
 

 

 

 

 

 

 

 

2011 International Nuclear Atlantic Conference - INAC 2011  
Belo Horizonte,MG, Brazil, October 24-28, 2011  

ASSOCIAÇÃO BRASILEIRA DE ENERGIA NUCLEAR - ABEN  

ISBN: 978-85-99141-04-5 

Morphologic characterization of Mycobacterium marinum 
by Neutron Radiography technique 

 
Jaqueline Michele da Silva

1
, Marlei Gomes da Silva

2
, Verginia Reis Crispim

1
 

 
1
 Universidade Federal do Rio de Janeiro – UFRJ 

Centro Tecnológico – CT 

Engenharia Nuclear 

Av. Horácio Macedo, 2030, Bloco G, Sala 101, Cidade Universitária, Cep: 21.941-914 

vrcrispim@gmail.com 

 
2
 Universidade Federal do Rio de Janeiro – UFRJ 

Centro de Ciências da Saúde – CCS 

Instituto de Microbiologia Professor Paulo de Góes 

Av. Carlos Chagas Filho, 373. CCS - Bloco I, Cidade Universitária. CEP: 21.941-902 

marlei_gomes@yahoo.com.br. 

 

 
ABSTRACT 

 
The genus Mycobacterium shares many characteristics with the genera Corynebacterium and 

Actinomyces,  among which, similar genome content of bases Guanine-Cytosine and the production 

of branched long-chain fatty acids called mycolic acids should be enhanced. Mycobacteria are strict 

aerobic, considered weakly Gram-positive, rod-shaped microorganisms, not possessing flagella. 

They are intracellular infecting and proliferating in the interior of macrophages, they do not form 

spores, produce toxins or have capsule. Optimal growth temperature and rate are variable. The 

genus encompasses approximately 120 known species; however, the present study focuses the 

characterization of Mycobacterium marinum. This species is generally pathogenic causing deep skin 

infections. Colonies grow slowly at temperatures around 37º C. The aim of this study is to speed the 

process of M. Marinum morphologic characterization and, in the future, apply it to other species of 

Nontuberculous Mycobacteria (NTM. In relation to conventional microbiologic essays that usually 

demand 28 days for colony growth, nuclear testing, using the neutron radiography technique, prove 

to be much faster. The samples were initially sterilized at the Mycobacteria 

Laboratory/IMPPG/UFRJ using hypochlorite solution, gluta + formaldehyde and warmed distilled 

water, according conventional protocols. Then, they were incubated with sodium borate, deposited 

over CR-39 sheets, fixed with casein (only the first and third sample)  and irradiated with a thermal 

neutron beam generated at the J-9 channel of the Argonauta reactor from the IEN/CNEN. To this 

end, the following parameters were optimized: incubation time, irradiation time and CR-39 

developing time. The images registered in CR-39 were visualized with the help of a Nikon E-400 

optical microscope and captured with a Coolpix 995 digital camera. The results showed that the 

technique produces enlarged images, making it easier the morphologic characterization of 

mycobacteria, not being necessary the use of sophisticated equipment and in less time than 

demanded by other technologies.  The use of casein proved to be efficient to unclump 

mycobacteria. 
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1. INTRODUCTION 

 

Mycobacteria belong to the genus Mycobacterium, which is the single genus of the  

Micobacteriaceae
1 

family. These microorganisms are pleomorphic, aerobic or microaerophilic, 

nonmotile, do not have capsule or produce spores. Straight or slightly curved, they present rod-

shape with size ranging from 0.2 to 0.6 m width and 1.0 to 10 m length
2
. 

 

Mycobacterial cell wall is composed of four layers. The inner layer is a peptidoglycan composed by 

N-glycolyl muramic acid. The following layer is arabinogalactan. Mycolic acids form the third 

layer and are responsible for 60% of the cell wall. The outer layer is formed by different lipids, 

including glycolipids, sulpholipids, phenolglycolipids, peptide-glycolipids and lipid-arabinomanan
3
.  

 

In relation to multiplication time they are classified as fast or slow growth mycobacteria. The 

temperature for bacterial growth ranges from 25ºC to 45ºC. Colonies can have rough or smooth 

aspect and some, in the presence or absence of light produce carotenoid pigment, usually of orange 

or yellow color
4
. 

 

Currently, Mycobacterium genus encompasses 142 species and 11 sub-species, described in the list 

of bacterial species with approved names
5
. Some of those species were classified according their 

pathogenicity in: strictly pathogenic, pathogenic, potentially pathogenic, rare pathogens and 

saprofites
6
. 

 

Nontuberculous mycobacteria (NTMs), classified as potentially pathogenic or rare pathogens 

include several species that may cause pulmonary, ganglionary and cutaneous infections and 

disseminated infections in immunocompromised individuals. 

 

Cutaneous lesions called swimming pool granulomas are caused by M. marinum, a NTM. Generally 

human mycobacteriosis occurs associated to an aquatic activity such as swimming, fishing, 

navigation and aquarism
7
. 

 

The objective of the present study is to propose a methodology based in nuclear assays and specific 

tracers to aid in the morphologic characterization of M. marinum in positive samples. The study 

aims at speeding up the process, in relation to conventional methods and consequently reduce the 

time between diagnosis and treatment.  

 

Among Non-destructive Test (NDT) techniques, Neutron Radiography appears as a powerful tool in 

imaging.  Neutron radiography demands an appropriate neutron beam, a pre-prepared sample and a 

device composed of a neutron converter and a recorder of the secondary radiation generated by the 

intersection of neutrons with the converter material
8
. 

 

The samples of M. marinum used were subjected to conventional microbiological procedures at the 

Mycobacteria Laboratory of the Paulo de Góes microbiology Institute /UFRJ. Then, they were 

deposited on the sheets of a CR-39, solid state nuclear track detector (SSNTD), whose molecular 

formula is  C12H16O7, and incubated with 
10

B, over 30 minutes. Besides boron as sodium borate, the 

following substances were used: casein, glutaraldehyde, formaldehyde and sodium hypochlorite. In 

addition to the CR-39 sheets containing M. marinum, three other sheets, although without 

mycobacteria were subjected to the same procedure.  The samples deposited on Cr-39 sheets were 

exposed to a 4.46 x 10
5 

thermal neutrons/cm
2
. s from the J-9 irradiation channel of  Argonauta 

reactor/IEN/CNEN, over 30 minutes. For image visualization in the optical microscope, CR-39 



 

 

 

 

 

 

 

 

detectors suffered a chemical development process.  

  

2. METHODOLOGY 

  

Five stages are necessary for morphologic characterization of mycobacteria: pre-attack, sample 

preparation, irradiation, chemical attack and image visualization. 

 

The objective of the pre-attack is to cause a slight corrosion in the detectors to increase 

mycobacteria adherence to CR-39. Six CR-39 sheets were placed in test tubes containing NaOH 

(6.25 N), in a thermoregulated bath unit at 70ºC, over 10 minutes. Next, all detectors were washed 

with tap water and distilled water and then dried with the help of a hairdryer.   

 

Three different methods were used for mycobacteria sterilization: only hot water for the first 

sample, addition of glutaraldehyde and formaldehyde for the second and sodium hypochlorite 

addition for the third. The first sample was sterilized in autoclave, during 30 minutes. The other two 

samples were subjected to the action of bactericides. 

 

Later 50 μl of each sample were placed in different microtubes and in the first and last tube 5.0 μl of 

casein were added. After centrifugation of the three microtubes, mycobacteria were fixed on the 

CR-39 sheets. Three CR-39 sheets, chemically pre-attacked were separated and 5.0 l of each 

sample were respectively poured on them. Each sample was incubated in 5.0 μl boron. Next, the 

detectors were placed in an oven at 35.5ºC during 30 minutes.  To fix the mycobacteria of the 

second sample 2 drops of 4.0 % formaldehyde were added. 

 

Besides the CR-39 sheets containing samples of M. marinum, three other sheets were prepared in 

order to differentiate images from CR-39 defects from those from mycobacteria. Two drops of 

formaldehyde and two drops of sodium hypochlorite were placed on the second and third detectors 

respectively. The three detectors were added with 5.0 μl boron. After drying the three detectors 

were wrapped with aluminum foil (shielding against spurious radiations) and properly stored. The 

detectors were fixed on an aluminum sheet for irradiation with the neutron flux from the J-9 

irradiation channel of the Argonauta Reactor IEN/CNEN, during 30 minutes. The flux and mean 

neutron energy were, respectively, 4.46 x10
5
 neutrons/cm

2
. s and 30 meV. 

 

Each  
10

B (n,)
7
 Li nuclear reaction results in a track of an  particle on the solid detector, whose 

size is in Å order, in other words, invisible to the naked eye or with the use of a conventional optical 

microscope. In order to enlarge the track to allow visualization, CR-39 sheets were chemically 

attacked in a thermo regulated bath. CR-39 sheets were placed in test tubes containing NaOH (6.25 

N) at 90ºC during 60 minutes. Washing and drying processes were the same used in the pre-attack. 

 

Mycobacteria neutron radiography images registered on CR-39 were visualized with the help of a 

Nikon E400 transmission optical microscope, with 10x ocular and 40x objective. A Nikon Coolpix 

995 digital camera was coupled to the microscope to capture  digital images.  

 

3. RESULTS 

 

The irradiation of CR-39 sheets without mycobacteria allowed characterization of the neutron 

radiography images of defects or damages on CR-39, caused during the manufacture process, from 

those related to the latent tracks from ionization in plastic detectors caused by α particles originated 



 

 

 

 

 

 

 

 

on  
10

B (n,)
7
 Li reactions. 

 

Figures 1.a, 1.b and 1.c, show images of CR-39 manufacture defects and nuclear tracks. In figure 

1.a, there was no mycobacteria deposit in CR-39 but a drop containing 5.0 l distilled water doped 

with 5.0 l boron. In figure 1.b, were poured 2 drops of formaldehyde for sterilization and doping 

with 5.0 l boron. In figure 1.c, 2 drops of sodium hypochlorite and 5.0 l boron were placed. 

 
 

  

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 shows images of M. marinum, doped with 5.0 l boron and sterilized with hot water in 

autoclave during 30 minutes, besides the nuclear tracks on CR-39.  5.0 l  casein were used to 

favour  M. marinum unclump. 

 

 

 

 

 

 

 

Figure 1 - Image of defects and nuclear tracks on CR-39, without the presence of mycobacteria: (a) 

in aqueous medium with boron; (b) 2 drops of formaldehyde and doping with boron; (c) 2 drops of 

sodium hypochlorite and doping with boron. 

(a) (b) 

(c) 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3 shows the neutron radiography images of M. marinum subjected to doping with 5.0 l 

boron and deposited on CR-39 sheets, after sterilization process with a mixture of glutaraldehyde 

and formaldehyde, during 60 minutes at rest. To fix M. marinum to CR-39, two drops of 4.0% 

formaldehyde solution were used. 

 

 

 
                                                                

 

 

 

 

  

 

 

 

 

In the same way, figure 4 shows the neutron radiography images of M. marinum doped with  5.0 l 

boron, sterilized with sodium hypochlorite during 60 minutes at rest, and unclumped with 5.0 l 

casein. 
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Figure 2: Morphologic characterization of M. marinum sterilized with hot distilled water, through 

neutron radiography image.  

Figure 3 – Morphologic characterization of M. marinum, subjected to the action of glutaraldehyde 

and formaldehyde, through neutron radiography image. 

Figure 4 – Morphologic characterization of M. marinum , subjected to the action of sodium 

hypochlorite and casein, through neutron radiography image. 



 

 

 

 

 

 

 

 

The neutron radiography images of samples of M. marinum shown in figures 2, 3 and 4, present 

very different morphologic characteristics from those observed in figure 1, where samples did not 

contain M. marinum. The neutron radiography images of M. marinum resulted very similar to those 

found in literature where they are defined as straight or slightly curved rod-shaped 

microorganisms
2
.  

 

It is important to enhance that good quality images were obtained allowing the visualization in a 

conventional optical microscope, because the development process enlarged the nuclear tracks in 

1000x. The images obtained are two-dimensional projections of the bacilli isolated or grouped.  

 

4. CONCLUSIONS 

  

The neutron radiography images obtained with and without M. marinum resulted very different, 

thus allowing the morphologic characterization of the microorganisms, detector manufacture 

defects and nuclear tracks. 

 

The use of casein proved to be efficient for mycobacteria unclump.  

 

The results showed that the neutron radiography technique allows an additional 1000x enlargement 

of the latent images, making it possible the morphological characterization of mycobacteria without 

the need of more sophisticated equipment such as the Scanning Electron Microscope (SEM). The 

time employed for this characterization was very short when compared with other methodologies, 

because the stage of colony culture was not necessary. This advantage is fundamental for non-

culturable mycobacteria. 

 

The procedure met the expectations for image visualization and relative short time.  
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