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ABSTRACT. The role of phospholipids in the membrane binding and subsequent insertion of the microsomal
protein rabbit cytochrome P450 (P450) 1A2 into phospholipid bilayers was investigated. The insertion
of P450 1A2 into phospholipid bilayers was measured by the quenching of Trp fluorescence of P450 1A2
by pyrene and brominated and doxyl-labeled phospholipids. When the phosphatidylcholine (PC) matrix
was replaced with acidic phospholipids [phosphatidic acid (PA), phosphatidylserine, and phosphatidyli-
nositol] and phosphatidylethanolamine (PE), the extent of insertion into lipid bilayers was strictly dependent
on the type of acidic phospholipids. All anionic phospholipids caused the penetration of P450 1A2 into
lipid bilayers, but PA was the most efficient in facilitating deep penetration of P450 1A2 into bilayers.
On the other hand, binding of P450 1A2 to liposomes was increased by acidic phospholipids to the same
degree regardless of the type of acidic phospholipids. PE was found to act as an inert matrix phospholipid,
similar to PC, as it exerted very little effect on the insertion of P450 1A2 into lipid bilayers and the
binding of P450 1A2 to membranes. It was also found that the phospholipid-dependent membrane insertion
of P450 1A2 was associated with altered enzyme activity, increadweelix content, and increased Trp
fluorescence of P450 1A2. These results indicate that negative charges on the acidic phospholipids are
important for the initial binding of P450 1A2 to membranes, but the penetration of P450 1A2 into lipid
bilayers is regulated by the type of acidic phospholipids, and that phospholipid-dependent insertion of
P450 1A2 is accompanied by a structural change of P450 1A2.

The microsomal monooxygenase system oxidizes a varietyof membranes, and they interact through lateral diffusion by
of endogenous and xenobiotic compount)s (This enzyme forming a functional complex for the electron transfér(
system includes cytochrome P45Qlso termed heme- 8), although the organization of constituent proteins in
thiolate protein P450 by the Enzyme Commission, EC phospholipid membranes and their mechanism of interaction
1.14.14.1) 2), NADPH-P450 reductase, and phospholipids. are not fully understood yet. On the other hand, P450 is
Cytochromebs and NADH-cytochromebs reductase may  present in the membrane in large excess over the reductase,
also contribute to the electron flowB); P450-dependent the limiting component in microsomes, with the molar ratios
activities can be reconstituted by mixing P450, NADPH- ranging from 10:1 to 25:1 depending on treatment with
P450 reductase, and phospholipld®). P450 and NADPH-  inducers 9, 10. Phospholipids in the immediate vicinity
P450 reductase seem to be distributed randomly on the planef P450 in liver microsomes have been reported to be highly

organized as compared with those in bulk membraf#s (
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L Abbreviations: P450, cytochrome P450; PC, phosphatidylcholine; ~ Rabbit PA50 1A2 can be incorporated into preformed
PE, phosphatidylethanolamime; PS, phosphatidylserine; PA, phospha-phospholipid vesiclesl@). Recently, we have shown that

tidic acid; PI, bovine heart phosphatidylinositol; POPC, 1-palmitoyl- FRCPR ; ;
2-oleoylsnrglycero-3-phosphocholine; POPE, 1-palmitoyl-2-olesiyl- the change of P450 1A2 activity is associated with the

glycero-3-phosphoethanolamine; POPS, 1-palmitoyl-2-oleaglycero- conformational change of P450 1A2 induced by phospholipid
3-phosphoserine; POPA, 1-palmitoyl-2-oleayiglycero-3-phosphate;  and salt {4, 15. The roles of different phospholipids in

pyrene-PC, 1-palmitoyl-2-(1-pyrenedecanostiglycero-3-phospho-  the binding of P450 1A2 to membranes and the insertion of
choline; PyrS DHPEN-(1-pyrenesulfonyl)-1,2-dipalmitoydnglycero-

3-phosphoethanolamine; 5-doxyl-PG:a-1-palmitoyl-2-(5-doxyl- P450 1A2 into lipid bilayers were considered in detail. We
stearoyl)-phosphatidylcholine; 16-doxyl-PC;o-1-palmitoyl-2-(16- report here that P450 1A2 binds to negatively charged
doxyl-stearoyl)-phosphatidylcholine; 6,7-8PC, L-o-1-palmitoyl-2- phospholipids with a higher affinity in the initial binding

(6,7-dibromostearoyl)-phosphatidylcholine; 9, 1G-BC, L-o-1- ini i i
palmitoyl-2-(9, 10-dibromostearoyl)-phosphatidylcholine; SRP, signal step to the lipid surface but acidic phospholipids regulate

recognition particle; LUVs, large unilamellar vesicles; ER, endoplasmic the second insertion St(?p of P450 1A2 int.o phospholipid
reticulum. bilayers, and phospholipid-dependent insertion of P450 1A2
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coincides with the changes in conformation and enzymatic The concentrations of nonfluorescent phospholipids were
activity of the protein. The possible role of phospholipids determined by phosphorus assag)( and those of pyrene-
in the membrane insertion and conformational change of containing probes were determined spectrophotometrically

proteins is discussed. (€342 = 42 000 Mt cm! in ethanol) (9).
Fluorescence MeasurementAll fluorescence experi-
EXPERIMENTAL PROCEDURES ments were performed at 2&, maintained using a circulat-

. . . ing water bath. Fluorescence emission spectra were recorded
Chemicals. 7-Ethoxycoumarin and cumene hydroperoxide > ) .
were obtained from Alléjrich Chemical Co. (Milv?//aukge, wi1). with a Shimazu RF-5301 PC spectrofluorometer equipped

L with a thermostated cuvette compartment. To measure the
g{ 33;3{_?8 pqzsggsylp;gé (P607F.’|§1~'|DIZ;OZEHPS I:gEZF;:Dg)O PA emission fluorescence of Trp residues in P450 1A2, 295 and

were from Avanti Polar Lipids (Alabaster, AL) and used ?h4e1rrr]1rena§)l(frjgzrir:§r?t ?)?Ctiheeméiili(r):e\;v?l\zl;a f:gttr;]sewrr?(r)igriz?. (I;/lo)r
without further purification. Pyrene-labeled phospholipids

were purchased from Molecular Probes (Eugene, OR). TheOf pyrene-containing liposomes, the excitation wavelength

o, : 342 nm and the emission wavelength was-38ID nm.
unlabeled phospholipids, except Pl, used here are syntheti was i
phospholipids with acyl chains of palmitic and oleic acids. CThe E/M ratio of pyrene-labeled PC was calculated by

Other chemicals were of the highest grade commercially ﬂuoresgence mtensny at 375 nm (for monomer)_ and 480 nm
available (for excimer), respectively. The samples were incubated for
n ificat q i 5 min before measurement. In all fluorescence experiments,
1A|32r(\)/;[/22 F;urirmliIecdatflroonmalri]verE%ﬁgggofneeg (')A%S;aGy.b::S&Ia 500 uL of sample solution was used in a quartz cuvette.
vone-treat?ad rabbits as describetb)( P450 ,1A2 was To determine the extent of Trp quenching by KI, P450
. o 1A2 was first incubated with the vesicles of interest for 5
electrophoretically homogeneous and had a specific content .

of 17 nmol of PA50/ma of protein. Protein concentrations MM A series of Kl solutions (with the concentration ranging
. o/mg or p S . from 10 to 70 mM) were then added to the reaction mixtures
were estimated using a bicinchoninic acid procedure accord-

ing to the manufacturer’s directions (Pierce, Rockford, IL) (that had the same total concentrations of KI plus KC, but
P450 concentrations were determined by*F8O versus different Kl concentrations), and the fluorescence intensity

. at the emission wavelength of 341 nm was measured. The
Fe*t difference spectroscopyl]). The assay of P450 1A2 .
activity was done in 25 mM Tris-HCl buffer (pH 7.4) fluorescence data are plotted according to the Steoimer

7 . . equation 20).
containing 100 mM NacCl using the method described - - .
elsewhere, with slight modificatiorld, 15. The reaction Binding Ass_ays.Blndlng Of |.345.0 1A2 to liposomes was
volume was 50QL. P450 1A2 (0.5:M) and lipid vesicles measured using the precipitation metho_d as described
(50 uM) were mixed in the presence of cumene hydroper- elsewhereZ1). Various concentrations of liposomes con-
oxide. The hydroperoxide system was used instead of taining 1 mol % biotinylated PE were incubated with 400
NADPH-P450 reductase and NADPH in order to avoid a PMO! of P450 1A2 for 5 min at 25C in 90uL of reaction

complicating effect of NADPH-P450 reductase interaction. volume. _ ImmobiLized avidin (10uL (.)f a 7.5 mg/mL
The reaction was started by adding 7-ethoxycoumarin as asuspensmn) on 6% agarose beads (Pierce) was then added,

substrate. After the sample was incubated at@5or 10 and the samples were incubated with shaking. After 10 min,
min, the reaction was stopped by adding the same vqumethe liposomes were precipitated by microcentrifugation for

of cold methanol. The product was estimated by measuring5 min at 14 000 rpm. The supernatant was immediately

the fluorescence intensity at 458 nm (358 nm excitation assayed for the pro_tein conce_ntration. The pellets were
wavelength). resuspended by adding 1% sodium dodecy! sulfate solution

Li P tion.n all . ts. POPC i (w/v), and P450 1A2 was separated from the immobilized
Iposome Freparation.In all experiments, Ipo- ﬁvidin liposome complex by centrifugation. The concentra-
or binding of P450 1A2 to membranes by use of energy b(i)cri]ncc):fhomn?rr: g ggs_g?oucneddfriso 1A2 was measured using a
transfer between pyrene and the Trp in P450 1A2, 2 mol % The energy transfer between Trp residue(s) in P450 1A2

of pyrene-PC or pyrS DHPE was incorporated into mem- ! - AN
brarlJ"nyes. In the qplj/encher-containing sgmples, POPC Wasand pyrS DHPE incorporated into phospholipid bilayers was

replaced by 20 mol % doxyl-labeled or 30% brominated alsq used to.mea.sure the binding of P450 1A2 to liposomes.
phospholipids. Circular chhr0|§m. CD spectra were recordgd on a Jasco
J700 spectropolarimeter (Japan Spectroscopic, Tokyo) at 25
°C in a thermostated cuvette. The calibration of the
spectropolarimeter was performed using.0-camphorsul-
fonic acid, which shows a molar ellipticity of 7800 deg%m
dmol at 290.5 nm in an aqueous solution. CD spectra of
P450 1A2 were obtained using M protein in a 0.1-cm
path length cell. Blanks (buffer with or without phospho-
lipid) were routinely recorded and subtracted from the
original spectra.

After the appropriate amounts of lipids were mixed in
chloroform, the solvent was evaporated under a stream of
argon gas. The dry lipids were hydrated in buffer solution
(25 mM Tris-HCI, pH 7.4, containing 100 mM NacCl) by
vortex mixing and subsequent brief sonication in a bath
sonicator (30 s). To obtain the homogeneous LUVs, the
dispersion was frozen and thawed five times and extruded
25 times through two polycarbonate membranes (100 nm
pore size). All LUVs used for this work were stable for at
least 3 days as determined by10% deviation in light- RESULTS
scattering values. The concentration of liposome stock
solution was 0.21.0 mM, and a portion of the solution was Phospholipid-Dependent Membrane Insertion of P450
diluted to study the interaction of P450 1A2 to membranes. 1A2. To determine if P450 1A2 can be inserted into lipid
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Ficure 1: Phospholipid-dependent membrane insertion of the SA L

sequence of P450 1A2. The energy transfer between Trp in P450
1A2 and pyrene-PC incorporated into membranes was examined
by replacing POPC with POPE and anionic phospholipids (A), and
with PA analogues (B) up to 30 mol %:/F, represents the
fluorescence intensity ratio at 340 nm for sample wii) &nd
without (Fo) pyrene-PC incorporated in membranes. After prepara-
tion of LUVs with or without the indicated amount of phospholipids,
P450 1A2 (0.6uM) was mixed with vesicles (82M) in 25 mM 1.008
Tris-HCI buffer (pH 7.4) containing 100 mM NaCl. After incubating
the sample for 5 min at 2%C, Trp fluorescence was measured at 095 |
341 nm (excitation 295 nm).

0.90

bilayer by adding phospholipid vesicles exogeneously, we

used resonance energy transfer between P450 1A2 Trp 0-003 10 % 20
residues and pyrene-labeled phosphatidylcholine (pyrene-PC) o
that had been incorporated into membranes by replacing PC Mol% phospholipid

with PE or acidic phospholipids such as PS, PI, or PA. The rgure 2: Quenching of P450 1A2 fluorescence byBC and
pyrene group is located at the end of the decanoyl chain atdoxyl-PC incorporated into membrane. After mixing LUVs contain-
thesn-2 position of PC, and P450 1A2 has eight Trp residues H\g either 20% doxy!-PC or 30% glPC plus F;]450 1A2’ht'he Trfp
which are spaced evenly throughtout its sequeB2g (The uorescence was measured at 341 nm. The quenching of Trp
. : A luorescence was measured by 5-doxyl-PC (A), 6,78BC (B),

.phc.)SphO“plds used here are the.major phc.)‘?'phO“plds pr,eseng,lo-Brz-PC (C), and 16-doxyl-PC (D), respectively. For other
in liver ER membranes, and their compositions are variable details see the Figure 1 legend.
depending on physiological condition23j.

PA had the most significant effect on the penetration of 30 mol % when using pyrene-PC as a quencher of Trp
P450 1A2, in comparison with other phospholipids, as shown fluorescence.

by the lowest/F, value when the concentration of PAwas  Tg estimate the penetration extent of P450 1A2 into lipid
increased at the expense of PC (Figure 1A). PS alsopjlayer by phospholipid-dependent manner in detail, bromi-
decreasedr/F, but was less efficient than PA. However, nated and spin-labeled phospholipids were used as quenching
PE- and Pl-containing vesicles had no effect on the energy propes of the Trp fluorescence instead of pyrene-labeled PC.
transfer. This result indicates that P450 1A2 has the ability \when 5-doxyl-PC or 6,7-BfPC was used as a quencher,
to penetrate the membrane bilayer depending on the type ofthe fluorescence intensity of P450 1A2 was linearly de-
phospholipids present in membrane. creased as increasing Pl concentration compared to the case
To ascertain whether PA stimulates insertion of P450 1A2 of 100% PC matrix (Figure 2, partsA and B). However, PS
into membrane, we measured the quenching of the Trpand PE exerted very little quenching effects and, more
fluorescence again with the PA analogues phosphatidyl- interestingly, the/F, value was augmented with increasing
methanol and phosphatidylethanol. Interestingly, these PA mol % at the expense of PC. In the samples containing
analogues caused diminished effects on quenching compared,10-Be-PC, PS produced the lowe&t-, value and Pl and
with PA (Figure 1B). This result indicates that the headgroup PA showed less quenching effect (Figure 2C). However,
of PA is an important factor in determining the membrane PE had no effect regardless of its concentration. In the case
insertion of P450 1A2. of 16-doxyl-PC, only PA showed a quenching effect,
We also measured the excimer (E) and monomer (M) indicating that the Trp residue(s) of P450 1A2 can be inserted
fluorescence of pyrene-PC incorporated in membranes in thedeeply up to the end of acyl chain in the presence of PA
absence of proteins and determined the E/M ratio to examine(Figure 2D). This result supports that obtained by the
the distribution of pyrene probes. It was based on the energy-transfer experiment between pyrene-PC and Trp in
observation that the E/M ratio reflects the lateral diffusion P450 1A2 described above. From these results, we speculate
rate of the probe and its local concentration enrichment in that phospholipids play an important role in regulating the
membranes24). As the E/M ratio was not changed by penetration of P450 1A2 into the lipid bilayer. In particular,
replacing PC with other phospholipids up to 30 mol % in PA facilitates the deep insertion of the Trp residue(s) of P450
all samples tested here (results not shown), it was reasonabld A2 up to the middle of the lipid bilayer upon interaction
that PC matrix was replaced with other phospholipids up to with membranes.
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Ficure 3: Phospholipid-dependent binding of P450 1A2 to membranes. (A) Binding of P450 1A2 to liposomes was measured by the
precipitation of liposomes as described under Experimental Procedures. (B) The energy transfer between Trp in P450 1A2 and pyrS DHPE
incorporated into lipid bilayers was used to examine the effect of POPE and anionic phospholipids on the amount of P450 1A2 binding to
membranes by replacing POPC with indicated phospholipids. (C) The effect of NaCl on the P450 1A2 binding to lipid bilayers was also
measured with the same method for (B) at 30 mol % of indicated phospholipids. All other conditions and procedures for the measurement
of Trp fluorescence of P450 1A2 are the same as described for Figure 1.

Effects of Phospholipids on Binding of P450 1A2 to 350
Membrane. To determine whether the binding of P450 1A2
to membrane also depends on the type of phospholipids 300
comprising membranes, we analyzed the amounts of P450
1A2 bound to membranes with increasing concentrations of
liposomes. All vesicles containing 30 mol % acidic phos-
pholipids increased the binding of P450 1A2 to membranes
by about 20% with similar efficiency compared to the case
of 100% PC (about 60% binding) (Figure 3A). However,
PE-containing liposomes had no effect on the increase of
binding. To ascertain this result, the effect of acidic
phospholipids on the binding of P450 1A2 to model 0 e
membranes was investigated by energy transfer between Trp 0 5 10 15 220 25 30
in P450 1A2 and pyrS DHPE incorporated into membranes Mol% phospholipid
in which pyrene is attached at the ethanolamine group of pgure 4: Effects of phospholipids on the catalytic activity of P450
PE. All acidic phospholipids induced the decreasé¢d, 1A2. The 100% activity value represents the normalized activity
value to the same degree, which indicates the increase of(0.18 nmol of product/min/nmol of P450) for the sample containing
P450 1A2 binding to membrane regardless of the type of 100% PC as a lipid component. For other details, see Experimental
acidic phospholipids (Figure 3B). However, in the presence Procedures.
of PE instead of acidic phospholipids, tRké~, ratio was increased P450 1A2 binding to the lipid bilayer to the same
not changed compared to the ratio for 100% PC. This degree, but the extent of penetration into the membrane was
observation coincided well with the results obtained from strictly dependent on the type of acidic phospholipids.
the precipitation method (Figure 3A). Among the acidic phospholipids, PA was the most efficient

These results suggest that chargbarge interactions in facilitating the insertion of P450 1A2 into lipid bilayers.
between acidic phospholipids and P450 1A2 are involved PE may act as an inert matrix phospholipid, similar to PC,
in protein binding to the membranes. To test this hypothesis, in the interaction of P450 1A2 with membranes.
the energy-transfer experiment was repeated with increasing Effects of Phospholipids on the Catalytic Adty of P450
concentrations of NaCl at 30 mol % of PE or acidic 1A2. To determine the effect of membrane penetration of
phospholipids. In the cases of PC and PE, there was noP450 1A2 on its catalytic activity, we measured P450 1A2-
effect of salt on the quenching. However, in the samples catalyzed reactions in the presence of phospholipid bilayers.
containing acidic phospholipids, afi/F, values were in- The enzyme activity of P450 1A2 was quantified by
creased with increasing salt concentration and approachedneasuring its ability to catalyze the O-deethylation of
the value for 100% PC (Figure 3C). This result indicates 7-ethoxycoumarin in the presence of cumene hydroperoxide,
that P450 1A2 binding to the membrane is inhibited by a in place of NADPH-P450 reductase and NADPH, to avoid
high concentration of salt in the presence of acidic phos- the complicating effect of another membrane protein (NADPH-
pholipids. We also measured the E/M ratio of the pyrene P450 reductase)14, 15. The activity was increased by
probe as a measure of change of membrane structure in thebout 3-fold compared to that in 100% PC membrane as the
absence of proteins; there was no change of the ratio (result$?A concentration was increased to 30 mol % (Figure 4). PI
not shown). and PS also increased P450 1A2 catalytic activity but to a

Taken together, these results demonstrate that all acidiclesser extent (about 2.5-fold) than in the case of PA. With
phospholipids tested in our experiments (PS, Pl, and PA) PE there was no apparent increase of enzymatic activity. This
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fluorescence (B) spectra of P450 1A2. Spectra of P450 . -
1A2 in 25 mM(Tzis-pHCI buffer (pH 7.4) contpaining 10%]\:%,\4 Nacl FIGURE 6: Quenching of Trp fluorescence of P450 1A2 by iodide.

; O P, ; P450 1A2 (400 pmol) was titrated with Kl in the presence and
were recorded in the presence of indicated phospholipid ve3|cles.absence of phospholipid vesiclés, andF, respectively, are the

— emission intensity in the absence or in the presence of iodide. Values
Table 1: Effect of Phospholipid on the Secondary Structure in the parentheses represeégy,

Contents of P450 142
additions  o-helix (%) S-sheet (%) S-turn (%) random (%) vesicles, but there were no appreciable changésdn This

none 34+ 2 28+ 3 18+ 2 20+ 1 result indicates that the change brought about by phospho-
phospholipids lipids reduces the quenching of the intrinsic fluorescence in
PC 40+ 2 29+2 8+1 23+2 the P450 1A2, but otherwise the overall environment of the
PC/PE 39+ 3 28+2 11+1 22+1 S |
PC/PI 30+ 1 31+ 2 8+ 1 2942 intrinsic fluorophore appears to remain unchanged. On the
PC/PS 43k 2 30+1 4+1 23+2 other hand, the intensity of intrinsic fluorescence (hat)
PC/PA 50+ 2 4=+1 19+1 27+2 obtained in the presence of PA showed a marked increase

a2 All CD spectra were recorded in 25 mM Tris-HCI buffer (pH 7.4,  With increasing PA concentration. This and the CD results
containing 100 mM NacCl) containing phospholipid vesicles present in indicate that the overall conformation of P450 1A2 is

the additions. Conditions were as described under Experimental changed considerably upon interaction with PA containing
Procedures. All estimates are meaasSD (n = 3). PC vesicles

P450 1A2 Trp fluorescence quenching by iodide in the
presence of the desired vesicles was also examined (Figure
6). TheKs, value estimated from the slope was decreased
in the presence of PC vesicles containing several types of
phospholipid in the order PE Pl > PS> PA, compared
to the value of membrane-free P450 1A2. It is clear that
more Trp residues in P450 1A2 are sequestered from the
aqueous phase and susceptible to Kl in the case of the
vesicles containing acidic phospholipids. This result provides
two possibilities: (i) that a large portion of P450 1A2 is
incorporated into membranes, and/or (ii) that the conforma-
tional change of P450 1A2 is induced by phospholipids.

result suggests that the lipid-dependent membrane binding
and insertion of P450 1A2 is related to the conformational
change associated with altered enzyme activity.
Conformational Changes upon Membrane Binding and
Insertion of P450 1A2 into Phospholipid Vesicléthe effect
of phospholipid on P450 1A2 conformation upon membrane
binding and insertion into the membrane was studied by
investigating structural changes of P450 1A2 using CD and
Trp fluorescence spectroscopy. The effect of phospholipids
on the secondary structure of the P450 1A2 was studied in
the far-UV region. CD spectra of P450 1A2 in 25 mM Tris-
HCI buffer (pH 7.4, containing 100 mM NacCl) are presented
in the presence of various types of PC vesicles containing p;scussioN
30 mol % of PE, PS, PI, or PA (Figure 5A). The CD spectra
were curve-fitted by the least-squares method into the Current models for the overall membrane topology of the
reference spectra obtained form five proteins: myoglobin, microsomal P450 enzymes propose a large cytoplasmic
lysozyme, ribonuclease A, papain, and lactate dehydrogenas@lomain anchored to the membrane by either one or two
(25. When PC, PC/PE, PC/PS, or PC/PI vesicles were amino-terminal transmembrane segment?§).( Although
added, theo-helix content generally increased by-9%, no crystal structure is yet available for the membrane-bound
while the amount off-turn decreased (Table 1, Figure 5A). form of the P450 1A2, the membrane topology of P450 1A2
On the other hand, the CD spectrum of P450 1A2 showed based on predictior2{, 28 and biochemical and biophysical
an increase ofx-helix content by 16% and a decrease of studies {3, 29 has been suggested. Microsomal P450 1A2
[-sheet content by 24% in the presence of PA (Table 1, is believed to be anchored to the ER membrane by a
Figure 5A). Thus, upon interaction with PA, a rather hydrophobic amino-terminal region which is inserted into
dramatic change of P450 1A2 structure seems to occur. Thisthe membrane in a vectorial fashion by a SRP-dependent
indicates that upon interaction with phospholipid vesicles, pathway 26—30). It also has been shown that the P450 1A2
the a-helix content of P450 1A2 increases. can penetrate the preformed phospholipid bilayer in lipo-
The intrinsic fluorescence of P450 1A2 was measured in somes {3). However, there is no direct evidence for
the presence of various types of phospholipid vesicles (Figuremembrane topology of P450 1A2, although only the N-
5B). The fluorescence intensity generally increased with terminal region of P450 1A2 has been proposed to penetrate
increasing concentrations of PE, PS, and PI in the PC the membrane29). It also has been shown that human P450
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1A2 (which has a very similar amino acid sequence to rabbit model for the study of problems involving the in vivo
P450 1A2), expressed in bacteria without an N-terminal incorporation of proteins into biological membranes. Our
region, was still bound to the membrane, indicating that other results suggest that the membrane topology of proteins during
portions of P450 1A2 may interact with the membrad#) ( the membrane insertion and translocation process can be
It is not possible to determine which of the Trp residue(s) regulated by lipids in addition to the proteinaceous compo-
among 8 residues in P450 1A2 is being inserted in this study nents of the translocation apparatus. The lipid-dependent
without extensive replacement studies. The most likely insertion of transmembrane protein segments might be related
candidate is Trp 25, which is a putative membrane-binding to the structural change of proteins induced by phospholipids,
segment of the N-terminus. Although the exact Trp residues as we observed in the case of P450 1A2 in the present and
involved in the fluorescence studies have not been identified, previous studiesl@, 15.
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