
IMAGE
UNAVAILABLE FOR 

COPYRIGHT REASONS 

© 1998 Nature Publishing Group  http://www.nature.com/nsmb• 
1. Swanson, R.V., Schuster. S. C. & Simon, M. I. Biochemistry, 32, 7623-7629 {1993). 
2. Morrison, T.8. & Parkinson, J. 5. Proc. Nat. Acad. Sci. USA 91, 5485-5489 (1994). 
3. Zhou, H., McEvoy, M. M., Swanson, R. V., Simon, M. I. & Dahlquist, F. W. 

Biochemistry 35, 433-443 (1996). 
4. Zhou, H., Lowry, D. F., Swanson, R.V., Simon, M. I. & Dahlquist, F. W. Biochemistry 

34, 13858-13870 (1995). 
5. McEvoy, M. M. eta/. Biochemistry 34, 13871-13880 (1995). 
6. Surette, M. G. et al. 1. Biol. Chem. 211, 939-945 (1996). 
7. Levit, M., Liu, Y., Surette, M. & Stock, J. 1. Biol. Chem. 271, 32057-32063 (1996). 
8. McEvoy, M. M., de la Cruz, A. F. A. & Dahlquist, F. W. Nature Struct. Biol. 4,-9 

(1997). 
9. McEvoy, M. M., Muhandiram, 0. R., Kay, l. E. & Dahlquist, F. W. Biochemistry 35, 

5633-5640 (1996). 
10. Chothia C. Janln, J. Nature 256, 705-708 (1975). 
11. Li, J., Swanson, R. V., Simon, M. I. & Weis, R. M. Biochemistry 34, 14626-14636 

(1995). 
12. Swanson, R. V. et al. Nature Struct. Biol. 2, 906-910 (1995) 
13. Volz, K. Biochemistry32, 11741-11753 (1993). 
14. Stock, J.B., Ninfa, A. J. & Stock, A. M. Microbial. Rev. 53, 45o-490 (1989). 
15. Parkinson, J.S. & Kofoid, E. C. Annu. Rev. Genet. 26, 71-112 (1992). 
16. Bischoff, D. S., Bourret, R. B., Kirsch, M. L. & Ordal, G. W. Biochemistry 32, 

9256-9261 (1993). 
17. Kuo, S. C. & Koshland, D. E. Jr. 1. Bact. 169, 1307-1314 (1987). 
18. Volz, K&Matsumura, P.1Bio/Chem266, 15511-15519(1991). 
19. Stock. A. M. et al. Biochemistry 32, 13375-13380 (19 
20. Moy, F. J. eta/. Biochemistry 33, 10131-10742 (1994). 

Cro, CAP and A repressor 
led the way 

When a new protein is discovered, its gene cloned, the first questions 
are: is it related to anything? Does it have any motifs we can under
stand? A helix-tum-helix? A zinc-finger? An ankyrin repeat? 

But this 'motif mindset' is a modem invention. In the case of DNA 
binding proteins, this idea came out of three major structural deter
minations, of Cro1 (from bacteriophage A), CAP2 (the catabolite 
activator protein from E. coli) and the DNA binding domain of A 
repressor3• Prior to these studies, models had been proposed for both 
a-helices and pairs of ~-strands interacting with the major groove of 
DNA, but no one had really anticipated that basic structural scaffolds 
such as those mentioned above would be used over and over again to 
recognize DNA or other proteins. 

Cro and CAP both form dimers, and their backbone structures 
only (because of a low effective resolution of Cro and an incomplete 
identification of the CAP sequence) were published in 1981, showing 
a mix of a -helices and ~-sheets in both proteins. The Cro dimer dis
played two particularly interesting a-helices, perfectly separated and 
tilted to match the 34 A distance between DNA major grooves (Fig. 
1), and therefore the Cro-DNA complex could be modeled easily1• 

The CAP dimer had a pair of helices separated by a similar distance, 
but because of their different tilt (Fig. 1 ), they did not easily fit into 
right handed B-DNA major grooves, and thus the first model of the 
CAP- DNA complex postulated that CAP bound left handed B
DNA2. However, subsequent analysis, allowing flexibility of the pro
tein and bending of the binding site, suggested that CAP could indeed 
bind right handed B-DNA3·10• Following closely on the heels of these 
studies was the report of the structure of A repressor's all a-helical 
DNA binding domain at 3.2 A resolution in 19823 (Fig_ 1 ). Although 
the A repressor DNA binding domain did not form a dimer in solu
tion, it was thought to bind DNA as a dimer. A reasonable dimer 
structure was located in the protein crystal by looking for features that 
would be complementary to the known DNA binding site. 

Direct comparisons of the their sequences and structures4-<5 sug
gested that each single a-helix that was predicted to contact DNA 
was actually part of a related set of helices, what we now call the helix
turn-helix motif, in each of these proteins. But, according to Brian 
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history 
Matthews, people were at first somewhat skeptical: how could you 
make a case based on correspondence between such short segments 
of sequence4 or structure5.6? Nevertheless, the helix-turn-helix.motif 
gained more acceptance soon after, as it was also found by sequence 
analysis alone in many other DNA binding proteins, including the 
Lac and Gal repressors7- 9• 

Cro, CAP and the DNA binding domain of A repressor were 
different in overall structure, yet each contained this particular 
DNA recogmt1on motif. These discoveries dramatically 
increased our understanding of DNA binding proteins - and 
added a new member to our collection of protein motifs. TLS 
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Fig. 1 Schematic diagrams of B form DNA, t he Cro dimer and the DNA 
binding domains of the "- repressor dimer and the CAP dimer. The cx3 
helices of Cro and "- repressor and the cxF helix of CAP were predicted to 
contact DNA based on the first structures of these proteins1- 3• The helix
turn-helix motifs consist of a2 and cx3 or cxE and cxf. Figure used with per
mission from ref. 10. 
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