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”B MAS spectra of amorphous B-N compounds
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Solid-NMR : Why?

Crystal - OK Distance between spins
Powder : OK Angles between anisotropies

Fiber : OK Diffusion (molecular, spin)
Amorpous : OK

High precision
for local structure

Today's Special!
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X-13¢=0 powder spectra (calculated)
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Powder NMR spectra of spin=1/2 (rare-nuclei case), eg, 'l3c

No gadgets . . :
3¢ chemical-shift anisotropy

'H%¢ heteronuclear dipolar interactions

H decoupling
¢ chemical-shift anisotropy

TH decoupling + Magic—-angle spinning at 2 kHz

. 3¢ isotropic shift + spinning sidebands
o L,

'Y decoupling + MAS at 20 kHz

%C isotropic shift




BO Effect of sample spinning

l{o Chemical shift+ anisotropy
Dipolar interaction

6 v
Oy,

v
H(+)= (3cos®0 -1)H, + H( Z‘T:R R 1)
Scaling Spinning
sidebands

3cos’@y -1 = 0
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N CP/MAS spectra of Tolyl{k

a) Under ""N-'H decoupling b) Under °N-'H recoupling
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Recoupling by MORE

Fukuchi, et al., Magn. Reson. Chem., 45 (2007) S56
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MARAE T O PEREAIE

1) From dipolar-broadened powder lineshapes

B, ’1

0,r
1‘" interaction ~ (3co0s26-1) /r3

2) From flip—flop transition rates

t—1




Longer distances by diffusion

1) Molecular Diffusion
" O
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2) Spin Diffusion Site B

Studies on domain sizes
in inhomegeneous solids




Polarization transfer/spin diffusion by flip—flop motion




Spin diffusion and relaxation
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Photo-dimerization of solid anthracene
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Indirect3C observation of
'H spin-lattice relaxation

Decoupling , ﬁ
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13 mas spectra

' H relaxation curves observed

Anthracene monomer via13C signals

4 Dimer peak
pure Dimer after 10min UV irr.
/
X

Monomer peak
after 10min irr.

Anthracene dimer
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Spin—diffusion rates vs fraction of dimer
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Estimation of the domain size

Assume spin diffusion from a point source
2O —
<|“> = 6Dt
- -1
Assume t ~ K 1_ (0_03) S

Estimate the diffusion constant as

D ~ 2r,/T, ~ 55%10%cm?s"

ry= 0.117 nm

JKI2> ~ 300 nm

Takegoshi, et al., Solid State NMR, 11 (1998) 189.


Takeyan
タイプライターテキスト
Takegoshi, et al., Solid State NMR, 11 (1998) 189.


Structural determination by solid NMR

Resolution of 'H resonances is too bad....

We replace '2C and "*N by '3C and '°N
to achive high resolution...



High-lighting local structure
by isotope labeling




Excessive '>C labeling

1) Spectral overlap due to anisotropic line broadening
Chemical shift anisotropy & Dipole-dipole coupling

Characterless lineshape

2) Complex-coupling network

nC2




Use doubly labeled samples!
Selective obserbation of dipolar & CSA under MAS

Distance between spins
Angles between anisotropies

High precision for local structure

Using one multiply labeled sample ...




For a multiply/uniformly Be_|abeled sample
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For a multiply/uniformly Be_|abeled sample

@ fas-l- MAS
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A 2D 3e- e exchange experiment

"H

13

CP

Decouple

Broadband
recoupling

Decouple

o




c-c polarization spectra of °C-labeled Ac-Pro-Gly-Phe
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Cross-section spectra of 2D RFDR/DARR °c- "% exchange spectra
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1906

Alzheimer’s disease

Auguste, D. died.

Her characteristic neuropathology was
first observed by Alzheimer, A.
(Neurologisches Centralblatt 1906, 23, 1129-1136)

Identification of B amyloid (AB)

4 million patients in US
(4-6% of over-65 age people)

Alois Alzheimer
(1864~1915)
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Pathology of Alzheimer’s disease




: TR 21 Ala 22 Lys 23 Asp 24 Val
ﬁItnIIIOId B ' f'z_”IS s related to ~NH=C, H =CO=NH=C, H =CO=NH=C, H =CO=NH=C, H —CO—
zneimers disease. CH, ?B H, C,H, /%H
These depositions are E22K-A C{H C, OOH H;C, C,H,
composed of amyloid-f3 (Italian C§H2
peptides of 40- and 42-residues. C, H,=N, H,

Aggrigative ability of
these peptides relate to
the 3D structures.

Assignment of °C signals of "*C-labeled 21-
24 aa by DARR with the mixing time of 20ms

val28 |
val1g | Val\%vnl )
Ala-CQy Lys-CO Aspla | Asp1I1(_3ySII3 : A;.Byl
Val1,2-CO 7] Lysa | Asp2p Lysy | /
Yy Lysd |
. . . Asp1 vall,2 ~
The Irie's model of amyloid-p (Italian) o I_/ A M I
I A
42 39 or 40 32 24 1é4 I 1é0 I 17I6 17I2 I 1(;8 I 6IO l I l 40 l I l ;(
3 -sheet B -sheet - N
) @ PN ParN T4,
77 — Vi ) -
B -sheet %/ " Qs P 20
15 21 ] il ﬁ
(é"\ - A, N A s -
By systematic proline mutagenesis —___ SRS T A
é—‘“ e W I 2t al finls e L
NSsa>aye , aramn > 40
J. Biol. Chem. 2004, 279, 52781. //
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“c-"Cc DARR
T=500ms

T
-C-C-N-C-@-N-C-C -N-
¢ B
HOOC ¥
Asp 5

LyS é

Selectively labeled
E22K-AB42

184 180 176 172 168 60 40 20
Cross peak between

1) Asp-COOH (major) & CH of Val or Ala?
2) Asp-COOH & side-chain of Lys?

Asp-COOH(major) & Val-CHg
Asp-COOH(minor) & side-chain of Lys



Side chain directions in parallel g-sheet
23D ,COOH

21A

’
2221~

15

Irie's model based on NH;
proline replacement exptl.

NMR models
23D H3C
HOOC‘\~
CHs 21 HOOC” H: 21A
HN VY NV
22K 22K
major conformer minor conformer

Masuda, et al., Bioorg. Med. Chem., 13 (2005) 6803.
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