
m
c
a
s
b
t
m
n

n

r
o
n
w
t
p
l

d
p
s
a
(

t
n
t
m
w
t
t
4
a
i
p

Journal of Magnetic Resonance136,127–129 (1999)
Article ID jmre.1998.1624, available online at http://www.idealibrary.com on
Origin of the Residual NMR Linewidth of a Peptide Bound
to a Resin under Magic Angle Spinning

Karim Elbayed,* Maryse Bourdonneau,† Julien Furrer,* Thierry Richert,† Je´sus Raya,*
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The tetrapeptide Ala–lle–Gly–Met bound to a Wang resin via the
ethionine residue was studied by NMR under MAS conditions and

ompared to the same peptide in solution. The bound peptide exhibits
verage linewidths superior to those observed for the peptide in
olution. The origin of the residual NMR linewidth observed for the
ound form was investigated. The dynamics of the peptide is shown
o be only marginally responsible for the increased linewidth; the
ajor cause of the line broadening appears to be nonaveraged mag-

etic susceptibility differences. © 1999 Academic Press

Key Words: high-resolution MAS; resin; line broadening; dy-
amics; magnetic susceptibility.

The emergence of new technology in the design of h
esolution magic angle spinning (MAS) (1, 2) probes ha
pened new avenues for the study of molecules that be
either to the liquid nor to the solid state but which lie so
here between the two. The domain of application of this

echnique ranges from the study of organic molecules
eptides bound to a solid resin support (3–10) to polymers

ipids (11), and human and animal tissues (12, 13).
The technique requires the sample under study to have

egree of mobility. In the case of a pure solid like a resin
olymer, a solvent has to be added in order to swell up
ample. This condition is already satisfied for human
nimal tissues. The sample is then spun at the magic
54.7°) in order to average out the remaining interactions

In this Communication, we report the study of the tetrap
ide Ala–lle–Gly–Met bound to a Wang resin via the meth
ine residue in DMF. The 1D 400-MHz proton spectra of

etrapeptide bound to the resin and in solution recorded a
agic angle are shown in Fig. 1. Although the average
idth of the bound peptide is remarkably small compare

he dry resin under static conditions (data not shown), it is c
hat the peptide in solution has sharper lines. On averag
00 MHz the proton linewidths observed for the bound pep
re about three times larger than those observed for the p

n solution. The purpose of this work is to investigate
ossible causes of that residual line broadening.
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In order to differentiate between a homogeneous and a h
eneous line broadening, the dynamic behavior of the boun
f the free peptide was first analyzed using relaxation time
urements. TheT1 values obtained for13C at 300 and 500 MH
re presented in Table 1 along with the uncertainty of the
urements. Except for the alaninea-carbon, theT1(

13C) values o
he bound peptide are in the same range of values as those
ree peptide. This indicates that the dynamic behavior of
eptide is not very different in both cases. The weak field de
ence ofT1(

13C) implies that the extreme narrowing condition
e assumed and that consequentlyT2 5 T1 for carbon. Unde

hese conditions, the contribution of transverse relaxation t
ine broadening (1/pT2) is weak and cannot explain the linewid
f the 13C spectra of the bound peptide. The interpretatio
rotonT1 measurements is complicated by the presence of

nteractions and spectral overlap, therefore making the com
on of theT1(

1H) values of the bound and free peptide
traightforward. The values obtained for the bound and free
ide are nevertheless in the same range. Measurement ofT2(

1H)
alues is again complicated by spectral overlap and scalar
ling between the proton nuclei. However, for some proton
easurement is still possible. A value of 360 ms was measur

heT2(
1H) value of the CH3 group of the Met residue of the bou

eptide. This value corresponds to a theoretical (Dn1/2)th of 0.9 Hz
hereas the (Dn1/2)mesmeasured at 500 MHz is 12.3 Hz. All the

esults support the fact that most of the residual linewidth is
ue to relaxation processes.
Another possible cause of line broadening could be

ncomplete averaging of chemical shift and homonuclea
olar interactions. However, experiments carried out at hi
pin rates do not show any differences in the linewidth of
ample. The proton linewidth decreases up to a speed of 2
nd then remains constant (spectra were recorded up to 6
he solvent that is added to the sample and that swells u
esin is apparently reintroducing enough mobility to consi
bly reduce the chemical shift anisotropy (CSA) and the ho
uclear proton dipolar interaction.
A much more likely mechanism for line broadening could a
1090-7807/99 $30.00
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128 COMMUNICATIONS
rom the important differences of magnetic susceptibilities pre
n the sample at the interface between the resin beads an
eptide. The resin bead can be viewed as a macroscopic

hat will create a dipolar field in its environment with a (3 co2u

FIG. 1. 1D proton spectra of the tetrapeptide Ala–lle–Gly–Met boun
Wang resin swollen in DMF (A) and of the peptide in solution in DMF
oth spectra were recorded on a Bruker Avance 400-MHz spectro
quipped with a1H/13C/2D HRMAS gradient probe. A 4-mm rotor and a spe
f 3 kHz were used for both spectra.

TAB
Proton Assignment and Comparison of the 13C T

and for the Peptide Free in

d(1H) ppm T

Liquid HRMAS Liquid

H3M 2.13 2.06 19006 2
H3gI 0.99 1.01 6406 1
H3dI 0.90 0.93 10006 1
H3A 1.60 1.31 5506
H2gM 2.60 2.59 —
H2gI 1.23–1.60 1.25–1.65 5006
H2bM 2.13 2.12 3006
HbI 1.92 1.97 5006
HaM 4.60 4.67 4106
HaI 4.40 4.33 4106 1
HaA 4.38 3.66 4806
HaG 3.98 4.00 2606
nt
the
ole

1) spatial dependence (14–16). The spins that belong to th
eptide are therefore involved in a dipolar interaction with
esin beads. This effect is similar to a homonuclear proton–p
ipolar interaction and should therefore be removed by M
owever, the key point here is that MAS will only average out

sotropic part of the bulk magnetic susceptibility tensork (IBMS)
nd will leave the anisotropic part (ABMS) unaffec
14, 15, 17). In the case of a complex sample like a resin,
agnetic susceptibility tensor is very likely to be anisotropic.
nisotropy is all the more probable because the Wang re
hich the peptide is attached is made of polystyrene with nu
us aromatic groups. The molecular magnetic susceptibility o
romatic groups is highly anisotropic and the ABMS that re
ill strongly contribute to the line broadening of the pep

esonances.
Spectra recorded at 300 and 500 MHz (Fig. 2) exhibit a

roadening that is proportional to theH0 field, which is in
greement with the fact that differences in magnetic susc
ilities are the major cause of the residual line broaden
urther proof that differences in bulk magnetic susceptib
re not completely averaged out by MAS is the observatio

our distinct resonance lines for the methyl groups of the D
hat is used to swell the resin in a 4:3 ratio (Fig. 1A). Two
hese resonances correspond to the usual lines of the
pectrum at 2.75 and 2.92 ppm, whereas the two rema
nes, at 2.73 and 2.86 ppm, originate from the DMF th

rapped inside the resin. Moreover, the resonances that b
o the DMF in solution are better resolved than those
elong to the DMF trapped inside the resin.
This magnetic susceptibility-induced broadening effec

ery localized and affects only the proton resonances clo
he resin (16). By mixing a swollen Wang resin and the pept
n solution in DMF in the same rotor, a solution-like spectr

ter

1
alues Obtained for the Peptide Bound to a Resin
lution at 300 and 500 MHz

C) (ms) 300 MHz T1(13C) (ms) 500 MHz

HRMAS Liquid HRMAS

16506 200 27506 350 24506 300
5406 70 7806 100 6706 80

10006 140 12006 160 9606 120
6106 120 6006 70 6606 80

— — —
2406 50 2806 40 3806 70
3106 60 3806 60 3406 60
4106 70 4306 50 4606 80
3106 100 4006 60 4306 100
3806 100 4306 70 3906 80
6906 90 4706 50 7806 130
2106 60 2306 40 2606 60
LE
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129COMMUNICATIONS
as observed for the peptide, indicating that the peptide
ot affected by ABMS effects.
In conclusion, we have shown that the residual NMR l
idth observed in the spectra of a peptide bound to a
riginates mainly from anisotropic bulk magnetic suscept

ty differences that are not averaged out by MAS. It is m
ikely that the presence of strongly anisotropic phenyl gro
ontributes significantly to this phenomenon, and the us
esins that do not contain any aromatic groups is there
trongly advocated.

FIG. 2. Expansion of the 1D proton spectrum of the tetrapeptide Ala
ly–Met bound to a Wang resin swollen in DMF showing theg (left) andd

right) methyl groups of the isoleucine residue. Spectrum (A) was record
00 MHz and spectrum (B) at 300 MHz.
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