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ABSTRACT

|
Siu_~_NHz* CF3CO7
DSA
The widely used internal standard for NMR studies in aqueous solution DSS (sodium 4,4-dimethyl-4-silapentane-1-sulfonate) can interact with
cationic peptides, diminishing its value for such studies. This paper introduces DSA (4,4-dimethyl-4-silapentane-1-ammonium trifluoroacetate)
as a new internal standard that does not suffer from this problem.

Sodium 4,4-dimethyl-4-silapentane-1-sulfonate (DBSand
sodium 3-trimethylsilyltetradeuteriopropionate (T2}, are

cationic peptides bearing hydrophobic residues. In this paper,
we introduce 4,4-dimethyl-4-silapentane-1-ammonium tri-

widely used as internal standards for NMR studies in agueousfluoroacetate (DSA3) as a new internal standard for NMR

solution. While using DSS as an internal standard *er
NMR studies of a variety of cationic peptides that fold into
B-hairpin structure$;we observed variations in the chemical

studies in agqueous solution and compare it to DSS.
4,4-Dimethyl-4-silapentane-1-amine and its hydrochloride
salt have been prepared previously by a number of methods,

shift and broadness of the trimethylsilyl resonance of the including the Gabriel amine synthekising phthalimide and
DSS standard. These variations suggested that the DSS wasommercially available (3-chloropropyl)trimethylsilatfdn
interacting with some of the peptides and raised concernsthe traditional Gabriel synthesis, phthalimide is alkylated with
about the wisdom of using an anionic compound bearing a an alkyl halide and the resulting alkylated phthalimide is
hydrophobic group as an internal standard for cationic treated with hydrazine to liberate the amine. We found
peptides containing hydrophobic aromatic residues. A searchliberation of the amine to proceed more smoothly using the
of the literature revealed similar observations and concernssodium borohydride reduction protocol of Ganem and co-
in other system8.As chemical shift studies have emerged workers!! Thus, we have prepared DSA in both gram and
as an important probe of peptide and protein strucitfe, : : — :

we decided to address this problem by developing a new Zzgj) §a1)1"_v'§3',‘§ rt'(g' \SA',}S%'?‘ES’E? ' 23 Rslitzrs(?s'sl_:' llljﬂ.';’\ﬂgic?wgrldi?géf M.
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Figure 1. Internal standards for aqueous NMR studies. Rval O
pept[de 4 (Arg-Trp-GIn-Tyr- Va[ D- Pro-G[y-Lys Phe Thr -Val-GIn-NH,)

0 R 0 R
multigram quantities, in 77% overall yield, by alkylating H2N\)J\ /Q;N\)LN/HfN\)J\N/H(NHZ
phthalimide with (3-chloropropyl)trimethylsilane using H c H O RPheH o Fé%\/al Ho§
K,CGQ; in hot DMF, reduction with sodium borohydride, HoG Rryr O
sequential acid and base extractions, acidification with H,¢_ )Kr )H/NHZ
trifluoroacetic acid (TFA), and recrystallization from toluene. \(fj(\N \K\N 3

Like DSS, DSA is a free-flowing crystalline solid thatis  epiige 5(Arg_T\$'_Gm Tyr-Val 50m -Lys-Phe- Thrf\\;ga[-G[n-NHg)
not visibly hygroscopic, even at high humidity. Although

we had initially envisioned developing 4,4-dimethyl-4- Lys Rne H\)J\ Rain "
silapentane-1-ammonium chloride as an internal standard,” \‘)L /'\H/ 2
instead of the trifluoroacetate, the former compound proved Hz2§¢ RPhe O R
to be deliquescent and inconvenient to handle. 4,4-Dimethyl- H2 Ry @ R Q
4-silapentane-1-amine is toxic and is a monoamine oxidase )H/ \[(\ J\( \[(\N)K(NHZ
inactivator? Although DSA should be treated with respect, Rval
the normal precautions (avoiding ingestion, skin contact, eye PePtide & (Arg- Trp'G[” “Tyr a5 o -Lys-Phe- Ak -NH2)
contact, etc.) should suffice for the submillimolar-concentra- Ruiys Rain
tion solutions typically used for NMR studies. HL )\(N\)J\ )ﬁrNQJ\ )\[(NHz

The 'H NMR chemical shift of the trimethylsilyl group RLys Rieu |
of DSA is the same as that of DSS in@. At 298 K, we Rry O
measure the DSA peak to be 4.761 ppm upfield of HOD )K( J\( )K(NHZ
and that of DSS to be 4.762 ppm. At temperatures ranging \_/ Ryg I\cf)(\ Ryg I\cf)]A
from 278 to 318 K, and at pHs ranging from 2 to 10, there peptide 7 (Arg-Tyr-Val-Glu-Val-D-Pro-Gly-Lys- Lys - -Leu-GIn-NHy)
are no significant differences (<0.005 ppm) in the positions Riys Rie y O Ran
of the trimethylsilyl resonances of the two compounds. The HzN\)J\ )}( N/H(N\.)J\N/HfNHZ
trimethylsilyl resonances are coincident in mixtures of DSA HzC o RLys o Ra o
and DSS. qu O 4 RewO | BryO

To evaluate the DSA, we studied its interaction with Hzc\N)KrN\[(\ )Kr Y\NJ\‘,NHz
cationic peptided—9 (as the TFA salts), which are of interest H Rwo 7 RwoO Rarg
for their potential to adopB-hairpin structures. Peptiog, peptide 8 (Arg-Tyr-Val-Glu-Val-*0rm-Lys-Lys-lle-Leu-GIn-NH>)
which was developed by Gellman and co-workkecsntains
a -turn based upom-Pro-Gly and a hydrophobic cluster HZN\)L T N\)J\ i HQJ\ e N\)L ' NHy
consisting of Trp, Tyr, Phe, and Val. Peptiles an analogue /Hf )\( /%f
in which thep-Pro-Gly turn is replaced with a turn based Rioy Rie Rie

HZQ Riey O Riey ©

upon’®0Orn, which was discovered in our laboratori@Both HoCL NH
peptides4 and 5 adopt -hairpin structures. Peptidé )K( \n/\N)S( \dL N\[(\N :
containsp-°0Orn, in place ofOrn, and does not fold into a Rva O Rva
B-hairpin structuré? Peptide 7 was also developed by  peptide 9 (val-Leu-Hao-Leu-Val-30m-val- Leu Lys -lle-His-lle-Leu-NH,)
Gellman and co-workef&*2and contains A&-turn based upon

p-Pro-Gly but lacks the heavily aromatic hydrophobic cluster Figure 2. Peptides used in studies (as TFA sallts).

of the preceding peptides. Pepti@liés an analogue of that
contains’Orn in place ofo-Pro-Gly but does not appear to
fold into a3-hairpin structuré# Peptide9 contains theOrn

turn, the unnatural amino acidiao, which mimics a peptide

B-strand!® and other hydrophobic residues. This peptide folds
(11) Osby, J. O.: Martin, M. G.: Ganem, Betrahedron Lett1984,25, into aﬂ-hairp.in s.tructure and will be described in detail in

2093—2096. a future publicatiors®

g G e omis widgs, . DSA and DSS were compared by measuring the chemical

4,'93-97; Chem. Abstr1968,69, 34316. (b) Silverman, R. B.: Banik, .  Shift of the HOD resonance relative to that of DSA or DSS

M.(Jl.3 ;%En) ghem. Sog9§7, (130?', 22198—2H222. Chem. Sod998. 120 (setto 0.00 ppm) in the presence of millimolar concentrations
a) Stanger, H. E.; Gellman, S. Bl. Am. Chem. So , , . - . .
42364237, (b) Syud, F. A Stanger, H. E.. Gelman, SJam. Chem.  Of peptidesA—9 (Figure 3). Peptide4 and5 produced small

Soc.2001,123, 8667—8677. but significant (0.01+0.04 ppm) downfield shifting of the
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4.86 038 _~_-SiMes AN peptide]
A (DSA) * = -
—L— 4 (DSS) v peptide 038 _J~_5iMe3
—— 5 (DSA) HsN 7
—O— 5(DSS)
4.841 —&— 6 (DSA)
p —A— 6(DSS)
A -l 7 (DSA)
, ---O-- 7(DSS) . . . . I .
€ ---@- g (DSA) Figure 4. Model of interaction of DSS with cationic peptides
2 _ -0 8(DSS) containing aromatic residues.
S4.82 X ---A g (DSA)
£ ---A-- g (DSS)
% S interact with the hydrophobic trimethylsilyl group and shift
g 4801 the trimethylsilyl resonance upfield by magnetic anisotropy
g ' effects (Figure 4). When the trimethylsilyl resonance is used
as a reference peak and set to 0.00 ppm, the water resonance
and all of the peptide resonances are shifted downfield. It
4.787 should be noted that the peptide typically is present in a large
molar excess relative to the DSS and that the weak
Lt - m association between the peptide and DSS typically is dynamic
476 P -::i:::$==*" on the NMR time scale. Thus, the peptide shifts the DSS,
"o 10 while the DSS has relatively little effect upon the peptide,
Concentration (mM) which is largely unassociated due to its large molar excess.

DSA is superior to DSS as a reference compoundibr
Figure 3. Chemical shift of the HOD resonance relative to that of NMR studies of cationic peptides in aqueous solution,

DSA or DSS (set to 0.00 ppm) as a function of the concentration o . .
of added peptided—9. Studies were performed on a 500 MH because it is less prone to interact with these peptites.

NMR spectrometer in BD at 298 K with 0.1 mM DSA or DSS. Because such peptides are currently the subject of widespread
study and accurate measurement of chemical shifts is

important in determining their folding properties, we antici-
HOD resonance with DSS. With DSA, these peptides  pate that DSA will be of use to many other researchefs.
caused little or no shifting 0.01 ppm). Peptide$—8 We have prepared a supply of more than 15 g of DSA and
produced no significant shifting with either DSA or DSS.  are eager to share it (gratis) with others who will use it in
In the presence of peptidk the trimethylsilyl resonance of  their research. Requests for a sample should be sent by
DSS is broad and indistinct. Although accurate referencing principal investigatorsat academic, industrial, or government

is not possible, peptid® appears to produce large (almost |aboratories to the corresponding author (J.S.N.).
0.1 ppm) downfield shifting with DSS. In contrast, the DSA

peak is sharp, and there is no significant shiftingD(01 Acknowledgment. The authors thank the NSF for grant
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appear to be most sensitive to interaction with DSS. In such 5T32CA009054).
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(16) These findings do not affect the conclusions of the DSS-based studies
of peptides described in refs 3a and 4. At the peptide concentrations used

for these studies, the resulting errors of ca. 8:0D2 ppm in chemical (17) DSA should also be superior to TSP in these applications, as TSP
shift are not significant in comparison to the shift differences that are being should interact with peptides in a similar fashion and is sensitive to variations
measured. in pH. For details, see refs 8a and 8b.
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