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|  why Biomolecular NMR ? |

Structure Determination in Atomics Resolution
Sample in Solution
Native-like Condition
Structure Biology

Structural Basis Biological process / questions

Molecular Recognition

Protein-Protein, Protein-Nucleic Acid, Protein-Ligand
Molecular Dynamics

Conformational dynamics
Folding

Why NMR ?

What's N, M, and R?
Properties of the Nucleus

Nuclear spin : I

Nuclear magnetic moments . n=v1I (h/2n)

Nucleus in a Magnetic Field Bo
Precession and the Larmor frequency : v=o/2n= rBo/2n

Zeeman effect & Boltzmann distribution P _i, /P .1/ = e 2EKT
Apply radio frequency at Resonance to measure the nuclear precession

frequencies o= rBo

e m= -1/2

Wy @ 1=1/2, m= -1/2, 112

e m=12




Resonance Frequency

http://arrhenius.rider.edu/nmr/NMR _tutor/periodic_table/nmr_pt frameset.html
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1H, 13C, 15N

7(1H)=26.7522
7(13€)=6.7285
7(15N)=-2.7126

Bo
(ex:14.7 Tesla)
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®= B0
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A4 7 FaNMR R

At 147 Tesla
1H ~ 600MHz
13C ~ 150MHz
15N ~60MHz




@ BEPE 1H
U

P k ¢h gyromagnetic ratioy 1(1H)=26.7522
* it BRI HO-CH2-CH3

i

Beff=(B0-Blocal)

B2 e #2580

=Bo(1-0)
R X 37 FEeS(Beff) where o is shielding
@ parameter
A2/ bR R F AT RM = yBeff
HO-CH. - H3
A2 7 B NMR 5 \ /\
®

Chemical Shift (frequency vs. ppm)

CO-N-Ca-CO

-y T T
Q(HN) Q(H,) et
600.134800  600.132400  600.130000 MHz
8.0 4.0 0 pPpm

d(ppm) = (Q — Ql‘cf),mﬂ*lob

(Copy from http://www.embl.de/nmr/sattler/teaching)




. . . . O acid
@ Chemical Shift for Amino Acids clon

7
= R-cH
Variable rs.H
H Baze

A: Ala, C: Cys, D: Asp, E: Glu, F: Phe, G: Gly, H: His,
I: Ile, K: Lys, L: Leu, M: Met, N: Asn, P: Pro, Q: Gln,
R: Arg, S: Ser, T: Thr, V: Val, W: Trp, Y: Tyr

whater

Aromatic

Imines Amides HCa | HCB, v, 3, ...

0 9 ¢ 7 6 & 4 3 2 1 0

Base

Hp
H g

2n Deoxy-f-D-Ribose

|-||_"‘ H \\\H o
- Base
HZ
. by
RO OH
B-D-Riboge
‘ (N)H1 [H2.Hg| H2', H3, H4', H5", Me5

4 13 12 1110 9 8 7 6 S5 4 3 2 1

Imino exchangeable protons resonating at 12-14 ppm are characteristic of imino
protons participating in a regular Watson-Crick A.T and 6.C base pair. On the other
hand, imino resonances at 9-11 ppm are characteristic of imino protons not involved in
such Watson-Crick H-bonding.




m Steps for doing Biomolecular NMR m
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Determination of Protein Structure by NMR m

‘ Protein in solution 0.3~0.5ml, ~0.1~1mM ’ 15N and/or 13C , 2H protein

l

[ NMR spectroscopy ] Useful experiments
!
‘ Sequence-specific & ’@@

Total resonance assignment

‘NOE: distance restraints
-J-coupling: dihedral angle
*Others: H-bonds......

Determining conformational constraints

l

Calculation of initial s‘rruc‘rur‘e]

l

4[ Structure refinement ]
Final 3D Solution NMR Structure

Structure calculation Soft wares




Determination of Protein Structure by NMR m

Protein in solution 0.3~0.5ml, ~0.1~1mM’ 5N and/or 13C , 2H protein

Protein

in solution 0.3~0.5ml, ~0.1~ImM

Case 1:

Q: Is the protein folded?

Non-labeled protein

Unfolded 20 kDa protein

Folded 20 kDa protein

CHi aliphatic
h cHe
c2 AT
backbone HN / ‘ I fU 11
/ I i
side chain NH2 / vl -
hackl:oneHN ‘ \ J‘l,l |
|\ side chain NHZ —— ‘ / J\' e
:‘rp ‘I‘I aromatic CH I’ r—— ’U- L g
N \ 0 05 ppm i N |
VWA A | it v
T L’l‘.m M I Wi . J "
LY VO T L | v A o g
M109 8 7 6 5 4 3 210 4 ppm 11 9 8 7 6 5 4 3 2 1 0 4

A: Yes - maybe just non-labeled sample (ex: peptide) or labeled protein
No - adjust sample condition (buffer, pH, temperature

ppm

(Copy from http://www.embl.de/nmr/sattler/teaching)




Protein in solution 0.3~0.5ml, ~0.1~1mM ’

Case 2: 15N-label sample rE

_ 0 15N iz

: ' - ? . ' ¢ |
Q: How's 15N-1H HSQC spectrum o -.ﬂ: o "‘o i It
e-’g, nﬁann n";.' af
R1 R2 a0® os,o @'& ‘e

' on“ ,oo@ ; o &« r:
—111— Cla—CO— Tz— Cla— Co— o 2OEH
Hl H HZ H "w L] L T F2[ppm)

A: Good > if MW<10KDa, maybe just 15N-labeled
if MW>10KDa, then double labeled
Bad 2> adjust sample condition (buffer, pH, temperature..... )
T2 testing ( need TROSY or 2H Sample for short T2 sample)
Tips: buffer without 1H-C ( ex: phosphate buffer ... easy but not

necessary good for all system) or using 2H-buffer (ex: 2H-Tris, or 2H-
HEPES .... expensive... )

Tips:

*Shorter T2 = Fast decay of NMR signal = broaden line width = poor
signal to noise resolution

Size or shape of the molecule may cause slower tumbling in solution
(shorter T2, slower tumbling in solution)

linewidth Av,; = 1/x2T,

T 4ns 8ns 12ns 25ns
Mw 8 kDa 16 kDa 24 kDa 50 kDa
10 9 8 7 ppm 10 L) 8 7 ppm 10 9 8 7 ppm 10 9 3 7 ppm

(Copy from http://www.embl.de/nmr/sattler/teaching)




Protein in solution 0.3~0.5ml, ~0.1~1mM ‘ 15N/13C labeled

Case 3: 15N/13C double labeled sample
Q: How's single for HNCACB or TR-HNCACB? (or quick test on T2)

10.00
Uen+ oo+ Ueart Tim
Uen+ Yoo+ Heant 1 CBCANH

L] I "I .
H K “Eﬂ'f% N
KERTE L SR

c
| Vo
o

Yo gl ne
PR

A: Good = YES II Collect more useful data !l
Bad »> need 2H labeled?

Protein in solution 0.3~0.5ml, ~0.1~1mM ‘ 2H/15N labeled

Case 4 : 2H/15N double labeled sample
Q: How's 15N-1H TROSY spectrum?

—TTI— Cla —CO— N2— Co— CO—

H1 (D) HZQL)

A: Good > YES !l Prepare triple labeled sample.
Bad > adjust sample condition (Can NMR solve the problem?)




Protein in solution 0.3~0.5ml, ~0.1~1mM ] 2H/15N/13C labeled

Case 5 : 2H/15N/13C triple labeled sample, collect useful NMR data

G
—I]Il—?oL—Co— ITIZ— %a — Co—

Hl@ Hz@

Tip: Need to pay attention on chemical shift calibration !!

\ Protein in solution 0.3~0.5ml, ~0.1~1mM

Non-labeled Protein Size Limitation :

(1) Slow tumbling problem
15N labeled (2) Signal overlapping problem

13C/15N labeled NMR structures in PDB ( Feb. 2008)

10000 3185 2685

2H/15N labeled

1000 a7

100

2H/15N/13C labeled . ﬂ_‘i
0 U 0 O 0 I

10 20 30 40 50 60
Molecule Weight (KDa)

Selected /specific labeled

B FANMRF 4], 3F 83§ 2 NMReHE 55

o
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Determination of Protein Structure by NMR m

‘ Protein in solution 0.3~0.5ml, ~0.1~1mM ’ 15N and/or 13C , 2H protein
!
[ NMR spectroscopy ] Useful experiments

|
‘ Sequence-specific & ’
Total resonance assignment

[ NMR spectroscopy ]

Structure Based Information
Basic Double and Triple resonance experiments

Backbone assignments
Side-chain assignments
NOE based assignments for structure determination

Molecular Recognition
Filter experiments

“Intermolecular” NOEs
Saturation Transfer Experiments

Binding sites interaction
Molecular Dynamics

T1, T2 and Hetero Nuclear NOE Experiments

@ Rk 2 A7 Pk, SRFEPRRHD 2

11



Sequence-specific and total resonance assignment

Amino Acids Sequence

Given their "NMR ID” for each
atom from a specific protein.

( Under specific condition, pH,
temperature ......)

0. 7ppm 21ppm

30
pp 60ppm 4.2ppm

HsC
.\CH—CH—CO\

\ 173ppm
1. 8pp

0.8ppm 8.3ppm
23ppm
115ppm

KO EEETSTErY

BE ROR#RL, GEHIE RIS E B

Steps and Experiments for NMR Resonance Assignment

Backbone: Ca, Cb, C', N, NH

HSQC, CBCANH, CBCACONH, HN(CA)CO, HNCO, HN(CO)CA, HNCA
Side chain: all others (especially CHSs)

TOCSY-HSQC, HCCCONH, CCCONH, HCCH-TOCSY

™
Cinz
CBH,

—N — Ca — CO —

H H

1.'!(3Y

|' Hz

ISCb L‘C 'WH

15 I
L BT

" s 158z 15 - 13 ssh: 13
CG gy 55 N L HC(1 S5htz 1 C’

12



<Step 1 > Backbone Assignment

<Step 1.1 >

Backbone: Ca, Cb, C', N, NH
HSQC, CBCANH, CBCACONH, HN(CA)CO, HNCO, HN(CO)CA, HNCA

HSQC

> Sequential assignment

>chemical shifts of Ca,

Yen+ Yeet Neant Unm
Uep+ Yoo+ Aeant 1

—N

H

Uen+ Yec+ Yoot Unn

Cb, NH

CBCANH
H H
C— c—
I I
o o
H
CBCA{COINH
H—C—H
—C_
‘ |
o]

Trick : 13C Chemical shifts are amino acid specific (not for CO)

Ala g “Pa
Cys e LN
Asp b e
Glu + o G L
FPhe ] iy
Gly | < i
His S ~f 1
lle ot PR VR i
Lys e & gl
Leu o B i
Met o i, €
Asn i Hi
Pro V0 ] B
Gin et e
Arg [ &y
Ser Hid ree
Thr Hi o "
Val et Hh "
Trp o 3
Tyr 2] i
70.0 50.0 30.0 10.0
1C (ppm}

Phe B,
S
Hig | ~t'— i
L R— a £
Tp | i L2
Tyr R i
135.0 125.0 115.0

"C (ppm)

13



1 1 1 1 1 1 1 1
Jent “Ject Joont Cwa CBCA(CO)NH lJCH+lJoc+2JCAN+ 1Jl\m
Jem+ oot Jeant CBCANH

H H
ﬁ
(o]
H
CBCACONH HNCACEB
BES4 MY VITAN VEESS 1GSED _IES6N _1NASS 144D 1IAAS _1Rdd D e T T TR T TR TS TR TR TR T TR Y CRNETE RN YR PRI T RET TRT } e
Fa ar e D H0 Lt Tz | DA T4 HAS - Fa ar e e H0 L Tz | D13 T4 | KAS | ess
== E samn & T 7 ]
== ——
- e — o - . = ‘|" o
e
s L= =
= —
p— =»| ] —= u
e - -
L= = s —f ==l reue
T T = var T =

<Step 1.2 >

Backbone: Ca, Cb, C', N, NH
HSQC, CBCANH, CBCACONH, HN(CA)CO, HNCO, HN(CO)CA, HNCA

wdw | b
ROSES

Lo+ o

Ui+ Unca+ Ucaco HN(CA)CO
e+ *Tnca+ esco ‘ l
H—C—H H—C—H
|
H H H

>confirm the previous sequential assignment
adding CO chemical shifts

14



HSQC with assignment ( protein with 175 amino acids)

.613?

W75

1SN
81 86 85 54 83 52 51
[ 1mm
LBD region
Linker region
CBD region e
Connected line :
side chain
'0
1nm
E78 119 Kiki26
+om sin aln +in o
 ppm
1H

Tip: The NMR Fingerprint : 2D 1H-15N HSQC spectra

Proteins: a-helical, ~110 aa, B-sheet, ~70aa

(Copy from http://www.embl.de/nmr/sattler/teaching)

15



<Step 2> Side Chain assignment

all other atoms (i.e. total assignment, especially H)

1H : TOCSY-HSQC, HCCCONH - based on backbone NH assignment
13C: CCCONH - based on backbone NH assignment

1H and 13C : HCCH-TOCSY, HCCH-COSY - based on CH correlations

H! :_H

e ua TOCSY-HSQC : intra residue H
H-GC  H
NG| ssmd| - ooy
[I'N c—-=cC-
'H |--1:5H.-.. 1

H H o

HCCCONH : inter residue H or CCCONH: inter residue C

H-CH :
~135 Ha : $ |
H-C-"H ! H—C—H
353 | 55z 15—
—N C C. N—C—C—
|—13'.'-H.’.. g L | ::I'

H [H iH H . . . .
) confirm the previous sequential assignment

adding side chain H & C chemical shifts

3D Hetero Nuclear

Fig. 1. The 3D pulse sequence.

1H-15N-1H 2D TOCSY 2D HSQC

s I E N

3D TOCSY-HSQC

o
1H|I t, ITIAI-“I I |_\I3 ty
0,
N | NN s

TOCSY HSQC

| |
<'_r|\|_cla C0<v_Tl_C|a_CO_ ....................

H\/H H \/H

16



TOCSY-HSQC

e Pynmewrs Yawer Betom Heo

v2wl wlvd viwz up | down Zoon Overv. Levels
I E=l BackTr Ex2 Pz 13 P23 Ccursor ¥ into Hagnify
1D Trace Calib Vindow Add»2D Save Hode Clear lines
Disglay the potvions plant

TOCSY-HSQC

Twwer Betorn

wZwl wlwld wiw2 up down Zoom Overv. Levels

I Exl HackTr Ex2? Pz P13 P23 carsor £ info Hagnify
i Trace Calih Vindow Add D Save Moee Clear lines

Zoom mlecatrvely by wsiag the mouse




TOCSY-HSQC

w2wl wivwld wiw? up Levels
X Exl BackTr Ex? Pz Hagnity
1D Trace Calib Vindow lines
Displary erveaview spactoam
3D Hetero Nuclear I|-I
_1H-13C-1H c—N
ppm

a0+ “' ﬂcr 0" w '

. ‘. y @3

50 ﬂ“‘"’ 1l
s0- f:‘."j
) “
ol Vot
& 5 a1 3 1




HCCH-TOCSY

| bworie ]
Ele Pymmewrs Tiewer Beourn
o tf ©lick at left or right window 33

w2wl wiwl wiw2 up down Zoom Overv. Levels
I Exl HackTr Ex2? P12z P13 P23 eurmor # into Magnily
1n Trace Calib Vindow Add» 2D Save Hode Clear lines

Displayy oveevasw spctrum

HCCH-TOCSY

| cbloris k]|

Ede Pyrmewrs Yawer Batom
AURELIA. viev planes

Hey

wZwl wlwld wiw2 up down Zoom Levels
I Exl HackTr Ex2? Pz P13 P23 carsor £ info Hagnify
i Trace Calih Vindow Add D Save Moee Clear lines
Disglayy the porvious plan

19



HCCH-TOCSY

[ ambodis e ————
Ele Pymmeiens Viewer Betorn

AURE] giev planes

v2vl wlvd vivz up | aows Zoon Overv. Levels
I E=l BackTr Ex2 Pz 13 P23 Ccursor ¥ into Hagnify
1D Trace Calib Vindow Add»2D Save Hode Clear lines
Disglayy the porvious plan

Total Assignment of Residues

AA N (H) co Ce, (Ha) CB (Hb) other

G2

Q3 53.799 (4.522) (1.909,2.176) Ct, 32.548(*, *); N#2, 110.822 (7.356,6.755)

V4 124.418 175.6 | 61.663 (4.421) 31.399 (1.899) C, 20.907 (0.844); C*, 20.985 (0.654)
(8.674)

V5 126.762 174.7 58.928 (4.242) 33.586 (1.72) Cr, 19.266 (0.531); C*?, 19.11 (0.437)
(9.148)

Q6 123.48 174.7 54.24 (4.958) 28.274 CY, 33.017 (2.409 *); N#2, 111.76 (7.762,6.76)
(8.394) (2.098,1.441)

F7 126.762 174.7 54.865 (5.033) 38.224
(9.051) (3.488,2.837)

K8 128.637 175.1 54.709 (4.195) 32.599 Ct, 24.579 (1.309,1.121); C3, 28.017 (0.76 *); C&,
(8.663) (1.5,1.109) 40.986 (2.914 *)

L9 120.199 1755 54.006 (4.13) 40.646 Ct, 25.673 (1.59); C81, 23.329 (0.812); C82, * (0461)
(7.372) (1.238,1.961)

S10 124.418 171.2 56.975 (4.397) 63.616
(8.48) (3.773,2.509)

D11 115.511 176.2 54.553 (4.29) 39.787
(8.028) (2.655,2.528)

112 118.323 175.6 59.475 (4.257) 37.962 (1.858) Crl, 25.517 (1.223,1.018); C?, 16.923 (0.76); C%,
(8.157) 12.704 (0.584)

*Chemical shift value for each atom if possible

*Secondary structure information could be extracted ( Chemical Shift Index)

20



Chemical Shift Index (CSI plot)
HA, CA, CB, CO

1.0
051 Beta
0.0 Coil
-0.5 A .
Helix
-1.0 T T T T T
0 10 20 30 40 50

Determination of Protein Structure by NMR m

‘ Protein in solution 0.3~0.5ml, ~0.1~1mM ’ 15N and/or 13C , 2H protein

l

[ NMR spectroscopy ] Useful experiments
|
‘ Sequence-specific & ’@ndary s‘rrucD

Total resonance assignment

‘NOE: distance restraints
+J-coupling: dihedral angle
*Others: H-bonds......

Determining conformational constraint

l

Calculation of initial structureJ

l

4[ Structure refinement ]

Structure calculation Soft wares

21



[ Determine conformational constraints

- S
B

o

Z: Beckbono:
)

g
< Alpho Corton
C Corborwyl Sorbhon

Hydregen Bond

Beta-pleated sheet  retmamsted epaimentalstation, 157,

|
\
\\
N\
)
/
l /
|
S14 \\/
L15 Randem-Coil
Alpha-Helix/

The secondary structure is observed ina
localised portion of a protein

Helices

The feriiory structurs is the way ¥
the sacondary structeres fald anta
themselwes te form a protein

or a subunit of o more conplex

proden,

Ki)l $1% RS BAGERM G, SRR PEAN G,

~E
Juy
At
o
R
t
'3\
Rl
e

Steps and Experiments for Conformational Constraints

Constraints based on Distance

Nuclear Overhauser Effect (NOE) NOE ~ <1/r6>

Experiments: 2D, 3D, 4D..... NOESY
NOE
’g/®*—

1H-15N
3D 15N-edit NOESY-HSQC

NOE
1H-13C z/®

3D 13C-edit NOESY-HSQC

IJNH

1

\\JCH

2Only those two atoms which close in space can contribute a NOE peak

22



NOESY-HSQC

[ [=] T

e Pynmewrs Yawer Betom Heo

wZwl wlwd wiw? up down. Zoom Overv. Levels
X Exl BackTr Ex? P12 P13 P23 cursor £ into Magnity
1D Trace Calib Vindow Add > 20 Save Hode Clear lines
Drcplay the meoct plaze

NOESY-HSQC
[ cambadis o ————)

e Pynmewrs Ywwer Betom Heo

AURE viev planes

v2wl wivd vivz up | down Zoan Overv. Lavels

I Exl HackTr Ex? 2 P13 P23 cursnr % info Hagnify
i Trace Calib Vindow Add > 2D Sawe Hode Clear lines

Change contons kvels

23



NOESY-HSQC

Ele Pymmeiens Viewer Betorn

RS viev planes

v2wl wlvd viwz | up down

Dwnn:l;‘w Trace Calib Vindow Add»2D Save Hode Clear lines
15N-NOESY-HSQC
1H-15N-1H

Looking for H from other residues which close to NH of residue Q3

0%

S14
L15

(projection of 1H/1H plane)

NH of residue Q3




Constraints based on Dihedral Angles

+ HNHA, HNHB to measure coupling constant - dihedral angles can be derived
+ Based on Backbone chemical shifts > dihedral angles can be derived (TALOS)

Bond Angle (deg)

¢ v

8 -139 +135
Bp -119 +113

a -helix -57 -47

310‘he|ix -49 -26

. 7 -helix -57 -70
' Polyproline I -83 +158
Polyproline IT -78 +149
Polyglycine II -80 +150

+ Adapted from G. N. Ramachandran and V.
Sasisekharan, Adv. Protein Chem. 23, 283-
437(1968); IUPAC-IUB Commission on
biochemical Nomemclature, Biochemistry 9,
3471-3479 (1970).

3
D:)0

T T uf M T
60" 0" ¥ o* ac" = %0°

£

T
=0 -t

|J(6) = Acos®(0) + Bcos(8)+C

it

Calculation of initial strucfure’ Constraints in = Structures out

Generate molecular @
information l ﬂ

Set up distance Set up torsion
constraints Angle constraints

Generate Tgmplate Other

Coupling
Constants

Constraints

Distance geometry and simulated annealing

!

Refinement and selection of good structures

25



[ Final Structure (ex: 20 structures) ]

r.m.s.d. from average coordinates; ordered residues

Backbone atoms
Heavy atoms

Ramachandran plot statistics
Most favored regions (%)
Additional allowed regions (%)
Generously allowed (%)
Disallowed regions (%)

0.28
0.91

76.4

23.6
0.0
0.0

\|| Why Biomolecular NMR ?

Structure Determination in Atomics Resolution
Sample in Solution
Native-like Condition
Structure Biology

Structural Basis Biological process / questions

Molecular Recognition

Protein-Protein, Protein-Nucleic Acid, Protein-Ligand

Molecular Dynamics

Conformational dynamics

Folding

26



Other Applications

NMR time scales and dynamics in biology

. T2 relaxation
el

frequency 1GHz 1MHz 1000Hz 1Hz
] ] ] ] |
1 1 1 1 I
time 1ps 1ns 1us 1ms 1s I

molecular tumbling

diffusion
i

internal motion

-

chemical reactions / exchange

o 8 @) @-al

bond side chain domain enzyme
vibrations rotations movements kinetics

folding, H/D exchange

(From http://www.embl.de/nmr/sattler/teaching)

Protein Backbone Dynamics by NMR
in picosecond to nanosecond (ps-ns)

*Spin-lattice relaxation T, For each amino acid

*Spin-spin relaxation T, 1(t)=1,exp(-tT 1)

15 =lo 12
H->N NOE factor <NOE>=<1 1y oo/l yrcat

Relates T;, T,, NOE to special density function j(w)

Model Free Analysis Reduced Spectral Density Mapping
UT, =8 (0y-0r) +3 j(0)+6 j(o+oy) T+e2j(ey) | N~ RuUNOED (/1)

UTAEBIIO oo 316 i(0r) J(0.870,)= 4 oy /(50°)
+6] (oot ooy ¥ c?/6 )f41(5)+31(mN I+Rex J(oy)=(4R-5 oy )/(3d2+4c?)
NOE=1+(d%4R ) (y/ 1)+ [6 j(@p+oy)- j(op-oy)] J(0)= (6Ry-3R;-2.72 o) /(3d2+4c?)
1l (Clore et al., 1990) I (Farowetal, 1995)

/ From j(w) to S, Tand Ry,

«Order parameter, S?: Degree of internal motion
«Correlation time, t: Rate of molecule motion
*Exchange rate, R,,: Conformational exchange

+J(0), J(w,) decrease: Greater internal m®
+J(0.87 @) increase: Greater internal motion

« Significantly increased J(0): Chemical /

exchange

27



Internal motion from Backbone dynamics data

0871 -

08 [
w [
] [
Z i

04 [

- residue vs B00MHz NOE I

021 e resicue vs S00MHz NOE L

*
{ .
1" B N L N S

residue number

Other Applications

Folding of a protein upon ligand binding
monitored by NMR fingerprint spectra

NMR spectrum of a novel RNA binding domain
when bound to an RNA oligonucleotide

Protein o e
Protein+RNA

114

15N

119

a7 EEl &7 B2 77 72 at a1 57

(From http://www.embl.de/nmr/sattler/teaching)




Other Applications

The NMR ,band shift" and binding site mapping

Chemical shift perturbation
upon ligand binding

%41 «Protein
1 *Protein-RNA

108

112
g

16 -

120 4

124 -

128 orae *¥

2.0 80 7.0 ppm

Mapping of the ligand binding
site onto the structure

(From http://www.embl.de/nmr/sattler/teaching)

Other Applications

Characterizing binding equilibria using NMR titrations
(fast exchange)

Binding in fast exchange
on the NMR chemical shift time scale

ppm
Vixe ~Otree Y130
118.5 !
§ TS = 5l:nound
118.0 =
118.5-
120.0-
ab

120.5

o At 20

Peptido concentration [mM]
121.0 R A L S T W

82 a1 a0 79 T8 T T8 75 ppm

Fraction bound
[PL] ~A8= Sobs- afree = |:([Ltot])

Equilibrium Binding Constants from the Langmuir Isotherm

traction bound

P+L < PL K, = P

(From http://www.embl.de/nmr/sattler/teaching)
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| Biomolecular NMR in HFNMRC |

Useful Experiments as Standard Parameter Sets ]

Structure Determination in Atomics Resolution
Basic Double and Triple resonance experiments
Fast Data Acquisitions : PR_NMR and APSY

Molecular Recognition
Filter experiments

Saturation Transfer Experiments

Molecular Dynamics
1H-15N T1
1H-15N T2
Hetero Nuclear NOE

[ Software for Data Analysis

NMR data processing software
XWINNMR/Topspin (process NMR data on IRIX 6.X , Linux, Windows )
nmrPipe (process NMR data on IRIX6.X & Linux)

NMR data analysis software

AURELTA (analyze NMR data on IRIX 6.X , Linux, Windows)
nmrDraw (analyze NMR data on IRIX 6.X & Linux )

nmrView (analyze NMR data on IRIX 6.X & Linux )

Sparky (analyze NMR data on Linux, Windows)

CARA (analyze NMR data on Windows)

NMR prediction software
CSI Chemical Shift Index (making consensus plot on IRIX)
TALOS (dihedral angles prediction on IRIX & Linux )
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Structure calculation program

XPLOR (structure calculation on IRIX)

CNS (structure calculation on IRIX & Linux)

ARTA (auto NOE assign and structure calculation on IRIX & Linux)
CYANA (auto NOE assign and structure calculation on IRIX & Linux )

Structure display & analysis software
DISCOVERY STUDIO (on Linux and PC) it
MOLMOL ( on IRIX & Linux)

PROCHECK (structure analysis on IRIX)
GRASP (on IRIX)

Others

MODELFREE ( Dynamic analysis on Euler )

REDCAT ( RDC analysis on Linux)

DYNAMO ( RDC analysis on Linux)

New Software in HFNMRC
(Topspin2.1)
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Spectrometer support - TopSpin BE‘ ol
Avance 111 Avance II Avance T D*X
TopSpin 2.1 v v v -
TopSpin 2.0 v v v -
TopSpin 1.3 = v v v
TopSpin 1.2 = = v =
(  TopSpin 1.1 - = - -

Note: Please use Topspin2.1 for AV600 CHEM. Other version
might cause unexpected problem.

Step 1: Starting topspin2.1

Login into PC

Double click on “topspin2.1” icon e T e

(The topspin2.1 window will pop out) [ssosasBuxsiiso hutaniniragr sm

R g

=
i

Telnet

Dannas levals are sutside of dstusat renge




Window numbering

[ Bruker TOPSPIN 2.1 wlal as nmrsy
Elle Edit ¥iew Epectrometer Erpcessing

| Browser | LD
Shexamid_13C 1 1 O
est 1 1 CiABrukerial
2 examid 1 \E:
Qinteieave 1 1 CLEM
393 1 1 CABrukerbsD
Dintzeave 3 1 Clusel
DywCartab 1 1 COBrUkE]
atest 11 CABrukerrsl
SauCartah 99988 1 GO
el 1 1 CABrukertss | Frogram
Dexamid_1H 1 1 Cae| JPrope
Diest 1 1 CABrukerits]) Lists
es? 1 1 cABrukeral| Mvvobble
esz 1 1 caBrukeral| W) ook

L = Lock display
B = BSMS display

Spectrum | Prac

SRRl |

<number> appears now
in toolbar and inframe icon

Acquisition inforrmation FldFiash | Lock | Sample |POWCHK| Spooler BSME stalLis message Time:
rnine 1 1223

o 157 N0 FCGUISILn Funning 1! x nueust 0
debwvsd 0 | AUIDSNiM Locked.s Error | 8n09

D@ SR 2ddA 40T i % WU L EFoe@ w7 F(HS L@
Rt o FRE DB OE o B - e

ErOLDS EETS Aviuisition friche pel

analysis  Dptons Wincow  Help

Pars| AcouPars

b2 AT ||mlaueu probe: 5 mim DUL 135-1HID Z-Gp
VERE LY ¥ ALCLLIMIAIS00r e EMOW CRECHING
FROLOSH _ Observe fpfquency shift reduction

& PUIseFrop | Peaks| Integrals | Sample | Stucture| Fid| Acgl

cquisition finished:

ansmitter frequency offset
—_—— — Transitter fregquency ofset
SFO [MHz] 300 1318534 Transmiter megLenty

BF1 [MHz] 300.1200000 Basic fransmitter fraguency
» uclEus 2

B nNucleus E

New on Shimming

*Topsim

»Topshim (regular tube)

»Topshim shigemi (shigemi tube)
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New on Data Acquisition

*Spooler

Command spooler
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Each _észiho can
be added manually
to the dataset list. SRy

qumuilti

[ Bruker TopSpin

Eile Edit \iew Processing Analysis Options Window Help
DaD@ e @E@adad4 4 AL T Wb B

m
epup s MEEGEE o SEe e e A FT L

BfﬂwserlLasﬁD Groups | Alias

2aKs | Intecrals | TINE | ProcPars | ACGuPars

. Joby
B exam2d_HH LR B .
-1 examad Command |efp
B2 exam_ONMR_Wie2hEDivie
(3 exam_ONMR_ipr2sic @ Experiment 0z
B sveu
=N
Al Fla
14
o
. (L
T T T —T—
10 ] 0 [ppm]
qumulti [ gancer ] Kreitoage, >
Time
0 &7 0557
— BzEE
B R
[ Bruker TopSpin
Eile Edit VWiew Processing Analysis Options Window Help
0@ B & B B 2034 &L 5 DN bp bl 2B o o]
2@ m s EMEEGELE o REle v - AT T2
Erowser | Lastsh | Groups | Alas exami_1H 1 1 FBrukerdopspin2.0 guest

Command can be set

on command line, e.qg.:
qumulti 1-4,11 efp or &
qumulti efp 1-4,11 o

071

Is| Tile | ProcPars | AccuPars

e i s

-3 exam_CNMR_ipr2sic o |
B sl

qumulti 3-4,11 efp
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(click on Spooler = you can check or modify the running status)

Spooler Cueue Job Tools

| useuedt jos (18)]) Seneuled jots (0] | Cron jots (0}

Dr/gataicrohangmmetop2 1/32/pdatal tfichang  nfa na
Drinataicfchangimmefop21/Z3ipoatalt cfchang na
Difgatacichang/nmetopl 124/pdatat cfchang  nfa na
D datarchang Mo S dita tienang wa
O aataictehAngimetop3 1 Gpdata cichang s nfa nia
D idataretehang/nme A2 13T pdatalt cichang i wa na
expt Wasng  Dodatalefehanginmennn? 1 aapaata clenang i nia nia
gt Wamng  Dr/datalcrcnangnmeiop21/a3ipdatal cichang  nfa na na
et Wating  Dr/datalcfchangmmeaop? 1aiipdatal cichang  nia nfa nfa
et Wating D idatacfehanginmatop2 14 1/paatal efchang na na nfa
gt Wating D fataerchangmitop 14 Zpdata cichang na wa na
L Watng  Dodatacfchangmmaog 1M pdata efehang  na na na
el Wating D /fdataletehangnmeAop? 1 daipdatal | cichang  nia nia nia
et Wamng  Dy/mataferchanginmetop 14 Smnasat cfehang i na nia
ept Wagting  D/oatacfchangnmeAop2 i Mepdata cfichang nia na nfa
expt Wating  Ddatafcfehangmmeaop21/dTipdatal cfchang  nia na na
et Wating  Dudataifehanginetop2 1Maidatal clhang  nia na na
opl Watng Dudatacrenangnmopl 1M Ypaotat cicnang na wa na
mpt watng  DJuatyerCRangMmeADp? US0pdatal tlenang i nra nra
3 3|

atmulti

New schedule

Schedule

command

Same functionalities o 6:30 AM *
are available for the s December 30, 2006 &
list of delayed jobs

—Experlment IDs
with command: ok
atmulti O3

a4
11
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New command: cron

cron allows executing a TopSpin command

periodically at a specific time/date:

Jut
Conrand

Descritin
Exerution e |User
o

CIomachedun mecufim
Clowect eseitdion

Ruks

Wrute of the hour
How ol tre dax

Dy F @ maren
Wortn arthe year

Dty OF e week:

tom -

tom -

o -

fron*

A Herw penodical

Job
Conmang m
Descrption et test

Exerition scope | Lser
Dpbiors:
Clof-achedule mecution

Ol Direct essecution

050

Ruks:
Wirute of the o fom -
Hawr utthe day fom -
Dy of thamann o -
Marth af the year trom |+
Dty of e Wk from |+

8 tiowr poriodical

Ju
Conmang m
Descriin et test

Ewecution scope | User
o

CIomacheduin seation
DDt exsiuion

Rubs

Wiraite of the hour tom 1w

Dy of tha manen e
Mot ot the year o |+
D of 1 week: from:|*

A Harw penocical

™
Conmand  [m
Doscrgtion  [imati est

Eerubion scope | User
Db
] Cff-achedule eeection
[ Direet essetasioe
Ruks
EESEE e
Howr of the day.
Dep ¥ the mordy

MWarth ot the year

New Experiments

‘Up 1o 8D

-APSY
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Acquisition and processing up to

is sup

B Bruker TopSpin on mertin as sveu

BrOowser | Lastsn | Groups| Aliss

SRR RNNTE
£-10 CAHMR data
3 FBr UkenTOpspin
3 P UKEOpSpInT 3016
= Frdrukertopspin2 0
=0 guest

warning|

Eile Edit View Specirometer Pro
JalE & 584 4
zrenom s MGG QG E|NSE -

Change acquisition dimension of dataset from 10 to

Experiment
hlicth
Receiver

“You are about to changs the dimension of the current dataset.
A3 @ CONSECUENCE an existng FID wil be deleted!

B~ eam2d_HH
- Exatnad
15100 Ream_DNMR_MEZNCOME
- exam_DhMR_ipr2sic

- aveu

Aopspin?al puest
Fars | Titiz | PulacProg | Peak | Integrais | Sample | Strcture| Fi|

[E Y I:l Instalied probe: & mm Muttinuclear imeerse Z-grad

nenment
PULPROG Zopan [CJCE] cumert puise progratn
40_fnod ooo - Arcuisition mode

o 54556 Size ffid
NE 296 Mumber of scans

DS 4 MURIRSER OF Clurerly SEANS
TDOO 1 Loop count for ‘tdd*
T owidth

S [prr] 236.5969 Spectral width
SUH [z 17857.143 Spectral width
AL |E] ‘1 8350580 AT Ame:
FIDRES Hz] 0272478 Fid resolutiort

W [Hz] 20000.00 Filter wicth

¥ Receiver

R Rerener gain

DW [s] Dl time

DWW [ps] 8.500 Cversampling duwell time

DECIM B Decimation rate of digital fiter
DSPFIRM rectangle | D3P fimware fiter 2
< »

Acquisition and processing up to 8D

is supported

B8 Bruker TopSpin an merfin as sveu
File Edit ¥Wiew Specirometer Processing Analysis Options Window Help

DaHm e 5 e ni|umusss o el [T
ot Ao W E Fow N e BB G S E e et L=t E

Experiment
idth
v §
Receker Bz
HucleLs PULPROG
Durations AD_mod
Fower FrMODE
Rrogram D
Probe ne
Lists o5
Dhkle To0
Lotk
Autumation W D
MISCENIaNEOLE S [ppm]
User SWH [Hz]
Fouting 1M_F [ps]
A (s
FIDRES [Hz|
P [Hz]
¥ Recewer
RG
oW [us]
<

| 5pec[rum| Pchars| AcquPars |Tme| PLUISEROY | Peaks| \n[egralsl Sample | STUCLIE | Fit

ERRIRE-AN BIE RETRR AT Instalied probe: & mm Multinuclear inverse Z-grad

F§ F4 Fa F2 Fi Frequency a0 =
10pgan e CurrenL pulse
(=T - Acquisition me

[unoennen | unoetnes = umdennsn w| unoetnes v Acquistion me

65536 256 |[258 256 (258 Size or il
956 Humber of sc=
4 Murnber of du
1 Loop courtfo
236 5559 103278 103278 103278 103278 Speciral Wt
17847.143 3095704 3093.709 3093.709 3038703 Spectral width
32261096191 ||32251096191 | 32261096191 | 32261096191 | Increment for
18250560 0.0412842 00412542 00412842 0.0412942 Acquisition tir
0272478 12108297 12106237 12108297 12106237 Fia resoiution

90000.00 Filter width
2768 Receter gain

28.000 Ciwell e
=

040

38



Acquisition and processing up to 8D Kook
is supported 8
TopSpin 2.1 now provides examples for

4D experiments (HSQC-NOESY-HSQCQC):

¢ 4D parameter sets (ending with 4D)
and

e 4D pulse programs (ending with 4d).

o 9 Bruker BioSpin

APSY S. Hiller, F. Fiorito, K. Wathrich and G. Wider, Proc. Nat. ~
Acad. Sci. USA 102, 10876-10881 (2005). ol
Automated projection spectroscopy (APSY).

TopSpin 2.1 supports the fast NMR method APSY
(Automated Projection Spectroscopy)

APSY can be started under:
Spectrometer — Fast Acquisition Methods
APSY requires a separate license. A free demo

license can be ordered anytime under:
www.bruker-biospin.com
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B Bruker TOPSPIN 2.1 on AV600C as cfchang
File Edit View ESliEi¢IiGICd Processing Analysis Options Window Help

Interactive Acquisition Guide [topguide] VE(@E AT > |
Data Acquisition Flowchart (Pt b 1B+ -t E 5 Rt
Basic/Selective Expetiments

Fast Acquisition Methods APSY (Automated P“r_uE-tmmn

Ectt View Spectromeler Processing Anafysis Options Window Help
DafNs @B Wi bl BWLiameBAOrae-TTO i |
TpAms I R EEE S oflls b rienN+ -2 E LU R o

- ' .m_ -.
[ Ciem ] & T

Preerys | acgure | Toe | Punebrog| e | veegran | Sampie | strucnse | Fus aem

New on pp & par directory
-Pulse program

‘Parameter Set
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Pulse program directory ( Bruker default)

A Pulse Programs

File Options Help

Search in names [*?] VH Search ]‘

Class = !Any +| Dim = lAny v‘
Daz.incl De.incl Celay.incl \Grau incl o]
|F'u\pmg info README Relations.info }Eyscnnf incl
ladeq1etgpjcrdsp aced 1 1etgnrdsp aded11etgprsp 2 adeq11etgpsp
adeqinetgp adeqnietgp adegnnetgp |apt \gptjc =
aring aring2 atocsygpph19 b_hncachgp3d b_hncachigp3d
b_hncacogpsd b_hncagpad b_hncaigpad ii_hncocachgp3d li_hncocagpad
b_hncogp3d b_hncoigp3d b_hsgcetf3gpsi C_Caco C_caco_ia
C_caco 53 ©_can_iasg C_can_mo C_can_mo.2 c_canco_iadd
C_canco_ja3d.2 C_cancoi_ia3d c_chcaco_jasd C_cbcaco_s33d c_chcacon_ia3d
c_chcanco_ia3d c_ccco_ia3d c_ccco_s533d C_cccon_ia3d c_ccflopsyl16
c_cofiopsy16_ct c_ccflopsyl6_ctia c_ccflopsy16_ia C_ccnoes c_ccnoesy?
C_ccnoesy ct c_coca C_coca ja C_coca_mg c_coca_mg.2
C_con_lasg c_con_mg c_con_mgia C_con_sg C_cos
C_cosy2_ct c_tosy_ct c_hacaco_3d c_hcaco_iadd c_hcaco_s33d
c_hcan_ia3d c_hcanco_iadd c_hcancoi_ia3d c_hchea_iadd c_hcheaco_ia3d
c_hchcaco s33d c_hcbcan_ia3d c_hceflopsy16 3d c_hnca_ia3d c_hncaco_ias3d
c_hncaco_s33d c_hnco_iasd c_hncoca2_jiasd c_hncoca_jasd calibgp
chcaconhgp3d chcaconhgpwg3d chcanhgp3d chcanhgpwg3d ccaconhgpz2h3d
ccacanhgp3d ccaconhgp3d 2 ccanhgp2h3d ccanhgp3d ccanhgpsd.2
ccconhgp2h3d ccconhgpsd cimlevphpr colocgf cosycwoppsgr
cosycwphps cosydclrgh cosydcph cosydophwt cosydegl
cosydfesgnph cosydfesgpphpp cosydfetgp. 1 cosydfetgp.2 cosytifgpph1g
cosydfph cosydfphpr cosydfgh cosyetgp cosygpmfph
cosygpmigh cosygpphzizs cosygpppol cosyopprof cosygpgr =

Pulse program directory ( HFNMRC staff or users )

File Options Help

searchin names 7] ~ | Search |

ource = | CABruken TORSPINZ expistaninmnilists\ppluser

/

class=(any  v| Dm=|any

( 11_spinecho yp tt B d_i+1 B d_i+1 5t B fyh_i+1.6¢ ~
B_fyh_ii+1 B_fyh_ii+1.tt B_fyh_ii+1_new..bt B r_i+1 B w_i+1

B_w_i+1 bt B_w_ii+1 &t Berlin.incl CCHUr3D.dl CCHEr3D_ s s

CCHLr30_whir2 win CCHErSD W3 FHSGC_SEAZ WY Gradal.inclt (Gradra.incl

1UIR_HahnEcho WR_HahnEcho-b et JR_HahnEcho-c td JR_HahnEcho-d bd MNhsge WG

Solids incl aasxt? EA 10 aasxt? EA 30D AASINOE aasInoe? e
aaszti_EA_1D @ﬂ EA_3D aawfhtu aawg3919 chcanhgpwg2d.waw

cfctest.td clean_ Seahsge ww cimlevopph18 cimlevgpph189.1sc et CN_NOEsydd ww

cn_noesy4d0117 w

ch_noesy4dl17_10 wiw

Cn_hoesydd0117_2 w

cnnoesydd.fa

cnnoesydd_ch2d v

cnnoesydd_hh2d.ww cnnoesy4d_nhZd.ww CNNOESydo Wy CrnOesyAdd w2 w COsyOp

COsyqppr cp cpmg.mtn cpmg. mtn_long CPMG_[r
CRIMG_WE W cpmg_zera mtn cpngs cpseltics cptossa

cptossh o1 2w d_i+1 v o_i+1_500.uw d_i+1_ 5001w
d_i+1_5001dcrp ww ERIEART o_ii+1_ 2w ol_ii+1 3w de_pka2 012106 ww
de_pkas_012106 ww de_pka_012106 v de_pka_1130.ww de_pkaf2_012106.ww de_pkaf_012106 v
decp180sp decp30sp2 ww dipsiZesgpphd0 dipsiZesgpphre dipsiZetgp_dec w
dipsiZetgp_decpr ww dipsiZetgpsi_dec ww dipsiZetgpsi_decpr dipsi2gpph19ws cf dipsi2ref incl
dipsinsgef3gpsi3d_nw. bt dipsihsgcr3gpsiZo_wwre bt disp_2pt dispsi2 e_ii+1

B i+ ww ed_i+1 ed_i+1.ww ed_pkaZ ww ed_pka2_ fold.ww

ed_pkad_fold i

ed_pkad_f_large

ed_pkad_f_large i

ed_pkad_fold i

ed_pka_large s

faexptcorr.incl

thsgc_noe_ww bt

fhsgc_noe wwsat.bd

fhsgc_sea.ww

fhsgc_sead.ww

Thsgc_sead ww

hsgc_seagOww

fhsgc_seagl13c.wiw

fhsge_seagO13c. 2.ww

fhsgc_seagDi3c 3

fhsoc_seagl3c_3ww Ifhsoc_searer fhsc_searer2.ww hsoccxfagpph.cf thsocr3gpph.wir
fhsocf3gpph_ o ww thsgcnoef3.bd field-d2-opt jim p&ld-stab jim fold_phka ww 3
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Parameter Set directory ( Bruker default )

[ Parameter Sets: rpar *
File Options Help CBrukenTOPSPINZ. 1\expistarinmripar
Search In names 7] C:\BrukerTOPSPING. 1\expistaninmripariuser
( UK (8]

APSY_HNCACE 32 APSY_HNCA 32 APSY HN[W EHHR 1 ~
APSY HNCOCA, 42 APSY_HNCO_32 B11ZG BESTPROFILE B_HNCACBGFP3D
B_HNCACBIGPID B_HNCACOGPID B_HNCAGPID B_HNCAIGP3D B_HNCOCACBGP3D
B_HMCOCAGP3D B_HNCOGP3D E_HNCOIGP3D B_HSQCETF3GPSI C13APT
C13CPD C13CPD32 C13CPDSN C13DE455N C13DERT135
C13DEPT1350 C13DEPT45 C13DEPTI0 C13GD C13HUMP
c13IG C13MULT C130FF C13PPTI C13RESOL -
C13SENS CBCACONHGP3D CBCACONHGPWG3D CBCANHGP3D CBCANHGPWG3D
CCACONHGP2H3D CCACONHGP3D CCACONHGP3D .2 CCANHGPZH3D CCANHGP3D
CCANHGP3D.2 CCCONHGP2H3D CCCONHGP3D CD1112G CD113ZG
CL357G CL37ZG CcOSYassW COSYa0SW COSYCWGPPSOF
COSYCWPHPS COSYDCPHWT COSYDFGPPH18 COSYDQFFPHSW COSYGPDFPHSW
COSYGPMFSW COSYGPSWY COSYPHPR C_CACO C_CACO_IA
C_CACO_S3 C_CANCOI_IA3D C_CANCO_IA3D C_CANCO_IA30.2 C_CAN IASQ
C_CAN_MQ C CAN_MQ2 C_CBCACON_IA3D C_CBCACO_A3D C_CBCACO_S33D
C_CBCANCO_|A3D C_CCCON_IA3D C_CCCO_IA3D C_cCco 533D C_CCFLOPSY16
C_CCFLOPSY18 CT C_CCFLOPSY16_CTIA C_CCFLOPSY16_IA C_CCNOESY C_CCNOESY2
C_CCNOESY CT C_cocA C_COCA 1A C_COCA_MQ C_COCA MQ.2
C_CON_lASQ C_CON_MQ C_CON_MQla C_CON 5@ C cosy
C_cosyz_cT ELEOST IR C_HACACO_3D C_HCACO_3D C_HCACO_lAZD
C_HCACO_S33D C_HCANCOI 183D C_HCANCO_|A3D C_HCAN 3D C_HCAN_IA3D
C_HCBCACO_IA3D C_HCBCACO_533D C_HCBCAN_IA3D C_HCBCA 143D C_HCCFLOPSY16_3D
C_HNCACO_|A3D C_HNCACO_S33D C_HNCA_IA3D C_HNCOCAZ_A3D C_HNCOCA_|A3D
C_HNCO_I1A3D DIPSI2ESGPPH DIPSI2ETGPSI19 DIPSIZGPPH19 DIPSIHSQCF3GPSI30
DIPSITRETF3GP3D F1a F19CFD FHSQCCKFIGRPH FHSQCF3GFPH
GATIZG H2OSUPMLEY H20SUPNOESY H20SUPROESY HACAHECOSYGP3ID v

Parameter Set directory ( HFNMRC standard )

Search in names 7]

File Options Help

Source = iC WBruken TOPSPINZ. Texpistaninmripariuser v

J

std 1D 1H P 1331

| 10_13C_DEPTS0 std 1D 13C ZGDC
std_1D _1H P3313 std 10 _1H ZG std 1D _1H ZGGPWG std 1D _1H ZGPR std 10 _1H_zgesgp
Nstd_1D_tH_zgopws std_20_(Hb)Ch{CgCdjHd std_2D_13C_HMQC std_2D_13C_HSQC _CT std_20_13C_HSQGC_ET
Iitd 20 15N _HSQC ET std 20 15N HSQC ETSI std 2D 18M_HSQC FAST std 2D 18M_HSQC WG std 20 18M NOE
std_2D 15N _NOE TR std_20 18N _T1 std 2D 18N T1 TR std 2D 18N T2 std 20 18N T2 TR
Iatd 2D_15N_TROSY_ET std_20_15N_TROSY_SI std_2D 15N_TROSY 512 std_2D 15N_TROSY WG std_20_1H-1H_NOESY_Jum
IEtd 20_1H-1H_NOESY Jum... |std 2D 1H COSY-45 std 2D COSY-DQF 3819 std 2D COSY-DQF ET std 20 COSY-DQF PR
std_2D_COSY45 std_20_COSY30 std_2D COSY_GPET std_2D NOESY-FP_3919 std_20_MOESY-FP_WG
std_2D_MWOESY_3919 std_20_MOE_WWversion std_2D_TOCSY-DIPSI_ET std_2D_TOCSY-DIPSI_ST std_20_TOCSY-MLEY
Std 2D TOCSY CL std 2D X Filer F1 NOESY..|std 2D X Filter F1 _NOESY.. |std 2D X Filter F2 NOESY... |std 20 x Fiter F2 NOESY.
std_20 X _Filter NOESY _no.. |std 20 X _Filter NOESY no.. |std_2D_X Filter TOCSY toc.. |std 2D _cosyesgpph std_20_cosygpmiph
Igtu 20_mlevesgpph std 20 _noesyesgpph std_2d NOESY etgp std_2d_dispsi_etsi std 30_13C_HCCHCOSY
Std_3D 13C _HCCHTOCSY 5td_30_13C HCCHTOCSY std 30 13C _NOESYHSQC std 30 13C _NOESYHSQC std 30 18N HNHA
Istd 30_15N_HMHB std_30_15M_HNHE_ECOSY  |std_3D 15N_MOESYHSQC std_30 18N_MNOESYHSQC_ET|std 30 _15M NOESYHSQC
Igtd 3D_15N_NOESYHSQC FP|std 3D 15M_TOCSYHSQC-.. |std 3D 15N _TOCSYHSQC-... |std 3D CBCA{COINH std 30 CBCANH
std_3D_CCCONH std_30 CCCONH wg std 3D HBHA{CO)NH std_3D HBHANH std 30 HCCCONH C
Iatd 30_HCCCONWH_H std_30_HCCH_sideC cf std_30_HCCH_sideH cf std_30_HW{CAICO std_30_HK{CO)CA
Iitd 30 _HM(CO)CACE std S0 _HNCA std_3D HNCACE std_3D HNCO std 30 _HNCO wi
std_3D TR _CBCA{COINH std_30_TR_HN(CAJCO std 3D TR _HN{CO)CA std 3D TR _HN{COMCACE std_30_TR_HNCA
std_3D_TR_HNCACE std_30_TR_HWNCO std_3D_nobDnoe.ct
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New Pulseprogram @ Topspin2.1

;Update.info
;avance-version (07/10/18)

differences to 07/10/04

added  rd_hnca_32 reduced dimensionality (APSY)
rd_hncacbh_32
rd_hncocacb_32
rd_hncocanh_62

differences to 07/09/14

rd_hnco_32 reduced dimensionality (APSY)
rd_hncoca_42

differences to 07/07/16

added  hsqcnoesyhsqcncgp4d 4D HSQC-NOESY-HSQC
hsqcnoesyhsqgcccgp4d
hsgcnoesyhsqcengp4d
hsgcnoesyhsqcnngp4d

MUSIC (amino acid selective experiments)
music_cm_3d
music_cm_3d_2
music_de_3d
music_de_3d_2
music_fhyw_3d
music_fhyw_3d_2
music_gly_3d
music_gly_3d_2
music_ile_3d
music_ile_3d_2
music_kr_3d
music_kr_3d_2
music_lavia_3d
music_lavia_3d_2
music_pro_1_3d
music_pro_1_3d.2
music_pro_2_3d
music_pro_2_3d.2
music_qgn_3d
music_qn_3d_2
music_ser_3d
music_ser_3d_2
music_tavi_3d
music_tavi_3d_2
music_trpe_2d

New on Data Processing /Analysis
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Automatic peak picking 2D/3D 'E@‘

New feature for backbone assignment '&8"

1 IS Bruker BioSpin
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