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SUMMARY: Antibodies against the ci subunit of E. coli RNA polymerase were 
used investigate potential interactions between the cyclic adenosine 
3':5'-monophosphate receptor protein and RNA polymerase holo enzyme. 
Cyclic adenosine 3':5'-monophosphate receptor protein enhances the com- 
plement fixation response of RNA polymerase and of the isolated 6 subunit 
in the absence and presence of DNA and cyclic adenosine 3':5'-monophos- 
phate. The results suggest a new quality of the assembly of the 6 subunit 
and RNA polymerase core enzyme. 

INTRODUCTION 

The cyclic adenosine 3':5'-monophosphate receptor protein in 

E. coli in the presence of cyclic adenosine 3':5'-monophosphate 

functions as a positive control element in gene regulation of 

catabolite sensitive operons(1). The site on the DNA at which 

the CRP-CAMP complex specifically binds has recently been defi- 

ned in the lac-operon(2,3). The position of the CRP binding site 

strongly suggests that stimulation of transcription by CRP-CAMP 

includes protein-protein interactions between CRP and RNA poly- 

merase(4), and that this is true for other CAMP-dependent pro- 

moters as well(5). However, the mechanism by which CRP-CAMP sti- 

mulates RNA polymerase, whether directly or mediated by the DNA, 

is unknown. From the points of contacts between DNA and both 

proteins, CRP and RNA polymerase could touch each other on the 

same side of the DNA helix(2), provided DNA being undistorted. 

The present investigation deals with the effects of CRP on 

RNA polymerase holo enzyme as measured by complement fixation 

with anti d antibodies. The results show similar effects on 

holo enzyme and on the isolated 6 subunit which may be attri- 

buted to specific interactions between CRP and the 6 subunit. 

Abbreviations: CRP, cyclic adenosine 3':5'-monophosphate receptor protein; 

Fixaiion. 
AMP cyclic adenosine 3':5'-monophosphate; C'fixation, micro complement 

0006-291X/80/170320-06$01.00/0 
Copyright 0 1980 by Academic Press, Inc. 
All rights of reproduction in any form reserved. 320 



Vol. 96, No. 1, 1980 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

MATERIALS AND METHODS 

CRP. CRP was isolated and purified according to Eilen, Pampeno & Krakow(G) 
from E. coli MRE 600. The specific activity in the CAMP binding assay was 
3600 units/mg. 
RNA Pol merase. The enzyme was isolated according to Burgess & Jendrisak 
+ 7 . T e specific activity of the holo enzyme on calf thymus DNA was 4240 
units/mg, of core enzyme on poly[d(A-T)] 4580 units/mg. One unit gives the 
rate of GMP incorporation of 1 nmol/h at 37 . The o subunit was isolated 
according to Lowe, Hager & Burgess(8). 
Chemicals. Calf thymus DNA and CAMP were purchased from Boehringer(Mann- 
mcteriophage lambda DNA was from Miles GmbH(Frankfurt/M). 
Preparation of Antibodies. The antibodies (IgG-fraction) were raised in 
rabbits and purified as described(l1). 
Micro Complement Fixation. The assay was performed according to Levine 
(9 IO) as described(l1) No crossreaction between CRP and any of the RNA 
poiymerase subunits was'detected by agar gel double diffusion and C'fixa- 
tion. 

RESULTS 

The C'fixation of holo enzyme with anti o (1:2800) is in- 

creased to 100 % in the presence of CRP (Fig. IA). Since the 

titration of holo enzyme at IO-'M and anti 6 (1:2800) with 

CRP resulted in 100 % C'fixation at the CRP concentrations 

used (IO-"- 10m7M)(data not shown) and for better comparison 

with the results obtained with the free o subunit, a titration 

was performed by using a I:6000 dilution of anti 6 (Fig. IB) 
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Figure 1: C'fixation of holo enzyme A: with anti 6(1:2800) in the ab- 
sence (0) and presence (x) of lo-TM CRP. B: Titration of holo enzyme 
(lo-gM) and anti d (1:6000) with CRP in tFe absence (0) and presence of 
lo-5M DNA (x) and lo-5M DNA + lo-5M CAMP (0). 
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Figure 2: C'fixation of d subunit with anti 6(1:6000). A: in the absence 
(0) and presence (x) of lo-TM CRP. B: Titration of 6(lO=lOM) and anti d 
(1:6000) with CRP. 

which is proper for free o (Fig. 2 A) but does not show C' 

fixation of holo enzyme (data not shown). The titration curve 

(Fig. 16) depends on the presence of CAMP and DNA. 

The C'fixation of the free o subunit could not be performed 

at higher o concentrations because the high glycerol content 

of the rather diluted 6 solution disturbed the C'fixation 

assay. However, again the presence of CRP increases the C' 

fixation with anti 6 (1:6OOO)(Fig. 2A). The titration with 

increasing amounts of CRP is shown in Fig. 2B and reveals a 

similar shape than for holo enzyme (Fig. 1B). 

RNA synthesis on bacteriophage lambda DNA as template was 

performed with holo enzyme in the absence and presence of CRP 

(Fig. 3). As can be seen, the incorporation of radioactivity 

into acid-precipitable material is reduced to the level of 

RNA synthesis by core enzyme in the presence of CRP. By adding 

CAMP however, more RNA is synthesized by holo enzyme in the 

presence of CRP than by holo enzyme alone. 

DISCUSSION 

The question of a direct interaction between CRP and RNA 

polymerase has been examined recently(4). It has been shown 

that under certain conditions CRP cosediments with RNA poly- 

merase holo or core enzyme, particularly in the presence of 
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Fi ure 3: RNA synthesis 77nihnR on lambda DNA with holo enzyme(l), holo enzyme + 
P(2), core enzyme(3), and holo enzyme + lo-7M CRP + lo-5M CAMP(~). 

The assay mixture (100 ul) contained 0.8 pm01 RNA polymerase, 0.5 pm01 
lambda DNA and was 0.7 mnol/l for substrates. 

CAMP and calf thymus DNA. To locate subunit specific inter- 

actions of CRP on the holo enzyme, I used C'fixation with 

subunit specific antibodies which has proven successful in 

studying DNA binding to RNA polymerase and its subunits(l1). 

Antibodies against the subunits a, 6, and 6' exerted no 

distinct response (data not shown). However, experiments with 

antibodies against the d subunit gave some results which may 

help to elucidate the role of CRP in stimulating transcription. 

The relevant data were obtained at an anti d dilution of 

1:6000. Under these conditions, holo enzyme responded to the 

presence of CRP in a fashion very similar to the free 6 sub- 

unit (Fig. IB and 28). In addition, the titration of holo en- 

zyme is changed to higher C'fixation in the presence of DNA 

and even more in the presence of DNA and CAMP. Whatever may 

be the reason for the increase of C'fixation by CRP, it is 

obvious that DNA and CAMP which should strengthen the inter- 

actions between CRP and RNA polymerase augment the effects of 

CRP alone (Fig. 1B). Furthermore,holo enzyme in the titration 

with CRP behaves like the free d subunit. This strongly sug- 

gests that CRP changes the accessibility of anti d to the d 

subunit in the holo enzyme, either by separating o from the 

remaining core enzyme or by impairing the contacts between 6 

and core enzyme. Since a release of 6 from the holo enzyme 

upon addition of CRP has not been found (4) I would favour the 
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second explanation. Thus, in the presence of CRP, 6 could 

still be loosely associated with core enzyme. This would en- 

able d to cosediment with the enzyme(4) and would explain the 

immunological behaviour of 6 in the presence of CRP found in 

this investigation. 

It is known that core enzyme transcribes DNA from bacterio- 

phages to a lesser extent than holo enzyme. Thus I compared 

the RNA synthesis of holo enzyme on bacteriophage lambda DNA 

in the presence and absence of CRP. The result (Fig. 3) shows 

that holo enzyme in the presence of CRP behaves like core en- 

wme, supporting the suggestion of CRP action on holo enzyme 

made above. However, in the presence of CAMP, the RNA synthe- 

sis of holo enzyme is stimulated. Further experiments with 

isolated promoters will be required in order to show whether 

CRP and CAMP stimulate RNA synthesis by a premature release 

of o subunit from the enzyme compared to the normal case 

where d probably dissociates not until after some steps of 

elongation(12). 

I f  the influence of CRP on d found in the present study 

is mediated by a direct contact between these proteins one 

may ask whether by some distortion of the DNA during the bin- 

ding of CRP and RNA polymerase, CRP is bound in opposition 

to RNA polymerase relative to the DNA strand thus allowing 

the contact between CRP and 6. 
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