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A Protein’s 'H-NMR Spectra is Complex
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Figure 10.1 'H-NMR spectrum of thioredoxin, reduced form.




Two Dimensional NMR
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Preparation: Prepare the spin system for the experiment, generation of
transverse magnetization.

Evolution: Prepared spin system develops during t1 under certain
interactions, such as scalar spin-spin coupling, exchange, etc.
Detection: Usually detecting Larmor precession(s).

Data processing: A series of 1D experimental data are stored as data
matrix as a function of time t1 and t2. Fourier transform is then
separately performed with respect of t1 and t2.

Presentation of Two Dimensional NMR




2-D and 3-D Separates Out Spectra
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Figure 10.6 NOESY spectrum of thioredoxin in the region & = 6.5 to & = 10.
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X-ray Crystal Structures

of calmodulin
Ikura et al.
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FIGURE |: Connectivities observed in the five different types of 3D
NMR experiments.




Sequential Assignment of NMR Spectra of Larger Proteins

Biochemistry, Vol 29, No. 19, 1990 4663
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Assignment of NMR Spectra of Larger Proteins
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Sequential Assignment of NMR Spectra of Larger Proteins Biochemisiry, Vol. 28, No, 19, 1990 4665

Table [1: Polypeptide Backbone 'H. "C. and "N Chemical Shifts for Drosophila Calmodulin (1.5 mM) at pH 6.3 and 47 *C. 6.1 mM CaCly

and 0.1 M KCH
W O+ C NH_ W "N € C NH M "N € C NH B
Al 515 1740 418 MSL 1193 555 1788 T84 406 oo 1273 1015 487
DI 1205 347 1758 467 152 1180 650 1779 774 3487 Si01 1238 201 450
QF 1196 557 1758 524 442 NIJLI75 S60 U775 847 442 Al0z 1230 916 397
L4 1228 846 1707 K16 470 ESS 1164 590 ITIE 156 409 Al03 1181 £15 408
TE 1129 0T 1758 856 482 VIS 1045 611 1760 722 447 EI04 1194 779 408
E6 1205 602 1794 893 40 D6 216 40 1764 772 467 L105 1208 £53 416
ET 1193 600 1790 86 412 ASTOIILT 543 ITEE BT 428 RIG 1173 251 388
Q8 1198 55T 783 167 183 DSE 139 528 ITE1 K6 467 HIOT 1186 181 438
19 1194 661 1779 831 AT7 VI8 1187
AlD 1213 $56 1805 797 408 109 116.5
1802 .78 407 TO 1144
1788 882 401 1o12e
1754 909 406 L112 1187
1795 782 420 Gl 1063
1790 ROl 426 Ell4 1203
1174 B73 3n KIS 1238
1782 790 408 L L116 1242
1TE0 745 404 . TIT 1140
1766 . DIIE 1225
? E1l9 1195
; E120 1187
£ Vi 1208
ve]1.94 08 4 DI22 1196
1717 837 484 . E123 1192
1740 1057 4.38/3.74 1 4 Mi 1194
[LEERE AT : ns 1182
176.3 A RIZé 1184
1168 . E127 1158
01 4. AIZE 1191
35 4 Ni 1173
30 4 130 1274
X LIETERTLN
! G132 1043
68 4 D133 1206
L Gl3a 1128
32 4 QI¥s 1154 796 458
07 4 VI3 1252 912 54
X NIIT 1290 9.62 518
. Y136 1182 836 150
. L El13% 1182 800 372
. . El40 1200 B3 408
AT 4 Fldl 1240 BE6 405
T4 4 VI 1194 B4R 131
90 1764 766 357 Ti43 1168 767 381
5311719 8 482 Mis 113 93 40
413 1754 776 386/3E1 MI4S 143 789 434
528 1762 832 488 TI46 1100 62 1 T4 445
453 1728 1059 404/348  SI4T 1ITE S50 1TIT T4 442
560 1749 764 519 K48 117 §17 181 165 41

D5 1200

*TH Chemical shifts are expressed relative to (trimethylsilyl Jpropioaic-d, acid, "N shifts relative to liquid NH, (Live et al., 1984, and "°C shifts
ical i i ; jonic acid (Bax & ian. 1986).
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NMR Spectroscopy
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Processing of NMR Data
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Sequential Resonance
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Conformation Restrains
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Structure Calculation
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Structure Refinement

v

Structure Analysis

13C, 15N-labeling, homogeneity

Bigger magnet is better — 600, 750 or 900 MHz

2-D and 3-D homonuclear
and heteronuclear pulse sequences

Ikura et al., (1989) Biochemistry 29, 4659-4667., then do
side chains

NOE: Wuthrich, (1989) Science 243, 45-50. also: J-coupling ~ tortion

Pattern recognition, build 100 models, select 20 best

Minimize restraint violations, keep “good” geometry
@ = W,(distance restraint violation + W, (E;os)




Distance Restraints
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NMR Refinement

NMBierm ideal geometry
—
b= WNMR(Z distance restraint + X tortional restraint) + Wigeal Etotal
violations violations

X-ray Refinement

X-ray term ideal geometry
AL A

s 4
D = W 2 Wy (IFol - [FCl)% g + Wigea E

N

total

observed calculated

NMR Structures
of closed form calmodulin




X-ray Crystal Structures
of calmodulin

Bundle of 20
NMR models
of calmodulin

Cases of Bundle Spread

* Missing restraints
 dynamics
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1)

2)

3)

Experimental difficulties

need for homogeneity in common
need good crystals for crystallography
need 3C and **N label for NMR

size limits of NMR technique
solubility an issue for each technique

Reported structure(s) look different

crystal structure vs. solution structure bundle

Complementary information

high resolution vs. dynamics
positional amplitude,
certainty time domains
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