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Single strand A-RNA B-DNA duplex



Total length of DNA in a human cell
DNA In typical human chromozome
DNA from bacterial chromozome
Diameter of typical human cell
Diameter of folded DNA

Diameter of DNA fiber

Diameter of atom

1m
1cm

1 mm
0.01 mm
0.1 um

1 nm

1A

= 1 chromozome would be 10km long with fiber diameter of 1 mm
and it would fold into 10 cm diameter = extraordinary DNA
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deoxythymidine uridine



Nukleotide/nukleoside




Bases

DNA RNA




Base numbering




enol & keto

Cc=C-0- 2

enamin < imin

s C —-C=N-H



Base tautomerism




Sugar - pentoses

DNA



Nukleosides




Ribonukleosides

uridine =U
cytidine =C
adenosine =A
guanosine =G

Deoxyribonukleosides

deoxythymidine =dT
deoxycytidine =dC
deoxyadenosine  =dA

deoxyguanosine  =dG

HO

HO

(OH)



Phosphate group
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Ribonucleotides
uridyl acid = uridine — 5’'monophosphate = UMP, pU
cytidyl acid = cytidin = CMP, pC
adenyl acid = adenosin  -*- = AMP, pA
guanyl acid = guanosin  -“- = GMP, pG
Deoxyribonucleotides
deoxytymidyl acid = 2°deoxythymidine-5"-monophosphate =dTMP, pdT
deoxycytidyl acid = -“- cytidin = dCMP, pdC
deoxyadenyl acid = -“- adenosin -“- = dAMP, pdA
deoxyguanyl acid = -“- guanosin -“- = dGMP, pdG
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Torsion angle




Torsion angle
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Torsion angles in NA
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O2 above the sugar ring
6-member purine ring above the sugar ring




Torsion angle y

300° &0°




Torion y — border Intervals
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-40.7 -74.8

-135.6 -179.1
-37.4 58.9
139.5 78.2

-133.2 -155.0

-156.9 -67.1

-101.9 -158.9



Sugar conformation




,Puckering” of the sugar ring




Definition of the puckering
modes




Pseudorotation cycle

Vo V) (% )
2.¥,.(sin 36"+ sin 727

tan P =
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P, Y relation
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P In nucleic acids




Helical parameters

¥ Major
Groove
5
Minor .

X displacement Y displacement Groove

Inclination

b
%

Stretch Stagger
Propeller Opening,

Twst




Helical...

Helix axis (vertical)

fll\‘ Tilt

Pseudodyad




Helical parameters

Global




Base pairing
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Base pairing
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Nuclear properties of selected
Isotopes

Isotope Y x 19-71 vV at 11.74T Natural Sensitivity
(I=y2) (rad T s ~) (MHz) Abundance (%) %1 @ pbe.D

26.75 500.0 99.98 1.00 1.00

2

6.73 125.7 D s 4 1.6x10°“ 1.8x10

3

~2.71 50.7 0.37 1.0x10"° 3.8x10

2

10.83 202 .4 100 6.6x10 - 6.6x10

' Relative sensitivity at constant field for equal number of nuclei.
Product of relative sensitivity and natural abundance.




Spin systems in ribose and
deoxyribose

50
O-CH, Base
e
/ \
t.'?

Cr
i

B-D-Ribose 2' -Deoxy-B-D-Ribose
XWTPMA XAMWTNP




Spin systems in nucleic acid
bases

Adenine, A -
A+ A

Il
: 5 \ : :
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| |
Thymine, T

Uracil ,U

Guanine, G
A



'H chemical shift ranges in
DNA and RNA




'H chemical shift ranges in
DNA and RNA

Comments

2'H, 2"H in DNA

4'H, 5'H, 5"H in DNA
3'H in DNA
2'H, 3'H, 4'H, 5'H, 5"H in RNA

1%H

CH3 of T
SH of C and U
6H of C, T and U

8H of A and G, 2H of A

NH2 of A, C and G

Ring NH of G, T and U




'H NMR spectrum of d(CGCGAATTCGCG)

Pur H8, Ade H2
Pyr H6

H1’, Cyt H5




'H NMR spectra in H,O

Watson-Crick

d(CGCGAATTCGCG),
B-helix

(LY S

140 135 13.0 125 120 115 11.0 105

Hoogsteen

d(AAT GGG T GGG TTT GGG T GGG TAA)
G-quadruplex

13.5 13.0 12.5




'H COSY spectrum of DNA

d(CGCGAATTCGCG),

H2'-H2"
H4'-H5' 5"
H5-H5"
H3-H4’

H2' 2"-H3'
H1-H2’ 2"
H5-H6 (Cyt)
CH4-H6 (Thy)

g

T T T T T T T T T T T T T
80 75 7.0 65 6.0 55 50 45 40 35 3.0 25 20 15




'H TOCSY spectrum of DNA

d(CGCGAATTCGCG),

1
i
4

T T T T T T a T T 1 1 T T T
80 75 70 65 60 55 50 45 40 35 30 25 20 15




'H NOESY spectrum of DNA in D,O

PuH2,8, Py H6  H1,C5 H3’" H45,5" H2',2"”"  TCH; ppm

TCH, A . : ' '
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'H NOESY spectrum of DNA in H,O

d(CGCGAATTCGCG),

H imino - H imino

_ o .. H imino - H amino

b At Y T H imino - AdeH2,CytH5
CytH5 'y e e . H amino — H amino

iR ol H amino - AdeH2,CytH5,H6
H imino — TCH;

CytH4
AdeH2
CytH4(HB)




Water Suppression

The presence of an intense solvent resonance necessitates an impractical high
dynamic range. 110 M vs <1mM
To overcome this problem several methods are currently applied:

1) Presaturation.

2) Observing the FID when the water passes a null condition after a 180
degree pulse.

3) Suppression of broad lined based on their T> behavior.

4) Selectively excitation, with and without gradients

5a) Use of GRASP to select specific coherences thereby excluding the intense
solvent signal. In this case the solvent signal never reaches the ADC. This
allows the observation of resonances that are buried under the solvent peak.

5b) Use of GRASP to selectively dephase the solvent resonance
(WATERGATE)




PRESAT

P18

Presaturation field strength:

Pros:

Cons:

20-40 Hz corresponds to a
6-12ms 90deg pulse.

Easy to set up
Excellent water suppression

Resonances under water signal!
(T variation)

Labile protons not visible
(some GC pairs may be)

WEFT
180 920

dl |‘ td e

Z Z
Solvent
y y

! v

Method relies on different T1 values for
water and solute.

It fails 1f the relaxation times are simular.
Intensity of the solute resonances may vary.
For a selective 180 degree pulse on the
solvent these problems are largely avoided.



Jump and return

90 AU
dl <« 1d .\
| Pros:  Easytosetup
Excellent water suppression
z z : _
(with proper setup as good as presat)
Good for broad signals!
y y y
X Cons:  Non uniform excitation
Baseline not flat
solvent
Other sequences: 1331 etc
r 1 1 |




WATERGATE
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Structure Determination

Procedure

Structure Determination:

I) Assignment NOESY, COSY, HSQC
TOCSY s
IT) Local Analysis
«glycosidic torsion angle (NOE, COSY)
esugar puckering (COSY, NOE)
sbackbone conformation (COSY)
base pairing (NOE, COSY)
II1) Global Analysis
esequential (NOE, COSY)
«inter strand/cross strand (NOE, COSY)

«dipolar coupling (HSQC, HSQO)




Resonance Assignment

A) Exchangeable protons:
B) Non-exchangeable protons

« Aromatic Spin Systems:

« Sugar Spin Systems:

« Sequential Assignment:

C) Correlation of exchangeable

and non-exchangeable protons:

1D H, 2D NOESY

2D DQF-COSY (H5-H6),
2D NOESY

2D DQF-COSY
2D TOCSY

2D NOESY
2D (3'P, 'H) HETCOR

2D NOESY




Sequential connectivities
with exchangeable protons

Dickerson’s dodecamer
d (CGCGAATTCGCG) ,

|

C5H tm= C4NH, 4= GINH ===p G2NH;
C6H l o

Y
ABNH; == T3NH — éZH

o

C5H M= C4NH, tmm GINH == G2NH;
CeH l

1C2G 3CAGSASATTET?COGICL g
12GLlci0GeC ST7TSASAS4G 3C 2G IC

@
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IMINO-IMINO IMino-amino



Sequential resonance assignments

H6/8-H2’,2”/Me H6/8-H1’

d(CGCGAATTCGCG),




Assignment based on H6/8-H1' connectivities
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d(CGCGAATTCGCG),

Assignment based on H6/8-H1' connectivities




d(CGCGAATTCGCG),

Assignment based on H6/8-H1' connectivities




d(CGCGAATTCGCG),

Assignment based on H6/8-H1' connectivities




d(CGCGAATTCGCG),

Assignment based on H6/8-H1' connectivities




d(CGCGAATTCGCG),

Assignment based on H6/8-H1' connectivities




Assignment based on H6/8-H1' connectivities

T <
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Assignment based on H6/8-H2'2" connectivities
d(CGCGAATTCGCG),

o N
o [

ppm

1.2

’~—T7,Me




31Pp spectrum of DNA

d(CGCGAATTCGCG),

Phosphate buffer




Assignment of Sugar-Phosphate

Backbone

P NMR
HP-COSY HP-TOCSY

Base Base




1H - 31P correlation spectrum

3’ ;5 4)' 51’ 5’
' > < >
g L]

d(CGCGAATTCGCG), |

E-&T
E-&6
E-&S
5-34
2-33
2-12
E-&1
— -3.0

L .2.9

WWMWWWWWWW-

51 50 49 48 47 46 45 44 43 42 41 40 3.9
H

- -2.8
Ppm




Sugar puckering

The five membered furanose ring is not planar. It can be puckered
in an envelope form (E) with 4 atoms in a plane or it can be in a
twist form. The geometry 1s defined by two parameters: the

pseudorotation phase angle (P) and the pucker amplitude (D).

In general: .
RNA (A type double helix) C3' endo. chido
DNA (B type double helix) C2' endo.

v; = &, cos (P + 144 (j-2))

2’endo

6 — f\«’g =+ 1250




N (Northern)

.

(Southern)

&

>
[-%
=]

P=0%18&®2

Ribose: *Jygy g = 1 Hz

Deoxyribose: *Jyppe = 1.8 Hz

P=1442 1622

Ribose: *Jiy g = 7.9 Hz
Deoxyribose: *Jyyp = 10 Hz



J-couplings from COSY spectra




P determination from J-couplings

| 1

0O 38 72 108 144 180 216 252 288 324 360
P




Equilibrium of N and S
conformations

J (H1'-H2")




Distance information determines the glycosidic torsion angle

» How do we get distance information?
o Nuclear Overhauser effect (< 6A)




nucleotide unit

(O5Y

3
Jps HS H5"

3
Jpsieg

a and T pose problems

Determinants of 31P chem shift.
e and C correlate. T =-317-1.23 ¢

i £ Y
Temsmsy  esHz  JHrce UET)
Jepmsmsy  Jpzcz JHicz (UET)
ca s (A,0)
W1 (4,0



Structure Determination:

I) Assignment

1) Local Analysis

«glycosidic torsion angle, sugar puckering,backbone conformation
base pairing

I1I) Global Analysis
esequential, inter strand/cross strand, dipolar coupling

Nucleic Acids have few protons.....
*NOE accuracy
> account for spin diffusion
«Backbone may be difficult to fully characterize
> especially o and C.
«Dipolar couplings |



What do we know?
eDistance, Torsion, H-Bond constraints

What do we want?
e[ ow energy structures

Methods

eDistance Geometry
eSimulated annealing, rMD
eTorsion angle dynamics (DYANA)
eMardigras/IRMA/Morass

optimize conditions
pH, I, T.

v

Assignments
spin system
sequential
long range

v

Distance constraints
Torsion constraints

v

Distance Geometry/
simulated annealing

v

Initial structure(s)

v

Reffine structure(s)

v

Structures

1D NMR

NOESY, TOCSY, COSY

NOESY, COSY

Use contraints to calculate structure

Identify additional constraints
(side chains, additional long range
contacts etc)

rMD calculations

i Additional Experiments

Dynamics

Mutants

Interaction with target/drug
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