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2D HSQC

3D HCCH-TOCSY experiments
HCP Quantitative

P-FIDS
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General Scheme for 3D Homonuclear Experiments

H a do MIXING-1 d1o ‘ MIXING-2 HM A A /\ A Wi
0
o
. F1 . F2 Dimension F3 Dimension
Dimension

The delays dO and d10 represent two independent variable periods that provide two independent
frequency dimensions (F2 and F3). The third dimension is directly generated from the FID
period (F1 Dimension), as in 1D or 2D experiments.

F1
Dimension

F3 Dimension

F2 Dimension
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3D Homonuclear Experiments

e 3D TOCSY-NOESY experiment (mlevnoesy3d)

e 3D TOCSY-ROESY experiment (mlevroesy3d)

e 3D NOESY-TOCSY experiment (noesymlev3d)

e 3D NOESY-TOCSY experiment using presaturation (noesymlevpr3d)
o 3D NOESY-NOESY experiment using presaturation (noesynoesypr3d)

Also see related 2D NOESY, 2D ROESY and 2D TOCSY experiments

References:
A. Bax & D.G. Davis, J. Magn. Reson. 65, 355-360 (1985)
A. Bax & D.G. Davis, J. Magn. Reson. 63, 207-213 (1985)

mlevnoesy3d

d9

1
H 4 & MLEV-17 dto a8

pé
pl10

mlevroesy3d

d9

LN R (.

p6 p15 VWVVWVVVVV

pllo0 plil

© 2010, BRUKER Biospin, Teodor Parella

475



Pulse Program Catalogue

NMRGuide - Topspin 3.0 10SPIN
MWM%’WW
NOE
JHH JHH
Jun VS
A
|
C (3 (3 N—C—C—N—C
noesymlev3d
IH d1 do o ds
noesymlevpr3d
! a do ds
presat | >
pl9
meng\,
NOE /
noesynoesypr3d
t a do 9 | g0 | 20
H presat »| presat | »| presat | \MMMM/\M
p1o VWWVVVVVVV
© 2010, BRUKER Biospin, Teodor Parella 476



Pulse Program Catalogue “HUKEH
NMRGuide - Topspin 3.0

BRUKER
PULSE PROGRAM
CATALOGUE

NMRGuide

BASIC 3D X-EDITED
TOCSY EXPERIMENTS

© 2010, BRUKER Biospin, Teodor Parella 477



Pulse Program Catalogue @F&J{%}?ﬁ
NMRGuide - Topspin 3.0

/ 3D Basic X-edited TOCSY \

3D 'H-13¢ TOCSY-HMQC experiment using presaturation (mlevhmqcpr3d)
o 3D H-3C HMQC-TOCSY experiment using BIRD (hmgcmlevbi3d)

e 3D H-3c HSQC-TOCSY experiment using echo/antiecho, adiabatic pulses and MLEV-17
(hsqcetgpmi3d.2)

o 3D H-C HSQC-TOCSY experiment using PEP, adiabat ic pulses and DIPSI-2
(hsqcdietgpsisp3d.2)

Also see:

2D TOCSY experiment

2D HSQC-TOCSY experiments and Measurement of long-range proton-carbon coupling constants
3D TOCSY-HSQC experiments

2D X-filtered/edited TOCSY experiments

Other Protein NMR experiments involving TOCSY:
HCCH-TOCSY Experiment

HCC(CO)NH Experiment

13¢-13¢ TOCSY

7

References:
A. Bax and S. Subramanian, J. Magn. Reson. 67, 565-569 (1986)
A. Bax & D.G. Davis, J. Magn. Reson. 65, 355-360 (1985)
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/ 3D TOCSY-HSQC

Gradient-enhanced from f2 channel:

Gradient-enhanced from f3 channel:

MLEV HSQCETF36P3D)

Also see:
2D TOCSY experiment
2D & 3D HSQC-TOCSY experiments

2D X-filtered/edited TOCSY experiments

o ge-3D'H-3C TOCSY-HSQC experiment using echo-antiecho (mlevhsqcetgp3d | mLevHsQceTeP3D)

e ge-3D'H-"N TOCSY-HSQC with MLEV using echo-antiecho (mlevhsqcetf3gp3d |

e ge-3D 'H-N TOCSY-HSQC with DIPSI-2 and PEP (dipsihsqcf3gpsi3d | b1pstHsacF3epsIsp)
o ge-3D'H-°N TOCSY-HSQC with DIPSI-2 using TROSY (dipsitretf3gp3d | brpsITRETF36P3D)

\
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References:

1. A. Bax & D.G. Davis, J. Magn. Reson. 65, 355-360 (1985)
2. AL. Davis, J. Keeler, E.D. Laue & D. Moskau, J. Magn. Reson. 98, 207-216 (1992)
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5. J. Schleucher et al., Angew. Chem. 114(10), 1518 (1993)
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2D 3¢/'™N-filtered TOCSY

ge-2D w; -3¢, !°N-filtered TOCSY experiment

o ge-2D wi-BC,"N-filtered TOCSY using DIPSI2 and WATERGATE (dipsi2gpphwgx 1)
ge-2D w,-3C,'®°N-filtered TOCSY experiment
e ge-2D w,-1%¢ N -filtered TOCSY using DIPSI2 and WATERG ATE (dipsi2gpphwgx2)

ge-2D w1, w2-'3C, "N -filtered TOCSY experiment

e Phase-sensitive ge-2D w;,w, '3C,°N -filtered TOCSY using DIPSI2 and WATERGATE
(selective pulses) (dipsi2gpphwgxf)

Also see:
2D TOCSY experiment
3D TOCSY-HSQC and 3D HSQC-TOCSY experiments

1. AL. Breeze, Prog. NMR Spectrosc. 36, 323-372 (2000).

2. C. Zwahlen, P. Legault, S.J.F. Vincent, J. Greenblatt, R. Konrat &

L.E. Kay, J. Am. Chem. Soc. 119 6711-6721 (1997).

3. K. Ogura, H. Terasawa & F. Inagaki, J. Biomol. NMR 8, 492-498 (1996).

4. J. Iwahara, J.M. Wojciak & R.T. Clubb, J. Biomol. NMR 19, 231-241 (2001).

1H-13¢ -ly -2IySz |-2IzSy Gradient 63 removes
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Yy -X
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Bo d28[\
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lsN P
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B (AN AN

G2 G2 G3
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Double 13C,15N-Filter

d26: 1/(4*J(NH))
Yy o x y X d28: 1/(4*J(CH)min)
- o || e sl @a s | d29: 1/(4*J(CH)max)
Differentiation between TOCSY in
B¢ dZS/\ @9/\ labeled/unlabeled Compounds
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G,
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|
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q :; d26 | d26 | 8| d26 | dazs 3<do= ’m‘ s?\tl-xs
p132 a9 i
sp
’C dzsﬂ @9[\ P
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G4 G5 G6 G7 G1 Gl

GO
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HCCH-COSY / HCCH-TOCSY

o HCCH-cosY

3D HC(C)H-COSY experiment (hcchcogp3d | HecHeosPsp)
3D (H)CCH-COSY experiment (hcchcogp3d2)
3D (H)CCH-COSY experiment using TROSY for aromatic residues (trhcchcogp3d)

4D HCCH-CO SY experiment (hcchcogp4d)

o HCCH-TOCSY

3D HC(C)H-TOCSY experiment (hcchdigp3d | HecHprersp)

3D (H)CCH-TOCSY experiment (hcchdigp3d2 | HecHpIsPsb2)

3D HC(C)H-TOCSY using adiabatic TOCSY experiment (hcchatgp3d | HecHAaTeP3D)
3D (H)CCH-TOCSY using adiabatic TOCSY experiment (hcchatgp3d2)

4D HCCH-TOCSY experiment (hcchdigp4d)

o ge-2D Long-range HCCH correlation

Phase-sensitive ge-2D Long-range (H)C(C)H using echo-antiecho (hcchetgplr)
Also see 3D HCCH-E.COSY experiments for J measurement

o 3D HC(C)H[HAI-E.COSY (hcchecosgp3d | HeeHecosepap) - 3T[HA-HB] via E.COSY
o 3D HC(C)H[COI-E.COSY (hcchcosygp3d | HecHeosyersp) - 3T[CO-HB] via E.COSY
o 3D (H)C(C)CH[COJ-E.COSY (hccecosygp3d | Heeecosyepap) - 3T[C6-CO] via E.COSY

Also see HCCH-type experiments in “Nucleic Acids Experiments"”

3D TROSY-H)CCH-COSY for intra-base correlation (na_trhcchco3d)

3D H(C)CH-E.COSY experiment (na_hcchecgp3d | Na_HccHECGP3D)

3D HCC-TOCSY-CCH-CO SY experiment (na_hcchfwdigp3d | Na_HccHFWDIGP3D)

3D HCC-TOCSY-CCH-E.COSY experiment (na_hcchfwdiecgp3d | Na_HccHFWDIECEP3D)

3D HCC-TOCSY-CCH-E.COSY experiment using jump-and-return (11) (na_hcchfwdiecgpjr3d)
3D forward directed quantitative gamma HCCH-TOCSY (na_ghcchfwdigp3d | NA_6HccHFWDIGP3D)

0O O O O O O

Related Experiments:
HCC(CO)NH Experiment
13¢-13¢ TOCSY

References:
1. L.E. Kay, G.Y. Xu, A.U. Singer, D.R. Muhandiram & J. D. Forman-Kay J. Magn. Reson. B 101, 333 - 337 (1993))
2. W.Peti, C. Griesinger & W. Bermel, J. Biomol. NMR 18, 199 - 205 (2000)
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H H H H
| | en Uen | S c
C C C C N—C
1
J :
CC C
H
! 2 3 d4 : 1/(4J(CH)) - tau a [1.6 msec]
N T N d21: 1/(6J"(CH)) - tau ¢ [1.1 msec]
@ @ @ @ d22: d22+d23*2+t2max*0.5 = 1/(4J(CC)) : 3.6m-d23*2-(in0*+d1/4)
t t) ty d23: tau b [475 usec]
d24: 1/(43(CC)) [3.6 msec]
hcchcogp3d2
y
Drec
H a | as Id4 I I—lil 5 I ds f as
o1 oy
°c I 8| a0 d23 23 do Iz? 22+ | aze Id24 5| a21 aro d10| 21 I II[W
% % pli2
v .
(60) /\ /\
pl4 pl4
”N I sp5 sp5 I
G. ANNATESTA ARENATANA ANATNA
Gl Gl1G3 G2 G2 G2 G2 G2 G2 G4 G4 Gl Gl Gl Gl
trhechcogp3d
y
da g d4 ®reo
w o fe]e] | |zl
Be I da/2 I da/s2 || a0 I d23-do d22-d10|d22 dio | s I o
% pli2
G, ANNAINANNA ATARENA
G2 G2

Gl

Gl

G3 G4 G4
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H H H
‘ ‘ lJCH JCH
C C C C C N—C
1
cc
1 2 3
@ @ © @
tl t2 t3
hcchcogp3d
o1 y
g d4+d0§d0 I a4 I ﬁﬂoﬂil 8| az Id21 aa I as
5 I 8| a0 d23 d23 d24|d24 ] I I Il—,
C GARP
§ pllz
"o N
pl4
|5N I sp5
G, AN NN ARNATENAWATENA A ANAR/ATNA

Gl G1G3 G2 G2 G2 G2 G2 G2 G4 G4 Gl Gl G1 Gl
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H H H H
‘ | on Jen |
C C C C N C
Jcc
1 2 3

TN N N
@ O ©
£ t) t3

U
hcchcogp4d
o1 y
d4  (1-x)flas- 17 Y
H d1 +d31§id31)|k*d31 I §llol_|_| I d4 g d4
3 8|d32: d23; d23 :d32:d22 §d23 : d23 d22| d24 §d24 & | +d33.
C GARP
p8 pl12
w ) |
pl4 pl4
sp5 sp5
"N
G, ANA ARNARE NAWATENATA AN AR/ATA
G3 G2 G2 G2 G2 G2 G2 G4 G4 G1 Gl Gl Gl
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H H
JCH . .................... H
C N C N—C :
1
Jec Uce Uec
C
1 2 3 H
t t t
hcchdigp3d
(] y
g & d4+d0 do I d4 I Y s| az Id21 ds | as
17
y illO Y
] d10 Ja23 d23 931 H
“c DIPSI-3 (y) GARP
: P9 pl12
i = pll5
500 N A
pl4 pl4
sp5 sp5
"N
G, AN N N NN AAAENAR/ANNA
Gl G1G3 G2 G2 G2 G2 G4GIGL Gl Gl Gl
hcchatgp3d
1 y
g & d4+d0 do I a4 I Y s| an Id21 as | a4
pl7
y p110 y
p10 pll2
" g : sp0
o N N
pl4 pl4
sp5 sp5
"N
G, AN AENAIERTAA ARAENAR/ANNA
Gl G1G3 G2 G2 G2 G2 G4 G4 Gl Gl G1 Gl
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H
@ Cc
C N :
C
1 2 3 H
3
t
hechdigp3d2
y
®rec
lH dl d4 Id4 I Y 8 I d4 d4
pl7
o plio y
B I 8| do d23 d23: do Id23 d23 ds1 8| d21 :di0 d10| d21 I Il—'
C DIPSI-3 (y) GARP
prl?S pl12
*co /\ /\
pl4 pl4
sp5 sp5
"N
G, A ATRTANNA AN O ARR/ANNA
Gl G1G3 G2 G2 G2 G4 G4 Gl Gl Gl Gl
hcchatgp3d2
y
Drec
IH dl d4 d4 I y ] d4 d4
17
o1 A 4 B110 y
8| do d23 d23: d0 gd23 d23 a3t 8| d21 /d10 :dlof d21
°c X M16 GARP
p10 pl12
800 /\ (\ sp0
pl4 pl4
sp5 sp5
"N
G, AT AN ATNTANNA NN O ANR/ANNA
Gl G1G3 G2 G2 G2 G2 G4 G4 Gl Gl Gl Gl
495

© 2010, BRUKER Biospin, Teodor Parella



Pulse Program Catalogue “HUKEH
NMRGuide - Topspin 3.0

ppm ; . ppm
104
FO
20
b1
304
L2
40 4
3
50
L4
60 H
F5
701
6
T
ppm
1 2 3
t3
hechdigp4d
o1 y
d4  i(1-x)fds- y
'H dl +d31§£d3];)|k*d31 I 8 I da | d4
_ pl7
R pii0 | Y
" 8|as2 23 a23 a32 lazs 23 as 8| St ass faz
C DIPSI-3 GARP
p8 p9 pll2
spl3 g ; pll5
"0 N A
pl4 pl4
sp5 sp5
"N
G, AN A N ANA A N N
G3 G2 G2 G2 G2 G4 G4 G1 Gl @1 Gl
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2D (H)C(C)H:
A. Bax, D. Max & D. Zax, J. Am. Chem. Soc. 114, 6923-6925 (1992)
H H H H
] o
C C C N C N—C
1
CC
hcchetgplr
y y y y Breo
'H d1i d4 I d4 I da | a4
) p28 y pl4 pl4 o1
sp3 sp3
BCali /\ 5| a22 [\ d22 | e [\ do | do 8[\8 d22 [\ d22 /\ (care )
p8 pi3 p?3 p8 pli2
'3C0 spl3 /\ sp sp /\ [\ spl3
{ \ GARP
pla pl4 pl4 pl4 pli2
'5N sp5 Sp5 I sp5 sp5
G, A
Gl G2 G3
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Edited NOESY experiments for labeled proteins:

2D NOESY
2D ROEsY 2D HOESY

ey
2D/3D NOESY-HSQC

2D/3D HSQC-NOESY
Ucn NOE Unn NOE

3D w3 12C,14N-Edited HSQC-NOESY
3D wl 12C,14N-Edited NOESY-HSQC

NOE. U Ut NOE M NOE Jcn M NoE QN
[l e B

Lnn NOE NOE

IJXH /__ m NOE m ‘\IJXH 'S @)iii CV e @\,)iii
% 2 / /

2D/3D wl/w2 12C,14N-Edited NOESY

Ly |~ o H ,\IJCH lJCH/_ o H ,%JNH
w 3D HSQC-NOESY-HSQC

IJNH NOE 1

\JCH IJNH/— <\1JNH IJCH/— NOE ‘\‘JCH
4D HSQC-NOESY-HSQC
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3D Basic X-edited NOESY

e 3D 'H-13¢ NOESY-HMQC experiment using presaturation (noesyhmqcpr3d)
e 3D 'H-3¢c HMQC-NOESY experiment using BIRD (hmqcnoesybi3d)

Also see:

2D HMQC and 2D NOESY experiments
2D & 3D HSQC-NOESY Experiments
3D NOESY-HSQC Experiments

References:
A. Bax and S. Subramanian, J. Magn. Reson. 67, 565-569 (1986)
A. Bax & D.6. Davis, J. Magn. Reson. 65, 355-360 (1985)

MWW\M’V\I\I\/L
NOE | @
H H H
| | | Jen |
c——Cc—=C N—C N—C
hmgcnoesybi3d
=X
d2 di0 dio 48 ®Drec
L I B I I ™ hMMMMAAW
1 |
X I do  do I
+—>< [ﬁm
pll2
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| L
C C C N
[ YT P{
Cc
H
noesyhmqcpr3d
y
'‘H a1 A 40 a0 ds d2 d2
presat presat
plo
X I d10 di10_

pll2

ppm

=10

=20

=30

- 40

=50

=60

70

0O ppm
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3D NOESY-HSQC / 3D NOESY-HMQC

o Gradient-enhanced from f2 channel:

3D 'H-13¢ NOESY-HSQC experiment
e using echo-antiecho (noesyhsqcetgp3d | NoEsyHsQcETEP3D)
e using PEP (noesyhsqcetgpsi3d | NoEsY HsQCETGPSI3D)

o 6radient-enhanced from f3 channel:

3D 'H-""N NOESY-HSQC experiment

o using echo-antiecho (noesyhsqcetf3gp3d | NoESYHsSQCETF36P3D)

o using PEP (noesyhsqcf3gpsi3d | NOEsyHsQcF36psI3D)

o using PEP and water flip-back (noesyhsqcfpf3gpsi3d | NoE syHscFPF36psI3D)

o using WATERGATE with 3919 (noesyhsqcf3gp193d | NoEsYHsQcF36P193D)

o using WATERGATE with shaped pulses (noesyhsqcf3gpwg3d)

o using TROSY (noesytretf3gp3d | NOESYTRETF36P3D)

o using ZQ-TROSY and WATERGATE (noesytzgp3d | NoEsyTzeP3p)

o using TROSY for aromatic residues and WATERGATE (noesytrosyargpphwg)

3D H-"N NOESY-HMQC experiment
o using WATERGATE (nocesyhmqcf3gpph3d)

o Gradient-enhanced from f2 and f3 channel:

3D NOESY-¢, "> N-HSQC experiment
= with simultaneous evolution (noesyhsqcgpsm3d.2 | NoEsYHsQc6PsSM3D.2)
= with simultaneous evolution, sensitivity improvement and adiabatic 13C pulses
(noesyhsqcgpsismsp3d | NOE syHsQcePsISMSP3D)

Also see NOESY-HSQC experiments in Nucleic Acid Experiments:
3D 'H-"*¢ NOESY-CT-HSQC using echo-antiecho (na_noesyhsqcctetgp3d)
3D 'H-3C NOESY-HSQC using WATERGATE and refocusing of J(C5C6) during 11
(na_cb6noesyhsqcgp3d)
3D 'H-®N NOESY-HSQC using WATERG ATE (na_noesyhsqcf3gpwg3d)

Related Experiments:

2D NOEsY

3D NOESY-HSQC

3D HSQC-NOESY-HSQC

2D & 3D X-filtered/edited NOESY
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NOESY-HSQC:

1. AL. Davis, J. Keeler, E.D. Laue & D. Moskau, J. Magn. Reson. 98, 207-216 (1992)

2. 0. Zhang, L.E. Kay, J.P. Olivier & J.D. Forman-Kay, J. Biomol. NMR 4, 845 - 858 (1994)
3. 6. Zhu, X.M. Kong & K.H. Sze, J. Biomol. NMR 13, 77-81 (1999)

4. K.V. Pervushin, 6. Wider, R. Riek & K. Wuethrich, PNAS, 96, 9607-9612 (1999)

IJCH/- NOE
. .................... H
C
H
noesyhsqcetgp3d
y y
'H a AI do do ds d4 Id4|:l I d4 J a4
' o1
3 pl4 | d10 d10
C [\ | feoenl| e
pla pli2
sp3
1
sNoptional
Gl
6. / |
G2
noesyhsqcetgpsi3d
y y y
Prec
'H a1 [Af a0 4o d8 daff 44 d24fjd24| d4 a4 |S s
) o1 v
pl4
"o /‘\sm /\ 8|10, 310, 504 /\ BT
pli2
If.N optional I I
G, N 0
G3 G4 Gl G2
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L0 fe- NOE

noesyhsqcetf3gp3d
y y
'H a AI do  do ds d26|d26D| I a26 fJaze
@1
d10 d10
l - »d
N I I > sls I GARP
plleé
13
Coptional /\ m
pl4 pl4
sp3 sp3
1
. |
G2
ppm
14
(]
24
3
4 ;
5
6 &
°
7
8
9
T T T T T T T T
9.5 9.0 8.5 8.0 7.5 7.0 6.5 ppm
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noesyhsqcf3gpsi3d
y y Y
®drec
'H a1 [Af a0 do0 ds d26 §d26 d24fa24| a26 fa26| &
’ o1 RE
p 5| dio_ dio
N I I Niammad b GARP
pllé
IBC optional /\ m
pl4 pl4
sp3 sp3
G, N Q
Gl G2 G3 G4
noesyhsqcfpf3gpsi3d
y Y y
L ®rec
H a1 |Af d0 do ds d26fld26 d24f§d24|d26 Ja26| 5 || &
) o1 ¥

L | | cemend || | e

13
Coptional /\ /\

p8 p8
spl3 spl3

G, 0 noan oo A

Gl G2 G3 G4 G4 G5 G5 G6
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noesyhsqcf3gp193d

y

y
. ®rec
H d1 |Af d0 do ds d26 §d26 d26 d26
1 Q_l 11
I I GARP

ISN I I d10_ d10 IA
13C optional /\ /\

pl4 pl4
sp3 sp3
G 1Y
: AN
Gl Gl
noesyhsqcf3gpwg3d

y Yy

y
'H d1 I 0 a0 [\ a8 |aze I I “x |42 6_xIx Orec
d d d d26
CwW /\ (\ A
pl32 p23 ®1
spill I
P8

d26
dl0 d10
GARP

“N
pllé
I,3Coptional m
p8
G spl3 spl3
z
ANERTARNANIA ANA
G3 G4 G4 G5 G5 G6 G6

© 2010, BRUKER Biospin, Teodor Parella 507



Pulse Program Catalogue
NMRGuide - Topspin 3.0

NOESY-TROSY

noesytretf3gp3d
y y b 4
: drec
H 41 |Af a0 do ds d26 d26 d26 d26/d26 Bd26 5 &
o1 y 6
15N I I leudIO SIA I I
13C optional (\ (\
pl4 pl4
G sp3 sp3
z
- AAA Ad AR A
— G6 Gl Gl — G3 G3 G4 G4 G5
G2 G2
NOESY-HMQC
noesyhmqcf3gpph3d
y
'H a AI 40 do as h| a2z - d21 \Md)rec
/\ (\ /\ MMA/\AA
| 2o e pi (o
spll spl
BN I d10_ d10 IA ﬁ
pllé
mC optional /\ ﬂ
p8 p8
13 spl3
G, °
NN A
Gl G2 G2
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NOESY-ZQ-TROSY
K.V. Pervushin, 6. Wider, R. Riek & K. Wuethrich, Proc. Natl. Acad. Sci USA 96, 9607-9612 (1999)

noesytzgp3d
y
®drec
1 d26 ] a26 _ d2e j§ 426
H a (), I/2 . ds ?\d26|d26 g .
p1102 o1 y
spl
'5N d10  d10
6 f | AAd— A4 A
| I
Gl Gl G3 Gl G1 G2 G2
NOESY-TROSY for Aromatic Residues
noesytrosyargpphwg
y y
'H a1 |Af 40 do a8 _yl aa | a4 bs d_4x ®rec
CW Q X
pl32
I5N I
ol —x
d23-d4/2§ d23-d4/2 |5
Be ﬂ I d4/2|d4/2 5 I s I o |
p8 pll2
spl3
G, AlAAA A A8
1
— Gl G2 G2 G3 G3 G4 G5 G5
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NOESY-13C,15N-HSQC
S.M. Pascal, D.R. Muhandiram, T. Yamazaki, J.D. Forman-Kay & L.E. Kay, J. Magn. Reson. B103, 197 - 201 (1994)

noesyhsqcgpsm3d.2

v o1

@rec
d26 J d26 d26 §§ d26 A

'H Y qi(af a0 a0 48

M—
X
v
v

pl7
pl10
8| d10 di10 gE€|S
N I GARP
pllé
n d4 d4
c N A [0 e
p8 p8 p8 pli2
spl3 spl3 spl3
G
: A AHAITATENATE A AN
G7 G1G2G3 G3 G4 G5G6 G6

30:40:16:60:-36:16:50

G3 G4

noesyhsqcgpsismsp3d
y Y
. d26- ®rec
H di|Af d0 do ds d26f0d26 | & d24f d26 a4/2| 926 d26| 3 ||
' ’ ol
BN I I I BIdzo d20; d10 d10 a%A I I I [—]
% pllé
B d4 d4 d4
C /\ /\ /\ I I/2 /\ GARP
p8 pli2
spl3 /\% (}

G, Q
G1
2
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/ 3D HSQC-NOESY-HSQC \

o 3D '™H-13¢ HSQC-NOESY- 'H-">N HSQC (noesycngp3d | NoEsycNePp)
o 3D ™H-">™N HSQC-NOESY- H-1*¢c HSQC (noesyncgp3d | NoEsyncepsp)

4D HSQC-NOESY-HSQC
4D HSQC-NOESY-HMQC
4D HMQC-NOESY-HMQC

o 13c_13c
= 4D 'H-'3¢ HSQC-NOESY- 'H-B¢ HSQC (hsqcnoesyhsqeccgp4d | HseN oEsyHsQcccep4b)
13, 15
o C-"N
= 4D 'H-'3¢ HSQC-NOESY- 'H-PN HSQC (hsqcnoesyhsqcengp4d | HsQcNoEsyHs QceNepab)
= 4D 'H-'3¢ HSQC-NOESY- 'H-"N HMQC (hsqcnoe syhmqcengp4d)
= 4D 'H-3¢C HMQC-NOESY- 'H-1°N HsQC (hmqcnoesyhmqcncgp4d)
o 15N_13C
= 4D 'H-N HSQC-NOESY- 'H-*C HSQC (hsqcnoesyhsqcncgp4d | HsQcNoEsyHs QeNcep4b)
o 15N_15N
= 4D 'H-'3¢ HSQC-NOESY- 'H-PN HSQC (hsqcnoesyhsqcnngp4d | HsQcNOESYHS Qe NNGPaD)
= 4D 'H-3C HMQC-NOESY- 'H->N HMQC (hmgcnoesyhmqcnngp4d)

Related Experiments:
2D NOEsY
3D NOESY-HSQC

2D & 3D X-filtered/edited NOESY /

References:
T. Diercks, M. Coles & H. Kessler, J. Biomol. NMR, 15, 177-180 (1999)
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@ Cc
N
HN
noesycngp3d
y y y y Orec
IH dl | a4 I d4 | I S d4| d4 ds y\d26|d26 5 I 424 Id24 426 Id26 sls
pll
spl ©® ¥
BN dio dio sfs
I I <>« GARP
1 pllé6
£ /\ a0 d fe [\ /\
p8 p8 p8
spl3 spl3 spl3
"CO [\
pl4 pl4
sp5 sp5
6 [
: N A A
Gl Gl G2 G3 G4 G5
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Ucn NOE L5 -

- YT N
Cc
H
noesyncgp3d
y y y y Orec
g 4 d26|d26 ) I 8d26|d26 ds  |aa a4 _ls I d24|d24 d4|d4 R K
@1
2 p
Bc /\ /\ d10 d10 sla I I [—]
p8 p8 pli2
i) spl3 spl3 pl4
o A -
pl4
sp5
S A
: A A A
Gl Gl G2 G3 G4 G5
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IJCﬂ/_ NOE ‘\IJCH
hsqcnoesyhsqcccgp4d
y y y y Orec
IH dC:‘ da  d4 p28| 5 I -d4|d4d32 d32i ds 'd4|d4 I d24|d24 d4 Id4 N k)
pl32
y
“N | | |
@1 ¥
4]
¢ A ==|lan Ao Tl e
ps8 ~ p8 p8 p8 p8 pll2
G spl3 spl3 spl3 spl3 spl3
: A nonn oo fl
G3 G4 G5 G6 G6 G7 GT @2
Gl
1H-13C HSQC NOESY 1H-13C HSQC
~ _ BLOCK __ with PEP

v
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hsqcnoesyhsqcengp4d
y y y X y
y y y Qrec
L di laafaa|s d4 ff d4d32 d32| ds |d26 d26 d24 24 [d26 fa26 |6 |5
B o] I | A
132 11
p y Is;pl 2 ¥
1
N 433 a33 5 |6
GARP
1 pllée
I3C
A==l AN N
P8 p8 p8 p8
G spl3 spl3 spl3 spl3
z
N 0 nonn ool
G3 G4 G5 G6 G7 G7 G8 G8 @2
Gl
hsqcnoesyhmqccngp4d
Yy y y y X y
x v ®reo
YRY
H di | d4 ff g4 dafl d4d32 d3] ds d21 d21
Con \ ,1
pl32 p29 pll
y spll spl
1
sN d33 d33
GARP
[ pll6
© Aeeling N
p8 p8 p8 p8
G spl3 spl3 spl3 spl3
z Q m
G3 G4 G5 G6 G6
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IJC]{/_ NOE ~\1Jca
hsqcnoesyhsqcncgp4d
y y y Oreo
1 dl | q26fd26 | 5 426 d26d32d3 ds d4 | a4 |d24 d24 |d4 faa |5 |8
H T ow | -
pl32 ®1 y
N I d31 d31|8 I I I
RE
°c [\ (\ (\ d33 d33 & I8 I | /\ [ are )
p8 p8 - p8 pll2
G spl3 sp13 spl3 spl3
z
0 noon ol
G3 G4 G5 G6 G6 G7 G7T @2
Gl
hmgcnoesyhsqcncgp4d
Y y Orec
a xpx Y a8
H \ d21 \ d21 d32d32 \ d4 f d4 d24 Jd24 |d4 fd4 |5 |8
Cw
pl32 pll P29
spl o spll
1
N d31 d31 I I
2 R
c N N [ | | | o e
p8 p8 p8 - p8 pl12
o sp13 spl3 spl3 RBLS
: 0 0 noon ol
G3 G3 G4 G5 G6 G6 G7 ¢7T @2
17
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hsqcnoesyhsqcnngp4d
y 'y y y X y y Oreo
dl  |dz6 fa26| s d26jd26432 dszl a8 X |dze d26 d24|d24 d26 Id26 El K
Con | I I I | Al
2 11
P13 o1 y i o2 v
I d3l 431 Ig I I I d33 d33 aIa I [ﬁ
pllé
p8 p8 p8
spl3 spl3 spl3 (\
G3 G4 G5 G6 G7 G7G8 G8 g2
Gl
hmgcnoesyhmqcnngp4d
y y
. - 4 4 &l
q d1 ’1 d21 Y d21 32 d32| g8 X a21 Y a21 \MM Greo
CwW | \ \ A AVAVAVAVAVAVAVA
pl32 pll p29 VV
spl o splil @2 V Vvv
1
N d31 d31 I d33 d33
GARP
plleé
E A N A
p8 p8 p8
G spl3 spl3 spl3
z
A A N A
G3 G3 G4 G5 G5
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2D X-Filtered/edited NOESY
ge-2D w;,w, *C-filtered/edited NOESY experiment

e Phase-sensitive ge-2D wi,w, °C-filtered/edited NOESY with presaturation (noesygpphprxf
| NA_NOESY&PPHPRXF)

e Phase-sensitive ge-2D wy,w, °C-filtered/edited NOESY with WATERGATE (3-9-19)
(noesygpphxf19| Na_NOEsY&PPHXF19)

ge-2D w;,w,-'°N-filtered/edited NOESY experiment

e Phase-sensitive ge-2D w1,wz-°N-filtered/edited NOESY using WATERGATE (3-9-19)
(noesyf 3gpphxf 19| NoEsYF36PPHXF19)

ge-2D w;-3C,'N-Doubly Filtered NOESY experiment

e ge-2D wi-°C®N-Doubly Filtered NOESY using WATERGA TE (noesygpphwgx1 |
NOESYGPPHWG X1 )

ge-2D wz-"3C,">N-Doubly Filtered NOESY experiment

e ge-2D wz-"3C °™N-Doubly Filtered NOESY using WATERGATE (noesygpphwgx2 |
NOESYGPPHW6X2)

ge-2D wi,wz2-'3C,"N-Doubly Filtered NOESY experiment

e Phase-sensitive ge-2D wy,w, *C,®N -Doub ly Filtered NOESY with WATERGATE (selective
pulses) (noesygpphwgx f| NoEsYGPPHWGXf)

e Phase-sensitive ge-2D wi,wz *C,°N-Doubly Filtered NOESY with WATERG ATE (selective
pulses) (noesygpphwgxf.2| NOESYGPPHWGXF 2)

Related Experiments:

2D NOEsY

3D NOESY-HSQC

3D X-filtered/edited NOESY
3D and 4D HSQC-NOESY-HSQC

References:

1. AL. Breeze, Prog. NMR Spectrosc. 36, 323-372 (2000)

2. C. Zwahlen, P. Legault, S.J.F. Vincent, J. Greenblatt, R. Konrat &

L.E. Kay, J. Am. Chem. Soc. 119 6711-6721 (1997)

3. K. Ogura, H. Terasawa & F. Inagaki, J. Biomol. NMR 8, 492-498 (1996)

4. J. Iwahara, J.M. Wojciak & R.T. Clubb, J. Biomol. NMR 19, 231-241 (2001)

© 2010, BRUKER Biospin, Teodor Parella 520



Pulse Program Catalogue
NMRGuide - Topspin 3.0

ll(:IT(/”_ NOE "‘\:{I(jll
noesygpphprxf
1 d1
H presat d2 ? 8 #gdo “ “ * \AMMMMM
plo vVVVVWVVVVv
4]
: - e
pli2
G,
N
Gl
noesygpphxf19
o« | d2 2  do  do d8 d2|| d2
o] [~
GARP
plli2
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O Unlabeled
O Labeled
Intramolecular NOEs
Navata'a ' SN
Intermolecular NOEs
IJNHf NOE
noesyf3gpphxf19
lH d1 d21 d21 « do b do ds d21 |
1
G, Q
G1
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wl-13C, 15N-Doubly Filtered NOESY
H[C12 N14] (11) -> H (+2)

noesygpphwgx1

1{ dl d26 d26 | 8| d26 d26 | 8 do

ds

“X X

A
v
A

B dze/\ dzs/\

pll
spl

pl5 pl5
spl8

BN spl8

—
G2 G2 G3 G4 G4 G5 GO Gl G6 G6
Iy
X}:/ NOE
w2-13C,15N-Doubly Filtered NOESY
H (t1) -> H[C12 N14] (+2)
noesygpphwgx2
'H a |[g] g0 d8 d26 | d26 |§| d26 Jd26 |8 -xf-x
>|< N
pll
" spl
C [\ d23/\ &9[\
p8 pl5 p15
spl8 spl8

C. aa 4 Af

Gl G2 G2 G3 G4

G4

A AL A

G5 G6 G6
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NOE

1
wl, w2-13C,15N-Doubly Filtered NOESY
H[C12 N14] (t1) -> H[C12 N14] (t2)

noesygpphwgxf
g o« d2 d2 do ds
B d2*2
C -d21 -d21
1 d21 d21
N -d2 -d24

Gl G2 G3
noesygpphwgxf.2
H dl | d26 | d26 | 8| d26 Jd26 |&| do ds d26 | d26 | 8| d26 Jd26 | 8| -xj-x
< > < [\
pll
spl
Bc dzeﬂ d29[\ dzeﬂ d29[\
pl5 p1158 pl5 p1158
. sp18 sp spl8 sp
N
A A AA AN aApA A AA A AA A

G2 G2 G7 G4 G4 G5 Gl G2 G2 G3 G4 G4 G5 G6 G6
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/ 3D X-Filtered HSQC-NOESY \
3D X-Filtered NOESY-HSQC

ge-3D '3C,'°N-Doubly Filtered HSQC-NOESY experiment

HSQCEPNO WG X33D )
(hsqcf 3gpnowgx33d | HsQcF36PNOWEX33D)

ge-3D !3¢,'°N-filtered/edited NOESY -HSQC experiment

NOESYHSQCGPW6X13D)
NOESYHSQCF3GPWGX13D)

(noesyhsqcfpf 3gpsix1 3d)

| NOESY HSQCEDEPSTSM3D)

Also see:

*  W;-BC,>N-Douwbly Filtered 3D 'H-1*C-HSQC-NOESY using WATERGATE (hsqcgpnowgx33d|

e W;-"C,°N-Doubly Filtered 3D 'H-">°N-HSQC-NOESY using WATERGATE

e w;-BCN- Filtered 3D NOESY-'H-3C-HSQC using WATERGA TE (noesyhsqcgpwgx13d|

e wi-BC™N- Filtered 3D NOESY-'H-°N-HSQC using WATERGA TE (noesyhsqcf3gpwgx13d|

e wi-BC,N- Filtered 3D NOESY-'H-°>N-HSQC using PEP and echo-antiecho

e 3D w;-2C/¥N- Filtered NOESY-3C,"®N-HSQC experiment with simultaneous evolution and
editing between labeled-unlabeled part (noesyhsqcedgpsm3d | NoEsYHsQcEDGPSM3D)

e 3D w;-"2C/™N- Filtered NOESY-3C,'®N-HSQC experiment with simultaneous evolution,
sensitivity improvement and editing between labeled-unlabeled part (noe syhsqcedgpsism3d

NOESY, NOESY-HSQC, HSQC-NOESY, and HSQC-NOESY-HSQC experiments

IJXHWE%T IJXH/)@‘IE%T
i harnnX
JCV E ®\,{IXH
Xrnnnn
¢

w3-Filtered 3D HSQC-NOESY

wl-Filtered 3D NOESY-HSQC
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References:

1. AL. Breeze, Prog. NMR Spectrosc. 36, 323-372 (2000)

2. C. Zwahlen, P. Legault, S.J.F. Vincent, J. Greenblatt, R. Konrat &

L.E. Kay, J. Am. Chem. Soc. 119 6711-6721 (1997)

3. K. Ogura, H. Terasawa & F. Inagaki, J. Biomol. NMR 8, 492-498 (1996)

4. J. Iwahara, J.M. Wojciak & R.T. Clubb, J. Biomol. NMR 19, 231-241 (2001)

In a mixture of a 13C,15N-compound and a natural-abundance 12C,14N compound there is some
different NOE pathways:

i) Intramolecular Unlabeled-Unlabeled NOEs
ii) Intramolecular Labeled-Labeled NOEs
iii)Intermolecular Labeled-Unlabeled NOEs

X-Filtered/Edited NOESY experiments can distinguish between them:

O Unlabeled
O Labeled

Intramolecular NOEs

Intermolecular NOEs
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All these experiments use a Double 13C,15N-Filter
(see X-filtered TOCSY experiments)

y -X y -X
H d26 | d26 | 5| d26 Jdz6 |5
Bc dzaﬂ aza/\ d26: 1/(4*T(NH))
p15 P15 d28: 1/(4*J(CH)m|n)
spl3 spl8 d29: 1/(4*J(CH)max)

G2 G2 G3 G4 G4 G5

w3-13C,15N-Doubly Filtered 13C-HSQC-NOESY experiment
C13 (1) -> H[C13] (12) -> H[C12,(N14)] (+3)

1
J NOE
XH '//® <\1JcH
VNS ¢ . .................... C
W : H
H
hsqcgpnowgx33d
| ! ®rec
d4 J a4 p28 d4 a4 d10 410 ds X pox
I ’ﬂ I I I I I SSDDSMMAMAAW
i P | (e
°c m §| do do Ie 8 m ms"m d28 mfﬁga 26 |5 &Sﬂ d26 -d26
sp§3 Sgiii p1158 521158
lsN optionalp I I . I I
G, A AN ANN ANATAA

G7 G8 Gl G2 G2 G3 G4 G4 G5 G6 G6

© 2010, BRUKER Biospin, Teodor Parella 528



Pulse Program Catalogue
NMRGuide - Topspin 3.0

w3-13C,15N-Doubly Filtered 15N-HSQC-NOESY experiment

N15 (+1) -> H[N15] (+2) -> H[(C12) N14] (+3)

NOE 1

INH

= YT o N
H
HN
hsqcf3gpnowgx33d
y B
ar | aze | aze|=* Y |az6)aze a10 aro | ae
H I [\s I 5[) I I I ’
pPll @1
spl g
"N I do Cl"I8 I I d26|d268 d26|cl26
IGC
optional [\ m d28 [\ d29 (\
p8 p8 pl5 pl5
spl3 spl3 spl8 spl8
G, A N AN ANN ARATAA
G7 G8 Gl G2 G2 G3 G4 G4 G5 Gé6 G6
529
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wl-13C,15N-Doubly Filtered NOESY-HSQC experiment
H[(C12) N14] (t1) -> N15 (t2) -> H[N15] (+3)

1
INH |- NOE ‘%JXH
XNVV\I\ [ T H
N
HN
noesyhsqcf3gpwgx13d
g o« d26 | d26 | 8| da26 | d26| &|€] do do d8  |dz26 | aze d26 -l -x 426
> |e N 8 5N
) p8 pil
pl3 spl
o wn e |p i
p15 pl5 p8
1 spl8 spl8 spl3
sNoptioral dl0: di10 € ’T‘
pllé
G,
A A AL A A A A A A
G4 G4 G5 G6 G6 G7 G8 Gl G2 G3 G3
noesyhsqcfpf3gpsix13d
I di dz26 d26 | 8| d26 d26 | & do ds d26 | d26 d26 J d26 |d26 fd26 | & 8
H < > |« /\8
i pll p8
spl pl3
5c d28m d29/\ i
pl5 pl5
spl8 spl8
BN . | dio d10§5|8 | | |
optional ’T‘
: plle
A 0 AL A A A A AA i

G4 G4 G5 G6 G6 G7 G8

Gl G2 G9 G9 G10 Gl10 G3
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wl-13C,15N-Doubly Filtered NOESY-HSQC experiment
H[(C12) N14] (t1) -> C13 (t2) -> H[C13] (+3)

@ rereeeerfeens H
C
H
noesyhsqcgpwgx13d
'H di d26 | d26 | 8| d26 d26 | 5 |efd0 do ds8 d4|d4 d4 -xf —x d4
4+ PP N
pll
spl
BC dza/\ dzgﬂ /\ 5| at0 at0 Jels /\ e ]
P15 p15 p8 p8 pll2
spl8 spl8 spl3 spl3
15Noptional
G

G4 G4 G5 G6 G6 G7 G8 Gl G2 G3 G3
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12C,14N vs 13C,15N-edited NOESY-HSQC:
C. Eichmueller, W. Schueler, R. Konrat & B. Kraeutler, J. Biomol. NMR 21, 107-116 (2001)

noesyhsqcedgpsm3d

v o1

Y
1 v ®Prec
H|_|_|d1 5| a21 B az1|s|Af a0 do | 48 8|d26 J d26 dze ff az6

p8

on/off

1 8| d10 dio Q|8
N | el | e
plleé
*C ) “M I “) Gare
pl5 p8 p8 pli2
G sp8 spl3 spl3 spl3
: ATAEA AT TANENATE A AN N
G1G2 G2 G3 G4G5G6 G6 G7 G8G9 G9

;use AU-program split [2 F2] to create separate datasets

noesyhsqcedgpsism3d
Y y
v a26- Prec
|_|_|d1 8| a21 f a21|s|Af 40 do ds | d26fld26 a24 az6 ;- f az6 Ja26 5(lls
on/off ) @1
5| € d20 d20 d10 d10 §: A
o > [ Garp |
pllé6
d4 d4 d4
dz‘ /\ /\ 7[\ I I/2 [\ GARP
pl5 p8 pli2
sp8 spl3 m 0
GIG2 G2 G3 G4 G7
QGS B
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NIVHOAdIS

(HNODJOH]

e —

(HNVHEH)

i

HNVD4D
dOVONH

HNODVH4AH

(HNVOVH/gO9H - HNODVIOVH/9D49H )

HNOD

ASOD
ASOOL

ANOIOVE

L H
0 o) LATHS
3 VOINAHD

VOOONH

OONH

a———

' 0N

SH-ASAON-20
ASAON-O0
DOSH-ASH(
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Interpulse delays are optimized as a function of the following heteronuclear coupling constants:

140

o—0

Identifier Power Duration  spnam cpdprg Description Remarks
PROTON PULSES & POWER LEVELS
plp2 pl1 High Power Pulse
p6 pl10 25u TOCSY
p15 plil ROESY Power as 125u pulse
p26,pcpdl  pl19 55-65u dipsi2 Decoupling pulse
pll spl 15-2m SINC1.1000 Water flipback pulse
CARBON PULSES & POWER LEVELS
p3.p4 pl2 High Power Pulse
po pl15 25u dipsi3 CC-TOCSY or HC-Cross polarization
pl13 sp2 320u Q5.1000 on-resonance 90° (Cali or CO)
pl13 sp8 320u Q5tr.1000 on-resonance time-reversed 90° (Cali or CO)
pl4 sp3 256u Q3.1000 on-resonance 180° (Cali or CO)
pl4 sp5/sp7 256u Q3.1000 off-resonance 180° (Cali or CO)
1500u Q5.1000 on-resonance 90° (CA)
1500u Q5tr.1000 on-resonance time-reversed 90° (CA)
p24 sp9 1000u Q3.1000 on-resonance 180° (CA)
p24 sp7 2000u Crp60comp.4 Adiabatic 180° refocusing Power as 25u pulse
p8 spl13 500u Crp60,0.5,20.1 Adiabatic 180° inversion Power as 25u pulse
pcpd2 pl12 60u-80u garp Low Power Pulse for broadband decoupling
pcpd2, p31  spl15,pl13 1500u Crp42,15,20.2 pbm4spl80.p31  Adiabatic Decoupling Power as GARP + 2dB
750u Crp42,15,20.3 Adiabatic Bilev
pcpd2, p31  spl15,pl28 768u Q3.1000 mlevspl80.p31  CA or CO selective decoupling
pcpd2, p31  spl15,pl28 100u Gaussb5.256  mlevspl80.p31  Selective CO Decoupling Power as 25u pulse
NITROGEN PULSES & POWER LEVELS
p21,p22 pl3 High Power Pulse
pcpd3 pl16 200-300u garp Low Power Pulse for broadband decoupling
DEUTERIUM PULSES & POWER LEVELS
pcpd4 pl17 250u garp Low Power Pulse for broadband decoupling P
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Delay  Coupling Constant  length (ms) Remarks Experiment
d3 1/(3JCH) 2.2
d4 1/(4JCH) 1.6-1.8
da1 1/(6JCH) 1.1
d21 1/(2TNH) 5.5
d22 1/(4JCOCA) 4.0
d22 1/(2JCOCA) 3.6 Two-bond
d22 1/(2JCOCA) 4.4 One-bond
d23 1/(2INCO) 12.0
d24 1/(43¢C) 3.6
d26 1/(4INH) 2.3
d21 T(N) 12.4
d23 T(C) 12.0 2T=24ms<1/4TCH
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H(N)-De‘l‘echon . .................... x
N
HN
HN.N,CO HN.N,CA HN,N.N NH,N,HN
HNCO HNCA (HIN(CANNH H(NCA)NNH
HN(CA)CO HN(CO)CA (H)N(COCANNH  H(NCOCA)NNH
(HACA)CONH SeqHNCA
IntraHNCA
HN,N,HA HN,N, Cali HN.N. Hali
HN(CA)HA CBCA(CO)NH HBHA(CO)NH
HA(CA)NH HN(CO)CBCA HBHANH
HA(CACONH  CBCANH H(CC)(CO)NH
SeqCBCANH
IntraCBCANH
HNCBCA
CCANH
CCA(CONH
CC(CO)NH
(H)CC(CO)NH
HA-Detection [ YO v X
CA
HA
HA.CA.CO HA.CA.N
HACACO HACAN
HACA(CO)N
HCBCA(CO)N
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1H Chemical Shifts of random-coil 20 aa

o e O # @ @ O
MH HA HB HG HD HE Arom

@ o
® C ole
&

amo
@D

ole]

10 -

Q
T SO U S SN RN RN TR CJ SR N S U . T P R N S
Gy Aa Val Leu le Phe Asn Gin Trp Pro Ser Thr Ty Cys Met Asp Gu Lys Arg His
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Experiment Description

The HNCO experiment correlates the NH group (d(NH) and d(N)) with the carbonyl
carbon (d(CO)) of the preceding residue. It is the basis for more complicated
triple-resonance 3D, 4D ... NMR pulse sequences

Sample Requirements

13C,15N-doubly labeled protein

Hardware Requirements

Triple Channel Configuration
References

S. Grzesiek & A. Bax, J. Magn. Reson. 96, 432 - 440 (1992)

J. Schleucher, M. Sattler & C. Griesinger, Angew. Chem. Int. Ed. 32, 1489-1491 (1993)
L.E. Kay, 6.Y. Xu & T. Yamazaki, J. Magn. Reson. A109, 129-133 (1994)

T

1.
2.
3.
4. T. Schulte-Herbrueggen & O.W. Sorensen, J. Magn. Reson. 144, 123 - 128 (2000)

Jan+ JInco ‘ HNCO ‘
H—?—H H—(|:—H

- R
! |
H H H

. .................... CO

N
HN
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Understanding 3D Triple-Resonance NMR Experiments

hncogp3d
y
Py -y y -y
1 E d21 26 f§a26ld26§d26
H 91 |926Qd26] 7 8421 g | | DIPSI-2 8 BMMMMMM
P p2  ipll | p26 P9 F » vawvvvw
P!
ISN d23 j d23 d23-d10 | d23+d10 i
GARP
e n
Ber m fsﬂ 4o do H 8 m
i1 pia ipia pl4 pl;S pl4
13 sp3 sp2 sp3 sp3
T N ﬂ ﬂp /
Y pl4 I pl4 p14
i P sp5 sp5 sp5 sp5
Gz () |

1H-15N INEPT transfer: Iz to 2IxNz

Concatenated Fixed period consisting of J(NH) refocusing and
INEPT 15N-CO:
2IxNz-t0-2IzNy-to-2NyCOz

CO evolution period consisting of 5(CO) evolution and J(CO-N) decoupling
and 3(CO) evolution and J(CO-CA) decoupling:
-2NzCOy(cos w(CO)t1)

Concatenated Constant-time 15N evolution period consisting of: i) 3(N)
evolution and J(N-H) evolution, ii) 8(N) evolution and J(N-CA) refocusing
and iii) 3(N) evolution and J(N-CO) decoupling:

-2NyIz cos (w(CO)tDexp(iw(N)t2)

© 0 o o0 O

1H-15N INEPT-PEP transfer consisting of two retro-INEPT like blocks:
[Ix(cosw(N)+2)+Iy(sin(w(N)+2)]cos(w(CO)t1)
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Concatenated Periods in 3D Triple-Resonance NMR Experiments

X a5 d23-d25| d23

Fixed period
Overall Duration: 2d23

'H Chemical shift: d25 - (d23-d25) - d23 = 2d25-2d23
X Chemical shift: d25 + (d23-d25) - d23=0

J(XH) Coupling Constant: d25 - (d23-d25) + d23 = 2d25

J(HH) and J(XX) Coupling Constant: d25 + (d23-d25) + d23 = 2d23

A related building block is largely used in 3D experiments in which J(XY) evolves during d23
whereas J(HH) is refocused during d25 and decoupled

y

'H 421 Hpsia
1SN d23 I d23 |

oc 0.
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Constant-time 15N-evolution periods

_

X d23-d04—l d23+d0 Variable Constant-time period
Overall Duration: 2d23

'H Chemical shift: (d23 - d0) - (d23 + dO) = -2d0
X Chemical shift: (d23 - dO) - (d23 + d0) = -2d0

J(XH) Coupling Constant: (d23 - dO) + (d23 + dO) = 2d23

J(HH) and J(XX) Coupling Constant: (d23 - dO) + (d23 + d0) = 2d23

y -y
1 h| dz1
H DIPSI-2
15N d23—d10| d23+d10

13 m

p14

Be, m 3 m

p14 p14
sp5 sp5
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Variable Constant-time period
Overall Duration: 2d23

trhncogp3d

H Aol

15N dio i d23 Id23-d10
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Practical fine adjustment of pulse lengths and power levels.

1. Load the basic parameter set for the HNCO experiment: rpar HNCOGP3D all

2. Load the basic pulses and power levels according to your available probehead: getprosol

3. Change the parmode in eda from 3D to 1D (see mc command) and then set td in the indirect
F1 and F2 dimensions to 1. Also increases td in the detected dimension up to 8K, for instance.

Experiment

PULPROG =

A _mod =
FrnMODE =
TD =

NS =

D5 =

TDO =
Width

SW [ppm] =

SWH [Hz) =

IN_D10 3] =

ND_010 =

F3

F2

hricogpad
DQD

14.001%2
7002.801

F1

72.0079 22 0844
3649.635 297777
0.00013700 0.00018
2 2

4. Set ns and start acquisition with rga and zg.
5. When the data is transformed with ef, the program asks for the procno number.

If you type 2, for instance, the corresponding 1D H(NCO) spectrum is displayed in the
“filename 1 2" file

g
0oo

Frequency axis

Current pulse program
Acquisition mode
Acquisition mode for 2D/30

# of scans
# of dummy scans
Loop count for td0*

Spectral width
Spectral width
Increment for delay D10 (F2),
# of delays in pulse program fo

hncogp3d
y
y - -y
1 d26 gd26 8d21 | | d21 [d26d26|d26d26|5 16
H & ) DIPSI-2 | | DIPSI-2
p1 p2 p1t p26  PI19 Wy
spt
15N dz3 dz3 d23-d10 d23+d10
GARP
p22 p21 ¢] pl16
1B3C’ 0 5| do do H 3 m /
p14 pid pl4 p18 p14
13 sp3 sp2 sp3 p8 sp3
p14 p14 p14 p14
sp5 sp5 sp5 sp5:
GZ

G1

G2

\ /

In the 1D H(NCO) experiment, dO and d10 are
fixed to a minimum fixed value of 3us.
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6. Once the 1D data shows signals in the NH region, the overall signal must be maximized
by individual optimization of the different parameters of the sequence. This process is
performed from the "1 2" file and executing the popt program. In the case of hncogp3d
the most important pulses are:

Hard 1H pulse (p1) at pll

Water 90 selective 1H pulse (p11) at spl

Hard 15N 90 pulse (p21) at pl3

Selective 13CO 180° pulse (p14) at sp3
Selective 13CO 90° pulse (p13) at sp2 and sp8
Selective 13CA 180° pulse (p14) at sp5

Usually, pulse length are fixed and the power level is varied over an specific range up to a
maximum value is obtained.

1D HNCO

1D HSQC

w WA . ]'D pr‘OTon

o pm

Although sequences included into the pp directory are highly robust, this same 1D calibration
protocol based on the use of zg/popt can be used to optimize other parameters and to design
better alternatives or modify the exisiting ones according to the used sample conditions:

Required number of scans

Setting of delay durations

Check for proper gradient strengths

Use of alternative purgue gradients

Use of additional water flip-back pulses
Check for proper and minimum phase cycling
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Recording 2D Planes:

Once the acquisition parameters have been finely adjusted, it is recommended to record the
first 2D planes of the 3D spectrum. This is automatically set from the original dataset
and setting the corresponding td values according to the required resolution in each
dimension. Thus, an 2D HN(CO) spectrum is acquired by setting td to 2k(1H), 64(N) and 1(CO)

in eda. Otherwhise, a 2D H(N)CO spectrum is acquired by setting td to 2k(1H), 1(N) and 64(CO),
for instance. These preliminary spectra could be also used to check for useful offsets and

spectral windows in each dimension.

2D HN(CO) 2D H(N)CO
pPpm-— 0 ppm
104 - 160
106 162
108 164
] ()
110 - - 166
112 | 0 - 168
114 - ] @@ ‘ o 170
g
116 " b QG ogd o, 0 =172
(] 9 Wq50@49° o .09
118 - ] b Ieoo o L 174
& @ § ' a o 0 6o
_ 8 0 o
120 0y o ¢ 18 176
9
122 - 09 @ﬁ@g 0 00 00 178
i
124 - @e@@u@ @% \ 180
§
126 i U - 182
128 b g 184
T T T T T T
10 9 8 ppm 10 9 8 ppm
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Experiment Version vs Labeling Strategy and Protein Size:

Basically, all 3D experiments can be designed with different pulse timings as a
function of sample requirements and performance. The most typical approaches
are:

i) PEP Block in step 5: Maximum Theoretical sensitivity for IS spin systems
i) WATERGATE Block in step 5: Better solvent suppression
iii) TROSY Block in step 5: TROSY editing for large proteins. heteronuclear decoupling
is removed during N evolution and during acquisition.
1. Conventional
2. Echo/Antiecho
iv) 2H-decoupling during CA evolution: For 2H-labeled Proteins

/ 3D HNCO experiment \

e 3D HNCO using PEP (hncogp3d | HNcosP3D)

e 3D HNCO using WATERGATE (hncogpwg3d | HNco 6Pwe3D)

e 3D HNCO using TROSY (trhncogp3d | TrHNCOGP3D):
o using echo-antiecho gradient (trhncoetgp3d | TRHNCOETGP3D)
o with ®H-decoupling (trhncogp2h3d | TRHNcOGP2H3D)

Also see:
3D APSY-HNCO experiment:
Reduced-Dimensionality (3,2)-HNCO (rd_hnco_32 | APSY_HNCO_32)

3D SOFAST/BEST-HNCO experiment:
3D BEST-HNCO (b_hncogp3d | B_HNCOGP3D)
3D BEST-HNCO using TROSY (b_trhncogp3d)
3D BEST-intraHNCO (b_hncoigp3d | B_LHNCOIGP3D)
3D BEST-intraHNCO using TROSY (b_trhncoigp3d)

3D HNCO-type experiments for T1, T2 and T1(rho) relaxation measurements

3D HNCO-type experiments for J measurements

3D HNCO-type experiments for RDC measurements

3D HNCO-type experiments for Hydrogen-Bonds J measurements
3D Carbon-Detected HNCO experiments

Related Experiments:

\@NCO, HN(CA)CO experiments /
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1 2 3 4
WY @ 9 W
t1 t2 t3
d26=1/4J(NH)=2.5m
d21=1/2J(NH)=5.5m
d23=1/4J(NCO)=12m
hncogp3d
y
1 K 7 H @rec
g dt |d26 Idzsl \8“21Ts1_2| |W d21 d26|d2 Id26 ] B
p‘1 p2 p1t p26 P19
spt
15N I d23 I d23 I d23—dlo| d23+d10 I I m
p22 " pl16
BCr m sm do do r \ 5 m
p14 pi3 p14 p18 p14
13 sp3 sp2 sp3 &p8 sp3
c. Al
p14 p14 p14 p14
sp5 sp5 sp5 sp5:
G, m : ‘
G1 G2 G3 G4 G5
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hncogpwg3d
y
y vy -y
1 | 21
g 4t |dq26 Id26| \6d21 DIPSa T |
p1 p2 p1% p26 pl19
sp1t
I5SN I dz3 I dz3 I d23—d10| d23+d10
22 A
P p ¢1
BC’ m ﬂ do do H 5 m
p14 p13 p14 pi3 pl14
13 sp3 sp2 sp3 &pB sp3
C. Ao AT A
p14 p14 p14 p14
sp5 sp5 sp5 sp5
Gz A
G1 G2 G3 G4 G4
trhncoetgp3d
Y Yoy y
. d26fd26
g a y\dze 426 2 lazefaze| RS i reo
\ M\MM\M
B Vv
PP B2 o y y VWWWVVV
15 d23 | d23 d23-d26 d23-d26
N I I -d10 +d10 5
p22  p21
1B3C’ m ﬂ 4o do ﬂ m ﬂ
P14 pi3 P14 p13 p14 p14
3 sp3 sp2 sp3 sp8 sp3 sp3
Ca A A "0
p14 p14 p14 p14
sp5 sp5 5 sp5
O AHATANA ) A0 NENA N
GI G1 G2 G2 'G4 csWee s
G3 G5 G7
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trhncogp3d
-y -y
d26 gd26 d26d26]|d26d26 Dreo
1 di | X By -X -X
H d ) il
Plip11 mR - !
b ¢. ;I
ISN I d23 I d23 | I dio : 423 Id23—d10 I I
p22  p21
13C’ m m 4o do m
p14 13 p14 p13 14
13 Cy sp3 §p2 m sp3 mps 2p3
p1g p1g p14
sp sp sp5
“ N A0 ()
G1 G1 G2 G2G3 G3
trhncogp2h3d
y y
d26 §d26 d26fd26|d26§d26
1 d1l-x 4y -X -y ®rec
H L [T i
p1 R v
2;11 -2 ot Y WWVV
I5N I dz23 I dz23 I dio i d23 Id23—d10 I I
p22  p1
B3C” m 4o do m
p14 p13 p14 p138 p14
13 COL sp3 sp2 m sp3 mpB sp3
p14 p14 p14
sp5 sp5 sp5
’H e
pl17
G
S IAHA N0 ()

Gl G1

G2

G2G3

G3
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Experiment Description

The HNCA experiment correlates the NH group (d(NH) and d(N)) with the alpha carbon
carbon (d(CA)) of the same and of the preceding residue.

Sample Requirements

13C,15N-doubly labeled protein

Hardware Requirements
Triple Channel Configuration
References

1. S. Grzesiek & A. Bax, J. Magn. Reson. 96, 432 - 440 (1992)
2. J. Schleucher, M. Satftler & C. Griesinger, Angew. Chem. Int. Ed. 32, 1489-1491 (1993).
;3. L.E. Kay, 6.Y. Xu & T. Yamazaki, J. Magn. Reson. A109, 129-133 (1994))

Main Features:

1. HNCA provides one inter-residue and one infra-residue cross peak.

2. The intensity of the HNCA peaks are less intense than in the HNCO experiment.
3._The inter-residue cross peak is generally less intense than the intra-residue cross peak

Comparison of different 3D experiments detecting HN, N and CA

an+ Inca HNCA ‘ iHNCA
N+ 2Inca ‘
H—C—H H—C—H H_T_H H—¢—H
N c— o—c N—C——C— c—
| 1 I ] g o)
H H H H H H
seqHNCA it Uncot Yeoca HN(CO)CA
N+ 2Inca
H—C—H H—C—H H—C—H H—C—H
BT aNe T 1
= H H ° H
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3D HNCA experiment

e 3D HNCA using PEP (hncagp3d | HNcasP3D)
o with ?H-decoupling (hncagp2h3d | HNcacpzH3D)
e 3D HNCA using WATERGATE (hncagpwg3d | HNcacPwe3D)
o with ?H-decoupling (hncagpwg2h3d | HNcasPwe2H3D)
e 3D HNCA with selective Cb/C=0 decoupling (hncadhgp3d)
e 3D HNCA using TROSY (trhncagp3d2.2 | TRHNcAGP3D2.2)
o using echo-antiecho gradient (trhncaetgp3d | TRHNCAETGP3D)
using echo-antiecho gradient and with ?H-decoupling (trhncaetgp2h3d | TRHNCAETEP2H3D)
with HMQC steps (trhncagp3d.2 | TRHNCAGP3D 2)
with H?-decoupling (trhncagp3d2 | TrHNCAeP3D2)
with 'H?-decoupling and HMQC steps (trhncagp3d | TrHNCAGP3D)
with ®H-decoupling and HMQC steps (trhncagp2h3d | TrRHNCAGP2H3D)
with 2H-decoupling (trhncagp2h3d2 | TrRHNCAGP2H3D2)

O O O 0O O O

Also see:
3D APSY-HNCA experiment:
Reduced-Dimensionality (3,2)-HNCA (rd_hnca_32 | APSY_HNCA_32)

3D SOFAST/BES T-HNCO experiments:
3D BEST-HNCA (b_hncagp3d | B_LHNCAGP3D)
3D BEST-HNCA using TROSY (b_trhncagp3d)

3D HNCA-type experiments for J measurements
3D HNCA-type experiments for RDC measurements
3D Carbon-Detected HNCA experiments

Related Experiments:
intra-HNCA, sequential-HNCA, HN(CO)CA

In all experimentos involving a N-CA transfer, fwo complementary pathways are involved:

‘ HNCL_A
H—C—H H—C—H
: Lnea=7-11Hz

2JNCA=4-9I‘IZ
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1 2 3 4
d26=1/4J(NH)=2.5m
@\‘@/\@/\@/\@ d21=1/2F(NH)=5.5m
d23=1/4T(NCA)=12m
4 t t3
hncagp3d
y y
y Y Drec
1H di d26|d26 \6(121 DIPSL2 dz1 l!26ld26 26Id26 Qs
p1 p2 pif p26 pl19 p
spt
lSN I d23 I d23 I d23—dlo| d23+d10 I |_I ’GAT‘
p22 pZ1 d’l pl16
13Ca m m do do r \ m
p14 p13 p14 p13 pl4
sp3 sp2 sp3 &p8 sp3
o A 44 0
p14 p14 p14 p14
sp5 sp5 sp5 sp5:

G, 5 \
G1 G2 G3

, .................... CA
N
HN
2D HN(CA) 2D H(N)CA
ppm o , ppm
105 g v
45
0 0 [
110
o 4 [0
@ 8 a bnl@@ qu , ' nl
157 ! g o 4 P ﬂog&}o“&w PR
¢ A
LR [ QMB ?wd-.
06? ggﬁé 9 [ v 60
¢ W@%
(
125 - @@@ ® ] (]
0 . e Les
09 ¢
130
10 9 8 7 ppm 10 9 8 7 6  ppm

© 2010, BRUKER Biospin, Teodor Parella 556



Pulse Program Catalogue
NMRGuide - Topspin 3.0

hncadhgp3d
y y
y -y
1
H dl d26|d26 \8d21 DIPSI2 dz1l 6Id26|d26|d26 i1 L3
p1  p2 p1t p26 pi19 N
spt
1SN I d23 I d23 I d23—d10| d23+d10 I | I
GARP
22 Z1
p 2 by pl16
13(}& m ﬂ do do /m m
<4+“—r<4+—>
p14 pt3 p13
;3 sp3 sp2 sp8
C p5m4sp180.p31 m m
pi13 pl4
sp15 sp5
6 A A
G1 UGZ G3

Selective CB/CO Decoupling:

H. Matsuo, E. Kupce, H. Li & 6. Wagner, J. Magn. Reson. B 113, 91-96 (1996)

hncagp2h3d
y - y -y
1 dl | d26 §d26 8 d21 pl9 — | d21 K26 d26|d26d26|3 6
H | ) | DIPSI-2 DIPSI-2 7
p1  p2 p1t p26 v
sp%
15N d22 g d22 44 i d23-d10 § d23+d10
GARP
p22 pz1 ) pl16
B, m o i d27 m d27-do m
p14  pfs | p14 pi3 p14
sp3 sp2 A sp3 p8 sp3
“c i L4 |
p14 p14 p14 p14
2 spb spb spb spo
H GARP
p17
c i i

G1

G3
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hncagpwg3d
y
y Yy -y
Iy a1 |a26 faze] ~ sia21] | 21
H L ) | DIPSI-2 DIPSI2 |
p1 p2 p1t p26 pi19 s
spf
15N I d23 I d23 | d23—d10| d23+d10
p22 p21 ¢l
By, m ﬂ do do H 5 m
p14 p13 p14 p18 p14
sp3 sp2 sp3 gp8 sp3
s Aff 0
p14 P1g p14 p14
sp5 sp sp5 sp5
Gz NN 0
G1 G2 G3 G4 G4
hncagpwg2h3d
y
y -y y -y
1 d26 fld26 5:121'77 dz1
H & L ) DIPSI-2 I DIPSI-2 |
p1 p2 p1% p26  pl19 o,
spf
15 d23 f| 423 d23-d10 f§ d23+d10
N d4i
22 H H
p. 2 d] :
13 do i g2\ 927 fi &
Ca [ e
pl4 pf3 pl4 p13 p14
sp3 S22 A sp3 pB sp3
s A4 A A
p14 p14 p14 p14
sp5 sp5 sp5 sp5
’H
GARP
pl17
Oz TN
G1 G2 G3 G4 G4
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trhncagp3d
-y ¥
1 d2x6 d26 d26d26 d§6 d26 Drec
di |~ -y B X A
H ) ) MMMMM
Plptt 2 ¢ y V V AL
sp1 : : : :
15 id23 ff d23 d23 d23
N I 10 S0 | atol 190300 Idloé_do I I |
p22 p21 :
13 g i i f 7
Ca m ﬂdlogdlogdlogdlom ﬂ
p14 p13 T pl4
sp3 sp2 - sp8 sp3
13C m
pl4 P1g p14
S|
%N " LM
Gl G1 G2 G2G3 G3
trhncagp3d2
y iy
o oa d26 c_iyze I I d26flaz6d26fd26 \A rec
\ 1 \ MMMMAAV
plip1 2 & -y wawvvw
sp1 8
I5SN | d23 I d23 I d10 : d23 Id23—d10 I I
p32  pdt
PCa m mdc d0ido dom ﬂ m
p14 p13 p14 p13 p14
sp3 sp2 A sp3 sp8 sp3
13C” m m
p1g p14 p14
“ N\ - L) 0
G2 G2G3 G3
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trhncagp3d.2
-y
H a Y dY2§ { DIPSI-2 3 “1° =15 \MA e
\ \ MMMM
Plipit @2 ¢ pio -y WWVWVVVw
sp1 : .
15 id23 | a23 d23 id23
N I dlo;-dol-dlo do 40 i 557 Idloé-do I I
p32 p#1
Co m d10{d10id10d10 m
p14 p13 7 p13 p14
sp3 sp2 i sp8 sp3
e A
pl4 p14 p14
%N (L
G1 G1 G2 G2G3 @3
trhncagp3d2.2
y -y
1 Jeze y y 26 a26]azeffaz6 Orec
x 5 2 <
H a ) [ prpsi-2 ) ) \MMMVAVAVAVAVAV
plipt1 2 i -
TE ‘ -
lSN I d23 I d23 I dlo i g23 Id23—d10 I I
p22 p21
o I EE T
p14 p13 p14 p13 p14
sp3 sp2 A sp3 ,sp8 sp3
L
p14 p14 p14
5 5 5
= N - (i
G2 G2G3 G3

G1 Gi
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-y trhncagp2h3d y
1H @ d_2x6 51}126 d26 d26c!§6 d%)? Drec
\ \ MMM/\M
Plip11 p2 ¢ -y |
51 ,
15N I d10; fﬁg I ffli‘o do do ‘_’ﬁi‘oldloé fﬁg I I
p2 :
CU- (\ lO;le;legle m
p14 p13 - pt3 p14
sp3 sp2 A sp8 sp3
13C m
p14 p14 p14
P sp5 sp5 sp5
GARP
pl7
"N N
Gl 61 G2 G2G3 G3
trhncagp2h3d2
-y y
| d._2X6 d26 d26d26 c})%ﬁ d26 Drec
H_ [0 il
\ MMMA
Plipt1 m2 [ - [LRRAN
1t y (i
I5SN | d23 I d23 I dio i d23 Id23—d10 I I
P22  p31
By m d0id0ido dom m
p14 pt3 p14 p13 p14
sp3 sp2 ; sp3 &pB sp3
13C’ (\ m
p14 p14 p14
sp5 spb sp5
2
H GARP
pl17
i N
Gl G1 G2 G2G3 @3
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trhncaetgp3d
y Yoy y
by ar |azefaze I I |zl aze c}yzqd‘zys 5 ree
H ) i | ) \MMMWVAVA
11 5 : v
e R sy 3 [
15N l 423 I 423 I d23-d25 d23-d25 I 5 I
-d10 +d10
pi2  pdt
ISCQ (\ mdﬂdogdo dof \ m (\
p14 p13 p14 p13 p14 p14
sp3 sp2 A sp3 &p8 sp3 sp3
I
p14 p14 p14 p14
sp5 sp5 sp5 sp5
= NN NN L AR N

G1 &1 G2 G2 G4 G45' G6 G6

G3 G5 G7
trhncaetgp2h3d
y Yoy y
| y I x o] ez ®rec
dl ~[d26§d26 d2 - N 5\A
H ) ) MMAWVAVA
11 : : U
1L B, y y & JI
15 d23-d25 d23-d25
N l d23 I d23 Id4 -d10 +d10 3
p22  p1 :
BCy (\ a0iaz7 [\ a27 m ﬂ
i -do
pl14  pi3 i pl4  piB pl4 pl4
sp3 sp2 A sp3 p8 sp3 sp3
“c A4 00
p14 p14 pl4 p14
5 sp5 sp5 sp5 sp5
H GARP
pl17
“ NN NN N[}
Gl 61 G2 G2 ' G4 G4'G6 G6
G3 G5 G7
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HNCACO Experiment

3D HN(CAXCO e xperiment

e 3D HN(CA)CO using PEP (hncacogp3d | HNcacoer3p)
o  with ?H-decoupling and suppression of protonated carbons (hncacogp2h3d |
HNCACOGP2H3D )
o with ?H-decoupling (hncacogp2h3d.2 | HNcacospzH3D .2)
e 3D HN(CA)CO using WATERGATE (hncacogpwg3d | HNcacoePwe3D)
o with ?H-decoupling and suppression of protonated carbons (hncacogpwg2h3d |
HNCACOGPW 62H3D )
e 3D HN(CA)CO using TROSY (trhncacogp3d | TRHNCACOGP3D)
o with ?H-decoupling (trhncacogp2h3d | TrRHNCACOGP2H3D)
o using echo-antiecho gradient (trhncacoetgp3d | TRHNcAcOETGP3D)
o using echo-antiecho gradient and with ?H-decoupling (trhncacoetgp2h3d |
TRHNCACOETGP2H3D )

4D HNCACO experiment

e 4D HNCACO using PEP (hncacogp4d)
o  with ®H-decoupling (hncacogp2h4d)
e 4D HNCACO using WATERGATE (hncacogpwg4d)
o with H-decoupling (hncacogpwg2h4d)
e 4D HNCACO using TROSY (trhncacogp4d)
o with ?H-decoupling (trhncacogp2h4d)
o using echo-antiecho gradient (trhncacoetgp4d)
o using echo-antiecho gradient and with ?H-decoupling (trhncacoetgp2h4d)

Also see:

3D SOFAST/BES T-HN(CA)CO experiment
3D BEST-HN(CA)CO (b_hncacogp3d | B_HNCACOGP3D)
3D BEST-HN(CA)CO using TROSY (b_trhncacogp3d)
4D BEST-HNCACO (b_hncacogp4d)

3D CO-Detected (H)NCACO experiments

Related Experiments:
HNCO Experiment

Yt Inca+ Jeaco HN(CA)CO
Y+ Inea+ Jeaco
H—C—H H—C—H P S— folo)
—N
‘ o 0 N
H H H HN
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HNCOCA Experiment

3D HN(CO)CA experiment

e 3D HN(CO)CA using PEP (hncocagp3d | HNcocaer3b)
o with ?H-decoupling (hncocagp2h3d | HNcocaepzH3Db)
e 3D HN(CO)CA using WATERGATE (hncocagpwg3d | HNcocaPwe3D)
o with ?H-decoupling (hncocagpwg2h3d | HNcocaePwe2zH3b)
e 3D HN(CO)CA using TROSY (trhncocagp3d | TRHNCOCAGP3D):
o  with ?H-decoupling (trhncocagp2h3d | TrRHNCOCAGP2H3D)
o using echo-antiecho gradient (trhncocaetgp3d | TRHNcocAETGP3D)
o using echo-antiecho gradient and with ?H-decoupling (trhncocaetgp2h3d |
TRHNCOCAETGP2H3D)

4D HNCOCA experiment

e 4D HNCOCA using PEP (hncocagp4d)
o with ®H-decoupling (hncocagp2h4d)
e 4D HNCOCA using WATERGATE (hncocagpwg4d)
o with *H-decoupling (hncocagpwg2h4d)
e 4D HNCOCA using TROSY (trhncocagp4d)
o  with ®H-decoupling (trhncocagp2h4d)
o using echo-antiecho gradient (trhncocaetgp4d)
o using echo-antiecho gradient and with 2H-decoupling (trhncocaetgp2h4d)

Also see:
SOFAST/BEST-HN(CO)CA experiment
3D BEST-HN(CO)CA (b_hncocagp3d | B_HNCOCAGP3D)
3D BEST-HN(CO)CA using TROSY (b_trhncocagp3d)
4D BEST-HNCOCA (b_hncocagp4d)
3D APSY-HNCOCA experiment
Reduced-Dimensionality (4,2)-HNCOCA (rd_hncoca_42 | APSY_HNCOCA_42)
3D (H)NCOCA in "Carbon-Detected Experiments"”
3D HNCO-type experiments for J measuring

Related Experiments:
intra-HNCA, HNCA
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trhncocagp4d
pl oy -y ¥
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C ﬂdzz f \d22 sﬂraszgdzzm e, m m
pld pi3  pid pi4 013 pi4 p13 p
f 3 sp2  sp3 B sp7 ﬂ 5p2 sp3 sp8 o
13 (% f
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1 " dg)% ?};6 426 [Ja26[d26 & Oreo
H
p11p2 g
spi
5N | d23"‘123 I I 433 d23| (_1233 I I
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trhncocaetgp4d
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3D sequential-HNCA experiment

e 3D Sequential HNCA using TROSY (seqtrhncagp3d | seQTrRHNCAGP3D)
o with ?H-decoupling (seqtrhncagp2h3d | seqTrRHNCAGP2H3D)
o with gradient echo-antiecho (seqtrhncaetgp3d | seQTrRHNCAETEP3D)

SEQTRHNCAETGP2H3D )

Also see: HNCA, intra-HNCA, HN(CO)CA

o  with gradient echo-antiecho and with 2H-decoupling (seqtrhncaetgp2h3d |

seqHNCA
Jan+2Inca ‘
H—C—H H—C——H
| @t CA
N—C ﬁ— g—c—ﬁ— ;
6
H H 2 H N
HN
1 2 3 4
® Y 9 9O 9
t t t3
d26=1/4T(NH)=2.3m
d23=1/4J(NCA)=12m
d22=1/4J(CACO)=4.5m
d27=1/4J(CACB)=13.3m
d25=1/4J(NH)=2.3m
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Identification of evolution elements

seqtrhncagp3d
-y
| d26 Jaze 6|az6flazs
dl X M-y
H l \ /\M
Plipt1 pR2
ispl j i
SN ' d23 I d23 I d10 dz23 Id23 d10 I I
Poeiz et bp
13 Pl iap7 Naz7f {
Ca m do: fao! d22 dzzm 240 i
P L p4 iopu pB | p14
H i §| spi A sp3 % H sp3
N i pi4 p14 P14 p1a
: : sp5 : sp5 sp5 sp5 :
ERIIHIE ' (N
G1 G1 G2G3

1H-15N INEPT transfer

Concatenated Fixed period consisting of:
J(NH) evolution
INEPT 15N-CA
INEPT 15N-CO

Concatenated Constant-time CA evolution period consisting of:
9 8(CA) evolution and J(CA-N) decoupling

3(CA) evolution and J(CA-H) decoupling
3(CA) evolution and J(CA-CO) refocusing

Concatenated Constant-time 15N evolution period consisting of:
o 3(N) evolution and J(N-H) evolution

3(N) evolution and J(N-CA) refocusing
3(N) evolution and J(N-CO) decoupling

e 1H-15N TROSY transfer consisting of two retro-INEPT like blocks
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seqtrhncaetgp3d
-y ¥
H a ! d26|d26 N N Bree
) i
1£P1 p2 E '
o : I
15 d23-d25 ff d23-d25
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Co. id27 [\ @27
dodO; d22 -a22] |-2a0
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Sﬁ spR H sp3 8 sp3
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seqtrhncagp2h3d
y y
d26 Jaze d26fJaz6|azeflaz6
e i Fll T
\ \ A A AVﬂVAVAVAVAV
Plipt1 [ B V
K .l
5N l d23| d23 Id4§ d10i 423 Id23-d10 I I
p22 p#1 0y
13 P d27 () az7 '
Ca m dodo d22§_d22 a0
P14 o i pl4 pB p14
8 spR A sp3 B sp3
13C” m
pl4 p14 p14:  p14
) sp5 sp5 spS:  sp5
H GARP
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Also see:

e 3D Intra-HNCA using PEP (hncaigp3d | HNcaTer3D)
e 3D Intra-HNCA using WATERGATE (hncaigpwg3d | HNcaTePwe3D)

e 3D Intra-HNCA using TROSY (trhncaigp3d | TRHNCATGP3D)

3D SOFAST/BES T-intraHNCA experiment
3D BES T-intraHNCA (b_hncaigp3d | B_HNCAIGP3D)
3D BEST-intraHNCA using TROSY (b_trhncaigp3d)

Related Experiments:

seq-HNCA, HNCA, HN(CO)CA

3D intra-HNCA experiment

with 2H-decoupling (hncaigp2h3d | HNcazspzH3D)
with ®H-decoupling (hncaigpwg2h3d | HncazePwe2H3D)

with H-decoupling (frhncaigp2h3d | TrHNCATGPZH3D)

with gradient echo-antiecho (trhncaietgp3d | TRHNCATETGP3D)

with gradient echo-antiecho and with ?H-decoupling (trhncaietgp2h3d |
TRHNCAIETGP2H3D)

iHNCA ‘
H—C—H { H—C—H
N—C (”: C ﬁ
o o]
H H H
ppm @0 o . . ppm
@® [
45 | 45
50 Yy . 50
o ‘9 [}
Y o %‘;u 8 g@
L A L
. CA 55| 0 . 0 204 oo |55
: ) ﬂ 8 0 2 , ] o
"9 [} 0 )
N 60 ° LI | 60
HN 0
6 0 0
65 ) 9 65
95 90 85 80 75 ppm95 90 85 80 75 7.0 ppm
2D H(N)CA 2D intra-H(N)CA
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d26=1/4T(NH)=2.3m
d21=1/2T(NH)=5.5m
d23=1/4T(NCA)=26m
d22=1/4J(CACO)=4.2m
d27=1/4J(NCA)&1/4T(NCO)=15.8m
d25=1/4J(NCO)=16.5m

hncaigp3d
y
I y i I
l
1 dl | d26 jd26 dd21 d21 [d26§d26|d26§d26]8 S\M
H N T
Howe i § e e ¥ [
spt
15N I d23 I d23 I d27—d10| d27+d10 I I ’W‘
p22 pd1 ggg g;f,‘ pi16
BC’ dzsm ﬂ dzzr \dzz r r \ m m
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“o i M (L.:*_f’.ﬂ | T\
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Oz i A
G1 U ) G3
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y
y y y R rec
|
1H dl | d26 Id26 \5d21|| DIPSL2 I DIPSI2 d21 426 §d26|d26d26|5 &
pi  p2 p1f i p26 pI19 p
spt
ISN I d23 I d23 Id4§ d24—d10| d24+d10 I I W\
p22 Pt pid ‘S’;i,‘ pI16
ofl el )RR
p14 ﬁ3 pl4 6 P 4 p8 p13
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13 28 W
Co ﬂ f \ r do; az8| | 250
p14 1 pia < p14  pi3 p13
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*H
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pl17
Gz A i
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hncaigpwg3d
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trhncaigp3d
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HNCANNH Experiment

3D (HIN(CAINNH experiment

3D (H)N(CANNH (hncannhgp3d | HNcANNHGP3D)

3D (H)N(CA)NNH with 2H-decoupling (hncannhgp2h3d | HNC ANNHEP2H3D)

3D (H)N(CA)NNH using WATERGA TE (hncannhgpwg3d)

3D (H)N(CA)NNH using WATERGATE and ?H-decoupling (hncannhgpwg2h3d)

3D (H)N(CANNH using TROSY (trhncannhgp3d)

3D (H)N(CA)NNH using TROSY and ?H-decoupling (trhncannhgp2h3d)

3D (H)N(CANNH using TROSY and echo-antiecho (trhncannhetgp3d)

3D (H)N(CA)NNH using TROSY, echo-antiecho and ?H-decoupling (trhncannhetgp2h3d)

3D H(NCANNH experiment

Also see:
HNCOCANNH Experiment

3D H(NCA)NNH (hncannhgp3d.2)

3D H(NCA)NNH wit h 2H-decoupling (hncannhgp2h3d .2)

3D H(NCA)NNH using WATERGATE (hncannhgpwg3d .2)

3D H(NCA)NNH using WATERGATE and ?H-decoupling (hncannhgpwg2h3d. 2)

3D H(NCA)NNH using TROSY (trhncannhgp3d.2)

3D H(NCA)NNH using TROSY and 2H-decoupling (trhncannhgp2h3d.2)

3D H(NCA)NNH using TROSY and echo-antiecho (frhncannhetgp3d.2)

3D H(NCA)NNH using TROSY, echo-antiecho and H-decoupling (trhncannhetgp2h3d.2)

!

"INk + Unca (H)N(CA)NNH Inn + Nnca H(NCA)NNH
RUTEEANGN ‘ TInn+ 2Inca
H—C—H H—C—H H—C—H

~
°§ i
o

H H o

I+ ncot Yeocat Mean 1Ina+ Incot eocat Jean
(H)N(COCA)NNH H(NCOCA)NNH
H—C—H ch‘:iH H—C—H H—C—H
C—CiN— %:“ C—Nr—C—C——N—
i R SRl
H H H H H -
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R. Weisemann, H. Rueterjans & W. Bermel, J. Biomol. NMR 3, 113-120 (1993)

Ink+ Inca (H)N(CA)NNH
1INk + 2nca
H—C—H H—C—H
/J\{///”““‘\\ N
C C C—
z', ]
H H
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hncannhgp3d.2
p1 y y
-y y -y y -y y
y ®@rec
lyy d1 X| 426 (1-k)jjd26 d21 |[d26j§ a26|d26§ d26] S &
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hncannhgpwg3d.2
p1
H -y y-y y -y y Drec
i y
1 X d26(1-k) d26 d21 X -x f-x (\
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Ca m s d27;d27|d27;d27 ] m
pl4 s | o4 | pio p14
sp3 S0 A 9 A B s
“e (| ﬂ
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trhncannhgp3d.2
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HNCOCANNH Experiment

3D (HIN(COCANNH experiment

e 3D (H)N(COCANNH (hncocannhgp3d)

e 3D (H)N(COCANNH with “H-decoupling (hncocannhgp2h3d)

e 3D (H)N(COCANNH using WATERGATE (hncocannhgpwg3d)

e 3D (H)N(COCA)NNH using WATERGATE and 2H-decoupling (hncocannhgpwg2h3d)

e 3D (H)N(COCA)NNH using TROSY (trhncocannhgp3d)

e 3D (H)N(COCA)NNH using TROSY and ?H-decoupling (+rhncocannhgp2h 3d)

e 3D (H)N(COCA)INNH using TROSY and echo-antiecho (trhncocannhetgp3d)

e 3D (H)N(COCA)NNH using TROSY, echo-antiecho and *H-decoupling
(trhncocannhetgp2h3d)

3D H(NCOCAINNH experiment

e 3D H(NCOCA)NNH (hncocannhgp3d.2)

e 3D H(NCOCA)NNH with ?H-decoupling (hncocannhgp2h3d.2)

e 3D H(NCOCA)NNH using WATERGATE (hncocannhgpwg3d.2)

e 3D H(NCOCA)NNH using WATERGA TE and ?H-decoupling (hncocannhgpwg2h3d. 2)

e 3D H(NCOCA)NNH using TROSY (trhncocannhgp3d.2)

e 3D H(NCOCA)NNH using TROSY and ?H-decoupling (trhncocannhgp2h3d . 2)

e 3D H(NCOCA)NNH using TROSY and echo-antiecho (trhncocannhetgp3d.2)

e 3D H(NCOCA)NNH using TROSY, echo-antiecho and ?H-decoupling
(trhncocannhetgp2h3d.2)

Also see:
HNCANNH Experiment

1 1 1 1
Inut "Incot 'Jeocat Jean Tnn+ Nncot eocat Jean

(H)N(COCA)NNH H(NCOCA)NNH

H—C—H H—C—H

References:
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1IN+ ncot Yeocat ean
(HIN(COCA)NNH d21: 1/(2T(NH) [5.5 msec]
d22: 1/(4J(COCa)) [4.5 msec]
H— H H—C H d23: 1/(4J(NCa) [12.4 msec]
N d26: 1/(47'(NH) [2.3 msec]
C——N R
‘ d27: 1/(43" (NCa) [12.5 msec]
(o]
H H
hncocannhgp3d
y y
lH -y Y-y Y-y yl -y y ®rec
d21 fa26lj a26|d2 6] a26| s} 5
dl | d264d26 \8 UL psio DIPSI-2 DIPSI-2 DIPSI-2 \AMMMMM
p1 p2 p11 pl19 'Y WVWWWVV
15 1| a23 | az3 dz23 dz23
N +do I -do -di0 g +d10 W‘
p22 pZ f pl16
By, g L :
w d27§d27.d27§d27 ] m
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c el 0" AT A0 A
pi4 i3 P14 i3l pua 14 14 pl4  pl4
f sp3 2;2 sp3 238 §p7 §p7 2p7 sp7 2p7
Gz ‘
G1 G4 G5 G6 G2 G3
hncocannhgp2h3d
y y
1 -y Y-y Y-y yI -y y ®rec
H a1 |a26fa26 ) 8 d21m| o TS oeis | 62t |azefazelazeff a26| s 5
p1 p2 pit pl19 ¥
spf
15 d23 f 423 d23 d23
N +do f -do -d10 g +d10 GAT‘
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p14 i3 P14 i3 14 14 14 P14 pla
5 f sp3 2;2 3 e 2p7 §p7 §p7 sp7 2p7
H GARP
pl17
Gz i [ f i i
G1 G4 G5 G6 G2 G3
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hncocannhgpwg3d
y
1 Y y -y y-y y -y y Dreo
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\ DIPSI-2 DIPSI-2 DIPSI-2 DIPSI-2 A
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O N
G1 G2 G3 G4 G5 G6 G6
hncocannhgpwg2h3d
y
IH -y y -y Y-y y -y y ®rec
X -x f-x
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H GARP
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G1 G2 G3 G4 G5 G6 G6
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trhncocannhgp3d
y -y
oo welazel~ 5 il Ty T Y az6faze]azefazs rec
- -X
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G1 G4 G5 G6 G2 G263 G3
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y -y
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- -X
D bl O DIPSI-2| DIPSI-2 DIPSI-2 ST
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1SN d23 § d23 d23 d23
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p14 p14
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H GARP
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G1 G4 G5 G6 G2 G2G3 G3
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trhncocannhetgp3d
y Yoy y
-y Y-y y-y y
1 ®rec
H | x d26flazé
di [d269d26A & A2 pingio| | prpsic DIPSI-2 g s
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M—m d27§d27.d27§d27 5 m m
p14 p14 p14 e 24 P p14 pl4
13" sp5 sp§ sp5 spd spFh sp2 A §p9 A sp8 sp3 sp3
C m 81 22| \a22ls m m m m
p14 pl4
pis pi3i  p14 p14 p14 p14
f sp3 sp2  SP3 spg sp7 sp7 sp7 sp7
v A (LN D
G1 G2 G9 G3 G5 G5'G7 G7
G4 G6 cs
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y Yoy y
-y Y-y y-y y
1 Drec
H | x azeflazs
& [F0 % Y vwsia| | pesio DIPSI-2 ] Sl sl
1 2 14 19 AN
Mo P y y 4 I
15N d23 § 423 d23 d23
+d0 f§ -do +d10 -d10 )
p22 pZ1 ¢
i 1
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w d27§d27.d27§d27 5 m m
p14 pi4 pl4 papiefllis i paa i pi3 pl4 p14
13" sp5 sp§ sp5 spd sph sp2 A 's)p9 A sh8 sp3 sp3
C m 5l a22( \a22lls m m m m
pl4 p14
p13 pi3 p14 p14 p14 p14
5 f sp3 sp2  SP3  sps sp7 sp7 sp7 sp7
H GARP
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"Ik + "Incot Yeocat Jean
H(NCOCA)NNH
H C —H Hiﬁ;iH . .................... HN
C—C——N
0 ‘ 0 :
H H P H N
HN
hncocannhgp3d.2
p1
dz6 wc |’ 7 1 1 1 1 Breo
1 X (1-k) d21 |[d26gd26|d26§ d26
H 9 Nigo ‘a0 f-xao| " 8821|pipsio| [ piesiz DIPSI-2 DIPSI-2 e &
p11 p2 pl19 g
sp d23 d23
p22 P21 i pl16
13 E Ll . .
Ca m d27§d27.d27§d27 ] m
o ptaptefis | paa | pid p14
’ sp3 spe P sp2  / §p9 A sp8 N
13C B d22( |az2|s (\ m
pis P14 sl pia p14 pl4 pl4  pla
G sqz  SPS sp8 sp7 sp7 sp7  sp7  sp7
z /\ : ‘
G1 G4 G5 G6 G3
hncocannhgp3d.2
p1 y y
-y Yy Yoy y -y y
y ®rec

1 X|d26 (1-k)fd26 | d21 |[d26f d26|d26f d26| 5 &

H & \|_+do 4o I-kdo \ sia21|owsia| [ isio DIPSI-2 DIPSI-2 T
p11 p2 pl19 v WWWVVVVVV
sp1

1SN d23ff 423 423 23
-d10 | +d10 GARP
p22 pz1 pl16
13 ; 1 H H
Ca m d27§d27.d27§d27 ] m
p14 p14 p14¥is3 24 pil3 p14
) sp3 spd sp# sp2 A gpg A sp8 s
13C 51 d22( la22/|s m m m m
pt3 P14 piai p1a p14 p14 P14 p14
siz SP3  sps sp7 sp7 sp7 sp7  sp7
2
H GARP
pi17
Gz ) A ) A
G1 G4 G5 G6 G2 G3
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hncocannhgpwg3d.2
p1
: Y Yy oy Y -y y
Iy a1 X|d26 x1-k)ffaze |2 | a1 x| = Dreo
H +d0 i do f-xdo| ) 3121[pipsio| | Dipsi2 DIPSI-2 DIPSI-2
pt1 i p2 pi19 <o
1 a23 | a3
BN 23y d23 -a10 | +a10 | I oare |
22 p21
13 i : LI . Pre
Ca m d27§d27.d27§d27 8 m
p14 o1 plaflis |  p24 | ph3 pi4
N sp3 wf sof sz A w0 A She s
C 5l d22( la22|l5 m m
f pi3 P14 prsi  pig pl4 p14 P14 p14
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: -y Y-y Y-y y -y y
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H +d0 i a0 f-kdo| ) 8821{pipsi2| | pipsic DIPSI-2 DIPSI-2
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d23 d23
SN d23] 423 -d10 | +d10 |& I GARD
22 p2 i
° : [ pl16
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c B % 0T
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trhncocannhgp3d.2
i 1 Y-y M
-y Y-y R y -y
Iy a1 'X\|d26 (1-xfazs |’ | d26Jd26/d264d26 Prec
H +d0  do M-xdo| ) 83421|pipsio| | pipsi2 DIPSI-2 ) MMMMM
p11 p2 pl19 y VWWWVVW
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ISN d23 | d23 +d10 -d10
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. : 41
13 : :
Ca m d27§d27.d27§d27 8 m
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-y Y—y Y‘y y -y
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p11 p2 pl19 -y WWWWVVVV
spt a2z | 23
15N d23f] 423 +d10 | -d10
p22 P2t i
13 E - :
Ca m d27§a27.d27§d27 s m
ptd piaptaffis T pa¢ 1 pid p14
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p1

trhncocannhetgp3d.2

y
Yy Yy oy Yy -y
lyr a1 -Xszs (1-x)faze |’ S R R Preo
H +d0  do P-xdo| "\ 8921|pipsi2| | pipsie DIPSI-2 ) AL MMMAM
pi1 p2 pi19 y WVWVVVVVW
sp1 y
s 423 f 423
N d23 g d23 -d10 | +d10 5
22 p21 i
. i ¢
13 : ;
Ca m d27§d27.d27§d27 ] m m
p14 o1a plasllis | p24 | pid p14 pid
, 3 st o sg2 A b0 A 58 sp3 s
13C 51 a2z laz2|ls (\ m
pi3 P1g P13 pi4 p14 pl4 pid4 pla
G si2  SP°  sps sp7 sp7 sp7  sp7 sp7
z 1 CHANA T
G1 G2 G9 G3 ' o5 os @67 o7
G4 G6 G8
trhncocannhetgp2h3d.2
i 1 y Y-y - p
-y -y - y -y
ly a1 %|a26 (1-xffaze |2 | | o d el 22z Drec
H +d0 a0 fJ-kdo| ) 8421|pipsi-2| [ pipsi2 DIPSI-2 ) ) S)MMMMA "
p11 b2 pl19 v VWWWVV
sp1 y
| d23 d23
N d23 g d23 -da10 | +d10 5
22 p21 : N
. : ‘31
13 : ;
Ca (\ d27§d27.d27§d27 3 m
p14 ot piefllia | p2e [ ple pi4 pid
) sp3 sp® spff sp2 H ‘s)pg : 8 sp3 sp3
BC 5 d22( la22||s m m
pia P10 prsi  pi4 p14 P14 pld pi4
sg2 P sp8 sp7 sp7 sp7  sp7 sp7
2
H GARP
pl17
cé G8
Gz p p G4 3
G1 G2 Go G3 ' s csWor o7
G4 G6 G8
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3D HN(CA)HA
3D HA(CA)NH
3D HA(CACO)NH

© 2010, BRUKER Biospin, Teodor Parella 619



Pulse Program Catalogue
NMRGuide - Topspin 3.0

Miscellaneous NH-Detected Backbone Experiments

e 3D HA(CA)NH using WATERGATE (hanhgpwg3d)

e 3D HA(CACO)NH using WATERGATE (haconhgpwg3d)
e 3D (HACA)CONH using PEP (hcaconhgp3d)

o 3D (HACA)CONH using WATERGATE (hcaconhgpwg3d)

e 3D HN(CA)HA (hncah3d)

1 1 1
JHycat Incat Inn

lJNl-l + 1JNCA‘*’ lJl-lACA HN(CA)HA HA(CA)NH
Ynn 2 Ineat Ynaca YHcat Pneat Inn ‘
H—C—H H—C—H H—C—H H—C—H
N c— — T ﬁ —
| [
sehecsIINeenNe®
Jnacat Jcacot IncotInn (UBHAERY SO Ynacat Tcacot Incot Inn HA(CACONH
H—(‘:—H H—(‘:—H A H—?—H
T w3 =S
| 5 b
H o) o 2 H H
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1 1 1
JH cat Incat Inu

H—C—H

HA(CA)NH

1 2 1
JH cat Incat Inu

o

—0

o

!

1 2 3
/_\ /\
@ @ o HA
f %) &
N
HN
hanhgpwg3d
y
y -y d26 d26
| - X X
'H a3 | piesi2y | | DIPSI-2 id25 8 N e
¢1 p11_
sp
/ /
15N | it et Bt puery I o |
p21 pl16
B¢y ﬂ d27 .d27 ﬂ 5
oo Dow o
p14 p14
G sp5 sp5
z A A A
G2 G3 G4 G4
d3:1/(3J(CH)) [2.2 msec]
d4 :1/(4J3(CH)) [1.8 msec]
d21: 1/(4J(NCa)), T(N) [12.4 msec]
d25: 1/(2TJ(NH)) [5.5 msec]
d26: 1/(4J(NH)) [2.3 msec]
d27: 1/(47'(NCa)) [11 msec]
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(HACA)CONH

1 1 1 1
Juacat Jcacot Incot Inm

H—C—H H—

H

R. Folmer & 6. Otting, J. Biomol. NMR
16, 229-233 (2000)

C
| 1 2 3 4
——N c—Cc— N N
DN EERIERER- IR
tl ty t3

hcaconhgp3d
’ y

y -y

1 I I

H d1 | as Id4 d3 I DIPSI2 | a21 (126 1d26| d26ff d26|5 S\MMMMW

P p2 o1 v vwwwwvv

d23/2:d23/2 ] d23/2 id23/2

°N dz3 I dz3 -d10 i-d10 J| +a10 i+d10 CARD

i pl16

p14 pi3 pi4 p13 pl4
5 sp@ sp5

d22 ﬂdo dOﬂdZZ 8

’ p13 p13 pl4
sp2 sp8 sp3

G sp3
z
ANA N A
G3 G3 ca - -
hcaconhgpwg3d
y
y y d26 g d26
: | | X -X f-X Drec
H @]« Id‘1 e I | DIPSI-2 | 218 ) \L
P: p2 ¢1 p}
ISN a23/2 az3/2)] a23/2:923/2 |
dz3 423 -d10 i-d10 f| +d10 i+d10 GARD

p21

p14 pi3 pi4 p13 p14
Bco o d22 ﬂdosr 5doﬂ dzipe 8 e
W S e s
z iy A A A
c1 G1 G2 G3 G4 G4
d3: 1/(6J(HCa)) [1.16 msec]
d4 : 1/(4J(HCa)) [1.5 msec]
d21: 1/(2T(NH) [6.5 msec]
d22: 1/(4J(CaCO) [4.5 msec]
d23: 1/(4J(NCa) [12.4 msec]
d26: 1/(47'(NH) [2.3 msec]
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nacat Yeacot Incot Inn L8 L (A LN
H—C—H H_(i:_H
H (0] H (0]
1 2 3 4

b t t3
haconhgpwg3d
H d26 d26
. dl | a4 i (x-1)f qaa- ! F i x| xllx Dreo
H cw || ¥40 i *do [ R*do | DIPSI-2y DIPSI-2 | DIPSI-2 [ 025 :8 N
pi32 p1 p2 ) 1 -
: d23/2:id23/2
BN it et o et |
T : P16
e f efel h b4
7 pl4 p1a P2 4 p14 pl4 p14 pl4
sp3 sp2 sp9 & sp7 sp7 sp7 sp7
BCO 83| d22 g; d27 m
' 13
G, e . I s
A / A
G1 G2 G3 G4 G4
d3:1/(3J(CH)) [2.2 msec]
d4:1/(43(CH)) [1.8 msec]
d22: 1/(43'(CaC0)) [4.4 msec]
d23: 1/(4J(NCQO)), T(N) [12.4 msec]
d25: 1/(2T(NH)) [6.5 msec]
d26: 1/(4J(NH)) [2.3 msec]
d27: 1/(47'(NCO)) [12.4 msec]
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Ui+ Incat Tnaca HN(CA)HA
U+ 2Incat FHaca
H—C—H H—C—H P HA
. H & :
l o) o N
H g HN
S. Seip, J. Balbach & H. Kessler, J. Magn. Reson. 100,
. 406-410 (1992)
1 2 3 4 5 6
CEROERCER" BRCER- T
hncah3d
y
1 dl ®rec
H presat | 42° Id26 21 pipsi [ sz | Y26 IC126 \MM/\MMM
A M o1 o2 9 pI19 VVVWWVVV\N
ISN I d22 I d22 d10 id10 Id10 d10 GARP
p22 p21 pl16
13
CO‘ m ﬂ d2 domdo d2 ﬂ m
p14 p13 p14 p13 p14
13C , sp3 sp2 sp3 sp2 sp3
p14 p14
sp5 sp5
d2 : 1/(2J(CH)) [3 msec]
d21: 1/(23" (NH)) [4.5 msec]
d22: 1/(4J(N-Ca)) [11 msec]
d26: 1/(4J(NH)) [2.75m]
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—

S~

3D HCACO experiment (hcacogp3d | Hcacoep3p)

Also see:

3D HCACO-type experiments for J measuring
BC-detected CACO-type experiments

2D H(CA)N with 2H-decoupling (hcangp2h)

3D HCANusing PEP (hcangp3d)

2D H(CACO)N with ?H-decoupling (hcacongp2h)
3D HCA(CO)N using PEP (hcacongp3d)

3D HCBCA(CO)N (hcbcacongp3d)

HA-Detected Backbone Experimcm
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UnacatJcaco ‘ HCACO ‘
H—C—H H—(|3—H
N C —N C ﬁ
| 5
M O [ ,L
d4=1/4J(CAHA)=1.7m
‘ ‘ @ @ @ d21=1/43(CH) or 1/6J(CH)=1.7m or 1.2m
d22=1/4J(CACO)=4.5m
hcacogp3d
Y ®reo
e e ! == Lo g
p24 p13 plapl3  p24 p13 vvvwvwvv
o1 sp9 sp8 sp7 sp2 sp9 sp8
o A N=@= [ [ @ flaee @ eofl [} Cow
; pla pi3 pl4 Pl;l 0 E;Il)g pli2
Q 7\\'}023 pld p23Q4 Q
sp5 spl0 sp3 spl2sp5 sp5
x I I
G, N A
Gl G2 G3 G4
ppm o ppm
E I-166
47 I 168
487 ¢ 170
49 F172
. .................... CO 507 ® L174
» °7 -176
52 e 178
%3 ~180
CA 4 I-182
HA oo I 184
56
‘ 186
5.5 ppm
2D HACA(CO) 2D HA(CA)CO
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A.C. Wang, S. Grzesiek, R. Tschudin, P.J. Lodi & A. Bax, J. Biomol. NMR 5, 376-382 (1995)

Unacat Inca

Unacat *Inca ‘ H(CA):N
H—C—H : H—C—H
H ©:mnw wn ©

TRCER IR

hcangp2h
y
1 M Orec
H da |as d4|—6 d21 d21 i5| aa faa \A i
m
pl  p2  p2§ LV WVWWVVVW
1SN I do édol € I
p22 o1 |
o i
13
Ca m d23 g d23 || s m 23 ! d23 m | Gare |
p14 p13 [ p1 8 3 p24 p1 p14
sp3 3p2 sp9 sp gps 2 2 sp9 sp sp3 ph2
2
H
GARP
pi7
G, A
G1 G2 G3 G4

© 2010, BRUKER Biospin, Teodor Parella 628



Pulse Program Catalogue m“un!n
NMRGuide - Topspin 3.0

TN

t t 3

hcangp3d
y y
X y -y -X
1 | | Prec
H dl d4 | d4 d21‘ DIPSL-2 | DIPSI-2 | DIPSL2 dz1 I124Id24 d4 Id4 e
pT p2 0y i )
15N I do ido I & I
p22 Y
¢ ¥
13C
o dz3 dz3 3 d23-d10 d23+d10 GARP
p14 p13 p24 p1 p8 pi3 p24 p13 p14 p13 pi14
13 o sp3  sp2 sp9 sp sp13 sp2 m sp9 m sp8 sp8 sp2 sp8 pl12
p14 p14
sp3 sp3
G, 0 : A
G3 G4 G1 G2
@i N
CA

HA
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naaca* Jeacot Inea
‘ H(CACO)N ‘
—C— H—C——H
L g H IL 0

TR IR IR

hcacongp2h

e oo fs | I I -~
H dr | a4 fasa [si a21 d21 5| a4 a4
Bl p2  p2g
N I I do ido Ie I I
p22
13 2 E
Ca 0 d23 . d23 ﬂs dz:,m m 0 m mdﬁ d23 !d23 m GARP
pi4 513 P24 P13 p14 P4 8 P14 Tpid 1 P14 o2
sp3 5p2 sp9 spd sp7 sp7 sp3 $p7 i sp7 sp sp3
1 m 423 d23 (5 ﬁ 5Td23 ﬂ d23
- G S 2 e SRR b
GARP
pl17
G, (\
G1 G2 G3 G4 G5 G6
d4 : 1/(4J(HCa)) [1.5 msec]
d21: 1/(47" (HCa)) [1.55 msec]
d22: 1/(4J(CaC0)) [4.5 msec]
d23: 1/(4J(NCO)) [13.1 msec]
d25: 1/(47" (CacO)) [4.5 msec]
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uaca+Jcaco +Inco
HCA(CO)N
G h H—C H PSR W N
Banasdme
H o H o CA
HA

@ T @ 9 @
t] t t3
hcacongp3d
y oy y
x Y -y X Oreo
1
R Bl I — T T— [ 2 1
S " [T
ISN I do do I € I I I
9 T v
13ch m m d22 ‘dzzﬂ 8 m szz-dm. d22+d10 m m m m GARP
P24 p24
N BRI T 2 b EEr
Cco m (W\d%mdza 5 dzaf \dzs H m
p14
G, oF LA IR
[} A
G3 G4 G1 G2
d4 : 1/(4J(HCa)) [1.6 msec]
d21: 1/(3J(HCa)) [2.2 msec]
d22: 1/(43(CaC0)) [4.5 msec]
d23: 1/(4J(NCa)) [12 msec]
d24: 1/(8J(HCa)) for all multiplicities
1/(4J(HCa)) for CH
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1. V. Kanelis, L. Donaldson, D.R. Muhandiram, D. Rotin, J.D. Foreman-Kay & L.E. Kay,
J. Biomol. NMR 16, 253-259 (2000))
2. A.C. Wang, S. Grzesiek, R. Tschudin, P.J. Lodi & A. Bax, J. Biomol. NMR 5, 376-382 (1995))

1 1 1 1
Jusce t Juacat Jcaco + Inco

HCBCA(CO)N ‘

H=——C—H H—C|I—H
! RS
H 0 H H °

TR N

hcbcacongp3d
y
1 | I
H dt|as Id4 o | DIPSI2 | DIPSI2 118 ICI3 5[ Id‘j ,\AMMMMM
Woop2 : pi7 VWWWVVVVV
15N | I d10 §d1o Is I
pd2
BCy m ﬂdo dzam dZB-doﬂ dzzmdzz ) m ﬂ d27g d27 m GARP
: P p1

T W N CR R
sp3 sp. sp S $§ S| § H y 4p. | S| 3|
RS S O P AT
p14 p14 p14 pl4 f)13 p14 p13 p13  p14  pi3 p14 p14
sp5 sp5 sp5 sp5 / Esp2 sp3 sp8 sp2  sp3 sp8 sp7 sp7
G [ )
G1 G2 G3 G4
d3:1/(6J(HCa)) [1.1 msec]
[ S—— CA d4 : 1/(4J(HCa)) [1.6 msec]
d22: 1/(4J'(COCa) [3.6 msec]
d23: 1/(4J(NCO) [12 msec]
: N d27: 1/(43(COCa) [4.2 msec]
HA d28: 1/(8J(CacCb)) [3.6 msec]
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3D BACKBONE-SIDECHAIN

HN(CO)CACB || (HNCACB ) (intraHNCACB

SeqHNCACB
CCA(CONH CCANH
CBCA(CONH |—}—(CBCANH SeqCBCANH

(H)CC(CO)NH

H(CC)(CO)NH HBHA(CONH—|—{(HBHANH

A. Experiments Involving CO into the Magnetization Transfer Mechanism

Example: CCANH vs CCA(CO)NH:

1 2 3 1 2 3 4
8 ® @ 8 Q W
ty ts t t3
t 4

Yeeat Jeant Ynn Yeeat Yeon+ YUnn CCA(CO)NH
1 2 1
Jecat Jeant Inm ‘

H—C—H

H H ¢ H—C—H

Other examples:
CBCA(CO)NH vs CBCANH
HN(CO)CACB vs HNCACB
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B. COSY vs TOCSY CC Transfer. Example: CCA(CO)NH vs CC(COINH

r 2 3 4
L2 3 4 TN o o N
TN T Oy Y
"ICECAC I 2 ¢ © ow
6t 2 B
! @

4

Yeeat Yeont nn CCA(CO)NH

‘ 2 Yee+ Yeox+ Unn CC(CO)NH
H—C—H i} ‘
H H H—C—H ‘
| H—C—H
—N —— |
| 1 o i
H H : H ‘ o
E H

C. Starting from 13C or from 1H. Examplel: CCA(CO)NH vs CBCA(CO)NH

1 2 3 4 1 2 3 4 5
TN~ T Y AT U T o Y
8@“@ 8®®

t t3 @ t) t3
i b

Yeeat Jeont Y CCA(CO)NH .
Jen+ Neet Veont Uan
CBCA(CO)NH

H—C—H ‘ ‘
: H—C—H

H H H*?iH ‘
) e !

o
H H © H H

Example 2: CC(CO)NH vs (H)CC(CO)NH:

e e -

4

Z Yect Neont i CC(CO)NH Yen+ 2 Nee+ Ueont Unn (H)CC(CO)NH
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D. Out-and-back vs Out-and-Stay. Examples: HN(CO)CACB vs CBCA(CONH

Other examples: HNCACB vs CBCANH

@®“8‘.®@

1 1 1
Joct Jcont Inn

H

HN(CO)CACB

H—

C—H

e+ Uect

1 1
Jeoxt i cRCA(CO)NH

H—C—H

@ | us

E. Evolving Aliphatic Carbons or Aliphatic protons.

Example (H)CC(CO)NH vs H(CC)(CONH:

Other examples:
CBCA(CO)NH vs HBHA(CO)NH
CBCANH vs HBHANH

4

!8“@@

1 2 3 4 5
T P I N N
Q) O
&) :

@

4

7

1 1 1 1
Jen+ 2 Yee+ Ycont Unu

(H)CC(CO)NH

Yen+ 2 Yeet Ycon+ Ynn H(CC)(CO)NH
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/ CBCACONH experiment \

e 3D CBCA(CO)NH using PEP (cbcaconhgp3d | ccaconHersp)

e 3D CBCA(CO)NH using WATERGATE (cbcaconhgpwg3d | cBcaconHePwe3D)

o 3D CBCA(CO)NH using WATERGATE and filter por C6 (cbcaconhgpwg3d.2)

e 3D CBCA(CO)NH using TROSY (trcbcaconhgp3d | TrRecaconHePsD)

e 3D CBCA(CO)NH using TROSY and gradient echo-antiecho (trcbcaconhetgp3d |
TRCBCAC ONHETGP3D )

e 4D CBCACONH using WATERGATE (cbcaconhgpwg4d)

e 5D HBHACBCACONH using WATERGATE (hbhacbcaconhgpwgbd)

Also see:
CBCANH experiments
HN(CO)CACB experiments

HCCCONH experiments /

Hent Meet Heoxt N CBCA(CO)NH
H—C—H
YT T
H ° H °
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1 2 3 4 5
< D N N~ U %
D 8 Q W
@ t t3
4

cbcaconhgp3d
y y
yy -y ®rec
1
H 9t | a4 Id4 ds3 I Sirsizy |3 T d25|d26|d26|<126|d26 BIS\MMMMMA
P p2 pITo v VWWWVVVW
ISN I I |d21-d10|d21-|d10 I I GARD
p32 g;g p21 pl16
Ber m d27 m d27 m m
() pt4 p14i p14 A3 p14 p13 p14
13 sp5 sp5;sp5 sp2 sp3 p8 sp3
Cap m ﬂ do i d22 m a2z m 423 md23T d24m ﬂ f
pl4 p13 pl4 p13 p14  pi3 p14 p14 p14 p14
G sp3  sp2 sp3 sp8 sp3 sp2 sp7 sp7 sp7 sp7
. [ A
G1 G2 G3
d4=1/4J(CH)=1.7m d27=1/4J(NCO)=12.4m
d3=1/6TJ(CH)=1.1m d21=1/4J(NCO)=12.4m
d22=1/4J(CBCA)=3.6m d25=1/2J(NH)=5.5m
d23=1/4J(CBCA)=3.6m d26=1/4J(NH)=2.3m
d24=1/4J(CACO)=4.4m
ppm ,
15 o,
20
254 . % ¢
30 ' QVPW@ @e“' : Y
. .................... Cali a0 o L LI B
i a5 % 0 oo b
50 ]
& e
N 55 ' “J%gﬂwﬂ @99
HN wl L
65 9? ]
70 [ o, 0
1b é é "I ‘ ppm
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cbcaconhgpwg3d
y
H vy Yy -y
i l
g 9| Id‘l DIPSI2y |3 DIPSI-2 DIpsi2 |20
p p2 pl19
15N I d21-d10|d21+d10
22 p14
p§ e p:
BC’ m m az7 m a27 [i8 m
4 pt4 p14ip14 3 p14 pt3 p14
13 spgd d22$p5 sp5 sp2 sp3 pB sp3
Cop m do : d22 a0 d23 deS d24m m m
p14  p13 p14 p13 p14 pi3 p14 p14 pl4 p14
sp3  sp2 sp3 sp8 sp3 sp2 sp7 sp7 sp7 sp7
Gz N
G1 G2 G3 G4 G4
trcbcaconhgp3d
y -y
i Xy Y q26fa26|a26flaz6 rec
1 H
H a1 asfas id3 I = = \M
H DIPSL2 y |8 DIPSI-2 ) ) MMMAM
H v
B S 1o % : T
N I I da10 | az21 Id21-d10 I I
3 pl4
3¢ p%z spS
f\ m ﬂ A ar [| a ()
] p‘E:4 p14ip14 3 p14 p13 pl4
13C s sp53sp5 sp2 sp3 p8 sp3
ap H do i a2z (| 9227 gz md23T d24m ﬂ m
p14 p13 pl4 p13 pi4  pi3 p14 pl4 p14
GZ sp3 sp2 sp3 sp8 sp3  sp2 sp7 sp7 sp7 m
G1 G2 G2G3 G3
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trebcaconhetgp3d
y Yoy y
| a3 XYy Y X d}gG d2y6 ®rec
dl | g4 | d4 d26gd26 ] \ \M
H DIPSI2 y |8 DIPSI-2 |0 MMMMA
pi  p2 pl19 b y y VWWWVVW
BN d21-d25Qd21-d25
-d10 +d10
i p14
p2§2 sp5
13
¥ A M Jefle] f if
p4 p14ipt4 3 pl4 p13 p14 p14
13 % sp5 a2 Sp5isp5 sp2 sp3 p8 sp3 sp3
Cop { \ do i d22 _dg d23 f \d23 d24m m m m
f P14 pis p14 p13 pl4  pizi  pla p14 pl4 p14
GZ sp3 \s; 2 sp3 sp8 sp3 e F sp7 sp7 sp7 sp7, (\} m m (\}
G1 61 G2 ' G4 c4Q@Ce Go
G3 G5 G7
cbcaconhgpwg3d.2
y
vy vy -y
1 d4 a4 l
H 4 (93 DIPSI-2y |3 DIPSI-2 DIPSI2 |02t
b p2 pI19
15N I d27-d10|d27+d10
22 pl4
pé o p
B3C’ d22 m d27 m d27 [i8 m
¢l p14 p14ip14 3 p14 p13 p14
3 sp5 ssp5 sp5 sp2 sp3 pB sp3
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/ 3D HN(CO)CACB experiment \

e 3D HN(CO)CACB using PEP (hncocacbgp3d | HNncocacsepsp):
o with ?H-decoupling (hncocacbgp2h3d | HNcocaceepzH3b)
e 3D HN(CO)CACB using WATERGATE (hncocacbgpwg3d | HNcocacsePwe3D)
o with ®H-decoupling (hncocacbgpwg2h3d | HNcocaceepwe2H3D)
e 3D HN(CO)CACB using TROSY (trhncocacbgp3d | TrHNCOCACBGP3D):
o with 2H-decoupling (trhncocacbgp2h3d | TrRHNCOCACBEP2H3D)
o using gradient echo-antiecho (trhncocacbetgp3d | TRHNCcoOcAcBETEP3D)
o using gradient echo-antiecho and with 2H-decoupling (trhncocacbetgp2h3d |
TRHNCOCACBETGPZH3D )

Also see:
APSY-HNCOCACB experiment
Reduced-Dimensionality (3,2)-HNCOCACB (rd_hncocacb_32 | APSY_HNCOCACB_32)
SOFAST/BEST-HNCOCACB experiment
3D BEST-HN(CO)CACB (b_hncocacbgp3d | B_LHNCOCACBGP3D)
3D BEST-HN(CO)CACB using TROSY (b_trhncocacbgp3d)
4D BEST-HNCOCACB (b_hncocacbgp4d)
3D HNCACB and CBCA(CO)NH experiments

N 7

1 1 1
Ject Jcont Inm
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ppm ', -
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30 T ST
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'l .. [ ] 0
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SN KT T
N ’ .ogm.ll g 00
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70 4 '
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hncocacbgp3d
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trhncocacbgp3d
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CBCANH experiment

e 3D CBCANH using PEP (cbcanhgp3d | cecanHepsp)

e 3D CBCANH using WATERGATE (cbcanhgpwg3d | cacanHerwesp)

e 3D CBCANH using TROSY (trcbcanhgp3d | TrescaNHGP3D)

e 3D CBCANH using TROSY and gradient echo-antiecho (trcbcanhetgp3d | Treec anHETGP3D)

e 4D HBHACBCANH using WATERGATE (hbhacbcanhgpwg4d)

Also see:

HNCACB experiments
Sequential CBCANH experiments
CBCA(CO)NH experiments
CCANH experiments

References:
S. Grzesiek & A. Bax, J. Magn. Reson. 99, 201-207 (1992)
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3D Sequentiadl CBCANH using TROSY (seqtrcbcanhgp3d | seqTreacanHGP3D)

Also see:
CBCANH experiments
Sequential HNCACB experiment

3D Sequential CBCANH experiment

Ref: A. Meissner & O.W. Sorensen, J. Magn. Reson. 151, J. Biomol. NMR 20, 188-180 (2001))

1 1 2 1
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LM
2.D.

/ 3D HNCACB experiment \

o 3D HNCACB using PEP (hncacbgp3d | HNc acB6P3D):
o with ?H-decoupling (hncacbgp2h3d | HncacepzH3D)
o 3D HNCACB using WATERGATE (hncacbgpwg3d | HNcacsep2H3D)
o with 2H-decoupling (hncacbgpwg2h3d | HNcAcBGPWG2H3D)
e 3D HNCACB using TROSY (trhncacbgp3d | TRHNcAcBGP3D)
o with ?H-decoupling (trhncacbgp2h3d | TrRHNCACBGP2H3D)
o with gradient echo-antiecho (trhncacbetgp3d | TrRHNCAcBETEP3D)
o  with gradient echo-antiecho and with 2H-decoupling (trhncacbetgp2h3d |
TRHNCACBETGPZH3D)

Also see:
3D APSY-HNCACB experiment
Reduced-Dimensionality (3,2)-HNCACB (rd_hncacb_32 | APSY_HNCACB_32)
3D SOFAST/BES T-HNCACB experiment
3D BEST-HNCACB (b_hncacbgp3d | B_HNCACBGP3D)
3D BEST-HNCACB using TROSY (b_trhncacbgp3d)
3D HNCACB for J Measurements
3D HNCACB[CO]-E.COSY (hncacbgpjc3d | Hncacsepicad) - 3T[CO-CB] via E.COSY

3D HNCA(CO)CB and CBCANH experiments

WNCACB & 3D sequential-HNCACB experiments /

Wittekind & L. Mueller, J. Magn. Reson. B 101, 201-205 (1993)
R. Muhandiram & L.E. Kay, J. Magn. Reson. B 103, 203-216 (1994)
IJ IJ 1
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H H H
N N C ||—
(0]
H H g H
HNCACB
ppm |
20 -

30 | D' g%” ".'Wl

. .................... Cali » 40 ﬂg | M.!. ;DQ.II'. ‘ I

N 60 'I.'l'l ‘!n"m '.Mu :
HN N qﬁl- 'II.'

10 9 8 7 ppm

© 2010, BRUKER Biospin, Teodor Parella

658



Pulse Program Catalogue
NMRGuide - Topspin 3.0

@@C%Q@@

hncacbgp3d
y
Y Y ®rec
1 1
H 4 d26|d26 \8d2 T dz1 d26|d26d26|d26 5o
p1  p2 pif i p26 pi19 v
spf
15N I d23 I d23 d23-d10| d23+d10 I | ’—‘
GARP
p22 pZ ls’;g pl16
e ﬂ ﬂ N
p14 p:
5 & e £
13CaB d28 deB ﬂ mdza mdza ﬂ m
pid  pi3 14 p13 13 p14  p13 pi4
sp3 sp2 §p3 gpa 2;1); §p2 sp3 ng sp3
‘ A A
G1 U G2 G3
d26=1/4J(NH)=2.3m
d21=1/2J(NH)=5.5m
d23=1/4J(NC0O)=12.4m
d28=1/4J(CACB)=3.6m
if Z6GOPTNS=LABEL_CB d28=7.2m
hncacbgp2h3d
y y
Yy -y y -y Drec
I da1]az6 faze \Sdn'W' I d4| SIS d21 26 fld26|d26fd26(s 8\MMMMMA
pl  p2  pif § p26  p9 ¥ WWVWVVW
spt
15N I d23 I d23 I d23—d10| d23+4d10 | I ’—‘
GARP
p22 p# 2;,‘5‘ pi16
oc A N
BCap m Ldzsmﬂs a0} az7 m a1 ﬂdzsmdzs
pl4 p pl4  pi13 pl4 p13  p14d  pi3 p14
2H sp3 sp2 sp3  sp8 sp3 sp2 sp3  s@8 sp3
GARP
pl17
° | \
G1 U G2 G3
© 2010, BRUKER Biospin, Teodor Parella 659



Pulse Program Catalogue
NMRGuide - Topspin 3.0

hncacbgpwg3d
y
y -y y -y ®rec
iy d1|d26 fJaze| - 8421 lazz i | A3
H ) DIPSI-2 DIPSI2 | S
P p2 p11 p26 pl19 2¢ W2d VWWWW
sp
1SN I d23 I d23 I ] d23-d10| d23+d10 3§ I ’GAT‘
p22 pZ1 2,1; prie
B3C m ﬂ m
p14 p14
> sp3
13Ca[3 m mdzamdza m ﬂdzamdzs m m
P14 P13 44 i3 14p13 P14 pi3 p14 p14
sp3 sp2 sp3 sp8 2P3 sp2 sp3 SFB sp5 sp5
Gz ) ) 0
G1 G2 G3 G4 G4
hncacbgpwg2h3d
1 y -y ¥ -yd21 -X -x l-x ®rec
421 d4
H at[azefaze| 8 Im WI ) AMMMMM
p‘1 p2 2'1)} p26  pl19 ng C12_6l WWWW
ISN I 423 I d23 I 8 d23-d10l d23+d10 |§ I GARD
p22 pZ1 2; g ggg "
3¢’ 0 m
p14
3 1 ) sp3
13Ca[3 dzemdza mdo 427 ﬂd28md28 m m
P2 P8 4 p13 14 p13 P14 pf3 p14 p14
sp3 P2 sp3  sp8 2p3 sp2  sp3 sp8 sp5 sp5
H
GARP
pl17
Gz / A A0 N
G1 G2 G3 G4 G4
660

© 2010, BRUKER Biospin, Teodor Parella



Pulse Program Catalogue
NMRGuide - Topspin 3.0

trhncacbgp3d
p1 y bgp y
1 azel] a26 | | a26faz6 d§§|d2§ ®reo
dar |ax - - M
H ) A A A A WVAVAVAV
11 p2 _
S " i
15N I d23 I d23 I d10 i d23 Id23-d10 I I
p22  pZl :
13C”
pi4 p14 pi4
sp5 sp5 sp5
BCap m mdzemdze ﬂdo d0:do: do m ﬂdZB( \dza
p14 p13  p14 p13 p14 p13  p14 p13 p14
sp3 sp2 sp3  sp8 sp3 sp2 sp3  sp8 sp3
“ NN A A
G1 Gt G2 G2G3 G3
trhncacbgp2h3d
p1 y -y
d26 dgye 326]§d26/326[1d26 Dreo
lH d1 -X \ °X
p11 p2 =
sp1 P ¢l : Y
15N I d23 I d23 I da10 § 423 |d23-d10 I l
p22  pZl :
3¢
pi4 p14 p14
sp5 sp5 sp5
B Cap m dZBf \dZB ﬂdo doidoido m ﬂdZBf \d28 m
p14 p1 p14 p13 p14p13 p14 pt3 pl4
sp3 sp2 sp3  sp8 sp3sp2 sp3 sp8 sp3
’H
GARP
pl17
“ NN N N
Gl Gt G2 G2G3 G3
© 2010, BRUKER Biospin, Teodor Parella 661



Pulse Program Catalogue
NMRGuide - Topspin 3.0

trhncacbetgp3d
y Yoy y
B d26fd26
y X G 4 Orec
'H a1 d26|d26 J I \d26Id26 % Vi
)
pi1ip1 p2 o y y
! d23-a2s [| a23-az2s
15N I d23 I d23 I ~d10 I +d10 I 5 I
p22  pdl
13C” (’\ m
pi4 p14 pl4 pl4
sp5 sp5 sp5 sp5
B azs(\dzs mdo d0}doi do m mdzamdza m
p14 p13 p14 p13 p14p13 p14 p13 p14 pl14
sp3 sp? sp3  sp8 sp3sp2 sp3 sp8 sp3 sp3
“_ NNENNINN N N AEN ()
G1 G1 G2 G2 G3 G3 G4 G4 G6 G6G8 Gs
G5 G7 G9
trhncacbetgp2h3d
y RS y
- d261d26
1 y X 4 = 5 ®rec
di A | az26 f aze d26f d26 yI SA
H \ I | | \ \ \ \MMMAIWV
11 i y E
2 [Ty e
15N I d23 I d23 Id4§ ~410 +d10 I 8 I
p22  pZ :
e ﬂ A
pi4 p14 pl4 pl14
sp5 spS sp5 sp5
13 d27
d28| \d2s d2g [ \d2s
Caup r \ d0d0; d27 m_mﬂ f \ m
p14 p1 p14 p13 p14 p13 p14 pt3 p14 p14
sp3 sp2 sp3  sp8 sp3 sp2 sp3 sp8 sp3 sp3
2
H GARP
pl17
“ NN NN AL T
G1 G1 G2 G2 G4 G4 G6 G6
G3 G5 G7
662

© 2010, BRUKER Biospin, Teodor Parella



Pulse Program Catalogue “HUKEH
NMRGuide - Topspin 3.0

BRUKER
PULSE PROGRAM
CATALOGUE

NMRGuide

3D SEQUENTIAL HNCACB

© 2010, BRUKER Biospin, Teodor Parella 663



Pulse Program Catalogue .mHUK ER
NMRGuide - Topspin 3.0

3D Sequential-HNCACB experiment

e 3D Sequential HNCACB using TROSY (seqtrhncacbgp3d | seqTrHNCAcB6P3D)
o  with ?H-decoupling (seqtrhncacbgp2h3d | seQTRHNCACBEP2H3D)
o Using gradient echo-antiecho (seqtrhncacbetgp3d | seqTrRHNCACBE T6P3D)
o Using gradient echo-antiecho and with 2H-decoupling (seqtrhncacbetgp2h3d |
SEQTRHNCACBETGPZH3D)

Also see:
3D HNCACB and intra-HNCACB experiments
3D sequential CBCANH experiments

References:
A. Eletsky, A. Kienhoefer & K. Pervushin, J. Biomol. NMR 20, 188-180 (2001)
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/ 3D intra-HNCACB experiment \

e 3D Intra-HNCACB using PEP (hncacbigp3d | HNncaceIsPsD)
o with 2H-decoupling (hncacbigp2h3d | HNcacererzH3D)
e 3D Intra-HNCACB using WATERGATE (hncacbigpwg3d | HNcaceIePwe3D)
o with ?H-decoupling (hncacbigpwg2h3d | HNcaceicPwe2H3 D)
e 3D Intra-HNCACB using TROSY (trhncacbigp3d | TrHNCACBIGP3D)
o  with ?H-decoupling (frhncacbigp2h3d | TrRHNCACBIGP2H3D)
o  With gradient echo-antiecho (frhncacbietgp3d | TrRHNCcAcBIETGP3D)
o  With gradient echo-antiecho and with 2H-decoupling (trhncacbietgp2h3d |
TRHNCACBIETGP2H3D)

Also see:
3D SOFAST/BES T intra-HNCACB experiment

3D BEST-intraHNCACB (b_hncacbigp3d | B_HNCACBIGP3D)
3D BEST-intraHNCACB using TROSY (b_trhncacbigp3d)

3D HNCACB and sequential-HNCACB experiments /

D.Nietlispach, Y. Ito & E.D. Laue, J. Am. Chem. Soc. 124, 11199-11207 (2002)
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3D CCANH experiment

e 3D CCANH using PEP (ccanhgp3d | ccanHersp)
e 3D CCANH using PEP with 2H-decoupling (ccanhgp2h3d | ccanHepzH3D)
e 3D CCANH using PEP and 'H-NOE (ccanhgp3d.2 | ccanHep3p.2)

Also see:
CCA(CO)NH and 3D CC(CO)NH experiments
3D & 4D HCCCONH Experiments

S. Grzesiek & A. Bax, J. Biomol. NMR 3, 185-204 (1993)
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CCA(CO)NH and CC(CO)NH Experiments

3D CCA(CO)NH experiment

e 3D CCA(CO)NH using PEP (ccaconhgp3d | ccaconHeP3p)
o 3D CCA(CO)NH using PEP with 2H-decoupling (ccaconhgp2h3d | ccaconHep2H3D)
e 3D CCA(CO)NH using PEP and 'H-NOE (ccaconhgp3d.2 | ccaconHersp.2)

3D CC(CO)NH experiment

e 3D CC(CO)NH using PEP (ccconhgp3d | ccconHersp)
e 3D CC(CO)NH using PEP with ?H-decoupling (ccconhgp2h3d | ccconHepzHab)

Also see:
3D CBCACONH, 3D CCANH, 3D (H)CC(CO)NH and H(CCCO)NH experiments

References:
S. Grzesiek & A. Bax, J. Biomol. NMR 3, 185-204 (1993)
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References:

1. 6.T. Montelione, B.A. Lyons, S.D. Emerson & M. Tashiro, J. Am. Chem. Soc. 114, 10974-75 (1992)

2. S. Grzesiek, J. Anglister & A. Bax, J. Magn. Reson. 101 B, 114-9 (1993)

3. B.A. Lyons & G.T. Montelione, J. Magn. Reson. 101 B, 206-9 (1993)
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ccconhgp2h3d
p1 y
pl19 XY Y ®reo
'q DIPSI2 y osia (02526 fa26/a26fa26 |5 45
p2 : : ¢1 H H b4
i |a23-d10ffaz23£a10 I
°N I I I I i GARP
pp2 i 3 pi16
£ P p1d p1a  p14 f3 pl4 piai i p4 i

ioosb i spg 415 Sp5 s s sp3 g8: A sp3 P
Sali [0 et @ flae i e (] @ e Q ﬂ ﬂ

’H
GZ

® O

pi3 pl4 P9 i pt4  pis pi4 ptd i pla pid
s2 sp3 H pl15 sp3 sp8  sp7 spE i sp7 Sp%
pl17

d15:TOCSY mixing time [12 msec]

Variable Cali evolution period consisting of: d21=1/43(CACO)=3.6m
3(CAli) evolution and J(CAIi-CO) decoupling d22=1/2J(CACO)=4.4m
: : . : d23=1/43(NCO)=12.4m
6(CAI!) evolu‘r!on and J(CAI! N) decouplm'g A v A
3(CAli) evolution and J(CAli-2H) decoupling d26=1/47(NH)=2.3m
3(CAli) evolution and J(CAli-H) defocusing d4=1/4J(CH)=1.7m

3(CAli) evolution and J(CAli-Cali) evolution
Cali-CO INEPT transfer

CO-N INEPT transfer
J(CO-H) decoupling
J(CO-H) refocusing

Concatenated Constant-time 15N evolution period consisting of:
8(N) evolution and J(N-H) evolution

3(N) evolution and J(N-CO) refocusing

3(N) evolution and J(N-Cali) decoupling

1H-15N TROSY ftransfer consisting of two retro-INEPT like blocks

© 2010, BRUKER Biospin, Teodor Parella

682



Pulse Program Catalogue “HUKEH
NMRGuide - Topspin 3.0

BRUKER
PULSE PROGRAM
CATALOGUE

NMRGuide

HCC(CO)NH EXPERIMENTS

© 2010, BRUKER Biospin, Teodor Parella 683



Pulse Program Catalogue
NMRGuide - Topspin 3.0

HCC(CO)NH experiments
3D (H)CC(CO)NH Experiment

e 3D (H)CC(CO)NH using PEP ( hccconhgp3d3 | HecconHePapa)

e 3D (H)CC(CO)NH using WATERGATE ( hccconhgpwg3d3 | HecconHerwespa)

e 3D (H)CC(CO)NH using TROSY (trhccconhgp3d3 | TRHcccONHGP3D3)
o With gradient echo-antiecho (trhccconhetgp3d3 | TrRHcccONHETEP3D3)
o With additional gradient (trhccconhgp3d3.2 | TRHccc oNHEP3D3.2)

TRHCCCONHETGP3D3.2)
3D H(CCO)(CO)NH Experiment

e 3D H(CC)(CO)NH using PEP (hecconhgp3d2 | HecconHersnz)
o with 'H-13C CP transfer (hccconhgp3d1 | HecconHersp1)
e 3D H(CC)(CO)NH using WATERGATE (hccconhgpwg3d2 | HecconHePwead2)
e 3D H(CC)(CO)NH using TROSY (trhccconhgp3d2 | TRHccconHEP3D2)
o  With gradient echo-antiecho (trhccconhetgp3d2 | TrRHcccoNHETEP3D2)

4D HCC(CONH Experiment

e 4D HCC(CO)NH using WATERGATE (hccconhgpwg4d)
Also see:

3D HBHA(CO)NH experiment

3D CC(CO)NH & CCA(CO)NH experiments
3D CBCA(CO)NH experiment

o With additional gradient and with gradient echo-antiecho (trhccconhetgp3d3.2 |
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Yen+ 2 Weet YWeon* YUnn (H)CC(CO)NH
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y
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d3=1/6J(CH)=1.1m

d4=1/4J(CH)=1.7m
d21=1/2J(CACO)=3.6m .
d22:1/2J(CACO):4.4m . .................... Cah
d23=1/4J(NCO)=12.4m i
d25=1/2J(NH)=5.5m
d26=1/4J(NH)=2.3m N
HN
trhccconhgp3d3
y -y
x 426 426
Oreo
'H 41 d4| d4 I Sy ﬂ"“l"“ AIA
9 X X
Rl P2 ° 4 sp;h W
o | | o] ||
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“C| A | ] |efle A
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G sp3 sp2 sp3  spg P15 sp2 sp9 sp8  sp7 SP7 sp7
2 , i AN A
G1 G2 G3 G3 G4 G4
50:-30:18:44
trhccconhgp3d3.2
y -y
x d26 | d26
®rec
'H di d4| d4 I DIPSiZy mdzeldze (\lf\
pI1? -X X
<1l D2 ¢1 ,;p]] .
=~ | I ol 2 || ]
p22
“C’ i L[ e ffe i
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Jen+ 2 Yee+ Ycon+ Unn

H(CC)(CO)NH
H—(|:—H

N c C —(”:

REPNR

i“@@

4
hccconhgp3d1
6 ms y -y y
iy i I € e DiFsiay TS idzsdzsldzelazs a26|55
Bl p2 pé pl19 (h]
pl10
ISN I 5 d23+d1(|d23-d10 I GARP
p2l pl1é6
13C’ q m m dz23 m d23 m
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3 ) 12 ms 5p5 sp3 8 sp3
Cali DIPSI2 dz1 ﬁdzl Wd” ﬁ
f p14 Sﬁs P24 pI3 pi4 P 14
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G
z 8 A A
e} 'Gz G3
30:80:8.1
d3=1/6J(CH)=1.1m
d4=1/4J(CH)=1.7m
d21=1/2J(CACO)=3.6m
[ Y—— Hali d22=1/2J(CACO)=4.4m
d23=1/4J(NCO)=12.4m
d25=1/2J(NH)=5.5m
d26=1/4J(NH)=2.3m
N
HN
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hccconhgp3d2
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Xy -y
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Also see:

HBHACONH experiment

3D HBHANH experiment
3D CBCA(CO)NH experiment
3D H(CC)CO)NH experiment

e 3D HBHA(CO)NH with PEP (hbhaconhgp3d | HeHAconHEP3D)
e 3D HBHA(CO)NH using WATERGATE (hbhaconhgpwg3d | HeHacoNHePWE3D)
e 3D HBHA(CO)NH using TROSY (trhbhaconhgp3d | TRHBHACONHGP3D)
e 3D HBHA(CO)NH using TROSY and gradient echo-antiecho (trhbhaconhetgp3d |

TRHBHACONHETGP3D)

e 4D HBHACONH using WATERGATE (hbhaconhgpwg4d)

Uen+ Yeet Yeont Unu

HBHA(CO)NH
z H—|C—H
N—C %:)— T
H ° iu ©
CBCA(CON)H HBHA(CON)H
30 0‘9':@ B‘
35 . s
. 40 ° A
? .................... Hall » us ] a °° be -°
:: i LY
oo R
N o ?ﬂﬁ: LR
HN 70 '

ppm

F-0.5

F 1.0

F 20
F 25
F 3.0
F 35
- 4.0

- 4.5

T T
7 6 ppm
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d4=1/4J(CH)=1.8m
d3=1/6J(CH)=2.2m
d21=1/4J(NCO)=12.4m
d22=1/4J(CACB)=3.6m
d23=1/4J(CACO)=3.6m
d24=1/2J(CACO)=4.4m
d25=1/2J(NH)=5.5m
d26=1/4J(NH)=2.3m
d27=1/4J(NCO)=12.4m
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3D HBHANH experiment

e 3D HBHANH using PEP (hbhanhgp3d) | HeHanHeP3D)
e 3D HBHANH using WATERGATE (hbhanhgpwg3d) | HeHANHGPWE3D)
e 3D HBHANH using TROSY (trhbhanhgp3d | TRHBHANHEP3D)

e 3D HBHANH using TROSY and gradient echo-antiecho (trhbhanhetgp3d | TRHBHANHETGP3D)

Also see:
3D HBHA(CO)NHexperiment

Yen+ Jeet JYeant Inn
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|| ] N
H HN
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45 +4.5
10 é é 7‘ é ppm 10 é é % é ppm
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d4=1/4J(CH)=1.8m
d3=1/6J(CH)=2.2m
d21=1/4J(NCO)=12.4m
d22=1/4J(CACB)=3.6m
d25=1/2J(NH)=5.5m
d26=1/4J(NH)=2.3m
d27=1/4J(NCO)=12.4m

hbhanhgp3d
¥ y y
pl19 y -y res
d4 i(k-1)gd4-
1
H 9.0 a0 IkdO d3| DIPSIZ y SIPSIa d25|d26|d26 6Id26 SIS\MAMMMM
v
A N v T
15 - 214d1
N I d21 leId +d10 I I m
pl16
ERINEY
p14 | ptd
13 sp5 A  spé
Cap m d22 m d22ﬁ d27 mcm s m
p14 p13 p14 p13 p14 pi3 p14
sp3 sp2 sp3 sp8 sp3 SE2 sp3
G, m
G1 G2 G3
hbhanhgpwg3d
b y
d4 i(x-1)fd4 y v om
1 di - R . -x f-x
T e ) e — w25 3 A e
p1 p2 i1 0} WWVWWWVVWV
SN I d21-d10|d21+d10 8 I
GARP
pl16
al
p14 p14
13 sp5 A sp5
Cap m d22 m d22 m d27 mdﬂ 5 m
p14 p13 p14 p13 pl4 pi3 p14
sp3 sp2 sp3 sp8 sp3 sp2 sp3
v A AA
G2 G3 G4 G4

© 2010, BRUKER Biospin, Teodor Parella

699



Pulse Program Catalogue

NMRGuide - Topspin 3.0

HBHA(N)H

CBCA(N)H

ppm
0.0

0.5

1.0

-1.5

2.0

2.5

3.0

3.5

4.0

4.5

ppm-]

15

HBHA(N)H

HBHA(CON)H

ppm
0.0
0.5

1.0
F1.5

2.0

F2.5

3.0

3.5

4.0

4.5

o
-

700

© 2010, BRUKER Biospin, Teodor Parella



Pulse Program Catalogue
NMRGuide - Topspin 3.0

trhbhanhgp3d
& y -y
da i(x-1)fds- d26|d26 d26|d26 ®reo
iy d1 =N X
L L d°Jkd° il I K Sl
T
p1 b2 pITo N AL
15N I d21+d10|d21-d10 J I
13C' m i
p14 |
13 sps [
Cop m m d22 m d22 m d27 mcm 5 m
p14 p13 p14 p13 pl4 pi3 p14
sp3 sp2 sp3 sp8 sp3 sp2 sp3
v AN A
G1 G2 G2G3 G3
trhbhanhetgp3d
& v Y
@rec
d4 i(k-1)fd4- yla2eflaz6| :azeffaze
1 d1 d3 =N e
Ho 7] a0 dOJkdo | DiPsi Sl
p1 p2 pI19 WVWWVW
15 d21-d25fd21-d25
N I -d10 I +d10 I 5 I
< N
pl4 pl4
13 sp5 A sp5
Cop m d22 d22 m d27 mcm 5 m m
p14 p13 p14 p13 p14 pi3 p14 pl4
sp3 sp2 sp3 sp8 sp3 sp2 sp3 sp3
v MJ\“
G1 G3 G3' G5 G5
G2 G4 G6
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S. Hiller, F. Fiorito. K. Wuethrich & 6. Wider, Proc. Natl. Acad. Sci. USA 102, 10876-10881 (2005).
F. Fiorito, S. Hiller, 6. Wider & K. Wuethrich, J. Biomol. NMR 35, 27-37 (2006)

Reduced-Dimensionality (RD) /APSY NMR Experiments

See the original experiments

Reduced-Dimensionality (3,2)-HNCA (rd_hnca_32 | APSY_HNCA_32)
Reduced-Dimensionality (3,2)-HNCACB (rd_hncacb_32 | APSY_HNCACB 32)
Reduced-Dimensionality (3,2)-HNCOCACB (rd_hncocacb_32 | APSY_HNCOCACB_32)
Reduced-Dimensionality (6,2)-HNCOCANH (rd_hncocanh_62 | APSY_HNCOCANH_62)
Reduced-Dimensionality (3,2)-HNCO (rd_hnco_32 | APSY_HNCO_32)
Reduced-Dimensionality (4,2)-HNCOCA (rd_hncoca_42 | APSY_HNCOCA_42)

rd_hnco_32
y
y Yy -y
1 dl | d26 d26| - 8d21 | d21 8
H I ) DIPSI-2 DIPSI2 |
p1 p2 p1f p26 pl19
spft
15N I dz3 I dz23 I d23-d32| d23+d32
21
p22 p: 0,
13C’ m d31 d31H ) m
p14 pt3 p14 p13 p14
13 sp3 sf2 sp3 &pB sp3
p14 p14 p14 pl4
sp5 spS sp5 sp5
O \ i A
G1 G5 G2 G3 G4 G4
rd_hnca_32
y Yy -y
1 d1 | d26 fd26| o 84921 | d21
H I ) | | DIPSI-2 DIPSI2 |
p1  p2 p1% p26 pi19 0y
spt
1SN | dz23 | d23 | d23-d32| d23+d32
22 p21
p. ¢'l
BCy m sﬂ d31 d31m 8 m
p14 pi3 p14 p18 p14
sp3 sp2 sp3 gpd sp3
o A 0 0
p14 p1g- p14 p14
spb sp spb spb
O A T A0
G1 G5 G2 G3 G4 G4

© 2010, BRUKER Biospin, Teodor Parella

704



Pulse Program Catalogue
NMRGuide - Topspin 3.0

rd_hncoca_42
1 y vy -y
Iy di|d26 sd21 [ ati X P2 Breo
H dZG\ DIPSI2 DIPSI-2 ) \MMMMAM
pl p2 p11 p26 pi19 % QF WWWWWVVW
sp
15 d23 j d23 8| d23-d33 d23+d33 s
N | I I I I I GARP
pl4 1
p22 pZt o7 pi16
BC m ﬂdSl ds1 d22md220 m mﬂdzzmdzz m
p1d pi3 p14 pt4 13 P14 pi3 pl4
sp3 sp2 sp3 sp7 2 sp3 P3 sp3
1301 m m d32 d32 {\ m m
14 pl4 14 P13 P14 pl4 pl4 pl4
2;,5 sp5 sp2 2p3 sp8  sp5  gps sp5 sp5
K A N1
G1 G5 G2 G3 G4 G4
rd_hncacb_32
y
y sy 'y -y Qrec
1 5121 a1 i o A2
H d1]d26 §az6| o DIPSI-2 DIPSI-2 ) MMMMM
P p2 'p1} p26 pl19 ‘2o WWVWVVVVW
sp
ISN I d23 I d23 I 8 d23-d32| d23+d32 s I
GARP
p14 11
p22 pZ1 $p5 pi16
1307 m m
p14 pid
y , sp3
13Cas m 5mdzamdzem d31l ds1 mdzsdeB
p14 P b4 p13 p14pi3 P14  pf3 p14 p14
sp3 SP? sp3  sp8 sp3sp2  SP3 g8 sp5 sp5
Oz il ) A
G1 G5 G2 G3 G4 G4
705

© 2010, BRUKER Biospin, Teodor Parella



Pulse Program Catalogue %Fousﬁ: ?ﬁ
NMRGuide - Topspin 3.0

rd_hncocacb_32
y
1 H Y v X X X m
1 d21 |d21 i ” N B
Hoa|esfes]y® oSz [T
Pl p2 p11 p26 pl19 w°% 1‘? VWWWVW
sp
15N d23 | 423 8] d23-d32 § d23+d32 |§
GARP
) - pl4 13
p22 pZ1 o7 P pl16
°c | |=f=] ﬂ D ]
pl4 p13 pl4 Iy p14  pi3 pl14
sp3 sp2 sp3 sp 1 f 2 sp3  sp8 sp3
13Caﬁ m m d28md28ﬂ ds1 d31 ﬂd28Hd28 H H m m
p14  pl4 p14 pi3 p14 p13  P¥  p13 pl4  pHs p14 p14
spb  spb sp2 sp3 sp8 sp3sp2  SP3  sp8  spb S5 sp5 spb
G, i m m
G1 G2 G3 G4 G4
rd_hncocanh_62
y
y -y
d26+ (1-k) 6 1 | X
dl §d21 d21
" 431§ d31 Iﬁl ) | DIPSI-2 |
fm p2 f pif { p26 pl19
spt
d23+ (1-k)f d23- d23- Q(1-k); d23+ s
ISN d32 J k*d32 k*d35Qd35 i d35 GARP
p22 pa1 pl16
13C, s d22+§(1—k) d22+
d33 :d33 | | k*d33
pl4 % : pi4  p13 pi4 pi4
f sp3 L’pz i gp3 sp8 ST sp7 : ;
13 d22+(1-k) (| d22+
Cap m m m ﬂd34 34 | jrasal| 8
pl4 pl4 p14
pl4 p13 p14  pf3
spS sp5 sp5 5F‘?spz sp3 s sp3
Gz A N1
G1 G5 G2 G3 G4 G4

A Decription of the usage of the APSY techmique
in TOPSPIN can be found in the_APSY Manual
(see Help menu in Topspin)
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SOFAST/BEST NMR Experiments

2D SOFAST/BEST Experiments

e 2D Sofast-HMQC (sfhmqcf3gpph | SFHMQCF 3GPPH)

e 2D Sofast-HMQC with inversion of water/aliphatic protons (hetsfhmqcf3gpph)
e 2D Sofast-HMQC with sensitivity improved (sfhmqcf 3gpphiasi)

e 2D BEST-HSQC (b_hsqcetf3gpsi | B_HSQCETF36PSI)

e 2D BEST-TROSY (b_trosyf3gpph)

e 2D BEST-TROSY withsensitivity improved (b_trosyetf 3gpsi)

3D SOFAST/BEST Experiments

e 3D BEST-HNCO (b_hncogp3d | B_HNCOGP3D)

e 3D BEST-HNCOusing TROSY (b_trhncogp3d)

e 3D BEST-intraHNCO (b_hncoigp3d | B_HNCOIGP3D

e 3D BEST-intraHNCO using TROSY (b_trhncoigp3d)

e 3D BEST-HNCA (b_hncagp3d | B_LHNCAGP3D)

e 3D BEST-HNCA using TROSY (b_trhncagp3d)

e 3D BEST-intraHNCA (b_hncaigp3d | B_LHNCAIGP3D)

e 3D BEST-intraHNCA using TROSY (b_trhncaigp3d)

e 3D BEST-HN(CO)CA (b_hncocagp3d | B_HNCOCAGP3D)

e 3D BEST-HN(CO)CA using TROSY (b_trhncocagp3d)

e 3D BEST-HN(CA)CO (b_hncacogp3d | B_HNCACOGP3D)

e 3D BEST-HN(CA)CO using TROSY (b_trhncacogp3d)

e 3D BEST-HNCACB (b_hncacbgp3d | B_HNCACBGP3D)

3D BEST-HNCACB using TROSY (b_trhncacbgp3d)

3D BEST-intraHNCACB (b_hncacbigp3d | B_LHNCACBIGP3D)
3D BEST-intraHNCACB using TROSY (b_trhncacbigp3d)

3D BEST-HN(CO)CACB (b_hncocacbgp3d | B_HNCOCACBGP3D)
3D BEST-HN(CO)CACB using TROSY (b_trhncocacbgp3d)

4D SOFAST/BEST Experiments

e 4D BEST-HNCACO (b_hncacogp4d)
e 4D BEST-HNCOCA (b_hncocagp4d)
e 4D BEST-HNCOCACB (b_hncocacbgp4d)

See the original experiments
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NH-selective shaped pulses for BEST/Sofast NMR Experiments:

. p39: f1 channel - 120 degree shaped pulse for excitation

B3 sp23= Pc9_4_120.1000 (1200) (3.0ms at 600.13 Mhz)
. (or Q5.1000 (900) (2.0ms at 600.13 MHz) )

‘ p40: f1 channel - 180 degree shaped pulse for refocussing

Eads sp24= Rsnob.1000 (1.0ms at 600.13 Mhz)

Ql p41: f1 channel - 90 degree shaped pulse for excitation

sp25 sp25=sp27= Pc9_4_90.1000 (3.0ms at 600.13 Mhz)
m p42: f1 channel - 180 degree shaped pulse for refocussing

a2 sp26= Reburp.1000 (2.0ms at 600.13 Mhz)
sp26

. p43: f1 channel - 90 degree shaped pulse for excitation

p43 sp28= Eburp2.1000 (1.92ms at 600.13 Mhz)

5Pz sp29= Eburp2+tr.1000 (1.92ms at 600.13 Mhz)

‘ p44: f1 channel - 180 degree shaped pulse for refocussing

I‘S’;go sp30= Bip720,50,20.1 (200us at 600.13 MHz)
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RUKER
1I0SPIN

BEST-NMR:

1. P. Schanda, H. v. Melckebeke & B. Brutscher, J. Am. Chem. Soc. 128, 9042-9043 (2006)

2. E. Lescop, P. Schanda & B. Brutscher, J. Magn. Reson. 187 163-169 (2007)

sfhmqcf3gpph
1{ dl . d21 ‘l d21 Preo
p39 40
sp23 a1 §p24
Iﬁq P do 9 do
M. o ]
pl26
B(: optional (ﬁ\
p8
(} sp3
. A A
G2 Gl G1
hetsfhmqcf3gpph

H (\ d1 . d21 . d21 Qrec

p49 p39 @ p4o0

sp32

"N

sp23

A

do

sp24
do

»e
Lo

3
(: optional

A

G, N

P8
sp3

G3

Gl

© 2010, BRUKER Biospin, Teodor Parella

710



Pulse Program Catalogue
NMRGuide - Topspin 3.0

sfhmqcf3gpphiasi
p42 p42 p42
Sp26 sp26 sp26 Drec
q ‘ 426 ﬂ 26 ﬂ a26 [\ d26
p39
sp23 ol
EN I do do I |
B
C optional /\
p8
3
G P
) ANA
G2 Gl Gl
b_hsqcetf3gpsi
p42 p44
26 p43 p43 p43
P sp30 sp28 sp29 sp28
'y dlmdﬁﬂd%“ ‘ ‘dzeﬂdzeyldzemdzel
p4l p4l
sp25 sp27
5N d  do 8 Ia I I
p116
13
C optional /\
p8
spl3
& _n  nn n on o

G2

-l

Gl

© 2010, BRUKER Biospin, Teodor Parella

711



Pulse Program Catalogue MHUKER
NMRGuide - Topspin 3.0

b_trosyf3gpph
y -y v
q cumdzemdzsm ‘d24ﬂd24.d26/\d26 rec
2 4 3
2: i 2:26 o27®1 2:;8 2329
N I 5| a0 I I
o)
WC optional /\
P8
spl3
G
= N A A
Gl G1G4 G2 G2 G3 G3
b_trosyetf3gpsi
- y
X y v Y y Dreo
' d1Hdzsﬂdzs m ‘dzsmdzs s dzsﬂdzs S\MA
H A A A A AVAVAVAVAVA
47 p42 1
2p25 sp26 2;27 @1 2:28 y 2:39 y e Wwwv
BN 5| a0 a0 |5 I I
B optional m
P8
spl3
G, NN
Gl Gl G2 G4 G6
G3 G7
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pa1
p41 sp27
sp25 sp26 y

d26 d260

p44
sp30

b_hncogp3d

p43

sp28

‘dZGr \d26ld26 \dZG‘Gr \8

sp29

p43
sp28

Prec
0 d23-
1SN I 8| az3f az3 d10 {d23f 419 - Gare |
p22 pZ1 01 pl16
13C’ m 5l do a0 H 5
p14 13 p14 p13 pi4
13 sp3 sp2 sp3 &p8 sp3
C. Il
p14 p14 pl4
sp5 sp5 sp5
“ 1 N /) ) i
G3 G3 G4 G5 G6 G7G8 G8 G2
b_trhncogp3d
y -y
®rec
b o fref o | weffosfoefl
I
1 p42 1 p43 A
2325 sp26 2327 0y 58 sp29 ‘*’WVWWV
INN| i 5| d23Q 423 I dio i d23 Id23-d10 I
p22 p21
1B3C’ m sm 40 do N
p14 13 p14 p13
13 sp3 gpz sp3 sp8
Ca f ﬁ’
p14 p1g pl4
sp5 sp sp5
LN A A A
G6 G2 G2G3 G3

G1 G1 G4

G5
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b_hncoigp3d
p41
3
p41 p42 SP27 p44 p4
p43 $p29 p43
sp25  $p26 sp30 sp28 y sp28
®Drec
'H f \d26 ‘ ‘ a26( |a26[dz6( |a26[@8[ |3
d23-
15 §|a23d23- d10 id23
N I 425 d25) d1o GARP
p22 pd1 p14 p13 p pl16
1 sp7 sp2 H
Co m 8 d22md22ﬂ m m d22 d22 |8 m
p14 pi3 p24 p13 p24 p13 pil4
sp3 sp. sp b1 sp7 B sp3
13C m do |
p14 p14 p14 7 p14 p13 p14 pl4
sp5 Sp5  sp5 sp2 sp3 sp8  sp5  gp5
“ | N1 A A I |
G3 G3 G4 G5 G6 G7 G7G8 G8 G2
G1
b_trhncoigp3d
v
H d1 0d26[\d26 [\ (\ .dzsr \d26.d26 Bree
T pa1 p#4 " pad 3 3
sp25 SP26 sp27 sp30 sp30 sp28 sp29
s d25 d23
N (923 I da23 i +d10:923 f _q10
p22 p21 B
13
Co m 3|l a22 M a22 m f \ d22. a22||8
p14 [1E] p24 pi4 p 13 p24 p14
ﬁ sp! 2 sp9 "1 sp7 s ppz sp9 Pt sp3
13
c s o afll f| [
pl4 14 pl4 ﬁ 3 p14 p13  pla  pi4 pl4
GZ m m sp5 sps  spb sp2 sp3 sp8  sp5  SpE sp5 m m m m
G1 G1 G4 G5 G6 G2

G2 G3

G3
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b_hncagp3d
p41
p43
p41 p42 sp27 p44 p29
sp25  sp26 y sp30 2;:238 y 2:28
Drec
'H cur d26f )dz ‘ ‘ ‘dzef \dzeldzef \dzelsf \8 MM
15 5 a10 iazaff 423° V
N I d23 Qg d23 d10 GARP
p22 pZ1 o1 P pl16
By m sl do g0 f \ 5
pl4 pE13 pl14 p13 pil4
sp3 sp2 sp3 gp! sp3
13’ m ﬂ
p14 p14 p14
sp5 spb sp5
“ | [ AN A A A I
G3 G3 G4 G5 G6 G7 G7G8 G8 G2
G1
b_trhncagp3d
y Y ¥
' e [l \aus | A0 P e e e
A
41 pa2 1 pa4™ pda 3 P43 Trve
§p25 o026 2327 Y sp30 sp3o & L’gzg p29 WVWWWV
15N i s d23I 423 I d10 | d23 Id23-d10 I I
p22 pd1
By m 8 da0 a0 s m
pl4 3 p14 p13 p14
sp3 gpz sp3 sp8 sp3
13C” m ﬂ)
p14 p14 p14
sp5 sp5 sp5
% LN f\ ) N LN
G1 G1 G4 G5 G6 G2 G2G3 G3
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b_hncaigp3d
p41
3
p41  pa2  SPZ7 pa4 p42
p43 sp29 p43
sp25  sp26 Y sp30 sp28 y sp28
Iy 91| 926 |d2§ d26 \a26faz6| \a26fl8[ |8 Dreo
H
d23-
15 §|a23 g d23- d10 id23
N I I':125 d25: d10 GARP
p22 pZ1 0 pl16
13
Co m m m 5/l a0 do H s (\132(\&2
p14 p14  p14: pa3 p14 p18 D14 p14 pl14
sp3 8| sp3i sh2 sp3 gp 3 8§ sp3
wC | fedle] T 0
pi4 p13 pl4  piB p14 p1ai P18 4 p13
sp5 sp4 sp5 spb sp5 sp5i B sp5  sp6
“ i NN ) A ) AN
G3 G3 G4 G5 G6 G7 G7G8 G8 G2
G1
b_trhncaigp3d
y -y ¥
o a mdzsmdzts“ m m .dzef \d26.d26 a2 reo
T pé1 T pa2 1 pa4 " pa4 p43 p43
sp25  sp26 2327 sh30 sp30 sp28 sp29
15 d23 423 dzs dz3
N H] I I i +d10:923 fl 410
1
p22 p X
13
C. I EE R i
pl4 p14 p14,; pi3 p14pt3 p14 pl4 p14
sp3 sp3 sp33 sp2 sp3 sp8 Bp3 sp3 sp3
BC mazs d22 md22 3 m m sllaz2 [\ az2
p1a P8 pl4  p18 P14 pigi pi3 p14 13 p14
Gy, m m sp5 SB* o5 gp SPS  sp5 ﬁ“‘ sp5 2p6 sp5 m m m m
G1 G1 G4 G5 G6 G2 G2 G3 G3
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b_hncacogp3d
p41
PH a2 3p27 pas p43 s
p43
P25 sp26 5p30 sp28 s’gf sp28
®rec
'H dlﬂm/\m T e e e S
Mty
VWWWVVVW
d23- )
15N I ) d23| d23 I d10 id23f 57, I I CARD
p13 14
p22 p2 08 §p7 pl16
13
Coa m Sﬂdzz \d22 H HdeHdzzmS
p14 pi3 pl4 p14 13 p14  p13
f sp3 sp2 sp3 & sp7 ﬂpz sp3 8 g!g
B3C’ 0 do
b14  pl4 3 p14 P13 p14  pi4 p14
sp5  sp5 fsp2 sp3 SP8 sp5  gps sp5
“ N l [ TN I
G3 G3 G4 G5 G6 G7 G7G8 G8 G2
G1
b_trhncacogp3d
y Yy ¥
g a md%md“m .d26 dz6 [l aze [ \daze
p41 — pa2T  p4q p43
sp25  sp26 2p2" b sp28
15N F d1o0 : d23 Id23-d10
22 2 pl4
p. p. sp7 y
13
Ca d22 .d22 m ] m
f p24 pi3 P14
sp8 sp3
13’
pl4 p13 pl4 pi4
sp3 sp8 sp5 sp5
“ N A A NN N
G6 G2 G2 G3 G3

G1 G1 G4
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b_hncocagp3d
P
sp 3
25 2420 p43 5;29 p43
sP sp26 P sp28 y sp28
[ \ ' [\ ' [ \ ®Drec
dlﬂdZGﬂdZG ‘ ‘ .d26 d26 () d26 d26 [ 8 8
I 5 d23| 423 I d10 id23 gi‘;" I I CARD
p13 p14
p22 21 sp8 sp7 pit6
Smd22md22 H f d22 \dzzms
p14 pt3 pl4 p14 13 p14  p13
f sp3 si2  sp3 U1 g7 ﬂpz sp3 8 glg
f r \ do0 do f \
14 pl4 fz, pla P13 pld  pi4 D14
NN | AR T N4 A A B
G3 G3 G4 G5 G6 G7 G7 G8 G8 G2

b_trhncocagp3d

i a sl l] f

I

41 ¥
sp25 sp26 gpzv y $p30 sp30 ¢l
ISN | 5 d23|d23 H i di10 :d23 |d23-d10
21 pl4
p22 B w7 Y
130
C m m d22 |d22 m & m

13 p24

A8 T

p14p13 p14
sp3 sp8 sp5

ﬂ pl4
sp3

13C0L

“ N 0

G1 G1 G4 G5 G6 G2 G2 G3 G3

®n T
N

© 2010, BRUKER Biospin, Teodor Parella 718



Pulse Program Catalogue m“ugtﬂ
NMRGuide - Topspin 3.0

b_hncacbgp3d

p41
P a2 SP27 p44 p43
p43 29 p43
sp25 sp26 sp30 Spo8 sp boas
®rec
'H dlﬁdzsmdz ‘ ‘ .dze( \dze.dzef \m‘s( |5
d23- ’

15 5| d23Q d23 d10 :d23

N I I I I daio I I GARP

p22 p ggg ggg y pl16

13

Ca m sﬂdZB(\dZBﬂ 4o do \ d28r d28 (|8

pi4 pi3 p14 p13  pi14 p13
sp3 sp2 sp3 Ut sp2  sp3 spB g;g
ETel m m
p14 pl4 14
sp5 sp5 gps
“ N A A AN T
G3 G3 G4 G5 G6 G7 G7G8 G8 G2
G1

b_trhncacbgp3d

'H ‘“md%m‘m (\ (\ .d26 az6 [ aze [ |aze

T P42 paq p44 pa4 43
sp25  sp26 Epz 7 Y sp30 sp30 b 2p28
15N 5 d23 Id23 dl10 : d23 I d23-d10
22 P21 T
P <|:'l sp3 y
13 i
Cap m 3 d28md28ﬂd0§d0 N\azamdzeﬂs m
p14 pi3 p14 p13 p13  pil4 pi3 p14
sp3 sp2 sp3 sp8 H sp2  sp3 sp8 sp3
13C7 m m
p14 p14 pi4
sp5  sp5 Sp5
“ N N /) \ A NN 0
G1 G1 G4 G5 G6 G2 G2 G3 G3
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b_hncacbigp3d
p41
43
P41 paz SR p44 P o
p43 sp p43
25 sp26 Y sp30 sp28 y p28
®rec
' d26f ]d26 ‘ ‘ d26( \dz6[)dze[ \aze(ls |5
- d23-
5N | 8d23|£§ - | | | at0 jazal &35 I I o |
. m 116
p22 p3 o1 gp?’ p
13
Ca m m m 5 d23f \d28 do dom 5 m"ﬁmm
pl4 p14  pl14: pI13  pl4 p13 pi8 p14 pl4 pl4
sp3 8| sp3: sp2 sp3 sp8 P8 3 S sp3
°C | o e} [
pl4 p13 pl4  pi3 p14  pl4 P1§ pia p13
sp5 sp4 sp5 spé sp5 sp5i SP*  gp5  spb
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p1a P13 4 o4 P14 p1a P8 4 13 pi4
GZ m m sps P4 gp5 ’s)p SPS  sp5 S o5 gpe sp5 m mm m
G1 G1 G4 G5 G6 G2 G2 G3 G3
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b_hncocacbgp3d
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o1 pi2 2 pa4 Ba2 o

sp25  sp26 y sp30 sp28 sp28
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= N A A )

G1 G1 G4 G5 G6 G2 G2 G3 G3

ono)

®» T
(3

© 2010, BRUKER Biospin, Teodor Parella 721



Pulse Program Catalogue
NMRGuide - Topspin 3.0

© 2010, BRUKER Biospin, Teodor Parella

722



Pulse Program Catalogue “HUKEH
NMRGuide - Topspin 3.0

BRUKER
PULSE PROGRAM
CATALOGUE

NMRGuide

AMINO-ACID TYPE_SELECTIVE
MUSIC EXPERIMENTS

© 2010, BRUKER Biospin, Teodor Parella 723



Pulse Program Catalogue .mHUK ER
NMRGuide - Topspin 3.0

General Description:

Amino-Acid Type-Selective Experiments are a set of triple-resonance NMR experiments
alternatives to the conventional experiments, designed to provide specific information
of particular amino-acids. Some of the main features:

1. Sequential and aa-type information is obtained.
2. Reduction of number of peaks and signal overlapping.
3. Unambiguous assignment for some aa.
3. NMR Pulse sequences are mainly based on the original CBCACONH and CBCANH experiments
A. CBCACONH-type experiments provide a single cross-peak from the sequential
inter-residue i+1 correlation due to CO is involved.
B. CBCANH-type experiments provide to different cross peaks, from intra- and
inter-residue connectivites by means of the similar 1J(NCA) and 2J(NCA) coupling pathways.
4. They can be recorded as a 2D 1H-15N or 3D HNCO- or HNCA-type maps (see ZGOPTNS).
5. Main keys are the initial CH2-, CH3- or NH2-selected transfer steps (see MUSIC element) and the use of
specific offset, selective pulses on specific regions and delays optimization.

References of Amino-Acid Type-Selective MUSIC Experiments:

1. P. Schmieder, M. Leidert, M. Kelly & H. Oschkinat, J. magn. Reson. 131, 199-202 (1998).

2. M. Schubert, M. Smalla, P. Schmieder & H. Oschkinat, J. Magn. Reson. 141, 34-43 (1999)

3. M. Schubert, L. Ball, H. Oschkinat & P. Schmieder, J. Biomol. NMR 17, 331-335 (2000)

4. 3. M. Schubert, H. Oschkinat & P. Schmieder, J. Biomol. NMR 20, 379-384 (2001)

5. M. Schubert, H. Oschkinat & P. Schmieder, J. Magn. Reson. 148, 61-72 (2001).

6. M. Schubert, H. Oschkinat & P. Schmieder, J. Magn. Reson. 153, 186-192 (2001)

7. M. Schubert, D. Labudde, D. Leitner, H. Oschkinat & P. Schmieder, J. Biomol. NMR 31, 115-127 (2005).

The MUSIC (Multiplicity Selective In-Phase Coherence Transfer) Element:

Phase Cycles for:

Y CH2 or NH2 selection
H d2 I d2 dz2 o 0°
Y 45°135°225°,315°
X | rec 0°180°

Ch3 selection

% [} i) b 0°

61 G1 61 y 30°,90°,150°,210°,270°,330°
rec 0°180°

d2=1/2J=3.6ms(CH2 or Ch3) or 5.5ms(NH2)
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AminoAcid - selective (MUSIC) Experiments

e 3D MUSIC Metionine (Met - M) with CH2 selection (music_cm_3d)
o 3D MUSIC - Metionine (Met - M) with CH2 selection (music_cm_3d_2)

e 3D MUSIC - Glutamic (Glu - E) or Aspartic (Asp - D) with CH2 selection (music_de_3d)
e 3D MUSIC - Glutamic (Glu - E) or Aspartic (Asp - D) with CH2 selection (music_de_3d_2)

® 3D MUSIC - PhenylAlanine (Phe - F)/Hystidine (His-H)/ Tyrosine (Tyr-Y) or Triptophan (Trp
- W) with CH2 selection (music_fhyw_3d)

e 3D MUSIC - PhenylAlanine (Phe - F)/Hystidine (His-H)/ Tyrosine (Tyr-Y) or Triptophan (Trp
- W) with CH2 selection (music_fhyw_3d_2)

e 3D MUSIC - Glycine (Gly - 6) or Asparagine (Asn - N)/Glutamine (GIn - Q) with CH2
selection (music_gly_3d)

e 3D MUSIC - Glycine (Gly - 6) or Asparagine (Asn - N)/Glutamine (GIn - Q) with CH2
selection (music_gly_3d_2)

3D MUSIC - Serine (Ser - S) with CH2 selection (music_ser_3d)
3D MUSIC - Serine (Ser - S) with CH2 selection (music_ser_3d_2)

e 3D MUSIC - Lysine (Lys - K) and/or Arginine (Arg- R) (music_kr_3d)
e 3D MUSIC - Lysine (Lys - K) and/or Arginine (Arg- R) (music_kr_3d_2)

o 3D MUSIC - Isoleucine (Ile - I) with CH3 selection (music_ile_3d)
e 3D MUSIC - Isoleucine (Ile - I) with CH3 selection (music_ile_3d_2)

e 3D MUSIC - Leucine (Leu - L)/ Alanine (Ala-A) or Vdline (Val - V)/Isoleucine (Ile-I)/Alanine
(Ala-A)with CH3 selection (music_lavia_3d)

e 3D MUSIC - Leucine (Leu - L)/ Alanine (Ala-A) or Vdline (Val - V)/Isoleucine (Ile-I)/Alanine
(Ala-A)with CH3 selection (music_lavia_3d_2)

e 3D MUSIC - Vdline (Val - V)/Isoleucine (Ile - I) or Theonine (Thr - T)/Alanine (Ala - A)with
CH3 selection (music_tavi_3d)

e 3D MUSIC - Vdline (Val - V)/Isoleucine (Ile - I) or Theonine (Thr - T)/Alanine (Ala - Awith
CH3 selection (music_tavi_3d_2)

e 3D MUSIC - Proline (Pro - P) (music_pro_1_3d)

e 3D MUSIC - Proline (Pro - P) (music_pro_1_3d.2)
3D MUSIC - Proline (Pro - P) (music_pro_2_3d)
3D MUSIC - Proline (Pro - P) (music_pro_2_3d.2)

3D MUSIC - Glutamine (GIn - Q) or Asparagine (Asn - N) with NH2 selection (music_gn_3d)
3D MUSIC - Glutamine (GIn - Q) or Asparagine (Ash - N) with NH2 selection
(music_qn_3d_2)

e 2D MUSIC - Triptophan (Trp - W)(music_trpe_2d)
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Met Met+1 Met Met+1
o) E <|3| : R| o o : R
e glig - L Ag
E ||4 CH E ) E |L <|:H % H
= 2 = S =
: ) = : (S
CH, CH,
s| s
N
music_cm_3d
pl19 |y -
'H 4|92 d2| DIPSI-2y 2t
pR
15N I ||123-d10Id23+d10 5
p14 p14 p13 p21
. sp5 spS gp2 .
13 : fd27-() a27-
¢ m m §d22(\ Mﬁg fa22 | | a10 ﬂ m
P8 H :
) 7 s A
co_| | [l sl efl=f] A 7 f[A° 0
g 1
o B S B z:,s o T ]
= {} [l AN
et 6t |/ ‘ G2 G3 G3
pl4 P14 p13 I
sp5 sp5 gp2 ZGOPTNS:
af) ()] @ [} @ [| no option: 30 (CHOICACONH  NH(Met+1)
f pla p1}  LABEL CO:_3D (CH,CCA)CONH NH(Met+1)
sp3 p
ﬂ‘“‘ mﬂ‘-’ﬁoﬂm(\ m
2 Be om0 &7
d2:1/(23(CH) [3.5 msec]
d21: 1/(2J(NH) [5.5 msec]
d22:1/(43(CaCO) [4.5 msec]
d23: 1/(4J(NCO)  [12.4 msec]
d24: n/(43(CC) [20 msec]
or 1/(4J(CC) (LABEL_CO) [5.2 msec]
d25: 1/(43(CC) [6.0 msec]
d26: 1/(4J(NH) [2.3 msec]
d27: 1/(4J(NCO) [12.4 msec]
d28: 1/(43(cC) [6.0 msec]
Possible breakthrough: Glu, Gly, Lys, Ser, Val
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Met

music_cm_3d_2

Y

-y

pl19
| -X
g 41|« dz| a2 DIPSI-2y [421; A
P2 d26
15N |d23-d10|d21+d10 ] I
GARP
p14 pra- i 1 16
sp5 sp5 P !
hc A | AN I
p8 p8
spl13  spi3 H g‘g’ E;g
13 d28 427 P
Cap d28 (| “ o [ld25| |d25(|do i d27 || —qo
p13  p8 p8 p13 p14  p13 p14 p13 p14
G sp2 sp13 sp13 sp8 sp3 sp2 sp3 sp8 sp3
z {| (Lo AN
G1 G1 ) G2 G3 G3

ZGOPTNS

no option: 3D (CH,C)CANH NH(Met) and NH(Met+1)

d2 : 1/(2J(CH))

d21: 1/(2J(NH)

d23: 1/(4J(NCa)

d25: 1/(43(CC)

d26: 1/(4J(NH)

d27: 1/(4J(CbCa) and 1/(4J(NCa)
d28: 1/(4J(cC)

[3.5 msec]
[5.5 msec]
[12.4 msec]
[6.0 msec]
[2.3 msec]
[8.2 msec]
[6.0 msec]
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Glu Glu+1 Asp Asp+1
RPN TN
i glg . Ll glgl
: | | -
ZH H2 E S H | CH | =
= " =
:O
Glu Glu+1 Asp Asp+1
o = o= R E o= R
_|_|_§ = o E =
Yo i
| OH
OH
music_de_3d
ZGOPTNS: -DLABEL_CO
pitg Y yL
1
H 9|2 DIPSI-2 DIPSI-2 F2*
P p:2
ISN I I d23-d10|d23+d10
H GARP
pi4 013 14 P14 p13 piB pi1 pl16
sp5 sp2 §p5 SP5  gp2 spB
13 d22i d23 [\d23
C dz d27 422 440} -d22| |-do m
pid p14  pis E p14 p14
13 sp3 58 i A sp3 sp3
e 1 [04] I
7: p13 p13 p14 3 pl4 pl4 pl4 p14
sp2 p3 sp8 ﬁ sp3 22 ’s)p7 sp sp7 sp7
G, (
G1 G1\§1 G4 ' G2 G3
p24
sp9 I I
ZGOPTNS: -DLABEL_GLU . ZGOPTNS
: p13 H

d2 : 1/(2J(CH) = [4.0 msec]
d21: 1/(23(NH) = [5.5 msec]
d22: 1/(4J(CaCO) = [4.5 msec]
d23: 1/(4J(NCO) = [12.4 msec]

ol ] e

i osp2

p14

p13 pl14 p14
sp2 sp7 sp7

no option: 3D (CH,C)CA(CO)NH

> LABEL_6GLU: 3D (CH,C)CA(COINH  NH(Glu+1)
/i sp3 LABEL CO: 3D (CH,CCA)CONH

m_dom d24 do(\dzzm m

d24: n/(4J3(CC) = [20 msec]

or 1/(4J(CC) (LABEL_GLU) = [9.0 msec]
or 1/(4J(CC) (LABEL_CO) = [4.5 msec]

d25: 1/(4J(CC) = [4.5 msec]
d26: 1/(4J(NH) = [2.3 msec]

d27: 1/(4J(NCO(s)) = [16.0 msec]

NH(Asp+1)
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Glu Glu+1 Asp Asp+1

Py
(@]
Py

I0

’

—0
| OH
OH
¥
pe -y music_de_3d_2 YL
1
ISR I b DIPSI-2 DIPSI-2 |"21
p; p:2
15N I d23—d10|d23+d10 8
. GARP
14 13 12 P14 pid :  pi4 .
265 002 &5 SP5 w1 w5 Lo o3 e
< A J=let A LA 0 qQ
pia f p14  pi3 o141 pi4
13 i sp3  sp8 A g24 sp5 A SPS
Cap ﬂ d2ﬂ 8 d22md22m:l25md25ﬂl10 azaf | -ao m
: p13 fp14| P13 13 p14 p14 p13 pl4 13 p14
G ; sp2 Jsp3|. sp8 :fs]p2 o3 ‘s);g sp3  sp2 sp3 &s sp3
= {} M 1 AN
G1 G1\§1 G4 G2 G3 G3
b ZGOPTNS
sp9 no option: 3D (CH,COC)CANH NH(Asp+1) and NH(Asp)

ZGOPTNS: -DLABEL_GLU | ABEL_6LU: 3D (CH,COC)CANH  NH(6lu+1) and NH(6lu)

.d2: 1/(2J(CH)) [4.0 msec]
:d21: 1/(2T(NH) [5.5 msec]
,d22: 1/(4J(COCa) [4.5 msec]
:d23: 1/(4J(NCa) [12.4 msec]
.d24:1/(43(cC) [9.0 msec]
.d25: 1/(43(CC) [4.5 msec]
;d26: 1/(4T(NH) [2.3 msec]

:d27: 1/(4J(NCO(s)) [16.0 msec]
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180 [§ =] dl 20 20 8o

"8 [ppm)
music_fhyw_3d
ZGOPTNS: -DLABEL_CO
! -y
iy dl | a2 faz s b1}
H DIPSI-2 2
Y p2
15N I d23-d10|d23+d10
TN :
ne = aa el ]
f pl4 p14
f A sp3 sp3
P Cop az i ‘_’2d§ azs ﬂ a24 m d24ﬂ m (\ m
o B AT B TR TR
L
p23 p23 P23 23
G sp10 sp12 sp10 gp12
= {1 ) AR
Gl Gf U J G2 G3 G3
G1 v
| p14 p14 p13 I
U ZGOPTNS:
d22m mﬂ dz27 m dz27 no option: 3D (CH,C)CA(CO)NH NH((Phe, Tyr,Hys)+1)
J ” LABEL_TRP: 3D (CH,C)CA(CONH  NH(Trp+1)
mdo a2 ﬂ_dg (\mﬂ " m LABEL_CO: 3D (CH,CCA)CONH
0 R
d2:1/(2J(CH))  [3.5 msec] d25: 1/(47(CC)  [7.05 msec]
d21: 1/(2J(NH) [5.5 msec] d26: 1/(4J(NH)  [2.3 msec]
G2 JECatey) [ tiee] d27: 1/(4J(NCO) [11.4 msec]
d23: 1/(4J(NCO) [12.4 msec] d28: 1/(43(CC) [7.1 msec]
d24: n/(43(CC) [20 msec] '
or 1/(4J(CC) (LABEL_CO) [4.5 msec]
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aa+tl

R R
R R
y
N)E
\\ HN
NH
OH
His Phe Tyr Trp
music_fhyw_3d_2
Y
119 M
P Ly -
1 dz gdz2
H & I | DIPSI-2 2t
P p2
15N I d23-d10|d23+d10 3
GARP
p14 14 p14 1 pl16
sp5 g;g' §p5 sp5 P
13C” m m
p13
sp2
13 d25- : d28
Cop 2 ig575 i Saod | 428 ﬁdo d27mf§gm m
p13 p14 p13 pl4 p14
13 sp2 sp3 p8 sp3 sp3
Com L=
p23 p23
Dok R,
“ N 0 10
Gl Gl U G2 G3 G3
G1
ZGOPTNS:

no option: 3D (CH,C)CANH
LABEL_TRP: 3D (CH,C)CANH

NH((Phe, Tyr,Hys)) and NH((Phe, Tyr,Hys)+1)
NH(Trp) and NH(Trp+1)

d2:1/(2J(CH)) [3.5 msec]

d21: 1/(2T(NH) [5.5 msec]

d23: 1/(4J(NCa) [12.4 msec]

d25: 1/(4J(CC) [7.05 msec]

d26: 1/(4J(NH) [2.3 msec]
d27:1/(43(CbCa) and 1/(4J(NCa) [9.0 msec]
d28: 1/(4J(cC) [7.1 msec]
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Arg Arg+l Arg Arg+l
Lys Lys+l1 Lys Lys+l1
o) E H ﬁ = R 0 E T o : R
I ER i i laig ]
3 4 IERhe:4
= H ﬁsz = = H TT[H =
i i
C|:H2 (|:H2
R R
music_kr_3d
ZGOPTNS: -DLABEL_CO
1 dl | a2 Id2 pi19 _yL, -X x fx Prec
H % | DIPSI2 [ ST
o az6 a2 [
15N I d23-d10|d23+d10 3 I GARP
. TR =
c z i‘ﬁﬁ ~d22| |-do m
coer Ao P4
13Cap 8*&8(\&3' d25f \dzs d25f ]d25 d25( |d25|| q24 md“ ( \ ’ m
G D S Le oM NS ome b onie M Lo omom W
z : 7 TN
G1 / G2 G3 G3
ZGOPTNS: -DLABEL_LYS .'
p14 pl4 p13
M sp5 sp5 sp2
no options: 3D (HC)CA(CO)NH  NH(Arg+1) m ﬂd22 m d23 m d23
LABEL_LYS: 3D (HC)CA(CONH NH(Arg+1) and NH(Lys+1) i
LABEL_CO: 3D (HCCA)CONH  NH(Arg+1) and NH(Lys+1) c_lgm aze doﬂ 22 ms" m
B
) d24: n/(43(CC) [19.5m msec]
d3 : 1/(4J(CH)) [2.1 msec] or 1/(A(CC) (LABEL_LYS)  [8.8 msec]
d4: 1/(4J(CH)) [2.0 msec] or 1/(4J(CC) (LABEL_CO) [4.5 msec]
d21: 1/(2T(NH) [5.5 msec] d25: 1/(43(CC) [5.5 msec]
d22: 1/(43(CacO) [4.5 msec] d26: 1/(4J(NH) [2.3 msec]
d23: 1/(4J(NCO) [12.4 msec] d28: 1/(8J(cC) [3.5 msec]
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Arg
Lys

CH,

ﬂrH
f”z

Arg+1
Lyst+1

P

I0

[
R
music_kr_3d_2
. 1 I pi19 yh N P oo
H =2 o A Al e
S az6 aze |||/
15N I d23—d10|d23+d10 5 I GARD
pii pi16
°c L Af 0
. | NN
Cop ‘ 8 d28 d23| d25f \dzs d25f \d25 d25/ |d25(| do d24ﬂ -doﬂ m
G wa (ESME s opt4opteopeoobopwoHe e BYRS
z / A
G ‘/ G2 63 @3
ZGOPTNS: -DLABEL_LYS
ZGOPTNS
no options: 3D (HC)CANH NH(Arg, Arg+1)
LABEL_LYS: 3D (HC)CANH  NH(Arg, Arg+1) and NH(Lys, Lys+1)
d3:1/(4J(CH)) [2.1 msec]
d4 : 1/(43(CH)) [2.0 msec]
d21: 1/(2T(NH) [6.5 msec]
d23: 1/(4J(NCa) [12.4 msec]
d24: 1/(43(CbCa) and 1/(4J(NCa) [9.0 msec]
d25: 1/(43(¢C) [5.5 msec]
d26: 1/(4J(NH) [2.3 msec]
d28: 1/(8J(CC) [3.5 msec]
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ZGOPTNS: -DLABEL_CO music_gly_3d
’Y =
==
e Cl [
i p d26  d26 VWV WV
lSN : I d23-d10|d23+d10 J GARP
p154 p14 py3 p13 p. pl16
sg5s | sp5 £ i sp8
, i d27 f\d27
e fzdtz) -d22| |-do m
. =
sp.
e | IRl 0“0 A7 0
G o3 15 [l o o W ")
z
&1 el 61 e G3 G4 G4
v
p14 I
spS s ZGOPTNS
ﬂmg ffézﬂdﬂ no option: 3D (CH,)CA(CO)NH NH(Gly+1)
K i LABEL_6LY: 3D (CH,)CA(CO)NH  NH(6ly+1)
a2a- (\d24 3 LABEL_CO: 3D (CH,CA)CONH
a2-do| |-d22 1422 ;0 m m
p14 pl4
m sp7 sp7
G1
Gln Gln+1 Asn Asn+1
[N I N O |
AI.I;%—N—CH—C%N—CH:— AI'I*%‘N_CH_C%N—E—
Also can be observed: % .L <|;H2 g ,L % g
O
(0]
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T
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T
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Glycine M
d2 : 1/(23(CH)) [3.5 msec] *
d21: 1/(4J(NH) [2.9 msec]
or 1/(2T(NH) (LABEL_GLY) [5.9 msec] " °
d22: 1/(4J(CaCO) [4.4 msec]
d23: 1/(4J(NCO) [12.4 msec] ¢
d24: 1/(43(NCa) [13.8 msec] .
d26: 1/(4T(NH) [2.3 msec] - .
d27: 1/(4T7(NCO) [12.4 msec] -
@
Gly Gly+1
0 E z R
L o |
i
music_gly_3d_2
| pl19 Y ®rec
H_& e | I oz \I\ \MAMMM
o a6z [T
15N I d23-d10|d23+d10 ] J ’GAT‘
pi4 pi%4 p21 pi16
sp5 7’?
L0
I e 1 P
- : i
13Caﬁ ﬂ gé’Zdo mcm do ﬂs m
S
G ® )
z {) || NN N0
Gl G G G2 G3 G4 G4
ZGOPTNS

no option: 3D (CH,)CANH
LABEL_6GLY: 3D (CH,)CANH

NH(Gly+1) and NH(Gly)
NH(Gly+1) and NH(Gly)
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Ser Ser+1 Ser Ser+1
0 E H <|)| = R 0 E T o = R
=] ¢
SH| CHy | = SH| CH | X
OH OH
music_ser_3d
ZGOPTNS: -DLABEL_CO
y -
pl19 yL
g i | ez ja2 TS 21
P p2
15N I d23-d10|d23+d10 I o
ggg, ggg 2;:23 2;3 p21 pl16
13C’ d22i d27 (\d27 (\
22 +d0i -d22| |-do
W =
sp s
BCup ‘ az|| a24 . a4 f \ m
. ?ﬂ R "o
z
&1 61 G G2 G3 G3
T
*ﬁ ‘m" m ZGOPTNS
d22 %7 [1%7 | no option: 3D (CH,C)CA(CO)NH NH(Ser+1)
f o LABEL_CO: 3D (CH,CCA)CONH
do: d24 fﬁg ndgz m
% oW om o
d21: 1/(2T(NH) [6.5 msec]
d22: 1/(4J(CaCO) [4.5 msec]
d23: 1/(4T(NCO) [12.4 msec]
d24: n/(4J(CC) [17 msec]
or 1/(4J(CC) (LABEL_CO) [5.3 msec]
d26: 1/(4J(NH) [2.3 msec]
d27: 1/(AT(NCO) [12.4 msec]
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music_ser_3d_2

d2 : 1/(2J(CH))

d21: 1/(2T(NH)

d23: 1/(4J(NCa)

d26: 1/(4J(NH)

d27: 1/(4J(CbCa) and 1/(4J(NCa)

-y
pi19 -X x llx Dreo
1 Ly
g 9t |92 g DIPSI-2 |‘21
CE d26 d26
15N d23-d10fld23+d10} §
GARP
pl4 : 1 116
e W ’ ’
13C m W (\ m
p14 p14
13 d27 sPS e
Cop dz2(|do; a27 Ml “5, m
p13  p24 4 p24 p13 14
sp2  sp9 gps sp9 sp2 ’s)p3
% N
G1 G1 Gi G2 G3 G3
ZGOPTNS

no options: 3D (CH,C)CANH

NH(Ser+1) and NH(Ser)

[3.5 msec]
[6.5 msec]
[12.4 msec]
[2.3 msec]
[8.2 msec]

B

Serine

’0

T
105 F1[ppm]

T T
F2 [ppm]

T
10

15

T
120

T
125

T
130
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a0 =——7,

Ile Ile+1 Tle Tle+1
OE H (0] R E H (0} R
gl 1l 1 ggl
=

NI
B
&
NI
5

H> Ha CHs
7) 7/
HeC
music_ile_3d
ZGOPTNS: -DLABEL_CO
Y
19 v
pl -X
1 dl | d2 ja2 15
H DIPSI-2 I‘21
i p
ISN I d23-d10|d23+d10 3
14 p13
pl4 p14 p p13 p21
.| sp5 sp5 sp2 . sps
13C” a22i d27 [\d27
g22 +d0: —-d22| |-do
p34 p34 24 P15 : H
$p29 p29 o sp2 f : ‘;;3 233
BCp a2 d17n d17. d23.id28. d25‘ jd25 d24ﬂd24 f \ m
i p13 p34 p34 13 p34 p34 14 14 P13 pig 14 14 p14
G sp2 sp24 sp24 Spﬁ sp24 sp24 2p3 2;2 ’s)p3 sp2 2p7 gp' 2,,7 sp7
2 ANA

G1 G1 G1 ‘ G2 G3 G3

J pta P14 p13 I
ZGOPTNS sp5 PO sp2
no option: 3D (CHCICACOINH  NH@les1) | iazef| [|] @ [} @
LABEL_CO: 3D (CH,CCA)CONH f pi4
sp3
do: d24 m fﬁg ﬂdzz m
wORow
d2 : 1/(2J(CH)) [4.0 msec]
d17: 1/(4J(CC) [7.0 msec]
d21: 1/(2T(NH) [5.9 msec]
d22: 1/(43(CaCO) [4.5 msec]
d23: 1/(4J(NCO) [12.4 msec]
d24: n/(4J3(cC) [19 msec]
or 1/(4J(CC) (LABEL_CO) [4.5 msec]
d25: 1/(43(cC) [4.0 msec]
d26: 1/(4T(NH) [2.3 msec]
d27: 1/(4J(NCO) [12.4 msec]
d28: 1/(4J(cC) [7.0 msec]
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/A
7

Ha

Tle+1

Py

Io

music_ile_3d_2

1
H pl19
dl | 42 ja2
DIPSI-2
BN P pz
13 pt4 i
sp5
p34 p34 p24 P13
sp29 sp29 S| sp2 H sp5 sp5
B ‘ dzcnvn d17. dzs.idzs.m d25md25 ﬂdﬂ az7f\ %7 ﬂ m
p13 p34 p34 p34 p34 14 p13 pl4
sp2 sp24 sp24 2p8 sp24 sp24 ggg 2;:83 2p3 sp2 sp3
G N0
G1 G1 G1 G2 G3 G3
ZGOPTNS

no options: 3D (CH,C)CANH

d2: 1/(23(CH))

d17:1/(4J(CC)

d21: 1/(2J(NH)

d23: 1/(4J(NCa)

d25: 1/(43(CC)

d26: 1/(4J(NH)

d27: 1/(43(CbCa) and 1/(4J(NCa)
d28: 1/(43(cC)

NH(Ile+1) and NH(Ile)

[4.0 msec]
[7.0 msec]
[5.9 msec]
[12.4 msec]
[4.0 msec]
[2.3 msec]
[9.0 msec]
[7.0 msec]
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Ala Ala+1

E H O g R

=g 1

Il

A
Ile ) Ile+1 _l.LE_
Val Val+1 E |
H 0% R E H

| £~ |
N c—
Y R

R=H Val
R R=Me Ile

Leu+1

P

Io

CH3

ZGOPTNS: -DLABEL_CO

Y

music_lavia_3d

d28.d28 ﬂd25md25

P33 P13 14 i3
sp23  sp2 2p3 gpz

o o =

o

p14

i o

p14 P13 p1s
sp3  SP2  gp7

P14
sp1

no option: 3D (CH,C)CA(CO)NH
LABEL_VIA: 3D (CH,C)CA(CONH NH((Val,Ile,Ala)+1)
m LABEL_CO: 3D (CH,CCA)CONH

-y
lyy dl | a2 fa2 o h21
H DIPSI-2 I‘2
P p2
15N I d23-d10|d23+d10
p14 p13 4
ggg PS5 sp2 L’;g .
13 d22i d27 (\d27
122 +d0} -d22| |-do
f P pi pl4
i A sp3 sp3
Cop ‘d2 dzsf \dzs d24md24 f \ m
75 P13 P33 p1B g i3 pla P13 pig p14  p14 pt4
G sP2 sp23  spB  gp3 §p2 sp3  SP8 2p7 sp sp7 sp7
= {| (|0 A0
Gl Gt r1 ‘ G2 G3 G3
ZGOPTNS: -DLABEL_VIA £% I
14 PlAp1s
S5 S5 sp2 ZGOPTNS

NH((Leu, Ala)+1)
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Ala Ala+1
H () R
| |
— C —
H

CHjy
Ile Tle+1
Val Val+1
PO
= LN
>
/N
CH,| CHs
R=H Val
R=Me Ile

o,

Leutl

Py

IO

d2 : 1/(23(CH))
d21: 1/(23(NH)
d22: 1/(43(CaCO)
d23: 1/(4J(NCO)
d24: n/(43(cC)
or n/(4J(CC) (LABEL_VIA)
or 1/(43(CC) (LABEL_CO)
d25: 1/(43(CC)
or 1/(87(CC) (LABEL_VIA)
d26: 1/(4J(NH)
d27: 1/(4T(NCO)
d28: 1/(87(CC)

[4.0 msec]
[5.9 msec]
[4.5 msec]
[12.4 msec]
[19 msec]
[17 msec]
[4.5 msec]
[7.0 msec]
[4.0 msec]
[2.3 msec]
[12.4 msec]
[3.6 msec]
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Ala Ala+1 Ile Ile+1
Val Val+1
o H o % T ﬁ :
Leu Leu+1
o i H O :Z R
—”— D)—c—
H
7\
H4C CHs
music_lavia_3d_2
¥
pi19 yL
g di | az a2 SIS —f1
P p2
1SN I d23-d10|d23+d10 8 ’W‘
p14 p14 p21 pl16
sp5 sp5
13C” m m
p14 P;g
sp5 S|
By ‘ a2 d25‘ )d25 i a7\ %] m
G O// W el S
z N1 \ A
Gl G1 Gi l G2 G3 G3
p24
sp9
ZGOPTNS: -DLABEL_VIA I d2 : 1/(2J(CH)) [4.0 msec]
4 14 d21: 1/(2T(NH) [5.9 msec]
w8 d23: 1/(4J(NCa) [12.4 msec]
d25:1/(43(CC) [7.0 msec]
or 1/(8J(CC) (LABEL_VIA) [4.0 msec]
428 ‘dzsﬂdzsmd%ﬂ P fﬁg d26: 1/(4J(NH) [2.3 msec]
e d27:1/(43(CbCa) and 1/(4J(NCa) [9.0 msec]
N i d28: 1/(87(CC) [3.6 msec]
ZGOPTNS

no options: 3D (CH,C)CANH

NH((Leu, Ala)+1) and NH((Leu, Ala))

LABEL_VIA: 3D (CH,C)CANH NH((Val, Ile,Ala)+1) and NH((Val,Ile,Ala))
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Ile Ile+1
Val Val+1 Ala Ala+1
o] § H o= R - i
| : | E H o2 R
=0 | £
§ | E E—N ﬁ ——X = (H;_
EH OH = z | I :
= AN SH | CHy| =
CH2 CH3 = g
R=H Val
R R=Me Ile
Thr Thr+1
(0] E H ﬁ E R
—[LE—N f c——
z | = H
e H s
HsC'| OH
music_tavi_3d
ZGOPTNS: -DLABEL_CO, -DLABEL_ALA
pl19 IY
g di |4z ja2 fjez DIPSI-2y [22
15N I d23-d10|d23+d10
p14 p13 p21
sp5 sp2
B3C’ d22 id27-f\ d27-
+d0 {d22 d10
14 fp13 14
13 f § w3 S
Cop 422( | d22 m ﬂ (\ m
; 13 p1a A 14 13 pl4 p1! p14
§D2 gpa [ gps ls)p2 sp7 sp sp7
| AN

G1 G1 G1 G2 G3 G3

\ 4

p24
d25 \ dz25 I
ZGOPT

-DLABEL - p14 o13

|

p14 p13
sp3  sp2 sp5 sp2
| e ) e
-DLABEL_ALA J oo
a0 id22 \dzz q
p14 p13 p14 p1
sp3 sp2 sp7 sp7|
ZGOPTNS
no options: 3D (CH,C)CA(CO)NH NH((Thr, Ala,Val,Ile)+1)
LABEL_ALA: 3D (CH,C)CA(CONH NH((Ala+1)
LABEL_THR: 3D (CH,C)CA(CO)NH NH((Thr,Ala)+1)

LABEL_CO: 3D (CH,CCA)CONH
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Ala+1

Py

| - —
H ; | | H
~ H | CH,
CH
G Ot R=H Val
= R=Me lle
Thr Thr+1
o} E T o} E R
AH*E-N— = c—
= = H
15
= \ =
HsC'| OH
d2:1/(2J(CH)) [4.0 msec]
d21: 1/(27(NH) [5.9 msec]
d22: 1/(4J(CaC0O) [4.4 msec]
d23: 1/(4J(NCO) [12.4 msec]
d24: n/(43(CC) [17 msec]
d25: 1/(43(CC) [5.5 msec]
d26: 1/(4J(NH) [2.3 msec]
d27: 1/(4J(NCO) [12.4 msec]

L

TAVI

F1 [ppm]

105

125

T T
F2 [ppm]

110

115

120
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Ile Ile+1
Val Val+1 Ala Ala+1
o E H o = R - _
= = | o = : R
= = c—
= = H = = c——
= = = z H
H s = z
E / \ = e =
N\ = E z
/CH2 CH3 8
R
A Yal Thr Thr+1
oz H o2 R
—“—E = c—
= s H
H,C| OH
music_tavi_3d_2
ZGOPTNS: -DLABEL_ALA
Y -
@ pi1g Iy <
'y di |42 gez DIPSI-2y j‘m
P: p2
15N I d23-d10|d23+d10 3
GARP
E 4
“c A A0 0
p14 p14
13 a27 sp5 spS
Cop do d27m S m m
7 p13 p14  HI3 p1 p13 p14
sp2 sp3 . 8 sp3 sp2 sp3
“ | 1] A

GI Gl Gi \ G2 G3 G3
azs| }dzs s d2 : 1/(27(CH))
d21: 1/(27(NH)

pl4 pi3 ZGOPTNS:

sp3  sp2 -DLABEL_THR d23: 1/(4J(NCa)
no d25: 1/(43(CC)
ZGOPTNS: )
"DLABEL_ALA d26: 1/(4J(NH)

d27: 1/(4J(CbCa) and 1/(4J(NCa)
ZGOPTNS

no options: 3D (CH,C)CANH NH((Thr,Ala,Val,Ile)+1) and NH(Thr, Ala,Val,Ile)
LABEL_ALA: 3D (CH,C)CANH NH((Ala+1) and NH(Ala)

LABEL_THR3D (CH.C)CANH NH((Thr, Ala)+1) and NH(Thr, Ala)

[4.0 msec]
[5.9 msec]
[12.4 msec]
[6.5 msec]
[2.3 msec]
[8.2 msec]

© 2010, BRUKER Biospin, Teodor Parella

745



Pulse Program Catalogue
NMRGuide - Topspin 3.0

Ref: M. Schubert, L. Ball, H. Oschkinat & P. Schmieder, J. Biomol. NMR 17, 331-335 (2000)

Pro-1 Pro
e
: = F
music_pro_1_3d
lyy dl | as Jas pl19 H ! H <
H a3 DIPSI-2 | d21 DIPSL-2 I
p! p2
15N I dczl; I ﬁ; I I d23-d10|d23+d10 H] ’W‘
f pl4 pi4 p13 p14 p21 pl16
sp5 sp5 SP2 sp3
°C M\ﬂmﬂmﬂ f smﬂm(\@ﬂ A
. p;g p13 sp13 o 2;3 2,13 2,1‘5‘ 2,1,;
Cap 3 dzzmdzz md22ﬁ (T m m‘z d23 d23 m
] 13 14
Xy o mog oo oo o e W Mmoo
O N1
G3 G4 G5 G6 G6
ZGOPTNS
no options: 3D (HACACO)N(COCA)NH NH(Pro-1)
d3:1/(4J(CH)) [2.1 msec]
d4 : 1/(4J(CH)) [1.7 msec]
d21: 1/(2T(NH) [5.5 msec]
d22: 1/(4J(CaCO) [4.5 msec]
d23: 1/(4J(NC) [12.4 msec]
d26: 1/(4J(NH) [2.3 msec]
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-] T
f éN—C— f c— éN—C
z = | H z : | H
music_pro_1_3d.2
ZGOPTNS: -DLABEL_CO
pl19 y Y
g di|as Id4 a3 e TS id21 X
p2
ISN I dz1 Id21 I I d23-d10|d23+d10 ]
., e A ¥
’ 423
¢ arfles] oSl fefl f
3 : 13 14
s f P;g P1g 2 : d222p8 §p5 L’gg ggg
Cop 5 2 d22ﬁ (T +30 ﬂ d23 d23M m
: 14
o ( Il TN GO (T o
z
G3 G4 ‘ G5 G6 G6
ZGOPTNS w A
no options: 3D (HACACONCO)CANH  NH(Pro-1) | ws (] as |22f} (]
LABEL_CO: 3D (HACACON)CO(CA)NH P13 Pl p1e
sp sp5 _ sp
d23 [ 1423
m m"”m ~d22 |-do
e e A o
d3 : 1/(47(CH)) [2.1 msec]
d4:1/(4J(CH)) [1.7 msec]
d21: 1/(2T(NH) [5.5 msec]
d22: 1/(4J(CaC0O) [4.5 msec]
d23: 1/(4J(NC) [12.4 msec]
d26: 1/(4J(NH) [2.3 msec]
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Pro Pro+1
OE z R
1| :
N—C : - c—
I > G
H R = =

music_pro_2_3d

y Y Y
pl19
1H dl | a4 Id4 a2 "”IPSI_Z d21 SIPSIa Jdﬂ
p p2
15N I 32; I fﬁg I I d23-d10|d23+d10 5 I ’—‘GARP
f P14 p14 p21 pl16
Sp5 sp5
“c N o)l fles i )
3]
sp13 f;;? b3 o
13 . (\ AYAT I
Cap 8 d25.d25 ﬂ m d25 a25/|d22 [ |d22 m
IR e 4 he W Ly W
Oz N0
G3 G4 G5 G6 G6
ZGOPTNS
no options: 3D (HACA)N(CACO)NH NH(Pro+1)
d2 : 1/(23(CH)) [3.4 msec]
d4 : 1/(4J(CH)) [1.7 msec]
d21: 1/(2T(NH) [5.5 msec]
d22: 1/(4J(CaCO) [4.5 msec]
d23: 1/(4J(NCO) [12.4 msec]
d25: 1/(4J(NCa) [7.0 msec]
d26: 1/(4T(NH) [2.3 msec]
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music_pro_2_3d.2

ZGOPTNS: -DLABEL_CO

pl19 -y

g a a4la4 a |

|
DIPSI2 |

DIPSI-2

P p2

ISN

d21 Id21 I

I d23-d10|d23+d10 3 I
GARP

ba

P14 p14 p21 pl16
SpS  sp5 ;

13’ s 5 [|a22 id23 [d23
+d0 i -d22| |-do
p13 i p14 3 pl4
1 sp2 ; spS 3p8 sp3
G s asf s asfless | | [ f
’: pl4 P13 024 p13 P13 14 p13 pl4 P19 p1g p14
sp3 Sp2 §p9 sp8 sp2 §p9 sp8  sp7 s 2p7 sp7
Uz [ A
G3 G4 G5 G6 G6

\ 4

|

p14 i p14
sms sp5

ZGOPTNS

p13 i

id23
(\ %\ d22;-mﬂ %23 | no options: 3D (HACANCA)CONH NH(Pro+1)

p14 LABEL_CO: 3D (HACAN)CA(CO)NH

: sp2 i sp3
d25f\ d25:d22
-d0-d22 +d0
p13  p24 p13 pl4 p14
sp2  sp9 sp8 sp7 sp7

d2 : 1/(23(CH))
d4 : 1/(43(CH))
d21: 1/(2T(NH)
d22: 1/(47(CaCO)
d23: 1/(4T(NCO)
d25: 1/(4T(NCa)
d26: 1/(4T(NH)

[3.4 msec]

[1.7 msec]
[6.5 msec]
[4.5 msec]
[12.4 msec]
[7.0 msec]
[2.3 msec]
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Io0
W
=z

H
.,
—o0 NH»
I!I
NH,
music_qn_3d
ZGOPTNS: -DLABEL_CO
1y dl a2t fazaf|az: e d
H [ DIPSI-2 [821
p p2
15 427 fa27 d23-d10fld23+d10| &
N I | f_a21 GARP
: 13
gpz p21 pl16
130 d22i d23 (\d23
C d27m d27md22m m d22m +do: -d22| |-do m
H pl14 p14 p13 p14 13 P14 p14 p14 p14 :
13 f $p3  sp3 s Sp3 28 sp7 sp7 p7 f ; 's);g 2,1‘3‘
Cop ﬁ dzzﬂ d24 ﬂ d24 ||d2s( W25 d24f \d24 H m m
14 pl4 <4fp13 p14 13 pl4 13 pl4 13 14
Ay R N T T
G, i 7 NN
Gl Glo1 ¥ G2 G3 G3
ZGOPTNS: -DLABEL_GLN ‘
p13
sp2
ZGOPTNS m ﬂ 23 0 a23
no options: 3D (NH,COC)CA(CO)NH NH(Asn+1) 22

p14

LABEL_GLN: 3D (NH,COC)CA(CONH  NH((6In, Asn)+1) F o f e
LABEL_CO: 3D (NH,COCCA)CONH -doﬂ dz4 d°ﬂ d”ﬂ m

s 5 B ha e
d21: 1/(2J(NH) [5.5 msec]
d22: 1/(4J(CaC0O) [4.5 msec]
d23: 1/(4J(NCO) [12.4 msec]
d24:1/(4J(cC) [5.2 msec]
d25: 1/(43(CC) [6.8 msec]
d26: 1/(4J(NH) [2.3 msec]
d27: 1/(4J(NCO(s)) [14.2 msec]
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Gln GIn+1 Asn Asn+1
o) H o:Z R o E H o= R
I T S ) D
z H = = H
g
/ﬁ\THz :O
:O NH,
NH,
music_qn_3d_2
pl19 N
lH dl |d21 g§d21 d21| DIFSI2 Id21
Y p2
I | faz7 -
ISN d27 E'd21 I I |d23 d10|d23+d10 8 ’GAT‘
) p1 pi16
e T A A4 0
A pw oo R TR
BCup ﬁ md22ﬂ d22 fzd‘zlzf \d24 azs| h2s|do wze fﬁgm m
. Ry A N T T
z_ {1 / A
Gt G1G1 ¥ G2 G3 G3
ZGOPTNS: -DLABEL_GLN
ZGOPTNS
no options: 3D (NH,COC)CANH NH(Asn+1)
LABEL_GLN: 3D (NH,COC)CANH NH((6In, Asn)+1)
d21: 1/(2T(NH) [5.5 msec]
d22: 1/(4J(CaCO) [4.5 msec]
d23: 1/(4J(NCa) [12.4 msec]
d24: 1/(43(cC) [5.2 msec]
d25: 1/(43(cC) [6.8 msec]
d26: 1/(4J(NH) [2.3 msec]
d27: 1/(43(NCO(s)) [14.2 msec]
d28: 1/(4J(cc) [7.0 msec]
or 1/(4J(CC) (LABEL_GLN) [9.0 msec]
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Reference:
M. Schubert, H. Oschkinat & P. Schmieder, J. Magn. Reson. 153, 186-192 (2001)

H E-N—CH—C—=—N—-¢C
= - N
= H H, = H

music_trpe_2d
y
1y di |a26faze | e )
1
H sid21| DIPSI-2y 42
p p2 p11
sp1
15 d23-do fd23+do |8
N I c123I°123 I J GARP
p13 p21 pl16
sp8
13
Carom l m .
p33 p13 p33
sp2 sp23

i

G1 Gl G2 G3 G4 G4

d21: 1/(2J(NH)  [5.5 msec]
d23: 1/(4J(NC)  [12.4 msec]
d26: 1/(4J(NH) [2.3 msec]
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Aromatic-Specific Experiments

2D (HB)CB(CGCD)HD (hbcbcgedhdgp)
2D (HB)CB(CGCDCE)HE (hbcbcgedcehegp)

o 2D (HB)CB(CGCC-TOCSY )Har (hbebcgechargp)
3D Har(CC-TOCSY-CGCBCACOINH (hcccgebecaconhgp3d)
3D Har(CC-TOCSY-CGCBCACO)NH using WATERGATE (hccegebcaconhgpwg3d)

3D Har(CC-TOCSY-CGCBCACO)NH using TROSY (trhcccgcbcaconhgp3d)
3D Har(CC-TOCSY-CGCBCACO)NH using TROSY and echo-antiecho (trhcccgecbcaconhetgp3d)

OH g ;
NH [ j ( j —
N//i/ \ NH
c|:H2 |CH2 THz

O O O O

CH,

H,N—CH—C—OH HN—CH—C—OH H,;N—CH—C—0OH HN—CH—-C—O0OH

0] O (0] O
Histidine Phenylalanine Tyrosine Tryptophan
(His) (Phe) (Tyr) (Trp)
References:

1. T. Yamazaki, J.D. Forman-Kay & L.E. Kay, J. Am. Chem. Soc. 115, 11054-11055 (1993)
2. F. Loehr, R. Haensel, V.V. Rogov & V. Doetsch,J. Biomol. NMR 37, 205-224 (2007)
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()
AT

(A

—N—C—C—
|
H O H g

hbcbegedhdgp

lH -X ®rec
ﬂDdl d4 d4 | d3 DIPSI2 d27 8(\ d4 d4
p17 B p2 p11
pl10 sp
e 5 d22 d22
-do +d0
f p14 p13 p24 pi3 p14 p14
sp3 sp2 sp9 sp8 sp7 sp7
13C
arom q m 8(| d23 m d23ﬂ d25 m d25 ﬂ m GARP
D14 pl4 P p13 pla pi3 p14 p13 pl4 12
sp5 sp5 5p2 sp3 sp8 sp3 spp sp3 P
G
z
AANNA AA AR AR AN [
G1 G2 G2 G3 G4 G4 G5 G5 G6 G7 G7

d3: 1/(37' (HbCb))
d4 : 1/(4J(HbCb))
d21: 1/(4J" (HeCe))
d22: 1/(4J(CbCqg))

d23: 1/(4J"(CbCq)) and 1/(4J(CgCd))

d25: 1/(43'(CgCd))
d27: 1/(43(Hdcd))

[1.8 msec]
[1.7 msec]
[1.25 msec]
[4.4 msec]
[2.7 msec]
[2.1 msec]
[1.4 msec]
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—N—C—C—
I L
H H o)
hbcbcgedcehegp
y
IHJ—HT di d4a |d4 43 d2 ¥ d4 d4 Bres
DIPSI2 Tig MMM
p17 44 p2 p11
C i d22 d22 *
’ R EI IR
f p14 »13 p24 pi3 pl4 p14
sp3 sp2 sp9 sp8 sp7 sp7
13
Ciom q ﬂ §(| 423 m d23m d28 m d28 m d25 m 25 m 0 GARP
TINTINS B TR T TR A O T
G
z AANENA [ () NN AL N N NN (
Gl G2 G2 G3 G4 G4 G5 G5 G6 G6 G7 G8 G8
d3:1/(37'(HbCb)) [1.8 msec]
d4 : 1/(4J(HbCb)) [1.7 msec]
d21: 1/(4J'(HeCe)) [1.25 msec]
d22: 1/(4J(CbCq)) [4.4 msec]
d23: 1/(4J'(CbCqg)) and 1/(4J(CgCd)) [2.7 msec]
d25: 1/(47'(CdCe)) [2.1 msec]
d27: 1/(4J(HecCe)) [1.4 msec]

d28: 1/(4J'(CgCd)) and 1/(4J(CdCe)) [3.8 msec]
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hbcbecgechargp

y

1 di I J I Orec
H d4 J d4
on piesi2 ||/,
pl32 [+1 p2 57'261 VWWWVVWV
13
Cu 8 0 8| 254 [ 5 il m md25/2
f 2,1)3 F33;13:23 85?3 sp:179 sg$3 2:’2 2;30 2;30
13
Catom m m d24/2(\ d24/2 DIPSI-2 DIPSI-2 GARP
G
z A AR A 0 AREETATENA (
G1 G2 G2 G3 G4 G4 G5 G5 G6 G7 G7
d4 : 1/(4J(HbCb)) [1.7 msec]

d23: 1/(2J'(CbCqg)) and 5/(4J'(HbCb))  [9.0 msec]
d24: 1/(J(Cgcd))

Phe, Trp [11.5 msec]
Tyr [15.0 msec]
all [17.4 msec]
d25: 1/(2J(CbCqg)) [10.4 msec]

cnst24: Caromatic chemical shift (offset, in ppm)  [130 ppm]
cnst30: Cbeta(aro) chemical shift (offset, in ppm) [35 ppm]
cnstb1: Calpha(aro) chemical shift (offset, in ppm) [59 ppn]
cnst52: Caromatic chemical shift (offset, in ppm)

Phe (141 ppm]
Trp [111 ppm]
Tyr [129 ppm
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hccegebecaconhgp3d
Ul
1 a Al doido N _io% 26fa26fa26a26|s 5 Breo
H ., DIPSI-2 [ DIPSI-2 DIPSI-2
ﬁ plazﬂp p2 p46 ﬂ pl19
pi21
15 -d1 1
N s I d23-d 0Id23-ld 0 I I CARD
p22 p21 pl16
Bco m az7f 27 m
p14  p14 p14 pi3 p14
sp5  spS  fsp2  sp3  sp8 sp3
BCaro 24 mdﬁm m (\
| DIPSI-2 | DIPSI-2 | "2 2
pl4 i p8 8
13 .. f e e b2 3 p;:g, =13 53
Cali d2s i5() 925 dﬁﬁ@ d22 | |d22 [|5id22) m
2 ; 4 W 2 4
P14 14 4 13 14 14 14
G B iR owm ooy ow o
2 (] A
G3 G4 G4 G5 G6 G1 G2
d21: 1/(2T(NH)  [5.5 msec]
d22: 1/(4J(CaC0)) [4.6 msec]
d23: 1/(4J(NCO) [12.4 msec]

d24: 1/(3(Cgcd)) [17.4 msec]
d25: 1/(2J(CbCq)) [10.4 msec]
d26: 1/(4T' (NH)
d27: 1/(4T'(NCO) [11.0 msec]

[2.3 msec]
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hccegebcaconhgpwg3d
n d26 d26
1 4 AI d0ido i _221 sAl AN rec
H —, | DIPSI-2 [ DIPSI-2 DIPSI-2 0 M 1 WVAVAV
pi32 ﬂv p2 46 pl19 p11 V
f EI21 ﬂ sp1 WVW
5N d23-d10ffd234d10
3 GARP
p22 pl16
13CO
d27( 127
p14  pl4 3 pl4 pi3 pl4
sp5  sp5  fgph2  sp3  sps sp3
BCaro d24 [|d24
[ DIPSI-2 | DIPSI-2 | 2 2
14 pa6 pd5 P14 o P8 P8
13 . .. f 3 p22 pI20 3 ey SPIS S8
Cali d% 5%' “d% df5 d22Hd22 suzzm_m m
P14 p14 13 P13 pi4 3i pta p14  p14  pi4
G P20 spagff Sp2 sp8  sp3 2 2 Fs,pT sp7  sp7 sp7
z ) )
G3 G4 G4 G5 G6 G7 G8 G8
trhecegebcaconhgp3d
¢| v
vy -y
1 a Al doido
H DIPSI-2 DIPSI-2 DIPSI-2 0
pi32 p2 p46 pl19 pi1
pi21 sp1
N s I d23+d10|d23-d10 I d26|d26
p22 pd1
BCoO m arflaza m
p14  pl4 3 p14 pi3 pl4
sp5  sp5  fsp2  sp3  sp8 sp3
BCaro d24 (|d24
[ pIpsI-2 | pipsi-2 | 2 2
p14 p46 pd5 ; p&3
13 . sp3 pl22 pl20 S
Cali |2 dff’ dzzf \dzz 5id2
p13 p14  pi3i p14 pl4 pl4
sp8 sp3  sp2: sp7  sp7 sp7
“ N[
G3 G6 G7 G7G8 G8
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trheccgebecaconhetgp3d
¢l v y
vy -y
1 di AIdo do | H261d26 1 8 e
H | [ Dipsia [ DIPSI-2 DIPSI-2 8 \MMAMMM
pI32 ﬂb p2 46 pi19 p1 v (LKA
f EI21 ﬂ sp1 J Wwv
15N 5 I [d23-d10 §d23+d10 d26 Idzs
p22 pa1
427| 27
p14  pl4 3 pl4 pi3 p14 p14
sp5  sp5  Fgpp  sp3  sps sp3 sp3
I3Caro 424 [\d24
[ DIPsI-2 | Dips12 | 72 2
14 p46 p45 p14 pt3 p8 p8

T f So3 pi22 pl20 3 ey SPIS sis

Cali d25 5| 925( | d25 (125 455 [ | g22 (|sia2

2 | 2 |[a
P14 p1s 13 P13 p14  pi3i p1a p14  pl4 pl4
G P20 gpp $p2 sp8  sp3  sp2 2p7 sp7 sp7 sp7
S [ A
G4 G5 G5 G6 G7

G9

O - >
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Methyl-selective Experiments

e 3D (Hme)Cme([C])CA experiment using WATERGA TE (hmemcbcagpwg3d)

3D (Hme)Cme([C]CA)CO experiment using WATERGATE (hmemcbcacogpwg3d)

3D (Hme)Cme([CICAINH experiment using WATERGATE (hmemceb canhgpwg3d)

e 3D Hme (Cme[CICA)NH experiment using WATERGATE (hmcmcbcanhgpwg3d.2)

e 3D (Hme)Cme([CICACO)NH experiment using WATERGA TE (hmemcbcaconhgpwg3d)

Also see:
Amino-Acid-Type Experiments with CH3-selection

CBCANH ...

All Backbone-Sidechain experiments: (H)CC(CO)NH, CC(CO)NH, CCA(CO)NH, CCANH, CBCACONH,

V. Tugarinov & L.E. Kay, J. Am. Chem. Soc. 125, 13868-13878 (2003)

o)
0 |
|| H,N——CH—C——O0H
H,;N——CH—C——OH
Ala CH—CH, Ile
CHj
CH;
(|)| CHs; (|)|
Ho;N——CH—C——OH Ho;N——CH—C——OH
Val
CH—CHjs CH, Leu
CHs, CH—CHj
CHjz

ZGOPTNS options (in eda) In_ALL EXPERIMENTS:

no option  all methyl groups
LABEL_ALA: one transfer step along sidechain: methyl groups

in Cb position only (option -DLABEL_ALA)

;LABEL_VAL: two transfer steps along sidechain: methyl groups
in Cg position only (option -DLABEL_VAL)

:LABEL_CG2: refocussing pulse for Ile Cg2 (depending on labelling
scheme) (option -DLABEL_CG?2)
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D3C_CD D2 CD
|C\-«lCD—N— (|3\-‘CD—T— (ﬁ‘CD—I\ll—
o) H o H 0 H
hmemcbcaconhgpwg3d
y
N y sy y Yy -y
1 4/\as | [ ' A AR Breo
H ai | d md \5 d3| DIPSI-2 8 DIPSI-2 DIPSI-2 |"‘121
sp24  ispl
15N I d23-d10|d23+d10 ) I
GARP
p14 p22 p21 pl16
sp5
BC’ m m 23 m d23 [i8 (\
1 p1g g pl4 p1§ p1g
P! sp sp3 i sp;
d24
BCup taol] 2o ﬂdﬁf \d25 425 (125 | q22 mdzzz dzzm ﬂ m
7 @3 p14 p1 p14  p1 p14 p{13 p14 pi3 p14 p14 pl4 p14
13 sp2 sp3 spi sp3  spp sp3  sp8 sp3 sp2 sp7 sp7 sp7 sp7
CMethyI . /\
p24
“ N"N N A A

G1 G1 G2 / \ \ G4 G5 G6 G6

if ‘LABEL_ALA” If “LABEL_VAL” if ‘LABEL_CG2”
13C’ md22(\ d22 13C’ mdzzm d22
) 14
13 ;;g ;hs 13 ggg ﬁ; e s
Cop Cop id25 dzsﬂ i
T wom o A
d3:1/(6J'(CH)) [1.52 msec]
d4 : 1/(4J(CH)) [1.8 msec]
d21: 1/(2T(NH) [6.5 msec]
d22: 1/(4J(CaC0)) [4.5 msec]
d23: 1/(4J(NCa) [12.4 msec]
d24: 1/(43(CmeC)) [7 msec]
d25: 1/(47'(€C)) [5 msec]
d26: 1/(4J(NH) [2.3 msec]
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iDz

D3C_CD

|
_HN_ﬁ_CD.g

D3'2C

—HN—ﬁ—CD—g—
o

hmemcbcanhgpwg3d
y
-X 4 e N -X -x fx Orec
D Kl Bl 3| owsiz |24 ) \l\ W,
Poplo, bt pit9 ¢ w2
15N I d23-d10|d23+d10 8 I AR
21 pl16
13C’ 27, (427, m m
T
By a24 f} aze ﬂdZSf \d25 425 [ \a2s d22.ﬂ .f m ’
7 @3  pl4 PP pi4a pip p14 pi3 p24pl4 p24f13 pls
13 2 sp3  spp sp3 spp  sp3 sp8 spBsp3 spgdp2 sp3
CMethyl .
p23
G o
= 1" [} ) A
G1 Gl G2 / \ \ G4 G5 G5
if “‘LABEL_ALA” If “LABEL_VAL” if ‘LABEL_CG2”
13
15N I 15N J Cop | azs m 25
13 p1s
sp
13C 13C CMethyI . .
a7, a7, Bo  B%
BCup i a2 ﬂd27 P Cop fa25[| a2s dzz.H .
i B ; B B2 Soaoms e e
CMethyI d22 : CMethyI
p24 p24 d3:1/(6J'(CH)) [1.52 msec]
v d4 : 1/(4T(CH)) [1.8 msec]
d21: 1/(2J(NH) [6.5 msec]
d22: 1/(87'(cC)) [2.7 msec]
d23: 1/(4J(NCa) [12.4 msec]
d24: 1/(4J(CmeC)) [7 msec]
d25: 1/(47'(€C)) [5 msec]
d26: 1/(4J(NH) [2.3 msec]
d27: 1/(43'(NCa) [10.0 msec]
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D D
2 i D;'2C
D;C—CD iDz cD
—HN—ﬁ—CD—g— —HN—ﬁ—CD—g— —HN—ﬁ—CD—g—
o] o] o)
hmemcbcanhgpwg3d2
y
a4 aa- [x_ 1 1 v N Orec
1 (1-k) - I | | -X x l-x
H 9 |+doi«go [ |k*a0 28 il DIPSI-2 5[ pwsiz |2t
p pd0 p1 pi19 W 1‘?{
sp24 sp1
ISN I d23-d10|d23+d10 ] I
GARP
p21 pl16
BC’ (827, (427, m m
[0 p14 p14
13 I : sp5 sp5
c e e YL A
;5 pi3 p14 PP p14 piB  p1a P13 poap1s p2d13 pi4
13 C sp2  sp3  Sp sp3 spP sp3 Sp8 sp8sp3 sp8dp2 sp3
Methyl .
p24
“ 0" N0
G5

I N\ EVAN I ]
/N S

if ‘LABEL_ALA” If “LABEL_VAL” if “LABEL_CG2”
15N I ISN J
13C 1B3Cr
<27, (32T A
BCup i d27 mdﬂ PCup la25() azs dzz.m “
p14 p13 p14  pi3 p24p14 p24 p13
sp3 sp2 sp3 s§2 sp8sp3 sp8 P8
Be L
Methyl id22 Methyl
p24 p24
sp9 sp9
d23: 1/(4J(NCa) [12.4 msec]
d3:1/(67'(CH)) [1.52 msec] d24: 1/(47(CmeC)) [7 msec]
d4:1/(4J(CH)) [1.8 msec] d25: 1/(47'(CC)) [5 msec]
d21: 1/(2T(NH) [5.5 msec] d26: 1/(4J(NH) [2.3 msec]
d22: 1/(87'(CC)) [2.7 msec] d27: 1/(47'(NCa) [10.0 msec]
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o
—HN—sC + * N
1T

hmemcbcagpwg3d

e <

-X
iy al d4md4 \8ia3

DIPSI-2

p p40 p11
sp24 ispl

pl19

ISN I
L]
! p14 pi4
sp5 s a24
BCap d24 md24 mdzsr \dzs 425 [1d25(| do o ||fla25 [ |a25]| a25 mdzsm 2o | vato m GARP
o o9 oquguR weopar %ogiw o
CMethyI . A\ g
i / \
G N \
= 17NN AHAN
Gl1 G1 G2 G3 G4 G4
. i If “LABEL_VAL”
if “LABEL_ALA” If "LABEL_VAL if “LABEL_CG2”
13C” : BC” i
P Cap N
BCyp id2s| azs B3 e BCup i dst a2s
: ‘
ggg gpg p24 p24 ggg 2;;
sp9 sp9
d3:1/(6J'(CH)) [1.52 msec]
d4:1/(4J(CH)) [1.8 msec]
d24: 1/(4J(CmeC)) [7 msec]
d25: 1/(4J'(CC)) [5 msec]
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CD, C 12
Ui i A
D3C 2
it it i
—HN A?fil—»l:—— —HN _>C|‘,—I\|l——- _HNA?;T_T_
o D H o b " o o "
hmemcebcacogpwg3d
1 y Yy y y ®rec
-X | -X -x -
'g 41| md‘] )8 d3| DIPSI-2 DIPSI-2 DIPSI-2 ]Id3 3 )
pi  pao it pi19 w2
sp24  ispl
15N
p14 p14 p14
sp5 sp5 _sps
LA e gl L]
T
13Ca[3 d24 m d24 ﬂdzsr \dzs d25 [ \d25[| 27 mdm m d27f 1d27 425[ |d2s ‘fﬁo fﬁio m GARD
A T T T A T I IR AR
CMethyl Q /\ : \\\
F'2‘91
G sp
c % it
61 61 62 / \ Y
“ » w » If “LABEL_VAL”
if “LABEL_ALA” If “LABEL_VAL f*LABEL CG2 if “LABEL_ALA -
BC mcmmcm BC m"mm a27 ﬂ”’m“’m
13 P14 p14
h14 P1g p14  pl4 p8 9 sp
sp5 §) sp5 SRS E
P Cap m BCup 25 dzsﬂ ﬁ 6 m‘m 425
pta  pi3 pld  p13  pia
Woow mowe owooB oo
d3:1/(67'(CH)) [1.52 msec]
d4:1/(4J(CH)) [1.8 msec]
d24: 1/(4J(CmeC)) [7 msec]
d25: 1/(47'(CC)) [5 msec]
d27:1/(43''(CC)), 1/(4J(CaC0O)) [4.75 msec]
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Main Features of carbon-detected experiments

Experiment Description

Shorter pulse sequences.

No need for solvent suppression techniques.

Avoid radiation damping.

Applied in spectra with low dispersion and on samples with low proton density.
Excellent chemical shift dispersion for carbonyl CO nuclei.

Sample Requirements

Usually applied on doubly-labelled 13C15N-labeled protein. Particular interesting in proteins

showing fast relaxation properties such a paramagnetic or very large proteins. Also useful
for labeled nucleic acids having low proton densities and low spectral dispersion.

Hardware Requirements

Carbon-detected experiments are best performed on a sensitivity-optimized cryoprobe
dedicated for 13C detection but it is not mandatory. In most cases, it is also necessary
triple-resonance (1H, 13C, 15N) and z-gradient capabilities.

2D Sidechain

Carbon-Detected NMR Experiment:

2D "C-"C NOES

3D Sidechain
3D HCC

3D HCBCA

2D “CO-“Cali NOESY|

3D HCBCACO 3D HCBCAN

3D
H(CC)CACO

2D Backbone

3D CBCACO ‘

3D CBCAN

3D HACACO

3D intra-CANCO

.
3D CANCO |-

-
3D HNCO
|
|

3D (H)CANCO

3D (H)NCOCA
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Experimental details for carbon-detected experiments

Offsets

1H at 4.7ppm (02p)

15N at 118ppm (03p)
13CO at 173ppm (cnst21)
13CA at 55 ppm (cnst22)
13Cali at 39ppm (cnst23)

Decoupling/Mixing

From f2 channel: 1H CPD with 3.0KHz Waltz-16 (pcpd2 at pl12)
From f3 channel: 15N CPD with 1KHz GARP-4 (pcpd3 at pl16)

13C TOCSY with 10KHz FLOPSY-16 (pl10)

Spectral Widths

18-24ppm for CO
42 ppm for 15N
48 ppm for CA
75-80 ppm for Cali

Typical 13C pulses from F1 channel (For 600MHz spectrometer)

p11 sp23: 90° Cali/CO on- resonance (320us (Q5 and Q5tr) )

P12 sp24: 180° Cali/CO on-resonance (256us (Q3))

pl11 sp25: retro 90° Cali/CO on-resonance (320us (Q5 and Q5tr) )

p12 sp26: 180° CO/Cali of f-resonance with respect to Cali/CO (256us (Q3))
p12 sp27: 180° CO/CA off-resonance with respect to CA/CO (256us (Q3))
p25 sp28: 180° Selective CA on-resonance (1 ms (Q3))

p12 sp29: 180° Cali of f-resonance with respect to CA (256us (Q3))

p30 sp30: Simultaneous 180° CA and CO (symmetrically modulated)

p8 sp13: 180° adiabatic for inversion (500us(Chirp) )
p24 sp7: 180° adiabatic for refocusing (2000us(Composite chirp) )

Very Important!l: In all pulse programs the syntax
prosol relations=<triple_c>

is included for automated acquisition/set-up using edprosol/getprosol.
This file is defined in the following directory:

$TOPSPINHOME/conf/instr/spect/prosol/relations/triple_c
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2D Carbon-Detected Experiments

e 2D CC COsY

o Conventional (c_cosy)

o Constant-time (c_cosy_ct /c_cosy2_ct)
e 2D CC NOESsY

o Conventiond (c_ccnoesy)

2D CC NOESY (c_ccnoesy?2)

o Constant-time (c_ccnoesy_ct)
e 2D CC TOCSY

o Conventionad (c_ccflopsy16)

o  With DIPAP for virtual decoupling (c_ccflopsyl6_ia)

o Constant-time (c_ccflopsyl6_ct)

o Constant-time with DIPAP for virtual decoupling (c_ccflopsyl6_ctia)
e 2D CACO

o Using HSQC (c_caco)

o with IPAP for virtual decoupling (c_caco_ia)

o with S3E for virtual decoupling (c_caco_s3)

o Using HWQC (¢c_coca_mq | c_coca_mq.2)
e 2DCOCA

o Using HSQC (c_coca)

o with DIPAP for virtual decoupling (c_coca_ia)
e 2DCON

o Using HAQC (c_con_mq)

o Using HSQC (c_con_sq)

o Using HSQC with IPAP for virtual decoupling (c_con_iasq)

o Using HWQC with IPAP for virtual decoupling (c_con_mgia)
e 2DCAN

o Using HMQC (c_can_mq)

o Using HWQC (c_can_mq.2)

o Using HSQC with DIPAP for virtual decoupling (c_can_iasq)
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3D Carbon-Detected Experiments
For Backbone Assignments

e 3DHCACO

(*) With CO detection (¢_hcaco_3d)

With CO detection and with IPAP for virtual decoupling (c_hcaco_ia3d)
With CO detection and with S3E for virtual decoupling (c_hcaco_s33d)
With CO detection and using HMQC (c_hacaco_3d)

e 3D HCAN

(*) With CA detection (¢c_hcan_3d)
With CA detection and with DIPAP for virtual decoupling (c_hcan_ia3d)

e 3D CANCO

(*) With CO detection (c_canco_3d)

With CO detection and with IPAP for virtual decoupling (c_canco_ia3d)
With CO detection and with IPAP for virtual decoupling (c_canco_ia3d.2)
(*) (H)CANCO starting from HA and with CO detection (c_hcanco_3d)
(H)CANCO starting from HA and with CO detection and with IPAP for virtual
decoupling (c_hcanco_ia3d)

e 3Dinfra-CANCO

(*) With CO detection (c_cancoi_3d)

o  With CO detection and with IPAP for virtual decoupling (c_cancoi_ia3d)
o (*) Intra-(H)CANCO starting from HA and with CO detection (c_hcancoi_3d)
o Intra-(H)CANCO starting from HA and with CO detection and with IPAP for
virtual decoupling (c_hcancoi_ia3d)
e 3DHNCA
o (*)WithCA detection (c_hnca_3d)
o With CA detection and with DIPAP for virtual decoupling (c_hnca_ia3d)
e 3DHNCO

(*) With CO detection (c_hnco_3d)
With CO detection and with IPAP for virtual decoupling (c_hnco_ia3d)

e 3D (H)NCACO

(*) With CO detection (c_hncaco_3d)
With CO detection and with IPAP for virtual decoupling (c_hncaco_ia3d)
With CO detection and with S°E for virtual decoupling (¢_hncaco_s33d)

e 3D (H)NcocA

(*) With CA detection (¢c_hncoca2_ 3d)

With CA detection and with DIPAP for virtual decoupling (c_hncoca2_ia3d)
() (H)N(CO)CACO with CO detection (c_hncoca_3d)

(H)N(CO)CACO with CO detection and with IPAP for virtual decoupling
(c_hncoca_ia3d)

(*) NOTE: These pulse programs have been moved to pp.dextra directory
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3D Carbon-Detected Experiments
For Sidechain Assignments
e 3D HCC CT-TOCSY (c_hccflopsy16_3d)
e 3D HCBCA
o (*) With CA detection (c_hcbca_3d)
o With CA detection and with DIPAP for virtual decoupling (¢_hcbca_ia3d)
e 3D HCB(CA)CO
o (*) With CO detection (¢_hcbcaco_3d)
o With CO detection and with IPAP for virtual decoupling (c_hcbcaco_ia3d)
o  With CO detection and with S3E for virtuadl decoupling (c_hcbcaco_s33d)
e 3D CBCACO
o (*) With CO detection (c¢_cbcaco_3d)
o  With CO detection and with IPAP for virtual decoupling (c_cbcaco_ia3d)
o With CO detection and with S°E for virtual decoupling (c_cbcaco_s33d)
e 3D cCCCO
o With CO detection and with IPAP for virtual decoupling (c_ccco_ia3d)
o With CO detection and with S3E for virtual decoupling (c_ccco_s33d)
e 3D CBCACON
o  With CO detection and with TPAP for virtual decoupling (c_cbcacon_ia3d)
e 3D CCCON
o  With CO detection and with IPAP for virtual decoupling (c_cccon_ia3d)
e 3D CBCANCO
o  With CO detection and with IPAP for virtual decoupling (c_cbcanco_ia3d)
e 3D (H)CBCAN
o (*) With CA detection (c_hcbcan_3d)
o  With CA detection with DIPAP for virtual decoupling (c_hcbcan_ia3d)
(*) NOTE: These pulse programs have been moved to pp.dextra directory
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2D “C-"C COSY Experiment

Experiment Description

The 2D CC COSY experiment allows to
obtain a homonuclear CC correlation
mapto trace out through-bond
carbon-carbon connectivities in
13C-labeled proteins

1

@ ©®

tl t2

Related Experiments

2D COCA
2D CC and 3D HCC TOCSY

References:

1. T.E. Machonkin, W.M. Westler & J.L Markley,

J. Am. Chem. Soc. 124, 3204-3205 (2002)

2. W. Bermel, I. Bertini, I.C. Felli, R. Kuemmerle &
R. Pierattelli, J. Am. Chem. Soc. 125, 16423-16429
(2003)

c_cosy_ct
13
Ca a m 0 24 /\d24-d0
pll pl2 pll
sp23 ; sp24 sp25
m i
co A N
pl2 pl2
'H sp26 sp26
WALTZ ]
pli2
N GARP ]
plleé

CC-COSY
e
H—C—H H H
H H ° H wo ©
c_cosy
mCm a m do do [\
pll pl2 pil
sp23 sp24 sp25
A1
pl2 pl2
1 sp26 sp26
H WALTZ ]
pll2
"N GARP ]
pllé
d24=1/4J(CC)=5ms
c_cosy2_ct
B d1 d24+d0 d24-d0
p24
sp7
1
H WALTZ ]
pll2
"N GARP ]
pllé6
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2D “C-"C NOESY Experiment

°C

“co

BC.H

I3CO

H

Experiment Description

The 2D CC NOESY experiment allows to
obtain a homonuclear CC correlation
mapto trace out through-space

carbon-carbon interactions in N

13C-labeled proteins

Related Experiments

NOE (13C-13C) C

CC-NOESY
(
(C—H
(”\
H (0]

2D CC COSY and 2D CC TOCSY !

C_ccnoesy t t
c_ccnoesy2
a4l <L0>| a8 \AMMMMM
0
B
C do ds \MM/\MMM
NN i
pl2 pl2 1
sp26 sp26 H WALTZ WALTZ
WALTZ WALTZ o112
pli2 15N
GARP GARP
GARP GARP ] plié
pllé6 Gz Q
A 61
Gl
c_ccnoesy_ct
d8=NOE mixing time
d27=1/2J(CACB)=13.3ms
d1 m dO d27 [\ d27-d0(\ ds
pll p12 pli 511 [YVTT
sp23 : sp24 sp25 sp23
References:

pl2 pl2
sp26 sp26
WALTZ WALTZ
pll2
GARP GARP
pllé
Gl

1. W. Bermel, I. Bertini, I.C. Felli, R. Kuemmerle &
R. Pierattelli, J. Am. Chem. Soc. 125, 16423-16429
(2003)

2. I. Bertini, I.C. Felli, R. Kuemmerle, D. Moskau &
R. Pierattelli, J. Am. Chem. Soc. 126, 464-465
(2004)
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2D “C-"C TOCSY Experiment

Experiment Description

The 2D CC TOCSY experiment is a 13C-start, 13C-detected TOCSY scheme that allows to t
out through-bond CC connectivities via 1J(CC) in 13C-labeled proteins. Homonuclear CC
splitting in the acquisition dimension can be removed by selective homonuclear decoupling
during acquisition or virtually using the DIPAP approach (05JMR404).

NMR Spectrum

The experiment provides a 2D correlation map in which each cross-peak displays a doublet in
the acquisition dimension due to 1J(CC) coupling.

References:

1. A. Eletsky, O.Moreira, H. Kovacs & K. Pervushin, J. Biomol. NMR 26, 167-179 (2003)
2..;W. Bermel, I. Bertini L. Duma, I.C. Felli, L. Emsley, R. Pierattelli, P.R. Vasos,
Angew. Chem. Int. Ed. 44, 3089-3092 (2005)

3.L. Duma, S. Hediger, A. Lesage & L. Emsley, J. Magn. Reson. 164, 187-195 (2003) )

Related Experiments

2D CC COSY and 2D C€C NOESsY
3D carbon-detected HCC TOCSY

3D HCCH-type experiments

race

CC-TOCSY !
Sce @/b
t) t
H H 1 2
L @“@A@
H 1 2 3
e BRoRoRC
H ﬂ @1 t
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c_ccflopsy16
I d9
<)
C a j %, <« ,] [3 moesvie \MMMMAM
p110 VWWVVVVV
“Co /\ /\
pl2 pl2
IH sp26 sp26
WALTZ WALTZ
pll2
1
N GARD [ care |
pllé
G, A
Gl G2
ppm
104 " »
By wwim o ®
204 v o P ': M&n.n'
“}”"mua QI uuu‘oﬁz m ai
LT e d9=TOCSY mixing time
304 m%@» ¢ . d27=1/2J(CACB)=13.3ms
i “ or =1/8J(CACB)=3.6ms (DIPAP)
40 d22=1/4J(COCA)=4.5ms
. d23=1/2J(CACB)=13.3ms (DIPAP)
50 o g , aw S I'a. u o
ﬁ?ﬁ%’ D“ m“@;éi#i‘l"'ﬂi ﬁ \?lllw" \
D * S &
60 " L ﬁ wa
..“'.” W o 0
704 W
7‘0 6‘5 6‘0 5‘5 5‘0 4‘5 4‘0 3‘5 3‘0 2‘5 2‘0 1‘5 1‘0 ppI‘n
¢_ccflopsy16_ct
B , d9
Gy m o d27 /\dﬂ-do (\5[ FLOPSY-16  |° m\
pll pl2 plT p110 pll
sp23 sp24 sp25 sp23
w
pl2 pl2
1H sp26 sp26
WALTZ WALTZ
15N pll2
GARP GARP
G plleée
* A A
Gl G2
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¢_ccflopsy16_ia
pll
49 sp23
B .
Cali a1 do do | 8 FLOPSY-16 ]5/\‘ d27 ‘ da27
pllo pl2 p25
13
o AEA : A A
pl2 pl2 pl2 pl2
T{ sp26 sSp26 sp27 sp27
WALTZ WALTZ ]
pll2
plié
G, A
Gl G2

¢_ccflopsy16_ctia

pll
49 sp23
13 :
Ca a (\ 4o d23 (\d23-d0 [\5[ FLOPSY-16
pll pl2 pli plio
sp23 § sp24 sp25
"C0 A N
pl2 pl2
sp26 sp26 sp27 sp27
1
H WALTZ WALTZ ]
pll2
1
N GARP GARP )
plle
G, A A
Gl G2
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2D CAN Experiment

Experiment Description

The 2D CAN experiment is a CA-detected experiment that allows the correlation between the
chemical shifts of the CA(i) carbon with the Nitrogen of the same (i) and the next (i+1) residue
in doubly-labeled 13C/15N proteins. Homonuclear CO-CA splitting in the acquisition dimension
can be removed by homonuclear decoupling during acquisition or virtually using the IPAP
approach (05JMR404).

ean CAN
2Jcan
H—C—H H—(i:—H
T C? T
H H o H ,L ©

NMR Spectrum

The experiment provides a 2D correlation map in which each CA in the acquisition dimension
is correlated to two different N chemical shifts.

Related Experiments

3D HCAN
References:

W. Bermel, I. Bertini L. Duma, I.C. Felli, L. Emsley, R. Pierattelli,_P.R. Vasos, Angew. Chem. Int. Ed
44,3089-3092 (2005)

1 2
//’—‘\\\
D @
tl t2

c_can_mq

"Co w m d23 /\ dz3 \MMMMAM
pl1 pl2 VWWVVVVVW

sp23 sp24
BN do do | [ Gare |

pllé

1
H WALTZ ]
pli2
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¢c_can_mq.2
n
Ca a1 Ql d23 Q d23 \MMMAVAVAVAVAV
P P
L
"N 40 a0 | [ e |
pllé
I
H [ WALTZ ]
pll2
d27=1/8J(CACB)=3.6ms
d22=1/4J(COCA)=4.5ms
d23=1/2J(CAN)=25ms (in mq experiments)
or =1/4J(CAN)=12.4ms (in sq experiments)
C_can_iasq
B d23- d23- d27+ | d27- d27+  d27-
Ca im df/\ d23 (\ md27*2 a27#2| | d22 | d22 22 | d22
pll pl2 13 P8 pll p25 pl2 p25
sp23 sp24 5 spl3 sp23  sp28 sp29 sp28
sp25 2
B B B pl16
I3CO /\
p8 pl2 pl2
spl3 sp26 sp26
1
H WALTZ | WALTZ B
pll2
G, 0
Gl
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2D CACO Experiment

Experiment Description

The 2D CACO experiment is a CO-detected that allows the correlation between the chemical
shifts of the CA and CO carbons of the same residue in 13C-labeled proteins.

Homonuclear CO-CA splitting in the acquisition dimension can be removed by homonuclea
decoupling during acquisition or virtually using the IPAP approach (05JMR404).

Ycoca cAco
H—C—H H—C—H
—N N c ﬁ
oloe il e

The CACO experiment can be driven in a out-and-stay way (c_caco) or using a
out-and-back transfer (c_coca_mq).

NMR Spectrum

The experiment provides a 2D correlation map in which each cross-peak
displays a doublet in the acquisition dimension due to 1J(CACO) coupling

References:

W. Bermel, I. Bertini L. Duma, I.C. Felli, L. Emsley, R. Pierattelli, P.R. Vasos, Angew. Chem. Int. Ed.

44, 3089-3092 (2005)

Related Experiments

2D COCA
3D HCACO

d22=1/4J(COCA)=4.5ms
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c_caco
Bl dt md22+d0§ do ‘ d22-2d0 /\ [\
/pll p25 pIl pl2 pl2
sp23 i sp28 sp25 sp27 sp27
“C0 A [\ o] @ ()«
pl2 pl2 b1l pl2
, sp26 sp26 /’EP23 sp24
H WALTZ ]
pll2
BN GARP )
plis
G,
Gl
c_caco _ia AP
) -
Co, a1 mdzzwlog do ‘ d22-2d0 Ip
/pll p25 pl
sp23 i sp28 sp
B,
co A A
pl2 pl2
1 sp26 sp26
H B
1
N B
G,
c_caco_s3
Bog Al md22+d05 do ‘ d22-2d0 [\ [\
pll p25 pIl pl2 pl2 pll
sp23 sp28 sp25 sp27 sp27 sp23
o (s (e
pl2 pl2 p11 pl2 pll
TI sp26 sp26 7 8p23 sp24 sp25
WALTZ B
pll2
°N GARP
pll6
G,
Gl
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ppm
00 o %.zw
45+
50 60 o0 ,
o0 °°“ogeo@ gpgu"“d‘%a oo
o] 0 é e "y . O
°q Tae® ®% gobpg’ ®
de A 0“'[;;30 "Bogy D?
60 y o0 40 ot b 0
P ® 0
65 (3N
12‘30 17‘8 17‘6 17‘4 17‘2 17‘0 1‘68 ppm
1 ) References:
<N 1. M. Kostic, S.S. Pochapsky & T.C. Pochapsky,
@/\@ 7. Am. Chem. Soc. 124, 9054-9055 (2002)
4 t, 2. W. Bermel, I. Bertini, I.C. Felli, R. Kuemmerle &
R. Pierattelli, J. Am. Chem. Soc. 125, 16423-16429 (2003)
c_coca_mq
“Ca m do do m
pll pll

sp23 sp25

0 4 md22*2

/}2;22

- d22%2

IH sp26
WALTZ ]
pll2

"N GARP ]
pllé

¢_coca_mq.2

w e e

pll pl2 pill
sp23 sp24 gp25
CO ¢ md22*2 /\ /\ (\ d22+2
/pll pl2 pl2 pl2
T{ sp23 sp26 sp26 sp2
WALTZ ]
plil2
1
N GARP ]
plle
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2D COCA Experiment

Experiment Description

The 2D COCA experiment is the equivalent CA-deteted experiment of the CO-detected CACO experiment

References:

W. Bermel, I. Bertini L. Duma, I.C. Felli, L. Emsley, R. Pierattelli, P.R. Vasos, Angew. Chem. Int. Ed.
44,3089-3092 (2005)

t t
c_coca
3 d22+d0 | do -
CO d1 m /\ d22 2d00
pll pl2 pll
sp23 sp24 sp25 P11l
: sp23
B
Ca ) O s Al
8 MV/\V/\VAVAVAVAV
pl2 pl2 W
o | s
WALTZ ]
pll2
1
N GARP ]
pllé
G,
G1
C_coca_ia
nB d22+d0 | 40 -
co @ [jumo o [} arau A A
pll p12 p]l pll p12 p12
23 sp24 sp25 27
% P P sp23 sp27 sp
1
Cu A Mol = A e
pl2 pl2 /’ pl2 p25
1 sp26 sp26 sp29 sp28
H WALTZ B
pll2
1
‘N GARP B
pllé
G,
Gl

d27=1/8T(CACB)=3.6ms
d22=1/4J(COCA)=4 5ms
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2D CON Experiment

Experiment Description

The 2D CON experiment is a CO-detected experiment that allows the correlation between the chemical shifts

of the carbonyl CO carbo and the amide N of the next residue in doubly 13C/15N-labeled proteins.
Homonuclear CO-CA splitting (55Hz) in the acquisition dimension can be removed by homonuclear decoupling
during acquisition or virtually using the IPAP approach.

Related Experiments

3D HNCO

NMR Spectrum

The experiment provides a 2D correlation map in which each
cross-peak corresponds to the CO-N bond connectivity

References:

Ueon CON
H—(‘t—H H—l—H
—N—clz—gc?— —(?—(lz— G—
|L ,L O in ,L

1. M. Kostic, S.S. Pochapsky & T.C. Pochapsky, J. Am. Chem. Soc. 124, 9054-9055 (2002)
2. W. Bermel, I. Bertini L. Duma, I.C. Felli, L. Emsley, R. Pierattelli, P.R. Vasos, Angew. Chem. Int. Ed.

44,3089-3092 (2005))

ppm

1054 00

1104 %’ 09 FYRLLY
n?"’on ’:
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o gho " |§ e
1254 !,0'. v 8%

1304

1354 09
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1 2
/—\
® @
t ty

d23=1/2J(NCO)=25ms (in mq experiments)
or =1/4J(NCO)=12.5ms (in sq experiments)
d22=1/4J(COCA)=45ms

¢_con_mq
o el ([,
I
. o o e
pllé
'H WALTZ ]
pll2
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Cc_con_mgqia Ip
13
Co 23 m 23
“C0 a1 md23 /\d23 /\ 012
pll pl2 pl2 IP - sp24
sp23 sp24 sp24 AP ”CA /\ /\
lBCAt pl2 pl2
B sp26 sp26
AP
1
N © Lo 0w () oes
pllé
pl2
TI sp24
WALTZ ] 13CA 22
pll2 o
pl2 pl2
sp26 sp26
c_con_sq
w aflafle] () o)
pll pl2 pll pll pl2
sp23 sp24 sp25 SP13 sp23 sp24
) plle
1
H WALTZ ]
pll2
G, o
Gl
c_con_iasq
w afoflel o[
pll pl2 pll pll pl2
sp23 sp24 sp25 sp13 sp23 sp24
B
cA (i l A
p8 pl2
spl3 sp26 sp26
uTq 8 ]do do f“‘axﬁi“‘?
) pll6
'H
WALTZ ]
pli2
G, a
G1l
787

© 2010, BRUKER Biospin, Teodor Parella



Pulse Program Catalogue @HUKEH
NMRGuide - Topspin 3.0

3D HCC-TOCSY Experiment

Experiment Description

The 3D HCC-TOCSY experiment is a C-detected experiment that allows the correlation between
all sidechain 1H and aliphatic 13C of the same residues in 13C-labeled proteins.

HCC-TOCSY

NMR Spectrum

The experiment provides a 3D correlation map in which each cross-peak
correspond to a HC-C connectivity.

References:
Z. Serber, C. Richter & V. Doetsch, ChemBioChem. 2, 247-251 (2001)

Related Experiments

2D CC COSY and CC-TOCSY experiment
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1 2
//’—\\\
Q@ ©
t) t3

¢_hccflopsy16_3d

9
B
C /\ dlo  d3/2 d3/2 d10 | d3/2  a3/2 (8] roesvis  J® \MMMA/\MA
pi2 § | p110 VVVWVVVVVW
sp24
B
CO A A
pl2 pl2
q da+ (1-k)f de- sp26 sp26
dl 1 0 qo | kdo |38 WALTZ
1 pli2
N GARP
pllé6
G, A a A A A A
Gl G2 G2 G2 G2 G3 G4
2D (H)CC 2D H(C)C
ppm L F ppm
10
E o
20
E o1
30
2
40
50 : -
-3 em@ &3.
% ﬁf/f @% 5“@ W 4
60 I :
9 @‘u@ a v
E 5
704 af %
E 6
80
I I I I I I I I I I I I I I I I I I I I
90 80 70 60 50 40 30 20 10 ppm 80 70 60 50 40 30 20 10 0 ppm

d9 is the TOCSY mixing time
d3=1/6J(CH)=0.95ms
d4=1/4J(CH)=1.8ms

© 2010, BRUKER Biospin, Teodor Parella 789



Pulse Program Catalogue .@HUK ER
NMRGuide - Topspin 3.0

3D HCBCA Experiment

Experiment Description

The 3D HCBCA experiment is a carbon-detected experiment that allows to obtain the sidechain
H, CB and CA connectivities in 13C-labeled proteins. Homonuclear CO-CA splitting in the
acquisition dimension can be removed by homonuclear decoupling during acquisition or

virtually using the IPAP approach (05JMR404).

HCBCA

Yent=cc

NMR Spectrum

The experiment provides a 3D correlation map in which each cross-peak displays a doublet in the
acquisition dimension due to 1J(CACO) coupling

. .................... Hali

Cali

CA

References:

1. W. Bermel, I. Bertini,L. Duma, I.C. Felli, L. Emsley, R. Pierattelli, P.R. Vasos, Angew. Chem. Int. Ed.
44,3089-3092 (2005)

2.L. Duma, S. Hediger, A. Lesage & L. Emsley, J. Magn. Reson. 164, 187-195 (2003)

Related Experiments

2D CcC TOCsY
3D HCC TOCSY
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1 2
7N
@ ©
t t3

¢_hcbca_3d

V-‘Cah' m mdlo d25/\ d25-d100 d25 /\ d25
/ pl2 pll pl2 pll pl2 11
sp24 sp23 sp24 sp25 sp24 sp23 P
co /\ 5
pi2 pl2
sp26 sp26
1 a1 d4+ i (k-1) | d4- |
H 4 | do Jxdo |3 a3 WALLZ
pll2
"N GARP B
pllé
(]H /\
G1l G2
d25=1/8J(CACB)=4.0ms
d22=1/4J(COCA)=4.5ms
d27=1/4J(CACB)=7.2ms
d3=1/6J(CHA)=1.1ms
d4=1/4J(CHA)=1.8ms
¢_hcbca_ia3d
pll
sp23
Bcali (\ mdlo d25[\ d25-d100 d25 (\ d25 (L m. ‘
/}' pl2 pll pl2 pll pl2 pll A pl2 p25
sp24 sp23 sp24 sp25 sp24 sp23 sp29 sp28
BCO (\ S d27‘d2
pi2 pl2 pl2
sp26 sp26 sp27
1 a d4+i(k-1) | d4-
H do  do Jxdo |8 d3 WALILZ
pll2
"N GARP ]
pllé
(3] [\
G1l G2
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3D HCBCACO Experiment

Experiment Description

The 3D HCBCACO experiment is a CO-detected that allows the correlation between the
chemical shifts of the sidechain protons and the CB, CA and CO carbons of the same residue
in 13C-labeled proteins. Homonuclear CO-CA splitting in the acquisition dimension can be
removed by homonuclear decoupling during acquisition or virtually using the IPAP approach.

HCBCACO

1 1 1
JeutZ Jec+ Iecaco

NMR Spectrum

. .................... Hali

Cali

(o0
References:

W. Bermel, I. Bertini L. Duma, I.C. Felli, L. Emsley, R. Pierattelli,
P.R. Vasos, Angew. Chem. Int. Ed. 44, 3089-3092 (2005)

Related Experiments

2D CC TOCSY
3D HCC TOCSY and HCBCA experiments

{ d25=1/8J(CACB)=4.0ms

o d22=1/4J(COCA)=4.5ms
t) "

” d4=1/4J(CHA)=1.8ms
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¢_hcbcaco_3d

w ) [lesefes) A )]
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"0 L AN el o] e ()
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1 da+i(k-1) | d4-
H a |qg a0 [ xo]|? d3 WALLZ
B B pll2
1
N GARP ]
G, pllé6 o)
G1 G2
¢_hcbcaco_ia3d
. AP
" pl2 pi2
i sp27  sp27
BCali (\ mcuo d25 (\ d25-dlom /\ f ) ‘ ‘ 1P
/1 pl2 pll pl2 pll pl2 pll p12 pl2
sp24 5p23 sp24 sp25 sp24 sp23 s;p27 sp27
80O (\/\ d25 [\dZS 5 q d22 (\ d22
pl2 pl2 pl2 pl2 /1911 pl2
sp26 Sp26 Sp26 sp26 s$p23 sp24
1 da+ (k-1) | d4-
H a1 a0 a0 | xa0|s d3 WALTZ
B B pll2
1
N GARP B
(3,z pllé m
Gl G2
¢_hcbcaco_s33d
i) 1l s | A N A
/ pl2 pll pl2 pll pl2 pll pl2 pl2 pil
sp24 3p23 sp24 sp25 sp24 sp23 §p27 sp27 sp23
"0 N AT A A A
pl2 pl2 pl2 pl2 /011 pl2  pll
sp26 Sp26 sp26  sp26 8p23  sp24 sp25
1 da+ (k-1) | d4-
H o]y "o | xdo | 8 ds WALTZ
B B pli2
1
N GARP B
Gz‘ plle m
Gl G2
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3D CBCACO Experiment

Experiment Description

The 3D CBCACO experiment is a CO-detected experiment that allows the correlation between
the chemical shifts of the sidechain CB, CA and CO carbons of the same residue in 13C-labele
proteins. Homonuclear CO-CA splitting in the acquisition dimension can be removed by
homonuclear decoupling during acquisition or virtually using the IPAP approach (05JMR404)

CBCACO
e+ Iepea+ Ieaco
H H
H
—N
H
(0]

NMR Spectrum

The experiment provides a 3D correlation map in which each cross-peak P CB
displays a doublet in the acquisition dimension due to 1J(CACO) coupling
References:
CA
W. Bermel, I. Bertini, L. Duma, I.C. Felli, L. Emsley, R. Pierattelli, co
& P.R. Vasos, Angew. Chem. Int. Ed. 44, 3089-3092 (2005)
Related Experiments
2D CC COSY and TOCSY
2D CACO
3D HCACO
¢_cbhcaco_s33d
BE 0id2 - dazs+ [\ d2s5- ﬂ
Cali & md Sﬂdzscmm d10 /\ d10 m /L
pll pl2 pll pl2 pll pl2 pl2
sp23 | sp24 sp25  sp24  sp23 sp27 sp27 pll
: sp23
*Co /\ /\ﬂ /\ 5 dez/z /\&2/2( m
pl2 12 pl2 | Apll  p12 11
. sp26 :plgzg sr;zs spp26 /’sp23 51;24 spp23
H WALTZ WALTZ J
pll2
"N GARP GARP )
pll6
G, 2
G1l
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1 2
N
@D @
t ty t3

¢_cbcaco_3d
: d25+ d25-
BA_1: : -
cti @ | oo \aso | Z* OVE] ) [
pll |  pl2 pll pl2 pll pl2 pl2
sp23 é sp24 sp25 sp24 sp23 sp27 sp27
I AN ATA A Y N A
pl2 pl2 pl2 pl2 /311 pl2
) sp26 Sp26 Sp26  sSp26 sp23 sp24
H i WALTZ WALTZ ]
pll2
1
N GARP GARP ]
pllé
G, o)
G1

d22=1/4J(COCA)=45ms
d25=1/8J(CACB)=5.0ms

¢_cbcaco_ia3d
pl2

sp27

pl2
sp27

AP

o || oo e | 22 (] 55

A -

pll pl2 pll
sp24 sp25

N AN A

sp23

1300

pl2 pl2 pl2
sp26 sp26 Sp26

pll %12 pl2
sp23  $p27  sp27

ifl o ()

/311 pl2
sp23 sp24

Q.

'H

WALTZ

WALTZ ]

pll2

"N

GARP

GARP )

G,

pllé

G1l
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3D CCCO Experiment

CCCO W. Bermel, I. Bertini, I.C. Felli, R. Kuemmerle
& R. Pierattelli, J. Magn. Reson. 178, 56-64 (2006)

= cctIcaco
1 2 3
H—C—H 4 Yea /@
H—C}—H @ @ @
t t t) 13

H
—N—(C3—(C}
d22: 1/(43(C0OCa)) [4.5 msec]

H o
¢_ccco_ia3d AP
pl2 pl2
sp27  sp27
BA_1e S d22- d22-
Cali m 00 /\7(\ 5[ FLOPSY-16 60 dto [ | ato 1P
pll pl2 pil do /ﬂpll p25 pll pl2 pl2
sp23 sp24sp25 pé sp23 sp28 sp25 $p27  sp27
pl10 %
"o A A (sl = ()
pl2  p12 pl2 pl2 Apll p12
1{ sp26 gp26 sp22 sp22 $§p23 sp24
WALTZ WALTZ WALTZ ]
2 pl12
N l —aw |
plleé
G,
Gl G2 G3
c_ccco_s33d
BA_1: S d22- d22-
Cali m do do /U\ 5[ FLOPSY-16 sm d10 /\ d10 -
pll pl2 pil d9 11  p25 pll pl2 pl2 "
sp23 sp24sp25 p6 sp23 sp28 sp25 sp27 sp27 P
p110 sp23
“co { \ (\ 5/\&2/2/\&2/4 m
pi2  p12 pl2 pl2 Apll  p12  pll
q{ Sp26 sp26 sp22 sp22 8P23  gp24 sp23
WALTZ WALTZ WALTZ ]
2 pll2
“N I GARP
pllé
G, A
Gl G2 G3
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3D CCCON Experiment

1 1 1
Jcc+ Icaco+ Inco

CCCON
H H H
H
—N
H o)

W. Bermel, I. Bertini, I.C. Felli, R. Kuemmerle
& R. Pierattelli, J. Magn. Reson. 178, 56-64 (2006)

RBER “@

c_cccon_ja3d
AP
cui () @0 () [lo mommvis |sf| e (e [} [ @[} [) Iz
pll pl2 pll d9 Moll  p25  pll p12 p12 pl2 pl2
sp23 sp24sp25 p6 4 sp23 sp28 sp25 sp27 sp27 $p27  sp27
pl10 §
"o Nl @) (| e [ ey,
pl2  pi12 pl2 pl2 Mpll pl2 pll! »p pll pl2 WWWVVVVV
'H sp26 sp26 sp22 sp22 sp23 sp24 sp25; spl3 sp23 sp24
WALTZ WALTZ WALTZ 3 WALTZ
% pli2
"N I I d10 d10|| GARP
) pll6
G,
Gl G2 G3 G4
d22: 1/(4J(COCa)) [4.5 msec]
d23: 1/(4J(NCOQ)) [12.5 msec]
d9 : TOCSY mixing time [12 msec]
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3D CBCACON Experiment

Experiment Description

The 3D CBCACON experiment is a CO-detected experiment that allows to assign intra-residue CA,
CB, CO and N chemical shifts in doubly-labeled 13C/15N proteins. Homonuclear CO-CA splitting in
the acquisition dimension can be removed by homonuclear decoupling during acquisition

or virtually using the IPAP approach.

W. Bermel, I. Bertini, I.C. Felli, R. Kuemmerle & R. Pierattelli, J. Magn. Reson. 178, 56-64 (2006)

CBCACON @/_\ @/\ @

t t
Ucsea+s'Ieaco+ Inco ! : E E
—N NMR Spectrum
? .................... ¢:B/cb‘
d22=1/4J(COCA)=4.5ms
d23=1/4J(CON)=12.5ms N
d25=1/87(CACB)=5.0ms co
c_cbcacon_ia3d AP
pl2 pl2
sp27 sp27
B dl do : d25 d25 d25 d2s Ip
Cali -do d22
/}'pll pl2 pll pl12 pll pl2 pl2 p12 pl2
sp23 sp24 sp25 sp24 sp23 sp27 sp27 ?p27 sp27
o | N AQD ol @fe) A e ()
pl2 pl2 pl2 pl2 Apll pl2 pll! ps  pll pl2
) sp26 sp26sp26 sp26 /% sp23 sp24 sp25; spl3 sp23 sp24
H [ WALTZ WALTZ WALTZ 1
pll2
BN I I d10 d10I| GARP |
plle
G, N o
G1 G2
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3D (H)CBCAN Experiment

Experiment Description

The 3D (H)CBCAN experiment is a CA-detected experiment that allows to assign intra-residue CA,
CB and N chemical shifts in doubly-labeled 13C/15N proteins. Homonuclear CO-CA splitting in

the acquisition dimension can be removed by homonuclear decoupling during acquisition

or virtually using the IPAP approach.

References:

W. Bermel, I. Bertini L. Duma, I.C. Felli, L. Emsley, R. Pierattelli, P.R. Vasos, Angew. Chem. Int. Ed.
44, 3089-3092 (2005)

HCBCAN

1 2 3 4
UentEec Tean I/_b(—\ TN
D —L tl

1) t3

NMR Spectrum

. .................... CB

CA

Related Experiments

3D HCC TOCSY
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¢_hcbcan_3d
Bcali ﬂ mdo dzsm d25-do HdZS(\d%H smdzgmdza (\ d23{ \d23
/1 p12 pll pl2 pll pl2 pll Apll p25 i1 p8 pll p25
sp24 $p23 sp24 sp25 sp24 sp24 §p23 sp28 sp25 spl3 sp23 sp28
.
pl2 pl2 p8
sp26 sp26 spl3
H o a1 | oas Qa5 d3
| WALTZ
pll2
d10: d1of|o
plleé
G, A A
Gl G2 G3 G4
d22=1/4J(COCA)=4.5ms
d25=1/8J(CACB)=4.0ms
d23=1/4J(NCA)=12.4ms
d27-1/8(CACB)=3.6ms
d3=1/6J(CHA)=1.1ms
d4=1/4J(CHA)=1.8ms
¢_hcbcan_ia3d
/\ mdo d25/\d25-d0 H /\d25“ mcmmdzg /\ gzdg;{ \dzgdg;( \demzcm
/ pl2 pll pl2 pll pl2 pll Apll p25 pi1 p8 pll p25 pl2 p25
sp24 5p23 sp24 sp25 sp24 sp24 dp23 sp28 sp25 spl3 sp23 sp28 sp29 sp28
pl2 pl2 p8 p12444§127
sp26 sp26 spl3 sp26 sp26
dl | a4 f a4 |5 d3|
| WALTZ
pll2
| 8| 410 d10| ) | | | W
[} [} plié
Gl G2 G3 G4
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3D CO-Detected HCACO Experiment

Experiment Description

The 3D HCACO experiment is a CO-detected experiment that allows the correlation between
the chemical shifts of the CA and CO carbons of the same residue in 13C-labeled proteins.
Homonuclear CO-CA splitting in the acquisition dimension can be removed by homonuclear
decoupling during acquisition or virtually using the IPAP approach (05JMR404).

Related Experiments Juaca+ YJeaco HACACO ‘
2D COCA H—C—H H—C—H
3D HA-detected HCACO |
| 17 I
NMR Spectrum ‘
H 0 H H °

The experiment provides a 3D

correlation map in which each
cross-peak displays a doublet in the acquisition dimension due to 1J(CACO) coupling.

References:

1. Z. Serber, C. Richter, D. Moskau, J.-M. Boehlen, T. Gerfin, D. Marek, M. Haeberli, L. Baslgia,
F. Laukien, A.S. Stern, J.C. Hoch & V. Doetsch, J. Am. Chem. Soc. 122, 3554-3555 (2000)

2. W. Bermel, I. Bertini L. Duma, I.C. Felli, L. Emsley, R.Pierattelli, P.R. Vasos, Angew. Chem.
Int. Ed. 44, 3089-3092 (2005).

3. K. Pervushin & A. Eletsky, J. Biomol. NMR 25, 147-152 (2003)

¢_hcaco_3d
s
Ca /\ mdlo d22 d1of |d22-2*d10 /\ /\
S iz pll . p25 pil pl2  pi2
sp24 sp23 . sp28 sp25 sp27  sp27
w 2
co O (ol e e
pl2 pi2 | Apll p12
sp23
Hoar | @ Do | sp26 sp26 7 8P sp24
+d0 . do J kdo WALLZ
) pll2
1
N GARP B
pllé
G, a 2
Gl G2
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1 2
//’_‘\\
D Q@ ©
t; ty t3

c_hcaco_ia3d AP
I pl2 pl2
. sp27  sp27
“Ca /\ mcuo d22§d10 d22-2*d10 ‘ ‘ ip
pl2 éll . p25 pil  pl2 pl2
sp24 sb23 . sp28 sp25 sp27  sp27
“co m /\ 5[] a2 [| a2
pl2 pl2 pll pl2
1 a1 | 94 1) fas- sp26 sp26 /’EP23 sp24
H +d0 do fxao |3 WALTZ
pll2
N GARP B
plleé
G,
G1 G2
d22=1/4J(COCA)=4.5ms
d2=1/2J(CHA)=3.2ms
d3=1/6J(CHA)=1.1ms
d4=1/4J(CHA)=1.8ms
2D (H)CACO 2D H(CA)CO
ppm-] pPm
" F2.0
. wooe W A .
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50 oppz QMTB
\ 0 ' 0 L3.5
e e F*,a Vﬂﬁé@é%ﬁ
mp> > i W 5&‘}4&000 § P40
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60 L
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CA 65 @20 " L5.5
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70 ‘ — ‘ \ T T
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© 2010, BRUKER Biospin, Teodor Parella 802



Pulse Program Catalogue
NMRGuide - Topspin 3.0

¢_hcaco_s33d

B
Ca J mdm d22 d10 d22-2*d100 /\ [\
7 pl2 éll p25 pil pl2 pl2 "
sp24 sp23 . sp28 sp25 sp27 sp27 Spp23
" .
co (\ m Sq d22/2/\ uz/zmm
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sp23 2
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3D HCAN Experiment

Experiment Description

The 3D HCAN experiment is a CA-detected experiment that correlates the CA-HA of a given
residue with the N chemical shift of the same and the next residue in doubly-labeled 13C/15N
proteins.

Jcana HJcan HCAN

1 2
Jcana v Jcan

Related Experiments

2D CAN
3D HNCA

NMR Spectrum

A 3D H,N,C map is obtained

. .................... HA

CA
References:

1. W. Bermel, I. Bertini L. Duma, I.C. Felli, L. Emsley, R. Pierattelli,
P.R. Vasos, Angew. Chem. Int. Ed. 44, 3089-3092 (2005)
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TRRC “@

t t
¢_hcan_3d
“Co. ﬂ m d23 (\ d23 m mcm( \dzs
pl2 pl p25 pli p8 pll p25
sp?4 sp23 sp28  sp25 spl3 $p23 sp28
(k-1) | da-
H a« +d0 do |kd0 8 d3| WALTZ
) : - pll2
By 3| a10 d10| s | ﬁ
) ) pll6
G. N o)
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d23=1/4J(NCA)=12.4ms
d22=1/4J(COCA)=4.5ms
d27=1/8J(CACB)=3.6ms
d3=1/6J(CHA)=1.1ms
d4=1/4J(CHA)=1.8ms
¢_hcan_ia3d
“Ca. /\ m d23 /\ d23 /\ md23 ‘ d23 ‘ 2d27 ‘2d27
pl2 bl P25 pli p8 pll p2 P2
sp24 5923 sp28  sp25 spl3 sp23 sp2 sp2 sp28
o \ A A
pl2 pl2
sp26 sp26
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S o o "
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3D CANCO Experiment

Experiment Description

The 3D CANCO experiment is a CO-detected experiment that allows the correlation betwee
the chemical shifts of the CA and the CO of the same and the previous residues and the N of
the same and the next residue in doubly-labeled 13C/15N proteins.

Homonuclear CO-CA splitting in the acquisition dimension can be removed by

homonuclear decoupling during acquisition or virtually using the IPAP approach.

1 1
Jeant Inco

Hean+Inco ‘ CANCO

Related Experiments

3D HNCACO experiment
3D intra-CANCO and (H)CANCO experiments

NMR Spectrum
. .................... CA

The experiment provides a 3D correlation map in which each
CA nucleus displays two different connectivities

References:
co

1. I. Bertini, L. Duma, I.C. Felli, M. Fey, C. Luchinat, R. Pierattelli & P. Vasos,

Angew. Chem. Int. Ed. 43, 2257-2259 (2004)

2. W. Bermel, I. Bertini L. Duma, I.C. Felli, L. Emsley, R. Pierattelli, P.R. Vasos,

Angew. Chem. Int. Ed. 44, 3089-3092 (2005)

! 2 d23=1/4T(NCA)=12.4ms

<N /\’ d22=1/43(COCA)=4 5ms

@ @ 0 d27=1/4J(NCO)=16 Oms
t t 5 d3=1/6J(CHA)=1.1ms
d4=1/4J(CHA)=1.8ms
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Bog dl m do d23 ‘d23-d0 m
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3D (H)CANCO Experiment

Experiment Description : : :
Jcanat Jcant Inco
Variant of the CANCO experiment Yeana™eax + Unco (H)CANCO
that starts from the HA protons.
H—C—H H—C—H

1 2

©9o9 B

¢_hcanco_3d
w | ) eefe] )
/1 pl2 pll p25 pil pl2
sp24 sp23 sp28 sp25  sp27
"co \ A [ flef)a
pi2 p12 X pl2 pll pl2
sp26 sp26 sp24 sp23 sp24
1
d1 d4 d4 a3
H | | WALTZ ] WALTZ ]
pll2
N 5 8| a0 a2 |d27-d10 5 | —
h - pllé6
Gﬂ /\
G1l G2 G3
i d27-
¢_hcanco_ja3d Ap |l d22 @
pl2
sp27
BCa, /\ m do | 423 mfm-do m /\ IP d27/2‘d27/2 d27/2 /\d27/2
/1 pl2 pll pl2 pll pl2 pl2 pl2
sp24 sp23 sp24 sp25  sp27 sp27 sp27
1B
co \ A A [
pi2 p12/ pl2 pll pi2
sp26 sp26 sp24 gp23 sp24
1
di d4 d4
H | d3| WALTZ ] WALTZ ]
pli2
1
N 5 8] a0 a2 |d27-d10 8 o )
- plilé
G, )
Gl G2 G3
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3D intra-CANCO Experiment

Experiment Description

Variant of the CANCO experiment that
provides exclusively intra-residue
CANCO connectivities.

R. Pierattelli, P.R. Vasos, Angew. Chem. Int. Ed. 44,

3089-3092 (2005)
1

209

2 1
Jeant

Inco

1. W. Bermel, I. Bertini, I.C. Felli, R. Pierattelli & ﬁ_ —N

P. Vasos, J. Magn. Reson. 172, 324-328 (2005)
2. W. Bermel, I. Bertini L. Duma, I.C. Felli, L. Emsley,

H H

H—C—H

intra-CANCO

/\

o H

d22: 1/(4J(COCa)) = [4.5 msec]
d23: 1/(4J(NCa)) and 1/(2J(CaCb)) =[13.3 msec]
d27: 1/(4J(NCO)) =[16.0 msec]

¢_cancoi_3d
“Co 4 md22+d0§d23-d22‘d23-d0 m (\ d22/\ [\
pll p25 pil p8 pl2 pl2
sp23 sp28 sp25 spl3 sp27 sp27
w N NN el
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H [ WALTZ WALTZ WALTZ ]
pll2
5N 6fdwo a0 | 5 | G|
B B B plié
G,
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d27-
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¢_cancoi_ia3d T d22
- - pl2
sp27
BCq 4 md22+ 3-&2(\&3—@ m [\ IP d27/2‘d27/2 d217/2 /\d27/2
pll pl2 pil p8 pl2 pl2
sp23 : sp24 sp25 sp§3 sp27 sp27
co [ A [
pl2 p12 X, p8 pll pl2
H sp26 sp26" spl3 5p23 sp24
[ WALTZ WALTZ WALTZ j
pli2 :
N of = cll°| 8 | G
B B pllé
G
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3D intra-(H)CANCO Experiment

Experiment Description

Variant of the intra-CANCO experiment
that starts from the HA protons.

1

<N

39 v

2

t

1 2 1
Jcana TJcant Inco

intra-(H)CANCO

H—C—H H—C—H
T
;d3 : 1/(6J(HCa)) [1.1 msec]
;d4 : 1/(4J(HCa)) [1.8 msec]
;d22: 1/(4J(C0OCa)) [4.5 msec]

;d23: 1/(4J(NCa)) and 1/(2J3(CaCb))
;d27: 1/(4J(NCO))

[16.0 msec]

¢_hcancoi_3d
e | [ Nelswafes) [ wf) )
/ pl2 pll p25 pll P8 pl2 pl2
sp24 sp23 sp28 sp25 spl3 sp27 sp27
00 A A ar [ | e
pl2 p12 X p8 pl1 pl2
sp26 sp26’ spl3 5p23 sp24
‘g d1 | 44 da |d
WALTZ
pll2
15N 51 d10 id1o | ) | W
- - pllé
G A
2
Gl G2 G3
¢_hcancoi_ia3d
AP
> 1p
v | ) |elmaafleal] | el )
/1 pl2 pll pi2 pil p8 pl2 pl2
sp24 sp23 sp24 sp25 spl3 sp27 sp27
“C0 [ A ar [ e
pl2 pl2 p8 pll pl2
sp26 sp2€/ spl3 5p23 sp24
'H dl | d4 d4
WALTZ
B pll2
EN 5 5] d10 a10 | 8 |  GARP |
- - pllé
G, A
Gl G2 G3

[13.3 msec]
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3D CBCANCO Experiment

Experiment Description

Variant of the CANCO experiment CBCANCO

incorporating an initial CB-CA transfer 1y iy 1y
The experiment CBCA+ YCAN+ INCO

pr'OVides intra- and inter-residue 1JCBCA+2JCAN+1JNCO
between CB,CA and CO N connectivities

References:

W. Bermel, I. Bertini, I.C. Felli, R. Kuemmerle
& R. Pierattelli, J. Magn. Reson. 178, 56-64 (2006)

1 2

99 9 B

3]

d23=1/4J(NCA)=12.4ms
d22=1/4J(COCA)=4.5ms . .................... CB/CA
d27=1/4J(NCO)=16.0ms

d3=1/6J(CHA)=1.1ms
d4=1/4J(CHA)=1.8ms ’ N

co
) d27-
¢_cbcanco_ia3d AP d22 d22
pl2
sp27
B a1 (| do ia25/ \ 925 [laz3
Ca -0 d23 IP d27/2@d27/2d27/2( \d27/2
pll pl2 pll pi2 pll pl2 pl2 pl2
sp23 sp24 sp25 sp24 sp23  sp27 sp27 sp27
“c0 A A )
pl2 pl2 }’ pl2 pll pl2
1{ sp26 sp26 / sp24 $p23 sp24
[ WALTZ WALTZ ] WALTZ ]
pll2
1 1 d27-d10
5N | 5] d10: d27 I B W
pllé
G,
Gl G2

© 2010, BRUKER Biospin, Teodor Parella 811
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3D CA-detected HNCA Experiment

Experiment Description

The 3D CA-detected HNCA experiment is an out-and-stay version of the conventional
HNCA experiment

1 2
N
® O O
t t t3

Jan+Unca HNCA
Jan+2Inca
H—C—H H—C—H
N C (”:— ” —
(0}
H o n © H

NMR Spectrum

The experiment provides the same 3D HNCA correlation map
, .................... HN

CA

References:

W. Bermel, I. Bertini L. Duma, I.C. Felli, L. Emsley, R. Pierattelli, P.R. Vasos, Angew. Chem. Int. Ed.
44,3089-3092 (2005)

Related Experiments.

3D HA-Detected HNCA
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¢_hnca_3d

{ y

IH 41 |26+ 0 Jazed w1 vy
do i(k-1) kdo \5 WALTZ WALTZ |

p29 p26 pl12

sp1
15N d23/2i d23/2f d23/2 i d23/2 5

+d10 i +d10 [ -d10 i -d10 ]GAT\
pl16
13
C N [ess|
d23 d23
AMMM/\M
p12 b1 p12 WWVWVVV
sp24 sp23  sp24
13’
p12 p12
sp26 sp26

G, m

G1 G2

d21=1/2J(NH)=5.5ms
d22=1/4J(COCA)=45ms
d23=1/4J(NCA)=12.4ms
d26=1/4J(NH)=2.3ms
d27=1/8(CACB)=3.6ms

¢_hnca_ia3d

! y
1 : y Yy
H qgi1|d26+ d0 md26-

do i(k-1)ffkdo [ 8:921 WALTZ ALTZ |
p29 p26 pl12
i sp11
ISN d23/2i d23/2 § d23/2 : d23/2 5
+d10 : +d10 -d10 -d10 W‘
pl16
13
Ca /\ d23- (\d23- (\
2a07| lodzq \|2d27[ \2027 MMMVAVAV/\VAVAV
12 p25 pl2 p25 W
2p24 2313 sp28 sp29 sp28 VWV
BC
p12 p12 pl2 pl2
sp26 sp26 sp26 sp26

v i

G1 G2
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3D CO-detected HNCO Experiment

Experiment Description

The 3D CO-detected HNCO experiment is an out-and-stay version of the conventional
HNCO experiment

®9 B

1 1
Jant Inco

HNCO ‘

—H

i
C (|.|‘.—
i s
° H

Cc

p-

H—C—H H—
H

-

NMR Spectrum

The experiment provides the same 3D HNCO correlation map
, .................... HN

co
References:

W. Bermel, I. Bertini L. Duma, I.C. Felli, L. Emsley, R. Pierattelli, P.R. Vasos, Angew. Chem. Int. Ed.
44, 3089-3092 (2005)

Related Experiments.

3D HN-Detected HNCO
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¢_hnco_3d
y
1 : do Y vy
H a1 d26+§ i« d26- 6.d21
do (k-1 kdo | WALTZ WALTZ |
: P29 p26 p|12
sp11
1SN 23/2} d23/2 § a23/2 i 423/2 | ¢
+d10 : +d10 [ -d10 : -d10 GARP
pl16
13C” m /\
az3 [ a3 |}l
p12 b1 pl12 WWVWVV“
13 sp24 sp23  sp24
Ca
p12 p12
26 26
6 I |
G1 G2
d21=1/2J(NH)=5.5ms
d22=1/4J(COCA)=4.5ms
d23=1/4J(NCA)=12.4ms
d27-=1/8(CACB)=3.6ms
¢_hnco_ija3d
y
1 : y vy
H qg1]d26+: do Qd26- 421
4o i(k-1)f kao [ 8 WALTZ WALTZ |
: 029 p26 pl12
: sp11
1SN d23/2} d23/2 § a23/2 i a23/2 |
+d10 i +d10 J -d10 ; -d10 _Gare__|
pl16
BC /\ /‘\
d23 d23 MMMVAVAVAVAVAV
pl2
) 2, e
Ca A N
p12 p12 pl2 pl2
sp26 sp26 Sp26 sp26
d22‘ AP
G pl2
z (\ sp26
G1 G2
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3D CO-detected (HINCACO Experiment

Experiment Description

N+ Inca + Ycoca
The 3D CO-detected HNCACO
experiment is an out-and-stay version ‘

of the conventionallH-detected H—C—H H—C—H
HNCACO experiment. Each nitrogen
is correlated to CA and CO carbons
of the same and the previous residue.

1 2 1
JantIncat Jcoca

C

-

I
-

NMR Spectrum

CA

References: co

W. Bermel, I. Bertini L. Duma, I.C. Felli, L. Emsley, R. Pierattelli, P.R. Vasos, Angew. Chem. Int. Ed.
44, 3089-3092 (2005)

Related Experiments.

3D HN-Detected HNCACO

¢_hncaco_3d
y
'H a1 | az6 [ aze 1 {1 i
d21
) 8 WALTZ WALTZ WALTZ |
p29 p26 pl12
sp11
15N d23/2} d23/2 § d23/2 } d23/2 | ¢
+d0 i +do J-do {-do . GARP |
pl16
13 .
Co d22+ ; d23-/"\ d23-
a10 ia22 [ |aw0 |8
p12 h11 ptl i p12  p12
/ sp24 5p23 2?,'253 sp25 2p27 sp27
“C ) ) A A=)
d22 A
i d22 MMMMM
p12 p12 p12 p12 Ap11 p12 WWWVVVWV
sp26 sp26 sp26 sp26 sp23 sp24
G, \
G1 G2 G3
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1

TN

O

Q

2

t

R

d21=1/2J(NH)=5.5ms
d22=1/4J(COCA)=45ms
d23=1/4J(NCA)=12.4ms
d26=1/4J(NH)=2.3ms

¢_hncaco_ija3d

y
lH y sy v sy y
dl d26
426 [ 8:a21 WALTZ WALTZ WALTZ |
p29 p26 pl12
sp11
15N d23/2} d23/2 | d23/2 } d23/2 | ¢
+d0 +d0 -do -do GARP
pl16
AP
pl2 pl2
| sp27 sp27
13 .
Co. d22+ ; d23-/\ d23-
d10 id22 [ | 410 |3 tF
H T ipl2 12
p12 b11 bt P p
7 sp24 5p23 = spps SP27  sp27
137
C [ [ d22 d22
p12 p12 p12 p12 p11 p12
$p26 $p26 sp26 sp267} $p23 sp24
G, ;
G1 G2 G3
¢_hncaco_s33d
y
lH y sy Y -y y
dl d26
426 |5 5iaz1 WALLZ WALTZ WALTZ |
p29 p26 pl12
sp11
15N d23/2; d23/2§ d23/2 { d23/2 | 4
+d0 +d0 -do -do GARP
pl16
13 .
Co d22+ ; d23-/\ d23-
d10 id22 [ | aw0 |[}3
N p12 b11 : 025 bt | p12  p12 p1f
sp24 sp23 sp28 sp25 sp27 sp27 sp33
13"
C d22/2 /\dZZ/ZM
p12 p12 p12 p12 A1 p12 pi
sp26 sp26 sp26 sp26 5p23 sp24 sp25
G, q
G1 G2 G3

© 2010, BRUKER Biospin, Teodor Parella

817



Pulse Program Catalogue
NMRGuide - Topspin 3.0

3D CO-detected (HINCOCA Experiment

Experiment Description

The 3D (H)N(CO)CACO is the CO-detected equivalent of the HNCOCA experiment,

in which a nitrogen nucleus is correlated to the CO and CA carbons of the previous

residue.

Jan+Inco + Ieoca
(H)N(CO)CAC(W
H—C—H H—(|:—H
N S C—(|;_
0 !
H H |
NMR Spectrum
, .................... N
CA
co

References:

W. Bermel, I. Bertini L. Duma, I.C. Felli, L. Emsley, R. Pierattelli, P.R. Vasos, Angew. Chem. Int. Ed.

44, 3089-3092 (2005)

Related Experiments.

3D HN-Detected HNCOCA
CA-detected (H)NCOCA
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d21=1/2T(NH)=55ms

1 2 3 4
< d22=1/4J(COCA)=4.5ms
(1) /\@ d23:1/47(NCO)=12.4ms
f " . d26=1/4J(NH)=2.3ms

¢_hncoca_3d
y
1H y -y Y -y y -y Y
dl 426 fd26 d21
) 8 WALTZ WALTZ WALTZ WALTZ |
p29 p26 pl12
sp1
1SN d23/2} d23/2 | d23/2 } d23/2 | &
+do0 +d0 -do -do GARP
pl16
, :d23-
s A aalias (= o [\ e\
/i * > VVVWAV
p12 b1 p12 p1 pi2 p12 b1t p12 WWV
sp24 sp23 i sp24 sp25 sp27 sp 5p23  sp24
13
. \ A A Jasef A
—— b — —————————————————————
p12 p12 p12 p12 i Apn p12 P11 ip12  p12
sp26 sp26 sp26 sp26/: 5p23 sp24 SP25: sp26  sp26
G, m
G1 G2 G3 G4
¢_hncoca_ia3d
y
lH y -y Y -y y yy
dl 426
426 5:d21 WALTZ WALTZ WALTZ WALTZ |
p29 p26 pl12
spi1
15N d23/2: d23/2 ] d23/2 i d23/2 5
+d0 +d0 -do -do GARP
pl16
’ :d23-
“c A aczl s (| = [(3 AT
— [
/i p12 b1 | p12 p1 pi2 p12 Mp11  p12 WWWVVVV
sp24 sp23 | sp24 sp25 sp27 sp2’f 5p23  sp24
13
C ) ) A O fleos\ oA A_ =
—b— — . — ——————
p12 p12 p12 p12 M1 p12 P11 ip12  pi2
sp26 sp26 sp26 sp264  5p23 sp24 P25 sp26  sp26
AP
p12 p12
GZ m m p sp26 sp26

G1 G2 G3 G4
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3D CA-detected (H)NCOCA Experiment

Experiment Description

The 3D CA-detected HNCOCA experiment is an out-and-stay version of the conventional
1H-detected HNCOCA experiment. Each nitrogen is correlated to CA and CO carbons
of the same and the previous residue.

1 1 1
Jant Incot Jcoca

(H)NCOCA ‘

H—C—H H—C——H

NMR Spectrum

CA

References:

W. Bermel, I. Bertini L. Duma, I.C. Felli, L. Emsley, R. Pierattelli, P.R. Vasos, Angew. Chem. Int. Ed.
44, 3089-3092 (2005)

Related Experiments

1H-detected HNCOCA
CO-detected (H)NCOCA
CANCO and i-CANCO

© 2010, BRUKER Biospin, Teodor Parella 820



Pulse Program Catalogue
NMRGuide - Topspin 3.0

1

TN

O,

2 3
/—\
D @ @
9] t t3

¢_hncoca2_3d

d21=1/2J(NH)=5.5ms
d22=1/4J(COCA)=4.5ms
d23=1/4J(NCA)=12.4ms
d26=1/4J(NH)=2.3ms
d27-=1/8(CACB)=3.6ms

y
IH y -y v -yy
dl la26 f a26
) 8:d21 WALTZ WALTZ WALTZ
p29 p26 pl12
sp11
1SN d23/2; d23/2 | d23/2 } d23/2 | ¢
+d0 +d0 -do -do GARP
pl16
13 d22+; d23-
/? p12 p11 : p12 P11 g
sp24 5p23 sp24 sp25  gpo3
B, \
b——
p12 p12 p12 p12 X
G sp26 sp26 sp26 sp26
g ) i
G1 G2 G3
¢_hncoca2_ia3d
y
1H di f H HH
d26 g d26
) 8:d21 WALTZ WALTZ WALTZ
p29 p26 pl12
spl1
15N d23/2id23/2 f d23/2 id23/2 5
+d0 i+d0 -do -do GARP
pl16
’ d22+: 23-
5 N feae A i
/ p12 b1t i p12 At p1 pi2 pi2
sp24 5p23 sp24 sp25 3p23 sp27 sp27
PCa \ d27+ id27- [ d27+ id27-

HE d22/2id22/2 [l d22/2:d22/2 \MM/\MMM
p12 p12 p12 p12 N pi2 p25 VWWWVVVVV
sp26 sp26 sp26 $p267 p29 sp28

Oz ) i
G1 G2 G3
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Summary of C-detected backbone CN experiments

LN+ Yxnco ‘ HNCO ‘
H—(\:—H H—(‘:—H
7 T
| |4
H H H
an+ nea HNC{& Jeanat'Ican HCAN
lJHN + 2JNCA ‘ g Yeana HIcan : ‘
H—C—H : H—C—H H—C—H Hf?iH
! - LAnen e
o o)
H : H

1 1 1
YeantYnco Junt Incat Jcoca

Heantnco CANCO

N+ Inea+ Ycoca (H)NPACO ‘

23 can+ Unco intra-CANCO v+ "xco + Yeoca
‘ (H)Nf OCA ‘
H—C—H | H-—C—H
N R
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BRUKER
PULSE PROGRAM
CATALOGUE

NMRGuide

2D HSQC EXPERIMENTS FOR
THE MEASUREMENT OF T1, T2, TIRHO
RELAXATION TIMES AND
HETERONUCLEAR NOEs.
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RUKER
@IOSPIN

Pulprog (3D mode)

NMR Experiment: Relaxation Rates Measurement

Parameter Set

pp (2D mode)

TROSY version

Al. hsqctletf3gpsi3d
A2. hsqctletf3gpsi3d.2
B1. hsqct2etf3gpsi3d
Cl. hsqctretf3gpsi3d
C2. hsqctretf3gpsi3d.2

HSQCTIETF36PSI3D
HSQCTIETF36PSI3D.2 hsqctletf3gpsi3d.2
HSQCT2ETF36PSI3D
HSQCTRETF36PSI3D
HSQCTRETF36PSI3D.2

hsqctletf3gpsi3d

hsqct2etf3gpsi3d
hsqctretf3gpsi3d

trtletf3gpsi3d

trt2etf3gpsi3d

General Scheme

c

Drec
IH d26 Id26 [\8 I I d24 Id24 d26 Id26 11 B
pll
= 7 RELAX i
|5N d25 f§ 425 d25 do do | d25
BLOCK [ care ]
plleé
13
Coptional m
p8
spl3
G,
Gl 3
G2
Al A2 B1 Cl c2
y Yy
IQIPSI-2_ 5 I II II I
plls az21 3
)
a8 | a7 d21 d21 8 8
[l T —
- loop N < lﬂp cpds8

d20
pl25
p25

G4

G4

G5

G4
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K 2D HSQC experiments for '3C Relaxation Measurements \

(from f2 channel)

e Heteronuclear '3¢c-'H NOEs:

Phase sensitive ge-2D 'H-2C HSQC to measure heteronuclear 3¢ -'H NOEs using PEP
(hsqcnoegpsi | HsqeNoEGPsT)

Phase sensitive ge-2D 'H-3C HSQC to measure heteronuclear 3¢ -'H NOEs using PEP and
refocusing adiabatic °C pulses (hsqcnoegpsi.2 | HsQcNoEGPst)

e Ti(C):
Phase-sensitive ge-2D 'H-2C HSQC to measure 13C T relaxation times using PEP, 180° 'H pulses
and acquired as pseudo-3D (hsqctletgpsi3d).

Phase-sensitive ge-2D 'H-2C HSQC to measure 13C T relaxation times using PEP,180° 'H pulses,
refocusing adiabatic 13C pulses and acquired as pseudo-3D (hsqct letgpsi3d.2).

) Iz !C!:

Phase-sensitive ge-2D H-"N HSQC to measure '3C T, relaxation times using PEP and refocusing
adiabatic °C pulses (hsqct2etgpsi3d.2)

Also see:

T1 & T2 Relaxation
3D HNCO for Relaxation Measurements /
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hsqcnoegpsi
120° on y y
BT ore
'H d24 Id24 d4 I d4 sli
off k
a y RS
B0 8|d2sf a0 do | 425
GARP
p8 pli2
spl3
I5N optional
G, i
G3 G4 G2
Gl Gl
hsqcnoegpsi.2
120° on y y
UM ore
'H d24 Id24 a4 Id4 sli
off k
= y RS
B 3| az2s d0  do0  d25
GARP
p24 p24 P8 pli2
sp7 sp7 spl3
G, 0
G2
G3 G4 c1 61
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hsqct1etgpsi3d
y X X
Y Preo
H d1 d4|d4 H I I_I_I-I-Ia I d24|d24 d4|d4 ] &
@l y ) B4
WC d25 § d25 d7 d25 do do d25
GARP
p8 p8 pll2
spl3 spl3
1
5N optional I
G, (
G3 G4 G2
Gl Gl
hsqct1etgpsi3d.2
y X X
Y @rec
g ¢ ““‘Id‘l 8 I I_I_IIIS I d24|d24 d4|d4 H B
o y ) ¥
BC d25/ \d25 d7 d25 do do d25
GARP
pl4 p24 p24 p24 p8 pll2
sp3 sp7 sp7 sp7 spl3
G. ( A
G3 G4 ‘ G2
Gl Gl
hsqct2etgpsi3d.2
y
Y Prec
'"q d1 c14|d48 I I I d24|d24 d4|d4 ] K
@l v
”C d25/ \d25d21 d21d25 dl0 d10 | d25
| e GARP
pl4a pl4 loop pla p24 pla pli2
sp3 sp3 d21 sp3 sp7 sp3
d31
Gl vclist m 0
G3 ‘ G2
Gl Gl
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2D HSQC experiments for '°N Relaxation Measurements (from f3 channel)
e Heteronuclear !®N-'H NOEs:

Phase sensitive ge-2D 'H-"N HSQC to measure heteronuclear ®N-'H NOEs using PEP
(hsqcnoef3gpsi | HsQeNoEF36PsT)

Phase sensitive ge-2D 'H-°N HSQC to measure heteronuclear ®N-'H NOEs using TROSY
(trnoef3gpsi | TRNOEF36PsT)

e Ti (N):

Phase-sensitive ge-2D 'H-°N HSQC to measure '°N T; relaxation times using PEP:

Using 1H-decoupling (hsqctletf3gpsi | HsQcT1ETF36PST)

Using 1H-decoupling acquired as pseudo-3D (hsqctletf3gpsi3d | HscT1ETF36PsI3D)

Using 180 1H pulses (hsqct1etf3gpsi.2 | HsQcT1ETF36PsT.2)

Using 180 1H pulses acquired as pseudo-3D (hsqctletf3gpsi3d.2 | HsqcT1ETF36PSI3D.2)
Phase sensitive ge-2D 'H-"N HSQC to measure '°N T; relaxation times using TROSY:

Using 1H-decoupling (trtletf3gpsi | TrRT1ETF36PSI)

Using 1H-decoupling acquired as pseudo-3D (trtletf3gpsi3d)

Using 180 1H pulses acquired as pseudo-3D (trtletf3gpsi3d.2)

[ ) Tz N:

Phase-sensitive ge-2D 'H-PN HSQC to measure '°N T relaxation times using PEP:
Acquired as individual 2D data (hsqct2etf3gpsi | HsQcT2eTF36PsI):
Acquired as pseudo-3D (hsqct2etf3gpsi3d | HsQcT2eTF36PsI3D)

Phase sensitive ge-2D H-°N HSQC to measure '°N T, relaxation times using TROSY:
Acquired as individual 2D (trt2etf3gpsi | TrRT2ETF36PSI)
Acquired as pseudo-3D (trt2etf3gpsi3d)

*  Tirn (N):

Phase-sensitive ge-2D 'H-°N HSQC to measure °N Ty, relaxation times using PEP:
Acquired as individual 2D data (hsqctretf3gpsi | HsQcTRETF36PsT)
Acquired as pseudo-3D (hsqctretf3gpsi3d | HsQcTRETF36PSISD)
With adiabatic ramping and acquired as pseudo-3D (hsqctretf3gpsi3d.2 |
HSQCTRETF36PSI3D.2)
Phase-sensitive ge-2D 'H-°N HSQC to measure °N Ty, relaxation times using TROSY:
Acquired as pseudo-3D (trtretf3gpsi3d)

®  Rexchange_(N):

Phase sensitive ge-2D 'H-°N HSQC to measure °N-R(exchange) using PEP and Relaxation-
dispersion (hsqcrexetf3gpsi3d | HsQCTREXE TF36PSI3d)
Phase sensitive ge-2D 'H-"N HSQC o measure "N -R(exchange) using TROSY and Relaxation-
dispersion (trrexetf 3gpsi3d)
Phase sensitive ge-2D 'H-°N HSQC to measure °N-exchange

Using PEP (hsqcetexf3gp)

Using WATERGATE (hsqcexf 3gpwgph)

Using TROSY (tretexf3gp)

e Cross-correlation:

Phase-sensitive ge-2D 'H-°N HSQC to measure N-15 / H-1 cross correlation (hsqcccf 3gpphwg)
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hsqcnoef3gpsi
120° on
IR o
'H I d24 Id24 26 Id26 B
off ?
‘ﬂ‘ﬂ Ty v
pll
1 spl §|d25] do do | d25
N GARP
pllé6
ISC optional /\
P8
spl3
G, (
G3
Gl - -
trnoef3gpsi
Y Qrec
120° on/off d26 | d26 | d26 Jd26
1 ) Yy f X X X
H T [
d1 pll
y spl b 4
dle ] 40 do
pllé
BC optional (\
P8
spl3
G, AN ANAENANNA
Gl
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hsqct1etf3gpsi3d
hsqct1etf3gpsi
y y
y y Drec
g 9t | d26 Jaze ms DIPSI-2 d24 Jd24 |d26 faz6|sfs
pll pllo
spl ol y k4
BN d25 §d25 | d7 §|d25f d0 40 | d25
GARP
pllé
14)
Coptional /\
P8
spl3
G,
Gl G4 G3
G2 G2
hsqct1etf3gpsi3d.2
hsqctietf3gpsi.2
y y Orec
H d1 |d26|d26[\8 I 5 I d24|d24 d26|d2655
pll
oot @1 \ v
BN I d25|d25| d7 d25f] d0  d0 | d25 I I
GARP
plleé
B
C optional (\
P8
spl3
G, A
Gl G4 G3
G2 G2
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trt1etf3gpsi
trt1etf3gpsi3d
11 Y Drec
opl az6 | az6 | a26 [Jaze
! d1 d26 ff d26 DIPSI-2 y | xn| x~AlAx
H A
119
@1 P y v
N 5 I d25|d25 a7 s|ef 40 do I I
mC optional /\
P8
G spl3
, AT AT A T ANARNANNA
Gl G2 G2 G3 G3 G4 G5 G5 G6 G6
trt1etf3gpsi3d.2
y -y » x/-x y
opl az6 || aze | aze Jaze | T
g a d26 ff d26 y | xn| - x
Al A
@1 y 2 B
N 5 I cl25|d25 a7 8 aI do  do I I
«—>t—>
IaC optinra] [\
P8
G spl3
: ARENA AN AN N
Gl G2 G2 G3 G3 G4 G5 G5 G6 G6
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hsqct2etf3gpsi
1 Y @rec
'H ‘mlc126 ﬂs I I I 24 Id24 26 Id26 B
pl23 o1 vy
BN dl d2s J| d25:d21 d21d25f] d0  d0 d25
<+—r<+—> GARP
- loop plleé6
loop w20
13 : pl23
1
C optiona 530 (\
P8
spl3
G i A
z
Gl G3
G2
hsqct2etf3gpsi3d
1 Drec
1
H d1 d26|d26 QS I I I d24 Id24 d26 Idzs ] ki
[u] ] L7
BN d2s5 | d25 d21 d21d25 | d10 d10 d25
<+—— P <t—> GARP
R
l‘,'C optional pl23 m
p30
p8
G spl3
: A
Gl G3
G2
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trt2etf3gpsi
Y Y Drec
'y az6 B aze |* d26 || d26 | d26 Jdz6
- =X, X
Qs ﬂy X,
1
pl23 ‘s’p oy YYYYY YYYYY y ¥
.sNJm"mIdl 5 I mlmm ale] @ @ I I |
loop
5 “loop * 520 e
C optional p13203 /\
p
p8
G spl3
: A N AN N ANAENATNA
Gl G2 G2 G3G4 G4 G5 G5 G6 G6
trt2etf3gpsi3d
Y H ®reo
X d26 J| d26 | a26 Jaz6
lH d26 j| d26 Yy =X =X =X
[\s A
1 H
ol Oy YYYYY YYyyy y v
sy 4L H d25 | 425 421 d21.e § 40 do
——rt—>
loop
5 a0 e
; i pl23
C optiacnal 530 m
p8
G spl3
: ANEA N ATAA ANARNATNA
Gl G2 G2 G3 G4 G4 G5 G5 G6 G6
833
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hsqctretf3gpsi
y y
Prec
'H &GIdZGQS I IIII I d24|d24 d26|d2668
d21
ol v
p25 P
5N pl25 d1 d25 § d25 dz25 | do do : d25
_[TI111 [T e [ ow |
«  » loop pllé
loop <7(1204>
wC optional g;:s m
p8
spl3
G, A
Gl G3
G2 G2
hsqctretf3gpsi3d
y y @rec
1
H dzsldzsﬂ I IIII I d24|d24 d26|d2686
Pl gt d21
spl ¥
BN I d25|d25 d25| d10  d10 d25 I I
[ [ [ ] D . [ oae |
loﬂ) plle
5 a0
C optional pl25 (\
P25
p8
spl3
G, Q
Gl
G2
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hsqctretf3gpsi3d.2
y y ®rec
0 I NN 111 NN = 155 250 |
pll
spl @1 '

BN I d25|cl25 8| ls d25| d10 d10 | d25 I I [GT]
cpds$8 pllé
tlrho

l/"C optional ﬂ

p8
G spl3
: N nnnp fl
Gl G5 G4 G6 G6 G7 G7 G3
G2 G2
trtretf3gpsi3d
y y
x a26 || a26 | a26 Jaze ®reo
IH d26 j§ d26 y X =X X AMA
[\s AVAVAVAVAVAVAVAVA
pll V
p @y y VV
BN d1 |8 I d25|d25 ef] a0 do |
[T 1]
lOOp
5 “a20 °
C opticnal pl25 [\
p25
p8
G spl3
: A ﬂ AN N NN N N
Gl G2 G3G4 G4 G5 G5 G6 G6
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hsqcrexetf3gpsi3d
y y ®rec
1 x|f|
H a d26|d26 [\5 ﬂ I d24 Id24 d26 Id26 sls
@1 ¥
"N azs | azs 6| azs| a0 a10 azs
R GARP
pllé6
Isc optional /\
p8
13
G, ‘ ” Q
NN A
Gl G4 G4 G5 G3
G2 G2
trrexetf3gpsi3d
y y Prec
1 6 Doz [ x |l < d26 J| d26 | d26 Jaz6
H QS ﬂy X X X
v

plj\. [0]]
spl I I | ‘ yI

A

P8
spl3

3
C optiadnal

Gl G2 G2 G3 G4

836
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hsqcetexf3gp
X X X y
1 @rec
H 4| Id26 [\8 I I_”_I_IJ I d24 Id24 dze6 Idze sli
pll
spl @1 -
*N d25 § d0  do 25 azs [ azs
l GARP
plle
13
Coptional /\
P8
spl3
G,
Gl Ga =
G2 G2
hsqcexf3gpwgph
y X X X
X1 a26 | a26 ®rec
l - -
g 91 | 926 faz26 ﬂa . \ 2 ¢
pll :
spl @1
d26 | (1-k) f| a26-
I5N I +d0 *d0 Ik*dO 425 Id25
é pllé
3
C optional /h\
P8
spl3
G, ﬂ ﬂ
el G2 G3 G4 G4
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tretexf3gp
y X X X Y
1 g sl e a26 || az6 | a26 Jaze Orec
H dzé [\ ﬂy xn\| - -X
pl
oot R
N d25 | 40 d0 | d25
“——>e—>
1B,
C optional /\
p8
spl3
G
: A NN A NN [\
Gl G2 G2 G3 G3 G4 G5 G5 G6
hsqcccf3gpphwg
y
d26
IH d1 | d26 d26
) ; @1 - pll
spl
N 6| a23 fazs [6| a25 | a25 a0 a0 |5
| R o e GARP

plié

G, AN A0 [

Gl G2 G2G3 G4 G5 G5
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THE MEASUREMENT OF T1, T2 AND T1RHO
RELAXATION TIMES.
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3D HNCO experiments for >N Relaxation Measurements

o Heteronuclear >N-'H NOEs:

3D HNCO to measure heteronuclear ®N-'H NOEs using PEP (hnconoef3gpsi)
o Ty (N):

3D HNCO to measure °N T relaxation times
Using PEP (hncot 1f3gpsi)
Using TROSY (trhncot1f3gp)

o Tz (N):

3D HNCO to measure 1°N T, relaxation times
Using PEP (hncot2f 3gpsi)
Using TROSY (trhncot2f3gp)

o  Tirh (N):

3D HNCO to measure °N T, relaxation times
Using PEP (hncotrf3gpsi)
Using TROSY (trhncotrf3gp)

o Rexchange (N):

3D HNCO to measure N Rexhange
Using PEP (hncorexf3gpsi)
Using TROSY (trhncorexf3gp)

Also see:
T1 & T2 Relaxation
2D HSQC Experiments for Relaxation Measurements

© 2010, BRUKER Biospin, Teodor Parella
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hnconoef3gpsi
o on
120 y
| - | f a21 kz6fjazekizeflazs|s s ®rec
H off 5[ Dipsiz | | DIPSI-2
d1 { } pl19 p26 W
15 pll d23 f 423 d23-d10 | d23+d10
N spl GARP
¢l pl1é
13 m §|| do do r \ ] m
p14 pi3 pl4 pl pl4
13 sp3 sp2 sp3 AP sp3
C. A A f
pl4 pl4 pl4 p14
sp5 spS sp5 sp&:
G, q ‘
G3 G4 G5 G1 G2
References:

V. Tugarinov, W.-Y. Choy, E. Kupce & L.E. Kay, J. Biomol. NMR 30, 347-352 (2004)
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hncot1f3gpsi

y

y -y y H ®reo
pil p2 p1 -y y pI?  p26 N WWWWVW
SPE
15N I d25| d25 d7 d23 I d23 I d23—d10| d23+d10 J I —‘
GARP
116
p22 ¢1 pl
13C’ m ] do do 8 m
pl4 pi3 pl4 p13 pl4
13 sp3 sp2 sp3 sp8 sp3
C. I
pl4 P154 pl4 Plg
sp5 sp. sp5 sp.
Oz A / A
G3 G4 G5 Gé Gl G2
trhncot1f3gp
-y X X -y
d26 gd26 d26d26]|d26d26 Dreo
w_e [ L i
R ) 8 i
Pp11 @2 - ¢ -y '
o y oY : il
15N I d25|d25 d7 d23 I d23 I d10 : d23 Id23-d10 I I
p22 p21
BC’ m do  do m m
pl4 pl14 p13 pl4
13Ca sp3 m sp3(5T3 sp3
p14 pl14 pl4
5 5
%N i - A0
Gl Gl G4 G2 G2G3 G3
842
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hncot2f3gpsi

y
y -y y -y Oreo
" a1 | az6 aze| 2 8 | IWI IW&I 6fazelazelfaze|s s
el p2 pl y pl9  p2é v
Sp
15NJ|I I d25|f||||-|||| d23 I d23 I d23-d10| d23+d10 I I W‘
d2s p22 loop plié
p30 ¢d28 - &
13C’ p123 p30 m 8| 40 do H 5 m
pl23
pl4 pi3 pl4 p13 pl4
13 sp3 sB2 sp3 ApB sp3
C. A1
pl4 pl4 pl4 pl4
sp5 sp5 sp5 sp&:
Gz [ i ' A
G3 G4 G5 Gé Gl G2
frhncot2f3gp
_y —y
| d26 §d26 d26d26 d)%G d26 Dreo
bl als |
H A | it
H v
PEpll G2 \ o -y WWVWVVW
spl
15N III I d25 I d25 IIIlIIII 5 |az23 Id23 I di0 : d23 I d23-d10 I I
d28 P22 p2l <20
1307 p30 d28
C’ 123 p30 m mdo do m ﬂ
pl23
pl4 P14 p13 pl4
ISC(X sp3 m 5p3(T8 sp3
p14 p14 pl4
sp5 sp5 sp5
) [ NN ()
Gl GI G4 G2 G2G3  G3
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y

hncotrf3gpsi

y
1 H Y K Drec
g a1 [a26faze|n 8 Tsm| SiSIa d21 26 d26|d26 d26 sli
gl p2 pl y pi9  p26 @
sp I
d25 §d25 & d23 f423 d23-d10 | d23+d10
N I I I I J | I GARP
p22 loop pl1é
%0 o
3¢’ pl25 m 8| do do H ) m
p25 |
pl4 pi3 p14 pi3 pl4
13 sp3 sp2 sp3 Ap8 sp3
C. N
pl4 pl4 pl4 pl14
spS5 sp5 sp5 sp5:
bz ) /| ' A
G3 G4 G5 Gé Gl G2
trhncotrf3gp
-y
1 d26 Jaze I d26fld26]d26f1d26 Drec
H ] ) ) ) MMMM%
Pipl1 G2 y & -y WWWVVV
spl
15N I d25|d25 5 d23ld23 I d10 i d23 Id23-d10 I I
p22 p2l loop
. a0 >
1B3C pl25 m do do
p25 |
P14 P14 p13 pl4
13 sp3 sp3 508 sp3
Co m m
pl14 p14 pl4
sps sps 5
O (i) [ ) N A )
Gl Gl G4 G2 G2G3 G3
844
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hncorexf3gpsi
y y
-X X Y Y y Y Orec
g a1 [a26 Ja26]| 0 8 ) W |Wd21 6|d26|a26|d26 ali
gl p2 pl y P9 p26 ¥
sp
BN I |.|Id25|d25|.|| 8 a23 Id23 I d23-d10| d23+d10 J | I —‘
GARP
p22 p25 p25 o pl16
pl23 pl23
1307 m 8|l do do H 8 m
pl4 pl3 pl4 pl3 pl4
13 sp3 sp2 sp3 Ap8 sp3
C. A A"
pl4 pl4 pl4 pl4
sp5 sp5 sp5 sp5:
Gz A0 0 | A
G3 G7 G7 G4 G5 Gé Gl G2
frhncorexf3gp
y -y
d26 §d26 3 d26fd26|d26fd26
L bl I VI S Ele
] \ AM\AAAVAV
PEpll {2 y o -y WWVWVVV
spl
I5N I I|d25 Id25 II s| az23 I d23 I d1o i d23 Id23-d10 I I
p22 p21 p25 p25
pi23 pl23
B3C’ m do  do m m
pl4 pl14 p13 pl4
13 sp3 sp3 sp8 sp3
Ca ﬂ mp
P14 P14 pl4
5 5
I TALIAE I A I R AAAE
Gl Gl G4 G4 G5 G2 G2G3 G3
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Protein NMR el TR
Tutoerials: J

Coupling Constants| o lanpuis

NMR Experiments Scalar Couplings (J)

Introduction (|:5 One-bond

Determination § H—C H % Two-bond

JResolved : /.R ' : Three-bond

Spin-State Selective = H—Co—H =

E.COSY % V-IE. " % Backbone Three-bond ¢

TROSY/antiTROSY C % N iy C ey C % N EBackbone Three-bomd o

g || - e e | = Backbone Three-bond y
. b ‘ ur ! .

J-Ouantitative O E H i O % H Sidechain Three-bond ¢ 1

DQ-Z0 % %

Sidechain Three-bond s

Dipolar Couplings (D) s s e Aona

Introduction
NMR Experiments
Applications

Introduction
Anisotropic Media
NMR Experiments
Structure Caleulation

Applications
I,

My
2D Experiments | 3D Double-Resonance Experiments

3D Triple-Resonance Experiments

General Eeading: 76PROG41, BO3ZER147
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¢

*J(HN-HA)
[ 3D HNHA | [ 3D HNCA[HAJ-E.COSY|

IS
QLQ
f7ZZ |

| 3D HNCA-DQZG | 2D CTHMQC-]

*J(HN-CB)

\ 3D HNHB[CB]—E.COSY‘
\ 3D HNCA[CB]—E.COSY‘

*J(HN-CO)

[3D (H)CANNHICOJ-E.COSY|

\ 3D HNCA[CO]-E.COS%

*J(CO-CB)

3D HNCACB[COJ-E.COSY|

ifference CT-HSQC

*J(CO-HA)

| 3D (HINCAHA[COJ-E.COSY|

3J(CO-CO)
\ 3D (HN)CO(CO)NH \

X2
*J(CA-CD)
*J(HB-CD) L
*J(HB-HG) J(N-HB)
*J(CA-HG)
*J(HA-HB)
c
H—Cly—H | 3D (H)CCHIHBI-E.COSY|
% *J(CO-CG)
i
——C——N—C,~=C-3-N—C, [ 3D (H)C(C)CHICOI-E.COSY
l.', | o | v (”) o | *J(N-CG)
i
\\J o *J(CO-HB)
*J(N-N) 'J(CA-CA) | 3D HC(C)HICOJ-E.COSY |
BRHINNH-TOE 3D HN(COCA)CA *J(HA-CG)
*J(HAN)
| 3D HCACOIN]-ECOSY | J(CAHN)
| 3D HNCO[CAJ-E.COSY|
*J(CB-N)
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Phi Backbone Coupling Constant

e 3D HNHA experiment (hnhagp3d | HNHAGP3D) - 3T(HN-HA) via quantitative-J

e 3D HNCA[HA CB]-E.COSY (hncaecosgp3d | HNcaEcosersp) - 3T[H(N)-HA] and 3J[H(N)-CB]
via E.COSY

e 3D HNCA[HA]-E.COSY (hncaecosgp3d2 | HNcaecosepsn2) - 3T[H(N)-HA] via E.COSY

e 3D DQ/ZQ HNCA (hncadqzqgp3d | Hhcabazaerad) - 3T[H(N)-HA] and 3T[H(N)-CB] via
DQ/ZQ

e 2D CT-HMQC-J (hmqcjgp | Hmacssr) - 3T[H(N)-HA] via J-modulation

e 3D HNHB[CB]-E.COSY (hnhbecosgp3d | HNHBECOseP3b) - 3T[H(N)-CB] via E.COSY

e 3D HNCA[CB]-E.COSY (hncajecgp3d | Hncagespsp) - 3T[H(N)-CB] via E.COSY

e 3D (H)CANNH[CO]-E.COSY (hcannhgp3d | HcannHersp) - 3T[H(N)-CO] via E.LCOSY

e 3D HNCA[COJ-E.COSY (hncacosygp3d | Hncacosyersp) - 3T[H(N)-CO] via E.COSY

e 3D HNCACB[COJ-E.COSY (hncacbgpjc3d | Hncacsepicap) - 3T[CO-CB] via ECOSY

o 2D spin-echo difference CT-HSQC (hsqcctetgpjcir | HsqccTETGPICLR) - 3T[CO-CB] via spin-
echo difference

e 3D (HINCAHA[COJ-E.COSY (hncahagp3d | HNcaHasP3d) - 3T[HA-CO] via E.COSY

e 3D (HN)CO(CO)NH (hncocogp3d | HNcocoersp) - 3T[CO-CO] via quantitative-J

Psi Backbone Coupling Constant

e 3D (HINNH-TOCSY (hnnhdigp3d | HanHDIGP3D) - 3T[N-N] via quant itative-J
e 3D HCACO[NJ-E.COSY (hcacogpjc3d | Heacospicesp) - 3T[HA-N] via E.COSY
e 3D HNHB (hnhbgp3d | HNHBeP3d) - 3T[HN-HA]and 3J[HN-HB] via quantitative-J

Omega Backbone Coupling Constant

e 3D HN(COCA)CA (hncocacagp3d | HNcocacaepsp) - 3T[CA-CA] via quantitative-J
e 3D HNCO[CA]-E.COSY (hncoecosgp3d | HNncoEcoser3p) - 3T[H(N)-CA] via E.COSY

Chil Sidechain Coupling Constant

e 3D HNHB (hnhbgp3d | HNHBer3d) - 3T[HN-HA]and 3J[HN-HB] via quantitative-J

e 3D HACAHB-COSY (hacahbcosygp3d | HacaHecosyersp) - 3T[HA-HB] via quantitative-J

e 3D HN(CO)C (hncocgp3d | HNcocspsp) - 3T[C6-CO] via quantitative-J

e 3D HC(C)H[HAI-E.COSY (hcchecosgp3d | HeeHEcoseP3p) - 3T[HA-HB] via E.COSY

e 3D HC(C)H[COJ-E.COSY (hcchcosygp3d | HeeHeosyepsp) - 3T[CO-HB] via E.COSY

e 3D (H)C(C)CHI[COJ-E.COSY (hccecosygp3d | Heeecosyersp) - 3T[C6-CO] via E.COSY

e 3D HNCG (hncggp3d.1 | HNessp3p 1) - 3T[N-CG] via quantitative-J

e 3D HNCG (hncggp3d.2 | HNessp3d 2) - 3T[N-CG] via quantitative-J

e 2D spin-echo difference CT-HSQC (hsqcetfpf3gpjcsi | HsaceTFrrepicst) - 3T[N-CG] via
spin-echo dif ference

Chi2 Sidechain Coupling Constant

e 3D HN(CO)CACali (hncocacgp3d | HNcocacspsp) - 3T[CA-CD] via quantitative-J
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Backbone ¢ Angle

3THN-HA
3]
. HN-CB H H
J
ae ©—N—¢
Jco-HA Y TI)J

(0 (@)

3
Jco-cB

3
Jco-co

Phi Backbone Coupling Constant

o 3D HNHA experiment (hnhagp3d | HNHAGP3D) - 3T(HN-HA) via quantitative-J

e 3D HNCA[HA CB]-E.COSY (hncaecosgp3d | HNcaEcosepsp) - 3T[H(N)-HA] and 3T[H(N)-CB]
via E.COSY

e 3D HNCA[HA]-E.COSY (hncaecosgp3d2 | HNcaecossp3p2) - 3T[H(N)-HA] via E.COSY

e 3D DQ/ZQ HNCA (hncadqzqgp3d | Hhcabazaerad) - 3T[H(N)-HA] and 3T[H(N)-CB] via
DQ/ZQ

e 2D CT-HMQC-J (hmqcjgp | Hmacssr) - 3T[H(N)-HA] via J-modulation

e 3D HNHB[CB]-E.COSY (hnhbecosgp3d | HNHBECO seP3b) - 3T[H(N)-CB] via E.COSY

o 3D HNCA[CB]-E.COSY (hncajegp3d | HNcagcepsp) - 3T[H(N)-CB] via E.COSY

e 3D (H)CANNH[CO]-E.COSY (hcannhgp3d | HcanNHer3b) - 3T[H(N)-CO] via E.COSY

e 3D HNCA[COJ-E.COSY (hncacosygp3d | HNcacosyersp) - 3T[H(N)-CO] via E.COSY

e 3D HNCACB[COJ-E.COSY (hncacbgpjc3d | HNncacsepicsp) - 3T[CO-CB] via ECOSY

e 2D spin-echo difference CT-HSQC (hsqcctetgpjclr | HsaccTETEPICLR) - 3T[CO-CBY] via spin-
echo dif ference

e 3D (HINCAHA[COJ-E.COSY (hncahagp3d | HNcaHasP3d) - 3T[HA-CO] via E.COSY

e 3D (HN)CO(CO)NH (hncocogp3d | HNcocoersp) - 3T[CO-CO] via quantitative-J
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3D HNCA[HA,CB]-E.COSY Experiment

HNCA[HA,CB
U+ Inea NCAIHA,CB]
an+2Inca
H—C—H H—C—H J(HN-HA)
o N J(HN-CB)
\ I E.cOSY
H nr ©
hncaecosgp3d
y y
1 H Prec
1H d1l | d26 Id26 \ G&IW I 1/2 6Id26|426ld26 S
p1 p2 p1f p26  pl19 Wy
spt
d23 d23 d10: d23 d23-d10
SN I I I I I | I GARP
p22 p21 ¢1 pl16
13
Ca m ﬂwﬂ ﬂ m mlevsp180.p30]
pl4 p13 p14 p13 pl4 pl29
3 sp3 sp2 sp3 &p8 sp3 sp30 p30
C ﬂ m mlevsp180.p30
p14 p14 p14
sp5 sp5 sp5

G, : ‘
G1 G2 G3

J(HNHA)+J(HNCB)

N Fom-se- CA
J(CACB)

J(CAHA) ~ 1 B i O

65

R.Weisemann, H. Rueterjans, H. Schwalbe, J. Schleucher, W. Bermel &
C. Griesinger, J. Biomol. NMR 4, 231-240 (1994)
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3D HNCA[HA]-E.COSY Experiment

IJHN+1JNCA HNCA[HA]
nn+2Inca
H—C—H H—C—H d21: 1/(2J(NH) [56.5 msec]
d23: 1/(4J(NCa) [12 msec]
—Ng@sé ﬁ— d26: 1/(47"(NH) [2.3 msec]
I\-I H o d27: constant time delay T(C) [13.3 msec]
J(HN-HA)
E.COSY hncaecosgp3d2
y y
y -y ®rec
lH dl -d26 d26 \ 5&1'W| I 1/2 d26|d26 6Id26 SIG\MMMMAM
pl  p2 p1f p26  pl19 ¥ WWVWVVVW
spt
15N I d23 I d23 I d10: d23 I d23-d10 I I m
p22 P31 N oo
13ca m m do d27md27_d0 m m mlevsp180.p30
’s):)g g;g ggg pgg Egg SP%Z 230
13C’ m m mlevsp180.p30|
p14 P4 p4
sp! sp sp
G, ; \
G1 G2 G3
W\MMM opm
J(HNHA) . ey = -
> - 1 = fe
i g T
J(CAHA) 1 : S CA o5 - ':.‘ . o
o SRS
HN 65

R.Weisemann, H. Rueterjans, H. Schwalbe, J. Schleucher, W. Bermel &
C. Griesinger, J. Biomol. NMR 4, 231-240 (1994).

Related Experiments:

See original 3D HNCA Experiment
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3D HNCA[CB]-E.COSY Experiment

an+ Unea HNCA|[CB]
an +2nea
H—Q—H H—Q—H d21: 1/(2J(NH) [5.5 msec]
d23: 1/(4J(NCa) [12 msec]
f‘\l ﬁ— d26: 1/(4T" (NH) [2.3 msec]
(0]
H H H
J(HN-CB)
E.COSY hncajogp3d
y y
y y Oreo
1H d1l | 426 Id26 \ dd21 DIPSI2 d21 d26|d26|d26|d26 ] L
p1  p2 p1t p26 pl19 ¥
sp
15N I d23 I d23 I d23-d10 I d23+d10 I I_I GAT‘
p22 pz1 ¢1 pl16
By, m ﬂ do i do H m
<>
pl4 p23 p14 p23 p14
sp3 sp10 sp3 gp12 sp3
“c A" 40
p14 pl4 p14 pl4
sp5 sp5 sp5 sp5
GZ l

G1

A.C. Wang & A. Bax, J. Am. Chem. Soc.

Related Experiments:

See original 3D HNCA Experiment

G)
N
@
@

J(HNCB)

J(CACB) 1 i fmmmmmm CA

118, 2483-2494 (1996)

© 2010, BRUKER Biospin, Teodor Parella

855



Pulse Program Catalogue
NMRGuide - Topspin 3.0

3D HNCA[CO]-E.COSY Experiment

HNCA[CO
Unn+Unca 1e8
an+2Inea d21: 1/(2J(NH) [6.5 msec]
H—C—H H—C—H d23: 1/(4T(NCa) [12 msec]
c d26: 1/(4T'(NH) [2.3 msec]
| d27: constant time delay T(C) [13.3 msec]
(0)
J(HN-CO)
E.COSY hncacosygp3d
y
Y Y Drec
Iy a1 |426 Id26 \ 8121 SIPSI 421 d26|d26d26|d26 sls\MMMMm
p1 p2 2:,} p26 pi19 v VWV LALAAM
15N I d23 I d23 I d23-d10| d23+#d10 I ’W‘
p22 p3t N o6
e, [ foiwrflerol ) [tcvptsoga]
p14 p13 ‘ p14 p13 pl28
sp3 sp2 sp3 sp8 p31
13C’ m m sp15
P1g P1g
sp! sp!
Gz ) A
G1 G2 G3
eSS I N oM oo
J(HNCO) . P _
re—>; %2 - [ 45
1 ! 54+ < '
—q--- --.: ..... .O 288, ,; s Tl ‘ ”%750
1 k1 -8 8 75 7.4 ppm
' , 3%sfs et N
HCACO) 1 . :- ------- CA , L ‘ .i%? sx : s AR
Aol it
: 2 's ke 2 ‘,50
HN
.._765
Refer'ences: 95 9.0 85 8.0 75 70 65 6.0 ppm
R.Weisemann, H. Rueterjans, H. Schwalbe, J. Schleucher, W. Bermel &
C. Griesinger, J. Biomol. NMR 4, 231-240 (1994)
Related Experiments:
See original 3D HNCA experiment
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3D DQ/ZQ-HNCA Experiment

J(HN-HA) and J(HN-CB)

DQ/ZQ
hncadqzqgp3d
y ¢, y
Drec
"1 a1 |a26 faz6|s n*d0 n*d0 26 Ja26}d26)§d26|5 85
pt p2 y y ¥
ISN I d23 I d23 I I d10 d23| d23-d10 I I
GARP
22 31 pi6
s p: P ¢1 :
Ca m m do 4o ﬂ m
pl4 p13 p14 p13 p14
sp3 sp2 sp3 ,sp8 sp3
' A 0 A
p14 p14 p14
GZ spS sp5 p5 ‘

G1

>
@
N
®
w

d23: 1/(4J(NCa) [13.5 msec]
d26: 1/(47'(NH) [2.6 msec]

Acquisition and Processing

DQ+ZQ and DQ-ZQ Data are recorded in interleaved mode
Processing:
use AU-program split [ipap 2]

References: . .................... CA
A.Rexroth, P. Schmidt, S. Salma, T. Geppert, H. Schwalbe & :
C. Griesinger, J. Am. Chem. Soc. 117, 10389-10390 (1995)

Related Experiments: HN

See original 3D HNCA Experiment
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2D J-Modulated CT-HMQC Experiment

J(HN-HA) Amaciap
J-modulation
i d1 a21 I da21 | 429|419 A Greo
H presat \ AMMM/\AAVAVA
ST I
o azs/ﬁ d23/4 d23/4 dngﬁz
-d21/2 | -d21/2 -a21/2 |} -
-do0 +d0 +d0 -do0 GARP
pllé
G, A A A A AN
Gl G2 G2 G2 G2 @Gl G3
d21: 1/(2T(NH) [5.3 msec]
d23: overall constant time for J-modulation : 4*T + 2*d21
d29: z-filter delay (delta) [2 msec]

References:
H. Kuboniwa, S. Grzesiek, F. Delaglio & A. Bax, J. Biomol NMR 4, 871-878 (1994)

Related Experiments:

See original 2D HMQC and CT-HMQC experiments

© 2010, BRUKER Biospin, Teodor Parella 858



Pulse Program Catalogue .mﬂl"‘ ER
NMRGuide - Topspin 3.0

3D HNHB[CB]-E.COSY Experiment

J(HN-CB)
E.COSsY
hnhbecosgp3d
_ y

ny a1 | aze I 26 | 5 I d10§d10 Ie d26|d26 d26|d26 sl S\MMM
H M/\MM

o v e
|5N 4o d23-d0 d23 I I

A GARP
pl16
BC /\
p8
G'z sp3 ﬂ
Gl G3
G2
d23: constant time delay T(N) [37.8 msec]
d26: 1/(47'(NH) [2.3 msec]
J(HNHB)
I ——
1 i) S H
J(CBHB) ! fmmmmm HB
: c
HN C

References:
F. Loehr & H. Rueterjans, J. Biomol. NMR 13, 263 - 274 (1999)

Related Experiments:

See original 3D HNHB experiment
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3D HNHA Experiment

J(HN-HA)
J -quantitative
hnhagp3d
o1 y
=X =X m
gy dl d23 d23 d10 d10 fe d23 d23 s I 5
: XL I T U
R
azay2 | €23 d23
BN d24 [d23-d24 _30 I-iz:olz I -df:o/zldféézéu3'd24 d24 o]
pl16
nC optional [\
P8
G A 0N AN
Gl G2 3 3 G2 GlG4 G4
d23: 1/(4J(HNHa)) [13.05 msec]
d24: 1/(2T(NH)) [4.5 msec] [ YO N
HA+HN

HN

References:

1. 6.W. Vuister & A. Bax, J. Am. Chem. Soc. 115, 7772-7777 (1993)
2. G.W. Vuister & A. Bax, J. Biomol NMR 4, 193-200 (1994)
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3D (H)CANNH[CO]-E.COSY Experiment

Jnacat Incat Inn (HA)CANHI[CO]
Unaca tInca t nu .
d3:1/(3.4J(CH) [2.0 msec]
H—C—H H—C—H d4:1/(43(CH) [1.7 msec]
v d21: 1/(2T(NH) [5.5 msec]
““““““““““ ﬁ— _ﬁ_ d23: 1/(4J(NCa)  [12 msec]
(o) ‘ (o) d26: 1/(47'(NH) [2.3 msec]
H d27: constant time delay T(C) [13.3 msec]
J(HN-CO) hcannhgp3d
E.COsY
y y
1 1| aa Jasa|si a3 1 pe y reo
H d SIPSI d21K26d26fd26j§d26| 3 8MMMMMM
R ” T
ISN I d23-d10|d23-| d10 I I m
p2§2 p21 pl16
Ny
p14 p14
Beo d27 d27 spS sp
o/ali +do -do mlevsp180.p31
P14 i pZ3 p1a p23 P14 pl28
sp3 sp;rlO sp7 sp12 sp3 p31
Gz (\ m sp15
G‘i OGZ G3
J(HNCO)
~—
R _: _____ _O . .................... CA
J(CACO) 1 D peeeees CA :
5 N
HN
References: HN

F. Loehr & H. Rueterjans, J. Biomol. NMR 5, 25-36 (1995)

Related Experiments:

See original 3D HACANH experiment
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3D HNCACB[CO] Experiment

1 1 1
Jnat Jean + Jec

1 2 1
Jna T Jean e

HNCACB[CO]

H
N 701
H H
J(CO-CB)
E.COSY
hncacbgpjc3d
y y
1 il H I I I rec
o [mofes oo S i
o w2 i s o1 : v WWWWV“
spt
15 d22+d10 [ d22-d10 {d22-d10f] d22+d10
v || weme [ ||| 1
p22 b ; pl16
BCup md28 ﬂcm m d23m do do ﬂ&s{ \ d23 d28m GARD
pl4 P13 pl4 pi3 pldpla  pld  pi3 T pl4 12
sp3 sp2 sp3  sp8 sp3sp2 sp3  sp8 sp3
’ i i
G1 U &2 G3
J(CBCO)
: ‘ , 1
: 5 d21: 1/(2T(NH) [5.5 msec]
- --.: ..... .O d22: T(N) [17.6 msec]
J(NCO) 1 . e N d23: 1/(4J(CaCb) [6.7 msec]
Y. L. O : d26: 1/(43'(NH) [2.3 msec]
; d28: T(N) - [1/(4J(NCa)opt]  [2.1 msec]
CB
References:
F. Loehr & H. Rueterjans, J. Biomol. NMR 13, 263-274 (1999) [ E—— Cali
J.-S. Hu & A. Bax, J. Biomol. NMR 11, 199-203 (1998)
Related Experiments: N
HN

See original 3D HNCACB experiment
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2D Spin-echo Difference CT-HSQC Experiment

J(CO-CB)
spin-echo difference
hsqcctetgpjclr
Y @rec
p28
g o« I d4 I d4 d4
@1 pl4
sp3
IGC I 8] do d23 ﬂ d23-do I [GT]
pl4 112
IGCO sp5 ‘ 5 5/\ P
pl4 pla
'5N I sp5 sp5
G A
. A N
G3 G4 G4 G2
d4:1/(4J)CH [1.7 msec]
d23: constant time delay T(C) [28.7 msec]

2T = n/1J(CC)
d31: effective delay for J-evolution

References:
S. Grzesiek, G.W. Vuister & A. Bax, J. Biomol. NMR 3, 487-493 (1993)

Related Experiments:

See original 2D CT-HSQC experiment

Processing:

Two data are recorded in an interleaved mode.
Use AU-program split [2] to split data

© 2010, BRUKER Biospin, Teodor Parella
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3D (HN)CO(CO)NH Experiment

1 1 3
JInH* Inco + “Jecoco

(HN)CO(CO)NH

|
—Cc—H —C—H
/H——i\ B /Hﬁc:%:}
|

(o) (0
J(CO-CO) H H
J-quantitative
hncocogp3d
Yy -y 1 Dreo
gt |d26 Id26 ) 321 ——— d21 |a26|d26|d26|d26 slls
p1  p2 p1:l] p26 pl19 v
sp
15N I d23 I d23 I I d23—d10| d23+d10 J | I GARD
p22 pz1 pl16
BC m d23-do md23 do m&sﬂazaﬂ m
TN N A R N
13 sp spY S| S| 8| sp.
: I i 1
= o N
8| sp. S|
G, i ‘
G1 G2 G3
d21: 1/(2J(NH) [56.5 msec]
d23: 1/(4J(NCO) [13.5 msec]
d26: 1/(47'(NH) [2.3 msec]
d31: length of DIPSI-3 cycle
. .................... CO

References:

S. Grzesiek & A. Bax, J. Biomol. NMR 9, 207-211 (1997) HN
J.-S. Hu & A. Bax, J. Am. Chem. SOc. 118, 8170-8171 (1996)
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3D (HINCAHA[CO]-E.COSY Experiment

Unit Uncat Tnaca (HINCAHA|[CO]
Ut 2Ineat Jnaca i ‘
H—C—H : H—C—H
- C . G _
| g
H HOM J(HA-CO)
E.CcOsY
hncahagp3d
y y
y y y y Drec
g a dzddza \ §d21 ) DIPSI2 d3 | dz24 Id24 d4 I d4 8|6 \MMMMA/\A
) 119 17 LA
O T g
1SN I do d23| d23-do I GAT‘
p22 pZ ¢1 g pl16
13C0L m 5 q ato d27m d27+d10 m m mlevsp180.p31
p14 p13 p14 p13 p14 p13 p14 pl28
sp3 sp2 A sp7 8 sp3 sp2 sp3 p31
13C’ m ﬁ sp15
p{4 p14
sp5 sp5
Gz / A
G1 G2 G3 G4
J(CACO) d3:1/(3.2J(CH) [2.1 msec]
ﬁ—’f d4:1/(43(CH) [1.7 msec]
E : d21: 1/(2T(NH) [5.5 msec]
cipes seozcszc® d23: 1/(43(NCa) [15.5 msec]
J(NCO) I S N d24: 1/(8J)CH for all multiplicities
i S -.O ] 1/(4J)CH for CH
: d26: 1/(47'(NH) [2.3 msec]
HA d27: constant time delay T(C) [13.3 msec]
References:
F. Loehr & H. Rueterjans, J. Biomol. NMR 5, 25 - 36 (1995) N
’ ....................
Related Experiment: :
See the original HNCAHA Experiment CA
HA
© 2010, BRUKER Biospin, Teodor Parella 865



Pulse Program Catalogue
NMRGuide - Topspin 3.0

© 2010, BRUKER Biospin, Teodor Parella

866



Pulse Program Catalogue “HUKEH
NMRGuide - Topspin 3.0

BRUKER
PULSE PROGRAM
CATALOGUE

NMRGuide

PROTEIN NMR
COUPLING CONSTANTS
PSI BACKBONE ANGLE

© 2010, BRUKER Biospin, Teodor Parella 867



Pulse Program Catalogue @
NMRGuide - Topspin 3.0

Backbone y Angle
3] H H
CB-N
STHAN C D (H:
3
INeN by
A

Psi Backbone Coupling Constant

e 3D (HINNH-TOCSY (hnnhdigp3d | HaNHDIGP3D) - 3T[N-N] via quantitative-J
e 3D HCACO[NJ-E.COSY (hcacogpjc3d | Hcacoepacap) - 3T[HA-N] via E.COSY

e Also see in Chl Sidechain Coupling Constants:
3D HNHB (hnhbgp3d | HNHBer3d) - 3T[HN-HA]and 3J[HN-HB] via quantitative-J

© 2010, BRUKER Biospin, Teodor Parella
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3D HACACOI[N]-E.COSY Experiment

HACACO|N]
Unaca+Jcaco ‘ ‘
H—C—H H—(|:—H
N C IIIIIIIEIIIIIIT C ﬁ
E.cOsY
hcacogpjc3d
Y ®reo
'H a1 | a4 I d4 | d21 Id21 as | a4
p24 pl3 pl4 pl4 p24 p;L3
sp9 sp8 sp7 sp7 @1 sp9 sp8
T N fl=@={ N il i N L O W
80O sp3  sp sp © @ Z\ : sp
Q‘l ?/;013 i Q_p(11 pld Q‘l
15N sp5 sp2 sp3 sp8 sp5 sp5 I
G. N [
Gl G2 G3 G4
J(HAN)
d4 : 1/(4J(HCa)) [1.7 msec] —
d21: 1/(43" (HCa)) for CH [1.7 msec] 5 !
1/(63" (HCa)) for CH and CH2  [1.2 msec] S S O
d22: 1/(4J(CGCO)) [4.5 msec] J(CON) I E _______ Cco
HA
References:
A.C. Wang & A. Bax, J. Am. Chem. Soc. 117, 1810-1813 (1995))
:(L.E. Kay et al., J. Magn. Reson 89, 496 - 514 (1990)
. .................... CO
Related Experiments: 5
See the original 3D HCACO Experiment CA
HA
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3D (H)INNH-TOCSY Experiment

nk +3Inn (HINNH-TOCSY
T B
Cc ﬁ C—(”:—
o o
H H
J(N-N)
J -quantitative
hnnhdigp3d
y y
Prec
'H a d26|d26 I I d26|d26 d26 Id26 ] B
)| y y ¥
d25 d25
BN 8] do d25 d28ff +d28 |8 & +d29 929 425 410
-do DIPSI-3 | -d10 GARP
p24 pl16
5 pl27
Coptional (\ (\
p8 p8
G spl3 spl3
: N N nonin ol
Gl GlG2 G4 G4 G5 G5 6
G3
d25: 1/(4J(NH) [2.75 msec]
d26: 1/(43'(NH) [2.3 msec] | S N
d31: length of DIPSI-3 cycle

HN

References:

F. Loehr & H. Rueterjans, J. Magn. Reson. 132, 130-137 (1998)
K. Theis, A.J. Dingley, A. Hoffmann, J.6. Omichinski & S. Grzesiek, J. Biomol. NMR 10, 403-408 (1997)
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Backbone o Angle

H—C

—H
3
Jca-ca
3 N C C N
Jeann ‘ |~ @
H H 0

Omega Backbone Coupling Constant

e 3D HN(COCA)CA (hncocacagp3d | HNcocacaspsp) - 3T[CA-CA] via quantitative-J
e 3D HNCO[CA]-E.COSY (hncoecosgp3d | Hncoecosersp) - 3T[H(N)-CA] via E.COSY

© 2010, BRUKER Biospin, Teodor Parella
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3D HNCOI[CA]-E.COSY Experiment
- HNCO[CA] J(HN-CA)
Junt JInco ‘ ‘ E.COSY
H—C—H : H—C—H
| | d21: 1/(2T(NH) [5.5 msec]
—N——Cwm —ﬁ_ d23: 1/(4T(NCO) [12 msec]
‘ ‘ : o d26: 1/(47'(NH) [2.3 msec]
H H
hncoecosgp3d
y y
y -y 1 Y ®reo
g 4 ‘d26 d26 \Wlml ) d21 26 fjd26ld26ffda26|s B\MMMAMM
pt p2  pif i p26 P9 ¥ WVWVVV i
spt
15N I d23 I d23 I d23-d10| d23+d10 I I ’W‘
p22 pZ1 & pl16
13C’ m SHM 8 0 mlevsp180.p31
3 TR T TN
0 L :
p14 pl14
sp5 sp5;
G, : ‘
G1 G2 G3 G4 G5
J(HNCA)
:‘—)—. 170 - :_‘ [
: : 171 5 ::c : . ; ; 174.8
b O T R
J(COCA) 1 E P CcO 174 ] . .,»' “';: . :q 8.70 865  ppm
J.lQ B M
HN :::: 7 ¥
References:
M. Hennig, W. Bermel, H. Schwalbe & C. Griesinger, J. Am. Chem. Soc.
122, 6268-6277 (2000) . .................... CO
Related Experiments:
N
See original 3D HNCO experiment HN
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3D HN(COCA)CA Experiment

Unk+ Unco + Uncat 3Jcaca
HN(COCA)CA
H—C—H H—C—H
—
_T C—C) ﬁ_ —r‘«—
J(CA-CA) ooy O Loy
J-quantitative
hncocacagp3d
y
I y Yy vy oy vy ke Orec
| p
'H dt |az6]eze \“21 DIPSI-2 DIPSI-2 DIPSI-2 pipsi2 | | Dipsi2 a1 26|d26°‘26|d26 8|8\MMMMMM
o pii g pl19 ¥ VWWWVVM
! d23 || a23
5N |8 I d23 I 23 8| S50 I a0 I I e
p22 pdt g;; B pl16
BC’ m 5 d22md22 P'%“Dm s d22md22 m
2 i w  w Ao W
B, 5 d27md27ﬂd0 dom d27[ a2 | m
pl4 % 18 p24 pi13 p14p13 p24 p§3 pl4 pH pl4 pl4
G sp5 p2 sp3 sp8 sp3sp8 sp9 se& sps s sp5 sp5
g 1l A A
G1 G2 G3 G4 G5 G4 U G7
G6
d21: 1/(2J(NH) [5.5 msec]
d22: 1/(4J(COCa) [4.55 msec]
d23: 1/(4J(NCO) [12.8 msec]
d26: 1/(4J'(NH) [2.4 msec]
d27: 1/(4J3'(CaCa) [28.6 msec]
References:
M. Hennig, W. Bermel, H. Schwalbe & C. Griesinger, J. Am. Chem. Soc.
122, 6268-6277 (2000) @ CA
Related Experiments:
- . N
See original 3D HNCOCA experiment HN
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Side Chain % ; Angle

3

JN-HB

. H—C)—H
N-CG

3

Jiya. H—C

: HA-HB i
JHA-CG

3y
CO-HB i

Jco.ce H @

Chil Sidechain Coupling Constant

e 3D HNHB (hnhbgp3d | HNHBeP3D) - 3T[HN-HA]and 3J[HN-HB] via quantitative-J

e 3D HACAHB-COSY (hacahbcosygp3d | HacaHBcosyer3p) - 3T[HA-HB] via quantitative-J

e 3D HN(CO)C (hncocgp3d | HNcocspsp) - 3T[C6-CO] via quantitative-J

e 3D HC(C)H[HAI-E.COSY (hcchecosgp3d | HeeHEcosersp) - 3T[HA-HB] via E.COSY

e 3D HC(C)H[COI-E.COSY (hechcosygp3d | HeeHeosyersp) - 3T[CO-HB] via E.COSY

e 3D (H)C(C)CHICOI-E.COSY (hccecosygp3d | Heeeccosyersp) - 3T[C6-CO] via E.LCOSY

e 3D HNCG (hncggp3d.1 | HNcsepsp.1) - 3T[N-CG] via quantitative-J

e 3D HNCG (hncggp3d.2 | HNcsep3p 2) - 3T[N-CG] via quantitative-J

e 2D spin-echo difference CT-HSQC (hsqcetfpf3gpjcsi | HsaceTFPrePIcst) - 3T[N-CG] via
spin-echo dif ference
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3D HNHB Experiment

J(N-HB), J(N-HA)
J -quantitative

hnhbgp3d
y
1 d1 | d26 I d26 d10 d10§d10 d10|8 d26|d26 d26|d26 5 I S\MA Breo
H I
| i v [
spl
"N I 5| a0 Jd23-do I d23 I I
GARP
pl16
° N
p8 p8 p8
Gz spl3 spl3 spl3 Q
Gl G3
G2
d23: constant time delay T(N) [37.8 msec]
d26: 1/(47'(NH) [2.3 msec]

References:

1. 5.J. Archer, M. Ikura, D.A. Torchia & A. Bax,

J. Magn. Reson. 95, 636-641 (1991)

2. P.Duex, B. Whitehead, R. Boelens, R. Kaptein & 6.W. Vuister, L e N

J. Biomol. NMR 10, 301-306 (1997)

3. F. Loehr & H. Rueterjans, J. Biomol. NMR 13, 263 - 274 (1999)

H

Related Experiments: HN

See also: 3D HNHB-E.COSY experiment
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3D HACAHB-COSY Experiment

J(HA-HB)
J -quantitative
hacahbcosygp3d
1 di 5 d23 I d23 d10 le d10 d10|8 d23 I d23 ) \MM Dreo
[ presat | | T
pl9 pld VWVVVVVVH
N o @ R a3
-d2/2 -
¢ /) s (1= |® e
i’]g pld 1:13 I:lg pLg pli2
sp3 g sp
"o L el (0
— plapld
lsN I I I sp5 spd
G
: N N N
G8 G1 G2 G3 G4 G5 G6 G7
d2:1/(23(CH)) [3.4 msec]
d23: 1/(4J'(HaHb)) [8.7 msec]
[ Y—— H
CA
HA
References:
S. Grzesiek, H. Kuboniwa, A.P. Hinck & A. Bax, J. Am. Chem. Soc.
117, 5312-5315 (1995)
878
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3D HN(CO)C Experiment

J(CG-CO)
J -quantitative

hncocgp3d
et SO N -
g a d26|d26 \8:121' bipsi2 | TS | birsiz Ic121 d26|d26|d26|d26 H B
pi p2 p1t pl19
1 d23 d23
1SN I dz27 I d27 -d10 I +d10 J | I m
mon o ommonoo
13C” m 8 d25/2md25/2 d25/2( | a25/2|i 8 m
i P1g pi3 o1 p1; p1g
sp 5 SpE Sp:
BCars m m ﬂ do i do m m m m
14 p14 ﬁm pl4  p13 pl4 p14: p14 p14
p5 sp5 p2 sp3 sp8 spb5 spb: sp5 sp5
Gz .
G1 G2 G3 G4 G5
d21: 1/(2T(NH)) [5.4 msec]
d23: 1/(4T(NCO)) [13.8 msec]
d25: cross peak experiment: 1/(2J(CgCO) [56.1 msec]
reference exepriment: [46.7 msec]
d26: 1/(47'(NH)) [2.3 msec]
d27: 1/(47'(NCO)) [12.5 msec]
. .................... CG“
N
HN
References:

J.-S. Hu & A. Bax, J. Am. Chem. Soc. 119, 6360 - 6368 (1997)
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3D (H)C(C)CHI[CO]-E.COSY Experiment

1 1 1 1
Hacat Jcacet JeBeg T JegHg

(H)C(C)CH[CO]

—N nn —;N—
| I
H O i Hm
J(€6-CO) hcececosygp3d
E.COSY
y
1 a da f| a4 aa%2 da | a4
H [presat A DIPSI-2
pl9 . p28 | pll9
BCOali ‘ sm o d23/\ @ 0 d24m 24 m dZI/\ d10§d10d21 M )
p24 pl3 pl4 pl3 pl4 pl3 pl4 pl3 pl4 pll2
splé6 sp2 sp3 sp8 sp3 sp2 sp3 sp8 sp3
15N I I GARP
pllé
(}z /\ G2 m
Gl G3
J(CGCO)
~—
' ' d21: 1/(5J'(CH)) [1.38 msec]
i O d23: 1/(43(cc)) [7.2 msec]
JCACO) I s A d24: 1/(6.657" (CC)) [4.3 msec]
CG
References:
[ YT H
1. H. Schwalbe, A. Rexroth, U. Eggenberger, T. Geppert &
C. Griesinger, J. Am. Chem. Soc. 115, 7878-7879 (1993)
2. Y. Karimi-Nejad, J.M. Schmidt, H. Rueterjans, H. Schwalbe & CA
C. Griesinger, Biochemistry 33, 5481-5492 (1994) HA
© 2010, BRUKER Biospin, Teodor Parella 880



Pulse Program Catalogue m“ugtﬂ
NMRGuide - Topspin 3.0

3D HC(C)H[HA]-E.COSY Experiment

HC(C)H[HA]

1 1 1
HacAat JcacBt JcBHB

— N—
J(HB-HA) ||+
E.COSY
hcchecosgp3d
y p
: Prec
1 d d4+do do d4 E d21| d4 d4
H presat A
pl9 p28 |
o y
lGCali ‘ 80 d1o d23ﬂ fﬁio m 424 /\ d24 M [—]GARP
P24 pl3 pl4 pl3 pl4 pl3 pl4 pli2
IB sp9 sp4 sp7 sp4 sp7 sp4 sp7
@ AN Cow
p14 pl4
sp5 sp5
"N i GARP
pllé

. i

J(HBHA)
r—;
! : d4 : 1/(4J(CH)) [1.7 msec]
S S O d21: 1/(87'(CH)) [0.85 msec]
J(CAHA) b . CA d23: 1/(43(CC)) [7.2 msec]
Yl O ! d24: 1/(43'(CC)) [3.6 msec]
HB
References:
1. Y. Karimi-Nejad, J.M. Schmidt, H. Rueterjans, H. Schwalbe & ‘ """""""""" H
C. Griesinger, Biochemistry 33, 5481-5492 (1994)

2.:U. Eggenberger, Y. Karimi-Nejad, H. Thuering, H. Rueterjans &
C. Griesinger, J. Biomol. NMR 2, 583-590 (1992) Cc
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3D HC(C)H[CO]-E.COSY Experiment

HC(C)H[CO]

1 1 1
HACA T Jcact JcBHB

—N
J(HB-CO)
E.COsY
hechcosygp3d
y
d1
' [ presat | d4+d0 do I d4 d21 | p— | d21| ds || da
pl9 p28 | pl19
o v
. dz23
l’JCall ‘ 50 dl0 d23ﬂ —d10 mdz4 /\ d24 M [—]GARP
p24 pl3 pl4 pl3 pl4 pl3 pl4 pli2
sp9 sp4 sp7 sp4 sp7 sp4 sp7
x | o
pllé6
G, N[ (\
Gl G3
J(HBCO)
—
5 ! d4 : 1/(4J(CH)) [1.7 msec]
I L A _O d21: 1/(43'(CH)) [1.7 msec]
J(CACO) 5 o N d23: 1/(4J$CC)) [7.2 msec]
Y __O : d24:1/(47'(€0C)) [3.6 msec]
HB
References:
L YR - H
1. Y. Karimi-Nejad, J.M. Schmidt, H. Rueterjans, H. Schwalbe &
C. Griesinger, Biochemistry 33, 5481-5492 (1994)
2. U. Eggenberger, Y. Karimi-Nejad, H. Thuering, H. Rueterjans & { c
C. Griesinger, J. Biomol. NMR 2, 583-590 (1992) H
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3D HNCG Experiment

Reference experiment

J(N-C6)
J-quantitative

hncggp3d.1
y
{ i T 1 d26 a26 |a26 | 26 8|8 Greo
'Hooa |92 | a6 \8 | DIPSI-2 DIPSI-2 DIPSI-2 jd21 \MMMMWV
gl  p2 ;1)1 pl19 o1 - WVWVVVVV
5N I d23/2 I d23/2 5 I 5| a23/2¢a10 I d23/2-d10 o )
p_22 p2 _ piie
B, .
Cal W(\ AN NN /\ (\J\
p24 p24 pl4 p14 p24 p24
* splé si_—s splG sp7 splé si3 splé
w ™ Aol n nA
G p24 P24 T p24 p24 0
A spl7 spl ﬂ spl7 spl7
Gl @ G3 G5
G4
d23: 1/(2J(NCg) = 2*T(N) [66.6 msec] ( . ) .
d26: 1/(4T"(NH) [2.3 msec] J-quantitative
Cross-peak experiment
hncggp3d.2
y
y Yy ¥y 8I8 ®reo
H |2 1 a6 \8 bl | DIPSI-2 DIPSI-2 DIPSI-2 ]ycm az6jaze|dze @26 \MMMM/\M
Bl p2 ;1& pl19 b - WVWVVVVWV
5N I d23/2 I d23/2 Py 5| a23/2+d10 I d23/2-d10 o
p22 p2 plié
"o ) ) A AN
p24 i p24 p24 i p24
* splé ghs splé splé sp3  splé
*co m do dol € m
* 1
G, N [
61 G2 G3 G5

G4

References:
. ....................
1. J.-S. Hu & A. Bax, J. Biomol. NMR 9, 323-328 (1997) co
2. R. Konrat, D.R. Muhandiram, N.A. Farrow & L.E. Kay,
J. Biomol. NMR 9, 409-422 (1997) N
HN
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2D Spin-Echo Difference CT-HSQC Experiment

J(N-CG)
spin-echo difference
hsqcetfpf3gpjcsi
1 y 119 Y [ ree
P
H 4 | e I e \8 dnl DIPSI-2 gzt | a6 I a2 | @6 Idz'S |8|8 \AAAAAAAAAVAVAVAVA
a ~ I
1 F=
N I do dz23 I d23-do I I (am )
. o2 N . pllé
Cg sp9‘ ‘
p24
"Ca s;;2146 sp9
ISCO [
pl4
sp5
G, ‘ g A
Gl G3
G2
d21: 1/(2T(NH) [5.5 msec]
d23: constant time delay T(N) [100 msec]
d26: 1/(47'(NH) [2.3 msec]

References:
J.-S. Hu & A. Bax, J. Biomol. NMR 9, 323-328 (1997)

Related Experiments:

Also See the original 2D CT-HSQC Experiment

Processing:

Two data are recorded ina interleaved mode
Use AU-program split [2] to split data
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Side Chain y, Angle

3
JuB-cD
3
JUB-HG
3
Jca-HG
3
Jca-cD

H H
@
ok
H—C
C
| ||
H (@)

Chi2 Sidechain Coupling Constant

e 3D HN(CO)CACali (hncocacgp3d | HNcocacspsp) - 3T[CA-CD] via quantitative-J

d21: 1/(2J(NH)) [5.5 msec]
d22: 1/(4J(COCa)) [4.5 msec]
d23: 1/(4J(NCO)) [15 msec]
J(CA-CD) d26: 1/(43'(NH))  [2.5 msec]
J-quantitative d28: 1/(4J(CaCd)) [28.2 msec]
hncocacgp3d
y y
8':121y _y‘121 d26|d26 6Id26 5|8 o
gy at |d26faz6 )\ DIPSI-2 \MMMAVAVAVW
B2 2;} o b, VWWW
1SN I da3 | d23 | -d10 I +d10 I | I GARD
p22 pit p14 ) pit6
sp7
13C’ d22 [ \d22 \_ﬂ d22| | d22
H p14 pi3  p14 p13 pl4 13 pl4 pi3 pl4
f sp3 sp2 sp3  sp8 Sp7 sp2  sp3  sp8 sp3
13Ca m ﬁ d28/ |d28||do dOH d28r \&1 r \ f \ r \
pl4  pl4 f13 pi4 p13 pMpi3 pld pi3 pl4 pl4 pl4  pi4
sp5  spd sp2  sp3  sp8 sp3sp2 sp3 sp8 sp5  spS spd spd
G i A A
G1 U G3
G2
References:
M. Hennig, D. Ott, P. Schulte, R. Loewe, J. Krebs, T. Vorherr,
W. Bermel, H. Schwalbe & C. Griesinger, J. Am. Chem. Soc. 119, 5055-5056 (1997)
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3D IPAP-HNCO & -IPAP-HNCA
FOR RDC MEASUREMENTS
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3D HNCO and HNCA experiments for RDC measurements:

o 3D IPAP-HNCO to measure ‘JT(NH) (hncogpia)

o 3D IPAP-J-HNCO to measure \J(CA-CO) and *TJ(HN-CA):
Using PEP (hncogprc3d1 | HNcoereeap1)
Using WATERGATE (hncogprcwg3d1 | HNcosrPew63d1)
Using TROSY (trhncogprc3dl | TrRHNcOGRPC3D1)

o 3D IPAP-J-HNCO to measure '2J(N-CA) and 3J(HN-CA):
Using PEP (hncogpre3d2 | HNcosreesp2)
Using WATERGATE (hncogprcwg3d2 | HNcosrPcw63d2)
Using TROSY (trhncogprc3d2 | TrRHNCOGRPC3D2)

o 3D IPAP-J-HNCO to measure !J(N-CO):
Using PEP (hncogprc3d3 | HNcosreesps)
Using WATERGATE (hncogprcwg3d3 | HNcosrRPcw63D3)
Using TROSY (frhncogprc3d3 | TrRHNCOGRPC3D3)

o 3D J-HNCO (CA) to measure J(CA-CB):
Using PEP (hncogprc3d4 | HNcoereespa)
Using WATERGATE (hncogprcwg3d4 | HNcoGrRPew63D4)
Using TROSY (trhncogprc3d4 | TRHNCOGRPC3D4)

o 3D IPAP-J-HNCO (CA) to measure :J(CA-HA) and 'J(CA-CB):
Using PEP (hncogprc3d5 | HNcosRree3ps)
Using WATERGATE (hncogprcwg3d5 | HNcosrPew63DS5)
Using TROSY (frhncogprc3d5 | TRHNCOGRPC3DS)

o 3D IPAP-J-HNCO to measure 'J(H-N) and 3T(HN-CA):
Using PEP (hncogprc3d6 | HNcosreesps)
Using WATERGATE (hncogprcwg3d6 | HNcosrPcw63d6)
Using TROSY (trhncogprc3dé | TrRHNCOGRPC3DS)

o 3D IPAP-J-HNCO to measure !J(N-CO):
Using PEP (hncogprc3d7)
Using WATERGATE (hncogprcwg3d7)
Using TROSY (trhncogprc3d7)

o 3D IPAP-J-HNCA to measure 'J(CA-HA):
Using PEP (hncagprc3dl)
Using WATERGATE (hncagprcwg3d1)
Using TROSY (trhncagprc3d1)

+Bo
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3D IPAP-HNCO: J(NH)

an+Inco HNCO
| | z ©
H—(|:—H H—(|'J—H
—N_Cg?— _g_c_(”:_ o Q,'
\ ‘ fo) ‘ lo) b= .
H H H ] ; :
Q. Q.
5|.'£'C'f"|.lm & Spectrum B
, on/off hncogpia
Iy ar |d26 Idze 5 d21/2|
gl p2
ISN 3 I d23 I d23
p22  ipdl

13’ ﬂ

pl4
B, 503

sp5 sps
Oz il ik AN
Gl G2G3 G3G4 G5 Gé6 G7 G7
Processing:

Two data are recorded in a interleaved mode.

Use AU-program split [ipap 2] to split data d21: 1/(2T(NH) [5.3 msec]

d23: 1/(4J(NCO)  [13.5 msec]

Reference: d26:1/(47'(NH) [2.5 msec]

M.Ottiger, F. Delaglio & A. Bax, J. Magn. Reson.
131, 373-378 (1998)
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3D IPAP-J-HNCO:

1J(CA-CO) and 3J(HN-CA)

J(COCA)

d26=1/4J(NH)=2.3m

P SR O d21=1/2J(NH)=5.5m
J(HN-CA) E I NH (F3 d23=1/4J(NCO)=12m
_1___ __O L (F3) d22=1/4J(COCA)=4.3m
CO
(F1)
hncogprec3di
y
y y Y Yy Yy y oo
'H a1 [d26 I0126 ) 3821 Dipsi DIPSI-2 DIPSI2 IW d21 (126426 d26Id26 sli
pl  p2  pli i p26 PIY @
e}
15N I da3 I d23 I d23-d10| d23+d10 I I W‘
p22 pl1é
1
13 m 5 m 8]l 40 do r W 5 m ﬂ
22| | d22 §°]|
3
) R ETNCE S TR 2
C. > i
P4 pi4 pl4 P
P5  sp5 sp5 sp
G, q : ‘
G1 G4 G5 Gé G2 G3
S3 Editing of CA prior to CO evolution
F1(H) -> F3(N) -> F2(€=0,J(Ca),t1) -> F3(N 12) -> F1(H 13).
Processing:
Two data (IP and AP) are recorded in a interleaved mode.
Use AU-program split [ipap 2] to split data (IP+AP amd IP-AP)
Reference:
P. Permi, P.R. Rosevear & A. Annila, J. Biomol. NMR 17, 43-54 (2000)
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hncogprcwg3d1
1 y
1 d26 Jaze| ~ 5121 | 1 yc121 s A AfX Brec
H 4 ) DIPSI-2 [ sz T
ST P2 Pl | P2 P <& e
SpE
15N I 423 I 423 I d23-d10| d23+4d10 I GARP
22 16
P ¢1 p
o | Jefleflesofi o 0
pl4 p13 pl4 P13p13 pl4 p13 pl4
53 sp3 sp2 sp3 sp8sp2 sp3 sp8 sp3
c o s L0
pl14 pl4 pl4 pl4
sp5 sp5 sp5 Sp&:
Oz / NN
G1 G2 G3 G4 G4
frhncogpre3d]
-y -y
d2e6 f§d26 d26fld26|d26fd26
@rec
1 s B -X X
d1 Y
H J A \I\ \MMAVAVAVAVAVAVAV
PEp1l [2 -
o I
BN I d23 I d23 I dio i d23 Id23-d10 J I
p22 p21 ¢l
BC’ m ﬂ m 5[l a0 a0 He m
d22| | d22 ‘
pl4 13 P14 pi3 ir13 pl4 p13 14
13Ca sp3 §p2 /;sp3 : @8 5p2 sp3 sp8 Ep3
pl4  pl4 ,;,]4
% )i NN
Gl GI G2 G3 G3G4 G4
891
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3D IPAP-J-HNCO: 1J(N-CA), 2J(N-CA) and 2J(HN-CA), 3J(HN-CA)

k*J(NCA)

d26=1/4J(NH)=2.3m
d21=1/2J(NH)=5.5m

b ! d23=1/4J(NCO)=12m
JHNCA) O Foomemeg NH (F3) d22=1/4J(COCA)=4.3m
N
(F2)
hncogprec3d2
y y
y y -y yy Yy y Orec
g a1 |a26 Idzs \8:121 DIPSIa OIS DIPSL2 |W d21 d26|d26 26Id26 8Ii
pl  p2 p1 p26 PpIY v
SpE
15N I d23 I d23 I d23-d10| d23+d10 I | I W‘
p22 1 pl16
bC m 5 ‘ dol ld0| 8 d22md22 0(\ m
pl4 513 pl4 pi3 p13 pl4 pid pl14 p13
sp3 sp2 sp3 M8 §p2 p SP3 SR8 & sp3 sp2
13 k
C. A 0 e 5
pl4 pl4 pl4 pl4 pl4 p];
sp5 spS sp5 sp5 spS Sp
G, m ‘
Gl G4 G5 Gé G2 G3
S3 Editing of CA prior to NH evolution.
F1(H) -> F3(N) -> F2(€=0,t1) -> F3(N,t2,J(Ca)) -> F1(H,13)
Processing:
Two data (IP and AP) are recorded in a interleaved mode.
Use AU-program split [ipap 2] to split data (IP+ap and IP-AP)
Reference:
P. Permi, P.R. Rosevear & A. Annila, J. Biomol. NMR 17, 43-54 (2000)
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hncogprcwg3d2
y vy -y Orec
lry d1 | az2e faze 1 1is A AR
H \Sdz DIPSI-2 DIPSI-2 4 ) \MMMMAM
pl p2 p]] P26 pl19 ‘d? 4@? VWWVVVW
sp
ISN I 423 I 423 I d23-d10| d23+d10 I —‘
GARP
22 16
P 'y p
13Cr k*
m mld‘) dolf 8 d22md22 dlﬂm
pl4 p13 pl4 P13 PI3 pl4 p13 pl4
13 sp3 sp2 sp3 #8 $p2 sp3 P8 ek sp3
Co :
A b [Bo5io |
pl4 p14 pl4 pl4 pl4 p14
sp5 spS sp5 sp5 sp5 sp3
Oz ) N
Gl G2 G3 G4 G4
frhncogprc3d2
-y -y
1H N dz6 Ifl):zs d26d26[d26 d?xe \A Dreo
] \ \ \ MMMMMV
Pip11 B2 y WVWWVVVV
spl :
1* {423 f1* id23
15 3 3 i
N l dz I dz I d10 ;-d10 Ileg +d1d J I
p22 P21 by
13¢”
m 8‘ do  do He d22md22 ﬂ m
pl4 013 p14pP13p13  pl4 p13 14
ISCG sp3 5p2 m sp3ﬂ8sp2(:SD3 : sp8 §p3 m
pl4 pl4 P14 pl4 ;;14 P14
“ i NN
Gl GI G2 G3

G3G4 G4
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3D IPAP-J-HNCO: 1J(N-CO)

k*J(CON)
: ‘ ,I
! : d21: 1/(27(NH)) [5.5 msec]
5 ; d23: 1/(4J(NCO)) [12 msec]
O - @ HN (F3) d26: 1/(43' (NH)) [2.3 msec]
cO
(F1)
hncogprc3d3
y y
y -y -y y Breo
o I s e Y e
Pl p2  p1j i p26 PIY ¥ WWWVVVVV
spE
15N I d23 I d23 H I d23-d10| d23+d10 J | I GAT‘
p22 . pl1é
’ k* [ \k*
13C m ‘dO do domdo 5 m ﬂ
pl4 p13 p14 p13 pl4 p13
3 sp3 Sp2 sp3 508 sp3 sp2
C A A f
pl4 pl4 pl4 p];
sp5 Sp5: sp5 sp.
G i
2 NN O - A
Gl G4 G7 G7 G5 Gé G2 G3

Editing of N prior to CO evolution.
F1(H) -> F3(N) -> F1(H,J(N)) -> F2(€=0,11) -> F3(N,t2) -> F1(H,t3)

Processing:

Two data (IP and AP) are recorded in a interleaved mode.
Use AU-program split [ipap 2] to split data (IP+ap and IP-AP)

Reference:

P. Permi, P.R. Rosevear & A. Annila, J. Biomol. NMR 17, 43-54 (2000)
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hncogprcwg3d3
1 Y H ¥ y 5 -X -x l-x Drec
ol p2  pli § p26 P9 2 w2
spk
1SN I dz23 I d23 H I d23-d10| d23+d10 I —‘
GARP
p22 P] pl1é
BC’ m do do k*f }k* 5 m
«—pe_»d0| |dO
pl4 p13 pl4 pid pl4
13Ca sp3 sp2 m sp3 mza m sp3 m
pl4 pl4 pl4 pl4
Gz m m sp5 spS5: spd sp5 m m m
Gl G5 G5 G2 G3 G4 G4
frhncogpre3d3
-y -y
1 az26 fJazs| H a26ffaz6]a26ffaz6 Dreo
H X B-yalaz1 BN
d1 \|94¥|Dipsigfd2k N a21 @421 | 5 ) SR
PEp11 42 p26 pI19 -y VWWVVVVVVV
15 S
N I d23 I d23 H I d10} d23 I d23-d10 J I
p22 p21 1
BC m do  do k*mk*ﬂ m
«pepd0| |dO
pl4 D13 pl4 p13 pl4
13 Cy sp3 5p2 m sp3 TB 7 sp3
pl4 pl4 pl4
N AL T D NN
Gl Gl G5 G5 G2 G3 G3G4 G4
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3D J-HNCO: 1J(CA-CB)

k*J(CACB)

Z i d21: 1/(2J(NH)) [5.5 msec]
5 : d22: 1/(43(COCa)) [4.5 msec]
O O HN ) d23: 1/(4T(NCO)) [12 msec]
! d26: 1/(47'(NH)) [2.3 msec]
CO
(F1)
hncogprc3d4
y
}I’ Yy Yy -y Y -y reo
'H L [d26 Id26 ) 8821 DIPSI-2 DIPSI-2 DIPSI-2 IS |"26I°l26|dzelc126 sli MM
gl p2  plj i P26 piy ¥
spl
ISN I d23 I d23 I d23-d10|d23+d10 I W‘
p22 pl16
3C’ m dzz{ )dzz s i j|a0ia2z 20 [1922-455
f p];- pl3 pl4 Ppg :p1é3 ppl; pig
13 ® 7 ’ « N\ gslt i .
c. shal” 00
ARy | R} A e SR A
G, ; l
Gl G4 G5 Gé G2 G3
Editing of N prior to CO evolution.
F1(H) -> F3(N) -> F2(C=0) -> F2(Ca,J(Cb)) -> F2(C=0,t1) -> F3(N,t2) -> F1(H 13)
Processing:
Two data (IP and AP) are recorded in a interleaved mode.
Use AU-program split [ipap 2] to split data (IP+ap and IP-AP)
Reference:
P. Permi, P.R. Rosevear & A. Annila, J. Biomol. NMR 17, 43-54 (2000)
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hncogprcwg3d4
1 a26 Jaze 8d21y i i ; 218 Al AR
H ¢ ) DIPSI-2 DIPSI2 DIPSI-2 ) \MMMMMA
gl p2 p1] P26 pi19 w2 ‘RWVWVVWVW
sp
I d23 I d23 I d23-d10 Id23+d10 I W‘
p22 1 pl16
fog d0 [\a22-
m 22 d22ﬂ 81401922 71 | |1vao
f pl4 p13 pl4pl3 i3 i pl4 pB
sp3 s sp3 sp8 / 5p2 A sp3 B
R* [\ R*
do| |do m ﬁ m m
pl4 pl4 13 p14 PI3 pl4 pl4 pl4 pl4
sp5 sp5/ sp2 sp3  SAB sp5 sps sp5 sp& m m m
Gl G5 G2 G3 G4 G4
trhncogprc3d4
-y -y
d26 fld26 d26fld26]d26f1d26 ®rec
'H_a |V Wl
H \ MM/\M
H v
PEp1l €2 y vawvvvv
spl
15N I d23 Id23 I d10 d23|d23-d10 I I
p22 p2l
Lo
“c | feofler]  [omemmnfiez] |
d22 |d22 -1 [1xdo
7 pl4 pl3 pl4pl3 013 i pl4  pi3
P3 spR spsp8 fpz A sp3 8 Spp];
13C(x K* [ \K* 5 m m
do| |do
pl4 pl4 3 p14 PE3 pl4 pl4  pl4
sp5  sp5 sp3  SPB sp5 sp5  sp5
Gy L)) 1M
Gl GI G2 G3 G3G4 G4

© 2010, BRUKER Biospin, Teodor Parella

897



Pulse Program Catalogue .mﬂlﬂi ER
NMRGuide - Topspin 3.0

3D IPAP-J-HNCO: 1J(CA-HA) and 1J(CA-CB)

k*J(CACB)
k*J(CAHA)
re—p
E ' d21: 1/(2T(NH)) [6.5 msec]
! 5 d22: 1/(4J(COCa))  [4.5 msec]
i ' d23: 1/(4J(NCO)) [12 msec]
Q '@ HN (F3) d26: 1/(4T' (NH)) [2.3 msec]
Cco
(F1)
hncogprc3d5

y

y y y Yy Y
) iz —— I»I I [ sz | | owsiz | dzsl"”l““l““"‘Is\MMMm
” (e

1
H & d26|d26

o

g p2 pli i p2% P17

P
15 d23f a23 - ;
N I I 3423 d10| d23+d10 I | I GARP
p22 ¢1 pl1é
13C” doid2z d0 [\d22-
C m m {1-1) [1%do 22| | d22
pl4 pl3 i pl4 pi3 13 pl4 P33 pl4
13 sp3 sp2 P sp3 B . . s sp8 sp3
K* [\ K
Co m ] d4md4 domdo 5” H m m
pl4 o113 p14 p1FPI3 p14 P13 11 i pl4 pl4
sp5 spdf 3P2 sp3 spsisp2 sp3 P g5 sps sp5 sp5!
Gz H H o ‘-
Gl G4 G5 Gé6 G2

G3

Editing of CA after the CO evolution.
F1(H) -> F3(N) -> F2(€=0,t1) -> F2(Ca,J(Ha)) -> F2(C=0) -> F3(N,+2) -> F1(H,3)

Processing:

Two data (IP and AP) are recorded in a interleaved mode.
Use AU-program split [ipap 2] to split data (IP+ap and IP-AP)

Reference:

D. Yang, J.R. Tolman, N.K. Goto & L.E. Kay, J. Biomol. NMR 12, 325-332 (1998)
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y

hncogprcwg3d5

-y y Yoy Y X x l-x
| LI I E
1
g ot |aze Id26 8221 S I-» I I e e 1T
> IS w2 "
g p2 ?‘:1 p26 ©we WWVWV
1SN I d23|d23 ] d23-‘110| 4234410 I . GARP |
p22 ‘tl pl1é
130 0:d22 d0 d22-|
C m ﬂd 1-1) |1*d0 d22| | a22 m
pl4  pi3 pl4  pi3 13 pl4 P33 pl4
i 3 sp2 p3 ] o Nelhre B8 sp3
Cy ﬁs ddmdll 4o mdom i (\ m
pl4 p1#P13 p14 P13 P13 P14 p13p14 pl4 p14 pl4
G sp5 spdf 3P2 sp3 spBisP2 sp3 spg sp5  sp5 sp5 PS5
. f N 0
Gl G5 G2 G3 G4 G4
trhncogprc3d5
_y _y
26 Baze a2 6f|az6]az6faz6 Orec
| 26 § -X. -X
H a o | ) \MMMMMVAV
Pkpi1 M2 y WVWWVVV
spl
15N I d23Id23 I d10 d23 || d23-d10 I I
p22 p2l
BC” H
5 [|doig2z dO [|d22-
m {q1-1) J1*do d22) | d22
pl4 b1 1 pl4 pI3 ﬁn pl4 P13 pl4
13 sp3 sp2 A SP3 ﬁs sm Sm sp8 sp3
RK* [\K*
m d4md4 do mdoﬂ m
pl4 ?:13 pl4 p1dp13 p14 P13, pi4 pl4
G s05 55p2 sp3 sp8isp2 sp3 spasppf) sp5 sp5
il A §
Gl GI G2

G3

G3G4

G4
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3D IPAP-J-HNCO: 1J(HN)

J(NH)
[ ]
! ! d21: 1/(2T(NH)) [5.5 msec]
i i d22: 1/(43(C0OCa)) [4.5 msec]
O ~O-{HN(F) g 1/(AT(NCO))  [12 msec]
! d26: 1/(47'(NH)) [2.3 msec]
N
(F2)
hncogprc3dé
v y
-y
I a1 [a26 Id26 ) 8021 ot . p d26|d26 d26|d26 sli reo
pl  p2 pl p26 P19 .
SpE
15N I d23 I d23 I 5 d21Id21 8] d23-d10 Id23+d10 I I W‘
p22 . pl1é
1B3C” m 5]l do 4o r \ m m
|
pl4 P13 pl4 pi3 pl4 p13
3 sp3 sp2 sp3 r$E8 sp3 sp8
C. N A4
pl4  pl4 pl4 pl4
sp. sp. sp5 spS
G, \ ‘
Gl G4 GS Gé6 G2 G3
Editing of HN pior to N evolution.
F1(H) -> F3(N) -> F2(C=0 11) -> F3(N,J(H(N),t2) -> F1(H,t3)
Processing:
Two data (IP and AP) are recorded in a interleaved mode.
Use AU-program split [ipap 2] to split data (IP+ap and IP-AP)
Reference:
P. Permi, P.R. Rosevear & A. Annila, J. Biomol. NMR 17, 43-54 (2000)
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hncogprcwg3dé
y
y -y y -y -X -X B -X Preo
'H a1 |d26 ja26 \ 8821 pgp o 2 ® \I\ \MAMMMVAVAV
Pl p2 E‘;] p26 P9 620 d2g WWVWVV
ISN I dz23 I d23 I ) d21|d21 8 d23—d10|d23+d10 I
GARP
p22 ¢1 pl1é
13’ m do do H m
|
pl4 $13 pl4 pi3 pl4
13 sp3 2 Nek¥aie-:] sp3
c. A N4
B5 s D5 s
sp. sp.
G
z N0
Gl G2 G3 G4 G4
frhncogprc3dé
.y -y
| aze flazé| | Yy Yy az6flaz6|az6ffaze ®rec
“ N - -X
H d1i \ - y\dzl DIPSI-2 d21: ) \ \ \ MMMMA/\A
PEpIl [2 P28 P9 y w WVVVVw
spl
5N I d23 I 23 I d21|d21 5| az0 d23|d23—d10 J
5 p22 p21 ¢l
C m s/l do do H ﬂ m
|
pl4 013 pl4 p13 pl4
13 Cy sp3 Sp2 m sp3 ﬂpg sp3
pl4 pl4 pl4
GZ (\ m q sp5 sp5 sp5 m p (\ (\
Gl Gl G2 Gé G3 G3G4 G4

© 2010, BRUKER Biospin, Teodor Parella 901



Pulse Program Catalogue
NMRGuide - Topspin 3.0

3D IPAP-J-HNCO:

1J(NCO) and 2J(HNCO)

k*J(NCO)
r—p
; s d21: 1/(2T(NH) [5.5 msec]
P SRR O d23: 1/(4J(NCO) [12 msec]
J(HNCO) 1 E P CO (F]) d26: 1/(43'(NH) [2.3 msec]
N
(F2)
hncogprc3d7
y y
y Yy Yy y Oreo
g a d2dd26 ) 8821 TR DIPSIa BIPSI I dZJdZG 6Id26 GIS\AMMMMM
Pl p2 pli | p26 PII9 v WWVVVVVVW
P k* Hx*
15N I d23 I d23 I d23| dz3 |s dloldlodIOdlo I I I —‘
GARP
p22 4)1 pl1é
3¢’ m ﬂ do do H 5%(» m d21
) TN J E N T T
C. N
pl4 pl4: pl4
sp5 sp5 sp5
G, m l
G3 G4 G5 G G2
Editing of CO pior to N evolution.
F1(H) -> F3(N) -> F2(C=0,t1) -> F3(N,J(C"),t2) -> F1(H 13)
Processing:
Two data (IP and AP) are recorded in a interleaved mode.
Use AU-program split [ipap 2] to split data (IP+ap and IP-AP)
Reference:
P. Permi, P.R. Rosevear & A. Annila, J. Biomol. NMR 17, 43-54 (2000)
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hncogprcwg3d7

y Yy Yy -y Brec
-X -X @ -X
1
H di |d26d26]n 8421 DIPSI-2 DIPSI-2 DIPSI-2 \J \I\ \MAMMMM
SR e W I
sp
k* W k*
1SN I d23 I d23 I cuomocuolc110 ) d23| d23 |8 I GARD
p22 o pl16
130"
C m m do dOH s m fhfh
p14 p13 pl4 pi3 pl4 014 pl4
13 sp3 sp2 sp3 ¥E8 sp3 sp3 sp3
C. A
pl4 pl4 pl4
sp5 spS sp5
bz ') N i TN 0N
Gl G2 G5 G3 G4 G4
frhncogpre3d7
-y
d26 gd26 d26Qd26|d26§d26
1 drec
a1 ) ) \MMMMMV
PLEp1 r§2 -y WWWVVVV
spl
15 k* f k*
N | d23 I d23 I d23| d23 | s d1od10d10I 410 I I
" p22 P21 ¢l
C m ﬂ do do ﬂf “ f q' m
pl4 p13 pl4 p13pl4 pl4 pl4
13 Cy sp3 sp2 m sp3 mp&m sp3 m sp3
p7]4 p714 pl14
SN NN Mo

Gl Gi

G4

G2 G2G3 G3
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3D IPAP-J-HNCA: 1J(CA-HA) and 1J(CACB)

k*J(CACB)
k*J(CAHA)
> d21: 1/(2J(NH) ~ [5.5 msec]
: ; d23: 1/(4J(NCa) [12 msec]
S R - Q d26: 1/(4T'(NH)  [2.3 msec]
J(HNHA) 1 A HN (F3)
CA
(F1)

hncagprec3d1

1 y -y -y Y D
1 d26 gd26 §d21 d21d26 §d26|d26§d26|5 8
H & ) |DIPSI—2| DIPSI-2
gl p2 pl p26 w
sp
15 d23fd23 - "
N I I I d23: d10| d23+d10 I I GARP
p22 o pl1é
13
K* [ | K*
Ca m ﬂu d4 mdo do domdo ﬂ m
pl4  pl3 pl4 p13pl3 pl4 p13 pl4
sp3  sp2 sp3 sp8sp2 sp3 P8 sp3
he i A
pl4 pl4 pl4 pl14
sp5 sp5 sp5 sp5
G, ] ‘
G3 Gl G2

S3 Editing of HA pior to CA evolution.
F1(H) -> F3(N) -> F2(Ca,J 1) -> F3(N,t2) -> F1(H,t3)

Processing:

Two data (IP and AP) are recorded in a interleaved mode.
Use AU-program split [ipap 2] to split data (IP+ap and IP-AP)

Reference:

P. Permi, J. Biomol. NMR 27, 341-349 (2003)
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hncagprcwg3d]

; - y
Y 4 Y -X -x l-x ®rec
1
Ol i i O T orszJer: A[ A1) Wi,
PPz pli e w¢ “wd |/l
1SN I d23|d23 I d23-d10|d23+d10 ] I GARP
p22 o pl1é
13 * K*
Ca a4 1d4ﬂsﬂ o do gomdo m
pl4  pl3 pl4 p13 [I3 pl4 pE3 pl4
sp3  sp2 sp3 spd sp2 sp3 P8 sp3
s (I
pl4 pl4 pl4 p14
G sp5 sp5 sp5 spS
z A AN
Gl G5 G2 G3 G4 G4
frhncagprec3di
-y
d26 §d26 d26fd26|d26d26
1 Drec
H a1 |3 §v EF I I EN %
PEpll 2 i Wwwvvvvv
15 s
N I dz23 I dz3 I d23+d10|d23-d10 I I
p22  p21 ¢l
13C0L K*[ | K*
da| |d4|8(| do do 44( | g0
pl4 p13 pl4 p13 gi13 pl4 p13 pl4
13 sp3 sp2 SP3 sp8 sp2 sp3 sp8 m sp3
pl4 pl4 pl4
G sp5 sp5 sp5
N i N M0
Gl GI G4

G2

G2G3

G3
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Through-Hydrogen-bond 3D HNCO experiments

e 3D Hydrogen bond-HNCO (hncogphb3d | HNCOGPHB3D)

e 3D Hydrogen bond-HNCO with ®C decoupling (hncogphb3d.2)

e 3D Hydrogen bond-HNCO without decoupling to enhance TROSY effect without spin-state
selection (hncogphb3d2 | HNCOGPHB3D2)

e 3D Hydrogen bond-HNCO using TROSY (trhncogphb3d)

Also see:
The original 3D HNCO Experiment.

“y.co ﬁhM \
~ o " NH
S /
T N
N H wo 3
/ - — --'..r- ..\\
3 Zh IHIw'-f.“':: ) \;C.,H—
S __J:‘. = J.ll
“THn-ca
d21: 1/(2T(NH) [5.5 msec]
@ folo) d23: 1/(1J(NCO) [66.6 msec]
H d25: 1/(4J(NCO) [16.6 msec]
d26: 1/(43'(NH) [2.3 msec]
N

HN

References:

1.F. Cordier & S. Grzesiek, J. Am. Chem. Soc. 121, 1601-1602 (1999)
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hncogphb3d
y y
1 2 1y 1 | -yd21 26fd26]d268d26]5 16 Orec
H_G [226]e26) 3 S8 binsi DIFSI2 Wl
pt p2  pif pl19 ¥ WVWWVVVW
spt
15N I d23 I d23 I dio: d23 Id21-d10 I I GARD
22 41
p P2 o pl16
BC édzsm 8/l do do r 1 ) deSS
pl4  ipi3 pl4 pth p14
3 sp3 sp2 sp3 p§ sp3
G LA ]
pl4 pt4 pl4
spb spb i sp5
K | A A
G G2 G3 G4 a5
hncogphb3d.2
y
| Y Y y Y Dreo
S0 A id B WIS Ssi d21 ji26 Jd26fa26}d26|8 S\MMMMAM
pt p2 i pi19 y VWWWVVVW
spt
15N I d23 I d23 J d1o: d23 Id23-d10 I I GARP
p22 pZt b pl16
13C : 8| do do 8 :
mlevsp180.31 U mlevsp180.31
pi28  pt4  ipi3 p14 p1B p14
3 sp3 sp2 sp3 45p8 sp3
c, I
pl4 pl4 p14
sp5 sp5 sp5
Uz i A
G1 G2 G3 G4 o5
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Pulse Program Catalogue @ng%?ﬁ
NMRGuide - Topspin 3.0

hncogphb3d2
y y
Prec
Iy a1 |d26 a6 i26d26la26)d26|5 S\MMMMA
/)
" v e
1SN I d23 I d23 I d10i d23 Id23-d10 I I
2 p21
pee P ¢
13’ Edzsm 8|| do do H 8 mdzsé —‘
GARP
p14 p?3 pl4 pi3 pl4 pl12
3 sp3 sp2 sp3 4&p8 sp3
C, W
pl4 pl4 p14
sp5 sp5 sps
K A i ANAANAN |
G1 G2 G4 G4 G5 G5 G6
G3
trhncogphb3d
y -y
d26 ] d26 d26 | d26 Oreo
1 a1 | A d26fda2e | xf x
H (\ \MMMVAVAV"VAVAV
311 11 pi1 W
sp1 §p1 sp1 v VWV
15N I d23 I d23 I dl0: d23 Id23-d10 I I ‘
-
BC EdZSH do do \ mdzsg
p14 p‘§3 p14 p1d p14
3 sp3 sp2 sp3 &p8 sp3
C, A0
pl4 p14 pl4
sp5 sp5 sp5
U /] N AN
G1G1 G2G2 G3G3
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References:

1. 5.5. Wijmenga and B.N.M. van Buuren, "The use of NMR methods for conformational studies
of nucleic acids, Prog. Nucl. Magn. Reson., 32, 287-387 (1998).
2. B. Fiirtig, C. Richter, J. Wohnert, and H. Schwalbe, "NMR of RNA", ChemBioChem, 4, 936-962(2003).

1. Sugar Assignment

H and H/C experiments
Sugar puckering
Measurement of J(CH) and J(HH)

2. Sequential assignment via phosphodiester linkage

H/P and H/C/P experiments
Measurement of J(PH) and J(PC)
NOE contacts

3. Sugar-to-base connectivities

H/C/N experiments
NOE contacts

4. Intra-base assignment
H/N, H/C and H/C/N experiments

5. Base-pairing identification

Through-hydrogen-bond H/N experiments
NOE contacts

© 2010, BRUKER Biospin, Teodor Parella 912



Pulse Program Catalogue mrousﬂp ?ﬁ
NMRGuide - Topspin 3.0

Adenine, A Guanine, G

NI C N3H) C4 C5H5 C6(H6) N(H,)

U 142-146 154 156-162 169 102-107 137-144 -
(13-14) (5.06.0)  (6.9-7.9)

C 150-156 159 210 166-168 94-99 136-144  94-98
(5.0-6.0)  (6.9-7.9) (6.7-7.0&

8.1-8.8)

N1(H) C2(H2) N3 C4 C5 C6 N7 C8(HS) N9 N(H,)

214-216 152-156 220-226 149-151 119-121 157-158 224-232 137-142 166-172 82-84

A (7-8) (7.7-8.5) (5-6 &
7.8)

146-149 156 167 152-154 117-119 161 228-238 131-138 166-172 72-76

G (12-13.6) (7.5-8.3) (5-6&
8-9)

C1r’ C2' C3' C4' Cs'

Sugar 87-94 70-78 70-78 82-86 63-68
(5-6 4.4-50 4.4-50 3.8-43 3.8-4.3)
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Main Features of nucleic acid (NA) experiments

NAs usually present poor degeneracy and important conformational flexibility. Thus, 1H NMR
spectra of NAs can be difficult to analyze because of their low proton density and important
resonance overlapping due to poor 1H chemical shift dispersion. However, small NAs can be studied
using the samel1D and 2D NMR experiments dedicated to study natural-abundance

organic molecules. Higher NAs would require double- and triple-resonance NMR experiments
involving low-sensitive 13C or 15N nuclei.

Sample Requirements

Unlabeled NAs can be analyzed with typical 1D and 2D NMR homo- and heteronuclear NMR
experiments. In compllex NAs, more sophisticated and specifically designed 15N and Triple-resonance
HCX experiments can require selective 13C/15N labeling or 13C15N-doubly labeled samples.

Hardware Requirements

NAs experiments are best recorded on triple-resonance 1H,13C,15N or 1H,13C,31P inverse
probeheads with z-gradients capabilities.

Double-Resonance Triple-Resonance

Homonuclear
(HC, HN or HP) (1H-13C-15N or 1H-13C-31P)

Dynamics

HNC

HCNH HN(H)CH
HCNC}— HCNCH

(OESY
NOESY-NOES

JCSY-NOES
DESY-TOCS

PCCH-TOCSY

HCP
HCPCH ) (HCP-CCH-TOCSY )
HP(H)CH

© 2010, BRUKER Biospin, Teodor Parella 914
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Experimental details for nucleic-acid experiments

Offsets

F1 channel: 1H (olp)

F2 channel: 13C (02p)

F3 channel: 15N (03p) in HN-type or HCN-type experiments
F3 channel: 31P (03p) in HP-type or HCP-type experiments

Mixing/Decoupling

From f2 channel:
13C CPD with GARP (pcpd2=80us at pl12)
13C-13C TOCSY with FLOPSY-16 (p9 at pl15)

From f3 channel:
15N CPD with GARP (pcpd3=200us at pl16)
31P CPD with GARP (pcpd3 at pl16)

Typical 13C pulses from F2 channel

p13 sp2: 90° C on- resonance (320us , spnam2=Q5.1000 )

P14 sp3: 180° C on-resonance (256us, spnam3= Q3.1000 )

p13 sp8: retro-90° C on-resonance (320us, spnam8= Q51r.1000 )

p14 sp5: 180° C off-resonance (256us, spnam5=Q3.1000 )

p8 sp13: 180° adiabatic for inversion (500us using CHIRP , spnam13=Crp60,0.5,20.1 )

Typical 15N pulses from F3 channel

p30 sp9: 180° N1/N9 on- resonance (700us , spnam9=Q3.1000 )

Very Important!l: In all pulse programs the syntax
prosol relations=<triple_na>

is included for automated acquisition/set-up using edprosol/getprosol.
This file is defined in the following directory:

$TOPSPINHOME/conf/instr/spect/prosol/relations/triple_na
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Specific Nucleic Acid NMR

3D HC and HN NOESY Experiments:

3D 'H-3C NOESY-CT-HSQC using echo-antiecho (na_noesyhsqcctetgp3d)

3D 'H-%¢ NOESY-HSQC using WATERGATE and refocusing of J(C5C6) during t1
(na_c6bnoesyhsqcgp3d)

3D 'H->N NOESY-HSQC using WATERGA TE (na_noesyhsqcf 3gpwg3d)

2D and 3D HCN-Type Experiments:

HCN experiment
3D using echo-antiecho (na_hcnetgpsi3d | Na_HeNETEPSISD)
3D using echo-antiecho and selective pulses (na_hcnetgpsisp3d | Na_HCENETGPSISP3D)
3D using MQ (na_hcnmgq3d)
3D using MQ and selective 1H pulses (na_hcnmqsp3d)
3D using TROSY (na_trhcnph3d)
3D using TROSY and gradient selection (na_trhcnetsi3d)
2D H(C)N using TROSY (na_trhcnph)
2D H(C)N using TROSY and gradient selection (na_trhcnet)
2D H(C)N using MQ (na_hcnmqgpphpr | Na_HENMQGPPHPR )
HCNCH experiment
2D H(CNC)H (na_hcnchgpjrphsp | Na_HCNCHGPTRPHSP)
3D H(C)N(C)H using MQ (na_henchgpmgs p3d)
3D H(C)N(C)H using MQ and TROSY (na_trhcnchmqsp3d)
3D H(C)N(C)H using MQ, TROSY and WATERGATE (na_trhcnchmqspwg3d)
3D (H)CN(C)H using MQ, TROSY and WATERGATE (na_trhecnchmgspwg3d2)
3D (HC)N(C)CH-COSY using MQ (na_hencchcomg3d)
3D (HC)N(C)CH-TOCSY using MQ (na_hcncchdimg3d)
2D H(CN)H using WATERGATE (na_hcnhgpph19 | Na_HcNHEPPH19)
2D H(CN)C (na_h68c68n19c42)
HCCNH experiment
3D H(6/8)(CCC)NH (na_hccnhdigpwg3d | NA_HceNHDIGPWE3D)
3D H(CCONH-COSY (na_h5c5c4n3h_3d)
3D H(CONH-TOCSY (na_h56c56c4n3h_3d)
3D (H)C(C)NH-TOCSY (na_h56c56c4n3h_3d2)
2D H(NC6)C5 (na_hncbé6cbetgpsi)
3D (H)N(C)CH (na_hncch3d)

3D TROSY-H)CCH-COSY for intra-base correlation (na_trhcchco3d)

Observation HN-N hydrogen bonds:

2D HNN-CO SY (na_hnncosygpphwg | Na_HNNcosy6PPHWG )
2D HNN-CO SY using shaped °N 180° pulses (na_hnncosygpphspwg)
2D HNN-CO SY using TROSY and shaped '°N 180° pulses (na_trhnncosygpphspwg)

2D and 3D HC Experiments to determine J(HH) and J(CH) :

3D H(C)CH-E.COSY experiment (na_hcchecgp3d | Na_HccHECEP3D)

3D HCC-TOCSY-CCH-CO SY experiment (na_hcchfwdigp3d | Na_HccHFwDIGP3D)

3D HCC-TOCSY-CCH-E.COSY experiment (na_hcchfwdiecgp3d | Na_HccHFwDIECEP3D)
3D HCC-TOCSY-CCH-E.COSY experiment using jump-and-return (11) (na_hcchfwdiecgpjr3d)

3D forward directed quantitative gamma HCCH-TOCSY (na_ghcchfwdigp3d | Na_cHccHFWDIGP3D)
2D 'H-B¢ HSQC for measuring J¢y in sugars (na_hsqcetgpjcsp | Na_HsaceTeracs)
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e 2D and 3D HP Experiments:

2D CT HH{?P}-COSY with presaturation to measure J(H3'-P) (na_hpcosyphpr | Na_HPcosypHPR)

2D 'H-3P HETCOR experiment
Using echo-antiecho (na_xhcoetf3gp)
Constant-time using echo-antiecho (na_xhcoctetf3gp)
Constant-time without gradient selection (na_hpctco)
Constant-time without gradient selection using jr (na_hpctcojr)

2D 'H-3P HSQC experiment
Using CPMG (na_hsqcetf3gpxy)
Using CPMG and jump-and-return (na_hsqcf 3gpjrphxy)

2D 'H-3'P Hetero-TOCSY using cross-polarization (na_hpdi)
2D 'H-*'P HSQC-NOESY using CPMG (na_hsqcf3gpnophxy)

2D 'H-*'P Hetero-TOCSY-NOESY
Using cross-polarization (na_hpdino)
Using WATERGATE and cross-polarization (na_hpdino19)
3D using cross-polarization (na_hpdino3d)
3D using WATERGATE and cross-polarization (na_hpdino193d)

e 2D and 3D HCP Experiments:

HCP Experiment
3D HCP using sensitivity-enhancement (na_hcpetgpsi3d | Na_HcPETGPSI3D)

3D HCP-TOCSY
Using CC TOCSY and presaturation (na_hcpdigp3d)
Using CC TOCSY and jump-and-return (11) (na_hcpdigpjr3d)
Using CC TOCSY and echo-entiecho (na_hcpdietgp3d)
Using CC TOCSY and sensitivity-enhancement (na_hcpdietgpsi3d | NA_HcPDIETEPSISD)

PHCH Experiment
3D P(H)CH using HMQC and echo-antiecho (na_hpccoetf3gp3d)
3D Constant-time P(H)CH using HMQC (na_hpcctco3d)
3D Constant-time P(H)CH using HMQC and echo-antiecho (na_hpccoctetf3gp3d)
3D Hetero-TOCSY-COSY using HMQC and cross-polarization (na_hpdico3d)

PCH Experiment
2D P(C)H using HC INEPT transfer (na_pcchco)
2D P(C)H using HC cross-polarization (na_pcchdi)
2D P(CCC)H using CC TOCSY and HC cross-polarization (na_pcchdi2)

2D quantitative HC(P) for determination of J(CP) (na_hcpgetgpsi.1 | NA_HCPQETGPSI.1 and
na_hcpgetgpsi.2 | NA_HCPQETEPST. 2)
2D P-FIDS experiment to measure J(HP) and J(CP) (na_pfidsetgpsi | NA_PFIDSETGPSI)
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o UT CE

All NMR spectra shown in this chapter correspond Uﬁ G9
to a ImM sample of doubly-labeled 13C/1ISBNRNA & ™
14-mer 5'-66CACUUCGGUGCC-3' (commercially C5— G
available from Silantes) dissolved in A-I — U 11
90% H20/10% D20 (courtesy from Dr. W. Bermel 3— 12
- Bruker Biospin, Kalshruhe). Experiments were C: G
recorded in a 600MHz AVANCE spectrometer Gz —C 13
equipped with a 5(mm TXT probehead. —

G! C 14

A) 1H spectrum using presaturation (zgpr)
B) 1H spectrum using water suppression using WATERGATE and heteronuclear 15N

decoupling during 1H acquisition.

AROMATIC &
AMINO
P;MiNg PROTONS SUGAR
OTONS PROTONS
B)
NN AR R A R AN R RN R I I I I I I
13 12 11 10 9 8 7 6 5 4 3 2 1 ppm
A)
N

13 12 11 10 9 8 7 6 5 4 3 2 1 ppm
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Expansions of the lowfield imino NH region.

6:C base pairs 6:U base pairs
B;MULJ\\_L J
L D e
13.5 13.0 12.5 12.0  11.5 11.0  10.5  10.0 9.5 ppm

A)

Important classical 2D experiments to study NAs:
- 2D 1H-1H COSY and TOCSY experiments for assignment of ribose spin systems

- 2D 1H-1H NOESY experiment for intra- and infer-residue connectivities, and also
for base pairing

- 2D 1H-13C and 1H-15N HMQC i HSQC experiments to identify directly-attached
CH and NH spin systems.

- 2D 1H-13C HMBC and 2D long-range optimized HSQC to trace out two- and
three-bond away proton-carbon and proton-nitrogen connectivities. Very useful
for the assignment of non-protonated carbon and nitrogen in the base noiety.
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2D NOESY Experiment

NOESY experiment is an important tool for conformational studies of

nucleic acids. It can be run on unlabeled and labeled nucleic acids. Important NOE contacts
for sequential assignments are imino-to-imino, imino-to-amino, and imino-to-nonechangeable
proton regions. Information on base pairing and hydrogen bonding can be also extarcted

from NOE imino cross-peaks.

See all available NOESY schemes in the 2D NOESY chapter or also 3D X-edited NOESY experiments.

NOE

D=0

noesyfpgpphwg
p29 Y
spl
H d1 do -1 5 YRvY &
g A A
11
ds Fs’pl
G
- N
Gl G2 G2
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NUCLEIC-ACID NMR
2D & 3D HCN EXPERIMENTS
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2D Constant-time HSQC/HMQC Experiment

1H-13C correlation experiments can be recorded as usual for

both unlabeled and 13C-labeled NAs. IN the later, constant-time experiments are

recommended to refocus J(CC) during the indirect F1 dimension. See t
2D HSQC and HMQC chapters for all availables pulse programs.

he corresponding

1 2
tl t2
hsqcctetgpsp.2
y ®reo
g A | a4 I a4 H’” I a4 a4
o1
C /\ do d23 I d23-do /\ o )
p8 p8 pll2
spl3 spl3
1
5N optional I
G, Q
G2
Gl

d1=15s
d4=1/4J(CH)=1.72ms
(optimized to cnst2=145Hz)
d23=CT(C) period=8.8ms

For a complete assignment,
See Fig. 6 in 04jb69-28

] w0 K
704 - N
807 ) == _“ _
1005 H5(C) <___ - — 2
110% HS5(U)
1205
1305 -
1404 -~ = -) H8(A,G)YH6(U,C)
150 - ) H2(A)
5.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 pon
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hmgqcctetgp
Qrec
IH di d4 I d4 I I d4 d4
23/2  d23/2
pl4 pl4 pll2
sp3 g ; sp3
lsN optional I I
G, 0
G3 G4 G2
Gl Gl
ppm
90 —
= - d1=15s
51 __ - - d4=1/4J(CH)=-1.72ms
(optimized to cnst2=145Hz)
100 - d23=CT(C) period=8.8ms
= -
1054 ‘
5.‘9 5‘.8 5“7 5‘.6 515 5.‘4 5‘.3 5.‘2 5‘.1 510 4.‘9 ppm
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3D Constant-time 'H-"C NOESY-HSQC Experiment

Constant-time version of the 3D NOESY-HSQC experiment to be

applied on 13C-labeled NAs. Useful to remove J(CC) splitting from the indirect C dimension.
The experiment allows to detect intra-residue 1H-1H NOE contacts between individual sugar
rings and their connected bases.

1y CH/- NOE , ;
NOE ™
=0 @ W
t t t3

na_noesyhsqcctetgp3d

y ¥
'H a I do . do a8 | a4 Iil:‘_l d4 I a4
' o1
B d10 d23 fa23-d10
GARP
p8 p8 § p8 pl12
spl3 spl3 : spl3
1sNoptional 1 I

G3 le G2
ppmmwm\mwm MWM% opm

g 0 ° i 8.6 - 60
ol
34 ot
. .
. . ! Lo ~ 80
R
[ YT H ¢ 1.” . -'?.-:
54 oo ~100
D
‘0
6] AN
C 120
H(C) 7 ¢
/’ KLa L140
8 .
T T T T T T T T T T T T
8 7 6 5 4 3 ppm 8 7 6 5 4 3 ppm

d1=15s

d8=NOESY mixing time=100ms
d4=1/4J(CH)=1.72ms
(optimized cnst2=145Hz)
d23=CT(C) period=8.8ms
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Non-constant-time version of the 3D NOESY-HSQC experiment with selective
refocusing of the H(C6C5) coupling constant by means of 180° 13C selective pulses
(p14=1ms, spnam3=Q3)) on €5 during the indirect d10 period.

na_c6noesyhsqcgp3d

y y
lH di
do do ds d4 j d4 d4 4
o LDJi
pl32 o1
s 8| d10 a0
C GARP
ps8 p8 pl4 p8 pll2
spl3 spl3 sp3 spl3
C5 [
pl4 pl4
5}:35 spS
“N
optional I I
G
Z
G3 G4 G5 G5

. .oea 9 o [
] 3 . "_.. ; [ 1 3 O
34 B 5 1 S
] . 0 L) '
4 . g4 o '
IEEEY Ly 3 F135
5 B i o
E 8 3 . ~ TR
] 0 ¢ 2t o? [ [
] . . et B
1 ¢ o . HH . —140
6 - ' H A i
; . . ‘
74 o ; f
E ﬁ ‘. 3 145
] » of |
8 L 2
AR AAARAARR T [RARARRN \ T \ T T
8 7 4 3 ppm 8 7 6 5 4 3 ppm

d1=1.5s
d8=NOESY mixing time=100ms

d4=1/4J(CH)=1.25ms (optimized to cnst2=200Hz)
SW in the C dimension reduced to 16.5ppm
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2D 'H-"N HSQC Experiment

Experiment Description

Assignment of exchangeable imino and amino protons with their directly-attached nitrogen nuclei in H20.

1 2
tl t2
hsqcfpf3gpphwg
y
. I I x d26\[&6 ®reo
H a1 | a26 J a26 \ x ?-x MM
B 11
1 Fs’pl o1
N 5| @0 a0 P e|s
| e GARP
plilé
IBC /\
p8
Gz Q spl3 m m
Gl G2 G3 G3
ppm JMMAM\MMVW
1 . .N
80 |
¢ L]
100 @ e
Full assignment:
1204 Fig. 5 in 04jb69-28
140+ ~ - N
\ o o9 ) NI(G)
1604 4 ? N3(U)
14 135 12 11 10 s & 7  6oppm
d1=15s

p11=90° water selective=1ms (Squal00.1000)
d26=1/4J(NH)=2.77ms
(optimized cnst4=90Hz)
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3D 'H-"N NOESY-HSQC Experiment

Sequential assignment of exchangeable imino and amino groups via NOE contacts.Three important connectivities:
imino-to-imino, imino-to-amino, and amino-to-non exchangeable aromatic and sugar protons

IJNH'/ NOE
2 3
NOE TN
O—0 @ W
t t ts
na_noesyhsqcf3gpwg3d
y Yy v
-X _ -xfx ®rec
'H a1 40 do a8 d26| 26 I % la26 N d26
T f AN
pl32 p2d o1
spll
d10_ d10
BN I I 4—><—>I GARP
pllé
l"‘Coptional /\ /\
p8 p8
G spl3 spl3
: A NN NN
G3 G4 G4 G5 G5 G6 G6
, .................... H ppm MM_JL_J/\/WWM MMMM ppm
i » , . B v |
] . , J i
®7 :o ' . w*: ‘ '; ‘. ‘. - 80
N 8 ' ' ., e 100
H(N) P P o«
_+_ 120
10 !
d1=15s .. - e
d8=NOE mixing time=100ms 2o e Lo
pll=water selective=1ms (Squa100.1000) +;9'=— . . :
p29=water selective=2ms (sinc1.1000) A e U M A
d26=1/4F(NH)=2.77m Mo e e 8 e "
(optimized cnst4=90Hz) HN-H plane HN-N plane
ZGOPTNS=-DLABEL_CN
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3D HCN Experiment

Experiment Description:

This experiment provides sugar-to-base and intrabase HCN connectivities in isotopically
labeled nucleotides. Several 2D and 3D versions of this out-and-back HCN experiment
incorporating SQC, MQC and TROSY effects are available.

NMR Spectrum

The experiment provides a 3D correlation map. As a function of experimental conditions,
both type of correlations can be observed in the same spectrum. Otherwhise, selective
HsCsNb or HbCbNDb spectra can also be obtained.

References:

V. Sklenar, R.D. Peterson, M.R. Rejante & J. Feigon, J. Biomol. NMR 3, 721 - 727 (1993)

Related Experiments

HCNCH
HCNH
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O ® O @

na_hcnetgpsi3d

y
y ®rec
g o« d4|d4’ﬁ I I d4|d4 d4|d48 5
Bo 8| d22 || d22 d10: d22 fjd22-d10
GARP
or

I-'rN I dOdOIS 8 IJ T

plleé
G, 0 A
Gl G2 G2 G5 G4
G363
na_hcnetgpsisp3d
y H Drec
H a d4| aq P28 I I d4|d4 d4|d4 sls
ple Y | y | o v
sp3 g :  sp3
Bo I ] d22ﬁd22 I d10§d22(\d22-d10 I I o
el pll2
1 a0 aofels
N IR ST
p30 i p30
sp9 {4 sp9 pllé
S, o i
Gl G2 G2 G5 G4
G3 G3
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The 2D HC(N) plane can be separated in two areas: A) sugar area (blue) displaying the
anomeric H1'-C1' correlations; and B) base area (red) displaying the olefinic H6C6(U,C) and

H8C8(A,G) correlations.

The 2D H(C)N plane displays four different sugar-to-base correlations C) H1'-to-N1(U,C)
(blue area); D) H1'-t0-N9(A,G) (green area); E) H6(U,C)-to-N1(U,C) (yellow area); and F)

H8(A,G)-t0-N9(A,G) (red area).

pom MWM WM pom

" '
904 A ,’I‘“ [ [} W
1004 L) T
' '
1104
1204
1304 I:
[
'ﬁ” f I; ]

1404 )

T T — T T T T T T T T T

9 8 7 6 5 ppm 9 8 7 6 5

90

1004

1104

1204

1304

1404

ppmwwmwmpm
et -
s

ppm WMM JWWMWWMM opn
‘

~145

~150

~155

—160

165

170

t.
90 "
1004 LK) i
e
I‘
1104 "
|
1204
1
1304 !
"
. A )
- W []
. ) '
140 A 4 ‘
s f
T T T T T T T T T T T
9 8 7 6 5 ppm 9 8 7 6 5

d1=15s

d4=1/4J(CH)=1.40ms for all J(HC) ,

J(H8C8) and J(H6C6)

d22=1/4J(CN)=17 5ms for all J(N1C1"), T(N9C1'),
J(N1C6), and J(N9C8)

p14=2.6ms (spnam3=q3_rna_c68c1.256)

02p=113.45ppm

p30=700us(spnam9=Q3.1000)

d1=15s

d4=1/4J(CH)=1.56ms for J(H1'C1")
d22=1/4J(CN)=15ms for J(N1C1'), J(N9C1")
p14=1.0ms (spnam3=Q3.1000)
02p=89.19ppm
p30=700us(spnam9=Q3.1000)

Reduced SW in the C dimension=16.5ppm

d1=15s

d4=1/4J(CH)=1.25ms for J(H8C8) and J(H6C6)
d22=1/4J(CN)=15ms for J(N1C6), and J(N9C8)
p14=1.0ms (spnam3=Q3.1000)

02p=137.7ppm

p30=700us(spnam9=Q3.1000)

Reduced SW in the C dimension=16.5ppm
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3D MQ-HCN Experiment

Experiment Description:

Version of the HCN experiment that involves multiple-quantum coherences (MQC) instead
of SQC to enhance relaxation features.

J.P. Marino, J.L. Diener, P.B. Moore & C. Griesinger, J. Am. Chem. Soc. 119, 7361-7366 (1997)

® © @ @ @

na_hcnmq3d
y
®rec
H a d4| a4 I I I I I asf] as
ne d22 d22 ) d22 d22 d22/4 d22/4()\ d22/4 d22/4
/4 /4 /4 /4 -d10 :-d10 [ |+d10 +d10 [—]GARP
pl4d pl4 P8 pl4 pl4 pll2
sp3 sp3 spl3 sp3 sp3
"N A 8|la a0 |3 6 Com ]
p30 P30
sp9 sp9 pllé
G
S ANANANARNAWANIA ANARANANIATA
G3 G3 G4 G4 G4 G4 G5 G6 G7 G7 G7 G7 G8 G8
na_hcnmqsp3d
y
®rec
I dl
H daff a4 daff a4
CW
pl32 pl2 pl2 . pi2 pi2
sp23 sp23 sp23 sp23
IGC d22 d22 d22 d22 d22/4 d22/4/\ d22/4 d22/4
/4 /4 /4 /4 -d10 i-d10 | |+d10 :+d10 GARP |
pl4d pl4 p8 pl4 pl4d pll2
sp3 sp3 spl3 sp3 sp3
“N 5lao a0 |3
GARP
p30 p30
sp9 sp9 pllé
G
. AANLNANANDN ANARANWANEATA
G3 G3 G4 G4 G4 G4 G5 G6 G7 G7 G7 G7 G8 G8
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L
ppm \ f‘h " @{ ppm
145 , w Mg - £ 90

" [} ) ’ i
150 ' Vi B - 100
f Tt vy
)
13 l;i:
155 i!", EA‘ E110
[ ‘I[‘.' [y
P !
160 !5 i; 120
: H
165 ' ‘,V\
i ) 130
, " N
(3 ] { la %\
| ] ' [ K
170 Y | 0 [ E140
“““““ \““““‘\““““‘\“““"‘\"‘“‘“‘\‘k“1““‘\““““‘ ! .

9 8 7 5 ppm 9 8 6 5 3  ppm
ppm | ppm
145

-84
150 86
155 88

90
160 .

92
165 |

94
170 96

T T T

9 8 7 ppm
ppm i | pom

' b U
145 N _ f
- F132
]
150+ ' ) : %
X} ' 134
155
{0 F136
s o
160 't‘ e 138
-
165 "M: 140
A N
170" t“ E‘ ® -142
A
T T T T 4 T T T T
9 8 7 5 ppm 8.5 8. 7.5 7.0 ppm

d1=15s

d4=1/4J(CH)=1.40ms for all J(H1'C1"),

J(H8C8) and J(H6C6)

d22=1/4J(CN)=16.0ms for all J(N1C1'), T(N9C1"),
J(N1C6), and J(N9C8)

pl4=2.6ms (spnam3=q3_rna_c68c1.256)

02p=113.45ppm

p30=700us(spnam9=Q3.1000)

p12=1.65ms (spnam23=reburp.1000)

d1=15s

d4=1/4J(CH)=1.56ms for J(H1'C1")
d22=1/4J(CN)=16ms for J(N1C1"), J(N9C1")
p14=1.0ms (spnam3=Q3.1000)
02p=89.19ppm
p30=700us(spnam9=Q3.1000)

p12=3.30ms (spnam23=reburp.1000)
Reduced SW in the C dimension=16.5ppm

d1=15s

d4=1/4J(CH)=1.25ms for J(H8C8) and J(H6C6)
d22=1/4J(CN)=16ms for J(N1C6), and J(N9IC8)
p14=1.0ms (spnam3=Q3.1000)

02p=137.7ppm

p30=700us(spnam9=Q3.1000)

p12=3.30ms (spnam23=reburp.1000)

Reduced SW in the C dimension=16.5ppm
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3D TROSY-HCN Experiment

Version of the HCN experiment that involves multiple-quantum coherences (MQC) and TROSY
effects instead of SQC to enhance relaxation features.

1. R. Fiala, J. Czernek & V. Sklenar, J. Biomol. NMR 16, 291-302 (2000)
2. R. Riek, K. Pervushin, C. Fernandez, M. Kaihosho & K. Wuethrich, J. Am. Jacs. Soc. 123, 658-664 (2001)
3. B. Brutscher & J.-P. Simorre, J. Biomol. NMR 21, 367-372 (2001)

na_trhcnetsi3d

y Y=y
®@rec
'H a da | a4 dafl da | aa ] a4
cwW
pl32 p23
sp0
Bc d22-d4 d22-d4
+d0 -do GARP
p8 p8 pll2
15N spl3 spl3
d10
A ow ]
g;g pll6
G, m ‘
ANA
G3 G3 ' G4 G4 U
Gl G2
na_trhcnph3d
Drec
'H 1 gl as as || a4
W
pl32 p23 p28
sp0
5c A d22+dom d22-d0 m
GARP
p8 p8 pl12
spl3 spl3
! d10
N GARP
pllé
G,
G3 G3 G4 G4 G5 G5
di=15s ] o
d4=1/4J(CH)=1.40ms for all J(H1'C1"), ey \ ]
J(H8C8) and J(H6C6) . Ve
d22=1/2J(CN)=30ms for all J(NIC1'), J(NOC1'),  ..0. i ‘
J(N1C6), and T(N9C8) " f
p23=0ms (spnam3=q3_rna_c68c1.256) ;
02p=113.45ppm 1207 . . ’
p30=700us(spnam9=Q3.1000) wl e ! W

—bpm

145

-150

155

F160

F165

170
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2D TROSY-H(C)N Experiment

Experiment Description:
2D TROSY version of the HCN experiment in which the 2D H(C)N plane is obtained
References:

R. Fiala, J. Czernek & V. Sklenar, J. Biomol. NMR 16, 291-302 (2000)

- ppm
;145
;150
;155
;160
;165

=170

ppm -] ,i‘( 3,’
! ‘ '1‘}' ' 4
145 \ , 1{, \ ;
150 LI ' ‘an Ll E
] ! L ! I
155 '!: g.’,
| f f
160 'w('. u
] b 1
165 { ik
] ll" '\ g
170 i, , ;E ! '.." ‘,t J
L““‘\““““‘\““‘ WWWWW%W B L I ””‘7

9 8 7 6 5 4 ppm 9 8 7 6 5 4 ppm 9 8 7

The same acquisition parameters as discussed
in the 3D HCN experiments
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O ® © W

na_trhcnet
y
Drec
L a ds ff aa da || a4
H CW
pl32 y y
I3C (\ d d22/2(\d22/2 m d22/2ﬁ d22/2)8 (\ [GT]
p8 pl4 p8 pl4 pl4 pll2
spl3 sp3 spl3 sp3 sp3
1
N (\ d0.do do do f|; m o)
p30 p30 pll6
sp9 sp9
G
: NN NN N
G3 G3 G4 G5 G5 G6 G7 G7 G8
Gl G2 Gl
na_trhcnph
y
®rec
) d1
H o ] da f| as as | a4
pl32 y y
lgC (\ S d22/2(\d22/2 m d22/2&d22/2 ) (\ [GT]
p8 pl4 P8 pl4 pl4 pli2
spl3 sp3 spl3 sp3 sp3
BN (\ d0.do do do f|; m o)
p30 p30 pllé
sp9 sp9
G
‘ NN NN N NN
G3 G3 G4 G5 G5 G6 G7 G7 G8 G9 GI
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2D MQ-H(C)N Experiment

Experiment Description:

2D MQ version of the HCN experiment in which the 2D H(C)N plane is obtained.
References:

1. J.P. Marino, J.L. Diener, P.B. Moore & C.Griesinger, J. Am. Chem. Soc. 119, 7361 - 7366 (1997)
2. V. Sklenar, T. Diekmann, S.E. Butcher & J.Feigon, J. Magn. Res. 130, 119 - 124 (1998)

1 2 3 4
H© P O @
ty t
na_hcnmqgpphpr
y y
®rec
' dt aa | as asl as
H presat
pld pl4 pl4
sp5 y Y sp5
Bc I d22 ﬁ d22 I d22 ﬁ d22 I
GARP
o pli2
1 5la0 aofe|s
N m I m GARP
P30 P30 pll6
sp9 sp9
G
- ANARNATANATA ATAARATATANA
Gl Gl G2G2 G2G2 G3 G4 G5G5 G5G5 G6 G6

ppm J [ ppm

4 .. L

] , ;
1454 S L 145
150 150
1554 _ L 155
160 . 160
165 4 165

] “ ;
1704 . L 170
175 175

8 7 6 5 ppm 8 7 6 5 ppm 8 7 6 5 4 ppm

The same acquisition parameters as discussed
in the 3D HCN experiments
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2D H(CNC)H Experiment

Experiment Description

2D version of the HCNCH experiment
that allows to correlate the anomeric
proton of the sugar ring with the H6/H8
of the connected base in isotopically
labeled oligonucleotides.

References:

V. Sklenar, R.D. Peterson, M.R. Rejante, E. Wang & J. Feigon,
J. Am. Chem. Soc. 115, 12181 - 12182 (1993)

@O ¥ T W

na_hcnchgpjrphsp

y X X

I Id27 §d19

Drec

i \MMAMAAMV
e

I

pll2

[ oae ]

plleé

'H a d27

d19 d19

G7 G7

ppm |
dl=15s

5 0 d4=1/4J(CH)=1.56ms
d23=1/4J(CN)=17ms
d25=1/4J(CN)=16ms

5.5 d27=1/4J/CH)=1.25ms
d19=134us

6 ol pl4=1ms (spnam3=spnam5=Q3.1000
and spnam0=q3_rna_c68¢1.1000)
02p=113.5 ppm

6.5- I I I I I
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3D H(C)N(C)H Experiment

Experiment Description:

3D version of the HCNCH experiment that allows to correlate the

two different HCN correlations observed in the HCN experiment. The experiment starts from
the H1'-C1' ribose pair, N1/9 is allowed to evolve in an indirect dimension and finally the
H6C6/H8C8 base proton is detected.

NMR Spectrum

The experiment provides a 3D correlation map

S H1' (ribose)

N

(base)
References:

R. Fiala, F. Jiang & V. Sklenar, J. Biomol. NMR 12, 373-383 (1998)

Related Experiments

HCN experiment
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1

® 9 U W@

t
na_hcnchmqsp3d
y
dl
d4 427
do d4 d27 f 427
CW -do I a A *2 I *2 A
132 8 pi2 pi2 pi2 14 pi2
p s§13 sp23 sp23 fs’f)g sp24 §p3 sp24
d25:d25/2 d25d25
/2 -d21 | | 92772 /2 GARP
A p8 pli2
sp3 spl3
d23
I I 8 |d10 d23| —d10 m [—GARP
p30 plie
sp9
G3 G3 G4 G4 G4 G4 G5 G6 G7 G7 G7 G7 G8 G8
prm [ ppm
4.8+ °
- o k145
5.0 9 D o 150
; .’
5.2+ F155
5.4 ‘ f 160
5.6 | e 9 165
5.8
@ e o F170
6.0 T T T T T T T 175
8.0 7.5 7.0 ppm 8.0 7.5 7.0 6.5 ppm
d1=15s

d4=1/4J(C1'H1"')=1.6ms
d22=1/4J(C1'N)=18ms

d23=1/4J(C1'N, C6/8N)=17ms
d25=1/4J(C6/8N)=16ms
d27=1/43/C6/8H6/8)=1.25ms

p12=3.3ms (spnam23=spnam24=reburp.1000)
pl4=1ms (spnam3=spnam5=Q3.1000

p23=0 (spnam0=q3_rna_c68c1.1000)
cnst21=89.19 (C1' chemical shift)
cnst22=137.7 (C6C( chemical shift)
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3D TROSY MQ-H(C)N(C)H Experiment

R. Fiala, J. Czernek & V. Sklenar, J. Biomol. NMR 16, 291-302 (2000)

1 2 3 4
® © O ;@
ty 15} ty
na_trhenchmaqgsp3d
y
®reo
1 d1
H o] da-do : do | a4 (\ da*2 7| daaf a4
p132 p8 pl2 pl2 p23 pl4
spl3 sp23 sp23 sp0 sp3
B m 25 0 d25 (\
GARP
X Pl p8 pl12
sp3 spl3
"N
8 | a10ff d23-d10
8 m GARP
p30
G 5p9 pllé
: A ARARIA ARNA NN NN
G3 G3 G4 G4 G4 G4 G5 G6 G7 G7 G8 G8
na_trhenchmgspwg3d
y
Orec
) d1
H S | d4-do | do | 44 (\ d4*2 7| d4 d4
p132 p8 pl2 pl2 23 pl4
spl3 sp23 sp23 sp0 sp3
B0 d22. d22  ,[\d22/2 d22 azs [\ azs
/2 /2 -d4 /2 GARP
bl . pld bl p8 pl12
sp3 spl3
"N 8| a10f a23-a10| 5 m BT
p30
G 5p9 pllé
: A ANARIA NN ANEA AN
G3 G3 G4 G4 G4 G4 G5 G6 G7 G7 G8 G8
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3D TROSY (H)CN(C)H Experiment

TROSY version of the 3D HCNCH
experiment in which C1' chemical
shift evolves instead of the

H1' chemical shift.

R. Fiala, J. Czernek & V. Sklenar,
J. Biomol. NMR 16, 291-302 (2000)

59 9 0

na_trhenchmqspwg3d2

y
Prec
H Sl PV d4*2 71a4 (1Y a4
o A A
pi2 12
pl32 5553 523 sppé23 g’fj ‘;;3
B d22/2 () d22 a22/2 [\d22/2
C 0 a0 [ | /2 [ -aa [ +a0 m e 0 o m GARP
o pl0 pi4 plo bl p8 pl12
sp25 sp3 sp25 spl3
"N 3 d10| d23-d10 | 3 (\ o)
30
s ng plié
: ANANANENAIEENANETA AN NN
G3 G3 G4 G4 G4 G4 G5 G6 G7 G7 G8 G8
The experiment yields a 3D map correlation the sugar C1' carbno
with the N1/N9 nitrogen and the H2/H8 protons of the connected base.
ppm 3 * 7ppm
86 “ 1 '
n i " 145
&7 ’ = [150
. .................... Cl ' (ribose) 884 "y ? :‘ . .
5 " 160
N 05 I I#: 165
H 3 N o f F170
base 7 \ ! \ \ \ b \ \ \ \ Z \ 175
8 7 6 5 ppm 8 7 6 5 4 ppm
d1=15s p12=3.3ms (spnam23=spnam24=reburp.1000)
d4=1/4J(C1'H1")=1.6ms pl4=1ms (spnam3=spnam5=Q3.1000
d22=1/4J(C1'N)=18ms p23=0 (spnam0=q3_rna_c68c1.1000)
d23=1/4J(C1'N, C6/8N)=17ms cnst21=89.19 (C1' chemical shift)
d25=1/4J(C6/8N)=16ms cnst22=137.7 (C6C8 chemical shift)
d27=1/4J/C6/8H6/8)=1.25ms cnst23=72 (C2' chemical shift)
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3D MQ-(HC)N(C)CH-COSY Experiment

Experiment Description:

This experiment (HCN-CCH COSY) uses the good chemical shift dispersion of N1/N9 to assign
the ribose spin system via a C1' to C2' COSY transfer after an initial HCNC transfer.

NMR Spectrum

The experiment provides a 3D correlation map

References:

N

H1'/H2'
(ribose)

C1'/C2' (ribose)

W. Hu, L. Jiang & Y.Q. Gosser, J. Magn. Reson. 145, 147-151 (2000)

Related Experiments

HCN-CCH TOCSY
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1 2

O ® © 9 W

na_hcncchcomq3d

y
Orec
1 dal | g4 d4
H o | *2| I I I I I oy Id4 d4|d4 d4|d4 ali
p132 Y Y ey
d23/2§ d23/2 d23§d23 d25§d25 d25/2§ d25/2 dz27
C vdd  -aa | |72 /2 /2 /2 I-a4 -4 'd1°| @ I | GARP |
)‘ : pl4 A )' ] ]
B pli2
sp3 spl3
“N 0 8| a0 dOI 3 0 I
p30 p30
sp9 sp9
¢ NNAN
G3 G4 G5 G5 G5 G5 G2
Gl
ppm WNUW\/\W///M/MJM MAM/\/\W/J\N\A/\M ppm d1=15s
: e 4 d4=1/43(C1'H1')=1.56ms
145+ . el . LAY} o .
¢ R d23=1/4J(C1'N)=18ms
150 S TR " d25=1/4J(C1'N)=15ms
o ) ) 80 d27=1/8J/C1'C2')=3.25ms
1539 . i cnst21=C1" chemical shift=90ppm
1eo ] b v -85 chst23=C2" chemical shift=72 ppm
kS ‘ ‘L oo 02p=79ppm
165 y AT pl4=1ms (spnam3=Q3.1000)
170 " i i [ o5 03p=160 ppm
‘ , ' ] p30=700us (spnam9=Q3.1000)
6 : 4 pom 6 : : ppm
HN plane HC plane
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3D MQ-(HC)N(C)CH-TOCSY Experiment

Experiment Description:

This experiment (HCN-CCH TOCSY) uses the good chemical shift dispersion of N1/N9 to assign

the ribose spin system via a C1' to Cn' TOCSY transfer after an initial HCNC transfer.

NMR Spectrum

The experiment provides a 3D correlation map

N

Hn'
(ribose)

References:

Cn' (ribose)

W. Hu, L. Jiang & Y.Q. Gosser, J. Magn. Reson. 145, 147-151 (2000)

Related Experiments

HCN-CCH COSY
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O,

1
<N

2

na_hcncchdimq3d

3 4 5
) A Y
© O @ W
t t t3

y
1 dl | 44
I £ I
p132 oy y
d23/2 d23/2 d23d23 dz25 d4 d15
C +d4 §-d4 /2 /2 425 [ _qax2  *2 DIPSI-3 :
~ : p14 P pld pll5 pli2
sp3 spl3 sp3
BN 0 8|0 dOI 3 0 I
p30 p30
G sp9 sp9
G3 G4 G5 O G6 G6 G6 G6 G2
Gl
ppm e Vit [ ppm
145 "[ e ¢ L4 .é"f{i; o N d1=155
1 TN a b s d4=1/4J(C1'H1")=156ms
: oy 0 d3=1/4J(C'H')=0.95ms
150  One o %m av e d15= CC TOCSY= 12 ms
oo & o 0 d23=1/4J(C1'N)=18ms
. g b d24=1/83(C'H')=0.78ms
e YOI d25:1/43(c'N)=15ms
4y @ d27:1/87/C1'C2')=3.25ms
160 Al 80 cnst21=C1' chemical shift=90ppm
A cnst23=C2" chemical shift=72 ppm
N:] ﬁ 85 -
165 i 02p=79ppm
g} by pl4=1ms (spnam3=Q3.1000)
X ® 4o ;‘ ) 90 03p=160 ppm
1704 2 e A p30=700us (spnam9=Q3.1000)
. ° u“ X [ g5
om
T T T \“.‘{‘\‘ TTTTTTTT
4.5 4.0 ppm 6.0 5.5 5.0 4.5 4.0 3.5 ppm
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2D H(CN)H Experiment

Experiment Description:

Experiment alternative to the HCNCH experiment that
allows to correlate the H1' ribose proton with the base
H6/8 protons via 2J(N1/9-H6/8) coupling constant

S .Tate, A. Ono & M. Kainosho, J. Am. Chem. Soc. 116,
5977 - 5978 (1994).

1 2 3
@ © M W
t1 tz
Hs(CsNb)Hb
na_hcnhgpph19
Y Drec
H dt a0 as ;dOI d4 cl4| Id26 26 |II| &G\MMAM
M pa
| j—— =r wywvvvvw
sp3 sp3
Bc I 8| a22 ﬁ d22 m
GARP
pll2
v | | del=] |
pllé
G,
: ARNA ATA A N
Gl G2 G2 G3 G4 G4 G5 Gé6 G6
ppm ULJ\_J\_N J\ WWW
3.5 "
1 |
| 1Y
4.0+ . d1=15s
1 d4=1/4J(CH)=1.56ms
45 . d22=1/4J(CN)=18.0ms
] d26=1/4J(NH)=15ms (long-range)
. o] pl4=1ms (spnam3=Q3.1000)
T | 02p=89.19ppm
5.5{
1‘4 1‘3 1‘2 1‘1 1‘0 ; é pgm
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3D TROSY-(H)CCH-COSY Experiment

Experiment Description:

Experiment that correlates the adenine H2 and H8 protons in 13C-labeled NAs molecules.
The experiment provides 13C chemical shifts of all carbon nuclei in the adenine base and also
thelong-range H8-C4/C5/C8 correlation in guanines ( 01jb173-20).

NMR Spectrum

The experiment provides a 3D correlation map

References:

B. Simon, K. Zanier & M. Sattler, J. Biomol. NMR 20, 173-176 (2001)

Related Experiments

2D 1H-13C HMBC
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1 2 3 4
» O © @ W
4 t t3
na_trhcchco3d
y ¥y y X
Prec
H d1 |d4 I d4 Id22 d4 Id4 d4 I da
y
H d22 o
-d4
B m 8| d25 A d25 /\ d27|d27 d10§ —as | 500 A [W
p8 pl5 p15 p8 pll2
spl3 spl0 spl0 spl3
N I I
G, ARATNA ARA NA A
G3 G4 G4 G5 G5 G6 G6 U U G2
Gl G1
ppm MWW MW ppm
1 [5) 86 &
] r—. [
120 ‘ -120
] ; d1=1.5s
1304 L 130 d4=1.25ms
: ‘e H8(A) | : cnst28=4.69 C5 offset
] Py o ‘ : d22=1/4J(C2C5) and
120 = @6‘.’ ¢ =) *9 ® 140 1/4(C8C4/C6)=14.2ms
: . H2(G) - ; d25=1/2J(C5C6)=7.12ms
] 'S + ‘ d27=1/4J(C5C4/C6)=1ms
150 o o P ~150 02p=140ppm
] t @ i p15=90 pulse C5 off-resonance
] H2(A i
160 . " ~ (A) -160
[ T T I T 7 T T T
8.5 8.0 7.5 ppm 8.5 8.0 7.5 7.0 pPrm
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2D H(CN)C Experiment

Experiment Description:
NH»
The H(CN)C experiment (also
referred as H(6/8)C(6/8)N(1/9)C(2/4)) N = N
correlates the aromatic H6/8 protons NH
of the base with the non-protonated
C2/4 carbons via the C6/8 and N1/9 e} P
centers. N NH,
s
References: S
B. Fuertig, C. Richter, W. Bermel & H. Schwalbe,
J. Biomol. NMR 28, 69-79 (2004)
1 2 3 4 5 6
® © ®» @ W © 0
tl t2
na_h68c68n19¢c42
Y H Drec
'H a d4|d4’@ I I d4|d4 d4|d488
pl0 pl0 pi5 pl5 pl0 pl0 ¥ 7
sp25 sp25 spl0 | ©  spl2 sp25 sp25
B
C (\ 5 d23ﬂd23 ﬂ mdo a0 §doﬂ ﬂ d23ad23 I 0 e
? | : 510 :
HN ﬁ SEEB 0 2 sp25 g SEEB pll2
d25 adzs ﬂ dzsa d25 0 TR
GARP
p30 p30 p30 p30 p30
sp9 sp9 sp9 sp9 sp9 plleé
G, [\
G3 G4 Gl G2
ww o
g 146 d1=15s
» d4=1/4J(CH)=1.25ms for J(H8C8) and J(H6C6)
. g - | d23=1/4J(CN)=15ms for J(N1C6), and J(N9C8)
C4in G 3 - 1o d25=1/4F(CN)=15ms for J(N1C2), and J(N9C4)
C2inU . ~ . o2p=cnst27:152ppm
- cnst22=137.7=chemical shift C6(CU)/C8(AG)
154 p30=700us(spnam9=Q3.1000)
10=
. -y - l-156 P
C2inC - p15:
‘ ‘ ‘ ‘ ‘ ‘ ‘ _Jr1s8 Reduced SW in the C dimension=16.5ppm
8.2 8.0 7.8 7.6 7.4 7.2 7.0 ppm
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3D H(6/8)(CCC)NH Experiment

Experiment Description:

The HCCNH-TOCSY experiment
allows the correlation between
the exchangeable imino NH
groups with H8 in guanines and

ppm

Hé6 in uridines. H,N N
References: l U
V. Sklenar, T. Dieckmann, S. E.Butcher & J. Feigon,
J. Biomol. NMR 7, 83 - 87 (1996)
1 2 3 4
N N el )
et | ey @ © © 9 W
: t; t 5
N
HN
na_hccnhdigpwg3d
y
a1 a26 || a26 Preo
1 X x x
H Wdudo do f d4
132 29 11
? ol Ispll i’pl
13
C I 8| 4 I a [ opmests, I I
pl26 y
P25
"N
DIPSI-3, |d26 d10 cl10| dz26 | [GT]
pl23 pll6
G P25
, 0 nln 0
Gl — G2 G3 G3
,,J_Jk~ﬂvk__vjk4/\ J_A;,,“J_JL_AVﬁ__VJNAJN, JAA? ppm d1:1.55

—145

—150

~155

160

—165

T
13 12 11 10 ppn

Ppm

d4=1/4J(CH)=12.5ms
optimized for cnst2=200Hz
d26=1/4J(NH)=2.77ms
optimized for cnst4=90Hz
p29=pl1=1ms (Squal00.1000)
p25=245us

11=1

11=3

02p=149 ppm
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3D H(CC)NH-COSY Experiment

Experiment Description:

The HCCNH experiment allows the correlation of the exchangeable NH and NH2 spin systems
with the H5 and Hé protons in U and C via a CC COSY transfer.

The experiment starts from the aromatic CH spin system and detects H(N). It can be separately
optimized for imino NH or for amino NH2 groups.

References:

J. Woehnert, R. Ramachandran, M. Goerlach & L.R. Brown, J. Magn. Reson. 139, 430-433 (1999)
t

na_h5c5c4n3h_3d

y
1 d4
H a |_g dOI da |8 d4| I
pl4 pl4 pl3 pl4 pl4
sp3 sp3 sp8 sp7 sp7

e ofjofef
Aol )

pl4 pl4 pl3 pl4

(2]
w3

sp5 sp5 sp2 sp3 sh8 sp3
1 d24 :d25 d25
5N 8 I 0 [+d10 -d24 -d10 8 GARP
p30 ) p30 116
sp9 sp9 p
G
- A NN
G3 G4 G4 G5 G5
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0
) o @
Py o
|
U
. .................... H5 »
N
H(N)
H) ()
W
@ @@ N/H
NN
l
C

d1=15s

d4=1/4J(C5H5)=1.25ms
d23=1/4J(C5C4)=4.1ms

d24=1/4J(NH) for U=2.78ms
d25=1/4J(C4N)=10ms
d26=1/4J(NH)=2.5ms

p11=1 ms (spnam1=Squa100.1000)
p13=1ms (spnam2=Q5.1000 and spnam8=Q5tr.1000)
pl4=1ms (spnam3/5/7-Q3.1000)
chst24=C4(C/V) chemical shift=169ppm
cnst28=C5(C/V) chemical shift=105ppm
03p=160ppm (for U)

p30=700us (spnam9=Q3.1000)

I~ ppm
154
156
| 158
160
l 162
164

166

1 1 1 1 1 1
14 13 12 11 10 9 8 ppm

1 1 1 1 1 1
14 13 12 11 10 9 8 7 ppm

ppm ppm
4.5+ = 90
b i
| | - 95
5.5+ ’. :’
' ' ~100
6.0+ '
"
6.5 105
10 9 8 7 6 ppm 10 9 8 7 6 5 ppm
d1=15s

d4=1/4J(C5H5)=1.25ms
d23=1/4J(C5C4)=4.1ms

d24=1/8J(NH) for €=1.39ms
d25=1/4J(C4N)=10ms
d26=1/4J(NH)=2.5ms

p11=1 ms (spnam1=Squa100.1000)
p13=1ms (spnam2=Q5.1000 and spnam8=Q5tr.1000)
pl4=1ms (spnam3/5/7-Q3.1000)
cnst24=C4(C/V) chemical shift=169ppm
cnst28=C5(C/V) chemical shift=105ppm
03p=100ppm (for C)

p30=700us (spnam9=Q3.1000)
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3D H(CC)NH-TOCSY Experiment

Experiment Description:

The HCCNH-TOCSY experiment allows the correlation of the exchangeable NH and NH

spin systems with the H5 and Hé protons in U and C via a CC TOCSY transfer.

The experiment starts from the aromatic CH spin system and detects H(N). It can be separately
optimized for imino NH or for amino NH2 groups.

References:

J. Woehnert, M. Goerlach & H. Schwalbe, J. Biomol. NMR 26, 79-83 (2003).

@Y U @ @

t

na_h56¢c56¢c4n3h_3d

1 d4
H a |_5 do|a4a I I

d15
C5/6 ( d4(\ a4 pIPSI-3 ||| 425 (\ d25 m ﬁ
N pl3 pld pld
P8 p8 115 pl3
spl3 spl3 P sp2  sp3 sp8 sp3

v || /

d24 :d25 d25

+d10 : -d24 -di0 8 I GARP

o o o pLL6
: A N
G3 G4 G4 G5 G5
[ S H5/H6
N
H(N)
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Ll L

~145

=150

~155

160

~165

15 14 13 12 11 ppm 14 13 12 11

10 ppm

—100

6 ppm

d24=1/4J(NH) for U=2.78ms
03p=160ppm (for U)

d1=15s

d4=1/4J(C5H5)=1.25ms

d24=1/4J(NH) for U or 1/8T(NH) for C
d25=1/4J(C4N)=10ms
d26=1/4J(NH)=2.5ms

d15=CC TOCSY=19.5ms

p13=1ms (spnam2=Q5.1000 and spnam8=Q5tr.1000)
pl4=1ms (spnam3=Q3.1000)

p30=700us (spnam9=Q3.1000)
cnst24=169ppm (C4 in C/V)
cnst28=105ppm (C5 in C/V)
02p=89.19ppm

03p=160ppm (for U) or 100ppm(for C)

d24=1/8TJ(NH) for U=1.39ms
03p=100ppm (for C)
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3D (H)C(C)NH-TOCSY Experiment

Experiment Description:

The HCCNH-TOCSY experiment allows the correlation of the exchangeable NH and NH

spin systems with the C6 carbons in U and C via a CC TOCSY transfer.

The experiment starts from the aromatic CH spin system and detects H(N). It can be separately
optimized for imino NH or for amino NH2 groups.

References:

J. Woehnert, M. Goerlach & H. Schwalbe,J. Biomol. NMR 26, 79-83 (2003)
1 2 3 4
ORCIROERC AT
t t, 5

na_h56¢c56¢4n3h_3d2

y
1
H a d4|d4 I I
d15
da+

Cs/6 ﬁ 8] a0 0 g a4 lliprpst-3 mdﬁ m d25 m A

B/ o8 5 P13 pld 3 pld

spl3 pll sp2 sp3 sp8 sp3

1 d24 425 [\ 425
N 8 0 | +at0 -d24/ | -a10 8 I [ care |

230 p30
G, N NN
G3 G4 G4 G5 G5
. .................... 65/C6
N
H(N)
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|
1004 F14s d24=1/4J(NH) for U=2.78ms
W 03p=160ppm (for U)
110 150
120 155
130 ' [ 160 d1=15s
, ¢ | d4=1/4J(C5H5)=1.25ms
1404 ) ' | s d25=1/4J(C4N)=10ms
d26=1/4J(NH)=2.5ms
o3 11U 10 ppm 512 11 10 ppm SEREL eI e

p13=1ms (spnam2=Q5.1000 and
spnam8=Q5tr.1000)

MWMM WWML pl4=1ms (spham3=Q3.1000)
e _ _bpm p30=700us (spnam9=-Q3.1000)

) [ I cnst22=137ppm (C6 in C7V)
100 - 92 cnst24=169ppm (C4 in C/V)
| cnst28=105ppm (C5 in C/V)
1104 -9 02p=121.35ppm
1204 - 96
! y . d24=1/8F(NH) for C=1.39ms
B0 | I, 03p=100ppm (for C)
" % ‘ , r ) -100
T I I I I I I I 102
9 8 7 6 ppm 8 7 6 ppm
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2D H(NC)C Experiment

ppm

§ U RN

—150
155
160
00
—165
—170

175

180

185

13 12 11 10 ppm

d26=1/4J(NH)=2.78ms
d23=1/4J(C6N)=25ms
d25=1/4J(C6C5)=2.8ms
d21=1/2J/NH)=5.56ms

pl1=1s (spnam1=Squa100.1000)
pl4=1ms (spnam3/5/7=-Q3.1000)

Experiment Description: o
The H(NC)C experiment allows the assignment of
C5 carbon in G residues from imino NH proton N
via the C6 carbon (04jb69). The pulse scheme is //
a variant of the out-and-back HNCOCA experiment. H C\
=
N
References: | N NH,
B. Fuertig, C. Richter, W. Bermel & H. Schwalbe, S
J. Biomol. NMR 28, 69-79 (2004)
1 2 3 4 5 6
oRCORCIR°IRCIRCIR"
tl Q
na_hnc6cbetgpsi
y oy
Y Yoy Yy Y
| X1 xpx (rec
'H 9t |az6 IC126 \ 382 opsis DIPSI-2 DIPSI-2 |C121 ® ) \l\ MMMMAM
Bl p2 2;} p26  pl19 o> 'wwwvww
15N I d23 I d23 | d23| dz23 I
GARP
p22 p21 . pl16
Cé ﬂ &50d25 m 05 dzsmdzs m ﬂ
A p14 pi3 pl4 p13  pi4 pl4 ’p13 pl4 p13  pl4
sp3 sg2  sp3 sp8 spy  sp7 Yi dp2  sp3 sp8 sp3
cs - ofi] )
T T
G sp! SpPY gp, sp. sp! sp!
z_ ] ) < si )
G3 G3 G4 G5 } ) G6 G6
d1=15s

p13=1ms (spnam2=Q5.1000 and spnam8=Q5tr.1000)

cnst25=C6(6) chemical shift=160ppm
cnst26=C5(6) chemical shift=119ppm
02p=C5 chemical shift=165ppm
03p=160ppm
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3D (H)N(C)CH Experiment

Experiment Description:

The 3D HNCCH experiment allows the correlation of the imino N nitrogen with the
H2/C2 and H8/C8 spin systems in adenines.

References:

J.-P. Simorre, G.R. Zimmermann, L. Mueller & A. Pardi, J. Am. Chem. Soc. 118, 5316-5317 (1996)

N

(b 2~

E%.i \N ‘N
N N H |

S

The experiment uses three different cross-polarization transfer schemes. First, a
heteronuclear cross-polarization (HCP) transfer from 1H to 15N. Then, another HC
transfer from N to C followed by a homonuclear TOCSY CC transfer

na_hncch3d
y
d4 g d4
1 d1 BN BN ®rec
H DIPSI-3 I J 50 1| \
~ p25 yy N p29 § pi
pl25 H sp11} spi
15N
DIPSI-3 d0: do DIPSI-3 ‘4 I I GARP
P25 p25 Y y o P16
pl23 pl23 : :
13 d21 i i
C dz2 d10i d4 id10i d4
DIPSI-3 FLOPSY-8 |8 GARP
W p25 p7 pl12
pi26 pl20
o / L N
G3 G4 G5 G5
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] S 135
70 ! o
] @ |
757 - ~140
80{ @ @
] N °3 i
85 - I o, - 145
] ; b !
] @ o)
90 @@ oo
1 e \ - L 150
95+ @ i
] @% o,
] )
100 4 frorrre e froerrre frorrre frere T frorrr prorrer prorrerT proerrr [
8 7 5 ppm 8 7 6 5 ppm
d1=15s

d4=1/4J(CH)=1.25ms

p11=p29=1s (spnam1=Squa100.1000)
p25=226us

d21=CC TOCSY=38ms

d22=CN TOCSY=45ms
olp=cnst18=4.7ppm

cnst19=NH chemical shift
cnst25=C6 chemical shift=160ppm
02p=cnst29=145 ppm (Caro)
03p=cnst31=81ppm (NH2)
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3D hydrogen-bond HNN Experiment

Experiment Description:

Experiment to detect hydrogen-bond NH-N connectivities (98jacs8293, 20NAR1585-28).
References:

A.J. Dingley & S. Grzesiek, J. Am. Chem. Soc. 120, 8293 - 8297 (1998)

Zh
Tan
HII-‘II-|||=||'|||-||-|||
GC Watson-Crick AT Watson-Crick
H
N e} uuumuuumuuu,, H /H \ "
\N N—/H wnnmmmm Q €

4 N

/ 6
C T Nl )

IN—H 1, 74
“Illllllllll N
3

RED P Gy
/N\H nunm O \ H O \
H
1 2 3 4
RO RO
na_hnncosygpphwg
y
1 x cf)z(s d-26 Drec
H d1|d26 426 X
11
ol Zpl
BN | 8d23|d23 o do Ie d23|d23 ]
«—>t—> GARP
pllé6
G, i

Gl G2 G3 G3
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pprm JUM@MWM

1 - -
100 - ) - <»
120 :
] d1=15s
140 . p11=90° water selective
] . . =1ms (Squal100.1000)
160 - N . . . d26:1/4J(NH):2.25ms
] | d23=1/4J(NN)=15ms
180
200 - " * At badi
220 .
<]Y—'_'_r R P> [rorrreTTT [rorrrrTTT [rorrrrTTT [rorrrrTTT [rorrrrTT [rorrrTT
14 13 12 11 10 9 8 7 6 ppm

na_hnncosygpphspwg

Y
i -x P29 w20 x| )% ®reo
H d1 [d26 fd26| " spil spll \ \
pll
®1 ; Spl
§d2 d27d27 7|d0:do : doido|d2 d27d27 . d27 |§

N ) 2 D\ 12 B\ 72 D\ 2 \ o
p32 p32 p32 p32 p32 p32 pllé
spl4 splé spl4 I spl4 splé spl4

°c

. '

§ ALAGN AR A {}QQ A

Gl Gl G2G4 G4 G4 G4 G5 G5 G5 G2 G3 G3

na_trhnncosygpphspwg

y vy y
d26 ] d26 | a26 fa26 Orec
oo fuudfy A R AT
p29 - pll WVVVVVVVM
o1 Y spll y spl v
ISN \ 5 %7 %7(/127 %7 40 C/1§7 %7(/127 727 | \ 5
p32 p32 p32 p32 p32 p32'
8 spl4 spl4d spl4 spl4d spl4d spl4
C
G,
: ALAA AQ N []QQ QQ AARAR
G3 G3 G4 G5 G5 G5 G5 G6 G6 G7 G8 G9 G9 G2
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2D 31P-1H HETCOR or HP COSY Experiment

Experiment Description

Experiment to achieve sequential backbone assignment via through-bond J(H3" (i)P(i)) and J(H5'/H5" " (i+1)P(i))
connectivities in unlabeled and 13C-labeled NAs.

The pulse sequence uses a direct 31P-to-1H INEPT-like transfer and can be also driven in a

constant-time mode..

Base

%@3@

~1.04 0 2 0o
na_xhcoetf3gp . "
fe
0.0+
I d1
! -
W \M/\/\/\AAAA\/AVAV 0-°7 “o
p132 WVVVVVVV Lol
*p 4@ do 43 I d3 o " oo
6‘0 5‘5 5‘0 4‘5 4‘0 3‘5 pl‘am
4] .
C optonal GARP d1=15s
st3 pli2 d3=1/6J(PH)=16.6 ms
G ’ (optimized cnst2=10Hz with cnst11=6)
2 el A 03p=0 ppm
G2 02p=77 ppm
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2D Constant-time HP COSY Experiment

Experiment Description:

Constant-time version of the na_xhcoctetf3gp
1H-31P HETCOR or HP-COSY
experiment 'H di I ] Ia
cW
pl32 \VAVAVAVAV/\VAVA\/AVAVAVAV
! p 40 d21 I d21-d0
b t "C optional /\ o
p8 pli2
spl3

na_hpctco
. a1
8
%l i
i o Al A
p do d21 d21-do “1.04 ", LI
g -0.5 g o
BC optional 0.0 - ‘b“
GARP .
s§i3 piiz 0.5 e
G, AN |
G1 G262 G3 Y
na_hpctcojr 1o - "oy
. a \/\ 6.0 5.5 5.0 4.5 4.0 3.5 ppm
g 1111 I "L
VVVVVVVVVW d1=15s
d21=1/4J(PH)=22 ms
p a0 a1 d21-do (optimized cnst4=11Hz)
03p=0 ppm
. 02p=77 ppm
C optional /ﬁ\ GARP
p8 pll2
spl3
G, A A
Gl G2G2 G3
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3D CT PHCH Experiment

Experiment Description

The 3D constant-time version of the
P(H)CH experiment extends the backbone
assignment of the HP experiment to C3'(i)
and C5'(i+1) carbons by means a
1H-13C€ HMQC building block.

Base

Base

References: O
1. T. Carlomagno, M. Hennig & J.R. Williamson,
J. Biomol. NMR 22, 65-81 (2002)
2. 6. Varani, F. Aboul-ela, F. Allain & C.C. Gubser, OR A
J. Biomol. NMR 5 315-320 (1995) )
na_hpcctco3d
, dl I I
H 5| a2 d2
(I | [T
e
3t
P do  d21 d21-do I
C optional [\ d10§ dio W
p8 A pli2
spl3
G, 0 A TAR 0V
Gl G2G2 G3G4 G4
ppm MM AWM//——J/MN/\.N ppm
J oy -
B " RS :
] I 0 @ = .  cs
-1.0+4 ’ :@w -] v r
| I @ JE e di=15's
] ! (AL T 0 d21:1/43(PH)=22.7ms
~0-57 j 0 = - (optimized cnst4=J(PH)=11Hz)
| o= Y d2=1/2J(CH)=3.44ms
0ol | =N .o (optimized cnst2=J(CH)=145Hz)
' = o}
] N -85
0‘57\ " " [ I T I “Tﬁ‘i‘\\ T T -
5.5 5. 4.5 4.0 ppm 5.0 4.5 4.0 3.5 ppm
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SIP

“C

31P

°c

1 2

|

5
na_hpccoctetf3gp3d
* I I * \AMMM/\AM
e
dO d21 Id21-d0
d10: d10
) o
spl3
i |
U G2
G
na_hpccoetf3gp3d
« | | = e
LA
do do d21| d21 I
m d10 d10 W
p8 pll2
spl3
I
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2D P(C)H Experiment

Experiment Description

Experiment to achieve backbone PH
assignment by through-bond coherence
transfer P-to-C via J(C4'(i)-P(i)) and

J(C4'(i+1)-p(i)) followed by an INEPT or

cross-polarization C-to-H transfer.

References:

S.S. Wijmenga, H.A. Heus, H.A.E. Leeuw, H. Hoppe,
M. van der Graaf & C.W. Hilbers, J. Biomol. NMR

5, 82-86 (1995)

1
t

2

D

Base

[5)
na_pcchco
I dl
o e | N s R
B LA
p d0cl0 d22 d22 I
. | Jolo | ]
pll2
G, 0 N i h
Gl G2 G3G4 G4
na_pcchdi
. di
([ —omses 1|1,
S LA
GIP 40 I
C 5| I“22 o | o |
pll5 pll2
G, h N
Gl G2
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2D P(CC)H Experiment

Experiment Description

Extension of the P(C)H experiment in which after the P-to-C transfer, a C-C TOCSY transfer

relays the information through all carbons of the ribose ring and, finally, a C-to-P
cross-polarization scheme allows to detect all ribose protons

References:
S.S. Wijmenga, H.A. Heus, H.A.E. Leeuw, H. Hoppe,

M. van der Graaf & C.W. Hilbers, J. Biomol. NMR
5, 82-86 (1995).

1 2 3
W
4

t

Base

na_pcchdi2
| a J
H o
5 DIPSI3 \MMM\/A\/AV/\VAVAV
I
*p o cl0 22 I d22 I
B d1s
C I I B I o DIPSIS o
- - pli5 pli2
G, 0 il
Gl G2
d15: TOCSY mixing time (CC) [13 msec]
d22: 1/(43(CP)) [12.5 msec]
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3D HCP Experimen'l' Base

Experiment Description:

Out-and-back pulse scheme to correlate
backbone P, C and H in a 3D experiment
(94jacs6472).

References:

J.P. Marino, H. Schwalbe, C. Anklin, W. Bermel, D.M. Crothers
& C. Griesinger, J. Am. Chem. Soc. 116, 6472 - 6473 (1994)

O ® @ @

na_hcpetgpsi3d

y y

d4 I d4 I I d24|d24 d4|d4

&) 8| az2 || d22 d10 d22 §a22-410
GARP
; pll2
sp do dofe|s

®rec

'H a sl s

pllée
G, N ﬂ
Gl G2 G2 Gl G4
G3 G3

ppm W\AMW WU\MMJWL)L ppm
h 60

0] TN . e
1.0 @0 o Y IS cs

. %a: ¢ [
0.5 M T,
»
[) *4 L
@ eeerererfrenes P . 0.0 1 . [ 0
0.5 AL .. ’ L7s
§ ‘. °
1.0 %% Ls0
C ve e ] L]
H 1.59 ° "W e !‘ [ gs
T T T T T T T T
6 5 4 3 ppm 6 5 4 3 ppm
dl=15s

d4=1/4J(CH)=1.6 ms (optimized cnst2=J(CH)=155Hz)
d22=1/8J(CP)=12.5ms (optimized cnst5=J(CP)=10Hz)
d24=0.8 ms (optimized cnst11=8)
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3D HCP-TOCSY Experiment

Experiment Description:

Variant of the 3D HCP experiment in
which a CC TOCSY transfer has been
included to involve all carbons and
protons of the ribose ring (95JB87-5), in
particular, the well dispersed anomeric
H1' protons.

References:

J.P. Marino, H. Schwalbe, C. Anklin, W. Bermel,
D.M. Crothers & C. Griesinger, J. Biomol. NMR
5,87 - 92 (1995)

NMR Spectrum

The out-and-back experiment provides a 3D
1H, 13C, 31P correlation map

Base

VMU\J\M% ppm

n!' 0 E70
-1.04 ] |<: [ L EQ,
l ﬂf; ] .;Q L os
o.s] g -
@ erreeensfeens P » ol !|. ‘q ".IB é?'ﬂ é“ L 80
0.5 ' ’E ' ) :. ' Les
] e
H ‘ " Y w0 a0
- ! "g ¢ o ig Los
T "ﬂ T T T T ! T T
6 4 3 ppm 6 5 4 3 ppm
dil=15s
d4=1/4J(CH)=1.6 ms
(optimized cnst2=J(CH)=155Hz)
d22=1/8J(CP)=12.5ms
(optimized cnst5=J(CP)=10Hz)
d15=CC TOCSY mixing=11 ms
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—~

O,

©

.

@

na_hcpdigp3d

4
"

y ®@rec
1 d1
H o] da ff a4 d4 d4 fd4
CW H
p132 plo |
dais sp25 |
B 8| a22 § 422 d22 || 422 d10 [\ a4 di0f a4 |8
DIPSI-3 GARP
[3} : P9  pl0 pll2
pll5 gp25
“ip 5| do: dofge|s
GARP
pll6
: NN
Gl G2G2 G3 G4 G5
na_hcpdigpjr3d
y X x ®rec
1 d19
H a1 | as | as d4| I d19| a4 da \MM
: : *2 AAAA&N&NA
i
sp25 :
Bo 8| d22 § 422 d22 d10 a4 | d10 5
DIPSI-3 GARP )
@l i pl0 pli2
: p115 25
ip sl a0 aofels o
GARP
pllé
G,
: NN NN
Gl G2G2 G3 G4 G5 G6 G6
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na_hcpdietgp3d

®reo
' di| a4 I d4 d4| I I a4 f d4
P10
d15 sp25

8 8| d22 || 422 d22 [ d22 d10 [\ a4 1ol a4
DIPSI-3 GARP

I pl15 gp25 I

[7} P9 pl0 pli2
up s|a0 aofels

pll6

G A0

: AN
Gl G2G2 G3 G4 U G6
G5
na_hcpdietgpsi3d
y
y Prec

'H d1| a4 §a4 d4| I I d24|d24 d4|d4 B

PO v

sp25
di5
dz22 d10 d4 d10Of d4
DIPSI-3 GARP

P9  p10 pli2

PL15 gp
sip s{a0 aofels 529
GARP
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2D 1H-31P HSQC using CPMG-XY16 Experiment

Experiment Description:

Modified version of the long-range optimized 1H-31P HSQC experiment in which a CPMG-XY16 pulse train
is included to avoid 1H-1H mpdulation

na_hsqcetf3gpxy
and exchange processes.

References: xie ¥ 1) oo
1 a31 | a31 d31 fa31
H @ I 5 | 5 | 5 A
B. Luy & J.P. Marino, 12 472 2 172 \ MMVAVAVAV/\VAVAVAV
J. Am. Chem. Soc. 123, xy16 o1 xy16 VVWV
11306-11307 (2001) sip I © @@ I 5 I
<« <  GARP |
loop loop pll6
B
C optional /\ W
o8 pli2
(}z spl3
Gl G3
G2
1 2 na_hsqcf3gpjrphxy
N
@ xy16 ¥ xy16
@rec
t t, g oa |2 I d31 I d31 Id31 NI
/2 /2 /2 /2 *2
| | \MMVAVAVAVAVAVAVAVAV
xy16 o1 xy16 VWV
Al
P I s| a0 a0 I 3 |
D GARP
1°°p lOOp pllG
13
C otional /\ e |
pli2
G, paop A0
G3 G4 G5 G5
ppm x | ppm
-1.04 = 06 0
] 0
-0.5-] - 500 O 0.5
] 0 : E
0.0 @70% - 0.0 di=15s
] ws o L ,. d26:1/4J(PH)=125 ms
] : (optimized cnst4=J(PH)=J(20Hz)
1.0 - 1.0  d2l=delay in CY16-CPMG=100us
1.54 o , 0 0o 0 - 1.5
5.5 5. 400 ppm 5.5 5.0 4.5 4.0 3.5 ppm

hsqcetf3gp vs hsqcetf3gpxy
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2D 1H-31P HSQC-NOESY using CPMG-XY16 Experiment

Experiment Description:

Modified HSQC-NOESY pulse scheme involving CPMG-XY16 transfer during the INEPT periods.

References:

B. Luy & J.P. Marino,
J. Am. Chem. Soc. 123,
11306-11307 (2001)

1 2
<N\ NOE
H ©® W=
tl t2

na_hsqcf3gpnophxy

xyl6 ¥ xy16
g 9 | last fas I as1 a3 ds M reo
an |72 ]2 | /12 |72 cw MAMVAV/\V/\V/\V/\V
P132 | 16 | o Xy16 plo WVVVV
31
P s| a0 a0 J|s
| L . GARP |
" loop loop pl16
optional /\ GARP
p8 pli2
Gz spl3 ﬂ
G3 G4 G5
ppm ppm
1.0+ ¢ 0@ 0 o L-1.0
¢ 9
0.5 §w ¢ --0.5
] 9
] b0
0.0- gv L 0.0
0.5 ® @ 0 \ - 0.5
1.0 1.0
154 000 - 0 1.5
T I e [ T
5.5 .0 4.5 4.0 ppm 5.5 5. .5 4.0 3.5 ppm

hpdino vs hsqcetf3gpnoxy

dl=15s
d26=1/4J(PH)=12.5ms

(optimized cnst4=J(PH)=20Hz)

d21=delay in CY16-CPM&=100us

d8=NOE mixing time
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2D 1H-31P HeteroTOCSY Experiment

Experiment Description:

Experiment to correlate 31P and 1H chemical shifts that uses Heteronuclear cross-polarization for
magnetization transfer from 31P to 1H via J(PH).

References:

G.W. Kellogg, J. Magn. Reson. 98, 176-182 (1992) ’/—\ @

tl t2
na_hpdi
d1
'H
|||”|”||8 DIPSI2
p25
: pl25
! d21
*p do  do
% DIPSI-2 GARP
P25 pllé
, pl23
C optional GARP
pli2
G, 0
Gl
dl=15s

d21=1/6J(PH)=20 ms
(heteroTOCSY mixing)

5.5 5.0 4.5 4.0 ppm
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2D HeteroTOCSY-NOESY Experiment

Experiment Description

2D Cross-polarization version of a 31P-edited NOESY experiment.

References:

G.W. Kellogg, A.A. Szewczak & P.B. Moore, J. Am. Chem. Soc. 114, 2727-2728 (1992)

t

1
® =@
t

na_hpdino Lj‘;mw ';39 00
d1 ]
1 d8 -0.5+ e @
H ] )
(T I DIPSE2 o \MMMA/\AAVAV . o d L
P25 pl32 VWWVVVVV T .
pl25 ]
0.5 @4 0
p do do az1 : ’
I DIPSI-2 GARP 1.0
p25 pl16 1
WC - pl23 1.5+ 0 YY)
ophonal { GARP } T T T
pli2 5.5 5.0 4.0 ppm
G, d1=15s
1 d21=1/6J(PH)=20 ms
(heteroTOCSY mixing)
na_hpdino19
. d1l as II
H 5 5
{1111 I | Drsi2 o \AMMMAVW
iigs pl32 VWVVWV
sip © d21
® DIPSL2 o )
i p25 pllé
pl23
“C optional I e |
plil2
G. An
G1G2 G2
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3D HeteroTOCSY-NOESY Experiment

Experiment Description

3D Cross-polarization version of a P-edited 1H-1H NOESY experiment
that provides a 3D P,H,H map.

References: ? .................... P
G.W. Kellogg & B.I. Schweitzer, J. Biomol. NMR 3, 577-595 (1993) H
| H
NOE
® —@
t t t3
na_hpdino3d
t o I ds
B e el T
Z N I I
p do | do a1 I
| orse [ oare |
p25 pll6
pl23 ;
"C optiona A o
p8 pll2
spl3
G, 0
Gl
na_hpdino193d
d1
' —— o | | 163
T T R -y |
p25 p132 VWVVWVVVV
% pl25
p do do a1
I DIPSI-2 GARP
§ p25 pl16
pl23
nC(mﬁomﬂ I (‘ “‘ax;;“‘W
p8 pli2
spl3
G, N
GlG2 G2
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3D HeteroTOCSY-COSY Experiment

Experiment Description

3D version of the PHCH experiment that uses cross-polarization for P-to-H transfer. The

experiment provides a 3D correlation P;C;H map.
References:

G. Varani, F. Aboul-ela, F. Allain & C.C. Gubser,
J. Biomol. NMR 5 315-320 (1995)

1 3

RO IR

15} 13 t3
na_hpdico3d
, dl
B brsi2 | @ a \/\W/\VAVAVAVAM
s (I
°p 0o do —
¢ | oosi o |
p25 pllé
pl23
ISC optional d1o | d10 {GT}
pli2
G, N
Gl Gl
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Important Dihedral angles in nucleic acids:

Base

B Y € X
S F ) 3or i ST cw (UCT)
P5'-H5'(H5") H4'-H5'(H5") P3'-H3 H1'-C6 (V%
3 3 3 3
Ips.ca Jezmsmsy  Iezic2 JHiice UCET)
3 3
Jp3ca “JHi-c8 (AG)
3
JHI-C4 (AG)
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2D HSQC Experiment for measuring J(CH)

Experiment Description

Modified sensitivity-improved HSQC pulse scheme for the stereospecific assignment of

H5'/H5"" diastereotopic protons in NAs by measurement o fhomonuclear J(H4'H5') and
heteronuclear J(C4'H5") coupling constants.

Also useful for measurement of J(C2'H1') via N in 13C/15N labeled Nas

References:

J.P. Marino, H. Schwalbe, S.J. Glaser, C. Griesinger,J. Am. Chem. Soc. 118, 4388 - 4395 (1996) .

Related Experiments:

Also see the original 2D HSQC experiment.

na_hsqcetgpjcsp

y y
®Drec
g oa d4|d4’@ d24|d24 d4|d4
@1 v
s/l 0 do  8/\8
C5 I ‘mlevsp180
pl5 P10 p15 pl5 pl28
sip spl0 sp25 gp12 spl0
GARP |
pllé
G, A f
G3 G2

p15=2 ms (Q5/Q5tr)
p10=2 ms (Q3)
pl28= Selective C5 decoupling
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3D H(C)CH-E.COSY Experiment

Experiment Description:

Modified HCCH-COSY pulse scheme to measure J(CH) in ribose rings.

References:

1. L.E. Kay, 6.Y. Xu, A.U. Singer, D.R. Muhandiram & J. D. Forman-Kay J. Magn. Reson. B 101, 333 - 337 (1993)

2. H. Schwalbe, J.P. Marino, 6.C. King, R. Wechselberger, W. Bermel & C. Griesinger,
J. Biomol. NMR 4, 631 - 644 (1994)

Related Experiments:

Also see other HCCH-type experiments
[ YO - H
I 2 3 4
® © @ © 0 ;
H
tl t2 t3

na_hcchecgp3d

y
pl7
iy dl |do a4  doff as pL10 5
H z
o1 y y
d22/2
B I 8| a3 Id3 8| a0 §d22/2|_d16 d23 I d23 | Com )
f pl12
A1
P I I GARP
pll6
G, A
Gl G2 G2

d2=1/2J(CH)

d4=1/4J(CH)=1.6ms

d3=1/4J(CH)

d23=1/8J(CC)=3.1ms
d22=Constant-time C period.

For all correlations 3/4J(CC)=18.8ms
For C1' and C5' 1/2J(CC)=12.5ms
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3D H(C)CH-TOCSY Experiment

Experiment Description

Specific HCCH-TOCSY experiment to identify all 1H
and 13C nuclei belonging to the same sugar ring in
13C-labeled NAs. Alternative to classical COSY and
TOCSY experiment. ALso see other HCCH-COSY and
HCCH-TOCSY experiments.

References:

L.E. Kay, 6.Y. Xu, A.U. Singer, D.R. Muhandiram
& J. D. Forman-Kay J. Magn. Reson. B 101, 333 - 337 (1993)
2. H. Schwalbe, J.P. Marino, S.J. Glaser & C.Griesinger,

J. Am. Chem. Soc. 117, 7251 - 7252 (1995)

3. J.P. Marino, H. Schwalbe, S.J. Glaser & C.Griesinger, (T S——— H
J. Am. Chem. Soc. 118, 4388 - 4395 (1996)
4. S.J. Glaser, H. Schwalbe, J.P. Marino & C. Griesinger,
J. Magn. Res. B 112, 160 - 180 (1996).
H
1 2 3 4
® © © W @
t t s
na_hcchfwdigp3d
y
y Dreo
di|do da doff da H a2 | @
17
uo 110 | Y
d22/2
5| a3 | a3 5| d10 d22/2 d23 d23
’c I I DIPSI-3 I'd10 I GARP
p9 ! pli2
pll5s
_ | Cow ]
plleé
G, ATA
Gl G2 G2 G3 G3
d2=1/2J(CH)
d4=1/4J(CH)=1.6ms
d3=1/4J(CH)
d23=1/8J(CC)=3.1ms
d22=Constant-time C period.
For all correlations 3/4J(CC)=18.8ms
For C1' and C5' 1/2J(CC)=12.5ms
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3D H(C)CH-TOCSY E.COSY Experiment

Experiment Description:

E.COSY version of the HCCH-TOCSY experiment to measure J(H4'H5") coupling
constants (96 jacs4388)

References:

L.E. Kay, G6.Y. Xu, A.U. Singer, D.R. Muhandiram & J. D. Forman-Kay J. Magn. Reson. B 101, 333 - 337 (1993)
H. Schwalbe, J.P. Marino, S.J. Glaser & C.Griesinger, J. Am. Chem. Soc. 117, 7251 - 7252 (1995)

J.P. Marino, H. Schwalbe, S.J. Glaser & C.Griesinger, J. Am. Chem. Soc. 118, 4388 - 4395 (1996)

S.J. Glaser, H. Schwalbe, J.P. Marino & C. Griesinger, J. Magn. Res. B 112, 160 - 180 (1996)

3.54
F65
4.0+ =70
- E.COSY pattern
4.5 in the C dimension
80 of the 2D HC plane
5.0+
85
5.5 =90
~95

ppm

d1=15s

d3=1/4J(CH)=1.55ms
d4=1/4J(CH)=1.56ms

(optimized cnst2=160Hz)
d22=CT(C)=7.6ms

d23=1/8J(CC)=3.1ms

(optimized for cnst8=38Hz)

11=2 for CC TOCSY=9.2ms using p9=26us
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® ¥ 9 U W

na_hcchfwdiecgp3d

! Prec
o dl]|do a4 doff a4 Y5 a [ a
pl7
o1 i pll0 y E
. 8| as | a3 y 5| a0 azz/2] 2272 qp3 | a3
C [ omesis | ; GARP
P9 pli2

pll5 i
’-“P I I GARP

plleé
G, AN
Gl G2 G2 G3 G3
na_hcchfwdiecgpjr3d
1 ®rec
H oo ® dOI “ I || R \MMAMMA‘N\A

d22/2

dlo | a22/2 I o

13C 8| d3 d3 d23 d23 S
I DIPSI-3 GARP

P9 pl12

pll5
31
P I I GARP

Gl G2 G2 G3 G3
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Forward-directed quantitative 3D H(C)CH-TOCSY Experiment

Experiment Description:

Modified HCCH-TOCSY version to measure J(HH) and J(CH) coupling constants
References:

1. I.C. Felli, C. Richter, C. Griesinger & H. Schwalbe, J. Am. Chem. Soc. 121, 1956 - 1957 (1999)
2. C. Richter, C. Griesinger, I.C. Felli, P.T. Cole, 6. Varani & H.Schwalbe, J. Bimol. NMR 15, 241 - 250 (1999)

@O 9 Y W .

C
H
na_ghcchfwdigp3d
o2 y
g difdo d4§do|d4 I Y 5 I I I da a4
p17
ol ;§110 y y
" d22/2| d25/2 | d25/2
C I a4 I d4 IWI 5 d1°§d22/2|-d10 varrr2l baz1r2| 623 | 423 o)
P9 ) pll2
pls i
A1
P I I GARP
plié
G, AN AN
Gl Gl G2 G2 G3 G3

d4=1/4J(CH)=1.6ms

d23=1/8J(CC)=3.1ms

d22=Constant-time C period.

For all correlations 3/4J(CC)=18.8ms

For C1' and C5' 1/2J(CC)=12.5ms

d25=development of cross-correlated relaxation=25ms

For reference experiment d27=1/2J(CH)=3.1ms
For cross-peak experiment d27=0
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2D Constant-time HH-{31P} COSY Experiment

Experiment Description

Constant-time 1H-1H COSY experiment for the measurement of J(H3-P) coupling
constants in NAs (98 jmr164-134). Two experiments are recorded varying the position
of the 180° 31P pulse.

References:

G.M. Clore, E.C. Murphy, A.M. Gronenborn & A.Bax, J. Magn. Res. 134, 164 - 167 (1998)

na_hpcosyphpr

! dt do a22 | d22-do
presat | >
plo
31
P CcPD
plilé
d22: constant time delay T [25 msec]
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2D quantitative HC(P) Experiment

Experiment Description:

Modified 2D version of the put-and-back HCP experiment to measure J(CP) coupling constants. Independent
reference-peak and a cross-peak experiment are separately recorded.

I
C. Richter, B. Reif, K. Woerner, S. Quant, J.P. Marino, J.W. Engels,

2 3
T N N\
C.Griesinger & H.Schwalbe, J. Biomol. NMR 12, 223-230 (1998) @ @ @
t t

na_hcpgetgpsi.1

y y
Prec
'H a1 ae I aa I I d24|d24 d4|d4 ] B
y v v
b, 8| a2z | azz | § [a0 22 a22-q0
o | el {lle el ] cae
t[)l pll2
“p
plls
G, Q
ANANA
Gl G2 G2 G4
G3 G3
na_hcpgetgpsi.2
y y oreo
H a1 | a4 I d4 I I d24|d24 d4|d4 H B
y y ¥
13 5| d22 || a22 do | d22f d22-do
I IC 1 31 S G I
01 pll2
3t
P I I I GARP
plleé
G, A
Gl G2 G2 G4
3 a3
ppm/wmmmww MM%JMMWDW
Y fea
ol § A d1=1.5s
.. b0 "%“" 60
> 3 d4=1/43(CH)=1.6ms
80 1 4, iw - 80 cnst2=J(CH)
" f’ ' | cnstb=J(CP)
100+ .m.% . ~100
120 é | 120 d22=CT(1/J3(CC) for J(CC)=40Hz and
, § 1/43(C4'-P)=12 5ms
1404 '\‘.‘. T T \P' T T T T T T T T a0 1/4J(C5I-P):25ms
8 7 6 5 4 ppm 8 7 6 5 4 3 ppm
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2D P-FIDS Experiment

Experiment Description:

Modified HSQC experiment to measure J(HP) and J(CP) in Nas.
Two experiments are recorded with optional 31P decoupling during 1H acquisition.

References:

1. H. Schwalbe, W. Samstag, J.W. Engels, W. Bermel & C.Griesinger, J. Biomol. NMR 3, 479 - 486 (1993)
2. H. Schwalbe, J.P. Marino, 6.C. King, R. Wechselberger, W. Bermel &
C. Griesinger, J. Biomol. NMR 4, 631 - 644 (1994)

tl t2
na_pfidsetgpsi
y y
®reo
g ooa | a4 I d4 I d24|d24 d4|d4 B
o s
B 5| a0  a20 | a20
-do GARP
g pli2
P GARP
off/on
pl0/plle
G, N [
Gl G3
G2

d4=1/4J(CH)
d24 optimized as a function of CHn multiplicity
d20=1/2J(CC)=12.5ms or 3/2J(CC)=37.5ms
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