 6 podenot, ki prepoznajo razlicne promoterje.
Vecino promoterjev E. coli prepozna podenota ¢’°:

RNA start site
DNA -35 region -10 region l
5’ UP element TTGACA N, TATAAT N5
mRNA \ N\ /U >

Figure 28-2
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Pri toplotnem Soku c’° podenoto zamenja ¢3? podenota, ki sproZi prepisovanje genov za
proteine toplotnega Soka, ki imajo drugacen promoter:

RNA start site
DNA

5" |TNTCNCCCTTGAA | N;3_,5 | CCCCATTTA| N,

mRNA S\ U >

Y

Figure 28-3
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Specificnostni faktoriji

Holoenzyme
o subunit Kg (nm) Molecules/cell* ratio (%)* Function

s70 0.26 700 78 Housekeeping

>4 0.30 110 8 Modulation of cellular nitrogen levels

s38 4.26 <1 0 Stationary phase genes

s32 1.24 <10 0 Heat shock genes

s28 0.74 370 14 Flagella and chemotaxis genes

24 2.43 <10 0 Extracytoplasmic functions; some heat shock functions

s18 1.73 <1 0 Extracytoplasmic functions, including ferric citrate transport

Source: Adapted from Maeda, H., Fujita, N., & Ishihama, A. (2000) Nucleic. Acids Res. 28,3500.

Note: o factors are widely distributed in bacteria; the number varies from a single o factor in Mycoplasma genitalium to 63 distinct o factors in Strepto-
myces coelicolor.

*Approximate number of each o subunit per cell and the fraction of RNA polymerase holoenzyme complexed with each o subunit during exponential
growth.The numbers change as growth conditions change. The fraction of RNA polymerase complexed with each o subunit reflects both the amount of
the particular subunit and its affinity for the enzyme.

Table 26-1
Lehninger Principles of Biochemistry, Fifth Edition

© 2008 W.H. Freeman and Company



Operonski model regulacije

Regulacija izrazanja genov z aktivatorji in represorji v E. coli poteka po t.i. operonskem
modelu. SplosSna shema bakterijskega operona:

VEZAVNO mesto VEZavNno mesto  _

€Zavno mest im— = operator

za aktivator ZA represor
promotor

DNA

"
strukturni geni 1, 2, 3

regulatorni
zaporedji



Operonski model regulacije

Mozni so stirje razlicni mehanizmi uravnavanja izrazanja kot odziv na signal iz okolja:

Negative regulation Positive regulation
(bound repressor inhibits transcription) (bound activator facilitates transcription)
(a) (c) RNA polymerase
Operator i
DNA @
I vz | I /iR
Promoter
Molecular signal u
causes dissociation 4 5 >3
of regulatory protein 1 mRNA
from DNA
Signal ' '
g I I
molecule 5" >3
mRNA
(b) (d)
—_
\/ 9 A
I Vi | I /R
Molecular signal U
causes binding 5. >3’
of regulatory protein 4 4 mRNA
to DNA
5"\ \>3'
mRNA
Figure 28-4
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Motivi vezave regulatorjev na DNA

Regulatorni proteini se na DNA vezejo preko enega izmed DNA-vezavnih motivov. Ponavadi
se vezejo kot dimeri ali v obliki tandemnih ponovitev.

1. Motiv vijaCnica-zavoj-vijacnica (HTH)

DNA
A

stabilizacijska ¥
vijacnica

&

vijacnica za
prepoznavanje

obrat

vezava v veliki zleb



Motivi vezave regulatorjev na DNA

Regulatorni proteini se na DNA vezejo preko enega izmed DNA-vezavnih motivov. Ponavadi
se vezejo kot dimeri ali v obliki tandemnih ponovitev.

1. Motiv cinkovega prsta

vezava v veliki zleb



Motivi vezave regulatorjev na DNA

Regulatorni proteini se na DNA vezejo preko enega izmed DNA-vezavnih motivov. Ponavadi
se vezejo kot dimeri ali v obliki tandemnih ponovitev.

1. Motiv levcinske zadrge
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Motivi vezave regulatorjev na DNA

Regulatorni proteini se na DNA vezejo preko enega izmed DNA-vezavnih motivov. Ponavadi
se vezejo kot dimeri ali v obliki tandemnih ponovitev.

1. Motiv levcinske zadrge




Uravnavanje lac operona

. . . . Lactose Galactoside
lac operon E. coli kodira za tri proteine, potrebne za vnos Outside  Dwu—" permease
in razgradnjo glukoze v celici. ' iy, .

Lactose operon
p I plo Z y a
‘l’ Lactose
lac represor lﬁ-galactosidase
p ] p” 4 y a
A~~~ N
i mRNA Repressor bound to operator site
\l/ prevents transcription of z, y, and a
Galactose Glucose
00 ——

Figure 28-6
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Uravnavanje lac operona

. . . . Lactose Galactoside
lac operon E. coli kodira za tri proteine, potrebne za vnos Outside .\ permease
in razgradnjo glukoze v celici. T dmiiems, W

Ob prisotnosti induktorja, le-ta inaktivira lac represor in
RNApol zane prepisovati lac operon.

Lactose

lﬁ-galactosidase

p I plo z y a
NN
i mRNA lac mRNA
Y

“/ e Inducer Q O O
/

\ B-Galactosidase Permease  Transacetylase b e ot
@@ , 3
Repressor-inducer H H  HO H

complex does not H OH H OH
bind DNA Galactose Glucose
'Figure 28-6
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Uravnavanje lac operona

lac operon E. coli kodira za tri proteine, potrebne za vnos
in razgradnjo glukoze v celici.

Induktorji:
- alolaktoza
- IPTG
(o)
onA S—C—H
|
OH H CH,
H H
H OH
Isopropyl-B-p-thiogalactoside
(IPTG)

Lactose Galactoside
Outside - " permease

Lactose

lﬁ-galactosidase

H OH H OH
Galactose Glucose
Figure 28-6
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Struktura lac represorja

Operatorska regija skoraj popolnoma palindromna:

5’-...TGTGTGGAATTGTGAGC?GATAACAATTTCACACA...3’
3-...ACACACCTTAACACTCGCCTAATGTTAAAGTGTGT...5

Dimer lac represorja z operatorsko regijo interagira preko dveh motivov HTH.

Operator DNA

H-vezi med
proteinom

Arg in DNA

lac repressor
a helix



Struktura lac represorja

lac represor je veCdomenski protein. Induktor se veze med N- in C-konéno domeno in
povzroCi konformacijsko spremembo, ki onemogoci vezavo na DNA.
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Struktura lac represorja

Dejanska oblika lac represorja je tetramer (dimer dimerov).. Kot tak lahko interagira z
dvema regijama DNA hkrati. Dejansko so na lac operonu prisotne tri kopije /lac operatorja.
Represor interagira hkrati z glavnim operatorjem O1 in enim od pomoznih operatorjev 02
ali 03. Afiniteta do slednjih je nizja kot do O1.

Lac repressor ~
mRNA\ NN
I v

DNA _[P| ' QJI[ P VAUl Z 79 [ Y[A]

Figure 28-7a
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Struktura lac represorja

Tetramer lac represorja

Figure 28-7c
Lehninger Principles of Biochemistry, Fifth Edition
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Katabolna represija

Poleg lac represorja je lac operon reguliran Se z enim regulatorjem — CRP, ki se odziva na koncentracijo
glukoze v celici. V prisotnosti glukoze je neaktiven, ko pa se konc. glukoze zmanjsa, to povzroci tvorbo
cAMP, ki se veze na CRP. Kompleks CRP-cAMP se veZe na lac operon in sproZi njegovo prepisovanje.
Mehanizmu odzivanja celice na koncentracijo glukoze pravimo katabolna represija, ker je sistem v

prisotnosti glukoze inhibiran.

CRP site

Bound by RNA polymerase 5/ \_/\_/ >3’ mRNA

H I 1
DNA 5'—ATTAATGTGAGTT'AGCTCACTCATTAGGCACCCCAGGCTTTACACTTTATGCTTCCGGCTCGTATGTTGTGTGIGAATTGTGAGCGGATAACAATTITCACAC

lac promoter

Promoter
consensus sequence

Figure 28-17
Lehninger Principles of Biochemistry, Fifth Edition
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Operator

—35 region —10region
(a)
TTTACA TATGTT
—35 region —10region
TTGACA TATAAT
(b)

CRP ... cAMP receptorski protein



Katabolna represija

cAMP
CRP
Low \
glucose
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Figure 28-18
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v odsotnosti cAMP-CRP je lac
operon slabo aktiven.

Poleg lac operona CRP-cAMP regulira Se druge operone, ko kodirajo za encime za prebavo
sekundarnih sladkorjev. Vsem operonom pod kontrolo enega regulatorja recemo regulon.



Struktura CRP

Upognjena
. DNA vijacnica

interagira s 6’0

Interakcija z DNA
preko motiva HTH



trp operon

Tr . ..
rebrestor B0 Dva mehanizma regulacije:

1. trprepresor
2. atenuator v vodilnem peptidu

Attenuator

-~/ Leader (trpL) _~
W1 we [ wpo [ eopc  [Napsl

DNA |trpR|

le——Regulatory region | Regulated genes |
trmeNA A 4 A 4 v A 4 v
(low tryptophan levels)
Attenuated
mRNA

(high tryptophan levels) J/ \J \J \.» - * ol *

Anthranilate Anthranilate Tryptophan Tryptophan

synthase, synthase, synthase, synthase,

component | component II B subunit a subunit

Anthranilate -
N-(5'-Phosphoribosyl)-
synthase anihranilatpe isomerzs)e Tryptophan synthase
(I, 115) Indole-3-glycerol (@a25)
phosphate synthase
Chorismateﬂ»Anthranilate ﬂ»N-(S'-Phosphoribosyl)- —>Enol-1-o-carboxy- Ty Indole-3-glycerol L-Tryptophan
. anthranilate phenylamino- phosphate

Glutamine Glutamate PRPP PP, 1-deoxyribulose €O .

+ phosphate + Glyceraldehyde L-Serine
Pyruvate H,0 3-phosphate

Figure 28-19
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Mehanizem atenuacije

Atenuacija temelji na kotranskripcijski translaciji — takojsnjem prevajanju mRNA v protein
se med prepisovanjem DNA v RNA. Gre za mehanizem, s katerim se hitrost sinteze
proteinov regulira s konc. Trp v celici (razlika v hitrosti do 700x).

NN
T Liadar (L) Attenuator
DNA |[trpR

, I A trpE [ trpD [ trpC
l———-Regulatory region\ i

!

I Anthranilata I — - = 1 ITrunfnnhnn I ITrunfnnhnn I

Regulated genes

N T .

trp mRNA

(low tryptophan levels)
atenuacija 4 ——
mRNA

(high tryptophan levels)

Leader peptide
mRNA Met=Lys=Ala= lle =Phe=Val ~
ppPAAGUUCACGUAAAAAGGGUAUCGACAAUGAAAGCAAUUUUCGUACY, g \

-
Q%’ﬁ

1 AC} 7
WHCGAAAUGCGUACCACUUAUGUGACGGGCAAAGUCCUUCACGOGTUGGUT
Q 2 (stop)=Ser =Thr=Argf=Trp =Trp =

S‘*; 1 ?9 1 ?2
TUACCCAGCCOGCCUAAUGAGCGGGCUUUUUUUUGAACAAAAUUAGAGAAUAACAAUGCAAACA —
3 4 I Met=GIn=Thr—>

.. . .. TrpE polypeptide
Regije 2,3 in 4 lahko tvorijo Site of I
ipti nd of leader
sekundarne strukture. transcription :
attenuation region (trpl)

Figure 28-21a
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Mehanizem atenuacije

Ce je triptofana dovolj, se vodilni peptid hitro prepige, nastane atenuacijska zanka 3,4 in

transkripcija se konca.

Completed
leader peptide

MKAIF ,/( Ribosome

Trp codons

\i

Attenuator
( >7 structure

4 RNA
polymerase

—uuuu 3’

trpL

AGAUII\CC
110
3:4 Pair
(attenuator)

/ DNA

When tryptophan levels are high, the ribosome quickly translates sequence 1
(open reading frame encoding leader peptide) and blocks sequence 2 before
sequence 3 is transcribed. Continued transcription leads to attenuation at the

terminator-like attenuator structure formed by sequences 3 and 4.

Figure 28-21b part 1
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Mehanizem atenuacije

Ce triptofana ni dovolj, se ribosom zaustavi na dveh zaporednih kodonih za Trp. Vzpostavi se
zanka 2,3 (ki ni atenuator) in RNA polimeraza nadaljuje s prepisovanjem genov za sintezo Trp.

Incomplete
leader peptide
“ 9,
4\&( 2 3
5 1 fé\ : trp-regulated genes
4
trpL
- pe

When tryptophan levels are low, the ribosome pauses at the Trp codons in
sequence 1. Formation of the paired structure between sequences 2 and 3
prevents attenuation, because sequence 3 is no longer available to form the
attenuator structure with sequence 4. The 2:3 structure, unlike the 3:4
attenuator, does not prevent transcription.

Figure 28-21b part 2
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