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Although integral membrane proteins are encoded by about a
quarter of the genes in both prokaryotic and eukaryotic organisms, o .
based on analysis of open reading fraeary little is known Figure 1._Sequencé,hydrophobluty plot? “dn‘flcult—sequence"_plotl,4
about the structural basis of their function. Failure of recDNA- @nd predicted secondary structir€ of the HCV NS4A protein. The
based expression systems to produce the high amounts of purified’umpering above the sequence refers to the HCV polyprotein. The
protein required for biochemical and structural studies is generally Mnimal sequence required for NS3 activation is underlined in the
due to the properties of the protein itself, which almost invariably S¢duence and highlighted in gray. The predicted transmembranefegion
tend to form, when expressed at high levels, intracellular (amino acids +20) is also shown.
precipitates in the form of inclusion bodiéghese in turn are
difficult to refold to active protein.Even when successfully
prepared, membrane proteins do not lend themselves easily t
physicochemical and structural studies due to their low solubility.

We had to address both problems, i.e., synthetic difficulties
and poor solubility, in the course of our studies on the obligatory

GSVVIVGRIILSGR = Pep4A
minimal activation domain

method. NS4A is the prototype of a “difficult sequence” according
to Kent's definition!! Its sequence is shown in Figure 1, together
Qwith the Kyte—Doolittle hydropathy pldf and the calculategl
value for predicted synthetic problerfsNot surprisingly, even
with use of extended coupling times and HATU as activétor,
- X .7 the synthesis produced a highly heterogeneous crude product;
E;Oi,aiﬁgr gﬁge\:\ﬂ’sk’]\ltsollf‘é Ogrihgnsgﬂpe f:)ro:gsg,eNNSS:fi(SJfal-:‘eﬁféu\t/l_s moreover, the protein proved so insoluble, even in highly solvating
encode’d protein that ingludes a ser?negprotéase and a helicasemeOIia IiKe DMSO or in the presence of high concgntrations of
The serine protease domain (henceforth NS3pro), which is Chaotropic agents sucts & M guanidine hydrochloride, that it
contained in the N-terminal 180 aa, is required for ma,turation of prevented an effective chromatographic purification.
. X » . We therefore decided to engineer NS4A into a more soluble

the viral polyprotein and therefore is the target of an intense drug

. S . . protein by addition of a 3-lysine tail, a strategy that we had
ﬂé%)\;ﬂ{/pig%tnwﬁ élvc\i/\g\'g?’ Iilosglsr?)vrijsetv% rr"#] J; r::(glrgglseffwti?ﬁ successfully pursued in the pasDerivatization at the N-terminus

another virally encoded protein, the cofactor NS4Aore improved solubility in solvent systems suitable for chromato-
recently, in fact, the HCV protealse is being referred to as the graphic purification, like 26:50% ACOH, but was insufficient

) ; ; to confer the desired solubility in media suitable for physico-
NS3/4A protease NS4A is a 54-aa protein that has been predicted . : PR . .
tobe a ype | ransmentrans (TW) profan s Known 0 arget " s, g oy L0 MM e ufler P 7L
NS3 to the endoplasmic reticuluhiThe TM helical domain is C-te'rminus of NS4A is part of a site for intra aé well as
located in the 20 N-terminal residusyhile the central region 0 o1ecylar cleavage b?/ NS3ye decided to elongate NS4A
EL%S'?T:JiﬁiSmiT? gr:]litgergormrgé af(fryr;\tlgeg'Cagﬁsgggn@g%ﬁ‘)lésx past the cleavage site and to introduce a 4-lysine tail in position
formation between the grotease domain and Pep.4A hasp bee P7 of the NS4A/4B cleavage site. This protein finally showed

characterized kinetically and structurally, including X-ray crystal "the desired properties. It is monoméfiand forms a fully active
o y y, Inct 9 Wy cry complex upon incubation with the NS3 protease domain. Solubil-
structure?® Several aspects of the mechanism of activation of

- . X ity in 10 mM Tris buffer, pH 7, is>100 uM.
NS3pro by NS4A, howeve_r,_ remain unsolved, in particular the tyThe small amount of Fl)\IS4A and th% engineered analogues
role of the N- and C-termini of the cofactor. For example, the

S I ) . necessary for the above work were produced by stepwise chemical
observed in vitro stability of the NS3/Pep4A _co_mpk_ax IS con5|d¢r- synthesis, which yielded the needed, minute amounts of purified
ably lower than what has been observed in in vitro translation
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Figure 2. Native chemical ligation of engineered NS4A protein. (a)
Analytical HPLC of the reaction after 29 h. Conditions: Column, Vydac
C-4, 150x 4.6 mm, 5um, 300 A; eluent A, 0.1% (acq) TFA; eluent B,
0.1% TFA in MeCN, isocratic 30% B (pthen linear gradient 3660%

B (20). Sample preparation: see Supporting Information. Peaks 1 and 2
correspond to precursor fragment peptideand2 (see text), peak a is
activated peptidd—COSPhenyl formed by reaction of peptidewith
thiophenol. (b) lon-spray mass spectrometry of HPLC-purified peak 3
acquired on an API-365 (PE-SCIEX) triple-quadrupole mass spectrometer;
the multiple charge states arise from protonation of a single species of
MW 7376. (c) Hypermass reconstruction of the spectrum shown in part
b [calculated (average isotopic composition) 7376.83 daltons, found
7375.8 daltons].

product. Once the desired form of NS4A had been established,
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Figure 3. Baseline-subtracted far-UV circular dichroism spectrum of
synthetic engineered NS4A protein. Buffer, 10 mM HEPES, 15% glycerol,
1% f3-octyl-glucoside, 6 mM urea; protein concentration (by quantitative
amino acid analysis), 26M; cell length, 0.05 cm; temperature, 2C.

new reaction. The protein produced by chemical ligation was as
active as the one previously obtained by stepwise assembly.
Preliminary structural analysis of the engineered NS4A protein
was performed by circular dichroism in the same buffer conditions
used for biological activity studies (Figure 3). Reassuringly, a
good agreement was observed between the secondary structure
predicted*?®>and calculatetf from the spectral data: predicted,
42%a-helix, 21%-sheet, 37% remainder; calculated from spec-

however, we looked for a better method to produce larger amountstrum, 36%a-helix, 22%j-sheet, 42% remainder. More studies

of homogeneous protein for full physicochemical and biological

are in progress on the biochemical and structural characterization

studies. Synthetic problems during stepwise assembly were mostlyof the complex between NS3 and engineered, full-length NS4A
due to failure to efficiently incorporate the 16 N-terminal residues and these will be reported elsewhere.

corresponding to the putative TM helix of NS4A (Figure 1). Na-
tive chemical ligatiord/ a method in which two unprotected pep-

In conclusion, we have been able to engineer a type | TM
protein into a soluble form while preserving the secondary struc-

tides, a C-terminal thioester and an N-terminal cysteine-containing ture and the biological activity. Moreover, a high-yield synthesis
fragment, are joined together by a chemoselective reaction in Of the protein, which proved elusive by stepwise SPPS, was
aqueous solution, seemed ideally suited for our purpose, sinceachieved by native chemical ligation by using an appropriately
the required cysteine residue is conveniently located close to oneselected detergent in the reaction medium. We envisage a good

end of the N-terminal TM domain. Moreover, ligation chemistry
is compatible with the detergents and chaotropes which we anti-

potential for further application of this combined strategy to the
study of transmembrane proteins.
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chemical ligation of engineered NS4A was thus carried out be-
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STWVLVGGVLAALAAY-COSR) and a 47-aa fragment corre-
sponding to the rest of the molecule (peptRjeCLTTGSVVIV-
GRIILSGRPAVIPDREVLYQEFDEMEECASHLPYKKKK-
NHy).
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chemistry with optimized protocdfson a peptide thioester resin
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peptide 2 was prepared by Fmoc/t-Bu chemistfyThe most
important parameter for success of the ligation reaction was the
choice of the reaction medium. On one side, high concentrations
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Supporting Information Available: Detailed procedures for the
stepwise synthesis and purification of a representative full-length NS4A
protein and peptide$ and?2, for the chemical ligation step, and for the
purification of the final product (PDF). This material is available free of
charge via the Internet at http://pubs.acs.org.
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