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The Nobel Prize in Chemistry 2002 ﬁ
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"for the development of methods for identification and structure
analyses of biological macromolecules*

MBARPOEEESFOILGRERTED=HDNMROEHE I

"for his development of nuclear magnetic resonance
spectroscopy for determining the three-dimensional structure of
\blologlcal macromolecules in solution”




With NMR the three-dimensional structure of different substances can be studied. Unlike
the alternative method, X-ray cry aphy, NMR can be applied to molecules in
solution, This is a great advantage since the natural environment of t

iving cel

In NMR the sample is placed in a strong magnetic field. Pulses of radio waves are bea
ple, the atx of which "answer” by emitting new rad es, The result

a spectrum in which each atomic nucleus causes one or more peaks. s is because the

magnetic field around each atom is affected by its neighbouring 2 A large protein

gives rise to a very complicated trum with numero

Withrich had an idea for how to

vhich atoms. His r
It invol
With a similar met
which senses the distance between nuclei, he t
determined a large number of pairwise distances
protein, wich gave the three-dimensional structure of
that protein.

actrometry and NMR have an around for a long time, but th
them on molecules j€ omething m scient
year's No ze Laureates sho that it could in fact be
gickly turned out to be outsta i have been further deve
archers to increase our understanding of tt

understand, we need to see - this year's Nobel prize h:
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* Collect NOE distance constraints
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Sequential 'H assignments
Collect NOE distance constraints

3D structure by distance geometry
Refinement by energy minimization
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Proc. Nail. Acad. Sci. USA
vaol. 94, pp. 12366-12371, November 1997
Biophysics

Attenuated T relaxation by mutual cancellation of dipole-dipole
coupling and chemical shift anisotropy indicates an avenue to
NMR structures of very large biological macromolecules

in solution

KONSTANTIN PERVUSHIN, ROLAND RIEK, GERHARD WIDER, AND KURT WU THRICH™
Institul fir Molgkularblologle und Biophysik Eldpenissische Techalsche Hochschule Hingperberg CH-8093 Zurich, Swierlind

Coneributed by Kurt Wiitheich, September 3, 1007
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Proc. Nail. Acad. St USA
vol. 94, pp. 12366-12371, November 1997
Biophysics

Attenuated 7T relaxation by mutual cancellation of dipole-dipole
coupling and chemical shift anisotropy indicates an avenue to
NMR structures of very large biological macromolecules

in solution

KONSTANTIN PERVUSHIN, ROLAND RIEK, GERHARD WIDER, AND KURT W{THRICH*

Institun fiir Molckul i und Blophysik Eldgenissische Technische Hoehschule Himggerbery (18093 Zurlch, Swiizerland

Contributed by Kuri Wittheich, Sepiember 3. 1997
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- 132 é

Fii. 2. Contour plots of BN'H correlation spectra showing the

indole “N='H spin system of Trp-48 recorded in a 2 mM solution of
uniformly BN-labeled fiz homeodomain complexed with an unlabeled
14-bp DNA duplex in 95% H20/5% 2Hz0 at 4°C, pH = 6.0, measured
at the "H frequency of 750 MHe, [rr! Conventional broad-band

131 decoupled [NH]COSY spectrum (22, 23). The evolution caused by

the Y('H,ISN) scalar coupling was refocused in the w; and w2
dimensions by a 180° proton pulse in the middle of the N evolution
time £y, and by wactz composite pulse decoupling of N during data

- 132 acquisition, respectively. (h) Conventional [PNH]COSY spectrum

recorded without decoupling during 1y and 2. () TROSY-type "NJH
correlation spectrum recorded with the pulse scheme of Fig, 1.
Chemical shifts relative to DSS in ppm and shifts in Hz relative w the
center of the multipletr are indicated in both dimensions, The arrows
identify the locations of the cross-sections shown in Fig, 3.
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Problems with higher molecular weights
NFEDBEKIZELESHE

* slower tumbling in solution = fast decay of NMR signal = poor signal-to-noise
* larger number of signals = signal overlap in NMR spectra
OBRBPTOEHEDET>NMRIET DELVFEZE—ELS/N
OZHDL YT FI->NMRARIFLTOIEENELY
linewidth Avy; =1/=T,

T, 4ns 8ns 12 ns 25ns
MW 8 kDa 16 kDa 24 kDa 50 kDa
T T T T T T T T
10 9 8 7ppm 0 9 8 7ppm '.' ppm w 9 a 7 ppm
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TROSY and 2H-labeling for molecular weights > 50 kDa Hy H CH,
o
HO) R H? E
Transverse relaxation jlﬂé?éﬁfg* % TH=2H(D) R -
optimized spectroscopy aromatic HB
o o wsma RO —SIND R E - S R AEH £ . § 0
T;{(a) v [l;]:}:] * reduced relaxation (y,/y,~1/6.5) 4y L L L L L L
" i * improved signal-to-noise dipoleidipole 5
_;_“1 @@ | 132 * better resolution relaxation 10 ppm
13C
i £ * reduced number of ks Zs2E°_A@iEd
P B Fwl| e ghesofs e =
ol 2N " aliphatic
.50 ,_ﬁ@‘. - . 132 ¢ * ’?l_(I:OL_C 5
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0 I H \ H aromatic
D I N B i
| H [ rrr ] rrr ] rrr [ 1111
“mmz(l;%‘imml]m.‘s N L 200 150 100 50 O ppm
RUNDEHRDH, BCOEGELZEL T
Pervushin et al. PNAS (1997) 94, 12366-71. 37 38
Multi-dimensional NMR experiments
13 i
1 D C SPECtru m Of a prOtEI n * To resolve signal overlap with increasing molecular weight
* 1/+2 loss of S/N per indirect dimension, but increased resolution
3D FT NMR 1 s T I —le
C' Carom. Caliph. preparation - t, - t, t, detection E: n: o
l
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