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Three heterobifunctional photoaffinity probes, N-(p-
azidobenzyl)-N-methyl-p-aminobenzylamine (1), N-(p-
azidobenzyl)-N-methyl-p-aminophenethylamine (I1),
and N-(p-azidophenethyl)-N-methyl-p-aminopheneth-
ylamine (I11), were synthesized and characterized.
These probes, containing a photolabile azido-group
and an amino-group on opposite sides of the molecule,
were designed for photoaffinty labeling of the cyto-
chrome P450 (CYP) 2B active site cavity differing in
distance from the heme iron. Spectroscopic studies
proved that probes | and Il coordinated with the heme
iron via their amino-group in the enzyme active cen-
ter, whereas probe 111 did not. This result in conjunc-
tion with data from Kkinetic studies suggests probes |
and Il are appropriate for photoaffinity labeling of the
CYP 2B active center. Thus, probe Il was used to iden-
tify amino acid residues within a distance of the probe
length (about 16.5 A) from the heme. Analysis of a
Lys-C digest of the probe Il-labeled CYP 2B4 revealed
a single labeled hexapeptide corresponding to posi-
tion 192-197 of the CYP 2B4 sequence. Using post-
source decay/matrix-assisted laser desorption ioniza-
tion-time of flight, Arg197 was identified as a probe |1
target. The location of the labeled site in three-dimen-
sional structures of bacterial CYPs and in CYP 2B
homology models is discussed. © 1999 Academic Press

Key Words: cytochrome P450 2B; photoaffinity probe;
ligand binding; MALDI-TOF; structure.

Cytochrome P450 (EC 1.14.14.1), a key enzyme of
the mixed-function oxidase system, is responsible for
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the biotransformation of many drugs, environmental
pollutants, steroids, fatty acids, and bile acids and
frequently for activation of carcinogens (1). That is why
the relationship of cytochrome P450 structure to func-
tion is of a great importance and has been extensively
studied. However, our full understanding of this rela-
tionship has been limited by the lack of three-dimen-
sional (3D)? structures for mammalian isoenzymes.
Mammalian isoforms of CYPs are integral membrane
proteins of either mitochondria or the endoplasmic re-
ticulum, in contrast to those isolated from bacteria,
which are soluble cytosolic enzymes. To date, five bac-
terial CYP tertiary structures were determined using
X-ray crystallography (2—-6): CYP 101 (P450cam), CYP
108 (P450terp), CYP 102 (P450BM-3), CYP 107Al
(P450eryF), and CYP 55A1 (P450nor). As there are
significant similarities among the structures of bacte-
rial CYPs, the presumption of a “structural core” com-
mon to all CYPs has been made. Thus, 3D models of
mammalian CYPs based on expected global structure
homology with bacterial CYPs have been constructed
(7, 8). However, CYP 101 of Pseudomonas putida
shares only 10—20% sequence identity with the mam-
malian CYPs. The validity of using bacterial CYPs as
templates for mammalian 3D models has not yet been
clearly established, although most structural studies
on mammalian CYPs based predominantly on a CYP

% Abbreviations used: CYP, cytochrome P450; PB, phenobarbital;
Ms, liver microsomes; 3D, three dimensional; PSD, postsource decay;
Ks, spectral dissociation constant; AA,.., absorption difference at
saturation; GSH, reduced glutathione; DIA, diamantane; PR, 7-pen-
toxyresorufin; PDB, protein data bank; MALDI-TOF, matrix-as-
sisted laser desorption ionization—time of flight; MS, mass spectra;
El, electron impact; TFA, trifluoroacetic acid; BCA, bicinchonic acid,;
[M+H]", protonated molecular mass; Lys-C, endoproteinase cleav-
ing peptide bonds C-terminally at lysine.
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102 template have been supportive of the structure—
sequence analogue.

Beside 3D homology models, a number of other tech-
niques have been used to locate enzyme active sites,
including spectroscopic techniques, site-directed mu-
tagenesis studies, and protein modification approaches
using mechanism-based inhibitors and affinity or pho-
toaffinity probes to determine critical amino acids in-
volved in substrate binding.

Photoaffinity labeling usually requires chemical der-
ivatization of the substrate with a photolabile group.
An irradiation of a binary complex (protein-photolabile
substrate) causes the formation of a reactive interme-
diate that binds covalently to the enzyme (9). This
technique was successfully applied for labeling of sev-
eral CYPs, revealing some active center amino acids
(10, 11).

Benzphetamine is an amphetamine with pronounced
sympathomimetic stimulant activity in the central ner-
vous system (12). This compound has high turnover
numbers with several CYPs. As the highest affinity
was determined for CYP 2B1 (K, = 1.8 X 10™* M and
K, = 5.5 X 10~° M) (13), benzphetamine is frequently
used as a specific substrate for CYP 2B1. It was shown
earlier that desmethylbenzphetamine was also N-de-
methylated in the same manner as benzphetamine and
its affinity for CYP was comparable to that of benz-
phetamine. Derivatives of desmethylbenzphetamine
were successfully used as photoaffinty probes. The in-
troduction of photolabile azido groups into a desmeth-
ylbenzphetamine skeleton did not cause any signifi-
cant changes of the CYP binding affinity, compared to
benzphetamine (10, 14).

In this paper we report a study of CYP 2B interac-
tions with heterobifunctional photoaffinity probes
(varying in their lengths) derived from benzphetamine
structure. The probes contain azido- and amino-groups
on the opposite ends of their molecules. The aim of the
amino-group is to anchor the probe to the heme while
the azido group is able (after photoactivation) to bind
accessible amino acids in the active center cavity of
CYP. Use of a probe matching the molecular size of
benzphetamine for photoaffinity labeling of CYP 2B4
resulted in a covalent modification of Arg197.

EXPERIMENTAL PROCEDURES

Materials. Coomassie brilliant blue R250 and 7-pentoxyresorufin
were products of Fluka (Germany). Phenobarbital was purchased
from Kulich (Czech Republic). Reduced glutathione (GSH) and silica
gel TLC plates were obtained from Merck (Germany). NADPH was
purchased from Reanal (Hungary), and TFA and somatostatin were
from Aldrich (Czech Republic). Bicinchonic acid (BCA) was obtained
from Sigma (U.S.A.). Diamantane was a gift from Ing. Janku (Prague
Institute of Chemical Technology, Czech Republic). Endoproteinase
Lys-C (from Lysobacter enzymogenes) was a product of Promega. All
other chemicals were of analytical grade or better.
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Synthesis of photoaffinity probes. Aminoazido probes, N-(p-azido-
benzyl)-N-methyl-p-aminobenzylamine - HCI (1), N-(p-azidobenzyl)-
N-methyl-p-aminophenethylamine - HCI (I1), and N-(p-azidophen-
ethyl)-N-methyl-p-aminophenethylamine - HCI (I11), were prepared
by partial reduction of diazido-compounds, N-(p-azidobenzyl)-N-
methyl-p-azidobenzylamine - HCI (1V), N-(p-azidobenzyl)-N-methyl-
p-azidophenethylamine - HCI (V), and N-(p-azidophenethyl)-N-
methyl-p-azidophenethylamine - HCI (VI), which were synthesized
according to Hodek and Strobel (14).

In brief, the diazidoderivative (0.3 mmol) was dissolved in 20 ml
ethyl alcohol and 50 mg of potassium carbonate was added to the
solution. Then, a solution of 24 mg (0.15 mmol) of bL-dithiothreitol in
2 ml ethyl alcohol was added with stirring. The reaction mixture was
stirred at room temperature for 4 h. The conversion of the azido-
groups to amino-groups was monitored by HPLC at 254 nm (Sepha-
ron SGX column, 3.3 X 150 mm, Tessek, Czech Republic; mobile
phase, 10% methanol in diethyl ether) to obtain the maximal amount
of corresponding aminoazide in comparison to the original diazide
and the diamine formed simultaneously. Under optimized conditions
at the end of the reduction the reaction mixture consisted of diazide
(46%), diamine (13%), and aminoazides (41%) in preparation of probe
11. The resulting product was isolated and purified using preparative
TLC (silica gel plates, dichlormethane/ethyl acetate, 60/40) and con-
verted to its hydrochloride. The final yields of probes I, 11, and Il
were 16, 35, and 13%, respectively.

The synthesized probes were identified by MS (INCOS 50, Finni-
gan MAT), IR (PE 684), and NMR (Varian UNITY-INOVA 400).
Probe 1—MS spectrum (base); EI [m/z (relative intensity %)] 267(M ™,
8), 133(5), 106(100), 77(62), 51(36), 42(11); IR (CHCI;) 2098 cm*(N.);
'H NMR (CD,0D) 7.98(d; J = 8.5; 2H); 7.81(d; J = 8.5; 2H); 7.74(d;
J = 8.5; 2H); 7.37(d; J = 8.5; 2H), /all Ar-H/; 4.74(m; 2H), /IN-CH/;
4.55(m; 2H), /IN-CH./; 2.91(s; 3H), /IN-CH/. Probe 11—MS spectrum
(base); EI 281(M*,3), 175(69), 147(3), 132(46), 120(12), 104(100),
86(21), 77(57), 42(57); "H NMR (CDCl;) 7.27(d; J = 8.5; 2H); 6.62(d;
J = 8.5; 2H); 6.96 (d; J = 8.5; 4H), /all Ar-H/; 3.51(s, 2H), /N-CH./;
2.70(m, 2H); 2.58(m, 2H), /CH,-CH,/; 2.25(s, 3H), /N-CH,/. Probe
11I—MS spectrum (base), EI 295(M™, 0.1), 267(8), 196(3), 145(2),
133(3), 118(2), 106(100), 77(22), 51(10), 42(14); IR (CHCIs), N; band
present; 'H NMR (CD;0D) 7.78(d; J = 8.4; 2H); 7.69(d; J = 8.4; 2H);
7.57(d; J = 8.4; 2H); 7.24(d; J = 8.4; 2H), /all Ar-H/; 3.5-3.7(m, 4H);
3.3-3.5(m, 4H), /CH,-CH,/; 3.23(s, 3H), INCH/. Probe IV—MS spec-
trum (base); EI 293(M", 7), 194(2), 145(3), 132(8), 104(100), 77(49),
42(32); IR (CHCI;) 2117 cm ™ (N5). Probe V—MS spectrum (base) EI
307(M", only detected), 279(2), 175(56), 149(10), 132(33), 104(100),
77(81), 51(29), 42(33); IR (CHCI;), N5 band present; "H NMR (CDCl,)
7.25(d; 3 = 9.6; 2H); 7.15(d; J = 8.4; 2H); 6.91-7.00(m, 4H), /all
Ar-H/; 3.51(s; 2H), /IN-CH,-arom./; 2.78(t; J = 7.8; 2H), 2.60(t; J =
7.8; 2H), /CH,-CH,/; 2.26(s; 3H)/CH/. Probe VI—MS spectrum (base)
El 293(14), 267(2), 149(5), 132(9), 118(2), 104(100), 77(75), 51(31),
42(33); IR (CHCl,), 2117cm *(N3); "H NMR (CD,0D) 7.54(d; J = 8.2;
4H); 7.24(d; J = 8.2; 4H), /all Ar-H/; 3.6(m, 4H); 3.3(m; 4H), /CH,-
CH./; 3.21(s; 3H), /INCH./. Molar absorption coefficients of probes I,
I, 111, 1V, V, and VI (in methanol solutions) were determined spec-
trophotometrically at 254 nm (azido-group absorption maximum) to
be 2.44, 2.64, 2.36, 2.85, 3.41, and 2.82 X 10* mol * X liter, respec-
tively.

Isolation of microsomal fractions and pure isoenzyme. Liver mi-
crosomal fractions (Ms) of phenobarbital (PB)-treated rats or rabbits
were prepared according to Guengerich (15). CYP 2B4 was isolated
from rabbit PB Ms as described by Haugen and Coon (16).

Cytochrome P450 difference spectra. Cytochrome P450 difference
spectra with photoaffinity probes were recorded on a Specord M-40
spectrophotometer (Carl Zeiss, Jena, Germany). Rat PB Ms and pure
isoenzyme CYP 2B4 were diluted with phosphate buffer (0.1 M
K/PO,, pH 7.4, with 20% glycerol) to 3.3 nmol P450/ml and 2 nmol
P450/ml, respectively. After recording the baseline, the contents of
the sample cuvette was treated with a gradually increasing amount
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of photoaffinity probe tested (final conc, 2-700 uM), and the same
volume of the probe solvent (water) was added to the reference
cuvette. The difference spectra were thereby recorded from 350 to
500 nm.

Inhibition studies. The inhibitory effects of the probes on depen-
tylase activity in PB-induced microsomes were determined using a
Perkin—Elmer LS-5B spectrofluorimetr (17). A microsomal solution
was diluted with the phosphate buffer (0.1 M K/PO,, pH 7.2 with
20% glycerol) to the final concentration of 0.05 nmol P450/ml and
placed into the fluorimeter cuvette. For each 7-pentoxyresorufin
concentration (0.5, 1.0, 2.5, and 5.0 uM) the inhibitory effects of
photoaffinity probes in various concentrations (5, 10, 20, and 50 uM)
was tested by recording the time course of relative fluorescence
increase (within 10 min), corresponding to resorufin production.

Probe half-life determination. All photolyses were carried out in
quartz cuvettes (1-cm pathlength, 3 ml) at room temperature using a
photolyzer purchased from Oriel Corp. (Stratford, CT) equipped with
a 100-W mercury Arc lamp as described by Hodek and Strobel (14).

To determine half-lives of probes upon irradiation, their methanol
solutions (0.05 mM) were photolyzed for 0, 1, 4, 8, and 16 s, followed
by recording their spectra between 200 and 450 nm. The half-lives
were estimated from linearized decay curves plotted for each of the
compounds based on the disappearance of their azido-group absorp-
tion maxima at ~254 nm.

Preparative photolabeling of CYP 2B4. Photoaffinity labeling of
CYP 2B4 was carried out in quartz tubes (i.d. 4 mm) at room tem-
perature using the photolyser described above.

Samples of CYP 2B4 diluted with Tris—HCI (10 mM, pH 7.2) to the
final concentration of 4 nmol P450/ml containing 25 wM probe 11
were photolyzed for 20 s in the presence or absence of 6 uM diaman-
tane (DIA). Immediately after the photolysis glutathione was added
to the final concentration of 12.5 umol/ml. As a control sample, the
irradiated reaction mixture, consisting of a pure enzyme, solvent for
the photoaffinity probe (water), and DIA (methanol), was used. Then,
the samples were diluted 1:1 (v/v) with electrophoresis sample re-
ducing buffer and subjected to electrophoresis (10% separating gel)
(18) in order to remove minor protein impurities and photodegrada-
tion products prior to the analysis of photoaffinity-labeled CYP 2B4
on MALDI-TOF.

Analysis of labeled CYP 2B4. The protein band, corresponding to
CYP 2B4, was excised from the gel and digested by Lys-C directly in
the gel as described by Shevchenko et al. (19). Resulting peptide
mixtures were subjected to MALDI-TOF mass spectrometer Bruker
BIFLEX (Bruker-Franzen) equipped with a nitrogen laser (337 nm)
and a delayed extraction ion source. Positive-ion mass spectra of
peptide maps were measured in the reflection mode. A saturated
solution of a-cyano-4-hydroxycinnamic acid in aqueous 30% acetoni-
trile and 0.1% TFA was used as a MALDI matrix. One microliter of
the sample and 1 pl of the matrix solution were mixed on the target
and allowed to dry at the ambient temperature. Spectra were inter-
nally calibrated by employing the monoisotopic (M+H)" ion of pep-
tide standard (somatostatin). Postsource decay (PSD) spectra were
recorded in 12 segments, with each succeeding segment representing
a 30% reduction in reflector voltage. Segments were pasted, cali-
brated, and smoothed under computer control by Bruker XTOF 3.0
software.

Analytical methods. Protein concentration in the microsomal
fractions was determined by the BCA method (20). The concentration
of cytochrome P-450 was estimated according to method by Omura
and Sato (21) based on the complex of reduced P-450 with CO.

RESULTS

Three aminoazido photoaffinity probes were synthe-
sized by partial reduction of corresponding diazido de-
rivatives (Fig. 1). Chemical structures of all the com-
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FIG. 1. Structures of homo- and heterobifunctional photoaffinity
probes.

pounds were confirmed by NMR and mass spectros-
copy. The probe photolability was measured as a time
course of disappearance of their azido-group absorption
maxima upon irradiation with UV light. Aminoazido
probes (I-111) showed half-lives around 3 s while their
diazido analogues (IV=VI) were more photolabile hav-
ing half-lives of about 2 s.

The interaction of the probes (aminoazido and dia-
zido) with CYP of PB-induced liver microsomes and
purified 2B4 were examined by difference spectros-
copy. From the difference spectra of PB-induced Ms
with each photoaffinity probe, spectral dissociation
constants were determined to be within the range of
1-40 uM. According to the position of spectral maxima
and minima the probes were classified as compounds
coordinating heme iron, heme ligands, (maximum
~432 nm and broad minimum ~415 nm) or compounds
not coordinating the heme iron (maximum ~387 nm
and minimum ~418 nm).

Based on the results obtained from the difference
spectra of PB Ms as well as the pure CYP 2B4 with
photoaffinity probes, only probes I and 11 were found to
bind the CYP as heme ligands. Hence, these com-
pounds were selected as potential photoaffinity probes
for mapping of the CYP active center within the differ-
ing distances from the heme. Probe Il, having the
structure most similar to that of the parent molecule,
benzphetamine, was examined in this paper.
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excess to substrate.

To examine further the interactions of the amino-
group containing probes I-111 with CYP 2B4, the inhi-
bition of 7-pentoxyresorufin (PR) O-dealkylation was
tested in PB Ms using a 10 times molar excess of probe
to substrate (see Fig. 2). Photoaffinity probe 111, which
previously showed no heme coordination in difference
spectra, also exerted the weakest inhibitory capability,
in comparison to the other probes. Thus, more detailed
inhibition studies were performed with probes | and I1,
which revealed K; = 5-10 uM and K; = 7-14 uM,
respectively.

Probe Il was employed for photoaffinity labeling of
purified CYP 2B4. In addition to labeling CYP 2B4
with the probe, CYP 2B4 labeling was also performed
in the presence of the probe Il competitor, DIA. The
role of DIA was to prevent probe incorporation into the
enzyme active center and thus to assess the specificity
of probe labeling. Samples of photoaffinity labeled CYP
2B4 were then digested by proteinase Lys-C and the
mixture of resulting CYP 2B4 peptides was analyzed
on a MALDI-TOF apparatus. Using this technique,
masses of the individual peptides were determined in
each sample (see Fig. 3). From the comparison of
MALDI-TOF-MS spectra in Figs. 3a—3c it is clear that
the peak having the mass of 997.6 (marked by asterisk)
occurs only in the sample irradiated in the absence of
DIA. In other words, this peak corresponds to the pep-
tide—probe adduct originating from the enzyme active
center. The labeled peptide exactly matched the theo-
retic molecular weight of hexapeptide DPVFLR from
positions 192—-197 of a CYP 2B4 primary structure (see
Table I). Table | summarizes the peptide masses of all
three CYP 2B4 sample digests determined by MALDI-
TOF and the masses calculated based on presumed

photoaffinity probe

Inhibition effect of photoaffinity probes on 7-pentoxyresorufin O-dealkylation in PB Ms. The probes were used in 10 times molar

peptide compositions as well as positions of these pep-
tides in the CYP 2B4 sequence. To prove the deduced
hexapeptide sequence and identify the covalently mod-
ified amino acid, PSD/MALDI-MS analysis of the ad-
duct was performed. Data shown in Fig. 4 confirm the
expected amino acid sequence of the labeled peptide
and indicate Argl197 to be involved in the adduct for-
mation. This result demonstrates that photoaffinity
probe Il is well suited for photoaffinity labeling of
CYP 2B4.

DISCUSSION

The photoaffinity probes (I, I1, and I11) as well as the
previously reported diazido-probe are based on the
structure of benzphetamine, a compound having a high
binding affinity for the active center of CYP 2B (10). In
contrast to diazido-probes used for crosslinking within
the enzyme active center, the newly synthesized ami-
noazido-derivatives are designed to label the CYP 2B
binding site and/or access channel with differing dis-
tances from the heme. These derivatives are expected
to be linked to the heme iron as its sixth ligand via
their amino-group, while the opposite end of the mol-
ecule (containing the photolabile azido-group) is lo-
cated in distal regions of the active center cavity. A
similar approach using the heme binding compound
1-(4-azidophenyl)imidazole was applied by Swanson
and Dus (22) for photoaffinity labeling of CYP 101.

To determine whether the photoaffinity probes bind
the heme iron as its ligands, difference spectroscopy
was employed, since this technique allows the direct
examination of changes in heme iron coordination (17).
As controls, diazido-analogues of all probes (missing a
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FIG. 3. MALDI-MS spectrum of a Lys-C peptide mixture of CYP 2B4, labeled with probe Il in the absence of diamantane (a), labeled with
probe Il in the presence of diamantane (b), or photolyzed without probe Il (c). Labeled peptide is marked by an asterisk.
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TABLE |

Experimental (MALDI-MS) and Calculated Data
for CYP 2B4 Lys-C Peptides

Measured mass [M+H]* Calculated

Peak mass Sequence
No. A B C [M-+H]* position
* 997.59 n.d. n.d. 997.55 192-197
1 1323.70 n.d. 1323.74 1323.70 374-384
2 1382.76 1382.68 1382.68 1382.68 422-433

3 1487.87 n.d. 1487.94 1487.91 50-61
4 1719.94 1719.85 1719.88 1719.88 237-251
5 1781.95 1781.92 n.d. 1781.91 385-400
6 2131.18 2131.02 2131.08 2131.12 327-345
7 2280.28 2280.24 2280.11 2280.19 233-251
8 2472.42 2472.30 2472.32 2472.29 140-159
9 2493.40 2493.22 2493.28 2493.28 254-274
10 2509.32 n.d. 2509.27 2509.22 401-422

11 n.d. n.d. 2563.43 2563.42 26-49
12 2786.55 2786.44 2786.55 2786.43 252-274
13 3047.64 3047.46 3047.42 3047.66 160-187
14 3112.64  3112.59 3112.50 3112.60 226-251
15 3147.65 3147.65 3147.57 3147.67 346-373

Note. n.d., not detectable. Labeled peptide (adduct) is marked by
an asterisk. Peak nubmering refers to Fig. 3. CYP 2B4 was photo-
lyzed in the presence of probe Il (A), in the presence of probe Il and
diamantane (B), or in the absence of these compounds (C).

primary amino-group) were used. The difference spec-
tra of CYP 2B4 with probes | and Il revealed a pro-
nounced shift of an absorption maximum to about 432
nm (Type Il binding spectra), indicating the changes of
heme coordination by primary amines. Since this type
of binding spectra was not detectable with diazido-
probes (IV-VI), it indicates that the amino-groups of
probes I and Il are responsible for their heme binding.
On the other hand, probe 111 was oriented in the active
center in a different way since only Type | binding
spectra were detected. Presumably, the amino-group of
probe Il (the longest probe) is located in more polar
regions of the active center cavity having too long a
distance from the heme to allow the same kind of iron
atom coordination. In addition, 7-PR dealkylase activ-
ity was inhibited more strongly by probes I and Il in
comparison with probe Ill, suggesting their potential
interaction with iron. Thus, the heme-binding probes (I
and Il), showing a strong binding to the enzyme active
center, are suggested to be well suited for photoaffinity
labeling of CYP 2B. In this paper, we deal with pho-
toaffinity labeling of CYP 2B4 by medium-length probe
11, which more nearly matches the molecular size of
benzphetamine.

Upon UV irradiation a side group of the probe is
photolyzed to a nitrogen molecule and a nitrene inter-
mediate. This reactive intermediate is known to react
preferentially with electron-rich groups of polar amino
acids, e.g., Lys and Arg (9), or undergo rearrangements
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resulting in long-lived derivatives. To reduce non-spe-
cific labeling caused by these rearrangement products
we successfully used GSH as a quencher. Using the
reaction conditions optimized earlier (10) with respect
to the probe/CYP 2B4 molar ratio, duration of photol-
ysis, and scavenger addition, highly specific labeling of
the target CYP 2B4 enzyme was achieved. MALDI-
TOF analysis of a Lys-C digest of labeled CYP 2B4
revealed a single peak, whose mass exactly matched a
potential peptide—probe adduct (see Table I). More-
over, this peak was not detectable in a control sample
of CYP irradiated in the absence of the probe. To con-
firm that the labeled peptide originates from the en-
zyme active center, additional photoaffinity labeling
experiments were carried out in the presence of a spe-
cific CYP 2B4 substrate, diamantane (23), that is able
to displace another compound from the active center
(24). This bulky hydrocarbon, of a high binding affinity
for CYP 2B, completely prevented probe incorporation.
Thus, the peak of a potential peptide—probe adduct was
not detectable under these conditions. Hence, we con-
clude that identified peptide DPVFLR (192-197) is lo-
cated in the enzyme substrate binding site and/or an
access channel.

The PSD/MALDI-MS analysis of the adduct con-
firmed the expected amino acid composition and local-
ized the position of the probe incorporation at Arg197
residue. In accordance with the known labeling speci-
ficity of nitrene intermediates the probe modified an
electron-rich amino acid residue in its vicinity.

The principal objective of this study is to identify
active site amino acid residues of CYP 2B4. Probe 11,
owing to its amino-group, is, upon binding to CYP 2B4,
anchored to the heme iron and the probe-photogener-
ated nitrene is able to label regions of the active center
and/or the substrate access channel at a specific dis-
tance from the heme. Taking into account the length of
the extended probe (about 14.5 A) (10) and a distance
between the heme iron atom and the nitrogen atom of
the probe amino-group (about 2 A) (25), the target of
probe Il labeling, Arg 197, should be located within the
distance of 16.5 A from the heme. In addition to other
techniques revealing the structural significance of nu-
merous amino acids of microsomal CYPs (e.g., sub-
strate docking and site-directed mutagenesis experi-
ments), our finding on the location of a particular
amino acid residue, Arg 197, will contribute to the
process of optimizing and/or evaluating 3D homology
models of CYP 2B.

Since crystal structures of bacterial CYPs are fre-
quently used as templates for 3D homology models of
microsomal CYPs, we attempted to assign the labeled
peptide to the molecular topology of bacterial CYPs.
Because of a rather low sequence homology (about
20%) between CYP 2B4 and bacterial CYPs, the posi-
tion of the labeled peptides was located using a com-
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Parent mass [M+H] : 997.59

b-ions:
DNXPXVXFXNL\ZX
y-ions: 883 787 686 539
b-ions:
DXPXVXFXNXLXR
y-ions: 434 287 176
b-ions: 196 457
PXVXFNLXR
y-ions: 434 287 176

FIG. 4. Schemes of probe—peptide adduct fragmentation using
PSD/MALDI-MS. The calculated mass of L+R+probe fragment is
540, which well resembles the mass of the L+X adduct fragment 539
(X represents R—probe adduct). The last fragmentation scheme
shows a proline hypercleavage.

puterized multiple sequence alignment developed on
the basis of sequence and structural homology shared
by these enzymes. The position of the labeled peptide
in sequences of bacterial CYPs was predicted to fall
into the region connecting helixes E and F, or at the
N-terminus of F helix, depending on the alignment

ANTONOVIC ET AL.

used. This conclusion is drawn from the comparison of
published sequence alignments shown in Table Il. The
inaccuracy in alignments originates from the low ex-
tent of homology in the E-F-G helix region among
bacterial CYPs themselves and a much lower extent of
homology between mammalian and bacterial CYP se-
quences. In bacterial CYPs this region constitutes part
of the substrate binding pocket and/or the substrate
access channel and thus has to be more variable in
terms of amino acid composition to accommodate spe-
cific substrates.

In addition, recent 3D homology models of CYP 2B
were examined to assess the position of the labeled Arg
197 in the CYP 2B4 structure. However, a precise
evaluation of the labeled amino acid residue position is
rather limited since all published data are focused
mainly on amino acid residues in the lower part of the
active site (in close vicinity to the heme) and no coor-
dinates of 3D models are yet available. A 3D model,
based on the CYP 101 template, suggests the involve-
ment of helixes E and F (corresponding to the labeled
peptide region) in the “mouth structure” of the access
channel (27). The entry to a proposed substrate chan-
nel is predicted below helix F in proximity to helix E.
This prediction seems consistent with our data. Simi-
larly, the location of the labeled Argl97 in the pre-
dicted structure of a well-elaborated CYP 2B4 model
(20) is likely to meet the steric requirements for the
probe Il binding, however, the distance of Arg 197 from
the heme iron has to be examined for the both models.

TABLE I
Sequence Alignment between Bacterial CYPs and CYP 2B4 Labeled Peptide

GKRF----DYX DPVF-LRLLD -CYP2B4 (29)

TE------ D Y...A...E..E’...E..P...—...!..%?e.s.(.)l.:...-. -CYP101 (28)

PEE-=----- DIPHLK-YLTDQ -CYP101 (7)

GLPEE ---------- DIPHLK -CYP101 (8)
170

-CYP101 (27)
-CYP101 (27)

LPEED -----=-=+-+-=-- P HLK -CYP101 (26)

160

NYRF----NSFYRDQPHPFIT -CYP102 (8)
- 170

YRFNSFYRDQPHPFI-TSMVR -CYP102 (7)

160
NYRFNSFYRDQPHPF-1TSMYV

-CYP102 (26)

VPEDD=----------- EPLML -CYP108 (26)
180
PED=------ DEPLML-KLTQD -CYP108 (7)
170
DEK------ YRGEFG-RWSSE -CYP107A (7)

Note. Labeled peptide is in bold letters. Amino acid residue modified with the probe is marked by an asterisk. Double-underlined,
dotted-underlined, and underlined residues belong to D1, E, and F helixes, respectively.
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On the other hand, the most recent paper on 3D models
of CYP 2 family (8), built on the basis of CYP 102
template, unfortunately, does not deal in detail with a
model of CYP 2B. Furthermore, due to a different
alignment strategy used, the labeled residue lies far
from the putative access channel. The labeled peptide
192-197 is assigned to a segment connecting helixes
D1 and E. Although the models discussed were opti-
mized to fit data of site-directed mutagenesis studies
and CYP 2B4 substrate docking, their validity should
be confirmed by also employing data from photoaffinity
labeling experiments. From this point of view it would
be of great interest to examine the 3D models by dock-
ing of the photoaffinity probe II.

In conclusion, the heme binding photoaffinity
probe of benzphetamine size, presented here, was
used to identify amino acid residue Arg 197, which is
most likely involved in the upper part of the active
center or a substrate access channel structure of
CYP 2B4.
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