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bstract

Cytochrome family 1 enzymes play significant roles in carcinogenesis and xenobiotic
detoxification. CYP1A1 is the P450 family |1 enzyme preferably expressed extrahepatically and
participates extensively in monooxygenase activity which can either change the substrate to normal
or carcinogenic metabolites, having the ability to initiateoncogenesis in lung and breast. Variegated
structural properties evident in the prosites of available Cytochrome P450 (CYP) structures show
versatility among CYP catalyzed reactions. In order to understand the CYP1Al functions,
hypothesized homology model has been constructed and characterization of the active site was
performed by identifying important residues using docking studies and pharmacophore analysis.
Model of CYP1A1-Human has been construgted using the available crystal structure of CYP1A2-
Human. Active site and entry site of CYP1A1 was found to be more compact than CYPI1A2.
Difference of wild type CYP1A1 against its polymorphisms shows the role of mutations in the
active site architecture, which explain that M2 and M4 mutations in CYP1A1 have no possible
significant roles in the substrate binding and orientation for detoxification or carcinogenic
activation. Different ligands including Alpha-| naphthoflavone (ANF), Ethoxyresorufin,
Theophylline, Tamoxifen, Ethanol, Phenacetin and| Hesperetin were docked and reconfirm the

ligand specific wet lab studies.
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Introduction
Eighteen families of Cytochrome P450 and 43 subfamilies
are ultimately translated from 57 genes of human with
more than 58 pseudogenes (Nelson DR et.al., 2004). They
are the part of a multi-component electron transfer chains,
called Microsomal Cytochrome P450-containing systems.
P450s constitute multigenic superfamily of hemoproteins
playing their biological roles as heme-thiolate
monooxygenases enzymes in the synthesis and breakdown
of endogenous compounds such as synthesis and
metabolism of steroids and bile acids, metabolism of
vitamin D and synthesis of cholesterol. They are also
involved in detoxification of exogenous compounds such
as hydrophobic xenobiotics (Nebert 1991) and activation
of procarcinogenic to carcinogenic compounds, For
example, the oxidation of benz(a)pyrene in cigarette smoke
is catalysed by CYP1A1 to form BP-7,8-epoxide, which
can be further oxidized by epoxide hydrolase to form 7,8-
dihydrodiol (Shimada T and Oda Y 2001). Finally
CYP1A1l catalyses this intermediate to form 7,8-
dihydrodiol-9,10-epoxide, ~which is the ultimate
carcinogen.(Beresford AP 1993; Guengerich FP 1995;
Kawajiri K and Hayashi SI 1996). Such compounds form
adducts with the DNA and proteins causing disruption of
their normal physiological role (Rendic S and Di Carlo FJ
1997). [Some families of CYPs have the ability to
metabolize multiple substrates, which accounts for their
central role in drug to drug interactions.

In mammals, family 1 contains three well
characterized P450s; CYP1A1l, CYP1A2, and CYPIBI1
involved extensively in the biotransformation of]
xenobiotics to more polar form for efficient excretion.
Versatile nature of these enzymes is their capacity t

lling, C

YP1A2.

oxidize multiple Polynuclear Aromatic Hydrocarbons
(PAHs) (Yano JK, Hsu MH et al. 2005). Their induction is
mediated by a ligand-activated transcription factor, the aryl
hydrocarbon receptor having a basic-loop-helix PAS
domain protein which binds to enhancers flanking the
CYP1A1l, CYP1A2 and CYPIB1 genes and stimulates
their transcription.

CYP1Al is also known as aryl hydrocarbon
hydroxylase (AHH).. CYP1A1 is a P450 comprised of 512
amino acids. Its subcellular locations are endoplasmic
reticulum and microsome membrane specifically expressed
in lung, lymphocytes and placenta. Due to the specificity
for tissues other than liver, CYP1A1 is considered to be
extrahepatic. CYP1A1 mRNA levels are depressed by
inflammatory cytokines (including interleukin-6 (I1-6),
interleukin-1 alpha (Il-1 alpha), and tumor necrosis factor-
alpha (TNF-alpha)) and growth factors (Barker CW et.al.
1992). A common reason for the repression of CYP1A1
could be the involvement of reactive oxygen species (ROS)
(Morel Y and Barouki R 1998). Fluoroquinolones and
macrolides can inhibit the expression of CYPIAIL.
CYP1AL1 inhibitors like aryl hydrocarbon receptor (AhR)
antagonist, resveratrol, in red wine can have anti-cancer
nutrition activity (Casper RF et.al. 1999).

Several alleles have been identified of CYP1A1 gene
include [AI1*1, [IAI*2A (T>C; Ml1),__ IAI*2B,
1AI*2C(A>G; M2), 1AI1*3(T>C; M3), 1A1*4(C>A; M4)
and 1AI1*5 to 11 (Ingelman-Sundberg M et.al
2001).Translated products of some of which have high
inducible AHH activity.

Two polymorphisms i.e. M1 and M2 have been

Corresponding Author: Rehan Zafar

NUST Publishing, © (201

), ISSN: 2072-4659




32

NUST Journal of Natural Sciences, Vol. 1, No. 1, 201

studied extensively in relation to cancer susceptibility and
associated with high risk of smoking-induced lung cancer
in Asians but not in Caucasians (Kawairi et.al. 1990).
Recently /A1*2B and M2 were found for causing increased
risk of breast cancer (Moreno M et.al. 2008. These
polymorphisms or genetic variability can be important
contributors to inter individual preferences in drug
biotransformation and different abilities to metabolize
drugs, leading to extensive or slow metabolizers. But
recent studies made an ambiguity for the mutation specific
carcinogenesis activity of CYP1A1(Persson I et.al. 1997)
CYP1A1 have 73% amino acids sequence identity to
CYP1A2, but both are susceptible to different substrates in
terms of specifity and inhibition(Guengerich FP 1995;
Kawajiri K and Hayashi ST 1996) CYP1ALl is involved in
metabolising benz[a]pyrene and other polycyclic aromatic
hydrocarbons (PAHSs) to their toxic products (Guengerich
FP 1995; Kawajiri K and Hayashi SI 1996; Shou M et.al,
1996), while CYP1A2 preferably oxidizes heterocyclic and
aromatic amines (Hammons GJ et.al. 1997; Turesky RJ
et.al. 1998).

The characterization of CYPIAIl structure will
contribute to greater extent in understanding the enzyme
function and modes of catalysis and may provide
groundwork for the rational design of drugs and inhibitors.
CYPIA1l homology models based on several
crystallographic  templates, P450TERP, P450BM3,
P450CAM and rabbit CYP2C5 have been reported (Iori F
et.al. 2005; Szklarz GD and Paulsen MD  2002).
Homology model dependent upon low sequence identity
between CYP1AL1 and the bacterial P450s or human CYPs
2C5, 2C8, 2C9 and CYP1Al have also been reported
(Lewis BC and Mackenzie PI 2007), but are unlikely to
provide an accurate representation of the human CYP1Al
active-site.

This report attempts to provide the homology model
and characterization of wild type human CYP1A1 and its
M2 and M4 polymorphs. Different ligands including
Alpha-  naphthoflavone (ANF),  Ethoxyresorufin,
Theophylline, Tamoxifen, Ethanol, Phenacetin and
Hesperetin were docked and reconfirmed for the ligand
specific wet lab studies.

Experimental procedures

Homology modelling of CYP1A1
The complete sequence of the CYP1Al was taken from|
UniProtKB/Swiss-Prot database (Accession # P04798)
(Swiss-Prot Protein knowledgebase)
(http://www.uniprot.org/). The protein sequence of]
CYP1A2 was 514aa long. The sequence of CYPIAl
protein was searched for reference sequence entries af
NCBI (www.ncbi.nlm.nih.gov) using the algorithm PSI-
BLAST from PDB database (Medha B and Aravind L
2007). Based on the distance in the evolutionary tree from|
CYP1A1 and the percentage sequence identity, the
template structure having the PDB ID 2HI4 (CYP1A2) was
chosen. Sequences of CYPs 1Al & 1A2 were aligned
using server based 3D-Coffee alignment program
(O'Sullivan O 2004) and the alignment refined using

ASCAL (Thompson JID etal. 2003). MODELLER
release 9v7 (Eswar N etal 2006) was used for
comparative modeling of the CYP1Al structure based on
the CYP1A2 template structure (PDB ID 2HI4).

Thirty two models for CYP1A1 were generated, and
sixteen models of these models with lowest energies were
clustered into 4 groups based on the root mean square
distance (RMSD) between the corresponding residues in
their structures using NMRCLUST (Kelley LA 1996).
Representative 3 models from each cluster and outliers
were selected for further analysis and, the free energy of]
the models, Ramachandran plot calculated using
PROCHECK (Roman A et.al. 1993) and ERRAT (Colovos
C and Yeates TO 1993) score were used as criterion for
final model selection.

Docking of ligands:

Different ligands including Alpha-naphthoflavone (ANF),
Ethoxyresorufin, Theophylline, Tamoxifen, Ethanol,
Phenacetin and Hesperetin were docked in the heme
neighbour. Each of these ligands was docked to generate
fifty docking poses using GOLD (Abecasis GR and
Cookson WO, 2000) within 15 A of heme. The population
size was 100, with a selection pressure of 1.1, 5 islands,
niche size of 2, maximum operations were set to 100000
and the protein side chains were fixed. The resulting fifty
docking poses for each ligand were ranked according to
their corresponding binding score. The “correct” binding
pose for each ligand, out of the fifty resulting poses, was
chosen based on the position of the expected site off
metabolism relative to the heme and the binding score. The
results were then analyzed using PyMol (DeLano WL
2002) and SwissPdb Viewer (Guex N and Peitsch MC
1996).

Results and discussion

The phylogenetic tree of CYP1A1 and reference sequence
entries in NCBI showed that CYP1A1 was closest to 2HI4
(CYP1A2-human), 20JD (CYP2R1) and 2F9Q
(CYP2D6); while sequence identity results showed that
CYP1A1 has the highest percentage sequence identity with
2HI4 (CYP1A2) of 73%. Based on the distance in the
evolutionary tree from CYP1A1 and the higher percentage
sequence identity, the template structure chosen was 2HI4
(CYP1A2).

Figure 1 shows the ERRAT plot for the “best”

modeled CYP1AL. It had an overall quality factor of 57.32
and had areas of high error at the N and C terminals.
Additionally some areas of the active site also had a high
error i.e. BC loop area (110 to 115aa), the area between the
F and G helix (235 to 245aa), some residues in the I helix
(315 to 320aa), Substrate recognition sites (Gotoh, 1992)
(SRSs) i.e. SRS5 area (382-385aa) and SRS6 area (490 to
500aa).
The Ramachandran plots for the “best” CYP1A1l model
showed good stereochemistry with 90% of residues for
CYP1A1 in most favoured regions while only two residues
were in disallowed regions (Ramachandran GGN et.al.
1963).
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Human cytochrome P450 1A1 structure

The structure of modeled CYP1A1 exhibits some of the
same structural properties of CYP1A2, with some
structural divergence. Figure 2 shows the CYP1Al
sequence with the secondary structure elements labeled as
arrows (sheets) and coils (helices)

The active site of P450s is located inside the protein. The
recognition of substrates thus sometimes requires dynamic
changes in the protein to provide an access route as well as

through the protein provides a way for release of the
product, which may be the rate-limiting step. The substrate|
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specific binding in the active site. Similarly an egress route
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specificity of P450s can be influenced not only by the
interactions made in the active site but also by accessibility
to and from the active site, which highlights the importance
of entrance and egress channels.

Figure 3 shows one possible entry channel into the
active site. This was determined using the “Alpha site
finder” utility in the program MOE (Molecular Operating
Environment) (Chemical Computing group), and it
corresponds to the entry channel for CYP2D6 (PDBID
2F9Q) (Rowland P et.al. 2006). The second potential
channel appears to be between BC loop, G and I helices,
similar to pw2c pathway identified by Rebecca Wade et al
(Wade RC et.al. 2005). CYP1A2 crystal structure (PDBID
2HI4) does not show any entry channels. The entrance
channel for our model appears to be lined by polar and
charged residues from the F helix, I helix and E helix. The
arrows show the possible entrance path. Asn219 from the F
helix is replaced by Lys in CYP1A2, Asp in CYP2D6 and
Ser in CYP1B1. Asn222 is replaced by His in CYP1A2,
Gln in CYP2D6 and Glu in CYPIBI1. Asn223 is only
present in CYP1A1, while the CYPs 1B1, 1A2 and 2D6
have a Glu in this position. On the SRS6, Lys499 is
conserved in CYPs 1A1, 1A2 and 1B1, while 2D6 has a
SER in this position. Argl88 and Tyr187 from the E Helix
also point into the entrance channel.

ASN-223

»
(B
b
F helix LYS-499 l,;
| \( ASP 320 E helix
- THR-s24(0
J" == | X 4
A :
&u‘ I-;;__;: 1 helix

Fig. 3. Possible entry channel into the active site of CYP1A1
marked by arrows, surrounded by residues from the F helix, |
helix and E helix.

Active site of CYP1A1
Active site of CYP1A1 is composed of BC loop (Figure 4),
I helix (Figure 5), SRS 5 and 6 (Figure 6), F helix (Figure
7), G helix (Figure 8). The residues along the I Helix, BC
Loop and SRS 5 area surround the heme, helping to place
the ligand on top of the heme.
In the BC loop (Figure 4), Phe123 is conserved across|
a range of P450s and provides important pi stacking
hydrophobic interactions placing the ligand on top of the
heme. Ser122 and Ser120 can provide important hydrogen
bonding interactions and Ilel115 can provide hydrophobic
interactions. Ser122 in CYP1A1 aligns with Thr124 in
CYP1A2 (Data is not shown here). Thr124 in CYP1A2 is
important in substrate binding. This was also observed in
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Fig. 4. Residues in the BC loop
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CYP1AL.
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Fig. 7. Residues from F helix oriented towards the active site in
CYP1A1. Asp320 (I helix) is also visible.
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Fig. 8. Residues of G helix from CYP1A1 oriented into the active
site. Phe224 from F helix is shown as well

equivalent CYP1A1 SI122T mutant, which displayed
significantly increased O-dealkylation activity for both 7-
ethoxy and 7-methoxyresorufin over CYP1A1l wild-type
(Sansen S et. al. 2007).

Asp313. Asp320, Ala317, Thr321 present in helix I
(Figure 5) are conserved in CYPs 1A1 and 1A2.

Val382 and I1e386 (SRS5); Thr497 and Leu496
(SRS6) are shown in Figure 6. Modeling suggests that
Val382 provides important hydrophobic interactions to
position the ligand on top of the heme, e.g. in the case of]
ethoxyresorufin, the ethyl group forms hydrophobic
interactions with this Val382 thus positioning the ligand on
top of the heme for O-de-ethylation (EROD Activity: —
Figure 12). The ethoxyresorufin-O-deethylase (EROD)

assay is utilized for observing the induction of the
CYP1A1 and is used as a biomarker for the exposure of
xenobiotics that bind with to AhR (Burke M and Mayer R.
1974).

CYPIA2 has a Leu in the position of
CYP1A1:Val382. Leu is a larger residue than Val, which is
likely why wild-type CYP1A1 (Val-shorter residue) versus
CYP1A2 shows a clear preference for 7-ethoxyresorufin
versus 7-methoxyresorufin O-dealkylation. The reciprocal
CYPIA1 V382L and CYPIAIl L382V mutants display|
interchanged specificities (Sansen SS et.al. 2007). 11e386 is
conserved in both CYPs i.e 1A1, 1A2. Mutagenesis studies
on Ile386 in CYPIA2 have shown to alter substrate
specificity, e.g. I386T mutation showed a marked shift in
catalytic specificity, with much reduced phenacetin O-de-
ethylation but increased EROD activity (Zhou HH et.al.
2004). Val382, I1e386 and Leu496 appear to form an
important hydrophobic network.

Phe224 present in F helix (Figure 7) provides
important pi stacking interactions for the aromatic ligands,
and is also conserved in CYP1A2. Asn221:1A1 (F helix) is
important in determining the flexibility of CYP1A1 active
site because in CYP1A?2 this Asn is replaced by a Thr223
which leads to a hydrogen bond formation between Thr223
(F Helix) and Asp320 (I Helix), making the active site
restricted (Sansen SS et.al. 2007).

In CYP1ALI, Leu is present at the 254 position instead of
Phe:1A2 (Figure 8). Phe258 is found conserved both in
CYP1A1l and CYP1A2. Phe258 and Phe224 of F helix
(Figure 8) together can form an aromatic network,
sandwiching the ligand between them. Tyr259 (G helix) in
CYPI1AL is present instead of a Leu (CYP1A2) in this
position. It might be important, but in the current rotamer
conformation it appears to be too far from the main active
site cavity.

Amino acids substitutions in more than 5
polymorphisms of CYPlAl characterize different
biological responses; most of them are concerned with the
activation of carcinogenic property of compounds. From
previous studies, we came to know that in M2 polymorphs
the Ile462 is mutated to the Val-462. The major oxidative
routes of estrone and estradiol are 2- and 4-hydroxylation
by cytochrome P450 2B1, 1A and 3A. The presence of
polymorphs can ultimately generate 2-OH derivative of
estradiol in excess which can ultimately fatal in breast
cancers. The structure determination of Polymorphisms
1A1*2A (M1), 1A1*2B and 1A1*2C (M2) can thus be
defended for their role in oncogenesis.

In M2, the difference of Ile-462-Val was thought as a
major fact for the oncogenic biotransformation of
metabolites. But Persson and collegues (Persson I et.al.
1997) observed that the Val-462 variant was not
functionally important in the PAH induced cancerogenesis.
Furthermore, Smart and Daly (Smart J and Daly AK 2000)
reported that polymorphisms in the Ah receptor gene
contributed more to CYPIAl levels than did the
polymorphism in the CYP1A1 protein. From our modeled
CYPI1AL1 structure, it can be supposed that the mutation in
Tle462Val would neither induce any conformational change
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in the active site of CYP1Al nor participate in the
orientation of different substrates for catalysis.

Actually, the 462 position was on the downward side|
of chair like coordinates for active site (Figure 9). The
heme group is present in y axis whereas the 462 position is
with —y value in coordinates. (Figure 9). As the role of the
CYP1A1l, DNA sequence variants in cigarette smoking
related cancer development is not yet resolved (Watanabe
M 1998; Houlston RS 2000) but the model of CYP1A1
showed that the M2 polymorph has nothing to do with the
active site disruption which can ultimately result in the
oncogenesis.

Similarly the mutation Thr461Asn in M4 polymorph of
CYPI1AT1 has shown that the effect of mutations should not
affect the substrate binding in the active site and confirmed
by the previous wet lab studies of these mutations and their
substrate binding specificity or metabolisation.

Docking analysis

The single preferred orientation, observed for Alpha-
naphthoflavone (ANF) binding with CYP1A2 is shown in
Figure 10. ANF is metabolised by CYP1A1 to form ANF-
5, 6-diol and ANF-5,6-oxide, and is docking in a pose to be
metabolised at position 5 and 6 (Figure 11). The possible
reasons for this difference between ANF binding in
CYP1A1 and CYP1A2 could be explained by looking at s
10 and 11. CYP1A2 has a triad of Phe, while CYP1Al is
missing the Phe256, instead being replaced here by
Leu254. Leu254 (CYP1ALl) is about 5.6 A away from the
ANF, which makes it a very weak hydrophobic interaction;
while Phe256 (CYP1A2) is about 4.2 A away, thus having
stronger hydrophobic interactions.

The second difference, which appears to be important
is CYP1A1 having a Val382 on SRS5, which is smaller
and creates more space for the triple ring of ANF to fit
there. On the other hand CYP1A2 has Leu382 in this
position, which is a longer residue. The triple ring of ANF
will clash with Leu382 if it binds that way. These two
differences seem to be the most obvious for ANF binding
one way in CYP1A1 and the other way in CYP1A2.

The docking pose for ethoxyresorufin (Figure 12)
shows a good position for O-de-ethylation to occur.
Phe123 provides pi stacking interactions; Ser122 makes a
hydrogen bond with the nitrogen while the ethyl group has|
hydrophobic interactions Val382, I1e386 and Leu495.

Theophylline (Rendic SS 2002) can be metabolised by
CYP1A1l at positions 1, 3 or 8. Figure 13 shows the
docking pose for theophylline in CYP1A1 model. It is in a
good orientation for 1-de-methylation. Asp320 makes a
hydrogen bond with the Nitrogen at position 7, while
Ser122 donates a hydrogen bond to the Oxygen.

Tamoxifen is metabolised by CYP1A2 and CYPIAI
into N-desmethylTAM (Crewe HK et.al. 2002). Figure 14
shows the docking pose of tamoxifen into the CYP1Al
model. Phe224 and Phe258 sandwich the ring, providing
strong hydrophobic interactions along with Leu254.
Phel23 and Ile115 provide hydrophobic interactions along
the BC loop. Close to the heme I1e386, Val382 and Leu496
form a triad of hydrophobic residues.

VAL.382 I-helix

= n
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Y asns61
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Fig. 9. Position of Asn-461 & Val-462 in M2 Polymorph of
CYPIAL.
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of the heme, thus placing positions 5 and 6 of ANF on top of the

heme
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Fig. 12. Ethoxyresorufin docking into the CYP1A1 model. A
possible hydrogen bond between Ser122 and Nitrogen is shown.
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Fig. 13. Theophylline docking into CYP1A1 model in a good
orientation for 1-de-methylation. Ser122 (BC loop) and Asp320
3(I helix) are involved in hydrogen bonding with Theophylline.
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Fig. 14. Docking pose of tamoxifen into CYP1A1 model.
Tamoxifen is in a good position for N-de-methylation.

Figures 15, 16 and 17 show the docking poses for
some other ligands i.e. Ethanol, Phenacetin and Hesperetin
Rendic SS 2002). All three dock in good positions for
metabolism to occur.

Extensive utilization of homology models to predict
key amino acids that may have a role in interaction with
the substrate can give an efficient throughput screening for
the lead products. For Example, In silico docking Studies
with CYP3A4 (Szklarz and Halpert, 1997; He YA et.al
1997) showed important key residues which were then
latterly confirmed by site-directed mutagenesis (He YA
et.al. 1997, Domanski TL et.al. 1998). Our studies have
identified some residues in the active site which are
believed to be involved in substrate recognition and
binding, including: TIlel15, Ser122, Phel23, Phe224,
Phe258, Tyr259, Asp313, Ala317, Asp320, Thr321,
Val382, I1e386, Leud496 and Thr497. These residues
provide an avenue to study CYP1AI active site and its
interaction with lead compounds.

Conclusion

A comparative model of CYP1A1 based on the structure of|
P450 1A2 built having 73% of sequence homology. Since,
a profound comparative model always require optimum
homologue template for defining its restraints, we
presented a comparative model of CYP1Al with the
highest confidence in the accuracy of restraints in
comparison to the earlier models which were modeled
using the maximum limit of 36% homology. Such studies
are commonly performed in vitro and in silico in the
process of drug development to estimate the risk of drug
interactions. Our CYP1A1 homology models give good
insight into the CYP1A1 active site and its interaction with
various substrates. Our studies have identified some
residues in the active site which are believed to be involved
in substrate recognition and binding, including: Ilel15,
Ser122, Phel23, Phe224, Phe258, Tyr259, Asp313,
Ala317, Asp320, Thr321, Val382, I11e386, Leud496 and
Thr497. These residues are identical to the residues
identified in other studies (Szklarz GD and Paulsen MD
2002; Iori F et.al. 2005; Lewis BC et.al. 2007). The
models also predict sites of metabolism for some of the
ligands and binding positions of some ligands like
Ethoxyresorufin which are similar to those predicted in
other studies (Lewis BC et.al. 2007). Our model suggests
the role of mutations to be ineffective for metabolisation of]
substrates and reconfirm the observations of Persson and
collegues (Persson I et.al. 1997).The search for CYP1A1
inhibitors together with in silico models developed herein
may provide useful information for the development of|
chemoprotectors and wet lab conformational studies.
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Fig. 15. Ethanol docking pose into CYP1A1 model. It is in a good
position for oxidition to Acetaldehyde. The Hydrogens on Ethanol
are shown for clarity.
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Fig. 16. Phenacetin docking pose in the CYP1A1 model. The
oxygen is positioned on top of the heme for O de-ethylation to
form Paracetamol. Ser122 forms a hydrogen bond and Val382
has hydrophobic interactions with the ethyl group to position the
oxygen on top of the heme.

\ LEU-254
7 X PHE-224

=
4 "4
&SNQU
'
py
/ﬁ | helix

R

PHE-258

PHE-123

= VVAL-382
SER-122

Fig. 17. Hesperetin docking pose in the CYP1A1 model. Val382
provides hydrophobic interactions with the methyl group, Ser122
and Asn221 make hydrogen bonds while Phe224 and Phe258
provide pi stacking interactions. These interactions place
Hesperetin on top of the heme for O demethylation to occour.
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Fig. 3. Possible entry channel into the active site of CYP1A1

marked by arrows, surrounded by residues from the F helix, [
helix and E helix.
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Fig. 6. Val382 and 11386 (SRS5); Thr497 and Leu496 (SRS6)
for CYP1A1 are shown
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Fig. 7. Residues from F helix oriented towards the active site in
CYP1A1. Asp320 (I helix) is also visible.
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Fig. 8. Residues of G helix from CYP1A1 oriented into the active
site. Phe224 from F helix is shown as well

VAL.382 I-helix

= =

Heme

, VAL-462
\]*
I ASN 461

¢

Fig. 9. Position of Asn-461 & Val-462 in M2 Polymorph of
CYPIAL.
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Fig. 10. ANF binding in CYP1A2 crystal structure 2HI4.
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Fig. 11. ANF docking pose in the CYP1 A1 model. Ser122 makes
a hydrogen bond, (dashed line). Val382 (being shorter than Leu
from 1A2) has more space for the triple ring of ANF to fit on top
of the heme, thus placing positions 5 and 6 of ANF on top of the

heme
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Fig. 12. Ethoxyresorufin docking into the CYP1A1 model. A
possible hydrogen bond between Ser122 and Nitrogen is shown.
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Fig. 13. Theophylline docking into CYP1A1 model in a good
orientation for 1-de-methylation. Ser122 (BC loop) and Asp320
3(I helix) are involved in hydrogen bonding with Theophylline.
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Fig. 14. Docking pose of tamoxifen into CYP1A1 model.
Tamoxifen is in a good position for N-de-methylation.
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Fig. 15. Ethanol docking pose into CYP1A1 model. It is in a good
position for oxidition to Acetaldehyde. The Hydrogens on Ethanol
are shown for clarity.
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Fig. 16. Phenacetin docking pose in the CYP1A1 model. The
oxygen is positioned on top of the heme for O de-ethylation to
form Paracetamol. Ser122 forms a hydrogen bond and Val382
has hydrophobic interactions with the ethyl group to position the
oxygen on top of the heme.
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Fig. 17. Hesperetin docking pose in the CYP1A1 model. Val382
provides hydrophobic interactions with the methyl group, Ser122
and Asn221 make hydrogen bonds while Phe224 and Phe258
provide pi stacking interactions. These interactions place
Hesperetin on top of the heme for O demethylation to occour.




