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A new L d-diliydropyriding phatoufiinity Iigm’au. PHdinzipine, hus beew usseased by binding und photolabeling. and cempared with o currently
used PHjazidopine. PHIDIuzipine reversibly binds to skeletal musele Ca®* channels with u similar affinity to PHazidopine, but PH]dinzipine labels
‘ the channel two times more efficiently and ne release of the incorporated umeunt ix abserved ufter dithiothreital treatment.
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1. INTRODUCTION

Voltage regulated L-type calcium ¢hannels are widely
distributed in many excitable cells of tissues such as
skeletal, cardiac, and smooth muscle or brain. These
channels have high affinity binding sites for a variety of
drugs, e.g. 1,4-dihydropyridines, phenylalkylamines,
benzothiazepines, - and . diphenylbutylpiperidines "etc.
(see {1] for review). The 1,4-dihydropyridines (DHP)
are among the most useful ligands to identify the L-
type calcium channels even in broken cell preparations.
DHP binds to the a-1 subunit of the L-type channels
{2]. Since the primary structures of -1 subunits from

various tissues (Skeletal cardiac, and smooth muscle) - :

are known [3~5], it is a 1ajor goal to identify the DHP
binding site(s) thhm the prxmary amino acid se-
quences.

Photoaffinity labelmg plays an essential role to
achieve this goal. Previously we have reported several
reagents [6,7} and toxin derivatives for specifically
photolabeling the sodium channels [8-10]. Recently we
have synthesized diazipine (Fig. 1), a novel photorzac-
tive derivative of DHP possessing a phenyldiazirine as
a carbene precursor [11]. In this paper we describe the
properties of diazipine, in terms of binding and
photolabeling of the a-1 subunit in purified prepara-
tion of «calcium channels from rabbit skeletal muscles.
By comparison with ' azidopine, the currently used
photoreactive DHP [12] characteristics of diazipine in
binding affinity, photomcorpoxatlon efficiency, and
photoproduct stability will also be described.
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2. MATERIALS AND ME.THODS

Mmerials
[ H]Diazipine (21.2 Ci/mmol). and  unlabeled dxaupmc were
prepared as described in (11]. (*H]Azidopine (53. 0 Ci/mmol) and
PHI(+)PN200-110. were purehased’ from Amersham and NEN,
respectively, Unlabeled (:‘.:)PNz()O 110 was provided from Sandoz-
(Swu?erlnnd)

2, 2 Prepnrauon of the WGA-Sepharose purified calcmm channels
Digitonin extracts  of purified t-tubule fractions from rabbit
skeletal muscles were purified by a WOA-Sepharose chromatography

—as described in’ the literature {2]. The N-acetylglucosamine eluates

(specific binding activity of [*H](+)PN200-110: 530~-800 pmol/mg
of protcin) were used without further purification.

2.3, Binding experiments

Into the WGA-purified calcium channels (4,4, of protun) in
50 mM Tris-Cl (pH 7.4) containing 2. mM CaCl;. 100 uM cis-
diltiazem, and 0.1% digitonin *binding buffer', * H]diazipine was
added in various concentrations (1-80 nM) and final volunies were
500 41, The mixture was incubated at 25°C for | h in the dark, Two
100 x! aliquots of the incubates were loaded on a Sephadex G-50
(fine) column (2 ml) which was pre-equilibrated with the binding buf-

- fer and gel-filtrated by centrifugation as described [13}. Radioactivity

of the filtrate was measured by scintillation counting, Binding in the
presence of 10 xM (£ )PN200-110 was also carried out to measure

~non-specific binding, Duplicate runs were performed for each data

point, - For  competitive binding experiments, ' unlabeled ligand
(0.1 nM=10 «M) of either diazipine or (+ )PN200-110 was incubated
with 3.4 nM. [*H}(+)PN200-110 and the purified calcium channel
(1.9 ug of protein). Subsequem gel- flltratlon was . carried out
similarly.

2.4, Photoafﬂmty {abe/mg

The WGA-purified  cdlcium channel (30 ,ag/ml 23 1M of DHP
sites) was iricubated with 11 nM of [*H]diazipine or [*H)azidopine in
the binding buffer for 1.1 at25°C in the dark. An aliquot of the mix-
ture was incubated in the presence of 10 #M (£)PN200-110 to deter-
mine nonspecific - photolabeling,  The incubation mixtures were
transferred - into plastic Petri dishes on .ice and irradiated with a
Panasonic 20W black light-blue lamp (5 ¢em distance) for 30 min.
After photolysis the samples were dialysed against deionized water
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Fig. 1. Chemieal siructure of [’Hldi‘azipme.‘

and concentrated with Ceniricon 30 (Amicon). SDS;PAGE was cars

riedk out aceording to Laemmli {14) using 8% polyacrylamide far the
separation gel. The concentrated samples were incubated in the sam-
ple - buffer for SDS-PAGE c¢ontaining either S0mM  N-

ethylmaleimide (NEM) or 50 mM dithiothreitel (DTT) for 2 h at
40°C and leaded onto the gel. Afier cleeirophoresis, individual gel

lanes were manually ¢ut into 3 mm shices which were solubilized with
30% H;O; (0.75 ml) at 70*C and counted.

3. RESULTS AND DISCUSSION

Binding propemes of -diazipine and [’H]dnaznpme
were studied in two systems. First, diazipine com-
petitively blocked the binding of [*H)(+ )PN200-110'to
the WGA-Sepharose purified DHP receptor from rab-
bit skeletal muscle. The obtained [Cso value was
16.3 nM (Fig. 2). Hill coefficient (ny) was 1.00, sug-
gesting a single binding mode. The value of 1Csq is com-

parable ‘to that of (£ )PN200-110, 20.4 nM which is -

obtained by the parallel experiment (Fig. 2).

In the second binding system, [*H]diazipine- bound
fraction in the purified réeceptor preparation was in-
creased in a saturable fashion by increasing the
[*H]diazipine concentrations, although the nonspecific
binding fraction was fairly high (Fig. 3). Scatchard
arnalysis of the specific binding fraction showed a single

binding mode (insert in Fig. 3) and gave the values of |

Kq = 9.3 nM and Buax = 770 pmol/mg of protein. The
K value obtained was comparable with those of the
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Fig. 2 Inhibition of [*H}( + )PN200 110 bmdmg by two photoafﬁmty

ligands of DHP. WGA-purified calcium channel preparations from

rabbit skeletal muscle (1.9 xg of protein) were incubated with 3,4 nM
[*H}(-+)PN200-110 in the presence of the indicated concentrations of
unlabeled diazipine (e), or PN200-110 (0).
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Fig. 3. Sawration ismlmm of {*H)diszipine binding. ["H|Diazipine

(total concentration 1-80 nM) was incubated with 4 ug of the WGA-

purified protein, Totak binding (8), nonspecific binding (D), and
specific binding (o) are shown. Data points are means of duplicate

 determinations. The specific binding components were analyzed by a

Scatchard plot (depicted in insert) and resulting ina Ky o 9.3 nM and
B 0f 6.16 1M (or 770 pmal/mg protein).

conventional dihydropyridines, e.g. racemic

P H]azidopine and -a- biologically active enantiomer

’H](+)PN200-110, 10.5 nM and 5.2 nM respectively,
which were separately determined to the same prepara-

~tion. A fairly high level of nonspecific binding of

PH ]dxazxpme to the purified receptors might be ex-
plained in terms of the more hydrophobic character of
the compound since it was retained much longer
(15'min) on a C18 reversed phase column of HPLC
than either azidopine (12 min) or PN200-110 (9 min).

However, this nature is not an obstacle when
[3H]d1az1pmc is applied to the photoaffinity labeling of

~ the receptor. As shown in Fig. 4, the reagent was

specifically incorporated into the 150 kDa polypeptide,
and any of other polypeptides in the preparation which

‘were apparently seen in the silver-stained gel of SDS-

PAGE, were not labeled at all. The specific manner of
the incorporation was also demonstrated by another ex-

periment wheré the photoincorporation was completely

blocked in - the presence of = excess amount of
PN200 110, one of the typical and specific reversxble
dlhydropyndme ligands for the receptor.

The 150 kDa polypeptide labeled with [*H]diazipine

~'did not change its size on SDS-PAGE after reducing

with . dithiothreitol (Figs.. 4,5), as in the case of
[®H]azidopine (Fig. 5). It has been established that the
150 kDa polypeptide labeled with [3H]a11dopme is the
a-1 subunit of "the L-type calcium channel [2,3].
Therefore, [*H]diazipine also labels the -1 subunit
(dihydropyridine - receptor) and we conclude that
diazipine is a new - photoaffinity ~probe. for the
dihydropyridine binding site of the calcium channels..

Photoincorporation  efficiency of [*H]diazipine
(Fig. 5a) is 2 times as high as that of [*H]azidopine
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Fig. 4.. Photoaffinity -labeling ‘of the DHP receptors with
(*H)diazipine; The WGA-purified DHP receptors were incubated
with Il nM of {'H]diazipine (square symibol), or 11 nM [*Hdiazipine
plus 10 xM ()PN200-110 (circle symbot) for | h at 25°C, and the
mixture was then photolyzed. After dialysis and concentration, the
photolyzed sample (10.5 xg protein or 8 pmol of DHP binding site)
was treated cither with 50 mM NEM (open symbol) or with 50 mM
DTT (filled symbol) and electrophoresed. Silver-stained protein
profiles arc. shown in- the upper panel. In the gel slices 6-9,
radioisotope was -specifically incorporated either in NEM or DTT
treatment. M, standards are shown (myosin, 200 kDa; ej-inacro-
globulin, 170-kDa;  g-galactosidase, 116 kDa; phosphorylase b,

97 kDa; bovine serum albumin, 66 kDa; glutainate dehydrogenase;’

§5 kDa; ov'xlbumin 45 kDa; lactate dehydrogenase, 36 kDa),

(Fig. 5¢), although both of the compounds are
estimated to bind reversibly to a similar extent (30%) of
the DHP receptors before irradiation, Under the condi-
tions of irradiation, 8% of the bound [*H]diazipine was
photomcorporated Moreover, the photoincorporated
amount. of [3H]dia21pme intc the a-1 subunit of the
calcium channel did not change after the DTT reduc-
tion, as shown in Fig. 5 (a,b). This is in clear contrast

to the result of [*Hlazidopine that the photoincor-

porated amount decreased by 33% (Fig. 5¢,d), or even
more as demonstrated previously [15,16). These results
indicate that the reactive species, phenylcarbene, which
is “generated from the phenyldiazirine group of
diazipine, formis more stable photoproducts against
DTT reduction than the phenylnitrene from  the
‘phenylazide group of azidopine. It is worth noting that
the chemical - instability = of  nitrene-derived
photoproducts under acidic conditions may also
hamper the identification of the labeled sites sometimes
{8,17,18]. ‘
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Fig. §. Comparison of the pho:olabciad DHP renptor profeins with
(*H)diazipine and - ["H)azidopine. The receptor. proteins, 30% of
whnch were “bound  reversibly with - [*H]diazipiné  (a, 'b) or
{*H]azidopine (c, dy. were photolyzed, The photolyzed samples
(10.5 «g protein) were treated either with NEM (a, <) or with DTT (b,
d) and electrophioresed as described. The open symbols: show the
samples photolyzed in- the presence of 10 4M. (£)PN200-110,
Radioactivity -in- the gel ‘slices up. to 20 arc shown here; no
radioactivity was observed in the following gel slices.

In conclusion, diazipine has considerable advantages
over conventional azidopine as a photoaffinity probe
for L-type calcium channels: higher yield of photoin-’
corporation, forming more stable photoproduct(s),
although binding affinity is similar. It will now provide
us a more suitable tool to identify the binding site of the
dxhydropyndme in the caicxum channels,
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