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Materials and methods

Chemicals

The 62 PCB congeners used for the in vitro metabolism assay included CB1, CB3, CB4, CBS,
CB10, CB15, CB18, CB19, CB22, CB28, CB33, CB37, CB44, CB49, CB52, CB54, CB70, CB74,
CB77, CBS81, CB87, CB95, CB99, CB101, CB104, CB105, CB110, CB114, CB118, CB119, CB123,
CB126, CB128, CB138, CB149, CB151, CB153, CB155, CB156, CB157, CB158, CB167, CB168,
CB169, CB170, CB171, CB177, CB178, CB180, CB183, CB187, CB188, CB189, CB191, CB1%4,
CB199, CB201, CB202, CB205, CB206, CB208, and CB209. We selected these congeners based on
their I-V structural properties, as categorized by Boon et al. (1997)', and the PCB congener profiles
detected in the livers of Baikal seals®. Information on individual congeners is summarized in Table S1.

These congeners were purchased from Wellington Laboratories Inc.

Sample collection

The liver tissues of Baikal seals were collected from Lake Baikal in 2005, as has been reported in
our earlier studies.”® Permission was granted by the Lake Baikal Basin Committee for Protection,
Reproduction of Fish Resources and Fishing Control under the annual seal culling quota. The livers
were removed on board immediately after animal collection, and the sub-samples were frozen and

stored in liquid nitrogen until microsomal preparation.

Microsomal preparation and CYP spectral analysis

Liver microsomal fractions were prepared following the method of Guengerich (1982)°. About 6 g
of liver tissue sample from one adult male Baikal seal (40.5 years old) was homogenized in five-fold
volumes of cold homogenization buffer (50 M Tris-HCI, 0.15M KCI, pH 7.4—7.5) with a teflon-glass
homogenizer (10 passes) and was centrifuged for 10 min at 750 x g. The supernatant was then
centrifuged at 12,000 x g for 10 min. The supernatant was further centrifuged at 105,000 x g for 98
min. The supernatant (cytosol) fraction was removed, and the microsomal pellets were resuspended in
one volume of TEDG buffer [SO0 mM Tris-HCI, 1 mM EDTA, 1 mM dithiothreitol, 20% (vol/vol)

glycerol, pH 7.4-7.5]. Microsomal fractions were immediately frozen in liquid nitrogen, and stored at
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-80°C until use.

Protein concentrations in microsomal fractions were determined by the bicinchoninic acid method.®
BCA Protein Assay Reagent (Pierce, Rockford, IL) and bovine serum albumin as a standard were used
for the protein assay. Absorbance at 560 nm was measured using a multiwell plate reader
(SpectraFluor Plus, Tecan Austria GmbH, Groedig, Austria). The content of hepatic microsomal CYP
was determined from the dithionite difference spectra of CO-treated samples’ with a DUS00

spectrophotometer (Beckman Coulter, Inc.).

Measurements of PCBs and OH-PCBs

The measurement of PCBs and OH-PCBs in the reaction mixture was performed according to the
method of Nomiyama et al. (2010)*. Briefly, the reaction mixture was denatured with 6 M HCI and 2-
propanol, and PCBs and OH-PCBs were extracted by 50% methyl t-butyl ether (MTBE)/hexane. The
extract was partitioned into neutral and phenolic fractions using 1 M KOH in 50% ethanol/water. The
neutral fraction containing PCBs was passed through a 4 g activated silica-gel column and eluted with
80 mL of 5% DCM/hexane.

The KOH solution containing OH-PCBs was acidified (pH 2) with sulfuric acid and was extracted
twice with 50% MTBE/hexane. The organic fraction containing OH-PCBs was passed through a
column packed with 3 g of hydrated silica gel (Wako-gel S-1, deactivated with 5% H,0), and OH-
PCBs was eluted with 50% dichloromethane (DCM)/hexane (100 mL). The eluted OH-PCB fraction
was concentrated and dissolved in 1 mL hexane. The OH-PCBs were derivatized overnight by
trimethylsilyldiazomethane. The derivatized (methylated) MeO-PCBs were passed through a 3 g
activated silica-gel column, and were then eluted with 140 mL of 10% DCM/hexane. The PCBs and

MeO-PCB fractions were concentrated to near dryness. Then, 13C,,-labeled PCBs dissolved in up to

50 MWL of decane were injected as surrogates for the gas chromatograph (GC: 6890 series, Agilent)

coupled with high resolution (>10,000) mass spectrometer (HRMS: MS-800D, JEOL) analysis.
Identification and quantification of PCB congeners were performed under previously reported GC-

HRMS analytical conditions.® Unknown OH-PCB metabolites were quantified as mean values of
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relative response factors based on the identifiable '>C;,-OH-PCB homologues and the corresponding

13C ,-isomer in standard solution, following the method of Kunisue et al. (2007).9

Cloning and sequencing of bsCYP2 cDNAs

The cDNA of Baikal seal liver was prepared from poly(A)'RNA using a Marathon cDNA
Amplification Kit (BD Biosciences Clontech)’. Adaptors of adaptor primer 1 and 2 sequences were
added to both ends of each cDNA. Partial cDNA sequences of bsCYP2A, 2B, and 2C were obtained
from the cDNA library of the Baikal seal that was prepared for making the custom oligoarray’. To
identify the full-length ¢cDNA, primer sequences for RACE were designed based on the partial
sequences (Table S2). The bsCYP2A primer for 5'-RACE was not designed because the 5'-sequence
containing the start codon has already been obtained from the cDNA library. Amplification of the 5'-
and 3'-ends of the cDNA was performed according to the protocol described in the Marathon™
Amplification Kit (Clontech Laboratories, Inc.). PCR reactions were as follows: 94°C for 30 sec,
followed by 5 cycles of 94°C for 5 s and 72°C for 4 min, 5 cycles of 94°C for 5 s and 70°C for 4 min,
and 25 cycles of 94°C for 5 s and 68°C for 4 min. BLAST homology searches in NCBI nucleotide
sequence databases were applied to identify the bsCYP2 cDNAs based on high similarities to
deposited sequences of other mammalian CYP2 genes. The molecular weight of bsCYP2 proteins was
estimated using GENETYX-MAC version 14.0.11.

Multiple alignments of CYP2A, 2B, and 2C amino acid sequences were performed using the
CLUSTAL W in Mac Vector 11.1.1 program. The aligned amino acid sequences were used to
construct a phylogenetic tree with the UPGMA and bootstrap (1000 samplings) method using Mac
Vector."” Amino acid sequences of mammals except for the Baikal seal were obtained from the DNA
Data Bank of Japan (DDBJ). The DDBJ accession numbers of mammalian CYPs used for

constructing the phylogenetic tree are shown in Table S3.

In silico analysis

All in silico analyses were carried out using the Molecular Operating Environment (MOE) program
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(Chemical Computing Group, Montreal, Canada). For constructing homology models of the entire
proteins of bsCYPs (1A1, 1A2, 1BI1, 2A, 2B, and 2C), the following templates of CYP1 and 2
isoenzymes were taken from the Protein Data Bank (http://www.rcsb.org): human CYP1A1 (PDB
code: 4I18V), human CYP1A2 (2HI4), human CYP1B1 (3PMO0), human CYP2A6 (1Z10), rabbit
CYP2B4 (1SUO), and human CYP2C9 (10G5). All crystallographic water molecules were deleted
from each template CYP structure. To adjust for structural defects and the clash of atoms, the
Structure Preparation module in MOE was used. The amino acid sequences of bsCYPs and their
template structures were aligned and carefully checked for conserved residual structure and gap
positioning using the Protein Contacts program. In order to construct the 3D structure of heme-
containing CYP proteins, a total of 500 generated structures (10 side chain samples per 50 main chain
models) for each bsCYP were obtained by employing the ‘induced fit’ option that allows the heme
iron to fit into the template structure. The 3D structures of bsCYPs were optimized by PFROSST
force field" with an energy gradient of 0.05."> To generate the final model structure, the generalized
Born/volume integral (GB/VI) model parameters'® were applied. The overall geometric and

stereochemical qualities of the homology models were assessed using Protein Geometry.

Ramachandran plots of phi (¢) and psi (¢) torsion angles for all of the residues and the clash of atoms

in each model were checked and adjusted by energy minimization using the PFROSST force field.
Molecular docking simulations were performed to simulate the binding of 62 PCB congeners to
bsCYP proteins using ASEDock (Ryoka Systems Inc., Tokyo, Japan) following the method of Goto et
al. (2008)."* Prior to the ASEDock analysis, structures of PCBs were constructed and energy
minimized using Rebuild3D with MMFF94x force field in the MOE. A total of 500 confirmations for
each PCB congener were generated using the default systematic search parameters by LowMode MD
method. The parameters used for the refinement step were as follows: cutoff value of 4.5, RMS
gradient of 10, and energy threshold of 500."° The energy of the PCB-CYP complex was refined using
PFROSST of MOE under the limited conditions for which the side chains of amino acid residues were
fixed. Each docking simulation was evaluated in terms of a U-dock score (kcal/mol): [U_ele (electric

energy) + U _vdw (Van der Waals energy) + U_solv (solvation energy) + U_strain (strain energy)].
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The distance between the Cl-unsubstituted carbon in a given PCB congener and the heme Fe in each
CYP was measured. The substrate binding pocket in each CYP was designed using Atom Region in
MOE.

Since the structure of substrate access channel may be a critical factor to affect the substrate
specificity of each CYP, we attempted to identify the access channel 2¢, which is the most probable
candidate channel for substrates,'® in each bsCYP protein, and compare their conformational
characteristics. By reference to the access channel 2¢ in human CYP2C9 model (PDB code: 10G2)
reported in Otyepka et al. (2012),'° the dummy sites in CYP2C9, which were selected by MOE, were
edited to fit the shape of channel 2¢, and the channel was determined by using Atom Region in MOE.
The amino acid residues lining the access channel in CYP2C9 were identified, and the corresponding
amino acids in each bsCYP were assigned by aligning the bsCYP sequence with CYP2C9 sequence.
The structure of the channel 2¢ in each bsCYP, the cavity surrounded by the assigned amino acids,

was predicted by using Atom Region in MOE, and the volume was then measured.

Statistical analyses

All statistical analyses were conducted using the IBM SPSS Statistics 22.0 (IBM Corp., Armonk,
NY). Statistical significance was set at p < 0.05. Prior to PC analysis, Spearman’s rank correlation test
was performed to examine correlations between decreased PCB ratios obtained in in vitro metabolism
assays and 119 factors (Table S4), which included structural and physicochemical parameters of PCB
congeners and in silico docking variables. Using these variables, PC analysis with VARIMAX

rotation was conducted.
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255  Table S1. IUPAC numbers and structural characteristics of 62 PCB congeners used in in vitro

256  metabolism assay.

IUPAC €l no. [UPAC name NQ. pairs o, m- Npo_. slilri_;_n No. o0-Cl Metaboallic
no. vic. H-atoms atoms atoms group
1 1 2-Chlorobiphenyl 3 4 1 m, Iv
3 1 4-Chlorobiphenyl 4 2 0 m, IV
4 2 2,2'-Dichlorobiphenyl 2 4 2 o, Iv
8 2 2,4"-Dichlorobiphenyl 3 2 1 m, Iv
10 2 2,6-Dichlorobiphenyl 2 4 2 o, IvV
15 2 4,4'-Dichlorobiphenyl 4 0 0 m
18 3 2,2',5-Trichlorobiphenyl 1 3 2 o, Iv
19 3 2,2',6-Trichlorobiphenyl 1 4 3 o, Vv
22 3 2,3,4"-Trichlorobiphenyl 3 1 1 m, Iv
28 3 2,4,4"-Trichlorobiphenyl 3 0 1 m
33 3 2,3"4'-Trichlorobiphenyl 2 2 1 m, Iv
37 3 3,4,4"-Trichlorobiphenyl 3 0 0 m
44 4 2,2'3,5'-Tetrachlorobiphenyl 1 2 2 o, IV
49 4 2,2'4,5'-Tetrachlorobiphenyl 1 1 2 o, IV
52 4 2,2',5,5'"-Tetrachlorobiphenyl 0 2 2 v
54 4 2,2',6,6'-Tetrachlorobiphenyl 0 4 4 v
70 4 2,3"4",5-Tetrachlorobiphenyl 1 1 1 m, 1Iv
74 4 2,4,4'5-Tetrachlorobiphenyl 2 0 1 m
77 4 3,3"4,4'-Tetrachlorobiphenyl 2 0 0 m
81 4 3,4,4',5-Tetrachlorobiphenyl 2 0 0 m
87 5 2,2',3,4,5'-Pentachlorobiphenyl 1 1 2 o, IV
95 5 2,2',3,5',6-Pentachlorobiphenyl 0 2 3 \
99 5 2,2',4,4',5-Pentachlorobiphenyl 1 0 2 i)
101 5 2,2'4,5,5'-Pentachlorobiphenyl 0 1 2 v
104 5 2,2',4,6,6'-Pentachlorobiphenyl 0 2 4 \
105 5 2,3,3',4,4'-Pentachlorobiphenyl 2 0 1 m
110 5 2,3,3',4',6-Pentachlorobiphenyl 1 1 2 o, v
114 5 2,3,4,4',5-Pentachlorobiphenyl 2 0 1 m
118 5 2,3',4,4' 5-Pentachlorobiphenyl 1 0 1 m
119 5 2,3',4,4' 6-Pentachlorobiphenyl 1 0 2 o
123 5 2,3',4,4',5'-Pentachlorobiphenyl 1 0 1 m
126 5 3,3',4,4',5-Pentachlorobiphenyl 1 0 0 m
128 6 2,2',3,3',4,4'-Hexachlorobiphenyl 2 0 2 o
138 6 2,2',3,4,4',5'-Hexachlorobiphenyl 1 0 2 o
149 6 2,2',3,4',5' 6-Hexachlorobiphenyl 0 1 3 \Y
151 6 2,2'3,5,5',6-Hexachlorobiphenyl 0 1 3 \Y
153 6 2,2',4,4'5,5'-Hexachlorobiphenyl 0 0 2 I
155 6 2,2',4,4',6,6'-Hexachlorobiphenyl 0 0 4 I
156 6 2,3,3',4,4',5-Hexachlorobiphenyl 1 0 1 m
157 6 2,3,3',4,4',5"-Hexachlorobiphenyl 1 0 1 m
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257

258
259
260
261

262

263
264
265
266
267

268
269

158 6 2,3,3',4,4',6-Hexachlorobiphenyl 1 0 2 o
167 6 2,3',4,4'5,5'-Hexachlorobiphenyl 0 0 1 I
168 6 2,3',4,4',5',6-Hexachlorobiphenyl 0 0 2 I
169 6 3,3',4,4',5,5"-Hexachlorobiphenyl 0 0 0 I
w7 Heptachiorobipheny] ! 0 : I
e Heptachiorabigheny1 ! 0 e I
e Hepiachiorobiphany1 ! 0 ; I
e Heptachiorabigheny1 0 0 ; :
w7 Heptachioobipheny1 0 0 : :
w7 Heptachiorabipheny 0 0 ; :
L Heptachiorobipheny] 0 0 e :
L Heptachiorobipheny] 0 0 4 :
w7 Heptachioobipheny1 0 0 ! :
v Heptachiorobipheny] 0 0 : :
948 OctacHioroipheny 0 0 : :
98 OctacHiorobipheny 0 0 ; :
o0 Octackiorobipheny 0 ! s v
0w Octatorahipheny1 0 0 s :
2058 Octacharohipheny! 0 0 : :
20 9 Nomachlorabiphnt 0 0 ; :
2089 Nenachorabigheny] 0 0 4 :
209 10 Decachlorobiphenyl 0 0 4 1

* Classification of PCB congeners based on the predicted potency of CYP-mediated metabolism
proposed by Boon et al. (1997) as follows;
I: Congeners without any vicinal hydrogen (H)-atoms (persistent)

II: Congeners with vicinal H-atoms exclusively in the ortho- and meta-positions in combination with

>2 ortho-Cl substituents (persistent)

II: Congeners with vicinal H-atoms in the ortho- and meta-positions in combination with <1 ortho-
Cl (metabolizable at a constant rate or by inducible CYP isozymes)

IV: Congeners with vicinal H-atoms in the meta- and para-positions in combination with <2 ortho-Cl
(metabolizable at a constant rate or by inducible CYP isozymes)

V: Congeners with vicinal H-atoms in the meta- and para-positions in combination with >3 ortho-Cl

(metabolizable at a constant rate or by inducible CYP isozymes)
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270  Table S2. Primer sequences used for the RACE of bsCYP2 cDNAs.

Primer name Sequence

bsCYP2A 3'-RACE 5'-CCAGCACTTCCTGGATGAGAATGGGCAG-3'
bsCYP2B 5'-RACE 5-AGCCGCAGCAATTCAGGGTCTCTGTAGC-3
bsCYP2B 3'-RACE 5'-CTAGCTTCAGAGGGTACATCATTCCCA-3
bsCYP2C 5'-RACE 5'-CTAAGCAAGCTAGCAGCAGAGAAT-3'
bsCYP2C 3'-RACE 5’-GCAAGACAGGAGCCGCATGCCCTACACG-3’

271

272

273
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274  Table S3. Accession numbers of mammalian CYP2 sequences used for constructing the phylogenic

275  tree shown in Figure S5.

CYP

accession number

CYP2A

dog CYP2A13 (DQ238561), dog CYP2A25 (DQ238562), horse
CYP2A13 (EU286274), human CYP2A6 (AF182275), human CYP2A13
(AY513606), monkey CYP2A23 (DQ074790), mouse CYP2AS5
(P20852), mouse CYP2A4 (Q91X75), rat CYP2A1 (P11711), rat
CYP2A2 (P15149), rat CYP2A3 (P20812), pig CYP2A19 (AB052255),
rabbit CYP2A11 (Q05556), rabbit CYP2A10 (Q05555)

CYP2B

rat CYP2B1 (P00176), rat CYP2B2 (P04167), rat CYP2B3 (P13107),
cattle CYP2B6 (no accession no.), dog CYP2B11 (P24460), monkey
CYP2B6 (DQ074793), monkey CYP2B30 (AY635461), human CYP2B6
(P20813), human CYP2B7 (DQ198366), mouse CYP2B9 (P12790),
mouse CYP2B10 (P12791), mouse CYP2B13 (A6H6J2), mouse
CYP2B19 (055071), mouse CYP2B23 (no accession no.), rabbit
CYP2B4 (P00178), pig CYP2B22 (AB052256)

CYP2C

dog CYP2C21 (P56594), dog CYP2C41 (AF016248), horse CYP2C92
(EU014893), human CYP2C8 (P10632), human CYP2C9 (P11712),
human CYP2C19 (P33261), monkey CYP2C18 (DQ297681), minke
whale CYP2C78 (AB290008), mouse CYP2C29 (Q64458), rabbit
CYP2C1 (P00180), rabbit CYP2C2 (P00181), rat CYP2C6 (P05178), rat
CYP2C7 (Q4QQW7), pig CYP2C33 (AB052257), pig CYP2C49
(AB052258)

CYP3A

human CYP3A4 (P03684)

276

277 The human CYP3A4 is used as an outlier.
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280

281

282

Table S4. Parameters used for principle component analysis.

Group

Parameter

In vitro PCB metabolism assay

PCB decrease ratio%

PCB structural parameters

number of Cl in PCB

presence of non-ortho-position

presence of mono-ortho-position

number of H atom at ortho-position

number of H atom at meta-position

number of H atom at para-position

number of sites with vicinal H atoms at ortho- and meta-positions of PCB
number of sites with vicinal H atoms at meta- and para-positions of PCB
number of Cl at ortho-position

number of Cl at meta-position

number of Cl at para-position

number of H at Y (ortho+meta)

number of H at Y (para+meta)

presence of vicinal H atoms at 2 and 3 position of PCB
presence of vicinal H atoms at 2' and 3' position of PCB
presence of vicinal H atoms at 3 and 4 position of PCB
presence of vicinal H atoms at 3' and 4' position of PCB
presence of vicinal H atoms at 4 and 5 position of PCB
presence of vicinal H atoms at 4' and 5' position of PCB
presence of vicinal H atoms at 5 and 6 position of PCB
presence of vicinal H atoms at 5' and 6' position of PCB

bilateral symmetry

Physicochemical parameters

Log Kow

molecular weight ofPCB
PEOE_VSA+0_(electricity effect)
PEOE_VSA+1_(electricity effect)
PEOE_VSA-1_(electricity effect)
SlogP_VSA6_(hydrophobicity)
SlogP_VSA7_(hydrophobicity)
SlogP_VSA9_(hydrophobicity)
SMR_VSA3_(molar refractivity)
SMR_VSAS_(molar refractivity)

SMR_VSA7_(molar refractivity)

(continued)
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Group Parameter

U_dock value of the interaction of PCB with bsCYP1A1

presence of measurable distance from bsCYP1A1 heme Fe to Cl-unsubstituted carbon at 2 position of PCB
presence of measurable distance from bsCYP1A1 heme Fe to Cl-unsubstituted carbon at 2' position of PCB
presence of measurable distance from bsCYP1A1 heme Fe to Cl-unsubstituted carbon at 3 position of PCB
presence of measurable distance from bsCYP1A1 heme Fe to Cl-unsubstituted carbon at 3' position of PCB
presence of measurable distance from bsCYP1A1 heme Fe to Cl-unsubstituted carbon at 4 position of PCB
presence of measurable distance from bsCYP1A1 heme Fe to Cl-unsubstituted carbon at 4' position of PCB
presence of measurable distance from bsCYP1A1 heme Fe to Cl-unsubstituted carbon at 5 position of PCB
presence of measurable distance from bsCYP1A1 heme Fe to Cl-unsubstituted carbon at 5' position of PCB
presence of measurable distance from bsCYP1A1 heme Fe to Cl-unsubstituted carbon at 6 position of PCB
presence of measurable distance from bsCYP1A1 heme Fe to Cl-unsubstituted carbon at 6' position of PCB
shortest measurable distance(A) from bsCYP1A1 heme Fe to Cl-unsubstituted carbons of PCB

ranking number of docking simulation in bsCYP1A1

number of posing of docked PCBs of which Cl-unsubstituted carbon was allocated within 5A distance from the heme
Fe in bsCYP1A1

number of posing of docked PCBs of which Cl-unsubstituted carbon was allocated within 6A distance from the heme
Fe in bsCYP1A1

U_dock value of the interaction of PCB with bsCYP1A2

presence of measurable distance from bsCYP1A2 heme Fe to Cl-unsubstituted carbon at 2 position of PCB
In silico results
presence of measurable distance from bsCYP1A2 heme Fe to Cl-unsubstituted carbon at 2' position of PCB
presence of measurable distance from bsCYP1A2 heme Fe to Cl-unsubstituted carbon at 3 position of PCB
presence of measurable distance from bsCYP1A2 heme Fe to Cl-unsubstituted carbon at 3' position of PCB
presence of measurable distance from bsCYP1A2 heme Fe to Cl-unsubstituted carbon at 4 position of PCB
presence of measurable distance from bsCYP1A2 heme Fe to Cl-unsubstituted carbon at 4' position of PCB
presence of measurable distance from bsCYP1A2 heme Fe to Cl-unsubstituted carbon at 5 position of PCB
presence of measurable distance from bsCYP1A2 heme Fe to Cl-unsubstituted carbon at 5' position of PCB
presence of measurable distance from bsCYP1A2 heme Fe to Cl-unsubstituted carbon at 6 position of PCB
presence of measurable distance from bsCYP1A2 heme Fe to Cl-unsubstituted carbon at 6' position of PCB

shortest measurable distance(A) from bsCYP1A2 heme Fe to Cl-unsubstituted carbons of PCB

ranking number of docking simulation in bsCYP1A2

number of posing of docked PCBs of which Cl-unsubstituted carbon was allocated within 5A distance from the heme
Fe in bsCYP1A2

number of posing of docked PCBs of which Cl-unsubstituted carbon was allocated within 6A distance from the heme
Fe in bsCYP1A2

U_dock value of the interaction of PCB with bsCYP1B1
presence of measurable distance from bsCYP1B1 heme Fe to Cl-unsubstituted carbon at 2 position of PCB

presence of measurable distance from bsCYP1B1 heme Fe to Cl-unsubstituted carbon at 2' position of PCB

presence of measurable distance from bsCYP1B1 heme Fe to Cl-unsubstituted carbon at 3 position of PCB

283  (continued)
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Group Parameter

presence of measurable distance from bsCYP1B1 heme Fe to Cl-unsubstituted carbon at 3' position of PCB
presence of measurable distance from bsCYP1B1 heme Fe to Cl-unsubstituted carbon at 4 position of PCB
presence of measurable distance from bsCYP1B1 heme Fe to Cl-unsubstituted carbon at 4' position of PCB
presence of measurable distance from bsCYP1B1 heme Fe to Cl-unsubstituted carbon at 5 position of PCB
presence of measurable distance from bsCYP1B1 heme Fe to Cl-unsubstituted carbon at 5' position of PCB
presence of measurable distance from bsCYP1B1 heme Fe to Cl-unsubstituted carbon at 6 position of PCB
presence of measurable distance from bsCYP1B1 heme Fe to Cl-unsubstituted carbon at 6' position of PCB
shortest measurable distance(A) from bsCYP1B1 heme Fe to Cl-unsubstituted carbons of PCB

ranking number of docking simulation in bsCYP1B1

number of posing of docked PCBs of which Cl-unsubstituted carbon was allocated within 5A distance from the heme
Fe in bsCYPIBI1

number of posing of docked PCBs of which Cl-unsubstituted carbon was allocated within 6A distance from the heme
Fe in bsCYP1B1

U_dock value of the interaction of PCB with bsCYP2A

presence of measurable distance from bsCYP2A heme Fe to Cl-unsubstituted carbon at 2 position of PCB
presence of measurable distance from bsCYP2A heme Fe to Cl-unsubstituted carbon at 2' position of PCB
presence of measurable distance from bsCYP2A heme Fe to Cl-unsubstituted carbon at 3 position of PCB
presence of measurable distance from bsCYP2A heme Fe to Cl-unsubstituted carbon at 3' position of PCB
In silico results presence of measurable distance from bsCYP2A heme Fe to Cl-unsubstituted carbon at 4 position of PCB
presence of measurable distance from bsCYP2A heme Fe to Cl-unsubstituted carbon at 4' position of PCB
presence of measurable distance from bsCYP2A heme Fe to Cl-unsubstituted carbon at 5 position of PCB
presence of measurable distance from bsCYP2A heme Fe to Cl-unsubstituted carbon at 5' position of PCB
presence of measurable distance from bsCYP2A heme Fe to Cl-unsubstituted carbon at 6 position of PCB
presence of measurable distance from bsCYP2A heme Fe to Cl-unsubstituted carbon at 6' position of PCB
shortest measurable distance(A) from bsCYP2A heme Fe to Cl-unsubstituted carbons of PCB

ranking number of docking simulation in bsCYP2A

number of posing of docked PCBs of which Cl-unsubstituted carbon was allocated within 5A distance from the heme
Fe in bsCYP2A

number of posing of docked PCBs of which Cl-unsubstituted carbon was allocated within 6A distance from the heme
Fe in bsCYP2A

U_dock value of the interaction of PCB with bsCYP2B

presence of measurable distance from bsCYP2B heme Fe to Cl-unsubstituted carbon at 2 position of PCB
presence of measurable distance from bsCYP2B heme Fe to Cl-unsubstituted carbon at 2' position of PCB
presence of measurable distance from bsCYP2B heme Fe to Cl-unsubstituted carbon at 3 position of PCB
presence of measurable distance from bsCYP2B heme Fe to Cl-unsubstituted carbon at 3' position of PCB

presence of measurable distance from bsCYP2B heme Fe to Cl-unsubstituted carbon at 4 position of PCB

presence of measurable distance from bsCYP2B heme Fe to Cl-unsubstituted carbon at 4' position of PCB

285  (continued)

286

S17



Group Parameter

presence of measurable distance from bsCYP2B heme Fe to Cl-unsubstituted carbon at 5 position of PCB
presence of measurable distance from bsCYP2B heme Fe to Cl-unsubstituted carbon at 5' position of PCB
presence of measurable distance from bsCYP2B heme Fe to Cl-unsubstituted carbon at 6 position of PCB
presence of measurable distance from bsCYP2B heme Fe to Cl-unsubstituted carbon at 6' position of PCB
shortest measurable distance(A) from bsCYP2B heme Fe to Cl-unsubstituted carbons of PCB

ranking number of docking simulation in bsCYP2B

number of posing of docked PCBs of which Cl-unsubstituted carbon was allocated within 5A distance from the heme
Fe in bsCYP2B

number of posing of docked PCBs of which Cl-unsubstituted carbon was allocated within 6A distance from the heme
Fe in bsCYP2B

U_dock value of the interaction of PCB with bsCYP2C

presence of measurable distance from bsCYP2C heme Fe to Cl-unsubstituted carbon at 2 position of PCB
presence of measurable distance from bsCYP2C heme Fe to Cl-unsubstituted carbon at 2' position of PCB
In silico results presence of measurable distance from bsCYP2C heme Fe to Cl-unsubstituted carbon at 3 position of PCB
presence of measurable distance from bsCYP2C heme Fe to Cl-unsubstituted carbon at 3' position of PCB
presence of measurable distance from bsCYP2C heme Fe to Cl-unsubstituted carbon at 4 position of PCB
presence of measurable distance from bsCYP2C heme Fe to Cl-unsubstituted carbon at 4' position of PCB
presence of measurable distance from bsCYP2C heme Fe to Cl-unsubstituted carbon at 5 position of PCB
presence of measurable distance from bsCYP2C heme Fe to Cl-unsubstituted carbon at 5' position of PCB
presence of measurable distance from bsCYP2C heme Fe to Cl-unsubstituted carbon at 6 position of PCB
presence of measurable distance from bsCYP2C heme Fe to Cl-unsubstituted carbon at 6' position of PCB
shortest measurable distance(A) from bsCYP2C heme Fe to Cl-unsubstituted carbons of PCB

ranking number of docking simulation in bsCYP2C
number of posing of docked PCBs of which Cl-unsubstituted carbon was allocated within 5A distance from the heme
Fe in bsCYP2C

number of posing of docked PCBs of which Cl-unsubstituted carbon was allocated within 6A distance from the heme
Fe in bsCYP2C
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291
292
293
294
295
296

297

Table S5. Validation of the homology models of bsCYP1A1, 1A2, 1B1, 2A, 2B, and 2C.

Distance (A) between Cl unsubstituted

CYP PCB carbon of PCB and the heme Fe in the
isozyme congener top 3 CYP models
average std cv %
CB180 8.1 0.1 0.6
bsCYPI1A1 CB199 7.6 5.0 65.3
CB209 5.1 1.2 23.5
CB15 7.0 1.2 17.2
bsCYP1A2 CB44 5.1 0.6 11.6
CBI110 5.8 1.5 25.4
CB52 6.2 0.8 12.7
bsCYP1BI CB183 5.7 1.8 32.1
CB206 8.9 1.8 20.6
CB19 4.1 0.6 14.7
bsCYP2A CB70 3.6 0.8 20.9
CB205 5.7 0.7 11.6
CB3 2.8 0.3 9.5
bsCYP2B CB74 3.6 0.3 7.9
CB206 6.1 1.0 16.1
CB37 9.3 2.5 26.5
bsCYP2C CB44 9.3 0.6 6.9
CB191 9.8 0.5 5.2

Top 3 homology models of each CYP with the 1%, 2™, and 3™ lowest total potential energies were
constructed, and validated by the variation (average, standard variation (std) and CV%) in the distance
between Cl unsubstituted carbon of some PCB congeners and the heme Fe in the top 3 CYP models.
For the validation of the top 3 models for each bsCYP isozyme, we applied 3 PCB congeners which
showed the shortest, longest, and median distance between CI unsubstituted carbon of the PCB and
the heme in the 1% ranked model.
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298  Table S6. Estimated shortest distance (A) between Cl-unsubstituted carbon of each PCB congener and

299  the heme Fe in bsCYP1 and bsCYP2 protein homology models.

IUPAC No. CYPIALI CYPIA2 CYPIBI CYP2A CYP2B CYP2C
1 8.98 4.95 4.75 5.80 3.94 8.15
3 8.11 6.14 7.33 4.92 3.08 9.64
4 7.99 434 4.01 421 3.55 7.81
8 8.90 6.27 5.31 431 3.26 7.06
10 7.99 434 4.01 421 3.55 7.81
15 8.00 8.43 4.88 2.98 3.13 10.16
18 7.69 7.47 5.35 4.87 4.81 9.69
19 8.07 4.60 423 4.70 3.38 9.21
22 7.75 5.14 4.16 3.30 3.55 8.33
28 11.04 6.46 5.99 445 3.68 8.06
33 7.39 5.64 5.26 3.89 4.15 8.66
37 8.69 4.74 5.67 3.72 3.17 6.62
44 6.78 5.75 5.62 4.79 4.30 9.50
49 7.39 4.27 4.42 327 3.47 7.60
52 7.85 5.37 5.48 4.40 3.65 9.77
54 9.19 5.19 4.16 3.92 3.46 9.60
70 8.23 5.07 4.58 2.73 3.37 10.27
74 8.28 6.26 5.67 4.70 3.80 10.03
77 7.88 5.75 5.88 3.62 3.77 7.68
81 8.05 5.94 5.86 421 4.02 8.29
87 8.93 6.27 5.82 5.09 437 8.25
95 8.37 6.33 10.70 4.57 3.79 9.99
99 8.43 4.51 4.67 3.13 3.39 8.36

101 8.23 5.34 4.56 4.96 3.90 8.78
104 8.01 491 4.13 3.71 3.66 8.18
105 8.29 4.62 4.42 425 4.23 9.59
110 6.89 4.14 6.75 4.78 4.10 9.01
114 8.04 6.33 6.65 4.76 3.60 7.98
118 7.77 6.39 5.79 5.36 3.70 9.93
119 7.06 5.95 6.03 439 4.00 7.76
123 8.03 4.60 6.74 4.67 3.72 8.25
126 8.86 6.03 4.93 4.99 4.12 8.96
128 9.04 6.29 5.90 4.08 4.18 8.26
138 7.86 4.15 4.00 5.18 3.37 8.22
149 7.04 5.78 7.78 4.47 4.10 8.33
151 9.07 5.17 5.41 3.83 3.79 10.20
153 8.48 5.04 4.98 4.75 3.99 8.65
155 8.08 5.50 4.72 4.12 4.23 9.70
156 8.81 6.44 8.54 543 5.55 8.43
157 7.67 6.39 7.82 4.63 5.08 8.71
158 7.19 6.03 6.99 4.68 4.15 8.29
167 8.02 522 5.39 4.85 4.90 9.03
168 8.98 6.44 4.71 5.74 3.63 9.26
169 9.81 6.41 6.98 5.69 5.63 8.74
170 9.05 4.40 591 5.49 4.98 8.44
171 7.85 7.35 423 5.14 4.63 9.35
177 8.22 6.54 5.88 4.67 3.76 9.08
178 8.37 5.06 9.32 3.59 4.88 8.71
180 8.14 6.10 4.56 5.67 3.12 8.47
183 8.36 4.68 3.86 427 3.73 10.25
187 8.73 6.14 5.66 4.77 3.53 8.92
188 8.75 6.39 5.45 4.72 3.17 9.76
189 9.63 6.57 6.58 5.35 5.64 8.52
191 7.04 4.69 5.20 5.717 3.43 10.40
194 8.84 5.39 9.12 5.04 5.78 9.56
199 13.04 6.06 5.25 4.42 5.31 8.25
201 7.14 6.65 8.15 4.75 3.74 9.55
202 8.10 5.35 4.69 3.33 6.11 9.78
205 10.85 7.93 10.39 6.42 572 10.11
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206
208
209

10.89
7.80
6.10

5.26
6.65
4.85

10.86
5.95
4.23

4.85
4.75
4.83

6.38
3.77
3.92

8.39
8.02
9.19
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303

304

Table S7. PC1-5 scores obtained by PC analysis for all of 62 PCB congeners examined.

Parameter PC1 PC2 PC3 PC4 PCS5

In vitro decreased ratio of PCB (%) 0.55 0.19 0.08 0.51 -0.01

Number of Cl in PCB -0.95 -0.10 -0.16 -0.02 0.05

Molecular weight of PCB -0.95 -0.10 -0.16 -0.02 0.05

Log Kow of PCB -0.89 -0.20 -0.36 -0.02 0.12

Number of H atom at meta-position of PCB 0.85 0.18 0.18 -0.07 -0.16

Number of sites with vicinal H atoms at meta- and para-positions of PCB 0.75 0.29 0.50 -0.04 -0.19

Presence of vicinal H atoms at meta- and para-positions of PCB 0.50 0.11 0.80 -0.11 -0.03

Presence of Cl-substitution at 4' position of PCB -0.01 -0.13 -0.80 -0.25 0.14

Presence of vicinal H atoms at 2 and 3 positions of PCB 0.45 -0.19 -0.07 0.59 0.08

Presence of vicinal H atoms at 5 and 6 positions of PCB 0.64 -0.08 -0.19 0.21 -0.12

Presence of vicinal H atoms at 4’ and 5° positions of PCB 0.32 -0.07 0.82 0.16 -0.01

Presence of measurable distance frot:n bsCYP]Al heme Fe to Cl-unsubstituted 0.08 027 026 0.34 0.01
carbon at 3' position of PCB

Presence of measurable distance from bs.C.YP1A2 heme Fe to Cl-unsubstituted 015 2020 0.03 007 0.69
carbon at 6 position of PCB

v vl IR Y A LY

Presence of measurable distance fror,n bs(_f_YPlBl heme Fe to Cl-unsubstituted 0.04 027 0.05 0.67 0.16
carbon at 4’ position of PCB

Presence of measurable distance from bs.C.YPlBl heme Fe to Cl-unsubstituted 20.09 0.06 0.18 011 0.74
carbon at 5 position of PCB

Shortest measurable distance (A) from bsCYP2A heme Fe to Cl-unsubstituted 028 078 0.16 029 0.11

carbons of PCB

et vy o et I R ST C R e

et vy e et B Y YO A

Presence of measurable distance fro’m bs_C_YPZB heme Fe to Cl-unsubstituted 0.14 0.01 0.19 0.78 20.08
carbon at 4’ position of PCB

Presence of measurable distance from b§QYP2B heme Fe to Cl-unsubstituted 0.14 20.05 0.02 0.02 0.89
carbon at 6 position of PCB

U_dock value of the interaction of PCB with bsCYP2C (kcal/mol) 0.85 0.13 0.16 0.11 -0.14
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305  Table S8. PC1-4 scores obtained by PC analysis for 1-5 chlorine substituted PCB congeners examined.

Parameter PC1 PC2 PC3 PC4

In vitro decreased ratio of PCB (%) -0.41 0.59 0.23 0.37

Number of Cl in PCB 0.94 -0.03 -0.20 -0.17

Molecular weight of PCB 0.94 -0.03 -0.20 -0.17

Log Kow of PCB 0.90 -0.08 0.00 -0.21

Number of H atom at meta-position of PCB -0.75 0.28 0.00 0.18

Presence of Cl-substitution at 5 position of PCB 0.22 -0.13 -0.01 -0.92

Presence of vicinal H atoms at 2 and 3 positions of PCB -0.41 0.19 0.64 0.05

Presence of vicinal H atoms at 5 and 6 positions of PCB -0.43 -0.08 0.14 0.69
Nt kel PO et dosss | 013 a0 066 08
Shortest measurable distance (Ac)arfkr)(:,r:llsh(;sfclj{cl;Bl heme Fe to Cl-unsubstituted 0.43 -0.28 0.62 0.18
Shortest measurable distance (/z;rf)rgrt:; giiﬁél]?A heme Fe to Cl-unsubstituted 0.03 -0.81 0.11 0.09
Number of posing of docked PCBs of which Cl-unsubstituted carbon was allocated 0.11 0.79 -0.09 0.14

within 6 A distance from the heme Fe in bsCYP2A

Presence of measurable distanceatfr:’rx[lJ (l:ssit(?i?){'fi}fBPhggle Fe to Cl-unsubstituted carbon -0.20 0.27 0.72 0.20

Shortest measurable distance (Ac;rirzrr:; :;(I?C(;ZB heme Fe to Cl-unsubstituted 0.35 -0.67 -0.33 0.10

U_dock value of the interaction of PCB with bsCYP2C (kcal/mol) -0.88 -0.07 0.16 0.15
306
307
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(continued )

ATGCTGGCCTCAGGGTTGCTTCTGATGACTTTGCTCACCTGCCTGACCACAATGGTCTTGATGTCTGTCTGGAGGCAGAGGAAGCTCTGGGAGAAGCTCCCTCCAGGACCCACCCCATTG
M LASGLTLTLVYALLTCCLTTMVYVLMSVWRQRKTLWETZEKTLPPGPTFPIL

CCCTTCATTGGOAACTACCTGCAGCTGAACACTCAGCAGATGTCTGATTCCTTCATGAAGATCAGCGAGCOATATGGCCCGRTCTTCATGOTCCACCTGGOGCCCCOGGCGLATCOTGATG
PFIGNYLQLNTQQMSDSFMKTISERYGPVFMVYVHLGPRRTIUVY

CTGTGTGOACACGAGGCGOTGAAGRAGGCTCTGOTGRACCAGGCTGAGGAGTTCAGLGGGLGAGGCGCACAGGCCACCTTCOACTATCTCTTCAAAGGCTATGGGOTGACGTTCAGCAAC
LCGHEAVY KEALVDOQAETETFSGRGAQATFDYLFKGYGVTTFSHN

GGGOAGCGCGCCAAGCAGCTCCGGCGCTTCTCCATCACCACGCTGCGGGACTTTGGAGTGGGCAAGCGCGGCATTGAGGAGCGCATCCAGGAGGAGGLGGGCTTCCTCATTGAAGCCTTT
G ERAKQLRRFSITTLRDFOGYVY G@KRGEIEERTIQETEAGFLTITEATF

CGGGOGCACACACGGTGCCTTCATCOATCCCACCTTCTTCCTOAGCCGAACAGTGTCCAATGTCATCAGCTCCATTGTCTTTGGGRACCGCTTTRACTATGAGGACAAAGAGTTCLTGTCA
KRG THGEAFERPTFEFFEFLSRARTVYVSAVIESSTVFEDRFEFDDYEDKETFILS

CTGCTGCATATOATGCTOOGAAGCTTCCAGTTCACAGCTACCTCTATGGGGCAGCTCTGTGAAATGTTCCATTCAGTGATGAAGCACCTGLCAGGGLCACAGCAACAGGCGTTTAAGGAG
LLRMMLGSFQFTATSMGQLCEMFHSVMIKHLPGPOQQOQOATFIKE

CTGCAGGGTCTGGAAGACTTCATAGCCAAGAAGGTGGAGCAGAATCAACGCACCCTGGACCCCAATTCCCCGAGGGACTTCATCGACTCCTTCCTCATTCGCATGCAGGAGGAGLAGAAC
L& LEDFILAEKEEY EQNQRTLDPNSPRDIDFIBDS FLIRMAQETEA® QN

AACCCCAACACGGAGTTCTACATGAAGAACCTGGTGCTGACCACACTGAACCTCTTCTTTGCGGGCACTGAGACGGTCAGCACAACCCTGCGGTACGGCTTCCTGCTGCTCATGAAGCAC
M PNTEFYMKNLVLTTLNLFFAGTETVSTTLRYGFLLLMEKH

CCAGAGGTGGAGGCCAAGGTCCATGAGGAGATTGACCGGGTGATTGGCAAGAACCGTCAGCCCAAGTTTGAGGACCGGGCCAAGATGCCCTACACAGAGGCGGTGATCCACGAGATCCAA
PEVEAKYHEEIDRVYIGKNRQPEKTFEDRAKMPYTEAVIHETIZQ

AGATTTGGAGACATAATCCCCATGGGCCTGGCCCGCAGAGTCACCAAGGACACCAAGTTTCGAGAGTTCCTCCTCCCCAAGGGCACTGAAGTGTTCCCTATGCTGGGCTCCGTGCTGAGA
RFGDTITPMGLARRVTEKDTKFREFLLPKGTEVFPMLGS VLR

GACCCCAAGTTCTTCTCCAACCCCCGAGACTTCCACCCCCAGCACTTCCTGGATGAGAATGGGCAGTTTAAGAAGAGTGATGC GTGCCCTTCTCCATTGGAAAGCGGTACTG
DPKFFSNPRDFHPAQHEFLDENS GQFKKSDAFYPFSIGKRYCETF

GGAGAAGGCCTOGCTAGAATGGAGCTCTTTCTCTTCCTCACCACCATCTTGCAGAACTTCCGCTTCAAGTCCCCGCAGCTGCCCCAAGACATCAACGTGTCTCCCAAGCTCGTAGGCTTA
6 EG6 L ARMEL FLFEFLTTILQHNFERFEFXSPQRL PQDINYSPEKLYGIL

GCCACCATCCCACGAAATTACACCATGAGCTTCCAGCCCCGCTGA
AT ITPRENEYTRWRSFLPFRE™*

ATGGAGCTCA GCOTCCTTCT CCTCCTTGCT CTCCTCACGG GACTCTTGCT TCTQLTGGCC AGGGGCCACC TGAAGGCCTA TGGCTGCCTE CCOCCAGRCC CCCQTCCTCT GCCTTICTTG
MELS ¥LL LLA LLTSG LLL LLARSGHLXAY GCL PPGP RPL PFL

GGGAACCTTC TTCAGATGGA CAGAAGTGGC TTACTCAAAT CCTTCCTCAG GTTCCAAGAG AAATACGGGG ATGTCTTCAC GGTGTACCTG GGGCCAAGGC CTGTGGTCAT GCTATGTGGG
GNLL QMDD RSG LLKS FLR FQLE EKYGD VFET VYL GPRPE ¥YVM L CG

ATAAAGGCCA TACGGGAGGC CCTGGTGGAC CAGGCTGAGA CCTTCTCCGG CCGGGGGAAA ATTGCTATAC TAGAGGCAGT CTTCCAGGAA TATGGTGTGG TCTTTGCCAA TGGGGAACGC
TKEAT BEN LYD QAET ES @ REK T ATl EAN EQE YG@Y¥ UV FANGER

TGGAAGACCC TTCQCCGATT CTCTCTGGCC ACCATGAGGG ACTTCGGGAT GOGGAAGTGG AGTATGGAGA AGCGCATTCA GGAGGAGGCT CAGTGTCTGG TGGAGGAGCT ACGGAAAACC
NKTL ®EFEF 5LA THRD FG&H KN SMEEK BIDQ EEA QCLV EEL REK-SE

CAGOGAGCCC TCCAGGACCC CACCTTATTC TTCCACTCCA TGACCACTAA CGTCATCTGT TCCATTGTCT GTGGAAAACG CTTTGGCTAC AGAGACCLTG AATTGCTGCG GCTGCTGGAC
QG6AL QDP TLF FHSM TTHN VICSIVC G6GKRFGY RDPE LLR LLTD

CTGTTCTACC AGTCCTTCGC GCTCATCAGC TCCTTCTCCA GCCAGQTGTT CGAGC C CACAGCTTCT TQAAGTACTT CCCTGOTACA CACAGGCAAG TCTACAAAAA CCTGCAGGAA
LEYYQ SFA LIS 5FSS ¢@VE ELE HSFEFL XKYF PGT HRQV Y KN LQE
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T REF LB ¥YYE KHERE ELB PFPAESF PREDF T BN YLIT BEHIK EXA DPER

AGCGAGTTCC ACCAGCGGAA CCTCATCTAC ACCGCGCTGT CGCTCATCTT CGCCGGCACG GAGACCACCA GCACCACGCT CCGCTATGGA TTCCTGCTCC TGCTCAAATA CCCCCACATC
S EFH QRN LIY TALS LIF AG@T ETTS TTL RYSG FLLL LKY PHI

ACAGAGAGAA TCCACAAAGA GATTGACCAG GTGATTGGCC CACACCGUCT TCCATCCCTT GATGACCGAG CCAAAATGCC ATACACTGAT GCAGTCATCC ATGAGATTCA GAGATTCGGG
TERI HKE IDPQ VYIGP HRL PSL DDRA KMP YTD AVIHEIGQGRTEG® G

GACCTCCTCC CGATTGGTGT GCCCCATATG GTCACCAAAG ACACTAGCTT CAGAGGGTAC ATCATTCCCA AGGGCACTGA AGTATTTCCC ATCCTGCACT CGOUTCTCAA TGATCCACAT
pLLP IGV PEMYTED TS F EGY ITITPK GSGTE VFPE ELHS AL N DPAH

TACTTTGAAA AACCAGAAGT CTTCAACCCT GACCGCTTTC TGGATGCCAA TGGGGCATTG AAGAAGAATG AAGC AT CCCOTTCTCC GTAGGGAAAC GCAGTTGTCT TGGTGAAGGC
YFEK PEYVY FNP DRFL DAN GAL KKNE AFI PFS VGKR SCL GEGa

ATCGCCCGCA TGGAATTATT CCTCTTCTTC ATCACCATCC TCCAGAACTT CTCTGTGOCC AGCCCCGTGG CCCCTGAGGA CATTGACCTC ACACCCCGGE AGAGTGGTGT GGGCAAAGTG
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Figure S3.
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324  Figure S5.
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EAVASGNPVDFFPILRYLPNPALDFFKDLNKRFYSFMQKLVKEHYKTFEKGH-IRDITDS
ETASSGNPVDFFPILQYMPNPALQRFKAFNQKLVQFLQKIVQEHYQDFDESS-IQDITGA
GAGSLVDVLPWLQRFPNPVRTAFREFEQLNRNFSNFVLDKFLRHRESLQPGAGPRDMMDA
ATSMGOI CFMFHSVMKHI PGPOOOAFKFI -0GI FDFTAKKVFONORTI DPNS-PRDFTDS
SSFSSQVFELFHSFLKYFPGTHRQVYKNL -QEITRFIDRVVEKHRETLDPSS-PRDFIDA
SSPWIHVYNSFPALLDYLPGSHNTMYKNS -VFLKNYILEKIKEHQESLDINN-PRDFIDY

FLMKMEKEKHNQPS----EFTIESLENTAVDLFGAGTETTSTTLRYALLLLLKHPEVTAK
LIKHCQDKRLDENAN--IQLSDEKIVNVVLDLFGAGFDTVTTAISWSLLYLVTSPSVQKK
LLKHNEKGSRAGGG----HIPHEKIVSLINDIFGAGFEPITMAISWSLIYLVTNPEIQRK
FIISAGTEAAEGSEDGGARQDLEYVPATVTDIFGASQDTLSTALQWLLILFTRYPEVQAR
FLIRMQEEQNNPNT----EFYMKNLVLTTLNLFFAGTETVSTTLRYGFLLLMKHPEVEAK
YLIRMDKEKADPRS----EFHQRNLIYTALSLIFAGTETTSTTLRYGFLLLLKYPHITER
FLMKMEQEKYNEQL----EFTSENLINTAADLFAAGTGTISTTLRYGLLMLLKHPKVTAK
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KGTTILISLTSVLHDNKEFPNPEMFDPHHFLDEGGN- - -FKKSKYFMPFSAGKRICVGEA
KGRCVFVNQWQINHDQELWGDPSEFRPERFLTLDGT-INKALSEKVILFGMGKRKCIGET
KERCVFINQWHVNHDQKVWGDPFEFRPERFLTADGTSINKILSEKVMIFGMGKRRCIGEL
KDTVVFVNQWSVNHDPAKWPNPEDFDPGRFLDKDGC-IDKDLASSVMIFSMGKRRCIGEE
KGTEVFPMLGSVLRDPKFFSNPRDFHPQHFLDENGQ- - -FKKSDAFVPFSIGKRYCFGEG
KGTEVFPILHSALNDPHYFEKPEVFNPDRFLDANGA- - -LKKNEAFIPFSVGKRSCLGEG
KGTTILTSLTSVLHDDQEFPNPEIFDPAHFLDDSGN- - -FKKSDHFAAFSAGKRVCVGEG

LAGMELFLFLTSILQNFNLKSLVDPKNLDTTPVVNGFASVPPFYQLCFIPV---------
TARLEVFLFLAILLQQVEFSVPRG-TKVDMTPIYGLTMKHARCEHVQVRVRA- -~ -----
LAKWEIFLFLAILLQRLEFSVPDG-VKVDLTPIYGLIMKHTRCEHVQARPRFSTK- -~~~
LSKMQLFLFISILAHECNFKANPD--EPSKMDFNYGLTIKPKSFRINVTLRESMELLDSA
LARMELFLFLTTILQNFRFKSPQLPQDINVSPKLVGLATIPRNYTMSFQPR---------
IARMELFLFFITILQNFSVASPVAPEDIDLTPRESGVGKVPPVYQISFLAHGGC------
LARMELFLFLTTILQKFTLKSLVDPKDIDTTPIASGFGHVPPPYQVCFIPM---------

----------- 494
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