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3D TOCSY -NOESY experiment (mlevnoesy3d)

3D TOCSY-ROESY experiment (mlevroesy3d)

3D NOESY-TOCSY experiment (noesymlev3d)

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

mievnoesy3d
d9
1 1
H di ‘i’l MLEV-17 a10 8
p6
pl10
mievroesy3d
d9
I 1 10
H d [ MLEV-17 d
p6
pll0
noesymlev3d
d9
1 dl do
H o d10 MLEV-17
p6
pll0
noesymilevprdd
H di d | as
[ presat | d
pl9
noesynoesypr3d
lH d1 a0 ds 410 d20
| presat »| presat »| presat | MM/\/\/\A

p1o vWVVVVVVvVv

©20006: Bruker BioSpin , Teodor Parella 254



Pulse Program Catalogue @
NMRGuide 4.1 - Topspin 2.0 IOSPIN

BRUKER
PULSE PROGRAM
CATALOGUE

NMRGuide

3D PHASE-CYCLED
DOUBLE-RESONANCE
EXPERIMENTS

©2006: Bruker BioSpin , Teodor Parella 255



Pulse Program Catalogue
NMRGuide 4.1 - Topspin 2.0

3D 'H-">C TOCSY-HMQC experiment using presaturation (mlevhmgqcepr3d)
3D 'H-">C NOESY-HMQC experiment using presaturation (noesyhmqepr3d)
3D 'H-"*C HMQC-TOCSY experiment using BIRD (hmqcmlevbi3d)

3D 'H-"C HMQC-NOESY experiment using BIRD (hmqcnoesybi3d)

hmagcmlevbi3d
do
d10  d10
D I d2 d7 d2 I 2 99 —»I MLEv—17yI\AMMMVAVAVAVAVA,A
6
= (I
do  do
X I e I [ e
pll2
hmagcnoesybi3d
=X
wy dl | a2 | a2 a7 a2 d2 | d10 d10 a8 ®reo
w e ] | I
" | %MANVAMV
Il
do  do
X —>e [ are |
pll2
milevhmagcpr3d
Y
d9
II{ di A d0 4o d2 42
presat MLEV-17
plo pé
I pllo
X d1o di0.
M GARP
pli2
noesyhmaqcpr3d
Y
H d1 Af a0 do ds d2 a2
presa presa
t t
plo
d10_ _d10
X I 7 [aw )

©2006: Bruker BioSpin , Teodor Parella

256



Pulse Program Catalogue @Ru KER
NMRGuide 4.1 - Topspin 2.0 IOSPIN

BRUKER
PULSE PROGRAM
CATALOGUE

NMRGuide

3D HCCH-COSY
3D HCCH-TOCSY

©2006: Bruker BioSpin , Teodor Parella 257



Pulse Program Catalogue w
NMRGuide 4.1 - Topspin 2.0

/HCCH-COSY \

ge-3D HC(C)H-COSY experiment (hechcogp3d | HCCHCOGP3D)

e HCCH-TOCSY
ge-3D HC(C)H-TOCSY experiment (hcchdigp3d | HCCHDIGP3D)
ge-3D (H)CCH-TOCSY experiment (hcchdigp3d2 | HCCHDIGP3D2)
ge-3D HC(C)H-TOCSY using adiabatic TOCSY experiment (hechatgp3d | HCCHATGP3D)

e ge-2D Long-range HCCH correlation

Phase-sensitive ge-2D Long-range HCCH using echo-antiecho (hechetgplr)
Also see:

e 2D ADEQUATE

O\HCCH—type experiments in Nucleic Acids /

©2006: Bruker BioSpin , Teodor Parella
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H H H
‘ ‘ JCH IJCH
C C C C C N—C
ee
@:eeerenerfrenes H
C
H
hcchcogp3d
@1 Yy
q d1 d4+d0§d0 I d4 I gﬂol—lil 5 d21 Id21 da | a4

d|d1o d23 d23 d10§d22 d23 d23 d22 d24 gd24 S

plé plé4
I sp5 spS

G, AN AN A A AN AN AN N

Gl G1G3 G2 G2 G2 G2 G2 G2 G4 G4 G1 Gl Gl Gl
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H H
Jen
C N C N—C
1 1
Jec Jec
hcchdigp3d
@1 y
g & d4+do§do Id4 I Yos| ax Id21 ds f as
p17
: p110 Y
§|d1o d23 d23 d10 fd23 dz23 8
*c I I DIPSI-3 (y) I I || GARP
P9 pll2
H ; plls
*co [\ m
pl4 pl4
sp5 sp5
ISN e
G, AN AENATENTATNA ANA AN N
Gl G1G3 G2 G2 G2 G2 G4 G4 Gl Gl Gl Gl
hcchatgp3d
o1 Yy
H d1 d4+do§do I da I LA d21 Id21 da f a4
pl7
p110 Y
d10 d10
|3C I ] Id23 d23 X_M16 ] I I ||[—]GARP
plo0 pll2
" G : sp0
o N A
pl4 pl4
sp5 sp5
“N
G, ANV N A AN AN AN N
Gl

G1G3

G2 G2

G2 G2

G4 G4 Gl

Gl

Gl Gl
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N
hcechdigp3d2
g dt I
ol :
@ a3 a3 do fas as
®C I DIPSI-3 (y) I || GARP
P9
: pli5
%00 N
pl4
sp5
"N
G, ANA

G2

G2
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] e
1
Jcc
hcchetgplr
y y y Yy
Orec
'H dl | @ I d4 I as | a4
P28y pl4 pla @
sp3 sp3
13 .
Cali (\ & | d22 /\dzz 8/\ do | do 8[\8 d22 [\dzz /\ m
p8 p8 p8 p8 pli2
B spl3 spl3 spl3 spl3
co AN AN Cow
pld pl4 pld pl4 pli2
”N sp5 SpP5 I sp5  sp5
G, Q
Gl G2 G3
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e Gradient-enhanced from f2 channel:

ge-3D 'H-">C TOCSY-HSQC experiment using echo-antiecho (mlevhsqcetgp3d |
MLEVHSQCETGP3D)

e Gradient-enhanced from f3 channel:

ge-3D 'H-""N TOCSY-HSQC with MLEV using echo-antiecho (mlevhsqcetf3gp3d |
MLEVHSQCETF3GP3D)

ge-3D 'H-""N TOCSY-HSQC with DIPSI-2 and PEP (dipsihsqcf3gpsi3d | DIPSIHSQCF3GPSI3D)
ge-3D 'H-""N TOCSY-HSQC with DIPSI-2 using TROSY (dipsitretf3gp3d | DIPSITRETF3GP3D)

pa
O
)i
|
1

9 8 76 s 4 3 2 ] "opm
mievhsgcetgp3d
y y
d9
1
d1 |A do 4 f§ d4
H aaphan YT ETE A & d4 o d4
pé
pl10
13 d10 d10:5Qs
[ [T plé4 _ v
H °C (5 “re T
pl4 pl4 pli2
15N I sp3 I sp3
optional
(o
H
G msl m
z

G2
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i
|
]

i I
W ° 'L
mievhsqcetf3gp3d

y y
d9

| >
pl10

N I I 4a1o_’<<:110

}

NH

d26 §d26

| o

B
C optional ﬂ

4

pllé

sp3

pl4
G,

pl4
sp3

Gl

ke
2] ® @ o K-} e @
o
@ =]
@ o
3 : : 2
5 ) ®

,
5 6 e 7 % %o "
6
7 4
8
94

pPM
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dipsihsgcf3gpsi3d
y -X y
. d1 a9 Orec
H Al 40 d0 |d20 d21|d26 426 d24f§d24|d26 4268 &
’preT‘ DIPSI-2 (y)

plo p6 o1 ¥

I pllo I I
I5N 410, d10 sHs I I
s o)

plleé
B
C optional /\ /\

=

pl4 pl4
sp3 sp3
G, . i
Gl G3
dipsitretf3gp3d
y -X y y A 4
'H 1Al w0 @0 ® a26faz6 a26 aze| azs Jlaze 5 sl O
presat DIPSI-2 (y)
pl9 pé @1 y 0

pl10
ISN I I AleMdIO 3 I8 I I
15(: optional m ﬂ

pl4 pl4

sp3 sp3
. - TN NN
Gl 61 G3 G3 G4 G4 G5

G2 G2
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/ 2D X-filtered/edited TOCSY

ge-2D w;-"*C,”N-filtered/edited TOCSY experiment

ge-2D w;-"°C,"N-filtered/edited TOCSY using DIPSI2 and WATERGATE
(dipsi2gpphwgx1)

ge-2D w,-"*C,"*N-filtered/edited NOESY experiment

ge-2D w,-"°C,""N-filtered/edited TOCSY using DIPSI2 and WATERGATE
(dipsi2gpphwgx2)

ge-2D wy,w,-">C,"N-filtered/edited NOESY experiment

M

Phase-sensitive ge-2D wy,w, B, N -filtered/edited TOCSY using DIPSI2 and
WATERGATE (selective pulses) (dipsi2gpphwgxf)

©2006: Bruker BioSpin , Teodor Parella
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°C

Jun

u

E JuH /—\JHH
X N C

H
C— %

Cc N

dipsi2gpphwgx|
dl d26 | d26 | &| d26 Jd26 | 8| do -xf -x
< « | [owsiz | |8 )00
plo pll
d9 spl
pll0
e | e )
pl5 pl5
spl8 spl8
A A AA AL— A AA
G2 G2 G3 G4 G4 G5 GO G6 G7 Gl Gl
JHH JHH
JuH
H @»@/\@ H
C C C N C X N—C
dipsi2gpphwgx2
di gl a0 d26 | d26 | 8| d26 Jd26 | 5| -xf-x
oW »| [prpsi-2 A
pl9 do pll
pllo0 spl
I
p8 pl5 p15
spl8 spl8

A

AA

N

G6

G7

G2

G2

G3 G4

G4 G5 G1

Gl
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°C

J
JHH JHH HH
T H
E |
c—Cc—X)—N—-=C N—C

dipsi2gpphwgxf
di d26 d26 | 8| d26 Jd26 | 8| do d26 d26 | 8| d26 Jd26 |5| —xfg-x
CW <+—»| | pipsi-2 0
pl9 ds pll
pllo spl
“f) | =0 )| =)
pl5 pl5 pl5 pl5
spl8 spl8 spl8 spl8
G2 G2 G6 G4 G4 G5 G7 G8 G2 G2 G3 G4 G4 G5G1 Gl
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3D NOESY-HSQC

o Gradient-enhanced from f2 channel:

3D 'H-""C NOESY-HSQC experiment
using echo-antiecho (noesyhsqcetgp3d | NOESYHSQCETGP3D)
using PEP (noesyhsqcetgpsi3d | NOESYHSQCETGPSI3D)

o Gradient-enhanced from f3 channel:

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

using echo-antiecho (noesyhsqcetf3gp3d | NOESYHSQCETF3GP3D)

using PEP (noesyhsqcf3gpsi3d | NOESYHSQCF3GPSI3D)

using PEP and water flip-back (noesyhsqcfpf3gpsi3d | NOESYHSQCFPF3GPSI3D)
using WATERGATE (noesyhsqcf3gp193d | NOESYHSQCF3GP193D)

using TROSY (noesytretf3gp3d | NOESYTRETF3GP3D)

using ZQ-TROSY (noesytzgp3d | NOESYTZGP3D)

o O O O O O

o Gradient-enhanced from 2 and f3 channel:

3D NOESY-"C, "N-HSQC experiment
with simultaneous evolution (noesyhsqcgpsm3d.2 | NOESYHSQCGPSM3D.2)
with simultaneous evolution, sensitivity improvement and adiabatic 13C pulses
(noesyhsqcgpsismsp3d | NOESYHSQCGPSISMSP3D)
with simultaneous evolution and editing between labeled-unlabeled part
(noesyhsqcedgpsm3d | NOESYHSQCEDGPSM3D)
with simultaneous evolution, sensitivity improvement and editing between labeled-
unlabeled part (noesyhsqcedgpsism3d | NOESYHSQCEDGPSISM3D)

Related Experiments:
2D NOESY

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

©2006: Bruker BioSpin , Teodor Parella
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JCH'/— NOE
noesyhsqcetgp3d
Y y
'H a AI do  do ds d4 Ia4|:l I da f a4
_ o1
B pl4 d10_ d10
c [\5s = Jl A e
pl4 pll2
sp3
1
5Noptional
G mGl m
z
G2
noesyhsqgcetgpsi3d
Y y y
®drec
'H a AI do  do ds8 d4| d4 I d24|cl24 d4 Id4 Y K
) ol ¥
B p12 s| d1o 410
3 < »d SHA
C ﬂsp ﬂ e /\ [ carr ]
pll2

1
5N optional I

G,

G4 Gl

©2006: Bruker BioSpin , Teodor Parella

273



Pulse Program Catalogue mnu KER
NMRGuide 4.1 - Topspin 2.0 IOSPIN

SN NOE

noesyhsgceif3gp3d
¥ y
H a AI do  do ds dZGIdZGD‘ I d26 §d26
o1
dlo di1o0
1 < > ] b
N I I NS I I GARP
pli2
13
C optional /\ ﬂ
pl4 pl4
sp3 sp3
Gl
G, m
G2
ppmM
]7
®
24
3
a4 ;
5
6 &
b ®
74
8
=
T T T T T T T T
9.5 9.0 8.5 8.0 7.5 7.0 6.5 ppeM
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noesyhsqgcf3gpsi3d
y y y
Orec
'H a [Af do 0 ds8 d26ld26 d24fd24|a26 §a26| 5 &
' o1 ¥
5| d10_gd10
"N I I M 6IA I I GARP
pllé
“O optional /\ /\
pl4 pl4
sp3 sp3
G, N 0
Gl G2 G3 G4
noesyhsgcfpf3gpsidd
y y y
L ®rec
H a1 |[Af d0 do ds d26d26 d24fd24| d26 faz6| 3
' ol ¥
8| d10 d1o0
pllé
B,
Coptional /\ /\
p8 p8
G spl3 spl3
= 0 nonn o A
Gl G2 G3G4 G4 G5 G5 G6
noesyhsqcf3gp193d

'H a

y
®drec
A 40 doO ds d26 gd26 d26 d26
' ) o1

1 di0 dio0 IA

qq I I I GARP
plle

WC optional /\ /\

pl4 pl4
sp3 sp3
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noesytretf3gp3d
y y vy
I @rec
H a1 |A] a0 0 ds8  |d26 fJaze d26 Ja26| a26 Jaze s 5
o1 y 0
BN I I d10_ d10 5IA I I
13
C optional (\ (\
pl4 pl4
sp3 sp3
G, ‘N ITHNIN
| 7
— G6 Gl Gl — G3 G3 G4 G4 G5
G2 G2
noesytzgp3d
y
lI_I d26 § d26 —x 426 d26 ®rec
a |50z « d8 -x|d26 fJd26 x|
p11@2 o1
spl
BN d10_ d10
6. f{ | AAd— (A A
|
Gl Gl G3 Gl Gl G2 G2
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noesyhsgcgpsm3d.2

y y @1

®@rec
Af d0 4o ds d26 J d26 d26 §§ d26

(-]

v

1 8| da10 d10 gefs
pllé
d4
" A A I “) aare
p8 p8 p8 pli2
spl3 spl3 spl3
G
: AT TANNATE A AAA
G1G2G3 G3 G4 G5G6 G6
noesyhsgcgpsismsp3d
' y
. d26- ®@rec
H d1 |Af a0 do ds d26f0d26 | & d24f d26 a4/2| 426 d2e6| 5|8
' ol
B\ €0 d20 420 d10 d10 8§A
b < GARP
: pll6
d4 d4 d4
"C /\ /\ ﬂ I I/2 m GARP
p8 pll2
spl3 %
G A |
Gl G4
o Ve
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noesyhsgcedgpsm3d
y y o1
1 v @rec
H |_|_|d1 8| ac1 fa21|s|aAf a0 4o | as 8|d26 Jaze d26 ff d26
Ie
N I I I 8| d10 d10 H I [—]
pllé
c |-A A | 1« e
pl5 p8 p8 p8 pll2
G sp8 spl3 spl3 spl3
: ANA ANO A A AAA
G1G2 G2 G3 G4G5 G6 G6 G7 G8G9 G9

noesyhsgcedgpsism3d
y ¥
v a26- ®@rec
|_|_|d18d21 d21|s|Aff a0 do | d8 |d26faze a24 az6 B30 d26 dze| 5|5
ol
5| € d20 d20 d10 d10 & A
e v [ care ]
plleé
d4 d4 d4
dz‘ /\ /\ ﬂ I I/2 m GARP
pl5 p8 pll2
sp8 spl3
A i i i
GlG2 G2 G3 G4 G7
V.. B
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*C

®Cco

ge-3D 'H-""C HSQC-NOESY- 'H-""N HSQC (noesycngp3d | NOESYCNGP3D)
ge-3D 'H-"’N HSQC-NOESY- 'H-"*C HSQC (noesyncgp3d | NOESYNCGP3D)

[ YR Mo C
N
HN
noesycngp3d
y y y Yy
v ®reo
d1 d4|d4 8 I 8 d4|d4 ds \d26|d26 ] I d24|d24 d26|d26 8 K
pll
spl @2 v
d10 d10 s fs
+——><¢ GARP
pllé
ARIEREN 3 R )
D
p8 p8 p8
spl3 /\ spl3 spl3
pla pl4
sp5 sp5
Gl Gl G2 G3 G4 G5
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JCH NOE JNH
(H)-— H
[ Y—— N
C
H
noesyncgp3d
y y y y
Qrec
‘H di d26|d26 8 I 8d26|d26 ds dafj 44 13 I d24|d24 d4|d4 B
o1
1
SN I do do g€ I I
@2 b4
B0 di0 di0 5 Qs
[\ /\ D o B GARP
pis pis pli2
B sp sp pl4
co A pLd
pl4
sp5
S, A A
Gl Gl G2 G3 G4 G5
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2D w,-"C-filtered/edited NOESY experiment

Phase-sensitive w-filtered/edited NOESY without decoupling (noesyphx1)
Phase-sensitive wi-filtered/edited NOESY with decoupling (noesydcphx1)
Phase-sensitive w-filtered/edited NOESY with presaturation and without
decoupling (noesyphprx1)

Phase-sensitive wi-filtered/edited NOESY with presaturation and with decoupling
(noesydcphprx1)

2D w,-"C-filtered/edited NOESY experiment

Phase-sensitive wy-filtered/edited NOESY without decoupling (noesyphx2)
Phase-sensitive w,-filtered/edited NOESY with decoupling (noesydcphx2)
Phase-sensitive w,-filtered/edited NOESY with presaturation and without
decoupling (noesyphprx2)

Phase-sensitive w,-filtered/edited NOESY with presaturation and with decoupling
(noesydcphprx2)

ge-2D wy,w, BC-filtered/edited NOESY experiment

Phase-sensitive ge-2D wi,w, BC-filtered/edited NOESY with presaturation
(noesygpphprxf | NA_NOESYGPPHPRXF)

Phase-sensitive ge-2D w;,w, *C-filtered/edited NOESY with WATERGATE (3-9-
19) (noesygpphxf19| NA_NOESYGPPHXF19)

ge-2D wl,wz-lsN-ﬁltered/edited NOESY experiment

Phase-sensitive ge-2D w;,w»-'"N-filtered/edited NOESY using WATERGATE (3-
9-19) (noesyf3gpphxf19| NOESYF3GPPHXF19)

ge-2D w;-"*C,*N-filtered/edited NOESY experiment

ge-2D wy-"C,"N-filtered/edited NOESY using WATERGATE (noesygpphwgx|
NOESYGPPHWGXI1 )

ge-2D wz-” C,'SN-ﬁltered/edited NOESY experiment

ge-2D w,-"C,"N-filtered/edited NOESY using WATERGATE (noesygpphwgx2|
NOESYGPPHWGX2)

ge-2D wl,wz-l3 C,ISN-ﬁltered/edited NOESY experiment

Phase-sensitive ge-2D w,w, °C,"’N -filtered/edited NOESY with WATERGATE
(selective pulses) (noesygpphwgxf] NOESYGPPHWGXY)

Phase-sensitive ge-2D wi,w, B¢, N-filtered/edited NOESY with WATERGATE
(selective pulses) (noesygpphwgxf.2| NOESYGPPHWGX(f.2)
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NOE 1

‘\JCH

noesyphx1
gooa | d2 d2 < a0 ><do % \MMMM/\M
A
: ]
noesydcphxl
H o« d2 dz < 0L ® \AMMMMM

B,
C | | GARP

pll2
noesyphprxl
I dl
B e | 2 % e
& (e
. -
noesydcphprxl
IH dl 42 d2 ’ do b do ds
[prasat \VA\IAVAVAVAVAVAVAVAVA”AV
e - o)

pll2
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noesyphx2

(i
o | |

noesydcphx2
LI R R N
[
o | | o]
pli2
noesyphprx2
'H di g 40 do ds d2 d2
Cpresat | |+ \MM/\/\AMM
(e
» | |
noesydcphprx2
'H di el da 4o ds d2 d2
[ presat | e \AMMM/\V/\VAVAV
) P19 VVVVVVVV
¢ [—
pli2
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J NOE 1
CH'/‘ ‘\JCH
noesygpphprxf
H di . a2 2  d0 do a8 a2 a2 \MMM
presa T
plo VVVWVVVV
B
; ] i
pl12
G, Q
Gl
noesygpphxf19
g @ d2 d2 « do ><do ds a2 || a2
LN [
GARP
pli2
X "
Gl Gl
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noesyf3gpphxf19

dz1 dzl do do d8 d21

| d21

A
Y
A

pll2

Gl Gl

O Unlabeled
Q Labeled

Intramolecular NOEs

Jo Lo

Intermolecular NOEs
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NOE

/®<— ‘\1 Jxu

noesygpphwgxl
IH dl dz26 d26 | 8| d26 d26 | & do ds -x i -x
D ha— A )
pll
spl
B
c | =
p15 pl5
spl8 spl8

"N

[
G2 G2 G3 G4 G4 G5 GO Gl G6 G6
1
Ixn NOE
noesygpphwgx2
'H a |ef g ds d26 | d26 |8 d26 [Jd26 || -xf-x
1 E— [\
pll
spl
°C /\ d28[\ d29/\
p8 pl5 pl5
ISN STS spl8 spl8
G,
AA A AA A AA A

Gl G2 G2 G3 G4 G4 G5 G6 G6
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e NOE

> <\1J XH

noesygpphwoxf
H d1 d2 d2 do ds d24 -xf-x  d24
< ple—H /\

pll

spl
3 d2*2 d24*2
C -d21 -d21
1 d21 d21
N -d2 -d24

Gl G2 G3
noesygpphwgxf.2
1 di d26 d26 | 8| d26 d26 | 8 do ds d26 d26 | 8| d26 d26 | 8 XX
H < >« /\
pll
spl
o wf) | =0 wf) | =
pl5 pl5 pl5 pl5
spl8 spl8 spl8 spl8

A A Ab AN AA ‘A AA A AL A

G2 G2 G7 G4 G4 G5 Gl G2 G2 G3 G4 G4 G5 G6 G6
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- S

ge-3D “C,""N-filtered/edited NOESY-HSQC experiment

wi-"C,"N-filtered/edited 3D NOESY-'H-"C-HSQC using WATERGATE
(noesyhsqcgpwgx13d| NOESYHSQCGPWGX13D)

wi-"°C,"N-filtered/edited 3D NOESY-'H-""N-HSQC using WATERGATE
(noesyhsqcf3gpwgx13d| NOESYHSQCF3GPWGX13D)

wi-C,PN-filtered/edited 3D NOESY-'H-""N-HSQC using PEP and echo-antiecho
(noesyhsqcfpf3gpsix13d)

ge-3D C,"*N-filtered/edited HSQC-NOESY experiment

wa-2C,""N-filtered/edited 3D 'H-"C-HSQC-NOESY using WATERGATE
(hsqcgpnowgx33d| HSQCGPNOWGX33D)

w,-"C,"N-filtered/edited 3D 'H-""N-HSQC-NOESY using WATERGATE
(hsqcf3gpnowgx33d| HSQCF3GPNOWGX33D)

Also see:

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

N o
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@] C
H
H
hsgcgpnowgx33d
y
g 9 |« Id4 p28 I d4 Id4 d10 d10 | ds I I Y P o
| — | [°]® Aln e MMMMAAAW
“ L S e
i p
“C /\ 8| a0 a0 Ie 8 /\ (\spls 28 ﬁga w5 “9/\‘3339%"26
p8 P$3 pl5 91158
5p spl8 sp
lSN optionalsp:L3 I I I
G. A AN AAN ARATATA

G7 G8 Gl G2 G2 G3 G4 G4 G5 G6 G6
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[ JTT N
HN
H
hsgcf3gpnowgx33d
y H
dl | d26 § a26|* y d26Qd26 d10 d10 d8
" | I fe I 5[ I I
pll @1
spl
"N I @ 40 I~‘3 I I d26 I dz26 |3
<+— P>
.
C optional /\ /\ d28(\
p8 p8 pl5 pl5
spl3 spl3 spl8 spl8
G, A A AN ANN ARATATEA
G7 G8 Gl G2 G2 G3G4 G4 G5 G6 G6
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1
INH NOE L -
o @
Xrrnne = YU H

/

N
HN
noesyhsgcf3gpwgx13d
IH di d26 d26 | 8| d26 d26 | 8| € do doO ds d26 | d26 d26 "X @ ~X d26
4« PP [\8 5N
p8 pll
pl3 spl
o o) | =) N |
pl5 pl5 p8
?N' spl8 spl8 spl3 | | I
optional dio: dioj e (AAAEKEEAAAW
pllé
G,
A A AA A A — N AA A

G4 G4 G5 G6 G6 G7 G8 Gl G2 G3 G3
noesyhsgcfpf3gpsix13d
1 di d26 d26 | 8| d26 d26 | & do ds d26 J d26 d26 | d26 |d26 Jd26 | 5 | &
H < »|< /\8
J N
spl
o wf) | =)
pl5 pl5
spl8 spl8
ISN d10
optional Fgggaiﬁigggw

plleé

G4 G4 G5 G6 G6 G7 G8 Gl G2 G9 G9 G10 G10 G3
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CH NOE IJXH
L D-—
XNVW
[ Y- H
C
H
noesyhsgcgpwgx13d
'H di dz26 d26 | &| d26 d26 | §|€fdo do ds d4|d4 d4 -xff -x d4
< >q Pla N
B pll
spl
*C dZB[\ dzsﬂ [\ 8| a0 d10|8 5 /\ —aw |
P15 pl5 p8 p8 pll2
1 spl8 spl8 spl3 spl3
5Noptional
G,
A A AA A A A AA A

G4 G4 G5 G6 G6 G7 G8 Gl G2 G3 G3
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NIVHOAdIS

HNDDH  HNODOOH
- HNVHIH HNODVHIH

(HNVOVH/gD9H - (HNODVOVH/9D9H )

HNVDO4D
4OVONH

i

wovon

(HNOO |

ANOAMOVE

LATHS
VOINAHD

0oNVOH

7%

|\ VHVOOONH

- HNVOOONH) \\

ODVONH VOOONH
\ drueuA(

ODNH DOSH-AS
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Interpulse delays are optimized as a function of the following heteronuclear coupling constants:

l o
N C C N C C
55 H 15 ||
91 140 0 o
Identifier Power Duration  spnam cpdprg Description Remarks
PROTON PULSES & POWER LEVELS
p1,p2 pl1 High Power Pulse
p6 pl10 25u TOCSY
p15 pl11 ROESY Power as 125u pulse
p26,pcpd1  pl19 55-65u dipsi2 Decoupling pulse
p11 spil 1.52m SINC1.1000 Water flipback pulse
CARBON PULSES & POWER LEVELS
p3,p4 pl2 High Power Pulse
p9 pl15 25u dipsi3 CC-TOCSY or HC-Cross polarization
p13 sp2 410u (4.256 on-resonance 90° (Cali or CO)
p13 sp8 410u GAtr.256 on-resonance time-reversed 90° (Cali or CO)
p14 sp3 256u G3.256 on-resonance 180° (Cali or CO)
p14 spS/sp7  256u G3.256 off-resonance 180° (Cali or CO)
p24 sp9 768u G3.256 on-resonance 180° (CA)
p24 sp7 2m Crp60comp.4 Adiabatic 180° refocusing Power as 25u pulse
p8 sp13 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 sp15,p113  1.5m CHIRP95 p5mésp180.p31  Adiabatic Decoupling Power as GARP + 2dB
pcpd2, p31 sp15,pl28 768u G3.256 mlevsp180.p31  CA or CO selective decoupling
pcpd2, p31 sp15,pl28 100u Gauss5.256 mlevsp180.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
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Delay Coupling Constant length (ms) Remarks Experiment
d3 1/(3JCH) 2.2
d4 1/(4JCH) 1.6-1.8
d21 1/(6JCH) 1.1
d21 1/(2JNH) 5.5
d22 1/(4JCOCA) 4.0
d22 1/(2JCOCA) 3.6 Two-bond
d22 1/(2JCOCA) 4.4 One-bond
d23 1/(2JNCO) 12.0
d24 1/(4JCC) 3.6
d26 1/(4JNH) 2.3
d21 T(N) 12.4
d23 T(C) 12.0 2T=24ms<1/4JCH
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¢ 3D HNCO using PEP (lmcogp3d | HENCOGP3D)

¢ 3D HNCO using WATERGATE (hncogpwg3d | ENCOGPWG3D)

¢ 3D HNCO using TROSY (trhncogp3d | TRHNCOGP3D):
o using echo-antiecho gradient (trhncoetgp3d | TRENCOETGP3D)
o with ’H-decoupling (trhncogp2h3d | TRHNCOGP2H3D)

Also see: Coupling constants in proteins

Jan + Inco HNCO ‘
H—C H H—C——H
| . .................... co
N—C S?— ¢ |
: : 0 IL HN N
1 2 3 4
WM 0 9 W
t t t3
d26=1/4J(NH)=2.5m
d21=1/2J(NH)=5.5m
d23=1/4J(NCO)=12m
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hncogp3d
y
y -y y -y
1 Drec
p_dt |ozefome] 8= i | IR Rl i i i 00N
pl  p2  pli | P26 P19 WVWVVVVW
o)
ISN d23 d23 d23-d10 d23+d10
GARP
16
p22 o p
BCr m 5” do do H ] m
p14 pi3 p14 p13 p14
13 sp3 sp2 sp3 sp3
C. A4 A0
pl4 pl4 pl4 p14
spS sp5 sp5 Sp&:
G, ﬂ m : ‘
Gl G2 G3 G4 o5
2D HN(CO) 2D H(N)CO
[elelagy § ppmM
104 — ! ~160
106 - 162
108 - - 164
] B
110 - 166
1124 0 168
114 .9 L | % 170
g
116 b Ve of  Fopl g ¢« L7z
08 i qugn ] \,@g t
118 P R K 174
‘ ¢ 0 SR SAR IO ,
120 4 4 0 EUG 0 ¢ oog =176
@
122 | @Gg @@ i 00 al 178
L
124 | 8 R @% \ 180
@ L
126 | ; i 182
128 - by § ;184
T T T T T T
10 Q 8 7 [e]elpg] 10 Q 8 6  ppm
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hncogpwg3d
y
y vy -y
lyr a1 |aze faze]| A si21 laz1is 1| M2 Dreo
H |-, oesz A1 Al Wl
Pl P2 Pl p26 pil9 WWVWWWVVV
sp
15 d23 | 423 d23-d10 | d23+d10
N I I I I I GARP
22 21
p p 0 pl1é
13C” m ﬂ do do r ‘ 5 m
pl4 p13 pl4 p13 pl4
13 sp3 sp2 sp3 AP sp3
C. Al A @
pl4 pl4 pl4 pl4
: sp5 sp5 sp5 sp5 H
Oz | 1
Gl G2 G3 G4 G4
frhncoetgp3d
R v oy y
B d26ffdaz26
g a y\dzsldze X a2 e az6 —yJ\-y S\MMMT
Jm
EF:]] Pl g2 & y y WVWVVVV
15 d23-d25 d23-d25
N J dz3 I az3 I -d10 +d10 5
p22  p21
BC’ m ﬂ do  do m
pl; pE3 D‘;‘plg pl4
sp spP P sp3
13
C. g4 "4
pl4 pl4 pl4 pl4
: 5 5 : H
“_ niant T T T Tan ngnon
Gl Gl G2 G2 'GA G4'Gé G6
G5 c7
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frhncogp3d
iy -y
d26 gd26 d26Qd26|d26d26 Drec
1 dl X M-y X X
H ] | ) \MMMVAVAVAVAVA
Plpll B2 - !
ok ¢1 ;I
15N I d23 I d23 I dio : d23 Id23-d10 I I
p22 p21
" A lecofl @
pl4 p13 P14 p13 pl4
13 Cy sp3 sp2 m sp3 ﬂpG sp3
pl4 pl4  pl4
% (N N
Gl Gl G2 G2G3 G3
frhncogp2h3d
-y ¥
' d2x6 dyZG d26fd26 d)%G d2y6 Breo
di | ~* - - Y
H 1 | P
Pl 32 R LA
g ; T
15N I d23 I d23 I d10 : d23 Id23-d10 I I
p22  p2l
BC” m | a0 a0 H ( m
p14 pi3 p14 p13 pl4
13C(l sp3 spR m sp3 B sp3
pl4 p14 pl4
spbs sp5 spbs
’H cane
% 0N nm
Gl '

G2

G2G3

G3
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GNCA experiment

3D HNCA using PEP (hncagp3d | HNCAGP3D)

o with *H-decoupling (hncagp2h3d | HNCAGP2H3D)

3D HNCA using WATERGATE (hncagpwg3d | HNCAGPWG3D)

o with *H-decoupling (hncagpwg2h3d | HNCAGPWG2H3D)

TRHNCAETGP2H3D)

O O O O O

3D HNCA with selective Cb/C=0 decoupling (hncadhgp3d)
3D HNCA using TROSY (trhncagp3d2.2 | TRHNCAGP3D2.2) :
o using echo-antiecho gradient (trhncaetgp3d | TRHNCAETGP3D)
o using echo-antiecho gradient and with *H-decoupling (trhncaetgp2h3d |

with HMQC steps (trhncagp3d.2 | TRHNCAGP3D.2)
with '"Ho-decoupling (trhncagp3d2 | TRHNCAGP3D2)
with 'Ha-decoupling and HMQC steps (trhncagp3d | TRHNCAGP3D)
with H-decoupling and HMQC steps (trhncagp2h3d | TRHNCAGP2H3D)
with H-decoupling (trhncagp2h3d2 | TRHNCAGP2H3D2)

\w see: intra-HINCA, sequential-HNCA, HN(CO)CA

-

1 1
Junt Inca HNCA
1 2 H
Jan+ Inca ‘ :
H—C—H H— C—H
N C ﬁ— ﬁ
‘ o) o)
H H
PpPmM [} PPmM
105 - g e
L as
0 ¢ [0}
110 4
4 6@ @ 50
@ vo g plefde b9 o
115 | ] 8 @@ @@@ % ﬂooﬂ }oﬂg Q0 i [ s
, .................... CA 00 @G@ 9@ﬂ§6-,” [}
i 120 | a %& %o (N 0 ° oy D@.wﬂﬂa@ﬂ
Q0 g@@ ) . (™) ' 60
'8 g
125 | @@@0 [} L]
N 00 @g I Cor Fe°
HN 130
1b “? é ‘ppm 1b ‘1‘) é % é‘> ppM
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@M 0 9 @

d26=1/4J(NH)=2.5m
d21=1/2J(NH)=5.5m
d23=1/4J(NCA)=12m
hncagp3d
y
" v Prec
1
H dl | d26 gd26 \8:121 DIPSL2 d21 6f|d26|d26d26|3 S
pl p2 pl p26 pl9 ¥
spE
I5N I d23 I d23 I d23-d10| d23+d10 I I
GARP
22 21 116
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o

o

3D HN(CO)CA experiment

3D HN(CO)CA using PEP (hncocagp3d | HNCOCAGP3D)
with *H-decoupling (hncocagp2h3d | HNCOCAGP2H3D)
3D HN(CO)CA using WATERGATE (hncocagpwg3d | HNCOCAGPWG3D)

with H-decoupling (hncocagpwg2h3d | HNCOCAGPWG2H3D)

3D HN(CO)CA using TROSY (trhncocagp3d | TRHNCOCAGP3D):

with *H-decoupling (trhncocagp2h3d | TRHNCOCAGP2H3D)

o
o using echo-antiecho gradient (trhncocaetgp3d | TRHNCOCAETGP3D)
o using echo-antiecho gradient and with *H-decoupling (trhncocaetgp2h3d |
TRHNCOCAETGP2H3D)
1 1
Yt Inco * Icoca HN(CO)CA
H—C—H H—C H
N C ﬁ
| 5
H H © H
2D HNCO)CA 2D H(N)CA
pPmM] ppmM
] 4 [ § ; f §og ¥ "
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§ M
52 d § be ,‘”? UK 52
0 Qﬂoﬂ ! M E‘f
54 WQ‘;«M Bt i n]‘ 0 54
? .................... CA 56 , ! '6ld€l E‘m agq ] 4 800 § L5
: 58 oﬂd“ b0y ¢ ] qu“ uyle‘ 58
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1b J? p‘)pm 1b “? é } (L ppm
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d26=1/4J(NH)=2.3m
d21=1/2J(NH)=5.5m
d23=1/4J(NCO)=12m
d22=1/4J(COCA)=4m
d27=CT(CA)=13.8m
d4=1/4J(CH)=1.7m
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3D sequential-HNCA experiment

3D Sequential HNCA using TROSY (seqtrhncagp3d | SEQTRHNCAGP3D)
o  with *H-decoupling (seqtrhncagp2h3d | SEQTRHNCAGP2H3D)
o with gradient echo-antiecho (seqtrhncaetgp3d | SEQTRHNCAETGP3D)
o  with gradient echo-antiecho and with “H-decoupling (seqtrhncaetgp2h3d |
SEQTRHNCAETGP2H3D)

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

seqHNCA
Jun+2Inca ‘
H—C—H H—C——H
| . .................... C A
N C ﬁ— Cc Tf|\ 5
o
H H O H N
HN
1 2 3 4
& N 9 QO @
t t t3
d26=1/4J(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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3D intra-HNCA experiment

3D Intra-HNCA using PEP (hncaigp3d | HNCAIGP3D)
o  with *H-decoupling (hncaigp2h3d | HNCAIGP2H3D)
3D Intra-HNCA using WATERGATE (hncaigpwg3d | HNCAIGPWG3D)
o  with H-decoupling (hncaigpwg2h3d | HNCAIGPWG2H3D)
3D Intra-HNCA using TROSY (trhncaigp3d | TRHNCAIGP3D)
o  with H-decoupling (trhncaigp2h3d | TRHNCAIGP2H3D)
o with gradient echo-antiecho (trhncaietgp3d | TRHNCAIETGP3D)
o  with gradient echo-antiecho and with *H-decoupling (trhncaietgp2h3d |
TRHNCAIETGP2H3D)

L s

I (@)
o—0

=@
o—0
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45 - 45
50 0 @@@? oo . 50
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LV Yo y d
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55 . 0 0o 0 P85
: @ 6 ¢} 0% 0 ® 0 ]
0 . 0 P 0 E 0 [5)
roe @5 e oy b
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d21=1/2J(NH)=5.5m
d23=1/4J(NCA)=26m
d22=1/4J(CACO)=4.2m
d27=1/4J(NCA)&1/4J(NCO)=15.8m

d25=1/4J(NCO)=16.5m
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3D HN(CA)CO experiment

3D HN(CA)CO using PEP (hncacogp3d | HNCACOGP3D)
o with *H-decoupling and suppression of protonated carbons (hncacogp2h3d |
HNCACOGP2H3D)
o with *H-decoupling (hncacogp2h3d.2 | HNCACOGP2H3D.2)
3D HN(CA)CO using WATERGATE (hncacogpwg3d | HNCACOGPWG3D)
o with *H-decoupling and suppression of protonated carbons (hncacogpwg2h3d |
HNCACOGPWG2H3D)
3D HN(CA)CO using TROSY (trhncacogp3d | TRHNCACOGP3D)
o with *H-decoupling (trhncacogp2h3d | TRHNCACOGP2H3D)
o using echo-antiecho gradient (trhncacoetgp3d | TRHNCACOETGP3D)
o using echo-antiecho gradient and with *H-decoupling (trhncacoetgp2h3d |

TRHNCACOETGP2H3D)
i+ Inea+ Ueaco HN(CA)CO
UnntIneat Jcaco ‘
H—C—H H—C—H P— co
9
] I oo :
H HN

@@0@0@@

d26=1/4J(NH)=2.3m
d21=1/2J(NH)=5.5m
d23=1/4J(NCO)=12m
d22=1/4J(COCA)=4m

d4=1/4J(CH)=1.7m
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Gz | /) N
Gl G2 G3 G4 G4
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hncacogp2h3d
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trhncacoetgp3d
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e 3D HN(CA)NNH using PEP (hncannhgp3d | HNCANNHGP3D)
e 3D HN(CA)NNH with *H-decoupling and PEP (hncannhgp2h3d | HNCANNHGP2H3D)
Unnt Unca HN(CA)NNH
RUSTE NON : :
H—C—H H—C—H :
L S - N
N
HN
d26=1/4J(NH)=2.3m
d21=1/2J(NH)=5.5m
d23=1/4J(NCA)=12m
d22=1/4J(NCA)=12.5m
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hncannhgp3d
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3D HCACO experiment (hcacogp3d | HCACOGP3D) ‘

Jaaca+Jcaco ‘ HCACO
H—C—H H—C H
— O L
‘ (0] ‘ (0]
H H H
. .................... CO
CA
HA
PP [ ppm
7 166
47E 168
487 0 170
49 ,
172
50 - I
10 o 174
51 I
176
52 - I
178
53 1 I
] 180
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55 - I
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56 1 I
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5.5 pPM
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1 2 3 4
O R VN VG
© QO @

t t t3

d4=1/4J(CAHA)=1.7m
d21=1/4J(CH) or 1/6J(CH)=1.7m or 1.2m

d22=1/4J(CACO)=4.5m
hcacogp3d
y
@rec
‘H d |a4 I d4 d21| Id21 d4 d4
p24 p13 pldpld  p24 p13
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B ( ) M
(‘/a (\ d22 ‘ d22 m /\ d22 ‘dlo d22 d1o0 (\ [—]
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" sp3 sp2 sp5, sp7 - sp3
co A "Al=T=A 1A [
pld ip23 " pl4 p23 pld pld
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G, 0 A

Gl G2 G3 G4
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3D HN(CA)HA (hncah3d)

3D HCAN using PEP (hcangp3d)
3D HCACON using PEP (hcacongp3d)
3D HCBCACON (hcbcacongp3d)

2D H(CA)N with *H-decoupling (hcangp2h)
2D H[CACO]N with *H-decoupling (hcacongp2h)

Unit Uneat Tnaca
WUnit 2Ineat Tnaca HN(CA)HA ‘
H—C—H ¢ H—C—H
A\ : /L\ . .................... CA
B aIea =
H ° \@/ ° N
HN
hncah3d
y
1 Al 1426 fa26—fi21 a21]|d26 f a26 Bree
H presat DIPSI-2 |  DIPSI2 | \MMMM "
ﬁ pl9  p1 p2 & pi9 VVVVVWVVVVV
15N I d22 I d22 dlo d10]d10 dlo I ’—‘
GARP
P22  p21 pi16
13
Co m ﬂdZ 40 me a2 ﬂ m
pl4d p13 pl4 p13 pl4
13 C , sp3 sp2 sp3 sp2 sp3
pl4 pl4
sp5 sp5
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1 1
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1 1 1
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1 1 1
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1 1 1 1
Juce T Juaca+ Jcaco + Inco
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N—C @— c ﬁ
’ o : o
H - H H
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y
Ity a1 | daa fas 43 | ' a3 is| aa fJas o
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gl p2 : pl17 WWWVVVVVV
15N I d10§d10|8 I
o
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BACKBONE-SIDECHAIN

HN(CO)CACB |

—{ HNCACB

((H)CCA(CO)NH )} CCA(CO)NH )
(CBCACONH)
(@CCCon

| CCANH |—{ (H)CCANH

—{ CBCANH

H(CC)(CO)NH)

HBHA(CO)NH—
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TRCBCAC ONHETGP3D)

¢ 3D CBCA(CO)NH using PEP (cbcaconhgp3d | CBCACONHGP3D)

e 3D CBCA(CO)NH using WATERGATE (cbcaconhgpwg3d | CBCACONHGPWG3D)
¢ 3D CBCA(CO)NH using TROSY (trcbcaconhgp3d | TRCBCACONHGP3D)

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

Uen+ Yect Yeont Inu

CBCA(CO)NH

. .................... CGII

HN

Slelags
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20
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30

35

40
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1 2 3 4 5
WY W W 9 @
t

d4=1/4J(CH)=1.7Tm
d3=1/6J(CH)=1.1m

d22=1/4J(CBCA)=3.6m
d23=1/4J(CBCA)=3.6m
d24=1/4J(CACO)=4.4m
d27=1/4J(NCO)=12.4m
d21=1/4J(NCO)=12.4m

d25=1/2J(NH)=5.5m
d26=1/4J(NH)=2.3m
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Oz [ A
Gl G2 G3 G4 G4
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frcbcaconhgp3d
y -y
: Xy -y
1 H d26fla26|a26fla26 Dreo
H a1 s fJas id3 5 BN IR
i DIPSI-2 y DIPSI-2
Pl p2 pi19 dy -
15N I I dl0 i d21 Id21-d10 I I
p%2 pl4
H sp5
13C' H
| BN
&  pis pl4ipl4 3 pl4 p13 pl4
13 C s sp5isp5 SK2 sp3 D8 sp3
ap M do i oaz2 () 92274 g3 Hd23 d24(\ m (\
pl4 pl13 pl4 p13 pl4  pl3 pl4 pl4 p14
GZ sp3 sp2 sp3 sp8 sp3 sp? sp7 sp7 sp7 m ( m m
Gl G2 G2G3 G3
trcbcaconheigp3d
y Yoy y
X d3I Xy -y x wdaze c:l}%G d_2y6 Odrec
H a1 4 § d4 DIPSI-2 y 3 DIPSI-2 \ S\MMMMMA
Pl p2 pi19 ) y E WWVV
15 d21-d25Qd21-d25
N I -d10 I +d10 I 5 I
2 p14
P sp5
13
C f\ m d27 (\ d27 m
¢ PH p14pl4a 3 p14 p13 p14
13 spd ﬁps sp5 552 sp3 08 sp3
Cap { W do i d22 fﬁo d23 r \d23§ d24m m m (\
f P14 pis pl4  pI3 pla  pi3i pl4 pl4 pl4 pla
G sp3 Sp2 sp3 sp8 sp3 Sp2 sp7 sp7 sp7 sp7,
’ AN AR
61 @l c2 ' G4 co@c6 co
G3 G5 G7
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3D HN(CO)CACB experiment

3D HN(CO)CACB using PEP (hncocacbgp3d | HNCOCACBGP3D):
o with *H-decoupling (hncocacbgp2h3d | HNCOCACBGP2H3D)
3D HN(CO)CACB using WATERGATE (hncocacbgpwg3d | HNCOCACBGPWG3D)
o with *H-decoupling (hncocacbgpwg2h3d | HNCOCACBGPWG2H3D)
3D HN(CO)CACB using TROSY (trhncocacbgp3d | TRHNCOCACBGP3D):
o with *H-decoupling (trhncocacbgp2h3d | TRHNCOCACBGP2H3D)
o using gradient echo-antiecho (trhncocacbetgp3d | TRHNCOCACBETGP3D)
o using gradient echo-antiecho and with *H-decoupling (trhncocacbetgp2h3d |

TRHNCOCACBETGP2H3D)
Heet Heowt Hn HN(CO)CACB
H H % H—?—H @ Cali
N—(C c ﬁ
‘ ' N
H H 0 § H = HN

@@)00800@@

d26=1/4J(NH)=2.3m
d21=1/2J(NH)=5.5m
d23=1/4J(NCO)=12m
d22=1/4J(CACO)=4m
d28=1/4J(CACB)=3.6m
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hncocacbgp3d
y y
Y v Drec
1 §d21 d21 [d26d26[d26§d26]5 @0
e Wi,
M P2 pllip2% pig y wwwwvvv
sp
15N I d23 I d23 I d23-d10| d23+d10 I I GARP
p22 pdl pl4 p13 pl16
sp7 sp2
130
C m 22 md22ﬂ m m d22 \d22 m
pld  pl3 pl4 p13 pM pl4  p13 pl4
sp3 sp2 sp3 spd  sp8 sp3
BCup m &BdeBﬂ ® @ ﬂdzamdzaﬂ H H H
pl4 pl4 pl4 pl3 p]4p13 P14 p13 pld pl4  pld pl4
sp5  spd sp2 sp3  sp8 sp3s02 SP3  sp8 sp5  sp5 PS5 sp&
v | f i
Gl UG2 G3
hncocacbgp2h3d
y y
I sl 1 a4 f i e
H 9l |d26 fa2e ) IIW DIPSI-2 dz1 [i26az6jazegaze|d E\MMMMMA
2 11§ p26 pio v [T
I p WWVVV
15N I d23 I da23 d23-d10| d23+4d10 I I GARP
pl4 p13
p22 p21 o7 2 plé
B3¢ m ﬂdzzmdzzﬂ m ﬂdzzmdzz
pl4 p13 pl4  pl3 pi4 ¢ H pl4 pi3 pl4
s03 sp2 sp3  spB 1 f@ 03 sp8 sp3
13 d217
Cop m m d27 m doﬂdza( \dzs “ r \ { \ { \
pl4 pla pl4 pl3 P14 pi3 pi4 pl4 pl4 p14
2H sp5  sp5 sp3 sp2 P8  sB8 sp5 S5 sp5 Sp5:
GARP
pi7
6 / i
Gl o2 G3
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hncocacbgpwg3d
y
y - -y
1 1 | a21
H di|d26 Jaz2é \5d2 DIPSI-2 |
Bl p2 pl p26
sp
| d23 I d23 I ) d23-d10| d23+d10
4 pl4 p13
p22 p21 o7 2

| |e=fl=]

pl4

WERCT

pl4

|

pl4 p13
sp3 sp2

BC(XB

sp7 ¢1 f‘bz sp3  sp8
do do ﬂdZS{ \dZB w f \
4+——r>4+> I

pl4
spb

pl4pl3 P14 pi3 pla pi4

sp3sp2  SP3  sp8 sp5  spb

pl4

sp3 m
pl4 pl4
spd spd

G2

G3

G4 G4

Gl
hncocacbgpwg2h3d
y
y R y -y
1
H dl|d26 Q426 \sdﬂlm I I W'dzl
Bl p2  plt i P26 P9
spl
15N I d23 I d23 Id4 d23-d10| d23+d10
22 | I P13
. . sp7 sp2
ad A\ N fefle]s
pld =) o pl4  pid pl4
sp3 sph7 <|)2 sp3  sps sp3
13 d27
C(xB &80&8 do d27m-d0 ﬂdZB d2s m m
pl4 pl13 pl4 pl13 P14 pi3 pld pH pl4 pl4
5 sp8 sp3  sp2  SP3  sg8 sp5  spb sp5 sp5
H GARP i
pin7 :
e /] [\ 1N 0
Gl G2 G3 G4 G4
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frhncocacbgp3d
pl -y -y
1 a dz6] a26 I 26l d26jdz6flaz6 ®rec
y -
LA Ol 5 _ i
P11 p2 -y
b I
15N | d23 I d23 | I dio0 i d23 Id23-d10 I I
; pl4
p22 p21 o7
“c [ (=] A Jeefle] | )
g pl4 p13 pl4  pl3 pid pl4 13 pl4 pl13 pl4
H sp3 sp2 sp3  sp8 sa7 sp3 2 sp3  sp8 3
BCap dzamdzaﬂdo d0ido domﬂdza 28
pl4 pla M3 pl4 pi3 pl3 pl4 pl3 pl4 pia P4
spS  spb £ sp2 sp3  sp8 sp2  sp3  sp8 sp5  spd PS5
“ ] (0 )
Gl G1 G2 G2G3 G3
rhncocacbgp2h3d
pl -y -y
| d_2x6 d26 d26d26 qu d%XG Orec
H d v )
P11 p2 ¢y -y
spl
15N | d23 I d23 d10 i d23 |d23-d10 I I
3 pl4
p22 P21 7
o A N Jesflee] ]
g pld 4 pl4 3 pld  pl3 pla
H sp3 7 sp3 2  sp3  sp8 3
13(3043 do domﬂdzs d28
pl3 pl4 pi3 pl4 pia P4
) sp2  sp3  s@8  sp5  sps 5
H
GARP
“ L) ML)
Gl Gl G2 G2G3 @3
363

©2006: Bruker BioSpin , Teodor Parella



Pulse Program Catalogue
NMRGuide 4.1 - Topspin 2.0

fthncocacbetgp3d
-y R y
B d26d26
1 X = 4 Prec
d1 d26Id26 I I azeflaze| v Y S\M
H @) : ) Sl
Plkp1 p2 ,
Ze e
d23-d25 -
1SN I d23 Id23 I | ~d10 I +d10 I 5 I
022 pZ1 pl4
sp7 :
13C’
d22 | |d22 d22| |d22
pl4 pl3 pl4  pl3 pi4 p14 13 pl4 pid pl4
sp3  sp2 sp3  sp8 s@7 sp3 2  sp3  sp8 sp3
BCup m d28(\d28ﬂd0 d0}do0i do d28md28 HM m
514 pl4 ;3 pl4 pi3 pi3 pl4 P13h14 p14 pl4 pl4
p5  sp5 #sp?  sp3  spB sd2  sp3 SP8yps5 sp5 %05 PS5
“ NNINNENN LN
Gl Gl G2 G2 Gl Gl G3 G3 G4 G4 Gl Gl
fhncocacbetgp2h3d
-y Yoy y
y - d26d26
'H a d26|d26 I I ool aze| 2L O
) : A )|
P1Lkp]  p2 : [} y y -
! d23-d25
H d23-d25 -
15N I d23 Id23 Id4§ —d10 I +d10 I 4 I
p22 p21 pl4
sp7
BC’ i
a22 [ | d22 a22| | a2z
P4 pi3  pl4 pl3 pid 13 pld pi3 o4
sp3  sp2 sp3  sp8 sp7 H 2  sp3 P8 sp3
B m (\ dzemdzaﬂdo d27md§g{§d23md28 ﬂm m
14 pls 9B  pl14 p13 pl4  pi3 pl4 pldplapla pl4 P14
5 p5  sp5 fsp2  sp3  sp8 3 sp2  sp3 sp8isp5 5p5 PS5 spS
pil7
“ NN NNENN N
Gl 6l G2 G2 @1 Gl Gl 6l G4 64'96 G6
G3 G5 G7
364
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¢ 3D CBCANH using PEP (cbcanhgp3d | CBCANHGP3D)

e 3D CBCANH using WATERGATE (cbcanhgpwg3d | CBCANHGPWG3D)
e 3D CBCANH using TROSY (trcbcanhgp3d | TRCBCANHGP3D)
e 3D CBCANH using TROSY and gradient echo-antiecho (trcbcanhetgp3d | TRCBCANHETGP3D)

1 1 1 1
Jent Joect Jeant Inn
1 1 2 1
Jent Joct Jeant In CBCANH ‘
H—(|3—H
T (|.|;
H
CBCA(N)H
Negative peaks Positive pekas
ppm ppm
Y F15 % F15
L 20 20
0
25 @ ) k25
1
. ‘e L 30 q]@ @déoﬁ@j@ﬁﬂﬁ% ! L 30
BT Vﬁ'” oo o ¢ o 0 !
) o L35 8 ) OOQg ) L35
, .................... Cal' n o Ty @ %@ ﬂ)ﬂ ) 0 0 o
H . i 9
.. o Las vk e ’ ﬁ@ t b L
b o
F 50 ¢ 50
N 0 F55 [ 55
HN L 60 ) . o L 60
v
k65 k65
o",
T T T T T 70 T T ! Q\ : T T -70
10 9 8 7 6 ppm 10 9 8 7 6 ppm
366
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1 2 3 4
TN~ Oy Y
“8 Q @
) X .
t

d4=1/4J(CH)=1.Tm
d3=1/6J(CH)=1.1m
d22=1/4J(CBCA)=3.6m
d27=1/4J(NCO)=11m
d21=1/4J(NCO)=12.4m

d25=1/2J(NH)=5.5m
d26=1/4J(NH)=2.3m
cbcanhgp3d
y y
-y :
' a pl19 Y Y rec
d4 g d4 d3 DIPSI2, DIPSI2 d25K26§d26|d26d26|S S
pl1 p2 ks
15 -a10fd214d10
N I dz1 d10| m
pi2 p21 pl16
o A
¢ D;fg P14 pl4 pli
S P sp5 sp
BCup M do i dz2 m az2 7 27 (\d27 3
pl4 pl13 pl4 p13 pl4 pi3 p14
sp3  sp2 sp3 sp8 sp3 sa2 sp3
G, m
Gl G2 G3
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cbcanhgpwg3d
1 H Yy y
I id3 I pi9 x
H da |as I d4 DIPSIT y Dipsia 1925
pl p2
5N I I d21-d10|d21i a1of s
P32 pdl
o i hod
& it P14 pia | pid
13 S5 sp sp5 A sps
Cap do | a22 22 i 427 [| 427 fi5
i -do
pl4 p13 pl4 p13 pl4 pi3 pl4
GZ sp3  sp2 sp3 sp8 sp3 s@2 sp3 m (’\
G2 G3 @4 G4
CBCA(CONH CBCA(N)H
[S/elaky ppm
[ /
15 by , @ﬁ] L15
20 20
25 5 ¢ L5
0 0 ) . §
30 v p P 6’ 0 L 30
@0 0
354 , ) L35
§ 0 )
40 ’ 0 ! (p 0 40
a
45 9 0 bo 5] q b s
50 P b 50
e ]
55 . g@% S8 o LS
N g@g R @a )
60 . Gg ) L 60
]
65 9 ¢ L 65
0 ]
70 70
T T T T T T T
10 9 8 7 ppm 10 6 ppm
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frcbcanhgp3d
y ) N -y
1 d26fd26ld26 Jd26 Qrec
H_ o jag 2 DIPSI2 y A A Ul
P o2 g T
SN I I d21+d10 JJ d21-d10 I I
pi2 21 B
B m m
] D;;; P14 pl4
13 s 5P 5p5
Cop do d22m d22 7 d27 mcm 5
; -do
pl4 p13 pl4 p13 pl4 pi3 pl4
G sp3  sp2 sp3 sp8 sp3 sf32 sp3
‘ / N (1
Gl G2 6263 G3
frcbcanhetgp3d
y y oy y
. -X
i x d26d26 ®rec
1 di | a4 fas id3 dzefld26| iVl Y SM
H I I DIPSL2 y il
g P19 o y E WWWVW
d21-d25 jd21-d25
15
N I I -d10 Id2+d1o I 5 I
pi2 21
13 m (\
& ol P14 p14
13 Eed sp! sp3
Cop H do i d22 m d22-d0 || d27 mcm 5 m m
P14 pi3 pl4 p13 p14 pi3 pl4 pl4
G sP3  sp2 sp3 sp8 sp3 sE2 sp5 sp5,
z
Al A A NAN N
el Gl G2 G4 GCAWGC6 66

G3 G5 G7
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e 3D Sequential CBCANH using TROSY (seqtrcbcanhgp3d | SEQTRCBCANHGP3D)

Unct Ueacst MIncat'Inn seqCBCANH

H H

N

©

_C—
L
©
]

(0
H

................ Cali

HN

d26=1/4J(NH)=2.3m
d21=1/4J(NCA)=12.4m
d22=1/8J(CACB)=3.6m
d27=1/4J(NCA)=11m
d24=1/4J(CACO)=4.5m
d4=1/4J(CH)=1.7m
d3=1/6J(CH)=1.1m

seqgircbcanhgp3d
-y ¥
X az6faze6]azeflaze
g d1 | a4 fas EN B \A rec
DIPSI-2 ) MMMAAM
Pl p2 pil - v [LARK
m—— i
BN Id3§ I 8 d21+d10|d21-d10 I I
" P21
13 i
Ca (\ ﬂ 2d0 § 422 md22-2d0 dz27 (\ d27 m
P14 pi3 p14 p13 p14 13 p14
- 3 sp2 A sp3 08 sp3 sp2 sR3
c i [ " fe ]
pl4 p14 p14 pl4
- T T T oamoy

Gl

G2 G263 G3
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3D HNCACB experiment

3D HNCACB using PEP (hncacbgp3d | HNCACBGP3D):
o with *H-decoupling (hncacbgp2h3d | HNCACBGP2H3D)
3D HNCACB using WATERGATE (hncacbgpwg3d | HNCACBGP2H3D)
o  with *H-decoupling (hncacbgpwg2h3d | HNCACBGPWG2H3D)
3D HNCACB using TROSY (trhncacbgp3d | TRHNCACBGP3D) :
o with *H-decoupling (trhncacbgp2h3d | TRHNCACBGP2H3D)
o with gradient echo-antiecho (trhncacbetgp3d | TRHNCACBETGP3D)
o  with gradient echo-antiecho and with *H-decoupling (trhncacbetgp2h3d |
TRHNCACBETGP2H3D)

Also see CBCANH, CBCACONH, intra-HNCACB, sequentia- HNCACB

Unn + Incat Ucacs
. , . HNCACB
Jan +“Incat Jcacs
H H H . .................... CGII
o) (o | N
H H HN

@@Q%C@@

d26=1/4J(NH)=2.3m
d21=1/2J(NH)=5.5m

d23=1/4J(NCO)=12.4m
d28=1/4J(CACB)=3.6m
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hncacbgp3d
y y
Y Y Drec
1 8 d21 d21 K26 d26|d26d26|5 WS
H a d26|d26 ) prer—
pl p2 pl P26 pl19 v
spT
15N I d23 I d23 d23-d10| d23+d10 I I
GARP
E pl4 16
p22 pi1 05 pl
o A A
p14 14 14
sp5 o & O v
BCup d28[1d28 || 40 40 28 \d28
<4+—r4—>
pl4 p13 14 pl4
pl4d pl13 pl4pl3 P p13
sp3 sp2 sp3  sp8 sp3 sp2  SP3  sp8 sp3
“ i :
Gl U G2 G3
hncacbgp2h3d
y y
y -y y Yy reo
1 d21 d4 1 2
H dt[aze Jazs| o 88240 DIPSI2 a1 pasfozejozefozelofa| )
pl  p2 pl p26  pl19 v WVWVWVVVV
sp'
15 d23 d23 d23-d10 d23+d10
N I I I I I I GARP
pl4 16
p22 p21 505 P
“c | )
pid pl4 14
55 & 2 spb5 §p5
BCap m azs(|azs || doi 27 mdﬂ ﬂd28”d28
-do
pl4  pE3_ pid pl3 pld P53 pld_ pi3 p1d
ZH : sp3 spR sp3  sp8 sp3 sp2  sp3  sp8 sp3
GARP
pl17 i
U 1 i {
Gl U G2 G3
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hncacbgpwg3d
y
y vy -y x . rec
1 1 d21 -
H di|q26 flaze \de DIPSI-2 DIPSI-2 ) \MMMMMA
I %2 e
sp
15N I d23 I d23 I 8 ]d23-d10 I d23+d10 & l ’GAT‘
p22 pd1 l;;g‘ pl16
e N A
P14 P14
y sp5 o4 ¢, sp3
13 d28(\d28 || do do d28/( \d2s m
Cap m “—re—>
P14 P13 14 i3 plapl3 P14 pi3 pl4 pl4
sp3 P2 p3  sp8 sp3 sp2 P38 sp5 sp5 i
Oz | A A0 0
Gl G2 G3 G4 G4
hncacbgpwg2h3d
y
y -y Y Y x < ®rec
1 a4 ) .
S Ol i il 0 i T birsiz | ) Ml
pl  p2  pl P26 pl19 & 2d WWWVVVV
spl
15N I d23 I d23 I ] d23-d10l d23+d10 {3 I GARP
] pi4 p14
p22 pd1 ol o P16
13C” Q m
P14
p <|)1 ¢_ sp3
BCup m dzamdza ﬂdo az7 (| %7 ﬂdzamdza m m
pl4 P 14 pi1s pl4 p13 P14 pi3 pl4 pl4
sp3 P2 3 sp8 sp3 sp2  SP3 o8 sp5 sp5
Hq :
GARP
pn7
g i NI
Gl G2 G3 G4 G4
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rhncacbgp3d
pl y -y
1 d26)] 426 I I d26fld26(d26fld26 Dreo
di x f -y ) ) M
H \ I ) A MMAVAVWvAV
P11 p2
oIl p W (i
15N I d23 I d23 I d1o d23 Id23-d10 I I
p22  pdl
1BCr
pi4 p14 p14
S35 sp5 sp5
B Cup d28(\d28 ﬂ 40id0doido m ﬂdzamdzaﬂ m
pl14 pl13 pl4d pl3 pl4pl3 pl4 pl3 pl14
sp3 sp2 sp3  sp8 sp3 sp2 sp3 sp8 sp3
“ NN
Gl Gl G2 G2G3 G3
fthncacbgp2h3d
pl y -y
1 dz6] 26 I I a26flaz6 d‘;’iIdZXG ®reo
-X - -
H |y I ) ) MMMVAV/\V/\VAVAV
P11 p2 E
Pl b o (i
lSN I d23 I d23 I dio d23 Id23-d10 I I
p22  p3l
1B3C
pi4 P14 p14
s[5 sp5 sp5
BCop m dza(\dza ﬂ d0idoidoido m ﬂdzamdza m
pl14 pE3 pl4  pl3 pl4p13 pl4 3 pl14
sp3 sp2 sp3  sp8 sp3 sp2 sp3 8 sp3
’H
: GARP
plii7
“ N A
Gl GI G2 G2G3 G3
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frhncacbetgp3d
y Yoy y
B d261d26
1 y X 6| - 5 ®rec
d1 A~ | 426 f a26 d2efd26| (Y I 5
H \ I I I \ \ \ \MMMM\/A\/A\/AW
11 y E
Ep] pl b2 ¢ld23 o5 | az3-azs y WVWVVV
15N I d23 I d23 I ~410 I +d10 I 8 I
p22  p3l
13C” m m
pi4 p14 pl4 pl4
S5 spdS sp5 sp5
PCup dzsmdzs ﬂdo d0:do; do m ﬂdzamdzaﬂ m
pl4 pE3 pl4  pl3 pl4pl3 pl4 pl3 pl14
G sp3 sp2 sp3  sp8 sp3 sp2 sp3 sp8 sp3
= NN NN 0N NN NN ()
Gl Gl G2 G2 G3 G3 G4 G4 G6 Gb6 ' G8 (8
G5 G7 c9
trhncacbetgp2h3d
y Yoy y
- d26Qd26
1 y X 6I c % Prec
d1 d26 §§ d26 d26f d26 Y. s
Hap | | | A 2 i,
Pllipy p2 I y y A VVVWVVVVV
! d23-d25 [ d23-d25
15N I d23 I d23 Id4 -d10 +d10 I 8 |
p22  p3l ;
o I A0
<] pl14 pl4 pld
sp5 sp5 sp5 sp5
B Cop m d28(\d28 4040} d27 mfgoﬂdzamdza m
pl14 pE3 pl4 pl3 pl4 p13 pl4 pl3 pl4
sp3 spR sp3  sp8 sp3 sp2 sp3 sp8 sp3
H
: GARP H H
pl17
= AN ENN AL T
Gl Gl G2 G2 G4 G4 Gé Gbé
G3 G5 G7
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3D sequential-HNCACB experiment

3D Sequential HNCACB using TROSY (seqtrhncacbgp3d | SEQTRHNCACBGP3D)
o with ?H-decoupling (seqtrhncacbgp2h3d | SEQTRHNCACBGP2H3D)
o Using gradient echo-antiecho (seqtrhncacbetgp3d | SEQTRHNCACBETGP3D)
o  Using gradient echo-antiecho and with *H-decoupling (seqtrhncacbetgp2h3d |
SEQTRHNCACBETGP2H3D)

Also see: HNCACB, intra-HNCACB, HNCOCACB
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d26=1/4J(NH)=2.3m
d23=1/4J(NCA)=12m
d22=1/4J(CACO)=4.5m
d28=1/8J(CACB)=5m
d25=1/4J(NH)=2.3m
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3D intra-HNCACB experiment

3D Intra-HNCACB using PEP (hncacbigp3d | HNCACBIGP3D)
o  with *H-decoupling (hncacbigp2h3d | HNCACBIGP2H3D)
3D Intra-HNCACB using WATERGATE (hncacbigpwg3d | HNCACBIGPWG3D)
o with *H-decoupling (hncacbigpwg2h3d | HNCACBIGPWG2H3D)
3D Intra-HNCACB using TROSY (trhncacbigp3d | TRHNCACBIGP3D)
o with “H-decoupling (trhncacbigp2h3d | TRHNCACBIGP2H3D)
o  With gradient echo-antiecho (trhncacbietgp3d | TRHNCACBIETGP3D)
o  With gradient echo-antiecho and with *H-decoupling (trhncacbietgp2h3d |

TRHNCACBIETGP2H3D)
‘ iHNCACB
‘ . .................... CCl|i
0 ¢
] N
H
H HN

TROMCIBG gs\”éww

t

d26=1/4J(NH)=2.3m
d21=1/2J(NH)=5.5m
d23=1/4J(NCA)=26m
d22=1/4J(CACO)=4.2m
d27=1/4J(NCA)&1/4J(NCO)=15.8m
d25=1/4J(NCO)=16.5m
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e 3D CCANH using PEP (ccanhgp3d | CCANHGP3D)
e 3D CCANH using PEP with *H-decoupling (ccanhgp2h3d | CCANHGP2H3D)
e 3D (H)CCANH using PEP and 'H-NOE (ccanhgp3d.2 | CCANHGP3D.2)

1 1 1
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et rewt CCANH
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[ N
(o] HN
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ty t3
t

d21=1/4J(NCO)=12.4m
d22=1/4J(CC)=3.6m
d25=1/2J(NH)=5.5m
d26=1/4J(NH)=2.3m
d27=1/4J(CACO)=11m
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3D CC(CO)NH experiment

e 3D CC(CO)NH using PEP (ccconhgp3d | CCCONHGP3D)
¢ 3D CC(CO)NH using PEP with *H-decoupling (ceconhgp2h3d | CCCONHGP2H3D)

3D CCA(CO)NH experiment
e 3D CCA(CO)NH using PEP (ccaconhgp3d | CCACONHGP3D)

¢ 3D CCA(CO)NH using PEP with *H-decoupling (ccaconhgp2h3d | CCACONHGP2H3D)
¢ 3D (H)CCA(CO)NH using PEP and 'H-NOE (ccaconhgp3d.2 | CCACONHGP3D.2)

Yeet Ycont Inn CC(CO)NH
‘ [ T CG“
H—?—H
T
‘ N
(0]
| HN

1 2 3 4
TN~ RN
QO @
ty t3

d15=1/J(CC)
d21=1/4J(CACO)=3.6m
d22=1/2J(CACO)=4.4m
d23=1/4J(NCO)=12.4m
d25=1/2J(NH)=5.5m
d26=1/4J(NH)=2.3m
d4=1/4J(CH)=1.7m
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d21=1/4J(NCO)=12.4m
d22=1/4J(CC)=3.6m
d23=1/4J(CBCA)=3.6m
d24=1/2J(CBCA)=4.4m
d25=1/2J(NH)=5.5m
d26=1/4J(NH)=2.3m
d27=1/4J(CACO)=12.4m
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3D (H)CC(CO)NH experiment

3D (H)CC(CO)NH using PEP ( hecconhgp3d3 | HCCCONHGP3D3)
3D (H)CC(CO)NH using WATERGATE ( hecconhgpwg3d3 | HCCCONHGPWG3D3)
3D (H)CC(CO)NH using TROSY (trhceconhgp3d3 | TRHCCCONHGP3D3)
o  With gradient echo-antiecho (trhccconhetgp3d3 | TRHCCCONHETGP3D3)
o  With additional gradient (trheeconhgp3d3.2 | TRHCCCONHGP3D3.2)
o  With additional gradient and with gradient echo-antiecho (trhcecconhetgp3d3.2 |
TRHCCCONHETGP3D3.2)
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d3=1/6J(CH)=1.1m
d4=1/4J(CH)=1.Tm
d21=1/4J(CACO)=3.6m
d22=1/2J(CACO)=4.4m
d23=1/4J(NCO)=12.4m
d25=1/2J(NH)=5.5m
d26=1/4J(NH)=2.3m
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Oz N A,
Gl G2 G3 G3 G4 G4
trhccconhgp3d3.2
y -y
-X
426 ] d26
d1 | qa | q4 rec
'H I DIPSI-2 ¥ mdzsldzs \I)
H2 P19 4)1 pl -X -X
spl b4
d23
15N I I 8|at0 d23| %a10 I | I
pb2 )
13C’ m m m ﬂ d23 m d23 (\
Fil4 pl4 bl4  pl4 f13 pl4 pi3 pl4
3 sp5 S| 415 5 §| §| sp3 8 sp3
Cali 8ﬂd0§ a3 ia0f | a3 5 pisis a21 [| d21 (lg22 ﬁ
f pl4 P13 P14 pis P9 pi3 024 p13 pl4 pl4 pl4
sp3 sp2 sp3 g8 L sp9 sp8  sp7 SpZ sp7
Gz ’ n N
Gl G5 G2 G3 G3 G4 G4
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fthccconhetgp3d3
4 N vy y
x 426 426 Orec
dl | d4 d4
H I DIPSI-2 y ﬂdﬂcﬂﬁ mlm_ )
gl 92 pi? 0 Pty p Y Y
spl
§ [d23-d25 d23-d25 £}
N I I —a10 J| +d10
pb2 y A
“c I Y A
g4 pl4 14 pla f13 pla pis P14
sp5 S 415 5 § § sp3 8 sp3
PCali §|do; d3:dof) a3 [y, 5 W) d21 m dz1 d22m (T
f pl4 i3 P14 p1a P9 i3 p24 p13 pl4 p12 pl4 pl4
sp3 p2 03 spg P15 oo $p9 sp8  sp7 spZ sp7 sp7
Gy A Ain n
61 62 U G4 ca
G3
fthccconhetgp3d3.2
4 N oy y
_ 426 426
dl | d4 d4 X
'H L I DIPSL2 y (\“’Z’GI0126 \I(
Bl H2 <14 ¢1 pl y p Y Y
spl:
s b23-a25f a23-a25 s
15N I -dl0 +d10
p22 R
e i L A == A
g4 P14 14 pla fw pla pis pl4
13 0 . ais oo s 3 8 3
Cali 8ﬂdo§ a3 dom a3 |8 e | 921 m d21 d22m (sg
7 p14 Fis P14 pi3 P9 p13 p24  pl3 pl4 Pl p14 p14
G sp3 2 sp3 B8 PIIS oo sp9 sp8  sp7 sp7 sp7 sp7
z . .
: A | H
Gl c8 G2 U G4 G4
G3
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3D H(CC)(CO)NH experiment

3D H(CC)(CO)NH using PEP (hccconhgp3d2 | HCCCONHGP3D2)

o with 'H-"C CP transfer (hccconhgp3d1 | HCCCONHGP3D1)
3D H(CC)(CO)NH using WATERGATE (hcecconhgpwg3d2 | HCCCONHGPWG3D2)
3D H(CC)(CO)NH using TROSY (trhceconhgp3d2 | TRHCCCONHGP3D2)

o  With gradient echo-antiecho (trhccconhetgp3d2 | TRHCCCONHETGP3D2)

Yen+  Yect Yeont Inn H(CC)(CO)NH

‘ . .................... Hﬂli
H—(i':—H i
(o}
,L HN
hccconhgp3ad]
y
6 ms -y -y y ono
a1 | a0 i d0 jf & Iy
'H DIPSI2 DIPSI-2y pipsi2__ |22 Cmsldzts aze BIB\MMMMAAA
1 2 pé 19 AN
P p: b pl ¢, % WWWW
ISN I 5 d23+d10|c123-d10 I I
GARP
p21 pl1é
3¢ m ﬂ dz23 m d23 m
plda  pl4 f]s pl4 pi3 pl4
3 ) 12 ms 505 S| S} sp3 8 sp3
Cali DIPSI2 d21 || d21 ||a22
f pl4 P9 p24 p13 pl4a pld pla
sp3 pIS P9 sp8  sp7 sp7 sp7
Oz ( ﬁ
Gl 'G2 G3
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d3=1/6J(CH)=1.1m

d4=1/4J(CH)=1.7m

d21=1/4J(CACO)=3.6m
d22=1/2J(CACO)=4.4m
d23=1/4J(NCO)=12.4m
d25=1/2J(NH)=5.5m
d26=1/4J(NH)=2.3m

hccconhgp3d2
y
Xy y
a | S %) Id4- |azskize fazelazefaze|s s rec
'H *d0: d0 gkdo DIPSI-2y DIPsi-2__ | 1T
g1 p2 P19 1 ¥ WWVWVVVVV
+ d23-d10
N | e L[]
p22 pl1é
13C” (\ ﬂ 423 (\ dz23 m
p14 p14 pl4 pi3 pl4
1 415 sp3 8 53
Cali 51| a3 \d3 [ Dipsia | d21 d21 d22 m
f p14 g3 P4 p13 R pl3 p24  pl3 pl4 pid pl4
sp3 sp2 sp3 sp8 P15 sp2 sp9 sp8  sp7 sp sp7
Gz ( A
Gl G2 'GS G4
hccconhgpwg3d2
y
X Y Yy
da i(k-1)ff da- |
d1
lH +d0 i do IkdO I DIPSI-2y DIPSI-2 |d25
B p2 pi19 &
8§ ]d23+d10§d23-d10f S
SN I I I GARP
p22 pl1é
13C’ q m ﬂ d23 m d23 m
314 p14 pl4 pi3 pl4
o d15 sp3 6 sP3
Cali 8| a3 |} a3 I pps; | a2 d21 d22
f p14 p§13 pl4  pia P9 p13 p24 pl3 pl4 pl pl4
sp3 2 SP3 sp8 PIS oo sp9 sp8  sp7 sp7 sp7
Gz | A 1A
Gl G2 G3 G4 G4
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frhecconhgp3d2
y -y
d4 i(k-1)fa4 426 ] 26
di - - 26fld26
'H +d0 i do fxdo DIPSI-2y m
1 p2 pi19 o pl g X X
spl
5N I s|ato d23|d23-d10 I I
p22
(0 m ﬂ d23 m d23 m
p14 pl4 f13 pl4 pi3 pl4
3 415 5 §| 8| $p3 8 sp3
Cali 5| a3 d3 DIPSI-2 W dz1 d21 dZZm ﬂ
f p14 p3 P14 p13 P9 p13 p24 p13 pl4 pl pl4
G sp3 sp2 sp3 sp8 P15 gp2 sp9 sp8  sp7 sp? sp7
z A AN N
el G2 G3 G3 G4 G4
fthccconhetgp3d2
y vy y
1) x 426 Ja26 oreo
di| d4 = d4-| lioslaze
'H +d0 i do [lkdo DIPSI-2y m
il p2 pi19 [} pit y p Y Y
sp1
d23-d250d23-d25 5
15N I 8™ 410 +d10 I I
p22 y
13C’ m ﬂ d23 m d23 m
P14 pl4 f]s pl4 pi3 pl4
. 415 5 §| 9 sp3 8 sp3
Cali 8)| a3 [} d3 M pipsin ﬂjdzl ﬁd"’l d22m ﬂ m
ﬁ pl4 fi3a P4 p13 P9 pl3 p24  pl3 pl4 pi pl4 pl4
sp3 sp2 sp3 sp8 P15 gp2 sp9 sp8  sp7 sp sp7 sp7
&1 G2 G4 G4 G6 G6
G3 G5 G7
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e 3D HBHA(CO)NH using PEP (hbhaconhgp3d | HBHACONHGP3D)

¢ 3D HBHA(CO)NH using WATERGATE (hbhaconhgpwg3d | HBHACONHGPWG3D)
¢ 3D HBHA(CO)NH using TROSY (trhbhaconhgp3d | TRHBHACONHGP3D)
e 3D HBHA(CO)NH using TROSY and gradient echo-antiecho (trhbhaconhetgp3d | TRHBHACONHETGP3D)

1 1 1 1
Jernt Ject Jcont Inm

HBHA(CO)NH
H_c|:—H . .................... Hﬂli
| N
- HN
d4=1/4J(CH)=1.8m
1 2 3 4 5 d3=1/6J(CH)=2.2m
d21=1/4J(NCO)=12.4m
N~ U~ ) d22=1/4J(CACB)=3.6m
@ @ d23=1/4J(CACO)=3.6m
d24=1/2J(CACO)=4.4m
@ 4 t d25=1/2J(NH)=5.5m
d26=1/4J(NH)=2.3m
t d27=1/4J(NCO)=12.4m
CBCA(CON)H HBHA(CON)H
ppMm ppm
15 L F-0.5
20 ~ 0.0
25 0 - 05
P N .
304 oo e E 10
& ’ B Eo1s
35 . ®
40 ° Lo d e N
I N T o
50 0 L 35
55 ;ﬂ m@%% 9, : L 4.0
0 o gﬁ of 4 v
60 . 90 g o L a5
8
65 ? F 50
70 ’ ' F 5.5
10 é 8 7 ‘ ppm 1b 8 7 él ppm
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hbhaconhgp3d
¢l y y
-y
d4 i(k-1)gd4- pl19 Drec
1
H 91| +q0i a0 Ikdo d3 DIPSI s oS a25p26ffa26ja26d26|5 5
o] p2 7
ISN d21-d10gd214d10
GARP
pl4 p21 pl16
sp5
13~
C d27 m d27 ﬂ m
pl4 3 pl4 p13 pl4
13 05 s32 sp3 p8 sp3
Cop 422 m 422 ﬂ 23 m d23{ Q24 (\
f p14 p13 p13  pia pi3i pl4 pl4  pl4  pl4
G sp3 sp2 sp8 sp3 sp2 sp7 sp7 sp7 sp7
Z H m
Gl G2 G3
hbhaconhgpwg3d
g y , , _
S TRV (TR Y yd25§ - Qreo
H_& | +a0 0 Juao] & ST G I TE orsz |2 ol Al Ul
H VA4
el p2 pl19 S 'dzg' 'dzg VWWWVV
15N I ] d21-d10|d21+d10 ] I
GARP
pl4 21
05 P pl16
13~
C m m da27 m d27 m
p14 3 pl4 pi3 pl4
13 p5 sd2 sp3 r8 sp3
Cop ﬂ d22 m d22 ﬂd23m d23 dz4m m m
f pl4 pl3 p14 p13  p14  pi3i pl4 p14 pl4  pl4
G sp3 sp2 sp3 sp8 sp3 sH2 sp7 sp7 sp7 sp7
’ [ AN
Gl G2 G3 G4 G4
411
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trhbhaconhgp3d
¢1 -y
-y
da i(k-1) -y |d26}§d26|d26}d26 Prec
'H 4| +d0i a0 a3 DIPSI-2 8 e Ui
19 A
ol p 0 Y VWWWVV
15N d21+d10|d21-d10 I I
p21
“c N = @
pl4 pl4 p13 pl4
sp5 spd 08 sp3
13CaB ﬂ d22 m d22 || 423 d23( m
f pl4 pl3 p14 p13 pl14  p P14 pl4
sp3 sp2 sp3 sp8 sp3 s sp7 sp7
Gz ()N
G2 G2G3 G3
frhbhaconhetgp3d
& y vy
1 d4 i(k-1 1 y - ®rec
- DA Y
H a1 |4 a3 | DIPSI-2 5 dzqfeze ]\ B\MMAMMM
o1} pl19 y 3 wvvwv
15N d21-d25 d21-d25 5
-d10 +d10
13~
c WRIETEIRY
P14 pld 3 ! pl4
13C sps S spE2 p8 A sp3
ap ﬂ dzzm d22 || d23 d23z d24 ﬁ m m
pl4 p13 pl4 p13 pl4 pi3 pl4 p14
G z sp3 sp2 sp3 sp8 sp3 s f sp7 sp7
Gl G3 G3
G2
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e 3D HBHANH using PEP (hbhanhgp3d) | HBHANHGP3D)

e 3D HBHANH using WATERGATE (hbhanhgpwg3d) | HBHANHGPWG3D)

e 3D HBHANH using TROSY (trhbhanhgp3d | TRHBHANHGP3D)

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

1 1 1 1
Jent Ject Jeant Inn

1 1 2 1
Jent Ject Jeant Inm

HBHANH

H_C_H . .................... Hali

H HN

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

HBHA(N)H
Positive peaks Negative Peaks

prm pPmM

~0.0 ~0.0

~0.5 ~0.5

1.0 F1.0

0
1.5 D, \ @@ ) ' 1.5
L2.0 | 0 Q ) g F2.0
\
F2.5 ‘ 2.5
I &.@ :
L 3.0 @ O 3.0
@ ! : gﬁ ° ~3.5
+3.5 0 Q 0 “l“ '
F4.0 )0 E)%g@ %%@ @Q ) F4.0
)

4.5 —4.5

10 “? é % é‘> ppm 10 4‘? é } (; ppmM
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hibhanhgp3d
b y y
pl19 y -y Drec
d4 i(k-1)gd4-
1
H 9|iq0f a0 Ikdo 43 | DIPSIZ y DIPSI2 d25|126|d26 6Id26 B
p1 p2 N
ISN I d21-d10|d21-|d10 I I m
pl16
1B : m m
pl4 plad
13 sp5 A Sp8
Cop ﬂ d22 d22ﬂ d27 d27 fi5 m
pl4 p13 pl4 P13 pl4 pi3 pl4
G sp3 sp2 sp3 sp8 sp3 sg2 sp3
Gl G2 G3
hbhanhgpwg3d
o1
da i(k-1)flde Y v ®rec
1 d1 - - HEEDS X W -x
H_7 | vao: 0 Juao] & DIPSI pesiz %% | A
p1 p2 e 0§ i%ee WVWWVVVVVVV
5N I d21-d10|d21+d10 5 I ’—‘
GARP
plé
< hod
pla | pia
13 sp5 A sp5
Cap ﬂ d22 m d22 ﬂ d27 mcm 5 m
pl4 p13 p14 p13 p14 pi3 pl4
G sp3 sp2 sp3 sp8 sp3 sp2 sp3 :
’ N N 0N
G2 G3 G4 G4

415
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£
g 2 p e © N 2 ot 2 = o nmw £ o 0 o 0 o ) o ) o 0 hmv
TSI AT SUUTA SR SN SO o o ~ ~ a4 o & o & ¥ g
1 1 1 | Il 1 1 1 1 1
o -
= - — . _ _ O
-~
T
- o =
<
T
o
T
o~
O
1S
Q
[o}
= = -2 »
e = O =
=== = <
0'0
= en S ©-z T
= =% — =
—e 0%@@@?9%0@ =
- —_— se = - Q
= - O
= << == =
== = <39 T
= o o7 = ==}
_—- < T
= =<5
ez o-
= <
=5 <
= = =
=
O
- o
m T T T T T T T T T T T T -
w0 o 0 o [l9) o 1o} (@) 9] Q o} o
m — N 139 » B3] < < 0 0 el o) ~
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trhbhanhgp3d
b y y
d4 i(k-1)fd4e- d26|d26 azeflaze ®rec
1 dl -X -X
H +do dOJkdO a3 DIPSI2 y Al B
19
pl p2 p y
1SN I d21+d10|d21-d10 I I
13C' m
p1a i
13 sp5  f
Cop ﬂ d22 m dz22 ﬂ d27 md27 5 m
p14 p13 p14 p13 pl4 pi3 pl4
G sp3 sp2 sp3 sp8 sp3 sB2 sp3
’ A 0N
Gl G2 G2G3 G3
trhbhanhetgp3d
o1 y -y
®rec
d4 i(k-1)fda- ylazeflazs| :azefdaze
1 di 43 X X A
H +d0: do Ikd° | DIPSL2 y il
pl p2 P19 . WWWVVVW
15 d21-d25fd21-d25
o Lo
pl4 pl4
i sp5 A spP5
13CocB ﬂ dz22 m d22 ﬂ d27 mcm |8 m
pl4 p13 pl4 P13 pl4 pi3 p14
G sp3 sp2 sp3 sp8 sp3 G2 sp3 i i
? 2 AN [\
S 3 GS' G5 G5

G2 G4
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2D HBCBCGCDHD (hbcbcegedhdgp)
2D HBCBCGCDCEHE (hbcbcegedcehegp)

lem d4 Id4 43 ]W\

—N—C—C—
|
H H g
hbcbcgeadhdgp

=B

@rec
sm d4 d4
pl1
spt

pl17 <1l p2
13 oe d22 d22
CH BN
f pl4 P13 p24 3 pld pl4
sp3 5p2 sp9 sp8 sp7 sp7
13
Caom q m 5| a23 (\ d23ﬂ 425 m a5 ﬂ (\ - GARP |
b14 pl4 F DbI3 pl4 pis pl4 p13 pl4 P12
3p5 spb D2 sp3 3|§:>8 sp3 sp2 sp3
G,
NN A AT A O AT A O A A T
Gl G2 G2 G3 G4 G4 G5 G5 G6 G7 G7
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d4 Id4

hbcbegedeehegp

93 " ppsi2

|-

8]

110 e
13 p spf
Cp 5 d22
+d0
pl4 P13 p24 pil3 pl4d pl4
f sp3 sp2 sp9 sp8  sp7 sp7
13C
arom ﬂ (\ 8|| d23 m d23ﬂ d2s m d2s ﬂ d25 m d25 ﬂ (\ GARP
b4 pl4 P p1s pl4 g3 pl4 p13 p14 P13 p14 1
§sp5 sp5 502 sp3 5|§:>8 sp3 P2 sp3 spi sp3 P!
G NO NN NA N nonin
; 5 A
Gl G2 G2 G3 G4 G4 G5 G5 Géb Gb G7 G8 G8
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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
friple-resonance (1H, 13C, 15N) and z-gradient capabilities.

2D Sidechain 3D Sidechain

3D HCBCA |
2D "“C-"C NOESY . K

3D HCBCACO 3D HCBCAN
3D
H(CC)CACO
3D CBCACO =

| 3D CBCAN |

R
3D HACACO

N
A

2D “CO-“Cali NOESY |

2D CACO /

2D Backbone “\\\ N 3D Backbone
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Experimental details for carbon-detected experiments

Offsets

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

13C TOCSY with TOKHz 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 Qb5tr) )

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

P11 sp25: retro 90° Cali/CO on-resonance (320us (Q5 and Q5tr) )

P12 sp26: 180° CO/Cdali off-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 off-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!!: 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:

S$TOPSPINHOME/conf/instr/spect/prosol/relations/iriple ¢
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Complete list of available carbon-detected 2D & 3D

NMR experiments

2D CC COSY
o Conventional (¢_cosy)
o Constant-time (c_cosy_ct/c_cosy2 ct)
2D CC NOESY
o Conventional (c_ccnoesy)
o 2D CC NOESY (c_ccnoesy2)
o Constant-time (¢_ccnoesy_ct)
2D CC TOCSY
o Conventional (c_ccflopsy16)
o  With DIPAP for virtual decoupling (¢_ccflopsy16_ia)
o Constant-time (¢_ccflopsyl6_ct)
o Constant-time with DIPAP for virtual decoupling (c_ccflopsy16_ctia)
2D CACO
o Using HSQC (¢_caco)
o with IPAP for virtual decoupling (c_caco_ia)
o with S3E for virtual decoupling (¢_caco_s3)
o Using HMQC (¢_coca_mq | ¢_coca_mq.2)
2D COCA
o Using HSQC (¢_coca)
o  with DIPAP for virtual decoupling (c_coca_ia)
2D CON
o Using HMQC (c_con_mgq)
o Using HSQC (¢_con_sq)
o Using HSQC with IPAP for virtual decoupling (¢_con_iasq)
o Using HMQC with IPAP for virtual decoupling (¢_con_mgqia)
2D CAN
o Using HMQC (c¢_can_mq)
o Using HMQC (¢_can_mgq.2)
o Using HSQC with DIPAP for virtual decoupling (¢_can_iasq)

2D Carbon-Detected Experiments:
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3D Carbon-Detected Experiments

3D HCC CT-TOCSY (c_hccflopsyl6_3d)
3D HCBCA

o  With CA detection (¢_hcbca_3d)

o  With CA detection and with DIPAP for virtual decoupling (¢_hcbca_ia3d)
3D HCB(CA)CO

o With CO detection (¢_hcbcaco_3d)

o  With CO detection and with IPAP for virtual decoupling (¢_hcbcaco_ia3d)

o With CO detection and with S’E for virtual decoupling (c_hcbcaco_s33d)
3D CBCACO

o With CO detection (¢_cbcaco_3d)

o With CO detection and with IPAP for virtual decoupling (¢_cbhcaco_ia3d)
3D (H)CBCAN

o  With CA detection (¢_hcbcan_3d)

o With CA detection with DIPAP for virtual decoupling (¢_hcbean_ia3d)
3D HCACO

o  With CO detection (¢_hcaco_3d)

o With CO detection and with IPAP for virtual decoupling (¢_hcaco_ia3d)

o  With CO detection and with S3E for virtual decoupling (¢_hcaco_s33d)

o With CO detection and using HMQC (c¢_hacaco_3d)
3D HCAN

o  With CA detection (¢_hcan_3d)

o  With CA detection and with DIPAP for virtual decoupling (¢_hcan_ia3d)
3D CANCO
With CO detection (¢_canco_3d)
With CO detection and with IPAP for virtual decoupling (¢_canco_ia3d)
With CO detection and with IPAP for virtual decoupling (¢_canco_ia3d.2)
(H)CANCO starting from HA and with CO detection (¢_hcanco_3d)
(H)CANCO starting from HA and with CO detection and with IPAP for virtual
decoupling (¢_hcanco_ia3d)
3D intra-CANCO

o  With CO detection (c_cancoi_3d)

o  With CO detection and with IPAP for virtual decoupling (¢_cancoi_ia3d)

o Intra-(H)CANCO starting from HA and with CO detection (¢_hcancoi_3d)

o Intra-(H)CANCO starting from HA and with CO detection and with IPAP for virtual

decoupling (¢_hecancoi_ia3d)

3D HNCA

o  With CA detection (¢c_hnca_3d)

o  With CA detection and with DIPAP for virtual decoupling (¢c_hnca_ia3d)
3D HNCO

o With CO detection (c_hnco_3d)

o With CO detection and with IPAP for virtual decoupling (¢_hnco_ia3d)
3D (H)NCACO

o  With CO detection (¢_hncaco_3d)

o  With CO detection and with IPAP for virtual decoupling (¢_hncaco_ia3d)

o With CO detection and with S’E for virtual decoupling (c_hncaco_s33d)
3D (H)NCOCA

o  With CA detection (¢_hncoca2_3d)

o  With CA detection and with DIPAP for virtual decoupling (c_hncoca2_ia3d)

o (H)N(CO)CACO with CO detection (¢_hncoca_3d)

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

(c_hncoca_ia3d)

o 0 0 O O
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2D *C-"C COSY Experiment

Experiment Description

The 2D CC COSY experiment allows to CC-COSY
obtain a homonuclear CC correlation Uece
mapto trace out through-bond ‘
carbon-carbon connectivities in H—C—H H H
13C-labeled proteins o _ c—
| | I ]
@ O I
tl t2
Related Experiments
C_cosy
2D COCA
2D CC and 3D HCC TOCSY o, « m 40 40 /\
pll pl2 pll
sp23 sp24 sp25
13
(00)
1 sp26 sp26
H WALTZ ]
pli2
N GARP ]
plleé
c_cosy ct
c_cosy2 ct
0, a m d0 d24 /\d24-d0
pll pl2 pll
N U L S [y ypngy (T
v
= A A I
pl2 pl2 I
'H sp26 sp26 H WALTZ
WALTZ ] pli2
pll2 Iﬁq
GARP
"N GARP ] pllé
pllé
Involved delays:

d24=1/4J(CC)=5ms
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2D “C-"C NOESY Experiment

Experiment Description

The 2D CC NOESY experiment allows to NOE (13C-13C)
obtain a homonuclear CC correlation
mapto trace out through-space
carbon-carbon interactions in
13C-labeled proteins I

Related Experiments

CC-NOESY

2D CC COSY and 2D CC TOCSY |

C_ccnoesy t t
" C_ccnoesy?2
C a e 2 &»I a8 \MMMM/\M
(I /\
e iy
®C0 d1 do ds [
A I
pl2 pl2 L
'H D i H WALTZ WALTZ
WALTZ WALTZ pli2
pll2 |5N
1 GARP GARP
N GARP GARP | pll6
pllé Gz g
G, A 61
6l
c_ccnoesy _ct
B .
Ca d1 m a0 a2 /\ d27-do (\ ds
pll p12 pli 511
sp23 sp24 sp25 sp23
13
co ) N
- spp1226 spp1226 Involved delays:
WALTZ WALTZ d8=NOE mixing time
pll2 d27=1 /2J(CACB)=1 3.3ms
GARP GARP
pllé

L
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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 trace
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).

CC-TOCSY :
Ucc @lfbtz
H H ! 2
H ) @/@/‘b&
L bt tz

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.

Related Experiments

2D CC COSY and 2D CC NOESY
3D carbon-detected HCC TOCSY

3D HCCH-type experiments
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c_ccflopsy16
| ds
13
¢ o, o] fs o ||,
p110 VWWVVVVV
B
co A0
pl2 pl2
T{ sp26 sp26
WALTZ WALTZ
pli2
1
5N GARP GARP
plle
G, R
Gl G2
ppm
10 . "
o
By w0 " @
20 v P ': W‘%mﬁ % . o
M Tnn‘u,m "V y
o “Q %‘ ;: Jg \ ' Involved delays:
L) ) ,m'ﬂ! I \I)], . [} ‘ .
gy d9=TOCSY mixing time
204 gy fﬂ" d27=1/2J(CACB)=13.3ms
T or =1/8J(CACB)=3.6ms (DIPAP)
o a d22=1/4J(COCA)=4.5ms
50 ] = =
a"‘ %m «WM" naﬂ““' {7““" ) . d23=1/2J(CACB)=13.3ms (DIPAP)
iy nt" v “mn ;,
60 o ﬁ W
704 . - w‘l“ﬂ‘af “04.
70 65 60 55 50 45 40 35 30 25 20 15 10 ppI‘n
c_ccflopsy16_ct
B , d9
G (\ 0 a2 /\dﬂ-do (\5[ FLOPSY-16 | m
pll pl2 pll pl10 ;}11‘
sp23 sp24 sp25 sp23
50 N N
pl2 pl2
T{ sp26 sp26
WALTZ WALTZ
'5N pli2
GARP GARP
(} plleée
’ A A
Gl G2
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c_ccflopsy16 _ia

pll
d9 sp23
B, .
Cali a1 do do I 8[ FLOPSY-16 JS(\‘ d27 ‘ d27
pll0 pl2 P25
/ / sp29 sp28
B
o A A ;A A
pl2 pl2 pl2 pl2
1H sp26 sp26 sp27 sp27
WALTZ WALTZ ]
pll2
1
N GARP GARP ]
pllé
G, A
Gl G2
c_ccflopsylé_cfla
pll
49 sp23
13
Ca a (\ o d23 [\d23-d0 [\5[ FLOPSY-16
pll pl2 pli pl10
sp23 sp24 sp25
B
co N A
pl2 pl2 pl2 pl2
. sp26 sp26 sp27 sp27
H WALTZ WALTZ ]
pll2
GARP GARP ]
pllé
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 spilitting in the acquisition dimension
can be removed by homonuclear decoupling during acquisition or virtually using the IPAP
approach (05JMR404).

Yean CAN

2
Jean

H—C—H | H—

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
o
QO @
t) ty

c_can_mq

w o f| @) s 111111,
pll pl2 VVVWVVVVVW

sp23 sp24
"N do do | GARP

pllé6

1
H WALTZ ]
pli2
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c_can_maq.2
walle e
spp1213 Spp24 VWVVVVVV
x T
pllé
'H O WALTZ )
pll2
Involved delays:

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_lasg

B d23- d23- d27+ | d27- d27+ | d27-
Ca im dﬁ[\ ‘m(\ (\ a27+2 [ d27*2| | 422 | d22 d22  d22
pll pl2 pll P8 pll p25 pl2 P25
sp23 sp24 gpj5 Spl3  sp23  sp28 sp29 sp28
;
N | a0 sd°| | | | GARP
: plié
B
o N (
p8 pl2 pl2
spl3 sp26 sp26
1
H WALTZ WALTZ ]
pll2
G, N
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 e removed by homonuclea
decoupling during acquisition or virtually using the IPAP approach (05JMR404).

i CACO
COCA
H—C—H H—C—H
B RN
o) o)
H H H H

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

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

Related Experiments

2D COCA
3D HCACO
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c_caco
Bog  dl md22+d0§ do ‘ 422-2d0 /\ /‘\
pll p25 pil pl2  pl2
sp23 i sp28 sp25 sp27 sp27 1
"0 A A sfl e () w QD O
pl2 pl2 pll pl2
. sp26 sp26 7 8p23 sp24 t tp
H WALTZ ]
pll2 d22=1/4J(COCA)=4.5ms
1
N GARP 7
plilé
GF
Gl
c_caco ia AP
pl2 pl2
sp27  sp27
BCa 4 md22+d0§ do ‘ d22-2d0 ‘ IpP
/pll p25 pil  pl2  pl2
sp23 i sp28 sp25 sp27  sp27
13
O W P
pl2 pl2 pll pl2
. sp26 sp26 /EP23 sp24
H WALTZ ]
plil2
1
N GARP 7
pllé
G, a
G1
Cc_caco s3
BOg Al md22+d0§ do ‘ 422-24d0 /\ [\
pl1 p25 pIl  pl2 pl2 o1
sp23 2 sp28 sp25 sp27 sp27 sp23
“co [\ /\ 5 (\ d22/2 /\ d22/2 (m
pl2 pl2 pll pl2 pll
- Sp26 Sp26 /151323 sp24 sp25
WALTZ B
pll2
1
N GARP ]
pl16
G,
Gl
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ppm
09 gD
00 °0
45
50 ' o ,
e
0 00 %P § 0
Do ® 6
00 BOt0 L My e
0 PSRy e U@
257 e 00 0
o 00 0 0° 0 o
63990 e q v ®a
gege 00 0o Q0 .
@0 00
60 o ¢ AN
o0
e 0
65 (SN
T T T T T T T
180 178 176 174 172 170 168 ppm
1 2
t t
C_Ccoca_mqg
“Co. m do do
/Pll pli
sp23

séZS

"0 o |

d22*2
p11
T{ sp23 sp26
WALTZ )
pll2
ISN GARP j
pllé

Cc_coca_ma.2

w e ey

pll pl2 pll
sp23 sp24 $p25
b1l pl2
I sp23 sp26
H

“N
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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

tl t2
Cc_coca
B d22+d0 | do -
co &« m : [\ d22 2dom
pll pi2 pll
sp23 sp24 sp25 P11l
: sp23
B
Ca A 0 s |
8 MV/\V/\V/\VAVAVAV
pl2 pl2 VV
'H sp26 sp26/ v Vv
WALTZ ]
plli2
1
N GARP ]
pllé6
G,
G1
c_cocd la
13 d22+d0 | do -
co @ fjumeo | [ araa A A
pll : pl2 pil - pl2 pl2
23 i sp24 sp25 P sp27
sp P P sp23 sp27 P
13
Ca ) [l = A=
pl2 pl2 /1 pl2 p25
1 sp26 sp26 sp29 sp28
H WALTZ B
pll2
1
N GARP ]
plle
GF
G1

d27=1/8J(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 (05JMR404).

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

ppm

1057 00

1104

1154 ‘oo wQ% 0 00
v 0P % e
00 0,0
150 ') g 00 #g 8
120 §e 60, , o0 ¢ 00 :a°
we ¢° ee?
o8 Y LI TARAN
125 1,0.i "%
q

1304

1354 [

T T T T T T T T T T T T T T
180 179 178 177 176 175 174 173 172 171 170 169 168 ppm

Involved delays:

d23=1/2J(NCO)=25ms (in mq experiments)
or =1/4J(NCO)=12.5ms (in sq experiments)
d22=1/4J(COCA)=4.5ms

c_con_mq
| 2 0 a Q 1 d23 Q d23 \MAMM\/A\/AVAVAV
< % 51;23 spp24 VVVVVVV
@ 5N do do | [ care |
b E pll6
H WALTZ ]
pll2
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Cc_con_mgia P

*co 423 /\ d23

B0 a m d23 /\ d23 [\ pl2
pll  pi2 pl2 P - sp24
sp23 sp24 sp24 AP BCA [\ /\
l'."CA pl2 pl2
B sp26 D26
AP
1
N % @ | oae | ®Co dz23 [\ d23
pll6
pl2
TI sp24
= Do e
pli2 -
pl2 pl2
sp26 sp26
c_con_sq
0 @ md23[\d23(\ [\ 0&3[\&3
pll pl2 pll pll pl2

sp23 sp24 sp25 sp13 sp23 sp24

1
N | e ol ]
pllé
1
H WALTZ ]
pll2
Gl
Cc_con_iasq
0 a m d23[\d23m [\ m 423 [\ 23
p11447p12 pll pll pl2
sp23 sp24 sp25 sp13 sp23 sp24
13
cA A=A N
p8 pl2 pl2
spl3 sp26 sp26
¢
ﬁq 8| do do f“‘a;ii“‘?
pllé
1
H WALTZ ]
pll2
G, )
Gl
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3D HCC-TOCSY Experiment

Experiment Description

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

HCC-TOCSY
Uect Yec
H
(0]

NMR Spectrum

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

Related Experiments

2D CC COSY and CC-TOCSY experiment
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| 2
TN
@ 9
t t t3

c_hccflopsy16 _3d

d9
B
C /\ d10 d3/2§ d3/2:d10 J d3/2 d3/2 8[ FLOPSY-16 JG \MMMMMA
pi2 110 Jrvv
sp24 p vvvvvvv
nf
pl2 pl2
1 dd+ (1-f d4- sp26 sp26
H a1 |4 g | kdo |8 WALTZ
1 pl12
N GARP
plleé
G, a A A A A A
Gl G2 @2 G2 G2 @3 G4
2D (H)CC 2D H(C)C
ppm 4 o F ppm
10—
0
20
] 1
304
2
40
3
50 -
4
60 -
5
70 -
6
80 -
90 80 70 60 50 40 30 20 10 ppm 80 70 60 50 40 30 20 10 0 ppm

Involved delays:

d9 is the TOCSY mixing time
d3=1/6J(CH)=0.95ms
d4=1/4J(CH)=1.8ms
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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
Uent Yec
H
@
(0]

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

Related Experiments

2D CC TOCSY
3D HCC TOCSY
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® @ ®
4 t t3
c_hcbca 3d
BCali /\ mcuo dZS[\ d25-dlom dz2s /\ d25
/1 pl2 pll pl2 pll pl2  pil
sp24 sp23 sp24 sp25 sp24 sp23
°Co \ /\ 5
pl2 pl2
sp26 sp26
—_—— (k—1)|d4- d3|
H 4 do fxdo |3 )
pll2
N GARP ]
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Gl G2
Involved delays:
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
c_hcbca la3d
pll
sp23
BOali /\ mdlo d25/\ d25-d100 d25 /\ d25 (L 0‘ ‘
N p2 pll pl2 pll  pl2 pll A pl2 p25
sp24 sp23 sp24 sp25 sp24 sp23 sp29 sp?8
co \ [\ N d27‘ d27 d27 ‘d27
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' oa da+ (k-1) [ a4-
do  do [kdo |8 d3 WALIZ
pll2
N GARP )
pli6
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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
(05JMR404).

HCBCACO

1 1 1
Jeut Jcoc+ Jeaco

NMR Spectrum
1 2 3

. .................... Hali @f\@/\%

t t t3

: Cali

co
Related Experiments Involved delays:
d25=1/8J(CACB)=4.0ms

2D CC TOCSY , d22=1/4J(COCA)=4.5ms
3D HCC TOCSY and HCBCA experiments d3=1/6J(CHA)=1.1ms

d4=1/4J(CHA)=1.8ms
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c¢_hcbcaco _3d
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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
1 1 1
Jec+ JeBea+ Jeaco
H H
H
—N
5 (0]

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

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

CA

co

Related Experiments

2D CC COSY and TOCSY
2D CACO
3D HCACO
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Involved delays:
d22=1/4J(COCA)=4.5ms

d25=1/8J(CACB)=5.0ms
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3D HCBCAN Experiment

Experiment Description

The 3D (H)ICBCAN 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 spilitting in
the acquisition dimension can be removed by homonuclear decoupling during acquisition

or virtually using the IPAP approach (05JMR404).

HCBCAN

® 0w I

NMR Spectrum

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

CA

Related Experiments

3D HCC TOCSY
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c_hcbcan_3d

i ) [ jes (e flasfasf|sflasYenf] ) [ enf e
/ pl2 pll pl2 pll pl2 pll #pll p25 pi1 p8 pll p25
sp24 sp23 sp24 sp25 sp24 sp24 dp23 sp28 sp25 spl3 35p23 sp28
500 \ [\
pl2 pl2 p8
sp26 sp26 spl3
H a1 | asfae |5 d3
1 WALTZ
pll2
N | 8| a10 d10| 8 | aw
G n A plie
e G1 G2 G3 G4
Involved delays:
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
Cc_hcbcan io3d
/\ mdﬂ d25 /\ d25-d0 H /\&50 qdz:;/\dzs /\ ;’f,j;( \‘2’33;( \2&7/\2&7
/ pl2 pll pl2 pll pil2 pll Apll p25 1 p8 pll p25 pl2 p25
sp24 5p23 sp24 sp25 sp24 sp24 €p23 sp28 sp25 spl3 sp23 sp28 sp29 sp28
pl2 pl2 p8 p127p127
sSp26 sp26 spl3 sp26 sp26
a1 | as Jae |5 d3|
1 WALTZ
pll2
| 6| di1o0 d10| ) | | | ﬁ
Q Q plleé
Gl G2 G3 G4
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3D 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
Unaca+Jcaco HACACO
2D COCA
3D 1H-detected HCACO H—C—H H—<|3—H
N —N—C—C—

NMR Spectrum l ‘ I

. . H 0 H H =
The experiment provides a 3D

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

2D (H)CACO 2D H(CA)CO
ppm ] pprm
0 -
\ My o 0 2.0
45 L2.5
, .................... HA
i £3.0
: 50 9
‘ W“ (55 W [ 3 .5
CA >°7] ; °° 000 4.0
co "&? : og@,ooﬁ 4.5
60 10(] |
" _ L5.0
1 2 9 09 |
N 65 % F5.5
@ @/_\@ " L 6.0
70 T T : T T T T
t t 3 180 175 170  ppm 180 175 170 ppm
c_hcaco_3d
“Ca. /\ mcuo d22 d10 d22-2*d10 /\ /\
A pi2 pll . p25 pil pl2 pl2
sp24 sp23 sp28 sp25 sp27 sp27
"00 ﬂ /\ 5 q w22 /\ o Involved delays:
pl2 pl2 / 2L pl2 d22=1/4J(COCA)=4.5ms
qoa | @ oD | a- | o sp26 sp26/ P23 sp24 d2=1/2J(CHA)=3.2ms
+40 do | kdo WALTZ d3=1/6J(CHA)=1.1ms
pll2 d4=1/4J(CHA)=1.8ms
"N GARP ]
pllé6
G, a
Gl G2
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c_hcaco la3d

sp27

pl2

pl2
sp27

AP

IpP

8
Ca [\ mdlo d22 d1of |d22-2*d10
/)' B éll f p25 pil pl2 pl2
sp24 sp23 . sp28 spR5 §p27  sp27
B :
> O Aaflefl=
pl2 pl2 /311 pl2
H a d4 (k-1) | d4- sp26 sp26 7 $p23 sp24
+d0: do fJkdo |9 |
pll2
1
N GARE B
plié
G
2
Gl G2
c_hcaco_s33d
°
Co. J\ mdm d22 d10 d22-2*cuom [\ [\
- e pll . p25 pIl pl2 p12 »
sp24 sp23 . sp28 spR5 sp27 sp27 sz; L
“ .
co O Qs el wnll]
P1226 p12 c[)1213 p12 p1215
Mo oar |94 (D) fad- o sp sp26 7 9P sp24  SP
+d0: do Jxdo v
pll2
1
N OARE B
pllé
G,z a
G1 G2
c_hacaco_3d
“Co, m d22-d10[\ 422 410 m
/ pll p30 pll
sp23 sp30 sp25
50 A 0
11
1 Sp23
H « m d2 a0 | d22-do m
pl3 i pl3
spl9 sp20
N aw |
plleé
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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.

cana t'Jcan HCAN
Jcana HIcan ‘
H—C—H H—C—H
C|— @—C—ﬁ—
H o :nxg | ©°

Related Experiments

2D CAN
3D HNCA

NMR Spectrum

A 3D H,N,C map is obtained

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

CA
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TR %

¢_hcan_3d
o] | ofaf [ lofle
pl2 pl p25 pll p8 pll p25
sp24 Sp23 sp28  sp25 spl3 $p23 sp28
d4  (k-1) [ a4-
H a +d0 do |kd0 ] d3| WALTD
) : pll2
N 81 d10 dlol 5 | —axe )
plleé
G, N A
Gl G2 G3
Involved delays:
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
c_hcan_la3d
*Ca /\ m d23/\d23 [\ deB ‘ d23‘2d27‘2d27
pl2 pll p25 pli p8 pll p?
sp24 sp23 sp28  sp25 spl3 8p23 sp2 sng
®co \ ‘ ‘
pl2 pl2
sp26 Sp26
1 d4 | (k-1) ] as-
H a |l d0|kd0 8 d3| WALLZ
) pll2
8 dio f| &
N e | BT
plleé6
G, o )
Gl G2 G3
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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 e removed by

homonuclear decoupling during acquisition or virtually using the IPAP approach (05JMR404).

Jean+Inco
Hcan+Inco CANCO
H—C—H H—(|:—H
i

Related Experiments

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

NMR Spectrum

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

. .................... CA

co

Involved delays:

1 2
TN\
@ @% d23=1/4J(NCA)=12.4ms
) ) . d22=1/4J(COCA)=4.5ms
: ’ ’ d27=1/4J(NCO)=16.0ms

d3=1/6J(CHA)=1.1ms
d4=1/4J(CHA)=1.8ms
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Cc_canco_3d
w o o =) )
pll p25 i1 pl2
sp23 § sp28 sp25 sp27
"o A N [ fef)e
pl2 p12 X pl2 pll pl2
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pll2
BN 8] d10 a27 |d27-d10 5 | ~aare
- - - pllé
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G1 G2
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. d22
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- - pl2
sp27
B0a @ m do  d23 /\dﬁ—d" m [\ ip d27/2‘d27/2 a27/2 (\d27/2
pll p25 i1 pl2 pl2
sp23 ! sp28 sp25 sp27 sp27
"o A A A )
p12 pi2 ¥ pl2 pll pi2
'H sp26 sp26 sp24 $p23 sp24
WALTZ WALTZ ) WALIZ ]
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|5N | &1 d10i 427 |d27-d10 S ﬁ
) ) pllé
GF
Gl G2
d27-
c_canco ia3d.2 | AP 922 [ 42,
pl2
sp27
Blgq at mdo d23 [\&3%0 /\ IP d27/2‘d27/2 d27/2 /\cm/z
pll p25 11 pl2 pl2
sp23 | sp28 sp25 sp27 sp27
"CO A A A | [
pl2 p12 X pl2 pll pl2
T{ sp26 sSp26 sp24 $p23 sp24
[ WALTZ WALTZ ] WALTZ ]
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BN 8| d10. d27 |d27-d10 5 T
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G1 G2
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3D (H)CANCO Experiment

Experiment Description

Variant of the CANCO experiment

that starts from the HA protons.

< TN

99 @

)

2

1 1 1
Jeana T Jcan T Inco

1 2 1
JcanaJcant Inco

H—C—H

(H)CANCO

¢_hcanco_3d

*Cu [ o=
/ pl2 pll p25 pil pl2
sp24 sp23 sp28 sp25  sp27
“c0 \ A [ fef)e
pi2 p12 X pl2 pll pl2
sp26 sp26 sp24 sp23 sp24
! da | d4 43
H | WALTZ ] WALTZ ]
pll2
l5N S 8] dio: 427 |d27'd10 ) | {W
- - plle
Gﬂ m
Gl G2 G3
i d27-
c_hcanco_ia3d AP d22 e
pl2
sp27
BCa. /\ m do  d23 ﬂd23-d0 m [\ IP d27/2‘d27/2 d27/2 /\dﬂ/z
/1 pl2 pll p25 pil pl2 pl2 pl2
sp24 sp23 sp28 sp25  sp27 sp27 sp27
13
co \ A A [ I
pi2 pl2 ¥ pl2 b11 pi2 WWVVVVVW
sp26 sp26 sp24 sp23 sp24
1
d1 d4 d4
H | d3| WALTZ ] WALTZ ]
pli2
N 5 5| at0 az7 |d27-d10 5 -
- pllé
G, a
Gl G2 G3
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3D infra-CANCO Experiment

Experiment Description

Variant of the CANCO experiment that

2 1
Jcant Inco

intra-CANCO

provides exclusively intra-residue H—(‘: H He o -
CANCO connectivities
I 23
1 2 0 H H o H 2
o9 0
t ty ty d23=1/4J(NCA)=12.4ms
d22=1/4J(COCA)=4.5ms
d27=1/4J(NCO)=16.0ms
d3=1/6J(CHA)=1.1ms
d4=1/4J(CHA)=1.8ms
c_cancol_3d
®Coa « m d22+d0 §d23-d22 ‘ d23-d0 m /\ 422 (\ (\
pll 5 p25 pil P8 p12 pl2
sp23 sp28 sp25 SP§l3 sp27 sp27
*co [\ /\ ﬂ d27 (\ d27 A A I
12 p8 11 12
. sf;z 6 :plgzg/ spl3 szg spp2 4
H i WALTZ WALTZ WALTZ ]
pli2
N 5] d10 | a0 | 5 | |
B - - pllé
G,
Gl G2
d27-
c_cancol la3d | *F 92 [ a2
pl2
sp27
BCq a1 m d22+d0 %dzs-dzz (\ d23-do /\ IP d27/2 ‘d27/2 d27/2 /\d27/2
pl1 p25 pil P8 pl2 p12
sp23 sp28 sp25 SP§13 sp27 sp27
s : :
o [ N Q [ | \MMMV/\VAVAVAVAV
12 P 11 1
1 SF;ZG spplzzs/ sng 5;23 :pg4 VWVVV
H WALTZ WALTZ WALTZ ]
pl12 5
B - pllé6
G,
G1 G2
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3D intra-(HJCANCO Experiment

Experiment Description

Variant of the intra-CANCO experiment Weana +can+ Inco intra-(H)CANCO

that starts from the HA protons. ‘
H—C—H H—C—H
1 2 3 — G——N c—C¢—
TN I ] I [
@ 0P ? H .
9] t t3

¢_hcancoi_3d

w | ) felmeafes] A =l
/ pl2 pll p25 pil P8 pl2 pl2
sp24 sp23 § sp28 sp25 spl3 sp27 sp27
"0 A A A wr (| e
pl2 pl2 p8 pll pl2
sp26 sp26’ spl3 5p23 sp24
'H a1 | a4 da |6
WALTZ
pli2
15N 5 { d10 :d10 | ) | W
- - pllé
G, @
Gl G2 G3
c_hcancoi_ia3d
AP
>'IP
o ) [elmsafee) =AN
/1 pl2 pll p25 pil p8 pl2 pl2
sp24 sp23 sp28 sp25 spl3 sp27 sp27
"0 A A ar (|
pl2 M p8 pll pl2
sp2 6'/’ spl3 $p23 sp24
‘g a1 | a4 | d4 ﬁ
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|5N s 51 d10 :d10 | ) | W
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G1l G2 G3
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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
) @ @
t ts
Jan+Inca HNCA
N+ Inca
H—C—H H—C—H
i
\ 5
H

NMR Spectrum

The experiment provides the same 3D HNCA correlation map

. .................... HN

CA
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c_hnca_3d
1 y
1 d26+ do J| a26- v
H o at (555% 1l kao ) 8:d21 WALTZ WALTZ |
P29 p26 pl12
spll
1SN I d23/2 d23/2|d23/2 a23/2 | o I
+d10 : +d10 -d10 -d10 GARP
pl16
13
G A N
az3 [ Naz3 || )y
TN L
sp sp sp!
13C”
pl12 p12
G sp26 sp26 (\
V/
Gl -GQ
Involved delays:
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
c_hnca_ia3d
{ y
! a26+ d0 ffaze- vy
Haag H(k-1)flkdo [ 8i921 WALTZ WALTZ |
p29 P26 pl12
i spll
1SN I d23/2 dzs/il d23/2 {d23/2 | & | | |
+d10 | +d10 W -d10 i -d10  GARP |
pl16
13
“ N )
2427 |2d27 2”7/2\52&7 MMAMVAV/\VAVA
25 12 v
13Cr ?;224 :;2]3 51;28 SppZ9 Spp28 vvvww
pl12 p12 }31226 pl2
G sp26 sp26 (\ sSp sp26
Z
Gl -62
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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
1 2
IR IR
t t t3

1 1
Jan* JInco

o

I’_Z‘

T —O0

IT—0—0—
=0

NMR Spectrum

The experiment provides the same 3D HNCO correlation map

. .................... HN

co
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c_hnco_3d
y
! i do 1 vy
I P
; WALTZ WALTZ |
I p29i i P26 pIT2
spll
15N d23/2; d23/2§ d23/2 { d23/2 | &
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pl16
13C7 (\ /\
s
p12 511 pl2 WVVVWVVW
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Involved delays:
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 ia3d
y
'q a26+i do faze- 1 vy
i §(k—1»| kao [0 8:921 WALIZ WALTZ |
p29 p26 pi12
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13 ?;2224 332]3 IP sp24 WWV
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3D CO-detected (HINCACO Experiment

Experiment Description

xperiment is an out-and-stay version | > .
of the conventionallH-detected Jan+“Inca+ Jeoca LEOINCALELD
HNCACO experiment. Each nitrogen
is correlated to CA and CO carbons H C H H—C H
of the same and the previous residue. N
1 2 3 H H = H 0
O @
t t) t3
NMR Spectrum
5 Y o N
CA
co
¢_hncaco_3d
y
lH y y Yy yy
1
d. d26 I d26 \5 d21 WALTZ WALTZ WALTZ |
p29 p26 pl12
spll
15N d23/2} d23/2 | d23/2 { d23/2 | ¢
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13 d22+ : d23- d23-
Ca (\ d10+§d22 aro |E8% [ | | |
b b
/ o2 JEEE N T
"’ ) O N =/

Sl e
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Oz \ :
Gl 2 G3
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Involved delays:

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

c_hncaco_ia3d
y
lH y -y Y -y Y
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15N d23/2: d23/2 ) d23/2 i d23/2 5
‘|'d0 +d0 —dO -dO GARP
pl16
AP
p12 pl2
sp27  sgp217
13 .
d22+ : d23- d23-
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y
IH y -y oy -y vy
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15N d23/2; d23/2 § d23/2 { d23/2 | ¢
+d0 +d0 -dO -d0 GARP
pl16
13 .
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3D CO-detected (HINCOCA Experiment

Experiment Description

The 3D (HIN(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.

Uan+Inco+ coca
‘ (H)N(C O)CAC(W
H—C—H H—(i':—H
T =
! .
H H H

©9w 9B

NMR Spectrum

co
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Involved delays:

d21=1/2J(NH)=5.5ms
d22=1/4J(COCA)=4.5ms
d23=1/4J(NCO)=12.4ms
d26=1/4J(NH)=2.3ms
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3D CA-defected (HINCOCA 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.

Jan+Inco+ coca
‘ (H)INCOCA ‘
H—C—H H—(|:—H
| T
! .
H H H

H OO

NMR Spectrum

CA

Related Experiments

1H-detected HNCOCA
CO-detected (HINCOCA
CANCO and i-CANCO
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Involved delays:
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
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+d0 i +d0 -d0 i -do GARP
pl16
’ d22+: d23-
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Summary of C-detected backbone CN experiments

1 1
Junt Inco

s+ nea

1 2
Junt+“Inca

canatJcan HCAN

1 2
Jeana tJcan

H—C—H | H—

1 1
Jeant Inco

Heant 1J7Nc0 CANCO

1 1 1
Junt Incat Jcoca

1 2 1
JuntIncat Jcoca

(H)NCACO

intra-CANCO

2 1
Jeant Inco

H—C—H

Jan+Inco+ Icoca
‘ (HINCOCA

H—C—H : H—C—H
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/ 2D HSQC experiments for BC Relaxation Measurements

(from f2 channel)

Heteronuclear *C-'"H NOEs:

Phase sensitive ge-2D 'H-"*C HSQC to measure heteronuclear °C -'H NOEs using PEP
(hsqcnoegpsi | HSQCNOEGPSI)

Phase sensitive ge-2D 'H-">C HSQC to measure heteronuclear '*C -'H NOEs using PEP and
refocusing adiabatic ">C pulses (hsqcnoegpsi.2 | HSQCNOEGPSI)

T,(©C):

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

Phase-sensitive ge-2D 'H-"C HSQC to measure "°C T, relaxation times using PEP,180° 'H pulses,
refocusing adiabatic "*C pulses and acquired as pseudo-3D (hsqctletgpsi3d.2).

L (C):

Phase-sensitive ge-2D 'H-""N HSQC to measure "*C T, relaxation times using PEP and refocusing
\MSC pulses (hsqct2etgpsi3d.2) /

hsgcnoegpsl
1200 on Y y
BT o
'H I d24 Id24 a4 I a4 ali
off K
d1 v v
By 5|d2s ] d0 d0 | d25
«—>4+—> GARP
p8 pll2
spl3
IS‘N optional
G, Q
G3 G4 G2
Gl Gl
hsgcnoegpsi.2
120° on Yy V'
BT o
'H I 24 Id24 a4 Id4 sli
off k
d1 y v
50 5| dz2s d0  do  d25 /\ /\

GARP
p24 p24 p8 pll2
sp7 sp7 spl3

G, Q
G3 G4 G2
Gl Gl
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hsgctletgpsi3d
y X X y
Drec
g @ d‘1|d45 I lll“a I d24|d24 d4|d4 55
o y ) ¥
50 d25 J| d25 d7 d25 do  do | d25
- b » [ cARP |
p8 p8 pl12
"N sp13 spl3
optional
G, A
G3 G4 G2
Gl Gl
hsgctletgpsi3d.2
y X X y
Drec
g @ d"Id‘l 8 I lll“a I d24|d24 d4|d4 55
a y ) ¥
B d25/ \d25 d7 d25 d0  d0 | d25
GARP
pl4 p24 p24 p24 p8 pl12
sp3 sp7 sp7 sp7 spl3
G. N i
G3 G4 ' G2
Gl Gl
hsqct2etgpsid3d.2
Yy y
Prec
g 4 Cl4|d45 I I I d24|d24 d4|d4 ] B
o1 ¥
B0 /‘\ d25 d25d21|||l|||| d21d25/\ di0 d10 | d25 /‘\ /\

GARP
pl4 pl4 loop pl4 p24 pl4a pll2
sp3 sp3 d21 sp3 sp7 sp3

d31
Gz velist m ﬁ
G3 ' G2
Gl Gl
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2D HSQC experiments for >N Relaxation Measurements
(from f3 channel)

Heteronuclear ">N-'H NOEs:

Phase sensitive ge-2D "H-"’N HSQC to measure heteronuclear '’N-'"H NOEs using PEP
(hsqcenoef3gpsi | HSQCNOEF3GPSI)

Phase sensitive ge-2D 'H-""N HSQC to measure heteronuclear '’N-'"H NOEs using TROSY
(trnoef3gpsi | TRNOEF3GPSI)

T, (N):
Phase-sensitive ge-2D 'H-""N HSQC to measure '°N T| relaxation times using PEP:

Using 1H-decoupling (hsqctletf3gpsi | HSQCT1ETF3GPSI)

Using 1H-decoupling acquired as pseudo-3D (hsqctletf3gpsi3d | HSQCTIETF3GPSI3D)

Using 180 1H pulses (hsqctletf3gpsi.2 | HSQCTIETF3GPSI.2)

Using 180 1H pulses acquired as pseudo-3D (hsqctletf3gpsi3d.2 | HSQCT1ETF3GPSI3D.2)
Phase sensitive ge-2D 'H-""N HSQC to measure "°N T, relaxation times using TROSY (trtletf3gpsi
| TRTIETF3GPSI)

L(N):

Phase-sensitive ge-2D 'H-""N HSQC to measure "°N T, relaxation times using PEP (hsqct2etf3gpsi |
HSQCT2ETF3GPSI):

Acquired as pseudo-3D (hsqct2etf3gpsi3d | HSQCT2ETF3GPSI3D)
Phase sensitive ge-2D 'H-""’N HSQC to measure °N T, relaxation times using PEP and Relaxation-
dispersion (hsqcrexetf3gpsi3d | HSQCTREXETF3GPSI3d)
Phase sensitive ge-2D 'H-""N HSQC to measure '°N T, relaxation times using TROSY (trt2etf3gpsi
| TRT2ETF3GPSI)

Tirmo (N):

Phase-sensitive ge-2D 'H-"N HSQC to measure N T 1o relaxation times using PEP
(hsqctretf3gpsi | HSQCTRETF3GPSI):

Acquired as pseudo-3D (hsqctretf3gpsi3d | HSQCTRETF3GPSI3D)
Phase-sensitive ge-2D 'H-BN HSQC to measure 5N Ty relaxation times using PEP with adiabatic
ramping (hsqctretf3gpsi3d.2 | HSQCTRETF3GPSI3D.2)

Cross-correlation:

Phase-sensitive ge-2D 'H-""N' HSQC to measure N-15 / H-1 cross correlation (hsqccef3gpphwg)
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hsgcnoef3gpsi
120° on y
BT o
'H I d24 Id24 d26 Id26 ] B
off L
a [ Y -
pll
BN spl §|d25] d0  do | 425
<« e GARP
pllé
leC optional [\
P8
spl3
G, Q
Gl © o G3
tmoef3gpsl
H @rec
120° on/off d26 | d26 | d26 f 426
3 X X
lH """"""""""""I 8 [\V X
di pll
y spl b 4
s|le § do do
pllé6
leC/ optional /\
p8
spl3
G, AN ANARNANNA
Gl G2 G3 G3 G4 G4
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hsqctletf3gpsl3d
hsqctletf3gpsl
y y
y y Prec
'H d1 d26 §d26 ﬂs DIPSI-2 a24 Ba2s |aze Bazs | sls
pll pl19
spl o Yy ¥
ISN d25 | d25 d7 8|d25Q do do  d25
—>—> GARP
plie
13
Coptional (\
p8
spl3
G,
Gl G4 G3
G2 G2
irt1etf3gpsi
11 y ®rec
zpl d26 J| d26 | d26 Jd26
'H d1 d26 j d26 DIPSI-2 Qy X X X
qn pllg ‘ ‘I’
'SN 5 d25 f d25 47 8|ef 4do do
D .
13
C/optioral /\
P8
G spl3
. ANA A TA ANARNATNA
Gl G2 G2 G3 G3 G4 G5 G5 G6 G6
hsqctletf3gpsidd.2
hsgctletf3gpsl.2
y y
@rec
N SR I | I = 2125
pll
spl o Y ¥
N d25 j§ d25 d7 d25§ do do  d25
> GARP

B
C optional [\

P8

G spl3 0

Gl G4 G3

G2 G2
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hsgct2etf3gpsi
Y y
Orec
'H "‘26|“126 ms I I I 424 Id24 426 Id26 sls
pl23 @1 ¥
ISN 41 d25 j§ d25:d21 d21d25 do d0 d25
<“—— P>t —> GARP
_ loop pllé6
« loop e d20 e
B . pl23
C optional 230 /\
P8
spl3
G A A
z
Gl U G3
G2 G2
hsgct2etf3gpsi3d
H Y ®Drec
1
H a d26Id26 (\5 I I I 24 Id24 426 Id26 sls
@1 v
5N I d25 I d25 dZIIIIIIIII d21 d25 I di0  d10 d25 I I
4+—r4—> GARP
loop pllé
" 420
C/ optional pl23 /\
p30
p8
spl3
° i |

Gl G3
G2 G2
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hsqcrexetf3gpsi

3d

y
Drec
'H 5 M2
di d26d26m m d24 Jd24 |dze Jazs | sfs
@1 b 4
lSN d25 d25 §| d25 dl0 d10 :d25|
“—Pre—> GARP
pllé
BC optional ﬂ
P8
13
G= A i
AN A
Gl G4 G4 G5 U G3
G2 62
r2etf3gpsl
Y Y ®rec
1 X d26 | d26 | d26 g d26
H d26 d26 Qa my X X X
p123 Plen oy YYYYYYYY Y ¥
IsNJIlIIIIIIIdl 8 I d25|d25d21 d218|d0 do I I |
P>
e loop
" loop d20
C optional pl23 /\
p30
P8
spl3
C. A AN AN AN A ANARNANNA
G1 G2 G2 G3G4 G4 G7 G7 G5 G5 G6 G6
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hsqctretf3gpsi
y y @rec
'H dzsld%Qs I IIII I d24|d24 d26|d2688
pll gy d21
spl ¥
p25
|5N pl25 d1 I d25 I d25 d25| do do d25 I I
(TTTT] [ [ [ ] e [ ome |
«—> loop pllé
loop d20
BC optional g;gs [\
P8
spl3
G, i
G1 G3
G2 G2
hsqctretf3gpsi3d
y Yy
®rec
1
H 4 dzelaeﬂa I IIII I d24|d24 d26|d2688
P11 d21
spl (01 b 4
5N I 25 I d25 d25| d10  d10 = d25 I I
[ [ ] R N [ awe |
loop pllé
5 d20
C optional p;éS [\
P.
p8
spl3
G, Q
Gl G3
G2 G2
hsqctretf3gpsi3d.2
y y Drec
g a d26|d26[\8 I I"III I d24|d24 d26|d2688
pll
ool @1 b4
BN d25 f d25 8 8|d2s] di10 di0 @ d25
I—l “—Pre—> GARP
cpds$8 plleé
tlrho
B .
C optional [\
p8
G spl3
: N nnnpfl
G1 G5 G4 G6 G6 G7 G7 G3
G2 G2
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hsgcccf3gpphwg
y
o o
; oo
"N I 5 d23|d23 B d25|d25 4 do |5
i “« re—>

G, Al

AN

Gl G2

G2G3
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o

3D HNCO experiments for '°N Relaxation Measurements

Heteronuclear >'N-'H NOEs:

Il !N!Z

LN):

M

3D HNCO to measure "°N T, relaxation times using PEP (hncot2f3gpsi)

3D HNCO to measure "N T, relaxation times using PEP (hncot1f3gpsi)

3D HNCO to measure heteronuclear '"N-'"H NOEs using PEP (hnconoef3gpsi)

N

L

hnconoef3gpsl
120° on
o y : o
H ee S DIPSI-2 DIPSI2 d21 K26 d26|d26d26 |5 @S
41 { } pl19 p26 ¥
15 pll d23 d23 d23-d10 d23+d10
N spl GARP
116
o p
13C” m 8[| 4o do H ] m
pl4 pi3 pl4 p13 pl4
13 sp3 B2 $p3 sp3
C. A4 A A
pl4 pl4 pl4 p14
sp5 sps sp5 Sp5:
Ce | i ' i
G3 G4 G5 Gl G2
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hncot1f3gpsl
X X
y
y -y y -y
1 d26 fd2e §:d26 fdze ) d21 K26 1d26|jd26d26|5 @S ®reo
H & ) DIPSI-2 | | DIPSI-2
ol p2 p1 r y pl19  p26 Wy
sp
1SN I I | d7 dz23 I d23 I d23-d10| d23+4d10 I I
GARP
116
P22 & p
BC’ m sﬂ do do H ] (\
pl4 pi3 pl4 pl3 pla
13 sp3 sp2 sp3 sp3
G A a4l
pla pl4 pla pl4
H sp5 sp5 sp5 Spb:
Oz ! i i
G3 G4 G5 Gé6 Gl G2
hncot2f3gpsi
y
y -y y -y
1 d26 fld26 1 k2 2
H d1 d26d26\8 I WI Iwz‘& 26 fld26la26flaze|s s rec
s p2 p1 v pl?  p26 @
spl
15NJII I I_III[IIII dz23 I d23 I d23-d10| d23+4d10 I I
GARP
dz28 p22 loop o pl16
p30 d2s !
BC’ p123 p30 (\ 5“ do do H ) m
pl23
pla pi3 pl4 p13 pl4
13 sp3 sp2 sp3 sp3
s AE A d
pl4 pl4 pl4 pl4
: sp5 sp5 sps sp5
Oz '\ ) A A i
G3 G4 G5 Gé Gl G2
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Tutorials: .J Backhone
Tutorials: .J Sidechain
Tutorials: J
Miscellaneous

Protein NMR

Coupling Constants|

HMR Experiments

Scalar Couplings (J)

Introduction (|:5 One-bond

Determination : H—C H Two-bond

JResolved : T ¥ Three-bond

Spin-State Selective : H—C H

E.COSY % f‘l\ﬁ ¥ Backbone Three-bond ¢

TROSY/ anliTROSY cC % N _— C — C % N Backbone Three-bond o

J-soalln ” : ‘ ~ Me | Backbone Three-bond v
g ) ‘ Wy ) :

J-Quantitative O : H i’ O H Sidechain Three-bond .

DQ-ZQ

Sidechain Three-bond ,

Dipolar Couplings (D) CrossHydrogen Bond (!J}

f et Introdirction
: |
nireduetion NMR Experiments
Anisotropic Media -
Applications
NIMR Expertiments

Structure Caleulation

Applications

by

2D Experiments | 3D Double-Resonance Experiments
3D Triple-Resonance Experiments

Zeneral Eeading: T6PROG41, BOZZER147
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¢

*J(HN-HA)
[ 3D HNHA | [ 3D HNCAHAFEICOSY |

| 3DHNCAD@ZE | | 20 CTHMAC |

*J(HN-CB)

\ 3D HNHB[CB]-E.C@&%
\ 3D HNCA[CB]-E.C@%%

*J(HN-CO)

‘3D [H)CANNH[CO]-E.@@@%
\ 3D HNCA[CO]—E.C@%A%

*J(CO-CB)

| 3D HNCACBICOLE.COSY
*J(CO-HA)
| 3D (HINCAHAICOFE.COSY |
*J(CO-CO)

3D (HN)CO(CO)NH

)
*J(CA-CD)
[ 3D HN(CO)Call | Y
1
*J(HB-CD)
3
*J(HB-HG) J(N-HB)
*J(CA-HG)
*J(HA-HB)
c
H—(l = | 3D (H)CCHIHBIE.COSY |
M2 “J(CO-CG)
Co
—Cc——N—>-C =CS-N—¢C | 3D (HIC(CICHICOFE.COSY |
I | | v g o | *J(N-CG)
"R :
1 o *J(CO-HB)
*JIN-N) 5 J(CA-CA) | 3D HO(CHICOMECOSY. |
*J(HA-CG)
*J(HA-N)
*J(CA-HN)

| 3D HCACONFECOSY. |

*J(CB-N)

| 3D HNCOICAFE.COSY |
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Phi Backbone Coupling Constant

3D HNHA experiment (hnhagp3d | HNHAGP3D) - 3J(HN-HA) via quantitative-J

3D HNCA[HA,CBJ-E.COSY (hncaecosgp3d | HNCAECOSGP3D) - 3J[H(N)-HA] and 3J[H(N)-CB’
via E.COSY

3D HNCA[HA]-E.COSY (hncaecosgp3d2 | HNCAECOSGP3D2) - 3J[H(N)-HA] via E.COSY

3D DQ/ZQ HNCA (hnecadqzqgp3d | HNCADQZQGP3D) - 3J[H(N)-HA] and 3J[H(N)-CB] via
DQ/ZQ

2D CT-HMQC-J (hmqcjgp | HMQCJGP) - 3J[H(N)-HA] via J-modulation

3D HNHBJ[CBJ-E.COSY (hnhbecosgp3d | HNHBECOSGP3D) - 3J[H(N)-CB] via E.COSY

3D HNCAJ[CBJ-E.COSY (hncajcgp3d | HNcAJCGP3D) - 3J[H(N)-CB] via E.COSY

3D (H)ICANNH[COJ-E.COSY (hcannhgp3d | HCANNHGP3D) - 3J[H(N)-CO] via E.COSY

3D HNCA[CO]J-E.COSY (hncacosygp3d | HNCACOSYGP3D) - 3J[H(N)-CO] via E.COSY

3D HNCACBJ[CO]-E.COSY (hncacbgpjc3d | HNCACBGPIC3D) - 3][CO-CB] via E.COSY

2D spin-echo difference CT-HSQC (hsqcctetgpjclr | HSQCCTETGPICLR) - 3J[CO-CB] via spin-
echo difference

3D (HINCAHA[CO]-E.COSY (hncahagp3d | HNCAHAGP3D) - 3J[HA-CO] via E.COSY

3D (HN)CO(CO)NH (hncocogp3d | HNCOCOGP3D) - 3J[CO-CO] via quantitative-J

Psi Backbone Coupling Constant

3D (H)NNH-TOCSY (hnnhdigp3d | HNNHDIGP3D) - 3J[N-N] via quantitative-J
3D HCACOIN]-E.COSY (hcacogpjc3d | HCACOGPIC3D) - 3J[HA-N] via E.COSY
3D HNHB (hnhbgp3d | HNHBGP3D) - 3J[HN-HA] and 3J[HN-HB] via quantitative-J

Omega Backbone Coupling Constant

3D HN(COCA)CA (hncocacagp3d | HNCOCACAGP3D) - 3J[CA-CA] via quantitative-J
3D HNCOJ[CAJ-E.COSY (hncoecosgp3d | HNCOECOSGP3D) - 3J[H(N)-CA] via E.COSY

Chil Sidechain Coupling Constant

3D HNHB (hnhbgp3d | HNHBGP3D) - 3J[HN-HA] and 3J[HN-HB] via quantitative-J

3D HACAHB-COSY (hacahbcosygp3d | HACAHBCOSYGP3D) - 3J[HA-HB] via quantitative-J

3D HN(CO)C (hncocgp3d | HNCOCGP3D) - 3J[CG-CO] via quantitative-J

3D HC(C)H[HA]-E.COSY (hcchecosgp3d | HCCHECOSGP3D) - 3J[HA-HB] via E.COSY

3D HC(C)H[CO]-E.COSY (hechcosygp3d | HCCHCOSYGP3D) - 3][CO-HB] via E.COSY

3D (H)C(C)CH[CO]-E.COSY (hccccosygp3d | HCccccosyGP3D) - 3J[CG-CO] via E.COSY

3D HNCG (hneggp3d.1 | HNCGGP3D.1) - 3][N-CG] via quantitative-J

3D HNCG (hneggp3d.2 | HNCGGP3D.2) - 3][N-CG] via quantitative-J

2D spin-echo difference CT-HSQC (hsqcetfpf3gpjesi | HSQCETFPFGPJICSI) - 3J[N-CG] via spin-
echo difference

Chi2 Sidechain Coupling Constant

3D HN(CO)CACali (hncocacgp3d | HNCOCACGP3D) - 3J[CA-CD] via quantitative-J
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Backbone ¢ Angle

3THN-HA
3]

HN-CB H H
3THN-CO
; @@

CO-HA 5
3Jco-cB O o
3]

CO-CO

Phi Backbone Coupling Constant

3D HNHA experiment (hnhagp3d | HNHAGP3D) - 3J(HN-HA) via quantitative-J

3D HNCA[HA,CBJ-E.COSY (hncaecosgp3d | HNCAECOSGP3D) - 3J[H(N)-HA] and 3J[H(N)-
CB] via E.COSY

3D HNCA[HA]-E.COSY (hncaecosgp3d2 | HNCAECOSGP3D2) - 3J[H(N)-HA] via E.COSY

3D DQ/ZQ HNCA (hncadqzqgp3d | HNCADQZQGP3D) - 3J[H(N)-HA] and 3J[H(N)-CB] via
DQ/ZQ

2D CT-HMQC-J (hmqcjgp | HMQCJGP) - 3J[H(N)-HA] via J-modulation

3D HNHBJ[CBJ-E.COSY (hnhbecosgp3d | HNHBECOSGP3D) - 3J[H(N)-CB] via E.COSY

3D HNCAJ[CBJ-E.COSY (hncajcgp3d | HNCAJCGP3D) - 3J[H(N)-CB] via E.COSY

3D (H)ICANNH[COJ-E.COSY (hcannhgp3d | HCANNHGP3D) - 3J[H(N)-CO] via E.COSY

3D HNCAJ[CO]-E.COSY (hncacosygp3d | HNCACOSYGP3D) - 3J[H(N)-CO] via E.COSY

3D HNCACB[CO]-E.COSY (hncacbgpje3d | HNCACBGPJC3D) - 3J[CO-CB] via E.COSY

2D spin-echo difference CT-HSQC (hsqectetgpjclr | HSQCCTETGPICLR) - 3J[CO-CB] via spin-
echo difference

3D (HINCAHA[CO]J-E.COSY (hncahagp3d | HNCAHAGP3D) - 3J[HA-CO] via E.COSY

\ 3D (HN)CO(CO)NH (hncocogp3d | HNCOCOGP3D) - 3][CO-CO] via quantitative-J /

©2006: Bruker BioSpin , Teodor Parella
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U+ Ynea HNCA[HA,CB]
Uan+ 2 Inca
H—C—H H—C—H
T ﬁ_
H g ©
J(HN-HA)
J(HN-CB)
E.COSY
hncaecosgp3d
Yy y
Y H ®rec
Iy d26|d26 \S&IW I d21/2|a26|d26d26|d26 B
pl  p2 p1 p26  pl19 N
Pt
15N I d23 I d23 I d10 d23| d23-d10 I I ’—‘
GARP
p22 pd1 o pl1é
13
Co (\ ﬂ‘do "do > ﬂ m mlevsp180.p30)
pl4d p13 pl4 p13 pl4 pl29
13 sp3 sp2 sp3 Ap8 sp3 sp30 p30
C m (\p mlevsp180.p30|
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sp5  spd 02 $P3  sp8 sp3sp2 sp3 sp8 sp5  spS spd 5 i
SR T
Gl U G3
G2
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KD IPAP-HNCO to measure 'J(NH) (hncogpia) \

o 3D IPAP-J-HNCO to measure 'J(CA-CO) and °J(HN-CA):
Using PEP (hncogprc3d1 | HNCOGRPC3D1)
Using WATERGATE (hncogprewg3d1 | HNCOGRPCWG3D1)
Using TROSY (frhncogpre3d1 | TRENCOGRPC3DI)

@ 3D IPAP-J-HNCO to measure “J(N-CA) and *J(HN-CA):
Using PEP (lmcogpre3d2 | HNCOGRPC3D2)
Using WATERGATE (hncogprcwg3d2 | HNCOGRPCWG3D2)
Using TROSY (trhncogpre3d2 | TRENCOGRPC3D2)

@ 3D IPAP-J-HNCO to measure 'J(N-CO):
Using PEP (hncogprc3d3 | HNCOGRPC3D3)
Using WATERGATE (hncogprewg3d3 | HNCOGRPCWG3D3)
Using TROSY (trhncogpre3d3 | TRENCOGRPC3D3)

3D J-HNCO (CA) to measure 'J(CA-CB):
Using PEP (hncogprc3d4 | HNCOGRPC3D4)
Using WATERGATE (hncogprcwg3d4 | HENCOGRPCWG3D4)
Using TROSY (trhmcogpre3d4 | TRENCOGRPC3D4)

3D IPAP-J-HNCO (CA) to measure 'J(CA-HA) and 'J(CA-CB):
Using PEP (hncogprc3d5 | HBNCOGRPC3DS5)
Using WATERGATE (hncogprcwg3dS | HNCOGRPCWG3DS)
Using TROSY (trhncogpre3dS | TRENCOGRPC3DS)

3D IPAP-J-HNCO to measure 'J(H-N) and *J(HN-CA):
Using PEP (hncogprc3d6 | HNCOGRPC3D6)
Using WATERGATE (hncogprcwg3d6 | HNCOGRPCWG3D6)

\\ Using TROSY (frhncogpre3d6 | TRENCOGRPC3DS) /

D
c
5 ) |
N C— C—5 N—C—
\ | |25 |
H © H
’Dor’D ‘
| — |
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3D IPAP-HNCO: J(NH)

Jan+Jnco ‘ HNCO ‘
H—C‘l—H H—(|2—H
N—C ?— C ﬁ
o o
H H H
hncogpla
y
1 d26 Jd26|6id21/2 BN S Drec
H* I H I \I\ \MMMMAW
4w : o
SN |3 I d23 I 423 I 423 Id23 F I
GARP
p22 p21 0 pl16
13C m sﬂ do do H 5 m
pl4 pE3 pl4 p13 pl4
” $p3 So2 sp3 ApB sp3
C. I |
_ pl4 p1;1
G 05 sp
z [V ) A A0 ()
Gl G2G3 G3G4 G5 G6 G7 G7
o 0
- Qx
B O
T T
Q. Q.
Spectrum A Spectrum B
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3D IPAP-J-HNCO: J(CA-CO) and J(HN-CA)

J(COCA)

1 -------- Q

J(HN-CA) A NH (F3)

) S -.O i

d26=1/4J(NH)=2.3m
d21=1/2J(NH)=5.5m
d23=1/4J(NCO)=12m
d22=1/4J(COCA)=4.3m

hncogprc3d]
y y
y sy Y Yy Y-y y ®reo
1
H gt [926[d26] 7 822150, DIPSI-2 DIPSI-2 |W d21 pa6d26/a26gaze(d S\MMMMMA
pl  p2 pli i p26 P19 ¥ VWWVWVW
sp'
15N I d23 I d23 I d23-d10| d23+4d10 I I
GARP
22 né
p. bl p
13"
C m ] dzzm 422 8‘ do do ] m ﬂ
p14 pjs P14 Pl3p13 p14 p13 pl4 013
3 sp3 sp2 sp3 SE8 isp2 sp3 sp! sp3 sp2
Co (b (o () ()
pl4d  pl4 pld P14
sp5 sp5 sp5 Sp5:
Gz | i | | |
Gl G4 G5 G6 G2 G3
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hncogprcwg3di
y - ;
1 d26 faze| » sia21 | 1 ycm s 2| A2 Breo
H ¢ ) DIPSI-2 | | DIPSI-2 ) \MAMMMM
PIop2 Pl i P9 e W ||l
P
15N I d23 I 423 I d23-d10| d23+4d10 I GARD
p22 ¢l pl1é
o A f|eflee|lssefls A
Pl4 13 P14 P33 pl4 p13 pl4
3 sp3 sp2 f SP3 Sp8sp2 sp3 sp sp3
C. > o N0
pl4 pl4 pl4 p14
sp5  sp5 sp5 505; H
Oz A 1
Gl G2 G3 G4 G4
frhncogprc3dl
.y -y
1 d26 fiyzs d26fd26d26 d_2X6 Drec
H aa \
Plipl1 B2 -y
spl
15N I d23 I dz23 I d10 | d23 Id23—d10 I I
p22 p2l oy
BC’ m ﬂdzzﬂdzzﬂiﬂ do do He \ m
pl4 13 pl4 DES ’;;13 pld p13 14
13Ca sp3 spp2 ,;sps : sp8 5p2 sp3 sp8 §p3
pl4 pl4 ’;')14
%N N
Gl Gl G2 G3 G3G4 G4
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3D IPAP-J-HNCO: J(N-CA) and JHN-CA)

k*J(NCA)
>
U 1
. n
1
J(HNCA) 1 L e NH (F3)
adeaa --‘ ’ 1
I
N
(F2)
hncogprc3d2
y
y Y-y yy Y-y y Breo
1
H a1 926 d26)| 2 sR21 o SIS DIPSLa IWZ‘ d21 26 fd26jd26fJd26 SIS\MWMMM
1 2 1 p26 pI9 wvvvv
PLop2 Pl ¥ i
15 d23 f§ 423 d23-d10 | d23+d10 —‘
p22 1 pl16
137 k*
C m 8‘d0 do”(5d22(\d22 dl"m ﬂ
p14 D13 pl4 pt3 p13 pl4d pi3 pl4 p13
sp3 bp2 Sp3 g8 §02 9 P34 SO &, sp3 502
= A0 B 5o [
d10
pl4 pl4 pl4 pl4 pl4 p14
sp5 sp5 sp5 sp5 sp5 SPE;
O A i |
Gl G4 G5 Gé6 G2 G3
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hncogprcwg3d2
1 e 4 Prec
Iy d1 |d26 Id26 8421 a21is *| ERE A
i |eefey D e
Vi
ol p2 s;] P26 pI19 4o ‘dTG'WVWWVVV
15N I d23 I d23 I d23-d10| d23+d10 I
GARP
22 1
P ¢1 pl16
13C' k*
m ﬂldol 2 dzzmazz dlom
pl4 p13 pl4 PE3 P13 pl4 pl13 pl4
13 sp3 sp2 sp3 (P8 §P2 o sp3  SP8 K* sp3
C. i b fBo5io I
pl4 pl4 pl4 pl4 pl4 P14
G i sp5 sp5 sp5 sp5 sp5 sp5
z ) / AR
Gl G2 G3 G4 G4
frhncogprc3d2
y -y
. d?XG ?},26 d26Qd26 d§6 d_2x6 ®reo
H 4 ] ) ) ) MMMMM
Plpl1 [2 -y VWWWVVV“
sp1 .
1* {d23 f1* id23
15 2 H
N | d23 I d23 I d10 i-d10 Id10§ +d10 I
p22 p21 o
13"
C (\ sﬂ g a0 (eflll o, m 422 ﬂ m
p14 P13 p14P13p13  pl4 p13 pl4
13Ca sp3 5p2 m sp3 ﬁ3sp2 (: sp3 : sp8 p3 m
pl4 pl4 P14 p14 p'|4 p14;
G : sp5 sp5 sp5 sp5 sp5 sp5
= ) N M ﬂ

Gl Gl

G2

G3

G3G4
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3D IPAP-J-HNCO: J(N-CO)

k*J(CON)

HN (F3)

CcO
(F1)
hncogprc3d3
y y
y -y -y y Orec
g d26|d26 )\ 3821 p szt 5 d21|d21 ) 5 I I a1 o | 421 p2sfjaze[a2efdze|s 8\MMMMMA
Pl p2  pli | p26 P9 7 WVWWVVV“
SpE
ISN I d23] d23 H I d23-d10 I d23+d10 I | I GARD
p22 ’)1 pl16
13 k*[\k*
C (\ | 0, o0 domdo 8 m ﬂ
pl4 P13 p14 pi13 pl4 p13
. sp3 5p2 sp3 sp3 sp2
C, A& 4 A
pl4 p14 pla p'Ié
sp5 5p5 sp5 P
° (I I )
Gl G4 G7 G7 G5 G6 G2 G3
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hncogprcwg3d3
y -y -y y
1 a26 laze| ~ si21 a21i8 A A3 Breo
H a ) DIPsI-2{d2% [ a21  a21 d21[ pipsi2 ) ) \AMMMMM
bl p2 bl p26 P9 4_6>d2 4_6Pd2 VVVVVVVVVVVV
SpE
ISN J d23 I d23 H I d23-d10| d23+d10 I CARD
p22 ' pl16
13C” k*(\k*[l 5
A o, o fls A
pl4 p13 pld pl13 pl4
13 sp3 sp2 sp3 208 sp3
Ce A0 A f
pl4 pl4 pl4 pl4
- i (I I | NN | I\
Gl G5 G5 G2 G3 G4 G4
trhncogprc3d3
-y -y
| a26 fJaze| v a26flaz6|dzeflaz6 Oreo
H X By la21 BN B%
a1 |94 ipsiajat of a21 f a1 0 5 ([T
PEp1T G2 p26  PI9 -y VWWWVVVW
15 wl
N I d23 I d23 H I d1o dzil d23-d10 I I
p22  p21 by
BC do do X¥[\k*
le_pe_ »d0| |0
pl4 P13 p14 p13 p14
13 Ca sp3 5p2 (\ sp3 7?8 P sp3
pl4 pl4 pla
G sp5 sp5  sp5

[

il

i

Gl Gl G5 G5 G2

G3

G3G4

G4
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3D J-HNCO: J(CA-CB)

k*J(CACB)

|

O Q| HNFY
'
:
CcO
(F1)
hncogprc3d4
v y
y -y -y - -y
1 | 1 ) 1 d26d26|d26Qd26|5 §d ®rec
H di |26 fa26 \8‘”1 DIPSI-2 DIPSI-2 DIPSI-2 DIPSI-2
gl p2 pl p26 pIT9 v
spl
15N I d23 I d23 I d23—d10|d23+d10 I I
GARP
p22 1 pll6
13 ?dO d22-
C (\ 22/ |a22 i 81401922 71 1 1o
pl4 p13 pl4 Ppi3 P13 i pl4 piB
f sp3 SRS sKB / §p2 A sp3 3
K sh=l” A & 4
do| |do
pl4 pl4 13 p14 PE3 pl4 pl4 pl4 p14
i 05  spb p2 sp3 S8 sp5 spA sp5 S5
Ce | |
(€2 G4 G5 G6 G2 G3
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hncogprcwg3d4
. o y -
: " ¥ ¥ Y Y 5 -X -x ll-x ®rec
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i 16
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m d22 d22m 8119022 1 l1vdo 8
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3D IPAP-J-HNCO: J(CA-HA) and J(CA-CB)

k*J(CACB)
k*J(CAHA)

|

O QN
:
1
1
CcO
(F1)
hncogprc3ds
y
}|, K Y T ! ®rec
'y a1 |a26 faze| o 322y TS I DIPSIa |TSI_2d2 6Id26|dZGId26|8I8
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Sp]
15 d23fd23 -
N I I I 3|d23 leI d23+d10| | I GARP
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C m ﬂ i z:(1-1 1*d0 d22 m
pl4 pl13 : P14 pid 13 p14 pi3 pl4
13 sp3 sp2 : sp3 3 . 3 3
Co (\ 8 d4(\d4 X m 8 (\ (\
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G 5 sodf 02 sp3 spgin2 sp3 P§ T qos sp5 sp5
z x ' - | i
Gl G4 G5 G6 G2

G3
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hncogprcwg3dbd
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3D IPAP-J-HNCO: J(HN)

HN (F3)

N
(F2)
hncogprc3dé
y
1 B Orec
-y
lH d1l |d26 Id26 \8:121 DIPSL2 P21 2 d26|d26 d26|d26 Sli
Pl p2 pl p26 P9 N
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d23 d23 -
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Oz | 1 i i A
Gl G4 G5 G6 G2 G3
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3D Hydrogen bond-HNCO
(hncogphb3d | HNCOGPHB3D) NH
3D Hydrogen bond-HNCO using TROSY \ . /

i C
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Reading:
1. S.S. 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. Scwalbe, "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
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Adenine, A

NI C2 N3H) C4 C5H5 C6(H6)

Guanine, G

U 142-146 154 156-162 169 102-107 137-144 -
(13-14) (5.0-6.0)  (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)

N1(H) C2(H2) N3 Cc4 C5
214-216 152-156 220-226 149-151 119-121
A (7-8)
146-149 156 167 152-154 117-119
G (12-13.6)

Cr’ C2' C3' C4' Cs'

Sugar 87-94 70-78 70-78 82-86 63-68
(5-6  4.4-5.0 4.4-5.0 3.8-43 3.8-4.3)

N(H,)

(6.7-7.0 &

8.1-8.8)

Ceé

157-158

161

N7

224-232

228-238

C8(HS)

137-142
(7.7-8.5)

131-138
(7.5-8.3)

N9

166-172

166-172

N(Hy)

82-84
(5-6 &
7.8)
72-76
(5-6 &
8-9)
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Main Features of nucleic acid (NA) experiments

NAs usually present poor degeneracy and important conformational flexibility. Thus, TH NMR

spectra of NAs can be difficult fo 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 same1D 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 capabllities.

Double-Resonance Triple_Resonance
(HC, HN or HP) (1H-13C-15N or 1H-13C-31P)

Homonuclear

HNC

(PCCH-TOCSY
HCP
HCPCH ) (HCP-CCH-TOCSY )
HP(H)CH
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Experimental details for nucleic-acid experiments

Offsets

F1 channel: TH (01p)

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 af pl16)

Typical 13C pulses from F2 channel

P13 sp2: 90° C on- resonance (320us , spnam2=Q5.1000 )
P14 sp3: 180° C on-resonance (256us, sonam3= Q3.1000 )
P13 sp8: retro-90° C on-resonance (320us, spnam8= Q5tr.1000 )
p14 spb: 180° C off-resonance (256us, spnamb5=Q3.1000 )

p8 sp13: 180° adiabatic for inversion (500us using CHIRP , sonam13=Crp60,0.5,20.1 )

Typical 15N pulses from F3 channel

P30 sp?: 180° N1/N? on- resonance (700us , spnam?=&Q3.1000 )

Very Important!!: 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-">C NOESY-CT-HSQC using echo-antiecho (na_noesyhsqcctetgp3d)

3D 'H-"C NOESY-HSQC using WATERGATE and refocusing of J(C5C6) during t,
(na_c6noesyhsqcgp3d)

3D '"H-""N NOESY-HSQC using WATERGATE (na_noesyhsqcf3gpwg3d /
na_noesyhsqcf3gpwg3d.2)

2D and 3D HCN-type Experiments:

HCN experiment
3D using echo-antiecho (na_hcnetgpsi3d | NA_HCNETGPSI3D)
3D using echo-antiecho and selective pulses (na_hcnetgpsisp3d | NA_HCNETGPSISP3D)
3D using MQ (na_henmgq3d)
3D using MQ and selective 1H pulses (na_hcnmgqsp3d)
3D using TROSY (na_trhenph3d)
3D using TROSY and gradient selection (na_trhcnetsi3d)
2D H(C)N using TROSY (na_trhenph)
2D H(C)N using TROSY and gradient selection (na_trhcnet)
2D H(C)N using MQ (na_henmqgpphpr | NA_HCNMQGPPHPR)
HCNCH experiment
2D H(CNC)H (na_henchgpjrphsp | NA_HCNCHGPJRPHSP)
3D H(C)N(C)H using MQ (na_henchmqsp3d)
3D H(C)N(C)H using MQ and TROSY (na_trhenchmqsp3d)
3D H(C)N(C)H using MQ, TROSY and WATERGATE (na_trhenchmqspwg3d)
3D (H)CN(C)H using MQ, TROSY and WATERGATE (na_trhenchmqspwg3d2)
3D (HC)N(C)CH-COSY using MQ (na_hcenechcomq3d)
3D (HC)N(C)CH-TOCSY using MQ (na_hcnechdimq3d)
2D H(CN)H using WATERGATE (na_hcnhgpph19 | NA_HCNHGPPH19)

3D TROSY-(H)CCH-COSY for intra-base correlation (na_trhcchco3d)
2D H(CN)C (na_h68c68n19c42)
HCCNH experiment
3D H(6/8)(CCC)NH (na_hcenhdigpwg3d | NA_HCCNHDIGPWG3D)
3D H(CC)NH (na_h5c5c4n3h_3d, na_h56c56c4n3h_3d)
3D (H)C(C)NH (na_h56c56c4n3h_3d2)
2D H(NC6)C5 (na_hnc6cSetgpsi)
3D (H)N(C)CH (na_hncch3d)

Observation HN-N hydrogen bonds:

2D HNN-COSY (na_hnncosygpphwg | NA_HNNCOSYGPPHWG)
2D HNN-COSY using shaped "°N 180° pulses (na_hnncosygpphspwg)
2D HNN-COSY 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 (hcchecgp3d | NA_HCCHECGP3D)

3D HCC-TOCSY-CCH-COSY experiment (na_hcchfwdigp3d | NA_HCCHFWDIGP3D)
3D HCC-TOCSY-CCH-E.COSY experiment (na_hcchfwdiecgp3d | NA_HCCHFWDIECGP3D)

3D HCC-TOCSY-CCH-E.COSY experiment using jump-and-return (11) (na_hcchfwdiecgpjr3d)
3D forward directed quantitative gamma HCCH-TOCSY (ghcchfwdigp3d | NA_GHCCHFWDIGP3D)
2D '"H-">C HSQC for measuring Jcy in sugars (na_hsqcetgpjesp | NA_HSQCETGPJICSP)

©2006: Bruker BioSpin , Teodor Parella 542



Pulse Program Catalogue @RU KER
NMRGuide 4.1 - Topspin 2.0 IOSPIN

2D HP Experiments:

2D CT HH- {*'P}-COSY with presaturation to measure J(H3’-P) (hpcosyphpr | NA_HPCOSYPHPR)

2D 'H-’'P 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-*'P HSQC experiment
Using CPMG (na_hsqcetf3gpxy)
Using CPMG and jump-and-return (na_hsqcetf3gpjrphxy)

2D 'H-"'P Hetero-TOCSY using cross-polarization (na_hpdi)
2D '"H-*'P HSQC-NOESY using CPMG (na_hsqcetf3gpnoxy)
2D 'H-"'P Hetero-TOCSY-NOESY

Using cross-polarization (na_hpdino)

Using WATERGATE and cross-polarization (na_hpdino19)

Using cross-polarization (na_hpdino3d)
Using WATERGATE and cross-polarization (na_hpdino193d)

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_HCPDIETGPSI3D)

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_pecchco)
2D P(C)H using HC cross-polarization (na_pecchdi)
2D P(CCC)H using CC TOCSY and HC cross-polarization (na_pecchdi2)

2D quantitative HC(P) for determination of J(CP) (na_hcpqetgpsi.1 | NA_HCPQETGPSI.1 and
na_hcpqetgpsi.2 | NA_HCPQETGPSI.2)
2D P-FIDS experiment to measure J(HP) and J(CP) (pfidsetgpsi | NA_PFIDSETGPSI)
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. Uberero G
All NMR spectra shown in this chapter correspond

to a ImM sample of doubly-labeled 13C/15N RNA C5 — GI 0
14-mer 5'-GGCACUUCGGUGCC-3' (commercially 4— 1111
available from Silantes) dissolved in A U
90% H20/10% D20 (courtesy from Dr. W. Bermel C 3 — G] 2
- Bruker Biospin, Kalshruhe). Experiments were

recorded in a 600MHz AVANCE spectrometer G?.. - C 13

equipped with a 5mm TXI probehead.

A) 1H spectrum using presaturation (zgpr)
B) 1H spectrum using water suppression using WATERGATE and heteronuclear 15N
decoupling during 1H acquisition.

AROMATIC &
AMINO
IMINO
SUGAR
PROTONS PROTONS

PROTONS

Tk

13 12 11 10 9 8 7 6 5 4 3 2 1 ppm

A)

B [T

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.

G:C base pairs G:U base pairs

G9

u11 G10 Gl12
G2

A)

13.5 13.0 12.5 12.0 11.5 11.0 10.5 10.0 9.5 ppm

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 inter-residue connectivities, and also

for base pairing

2D 1H-13C and 1H-15N HMQC 1 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

Experiment Description 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-fo-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 chapte or also 3D X-edited NOESY experiments.

NOE
@
ty

t

noesyfogpphwg
p29 Y
spl
g d1 do -‘| 5 YRv §
g Al N
«—» 11
ds fs’pl
G,
n @A A
Gl G2 G2
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2D Constant-time HSQC/HMQC Experiment

Experiment Description: 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 the corresponding
2D HSQC and HMQC chapters for all availables pulse programs.

1 2
t t
hsgcctetgpsp.2
y
®rec
god | as I a4 ’ﬂ I as | aa
o1
B0 /\ 40 d23 I d23-do /\ e
p8 : p8 pli2
spl3 spl3
lSN optional I
G, Q
G2
Gl
ppm WMMM\AMMW
7 ’_‘:3__- > H5'/HS"
707 ) _-=I." _ \H2/H3'
80é = _ H4'
m'Co D
1004 H5(C) < _—_— 2 d1=1.5s
- O d4=1/4J(CH)=1.72ms
E (optimized to cnst2=145Hz)
10 H5(U) 123=CT(C) period=8.8ms
1204
For a complete assignment,
130 E - See Fig. 6 in 04jb69-28
140£ - = - H8(A,G)/H6(U,C)
150—2 - H2(A)
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0  ppm
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hmagcctetgp
Drec
lH di d4 I d4 I I da da
d23/2  d23/2
B [\ a0 cao I d [\ o )
pld pl4 pll2
sp3 ; g sp3
1
5N optional I I
G, Q
G3 G4 G2
Gl G1
ppm
90 -— = -
— -
- d1=1.5s
95 _ - d4=1/4J(CH)=1.72ms
= - (optimized to cnst2=145Hz)
d23=CT(C) period=8.8ms
100 -
- <=
1054

T T T T T T T T T T T T
5.9 5.8 5.7 5.6 5.5 5.4 5.3 5.2 5.1 5.0 4.9 ppm
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3D Constant-time 'H-"C NOESY-HSQC Experiment

Experiment Description: 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
rngs and their connected bases.

1
JCH/— NOE , \
: NOE : /_\Q/‘\
t t t3
na_noesyhsqcctetgp3d
y y
'H a I do . do ds | aq4 Iil:l_l d4 I d4
' o1 NS
& /\ a10 d23 Id23-d10 /\ —am ]
P8 p8 p8 pliz
spl3 spl3 i spl3
lsNoptional 1 I

G, i
G3 Gl U G2

g e e ‘e I 60
f
< ’j" : '15’;” :
@:evereeeennfsnnns H g, . .f".""'ff'; i R - ~
» 5 o - A . 100
C .. ‘.g.‘: i F120
H(C) e i .
. ,
o ./ . . 140
T T T \é T T T .\ T T T T
8 7 6 5 4 3 ppm 8 7 6 5 4 3 ppm
di1=1.5s
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 C5 during the indirect d10 period.

na_cénoesyhsgcgp3d

¥ ¥
'H a1 do  do ds | a4 I d4 C I d4 4
o1
8| d10 §d10
c N N O A Caw
p8 p8 plg pfs pll2
spl3 spl3 sp sp
cs /
pl4 pl4
spS sp3
1sNoptional I I
G,
G3 G4 G5 G5

ppm
A . X} Q o I
] 14 : —130
34 1A A
] . - (X @ !
Ey .
EREY ‘% " —
1 : ' VR 1 [ ' +135
: "a‘; ) R | o o i
57 ‘e o ' . " g * \ bebo
1 o R 1 the:
1 N ¢ f et . [
o] ¥ A " i ! - 140
] T . "
7- ¢ ¥ |
. (Y L e =145
ﬁ S |
AR AR AR T T AR T A AR AR AAAAAAAM A
8 7 6 4 3 ppm 8 6 5 4 3 ppm

di=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 tZ
hsacfpf3gpphwg
y
\ x| 426 | 26 ®reo
H a1 | d26 [ d26 \ X \ X MA
' ) 11
o gpl o1
5| d0 do Pefs
| el | e
pll6
IGC /\
P8
Gz Q spl3 m m
Gl G2 @3 G3
ppm MMWM
7 o o N2(G)
7 N6(A
] NH2 . e (A)
i N4(C
Loo. region @ 'S (®)
Full assignment:
120 Fig. 5 in 04jb69-28
140 — -
e ¢
|\ te. B9 ) N1(G)
160 ° N3(U)
14 13 12 11 10 8 8 7 6oppm
dl=1.5s
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

Experiment Description

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

1
INH
'~

NOE

H(N)

HN-H plane HN-N plane

124

F.

a3

~100
—120
~140

160

T T T T
14 13 12 11 10 9 8

I
7 ppm 110 9 8 7

I I
13 12 1

di=1.5s

d8=NOE mixing time=100ms

pll=water selective=1ms (Squa100.1000)
P29=water selective=2ms (sinc1.1000)
d26=1/4J(NH)=2.77m
(optimized enst4=90Hz)
ZGOPTNS=DLABEL _CN

T
6 ppm
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= @ @

na_noesyhsqcf3gpwg3d

y y ¥
'H a1 4 do | as d26| 426 I = | a2 W% azel | °
- . /\LH/\ | A A,
pl9 p2d )]
spil
N I I d10 d10| [W
plleé
laOoptional [\ m
p8 p8
G spl3 spl3
- ANEETANNA ANNA
G3 G4 G4 G5 G5 G6 G6
na_noesyhsqcf3gpwg3d.2
y y ¥
'H a1 4 do | a8 26 Ee I -x dZG-Xde26 rec
o] /\Lﬂ/\ | AN
pl9 p2d ®1
spll I I I
B d10 leI [_]
GARP
N N pll6
BCoptional [\ m
p8 p8
G spl3 spl3
: A ANNANEA ANNA

G3

G4 G4

G5

G5

G6 G6
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3D HCN Experiment

Experiment Description:

This experiment provides sugar-to-base and infralbase 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

N(H)

H,CpN,,

HN

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 HOCbNb spectra can also be obtained.

Related Experiments

HCNCH
HCNH
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0O 0 @ @

na_hcnetgpsidd

Y y
Drec
'H a d4|d4’@ I I d4|d4 d4|d46 ]
B¢y 8| d22 | a22 d10 d22 Jd22-d10
GARP

plleé
G, N 0
Gl G2 G2 G5 G4
3y a3
na_hcnetgpsisp3d
y Yy
®rec
H a d4| as P28 I I d4|d4 d4|d4 HEB
pla Yy y | pis v
sp3 g :  sp3
®Q 8| a22 () a22 d10 d22[\d22-d10
ol pl12
BN do dofle|s
p30 . p30
sp9 % sp9 pllé
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'-to-N9(A,G) (green area); E) H6(U,C)-to-N1(U,C) (yellow area); and F)

H8(A,G)-to-N9(A,G) (red area).

]
"
~145
90 A LY ’ 1 W C
1004 LI LY 150
) +
1104 —155
1204 160
~165
1304 I:
- B D
I h
[} ] L
140 .'I’ | 170
T — T T T T T T T T
9 8 7 6 5 ppm 9 8 7 5 4 3 ppm

ppm MWMMM _‘/MMNMMMAMM ppm

90 ) ' e
1004
110
120
1304

1404

904 [
1004 Ll
-9
1104
1204

1304

1404

ppm J'\AM/‘W%WM% MWMMMM ppm
;

d1=1.5s

d4=1/43(CH)=1.40ms for all J(HC),

J(HSCS) and J(H6CS)

d22=1/4J(CN)=17.5ms for all JIN1C1"), JNOCL"),
J(N1C6), and JNOC8)

p14=2.6ms (spnam3=q3_rna_c68c1.256)

02p=113.45ppm

p30=700us(spnam9=Q3.1000)

d1=1.5s

d4=1/4)(CH)=1.56ms for J(H1'C1")
d22=1/4)( 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=1.5s

d4=1/4J(CH)=1.25ms for J(H8CS) and J(H6C6)

d22=1 /4J(CP=1 5ms for JIN1C6), and J(N9CS)
spnam3

p14=1.0ms =Q3.1000)
02p=137/Tppm
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.

O 0 @ @

na_hcnmag3d
y
@rec
'H a d4| a4 I I I I I aa | as
) d22 422 f\ 422 d22 d22/4 d22/4f)\ d22/4 d22/4
/4 /4 /4 /4 -d10 §-d10 +d10 §+d10 GARP
pl4d pl4d p8 pl4 pléd pli2
sp3 sp3 spl3 sp3 sp3
“N A 8la0 a0 |8 A o )
p30 p30
sp9 sp9 pll6
G,
S A AN ANANNANARA AN AN
G3 G3 G4 G4 G4 G4 G5 G6 G7 G7 G7 G7 G8 G8
na_hcnmagsp3d
y
Qrec
1 d1l
H d4 | d4 m m m m d4 | d4
CW
pl9 pl2 pl2 : pl2 pi2
sp23 sp23 sp23 sp23
vsC d22 d22 [\ d22 d22 d22/4:d22/4/\ d22/4 d22/4
/4 /4 /4 /4 -d10 -d10 [ |+d10 :+d10 | GARP ]
pl4 pl4d p8 pl4 pl4 pll2
sp3 sp3 spl3 sp3 sp3
“N /3 8|da a0 |9 A o )
p30 p30
sp9 sp9 pllé
G
§ ANANANARNAWANIA AN AWAREATA
G3 G3 G4 G4 G4 G4 G5 G6 G7 G7 G7 G7 G8 G8
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ppm Il % ppm
] "n -I nﬂr
1454 . Y Mg o0
) " i
g )
150 LI TR '.m 100
. Tty LR
i i
1554 ‘1[ “ E110
) ,l‘1 pv'
160 '“ }
ab \i‘ 120
i :
165 B} i
ié 4 F130
! [ | | . E
I { L] \
_ [} - ! !
1o ] [ " & E140
Xk ! A,
I ™ I I I I I I I
8 7 5 ppm 9 8 7 6 5 4 3 ppm
ppm | ppm
145
-84
150 - 86
155 | 88
90
160
F92
165
Y
170 |96
I I
8 7 ppm
ppm '_'“I"';ﬂ' | ppm
4, b [
145 N {
i 132
|
150+ ' ) R (. @
X i ° F134
155 b @’ﬁ
! 136
{* % 9
i 00 g o
160 ! "@ & 138
S ® P
165 .M 140
KE A o
_ v [
1704 "* f« . @ L1492
1o ‘
8 7 5 ppm 8.5 8.0 7.5 7.0 ppm

d1=1.5s
d4=1/4J(CH)=1.40ms for all JH1'C1") ,
J(H8C8) and J(H6C6) )
d22=1/4)J(CN)=16.0ms for all JN1C1"), JNIC1"),
J(N1C6), and J(N9CS8)
p14=2.6ms (spnam3=q3_rna_c68c1.256)
02p=113.45ppm
p30=700us(spnam9=Q3.1000)
p12=1.65ms (spnam23=reburp.1000)

d1=1.5s

d4=1/43(CH)=1.56ms for J(HI'C1")
d22=1/4J(CN)=16ms for JIN1C1"), 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=1.5s

d4=1/4J(CH)=1.25ms for J(H8CS) and J(H6C
d22=1/43( 16ms for J(IN1C6), and J(N9C8
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

Experiment Description:

Version of the HCN experiment that involves multiple-quantum coherences (MQC) and TROSY
effects instead of SQC to enhance relaxation features (00JB291-16, 01jacs6é58, 01jb367).

na_trhcnetsidd

- bpm

145

150

- 155

160

165

y Y=y
Orec
'H 4 da | a4 dafl aa | dasff a2
cW
pl9 p23
sp0
50 d22-d4 d22-d4
+d0 -do GARP
p8 p8 pl12
|5N spl3 spl3
d10
A TR
p30 pllé
G N0 A
; N N ANA
G3 G3 ' G4 G4 U
Gl G2
na_trhcnph3d
y
®rec
'H il DY as || as
cW
pl9 p23 p28
sp0
*C A d22+d0(\ d22-d0 (\
GARP
p8 p8 pli2
spl3 spl3
! d10
SN GARP
pllé6
G,
G3 G3 G4 G4 G5 G5
ppm
904 |;.,.“' , ' |
d1=l.53 1\ § "
d4=1/4J(CH)=1.40ms for all J(H1'C1"), . T
J(H8CS) and J(H6C6) i :
d22=1/21@‘1‘9=30ms for all J('N101), J('N9CID, "oy .
J(N1C6), and JINIC8) 120 \ |
Pp23=0ms (spnam3=q3_rna_c68c1.256) i
02p=113.45ppm . ! :
p30=700us(spnam9=Q3.1000) wod e ; Wy e
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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

N
Hy(Cp)Ny,
HS(CS)Nb

] T D . -
ppm ] ,i{l i}: wa : ppm

] oo ' i ' :
145—: \ | xi, " ;a o :—145
150 a . ‘nJ,’ N % M !’ﬂ 150

] ’ v R ) 7 . ‘li [

] igk .%“ ; !' i

Y !

155 Y b L4 , 155
] Ay 3 . i :
160 A 4 160
] »? v 14. i
] , w ' [
165 %‘ 8l :“ 165
4 b1 4 ihg i 3
] i ' * g [
170 ", ) ”i ' '."‘ at N ‘ 170
] 0 w b [

7””‘\”‘”””\””””‘\‘””””\‘””””\"L‘””‘\”‘”””\””‘ ”””\‘””””\””””‘\‘””””””””‘;‘n‘h”‘”\‘ T [ ““‘ﬁﬁ“““““‘
9 8 7 6 5 4 ppm 9 8 7 5 4 ppm 9 8 5 pPmM

The same acquisition parameters as discussed-
in the 3D HCN experiments
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1 2 3 4
® © ® © @
t; t
na_trhcnet
y
®@rec
! 4 daff as da | a4
H cW
P19 y y
B,
d22/2 d22/2 | d22/2)

C (\ s dzzlz(\ A ﬂ /2|8 (\ [—]
p8 pl4 P8 pl4 pl4 pli2
spl3 sp3 spl3 sp3 sp3

BN (\ d0id0  do dOI 5 A

GARP
p30 p30 pll6
sp9 sp9

G

- ANA N NN

G3 G3 G4 G5 G5 ' G6 G7 G7 @8
61

G2 @l
na_frhenph
y
Qrec
! A da | a4 da | a4
H W
pl9 y y
13
8 |d22/2( \d22/2 d22/2 [ | d22/2|8
C A /(\ ﬂ ! GARP
p8 pl4 P8 pl4 pl4 pli2
spl3 sp3 spl3 sp3 sp3
BN (\ d0do do do f; A o)
p30 p30 pllé
sp9 sp9
G
- ANA AN N NN
G3 G3 G4 G5 G5 G6 G7 G7 G8 G9 G9
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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

1

"

O,

©

2

TN

3
t

4

) @

na_hcnmagpphpr

t

y y
Drec
IH di dafl 44 d4 | d4
presat
plo Pl y | y pu
sp5 . sp5
50 I d22 ﬁ d22 I d22 ﬁ d22 I [—]
o1 pll2
1 aofle
N m 5 dog dOI 8 m
p30 p30 plls
sp9 sp9
G
: AN AN AN ATATARATATANA
Gl G1 G2G2 G2G2 G3 G4 G5G5 G5G5 G6 G6
ppm | F ppm
1 ! r
145 Yoo 145
150 150
155 . 155
160 . E160
165 ¢ . 165
] o . L
170 . ‘ ‘- F1v0
1754 .' & TESEE
8 7 6 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
(93jacs12181) that allows to correlate
the anomeric proton of the sugar ring
with the H6/H8 of the connected
base in isotopically labeled
oligonucleotides.

@ § © @

na_hcnchgpjrpohsp

X

X

1
H d1]do a4 doff a4 d27: 8|d19[d27 |d19 d19 | d27 M
o1 pl4 pl4 pld VVVVVVVVVV
G sp5 sp0 sp3
B a4 de [\ aa as a2 d2
¢ I ’l ﬁ ﬁ i i ’ I o ]
pl12
v | =] o]
p30 pll6
sp9
G
: A A A AN A A A
Gl G2 G2 G3 G3 G4 G5  G6 G7 G7
ppm |
] d1=1.5s
>-07] d4=1/4J(CH)=1.56ms
d23=1/4J(CN)=17ms
d25=1/4J(CN)=16ms
5.59 d27=1/4J/ICH)=1.25ms
d19=134us
pl4=1ms (spnam3=spnam5=Q3.1000
6.0 and spnam0=q3_rna_c68¢1.1000)
02p=113.5 ppm
6.5 | T T T T I
7.8 7.6 7.4 7.2 7.0 ppm
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3D H(C)N(C)H Experiment

Experiment Description:

3D version of the HCNCH experiment (00jb291-16, 98j0373-12) 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/HB8C8 base proton is detected.

RO

NMR Spectrum

The experiment provides a 3D correlation map

. .................... H1' (ribose)

(base)

Related Experiments

HCN experiment
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IRGHE" BROEA"

na_hcnchmgsp3d

y
A fae ol d4 dz7 az7 | 427 o
CW -do A *2 *2 (\

2 pi2 pi2 pl2
P s§2133 spp23 ; sp23 zf)g sp24 Z;g sp24
422 d22 | d22/2 d22 d25 d25/2 25 d25
12 72 Y| -a 12 m /2 -d21 ﬂ‘m /2 /2 m ( aare )
o . pl4 N p8 pli2
sp3 spl3
d23
30
gpg pllé
ANERTANANIA NN AN ATANANA
G3 G3 G4 G4 G4 G4 G5 G6 G7 G7 G7 G G8 G8
ppm [ ppm
4.8 °
-84 00 L 145
5.0 @ @D o L150
V. ! "
5.24 —155
5.4 L 160
5.6+ —165
5.8 “ 4 L170
6-01 \ \ \ \ T \ \ 175
8.0 7.5 7.0 ppm 8.0 7.5 7.0 6.5 ppm
d1=1.5s
d4=1/4)(C1'H1")=1.6ms
d22~=1/4)J(C1'N)=18ms
d23=1/4J(C1'N, C6/8N)=17ms
d25=1/41@‘6/81~9=16ms
d27=1/43/C6/8H6/8)=1.25ms
P12=3.3ms (spnam23=spnam24=reburp.1000)
p14=1ms (spnam3=spnam5=Q3.1000

p23=0 (spnam0=g3_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

1 2

N

® @

t

4

na_frhecnchmasp3d

@

t3

y
®rec
'H o d4-do dOI 4 m da*2 Iaz7 da | a4
- d
W
p19 P8 p12 pi2 p23 pl4
spl3 sp23 sp23 sp0 sp3
K (\ e (\“5 (\ [ _care |
X Pl p8 pli2
sp3 spl3
“N 8| d10f a23-d10 3 m o )
p30
G sp9 pllé
. A ANANIA AN ANEARNANA
G3 G3 G4 G4 G4 G4 G5 G6 G7 G7 G8 G8
na_frhecnchmagspwg3d
y
@rec
'H a d4-d0 | do I 4 m da*2 Id27 d4 d4
- d
CW
pl9 p8 pl2 pl2 p23 pl4
spl3 sp23 E sp23 sp0 sp3
B 22 q22  ,[\d22/2 d22 as B a5
¢ /21 /2 g‘“ -d4 | /2 m [ Gare |
X . pl4 X p8 pl12
sp3 spl3
“N 8| d1of a23-d10] 3 m o
p30
G sp9 pllé
: A ANANTIA AN ANENA R NANA
G3 G3 G4 G4 G4 G4 G5 G6 G7 G7 G8 G8
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3D TROSY (H)ICN(C)H Experiment

Experiment Description:

TROSY version of the 3D HCNCH experiment in which C1' chemical shift evolves instead of the
H1' chemical shift.

The experiment yields a 3D map correlation the sugar C1' carbon with the N1/N9
nitrogen and the H2/H8 protons of the connected base.

S C1' (ribose)
N
H
base
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® Y 9T 0

na_frhcnchmaspwg3d2

y
1 di *
H Ton | d4 I d4 0 I 0 da*2
19 8 pl2 pi2 14
P on13 523 523 ‘s’ig op3
B d22/2 )\ d22 d22/2 (\d22/2 ;
C ﬂ -d0 [| 72 [ -as [ +a0 m a3 m . (\ GARP
X plo pid plo Pl p8 pli2
sp25 sp3 sp25 spl3
"N 8 d10| 423-d10 | m BT
30
o I;p 5 plle
: ANAN AN NATEENANNIA ANEAINENANA
G3 G3 G4 G4 G4 G4 G5 G6 G7 G7 G8 G8
ppm J ' | ppm
86 ‘ a ' o i »
h % H °
& J ’ 1 e 1 150
'R |
88 (X ' | N " .
s "_ 155
89
’I F160
90 n '
3 ‘ h; —165
914 X .
. 3 g . i F170
92 9 ! 1
T T T * T T T T T T 175
8 7 6 5 ppm 8 7 6 5 4 ppm
d1=1.5s
d4=1/4J(C1'H1')=1.6ms
d22=1/4J(C1'N)=18ms
d23=1/4J(C1'N, C6/8N)=17ms
d25=1/4)(C6/8N)=16ms
d27=1/4J/C6/8H6/8)=1.25ms
p12=3.3ms (spnam23=spnam24~=reburp.1000)
p14=1ms (spnam3=spnam5=Q3.1000
123=0 (spnam0=q3_rna_c68c1.1000)
enst21=89.19 (C1' chemical shift
enst22=137.7 (C6C8 chemical shift)
cnst23=72 (C2' chemical shift)
569
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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 (00JMR147-145) via a C1'to C2' COSY transfer after an initial

HCNC fransfer.

NMR Spectrum

The experiment provides a 3D correlation map

C1'/C2' (ribose)

H1'/H2'
(ribose)

Related Experiments

HCN-CCH TOCSY
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2

0O ® © @ V@

na_hcncchcomaqad

y
Drec
1 dl | g4 d4
H | *2 I I I I I I %2 Id4 d4|d4 d4|d4 ali
d423/2 a23/2f) d23 d23 a5 a25fazs/2 azs/2 |27 | 27 aro
C vad -aa [ |/2 /2 /2 /2 f-a4  -as -d10 AR
~ ' pld g pli2
sp3 spl3
BN 0 3|d0 a0 I 3 0 I
p30 p30
sp9 sp9
G,
O ANNAN
G3 G4 G5 G5 G5 G5 G2
Gl
ppm MM Mw pom
145 o ‘“.0 ) ;‘ oo, |
] ., L .0 75 di=1.5s
150 We T 0,.- 0 I d4=1/4J(C1'H1")=1.56ms
1 A PR i d23=1/4)J(C1'N)=18ms
; . Q : -80  d25=1/4J(C1'N)=15ms
155 4 ¢ d27=1/8J/C1'C2')=3.25ms
1 Ly ¥ [ cnst21=C1' chemical shift=90ppm
oo «',’ e 85 cnst23=C2 chemical shift=72ppm
7] kg .‘ 02p=79ppm
; ¥ we 4,  Pl4=Ims (spnam3=Q3.1000)
165 : NN L IR i 03p=160 ppm
] v . p30=700us (spnam9=Q3.1000)
] " Lo, v g
1707, ° '°.: v ) y [ 95
\Q?o\ \\q T
HN plane v © HC p51ane : o
©2006: Bruker BioSpin , Teodor Parella 571



Pulse Program Catalogue @RU KER
NMRGuide 4.1 - Topspin 2.0 IOSPIN

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 (00JMR147-145) via a C1'to Cn' TOCSY transfer after an initial

HCNC fransfer.

NMR Spectrum

The experiment provides a 3D correlation map

. .................... N

Cn' (ribose)

Hn'
(ribose)

Related Experiments

HCN-CCH COSY

©2006: Bruker BioSpin , Teodor Parella 572



Pulse Program Catalogue
NMRGuide 4.1 - Topspin 2.0

/\

O,

/—\

© @ R IR

na_hcncchdimg3d
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d23/2 d23/2 [\ d23 d23 aps [\ d25 a4 di5
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55 b . et . ’ b 23=1/41C1'N)=18ms
(18 ‘.,g' b i d24=1/8J(C 78ms
! g4 M d25=1/43(C1'N)=15ms
60 Al T o d27=1/81/CI'C2)=325ms
NI 4 cnst21=C1' chemical shift=900ppm
K b A i cnst23=C2" chemical shift=72 ppm
169 R J13 % | o2p=19ppm
] i by i pl4=1ms (spnam3=Q3.1000)
B ey S , ) 03p=160 ppm
" Ay o0 . bt § p30=700us (spnam9=Q3.1000)
170 e * v &99. Ay
° J ° (B
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\““\“‘\‘P““‘\ TTTTTTTTT O ‘\““\“.“\“‘\““\‘
6.0 5.5 5.0 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,

Hs(CsNb)Hb

na_hcnhgpph19

Drec
1
H o | = e [ =,
T
o1 pl4 VVVVVVVVVVVVAV
sp3 sp3
o | el f Cow ]
pll2
v N 0 O
plle
G
: A NN ATA ANENA
Gl G2 G2 G3 G4 G4 G5 G6 G6
S O R Y
3.54 i
|
. Pl
4.04 . d1=1.5¢
d4=1/4J(CH)=1.56ms
d22=1/4)( 8.0ms
a5 | d26=1/4J(NH)=15ms (long-range)
, p14=1ms (spnam3=Q3.1000)
c ol 02p=89.19ppm
|
5.5+
IV T P I o s s oo
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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).

NH,

C

NMR Spectrum

The experiment provides a 3D correlation map

Related Experiments

2D 1H-13C HMBC
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'H
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Id22

na_frhcchco3d

d4 jd4
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d27| d27

d27| d27

F

spl3

8| d25 (\ d25 (\
pl5 pl5
spl0 spl0

N

N

G3 G4 G4

G5 G5 G6

ppmH/AA/J\\faAJ\y/vv\gﬂ/v\fk/ﬁwﬁ\ﬂ H/ﬁ,/wq\VMJyAJWA[“\jlﬁf\%_/ﬁjkvA ppm

] 0 06 & ¥
120{ ) ° ;120
1307 . HS(A) -0

] & ¢ig§?§=° ¢ e {‘II.} ® i
140 *" H2(G) 2 o 4 -140

] ° . <« E
150 o - P= -150

] H2(A ,
160 . " - (A) - 160

' [ [ [ [ T [ T
8.5 8.0 7.5 ppm 8.5 8.0 7.5 7. pPrm

G2

d1=1.5s

d4=1.25ms

cnst28=4.69 C5 offset
d22=1/4J(C2C5) and
1/4(C8C4/C6)=14.2ms
d25=1/2J(C5C6)=17.12ms
d27=1/4J(C5C4/C6)=1ms
02p=140ppm

p15=90 pulse C5 off-resonance
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2D H(CN)C Experiment

Experiment Description:

The H(CN)C experiment (also NH; O
referred as H(6/8)C(6/8)N(1/9)C(2/4))
correlates the aromatic H6/8 protons N =z N
of the base with the non-protonated NH
C2/4 carbons via the C6/8 and N1/9
centers (04j069-28). @) 2
N NH,
S
S
1 2 3 4 5 6
oo EORCH".
O :
na_hé68cé8n19c42
y y
Orec
H a d4|d4 p28 I I d4|d4 d4|d48 5
pl0 pl0 pl5 pl5 pl0 pl0 p 7
sp25 sp25 splo0 : spl2 sp25 sp25
13
e f =h=| f femeofl § F0= 10 e
p8 A p10 p8 112
'5N spl3 0 0 sp25 0 spl3 P
d25 dz25 ﬂ d25/ |d25 0
GARP
p30 p30 p30 p30 p30
sp9 sp9 sp9 sp9 sp9 pllé
G, N
G3 G4 Gl G2
8 e d1=1.5s
148 d4=1/4J(CH)=1.25ms for J(T-ISC8) and J(H6C@
CainG 2 = d23=1/4J(CN)=15ms for JIN1C§), and J(N9C8)
8 - 150 d25=1/4J(CN)=15ms for JIN1C2), and J(N9C4)
C2inU = 02p=cnst27=152ppm
S. 152 cnst22=137.7=chemical shift C6(CU)/C8(AG)
" p30=700us(spnam9=Q3.1000)
pl10=
- 156 pl5=
C2inC - Reduced SW in the C dimension=16.5ppm
8‘2 sjo 7‘8 7‘6 714 7‘2 7.‘0 ‘7ppm
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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
Hé in uridines.

NMR Spectrum

The experiment provides a 3D

correlafion map

1 2 3 4
. .................... H(C) /—\ /\ /\ /—\
t t t3
N
HN
na_hccnhdigpwg3d
y
d1 a26 | d26 Prec
'H da+do do | a4 N x x
19 29 11
? o1 I:pll I;pl
°C I 3| a4 I a r DIPSI-3 | I J
pl26 y
p25
1
5N D1p31-3v d26 d10: d1ofj d26 |8 GARP
pl23 pllé
P25
G,
ARATA
Gl B G2 G3 G3
ppm l A J . L A . L ppm
7.2 ‘ d1=1.5s
. e d4=1/4)(CH)=12.5ms
7.4 ' ' | W optimized for cnst2=200Hz
d26=1/4J(NH)=2.77ms
7-64 ' e optimized for enst4=90Hz
_— e p29=p11=1ms (Squa100.1000)
! P25=245us
8.0 . oo ll=1
e 11=3
8.2 02p=149 ppm
165
14 1‘3 1‘2 1‘1 1‘0 ppm 1‘3 1‘2 1‘1 1‘0 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 Hé6 protons in U and C via a CC CQOSY transfer (99JMR430-139).

The experiment starts from the aromatic CH spin system and detects H(N). It can e separately
optimized for imino NH or for amino NH2 groups.

t

na_h5cb5c4n3h_3d

i d2e6 J d26 Qrec
I - -
H a |2y dof aas as MA
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C5 d23 (\ d23 m dzs(\ (\
~
pl13
2
o I T Y Y
pl4d pld'pl3 pl4 pl3 pld
sp5 sp5 sp2  sp3 sp8 sp3
5N 24 d25 f\ a25 |,
8 +d10 i -d24( | -g10 GARP
p30 ) p30 116
sp9 sp9 p
G
- AA
G3 G4 G4 G5 G5
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O d1=1.5s
o . d4=1/43(C5H5)=1.25ms
@ d23=1/43(C5C4)=4. 1ms
@ d24=1/4J(NH) for U=2.78ms

d25=1/4J(CAN)=10ms
d26=1/4J(NH)=2.5ms

C p11=1 ms (spnam1=Squa100.1000)
N O p13=1ms (spnam2=Q5.1000 and spnam8=Q5tr.1000)
p14=1ms (spnam3/5/7=Q3.1000)
cnst24=C4(C/U) chemical shift=169ppm
R cnst28=C5(C/U) chemical shift=105ppm
03p=160ppm (for U)
p30=700us (spnam9=Q3.1000)
U
bpmn [ ppm
3.5 154
4.0 ] [ 156
4.54
] ‘ 158
5.0 |
] | 160
5.5
] ‘ - 162
6.0
] 164
6.5
] 166
7.0
. .................... H5 » 1‘4 1‘3 1‘2 1‘1 1‘0 9‘ é ppr‘n 1‘4 1‘3 1‘2 1‘1 1‘0 é 5‘3 7‘ ppm
: ppm | ppm
N 4.5 - 90
H(N) | D1
5.0 v
’ ' ~ 95
5.5+ ! ]
@D @ |
651 I I I I I I T o o o o o I 7 105
10 9 8 7 6 ppm 10 9 8 7 6 5 ppm

@ N d1=1.5s
d4=1/4J(C5H5)=1.25ms
d23=1/4J(C5C4)=4.1ms
C d24=1/8J(NH) for C=1.39ms
o) d25=1/4)(CAN)=10ms
d26=1/4J(NH)=2.5ms
pH=1-ms (spnam1=Squa100.1000)
R -p13=1ms (spnam2=Q5.1000 and spnam8=Q5tr.1000)
p14=1ms (spnam3/5/7=Q3.1000)
cnst24=C4(C/U) chemical shift=169ppm
C cnst28=C5(C/U) chemical shift=105ppm
03p=100ppm (for C)

30=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 (03JB79-26).

The experiment starts from the aromatic CH spin system and detects H(N). It can be separately
optimized forimino NH or for amino NH2 groups.

@

t

na_h56c56c4n3h_3d

1 2 3 4
/\/\/—\/—\
© © QO @
t t

d4 dze 426 oree
H a Zqo Gof a1]s AA
pll
spl
dis
05/6 ( d4 d4 DIPSI-3 d25 (\ d25 m a
P pl3 pl4 pl4
P8 p8 115 p13
spl3 spl3a T sp2 sp3  gpg sp3
1 d24 :d25 d25
SN 8 I 0 +d10 : -d24 -d10 8 I GARP
p30 P30 1
sp9 sp9 P16
G
: [ NN
G3 G4 G4 G5 G5
L H5/H6
N
H(N)
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—100

ppm

U C
A l h A pprm
;145
h ; d24=1/4J(NH) for U=2.78ms
) 150 03p=160ppm (for U)
;155
;160
! E d4=1/43(C5H5)=1.25ms
Fres d24=1/4J(NH) for U or 1/8J(NH) for C
S d25=1/4J(C4AN)=10ms
ppm 14 13 12 11 10  ppm 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/U)
cnst28=105ppm (C5 in C/U)
02p=89.19ppm

03p=160ppm (for U) or 100ppm(for C)

d24=1/8J(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 Cé carbons in U and C via a CC TOCSY transfer (03JB79-26).

The experiment starts from the aromatic CH spin system and detects H(N). It can be separately
optimized forimino NH or for amino NH2 groups.

na_h56c56c4n3h_3d2

1
H a d4|d4 I I

d15
da+
Cs/6 0 8| a0 40 ) M iprps1-3 0&5 (\ d25 m m
P p8 5 P13 pld 13 pl4
plls/i sp2 sp3 sp8 sp3

d24 ' d25 d25 |

+d10 i -d24 -d10 I GARP

x| i

30 P30
G, 0 NN
G3 G4 G4 G5 G5
. .................... C5/C6
N
H(N)
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'
1004 1 L 145
i !
03 150 24=1/43(NH) for U=2.78ms
03p=160ppm (for U)
120 ' : 155
1304 ! L 160
;o ' | d1=1.5s
1209 | ' | 165 d4=1/4J(C5H5)=1.25ms
|
d25=1/4J(CAN)=10ms
SUSMMSSNESSSSISSSSUUSURSUSSSSSSSSSSSSSSSS ) MU RS- — d26=1/4Y(NH)=2.5ms
14 13 12 11 10 ppm 13 12 11 10 ppm d15=CC TOCSY=19.5ms
p13=1ms (spnam2=Q5.1000 and
spnam8=Q5tr.1000)

MWM WWM P 30=700us (spnam9~3.100
ppm _ppm p30=700us (spnam9=Q3.1 OO(D

cnst22=137ppm@36inO7LD

V'. LI cnst24=169ppm (C4 in C/U)

100 - 92 cnst28=105ppm (C5 in C/U)

' ' 02p=121.35ppm
110 94
1204 A
' ’ L g d24=1/81(N'l-D for C=1.39ms
1304 ‘.' 0: 03p=100ppm (for C)

1404 % ' : F 9 100
T T T T 1 T T T 102
9 8 7 6 ppm 8 7 6 ppm
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2D H(NC)C Experiment

Experiment Description: 0

The HINC)C experiment allows the assignment of

C5 carbon in G residues from imino NH proton N

via the Cé6 carbon (04jb69). The pulse scheme is H— C//

a variant of the out-and-back HNCOCA experiment \ _
T N NH,
S

1

@/—\

@/3\@/3\02%\@ :

6

) @

th
na_hncécsetgpsl
y oy
y Yoy Yy v
1 [d21i8 X 'X\I'zx Drec
H 9t |92¢ I“126 \81:121 DIPSI-2 DIPSI-2 DIPSI-2 | )
ol p2 o1 p26  pl19 2¢ w2l
spl
15N 423 423 d23 g d23
GARP
p22 P31 ) P
Co6 (\ d25(\d25 ﬂ (\6 d25md25 ﬂ (\
¥ pl4 pis pla P13 pl pia Mgz pla P13 pld
503 si2 sp3 P8 spf sp7 Yigpo sp3 0B sp3
C5 do dOM
pl4 PlADRI3 p14 pidip14  pl4 i
G sp5 PS5 sp2 sp3 s;?B sp5  spb
G3 G3 G4 G5 ( } k ) ©6 e
I Lo
d1=1.5g
F150 d26=1/4J(NH)=2.78ms

[ ]

155

160

165

170

175

F180

185

13 12 11

10 ppm

d23=1/4)(C6N)=25ms
d25=1/4)(C6C5)=2.8ms
d21=1/2J/NH)=5.56ms

p11=1s (spnam1=Squa100.1000)
pld=1ms (spnam3/5/7-Q3.1000)

p13=1ms (spnam2=Q5.1000 and spnam8=Q5tr.1000)

cnst25=C6(G) chemical shift=160ppm
onst26=C5(G) 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 nitfrogen with the
H2/C2 and H8/C8 spin systems in adenines (?6jacsd316).

N
N / N
od 1 14
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_hnccha3d
y
d4 g d4
-x fl-x
1 dl Oreo
H | DIPSI3 I I 30 I
N p25 yy P p29 i pll
pl25 splli spl
15N
DIPSI-3 d0¢ a0 DIPSI-3 ; I I I GARP
B p25 p25 p y pl16
pI23 pI23
13 d21 H :
C d22 d10i d4 id10i d4
DIPSI-3 FLOPSY-8 |8 GARP
. P25 p7 o2
pl26 pl20
Gz /) [\

G3 G4 G5 G5
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ppm wﬂﬂﬂvmW%m{JMMmAUAW»W/JJAMWﬂ “wjﬂ&mW%m&}MMMAUANMW,-JNwN ppm

1 %ﬁr —135
70 ! So I
; H8/C8 @ |
757 2 -140
80 -
85 I é’ - 145
] o
707 o
] H2/C2 - i
] . - 150
95 - @®° r
]
100~ \ \ T
8 7 6 5 ppPm 8 7 6 5 4  ppm
di=1.5s
d4=1/4)(CH)=1.25ms
p11=p29=1s (spnam1=Squal00.1000)
p25=226us
d21=CC TOCSY=38ms
d22=CN TOCSY=45ms
olp=cnst18=4.7ppm
cnst19=NH chemical shift
onst25=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)

2h
TNN

GC Watson-Crick AT Watson-Crick
N Q Mmmmingyy,,, H /H
_ \N N——H T
4
N R
_ 1N H “'“lllluuuu”, N3/ \ 1 N ||||||||||||||||H———N 3
N )2\
N
N—
H mnnnnm
/ S
H

OROR-IROIR"

na_hnncosygpphwg

a26 | 426 e
1 B ES X
H  a |a26 faz6
pll
o1 ol
1
N | 8d23|d23 a0 do Ie d23|d23 8
R S GARP
pllé
G. A 0
Gl G2 G3 G3
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mMIMWM

1 - -
100 _ - -«
120+ !
di=1.5s
p11=90° water selective
1404 - - ” =1ms (Squa100.1000)
d26=1/4J(NH)=2.25ms
160 ¢ * . R d23=1/4J(NN)=15ms
] I
180
200 " * > &
220 . -
<]¥—'_'_r U R P~ frorrrr frorrrT [rorrrT [rorrrT [rorrrT o
14 T3 12 11 10 9 8 7 6 ppm
na_hnncosygpphspwg
y
26 | a26
'H 4 |dze Id26 )ﬂ et I I p25 & d.,‘}l.x o
sp spll \ }
pll
o1 spl
5[d27 o 027427 7]d0 do  do do|d27 o d27d27 o d27 (g
N '\ 1o @ 72 @ 1o @2 72 B2 £ [ awe
p32 p32 p32 : ‘ p32 p32 p32 pll6
spl4 spl4 spl4 I spl4 spl4 spl4
*C
. il
: AAA AQ N ANNAVARNA

Gl Gl G2G4 G4 G4 G4 G5 G5 G5 G5 G2 G3 G3

na_trhnncosygpphspwg

y 'y
X P29 d%g gfﬁ Drec
'H a [a |d26 3 spll 1| | Al \AMMM/\V/\VAV/\V/\V
o« 4 I SR [
Y oa EeEeeE] < lEerear | | ek
p32 p32 p32 p32 p32 p32
BC spl4 spl4 spl4 spl4d spl4 spl4d
G,
; QQQQQQ QQQQQQQM
G3 G3 G4G5 G5 G5 G6 G6 G8 G9 G9G2
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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'(1)P(1)) and J(H5'/H5"(i+1)P(1))
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

Base

t t
na_xhcoetf3gp
! d1
H o | I I ’ IS\MM/\MMM
pl9 VWVVWVVVV
'p 40 do  d3 I d3
*C optona o
p8 pli2
spl3

G, Q Gl

G2

6.0 5.5 5.0 4.5 4.0 3.5

di=15s

d3=1/6J(PH)=16.6 ms

(optimized cnst2=10Hz with cnst11=6)
03p=0 ppm

02p=77 ppm
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2D Constant-time HP COSY Experiment

Experiment Description:

Constant-time version of the
1H-31P HETCOR or HP-COSY

na_xhcoctetf3gp

experiment 'H % I ah
plo
1 sp 40 d21 I d21-do
® @

E o °C  optional /\ e |
p8 pll2
spl3

Gz O
G1 G2
na_hpctco
| d1
8
Sl (11112 I e
i b, M
ppm
’p do 21 d21-d0 1.0 ", LI
7023 e ¢
°C optional /\ T aawe 0.0 =
p8 pll2 &
spl3 0.5 W0
G. f an Lo
61 G2G2 G3 ]
na_hpctcojr = " S
1 d1 ‘6.0“5.5"5.0“4.5”4.(‘)”3.5 opm
5| ato
(15 Ul
WVVVWVV d1=15s
d21=1/4J(PH)=22 ms
p do a1 | dz1-do g%pp;monwuﬂz)
02p=77 ppm
Copionat | [ o |
P8 pll2
spl3
G, A
Gl G2G2 G3
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3D CT PHCH Experiment

Base
Experiment Description
RO o
The 3D constant-time version of the G H
P(H)CH experiment extends the backbone C
assignment of the HP experiment to C3'(i) \ H

and C5'(i+1) carbons by means a
1H-13C HMQC building block.

na_hpcctcodd

d1
e | e | ’ \V/\VAV/\VAV/\VAVAVAVAVAVAV
P o 21 d21-do I
®C optional d10 d1o
p N G
ois
G, 0 A TAT A1
Gl G2G2 G3G4 G4

QW% AT
M 2 s e
] @@@@° @ = : d1=155
0 e C R ¢ Lo d21=1/43(PH)=22.7ms
0.5 e f S : (optimized cnst4=J(PH)=11Hz)
] n® 0 e= o L5 d2=1/2J(CH)=3.44ms
% @s | 0 [ (optimized cnst2=J(CH)=145Hz)
0.0 %@ ) @ ®. 80
i | L]
| ey ' os
0.5 T T T T T T T T
5.5 5.0 4.5 4.0 ppm 5.0 4.5 4.0 3.5 ppm
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GIP

°C

SIP

°C

1 2
t] t2

@

t3
na_hpccoctetfdgp3d
d2
| =,
do d21 d21-do
/;\ d10: dio 44475£i54444?
8
s§13
G
na_hpccoetf3gp3dd
do  do d21| d21 I
d10§ d1o0 “‘7£xi;““j
s§13
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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'(1)-P(1)) and

J(C4'(i+1)-p(1)) followed by an INEPT or

cross-polarization C-to-H transfer.

2

CRCIER"

t

RO

Base

na_pcchco

a1
" i | |« oo,
— e
P do a0 d22 [ d22 I
. | Jalo| |
pli2
G 0 A N A
Gl G2 G3G4 G4
na_pcchdi
1 a1
gl (111 —owws )l
o NI
pll0
*p do d0§d22|d22 I
Bc 8| @22 Id22 ;
| DIPSL3 GARP
plls pli2
G, 0
G1 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 fransfer
relays the information through all carbbons of the ribose ring and, finally, a C-to-P
cross-polarization scheme allows to detect all ribose protons.

Base

RO

2 0

t

na_pcchdi2
. d1
S IIE s i,
L
p 4o dO a2 | 422 I
"c I L T
plls pll2
G, 0 0
Gl G2
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3D HCP Experiment

Experiment Description:

Out-and-back pulse scheme to correlate
backbone P C and H in a 3D experiment
(?4jacs6472).

O ® @ @

Base

na_hcpetgpsidd

\

Drec
T a1 | a4 I d4 I I d24|d24 d4|d4 ] K
y y ¥
BC 5| d22 § d22 d10d22 d22-d10
[ care
(0} pll2
snP do: dOjgE|d
GARP
plle
G, 0 A
Gl G2 G2 Gl G4
G3 G3
ppm MM MMM pom
60
bg pt @0 ¢ : °
1o (X ¢ ; . .
, Sa. [
-0.54 " k *B»?
°
[) 9
L P 0.0 * 0 70
i - 0.5 90 ¢ °. ’ F75
‘. L]
09 "t 80
c e, .
1.54
H ° W Q 23 [ g5
6 5 i P oom 6 : X : ppm
dl=15s

d4=1/4J(CH)=1.6 ms (optimized enst2=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 fransfer has been
included to involve all carbons and
protons of the ribose ring (95JB87-5), in
particular, the well dispersed anomeric
H1' protons.

NMR Spectrum

The out-and-back experiment provides a 3D
1H, 13C, 31P correlation map

Base

RO

u!“ " =70
9 ) [
-1.04 0 o 4 "f ' Bo ! :Q.
E [N ’ 5@ 75
-0.5- ] @ 0w ICE 4
Oe b g :?'W L 80
CEEEE L o -
[ YT - P 0.0 'y :
=) ; ] |
0.5 [} } e ~85
] oo ‘. [
] Q . Esu
c y ..
@ ‘. ¢ ‘e
H 1.5 - ' ' I
! nv [} 15 95
Ty \“‘a “““ o [T T \“"‘ I T
6 5 4 3 ppm 6 5 4 3 ppm
di=15s
d4=1/4J(CH)=1.6 ms
(optimized cnst2=J(CH)=155Hz)
d22=1/8)J(CP)=12.5ms
(optimized cnst5=J(CP)=1 0Hz)
d15=CC TOCSY mixing=11 ms
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na_hcpdigp3d

C

BIP

y
®rec
d1
ds ff a4 d4 d4 a4
p19 pl0
. sp25 §
8| d22 f d22 d22 d10 d4 | d10 d4 |6
DIPSI-3 GARP
D1 P9 pl0 pli2
: pPl15 gp25
5| do doflels
pllé
ATANA
Gl G2G2 G3 G4 G5
na_hcpdigpjr3d
X X
y ®rec
1
H a1 d4|d4 d4| I I d19| da [d19] 44 \MMA
: ; *2 AAAANA@A
I
: sp25 g
8o 8| da22 f 422 d22 le d4 d10 d4 |8
DIPSI-3 GARP
)1 P9 p10 pll2
: pl15 gp25
p 8| do: dofels *
pll6
G
: Al AN
GL G2G2 G3 G4 G5 G6 G6
600
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na_hcpdletgp3d

y
Drec
1
H 41 d4 I d4 d4 I I I d4 d4
dis sp25 |
BC 8| d22 j d22 d22 g d22 d10 d4 :d1off d4
DIPSI-3 GARP
o P9  plo pli2
pll5 gsp25
sip 5/ do doje|d
plle
G, n A [
Gl G2G2 G3 G4 U G6
G5
na_hcpdietgpsidd
y y
®rec
TH d1 | a4 fas d4| I I d24|d24 d4|d4 ] B
p10 ¥
sp25
di5
BC 8| d22 j d22 d22 g d22 d1o0 d4 diog d4
DIPSI-3 GARP
o1 11325 p10 pli2
p 25
ap s[ a0 aofels P
pllé
: NN [
Gl G2G2 G3 G4 G6
G5
ppm VKLWLJ-%A_A_ MK./’MMAM a WA pEm
q Ve p
r
%
-1.04 M A s ) e " [ -1.0
1 T I & ]
-0.5- " ! -0 ] --0.5
*’ ¥y DL
[} L] ' 1 U
0.0 A T J L 0.0
i
0.5-] Q0 | H ' [ 0.5
A}
1.0 ] - 1.0
!.!
1.5+ - - 1.5
. We i "‘. L]
T T T T T A T T
6 5 4 3 Frm 5 4 3 FRm
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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
and exchange processes (01jacs11306)

na_hsqcetf3gpxy

xlé ¥ xy16
@rec
I 1 d31l d31 d31l d31l sl
I 2 H @ |% |/2 8 I 2 |2 I M/\MM/\V/\VA\/\VI\V
O O @ ¢ we I
Al
P do  do i8]
4 th I <« PP | I GARP
Toop Toop plié
*c
p8 pllZ
('}z spl3
Gl G3
G2
na_hsqgcetf3gpjmohxy
xwlé Y xy16
@rec
1 a1 d31|d31 I d31l f§d3l |5 | d19] A
H |72 | 12 7N CREE MMMAVAVWV
xy16 o1 xy16 VWWVVV
Al
P s| a0 a0 {5
“Toop Toop plié6
*c
G p8 pllZ
- spl3 ﬂ ﬂ
G3 G4 G5 G5
ppm ‘?-% ppm
-1.04 0 0 1
] G @0
-0.5-] - o008l O F-0.5
] 0 ¢
] 0 :
0.0 @?g - 00 d1=15s
1 : d26=1/4J(PH)=12.5 ms
0.5 @0 - 0.5 (optimized cnst4=J(PH)=J(20Hz)
] d21=delay-in CY16-CPMG=100us
1.0 F 1.0
1.54 , o voo F 1.5
5.5 40 ppm 5.5 5.0 4.5 4.0 3.5 ppm

hsgcetf3gp vs hsgcetf3gpxy
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2D T1H-31P HSQC-NOESY using CPMG-XY16 Experiment

Experiment Description:

Modified HSQC-NOESY pulse scheme involving CPMG-XY16 transfer during the INEPT periods

(OTjacs11306).
1 2
®» ©® =
t ty

na_hsqgcf3gpnophxy

xli6 Y xy16
H dl | a31 ff g31 a31 a3t d8 TG
o | /2 |2 | 2 |22 on | MMMAV/\VAV/\V/\V
PLO | 16 | a1 xy16 oo VWWVVV
*ip I 5| d0  do I 8 I
“«— P> GARP
loop loop pl16
*o
optional m W
8 pll2
Gz Is)p13 Q
G3 G4 G5
ppm o ppm
-1.0 @ 0 F-1.0
o9
~0.5- gq@w ¢ ~-0.5
b
0.0 (7] 0 ~ 0.0
0.5 @4 o \ - 0.5
1.0 " - 1.0
1.5 0 06 0 - 1.5
I I I T I I I
5.5 5.0 4.5 4.0 ppm 5.5 5 ppm
hpdino/hsgcetf3gpnoxy
di=15s
dZ6=1/4J(f’I-D=12/.5ms
(optimized enst4=J(PH)=20Hz)
d21=delay in CY16-CPMG=100us

d8=NOE mixing time
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2D1H-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).
1
@ @
tl t2
na_hpdi
. dl
H 8 I DIPSI-2
p25
! pl25
ap © d21
T e e
: p25 pllé
pl23
PC optional I o |
pll2
G, 0
Gl
dl=15s
d21=1/6J(PH)=20 ms
(heteroTOCSY mixing)
5.5‘ - ‘5.0‘ 4.5‘ - ‘4.0‘ | ‘pﬁm
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2D HeteroTOCSY-NOESY Experiment

Experiment Description

2D Cross-polarization version of a 31P-edited NOESY experiment.

1
NOE ppm
®@ =@ et
}
! 2 —0.55 b @
] q 0o
0.0
na_hpdino o 57
1 at ds 1.0+
(1711 Coma e
gigs pl9 VWWVV 1.5 0
“'p do | do IDI:28+ o ) 5‘55‘0 4 ‘ppm
p25 pllé
’c o gﬁis/gxpm-zo
i = =20 ms
eotiond : gfl“; } (heteroTOCSY mixing)
G,
Gl
na_hpdino19
w | < [l
3| | ||E]
g 11 oo | 7T
| e [T
p do do a1
| ome GARP
p25 plié
pl23
"C opsional I ~aw
pll2
G, an
G162 G2
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3D HeteroTOCSY-NOESY Experiment

Experiment Description

3D Cross-polarization version of a P-edited TH-TH NOESY experiment
that provides a 3D PH,H map.

[ YT P
NOE
® 9—@
tl t2 t3 H
H
na_hpdino3d
10 d10
e (111 G el S
R
¥p do az1
a0 I DIPSI-2 GARP
p25 § pllé6
pl23 %
*C optional /\ o |
p8 pli2
spl3
G, 0
Gl
na_hpdino193d
I at - ds
H ”””””” I DIPSI2 I d10 | d10 . ] IIHiA
p25 pl9
pl25
a d21
P do | do
DIPSI2 " GARP |
p25 pll6
pl23
"C optiona ( —aw |
p8 pl12
spl3
G, AN
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 fransfer, The
experiment provides a 3D correlation P;C;H map.

[ YT R P
C
H
1 2 3
@ W @ @
£ t t3
na_hpdico3d
1 d1
S 11111 pesy | L J%WW
p25
pl25
p do a2l
a0 | oeso Caw
p25 pl16
pl23
*C optional dio | dio o |
: pll2
G, N
Gl Gl
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BRUKER
PULSE PROGRAM
CATALOGUE

NMRGuide

NUCLEIC-ACID NMR
EXPERIMENTS TO MEASURE J
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Important Dihedral angles in nucleic acids:

Base

3JP5’-H5'(H5") 3JH4'-H5'(H5") Tpzmy Thince UCT)
ps.ca Jeyamsasy  Ipsicy ez (UCT)
Tpzca Taics (AG)
3TH1-C4 (AG)

\ Ay Base
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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'/HS" diastereotopic protons in NAs by measurement o fhomonuclear J(H4'H5') and
heteronuclear J(C4'H5') coupling constants (?6jacs4388).

Also useful for measurement of J(C2'H1') via N in 13C/15N labeled NAs.

na_hsqgcetgpicsp

y Yy
®reo
g4 d4|d4’@ I d24|d24 d4|d4 5
[} b 4
do do 86/\8
C5 I 8 M I m I mlevsp180
pl5 P10 p15 pl5 pl28
G'P spl0 sp25 gp12 spl0
GARP |
pllé
G, A

G3 G2
Gl

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
(93JMRB333-101, 94JB631).

1

@f\ @/\@/—\\@/—\@ . .................... H

t

hcchecgp3d

TI dl

y y

d22/2
8 a0 a22/2 | 2410

y
2
o d4§ao|d4 I P28 _ 5

8| a3
IBC I

*p I I GARP

Gl G2 G2

d2=1/2J(CH)

d4=1/4J(CH)=1.6ms

d3=1/4)J(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 1TH and 13C nuclei belonging

fo the same sugar ring in 13C-labeled

NAs. Alternative to classical COSY and
TOCSY experiment. ALso see other
HCCH-COSY and HCCH-TOCSY expertiments.

NMR Spectrum

The experiment provides a 3D correlation map

1 2 3 4
T e w e W e
c 4 t ty
H
na_hcchfwdigp3d
y
. d1d0d4§do|d4 I Y5 I |d2 d2
17
o1 illO y
d22/2
5| a3 | a3 8| d10 d22/2 d23 d23
“C I I I DIPSI-3 | I"‘110 I GARP
Eﬁs pll2
b
'p I I GARP
plié
G, NN
Gl G2 G2 G3 G3
d2=1/23(CH)
d4=1/4J(CI-D=1.6ms
d3=1/43(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'HS') coupling
constants (96jacs4388)

NMR Spectrum

The experiment provides a 3D correlation map

3.5 ‘
] 65
4.0 f—7o
} E.COSY pattern
4.5 ~7°> in the C dimension
. of the 2D HC plane
5.0 i
] 85
5.5 ;90
Fos

ppm

di=1 .5s(

d3=1/4)(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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R

na_hcchfwdiecgp3d

y

Drec

1o dl]|do a4 doff a4 Y 5 a2 | @
pl7

o1 pl10 y
“ 5| a3 | a3 y 5| a0 azz/2] 2272 ap3 | a3
C [ omesis | ; GARP

P9 pli2

pll5 )
p I I GARP

Gl G2 G2 G3 G3

na_hcchfwdlecgpirdd

Y

do aa dOI a4 _ I || R bt \VAVAVAVAVAVAVAVAVAVAVAVAVA

B0y 5| a3 | a3 d22/2| 453 a2z |s
I DIPSI-3 GARP |

-d10
P9 § pll2

plls
A1
P I I GARP

1
H dl

10 d22/2 I

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
(99JACS1956 & 99JB241-15)

INGER- BRGHR" .

C
H
ghcchfwdigp3d
2 y
g difdo d4§do|d4 I Y 5 I I I da fas
o1 Iéllo y y
d22/2| d25/2 | d25/2
B I d4 I d4 IW‘ 8| d10 §d22/2|_d10 +d27/2| +d27/2 d23|d23 I [—]
p9 § ) pll2
pl5 )
31
r | T
pllé
G, AN A
Gl G1 G2 G2 G3 G3
d4=1/4J(CH)=1.6ms
d23=1/8J@C)=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 TH-TH COSY experiment for the measurement of J(H3-P) coupling
constants in NAs (98jmr164-134). Two experiments are recorded varying the position
of the 180° 31P pulse.

hpcosyphpr
t al a0 a2 | dz2-d0
presat ||¢ >
plo
'p H CPD
pllé
d22=25ms
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2D quantitative HC(P) Experiment

Experiment Description: 1
<N
Modified 2D version of the put-and-back HCP experiment @
to measure J(CP) coupling constants (98j0223-12).
Independent reference-peak and a cross-peak

experiment are separately recorded.

na_hcpgetgpsi.1

v Y ®rec
'H a1 a4 I a4 I I d24|d24 d4|d4 H B
Ba I 5| d22 I 22 I do d22| d22-d0 I I T
ng pli2
pllé6
G,
Gl G2 G2 G4
G3 G3
na_hcpgetgpsi.2
y Y Prec
'H d1| a4 I a4 I I d24|d24 d4|d4 H B
Ba I 8 [ d22 | a22 I do d22|d22-d0 I I o )
‘M pll2
GIP IJ GARP
plle
G, ANN
Gl G2 G2 G4
G3 G3
DPmMWMWMWWMM /\"MWM\MMMMMPW
{ea
60 b 'E ":'l‘ C A ' 60
1.0 W Fo I d1=1.5s
! P S d4=1/4J(CH)=1.6ms
80 . "_-’, &, o - 80 cnst2=J(CH)
i, L cnst5=J(CP)
100 o o 100
Tl d22=CT(1/J(CC) for J(CC)=40Hz and
1 i 1/4J(CA'-P)=12.5ms
0 % 0 1/43(C5'-P)=25ms
140 '“‘; 5 140
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2D P-FIDS Experiment

Experiment Description:

Modified HSQC experiment to measure J(HP) and J(CP) in NAs (93jb479-3, 24jb631-4).
Two experiments are recorded with optional 31P decoupling during TH acquisition.

pfidsetgpsi
y y
®rec
qHod | a4 I d4 I d24|d24 d4|d4 H B
)| v
By 5| 40  d20 § 420
-do GARP
pli2
A1
P | GARP
off/on
pl0/plle
G, R A
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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