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Replication: synthesis of two DNA strands
using both parental DNA strands as
templates. Duplication of a DNA molecule

1 DNA molecule > 2 DNA molecules

31

‘Transcription: synthesis of one RNA molecule
using one of the two DNA strands as a
template. -
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template strand

lTRANSCRIPTION

RNA



Transcription vs. Replication

Transcription is chemically and
enzymatically very similar to
DNA replication.



Some important differences:

1. RNA is made of ribonucleotides.

2. RNA polymerase catalyzes the reaction,
which does not require a primer (de novo
synthesis).

3. The RNA product does not remain base-
paired to the template DNA strand.

4. Less accurate (error rate: 10-4).
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Figure 7-3ab Essential Cell Biology 3/e (© Garland Science 2010)
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Secondary structure of RNA

hairpin

o

bulge

+
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RNA chains fold back on themselves to
form local regions of double helix.
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The double helical structure of RNA
resembles the A-form structure of DNA

The minor groove is wide and shallow, but
b ADNA offers little sequence-specific information.
The major groove is so narrow and deep that
it is not very accessible to amino acid side
chains from interacting proteins. Thus RNA
structure is less well suited for sequence-
specific interactions with proteins.




Pseudoknot

Copyright © 2004 Pearson Education, Inc., publishing as Benjamin Cummings

Pseudoknots are complex structure resulted from
base pairing of discontinuous RNA segments



G:U base pair

O
N O —N g\>
)i
N—Hw=n 0" 3\
// = ribose

ribose

Non-Watson-Crick 6:U base pairs represent
additional regular base pairing in RNA, which
enriched the capacity for self-complementarity



Schematic illustration of transcription

3’ 5’
jaws in closed DNA double

i helix p
RNA polymerase configuration N direction of

transcription

ribonucleoside

triphosphates
==

Transcription bubble /' " \

ribonucleoside
RNA exit active site triphosphate
' channel
ge =

tunnel

newly synthesized short region of
RNA transcript DNA/RNA helix

sential Cell Biology 3/e (© Garland Science 2010)

The length of the bubble is ~12-14 bp, and the length of
RNA-DNA hybrid within it is ~8-9 bp.



155 PR B HIrRNARE %

ul

Figure 7-8 Essential Cell Biology 3/e (© Garland Science 2010)

VF 2 RNAJE A B4 T [ 5 SR A0 £ K




i I e

A N S RNA

=N

= FIRNAFRZE

R iTRNA
S 2%

CﬁﬁmRNA (hnRNAD

AEZmIGRNA
&= H98%

@F%EEBRNAD HIrRNA

AitRNA | (SNRNA) (snoRNA) (ScRNA) @

MRNA

rRNA

tRNA

FraEyy  (C OEBEY O NHH



Functions of RNAs

Functions in protein synthesis

a. mRNA: as the infermediate between the gene and the protein-
synthesizing machinery.

b. fr(IjQNA: as an adaptor between the codons in the mRNA and amino
acids.

c. PRNA: play a structural role, as in the case of the RNA
components of the ribosome.

As genetic material

Serving as a template for its own replication in certain viruses

RNA as catalysts (ribozyme)
Some RNAs (including one of the structural RNAs of the ribosome)
are enzymes that cafalyze essential reactions in the cell.

RNA is a regulatory molecule

Small non-coding RNA which through sequence complementarily
binds to, and interferes with the translation of certain mRNAs.



DNA-mRNA-the encoded peptide

Transcriplion

— UCA || GAG || GUG uGec || uAld | GGU

lTransIatmn
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Hmi%%E (coding strand) :
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Promoters and terminators define the unit

et
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Promoter Terminator

35 <10 -1+1 +10

proximal distal

<Upstream< “Downsfream> ovitualext wiw G110 com

A transcription unit is a sequence of DNA
transcribed into a single RNA, starting at the
promoter and ending at the terminator.



Key terms related to transcription

RNA polymerases are enzymes that synthesize
RNA using a DNA template (formally described
as DNA-dependent RNA polymerases).

Promoter is a region of DNA where RNA
polymerase binds to initiate transcription.

Startpoint (Startsite) refers to the position on
DNA corresponding to the first base
incorporated into RNA.

Terminator is a sequence of DNA that causes RNA
polymerase to terminate transcription.

Transcription unit is the distance between sites of
initiation and tfermination by RNA polymerase.



Upstream identifies sequences proceeding in the
opposite direction from expression; for example,
the bacterial promoter is upstream of the
transcription unit, the initiation codon is
upstream of the coding region.

Downstream identifies sequences proceeding
farther in the direction of expression; for
example, the coding region is downstream of the
initiation codon.

Primary transcript is the original unmodified RNA
product corresponding to a transcription unit.



* How does RNA polymerase find
promoters on DNA? ( how do proteins
distinguish their specific binding sites in
DNA from other sequences?)

* How do regulatory proteins interact
with RNA polymerase to activate or to
repress specific steps in the initiation,
elongation, or termination of
transcription?
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3. FIFEDNAR—FE, fERmEiR — A5
(Phosphodles'rer' bonds).

4. Whs BT
RNA polymerase, rNTPs, transcription
factors, promoter & terminator/template
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1. #EARIR T (Template Recognition)
2. FEFELE (Initiation)

3. BEFXHIE{H (Elongation)

4. HEFHZIE (Termination)
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Initiation: Chains of 2-9 bases
are synthesized and released
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Transcription initiation involves
three defined steps

—~RNA_
polymerase
tream downsiream

DNA 1 Lri DNA
i) i i = - T——=

— | HHE &Y (closed complex)

ﬂ
| FFE A% (open complex)
J

| =JuE &) (ternary complex)




SR EY) (closed complex)

wu
<

downstream
DNA

1“—-——‘ i FR—— _&ﬁ
| EEEVENNE
promoter l

DRA g

binding
(closed
complex)

*The initial binding of polymerase to a promoter.

‘DNA remains double stranded.
*The enzyme is bound to one face of the helix.



L

TR &%) (open complex)

promoter
“melting”
(open

complex)

- The DNA strand separate over a distance

of ~14 bp (-11 to +3 ) around the start
site (+1 site)

» Transcription bubble forms
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=ZJLEEY) (ternary complex )

initial .
transcription

+ The enzyme escapes from the promoter
+ The transition to the elongation phase

-+ Stable ternary complex

=DNA +RNA + enzyme
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Two types of terminators in £. coli

KT o T HIZIE

intrinsic terminator (N1E)
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DNA CCCRGCCCGCCTRRTGRGCGGGCTTTTTTTTGRRCRHRR
3 XGGGTCGGGCGGATTRCTCGCCCGRHRRRRRHCTTGTTTT

| i Wi | )¥§JE1¢QHEE
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transcript folded to form
termination hairpin
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A rho hexamer translocates along RNA p

Rho monomer has two domains

N-terminal BNA=binding domain
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E A% AEW(E.coli) FIRNA R & E

2 alpha (a) subunit,

1 beta (B ) subunit,

1 beta prime (B8°) subunit,

1 omega (») subunit,
1 sigma (o) subunit

Core enzyme
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E. coli RNA polymerase : a subunit
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E. coli RNA polymerase : B & B subunit
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RNA polymerase has a channel for DNA

g The B and B ' subunit

of RNA polymerase
P | have a channel for the

rand 2D . _DNA template.

Template
strand
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E. coli RNA polymerase : o factor
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The conformational change in o
at open complex formation
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An end view of RNA polymerase |l

By Roger Kornberg
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There are various channels allowing DNA, RNA and ribonucleotides
(rNTPs) into and out of the enzyme's active center cleft



RNA polymerase/transcription
and DNA polymerase/replication

RNA pol DNA pol
Template dsDNA dsDNA
Require primer |No Yes
Initiation promoter origin
elongation 40 nt/ sec 900 bp/sec
Exonuclease |No Yes
activity
terminator Synthesized |Template

RNA DNA
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Figure 7-12 part 1 of 2 Essential Cell Biology 3/e (© Garland Science 2010)
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Assembly of the pre-initiation complex in
presence of mediator, nucleosome modifiers
and remodelers, and transcriptional activators

activator

chromatin
remodeler

RNA polymerase Il

Copyright © 2004 Pearson Education, Inc., publishing as Benjamin Cummings



Mediator consists of many
subunits, some conserved
from yeast to human.

yeast mediator

Only subunit Srb4
is essential for
transcription of
essentially all Pol
IT genes /n vivo.

human mediator
Copyright © 2004 Pearson Education, Inc., publishing as Benjamin Cummings



The molecular basis of eukaryotic transcription

Roger D. Kornberg®

Stanford University School of Medicine, Stanford, CA 94305-5400

am deeply grateful for the honor

bestowed on me by the Nobel

Committee for Chemistry and the

Royal Swedish Academy of Sci-
ences. It is an honor I share with my
collaborators. It is also recognition of
the many who have contributed over the
past quarter century to the study of
transcription.

The Nudeosome

My own involvement in studies of tran-
scription began with the discovery of the
nucleosome, the basic unit of DNA coil-
ing in Euhanme chromosomes (1). X-
ray studies and protein chemistry led me
to propose the wrapping of DNA
around a set of eight histong molecules
in the nuclecsome (Fig. 1). Some years
later, Yahli Lorch and I found that this
wrapping of DNA prevents the initiation
of transcription in vime (2). Michael
Grunstein and colleagues showed nu-
cleosomes interfere with transcription in
vive (3). The nucleosome serves as a
general gene repressor. It assures the
inactivity of all of the many thousands
of genes in eukaryotic cells except those
whose transcription is brought about by
specific positive regulatory mechanisms.

Fig.1. The nudeosome, the fundamental particle
of the eukanyote chromosome. Schematic shows
the colling of DA arownd a set of alght histones in
the nucleosome, the further colling In condensed
ttranscriptionally inactivel chromatin, and uncodl-
ing for interaction with the RM.A polymerase 11 {pal
1l transcription machinery.

scription system, that it would support
not only accurately initiated but also
a]:rpr-n-prlmel} regulated transcription.
Communication from a regulatory pro-
t2in to the transcription machinery at a
promoter was believed to be direct. We
found, however, that an additional crude
fraction was required for regulation in
the yeast system (Fig. 2). We referred to
this activity as Mediator (9, 10), and in
1994, Stefan Bjorklund and Young-Joon
Kim isolated the active protein as an
assembly of more than 20 subunits, with
a total mass in excess of a million dal-
tons (11). Thirteen of the subunits were
products of genes previously identified
in screens for molecules involved in
transcriptional regulation. These were
disparate screens, done on different
promoters in different laboratories at
different times. With the isolation of
Mediator, the products of all of the
screens were united in a common bio-
chemical entity. 5till, the Mediator idea
did not gain wide acceptance, as regula-
tion in higher organisms was believed to
be direct, through interaction of gene
activator proteins with the so-called
TAF sul:uumls of lhe genera] Lranscrip-

rETE T a L
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