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Effects of activators on cbromatia 
Activators can stimulate transcription indirectly by 

preventing the repressive effects of chromatin. Occlud- 
ing promoter sequences with nucleosomes resultt in 
decreased accessibility of transcriptional regulatory pro- 
teins to the promoter. This simple mechanism of inhibi- 
tion affects the transcription of all genes. Disruption of 
the normal nucleosomal st-ncture by htstone loss, mu- 
tation, or change in dosage, or polyk.iA-dT) sequences, 
results in increased transcriptiont. In addition to his- 
tones, several non-histone proteins, such as Sin1 and 
Spt4-6, might be involved in global repression by 
chromatin. 

How does an activator deal with chromatin? First, 
some activators, such as Spl and Gal4, can bind to their 
site in vitro even when it is complexed into nucleo- 
some&3. In contrast. TBP (and presumably TFIID) is 
essentially unable to bind the TATA element when tem- 
plate DNA is complexed into nucleosomes*,5. Second, 
activators can perturb chromatin structure. The acidic 
activator protein Gal4 can displace a nucleosome from 
the GAL1 promoter in vid.7. This displacement is not 
dependent on a functional TATA element and occurs in 
the absence of transcription, therefore, the process of 
transcription is not the cause of these changes. Third, 
activators might recruit or utilize GcnS, a histone ace@- 
ascR, or *l.c. “A_ Sv:-i%ff complex, an ATPdependent 
nucleosome remodeling activi@tn that is associated 
with the Pol 11 holoenzymett. Mutations that eliminate 
Gcn5 or Swi/Snf activity can decrease the transcrip- 
tion level of certain genes’. Thus, one component of 

Mechanisms of 

activator-dependent increases in transcriptional activity 
minht be the elimination of the effects of negative factors 
that repress transcription; this would serve to increase 
the accessibihty of the TATA and Inr elements to the 
rest of the transcription machinery. 
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Step 2: recruitment of RNA PO1 II holoetuyme 
Although activators can stimulate transcription by 

increasing recruitment of TBP, there is considerable evi- 
dence for a post-TBP recruitment step in the mecha- 
nism of activated transcription in vjllo. First, in the case 
of the CK1 promoter, TBP is bound at the TATA el- 
ement in the zhsence of the activator protein@. This 
suggests that a second step in activator-dependent com- 
plex assembly can be slow and/or rate-limiting hr vic~o. 
Second, some activation-defective TBP mutants do not 
activate even when anihcially recruited to the promoter 
via a heterologous DNA-binding domain, presumably 
owing to a defect aher TBP is recruited to the TATA 

elementqt. Third, the C-terminal tail (CID) of the largest 
Pol II suhuni. has been implicated in the process of 
transc+~tional activvion. Partial nuncation of the CID 
results in weakened responses to some activatot+, and 
extended CfDs can increase the function of weak acti- 
vator@. The existence of a second step is also sup- 
ported by biochemical studies indicating that activators 
function during multiple steps after TBP binds to the 
TATA eletnentzt. 

In yeast, approximately lG% of Pal II is found in a 
large multiprotein complextt.‘+-‘6. In addition to the 
ten subunits of the core enzyme, this Pal II holoenzyme 
includes most of the general transc~ption Factors !Lt 
apparently not TBP), ten Srb proteins, Call& Rgrl, Sin4 
and the Swi/SnF proteins (Table 1). Virtually all of the 
Srb proteins are required for normal cell growth, with 
Srb4 or Srb6 bemg essential For transcription from all 
promoters; this suggests that the Pal II hoioenzyme is 
the entity that initiates transcription iit uW7. A sub- 
complex contaming Srb, Swi/SnF and, perhaps, other 
proteins, termed mediator, is associated with the CID 
(Refs 11, 45). II? vitro, this mediator subcomplex can 
play a role in activation*i, suggesting that Srb or other 
proteins might be targets of activators. Taken together, 
these observations suggest that the holoenzyme is 
involved in the second step of transcriptional activation. 

Independent verification of holoenzyme involve- 
ment comes From the observation that tnn.scrIptional 
activation occurs when Gaill. a holoenzyme com- 
ponent, is artificially recruited to a promoter by a DNA- 
binding domain+s. Similarly, artificial recruitment of 
other holoenzyme components, SnF2, SnF5, Snf6 and 
Sin4, also results in activation’t9.i0. As with artificial 
recruitment of TBP UPIID), recruitment of holoenzyme 
bypasses the requirement For an activator. However, the 
TATA element (and, therefore, TBP or TFIID) is still 
essential For activated tmnsctiption. Thus, there are two 
steps required For activated transcription, recruitment of 
TPIID and recruitment of holoenzyme (Fig. 1). 

The irr Vito roles of .some components of the Pol II 
holoenqme are understood to a limited degree (Table 1). 
Genetic evidence indicates that TPIIB and cettain 
subunits of Pal II are primarily responsible for selection 
of the initiation site’. Galll, Sin4 and RgrI appear to 
exist as a subcomplex in holoenzyme, consistent with 
similarities between the phenotypes of mutations in 
the genes*“. A subset of Srb proteins %b8-11) play a 
role in global repression by the Cyct3-Tupl complex, 
because mutations in any of these genes leads to a par- 
tial relief of repression 5*.5?. The Swi/SnF sul~omplex 
is thought to Facilitate activator function by antagoniz- 
ing chromatin-mediated tmnscriptional repression+J. 
Swi/Snf can enhance binding of activators or TBP (in 
concert with TPIIA) to nucleosomal templates ir? 
vitms~~~*O, and it affects chromatin StNCNre in UiLOi’. 

The molecular basis of the distinct, but selective, effczzts 
of individual holoenzyme components on transcription 
remains to be elucidated. 

conehidiagremarks 
Taken together, the above evidence suggests that 

activators Function at two steps. An apparent inconsist- 
ency between the 02 d/f’0 trdnscription activation reac- 
tions could also be viewed as Futther support for this 
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Activator None; typidy separable Bii enhancer; alters chromatin 
DNA-binding donnii sttucttw+ enhances level of 
andADs “nscription 

TFUD TBPandalargenumbsr 
of TAPS 

Bii T_ATA e!cti*nt, nucleates 
initiation complex assembly; 
interdction with TATA element 
and TPllA critical for activated 
transcription 

Srb 

TFRB Single polypeptide 

TFIIH Multisubunit complex 

TFllF Three subunits, Rap74 
CTfgll, Rap30 fTfg2l and 
Tfg3 (not essential1 

SWi/Snf Approximately 10 
members 

Rgrl sub-Rgrl, Gall& Sii4, 
p50 complex 

lntentction with TBP necessary for 
activated transcription 

Start-site selection; general tninscription; 
truncation of the CD of the largest 
subunit causes activation defect 

Interact with Pol 11 ClD; mutants 
suppress Cl’D cold-sensitive phenotype: 
required for transcription 

Stan-site selection 

Involved in nucleotide-excision repair 
and ceh-cycie control 

Unknown 

Los of function correlates with changes 
in chromatin structure and decreased 
potency of activators 

Loss of function diihes full 
activation and glucose-repression of 
GAL genes, thus, positive and wgative 
regulatory effects alters chromatin 

ADS contact TBP, TAPS, TFllA, TPllB 
andTl3l-l 

TBP contacts TAPS, AD, TFRA, TFllB 
and TPRF. TAPS contact AD, TFRA, 
TPRBandTPlW 

Contacts TRP; stabiliies TRP-TATA 
interaction 

RNA chaii initiation and elongation 

Some Srb proteins phosphorylate CTD; 
others interact with TBP 

Bids TBP-TATA element 
costmcture; can interact with ADs 
andaTAP 

Required for Lt virmtranscription 

Recruits Pal 11 into preinitiation 
complex: Rap70 interacts with a 
TAF. Tfg3 has been detected in 
TPlID preparations 

DNA-stimulated ATPase activity; 
diirupts nuckosomal arrays in an 
ATPdependent marine:;; facilitates 
TBPDFIIA and activator biding to 
chxxnatin templates 

Unknown 

aResponse to activators has been achieved 01 uirrousing either TFRD and highly purikd generai factors and Pal II. or with 
TBP and holoenayme kee text). 

Abbreviations ADS, activation domains; CTD. C-terminal domain; 1’01 II, RNA polymerase II; TAFs. TRP-associated factors: 
TRP, TATA-binding protein. 

view. In one type of reaction, the Pal Ii holoenzyme 
(but not core Pol ID responds to transcriptional acti- 
vatorsl*~li. Interestingly, TBP is sufftcient in such reac- 
tions, suggesting that TAFs are not required for acti- 
vation by the h&enzyme. In contrast, core Pal II can 
respond to activators, but only if TPlID is ~~e.sentt.! 
Thus, activation can he achieved in cifro v&h either 
TFlID or the holoenzyme. This can be interpreted by 
proposing that the two Or viIro tmnscription systems are 
assaying a different step of the process A more accu- 
rate representation of the in Irk0 dvnamics of activated 
transcription will be achieved whea TPlID and holoen- 
qme prepamtions are both included in the biochemical 
assay system. 

Although we present a scheme in which the acti- 
vator recruits TFllD first and then recruits Pal II holoen- 
zyme, different promoters could vary as to the order of 
these tvvo events. One interpretation of the remodeling 
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in viva is intrinsically different from that found at a pro- 
moter with a lower level of expression. For example, 
are certain TAFs associated with TBP only on itig’hiy 
active promoters? Tliis would suggest steps in the bio- 
chemical pathway specific to activated transcription. 
Biochemical studies of activator-TAP interactions show 
that some activators have the potential to make TAF- 
specific contact&. Alternatively, activated tnmscription 
could simply reflect faster recruitment and/or greater 
stability of an identical complex to that formed on an 
uninduced promoter. Thus, the same twostep process 
could be a universal feature of transcription initiation. A 
combination of genetic and biochemical approaches 
will be the means for understanding the choreography 
of these steps and the tempo at which they need to be 
performed in the complicated dance of activated tran- 
scription in vim 
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