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Lipidated proteins play important roles in numerous biological oo GH-Cys-Mot-Gly-Lou-Pro-Cys-OMe
processes. For instance the correct functioning of the Ras proteins \N\N\NV\O/S S Nefes
in biological signal transduction and of the Rab proteins in the X T
orchestration of vesicular transport are paramount to regulation of o Sar-Ala-Glu-Sor.Cys-Sor-Cys-OMe oo Cy-Cys-OH
cell growth and differentiatioAThe Ras proteins embody both acid WV\L ' o]
labile farnesyl thioethers and base-sensitive palmitic acid thioesters A b WS
and terminate in a cysteine methyl ester. The Rab proteins are ‘—G;gfm, Rab 1
Sgeranylgeranylated and carry either a carboxylic acid or a methyl Figure 1. Structure of the lipidated C-terminus of the N-Ras protein and

ester at the C-terminus (Figure 1). of Rab proteins.
Tailor-made lipidated peptides representing the characteristic

lipid-modified partial structures of their parent proteins are efficient >¢7eme 1. Synthesis and Oxidative Release of Famesylated

Model Compounds from the Hydrazide Linker

tools for the investigation of biological processes in molecular o @ , " /Q
detail? Of paramount importance to the efficient and rapid synthesis *.* /@*g Rhes Fmoo_ AR~y N
of such lipidated peptide conjugates would be the availability of a Fmoc/N‘g 1 T 2 'a "
flexible solid-phase technique. Ideally such a technique would (i) H* (ARl Lou-pro T
give access to peptides carrying different combinations of acid- R N, /Q ab

R " . (A= Fmoc—[Aal—Cys” N
and base-labile lipid groups, (ii) allow for release of the peptides 5: [A]y= Leu-Pro [ H

S.
from the solid support as either C-terminal carboxylic acid or methyl

ester, and (iii) allow for the introduction of additional reporter and/
or linking groups required for application of the target peptides in - scheme 2. Solid-Phase Synthesis of S-Farnesylated and
further biological experiments. The synthesis of lipidated peptides S-Palmitoylated Peptide 8

requires the application of a set of suitable orthogonally stable . /@pepme H /@
blocking groups and a linker to the solid support that are cleavable Fmoc-LeuPro-Gys™ N SY_"ES: AloeGry—O{sfMel-Gry-Leu«Pro-CI)/s’N'u

a50% TFA, TES, CHCI,, 1 h.P Far-Br, DIPEA, DMF, 4 h.

under the mildest conditiorfs.Currently such a solid-phase 5 S Mmt o e
technique is not available. In a few notable cases the solid-phase Aloc-Gly-Cys-Met-Gly-Lau-Pro-Cys-OMe *a'b H /@
synthesis of exclusivelg-palmitoylated or S-farnesylatetipeptides W\N\NVYé s $ - A'oc-evy-ch-Merew-Leme~?ys’N‘g
has been described. In this paper we report on the development of © s ’ é\Pa, LN

a §o|id-phase techn_ique that fulfils the deman_ds raised above. It ajo, TFA, TES, CHC,, 1 h.b Pal-Cl, HOBt, E4N, DCM, DMF, 15 h.
relies on the combined use of the base labile Fmoc-group for ¢ Cu(OACY), acetic acid, pyridine, § CH,Cl,, methanol, 2 h, 42% over
N-terminal deprotection of the peptide chain, the application of acid- all steps.

and reduction-labile protecting groups for the cysteine side chain,

as well asSfarnesylation ands-palmitoylation of the growing first examples of peptide farnesylation on a solid support. The

peptide chain on the solid support. For attachment to the solid peptide chain of polymer-bound aSdamesylated tripeptids was

support the oxidation.-sepsitivie hydrazide linker was employed. It then elongated by successive removal oferminal Fmoc group
can be cleaved by oxidation with €or NBS and allows the target and coupling of the appropriate amino acids (Scheme 2). The

peptides to be released as either carboxylic acid or methyl estermercapto group of the second cysteine required in the sequence
from the polymeric carriet. For the synthesis commercially a5 protected as monomethoxytrityl (Mmt) thioether. After comple-
available 4-Fmoc-hydrazinobenzoyl AM Nova@dNovabiochem) tion of peptide assembly, the Mmt group was removed from
was employed. The Fmoc group was removed &rityl protected protected heptapeptid&by treatment with 1% TFA in dichloro-
Fmoc-cysteine was coupled to the hydrazide resin to yield im- methane and in the presence of triethylsilane. The farnesyl group
mobilized amino aci@ (loading 3.5 to 4.3 mmol ¢f). Subsequent  remained unattacked under these mild, weakly acidic condifions.
elongation of the peptide chain by means of standard methodology s paimitoylation was then carried out by treatment with palmitoyl
yielded polymer bound tripeptidg(Scheme 1). Th&trityl group chloride in the presence of HOBt and triethylamine to yield doubly
was removed by treatment with 50% trifluoroacetic acid (TFA) in Jipidated polymer-bound peptide (Scheme 2).

We would like to stress that the described farnesylations are the

dichloromethane and theS-farnesylation was carried out by The best results were observed when 10 equiv of both reagents
treatment of the liberated thiols with farnesyl bromide in the were used for 15 h; application of only 4 equiw @ h resulted in
presence of a tertiary amine. lower yields and impure product. Finally, the desired N-Ras peptide

methyl ester8 was released from the solid support by oxidation
* Corresponding author. E-mail: herbert.waldmann@mpi-dortmund.mpg.de. ~ with Cu(OAc), in the presence of pyridine and acetic acid. An
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Scheme 3. Solid-Phase Synthesis of Fluorescent-Labeled and Scheme 4. Solid-Phase Synthesis of Fluorescent-Labeled and
S-Farnesylated Peptides 11—13 Double Lipidated Peptide 1
. Ziﬁ&iiis.‘ T z\ /@ Alee /ﬂ\ D avcs Aloe E
Fmoc~—Cys” \u famesylation Fmoc-Sc'ar-Cys-LyS*le/ N Tn-GIy~C)I/s-Ly5'?ys : — MantAca—Giy—Cyl's-Lys%':ys/ u
[ " SSiBu N
N ® :b R N SR Sy B S
O (o]
NN ow o H M 4 o) °
o N‘<:>*#‘\/\/\)k e N LNAVAEN Alpe Aloe
2 t;l«Ser—(WIs-Lys—-(l)/s N 4 HN-Gly-Cys-tys-Cys—OMe  MantAca-Gly-Cys-Lys-Cys—OMe
TW H | ssBu s " é\ é $ é
lc Far MIC 17 Pal  “Far 16 “Pal Far
Mo N aPBu, H0, DMF, CH.Cly, 15 h.? Pal-Cl, HOBt, E§N, CH,Cl,, DMF,
N@}n—Memiy-Leu-qus-on NN wo m Awo 15 h.¢1% TFA,_TES_, DCM,_l h.9 MantAca, DIC, HOBt, EiN, 2 h.
CH;—NH © H 5 OZNG'E‘ 9}1\ | | € Cu(OACY), acetic acid, pyridine, § CH,Cl,, methanol, 2 h.
; Far A ril-Ser-CTs-Lys—(I:ys
Mant 12:R =Me 1 H o ssmu s . - . . . .
13R=H Far immobilized fluorescent-labeled lipopeptidé. Finally, desired
apiperidine, DMF, 2x 7 min.? NBDAca-OH, HBTU, HOBt, DIPEA, lipopeptide methyl estet6 was released from the solid support by
DMF, 2 h.¢ Cu(OAc), pyridine, Q, CH,Cl,, methanol, 2 h. oxidation with Cdt in methanol in the presence of pyridine and

. . » . acetic acid. After flash chromatography it was obtained in pure
undesired attack on the acid-sensitive farnesyl thioether or the basetqrm in 299% overall yield for 13 steps on the polymeric carrier.

labile thioester was not recorded and Ras pefideas obtained Using the same approach, doubly lipidated peptite was

in an over_all yield of 42% (W|th_respect to the amount of the first synthesized. It embodies a maleimido group that allows for coupling
amino acid bound to the resin). By means of this procedure o mercapto groups of proteins, as was demonstrated in the synthesis
multimilligram amounts of pure lipopetide are readily obtained biologically fully functional Ras protein:e

within 1-2 days whereas the synthesis of the same compound by |, conclusion we have developed the first generally applicable
means of solution-phase methé&t&requires more than one week.  gqjig_phase method for the synthesis of differently lipidated and
Iq addition, purification of the final proQuct is rgadlly achieved by additionally labeled peptides. This new methodology should
simple column  chromatography during which the copper is g pstantially facilitate the use of lipidated peptides and lipidated
completely removed. To demonstrate that differently lipidated and 1, qteins accessible from them by combination of organic synthesis
additionally tagged peptides are accessible by means of the solid-54 molecular biology techniquisin the study of important

phase method described abovgfarnesylated tetrapeptidél biological phenomena like biological signal transduction, localiza-
embodying the fluorescent NBD group was synthesized (Schemeyion and vesicular transport.

3). After assembly of the peptide chain adderminal deprotection )
the fluorescent label was coupled to tNetlerminus and then the Acknowledgment. This research was supported by the Deutsche
desired compound was released from the solid support. It was Forschungsgemeinschaft and the Fonds der Chemischen Industrie.

obtained in 47% overall yield and with high purity gfter _simple Supporting Information Available: Experimental procedures and
flash chromatography. In the course of this synthesis neither the .paacterization data for all new compounds and HPLC traces of

acid-labile trityl protecting group nor the reduction sensitive NBD-  ¢ompoundi1 and17 (PDF). This material is available free of charge
label and the S-tBu disulfide were attacked. The same methodologyyia the Internet at http:/pubs.acs.org.
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