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candidate for paratransgenesis
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Abstract
The genus Dietzia is remarkably similar to genus Rhodococcus. Bacterial species Rhodococcus rhodnii of
genus Rhodococcus was used for genetically modification for expression of potent antimicrobial
molecules which shows strong deleterious effect against Trypanosoma cruzi. Hence, Dietzia maris can be
a suitable candidate for genetic modification for expression of effector molecules against the parasite like
dengue and chikungunya in the mosquitoe’s midgut as was possible in R. rhodnii. In this study the D.
maris was isolated for the first time from mosquitoes Aedes albopictus collected from Arunachal
Pradesh, North East India. After purification bacteria was first morphologically and biochemically
characterized which showed high salt tolerance and exhibited slow growth rate appearing on agar plate
after 48-72hr. The isolated bacterial species was finally conformed as a D. maris on the basis of results
obtained from MALDI-TOF MS and 16S rRNA gene based analysis.
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1. Introduction
The genus Dietzia was first proposed by Rainey et al., in 1995, to accommodate the
actinomycetes previously named as Rhodococcus maris [1, 2]. Initially, it was known as
‘Flavobacterium maris’ [3] but later classified as R. maris [2]. D. maris are very similar to
Rhodococcus equi, in morphology and clinical appearance and commonly encounters by
microbiologists in their daily practice. Dietzia spp. might be misidentified as a Rhodococcus
spp. due to high degree of similarity and absence of simple, appropriate and specific methods
for their identification [4].
D. maris (family Dietziaceae, order Actinomycetales) was first isolated by Harrison, (1929) in
halibut and subsequently in 1982, by Nesterenko et al., from the skin and intestinal tract of
carp (Cyprinus carpio) [2, 3]. According to data of Gharibzahedi et al. (2014), till 2014 a total of
thirteen Dietzia spp. have been reported from various sources viz: D. maris, D.
natronolimnaea, D. psychralcaliphila, D. cinnamea, D. kunjamensis, D. papillomatosis, D.
cercidiphylli, D. schimae, D. lutea, D. timorensis, D. aerolata, D. alimentaria and D.
aurantiaca [1, 5-16].
D. maris was isolated from various resources but to the best of our knowledge, it was not
reported from any mosquitoes and we for the first time isolated it from Aedes albopictus
collected from the foot hills of Himalaya at Bhalukpong, Arunachal Pradesh, India. Ae.
albopictus and Ae. aegypti are responsible for transmission of dengue and chikungunya virus
world wide, mainly in tropical and sub-tropical regions, mostly in urban and semi-urban areas.
In the recent decades, the incidence of dengue has increased dramatically. A recent report
estimated that, in 128 countries about 3900 million persons are at risk of dengue infection [17]
and every year about 500000 people with severe dengue infection has been reported with about
2.5% casualty. Hence, there is an urgent need to develop an effective control method for
disease transmission [18].
The bacterial species, Rhodococcus rhodnii of genus Rhodococcus have been used for
development of paratransgenesis techniques against Trypanosoma cruzi, a causative agent of
Chagas disease transmitted by reduviid bug, Rhodnius prolixus [19, 20]. Due to high similarity of
Dietzia spp. to Rhodococcus spp., the paratransgenesis technique may also be developed using
D. maris against invading pathogen inside mosquito’s midgut which causes severe disease.
With this objective, we isolated and characterized a bacterial strain D. maris from the midgut of
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Ae. albopictus from Arunachal Pradesh, India. Thus, a novel,
cheap and eco-friendly technique might be developed for
management of diseases transmitted by mosquitoes.
2. Materials and Methods
2.1 Isolation of bacterial isolate
Bacterial strain Bab3-8 was isolated from the midgut of female
Ae. albopictus which emerged from larvae collected from
Bhalukpong, Arunachal Pradesh, North East India which is
located at the foothills of the Himalayas. (27.01° N, 92.65° E).
The samples were collected during post monsoon season when
the breeding of mosquitoes were at peak. Midgut of female Ae.
albopictus was dissected out and the homogenate was prepared
in Phosphate buffered saline (PBS) and transferred to nutrient
agar for isolation of bacterial strain as described earlier [21].
Isolated bacteria were purified by streaking on agar plate.
2.2 Characterization of isolates
2.2.1 Phenotypic Characterization
The colony morphology like shape, size, colour, margin,
opacity, elevation of purified bacterial colonies was studied
microscopically. Hanging drop method was used to study the
motility. Gram staining kit (HiMedia, India) was used for
determination of gram staining reaction according to the
manufacturer’s instruction. Salt tolerance of bacterial isolate
was studied on various salt concentrations from 1 to 20%.
Various biochemical tests such as, nitrate reduction, urease
activity, citrate utilization, H2S production, Voges Proskauer
(VP), Methyl Red (MR), β– galactosidase activity, ornithine
and lysine utilization activity and carbon source utilization
profile were performed using biochemical kit following
manufacturer’s instruction (HiMedia, India).
2.2.2 Scanning Electron Microscopy (SEM)
Fresh overnight broth culture of Bab3-8 was used in Scanning
Electron Microscope analysis. The sample was prepared as
following described protocol. Bacterial pellet was washed two
times with Phosphate-buffered saline (PBS) followed by
addition of 2.5% Glutaraldehyde in PBS for fixation of the
pellet, which was mixed properly and incubated at 4oC for
6hrs. After fixation, the pellet was again washed three times
with Phosphate-buffered saline (PBS). For dehydration of
bacterial specimen ethanol was used with gradual increase of
concentration (30%, 50%, 80% and 100%). During washing
with 100% ethanol, samples were mixed with ethanol and was
directly transferred to presterilized cover slip and allowed to
air dry. Small piece of sample was cut and platinum coated
and examined under (SEM) JEOL-JSM-6390LV Scanning
Electron Microscope.

was used for performing the measurement and the spectra was
recorded. The obtained raw spectra were matched with mass
spectra of different bacterial species as a reference from
Biotyper database using Bio Typer software, ver. 3.0 [24].
2.2.4 Genomic DNA isolation and PCR amplification of
16S rRNA
For 16S rRNA gene amplification, the genomic DNA was
isolated from overnight fresh bacterial culture according to
protocol described earlier [21]. Two sets of primer, forward
16S1 (5’-GAGTTTGATCCTGGCTCA-3’) and reverse 16S2
(5’-CGGCTACCTTGTTACGACTT-3’) were used for
amplification of 1.5 kb 16S rRNA gene according to Alam et
al., (2006) [25]. Prior to sequencing the PCR product was
purified according to the Chromous PCR Cleanup kit and
sequencing was done on the ABI 3500xL Genetic Analyzer
(Applied Biosystems Inc. Foster City, CA) at Chromous
Biotech, Banglore, India. After forward and reverse sequence
alignment, the obtained sequence of 16S rRNA gene was
submitted to GenBank under the accession number
(KT380950).
2.3 Phylogenetic Analyses
The BLAST (http://www.ncbi.nlm.nih.gov/BLAST) and
EzTaxon server (http://147.47.212.35:8080) was used for
searching the homologous sequences in the Genbank data base
and the closest related sequences were retrieved for
performing the multiple sequences alignment using CLUSTAL
W program. End trimming of unaligned sequences and
phylogenetic relatedness was performed using neighbor
joining and Kimura 2 distances parameter method in MEGA
6.0 package [26]. One thousand bootstrap replicates were
generated for examination of the robustness of the trees and
the consensus tree was used for analysis.
3. Results
The Bab3-8 bacteria strain was isolated from the midgut of
female Ae. albopictus, collected from Bhalukpong, Arunachal
Pradesh, North East India, a hot biodiversity zone of India.
Initially, the morphological characteristics of the bacterial
isolate was studied and found to be gram positive, aerobic,
circular in shape, deep orange red in colour, convex or
elevated, opaque with a smooth margin (Fig. 1). The bacterial
colony exhibited very slow growth, appeared after 48-72 hours
on agar plate and high salt tolerance, grows up to 10% (w/v)
NaCl concentration (Fig. 2).

2.2.3 Matrix-assisted laser desorption / ionization time-offlight mass spectrometry (MALDI-TOF MS)
The MALDI-TOFMS identification system was used for the
identification of bacterial strain in which the mass spectrum
acquired from unknown organism was compared to the
reference Biotyper database [22, 23]. The fresh bacterial culture
was directly deposited on a MALDI-TOF MTP 96 target plate
(Bruker Daltonik GmbH) and inactivated with 96% formic
acid (1μl) followed by overlaying 1 μl of matrix solution (αcyano-4-hydroxycinnamic acid in 50% acetonitrile, and 2.5%
trifluoroacetic acid). Crystal formation of matrix-sample was
allowed by air-drying at room temperature. Microflex III mass
spectrometer (Bruker Daltonik) with a 337 nm nitrogen laser
~8~

Fig 1: Purified culture of isolate a. on nutrient agar and b. in nutrient
broth
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The bacterial sample Bab3-8 was also analyzed through
Scanning Electron Microscopy (SEM) at 5000X
magnification. In Scanning Electron Microscopy image the
bacterial cell is seen as single and also in clustered form (Fig. 3).

Fig 2: Salt tolerance of bacterial strain- a. at 1%, b. at 4%, c. at 8%, d.
at 10% and e. at 15%

Biochemical reactions like Nitrate reduction, H2S production,
urease activity, Voges–Proskauer (VP) and methyl red (MR)
tests are some important reaction used for determination and
discrimination of Dietzia strains [27]. In our result, the bacterial
strain Bab3-8 was able to hydrolyze urea and reduces nitrates
to nitrogen. It was negative for production of H2S, Voges
Proskauer's and Methyl Red. In carbon utilization profiling,
the Bab3-8 showed positive result only for glucose utilization
(Table 1).
Table 1: Biochemical characteristics of bacterial Isolate Bab3-8
S. No.
Test
Result
1
ONPG
2
PYR
3
Arginine utilization
+
4
Lysine utilization
±
5
Ornithine utilization
±
6
Urease
+
7
Phenylalanine deamination
V
8
Nitrate reduction
+
9
H2S production
10
Citrate Utilization
+
11
Voges Proskauer's
12
Methyl Red
13
Indole
14
Malonate utilization
15
Esculin hydrolysis
16
Sucrose
17
Sorbitol
18
Mannitol
19
Arabinose
20
Xylose
±
21
Adonitol
22
Rhamnose
23
Cellobiose
24
Melibiose
25
Saccharose
26
Raffinose
27
Trehalose
28
Glucose
±
29
Lactose
30
Oxidase
+ = Positive (more than 90%), - = Negative (More than 90%), V =1189% positive

Fig 3: Scanning Electron Microscopy (SEM) image of Bacterial
sample at 5000X magnification

The obtained result was confirmed by using MALDI-TOF
mass spectrum analysis. MALDI-TOF mass spectrum analysis
is an easy and discriminatory tool for bacterial species
identification [28]. On the basis of obtained score value (1.8)
from the MALDI-TOF mass spectrum analysis and matching
to Biotyper database, the bacterial strain Bab3-8 was identified
as Dietzia maris (Fig. 4).

Fig 4: (a) Spectra generated by Microflex III mass spectrometer (b)
Identified by matching with Biotyper database

The result obtained from MALDI-TOF mass spectrum
analysis was finally confirmed to the result of 16S rRNA gene
sequence analysis. The sequence of bacterial isolates Bab3-8
was aligned with Genbank database and shows highest
similarity to the D. maris in the EzTaxon server (99.86%)
(http://147.47.212.35:8080) and NCBI data base (99.0%). The
homologous sequences were downloaded from database for
construction of phylogenetic tree in which Staphylococcus
epidermidis was used as an out group (Fig. 5). The
phylogenetic tree was divided in two mega clusters- one of
genus Rhodococcus and second of genus Dietzia (Fig. 5).
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Fig 5: Dendrogram based on 16S rRNA gene sequencing constructed by neighbor joining method using Kimura 2 distances parameter

4. Discussion
In our study, the isolated bacterial strain was initially
morphologically and biochemically identified, and was similar
to previous reports which supported our findings [4, 27]. This
bacterial species showed high salt tolerance and growth upto
10% (w/v) NaCl concentration and the optimum growth
temperature was found to be 30-37 oC [11]. Thus, we observed
that the bacterial strain Bab3-8, isolated from Ae. albopictus
collected from Bhalukpong, North East India, has close
proximity with D. maris. The bacterial strain was identified by
MALDI TOFF MS based analysis and with 16S rRNA gene
sequencing which confirms that, the isolated strain was D.
maris. In the phylogenetic analysis, tree has been divided in
two clades- one of genus Dietzia and another of genus
Rhodococcus which are highly close to each other as described
previously (Fig. 4) [4]. In the clade I of genus Rhodococcus, the
bacterial species R. rhodnii have been used in paratransgenesis
approach against T. cruzi. The Clade I is closely associated to
clade II and it has been previously described that genus
Rhodococcus is highly similar to genus Dietzia [4]. If the R.
rhodnii have been used in development of paratransgenesis
techniques, then there is a great possibility of using D. maris
in this approach.
D. maris was isolated from various environmental resources
but limited report shows its isolation from insects. In 2006, D.
maris was isolated from the gut of an insect’s pupae
Wohlfahrtia magnifica (Order: Dipetra), an obligate parasitic
fly, causing myiasis in domestic animals [29], and later on from
larvae gut of Trypoxylus dichotomus (Order: Coleoptera),

Japanese Horned Beetle [30]. As an endosymbiont, it has been
also reported from the dinoflagellate Pyrodinium bahamense
[31]
.
The genus Rhodococcus was used for development of
paratransgenesis techniques against T. cruzi, a causative agent
of Chagas disease transmitted by reduviid bug, R. prolixus [19,
20]
. The bacterial species of genus Rhodococcus, R. rhodnii is
situated in the lumen of R. prolixus, with close proximity to T.
cruzi and was genetically modified for expression of a highly
potent antimicrobial active molecule, Cecropin A, which
causes cell lysis and death [32, 33, 34]. Cecropin A shows paltrier
effects on genetically manipulated bacteria R. rhodnii and R.
prolixus gut tissue, but exhibited strong deleterious effect
against T. cruzi [19].
As previously described, in morphology, Dietzia are very
similar to Rhodococcus equi. Due to high similarity and
absence of simple, appropriate and specific methods for their
identification, it might be misidentified as a Rhodococcus spp.
[4]
. To the best of our knowledge, D. maris was isolated for the
first time from the midgut of mosquito, Ae. albopictus. Hence,
there is a great potentiality to apply biotechnological tools for
development of paratransgenesis approach using D. maris. The
genetic manipulation of D. maris could be possible for the
expression of anti-parasite molecules in the midgut of
mosquitoes to prevent the development of parasites causing
dengue, chikungunya, malaria, etc. The advantage of using D.
maris in the vector management is that, this bacterial species
can survive in a broad range of temperature and pH and has
high salt tolerance capability [4, 11]. Due to this property of
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bacterial species, it could be stable in the midgut of any
mosquitoes like Culex, Anopheles or Aedes which survives in
broad
range
of
environmental
condition.
Using
biotechnological tools, D. maris could be used for the
development of a novel, stable, eco-friendly and highly
effective defense mechanism for prevention of disease
transmission.
5. Conclusion
In our study a midgut bacteria D. maris has been isolated from
lumen of Ae. albopictus, collected from foothill of Himalaya,
Arunachal Pradesh, North East India. Various techniques like
MALDI-TOFF, 16S rRNA, SEM were used for
characterization of the isolated bacterial strain. In previous
studies, it has been proved that, the bacterial genera Dietzia
exhibited highly similar characteristic to Rhodococcus genera
and was under it but later on it was established as a separate
genus. Using R. rhodnii, paratransgenesis techniques have
been already developed against T. cruzi, a causative agent of
Chagas disease transmitted by reduviid bug, R. prolixus.
Hence, there is a great possibility for development of
paratransgenesis approach using D. maris for expression of
anti-parasite molecules to prevent parasite development in
mosquito’s midgut. The knowledge obtained from this study
will provide valuable information for development of novel,
stable, eco-friendly and highly effective defense mechanism
against various disease like, dengue, chikungunya, malaria,
etc.
6. Acknowledgement
The authors are sincerely thankful to Dr. Vanlalhmuaka,
Medical Entomology Division, Defence Research Laboratory,
Tezpur, Assam, India for his valuable suggestions during the
couse of this work. Sincere thanks goes to Dr. D. Thavaselvam
and Mr. Ashu Kumar, Microbiology Division, Defence
Research and Development Organization, Gwalior, India for
helping in MALDI-TOF mass spectrum analysis of bacteria
sample.
7. References
1. Rainey FA, Klatte S, Kroppenstedt RM, Stackebrandt E
Dietzia. A new genus including Dietzia maris comb. nov,
formerly Rhodococcus maris. Int J Syst Bacteriol 1995;
45:32-36.
2. Nesterenko OA, Nogina TM, Kasumova SA, Kvasnikov
EI, Batrakov SG. Rhodococcus luteus nom. Nov.
Rhodococcus maris nom. nov. Int J Syst Bacteriol 1982;
32:1-14.
3. Harrison FC. The discoloration of halibut. Canad J Res
1929; 1:214-239.
4. Koerner RJ, Goodfellow M, Jones AL. The genus Dietzia:
a new home for some known and emerging opportunist
pathogens. Fems Immunol Med Microbiol 2009; 55:296305.
5. Gharibzahedi SMT, Razavi SH, Mousavi M. Potential
applications and emerging trends of species of the genus
Dietzia: a review. Ann Microbiol 2014; 64:421-429.
6. Duckworth AW, Grant S, Grant WD. Dietzia
natronolimnaios sp. Nov, a new member of the genus
Dietzia isolated from an East African soda lake.
Extremophiles 1998; 2:359-366.
7. Yumoto I, Nakamura A, Iwata H, Kojima K, Kusumoto
K, Nodasaka Y, et al. Dietzia psychralcaliphila sp. nov, a
novel, facultatively psychrophilic alkaliphile that grows

8.

9.
10.

11.

12.

13.

14.

15.

16.
17.

18.

19.
20.

21.

22.
23.

~ 11 ~

on hydrocarbons. Int J Syst Evol Micr 2002; 52:85-90.
Yassin AF, Hupfer H, Schaal KP. Dietzia cinnamea sp.
nov, a novel species isolated from a perianal swab of a
patient with a bone marrow transplant. Int J Syst Evol
Micr 2006; 56:641-645.
Mayilraj S, Suresh K, Kroppenstedt RM, Saini HS.
Dietzia kunjamensis sp. nov, isolated from the Indian
Himalayas. Int J Syst Evol Micr 2006; 56:1667-1671.
Jones AL, Koerner RJ, Natarajan S, Perry JD, Goodfellow
M. Dietzia papillomatosis sp. nov, a novel actinomycete
isolated from the skin of an immunocompetent patient
with confluent and reticulated papillomatosis. Int J Syst
Evol Microbiol 2008; 58:68-72.
Li J, Zhao GZ, Zhang YQ, Klenk HP, Pukall R, Qin Sh
XLH et al. Dietzia schimae sp. nov, Dietzia cercidiphylli
sp. nov., from surface-sterilized plant tissues. Int J Syst
Evol Microbiol 2008; 58:2549-2554.
Li J, Chen C, Zhao GZ, Klenk HP, Pukall R, Zhang YQ et
al. Description of Dietzia lutea sp. nov, isolated from a
desert soil in Egypt. Syst Appl Microbiol 2009; 32:118123.
Yamamura H, Lisdiyanti P, Ridwan R, Ratnakomala S,
Sarawati R, Lestari Y et al. Dietzia timorensis sp. nov,
isolated from soil. Int J Syst Evol Microbiol 2010; 60:451454.
Kämpfer P, Langer S, Martin E, Jackel U, Busse HJ.
Dietzia aerolata sp. nov, isolated from the air of a duck
barn, and emended description of the genus Dietzia
Rainey et al. 1995 Int J Syst Evol Microbiol 2010;
60:393-396.
Kim J, Roh SW, Choi JH, Jung MJ, Nam YD, Kim MS et
al. Dietzia alimentaria sp. nov., isolated from a traditional
Korean food, Int J Syst Evol Microbiol 2011; 61:22542258.
Kämpfer P, Falsen E, Frischmann A. Dietzia aurantiaca
sp. Nov, isolated from a human clinical specimen. Int J
Syst Evol Microbiol 2012; 62:484-488.
Brady OJ, Gething PW, Bhatt S, Messina JP, Brownstein
JS, Hoen AG et al. Refining the Global Spatial Limits of
Dengue Virus Transmission by Evidence-Based
Consensus. PLoS Negl Trop Dis 2012; 6(8):e1760. Doi:
10.1371/journal.
WHO. Dengue and severe dengue [Fact sheet N°117
Updated May 2015]. Geneva, World Health Organization,
2015.
(http://www.who.int/mediacentre/factsheets/fs117/en/;
accessed July 2015).
Beard CB, Durvasula RV, Richards FF. Bacterial
Symbiosis in Arthropods and the Control of Disease
Transmission. Emerg Infect Dis 1998; 4(4):581-91.
Durvasula RV, Gumbs A, Panackal A, Kruglov O, Aksoy
S, Merrifield RB et al. Prevention of in-sect-borne
disease: an approach using transgenic symbiotic bacteria.
Proc Natl Acad Sci USA 1997; 94:3274-3278.
Chandel K, Mendki MJ, Parikh RY, Kulkarni G, Tikar
SN, et al. (2013) Midgut Microbial Community of Culex
quinquefasciatus Mosquito Populations from India. PLoS
ONE 8(11): e80453.
Demirev PA, Fenselau C. Mass spectrometry for rapid
characterization of microorganisms. Annu Rev Anal
Chem 2008; 1:71-93.
Wieser A, Schneider L, Jung J, Schubert S. Maldi-Tof Ms
in
microbiological
diagnostics-identification
of
microorganisms and beyond (mini review). Appl.

International Journal of Mosquito Research

Microbiol Biotechnol 2012; 93:965-974.
24. Prakash A, Thavaselvam D, Kumar A, Kumar A, Arora S,
Tiwari S et al. Isolation identification and characterization
of Burkholderia pseudomallei from soil of coastal region
of India. Springer Plus 2014; 3:438.
25. Alam SI, Dixit A, Reddy GS, Dube S, Palit M, Shivaji S
et al. Clostridium schirmacherense sp. nov, an obligately
anaerobic, proteolytic, psychrophilic bacterium isolated
from lake sediment of Schirmacher Oasis, Antarctica. Int J
Syst Evol Microbiol 2006; 56:715-720.
26. Tamura K, Stecher G, Peterson D, Filipski A, Kumar S.
Mega6: Molecular Evolutionary Genetics Analysis
Version 6.0, Mol. Biol. Evol 2013; 30(12):2725-2729.
27. Gharibzahedi SMT, Razavi SH, Mousavi SM.
Characterization of bacteria of the genus Dietzia: An
updated review. Ann Microbiol 2013a. doi:
10.1007/s13213-013-0603-3.
28. Lista F, Reubsaet Frans AG, Santis RD, Parchen RR, Jong
Ad L, Kieboom J et al. Reliable identification at the
species level of Brucella isolates with Malditof- Ms, BMC
Microbiol 2011; 11:267.
29. T´oth EM, Hell E, Kov´acs G, Borsodi AK, Márialigeti K.
Bacteria isolated from the different developmental stages
and larval organs of the obligate parasitic fly, Wohlfahrtia
magnifica (Diptera: Sarcophagidae). Microb Ecol 2006;
51:13-21.
30. Takeishi H, Anzai H, Urai M. Xylanolytic and alkaliphilic
Dietzia sp. isolated from larvae of the Japanese horned
beetle, Trypoxylus dichotomus, Actinomycetologica 2006;
20:49-54.
31. Azanza PV, Azanza RV, Vargas VM, Hedreyda CT.
Bacterial endosymbionts of Pyrodinium bahamense var.
compressum. Microb Ecol 2006; 52:756-764.
32. Christensen B, Fink J, Merrifield RB, Mauzerall D.
Channel-forming properties of cecropins and related
model compounds incorporated into planar lipid
membranes, Proc Natl Acad Sci 1988; 85:5072-6.
33. Wade D, Boman A, Wahlin B, Drain CM, Andreu A,
Boman HG et al. All-D amino acid-containing channel
forming antibiotic peptides. Proc Natl Acad Sci USA
1990; 87:4761-5.
34. Boman HG. Antibacterial peptides: key components
needed in immunity, Cell 1991; 65:205-7.

~ 12 ~

