Contents

1.1
1.1.1
1.12

12

1.2.1
122
1.2.3

1.3
1.3.1
1.3.2
1.3.2.1

14
14.1

1.5
1.5.1

152

1.5.2.1
1.52.2
1.5.2.3
1524

Preface A"
List of Contributors XI
List of Abbreviations and Chemical Symbols XV

Structural NMR Studies: from One to Multidimensional

Frequency Spectra 1
INIPOQUCHON......cv ittt ettt sbes e sresstsassassstssbsatsnnes 1
The Fourier Transform (FT) ReVOIUION ........cooviieviiiinieeaneeeniennessnseeens 2
Mono-dimensional FT-NMR.........ccccoovvninrnerinicincnsieneeenesessnnens 3
From 1D to 2D NMR: Scalar Correlation SpectroSCOPY .....cccoveereereerenees 5
Sampling Frequency and SEnsitiVity...........cceceveernsrseiccrmrensunenensisseesnenees 7
Lineshape and Frequency Discrimination ............coeovveinencmenesensenneneens 9
F) Quadrature Detection and Absorption Mode...........cccoevreirnrencnnnen 12
Correlation in 2D SPECLIA........ccccocvvirrrerrrreeesrrsrnsresesssissssseesessnssscsessansas 15
Quantum Mechanical DESCIIPLION.............cccceveerirerserscriersesrerenarseessesseses 17
ProduCt OPEIALOLS .......ccvvvieerrrurineerevereeneereasssseesesstsssssssaessssinsesssessssssnenns 19
Product Operators AIZEDbra.........cccceeimmieeneeirerinsncsnsennnssncsesonssnseessonies 21
The COSY EXPEHIMENL .....cccccerimmnineniinemisinieerisresisiiisesssenennes 23
Longitudinal Relaxation Effects..........ccceevciiininniccninnniceneinenn 25
The Rationale of 2D NMR Strategy .......cccecerreenrenseesinssessvinennressrerersnens 26
Size, Shape and Constituents of Biopolymers and NMR

StrUCUIAl PEISPECHIVES. ...coccruireireereieeecnerensineesessassseassesssss sraesnsrsssseneases 27
APPENAIX....ooveieiereririnerennirse e sisessteeseseseastessasseesnsnssssereressasts sresses 28
Similarity ThEOTEM.......cccovrevevierereenrerineeneeessesssnsseseaesssssssesasssseessagauss 28
Shift TREOTEM ..cuccviriiiiririeienritnce st saesssresaestsasns 28
Convolution TREOTEML.........cccererrrrieeeercrieeeeeerersseseeesrenssteseesasssessessesses 29
POWET TREOTEML......coriiicrct et e s s s 29

L

|
. i i HE
Bibliografische Informationen digitalisiert durch F I
http://d-nb.info/901396060 ‘B 10T

E


http://d-nb.info/901396060

VI Contents

2.1
22
23

24
24.1
242

2.5

3.1
3.2
33
34
3.5
3.6

3.7
371
372

3.8
3.8.1

3.9
39.1
3.9.2

3.10

4.1

4.2
42.1
422

Frontiers in NMR of Paramagnetic Molecules: 'H NOE and
Related Experiments

INrOQUCHION. .....vericnveiiir et st eceesteseeeesseseseeeestsssesssnssesnnes
The Theory Of NOE ... ceceiesessaesesvernessesesssssanenes
Examples of 'H NOE’s in Paramagnetic Molecules ...............oocun.....

Non-scalar Magnetization Transfer in 2D Experiments.........c...ccu......
NOESY and EXSY EXPHmEnLts .........ccocceveererreenreneneersessnrersessessessensses
Perspectives in Paramagnetic SYStemSs.........cccecveeeeveecenrevereereeseesrvreenss

3D NMR Spectroscopy in High Resolution NMR

INTOQUCLIONL.......ccviniriree ettt e st euesssesaeneesnssenessnsnene
Limits of 2D SPECIIOSCOPY .....curvemernincrinesesiiirersaeneseniesessseessssssessssannss
Construction scheme of 3D eXPEHMENLS..........ccoververeereiererrerseereerseenns
Classification of peaks in 3D SPECtra..........ccovevvrrerrernnresrerereneresresaeenne
Information Content of 3D SPECIIa.........cccevveveivererrreeneeniseesaeessesessees
Sensitivity Of 3D SPECLTA......ccoveveeieirierirerinierersrrsseseereressesessesesnsssansnns

Practical Aspect Of 3D SPECIIOSCOPY ...vcverrrreerererererreeenrrreseressesnssessnrns
a) Non-selective APProach ..........ccovecceeveveeciereievrre e reneseensesssesnenns
b) Selective APPIoach.........c.ccoceevervieiieienieertcecreeeeeresesteseeetssesaneens

Extraction of INfOMALION.............ccoocvvecrmrerenivecresisnenesiecressessesseseresneans
Sequential aSSIZNIMENL ..........cccouiuiricernrrreeeeresere e seeeesasaesesnesenns

QuAantitative ANALYSIS.........ccvrrreririinesenenuiessinssnnsesmesesssssesseresssesseresans
2) CrosS-TRlaXALION TALES. ......cccceviverriririerrresssraerssseeessssreesseeerassssssuoesonsnen
b) J-COUPHNG CONSLANLS.........cocvrreerrrneeereerrrereseeeresereseereeereeressnersesnoseses

CONCIUSION ...vetievaririricetteeeiessrrttessteessssssssesessssesessneessnsesesnasesseesssnnsesssnnns

Solution Structure Refinement using Complete Relaxation
Matrix Analysis of 2D NOE Experiments: DNA Fragments..........

INETOQUCHIONL ... eeee ettt eeree s et etesesceessresseseasssesnnnsessessnnnes

Distance Information from 2D NOE Experiments .............ccccececvreneene.
Isolated Spin Pair Approximation (ISPA)..........cccoeevvvverrenvnrvencererreenens
Complete Relaxation Matrix Analysis (CORMA)........ccooveveerererernnene



42.2.1
422.2

5.1

5.2

5.2.1
522
5.23

524

5.3
5.3.1
532

54

54.1
542
543

6.1

6.2
6.2.1

6.3
6.3.1

6.3.2

Contents IX

Direct Calculation of Distances (DIRECT)..........c.ccccevevemeerverernreerneenne 103
Structural Refinement using COMATOSE. .........cocoovereeeneecrneerienns 106

NMR Studies of Proteins, Nucleic Acids and their

Interactions. 113
TOTOGUCHOM. evveeve oo eere e eeee ereenesseeeresesesseeeseeesseeseeeeeeeeseeeeeeseeeeeseesessneenes 113
Biomolecular Structures from NMR...........ccoovevervneiennrinvennenesnnnns 114
TH 1eSONAnce assignments.................eeeeveeersenreesmmeseeseseseseesenssseseenns 115
Distance and Dihedral Angle Constraints.............cccceeeeerereeeeereerrennnnns 117
Structure Calculations Based on Geometric Constraints
(Distance-geometry, Distance Bounds Driven Dynamics) ................. 118
Structure Refinement Including Energy Terms (Restrained

Energy Minimization and Molecular Dynamics)..........ccceecvereeveeereenne 120
Iterative Relaxation Matrix Approach (IRMA)...........cocccevrvvvvvvernrenene 122
TREOTY cvecerereecrerintrerreereisresstessrsesessessssssesssessssssrssserstssesssssssassssssensans 123
The IRMA Cycle......cconieiiirninrictrrnesensee e eseesesseesessessessessssssenses 125
Protein-DNA INErACON .....ccccccvvrrrireneriiinereresnresnssereseesessssessssesevasaens 128
Lac repressor headpiece SITUCIUTE..........c.covverenereeneenenesenensessesessnenees 128
Lac Headpiece-operator COMPIEXES ..........cccrceeeeeeeeersreencesesvenseerenseens 130
A Structural Model for the Headpiece-Operator Complex................. 135

31p and 'H 2D NMR and NOESY-Distance Restrained
Molecular Dynamics Methodologies for Defining Structure
and Dynamics of Wild-Type and Mutant Lac Repressor
Operators. Sequence-Specific Variations in Double Helical

Nucleic Acids. 141
INTOQUCHION.......cotriiiniiireieteee e s sasssessesessesssassanenes 141
Structural Studies of Oligonucleotides by 2D 'H NMR...................... 142
Restrained Molecular Mechanics Calculations of Duplex

GEOMELIIES. ...cvevrineieincenseenenecneesenienenees e ee 146
31p NMR of Nucleic Acids; Sequence-Specific Variations in

SITUCLUTE ....cvviireniriisiniete et cesesssntsseressaee saassessesessessssassenssnssanseserene 151
170-Labelling methodology for Assigning 3!P Signals of ,
OLiZONUCIEOLIAES........cuceuererererrurerrreieresreesssasssesssssesessesssessaessessasssasessess 1 92

PAC 2D 3!p/'H Heteronuclear Correlated Spectra of
OLigoNUCICOLIAES .....ccverrreeeeeeerieeririnriniesistesrsenete e et sessesesessessssessarnans 155



X Contenss

6.3.3

6.3.4
6.3.5

6.3.6
6.3.7
6.3.8

6.3.9

6.4
6.5

6.6

7.1
7.2
73

7.4

7.4.1
7.4.2
743

DOC 2D 3'P/'H Heteronuclear Correlated Spectra of

OligONUCIEOUAES.......ceereeerrereraerenrererererrasresseressessesssssssssesnsesssnsssnsseses 159
Variation of 3'P Chemical Shifts in Oligonucleotides....................... 163
Sequence-Specific Variation in 3'P Chemical Shifts, Calladine

RUIES ...ttt secsesasnsssssessnsansessesensssssssssnenssssesnesensons 164
3P Chemical Shifts and Calladine RULES............urvvvvrvveseeensnnnrenssrsrens 170
Origin of 3!P Chemical Shift Variations and Calladine Rules........... 172

Molecular Mechanics Energy Minimization Calculation of the
Sequence-Specific Variation in Deoxyribose Phosphate

Backbone Conformation ..............coceininecmimnencesonenesecnnsnesessnesnenns 173
Sequence-Specific Variation of 3'P Chemical Shifts and

Backbone Torsional Angles............ccoveveeverervereneivenenssncressesnssessesesssens 175
Binding of Lac Operator to Lac Repressor Headpiece Protein.......... 179
DNAase I; Significance of the Local Variation in Phosphate

ESter GEOMELTY Y ...c.ccviivercecreeerecietrieseesenvenesaesessesssssrsesesessssenesseses 181
ConCIUSIONS. .....ccocverurrererierinecenreneressesenas decereeese s sserssseneeresae 182

NMR Studies of Dynamic Processes and Multiple

Conformations in Protein-ligand Complexes. 189
INITOQUCHIONL.....cocvveiririiriit et cesssre e s sasssssbe e sbebaneene 189
Background............coceviinenenenneccr s sssessaesene 190
Dynamic Processes in Protein-Ligand Complexes ........coocevevrvenenene. 191
Detection of Multiple Conformations...............ccceverveveriecrnernsrersenenns 195
Group A. Complexes with Pyrimethamine Analogues....................... 196
Group B. Complexes with the Substrate Folate.............ccovvvrverrrenenen. 198

Group C. Complexes with Analogues of Trimethoprim and
NADPY ...ttt tstss st ssss st sssssesssasssss st sessare st sssesesnsastasenns 201



