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ABSTRAKT 
 

Předložená diplomová práce se zabývá produkcí a purifikací rekombinantních 

lidských xenobiotických jaderných receptorů (NRs). Důraz je kladen na ligand-

vazebnou doménu (LBD) lidského konstitutivního androstanového receptoru 

(hCAR) a lidského pregnanového X receptoru (hPXR). Tyto receptory patří do 

podskupiny NR1I jaderných receptorů a slouží k regulaci metabolismu léčiv. 

Významnou roli hrají u mnoha lidských nemocí, jako je zánětlivé onemocnění 

střev nebo diabetes a obezita. 

 

V rámci práce byly cDNA rekombinantních proteinů sloužící pro produkci hCAR 

a hPXR LBD klonované do bakteriálního expresního vektoru pET-15b od 

Novagenu. Získané plasmidy byly pomnoženy v kompetetivních buňkách E. coli 

kmene DH5α. K ověření správnosti vložených inzertů sloužila technika PCR a 

restrikční analýza velikosti fragmentů na agarózových gelech. Vhodné izolované 

klony byly následně transformovány do kompetetivních buněk E. coli kmene 

BL21 DE3 a rekombinantní protein byl připraven za optimálních podmínek v 

expresním systému za použití regulace pomocí koncentrace isopropyl-1-thio-β-D-

galactopyranosidu (IPTG). Produkce hCAR LBD a hPXR LBD byla sledována při 

definovaných koncentrací IPTG, teplotě a buněčné hustotě (OD600). Z výsledků 

vyplynuly optimální podmínky pro proteinovou produkci; hCAR LBD byla 

dosažena při 0.75 mM IPTG, 25 °C a OD600 0.4, zatímco hPXR LBD byl 

produkován při 1 mM IPTG, 25 °C a OD600 0.4. V rámci práce byly rovněž 

testovány různé lyzační pufry. Následně byl vybrán pufr, který nejvíce zajistil 

zvýšení rozpustnosti hCAR LBD a tím i zlepšení purifikace. Produkce 

rozpustného hPXR LBD byla příliš nízká, a proto jeho purifikace není součástí 

diplomové práce. 

 



  

Výsledky diplomové práce rozšiřují dosavadní znalosti o přípravě ligand-vazebné 

domény hCAR využitelné v rámci biochemických a biofyzikálních experimentů, 

zabývající se vlastní charakterizací domény či interakcí s různými partnerskými 

bílkovinami. Dále může být doména použita na in vitro screening chemických 

látek, které jsou schopné inaktivovat hCAR, čímž zabrání aktivaci enzymů 

cytochrom-P450, což v konečném důsledku vede ke snížení vedlejších účinků 

léčiv používaných v každodenním životě. Získaná doména může být rovněž 

využita při strukturních studiích, a to především při krystalizaci a racionálním 

návrhu léčiv. 



  

ABSTRACT 
 

The submitted thesis deals with the production and purification of recombinant 

human xenobiotic nuclear receptors (NRs). This study was focused on the 

production of ligand – binding domains (LBDs) of human constitutive androstane 

receptor (hCAR) and human pregnane X receptor (hPXR). These receptors belong 

to the subfamily NR1I NRs and serve as key regulators of drugs metabolism. They 

are also implicated in many human diseases such as inflammatory bowel disease 

or diabetes and obesity.  

 

The cDNA of recombinant proteins, which serves for production of hCAR and 

hPXR LBDs, was cloned into bacterial expression vector pET–15b (Novagen). 

The gained constructs were propagated in E. coli cells of DH5α strain. The 

isolated plasmids were analyzed after colony PCR and restriction analysis for the 

correct insert on agarose gels. The clones with correct inserts were subsequently 

transformed into E. coli cells strain BL21 DE3 and recombinant protein was 

synthesized in expression system, which was regulated by concentration of 

isopropyl-1-thio-β-D-galactopyranosid (IPTG) under optimal conditions. 

Production of hCAR and hPXR LBD was observed in defined concentrations of 

IPTG, temperatures and cell densities (OD600). The results revealed the following 

optimal conditions for protein production; for the hCAR LBD it was achieved at 

0.75 mM IPTG, 25 °C and OD600 0.4, whereas for hPXR LBD it was at 1 mM 

IPTG, 25 °C and OD600 0.4. For the purification different lysis buffers were tested. 

Subsequently, buffer which enhanced the solubility of hCAR LBD the most and 

which also improved the purification was chosen. The production of soluble hPXR 

LBD was rather low and consequently its purification is not a part of this thesis.  

 



  

The results of this thesis can be used for the preparation of the LBD of hCAR in 

high quantity and purity, which can serve for biochemical and biophysical 

experiments dealing with innate domain characterization or interaction studies 

with different partner proteins. In addition, it can be also used for in vitro 

screening of chemical substances that are able to inactivate hCAR, thereby prevent 

the gene expression of cytochrome-P450 and thus decrease the side effects some 

of the drugs used in everyday life. Furthermore the purified hCAR LBD protein 

can be used in structural studies with the ultimate aim of rational drug design. 



  

 ABBREVIATIONS 
 

AD Activation domains 

AF-1 Activation function 1 

AF-2 Activation function 2 

AR Androgen receptor 

bHLH Basic helix-loop-helix 

cAMP Cyclic adenosine monophosphate 

CAR Constitutive androstane receptor 

CARM1 CoA-associated arginine methyltransferase-1 

CBP/p300, p160 cAMP response element-binding protein/300 kDa 

proteins, 160 kDa proteins 

CoA Co-activator 

CoR Co-repressor 

CoRNR box  Co-repressor nuclear-receptor box 

COUP Chicken ovalbumin upstream promoter-transcription 

factor 

CREB cAMP response element binding protein 

CYP2B Cytochrome P450 from subfamily 2B 

CYP3A Cytochrome P450 from subfamily 3A 

DBD DNA-binding domain 

DR Direct repeat 

EAR2 ErbA2-related gene-2 
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ER Oestrogen receptor 

ERR Oestrogen receptor-related receptor 

FPLC Fast protein liquid chromatography 

FXR Farnesoid X receptor 



  

GFP Green fluorescent protein 

GR Glucocorticoid receptor 

GST Glutathione transferase 

h Human 

H1-H12 Helices 1-12 

HAT Histone acetyltransferase 

HDAC Histone deacetylase 

HNF4 Human nuclear factor 4 

HREs Hormone response elements 

IPTG Isopropyl-1-thio-β-D-galactopyranose 

IR Inverted repeat 

LBD Ligand-binding domain 

LBP Ligand-binding pocket 

LRH1 Liver receptor 

LXR Liver X receptor 

LxxLL Nuclear receptor-interacting motif 

MBP Maltose binding protein 

MR Mineralocorticoid receptor 

NC-IUPHAR The International Union of Basic and Clinical 

Pharmacology Committee on Receptor Nomenclature 

and Drug Classification 

NCoR Nuclear receptor co-repressor  

NGFIB NGF-induced factor B 

NR Nuclear receptor 

OR Orphan receptor 

p/CAF p300/CBP-associating factor 

P300/CBP E1A-binding protein 300 

PAS Per-Arnt-Sim region 



  

PCN Pregnenolene 16α-carbonitril  

PNR Photoreceptor-specific nuclear receptor 

PPAR Peroxisome proliferators-activated receptor 

PR Progesterone receptor 

PXR Pregnane X receptor 

Q Glutamine-rich region 

RAC3 Receptor-associated CoA 3 

RAR Retinoic acid receptor 

RD Repressor domain 

Rev-erb Reverse erbA 

RID Receptor interacting domain 

ROR RAR-related orphan receptor 

RXR Retinoid X receptor 

SDS-PAGE Sodium dodecyl sulfate polyacrylamide gel 

electrophoresis 

SF1 Steroidogenic factor 1 

SMRT Silencing mediator for retinoic and thyroid receptors 

SRC Steroid receptor co-activator 

STAT-1 Signal transducers and activators of transcription 

SWI/SNF SWItch/Sucrose non fermentable 

TFIID Polymerase-II-associated transcription factor D 

TIF2 Transcription intermediary factor 2 

TR Thyroid hormone receptor 

TR Testis receptor 

TRAP/DRIP TR-associated protein/vitamin D receptor-interacting 

protein 

VDR Vitamin D receptor 
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1. INTRODUCTION 
 

Nuclear receptors (NRs) are important in terms of drug discovery and further 

development as they play a key role in many diseases as well as in homeostasis. 

Human constitutive androstane receptor (hCAR) and human pregnane X receptor 

(hPXR) are members of the NR subfamily NR1I along with human Vitamin D 

receptor (VDR). These members exhibit many common functional characteristics. 

The main role of hCAR and hPXR is in regulation of gene expression involved in 

metabolism of hormones and drugs (Willson et al. 2002). Both receptors are 

predominantly expressed in liver, where they regulate phase I and II pathways of 

oxidative metabolism, conjugation, and transport (Swales et al. 2004).  

 

The function and structure of hCAR and hPXR is an object of a long-time 

research. The ligand-binding domain (LBD) is a part of the NRs that is used for 

ligand binding. Xenobiotics or drugs are considered to be the most investigated 

ligands. According to the structural arrangement of ligands, the LBD can be 

activated or inactivated by ligands. The inactivation of hCAR or hPXR LBD can 

inhibit expression of enzymes cytochrome P450 and thus decrease the side-effects 

of some of the drugs. Current research direction leads to clarify the influence of 

LBD on the individual drug metabolism in the cellular and tissue context. 

  

At present, mouse CAR LBD in a complex with androstanol (Shan et al. 2004) and 

complexed to TCPOBOP (Suino et al 2004), and heterodimer hCAR LBD with 

hRXRα LBD complexed with CITCO and 5β-pregnanedione (Xu et al. 2004) are 

well known. The structure of hCAR LBD helps us to clarify the assumptions 

associated with this domain. 
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2. LITERATURE REVIEW 
 

2.1. Nuclear receptors 
 

The Nuclear receptors (NRs) are ligand-activated receptors that are related to the 

steroid and thyroid hormones and retinoid NRs. Particularly the NRs play a role as 

transcription factors, which are able to respond to an external stimuli such as 

physical association with hormonal or another regulatory compounds. This process 

evokes and regulates gene expression by a cooperation of distinct intracellular and 

extracellular signals. Furthermore NRs are participated in signal transduction 

cross-talks that regulate the activities of other signaling pathways (Laudet et al. 

2001). 

 

In the cases when NRs become dysfunctional, pathways leads to abnormal 

proliferation, metabolic and reproductive diseases such as cancer, obesity, 

osteoporosis, diabetes and infertility (Gronemeyer et al. 2004). Interestingly, some 

recently identified ligands are metabolic intermediates. For instance, in certain 

metabolic pathways such as the metabolism of cholesterols or the fatty acid β-

oxidation pathways they can control certain substrate conversion steps via 

activating specific enzyme expressions. (Laudet et al. 2001). 

 

2.1.1. Classification of human NRs 
 

The unified classification of NRs is based on molecular phylogeny. The NR 

superfamily contains six subfamilies that can be subdivided into 28 groups 

according to paralogous genes (Nuclear receptors nomenclature committee 1999). 
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This system, established by Daniel W. Nebert (Gronemeyer et al. 2004), has 

turned out to be flexible, general and useful. Each name of NR begins with “NR” 

and continues with different three-digit identifier such as the subfamily (Arabic 

numeral), the group (capital letter), the individual gene (Arabic numeral). The 

nomenclature has been supported by the International Union of Basic and Clinical 

Pharmacology Committee on Receptor Nomenclature and Drug Classification 

(NC-IUPHAR) (Gronemeyer et al. 2004). 

 

A different, functional division of the superfamily based on affinities and 

properties of the ligands includes three subfamilies (Table 2.1). 

 

In the first group there are classical endocrine NRs, “receptors” that can bind high-

affinity hormonal lipids in a concentration 1 nM or lower (Chawla et al. 2001). In 

this group, receptors for the hormones 3,5,3’-triiodothyroine (TRs, (Sap et al. 

1986)), all-trans retinoic acid (RARs, (Petkovich et al. 1987)), 1α, 25(OH) 2D3 

(VDR, (Baker et al. 1988), 17β-estradiol (ERα, β), cortisol (GR), aldosterone 

(MR), progesterone (PR) and dihydrotestosterone (AR) are to be found. 

 

The second group covers “sensors” for xenobiotics and nutritional components 

such as fatty acids, lipids and cholesterol. These sensors are recognizing their 

ligand mostly in micro molar range. In this group, we can find sensors for fatty 

acids (PPAR, (Desvergne et al. 1999)), oxysterols (LXRs, (Repa et al. 2000)), bile 

acids (FXR, (Mi et al. 2003)) and xenobiotics (PXR and CAR, (Honkakoski et al. 

2003)). In addition, to this group belong the RXR isotypes, receptors for the 

natural ligand 9-cis retinoic acid, which are probably the most prominent adopted 

orphan NRs since many other NRs make heterodimers with them (Mangelsdorf et 

al. 1990). The heterodimerization is inevitable for the biological function of many 

of these receptors. 
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The third group of NRs is called “real orphans” because to date no high affinity 

ligand has been identified for them. It should be noted that many of the sensors 

when first cloned were described as orphans and when ligands were found for 

them, they became adopted orphans. This term is still widely used in the literature. 
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Table 2.1 The human NR superfamily 

Subfamily Name Nomenclature Ligand* 

Receptors 

AR NR3C4 Dihydrotestosterone 

ERα,β NR3A1, NR3A2 17β-estradiol 
GR NR3C1 Cortisol 
MR NR3C2 Aldosterol 
PR NR3C3 Progesterone 

RARα, β, γ NR1B1, NR1B2, NR1B3 All-trans retinoic acid 

TRα, β NR1A1, NR1A2 3,5,3’-triiodothyronine 
VDR NR1I1 1α,25(OH)2D3 

Sensors 

CAR NR1I3 Androstanol, xenobiotics 

COUPα, β, γ NR2F1, NR2F2, NR2F3 Retinoic acid* 

ERRα, β, γ NR3B1, NR3B2, NR3B3 Anti-estrogens* 
FXR NR1H4 Bile acids 

HNF-4α, γ NR2A1, NR2A2 Fatty acids 
LRH-1 NR5A2 Phospholipids* 

LXRα, β NR1H2, NR1H3 Oxysterols 

PPARα, δ, γ NR1C1, NR1C2, NR1C3 Fatty acids and its 
derivatives 

PXR NR1I2 Pregnanedione, 
xenobiotics 

RevErbAα, β NR1D1, NR1D2 Heme* 

RORα, β, γ NR1F1, NR1F2, NR1F3 Fatty acids, cholesterol, 
retinoids* 

RXRα, β, γ NR2B1, NR2B2, NR2B3 Retinoids, fatty acids 
SF-1 NR5A1 Phospholipids* 

Orphans 

DAX NR0B1 

Unknown 

GCNF NR6A1 

NGFI-Bα, β, γ NR4A1, NR4A2, NR4a3 
PNR NR2E3 
SHP NR0B2 
TLX NR2E1 

TR2α, β NR2C1, NR2C2 

* Synthetic or natural compounds co-crystallized with NRs, which have or may have physiological 
effects. 
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2.1.2. The modular structure of NRs 

 

The modular structure of NRs consists of three to five functional domains such as 

the variable N-terminal region, the conserved DNA-binding domain (DBD) which 

is responsible for the recognition of specific DNA sequences, the variable Hinge 

region known as linker, the Ligand-binding domain (LBD) and species specific C-

terminal (Fig. 2.1) (Aranda et al. 2001). 

 

 

 

 

 

 

 

 

Fig. 2.1 Modular structure of NRs 

NRs consist of five different functionally independent domains such as the N-terminal 

domain containing activation function-1 (A/B), DNA-binding domain (C), Hinge region 

(D), Ligand-binding domain (E) with activation function-2 and C-terminal domain (F). 

Adopted from Aranda et al. (2001) 
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1. N-terminal domain 

 

This part, also known as the amino terminus or A/B region, contains sequences 

participating in targeting signals by autonomous transactivation domain and 

contains the region called activation function-1 (AF-1). This modulator region of 

variable size and sequence is NRs specific and can be also recognized by 

co-activators (CoAs) or other transcription factors, related to the coregulation and 

expression of target genes. 

 

2. DNA-binding domain 

 

The DBD consists of two important zinc-finger motifs necessary for recognition 

and binding of the DNA in a sequence-specific manner. Its participation in the 

dimerization with partner NRs relates with homo- and/or hetero-dimeric 

arrangement of NRs on the promoter of their target genes (Gronemeyer et al. 

2004). 

 

The hormone response elements (HREs) are the specific sequences of DNA, which 

are recognized by the NR’s DBD. The HREs are derivates of repetitive 

hexanucleotide sequence of RGKTCA (R is purine, K is G or T) created by 

modification, duplication or extension (Germain et al. 2006b). In most cases HREs 

of nonsteroid receptors comprise of AGGTCA sequences, which can be organized 

into three different groups of motifs according to their organization such as direct 

repeat (DR), inverted repeat (IR) and everted repeat (ER) (Mangelsdorf et al. 

1995).  
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3. Hinge region 

 

The hinge region (D region) with its flexible movement is the domain of NRs that 

serves as connector between adjacent DBD and LBD. Its property provides several 

distinct conformations for facilitation a binding of DNA sequences.  

 

4. Ligand-binding domain  

 

The region encompasses the LBD also called region E that, as its name suggests, 

mediates the binding of ligands and it is a part of the receptor with many different 

functions namely the ligand-binding and cofactor association and 

heterodimerization (Mahajan et al. 2005). The ligand-induced activation function 

(AF-2) has close relation to AF-1 from A/B region, since they both regulate gene 

expression by synergistic mechanism.  

 

The NR LBD is composed of 11-13 anti-parallel α-helices organized in three-layer 

sandwich. The β-turn is associated between H5 and H6 (Aranda et al. 2001). 

Helices H1-H3 form one face of the LBD, H4-5, H8 and H9 correspond to the 

central layer of the domain and helices H6-H7 and H10 constitute the third layer of 

the LBD (Wurtz et al. 1996). The more rigid part of the LBD contains particularly 

helices H1, H4-5 and H7-H10. A variable lower part region of LBD forms 

structure of ligand-binding pocket (LBP) (Bourguet et al. 2000) with flexible H12, 

which acts as a lid for pocket’s entrance. The main role of the unique cavity is to 

allow the interaction with ligands.  

 

The ligand free (apo) configuration of LBD displays H11 almost perpendicular to 

the H10, H12 is sticking from the model and the H11’s polar residues contribute to 

filling and stabilization of the LBD. There are conformational changes involved in 
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the binding of ligands. For instance H11 is located in the continuity of H10 and the 

H12 is placed over the LBP (Bourguet et al. 2000). Moreover, the binding of an 

agonist leads to interaction with CoA proteins, which plays the main role in the co-

activation process (Gronemeyer et al. 2004). On contrary, the binding of the ligand 

with antagonistic profile leads to the exchange of CoAs for co-repressors (CoR) 

resulting in target gene silencing. 

 

5. C-terminal domain 

 

This domain, also known as F region, does not have well-founded function. The 

hypotheses lead to the role in CoA recruitment to the E domain and in determining 

the specificity of the LBD CoA interface. The domain, such as A/B domain and E 

domain, is also part of post-translation modification (Laudet et al. 2001). 

 

2.1.3. Mechanism of action NR 

 

The principle of NR’s action involves the rearrangement of the NR LBD, which 

involves mainly a profound shift of helix 12. Many unliganded NRs are associated 

with transcriptional CoR such as NR CoR 1 (NCoR1) or inhibitory mediator for 

retinoid and thyroid hormone receptor (NCoR2, SMRT). The CoR’s complement 

function is the specific histone deacetylase (HDACs) activity, which role is in the 

condensation of chromatin structure that leads to gene repression. The CoRNR 

box, which is the part of CoR, is specifically recognized by LBD in 

the hydrophobic groove comprising of H3 and H4-5 (Gronemeyer et al. 2004). 

 

The agonist-induced conformational change of the LBD core leads to 

the mentioned rearrangement of the hydrophobic groove by movement of H12 to a 
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different position. Moreover, the specific adaptation of the H3, H4 and H12, 

accounts for the dissociation of the CoR complex. The CoA’s LxxLL motif, also 

known as NR-box, enables the efficient interaction with CoAs after dissociation of 

CoRs. Consequently the NR transactivation function is mediated via association of 

multiprotein transcriptional complexes (Table 2.2). Compared to agonist-induced 

conformational changes, the binding of the antagonist to the LBD does not 

stimulate the rearrangement of the H12 and results in locking down the receptor in 

its inactive state (Mäkinen et al. 2005). 

 

Table 2.2 Components of multiprotein transcriptional complexes 

 

Name Abbreviation 

p160 family of protein CoAs: 

Steroid receptor CoA 1 

Transcription intermediary factor 2 

Receptor-associated CoA 3 

 

SRC1  

TIF2 

RAC3 

CoA-associated arginine methyltransferase-1 CARM1 

E1A-binding protein 300 P300/CBP 

P300/CBP-assosiated factor PCAF 

Histone acetyl-transferase HAT 

Switch factor SWI-SNF 

Polymerase-II-associated transcription factor D TFIID 
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2.1.4. The heterodimerization of NRs 

 

NRs can be functional as monomers (SF1), homodimers (steroid hormone 

receptors) and/or heterodimers (RAR-RXR) (Gronemeyer et al. 2004). In contrast 

to the monomeric steroid receptors, the ligands for the RXR heterodimers are 

chemically diverse, including vitamin D, thyroid hormone, retinoids, and 

prostanoids. The significant property is that the ligands are partially created by 

endocrine metabolic pathways, generated within target cells or intracellular 

synthesis. Furthermore not all members of this family are hormone responsive, 

supporting ligand-independent activation such as phosphorylation and cross-

coupling (Mangelsdorf et al. 1995).  

 

Many NRs such as TRs, RARs, VDR, PPARs, FXR, LXRs, PXR and CAR are 

bound to DNA as heterodimers with RXR and can recognize different types of 

HREs such as two hexanucleotide DR motifs with various base pair spacing, 

which is useful for the specificity of the DNA-binding (Germain et al. 2006a). 

 

The NRs capable of dimerization are depended on the interaction of the two 

dimerization regions within the C-terminal part of the LBD and DBD. One of the 

heterodimerization models assumes that the first step of heterodimerization is 

formed by the NR partners’ LBDs. The second step is mediated by high affinity 

sites in the DNA. The condition of binding is the flexibility of domains, because 

the target sequences of DNA also compose other structural components like DR, 

IR and ER (Mangelsdorf et al. 1995). In contrast with homodimeric activation, 

heterodimeric promiscuous activation may depend on combinatorial sets of 

ligands. This fact is explained by an important property of RXR. The RXR is 

unable to activate target genes without the second heterodimeric partner’s ligand. 
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The biological significance of this feature, such as RXR “subordination” or 

“silencing”, is presumably to specifically target the signal and to avoid multiple 

unspecific activation of all RXR heterodimers (Gronemeyer et al. 2004).  
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2.2. Xenobiotic receptors  

 

The ligands of xenobiotic receptors are xenobiotics, also known as drugs, which 

have important role in influencing the discomfort of human body or drug-drug 

interactions. The NRs, PXR (NR1I2) and CAR (NR1I3), are participating in 

transcriptional regulation of cytochrome P450 expression (Poso et al. 2006; 

Willson et al. 2002). The activation of these receptors leads to increasing drug 

metabolism, enhanced toxicity and failure of homeostasis and induction of tumor 

formation (Poso et al. 2006). 

 

2.2.1. Human CAR 

 

The hCAR, also known as MB67, was cloned in 1994 (Baes et al. 1994). The 

subfamily NR1I comprises except CAR also VDR and PXR (Laudet et al. 2001). 

The significant feature of CAR is that it can transcriptionaly activate genes without 

exogenous ligand (Willson et al. 2002). 

 

hCAR’s cellular localization after proteosynthesis is primarily in the cytoplasm. 

Before transcriptional activation enhancement of genes such as CYP2B, the 

receptor is translocated into nucleus by phosphorylation-dependent mechanism 

(Willson et al. 2002). The compounds, which trigger the translocation, are 

phenobarbital, chlorpromazine and acetaminophen (Zhang et al. 2002). 

Nevertheless the complete molecular mechanism of CAR’s translocation into 

nucleus is still unknown (Handschin et al. 2003). The consequence of CYP2B 

expression is the increasing metabolism and decreasing pharmacological action of 
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drugs (Fig. 2.2) (Masahiko et al. 2000). This process is mainly mediated in liver 

(Baes et al. 1994).  

 

The compounds, which have specific role in inhibition of transcriptional activity 

via CAR are DHEA, dihydrotestosterone, testosterone, androstenol and 

androstanol (Laudet et al. 2001). CAR’s transcriptional activity is dependent on 

the interaction with its heterodimeric partner RXR (Willson et al. 2002).  

 

2.2.1.1. hCAR LBD 

 

The hCAR LBD consists of eleven α-helices with two short 310 helices (between 

H1 and H3) and three β-strands, which are arranged into a compact helical 

sandwich fold. Among others, the specific hCAR LBD’s features, different from 

the other NRs, are particularly considered to be the shorter sizes of H12 and H10.  

 

The H12 helix facilitates the interaction between the C-terminal free carboxylate 

group and a residue in H4, namely K195. This region is in a contact with S337 

from H10, which is also able to interact with carbonyl group from C-terminus of 

H12. This interaction retains the H12 in an active form.  

 

The linker region between H10 and H12 is shorter than for other NRs, however 

similar in size can be also find in VDR. Subsequently for hCAR LBD it is possible 

to adopt two-turn α-helix, instead of extended loop. This change of size achieves 

packing of H12 against H3 and10. The specific arrangement is critical for 

constitutive activity of hCAR, because the insertion of three amino acids into the 

linker region abolish the unique constitutive activity. Two 310 helices (H2, H2’) 
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are closely located to H10 and H3. Both helices assist in stabilization of H3 

position, which mediates more profound H12 docking (Suino et al. 2004). 

 

The hCAR LBP is smaller (675 Å3) and less promiscuous than LBP of hPXR. The 

hydrophobic residues line the cavity and divide it into two regions. The polar 

amino acids facilitate the orientation of bound ligands in the LBP via hydrogen 

bounds (Xu et al. 2004; Shan et al. 2004; Suino et al. 2004). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2.2 The influence of CYP450 enzymes on drug metabolism 

The xenobiotic NRs, such PXR and CAR play crucial role in the induction of drug 

metabolism by CYP450 enzymes. Diverse xenobiotics (X, Y) are oxidized by CYP450-

mediated reaction into more hydrophilic metabolites (XO, YO). These compounds 

become less active and harmful. hCAR and hPXR regulate the expression of CYP2B and 

CYP3A, respectively. Adopted from Masahiko et al. (2000)  
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2.2.2. Human PXR 

 

The hPXR receptor was identified by induction of DNA response elements, 

mediated by steroid pregnenolene 16α-carbonitril (PCN), glucocorticoid and 

antiglucocorticoid (Mouse Expresses-Sequence Taq Database, Washington 

University, 1997) (Kliewer et al. 1998). 

 

The role of receptor is in biotransformation of drugs by cytochrome P450 from 

CYP3A subfamily. The drugs such as glucocorticoids, antiglucocoticoids, 

macrocyclic antibiotics, antifungals and herbal extracts are ligands for hPXR and 

induce the expression of CYP3A. CYP3A has the ability to modify xenobiotics 

and intrinsic molecules in order to change their properties to more polar derivates, 

which are required for efficient excretion from the body (Fig. 2.2). The induction 

of this enzyme is primarily taken place in liver and intestine (Laudet et al. 2001). 

In many cases the inadvertent activation of hPXR triggers the generation of toxic 

levels of a drug metabolites or undesirable drug-drug interactions (Thummel et al. 

1998; Masahiko et al. 2000). hPXR forms a heterodimer with another NR hRXR 

and binds to a DR4-type of response element (Bourguet et al. 2000; Laudet et al. 

2001). 

 

2.2.2.1. hPXR LBD 

 

The protein structure of hPXR LBD complexed with SR12813 agonist was 

crystallized in three distinct binding orientations for this ligand. (Watkins et al. 

2001). Additional crystal structures of PXR LBD are with hyperforin, which 

determined the structural changes in the size of cavity (Watkins et al. 2003), and 
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Rifampicin (Fig. 2.3) that displayed structural flexibility in PXR’s promiscuous 

response to the xenobiotic (Chrencik et al. 2005). 

 

The LBD of PXR has similar common structural determinants as other NRs, 

however it composes also a unique features, such as 45 amino acid region between 

H1 and H3, which contains five-stranded β-sheet. The large elliptically-shaped 

LBP (> 1280 Å3) is lined with hydrophobic residues (Watkins et al. 2003; 

Chrencik et al. 2005) and contains also salt bridge, which contributes to the 

neutralization of  the charged compounds (Yoav et al. 2007). This specific polar 

layer is able to retain the binding of lipophilic ligands (Gillam M.2001; Kliewer et 

al. 2002). Furthermore the cavity accommodates various ligand sizes and in 

different binding mode due to a flexible loop, which replaces the H6 (Moore et al. 

2002). The loop-like structures between H1 and H3, and H5 and H7 are speculated 

to add more flexibility to the PXR (Watkins et al. 2001). 

 

A novel H2, which is associated with the specific channel 3Å wide and 9Å long, 

has a dual importance. At first, it participates in binding of huge ligands to the 

cavity and retains dissociation and association of ligands (Yoav et al. 2007). 

Second, the ligand-protein interaction is mediated by both hydrogen bonds and van 

der Waals interactions, which contributes to recognition of xenobiotics (Willson et 

al. 2002).  
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Fig. 2.3 Crystal structure of hPXR LBD complexed with Rifampicin 

A) The PXR LBD consists of three-layered α-helical sandwich with a five-stranded 

antiparallel β-sheet. The flexible loop region of PXR contains the residues: 178-209, 229-

235 and 310-317. The α-helices 1-12 in cyan, β-strands 1-4 in yellow-green and 

Rifampicin in red are marked. 

B) Crystallographic Thermal Displacement Parameters (B-factors) for ordered regions 

within the PXR-Rifampicin complex are indicated via color ramping from blue (relatively 

low; 20Å2) to red (relatively high; ≤90Å2). Adopted from Chrencik et al. (2005) 
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2.3. Cofactors 

 

The cofactors, also known as NR’s coregulators, represent a diverse group of 

proteins that are involved in activation or repression of expression of the NR’s 

target genes. This specific group is divided into two important branches, CoAs and 

CoRs. Both play an essential role in transcription regulation.  

 

Their function is also presented as high controlled-complex processes (Mahajan et 

al. 2005). In the absence of ligand, NR is associated with CoR complexes, which 

recruit HDACs. Deacetylation of histone leads to chromatin compaction and 

transcriptional repression. The ligand binding retains the release of the CoR 

complex and the AF-2-dependent recruitment of CoA complex that comprises of 

at least p160 CoAs, CBP/p300 and PCAF is facilitated. This complex contains 

proteins with specific enzymatic activity such as histone acetyltransferase (HAT) 

leading to chromatin acetylation and subsequent remodeling. This process allows 

to chromatin decompaction and gene activation (Aranda et al. 2001). Furthermore 

the cofactors interact with general transcription machinery to affect the formation 

of the preinitiation complex, which plays crucial role in the initiation of the 

transcription (Perissi et al. 2005). 

 

2.3.1. Co-activators 

 

The CoAs are proteins with specific activation function in the transcriptional 

processes. They play a role as a multiprotein complex, which includes 

SWItch/Sucrose non fermentable (SWI/SNF) complex, cAMP response element-

binding protein/300 kDa proteins, 160 kDa proteins (CBP/p300, p160) factors, 
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p300/CBP-associating factor (p/CAF) and the TR-associated protein/VDR-

interacting protein (TRAP/DRIP) complexes. SWI/SNF complex implicates 

mentioned ATP-dependent chromatin remodeling activities (Glass et al. 2000). 

The CBP/p300 associates with p160 factors and are bound through a different 

region C-terminus or alone by N-terminus. CBP/p300 and p/CAF are able to 

interact with numerous sequence-specific transcriptional factors and possess HAT 

activities (Kamei et al. 1996; Voegel et al. 1998; Torchia et al. 1997). The 

TRAP/DRIPs are composed approximately of 14-16 proteins and their function is 

to participate in recruitment of the core transcription factors (Rachez et al. 2000). 

 

2.3.1.1. p160 Co-activator family  
 

The human CoA proteins with molecular weight 160 kDa make up the p160 

steroid receptor CoA (SRC) gene family that is composed of three members, SRC-

1, SRC-2 and SRC-3. They play crucial role in the regulation of the gene 

activation (Cavailles et al. 1994).  

 

The first NR CoA, SRC-1, came to existence by yeast two-hybrid screen of human 

B-lymphocyte library using PR as bait (Onate et al. 1995). SCR-1 interacts with 

ligand-dependent manner with H12 to the enhancement of NRs transcriptional 

activation, such as PR, ER, TR, RXR, GR and PPAR. This CoA acts as prototypic 

CoA for the steroid and non-steroids receptors (Leo et al. 2000; Aranda et al. 

2001). Functionally distinct isoforms of SRC-1 (SRC-1a, SRC-1e) represent 

alternative splicing for accomplishment the function of SRC-1 (Kalkhoven et al. 

1998). 

 

The transcription intermediary factor 2 (TIF2) was isolated in a Farwestern screen 

as an ER- and RAR-interacting factor (Ma et al. 1999). The truncated version of 
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this CoA contributes to the reverse function of CoAs, meaning that it can inhibit 

ligands and CoA response (Torchia et al. 1997; Hong et al. 1996). These CoAs 

retain the activity after fusion with the GAL4 activator’s DBD by two 

transactivation domains. 

 

The last member of p160’s CoAs was isolated by different research groups as 

ACTR, AIB1, RAC3 or TRAM-1. The general name for this group of CoAs is 

SRC-3. The major opportunity is the enhancement of transcription activity with 

other activators as signal transducers and activators of transcription (STAT-1) and 

cAMP response element binding protein (CREB) (Torchia et al. 1997). 

 

SRC-1 and SRC-3 have direct capabilities to influence the chromatin structure. 

Both encompass the HAT enzymatic activity, which is participating in the process 

of chromatin remodeling (Xu et al. 2003).  

 

 

Fig. 2.4 Structure of the p160 CoA family 

The N-terminus contains the highly conserved basic helix-loop-helix (bHLH) and Per-

Arnt-Sim (PAS) domains; the receptor interacting domain (RID) is located centrally with 

three LxxLL connected motifs. Two activation domains (AD1, AD2) and intervening 

glutamine-rich region (Q) are situated in C-terminus. Adopted from Aranda et al. (2001) 
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The members of SRC family share 40 % similarity of their conserved structure. 

The CoAs are made up of three main domains such as N-terminal domain, the 

receptor interacting domain (RID) and C-terminal domain (Fig. 2.4). The N-

terminus has nuclear localization signal, basic helix-loop-helix (bHLH) motif and 

Per-Arnt-Sim (PAS) region. These unique parts provide interaction between 

proteins and also serve for homo- and hetero-dimerisation. The RID region that 

contains three LxxLL motifs is responsible for binding with ligand-bound NR. The 

C-terminus participates in transcription activation by two activation domains 

(AD1 and AD2). Between the two AD domains there is an intervening glutamine-

rich (Q) region (Aranda et al. 2001). 

 

2.3.2. Co-repressors  
 

The functional important proteins, NCoRs, lead to the induction of the 

transcriptional silencing. Unliganded NRs such as TR and RAR are bound to their 

HREs and they repress basal transcription. The subsequent gene activation is after 

binding of the specific ligand, which causes dissociation and replacing of NCoR 

for CoA (Baniahmad et al. 1992).  

 

The SMRT is structurally and functionally related to the NCoR, which was 

identified as a first CoR. Their essential functions on ligand-independent 

repression are considered to be the strong ligand-reversible interaction with the 

LBDs of NRs such as TR and RAR and the strong repression of basal promoter 

activity. Microinjection containing the neutralizing antibodies against NCoR and 

SMRT, enhances the repression of hormone responsive reporter genes (Aranda et 

al. 2001).  



 

23 

In particular, the AF-2 region serves to trigger the release of CoRs from the 

receptors. The AF-2 domain that contains H12 as its core is fully inhibitory for 

CoR binding for most NRs. The NRs such as v-erbA oncoprotein and RevErb 

orphan receptor that lack H12 occur as constitutive transcriptional repressors. The 

specific deletion of H12 in other NRs retains increased interaction with CoRs and 

reduces the releasing of CoRs after ligand-binding (Damm et al. 1989; Sap et al. 

1989). 

 

The structure of NCoR and SMRT is based on two important domains, C-terminus 

and N-terminus. The repressor domains (RD1-3) that interact with mSin3A, 

HDAC3 and second class of deacetylases are localized at the N-terminus. This 

specific binding causes decreasing of the transcription function. The two receptor 

interacting domains (RID) are enriched of the extended helical motif 

LXX I/H I XXX I/L (L is leucine, X is any amino acid), also named CoRNR boxes 

and are situated at the C terminal part of CoRs (Aranda et al. 2001). 
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2.4.  Production and purification of recombinant proteins 
 

2.4.1. Fusion tags 
 

This tool is based on a possibility to incorporate the specific detecting section into 

the protein of interest. The principle consists in the fusion of the tagging sequences 

alongside the gene sequences of encoding protein in the expression vector. The 

fusion proteins are composed of “tag” sequences, with or without linker region for 

a specific protease cleavage, and target protein (Sorensen et al. 2005). The protein 

fusion tag systems, which are the essential part of the protein expression systems, 

are mainly used for production and/or detection of recombinant proteins in various 

host cells (Arnau et al. 2006b). 

 

The positive effects of affinity tags involve biochemical properties, which cause 

increasing yield (Rajan et al. 1998; Sun et al. 2005), prevention of proteolysis 

(Tang et al. 1997), enabling protein refolding (Kou et al. 2007) and solubility 

enhancement (Chen et al. 2005; Dyson et al. 2004; Hammarstrom et al. 2002; 

Nallamsetty et al. 2006) in specific proteins. On the other hand the adding tags 

have also negative effect on recombinant proteins. The main changes are in protein 

conformation (Chant et al. 2005), inhibition of enzymatic activity (Kim et al. 

2001; Cadel et al. 2004) and undesirable flexibility in protein structure (Smyth et 

al. 2003). 
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2.4.1.1. His-tags 

 

The His-tags are commonly formed by at least six histidine (6xHis) residues often 

as N- or C-terminal protein fusion tags (see chapter 2.4.1) (Hochuli et al. 1987). 

Although it was Roche who invented the tag itself, the commercial trademark 

“HIS-tag” is registered to EMD Biosciences (now part of Merk KGaA). The use of 

this tag is free for academic purposes, but commercial users have to pay private 

sector taxes to Roche. The alternative available for the commercial users is for 

instance the sequence MK(HQ)x6, which is not covered by copyrights (Arnau et 

al. 2006a). The 6xHis tags are used to facilitate the affinity purification of tagged 

fusion proteins that are expressed in different hosts such as in prokaryotic systems 

e.g. E. coli (Hengen, P.1995) (see Chapter 2.4.2). 

 

2.4.1.2. Glutathione S-transferase-tag 

 

Glutathione transferases (GSTs) are family of enzymes, localized mainly in the 

cytoplasm, mitochondria and microsomes, and they are particularly implicated in 

the cellular defense against electrophilic chemical compounds by catalyze the 

conjugation of reduced glutathione to these compounds (Douglas, K. T.1987). 

These compounds bind glutathione with high affinity and specificity. The specific 

low affinity interaction of GSTs and glutathione enables the effective purification 

of GST-tagged proteins (see chapter 2.4.2).  

 

The recombinant GST used for purification consists of 220 amino acids and its 

molecular weight is 26 kDa. The use of GST tags for purification purposes has 

advantages such as rapid purification and minimal sample loss. In the presence of 

high concentration of strong denaturants such as guanidine hydrochloride or urea 
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GST loses its native function and fold, therefore this type of purification is not 

suitable under denaturing conditions. 

  

2.4.2. Affinity chromatography 

 

Proteins and also other high-molecular macromolecules of interest can be purified 

from crude extracts or other complex mixtures by a variety of methods. These 

include for instance simple precipitation, but most of the purification involves 

certain forms of chromatography where molecules in solution are separated based 

on differences in their chemical or physical interaction with a stationary material.  

Affinity chromatography is a biochemical-analytical process that separates 

proteins by interaction with specific ligands coupled to a chromatography matrix. 

The interactions between ligands and protein molecules can be on the base of 

electrostatic or hydrophobic interactions. Well-known and frequently used affinity 

purifications represent biological interactions between metal ions and poly-His-

fusion proteins or glutathione and GST-fusion proteins. The purification process 

generally involves the following steps:  

 

(1) Crude sample is incubated with the immobilized ligand support material to 

allow the target molecule in the sample to bind to the immobilized ligand;  

(2) Non-bound sample components are washed away from solid support;  

(3) The target molecule is eluted from the immobilized ligand by altering the 

buffer conditions so that the binding interaction no longer occurs.  
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A single pass of a sample through an affinity column can achieve greater than 

1,000 fold purification of a molecule from a crude mixture so that only a single 

band can be detected in sodium codicil sulfate-polyacrylamide gel electrophoresis 

(SDS-PAGE) analysis. 

 

The affinity purification of fusion-tagged proteins depends on the properties of 

fusion tags allowing the tagged proteins to be manipulated easily in the laboratory, 

including single-step affinity purification of these molecules using immobilized 

versions of their ligands (Table 2.3).  

 

Table 2.3 Common fusion tags and purification conditions 

 
Fusion 

Tag Ligand Binding Conditions Elution Conditions 

 GST Reduced 
glutathione 

- neutral pH;  
- non-denaturing;  
- glutathione must be 
reduced and GST must be 
active 

Free reduced glutathione at neutral 
pH (competitor) 

6xHis Chelated Nickel 
or Cobalt 

- neutral pH; 
- no reducing or oxidizing 
agents;  
- tag - accessible in fusion 
protein structure;  
- high ionic strength and 
denaturants compatible. 

>200 mM Imidazole,  
low pH, or strong chelators 

MBP* Dextrin 

- neutral pH and non-
denaturing;  
- NaCl added to reduce 
nonspecific binding 

Maltose at neutral pH (competitor) 

GFP Anti-GFP 
antibody 

- neutral pH and non-
denaturing 

Usual antibody/antigen elution 
buffers (e.g., low pH or chaotropic 
salts) 

*Maltose binding protein 
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Antibodies to fusion tags are also available and can be used for purification and 

detection of tagged proteins. Green fluorescent protein (GFP) is a fusion tag that is 

added to protein to allow direct fluorescent detection of the recombinant protein.  

Anti-GFP antibody is often used for purification of GFP-tagged proteins.  

 

In 6xHis tags histidine binds by sharing the electron density of imidazole nitrogen 

with the electron-deficient orbitals of transition metals. Among the unique 

transition metals belong cobalt and nickel. Their differences are implicated in the 

requirements for interaction with tag proteins. The cobalt requires strict spatial 

positioning of histidines, but the nickel can also bind the other histidines, not 

related with the protein’s polyhistidine-tag. 

 

Like other fusion proteins, the proteins with GST-tag can be produced in E. coli as 

recombinant proteins. The GST part binds its substrate, reduced glutathione. 

Glutathion is ofter immobilized on agarose beads and is commercially available as 

glutathione-agarose. After binding the GST-tagged proteins these beads are then 

washed, to remove contaminating bacterial proteins. Adding free reduced 

glutathione to beads that bind purified GST-proteins will release the GST-protein 

in solution. 
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2.4.2.1. Batch/gravity flow 

 

The principle of this method is aimed at purification by binding protein to the resin 

in solution and subsequently washing and elution the protein-resin mixture on a 

column. The higher yields are strikingly achieved in a present of low concentration 

of tag protein. The contact time of resin and tag proteins is dependent on the 

particular sample. One advantage is in using less equipment than it is required in 

case of other methods. The other advantage is that the cost of purification is 

relatively low. The batch/gravity flow purification allows simple setup and full 

user control. The disadvantage is the lack of automatization and the purification 

process cannot run in unattended manner. 

 

2.4.2.2. Fast Protein Liquid Chromatography 

 

The Fast protein liquid chromatography (FPLC) belongs to the liquid 

chromatography separation methods. This method is used for purification and 

separation of proteins. The chromatography system is consisted of liquid mobile 

phase and liquid or solid stationary phase. The solvent velocity is controlled by 

pumps, which consequently control constant flow rate. The columns are differed 

according a type of separation. Its size is within the range of millimeters and the 

core is filled by the small particles of gel beads, known as stationary phase. The 

sample is placed into the injector and carried by following solvent into the column, 

where the sample mixture is exposure to adhering or diffusing. The specific 

proteins rest into the gel. The optimal limits for higher yield are proposed as 

10 ml/min/cm2 flow rate in 3 MPa pressure. This method is satisfactory for maxi-

scale purification. The advantage of this purification method compared to 

batch/gravity flow is that it can run in automatic and unattended way. The 
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disadvantage is the higher cost and it requires trained personnel. 

 

2.4.3. Protein expression systems 
 

At present protein expression systems used for recombinant proteins expression, 

can be divided into two significant areas, prokaryotic (bacteria) and eukaryotic 

systems (yeast, insect and mammalian cells) (Table 2.4). Each of them includes 

intriguing properties, which are important in a specific choice. 

 

Bacterial expression systems became very popular in an expression of recombinant 

proteins. Main advantages, which cause frequent using, are fast growing and easy 

production. The induction of the production of expressed proteins is in the 

presence of small molecules such as isopropyl-1-thio-β-D-galactopyranose 

(IPTG). Downstream purification steps are simple in the principle. However, some 

recombinant proteins, when expressed in bacterial systems, become insoluble, 

sometime hard to recover and also without functional properties. Other drawback 

of the prokaryotic expression systems is that the expressed proteins do not have 

any post-translation modification. 

 

The eukaryotic systems are used in protein expression due to various advantages 

compared to bacteria. They possess the ability to modify the expressed proteins 

post-translationally and are able to produce the proteins in rather high levels. 

There is also the possibility to use system, which are able to secrete the produced 

protein outside the eukaryotic cells. The several drawbacks are that the eukaryotic 

cells have slower growth and the higher prices for the available commercial kits.  
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Table 2.4 Comparison of the expression systems 

 

Protein expression system Advantages Disadvantages 

Bacteria system 

Easy of culture Most proteins become insoluble 

Rapid cell growth 
Very difficult to recover as 

functional proteins 

Inducible expression 

using IPTG 

Post-translation modification 

are not added by bacteria 

Simple purification Protein may not be functional 

Many commercial kits 

available 
 

Eucaryotic system 

High levels of expression Slower cell growth 

Easy to purify using tags Relatively higher cost 

Can obtain plasmids that 

secrete your protein 
 

Proteins have post-

translational modification 
 

 

2.4.3.1. The regulation of protein expression in E. coli BL21 
DE3 bacterial strain 

 

The BL21 cells were derived from E. coli strain B in 1964. The DE3 strain is 

considered to be widely used bacterial protein expression host. The advantages of 

BL21 DE3 are easy induction and high-level protein expression. The BL21 

genome is engineered to carry the gene encoding for the T7 RNA polymerase in a 

region of DNA called DE3 bacteriophage lambda lysogen. The lambda lysogen 

contains the lacI and the T7 RNA polymerase gene under the control of the 

lacUV5 promoter (Fig 2.5B). The lacI products repress the expression of T7 RNA 
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polymerase, because they bind to the lac operator region, situated between the T7 

gene 1 promoter and gene encoding for T7 RNA polymerase. An additional lac 

operator region is found in the pET plasmid (Novagen), where it is bordered by T7 

promoter and the sequence encoding the protein of interest (Fig. 2.5A). 

 

 

Fig. 2.5 The pET (Novagen) recombinant protein expression system 

The map of the pET expression vector composes most important regulatory features such 

as T7 promoter, lac operator, multicloning site and T7 terminator (A). The 

macromolecular simulation of mechanism T7 induction and expression recombinant 

proteins are illustrated on B. Adopted from Sorensen et al. (2005) 

 

A) 

B) 
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The whole pET expression system is dependent on the presence of an inducer, 

IPTG, which enables the activation of the protein expression. IPTG is a chemical 

compound (Fig. 2.6 B), closely related to lactose (Fig. 2.6 A), which cannot be 

metabolize by bacteria but it is able to induce protein expression in a following 

way: its molecular mechanism is in temporary complex formation with the lacI 

tetramers that are unable to bind to the lac operator. This enables the cells to 

produce T7 RNA polymerase that can specifically recognize and bind to the T7 

promoter and induces expression of recombinant protein target genes (Sorensen et 

al. 2005). 

 

 

Fig. 2.6 The chemical structure of lactose and IPTG 

The pET expression system is based on the regulation of genes connected with lactose 

metabolism. The chemical formula of the lactose (A) and its common analogue isopropyl-

1-thio-β-D-galactopyranoside (B) is displayed. ITPG contains sulfur atom, which is 

highlighted in red color. 

 

2.4.3.2. The growing phases of E. coli culture 

 

The growth of E. coli culture can be divided to different phases, which can be 

illustrated by growth curve on Fig. 2.7. The curve displays the propagation of the 

cell culture through several stages with distinct characteristics. The first, lag phase, 

occurs directly after dilution, following slow growth and adaptation to the fresh 

new medium. The next, logarithmic, phase starts when bacteria undergo more 

A) B) 
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rapid division in which the number of cells is exponentially increased. As 

available nutrients in the medium are used up and released metabolites inhibit 

bacterial growth, the culture become saturated and enters stationary phase. During 

third phase the cell density remains constant. The last phase is called phase of 

decline. The cells start to lyse, DNA becomes degraded and the number of cells is 

rapidly decreasing. The duration and appearance of different phases largely 

depends on the used strain and also on the concentration of cells at the moment of 

dilution in the starting culture.  

 

 

Fig 2.7 E. coli growth curve 

The growth curve is depicted for specific phases. Lag phase pursues directly after dilution, 

logarithmic phase occurs 2-5 hour after dilution, stationary phase is reached after 10-16 

hours after dilution and last phase of decline, where the cells become lysed. 
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3. AIMS OF THE DIPLOMA THESIS 
 

In the process of successful production and isolation of recombinant proteins from 

E. coli hosts are some critical problems, which need to be solved. From the first 

step when the cloning of the fragments of interests are done until the isolation of 

the nature protein is obtained every step needs to be carefully executed and 

controlled. 

 

Therefore the specific aims of the study were: 

 

1. To clone the human CAR and PXR LBD into the bacterial expression 

vector pET-15b (Novagen) 

 

2. To investigate the solubility of hCAR and hPXR LBD’s under 

different buffer conditions 

 

3. Mini-scale protein production and isolation of the recombinant 

proteins hCAR and hPXR under optimized buffer conditions 
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4.  EXPERIMENTAL PART 
 

4.1. Materials 

 

4.1.1. Chemicals 

 

Name Formula Supplier 

Bromphenol blue (3′, 3″, 5′, 5″-

Tetrabromophenolsulphonphtalein) 
C19H10Br4O5S Sigma 

TEMED (N,N,N′,N′- Tetramethyl-

ethylenediamine) 
(CH3)2NCH2CH2N(CH3)2 Sigma 

TCEP (Tris (2-Carboxyethyl) 

phosphine Hydrochloride) 
C9H16O6PCl 

Gold 

BioTechnology 

Acrylamide/bis-Acrylamide C 3 H 5 NO Sigma 

Gentamicine sulfate C21H43N5O7 Sigma 

Chloramphenicol C11H12Cl2N2O5 Sigma 

Trizma base NH2C(CH2OH)3 Sigma 

Sodium dodecyl sulphate CH3(CH2)11OSO3Na Fluka 

Acetic acid CH3COOH Riedel-de Häen 

Glycerol bidistilled C3H8O3 VWR 

2-propanol C3H8O Fluka 

Ammonium Peroxodisulphate (NH4)2S2O8 Roth 

3′, 3″, 5′, 5″-Tetrabromphenol-

sulfonphthalein 
C19H9Br4NaO5S Sigma 

 

http://en.wikipedia.org/wiki/Carbon�
http://en.wikipedia.org/wiki/Hydrogen�
http://en.wikipedia.org/wiki/Nitrogen�
http://en.wikipedia.org/wiki/Oxygen�
http://en.wikipedia.org/wiki/Carbon�
http://en.wikipedia.org/wiki/Hydrogen�
http://en.wikipedia.org/wiki/Chlorine�
http://en.wikipedia.org/wiki/Nitrogen�
http://en.wikipedia.org/wiki/Oxygen�
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4.1.2. Solution and buffers 

 

Name Composition 

Inoue transformation 

buffer 

10.88 g MnCl2 ⋅ 4H2O; 2.20 g CaCl2.2H2O; 18.65 g KCl; 

20 ml 0.5 M HEPES [pH = 6.7], fill up to 1 liter mQ H2O 

TFB 1 buffer [pH = 5.8] 
5 ml 1 M MES [pH = 6.2]; 6.045 g RbCl; 0.735 g 

CaCl2.2H2O; 4.94 g MnCl2.2H2O; fill up to 500 ml mQ H2O 

TBF 2 buffer [pH = 6.5] 
1 ml 1 M MOPS; 1.102 g CaCl2.2H2O; 0.120 g RbCl; 15 ml 

100 % glycerol; fill up to 100 ml mQ H2O 

1x SDS-PAGE running 

buffer 

6 g Tris; 75.2 g Glycine; 20 ml 20 % SDS; fill up to 2 liters 

mQ H2O 

1.5 M Tris [pH = 8.8] 

/0.4 % SDS 

90.86 g Tris; 2 g SDS; adjust the pH to 8.8 with HCl; fill up 

to 500 ml mQ H2O 

0.5 M Tris [pH = 8.8] 

/0.4 % SDS 

30.29 g Tris; 2 g SDS; adjust pH to 6.8 with HCl; fill up to 

500 ml mQ H2O 

1x PBS 

41 g NaCl; 1 g KCl; 1 g KH2PO4; 7.2 g Na2HPO4 . 2H2O; 

add mQ H2O to 5 liters; aliquot to 400 ml bottles and 

autoclave 

Lysis buffer 1 1.25 ml 2 M Tris- HCl [pH = 7.9]; 2.5 ml 5 M NaCl; fill up 
to 50 ml mQ H2O 

Lysis buffer 2 1.25 ml 2 M Tris- HCl [pH = 7.9]; 2.5 ml 5 M NaCl; 5 ml 

100 % glycerol; fill up to 50 ml mQ H2O 

Lysis buffer 3 1 ml 1 M Tris-HCl [pH = 8.0]; 1 ml 5 M NaCl; fill up to 

50 ml mQ H2O 

Lysis buffer 4 1 ml 1 M Tris-HCl [pH = 8.0]; 1 ml 5 M NaCl; 5 ml 100 % 

glycerol; fill up to 50 ml mQ H2O 

Lysis buffer 5 1.25 ml 2 M Tris- HCl [pH = 6.8]; 2.5 ml 5 M NaCl; fill up 

to 50 ml mQ H2O 
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Lysis buffer 6 1.25 ml 2 M Tris- HCl [pH=6.8]; 2.5 ml 5 M NaCl; 5 ml 

100 % glycerol; fill up to 50 ml mQ H2O 

Lysis buffer 7 0.5 ml 2 M Tris [pH=6.8]; 1ml 5 M NaCl; fill up to 50 ml 

mQ H2O 

Lysis buffer 8 0.5 ml 2 M Tris [pH=6.8]; 1 ml 5 M NaCl; 5 ml 100 % 

glycerol; fill up to 50 ml mQ H2O 

Lysis buffer 12 1 ml 1 M Tris-HCl [pH = 8.0]; 2.5 ml 5 M NaCl; 12.5 ml 

1 M KCl; 1 ml 0.1 M Chaps; 5 ml 100 % glycerol; fill up to 

50 ml mQ H2O  

Lysis buffer 13 1 ml 1 M Tris-HCl [pH = 8.0]; 5 ml 5 M NaCl; 1 ml 0.1 M 

Chaps; 5 ml 100 % glycerol; fill up to 50 ml mQ H2O 

 

4.1.3. Enzymes 
 

Name Source Classification Activity Supplier 

BamHI Bacillus amyloliquefaciens H RE* type II 20 U/µl NEB** 

NdeI Neisseria denitrificans RE type II 20 U/µl NEB 

KpnI Klebsiella pneumoniae OK8 RE type II 10 U/µl NEB 

SacI Streptomyces achromogenes RE type II 20 U/µl NEB 

Phusion DNA 

polymerase 

Pyrococcus-like enzyme with 

a processivity-enhancing 

domain 

DNA 

Polymerase 
2 U/µl NEB 

T4 DNA ligase Bacteriophage T4 Ligase 5 nU/µl Fermentas 

Taq 

polymerase 
Thermus aquaticus YT1 cells 

DNA 

Polymerase 
5 U/µl Fermentas 

* Restriction endonuclease  ** New England Biolabs 
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4.1.4. Primers 
 

Name Sequences Supplier 

P103hCARNdeIF ATTCATATGCCTGTGCAACTGAGTAAG Sigma-Aldrich 

P103hCARBamHIR ATTGGATCCTCAGCTGCAGATCTCCTG Sigma-Aldrich 

L143hPXRNdeIF ATTCATATGCTGACAGAGGAGCAGCGGAT Sigma-Aldrich 

L143hPXRBamHIR ATTGGATCCTCAGCTACCTGTGATGCC Sigma-Aldrich 

Forward primer 

T7seqF 

TAATACGACTCACTAT Sigma-Aldrich 

Reverse primer 

pETseq1151R 

GGTCATGAGATTATCAAAAAG Sigma-Aldrich 

 

4.1.5. Vector 
 

Name Resistance Promoter/tag Size Supplier 

pET-15b Ampicilin lac operator/6xHis tag 5708 bp Novagen 
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4.1.6. DNA vector and construct maps 

 

 

pET-15b (Novagen) 
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4.1.7. Bacterial strains 

 

Bacteria Strain Genotype Supplier 

E. coli DH5α 
F- φ80lacZ∆M15 ∆ (lacZYA-argF)U169 recA1 
endA1 hsdR17(rk-, mk+) phoA supE44 thi-1 
gyrA96 relA1 λ-  

Invitrogen 

E. coli BL21 DE3 F- ompT hsdSB (rBmB) gal dcm(DE3) Novagen 

 

4.1.8. Growth Medium for microorganisms 

 

Name Symbol Organism Composition 

Luria Bertani LB E. coli 1 % (w/v) Bacto-tryptone 

0.5 % (w/v) Sodium Chloride 

1 % (w/v) Bacto yeast extract 

Luria Bertani agar LB + agar E. coli LB 

2 % (w/v) agar 

SOB medium SOB E. coli 2 % (w/v) Tryptone 

0.5 % (w/v) Yeast extract 

10 mM Sodium Chloride 

2.5 mM Potassium Chloride 

10 mM Magnesium chloride 

10 mM Magnesium Sulfate 

SOC medium SOC E. coli SOB  

20 mM glucose 
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4.2. Methods 
 

4.2.1. Preparation of E. coli competent cells 
 

4.2.1.1. Preparation of “Ultra-competent” E. coli cells using 
Inoue method 

 

One bacterial colony was picked up from a fresh plate without ampicilin and 

grown overnight at 37 °C in 25 ml of SOB medium in a 250 ml flask. Culture was 

incubated for 6 hours at 37 °C with rigorous shaking (180 rpm). Three 1 liter 

flasks each containing 250 ml of SOB medium were inoculated by 10 ml, 4 ml and 

2 ml of starter culture. Culture was incubated overnight at 18 °C with moderate 

shaking at 160 rpm. The following morning, the optical density at 600 nm (OD600) 

of all cultures was measured and was monitored every 45 min. The culture that 

reached OD600 0.55 was then transferred to an ice-water bath for 10 min. The other 

cultures were discarded. Cells were harvested at 3900 rpm for 10 min at 4 °C. The 

growth medium was discarded and the remaining medium was aspirated away. 

The cells were gently resuspended in 80 ml of ice-cold Inoue transformation 

buffer. Cells were centrifuged at 3900 rpm for 10 min at 4 °C. The buffer was 

poured off and the remaining buffer was removed using vacuum aspirator. The 

cells were again gently resuspended in 4 ml of ice-cold Inoue transformation 

buffer. This time 0.3 ml of DMSO was added and the cells were mixed by gently 

swirling. The mixture was incubated on ice for an additional 10 min, fast 

dispensed into chilled microfuge tubes, frozen in liquid nitrogen and stored at 

-70 °C until further use. 
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4.2.1.2. Preparation of E. coli cells using “Rubidium method” 

 

One bacterial colony was picked from a fresh plate without ampicilin and grown 

overnight at 37 °C in 5 ml LB. The 5 ml pre-culture was used to inoculate 250 ml 

LB medium and grown until OD600 0.4. Then the cells were collected into the 50 

ml Falcon tubes and incubated 10 min on ice. The cells were harvested by 

centrifugation for 15 min at 2500 rpm, 4 °C and resuspended in 10 ml of TFB1 

buffer. The mixture was divided into two 50 ml Falcon tubes and the volume was 

filled to 45 ml with TFB1 buffer. The mixture was incubation for additional 

15 min. on ice. Cells were centrifuged for 15 min at 2500 rpm, 4 °C and 

resuspended gently in 8 ml TFB2 buffer. The mixture was kept for 15 min on ice. 

Cells were aliquot, frozen in liquid nitrogen and stored at -70 °C until further use. 

 

4.2.2. Cloning of the His-tag fusion protein constructs 

 

4.2.2.1. Amplification of the donor DNA molecules using PCR 
 

PCR was used to amplify the target sequences of human CAR and PXR cDNA. 

For PCR amplification iCycler thermal cycler (Biorad) was used. A typical PCR 

program consisted from the following steps: 

 1x 98 °C 60 s, 35x (98 °C 10 s; 55 °C 30 s; 72 °C 60 s), 72 °C 10 min, 8 °C ∞   
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A typical 100 µl PCR reaction mixture contained: 

 

Stock concentration   Final concentration 

5 ng/µl cDNA template  20 ng 

2 pmol/µl Primer 1*   4 pmol 

2 pmol/µl Primer 2*   4 pmol 

10 mM dNTPs    0.376 mM 

25 mM MgCl2    0.301 mM 

5x Phusion DNA polymerase buffer 1x 

2 U/µl Phusion DNA polymerase 2 U 

mQ H2O     filled to 100 µl 

 
*Primer sequences are described in table 4.1.4  

 

4.2.2.2. Assessing the quality and quantification of dsDNA 
molecules 

 

The quality of the dsDNA was assessed using 1x TAE agarose gels containing 

0.5 μg/ml Ethidium Bromide. For the analysis the corresponding concentration of 

agarose was used with respect to the size of the analyzed dsDNA molecules e.g. 

0.7 % for 0.8 kp -15 kb, 1 % for 0.5 kb -10 kb and 1.2 % for 0.3-7.5 kb. The DNA 

molecules were separated in the electric field with voltage range of 5-6 V/cm 

using Electrophoresis Power Supply-EPS 600 (Pharmacia Biotech). The 

quantification of dsDNA was done using Nanodrop ND-1000 (Thermo Scientific) 

according to the instructions of the manufacturer. 
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4.2.2.3. Purification of the donor dsDNA molecules after PCR 
 

For the purification of the donor dsDNA PCR products from the PCR reaction gels 

QIAquick PCR purification Kit (Qiagen) was used. 

 

PCR samples were mixed with 5x sample volumes of PBI buffer. The mixture was 

loaded into the QIAquick spin columns placed in collection tube and centrifuged 1 

min at 13 000 rpm using Mikro 22R Microcentrifuge (Hettich Zentrifugen). Flow-

through PBI buffer was discarded and the column was washed with 750 µl of 

buffer PE. The sample was centrifuged for 1 min at 13 000 rpm and the PE buffer 

was discarded. Additional centrifuge was needed to ensure the complete removal 

of the residual buffer PE from the column. The spin column was placed to the 

clean 1.5 ml microfuge tube. For the elution of DNA 50 µl of H2O was added to 

the center of the QIAquick membrane and let stay for additional 1 min. The DNA 

was eluted using centrifuge 1 min at 13 000 rpm. The quality and quantity of the 

eluted DNA was assessed as described in chapter 4.2.2.2. 
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4.2.2.4. Treatment of donors and acceptor DNA with 
restriction endonucleases 

 

The composition of the typical enzymatic restriction reactions of the donor (insert) 

and acceptor (vector) molecules were the following:  

 

Components hCAR  hPXR pET-15b  

dsDNA 5 µg PCR product 5 µg PCR product 6 µg of vector 

10x Buffer 3 1x 1x 1x 

1 mg/µl BSA  100 µg/µl 100 µg/µl 100 µg/µl 

20 U/µl BamHI  10 U 10 U 10 U 

20 U/µl NdeI  10 U 10 U 10 U 

mQ H2O Filled up to 40 µl Filled up to 40 µl Filled up to 20 µl 

 

Enzymes were added on ice at the after all the components were added. The 

reaction mixture was incubated 1 h at 37 °C using dry block heater SUB6 (Grant). 

 

4.2.2.5. Gel extraction of RE treated donor and acceptor DNA 
 

For DNA extraction from agarose gel QIAquick Gel Extraction Kit was used. 

Excised gel slices were placed into the 1.5 ml microfuge tube. Three gel slice 

volumes of Buffer QC was added into the tube and incubated at 50 °C for 10 min. 

The sample was mixed by vortex every 3 min by Vortex Genie 2 (Scientific 

Industries) until the gel slices were completely dissolved. After one gel slice 

volume of isopropanol was added to the samples. The samples were applied onto 

the QIAquick column and centrifuged for 1 min at 13 000 rpm. The flow-through 

QC buffer was discarded and the column was washed with 750 µl of buffer PE. 

The sample was centrifuged for 1 min at 13 000 rpm and the PE buffer was 
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discarded. Additional centrifuge was needed to ensure the complete removal of the 

residual buffer PE from the column. Then the spin column was placed to the clean 

1.5 ml microfuge tube. For the elution of DNA 50 µl of H2O was added to the 

center of the QIAquick membrane and let stay for additional 1 min. The DNA was 

eluted using centrifuge 1 min at 13 000 rpm. The quality and quantity of the eluted 

DNA was assessed as described in chapter 4.2.2.2. 

 

4.2.2.6. Ligation of the donor and acceptor DNA 
 

Donor (insert) and acceptor (vector) molecules were ligated using T4 DNA ligase 

(Fermentas). The conversion of molar ratios to mass ratios was used for more 

particular ligation reaction. Typical ratios of vector and insert used were 1:1 or 

1:3. 

 

 

The composition of the typical ligation reaction in 10 µl: 

Insert  (hCAR or hPXR)  x ng 

Vector (pET-15b)   50 ng 

T4 DNA ligase   5 nU 

10x Buffer T4 DNA   1x 

mQ H2O    filled up to 10 µl 
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4.2.2.7. Transformation of competent E. coli cells  
 

Insert, vector and H2O were mixed and incubated by 1 min at 65 °C. To the 

reaction 1 µl of 10x Buffer T4 DNA and 5 nU of T4 DNA ligase were added on 

ice. The ligation mixture was incubated at 16 °C overnight. For transformation 

reaction 2-5 µl were used. 

 

To 100 µl competent E. coli cells was added 1-5 µl of the DNA or ligation mixture 

and incubated for 30 min on ice followed by heat shock at 42 °C for 45 s. Later 

500 µl LB medium was added and the whole reaction volume was incubated for 

45 min at 37 °C. Mixture was centrifuged briefly for 10 s at 13 000 rpm to 

concentrate the cells. This concentration was to obtain higher yield of 

transformants. 400 µl of medium was removed and the rest was plated onto Petri 

dishes and grown at 37 °C overnight. 
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4.2.2.8. Small-Scale plasmid purification 

 

One DH5α colony was picked from a LB-ampicilin plate and grown over night at 

37 °C in 5 ml of LB-medium containing 0.05 mg/ml. All 5 ml overnight culture 

was used for small-scale plasmid isolation using the Qiaprep® Spin Miniprep kit 

(Qiagen). First, cells were pelleted by centrifugation for 10 min at 2800 rpm, 4 °C 

and then resuspended in 250 µl resuspension buffer P1, lysed in 250 µl lysis buffer 

P2 and mixed by inverting the tubes. Then the bacterial lysate was neutralized by 

adding 350 µl neutralization buffer P3 and cleared by centrifuging for 10 min at 

14000 rpm. Supernatants were applied to QIAprep spin columns and centrifuged 

for 1 min at 14000 rpm. The flow-trough was discarded. Purification columns 

were washed by adding 750 µl wash buffer PE and centrifugated for 1 min. The 

flow-trough was again discarded and the columns were centrifuged for an 

additional 1 min to remove residual wash buffer. Then the columns were placed to 

a fresh 1.5 ml Eppendorf tube. To eluate DNA 50 µl of H2O was added to the 

center of QIAprep column, let stand for 1 min and centrifuged for 1 min at 14000 

rpm. The quality of the eluted DNA was assessed in the agarose gel and quantified 

using Nanodrop ND-1000 (Thermo Scientific). 

 

4.2.2.9. Analysis of the pET-15b-hCAR and pET-15b-hPXR 
using PCR and REs 

 

The PCR was used to determine if colonies contain correct insert. The cells from 

single colony were smeared on bottom of PCR tube and microwaved 10 sec. PCR 

samples were mixed with prepared reaction mixture.  
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PCR program consisted from the following steps:  

1x 94 °C 3 min, 31x (94 °C 30 s; 50 °C 45 s; 72 °C 90 s), 1x 72 °C 5 min, 4 °C ∞ 

 

The composition of PCR reaction mixture: 

 

50 µM reverse primer   1 µM 

50 µM forward primer  1 µM  

10 x Taq polymerase buffer  1x 

5 U/µl Taq polymerase   0.375 U 

2 mM dNTPs    0.2 mM 

25 mM MgCl2    1.5 mM 

mQ H2O    filled up to 15 µl 

 

The lengths of amplified DNA were assessed in the agarose gel. 

 

Buffer, BSA, mQ H2O and restriction endonuclease (SacI) were mixed in order to 

prepare a master mix. The DNA samples and the master mix were mixed together 

and incubated for 1 hour at 37 °C. The quality of the eluted DNA was assessed in 

the agarose gel. 
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4.2.3. Production of proteins 
 

4.2.3.1. Transformation of competent E. coli cells 
 

To 50 µl of E. coli BL21DE3 competent cells was added 1 µl purified plasmid and 

incubated for 30 min on ice followed by heat shock at 42 °C for 45 s. Later 500 µl 

LB medium was added and the whole reaction volume was incubated for 45 min at 

37 °C. Approximately 100 µl of the cell mixture was then plated onto Petri dishes 

with appropriate antibiotics and grown at 37 °C overnight. 

 

4.2.3.2. Optimization of production proteins 
 

One BL21DE3 colony was picked from a LB agar with appropriate antibiotics 

plate and grown overnight at 37 °C in 2 ml of LB-medium containing antibiotics. 

The density of the cells was controlled via measurements at OD600 using 

Spectrophotometer CARY50Bio (Varian). The starting culture was diluted to 

OD600 0.05. The cell suspension was incubated at 37 °C until reaching OD600 0.4, 

0.6, 0.8. When the respective OD600 was reached 0, 0.25, 0.5, 0.75, 1.0 and 1.25 

mM of IPTG was added to cells to induce the expression of proteins and the 

cultures were incubated at 25 °C overnight, at 30 °C for 8 hours and at 37 °C for 4 

hours. The samples were analyzed on SDS-polyacrylamide gel electrophoresis 

(PAGE). 
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4.2.3.3. Mini-scale purification of overexpressed proteins 
 

The 2 ml E. coli cell cultures were centrifuged at 4000 rpm for 10 min. The 

medium was discarded and the cultures were carefully resuspended in 1 ml of 

different lysis buffers and 1x PBS as control. The cells were lysed by 

ultrasonication 1 min using Sonicator Bioblock Scientific VibraCell 72412 Model 

CV26 (amplitude 25 %, 2s on 2s off). To the 40 µl of total crude cell extract 10 µl 

of 5x protein gel loading buffer (GLB) was added and saved for analysis. The rest 

of the lysate was centrifuged 40 min at 4000 rpm, 4 °C. To the 40 µl of 

supernatant 10 µl of 5x protein GLB was added and saved for analysis. Then 

900 µl of supernatant was placed into 96 deepwell plates and 60 µl equilibrated 

TALON™ resin was added. The mixture was incubated 0.5 hours at 4 °C in order 

to bind the recombinant protein. The sample was centrifuged for 10 min at 

1000 rpm and 40 µl of the supernatant was saved for further analysis as “flow-

through”. The resin washed three times with 550 µl appropriate lysis buffer and 

after it was always centrifuged 10 min at 1000 rpm, 4 °C. After the last wash the 

supernatant was carefully discarded and to the resin bound protein 30 µl of 

2x protein GLB was added and saved for later analysis. All the collected samples 

were denaturated for 10 min at 99 °C, centrifuged for 5 min at 14000 rpm and 

analyzed using SDS-PAGE. 

 

4.2.3.4. SDS-polyacrylamide gel electrophoresis  
 

The set of glass plates, combs, the casting frames and the casting stand (Mini-

PROTEAN Tetra Cell, BIO-RAD) were properly cleaned and dried. The short 

plate was placed on the top of spacer plate and slid into the casting frame. The gel 

cassette assembly was placed into the casting stand and saved by the casting 

gasket and the spring-loaded lever of the casting stand.  The resolving gel 
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monomer solution 12 % was prepared by combining 1.23 ml acrylamide (40)/bis-

acrylamide (0.8), 1.05 ml 1.5 M Tris [pH = 8.8]/0.4 % SDS, 1.77 ml mQ H2O, 

16.8 µl 25 % APS and 4.2 µl TEMED. The solution was poured between the glass 

plates and covered by 2-propanol. The gel was allowed to polymerize. 

Subsequently the gel surface was completely rinsed by mQ H2O and dried by filter 

paper. The stacking gel monomer solution was prepared from 0.25 ml acryl amide 

(40)/bis-acrylamide (0.8), 0.53 ml 0.5 M Tris [pH = 6.8]/0.4 % SDS, 1.3 ml 

mQ H2O, 8 µl 25 % APS and 2 µl TEMED. The stacking gel solution was poured 

until the top of the short plate was reached. The desired comb was inserted 

between the spacers starting at the top of spacer plate and gel solution was allowed 

to polymerize. Finally the comb was gently removed and wells were rinsed by mQ 

H2O. The gel cassette sandwich and the buffer dam were placed into the clamping 

frame. The creating interspace between them was filled by 1x SDS-PAGE running 

buffer. Consequently the samples were loaded into the corresponding wells. The 

electrode assembly was inserted into the mini tank that was filled by 1x SDS-

PAGE running buffer, and covered by lid. The electrophoresis was switched on 

and run approximately 40 min at 200V. 
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5.  RESULTS 

5.1. Plasmid construction for recombinant protein production 
in E. Coli 

 

The human CAR and PXR inserts were cloned into pET-15b (Novagen) 

commercial bacterial expression vector (see Material and Methods). 

 

5.1.1. Construction of pET-15b/hCARP103-S348 

 

The bacterial expression construct pET-15b/hCARP103-S348 (Fig. 5.1) was 

constructed by insertion of the 741 bp NdeI/BamHI fragment of the hCAR LBD 

from full length source cDNA cloned in source vector pSG5-hCAR in sense 

orientation into NdeI/BamHI sites of pET-15b. 
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Fig. 5.1 Map of the pET-15b/hCARP103-S348 construct 

The inserted hCAR LBD is highlighted in red, lacI in green, antibiotic resistance in 

orange and the pBR322 replication origin in grey. 
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5.1.2. Construction of pET-15b/hPXRL143-S434 

 

The bacterial expression construct pET-15b/hPXRL143-S434 (Fig. 5.2) was 

constructed by insertion of the 884 bp NdeI/BamHI fragment of the hPXR LBD 

from full-length source cDNA cloned in source vector pSG5-hPXR in sense 

orientation into NdeI/BamHI sites of pET-15b. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5.2 Map of the pET-15b/hPXRL143-S434 construct 

The inserted hCAR LBD is highlighted in blue, lacI in green, antibiotic resistance in 

orange and the pBR322 replication origin in grey. 
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The inserts of hCAR and hPXR LBDs were generated by PCR and are shown in 

the representative agarose gels in Fig. 5.3A. The different sizes of the PCR 

products are due to the raw PCR products, which were not treated with restriction 

enzymes. On the Fig. 5.3B the acceptor molecule pET-15b is shown. The size 

5606 bp corresponds to the vector cut with NdeI and BamHI restriction 

endonucleases. 

 

 

 

 

 

 

 

 

 

 

 

    A)                                                                     B) 

 

 

Fig. 5.3 Representative agarose gel with donor and acceptor molecules 

The PCR products hCAR (1) and hPXR (2) LBDs are shown (A) in the 1 % agarose gel. 

The acceptor molecule pET-15b is shown (B) in the 0.7 % agarose gel. 
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5.1.3. Analysis of the pET-15b-hCAR and pET-15b-hPXR 

clones 
 

The hCAR and hPXR LBD inserts were ligated into the vector pET-15b and the 

ligation mix was transformed into DH5α competent cells. From the grown clones 

from the agar plates the plasmid DNA was isolated and analyzed first via colony 

PCR (Fig. 5.4) and then by restriction endonucleases (Fig. 5.5) for the correct 

inserts. The correct size of PCR product after colony PCR was 2524 bp for hPXR 

and 2386 bp for hCAR; the clones with correct sizes are highlighted with stars 

(Fig. 5.4). The clones with correct sizes were further analyzed by cutting with 

restriction endonuclease SacI. The correct sizes of fragments for hCAR are 

1586 bp and 800 bp and for hPXR are 1601 bp and 932 bp, respectively. The 

correct candidate clones 2E, 6G (hPXR) and 3C, 4B, 4C (hCAR) are highlighted 

with stars (Fig. 5.5). 

 

 

 

 

 

 

 

 

 

Fig. 5.4 Analysis of the clones by colony PCR 

The clones containing hCAR and hPXR LBDs are shown in the 1 % agarose gel. Their 

correct sizes are highlighted with stars. 
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Fig. 5.5 Analysis of the clones by restriction endonucleases 

The clones containing hCAR and hPXR LBDs are shown in the 1 % agarose gel. Their 

correct sizes are highlighted with stars. 

 

 

 

 

 

 

 

 

 



 

60 

5.2. Properties of the expression constructs and recombinant 
proteins 

 

The sizes of the correct constructs of pET-15b-hCAR and pET-15b-hPXR are 

displayed in the Table 5.1. 

 

Table 5.1 properties of the DNA constructs and recombinant proteins 

 

 pET-15b-hCARP103-S348 pET-15b-hPXRL143-S434 

Size of the full length 
constructs 6444bp 6582bp 

Size of the recombinant 
protein* 267aa 313aa 

Mw of the recombinant 
proteins** 30.542kDa 35.891kDa 

Theoretical pI** of the 
recombinant proteins 6.62 6.73 

 
* for the full length recombinant protein including 6xHis tag, protease cleavage site and linker 
amino acids. 
** the molecular weight (Mw) and the theoretical isoelectric point (pI) of the full length 
recombinant proteins was calculated using Compute pI/Mw tool at the Expert Protein Analysis 
System proteomics server of the Swiss Institute of Bioinformatics  

 

The sizes of the full-length hCAR and hPXR recombinant proteins are 267 and 

313 amino acids, respectively. In order to identify the correct molecular weight 

sizes of the produced proteins in the SDS-PAGE analysis the theoretical molecular 

weight molecular weight (Mw) was calculated and is shown in the Table 5.1.  

The isoelectric point (pI) of the proteins represents the state when the protein’s 

overall charge equals to zero. To facilitate the process purification the pH of the 

buffers has to be selected in a way that the ionization state of the proteins differs 

from that of their respective isoelectric points. 
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The pI for both recombinant proteins was also calculated and is summarized in the 

Table 5.1. The theoretical values of the Mw and the pI were calculated using the 

Compute pI/Mw tool at the Expert Protein Analysis System proteomics server of 

the Swiss Institute of Bioinformatics (http://www.expasy.ch/tools/pi_tool.html). 

 

5.3. Assessment of protein production 

 

The representative pET-15b-hCAR and pET-15b-hPXR clones were transformed 

into the BL21 DE3 competent cells. These bacterial expression systems were 

induced by 1 mM IPTG and grown at 37 °C. The protein production determined 

selection of representative clones. The clones with optimal protein production 

were 3C3, 4B2, 4C2 and 6G2 (Fig. 5.6).  

 

 

 

 

 

 

                                                                                          

                                                                                                                           

                                                                                                                                   *             

                       *                *                          *                                                        

 

Fig. 5.6 Comparison of protein production 

Non-induced (-) and induced (+) protein production of ideal clones is compared. 

The optimal amounts of produced proteins are marked with red star. 
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5.4. Dependence on the growth of E. coli culture in the 
presence of representative pET-15b constructs 

 

 The representative pET-15b-hCAR and pET-15b-hPXR clones were transformed 

into the BL21 DE3 competent cells. The E. coli growth curve, described in a 

chapter 2.4.3.2, begins with a lag phase that is displayed as linear range between 

0.1-0.5 OD600. The comparison of separate clones present in E. coli cells in their 

respective lag phase is illustrated in Fig. 5.7. The competent cells with pET-15b-

hCAR clone (3C3, 4B2, 4C2), are depicted in similar growth curves (Fig. 5.7A) 

and showed similar growth attributes. Competent cells with pET-15b-hPXR clone 

(Fig. 5.7B) showed similar profile compared to hCAR clones. Taking in account 

the results from a partial growth curves presented in Fig. 5.7, in all cases no toxic 

effect of the present constructs was observed. In general, the obtain result are also 

highly dependent on various conditions such as fresh LB medium, its optimal 

amount, speed of shaking or quality of the cells.  
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Fig. 5.7 Growth curves  

The growth curves of E. coli cultures containing the constructs of hCAR LBD clones 3C3, 

4B2, 4C2 (A) and the clone 6G2 of hPXR LBD (B) is shown. 
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5.5. Optimization of protein production 

 

The protein production is highly dependent on certain conditions such as the 

cellular density at the moment of induction (OD600), the concentration of IPTG, 

and the temperature during protein production. These conditions have to be 

optimized since any suboptimal condition can lead to a loss of the produced 

recombinant protein’s quantity and also quality. The protein production of the 

candidate clones 3C3, 4B2, 4C2 (hCAR) and 6G2 (hPXR) was optimized 

choosing different production temperatures 25 °C, 30 °C and 37 °C, final 

concentrations of IPTG for induction of the expression and cell densities at the 

moment of induction. 

 

5.5.1. Optimization of production temperature 

 

Although at higher temperatures (30 °C and 37 °C) the quantity of the produced 

proteins was slightly higher, probably due to the high amount of misfolded and 

aggregated proteins, the quality represented such as the amount of soluble protein 

was low (Fig. 5.8A). On contrary at the lowest temperature (25 °C), the rate of the 

protein production was slower leading to a better protein folding and thus the 

amount of soluble protein fraction was highly enriched. In addition to this quality 

improvement the production at 25 °C led to sufficient amount of protein produced 

(Fig. 5.8B). 
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A)                                                              37°C         

 

 

 

12% SDS-PAGE 

 

                                                             *       *        *        *        *                                  

     

                                                           

B)                                                                 25°C 

 

 

 

 

12% SDS-PAGE 

 

                                                          *        *        *        *         *           

 

 

Fig. 5.8 Comparison protein production in the different temperatures 

Comparison total protein (1) and supernatant (2) is showed solubility of produced protein. 

A) Insoluble hCAR LBD (3C3) is produced at 37 °C and B) soluble hCAR LBD (4B2) is 

produced at 25 °C. As a control the lysate from cells that do not contain any expression 

vector was used (C). Soluble produced proteins are marked with red stars. 
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5.5.2. Optimization of final concentration of IPTG 

 

Concerning the amount of IPTG needed for an efficient induction of the protein 

expression different final concentrations 0.25, 0.5, 0.75, 1.0, 1.25 mM were tested. 

The final concentrations of IPTG where the maximum of the induction was 

achieved were determined as 0.75mM and 1mM in case of hCAR and hPXR 

LBDs, respectively. Fig. 5.9 shows representative gels from the optimization of 

the protein production at different final concentration of IPTG. In the respective 

lanes the comparison of the total protein (1) and a soluble supernatant fraction (2) 

represents the protein solubility. In the lane C the control lysate from cells, which 

did not contain any expression vector is showed. 

 
 
A) 

 
            
 
12% SDS-PAGE 
 
 
 
        
 
                                                                                              *                             ← 3C3                                                                                                                                                                           
 
 
 
 
 
 
 
 
 
12% SDS-PAGE 
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                                                                                            *                              
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12% SDS-PAGE  

             ← 4C2 

                                                                               *                          

 

                                                                                  

       

 

B) 

 

12% SDS-PAGE 

                    ← 6G2 

                                                                                          *                    

 

 

 

Fig. 5.9 Influence of the final concentration of IPTG on the protein production and 

solubility 

The total protein (1) and the soluble supernatant fraction (2) for different concentration of 

IPTG (0, 0.25, 0.5, 0.75, 1.0, 1.25mM) [A) hCAR LBD- 3C3, 4B2, 4C2; B) hPXR LBD- 

6G2] are compared. As a control the lysate from cells that do not contain any expression 

vector was used (C). Soluble proteins were produced at 25 °C. Correct concentration is 

marked with red star. 
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5.5.3. Optimization of cell density 

 

The cell densities were measured by spectrophotometer at the wavelength 600 nm. 

For the optimization the range of cell densities characterized with optical densities 

of 0.4, 0.6 and 0.8 were chosen. The effect of different OD600 on solubility was not 

followed up. The Fig. 5.10 shows the representative gel from this experiment. The 

quantity of the produced proteins seems to be independent on the optical density of 

the cell culture. Since the density at OD600 0.4 was sufficient for target protein 

production we were using this value as a starting point for the induction with 

IPTG. 

 

 

 

 

12 % SDS-PAGE 

 

                                                                          

                                                                            ← hCAR LBD 

 

Fig. 5.10 Relationship between OD600 and protein production 

The representative gel of the production of hCAR LBD at different cell densities  

(OD600 0.4, 0.6 and 0.8) in the moment of induction with IPTG is shown. 
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5.5.4. Optimization of protein solubility  

 

The hCAR LBDs solubility was investigated under different buffer conditions. 

Nine lysis buffers (B1-B9) were proposed for improvement of protein solubility. 

The particular compositions are included in chapter 5.1.2. These lysis buffers were 

compared with originally used buffer 1xPBS (B9). The lysis buffers were different 

in concentration of Tris-HCl, NaCl, glycerol and pH value (Fig. 5.11). 

 

 

 

 

 

                                                                             ←  hCAR LBD (3C3) 

 

                                                                                       12 % SDS-PAGE 

 

 

 

 

 

                                                                                                                  ← hCAR LBD (3C3) 

 

                                        *                            * 

Fig. 5.11 Comparison of different lysis buffers and their protein solubility 

The lysis buffers 1-9 (B1-B9) were used for improvement solubility of hCAR LBD in 

a sample 3C3. Comparison of total protein (1) and supernatant (2) is showed protein 

solubility. Ideal lysis buffers (B6 and B8) are marked with red stars. 
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5.6. Dependence of protein production on the growth of E. 
coli culture 

 

The protein production is dependent on the induction of bacterial expression 

system by IPTG at optimal temperature. The protein production can affect 

bacterial growth. The newly produced proteins are considered to be a foreign 

element for bacteria. These foreign proteins induce various responses of the cells. 

Competent cells containing pET-15b-hPXR clone (6G2) did not accept the protein 

that was produced at 25 °C, 30 °C, and 37 °C. This protein caused decreasing of 

cell density (Fig 5.12). Competent cells with pET-15b-hCAR clones (3C3, 4B2, 

4C2) reacted diverse on the produced protein. The cell density of 3C3 and 4B2 

was slowly decreased at 37 °C (Fig. 5.13) and 30 °C (Fig. 5.14). However, lower 

temperature (25 °C) caused that the cell density of 3C3 and 4B2 were only 

decreased at 0.5 mM and 0.75 mM IPTG, respectively (Fig. 5.15). Concerning the 

sample 4C2 the cell density was rapidly decreased in a first induction by IPTG and 

followed by progressive enhancement at 30 °C (Fig. 5.14) and 37 °C (Fig. 5.13). 

The lower temperature (25 °C) also caused that cell density of 4C2 was only 

decreased in 1 mM IPTG at 25 °C (Fig 5.15). 
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Fig. 5.12 Influence of concentration of IPTG on the E. coli growth at different 

temperatures 

The E. coli growths were presented by OD600. Protein production was induced by various 

concentration of IPTG (0, 0.25, 0.5, 0.75, 1, 1.25 mM) at different temperature (25 °C, 

30 °C, 37 °C). 
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Fig. 5.13 Influence of concentration of IPTG on the E. coli growth at 37 °C 

The E. coli growths were presented by OD600. Protein production was induced by various 

concentration of IPTG (0, 0.25, 0.5, 0.75, 1, 1.25 mM) at 37 °C. 
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Fig. 5.14 Influence of concentration of IPTG on the E. coli growth at 30 °C 

The E. coli growths were presented by OD600. Protein production was induced by various 

concentration of IPTG (0, 0.25, 0.5, 0.75, 1, 1.25 mM) at 30 °C. 
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Fig. 5.15 Influence of concentration of IPTG on the E. coli growth at 25 °C 

The E. coli growths were presented by OD600. Protein production was induced by various 

concentration of IPTG (0, 0.25, 0.5, 0.75, 1, 1.25 mM) at 25 °C. 
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5.7. Assessment of the quantity and quality of recombinant 
proteins 

 

In the next phase after the optimization of production conditions the different 

clones of hCAR LBD were tested for the quantity and quality of the expressed 

proteins. The recombinant proteins from clones 3C3, 4B2 and 4C2 were induced at 

OD600 0.4 in 0.75 mM IPTG and produced overnight at 25 °C. The assessment of 

the quantity and quality was done by SDS-PAGE (Fig. 5.16). Although all the 

clones produced enough protein (lane 1) the solubility of the produced protein 

from the clone 4B2 showed the best results (lane 2 marked with red star). In case 

of the hPXR LBD, the protein from the clone 6G2 was induced at OD600 0.4 in 

1 mM IPTG and produced overnight at 25 °C. 

 

 

 

 

12 % SDS-PAGE 

                                                                                        

                                                                                                   ← LBD 

                                                                                                         * 

                                                                                                                     

Fig. 5.16 Comparison protein solubility 

The total protein (1) and supernatant (2) were compared among 6G2 (hPXR LBD), 3C3, 

4B2 and 4C2 (hCAR LBD) on the 12 % SDS-PAGE gel. The best results were obtained 

with clone 4B2 for hCAR LBD, which is marked with red stars. 
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5.8. Mini scale purification of recombinant protein 
 

In the next steps, the further experiments were concentrated on hCAR LBD, since 

it was producing the largest amount of soluble proteins. The representative 

purification of hCAR LBD from the clone 4B2 is illustrated on Fig. 5.17. Lysis 

buffers B4, B9 (1xPBS), B12, B13 with different composition (see Material and 

Methods 4.1.2) were used to further improve the solubility of the purified protein. 

The lysis buffers were different in the concentration of Tris-HCl, NaCl, KCl, 

Chaps, glycerol and also pH. hCAR LBD was the equally soluble in all for buffers 

and the difference can be seen in the resin-bound protein fraction (lane 4). The 

smallest amount of resin-bound protein is in buffer B9 (PBS). In the other buffers 

this fraction seems to be equally improved however, the presence of the non-ionic 

detergent Chaps in the buffers B12 and B13 was also helping to solubilize the 

fraction of bacterial proteins with Mw between 75 and 100 kDa (lane 4 in B12 and 

B13) and in the buffer B13, which contained KCl, the protein bend with the size of 

150kDa is also more profound in the resin-bound fraction (lane 4). Taking in 

account that all these bacterial proteins would represent additional contamination 

in the purified fraction for future purification the buffer B4 was chosen. 

 

 

 

 

 

 

 

 

 

 



 

78 

 
 

 

                                                                                                                           ←LBD 

                                                                                                                      

 

                                                                     

                                                                                      *     

                                                                          15 % SDS-PAGE 

 

Fig. 5.17 Comparison of purification in the different buffers 

The total protein (1), supernatant (2), flow-through (3) and resin-bound protein (4) 

fractions are compared in the presence of different lysis buffers (B4, B9, B12 and B13). 

The optimal buffer for the purification of the hCAR LBD is marked with red star. 
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6. DISCUSSION 
 

In this study the protein production and purification of hCAR LBD and hPXR 

LBD were demonstrated. The protein production was dependent on important 

conditions such as concentration of IPTG and temperature, which contributed to 

protein solubility. 

 

According to present knowledge, CAR LBD was expressed as the mouse CAR 

LBD in the presence or absence of RXRα (Shan et al. 2004; Suino et al. 2004) and 

as hCAR/RXRα heterodimer (Xu et al. 2004). In these studies authors used 

bacterial expression systems in E. coli BL21DE3 cells and were purifying fusion-

tagged proteins using affinity chromatography. In this thesis, the production of 

hCAR and hPXR LBD started on the basis of theoretical information obtained 

from the above mentioned studies. The only structure of hCAR, which was 

produced, purified and crystallized, is the hCAR/RXRα heterodimer complex with 

different agonists and CoA peptides. The two available forms of 

hCAR/RXRα/SRC-1 complexes were crystallized in presence of the nonsteroidal 

agonist CITCO or the steroidal agonist 5β-pregnanedione and the thirteen amino 

acid peptide from second NR box of SRC-1 (Xu et al. 2004). 

 

The E. coli BL21 DE3 is considered to be a widely used bacterial expression 

system with IPTG-inducible T7 RNA polymerase from lacUV5 promoter. For 

determination of the optimal concentration of IPTG, final concentration of 0.25, 

0.5, 0.75 and 1.25 mM were tested. The soluble recombinant proteins were 

produced at 0.75mM and 1mM in case of hCAR and hPXR LBDs, respectively. 

Subsequent quality assessment was made using 12 and 15% SDS-PAGE gels. This 

analysis verified the optimal conditions for an efficient induction of the protein 

expressions such as the final concentrations of IPTG used. 
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The growth and protein expression of E. coli cells were influenced also by 

temperature. In general, the temperature of 37 °C is considered to be an adequate 

for bacterial cellular growth and efficient division. An increased deviation from 

this temperature causes rapid expression that negatively influences the protein 

solubility. In addition, the large amount of ectopic protein produced can cause 

toxic effect in the cells. Furthermore, this protein pool triggers the formation of 

aggregated proteins, which is reflected in appearance insoluble of inclusion bodies. 

This fact can sometimes cause in the later purification processes difficulties and 

also may affect the functionality of the matured. Temperatures at 25 °C, 30 °C and 

37 °C have been selected to determine the optimal temperature for the production 

of a soluble protein fraction. The lower temperatures led to a decreased cellular 

growth and protein expression. By comparing the protein production at defined 

temperatures it was found that the protein fraction with the highest solubility was 

produced at 25 °C. It was assumed that the slow protein expression caused better 

protein folding and therefore the production of soluble protein fractions was 

higher. 

 

Bacterial cells containing the construct pET15b-hPXR that were induced with 

optimal concentration of IPTG and temperatures had lower protein production. 

The possible reason could be that the produced hPXR LBD was toxic to the cells 

and could cause cellular damage and subsequent reduction of cell division. 

However, the exact mechanism of this observation remains unclear. Since the 

amount of produced hPXR LBD was less visible compared to hCAR LBD, this 

study concentrated only on the further optimization of the hCAR LBD 

purification. 
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The efficiency of the protein purification is dependent on the solubility of the 

recombinant protein. In the first experiments the composition for the lysis buffers 

proposed by Suino et al. (2004) and Xu et al. (2004) was used. However, the 

changes in the buffer composition led to the improved protein solubility. The 

optimized lysis buffer had the following components; Tris-HCl that was used for 

balancing the pH at 8.0, NaCl that ensured stable ionic strength of the solution and 

glycerol that highly improved the protein solubility. The use of this lysis buffer 

contributed to the improvement in the downstream protein purification process. 
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7. CONCLUSION 
 

NRs represent a superfamily of structurally and functionally conserved proteins. 

Their main role is to regulate transcription in response to ligands. The LBD of 

NRs is a functional domain that binds ligands, which leads to a conformational 

change in the structure of the receptor resulting to an activation or repression of 

the receptor.  

 

In this study, the bacterial expression constructs, pET-15b-hPXRL143-s434 and pET-

15b-hCARP103-S348, were cloned by insertion of the respective cDNA of 

recombinant proteins into the pET-15b vector from Novagen. These constructs 

were transformed into the E .coli DH5α cells and subsequently the pET-15b-

hCARP103-S348 and pET-15b-hPXRL143-s434 analyzed for the correct inserts using 

colony PCR and restriction enzymes. The constructs with correct inserts were 

transformed into the bacterial expression system known as BL21 DE3 cells. The 

production of hCAR and hPXR LBD was affected by several conditions such as 

temperature and the final concentration of IPTG needed for an efficient induction 

of the protein expressions. Competent cells containing pET-15b-hCARP103-S348 

clones were induced at 0.75 mM IPTG and soluble hCAR LBD was produced at 

25 °C, whereas in case of pET-15b-hPXRL143-s434 clones were induced at 1.0 mM 

IPTG and soluble hPXR LBD was produced at 25 °C.  

 

Mini-scale protein purification of hCAR LBD was achieved by optimization of the 

lysis buffer composition and the optimal improvement of the protein solubility was 

in lysis buffer 4 (B4). In case of the hPXR LBD the amount of soluble protein 

produced was low, therefore the full optimization and the protein purification was 

not carried out in this work. 
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