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Bases: PURINES and PYRIMIDINES

Purines

Pyrimidines
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Sugar: DEOXYRIBOSE
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Nucleosides
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Deoxyadenosine

Sugar + Base = Nucleoside Deoxyguanosine
Deoxythymidine
Deoxycytidine
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Glycosidic bond
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(same for nucleotides)
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Phosphate group and nucleotides

Sugar + Base + Phosphate group = Nucleotide
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Phosphodiester bond
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Secondary structure
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Base pairing and Hydrogen bonding

CHARGAFF RULES
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Base pairing

Reverse Watson Crick (A-T)

CH, W-C

pyrimidine face

-
N ‘H, _H
O "H, °N
C6-N7 < | N
purine face N)

®

Hoogsteen (A-T)
Hac{%:om
N ‘ H
o \H H \N ”

&1
5

Reverse Hoogsteen (A-T)
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Base pairing

‘ Hoogsteen (C-G) C1-Cl1 distance
M Hoogsteen 8.65A
A OoP2 °
= Watson-Crick 10.5A
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Helix parameters

Major groove/Minor groove

Helix sense

Helix parameters:

Helix sense

Residues per turn
Axial rise

Helix pitch

Base pair tilt
Diameter of the helix
Rotation per residue

Helix pitch

Helix diameter
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Canonical forms

B-DNA

Non canonical forms

A-DNA

Triple helix

Z-DNA

G-Quadruplexes
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Canonical forms




Parameter B-DNA A-DNA Z-DNA
Helix sense Right Right Left
Residue per turn 10 (10,5) 1 12
Axial rise (A) 34 2,55 37
Helix pitch (A) 34 28 45
Base per tilt (°) -6 20 7
Rotation per residue (°) 36 33 -30
Intrastrand 7,0 59 7,0/5,9
phosphate-phosphate
distance (A)
Diameter of helix (A) 20 23 18
Glycosidic bond configuration Anti Anti Anti/Syn
Sugar pucker C2' endo C3' endo C2' endo/C3’ endo
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B-DNA
PDBid: 1ZF0
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PDBIid: 41ZQ

PDBid: 2IE1
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Minor
groove




B-DNA

Helix sense Right

Residue per 10 (10,5)
turn

Axial rise (A) 34 > 3,45

PDBId: 1ZFO
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B-DNA

phosphate-pho§phate
distance (A)

Helix pitch (A) 34 5 32,51
Base per tilt (°) -6
Rotation per residue (°) 36

Intrastrand 70 > 6,77

PDBId: TZFO




B-DNA

Diameteor of helix | 20 - 18.80
(A)
Glycosidic bond Anti
configuration
Sugar pucker C2' endo

PDBId: TZFO




Minor
groove

Major
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A‘ D NA PDBId: 41ZQ

Helix sense Right

Residue per turn n

Axial rise (A) 2,55 > 3,4




A-DNA

phosphate-pho§phate
distance (A)

Helix pitch (A) 28 - 28,05
Base per tilt (°) 20
Rotation per residue (°) 33

Intrastrand 59- 5,98

PDBid: 41ZQ




A‘ DNA PDBId: 41ZQ

Diameter of helix (A) | 23 - 22,18

Glycosidic bond Anti
configuration

Sugar pucker C3 endo




Minor
groove

DNA

Major
groove




Helix sense

Residue per turn

Axial rise (A)
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Helix pitch (A)

Base per tilt (°)

Rotation per residue (°)

Intrastrand
phosphate-pho§phate
distance (A)




Diameter of helix (A)

Glycosidic bond
configuration

Sugar pucker




Non-canonical forms




Major groove
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ADENINE
THYMINE
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GUANINE

OP1
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Non-canonical forms: G-quadruplexes / G-tetrade ... 100

G1-G2 (N7-N2) 270 A
G1-G2 (06-N1) 2.65A
G2-G3 (N7-N2) 2,86 A
G2-G3 (06-N1) 2,80 A
G3-G4 (N7-N2) 301 A
G3-G4 (06-N1) 291A
G4-G1 (N7-N2) 2,88 A
G4-G1 (06-N1) 2,88 A
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Number of TFs

Promoter
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From Vaquerizas IJM et al. A census of human transcription factors

ECup

Class Small proteins
Beta-beta-alpha zinc
el fingers
Superfamily 1I:?i>re1';ae—rlzeta—aIpha zinc
Family Classic zinc finger

C2H2
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Transcription factors PDBid: 1ZNF
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alpha-helix




Zif268-DNA PDBid: 1ZAA

COOH

Finger 3

Finger 3
Finger 2 9

Finger1

From Pavletich NP, Pabo CO. Zinc finger-DNA recognition: crystal
structure of a Zif268-DNA complex at 2.1 A.

The three zinc fingers are arranged in a semicircular, Each zinc finger domain consists of an antiparallel B

C-shaped structure. sheet and an a helix, held together by a Zn ion.
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Zif268-DNA PDBid: 1ZAA
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From Wolfe SA, Nekludova L, Pabo CO. DNA recognition by Cys2His2 zinc finger proteins. 46



ARG(Ng)-ASP(O)

ARG(NH2)-ASP(O)

ARG(NH2)-DG(06)

ARG(NH1)-DG(N7)

ASP(OD2)-DA(NG)







Position 6 (fingers 1 and 3)

ARG(NH1)-DG(06) 293 A
ARG(NH2)-DG(N7) 278 A
GLU-DC 4.04 A

PDBId: 1ZAA
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(V) C-X4-C - (FV) XL X XL

Finger 1 P TGQK
Finger 2 P TGEK
Finger 3 P LRQI§
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CLUSTAL 2.1 multiple sequence alignment
(A X-C-X g CH APV K 5, F s

L5 S KPYQCDFKDCER -GVKP- - - - - - CKTLQ
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CLUSTAL 2.1 multiple sequence alignment -‘I‘ C--- C_-_-_._I_-_._-_.
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1.- Superimposition:
Zif268-DNA + Zif268

2.- Superimposition:
DNA in complex with 3 TFs

DNA as a flexible structure

do transcription factors
modify DNA structure?

DNA in complex with Zif268

DNA in complex with Fox-C2

DNA in complex with TCF4

\ DNA is flexible an TFs

modify its structure

|

Function
RMSD: 1127 A



Conclusions

There are several DNA
conformations and they can be
divided into canonical and
non-canonical forms

In zinc fingers, there are a few
of fully conserved residues. The
others are highly variable

Zif268 is a C2H2 zinc finger
protein. They are common in
human genome

Not only TFs change their
conformation in complex with
DNA, but also DNA structure
can be modified in complex
with them
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Thanks for your attention

Questions?



PEM questions

1. There are helix parameters: 4. The most common TF in humans are:
a. Helixsense a. Homeodomain
b Diameter of the helix b HLH
C Both of them c. NHR
d. Residues per turn d. C2H2 ZNF
e. All ofthem e bZip
2. There are canonical conformations of the DNA 5. The essential residues in the interaction Zif268-DNA are
a. A-DNA in positions:
b Z-DNA a. 1,2,3 4
c. Both of them b -1,3,4,6
d Triple helix c. -1,1,2,3
e All of them d -1,2,3,6
e 1, -2, -3, -6
3. We canfind aright helix sense in:
a. A-DNA
b. B-DNA
c. Both of them
d Z-DNA
e All of them

57



® Q00O

PEM questions

6. How many zinc fingers form Zif268?

Only one

Two zinc fingers

Three zinc fingers

Two zinc fingers and a bZip
Zif268 is not a zinc finger protein

7. Zif268 makes a complex with:

® Q000w

B-DNA

A-DNA

Z-DNA

Triple helix DNA
Quadruplex DNA

8. Specificity and stability of the triple helix structure is

afforded via:

® Q000w

Hoogsteen hydrogen bonds
Watson-Crick hydrogen bonds

Both of them

Reverse Hoogsteen hydrogen bonds
All of them

9. The two different conformations of the bases
through the glycosidic bonds are:

a. cisandtrans
b. synand anti
c. leftandright
d. endoand exo
e. none of the above
10. Choose the correct sentences:

1. DNA is a flexible structure and this can be related with its

function

2. DNA structure is very stable: it can be never modulated

3. TFs can modify the conformation of DNA when they
make a complex

4. TFs change their conformation in complex with DNA but
the DNA does not:

®Qo o000

1,2,3
1,3
2,4

4
1,23 4
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