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FIG. 3. Binding of LexA protein to the  colicin E l  operator. 
Footprinting was done as described under "Experimental Proce- 
dures." a, about 0.05 nM 154-bp Sau3A-SstII fragment of ColEl 
containing the operator region  which  was  labeled with 32P at  the 5' 
end of Sau3A was  used (antisense strand).  The chemical sequencing 
was done by the method previously described (6). b, about 0.5 nM 
153-bp ThaI-Sau3A fragment labeled with 32P at  the 5' end of ThaI 
was  used (sense strand)  to demonstrate the LexA protein binding 
region. The bases were numbered relative to  the  starting point of 
colicin E l  mRNA, which was designated + I .  Brackets indicate por- 
tions of the region that were protected by  LexA protein from digestion 
with DNase I. The lower site of the region protected by  LexA protein 
in b was visualized more clearly by a longer exposure (not shown). 
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FIG. 4. Location and consensus sequence of LexA protein 
binding sites in the promoter-operator regions of various 
genes that are regulated by LexA protein. Pribnow boxes are 
underlined. Numbering is from the transcription start  site of each 
mRNA. The regions protected from DNase I digestion by  LexA 
protein are bracketed. Presumed SOS boxes are indicated by  boxes. 
The postulated sites for LexA protein binding in SUM and cloacin 
DF13 genes are presented. In the SOS boxes, highly preserved posi- 
tions are indicated by large capital letters; other preserved positions 
are indicated by small capital letters. 

ported  to be about 2 nM (8). Although  a  comparison of the 
values from different  experiments may not be valid, the 
affinity of  LexA protein for the colicin E l  operator  appears 
higher than  that for the recA operator. 

A t  0.25  nM, LexA protein did not occupy the colicin El  
operator,  but a t  0.5 nM the  protein simultaneously  bound to 
both of the SOS boxes. Binding of LexA protein  to  the 

operator did not show a linear relationship between LexA 
protein  and  the  operator occupied by the protein. What is 
observed  is consistent with the idea that LexA protein binds 
to  the colicin E l  operator  in a  cooperative  manner. 

Consensus Sequence of Led Protein Binding Sites-In Fig. 
4, the LexA protein  binding sequence of the colicin E l  gene 
is compared  with operators of l e d  (7, 8), recA (7, 8), uurA 
(20),  and uurB (21) genes and also  with  presumed operators 
of SUM (25) and cloacin DF13 (23) genes. The  structure of 
these  binding  sites (SOS box) has a consensus sequence, 
"'CTGTATATNNANNCAGI'. The  3-bp  segments at the 
ends of this 16-bp  sequence are related by a 2-fold axis of 
symmetry. The  terminal  3-bp  segments  are  thought  to be 
important  to LexA protein binding from the methylation 
experiments of the recA and led genes carried out by Brent 
and  Ptashne (8). Some of the repressor proteins so far  char- 
acterized exist  in a dimeric form which has a %fold symmetry 
axis coincident  with the 2-fold axis  in  the binding site of the 
DNA molecule (26,27).  Since LexA protein  tends  to dimerize 
(8),  the  protein  that undergoes interaction with the above 
binding  site would probably  also be in a  dimeric form. 

The classical  B-form  DNA has 10.0 bp/turn of the helix. 
Therefore,  the  terminal  segments in each SOS box separated 
by 10  bp eventually face to nearly  opposite  directions on  the 
sides of the DNA molecule. LexA protein would interact with 
the  terminal  3-bp  segments which are exposed within the 
major groove of the DNA as predicted in  the case of other 
repressor proteins (26, 27). On the  other  hand,  the D-form 
DNA which has 8.0 bp/turn reportedly exists  in  the DNA 
with a high content of A-T (28, 29). In  this form of DNA, it 
is  also possible to assume  that  the  protein  can  interact with 
the 3-bp segments along one face of the DNA molecule. The 
sequence of A-T was frequently observed in  these SOS boxes. 

In  the B-form DNA, an axial  rise/residue  is 0.34 nm, while 
it is 0.3 nm  in  the D-form  DNA (28, 29). Thus,  the length of 
the SOS box should be 5.44 nm  in  the B-form DNA and 4.8 
nm in the D-form DNA. Assuming that a dimer molecule of 
LexA protein is a sphere, the  diameter would be 5.7 nm. 
Therefore,  the LexA dimer could adequately cover the 16-bp 
sequence of either  the  B-  or  the D-form of DNA. 

Another  feature of the LexA binding  site of the colicin E l  
operator is that  there  are two overlapping SOS boxes. The 
structure of the  right binding site is less homologous with the 
typical SOS box. However, the LexA protein  binding to  both 
boxes occurred at  the  same  concentration of the  protein (Fig. 
2a). This hypothetical  cooperative  binding could occur by at 
least two mechanisms. (i) Binding of  LexA protein  to one of 
the SOS boxes would induce a conformational  change in the 
neighboring box and lead to  stimulation of another molecule 
of LexA protein  to bind to  the box; ii) LexA protein bound to 
one of the SOS boxes could interact with another molecule 
with protein-protein association and  stimulate  the LexA pro- 
tein  binding  to  the  adjacent box.  LexA protein  binds with 
high affinity to  the colicin El  operator  site which is  located 
in  the 3' region of the Pribnow box. This high affinity  binding 
probably accounts  for  the  strong repression of colicin E l  
mRNA synthesis by LexA protein. 
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