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Gallery of DNA Binding Sites

8 Lambda O protein binding sites

12 Lambda cl and cro binding sites
2_

[] |
IIL

(PEbTRIN I ]
I 1 -
i T TAGGIEAT

l TTTT Tl s o4
HNm#m@l\wma 5

ToOoOONOWL ST ONA
3

bits
=
—
—f—
= —
L —

12 434 cl and cro binding sites
2_

[1 sl _ .

| :
el TWTTT

[N
1

uuuuuuuuuuu
'

58 CRP binding sites
2_

bits
H
—h }
H
H
10 —I-i
bits
—
= B
_|.|_|
—
—
—
—
H—'
B
—
—
—r|—|
—| —
—
—

I
TT TI 2
0‘om$r\wmvm?§|r|o‘—|&|5<rmw|\ooa — oo ~OLTOHNAO A ? < OO~ 000 Oli
gt n =3 gttt =g
14 FNR binding sites 38 LexA binding sites
2 2 I I
I I
p i I I
A] S
| (U N i
IIT T ‘I‘-l_ ET T 1]
5' =3 gttt e =3



El Duomo, Florence, ltaly

toms@alim. mit.e

Maytnot be used fi

D
7]
&
=
=
o
=
g
)
E
2




8 Lambda O protein binding sites

Gallery of DNA Binding Sites
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8 Lambda O protein binding sites

Gallery of DNA Binding Sites with Waves
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Gallery of DNA Binding Sites with Waves

8 Lambda O protein binding sites
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Gallery of DNA Binding Sites with Waves

8 Lambda O protein binding sites

12 Lambda cl and cro binding sites
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Gallery of DNA Binding Sites with Waves

12 Lambda cl and cro binding sites 8 Lambda O protein binding sites
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Gallery of DNA Binding Sites with Waves

12 Lambda cl and cro binding sites 8 Lambda O protein binding sites
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DNA Bases - Minor Groove Rule

Maor Groove

Minor Groove

Arnott & Hukins, Biochem. and Biophys. Res. Comm., 1972, 47: 1504-1509


http://www.ncbi.nlm.nih.gov/pubmed/1557122

DNA Bases - Minor Groove Rule

Maor Groove

The MAJOR groove Minor Groove
has 4 distinct patterns

so it can have up to /\
TWO BITS of information “é@or Groove

Minor Groove

Arnott & Hukins, Biochem. and Biophys. Res. Comm., 1972, 47: 1504-1509


http://www.ncbi.nlm.nih.gov/pubmed/1557122

DNA Bases - Minor Groove Rule

Maor Groove

The MAJOR groove Minor Groove The MINOR groove

has 4 distinct patterns has only 2 distinct patterns
so it can have up to /\ so it can only have up to
TWO BITS of information “é@or Groove ONE BIT of information

Minor Groove

Arnott & Hukins, Biochem. and Biophys. Res. Comm., 1972, 47: 1504-1509


http://www.ncbi.nlm.nih.gov/pubmed/1557122
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Gallery of DNA Binding Sites with Waves

12 Lambda cl and cro binding sites 8 Lambda O protein binding sites
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DNA Access

-+—— harder

-+—— moredifficult
most difficult



Skeleton Logos - just error bars




Skeleton Logos - just error bars




Skeleton Logos - just error bars

MAJOR groove MINOR groove
accessibility curve accessibility curve




Skeleton Logos - just error bars

MAJOR groove MINOR groove
accessibility curve accessibility curve

Triangular area is empty = OR instead of Sum




Bacteriophage P1 RepA Sequence Logo

Stuart Austin and Ann Abeles found binding sites ... make a logo ...

14 bacteriophage P1 RepA binding sites
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Abeles, Reaves & Austin, J. Bacteriol. 1989 171:43-52


http://www.ncbi.nlm.nih.gov/pubmed/2644199

Bacteriophage P1 RepA Sequence Logo

Stuart Austin and Ann Abeles found binding sites ... make a logo ...

14 bacteriophage P1 RepA binding sites
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Violation of the 1 bit Minor Groove rule!

Abeles, Reaves & Austin, J. Bacteriol. 1989 171:43-52


http://www.ncbi.nlm.nih.gov/pubmed/2644199

RepA orientation data

G: Methylation interference
. ®: hydroxyl radical footprint

¢ P.P. Papp, D. K. Chattoraj and

9 T. D. Schneider,
5 Information analysis of sequences
12 §; = that bind the replication,
' & initiator RepA,
% * J. Mol. Biol., 233, 219-230,
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) : hydroxyl radical footprint
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RepA orientation data

G: Methylation interference

P. P. Papp, D. K. Chattoraj and
T. D. Schneider,

Information analysis of sequences
that bind the replication,
initiator RepA,

J. Mol. Biol., 233, 219-230,
1993.

G: Methylation interference
_~/5 ®: ethylation interference
—4 e: hydroxyl radical footprint

P. P. Papp and D. K. Chattoraj,

Missing-base and ethylation

interference footprinting of P1,

plasmid replication initiator,

Nucleic Acids Res., 22, 152-157,
1994.




Orientation of proteins on DNA
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Yeast Saccharomyces cerevisiae GAL4 Sequence Logo
22 Gal4 binding sites
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http://www.ncbi.nlm.nih.gov/pubmed/1557122

Yeast Saccharomyces cerevisiae GAL4 Sequence Logo

22 Gal4 binding sites
/ \ / N\ / N A

) side view
top view

Marmorstein et al. 1992, Nature 356:408-414


http://www.ncbi.nlm.nih.gov/pubmed/1557122

Yeast Saccharomyces cerevisiae GAL4 Sequence Logo

22 Gal4 binding sites
/ \ / N\ / N A

) side view
top view

This does not explain the RepA anomaly!
Marmorstein et al. 1992, Nature 356:408-414


http://www.ncbi.nlm.nih.gov/pubmed/1557122

E. coli IHF Sequence Logo

27 IHF binding sites
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http://www.ncbi.nlm.nih.gov/pubmed/8980235

E. coli IHF Sequence Logo

27 IHF binding sites
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/\: IHF inserts a
proline into the DNA
to induce a bend

Minor groove binding
- cracked open DNA

Rice et al. Cell, 1996, 87:1295-1306


http://www.ncbi.nlm.nih.gov/pubmed/8980235

E. coli IHF Sequence Logo

27 IHF binding sites

I1

I

]

1
I
I
i\ T ITgAL I }I I

£;£ﬁ£a$wNGIIIIHOHI£:5©“w®é5&5%38%@&%%%

/\: IHF inserts a
proline into the DNA
to induce a bend

Minor groove binding
- cracked open DNA

This does not explain the RepA anomaly!
Rice et al. Cell, 1996, 87:1295-1306


http://www.ncbi.nlm.nih.gov/pubmed/8980235

Hhal methyltransferase Base Flipping
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Richard J. Roberts and X. Cheng, Annu. Rev. Biochem. 1998, 67:181-198


http://www.ncbi.nlm.nih.gov/pubmed/9759487

DNA Replication Protein Rtsl

PROKARYOTIC PLASMID ORIGIN:
15 Rtsl RepA binding sites




DNA Replication Protein Sequence Logos
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Sequence logos for o RNA transcription

2401 Sigma 70 -10 binding sites 2401 Transcription start points

2401 Sigma 70 -35 binding sites
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Sequence logos for o RNA transcription

401 Sigma 70 -35 binding sites 2401 Sigma 70 -10 binding sites 2401 Transcription start points
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P1 RepA sequence logo and hairpin

JAGCGCT

T TTTTGCTAGCGCGA

Experiment: change base 7 on both strands.

Lyakhov, Hengen, Rubens & Schneider, Nucleic Acids Res., 2001, 29:4892-4900


http://www.ncbi.nlm.nih.gov/pubmed/11726699
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Gel Mobility Shift Assay of 7 variant P1 RepA sites
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Variant nucleotides at +7 of the P1 RepA binding site
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A Thymine at position +7 is important
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RepA interacts with the base at position 47 for two reasons:
removing Thymine +7 leads to a decrease in the binding

affinity, while removing Adenine 47’ does not.
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C5 methyl group is not important
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The C5 methyl group does not interact with RepA because
r?;moving or changing it only has a slight effect on the binding
affinity.
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The 02 group is not important for RepA binding because
13.C/A (which has one) and 23.abasic/A (which does not)
have similar binding energy.
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04 is not important
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The 04 group is not important because 9.N4-Me-C/A does
not have an 04 group as does 1.T /A, but the AAG is low.
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A +7' amino group (purple) inhibits RepA binding.
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+7 amino group in minor groove is worse

/

H—N.
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A +7 amino group (red) inhibits RepA binding more strongly
than a +7’ amino group.
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A proton near N3 interacts with RepA
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An important group that interacts with RepA is the N3
proton of Thymine or, in modified bases, a proton near the
N3 atom. AII bases that have a low Kd, below the distinct
step, have a proton in this place.
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Base Structures at -7 P1 RepA sites
A

I.T 13.C

e A. 1.T/A binds RepA stronger than 13.C/A.
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Base Structures at -7 P1 RepA sites
A

I.T 13.C 9.N4-Me-C

e A. 1.T/A binds RepA stronger than 13.C/A.

e This low binding can be rescued by substituting the N4 proton with the
methyl group in N4-Me-C.
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Base Structures at -7 P1 RepA sites

8-9 &
&8

5.04-Me-T 7.N3-Me-T
e A. 1.T/A binds RepA stronger than 13.C/A.

e This low binding can be rescued by substituting the N4 proton with the
methyl group in N4-Me-C.

e B. Two more structures that have a C-H proton near the N3 atom also bind
RepA well.
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Base Structures at -7 P1 RepA sites

&
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1T 13.C

-
5.04-Me-T
e A. 1.T/A binds RepA stronger than 13.C/A.

e This low binding can be rescued by substituting the N4 proton with the
methyl group in N4-Me-C.

e B. Two more structures that have a C-H proton near the N3 atom also bind
RepA well.

e C. Outlines of the structures in A and B were aligned. Arrows point in the
direction from which RepA would have to approach to form hydrogen bonds
with the proton (green circles). Arrows with a red circle show contacts that
are poor.
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Conclusions

e Sequence logo sine waves
indicate protein orientation on
DNA

e Anomalies in the logo can reveal
interesting binding modes

e Flipping a base out of DNA
initiates DNA replication
in bacteriophage P1 RepA and
other DNA binding origin
proteins
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