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Non-tuberculous mycobacteria (NTM) are ubiquitously 
distributed in hospital and other environments such as 
drinking water, soil, bio4lms, aerosols, swimming pools, and 
metal working 5uids [1]. 9ere have been increasing reports 

of NTM infections in both immunocompetent and immuno-
compromised individuals particularly HIV patients [2, 3].  
While majority of the past studies on virulence factors and 
mechanisms in NTM have been focused on slowly growing 

*Corresponding author:   Jagjit S. Yadav, Environmental Genetics and Molecular Toxicology Division, Department of Environmental Health, University 
of Cincinnati College of Medicine, 3223 Eden Avenue, Kettering Building, Cincinnati, Ohio 45267-0056, USA. Phone: number: +1 5135584806; Fax number: 
+1-5135584397; E-mail address:  Jagjit.Yadav@uc.edu  

ORIGINAL ARTICLE | DOI: 10.5584/jiomics.v2i2.98 

Secretome diLerences between the taxonomically related but clinically diLering 
mycobacterial species Mycobacterium abscessus and M. chelonae   

Jagjit S. Yadav* and Manish Gupta  

Microbial Pathogenesis and Toxicogenomics Laboratory, Department of Environmental Health, University of Cincinnati College of Medi-
cine, Cincinnati, OH 45267-0056, USA  

Received: 31 July 2012 Accepted: 21 September 2012 Available Online: 26 September 2012  

Abstract 

1. Introduction 

Rapidly growing non-tuberculous mycobacteria (NTM) are signi4cant human pathogens which show high inter-species diLerences in clini-
cal characteristics (virulence, host immune response) during infection even within a given NTM complex. Understanding the diLerences 
between the secreted proteomes of the member species for an NTM complex may reveal the basis of their diLerential virulence and host 
pathogenesis potential including host immune reactions.  In this study, major secreted proteins of the two taxonomically close but clinically 
diLering member species M. abscessus and M. chelonae of the M. chelonae-M. abscessus(MCA) complex were compared using an approach 
based on 2-dimensional gel electrophoresis (2-DE) and MALDI-TOF analyses. 9e two secretomes showed dramatic diLerences. Of the 73 
major secreted proteins identi4ed, majority were expressed in a species-speci4c manner, including 37 in M. chelonae and 32 in M. abscessus. 
Interestingly, 9 of these diLerentially expressed proteins were orphan proteins showing homology to either hypothetical proteins or those 
with no de4ned function. 9e other 60 distinctly expressed proteins were homologs of those associated with various bacterial cellular func-
tions and virulence, namely cell wall synthesis or lipid metabolism, metabolic and respiratory pathways, stress response and signal transduc-
tion, gene regulation, and immune response. 9is information on species-speci4c secreted proteins would help understand the critical viru-
lence factors and host pathogenesis mechanisms in these mycobacterial species and provide the basis for developing better therapeutic strate-
gies. 9ese proteins may also serve as potential targets for species-speci4c diagnosis as an additional outcome. To our knowledge, this is the 
4rst attempt to characterize the secretome of M. chelonae (for which the genome sequence is not yet available) and the secretome diLerences 
between M. abscessus and M. chelonae.  

Keywords: Secretome; Secreted proteins; 2-DE; Mycobacterium; M. chelonae; M. abscessus . 

Abbreviations: 

2DE, Two-dimensional gel electrophoresis; RGM, rapidly growing mycobacteria; NTM, non-tuberculous mycobacteria; MCA, M. chelonae-
M. abscessus; SGM, slow growing mycobacteria; MB7H10, Middle brook 7H10; ATCC, American Type Culture Collection. 
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mycobacteria (SGM) group particularly Mycobacterium 
avium complex [3], little is known on the rapidly growing 
mycobacteria (RGM) species. Among the RGM, the M. che-
lonae-M. abscessus (MCA) complex is particularly signi4cant 
considering its frequency of occurrence in clinical conditions 
and extraordinary drug resistance. M. abscessus and M. che-
lonae are the original members of the MCA complex that are 
most frequently detected in clinical conditions associated 
with this complex [3, 4]. Recently, M. immunogenum and 
two former subspecies of M. abscessus viz. M. bolletii, and 
M. massiliense have been added as new member species under 
this complex [5, 6, 7]. 9e MCA species are genetically close-
ly related and thus require development of specialized diag-
nostic strategies to diLerentiate their clinical and environ-
mental isolates, as reported in our recent eLorts [8, 9]. 

Species of the MCA complex are opportunistic pathogens 
that have been reported to cause several pseudo-outbreaks 
[10] and chronic infections in lung or other tissues (skin, soU 
tissues, liver, joints, and female genital tract) of the human 
body [2]. Many of the infections occur inside the body aUer 
normal surgery procedures[11-17]]. Pulmonary diseases 
caused by the MCA species [3], manifest as infection and/or 
immunological pathologies. 9e infection pathologies are 
characterized by tuberculosis (TB)-like symptoms [2]. On 
the other hand, species of this complex have been implicated 
as etiological agents of the immune-mediated lung disease 
hypersensitivity pneumonitis (HP) in machinists exposed to 
contaminated machining 5uids [18]. In this context, our 
laboratory has reported the occurrence of multiple geno-
types of MCA species M. chelonae, M. immunogenum and 
M. abscessus, from these 5uids [19, 20]. 

Despite being taxonomically closely-related, member spe-
cies of the MCA complex vary in their clinical presentation 
both in terms of disease potential/severity and drug re-
sistance. M. abscessus, in particular, is a newly emerged pul-
monary pathogen increasingly being isolated from cystic 
4brosis and other respiratory patient populations [21]. It is 
now the most frequently encountered species in RGM case 
reports and is the causative pathogen in an estimated 80% 
cases of the RGM pulmonary disease [22]. Collectively, these 
clinical epidemiological studies imply a relatively greater 
potential of M. abscessus in causing MCA pulmonary infec-
tions. Independent experimental studies on its pathogenesis 
potential have shown that M. abscessus can replicate in vitro 
in cultured macrophages and multiply or persist in a mouse 
model of infection [23]. In contrast, M. chelonae showed 
early clearance both in the infected macrophages [23, 24] 
and a mouse pulmonary infection model (Unpublished da-
ta). Other studies using mouse intravenous infection models 
demonstrated diLerential immune control (clearance) of M. 
abscessus versus M. chelonae infection [25]. Collectively, the 
above discussed clinical/phenotypic diLerences between M. 
abscessus and M. chelonae are expected to result from the 
diLerences in the underlying molecular factors in these spe-
cies.  However, such virulence and host response-
determining factors in these species of the MCA complex 

have not yet been characterized.  
Secreted proteins are known to play important role in the 

survival of tuberculous species inside the host or in the envi-
ronment. Several secreted proteins with speci4c role in viru-
lence have been reported from M. tuberculosis and related 
SGM species [26, 27].  However, little information is availa-
ble on the secretomes of non-tuberculous mycobacteria par-
ticularly the RGM species of clinical signi4cance [22]. We 
recently published the immunoproteome (including secreted 
antigens) of the MCA species M. immunogenum [28]. 9e 
aim of the current study was to identify and compare secret-
ed proteins of the two prominent and clinically signi4cant 
member species M. abscessus and M. chelonae of this com-
plex. 9e experimental approach included proteomic pro4l-
ing of their culture 4ltrate proteins based on 2-DE and 
MALDI-TOF analyses, and comparing the two secretomes 
for shared and unique proteins and their putative functional 
relevance. Recently, the complete genome sequence of M. 
abscessus has been reported [29] (http://
www.ncbi.nlm.nih.gov) whereas the genome sequence of M. 
chelonae is not yet available. 9is study on secretome analysis 
in these two closely-related MCA species will complement 
the post-genomic analysis and help in studying their systems 
biology for understanding the virulence and host pathogene-
sis diLerences. 9e identi4ed secreted proteins may have 
importance in the development of novel therapeutics and 
vaccine candidates.  

2. Materials and Methods 

2.1 Strains and culture conditions 

M. abscessus ATCC 23006, a lung isolate from a patient’s 
sputum, and M. chelonae ATCC 35752, the type strain origi-
nally isolated from tortoise, were obtained from the Ameri-
can Type Culture Collection (ATCC). Both species were 
maintained on Middle brook 7H10 (MB7H10) agar and cul-
tivated using Sauton’s medium. For proteomic studies, liquid 
cultures of the two species were grown to log phase under 
identical conditions, using Sauton’s broth and incubation by 
shaking (250 rpm) at 37 ˚C.  

2.2 Preparation of secretory proteins extract 

 Bacterial cells from either species were pelleted by centrif-
ugation (3000g) at 4˚C for 30 min and the culture superna-
tant was clari4ed by passing through a 0.22 µm membrane 
4lter. 9e 4ltrate was concentrated by trichloroacetic acid 
(TCA) protein precipitation method [28] followed by resus-
pension of the precipitate in rehydration buLer (9 M urea, 
2M thiourea, 4% CHAPS, 65mM DTT) to isolate the secreto-
ry protein extract. Protein concentration in the resulting 
protein extract was determined using Quick Start Bradford 
protein assay kit (Bio-Rad, Hercules, CA), according to the 
manufacturer’s speci4cations [30]. 
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2.3 Isoelectric focusing and two-dimensional gel electrophore-
sis (2-DE) 

 For the isoelectric focusing (IEF) prestep, 100 µg of the 
protein extract was added to 125 µl of rehydration buLer (9 
M urea, 2M thiourea, 4% CHAPS, 65mM DTT, 0.5% IPG 
buLer and 0.002% bromophenol blue). 9e IEF separation 
was achieved using a 7cm IPG strip pH range 4-7 (GE 
Healthcare, Piscataway, NJ) on the IPGphore II isoelectric 
focusing system (GE Healthcare, Piscataway, NJ). 9e strip 
was rehydrated using 50μA for 12h at 15°C and then focused 
for 16000 volt hours using an upper current limit of 50 μA. 
Prior to running the 2D gel, the IPG strip was incubated 
twice for 10 min each in equilibration buLer (6 M Urea, 30% 
glycerol, 0.05 M Tris pH 8.8, 2% SDS, 0.002% bromo phenol 
blue),  4rst in conjunction with 135 mM DTT and then with 
135 mM iodoacetamide.  

9e IEF separated proteins were subjected to 2-DE using 
15% SDS-PAGE gel. 9e protein gels were stained with SY-
PRO Ruby (Invitrogen, Carlsbad, CA) and the gel images 
were taken and processed using the 2D imaging soUware 
Imagemaster TM 2D Elitegive version 4.01 (GE Healthcare, 
Piscataway, NJ). 9e isolated protein spots were manually 
picked from the SYPRO Ruby-stained gel with one touch 
spot picker (9e Gel Co., San Francisco, CA) and prepared 
for mass spectroscopy analysis, as described below. 

2.4 MALDI-TOF peptide mass mapping 

 9e well separated protein spots on the 2D gel were ex-
cised  and chopped into small pieces followed by 3 alternate 
cycles of  washing using  500 µl of 50% acetonitrile (ACN) in 
25 mM ammonium bicarbonate buLer pH 8.0 and dehydra-
tion using 100% ACN. 9e treated gel pieces were dried 
completely by vacuum centrifugation followed by rehydra-
tion at 4˚C for 1h  with 25 µl trypsin digestion buLer ( 100 
mM ammonium bicarbonate buLer and 1 mM CaCl2) con-
taining  50 ng trypsin gold (Promega, Madison, WI, USA). 
Extra trypsin buLer was then added for complete submerg-
ing of the gel and the reaction mixture incubated at 37˚C 
with continuous shaking for 16h. Following centrifugation, 
the individual gel slices were subjected to protein elution for 
10 min using 50μl of 5% tri5uoroacetic acid (TFA) in 50% 
ACN (v/v). 9is process was repeated and the extracts were 
pooled. 9e eluted digested protein sample was then evapo-
rated by vacuum centrifugation and kept at -20˚C until use. 
Just before analysis, the digested protein samples were dis-
solved using 5% TFA in 50% ACN. 

9e MALDI-TOF analysis was performed on a PE Voyag-
er DE_STR biospectrometry work station (Applied Biosys-
tems, Foster city, CA) set in re5ector mode in the mass range 
500 to 5000 Da. 9e matrix α-cyano-4-hydroxycinnamic 
acid (CHCA) was prepared in a saturated solution of 50% 
ACN-0.1% TFA. For the mass spectral analysis, equal vol-
umes of the matrix solution (1µl) and the sample (1µl) were 
mixed on the sample plate, and air dried to form crystals. 

Each peptide mass spectrum was calibrated using external 
standards from Sigma (Insulin oxide β, ACTH Fragment, 
Angiotensin I, Bradykinin) and internally calibrated with 
trypsin autolysis peaks; mono isotopic peaks of trypsin auto 
digests were 842.508, 1045.504 and 2211.108, 2225.12 m/z.  

2.5 Bioinformatic analysis 

 An automated analysis of the mass peaks was done against 
the protein database using MASCOT search engine (http://
www.matrixscience.com/search_form _select. html). To 
assign a positive identi4cation, at least three peptides had to 
match, with a search tolerance of 100 ppm while allowing 
one miscleavage as used in a previous study [28]; possible 
4xed modi4cations ascribed to alkylation of cysteine by car-
bamidomethylation and oxidation of methionine were taken 
into consideration. For the probability based peptide mass 
4ngerprinting identi4cation, a minimum of one signi4cance 
hit (P<0.05) was considered as an identity. In some instanc-
es, the protein was identi4able despite the low mass score 
because its top hit was a mycobacterial protein (which al-
lowed it to be diLerentiated from other proteins). 9e bioin-
formatics approach for protein identi4cation is demonstrat-
ed in the online Supplementary Information showing tRNA 
pseudouridine synthase protein identi4cation of M. chelonae 
as an example (supplementary 4le 1). 

2.6 Mycobacterial database searching 

 9e MASCOT-identi4ed proteins were characterized us-
ing the available mycobacterial databases namely Tuberculist 
(www.sanger.ac.uk), Proteome 2D-PAGE Database (http://
web.mpiib-berlin.mpg.de/cgi-bin/pdbs/2d-page), the recent-
ly released whole genome sequence database for M. ab-
scessus (EMBL accession numbers: CU458896, chromosome; 
CU458745, plasmid), and the published information on  
mycobacterial and other bacterial proteins.  Function-based 
pro4ling of the identi4ed secreted proteins was done on the 
basis of available database and literature mining, mainly us-
ing the functional annotation database developed by the 
Sanger Centre of Genomic Research (http://

www.sanger.ac.uk/Projects/M_tuberculosis/Gene_list) and the 
published literature retrieved via PubMed. 

3. Results and Discussion 

Investigation of secretomes oLers a unique tool to investi-
gate the pathogen factors  playing a direct role in host-
pathogen interaction and clinical manifestation of infection. 
9is study compared the secretome pro4les of M. abscessus 
and M. chelonae based on 2-DE and MALDI-TOF analysis 
of the culture 4ltrates. 9e comparisons were made in terms 
of diLerential secretion of the protein factors known to be of 
relevance in pathogen virulence and host response including 
immune reaction in mycobacteria and other bacterial patho-
gens (see Tables 1 and 2 and Figures 1-3).  
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3.1 Optimization of 2-DE separation of the secreted proteins  

For eacient comparative secretome analysis, the 2-DE 
separation of the culture 4ltrate proteins from the two myco-
bacterial species was 4rst optimized by varying the IEF pH 
range and SDS-PAGE concentrations. We observed a better 
resolution of the proteins in the acidic pH range 4-7 than in 
a broader pH range (pH 3-10) and in 15% SDS-PAGE, for 
both the mycobacterial species. More than 100 proteins were 
visualized on the SYPRO Ruby-stained gel, run in triplicate, 

for either species (Figures 1A  and 1B). Major protein spots 
manually excised from the 2D gels and trypsin digested were 
reliably identi4ed by MALDI-TOF mass spectroscopy and 
database searching (Tables 1 and 2). 

3.2 Functional grouping of the secreted proteins  

Majority of the identi4ed secreted proteins were found to 
be the homologs of the proteins that play diverse roles in 
both pathogenic and nonpathogenic bacteria. 9ese identi-

Figure 1. Two-dimensional gel electrophoretic (2-DE) separation of the secretome proteins (A). M. abscessus (ATCC 23006). (B). M. che-
lonae (ATCC 35752). Culture 4ltrate proteins prepared from the actively growing log-phase cells of either species were separated on 2-DE 
gels (IEF pH gradient 4-7) and stained with SYPRO Ruby as described under Materials and Methods. 9e approximate positions of molec-
ular weight markers (kDa) are indicated. 9e spot numbers indicated on the gel correspond to the protein numbers presented in Tables 1 
and 2.  

Figure 2. Functional distribution of the identi4ed secreted proteins. (A) M. abscessus (ATCC 23006). (B) M. chelonae (ATCC 35752).  
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4ed protein homologs in the two species could be catego-
rized  in six diLerent functional groups (Figures 2A and 2B), 
namely  (1). Cell wall synthesis or lipid metabolism; (2) 
Stress response and signal transduction; (3). Metabolic and 
respiratory pathways; (4). Gene regulation and cell division; 
(5). Immune response ;(6). Hypothetical proteins of un-
known function. Some of the secreted proteins could be as-
signed to more than one of these functional categories. Rela-
tive percent distribution of the individual functional catego-
ries in the two secretomes is presented in Figure 2.  

3.3. Comparison of the M. abscessus and M. chelonae secre-
tomes 

9e 2-DE pro4les on the culture 4ltrate showed that M. 
abscessus and M. chelonae secrete about the same range of 
detectable proteins in the extracellular culture environment 
(Figure 1). However, a comparison of the two pro4les led to 
an identi4cation of species-speci4c (unique) and common 
(shared) proteins (Figure 3). A total of 39 secreted proteins 
were identi4ed in M. chelonae, of which 37 were unique to 
this species secretome whereas 2 represented shared proteins 

between the two species. In M. abscessus, 34 major proteins 
were identi4ed, of which 32 were unique to this species se-
cretome.  

3.3.1. Shared secreted proteins  

9e two secreted proteins common between the M. ab-
scessus and M. chelonae secretomes viz. elongation factor Tu 
(EF-Tu) and Acyl-CoA dehydrogenase (FadE6) are known 
to play roles in survival or virulence in other Mycobacterium 
species. For instance, EF-Tu is a GTPase which helps in 
binding of aminoacyl-tRNA to ribosomes during protein 
biosynthesis and shows up-regulation during hypoxia and 
high iron conditions in vitro [31-33]. 9is protein is also 
upregulated during mycobacterial infection of macrophages 
[33]. It has been shown to be associated with the membrane 
in M. leprae [34] and in E. coli during starvation indicating 
that EF-Tu may have role in the regulation of cell growth 
and the organism’s response to stress such as in response to 
antimycobacterial therapy [35].  FadE6 belongs to the class 
of 5avoproteins which play important role in the oxidation 
of fatty acyl-CoA [36]. It uses n-octanoyl-CoA as a substrate 

Figure 3. DiLerential distribution of the secreted proteins in M. abscessus versus M. chelonae. 9e two circles in the Venn diagram 
show the species-speci4c (unique) proteins for the individual species whereas the overlap region between the two circles shows the proteins 
common in both species. 
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and acts as a medium-chain acyl-CoA dehydrogenase in M. 
tuberculosis [37]. 9e shared secreted proteins could be the 
basis of common virulence characteristics in the two species. 

3.3.2. Species-speci/c secreted proteins  

It is interesting that M. abscessus  has the ability to multi-
ply, persist, and cause infection in in vivo models [23, 24, 25, 
Yadav et al unpublished data] whereas M. chelonae gets 
cleared  relatively early during infection in these models. It is 
likely that the unique secreted proteins of M. abscessus iden-
ti4ed in this study enable these diLerences in survival and/or 
virulence of M. abscessus inside the host as compared to M. 
chelonae. Speci4cally, diLerential secretion of the following 
major categories of mycobacterial proteins in the two species 
may be responsible for the species-speci4c diLerences in 
their immunogenicity/virulence and host response charac-
teristics. 

3.3.2.1.  ESAT-6 secretion system (ESX) proteins. 

ESX is a type VII secretion system known to exist in My-
cobacteria and many other actinobacteria and Gram-positive 
bacteria. It comprises of 5 paralogs (ESX-1 through ESX-5) 
in M. tuberculosis. Of these, ESX-1 which is responsible for 
secretion of its prototypical members Early Secreted Antigen 
6 kDa (ESAT-6) and 10 kDa culture 4ltrate protein (CFP-
10), has been shown to play an important role in pathogen 
virulence and survival inside the host. For instance, the ESX-
1 components ESAT-6 (ESXA) and CFP 10 (ESXB) form a 
complex and allow the TB pathogen to survive within mac-
rophages [38]. In contrast, the vaccine strain M. bovis BCG 
which has ESAT-6 deletion in the RD-1 region [39] is unable 
to persist in the host. Some of the other four paralogous ESX 
systems are also known to be essential for pathogen growth. 
In light of these facts about the functional signi4cance of 
mycobacterial ESX proteins, it is interesting that we detected 
a putative ESAT-6 like protein ESXT in M. abscessus and not 
in M. chelonae culture 4ltrate. Besides its relevance in con-
ferring diLerential virulence potential, the ESAT-6 has prov-
en to be a speci4c diagnostic target for tuberculosis infection 
such as in QuantiFERONR-TB Gold Test and certain multi-
plex assays.  Likewise, the diLerentially secreted ESX protein 
ESXT in M. abscessus, could be a potential target for design-
ing species–speci4c diagnostic assays. In this context, ESXA 
and ESXB have been previously reported as eLective targets 
for speci4c diagnosis of M. abscessus infection [40]. ELISA-
based analysis for these proteins  enabled successful diagno-
sis of infection (abscess) in M. abscessus-infected  patients 
(culture positive for M. abscessus) but not in  the M. chelo-
nae-infected patients (culture positive for M. chelonae)  [40].  

 

3.3.2.2 Cell wall synthesis or lipid metabolism proteins. 

Several secreted proteins identi4ed in the two species were 

found to be the homologs of proteins/enzymes involved in 
biosynthesis or degradation of fatty acids (mycolic acids) 
and glycolipids, the two key components of the mycobacteri-
al cell wall. Except for the fatty acid oxidizing protein FadE6 
which is secreted by both M. abscessus and M. chelonae, 
others in this functional category were diLerentially secreted. 
For instance, M. abscessus-speci4c secreted proteins were 
Mycocerosyl (Mas), Polyketide synthase 2 (Pks2), Acyl-CoA 
carboxylase 3 (AccD3), and Methoxy mycolic acid synthase 
3 (MmaA3) whereas those diLerentially detected in M. che-
lonae secretome were Ketoacyl-ACP synthase A (KasA) and 
NADPH-dependent 2, 4- Dienoyl-CoA reductase (FadH). In 
addition, the alanine-rich lipoprotein LppW was detected 
among the major secreted proteins of M. abscessus similar to 
that observed in TB pathogen [26]. Secretion of the predom-
inantly cell envelope-associated lipoproteins has been as-
cribed to either shedding (release of acylated lipoproteins) or 
shaving (proteolytic cleavage) in a recent study on M. tuber-
culosis [27]. 

 It is noteworthy that the cell wall biosynthesis gene mas 
(fatty acid synthase) which is considered unique to patho-
genic species of the SGM group [36, 41] was expressed in the 
M. abscessus secretome. Expression of this gene is known to 
upregulate intracellular growth and survival within macro-
phages [42]. Another cell wall biosynthesis protein Polyke-
tide synthase 2 (Pks2) is known to be involved in the for-
mation of methyl-branched fatty acyl components of sul-
folipids [43] such as sulfolipid-1 (SL-1) and plays a role in 
establishment of TB infection in human host [44]. Homologs 
of the proteins involved in biosynthesis of mycolic acids 
(that form the hydrophobic outer layer of mycobacterial cell 
wall) showed diLerential distribution in M. abscessus (Acyl-
CoA carboxylases 3 (AccD3), Methoxy mycolic acid syn-
thase 3 (MmaA3)) versus M. chelonae (Ketoacyl-ACP syn-
thase A (KasA)) secretomes. 9e FAS pathway protein 
NADPH-dependent 2, 4- Dienoyl-CoA reductase (FadH) 
diLerentially secreted in M. chelonae is known to act as a 
link between the FAS-I and FAS-II pathways [45] .  

3.3.2.3. Stress response proteins 

In response to stresses such as heat, oxidizing conditions, 
and toxicant exposures, the cells produce a set of proteins 
loosely referred to as heat shock proteins (HSPs). Some of 
these proteins act as molecular chaperones which bind with 
and stabilize proteins at the intermediate stages, including 
folding, assembly, translocation across membranes, and deg-
radation. In our analysis we found two diLerentially secreted 
chaperonic proteins ClpB (M. abscessus) and DnaK (M. che-
lonae). ClpB is a heat shock protein [46] of the clp protein 
family that acts as an ATP-dependent protease. Notably 
ClpB separated as two distinct spots on the 2-DE gel (Figure 
1; Table 1). Since the two spots corresponded to the same 
protein accession number, these may be the length variants 
of the same protein. DnaK is a major immunodominant an-
tigen in pathogenic  mycobacteria [47, 48] and is found to be 
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upregulated when cells are subjected to high temperature. It 
is considered as an inhibitor of heat shock response to enable 
survival of the cells.  Other stress proteins detected in M. 
chelonae but not in M. abscessus included an RNA polymer-
ase sigma factor E (SigE), three serine-threonine kinases 
STPKs (PknB, PknD, and PknK), and the TrcRS two-
component system proteins TrcR and TrcS. Additional histi-
dine kinase protein homologs diLerentially detected in the 
two species were HK1 (M. chelonae) and Senx3 (M. ab-
scessus). DiLerential secretion of the chaperonic and other 
heat shock proteins in the two species implies their variable 
potential to survive and respond under physiological stress 
conditions, which in turn may contribute to their phenotyp-
ic diversity in terms of host-pathogen interactions.  

3.3.2.4. Metabolic and respiratory pathways associated pro-
teins. 

9is functional category encompassed the largest fraction 
(32-37%) of the identi4ed secretory proteins in both species 
(Figure 2). DiLerential distribution of the proteins of this 
category in the two species was as follows: M. abscessus- 
Adenylosuccinate lyase (PurB) and Phosphoribosylami-
doimidazole- succino-carboxamide synthase (PurC), F1Fo 
ATP synthase subunit beta (AtpD), Ribo5avin biosynthesis 
enzyme (RibD), Nitrate reductase (narGHJI), Isocitrate de-
hydrogenase 2 (Icd2), Phosphoenol pyruvate carboxykinase 
(PckG), TrkA protein (also designated as CeoB), Ami-
notransferase (At); M chelonae- Asparagine synthase B 
(AsnB), Copper-transporting ATPase (CtpA), FMN-
dependent alpha-hydroxy acid dehydrogenase (MmcS), Por-
phobilinogen deaminase (PBGD), Pseudouridine synthase 
(TruA), Pseudouridine synthase (TruA).   

ABC transporter class of proteins important in various 
cellular processes with likely role in drug resistance, immun-
ity, and/or pathogenesis [49] were detected in both the secre-
tomes albeit with a diLerential distribution of the members 
in M. abscessus (Rv1281c) versus M. chelonae (Rv0986, 
Rv3197). Such distribution between the two species implies 
their role in diLerentially conferring multiple virulence char-
acteristics to these pathogens. 

Notably, the two key nitrogen metabolism pathway en-
zymes Glutamate synthatase (GltD) and Glutamine synthe-
tase (GlnA1) were diLerentially detected in M. abscessus 
(GltD) and M. chelonae (GlnA1) secretomes. GltD is known 
to be involved in glutamate synthesis whereas GlnA1 is re-
sponsible for the incorporation of ammonia into glutamate 
to make glutamine at low ammonia concentration [50]. 
GlnA1 is a major secreted protein in the culture 4ltrate of M. 
tuberculosis (representing approximately one-third of its total 
measurable enzyme activity), a feature that is considered 
highly speci4c in pathogenic mycobacteria. It is one of the 
important drug targets in pathogenic mycobacteria consid-
ering its crucial roles in pathogen survival inside the phago-
some [51]; this occurs via modulation of ammonia levels, 
which may in turn in5uence phagosomal pH and phago-

some-lysosome fusion and cell wall formation [52]. L-
glutamine is considered a major component of the cell wall 
of pathogenic but not nonpathogenic mycobacteria. Its pres-
ence in the M. chelonae secretome may be one of the con-
tributing factors to its drug resistance. 

3.3.2.5. Gene regulation and cell division related proteins 

 9e member proteins of this functional category were 
diLerentially distributed between the two species as follows: 
M. abscessus (Elongation Factor G, GTP-binding protein Era 
homolog); M. chelonae (DNA polymerase I or PolA, RNA 
polymerase sigma factor D (RpoD), Anti-sigma factor 
(RsbW), Transcription regulatory protein (ArsR), the cell 
division protein FtsX). Notably PolA separated as two dis-
tinct isoforms with distinct accession numbers (Table 2). 
Being associated with basic cellular functions, these proteins 
could serve as important drug target candidates. 

3.3.2.6 Immune response-related proteins:  

An estimated 5-6% of the secreted proteins in the two se-
cretomes corresponded to those related to immune response 
(Figure 3). DiLerential secretion of these proteins was as 
follows: M. abscessus (ESAT-6, 14 kDa antigen HspX), M. 
chelonae (Antigenic protein 85C (Ag85C), PPE protein). 

 
In addition to the ESAT-6 like protein shared between the 

two secretomes, M. abscessus diLerentially secreted HspX14 
(also known as 16 kDa antigen or HSP 16.3). 9is protein is 
required for the growth of mycobacterium in macrophages 
and is upregulated under anaerobic conditions [53]. It has 
been proposed to play a negative regulatory role in the mul-
tiplication of the TB pathogen during in vivo infection [54]. 
It induces humoral immune response in TB patients and also 
induces T cell and B cell immune responses in latent infec-
tions [55, 56]. In contrast, M. chelonae secretome consisted 
of the major mycobacterial antigens Ag85C and PPE. Ag85C 
possesses a mycolyltransferase enzyme activity and plays an 
important role in cell wall biosynthesis and survival in myco-
bacteria [57]. It forms complex with Ag85A and Ag85B and 
constitutes a major cell wall component. Secreted protein 
Ag85B has been used for the diagnosis of tuberculosis [58]. It 
induces strong 9I response and protects mice from the in-
fection when used for immunization along with Ag85A or 
with other known mycobacterial antigens [59]. 9e other 
secreted protein under this functional category was a homo-
log of PPE59 (O06246) which belongs to the large PPE mul-
tigene family of antigens in mycobacteria. 9is family consti-
tutes around 10% of the M. tuberculosis genome [60]. Mem-
bers of this protein family are rich in asparagine and glycine 
and contain multiple repeats of AsnXGlyXGlyXAsnXGly 
signature as a major polymorphic tandem repeat (MPTR) 
[60]. Consequently, these proteins possess fewer tryptic 
cleavage sites making them diacult to detect in global prote-
omic analysis. Our observation is signi4cant considering that 
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there are fewer chances of detecting them in culture 4ltrate 
as compared to the cell wall fraction. For instance, in a latest 
otherwise exhaustive global proteomic study on the TB ba-
cillus, only one PPE protein could be detected in the culture 
4ltrate (27). Because of the presence of sequence variation at 
the C- terminal, it has been suggested that the PPE family 
proteins are responsible for the antigenic variation in myco-
bacteria [61]. DiLerential expression of an extracellular PPE 
may therefore be responsible for conferring yet unknown 
diLerential immunogenic characteristic(s) to M. abscessus.   

In our recent immunoproteomic study on another species 
of the MCA complex M. immunogenum [28], we detected 4 
secreted antigens, including EF-Tu (similar to M. chelonae 
and M. abscessus), antigen 85A and CtpA (similar to M. 
chelonae) and OtsB (unlike either species in the current 
study).  

3.4. Proteins with no known function (orphan proteins) 

In this study, 9 proteins with yet unknown function 
(orphan proteins) were identi4ed from the secretomes of M. 
abscessus (15% of the total) and M. chelonae (11% of the to-
tal) (Figure 2). Seven of the orphan proteins are homologs of 
the M. tuberculosis hypothetical proteins namely Rv3899c, 
Rv2004c, Rv3404c, Mb2715c, Mb1015, MT0552, and 
Rv0045c (Tables 1 and 2). Two of the orphan proteins viz. 
FAD-binding dehydrogenase (Rv0785) in M. chelonae 
(Table 2) and a probable dehydrogenase (Rv1432)  in M. 
abscessus (Table 1), matched properly named proteins in the 
database.  

4. Concluding remarks 

 In conclusion, this study provides the 4rst account on the 
major secretory proteins in the RGM species M. chelonae for 
which the genome sequence is not yet known. Importantly, 
the study revealed dramatic diLerences between the secre-
tomes of the two taxonomically close RGM species, M. ab-
scessus and M. chelonae, which show diLerences in host im-
mune control and infection response. Majority of the secret-
ed proteins (69 of 73 proteins) showed species-speci4c distri-
bution implying the signi4cance of the unique sets of secret-
ed factors in conferring the  host infection diLerences to 
these clinically important mycobacterial species. Further 
functional studies on the identi4ed species-speci4c proteins 
may elucidate their speci4c underlying role in conferring the 
virulence and host response (including host immune reac-
tion) potential in the two RGM species and could provide 
speci4c targets for development of anti-RGM therapeutics 
(drugs and vaccines). As an additional impact of the study, 
the diLerentially secreted proteins could also be exploited as 
targets for species diLerentiation and development of species
-speci4c infection diagnosis tools. 

5.  Supplementary material 

Supplementary data and information is available at: http:// 
www.jiomics.com/index.php/jio/rt/suppFiles/96/0. 
Supplementary Material includes Supplementary 4le 1: 

Bioinformatic analysis for protein identi4cation based on 
Peptide mass 4ngerprinting and Mascot search. 
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