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RESUMO

A avaliacdo da seguranca de farmacos, quer durante a fase clinica quer durante as fases iniciais
do desenvolvimento de novos farmacos, € um processo fundamental para o despiste de potenciais
efeitos toxicos.

Os farmacos pertencem ao grupo dos xenobioticos - compostos estranhos ao organismo que
serdo extensivamente metabolizados a fim de diminuir sua toxicidade para o organismo humano. O
metabolismo de farmacos envolve varios sistemas enzimaticos, e dois dos mais importantes séo os
citocromos P450 (CYP), uma familia de oxidorredutases hémicas que catalisam varios tipos de reacoes,
e as sulfotransferases (SULT), uma familia de enzimas capazes de catalisar a sulfonacéo de grupos
hidroxilo.

Uma das abordagens para prever o metabolismo de farmacos é o desenvolvimento de reatores
enzimaticos que permitem replicar o metabolismo in vivo. Com esta abordagem em mente, varias
proteinas da familia dos CYPs e das SULTs humanas foram subclonadas num vetor de expresséo estavel
para permitir a sobreproduc&@o em Escherichia coli competente para expressao. O objetivo foi obter as
proteinas purificadas para serem utilizadas numa linha de investigagéo que visa co-imobilizar essas
proteinas e desenvolver um reator enzimatico in vitro.

Aisoforma SULT1Al easisoformas CYP 2D6 e 3A4 foram clonadas no vetor pET28a (+) por
amplificac@o por PCR dos cDNAs presentes em vetores disponiveis comercialmente usando primers
desenvolvidos para introduzir locais de corte para enzimas de restricao. A isoforma CYP2C8 foi
subclonada a partir do vetor disponivel por excisdo com enzimas de restricdo adequadas e transferida
para o vetor pET28a (+). Aisoforma SULT1B1 ja estava disponivel no vetor desejado. Todas as proteinas
foram expressas como proteinas de fusdo apresentando uma cauda Hiss N-terminal para facilitar a
purificagdo e, a jusante, aimobilizag&o das proteinas.

Todas as proteinas, com exce¢do do CYP 3A4, foram sobre-expressas com sucesso em E. coli, com
bandas de absorvancia nos cromatogramas de purificacao indicando a existéncia de proteinas
marcadas com histidina. No entanto, em alguns casos, a quantidade de proteina produzida era muito
baixa. Nao foi possivel obter um plasmideo estavel com o CYP 3A4, provavelmente porque a baixa
especificidade de substrato deste enzima, associada ao comportamento leaky caracteristico do
promotor T7 presente no vetor pET28a (+), leva a um ambiente toxico nas células.

PALAVRAS-CHAVE: Proteinas recombinantes; clonagem de cDNA; expressado de proteinas;
purificacdo de proteinas; biologia molecular.

Vii
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ABSTRACT

Testingdrugsto assess drug safety is akey process not only during drug monitoring butalso during
theinitial stages of drugs design. Clinical drugs belong to the group of xenobiotics — foreign compounds
thatwill be extensively metabolized in orderto decrease their toxicity to the human organism. Drug
metabolism involves various enzymatic systems, and two of the more important ones are cytochromes
P450 (CYP), a family of heme oxidoreductases that catalyse various types of reactions, and
sulfotransferases (SULT), a family of enzymes able to catalyse the sulfonylation of hydroxyl groups in
drugs.

One of the approaches to predict drug metabolism is the development of in vitro enzymatic
reactors that allow mimicking the in vivo metabolism. With this in mind, a set of human CYP and SULT
enzymes were sub-cloned into a stable expression vector to allow over-production in expression-
competent Escherichia coli cells. The goalwasto obtain the purified proteinsto be usedinaresearch
line that aims at co-immobilizing these proteins and develop an in vitro enzymatic reactor.

SULT isoform 1A1 and CYP isoforms 2D6 and 3A4 were cloned into pET28a(+) vector by PCR
amplification of the cDNAs from commercially available vectors using primers designed to introduce
restriction sites for enzymatic digestion. CYP isoform 2C8 was subcloned from the available vector by
excision with adequate restriction enzymes and transferred into the pET28a(+) vector. SULT isoform
1B1was already available inthe desired vector. All proteins were expressed as fusion proteins bearing
an N-terminal Hise-tag in order to assist in both purification and, downstream, protein immobilization.

All proteins, except for CYP isoform 3A4, were successfully overexpressed in E. coli, with
absorbance bands in the purification chromatograms indicating the existence of His-tagged proteins.
However,insome cases, theamountofproduced proteinwastoolowand could notbefurtherused.
A stable plasmid with the CYP3A4 could not be obtained, probably because the low substrate
specificity of this enzyme, coupled with the characteristic leaky behaviour of the T7 promoter present
in the pET28a(+) vector, leads to a toxic environment in the cells.

KEYwORDS: Recombinant proteins; cDNA cloning; protein expression; protein purification;
molecular biology.
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SYMBOLS AND ABBREVIATIONS

BL21(DE3)

Escherichia coli strain widely used for protein expression of T7 RNA Polymerase-
based systems.

C41(DE3)
C43(DE3)

Escherichia coli strains derived from the BL21(DE3) strain that contains
uncharacterized mutations preventing cell death associated with the expression
of toxic recombinantproteins.

cDNA

Coding DNA

Ccyp

Cytochrome P450

CYP2C8

Unspecific monooxygenase of the cytochrome P450 gene family 2, subfamily C,
gene 8. Broad range oxygenase, epoxygenase and N/O-dealkylase.

E.C. 1.14.14.1. Systematic name: substrate, NADPH-hemoprotein reductase:
oxygen oxidoreductase (RH-hydroxylating or -epoxidizing) (Schomburg,
Schomburg, and Chang, 2006).

CYP2D6

Unspecific monooxygenase of the cytochrome P450 gene family 2, subfamily D,
gene 6. Broad range oxygenase and epoxygenase.

E.C. 1.14.14.1. Systematic name: substrate, NADPH-hemoprotein reductase:
oxygen oxidoreductase (RH-hydroxylating or -epoxidizing) (Schomburg,
Schomburg, and Chang, 2006) .

CYP3A4

Unspecific monooxygenase of the cytochrome P450 gene family 3, subfamily A,
gene 4. Broad range oxygenase and epoxygenase.

E.C. 1.14.14.1. Systematic name: substrate, NADPH-hemoprotein reductase:
oxygen oxidoreductase (RH-hydroxylating or -epoxidizing) (Schomburg,
Schomburg, and Chang, 2006) .

DNA

Deoxyribonucleic acid

E.C.

Enzyme Commission

Hindlll

Type |l site-specific deoxyribonuclease restriction enzyme purified from H
aemophilus influenzae strain Rd that cleaves the DNA palindromic sequence
5-ALAGCTT-3’ (Roy and Smith, 1973a, 1973b).

E.C. 3.1.21.4. No systematic name attributed (Schomburg, Schomburg, and
Chang, 2013a).

LB

Lysogeny broth culture media, also known as Luria, Lennox and Luria-Bertani
broth.

LBAI

LB supplemented with glucose and lactose in order to promote protein
expression auto-induction under control of the T7 promoter without the use of
other inducers.

Ndel

Type Il site-specific deoxyribonuclease restriction enzyme purified from Neisseria
denitrificans that cleaves the DNA palindromic sequence 5'-CA+TATG-3” (Watson
et al., 1982).

E.C. 3.1.21.4. No systematic name attributed (Schomburg, Schomburg, and
Chang, 2013a).

Xi
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Nhel

Type Il site-specific deoxyribonuclease restriction enzyme purified from Neisseria
mucosa variant heidelbergensis that cleaves the DNA palindromic sequence 5'-
G{CTAGC-3’ (Roberts, 1992).

E.C. 3.1.21.4. No systematic name attributed (Schomburg, Schomburg, and
Chang, 2013a).

One-Fusion™

DNA polymerase type Il (DNA-directed DNA polymerase) engineered for high

DNA polymerase  processivity and high fidelity. Bioron (Germany) trademark.

E.C. 2.7.7.7. Systematic name: deoxynucleoside-triphosphate:DNA
deoxynucleotidyltransferase (DNA-directed) (Schomburg, Schomburg, and
Chang, 2013a).

PAPS 3-phosphoadenosine-5’-phosphosufate; sulfonyl donor for SULTS

PCR Polymerase Chain Reaction, amolecular biology method usedto produce copies
of a template DNA segment.

pDNA Plasmid DNA

Slal Type |l site-specific deoxyribonuclease restriction enzyme purified from
Streptomyces lavendulae that cleaves the DNA palindromic sequence
5-C+TCGAG-3’; an isoschizomer of Xhol (Takahashi et al., 1979).

E.C. 3.1.21.4. No systematic name attributed (Schomburg, Schomburg, and
Chang, 2013a).

SULT Sulfotransferase

SULT1A1 Broad range aryl sulfotransferase isoform 1A1.

E.C. 2.8.2.1. Systematic name: 3'-phosphoadenylyl-sulfate:phenol
sulfotransferase (Schomburg, Schomburg, and Chang, 2013a).

SULT1B1 Broad range aryl sulfotransferase isoform 1B1.

E.C. 2.8.2.1. Systematic name: 3'-phosphoadenylyl-sulfate:phenol
sulfotransferase (Schomburg, Schomburg, and Chang, 2013a).

T4 DNA ligase DNA ligase isolated from bacteriophage T4 (Escherichia virus T4). DNA ligases
form two covalent phosphodiester bonds between the 3" hydroxyl end of one
nucleotide ("acceptor") and the 5' phosphate end of another ("donor").
E.C. 6.5.1.1; systematic name: poly(deoxyribonucleotide)-3'-hydroxyl:5'-
phospho-poly(deoxyribonucleotide) ligase (ATP) (Schomburg, Schomburg, and
Chang, 2013b).

Xhol Type Il site-specific deoxyribonuclease restriction enzyme purified from

Xanthomonas holcicola that cleaves the DNA palindromic sequence
5-CL{TCGAG-3’; the prototype for Slal (Gingeras et al., 1978).

E.C. 3.1.21.4. No systematic name attributed (Schomburg, Schomburg, and
Chang, 2013b).

Xii
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1 . INTRODUCTION

1.1 Genetic Engineering

Since the discovery of DNA, genetic engineering has been an important tool to improve the
function of various metabolic and functional processes within an organism of interest. The progress of
genetic engineering is dependent on the availability of techniques and methods that expand the
complexity of the experiments that may be performed. Over the past 50 years, it has been
demonstrated that genetic engineering has grown in a spectacular way, in many laboratories around
theworld. Nowadaysitisaroutine practicetoisolate aspecific DNAfragmentfromthegenomeofan
organism, determine its base sequence, and assess its function. This technology is used in many
applications, asgenome mapping and sequencing and biotechnology industry (Nicholl, 2008).

To improve the function of various metabolic process within an organism of interest, it is possible
to use genetic engineering technology. The principles of this technology can be used to express non-
native genes in a host cell, or an organism of interest, leading to the expression of previously
unavailable protein products.

Keyamongthese wasthe discovery oftwotypes of enzymes that made DNA cloning possible:
cloning, inthis sense, referstothe isolation and amplification of defined pieces of DNA. Onetype of
these enzymes are the restrictions enzymes, which cut the DNA from any organism at specific
sequences of a few nucleotides, generating a reproducible set of fragments. Another type of enzymes
are the DNA ligases, enzymes that can covalently join DNA fragments at their termini that have been
created by restriction enzymes (Brandenberg et al., 2011).

Recombinant DNA can be introduced in an appropriate cell (host cell), where, from this
transformed cell, itis possible to have adescendant that can be called clone, where itis possible to
find the same recombinant DNA molecule. When a clone of cells carrying the desired segment of DNA
isisolated, an unlimited amount of DNA sequence can be prepared. In case of DNA fragment that
contains protein-coding genes, the recombinant DNA molecule introduced in a host cell can direct the
expression ofthese genes, producing proteins withinthe host cell (Brandenberg et al., 2011).

During the past 50 years, it has become clear that this process has been valuable for the
developmentofbasic scienceresearch, butnowadaysitis possibleto seethatthere are amultitude
of factors that must be considered to properly express exogenous genetic constructs. The ability that
the organism hastoreplicate, repair and express their native genetic constructs with a high level of
efficiency is one of those factors to be considered. (Barrera-Saldafia, 2012)
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Other factors that have been shown to be important when the interest is the expression of a
eukaryotic gene in a prokaryotic organism, or vice versa, for example, is the presence or absence of
exons, the functionality of polycistronic expression systems, and differences in ribosomal interaction
with the gene sequence. (Barrera-Saldafia, 2012)

Moreover, several studies have focused on understanding the biochemical mechanisms
responsible for genetic replication and expression, and shown that the expression of non-native
constructs canbe affected by differencesinthe codonusage bias ofthe surrogate versusthe native
host,aswellasdiscrepanciesinthe overall GC contentof each organismthataffectthe efficiency of
the gene expression and long-term maintenance of the construct, and the mechanism employed by
the host to recognize and remove foreign DNA (Barrera-Saldafia, 2012).

1.1.1 Vectors

A vector is a DNA molecule that can carry genetic material into a cell from a suitable host
organism, where itcanreplicate. The use of vectors allows the introduction of foreign DNA into the
host in order to make use of the host protein production systems. Vectors should be easily introducible
in the host organism where they must replicate, producing copies of itself, with the foreign DNA
introduced in it. It must also be easy to isolate the vector from the host cell. Most of those vectors
used in molecular biology are based on bacterial plasmids (Green and Sambrook, 2012; Lodish et al.,
2000).

They need to have the following characteristics:

e They need to possess an origin of replication (ori), which allows the vectors to replicate
independently of the host genome;

¢ Theyneedtohaveasitewheretheycanbecleavedbyarestrictionenzyme, whereaforeign
DNA can beinserted,;

¢ They need to have a convenient marker (for example, an antibiotic resistance gene) for
identifying the host cell contains the vector with the insert DNA of interest.

Also, vectors designed for expression require a promotor that can be engaged by the host
expression machinery, ideally with a high and controllable activity; a ribosome binding site (RBS)
compatible with the host; a terminator region, in the case of prokaryotic hosts; and, optionally,
have encoded tags to ease the post-translational processing, such as stabilization, purification or
simply detection (Green and Sambrook, 2012; Barrera-Saldafia, 2012).

1.2 Sulfotransferases

In 1876, Eugen Baumann showed that sulfonate conjugation is an important pathway in the
biotransformation. This reaction is responsible for the activation and inactivation of numerous
xenabiotics, including therapeutic drugs, environmental toxicants and pro-toxicants. Nowadays, it is
possible to affirm that this reaction is catalysed by sulfotransferases (SULTs) (Nimmagadda, Cherala,
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and Ghatta, 2006). These enzymes catalyse the transfer of a sulfonyl group from a donor molecule to
an acceptor molecule, one of the mostimportant reactions in the metabolism of drugs (Gamage et al.,
2006).

In detail, a sulfuryl group from the donor 3-phosphoadenosine-5’-phosphosufate (PAPS) is
transferredto an acceptor molecule; the products of the sulfonylationreaction are adenosine 3’,5'-
diphosphate (PAP) and asulfuricacid ester. The reactions of sulfonationtake place inthe cytosol or
associated with membranes of the Golgi apparatus of the cell (Nimmagadda, Cherala, and Ghatta,
2006).

NH, NH,
N Nrk
N N
0 (Nr'l Q (N ’l
0 O N I N
~ 3 1 H.H 0V=p=0 HAH
Os§=0=F=0—H o H o [itol
o O
= H H H H
PAPS o oH PAP ¢ o+
Ou=0" Om=Cr
o ST o
't
R=XH R'X-E%—O'

(0]

Figure 1 - Schematic representation of a sulfonylation reaction.

ST-catalysed transfer of a sulfonyl group (red) from PAPS donor to R-XH acceptor (R - sugar or peptide or small
cytosolic molecules. When X - O the ST is an O-ST and when X-NH/NR the ST is an N-ST. Adapted from Paul
etal., 2012

Two different groups of sulfotransferases are known, the membrane-bound SULTS, located inthe
Golgi apparatus of the cell, responsible for sulfonation of proteins and complex carbohydrates, and
cytosolic sulfotransferases, which are responsible for the metabolism of xenobiotics and small
endogenous substrates, such as steroids and bile acids (Gamage et al., 2006).

The cytosolic SULTs are divided into two different groups of sulfotransferases, the aryl-
sulfotransferases (SULT1 family) and the hydroxysteroid sulfotransferases (SULT2 family). The SULT1
family includes five subfamilies - the 1A, 1B, 1C, 1D and 1E, each with different substrate specificity.
When this reaction takes place with xenobiotics and small endogenous substrates, it is considered a
detoxification pathway, leading to more water-soluble products and thereby aiding their excretion via
the kidney and bile (Paul et al., 2012; Gamage et al., 2006) .

These enzymes exhibit quite broad, overlapping specificities, however, individual enzymes often
demonstrate strict regio-specificity toward a substrate. The catalytic mechanism and function of those
enzymes were demonstrated after understanding the structural basis of such specificity. It has been
demonstrated using crystal structures that those enzymes are globular with a single a/f domain that
forms characteristic five-stranded parallel § sheet surrounded on either side with a-helices (Gamage
et al., 2006; Paul et al., 2012).

The first identified sulfotransferase was the 1Al isoform, which is involved in the normal
metabolism of a large number of endogenous aromatic substrates, such as estrogenic hormones and
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melatonin, and is also the SULT isoform with the largest substrate specificity, making it a very
important drug-metabolizing enzyme (Albin et al., 1993; Rohn-Glowacki and Falany, 2014; Aust et al.,
2005; Nowell and Falany, 2006).

Another member ofthe cytosolic SULTs, the SULT1B1 subfamily isresponsible for the sulfonation
of 3,5,3-triiodothyronine, an important step in thyroid hormone metabolism. In 1995, Sakakibara et
al. (1995) showed that this enzyme had activity towards various thyroid hormone substrate, pNP and
dopamine. Since then this enzyme was isolated and characterised by Fujita et al. (1997), showing the
major thyroid hormone sulfotransferase, having a slightly higher affinity for the tri-iodothyronine. This
enzyme was cloned from a rat liver cDNA library and was described as the dopa/tyrosine
sulfotransferase activity towardstyrosine and dopa(Sakakibaraetal., 1995; Fujitaetal., 1997).

1.3 Cytochromes P450

Cytochrome P450 (CYPs) are a superfamily of heme enzymes found from bacteriato human, that
can catalyse the oxidative biotransformation of drugs, involved in the phase | metabolism. This
biotransformation can generate some products less active than the parent drug, orin some cases even
inactive products. Attention has been focused on human CYPs, because they are involved in the
biosynthesis of low-molecular-weight compounds, such as steroids, prostaglandins, thromboxanes,
fattyacidderivativesandderivatives ofretinoicacid (Anzenbacherand Anzenbacherova, 2001).

In humans, those enzymes are mainly found embedded in the phospholipid bilayer of the
endoplasmicreticulum(ER)inthecytosolicsurface. CYPsenzymesrequirearedoxpartner,cytochrome
P450 reductase (CPR)to perform their function. The transference of electrons from NADPH to the
heme cofactorofthe CYPsisthemainrole of CPR. They can befoundinthe humanliverandplayan
importantrolein phase | drug metabolism. Those metabolites produced by one enzyme canbe the
substrate for a differentisoform of P450, which can be complex because a different oxidative reaction
can take place on different attack position (Di Nardo and Gilardi, 2012).

1.3.1 CYP3A4

The 3A4 isoform of CYP 450 is the most abundant one in the human liver, accounting for about
22.1 % of CYP protein content alone. It is one of the CYP isoforms with the broadest substrate range,
being involved in the metabolism of a huge number of exogenous drugs, and playing animportantrole
bothin drug resistance and inactivation and the onset of adverse drug reactions (Ganesh et al., 2017,
Almazroo, Miah, and Venkataramanan, 2017).

1.3.2 CYP 2D6

CYP2D6 is the most popular cytochrome P450 among health professionals. This popularity is
because of its genetic polymorphism that causes the presence of three main phenotypes of oxidative
metabolism of drug substrate of this enzyme (Anzenbacher and Anzenbacherova, 2001).
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The impact of decreased activity of CYP2D6 on drug treatment is extremely important, because
elevatedlevels oftricyclic antidepressants may lead to cardiotoxic effects. Substrates ofthese enzymes
must possess a basic atom of nitrogen that will interact with a carboxyl residue in the active site
(Anzenbacher and Anzenbacherové, 2001).

1.3.3 CYP2C8

Thankstothe study of Totahand Rettie (2005), itwasrecognisedtheimportance of CYP2C8in
drug metabolisms. Those type of enzymes are about 6% of the total liver content. Besides hepatocytes,
CYP2C8 was detected also in salivary ducts, intestine, kidney and adrenal cortical cells. The crystal
structure ofthisenzymewas determinedto 2.7 Aresolution. Alarge active site cavitywas observed,
similar in size to that of CYP3A4, but the shapes of the cavities are considerably different, which
explains why CYP2C8 and CYP3A4 share many substrates, but they produce different metabolites
(Totah and Rettie, 2005).

In vitro druginteraction studiesrelatedto drug metabolism led tothe recognition ofthisenzyme
as a major player in the metabolism of several drugs, for example, cerivastatin, repaglinide,
rosiglitazone. The importance of CYP2C8 understood thanks to the in vitro studies, and drug
interaction studies related to the metabolism of drugs such as cerivastatin (Totah and Rettie, 2005).
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2. EXPERIMENTAL

2.1 Escherichia coli strains

Escherichia coli (E. coli) strain DH5awas used for plasmid maintenance and general molecular
cloning procedures. This is a cloning strain that transforms with high efficiency. Like many cloning
strains, DH5a has several features that make it useful for recombinant DNA methods. The endAl
mutation inactivates an intracellular endonuclease that degrades plasmid DNA in many miniprep
methods (Taylor, Walker, and Mcinnes, 1993). The hsdR17 mutation eliminates the restriction
endonuclease of the EcoKl restriction-modification system, so DNA lacking the EcoKI methylation will
not be degraded (Chan et al., 2013). The recAl mutation eliminates homologous recombination. This
makes the strain somewhat sickly but reduces deletion formation and plasmid multimerization
(Bryant, 1988).

For protein expression, the E. coli BL21(DE3) strain and derived C41(DE3) and C43(DE3) strains
were used. The BL21(DE3) strain expresses T7 RNA polymerase, whichis encoded by the lambda DE3
prophage presentwithin the chromosome. The T7 RNA polymerase is expressed from the lacUV5
promoter, which is less sensitive to catabolite repression than the wt /ac promoter. These DE3 strains
may exhibituninducedtarget protein expressiondue tothe leaky promoter. Anytargetgene cloned
downstream from the T7 promoter is transcribed by the T7 polymerase.

E. coli B strains are deficient in Lon and OmpT proteases, which serve to degrade misfolded
proteinsandto preventsome cell cycle-specific proteins fromaccumulating. Cells deficientin both
these proteases are much more amenable to the production of proteins from cloned genes. B strains
also lack flagella component genes, the DNA cytosine methylase dcm and have an additional type Il
secretion system, used to translocate some proteins across the outer membrane of the cell (Jeong et
al., 2009; Studier et al., 2009; Patrick et al., 2010).

OverExpress strains C41(DE3) and C43(DE3) (Lucigen, USA) contain genetic mutations
phenotypically selected for conferring toxicity tolerance. The strain C41(DE3) was derived from
BL21(DE3) and has atleast one uncharacterized mutation that prevents cell death associated with the
expression of many toxic recombinant proteins. The strain C43(DE3) was derived from C41(DE3) by
selecting a mutant strain for resistance to a different toxic protein. It can express a different set of
toxic proteins than C41(DE3) (Studier et al., 1990; Dumon-Seignovert, Cariot, and Vuillard, 2004).
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2.2 cDNA source and general cloning strategy

The cDNAs coding the proteins to be overexpressed were obtained as plasmids. pET28a(+)-
SULT1BL1 (a gift from Cheryl Arrowsmith; Addgene plasmid #25496; http://n2t.net/addgene:25496;
RRID:Addgene_25496) and pCW-CYP2C8 (a gift from Joyce Goldstein; Addgene plasmid #69604;
http://n2t.net/addgene:69604; RRID:Addgene_69604) were obtained through Addgene, USA
(plasmids #25496 and #69604, respectively). pCMV-SPORT6-SULT1AL (clone HsCD00335548), pCR4-
TOPO-CYP3A4 (clone HsCD00341290) and pCR4-TOPO-CYP2D6 (clone HsCD00346008), from the
Mammalian Gene Collection (Strausberget al., 1999; Gerhardet al., 2004), were obtainedfromthe
PlasmID Repository at the Dana-Farber/Harvard Cancer Center DNA Resource Core at Harvard Medical
School; storage and distribution from these plasmids is funded in part by NCI Cancer Center Support
Grant# NIH 5 P30 CA06516.

The pET-28a(+) vector (Novagen, USA) that was used for routine protein expression carries an N-
terminal His-Tag/thrombin/T7-tag configuration in addition to an optional C-terminal His-Tag
sequence. The T7 expression region is reversed on the circular map due to the sequence numbering
from the pBR322 convention. This vector also features a T7 promoter, a multiple cloning site (MCS)
and the lac/ operon, allowing for protein expression mediated by the T7 RNA polymerase under control
of the lacl repressor. The vector map for pET28a(+) is presented in the Annex (Figure Al). The vector
mapsforthe plasmids acquired withthe cDNAs of interestare alsogiveninthe Annex—pET28a(+)-
SULT1B1inFigure A2, pPCW-CYP2C8in Figure A3, pPCMV-SPORT6-SULT1AL in Figure A4, pCR4-TOPO-
CYP3A4in Figure A5, and pCR4-TOPO-CYP2D6 in Figure A6. The maps for the prepared vectors are also
given in Annex — pET28a(+)-CYP2C8 (Figure A7), pET28a(+)-CYP2D6 (Figure A8), pET28a(+)-CYP3A4
(Figure A9) and pET28a(+)-SULT1AL (Figure A10).

The pET28a(+)-SULT1B1 vector was used as provided for sulfotransferase 1B1 expression. pCW-
CYP2C8was digested with Ndel and Hindlll restriction enzymes to excise the CYP2C8 cDNA, inwhich
theinitialmethionine was encoded by the ATG sequence ofthe Ndel cutsite, and theninsertedinto
the pET28a(+) vector, thusinserting the N-terminal His-tag fusioninframe withthe CYP2C8 cDNA. The
remaining plasmids were used for PCR amplification of the cDNA regions using primers that also
introduced new restriction sites, allowing the digested PCR products to be cloned into the pET28a(+)
plasmid, creating an N-terminal fused His-tag construct.

2.2.1 Restriction enzymes

Ndel, an endonuclease isolated from Neisseria denitrificans, was obtained from NEB, USA, or
NZYTech, Portugal. Hindlll, from Haemophilus influenzae Rd, Nhel, from Neisseria mucosa
heidelbergensis (ATCC 25999) and Slal, anisoschizomer of Xhol, from Streptomyces lavendulae, were
from Bioron GmbH (Germany). The recognition sequences are givenin Table 1.
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Table 1 — Recognition sequences of the restriction enzymes used in this work.

Restriction enzyme Recognition sequence
Hindlll 5-A'AGCTT-3
3-TTCGAA-5
Ndel 5-CA'TATG-3
3-GTAT;AC-5
Nhel 5-G!CTAGC-3
3-CGATC,G-5
Xhol (Slal) 5-CITCGAG-3
3-GAGCT;C-5

2.3 pET28a(+) digestion

The pET28a(+) was chosen as the vector to express the recombinant proteins and was digested
with the appropriate enzyme pairs. For CYP2C8 subcloning and SULT1A1 cloning, Ndel and Hindlll were
used; for CYP2D6 cloning, Nhel and Hindlll were used, and CYP3A4 was tentatively cloned using the
Ndel and Xhol(Slal) restriction enzymes.

2.3.1 Ndel/Hindlll pET28a(+) digestion (for CYP2C8 subcloning and SULT1A1 cloning)

The pET28a(+) plasmid was digested with Ndel and Hindlll restriction enzymes, according to the
standard manufacturerinstructions. Briefly, 4.51 ugof pET28a(+) (200 uL) were digested with 5 L
Ndel restriction enzyme (NZYTech, Portugal) in a reaction with 25 uL of Buffer (10x) and 20 L of
deionized water, in a final volume of 250 pL. Plasmid digestion proceeded at 37 °C, 150 rpm, for 1
hour, followed by enzyme inactivation at 65 °C for 20 minutes.

The digested DNAwas purified usingthe Clean-Easy PCR Purification Kit (Canvax, Spain). Briefly,
195 uL ofthe reaction were diluted with 5 volumes of plasmid binding PB buffer and loaded into the
columnand centrifuged at 13000 x g for 1 minute. The flowthrough was discarded, and the column
was washedwith 700 uL of washing PE buffer by centrifugationat 13 000 x g for 1 minute. Asecond
centrifugationat 13000x g for 1 minute was performedtoremove alltraces of PE buffer. The column
was transferred into a collection tube and the plasmid was eluted by adding 30 pL of elution EB
buffer onto the membrane, incubated at room temperature for 1 minute, and centrifuged at 13
000 x g for 1 minute. The digested and clean plasmid DNA was quantified by measuring its
absorbance at 260 nm, assuming that Abs (260 nm) of 1 corresponds to a concentration of dSDNA
of 50 ng/uL (Greenand Sambrook, 2012).

The Ndel-digested DNA was further digested with Hindlll enzyme. Briefly, 2.25 pg of plasmid DNA
(100puL)weredigestedwith 10U (5puL)ofHind Il restrictionenzyme (Bioron, Germany)inareaction
with 15 pL of 10x reaction buffer (10 mM Tris-HCI pH 7.9, 50 mM NacCl, 10 mM MgCI2, 1 mM
dithiothreitol), and adding PCR-grade water to afinal reaction volume of 150 pL. The digestionwas
performed at 37 °C, 150 rpm, for 1 hour, followed by enzyme inactivation at 65 °C for 20 min. After
inactivation, the digested DNA was cleaned usingthe Clean-Easy PCR Purification Kit (Canvax, Spain)
asdescribed above. This Ndel/Hindlll digested pET28a(+) was quantified and stored at -20 °C for
further use.
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2.3.2 Nhel/Hindlll pET28a (+) digestion (for CYP2D6 subcloning)

The pET28a(+) plasmid was digested with Nhel and Hindlll restriction enzymes, according to the
manufacturer instructions. Briefly, 6.8 pg of pET28a were double-digested with 150 U (15 pL) of Nhe |
and with 15 pL of HindllI restriction enzymes (Bioron, Germany) in areaction with 31 pL of 10x reaction
buffer K(20 mM Tris-acetate pH 7.9, 50 mM potassium acetate, 10 mM magnesium acetate, 1 mM
dithiothreitol), adding PCR-grade water to a final reaction volume of 310 L. Plasmid digestion
proceeded at 37 °C for 15 minutes, followed by heat inactivation at 65 °C for 20 minutes. After the
digestion, the digested DNAwas purified asdescribed above, usingthe Clean-Easy PCR PurificationKit,
and quantified by measuring its absorbance at 260 nm. This Nhel/Hindlll digested pET28a(+) was
stored at -20 °C for further use.

2.3.3 Ndel/Xhol pET28a (+) digestion (for CYP3A4 subcloning)

To prepare digested pET28a(+) for CYP3A4 subcloning, the plasmid was first digested with Ndel
(NEB, USA), followingthe manufacturer protocol. Briefly, 10 ug of DNAwas digested with 200 units
(20 pL) of Ndel with 30 pL of 10x CutSmart buffer (20 mM Tris-acetate, 10 mM magnesium acetate, 50
mM potassium acetate, and 100 ug/mIBSA, pH 7.9), adding nuclease-free waterto afinal reaction
volume of 300 uL. Upon2h30 minutesincubationat37 °C, theenzymewas heatinactivatedat65°C
for 20 minutes.

The Ndel digested plasmid was purified using the Clean-Easy PCR Purification Kit, quantified by
measuring its absorbance at 260 nm, and further digested in two separate tubes with Xhol (Slal)
(Bioron, Germany), following the manufacturer protocols. Briefly, ~4.5 ug of plasmid were digested
with 10 U (5 pL) of Xhol (Slal) with 15 pL of 10x reaction buffer K (10 mM Tris-HCl pH 7.9), 150 mM
NaCl, 10 mM MgClI2, 1 mM dithiothreitol, BSA 100 1 mg/mL), adding nuclease-free water to afinal
reaction volume of 150 pL. Both reaction mixtures were incubated for 2 h at 37 °C and the enzyme
was heat inactivated at 65 °C for 20 minutes. Upon purification with the Clean-Easy PCR Purification
Kitand quantification, this Ndel/Xhol digested plasmid was stored at -20 °C until further use.

2.3.4 pCW-CYP2C8 digestion

The cDNAfor CYP2C8 was excised from the pCW plasmid by digestion of 6.5 pg of DNA using the
Ndel and Hindlll enzymes, following the same protocol used for pET28a(+) digestion with the same
enzymes. Allthereactionwasloadedonal%agarose gelandthe band correspondingtothe cDNA
insert *#1.6 kb( was cut and weighted. The DNA fragment was purified from the agarose slices Clean-
Easy Agarose Purification Kit, as previously described, quantified and stored at -20 °C.

2.4 PCR amplification of the cDNAs for SULT1A1, CYP3A4 and CYP2D6

The cDNAs for SULT1A1, CYP3A4 and CYP2D6 were PCR amplified from the acquired plasmids
using the primers presented in Table 1. These primers were designed to amplify the region of interest
and simultaneously insert the restriction sites required for further digestion, as indicated in the table.
Temperaturesforthe annealing stepinthe PCR programwere computed using the “Tm calculator”
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from ThermoFisher Scientific, based on the thermodynamic method of Tm estimation (Allawi and
Santalucia, 1997).

Table 2 — List of the primers used in this work.
CYP — cytochrome P450; SULT - sulfotransferase; nt — nucleotide; Tm — annealing temperature.

Gene Primer Restriction Sequence (5’[13’) Length T,

site (nt)
SULT1A1 forward Ndel GGCCAGGCATATGCAGCTGATCCAGGACACCTC 33 72.0 °C
SULT1A1 reverse Hindlll CGTGAGAAGCTTGGTCAGGTTTGATTCGCACAC 33
cyP2D6 forward Nhel GTGAGGCAGCTAGCGGGCTAGAAGCACTG 29 72.0 °C
CYP2D6 reverse Hindlll CCCGCCAAGCTTTTCCCAGTCACGACG 27
CYP3A4 forward Ndel ACAGTACATATGGCTCTCATCCCAGACTTGG 31 71.4°C
CYP3A4 reverse Xhol ACTCTCGAGAGGGCGAATTGAATTTAGCGGC 31

PCRamplification was performed using the One-Fusion high-speed-fidelity Polymerase (Geneon,
Germany), according to the manufacturer instructions. Briefly, reactions were performed using the
2.5x One-Fusion buffer (20 pL), 1 pL of 10 mM mix of DNTPs (Bioron, Germany),10 puM of each
primer, 50 ng of the template plasmid, and 2 U (1 uL) of One-Fusion polymerase, in atotal reaction
volumeof 50 pL.

PCR amplification was performed on a Prime Thermal Cycler (Techne, UK) with the following
program - an initial denaturation at 98 °C for 3 min was followed by 35 amplification cycles, consisting
of 3 steps each: denaturation at 98 °C for 10 s, annealing for 20 s at a gradient of temperatures ranging
from58to 70°C, and extensionat 72 °C for 45 s. Afinal extension stepwas performed at 72 °Cfor 3
min.

The PCRreactionswere analysed by agarose gel electrophoresis. The gels contained 1% agarose
(Carl Roth, Germany) dissolved in 1x Tris-Acetate-EDTA (TAE) buffer. The samples were prepared by
mixing 5 L of PCR reaction with 2 uL of RUNSAFE loading buffer with incorporated DNA staining dye
(Cleaver Scientific, UK). The DNA Ladder (1 kbp DNA Leiter, Carl Roth, Germany) was also mixed with
RUNSAFE inaproportion of 5uLto 2 yL andranin parallel to the samples. Electrophoresis was carried
outin 1 x TAE buffer at 80V for 60 minutes with no light exposure. Visualization of DNA bands was
performed by exposure to UV-light using PhotoDoc-It Imaging System Benchtop 2 UV™
Transilluminator (UVP Inc.,USA).

PCR productsfrom 3to5reactions were pooled and purified using the Clean-Easy PCR Purification
Kit(Canvax, Spain)asdescribedabove and quantified by measuringtheirabsorbanceat260nm.

These purified PCR products were then digested with the appropriate restriction enzymes,
following the same procedure as described above for plasmid digestion with each enzyme pair.
SULT1A1PCR products were digested with Ndel and Hindlll, CYP2D6 PCR products were digeted with
NhelandHindlll,and CYP3A4PCR productswere digestedwithNdeland Xhol. Digestion productswere
purified with the Clean-Easy™ PCR Purification Kit, as previously described, quantified and stored at -
20 °C.

11
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2.5 pDNA ligation

To perform the ligation reactions using the digested pET28a(+) plasmid and the fragments
containing the cDNAs of interest, the T4 DNA ligase (Bioron, Germany) was used according to the
manufacturer protocol. Briefly, 70 ng of linear vector DNA (Ndel/HindIll -pET28) were mixed with 99ng
of DNA insert (Ndel/Hindlll - CYP2CB8), ensuring and insert vector ratio of 5. This mixture was incubated
with 2 uL of T4 DNA ligase buffer (10x) and 100U (1uL) T4 DNAligase, in atotal reaction of 20uL. To
performthe ligation of pET28a(+)-3A4, 83.25 ng of linear vector DNA (Ndel/Xhol — pET28) were mixed
with 246.6 ng of DNA insert (Ndel/Xhol - CYP3A4), ensuring an insert: vector ratio of 9.55. This mixture
was incubated with 2 pL of 10x T4 DNA ligase buffer and 100 U (1 pL) of T4 DNA ligase, in a total
reactionvolume of20 pL with nuclease-freewater. Withthe same aim, 84.13ngoflinearvector DNA
(Ndel/HindIll — pET28) were mixed with 888 ng of DNA insert (Ndel/Hindlll -CYP2D6), ensuring an
insert: vectorratio of 31.3. Thismixture wasincubated with 2L of 10x T4 DNA ligase bufferand 100
U (1puL) of T4ADNAligase,inatotalreaction of 20 uL. Allreactions were incubated at 16 °C overnight
and heat-inactivated at 65 °C for 15 min. This mixture was stored at -20 ° for further use in cell
transformation.

2.6 General pDNA extraction protocol

When necessary, plasmid DNAwas extracted and isolated from bacterial cultures using the lllustra
Plasmid Miniprep Spin Kit (GE Healthcare, UK). Briefly, 3mL of overnight grown culture was centrifuged
for 5 minutes at 16 000 x g at 4 °C; the supernatant was discarded, and the cells were vortex-
resuspended in 175 pL of lysis buffer type 7; alkaline lysis was performed by adding 175 L solution of
lysis buffertype 8, with mix by gentleinversion, and left at roomtemperature forno more than 5 min.
The solution was neutralized by adding 350 uL of lysis buffer type 9, followed by gentle inversion. The
reaction mixture was loaded into a spin-column, and centrifuged for4 minat4°Cat 16 000x g. The
flow-through was discarded, and the column was washed with 400 pL of wash buffer type 1 and 1 min
centrifugationat16 000x g at4°C. The columnwastransferredto anew microtube andthe plasmid
DNAwas eluted by applying 50 uL of elution buffer type 4 onthe membrane, incubating for 1 min at
room temperature, and centrifuging for 30 seconds at 16 000 x g at 4 °C.

2.7 Preparation of E. coli competent cells for transformation

Cells competentfortransformation were prepared using the classic calcium chloride method.
Briefly, E. coli cellswereinoculatedfromasolid LB plateinto5mL offreshLBmedium (LB BrothMiller,
Fisher Bioreagents) and incubated in an orbital incubator (Orbital Shaker-Incubator ES-20, Grant- Bio)
at37 °C, 220 rpm for 16 h. After the incubation time, 1.5 mL aliquots of culture were transferred to
different microtubes and centrifuged (Gyrozen 1750 R) for 10 minat 16 000 x g at4 °C. The supernatant
was discarded, and the pellet was re-suspended in 750 pL of ice-cold 0.1 M CaCl,. The re-suspended
cellswere keptonice for 1 hour and were then collected by centrifugation as before. The cellswere
then re-suspended in 50 pL of ice-cold 0.1 M CaCl; and kept on ice at 4 °C overnight until being
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transformed in the following day. When these cells were not to be used in the next day, the last re-
suspension step was performed using 50 pL ofice-cold 0.1 M CaCl.: glycerol 50:50 v/v mixture, and the
cells were stored at -80 °C.

2.8 General transformation protocol

To perform the transformation process, E. coli competent cells were prepared as described above
and thawed onice. 50 pL of competent cells were mixed with 20 pL of the ligation reactions or with
5 L of isolated pET28a+CYP2C8, pET28a+CYP2D6, pET28a+CYP3A4, pET28a++SULT1B1 or
pET28a+SULT1A1L. The bottom of each microtube was flicked gently for 10 seconds to ensure a proper
mixing of the plasmid DNA and the cells.

The mixture of competent cells and plasmid DNA was placed on ice for 30 minutes. A heat shock
was applied to the microtube at 42 °C for 45 seconds. The tubes were placed back onice for 2 minutes,
and 900 uL of SOC medium (Super Optimal broth with Catabolite repression, from NZYTech, Portugal)
wereadded. Afterone-hourincubationat37 °Cat220rpm, cellswere collected by centrifugationfor
10minat16000xg,and 850 uL ofthe supernatantwere discarded. The cellswerere-suspendedin
the remaining 100 pL of supernantant, and were plated in LB agar plates, supplemented with
kanamycin at a final concentration of 30ug/ul; 25 L of the cell suspension were used to inoculate one
plate, and the remaining 75 uL were used to inoculate another plate. All plates were incubated
overnight at 37 °C.

2.9 Transformant selection by functional assay

Upon overnight incubation, each colony on the DH5a transformation plates was individually
picked, inoculatedinto 5 mL of LB medium supplementedwithkanamycin atafinalconcentration of
30ug/uL (LBK30), and streaked on a LB Agar plate; the liquid cultures were grown for 16 hat 37 °C with
agitation at 250rpm.

Using these overnight growths, plasmid was extracted from each and transformed into E. coli
BL21(DE3) competent cells, as previously described; upon plating and overnight growth at 37 °C, cells
were grown in LBK30 media until an OD of ca. 0.6 at 600 nm was obtained, and then IPTG was added,
to obtain a final 1 mM concentration, to induce protein expression. Cells were harvested 4 hours upon
induction and re-suspended in 1 mL of water. 20 L of these suspensions were mixed with 5 uL of SDS-
PAGE loading buffer and prepared for electrophoresis for analysis of the total protein expression
pattern (see below for details).

2.10 Routine protein expression

To express protein (CYP-2C8, SULT1B1 and CYP-2D6), E. coli (DE3 strains) transformed with
different plasmids (pET28a(+)-CYP2C8, pET28a(+)-CYP2D6, pET28a(+)-SULT1Al and pET28-SULT1B1)
were picked from Petridishes stored at4 °C. IneachPetridish, differentcolonieswere selectedand
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theywere inoculated in three different 50 mL falcon tubes with 15 mL sterile LB supplemented with
kanamycin at a final concentration of 30 ug/mL. Those falcon tubes were incubated at 37 °C, 220 rpm,
overnight, and used to inoculate the expression assays.

Cytochrome P450 isoforms expression was performed by growing cells in LB medium,
supplemented with kanamycin (final concentration of 30 ug/mL), and expression was induced when
the culturereachedan OD of 0.6 by adding IPTG to afinal concentration of L mM. Sulfotransferases
1Al and 1B1lwere expressed by growing cellsin LB auto-idnuction medium (LB medium supplemented
with D-glucose and a-lactose atfinal concentrations of 0.50 and 2.00 g/L) with kanamycin 30 ug/mL
(Studier et al., 1990).

From eachfalcontube of the overnight growth, 1 mL was collected and transferred to different
identified flask shots (1000 mL) with 750 mL sterile LB medium with kanamycine (30 ug/mL). To express
(SULT1B1), 750 mL of LBAIK30 was inoculated with 1 mL of BL21-pET28-SULT1B1 and the culture grow
for 24 hours at 37 °C. After 16 hours of grow was inoculated in 750 mL of LBAIK30 24h a 37hose flasks
shot inoculated with different culture (BL21-pET28-SULT1B1, pET28-CYP2C8 and pET28-CYP2D6) were
incubated at 37 °C, 220 rpm for 24 hours.

Aftertheincubationtime, the culture of BL21(pET28-SULT1B1)wasinduced withIPTG (1mM)and
afterinductionincubatedagainat37 °C, 220 rpm, for 6 hours. After the expression, the culture was
collected in 50 mL falcon tubes and centrifuged at 4000 x g, 10 minutes. The supernatant was
discarded, and the pellet stored at -20 °C for further cell lysis.

After24hoursofgrowth, thetwo cultures (pET28-CYP2C8andpET28-CYP2D6)wereinducedwith
IPTG (1 mM) and supplemented with 5-aminoevulinic acid (ALA, 5-amino-4-0xo-pentanoic acid)
(ImM), incubatedat37°C, 220rpm, for 24 hours. The cultureswere collectedin 50 mL falcontubes
and centrifuged at 4000 x g, 10 minutes. After the centrifugation, the supernatant was discarded, and
the pellet stored at -20 °C until further use.

2.11 Cell Lysis

To assess the induction of protein expression (CYP2C8, SULT1B1 and CYP2D6), all the pellets from
liquid cultures were analysed in SDS-PAGE. Allthe pelletwere weight and the weigh registered to know
the volume of Bacterial Cell Lysis Buffer (NZYTech, Portugal) to apply to each pellet.

Afteraddingthevolume of Bacterial Cell Lysis Buffer, 2 uL oflysozyme 5mg/mLand RNAse 20
mg/mL were addedto each; thetubes were incubated at room temperature with shaking at 70 rpm
for 15 minutes. The lysates were centrifuged at 4000 x g for 10 min, and stored at4 °C until use.

2.12 General protein electrophoresis under denaturing conditions (SDS-PAGE)

To assess the induction of protein expression, pellets obtained from cell cultures after induction
wereanalysedby SDS-PAGE followed by protein staining (Shapiro, Vifiuela,and Maizel, 1967).
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The lysate pellets were resuspended in 200 pL of dH,O followed by vortexing. Then, 40 uL of cell
suspension was mixed with 10 pL of 5x loading buffer (NZYTech, Portugal) and boiled for 5 minutes at
100°C. Themixture wasloaded ona12% SDS bisacrylamide gel, using astacking 4%gel. The molecular
weight markers (11 to 245 kDa and 17 to 225 kDa) used was Protein Marker Il (NZYTech, Portugal) or
Amersham™ ECL™ Rainbow™ — Full range RPN80OE (GE Healthcare, UK), respectively. The
electrophoresiswas run at 100V for 30 minutes and then 150V for 60 minutes. The gel was stained
with EzBlue ™ Staining Reagent (Sigma-Aldrich, MO, USA) at RT o/n, with mild agitation and destained
with water.

2.13 Protein purification by affinity chromatography

In orderto purify the expressed proteins, a nickel-loaded Sepharose chromatography column (His
Trap TM FF Crude — GE Healthcare, UK). was used. Briefly, the cell lysates were diluted 4 fold with
binding buffer (0.5M NaClin 20 mM sodium phosphate buffer at pH 7.4) and applied onto a column
pre-washed with 5 volumes of binding buffer. Each sample (cell lysate) was loaded on the column and
itwas washed with 6 column volumes of binding buffer. The elution of each protein was performed
using a 20 mM sodium phosphate pH 7.4 elution buffer supplemented with 0.5 M NaCl with increasing
imidazole concentration, from 5mMto 500 mM. The column was washed with a further 10 volumes
of500mM imidazole elutionbufferand 10volumes of distilled water and stored in ethanol 20%(v/v).
The proteincontentintheelutedfractionswas estimated by measuringthe absorbance at280 nm of
each fraction.

Toimprove protein stability,and uponapreliminary test purification performedas describedto
determine the correct imidazole concentration required to elute each column, the specific elution
buffers for each protein were supplemented with 5% (v/v) glycerol, 0.025 % (v/v) Tween-20 and
0.1 mM dithiothreitol.

2.14 Protein quantification

To quantify the amount of each protein, a simple and accurate procedure was used, performing
the Bio-Rad Protein Assay (Bio-Rad Laboratories, USA) based on Bradford method and following the
standard procedure according to manufacturer’s instructions. This method measures the binding of
Coomassie brilliant blue to the protein (Bradford, 1976). The reagent used in this assay was mixed with
the samples (5 mL reagent and 100 pL of sample). After proper mixing, the samples were incubated at
roomtemperaturefor5minutesatroomtemperature andabsorbance at595 nmwasdetermined. A
standard curve was made inthe same conditions ofthe experiments using bovine serum albumin (BSA)
standards.
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3. RESULTS AND DISCUSSION

3.1 Cloning

To clone human cDNAs fused with N-terminal 6xHis-Tag (CYP2C8, CYP2D6, CYP3A4 and SULT1B1)
in expression vector pET28a (+), the fragment cDNAs were digested with different pair of
enzymes: SULT1AL digested with Ndel/Hindlll, CYP2D6 digested with Nhel/Hindlll, CYP2C8
digested with Ndel/Hindlll and CYP3A4 digested with Ndel/Xhol. pET28a (+) was digested with the
same pairs of enzymes: Ndel/Hindlll, Nhel/Hindlll, Ndel/Hindlll and Ndel/Xhol.

All the fragments digested with those enzymes were cleaned using the Clean-Easy™ PCR
Purification Kitand DNA fragments quantified; the quantification results are shownin Table 3.

Table 3 - DNA concentration obtained in each digestion.

DNA digests [DNA]ng/pL
pET28 (Nhel/HindlII) 37.65
pET28 (Ndel/HindllI) 10.7
pPET28 (Ndel/Xhol) 16.65
SULT1A1 (Ndel/HindIll) 36.5
CYP2D6 (Nhel/Hindlll) 61.25
CYP2C8 (Ndel/HindIll) 9.00
CYP3A4 (Ndel/Xhol) 20.55

While the CYP2C8 cDNA was obtained directly from the pCW-CYP2C8 vector, by excising it with
restriction enzymes, all the other cDNAs were obtained by PCR amplification which required procedure
optimization.

To amplify SULT1A1 cDNA two sets of PCR reaction mixtures (with and without ImM Mg?*
supplementation) were prepared. The optimal annealing temperature of these primers was assayed
inarange of 60°C — 70°C and the extension time was 25s. All reactions were successful, with only one
band of approximately 960 bp having been amplified as seen by gel electrophoresis (Figure 2, panel
A).Higheryields were obtained with the higher annealing temperatures tested and as there are no
major differences between the two groups of reactions, it indicates that for this gene Mg?*
supplementation is notessential.
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To continue the cloning process, all PCR reactions were pooled together and used to prepare the
Nde/ /Hind/II digested insert later used in a ligation reaction containing 70ng of the vector and an
insert-vector ratio of 28. The transformation into E. coli DH5a competent cells was not very successful,
as only one colony was obtained. However, after extraction and purification of the plasmid from these
cells, it was confirmed by PCR amplification of the insert, to contain the SULT1A1 insert of
approximately 960 bp (Figure 2, panel B).

A + 1mM Mg2* B
pET28-
Tann (°C) 61 64 67 70 61 64 67 70 M Sult1A1

~1kb =—>

Figure 2 — PCR amplification and cloning of the SULT1A1 cDNA into pET28a(+).

(A) Agarose gel electrophoresis of the PCR reactions for the amplification of the SULT1A1 cDNA from pCMV-
Sport6-SULT1A1 were carried out without (lanes 1 — 4) and with 1mM magnesium chloride supplementation (lanes
5 —8). The PCR program was: 3min 98°C; 35x [30s 98°C; 20s Tann (as indicated for each lane); 35s 72°C]; 3 min
72°C. (B) Agarose gel electrophoresis of the PCR reaction for the amplification of the SULT1A1 cDNA using as
template purified pET28-SULT1A1. Lane M contains the molecular marker 1kb DNA ladder (Carl-Roth). The arrows
indicate the position and size of marker bands, with thickness that mimics the intensity of the bands of the DNA
ladder. Lane 2 and 3 contain other nonrelated PCR products.

Amplification of the CYP3A4 and CYP2D6 cDNAs required further optimizations when compared
tothatof SULT1AL. Initially, and foreach gene, two sets of PCR reaction mixtures (with and without
1mM Mg?* supplementation) were prepared with 50 ng of the template plasmid DNA in each reaction.
Since it was seen for SULT1AL1 that higher annealing temperatures (closer to the in-silico predictions)
gave better yields, the optimal annealing temperature for each pair of primers was assayed in arange
0f66°C—70°C. The extensiontime was setto 30s asthese products are largerthan SULT1A1.

Inthe set of reactions done with ImM Mg?* supplementation, analysed in the gel electrophoresis
presented in Figure 3, panel A, amplification of some products of specific size was observed, but none
were of the estimated product size (1,6 kb). Moreover, the presence of very large products at more
stringent temperatures suggests an excess of template DNA.
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A CYP3A4 CYP2D6
Tann (°C) 65 67 68 69 70 M 65 67 68 69 70 S

(kb)
2

16—

1—>

C
CYP3A4 CYP2D6
65 67 68 69 70 M Tann (°C) 65 67 68 69 70 M Tann (°C)
(kb)
«—2
1.5
-

Figure 3 — PCR amplification CYP3A4 and CYP2D6 cDNAs for cloning into pET28a(+).

(A) Agarose gel electrophoresis of the PCR reactions for the amplification of the CYP3A4 (lanes 1 — 4) and CYP2D6
(lanes 6 — 9) cDNAs carried out with ImM magnesium chloride supplementation, using the indicated annealing
temperatures. (B) Agarose gel electrophoresis of the PCR reactions for the amplification of the CYP3A4 cDNA
carried out with 1mM magnesium chloride supplementation, using the indicated annealing temperatures. (C)
Agarose gel electrophoresis of the PCR reactions for the amplification of the CYP2D6 cDNA carried out with 1mM
magnesium chloride supplementation, using the indicated annealing temperatures. In all panels, Lanes M contain
the marker 1kb DNA ladder (Carl-Roth). The arrows indicate the position and size of relevant marker bands, with
thickness that mimics the intensity of the bands of the DNA ladder. For all reactions the PCR program was: 3min
98°C; 35x [30s 98°C; 20s Tann (as indicated for each lane); 40s 72°C]; 3 min 72°C. Reactions were done with
approximately 50 ng of pPCR4-TOPO-CYP3A4 and pCR4-TOPO-CYP3A4 as template, respectively.

Gelelectrophoresis analysis of the reactions for CYP3A4, done without the Mg?* supplement,
presentedin Figure 3, panel B, revealed alarge array of non-specific products as previously seenwhen
Magnesium was added. However, for those reactions done at higher temperatures, a product with a
size between 1,5 and 2kb is seen, suggesting the amplification of the desired product.

The CYP2D6 PCR reactions without the Mg?* supplement were also analysed by gel
electrophoresis, presentedin Figure 3, panel C. However for this gene the reactions were unsuccessful
andbesides multiple non-specific products and smearing, there was noapparentamplification ofa
product of 1,6 kb with any of the annealing temperatures tested.

For CYP3A4, two new PCR reactions were done without adding magnesium, decreasing the
amount oftemplate DNAto 25ng. The amplification program was also altered, increasing the extension
timeto 45s, as Phusion DNA polymerase amplifies 1kbin 15-30s, and using as annealingtemperatures
63°C and 67°C. Theresults were analysed by gel electrophoresis (Figure 4, panel A). The reaction with
63°C as annealing temperature gave only two products, with similar intensities — one consistent with
the desired product of ~1,6kb, and alarger one of ~2,5 kb. A higher annealing temperature did not
decrease the formation of the non-specific larger product and had in fact less amount of the 1.6kb
product and other non-specific products of smaller size.
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Toproducetheinsertfor CYP3A4 cloning, 8 new reactions were done replicating the previous
conditions and using 63°C as annealing temperature. The reactions were analysed in gel, to confirm a
similar result (data not shown) and the band corresponding to the desired CYP3A4 cDNA amplification
was cut from a gel a purified with a gel extraction and DNA purification kit. The product was then
digested with Nde/ and Xho!/ and purified ata concentration of 20.6 ng/pL. The ligation reactionwas
done with insert-vector ratio of ~10 and transformed into E. coli DH5a competent cells, but no colonies
were obtained. Despite several attempts, that included increasing the volume of the ligation reaction
and insert-vector molar ratio up to 16, and that resulted in several colonies appearing in the
transformation plates, no positive clone was obtained as confirmed by PCR colony analysis.

For the amplification of the CYP2D6 cDNA, other PCR attempts were made: first, two reactions
mimicking the ones for CYP3A4 were done, but no amplification of a product of the right size was seen
(data not shown). Then, further PCR reactions reducing the amount of template DNA 5 ng and
decreasing significantly the annealing temperature (ranging from 58°C to 65°C) were performed but
without success (data not shown). Lastly, a set of reactions without added Mg?*, using 25 ng of
template plasmid and a PCR program with 40s only of amplification time and annealing temperatures
ranging from 56 to 70 °C was attempted. As can be seenin Figure 4, panel B, one of the reactions (with
theannealingtemperature of 64°C) gave asingle PCR productwith asize consistentwiththat ofthe
desired product (1.6 kb). The reactions with higher annealing temperatures were inconclusive as a
problem occurred in the right side of the gel, affecting the migration. However, with these optimal
conditions, six new PCR reactions were done, pooled together, purified and digested with Nhe/ and
Hind/ll. Theresultinginsertwas purifiedat61.2ng/uLand aligation reactionwith 60 ng of vector and
aninsert-vectormolarratioof 32waspreparedandtransformedintoE. coli DH5acompetentcells. Of
the 40 colonies obtained, twelve randomly chosen were analysed by colony PCR using the primers T7
promoterand T7 terminator thatanneal inthe pET28a(+) plasmid flanking the multiple cloning site
region. Ofthese, clone #16 was positive showing a PCR product withthe correct size (data not shown).

A CYP3A4 B CYP2D6

Tann (°C) M 63 67 Tann (°C 5 58 60 62 64 66 68 70 M
2
] — ’1—>

Figure 4 — PCR amplification CYP3A4 and CYP2D6 cDNAs for cloning into pET28a(+)

(A) Agarose gel electrophoresis of the PCR reactions for the amplification of the CYP3A4 cDNA carried out with 25
ng of pCR4-TOPO-CYP3A4 as template DNA and using the PCR program: 3min 98°C; 35x [30s 98°C; 20s Tann
(as indicated for each lane); 45s 72°C]; 3 min 72°C. (B) Agarose gel electrophoresis of the PCR reactions for the
amplification of the CYP2D6 cDNA carried out with 25 ng of pCR4-TOPO-CYP2D6 and using the PCR program:
3min 98°C; 35x [30s 98°C; 20s Tann (as indicated for each lane); 40s 72°C]; 3 min 72°C. In all panels, Lanes M
contain the marker 1kb DNA ladder (Carl-Roth). The arrows indicate the position and size of relevant marker bands,
with thickness that mimics the intensity of the bands of the DNA ladder.
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3-1 Selection of growth media for protein expression

One ofthe most common growth media usedfor E. coli growthisthe LB medium, a nutritionally
rich medium. For expression of proteins coded in pET28a(+) plasmid under control of the /lac operon,
thetypical protocolis growing the culture until a pre-specified ODis achieved and theninducing the
expression ofthe protein by adding IPTG tothe media; IPTG, isopropyl B-D-1-thiogalactopyranoside, is
a surrogate for the lactose metabolite allolactose; like allolactose, IPTG binds the lac repressor, a
protein that binds the /ac operon, causing it to release the DNA via an allosteric-induced
conformational change. Upon repressor release, transcription of the plasmid DNA can proceed,
ultimately leading to protein expression. (Green and Sambrook, 2012; Brandenberg et al., 2011;
Nicholl, 2008; Studier et al., 2009; Studier et al., 1990)

An alternative approach is growing the transformed cells in glucose and lactose supplemented
growth media. Underthese conditions, E. coli will use glucose asthe primary carbon and energy source.
Whenglucose iscompletely depleted, the bacterial metabolism will shiftto use lactose asa carbon
source, leading to the production of allolactose, which will act as a transcription repression releaser.
This is called an auto-induction media, that does not require any other intervention other than the
initial setup and is also economically more advantageous. (Studier et al., 2009; Studier et al., 1990; Fox
and Blommel, 2009)

Inordertochoosewhich ofthe mediabetter suitourgoals, transformed cellswere growninboth
LB media and in LB auto-induction media (LBAI). Protein expression patterns were analysed by lysing
the whole cells and running the cellular contentin an SDS-PAGE gel, in order to check for protein over-
expression. Sulfotransferase 1B1 expression was analysed in LB media at 37 °C and in LBAI media at
both 37 °C and atroomtemperature. The SDS-PAGE gel obtained is presented in Figure 5.

Analysing Figure 5, itis possible to observe thatin allthe lanes that have expression induction
with IPTG (1 mM) leads to the appearance of a broader band, although faint, at around 35 kDa, in
agreement with the known molecular weight of SULT1B1, 34.9 kDa (Fujita et al., 1997). A
corresponding band is much more intense in lanes 4 and 6, corresponding to the use of auto-induction
media for a 24 h growth at 37 °C.

These results indicate that the best conditions for SULT1B1 expression are the use of the auto-
induction LB-based media, with a growth duration of 24 h at 37 °C.
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Figure 5 - SDS-PAGE analysis of SULT1B1 protein expression by E. coli BL21(DES3).

E.coli BL21(DE3) cells transformed with the pET28a(+)-SULT1B1 plasmid were grown in different conditions. All
cultures were grown with media supplemented with kanamycin at a final 30 pg.mL-1 concentration. Lane MM
displays the molecular weight marker AmershamTM ECL Rainbow Marker — Full Range RPN80OE (GE Healthcare);
for the remaining lanes, growth conditions are: Lane 1 - LB medium, 37 °C, no induction (uninduced control growth);
Lane 2 — LB medium, 37 °C, expression induction with IPTG addition at 16h and continuing growth at 37 °C for 6
hours;_Lane 3 — LB medium, 37 °C, expression induction with IPTG addition at 16h and continuing growth at room
temperature;_Lane 4 — LBAI medium, 24 h growth at 37 °C; Lane 5 — LBAI medium, 24 h growth at room
temperature; Lane 6 - LBAI medium, 24 h growth at 37 °C (duplicate growth).

Regarding CYP2C8 expression induction, the expected increase in protein production after
incubation of the bacterial cells with IPTG did not occur, since overall, the band intensities are
similar prior and after the addition of the inducer (Figure 6). The protein of interest, which has
approximately 52 kDa, was not detected in any of the bands, presumably because it was expressed
at very low levels due to a harmful effect that the heterologous proteins exert in the cells (Studier,
2005; Rosanoand Ceccarelli, 2014; Dumon-Seignovert, Cariot, and Vuillard, 2004).

Since CYPs can oxidize a large number of substrates, they can present some toxicity in the host
cellinterfering with normal proliferation of the microorganism leading to high basal levels of protein
expression. Inthis case, since aninducible T7 expression systemwas used, T7TRNA polymerase canbe
expressed in small basal levels but its high activity can lead to substantial expression of the target
proteineveninthe absence ofaddedinducer. Moreover, proteintoxicity to the host cell can difficult
the establishment of the target plasmid in the expression host or the expression strain can be unstable
or accumulate mutations. An alternative to surpass this problem has the main target of reducing basal
expression by placing the lac operator sequence after the start site of a T7 promoter, but by analysing
the CYP2C8 plasmid sequence useditis already as suggested (Studier, 2005; Rosano and Ceccarelli,
2014). Another approach to overcome lower expression would be to use a glucose-rich medium, as
the presence of glucose stops lactose uptake by inactivating lactose permease inthe early stages,
blocking induction by lactose and letting the host cells grow and maintain functional plasmid until
induction of the toxic protein. Nonetheless excess glucose must be avoided because bacterial cultures
can achieve sufficient acidic levels to stop cell growth (Studier, 2005; Rosano and Ceccarelli, 2014;
Sgrensen and Mortensen, 2005).
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Lanes M NI |

Figure 6 - SDS-PAGE analysis of CYP2C8 protein expression by E. coli BL21(DE3).

E. coli BL21(DE3) cells transformed with the pET28a(+)-CYP2C8 plasmid were grown in different conditions. All
cultures were grown with media supplemented with kanamycin at a final 30 pg.mL? concentration. Lane MM
displays the molecular weight marker Amersham™ ECL Rainbow Marker — Full Range RPN80OE (GE Healthcare);
for the remaining lanes, growth conditions are:_Lane 1 - LB medium, 37 °C, no induction (uninduced control growth);
Lane 2 — LB medium, 37 °C, expression induction with IPTG addition at 16h and continuing growth at 37 °C for 6
hours.

Totestthis hypothesis, cultures of E. coli transformed with the pET28-CYP2C8 plasmid were also
performed in LB auto-induction media, which consists of LB supplemented with glucose (0.5 g/L) and
a-lactose (2.0 g/L), which allows cells to initially grow exclusively on glucose, promoting high cell
density(Studier, 2005). Once glucose is depleted, usually in mid to late log phase, lactose enters the
cellwhereitis converted by 3-galactosidase into allolactose, which in turn serves as the inducer of the
IPTG-inducible promoter, resulting in protein expression. Results obtained (data not shown) indicate a
veryslightoverexpressionofaproteininthe approximate massrange, butnotenoughtobe purified,
requiring further optimization of growth conditions.

Despite these results, it was possible to purify cytochrome P450 2C8 from IPTG induced bacterial
cultures but not from LBAI grown bacteria, although at very low levels. The SDS-PAGE gels from the
cell extracts from these cultures do not show any difference (Figure 6), but further protein isolation
and purification lead to the elution of a fraction absorbing at 280 nm.

With these results, further bacterial cultures were grown in LB media using IPTG for induction of
CYP450 expression, and in LBAI media for expression of sulfotransferases.
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3.2 Protein purification

Therecombinant proteins under study inthiswork were expressed using E. coli BL21(DE3) as host,
with the required cDNA cloned in pET28a(+) plasmids. Protein expression was induced either using
IPTG as inducing agentin LB cultures, in the case of cytochromes P450, or using the glucose/lactose
auto-induction system (LBAI media) in the case of sulfotransferases. Also, in the case of cytochromes
P450, ahemic protein, the mediawas supplemented with 1 mM of levulinic acid, a precursor of the
haem synthesis pathway (Chung et al., 1995).

Upon bacterial growth, cells were harvested and lysed, and the whole cell lysate was used to
isolate the protein using an immobilized metal affinity chromatography (IMAC) system. A Ni-loaded
chromatography resin was used in order to preferentially bind proteins expressing a six histidine tag.
This chromatographic system was used because of its advantages of having strong, specific binding,
mild elution condition and ability to control selectivity by including low concentration of imidazole in
chromatography buffers. The final purified protein can be optimized by controlling the ratio of
recombinant protein to the column size; lower-affinity contaminants can be out-competed with a
relative excess of the histidine-tagged recombinant protein. To analyse the purification procedure, all
eluted fractions from each purified protein were quantified measuring the absorbance at 280 nm, and
a chromatogram of each purified protein are shown. Each chromatogram relates the variation of
absorption at 280 nm of each fraction of eluted volume and the concentration of imidazole in each
fraction on eluted volume. This wavelength was used because according to the study of proteins
usually show absorption maxima between 275 and 280 nm, which are cause by the absorbance of the
two aromatic amino acids tryptophan (Trp) and tyrosine (Tyr) and, to a small extent by the absorbance
ofcysteine. (;Bolanos-Garciaand Davies, 2006) Thechromatograms obtained are presented hereatfter.

3-2-1Sulfotransferase 1B1 purification

The chromatogram corresponding to the purification of sulfotransferase 1B1is shown in Figure 7;
it was obtained using a multi-step imidazole gradient from 0 to 25 mM and finishing with a 500 mM
imidazole concentration. After an initial absorbance peak corresponding to non-binding proteins, a
sharp intense peak is observed with 500 mM imidazole eluent (195 and 200 mL elution volume),
corresponding to elution of a protein that binds strongly to the resin.
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Figure 7 —Purification chromatograms of the expressed His-tagged sulfotransferaselB1.
Purification was performed on an immobilized nickel affinity resin, and absorbance at 280 nm for each fraction was
measured off-line. The green dots correspond to the fractions where the recombinant protein was eluted. Upper
panel — elution was accomplished via a multi-step imidazole gradient in phosphate buffer supplemented with NaCl;
lower panel - elution was accomplished via a three-step imidazole gradient in phosphate buffer supplemented with
NaCl, glycerol, Tween-20 and dithiothreitol. Details are given in the experimental section.

After the initial multi-step purification, elution conditions for sulfotransferase were simplified and
optimized. Instead of a 5-step gradient, a single 500 mM step was used, also affording a well-defined
absorbance peak. On the other hand, and as in the previous purification the protein was found to
precipitate easily upon refreezing, the elution buffer was also supplemented with 5% (v/v) glycerol and
0.025 % (v/v) Tween-20, to help to prevent protein aggregation, and 0.1 mM dithiothreitol, to diminish
protein oxidation.
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3:2.2.Sulfotransferase 1A1 purification

Following the same protocol used for purification of SULT1B1, SULT1A1 was initially purified with
animidazolemulti-stepgradient,from5to500mM (Figure 8, upperpanel),andaftertheinitialelution
of non-binding proteins an absorbance band obtained with 5 and 10 mM imidazole was observed,
corresponding to the expressed protein.
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Figure 8 — Purification chromatograms of the expressed His-tagged sulfotransferase1Al.
Purification was performed on an immobilized nickel affinity resin, and absorbance at 280 nm for each fraction was
measured off-line. The green dots correspond to the fractions where the recombinant protein was eluted. Upper
panel — elution was accomplished via a multi-step imidazole gradient in phosphate buffer supplemented with NaCl;
lower panel - elution was accomplished via a three-step imidazole gradient in phosphate buffer supplemented with
NaCl, glycerol, Tween-20 and dithiothreitol. Details are given in the experimental section.

Insubsequent purifications, asingle elution step with 10 mM was used (Figure 8, lower panel).
Although aband correspondingto aproteinthatinteracts withthe resin was consistently observed,
further work with this protein was not performed. All SULT1A1 batch’s grew very slowly and to low
OD values, and yielded low amounts of purified protein.

26



Cloningand Expressionof Human RecombinantProteins

Further work, performed by other group researchers, hasled tothe obtention of higher protein
amounts when using E. coli C41(DE3). These cells are a different variant of expression-competent E.
coli cells,thatwere selected becausetheywere abletogrowproteinsthataretoxictothe expression
host. Infact, SULT1A1isthe mostwide-range sulfotransferase in terms of substrate specificity, and the
observed low culture growth and low amounts of purified protein are in agreement with these
observations.

3:2.-3 Cytochrome P4502C8 purification

The chromatograms relative to the purification of the 2C8 isoform of cytochrome P450 are
presentedin Figure 9. The upper panel shows the multi-step purification ofthe protein, andnoclear
absorbance peak was observed, only two small bands at 55 and 75 mL of elution volume (5 and 10 mM
imidazole). However, when the elution was performed using only a 25 mM imidazole step, aband,
although small, was observed. Like SULT1A1, CYP2C8is one ofthe members of the cytochrome P450
family with a largest substrate promiscuity, and cultures performed to express this protein usually
grow slower and lead to low protein amounts (Anzenbacher and Anzenbacherova, 2001)
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Figure 9 — Purification chromatograms of the expressed His-tagged cytochrome P450 2C8.

Purification was performed on an immobilized nickel affinity resin. Absorbance at 280 nm for each fraction was
measured off-line. The green dots correspond to the fractions where the recombinant protein was eluted. Left panel
- elution was accomplished via a multi-step imidazole gradient in phosphate buffer supplemented with NaCl. Right
panel - elution was accomplished via a three-step imidazole gradient in phosphate buffer supplemented with NaCl,
glycerol, Tween-20 and dithiothreitol. Details are given in the experimental section.

3-2-4 Cytochrome P450 2D6 purification

The purification of CYP2D6 with a multi-step gradient yielded an absorbance peak corresponding
to a weakly interacting protein that was released from the resin with the 5 mM imidazole eluent.
However, when a single 5 mM step was used, no absorbance peak was registered (data not shown).
For that reason, a 25 mM imidazole eluent was used, and a well-defined peak was observed at
approximately the same elution volume. These results are presented in Figure 10.
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Figure 10 — Purification chromatograms of the expressed His-tagged cytochrome P450 2D6.

Purification was performed on an immobilized nickel affinity resin. Absorbance at 280 nm for each fraction was
measured off-line. The green dots correspond to the fractions where the recombinant protein was eluted. Upper
panel - elution was accomplished via a multi-step imidazole gradient in phosphate buffer supplemented with NaCl.
Lower panel - elution was accomplished via a three-step imidazole gradient in phosphate buffer supplemented with
NaCl, glycerol, Tween-20 and dithiothreitol. Details are given in the experimental section.

The UV/visible absorption spectra of the fraction corresponding to the eluted over-expressed
protein confirmed that the eluted protein is a cytochrome (Figure 11). Besides the band with an
absorption maxima at 280 nm, corresponding to the peptide chain, a second band is observed with a
maximaat412nm, corresponding tothe Soret band of iron-coordinating heme. The nomenclature
P450 comesfromthe characteristic absorptionbandat450 nm,whentheiron-hemeisinareduced
carbxoy (CO complexed) state, considerably distinct from the usual Soret absorption peaks of
hemoproteins. This peakat412 nmislikely to correspondtothe low-spinformofthe enzyme, inthe
oxidised (ferric) state, characterized by a band at 417 nm (Anzenbacher and Anzenbacherova, 2001;
Schenkman and Jansson,1998).
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Figure 11 — UV/Visible absorption spectra of the produced CYP 450 2D6 isoform.
The spectra of the fraction corresponding to the eluted over-expressed protein is shown. Maxima are present at
412 nm, corresponding to the heme Soret band, and at 280 nm, corresponding to the peptide chain.

Toconfirmthis, aproteinsamplewasreduced with sodiumdithionite, following the established
procedure of adding a few milligrams of sodium dithionite on the tip of aspatulato asample of CYP
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2D6 in 20% pyridine in 0.2 M NaOH and recording its visible spectrum against a non-reduced sample
in the same conditions(Munro, Girvan, and McLean, 2007). The differential spectra obtained in shown
in Figure 12.

Uponreduction, thebandat412 nmdisappears, and atransientband at 556 nmappearsinthe
firstminute upon dithionite addition (dashed line) butis absent at 3 (pointed line) and 5 minutes (full
line) upon addition; this is characteristic of CYP 450 reduction by agents such as dithionite or NADPH
(Schenkman and Jansson, 1998; Guengerich et al., 2009).
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Figure 12 — Differential visible spectrum of cytochrome 2D6.
The differential spectra were recorded with two cuvettes with CYP2D6 in 20 % pyridine in 0.2 M NaOH by reducing
the sample with solid sodium dithionite.

3.:2.5 Control of protein purity during purification

Inorder to monitor the efficiency of the purification process, eluted fractions were analysed by
running themin a polyacrylamide gel, under denaturing conditions (SDS-PAGE). Results are shown in
Figure 13.

Regarding SULT1B1 purification (left panel), a band around 34 kDa is observed inlanes 4t0 6, in
agreementwith the molecular weight of SULT1B1 protein, butthe intensity is lowerinlane 6 and in
the remaining the same band presents higher intensity. Although there is an intense band in lane 4 at
the molecular weight of SULT1B1 protein, other bands are present, indicating the presence of
contaminating proteins. The lanes 5 and 6 already present less protein contaminants since there are
almostnootherbandsand sopurification of SULT1B1 proteinwas successfulinthese fractions.
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Lanes M 1 2 3 4 5 6 Lanes M 1 2 3 4 5 6
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Figure 13 - Analysis of the purity of recombinant His-tagCYP2C8 and SULT1B1 proteins.

Left panel — SDS PAGE analysis of the elution profile for the SULT1B1 protein with an increased gradient of
imidazole. Gel was stained with EzBlueTM Staining Reagent (Sigma-Aldrich, St. Louis, MO). Lane M —Molecular
weight marker Amersham™ ECL™ Rainbow Marker — Full Range RPN8OOE (GE Healthcare). Lane 1 — Fraction 0-
5 mL of elution volume, corresponding to elution of the non-binding fractions. Lane 2 - Fraction 10-15 mL of elution
volume, corresponding to the final washing step without imidazole._Lane 3 — Fraction 25-30 mL of elution volume,
corresponding to the first fraction collected with the elution buffer (500 mM imidazole). Lane 4 — Fraction 35-40 mL
of elution volume, corresponding to the fraction with highest Abs 280 nm value during the elution step (with 500 mM
imidazole). Lane 5 — Fraction 40-45 mL of elution volume, and_Lane 6 — Fraction 50-55 mL of elution volume; lanes
5 and 6 correspond to the two final fractions during the elution step (with 500 mM imidazole)

Right panel — SDS-PAGE analysis of the elution profile for the CYP2C8 protein with an increased gradient of
imidazole. Gel was stained with EzBlueTM Staining Reagent (Sigma-Aldrich, St. Louis, MO). Lane M —Molecular
weight marker Amersham™ ECL™ Rainbow Marker — Full Range RPN8OOE (GE Healthcare). Lane 1 — Fraction 0-
5 mL of elution volume, corresponding to elution of non-binding proteins. Lane 2 - Fraction 10-15 mL of elution
volume. Lane 3 — Fraction 25-30 mL of elution volume._Lane 4 — Fraction 35-40 mL of elution volume._Lane 5 —
Fraction 40-45 mL of elution volume._Lane 6 — Fraction 50-55 mL of elution volume. Lanes 2 to 4 correspond to
different fractions obtained during the elution step, with 25 mM imidazole, and lanes 5 and 6 to fractions collected
during the final 500 mM imidazole step.

Regarding CYP2C8 purification (right panel in Figure 13), only low-intensity band at 52 kDa (the
molecular weight of this protein) were observed, appearing a little more intense on lane 4,
corresponding to the elution step. In lanes 5 and 6, there are fewer contaminating proteins since there
are fewer bands, although the 52 kDa band appears with lower intensity comparing with lane 4.
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4. CONCLUSIONS

The development of a biomimetic enzymatic reactor, in order to predict in vitro the mostlikely
drug metabolites, requires the use of large protein amounts, that can only be achieved by
overexpressing the human proteins in adequate hosts. Many drugs are associated with toxic side
effectsofvaryingdegree,andinmany cases, theseare duetothe conversionofthe parentdrugtoa
toxic metabolite by cytochrome P450 (CYP) systems or by sulfotransferases.

The goal of this work was to clone and over-express human CYP isoforms 2C8, 2D6 and 3A4, and
human sulfotransferase isoforms 1A1 and 1B1, using E. coli-pET expression systems. For that,
pET28a(+) plasmids with the corresponding cDNA were developed and E. coli cells were transformed
inordertoover-expressthe proteinundercontrol ofthe T7 promoter byinducingthe expressionwith
either IPTG or a glucose/lactose media.

Sulfotransferase 1A1 was successfully cloned and transformed BL21(DE3) cells grown in auto-
induction LB media were able to grow and express the protein, although in low levels. Further
optimization performed after the experimental work for this thesis was finished has identified
C41(DE3) as a better host for expressing this protein, although also at low levels.

Sulfotransferase 1B1, already available in a kanamycin-resistant pET28a(+) vector, was
successfully over-expressed in auto-induction LB media.

Cytochrome P450 isoforms 2C8 and 2D6 were also successfully cloned and transformed into
BL21(DE3) cells, but further work has shown that these two proteins are better expressed in C43(DE3)
cells.

Cytochrome P450 3A4 could not be successfully cloned, despite multiple attempts. This can be
due to the very low substrate specificity of this enzyme, which, coupled to the leaky T7 promoter
behaviour, may lead to the fast onset of toxic effects on the various host cells, including non-DE3-
containting strains. Plating the transformation into glucose supplemented medium may be agood
working possibility, that will be attempted.

Overall, the work performed has allowed the production of four human recombinant proteins,
thatwereusedintheresearchgroupwherethisworkwas performedfortheinitial developmentofan
enzymatic reactor, by immobilizing the proteins on a solid matrix and assessing thattheir substrate
specificity and regioselectivity is maintained.
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6.1 Annex Al -vector map of pET28a(+).

pET-28a(+)

5369 bp

Figure A1 — Vector map for pET28a (+).
Plasmid map source: Novagen/MerckMillipore.

6. ANNEXES
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6.2 Annex A2 -vector map of pET28a(+)-SULT1B1.

pET28a(+)-SULT1B1

6200 bp

Figure A2 - Vector map for pET28a(+)-SULT1B1.
Built from the pET28a(+) map with the cloning information provided by Addgene (plasmid # 25496;
http://n2t.net/addgene:25496)

6.3 Annex A3 - vector map of pCW-CYP2CS8.
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Figure A3 - Vector map for pCW-Ori+-CYP2C9.
Supplied by Addgene (CYP2C9 in vector pCW ori+, Addgene plasmid #69554; http://n2t.net/addgene:69554;
RRID:Addgene_69554))
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6.4 Annex A4 - vector map of pCMV-SPORT6-SULT1A1.
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Figure A4 - Vector map for pPCMV-SPORT6-SULT1AL.
Supplied by PlasmID database, clone HsCD00335548.

6.5 Annex A5 - vector map of pCR4-TOPO-CYP3A4.

pCR4-TOPO-CYP3A4

5634 bp

Figure A5 - Vector map for pCR4-TOPO-CYP3A4.
Supplied by PlasmID database, clone HsCD00341290.
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6.6 Annex A6 - vector map of pCR4-TOPO-CYP2D6.

*500

A
o

—a\
LA
g
A3 io,)e—\ A
et

Jaw‘“‘“d

pCR4-TOPO-CYP2D6
5507 bp

Ja700030 €

Toyn~na~9azdRd

1500

ﬂoa“ juex
2/
e

!}éz%‘

Figure A6 - Vector map for pCR4-TOPO-CYP3A4.
Supplied by PlasmID database, clone HsCD00346008.

6.7 Annex A7 - vector map of pET28a(+)-CYP2CS8.

pET28a(+)-CYP2C8

6807 bp

Figure A7 - Vector map for pET28a(+)-CYP2CS8.
This vector was produced in this work, as described in the Experimental section.
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6.8 Annex A8 - vector map of pET28a(+)-CYP2D6.

pET28a(+)-CYP2D6

6928 bp

Figure A8 - Vector map for pET28a(+)-CYP2D6.
This vector was produced in this work, as described in the Experimental section.

6.9 Annex A9 -vector map of pET28a(+)-CYP3AA.
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Figure A9 - Vector map for pET28a(+)-CYP3A4.

This vector was produced in this work, as described in the Experimental section.
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6.10 Annex A10 - vector map of pET28a(+)-SULT1AL.
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Figure A10 - Vector map for pET28a(+)-SULT1A1L.
This vector was produced in this work, as described in the Experimental section.
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