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S 10−9γ

rad s−1T−1 % v p̌ŕırodě

e− 1/2 −182,000 100

1H 1/2 0,277 99,98
2H 1 0,042 0,02
13C 1/2 0,067 1,1
14N 1 0,019 99,6
15N 1/2 −0,027 0,4
17O 5/2 −0,036 0,04
19F 1/2 0,252 100
31P 1/2 0,108 100
129Xe 1/2 −0,075 24,4

Počet stacionárńıch stav̊u = 2S +1

kvadrupolárńı jádra (p̌ŕılǐs rychle se vraćı do rovnováhy)

vzácné izotopy (vyžaduj́ı obohaceńı proteinů během exprese)



Úhlová rychlost precese ω⃗ = −γB⃗

B⃗

ω⃗
µ⃗ = γL⃗



M⃗ = (µ⃗1 + µ⃗2 + µ⃗3 + µ⃗4 + µ⃗5 + µ⃗6 + · · ·)/V Magnetizace







Magnetické momenty v magnetickém poli

http://web.ncbr.muni.cz/~lzidek/C6770/presentations/animation/spherical_distribution_anim.gif






Vertikálně polarizované magnetické momenty

ve vertikálńım magnetickém poli

http://web.ncbr.muni.cz/~lzidek/C6770/presentations/animation/axial_distribution_anim.gif
http://web.ncbr.muni.cz/~lzidek/C6770/presentations/animation/axial_distribution_anim.gif




Sklopeńı vektoru magnetizace

http://web.ncbr.muni.cz/~lzidek/C6770/presentations/animation/excitation_anim.gif






Horizontálně polarizované koherentńı

magnetické momenty

ve vertikálńım magnetickém poli

http://web.ncbr.muni.cz/~lzidek/C6770/presentations/animation/coherent_distribution_anim.gif
http://web.ncbr.muni.cz/~lzidek/C6770/presentations/animation/coherent_distribution_anim.gif
http://web.ncbr.muni.cz/~lzidek/C6770/presentations/animation/coherent_distribution_anim.gif
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13CH2–OH

http://nmrcf.ncbr.muni.cz/au/alcohols/fid1.m4a
http://nmrcf.ncbr.muni.cz/au/alcohols/fid2.m4a
http://nmrcf.ncbr.muni.cz/au/alcohols/fid3.m4a
http://nmrcf.ncbr.muni.cz/au/alcohols/fid4.m4a


13CH3–OH

13CH3–
13CH2–OH

13CH3–
13CH2–

13CH2–OH

13CH3–
13CH2–

13CH2–
13CH2–OH

http://nmrcf.ncbr.muni.cz/au/alcohols/fid1.ogg
http://nmrcf.ncbr.muni.cz/au/alcohols/fid2.ogg
http://nmrcf.ncbr.muni.cz/au/alcohols/fid3.ogg
http://nmrcf.ncbr.muni.cz/au/alcohols/fid4.ogg


Ovčáci čtveráci

Přśı, přśı

Kočka leze d́ırou

http://nmrcf.ncbr.muni.cz/au/music/fiala-Audio-ovcaci_ctveraci-fid.m4a
http://nmrcf.ncbr.muni.cz/au/music/fiala-Audio-prsi_prsi-fid.m4a
http://nmrcf.ncbr.muni.cz/au/music/fiala-Audio-kocka_leze_dirou-fid.m4a


Acetaldehyd

Hänschen klein

http://web.ncbr.muni.cz/~lzidek/C6770/presentations/audio/CH3CHO_full.wav
http://web.ncbr.muni.cz/~lzidek/C6770/presentations/audio/hans.wav
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S

Sref
=

rref
r

6 (1)

r = rref
6

√√√√√√Sref
S

(2)

Referenčńı protony vzdálenost

geminálńı v methylenu H–C–H 0,17 nm
vicinálńı v aromatickém kruhu H–C=C–H 0,25 nm
meta v aromatickém kruhu H–C=CH–C–H 0,42 nm
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Zbytkové dipólové interakce ∝ ⟨3cos2 θ − 1⟩ ⇒ orientace



Data β-list α-̌sroubovice

δ(C′), δ(Cα) ↓ ↑
δ(Cβ), δ(Hα) ↑ ↓

|Hα
i H

N
i+1| 0,22 nm 0,35 nm

|HN
i HN

i+1| 0,40 nm 0,28 nm

|Hα
i H

N
i+2| daleko 0,42 nm

|Hα
i H

N
i+3| daleko 0,34 nm

|Hα
i H

N
i+4| daleko 0,42 nm

3J(HN
i Hα

i ) > 8Hz < 5Hz







α-helix

310-helix

antiparallel β-sheet

parallel β-sheet

http://web.ncbr.muni.cz/~lzidek/C9530/alpha_n_22.html
http://web.ncbr.muni.cz/~lzidek/C9530/310_22.html
http://web.ncbr.muni.cz/~lzidek/C9530/antiparallel.html
http://web.ncbr.muni.cz/~lzidek/C9530/parallel.html


Secondary
  Structure

3D StructureData
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Př́ıklady využit́ı NMR



Rychlé určeńı vazebného ḿısta
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Pekárová et al., Plant. J. 67 (2011) 827–839.



Určeńı struktury proteinu, který nekrystalizuje

Kubáň et al., mBio 11 (2020) e00226-20.



Oprava chybné krystalové struktury

Ž́ıdek et al., Biochemistry 38 (1999) 9850–9861.



Tyr 84

Leu 40

Met 69
Leu 105

Val 82

Phe 56

Phe 90

Leu 54
Ala 103

Leu 42

Tyr 120

Tyr 84

Leu 40

Met 69
Leu 105

Val 82

Phe 56

Phe 90

Leu 54
Ala 103

Leu 42

Tyr 120

Tyr 84

Leu 40

Met 69
Leu 105

Val 82

Phe 56

Phe 90

Leu 54
Ala 103

Leu 42

Tyr 120

Tyr 84

Leu 40

Met 69
Leu 105

Val 82

Phe 56

Phe 90

Leu 54
Ala 103

Leu 42

Tyr 120



Určeńı struktury, která se lǐśı v roztoku a krystalu

Demo et al., J. Struct. Biol. 187 (2014) 174–186.



Studium pomalých (µs–ms) a rychlých (ps–ns) pohybů proteinu
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Papoušková et al., ChemBioChem 14 (2013) 1172–1179.

Kaděrávek et al., unpublished



Studium pomalých (µs–ms) a rychlých (ps–ns) pohybů DNA
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Kaděrávek et al., J. Magn. Reson. 266 (2016) 23–40.



Studium částečně neuspǒrádaného proteinu

Kubáň et al., J. Am. Chem. Soc. 141 (2019) 16817–16828.




