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Abstract
Superoxide dismutases (SODs) are enzymes widely observed in nature and commonly studied to understand 
the protection of reactive oxygen species (ROS). This work aims to understand the conservation of and 
correlation among the enzymes from pathogens and hosts, using coevolution analysis of amino acids in Mn/
Fe-Superoxide Dismutase.

Five amino acid sets were found. Some information about the functions of these amino acids was collected 
from the literature, which may help to better understand what the correlation of these amino acids may imply 
for the protein. Two pockets on the protein structure near the active site were identified, which contain some 
residues observed in the sets of correlated residues. The phylogenetic analysis contributed to the understanding 
of evolutionary differences and similarities between both organisms. It was possible to observe patterns of 
specific amino acids for each kind of organism and, by contrast, some amino acids that were conserved for all 
organisms, which are hypothesized to impact crucial functions such as folding and other specific functions.
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Background
Superoxide dismutases (SODs) are enzymes that cat-

alyze the dismutation of superoxide into oxygen and hy-
drogen peroxide and, due to this, are extremely import-
ant as antioxidant defense in most cells exposed to oxy-
gen [1,2]. These enzymes can be characterized into three 
distinct families that are unrelated in primary sequence. 
However, they have converged in evolution to utilize a 
redox-active metal to partition O2

- into hydrogen perox-
ide and oxygen. These families are classified according to 
the metal ion cofactor, which includes the family of SODs 
that use a Ni ion to mediate the chemistry. These families 
include: (i) Cu/Zn-SODs, that use copper for catalysis 
and also bind a structural zinc atom; (ii) a rarer fami-
ly of nickel-containing SODs called NiSOD; and (iii) an 

extensive Mn/Fe-SOD family that uses ionic manganese 
or iron [3-8]. According to data in the literature, NiSOD 
occurs only in prokaryotes. Cu/ZnSOD is described in 
eukaryotes and some prokaryotes, with some specific 
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mutations on the proteins that are associated with im-
portant health issues such as neurodegenerative diseases 
like amyotrophic lateral sclerosis (ALS, also known as 
Lou Gehrig’s disease) [8]. FeSOD and MnSOD show a 
strong evolutionary relationship that probably belongs 
to a common ancestral gene [9]. Phylogenetic analysis of 
MnSOD suggests that information is shared in many dif-
ferent organisms, mainly in the cytoplasm of many bac-
teria and the mitochondria of eukaryotes [9]. Both en-
zymes have shown strong evolutionary divergence from 
each other, such that the two metals cannot functionally 
replace each other in Mn/FeSODs from most species.

Some studies have carried out the structural determi-
nation of SOD to understand the divergences between 
both enzymes [10-13]. In the Mn/FeSOD structures, the 
molecular architecture is composed of a C-terminal α/β 
domain and N-terminal helices that compose the poly-
peptide chain. In bacteria, the N-terminal domain is 
shown in dimers formation. The MnSOD in humans has 
a different structure, forming tetramers [12,14].

Whatever the differences in structure, MnSOD and 
FeSOD family members are widespread in biology and 
are so similar that they have probably evolved from a 
common ancestor before the divergence of eubacteria, 
archaebacteria, and eukaryotes over 3 billion years ago 
[15-20]. In prokaryotes, FeSOD is found in both aero-
bic and anaerobic bacteria [21]. On the other hand, Mn-
SOD is found in aerobic bacteria and its transcription is 
up regulated upon exposure to oxygen, suggesting that 
it represents an elaboration [22]. In Eukaryotes, plants 
and protists have long been known to have FeSODs in 
their chloroplasts and mitochondria, respectively. In eu-
karyotic cells, this enzyme is critically required in mito-
chondria due to the high ROS (Reactive Oxygen Species) 
production within this organelle [23]. However, animals 
seem to lack FeSOD. Its absence in animal species has led 
researchers to propose that the FeSOD gene originated 
in plastids before moving to the nuclear genome [24].

Some prokaryotic species from Corynebacterium can 
survive in a hostile environment, for example, inside a 
bacterial phagosome within immune system cells, such 
as macrophages, probably due to the production of su-
peroxide dismutase. Recently, some studies showed this 
enzyme could protect bacterial cells against ROS pro-
duced by biochemical mechanisms. Also, there are indi-
cations that in some pathogens, including some species 
of Corynebacterium, Mn/Fe-SOD may have an addi-
tional function in infection and colonization of the host 
[25]. Particularly, the species Corynebacterium pseudo-
tuberculosis (Cp), which is the etiological agent of case-
ous lymphadenitis, a disease affecting mainly sheep and 
goats, can survive in this environment [26,27]. Both en-

zymes from bacteria and host are homologous. Structur-
ally, it is possible to verify the common amino acids that 
are functionally coupled, i.e. coevolving. In the future, 
structural analysis will allow for identification of critical 
portions of protein, which could be used as drug targets. 
Thereby, some important questions arise. Are the amino 
acids of these proteins likely coevolving? Are there some 
properties of these proteins that are evolutionarily con-
vergent or divergent?

Here, we intend to conduct the coevolution analysis 
of amino acids from Mn/Fe-Superoxide Dismutase of 
Corynebacterium and its host, with the aim to under-
stand the conservation of and correlation among the 
enzymes from these organisms and consequently under-
stand the evolutionary stages of this protein. Thus, our 
goal is to find subsets of specific amino acids, in different 
organisms, allowing a better understanding of protein 
structure and function. However, determining which 
residues of a protein contribute to a specific function is 
a significant challenge. In addition, several works have 
attempted to identify correlated residues from multiple 
sequence alignments [28-31]. These evolutionary studies 
have been applied to a few essential proteins and have 
provided new information about protein-protein inter-
actions, ligand-receptor bindings, and the 3D protein 
structure [31-34].

Material and Methods
The sequences from C. pseudotuberculosis - Uniprot: 

D9Q547_CORP1 and Bos taurus - Uniprot: SODM_BO-
VIN were used in this work. We used The B. taurus se-
quence because it has more than 90% identity and cov-
erage when aligned with other mammalian sequences 
(human, buffalo, horse, sheep, goat), and also because of 
the large amount of work with this sequence.

Protein sequences and multiple sequence alignment 
(MSA)

A multiple sequence alignment of the SOD protein 
family (Pfam code: PF00081) was conducted by (http://
www.pfam.org/) from the Pfam database [35] and then 
subjected to three filtering procedures. First, to remove 
possible fragments, each sequence in the alignment was 
compared to a reference sequence. Sequences with few-
er than 80% alignment coverage were removed from the 
alignment. Next, to remove poorly aligned sequences, 
those with less than 15% identity when compared to the 
reference sequence were also removed. Finally, in order 
to reduce phylogenetic bias, all sequences were com-
pared to each other, and whenever two sequences shared 
higher than 90% identity, one of them was removed. The 
final alignment contained 225 sequences. The software 
package PFSTATS [36] was used for all procedures in-

http://www.pfam.org/
http://www.pfam.org/
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volving alignment filtering (pre-processing), conserva-
tion and correlation calculations (see below).

Statistical analysis (conservation and correlation)
The residue-position pairs were considered to be 

correlated if they passed the following thresholds: the 
correlation score [36] absolute value was higher than 10 
(i.e., the p-value associated with the shift in frequency is 
lower than 10-10). The presence of one amino acid residue 
position (e.g., H33) must imply a resulting frequency for 
the other residue-position (e.g., L28) of at least 80% in 
case of correlation or at most 20% in the event of anti-
correlation, and both positions must be present in at least 
10% of the sequences as determined by the procedure 
described in [37]. A correlation network/graph can be 
built by defining nodes/vertices as residue-position pairs 
and connections/edges being present when the above 
thresholds are met. This network was decomposed by 
detecting connected components, resulting in five sets of 
correlated residues [36].

Phylogenetic analysis
The evolutionary model was determined using 

MEGA [38], which examines the alignment, obtains the 
closest evolutionary model and, thus, assists in build-

ing a tree. The popular WAG model, which combines 
the estimation of transition and scoring matrices by a 
maximum-likelihood approach, was selected as an evo-
lutionary model. We used the tool Seaview [39], which 
is a multi-platform, graphical user interface for multiple 
sequence alignment and molecular phylogeny, in which 
the maximum likelihood method from PhyML software 
[40] and multiple sequence alignment from ClustalX 
was used [41]. Branch support consistencies were eval-
uated using the nonparametric bootstrap test [42] with 
1000 replicates and the approximate likelihood ratio test 
(ALRT) [43]. Finally, the tree was edited highlighting the 
branches, organisms (sequences) and bootstrap value us-
ing Figtree [44,45].

Structure analysis
The comparative molecular modeling of proteins 

from C. pseudotuberculosis was performed with the 
software modeller [46]. Table 1 presents the details of the 
template structures that were selected by Blastp results, 
using information from NCBI [47] and PDB (Protein 
Data Bank) [48]. Structural images were produced using 
Pymol [49]. The Validations of models were done by 
the PROCHECK tool [50] that use the Ramachandran 
plot, the Discrete Optimized Protein Energy (DOPE) 
score [51], that is a statistical potential able to provide an 
energetic validation and finally by the RMSD obtained 
from a structural alignment with a protein with similar 
function, to provide an functional validation.

The tool DoGSiteScorer [52,53], which utilizes 
pattern recognition techniques for the identification of 

         

Figure 1: The set of correlated amino acids and molecular modeling of Superoxide Dismutase Manganese from C. 
pseudotuberculosis. In green, are the amino acids that belong to the first set, yellow the second set, pink the third set, 
light blue the fourth set and light orange the fifth. Highlighted in dark orange are the amino acids from the active site and 
manganese ion.

Table 1: Ratio templates used for molecular modeling.

SOD-Mn/Fe templates
Id PDB (chain) 1MSD (A) 1AR4 (A)
Identity (%) 99% 98%
Coverage (%) 58% 60%
Resolution [Å] 3.20 1.90 
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around the active site. This group saw that a mutation 
of Gln146 to histidine or leucine results in the loss of 
more than 90% of the enzyme's activity. Furthermore, 
comparing the mutation of Gln146 and Tyr34, they 
observed that the Glutamine residue has a greater effect 
on protein structure than mutation of Tyr34, resulting in 
rearrangement of neighboring groups. For this reason, 
Gln146 has been implicated as playing an important role in 
the catalytic fine-tuning of these enzymes, largely based 
on its proximity to the metal center and its involvement 
in a conserved hydrogen-bonding pattern in the active 
site.

The third set of correlated residues contains the amino 
acids His33 and Trp81. Both residues are conserved in C. 
pseudotuberculosis and mammals. A study [13] analyzing 
the structure of Mn-SOD from Thermus thermophilus 
showed some information about this set of amino 
acids. It was observed that the residue His32 (His33 in C. 
pseudotuberculosis), together with others from this study, 
prevent access of solvent (and by analogy, substrate) to 
the metal or its ligands. Furthermore, Burley & Petsko 
[60] suggested that the residue Tyr36 can connected with 
Gln151, (Gln148 in the C. pseudotuberculosis sequence), to 
thus connect with the solvent, bound at Mn, which can 
provide a route by which the ionization of Tyr36 may 
interact with the charge on the metal-ligand. Studies 
from Burley and Petsko propose that the Trp87 residue 
(Trp81 in C. pseudotuberculosis) makes these contacts.

The fourth set of correlated residues is a compound 
of two amino acids: Asn76 and Trp128. However, 
Corynebacterium pseudotuberculosis has the variation 
Trp128Val. This replacement does not change the 
physicochemical characteristics and thus does not 
modify the possible connection between this residue and 
other amino acids. Some studies discuss the conservation 
of some specific amino acids, in which Trp128 is described 
as one of those present in either Mn-SOD or Fe-SO [61]. 
Xiang’s works [62] introduced the possible function of 
Ans76 on protein structure. It was discussed that this amino 
acid can interact with the aromatic residue Phe136, to 
form an aromatic-polar internal chain interaction across 
the dimer interface situated not far from the entrance 
of the main substrate channel. However, our results 
do not corroborate this finding, in which the position 
136 (122 in C. pseudotuberculosis) is not occupied by a 
Phenylalanine as seen [61], but by a Glutamine. Even 
without this substitution, the distance between Ans76 and 
Phe136 makes the molecular interaction between them 
impossible.

The fifth set contains two correlated amino acids, 
namely Val162 and Arg175. The pattern suggested in this 
set is observed in the mammalian Mn-SOD protein. 
These organisms have Arg175 followed by Val162, while in 

active sites, was used to find pockets and sub-pockets in 
the protein structure.

Results and Discussions
Residue conservation

In order to investigate the possible relationship 
between statically coupled sequence positions, we 
applied conservation and correlation calculations to 
the protein family as a whole. Five amino acid sets were 
found, wherein seven residues were present in higher 
than 80% frequencies namely, Thr24, Asn69, Pro149, 
Gly72, Gly73, Met25, and Gln146 (numbers in superscript 
designate the position of the residues in the structure). 
The location of such residues in the tertiary structure 
of the representative superoxide dismutase can be seen 
in figure 1. The triad of histidines His28, His77 and His165 
jointly with Asp161 form the active site.

Sets of correlated residue
Among the five amino acid sets, the first set contains 

three correlated amino acids, namely Tyr24, Asn69, and 
Pro149, where the number means the position in the 
structure. In our results, these three residues varied in the 
C. pseudotuberculosis protein sequence. Tyr24 increases 
the presence of Asn69 and Pro149 by more than 90%, in 
which its absence may result in the substitution of these 
amino acids. Our results show that Tyr24 is absent from 
29.6% of all the sequences, which may help explain the 
substitutions at the other residues as well. In this study, 
the C. pseudotuberculosis  sequence has the substitution 
Tyr24Ile, which could explain the other substitutions 
Asn69Phe and Pro149Asn in the same sequence. Curiously, 
the same event happens in the mammalian sequence as 
well.

The second set of correlated residues is comprised 
of four amino acids: Gly72, Gly73, Met25, and Gln146. The 
literature [54,55] discusses the importance of some 
residues involved in metal selectivity, which have been 
identified as Mn-specific. In our work, it was observed 
that all residues from the second set share the metal 
selectivity role. The importance of Gln146 was suggested 
in other studies, where Silverman’s team [56] found 
that mutations affecting residues that hydrogen bond 
with the conserved active site Gln146 or His30 (in C. 
pseudotuberculosis structure His28) in the substrate access 
channel, result in very “longlived” inhibited complexes 
that accumulate to up to 20 times higher levels than WT 
Mn-SOD [57]. However, a mutant Mn-SOD presented 
a reduction in the formation of the inhibited complex, 
observing anti-proliferative properties and resulting in 
slower-growing tumors [58]. Additionally, other work 
[59] also noted that the residue Gln146 is a fundamental 
component of an extended hydrogen-bonding network 
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Noting these differences between the amino acids at 
position 175 in mammals and C. pseudotuberculosis, and 
that both are involved in practically the same processes, 
we hypothesize that the substitution that occurs at this 
position does not prevent any interaction between 
the enzyme and substrate for either the bacterial or 
mammalian cells. Indeed, it may even make it easier and 
more successful. Our analysis showed a few different 
interactions depend on the kind of amino acid at position 
175 (Figure 2). It was observed that Lys175 could connect 
with Asn173, Tyr178, and Val179. Tyr178 and Val179 together 
form a part of one α-helix and Asn173 belong to a loop 
region. However, Arg175, in addition to having the same 
connections, can connect with two more residues, Leu119, 
and Leu121. Even though the variation Arg175Lys does not 
change the physiochemical characteristics of the amino 
acid, it modifies the number of connections depending 
on the type of amino acid. It is possible that this variation 
promotes a difference in protein structure by further 
strengthening the interaction among the amino acids of 
this region.

Another substitution described in the literature, which 
follows the same pattern as the Lys175Arg substitution, 
was also observed in the alignments, although it has not 
been highlighted by the graphs generated in our analysis. 
In the C. pseudotuberculosis MnSOD, each time we see 
a Lys175, we also see a Phe167, and in the mammalian 
superoxide dismutase protein, if there is an Arg175, 
there is also a Tyr167. This pattern is explained by the 
hydrophobic interactions involving Phe167 and the Lys175 
aliphatic chain, which stabilizes the loop structure of the 
protein, forms part of the monomer-monomer interface 
and contributes one of the metal ligands (His165). In the 
case of the mammalian MnSODs, in which an arginine 
residue is present at position 175 and a tyrosine residue 
replaces Phe167, this substitution forms a hydrogen bond 
between its side chain and Arg175 [64].

These results agree with the statistical data that show 
how the presence of one amino acid can influence the 

the Corynebacterium pseudotuberculosis Mn-SOD, there 
is Lys175 and Met162, as can be observed in the known 
multiple sequence alignment. In order to investigate 
these differences and the importance of each amino acid 
at these specific positions, some researchers search for 
effects of these residues on, for example, the structure 
and functional properties of superoxide dismutase as 
discussed next.

Gabbianelli, et al. by analyzing Propionibacterium sher-
manii’s superoxide dismutase, observed that there is an ef-
fect of Lys175 mutation on the structure and functional prop-
erties of this protein, particularly in the structural stabili-
zation of the active site [63]. Propionibacterium shermanii 
is very similar to our object of study, Corynebacterium 
pseudotuberculosis, belonging to the same phylum, Actino-
bacteria, as well as being gram-negative and able to estab-
lish a parasite-host relationship with mammals. It is known 
that there is a strict conservation of arginine at position 175, 
and both P. shermanii and C. pseudotuberculosis SODs are 
exceptions, wherein Arg175 is conservatively replaced by a 
lysine residue.

This high degree of conservation of arginine and 
lysine residues in prokaryotic and eukaryotic organisms, 
respectively, suggests that these residues play a major 
role in the enzyme-substrate interaction. It is known that 
Lys175 is involved not only in the electrostatic attraction 
of the substrate but also in the structural stabilization 
of the active site. Furthermore, inspection of the 3D 
structure suggests that Lys175 may play a relevant role in 
the substrate-enzyme interaction. Arg175 is also involved 
in catalytic differences when there is a substitution. 
Catalytic measurements show that the conservative 
substitution Lys175Arg produces only a small decrease in 
the activity and the structural rearrangements occurring 
at the level of the active site may be responsible for the 
further decrease in activity observed. Additionally, 
analysis of the X-ray structure of Mn/Fe-SODs [63] 
indicates that Lys175Arg is involved in several interactions 
stabilizing the structure of the active site channel [64-66].

         

Figure 2: The different physicochemical characteristics of amino acids in protein. It represents how the substitution of amino 
acids, for example, Lys175Arg, may imply a difference in some connections and consequently the structural organization.
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possibly favors the connection of the active site with the 
substrate. Furthermore, it is possible to determine that these 
correlated amino acids contribute to the formation of these 
pockets. No amino acids from the fifth set were observed 
in pocket formation. As discussed here, two positions have 
shown a variation in Mn-SOD structure, namely N149T and 
V128W. Both variations present the same physicochemical 
characteristics and due to this, it was not possible to find 
differences between the number of interactions and 
consequently their molecular conformations. Moreover, it 
is possible that this region in protein structure, which gives 
a favorable conformation for connection to the substrate 
and other ligands, be evolutionary conserved, due to some 
amino acids that make up this region that were shown to be 
evolutionarily related.

Key residues and phylogeny
To understand the evolutionary difference present 

in our results concerning the coevolution of amino 
acids, the phylogenetic tree from the Mn-SOD protein 
sequences of some Corynebacterium species and their 
hosts was created and analyzed. The phylogenetic tree 
(Figure 4) shows the divergence between two high 

presence of another. Our results indicate that 79.8% of 
all sequences have Val162, but this rate increases to 90.9% 
when Arg175 is present. In mammals, it was exactly the 
pattern observed, while in C. pseudotuberculosis, the 
position 162 is occupied by methionine.

It was observed that some amino acid sets might be 
in anticorrelation (Additional File 1). This allows us to 
interpret the probable difference between sets 2 and 4, 
which were seen in anti correlation with some other sets.

Pocket Analysis
Two pockets were identified on the protein structure 

near the active site (Figure 3), which contain some residues 
observed in the sets of correlated residues. Pocket 1 is 
composed of Phe63, Asn149 (both belonging to the first 
set of correlated residues), Gln146, Gly72 (belonging to 
the second set), Asn76 and Val128 (belonging to the fourth 
set of correlated residues). Pocket 2 is composed of Ile24 
(from the first set), Met25 (from the second set) and Trp81 
(belonging to the third set). However, pocket 2 also 
contains the amino acids that make up the active site 
region. By analyzing the pocket regions, it is possible to see 
that the combination of both pockets creates a slit, which 

         

Figure 3: Molecular modeling from Superoxide Dismutase-Mn from C. pseudotuberculosis and the formation of pockets 
obtained from DogSiteScorer tool. It was found that the pocket formation has some residues evaluated on coevolution by 
statistical analysis and, consequently, the formation of these two pockets creates a slit, which favors the connection with the 
substrate.

http://thescientificpages.org/Articles/ tspai/tspai-1-003-additional-file-1.tif?
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tutions changed the physicochemical characteristics. We 
hypothesize that these differences, analyzed by multiple 
sequence alignment, have an implication on the number 
of connections with other amino acids and probably on 
the three-dimensional structure of the protein as well.

It was observed that the pocket composition, which 
creates a catalytic slit in the enzyme, has some residues 
from patterns analyzed at the phylogenetic stage. They 
are L71G, T75I, K65P S115T, Q142A, and D145N. The substi-
tutions Q142A and T75I change the physicochemical char-
acteristics from polar to non-polar, consequently either 
reducing the number of connections with other neigh-
boring amino acids or nullifying connection capability 
with neighboring amino acids. It is probable that such 
changes could destabilize some structural protein re-
gions. Moreover, such analysis allowed for the identifica-
tion of some patterns of amino acids that were fully con-
served in all sequences. These amino acids were found in 
four loops (Figure 6) and constitute the pocket regions 
that were found in our results.

The first two (positions on structure in C. pseudotu-
berculosis 122-126 [144-149 in MSA] and 163-165 [188-
190 in MSA]) are near the slit region of the active site, 
and others are “behind” (position on structure in C. 
pseudotuberculosis 84-96 [106-114 in MSA] and 104-107 
[126-130]) the pocket. There is no information in the lit-
erature that describes the influence of these amino acids, 
so they remain poorly understood. Nevertheless, based 

clades, bacteria and mammals. In the bacterial clade, 
the ramification of two subclades is clearly observed: 
one group of pathogenic bacteria, highlighted in yellow 
and another of non-pathogenic bacteria, highlighted in 
orange color. In the mammalian clade, the ramification 
of two subclades was also observed.

Analyzing the multiple alignments of Mn-SOD, it was 
possible to understand some divergences between bacte-
ria and mammals (Figure 5). Our statistical data show 
some patterns of amino acids belonging to these differ-
ent groups, which are N149T, V128W, M162V, and K175R. 
However, it was possible to identify, by MSA, thirty-four 
other patterns of amino acids that were not observed in 
our statistical analysis. They are: R33M, Q34A, H36Y, S37E, 
G46D, Q55E, A67N, N61G, L62A, E66L, L73R, Q86S, P87K, K90A, 
G93L, I0T, T104K, L119A, S140A, V143L, G149A, W150V, F163Y, 
N164D, N177D, T176S, V187M, Y192F, P201A, L204V, I207F, E213D 
and N214D. It is hence likely that the evolutionary divi-
sion existing between these two organisms is due to the 
correlated amino acids substitutions that were found in 
our results and the observed patterns in the multiple se-
quence alignment. None of the correlated amino acids 
found in our statistical analysis results have a difference 
in physicochemical characteristics, although it was pos-
sible to observe differences in the number of interactions 
with other amino acids. However, analyzing the physi-
cochemical characteristics of amino acids from MSA, it 
was noted that a vast majority of the amino acids substi-

         

Figure 4: Phylogenetic tree using some Corynebacterium genus sequences and some host sequences (mammals). 
Highlighted in green is the clade from hosts. The light orange is the subclade from pathogenic genus and the dark orange 
the subclade from the non-pathogenic genus.
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possible capacity for protein folding, in which we would 
suppose that the molecular geometry of this protein is 
due to the conservation of these loops.

Conclusion
In this study, we investigated the evolutionary sim-

ilarities and differences between Superoxide Dismutase 

on this analysis, we hypothesize that these loops may im-
part crucial/critical functions to the protein. It is likely 
that the loops near the active site either may be the key to 
the connection of substrate or have an influence on their 
stability, and that the loops found “behind” the pocket 
may be part of an allosteric site. Furthermore, an im-
portant observation about these amino acids is in their 

         

Figure 5: The multiple sequence alignment from Corynebacterium and host sequences. This is an approach to alignment 
coloring, which highlights regions of an alignment where physicochemical properties are conserved. It is based on the one 
used in the AMAS method of multiple sequence alignment analysis [67]. By sequence analysis, it was possible to observe 
some specific patterns of amino acids belonging to either host or Corynebacterium sequences.
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present some important function for the activity/regula-
tion of the protein. We believe that such key amino acids 
may be exploited as good vaccine and drug target candi-
dates, considering that some of these amino acids were 
observed from a specific organism. Our results show an 
opening for future research to assess the potential that 
these amino acids may have, for example, on the iden-
tification of epitopes in vaccine production and propose 
new studies using approaches in molecular docking, to 
identify chemical compounds that are able to interact 
with the region observed in this study. Furthermore, our 
study contributes to the understanding of the evolution-
ary steps of Manganese Superoxide Dismutase.
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