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Thesis Summary
The Aryl-hydrocarbon Receptor (AhR) is a basic Helix-Loop-Helix Per-ARNT-Sim (bHLH.PAS)

transcription factor (TF) which binds partner protein Aryl hydrocarbon Receptor Nuclear Translocator
(ARNT), in order to activate target genes in response to environmental or endogenous stimuli. The PAS
region of these TFs consists of two adjacent repeats of the PAS domain, where the PAS repeat defines
dimerization specificity and also serves as a primary sensor in exogenous ligand activation of AhR.
Active AhR/ARNT heterodimer binds specific DNA sequences, termed Xenobiotic Response Elements
(XRE). The molecular detail of interactions that dictate dimerization and DNA binding specificity are
unknown for this TF family. In addition, active AhR has recently been shown to function as a recognition
component of an E3 ubiquitin ligase. Reports that AhR null mice have poor fertility and defects in liver
vasculature are indicative of the potential for a number of endogenous roles. Research into activation of
AhR has highlighted that post-translational modifications may affect function by regulating subcellular

localization.

The complex regulatory outcomes of AhR expression and activation require a number of approaches to
elucidate mechanistic information. In this thesis, a structural investigation of heterodimerization and
DNA binding has been used to propose a molecular mechanism for target gene recognition and
activation following XRE binding. Crystallographic approaches have yielded crystals of bHLH.PAS-A
regions of AhR/ARNT heterodimer bound to DNA. Atomic force microscopy and small angle x-ray
scattering analyses have illustrated an XRE binding mechanism whereby the DNA is bent, and the PAS-
A region of the dimer flattens around the DNA. A targeted mutagenesis screen of the AhR ligand
binding domain (LBD) was performed to investigate polycyclic aromatic hydrocarbon (PAH) and atypical
ligand binding specificity. In parallel, mutant AhR proteins were assessed for inducibility by non-
exogenous ligand modes of activation, including cell suspension and application of shear stressed
serum. This process identified an LBD mutant selectively activated by novel ligand YH439, and
completely inactive following PAH, cell suspension and shear stressed serum treatments, inferring the
potential for differential ligand binding pocket access by YH439. Finally, given the complex output
following expression and activation of AhR, regulation by post-translational modification was
investigated as a potential means of subtle regulation of signalling fate. A thorough analysis of untreated
AhR has revealed a concert of modifications occurring on functionally relevant regions of the protein
that are implicated in regulating subcellular localization, protein:protein interactions, and potentially,
protein stability. Preliminary analyses of YH439 and cell suspension treated AhR has additionally
indicated the possibility of activation state specific modification patterns. In summary, this thesis
describes: Novel approaches to structural characterisation of a bHLH.PAS protein dimer bound to DNA;

atypical ligand binding to a novel site of AhR; and an analysis of a proposed AhR PTM code.
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NES - Nuclear Export Sequence

NF«B - nuclear factor kappa-light-chain-enhancer of activated B cells
ng - nanogram

Ni - Nickel

ng - Nanograms

NLS - Nuclear Localization Sequence

nm — nanometres

nM - nanomolar

NMR - Nuclear Magnetic Resonance
NMT2 — N-myristoyltransferase-2

NP40 - Tergitol

NPAS — Neuronal PAS domain Protein
NPC - Nuclear Pore Complex

NQO-1 - NAD(P)H:quinone oxidoreductase 1
NXF — Neuronal X Factor

ODgoo— Optical Density 600nm

ODDD - Oxygen Dependent Degradation Domain
O/N — Overnight

PAGE - Polyacrylamide Gel Electrophoresis
PAH - Polycyclic Aromatic Hydrocarbon
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PAI-2 - Plasminogen Activator Inhibitor-2

PAS — Per-ARNT-Sim Homology Domain

PBS - Phosphate Buffered Saline

PBSIT - Phosphate Buffered Saline with 1% Tween-20
PCAF — p300/CBP Associated Factor

PCB - Polychlorinated biphenyl

p/CIP, — protein kinase PAM C-terminal Interacting Protein 2
PCR - Polymerase Chain Reaction

PCDD - Polychlorinated Dibenzo[p]dioxins

PDBID - Protein Data Bank Identification

PEG - Polyethylene Glycol

pg — picogram

PG - Prostaglandin

Phyre - Protein Homology/Analogy Recognition Engine
PIC - Polymerase Preinitiation Complex

PKA - Protein Kinase A

pM — picomolar

PMA - phorbol-12-myristate-13-acetate

PMSF - Phenylmethyl Sulphony! Fluoride

Polk - DNA polymerase kappa

PONDR - Predictor of Natural Disordered Regions
P(r) - Distance Distribution Function

PRH - Proline Rich Homeodomain

PRMT - Protein arginine Methyltransferase
PSGL-1 - P-selectin Glycoprotein Ligand 1

PTM - Post Translational Modification

puro - Puromycin

PYP - Photoactive Yellow Protein

g-PCR - quantitative PCR

Q-rich — Glutamine Rich

RA - Retinoic Acid

RB — Retinoblastoma Protein

RD - Regulatory Domain

Rg - Radius of Gyration

RIP140 - Receptor Interacting Protein 40

RL-TK - Renilla Luciferase Thymidine Kinase

RM - Right Median

rpm - revolutions per minute

ROR2 - Human Orphan Receptor Tyrosine Kinase 2
RT — Room Temperature (~21°C)

SANS - Small Angle Neutron Scattering

SAXS - Small Angle X-ray Scattering

SBE - Smad Binding Element

SC - Stratum Corneum

SDS - sodium dodecyl sulphate

S.E. - Standard Error

sec - seconds

SEC - Size Exclusion Chromatography

SET - Su(var)3-9, Enhancer-of-Zeste, Trithorax
SGC - Soluble Guanylyl Cyclase

SILAC - Stable Isotope Labelling of Amino Acids in Cell Culture
Sim - Single Minded

Sima - Similar

SiRNA — Small interfering RNA

Smyd2 — SET and MYND domain-2

S-phase - Synthesis Phase
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SRC1 - Steroid Receptor Coactivator 1

ss - Single Stranded

STAS - Sulphate Transporter and AntiSigma Factor antagonist domain
STAT1 - Signal Transducer and Activator of Transcription 1
Su(HW) — suppressor of Hairy Wing

TAD - Transactivation Domain

TAF10 - TBP Associated Factor 10

TBP - TATA-binding protein

TCDD - 2,3,7,8-Tetrachlorodibenzo-p-dioxin
T-cell - Thymocyte

TE - Tris.HCI/EDTA

TEA - Triethylamine

TEAAC - Triethylammonium Acetate

TEMED - N,N,N2,Ni-tetramethyl-ethylenediamine
TEV - Tobacco Etch Virus

TF - Transcription Factor

TGFp - Transforming Growth Factor Beta

TGN - Trans-Golgi Network

Twl7 — Thymocyte Helper Cell 17

Tip60 — HIV Tat interacting protein of 60kDa

TOF - Time of Flight

TPM — Tethered Particle Motion

TPST - Tyrosylprotein sulfotransferase

TR - Thyroid Hormone Receptor

Tree — Regulatory Thymocyte Cell

Trh — Trachealess

Tris.HCI - Tris(hydroxymethyl)aminomethane
Trityl - Triphenylmethane

Trx — Thioredoxin

TSA - Trichostatin A

Tween-20 - Polyoxyethylene-sorbitan Monolaurate
USF - Upstream Stimulatory Factor

UV - Ultraviolet Light

VEGF - Vascular Endothelial Growth Factor

VHL - Von Hippel Lindau Protein

VP16 - Viral Protein 16

VVD - Vivid blue-light photosensor

WCE - whole cell extract

wt — Wild Type

X1X1 - Duplexed XRE

XAP2 - hepatitis B virus X associated protein 2
X-gal - 5-bromo-4-chloro-3-indolyl-b-D-galactopyranoside
XRE - Xenobiotic Response Element
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