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Supplementary methods

RNA isolation and cloning of gmahrla, gmahr2a, gmarntl.

gmahrla, gmahr2a and gmarnt]l were amplified in duplicate or triplicate reactions using gene
specific primers (Table S1) with PrimeStar GXL (Takara BIO Europe). Full coding sequences for
gmahrila, gmahr2a and gmarntl were amplified and inserted into pcDNA3.1/Zeo(+) (Thermo
Fisher). The use of forward primers with the Kozak consensus sequence introduced these upstream

of the transcription start sites of both gmahria and gmahr2a (Table S1).

Synteny mapping, sequence alignments, and phylogenetic analyses.

GenBank accession numbers for AHR proteins used for pylogenetic analyses: American alligator
(Alligator  mississippiensis) Ahr  (XM_006261671.3), Caenorhabditis  elegans AHR
(NM_001025865.3), zebrafish (Danio rerio) Ahrla (AF258854.1), Ahrlb (BC163508.1), Ahr2
(NM_131264.1), mummichog (Fundulus heteroclitus) Ahrla (AY454298.1), Ahrlb (KX372715.1),
Ahr2a (AAC59696.3), Ahr2b (KX372716.1), chicken (Gallus gallus) Ahrl (NM_204118.2), Ahrlb
(NM_001318993.1), Ahr2 (NM_001319008.1), human (Homo sapiens) AHR (NM_001621.4),
Atlantic tomcod (Microgadus tomcod) Ahr2 (FJ215753.1), mouse (Mus musculus) AHR
(NM_013464.4), Japanese medaka (Oryzias latipes) Ahrla (XM _011489981.3), Ahrlb
(NM_001104678.1), Ahr2a (XM _023950680.1), Ahr2b (XM _011481447.3), red seabream (Pagrus
major) Ahrl (AB197787.1), Ahr2 (AB197788.1), Japanese puffer (7akifugu rubripes) Ahrla
(NM_001037962.1), Ahrlb  (NM _001037959.1), Ahr2a  (NM_001037960.1),  Ahr2b
(NM_001037963.1), frog (Xenopus laevis) AHR1IA (NM_001171912.2), AHR1B (AY635783.1).
Lake sturgeon (Acipenser fulvescens) Ahrl (KM236089), Ahr2 (AIW39681). White sturgeon
(Acipenser transmontanus) Ahrl (KJ420394) Ahr2 (KJ420395). Atlantic sturgeon (Acipenser
oxyrinchus) Ahrl (MH925108) Ahr2 (MH223597). Shortnose sturgeon (Acipenser brevirostrum)
Ahrl (MH925109) Ahr2 (MH223598). The sequences were aligned with MUSCLE in Geneious.

Alignment positions with gaps were not included in the subsequent analyses. Bayesian
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inference analysis was conducted in MrBayes v3.2.7a usinga BLOSUM substitution model
'. Caenorhabditis elegans Ahr was used as out-group. For bootstrapping, Markov chain Monte
Carlo (MCMC) analysis was run for 300,000 generations for each 1000 samples with a 25% burn-

in. Four chains were used with a heating parameter of 0.1.

In vitro protein expression and velocity sedimentation assays.

TNT reactions (100 pl in total) of each gmAhr protein were diluted 1:1 with MEEDMGA buffer
and incubated overnight at 4°C with either [’HJTCDD (2 nM) or [’H]BNF (10 nM). Samples were
fractionated in 10-30% sucrose gradients by centrifugation, and radioactivity was measured using a

scintillation counter (Beckman LS6500).

Transfection, exposure and luciferase reporter gene assay.

COS-7 simian kidney cells were maintained in Dulbecco's modified Eagle medium (DMEM) with
phenol red, supplemented with 10% fetal bovine serum (FBS), 4 mM L-glutamate, 1 mM sodium
pyruvate and 100U/mL penicillin-streptomycin at 37 °C with 5% CO, for 24 hours. The cells were
transfected either using Roche XtremeGene 9/HP transfection reagent or Mirus TransIT LT-1
transfection reagent, according to the recommendations of the suppliers. Following transfection,
cells were exposed to FICZ (0.001-10 nM), TCDD (0.03-1000 nM), benzo(a)pyrene (B[a]P) (0.3-
10000 nM), PCB126 (0.05-10000 nM), BNF (0.3-10000 nM) or to solvent control (0.5-1% final
DMSO concentration) for 12 hours. FICZ, TCDD, B[a]P and PCB126 assays were repeated three
times and there were four technical replicates. BNF assay was repeated twice and there were three
technical replicates. Non-linear regression analyses of dose-response data were performed in Prism
v7. Effective concentration 50 (ECsg) values and statistical differences between ECs, values, as well
as statistical differences between the maximum effects (En.x) were obtained using the dose-
response analyses drc package in RStudio v1.2.1335 software >. Cytotoxicity of the different tested

compounds was evaluated with two fluorescent dyes, resazurin and 5-carboxyfluorescein diacetate
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acetoxymethyl ester (5-CFDA-AM), which monitor cell membrane integrity and metabolic activity,
respectively, essentially as described in Pérez-Albaladejo et al. *. In short, COS7 cells were seeded,
cultivated and exposed to the highest concentrations of each compound. Cells were incubated in
resazurin and 5-CFDA-AM solutions at 37 °C for one hour. Fluorescence was measured at 530/590
nm for resazurin and 485/530 nm for CFDA-AM with an EnSpire plate reader (Perkin Elmer,
Massachusetts, United States) (Fig. S1, Fig. S2). The assay was repeated twice. Statistical

significance was assessed with One-way ANOVA.

Tissue-specific expression of ahrla, ahr2a, arntl and arnt2.

RNA extractions were conducted using the TRI Reagent® protocol. RNA integrity was assessed by
agarose gel electrophoresis and RNA concentrations were measured with a NanoDrop 1000
spectrophotometer (Thermo Fisher Scientific, Massachusetts, USA). Samples possessing Azso/250
ratios lower than 1.7 were further purified by ethanol precipitation. 500 ng of RNA was reverse
transcribed to cDNA using the iScript™™ ¢cDNA Synthesis Kit (Bio-Rad, California, USA) following
the provider’s protocol. Quantitative real-time polymerase chain reaction analyses were performed
using 5 ul of cDNA diluted (1:20) in a 20 ul PCR reaction mix containing 0.5 uM of each of the
forward and reverse primers and SYBR Green Master I (Roche Applied Sciences, Basel,
Switzerland). The reactions were run in a CFX96 Touch Real-Time PCR Detection System (Bio-
Rad) following these conditions: 3 min 95°C, 40 cycles (15 sec 95°C, 30 sec 55°C, 30 sec 72°C), 30
sec 72°C, and melt curve. A no reverse transcriptase control (NRT) and a no template control
(NTC) for each primer combination were included. Primers for gmahria, gmahr2a, gmarntl and

gmarnt2 are shown in Table S3.

Ex vivo exposure assays with precision-cut liver slices (PCLS) and analyses of cypla
expression.
Fish were anaesthetized with MS-222 (100 mg/L) (Sigma-Aldrich, Missouri, United States)

dissolved in saltwater and killed with a blow to the head prior to dissection. The hepatic portal vein
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was perfused to remove blood using cold buffer (NaCl (122 mM), KCI (4.8 mM), MgS0O4 (1.2
mM), Na2HPO4 (11 mM) and NaHCO3 (3.7 mM), pH 8.4) and a 10 ml syringe with a 23G needle
as described in Ellesat et al.,*. Liver cores were cut with a 8 mm cylinder-shaped coring tool and
embedded in 3 % ultra-low melting temperature agarose (Sigma-Aldrich) as described previously in
Yadetie et al. °. Slices of 250 pm in thickness were exposed to the different ligands after a 2-hour

acclimatization period, and cultivated in 24-well plates at 10°C for 48 hours.

cDNA synthesis and qPCR analyses were performed as described above. Expression data were
analyzed using GLMM models with gamma logl0 distribution and fish as a random effect in

RStudio v1.2.1335 °. Level of significance is expressed with * (p< 0.05) or *** (p<0.001).

The wviability of the liver slices was assessed with the 3-[4,5-dimethylthiazol-2-yl]-2,5-
diphenyltetrazolium bromide (MTT) assay that measures metabolic activity. Slices (n=3) were
exposed to selected concentrations of each compound in duplicates following the protocol as
described in Yadetie et al. >. Absorbance was measured at 590 nm with an EnSpire plate reader. The
wet-weight of each liver slice (mg) was used for normalization, and cytotoxicity was expressed
relative to the metabolic activity of solvent exposed slices (Fig. S3). Additionally, the viability of
the slices was monitored with the Cytotoxicity Detection Kit (LDH) (Sigma-Aldrich, Missouri,
United States) according to the manufacturer’s protocol and described in Bizarro et al. ’, which
assesses the membrane integrity as a result of the release of lactate dehydrogenase (LDH) into the
culture media. Liver slices (n=3) were exposed to the different compounds and culture medium was
collected after 48 hours. The assay was repeated two times. Absorbance was measured at 490 nm
and 650 nm with an EnSpire plate reader (Fig. S4). Two-way ANOVA was used to test for

statistical significance.
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Supplementary tables and figures

Table S1. Overview of primers used for amplification of cod gmarntl and gmahrs from

Atlantic cod cDNA
Primer name Primer sequence (5>3") Target
Ahrla cod fwd ATGTATGCCGGGCGAAAAAGGAGAAAAC
Cod ahrla
Ahrla cod rev TCAAAGGTAGAAGTCTGTGACCTGTGGG

AHR2a COD Fwd EcoRI

ATCGGAATTCATGTTGGGTAACGCTGGG

CodAhr2a part5 rev

CATTGTGAGGGAGGTTGGACG

Cod ahr2a, part1, 1-2612

CodAhr2a part5 fwd

GGAGAGCCTGCTCAGTAATGAC

AHR2a COD Rev BamHI

ATCGGGATCCTCAGAAGTTGCAACAGTTGAG

Cod ahr2a, part 2, 1659-
3381, 5'BamHI site

Cod arntl F

ATGGACATTCCTTCTCCAAACC

Cod_arntl_R

TCACTCGTIGAAAGAAGGGTAGATG

Cod arntl

Cod_ahrla_Notl_fwd

CCGGCGGCCGCATGTATGCCGGGCGAAAAAGG

Cod_ahrla_Notl_kozak fwd

CCGGCGGCCGCACCATGGGGTATGCCGGGCGAAAAAG
G

Cod_ahrla_Xbal_rev

GGCTCTAGATCACTTGTCATCGTCGTCCTTGTAGTCA
AGGTAGAAGTCTGTGACC

Ahrla with flanking Notl
and Xbal sites and kozak

sequence.

Cod_ahr2a_Notl_fwd

CCGGCGGCCGCATGTTGGGTAACGCTGGGAC

Cod_ahr2a_Notl_kozak_fwd

CCGGGTACCACCATGGGGGACATTCCTTCTCCAAACC

Cod_ahr2a_Xbal_rev

GGCTCATCTAGACTTGTCATCGTCGTCCTTGTAGTCG
AAGTTGCAACAGTTGAGTTG

Ahr2a with flanking Notl
and Xbal sites and kozak

sequence.

Cod_arnt1_Kpnl_fwd

CCGGGTACCATGGACATTCCTTCTCCAAACC

Cod_arntl_Xhol_rev

GGCCTCGAGTCACTCGTTGAAAGAAGGGTAG

Amplification of arnt1 for
insertion to
pcDNA3.1/Zeo(+) using
Kpnl and Xhol sites
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TranIT LT-1 transfection reagents

Roche X-tremeGene | Mirus TransIT LT-1
HP/9 Transfection | Transfection reagent
Reagent

Number of cells/well (*103) 54 10

pcDNA3.1_codAhr (ng/well) 3 3

pcDNA3.1_codArnt (ng/well) 8 6

pGudLucé.1 (ng/well) 7 30

PRT-TK (ng/well) 3 -

pCMV- BGAL (ng/well) - 20

pcDNA3.1/Zeo(+) 80 41

Transfection (duration, hours) 5 24

Exposure (duration, hours) 24 24

Final [DMSO] (%) 1 0.5

Measurements Promega Dual-Glo | Performed essentially as

(Perkin Elmer EnSpire plate reader) Luciferase Assay | described in 8
System Kit

Exposures

TCDD, FICZ, B[a]P and
PCB-126

BNF

Table S2: Overview of transfection of COS-7 cells using Roche X-tremeGene 9/HP or Mirus
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Table S3. Overview of the different primers used in tissue-specific quantitative real time PCR
analysis in Atlantic cod. Gene short names, GenBank accession or Ensembl numbers, primer

sequences and amplicon sizes are shown.

Product
Gene Accession number Forward primer (5’-3’) Reverse primer (5’-3’) size
(bp)
ahrla MN329012 CAAGGGCGTCTCAAGTTCCTACAT | CAGCACTATCTTCCCCTTTGCATCAC 207
ahr2a MN329013 ACAAACTGTCCGTGCTCCGACTTA TCCATTCGGGCCATTGTGCTTCT 92
arntl MN329014 TAGCTACGAGGCTGGACAAATCAC | AGAGTCGGGTAAAGCTCTGCTTTC 111
arnt2 | ENSGM0OG00000014557 | AAGACCAGAGTCACCTGAGGGAAA | GATCAACATCCACTCCCGGTTCTT 110
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Table S4: Summary of effective concentration 50 (ECsy) and maximum effect (En,yx) values of the
different compounds and receptors tested in the in vitro luciferase reporter gene assay. Values were
obtained from RStudio v1.2.1335. Significant statistical differences between gmAhrla and
gmAhr2a are indicated with *(p< 0.05) or *** (p<0.001).

Compound Receptor ECso (nM) Maximal activation
(Emax) (RLU)
TCDD Ahrla 1.10 456.0
Ahr2a 11.27%%* 3234
FICZ Ahrla 0.04 238.5
Ahr2a 0.07 243.5%**
B[a]P Ahrla 3.87 291.1
Ahr2a 4.60 337.6***
PCB126 Ahrla 25.23 136.8
Ahr2a 78.69 85.0*
BNF Ahrla 51.39 214.9
Ahr2a 11.45 43.3%**

S9



150+ TCDD 1501 FICzZ
100 f 100 -1
=]
>
& &
® =
50 50
° y y y ’ N N N S
© o S 5 R
S
) ° N Concentration (nM)
c Concentration (nM) d

150- Bla]P 150- PCB126

100 1 1T 100 T
y >
& '8
& (4
= =

504 50,
N \@Q 5@“ @Q@& N & S ’&QQ
e Concentration (nM) Concentration (nM)
150+ BNF

T L L

-

% RFU

50

o
$

& oS &
Concentration (nM)

Figure S1. Resazurin activity in COS7 cells exposed to FICZ, TCDD, B[a]P, PCB126 and BNF. COS7 cells were
seeded, cultivated for 24 hours, and exposed to the three highest concentrations of TCDD (a), FICZ (b), B[a]P (¢)
PCB126 (d) and (e) BNF used in the gmAhr reporter gene assay for 12 hours. Fluorescence was measured at 530/590
nm. The cytotoxicity assay was repeated twice and there were four technical replicates in each assay. The data are
presented as relative fluorescent units (RFUS) % normalized against the solvent control. One-way ANOVA was used to

test for statistical significance.
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Figure S2. S-carboxyfluorescein diacetate acetoxymethyl ester (5-CFDA-AM) activity in COS7 cells exposed to
FICZ, TCDD, B[a]P, PCB126 and BNF. COS7 cells were seeded, cultivated for 24 hours and exposed to the three
highest concentrations of TCDD (a), FICZ (b), B[a]P (¢) PCB126 (d) and (e) BNF used in the gmAhr reporter gene
assay for 12 hours. Fluorescence was measured at 485/530 nm. The assay was repeated twice and there were four
technical replicates in each assay. The data are presented as relative fluorescent units (RFUS) % normalized against the
solvent control. One-way ANOVA was used to test for statistical significance. Level of significance is expressed with *

(p< 0.05).
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Figure S3. Metabolic activity in precision-cut liver slices (PCLS) exposed to FICZ, TCDD, B[a]P and PCB126.
Liver slices (n=3) were prepared and exposed to TCDD (a), FICZ (b), B[a]P (¢) and PCB126 (d) at 10°C for 48 hours.
Viability was tested in a mix of slices exposed to selected concentrations of each compound in duplicates as described
in Yadetie et al. °. Absorbance was measured in 100 uL aliquots at 590 nm. Relative MTT activity was calculated by
normalization of absorbance values (nm) against the weight of each slice (mg) and the solvent control (nm). Triton X-
100 was used as a positive control for cell death. The data are presented as mean + SEM. Statistical significance was

analyzed with Two-way ANOVA. Level of significance is expressed with * (p< 0.05).
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Figure S4. LDH activity in culture medium from precision-cut liver slices (PCLS) exposed to FICZ, TCDD,
B[a]P and PCB126. Liver slices (n=3) were prepared and exposed to TCDD (a), FICZ (b), B[a]P (¢) and PCB126 (d)
at 10°C for 48 hours. Viability was tested in culture in slices culture medium as described in Bizarro et al. ’.
Absorbance was measured in 50 uL aliquots 490 nm and 650 nm. The assay was repeated two times. Relative LDH
activity was calculated as absorbance (nm) in each exposed group normalized to the solvent control (nm). The data are

presented as mean = SEM. Statistical significance was analyzed using Two-way ANOVA.
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Figure S5. Synteny analyses of the Atlantic cod gmahr genes. (a) Synteny analyses of ahr genes in selected fish
species. kalrna (Kalirin RhoGEF kinase a), and ndufal0 (NADH dehydrogenase ubiquinone 1 alpha subcomplex
subunit 10) and cntnap5a (contactin-associated protein like 5). Data was obtained from Ensembl. (b) Exon/intron
distribution of gmahrla and gmahr2a. Exons are drawn as colored boxes and their number is indicated above. Arrows

indicate the position of the ahr genes in the reverse strand (5°-3” direction).
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Figure S6. Multiple sequence alignment of full length Atlantic cod Ahrla and Ahr2a amino acid sequences.

gmAhrla and gmAhr2a were aligned using Clustal Omega. The alignment was edited in Jalview and % identity was

used for coloring.
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a) Ahr1a alignment

Fundulus heteroclitus 137 ASV I

sSQ PDSSSSL N

206

bHLH
NLS NES1
Gadus morhua 1 vSNEBs
Oryzias latipes 1 LP A
Takifugu rubripes 1 [ A
Fundulus heteroclitus 4 LKaT T
[T 1] AAAAA

Gadus morhua 71 ABKTSKCNSVVPSGPSSDSNVAVGL SDAWL L sED 140
Oryzias latipes 71 C AAENN P GN - - -QET - - - PKAARKQK s 134
Takifugu rubripes 74 TENTR AA - - -KEEDCKTPRLVESK S| 137
Fundulus heteroclitus 74 H TENSG AEAR - - -GN -GGETTGAAEKQI'S D 136

PAS A
Gadus morhua 141 TvVAMNEASP TEMEQEBG T AVVTNN 210
Oryzias latipes 135 ESTI HPETAPDSGAASVSNR l!lm 204
Takifugu rubripes 138 -STS PQ ADS/SSSLLT¥S 206

Gadus morhua 211 HQRQD AP 280
Oryzias latipes 205 RQP 274
Takifugu rubripes 207 HRQ u 276
Fundulus heteroclitus 207 QQR 276
. PAS B
Gadus morhua 281 350
Oryzias latipes 275 344
Takifugu rubripes 277 346
Fundulus heteroclitus 277 346
* * * K *
Gadus morhua 351 413
Oryzias latipes 345 407
Takifugu rubripes 347 409
Fundulus heteroclitus 347 409

* *

b) Ahr2a alignment

bHLH
Gadus morhua E‘ I;;SGVDG =
Microgadus tomcod LPGVDG
Fundulus heteroclitus MAD SN E
Oryzias latipes | PDAGE
Pagrus major L SDGNE
Takifugu rubripes

Gadus morhua

Microgadus tomcod KH GRNGVBVAAL 134
Fundulus heteroclitus KN GRNGLBLAT I A 134
Oryzias latipes 71 NSNGSRVAPBV M- - -DSFSF 137
Pagrus major SRNGGRLALGV. GSSLBGGGL 140
Takifugu rubripes NSNINSLLFPGV GNNMBITGGF 140
7 YCSAS IRSRRTSPLSPGAS GSSTBAAGS 140
PAS A

Gadus morhua
Microgadus tomcod Q \ GM KLYATEQGGDVSAL D 204
i Q Y M KLYAAEQGGDAL AL D 204
Fundulus heteroclitus 13 M pvllsD BEFs N 203
g%zrf:,fat%fs T PVAAD - - - - EQ Al N 206
Takif i L TAGAG - - - -GDVL 3 206
akilugu rubripes ES AET-D- - - - ADGR s 205

NES2
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Gadus morhua 345
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407
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Oryzias latipes 347 409
Pagrus major 344 406

Takifugu rubripes 346 408

Figure S7. Multiple sequence alignments of N-terminal regions of Ahrla and Ahr2a from selected fishes. N-
terminal amino acid sequences of (a) Ahrls and (b) Ahr2s were aligned using Clustal Omega and colored by % identity
in Jalview. The basic helix loop helix (bHLH) region, nuclear export signals (NES) 1 and 2, nuclear localization signal

(NLS), PAS A and B domains are indicated above the alignments, and the ligand binding domain is defined by
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brackets. Amino acids present in the LxxLL motif are indicated with triangles. Amino acids involved in binding to

xenobiotic response elements (XRE) are indicated in squares and important amino acids for TCDD binding are labelled

with stars (see papertext for citations).

Atlantic cod Ahr2a
Microgadus tomcod Ahr2
Takifugu rubripes Ahr2a
Pagrus major Ahr2
Fundulus heteroclitus Ahr2a
Oryzias latipes Ahr2a

Atlantic cod Ahr2a
Microgadus tomcod Ahr2
Takifugu rubripes Ahr2a
Pagrus major Ahr2
Fundulus heteroclitus Ahr2a
Oryzias latipes Ahr2a

Atlantic cod Ahr2a
Microgadus tomcod Ahr2
Takifugu rubripes Ahr2a
Pagrus major Ahr2
Fundulus heteroclitus Ahr2a
Oryzias latipes Ahr2a

Figure S8. C-terminal repetitive sequence region in Atlantic cod Ahr2a and tomcod Ahr2a.

692 NPSVNLPGENLPKLPLASNDLRTFDPEGQAS | SHYQGLAGNAMSN@GML SNQTPSKQTL SNQTLA
693 NPSVNLPGENLPKLPLASNDLRSFEPEGQAL | SHYQGLPSNAMSN@TLSNQT - - - - - - - - - - - -
642 - - - - - - - PSDVEAVP -DASAAFQSEGRMHVGFPPEPSQHP - -R@I - - - - - - - = - - - - oo o - -
687 SSSIELPQETVPTASAH - AASALFEQSEGQAHMGCPQGTYRETQSS
660 SPAIELPQESVPNISVN-ASFPANLSEBHQVSIGPASSSQSGYGQARQ-----------------

756 NQML SNQTL SNQTLSNQTLSNQTLANQML SNQTL SNQML SNQML SNQML SNHTLPNQTLSTTTL
745 - - -LSNQTLPNQTLSNPTLSNQTLANQML SNQTL SNQMVSNQML SNQMHSNHTL TNQTLSTKTL

820/|SPQSLQPCPLTGGPAAPMGANGHFEQGS | QQPAVHMAPNVVAPAPSNLPHNDF SMPANPSENSA
806|SPQSLQPCPLTGRPAAPMMGNGHFEQGS | QPPAIHVAPNVVAPAPPTLPQNDFCLPTNSNENSA

678 - ELPSNGELEQSTV- - - - - - - EQQLVD I LSPLVPCGDVNPP-ALNVPVS
733 - ---- PLCPQNNLQAPAMAANGQLEQSSVKHPN -NVVPGAMD | LPPL IPCNDFASSSTPNIPIP
706 - - - - - LVQPGSHLGAPGLTGAGBRTEQSSAPHMS - STAPGVKNLLPPKSSHSSVPSTV- ---TAG

883
869
723
790
759

The repetitive

sequence region (SNQTL-SNQML) amino acid present (735-804) in gmAhr2a and Microgadus tomcod Ahr2 is

indicated in a box. Amino acid sequences were aligned using Clustal Omega and colored by % identity using Jalview.
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174 KLYATEQGGDV - - - - SALQCc ssDQliK R LERsFV| R SMMGEDESRVQS|
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S
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354 R 'Q RLQ M| VGPSLDVTQ- - - - 1Ef---------- SQSFTEGQQEE
360 SMH L QSNH | PGFSDG IHEKN - -GSKS - KKCRSERAAREGLD
355 @w STS Y |ss FSPIMDPLPIRTKSNTSRKDWAPQSTPSKDSFH
361 INTK| \Y ATNPFPAIMDPLPLRTKNGTSGKDSATTSTLSKDSLN
432 KNVMVQDSEAQL - - - PVDQVME - SRALVNV - - - - - PSDP#AALRLQGDDGGNM | KEEGVTS - - - - - - - - - - - VSAMMNA
449 VNVCQPALEPKLA-FHSSFELGDQLGFSESDSHPGVDNGWDAPGNG INGAGLPPPANSFDPLLSTLDSLSLGDQNSATA
447 LCPPSSP- - - ALLDSHFLMG DSFAAAGSEAAL - IHIQIG----HAQDVNLALSGGPSE
453 AAMMQ! LYPASSTSSTAPFENNEFNE DNTAPMGNDTIL - QID- - - -QPQDVNS - FAGGHPG

522 LFPDNK]

504 LEDFVE V.ALEG DVDAGELMEWE - -NTLKKLSQEEN ADQTKYELESLLSND FA DNVEFKE | AEANLNTSQSSCFSPVNNNQ
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SD

530 LFQDSK! I MKN IRHMQ -NEKFFRNDF - -8 ---VDFRDIDLT SKSPF1PSDYQQ- - - -QQSLALNS
594 SDLFGQRAHYSGSGD TEDMMMFASPAVGANAVSHAKGL SPAVA - PEPMANRPASVAAKGL P TPAL--FNST KESHYGPA | PEAVPRLSA
622 -VINTAAAAA- - -PTTTAVSPAYVRT@ALPHQKAPLV - - -GQA | QM--Q SMSSGKVGQDWVNHNH
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646 PTPPV - SFNI IQELK QLFSS TA---- -YKPEVDSYV
644 SNQFV-PFN QDPQQNINVF TD --H 1§---- - YKSEMDSM
766 NQTLSNQTLSNQTLANQML SNQTLSNQML SNQML SNAML SNHT NQTLS TTL --------------- QSLQPCPLTGGPAAPMGANGH
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----YTQNF - - - - AP ----PL KSVQL GR - EPSLHPTTSN
----- YTQNF----18 Y KCTELDYPMG - EPSPYBTTSS
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---DFVSCLQ- -V, HGINsSQS MVSPQAY - GP RTPVDQT - - - -

---EDFVTCLQ--L KHGLNPQSA| | TPQTC - HvVGaM- - - -
922 - - - ASVAQNSHTLPAGSHSQAFE QRLAGLWAQNYNGMNQPPPHRGLAGPLRTNPSSCMIDKPLHPPPATHTLGHPHPHTNGNLASA GTGL
885 QPCRQLGPYSLVAPRD | - AHEPNHSKME - -NGCILNGS - - - - -YQGNCAL PNGNGA
788 - ------ SE | sn --8---
787 ce--enn NPVLEGQ- - - LN FQ ---------------------------- NG-VENET - ----mmmmmmmnn-- YPAELNN INNTQT
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Figure S9. Multiple sequence alignment of N-terminal regions of Atlantic cod, human and mouse Ahrs. N-

terminal amino acid sequences of, gmAhrla, gmAhr2a, mmAHR and hsAHR were aligned using Clustal Omega and

colored by % identity using Jalview. The amino acids constituting the “TCDD-binding-fingerprint” in mammalian

AHRs, are indicated with stars.
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gmahria R RAV QVSNE S - TTS| SVALKTSKCNSVVPSG
drahr1b R RTV QIPAE TSS| SVELKNHNCNGL SSNN
atahrt 1------ R SAKPSL - PEA PQD 1 8K TASINSNSCKRPAGNG
drahria 1 -MSSSN | R SVKQPL - TC PQE VST KITLNSKSSSQQANNT
gmahr2a 1 MLGNAGT K PKKLPGVD: SED IRTR| KATM

atahr2 1MLATGG I K | PKPPPTD SEDVCAR NATM

drahr2 1 MSAGIGT K | PKPPPPD! SEDVRAR! NA

gmahria 92 PS- - -SDSNVAVGL SDA
drahr1b 92 SN - - -HDNSKATGLVDGC

K-NNVGWLREK
KTGGNGWLNDR

el
el
90
95
9
96
97

PAATVVAMNQA 186
PPASTQTEDS - 185

atahr1 9 LD-------- VNKLPCDE GPPPDSGQI VP 180
drahria 9B K---om e GFTPDSRQLVQ 180

gmahr2a 92 -----
atahr2 97 PGTFGGNGQSVPQTNGTSFS
drahr2 98 SGTFGGNGQTASSLDGVNFS

gmahria 187 SPTEMEQESGTAVNTENBEQ
drahrib 186 - SEDGDPAPNMSLVLCN
atahr1 181 AA- - -DNGLSLPVTYJIN
drahria 181 AS- - -PD- - ASRTC
gmahr2a 185 SAL - - - <QCSSDQ

S|
D
atahr2 195 MQSGSNSTGLSNV D
N

drahr2 195 MQSSSD - - | TRDM

gmahria 285 | BR AK E|
drahrib 283 R AKGK | S E
atahri 276 R AKGK | E
drahria 273 MEK TNWNF EG
gmahr2a 279 Q NRGKV! D
atahr2 293 Q TRGKV HCAD
drahr2 291 LEQ TR D

gmahria 383 SMH! QSNHP | PGF SDG | HEKNG - SKSKKCRSERAAREGLDPRS| ALMS VNVCQPA
drahr1b 381 SMH F QINYPMLGFPDTLQDKGKNNKTKKSKVNKSSKDDLDRS| AMMR V CQPA
atahr1 374 NLK; ETTFPLAMTQPM-HAKAKGTSATGASSKARDQESLDPN CAPA
drahria 371 AMM; CAMNCPTSSDPA---------- PSDGNTQPKTTRTVNRD VSL K L SPGD
gmahr2a 377 RLQ EVGPSLDVTQIETSQS--------- F---TSGQQEEVGG CFLN KNV QD - -
atahr2 391 TLQ ETGSTGDDFSNIFPAT--------- NKKGAEQKS | DBN AR LK SHAA

drahr2 389 KLQ A EVGPTLDVAEIQNQSK--------- GQKMLNPPSLDIRD SMLK| L SQNND

KLYATEQGGDV 184
NPFESEQGTEL 194
SSDS-ADGSEA 194

Figure S10. Multiple sequence alignment of N-terminal regions of Atlantic cod, white sturgeon and zebrafish

Ahrs. N-terminal amino acid sequences of Atlantic cod Ahrs (gmAhrla and gmAhr2a), zebrafish Ahrs (drAhrlb,

drAhrla, drAhr2)), and white sturgeon Ahrs (atAhrl and arAhr2) were aligned using Clustal Omega. Percent identity

coloring was done in Jalview. Amino acid residues shown to be important in TCDD binding are indicated with stars.
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Figure S11 Transactivational sub-domains in Atlantic cod Ahrs C-terminal region. The percentage of the
three amino acid groups: Q-rich (glutamine), acidic (aspartic acid and glutamic acid) and P/S/T-rich (proline,
serine and threonine) was plotted every 20 bases in the C-terminal region of the sequences. The amino acid

groups with the highest percentage were anticipated as transactivational sub-domains. The bars at the top of the

figures indicate the predicted sub-domains of the gmAhrs.
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Figure S12. Induction of cypla from precision-cut liver slices (PCLS) exposed to FICZ, TCDD, B[a]P and
PCB126. Liver slices were prepared and exposed to TCDD (1,10,100 nM) (n=5) (a) , FICZ (1,10,100 nM) (n=6) (b) ,
B[a]P (1,10,100,1000,10000 nM) (n=6) (¢) and PCB126 (1,10,20,100,200,2000 nM) (n=7) (d) at 10°C for 48 hours.
Expression of cypla was measured by qPCR analyses and normalized against the reference gene arp2. Fold induction
was calculated in comparison with the solvent control. The data are presented as mean + SEM. Expression data were
analyzed using GLMM models with gamma log10 distribution and fish as a random effect in RStudio v1.2.1335. Level
of significance is expressed with * (p< 0.05) or *** (p<0.001).
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Figure S13. Expression of Atlantic cod ahrla and ahr2a in PCLS exposed to TCDD or B[a]P. Liver slices (n=3)
were prepared and exposed to TCDD (a,b) or B[a]P (¢,d) at 10°C for 48 hours. Expression of ahrla (a,c) and ahr2a
(b,d) was measured by qPCR analyses and normalized against the reference gene arp2. Fold induction was calculated in

comparison with the solvent control. The data are presented as mean + SEM.
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