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HR NMR of membrane proteins - strategy Relaxation – deuteriation
Pulse program considerations

Backbone assignment

Backbone dihedral angle prediction

Methyl-based  NOes

Additional restraints

Structure calculation using CNS

Demonstration : nmrpipe and nmrview
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Overview of RDCs and RPE experiments

Overview

Talos Backbone
NOes Me-NOes Structure

calculation
Pulse

programs Assignment



Talos Backbone
NOes Me_NOes Structure

calculation
Pulse

programs Assignment

Large correlation time 
(high molecular weight 

complex ≥

 

50kDa)

Slow molecular tumbling >>>

 

Fast T2

 

nuclear spin relaxation

Decrease of efficiency of 3D 
NMR experiments used  for 

resonance assignment 

Length of primary 
sequence 

Low spectral resolution, low sensitivity

-

 

Dipole-dipole interactions (homo and heteronuclear)
-

 

CSA interactions

(MW∼

 

20kDa)

Broad lines 

Signal overlap

Selective isotopic labeling TROSY and perdeuteration

NMR spectroscopy beyond 25 KDa



In 3D exp. For macromolécules

 

R2 relaxation resulted from :

1H-1H dipolar interaction (DD)
1H-15N and 1H-13C dipolar interactions (DD)
1H, 15N and 13C chemical shift anisotropy (CSA)

TROSY detection scheme Transverse Relaxation-Optimised

 

SpectroscopY

For a 2 spin sys. I and S (spin ½) ,considering the two R2

 

nucleus S transitions :

with 

HN DD interac. 15N CSA interac.

From : Pervushin

 

et al., PNAS (1997), 94, 12366-371

Compensation of HN DD and 15N CSA interactions 
( p-δ≈0  >>> optimum 1.1 GHz)

NMR spectroscopy beyond 25 KDa
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TROSY detection scheme

Linewidth

 

reduction (at least 40-60%)
Compensation almost independent of molecular size
Main residual T2

 

relaxation comes from dipolar coupling with 
remote protons (side-chain protons) (75% 15N and 95% for HN)

Perdeuteration
1H-1H dipolar interaction

 

(DD)
1H-15N

 

and 1H-13C

 

dipolar interactions

 

(DD)
1H, 15N

 

and 13C chemical shift anisotropy (CSA)

Magnetic field strength

>>> higher for TROSY
>>> 600MHz for experiments with 
coherence pathway through the carbonyl

>>> improve sensitivity of 3D experiments
(HNCA, HN(CA)CO, HNCACB etc..)

NMR spectroscopy beyond 25 KDa

From Fernadez

 

C. et al FEBS letters (2001) 173-78

1H-1H dipolar interaction

 

(DD)
1H-15N

 

and 1H-13C

 

dipolar interactions

 

(DD)
1H, 15N

 

and 13C chemical shift anisotropy (CSA)
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Strategy

Elaboration of NMR sample
Isotope labeling

Resonances assignment
[u-13C,15N] sample

3D NMR experiments

Structural restraints collection
distances, angles, orientation

measurement 

3D structure calculation

Perdeuterated

 

protein sample

3D, 4D TROSY-based NMR experiments

high static magnetic field, cryoprobe

Alternative methods :

-

 

NOEs

 

long-range : selective methyl protonation

 

in   

a perdeuterated

 

background

- RDCs, paramagnetic relaxation enhancement

NMR structure determination process

Solubilisation

 

in detergent micelles 

(high concentration, high temperature)

Specific considerations for high molecular weight proteins or protein complexes like membrane 
proteins studied by HR liquid state NMR
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2D [15N,1H]-TROSY (900 MHz) 

NHNH(i)(i)

HN(CO)CACB HNCACBHNCACB

3D 1H/15N/13C

NH(i)NH(i)

Strip

Cα

 

(i-1)

Cβ

 

(i-1)

13C

Cβ

 

(i-1)

Cα

 

(i-1)

Cβ

 

(i)

Cα

 

(i)

Principle
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ASSIGNMENT

Data acquisition
(Bruker, Varian, jeol)

NMRpipe NMRview

Format conversion 
&

Process

Assignment
&

analysis



U-[13C,15N] protein U-[13C,15N, 2H] protein
High MW proteins

Seq

 

.Nuclei

Ca 3D tr-HNCA
3D-trHN(CO)CA

3D HNCA
3D HN(CO)CA

Ca,Cb 3D tr-HNCACB
3D-trHN(CO)CACB

3D HNCACB
3D CBCA(CO)NH

CO 3D tr-HNCO
3D-trHN(Ca)CO

3D tr-HNCO
3D-trHN(Ca)CO

Side chains
(Tocsy)

3D tr-(HNCA)CC(CA)NH3D H(CCCO)NH
3D (H)CC(CO)NH

700MHz
700MHz

900MHz
600MHz

600MHz
600MHz

800MHz

Experiments performed
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Sequential assignment based on CSequential assignment based on Caa

 

, , CCbb

 

and Cand C’’

 

connections pathwaysconnections pathways

““CrowdedCrowded””

 

regionsregions

HNCACB HN(CA)CO HNCACB HN(CA)CO

α(i-1)

β(i-1)

α(i)

β(i)

Strip illustration of sequential assignment
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sequential assignment …

 

in practice

Demonstration
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NMRPipe

Demonstration

Reference: F. Delaglio, et al. J. Biomol. NMR. 6, 277-293 (1995). 
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NMRPipe

# NMRPipe

 

3D HNCACB processing

 

(xyz) optimise 

#!/bin/csh
source /usr/local/rmn_apps/NMRPipe/com/nmrInit.linux9.com
set NMR=./
set INP=fid/test
set NAME=proc/test

xyz2pipe -in $NMR/$INP%03d.fid

 

-x -verb
#| nmrPipe

 

-fn

 

SOL
#| nmrPipe

 

-fn

 

POLY -time  
| nmrPipe

 

-fn

 

SP -off 0.45 -end 0.98 -pow

 

2 -c 0.5  
| nmrPipe

 

-fn

 

ZF -auto                             
| nmrPipe

 

-fn

 

FT -auto                              
| nmrPipe

 

-fn

 

PS -p0 65 -p1 0 -di             
#| nmrPipe

 

-fn

 

POLY -auto  
| nmrPipe

 

-fn

 

EXT -x1 6ppm -xn

 

11ppm -sw
| nmrPipe

 

-fn

 

TP 
| nmrPipe

 

-fn

 

LP -ord 16 -pred

 

28 -fb 
| nmrPipe

 

-fn

 

SP -off 0.5 -end 0.99 -pow

 

2 -c 0.5  
| nmrPipe

 

-fn

 

ZF -auto                          
| nmrPipe

 

-fn

 

FT -auto                             
| nmrPipe

 

-fn

 

PS -p0 0 -p1 0 -di            
#|nmrPipe

 

-fn

 

REV      

| pipe2xyz  -out $NAME%03d.dat -y  

xyz2pipe -in $NAME%03d.dat -z -verb
| nmrPipe

 

-fn

 

LP -ord 16 -pred

 

36 -fb    
| nmrPipe

 

-fn

 

SP -off 0.5 -end 0.99 -pow

 

2 -c 1  
| nmrPipe

 

-fn

 

ZF -auto                            
| nmrPipe

 

-fn

 

FT -auto                             
| nmrPipe

 

-fn

 

PS -p0 -90 -p1 180 -di            
#| nmrPipe

 

-fn

 

REV                                  
#| nmrPipe

 

-fn

 

BASE -nw

 

3 -nl

 

0% 2% 60% 100%            
#| nmrPipe

 

-fn

 

POLY -auto                      
| pipe2xyz  -out $NAME%03d.ft2 -z -inPlace

 

-ov

xyz2pipe -in $NAME%03d.ft2

 

| pipe2xyz -nv

 

-out oshncacb.nv

 

-verb

#!/bin/csh
source /usr/local/rmn_apps/NMRPipe/com/nmrInit.linux9.com

nmrPipe

 

-in ./test.fid

 

-verb

 

\
#| nmrPipe

 

-fn

 

POLY -time

 

\
| nmrPipe

 

-fn

 

SP -off 0.5 -end 0.98 -pow

 

2 -c 0.5   \
| nmrPipe

 

-fn

 

ZF -size 4092                              \
| nmrPipe

 

-fn

 

FT                               \
| nmrPipe

 

-fn

 

PS -p0 -26.4 -p1 -84 -di                    \
| nmrPipe

 

-fn

 

EXT -x1 6.0ppm -xn

 

10.7ppm -sw

 

\
| nmrPipe

 

-fn

 

YTP -verb

 

\
#| nmrPipe

 

-fn

 

LP -ord 12 -fb -pred

 

64   \
| nmrPipe

 

-fn

 

SP -off 0.5 -end 0.98 -pow

 

2 -c 0.5   \
| nmrPipe

 

-fn

 

ZF -size 2048                              \
| nmrPipe

 

-fn

 

FT                               \
| nmrPipe

 

-fn

 

PS -p0 85.4 -p1 0 -di            \
| nmrPipe

 

-fn

 

REV                                  \
| nmrPipe

 

-fn

 

POLY -auto                            \
| nmrPipe

 

-fn

 

TP -verb

 

\
#| nmrPipe

 

-fn

 

POLY  -auto                            \

| nmrPipe

 

-out test.ft2

 

-ov

nmrPipe

 

-in

 

test.ft2

 

| pipe2xyz -nv

 

-out

 

ostrosy900_151007.nv

 

-verb

Demonstration
Process 2D Process 3D
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NMRPipe

Demonstration
Phase correction

Talos Backbone
NOes Me_NOes Structure

calculation
Pulse

programs Assignment



Assignment with CACB panel of nmrview

Demonstration

HN(CO)CACB HNCACB

Inter-
residue

(i-1)

T97

Intra-
residue

(i)

A98
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Assignment in progress …

65 YLGFEHGYDW…
95 QLTAKLGYP…

HNCACB

HN(CO)CACB

tr-HSQC

HNCO

HN(CA)CO

HNi,Ni,Cai
Cbi

Cai-1

Cbi-1

HNi,Ni,Cai-1

Cbi-1

HNi,Ni

HNi,Ni,C’i-1

HNi,Ni,C’i-1

C’i

T97

30

29

31

32

22

23

16

11

16

17 81

A98

150

151

149

148

90

89

53

47

82

L100

55

56

54

57

33

34

24

18

30

29

K99

74

78

75

79

45

47

29

23

38

39

G101

22

--

21

23

15

16

13

31

10

11

66 or 97

68 or 99

21 or 31

27 37
≠

 

[HN and N] but 
overlapped on C’, 
Ca and Cb

 

!!!

NOESY 

(Y102 )(Y72 )
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TALOS

The TALOS software is part of the NMRPipe

 

package, download information can be found at: http://spin.niddk.nih.gov/NMRPipe

The TALOS relies on the observation that many kinds of secondary

 

chemical shifts (i.e. differences between 
chemical shifts and their corresponding random coil values) are highly correlated with aspects of protein 

secondary structure 

TALOS uses secondary shift and sequence information in order to make 
quantitative predictions for the protein backbone angles phi and psi .
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TALOS

input file :  talos-shifts.tbl

REMARK  Talos input file automatically generated by nmrview

DATA SEQUENCE ARIMKAIFVL NAAPKDNTWY AGGKLGWSQY HDTGFYGNGF QNNNGPTRND
DATA SEQUENCE QLGAGAFGGY QVNPYLGFEM GYDWLGRMAY KGSVDNGAFK AQGVQLTAKL
DATA SEQUENCE GYPITDDLDI YTRLGGMVWR ADSKGNYAST GVSRSEHDTG VSPVFAGGVE
DATA SEQUENCE WAVTRDIATR LEYQWVNNIG DAGTVGTRPD NGMLSLGVSY RFGQEDAAPV
DATA SEQUENCE VAPAPAPAPE ARIMKAIFVL NAAPKDNTWY AGGKLGWSQY HDTGFYGNGF
DATA SEQUENCE QNNNGPTRND QLGAGAFGGY QVNPYLGFEM GYDWLGRMAY KGSVDNGAFK
DATA SEQUENCE AQGVQLTAKL GYPITDDLDI YTRLGGMVWR ADSKGNYAST GVSRSEHDTG
DATA SEQUENCE VSPVFAGGVE WAVTRDIATR LEYQWVNNIG DAGTVGTRPD NGMLSLGVSY
DATA SEQUENCE RFGQEDAAPV VAPAPAPAPE 

VARS   RESID RESNAME ATOMNAME SHIFT
FORMAT %4d   %1s     %4s      %8.3f 

2   R     CA        55.777  
2   R     CB        30.055  
2   R     C         175.812 
3   I     N         122.574 
3   I     CA        60.727  
3   I     CB        37.678  
3   I     C         175.919 
4   M     N         124.059 
4   M     CA        54.950  
4   M     CB        32.132  
4   M     C         175.660 
5   K     N         122.066 
5   K     CA        56.090  
5   K     CB        32.179  
5   K     C         175.741 
6   A     N         124.003 
6   A     CA        52.072  
6   A     CB        18.628  
6   A     C         177.103 

input file :  KpOmpa.str

Nmrview
« assign panel »

Talos.tcl searches the database 
for shifts matches

output file :  pred.tab
output folder : pred/res*.tab

rama.tcl used to display and 
refine the predictions

<Talos.tcl –in talos-shifts.tbl> 

<rama.tcl –in talos-shifts.tbl> 

output file :  pred.tab

Talos2Aria.py

<python Talos2Aria.py pred.tab> 

output file :  talos_phi_psi.tbl

(torsion angle restraints

 

input file for CNS)

! phi and psi dihedral

 

restraint

 

file generated

 

by Talos2Aria.py
!
! TALOS filename:
! os-pred.tab
!
! settings: min phiError=None, min psiError=None, errorFactor=2.0
!

! Talos derived

 

phi restraint:
assign

 

(resid

 

12 and name

 

C)
(resid

 

13 and name

 

N)
(resid

 

13 and name

 

CA)
(resid

 

13 and name

 

C)
1.0 -89  32 2

! Talos derived

 

phi restraint:
assign

 

(resid

 

17 and name

 

C)
(resid

 

18 and name

 

N)
(resid

 

18 and name

 

CA)
(resid

 

18 and name

 

C)
1.0 -133  32 2

! Talos derived

 

phi restraint:
assign

 

(resid

 

18 and name

 

C)
(resid

 

19 and name

 

N)
(resid

 

19 and name

 

CA)
(resid

 

19 and name

 

C)
1.0 -119  32 2

! Talos derived

 

phi restraint:
assign

 

(resid

 

19 and name

 

C)
(resid

 

20 and name

 

N)
(resid

 

20 and name

 

CA)
(resid

 

20 and name

 

C)
1.0 -141  32 2
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Backbone  NOes

4D 15N,15N separated HMQC-NOESY-trHSQC

demonstration

Diagonal peak

Cross peak Y102
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Methyl-based NOes

The sparse proton density in perdeuterated

 

proteins leads to relatively few long range NOes

 

(and poorly 
defined structure)

>>> protonation of methyl groups of Val, Leu and Ile :

- Important for hydrophobic cores and to stabilize the molecular fold
- Widely spread in membrane proteins
- Narrow and intense lines due to the fast rotation even in large

 

proteins
- Easy to label with commercial biosynthetic precursors in E. Coli

1H and 13C Methyl groups assignment

3D (H)C(CCA)NH-TOCSY

 

(800MHz)
(13CMethyl

 

with

 

15N/HN i,i+1)

3D H(CCO)NH-TOCSY

 

(500MHz)

(1HMethyl

 

with

 

15N/HN i+1)

2D CT-HSQC

 

(600MHz) KpOmpA

 

10% 13C

(stereospecific

 

assignment

 

of proS

 

and 
proR

 

Hmethyl

 

of V and L residues)

Wuthrich et al. (1989), Hilty and al. (2003), Tugarinov and al. (2003)

11JJCCCC = 37 Hz= 37 Hz

((ProSProS)) ((ProRProR))

1313CC
1212CC

CT-HSQC

ProS

ProS

Val 153Val 153

ProR

1H-13C HSQC

3D (H)C(CCA)NH-TOCSY

 

(800MHz)

3D H(CCO)NH-TOCSY

 

(500MHz)

2D CT-HSQC

 

(600MHz) KpOmpA

 

10% 13C

3D (H)C(CCA)NH-TOCSY

 

(800MHz)

3D H(CCO)NH-TOCSY

 

(500MHz)
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1H, separated or 15N and 13C separated  HMQC-NOESY
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1H, separated or 15N and 13C separated  HMQC-NOESY

Contacts NOEs

 

between

 

amide proton 
of Tyr102 and proximal methyl

 

group
3D [1H/15N/1H]- HMQC-NOESY-TROSY 
900 MHz, cryo., τm

 

= 300 ms

3D [13C/15N/1H]- HMQC-NOESY-TROSY 
900 MHz, cryo., τm

 

= 380 ms

ββ

 

22 ββ

 

33 ββ

 

44 ββ

 

55 ββ

 

66

Possible contacts Observed

 

NOEs
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Conclusion –

 

Experiments performed

Backbone and side-chain assignment

Caliph. assignment

NOESY experiments

3D tr-HNCA
3D-trHN(CO)CA
3D tr-HNCACB
3D-trHN(CO)CACB

3D tr-HNCO
3D-trHN(Ca)CO

3D tr-(HNCA)CC(CA)NH

700MHz
700MHz
900MHz
600MHz

600MHz
600MHz

800MHz

Methyl groups assignment

2D CT-HSQC

3D (H)C(CCA)NH-TOCSY
3D H(CCO)NH-TOCSY

800MHz
500MHz
600MHz

3D [13C/15N/1H]- HMQC-NOESY-TROSY
3D [1H/15N/1H]- HMQC-NOESY-TROSY
4D [15N, 15N separated]- HMQC-NOESY-TROSY 800MHz

900MHz
900MHz

KpOmpA

 

u-[2H,15N,13C]

KpOmpA

 

u-[2H,15N,13C], V,L,Iδ1

 

-CH3

KpOmpA

 

10%-[13C] and DHPC-d22

KpOmpA

 

u-[2H,15N,13C]

KpOmpA

 

u-[2H,15N,13C] and DHPC-d22
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NMR restraints

NMR and NMR and refinementrefinement statisticsstatistics for the 20for the 20-- 
lowest lowest energyenergy CNSCNS--conformersconformers

ExperimentalExperimental restraintsrestraints 920920
NOEsNOEs

 

HN HN --

 

HN HN 173173
NOEsNOEs

 

HN HN --

 

CHCH

 

33

 

243243
NOEsNOEs

 

CHCH

 

3 3 --

 

CHCH

 

33

 

112112
HydrogenHydrogen

 

bonds bonds 128128
Torsion angle Torsion angle restraintsrestraints

 

264264

assign

 

(resid

 

18 and name

 

HN) (resid

 

61 and name

 

HN)   3.3 0.7 0.1
assign

 

(resid

 

19 and name

 

HN) (resid

 

192 and name

 

HN)  3.3 0.7 0.1
assign

 

(resid

 

20 and name

 

HN) (resid

 

59 and name

 

HN)   3.3 0.7 0.1
assign

 

(resid

 

21 and name

 

HN) (resid

 

190 and name

 

HN)  3.3 0.7 0.1 
assign

 

(resid

 

22 and name

 

HN) (resid

 

57 and name

 

HN)   3.3 0.7 0.1

assign

 

(resid

 

20 and name

 

O ) ( resid

 

59 and name

 

N )  2.90  0.30  0.50 
assign

 

(resid

 

20 and name

 

O ) ( resid

 

59 and name

 

HN )  1.90  0.50  0.10 
assign

 

(resid

 

59 and name

 

O ) ( resid

 

20 and name

 

N )  2.90  0.30  0.50 

! Talos derived

 

phi restraint:
assign

 

(resid

 

1 and name

 

C)
(resid

 

2 and name

 

N)
(resid

 

2 and name

 

CA)
(resid

 

2 and name

 

C)
1.0 -100  82 2
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Different steps of structure calculation using CNS

Step. 1 : generating a topology file based on the protein sequence
File containing

 

information about the molecular

 

connectivity

 

(covalent topology)

Input file :  <my-sequence>.seq

 

>>>

 

output file : <my-sequence>.mtf
Script : generate_seq.inp

http://cns-online.org/v1.2/

CNS prompt

 

< generate_seq.inp>generate_seq.out

A.T. Brunger, et al, Acta Cryst.D54, 905-921(1998).
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Step. 2 : generating initial extended coordinates
Starting

 

structure for restrained

 

molecular

 

dynamic/simulated

 

annealing

 

calculation

Input file :  <my-topology>.mtf

 

>>>

 

output file : <my-extended-protein>.pdb
Script : generate_extended.inp

Different steps of structure calculation using CNS

CNS prompt

 

< generate_extended.inp>generate_extended.out
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Different steps of structure calculation using CNS

Step. 3 (optional): generating initial extended coordinates
Distance geometry

 

with

 

simulated

 

annealing

 

regularization

 

starting

 

from

 

extended

 

strand

 

>> prefolded

 

structure

Input files :
Script : dg_sa.inp

CNS prompt

 

< dg_sa.inp>dg_sa.out

<my-topology>.mtf
<my_extended-protein>.pdb
<NOes-restraints>.tbl
<talos-restraint>.tbl
<H-bonds>.tbl

>>>

 

output files : <my-protein_dg>.pdb
… then

 

sort according

 

to the lowest

 

energy
<my-protein_dg_best>.pdb 

Step. 4 generating initial extended coordinates
Dynamical

 

annealing

 

with

 

NMR restraints

 

starting

 

from

 

extended

 

strands

 

or pre-folded

 

structure 

Input files :
Script : anneal.inp

CNS prompt

 

< anneal.inp>anneal.out

<my-topology>.mtf
<my-protein_dg_best>.pdb
<NOes-restraints>.tbl
<talos-restraint>.tbl
<H-bonds>.tbl

>>>

 

output files : <my-protein>.pdb
… then

 

sort according

 

to the lowest

 

energy
<my-best-prot>.pdb
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Different steps of structure calculation using CNS

Step. 5 : Determined accepted stuctures and generate ensemble average

Input files :
Script : accept.inp

CNS prompt

 

< accep.inp>accept.out

<my-topology>.mtf
<my-best-prot>.pdb
<NOes-restraints>.tbl
<talos-restraint>.tbl
<H-bonds>.tbl

>>>

 

output files : <my-protein>.pdb
… then

 

sort according

 

to the lowest

 

energy
<my-best-prot-a>.pdb
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Structure calculation using CNS

ViewView

 

of the 20 of the 20 
energyenergy--refinedrefined

 

CNS CNS 
conformersconformers

Best defined regionsBest defined regions
Barrel + Barrel + periplasmicperiplasmic

 

turnsturns
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Additional restraints
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Additional restraints

Residual Dipolar Couplings (RDCs)

⎥⎦
⎤

⎢⎣
⎡ +−= φθθ 2cos²sin

2
3)1²cos3( RDD aHN

aNHa ASrhµD .)16/( 33
0

−−= γγπ

R=(Axx -Ayy )/Azz

Aa : axial component of the alignment tensor  Aa =Azz -(Axx -Ayy )/2
S : order parameter

Da : amplitude of the alignment tensor

R : Rhombicity
Θ

 

et φ

 

: polar angles of  HN dipolar coupling with respect 
to the alignment tensor (Azz, Axx, Ayy )

Dipolar coupling :

RDCs >>> orientational restraints of internuclei vectors (HN, C’Ca, CaN …)

Alignment media :

- Bicelles
-

 

virus (TMV, phage tails)
-

 

ternary mixture (ployethyleneglyco!/hexanol/water)
-

 

Purple membranes
- Polyacrylamide gel   >>>> membrane proteins
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Additional restraints

Residual Dipolar Couplings (RDCs)

Polyacrylamides

 

gels (3-4%) doped with electrostatic charges :
-

 

copolymer gel 50+M
-

 

copolymer gel 50-S

For each condition :1DHN

 

, 1DC’Ca and 1DNC’

 

were recorded  >>>  a total of 434 RDCs

Substantial improvement of the β-barrel core
Better definition of periplasmic

 

turns (where NOes

 

and dihedral angle are sparse)

From T. Cierpicki

 

et al. JACS (2006), 128, 6947

Noes+dihedral
angles

Noes+dihedral
Angles + H bonds

Noes+dihedral
Angles + H 
bonds+ 434 

RDCs

2.94Å 1.66Å 1.02ÅRmsd
(cristal struct.)
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Additional restraints

Paramagnetic Relaxation enhancement (PRE)

From Liang B. et al. JACS (2006), 128, 4389

The rate of transverse relaxation rate R2 is enhanced by paramagnetic spin label 

>> long-range (15-25 Å)

 

distance restraints of protons to spin label 

Spin label : 1-oxyl-2,2,5,5-tetramethyl-η3-

 

pyrroline-3-methyl-methanothiosulfonate (MTSSL)

Modified equa. Solomon-Bloembergen :

11 labeled sites (punctual mutations) >>> 320 RPE distance restraints
>>> Enhancement of the resolution on the transmembrane

 

core and turns
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(-) PRE
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center for Biomolecular

 

Research, Prof. M. Baldus)
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Prof. G. Czaplicki
Dr. P. Demange

Bruker Biopsin
Dr. M. Piotto (NMR application lab.)
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