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Abstract

Glycine-N-acyltransferase (GLYAT, EC 2.3.1.13) has been characterised in a number of
species including: humans, chimpanzees, rhesus monkeys and bovines. The
characterisation of GLYAT from various species contributes to a better understanding of
the diversity of the enzyme which in turn might help improve the current understanding
of detoxification in mammals. The GLYAT enzyme of both the chacma baboon and
vervet monkey has not been characterised. In this project, tissue samples were
obtained from a chacma baboon (Papio ursinus) and a vervet monkey (Chlorocebus
pygerythrus) to determine the nucleic acid sequence that encodes GLYAT in these two

species to broaden our current understanding on the diversity of GLYAT in primates.

A liver of a chacma baboon was used to extract total RNA. Complementary DNA
(cDNA) was synthesised using an oligo (dT) primer. An open reading frame (ORF)
encoding GLYAT of the chacma baboon was amplified with a PCR (polymerase chain
reaction) using primers designed from a human GLYAT transcript. The PCR product
containing an ORF encoding GLYAT of the chacma baboon was cloned, sequenced
and expressed. The recombinant GLYAT of the chacma baboon expressed well in
bacteria, but was insoluble and did not have enzyme activity. A crude cytoplasmic
extract was prepared from the liver of a chacma baboon. The objective was to compare
enzyme activity between the native and recombinant GLYAT. The prepared liver extract

from the chacma baboon was assayed for enzyme activity and compared to the activity
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in a liver extract from bovine, previously prepared by Ms M Snyders. Both the chacma

baboon and bovine liver extracts had GLYAT enzyme activity.

To obtain sequence information on vervet monkey GLYAT, leukocytes were isolated
from blood obtained from a living vervet monkey. A human GLYAT gene sequence was
used as a reference DNA sequence in the design of PCR primers that were used to
amplify the exons of GLYAT of the vervet monkey. All six GLYAT exons were
individually amplified and PCR products were sequenced. The sequences were

combined to reconstruct an ORF encoding GLYAT of the vervet monkey.

The ORFs coding the GLYAT of both chacma baboon and vervet monkey were found to
be 888 bp long (excluding stop codon) and encoded a protein of 296 amino acids. A
fragment of 1256 bp of the chacma baboon GLYAT transcript was sequenced. The two
GLYAT ORF sequences were translated to amino acid sequences and aligned to that of
GLYAT of primates obtained from the Ensembl sequence database. The GLYAT amino
acid sequences of the chacma baboon, vervet monkey and rhesus monkey formed a
related group, distinct from other primates. The chacma baboon and vervet monkey
sequences were 99 % identical to the rhesus monkey sequence and 92.6 % identical to
the human sequence. There were 4 new variations introduced by GLYAT amino acid
sequences from the chacma baboon and the vervet monkey. The vervet monkey
introduced an isoleucine in place of a valine at position 32 and an arginine in place of a

histidine or glutamine at position 224. The chacma baboon introduced a tyrosine in
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place of isoleucine at position 201 and an arginine in place of histidine or glutamine at

position 240.

The knowledge generated in this project will broaden the understanding of GLYAT

diversity relating to GLYAT in primates.

Keywords: Glycine-N-acyltransferase, recombinant GLYAT, Chacma baboon GLYAT,
Vervet monkey GLYAT and primate GLYAT nucleic acid sequencing.
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Opsomming

Glisien-N-asieltransferase (GLYAT, EC 2.3.1.13) is al gekarakteriseer in verskeie
spesies, S00s mense, sjimpansees, rhesus ape en beeste. Karakterisering van hierdie
spesies se GLYAT het bygedra tot ‘n beter begrip van die diversiteit van hierdie ensiem

en kan ons begrip rakende soogdiere se detoksifisering verbeter. Alhoewel ‘n
verskeidenheid spesies se GLYAT al gekarakteriseer is, is dié van die chacma
bobbejaan en blou aap nie bekend nie. Die doel van hierdie projek was om die GLYAT
nukleiensuurvolgorde van die chacma bobbejaan (Papio ursinus) en blou aap

(Chlorocebus pygerythrus) vanaf weefsel monsters te bepaal en sodoende ons begrip

van GLYAT diversiteit in primate te verbreed.

Die lewer van ‘n chacma bobbejaan is gebruik om RNA te isoleer. Komplementére DNA
(cDNA) is gesintetiseer deur gebruik te maak van oligo (dT) voorvoerders. ‘n Oop
leesraam (OLR) wat kodeer vir die chacma bobbejaan GLYAT is vermeerder deur ‘n
polimerase ketting reaksie (PKR) te gebruik met voorvoerders wat ontwerp is vanaf ‘n
menslike afskrif. Die PKR produk, wat die OLR insluit wat kodeer vir die chacma
bobbejaan, GLYAT is gekloneer. Die nukleiensuurvolgorde is bepaal en die proteien is
uitgedruk. Die rekombinante chacma bobbejaan GLYAT het goeie uitdrukking getoon in
bakteriéle selle, maar was onoplosbaar en het geen ensiem aktiwiteit gehad nie. Om die
ensiem aktiwiteit van die natuurlike chacma bobbejaan GLYAT met die van ‘n
rekombinante ensiem te vergelyk, is ‘n kru sitoplasmiese ekstrak voorberei van ‘n

chacma bobbejaan lewer. Die natuurlike chacma bobbejaan GLYAT ensiemaktiwiteit is
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vergelyk met dié van ‘n bees lewer-ekstrak, wat voorberei is deur Me M Snyders. Beide

die chacma bobbejaan en die bees lewer-ekstrak het GLYAT aktiwiteit getoon.

Om die nukleiensuurvolgorde van die blou aap se GLYAT te bepaal, is leukosiete van
die bloed verkry vanaf ‘n blou aap, geisoleer. ‘n Menslike GLYAT nukleiensuurvolgorde
is gebruik as ‘n raamwerk om PKR voorvoerders te ontwerp vir die vermeerdering van
die blou aap eksons. Al ses die GLYAT eksons is individueel vermeerder en die PKR
produkte se volgorde bepaal. Hierdie nukleiensuurvolgordes is gekombineer om ‘n OLR

wat vir blou aap GLYAT kodeer saam te stel.

Beide die blou aap en die chacma bobbejaan se OLR wat kodeer vir GLYAT was 888
bp lank en kodeer vir 296 aminosure. ‘n Fragment van 1256 bp van die chacma
bobbejaan GLYAT afskrif se nukleiensuurvolgorde is bepaal. Die twee OLR
nukleiensuurvolgordes is omgesit na aminosuurvolgordes en het ooreengekom met die
GLYAT volgorders van primate in die Ensembl volgordedatabasis. Die GLYAT
aminosuurvolgordes van die chacma bobbejaan, blou aap en rhesus aap groepeer
filogeneties saam en is onderskeibaar van ander primate. Die nukleiensuurvolgordes
van die chacma bobbejaan en die blou aap is 99% identies aan die rhesus aap volgorde
en 92.6% identies aan die mens volgorde. Daar is vier nuwe variasies gevind in die
GLYAT aminosuur volgordes van die chacma bobbejaan en blou aap. Die blou aap het
isoleusien in plaas van valien in posisie 32 en arginien in plaas van histidien of
glutamien in posisie 224. Die chacma bobbejaan het 'n tirosien in posisie 201 in plaas

van 'n isoleusien en in posisie 240 'n arginien in plaas van 'n histidien of glutamien.
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Die kennis wat in hierdie projek gegenereer is, verbreed ons begrip van die diversiteit

van GLYAT in primate.
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Chapter 1
Introduction and literature review

1.1 Introduction

Nowadays, the entire genome of an organism can be sequenced relatively readily and
compared with genomes from other organisms. The genome of humans has been
sequenced (International human genome sequencing consortium, 2004). The genome
of a person of African origin has also been sequenced recently to serve as a reference
for African genome alignments (Schuster et al, 2010). Genomes of non-human primates
such as the rhesus monkey and the chimpanzee have been sequenced as well (Rhesus

Rhesus monkey Genome Sequencing and Analysis Consortium, 2007).

Glycine-N-acyltransferase (GLYAT, EC 2.3.1.13) is one of the enzymes responsible for
the biotransformation of potentially harmful endogenous and xenobiotic acyl-Coenzyme
As (acyl-CoAs) in mammals. There are no reports on the characterisation of genes
encoding GLYAT of either the chacma baboon or the vervet monkey. For this project, a
chacma baboon liver and a blood sample from a vervet monkey were donated to us to

investigate the molecular characteristics of their GLYAT.

The Biochemistry Division of the North-West University (Potchefstroom campus) has an

initiative to study:
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1) Inborn errors of metabolism
2) Supplements that can serve as therapy for inborn errors of metabolism and
3) Compare enzyme characteristics of glycine-N-acyltransferase (GLYAT) of humans

with that from other species.

The study reported here addresses one of these objectives by sequencing the GLYAT
open reading frame of a chacma baboon and a vervet monkey. The two ORF
sequences were compared to GLYAT ORFs from humans, chimpanzees and rhesus

monkeys.

Monkeys are often used in laboratories as test animals because they are a very close
substitute for humans. The chimpanzee has been the primate of choice when studying
human disease. The chacma baboon also provides an excellent model for genetic
studies because they exhibit the same physiological characteristics that are critical to
common diseases in humans. Studies with primate tissue are rare because it is very
difficult to find primate tissue and get ethical approval to conduct studies using samples

obtained from primates. Therefore, this study was one of those rare opportunities.

1.2 Metabolism and inborn errors of metabolism

Metabolism is responsible for the maintenance of energy requirements of the body. It is
composed of mainly the building of new molecules that store energy (anabolism) and
breaking down molecules in order to release energy (catabolism). Defects in genes

encoding metabolic enzymes may result in failure of the body to maintain its normal
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function. Heritable defects in metabolic enzymes are collectively termed inborn errors of
metabolism (IEMs). IEMs in the metabolism of branched chain amino acids (leucine,
isoleucine and valine) may lead to a disease state called organic aciduria which is
characterised by an accumulation of organic acids. Isovaleric acidemia is an example of
a dicarboxylic aciduria which is caused by the defect in leucine catabolism on the

enzyme isovaleryl-CoA dehydrogenase (Tanaka, 1966).

The biochemical profile of dicarboxylic acids presented by patients suffering from
isovaleric acidemia can generally be eliminated by supplementing glycine to increase
glycine conjugation (Gron et al., 1978). The initial treatment for the disease is the

restriction of leucine from diet (Levy et al., 1973).

Patients diagnosed with isovaleric acidemia usually respond well to glycine and
carnitine supplementation which results in the excretion of acylglycines and
acylcarnitine respectively (Krieger and Tanaka, 1976; Roe et al., 1984). GLYAT joins
the acyl group with the amino acid to form a peptide bond in the biochemical process
called amino acid conjugation. Glycine conjugation is the major pathway for the
clearance of (C6 to C8) acyl-CoAs in patients with medium-chain acyl-CoA
dehydrogenase deficiency (Rinaldo et al., 1993). GLYAT from bovine was shown to use
the same substrates as the metabolites excreted by patients suffering from isovaleric

acidemia (Bartlett and Gompertz, 1974).
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1.3 Detoxification enzyme systems

1.3.1 Description of detoxification

Detoxification is a series of biochemical reactions concerned with removing unwanted
and potentially harmful compounds from mammalian circulation. Detoxification occurs
mostly in the hepatocytes but does also occur in other tissues such as the kidneys,
lungs, intestines, and brain (Zhang et al, 2007; Waluk et al, 2010). Endogenous toxins
(endotoxins) are metabolic pathway intermediates that accumulate to reach toxic levels
at a particular site, metabolic end products or bacterial endotoxins (Liska, 1998). In
contrast, xenobiotics (exotoxins) are any unwanted compounds introduced from outside
the body by means of consumption, injection or inhalation for example pharmaceutical
drugs, agricultural products, environmental polutants and the vast amount of chemicals

humans come into contact with on a daily basis (Caldwell, 1986).

1.3.2 Detoxification enzymes

Toxins found in mammalian bodies are divided into polar and non-polar compounds.
The very polar xenobiotics are easily excreted into urine because they are not
reabsorbed by the kidneys tubules. The lipid soluble (non-polar) compounds are
reabsorbed and will undergo detoxification which is a biological reaction of converting

them into polar compounds which can be excreted into urine (Stachulski and Lennard,
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2000). Detoxification has four phases (phase 0, I, Il and Ill). Phase 0 has been
suggested to exist with a function of importing xenobiotic compounds into the
detoxifying cell (Liska, 1998; Kohle and Bock 2007). Most xenobiotics do not have an
active site that would make them vulnerable for attack in a chemical reaction which
prepares them for excretion. Thus, detoxification has two main steps for activation of
xenobiotics (Figure 1.1): a fuctionalization step (phase I) which uses oxygen to form a
reactive site on an unwanted compound and a conjugation step (phase Il) which results
in the unwanted compound coupled to one of the detoxifying compounds (e.g. glycine,

taurine, carnitine etc).

Phase | of detoxification is mainly composed of the cytochrome P450 and flavin-
containing mono-oxygenases (FMO) enzyme families. The activated xenobiotic
released can behave as extremely reactive electrophilic metabolites that can covalently
react with proteins, RNA and DNA resulting in cell toxicity (Gonzalez, 2005). Some
authors consider the cyt P450 enzyme family as the most important elimination pathway
for lipophilic drugs (van der Waide and Steijns, 1999). Phase | reactions produce

reactive groups on the xenobiotics.

The function of Phase Il of detoxification is to neutralise reactive groups on the
xenobiotics using transferase enzymes. The transferases conjugate the reactive

xenobiotics to polar molecules (Jacoby and Ziegler, 1990). Phase Il is composed of
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multiple families of enzymes that catalyse reactions such as sulfation, glucuronidation,

glutathione conjugation, acetylation and amino acid conjugation.

Endotoxins
end products of metabaolism
bacterial endotoxins
(= i
drugs (prescription, OTC, recreational, etc.)
chemicals
-agricultural
-household
-pollutantsicontaminants
microbial
PHASE | PHASE Il
[eytochrome P450 enzymes] [conjugation pathnays]

{_,___—______.-'\._______‘ (-—————-———A————_-—-\ excred
—)-—)-—h— —)-—:-—:-

] -
( nonpolar - ) G‘LhEr Nutrients Used moare water- snlLtllE gueuronica

lipid-soluble oxidation glutathione conjugation™

reduction riboflavin (vit B2) acatylation

hydrolysis niacin (vit B3) Reactive Oxygen amino acid conjugation
hydration pyridoxine (vit B8) Intermediates glycine
dehalogenation folic acid taurine

vitamin B12 glutamine

glutathicne ormithine
branched-chain anginine
flavonoids Nutrients/Plant Derivatives

lipid-soluble (nonpolar)

toxins stored in adipose phospholipids carotenes (vit A) ‘N—EI[_H'-_‘t].'k}]l‘StEI'IE, cysteine, Sie
fismue contribule o ascorbic acid (vit C) methionine are precursors
increased/mobilized toxin tocopherals (vit E)
Ioad with weight loss Superoxide selenium
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iz Secondary
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coenzyme Q10
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& cruciferous vegetables)

bioflavonoids

silymarin

oligomeric proanthocyanidins (OPCs)

Figure 1.1: A schematic diagram illustrating phase | and Il of detoxification
pathway in mammals (Liska, 1998).

1.4 Single nucleotide polymorphism

Single nucleotide polymorphism (SNP) refers to a situation where there is a variation in
a specific nucleotide position in a genome and the variation is present in at least 1 % of
the entire population being studied. Less than 5 % of the mammalian genome codes for

proteins. This explains the fact that most SNPs are found in the non-coding regions of
20



the mammalian genome. It is estimated that there are 60 000 SNPs that fall within the
coding and untranslated regions in the human genome (Group, 2001). Evidence
suggest that genetic polymorphism in detoxification enzymes does have a role in human
susceptibility to life threatening diseases such as cancer, lupus erythematosus and
Parkinson’s disease (Coles and Kadlubar, 2003; Kang et al., 2005; Bandmann et al.,
1997). The situation where an organism is likely to develop a disease due to the
presence of SNPs is called genetic predisposition. It is thought that many complex
diseases may be due to quantitative differences in gene products (Chakravarti, 2001).
The individual’'s SNP map may affect drug metabolism. Knowledge about an individual’s
SNP map will enable physicians to prescribe medicine in more effective doses to

patients and this creates a field known as personalized medicine.

There are 276 SNPs along the human GLYAT gene of which only 10 are in the coding
region (GenBank: accessed 13 January 2011). It has been proposed that two of the 10
SNPs which are found in the coding region (Serl7Thr and Arg199Cys) could have an
effect on GLYAT activity (Cardenas et al., 2010). Both the serine at position 17 and
arginine at position 199 are found on the proteins’ a-helix which is important for GLYAT
structure and appeared to be conserved in GLYAT orthologous proteins (Cardenas et
al., 2010). Thus, it was suggested that the serine at position 17 on the surface of the
protein may interact with the surrounding water molecules while substitution of arginine
with cysteine may result in addition of a positive charge in the overall protein charge

disrupting the folding of the protein (Cardenas et al., 2010).
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1.5 Protein classification and the GNAT superfamily

A protein family is defined as a group of proteins with both similar structure and
functions or has amino acid sequence identity of 30 % or above (Murzin et al., 1995;
Hubbard et al., 1997). A protein superfamily is defined as a group of protein families
whose amino acid sequence may have low sequence identity but their structure, and
sometimes function, suggest a common evolutionary history (Hubbard et al., 1997).
Enzyme superfamilies that have the same major secondary structure in the same
arrangement and the same topological connections are described as proteins with a
common fold and these protein common folds are grouped into protein classes (Murzin

et al., 1995 and Hubbard et al., 1997).

The GCNb5-related N-acetyltransferase (GNAT) superfamily has over 10 000 families
across all kingdoms of life (Vetting et al., 2005). The GLYAT-like family is grouped
under the GNAT superfamily because of possessing a characteristic conserved GNAT
fold (Figure 1.2). This fold is composed of a N-terminal strand followed by two helices,
three antiparallel B strands, followed by a “signature” central helix, a fifth § strand, a
fourth a helix and a final B strand. The function of the GNAT fold is to bind to the
pantatheine arm of the acyl-CoA and to polarize the carbonyl of the thioester (Vetting et

al., 2005).
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Figure 1.2: Topology of the conserved core GNAT fold. The GNAT fold starts with
the B0 representing the N-terminal. The three antiparallel beta strands are
followed by a signature central helix (a3). Then follows a fifth B strand, a
fourth a helix and a final B strand (Vetting et al., 2005).
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1.6 Glycine-N-acyltransferase

1.6.1 Reaction localisation and description

GLYAT (EC 2.3.1.13) is a mammalian detoxification enzyme active in phase Il
detoxification where it drives glycine conjugation of acyl-CoAs. In the literature, GLYAT
is known with many names such as glycine acylase, ACGNAT and glycine
benzoyltransferase (EXPASY enzyme database). The enzyme commission has
allocated a number (EC 2.3.1.13) that groups GLYAT distinct from other enzymes. The
GNAT superfamily is represented by the first digit (2) which is for all transferase
enzymes. The acyltransferase family is represented by the second digit (3) which
means that an acyl group is transferred. The third digit refers to the type of hydrogen or
electron acceptor and in this case it is the cofactor Coenzyme A which is represented by
the digit one (1). The fourth digit signifies that the glycine is transferred to the acyl and it
is represented by the number 13. Hence, the complete GLYAT enzyme commission

number is 2.3.1.13.

Initially, it was thought that there was only one enzyme in the liver producing both
glutamate and glycine conjugates (Maldave and Meister, 1957). However, two separate
acyltransferases were found in the liver of mammals: glutamine acyltransferases (GAT)
and glycine benzoyltransferases (GBT) (Webster et al., 1976). The reason for the
confusion was illustrated by Nandi and colleagues when they showed that glycine was

the preferred acceptor for the enzymes benzoyl-CoA: glycine-N-acyltransferase and
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phenylacetyl-CoA: glycine-N-acyltransferase (Nandi et al., 1979). Glycine conjugation
only occurs in mammals (Vessey, 1978). Glycine conjugation was shown to occur

exclusively in mitochondria of rat liver (Kolvraa and Gregersen, 1986).

1.6.2 GLYAT substrates

GLYAT was shown to be the enzyme that catalyses the transfer reactions of various
aliphatic acyl groups containing 2 carbons up to 10 carbons and aromatic acyl groups
from the acyl thio esters of Coenzyme A (Schachter and Taggart, 1954a and b). GLYAT
binds to two substrates at a time before releasing a product (Nandi et al., 1979). A good
example that can be used to illustrate glycine conjugation is that of the detoxification of
benzoate by conjugation to glycine releasing hippurate (Figure 1.3). It has been shown
that Coenzyme A is required to form a benzoyl-Coenzyme A intermediate before glycine
is joint to benzoyl (Chantrenne, 1951). The benzoyl-CoA ligase catalyses the
substitution of the carboxyl group with CoA at the expense of ATP. Glycine transfer is
the rate limiting step in the formation of the product hippurate (Beliveau and Brusilow,

1986).
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Figure 1.3: The detoxification of benzoate to release hippurate in hepatocytes.
Benzoyl-CoA ligase must first substitute the carboxyl group of benzoate
with Coenzyme A (CoA) while consuming ATP to release AMP. GLYAT
transfers glycine to substitute CoA to produce hippurate. The glycine
transfer reaction is the rate limiting step of the pathway while the CoA is
recycled (Beliveau and Brusilow, 1986).

The GLYAT enzyme has a preference for substrates in the following descending order:
benzoyl-CoA, salicyl-CoA, isovaleryl-CoA and octanoyl-CoA (Mawal and Qureshi,
1994). GLYAT was shown to utilise amino acids such as alanine, serine and glutamic
acid in addition to glycine (van der Westhuizen et al., 2000). Glycine is the best amino
acid substrate for the GLYAT reaction. The kinetic parameters for GLYAT when using
different substrates (Table 1.1) reveal benzoyl-CoA to be the best substrate for glycine

conjugation.

Table 1.1: Kinetic parameters for GLYAT (Mawal and Qureshi, 1994)

Substrate Vmax (MMol/min/mg protein) | Ky, (mM)
Benzoyl-CoA |17.1 57.9
Salicylyl-CoA | 10.1 83.7
Isovaleryl-CoA | 7.64 124
Octanoyl-CoA | 3.3 198
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1.6.3 The role of GLYAT and glycine in non-detoxification pathways

Some GLYAT conjugates (acylglycines) have been identified to be precursors of fatty
acid amide biosynthesis whose products serve as mammalian hormones (Merkler et al.,
1996; Farrel and Merkler, 2008). Glycine has been used as pharmacotherapy for
schizophrenia (Heresco-levy et al., 1999). Glycine acts as an anti-inflammantory
immunonutrient (Wheeler et al., 1999) and is known to play a role as a neurotransmitter
(Bowery and Smart, 2006). GLYAT has been shown to convert the benzoate and p-
aminobenzoate to hippurate and by so doing removing the porphyric state (Piper et al.,

1973).
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1.6.4 GLYAT family members

There are four genes encoding GLYAT-like family members found in humans (Table
1.2). The GLYAT family members were named by adding the suffix “like plus a number”
for example GLYAT like 1 is abbreviated as GLYATL1. Three of the four genes
(GLYAT, GLYATL1 and GLYATL2) have been located on chromosome 11 while
GLYATL3 has been located on chromosome 6. The human GLYATL1 and GLYATL2
genes have been cloned and sequenced (Zhang et al., 2007; Waluk et al., 2010). The
human GLYATL1 was shown to activate the heat shock element (HSE) pathway (Zhang
et al., 2007). The GLYATL1 was detected in liver, kidneys, pancreas, testis, ovary and
stomach (Zhang et al., 2007). The human recombinant GLYATL2 has been expressed
in the endoplasmic reticulum, salivary glands and trachea where it did show enzymatic
activity (Waluk et al., 2010). The GLYATLZ2 was also detected in spinal cord, lung tissue

and skin fibroblasts (Waluk et al., 2010).

Table 1.2: GLYAT family members

Member | Isoforms Ensembl protein GenBank protein
accession ID accession ID

GLYAT

Variant1 | a =296 aa ENSP00000340200 | NP_964011

Variant2 | b =163 aa ENSP00000278400 | NP_005829

GLYATL1

Variant1l | a=333 aa ENSP00000300079 | NP_542392

Variant 2 | b =302 aa ENSP00000322223 | Q96913

Variant 3 | ¢ =279 aa ENSP00000401353 | BAG62195

GLYATL2 | 294 aa ENSP00000287275 | NP_659453

GLYATL3 | 288 aa ENSP00000360240 | NP_001010904
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1.7 Recombinant protein expression

1.7.1 The expression system

There is a variety of protein expression systems available commercially, which include
fungi, plants, cultured insects, yeast, mammalian and bacterial cells. Each of these
expression hosts has their own advantages. Recombinant proteins need to be
expressed in an appropriate host to fold into an active protein. Fungi’'s biggest
advantage is the ability to secrete large amounts of product into the surrounding media,
but this is overshadowed by the fact that high level expression of product has not been
achieved. Plants have a disadvantage of growing very slowly and have low
transformation efficiency. Cultured insect cells have many processing mechanisms
similar to that of eukaryotes and give high levels of expression of the product. The
greatest drawback of the cultured insect cells is their lack of adequate glycosylation and
therefore expressed protein is not always functional. Yeast cells do have glycosylation
and formation of disulfide bond formation but the glycosylation is different from that of
mammals. The mammalian cells can produce a product with the same biological activity
as the native protein but with the disadvantage of slow generation time. In addition,
mammalian cells can be difficult to grow and very expensive. Bacterial cells have an
advantage of fast generation time, large choice of cloning vectors plus the gene
expression is easily controlled. The bacterial species (Esherichia coli, E. coli) was
selected as both the cloning and expression host because it has an added advantage of
being capable of expressing recombinant protein to a total of 50 % total cellular protein

(Baneyx et al., 1999; Sorensen and Mortensen, 2005). The biggest disadvantage of the
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E. coli host is the inability to conduct post-translational modifications which may lead to
a recombinant protein with different or no biological activity compared to the natural
protein. However, there are reports of human transferase enzymes that have been

expressed successfully in E. coli (Honchel et al., 1993; Grant et al., 1992).

1.7.2 The pCold protein expression system and molecular chaperones

Growing cultures at lower temperature produces a special response called the “cold
shock” response from the cspA gene (Jones et al., 1987) which is a condition where
cells produce “cold shock” proteins. The “cold shock” proteins help the cell survive the
cold (Goldberg et al., 1997). The commercial pCold system from TAKARA™ makes use
of a vector that expresses proteins using the cspA promoter. Molecular chaperones (or
simply chaperones) are proteins which are co-expressed with target proteins to help

with the proper folding and avoid protein aggregation to finally deliver an active enzyme.

1.7.3 Protein purification

Often, it may be required to isolate a single type of protein in order to study its
properties. Protein purification is a step-by-step process of separating a single type of
protein from biological samples. The initial matter resulting from the disruption of a cell
or tissue is commonly called a homogenate. Total protein extracted from the
homogenate is commonly called a crude cytoplasmic extract. The crude cytoplasmic
extract contains between 10 000 and 20 000 different proteins. In order to separate a

single type of protein from biological samples, it may be required to exploid the
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characteristics of proteins such as protein size, charge, binding affinity and biological
activity. Proteins which do not contain a purification tag are generally separated by
ammonium sulphate first, then followed by either one of the chromatographic
techniques i.e. size exclusion, ion exchange and affinity chromatography. Recombinant
proteins can be marked by way of flagging (Flag™) or tagging (Histidine tag™) which
means that a series of amino acids is attached to one end of the expressed protein of
interest. The protein of interest can then, for example, be selected by use of a
monoclonal antibody against the tag attached to an immobilized support for use in

affinity chromatography.

1.7.3.1 Ammonium sulphate precipitation

The ammonium sulphate precipitation method has been used for protein precipitation
for a long time (Watson and Langstaff, 1927). It is generally used to prepare native
proteins from biological samples. The ammonium sulphate precipitation procedure is a
more specific method of the broader concept of salting out. The concept of salting out is
based on the addition of salt to absorb water in solution. This leaves the hydrophilic
amino acid residues of proteins exposed to interact with each other. Proteins then start

to precipitate at different rates.
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1.7.3.2 Nickel affinity histidine tag-based purification

The histidine tag (His-tag) purification system allows recombinant proteins to be
selectively purified from biological samples. | planned to use it to purify the chacma
baboon recombinant GLYAT after being expressed in Origami® cells. In this approach,
recombinant proteins are expressed containing an amino terminal tag of six histidines
(Janknecht et al., 1991). Crude protein extracts are loaded on a column made up of
nickel nitrilotriacetic acid (Ni**-NTA) and His-tagged recombinant proteins are

selectively eluted with a buffer containing amidazole.
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1.8 Problem formulation and aims

GLYAT is a mammalian enzyme responsible for the phase Il detoxification of toxic acyl-
CoAs from a variety of origins i.e. endogenous toxic metabolites and xenobiotic
compounds in preparation for their excretion in urine. GLYAT is most active in

mammalian liver and kidneys.

Some GLYAT conjugates (acylglycines) have been identified to be precursors of fatty
acid amide biosynthesis whose products serve as mammalian hormones (Merkler et al.,
1996; Farrel and Merkler, 2008). However, a lot is still unknown about GLYAT.
Currently, there are no inborn errors of metabolism associated with human GLYAT that
have been reported. The human GLYAT gene has been sequenced (Vessey and Lau,
1998; Kelley and Vessey, 1992). There are 276 SNPs along the human GLYAT gene
and only 10 SNPs are in the coding region (GenBank: accessed on 13 January 2011). It
has been suggested that only 2 of the 10 SNPs (Serl7Thr and Argl199Cys) may have

an effect on GLYAT enzyme activity (Cardenas et al., 2010).

Neither the GLYAT nucleic acid nor amino acid sequences of the chacma baboon nor
that of vervet monkey has been reported in the literature. Characterisation of GLYAT
from additional non-human primates is necessary to help with the understanding of
GLYAT diversity and gain more insight into mammalian detoxification systems. This will

pave the way for future manipulation of the enzyme’s primary structure for the rational
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design of a therapeutic recombinant GLYAT with broader substrate specificity for acyl-
CoAs. Currently, an ideal GLYAT is required that could conjugate a much larger

spectrum of toxic metabolites resulting from inborn errors of metabolism.

Aim:

The main aim of this project was to determine the nucleic acid sequence encoding
GLYAT open reading frame from the vervet monkey (Chlorocebus pygerythrus) and
chacma baboon (Papio ursinus).

The specific objectives of the project were to:

(a) Clone and sequence the cDNA derived from the mRNA of GLYAT from the chacma

baboon

(b) Express the cloned amplicon encoding GLYAT from chacma baboon and test if the

recombinant enzyme has activity

(c) Sequence the vervet monkey GLYAT open reading frame from genomic DNA

(d) Compare the nucleic acid and amino acid sequence of GLYAT originating from

humans, chimpanzee, rhesus monkey, chacma baboon and vervet monkey

(e) Extract chacma baboon GLYAT from liver tissue and test it for enzyme activity
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Chapter 2

DNA sequencing and analysis of the open
reading frames that encode GLYAT of the
chacma baboon and the vervet monkey

2.1 Introduction

Glycine-N-acyltransferase (EC 2.3.1.13, GLYAT) is one of the enzymes from the GCN5-
related N-acetyltransferase (GNAT) superfamily responsible for the biotransformation of
endogenous and xenobiotic toxic compounds. GLYAT conjugates glycine to acyl-CoA in
mammalian mitochondria, mainly in the liver and kidneys (Schachter and Taggart,

1953).

Patients with organic acidemias such as isovaleric acidemia, 3-methylcrotonylglycinuria
and propionic acidemia usually respond well to glycine therapy and excrete acylglycine
(Krieger and Tanaka, 1976). The Biochemistry Department at the North-West University
(Potchefstroom campus) has an initiative to study detoxification profiling using substrate
loading tests. Analytical methods are used to detect metabolites associated with
detoxification. The aim is to eventually be able to correlate patients’ genotype to their
biochemical detoxification profile. Hence, the genes encoding GLYAT enzymes need to

be characterised.
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The entire genes encoding GLYAT have been sequenced for humans
(ENSG00000149124), the chimpanzee (ENSPTRGO00000003683), rhesus monkey
(ENSMMUGO00000011718) and bovine (ENSBTAG00000038323). The aim of this
project was to characterize the GLYAT enzyme in two additional non-human primates
so that we can start to understand its diversity and gain more inside into the mammalian
detoxification system. The core GNAT fold encoded by exon 6 of the GNAT superfamily
has been shown to be conserved in all kingdoms of life (Vetting et al., 2005, Dyda et al.,
2000). Thus, sequencing the ORF encoding GLYAT from the chacma baboon and
vervet monkey will enable comparison of this exon 6 in two more primates. The
alignment of GLYAT sequences from human, chimpanzee, rhesus monkey, chacma
baboon and vervet monkey is expected to show similarities and differences on nucleic
acid and amino acid level. These similarities and differences can eventually be used to
rationally design a recombinant GLYAT enzyme, with altered substrate specificity. A
GLYAT enzyme with altered substrate specificity would be able to biotransform a much
larger substrate spectrum. As a result such an enzyme can be used for the treatment of
patients with a wide range of organic acidemias. Neither the genomes nor the GLYAT
genes of both the chacma baboon and vervet monkey have been sequenced. Tissue
samples from chacma baboon and vervet monkey were available to start this project.
This chapter reports, for the first time, nucleic acid sequences of the open reading frame

encoding GLYAT for both the chacma baboon and vervet monkey.
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The objectives of the work described in this chapter were to:

1) Sequence the open reading frame encoding GLYAT from both the chacma baboon
and vervet monkey

2) Compare and analyse the GLYAT deduced amino acid sequences from humans,

chimpanzee, rhesus monkey, chacma baboon and vervet monkey
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2.2 Materials and methods

2.2.1 Cloning of cDNA encoding chacma baboon GLYAT

2.2.1.1 Ethical approval

The chacma baboon liver tissue was obtained from an project that was approved by the
Ethics Committee of the North-West University (ethical approval number: NWU-00005-
09-Al). A blood sample of a vervet monkey was obtained from a living vervet monkey
from another project approved by the Ethics Committee of the North-West University

(with an ethical approval number of NWU-0022-09-S5).

2.2.1.2 Extraction of total RNA from chacma baboon liver

An extract of total RNA from mammalian cells contains many RNAs including:
ribosomal RNA (rRNA), transfer RNA (tRNA) and messenger RNA (mRNA). The
MRNA, which is destined to be translated into polypeptides, is characterised by a
stretch of adenine repeats known as the poly (A) tail which is between 150-200
nucleotides at the 3’-ends (Edmonds and Caramela, 1969). The main reason for using
total RNA from the liver is to obtain an mRNA that will eventually provide a sequence of
the open reading frame encoding for the GLYAT that was expressed in the liver of

chacma baboon.

The principle of the kit used to extract total RNA (QIAGEN, cat # 74104) is based on a
chromatographic purification of RNA where the selective binding property of nucleic

acids to silica based membrane, in the presence of high salt buffer and ethanol, is
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exploited (Boom et al., 1990). The principle for the binding of nucleic acid acids to silica
is thought to be due to the dehydration of the phosphodiester backbone by the
chaotropic salt, which allows the phosphodiester to adsorb to silica (Russell and
Sambrook, 2001). RNAs less than 200 nucleotides and DNA contaminants are
excluded. RNases are non-specific RNA digesting enzymes that will degrade total RNA
as soon as it is released from the cells. Thus, a buffer containing RNases deactivators
such as guanidine thiocyanate and 2-mercaptoethanol is used to deactivate the RNases
(Chirgwin et al., 1979). The chromatographic column is washed with ethanol and total
RNAs with a length greater than 200 nucleotides are eluted with autoclaved milliQ (18

Q) RNase free water.

A 30 mg piece of chacma baboon liver was homogenised in RNAlater® on a Heidolph
silent crusher S (01-005-002-74-1). Total RNA was extracted using the QIAGEN kit (cat
#74104). The quantity and quality of the extracted total RNA was determined first on a
NanoDrop® ND-1000 Spectrophotometer (as described in section 2.2.1.3) and then
loaded on a 1.2 % agarose formaldehyde denaturing gel (as described in section

2.2.2.4).

2.2.1.3 Determination of the concentration and purity of nucleic acid samples

The concentration and purity of nucleic acid extracts was determined on a NanoDrop®
ND-1000 Spectrophotometer. The pinciple of the spectrophotometer takes advantage of
the fact that nucleic acids absorb most ultra-violet (UV) light at optical density (OD) of
260 nm (OD2g0) and aromatic proteins absorb most ultra-violet light at OD2gp. One OD2g
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of single stranded RNA corresponds to a concentration of 40 ng/ul and a pure sample
has an OD,5,/OD2gp value of 2.0. One ODygp of double stranded DNA corresponds to a
concentration 50 ng/ul and a pure sample has an OD,g0/OD2go ratio of 1.8. Sample
purity for nucleic acids is determined by dividing the absorbance values obtained at
OD2¢0 by those at ODygp to give what is known as an ODy0/OD2go ratio (Russell and

Sambrook, 2001).

2.2.1.4 Characterisation of nucleic acids on agarose gel electrophoresis

An agarose gel is composed of a linear polysaccharide (M, = 12000) made up of repeats
of agarobiose. The agarobiose is actually a unit composed of galactose and 3, 6-
anhydrogalactose. The gelling properties of agarose are due to intermolecular and
intramolecular hydrogen bonding that occurs within and between agarose chains. When
the gel cools down (settles) pores are formed within the gel. The sizes of these pores
are determined by the concentration of the agarose i.e. the higher the concentration the
smaller the pores will be and vice versa. Nucleic acid molecules are separated based
on the pore size i.e. smaller fragments of nucleic acids will travel faster while larger
fragments will follow behind at a slower rate when an appropriate voltage is applied.
Both the 1 % agarose gel electrophoresis and 1.2 % formaldehyde agarose denaturing

gel electrophoresis were performed as described by Russell and Sambrook (2001).

2.2.1.4.1 Agarose gel electrophoresis for DNA separation

A 1 % agarose gel: TAE buffer was prepared by dissolving agarose in a 1 X TAE buffer

(40 mM Tris acetate and 1 mM EDTA, pH 8) to a final concentration of 10 mg/ml. The
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mixture was boiled in a microwave oven until agarose was completely dissolved. The
solution was cooled to about 60 °C before ethidium bromide was added to a final
concentration of 1 pg/ml. The solution was mixed by swirling. The 50 ml solution was
poured on a gel casting stand (length = 14 cm, width = 10 cm and height = 0.7 cm) and
allowed to solidify with combs (depth = 6 mm, base width =5 mm and base thickness =
1 mm) inserted for an hour. After the gel had cooled, combs were removed and the gel
was immersed in a reservoir containing a 1 X TAE buffer. To prepare samples for
loading on the gel, DNA samples were mixed with a 6 X DNA loading dye (10 mM Tris-
HCI pH 7.6, 0.15 Orange G, 0.03% xylene cyanol FF, 60 % glycerol and 60 mM EDTA)
from Fermentas™. A constant 70 volts and an electric current of 25 mA were applied for
90 min (powered by BIO-RAD PowerPac™ HC power supply cat #164-5052). The
resulting gel was visualised after ethidium bromide staining using a Dark reader
(DR88M) transilluminator purchased from Clare Chemical Research. All agarose gels
were documented under ultra violet light using a SYNGENE™ Chemni Genius Bio

Imaging System.

2.2.1.4.2 Agarose formaldehyde denaturing gel electrophoresis for RNA
separation

Formaldehyde denatures RNA secondary structures. This will allow RNA to separate
according to size on the gel. A 1.2 % agarose formaldehyde denaturing (FA) gel was
prepared by dissolving agarose in a 10 x FA gel buffer (200 mM 3-N-morpholino
propanesulfonic acid (MOPS), 50 mM sodium acetate and 10 mM EDTA at pH 7). The

mixture was boiled in a microwave oven until agarose was completely dissolved. The
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solution was cooled to 65 °C then formaldehyde and ethidium bromide were added to
final concentrations of 220 mM and 1 mg/ml respectively then mixed by swirling. The
solution was poured on a gel casting stand (length = 14 cm, width = 10 cm and height =
0.7 cm) and allowed to solidify with combs (depth = 6 mm, base width =5 mm and base
thickness = 1 mm) inserted for an hour. Then, combs were removed and the solid gel
was submerged in a gel reservoir containing 1 x FA gel buffer (20 mM 3-N-morpholino
propanesulfonic acid (MOPS), 5 mM sodium acetate and 1 mM EDTA at pH 7). To
prepare samples for loading on the gel, one volume of 5 x RNA loading buffer (0.03 %
bromophenol blue (w/v), 0.004 M EDTA, 0.8856 M formaldehyde, 20 % glycerol, 31 %
formamide, 40 % 10 X FA gel buffer) was mixed with 4 volumes of RNA samples. The
RNA/dye solution was incubated for 3 to 5 min at 65 °C, chilled on ice for a minute and
then a total of 10 ul was loaded on the FA gel. The RNA was separated at a constant 70
volts and an electric current of 25 mA for 90 min (powered by BIO-RAD PowerPac™
HC power supply, cat #164-5052). The resulting gel was visualised after ethidium
bromide staining using a Dark reader (DR88M) transilluminator purchased from Clare
Chemical Research. All agarose gels were documented under ultra violet light using a

SYNGENE™ Chemni Genius Bio Imaging System.

2.2.1.5 cDNA synthesis

Complementary DNA (cDNA) is usually synthesised in a single step where the reaction
components of both cDNA synthesis and polymerase chain reaction (PCR) are
incubated in the same tube at the same time. Although this method has an advantage of

using the entire cDNA synthesised it has a major drawback which is the fact that
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reaction conditions can not be optimised for either the cDNA synthesis or the PCR
reaction. However, in this project a two step approach was used were cDNA was

synthesised separately from the PCR.

The polyadenylated mRNA represents 1 to 5 % of total RNA from a eukaryotic cellular
preparation. It needs to be converted to cDNA before it is amplified. The method of
converting mMRNA into cDNA employs a reverse transcriptase. A region of DNA
composed of repeats of thymine (T) base (oligo [dT]) bind to the poly (A) tail of the
MRNA in order to prime transcription. The reverse transcriptase is actually a RNA
dependant-DNA polymerase. A cloned moloney murine leukemia virus reverse
transciptase (MMLV-RT), which lacks activity for RNase H that could degrade RNA, is

often used to synthesise cDNA (Kotewicz et al., 1988).

A cDNA synthesis kit, MMLV High Performance Reverse Transcriptase, (EPICENTRE®
cat #RT80125K) was used to synthesise chacma baboon GLYAT cDNA. Since the
reagents used for cDNA synthesis were from the same kit, they shared the same
catalogue number (RT80125K) except if stated otherwise. A cDNA synthesis reaction
was set up as follows: 100 pg of total RNA, 10 pmol oligo (dT)ismer and autoclaved
milliQ (18 Q) RNase free water to final volume of 10 ul. The reaction was incubated at
65 °C for 2 min (in a BIO-RAD MJ Mini™ Gradient Thermal cycler (PTC-1148)) then
chilled on ice for a minute. The following components were added to the reaction: 1 X
reaction buffer (5 % glycerol, 5 mM Tris-Cl, pH 7.5), 0.5 mM for each of the dNTPs

(TAKARA™ |ot number BF2601A), 100 mM DTT, 5 U RNase inhibitor, 100 U MMLV HP
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reverse transcriptase and RNase free water to final volume of 20 ul. The reaction was
incubated at 37 °C for 60 min and the reaction was terminated by incubation at 85 °C for

5 min then chilled on ice for a minute. The cDNA was stored at -20 °C.

2.2.1.6 Polymerase chain reaction

DNA can be amplified from a single copy, of a specific region on DNA template, to
billions of copies by means of a polymerase chain reaction (PCR). A PCR is a
biochemical reaction whereby DNA is synthesised by a thermostable DNA dependent
DNA polymerase enzyme in vitro. A PCR has three main steps: DNA denaturing step,
primer binding step and elongation step. The DNA is completely denatured by a single
cycle by heating the reaction up to temparatures of between 90 °C and 100 °C. There is
a cyclic step whose purpose is to allow: DNA denaturing, primers to bind on template
DNA and the elongation of the newly synthesised DNA strand. During the cyclic step,
the reaction temperature is decreased (immediately after final denaturation) and this
allows primers to bind (temperature varies depending on primer set used) then
increased to 72 °C where the Taqg polymersase has optimum activity to elongate the
new DNA strand. At the end of the cyclic step, the reaction is kept at 72 °C for a few
minutes to extend the new DNA copies. The general PCR composition is made up of a
buffer suitable for the polymerase enzyme used, DNA template, deoxynucleotide
triphosphates (dATP, dCTP, dGTP and dTTP) in equimolar ratio, primer set (forward

and reverse primers), DNA polymerase, magnesium (Mg®"), and water.
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All reagents used for PCR were from the TAKARA™ Ex Taq kit (cat #PR001A). The
PCR was performed in a BIO-RAD MJ Mini™ Gradient Thermal cycler (PTC-1148). The
PCR components were: a 1 X Ex Tag PCR buffer, 0.2 mM dNTPs, 0.2 uM each primer,
1.25 U TAKARA™ Ex Taq DNA polymerase, 2 mM Mg®" and sterile water to final
volume of 50 pl. Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) is known to be
present in all living animals and for that reason primers known to amplify GAPDH were
used as positive control for PCR. PCR was done under the following conditions: the
initial denaturation was done at 94 °C for 30 sec. The cyclic step was repeated 30 times
and involved: final denaturation at 94 °C for 30 sec, primer annealing at 60 °C
(depending on the primer set used; see Table 2.1) for 30 sec and elongation at 72 °C

for 30 sec. The extension step was at 72 °C for 10 min. The reaction was held at 4 °C.

Table 2.1: Primers used to amplify and sequence GAPDH, vervet monkey GLYAT
exons and ORF encoding chacma baboon GLYAT

Region Primer Nucleotide sequence Annealing

amplified direction temperature

GAPDH Forward 5’- gaaggtgaaggtcggagtc-3’ 62 °C
Reverse 5’-gaagatggtgatgggatttc-3’

Exon 1 Forward 5’-cagattcttttgccagcctagtac-3’ 56 °C
Reverse 5’-cactcatgtagcatggatcccatataca-3’

Exon 2 Forward 5’-cagctcgttctcagaggagtcag-3’ 60 °C
Reverse 5’-gcagtgtttagactaagg-3’

Exon 3 Forward 5’-agtggttgtctgcctctctgtg-3’ 65 °C
Reverse 5’-gccctggctctaccatattgc-3’

Exon 4 Forward 5’-caggatatgacagatgaccttgat-3’ 60 °C
Reverse 5’-tctggagcttggaggaag-3’

Exon 5 Forward 5’-ggaaagccagagtgaatgcag-3’ 65 °C
Reverse 5’-tagcaccaagcccagaacc-3’

Exon 6 Forward 5’-gattctcacagacaccaaatctgctg-3'’ 56 °C
Reverse 5’-cttcactctgttcctctttcatca-3’

ORF Ndel 62 °C
Forward 5’-aattcatatgatgttaccattacaaggtgc-3’
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Xhol

Reverse 5’-aattctcgagcagaggcacacagttccac-3’
5’-Baboon Forward 5’-caaaatttactctgcgagactctgctg-3’ 62 °C
GLYAT UTR Reverse 5’-gtgcatgggtaacatccatg-3’
3’-Baboon Forward 5’-ccccaaaactgtcaggaattc-3’ 62 °C
GLYAT UTR Reverse 5’-gagctcgagcaatatgtatctgatg-3’

M13 Forward 5’-gttttcccagtcacgac-3’
(sequencing Reverse 5’-caggaaacagctatgac-3’

across the
multiple cloning
site of the TA
vector)

2.2.1.7 PCR clean up and gel extraction

A PCR reaction contains various components that may interfere with downstream
application of the PCR product such as the DNA polymerase, primers, PCR buffer,
MgCl, and especially incorrectly synthesised DNA fragments. A PCR amplicon needs to
be purified from these contaminants before cloning. The Macherey-Nagel Nucleospin
Extract II™ Kit's principle is based on the property of nucleic acids of binding to a silica
based membrane in the presence of 6 M sodium perchlorate (Marko et al, 1982). The
principle for the binding of nucleic acid acids to silica is thought to be due to the
dehydration of the phosphodiester backbone by the chaotropic salt, which allows the
phosphodiester to adsorb to silica (Russell and Sambrook, 2001).Contaminants such as
rRNA, proteins, agarose and nucleic acid fragments below 165 bases are washed away

during the washing step.

The amplicons resulting from vervet monkey GLYAT exons amplification were PCR

cleaned directly after PCR. The PCR amplicon of the ORF encoding chacma baboon
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GLYAT was first electrophoresed on a 1 % agarose gel (as in section 2.2.1.4.1) then gel
extracted. Both PCR clean up and gel extractions were performed using the Macherey-

Nagel Nucleospin Extract [I™.

2.2.1.8 Cloning of a PCR product containing an ORF encoding for GLYAT of
chacma baboon

2.2.1.8.1 TA cloning of the PCR product containing an ORF encoding for GLYAT
of chacma baboon

The TA vector is designed to be a plasmid having a 3’-ddT overhang as cloning sites.
The 3’-ddT overhang of the TA vector complements the 3’-dA overhang of the PCR
product produced by Ex Tag™ DNA polymerase (Figure 2.1 illustrates how the PCR

product is cloned into the TA vector).

5 3’

vector el PCR

dA product
3 5

Figure 2.1: A schematic representation of the TA vector cloning site with a PCR
product simulated
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The principle of the Fermentas InsTaclone cloning kit (cat #K1214) involves the use of a
specialized type of a TA vector called pTZ57R/T (see Figure 2.2). The pTZ57R/T is
2886 bp and has a multiple cloning site as shown in Figure 2.2, lac operator that
regulates expression of the insert from the T7 promoter and the bla gene that expresses

resistance to ampicillin.

The PCR product containing the chacma baboon GLYAT ORF was cloned into the
pTZ57R vector (InsTAclone™ cloning vector cat #K1214). DNA ligation reaction specific
to TA cloning was set up as follows: 5 U T4 DNA ligase, 0.15 pug pTZ57R DNA, 1 x
ligation buffer, GLYAT DNA and water to final volume of 30 pl. The reaction was

incubated at 22 °C for one hour.
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GAG GCC TGC ATG CAA GCT TiIC CCT ATA GIG AGT CGT ATT AGA GCT TGG CGT
CTC CGG ACG TAC GTT CGA ArG GGA TAT CAC TCA GCA TAAR TCT CGA ACC GCA
1 transcription start T7 promaoter

leu Gly Ala His Leu Ser Glu Arg Tyr His Thr Thr Asn Ser Ser Pro Thr

AAT CAT GGT CAT AGC TGT TTC CTG 5
TTA GTA CCA GTA TCG ACA AMG GAC 5°
M13/pUC reverse sequencing primer {26), 17-mer (#50101)

lle Met Thr Met

Figure 2.2: (A) A vector map of pTZ57R. (B) The base sequence of pTZ57R’s
multiple cloning site.
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2.2.1.8.2 Directional cloning of PCR amplicons containing the ORF that encodes
for GLYAT of chacma baboon into pColdlll vector

Directional cloning refers to the type of cloning that involves restriction enzyme
digestion of both the vector and the insert with the same restriction enzymes to give
compatible ends for their ligation. A PCR product containing an ORF encoding GLYAT
of chacma baboon was cloned into pColdlll in preparation for expression in bacteria.
The pColdlll is a commercial vector that is 4377 bp long and has the multiple cloning
site shown in Figure 2.3. The pColdIll expresses the insert in the multiple cloning site
from the cspA promoter that is induced by cold environments. The cspA promoter is

regulated by the lac operator. The pColdlll expresses resistance to ampicillin.

Separate restriction enzyme digestion of pColdlll and PCR product containing ORF
encoding for GLYAT of chacma baboon was done using the restriction enzymes Ndel
and Xhol as stated in section 2.2.1.8.7. Reactions were incubated at 37° C for 16 hours.
The appropriate fragments were gel extracted separately (as stated in section 2.2.1.7).
The linear pColdlll was ligated to the digested PCR product containing the GLYAT

ORF of chacma baboon using a T4 ligase enzyme as shown in section 2.2.1.8.8.
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cspA 3'UTR
multiple cloning site
TEE

cspA S'UTR

lac operator

cspA promoter

pCold lll DNA
(4,377 bp)

pCold-F Primer TEE
3 AAAATCTGTAAAGCACGCCATATCGCCGAAAGGCACACTTAATTATTAAGAGGTAATACACCATGAATCACAAAGTG
SD Met Asn His Lys Val

Ndel Sacl Kpnl  Xhol BamH| EcoRI HindIll Sall ~ Pstl  Xbal
CATATG GAGCTC GGTACC CTCGAG GGATCC GAATTC AAGCTT GTCGAC CTGCAG TCTAGA TAGGTAATCTCTGCT
His Met Glu Leu Gly Thr Leu Glu Gly Ser Glu Phe LysLeu Val Asp LeuGIn Ser Arg End

pCold-R Primer
TAAAAGCACAGAATCTAAGATCCCTGCCATTTGGCGGGGATTTTTTTATTTGTTTTCAGGAAATAAATAATCGAT 3
transcription terminator

Figure 2.3: A diagrammatic illustration of pColdlll with the DNA sequence of its
multiple cloning site below
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2.2.1.8.3 Preparation of chemically competent Esherichia coli cells

The E. coli cells need to be prepared for the uptake of foreign DNA (transformation) in a
procedure that is commonly termed “preparation of competent cells”. The principle of
the preparation of E. coli chemically competent cells is based on the observation that E.
coli cells tend to be susceptible to take up foreign DNA from their environment after
been treated with a buffer containing calcium chloride (CaCl,) (Hanahan, 1983; Mandel
and Higa, 1970). Competent cells can be stored in 15 % glycerol at -80 °C for months
without losing their competency (Morrison, 1977). The best chemical method for
preparation and transformation of ultra-competent E. coli was used (Inoue et al., 1990).
This method is similar to the chemical method first described by the heat shock method
(Hanahan, 1983) but the main difference is that the culture is grown at temperatures
between 18 °C and 22 °C instead of 37 °C. The decrease in temperature is suspected to
favour the efficiency of the transformation. The method for preparation of ultra
competent E. coli cells (Inoue et al., 1990; outlined by Russell and Sambrook, 2001)

was used to prepare competent IM109™ and Origami™ cells.

A bacterium was inoculated in a 25 ml Luria-Bertani (LB) broth in a large flask (250 ml)
for better aeration. The inoculated broth was incubated at 37 °C, shaking at 225 rpm, for
8 hours. The culture was divided into three volumes: 10 ml, 4 ml and 2 ml. These three
cultures were each inoculated in 250 ml LB broth and incubated at 18 °C, shaking at
140 rpm, until density of one of the cultures reached an ODgoo 0f 0.55 (measurements

were done using a Biochrom™ Novaspec II® visible spectrophotometer). The culture
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that reached an ODggo Of 0.55 was selected and placed in an ice water bath for 10 min
while the other two were discarded. The cells were harvested by centrifugation at 2500
x g for 10 min at 4 °C. The supernatant was discarded and the pellets were suspended
in 80 ml ice-cold Inoue transformation buffer (55 mM MnCl;-4H,0, 15 mM CacCl,-2H,0,
250 mM KCI, 10 mM PIPES and all dissolved in autoclaved milliQ (18 Q) water). The
PIPES [piperazine-1,2-bis(2-ethanesulfonic acid)] stock solution (0.5 M pH 6.7) was
prepared by dissolving 15.1 g of PIPES in 100 ml autoclaved milliQ (18 Q) water then
filtered through a disposable prerinsed Nalgene filter (0.45 um pore size). The filtered
PIPES solution was aliquoted and stored at -20 °C. The cell pellet was suspended by
swirling then they were harvested by centrifugation at 2500 x g for 10 min at 4 °C. The
supernatant was discarded and the cell pellet was suspended in 20 ml ice-cold Inoue
transformation buffer. The suspension was mixed with 1.5 ml DMSO by swirling and
incubated in ice-water bath for 10 min. The suspended cells were aliquoted in 2 ml
volumes (polypropylene tubes) and snap frozen in liquid nitrogen then stored in -80 °C,

for long term storage.

2.2.1.8.4 Transformation

The principle of transformation is based on the brief and sudden heat shock of
competent cells at 42 °C in the presence of DNA and chilled to facilitate transformation
(Hanahan, 1983). The transformed cells are grown on agar plates with selective
antibiotics that are used to select the successfully transformed cells. Transformation
efficiency of 2 x 10° cfu/ ug is considered ideal (Russell and Sambrook, 2001). The

transformation was conducted as follows: all cultures were grown at 37 °C (in a
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Multitron™, INFORAG™ 2000, incubator shaker) to reach ODego reading of 0.5
(measurements were done using a Biochrom™ Novaspec I|I® Vvisible
spectrophotometer) before transformation. One ODgoo Of an actively growing E. coli
culture contains ~10° bacteria/ ml. DNA mass of 1 ng was used to transform a total
volume of 50 ul competent cells using the heat shock method (Inoue et al.,1990; as

outlined in Russell and Sambrook, 2001).

Equation 1.1 Transformation efficiency = number of colonies on plate (successful transformants ) X 1000 ng/ug.
mass of DNA used to transform in ng/ volume of cells in

Three 1.5 ml Eppendorf tubes each containing 50 pl competent cells was set up: one
had 1 ng of transforming DNA (experiment), the other had 1 ng of a known plasmid
(positive control) and the last had no plasmid (negative control). Tubes were stored on
ice for 30 min. Cells in the three tubes were heat shocked by suspending the tubes in
water bath at 42 °C for 90 sec. Then, the cells were cooled in an ice water bath for 2
min. A volume of 800 ul SOC medium (Russel and Sambrook, 2001) was added to each
tube and incubated at 37 °C, shaking at 180 rpm, for 45 min. The three cultures were
separately spread on SOB agar (Russel and Sambrook, 2001) with appropriate

antibiotic and incubated overnight at 37 °C.
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2.2.1.8.5 Selection of successfully transformed bacteria

Two approaches were used to screen for successfully transformed cells: the antibiotics
and “blue/white” screening. The antibiotics approach involved the use of antibiotics in
media for growing cells. A positive control was defined as the transformation of E. coli
cells with a known amount of a known plasmid used to test if cells were competent and
calculate their transformation efficiency. A positive control provides a reference that
should give an indication whether transformation was successful. A negative control
was defined to be growing E. coli cells without the plasmid that can give them selective
advantage over the antibiotics used. This negative control should indicate whether the
antibiotics used were effective. Luria-Bertani (LB) media and antibiotics concentrations

were prepared as in Russell and Sambrook (2001).

The success of the transformation can be screened by including a substrate for (-
galactosidase in the medium of the transformed culture (Lim and Chae, 1989). The B-
galactosidase has a normal function of breaking down lactose to glucose and galactose.
The B-galactosidase is a tetramer with one of the monomers (amino-terminal) linking the
three other monomers. The two fragments need to associate to produce an active B-
galactosidase (Ullmann et al., 1967). Most plasmid vectors are designed to have a
regulatory region such as the lac operon. The lac operon has the lacz gene that
regulates the expression of the [-galactosidase. Therefore, inactivation of the lacz
repressor by the IPTG results in increased expression of the [B-galactosidase. The

multiple cloning sites of many plasmid vectors carry a DNA sequence encoding for the
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first 146 amino acids of the [(-galactosidase gene. Thus, cloning an insert into the
multiple cloning site will disrupt the expression of the amino-terminal fragment that
complements the other three monomers in the formation of an active a-galactosidase.
The B-galactosidase can convert  X-gal (5-bromo4-chloro-3-indolyl-B-D-
alactopyranoside) to an insoluble dense blue compound (Horwitz et al., 1964). In a-
complementation screening, the expression of an active B-galactosidase from a plasmid
vector is used to indicate failure to clone into the multiple cloning sites. An active B-
galactosidase is indicated by the conversion of the X-gal (present in medium) to an
insoluble blue compound which will result in colonies turning blue. In contrast, white
colonies would mean that the a-complementing fragment failed to express because an

insert was successfully cloned into the multiple cloning site.

Transformed cells were spread on Luria-Bertani agar (LB-agar) plates containing: 100
ug/ml ampicillin, 0.027 mg/ml X-gal (Promega cat #3941), and 0.13 mM IPTG (Promega
cat #V395A). Plates were incubated at 37 °C overnight. The next day, white colonies
were selected (to make pure colonies, “master plate”) and streaked on LB agar
containing 100 pug/ml ampicillin, 27 mg/ ml X-gal and 0.13 mM IPTG and incubated at 37

°C overnight.
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2.2.1.8.6 Extraction of plasmids from transformed cells using the PureYield™
Plasmid Midi preparation system

The PureYield™ Plasmid Midiprep system (Promega™ cat #A2496) purifies plasmids
by selectively binding them to a silica-membrane column. The system uses an
endotoxin removal wash step to remove a substantial amount of protein, RNA and DNA
contaminants. Purification does not use the isopropanol precipitation of purified DNA
nor does it require extensive centrifugation which translates into a faster method with a
higher concentration of purified plasmid. Hence, plasmids were midi extracted using this

system.

Transformed cells were grown in 100 ml LB broth overnight at 37 °C. The next day, cells
were centrifuged at 4 000 x g for 10 min (Heraeus Multifuge® 1L/1L-R centrifuge from
Kendro). Cell pellets were resuspended in 3 ml cell resuspension buffer (50 mM Tris-
HCI, pH 7.5; 10 mM EDTA; 100 pg/ml RNase A) then lysed with 3 ml cell lysis buffer
(0.2 M NaOH; 1% SDS). The mixture was mixed by inversion 3 to 5 times by hand then
incubated at room temperature for 3 min. The pH of the mixture was neutralized by
addition of 5 ml neutralising buffer (4.09 M guanidine hydrochloride, pH 4.2; 759 mM
potassium acetate; 2.12 M glacial acetic acid) and inverting 3 to 5 times then incubation
at room temperature for 3 min so that a white flocculent precipitate can form. To remove
cellular debris, the mixture was first centrifuged at 15 000 x g for 15 min then the
supernatant was loaded on the PureYield™ clearing column which blocked the cellular

debris but allowed DNA, RNA and small proteins to pass through. The filtered lysate
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was loaded on the PureYield™ binding column to bind plasmid DNA and centrifuged at
1 500 x g for 3 min. The endotoxin removal wash solution was added to remove
contaminating endotoxin, proteins, RNA and endonucleases. The solution was
centrifuged for 1 500 x g for 3 min. The column was washed by adding column wash
buffer (60 % ethanol; 60 mM potassium acetate; 8.3 mM Tris-HCI; 0.04 mM EDTA.) and
centrifuging at 1 500 x g for 3 min. Then the column was centrifuged again at 1 500 x g
for 10 min to dry the column. Plasmid DNA was eluted with autoclaved milliQ (18 Q)

water.

2.2.1.8.7 Restriction enzyme digestion reaction

Unless indicated otherwise a general restriction enzyme digestion reaction was set up
as follows: 1 pug of DNA, 5 U restriction enzyme, 1 X reaction buffer and autoclaved

milliQ (18 Q) water to a final volume of 15 pl. The reaction was incubated overnight.
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2.2.1.8.8 Ligation reaction

Ligation was done with the Promega™ T4 ligase kit (Promega cat #9PIM180). A
general ligation reaction composed of 1 X ligation buffer (40 mM Tris-HCI, pH 7.8; 10
mM MgCl,; 10 mM DTT; 1 mM ATP), 100 ng vector DNA, 10 ng insert DNA, 1 U T4
ligase enzyme and autoclaved milliQ (18 Q) water to a final volume of 20 pl. The

reaction was incubated at 15 °C for 4 hours.

2.2.2 Reconstruction of the vervet monkey GLYAT open reading frame

2.2.2.1 Preparation of leukocytes from whole blood of vervet monkey

Fresh blood was obtained from a vervet monkey and collected in an anticoagulant
ethylene diamine tetra-acetate (EDTA) containing tube and transported to the
laboratory. An equal volume of histopaque was poured on top of the blood (without
mixing) and centrifuged at 3000 x g for 10 min. Leukocytes will aggregate and be
cushioned in the histopaque. Three layers were observed: the top layer had plasma, the
intermediate layer had buffy coat (leukocyte-enriched fraction) and the bottom layer had
concentrated erythrocytes. The buffy coat layer was transferred into a new 2 mi
Eppendorf tube. Both the top and bottom layers were discarded. The buffy coat was
washed with isotonic phosphate buffered saline (PBS) and centrifuged at 12 000 rpm for
5 min on a bench centrifuge (Eppendorf bench centrifuge 5415D). The pellets were
used to extract total genomic DNA following the FlexiGene™ kit protocol for extracting
genomic DNA from buffy coat.
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2.2.2.2 Genomic DNA extraction from leukocytes of a vervet monkey

The FlexiGene® mammalian genomic DNA extraction kit (QIAGEN cat# 51206) was
used to extract genomic DNA from leucocytes of vervet monkey (prepared in section
2.2.2.1). The method starts by lysing the leukocyte cells and sedimenting the cell nuclei
and mitochondria. The pellets are resuspended and incubated in a denaturing buffer
containing chaotropic salts (Chirgwin et al., 1979) and QIAGEN® protease. DNA is then
recovered by isopropanol precipitation and washed with 70% ethanol (Boom et al.,
1990). The DNA is resuspended in hydration buffer (10 mM Tris.Cl, pH 8.5). The total
genomic DNA was separated on a 1 % agarose gel and its concentration determined on

the NanoDrop spectrophotometer.

2.2.3 DNA sequencing

All DNA sequencing was done at the Central Analytical Facility (CAF) at the University
of Stellenbosch, South Africa. The recombinant plasmid (pTZ57R/T with chacma
baboon GLYAT open reading frame) was sequenced using the M13 primers. The vervet
monkey GLYAT PCR amplicons of the various exons were sequenced with the same

primer pairs which they were amplified with.

The resulting sequence data was analysed using DNASTAR® Lasergene 8.0 software

suite for sequence analysis. This software was used to translate nucleic acid sequences
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to amino acid sequences, align nucleic sequences and amino acid sequences and to

construct phylogenetic trees.
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2.3 Results

2.3.1 Extraction of total cellular RNA from chacma baboon liver

The objective of the experiment was to extract total RNA from liver tissue of a chacma
baboon. A piece of 30 mg chacma baboon liver tissue was homogenised. Total RNA
was extracted using a kit from QIAGEN™ (described in section 2.2.1.2) then the RNA
was separated on a 1.2 % formaldehyde agarose denaturing gel (as described in

section 2.2.1.4.2). The results are shown in Figure 2.4.

Total RNA extracted
‘ from chacma baboon liver

-

28 S rRNA >

18 S rRNA

A J

Figure 2.4: A 1.2 % formaldehyde agarose gel analysis of total RNA extracted
from aliver of a chacma baboon
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Humans and chacma baboons are classified as members of the primate family.
Therefore, the total RNA of the chacma baboon was expected to show the same
characteristics as that of human RNA. It is characteristic of mammalian total RNA to
show two bands on the gel where the upper band appears to be denser than the lower
band. The reason for this difference is that the 28 S rRNA binds to more ethidium
bromide than the 18 S rRNA which results in the difference in fluorescence. The
concentration of RNA in the total RNA preparation was found to be 108 ng/ul and since
80 pl was eluted it means that the yield was 8.64 ug and the Azgo/A2go ratio was 1.9. The
expected yield, as according to the manufacturer, was between 40 ug and 60 pg total
RNA with an Agzeo/Azgo ratio of 2. The Aygol2g0 ratio of 1.9 is acceptable but the yield of
8.64 ug was poor relative to the expected amounts since this represents only 14 % of
the expected total RNA amount. Lower yields do occur when the column is overloaded.

The total RNA preparation was used to synthesise cDNA in the next step.

2.3.2 cDNA synthesis using oligo (dT) primers

A chacma baboon cDNA was synthesised using 0.9 ug of total RNA extracted from
chacma baboon liver in a final reaction volume of 20 pl to synthesise cDNA (described
in section 2.2.1.5). The cDNA was used in PCR to amplify an open reading frame

encoding GLYAT of chacma baboon (section 2.2.1.6).
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2.3.3 Amplification and gel extraction of an amplicon containing the open reading
frame encoding GLYAT of the chacma baboon

The human GLYAT transcript (ENST00000344743) was used to design primers to
amplify cDNA containing an ORF that encodes GLYAT of chacma baboon. Primers
designed from human genes have been used successfully to amplify baboon DNA
before (Hampf et al., 1996; Bowcock et al, 1989). Baboon antithrombin 11l cDNA has
been used as a specific hybridisation probe to select for human antithrombin 11l cDNA
(Chandra et al, 1983). The primer pair ORF FWD and ORF REV was used to amplify
the ORF encoding GLYAT of chacma baboon (as illustrated in Figure 2.5 and primer
sequence shown in Table 2.1). The start codon (ATG) was included in the forward
primer sequence but the stop codon (TGA) was excluded in the reverse primer. The
stop codon (TGA) was excluded because the PCR amplicon was going to be cloned in

an expression vector that already had a stop codon (see chapter 3).
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encoding GLYAT of chacma baboon [TGA 3' ORF-UTR Rev
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5' Untranslated region Y
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Figure 2.5: A schematic representation of GLYAT cDNA. This shows how primers
were used to amplify the ORF encoding GLYAT and the two fragments used
to confirm human primer sequence. Primers were paired as follows: ORF
FWD and ORF REV(red); 5’ORF-UTR Fwd and 5" ORF-UTR Rev (black);
3’ ORF-UTR Fwd and 3' ORF-UTR Rev (green).

A 5 pl aliquot cDNA synthesis reaction product was used in 50 ul PCR to set up an
MgCl, concentration gradient PCR (as described in section 2.2.1.6). The purpose of the
MgCI, gradient PCR was to establish the MgCl, concentration required for optimum
PCR. An Ex Taq PCR buffer containing 1.5 mM MgCl, was used and more MgCl, was
added gradually to vary the final concentration of the MgCl,. Primers for the house
keeping gene glyceraldehyde 3-phosphate dehydrogenase (GAPDH) were used as
positive control generating a PCR product with 238 base pairs. The house keeping
genes are those genes that are compulsory to all organisms and enable existence of an
organism. The optimum MgClI, concentration was found to be 3 mM (results not shown).
The products of the PCRs containing MgCl; final concentrations of 2 mM and 3 mM
were gel extracted using the kit described in section 2.2.1.7. Then, a sample of each gel

extract was analysed on a 1 % agarose gel (see Figure 2.6).
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Figure 2.6: 1% Agarose gel analysis of the gel extracted PCR amplicons
generated with GLYAT specific primers from total RNA isolated from
a chacma baboon liver. Lanes (1) Fermentas O’GeneRuler DNA Ladder
cat# SM1173 (2) Purified PCR amplicon prepared with 2 mM MgCl, (3)
Purified PCR amplicon purified with 3 mM MgCl,

The PCR products containing an ORF encoding GLYAT of chacma baboon appeared in

lanes 2 and 3 as bands near the 900 bp band of the DNA ladder. DNA concentration of
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PCR products after gel extraction of PCR with 2 mM MgCl, was 17 ng/ul giving a yield
of 0.85 pg with an Agzeo/Azgp ratio of 1.8. The reaction with 3 mM MgCl, gave DNA
concentration of 25 ng/ul giving a yield of 1.25 pg and an Agso/Azgo ratio of 1.8 The gel
extracted PCR product in lane 2 appeared less visibly than the one in lane 3 due to the
difference in amounts that were loaded. The same volume of 5 ul was loaded on both
but due to difference in concentrations the final amount was different. PCR was done
with Ex Taq™ DNA polymerase which produces PCR products with extra 3'-dA
overhanging on each strand of the DNA. The TA vector has a 3'-ddT that is
complementary to the PCR product 3’-dA overhang. The next step was to clone the

PCR product into the TA vector and expression vector.

2.3.4 Cloning of a PCR amplicon encoding chacma baboon GLYAT open reading
frame into a TA vector

Primers used to amplify the PCR product had restriction enzyme sites that were situated
too close to the end of each primer for the enzyme to digest efficiently. Cloning the PCR
product into a TA vector first enabled a much efficient restriction enzyme digestion. The
PCR product was cloned into the TA vector using a commercial TA vector from
Fermentas (as described in section 2.2.1.8.1). The resulting recombinant plasmid
(pTZ57R/A ligated to the PCR product) was called pBabTAV001 (a confirmation

restriction digestion is shown in Figure 2.9).
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2.3.5 Transformation of pBabTAV001, pColdlll and pColdlll-EHDV into JM109 cells
followed by plasmid midi preparation

The reason for this transformation was to make enough of the plasmid DNA for midi
preparation. The pColdlll was obtained commercially in small amount and needed to be
transformed to increase its amount. The pColdlll-EHDV was obtained in a small amount
from Dr AC Potgieter containing an insert encoding for a viral protein of epizootic
haemorrhagic disease virus (EHDV) and it too required to be transformed first. The
pBabTAV001 required trasnformation before plasmid midi preparation could be done.

The separate transformations were done as illustrated by the flow diagram in Figure 2.7.
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Figure 2.7: A flow diagram illustrating the number of transformation experiments
conducted with different plasmids on JM109 cells.

Separate transformations of pBabTAVO001, pColdill and pColdlll-EHDV plasmids into

competent JM109 cells, with a transformation efficiency of 1 x 10 cfu/ pg (described in

section 2.2.1.8.3) was done as described in section 2.2.8.4. Plasmid midi preparation of

all plasmids from JM109 cells was done using a kit described in section 2.2.1.8.6. The

results of the transformation and DNA extraction experiments are shown in Table 2.2.
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Table 2.2: A table illustrating results of the transformation of pBabTAV001,

pColdlll and pColdlll-EHDV plasmids into JM109 cells

Expected | JM109 cells JM109 cells | IM109 cells
results pBabTAV001 | pColdlll pCold-EHDV
Culture final volume | 100 100 100 100
(ml)
Culture density Saturated | Saturated Saturated Saturated
DNA volume | 600 600 600 600
extracted (pl)
Aoss0/280 ratio 1.7 1.7 1.7 1.7
[DNA] extracted | 333 147.8 198 191.5
(ng/pl)
DNA yield (ug) 200 88.68 118.8 114.9

The results shown in Table 2.2 were compared with the expected results. The Promega
PureYield™ plasmid midi preparation system is designed to purify 200 pg of plasmid
DNA with an Azgo/Azgo ratio greater than 1.7 from a 100ml saturated culture. Therefore,
all plasmid midi preparations gave a relatively pure DNA when compared with the
expected DNA purity stated by the kit manufacture. The plasmid DNA vyield for pColdlil
and pColdlll-EHDV was relatively average as it was within the range stated by the
manufacture of 100 to 200 pg. The next step was the restriction enzyme digestion of the

extracted plasmids.

2.3.6 Restriction enzyme digestion of pBabTAV001, pColdlll and pColdlll-EHDV

The double restriction enzyme digestion of pBabTAV001, pColdlll and pColdlll-EHDV
with Ndel and Xhol was done in order to: (1) separate the PCR product containing an
ORF encoding GLYAT of chacma baboon from pBabTAV001; (2) linearise pColdlll in

such a way that it is compatible to ligate the restricted PCR product (3) and separate the
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insert (EHDV) from pColdlll-His-tag so that it can be substituted by chacma baboon
GLYAT digested PCR amplicon. The additional restriction enzyme digestion of
pBabTAV001, pColdlll and pColdlll-EHDV plasmids with the restriction enzymes

BamHlI, Pstl and EcoRI was to confirm their plasmids restriction maps.

The general restriction enzyme digestion reaction set up is described in section

2.2.1.8.7. However, variations from the general set up are shown in Table 2.3.
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Table 2.3: Restriction enzyme digestion of the extracted plasmid DNA

Component pBabTAV001 pBabTAV001 pBabTAV001 pBabTAV001 pColdlll pCold lI-EHDV
Ndel/Xhol EcoRl BamHI Pstl Ndel/Xhol Nde/Xhol

H,0 To final volume To final volume To final volume To final volume |To final volume |To final volume

BufferO 10 X 1X None None 1X 1X 1X

(50mM Tris-Cl; 10 mM

MgCI2; 100 mM NacCl;

0.1 mg/mIBSA; pH 7.5)

Buffer BamHI 10 X None None 1X None None None

(10 mM Tris-ClI (pH 8); 5

mM MgCl,; 100 mM

KCI; 0.02 % Triton X-

100; 0.1 mg/mIBSA)

Buffer EcoRI 10 X None 1X None None None None

50 mM Tris-HCIl (pH

7.5), 10 mM MgCl,,

100 mM NaCl,

0.02% Triton X-100,

0.1 mg/mIBSA

Ndel 60U None None None 60U 60U

Xhol 30U None None None 30U 30U

EcoRlI None v None None None None

BamHI None None 10U None None None

Pstl None None None 10U None None

DNA Spg lug lug lug 5pg SHg

Final volume 84 ul 20 ul 20l 20l 84 ul 84 ul
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Figure 2.8: A diagramatic representation produced using DNAMAN™ computer
software illustrating the pBabTAVO001 plasmid map with the expected
restriction pattern by the enzymes Ndel, Xhol, BamHI, EcoRI and Pstl.
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Figure 2.9: 1% Agarose gel electrophoresis of restriction enzyme digestion of
pBABTAVO001 and pColdlll-EDHV. (A) Lanes: (1) Fermentas DNA ladder
cat# SM1173. (2) Undigested pBabTAVO001. (3) pBabTAV001 digested
with Ndel and Xhol. (4) pCold IIl undigested. (5) pCold Il digested by Ndel
and Xhol. (6) undigested pColdlll-EHDV. (7) pCold III-EHDV digested with
Ndel and Xhol (8) pBabTAVO00l digested with EcoRI. (B) Lanes: (1)
Fermentas DNA ladder cat# SM1173. (2) pBabTAV001 undigested. (3)
pBabTAV001 linearised by digestion with BamHI (4) pBabTAV001l
linearised with Pstl.

Figure 2.8 illustrates the expected results after restriction enzyme digestion of
pBabTAV001 as shown in Table 2.3. In Figure 2.9(A), the actual gel picture showing the
results after restriction enzyme digestion of pBabTAV001, pColdill and pColdlll-EHDV.
Lane 1 shows DNA ladder which was supposed to show 21 bands on the gel instead

only 17 appear. The fading of bands on the gel could have been caused by heating up
74



of the gel due to a prolonged electrophoresis, which led to loss of intercalating agent by
the leading bands. Lane 2 was loaded with undigested pBabTAV001 as a negative
control for the restriction enzyme digestion experiment. The results of the double
restriction enzyme digestion of pBabTAV001 with Ndel and Xhol are shown in Figure
2.9 (A) lane 3 and show consistency with the predicted results shown in Figure 2.8 (B).
In addition to the two expected bands (892 bp and 2897 bp) there was a third band
which was a result of incomplete digestion [Figure 2.8 (A) shown as size 3789 bp]. Lane
4 had undigested pColdlll serving as a negative control to see any uncompleted
digestions. Lane 5 had the product of the restriction enzyme digestion of pColdlll with
Ndel and Xhol where the pColdlll was separated from its 20 bp located between Ndel
and Xhol restriction sites (see pColdlll multiple cloning site in Figure 2.3). Lanes 6 and 7
had pColdlll-EHDV undigested and digested with Ndel and Xhol respectively. After the
pColdlll-EHDV has been digested the EHDV was separated and the free pColdlll with
His-tag (was named pColdlll-His and size was estimated using DNAMAN to be 4432
bp) and had 17 amino acid repeats of serine-glycine linking the nucleotide sequence
that representing the His-tag. The serine-glycine linker starts with a glutamic acid (E)
and ends on a serine (S) (Figure 3.1 A). Lane 8 had the pBabTAVO001 digested with
EcoRI. The EcoRI restriction enzyme restricts pTZ57R at a single position and the
GLYAT open reading frame once producing two fragments (664 bp and 3125 bp) which
is comparable with expected results shown in Figure 2.8 (C). It appears that there was
some undigested pBabTAV001 DNA and this is shown by two extra bands: one band

represents the completely undigested DNA which is comparable to lane 2 and the other
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band seems to be linearised pBabTAV001 which could have resulted from the EcoRl

enzyme restricting only one site.

The rest of the restriction enzyme digestion products were analysed on a separate 1 %
agarose gel shown in Figure 2.9 (B). The DNA fragments of the DNA ladder in lane 1
appear to be very faint and this could be resolved by increasing the amount of the DNA
ladder loaded on the gel. Lanes 3 and 4 had pBabTAV001 DNA restricted with the
restriction enzymes BamHI and Pstl respectively. BamHI only linearised the
pBabTAVO001 DNA and this is deduced from the undigested fragment which coincides
with the undigested plasmid in lane 2. The Pstl has two restriction sites on the
pBabTAV001 which are 65 bases apart. After the complete digestion only a fragment of
3724 bp was visible and the 65 bp fragments was not visible because the fragment was
very small and moved faster to the end of the gel. The next step was to clone the PCR
amplicon containing the open reading frame encoding GLYAT of chacma baboon into
pColdlll and pColdlll-His. The detailed cloning experiment will be discussed in the next

chapter.

However, the position where human primers annealed required confirmation by DNA
sequencing. The next step was to sequence that human primer region and then the

insert in the multiple cloning site of pBabTAV001 DNA.
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2.4. Amplification of a fragment across the position where human primers were
bound on the chacma baboon GLYAT cDNA to confirm human primer
sequence by DNA sequencing

The expression of a chacma baboon recombinant GLYAT will be reported in the next
chapter (Chapter 3). Thus, it was absolute necessary to make certain that every base of
the open reading frame was indeed that of chacma baboon. The human primers used to
amplify the chacma baboon GLYAT open reading frame were bound at the beginning of
the open reading frame. This prevented a few bases from being sequenced (see primer
pair ORF FWD and ORF REYV illustrated in Figure 2.5). There were 29 bases (ORF
REV reverse primer) at the 3’-end of the ORF of chacma baboon GLYAT that were not
accounted for during the DNA sequencing of the ORF. It is commonly known that
primers can bind to template even when there are one or two base mismatches. The
reason for sequencing the chacma baboon transcript, as far as possible, was to

sequence across the region were the human primers were bound.

The logic is to get some sequence both before and after the human primer binding sites
by so doing it will be possible to gain confidence that the human primer sequence is
exactly the same as that of the chacma baboon. The primers used were designed from
the human GLYAT transcript (NM_201648) and they are illustrated in Figure 2.5. The 5’-
region of the open reading frame encoding GLYAT of chacma baboon was amplified
using the primer pair 5-UTR fwd and 5-UTR Rev. In addition, the 3’-region was
amplified with the primer pair: 3'-UTR fwd and 3’-UTR Rev. GAPDH primers were used

to control PCR. The results of the PCR are shown in Figure 2.10.
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Figure 2.10: 1% Agarose electrophoresis of the resulting fragments after
amplification of the 3’-fragment (A) and 5'-fragment (B) which
includes part of the open reading frame and an untranslated region
(UTR) of the cDNA encoding for GLYAT of chacma baboon. Lanes:
(Al) Fermentas™ DNA ladder cat# SM1173 (A2) GAPDH (A3) chacma
baboon GLYAT open reading frame-UTR 3’-fragment (B1l) Fermentas™
DNA ladder cat# SM1173 (B2) GAPDH positive control (B3) chacma
baboon GLYAT open reading frame-UTR 5’-fragment.

The 3'-UTR Rev primer bound 682 bp downstream of the stop codon while its forward
primer (3'-UTR fwd) bound 225 bp upstream of the stop codon. The two primers amplify
a DNA fragment of 907 bp (A3). The 5-UTR fwd primer bound 137 bp upstream of the
starting codon while the 5-UTR Rev primer bound 528 bp downstream of the start
codon. The two primers amplify a DNA fragment of 665 bp (B3). The 665 bp fragment
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(B3) appears on the gel near the 700 bp fragment relative to the DNA ladder (lane B1).
The DNA sequence of the primers is shown in Table 2.1. GAPDH fragment in both gels
shown in gels [Figure 2.10 (A2) and (B2)] amplified successfully. The success in
GAPDH amplification meant that the PCR was working. The PCR product in lanes A3
and B3 in Figure 2.10 show a small smear which will not make the results any less
reliable since these PCR products were gel extracted (described in section 2.2.1.7) and
DNA sequenced. The sequenced produced was combined with the sequence of the

open reading frame to reconstruct a transcript encoding GLYAT of chacma baboon.

The next experiment was intended to sequence and reconstruct the vervet monkey

GLYAT open reading frame from separate exons.

2.5 The extraction of genomic DNA from leucocytes of vervet monkey

The whole genome of the vervet monkey has not been sequenced, but some individual
genes have been sequenced and reported in GenBank. The GLYAT gene of the vervet
monkey has also not been sequenced. Blood was obtained from a living vervet monkey.
Genomic DNA was extracted from the buffy coat. A final concentration of 93 ng/ul total
genomic DNA with a yield of 9300 ng and purity of 1.8 was extracted. The human
GLYAT gene was used to design primers that were used to amplify vervet monkey
GLYAT exons. After, vervet monkey GLYAT exons were amplified then gel extracted
using the gel extraction kit (described in section 2.2.1.7). The gel extracted PCR
products containing exons encoding parts of GLYAT of the vervet monkey were
separated on a 1% agarose gel and the picture of the gel is shown in Figure 2.11.
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Figure 2.11: Gel extraction of PCR products containing (A) exons 1, 3, 4, 5and 6
(B) exon 2 coding for GLYAT of vervet monkey. Fragment sizes were
predicted using DNAMAN™ software. Lanes: (Al) Fermentas DNA ladder
cat# SM1173 (A2) Exon 1 (A3) Exon 3 (A4) Exon 4 (A5) Exon 5 (A6) Exon
6 (B1) Fermentas DNA ladder cat#SM1173 (B2) exon 2.

The PCR primers were designed from the human GLYAT gene to amplify vervet
monkey exons (Figure 2.11 A and B) to yield the following fragments: exonl = 378 bp,
exon2 = 700 bp, exon3 = 420 bp, exon4 = 490 bp, exon5 = 420 bp and exon6 = 1625
bp. All primers annealed on the neighbouring introns to the amplified exons.

The next step was to sequence the gel extracted vervet monkey PCR amplicons.
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2.6 DNA sequencing

DNA sequencing of the chacma baboon GLYAT open reading frame, chacma baboon
GLYAT cDNA UTR and vervet monkey exons was done using the chain termination
method (Sanger et al., 1977). There has not been any report on the GLYAT gene of the
vervet monkey in literature. Total genomic DNA of vervet monkey was extracted from
buffy coat obtained from vervet monkey blood. Human GLYAT gene was used as a
reference to design primers that must bind on the vervet monkey GLYAT gene introns in
order to amplify the exons. All six of the vervet monkey PCR amplified exon-intron
fragments were sequenced with the same primers they were amplified with. Human
exons were aligned to the vervet monkey exon-intron PCR fragments. Then the exon-
intron junction patterns were located on the sequences in order to trim down vervet
monkey exons. The exon-intron patterns that were searched for were: AG/GTA;
IGTAAGT; R G/IGTGAG(R = A or G); AG/IGTXXGT (X =A, T, G or C) (lida and Sasaki,
1983). The vervet monkey GLYAT exons were joined to form a continuous vervet
monkey GLYAT open reading frame. Figure 2.12 and Figure 2.13 show the achieved
DNA sequences of the chacma baboon and vervet monkey respectively. Known human
SNP sites that have been proposed to have a potential effect on GLYAT activity are

indicated (Serl7Thr and Arg199Cys).
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TT GTA CAA GGG TAA GGG TCT TCG ACC TTG GTC ACC TTG ACA CAC GGA G
961 AA CAT GTT CCC ATT CCC AGA AGC TGG AAC CAG TGG AAC TGT GTG CCT C

280 GIn His Val Pro Ile Pro Arg Ser Trp Asn GIn Trp Asn Cys Val Pro

AC ACT ACG GTT AGG ACT TGT ATT CTG TCA CAA CCC GTC CAG ACC CGT A

1009 TG TGA TGC CAA TCC TGA ACA TAA GAC AGT GTT GGG CAG GTC TGG GCA T

296 Leu ***

CA TTA ACC TCC TCA CCT ACC ACC TAC TTT TCC TTC TTA TTT AAC ATT A

1057 GT AAT TGG AGG AGT GGA TGG TGG ATG AAA AGG AAG AAT AAA TTG TAA T

GT CGT CAT TTC CTC ACC CGT GAC AAA CCC GAG ACC CCT TCG TCA CAC T

1105 CA GCA GTA AAG GAG TGG GCA CTG TTT GGG CTC TGG GGA AGC AGT GTG A

AC AAG TTG TCC TAG CGG TAC CAG GGA CGT AAG TGT CCA AAG AGT CAC C

1153 TG TTC AAC AGG ATC GCC ATG GTC CCT GCA TTC ACA GGT TTC TCA GTG G

CT TCC TCC GGG TCC AGG AGA ATG TAA ATT GGA TAC GTT AAA TCG AGG G

1201 GA AGG AGG CCC AGG TCC TCT TAC ATT TAA CCT ATG CAA TTT AGC TCC C
GT GTA GGT
1249 CA CAT CCA

Figure 2.12: Double stranded DNA sequence and the deduced amino acid
sequence of the chacma baboon GLYAT transcript.

The cDNA was prepared and amplified from the mRNA encoding GLYAT of the chacma

baboon. The chacma baboon GLYAT amplicon was sequenced. A nucleic acid
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sequence of 1256 bases was obtained representing the chacma baboon transcript. The
chacma baboon transcript contained an open reading frame of 891 bases that
translated into 296 amino acids (Figure 2.12). The transcript had a 122 base long DNA
region extending the 5’-end of the chacma baboon GLYAT ORF. There was a 243 base
long DNA region elongating the 3’-end of the chacma baboon GLYAT ORF. These
results are limited because the primers were designed relative to the human GLYAT
transcript which means that the length of the entire chacma baboon GLYAT transcript is

still unknown.
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TTG GTC ACC TTG ACA CAC GGA GAC ACT
865 AAC CAG TGG AAC TGT GTG CCT CTG TGA

289 Asn GIn Trp Asn Cys Val Pro Leu ***

Figure 2.13: Double-stranded DNA sequence and the deduced amino acid
sequence of the vervet monkey GLYAT open reading frame

The vervet monkey GLYAT open reading frame was 891 bases long and translated into
296 amino acids. Only an open reading frame for GLYAT of vervet monkey was
generated in this experiment because it was sequenced from the genome and not the
cDNA. The primers used to amplify the vervet monkey GLYAT exons annealed on the
introns. The transcript which is formed by extending the ORF does not contain intron
sequences.In order to amplify a transcript; one will have to start from total RNA instead

of the genome.

The deduced GLYAT amino acid sequences of both the chacma baboon and the vervet
monkey were aligned to the GLYATs from other primates. The objective was to
establish how different or similar the chacma baboon and the vervet monkey’'s GLYAT
are to other primate GLYATs. The alignment was done and shown in Figure 2.14 and

the phylogenic tree is shown in figure Figure 2.15.
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Human_GLYAT lso A MMLPLQGAQM LQMLEKSLRK SLPASLKVYG TVFHINHGNP FNLKAVVDKW PDFNTYVVCP QEQDMTDDLD HYTNTYQIYS 80
Chimpanzee MMLPLQGAQM LQMLEKSLRK SLPASLKVYG TVFHINHGNP FNLKAVVDKW PDFNTYVVCP QEQDMTDDLD HYTNTYQIYS 80
Rhesus_monkey MMLPLQGAQM LQMLEKSLRK SLPASLKVYG TVFHINHGNP FNLKAVVDKW PDFNTYVVCP QEQDMTDDLD HYTNTYQIYS 80
Gorila MMLPLQGAQM LOMLEKSLRK SLPASLKVYG TVFHINHGNP FNLKAVVDKW PDFNTVVVCP QEQDMRDDLD HYTNTYQIYS 80
Orangutan MMLPLQGAQM LQULEKSLRR SLPASLKVYG TVFHINHGNP FNLKAVVDKW PDFNTYVVCP QEQDMTDDLD HYTNTYQIYS 80
Marmoset MMLPLQGAQM LQTLEKYLRK SLPASLKYYG TVFHMNRGNP FNLKALVDKW PDFNTVVVCP REQDMTDDLD HYTNEYQIYS 80
Bushbaby IMSELQGAKN LOTLEEALRK SLPASHKVYG TVFHIRHGNP FELKALVDKW PDFNTYVVRP QEQDMEDDLD HYTNTYQIES 80
Tarsier MMLALQGAQM LOMLETSLRK SLPESLKJYG TVFHMNHGNE FKLKALVDXW PDFNTVVVRP REQDMTDDLD NYTNTYHIYS 80
Vervel monkey MMLPLQGAQM LQMLEKSLRK SLPASLKVYG TIFHINHGNP FNLKAVVDKW PDFNTVVVCP QEQDMTDDLD HYTNTYQIYS 80
Chacma_baboon MMLPLQGAQM LQMLEKSLRK SLPASLKVYG TVFHINHGNP FNLKAVVDKW PDFNTYVVCP QEQDMTDDLD HYTNTYQIYS 80
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Human_GLYAT lso A KDPQNCQEFL GSPELINWKQ HLQIQSSQPS LNEAIQNLAA |KSFKVKQTQ RILYMARETA KELTPFLLKS KELSPNGGKP 180
Chimpanzee KDPQNCQEFL GSPELINWKQ HLQIQSSQPS LNEAIQNLAA IKSFKVKQTQ RILYMABRETA KELTPFLLKS KILSPSGGKP 150
Rhesus_monkey KDHQNCQEFL GSPELINWKQ HLQIQSSQPS LNETIQNLAA IKSFKVKHTQ CILYMASETA KELAPFLLES KTESPSGGKP 180
Gorlla KDPQNCQEFL GSPELINWKQ HLQ1QSSQPS LNEAIQNLAF |KSFKVKQTQ RILYMABETA KELAPFLLKS KIILSPSGGKP 180
Orangutan KDPQNCQEFL GSPEL INWKQ HLQIQSSQPS LNEAIQNLAM |KSFKVKQTQ RILYMABETA KELAPFLLKS KILSPSGGKP 160
Marmoset KDPONCQEFL GSPELINWKQ HLQ1QSSQPS LNEAIQNLAA |KEFKVKQTQ CILYMPEE[A KNLAPFLLES KNISPSGUKE 160
Bushbaby KDMONCQEFL GSPEWINWKQ HLQIQSSQPS LNDHIIENLAA TESFKERRTQ CHLYATSETA KKPAPSLMDT GTLSPSGGKP 160
Tarsier KDLKNCQEFL GSPEMINWKQ BLQ10SSQES LNEWIQNLAA TKSFKVRHTQ CILYMEPETA KKLAPSLMDY KTESPDNExP 160
Vervet_monkey KDLQNCQEFL GSPELINWKQ HLQIQSSQPS LNEJIQNLAA [KSFKVKHTQ CILYMASETA KELAPFLLES KTLSPSGGKP 160
Chacma_babcon KDLQNCQEFL GSPELINWKQ HLQIQSSQPS LNETIQNLAA |KSFKVKHTQ CILYMASETA KELAPFLLES KTLSPSGGKP 180
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Human_GLYAT Iso_ A KAINQEMFKL SSMDVTHAHL VNKFWHFGGN ERSQRFIERC[T|QTFPTECLL GPEGTPVCWD LMDQTGEMRM AGTLPEYRUR]240
Chimpanzee KA|NQEMFKL SSMDVTHAHL VNKFWHFGGN ERSQRF IERC| IJQTFPTECLL GPEGTPVCWD LMDQITGEMRM AGTLPEYRUH|240
Rhesus_monkey KA|NQEMFKL SSMDVNMAHL VNKFWYFGGN ERSQRFIERC| JQTFPTSCLL GPEGTPVCWN LMDHTGEMRM AGTLPEYRH@[20
Gorlla KAINQEMFKL SSMOVTHAHL YNKFWHFGGN ERSQRFIERC| lQTFPTECLL GPEGTPYCWD [IMDQTGEMRM AGTLPEYRIH|240
Orangutan KA INQEMFKL SSMDVTHABL YNKFWHFGGN ERSQRFIERC| JQTFPTECLL GPEGTPVCWD LMDQITGEMRM AGTLPEYRIH|2¢0
Marmoset KT I NQEMFKL SSMDVTHABL YNKFWMFGGN ERSQRFIERC| IJaTFPESCLL GPEGTPVCWS LMDH[TGEMRM AGTLPEYREE|240
Bushbaby KPENQEMFKL SSEDVTHAHL VNKFWSFGGN EKSQRFIERC| I|QAFPSSCLL GPKGTPVEWS LMPQTGEMEM AGTLPEYRHH|240
Tarsier KPINQEMFKL SSEDBBHABL YNKFWEHGGN ERSHKF IERC GPEGEPVEWS LMDQTGETRM AGTLPEYRYE|240
Vervel monkey KA |NQEMFKL SSMDVNYAHL VNKFWEFGGN ERSQRFIERC GPEGTPYCWN LMD¥[TGEMRM AGTLPEYRAQ|240
Chacma_baboon KA|NQEMFKL SSMDVNMAHL VNKFWYFGGN ERSQRFIERC GPEGTPVCWN LMDHTGEMRM AGTLPEYRAR|240
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|
Human_GLYAT Iso A GLVTYVIYSH AQKLGKLGFP VYSHVDYSNE AMQKMSYTLQ
Chimpanzee GLVTYVIYSH AQKLGKLGFP VYSHYDYSNE AMQKMSYTLQ

I
H/Q224Y H/Q240R

Rhesus_monkey GLVTYVIYHH AQNLEKLGFP VYSHVDYSNE AMQKMSY@LQ
Gorlla GLVTYVIYSH AQALGKLGFP VYSHVDYSNE AMQKMSYTLQ HVPIPRSWNQ WNCVPL
Orangutan GLVTYVIYSH AQKLGKLGFP VYSHVDYSNE AMQKMSYTLQ HVPIPRSWNQ WNCVPL 286 | 1201T
Marmoset GEVTYVIYSE BONLIKLGFP JYSHVDYRNE AMQRMSYNLQ HIP IPRSWNQ WNCVPL 296
Bushbaby GLUITYVEYNQ GQEMDRLGFP JYAHVONNNK AMQKMSHNLE HJP1PBBWNQ WNCVPL 295
Tarsier GLISYVAYSE MolLDKLBFP NYSHVDRKNE AMOKMSBALE =NMEEENWNG WNCHPL 2%

Vervet monkey GLVTYVIYHH AQNLAKLGFP VYSHVDYSNE AMQKMSY@LQ HVP|PRSWNQ WNCVPL 296
Chacma_baboon GLYTYVIYHH AQNLAKLGFP VYSHVDYSNE AMQKMSY@ELQ HVPIPRSWNQ WNCVPL 2%

Figure 2.14: The chacma baboon and vervet monkey open reading frames aligned
to those from other primates. Amino acids differing from the concensus
are shown with a dark background. The following species are shown:
Human  (ENSP00000340200), gorila  (ENSGGOP00000004041),
chimpanzee (ENSPTRP00000006356), rhesus monkey
(ENSMMUP00000015380), tarsier (ENSTSYP00000008427), bushbaby
(ENSOGAPO00000006740), marmoset (ENSCJAP00000015482) and
orangutan (ENSPPYP00000003731).

91


http://www.ensembl.org/Pan_troglodytes/Transcript/ProteinSummary?db=core;g=ENSPTRG00000003683;r=11_random:7060804-7082976;t=ENSPTRT00000006891�
http://www.ensembl.org/Macaca_mulatta/Transcript/ProteinSummary?db=core;g=ENSMMUG00000011718;r=14:14853681-14869306;t=ENSMMUT00000016415�
http://www.ensembl.org/Tarsius_syrichta/Transcript/ProteinSummary?db=core;g=ENSTSYG00000009198;r=GeneScaffold_4803:321-6704;t=ENSTSYT00000009185�
http://www.ensembl.org/Otolemur_garnettii/Transcript/ProteinSummary?db=core;g=ENSOGAG00000007533;r=GeneScaffold_5568:54318-122490;t=ENSOGAT00000007537�
http://www.ensembl.org/Callithrix_jacchus/Transcript/ProteinSummary?db=core;g=ENSCJAG00000008411;r=11:114450435-114482075;t=ENSCJAT00000016356�
http://www.ensembl.org/Pongo_pygmaeus/Transcript/ProteinSummary?db=core;g=ENSPPYG00000003245;r=11:18028578-18059600;t=ENSPPYT00000003868�

—e Gorilla
921 Chimpanzee
Human_GLYAT_Iso_A

N sor Chacma_baboon

4E100 Rhesus_monkey

100 Vervet_monkey

—t 100f » Tarsier
= ! + Bushbaby

+ Marmoset

— Orangutan
0.110

Figure 2.15: A phylogenic tree analysis of GLYAT from primates. The following
species are  shown: Human (ENSP00000340200), gorilla
(ENSGGOP00000004041), chimpanzee (ENSPTRP00000006356),

rhesus money (ENSMMUP00000015380), tartier
(ENSTSYP00000008427), bushbaby (ENSOGAP00000006740),
marmoset (ENSCJAP00000015482) and orangutan
(ENSPPYP00000003731).

The GLYAT from the 10 primates aligned were different in 106 amino acid positions
(Figure 2.14). From this 106 amino acid positions, There were 4 new variations
introduced by GLYAT amino acid sequences from the chacma baboon and the vervet
monkey. The vervet monkey introduced an isoleucine in place of a valine at position 32
(I32V) and an arginine in place of a histidine or glutamine at position 224 (H/Q224Y).
The chacma baboon introduced a tyrosine in place of isoleucine at position 201 (1201T)

and an arginine in place of histidine or glutamine at position 240 (H/Q240R).

The GLYAT proteins from rhesus monkey, chacma baboon and vervet monkey grouped
distinctively from those corresponding to human and chimpanzee (Figure 2.15). The
chacma baboon and vervet monkey sequences were 99 % identical to rhesus monkey
sequence and 92.6 % identical to the human sequence. The human and chimpanzee

sequences were 99.7 % identical to each other.
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The chacma baboon and vervet monkey GLYAT amino acid sequences were aligned to
all 4 human GLYAT family members (Figure 2.16). The objective was to establish how
GLYATs from the vervet monkey and the chacma baboon relate to all 4 members of the

GLYAT family.
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Figure 2.16: The chacma baboon and vervet monkey GLYAT proteins were aligned
to all 4 human GLYAT family members (with their isoforms) known to
date. Dots were automatically inserted by the computer in order to get a
better fit of the alignment. Regions differing from the majority of the
sequences are highlited with a dark background. The E227T position is
shown.
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In Figure 2.16, the GLYATL3 showed a different amino acid at position 227 of the
protein (E227T). The possible significance of this position will be discussed later, in
section 2.7. The human GLYATL1_isoform_A has the longest polypeptide of all GLYAT
family members. It has 333 amino acids whereas GLYAT has 296 amino acids. The last
amino acid at the C-terminal of all GLYAT family members is leucine except in the case
of GLYATL2_ isoform_A and GLYATL3 isoform_A. The human GLYATLZ2_isoform_A

has a unique motif (KKYC) at the C-terminal.

2.7 Summary

Glycine-N-acyltransferase (EC 2.3.1.13, GLYAT) is one of the enzymes from the GCN5-
related N-acetyltransferase (GNAT) superfamily responsible for the biotransformation of
endogenous and xenobiotic toxic compounds. The Biochemistry Department at the
North-West University (Potchefstroom campus) has an initiative to study detoxification
profiling using substrate loading tests. The goal is to eventually be able to correlate
patients’ genotype to their biochemical detoxification profile. Hence, the genes encoding
GLYAT enzymes need to be characterised. The aim of this project was to characterize
the GLYAT enzyme in two additional non-human primates (the chacma baboon and the
vervet monkey) so that we can start to understand its diversity and gain more insight

into the mammalian detoxification system.
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A cDNA library was prepared from total RNA of a chacma baboon. The cDNA encoding
GLYAT was successfully amplified from this cDNA library, cloned and sequenced. The
amplicon containing a transcript encoding the GLYAT of chacma baboon was
sequenced up to 1256 bases long (Figure 2.12). The amplicon contained an open
reading frame of 891 bases which translated into a polypeptide of 296 amino acids.
There were 122 bases flanking the 5’-end of the chacma baboon GLYAT ORF. There
were 243 bases flanking the 3’-end of the chacma baboon GLYAT ORF. The primers
used to amplify the chacma baboon GLYAT transcript were designed from the human

GLYAT transcript region spanning its ORF.

The vervet monkey GLYAT ORF DNA was sequenced by first generating PCR
amplicons (from genomic DNA) containing DNA fragments that represent six exons
encoding the vervet monkey GLYAT. To construct the vervet monkey GLYAT ORF, the
separate exons were joined to form an open reading frame of 891 bases long which

translated into 296 amino acids (Figure 2.13).

There were 4 new variations introduced by GLYAT amino acid sequences from the
chacma baboon and the vervet monkey. The vervet monkey introduced an isoleucine in
place of a valine at position 32 and an arginine in place of a histidine or glutamine at
position 224. The chacma baboon introduced a tyrosine in place of isoleucine at

position 201 and an arginine in place of histidine or glutamine at position 240.The SNPs
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that have been proposed to have an effect on enzyme activity (Carnadas et al., 2010)

are shown (Serl7Thr and Arg199Cys).

The phylogenic analysis after the alignment of GLYAT amino acids showed that the
GLYAT proteins from rhesus monkey, chacma baboon and vervet monkey grouped
distinctively from those corresponding to human and chimpanzee (Figure 2.15). The
chacma baboon and vervet monkey showed 99% identity to rhesus monkey but only
92.6 % identity to the human sequence. All human GLYAT family members were
aligned and they revealed that the position 227 on the protein was not conserved
(Figure 2.16). The position 227 on the GLYAT protein was suggested to be important for
GLYAT catalytic mechanism because it was the most conserved position in the GNAT
superfamily members along the amino acids sequence making up the conserved GNAT

fold (MSc of Mr CPS Badenhorst, 2009).
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Chapter 3

Expression of a chacma Dbaboon’s
recombinant glycine-N-acyltransferase in
Escherichia coli and the preparation of a
crude cytoplasmic extract containing native
glycine-N-acyltransferase  from chacma
baboon liver

3.1 Introduction

In the previous chapter, the ORF encoding glycine-N-acyltransferase (GLYAT) of the
chacma baboon was amplified from cDNA, cloned and sequenced. This chapter reports
on the expression of a recombinant GLYAT from the cloned ORF in Escherichia coli
(Origami™ strain) using the expression vector pColdlll. Mammalian recombinant
proteins require an appropriate host to express and fold properly. The Origami™ cells
and pColdlll system were selected because they were used successfully to express a
soluble bovine recombinant GLYAT which had enzyme activity (MSc of Mr CPS
Badenhorst, 2009). The Origami™ cells are easy to work with, can be grown to high
density, their genetics is known and they lack the trx/gor gene which results in
increased levels of disulphide bond formation in recombinant proteins synthesised in the

cytoplasm (reviewed by Sorensen and Mortensen, 2005).
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When proteins are expressed at lower temperatures their synthesis and folding is
slowed down. This sometimes creates better conditions for the formation of a soluble
and functional recombinant enzyme. Growing cultures slowly at lower temperatures has
been shown to produce special proteins called the “cold shock” proteins in what has
been termed a “cold shock” response (Jones et al., 1987). These “cold shock” proteins
are expressed as a result of the induction of the cspA promoter in response to cold
environmental temperatures to help the cell survive the cold (Goldberg et al., 1997).
Chaperones (i.e. Dnak, DnaJ, GrpE, GroEL and GroES) are proteins that help with the
folding of newly expressed proteins to avoid protein aggregation and facilitate formation
of native proteins (Nishihara et al., 1998). Thus, combining the cspA promoter with
chaperone expression should promote better expression and a correctly folded chacma

baboon recombinant GLYAT.

The cold shock expression plasmid used in this experiment was a modified version of
pColdlll of Takara™ (GENBANK accession number AB186390). The pColdlll was
modified in such a way that there is a histidine tag (His-tag) at the C-terminal of the
expressed polypeptide. A nucleotide sequence encoding a serine-glycine repeat (18
amino acids in total) was included as a spacer between the recombinant protein of
interest and the His-tag [Figure 3.1 (A)]. The modified pColdlll plasmid was obtained
from Dr AC Potgieter with an insert that encodes a protein of epizootic hemorrhage
disease virus which will be referred to as EHDV for the purpose of this project. Since
this EHDV protein is not important for this project it was replaced with chacma baboon’s

GLYAT ORF.
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The TAKARA™ chaperone plasmid used in this chapter was pG-TF2 (8.3 kbp) [Figure
3.1 (B)]. It expresses the chaperone proteins: groES (10 kDa), groEL (60 kDa) and Tf
(trigger factor) (56 kDa) from the promoter Pzt-1 which is induced by tetracycline. The
chaperone plasmid carries an origin of replication from pACYC and a resistance gene to
chloramphenicol (Cm"). Chaperones from pG-TF2 can only be used with E. coli systems
that utilize other resistance than resistance to chloramphenicol (Cm") such as the

pColdlll type of plasmids which express resistance to ampicillin.

In addition, a crude cytoplasmic extract containing native chacma baboon GLYAT
protein was also prepared from chacma baboon liver and tested for enzymatic activity of

the reaction for human GLYAT enzyme.
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Ndel (272)

EHDV insert

Xhol (1324)

pColdlI-EHDV
5457bp

Pstl (1403)

| |

Xhol
ATGCGTATATGCTCGAGAGCAGCGRTGRCGATG GTAGCGGCGGECGETGGTTCTGGTGGTGGTGGCAGCCATCATCATCAT CACCATCTGCA
R fmmmmmm - fommmmmee- R fommmiees fommmemes fommmies T e foomone-

"TACGCATATACGAGCTCTCGTCGCCACCGCCAC CATCGCCGCCGCCACCAAGACCACCACCACCGTCGGTAGTAGTAGTAGTGGTAGACGT
AYMLET SSGGGG S GGG66G6GS 66666 S HHEHHEHHEH

pACYC ori groES

groEL

PG-Tf2
(8.3 kbp)

Figure 3.1: A schematic representation of the double stranded plasmid DNAs of:
(A) the expression vector containing an insert (pColdlll-EHDV) (B) the

chaperone plasmid (pG-Tf2 [8.3 kbp])
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The aims of the research presented in this chapter were to:

1) Express a recombinant GLYAT of chacma baboon using pColdlll as an expression

vector in Origami™ cells

2) Prepare crude cytoplasmic extract from liver of chacma baboon and test for the

presence of GLYAT activity

3) Compare the enzyme activity of the native and recombinant GLYAT of the chacma

baboon

3.2 Material and methods

3.2.1 Expression of baboon recombinant GLYAT protein in Origami™ cells

3.2.1.1 Co-expression of chaperones and a recombinant GLYAT of chacma
baboon in Origami™ cells

The pColdlll plasmid has the cspA promoter, which is induced by cold temperatures.
The cspA promoter is induced optimally at 15°C, where normal expression of cellular
protein slows down. Thus, the cold favors protein expression from the cspA promoter. In
this project, the PCR product containing a cloned copy of an open reading frame
encoding GLYAT of chacma baboon was cloned into a modified pColdlll plasmid so as
to exploit the advantage of the cpsA promoter. It is commonly known in literature that
mammalian proteins expressed in E. coli may experience difficulty in folding because

the E. coli does not have appropriate mammalian cell machinery. The chaperones
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[groES (10 kDa), groEL (60 kDa) and Tf (56 kDa)] were used to help to correctly fold

foreign proteins expressed in an expression system.

It is important that cells are transformed with the chaperone plasmid first then followed
by any other plasmid of interest. The Origami™ cells were first made competent and
then transformed (as described in section 2.2.1.8.3 and 2.2.1.8.4) with the chaperone
plasmid. The successful transformants containing the chaperone plasmid were kept in
media containing 25 pug/ml chloramphenicol. The chloramphenicol will ensure that only
cells that were successfully transformed with the chaperone plasmid will remain viable

in the 15 % glycerol stock.

The Origami™ cells containing the chaperone plasmid were made competent, for the
second time, then transformed with the pColdlll plasmids (described in section 2.2.1.8.3
and 2.2.1.8.4). The transformed cells were inoculated in 15 ml Luria-Bertani (LB) broth
containing 25 pg/ml chloramphenicol to select cells that contain the chaperone plasmid
and 100 pg/ml ampicillin to select cells that contain one of the pColdlll plasmids. The
cultures were incubated at 37 °C shaking at 200 rpm overnight to reach saturation. The
next morning, each culture was centrifuged at 2 000 x g for 10 min and the supernatant
was discarded. Each pellet was resuspended in 50 ml LB broth with 25 pg/ml
chloramphenicol, 100 pg/ml ampicillin and 0.01 pg/ml tetracycline to induce the
chaperone expression from pG-TF2 plasmid. The inoculated culture was incubated at
37 °C with shaking at 200 rpm for an hour. The 50 ml culture was divided into two 25 mi
cultures and incubated at 15 °C for 30 min. One 25 ml culture was used as a negative
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control by omitting IPTG. The other 25 ml culture had IPTG added to a final
concentration of 0.5 mM to induce the lac operon which will result in the expression of
chacma baboon recombinant GLYAT. After induction, all cultures were incubated at 15

°C for 24 hours.

3.2.1.2 Protein extraction after co-expression of chaperone plasmid and
recombinant GLYAT in Origami™ cells

Four empty 50 ml tubes were weighed and the four 25 ml expression cultures were
poured into them. They were all centrifuged at 3 000 x g for 30 min and the supernatant
was discarded. Pellets were allowed to dry by placing the tubes upside down for five
minutes on paper. Then, the following was added to each culture: 5 ml Bugbuster®
(Novagen™) / gram wet paste to disrupt the cell wall of E. coli, 1 KU rLysozyme
solution/ per ml Bugbuster®. The rLysozyme disrupts the cell wall by hydrolysing the N-
acetylmuramide linkages in the cell wall and by so doing enhances extraction efficiency.
Then 25 U of benzonase® nuclease is added per ml Bugbuster® to reduce the viscosity
of the extract due to liberation of chromosomal DNA. The suspension was incubated at
room temperature shaking at 40 rpm for 20 min. Then, 100 pl of total fraction was
removed for both induced and uninduced cultures and stored on ice. The remaining
cultures were centrifuged at 3 000 x g for 40 min. The resulting supernatant was taken

to be the soluble fraction and the pellets as insoluble fraction.
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3.2.1.3 10 % Sodium dodecyl! sulphate-polyacrylamide gel electrophoresis (SDS-
PAGE)

The objective of the method is to separate proteins according to their sizes. However,
proteins expressed in a cell have different charges which could affect their migration
speed when an electric current is applied. In order to make all proteins carry the same
charge a sample is denatured by boiling in the presence of a reducing agent which
disrupts the disulphate bridges formed by the cysteine residues. SDS is an ionic
detergent which binds to proteins and causes them to acquire a negative charge that
prevents them from refolding. Then, the samples are loaded on the polyacrylamide gel.
An electric field is applied to separate denatured proteins according to size (Laemli et

al., 1970).

10 % SDS-PAGE was used for a variety of samples as indicated in text. Both the
stacking and separation gels were prepared following the protocol described in Russel
and Sambrook (2001). The separating gel was composed of: 0.1 % SDS, 10 %
acrylamide, 0.27 % bisacrylamide, 375 mM Tris-HCI pH 8.8, 0.008 % TEMED and 0.08
% ammonium persulfate. The solution was poured between the two glass plates and
placed in a BIO-RAD mini protean gel casting tray (70 mm x 76 mm x 1mm). Saturated
isobutanol was poured on top and left to stand for an hour. The isobutanol prevents the
oxygen in air from inhibiting the gel polymerisation reaction. The isobutanol was
replaced with the stacking gel and Teflon combs were inserted. The stacking gel was

prepared with a solution containing: 0.78 % acrylamide, 0.0208 % bisacrylamide
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solution, 0.2 X Tris.Cl/SDS pH 6.8, 0.01 % (v/v) ammonium persulfate and the solution
made to a final volume of 25 ml with 18 Q water. Then, 0.0002 % (v/v) TEMED was
added and mixed for 5 sec. The addition of TEMED starts the polymerization instantly
therefore TEMED was added last. The solution was poured between the two vertical gel

casting plates and allowed to polymerise at room temperature for an hour.

Each protein sample was prepared before the loading on gel as follows: 5 ul of protein
sample, 2 M DTT (reducing agent), Novagen™ 1 x dual color® protein loading buffer
(0.0625 M Tris-Cl, 0.4 mM EDTA (pH 8.5), 2 % (w/v) SDS, 10 % (v/v) glycerol), 0.01 %
(w/v) bromophenol blue and 0.006 % (w/v) pyronin Y) and water (autoclaved 18 Q) to
make up the final volume of 20 ul. Proteins were denatured by heating samples at 95 °C
for 5 min. The solution was centrifuged briefly (~2 sec). 5 pl of each samples were
loaded on the gel. A constant current of 25 mA was applied at 60 Volts for 30 minutes.
The SDS polyacrylamide gel was immediately immersed in a staining solution
containing Coomasie dye for 30 min. Destaining was conducted by immersing the gel in
destain solution overnight. The destain solution was composed of 5 parts ddH-0, 4 parts
methanol and 1 part acetic acid (Russel and Sambrook, 2001). The next day, the

destain solution was replaced with distilled water.
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3.2.2 Preparation of a crude cytoplasmic extract containing native glycine-N
acyltransferase from the chacma baboon’s liver

3.2.2.1 Preparation of a mitochondrial supernatant fraction

A 25 g piece of fresh liver of chacma baboon was placed in a 50 ml Falcon tube
together with 4 volumes of 0.13 M KCI at pH 8 at 4°C. The volume of the KCI was
calculated using the volume which the liver tissue reached in the Falcon tube. The
tissue was homogenized manually on the bench using a glass homogenizer. The
homogenate was centrifuged at 6 000 x g for 10 min and the pellets were discarded. A
second centrifugation at 9 000 x g was done for 10 min and the supernatant was
discarded. The pellet was resuspended in 10 % of the original volume of 0.13 M KCI pH
8 and stored at -80 °C. The next day, the suspension was thawed and then frozen
repeatedly 3 times at -80 °C. After the final thawing, the suspension was centrifuged at
35 000 x g for 2 hours at 4 °C. The pellet was discarded and the supernatant was used

for protein determination.

3.2.2.2 The bicinchoninic acid assay for determining protein concentration

Proteins have a property to interact with cupric ion (Cu?*) to release a Cu'* ion. The
coprous ion (Cu**) binds to bicinchoninic acid (BCA) in an alkaline environment to form
a complex that displays a deep blue color and has a maximum absorbance at 562 nm.

This absorbance is directly proportional to the protein concentration (Smith et al., 1985).

A sample from the final supernatant (3.2.2.1) was diluted (1/10). Triplicate dilutions were

prepared. The diluted sample was then mixed with 20 X the volume of BCA:
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CuS0,4.5H,0 (50:1) in a microlitre plate, in triplicate. A series of samples with increasing
BSA concentrations to form a standard curve were prepared where the concentration of
bovine serum albumin (BSA) was varied in a gradient of O pg/ul, 20 pg/ul, 40 pg/ul, 60
pg/ul, 80 pg/upl, 100 pg/ul. Both the diluted crude cytoplasmic extracts and standard
series were incubated at 37 °C for 20 min and absorbance was read at 562 nm in a
BioTek™ microplate fluorescence (FL 600) plate reader. The amount of protein in the
diluted crude cytoplasmic extract was quantified by using the standard curve obtained

after plotting values obtained for the absorbance of BSA standard series.

3.2.2.3 Protein precipitation with ammonium sulfate

The protein present in the crude cytoplasmic extract from chacma baboon’s liver was
determined as described above (section 3.2.2.3) and then adjusted to 20 mg/ml. Then,
ammonium sulfate salt was added to a final concentration of 288 mg/ml in the
supernatant and mixed until all the ammonium sulfate was dissolved. The suspension
was centrifuged at 10 000 x g for 15 min and the pellet was discarded. More ammonium
sulfate was added to a final concentration of 144 mg/ml in the supernatant and
dissolved. The suspension was centrifuged at 10 000 x g for 10 min and the
supernatant was discarded. The pellet was resuspended in 4 ml of 0.1 M KCI; 20 mM
Tris-HCI, pH 8. The suspension was aliquoted into 300 pl volumes and frozen at -80 °C.

Protein determination was done as described in 3.2.2.2.
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3.2.2.4 Enzyme activity test for GLYAT using the DTNB-based spectrophotometric
assay

The DTNB-based spectrophotometric assay for measuring GLYAT activity has been
used for a while now (Webster et al, 1976). This enzyme activity test was done on the
precipitated protein of the crude cytoplasmic extracts containing the native chacma
baboon’s GLYAT using the substrates glycine and benzoyl Coenzyme A (benzoyl-CoA).
The principle here is that the native GLYAT of chacma baboon will transfer glycine to
benzoyl and thus free the Coenzyme A. The Coenzyme A contains the thiol group (-SH)
which interacts with the disulfide bond on the 5, 5 dithiobis (2-nitrobenzoic acid)
molecule (DTNB). The thiol group attacks the disulfide bond causing a cleavage to form
2-nitro-5-thiobenzoate (NTB’) which ionizes to give a yellow NTB*. The NTB? is
guantified by measuring the absorbance at 412 nm. Thus, the rate of appearance of
NTB* can be used to estimate the rate of release of Coenzyme A from benzoyl

Coenzyme A (Ellman, 1959; Kolvraa and Gregersen, 1986).

The chacma baboon GLYAT reaction was set up as follows: 0.025 g/l DTNB, 1 % (w/v)
benzoyl Coenzyme A, 20 % (w/v) glycine, 1 % (w/v) chacma baboon’s liver crude
cytoplasmic extract sample and water to final volume of 500 ul. The bovine crude
cytoplasmic extract was used as a positive control since it had shown enzymatic
activity. The crude cytoplasmic extract from bovine liver containing GLYAT was
obtained from a separate project (MSc of Ms M. Snyders). Two sets of negative controls

were set up. One had all the components of the experiment except for glycine and the
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other had all components of the experiment except for the benzoyl Coenzyme A. The

omitted components were compensated for with water.
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3.3 Results

3.3.1 Cloning of baboon GLYAT ORF into an expression vector

The objective of the experiment was to clone the PCR product containing a cloned copy
of an open reading frame encoding GLYAT of chacma baboon into pColdill and
pColdlll-His. The plan was to express a recombinant GLYAT fused to a C-terminal
histidine tag from pColdlll-His so that it can be purified using a nickel affinity column.
The unmodified commercial pColdlll was also expressed to determine whether there
could be a difference in the expression of the chacma baboon’s recombinant GLYAT.
The pColdlll, pColdlll-EHDV and the PCR product containing a cloned copy of an open
reading frame encoding GLYAT of chacma baboon were digested with restriction
enzymes Ndel and Xhol (described in section 2.2.1.8.7) to give products: pColdlil
(Ndel/Xhol), pColdlll-His (Ndel/Xhol), and a digested amplicon containing chacma
baboon’s GLYAT ORF respectively. The products shown in Figure 2.9 (A) were gel
extracted. These gel extracted products were: a PCR product containing a cloned copy
of an open reading frame encoding GLYAT of chacma baboon (lane 2), pColdlll (lane 3)
and pColdlll-His (lane 4). These gel extraction products were analysed on a 1 %

agarose gel shown in Figure 3.1.
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Figure 3.2: A 1 % agarose gel analysis of the gel extraction of the two pColdlll
vectors and GLYAT insert after restriction enzyme digestion. Lanes:
(1) O'Generuler DNA ladder from Fermentas cat #5SM173. (2) PCR product
containing an ORF encoding GLYAT of chacma baboon digested with Ndel
and Xhol then gel extracted. (3) pColdlll digested with Ndel and Xhol then
gel extracted. (4) pColdlll-His derived from the digestion of pColdlll-EHDV
with Ndel and Xhol followed by gel extraction.
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The DNA concentration and purity of gel extraction products show in Figure 3.2 were
determined using the NanoDrop spectrophotometre. The DNA concentration of the gel
extracted of PCR product containing a cloned copy of an open reading frame encoding
for chacma baboon’s GLYAT (Figure 3.2, lane 2) was 90 ng/ul; the DNA yield was 4.5
Mg and the Azgozso ratio was 1.8. The DNA concentration of the gel extract containing
the pColdlll (Figure 3.2, lane 3) was determined to be 161 ng/ul which represents a
DNA vyield of 8.05 pg and the Azesoiso ratio was 1.8. The gel extract containing the
pColdlll-His-tag (Figure 3.2, lane 4) had a DNA concentration of 120 ng/pl and the DNA
yield was 6 pug and the Azsorso ratio was 1.8. The Macherey-Nagel gel extraction kit
(described in section 2.2.1.7) is capable of DNA recoveries of 15 ug when eluting with
TE buffer but expected to drop to only about 1 to 5 ug when final DNA elution is done
with water. In this experiment, the DNA was eluted with water because the TE buffer
may cause problems in the subsequent cloning steps. Thus, the DNA concentration
recovered was good given the fact that the DNA was eluted with water. The next step

was to clone the baboon GLYAT into both the pColdlll and pColdlll-His-tag vectors.

The PCR product containing a cloned copy of an open reading frame encoding GLYAT
of chacma baboon was ligated into both the pColdlll to form pBabpColdill DNA and
pColdlll-His to form pBabGLYpColdlll-His-tag (described in section 2.2.1.8.8). The
pBabpColdlll and pBabGLYpColdlll-His-tag were transformed into the JM109 cells
(described in section 2.2.1.8.4). There were no colonies visible on the plates with
JM109 cells transformed with pBabpColdlll DNA which indicated that the PCR product

containing a cloned copy of an open reading frame encoding GLYAT of chacma baboon
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failed to clone into the pColdlll plasmid. Thus, the next step of midi preparation of
plasmid DNA was done using the JM109 cells transformed with pBabpColdlll-His-tag

DNA since they had shown successful transformation.

A single colony containing JM109 cells transformed with pBabGLYpColdlll-His-tag was
picked and inoculated in a 100 ml LB broth that contained 25 pg/ml chloramphenicol
(the chaperone plasmid expresses resistance to chloramphenicol) and 100 pg/ml
ampicillin. The culture was grown at 37 °C overnight. The pBabGLYpColdlll-His-tag was
extracted from the JM109 cells using the PureYield™ plasmid midi preparation system

extraction kit (described in section 2.2.1.8.6).

Plasmid DNA concentration for pBabGLYpColdlll-His-tag was determined on the
NanoDrop spectrophotometre to be 407 ng/ul which indicated a DNA vyield of 40.7 pg
with an Agsozso ratio of 1.7. This was a 40 % DNA yield when compared to the ideal

yield stated by the manufacturer.

Restriction enzyme digestion was done using pBabGLYpColdlll-His-tag DNA amounting
to 1915 ng with restriction enzymes Ndel, Xhol, Pstl and EcoRI. The purpose was to
confirm whether the DNA encoding GLYAT was correctly inserted into pColdllI-His-tag.
The expected fragment patterns were predicted using the DNAMAN™ computer
software and they are shown in Figure 3.3. The products of the restriction enzyme
digestion were separated on a 1 % agarose gel and the gel picture is shown in Figure

3.4.
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Figure 3.3: A diagrammatic representation of the expected gel patterns of the
pBabGLYpColdlll-His-tag digested with the restriction enzymes:
EcoRI, Ndel, Xhol and Pstl. These gel patterns were predicted using the
DNAMAN computer software.
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Analyses of the cloning of the open reading frame encoding GLYAT of
the chacma baboon into pColdlll-His-tag by restriction enzyme
digestion. Lanes: 1) O’GeneRuler DNA ladder from Fermentas cat
#SM173. 2) Undigested pColdlll-EHDV. 3) Gel extracted pColdlll-His-tag.
4) Undigested pBabGLYpColdlll-His-tag. 5) pBabGLYpColdlll-His-tag
digested with Ndel. 6) pBabGLYpColdlll-His-tag digested with Xhol. 7)
pBabGLYpColdlll-His-tag double digested with Ndel and Xhol. 8)
pBabGLYpColdlll-His-tag digested with Pstl. 9) pBabGLYpColdlll-His-tag
digested with EcoRiI.
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Figure 3.4 shows undigested pColdlll-EHDV with the characteristic three bands
representing supercoiled and various relaxed circular forms in lane 2. Restriction
enzyme digestion of pColdlll-EHDV with Ndel and Xhol to give pColdlll-His-tag (4405
bp) followed by a gel extraction gave a band of 4405 bp (lane 3). This 4405 bp fragment
is the linearised vector pColdlll-His-tag into which the DNA fragments encoding GLYAT
of the chacma baboon was cloned. pBabGLYpColdlll-His-tag DNA was linearised by
separate digestions with Ndel and Xhol in lanes 5 and 6 respectively to give a linearised
vector of size 5295 bp. Both Ndel and Xhol restriction enzymes were used to digest
pBabGLYpColdlll-His-tag (5295 bp) to give pColdlll-HisTag (4405 bp) and a DNA
fragment encoding GLYAT of chacma baboon (890 bp). The restriction enzyme Pstl
was used to cleave a 933 bp fragment from pBabGLYpColdlll-His-tag (5295 bp) shown
in lane 8. However, there appears to be a band at around 2 000 bp in all the lanes
except in lane 3 which had the gel extracted linear pColdlll-HisTag. This 2 000 bp band
could be due to the undigested pBabGLYpColdlll-His-tag (5295 bp); since it is present
as the bottom band on the same position on the gel in the undigested plasmid (lane 2)

plasmid.

Therefore, the actual gel pattern of the restriction enzyme digestion was similar to the
pattern generated by the DNAMAN computer software. The pBabGLYpColdlll-His-tag
was DNA sequenced to confirm the restriction enzyme digestion results. The cloning of
the DNA fragment encoding GLYAT of chacma baboon into pColdlll-His-tag was

successfully confirmed (Figure 3.4).
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Next, the pBabGLYpColdlll-His-tag and empty pColdlll were co-expressed with pG-TF2

in Origami™ cells.

3.3.2 Bacterial co-expression of a recombinant GLYAT with chaperones (groES,
groEL and Tf)

The objective was to co-express a recombinant baboon GLYAT protein with chaperones
groES, groEL and Tf in Origami™ cells. To achieve this, an empty pColdlll was also
expressed so that the total and soluble fractions could be compared to that obtained
from the expression of the pBabGLYpColdlll-His-tag. The recombinant chacma baboon
GLYAT was expressed fused to a histidine tag so that it could be purified using a nickel
affinity column. pBabGLYpColdlll-His-tag and pG-TF2 were transformed into Origami
cells (described in section 2.2.1.8.4). The bacterial co-expression of GLYAT of chacma
baboon and the chaperones was done (described in section 3.2.1.1). Proteins were
extracted (described in section 3.2.1.2). Total and soluble fractions were separated by
SDS-PAGE. The expected size of the recombinant GLYAT was predicted by translating
the open reading frame encoding GLYAT of chacma baboon together with the His-tag
sequence (inserted in the pBabGLYpColdlll-His-tag using) the DNAMAN™ computer

software.The gel picture is shown in Figure 3.5.
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Figure 3.5: SDS-PAGE analysis of total and soluble protein fractions expressed in
Origami™ cells expressing chaperones with and without the
presence of baboon GLYAT. IPTG was used to induce the lac operator
on the pColdlll and pColdlll-His-tag. Tetracycline was used to induce the
Pzt-1 promoter on the pG-TF2 plasmid to express the chaperones.
Lanes: 1) PageRuler™ prestained protein ladder plus (Fermentas cat
#SM1811). Lanes 2 to 5 represent expression from pColdlll. Lanes 6 to 9
represent the expression of a recombinant chacma baboon GLYAT.
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In Figure 3.5, the expressed recombinant chacma baboon GLYAT was expected to be
visible just above 36 kDa (as shown by the bold arrow in lane 8). Therefore, the
expression of a recombinant chacma baboon GLYAT in Origami™ cells was successful.
Lane 8 (bold arrow) shows high expression of the recombinant chacma baboon GLYAT
in total protein fraction. Lane 9 had soluble protein fraction and does not show the
recombinant GLYAT. Lack of a recombinant GLYAT in the soluble fraction could mean
that the protein was insoluble. However, the fact that no band seemed to be present in

lane 9 suggested failure to express soluble recombinant protein.

Lanes 2, 3, 4 and 5 have a thick band just below the 28 kDa band (as shown by the
bold arrow in lane 3) which could be the protein encoded by the multiple cloning site of
the pColdlll. The multiple cloning site of the pColdlll encodes for 25 amino acids (as
shown in Figure 2.3). In contrast, lanes 6, 7, 8 and 9 do not have such a band which

could be due to cloning the chacma baboon’s GLYAT ORF into the multiple cloning site.

Chaperones groEL, tig and groES were expected to be visible at 60 kDa and 56 kDa
respectively. Somehow, chaperone bands are not visible at their expected positions on
the gel. Thus, there is no evidence that the chaperones were expressed. It is possible

that the chaperones either expressed very poorly or did not express at all.

The next step was to attempt to express the recombinant GLYAT at the same

concentration of IPTG (0.5 mM) but increasing the concentration of tetracycline, which
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induces the chaperones, from a 10 ng/ml to 100 ng/ml which amounts to a ten fold

increase.

3.3.3 Co-expression of chacma baboon recombinant GLYAT with chaperones
(groES, groEL and Tf) using a higher concentration of tetracycline for
induction of chaperone expression

Chaperones were not expressed in the previous expression experiment (3.3.2).
Successful chaperone expression could help prevent the recombinant protein from
forming insoluble bodies. The exact expression conditions were followed as in 3.2.1
except that the concentration of the chaperone inducer (tetracycline) was increased ten
fold to a final concentration of 100 ng/ml. Total and soluble fractions were separated by

SDS-PAGE. The gel picture is shown in Figure 3.6.
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Figure 3.6: SDS-PAGE analysis of protein crude after expression of the chacma
baboon recombinant GLYAT in Origami™ cells with the chaperones
induced with 0.1 pg/L tetracycline. IPTG was used to induce the lac
operator on the pColdlll and pColdlll-His-tag. Tetracycline was used to
induce the Pzt-1 promoter on the pG-TF2 plasmid to express the
chaperones. Lanes: 1) PageRuler™ prestained protein ladder plus
(Fermentas cat #SM1811). Lanes 2 to 5 represent expression of pColdlll.
Lanes 6 to 9 represent the expression of a chacma baboon recombinant
GLYAT.
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High expression of the recombinant chacma baboon GLYAT was visible (lane 8: bold
arrow). This can be deduced from the presence of the ~37 kDa band in the total fraction
in lane 8 but absent on the soluble fraction in lane 9. The recombinant chacma baboon
GLYAT protein (~37 kDa) was again expressed in an insoluble form regardless of the

10 fold increased of the chaperone inducer (tetracycline) concentration.

There was no sign of chaperone expression at 0.1 pg/L tetracycline. Thus, even
expression of chaperone with a ten fold increased inducer concentration did not help
produce soluble recombinant GLYAT. The expected chaperones were GroEL (60 kDa),
Tf (56 kDa) and GroES (10 kDa). These three chaperone protein bands are not visible

in any of the lanes on the gel.

Lanes 2, 3, 4 and 5 contain total and soluble protein fractions from cultures that
contained both pG-TF2 and pColdlll. These lanes served as negative control to make
sure that the 37 kDa band (shown by bold arrow in lane 8) is not present even in the
absence of the pBabGLYpColdlll-His-tag DNA in cells. In short, only Origami cells that
contained pBabGLYpColdlll-His-tag and induced with IPTG are expected to express

GLYAT.

Lanes 6 and 7 had total and soluble fractions of cultures containing pG-TF2 and

pBabGLYpColdlll-His-tag plasmid induced with tetracyline but uninduced with IPTG.
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This was done to make sure that overexpression of baboon GLYAT was, indeed, under

the control of lac operon.

Next, a cytoplasmic extract containing GLYAT from liver of chacma baboon was

prepared.

3.3.4 Testing for GLYAT enzyme activity in a cytoplasmic extract from liver of
chacma baboon

In an event that it would be possible to generate a soluble chacma baboon recombinant
GLYAT, having a native GLYAT extracted from baboon liver would be an ideal positive
control. Therefore, a crude cytoplasmic extract was prepared from a liver of a chacma
baboon as described in 3.2.2. The GLYAT enzymatic activity in this preparation was
assayed (described in section 3.2.2.4) and compared with that of a similarly prepared
cytoplasmic extract from bovine liver (Provided by Ms. M. Snyders). Both the chacma
baboon and bovine liver cytoplasmic extract crudes were diluted to a final protein
concentration of 29 pg/pl. The general reaction reaction contained 1 % (w/v) benzoyl-
CoA and saturated amounts of glycine (100 mM). The reaction was conducted at 30° C
for 12 minutes. In this experiment the 1% benzoyl-CoA was the limiting reagent while

the glycine was used in excess amounts (100 mM). The results are shown in Figure 3.7
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Figure 3.7: Comparison of GLYAT enzymatic activity in cytoplasmic extracts from

livers of a chacma baboon and a bovine.

The cytoplasmic extract from bovine liver showed significantly more enzyme activity

than that from chacma baboon liver (Figure 3.7). The negative controls (reaction

containing no glycine or benzoyl-CoA) did not show any enzymatic activity. The

negative controls are not supposed to show any enzymatic activity. It can not be

concluded whether the bovine GLYAT had more activity than the chacma baboon

GLYAT because it is not known how much GLYAT was in each extract.
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3.4 Summary

The original expression vector pColdlll does not normaly contain a base sequence
encoding for a His-tag which can be used to selectively purify the recombinant proteins.
The base sequence encoding for His-tag was incorporated into pColdlll, by Dr AC
Potgieter, in such a way that the His-tag will be linked onto the C-terminal of the
recombinant protein. A serine-glycine repeat of 18 bases was also inserted to serve as
a linker between the His-tag and the recombinant protein. The open reading frame
encoding GLYAT of chacma baboon was successfully cloned into this modified pColdlll
expression vector (pColdlll-His-tag). The success in cloning was confirmed by
restriction enzyme digestion (Figure 3.4) and DNA sequencing (results not shown). A
recombinant GLYAT from the chacma baboon was expressed in an insoluble form
(Figure 3.5). The chaperones did not appear to be expressed even at the highest
concentration of their inducer (100 ng/ml tetracycline) before tetracycline becomes toxic

to all the cells including those containing the chaperone plasmid (Figure 3.6).

In addition, a cytoplasmic crude extract from liver of the chacma baboon was prepared
and compared with a separately prepared cytoplasmic crude extract from bovine
(provided by Ms M Snyders) (Figure 3.7). The objective was to compare the native
protein purified from the chacma baboon liver with the recombinant protein. Since it was
not possible to express a soluble recombinant GLYAT it did not seem useful to purify

GLYAT from the crude cytoplasmic extract.
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Chapter 4
Concluding discussion

4.1 Introduction

In this chapter the knowledge gathered from all the experiments in this project is

summerised and discussed.

The Biochemistry Department of the North-West University is investigating the
mammalian detoxification system. One of the goals is to understand how the
mammalian body detoxifies the biochemical metabolites that accumulate due to inborn
errors of metabolism. To achieve our goal, we have chosen to focus on phase Il of
detoxification with the main focus on the GLYAT enzyme (EC 2.3.1.13). The reason for
chosing GLYAT is that it catalyses the removal of the potentially toxic acyl-CoAs
(endotoxins and xenobiotics) from mammalian circulation. The product N-acylglycine is
produced by GLYAT in an effort to remove the accumulated acyl-CoAs from circulation.
Furthermore, xenobiotics are compounds from outside the body that the body can not
metabolise any further and need to remove from circulation due to their potentially

harmful nature (Caldwell, 1986).
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Neither the genomes nor the open reading frames of genes encoding GLYAT enzymes
in both chacma baboon and vervet monkey have been sequenced. Characterising

GLYAT from other species will give insight to the diversity of GLYAT.

Thus, the aim for the project was to compare the molecular characteristics of GLYAT of
the vervet monkey and the chacma baboon with that currently known in literature. In this
report the nucleic acid and deduced amino acid sequences of novel open reading
frames encoding for GLYAT of the chacma baboon (Papio ursinus) and vervet monkey
(Chlorocebus pygerythrus) are reported (Figure 2.13). We envisage using information
on diversity of GLYAT in the rational design of a recombinant GLYAT that can catalyse

a larger spectrum of substrates.

4.2 DNA sequencing of the chacma baboon GLYAT transcript and the vervet
monkey GLYAT open reading frames

A liver of chacma baboon and blood sample from a vervet monkey were obtained to
investigate GLYAT molecular characteristics. PCR of GLYAT ORFs of the chacma
baboon and the vervet monkey was done using GLYAT primers designed from the
human GLYAT gene. Human genes have been used before to design primers that
worked on baboons and vervet monkeys (Jasiska et al., 2007). Amplicons containing

the open reading frames encoding GLYAT of both chacma baboon and vervet monkey
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were compared to that available in the scientific public domain encoding GLYAT of

humans, rhesus monkeys and chimpanzees.

A nucleic acid sequence of 1256 bases of the chacma baboon transcript was obtained.
The open reading frames encoding GLYAT of chacma baboon and vervet monkey were
translated into an amino acid sequence. The chacma baboon transcript contained an
open reading frame of 891 bases that translated into 296 amino acids (Figure 2.12).
The transcript had 122 bases of untranslated region flanking the 5’-end of the ORF and
243 bases of untranslated region at the 3’-end of the coding strand. The vervet monkey
GLYAT open reading frame was 891 bases long and translated into 296 amino acids
(Figure 2.13). The translated amino acids representing GLYAT of chacma baboon and
vervet monkey were aligned to those corresponding to the human, chimpanzee and
rhesus monkey, which were obtained from the Ensembl sequence database. Their
translated amino acid sequences (Figure 2.13) suggested 8 variations relative to the
corresponding enzyme of humans in the region encoding the core GNAT fold. There
were 4 new variations introduced by GLYAT amino acid sequences from the chacma
baboon and the vervet monkey. The vervet monkey introduced an isoleucine in place of
a valine at position 32 and an arginine in place of a histidine or glutamine at position
224. The chacma baboon introduced a tyrosine in place of isoleucine at position 201
and an arginine in place of histidine or glutamine at position 240.The implications of

these substitutions are unknown at the moment.
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The GLYAT family belongs to GNAT superfamily that has the characteristic of
containing a conserved GNAT fold (Figure 1.2). It is known in literature that the
conserved core GNAT fold is made up of amino acids from the C-terminal which runs
through amino acids at positions 207 to 296 of the protein. The N-terminal is composed
of positions 1 to 206 of the protein. The conserved core GNAT fold is described as
having an active function in binding and catalysis of the substrate. The proposed
importance of the GNAT fold does not prohibit any other amino acids from interacting
with substrate or interfering with the reaction mechanism at any stage. The C-terminal
of the GLYAT protein from chacma baboon was compared to templates on Swiss-Model
online server and it was observed that position 201 of GLYAT is located on the beta

sheet region on the N-terminal of the GNAT fold.

A phylogenic tree analysis of GLYAT from primates (Figure 2.15) showed that GLYAT of
the vervet monkey, chacma baboon and rhesus monkey formed a distinct group
separate from that from humans and chimpanzee. The chacma baboon and vervet
monkey GLYAT amino acid sequences appeared to be 99% identical to the rhesus
monkey sequence and 92.6% identical to the human sequence, while the human and
chimpanzee GLYAT sequences appeared to be 99.7% identical to each other. The
chacma baboon and vervet monkey novel GLYAT nucleic acid sequences showed to be
99% similar to the rhesus monkey nucleic acid and 92.6 % similar to the human nucleic

acid sequence.
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The chimpanzee has always been the non-human primate that is genetically closer to
the human than the rest (Caccone and Powell, 1989). In fact, some workers found that
single base substitutions lead to only 1.2 % difference between the human and the
chimpanzee when they analysed the genes they were working on (Chen et al, 2005).
The difference of 1.2 % between the chimpanzee and the human GLYAT sequences
coincides with the 99 % similarity found in this project. Other workers found that the
human GLYAT was 92 % identical to that of the rhesus monkey (Cardenas et al., 2010).
Thus, the results found in this study are consistant with current knowledge in the
literature. Both the chacma baboon and the vervet monkey GLYAT have Ser at position
17 and Arg at position 199 of the protein. The two positions (Serl7Thr and Arg199Cys)

were suggested to have a potential role in GLYAT activity (Cardens et al., 2010).

Glutamate at position 226 (E226) of bovine GLYAT corresponding to position 227
(E227) in primates has been pointed out as having a possible role in the catalytic
mechanism of GLYAT (Badenhorst et al., 2010). This position was selected because it
was the most conserved position in GNAT superfamily members along the amino acids
sequence making up the conserved GNAT fold of the GNAT superfamily. Badenhorst
and co-workers (MSc of Mr CPS Badenhorst, 2009) used site-directed mutagenesis to
illustrate the fact that E227 is of catalytic importance. Badenhorst and co-authors
concluded that any GLYAT member without the glutamate residue at that position may
not have any catalytic activity. The glutamate (E227) of GLYATL3 appeared to be

substituted with threonine (T227). However, it is possible that the threonine residue is
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characteristic of either the GLYATL3 enzyme or the specific individual animal that

contributed the sequence.

4.3 Bacterial expression of a recombinant chacma baboon GLYAT

A partially soluble and enzymatically active bovine recombinant GLYAT protein has
been expressed in E. coli in our laboratory [by Ms M Snyders (MSc in preparation) and
Badenhorst et al. 2010]. One of the objectives of this report was to express a soluble

enzymatically active chacma baboon recombinant GLYAT in E. coli.

An experiment to express a soluble recombinant chacma baboon GLYAT together with
the chaperones groEL, groES and Tf was conducted. The objective was to compare
enzymatic activity of the native GLYAT purified from the chacma baboon liver with that
of the recombinant chacma baboon GLYAT. High expression of the recombinant
chacma baboon GLYAT (with a His-tag at the C-terminal) was obtained (Figure 3.5).
However, it was completely insoluble. Chaperone expression was unsuccessful and
attempts to express chaperones at maximum chaperone inducer concentration
(tetracycline) prescribed by the chaperone manufacturer also failed. The recombinant
chacma baboon GLYAT protein was not purified further because it did not seem like it
would be a fruitful effort after visualizing no soluble recombinant chacma baboon

GLYAT on SDS-PAGE (Figure 3.5 and 3.6).
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An enzymatically active recombinant human GLYATL2 has been expressed in E. Coli
cells, BL21(DE3)pLysS strain, (Waluk et al, 2010). GLYATL1 has been expressed and
showed activity in mammalian kidney cells, HEK 293 cells, (Zhang et al, 2007).
However, there has not been a report about a primate recombinant GLYAT. There has
been a failed attempt to express a recombinant human GLYAT in E. coli, BL21 strain,
(van der Westhuizen, 1998). To solve the problem of insoluble recombinant protein, a
chacma baboon recombinant GLYAT protein could be expressed in a mammalian

expression system or in a bacterial expression system with molecular chaperones.
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4.4 Preparation of a crude cytoplasmic extract containing native glycine-N-
acyltransferase from chacma baboon liver

Another objective for my MSc project was to purify a native GLYAT protein from a
chacma baboon liver. The purpose being to compare the characteristics of a GLYAT
protein purified from liver with those of a recombinant GLYAT. A crude cytoplasmic
extract was successfully prepared from chacma baboon liver as described by van der
Westhuizen (1998). An enzyme activity test was done using the crude cytoplasmic
extract from liver to determine if it had any GLYAT activity as described before (Ellman,
1954; Gron et al, 1976; Kolvraa and Gregersen, 1986). Benzoyl-CoA and glycine have
been shown to be the best substrates for the GLYAT reaction (Schachter and Taggard,
1954). The GLYAT activity in the crude cytoplasmic extract from liver of chacma baboon
was compared with that from a crude cytoplasmic extract from a bovine liver (prepared
by Ms M Snyders). Both extracts had GLYAT activity. The amount of GLYAT in the two
preparations could not be quantified and therefore the activity of the two enzymes could
not be compared. The enzyme phenylacetyltransferase also favours the substrates
benzoyl-CoA and glycine but this enzyme may not have participated in this case
because it has been shown that this enzyme requires addition of monovalent cations

such as K*, Rb*, Na*, Li*, Cs” or NH;" (Nandi et al., 1979).
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A native GLYAT protein has been purified from both bovine and human liver by workers
from our Department before (van der Westhuizen et al., 2000; van der Westhuizen,

1998).

134



4.5 Future prospects

The E227T variation brought by the new GLYATL3 (Waluk et al., 2010) may have
significance in terms of enzyme activity. Thus, the E227 position needs to be revaluated
and its importance investigated in more detail. In the future, it may be fruitful to
sequence the complete GLYAT gene from both the vervet monkey and chacma baboon

in order to analyse these genes for SNPs.

It was not possible to produce a soluble recombinant GLYAT. A soluble recombinant
GLYAT could be pursued by using different expression systems and vectors. The
comparison in substrate specificity between the native and recombinant GLYAT may

help get us closer to characterising the GLYAT substrate binding and active sites.

In the last 20 years, GLYAT has been implicated in a variety of pathways in addition to
detoxification. GLYAT was one of the enzymes that were implicated in the metabolic
excretion of nitrogen in monkeys (Kazuo, 1991). GLYAT is implicated in signaling
pathways of the fatty acid primary amides (Merkler et al., 1996; Farrel and Merkler,
2008). Thus, GLYAT is no longer confined to be just a detoxification enzyme. This
indicates that there could be many more unknown functions of GLYAT in the
mammalian body. The recent discovery of additional members of the GLYAT family
(GLYATL1 [Zhang et al, 2007], GLYATL2 [Zhang et al, 2007] and GLYATL3 [Waluk et

al, 2010]) suggests that GLYAT could be more important and have more diverse
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functions than it is thought in literature. The fact that two recombinant members of the
GLYAT family (human GLYATL1 and GLYATL2) have been expressed and that
GLYATL2 was enzymatically active (Waluk et al.,, 2010) suggests that we should

continue our efforts to generate a recombinant set of GLYATs from different species.
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Bugbuster 70584-4 Novagen
Chaperone  plasmid | 3340v0902 TAKARA
set

Chloramphenicol 442513 Supelco
Coomassie brilliant | B8647 Sigma
blue
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pCold DNA 3364 v.0708 Takara

T4 Ligase 9PIM180 Promega
RNeasy mini kit for | 74106 Qiagen

RNA extraction
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%

Percentage sign
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Appendix V: A draft of a communication to be submitted to: The Journal of
Molecular Biology

Novel open reading frames encoding glycine-N-acyltransferase of chacma
baboon and vervet monkey reveal a possible novel variation at the protein level
which groups their proteins as distinct from that of humans

MC Mahlanza and AA van Dijk*

*Biochemistry Division, North-West University, Private Bag X6001, 2520
Potchefstroom, South Africa. Tel: (+27) 18 299 2320

*Author to whom correspondence should be addressed: Albie.vandijk@nwu.ac.za

Abstract

Glycine-N-acyltransferase (GLYAT, EC 2.3.1.13) is one of the enzymes responsible for
the biotransformation of endogenous and xenobiotic toxic compounds in mammals. It
conjugates glycine to acyl-coA in mitochondria mainly in the liver and kidneys. We
report novel open reading frames encoding GLYAT of the chacma baboon (Papio
ursinus) and vervet monkey (Chlorocebus pygerythrus). These new sequences reveal 8
amino acid differences, located in the GNAT fold, from the corresponding human
enzyme. There have been no reports to date on characterisation of genes encoding for
GLYAT of either the chacma baboon or vervet monkey. We cloned an open reading
frame encoding the GLYAT of the chacma baboon in a TA vector and sequenced it

using Sanger’'s DNA sequencing method. In addition, we amplified exons making up an

193



open reading frame encoding GLYAT from genomic DNA obtained from vervet monkey
leukocytes. These amino acid sequences were aligned with those corresponding to the
human, chimpanzee and rhesus monkey, whose GLYAT sequences were obtained from
the Ensembl sequence database. The GLYAT amino acid sequences of the chacma
baboon, vervet monkey and rhesus monkey formed a related group, distinct from other
primates. The chacma baboon and vervet monkey sequences appeared to be 99%
identical to the rhesus monkey sequence and 92.6% identical to the human sequence.
The human and chimpanzee sequences were 99.7% identical to each other. We
conclude that the vervet monkey, chacma baboon and rhesus monkey are closely
related in terms of their GLYAT molecular phylogeny, whereas humans and

chimpanzees form a separate group, in this respect.

Keywords: conjugation, GNAT, acyl-coA, acyl coenzyme A, ACGNAT, glycine acylase

A liver from a chacma baboon and blood sample from a vervet monkey were obtained
to investigate the molecular characteristics of their glycine-N-acyltransferase (EC
2.3.1.13; also known as GLYAT, ACGNAT, CAT, GAT or glycine acylase). The GLYAT
gene has not been characterised in chacma baboons and vervet monkeys. GLYAT
detoxifies potentially harmful acyl-coAs in mammals by conjugating them to glycine,
which renders them water soluble and excreted in urine and bile as acylglycines®.
Patients with organic acidemias such as isovaleric acidemia, 3-methylcrotonylglycinuria

and propionic acidemia usually respond well to glycine therapy and excrete acylglycines
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in their urine®®. The work presented here, is intended to be one of the first efforts that
could serve as a basis for the rationale of designing recombinant GLYAT enzymes that
can biotransform a much larger variety of substrates and possibly be targeted to treat

organic acidemias.

GLYAT conjugates glycine to acyl-coA in mitochondria mainly in the liver and kidneys. It
is a transferase enzyme with two substrates: an acyl donor and an acceptor. These
substrates bind to GLYAT in a sequential reaction mechanism?®. The GLYAT family
belongs to the GCNb5-related N-acetyltransferase superfamily because members of the
GLYAT family display the characteristic core GNAT fold conserved by the more than 10
000 superfamily members®. This core GNAT fold is encoded by the C-terminal of the
GLYAT proteins. Although there is an abundance of publications on structures of
proteins belonging to the GNAT superfamily, the GLYAT protein structure remains
unsolved. Hence, the information on GLYAT family members (GLYAT, GLYATL1,
GLYATL2 and GLYATL3) has been gathered using any one of the three approaches:

1,6,4,7,8,9,10,11,

activity assays . protein degradation studies'?*?

and amino acid sequences
translated from open reading frames®!'** We use the last approach to contribute

possible useful information about GLYAT protein in primates.

We report novel open reading frames encoding for GLYAT of the chacma baboon
(Papio ursinus) and vervet monkey (Chlorocebus pygerythrus). Their translated amino

acid sequences suggested 8 variations relative to the corresponding enzyme of humans
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in the region encoding the core GNAT fold. In addition we identified a possible novel
amino acid variation at positions 32 and 201 of the vervet monkey and chacma baboon

enzyme respectively.

Ethical approvals for the use of primate tissue

The chacma baboon liver tissue was obtained from a project that was approved by the
Ethics Committee of North-West University (ethical approval number: NWU-00005-09-
Al). A blood sample of a vervet monkey was obtained from a vervet monkey from a
project also approved by the same Ethics Committee (ethical approval number of NWU-

0022-09-S5).

Novel open reading frames encoding glycine-N-acyltransferase of the chacma
baboon and vervet monkey suggest changes in amino acid sequence in the

region encoding for the GNAT fold

The open reading frames encoding GLYAT of chacma baboon and vervet monkey were
sequenced then translated into an amino acid sequence. The translated amino acids
representing GLYAT of chacma baboon and vervet monkey were aligned to those
coresponding to the human, chimpanzee and rhesus monkey, which were obtained
from the Ensembl sequence database. The alignment is shown in figure 1 (a) and a
phylogenic tree constructed (figure 1 (b)). It is known in literature that the conserved

core GNAT fold is made up of amino acids from the C-terminal which runs through
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positions 207 to 296 of the protein in contrast to positions 1 to 206 corresponds to the
N-terminal of the protein. The conserved core GNAT fold is described as having an
active function in binding and catalysis of the substrate. The theory of the GNAT fold
does not prohibit any other amino acid, which is between positions 1 to 206, from
interacting with substrate or interfering with the reaction mechanism at any stage. The
C-terminal of the GLYAT protein from chacma baboon was compared to templates on
Swiss-Model online server and it was observed that position 201 of GLYAT is located
on the beta sheet region that begins the GNAT fold. We observed that the vervet
monkey sequence introduced a novel variation at position 32 of the alignment by
contributing an isoleucine (132). On the other hand, the chacma baboon sequence
introduced a novel variation at position 201 of the alignment by contributing a threonine
(T201). These two amino acid positions were identified on the basis that they were the
only positions where either the vervet monkey or chacma baboon showed a difference
that had not been shown before by other primates. The implications of this T201 are
unknown at the moment. The phylogenic tree showed that the vervet monkey, chacma
baboon and rhesus monkey formed a distinct group separate from humans and
chimpanzee. The chacma baboon and vervet monkey GLYAT amino acid sequences
appeared to be 99% identical to the rhesus monkey sequence and 92.6% identical to
the human sequence. The human and chimpanzee sequences were 99.7% identical to

each other.
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Hu_GLYAT_V1_ENSPO00D0340200 MML PL CGAQML OMLEKSLRKSLPASLKVYGTYFHI NHGNPFMLEAVYDKWPDF NTWYYCPOEQDMTDDOLOHYTNTY QI ¥S 80
Chimp_GLYAT_ENSPTRPO0000006356 MML PL CGAQML OMLEKSLRKSLPASLKVYGTYFHI NHGNPFMLEAVYDKWPDF NTYYYCPOEQDMTDDOLDHYTNTY QI ¥S 80
Macaq_GLYAT_ENSMMUPO00D0015380 MML PL QGAQML OMLEKSLRKSLPASLKVYGTYFHI NHGNPFMLEAVYDKWPDFNTYYYCPOEQDMTDOLDHYTNTYQ ¥YS 80
Novel_chacma_baboon_GLYAT seq MMLPL QGAQML OMLEKSLRKSLPASLKVYGTYFHI NHGNPFMLEAVYDKWPDFNTYYYCPOQEQDMTDOLDHYTNTY QI ¥S 80
Novel_vervet_monkey_GLYAT seq MMLPL CGAQML OMLEKSLRKSLPASLKVYGTI FHI NHGNPFMLEAVYDKWPDFNTYYYCPOEQDMTDDOLOHYTNTY QN ¥S 80
80 100 110 120 130 140 150 160
Hu_GLYAT_V1_ENSPODDD0340200 KDOPGNCGEF LGSPELI NVIKOHL Ol QSSQPSLMNEAI GNL AAI KSFKVKEQTQRI LYMAAETAKEL TPFL LKSKI LSPNGGKP 180
Chimp_GLYAT_ENSPTRPO0000D06356 KDPGNCQEFLGSPEL]I NVKOQHL QI QSSOPSLMEAI QNL AAI KSFKVKQTQRI LYMAAETAKEL TPFLLKSKI LEPSGGKP 160
Macaq_GLYAT_ENSMMUPO0000015380 KDLGNCCEF LGSPELI NVKOHL QI QSSCPSLMETI QNL AAI KSFKVKHTQCI LYMASETAKEL APFLLESKTSSPSGGKP 160
Novel_chacma_baboon_GLYAT seq KDLGNCOEF LGSPELI NVKOHL QI QSSCPSLNETI ONLAAI KSFKVKHT QLI LYMASETAKEL APFLLESKTLSPSGGKP 160
Nowvel_vervet_maonkey_GLYAT seq KDLGNCOEFLGSPELI NVIEQHLOY QSSOPSLMETI GNL AAI KSFKVEHTQCI LYMASETAKEL APFLLESKTLSPSGGKP 160
170 180 190 200 210 220 230 240
Hu_GLYAT_V1_ENSPODDD0340200 KAl NQEMF KL SSMOVTHAHL YV NKFWHF GGNERSQRF | ERCI QTFPTCCLL GPEGTPVCWIOLMDOTGEMRMAGTLPEYRLH 240
Chimp_GLYAT_ENSPTRPO0000006356 KAl NOEMF KL SSMDVTHAHLYNKFWHF GGNERSQRF | ERCI QTFPTCCLL GPEGTPYCWOLMDOTGEMRMAGTLPEYRLH 240
Macag_GLYAT_ENSMMUPO0000015380 KAl NOEMF KL SSMDOVNYAHLYNKFWYF GGNERSQRFI ERCI QTFPTSCLL GPEGTPYCWHLMDHTGEMRMAGTLPEYRFQ 240
Novel_chacma_baboon_GLYAT seq KAl NQEMF KLSSMOVNYAHLVNKF WY F GGNERSQRF | ERCTQTFPTSCLL GPEGTPVCWNLMDHT GEMRMAGTLPEYRFR 240
Novel_vervet_monkey_GLYAT seq KAl NQEMF KLSSMDVNYAHLYVNKFWIF GGNERSQRFI ERCI QTFPTSCLLGPEGTPYCWNLMDYTGEMRMAGTLPEYRFQ 240
250 260 270 280 290
Hu_GLYAT_V1_ENSP0ODD00340200 GLVTYVI YSHACKL GKL GFPVYSHV DY SNEAMCKMSYT L QHVPI PRSWNQWNCVPL 298
Chimp_GLYAT_ENSPTRPO0000006356 GLVTYVI YSHACGKL GKL GFPVYSHY DY SNEAMOKMSYT L OHVPI PRSWNQWNCVYPL 298
Macagq_GLYAT_ENSMMUPO00000015380 GLWTYWVI YHHAGNLAKL GF PVYSHV DY SNEAMCKMSY QL QHV Pl PRSVWIOWNCVPL 206
Novel_chacma_baboon_GLYAT seq GLVTYVI YHHAGNLAKL GF PV Y SHY DY SNEAMOKMSY QL QHVPI PRSWNOWNCVYPL 296
Novel_vervet_maonkey GLYAT seq GLVTYVI YHHACGNL AKL GFPVYSHV DY SNEAMCKMSY QL OHVPI PRSWNOWNCWPL 286

Figure 1(a): Multiple alignment of the novel GLYAT proteins of the chacma baboon and vervet monkey compared to that of human, chimpanzee and
macaque obtained from Ensembl sequence database. The alignmentwas done usingthe Clustal V method The highlighted amino acids are those

that are exactly the same as the human GLYAT Specific attention is drawn to amino acid positions 32 and 201, where the vervet monkey and chacma baboon
infroduces novel vanations respectively
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45-95|: Naovel_vervet_monkey_GLYAT
i — Novel_chacma_baboon_GLYAT
100.0— Hu_GLYAT_¥1_ENSP00000340200
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348

Figure 1. (b): A phylogenic tree analysis of GLYAT proteins from human, chimpanzee, macaque, chacma baboon and
vervet monkey. The GLYAT proteins from macague, chacma baboon and vervet monkey grouped distinctively from those
coresponding to human and chimpanzee. The chacma baboon and vervet monkey sequences appeared to be 99 % identical to
macaqgue sequence and 92 6 % identical to the human sequence. The human and chimpanzee sequences were 99.7 % identical
to each other.

GLYATL3 of human has glutamate substituted with threonine in the protein
region of the conserved GNAT fold

Glutamate at position 226 (E226) of bovine GLYAT corresponding to position 227
(E227) in primates has been pointed out as having a possible role in the catalytic

mechanism of GLYAT'®. This position was selected by those authors because it was the
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most conserved position in GNAT superfamily members along the amino acids
sequence making up the conserved GNAT fold of the GNAT superfamily. They used
site-directed mutagenesis to illustrate the fact that E227 is of catalytic importance. In the
work we present, the translated amino acid sequences representing GLYAT of chacma
baboon and vervet monkey were aligned to all human GLYAT family members presently
available in the Ensembl sequence database (figure 2). However, the observation made
after aligning human GLYAT family members contradicted this hypothesis. The
glutamate (E227) of GLYATL3 appeared to be substituted with threonine (T227). The
authors that presented the E227 residue concluded that any GLYAT member without
the glutamate residue at that position may not have any catalytic activity. However, it is
possible that the threonine residue is characteristic of either the GLYATL3 enzyme or
the specific individual animal that contributed the sequence. However, not much can be
said about this contradiction at this stage since more experimental work appears to be

required to either prove or disprove the hypothesis.
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Figure 2: Multiple sequence alignment of the translated GLYAT amino acid sequences of chacma baboon and vervet

monkey compared to human GLYAT family members available on Ensembl sequence database. The alignmentwas conducted

Ehhhhhdbh

usingthe Clustal V method. The highlighted amino acids are those that are exactly the same as those for human GLYAT. Dashes
were automatically inserted by the computerin order to obtain a better fit of the alignment. Human GLYATL1 isoform a (V1) of
humans seems to have a long insertion of 23 amino acids starting at position 22. Human GLYATL1 isoform ¢ (V2) seems to have a

long deletion of 23 amino acids, starting from position 65. Amino acid at position 226 (E226) is suspected as having a role in GLYAT

catalytic mechanism®.



We conclude that the vervet monkey, chacma baboon and rhesus monkey are closely
related with regard to their GLYAT molecular phylogeny, whereas humans and
chimpanzee form a separate group. Characterisation of GLYAT from additional non-
human primates will help achieve better understanding of GLYAT diversity and gain

more insight into mammalian detoxification systems.

Experimental approach

Cloning and DNA sequencing of open reading frame encoding GLYAT of chacma
baboon

Total cellular RNA was extracted from the liver of a chacma baboon using a RNeasy kit
(QIAGEN, cat. # 74104). cDNA was synthesised using the MMLV High Performance
Reverse Transcriptase kit (EPICENTRE® cat #RT80125K). An open reading frame
encoding baboon GLYAT was amplified with human primers (see primers in table 1 for
primer details) using the Ex Taq DNA polymerase (TAKARA® cat #PR0O01A). PCR
product containing a cloned copy of an open reading frame encoding for GLYAT of
chacma baboon were purified using a gel extraction kit (Macherey-Nagel Nucleospin
Extract II® kit cat #740609.50) then cloned into a TA vector (Fermentas® instaclone
PCR cloning kit cat #K1214). The M13 primer pair was used to sequence across the

multiple cloning site of the TA vector (see Table 1 for primer details).
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Amplification and DNA sequencing of an open reading frame encoding GLYAT
from genomic DNA of vervet monkey

The FlexiGene® mammalian genomic DNA extraction kit was used to extract genomic
DNA from buffy coat obtained from the blood of a vervet monkey. Separate exons
making up an open reading frame encoding GLYAT of vervet monkey were amplified
using human primers (see table 1 for primer details). PCR was performed using the Ex
Tag DNA polymerase (TAKARA® cat #PR0O01A). PCR products containing exons
making up GLYAT were purified using a PCR clean up kit (Macherey-Nagel Nucleospin
Extract II® kit cat #740609.50) and then sequenced using the same primer used for

PCR.
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Table 1: A list of primers used for PCR. GAPDH primer pair was used as a positive
control. Exons 1-6 primer pairs were used to amplify and sequence vervet monkey
GLYAT exons. ORF primer pair was used to amplify chacma baboon GLYAT open
reading frame. M13 primer pair was used to sequence across the muliple cloning site of

the TA vector.

Region Primer Nucleotide sequence Annealing

amplified direction Temperature °C

GAPDH Forward 5’- gaaggtgaaggtcggagtc-3’ 62
Reverse 5’-gaagatggtgatgggatttc-3’

Exon 1 Forward 5’-cagattcttttgccagcctagtac-3’ 56
Reverse 5’-cactcatgtagcatggatcccatataca-3’

Exon 2 Forward 5’-cagctcgttctcagaggagtcag-3’ 60
Reverse 5’-gcagtgtttagactaagg-3’

Exon 3 Forward 5’-agtggttgtctgcctctctgtg-3’ 65
Reverse 5’-gccctggctctaccatattge-3’

Exon 4 Forward 5’-caggatatgacagatgaccttgat-3’ 60
Reverse 5’-tctggagcttggaggaag-3’

Exon 5 Forward 5’-ggaaagccagagtgaatgcag-3’ 65
Reverse 5’-tagcaccaagcccagaacc-3’

Exon 6 Forward 5’-gattctcacagacaccaaatctgctg-3'’ 56
Reverse 5’-cttcactctgttcctctttcatca-3’

ORF Forward 5’-aattcatatgatgttaccattacaaggtgc-3’ 62
Reverse 5’-aattctcgagcagaggcacacagttccac-3’

M13 Forward 5’-gttttcccagtcacgac-3’

(sequencing Reverse 5’-caggaaacagctatgac-3’

of the TA vector)
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