Eukaryotic Transcription



Eukaryotic RNA polymerases

Enzyme Localization Product Activity Sf_g‘c;{]b;'r'f?{i ;[]O

RNA polymerase | |nucleolus |ribosomal RNA [50-70 % | non sensible

RNA polymerase |l | nucleoplasm|nuclear RNA 20-40 % | sensible
RNA polymerase lll | nucleoplasm|tRNA, 5S RNA | ~10% |species-specific
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FIGURE 20.2 Some subunits are common to all classes
of eukaryotic RNA polymerases and some are related to
bacterial RNA polymerase. This drawing is a simulation
of purified yeast RNA polymerase IIrunan an SDS gel to
separate the subunits by size.
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The promoter borders can be determined
by progressive deletion analysis
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RMNA polymerase | holoenzyme includes core binding factor (SL1)
that binds to core promoter L .
. (TATA Binding Protein)

FIGURE 20.3 Transcription units for RNA polymerase I have acore promoter separated
by ~70 bp from the upstream promoter element. UBF binding to the UPE increases the
ability of core-binding factor to bind to the core promoter. Core-binding factor (SL1)
positions RNA polymerase I at the stast point.



The deletion analysis shows that
the promoter for Pol ITI of the 5S RNA gene is internal

the start point is at a fixed distance (55 bp) upstream the promoter
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Start point

Ot PSE TATA
FIGURE 20.4 Promoters for RNA polymerase III may
consist of bipartite sequences downstream of the start
point, with boxA separated from either boxC or boxB, or

they may consist of separated sequences upstream of the
stait point (Oct, PSE, TATA).



Startpoint

FIGURE 20.6 Internal type 1 pol III promoters use the
assembly factors TF;A and TFp;C. at boxA and boxC, to

recruit the positioning factor TFyB, which recruits RNA
polymerase I1I.



Start point

FIGURE 20.5 Internal type?2 pol III promoters use binding
of TFiC to baxA and box8 sequences to recit the posi-
tioning factor TF»B, which recruits RNA polymerase III.
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FIGURE 20.7 A minimal pol II promoter may have a
TATA box ~25 bp upstream of the Inr. The TATA box has
the consensus sequence of TATAA. The Inr has pyrimi-
dines (Y) surrounding the CA at the start point. The DPE
1s downstream of the start point. The sequence shows
the coding strand.



EUKARYOTIC TRANSCRIPTION FACTORS
(trans-acting factors)

Can be divided in:
- General transcription factors

- Activators/inactivators
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[GURE 20.9 Aview in cross-section shows that TBP sur-
rounds DNA from the side of the narrow groove. TBP con-
s15ts of two related (40% 1dentical) consewved domains,
which are shown in Light and dark blue. The N-terminal
region varies extensively and 1s shown in green. The two
strands of the DNA double helix are in light and dark gray.
Photo courtesy of Stephen K. Burley.

FIGURE 20.10 The cocrystal structure of TBP with DNA
from —40 to the start point shows a bend at the TAT A box
that widens the narrow groove where TBP binds. Photo
courtesy of Stephen K. Burley.




TATA box

Preinitiation
complex

Nascent

RNA Elongating

Pol Il with

Release of phosphorylated

general factors,

except TBP CC) 7

Figure 7-31
Molecular Cell Biology, Sixth Edition
© 2008 W.H.Freeman and Company



Ergmater Paly A Phogphoryiation on Serb
Pood of T1aff ONA Aear un rmeml of L .
pal i Flm;;' wite oy TF H helps manit
comple ez ynes o mplhe &
Gy oo yinloan? \‘L erd of the lranscript
{Fhosphoryation by
Cok Br8rbiil EAK 12,

COE2COHK 1) il

Initisting pei N

Recyeling ol pal il 2
i Cap Phosphor yiation o Ser2
Dephosghor yiation by by P-TEFo achrales

Sor? phosshatase elongalion splicing and
feg Fap) pal ym e Fon
Dieph-cesphor yaton by a

Snr T phosohalase?

Cleavage, poly scher pf oo,

S o il e R R
Bin ding of polradenyin lon faclors to Phospharylaton on SeT by
Sy 2 phosphor wabed repos & with = unknown kinos e hes so far
pepcticlyl—prol W Bonds in the imns rHy o role i e Rperessinn
con fguration ol prolen-oodng geines
Do sphar ylation Gy
Ser S phosphaln se
teg Sapt)

FIGURE 20.14 Hodif icathan of the FRA pol yewerase [1CTD heptapeptide during transoription TheCTD of RNA pol ymerase [1when Tenters
the peinftiation complex & unphaosphorylated. Phosph cnylation of Ser residues serves as binding sftes for both mRNA processing enzymes
and kinases that catdyee further phogphongd atlon & deseribed in the flgwe. Reprinted from Tends Genst. val_ 26, 5 Bgloffand 5. Muaphyg,
Cracking the FHA poymerase [1 OO0 code, pp. 280-2848. Copyvight 2008, with pemdss fon from Elsevier [ttt ffwwwsciencedirect.oom

science fjournal / Q16895 25,



Initiation

| TFIIH core }

»
VANG YAV ONN AV GV AN

< >
FAN LT VLN OV AV LV AN

Elongation

|Heeair Euméle§

VAN ANV AN AN LNV LN AN/

|DH9‘-‘- damage;

TFIIH: multiple
independent enzymatic
activities:

*Helicases of both
polarities 2 double
helix unwind

*Kinase activity
*ATPase

Involved in repair of
damage to DNA
during transcription

Some TFIIH subunit recognize
RNA polymerase stopped on a
damaged region and activate one
of the repairing processes
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FIGURE 20.B RNA polymerases ae positioned at all
promoters by a factor that contains TBP.



Felative transcription level
(1 = normal)
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Saturation mutagenesis of the upstream region of the f3-globin
promoter identifies three short regions (centered at -30, -75, and -90)
that are needed to initiate transcription.

These correspond to the TATA, CAAT...
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Promoters contain different combinations of TATA boxes, CAAT
boxes, GC boxes, and other elements.



Enhancer From cter iZene

VLAY AANTAAN VAN ONANT AN ONTAN AT AN\

~100 bp ~200 bp upsream of startpoint

Contains several =eparation of contains dispersed sequence elem ents
doszely arranged enhancer from  that bind transcription factors.

S QUEenCEe promoter may
elementzthat bind  be zeveral kb only the elem ents inthe imm ediate
tranzscription wicinity (=20 bp) ofthe gadpoint for

tranzcription are fixed in location

The promoter contains several short (<10 bp) sequence elements
that bind transcription factors, dispersed over >200 bp.

An enhancer containing a more closely packed array of elements
that also bind transcription factors may be located several kb

distant. . .
Enhancer - cis-acting element
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FIGURE 20.15 An enhancer can activate a promoter from upstream
or downstream locations, and its sequence can be inverted relative

to the promoter.



P ercent activity

CCAG CTE TEGAA TG T TG TCAG TTAGLG TE TEGAAAG T CCCLA GG CTCCDCAG CAGG CAGAAGTA TG CAAAGCA TG CATCT CAATTAG T CAG CAALC
GETCGACA CCTTA CACA CAGTCAATCCCA CA COTT TCAGGGE TECGA GGG G TS TCCG TCTTCATA GG TT TCE TA GG TAGLG TTAATCAGTOGTTE

AP 4 AP 1 AP3 AP2 Cctamer AP 1

An enhancer contains several structural motifs. The histogram
plots the effect of all mutations that reduce enhancer function to

<75% of wild type. Binding sites for proteins are indicated below
the histogram.



