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RNA polymerase II 
transcription control 

RNA polymerase II transcription touches 
almost everything in eukaryotic biology. 
It underlies development and differenti- 
ation. It is an endpoint of signal transduc- 
tion pathways. It continually reshapes 
the cell in response to metabolic needs 
and environmental information. The 
purpose of this Special Issue is to con- 
vey the current excitement in biochemi- 
cal studies of polymerase II transcrip- 
tion, and in particular, to relate two 
recent developments. First, a complete 
molecular description of the transcrip- 
tion machinery is at hand. A crucial 
missing link in the pathway of communi- 
cation between gene regulatory proteins 
and polymerase II has been found. Sec- 
ond, connections with human disease 
are coming to light. 

Principles of polymerase II transcription 
While the focus here upon these two 

aspects of transcription research might 
appear narrow, the underlying princi- 
ples are broad, deriving from a gener- 
ation of work by many investigators in 
diverse experimental systems. A simple 
picture of RNA polymerase II transcrip- 
tion has emerged, whose key features, 
reviewed in this issue by Roeder, include 
the following: 

(1) Polymerase I1 promoters are com- 
posed of core and regulatory (enhancer, 
silencer) regions. The core comprises a 
TATA box and transcription start site, 
located about 30 basepairs (bp) apart, 
in almost all promoters, in almost all 
organisms. By contrast, the regulatory 
elements are highly varied and gene- 
specific. They contain one or more 
sequences for interaction with DNA- 
binding regulatory proteins. They are 
located near or at a great distance up- 
stream or downstream from the core 
promoter. 

(2) A universal set of proteins, termed 
the basal apparatus, recognizes a core 
promoter and initiates transcription. 
This basal apparatus comprises polym- 
erase II and the general transcription 
factors (GTFs) TATA-binding protein 
(TBP), TFIIB, TFIIE, TFIIF and TFIIH. 
Virtually every core promoter employs 
the same basal apparatus, and all the 
subunits are conserved between yeast 
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and man. Functions of some GTFs are 
known (see Fig. 1): TBP binds the 
TATA box in the first step of forming a 
transcription initiation complex; TFIIB 
bridges to the polymerase, determining 
the 30 bp distance to the transcription 
start site; TFIIH contains both a hell- 
case, thought to be involved in separ- 
ation of DNA strands around the tran- 
scription start site, and a protein kinase 
responsible for extensive phosphoryl- 
ation of the carboxy-terminal domain 
(CTD) of polymerase II at every round of 
transcription initiation. 

(3) Cell type-specific and gene-specific 
activator proteins bind enhancer se- 
quences. Additional proteins bind to 
the activators or to flanking DNA se- 
quences, modulating activator function. 
These proteins and protein complexes 
form the interface for input of regu- 
latory information to the transcription 
apparatus. 

Missing link in the activation pathway 
The discovery of the bipartite na- 

ture of promoters and of the proteins 
that associate with them raised the ques- 
tion of interaction between the parts. 
How are the regulatory influences con- 
veyed from enhancers (or silencers) to 
core promoters? What is the mecha- 
nism of communication between acti- 
vator (or repressor) proteins and the 
basal apparatus? 

Early work, showing activator binding 
to components of the basal apparatus, 
suggested direct communication. Func- 
tional studies, however, led to a different 
conclusion. Transcription in a crude, 
cell-free system was stimulated by acti- 
vators, but upon fractionation of the 
system, the stimulatory effect was lost. 
The effect could be restored by the ad- 
dition of a novel protein factor(s), pre- 
sumed to play an intermediary role be- 
tween activators and the basal apparatus. 

The isolation of the intermediary 
factor, or 'missing link' in the activation 
pathway, has been pursued in yeast, 
Drosophila and human cells. The out- 
come is described in three papers in 
this issue. Bj6rldund and Kim recount the 
isolation from yeast of a complex termed 
'mediator', which enables a response to 
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activators in a fully defined transcrip- 
tion system. Mediator interacts with the 
CTD of RNA polymerase II, forming a 
larger complex, referred to as a holo- 
enzyme. Remarkably, most subunits of 
mediator were previously identified in 
genetic screens for mutations affecting 
the transcription of various yeast pro- 
moters. The genetic findings show that 
mediator is involved in transcriptional 
activation in vivo as well as in vitro, that 
mediator is important for repression as 
well as for activation, and that mediator 
interacts with the CTD in vivo. The CTD 
can be viewed as an antenna for regu- 
latory information and the mediator as 
a signal-processing device, integrating 
positive and negative inputs, transduc- 
ing them back to the polymerase for 
control of transcription. 

Pursuit of the intermediary factor in 
Drosophila has given an altogether dif- 
ferent result. Verrijzer and Tjian review 
the discovery and characterization of 
TBP-associated factors (TAFs), which 
form a complex with TBP termed TFIID. 
The presence of TAFs enables a response 
to activators in a Drosophila transcrip- 
tion system. Activators bind to spe- 
cific TAFs and require the same TAFs in 
recombinant form, reconstituted with 
TBP, for the stimulation of transcrip- 
tion. This striking correlation leads to 
the idea that activators exert their ef- 
fects by recruiting TFIID to promoters, 
accelerating the first step in initiation 
complex formation. Apart from their 
role in transcriptional activation, certain 
TAFs directly contact promoter DNA and 
are suggested to contribute to the speci- 
ficity of TFIID-promoter interaction. In 
support of the physiological relevance 
of TAFs, Verrijzer and Tjian cite two ex- 
amples of alterations of TAF genes or 
their expression affecting transcription 
of specific promoters in vivo. 

There is no significant overlap be- 
tween mediator and TAFs. The response 
to activator proteins in the yeast system 
is effected by mediator-polymerase 
complex in the absence of TAFs, while 
the response in the Drosophila system 
is brought about by TAF-TBP complex 
in the apparent absence of mediator. 
The results from yeast and Drosophila 
systems therefore reflect altogether dif- 
ferent pathways. These pathways need 
not, however, be mutually exclusive. 
Studies in the human system raise the 
possibility that mediator and TAFs func- 
tion in concert. As described by Kaiser 
and Meisterernst, activation in the hu- 
man system requires both TAFs and 
positive co-factors, one of which might 

325 



EDITORIAL 

Figure 1 
Structure of pre-initiation complex reveals the basis of transcription start-site determi- 
nation by the TATA-binding protein (TBP) and TFIIB (B). Structure of RNA polymerase II (pol II) 
is from electron crystallography. TBP, TFIIB and TFIIE (E) are drawn symbolically, to scale, 
in locations indicated by X-ray and electron crystallography. Transcription initiation occurs 
at a point on DNA (yellow cylinder) lying within the circle of polymerase protein density 
abutted by TFIIE. 

prove to be the mediator-polymerase 
complex. Positive co-factor activity is not 
limited to a single protein or complex, 
but rather appears to reside in multiple 
chromatographic fractions, one of which 
has been resolved to homogeneity as a 
polypeptide designated PC4. In some in- 
stances, the role of positive co-factors 
might be to relieve inhibition of tran- 
scription by negative co-factors, several 
of which have been identified as well. 

At least three solutions have thus 
been found to the problem of communi- 
cation between activators and the basal 
transcription apparatus. Mediator, TAFs 

and positive co-factors allow communi- 
cation in vitro and, in some cases, also 
in vivo. An important objective of fu- 
ture studies will be to determine which 
of these modes of communication pre- 
dominates in vivo. 

Disease connections 
The TFIIH story, told in these pages 

by Svejstrup, Vichi and Egly, has two 
components. First, as mentioned above, 
TFIIH supplies DNA helicase and pro- 
tein kinase activities required for the 
initiation of transcription. Second, TFIIH 
plays an extraordinary dual role, 
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participating both in transcription and 
in the seemingly unrelated process of 
DNA damage repair. Mutations in TFIIH 
subunits cause the repair disease xero- 
derma pigmentosum, as well as other 
disorders most likely due to defects in 
transcription. 

Although neglected by comparison 
with initiation, transcription elongation 
is a source of no less dramatic dis- 
ease relationships, attesting to its regu- 
latory importance. Reines, Conaway 
and Conaway describe five protein 
factors affecting elongation in vitro, 
two of which have been implicated 
in human carcinogenesis. Further such 
evidence connecting biochemical stud- 
ies of transcription with human disease 
is anticipated. 

Back to the future 
The biochemical studies of transcrip- 

tion summarized here have all em- 
ployed naked DNA templates, in part 
because the natural chromosome tem- 
plate is inert in most transcription as- 
says. Coiling of DNA in the nucleosome, 
the basal unit of chromosome struc- 
ture, represses transcription in vitro 
and also in vivo. The cellular machinery 
for overcoming this repression, first ex- 
emplified by the yeast SWI-SNF com- 
plex, has only recently become access- 
ible to investigation. As derepression is 
a necessary first step, preceding all 
RNA polymerase transactions, it is 
doubtless a major locus of regulation. 
Future studies will include stepping 
back along the pathway of gene ex- 
pression to elucidate such primary 
events and their contributions to tran- 
scription control. 

ROGER D. KORNBERG 

Department of Structural Biology, 
Stanford University School of Medicine, 
Fairchild Center, Stanford, 
CA 94305-5400, USA. 

TiBS Editorial Policy 

As the leading review journal in biochemistry and molecular biology, TiBS enables researchers, teachers and their students to keep up with new and recent 
developments across this broad field. 

Reviews form the foundation of each monthly issue. These articles, invited from leading researchers in a specific field, summarize and assess recent and 
important developments. Front/ines includes short articles highlighting recent research papers of particular interest, news, views and comment. Ta/king Point is 
a forum for debate and hypothesis, and may include comment from appropriate person(s) alongside the original article. New techniques and their application, or 
recent developments of established methods, are described in Techniques articles. Computer Corner reports on new software applications, and information 
resources available on the Internet. The Reflections column provides a historical perspective. 

Articles for TiBS are generally invited by the Editors, but ideas for Reviews and, in particular, Ta/king Pointteatures are welcome. Prospective authors should 
send a brief summary, citing key references, to a member of the Editorial Board or to the Staff Editor in Cambridge, who will supply guidelines on manuscript 
preparation if the proposal is accepted. 

The submission of comp/eted artic/es without prior consu/tation is strong/y discouraged. As much of the journal content is planned in advance, such manuscripts 
may be rejected primarily because of lack of space. 

Authors should note that all Reviews and Features articles for TiBS are peer reviewed before acceptance and publication cannot be guaranteed. 

326 


