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Abstract—To engineer a “soluble” form of membrane-bound cytochrome P45017a (CYP17)—a key enzyme in steroid hor-
mone biosynthesis—in the present work we have built a computer model of the tertiary structure of the hemeprotein, iden-
tified the surface hydrophobic amino acid residues, substituted these residues for more hydrophilic ones, and expressed and
purified hydrophilized forms of CYP17. We have constructed and purified the following mutant forms of human CYP17:
CYP17dH (CYP17 with deleted hydrophobic N-terminal sequence (A*)) and CYP17mod (CYP17dH with substituted clus-
ter of hydrophobic amino acid residues in the region of the FG-loop). Removal of the N-terminal sequence responsible for
interaction with the membrane does not dramatically change the association of the protein with the membrane. However,
CYP17mod containing hydrophilic FG-loop is mostly localized in the cytosolic fraction. Thus, in the present work we for
the first time engineered a “soluble” form of the usually membrane-bound human CYP17 that is not bound to membrane.
The expression degree of CYP17mod is approximately 900 nmol/liter of culture. The hemeprotein can be purified to appar-
ent homogeneity without using detergents at any purification step. It is shown that replacement of hydrophobic amino acid
residues in the FG-loop region does not change the metabolic profile during hydroxylation of steroids that is characteristic
for wild type CYP17. Besides, the modification of the hemeprotein does not affect the affinity of CYP17 to steroid sub-

strates. The engineered “soluble” form of human CYP17 is used as a subject for crystallization of the hemeprotein.
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Cytochrome P450 represents a huge superfamily of
hemeproteins, components of the monooxygenase sys-
tems involved in metabolism of a wide spectrum of
endogenous and exogenous compounds including biosyn-
thesis and catabolism of steroid hormones, and biotrans-
formation of drugs and toxins [1, 2]. Cytochrome
P45017a. (17a-steroid hydroxylase/17,20-lyase, CYP17)
is the key enzyme in steroid hormone biosynthesis [3].
This microsomal hemeprotein is unique in its ability to
catalyze two independent reactions at the same active site.
CYP17 catalyzes selective 17a-hydroxylation of preg-
nenolone (P5) and progesterone (P4) to form correspon-
ding 17a-hydroxylated derivatives, which serve as precur-
sors of glucocorticoid hormones. Besides, CYP17 cat-
alyzes conversion of 17a-hydroxyprogesterone (170H-

Abbreviations: DTT) dithiothreitol; IPTG) isopropyl-B-D-
thiogalactopyranoside; OD) optical density; P4) progesterone;
P5) pregnenolone; PMSF) phenylmethylsulfonyl fluoride.

* To whom correspondence should be addressed.

P4) and 17oa-hydroxypregnenolone (170H-P5) via the
17,20-lyase reaction to form androstenedione and dehy-
droepiandrosterone, correspondingly, which are interme-
diate steroids in sex hormone biosynthesis. The ratio of
17a-hydroxylase and 17,20-lyase activities of CYP17 is an
important physiological factor that determines the direc-
tions of steroid hormone biosynthesis either to biosynthe-
sis of glucocorticoid or sex hormones [4, 5].
Abnormalities in the function of this enzyme are
closely associated with the set of serious disturbances in
steroidogenesis and are the main reason for severe hered-
itary disease in human [6-8]. Besides, it has been shown
that human CYP17 plays an essential role in the develop-
ment of some cancers, which makes the development of
selective inhibitors for human CYP17 an important task
[9]. At the present time there are no effective inhibitors
which might be selective and specific with respect to
human CYP17 catalyzed reactions. The development of
new selective inhibitors as well as studies of
structure—function peculiarities of CYP17 needs infor-
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mation on the structure of the active site and tertiary
organization of the molecule.

The most effective approach at the present time to
study structure of protein molecules is X-ray analysis,
which requires the preparation of crystals of macromole-
cules. So far the crystal structure of steroidogenic
cytochrome P450 is not known. This is explained by the
fact that as for majority membrane-bound proteins,
eukaryotic cytochrome P450s are characterized by high
content of exposed hydrophobic regions serving for
anchoring of the protein in the membrane and connected
with the high tendency of the protein molecules to aggre-
gate even in the presence of detergents, which are neces-
sary for their purification to homogenous state.
Crystallization of such proteins is possible only after their
hydrophilization to decrease the content of surface-
exposed hydrophobic regions.

It has been shown for some microsomal cytochrome
P450 metabolizing drugs that removal or modification of
the highly hydrophobic N-terminal sequence (signal
sequence responsible for translocation and anchoring of
cytochrome P450 in membrane [10]) results in increase
of expression level and allows the preparation of much
higher quantities of functionally active “soluble” protein
not associated with membrane [11-14]. In the case of
steroidogenic cytochrome P450, this approach proved to
be ineffective. In part, it was shown for bovine CYP17
that removal of the highly hydrophobic N-terminal signal
sequence (A*'7) does not result in a “soluble” form of the
hemeprotein [15].

A characteristic feature of eukaryotic cytochrome
P450 is the presence of a cluster of hydrophobic amino
acid residues in the region of FG-loop. It is thought that
this region together with the N-terminal sequence forms
a hydrophobic surface of the protein that participates in
interaction with microsomal membrane [16], and also is
involved in formation of a hydrophobic channel for sub-
strate penetration into the active site of the hemeprotein,
which is extremely important for microsomal cytochrome
P450 metabolizing highly hydrophobic steroid substrates
[17, 18].

In the present work, with the goal of engineering a
“soluble” form of normally membrane-bound human
CYP17, we computer modeled the tertiary structure of
CYP17 and performed site-directed mutagenesis of
hydrophobic regions exposed on the surface of protein
globule: modified the N-terminal sequence and replaced
the cluster of hydrophobic amino acid residues located in
the region of the FG-loop. We compared the characteris-
tics of full-length human CYP17 (CYP171l), CYP17 with
deleted N-terminal hydrophobic amino acid sequence
(CYP17dH), and CYP17dH with replacement of the
cluster of hydrophobic amino acids in the region of the
FG-loop (CYP17mod) and engineered for the first time a
“soluble” form of human CYP17mod that is not bound
with membrane.
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The following chemicals were used in the present
work: progesterone (P4), pregnenolone (P5), sodium
cholate, Triton X-100, NADPH, phenylmethylsulfonyl
fluoride (PMSF), 6-aminolevulinic acid (ALA), SDS,
Coomassie brilliant blue R-250, Hepes, and Tris (Sigma,
USA); Ni-NTA-Agarose (Qiagen, USA); Emulgen 913
(Kao Atlas, Japan); agarose, isopropyl-B-D-thiogalac-
topyranoside (IPTG), and dithiothreitol (DTT) (Gibco
BRL, USA); Bacto-Tryptone, Bacto-Peptone, and
Bacto-Yeast extract (Difco Laboratories, USA); Bio-Gel
HTP (Bio-Rad, USA); methylene chloride (Ekos-1,
Russian Federation). Restriction enzymes and other
enzymes for DNA modification were from New England
Biolabs (USA) and Promega (USA).

Engineering of expression vector for human CYP171l,
CYP17dH, and CYP17mod. To construct an expression
vector for human CYP17fl, cDNA coding human CYP17
was amplified using the following primers: 5'-CAAG-
GAATTCTCTGGGCGGCC and 3'-ATGTCGACC-
CTTCAGCCTGGGCTTCCC. The fragment obtained
after restriction of the amplicon with EcoRI and Sall was
cloned into expression plasmid pCW_bovl7 his [19],
from which the EcoRI-Sall fragment was preliminarily
removed.

To obtain expression plasmid CYP17dH, we
replaced the highly hydrophobic N-terminal sequence of
CYP17 (A*?* N-terminal amino acid residues) for amino
acid sequence MAKKT as reported for CYP2C3 [13],
while into the C-terminal sequence we added a 4His-
cluster to simplify the purification procedure. To con-
struct expression plasmid CYP17mod and replace the
hydrophobic cluster located in the FG-loop, cDNA for
human CYP17 with modified N-terminal sequence was
amplified using the following primers: direct 5'-ACTC-
CTGCGCAACGTAATCAA-3" and reverse 5'-TTGAT-
TACGTTGCGCAGGAGT-3'". The constructs contain-
ing the cDNA coding the studied hemeproteins were
cloned into expression vector pCW (for CYPI17fl) or
pTrc99 (CYP17dH and CYP17mod).

Expression of CYP17fl, CYP17dH, and CYP17mod.
Escherichia coli JM109 competent cells were transformed
with plasmids containing CYP17 (CYP17fl, CYP17dH,
or CYP17mod). Transformed cells were screened on Petri
dishes with LB-agar and ampicillin (100 pug/ml). Separate
colonies were used to inoculate 5 ml of LB-media con-
taining ampicillin (100 pg/ml), and incubated at 37°C
with continuous shaking at 180 rpm for 16-24 h. Then 0.5
liter of TB-medium containing 100 mM potassium-phos-
phate buffer, pH 7.2, and ampicillin (100 pug/ml) was
inoculated with 3 ml overnight culture, and the mixture
was incubated at 37°C under continuous shaking at
180 rpm. After reaching absorbance ODg,, ~ 0.4 (about
5 h), protein expression was stimulated by adding of
IPTG (0.5 mM), also adding ALA (0.65 mM) and ampi-
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cillin (100 pg/ml). After 48 h of incubation at 26°C under
continuous shaking at 140 rpm, cells were collected by
centrifugation at 3000 rpm for 10 min. The pellet was sus-
pended in 50 mM Tris-HCI buffer, pH 7.4, containing
20% glycerol, 0.3 M NaCl, 0.5 mM PMSEF, and 50 uM
progesterone (1 volume of cells/4 volumes of buffer).
Cells were frozen to —73°C.

Isolation and purification of recombinant proteins. To
purify recombinant CYP17fl and CYP17dH, cells were
thawed and treated on ice with ultrasound usinga UZDN-
2 device six times for 30 sec with 2 min intervals. The son-
icated cell suspension was centrifuged (3000 rpm, 10 min;
Beckman, USA) to remove unbroken cells. Recombinant
protein was solubilized from membranes by adding drops
of Emulgen 913 to final concentration 1% (3 mg detergent
per mg protein) under continuous mixing for 1 h. The sus-
pension was centrifuged 1 h at 100,000 rpm to remove
non-solubilized membrane structures.

At the first step of purification of recombinant pro-
tein, solubilized proteins in 50 mM Tris-HCI buffer,
pH 7.4, containing 20% glycerol, 0.3 M NaCl, and 50 uM
progesterone were applied to a column with DEAE-cellu-
lose to remove impurities that are not removed by metal-
affinity chromatography. The eluate was applied directly
to a column with Ni-NTA-Agarose, equilibrated with
buffer A (50 mM Tris-HCI buffer, pH 7.4, containing 20%
glycerol, 0.3 M NaCl, and 50 uM progesterone). The col-
umn was washed with 2-3 volumes of buffer A containing
0.2% Emulgen 913 and then with 10 volumes of buffer A
containing 0.2% Emulgen 913 and 100 mM glycine
(buffer B). The proteins were eluted from the column with
buffer B containing 50 mM histidine. Fractions contain-
ing CYP17 were pooled and applied to a column with
hydroxyapatite for subsequent purification. The column
was washed with 10 volumes of 50 mM potassium-phos-
phate buffer, pH 7.2, containing 20% glycerol, 50 uM
progesterone, 0.2% Emulgen 913, and 0.1 mM DTT.
Proteins were eluted from the column with 0.3 M potassi-
um-phosphate buffer, pH 7.2, containing 20% glycerol,
50 uM progesterone, 0.2% Emulgen 913, and 0.1 mM
DTT. Highly purified hemeproteins were stored at —73°C.

Preliminary experiments have shown that recombi-
nant CYP17mod is mostly localized in cytosol, and there-
fore the step of solubilization of the hemeprotein from
membrane in the purification protocol was omitted.
CYP17mod was purified according to a procedure similar
to that developed for purification of full-length CYP17,
except that detergent was not used at any steps of the
CYP17mod purification procedure. The purified heme-
protein was dialyzed against 50 mM Tris-HCI buffer,
pH 7.4, containing 20% glycerol and 0.3 M NaCl.

Highly purified recombinant rat NADPH-
cytochrome P450 reductase and rat cytochrome b5 were
purified as previously described [19].

Determination of 17a-hydroxylase activity of
CYP17. The 17a-hydroxylase activity of recombinant
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CYP17 was determined in a reconstituted system at 37°C
in 25 mM Hepes-NaOH buffer, pH 7.2. Aliquots of con-
centrated proteins (0.5 uM CYP17 and 1 uM rat
NADPH-cytochrome P450 reductase) were mixed and
incubated at room temperature for 5 min. Progesterone
dissolved in ethanol was added to the reaction mixture to
final concentration 50 uM and incubated 10 min at 37°C.
The reaction was started by adding NADPH to final con-
centration 0.25 mM. Aliquots (0.5 ml) were taken from
the incubation mixture at selected time intervals. The
reaction was stopped by adding 5 ml of methylene chlo-
ride. The mixture was vigorously shaken, and layers were
separated by centrifugation at 3000 rpm for 10 min. The
aqueous layer was carefully removed, and the organic
layer was dried under a flow of argon. Steroids were
solved in 100 pl of methanol and analyzed by HPLC
(Shimadzu LC-10AD using p-Bondapak C,; column,
3.9 x 300 mm) with an SPD-10A UV spectrophotomet-
ric detector.

Determination of 17,20-lyase activity of CYP17. The
17,20-lyase activity of CYP17 was determined in a recon-
stituted system at 37°C in 25 mM Hepes-NaOH bulffer,
pH 7.2. Aliquots of concentrated proteins (0.5 puM
CYP17 and 1 uM rat NADPH-cytochrome P450 reduc-
tase) were mixed and incubated at room temperature for
5 min. The 17a-hydroxypregnenolone (170H-P5), dis-
solved in ethanol, was added to the reaction mixture to
final concentration 50 uM, and the mixture incubated
10 min at 37°C. The reaction was started by adding
NADPH to final concentration 0.25 mM. Aliquots
(0.5 ml) were taken from the incubation mixture at select-
ed time intervals. The reaction was stopped by adding
5 ml of methylene chloride. Steroids were analyzed using
HPLC as described above.

Determination of effect of cytochrome b5 on 17,20-
lyase reaction catalyzed by CYP17. The effect of
cytochrome b5 on the 17,20-lyase reaction was studied in
a reconstituted system at 37°C in 25 mM Hepes-NaOH
buffer, pH 7.2, containing concentrated proteins in ratio
0.5 uM CYP17/1 uM NADPH-cytochrome P450 reduc-
tase/0.5 uM cytochrome bs. An ethanolic solution of
170H-P5 was added to the reaction mixture to final con-
centration 50 uM, and the mixture incubated 10 min at
37°C. The reaction was started by adding NADPH to
final concentration 0.25 mM. Aliquots (0.5 ml) were
withdrawn from the incubation mixture at selected time
intervals. The reaction was stopped by adding 5 ml of
methylene chloride. Steroids were analyzed using HPLC
as described above.

Modeling of the tertiary structure of CYP17. At the
first step of homologous modeling, we did multiple align-
ments of amino acid sequences of cytochrome P450 with
known crystal structure. Based on results of multiple
alignments, we chosen as protein template cytochrome
P4501A2 (chain A, 2hiv4 A), the crystal structure of
which has been solved with resolution 1.95 A. The amino
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acid sequence homology for the two proteins is 30%.
Using the software package Sybyl 7.3, amino acid
residues starting from 48 to 468 of the template protein
that were not identical to residues of CYP17 were sequen-
tially replaced with corresponding amino acids of the
modeled hemeprotein. Hydrogen atoms were added to
construct the model, and the geometry of final model was
optimized. Energy minimization was done using the
method of Powell in force field Tripos using atomic
charges from the Kollman library (“Kollman-All").
Heme was introduced in the active site, and its geometry
was optimized in force field Tripos using atomic charges
calculated according to Gasteiger—Huckel. The proce-
dure does molecular docking with a small number of iter-
ations of energy minimization.

Analytical methods. Cytochrome P450 concentration
was determined spectrophotometrically using molar
extinction coefficient for absorbance of complex CO-
reduced hemeprotein £459.490 = 91 mM~"-cm™' [20]. The
concentrations of cytochrome b; and NADPH-
cytochrome P450 reductase were determined from the
absolute absorption spectrum using molar extinction
coefficient g3 = 117 mM~-cm™! for cytochrome b5 [21]
and g;5 = 21.4 mM'cm™! for NADPH-cytochrome
P450 reductase [21]. Purification degree of proteins was
determined electrophoretically using SDS-PAGE.

RESULTS AND DISCUSSION

Modeling of tertiary structure of CYP17 and analysis
of the model. In the present work, in order to construct a
“soluble” form of membrane-bound CYP17, we prelimi-
narily built a model of the tertiary structure of the heme-
protein using homology modeling of tertiary structure
and performed a search for hydrophobic fragments of
CYP17 exposed on the surface of the protein molecule.
Since there is still no crystal structure solved for steroido-
genic cytochrome P450, soluble bacterial cytochromes
P450cam and P450BM-3 usually serve as a model for
building the tertiary structure of CYP17 [22-26]. It is nec-
essary to stress that all constructed theoretical models of
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the tertiary structure do not contain highly hydrophobic
N-terminal sequence of human CYP17.

As a template to construct a model for tertiary struc-
ture of human CYP17, we chosen microsomal
cytochrome P4501A2, the crystal structure of which has
been solved recently with resolution 1.95 A [27], and
homology of the amino acid sequences of the two heme-
proteins is 30%. The model of the tertiary structure of
human CYP17 is shown in Fig. 1 (see color insert). Root
mean square deviation of distance between tertiary struc-
ture for human CYP17 known from the literature [25]
and the constructed model is 7.95 A. Heme was intro-
duced into the active site. The internal volume of the
molecular model of CYP17 is 189 A’.

Analysis of the surface of the model for tertiary struc-
ture of human CYP17 (Fig. 1b) revealed several regions
with definitely increased content of hydrophobic residues
exposed on the surface of the molecule. Based on the
analysis of these data, we chose surface-exposed
hydrophobic amino acid residues localized in non-struc-
tured elements of the hemeprotein and according with
this modified the N-terminal sequence and the cluster of
hydrophobic amino acid residues V218T, W220A, L.221Q,
K222R, 1223N, and F224Q located in the region of the
FG-loop.

Heterologous expression of CYP17fl, CYP17dH, and
CYP17mod. In the present work, we constructed form
CYP17dH with shortened N-terminal sequence and
CYP17mod with modification of cluster of hydrophobic
amino acid residues in the region of the FG-loop (Fig. 2)
(see color insert). All abovementioned forms of CYP17
were expressed in E. coli, the expression conditions being
optimized to get large quantities of the recombinant
hemeprotein (table). The expression level of cytochrome
P450 in bacterial cells was estimated from difference
spectra of the CO-complex of sodium dithionite reduced
hemeprotein using molar extinction coefficient 91 mM~-
cm~!. The 17a-hydroxylase activity was determined
based on 17a-hydroxylation of P4, while 17,20-lyase
activity using 170H-P5 as substrate as described in
“Materials and Methods”. In experiments on intracellu-
lar localization of expressed proteins, it was shown that

Comparative characteristics of CYP17fl, CYP17dH, and CYP17mod

Expression Cell Catalytic activity, min~'
Protein level, localization
nmol/liter 17a-hydroxylase 17,20-lyase
—bs +bs

CYP17f1 700 membrane 6.89 £ 0.24 0.12 £ 0.001 0.28 = 0.03
CYP17dH 800 » 2.10 £ 0.17 0.04 + 0.009 0.21+0.04
CYP17mod 900 cytosol 5.95+0.21 0.06 +£0.014 0.15+0.04
BIOCHEMISTRY (Moscow) Vol. 73 No. 7 2008
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localization of the recombinant proteins significantly
depends on the degree of modification of the initial form
of the full-length hemeprotein. Thus, based on the data
on distribution of recombinant protein among subcellular
fractions after membrane sedimentation, it was found
that the full-length form of CYP17 is predominantly
found in membrane fraction (>90%) both at low and high
(300 mM NacCl, 20% glycerol) ionic strength. CYP17dH
is also mostly associated with membrane, while
CYP17mod was found predominantly in cytosol at high
ionic strength (300 mM NacCl, 20% glycerol). These data
suggest that removal of the N-terminal sequence of
CYP17 is not enough to prepare soluble form and indi-
cate the presence of additional contacts of the hemepro-
tein with the membrane, which appear to be located in
the region of the FG-loop.

Purification of recombinant proteins. The recombi-
nant proteins were purified to apparent homogeneity
using metal-affinity chromatography with subsequent
chromatography on hydroxyapatite (Fig. 3b). It is neces-
sary to stress that purification of CYP17mod does not
require detergent, which is extremely important for the
following procedure of protein crystallization. Besides, it
was also found that the recombinant hemeprotein does
not have a tendency to aggregation in the absence of
detergent.

An absolute absorbance spectrum of highly purified
human CYP17mod is shown in the Fig. 3a. The purified
hemeprotein is mostly in low-spin state having maximum
of absorbance at 414 nm, but addition of substrate results
in a shift of the absorption maximum to 393 nm, which is
characteristic for high-spin state with substrate bound.

PECHURSKAYA et al.

Chemical reduction of CYP17mod with sodium dithio-
nite shifts the absorption maximum to 412 nm.
Subsequent bubbling of carbon monoxide through the
reduced hemeprotein results in the appearance of charac-
teristic carbon monoxide complex with reduced
cytochrome P450 with absorbance at 449 nm. Significant
prevalence of absorbance at 449 nm over that of at 420 nm
indicates that most of the highly purified recombinant
CYP17mod is in native form.

As shown in Fig. 3¢, CYP17mod demonstrates char-
acteristic type I spectra on interaction with substrates
(P4, P5, 170H-P4, and 170H-P5) and has affinity to
steroid molecules close to the affinity of CYP171l.

Kinetic characteristics of highly purified hemepro-
teins. Catalytic activity of purified hemeprotein was stud-
ied as described in “Materials and Methods”.
Comparison of hydroxylase activities of the purified
hemeproteins showed that as compare to 17o-hydroxy-
lase activity characteristic for CYP17f1 (6.89 min™!),
CYP17dH has 2.4-fold decreased catalytic activity
(2.10 min™!) that indicates that the hydrophobic N-ter-
minal amino acid sequence appears to participate in for-
mation of hydrophobic interactions with its redox part-
ner, and that its removal results in decrease of 17a-
hydroxylase activity of the hemeprotein. However, further
modification of CYP17dH does not result in decrease of
catalytic activity, and in fact for CYP17mod it is
5.95 min~! (table).

The removal of the N-terminal sequence is more
critical for demonstration of 17,20-lyase activity of
human CYP17 (table). The 17,20-lyase activity of
CYP171l is registered at the level 0.12 min~!. In the case

a b c
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0.12 - 0.08
0.06 1
- [} 1
g 0.08 S 0.044
c (4]
@ o -
'8 (@]
3 8 0.02-
2 0047 < 4
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350 450 550 650 350 400 450
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Fig. 3. a) Absolute absorption spectra of highly purified human cytochrome CYP17mod. Curves: 1-4) oxidized, oxidized in complex with sub-
strate, reduced with sodium dithionite, and carbon monoxide complex of reduced hemeprotein, respectively. b) SDS-PAGE of CYP17mod:
1-3) highly purified protein, extract of E. coli membranes before purification, and standard proteins, respectively. ¢) Spectral changes induced
by adding 25 uM P4 (1), 170H-P4 (2), 170H-P5 (3), or P5 (4) to CYP17mod. Each cell contained 2 pM CYP17mod in 50 mM potassium

phosphate buffer, pH 7.2.
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of CYP17dH, 17,20-lyase activity is 3-fold decreased to
the level 0.04 min~!. CYP17mod demonstrates 2-fold
lower 17,20-lyase activity compared to CYPI17fl. These
data are in accordance with clinical data indicating that
mutation of CYP17 result in partial or complete lost of
17,20-lyase activity and much less effect on 17o-hydrox-
ylase activity of the mutants [26, 28, 29].

Studies on the effect of the physiological effector,
cytochrome b5, on 17,20-lyase reaction catalyzed by
CYP17mod have shown that cytochrome bs causes a
common stimulating effect on the reaction as shown ear-
lier [30, 31]. Thus, catalytic activity of CYP17fl increased
to 0.28 min~!' in the presence of cytochrome bs,
CYP17dH to 0.21 min~!, and CYP17mod to 0.16 min~"
(table). Thus, independent of the degree of modification,
the engineered forms of cytochrome P450 are functional-
ly active and retain their ability to catalyze 17o-hydroxy-
lase and 17,20-lyase reaction of steroid hydroxylations.

Finally, in the present work we developed an
approach and proposed a method for preparation of a
water-soluble form of the hydrophobic, membrane-
bound microsomal steroidogenic cytochrome CYPI17
The removal of N-terminal amino acid sequence of the
hemeprotein and modification of hydrophobic amino
acid residues near the FG-loop allow to reach very high
expression level of functionally active recombinant heme-
protein, which does not have a tendency to form aggre-
gates in the absence of detergent. The cytochrome P450
obtained is catalytically active and retains the profile of
activity characteristic for wild type CYP17, which makes
our hemeprotein a promising object for further crystal-
lization and resolution of the tertiary structure.
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a
N-terminal sequence

C-terminal sequence

Fig 1. (Pechurskaya et al.) Model of tertiary structure of human CYP17. a) Superposition of the models of tertiary structure of CYP17 con-
structed in the present work (green) and the model constructed previously (blue) [25]. Latin letters indicate a-helixes. b) Distribution of
hydrophobic amino acid residues on the surface of human CYP17.

N-terminal sequence FG-loop
CYP17£1 MWELVALLLLTLAYLFWPKRRCPGAKYPKSLLSLPLVG- - - (210) SKDSLVDLVPWLKIFPNK
CYPL7AH(L1) - rrrvrrrresssnnnssns MAKKTPKSLLSLPLVG- - - (188) SKDSLVDLVPWLKIFPNK
CYPL7mMOA (1) -+t o vsvervmreeseeseens MAKKTPKSLLSLPLVG- - * (188) SKDSLVDLTPAQRNQPNK

Fig. 2. (Pechurskaya et al.) Alignment of amino acid sequences of CYP17fl, CYP17dH, and CYP17mod. The sequence was modified as
described in “Materials and Methods”. Model of the tertiary structure of human CYP17. The modified amino acid residues in the region of
the FG-loop are indicated in red.
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