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ARTICLE INFO ABSTRACT

Recombinant proteins are essential to biomedicine, research, and industry,
but expression hosts differ substantially in productivity, folding,
Keywords: Leishmania tarentolae, Iranian 9glycosylation, cost, and scalability. The lizard-associated trypanosomatid
lizard Leishmania, Recombinant protein, Leishmania tarentolae has emerged as a potentially useful eukaryotic
Expression host, Glycosylation, Protein expression host that combines relatively straightforward cultivation with the
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engineering capacity for disulfide-bond formation, complex-protein assembly, and
selected mammalian-like  post-translational ~ modifications (PTMs).
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variable or low product titers, proteolysis, strain-specific behavior,
incomplete characterization of PTMs, and a lack of directly comparable
scale-up and cost data. Vector engineering, improved mRNA processing and
stability, protease control, glycoengineering, and systematic process
optimization may enhance performance. The evidence currently supports
© The Author(s) Leishmania mainly as a promising research and development platform, rather

|@®@@| than an established replacement for industrial mammalian-cell

manufacturing.

INTRODUCTION

enabled the production of biologically active proteins in narrative review first compares established expression
heterologous hosts. In 1977, a chemically synthesized hosts and then assesses the evidence for Leishmania
gene encoding the peptide hormone somatostatin was tarentolae and Iranian lizard ~Leishmania (ILL),
expressed in Escherichia coli, establishing a landmark ~ €mphasizing  production ields, product quality,
proof of concept for recombinant expression [1, 2]. expression vectors, and remaining translational barriers.
Recombinant hormones and other therapeutic products )

were subsequently developed for clinical use [3]. Present- Expression hosts

day production systems range from bacteria and yeasts to Bacteria

insect, plant, and mammalian cells. Chinese hamster ovary Bacterial hosts, especially E. coli, are widely used
(CHO) and human embryonic kidney 293 (HEK293) cells because of their rapid growth, genetic tractability,
are important platforms for several complex comparatively inexpensive cultivation, and capacity for
biopharmaceuticals, although the optimal host depends on high expression of selected products. They are particularly
http://jommid.pasteur.ac.ir J Med Microbiol Infect Dis, 2026; 14 (3): 211-220.
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suitable for proteins that do not require complex
eukaryotic  post-translational ~modifications (PTMs).
Nevertheless, correct protein folding and three-
dimensional structure are essential even when
glycosylation is not required. Bacterial limitations include
the absence of conventional eukaryotic intron splicing and
human-type glycosylation, differences in codon usage,
endotoxin contamination in Gram-negative hosts, and
aggregation or inclusion-body formation for some
heterologous proteins [2, 8].

Other bacterial hosts, including Bacillus subtilis and
Lactococcus lactis, can support recombinant protein
secretion and provide alternatives to E. coli for selected
products. Their advantages and limitations depend on
secretion pathways, protease activities, product stability,
and manufacturing requirements [9].

Unicellular eukaryotic hosts

Unicellular eukaryotes, particularly yeasts, provide
eukaryotic folding and secretion machinery while
retaining many of the cultivation and scale-up advantages
of microorganisms [10]. Their glycosylation pathways
differ from those of mammalian cells, but can be
engineered for selected products. Saccharomyces
cerevisiae and Komagataella phaffii (formerly referred to
as Pichia pastoris) are widely studied hosts for
recombinant enzymes and biopharmaceutical proteins
[11].

Yeast hosts

Saccharomyces cerevisiae is a well-established host for
recombinant proteins [12]. However, its native N-
glycosylation often generates mannose-rich glycans that
may alter the biological properties, clearance, or
immunogenicity of particular glycoproteins [13, 14].
Glycoengineering can modify this pathway, although
achieving the desired glycoform remains product-
dependent [15]. Secretion may also be limited by folding
capacity, trafficking, or extracellular proteolysis;
engineering the secretory pathway can improve yields
[16]. Codon usage and expression-context effects require
optimization, but differences from mammalian codon
frequencies are not an intrinsic barrier to the expression of
every human gene [17].

Komagataella phaffii (P. pastoris) is frequently used for
high-cell-density cultivation and efficient recombinant
protein expression, although titers vary widely among
proteins, strains, and production processes [18]. Native
yeast glycans may be unsuitable for some therapeutic
glycoproteins; humanized glycosylation pathways offer
one strategy for improvement [19]. Proteolytic
degradation, secretion bottlenecks, and metabolic stress
can lower recoverable yields. Process optimization and
engineered strains, including protease-deficient variants
when appropriate, can mitigate these limitations [20].
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Other eukaryotic expression platforms

Filamentous fungi, insect cells, transgenic animals,
plants, and mammalian cell cultures offer distinct
production options. None can be ranked universally by
PTM fidelity, yield, cost, or scalability because these
properties vary with the host, strain, product, and
production process. More complex systems may also
entail demanding development, purification, biosafety, or
regulatory requirements [21].

Fungi

Filamentous fungi, including Trichoderma reesei and
certain Aspergillus species, are valuable industrial hosts,
particularly for secreted enzymes [22]. Nevertheless,
fungal N-glycans do not necessarily reproduce
mammalian glycosylation, and some species or strains
present product-degradation, metabolite-safety, viscosity,
or engineering challenges. These risks should be assessed
for each production strain rather than attributed uniformly
to all filamentous fungi [23].

Insect cells

Insect cell expression, frequently coupled to
baculovirus vectors, can facilitate the production of
correctly folded and assembled recombinant proteins and
protein complexes [24]. Its performance depends on the
product and process, and insect N-glycan processing often
differs from mammalian-cell processing. Such differences
may matter for glycoproteins whose activity,
immunogenicity, or pharmacokinetics depend on specific
terminal sugars [25].

Accordingly, baculovirus-insect cell systems should be
compared with yeast and mammalian platforms using
product-specific measures such as functional yield, glycan
profiles, process reproducibility, and manufacturing costs.
Insect cells are not intrinsically inferior to
glycoengineered yeast; their relative suitability depends
on the target protein and required quality attributes [26].

Silkworm (Bombyx mori) larvae and pupae have also
been investigated as in vivo expression hosts, including
for recombinant glycoproteins [27]. Their use may be
advantageous for certain research or production
applications, but production efficiency, batch consistency,
purification, and scalability require product-specific
evaluation [28].

Transgenic animals

Transgenic animals can produce recombinant proteins
in selected tissues under the control of tissue-specific
regulatory elements. For example, mammary-gland
expression can permit protein secretion into milk, using
promoters such as those derived from milk-protein genes.
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The appropriate promoter and host species depend on
the production strategy; recombinant products have also
been explored in other biological fluids and in avian egg-
white systems [29]. Transgenic mammals can provide
mammalian folding and PTM pathways, but the resulting
product is not necessarily identical to its endogenous
human counterpart. Glycosylation, recovery, viral safety,
purification from complex biological matrices, animal
welfare, and regulatory considerations must be assessed
before therapeutic use [30].

Plant expression systems

Plant-based systems support recombinant-protein
expression in whole plants or plant-cell cultures under
controlled conditions [31, 32]. Plant N-glycans may carry
B1,2-xylose and core al,3-fucose, which differ from
common human glycan structures; glycoengineering can
reduce some of these differences [33]. Proteases, phenolic
compounds, host proteins, and heterogeneous expression
may complicate downstream processing, depending on the
product and production method [34].

Protein secretion from engineered plant roots into
hydroponic medium (“rhizosecretion™) has been explored
as one route to simplify product recovery. However,
secretion signals and specialized cultivation do not
guarantee higher purity, lower cost, or an improved
overall process. Expression levels, extracellular
proteolysis, media complexity, and recovery costs must be
determined experimentally [35].

Mammalian cell hosts

Mammalian expression systems remain central to the
manufacture of many complex therapeutic proteins
because they support sophisticated folding, assembly, and
PTM  pathways, including glycosylation. These
advantages come with demands for process control, cell
line development, viral safety testing, and quality
assurance, although productivity and costs vary greatly
across modern manufacturing platforms [36].

Some mammalian cell lines require adherent growth,
whereas widely used CHO production lines have been
adapted to suspension culture in bioreactors. Compared
with microbial hosts, mammalian cultures often have
longer production cycles and more demanding media and
process-control  requirements;  however, optimized
industrial processes can achieve high cell densities and
high product titers [37].

CHO and HEK293 cells are established expression
platforms for diverse recombinant proteins. Nevertheless,
their PTMs are not automatically identical to those of
native human proteins, and functional activity, glycan
distribution, purity, and aggregation must be characterized
for each product [38].
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Leishmania overview

The genus Leishmania was described in the early
twentieth century; its taxonomic history is more complex
than attribution to a single investigator [39]. The number
of recognized species and species implicated in human or
animal disease depends on taxonomic definitions and
subsequent revisions, so fixed counts should not be
presented without a current taxonomic source [40].
Leishmania comprises kinetoplastid protozoa in the family
Trypanosomatidae. Leishmania tarentolae is a lizard-
associated  species assigned to the  subgenus
Sauroleishmania; the genome of the TARII strain was
published in 2012 [41]. Several laboratory isolates and
strains, including TARIlI and LEM-derived lines, have
been investigated. L. tarentolae is generally regarded as
nonpathogenic to humans and is commonly handled under
low-containment laboratory conditions, but biosafety
classification is strain- and institution-dependent.
Experimental uptake or limited persistence in mammalian
phagocytes has been described, so the blanket claim that
all strains are "strictly non-pathogenic” is not justified
[42].

Leishmania tarentolae has been developed as a eukaryotic
platform for producing selected recombinant proteins [43].
Relative ease of culture, genetic manipulation, and the
capacity to support folding and assembly of some complex
proteins are important advantages. Nevertheless, strain
performance, protein secretion, folding fidelity, and the cost
of purified product depend on the expression construct and
manufacturing process. Broad claims of universally human-
compatible codon usage or inexpensive purification are not
substantiated across proteins [21, 43].

Protein N-glycosylation and O-glycosylation are important
quality attributes of many recombinant glycoproteins. N-
linked glycans are typically attached to asparagine residues in
appropriate sequence contexts, whereas common mucin-type
O-linked glycans are attached to serine or threonine residues.
Although L. tarentolae can generate selected mammalian-like
glycan features, its glycosylation does not reproduce all
human glycoforms. In particular, native pathways may lack
terminal sialylation, which can affect the stability or
circulation of some therapeutic proteins. In one study,
expression of human sialyltransferase together with suitable
culture supplementation improved the sialylation profile of
recombinant IFN-B, demonstrating product- and process-
specific glycoengineering rather than universal restoration of
human-type glycosylation [44]. The functional consequences
of altered sialic acid content should be evaluated for each
product [45].

The ability to express multiple polypeptide chains and
assemble selected protein complexes makes L. tarentolae
of interest for multisubunit proteins [46]. Recombinant
monoclonal antibodies have been produced
experimentally, including an anti-IL-2Ra  antibody.
However, correct assembly or selected structural
similarities do not establish therapeutic equivalence or
guarantee  low  immunogenicity.  Antibody Fc
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glycosylation, target binding, effector functions,
aggregation, and product-specific safety require direct
analytical and functional testing [47].

The platform has also been studied for the production of
viral antigens and candidate vaccine components, including
influenza and coronavirus-related antigens. The evidence
spans recombinant antigen expression and other experimental
approaches, including engineered extracellular vesicles; these
applications should not be equated with licensed vaccines or
clinically validated products [48, 49].

Applications of Leishmania

Historically, Leishmania and related Kinetoplastids have
served as experimental systems for investigating
mitochondrial kinetoplast DNA and RNA editing. A seminal
1990 study proposed a model of guide-RNA-directed editing
in Kinetoplastid mitochondria [50]. Earlier investigations of
amplifiable DNA circles in L. tarentolae were relevant to
parasite genetics and drug resistance rather than
demonstrating  general-purpose  recombinant  protein
production [51]. Subsequently, stable Leishmania expression
vectors supported investigations of parasite gene products;
such work should not be described as a demonstration of a
clinically protective vaccine [52].

Cell-free lysates prepared from L. tarentolae have also
been evaluated for eukaryotic protein synthesis [53]. A 2024
study reported a lyophilized cell-free formulation that
retained approximately 76% of protein-expression activity
relative to nonlyophilized controls and remained usable after
more than two weeks of room-temperature storage under the
tested conditions. The reported percentage of activity
retention is conditional on the original study design and does
not establish generalized room temperature stability or
commercial shelf life [54].

Leishmania and L. tarentolae for protein expression

Leishmania tarentolae and ILL are distinct lizard-
associated research isolates or lines with potentially useful
characteristics for recombinant protein expression. The
available literature does not establish that they have identical
genomes, PTM profiles, biosafety properties, or production
capacities. The following sections describe the better-

Leishmania

characterized commercial L. tarentolae system and the
separately investigated Iranian lizard isolates [41-43, 55, 56].

Commercial Leishmania strain

Jena Bioscience markets the LEXSY expression platform
based on an L. tarentolae P10 host and compatible
expression vectors. Stable genome integration, selectable
markers, and inducible or constitutive expression options can
be used according to the vector design. These capabilities
derive from platform development, but the specific
performance of any product requires experimental validation;
commercial availability alone does not establish
manufacturing-scale viability [55].

Iranian lizard Leishmania

An lranian lizard-associated  Leishmania isolate,
subsequently referred to as Iranian lizard Leishmania (ILL),
was obtained from a reptilian host historically identified as
Agama agilis (also referred to as Trapelus agilis) [56].
Preliminary promastigote transcriptome data have been
reported [57]. These data may assist in identifying candidate
pathways for future genetic engineering, but they do not by
themselves demonstrate which genes can be safely disrupted.
ILL has been used experimentally to express factor VII, IL-
12, IL-29, and amelogenin, as discussed below. Claims of
human-equivalent glycosylation or commercially competitive
production remain to be established by quantitative glycan
analysis, functional testing, and standardized bioprocess
comparisons [43, 56, 57].

Expression constructs used in Leishmania

A range of L. tarentolae expression vectors has been
developed for stable integration, inducible expression,
intracellular accumulation, and protein secretion. In these
kinetoplastids, expression depends on genomic context, RNA
processing, translation, and protein stability; describing
optimization solely in terms of conventional promoter
strength oversimplifies the underlying biology. A 2024
Modular Cloning (MoClo) toolkit based on a modified
LEXSY vector provided 34 domesticated genetic parts for
standardized assembly of expression modules, including
protein tags and targeting signals [58]. These tools facilitate
experimental construct development but do not ensure high
yields for all recombinant proteins (Figure 1).

Protein
Production

Fig. 1. Schematic illustration of the potential use of Leishmania as a recombinant protein expression host. This conceptual diagram
emphasizes protein production but does not provide experimental evidence of superior yield, human-equivalent glycosylation, product
safety, or industrial-scale performance. Created with BioRender.com.

J Med Microbiol Infect Dis 214

2026 Vol. 14 No. 3


http://jommid.pasteur.ac.ir/article-1-692-en.html

[ Downloaded from jommid.pasteur.ac.ir on 2026-11-16 ]

Stable L. tarentolae expression systems can target
defined genomic loci, including ribosomal DNA (rDNA)
regions, while some experimental ILL systems have
compared expression configurations involving an rDNA-
associated locus and a cysteine-proteinase gene locus [59].
Vector architecture, transcription, RNA processing,
selection, and gene-copy context can influence expression.
The comparison should therefore be interpreted within the
particular strain and constructs studied, rather than as
proof that an rDNA-targeted construct universally yields
more protein [58, 59].

Inducible LEXSY-based expression can employ stable
genomic integration or episomal elements, depending on
the system. Certain integrative designs target the ornithine
decarboxylase (odc) locus; this does not apply to every
Leishmania expression construct. Appropriate controls are

Leishmania as a promising expression host
required to evaluate vector stability and induction-related
effects [55, 60].

In established inducible designs, T7 RNA polymerase
can be combined with a tetracycline-responsive regulatory
system to control transcription from a T7 promoter. The
degree of induction and background expression vary with
the construct, host, and experimental conditions [60].
Kinetoplastid mRNA maturation involves spliced-leader
trans-splicing and polyadenylation, making suitable
intergenic processing sequences important to vector
design. CRISPR/Cas9-based genome editing approaches
have also been described in Leishmania [61]. DNA
delivery commonly uses electroporation, although
transfection efficiency varies with strain and protocol
(Figure 2).

‘! generation

Plasmid design and

SyrnRNA T
(constant scaffold) ~\~ Cas9 N
protein  \

Target
Sequence

(guide sequence
spacer)

PAM _d

D \- PAM (Protospacer

Adjacent Motif)

Electroporation

Fig. 2. Conceptual illustration of DNA introduction into Leishmania cells by electroporation and the possible integration of
introduced DNA by homologous recombination. Electroporation transiently increases membrane permeability; it does not itself
guarantee stable integration or precise genome editing. The outcome depends on DNA design, the cellular repair machinery, and
selection conditions. Created with BioRender.com.

Culture media for Leishmania

Culture medium influences parasite growth, cell
physiology, secretion, and downstream processing, and it
may represent an important component of production
cost. Medium optimization should therefore consider
product yield and quality as well as cell density and cost
per liter of culture [21, 43, 60].

L. tarentolae can be maintained in several
supplemented media, including brain heart infusion
(BHI) formulations containing hemin. A commercial
LEXSY host may require medium components and
antibiotics specified for the relevant expression protocol
[62]. Chemically defined medium has also been
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developed to improve the reproducibility and control of
selected L. tarentolae cultivation processes [63].

Traditional Leishmania cultivation and parasite-
propagation protocols have used Novy-MacNeal—
Nicolle (NNN) medium and liquid media such as M199,
RPMI 1640, and other supplemented formulations.
Requirements for serum, hemin, buffers, and additional
nutrients differ among strains and experimental purposes
[64]. Because nutrient availability, medium stability, and
contamination risk are context-dependent,
supplementation schedules should follow a validated
cultivation protocol rather than a universal prescription
for all Leishmania strains [64].
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An experimental study found that ILL could grow in
Luria—Bertani (LB) broth at approximately 24-26°C and
that recombinant protein expression was measurable
under the conditions examined [65]. Growth in LB was
broadly comparable to RPMI 1640 in that study, while
protein expression findings were specific to the
investigated construct and culture conditions. These
laboratory results support investigating inexpensive
cultivation formulations, but the authors did not establish
industrial yields, validated large-scale processes, or a
reduction in cost per gram of purified functional product
[65].

Expression levels in various strains

Reported recombinant protein titers vary greatly with
product identity, host genotype, expression strategy,
cultivation mode, and whether vyield refers to
intracellular  expression, secreted protein, purified
protein, or biologically active product. High titers have
been reported for selected proteins in engineered E. coli,
but individual results should not be treated as universal
host-level maxima [66]. Similarly, modern yeast
bioprocesses can be highly productive, but direct
comparisons require harmonized definitions of titer,
volumetric productivity, purity, and quality attributes
[67].

CHO manufacturing platforms can achieve substantial
titers under optimized industrial conditions, particularly
for established antibody products [68]. However, these
results cannot be compared directly with research-scale
Leishmania studies unless expression constructs, culture
duration, product class, assay methods, purification
recovery, and functional activity are taken into account.

Mammalian-cell production can entail expensive
media, complex facility requirements, and extensive
release testing, but these costs should be evaluated at the
level of the full manufacturing process. Viral-safety
controls and product-quality testing are integral to many
regulated biopharmaceutical processes rather than
disadvantages unique to mammalian cells [69].

Expression levels in P10

Published reviews of L. tarentolae report recombinant
protein titers commonly within approximately 0.1-30
mg/L for certain older expression configurations, while
some optimized protein-specific examples have reached
much  higher levels. These figures describe
heterogeneous studies and must not be interpreted as a
validated typical range or performance guarantee for P10
[70]. In one experimental study, an assembled anti-IL-
2Ra antibody of approximately 150 kDa was produced
in the P10 expression system; the reported concentration
was about 2 pg/mL after 48 h under the studied
conditions [71]. Production and preliminary functional
evaluation of this antibody do not establish clinical
efficacy or regulatory suitability.
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Expression levels in ILL

Recombinant human coagulation factor VII (FVII)
was expressed in ILL in an early study, with a reported
concentration of approximately 10 pg per 10 mL (1
pg/mL) [72]. Other studies have reported FVII
production in insect and mammalian cell systems [73—
75], but differences in protein design, harvest timing,
culture format, analytical assay, and specific activity
prevent reliable ranking of the hosts from these isolated
values. Importantly, active FVII depends on vitamin K-
dependent y-carboxylation of glutamate residues in its
Gla domain. An early ILL study estimated a functional
fraction of approximately 9% and noted that vy-
carboxylation required further characterization [72].
Consequently, detection of FVII antigen, an apparently
appropriate molecular mass, or a nominal titer does not
establish correct PTMs or therapeutic potency. In hosts
with insufficient endogenous y-carboxylation capacity,
engineering of the relevant carboxylation and vitamin K
recycling pathways may be necessary, but the exact
requirements must be determined experimentally.

Because direct side-by-side comparisons of ILL and
commercial L. tarentolae strains under standardized
conditions are lacking, available reports cannot establish
equivalence or superiority. The platform's potential
should be assessed across multiple product classes using
matched constructs and cultivation conditions, with
measurements of purified functional titer, specific
activity, PTM profiles, yield consistency, and
downstream recovery [59, 65, 70, 72].

Human IL-12 expression has been investigated in ILL
using an engineered secretion construct, with one study
reporting an estimated concentration of approximately
0.247 ng/mL (247 pg/mL) [76]. A subsequent study
investigated transgenic ILL expressing human IL-12 in a
BALB/c mouse model of experimental cutaneous
leishmaniasis and reported partial protection, with
reduced lesion progression and parasite burden but
without sterile immunity, under its experimental
conditions [77]. This finding should not be generalized
to human vaccination or therapeutic protein manufacture.
Recombinant IL-29 and amelogenin have also been
reported in ILL at approximately 75 ng/mL [78] and 4
pg/mL [79], respectively. These substantially different
titers illustrate the product dependence of ILL
expression. Further work should test optimized vectors
and strains, quantify product activity and glycoforms,
and determine whether improvements persist in
controlled scale-up studies.

CONCLUSION

A successful recombinant protein expression host
must deliver adequate quantities of a product with the
required identity, folding, purity, biological activity, and
PTM profile. Bacterial and yeast hosts are higly
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effective for many products, including numerous
proteins that do not require human-type glycosylation.
Mammalian cells remain important for complex
biopharmaceuticals, although no host guarantees native-
equivalent glycosylation or immunological safety
without product-specific evaluation.

Leishmania tarentolae offers an experimentally useful
combination of eukaryotic folding machinery, relatively
accessible cultivation, and genetic tools. Nevertheless, its
naturally produced glycans differ in important respects
from human glycoforms, and the available literature
contains considerable product-to-product variation in
expression yield. The commercial maturity of CHO
production cannot be assumed for Leishmania.

ILL provides an additional research model, with
preliminary evidence of expression of several
recombinant proteins. Current publications do not
demonstrate that ILL produces a consistently higher
yield or lower cost per gram of active protein than
established microbial or mammalian hosts. In particular,
between-study concentration comparisons do not
compensate for differences in protein identity, analytical
methods, scale, and biological activity.

Priorities for further development include standardized
strain and vector characterization, appropriate RNA-
processing elements, targeted control of proteolysis,
secretion optimization, product-specific
glycoengineering, and reproducible comparisons of
functional titers. For proteins such as FVII, verification
of specialized PTMs is indispensable. Biosafety, batch
consistency, purification, and downstream economics
should be evaluated alongside expression levels.

In conclusion, L. tarentolae and ILL are promising
platforms for selected laboratory-scale recombinant
proteins and may support future specialized
manufacturing applications. Their wider adoption
requires rigorous product-quality testing, directly
comparable  bioprocess data, and evidence of
reproducible scale-up. Their current promise should be
presented as an experimentally testable opportunity
rather than an established industrial advantage.
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