Today’s planned topics:
1) Acquiring an NMR spectrum: Fourier transforms & FT-NMR.

2) Solving the “spectrum assignment problem”.



Obtaining an NMR spectrum: a simple (but inefficient) way.

Put nuclei in magnetic field. For 'H (with I=1/2) there are two allowed energy states:
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You could irradiate sample with radio waves, and there will be absorption when the energy of
the radio wave matches the energy difference between the two allowed energy states. You
would need to scan the frequency spectrum, one frequency at a time:
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This is one way to get an NMR spectrum. It is not very efficient, but it would work!



To obtain an NMR spectrum of a protein, you could measure the
absorption of radio waves, one frequency at a time:
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A much more efficient way to get an NMR spectrum uses a “Fourier transform” method.

What is a Fourier transform?
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ll’ el Converts the time-varying signal into
its frequency spectrum.
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For FT-NMR, it is necessary to identify a time-varying signal that can be
measured and Fourier transformed to yield the NMR frequency spectrum.
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At equilibrium,ﬁ is parallel to the magnetic field H (ﬁ is
always considered to define the z-direction).
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If M is not at equilibrium (not parallel to i) 1t will

experience a force that causes M to precess around H with
a frequency v

where v = YH/ 2n
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What is recorded in an FT-NMR experiment:

'léhe X-component ofﬁ is recorded as a function of time as
precesses:
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This is called the Free Induction Decay (or "FID").

(actually, what is recorded is the voltage in a RF receiver coil
placed around the sample. This voltage is proportional to My).
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Typical time-varying signal from a protein, where the different nuclei have many different NMR frequencies:

90 degree pulse, then
record f(t):
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Notice that the entire NMR
J‘} F:T. frequency spectrum is
obtained by recording the

time-varying signal for 0.5
seconds!
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For multi-dimensional NMR, 2 time varying signals are recorded, and Fourier transformed is
used two times to generate the 2-D NMR spectrum.

2-D nuclear Overhauser effect (NOE) spectrum
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The proton with NMR frequency
of 9.5 ppm is near the proton
with NMR frequency 3.0 ppm.

"Near" means < 6 A




Today's topics:

1) Acquiring an NMR spectrum: Fourier transforms and FT-NMR.

2) Solving the NMR spectrum assignment problem.



The 2-D NOE spectrum of a 140 a.a. protein is used in obtaining the

protein structure:
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An example of a protein structure determination by NMR
(including solving the spectrum assignment problem).



NMR analysis of a protein called “Antizyme”,
an inhibitor of the enzyme ornithine decarboxylase (ODC).

Antizyme binds and inhibits ODC, and targets ODC for
degradation.



'H NMR spectrum,
22°C,pH7.0
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Frequency of radio waves absorbed by 'H nuclei in sample.
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First step of NMR analysis of Antizyme is spectrum assignment:

(Identifying the NMR frequencies of as many specific nuclei in the
protein as possible).

3-dimensional “triple-resonance” FT-NMR is used for solving
the assignment problem.



3-D “HNCA” spectrum.

3-D spectrum, with H on
first axis, 3Ca on 2nd

axis, and PN on 3rd axis.
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N1S5 = 125.5 ppm plane
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Eventually generate a table of the NMR frequencies of (almost) all the
nuclei in the protein:

o a B L

1 no type HN H Ch o Ch-1 CE CE-1 ca co-1 Ha HE HiF
2 27 i}

3 22 H

1 29 : 286 3.7 173.9 4. 47

5 20 L 2.42 124 .2 55.2 52.8 42.3 83.6 17%.7 1741 4 .44 1.67 1.82,1.57
] 21 3 g2.24 11s.1 521 55.1 &3.8 42.0 173.3 176.7 4.48 3.92

T = Y 2.27 1256 5Z2.4 522 19.4 &3.8 17%.6 173.3 4.42 1.45

] 23 3 g2.32 1152 57.8 52.3 642 194 1728 176.7 4.60 3,94

S8 24 I 2.6 124.323 &1.1 57.8 276 4.1 175.0 173.0 4. 22

10 | 95 L g2.70 130.2 559 &1.1 43,9 376 175,92 175.0 4.55 1.62

11 =l T 7B 1191 521 559 425 43,9 171.9 175.9 4 62

12 7 b Pe2 1216 37.0 S2.0 6£5.3 42.4 171.4 171.9 4.99 3.77,3 .66

13 | 98 i} 2.14 1Ze.0 52.1 37.0 402 &5 2 174.2 171.2 4.48

14 3 E 2.7 115,82 39.1 53.2 29.0 40.8 17%.3 174.8 4.14 2.33,2. 05

15 | 100 23 2.82 1121 S8 29.0 2.4 2900 174.2 175,32 4 .66

16 | 101 L 2.e0 121.5 532.9 56.4 45.7 326 174.3 174.8 5.32 1.656,1.60 1. .26
17 | 102 H 2.90 1196 527 52.9 42.0 45,3 172,53 174 .2 5.20 2.73

18 | 103 T 29.41 1270 &1.3 53.8 332.4 42.0 174.2 173.5 5.11 2.05

15 | 104 T g2.8% 1211 &0.0 &1.3 71,4 33.4 172.0 1742 5.13 1.17
Z0 | 103 E 2,96 1227 55.0 &0.0 217 T1.e 175.2 1722 5,21

21 | 10& E 2.87 1271 54.0 55.0 297 32.0 175.4 4 .78 1.85

22 | 107 F o g .2 323

23 | 10z T Y.ed4 1144 514 S22 L0 3RS 17221760 465 4. 04 1.12
24 | 109 o 2.59 123.8 535.0 &l1.&6 L) 172.5 4.21

25 | 110 H 23.1 39.3

26 | 111 1] 2.47 119.8 535.1 53.0 9.3 172.9 4 .51 2.76

27 | 112 K b= 28.6 173.5 5.19

28 | 11% T 2.09 1236 K29 56,9 691 226 1732.3 173.5 4.35 d.14 1.15
z9 | 114 E 82.58 128.8 55.1 &2.9 g9.1 173.3 4.56 1.68, 1.80

30 | 115 T 2.05 125 2 62,3 54.8 3222 326 174.0 174.0 4,79 2.05 1.02,0.92
31 | 116 L 2.50 1Z5.4 527 &2.3 449 332 1753 173.9 5.45 1.2

3z | 117 o Q.02 117.8 57.1 B3, 1 1726 175.4 5.07 2.85, 2.74

33 | 112 I 29.38 1Z282.0 &1.0 57.1 39.3 &3.1 172.7 4.41 2.12

34 [ 119 2 B.95 1279 54.8 &61.1 30.9 39.3 1727 5,01 1,95, 2.12




Structure determination is performed using Nuclear Overhauser
Effect (NOE) spectra, to find protons that are near each other
in The structure.
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2-D NOE spectrum




% azl _hgnoe3d_3.spa -- selected

3-D NOE spectrum.
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Results after simulated annealing, using 1400 NMR-derived restraints:

Cvarlay 12 structures,
residues 4 - 218,

Che structure,

residues 94 - 218,




Once the structure of Antizyme is known, how do you identify
candidates for which parts of the protein are functionally
important?

(In this case, “functionally important” may mean binding and
inhibiting the enzyme Ornithine Decarboxylase).
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Structure, plus locations of conserved amino acids, leads to
hypotheses regarding which a.a. may be directly involved
in binding to ornithine decarboxylase.



