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A Figure 8-5 Transcription units in DNA have initiation
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initial unmaodified RNA products,
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=%

of 1 ug/ml w-amanitin

BMA synthesis in prasance

A Figure 8-6 The separation and identification of the three
cukaryoric RNA polymerases by chromatographic analysis. A
protein extract from the nuclei of culured frog cells was
passed through a DEAE Sephadex column to which charged
proteins adsorb differentially, and adsorbed proteins were
cluted (black curve) with NaCl solutions of increasing con-
centration. Successive fractions of the eluted proteins were
assayed tor the ability to transcribe DNA (red curve) in the
presence of the four nucleoside triphosphartes (including radi-
oactive UTP). Most of the proteins did not bind to the col-
umn, but the enzymes did. The synthesis of RNA by each
fraction in the presence of 1 pg'ml of g-amamitin also was
measured in (blue curve), Polymerases 1 and 1T are insensi-
tive to the compound ar that concentration, whereas poly-
merase 11 is sensitive, that 15, it ceases RNA synthesis. (Poly-
merase 1 is sensitive to 10 pg/ml of g-amaninn, however,
although polymerase 1 is unaffected even by this higher con-
centration.) [See R. (. Roeder, 1974, [ Biol. Chenr.
249:241.]
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Figure 8-12 (a) The ribosomal transcription units of
four cukaryotes. Vadations in the lengths of the transcribed
spacer regions {orange bars) account for the major differ-
ences in the lengths of the transcription units. The regions
that appear in ribosomes are always 185, 5.85, and 26 to
285, (b) The genomes of all animals contain multiple tandem
copies of the rRNA transcription units. The nontranscribed
spacer regions between transcription units can vary greatly,
ep., ~2 kb in frogs to ~30 kb in humans.

13



< HIleT {0 T4H

Table 81 Lengths of primary rRNA transcripts and cytoplasmic fRNAs in varous speces

Primary transcript®

Ribosomal RNA length*

Length 265285 165185 Percentage of

% value (lch) (k) (kh) precursor preserved
Escherichia coli
iprokaryote) a0 6.0 3.0 1.5 75
Saccharomyces cerevisias
\¥east) 37 6.6 3.8 1.7 Fi s
Dictyostelivm discoidetem
(slime mold) 37 7.4 4,1 1.8 80
Drosophila melanogaster
(fruit fhy) 34 7.7 4.1 1.5 76
Kenoprus laevts
{trog) 441 7.9 4.5 1.9 Bl
Gallus donesticss
{chicken) 45 11.2 4.6 1.5 57
Mus musculus
imouse) 45 13.7 L% | 1.9 5l
Homio sapriens
Thuman) 45 13:7 3.1 1.9 51

*The lengths of the various RNA molecules are estimates based on el clecrrophoresis and direct measurements of electron micrographs. The size

is of the first major product with definite 5° and 3' ends.

sougce: B, Lewin, 1980, Gene Expression, vol, 3, Wiley, p. §67.
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Figure 8-13 Formation af initiation complex for tran-
serption of tTDNA by RNA polymerase I The DNA and B
aral 5 Factors must be from che same species [eg., mouse or
humani, although che polymerase can be trom a difterent
specics. Both mouse and human pre-rBENA rranscription units
have a core promoter sequence of abouat 70 hases wnd a nec-
crsary upacreain DA S METILE 41T element, Rernoval of the
core completely abolishes transcoption; removal of che op-
stream element decreases transcrption [0- to 20-fald. These
sequences are not the same in the teo DN AR except for an
idenrical sequence in the core region extending from the start
Lite |:— |] 1 absonr 200 Thos there are xp-e:;:ir.;.-ﬁpm‘iﬁ.,‘. I}H_-’l.
segquences and species-specific binding faceors. The 5 factor
imcreases the affimicy of the B facoor for DA bur doces noc
bind direcdy o DRAL [Sec 5. Bell o al., 1985, Science
241:11492.]
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Mucieolus

A& Figure 8-17 a} The small BRNA speces from culiurad
Chinese hamster cells. RMNA labeled with 10, was purilied
o thie soelei of culwred cells and subpecred oo ,n’»'.| electr
pharesis and autoradhography. Almost all of the RNAs iden-
tifted here have been sequenvel. The species labeled UL 1o
g are rich in undylates, All excepr U3 are invelved i
mEMA splicing; U3 is found mainly im the nuclealos. The
785 and 55 specics are ribosomal KNAs; the 75 ENA be
longs o g particle thar assists i ranaperling proceing
thcouch membranes. These lass three RMNAS are presen
maimly in che cell ortoplasm. (b Antibody stain of nuclea
eibonuclcoprarcins that pardcipare in splicing the antigen
termiced Bmis present o particles containing UL, L2, LS, U,
and U smnall BMNA Antigen is not preseer in U3, which s
evidenced here by an absence of stmning in the moclendus,
Fart fab conrtesy of W Jelimed and 5 Haynes; part ) cowr

Jogw af AL Leraes.
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Pu regions {1 oo V) are a conseant feature, Blue lines connect
bases thar are hydrogen-bonded. Pu = a puring; Py = a py-
nmidine, Where dots appear for bases, the sequence miy
vary bur the base paining is maintained. [See M. Delihas aml
1. Andersen, 1982, Neclee Acids Res. 10:7323. )
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s from an analysis of vver G0 different 55 thNAs from am
: T mals, plane, and single-celled arganisms. The five stem-loop
Wi
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* Figure 8-20 Locating TFyA-binding repon on 35-rTRMNA
gene by footprint experiment. Purified TF A was mixed with
7' end-labeled 35 rDMA, and the mixture, as well as a con-
l“_"l without the rranscription facror, was digested briefly
with DNase, producing a serics of fragments stretching from
the 5" end 1o the cleavage site. (a) Autoradiograph of
UNase-treared mixmre containing TFyA fare 1) and with-
YT Factor flare 2), The lack of bands in the region from
MM 4T to base 96 on the 5% rDNA in lane 1 indicates that
[]_H't""': bases were protecred from digestion by bound protein,
The foyr bands that appear in lanc 1 fsmeall arrowes] but not
gl ]‘i”“ 2 represent DNA regions that become “hypersensi-
E;m-m-l.lr-jmﬂ“ aftack a5 3 resule of biun-:liug rhe rr_ans:;!ir:lrirm
1T -ﬂ.,l b1 Dhagram of 55-rRNA aene s.h-::uw1|1g__rn:glnl15 where
1*’:nlglr, “I“l'! RMNA polymerase I bind, [Sec R, G. Rocder,

o Cell 19.717 Photagragns conrtesy of R. G Rogder.
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¥ Figure B-21 The sequences of a cyrosine tRNA gene
from veast and of corresponding tRNA" found in the orto-
plasm of yeast cells, The DNA contains a 14-base intervening
sequence that does not appear in the tRNA, (Nore thar the
CCA 57 rermunus of the mamre tRNA is not encoded in che
DALY The modified bases in the tRINA are as tollows: D =
dihydrowriding, ' = pseudouridine, in = methyl group on
ribose, m® = methyl on position 2 of base, m3 = dimethyl on
position 2 of base, and m' = methyl on position 1 of base,
[See H. M. Goodman, M. V. Qlson, and B. D. Hall, 1977,
Proc. Nat'l Acad. Sci. USA 74:5453.]
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Congansus sequences GCMHAGTGI’_‘T' GTTCGANM
A Figure 8-23 Frequency of occureence ") of mast com- tures of tRWNA, The A and B booxes also serve as parts of e
rmon nuclectides in BD different eukaryotic tRNA genes, Two promoter in tRNA genes. [Sec 1. H. Gauss and M. Sprond,
consensus sequences, called the A box and the B box, are 1981, Mucleic Acids Res. 9orl; and . Galli, H. Holstener,
presenc, The A box encodes the [ loop of tEMNA, and the and M. L. Birnsticl, 1981, Mature 2946526,

B box encodes the TG loop; both loops are constanc fiea-
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Figure B-28 Steps in the wdditiom of poly & during fur-
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Consensus sedquence

A 17 22 13| 7 497 T BR|63 BE|EOD 33 18
mANA starts:

Base T 17 27 10|82 2 83 10|37 10|33 12 15 A - som
frequency G - 25%
(%) C 50 38 63| 2 2 0 00 0|13 38 48 C. U — 25%
-.’.-'.151323|1ﬂ o0 0 & O E|3‘IT'IB
. T A T& T A | AP,
5 | 18-26 basas 1 Transcription
=34 to
26

A Figure 8-41 Comparnson of nucleoudes upsteeam ot
seart site in &0 different cukaryotic protein-coding genomes.,
Fach sequence was alipned to yvield maximum homology in
the region from —35 to —20, The tabulated numbers give
the percentape frequency of each base at each position. The
maximum homolegy occurs over a six-base consensus sc-
guence i which the first four bases are TATAL
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Figure 8-43 Maodel ol lormation of preinitiation com-
plex for protein-coding penes containing o TATA box, ‘The

AIATA-bimding Factor T forange) cain band o sts own siaf

ficiendy dehtly w forin o stahle complex, In other aenes, i
binds cooperatively with RMA polymerase 11, Neither TF B
(purplel nor TFGE binds directly oo DMNA. TRpE can hind oo
RMA polymerase 1T in the absence of DAL Onoe the guoly-
merasesTFB complex bisds to the DMASTED complex, it
acts as an ATTase, perhaps causing the DWA o melt near
the starr sire,
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Figure 8-45 The classes of cukaryodc transcriprional
activating elements. Many experiments with recombinant
genes {of the type outlined in Figure 8-44) have shown that

G maximal transcription requires (a) upstream DNA regions
site close ro the RINA stant site, termed promoter-prosimal cle-
ments, and (b} enhancers, which can be close to or far from
| | . BMNA start sites (either upstream or downstream) and can
a0 30 = exist in either orientation in the DNA, Almost all enhancer
LT regi cl [ binding sites, which can bind
rarcpell At gions represent clusters o B sites,
Pany alhars gana several proteins. The most common promoter-proximal ele-
ments in the region —40 o —200 are CCAAT and GGGCG,
(b} Enhancers [ but about 70 percent of genes so far examined have neither
of these elements. Although most of the experiments thac
defined the two general activating elements were done in
mammalian cells with genes from mammals or viruses infect-

{al Promoter-proximal elemants ||

e g mammals, the same elements also exist in invertebrate
i J,-/ genes. In the veast genome, which is much smaller, the act-
:":'l-]‘ kl';' vating elements tend to be just upstream from the affecred

gene but often share with enhancers the property of func-
tioning in cither orientation, The yeast sequences are most
olten termed upstream activating sequences, or UJASs, [See
P. Bucher and E. W. Frifonov, 1986, Mucleic Acids Res.
14 1009}
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artes
& Figure B-46 MNodel for a mechamsm coupling addition tactor (orange). Complexes lacking the AT factor cease tran-
of poly & (A, and termination of cranscription. The model scription ar premature terminanon sites. Complexes including
proposcs that two classes of RMA polymerase 11 cranseription the AT factor read through premarore soop sices, but such
ml'ﬂ[ﬂl_":\.l:i. ‘redd are directed o [cap) sites by upstream regu- mplexes lose the factor At a E'H'.It!f' A addition sive
|:|.l||'r}' elements (including the TATA motif), The two classes (AATAAA) and then cease tramscription al the next termina-
differ by the presence or absence of an anorerminator (AL 0N CEgLon.
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