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Abstract

Leishmaniosis is caused by the protozoa of the genus Leishmania with a wide spectrum of clinical and epidemiological
manifestations which are characterized into four clinical groups: cutaneous, mucocutaneous, diffuse cutaneous, and visceral.
American visceral leishmaniosis (AVL) or visceral leishmaniosis (VL) has been known as the most severe form of the disease.
However, despite the growing number of people exposed to the infection risk and the great effort done by the scientific
community worldwide to significantly increase the knowledge about these diseases, there is no vaccine capable of preventing
VL in humans. In this short review, we present some of the plasmids used for the expression of recombinant protein by
Escherichia coli strains used mainly for the second generation of vaccines for leishmaniosis. It can be emphasized that currently,
these vectors and hosts play an important role in developing vaccine strategies against the disease. Indeed, use of the E. coli BL21
(DE) strain is remarkable mainly due to its characteristics for being a stable protein producer as well as the use of histidine tags for
antigen purification.

Key points

* Plasmid vectors and E. coli will continue being important for studies about leishmaniosis.

* Protein purification exploiting histidine tags is a key technique.

Keywords Leishmaniosis - E. coli - Recombinant protein - Antigen - Plasmid

Introduction into four clinical groups: cutaneous, mucocutaneous, diffuse
cutaneous, and visceral (Freitas-Junior et al. 2012). American
visceral leishmaniosis (AVL) or visceral leishmaniosis (VL)

has been known as the most severe form of the disease due to

Leishmaniosis comprises a complex of diseases caused by the
protozoa of the genus Leishmania with a wide range of clin-

ical and epidemiological manifestations (Karami et al. 2013;
Esteva etal. 2017). Leishmaniosis are typical tropical diseases
that, depending on the parasite tropism, may be characterized
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its wide distribution showing high lethality if left untreated for
a long time (Jain and Jain 2015; Esteva et al. 2017; Chaukan
et al. 2018). Due to expansion of the human population from
rural epidemic regions to larger cities, mainly in developing
countries, it is estimated that 350 million people are currently
at risk of contracting any form of the disease (WHO 2016). It
is known that approximately 900,000 to 1.3 million new cases
of the disease are estimated to occur annually in 75 countries
that could cause approximately 20,000 to 30,000 deaths
worldwide (Sousa-Gomes et al. 2017). Dogs (Canis
familiaris) are considered the main reservoir for AVL, and
detection of infected dogs is crucial for controlling human
cases of the disease. Although infected dogs may have not
clinical manifestation of canine visceral leishmaniosis
(CVL), such animals act as a source of intense parasitism for
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phlebotomine sand flies (Michalsky et al. 2007). Strategies for
controlling VL are based on early diagnosis, treatment of hu-
man cases, canine serology tests, community education pro-
grams, and environmental management. However, despite the
growing number of people exposed to the infection risks, the
high incidence, and the great efforts done by scientific com-
munities worldwide with the intention to significantly increase
the knowledge about these diseases, there is still no efficient
and safe vaccine capable of preventing VL in humans (Singh
et al. 2016; Sousa-Gomes et al. 2017). Treatments performed
by the available drugs are toxic and costly (Gillespie et al.
2016). Despite advances in diagnosis and vaccination, and
considering that different techniques have been developed
for the diagnosis of leishmaniosis, there are no standard tests
for AVL antibody detection, i.e., a test that shows 100% of
activity of sensitivity for the detection of specific antibodies
against Leishmania. 1dentifying the parasite by means of par-
asitological tests is important since the symptoms could also
cross react to other diseases such as malaria, Chagas disease,
tuberculosis, among others (Gontijo and Melo 2004).

A safe and efficacious vaccine should elicit long-lasting
immunity, limiting the use of medications and finally a potent
inducer of a balanced Tyl- and Ty2-mediated immune re-
sponse, ideal for controlling AVL expansion. For instance, a
vaccine promoting protection for 5 years with 90% efficacy
would be economically viable when compared with current
treatments. As mentioned previously, treatment for AVL relies
on anti-leishmania drugs which are costly and toxic with ad-
verse side effects, thus emphasizing the need for safe and
effective vaccination strategies. The search for vaccines seems
to be the most economical method for AVL prevention
(Selvapandiyan et al. 2012).

Leishmania immunodominant antigens have the ability to
trigger a specific immune response, and it demonstrates their
potential to be included as a vaccine subunit for AVL. The use
of new approaches, including immunoinformatics tools for the
selection of leishmania immunodominants epitopes, can lead
to a specific immune response and seems to be a great strategy
for the second-generation vaccines (Ghorbani and Farhoudi
2018) besides the potential of such immunoepitopes for the
development of kits with more sensitivity, specificity, and af-
fordability for fields where the disease is endemic (Martins
et al. 2006; Gillespie et al. 2016). In this context, the use of
protein recombinant expression systems such as vectors and
host cells plays an important role in protein folding, since its
property can be influenced by several factors in a heterologous
system. This mini-review focuses on the use of Escherichia
coli as host cell and plasmids for the expression of recombi-
nant Leishmania infantum chagasi (L.i.chagasi) antigens.
Additionally, special emphasis is given to E. coli strain type
and cultivation strategies used during L.i.chagasi antigens ex-
pression as well as the performed purification strategies.
Special attention is also given to plasmid characteristics such
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as size, promoter, operon control, and tags. Indeed, most stud-
ies have been reporting the development of second-generation
vaccines against leishmaniosis where the use of recombinant
DNA technique and adjuvants makes the final formulation.
Additionally, third-generation vaccines which are DNA-
based vaccine will also be introduced as the current trend
(perspectives).

E. coli as host for Leishmania antigen
expression

Escherichia coli has been used as host cells for the expression
vectors of recombinant proteins for a long time, since this bacte-
rium is well molecular, genetic, and physiologically characterized
(Aucoin et al. 2006; Ahmad et al. 2018; Briand et al. 2016;
Cheng et al. 2007; Collins et al. 2013; Einsfeldt et al. 2011;
Ghorbani et al. 2009; Jhamb and Sahoo 2012; Kaur et al.
2018; Larentis et al. 2014; Marbach and Bettenbrock 2012;
Malik et al. 2016; Norsyahida et al. 2009; Rudolph et al. 2010;
Tripathi et al. 2009; Vélez et al. 2014; Wang et al. 2010; Wen
et al. 2005; Zhang et al. 2009). While searching for recombinant
proteins from Leishmania i. chagasi as potential vaccine sub-
units, Martins et al. (2006) expressed the 503 antigen, a protein
that shows 100% identity with the elongation factor-1y from
L. infantum, identified by double scanning cDNA library of the
amastigote form of Leishmania i. chagasi. The construction of
recombinant proteins used the pQE-30 plasmid and Escherichia
coli M15 as host.

It should be highlighted that a cellular and humoral im-
mune response was observed after experimental model and
serology from endemic AVL areas’ individuals. It showed
the capacity of the 503 antigen to stimulate the production of
interferon gamma (IFN-y) (Martins et al. 2006), thus the 503
antigen may be a potential immunoantigen to be used in the
formulation of kits for specific VL diagnosis. Table 1 shows
the main features of the expression system used for the 503
antigen. Our group has explored some other Leishmania i.
chagasi antigens such as 648 (Vaz et al. 2011, 2015), which
shows 97% identity with the A2 antigen (between amino acids
44 and 297), but the studies were conducted intensively for the
optimization of 503 antigen expression.

In this context, Vasconcelos et al. (2018) studied the influ-
ence of IPTG and lactose as inducer at different concentrations
and induction times on the 503 antigen expression by
Escherichia coli M15 harboring the pQE-30 plasmid and
using 2xYT medium (Table 2). It was shown that IPTG at
100.0 uM was able to give a 503 antigen concentration of
0.087 g/L that was 5.6-fold higher than obtained by lactose
at 1.0 g/L. Additionally, Ribeiro et al. (2019) studied batch
cultures incubated in a shaker also using the 2xYT medium
but under different IPTG concentrations (0.01 to 1.5 mM),
temperatures (27 to 42 °C), and induction times (0.5 to 6 h
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after the start of the culture), as shown in Table 2. It was shown
that IPTG toxicity caused a metabolic stress in the cells as well
as instability (Silva et al. 2012; Tomazetto et al. 2007) of the
plasmid pQE-30, due to the metabolic burden imposed by the
expression of the recombinant protein (Lecina et al. 2013;
Ribeiro 2018). In this case, optimal conditions for the 503
antigen expression from Leishmania i. chagasi in
Escherichia coli M15 were at a temperature of 37 °C with
induction time of 2 h using an IPTG concentration of
1.0 mM, leading to a maximum antigen concentration of
0.119+0.009 g/L.

Regarding purification strategies, the most concerning fac-
tor that interfered in 503 protein purification was difficulty in
lipopolysaccharide (LPS) removal from the E. coli M 15 strain.
However, Sousa Junior et al. (2015, 2017) and Leitdo et al.
(2018) showed that it is possible to use Triton X-114 surfac-
tant to remove LPS at the washing step during an expanded
bed adsorption (EBA) protocol with LPS removal with great
efficacy (> 99.0%). Leitdo et al. (2018) also showed that even
though nickel is the most used metal in immobilized
metal affinity chromatography (IMAC) purification pro-
tocols for the 503 antigen, Cu** was the metal with the
highest adsorption capacity.

Strategies have also been developed for the detection of
infected dogs once CVL imposes a negative impact on popu-
lation health. In order to develop for a more sensitive and
specific recombinant protein-based immunoassay with high
capacity for detecting asymptomatic carriers, parasite-
specific recombinant antigens such as rK39, rK26, and rA2
have been tested (Porrozi et al. 2007; Arruda et al. 2016). In
this context, Jusi et al. (2015) also reported the expression of
recombinant A2 family genes of Leishmania chagasi
(Jaboticabal strain) that could be useful as a tool for CVL
diagnosis using three E. coli BL 21 (DE), ER2566, and
Rosetta strains (Table 1). The expression vector pET 28a con-
taining A2, the target leishmania antigen sequence, was trans-
formed into E. coli BL 21 (DE), ER2566, and Rosetta. As
commented by Jusi et al. (2015), gene expression of the A2
family mainly occurs at the amastigote stage but not during
the promastigote one. Additionally, there is evidence that this
antigen is produced in response to stress, thus being important
for the survival of Leishmania donavani in visceral organs.

In relation to rK39 (Lima et al. 2017), Boarino et al. (2005)
produced a recombinant chimera consisting of a fusion of K9,
K39sub, and K26 antigens which was expressed in E. coli
BL2l1star. In this case, plasmids pGex-2T and pGex-6H
(modified by the authors based on the pGex-6P) contained a
six-histidine tag (Table 1). Once both plasmids could express
the gene of interest in fusion with glutathione-S-transferase
(GST) under the control of the inducible tac promoter, the
fusion protein could be purified by affinity chromatography
using glutathione sepharose and by IMAC as well, thus the
chimera could be purified by double affinity steps (Table 2).

Alongside screening for leishmania antigens as potential
vaccine candidate against AVL, efforts have also been looking
for antigen candidates against cutaneous leishmaniosis (CL).
In this context, Hammoudeh et al. (2015) reported the expres-
sion of the antigen P36 (Lack), a protein expressed on the
surface of Leishmania tropica amastigotes forms. This immu-
nogenic antigen (36 kDa) is the leishmania form that can sur-
vive inside of mammals’ macrophages (Ramos et al. 2008,
2009). P36 (Lack) was expressed in E. coli BL21-Gold (DE)
harboring the pRSET-P36 plasmid as shown in Table 1.
Purification of the P36 (Lack) protein was performed by
Hise-tag using nickel and the nitrilotriacetic acid (NTA)
superflow sepharose. Farajnia et al. (2011) searched for a mol-
ecule that could be used as target for chemotherapy to treat
VL; they expressed a Li-P4 nuclease belonging to class I of
nucleases in pET28a and transformed into E. coli BL21
(Table 1). The expressed recombinant P4 molecule (33 kDa)
was also purified by Hisg-tag using nickel and the
nitrilotriacetic acid (NTA) column, demonstrating that this
strategy is efficient for protein expression and purification
(Table 2). Additionally Nogueira (2014) and Nogueira et al.
(2018) expressed an antigen rL.c36 of unknown function con-
taining a nucleotidyl transferase important for protecting
Leishmania amastigotes against reactive oxygen species pro-
duced by macrophages (Nogueira et al. 2018). According to
Nogueira (2014), it was possible to express rLc36 using the
vector pET 28a(+) and the strain E. coli BL21 (DE) (Table 1)
in order to obtain a protein with 28.4 kDa (Table 2).

DNA-based vaccines using expression plasmids (third-
generation vaccines) have been explored in the field of immu-
nization against infectious diseases and are safe for both humans
and animals. Besides that, DNA vaccines have a rapid and in-
expensive production, shelf stability, safety use, storage, and
transportation. The system also has advantages, including their
ability to stimulate the innate and adaptive immune responses.

New perspectives and current applications in the field of
vaccinology against leishmaniosis are due to the use of such
plasmids for protein expression from the genus Leishmania
using Escherichia coli for the development of nanovaccines
based on DNA vaccine systems (Urefla-Burquez et al. 2019).
This approach, i.e., plasmids as vectors and E. coli as host
cells, plays a key role in the third-generation vaccines. As
shown in Table 1, Urefia-Burquez et al. (2019) used
PEGylated liposomes as nanoparticles (NP) loaded with the
plasmid pVAX1-NH36, propagated in E. coli DH5«, to be
used as a vaccine against leishmaniosis. NH36 is an enzyme
vital to Leishmania releasing nitrogenous base from foreign
DNA used in the synthesis of parasite DNA. For this reason,
this recombinant enzyme may be a good candidate for a
Plasmidial DNA (pDNA) vaccine since it has been tested in
experimental models of the disease (Urefia-Burquez et al.
2019). In addition, conditions used to express this target gene
are shown in Table 2.
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Conclusion

Leishmaniosis represents one of the major neglected diseases
in the world. ALV has undergone an extensive process of
urbanization in the outskirts of medium and large cities.
Most individuals infected with the leishmania develop a pro-
tective Thl-lymphocyte-mediated immune response against
the pathogen, and still, there is not yet a safe and effective
vaccine to control leishmaniosis in humans. Therefore, scien-
tists are not measuring efforts in order to develop a vaccine
that contains specific pathogen antigens for vaccine subunits,
such as the second generation one, i.e., in which a poly-
epitope-based DNA immunization approach can lead to an
excellent ability to induce T cell responses against
Leishmania. In this context, plasmid vectors as well as E.
col1i strains play a key role for this approach. During protein
expression, different strategies are used. However, it has been
observed that the use of E. coli BL21 (DE) is remarkable,
mainly for its characteristics of being a stable protein produc-
er. Additionally, protein purification by using histidine tags is
present in the majority of the approaches reviewed in these
studies. The development of nanovaccines based on pDNA
still relies on these two important elements, the vector and the
host cells, thus it is expected that they will assist researchers
for a long time in the development of new genetic engineering
in the field of vaccinology.

Acknowledgments The authors acknowledge Dr. Mary Wilson (Iowa
University/USA) for providing the microorganism strains at Chemical
Engineering Department/UFRN.

Author contribution VTR, ALOSL, LTCPV, MAOF, FCSJ, and ESS
conceived and contributed to the literature search. FCSJ, DRAM, and
ESS wrote the manuscript. All authors read and approved the manuscript.

Funding information The authors thank Coordination for the
Improvement of Higher Education Personnel (CAPES) and Brazilian
National Council of Research (CNPq) for the financial support (Grant
401817/2016-4 and 305251/2017-1).

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

Research involving human participants This article does not contain
any studies with human participants or animals performed by any of the
authors.

References

Ahmad I, Nawaz N, Darwesh NM, Ur Rahman S, Mustafa MZ, Khan SB,
Patching SG (2018) Overcoming challenges for amplified expres-
sion of recombinant proteins using Escherichia coli. Protein Expr
Purif 144:12—-18. https://doi.org/10.1016/j.pep.2017.11.005

@ Springer

Ali D, Abbady A-Q, Kweider M, Soukkarieh C (2016) Cloning, expres-
sion, purification and characterization of Leishmania tropica PDI-2.
Open Life Sci 11:166—176. https://doi.org/10.1515/biol-2016-0022

Arruda MM, Figueiredo FB, Marcelino AP, Barbosa JR, Werneck GL,
Noronha EF, Romero GAS (2016) Sensitivity and specificity of
parallel or serial serological testing for detection of canine
Leishmania infection. Mem Inst Oswaldo Cruz 111(3):168-173

Aucoin MG, McMurray-Beaulieu V, Poulin F, Boivin EB, Chen J,
Ardelean FM, Jolicoeur M (2006) Identitying conditions for induc-
ible protein production in Escherichia coli: combining a fed-batch
and multiple induction approach. Microb Cell Factories 5:1-13.
https://doi.org/10.1186/1475-2859-5-27

Boarino A, Scalone A, Gradoni L, Ferroglio E, Vitale F, Zanatta R,
Giuffrida MG, Rosati S (2005) Development of recombinant chime-
ric antigen expressing Immunodominant B epitopes of Leishmania
infantum for serodiagnosis of visceral Leishmaniasis. Clin Diagn
Lab Immunol 12(5):647-653

Briand L, Marcion G, Kriznik A, Heydel JM, Artur Y, Garrido C,
Seigneuric R, Neiers F (2016) A self-inducible heterologous protein
expression system in Escherichia coli. Sci Rep 6(33037):1-11.
https://doi.org/10.1038/srep33037

Chaukan K, Kumar G, Kaur S (2018) Activity of rutin, a potent flavonoid
against SSG-sensitive and -resistant Leishmania dovani parasites in
experimental leishmaniasis. Int Immunopharmacol 64:372-385.
https://doi.org/10.1016/j.itimp.2018.09.026

Cheng S, Song Q, Wei D, Gao B (2007) High-level production penicillin
G acylase from Alcaligenes faecalis in recombinant Escherichia coli
with optimization of carbon sources. Enzyme Microb Tech 41(3):
326-330. https://doi.org/10.1016/j.enzmictec.2007.02.011

Collins T, Azevedo-silva J, Costa A, Branca F, Machado R, Casal M
(2013) Batch production of a silk-elastin-like protein in
Escherichia coli BL21 ( DE3 ): key parameters for optimisation.
Microb Cell Factories 12(21):1-16. https://doi.org/10.1186/1475-
2859-12-21

Einsfeldt K, Severo Jinior JB, Corréa Argondizzo AP, Medeiros MA,
Alves TLM, Almeida RV, Larentis AL (2011) Cloning and expres-
sion of protease ClpP from Streptococcus pneumoniae in
Escherichia coli: study of the influence of kanamycin and IPTG
concentration on cell growth, recombinant protein production and
plasmid stability. Vaccine 29(41):7136—7143. https://doi.org/10.
1016/j.vaccine.2011.05.073

Esteva L, Vargas C, Vargas de Ledn C (2017) The role of asymptomatics
and dogs on leishmaniasis propagation. Math Biosci 2:46-55.
https://doi.org/10.1016/j.mbs.2017.08.006

Farajnia S, Rhabarnia L, Zanjani BM, Alimohammadian MH, Oskoee
SA, Beh-pajooh A, Saeedi N, Saheb SM (2011) Molecular cloning
and characterization of P4 nuclease from Leishmania infantum.
Enzyme Res 2001:6. https://doi.org/10.4061/2011/970983

Freitas-Junior LH, Chatelain E, Kim HA, Siqueira-Neto JL (2012)
Visceral leishmaniasis treatment: what do we have, what do we need
and how to deliver it? Int J Parasitol Drugs Drug Resist 2:11-19.
https://doi.org/10.1016/.1jpddr.2012.01.003

Ghorbani M, Farhoudi R (2018) Leishmaniasis in humans: drug or vac-
cine therapy? Drug Des Devel Ther 12:25-40. https://doi.org/10.
2147/DDDT.2012.S146521

Ghorbani D, Sahni G, Sahoo DK (2009) Enhanced production of recom-
binant streptokinase in Escherichia coli using fed-batch culture.
Bioresour Technol 100(19):4468-4474. https://doi.org/10.1016/].
biortech.2009.04.008

Gillespie PM, Beaumier CM, Strych U, Hayward T, Hotez PJ, Bottazzi
ME (2016) Status of vaccine research and development of vaccines
for leishmaniasis. Vaccine 34(26):2992-2995. https://doi.org/10.
1016/j.vaccine.2015.12.071

Gontijo CMF, Melo MN (2004) Leishmania Viceral no Brasil: Quadro
atual desafios e pespectivas. Rev Bras Epidemiol 7(3):338-349

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



Appl Microbiol Biotechnol (2020) 104:4273-4280

4279

Hammoudeh N, Soukkarieh C, Abbady A-Q, Kweider M (2015)
Cloning, expression and purification of recombinant Leishmania
tropica P36 (Lack) protein for serodiagnosis and vaccine applica-
tions. Int J Pharm Tech Res 7(1):72-79

Jain K, Jain NK (2015) Vaccines for visceral leishmaniasis: a review. J
Immunol Methods 422:1-12. https://doi.org/10.1016/.jim.2015.03.
017

Jhamb K, Sahoo DK (2012) Production of soluble recombinant proteins
in Escherichia coli: effects of process conditions and chaperone co-
expression on cell growth and production of xylanase. Bioresour
Technol 123:135-143. https://doi.org/10.1016/j.biortech.2012.07.
011

Jusi MMG (2015) Resposta Imune de camundongos BALB/c imunizados
com a proteina recombinante A2 de Leishmania chagasi. f 125,
Thesis, Universidade Estadual Paulista (UNESP)

Jusi MMG, Oliveira TMFS, Nakaghi ACH, André MR, Machado RZ
(2015) Expression of a recombinant protein, A2 family, from
Leishmania infantum (Jaboticabal strain) and its evaluation in canine
visceral Leishmaniasis serological test. Braz J Vet Parasit 24(3):
309-316. https://doi.org/10.1590/S1984-29612015060

Karami M, Doudi M, Setorki M (2013) Assessing epidemiology of cuta-
neous leishmaniasis in Isfahan, Iran. J Vector Dis 50(1):30-37

Kaur J, Kumar A, Kaur J (2018) Strategies for optimization of heterolo-
gous protein expression in Escherichia coli: roadblocks and rein-
forcements. Int J Biol Macromol 106:803—822. https://doi.org/10.
1016/j.ijbiomac.2017.08.080

Larentis AL, Nicolau JFMQ, Esteves GDS, Vareschini DT, de Almeida
FVR, dos Reis MG, Medeiros MA (2014) Evaluation of pre-
induction temperature, cell growth at induction and IPTG concen-
tration on the expression of a leptospiral protein in Escherichia coli
using shaking flasks and microbioreactor. BMC Res Notes 7:671.
https://doi.org/10.1186/1756-0500-7-671

Lecina M, Sarr6 E, Casablancas A, Godia F, Cairo JJ (2013) IPTG lim-
itation avoids metabolic burden and acetic acid accumulation in
induced fed-batch cultures of Escherichia coli M15 under glucose
limiting conditions. Biochem Eng J 70:78-83. https://doi.org/10.
1016/j.bej.2012.10.006

Leitdo ALOS, Caldas MCB, Padilha CEA, Costa CN, Rocha PM, Sousa
Junior FC, Macedo GR, Santos ES (2018) Recovery and purifica-
tion of 503 antigen from Leishmania i. chagasi with simultaneous
removal of lipopolysaccharides: influence of immobilized metals
and elution strategies during expanded bed adsorption (EBA). J
Liq Chrom Rel Technol 41(19-20):1066—1073. https://doi.org/10.
1080/10826076.2019.1565829

Lima C, Mesquita JR, Brancal H, Vahlenkamp T, Teixeira AR, Cardoso
L, Amorim C, Santarém N, Silva AC (2017) The use of Escherichia
coli total antigens as a complementary approach to address seropos-
itivity to Leishmania antigens in canine leishmaniosis. Parasitology
144:1384-1393. https://doi.org/10.1017/S0031182017000713

Malik A, Alsenaidy AM, Elrobh M, Khan W, Alanazi MS, Bazzi MD
(2016) Optimization of expression and purification of HSPA6 pro-
tein from Camelus dromedarius in Escherichia coli. Saudi J Biol Sci
23(3):410-419. https://doi.org/10.1016/j.sjbs.2015.04.017

Marbach A, Bettenbrock K (2012) Lac operon induction in Escherichia
coli: systematic comparison of IPTG and TMG induction and influ-
ence of the transacetylase LacA. J Biotechnol 157(1):82—88. https://
doi.org/10.1016/j.jbiotec.2011.10.009

Martins DRA, Jeronimo SMB, Donelson JE, Wilson ME (2006)
Leishmania chagasi T-cell antigens identified through a double li-
brary screen. Infect Immun 74(12):6940—-6948. https://doi.org/10.
1128/1A1.02032-05

Michalsky EM, Rocha MF, Rocha-Lima ACVM, Franga-Silva JC, Pires
MQ, Oliveira FS, Pacheco RS, Santos SL, Barata RA, Romanha AJ,
Fortes-Dias CL, Dias ES (2007) Infectivity of seropositive dogs,
showing different clinical forms of leishmaniasis, to Lutzomyia

longipalpis pheblotomine sand flies. Vet Parasitol 147(1-2):67-76.
https://doi.org/10.1016/j.vetpar.2007.03.004

Nogueira CT (2014) Busca de antigenos para diagndstico da
leishmaniose visceral canica: potencial uso e aplicagdo da proteina
rLc36. £ 104, Thesis, UNESP/Araragura

Nogueira CT, Cistis MLD, Urbaczek AC, Jusi MMG, Velasque AMA,
Machado RZ, Ferreira H, Henrique-Silva F, Langoni H, Costa PI,
Graminha MAS (2018) Potential application of rL.c36 protein for
diagnosis of canine visceral leishmaniasis. Mem Inst Oswaldo Cruz
113(3):197-201

Norsyahida A, Rahmah N, Ahmad RMY (2009) Effects of feeding and
induction strategy on the production of BmR1 antigen in recombi-
nant Escherichia coli. Lett Appl Microbiol 49(5):544-550. https:/
doi.org/10.1111/).1472-765X.2009.02694.x

Porrozi R, Costa MVS, Teva A, Falqueto A, Ferreira AL, Santos CD,
Fernandes AP, Gazzinelli RT, Campos-Neto A, Grimaldi G Jr
(2007) Comparative evaluation of enzyme-linked immunosorbent
assays based on crude and recombinant Leishmanial antigens for
serodiagnosis of symptomatic and asymptomatic Leishmania
infantum visceral infections in dogs. Clin Vacc Immunol 14(5):
544-548

Ramos I, Alonso A, Marcen JM, Peris A, Castillo JA, Colmenares M,
Larraga V (2008) Heterologous prime-boost vaccination with a non-
replicative vaccinia recombinant vector expressing LACK confers
protection against canine visceral leishmaniasis with a predominant
Thl-specific immune response. Vaccine 26:333—344. https://doi.
org/10.1016/j.vaccine.2007.11.021

Ramos I, Alonso A, Peris A, Marcen JM, Abengozar MA, Alcolea PJ,
Castillo JA, Larraga V (2009) Antibiotic resistance free plasmid
DNA expressing LACK protein leads towards a protective Thl re-
sponse against Leishmania infantum infection. Vaccine 27:6695—
6703. https://doi.org/10.1016/j.vaccine.2009.08.091

Ribeiro VT (2018) Avaliagdo da estabilidade do plasmideo pQE-30 e
expressdo do antigeno 503 de Leishmania i. chagasi em
Escherichia coli M15 em diferentes concentragdes de IPTG e
temperaturas de cultivo. f 89, Dissertation, Federal University of
Rio Grande do Norte

Ribeiro VT, Asevedo EA, Vasconcelos LTCP, Oliveira Filho MA, Aratijo
JS, Macedo GR, Sousa Junior FC, Santos ES (2019) Evaluation of
induction conditions for plasmid pQE-30 stability and 503 antigen
of Leishmania i. chagasi expression in E. coli M15. Appl Microb
Biotechnol 103(16):6495-6504

Rudolph B, Gebendorfer KM, Buchner J, Winter J (2010) Evolution of
Escherichia coli for growth at high temperatures. J Biol Chem
285(25):19029-19034. https://doi.org/10.1074/jbc.M110.103374

Selvapandiyan A, Dey R, Gannavaram S, Lakhal-Naouar I, Duncan R,
Salotra P, Nakhasi HL (2012) Immunity to visceral leishmaniasis
using genetically defined live-attenuated parasites. J Trop Pediatr:
1-12. https://doi.org/10.1155/2012/631460

Silva F, Queiroz JA, Domingues FC (2012) Evaluating metabolic stress
and plasmid stability in plasmid DNA production by Escherichia
coli. Biotechnol Adv 30(3):691-708. https://doi.org/10.1016/].
biotechadv.2011.12.005

Singh OP, Hasker E, Boelaert M, Sundar S (2016) Elimination of visceral
leishmaniasis on the Indian subcontinent. Lancet Infect Dis 16(12):
304-309. https://doi.org/10.1016/S1473-3099(16)30140-2

Sousa Junior FC, Vaz MRF, Aratjo Padilha CE, Chibério AS, Martins
DRA, Macedo GR, Santos ES (2015) Recovery and purification of
recombinant 503 antigen of Leishmania infantum chagasi using
expanded bed adsorption chromatography. J Chromatogr B 986-
987:1-7. https://doi.org/10.1016/j.jchromb.2015.01.031

Sousa Junior FC, Ribeiro VT, Chibério AS, Costa LPM, Padilha CEA,
Martins DRA, Macedo GR, Santos ES (2017) Simultaneous recom-
binant 503 antigen recovery and endotoxin removal from E. coli
M15 homogenate using expanded bed adsorption chromatography.

@ Springer

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



4280

Appl Microbiol Biotechnol (2020) 104:4273-4280

Separ Sci Technol 52(11):1869—-1875. https://doi.org/10.1080/
01496395.2017.1305411

Sousa-Gomes ML, Romero GAS, Werneck GL (2017) Visceral leish-
maniasis and HIV/AIDS in Brazil: are we aware enough? Plos
Neglect Trop D:1-13. https://doi.org/10.1371/journal.pntd.0005772

Tomazetto G, Mulinari F, Stanis¢uaski F, Settembrini B, Carlini CR,
Ayub MAZ (2007) Expression kinetics and plasmid stability of re-
combinant Escherichia coli encoding urease-derived peptide with
bioinsecticide activity. Enzyme Microb Tech 41(6—7):821-827.
https://doi.org/10.1016/j.enzmictec.2007.07.006

Tripathi NK, Sathyaseelan K, Jana AM, Rao PVL (2009) High yield
production of heterologous proteins with Escherichia coli.
Defence Sci J 59(2):137—146. https://doi.org/10.14429/dsj.59.1501

Urefia-Burquez LA, Garcia-Réndon A, Rochin-Wong S, Tejeda-Mansir
A (2019) Preparation and characterization of a nanovaccine of
pVAXI1-NH36 for leishmaniasis. Fuel 235:1077—1082. https://doi.
org/10.1016/j.fuel.2018.08.070

Vasconcelos LTCP, Oliveira Filho MA, Ribeiro VT, Aratijo JS, Sousa
Janior FC, Martins DRA, Santos ES (2018) Optimization of the
503 antigen induction strategy of Leishmania infantum chagasi
expressed in Escherichia coli M15. Prep Biochem Biotechnol
48(10):968-976. https://doi.org/10.1080/10826068.2018.1525563

Vaz MREF, Franga RLS, Andrade SSL, Sousa Junior FC, Santos ES,
Martins DRA, Macedo GR (2011) Influence of culture medium on
the production of EIF antigen from leishmania chagasi in recombi-
nant Escherichia coli. Braz J Microbiol 42(4):1390—-1396. https://
doi.org/10.1590/S1517-83822011000400021

Vaz MRF, de Sousa Junior FC, Costa LMR, dos Santos ES, Martins
DRA, de Macedo GR (2015) Optimization of culture medium for

@ Springer

cell growth and expression of 648 antigen from Leishmania
infantum chagasi in recombinant Escherichia coli M15. Ann
Microbiol 65(3):1607-1613. https://doi.org/10.1007/s13213-014-
1000-2

Vélez AM, Silva AD, Horta ACL, Sargo CR, Campani G, Silva GG,
Giordano RLC, Zangirolami TC (2014) High-throughput strategies
for penicillin G acylase production in rE. coli fed-batch cultivations.
BMC Biotechnol 14(1):6. https://doi.org/10.1186/1472-6750-14-6

Wang D, Li Q, Mao Y, Xing J, Su Z (2010) High-level succinic acid
production and yield by lactose-induced expression of phosphoenol-
pyruvate carboxylase in ptsG mutant Escherichia coli. Appl
Microbiol Biot 87(6):2025-2035. https://doi.org/10.1007/s00253-
010-2689-x

Wen Y, Feng M, Yuan Z, Zhou P (2005) Expression and overproduction
of recombinant penicillin G acylase from Kluyvera citrophila in
Escherichia coli. Enzyme Microb Tech 37(2):233-237. https://doi.
org/10.1016/j.enzmictec.2005.03.005

WHO (2016) World Health Organization. http://www.who.int/
mediacentre/factsheets/fs375/%0Aen/.

Zhang H, Zheng Y, Liu Q, Tao X, Zheng W, Ma X, Wei D (2009)
Development of a fed-batch process for the production of anticancer
drug TATm-survivin (T34A) in Escherichia coli. Biochem Eng J
43(2):163-168. https://doi.org/10.1016/j.bej.2008.09.013

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



Terms and Conditions

Springer Nature journal content, brought to you courtesy of Springer Nature Customer Service Center GmbH (“Springer Nature™).

Springer Nature supports a reasonable amount of sharing of research papers by authors, subscribers and authorised users (“Users”), for small-
scale personal, non-commercial use provided that all copyright, trade and service marks and other proprietary notices are maintained. By
accessing, sharing, receiving or otherwise using the Springer Nature journal content you agree to these terms of use (“Terms”). For these
purposes, Springer Nature considers academic use (by researchers and students) to be non-commercial.

These Terms are supplementary and will apply in addition to any applicable website terms and conditions, a relevant site licence or a personal
subscription. These Terms will prevail over any conflict or ambiguity with regards to the relevant terms, a site licence or a personal subscription
(to the extent of the conflict or ambiguity only). For Creative Commons-licensed articles, the terms of the Creative Commons license used will
apply.

We collect and use personal data to provide access to the Springer Nature journal content. We may also use these personal data internally within
ResearchGate and Springer Nature and as agreed share it, in an anonymised way, for purposes of tracking, analysis and reporting. We will not
otherwise disclose your personal data outside the ResearchGate or the Springer Nature group of companies unless we have your permission as
detailed in the Privacy Policy.

While Users may use the Springer Nature journal content for small scale, personal non-commercial use, it is important to note that Users may
not:

1. use such content for the purpose of providing other users with access on a regular or large scale basis or as a means to circumvent access
control;

2. use such content where to do so would be considered a criminal or statutory offence in any jurisdiction, or gives rise to civil liability, or is
otherwise unlawful;

3. falsely or misleadingly imply or suggest endorsement, approval , sponsorship, or association unless explicitly agreed to by Springer Nature in
writing;

4. use bots or other automated methods to access the content or redirect messages

5. override any security feature or exclusionary protocol; or

6. share the content in order to create substitute for Springer Nature products or services or a systematic database of Springer Nature journal
content.

In line with the restriction against commercial use, Springer Nature does not permit the creation of a product or service that creates revenue,
royalties, rent or income from our content or its inclusion as part of a paid for service or for other commercial gain. Springer Nature journal
content cannot be used for inter-library loans and librarians may not upload Springer Nature journal content on a large scale into their, or any
other, institutional repository.

These terms of use are reviewed regularly and may be amended at any time. Springer Nature is not obligated to publish any information or
content on this website and may remove it or features or functionality at our sole discretion, at any time with or without notice. Springer Nature
may revoke this licence to you at any time and remove access to any copies of the Springer Nature journal content which have been saved.

To the fullest extent permitted by law, Springer Nature makes no warranties, representations or guarantees to Users, either express or implied
with respect to the Springer nature journal content and all parties disclaim and waive any implied warranties or warranties imposed by law,
including merchantability or fitness for any particular purpose.

Please note that these rights do not automatically extend to content, data or other material published by Springer Nature that may be licensed
from third parties.

If you would like to use or distribute our Springer Nature journal content to a wider audience or on a regular basis or in any other manner not
expressly permitted by these Terms, please contact Springer Nature at

onlineservice(@springernature.com



mailto:onlineservice@springernature.com

