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Abstract SIRNA Knockdown of AHR1a and AHR1[3 Development and Analysis of AHR-Knockout
Clonal Cell lines

The aryl hydrocarbon receptor (AHR) is well known for AHR1a Expression AHR1p Expression
mediating the toxic effects of environmental contaminants 18- - VB
: : .. _ xAHR1a ORF 1 ATGAACACGAACATCATGTACGCCAGCAGGAAGAGGAGAAAACCCCTCCAGAAAACAATT 68
like 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD). We are < :-2' S 3.0- xAHR1E ORF 1 ATGAACACGAACATCATATACGCCGGCAGGAAGAGGAGAAAACCCGTCCAGAAAATAATT 68
interested in defining the molecular mechanisms B 49- @ 2.5 — ] Red = AHRLa TALEN tarset sit
: : .. , : 5 4 S 20- *AHR1a ORF 61 AAGCCAACCCAGTCTGAAGGTGTCAAGTCCAACCCGTCAAAGAGGCACAGAGATCGGCTC 128 NEOF 0‘ arget site
underlymg AHR S|gnallng In Xenopus laevis, a frog Wlde|y 3 o-g- —_— o xAHR1b ORF 61 AAGCCAACACAGGCCTCAAAGTCTCAACGTCCAACCCATCTAACGAGGCACAGAGATCGOCTE 128
. . 0™ 1-5- EFEETEEXEEERETLNX EX X EEEERX FEEEEEEEEITNEEITIEETN EX FEEEEE X EEN TN EEEERELN XX —
used in studies of vertebrate development and 2 06- : ] = —— L — Purple = AHR1P TALEN target
_ . . ® —— & 1.07 «AHR1a ORF 121 AACACTGAGTTGGACAGATTGGCAAGCCTGCTTCCATTCTCAGALGAGATCATATCAAAA 188 Site
developmental. X. laevis experienced a relatively recent e g";' 2 osd I «AHR1b ORF 121 AACACTGAGCTGGAAAGATTGGCAAGCCTGCTTCCATTCCAAGAGGAGATAATATCAAAA 188
genomic duplication (~40 million years ago) resulting in 0.041— 0.041— e— Green = AHR1a + AHRIB TALEN
. . Ny > xAHR1a ORF 181 CTTGACAAGCTTTCAGTGCTTAGACTCAGTGTTAGTTATTTGAGGGCCAAGGGTTTTTTT 248 (arget site
the emergence of many paralogous genes, including AHR & $ <ARIb ORF 181 CTTCACMECTITCCETCCTINCACTCATTETTACCTATTIMCGECLANGSETTCTTT 245
. . (\O (\o
paralogs AHR1a and AHR1p. Several lines of evidence «AHR1a ORF 241 GAAGTGGCACTGCAGCAGAACAAGAAAGATGGTAACAGCAGAGCACAGAAGCAATCAGAT 388
suggest unique functions for each AHR, including «AHR1b ORF 241 GAAGCGGCGCTGCAGCAGAGCAAGACAGATGGTAACGGCAGAACACAAAAGCAGGCCGAA 388
V4 R T T - FEEFETEET T T T TR T F T FEETEET T T T T -E T e T W -E R W - -
significant sequence divergence and distinct tissue- c CYP1A6 Induction Figure 6. Nucleotide alignment of AHR1a and AHR1P open reading frames annotated with TALEN target sites. Fokl
- £ . . recognition sites (solid lines) are flanked by two TALE recognition domains (solid rectangles).
specific expression patterns. We aimed to test the 240 B
hypothesis that AHR1a and AHR1B have subfunctionalized c 380 A
o °
roles of the ancestral AHR gene. -g 320 Development of AHR-knockout clonal cell lines
SIRNA knockdown of AHR1B suggests that it is partially 5 Zzg Step 1. Cotransfect XLK-WG cells with TALEN and GFP plasmids
. . . . _ L Step 2. Seed cells in 96-well plates using a limiting dilution (0.6

resp9n5|ble for induction of FYP1A6, the primary AHR 2 140 cells/well). ' e
mediated gene, by TCDD. Using custom TALENSs, we have T 80 a i Step 3. Identify single GFP-positive cells and allow ~15 days for me e S

. Q . . one one onhe
engineered the genome of XLK-WG cells to knockout X 20 r= growth into colonies. | 1 kb S —

_ , _ . _ 10 Step 4. Transfer each cell colony to two new dishes - one for 750 bp AHR1[
AHR1a expression. This mutant cell line awaits functional 0 continued growth and a second for isolation of genomic DNA. 500 bo FSOCRE S e
characterization. TCDD Q§\§Q§Q§Q§§Q§\§Q§Q§Q§ Step 5. Amplify TALEN target sites at AHR1a and AHR1p loci
N P N S using PCR for sequencing. 250 bp
NTC siRNA AHR1p siRNA

AH R Pathway Figure 3. AHR1B knockdown reduces TCDD-induced CYP1A6 mRNA expression. (A-B) In 100 pul cuvettes, 1 x 10° BWiId-t . c Wild-type
XLK-WG cells were transfected with 300 ng of either nontargeting control (NTC) siRNA, AHR1a-targeted siRNA, —%Z— o oo oo oo 10 20 30 48 50 60

AHR1a.  ATT AAG CCA ACC CAG TCT GAA GGT GTC AAG TCC AAC CCG TCA AAG AGG CAC AGA GAT CGG

H H H H H CGAGCCGEATCTCTGETGLGCLOCTETTTEACGGG TTEEGACTTEGACACCT C.
|TheAryI Hydrocarbon Receptor (AHR) Mediates TCDD Toxicityl AHRlB'targeted SIRNA, Or nO SIRNA, arT(j- Seeded In 6'We.“ pl-at?S. TOtaI RNA WaS |SO|atEd 30 hr pOSt'tranS.fECtlon. exon2 TAA TTC GGT TGG GTC AGA CTT CCA CAG TTC AGG TTG GGC AGT TTC TCC GTG TCT CTA GCC
| AHR1a and AHR1B mRNAs were quantified by gRT-PCR in triplicates. (C) 3 x 10° cells were transfected with 300 1 kK P T Q@ 5 E &6V K S5S 8 P S5 KR KR D R
s g i m ng of either NTC or AHR1B siRNA, seeded in 6-well plates, and exposed to graded concentrations of TCDD for 24 . ST . (.. NN W— . .
AHRM.{"Z‘ZZ ) hr. 30 hr post-transfection, RNA was isolated and CYP1A6 mRNA was quantified by gRT-PCR in triplicates. AHR1[3 GAG TTG TGA CTC AAC CTG TCT AAC CGT TCG GAC GAA GGT AAG AGT CTG CTC TAG TAT AGT
. N expression was reduced by 90% in siRNA treated cells (data not shown). For each experiment, relative b " R AR RS B8 FFaeRE IR
TcoD @ > @°® | cell expression values were determined by the standard AACt method using B-actin as the endogenous control. Error 138 148 158 168 178 188
P | cycle , ) AAA CTT GAC AAG CTT TCA GTG CTT AGA CTC AGT GTT AGT TAT TTG AGG GCC AAG GGT TTT
| bars represent the range of possible fold change values as defined by standard error of the ACT. TTT GAA CTG TTC GAA AGT CAC GAA TCT GAG TCA CAA TCA ATA AAC TCC CGG TTC CCA AAA
AHR1B." . - ‘ K L 0 K L S ¥ L R L 5 ¥ 5 Y LR A K &
. TTT GAA
| Conclusions: AA CTT
i [Adaptive and Toxic Responses | The AHR1B siRNA is effective and paralog-specific. =
cytoplasm || Induction/represeion of other target genes AHR1B knockdown reduces efficacy of CYP1AG6 induction by TCDD. D Cl 1A2.9.1
o o . The AHR1a siRNA is effective but not specific. It also causes decline in AHR1B transcript abundance. Clone 1A2.9.1 one == Y
Figure 1. The AHR pathway. AHR1a and AHR1p exist in an inactive state in the 18 20 30 48 58 68
: - AP S | SAPUY L. S . S AHR10. ATT AAG CCA ACC CAG TCT GAA GGT GTT CCT CGA AGA GGC ACA GAG ATC GGC TCA ACA CTG
cytoplasm. Upon ligand binding, each receptor moves to the nucleus and forms a exon2 TAA TTC GGT TGG GTC AGA CTT CCA CAA GGA GCT TCT CCG TGT CTC TAG CCG AGT TGT GAC
transcriptionally active heterodimer with Ah receptor nuclear translocator (ARNT) i & F 1T 8 % 2 % ¥ £ &8 3 & k& L &3 L&
to induce expression of target genes. Alternations in gene expression likely 78 88 98 188 118 128
derlies toxicity of AHR < . _ _ F q AGT TGG ACA GAT TGG CAA GCC TGC TTC CAT TCT CAG ACG AGA TCA TAT CAA AAC TTG ACA
underlies toxicity o agonists. . TCA ACC TGT CTA ACC GTT CGG ACG AAG GTA AGA GTC TGC TCT AGT ATA GTT TTG AAC TGT
TALENS: Specific and Quantitative Knockout A T TR ER

138 148 158 168 178
AGC TTT CAG TGC TTA GAC TCA GTG TTA GTT ATT TGA GGG CCA AGG GTT TTT TTG AA
O a an TCG AAA GTC ACG AAT CTG AGT CAC AAT CAA TAA ACT (ff GGT TOC CAA AAA AAC TT
‘ P F R &L B S ¥ LN 1A

) oo R La

Methods Overview

Figure 7. Amplification and sequencing of TALEN target regions. (A) Primers were designed

each trace are the reverse complement of genomic DNA. (C,E) Sequences of genomic AHR1a
exon 2 in wild-type and 1A2.9.1 cells annotated with predicted amino acid sequences.
Orange arrows correspond in sequence and indicate deviation from wild-type sequence.
AHR1a amino acid residue 71 is a STOP codon in 1A2.9.1 cells. (F) Number of potential
mutant clones sequenced in this study.

each paralog in XLK-WG cells, a cell line derived from X.
laevis kidney epithelium. While the siRNA targeting AHR1[3
achieved 90% knockdown of its target gene and did not
affect AHR1a expression, the siRNA targeting AHR1a

1 SiRNA K Kd N-terminal TALE repeat C-terminal ETFL:;':[““ to amplify a 1.1 kb region containing the AHR1a TALEN target site and a 500 bp region F

' $I _ nockaown _ domain domains domain —— containing the AHR1B TALEN target site. (B,D) Sequencing chromatograms of the AHR1«a clones double

Using siRNAs, we knocked down mRNA expression of 17N T : TALEN target site in wild-type and 1A2.9.1 XLK-WG cells lines. Nucleotide annotations above sequenced AHRlagéAHRIB;knOCKOUt -
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achieved 65% knockdown of its target and 52% knockdown
of AHR1[3, an undesired off-target effect. We measured the

expreSSiqn of a classic AH.R-reSponsivle gene called Figure 4. TALEN construction and mechanism. TALENs are composed of transcription Su m mary and FUtu e WOrk
CYP1AG in cells treated with AHR 1 sIRNA that were activator-like effectors (TALEs), amino acid repeats engineered to bind a specific DNA _ _
exposed to graded concentrations of TCDD, which induces sequence, and the Fokl endonuclease. TALEN vectors must be transfected in pairs SIRNA Experiments
CYP1AG via the AHR. because Fokl functions as a homodimer to generate a double-strand break. Imperfect
N repair of the break causes deletion of multiple nucleotides and disruption of the open XLK-W§ cglls lacking AHBlB exhi.bited.a red.uction in' TCDD-induced C'YP1A6 MRNA compared to control cells. This suggests that
2 TA_LENSZ Gene—edltlng N_u_c!eases | | reading frame to encode a short, non-functional orotein. AHR1B is in part responsible for inducing this canonical AHR-responsive gene.
Con_S|der|ng the !aCk of SpeCIfICIty and transient, mcomplete We will obtain an siRNA specific for AHR1a, allowing us to reduce the gene’s expression without affecting AHR1B. We can then
KD induced by siRNAs, we developed a protocol to We purchased three TALEN pairs from Cellectis targeting: 1) AHR1a, 2) AHR1B and, 3) investigate TCDD-induced CYP1A6 mRNA levels in cells lacking only AHR1a.
generate AHR1a”", AHR1B", and double knockout XLK- both AHR1a and AHR1[. Each TALEN pair targeted a region within the first 100 bp of
WG cell lines using gene-editing proteins called exon 2 of either AHR1a or AHR1B. Developing AHR1a-, AHR1B--, and Double Knockout XLK-WG Cell Lines Using TALENSs
transcription activator-like effector nucleases (TALENS).
TALENS were engineered as p|asmid3 controlled by the Using a GFP plasmid under the control of the same promoter as TALEN plasmids, we determined that transfection efficiency of

plasmid DNA was ~30% in XLK-WG cells.

cytomegalovirus (CMV) promoter which, after transfection
Into XLK-WG cells, should induce double-strand breaks

early in the second exon of AHR1a and AHR1p. Transfection Efficiency

Basal AHR1a and AHR18 mRNA Levels
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Of 68 potential AHR1a-knockout cell lines sequenced, one clone, designated 1A2.9.1, harbored a 3 nt insertion coupled with a
13 nt deletion early in exon two of the AHR1a open reading frame (Ant 83-100). The resulting frameshift causes an early STOP
codon in the basic helix-loop-helix domain of AHR1a.

Our preliminary siRNA data suggest that AHR1a is capable of mediating CYP1A6 induction in response to TCDD (data not
shown). Therefore, comparing CYP1AG6 expression following TCDD exposure in 1A2.9.1 and WT cells will further verify the role
of AHR1a in the regulation of gene expression.
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Unigue expression of AHR1a and AHR1P in various X. lgevis tissues is evidence for spatial subfunctionalization of the paralogs.
Recent studies of zebrafish AHRs used an AHR-knockout model and suggested similar subfunction partitioning among paralogs
(Garner et al., 2013, Goodale et al., 2012). Our future work will employ AHR-knockout X. laevis cell lines to define specific
functions of AHR1a and AHR1p.
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