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Number per
Enzyme Molecule Function

2 Chain initiation, interaction with
regulatory proteins and upstream
promoter elements

151,000 1 Chain initiation and elongation
155,000 1 DNA binding
70,000 1 Promoter recognition

11,000 1 Unknown
www . kaoyancas.net

o 1" The 70-kDa < subunit is one of several alternative <7 sobunits.
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FIGURE 26-4 Structure of the RNA polymerase holoenzyme of the
bacterium Thermus aquaticus. (Derived from PDB 1D 1 W7 .)The over-
all structure of this enzyme is very similar to that of the £. coli RNA
polymerase; no DNA or RNA is shown here. The g subunit is in gray,
the 8’ subunit is white; the two a subunits are differemt shades of red;
the & subunit is yellow; the o subunit is orange. The image on the left
is oriented as in Figure 26-6. When the structure is rotated 1 807 about

the v axis (right) the small WK AQMANCAS N6k
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holoenzvime o DINA; /
migration o promoter

Formaton of an RINA
polvmerase: closed promoter
complex

Unwinding of DNA at
promoter and formation
of open promoter complex

RNA polvmerase initiates
mEBENA synthesis, almost
always with a purine

RMNA polvimnerase holoenzyvime-
catalyvzed elongation of
mEBENA by about 4 more
nucleotides

Release of ¢ subunit as core e e e ] Mromwoter |
RNA polymerase proceeds T ¢ ey e R e | =
down the t{'lnw\’\m}kaﬁdvaﬁéagl_ﬁ%t
RINA transcript l;;“;g”
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TABLE 26-1 Proteins Required for Initiation of Transcription at the RNA Polymerase [I (Pol I1)

Promoters of Eukaryotes

Transcription Number of
protein subunits Subunit(s) M,

Function(s)

Initiation

Pal I 10000220000

TBP (TATA-binding protein) 38,000

TFHA 12,000, 19,000, 35,000
THIE 35,000

TFIE 34,000, 57,000

THIF 30,000, 74,000

THIH 25 000-59,000

E|l]l'|§EItiﬂn+

ELLT 80,000

p-TEFb 43000, 124,000

all (THIS) 38,000

Elongin (S 15,000, 18,000, 110,000

Catalyzes RNA synthesis
specifically recognizes the TATA box
stabilizes binding of THIE and TEP to the promoter
Binds to TEF; recruits Pol [I=TFIF complex
Recruits TFIIH; has ATPase and helicase activities
Binds tightly to Pol |1; binds to THIE and prevents
Binding of Pal Il to nonspecific DMA s2quences
Unwinds DMNA at promoter (helicase activity);
phosphorylates Pol I {within the CTD);
recruits nucleotide-excision repair proteins

Fhosphaorylates Pol |l {within the CTD)

~ www-kaoyancas.net’
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N > 5DNARBH B,
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T a2y 1000, ERTATASSIARIKE, |complex S\ | IIE#= T HiR st T Fek
TR DRy H e A5 T TBPL T | SN TR T A TR
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pol II, TATA box, TBP, e . TF [[ BE &4y 2548

| TPIIB(B) , TFIIE(E)ev4m [atiw: —= Wl 5 % 2 o e ol aeasDNA
.. ﬁ}:;ﬁ HFREFpoLI powr o BTN s goFosayea T,
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TEF (or TFIID and/or TFILA)
TFIIE

TFIIF — Pal 11

TFIIE

TFIIH

S Pl
{TFIE ||

© TFIH - Closed complex

DNA unwinding to
produce open complex

= \ - | Open complex
B “Unwound DNA
phosphorylation of
Pol 11, mmitiation,
and promoter escape
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Inactive repressor
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Catabolite repression
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Y
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1,! ]

5.

Inactive inducer

Active inducer

Inducer deletons are unindocible

Tryptophan operon

Inactive repressor

.-\cizive Fepressor
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1 FHImEE

FH =4 (Trp)

16-27 TrpR # Trp #nE/S I FEE trp HRIA T HIF R
(1 B.Lewin: {GENES} IV, 1990, Fig .13.16)
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(2) #BmARRAILESIFTA
(3) Hzx=#F (attenuator)
@)F@%ﬂ w%-mﬁﬁmﬁﬁf

iﬁﬁ*¥7:

(1) Trp=9#4BRE 4% (corepressor)
(2) BB 4 FaRNA pol #=EP, 0E&EKX

| P AE ST TR AP

(3) A2 4puy R B Ae HTR, KlLacR

™ 591/1000;

(4) trpAF &R, HEZAK

GUCGAATGTACTAGAG n{‘hx{,r[ CATTAGI Il'k_l I'rrrrl ]THLTFATi{ I"l.";

- =20 =110

IGTTGACAATTAATCATCGAACTAGTTAACTAGTACGUAA

0 =) =10 +1

trelt NMCCGCACGTTTATGATATGCTATCGTACECTT I't"ﬂ.-{ GAGTACAACOUGG
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FIGURE 26-26 Secondary struclure of the selfsplicing
rRNA intron from Tetrahymena. Intron sequences are
shaded vellow, exon sequences green. Each thick yellow
line represents a bond between neighboring nucleatides in
a continuous sequence (a device necessitated by showing
this complex molecule in two dimensions; similarly an
oversize blue line batween a © and G residue indicates
normal base pairingy all nuclectides are shown, The
catalytic core of the self-splicing activity is shaded. Some
base-paired regions are labeled (P1, P3, P2.1, P5a, and so
forthy according 0 an established convention for this RNA
molecule, The P1 region, which contains the internal guide
sequence thoxed), is the location of the 57 splice site (red
arrcnw). Part of the internal guide sequence pairs with the
end of the 3" exon, bringing the 5 and 3' splice sites

ired and blue arrows) into close proximity. The three-
dimensional structure of a large segment of this intron is
illustrated in Figure 8-28c.
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FIGURE 26-2T7 In vitro calalytic activity of
L-19 IVS. ia) L-19 VS is generated by the
autocatalytic removal of 19 nuclectides from
the 5" end of the spliced Tetrzfymena intron.
The cleavage site is indicatad by the arrow in
the internal guide sequence iboxed). The G
resiclue ishaded pink) added in the first step
of the splicing reaction {see Fig. 26-14) is
part of the removed sequence. A portion of
the internal guide sequence remains at the
5 end of L-19 1WS, (b L-19 V5 lengthens
some RMNA oligonuclectides at the expense
of athars in a oycle of transesterification
reactions (steps {1 through {03, The 3 OH
of the G residue at the 3° end of L-19 WS
plays a key role in this cycle inote that this is
not the G residue added in the splicing
reaction). (C)s is ane of the ribozyme’s better
substrates because it can base-pair with the
guide sequence remaining in the intron.
Although this catalytic activity is probably
iralevant to the cell, it has important
implications for current bypotheses on
evolution, discussed at the end of this
chapter.
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those bacterial tRMNAs that lack this sequance in the primary transcript.
While the ends are being processed, specific bases in the rest of the
transcript are modified (see Fig. 26-24). For the eukaryotic tRNA
shown here, the final step is splicing of the 14-nuclectide intron. In-
trons are found in some eukaryotic tRNAs but not in bacterial tRNAs.
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FIGURE 26-16 splicing mechanism in mBEMNA primary transcripis. (a) RMNA
pairing interactions in the formation of spliceosome complexes. Tha LN
snRMNA has a sequence near its 5° end that is complementary o the splice
site at the 57 end of the intron. Base pairing of L o this region of the
primary transcript helps define the 5 splice site during splicecsome
assembly (¥ is pseudouridine: see Fig, 26-245 L2 is paired o the intron at
a position encompassing the A residue (shaded pink that becomes the
nuclecphile during the splicing reacticn. Base pairing of 112 snRMNA causes
a bulge that displaces and helps vo activate the adenvlate, whosa 2° CQH
weill form the lariat structure through a 27,5 -phosphodiester bonc.

by Assembly of splicecsomes. The L1 and L2 snRMNPs bind, then the
remaining snRMNPs ithe L4706 complex and LIS bind to form an inactive
splicecsome. Internal rearrange ments convert this species to an active
splicecsome in which LT and L4 have been expelled and LG is paired
weith both the 57 splice site and 20 This is followed by the catalytic sweps,
which parallel those of the splicing of group 11 introns (see Fig., 26-15).

ey Coordination of splicing with transcription provides an attractive
mechanism for bringing the nwo splice sites together. See the vext for details.
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FIGURE 26-19 Two mechanisms for the alternalive processing of iby Altemative splicing patterns. Two different 37 splice sites are shown.
complex transcripts in eukaryotes. (@ Altemative cleavage and In both mechanisms, different mature mRMNAs are produced from the
polyadenylation patterns. Two polyiA) sites, A, and A, are shown. same prmary transcript,
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FIGURE 26-20 Alternative processing of the calcitonin gene tran-
script in rats. The primary transcript has two polyiA) sites; one pre-

dominates in the brain, the ather in the thyraid. In the brain, splicing
eliminates the calcitonin exon (exon 4];WWW14<ﬂ9¥ﬂi]QﬂSaﬂﬁﬂﬁ5 re-
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tained. The resulting peptides are processed further to yield the final
hormone products: calcitonin-gene-related peptide (CGRF) in the
brain and calcitenin in the thyroid.
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Humanliver 5--JC A A|[CUG|ICAG|AC A[UATU|AUG|[ATU A|C A A[UU U|[G A U|[C A GJ[UA U-—-3
(apoB-100) — @n— Leun — @ln — Thr — Twr — Met — Qe — @n — Phe — Asp — Gln — Tyr —

Human intestine——C A A|[C U GJC A GJA C AU A UJA U GJlA T AlUA A|lUD Ul A Ul[C A GllU A U-—-
(apoB-48) — GIn— Lan — GIln — Thr — Twr — Met — Tle Stop

FIGURE 3 RMA editing of the transcript of the gene for the changing a Gln codon to a stop codon and preducing a truncated
apolipoprotein B-100 component of LDL. Deamination, which oc- protein.
curs only in the intestine, corverts a specific oytosine to uracil,

UAUAUGUUUUGUUGUUUAUUAUGUGAUUAUGGUUUUGUUUUUUAUUGGUAUUUUUUAUAUUUA

UUUAAUUUGUUGAUAAAUACAUUUVAUUUGUUUGUUAAUUUUUUUGUUUUGUGUUUUUGGUU

UAGGUUUUUUUGUUGUUGUUGUUUUGUAUUAUGAUUGAGUUUGUUGUUUGGUUUUUUGUUUU

UUGUGAAACCAGUUAUGAGAGUUUGCAUUGUUAUUUAUUACAUUAAGUUGGUGUUUUUGGUUC

] 13-44  HEd (Thrucer) cox IIEERITG 4 RNA . 1R U(ZLER) 7 DNA sk gmid, 1) —uedk
DNA 2ty T (S8 €0) 7£ mRNA AR illss 1o (2% B.Lewin: {GENES) VI, 1997, Fig31.16)
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Figure 23.19 Pre-edited RMNA base pairs with a guide RNA on both sides of the region to be edited. The guide AN

provides a template for the insertion of uridines. The mRANA produced by the insert{wm i?(ﬁﬁ?frll%gsﬂnne to the
ANA, I L ;

AAAGCGGAGAGAAAAGAAA A G G C TIMTAACTTCAGGTTGTTTATTACGAGTATATGE

I‘il Transcription

Fre-edited RNA  A8AGCGEEAGAGAAAAGRAA G ¢ UUAACUUCAGEUUGUULMAIUACGAGUAUALIGE

‘Jﬁ Pairing with guide RNA
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FIGUHE 28-33 Gene silencing by RNA interference. (@) Small tem-

poral RNAs (stRNAs) are generated by Dicermediated cleavage of
. longer precursors that fold to create duplex regiors. The stRNAs then

bind to mRENAs, leading to degradation of mRNA or inhibition of trars-

lation. (b) Double-stranded RNAs can be corstructed and introduced

inte a cell. Dicer processes the duplex RNAs into small interfering

RMNAs IEIRH.-"'-HI which interact with the target mRNA. Again, the mRNA
s eit Era&yanc fed Sr its translation inhibited.
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FIGURE 26-30 Structure and gene products of an integrated retro-
viral genome. The long terminal repeats (LTRs) have sequences needed
for the regulation and initiaticn of transcription. The sequence denated
¥ is required for packaging of retroviral RMAs into mature viral par-
ticles. Transcription of the retroviral DMA produces a primary tran-
script encompassing the gag, pol. and env genes. Translation iChap-
ter 27) produces a polyprotein, a single long polypeptide darived from
thee gag and pof genes, which is cleaved into six distinct proteins. Splic-
irg af the primary ranscript vields an mRMA derived largely from the
anv gene, which is also ranslated into a polyproteing then cleaved to
genemte viral ervelope proteins.
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FIGURE 256-31 Rous sarcoma virus genome. The src gene encodes a
tyrosine-specitic protein kinase, one of a class of enzymes known to
function in systems that affect cell division, cell-call interactions, and
intercellular communication (Chapter 125 The same gene is found in

chicken DMNA ithe usual host for this viras) and in the genomes of
many other eukaryotes, including humans, When associated with the
Rous sarcoma virus, this oncogene is often expressed at abnormally
high levels, contributing b unregulated cell division and cancer.

FIGURE 26-32 The genome of HIV, the virus that causes AIDS. In
addition to the typical retroviral genes, HIV contains several small
ganes with a variety of functions inot identified here, and not all

. m _r-g‘ L ¥

SR
: '-"wvmﬁgaoyancas netp"

kncwny. Some of these genes overlap isee Box 27-1). Alternative
splicing mechanisms produce many different proteins from this small
8.7 = 107 nucleotides) ganoma.
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