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The N- and C-terminally protccted peptide N-acetyl-Asp-Phe-Ala-Asn-Arg-Val-Leu-Leu Ser-Leu-Phe-Thr-lie-Glu-Met-Leu-
Leu-Lys-Met-Tyr-Gly-Leu-NH ,, closely based on the sequence of the putative $2 membrane spanning helix of domain 11 of the
dihydropyridine receptor calcium channel of the T-system of skeletal muscle, residues 465-486 (Tanabe ct al. (1987) Nature 328,
313-318) has been hesised. Conducta in planar lipid bilayers show that the peptide is capable of inducing
the transmembrance passage of calcium and barium ions, in preference to monovalent cations. No anion conductance is observed.
'"H-NMR spcctroscopy demonstrates that in an amphilic solvent, methanol, the peptide forms highly stable structures
characterised by very slow exchange with solvent of peptide N-H protons. Doubl filtered phas itive COSY shows
that, on the basis of NH-CH,, scalar coupling constants, most peptide torsion angles arce .nppmprlale to an overall e-helical
conformation; the presence of some a-helix is also supported by CD . Most si h have been
identificd in a DIPSI-TOCSY cxperiment. This evidence has been used to construct a low-resolution model of the mn-conduct-
ing channel of the muscic T-sy;lcm dihydropyridine reeeptor from the of the four h putative ct 1

hes. It is ch ised by an ion of acidic residues at the putative extra-membranous face of the channel. follnwcd
by a predominantly hydrophobic band. f'he next prominent feature of the model is an ordered array of four acidic residues

{glutamates 100, 478, 846 and 1164), followed by four lysines (104, 482, 850 and 1168) which may play a gating role.

Introduction

Transmembrane ion channels are important phar-
macological targets; their three-dimensional conforma-
tions are currently inaccessible in atomic detail by any
high resolution structure determination technique.
Drugs which act on calcium channels are of proven
clinical efficacy in conditions such as cardiac fibrilla-
tion and hypertension [1,2], and their uses in other
presently intractable conditions, such as treatment of
post-ischaemic reperfusion damage, holds great
promise. Current ideas about the siructure of proteina-
ceous ion channels in membranes support the concept,
based on primary structural hydrcphobicity mapping
and limited crystallographic data, of bllayer-spanmng
lipophilic a-helices supporting  extr:

globuiar domains. The latter probably contain the drug
bmdmg joci. The precise geometry of these putative

spanning a-heli is potentially relatively
easily definable by contemporary high resolution tech-
niques, in contrast to the extramembrancous domains,
although their chemical synthesis and purification can
be challenging. The former represent valuable starting
points for molecular modelling of the cntire structure
of ion charaels. The primary structures of several types
of calcium channel have been determined [3-8). They
show homelogies with some other cation channels, and
as such represent uscful test cases for a generalised
approach to the ion of the th di ional
structure of ion channcls, based on a combination of
predictive and physico-chemical structure determina-
tion hod
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We have synthesised a 22-residuc peptide conform-
ing to the S2 helix of domain 1I of the skeletal muscle
dlhydmpyndmc receptor, predicted to be one of the
four hiphilic ck I-lining helices at
Asp-465 [3] and confirmed that it is able to scif assem-




ble to form functional channels in model black lipid
membranes (BLM's) which arc highly specific for atkali
carth cations. Preliminary "H-NMR cxperiments in an
amphiphilic solvent, methanol, show that the peptide
adopts a stable, oligomeric and probably a-helical con-
formation; the presence of some a-helical structure is
also supported by CD measurements while molecular
modelling of all four putative channcl-lining helices
some important mechanistic features of ion
sion and channel gating.

Materials and Methods

Peptide synthesis

The N- and C-terminally blocked sequence N-ace-
tyl-Asp-Phc-Ala-Asn-Arg-Val-Leu-Leu-Ser-Leu-Phe-
Thr-lie-Glu-Met-Leu-Leu-Lys-Met-Tyr-Gly-Leu-NH,
was synthesised according to the solid phase Fmoc
method [9] using a continuous flow apparatus (Phar-
macia-LKB 4170) and pentafluorophenyl esters in com-
bination with N(1)-hydroxybenzotriazole for peptide
coupling. The carboxyl terminal residuc was attached
to the polyamide-kicselguhr composite synthesis sup-
port via an acid-labile, amide-generating linker
(Pharmacia-LKB ‘Ultrosyn C’). Successive coupling re-
actions were carried out under CDM monitoring [10],
with feedback control of the time allowed for cach
reaction. Cleavage and deprotection of the product was
effected by treatment with aqueous trifluoroacetic acid
(TFA) (95% v/v) containing ethancdithiol as a scav-
enger for carbocations. The peptide was recovered by
evaporation and freed from low molecular weight con-
taminants by solvent extraction of the redissolved ma-
terial and its composition confirmed by aminc wcid
analysis. Its molecular weight was confirmed by FAB
mass spectrometry, which in positive mode showed a
peak corresponding to M + Na* at 2608 atomic mass
units.

FElectrophysiological studies

Phospholipids were p d from Avanti Polar
Lipids, AL, USA and from Lipid Products, Surrey, UK.
The salts used were of Analar grade purchased from
the Sigma Chemical Company Ltd.

Bilayers were formed from decane solutions of
phosphatidylethanolamine and phosphatidylserine
mixed in a 1:1 molar ratio to producc a final lipid
concentration of 4 mg ml~'. When formed, the bilayer
separated two aqueous chambers, onc of which, desig-
nated cis, could be voltage clamped at a range of
holding potentials relative to ground while the other
chamber, designated trans, was held at virtual ground.
The cis chamber consisted of a polycarb cup
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painted. The trans chamber was made from Perspex.
Current flow through the bilayer was monitored us
a patch and cell clamp amplificr (Biologic RK300) as a
current-to-voltage converter via glass salt bridges in
serics with Ag/AgCl clectrodes. The output of the
amplificr was displayed on an oscilloscope, digitised
using a pulse code modulator (Biologic PCM-modified
Sony PCM 701ES) and stored on videotape {11,12} for
analysis at a later date. No conductance was observed
in the absence of peptide.

Peptide (0.1 mg) was dissolved in 1 mi of methanol
and aliquoted into ten glass vials. The methanol was
then evaporated under nitrogen and the vials sealed
and stored at —20°C until required. Prior to experi-
mentation 0.5 ml of methanol was added to a vial to
give a peptide concentration of (.02 mg ml~'. Peptide
was added to the c¢is chamber of the bilayer sct-up and
stirred until fusion occurred with the bilayer. The final
concentration of peptide in the cis chamber was 0.1 pg
t¢ 0.2 pg ml~'. Following incorporation any unfused
peptide was perfused out of the cis chamber. Experi-
ments were carricd out at room temperature (20 to
25°C and at pH 7.4) with salt solutions as indicated.

Data stored on videotape were converted back to an
analogue signal via the output channel of the PCM and
low-pass filtered at a corner frequency of 300 Hz
(Frequency Devices 902LP Filter). Files were created
for computer analysis by digitising filtered data at
5KHz from videotape runs of 40-60 s and analysed
using a co ial soff ackage (Satori V.3.01,
Intracel Ltd.). Fitting of lifctime data was by the maxi-
mum likelihood method. A correction for missed events
was applicd by sctting a ‘correction’ paramcter to the
minimum resolvable lifetime, 5 ms in these experi-
ments.

NMR spectroscopy

5 mg of peptide, which is insoluble in water or
aqucous SDS, was dissolved in 0.4 mi CD,OH or
CD;0D (Aldrich) to give rise to a viscous apparently
gel-like solution, which, however, produced well re-
solved '"H-NMR spectra.

Variable temperature experiments were performed
on a Bruker AM360 spectrometer. Free induction de-
cays (FID's) were acquired with 16K digitisation, a
sweep width of 3968 Hz (11 ppm) with 256 scans and at
intervals of 7°C between 25°C and 50°C.

Two-dimensional (2-D) experiments were performed
on a Bruker AMX400 spectrometer, Typically, 512
FID's were acquired at 37°C with 2K digitisation, a
sweep width of 4400 Hz (11 ppm), with 32 scans per
increment. A DIPSI mixing sequence [13] was used in
the total corrclation spectrum (TOCSY) [14,15] pulse

containing an aperture of 300 pwm diameter across
which bilayers with capacitances of 1-2 nF were

Matrices were processed using a sine-bell
apodisation function in cach domain; the datasets were
zero-filled to 4K X 1K prior to Fouricr transformation.
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Circular dichroism

The solution used for NMR was diluted approx.
25-fold with CH,OH (BDH Spectrosol) and then cen-
trifuged to remove suspended oily droplets. The con-
centration of the resuliing solution was detcrmined
from the tyrosine absorbance at 278 nm.

CD spectra were recorded at approximately 25°C on
a JASCO J-600 sp imeter, using a
of 20 millidegrees, 2.0 nm band width, 4 s time con-
stant and 10 nm/min scan speed, with the solution in a
0.02 cm pathlength cylindrical cell. In order to check
that light scattering was not causing distortion, spectra
were recorded with the cell in its normal position and
also with it close to the photomultiplier.

Results

Planar bilayer conductance measurements

No chemical or electrical gradients were requirer! .0
induce fusion of the peptide bilayers, and incorpora-
tion occurred in a range of salt solutions. nal cis
chamber peptide concentrations of 0.1 pg ml~' or
above were necessary to obtain fusion and channel-like
activity. The limited amount of peptide precluded rep-
etition of certain experiments to produce more accu-
rate results.

Fig. 1A illustrates the square-wave nature of con-
ductance fluctuations observed in symmetrical cis/trans
5 mM CaCl,/50 mM choline chloride /10 mM Hepes-
Tris (pH 7.4), following fusion of peptide with a bi-
lzyer. The conductance of the channel shown was 13
pS at a holding potentiai of + 100 mV although the
recording shown in Fig. 1A is typical. Conductance
estimates determined from channels in identical ion
solutions were sometimes found to vary between exper-
iments. Fig. 2 shows the mean current/voltage refa-
tionship for recordings (n = 4) of peptide channels in
symmetrical 5 mM CaCl,/50 mM choline chloride,/ 10
mM Hepes-Tris (pH 7.4). The mean conductance of
the channels, which displayed similar conductance
states, was 10 pS, indicating the passage of 3.12- 10
ions per s.

Fig. 3 illustrates amplitude and lifetime analysis for
the channels depicted in Fig. 1A and which was used to
construct Fig. 2. The d ce of the ch 1 at

L

Fig. 1. (A) Peptide channel activity in symmetrical S mM CaCl, /50
mM choline chloride/ 10 mM Hepes-Tris (pH 7.4). The bilayer was
clamped at + 10 mV. (B) Conductance fuctuations seen with cis
250 mM Hepes-Tris (pH 7.4) and rrans 53 mM Ca®* /250 mM
Ihpes -Tris (pH 7.4). Bilayer was clamped at + 100 mV. This trace
erted relative to the other traces, (C) Multiple openings
symmetrical § mM CaCl, /50 mM choline chloride /10
(pH 7.4). Bilayer was clamped at +120 mV. (D)
Channel activity in symmetrical 100 mM CsCl/ 10 mM Hepes-Tris
{pH 7.4). The bilayer was clamped at + 100 mV. The lowest open
level shown was the most common and was used to construct the -1/
relationship. Channel openings are depicted as upward defie
The scale bars are 1 pA and 500 ms for all traces. Original d

Tow pass filtered at 300 Hz and digitised at § kHz prior to anal;

transported by the peptide channel a protocol utilising
(asymmetrical) calcium as the only mobile ion species
was adopted [15). Under these conditions conductance

this holding potential ( + 100 mV) was 13 pS. The open
and closed times seen with this channel were typical of
those observed for all other recordings in symmetrical
5 mM CaCl,/50 mM choline chloride /10 mM Hepes-
Tris (pH 7.4). Computer analysis of open and closed
times fitted to double exponentials with 7, = 2,1 and

=181 ms and an amplitude ratio of fast to slow
component of 3.8 for open channel state and 7, =2.2
and 7, = 195 ms and an amplitude ratio of fast to slow
component of 2.7 for the dried channel state,

To demowstrate that calcium was the ion being

fluctuations were seen (Fig. 1B) whereas when condi-
tions were altered so that chloride was the only poten-
tial mobile ion species no such fluctuations were ob-
served.

To show that other divalent jons could be trans-
ported by the peptide channel calcium ions were re-
placed with barium ions. This resulted in an increase in
channel conductance from 13 pS to an average conduc-
tance of 25 pS. The addition of lanthanum chloride to
both cis and trans chambers to final ations of
10, 20 aad 20 uM preduced no obvious changes in
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Fig. 2 Mean single-channel current/voltage relationship for the
peptide channel after il ion into bilayers i in sym-
metrical 5 mM CaCl, /50 mM choline chloride/10 mM Hepes-Tris
(pH 7.4). Each point is the mean of four determin: ach
determination being the mean of channel amplitudes measured at
the stated holding potential in separate experiments. Mean channel
conductance was 10 pS.

channel conductance or open/closed times. Ruthe-
nium red also failed to alter channel activity.
Occasionally, it appeared that sufficient peptide in-
corporated into the BLM to give multiple channels,
giving rise to multipl ings (Fig. 1C);
when preseat these higher conductance events ap-
peared with increasing frequency as the value (+) of
the holding potential across the bilayer was increased.
The peptide channel was also found to be capable of
conducting monovalent cations. When caesium was the
mobile ion specics channel activity was also observed
(Fig. 1D). Activity was noisier and more erratic when
compared to that scen with divalent ions and channels
spent less time in the open-state than when conducting
divalent ions. Variation of jon solutions used showed
this was a constant feature over a range of ionic
strengths. The ch 1 showed a cond of ap-
ly 15 pS in sy ical chloride (100
mM) The channel only showed activity at positive
holding potentials.

NMR determinations

Fig. 4 ises the behaviour of the peptide NH
protons in methanol. Fig. 4A shows the aromatic and
NH spectral region of the 'H spectrum of the peptide
in CD,0D (methanol-d,), obtained about half an hour
after dissolution; it is remarkable for the persistence of
a nuther of N-H signals which would normally cx-
change rapidly with solvent deuterium. The corre-
sponding 'H spectra of the peptide in CD,OH
(methanol-d,) at ambient temperature and 50°C are
shown in Figs. 4B and C, respectively; even at the
higher temperature wost of Gie puieiitially eachange-
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able peptids NH signals show no evidence of intcrme-
diate or fast exchange wnh solvent, whlch would be

i as signal broad acc d by upficld
shifting or disappearance.

Fig. 5 displays the region of the DIPSI-TOCSY
spectrum of the peptide in methanol-d; at 37°C con-
taining NH-CHa and subsequent crosspeaks. The en-
tire spin systems of several of the constituent amino
acid residues can be traced out, and these connectivi-
ties are marked on the figure. It was also possible to
estimate a number of NH-CHe three-bond coupling
c from a doubl filtered COSY ex-
periment (results not shown). These were all in the 3-5
Hz range, which is consistent with the adoption of a

p! a-helical backb dary structure.
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Fig. 3. (A) Amplitude hiztogram of channel openings observed in
symineirical 5 mM CaCly /50 mM choline chloride/ 10 mM Hepes-
Ttis (pH 7.4) when held at +100 mV. Bins were 0.2 pA. Gaussian
fiits to the data revealed a mean closed channel level of 0.35 pA and
a mean open channel level of 1.68 pA, giving a mean channel
amplitude of 1.3 pA at + 100 mV, corresponding to a conductance of
13 pS. (B) Open time histogram for the channel observed in (A) (C)
Closed Linie histogiai for e chaatt obseived in (A0
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Fig. 4. The Iuwfcld region o[ 360 MHz ‘H spectra of 5.5 mg of the

peptide in (A) i-d, at 25°C: (B) 1y a1 25°C and (C)
methanol-d at 50°C.

CD determinations

The obstacles to total structure determination by
NMR presented by limited quantities of peptide and
its viscosity in solution led us to use a complementary
technique, CD spectrosccpy, to confirm the NMR-
based deductions of a-helix formation. Accordingly,
Fig. 6 shows the CD spectrum of a methanolic solution
of the peptide at a concentration which corresponds to
3.7 mM amino acid residues, ie 0.17 mM peptide.
Evid for the pr of a-helical structures is
given by the positive Cotton effect below 200 nm and
the negative effects at approx. 208 nm and approx. 220
nm, although the latter manifests as a shoulder duc to
the presence of somc proportion of oiher structures.

Discussion

The small size, and hydrophobicity, of the peptid

used implied that only true bilayers would be of the

right dimensions to allow the peptide to incorporate,
span the bilayer and form functional ion channcls.
With this in mind and given that bilayers often ‘thicken’
during the course of an experiment the approx. 10%
success rate achieved in the BLM experiments was
comparable or better than that obtained for many
preparations of channels from natural sources.

Our 22 amino acid peptide incorporated into bilay-
ers to form well defined ion channels with specific ion
permeabilitics and lifetime characteristics. The peptide
channcls showed the typucal square-wave conductance

istic of tr brancous pro-
tein channels as they shift between their conductive
and non-conductive states, features also reported when
a synthetic 22 amino acid peptide based on the
ltag itive sodium ch 1 was incorporated into
bilayers [17] and when a 21 amino acid peptide was
incorporated by Lear et al. [18]. When trans calcium
was the only mobile 1on species present in the bathing
media channels appeared to be in the open/conduct-
ing state for much of the time, closing for only brief
periods. Unfortunateiy only limited data were gained
under these conditions, although they were sufficient
to demonstrate clea.ly the channcl’s ability to conduct
calcium.

With calcium or barium as the mobile ion species
well defined channels were often observed. The ten-
dency for indi tr calcium ch 1
to be permeable to barium ions and for single-channel
conductances to be greatest with this jon as the charge
carricr were features also displayed by the peptide
channel. Unlike other calcium ciannels which are
blocked by lantt ions in mi olar concentra-
tions the peptide channel was not affected by the
addition of up to 30 uM LaCl, (cis and trans). The
apparent failure to block the channel may, pcrhdps.

have been a c of the peptid g 10
form a pore that was largcr than that normally associ-
ated with t 1 h Is or, that lan-

thanum ions may not depend on their size to accom-
plish a block but use their charge to bind to, and effect
changes in, other parts of the channel protein. Oiki et
al. [16] found that a 22-mer, based on the putative
membrane spdnmng reg:on of thc voltage-sensitive
sodium ch similar to
those recorded for the actual sodium channel. The
conductance of the synthetic peptide channe! in 50 mM
barium was comparable to that of the dihydropyridine
receptor calcium channel (approx. 25 pS; [19]) (Figs.
1A and 2).

The peptide channel was able to conduct caesium
{Fig. 1D) but in comparison to the divalent ions tested
the appearance cf the conductance transitions were
very different. Instead of typical square-wave transi-
tions from conducting to non-conducting states transi-
tions occurred in rapid bursts interposed with compar-




atively long closed periods. This feature was not found
to be an ionic strength phenomenon. The channel was
only active at positive holding potential perhaps re-
flecting an asymmetrical distribution of peptide within
the bilayer.

Molecular modelling of the calcium channel

Our NMR and CD results demonstrate that the
peptide is able to form stable structures in an am-
phlphlllc solvent whlch are probably a-helical. We
ac gl ided to to mode! the environ-
ment of the ion-conductance channel itself by con-
structing the four putative channel lining helices, using
the COSMIC modelling p [20] correspondi
to the S2 helices of domains 1 to IV (residues 87-108
465-486, 836~854 and 1151-1172) of the seq of
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Tanabe et al. [3]. As our high resolution structure
determination studies are still at a preliminary stage,
the modelling of the channel was performed manually
and interactively on an Evans and Sutherland PS-302
using idealised a-helical backbone torsion angles and
fully extended side chain conformations. We do not
consider it appropriate ai ihis stage to undertake any
computational modelling, given that such important
factors as the relative juxtapositioning of the four he-
lices, impossible to predict from hydropathy profiling,
has yet to be established experimentally.

The four helices were aligned with their helical axes
parallel, as opposed to antiparallel (mutual repulsion
of the considerable electric dipoles associated with
helices could be d for in the hol i

ighbouring helices) and separated by suitable van
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Flg 5.A regmn of the 400 MHz DIPSL-TOCSY spectrum of 5.5 mg of the peptide in methanol-d,, at 37°C, displaying NH 10 CH, and

through-bond i

As many spin systems as possible have been identified and these are indicated on the I‘nurc

Spin system types are referred to by the convention of Redfield and Dobson {28].
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to place as many charged residues as possible along the
lining of the channcl. The model, various aspects of
which are showz in stereo in Fig. 7 clcarly only rcprc-
sents a starting point in under
structure, as it displays scveral unsatisfactory features
such as the close mutual proximity of several negatively
charged side chains (Glu-100, -478, -846 and -1164),
and of several positively charged side chains (Lys-104,
-482, -850 and -1168). We believe, however, that it does
suggest several broad structural characteristics which
should prove useful in relating the structure of ion
channels to their function (Ref. 21 and references cited
therein).

Firstly, the putatively extracellular mouth of the

180 260
Wavelength (nm)

Fig. 6. Far-UV CD spectrum of the peptide (0.17 mM) in methanot
at approx. 25°C. The spectrum was converted to Je using the
concentration of amino acid residues (3.7 mM).

der Waals' di This parallel ali is obliga-
tory if the transmembrane topology of the protein
suggested by hydropathy profiling is correct. As far as
possible relative rotation of helices was contrived so as

is
residues (Glu-87 and Glu-90 on IS2. Asp-465 and Asn-
468 on 11S2, Asp-836 on IIIS2, and Asp-1151 and
Asn-1154 on 1VS2) which a parallel alignment of a-
helices brings into a loose association. It may be this
feature which controls the fon-capture which is a pre-~
requisite for transport. Deeper into the channel is a
promi band of pred hydrophobic amino
acids, phenylalanines and leucines, which may play a
role in modulating the hydration state of the transmit-
ted ion. A third featurc suggested by the simple juxta-

t 1 i delled to comprise several acidic or polar

%g 375 .

~als

Fig. 7. Stereo drawings of an initial structural model of a calcium channel, assembled as described in the text. The sequences of the four helices

shown correspond (v sequences 87-EKLEYFFLTVFSIEAAMKIIAY (right hund side of cach drawing), 465-DIANRVLLSLFTIEMLLKMYGL

(left hand side). 836-DIAFTSVFTVEIVLKMTYY (top) and 1151-DILNVAFTHFTLEMILKLLAF (bottom). For the sake of clarity only the side

chains of negatively charged residues ¢ and are d in A. Similarly B, C, D und E depict the side chains of positive,

aromatic, aliphatic and polar residues, ively: The flular mouth of the chanrel is to be visualised at the top right hand
corner of cach structural presentation.




positioning of parallel a-helices is an ordered band of
four negative side chains (Glu-100, -478, -840 and
-1164) crcating a potentially high affinity chelating
structure. Finally, four potentially positively charged
side chains (Lys-104, -482, -850 and -1168) protruding
into the channel may play a role as a gating mechanism
whereby channel conductance is linked via allosteric
effects to the frec energy chaiges consequent on ago-
nist binding, or alterations in transmembrane potential

[22]. The influence of these ionisa idues on cach
other’s protonation states is difficult to quantify {23).
These four glutamate and four lysine id are

2n

cations for inactivation mechanisms for potassium
channels, proposed on the basis of site directed muta-
genesis, involving channel plugging by a predominantly
positively charged N-terminal domain [24,25]. Similarly
the hypothesis that the functional entity of some potas-
sium channels is comprised of an aggregation of 8-
hairpin structures rather than amphiphillic helices [26]
requires confirmation by high resolution structural
techniques. The proposcd calcium pore, and those of
the other sequences already cited, is also virtually
devoid of any proline residues, suggested as being
o

strongly conserved in all li alei } 1
sequenced to date [3-8). The presence of the latter
close to the distal end of the channel may have impli-

gatory of at least some ion channels
[27). Most of the channel proteins investigated by these
last authors are specific for alkali metal cations, or
halide anions; it is possible that these larger hydrated
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ions demand the greater flexibility conferred by the
presence of proline in the pore sequence, which is not
obligatory for the smaller alkaline carth cations. Inter-
estingly, none of the several serine and threonine
residues in the four sequences is modelled to be di-
rected into the interior of the channel. They may play a
role in maintaining channel integrity, rather thai being
directly involved in conductance.

Conclusions

It has been shown that a 22-residue peptide based
on the sequence of one of the putative channel-lining

helices of a b bound calci h | does
conduct divalent cations in a specific manner. CD and
'H-NMR studies in an amphiphilic solvent also indi-
cate that it forms stable structures which appear to
have w-helical content. Initial molecular modeiling
studies based on hydropathy profiling and some as-
sumptions of overall channel structure are currcmly
being ded, using gh-space NOE cc
ties and further data from Fourier-transform infra-red
and CD, to understanding the structure of the calcium
channel holoprotein.
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