NUCLEIC ACIDS

Basic terms and notions
Presentation by
Eva Fadrna

adapted by Radovan Fiala



Literature

Books
Saenger, W., Principles of Nucleic Acid Structure, Springer 1984.

Bloomfield, V. A., Crothers, D. M., Tinoco, |., Nucleic Acids, Structures,
Properties, and Functions, Univ. Sci. Books, 2000.

Wuthrich, K., NMR of Proteins and Nucleic Acids, Wiley, 1986.

Review articles

Bowater, R. P., Waller, Z. AE., In: eLS. John Wiley & Sons, Chichester,
2014.

Wijmenga, S. S., van Buuren, B. N. M., Progr. NMR Spect. 32, (1998),
287-387.

Furtig, B. et al., ChemBioChem 4 (2003), 936-962.



RNA vs DNA




Length of NA

(1000 km)
(10 km)

imultiplied by 10°)

flexibility






Grooves

| 3A0049 w._o_.,q_z_

MINOR GROOVE

¥
Z
-
&
=
3



RNA vs DNA



Nukleotide/nukleoside




DNA Bases RNA

Guanin (Gua) Adenin (Ade)

Thymin (Thy) | Cytosin (Cyt) | Uracil (Ura)




Base numbering




Base tautomerism
fysiolog. conditions
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Base tautomerism




Sugar - pentoses




Nukleosides




Nukleosides

base

o



Phosphate group

qj qﬁ

T —



base

Nukleotides | w



4 Ik) PhgrsOpuhpate( Ik)
k<. o «f)
‘p \



opP1JOs|oNu

Nucleotide
chain



Torsion angle




Torsion angle
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Torsion angles in NA
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Torsion angle .

SYN:

Pyrimidines:
Purines:




Torsion angle .

300

gy, — -

o )
- r

o

L
——— | —r"

150"




Torion .I)order Intervals
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Torsion angles in DNA
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Sugar conformation

Wl =C4 —0d O] —

w]l =04 —C1'—C2'— 5




,Puckering” of the sugar ring




Definition of the puckering
modes
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Pseudorotation cycle

Pseudorotation phase angle P
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P In nucleic acids

RNA




Helical parameters

iInter-base or inter-base pair
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Helical...

%% Propeller twist

e i A0

Helix axis (vertical)




Helical parameters
for Aand B DNA
Global

Bases perturn  360/36=10 360/32.7=11 &—



Base pairing

Watson-Crick pairs



Base pairing

Hoogsteen and
reverse Hoogsteen
pairs




A and B double helix

A-RNA

Ball and
stick
models

B-DNA




A and B helices

A-RNA
with
bulge




A and B helices

B-DNA  A-RNA with

V|ew tilted by 32'0 show grooves



Nuclear properties of selected
Isotopes

Isotope ¥ » 10“7 V at 11.74T Natural Sensitivity

g -1 -1
(I—-],’Z) (.rad T g ) (MHz) Abundance (%) R?.l.a Abs.b

26.75 500.0 99.98 1.00 1.00

2

6.73 1.25.7 [ 1.6%10 - 1.8x%10

3

-2.71 50.7 0.37 1.0x307 " 3.8x10

2

10.83 202.4 100 6.6x10 - 6.6x10

4

6

2

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




Spin systems in ribose and
deoxyribose
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Spin systems in nucleic acid
bases

Thymine, T Uracil , U
A3 X

Adenine, A Guanine, G
A+ A 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'RB,-3'H, 4'"H, S5'H; 5"B in RNA

1L'H

CHy OFf T

5SH of C and U
6H of C, T and U

8H of A and G, 2H of A

NHE of A, C and G

Ring NH of G, T and U




'H NMR spectra of d(GCATGC)
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'"H NMR spectra in D,O and H,O
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A D,0 HDO
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'H COSY spectrum of DNA

a H2-H2"
b H4-H5'5"
H5'-H5"

H3'-H4
H2',2"-H3’
H1-H2',2”
H5-H6 (Cyt)
CH,-H6 (Thy)

Q ™0 Qo

d(CGCGAATTCGCG), 7 8

6 4 2 Wy(ppm)
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'H NOESY spectrum of DNA




Water Suppression

The presence of an intense solvent resonance necessitates an impractical high
dynamic range. 110 M vs <ImM

To overcome this problem several methods are currently applied:

1)
2)

3)
4)

Presaturation.

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

Suppression of broad lined based on their T2 behavior.

Selectively excitation, with and without gradients

Sa) 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

Presaturation field strength:
20-40 Hz corresponds to a
6-12ms 90deg pulse.

Pros:  Easytosetup
Excellent water suppression

Cons:  Resonances under water signal!
(T varation)
Labile protons not visible
(some GC pairs may be)

WEFT

180

|+—E‘ +‘|
* SDlvent

Method relies on different T values for
water and solute.

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



Jllllll) ﬂlld refurn

90 920

‘ : Pros:  Easytosetup

Excellent water suppression
(with proper setup as good as presat)
Good for broad signals'

dl

X X Cons:  Non uniform excitation

Baseline not flat
solvent

Other sequences: 1331 etc




WATERGATE
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Structure Determination

Procedure

Structure Determination:

I) Assignment NOESY, COSY, HSQC
TOCR Y e
I1) Local Analysis
«glycosidic torsion angle (NOE, COSY)
esugar puckering (COSY, NOE)
sbackbone conformation (COSY)
base pairing (NOE, COSY)
[II) Global Analysis
esequential (NOE, COSY)
einter strand/cross strand (NOE, COSY)

«dipolar coupling (HSQC, HSQC)




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-HG),
2D NOESY

2D DQF-COSY
2D TOCSY

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

2D NOESY




Sequential connectivities
with exchangeable protons

d(GGAATTGTGAGCGG)
d(CCTTAACACTCGCC)

CSH == C4{NHy == GINH ===p GZNH;
C6H l .

Y
ABNH, == T3NH — A2H

y
ggH €= C4NH, €= GINH == G2NH;
H




Sequential resonance assignments

A3 A6 AT G G9 C2C0T5 T4

+—8H—» +«——6H—»

® W
O—M*—WJ————OTE‘C?@

®

d(GCATTAATGC),



Connectivities between H1' and H6/8
d(CGCGAATTCGCG),

i intra-residue
s sequential




NOESY Connectivity (e.g. a C Decamer)
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3) Resonance Assignment of RNA by Homonuclear NMR (cont’d)

E. Correlations between exchangeable and

non-exchangeable protons
A H2 to HY’

CGA G
5G¢GAC ccagc®
.f /_9

.l;
"CGGUG A G GGUUE&

(2 residues bg;e pair above and below)

G NH to H1'

(2 resicdues base pair above and below)




Assignment of Sugar-Phosphate

Backbone

SIp NMR
HP-COSY HP-TOCSY

Base : Base

Base




*IP NMR
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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 (®).

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

v; = ®, cos (P + 144 (5-2))

2'endo

6='V3+ 1250




N (Northern)

(Southern)

P=0%13¢®

Ribose: *Jyy 30 = 1 Hz

Deoxyribose: *Jgqp = 1.8 Hz

P=14421622

Ribose: *Jgy gp0 = 7.9 Hz
Deoxyribose: *Jyy o = 10 Hz



J-couplings from COSY spectra




P determination from J-couplings

108 144 180 216 252 288 324 360
P




Equilibrium of N and S
conformations
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Distance information determines the glycosidic torsion angle

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




o and T pose problems

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

nucleotide unit

H

: X
os 3 3 3
Tesus sy “JHaH 5'(H5") Jpzigz “dgies (UET)
3 3 3 3
Jpscg Jo 3 HSHS" Jpzicz iz (UET)

3 3

Jpaicq  TdHi1cg (A,6)
3
JH1Cc4 (4,6)




Structure Determination:

I) Assignment

I1) Local Analysis
-glycosidic torsion angle, sugar puckering,backbone conformation
base pairing

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

Nucleic Acids have few protons.....
+NOE accuracy
> account for spin diffusion

-Bafkbone may be difficult to fully characterize
> especially a and T o
«Dipolar couplings



What do we know? opeze coTiiions | 1D NMR

pH, I, T.
eDistance, Torsion, H-Bond constraints ¢ A
\\ l'lﬂt dU‘ WE ‘s\-"ﬂﬂt? Hssigm;;wiystem NOESY, TOCSY, CO3Y
e[ ow energy structures > sequential
long range
Methods — + —

- ISIance consiraints o=
eDistance Geometry Torsion constraints | oo COSY
eSimulated annealing, rMD +

TDI-SUF}I] dllgl - d} HLATRICS ( DY ANA} Distance Geometry/ | |)e contraints to caleulate structure
eMardigras/IRMA/Morass A e
Identify additional constraints

Initial structure(s) (side chains, additional long range
contacts etc)

Reffine structure(s) rMD calculations

v

Structures

l Additional Experiments

Dynamics

Mutants

Interaction with target/drug




