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Nominal atomic mass

The number of neutrons

'

The number of protons
(atomic number)




@ A nucleus with an even mass A and even charge Z, and
therefore also an even N, will have a nuclear spin | of zero.
(*C, %0 and *20).

@ A nucleus with an even mass and odd charge (both Z and
N odd) will exhibit an integer value of I. [?H(I=1), *N(I=1)
and °B(1=3)].

@ A nucleus with odd mass (Z odd and N even, or Z even
and N odd) will have nuclear spin with an | value that we
can express as n/2, where n is an odd integer. [*H(I=1/2),
B3C(1=1/2) and 'O(1=5/2)].

Nuclei with =0 NMR cannot be detected.

Nuclei with 10 NMR can be detected.

Different isotopes of the same element have different nuclear spins, some
of which are detectable by NMR, others of which are not.



Number of spin states (21+1) :

m=-1/2

0 AE

m=+1/2

By

E=-mB,(y h/27)

B,: magnetic field strength
h : Planck’s constant

m: spin guantum number
v . magnetogyric ratio

A nucleus with spin | can have 2I+1 spin states. Each of
these states has its own spin quantum number m(m=-I, -

I+1, « « -« I-1, I). For nuclei with I=1/2, only two states
are possible: m=+1/2 and m=-1/2.




48—
Properties of nuclei in NMR studies

Frequency Nature Relative
Isotope Spin (MHz) at 11.74T abundance (%) sensitivity

H 1/2  500.0 99.98 1.0

’H 1 76.7 1.5x102 9.65x103
3H 1/2  533.3 0 1.21

12C 0 - 98.89 e

13C 1/2  125.7 1.108 1.59x102
14N 1 36.1 99.63 1.01x10°3
15N 1/2 50.7 0.37 1.04x10°3
160 0 - ~100 e
170 5/2 67.8 3.7x10-2 2.91x102
19F 1/2  470.4 100 0.83

31p 1/2  202.4 100 6.63x10-2
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NMR tube and holder

Triple-resonance NMR probe NMR sample and probe



The normal detection pulse sequence

/ delay
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Data acquisition ( detection )




1. Chemical shift (0 ) defines the location of a nmr line along
the rf axis. It is measured relative to a reference compound. In
frequency units the chemical shift is proportional to the applied
static magnetic field, and therefore chemical shifts are customarily
guoted in parts per million (ppm) units.

Av = Vsignal — Vyeference

s(ppm)=(Av/v,)x10°

(CH,),Si
CH,: CH,Li
| ; | | o I i
8 6 4 2 0 -2
Chemical shift § (ppm)
downfield high Increased shielding upfield low
frequency S > frequency

Increased deshielding



2. Spin-spin coupling constant (J) characterize scalar
interactions (through-bond) between nuclei linked via a small
number of covalent bonds in a chemical structure. J is field
independent and is customarily quoted in hertz (Hz ).

(Quartet) (Triplet)
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Dihedral Angles: ¢, ¥, @, X1, X,

Cy
X 2

I, = 6.4c08°(¢—60)—1.4cos(p—60)+1.9
O °J . =9.5c08°(y, —120)-1.6c0s(y, —120)+1.8

°J ., =9.5¢c08 y,—1.6cosy, +1.8

affl

aff2



3. Nuclear Overhauser enchancement or Nuclear

Overhauser effect (NOE) is the fractional change in
intensity of one NMR line when another resonance is irradiated in
a double irradiation experiment. Nuclear Overhauser effects are
due to dipolar interactions (through-space) between different
nuclei and are correlated with the inverse sixth power of the
internuclear disran.

Nuclear Overhauser enchancement f§ #zNOE, NOE »c i & d J +
& 1% #&- 8 & 1T * (dipolar-dipolar interaction) #vig =, # 3% & fr
AR F RS K3 A F L - S RE F A B A RT RS M
5A (10-10 M), # i tANOE »2jis if ¥ &NOESY %3 } i3 3|, @
FEHEAR |, TR T PONOE 22 i | A% 5, Flpt, 1 ¢ Iriedpin- 3
3 eONOE 3 B ( bldcF R crfpild 3 ), AP If ¥ 21 9775
NOE #7 % & enpE3g,

NOE/NOEstd — rstd6/ r6



4. Longitudinal relaxation time or spin-lattice

relaxation time (T,) describes the rate at which the
magnetization returns to the thermodynamic equilibrium
orientation along the static magnetic field after a rf pulse.

. Transverse relaxation time or spin-spin relaxation
time (T,) describes the decay rate of the effective
magnetization observed Iin the X,y plane after a rf pulse.

Half height

linewidth = i
7T,




6. Labile protons:
—NH; —OH ; —SH

Most of time, NMR signals of these labile protons can
not be seen, due to their fast exchange with H,0.

O H H O O D H O
T ] T ]
~C—N—C—C— + D,0 = —C—N—C—C—
| |
R R

However, exchange rate study of amide proton can
be used to identify if the amide protons form H-bond
or are shielded from the solvent.
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Structural information

@ Interproton distances :
NOE a R

@ Dihedral angles:

J-coupling and Karplus equations
& Chemical Shift Index (CSI):

Chemical shift of IH«, 13Ca 13C#A 13C’
@ Hydrogen bonding:

Amide proton exchange rates
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Recommended atom identifiers for the twenty common
amino acids follow the 1969 IUPAC-1UB guidelines.
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A
Groups of Hydrogen Atoms in the Common Amino Acid
Residues with similar Random Coil 1H Chemical Shiftsa.

0000000000
NH(W)*  NH(bb)* NH(sc)* B() B(a)
- | — | — | —
2H(H) Ring a,B(S.T) CH,
L i | ] | —
l 1 1 1 1 l 1 1 1 1 l
I I i
10 5 1 46(ppm)
Code o (ppm) Comments
CH, 0.9-1.4
B(a) 1.6-2.3 BHofV,I,L,E,Q, M, P, R, K
B (b) 2.7-3.3 BHof C,D,N,F,Y,H W
O0000 1.2-3.3 Other aliphatic CH
a,B(S.T) 3.9-4.8 All aH, BHof Sand T
Ring 6.5-7.7 Aromatic CH of F, Y, W; 4H of H
2H(H) 7.7-8.6 2H of h in the pH range 1-11
NH(sc)* 6.6-7.6 Side chain NH of N, Q, K, R
NH(bb)* 8.1-8.8 Backbone NH

NH(W)* 10.2 Indole NH of W
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Parameters for regular polypeptide conformations

Bond Angle (deg) Residues Translation
¢ /4 @ per turn per residue
I’ -139 +135 -178 2.0 3.4
Bp -119 +113 180 2.0 3.2
a -helix -57 -47 180 3.6 1.50
3,0-helix -49 -26 180 3.0 2.00
7 -helix -57 -70 180 4.4 1.15
Polyproline | -83 +158 O 3.33 1.9
Polyprolinell  -78 +149 180 3.0 3.12
Polyglycine Il -80 +150 180 3.0 3.1

+ Adapted from G. N. Ramachandran and V. Sasisekharan, Adv.
Protein Chem. 23, 283-437(1968); IUPAC-IUB Commission on
biochemical Nomemclature, Biochemistry 9, 3471-3479 (1970).
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A
Short sequential and medium-range *H-'H distances, vicinal

coupling constants, and amide hydrogen exchange rates.

Parameter a-helix  3,,-helix B B o
d N 2.6 2.6 2.8 2.8
d gy niiv) 3.5 3.4 2.2 2.2
d a N(i,i+2) 4.4 3.8

d a N(i,i+3) 3.4 3.3

d o nGii+a) 4.2 (>4.5)

dingivg) 2.8 2.6 4.3 4.2
A i+2) 4.2 4.1

d gngiiva) 2.5-4.1 2.9-4.4 3.2-45  3.7-4.7
dy, g (i+3) 2.5-4.1 3.1-5.1

dy i 2.3 4.8
doni 3.2 3.0
A 3.3 4.0
g (Hy) (<4) (=4) (z9) (29
NH exchange rate  slow slow slow slow

dg o dangjand dyy g  refer to interstrand distances.

The first four residues in the ¢ -helix and the first three residues in the 3;,-helix will
have fast amide proton exchange rates.

Every second residue in the flanking strand will have slow amide proton exchange rates
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The characteristic patterns of short-range NOEs involving amide, alpha,
beta protons observed for ideal « -helices, 3,,-helices and A -strand.

a -helix 3,0-helix S -strand
1234567 1234567 1234567

dnng,i+1)

d o Niii+1) = —

d a N(i,i+3) E ===

dg g Gi+3) EE 5

d ¢ niii+2) =

dng iv2) = 15

d g Niii+a) = o

Jung(Hy) 4444444 4444444 9999999

+ The thickness of the lines is an indication of the intensity of the NOEs
+ The values of J coupling are approximate.



Resonance assignment strategies
for small proteins

@ Spin system identification :
DQF-COSY and TOCSY experiments

@ Sequence-specific assignment:
NOESY experiment

For protein < 10 kDa, 2D homonuclear
experiments may be sufficient for resolving
overlapping NMR resonances.



PREPARATION EVOLUTION MIXING DETECTION

(A)

(B)

v [lew [1\AAS
t2
(D) |_‘ tl \V/\V VAV

(A) The elements of a generalized two- dimensional NMR experiment
(B) DQFCOSY experiment

(C) NOESY experiment

(D) TOCSY experiment
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RC-RNase 2D DQFCOSY at 310K
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Tablz 1. 'H chemical shifis for Re-REMass in 90%/10% HyO/D,0O at 310 K, pH 3.5, taking TSP rescnance
{0.00 pam) as & referencs. Thudmnjmlshmsnfmmﬂmnfmmnmpmmnmi

Ragifuag : Chemical Shift {ppm)
WH CaH CBH CyH Oithers
-t .0
Asnl 8.04 465 4141, .21 MWibHz 7.82
T3 335 354 317, 304 NeH Wedl; 2H 7.14; 4H 8.42; SH d.87; 8H 7.37; TH 748
#Alod B.72 380 1.40
Thes B35 4,00 3.90 1.3l
Phes .83 434 3.42, 3.30 CagH 7.20; Cy 5H 7.01: CaH 583
Gin7 B33 355 1.30, 1.67 193, 1.85
Olnd Tal R3] 2.20, 103 2.43, 243
Lys? 8.22 336 144
Hiald 7490 485 275, Liir CeH 8.392; ClgH 46.59
Oell B.50 502 2.!!! .12 0.95, 0.95
Oal2 B.72 481 135 135 086
Asnld  BI9 4.90 ‘1 u .88
Theld 7.14 4.84 417 111
Frals 433 L33, 223 195 196 CEH3 1.24, 3.67
Oalt 7.70 401 - 1.76 132, 103 071, 082
Nsl7 TTZ (774 413 1.42 o7l CLap
Asnld 225 4,88 307, 62 HEHz 7.54, 7.04
Cyxl9 351 4.0 2.B1, 2.43
Asnzl 19 448 Z.58,. 2.98 "
Tl T3 4,70 4,18 123
D22 796 (759 399 1.53 [LE 2
Me?3 719 d4.56 138, 451 2,17, 1.7
Ampdd TG 4,894 312, 2.63
B.03 4,62 Z.B5, 2.66
Asmnii 394 .34 287, 2.82 MEHz 7.45. 6.81
N=17 B.15 A0 1.53 0,35, 0.2%
Tyrad 7.80 4.76 331, 3.13 CasH 6.96: C3 9H 654
=25 T35 451 Z.14 56
Va3l B33 4,40 ) 1.01, 1.01
alyil 836 393, 383
Gly3d 834 420, 3.9a
Gln33 T7.64 4.85 208, 1.97 235 235
Cyz34 843 .83 240, 1.08
Lyals B3R 425
Argds S 187 i.08, 1.90 1.79, 183 C8Hz 3.38, 3.23: NeH 1.37
Val37 771 (TAS5) 541 (534 201 056, 091 :
Asn3f 841 484 231, 1.92
The33 B.B0 448
Phedd 938 477 3.07, 2.1 CasH 7.08: C3 sH 693 C4H 703
Oedl .34 433 1.74 0.78 .70, 0.5%
Oedd 3.68 (8.65) 485 (4.87) 1.9¢ 1.27, 127 0.74, 062
Scpd3 8.10 4,65 4.23, 326
Serdd B4l 473 4,27, 4.10
AladS 534 432 7
Thids - E28 401 4,24 098
ThedT T47 408 a1 142
Valdf 747 Ex .40 109, 1.046
Lyid®  B.56 307 1.80, 1.58 103, 060 CBMp 132, 1.32; CeH, 2,55, 228
Al 128 4.08 1.54
i T.68 177 1.7 1.00 0.TE
Cys32 727 472 1.85,2.01
Thrs3 7.34 75 401 120
Giysd . 924 408, 3.54
Valss 8.05 404 1.7 079, 079
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Methods for resolving overlapping
NMR resonances

@ 2D/3D homonuclear NMR experiments
such as 2D-DQFCQOSY, 2D-TOCSY, 2D-
NOESY, 3D-NOESY-TOCSY.

& 2D/3D heteronuclear NMR experiments
such as 2D-PN-HSQC, 3D-1°N-NOESY -

HSQC and triple-resonance experiments (
1H, 13C, 15N).
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a) A dipeptide segment of a
protein backbone with the
approximate values for the J
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(2) 3D HNCA
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E. Coli Thioesterase I:
3D CBCA(CONH

E 1

- 105.00
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| E—us-m 15N (ppm)

- F120.00
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s 2
130,00, 37,50
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62,53 13': fppm )
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Three-dimensional structure determination by
simulated annealing using X-PLOR ( CNS ) program

Etotal - Ebond + Eangle T Eimproper T Erep T Enoe T Etor
Keep the correctness of The energy terms of

protein geometry experimental data
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