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TpaHCKpUNLMA = 3Kcnpeccus reHa
TpacHKpuUnuuua+TpaHcaauua=3Kcnpeccma 6enka
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Figure 6-2 The pathway from DNA to
protein. The flow of genetic information
from DMNA to RNA (transcription) and
from RNA to protein (translation) occurs
in all living cells.
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Crapum:
1. UHnupmauma
2. DN0OHrauma

Pol
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movement

RNA POLYMERASE

Rewinding Unwinding

of DNA

MBI BAIDBA

Nucleotide being added
to the 3’ end of the RNA

strand

RNA-DNA
hybrid region

Figure 6-9 Transcription of two genes as
observed under the electron
microscope. The micrograph shows
many molecules of RNA polymerase
simultaneously transcribing each of two
adjacent genes. Molecules of RNA
polymerase are visible as a series of dots
along the DNA with the newly
synthesized transcripts (fine threads)

attached to them. The RNA molecules
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cess of transcription again.

TpaHCKpUNUMA y NpoKapuoT

o factor

RMA ;:Q:Iymerase

promoter
Pl
-
-

'ftl,-'"

RMA

Figure 6-11 The transcription cycle of
bacterial RNA polymerase. In step 1, the
RNA polymerase holoenzyme
(polymerase core enzyme plus o factor)
assembles and then locates a promoter
(see Figure 6-12). The polymerase
unwinds the DNA at the position at
which transcription is to begin (step 2)
and begins transcribing (step 3). This
initial RMA synthesis (sometimes called
"abortive initiation™) is relatively
inefficient. However, once RMA
polymerase has managed to synthesize
about 10 nucleatides of RNA, it breaks its
interactions with the promoter DNA and
weakens, and eventually breaks, its
interaction with o. The polymerase now
shifts to the elongation mode of RNA
synthesis (step 4), moving rightward
along the DNA in this diagram. During
the elongation mode (step 5),
transcription is highly processive, with
the polymerase leaving the DNA
template and releasing the newly
transcribed RNA only when it encounters
a termination signal (steps & and 7).
Termination signals are typically encoded
in DMA, and many function by forming an
RMA structure that destabilizes the
polymerase’s hold on the RMA (step 7). In
bacteria, all RNA molecules are
synthesized by a single type of RNA
polymerase and the cycle depicted in the
figure therefore applies to the production
of mRMAs as well as structural and
catalytic RMAs. (Adapted from a figure
courtesy of Robert Landick.)
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Figure 6-12 Consensus sequence for the
major class of E. coli promoters. (A] The
promoters are characterized by two
hexameric DNA sequences, the -35
sequence and the -10 sequence named
for their approximate location relative to
the start point of transcription
(designated +1). For convenience, the
nucleotide sequence of a single strand of
DNA is shown; in reality the RNA
polymerase recognizes the promoter as
double-stranded DNA. On the basis of a
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Figure 6-14 Directions of transcription
along a short portion of a bacterial
chromosome. Some genes are transcribed
using ane DNA strand as a template, while
others are transcribed using the other
DNA strand. The direction of transcription
is determined by the promoter at the
beginning of each gene (green
arrowheads). This diagram shows
approximately 0.2% (9000 base pairs) of
the £ coli chramosome. The genes
transcribed from left to right use the
bottom DNA strand as the template; those
transcribed from right to left use the top
strand as the template.
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Nonnmepasbl syKapuoT

Table 6-2 The Three RNA Polymerases in Eucaryotic Cells

RNA polymerase | 5.85, 185, and 285 rRNA genes

RNA polymerase |l all protein-coding genes, plus snoRNA genes, miRNA
genes, siRNA genes, and most snRNA genes

RNA polymerase lII tRNA genes, 55 rRNA genes, some snRNA genes
and genes for other small RNAs

The rRNAs are named according to their "5" values, which refer to their rate of sedimentation in an
ultracentrifuge. The larger the 5 value, the larger the rRNA.



TouKa cTapTa TPAaHCKPUNLUUU Y 3YKapnoT

Eukaryote promoter Transcribed sequence
Transcription

Open reading frame

i gt 5 9
transcription — i i
start point —

- -
BTG Sto
35 -30 r 430 J; 2 :L J; P
i = = -
BRE TATA INR DPE / l \
5 3
——CART—GGGCGG—— TATARAR
+1
general
element s transcription Tamiis Ui 2013
sequence factor
BRE GICGICGIACGCC TFIIB
TATA TATANTAANT Tep KoHCeHCcyCHble nocief0BaTeNbHOCTU NPOMOTOPOB SYKapMOT.
INR T CT A N T/A CT OT TFIID Ana mHormx PHK-nonmmepas |l B TOuKe Hayana TpaHCKpMNuum
DPE AGGATCGTG TEID NPUCYTCTBYIOT 2-3u3 AaHHbIX 4 I'IOCJ'Ie,CI,OBaTeJ'IbHOCTeﬁ.

*N-ntoboi, **munun/vnu c paBHo BEPOATHOCTbIO

Table 6-3 The General Transcription Factors Needed for Transcription Initiation by Eucaryotic RNA Polymerase Il

TFID
TBP subunit 1
TAF subunits ~11
TFIIB 1
TFIIF 3
TFIIE 2
TFIIH 9

TFID is composed of TBF and ~11 additional

recognizes TATA box
recognizes other DNA sequences near the transcription start point; regulates DNA-binding
by TBP

recognizes BRE element in promoters; accurately positions RMA polymerase at the start site
of transcription

stabilizes RMA polymerase interaction with TBP and TFIIB; helps attract TFIIE and TFIIH
attracts and regulates TFIIH

unwinds DNA at the transcription start point, phosphorylates Ser5 of the RNA polymerase
CTD; releases RMA polymerase from the promoter

subunits called TAFs (TEP-associated factors); CTD, C-terminal demain.



UHuumauma tpaHckpunuuu PHK-nonnmepasoun Il y sykapmort

start of transcription

r activator protein Figure 6-19 Transcription initiation by TATAbox [
RNA polymerase Il in a eucaryotic cell.
— s E Transcription initiation in vivo requires (A)
TATA box — the presence of transcriptional activator lr—<— -
enhancer start of . ! .
{binding site for BINDING OF transcription proteins. As described in Chapter 7, these
activator protein) GEMERAL TRANSCRIPTION proteins bind to specific short sequences R TBF  TFID
FACTORS, RNA POLYMERASE, MEDIATOR, in DNA. Although only one is shown here, -
CHROMATIN REMODELING COMPLEXES, a typical eucaryotic gene has many EEE— |

AND HISTONE MODIFYING ENZYMES activator proteins, which together (B)

determine its rate and pattern of
i transcription. Sometimes acting from a . .
chromatin d|s_tanFe -?f several thousand nucleotide "y
remodeling pairs (indicated by the dashed DNA

complex muolecule), these gene regulatory _
{ proteins help RMA polymerase, the
general transcription factors, and the
mediator all to assemble at the promoter. 1D
In addition, activators attract ATP- o TRIF _other factors
dependent chromatin remodeling ™
\ complexes and histone acetylases. ' ——d— " —
histone-modifying As discussed in Chapter 4, the “default” TEIE
enzyme state of chromatin is probably the 30-nm
filament (see Figure 4-22), and this is .
TRANSCRIPTION BEGINS likely to be a form of DNA upon which
transcription is initiated. For simplicity, it TFIH
is not shown in the figure. RMA polymerase II
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l mediator —___
'

A S

LR

s
(D)

UTF, ATP HELICASE ACTIVITY
CTR, GTP AND CTD
PHOSPHORYLATION

DISASSEMELY OF MOST
GEMERAL TRANSCRIPTION

FACTORS
-
e————————— S -
(E) P P 4
l RMA

TRANSCRIPTION



9P PeKTUBHOCTb TPAHCKPUNLUN

Luc-perynatopHbie 3n1eMeHTbl
JHXaHcepbl

CanneHcepbl

UHcynatopbl

Enhancer region

Transcription

Mediator

I—l—I GTFs
-1 Pol Il +1
nucleosome nucleosome

Promoter architecture

* Competitive PIC and N/ o/
nucleosome assembly TATA-box
¢ Higher Mediator =

influence Hot nucleosome
Lower occupancy

* Cooperative PIC and

nucleosome assembly _@ TATA-like
* Lower Mediator elegent

influence

TpaHcKpunuuoHHble ¢pakTopbl (TF)
NOCTPaHAALUNOHHbIE MOAMPUKALUM

TpaHCKPUNUUOHHbIA KOMNEKC

Activators

These proteins bind to genes

at sites known as enhancers Repressors

and speed the rate These proteins bind

of transcription. to selected sets of genes

at sites known as silencers
and thus slow transcription.
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/N |

TATAbox ‘
Coactivators Core promoter
These “adapter” molecules
integrate signals from activators
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Basal transcription factors

In response to injunctions from
activators, these factors position
RNA polymerase at the start of
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«KanuposaHue» PHK

5" end of nascent RNA transcript
5" end of

5' 3 i )
7-methylguanosine primary transcript
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MpoueccuHr 3’-koHua mPHK. NMNoaunA

10-30 nucleotides % 30 nucleotides
I 1 |
LAAUAAA  cA GU-rich or Urrich
l CLEAVAGE
TAAUAAAIe oM | GU-rich or U-rich
1
|
J degraded in
the nucleus
Poly-A
ADDITION

|
AAUAMA CAAMMA-------A O

~250

Figure 6-37 Consensus nucleotide
sequences that direct cleavage and
polyadenylation to form the 3" end of a
eucaryotic mRNA. These sequences are
encoded in the genome; specific proteins
recognize them after they are transcribed
into RNA. The hexamer AAUAAA is bound
by CPSF, the GU-rich element beyond the
cleavage site is bound by CstF (see Figure
6-38), and the CA sequence is bound by
a third factor required for the cleavage
step. Like other consensus nucleotide
sequences discussed in this chapter (see
Figure 6-12), the sequences shown in the
figure represent a variety of individual
cleavage and polyadenylation signals.
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CnnancmHr mPHK ayKapuoTt
9K30HbI: 150-200 bp
NHTOpHBLbI: 40-1000 bp
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CaunTbl CNN1IAUCHUHIa B MUHTPOHAX

Figure 6-27 The consensus nucleotide
sequences in an RNA molecule that
signal the beginning and the end of
most introns in humans. The three

sequences required for intron removal blocks of nucleotide sequences shown are
| \ required to remove an intron sequence.
— Here A, G, U, and C are the standard RNA
5/ ! ! ! ! 3 nucleotides; R stands for purines (A or
portion of a G); and Y stands for pyrimidines (C or U).
== T AGGURAGU = =) \== YURAC = =YYYYYYYYNCAGG=== primary transcript  The A highlighted in red forms the branch
i \ / i point of the lariat produced by splicing (see

exon 1 intron ex{illn 2 Figure 6-25). Only the GU at the start of the
intron and the AG at its end are invariant
INTRON REMOVED nucleotides in the splicing cansensus
sequences. Several different nuclectides
can occupy the remaining positions,

5 3 . although the indicated nuclectides are
. __AGlg--_ portion of preferred. The distances along the RNA
mRNA between the three splicing consensus
exon1 exon2 sequences are highly variable; however,

the distance between the branch point and
3’ splice junction is typically much shorter
than that between the 5 splice junction
and the branch point.

KoHceHcycHble nocsiegoBaTenbHOCTU Mmonekynbl PHK, mapkupyrouwme Hayano u KoHeu, UHTPOHOB.
R — nypuH (puRines) Y — nupumunanH (pYrimidines) A — TouKa BeTBAeHUA ans GOPMUPOBAHUA NETAU
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leHeTUUYECKUM Kop,

UUU = Phe F| | UCU = Ser S U
UUC =+ Phe F UCC = Ser S C
UUA = Leu L UCA =* Ser S A
UUG ** Lleu L| | UCG =* Ser 5 G
CUU =» Lleu L CCU =» Pro P ‘R
CUC=leu L] | CCC=»Pro P | ¢
CUA =»leu L | CCA=Pro P | A
CUG ™* Leu L CCG = Pro P | G
AUU =+ lle I| | ACU =+ Thr 1 U
AUC = lle I ACC = Thr 1 c
AUA = lle 1|  ACA = Thr 7 A
AUG = Met 1 ACG =» Thr 1 G
GUU = Val V GCU = Ala A U
GUC = Val v GCC = Ala A | C
GUA = Val v GCA = Ala A A
GUG =+ Val v GCG = Ala A G
transhation start codon hydrophobic amino acids . negatively charged amino acids cystene

hydrophilic non-charged .
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PekorHmumsa — nogrotoska aMmmMHOKUCAOT

amino acid
(tryptnphan)\'? o Il-[ o H

& 4 | &
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Lo B by g b 2
i > 4 THa 2
C C C
H tH eH
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H H H
ATP AMP 2P,
; : ) A C 3¥A C CVY
A C C linkage of amino acid tRNA binds to its ” "I |||base—pairing
tRNA synthetase DL codon in RNA U 6 G

(tryptophanyl 5 ¥
tRNA synthetase) mRMNA

NET RESULT: AMINO ACID IS
SELECTED BY ITS CODON

Figure 6-56 The genetic code is translated by means of two adaptors that act one after another. The first adaptor is the aminoacyl-tRNA
synthetase, which couples a particular amino acid fo its corresponding tRNA; the second adaptor is the tRNA moalecule itself, whose anticodon
forms base pairs with the appropriate codon on the mRNA. An error in either step would cause the wrong amino acid to be incorporated into a
protein chain (Movie 6.6). In the sequence of events shown, the amino acid tryptophan (Trp) is selected by the codon UGG on the mRNA.
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OcobeHHOCTU TPpaAHCAALUN Y NPO- U SYKapUOT

messenger RNA Figure 6-73 A polyribosome. (A) Schematic
ey (MRNA) drawing showing how a series of ribosomes
can simultaneously translate the same
eukaryotic mBNA molecule. (B) Electron

5 cap M micrograph of a polyribosome from a
| 2 eukaryotic cell (Movie 6.10). (B, courtesy
elF4E 7 2, of John Heuser)
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