
An RNA Polymerase-Binding Protein That Is 
Required for Communication Between an 

1 

Enhancer and a Promoter 

Although bacteriophage T4 late promoters are selectively 
recognized by Escherichia coli RNA polymerase bearing a 
single protein encoded by T4 gene 55 (gp55), efficient 
transcription at these promoters requires enhancement by 
the three T4 DNA polymerase accessory proteins, bound 
to distal "mobile enhancer" sites. Two principles are 
shown to govern this transcriptional enhancement: (i) 
Promoter recognition and communication between the 
enhancer and the promoter require separate phage-coded 
proteins. Only RNA polymerase that has the T4 gene 33 
protein (gp33) bound to it is subject to enhancement by 
the three DNA replication proteins. (ii) Transcriptional 
enhancement in this prokaryotic system is promoter- 
specific. Promoter specificity is generated by a direct 
competition of phage T4 gp33 and gp55 with the E .  coli 
promoter recognition protein, u70, for binding to the E. 
coli RNA polymerase core. Thus, polymerase that con- 
tains u70 is competent to transcribe T4 early and middle 
genes, but lacks the ability to be enhanced by the DNA 
replication proteins, while polymerase that contains gp55 
and gp33 is capable of enhancement via gp33, but its 
activity is restricted to T4 late promoters by gp55. 

'HEN VIRUSES MULTIPLY IN THEIR HOSTS, THEY FRE- 

quently withhold the expression of certain genes, particu- 
larly those that code for proteins of the mature virus 

particle, until a late stage of the multiplication cycle. In certain cases, 
expression of such genes depends at least in some measure on viral 
genome replication. These relationships were first uncovered 
through studies of the bacteriophage T4 (I), but other examples of 
replication-dependent gene expression are known and involve not 
only bacterial viruses but also such diverse animal viruses as SV40, 
adenovirus, and herpes simplex virus 1 (2). 

Our analysis of a mechanism for connecting DNA replication 
with regulated gene expression focuses on the late genes of bacteri- 
ophage T4. These genes, which cover approximately 40 percent of 
the viral genome, are turned on just after the start of viral DNA 
replication, and their expression diminishes if ongoing DNA repli- 
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cation is shut down (3, 4). In a recently devised in vitro system for 
analyzing this connection between replication and late gene expres- 
sion, three T4 DNA polymerase accessory proteins that are encoded 
by T4 genes 44, 62, and 45 (gp44, gp62, and gp45) have been 
shown to stimulate initiation of transcription at a T4 late promoter 
(5). These three replication proteins bind to DNA primer-template 
junctions (6) and have a DNA-dependent adenosine triphosphatase 
(ATPase) activity (7). They serve as the sliding clamp of the DNA 
polymerase, and greatly increase the processivity of DNA chain 
elongation by that enzyme (8). Transcriptional activation by the 
three DNA polymerase accessory proteins requires a DNA-binding 
site that acts like an enhancer, since it can be located at considerable 
distance upstream or downstream from a promoter. The enhancer 
and the proteins that bind to it activate T4 late transcription by 
increasing the rate of promoter opening (5) .  In our experiments, the 
enhancer is a simple break in the DNA, to which the activating 
proteins bind; in other words, it is a structure rather than a specific 
sequence. We have proposed that, in vivo, it is the viral DNA 
replication fork that acts as the "mobile enhancer" of T4  late gene 
transcription and that the three DNA polymerase accessory proteins 
are part of the replisome when they activate transcription (5). 

In contrast to the complexity of transcriptional enhancement, late 
promoter recognition can be executed in vitro by Escherichia coli 
RNA polymerase core supplemented only with the RNA polymer- 
ase-binding protein encoded by T4 gene 55 (gp55) (9, lo), a 
member of the a family of proteins (11). Late promoters are 
extremely simple, consisting only of TATAAATA located approxi- 
mately 10 base pairs (bp) upstream of transcriptional start sites. The 
recognition sequences that are located 16 to 18 bp further upstream 
in most E. coli and other prokaryotic promoters are lacking in T4 
late transcription units (12, 13). 

There are indications for the existence of one further level of 
complexity in this system of transcriptional activation. RNA poly- 
merase from T4-infected cells supplemented with the T4 late 
promoter recognition-specific gp55 can be transcriptionally en- 
hanced in vitro, but RNA polymerase core from uninfected E. coli, 
also supplemented with gp55, cannot (5) .  The host's RNA polymer- 
ase undergoes multiple covalent and noncovalent modifications after 
infection by phage T4 (14); the above-cited evidence implies that 
one of these modifications is required for interaction with the 
transcription-enhancing proteins. We have now identified the small 
RNA polymerase-binding protein encoded by T4 gene 33 (gp33) as 
the required component: gp33 is the link between replication 
proteins bound at the enhancer and the transcription initiation 
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Flg. 1. Principal features of plasmid 
pDH310. The T4 late (gp55-depen- 
dent) PZ3 + TT7 transcription unit 
yields a 422-nudeotide (nt) RNA 
m o l d e .  The om-de~endent 
P4 + TP4 transcription unit is located 
near the plasmid replication origin 
and yields a 108-nt transcript. The 
nick introduced by the filamentous 
phage gpII endonudeax is located 
222 bp upstream of the start site of ,  
Pz3-initiated transcription. The con- 
struction of pDH310 has been de- 
scribed (9. The other vlasmids used u {ere similar to vDH310 excevt for the 
disposiuoh of the 1 16-bp phage M13 fragment cont&ing the gp~fnick site; 
in pTEllO (13) it is absent, and in pDH410 (5) it is inverted so that gpII 
nicks the opposite strand, 232 bp upstream of PZ3. 

complex at the promoter, and it is absolutely required for transcrip- 
tional enhancement. We also demonstrate that, in this prokaryotic 
system, transcriptional enhancement is promoter-specific, and we 
show how that specificity is engendered. 

The role of gp33 in ks&ptional enhancement. Expression 
of T4 late genes is under the control of phage genes 55,45, and 33 
(1, 4). Therefore, when E. coli RNA polymerase was found to 
reauire some additional T4-induced modification in order for its 
gp55-dependent promoter complex to be subject to gp45-depen- 
dent transcriptional enhancement, we tested for the involvement of 
gp33 by comparing late transcription in vitro with RNA polymerase 
isolated from E. coli infected with T4 wild-type phage and with 
phage bearing a double amber mutation in gene 33. The DNA 
template of this experiment was the previously described (5) 
pDH310 (Fig. l), which bears (i) a principal T4 late transcription 
unit composed of the gene 23 (major capsid protein) promoter, Pz3, 
upstream of a transcriptional terminator, TT7, and (ii) a site for 
nicking the nontranscribed strand of this transcription unit up- 
stream of Pz3. The nick thus introduced serves as the binding site for 
the transcription-enhancing proteins T4 gp44162 and gp45 (15). 
Nicking the DNA also relaxes it and makes it a relatively poor 
template for unenhanced initiation of transcription by RNA poly- 
mer'ase containing gp55. Plasmid pDH310 also contains additional 
late transcription units defined by variant T4 late promoters (5). 
(These transcription units are omitted from Fig. 1 because their 
consideration id not required for the analvsis th; follows.) 

Transcriptional activition of the T4 lati promoter was dbnden t  
on the presence of gp33 (Fig. 2). With T4 DNA polymerase 
accessory proteins (15) present, opening of the T4 late promoter Pz3 
was enhanced in reactions with RNA polymerase (16) from bacteria 

Table 1 .  Escherichia coli RNA polymerse and its T4speciiic modifications. 

Origin* 
Modification 

RpbAt 
ADP r i b  
sylation* a 3 3  

Uninfected - - - 
T4 wild type + + + 
T4 rpbA- - + - § 
T4 alt-/mod- + - - § 
T4 33- + + - 
Uninfected, + - - 

RpbA overproduced 

Yncse enzymes were purified as described (16). tThe RpbA protein bids tightly 
to RNA polymerax core throughout transcri tion (19). No role in phage T4 
dcvclopmcnt or gene regulation has been foumffor RpbA. $Each a subunit of 
RNA polymerase is covalently linked to ADP-ribose through the action ofthe T4 Alt 
and Mod proteins. §Removed during the more rigorous purification applied to 
these enzymes. 

infected with wild-type phage (Fig. 2, lanes a and b), but not with 
RNA polymerase from bacteria infected with gene 33-mutant 
phage (Fig. 2, lanes e and f). Enhancement could be conferred by 
adding purified gp33 (17) to the 33- T4 RNA polymerase (Fig. 2, 
lanes g and h), but a 3 3  did not enhance synthesis of P23 + TT7 
RNA in the absence of the replication proteins (lanes c and a and g 
and e). We noted that gp33 dso stimulated enhanced transcription 
by RNA polymerase prepared from wild-type phage-infected cells 
(lanes d and b). This probably reflects the presence of a substoichio- 
metric level of gp33 in this enzyme, due either to a partial loss of 
gp33 during RNA polymerase purification, or to the enzyme being 
only partly saturated with gp33 in vivo. 

In order to ascertain whether gp33 suffices for replication protein- 
dependent transcriptional enhancement and whether any other T4- 
induced modifications of RNA polymerase (Table 1) contribute to 
enhancement, we also purified RNA polymerase (16) from (i) 
uninfected E. coli, (ii) E. coli infected with T4 phage (tpbA-) that do 
not make the rpbA protein, (iii) uninfected E. coli overproducing the 
T4 tpbA protein, and (iv) E. coli infected with T4 phage (alt- mod-) 
that are incapable of modifymg the a subunits of RNA polymerase 
core by ADP-ribosylation (ADP, adenosine diphasphate). These 
enzymes were smpped of E. coli 0'' (that is, they were converted to 
core enzymes) (18) and supplemented with T4 gp55 (19) and gp33, 
as required, in experiments similar to Fig. 2. In surveying transcrip- 
tion initiating at P23 with these enzymes, we found that the extent of 
unenhanced transcription under the standard reaction conditions of 
Fig. 2 and previous work (5) varied considerably, generating 
backgrounds in our assays of enhancement that complicated analysis 
and interpretation. In looking for a way to circumvent this problem, 
we examined the dependence of transcription on electrolyte concen- 
tration and found, surprisingly, that the enhanced levels of transcrip- 
tion mediated by gp44162 and gp45 were maintained at high 
electrolyte concentrations. In an experiment with TPmodified 
RNA polymerase from wild-type phage-infeaed cells (Fig. 3), 
transcription complexes were first formed by incubating all proteins 
and DNA in the presence of dATP (deoxyadenosine triphosphate) 
and then allowed to undergo a single round of transcription. Thus, 

Fig. 2. Involvement of 
T4 gene 33 protein in 
enhancement of late 
transcription by the 
DNA polymerase acces- 
sorv proteins. RNA 

a b c d e t  g h  

poipdrases (1 pmol) 
and other oroteins as in- Tp4 * 
dicated w&e incubated 
with gp5' (5 pmol) and NICK-TT7 + c - Q - - rr .L 
nicked pDH310 DNA 
in a reaction buffer con- 
taining 66 mM potassi- 
um acetate and 1 mM 

mphmphate)' for 30 3-T,, + 

minutes at 37OC. RNA 
svnthesis was started bv 
adding four ribonud& 
side mphosphates and 
heparin, allowing a sin- 
gle round of transcrip- 
Gon to start at open Pro- 
moters. Transcription was stopped after 12 minutes. (Lanes a to d) RNA 
polymerase from E. coli infected with wild-type T4; (lanes e to h) RNA 
polymerase from E. coli infected with phage bearing a double amber 
mutation in gene 33. Transcripts originating at Pz3 and at the nick are 
indicated at the side. The larger (molecular weight) transcripts at the top of 
each lane are principally due to readthrough of the transcriptional terrnina- 
tors Tpq and TT7, and to the utilization of variant T4 late promoters in 
pDH3lO (5). The details were as specified in (34). 
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4B); and (ii) it increases enhancer dependence by inhibiting men- 

200 400 
Potassium acetate ( m M )  

NICK *Tpq 

.-l 

-7 
NICK +TT, 

Fig. 3. The e&ct of salt concentration on enhanced 
and unenhanced formation of open promoter com- 
plexes at the PZ3 late promoter. (A) T4-modified 
1LNA polymerase, supplemented with <gp55 and 
~ 3 3 .  \vas allou,ed to form open promoter complexes 

-7 
P23)Tn 

for 30 minutes at 337°C with supercoiled pDH310 
DSA (A),  with nicked DNA (A) ,  or with nicked 
DNA in the presence of gp45 (13.4 ~ g l m l )  and 
@I62 (54 t~glrnl) (U). All reaction mixtures con- 
tained 2 mZI &ITP and potassium acetate (KOAc) at 66 400 mM KOAc 

the concentrations indicated. Transcription \\?as start- 
ed by the addition of an cqual volume of a mixture containing all four 
ribonucleoside triphosphatcs and heparin, but no KOAc, and was stopped 
10 minutes later. In this way, a single round of transcription from promoters 
that had formed open complexes with RNA polymcmse at the indicated 
concentration of KOAc was allowed to take place at half the indicated 
concentration of KOAc. Other details of the reaction, and the quantitation 
of the P2, + TT7 transcript (ordinate) were as spccified in (34). (B) Two 
examples of autoradiograms from \vhich the numerical data in (A) are 
derived: nicked DNA in the presence of @5 and @I62 [ W  in (A)] at 66 
m.!f KOAc (lane a) and 400 mZI KOAc (lane b). Transcripts are identified as 
in Fig. 2. 

the assay measured the formation of stable open promoter complex- 
es. The ability to form these complexes on nicked DNA in the 
absence of replication proteins was low and relatively sensitive to 
electrolyte. The formation of open promoter complexes was also 
suppressed in supercoiled DNA at higher ionic strengths so that 
transcription in 400 and 500 mM potassium acetate was negligible. 
In contrast, enhanced late transcription of nicked DNA was optimal 
in 400 mM potassium acetate and relatively active even in 500 mM 
potassium acetate. At these salt concentrations, which are within the 
broad range of ionic conditions that can occur in the E. coli 
cytoplasm (although the use of acetate instead of glutamate and the 
absence of polyarnines makes the mimicry rather crude) (20), late 
transcription was almost absolutely enhancer-dependent (21). 

It was now possible to show unequivocally that gp33 alone 
sfices to make E. coli RNA polymerase core subject to transcrip- 
tional enhancement (Fig. 4). When E. coli RNA polymerase core 
was supplemented only with gp55, it initiated transcription at Pz3 in 
nicked plasmid DNA more effectively and in a more salt-resistant 
manner than did T4-modified RNA polymerase (compare Fig. 4A, 
open squares with Fig. 3, open triangles). Addition of gp33 
inhibited transcription in a salt-dependent manner in the absence of 
the DNA polymerase accessory proteins (Fig. 4A). However, in the 
presence of accessory proteins and gp33, transcription was greatly 
stimulated at high ionic strengths (Fig. 4A). The transcriptional 
enhancement in 400 mM potassium acetate was dependent on the 
concentrations of the polymerase accessory proteins and on the 
presence of gp33 (Fig. 4B). Enhancement was absolutely dependent 
on gp33 and almost maximal at the concentrations of gp44162 and 
gp45 chosen for the experiment in Fig. 4A. This experiment 
therefbre revealed that: (i) gp33 is absolutely required for enhance- 
ment of T4 late transcription by the three replication proteins (Fig. 

hanced transcription in an electrolyte ioncentratibn-dependent way 
(Fig. 4A). Simiiar experiments with the other RNA polymerases 
(Table 1) showed that neither the rpbA subunit nor the ADP- 
ribosylation of RNA polymerase a subunits can substitute for gp33 - - 
in transcriptional enhancement (22). 
Promoter specifiaty. The gene 33 protein, like gp55 (19,23), is 

present in RNA polymeraseDNA binary complexes in the absence 
of the DNA polymerase accessory proteins. This is shown (Fig. 5) 
by its co-elution with RNA polymerase bound to supercoiled 
plasmid DNA in the void volume of a Sepharose CL2B gel filtration 
column. In the absence of RNA polymerase or plasmid DNA, gp33 
eluted near the total volume of the column. 

The following indirect, but strong, argument supports the propo- 
sition that gp33-dependent enhancement of transcription must be 
confined to T4 late promoters: (i) gp33 is an RNA polymerase- 
binding protein and can be present in late promoter complexes, but 
does not, by itself, bind to DNA (Fig. 5); thus, its d e c t  on 
transcription is exerted as a ligand of RNA polymerase core; (ii) 
gp33 i d  gp55 can bind concu~rently to R N ~ ~ o l ~ r n e r a s e  core; (iii) 
however, gp33, like gp55 (19,23), competes with u70 for binding to 
RNA polymerase (17) and consequently gp33 cannot participate in 
u70-requiring transcriptional initiation; (iv) moreover, all T4 pro- 
moters except the late promoters require 0'' (Table 2). We tested 
this argument by examining the ability of gp33 and the DNA 
polymerase accessory proteins to enhance u70-dependent transcrip- 
tion of relaxed and nicked pDH310 DNA at high and low 
concentrations of potassium acetate (Fig. 6). For the experiments 
with nicked DNA, we also used the closely related plasmid pDH410 
(S), which is otherwise identical with pDH310 but provides the 
nick in the other DNA strand (24). There are several m7O transcrip- 
tion units in these two pUC-based plasmids. The one that is 
examined in this figure (P4 + TP4) is located in the region of the 
replicative origin anb generates a 108 nucleotide (nt) tGscript (25). 

Potassium acetate (mM) Relative concentration of accessory proteins 

Fig. 4. Dependence of transcriptional enhancement on gp33. (A) Depen- 
dence on salt concentration. Core RNA polymerase from uninfected E. coli 
was supplemented with gp55 and incubated for 25 minutes at 37°C with 
nicked pDH310 and dATP (500 CLM), in the presence of gp33 (A); gp33, 
gp45 (26.8 )Ig/ml), and @I62 (108 pgIn-11) (m); or no additional proteins 
(a). Transcription was started by addition of 0.25 volume of a mixture 
containing four ribonudeoside triphosphates and heparin in transcription 
buffer (34) with 300 mM potassium acetate, and was stopped 12 minutes 
later. Other reaction conditions are specified in (34). (B) Dependence on the 
concentration of DNA polymerase accessory proteins. E. coli RNA polymer- 
ase core (100 nM) and gp55 were incubated for 30 minutes at 37°C with 
nicked pDH310 and DNA polymerase accessory proteins, in the presence 
(m) or absence (0) of gp33 transcription buffer with 400 mM KOAc and 1 
mM dATP. The concentrations of the accessory proteins varied together (one 
unit = 6.7 pglml for gp45, and 27 pglml for gp44/62), as indicated on the 
abscissa. A single round of transcription was started by addition of a mixture 
containing UTP, CTP, GTP, ATP-.I-S (in place of ATP), and rifampicin 
(tinal concentration, 25 @ml) (35). Transcription was stopped after 16 
minutes. Other details of the reaction and quantitation of RNA are described 
(34). 
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Fig. 5. RNA polymer- 
ase-dependent biding 
of gp33 to DNA. E. coli 200 
RNA polymerase core (2 = 
pmol), gp55 (8 pmol), g 
35Sgp33 (2 pmol 1 
cpdfinol), and super- % loo 
coiled pTE 1 10 DNA (2 m 
pmol) were mixed in 
buffer, incubated, and 
then separated by gel fil- 
tration. For each frac- o argaa 

tion, the radioactivity Fractions 

was measured and used 
to determine its content of gp33. In parallel reactions, the sample either 
contained all reagents (W), RNA polymerase was omitted (e), or pTEl 10 
DNA was omitted (0). Any gene 33 protein in complexes with DNA eluted 
in the void volume (Vo); otherwise it eluted in or near the total volume ( VT). 
Details of procedure were as specified (36). 

Table 2. Promoters of bacteriophage T4. 

Promoter element Recognition 
Class 

Upstreamt - 10 protein 

Early (38)* GTIT AC T&~ATA u70 
Middle (39) e$TGmcA TATAAT u70 + T4 MotA 
Late (12) None TATAAATA @55 

*T4 early promoters have considerable additional sequence information content (38). 
tCentered at approximately -35 for early promoters and at approximately -30 for 
middle promoters. 

The activity of the P4 promoter was much greater in supercoiled (S) 
than in relaxed (R) or nicked (N) DNA, especially at higher ionic 
strength, but gp33 and the DNA polymerase accessory proteins 
generated no enhancement of P4 + Tp4 transcription (Fig. 6), or of 
the other relatively minor u70-dependent transcripts that were 
resolved on the gels from which the data shown in Fig. 6 have been 
abstracted. 

Two principles of the transcriptional enhancement. The above 
experiments establish two principles that govern the transcriptional 
enhancement of T4 late promoters. The first principle is that 
enhancement requires two distinct functions, promoter recognition 
and communication between the distal enhancer and the promoter. 
In T4 late transcription, the two corresponding functional elements, 
gp55 and gp33, are serendipitously separated, so that their mode of 
action can be examined directly without, at least initially, requiring 
the kind of molecular genetic dissection that is now assiduously 
applied to eukaryotic enhancer-binding proteins (26). Whether this 
separation has some functional significance for transcriptional initia- 
tion or for coupling T4 late transcription to replication remains to 
be determined. While gp55 shows traces of its common ancestry 
with the u-family proteins (l l) ,  gp33 is not detectably related to 
them. 

The regulation of the activities of genes whose products are 
involved in nitrogen fixation and nitrogen metabolism by a wide 
range of Gram-negative bacteria is also exerted from promoter-distal 
sites (27, 28). The proteins that bind to these distant sites enhance 
transcription by RNA polymerase containing the special us4 initia- 
tion subunit. The single uS4 polypeptide confers both promoter- 
W i n g  and enhancer-responding functions (27, 28). It has been 
proposed that a highly conserved glutamine-rich NHz-terminal 
domain of uS4 is required for transcription enhancement by the 
regulatory proteins NtrC and NifA, but not for promoter recogni- 
tion (28). We have searched for a recognizable sequence similarity 
between gp33 and the known us4-family proteins (29) but have 

found none. Accordingly, we suspect that communication between 
the replisome and the T4 late promoter complex involves different 
modes of protein-protein interaction from those that govern com- 
munication between the Nif and Ntr transcriptional activator pro- 
teins and RNA polymerase at uS4 promoters. 

The gene 33 protein must also be endowed with a functional 
duality, since it acts as mediator between proteins bound to the 
enhancer and RNA polymerase bound to the promoter. We do not 
yet know how gp33 interacts with the replisome, but anticipate that 
gp45 may be more directly involved than gp44 and 62. On the basis 
of prior genetic analysis, we also anticipate that gp55 and RNA 
polymerase core subunits are somehow linked to the gp33-gp45 
interaction (30). On the promoter side, gp33 appears to be capable 
of affecting how gp55-containing RNA polymerase interacts with 
DNA. When it acts on its own, gp33 can depress transcription at the 
PZ3 promoter (Fig. 4A), thereby enforcing enhancer dependency of 
late transcription. When it acts in concert with the replication 
accessory proteins, gp33 allows RNA polymerase to interact with 
the late promoter at remarkably high concentrations of electrolyte 
(Figs. 3 and 4), concentrations that can also occur in E. coli cells 
(20). We think that gp33 might generate this electrolyte-resistant 
DNA-protein interaction by helping to bring additional non-ionic 
interactions between RNA polymerase and the T4 late promoter 
into play. The importance of these functions of gp33 for late 
transcription in vivo can be gauged from the fact that the defective 
phenotype of gene 33 mutants is similar to, and only slightly less 
absolute than, that of gene 55 mutants (31). 

The second principle is that transcriptional enhancement from the 
replisome is promoter-specific (Fig. 7). The enhancing proteins are 
unable to interact productively with RNA polymerase containing 
do (Fig. 6). Since T4 early and middle promoter recognition 
depends on u70 (Table 2), which directly competes with gp33 (1 7) 
and gp55 (19, 23) in binding to RNA polymerase core, enhance- 
ment is confined to the T4 late genes. Evidence that transcriptional 
enhancement of d4-dependent RNA synthesis is also promoter- 
specific in the sense of being ineffective for two u70 promoters, has 
been presented (32, 33). There are clear contrasts between these 
prokaryotic systems and enhancement or upstream activation of 
eukaryotic transcription (26). That enhancers and upstream ele- 
ments can be so freely mixed and matched with promoters of 
eukaryotic RNA polymerase I1 transcription units probably reflects 
the fact that the proteins binding to enhancers and upstream 
activating sites interact with generally required components of the 
RNA polymerase I1 transcription apparatus. A second contrast 

Fig. 6. Inability of  directed transcription to be enhanced by T4 DNA 
polymerase accessory proteins. Relaxed (R), supercoiled (S), or gpII-nicked 
pDH310 (N310), or gpII-nicked pDH410 (N410) were transcribed in 
buffer containing 100 mM or 400 mM KOAc with  saturated E. coli RNA 
polymerase, gp33, and dATP, with or without the DNA ylymerase 
accessory proteins. Only the band representing the major u '-directed 
transcript of these DNA's (P4 + Tp4 in Fig. 1) is shown; the lower panel at 
the left is a lighter autoradiographic exposure of the same gel. Transcription 
from weaker  dependent promoters, represented by bands in portions of 
the autoradiogram that are not displayed here, similarly showed substantial 
supercoiling-dependence but no significant effect of gp45 and gp44162. 
Details of procedure were as specified (37). 
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Fig. 7. Promoter-specific enhancement mediated by gp33. Gene 33 protein 
is required for enhancer complex recognition by RNA polymerase core a55 

(upper pathway), yet its binding to RNA polymerase core is not compatible 
with binding of a70 (lower pathway). As a consequence, only T4 late 
promoters are subject to enhancement; T4 early and middle promoters, 
which depend on a70, are not. 

concerns the mechanism by which promoters are selected for 
enhancement. Despite the relatively large distances over which 
eukaryotic enhancers can act, they nevertheless exert promoter 
specificity because of their position within a DNA domain that is 
shared with their target promoter (or promoters). With T4, tran
scriptional enhancement is rendered promoter-specific at the level of 
the RNA polymerase. This alternative strategy fits the mobile nature 
of the T4 enhancer complex: gp45 and gp44/62 traverse the entire 
genome as part of the replisome, and gp33-a70 incompatibility 
provides selectivity to a potentially general system of transcriptional 
activation. 
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"It's a good thing I built this place when I did. The new zoning law 
prevents any house from going over 75,000 calories." 
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