JIK1

Llenn n 3apa4um KnetoyHom bUoTeXHOornN.
[eHHaA N KNeToYyHaa UHXKeHepus.
Buonormyeckmne cuctemol, UCNONAb3yeMbIe B
KNneToyHon bnotexHosnormm. OcobeHHOoCTH
TPAHCKPUNLUMU U TPAHCALUKN Y NMPO- U
3YKapUOTUYECKNX OPraHN3MOB, UX
perynsauus.



bunotexHonormna — nccnegosaHme U NCNONb30BaHUE brnonormyeckmnx npoueccos,
HKNBbIX OPraHN3MOB, KNIETOK N KNETOYHbIX KOMMNOHEHTOB (B TOM YUcne
Hanpasi1eHHOE UX M3M€H€HM€) ANA pa3pa60TK|/| HOBbIX TEXHO/I0TUI (peanm3au,w/|
rlpou,eccos) U noayvyeHnAa NpoaykToB ANA HyX 4 YesnoBeEKa.

KnetouHasa 6uortexHonorums - TEXHONOINA, peain3yeman B pe3ysibtaTte
ME:]HI/II'IW'IFILI,MVI C OTAENbHbIMU KNNETKAMMN.

[1Ba YPOBHS KNETOYHOM BUOTEXHONOMUMU:

KnetouHaa MHXXeHepua — MaHUNyAALNA C KNEeTKaMU M opraHennamu. Metoapl
BEAEHUA KYNbTYP KNETOK A5 NONYYEHUS HOBbIX Ba*KHbIX POPM U IMHUINA pacTEHUIN
N }KUBOTHBbIX (YCTOMUYMBOCTb, NPOAYKTUBHOCTb U KAY€CTBO) PAa3MHOXEHUE LLEHHbIX
reHOTUNOB, NOJyYeHUE LEHHbIX BUOIOrMYECKMX NPenapaToB NULLEBOTO,
KOPMOBOIO U MEAULIMHCKOIO Ha3HaYeHMUA.

[eHHaA UHXKeHepua — ueneHanpasjieHHoe uameHeHme reHotTumna C uenbro
noayvyeHumAa 3apaHee 3a4aHHbIX CBOWCTB. I'Ionyqume TPAHCIreéHHbIX OPraHM3mosB C
HOBbIMUN UTN YCUNEHHBIMHU CBOWCTBaMU U NMPU3HaKaMMU.

MaHVII'IyJ'IFILI,MI/I CreHeETU4eCKUM MaTeEPNAZIOM K/TIETKU - TEHETUYHECKAA TpaHchopmauus.

[MepeHocC Yy»KepoaHbIX FeHOB 1 APYrMX MaTepuanbHbIX HOCUTENIEN HAacNeaCTBEHHOCTH
B K/IETKU PaCTEHUMN, }KUBOTHbIX, MUKPOOPraHNM3MOB.
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TpaHCKpuNuUA — 3Kcnpeccua reHa
TpacHKpunuuua+TpaHcaauma=Kkcnpeccma 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 RMNA to protein (translation) occurs
in all living cells.
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TpaHcKpunuuA

Polymerase
movement

RNA POLYMERASE

Rewinding
of DNA

Unwinding

Nucleotide being added
to the 3’ end of the RNA

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
1um A A RG] DA AN ARmnanm el b s s ian DA




TpaHCcKpuNUMA y NPOKapMUoT

cess of transcription again.

RNA

o factor
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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 RNA synthesis (sometimes called
"abortive initiation”) is relatively
inefficient. However, once RNA
polymerase has managed to synthesize
about 10 nucleotides of RNA, it breaks its
interactions with the promoter DNA and
weakens, and eventually breaks, its
interaction with . 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 6 and 7).
Termination signals are typically encoded
in DNA, and many function by forming an
RMNA structure that destabilizes the
polymerase’s hold on the RNA (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 mRNAs as well as structural and
catalytic RNAs. (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 E. coli chromosome. The genes
g 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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Table 6-2 The Three RNA Polymerases in Eucaryotic Cells

RNA polymerase | 5.85, 185, and 285 rRNA genes

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

RNA polymerase lli 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 TPAHCKPUNLUKU Y SYKapUOT
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.

transcription

1
start point i
i __PHK
=35 =30 r +30 ;'-"W—_J l—-——--- J
T - - CAAT TATA |
BRE TATA INR DPE
Craprogan
OvsercraeHHa 32 OnpegenAer mecTo- TOMKE MOWET
general nepsoHayansHoe nofoweHre BMATE Ha 43CTOTY
A CONSENsUS transeription CBA3LIBAHWE CTAapTOBOH TOYKH WMHULHALAM
sequence factEr
BRE GICGICGACGCC TFIIB
TATA TATAATAAT TER KoHCeHCyCHble nocne[0BaTeNbHOCTU NPOMOTOPOB SYKApPMOT.
INR T CT AN T/A CT OT TFIID Ana mHormx PHK-nonmmepas |l B TOuKe Hayana TpaHCKpMNLUUm
DPE AGGATCGTG TFIID NPUCYTCTBYIOT 2-3 U3 AaHHbIX 4 nocnegoBaTeNbHOCTEN.

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

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

TFID
TBP subunit 1 recognizes TATA box
TAF subunits ~11 recognizes other DNA sequences near the transcription start point; regulates DNA-binding
by TBP
TFIB 1 recognizes BRE element in promoters; accurately positions RNA polymerase at the start site
of transcription
TFIIF 3 stabilizes RMA polymerase interaction with TBP and TFIIB; helps attract TFIIE and TFIIH
TFIIE 2 attracts and regulates TFIIH
TFIIH 9 unwinds DMNA at the transcription start point, phosphorylates Ser5 of the RNA polymerase

CTD; releases RMA polymerase from the promoter

TFID is composed of TBP and ~11 additional subunits called TAFs (TBP-associated factors); CTD, C-terminal demain.
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activator protein) GENERAL TRANSCRIPTION

FACTORS, RNA POLYMERASE, MEDIATOR,
CHROMATIN REMODELING COMPLEXES,
AND HISTONE MODIFYING ENZYMES

chromatin
remodeling
complex

il

€ histone-modifying
l enzyme

TRANSCRIFTION BEGINS

Figure 6-19 Transcription initiation by
RMNA polymerase Il in a eucaryotic cell.
Transcription initiation in vive requires
the presence of transcriptional activator
proteins. As described in Chapter 7, these
proteins bind to specific short sequences
in DNA. Although only one is shown here,
a typical eucaryotic gene has many
activator proteins, which together
determine its rate and pattern of
transcription. Sometimes acting from a
distance of several thousand nucleotide
pairs (indicated by the dashed DNA
maolecule), these gene regulatory
proteins help RNA polymerase, the
general transcription factors, and the
mediator all to assemble at the promoter.
In addition, activators attract ATP-
dependent chromatin remodeling
complexes and histone acetylases.

As discussed in Chapter 4, the "default”
state of chromatin is probably the 30-nm
filament (see Figure 4-22), and this is
likely to be a form of DNA upon which
transcription is initiated. For simplicity, it
is not shown in the figure.
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5" end of nascent RNA transcript
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MpoueccuHr 3’-koHua mPHK. MoaunA

10-30 nucleotides % 30 nucleatides
I 1T l
CAAUARA oA GU-rich or U-rich
J CLEAVAGE
ARG o+ | GU-rich or Usrich
)
\
J degraded in
the nucleus
Poly-A
ADDITION

GAAUAAA  CAAAAAA-------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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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).
== FAGGURAGU = =) == YURAC = =YYYYYY¥YNCAGIG=== primary transcript  The A highlighted in red forms the branch
/ \ / / point of the lariat produced by splicing (see

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

5 3 . although the indicated nuclectides are
. __AGlg--— portion of preferred. The distances along the RNA
mMRNA 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 nocnenoBaTenibHOCTU Monekynbl PHK, mapKkupytoLme Havyano 1 KoHel, UHTPOHOB.
R — nypuH (puRines) Y — nupumunamnH (pYrimidines) A — Touka BeTBneHunsa ans GopMm1MpoBaHUA NeTAU
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5" splice site 3" splice site
BEP UZAF
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5 A 3 pre-mRNA
/ transcript
U1 snRNP Uz snRNP
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UZAF
U2 snRNP
intron
5 I A I
l(+ U4/Ue U5 "triple”snRNP
U4/UG snRNP
\ '
=
5 mm— " —
\ U5 snRNP
LARIAT FORMATION
U1, U4 AND 5" SPLICE SITE
CLEAVAGE
—— lariat
UG snRNP
3 OH A
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3" SPLICE SITE

CLEAVAGE AND
JOINING OF TWO
EXON SEQUENCES

axon junction
complex (EIC)

R‘“‘ﬁ excised intron sequence

A 3
+
| |
5' I
axon 1 axon 2

in the form of 2 lariat

(intron RNA will be degraded
in the nucleus; snRNPs will
be recycled)

partion of
mRNA

The U1 snRNP forms base pairs with the 5
splice junction (see Figure 5-29) and the BEP
(branch-point binding protein) and U2AF
(U2 auxilliary factor) recognize the
branch-point site.

The U2 snRNP displaces BEP and U2AF and
forms base pairs with the branch-point site
CONSENSUS Sequence.

The Ud/Us+U5 "triple” snRNP entars the
reaction. In this triple snRNE the U4 and Ub
snRNAs are held firmly together by base-pair
imteractions. Subsequent rearrangements
break apart the U4/U6 base pairs, allowing
UE to displace U1 at the 5' splice junction
(see Figure 6-29). This creates the active site
that catalyzes the first phosphoryl-
transferase reaction.

Additional RNA-RNA rearrangements create
the active site for the second phosphoryl-
transferase reaction, which then completes
the splice (see Figure 6-25A).

Figure 6-28 The pre-mRNA splicing
mechanism. BNA splicing is catalvzed by

an assembly of snBNPs (shown as cofored
circles) plus other proteins (most of which are
not shown), which together constitute the
splicecsome. The spliceosome recognizes the
splicing signals on a pre-mRMNA molecule, brngs
the two ends of the intron together, and provides
the enzymatic activity for the two reaction steps
required (see Figure 6-25A and Movie 6.5).

Az indicated, a set of proteins called the exon
junction complex (EJC) remains on the spliced
mRNA molecule; its subsequent role will be
discussed shortly.
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Figure 6-25 The pre-mRNA splicing
reaction. (A) In the first step, a specific
adenine nucleotide in the intron sequence
(indicated in red) attacks the 5' splice site
and cuts the sugar-phosphate backbone
of the RNA at this point. The cut 5’ end

of the intron becomes covalently linked to
the adenine nucleotide, as shown in detai
in (B), thereby creating a loop in the RNA
molecule. The released free 3"-OH end of
the exon sequence then reacts with the
start of the next exon sequence, joining
the two exons together and releasing the
intron sequence in the shape of a lariat.
The two exon sequences thereby become
joined into a continuous coding sequence
The released intron sequence is eventually
broken down into single nucleotides, which
are recycled.
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UUU = Phe F| | UCU =» Ser 5| | UAU = Tyr UGU=Cys C U
UUC = Phe F| | UCC =» Ser 5| | UAC = Tyr c
UUA = leu L| | uca = Ser 5| | uAA = Stop | A
UUG = Leu L| | UCG =* Ser S G
CUU =+ Leu L CCU =+ Pro N U
CUC =» leu L CCC = Pro C
CUA =»leu L| | CCA = Pro P { A
CUG =* Leu L CCG = Pro |1 G
AUU = lle I| [ ACU = Thr | o
AUC = lle I ACC = Thr 1 C
AUA = lle I| | ACA = Thr 1 | A
AUG =» Met M| | ACG = Thr 1 G
GUU = Val V| | GCU = Ala A U
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PeKkorHuyua — noarotoBka aMMHOKUCAOT aminoscy-
tRNA
amino acid H H H
(tryptophan)
T e | e /7
HN—C _C\O high-energy HyN—C _C\ . 7
tRNA -~ bond | o o |
(tRNA™) CH, NI
¢ T o
I H—C—R I 0\\c/
N N | o
H L H—C—R amino acid
|
NH,
-
r 0 0 5
linkage of amino acid tRNA binds to its base-pairing
RNA synthetase o tRNA codon in RNA
(tryptophany! 5 3
tRNA synthetase) MRNA
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 molecule itself, whose anticodon
forms base pairs with the appropriate codon on the mBNA. 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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messenger RNA Figure 6-73 A polyribosome. (A) Schematic
N (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
| . eukaryotic cell (Movie 6.10). (B, courtesy
elF4E 7 2, of John Heuser.)
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