
Dynamics of proteins by NMR
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Correlation Functions of Small and Large
Molecules



Protein Dynamics by NMR: relaxation rates



Protein Dynamics by NMR: relaxation rates
Catabolite activator protein (CAPN)



Molecular dynamics (spin-relaxation)



Molecular dynamics (spin-relaxation)



Dynamics determined by 1H1 spin-relaxation

RingRing andand chainchain conformationsconformations andand dynamics dynamics ofof nativenative SF, SG SF, SG 
andand derivedderived oligosaccharidesoligosaccharides

Ismael NL Queiroz et al. Glycobiology 2015;25:535-547
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(B)

NOE-restrained 
molecular modeling:

RingRing andand chainchain conformationsconformations andand dynamics dynamics ofof nativenative SF, SG SF, SG 
andand derivedderived oligosaccharidesoligosaccharides

Ismael NL Queiroz et al. Glycobiology 2015;25:535-547
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(D)

GLYCAM/AMBER-based 
molecular dynamics:



Paulo A.G. Soares et al. Biopolymers 2016;105:840-851



Counterion effects (Na+
, Ca2+, Li+)

Signals
1H R1 (s-1)b

298K 310K

Na+-sulfated fucan

AH1/BH1 102.6 ±3 98.7 ±4

CH1 109.7 ±4 99.6 ±1

DH1 106.5 ±2 88.7 ±2

Signals
1H R2 (s-1)a

298K 310K
Na+-sulfated fucan

AH1/BH1 257.7 ±3 227.3 ±5
CH1 283.8 ±5 244.4 ±6
DH1 272.5 ±5 237.0 ±5

Table VI Spin-spin relaxation rate (R2) and rotational spin-lattice relaxation rate (R1) (in sec-1) of the
anomeric 1H signals from the differently sulfated Fucp units in the Na+-, Ca2+- and Li+-substituted
sulfated fucan preparations at two different temperatures (298 and 310 K) at a Bruker 600 MHz.

RingRing andand chainchain conformationsconformations andand dynamicsdynamics ofof nativenative SF, SG SF, SG 
andand derivedderived oligosaccharidesoligosaccharides

DH1 106.5 ±2 88.7 ±2

Ca2+-sulfated fucan

AH1/BH1 88.8 ±4 87.9 ±1

CH1 91.0 ±4 90.9 ±3

DH1 92.9 ±2 88.7 ±2

Li+-sulfated fucan

AH1/BH1 96.9 ±3 84.1 ±2

CH1 101.2 ±2 88.1 ±3

DH1 99.4 ±4 87.1 ±6

DH1 272.5 ±5 237.0 ±5
Ca2+-sulfated fucan

AH1/BH1 166.6 ±9 160.2 ±3

CH1 189.5 ±6 177.4 ±14

DH1 182.3 ±6 178.3 ±13

Li+-sulfated fucan
AH1/BH1 208.7 ±3 179.2 ±4

CH1 240.5 ±12 204.0 ±10

DH1 213.1 ±7 186.5 ±4

Paulo A.G. Soares et al. Biopolymers 2016;105:840-851



Conformation and dynamics of oligosaccharides from the 3-linked 2-sulfated alpha-L-
SF (S. franciscanus) and alpha-L-SG (E. lucunter) with similar MWs

VS

RingRing andand chainchain conformationsconformations andand dynamics dynamics ofof nativenative SF, SG SF, SG 
andand derivedderived oligosaccharidesoligosaccharides

Ismael NL Queiroz et al. Glycobiology 2016; 6:1257-1264



n

(i) E. lucunter
O

CH2OH

O3
-SO

O

HO

O

CH3

HO
O3

-SO

O

n

(h) S. franciscanus

VSVS

FUCANOMICSFUCANOMICS && GALACTANOMICSGALACTANOMICS:: STRUCTURESTRUCTURE vsvs FUNCTIONFUNCTION

Structure-anticoagulant activity relationship: SUGAR TYPE-DEPENDENT ACTION

nO O n

Vitor H.  Pomin – Marine Regular Sulfated Homopolysaccharides. Biopolymers 2009, Volume 91, Issue 8:601-609.
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Vitor H.  Pomin – Marine Regular Sulfated Homopolysaccharides. Biopolymers 2009, Volume 91, Issue 8:601-609.



FUCANOMICSFUCANOMICS && GALACTANOMICSGALACTANOMICS:: STRUCTURESTRUCTURE vsvs FUNCTIONFUNCTION

Structure-anticoagulant activity relationship: CONFORMATIONAL BINDING PREFERENCE

Structures of the complexes between different SP (red, yellow) and AT (blue). (A) ternary complex between AT,
thrombin (gold) and a heparin hexadecasaccharide (PDB ID 1TB6); (B) AT bonded to the synthetic
pentasaccharide (PDB ID 1E03); (C) final structure from a 5 ns MD of AT complexed to a SF decasaccharide
with pyranose rings; (D) final structure from a 5 ns MD of AT complexed to a SG decasaccharide with pyranose
rings. For (B)–(D), two orientations of the complexes are presented.
Vitor H.  Pomin – Marine Regular Sulfated Homopolysaccharides. Biopolymers 2009, Volume 91, Issue 8:601-609.



Bloch equations of motion (T1 and T2)



Bloch equations of motion (T2)



Bloch equations of motion (T1)



Measuring T2 by line width or CPMG



CPMG

- The Carr-Purcell-Meiboom-Gill sequence
(CPMG) experiment allows to measure transverse
or spin-spin T2 relaxation times of any nucleus.
- The experimental half-height line width (d) of a
given resonance is directly related to T * by thegiven resonance is directly related to T2

* by the
equation
d=1/(pi.T2

*).
- In the measurement of the T2 relaxation times, the
magnetic field inhomogeneities (T2

inh) must be
considered:
1/ T2

* =(1/T2 )+(1/T2
inh).



- The basic pulse sequence of the CPMG
experiment is based on the spin-echo pulse
sequence and consists of the following steps:
(1) a 90o pulse creates transverse
magnetization; (2) an spin-echo period (delay-

CPMG pulse sequence

magnetization; (2) an spin-echo period (delay-
180º-delay block) repeated n times, which
determines the decay of the Mxy magnetization;
and (3) signal acquisition performed as usual.



T2 measurements with a Simple Hahn
Echo or Spin Echo



Hahn Echoes as a Function of
Inhomogeneous Line Width



T2 Measurement with a CPMG Spin Echo Train



The Spin Echo through CPMG



CPMG: T2 vs T2*



T2 vs T2*



CPMG: examples



Measuring T1 by Inversion Recovery



Measuring T1 by Inversion Recovery



Measuring T1 by Inversion Recovery



Spin Echo (T2) vs Inversion Recovery (T1)

T2

T1



T1 from Inversion Recovery in MRI

Short-TI Inversion Recovery


