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Abstraci: No-haloacetylated peptides made by Fmoc solid phase synthesis survived cleavage when EDT
was used as a cleavage component. Two segments of a desgned transmembrane protein, one
bromoacetylated, the other containing a cysteine, and each bearing a “solubilising tail” peptide, were
synthesised by Fmoc SPPS. The two peptides were joined via thioether ligation. ® 1998 Elsevier Science Ltd.
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In our work on the synthesis of designed transmembrane proteins chemoselective ligation' of peptide
segments was a particularly attractive synthetic method. This is because it is usually easier to synthesise, purify
and then ligate two smaller peptides (30-40 amino acids) rather than synthesise one longer one. In addition
chemical ligation methods may also allow incorporation of strategies for solubilising the peptide components.”
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designed transmembrane protein.

Thioether ligation makes use of the highly specific reaction between thiols and haloacetyl groups at
neutral to mildly alkaline pH. The thiols may be from cysteine residues’ or from peptides functionalised at the
C-terminus with 2-mercaptoethylamido groups.*’ Ligation via a cysteine thiol results in a linkage incorporating
a 1:1 substitution for the backbone atoms of two amino acid residues, while ligation via a 2-
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the thioether ligation method relies on the ability to cleave resin-bound Na-haloacetylated synthetic peptides

without modification of the haloacetyl groups. This was first achieved bv lignid hvdrogen fluoride cleavaoe of
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No-haloacetylated peptides, made by Boc SPPS $10 1n such HF cleavages it was recommended that the use of
sulphur-containing scavengers be avoided,' poss1bly to prevent reaction of the haloacetyl groups with sulphur-
containing scavengers. No-haloacetylated peptides have also been cleaved after Fmoc SPPS using TFA," TFA
with anisole as scavenger,'? or TMSBr."> To the best of our knowledge cleavage of Na-haloacetylated peptides
with mixtures containing TFA and thiol scavengers such as EDT has not been reported, desplt'e the proven
utility of EDT in suppressing side reactions during cledvage of peptldes made by Fmoc SPPS.”* Given the

enecuveness of EDT as a scavenger io suppress SIOC I'EdbllOIlS uurmg LICangG of pepuues made Dy Fmoc

SPPS, we were interested to study the cleavage of Na-haloacetylated, solubilised peptides using cleavage
mixtures containine EDT. We then studied thioether ligation of one of the resulting solubilised, haloacetylated
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peptides. The results of these studies are described below.
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Results and discussion

In a preliminary experiment, the predonunant masses of Nu—chloroacetyl—(Gly—Lys)f,-Gly—amnde and Na-
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Da, No-bromoacetyl-(GK)sG-amide 1306.4 Da).
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d not reacted with EDT or thloamsole during cleavage to give measurable levels of by-products.
A complex Na-bromoacetylated peptide, bearing at its C-terminus a solubilising peptide linked via a 4-

hydroxymethylbenzoic acid [4-Hmb] derived ester, was synthesised. Na-bromoacetyl -EAELENAVYLNAL
VSLLNALVSLWTAKNPGAA-[4-Hmb]-(GK)sG-amide (1) was cleaved with a mixture of TFA/EDT/water.
An HPLC chromatogram of crude cleaved 1 is given as Figure 1a.
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Figure 1. a) HPLC chromatogram of crude cleaved bromoacetylated peptide 1. b) HPLC chromatogram
of non-bromoacetylated 1. HPLC conditions: Vydac C4, 0-80% B over 40 min at 1 ml/min,
soivent A: 0.1% TFA, soivent B: 0.1% TFA, 10% water, 90% acetonitriie; monitored at 214 nm.
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Figure la shows that this long (46 aa) bromoacetylated peptide was obtained in good purity when
cleaved using a mixture containing EDT. For comparison Figure 1b shows crude cleaved 1 which was without
an No-bromoacetyl group. The major mass of the crude cleaved peptide mixture was found by electrospray
mass spectrometry (ESMS) to be 4778 Da (calculated for 1: 4778 Da). No EDT-peptide adduct (calculated
mass 4791 Da) was seen in the reconstructed electrospray mass spectrum of crude cleaved 1 (Figure 1c).

Under the strongly acidic conditions of peptide cleavage we expected that there would be little reaction
of thiol scavengers such as EDT with Noa-chloro or Na-bromoacetyl-functionalised peptides, and this was
indeed the case. However, a note of caution must be added. It has been found that in some cases certain
bromoacetylated peptides reacted with the thiol of a cysteine even during cleavage with cold liquid HF.'” Thus,

the possibility exists that sequence-related reactions between thiol scavengers and peptide bromoacety! groups
may occur under acidic conditions, although we did not see evidence of such reactions in this study using TFA.

HPLC purified bromoacetylated nentlde 1, 4.93 mg, was ligated with 3.97 mg of the cvsteme-bearmz
peptide Ac—C(acm)GGSPDQVWLNVLVSLLNVLVSLYTAQKAKNC -[4-Hmb]-(GK)sG-amide (2), as shown
in diagram form in Figure 2a. In this reaction both 1 and 2, which were segments of a designed transmembrane
protein, had “solubilising tail” peptides attached to their C-termini via 4-Hmb esters.
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An HPLC chromatogram of the ligation mixture is given as Figure 2b. The mass of the major peak at
32.3 minutes was found by ESMS to be 9545 Da (calculated for thioether ligated product 3: 9546 Da). The
ligated peptxde purified by HPLC to yleld 3.26 mg of 3 ( Figure 2c).
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In our work on the synthesis of designed membrane proteins thioether ligation 1 attraclive
gvnthetic od because aoh seoment could be made more soluble via an attached, selectivelv cleavable
ynthetic method because each segment could be made more soluble via an attached, selectively cleavable

“solubilising tail” peptide.>'> The ligation reaction of No-bromoacetylated peptide 1 and cysteine-bearing
peptide 2, without loss of the solubilising peptides, showed that the neutral aqueous conditions used for
thioether ligation were compatible with the 4-Hmb ester used to link hydrophobic and solubilising peptides.
However, we have not determined whether thioether ligation is compatible with the glycolamide ester linkage
used in the original Boc “solubilising tail” method.'®

The methods described in this paper will be applicable to the synthes1 and purification of other natural
and Aocionea. A rrarathaniea smnAadaie s Thao n Anmalaiomntine ~F tha mamiilaon s nn santhad AFf QDDC Llonc;ncn ~F
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haloacetvlated nentides using TFA with efficient thiol scavengers, thioether ligation, and “solubilising tail”
haloacetylated peptides using TFA with efficient thiol scavengers, thioether ligation, and solubilising tail
methods should simplify the synthesis and purification of these often d1fﬁcult« to-purify proteins.

Experimental

The peptlde (U&)ﬁb-amlde was synthesised usmg an ABI 433 automated peptide synthe51ser standard
ABI Fastmoc SPPS protocols, and Novabiochem amide linker resin. The free N-terminal amine of the peptide
was blocked by reaction of 1 mmole (8 eq) of the anhydride of either a-chloroacetic or a-bromoacetic acid for
30 minutes. The npnﬂdp-remnq were washed with NMP followed hv DCM, and dried under vacuum. Each
peptide-resin was treated with 3 ml of premixed Reagent K (TFA.water.th1oan1sole.EDT.phenol 40:2:2:1:3
v/v/v/viw) for one hour at room temperature.'* The peptides were precipitated in 20 ml ether for 15 minutes,
collected by filtration, washed extensively with ether, dissolved in 15% aqueous acetic acid, and then analysed

by MALDI-TOF MS.

Peptldes 1 and 2 were synthesised as above. Both of these peptides bore a “solubilising tail” linked to
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purified using standard HPLC techniques (Vydac C4, 25 x 250 mm, 0-70% B over 70 min at 8 ml/min, solvent
A: 0.1% TFA; solvent B: 0.1% TFA, 10% water, 90% acetonitrile).

1 (4.93 mg) and 2 (3.97 mg) were ligated by dissolution in 2 ml of helium sparged buffer, 100 mM
phosphate, pH 7, containing 6M urea. The course of the ligation reaction was followed by HPLC. Afier 24
hours the ligated peptide 3 was purified by HPLC (yield 3.26 mg) and characterised by HPLC and ESMS.

We thank Margot Jeronimus-Stratingh and Andries Bruins of the Mass Spectrometry section, Department of
Pharmacy, Groningen University, for electrospray mass spectra.
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