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Recombinant Protein Production in the Eukaryotic
Protozoan Parasite Leishmania tarentolae: A Review
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Abstract

Leishmania tarentolae is a trypanosomatid protozoan parasite of the gecko, and has been established as a
new cukaryotic expression system for the production of recombinant proteins. It seems that a protozoan
parasite is a curious choice as the expression host; however, Trypanosomatidae are rich in glycoproteins
with a pattern of glycosylation closely related to those in mammals and higher vertebrates. Thus, one of
the main advantages of a L. tarentolne expression system is the mammalian-type posttranslational modification
of target proteins. Although there are few examples of recombinant protein expression using this system,
it can be an attractive alternative to using mammalian cells. This chapter presents an overview of the newly
developed protein expression system based on L. tarentolae.
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1. Introduction

The protozoan parasites of the genera Leishmaniaand Trypanosoma
are members of the family Trypanosomatidac (Eugelenozon,
Kinetoplastida), which comprises unicellular organisms characterized
by the presence ofa single flagellum and of'a DNA-rich, mitochondria-
like organelle, the kinetoplast (1-3). They are causative agents of a
wide spectrum of tropical diseases responsible for substantial
human and livestock morbidity and mortality. Pathogenic species
of Leishmanin cause a diverse group of diseases, collectively called
leishmaniases (4). According to the World Health Organization,
more than 12 million people in 88 countries are affected by this
disease and 350 million people are at risk of infection (http: /www.who.
int/leishmaniasis/burden/en/). In addition to their importance
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as agents of diseases, Trypanosomatidae have also been considered
as attractive model organisms for studying some intracellular
processes because they have unusual mechanisms of gene expres-
sion, such as polycistronic transcription and RNA editing. In these
organisms, mRNAs are transcribed as polycistronic precursors that
are posttranscriptionally processed into individual mRINAs by trans-
splicing and polyadenylation (5-7). Thus, regulation of protein
expression in these organisms occurs predominantly posttran-
scriptionally through the structure of the intergenic untranslated
regions (UTRs). Furthermore, they have been valuable for studying
molecular and cellular phenomena, such as glycosylphosphatidylinos-
itol (GPI) anchoring of proteins, antigenic variation, and telomere
organization (8-10). Due to their importance for public health,
and as model organisms, methods of genetic manipulation for
Trypanosomatidae are well-established (6, 11), which has led to
several attempts of heterologous gene expression for studying the
immunogenicity and biological activity of proteins from parasites
(12). It is also known that Trypanosomatidae are rich in glycoproteins,
with a pattern of glycosylation closely related to those of mammals
and higher vertebrates (13). Possibly due to their parasitic lifestyle,
the oligosaccharide structures of their glycoproteins may be similar
to those in mammals; therefore, Trypanosomatidae have emerged
as potential hosts for heterologous protein production.

Leishmania tarventolae is a nonpathogenic parasite of the white-
spotted wall gecko Tarentoln annularis (14), and has been estab-
lished as a new eukaryotic expression system for the production of
recombinant proteins with a mammalian-type N-glycosylation
pattern (15, 16). Using this system, Breitling et al. reported that
the yield of green fluorescent protein was up to 30 mg/L of culture.
They also succeeded in obtaining biologically active human eryth-
ropoietin (EPO); a molecule which requires glycosylation
and appropriate modification for activity (17), showing that the
L. tarentolne expression system can be considered as an alternative
to mammalian cells in cultures. This chapter discusses the advan-
tages and disadvantages of this newly developed expression system
based on L. tarentolae.

2. Genetic
Manipulation

2.1. Media and Growth
Conditions

L. taventolne cells can be cultivated in complex media (brain—heart
infusion based or yeast—soybean based) or chemically defined
media, both supplemented with hemin, which is essential for growth
of Leishmania (18-20). Hemin is the chlorinated derivative of the
heme molecule and traditionally produced from bovine or porcine
blood. Therefore, a complete defined medium without animal-
derived products is not yet available. The cost of culture medium is
not inexpensive.



2.2. Expression
Vectors
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L. taventolae cells require aerobic conditions for development.
The cells can be maintained as continuous suspension culture in
ventilated tissue culture flasks. Conventional static cultures are
incubated in the dark at 26°C. Agitated cultures for protein expres-
sion are incubated in an orbital shaker at 140 rpm using Erlenmeyer
flasks. It is possible to scale up to larger bioreactors with volumes
of 1-30 L. L. tarentolae cells can be indefinitely grown in vitro
with a doubling time of around 5 h and to high cell densities
(approximately 5x 108 cells per mL) in complex media. The cultivation
of L. tarentolae is much easier than that of mammalian cells.

In eukaryotes, protein-coding genes are transcribed by RNA
polymerase II, whereas RNA polymerase I (Pol I) transcribes the
genes that encode the three ribosomal RNAs (rRNAs). In Trypano-
somatidae, however, translation of Pol I-transcribed protein-coding
genes is possible because of trans-splicing of polycistronic pre-mRNAs
(21). Trans-splicing adds a capped 39 nt spliced leader (or mini-exon)
to the 5’ end of the mRNA, which is necessary for RNA transport,
stability, and translation efficiency. Thus, in these organisms, the
higher transcription rate of Pol I is used to ensure high levels of
gene expression. In a L. tarentolae expression system, integration
of the expression cassette into the chromosomal small subunit
rRNA locus (ssu) enables the generation of large numbers of
transcripts for constitutive expression. The expression cassette of
pLEXSY-2 expression vectors for L. tarentolae is flanked by two
fragments of the small subunit rRNA locus (5’ and 3’ ssu) for
homologous recombination.

The minimal vector for gene expression in Lesshmania consists
of a circular plasmid containing a signal for zrams-splicing of
mRNA, followed by a target gene (22). Better expression can often
be obtained if the target gene is followed by the 3'-UTR from a
highly expressed gene. Since gene regulation in Ledshmania occurs
mainly posttranscriptionally through intergenic UTRs, the choice
of suitable UTRs is important for construction of an efficient
expression vector. The pLEXSY-2 vectors contain three optimized
UTRs: utrl derived from the 0.4 kb intergenic region of L. taren-
tolne adenine phosphoribosyl transferase gene; #¢72 from the 1.4 kb
intergenic region of L. tarentolae calmodulin cluster containing
three tandemly arranged calmodulin genes (camCB); and wutr3
from the 1.7 kb intergenic region of the L. major dihydrofolate
reductase-thymidylate synthase gene, flanking the target and marker
gene insertion sites, which provide the trans-splicing signal for
posttranscriptional mRNA processing.

In a L. tarentolne expression system, heterologous proteins can
either be expressed cytosolically or secreted into the medium.
Alternative cloning strategies result in cytosolic or secretory expres-
sion of target genes in pLEXSY-2 vectors. For secretion, a signal
sequence derived from secreted acid phosphatase of L. mexicana
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2.3. Gene Transfer
and Selection

(Imsap) is utilized in pLEXSY-2 vectors (23); however, the native
signal sequence has been used successfully for secretion of human
EPO and rat proprotein convertase 4 (15, 24). Although the
expression efficiency of recombinant EPO with Imsap was signifi-
cantly higher than that with the native signal sequence, the usage
of the native signal sequence enables the production of natively
processed proteins at the N-terminus.

In conjunction with the unique organization of the transcription/
translation machinery of Trypanosomatidae, the inducible protein
expression system based on L. tarentolae can also be used (25). In
Trypanosomatidae, expression of genes can be driven by not only
endogenous RNA polymerase I or 11, but also cointegrated pro-
moters for heterologous RNA polymerase (26). Therefore, a com-
bination of bacteriophage T7 RNA polymerase with its promoter
controlled by a repressor element responsive to tetracycline (Tet) is
used for the inducible expression system. Target genes are inserted
into the expression cassette under the control of a T7 promoter
with the bacterial Tet responsive element (TRE) and integrated
into the chromosomal ornithine decarboxylase (odc) locus of the
host L. tarentolae strain, which is constitutively expressing T7 RNA
polymerase and the Tet repressor under the control of endogenous
Pol I. When overexpression of heterologous proteins affects the
physiology of the host, the inducible expression system may be
valuable.

Following construction in Escherichia coli, the expression plasmid
is linearized and integrated into the chromosome of L. tarentolne
by homologous recombination. Leishmania cells can be routinely
transfected with plasmid DNA by electroporation and the transfected
cells can be selected with antibiotics. Currently, four selectable
marker genes are available in this system: neomycin phosphotrans-
ferase (neo), hygromycin phosphotransferase (hyg), bleomycin
resistance protein (ble), and streptothricin acetyltransferase (sat) that
confer resistance to G418, hygromycin, bleomycin, and nourseo-
thricin, respectively. Therefore, up to four genes can be expressed
simultaneously and it is applicable, for instance, to produce
multisubunit proteins (27). Moreover, further increase of expres-
sion levels can be obtained with the additional copies of integrated
genes after sequential transfection and selection (15, 28).

3. Posttrans-
lational
Modifications

The structures of N-linked oligosaccharides from various pathogenic
Leishmania and Trypanosoma species have been well-investigated
because they have been implicated in parasite virulence (29).
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According to previous studies, the pattern of N-glycosylation is
highly variable in different species and at different life cycle stages
(30, 31). Most N-linked glycans in these parasites are of the high-
mannose type; however, many trypanosomatids retain the enzymatic
machinery for making more complex N-glycan structures. As an
example, some glycoproteins of 1. brucei have complex N-linked
glycans, primarily biantennary glycans with terminal a-1, 3-linked
galactose units or branched poly- N-acetyllactosamine sequences
similar to those of higher eukaryotes (32, 33). Some proteins of
T. cruzi are modified with a-linked galactose, fucose, and even
sialic acid residues (34, 35). The N-glycosylation profile of L.
tarventolae was investigated in recombinant human EPO (15). It
was exceptionally homogenous, with higher eukaryote-like bian-
tennary N-glycans and the Man GlcNAc, core structure. N-glycans
were fully galactosylated and core-a-1, 6-fucosylated, whereas sialyla-
tion was missing. Higher branched, tri- and tetra-antennary glycans
were not observed, probably due to a lack of N-acetylglucosaminyl
transferase IV activity. Overall, the N-glycosylation pathway of
L. tarentolae is more similar to those in mammals than those in yeast
and insect cells (Fig. 1). Genetic engineering of the L. tarentolae
host may provide a method for producing sialylated or multianten-
nary heterologous glycoproteins.

L. tarentolae has the potential to perform other posttransla-
tional modifications typically associated with higher eukaryotes.
These include processing of signal sequences, protein folding,
and disulfide bridge formation. We successfully produced the disulfide-
linked heterotrimeric glycoprotein, laminin, which contained
complex structures, such as epidermal growth factor (EGF)-like repeat
and coiled-coil domains, in a L. tarentolae expression system (27).

Asn Asn
Yeast Insect L. tarentolae Mammalian
cells cells

N-acetylglucosamine () Fucose © Mannose

@ Galactose M N-acetylneuraminic acid

Fig. 1. N-glycosylation patterns of proteins expressed in various expression systems.
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4, Conclusions

Various recombinant protein expression systems have been developed
in bacteria, yeast, fungi, insect cells, mammalian cells, transgenic
animals, and transgenic plants. Researchers have selected the optimal
expression system based on the purpose of the desired protein
product. The selection of the expression system depends on numer-
ous factors, such as the expression levels, posttranslational modifi-
cations, production cost, availability of genetic systems, and other
factors (Table 1) (36, 37). Thus, it is important to understand the
advantages and disadvantages of the expression systems. At present,
the L. tarentolae expression system provides an attractive alternative
to mammalian cells for the production of recombinant mammalian
proteins. When it is difficult to express a mammalian protein or
domain of interest in mammalian cells, it would be advantageous
to use the L. tarentolne expression system. Furthermore, it can be used
for expression of proteins that are difficult to express in bacteria or
yeast. Since the L. tarentolae expression system has been recently
commercialized by Jena Bioscience (http://www.jenabioscience.com),
there are still few examples of this recombinant protein expression
(15,24,27,28, 38—40). Although further investigation is required
to verify a relationship between posttranslational modifications
and biological activity of many other proteins, L. tarentolae is
a promising host for production of proteins with mammalian-
type posttranslational modifications. The genomes of several
Trypanosomatidae have been sequenced (41-44) and are available
from sources, such as TriTrypDB (http:/TriTrypDB.org) (45),
including the partial sequence of L. tarentolae. The availability of the
genome sequence should facilitate future improvement of this sys-
tem for large-scale production of recombinant proteins for indus-
trial and pharmaceutical uses.
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