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ARTICLE INFO Abstract

L-asparaginase is a ubiquitously found enzyme in organisms, having the ability to 
selectively hydrolyze the amino acid L-asparagine releasing ammonia and L-aspartate. 
The catalyzed L-asparaginase reaction has been explored in the clinic for the treatment 
of leukemia and other hematopoietic disorders, especially for the treatment of acute 
lymphoblastic leukemia, a cancer with high prevalence in young people up to 20 years 
old. Current drugs available on the market have been in use for over 30 years, and new 
therapeutic formulations need to be established and a detailed study of the mechanism 
of action of asparaginases to induce tumor cell apoptosis. Marine bacteria are a potential 
source for prospecting for new, more active asparaginase isoforms when compared 
to the enzymes already described and are potentially more stable under extreme 
temperature and pH conditions, thus allowing greater variability in their formulation 
and administration. The characterization of new asparaginases from sources not yet 
described in the literature as marine microorganisms is essential in order to evaluate 
the antitumor potential of this new drug in in vitro models involving leukemic and 
solid tumor strains, aiming at proposing a new pharmacological formulation to current 
therapeutic strategies available for the treatment of acute lymphoblastic leukemia.

Background
Leukemia is a pathology with an etiology not yet described, 

related to the disordered and irregular development of certain cell 
types of the hematopoietic system. It is one of the cancers with 
considerable prevalence in specific portions of the population 
and is characterized by abnormal proliferation of blast cells of 
the myelocytic or lymphocytic lineage in the bone marrow and 
peripheral blood that tend to replace normal leukocyte cells 
Sourani et al. [1]. Acute lymphoblastic (or lymphoid) leukemia 
(ALL) accounts for 12% of all leukemias diagnosed in the United 
States, and 60% of cases occur in people under the age of 20. ALL 
is the most common cancer in cancer patients under 15 years. 
Lymphoid leukemias are aggressive and rapidly progressing. Due 
to these factors, speed and efficiency in diagnosis and treatment 
are required Izadpanah Qeshmi et al. [2]. L-Asparaginase is an 
important chemotherapeutic agent employed in the treatment of 
acute lymphoblastic leukemia and other hematopoietic syndromes. 

In the early 1950’s, Kidd and colleagues identified that the Cavia 
porcellus rodent serum had the ability to control the progression 
of a lymphoma: mice were transplanted with lymphoma cells and 
repeated intraperitoneal injections of normal Cavia porcellus 
serum were administered. This treatment led to a regression of 
lymphoma and increased survival of treated rats while progressive 
lymphoma growth and death within 20-30 days were observed 
in the control. Such regression ability was posteriorly confirmed, 
with L-asparaginase isolated from Cavia porcellus serum and 
capable of presenting the same results against lymphoma alone 
Wriston and Yellin [3]. Unlike normal cells, leukemic cells have a 
serious depletion in Asparagine Synthetase enzyme activity and are 
therefore unable to perform asparagine synthesis via the pathways 
again. Given the high requirement for exogenous asparagine, a 
deprivation for leukemic cells of this amino acid results in inhibition 
of protein synthesis and subsequent death of tumor cells Chen [4]. 
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Because of this high demand for exogenous asparagine, 
tumor cells are directly affected by catalysis promoted by the 
enzyme L-asparaginase (EC 3.5.1.1) which is capable of selectively 
hydrolyzing the amino acid L-asparagine (Asn) in aspartic acid 
and ammonia, significantly decreasing serum Asn levels (Figure 
1). During the L-asparaginase reaction, a covalent intermediate 
(Beta-acyl enzyme) is formed by an enzymatic nucleophilic attack. 
The gray arrow indicates a nucleophilic attack and the last black 
arrow a hydrolysis. This beta-acyl intermediate will later become 
a L-aspartate within the liberation of ammonia. Normal cells 
are protected against asparagine requirement because of their 

ability to produce this amino acid, so unlike conventional cancer 
therapy, L-asparaginase-based leukemia therapy is highly specific 
Shrivastava et al. [5]. Despite all the advantages of treating ALL, 
the currently used clinical L-Asparaginase formulations still need 
improvement due to the emerging resistance of tumors and still 
retain several adverse effects such as the high immunogenicity 
that these molecules still have. Thus, the characterization of new 
asparaginases from sources not yet described in the literature as 
marine microorganisms is a fundamental part for the therapeutic 
continuity against leukemias and other hematopoietic syndromes 
Zuo et al. [6].

Figure 1: L-Asparaginase reaction mechanism.
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