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Abbreviations

Δ Deletion mutant

5' UTR 5' untranslated region

AD Activation domain

AR Androgen receptor

CAR Constitutive androstane receptor

CCRP Cytoplasmatic CAR retension protein

CITCO 6-(4-Chlorophenyl)imidazo[2,1-b][1,3]thiazole-5-carbaldehyde-
O-(3,4-dichlorobenzyl) oxime

CL Crude lysate

CLT Clotrimazole

CTAB Hexadecyltrimethylamoniumbromide

CYP Cytochrome P450

DBD

DMSO

DNA-binding domain

Dimethyl sulfoxid

E. coli Escherichia coli

EGF Epidermal growth factor

F Fraction

HER2 Human epidermal growth factor receptor 2

HNF4α Hepatocyte nuclear factor 4 alpha

HOXC11 Homeobox C11

HSP90 Heat shock protein 90

IMAC Immobilized metal affinity chromatography



IPTG Isopropyl-β-D-thiogalactopyranoside

LB media Lysogeny broth media

LBD Ligand-binding domain

LBP Ligand-binding pocket

LXXLL motif Leu-X-X-Leu-Leu motif

Mw Protein standard

NR Nuclear receptor

NRID NR interaction domain

OD600 Absorption at 600nm

PBS Phosphate buffered saline

PNPase Polynucleotide phosphorylase

PPARγ Peroxisome proliferator-activated receptor gamma

PXR Pregnane X receptor

S Supernatant

SDS-PAGE Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis

SMS Small molecular stimulators

SOC media Super Optimal broth with Catabolic repressor media

SRC1 Steroid receptor coactivator-1

UB Unbound protein fraction

W Washing

WT Wild type
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1 INTRODUCTION

The constitutive androstane receptor (CAR), a nuclear receptor (NR), is a transcriptional

regulator, which influences the expression of various proteins, such as enzymes of

biotransformation and transporters important for metabolism of various exogenous

compounds. Furthermore, CAR influences the level of endogenous substances such as

glucose, lipids, fatty and bile acids, thus plays an important role in metabolic diseases.

CAR can be fully active only in presence of coactivators, such as steroid receptor

coactivator-1 (SRC1), that is important also for other NRs. The most important

fragment of SRC1 for binding to the NR is the central domain, made of three α-helical

Leu-X-X-Leu-Leu (LXXLL) motifs, in which L means leucine and X represents any

amino acid. The presence of three LXXLL motifs raises a question, whether all of them

are necessary for CAR-binding and whether some of them contribute to better

recognition of SRC1 or to stronger binding accompanied by higher activity. The aim of

this project was to study an importance of various SRC1 motifs with respect to CAR

interaction and its subsequent activation. The main challenge was to obtain pure and

soluble recombinant fragments of SRC1, containing central domain, in which some of

the LXXLL motifs are removed from its sequence. These recombinant proteins may be

used in further studies to compare their affinity to CAR. For this purpose constructs

were made using a pET based vector for recombinant protein expression in E. coli and a

target cDNA for SRC1 fragments with mutated LXXLL motifs. Afterwards, these

constructs were transformed into E. coli host strains and used as small factories

producing target proteins. The main purpose of recombinant protein expression is to

produce soluble and active proteins. Target recombinant proteins are located in E. coli

cells, hence have to be first homogenised by sonication and subsequently purified. The

expressed proteins bear N-terminal 6xHis-tag thus they can be successfully purified

using immobilised metal affinity chromatography for instance using TALON resin.

When purified proteins are obtained, their activity and affinity to CAR (or other NRs)

can be studied. Experiments with these mutants may bring promising results on their

interaction affinity and possibility to influence (increase or decrease) SRC1 binding to

NR thereafter affect the function of various NR. These results may be used in an effort

to cure various diseases, such as diabetes mellitus or cancer.
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2 AIMS OF THE STUDY

To achieve the goals of the projects the following aims have been set:

 Expression of codon optimised wild type and mutated synthetic human SRC1

domains in E. coli BL21 DE3 cells

 Purification of the expressed human SRC1 and CAR

 Investigation of SRC1 - CAR protein interaction using pull down experiments
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3 THEORETICAL BACKGROUND

3.1 Constitutive androstane receptor (CAR, NR1I3)
The constitutive androstane receptor (CAR), belongs together with the pregnane X

receptor (PXR) and the vitamin D receptor (VDR) into the NR subfamily 1 group I

(NR1I), is regarded as a xenobiotic sensor, with broad specificity to endogenous and

exogenous ligands of various chemical structure [1,2]. CAR is constitutively active, thus

displays certain activity in the absence of any direct ligand [2]. The CAR gene is

expressed mainly in the small intestine and liver, tissues where an extensive drug

metabolism takes a place [1]. Lower basal expression is detected in brain, heart, adrenal,

testis, prostate and kidney [2]. CAR is a transcriptional regulator, which influences the

expression of enzymes of phase I and II biotransformation (oxidative and conjugative

enzymes) and transporters (uptake and efflux) important for drug metabolism [1,3].

CAR is present in cytoplasm as a multi-protein complex, for instance together with the

heat shock protein 90, cytoplasmic CAR retention protein and protein phosphatase 1

regulatory subunit 16A [4]. After CAR activation by any of its ligands, CAR

disassociates from the cytoplasmic protein complex and translocates into the nucleus

where transactivates its target genes [4,5].

3.1.1 CAR structure
A structure of CAR (most common isoform human CAR1) is made of 348 amino acid

residues with a molecular weight ~ 40kDa [2]. CAR is formed by three main structural

domains: the DNA-binding domain (DBD), ligand-binding domain (LBD) and a hinge

region which serves as a connector between these two domains. A schematic structure

of CAR LBD in complex with an agonist is shown in Figure 1 [2].

The DBD contains zinc-finger motifs [6], which allow the recognition and binding of

CAR to DNA in the promoter region (specific sequences, motifs, shared with PXR) of

its target genes [2], whose expression is afterwards induced. In the promoters CAR can

directly bind to the proximal xenobiotic responsive element (XRE) and/or as a

heterodimeric complex with the retinoid X receptor to the distal phenobarbital

responsive enhancer module (PBREM) [7].
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Figure 1: The three dimensional structure of CAR LBD. CAR LBD is shown in

complex with an agonist CITCO, fragment of SRC1 coactivator - peptide with LXXLL

motif (in orange colour)[1]

Target genes regulated by CAR (summarized in Table 1) include cytochrome P450

family members (CYPs), sulfotransferases, UDP-glucoronyltransferases, glutathione S-

transferase and many others important in absorption, distribution, metabolism and

excretion of various molecules. The induced genes are not only connected with

xenobiotics metabolism, but they also play an important role in metabolism of

endobiotics [1].

The primary target gene is CYP2B6. Its response elements can bind both CAR and PXR

and therefore is regulated by both NRs. CYP3A4 is mainly activated by PXR, but CAR
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can also enhance its levels [8]

Table 1: Target genes regulated by CAR [1]

Target gene Species
Phase I
Aldehyde dehydrogenases M. musculus
Cytochrome P450s

CYP2A6, 2B6, 2B10, 2C9, 2C19, 3A4, 3A11 H. sapiens
cyp1a1, 2a4, 2b10, 3a11 M. musculus

P459 (cytochrome) oxidoreductase M. musculus
Phase II
Glutathione S-transferases M. musculus
Sulfotransferases M. musculus
UDP-glucuronosyltransferases M. musculus, H. sapiens

Phase III
ATP binding cassette family M. musculus, H. sapiens
Solute carrier transporters M. musculus

The CAR LBD with ~ 250 amino acids, most of them hydrophobic, has a broad

specificity for binding both endogenous and exogenous ligands. The amino acids of this

domain form a clef on its surface, which has a high affinity for the Leu-X-X-Leu-Leu

(LXXLL) motif, usual found in many NR coactivators. A structure of the recognised

CAR ligands is various, involving endobiotics such as steroids (androstanes, estrogens),

bile acids or cholesterol metabolites and several xenobiotics such as clinical drugs,

pesticides, environmental contaminants, or flavonoids and polyphenols [1,2].

There is only 72% amino acid similarity between the mouse and human CAR LBDs.

The LBDs differ mainly in amino acids sequences which affects their size or ligand

contact points, thus experiments with the mouse CAR can not be accurately related to

human CAR, due to a different ligand selectivity [1,6]. Hence, humanized mouse

models for PXR and CAR have been developed, in which gene for hPXR or hCAR is

inserted into a murine model replacing its orthologue [6].

The LBD makes up a three-layer sandwich architecture, which is conserved also for

other NRs [1]. The CAR LBD is composed of 11 α-helices, 3 short β-strands and two

helices (2,2') in 310 conformations [1,9]. Different from other NRs is an additional X

helix between helix 11 and an unusually short helix 12 (does not form a pocket). The

ligand binding pocket contains about 30 residues and ligand is bound through
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hydrophobic interactions and hydrogen bonds. CAR ligands are not in direct contact

with helix 12 [1].

3.1.2 Expression of CAR
The expression is influenced by various pathways and effector molecules. The key

regulators are different isoforms of HNF4α (isoform 1 for activation, isoform 7 for

suppression) through a conserved element in the proximal CAR gene promoter. The

expression is increased for instance by glucocorticoid receptor, retinoic acid receptor,

PXR agonists (e.g. dexamethasone), peroxisome proliferators (e.g. fibrates) and thyroid

hormones. CAR expression is influenced also by the circadian cycle [1]. Altered

expression can lead to various diseases, such as bone disorders, hepatic steatosis or

cancer [10].

3.1.3 Transcriptional regulation
An immediate response to xenobiotics, in an effort to detoxify harmful chemicals, is

ensured by quick translocation and activation of CAR. In addition, for the long-term

protection it is needed to have an effective up-regulation mechanism of CAR gene

expression. Many hormones and endobiotic metabolites are important for basal CAR

expression. Lots of chemicals (synthetic and herbal drugs, environmental pollutants)

have been proven to increase its expression. A distal glucocorticoid response element

(GRE) is located in the CAR gene promoter, thus glucocorticoids (e.g. dexamethasone)

at nanomolar doses are able to induce the expression in the liver. Thyroid hormones

activate the expression though the thyroid receptor, all-trans retinoic acid, a metabolite

of vitamin A, through the retinoic acid receptor. In addition, the CAR expression

appears to be dependent on feeding-fasting switch (fasting increases CAR levels in

mice) [7].

3.1.4 Genetic variation in the human CAR
The DBD is encoded by exon 2,3 and part of exon 4, whereas the LBD is encoded by

exons 5-9 together with rest of exon 4. There exist at least 26 splicing variants, therefore

the CAR expression can influence further activity of CAR. Among the most important

isoforms are CAR1 (wild type), CAR2 (SPTV inserted near LBP), and CAR3 (APYLT

inserted in the LBD/heterodimerization region). Not all CAR splice variants have the
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same activity, e.g. CAR1 has a high constitutive activity, whereas CAR2 and CAR3 just

low [1].

3.1.5 Function
CAR together with PXR regulate transcription of genes important for drug metabolism,

energy homeostasis and cell proliferation [11]. CAR is important in the homeostasis of

glucose, lipids, fatty and bile acids [10,11]. CAR protects liver from hepatotoxicity,

because it is responsible for detoxification of chemicals, which could harm organism

[7].

In recent studies the protecting effect of CAR against metabolic diseases, such as

obesity and type 2 diabetes in mice was discovered [12]. Studies have shown that

activation of CAR improves insulin sensitivity and glucose tolerance in mice, decreases

gluconeogenesis in liver resulting in significant serum glucose level reduction [13,14].

Moreover, CAR targeting in animal models was effective in the treatment of other

metabolic diseases, such as dyslipidemia and atherosclerosis. Treatment with CAR

agonist can reduce serum triglyceride levels, VLDL secretion from the liver and help in

hepatic steatosis. Furthermore, CAR seems to be important for the regulating energy

homeostasis under physiological or pathological conditions [13].

CAR has an important role in human hepatogenesis, where it promotes cellular

differentiation and maturation [15]. On the other hand, CAR activation promotes liver

hyperplasia and carcinogenesis. It is not clear, if benefit in metabolic diseases treatment

can be separated from adverse effects of CAR activation [13].

Since CAR can mediate various diseases, such as cancer (together with tumour

resistance), diabetes or metabolic disease, there is an effort to discover molecules

targeting these NRs, to influence related diseases [10].

3.1.6 Drug-drug interactions
CYP3A4, 2B6, 2C9 and 2C19 expression induced by PXR and CAR can lead to drug-

drug interactions [6,10]. These CYPs metabolize more than 80% of prescribed drugs [6].

Drug-drug interactions (as well as a crosstalk with other enzymes and transporters) can
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change the bioavailability of administered drugs or increase toxic metabolite formation

[10].

3.1.7 Nuclear translocation of CAR
Although CAR is a NR, his response to a xenobiotic stimuli is very fast for instance the

cyp2b10 expression peaks within one hour from administration of 1,4-bis-[2-(3,5-

dichloropyridyloxy)]benzene,3,3',5,5'-tetrachloro-1,4-bis(pyridyloxy)benzene

(TCPOBOP) in mice. It is mainly caused by a massive nuclear translocation of CAR

from the cytoplasm, which is mainly regulated by phosphorylation and de-

phosphorylation of CAR. Threonin 38 (Thr38, corresponding to Thr48 in mice) is a

target for protein kinase C and it is suggested that the phosphorylation represses the

nuclear translocation [7]. Dephosphorylation of this amino acid seems to be essential for

translocation into nucleus [4,16]. Other proteins are also responsible for CAR

cytoplasmic retention. Heat shock protein 90 (HSP90) together with cytoplasmic CAR

retention protein creates a ternary complex with CAR, causing retention in the

cytoplasm. The CCRP-HSP90 complex with CAR accumulated in the cytoplasm seems

to implicate a fast response to a second exposure of stress [7].

3.1.8 Activation mechanism of CAR
CAR can be activated through direct binding of ligand such as 6-(4-

Chlorophenyl)imidazo[2,1-b][1,3]thiazole-5-carbaldehyde-O-(3,4-dichlorobenzyl)

oxime (CITCO) or indirectly (phenobarbital, acetaminophen, bilirubin, phenytoin,

dietary flavonoids chrysin, baicalein, and galangin), through CAR translocation

stimulation without direct binding to CAR [1,2,4].

In case of activation upon direct binding, the response relies mainly on nuclear

translocation. Ligand is directly bound to CAR LBD, which is followed by coactivators

binding [2,6]. CAR activation is highly dependent on its phosphorylation and de-

phosphorylation. Indirect CAR activation by phenobarbital is mediated through EGF

receptor. Antagonizing EGF by PB leads to dephosphorylation of CAR at Thr38 that

activates CAR nuclear translocation and transcriptional activity [2].
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3.1.9 CAR agonists and activators
CAR is constitutively active, thus has its own high basal activity without activating by

any ligands. Nevertheless there are existing isoforms of hCAR, which are strictly

dependent on ligand activation. Unfortunately, these isoforms are not present in rodents,

thus experiments at rodent models, may not reflect accurately to human. CAR is

influenced by many endobiotics, such as steroids (androstanes, estrogens, progestins),

bile acids and cholesterol metabolites. Various xenobiotics also regulate CAR activity

such as clinical drugs, pesticides, food-derived flavonoids or alcohol-derived

polyphenols. Some CAR activators are summarized in Table 2 [2,17].

After binding of an agonist the LBD is conformationally changed and subsequently

associated with coactivators. This process leads to gene transcription activation, under

normal physiologic or pathologic (during disease development) condition [10].

CAR agonists could be effective in treating diseases such as cholestasis, diabetes or

obesity [10].

Table 2: Human CAR activators [2]

Drug Active chemical Note
Analgesic Actaminophen
Analgesic (opiate) Buprenorphine
Anticonvulsant Phenobarbital Indirect activator

Phenytoin Indirect activator
Carbamazepine
Valproic Acid

Anti-retroviral Efivarenz
Nevirapine

Anxiolytic Diazepam
Chemotherapeutic Cyclophosphamid
HMG-CoA reductase
inhibitors

Simvastatin,
Fluvastatin

Steroid hormone Diethylstilbestrol
Natural compound
Flavonoid Ginkgo biloba extract
Garlic extract Diallyl sulphide
Polyphenols Resveratrol

3.1.10 Inhibitors of CAR activity
CAR is responsible for inducing drug metabolism, drug-drug interactions due to its

elevated activity, hence there is an effort to develop therapeutics that can decrease



10

activity of CAR. Antagonists can replace an agonist from the ligand-binding site

whereby decrease an activity, whereas inverse agonists (firstly detected androstanol and

the pheromone androstenol) can repress CAR’s constitutive basal activity. It is assumed

that androstanes cause dissociation of the coactivators from CAR. Clotrimazole is an

inverse agonist of hCAR (not mouse CAR) with high affinity (Ki 100nM) and disrupts

the interaction of hCAR and SRC1. Binding of antagonistic ligand leads to co-repressor

binding, followed by receptor deactivation [2,10].

CAR antagonists or inverse agonists could be promising in treatment of malignant

diseases such as hepatocellular carcinoma [10].

3.1.11 Co-regulators
CAR can be fully active only in presence of various coactivators (summarized in Table

3). Most coactivators are bound to CAR through one or more interaction boxes, which

contain a short peptide LXXLL motif (L = Leucine, X = any amino acid). Moreover, the

salt bridges at the ends of this motifs help to the proper orientation to LBD clef, and

leucines interact by van der Waals forces with the hydrophobic residues of the LBD

helices 3, 4-5 and 12. One of the group belonging to the coactivators is the steroid

receptor coactivator (SRC) family [1].

Another type of coregulators are corepressors that are recruited in the presence of an

inverse agonist. Prototypic NR corepressors are nuclear receptor corepressor 1

(NCoR/NCOR1) and silencing mediator of retinoid or thyroid hormone receptors

(SMRT/NCOR2) [1].
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Table 3: CAR coregulators [1]

CAR-interacting protein Group/function
Steroid receptor coactivator-1 (SRC1) p160 coactivator
Transcriptional intermediary factor 2 (TIF2) p160 coactivator
Receptor-associated coactivator 3 (RAC3) p160 coactivator
Activating signal co-integrator 2 (ASC2) General NR coactivator
PPAR-binding protein (PBP) Mediator TRIP/TRAP coactivator
PPARα-interacting cofactor 320 (PRIC320) General transcription machinery-

interacting protein
PPARγ coactivator 1α (PGC-1α) General NR coactivator
Growth arrest and DNA damage inducible 45β Cell cycle regulating factor
Protein phosphatase 1 regulatory subunit 16A Regulator of signal transduction
Splicing factor 3a, subunit 3, 60kDa Splicing/inhibitor of CAR signaling
Nuclear receptor corepressor (NCoR) General NR corepressor
Forkhead box O1 Metabolic transcriptional factor
Silencing mediator for retinoid or thyroid
hormone receptors (SMART)

General NR corepressor

3.2 The p160 steroid receptor coactivator (SRC) family
The activity of NRs is potentiating by protein coactivators, including steroid receptor

coactivator-1 (SRC1), which is a member of SRC family [18,19]. The p160 (160-kDa)

SRC family is composed of three structurally homologous members: SRC1, SRC2

(TIF2, GRIP1) and SRC3 (AIB1, RAC3, ACTR, pCIP, NCOA3) [20,21,22]. All these

coactivators influence the transcriptional activity of NRs. Not only the activity of NRs is

mediated by them but SRCs affect also other transcription factors such as nuclear

factor-κB (NF-κB), Smads, E2F1, signal transducers and activators of transcription

(STATs), hypoxia inducible factor 1 (HIF1) and others [23,24]. In addition, SRCs can

mediate gene transcription by interacting with kinases, phosphatases, ubiquitin ligases,

small ubiquitin-related modifier (SUMO) ligases, histone acetyltransferases and histone

methyltransferases [23].

In addition to transcription, the SRCs regulate also translation and postranslational

modification. Therefore, the SRCs influence several physiological functions though

their interaction with amount of factors and their ablation or overexpression is linked to

several diseases [21].
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3.2.1 The domain organisation of SRC proteins
The SRC family is formed by three structural domains (Figure 2, SRC1 structure).

The aminoterminal domain bHLH-PAS (helix-loop-helix-Per/ARNT/Sim) is

responsible for protein-protein interaction. Its interaction with transcriptional factors

e.g. myogenin a myocyte-specific enhancer factor 2C (MEF2C) potentiates gene

transcription. In this domain nuclear localization signals are present, which are

responsible for subcellular localization [24].

The central domain is made of three α-helical LXXLL motifs. These motifs create the

NR interaction domain (NRID) and facilitate interaction with NRs and their activation

[24,25,26]. The spacing between motifs is conserved [26]. LXXLL motif is present also

in other NR coactivators, such as the 140kDa receptor interacting protein (RIP140) and

CREB-binding protein (CBP). Different residues and number of LXXLL motifs among

coactivators influence their affinity and selectivity to the NRs LBDs [20].

The carboxyl terminus is created by AD1 and AD2, two transcriptional activation

domains that mediate the interaction with other coregulators. AD1 interacts with CREB-

binding protein (CBP) and the histone acetyltransferase p300 (EP300) whereas AD2

with two histone methyltransferases: coactivator-associated arginine methyltransferase

A (CARM1) and protein arginine N-methyltransferase A (PRMT1) [25].

Figure 2: hSRC1 protein domains. The AD1-3 are activation domains responsible for

interaction with various coactivators. NRID is made of thee LXXLL motifs (L1-3) and

enables binding to NRs [25]

3.3 Steroid Receptor Coactivator 1 (SRC1)
There are two isoforms of steroid receptor coactivator-1, SRC1a and SRC1e. Both of

them contain a triplet of LXXLL motifs at their NRID and SRC1a has an additional

unique LXXLL motif at the C-terminus. Different biological function between the two
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isoforms have not been observed, although an additional motif of SRC1a isoform leads

in vitro to higher affinity in case of some NRs such as with estrogen receptor [19].

3.3.1 Biological functions of SRC1
The SRC1 gene, which is located in chromosome 2 p23, is widely expressed in various

tissues (Figure 3), in which SRC1 regulates cellular processes [27,28].

Figure 3: Tissues expression of SRC1 [25]

SRCs are present in various reproductive tissues and are essential for the proper

function of the reproductive system and any abnormal increase in coactivator expression

contributes to the cancer onset and progression [24]. SRC1 interacts with both estrogen

and progesterone receptors, and regulates the uterine growth, fertility and mammary

gland development [21,29]. SRC1 influences the progression of endometriosis and in

breast cancer SRC1 features as oncogene [21]. SRC1 is also a coactivator of the

androgen receptor. SRC1 knockout mice show reduced response to androgen

stimulation, and prostate and urethra weight reduction in comparison to wild type mice.

Development of mammary gland is a steroid dependent process. In SRC1 knockout

female mice ductal density and length, as well as the number and size of alveoli in

pregnant mice is reduced compared to wild type. Furthermore, SRC1 is important for

brain development and function, and is the highest expressed in Purkinje cells among

SRC members. SRC1 is a coactivator of the thyroid receptor and loss of its function
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causes partial resistance to thyroid hormone. Moreover, SRC1 is responsible for

hormone-dependent maintenance of bone mineral density thus protects against

osteopenia and osteoporosis. The SRC1 protein is expressed in arterial wall and plays an

important role in estrogen mediated protection of the cardiovascular system. SRC1 has a

significant role in metabolic processes. PPARγ, the NR responsible for white and brown

adipose tissue development creates complex with PPARγ coactivator and to this

complex SRC1 can further bind. That leads to PPARγ transcriptional activity increasing

in brown adipose tissue. The SRC1 inactivity decreases energy expenditure in this

tissues, followed by increasing obesity. Furthermore, SRC1 decreases cholesterol

absorption. Finally, SRC1 enhance gluconeogenesis in the liver through activation of

the non steroidal C/EBPα transcription factor that upregulates pyruvate carboxylase,

that is responsible for initiation of glucose production [25]. Therefore, mice deficient for

SRC1 are hypoglycemic and insulin sensitivity is increased [24].

3.3.2 SRC1 expression in cancers
The SRCs play an important role in the growth and development of many organs in

which SRCs have a low expression [25]. On the other side, studies have investigated

that SRCs are overexpressed in many types of human cancer [23] such as breast,

prostate, endometrial, ovarian, lung, colon, esophageal, gastric, pancreatic cancers and

melanoma [29].

3.3.2.1 Breast cancer

In breast cancer, SRC1 contributes to the switch from steroid dependent to steroid

independent regulation and lung metastasis formation [24,25]. According to SRC1

levels the disease recurrence can be predicted [25]. Furthermore, SRC1 overexpression

contributes to poor survival [22].

3.3.2.2 Prostate cancer

SRC1 contributes to both androgen-dependent and androgen-independent prostate

cancer. Moreover, increased level of SRC1 contributes to lymph node metastasis in

localized, androgen-dependent tumours. SRC1 ablation then reduces AR-dependent

cellular proliferation [25,30].
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3.3.2.3 Endometrial cancer

SRC1 mRNA expression is significantly increased in malignant endometrial cancer, but

there is no correlation with grade of myometrial invasion. In contrast, level of SRC1 in

endometrial hyperplasia is reduced in comparison to glandular cells in the proliferative

phase [25].

3.3.2.4 Thyroid cancer

SRC1 is expressed in epithelial tumour cells of both anaplastic and non-anaplastic

tumours and SRC1 expression is associated with HER2 expression. SRC1 expression

correlates with reduced survival rate, poor cellular differentiation and capsular invasion

[25].

3.3.2.5 Cutaneous melanoma

SRC1 is a coactivator for HOXC11 that upregulates S100β. Elevated levels of S100β in

cutaneous melanoma contribute to poor prognosis and treatment response. Higher SRC1

levels were observed in malignant melanoma compared to benign [25].

3.3.3 SRC proteins as potential therapeutic targets
Cancers with increased SRCs expression are often resistant to therapy and are

associated with poor survival rates[24,31]. SRCs large size and oncogenic effects

predict SRCs as promising therapeutic targets. SRC1 and SRC3 can be inhibited by

small molecule inhibitors such as gossypol. Their degradation is independent of a

proteasomal mechanism. Silencing of SRCs genes can be managed also with microRNA

[31]. Furthermore, levels of SRCs could be effective as biomarkers of various

pathologic states [24]. In addition, the anticancer potential of SRC small molecular

stimulators (SMS), such as MCB-613, has been investigated. Over-stimulation of cancer

cells by SMS through SRC signaling leads to increased stress response and higher levels

of reactive oxygen species caused by enhanced protein expression followed by cancer

cell death [22]. Other consequent researches on SRCs and SMS may bring new

opportunities in cancer treatment [22,25].
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3.4 The recombinant protein expression
The recombinant technology is the method of choice to produce pure, soluble and

functional proteins [32]. Recombinant proteins can be expressed in prokaryotic

(Escherichia coli, Bacillus subtilis), eukaryotic systems (yeast, mammalian cells), or in

vitro [33]. The cDNA fragment encoding the target protein is inserted into a vector and

the final construct after transformation for instance to E. coli cells then produces the

target recombinant protein [34].

The bacterial expression system usually consist of a compatible vector and a microbial

strain of E.coli, forming small cell factories, producing high levels of soluble products

[32]. E. coli belongs to the most widely used hosts for the recombinant protein

expression with various regulations of expression systems [35]. E.coli is well

characterized, its cultivation is simple, inexpensive and fast with doubling time about 10

minutes [32,26]. Genetic background of E.coli strains is also well known and the

recombinant protein production is high [32,37]. The transformation of E. coli cells with

exogenous plasmid is easy and takes only about 5 min [36]. However, not all proteins

can be produced effectively in E.coli cells especially those with disulfide bonds or

mammalian proteins which are post-translationally modified to gain their active forms

[32]. A possible solution is co-expression of genes related to post-translational

modifications [33]. Nevertheless, the expression with E. coli sometimes results in

insoluble or nonfunctional proteins [32].

3.4.1 Expression vectors
E. coli vectors contain many central genetic elements, which are essential for the

expression system [34]. The expression vector should include origin of replication (ori),

an antibiotic resistance marker, 5' untranslated region (5'UTR), transcriptional

promoters, translation initiation regions (TIRs) and transcriptional and translational

terminators [33,34]. The expression vector may further possess fusion tags, that are

transcribed together with inserted gene [34].

3.4.2 The replicon
The plasmid replicon contains the origin of replication (ori), from where the replication

of DNA starts. In some cases also cis acting elements are present. Most vectors replicate
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based on ColE1 or p15A replicon [34].

A copy number of the vector is controlled by the replicon and shows an average number

of molecular copies in one cell [36]. The ColE1 replicon is derived from the pBR322

with copy number 15-20 or the pUC with copy number 500–700 plasmid family and the

p15A from pACYC184 with copy number 10-12. Replication of these plasmids is stable

and daughter cells without plasmid are not common [34]. A high copy number can lead

to a metabolic burner [36].

3.4.3 Promoters
The expression vector needs well controlled transcriptional promoter, which may be

inducted through thermal or chemical ways. Isopropyl-β-D-thiogalactopyranoside

(IPTG), a sugar analogue, which is used as a common inducer [34]. The expression

system has a minimal basal transcription activity without promoter induction [33]. It is

necessary to mention that autoinducible systems have been developed to avoid adding

potentially toxic and expensive inducers, such as IPTG [38]. Another advantage of

autoinducible systems is that there is no need to monitor cell density and add inducers to

gain recombinant proteins [39].

3.4.4 5'UTR
Structure of 5' untranslated region is important for translation control, because

translation is initiated by binding of the ribosome to the Shine-Dalgarno sequence

located in 5' UTR [33].

3.4.5 Fusion tags
Fusion tags (at N- or C- terminus of recombinant protein) are important for detection of

protein expression, purification or enhancing protein solubility [33,40].

The polyhistidine affinity tag (6xHis-tag) is a chain of six histidine residues that

provides ability for binding to bivalent metal ions such as nickel, cobalt or copper that is

used in purification process. Another small tag, the FLAG tag, may be used for

purification as well, but it is more expensive and not suitable for large scale purification.
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Fusion tags may affect the function and structure of the expressed protein, therefore

protease cleavage sites are introduced in their close proximity for their easy removal by

specific proteases [33].

3.4.6 Resistance markers
The expression vectors usually bear resistant markers to ampicillin, kanamycin,

chloramphenicol or tetracycline. Resistance to ampicillin is supported by bla gene,

which expresses β-lactamase that catalyses the β-lactame ring hydrolysis. Kanamycin is

inactivated by aminoglycoside phosphotransferases whereas chloramphenicol by

chloramphenicol acetyl transferase coded by cat gene. The resistance to tetracycline is

linked to a product of various genes [33].

3.4.7 The pET expression system
The pET vector, a commonly used vector, contains multiple cloning sites for inserting

foreign cDNA, hybrid promoters and protease cleavage sites [34,36]. Nowadays, more

than 40 different genetic modification of pET system for various applications have been

developed. The pET expression system with T7 promoter is the most widely used

system [37]. Recombinant protein can reach 50% of the total cell protein [36].

A host strain has to bear DE3 fragment controlled by IPTG inducible lacUV5 promoter.

DE3 fragment encodes T7 RNA polymerase originated from bacteriophage T7 gene 1.

lacUV5 promoter and hybrid T7/lac promoter are repressed by lacI repressor, encoded

by lacI gene which is located at the E.coli genome as well on the expression vector. The

lacI tetramer repressing lac operator is released by IPTG, afterwards T7 RNA

polymerase can be transcribed. Expressed T7 RNA polymerase initiates transcription of

the target gene located on inserted vector (Figure 4) [34].

IPTG is a very strong inducer of the lac operon, which is not metabolised by E. coli,

thus does not need to be continuously supplied. On the other hand, IPTG causes stress

response in E. coli, which contributes to inclusion bodies formation [41].

T7 promoter is created by 20-nucleotide sequence and can not be recognized by the

E.coli RNA polymerase. While RNA polymerase transcribes 50 nucleotides per second,

T7 polymerase is almost five times faster (230 nucleotides). The expression in the pET
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system can be regulated by T7 lysozyme, a natural inhibitor of T7 RNA polymerase,

encoded by pLysS or pLysE plasmids. These genes are in silent (pLysS) or expressed

(pLysE) orientations due to the cognate tetracycline (Tc) responsive promoter [34].

Figure 4: pET expression system with T7 promoter. E.coli genome and the pET

plasmid [34]

3.4.8 E.coli host strains
Nowadays, there is available a large number of engineered E. coli strains, which are

appropriate for various applications [34,36]. These strains should be deficient in

harmful natural proteases, which would break down expressed recombinant proteins.

Overexpression of genes encoding molecular chaperones and factors can help to

improve protein production [34,39].

BL21 strain can be mentioned as a commonly used E.coli strain. It is a robust non-

pathogenic strain, which is able to grow in minimal media. This strain does not contain

ompT and lon genes encoding two proteases, which could harm expressed proteins and

interfere with their isolation. BL21(DE3) is the most used strain for protein production.

Its advantage is for instance in low acetate production or decreased protease expression.

BL21(DE3) is used usually in combination with pET expression system [41]. C41(DE3)

and C43(DE3) mutants were derived from BL21(DE3) strain for soluble expression of

some globular and membrane proteins, whose expression is low in the parent strain

[34].
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3.4.9 Protein expression

3.4.9.1 Stability of the messenger RNA

The efficiency of transcription, mRNA stability and the frequency of translation

influence the level of expressed protein. The half-life of mRNA is from seconds to

maximally 20 min at 37°C. The expression level directly depends on stability of mRNA,

which is degraded by RNases, exonucleases RNaseII and PNPase and endonuclease

RNase E. The mRNA is protected by folding, ribosomes protection and modulation by

polyadenylation [34].

3.4.9.2 Prevention of inclusion body formation

To gain active proteins folding into precise three-dimensional structures is important.

Proper folding is spontaneous under normal cellular conditions [32]. However, in stress

situations e.g. heat shock proteins are expressed at high rates, proteins are in denatured

forms (Figure 5) and create aggregates termed inclusion bodies [34]. Inclusion bodies

are associated with heat-shock proteins as well as proteases are present [42]. Proteins of

these aggregates are misfolded and biologically inactive. Afterwards, biologically active

forms, the soluble cytoplasmic fraction, of proteins can be acquired by complicated

denaturation and refolding processes and yields are usually low. Moreover, the re-

solubilisation may affect the integrity of proteins [32]. Many techniques have been

developed to prevent inclusion body formation, such as using of different promoters,

different host strains, co-expression of chaperones, reduction of temperature and

expression rates, heat stimulation of chaperones or protein secretion to periplasm or

culture medium [35,42].

On the other hand, inclusion bodies formation has some advantages, such as possibility

to produce proteins which are toxic to the host cells or easier separation though

centrifugation [33].
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Figure 5: Expression of target protein into soluble or insoluble protein [32].

3.4.10 Stress response
The expression of recombinant protein induces a „metabolic burden“, which means that

the amount of host metabolic resources such as material and energy is used for the

expression from the foreign DNA [32]. Thus, the cell growth corresponds with the level

of expression, if more protein expressed, less biomass is created. Moreover, plasmid

maintenance in a bacterial cell induces a stress response especially when the inserted

DNA is highly expressed. Such a stress situation requires high energy response e.g. for

stress proteins synthesis. Some expressed proteins can also directly harm the host cell,

due to their enzymatic activity. Slow adaptation to a specific production, such as by

increasing the level of inducer, can contribute to stress reduction [34].

3.4.11 Fusion protein technology
Target protein can be fused with various protein fusion tags to simplify the purification

or the expression. These tags may be linked to the protein by sites recognizable by

specific proteases. Most fusion proteins are developed for specific purification

strategies. There exist many affinity tags and two of the most common are polyhistidine

tag (His-tag) which is compatible with immobilized metal affinity chromatography

(IMAC) and glutathione S-transferase (GST) tag that has been developed for

purification using glutathione resins [34]. Not only tags for enhancing the purification

have been developed, but there exist tags for instance to increase solubility of the

expressed protein, to improve its yields or to prevent following proteolysis [32].
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3.4.12 Secretion of recombinant proteins
Expressed recombinant protein can be secreted into the cytoplasm, periplasm or to the

cultivation medium [37]. Each way has its advantages and disadvantages. The secretion

into the cytoplasm is convenient due to high yields of product. Disulfide bond formation

is catalysed in the periplasm by the Dsb system, whereas in the cytoplasm cysteines stay

reduced by thioredoxin and glutaredoxin. Thioredoxin is reduced by thioredoxin

reductase and glutaredoxin by glutathione, that is kept reduced by glutathione reductase.

Disruption of that reductases allow disulfide bonds formation in the cytoplasm, strains

with trxB and gor depletion (genes encoding reductases) have been prepared [34].

Transmembrane transport is mediated through a specific transporter complex in the

membrane, to the periplasm usually by the Sec translocase apparatus. Passive transport

out from the cell works due to destabilization of structural components. The E.coli

membrane can be permeabilised by intracellular lysis proteins or externally by

mechanic, enzymatic or chemical methods. Strains with changed membrane, deficient in

some structural membrane components, can be also used [34].

3.4.13 Molecular chaperones
Molecular chaperones can either help to precise folding of expressed protein or prevent

protein aggregation. Chaperones can be also co-expressed together with the target

protein to prevent inclusion body formation. When newly expressed protein exits the

E.coli ribosome it is associated with a trigger factor chaperone that protects protein

against premature folding. Folding may continue after release from this chaperone.

Aggregations of proteins are reduced and solubilised by DnaK (Hsp70 chaperone

family) and GroEL (Hsp60 chaperone family). Irreversible aggregation of heat

denatured proteins is prevented by small heat shock proteins IbpA and IbpB [32,43].

Nevertheless, even when appropriate plasmid and E. coli strain is chosen the

recombinant protein expression can be at low levels and the acquired protein can be

insoluble or may form inclusion bodies. Various strategies have been invented in an

effort to solve the mentioned problems. For instance, adjusting the composition of the

medium or more intense aeration for higher cell densities [36].
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4 MATERIAL AND METHODS

CHEMICALS
Acrylamide/bis-acrylamide Sigma Chemical Co.
Ammonium persulfate (APS) Sigma Aldrich
CITCO (CAR agonist) Sigma Aldrich
Clotrimazole (CAR inverse agonist) Sigma Aldrich
Hexadecyltrimethylamoniumbromide (CTAB) Sigma Life Science
Dimethylsulfoxid (DMSO) ACS REAGENT Sigma
99% Ethanol Etax Altia Oyj
87% Glycerol solution Sigma
Hydrochloric acid (HCl) VWR Finland
Imidazole Merck AG Germany
Isopropyl β-D-1-thiogalactopyranoside (IPTG) GoldBio USA
Isopropanol VWR Finland
Kanamycin sulfate Fluka Analytical
Sodium chloride Sigma Chemical Co.
S07662 (CAR inverse agonist) Synthesised at School of

Pharmacy UEF, Finland
TEMED (N,N,N',N'-Tetramethylethylenediamine) Sigma Chemical Co.
99,9% Trisma base Sigma
ENZYMES
BTTM TEV Protease BioPioneer
Lysozyme Dalian Greensnow Egg

Product Development Co.
INSTRUMENTS
Centrifuges
Galaxy mini centrifuge VWR International
Centrifuge 5424 Eppendof Ag
Megafuge 1.0R rotor 7570D max 4300 rpm

rotor 3041max 15 000 rpm
Heraeus Instruments

Avanti® Centrifuge J-26 XP1 Beckman Coulter
rotor JLA-8.1000 max 8000rpm

Sorvall WX 90 (rotor T-1250) Thermo Electron
Corporation

Block heater
QBD 2 Grant
Incubator
Infors HT Ecotron
Sonicator
Vibra cell ™ Sonics
Spectrofotometers
GENESYS 10S UV-VIS Thermo Scientific
NanoVue spectrophotometer GE Healthcare
Electrophoresis – power supply
BIO-RAD Power Pac ™ HC, 250V, 3.0A, 300W
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Vortex mixer
Vortex-genie 2 G560E Scientific Industries
Shaker
Heidolph Titramax 101
BUFFERS
CAR lysis buffer

50 mM Tris-HCl (pH=8.0)
100 mM NaCl
10% Glycerol

PBS buffer, pH=7,4
137 mM NaCl
2,7 mM KCl
10 mM Na2HPO4
1,8 mM KH2PO4

5x Protein loading buffer
156 mM Tris-HCl (pH=6,8)
5% SDS
25% Glycerol
0,1% Bromphenol blue
25% Sacharose
1 mM TCEP

SDS-PAGE running buffer
0,025mM Tris
0,5M Glycine
0,2% SDS (Sodium dodecyl sulfate)

Stain for protein gels
30% Ethanol
20% Acetic Acid
3mM R250 Coomassie Blue Stain

De-stain I
30% Ethanol
20% Acetic Acid

De-stain II
Destain I : H2O in ratio 1 : 1

Buffer P1 – Resuspension buffer + Rnase A Qiagen
Buffer P2 – Lysis buffer Qiagen
Buffer P3 – Neutralization buffer Qiagen
QBT buffer – Equilibration buffer Qiagen
MEDIA
Lennox LB (Lysogeny broth)

1% peptone/tryptone
0,5% yeast extract
0,5% NaCl

LB media with agar (agar 15 g/L)
SOC medium (Super Optimal broth with Catabolic
repressor)

2% peptone/tryptone
0,5% yeast extract
10mM NaCl
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2,5mM Kcl
10mM MgCl2
10mM MgSO4
20mM glucose

BactoTM Yeast Extract (Extract of Autolysed Yeast Cells) VWR Chemicals
LB BROTH BASE Invitrogen
Tryptone (peptone from casein) VWR Chemicals
METAL AFFINITY RESIN
Talon Superflow TM Clontech Laboratories,

Inc.
ANCILLARY MATERIAL
Microtube 1,5 ml SARSTEDT
Reaction tubes Greiner Bio-One GmbH
Tube – 12ml, 15ml, 50ml
Erlenmeyer flasks – 250ml, 500ml, 5l
Sarstedt Serological Pipette 5ml, 10ml, 25ml Sarstedt
Petri dishes
DNA Column, Midi prep Qiagen
Beakers
BIOLOGICAL MATERIAL
Constructs
pET28c_hSRC1_WT (LXXLLsyn) =WT
pET28c_hSRC1_synL1 =L1
pET28c_hSRC1_synL2 =L2
pET28c_hSRC1_synL3 =L3
pET28c_hSRC1_synΔAll =ΔAll

pET28c_3xFLAG-hSRC1 (LXXLLsyn)    = FWT
pET28c_3xFLAG-hSRC1ΔL1 =FΔL1
pET28c_3xFLAG-hSRC1ΔL2 =FΔL2
pET15b-hCAR_LBD =CAR

Molecular cloning and
design at School of
Pharmacy, UEF,
synthesis – Biobasic,
Canada

E.coli competent cells
DH5α
genotype fhuA2 Δ(argF-lacZ)U169 phoA glnV44 Φ80
Δ(lacZ)M15 gyrA96 recA1 relA1 endA1 thi-1 hsdR17 [44]

BL21DE3 – NiCo21(DE3)
genotype fhuA2 [lon] ompT gal (λ DE3) [dcm] ∆hsdS
λ DE3 = λ sBamHIo ∆EcoRI-B
int::(lacI::PlacUV5::T7 gene1) i21 ∆nin5 [45]

NEB
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Recombinant proteins and their sizes used in this study:

6xHis-hCAR_LBD 268aa 30.5kDa
3xFLAG-hSRC1 (WT) 211aa 23.2kDa

3xFLAG-hSRC1-Hisx6 (WT) 227aa 25.1kDa

4.1 Schematic representation of recombinant proteins with their domains

6xHis-hCAR_LBD

hSRC1 and its mutants used for interaction with CAR
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WT L1

L2 L3

∆All FWT

F∆L1 F∆L2
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4.2 Transformation of E.coli competent cells (Inoue at al, 1990 [46],
modified)

To 10μl of E.coli cells 1μl of DNA has been added, gently mixed in 1,5ml microtube

and then incubated on ice for 30 min. In case of DNA production the DH5α strain,

whereas for protein production the BL21(DE3) strain of E.coli was used. After the

incubation the mixture of DNA and competent cells was put into the block heater at

temperature 42°C for 45s long thermal shock. After this the mixture was placed into ice

for 2 min to cool down. Afterwards 0,5 ml of SOC media without antibiotics was added,

followed by 60 min incubation at 37°C with shaking at 200 rpm. Onto LB agar plates

with appropriate antibiotics e.g. 50μg/ml of kanamycin was plated and plates were

incubated overnight at 37°C.

4.3 Pre-culture preparation
The small initial pre-culture was prepared by picking one colony of E.coli from

overnight LB agar plate (Transformation of E.coli competent cells), adding it to 2ml of

LB media with appropriate antibiotics e.g. 50μg/ml of kanamycin and incubating it at

37°C and 200rpm shaking. The larger pre-cultures were upscaled accordingly e.g. 30μl

bacterial suspension to 30ml of LB media. A flask or a tube used for cultivation had at

least 5 times larger volume than the volume of media used in it.

4.4 Glycerol stocks
For the long-term storage of the ready transformed bacterial cultures of E.coli, glycerol

stocks were prepared. The overnight 2ml pre-culture was centrifuged at 2 min 14 000

rpm in the benchtop centrifuge (Eppendorf 5424) and the LB media was discarded. The

bacterial pelet was resuspended in 20% of glycerol, the ready glycerol stocks were

placed for storage to -80°C until further use.

4.5 Mini-scale protein over-expression of SRC1 constructs
The overnight E.coli culture was diluted to OD600 = 0,1 in the total volume of 4ml of LB

media supplemented with 25μg/ml of kanamycin in 24 deepwell plate and incubated at

37°C for 2,5h. After this incubation the 4ml of bacterial culture was equally divided to

yield 2ml of negative control and 2ml of bacterial culture where IPTG has been added
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to 1mM final concentration. For negative control instead of IPTG the same volume of

mQH2O was added. The samples were incubated at 37°C for 2 h, then OD600 was

measured. After centrifugation at 4000 rpm, 30min, 4°C, in Megafuge 1.0R the LB

media was discarded and the pelet of E.coli culture was resuspended in calculated

volume of 1xPBS buffer according to equation in Figure 6. For SDS-PAGE analysis

25μl from the sample was taken into the new microcentrifuge tube to which 10μl of 5x

Protein loading dye was added. The prepared sample was heated for 10 min at 99°C,

centrifuged and 15μl loaded into the SDS-PAGE gel.

Figure 6: Amount of buffer for pelet resuspension= 2 . . 100
V buffer …. [μl]

V culture …. [ml]

OD600 …. absorption at 600nm

4.6 Large scale protein expression of SRC1 constructs
The overnight pre-culture has been diluted to OD600=0,05 in total volume of 100ml of

LB media supplemented with 25μg/ml of kanamycin in baffled Erlenmeyer flask and

incubated at 37°C until OD600 reached the range 0,4 - 0,6. After OD600 measurement a

2ml negative control was taken out into 2ml microtube, centrifuged 2min at 14000 rmp

in benchtop centrifuge (Eppendorf 5424). The medium was discarded and the sample

placed at -20°C until analysis. To start the protein expression, to the Erlenmeyer flask

final concentration of 0,1mM of IPTG has been added and the culture was incubated for

2h at 37°C. After the incubation the OD600 has been measured and 2ml of a positive

control was taken and processed analogically as the negative control. The small control

samples have been analysed on the SDS-PAGE. The large culture has been centrifuged,

the medium discarded and the bacterial pelet stored at -20°C until further use.

4.7 Extraction of DNA from E. coli
The plasmid DNA has been extracted using alkaline lysis methods with silica gel

columns according to manufacturer instructions (Qiagen). Firstly, the bacterial pelet was

resuspended in 250μl buffer P1, that contains RNase A, then 250μl buffer P2 was added
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and the sample was incubated at room temperature for 3 min, finally 350μl buffer P3

was added. For larger bacterial pelets the buffer volumes were upscaled see Table 4.

After centrifugation 40 min, 4300 rpm, 4°C using Megafuge 1.0R the supernatant was

saved into new tubes. Then 1/10 of the total sample volume of 1% CTAB was added.

Columns with silicagel were equilibrated by 2ml of QBT buffer and the supernatant

with CTAB was added into columns. After binding the columns were washed with 2ml

of 70% ethanol and were centrifuged 10 min, 4300rpm at room temperature. For the

elution 2ml of mQH2O was added to the column. First, the column was centrifuged 5

min 1000xg to yield the 1st fraction then the 2nd fraction was obtained after additional 5

min 3000xg.

Table 4:DNA purification, reagents volume

E. coli culture 25ml
DNA Columns Midi prep Qiagen
P1 buffer 2ml
P2 buffer 2ml
P3 buffer 5,6ml
CTAB 1% 1,36ml
QBT 2ml
70% Ethanol 2ml
Elution H2O 2ml

4.8 Protein purification using the TALON Superflow Resin
TALON Resin (Figure 7) is an immobilized metal ion affinity chromatography (IMAC)

resin intended for purification of 6xHis-tagged proteins [47]. It contains a cobalt core

(Co2+) in chelate with a tetradentate ligand, that specifically binds the 6xHis-tag.

TALON Metal Affinity Resin can be used for purification of native or denatured

proteins [48]. The bound proteins are eluted with buffer that contains 250mM

imidazole.
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Figure 7:The structure of TALON Metal Affinity Resin binding 6xHis-tagged protein

[47].

4.9 Equilibration of TALON resin
TALON Superflow Resin is supplied as suspension of 50% TALON in non buffered

20% ethanol therefore before usage it is essential to equilibrate it with the buffer that is

used in the purification process. In this process, TALON Resin was washed with the

lysis buffer then centrifuged 5 min at 700xg and then the buffer was removed. This

wash process was first with 1ml mQH2O and then three times with 1ml of buffer that is

used in the purification process.

4.10 Protein purification using centrifuge
The bacterial pelet from 100ml E.coli cultures was resuspended in 1x PBS buffer

calculated according to equation from Figure 6 supplemented with 100μg/ml of

lysozyme. The sample was then twice sonicated on ice for 1min with amplitude 40%,

pulse 2s on 2s off. Then 25μl of crude total cell extract (CL) was taken for analysis. All

the fractions are explained in Table 5. The sonicated extract was centrifuged 40 min at

4000rpm, 4°C in Megafuge 1.0R. Supernatant (S) was taken into a new tube and 25μl

was taken for analysis. The supernatant was then added to the prepared TALON and

incubated for 30 min. After the binding process the sample was centrifuged at 700g, 5



32

min at 4°C. For analysis 25μl of unbound protein fraction (UB) was taken away. The

TALON resin was then three times washed with 1ml PBS (W). Then washed with PBS

containing 10mM imidazole as fraction F0. Protein was twice eluted from TALON resin

with 100μl of PBS containing 250mM imidazole yielding two fractions F1 and F2.

From fractions F1 and F2 5μl was taken for analysis, mixed with 5μl of 5x Protein

loading buffer and then loaded to SDS-PAGE gel. To CL, S, UB and W samples 10μl of

5x Protein loading buffer was added.

Table 5: Samples for analysis of purification effectivity

CL = crude lysate Crude protein extract after sonication
S = supernatant Supernatant after centrifugation
UB = unbound fraction Supernatant after binding
W = washing Buffer used for washing
F0 = washed fraction Wash fraction with 10mM imidazole
F1, F2 = Fractions Protein fraction eluted with 250mM imidazole

4.11 Protein purification using gravity flow column
For the purification of CAR or hSRC1syn from one litre culture, gravity flow column

purification was used. The pellet of cells was resuspended in calculated amount of

buffer with 100μg/ml of lysozyme added. Cell cultures with CAR protein were

resuspended in CAR lysis buffer. Cultures with recombinant hSRC1 prepared for pull

down experiments were also resuspended in CAR lysis buffer. Afterwards, the

resuspended cultures were twice sonicated 2 min with amplitude 40% and pulse 2s on

2s off with thermoprobe set to 15°C. After ultracentrifugation at 22 300rpm, 2 h, 4°C

using Sorvall WX 90 centrifuge the supernatant was mixed with 2 ml of equilibrated

50% TALON. The mixture was incubated 30 min under moderate shaking. Afterwards

the mixture was applied to column the supernatant let run through it. Then the resin in

the column was washed with 10 resin volumes of CAR lysis buffer and subsequently

with CAR lysis buffer supplemented with 10mM imidazole. Finally, the bound protein

was eluted with 1 ml of CAR lysis buffer with 250mM imidazole.

4.12 SDS-PAGE analysis
Protein samples have been analysed using 15% Tris SDS-PAGE Bio-Rad minigels

(Laemli SDS-PAGE) prepared according to Table 6. The 15% gel was chosen for high
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separation ability for proteins with size range from 10kDa to 40kDa. The theoretical

size of purified proteins is between 23,2 and 30,5 kDa.

Table 6: Composition of SDS-PAGE gels

15% resolving gel Stacking gel
mQH2O 1.50ml 1.30ml
acrylamide(40)/bis-
acrylamide(0,8)

1.50ml 0.25ml

1.5M Tris pH 8.8/0,4% SDS 1.05ml -
0.5M Tris pH 6.8/0,4% SDS - 0.53ml
APS 25% 16.8μl 8μl
TEMED 4.2μl 2μl

Electrophoretic separation was done at constant voltage 200V for approximately 60

min, whereas in pull down experiments for about 2h. Gels with separated proteins were

stained with Coomassie Brilliant Blue for 2h and destained 1h with De-stain I, then with

De-stain II.

4.13 Sample preparation for SDS-PAGE
To 10μl or 25μl of sample 5μl or 10μl of 5x Protein loading buffer was added. The

samples were heated for at least 10 min at 99°C in the block heater and then

centrifuged. Afterwards 10μl or 15μl of supernatant and 3μl of Protein standard were

loaded to the SDS-PAGE gel.

4.14 Protein standard (Mw)
Protein standard P7712S, Broad Range, BioLabs, New England, which contains 12

purified proteins with sizes ranging from 11kDa to 245kDa, was used for observing

protein separation (Figure 8). Protein standard is stored at 4°C and 3μl was loaded to the

SDS-page gels without previous heating [49].
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Figure 8: Mw protein standard

4.15 6xHis pull down experiments
To the 6xHis-CAR-TALON complex an appropriate ligand has been added (Table 7)

and incubated at the room temperature for 20 min.

After that, the supernatant from the sonicated and centrifuged, but un-purified culture

that contained the overexpressed 3xFLAG-hSRC1syn (FWT, F∆L1 and F∆L2) was

added to 6xHis-CAR-TALON and incubated additional 20 min. For another set of pull

down experiments where 3xFLAG-hSRC1syn-6xHis (L1, L2, L3 and ΔAll) was used,

the 6x His-tag was removed with TEV Protease from the purified 6xHis proteins.

Afterwards, the pure 3xFLAG-hSRC1syn (L1, L2, L3 and ΔAll) was incubated 30 min

at the room temperature with ligand and 6xHis-CAR-TALON complex. After

incubation the mixture was three times washed with 1ml of CAR lysis buffer and

centrifuged at 700xg for 5min. After each centrifugation the supernatant was removed

and new 1ml buffer has been added. Finally to the washed sample 5μl of 5xProtein
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loading dye was added and sample was loaded to the SDS-PAGE gel.

Table 7: CAR ligands used in pull down experiments

Ligand Effect on human CAR
CITCO Agonist
DMSO -
SO7662 Inverse agonist
Clotrimazole Inverse agonist or Agonist

4.16 Removing of the 6xHis-tag with TEV protease
The 6xHis-tag of recombinant hSRC1 would interfere with the pull down experiments

because of its possible interaction with TALON Resin. Therefore, the 6xHis-tag had to

be removed by TEV Protease. TEV Protease recognizes the specific cleavage site Glu-

Asn-Leu-Tyr-Phe-Gln-Gly, cleaving between Gln and Gly, that is located between

hSRC1 and 6xHis-tag. BTTMTEV Protease is incubated with protein 16h at 4°C and

used in 1:100 ratio [50].

When BTTMTEV Protease was added directly to the hSRC1-TALON complex, activity

of protease was very low (Figure 9). The BTTMTEV Protease contains 6xHis-tag

thereafter there is a possibility for its binding to TALON Resin. Therefore, hSRC1 was

first eluted from TALON Resin by imidazole then the 6xHis-tag has been removed with

BTTMTEV Protease.
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Figure 9: hSRC1 eluted by TEV Protease, when protease was added directly to the

hCAR-hSRC1 complex, elution is not effective, TEV Protease may bind the TALON

Resin

4.17 Removal of imidazole from samples by buffer exchange
The final fractions eluted from iMAC purification contain 250mM imidazole, which

may interfere with the pull down experiment where hCAR-TALON complex is added.

The high imidazole may elute hCAR from TALON, thus the removal of the imidazole

from the hSRC1 samples was done using ZebaTM Spin Desalting Columns. The

desalting columns were placed in 15ml collection tube and were centrifuged at 1000xg

for 2 min to remove storage solution. After they were washed three times with 1ml of

the CAR lysis buffer. Then 1ml of sample was loaded to the column and after

centrifugation at 1000xg for 2min in a new collection tube the sample with protein was

collected.
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5 RESULTS

Constructs cDNA for WT, L1, L2, L3 and ΔAll hSRC1 were transformed into DH5α E.

coli strain in an effort to amplify the DNA of the expression vectors. The obtained

concentrations are shown in Table 8.

Table 8: Concentrations of the purified DNA (total volume 2ml)

Fraction 1 Fraction 2
WT 104ng/μl 106ng/μl
L1 60ng/μl 41ng/μl
L2 66ng/μl 74ng/μl
L3 103ng/μl 95ng/μl
∆All 89ng/μl 42ng/μl

5.1 Mini-scale protein over-expression
In mini-scale protein over-expression test it has been verified that the recombinant

proteins are produced in high yield. Samples 1 and 12 (Mw) are the protein standard,

samples 2, 4, 6, 8, 10 show negative controls (wells without IPTG inducer) and samples

3, 5, 7, 9, 11 indicate the presence of recombinant proteins (between bends 25kDa and

32kDa).

Figure 10: Mini-scale protein over-expression; Mw - molecular standard, (-)
negative,(+) positive sample, IPTG concentration 1mM, 15%SDS-PAGE
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5.2 IPTG optimization
The IPTG concentration optimization was made to find minimal but substantial

concentration under which the induction of gene expression takes place, since IPTG is a

toxic chemical for the cells. In this experiment it was observed that 0,1mM IPTG, the

lowest tested concentration, is effective to initiate gene transcription. Optimal

concentration was used in further experiments.

Figure 11: IPTG concentration optimization; Mw-protein standard, 1-6 growing
concentration of IPTG, 15% SDS-PAGE, expressed protein (WT) between bends 25 and
32kDa (red arrow)
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5.3 Comparison of 2h and 24h induction times
Two different duration of protein expression at the same condition (37°C, 200rpm) have

been tested. It has been shown that 2 h expression (Figure 12) gives better yields of the

target proteins in comparison to 24 h expression (Figure 13), in which expressed protein

is subsequently degraded because of high temperature.

Figure 12: 2 h expression, 37°C,200rpm, 0,1mM IPTG, 15% SDS PAGE, recombinant
protein expressed and present after purification (between 25 and 32kDa – red arrow).

Figure 13: 24 h expression, 37°C, 200rpm, 0,1mM IPTG, 15%SDS PAGE, recombinant
protein present in minimal amount (between 25 and 32kDa – red arrow).
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5.4 Purification of hSRC1 WT and its mutants from 100ml E. coli cultures
hSRC1 WT and its mutants in BL21(DE3) have been expressed for 2 h at 37°C after

induction by 0,1mM IPTG. The expressed recombinant proteins were released from E.

coli cells by lysozyme-catalysed cell wall degradation and subsequent sonication. The

proteins were purified by iMAC. The process of purification was successful and led to

an acquirement of proteins that are effectively separated from E. coli cellular proteins

although a small part of proteins has not been removed. That proteins are probably

chaperones in complex with target recombinant proteins. In this experiment it was

proven, that the expressed protein is soluble and thus can be purified by this method.

Part of proteins have not been bound to the TALON resin but the protein yields after

purification were good. Purification is documented by samples which were taken during

process and analysed by SDS-PAGE electrophoresis (shown in Figures 14 to 18)

Table 9:Protein concentration after purification

F1(100μl) F2(100μl) Yield
WT 1,314μg/μl 0,650μg/μl 2mg/l LB media culture
L1 2,15μg/μl 0,841μg/μl 3mg/l LB media culture
L2 1,857μg/μl 0,442μg/μl 2,3mg/l LB media culture
L3 2,102μg/μl 0,839μg/μl 2,9mg/l LB media culture
ΔAll 2,774μg/μl 1,151μg/μl 3,9mg/l LB media culture

Table 10: Samples from purification process

1- Mw = Protein standard
2- CL = Crude total protein after sonication
3- S = Supernatant with soluble proteins
4- UB = Unbound fraction
5- W = Washing with PBS buffer
6,7 - F1,F2 = Fractions eluted by 250mM imidazole
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Figure 14: WT purification, 100ml culture, 15% SDS-PAGE, WT between bends 25
and 32kDa – red arrow.

Figure 15: L1 purification, 100ml culture, 15% SDS-PAGE, L1 between bends 25 and
32kDa – red arrow
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Figure 16: L2 purification, 100ml culture, 15% SDS-PAGE, L2 between bends 25 and
32kDa – red arrow

Figure 17: L3 purification, 100ml culture,15% SDS-PAGE, L3 between bends 25 and
32kDa – red arrow
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Figure 18: ∆All purification, 100ml culture,15% SDS-PAGE, ∆All between bends 25
and 32kDa – red arrow.

5.5 CAR purification
Purification of CAR protein with TALON Resin and optimisation of sample volume for

optimal visibility of protein bend at SDS-PAGE gel (Figure 19). CAR was successfully

purified, most of the bacterial proteins from E. coli have been removed. The bend of 5μl

sample of 50% TALON with bound CAR seems to be the best for observing in other

experiments, even smaller amounts could be used.
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Figure 19: CAR purification, volume optimization, 15% SDS-PAGE. CAR is
highlighted with red arrow.

5.6 Pull down - CAR-TALON + 3xFLAG-hSRC1syn (FWT, F∆L1, F∆L2)
The 5μl of 25% TALON-CAR complex in 1,5ml tubes was incubated 20 min with

300μM ligands at room temperature, then the bacterial supernatant containing 3xFLAG-

hSRC1syn (FWT, F∆L1, F∆L2) was added for additional 20 min incubation at room

temperature. Afterwards, the TALON resin was three times washed with 1ml of CAR

lysis buffer in an effort to remove unbound proteins. Samples were centrifuged at 700g,

5 min after each washing and supernatant was removed. To the samples 5μl of Protein

loading dye was added and sample was injected into SDS-PAGE gel. Electrophoresis

was run at 200V constant voltage (Figure 20, hSRC1 highlighted with red arrow).
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Figure 20: Pull down experiments, CAR + FWT/FΔL1/FΔL2, 15% SDS-PAGE,
CAR(samples 14,14,13)=100% input, FWT(13)=20% input, F∆L1(13)=20% input,
F∆L2(14)=20% input

The effect of ligands on the interaction has not been observed. F∆L2 reflects minimal

effect of pull down e.g. F∆L2 does not bind to CAR, that proves an importance of L2

motif.
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5.7 Control of 3xFLAG-hSRC1syn-6xHis (WT, L1, L2, L3) expression
The purification of the 3xFLAG-hSRC1syn-6xHis was done from 1 litre cultures of

E.coli BL21DE3 strain and subsequently used in pull down experiments.

Figure 21: WT, L1, L2 control of recombinant protein expression, (-) negative sample,
(+) positive sample

Figures 21 and 22 with

positive and negative samples

show that all proteins have

been successfully expressed

and after purification and His-

tag removal could be used in

pull down experiments.

Figure 22: L3,∆All control of recombinant protein
expression, (-) negative sample, (+) positive sample
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5.8 Pull down experiments with 6xHis-CAR-TALON and 3xFLAG-
hSRC1syn-(6xHis) (L1, L2, L3, ΔAll)

hSRC1 with 6xHis-tag could not be used in pull down experiments, because CAR

already contains 6xHis-tag and is bound to TALON resin. The 6xHis-hSRC1 would

interfere and could bind also to the TALON resin. Therefore, 6xHis-tag from SRC1 had

to be removed by cutting with TEV protease.

The results from the experiments are shown in Figure 23, hSRC1 highlighted with red

arrow. The specific ligand effects cannot be seen from the experiments. However, the

strongest pull down effect can be seen at L2 compared to L1 and L3. Interestingly, the

protein which does not contain any LXXLL motif could be pulled down as well. Taking

together, all hSRC1 variants bind to CAR, the strongest binding is observed at L2 and

ΔAll.

Figure 23: Pull down experiments between 6xHis-CAR and SRC1 (L1/L2/L3/ΔAll),

15% SDS-PAGE, CAR(samples 13,13,13,14)=100% input, L1(14)=100% input,

L2(14)=100% input, L3 (14)=100% input ∆All (13)=100% input
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6 DISCUSSION

6.1 Expression of codon optimised wild type and mutated synthetic human
SRC1 domains in E. coli BL21 DE3 cells

The expression of the codon optimised hSRC1 yielded substantial recombinant proteins

that could be purified from E. coli and used further in experiments (Figure 10). The WT

and L3 construct showed a decreased expression yields compared to L1, L2 and ∆All

constructs. hSRC1 contains 1441 amino acid residues from which a short domain with

174 amino acids has been used for the expression and various constructs had deletions

for their LXXLL motifs compared to WT domain. It is possible that the WT construct is

stabilised by other parts of the full length that may affect the productions of the WT

protein. The L3 construct lacks the third LXXLL motif from the NRID, which may also

create stabilisation with the other part of the protein. The lack of this motif may also

decrease the overall yields. Except some chaperons and/or heat shock protein we were

not expecting any direct interaction of SRC1 domains with E. coli proteins. When NRs

are not co-expressed in the bacterial system an additional stabilisation may be required,

which was missing from this system. Various constructs may have individual

requirements for such stabilisations that are not required in case of L1, L2 and ∆All

constructs. It is very difficult to justify these intramolecular interactions for the full

length hSRC1 protein because due to its intrinsically disordered properties no structural

data is available. The further optimisation of the IPTG concentration for the induction

resulted in the use of a very low amount 0.1mM IPTG (Figure 11), which is a very

positive factor since it has been shown that high concentration of IPTG may affect the

solubility of recombinant proteins by creating inclusion bodies that require additional

solubilisation steps in the purification process.

6.2 Purification of the expressed human SRC1 and CAR
It has been suggested that the induction time has critical impact on the solubility as well

expression yields. We have tested the expression and subsequent mini scale purification

from cultures that have been induced for 2h and 24h at 37°C (Figure 12 and 13). It is

well noticeable that the short expression provided better yields and resulted also in

higher amounts of purified SRC1. At 24h incubation time at 37°C the high amount of

proteins that has been accumulated may show signs of degradation of the produced
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proteins that counteracts the production. In addition, the based on the grow speed of the

E. coli culture 37°C the 24h incubation will most likely results in the stationary phase of

the culture. Due to this the 2h incubation time at 37°C has been chosen. Although as

discussed earlier, the expression yield of WT and L3 constructs have been lower the

purification also act as a concentrating process therefore for every recombinant protein

we were able to purify enough protein (Figure 14-18). Construct for the expression of

hCAR LBD has been created and the expression/purification optimised in 2008. During

the last years the expression and purification provided reproducible yields of hCAR

between 10-15mg/L of bacterial culture. Compared to SRC1 domains hCAR shows

lower solubility, which has been reported also by others [51]. Therefore, the lysis buffer

has been optimised to increase the glycerol concentration to 20% and the purification

provides enough hCAR LBD for downstream applications. The same lysis buffer has

been used for hSRC1 purifications.

6.3 Investigation of SRC1 - CAR protein interaction using pull down
experiments

In this study, it was observed that all tested motifs except for FΔL2, which contains L1

and L3 but lacks the L2 motif, were able to bind hCAR LBD in pull down experiments

(Figure 20). Compared to L1 and L3 motifs a higher affinity to hCAR was observed

with the domain that contained only the L2 motif, which suggests an importance of L2

motif in binding to hCAR (Figure 23). The LXXLL motifs display differential affinity

and interaction specificity to various LBDs of NRs. Different affinity has been observed

in the study of the core LXXLL motif sequences that is made from 8 amino acid

residues in the interaction with various steroid and retinoid NR’s LBDs such as human

estrogen receptor alpha, human retinoic acid receptor alpha, mouse retinoid X receptor

alpha, human androgen and progesterone receptors [20]. Motif L1 displayed strong

interaction with the LBD of estrogen receptor compared to LBDs of other NRs. Strong

interaction with all tested LBDs have been reported in case of motif L2, with the lowest

affinity the androgen receptor LBD. Motif L3 exhibited significant affinity with LBDs

in the presence of ligands. Motif L2 is essential for binding to estrogen receptor,

nevertheless the presence of additional motifs contributes to optimal binding [19].

Interestingly, the affinity to hCAR was observed also with ΔAll, which lacks all the

LXXLL motif from the NRID central domain. We speculate that the expressed domain

may contain additional motifs that my serve as substitutes for the binding or in the
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flanking regions of the LXXLL motifs there are also residues that contribute to the

interaction. However, at this point we do not have plausible explanation for this

observation and more experiments would be required to investigate the nature of this

unexpected results. These results are in agreement with the ones observed with full

length hSRC1 (Figure 24F). In these experiments ΔAll (F) construct also displays

interaction to full length hCAR.

Figure 24. Activation of CAR by different SRC1 LXXLL motifs. Wild type full length

SRC1 (A) and different LXXLL motif mutations (B-F) have been used to test CAR’s

SRC1 motif recruitment in the presence and absence of three different ligands.

Decreased actions of CITCO can be seen only in case of L3 motif, where there is no

significant difference compared to the DMSO control. All other motifs show sensitivity

towards CITCO.

The effects of ligands in pull down experiments have not been observed, which may be

due to sensitivity of this type of experiments or additional optimisation of the

experimental conditions. The absence of ligand dependent activation or minimal effect

better corresponds with the experiments where short peptides with 21-24 amino acids

have been used (Figure 25), where only L1 motif seemed to be ligand dependent,

compared to full length SRC1 experiments (Figure 24). The pull down experiments

!55

motif sensitivity when binding to VDR. All three, L1, RS1 and RS2 had shown ligand sensitivity
when treated with 3KLCA (Figure 28 B). In case of calcitriol, the most prominent drop in the ligand
sensitivity was observed for RS1 motif. Correlation analysis revealed that 3KLCA and calcitriol have
a different mode activation, correlation coefficient of 0.5769 meaning that the similarity is only 57
%, which supports X-ray structural data showing different binding mode of 3KLCA and calcitriol. In
TAA we have observed that all three NRs can be activated by wild type PGC-1α in a ligand
independent manner.

$

"

5 .6 I dent ificat ion of possible SRC- 1 interact ion sites w ith TAA

Experiments have been performed to discover which SRC-1 LXXLL motif is the key binding partner
when interacting with CAR, PXR or VDR in a ligand dependent and independent manner.

5.6.1 Activation of CAR by different SRC-1 LXXLL motifs in the absence or presence ligands
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Figure 28. Ligand dependent or independent recruitment of different PGC-1α motifs in the
presence or absence of VDR agonists. VDR has ligand independent association with wild type
PGC-1α. The activation pattern by calcitriol and 3KLCA differs from each other, also preferring
different motifs when interacting with VDR.
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show certain similarity in trends with results for peptides for the pull down experiments

with L2 and L3 motifs. Contrary to the pull down experiments (Figure 23A) the

experiments with individual peptide motifs show that the L1 motif cannot be effectively

recruited to the hCAR in the absence of ligands (Figure 25A).

Figure 25: MARCoNi assay with hSRC1 peptides. Ligand independent and dependent

recruitment of LXXLL motifs of SRC1. No activation can be seen by L1 motif in the

absence of ligands (A) L1 motif seems to be the only ligand sensitive motif (B).

Although, the other three motifs (C-E) seems to be sensitive towards CLT, which

supposedly can act as agonist (L2-4) or inverse agonist (L1) for CAR.

!59
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5 .7 Ligand dependent specificity of CoA recruitm ent to VDR

It has been shown that certain VDR agonist are able to specifically modulate its LBP (Molnár et all. J
Biol Chem 2006).These slective ligand induced changes may have allosteric translate toVDR’s
surface and have an effect on the CoA interacting interface. Thereafter we have tested this hypothesis
and explored the differences between three VDR agonist preferences toward recruiting various
CoAs. Different members of SRC-1 family and two additional well know CoAs have been tested. In
C3A cell line (Figure 33 A) there are big differences in the recruitment of the SRC-1 family members
in the presence of different VDR agonists. Slight difference can be seen in case of calcitriol. From
the p160 family of CoAs, SRC-1 activates VDR in the most prominent way compared to TIF2 and
RAC3. TX527 provided the biggest surprise when it showed higher activating potential compared to
calcitriol for RAC3 and PGC-1α (Figure 33 A). In C3A cell Gemini activated the most TRAP220,
SRC-1 and TIF2. TRAP220 and TIF2 was the least favoured by TX527 bound VDR. Surprisingly,
the ligand and CoA induction pattern was remarkably similar in SW480-ADH cell line (Figure 33 B).
Only a slight difference could be noticed when comparing TX527 in the presence of SRC-1, TIF2
and PGC-1α in both cell lines, where TX527 and Gemini bound VDR showed differences. Among
the three members of SRC family, SRC-1 induced the VDR-Gemini complex in the most prominent
way. The other difference between the two cell lines can be spotted in case of SRC-1 in SW480-
ADH, where TX527 showed almost the same high activation as Gemini in the presence of SRC-1.
The level of fluctuation in calcitriol activation is a bit higher compared to C3A cell line. Interestingly,
PGC-1α and TIF2 were the least favoured CoAs by the calcitriol-VDR complex. Taking together, in
different tissues environments different CoAs interaction may be preferred in the presence of various
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Figure 32. MARCoNi assay. Ligand independent and dependent recruitment of LXXLL motifs
of SRC-1. No activation can bee seen by L1 motif in the absence of ligands (A) L1 motif
seems to be the only ligand sensitive motif (B). Although, the other three motifs (C-E)
seems to be sensitive towards CLT, which supposedly can act as agonist (L2-4) or inverse
agonist (L1) for CAR.
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7 CONCLUSION

hCAR LBD, as well as hSRC1 containing 174 amino acids from the central NRID

domain can be expressed by recombinant technology using E. coli strains. The bacterial

expression also leads to soluble proteins with good yields. The main advantage of this

system is that it produces hCAR LBD and hSRC1 in a fast, simple and cost effective

process. The purification of the target proteins is done by the addition of a His-tag that

can be effectively purified by iMAC e.g. by Co2+ based TALON resin. Soluble and

purified proteins can be obtained by this method and afterwards used for various

downstream applications such as pull down experiments. Pull down experiments are

used to investigate protein-protein interactions. In pull down experiments WT as well as

mutated hSRC1 with selectively absent LXXLL motifs displayed the affinity to hCAR,

except for F∆L2, which does not contain L2 motif. Another constructs for recombinant

proteins L1 and L3 displayed lower affinity to hCAR in comparison to ∆All and L2.

The effect of ligands has not been observed.
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The aim of this study was to express wild type and mutated synthetic human SRC1

central domains in E. coli BL21 DE3 cells. Expressed recombinant proteins were

purified afterwards and used for investigation of SRC1-CAR protein interaction using

pull down experiments.

The constitutive androstane receptor (CAR), a nuclear receptor (NR), is a transcriptional

regulator, which influences the expression of various proteins, such as enzymes of

biotransformation and transporters important for metabolism of both endogenous and

exogenous compounds. CAR can be fully active only in presence of coactivators, such

as steroid receptor coactivator-1 (SRC1). The most important fragment of SRC1 for

binding to NRs is the central domain, made of three α-helical Leu-X-X-Leu-Leu

(LXXLL) L1, L2, L3 motifs, in where L is a leucine and X represents any amino acid.

hSRC1, as well as hCAR, can be successfully produced by expression of cDNA of

interest in E. coli strains. In case of SRC1, codon optimised wild type and mutated

synthetic human SRC1 central domains, where some of the motifs have been removed,

were expressed in E. coli BL21 DE3 cells. Both expressed proteins, hSRC1 and hCAR,

bear 6xHis-tag to facilitate the purification through the use of immobilized metal ion

affinity chromatography (iMAC) such as TALON resin. All expressed proteins, except

for FΔL2, which contains L1 and L3 motif but not L2, were able to bind CAR in pull

down experiments. Higher affinity to CAR was observed with L2 motif compared to L1

and L3. Interestingly, the affinity to CAR was observed also with the mutant ΔAll, that

lacks all the motifs. Surprisingly the ligand effects of CITCO, SO7662 and

Clotrimazole on the interaction between hCAR and hSRC1 have not been observed in

pull down experiments.



59

10 ABSTRAKT

Univerzita Karlova

Farmaceutická fakulta v Hradci Králové

Katedra farmakognozie

Kandidát: Ivana Šachová

Školitelé: PharmDr. Jan Martin, PhD., Dipl. Ing. Mgr. Ferdinand Molnár, PhD.

Název diplomové práce: Příprava strategie pro studium interakcí mezi konstitutivním
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Cílem této práce byla exprese wild type a mutovaných centrálních domén lidského

SRC1 v buňkách E. coli BL21 DE3. Exprimované rekombinantní proteiny byly

následně čištěny a použity pro studium SRC1-CAR interakcí za využití separace

pomocí afinitních ligandů(pull down).

Konstitutivní androstanový receptor (CAR), nukleární receptor, je transkripční

regulátor, který ovlivňuje expresi nejrůznějších proteinů, jako jsou enzymy

biotransformace a transportery významné pro metabolismus jak endogenních tak

exogenních látek. CAR může být plně aktivní pouze v přítomnosti koaktivátorů jako je

např. koaktivátor steroidního receptoru 1 (SRC1). Nejdůležitější fragment SRC1 pro

vazbu na nukleární receptor je centrální doména, tvořená třemi α-helickými Leu-X-X-

Leu-Leu (LXXLL) L1, L2, L3 motivy, v nichž L reprezentuje leucin a X znázorňuje

jakoukoli aminokyselinu. hSRC1, stejně tak hCAR, mohou být produkovány pomocí

exprese příslušných genů v kmenech E. coli. V případě SRC1, kodon optimalizované

wild type a mutované centrální domény lidského SRC1 s některými odstraněnými

LXXLL motivy byly exprimovány pomocí E. coli BL21DE3 buněk. Oba exprimované

proteiny, hSRC1 a hCAR, jsou nositeli 6xHis-tag pro umožnění čištění pomocí afinitní

chromatografie na imobilizovaných kovových iontech (iMAC) za použití nosiče

TALON. Všechny exprimované proteiny kromě FΔL2, který obsahuje motivy L1 a L3,

ale neobsahuje motiv L2, byly schopny se v pull-down experimentech (separace pomocí

afinitních ligandů) vázat na CAR. Vyšší afinita ke CAR byla pozorována u L2 v

porovnání s motivy L1 a L3. Affinita ke CAR byla překvapivě pozorována i u mutanty

ΔAll, ve které chybí všechny tři motivy. Ligandový efekt u CITCO, SO7662 a

klotrimazolu nebyl v pull down experimentech pozorován.
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The gene map of pET28c construct with hSRC1syn


