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Disulfide-Rich Recombinant Proteins
from Plasmodium Falciparum can be
Efficiently Produced Using Lactococcus
Lactis as A Platform
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Introduction

The best expression system for making recombinant proteins is determined by a number of
important factors, including yield, purity, and production cost. The biophysical and structural
properties of the recombinant proteins cause expression yields to vary by orders of magnitude even
if a single system is able to accommodate all of the proteins. The production of homogeneously
folded disulfide-bonded proteins has been particularly challenging among the various proteins.
Because it can export the recombinant protein into the culture supernatant, where it can be
easily purified, the lactic acid bacteria Lactococcus lactis has gained importance as a host for
heterologous protein expression. As a Gram positive bacterium, it does not produce endotoxins,
and it is “generally recognized as safe.” Unwanted glycosylation of proteins has not been described.
A low-cost production system is provided by the L. lactis expression system’s compatibility with
large-scale upstream and downstream processes [1-4]. This expression system’s safety in humans
has been demonstrated. We recently reported using L. lactis to successfully produce recombinant
Pfs48/45, a disulfide-rich Plasmodium falciparum vaccine candidate that has been difficult to
produce as a recombinant protein with correct conformation using a variety of other prokaryotic
and eukaryotic recombinant protein expression systems. We have also shown that L. lactis can be
used to express and purify 31 recombinant proteins from 25 different P. falciparum antigens, many
of which contain multiple structural disulfide bonds, in this study. Recombinant antigens’ native
structure and antigenic properties depend on the formation of the right disulfide bonds, as do
the appropriate innate and adaptive immune responses. The Merozoite, P. falciparum’s transient
extracellular stage of the asexual blood stage, is highly specialized for erythrocyte invasion, and
the antigens chosen in this study are localized in various subcellular compartments. These include
the proteins that make up the integral Merozoite membrane, the proteins that are associated
with the peripheral surface, and proteins that are secreted from various secretory organelles
like micromeres, rotaries, and dense granules. It is known that these proteins form functional
complexes with the proteins that make up the Merozoite surface. Together, these merozoite
surface protein complexes play a significant role in the invasion of erythrocytes. Several of these
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complexes have been identified as potential
targets for malaria-protective immunity [5-8].

Purification of proteins

Batch fermentation and a two-step downstream
purification procedure made up a simple
workflow. The clones of L. lactis that expressed
recombinant proteins were secreted into the
culture medium, separated from the cellular
biomass by centrifugation, and affinity purified
with the His-tag using the His Trap HP-column.
Ion-exchange chromatography was used to
polish the recombinant protein-containing
fractions following elution to further remove
the contaminating host-cell protein (HCP).
Recombinant cMSP33D7 serves as an illustration
of how this method resulted in the production
of a highly purified recombinant protein. Using
the same method as before, recombinant RO-
MSPDBL2 served as an example of recombinant
RO-expressing proteins harvested from clarified
culture medium. Prior to using an iron-exchange
chromatography column to further purify the
affinity-purified fusion protein, HCE TEV, and
the RO-fusion partner were separated from the
target recombinant protein. Immunoblotting
with antibodies against the His-tag and RO was
used to demonstrate that the carrier protein had
been removed, and the identity and purity of the
target protein were confirmed at each step.

Stabilizing structural domains with GLURP
prevents thermal denaturation

On SDS-PAGE, its apparent molecular mass
exceeds its predicted molecular mass as it
migrates. Since boiling has been used to purify
similarly disordered recombinant epsin 1
and AP180, we speculated that GLURP-RO
might stabilize its fusion partners against
thermal  denaturation  because  disordered
proteins frequently resist heat. We cultured
the MSPDBL2 construct without and with a
RO-fusion partner in the initial experiment.
More than 80% of the HCP was removed by
centrifugation after the culture supernatants from
the batch fermentation of recombinant clones
expressing RO-fusion constructs were boiled and
then immediately chilled in an ice-bath. While
the RO-MSPDBL2 fusion protein remained in
solution under these conditions, the MSPDBL2
recombinant protein was unable to withstand
heat treatment. To separate TEV-protease, RO-
fusion partner, and HCP from the target protein,
the supernatant containing RO-MSPDBL2 was
incubated with the TEV protease. The resulting
mixture was then purified using an iron-

exchange chromatography column. SE-HPLC
and ELISA were used to check the MSPDBL2-
domain’s integrity. The analysis also included
purified, unheated recombinant MSPDBL2 for
comparison. According to SE-HPLC, the two
MSPDBL2 recombinant proteins moved in
the same direction with retention times of 5.54
minutes, indicating that heat treatment had no
effect on protein stability or multimerization [9-10].

Discussion

Finding efficient and effective expression
systems for the production of recombinant
proteins is frequently complicated by the
creation of new vaccines and sero-diagnostic
tools. We have demonstrated that the L. lactis
expression systems are ideal for the production
of malaria antigens due to their ability to
accommodate cysteine-rich  proteins, their
scalable fermentation process, their ability to
secrete the recombinant protein into the culture
medium, which makes the purification process
easier, and their similar codon bias, which means
that they do not require codon optimization
prior to protein expression. E. wheat germ cell-
free expression system and HEK293 cells have
previously been utilized in the production of
Plasmodium falciparum Merozoite antigens.
Although each of these systems was successful
with some antigens, it is difficult to produce the
right post-translational modifications, which
typically determine the quality and activity of
the target recombinant protein, in each system.
The endoplasmic reticulum (ER), which is an
oxidizing environment, provides a setting for
the formation of disulfide bonds in eukaryotic
organisms like P. falciparum. The native disulfide
bonds Jan be formed by eukaryotic expression
systems. Prokaryotic organisms, on the other
hand, lack the complex ER machinery and exhibit
a wide range of mechanisms and capacities for
the formation of protein disulfide bonds.

Conclusions

L. lactis recombinant proteins rich in disulfide
can now be produced and purified using a novel
method.
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