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We present novel one- and two-dimensional versions of the
w,-filtered TOCSY experiment. These experiments utilize pulsed-
field gradient techniques and INEPT-reverse INEPT magnetiza-
tion transfer to generate heteronuclear filtering by means of co-
herence pathway selection. The major advantages of this approach
are twofold: first, each experiment requires a reasonable number of
transmitter pulses, gradient pulses, and delays to implement. Sec-
ond, the use of z-axis gradients at the beginning and termination
of the pulse sequences prevents the recovery of dephased magne-
tization prior to FID detection. This technique was incorporated
into 1-D and 2-D w,-filtered Jy,- and J,,,-TOCSY-style experi-
ments. As demonstrated on *N-enriched peptide samples, the use
of the pulsed-field-gradient coherence selection scheme effectively
filters out unwanted magnetization components, thereby improv-
ing the overall sensitivity of the experiments. In addition to this
suite of pulse sequences, we also present a method for correcting
the reduction in J-coupling that results from crosspeak shifting in
2-D w,-filtered E. COSY-style spectra. This correction is applica-
ble to both Lorentzian and Gaussian 2-D crosspeak lineshapes.
© 1999 Academic Press
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INTRODUCTION

Long-range heteronucledrcouplings (fJ,,) can be esti-

where crosspeaks separated By, in the o, dimension also
exhibit frequency displacements equal‘fdy, in the w, di-
mension. The largély,, separation (approximately 140 Hz for
BC, 90 Hz for ®N) makes the displacement measuremer
independent of crosspeak linewidth and lineshape. The mc
widely used half-filtered heteronuclear experiment is the 2-I
w,-filtered TOCSY experiment2( 4). Here, magnetization
transfer between X-bound protons and remote protons in tt
scalar coupling network is accomplished using a spinlock puls
sequence. One dimensional-filtered TOCSY experiments
have also evolved. Here, two 1-D subspectra are obtained
one of the following methods: the paired satellite selectiol
TOCSY method (i.e., PASS-TOCSY})( or the “in phase—
antiphase” method (i.e., IA-TOCSY)}(7). In these one-di-
mensional experiments, one observes'ttdg, as a frequency
shift in the subspectr&¢7). By virtue of their improved digital
resolution, these 1-D experiments allow for a more accura
determination of theJy,, particularly for *"J,, < 3 Hz
(5-7).

Recent studies have reported the use of “excitation sculg
ing” pulsed-field-gradient (PFG) GBIRD pulse sequen@s (
for heteronuclear filtering. The GBIRD sequence results i
improved heteronuclear filtering capabilities and increased se
sitivity in w,-filtered TOCSY experiments7(9). However,
these improvements come at a cost: (1) The GBIRD sequen
must be applied at the beginning of the pulse sequened.(

mated using heteronuclear half-filterédesolved experiments This means that unwanted proton magnetization that

(1, 2). These experiments are very useful for determining bacdfephased by the GBIRD pulse sequence can recover prior
bone and sidechain torsion angles in polypeptide<)( The F|p detection. This problem compromises the filtering cape
basic scheme used in these experiments is a proton—proton $Rifies of the experiment. (2) For effective filtering, the
coherence transfer period, in which magnetization transfgig|rRp sequence is either employed in a lengthcycle
occurs between X-bound protons and other protons in the Spimat (Wheren = 2 or 4) (7, 8 or is combined with other
coupling network. The resulting spectrum exhibits an Eechniques, such as zz-filtering)( Hence, the nei,-filtered
COSY-style two-dimensional connectivity patterdi—9), TOCSY pulse sequence becomes long, rendering it unsuitat

. L for spin systems that experience fast spin—spin relaxation (e.
To whom correspondence should be addressed. E-mail: Jse@da]ve- tid tei
edmunds.dental.nyu.edu. arge peptides, proteins).

2 Contribution No. 9 from the Laboratory of Chemical Physics, New York [N this report, we present novel one- and two-dimensionz
University. versions of thew,-filtered TOCSY experiment. We utilize
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pulsed-field-gradient methods and an INEPT—-reverse INEPdspectively. The resulting spatial phase gradients are differe
magnetization transfer scheme to generate heteronuclear filtatitiples of the magnetogyric ratios of the X-nucleus anc
ing by means of coherence pathway selecti#f, (1. The proton (i.e.,ys and vy,) (10, 1). By setting the gradient
major advantages of this approach are twofold: First, eastrengths a$,:G, = *vy,:vys, either a “p-type” (when +”
experiment requires a reasonable number of transmitter pulsgsplies) or “n-type” (when " applies) coherencel(, 19
gradient pulses, and delays to set up. Second, the usexaé will be selected, resulting in in-phase detectable magnetizatio
gradients at the beginning and end of the pulse sequenestons that are not bound to the X-nucleus are purged fro
prevents the recovery of dephased magnetization prior to Filte spectrum by two techniques: dephasing created by t
detection. This approach results in a more effective purgimgadient pulses and cycling phasgsand ¢; (Fig. 1A). Note
of unwanted solute and solvent proton magnetization. Thigat the positioning of th&, gradient at the end of the pulse
INEPT-style PFG approach was incorporated into two types eéquence ensures that dephased spins cannot recover before
experiments: aw,-filtered J4,-TOCSY-style experiment FID acquisition. Obviously, since one of the two coherenc
4,7,9 (FJy, determination) and a,-filtered J,,-TOCSY- pathways is also dephased by the gradients, the half-filters
style experiment 12, 13 (**J,,, determination). For thew,- experiment suffers from a loss in sensitivity as compared to tt
filteredJ,,-TOCSY experiment, the displacement of the cros&BIRD cycle (7, 9). Thus, at the conclusion of the half-filter-
peaks in thew, dimension corresponds to a long-rangeng experiment, we have heteronuclear-filtered proton magn
homonuclear couplingl(l, 12. As demonstrated offN-en- tization which will experience further evolution according to
riched peptide samples, the pulsed-field-gradient cohererm®nonuclearJ-coupling. There is no active heteronuclear
selection scheme generates effective heteronuclear filtermggnetization at this point.
within a reasonable pulse sequence timeframe. The half-filter pulse sequence outlined above approach di

In addition to the w,-filtered TOCSY pulse sequencefers from the HSQC planar-mixing methotd; 19, in which
schemes, we present an approach for analyzing E. COSY-styégeronuclear magnetization is active during thenterval.
J-resolved spectra and correcting for “crosstalk” reduction ifihe planar mixing method generates two heteronuclear cohe
the observed-coupling. The nature of crosstalk artifacts in Eences, 2,S,cos(w.t;), and, 2,S,sin(wt;) (18, 19. This sec-
COSY-style 2-D experiments has been discussed elsewhenel component, I2S;sin(wt;), is retained as a planar com-
(14,19. As shown in this report, the observed shifts iponent perpendicular tol 55,cos(wst,); both components are
crosstalk-affected E. COSY-style crosspeaks (Lorentzian rmefocused at the end of the pulse sequerd&; 19. By com-
Gaussian lineshapes) can be compensated for, dnctbarec- parison, the half-filtering pulse sequence described above ge
tion factor can be calculated. erates a single magnetization componehiSZ and theG,
gradient pulse generates a magnetization componkig,;2
these components anetmixed and cannot be mixed as per the
planar mixing method.

The heteronuclear “in-phase—antiphase” (IA) pulse sequen
is created by a simple modification of the half-filtered pulse

To understand the application of the-half-filtered TOCSY sequence (Fig. 1A). The last heteronuclear 180° pulse in Fi
experiments, we begin with a description of the half-filter antiA is replaced by a 90-18G—90,, heteronuclear composite
“in-phase—antiphase” coherence selection techniques (Figlse sequence (denoted by checkered rectangles). This cc
1A). The heteronuclear half-filter pulse sequence is a PF@esite pulse is equivalent to an effective 180° pulse (i.e
enhanced HSQC-type pulse. The pulse commences with “antiphase” magnetization) whes, = y or an effective 0°
INEPT-type transfer stefd 6, 17 that generates antiphase copulse (i.e., “in-phase” magnetization) whet, = —x (7).
herence for X-bound protons (Fig. 1A). The initiedlspin Using the phase cycling protocol and addition/subtraction tecl
magnetization evolves as— 2I,S,. After the INEPT transfer niques reported elsewher@)( the resulting satellite peaks
step, areverse INEPT transfer step is performi&)l. Here, the appear individually on two separate spectra. The frequent
magnetization components evolve d4s& — |,. Hence, using displacement between the two spectra gives rise to the o
the overall INEPT—reverse INEPT transfer scheme, we retagarvedJ-coupling.
only one magnetization componehf, To achieve selection of
coherence_ pathways, we pe_rform the folloyving steps: (1) aprj;/H_ and J,-TOCSY Pulse Sequences
onez-gradient pulse@,, during delayt,) prior to the start of
the reverse INEPT transfer step and a second gradient puls&/e createw,-filtered TOCSY experiments via simple mod-
(G,, during delayt,) immediately prior to the FID acquisition. ification of the pulse sequences shown in Fig. 1A. For exampl
(2) Employ nonselective heteronuclear- and proton-180° s@n2-D PFG w,-filtered Jx,-TOCSY experiment can be con-
inversion pulses prior to each gradient pulse. The net effect sinucted by appendingtadelay and spin—lock at the end of the
the spin system is as follows. Th&, and G, dephasing w,-filtered pulse sequence (Fig. 1B). This requires the repos
gradients are applied on heteronuclear and proton coherentiesing of G, at the end of the spin—lock sequence to prever

RESULTS AND DISCUSSION

Half-Filtering and “In-Phase—Antiphase” Pulse Sequences
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FIG.1. (A)PFG-w;, filtered and “in-phase—antiphase” (I1A) coherence transfer pulse sequences. 90° pulse, white rectangles; 180°, black rectangles; “|
checkered rectangles. “G”, rectangutegradient RF pulse. Transmitter phases are given above each pulse. Befaysdyy; t, = duration of gradient pulse
gradient relaxation delay. Note that the “IA” pulses (checkered rectangles flanking black rectangular pulse on the X-nucleus tinoglipajibzed in the “|A”
experiment. Phase cycling schemes are as follows. For half-filter experithert, {y, v, X, X}; ¢, = X; 3 = {X, =X, X, —=x}; Oph = { X, —x, —X, x}.

For “IA” experiment,; = {y, ¥, X, X}; ¢2 = X; d3 = {X, =X, X, =X}; b = {VY, ¥, V, ¥, =X, =X, —X, —x}; receiver phase (Ophy {x, —x, —x,

X, Y, =Y, —Y, y} for addition experiments o= { X, —X, —X, X, =V, Y, Y, —V} for subtraction experiments. CYCLOPS phase cycling routine is applied o
&, and Oph in half-filter and “IA” experiments. (B) PF6: filter Jx,-TOCSY pulse sequence. The experimental parameters are identical to that given in
with ¢s = Oph. For 1-D versiont, = 0; for 2-D version,t, is incremented as per standard two-dimensional experiment. The hypercomplex schem
implemented on phasefs, and Oph to generate phase-sensitive 2-D spectra. (C)®RiBered J,,-TOCSY pulse sequence. The experimental parameters a
identical to that described in (B), witthy = Oph + 1.

the recovery of dephased magnetization. With the inclusiontbfe “IA” sequence as described in the preceding paragraj
the isotropic mixing period and disregarding the effect qfFigs. 1A and 1B). In this report, we utilized the “clean”
gradients on the spin system, we can outline the magnetizatsmmpensated spin—lock sequence to generate isotropic mixi
evolution for thew,-filtered J,,-TOCSY experiment as fol- conditions, but one can substitute other suitable composi

lows: pulse train sequences for this purpose (e.g., DIPA),(

INEPT Reverse i CABBY (21)). The 1-D and 2-D PFG;-filtered J,,,-TOCSY

ly 21,5, ly l,codw,t;)  experiments 12, 13 are similar to the heteronuclear experi-

INEPT ment, but require the addition of a [BIRD/2(S) BIRD/2(H)]
o Spinlock composite pulse2?) immediately at the end of the spin—lock
+ il sin(w,t;) ———— l{cod wyty) sequence and before the inversion pulse (Fig. 1C). This cor
posite pulse is similar to the standard BIRD sequence, but he
+ilisin(w,t;) = t, [1] 7= 3% "Jx.

We first test the effectiveness of thg-filter pulse sequence
Here, the superscript r refers to relayed magnetization. A 1dhd, subsequently, the “IA” pulse sequence (Fig. 2). The no
PFG version 1) can be constructed by modifying the 2-Dmal one-dimensional proton spectrum (amide fingerprint re
experiment as follows: set the delay equal to 0 and activategion) is shown in Fig. 2A. The application of the,-filtered



130 XU, ZHANG, AND EVANS

T T T

8.5 8.0 7.5
ppm

FIG. 2. 1-D NMR PFGuw;, filtered and “in-phase—antiphase” experiments (expanded amide fingerprint region). The sample is 1a-adéti-Asp-Val-
Asp-C-amide, in 90% v/v KD/10% DO, 10°C, pH 7.0. The Val residue iSN-labeled at thex-N position. (A) Normal 1-D spectrum; (B) PF@; filtered
spectra; (C, D) PFG, filtered spectra, with (C¥ “in-phase” experiment, (D¥ “antiphase” experimen®( 7). Transmitter pulsesH 90° = 10.5us, *N 90°
= 42 us. 64 scans were uitilized for reach spectra. Recovery deldys. RFz-gradient pulses: 1 ms duration, 0.5 ms relaxation ti@e= 30 Gauss/cmG,
= 3 Gauss/cmt = 2 'Jy with *Jyy = 90 Hz. Spectral window was 5200 Hz, and a Lorentzian apodization window function of 2 Hz was applied. Transm
offset was applied on-resonance with the solvent signal. Proton chemical shifts are referenced from infESfal d

“INEPT-style” PFG pulse sequence results in an effectiveD or 2-D experiments. The 2-D (Fig. 5A) and 1-D (Fig. 5B)
proton filtering of the amide resonances (Fig. 2B). With theersions of the PFGo,-filtered J,,-TOCSY experiment ex-
application of the IA pulse sequence, we see that emgof hibit similar effectiveness and sensitivity. Once again, a
the two satellite peaks appears on either spectrum (Figs. &Bown in Fig. 5B, the 1-D experiment does not exhibi
and 2C), with the frequency displacement equal to thg, crosstalk artifacts. In Figs. 5A and 5B, the observed frequenc
coupling. Therefore, the gradient-enhanced coherence seldisplacement represents the Vil . coupling (which re-
tion technique does an effective job of purging unwantddtes thed torsion angle); we obtain a value of 7.5 Hz for both
proton magnetization from the spectrum. the 2-D and 1-D experiments, respectively.

We next examine the combination ef-filtering and spin—
lock coheren_ce transfer steps. As Sh‘_’W” in F|g._3_, the 2'1_3 8Bdiimation of Crosstalk in Half-Filtered TOCSY Experiments
1-D PFGuw;,-filtered Jx,-TOCSY experiments exhibit effective
purging of unwanted proton magnetization. In the 2-D spec- In the w,-filter J-resolved experiment, it is assumed tlsat
trum (Fig. 3A), expansion of the crosspeak region for the Alspins do not change their spin states during Iltrepin state
*J\us SPin coupling (which relates thg, side chain torsion isotropic mixing period. Hence, the detected magnetization
angle) reveals the expected E. COSY pattern. By measuring the | spin states should correlate perfectly with t8espin
frequency displacement in the, dimension, we calculate states. However, in E. COSY-style experiments, it has bee
*Juss = 3.5 Hz. For the 1-D “IA” experiment, expansion ofreported that dipolar relaxation pathways permit “crosstalk
the same frequency region reveals the typical “in-phaseetweenS spin states, which can lead to observed shifts in th
antiphase” displacement (Fig. 3B); here, we obtain a value Bf COSY-like crosspeaks and reduction in obsedsedupling
3.4 Hz for®Jy,. Note the absence of crosstalk peaks in thisonstants14). This situation is exacerbated in proteins, where
spectrum. In Fig. 4, 1-D sections extracted from the amidke observed proton linewidths are comparable or greater th
proton fingerprint region of the 2-D PF@,-filtered Jy,- the observedl-coupling (L4). One solution to the crosstalk
TOCSY also reveal the absence of observable crosstalk pegisblem is to utilize a spin-state selecti&) E. COSY pulse
One can assume that, due to the small size of the polypepts#guence 14, 15 which suppresses crosstalk signals. How
in question, crosstalk phenomena are not observed in either éver, another solution to the crosstalk problem involves th
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inverse of the linewidth. For crosspeaks with Gaussian line
shapes, a similar expression can be derived,

. _( Jc) 2
i A\]Gaussian: 2CtJ ex T ) [3]

whereo is the linewidth. For other lineshapes, one can follow
the derivation presented in the Appendix to obtain an equivs
lent expression.

To estimate the adjustment of tdecoupling measurement
due to crosstalk relaxation in a givedw,-filtered TOCSY
experiment, we present the following example. As showi
below in the hypothetical 2-D spectrum, let us denote the E

1.5 1.3 COSY-like crosspeak pair (“O") as Peaks 1 and 2, and the
F2 (ppm) corresponding heteronuclear-bound proton peaks as Peak:
and 4. In the presence of crosstalk, one should observe mir
B b peaks (“0"), which are denoted as PeaKsad®d 4, in the
frequency region of Peaks 3 and 4.

F1 (ppm)

O0@) o(4) O(@)
—I = .Jf,_cw F1
0(3) 0@ 0@ (4]

F2

Note that Peaks’3and 4 are “crosstalk” peaks. The procedure

15 14 13 12 for determining theJ correction is as follows: (A) measure the
ppm intensity ratio of Peak '3to Peak 3, or Peak’4o Peak 4. This

will yield C,, or the crosstalk intensity term. (B) Measure the

FIG. 3. One- and two-dimensional PFG; filtered J,,-TOCSY exper-  5h5eryed]-coupling constant as the chemical shift difference
ments. The sample is 10 mM dacetyl-Asp-Ala-Asp-C-amide, in 90% v/v

H,0/10% D,O, 10°C, pH 7.0. The Ala residue 8N-labeled at the alpha-N

position. (A) 2-D w,-filtered TOCSY spectra; (B) 1-D “in-phase—antiphase”

TOCSY spectra, with (a) “in-phase” experiment, (b) “antiphase” experiment.

Both spectra are expanded to show the methyl fingerprint region; transmitter

offset was applied on-resonance with the solvent signal. The 2-D spectrum

utilized 2048 complex data points i, dimension, 256 experiments, 64

scans/experiment, spectral windew5200 Hz, with hypercomplex processing

in the w, dimension. For 1-D experiments, 64 scans were utilized, and a

Lorentzian apodization window function of 2 Hz was applied. Proton chemical

shifts are referenced from internal-aSP. = e T P Ay Doepener menaay SBes cosend ra

analysis of the 2-Iw,-filtered “E. COSY-style” spectra and the
correction for the reduction id-coupling that results from

crosspeak shifting. The derivation of tliscoupling correction

is detailed in the Appendix; we will briefly summarize the
findings here. For two identical crosspeaks with Lorentzie
lineshapes (denoted as Peaks 1 andl2pupling adjustment ~~+—r s~ D
factor, AJ, is

9.0 8.8 8.6 8.4 8.2 8.0 pPpPmMm
A _ c FIG. 4. One-dimensional section (amide proton fingerprint region) from
Jiorentzian= 2C¢J [1+ 48 2(Jc) 2] 2> [2] PFGw, filtered Jy,-TOCSY experiment of 10 mM Neacetyl-Asp-Ala-Asp-
C-a-amide, in 90% v/v HO/10% D,O, 10°C, pH 7.0. Processing parameters
. . . . . utilized here are identical to those for Fig. 3A. These sections were take
whereC, is the crosstalk probability or intensity terdf, is the parallel to the F1 axis and perpendicular to the F2 axis. Proton chemical shi
reduced] value due to crosstalkdJ = J — J°, and§ is the are referenced from internal,dSP.
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ments. Using “clean” isotropic mixing pulse sequences, w

note that crosstalk artifacts in the 1-b,-filtered J,,- and

Jxu-TOCSY spectra and the 2-b,-filtered J;,-TOCSY spec-

tra are suppressed. In addition to the pulse sequences,
\r present an approach for determining theoupling correction
for w,-filtered E. COSY-style crosspeaks in the presence ¢
crosstalk. This correction is applicable to both Lorentzian an
Gaussian 2-D crosspeak lineshapes.

The suite ofw,-filtered TOCSY experiments offers reason-
able resolution and proton filtering capabilities with modes
pulse sequence length, which should make them useful toc
- © for determining backbone and sidechain torsion angle prefe

ences for°N- and/or°C-labeled peptides and small proteins in

40 41 solution. The 1-D versions of each TOCSY experiment can b
F2 (ppm) used in situations where smalicoupling determinations are

required. Selective excitation versions of each experiment c:

be created by the substitution of selective bandwidth excitatic

F1 (ppm)

b pulses (e.g., “soft” rectangular, Gaussian, sinc, hypersecal
B for the nonselective excitation pulses given in Fig. 1.
N Ja EXPERIMENTAL
NH-CH
a The pulse sequences were tested on two tripeptidés, N
acetyl-Asp-Val-Asp-C-amide and N-acetyl-Asp-Ala-Asp-
C*-amide (°N-Val, ®N-Ala, both 98%*N), both 10 mM in
90% H,0/10% D,O, pH 7.0, at 10°C. Both peptides represen
. : . . triplet Ca (II) binding domains within “acidic” biomineraliza-
4.2 4.1 4.0 3.9 tion mineral recognition protein®8, 24. Experiments were
ppm performed on a Varian UNITY-500 spectrometer equippe
FIG. 5. One- and two-dimensional PF@: filtered J,,,~-TOCSY experi- with a z-gradient driver, usig a 5 mmz-axis PFG 3-channel
ments. The sample is 10 mM dacetyl-Asp-Val-Asp-Ca-amide, in 90% v/v prObehead'

H,0/10% D,O, 10°C, pH 7.0. The Val residue iSN-labeled at thea-N
position. (A) 2-D w,-filtered TOCSY spectra; (B) 1-D “in-phase-antiphase” APPENDIX
TOCSY spectra, with (a) “in-phase” experiment, (b) “antiphase” experiment.

Both spectra are expanded to show th€H fingerprint region; transmitter . . .
offset was applied on-resonance with the solvent signal. Processing parametersEStlmatlon of Crosstalk E?md Correction of Observed
are identical to those given in Fig. 3. J Coupling Values

For two “true” crosspeaks (denoted as Peaks 1 and 2) in
N 2-D w,-filtered TOCSY spectra, the frequency shift of one
betV\'/een.Peaks 1 and 2. This gives ;]ﬁe/a}lue. (C) Measure ):rosspeak toward the other arises from the presence
the linewidth of Peak 1 or Peak 2, which yields the value éf 1 K duri h i : h
in Eqg. [2] or o in Eq. [3]. (D) Depending on the crosspea erosstalk during t g]—cogp Ing experiment. We assume that
Iinesh.a e calculatAj b .usin Eq. [2] or [3]. The crosstalklbeaks 1 and 2 are identical and possess Lorentzian lineshay
" P . .y 9 EQ. . : however, we will demonstrate later one that our method can
corrected”J-coupling is thus equal t3° + AJ. ) . :

applied to Gaussian lineshapes as well. We can express |

CONCLUSIONS original peak intensities as a function of the frequency

In summary, we have designed a suite of one- and two- 2T,
dimensional PFG-enhanced,-filtered TOCSY experiments 9q(f) =77 A4m?T5(f —fy)2 [5]
for the determination of heteronuclear®dy,;) and homo-
nuclear {*J,,,) long-range scalar coupling constants in labeled gy(f) = 2T, 6]
peptides and proteins. Both experiments utilize the INEPT ? 1+ 4m?To(f = 1) %
coherence transfer pulse sequence deffiltering. The one-
and two-dimensional experiments presented herein shouldvileere g, and g, are the intensities of Peaks 1 and 2 in the
straightforward to implement on mastaxis PFG NMR instru- absence of crosstall;, is the transverse spin relaxation time,
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andf, andf, are the Larmor frequencies of Peaks 1 and :
respectively. The Lorentzian linewidth is given as the quantit
(wT,)"". Let & be the inverse of the linewidth, i.e8,= =T,.
We can rewrite [5] and [6] as

1
90 =1 252(F - 1,2

(7]

g2(f):1+482(f_f2)2' [8]

Here, the constant 2% has been dropped since only the
relative intensity is important.

Now, we consider the presence of crosstalk. Peaks 1 an
will each receive an overlapping contribution from the minc

“crosstalk” Peaks 1and 2. Let us use Peak 1 as an example,
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and letC, be the crosstalk probability. Thus, in the presence ofFIG. 6. Calculated corrections (numeric versus formula; Lorentzian ver

crosstalk, the intensity of Peak 1 is

oo 1 c
S L S AL SV L ¢ e ALT

where g; denotes the intensity of Peak 1 in the presence
crosstalk. To find the peak position gf, we note that, at
maximum, the first derivative af; = 0, i.e.,

ag1(f9)
Fr 0 [10]
Applying Eqg. [10] to Eg. [9], we find that

(fi—"f)
[1+ 48%(f5—f)?)?

Ct( fi - fz)
[1+ 48%(fS—

0, [11]

f)172

sus Gaussian) for thkcoupling due to the crosstalk effect. Solid line, numeric
Newton—Raphson solution; Dashed line, formula solution, using vdfues5
Hz, C, = 10%.

A similar solution can be derived for the Gaussian lineshap
situation. Given the linewidth (i.e., Y, J°, andC,, AJ can be
solved numerically from Eq. [14] using a root-searching rou
tine such as a Newton—Raphson approach. However, as
scribed below, we will demonstrate that a simplified formule
can be derived to calculat®].

To arrive at a simplified expression, consider the first term i
Eq. [14]. SinceAJ is small compared to the linewidth, then a
reasonable approximation would be tlé2tJ = 0. Thus, the
denominator of the first term in Eq. [14] becomes unity. For thi
second term in Eq. [14], sinc®J < 2J°, we can approximate
the AJ + 2J° term as 2°. With these approximations in
mind, rearrangement of Eq. [14] yields Eq. [2].

Figure 6 shows calculated corrections (numeric versus fo

wheref{ is the Larmor frequency of Peak 1 with crosstalknula) for theJ-coupling due to the crosstalk effect. In the

contributions. Note that
1
fi—f,=5AJ [12]
2
and

1
fi—f,= —5AJ- 3", [13]

formula solution, using Eq. [14]° was chosen to be 5 Hz, and
the crosstalk intensity was assumed to be 10%. These reslt
are plotted against the numeric solution (Newton—Raphson ro
searching routine) of Eq. [14]. As shown in Fig. 6, the simpli-
fied formula gives an acceptable approximation. Note in Fig.
that theJ-adjustment for Lorentzian and Gaussian lineshape
can differ by approximately 0.2 Hz for linewidths greater thar
20 Hz (i.e., arising from large macromolecules such as proteit
and nucleic acids) and may vary withand C,. However, for

small and moderate linewidths (i.e<15 Hz), the difference is

smaller than 0.1 Hz, which can be considered negligible sinc

whereJ® is the reducedl-coupling constant due to crosstalkmore significant) measurement errors can arise from othe

andAJ = J — J° By substituting Eq. [13] into Eq. [11], we
obtain

AJ C(AJ — 239

[1+ 02072 [1+ 6%AJ + 23972~ O

(14]

sources.
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