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A filamentous form of mollicute-like bacterium was detected during a routine health survey 

of wild adult kuruma shrimp Penaeus japonicus. The kuruma shrimp were native to Japan and 

were imported to Korea. The histology showed no pathological changes. Transmission electron 

microscopy revealed extensive infections of hepatopancreatic epithelial cells by a pleomorphic, 

filamentous intracellular bacterium. The filamentous bacterium was of about 60 mn in diameter 

and 300 nm to more than 1 ~m in length. The morphology of hacteria were filamentous and 

branched with terminal blebs, or knobs, on the branches. They lacked the cell wall, and were 

bounded by the plasma membrane. They contained typical prokaryotic ribosomes and fibrillar 

DNA-like strands. No additional internai structure has been observed. They are considered to 

be mollicutes, based upon the morphological appearance and upon the cellular location. 
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While international trade of penaeid shrimp has Therefor' prevention of the spread of contagious 

contributed to development of penaeid shrimp diseases of imported penaeid shrimp is very impo­

culture, it has rewlted in introduction of infectious rtant for aquaculture development. 

diseases into new geographical regions by transfer Mollicutes are very small prokaryotic parasites 

of infected postlarvaf' or broodstock to outside total1y devoid of cell wall, bounded only by a 

the original locations(Lightner. 1983; Lightner, plasma membrane(Razin and Freundt, 1984). 

1985; Colomi el al., 1987). The infectious diseases They have been found in several marine and 

generally occurred as epidemics and subsequently freshwater organisms ; however, few of them have 

settled into endemicsCBrock and Lightner, 1990 : been isolated and cultivated(Harshbarger et al., 

Lightner, 1992 ; Vega-Villasante and Puente, 1993). 1977; Zimmer and WooJacott, 1983: Boyle et al.. 
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1987 ; Hackett and Clark, 1989; Kirchhoff et al., 

1987). Recently, a filamentous mollicute-like bac­

terium was first described in penaeid shrimp Pe­

naeus vannamei cultured in TexasCKrol et al., 

1991). Attempts to culture this intracellular orga­

nism have been unsuccessfulCFrelier et al., 1993), 

thus its pathogenesis in shrimp still remains unce­

rtain. 

To prevent the introduction and spread of exotic 

diseases in Korea, imported stocks of aquatic ani­

maIs for culture purposes are being proved patho­

gen-free and monitored for signs of diseases by 

National Fisheries Research and Development 

AgencyCNFRDA). During a routine health survey 

of kuruma shrimp Penaeus japonicus imported 

from Japan, a filamentous microorganism was det­

ected. 

Materials and Methods 

1. Shrimp 

Seventeen kuruma shrimp Penaeus japonicus 

were submitted to Pathology Laboratory of NFRDA 

as a part of a routine health survey required 

for an documentation of imported stocks for cul­

ture purposes. The sexually mature kuruma sh­

rimp, about 20 cm in length, that were native 

to Japan, were collected by a net on the eastern 

coast of Japan, and were transported in sawdust 

by airplane directIy to the laboratory of NFRDA. 

2. Light and Electron microscopy 

The shrimp were cut longitudinally. Then samp­

les were fixed immediately in Davidson's fluid, 

dehydrated through on ascending ethanol series, 

cleared in xylene and embedded in paraffin. Histo­

logical preparations were sectioned at 4 I-Im, stained 

with Hematoxylin and Eosin and carefully checked 

for lesions and pathogens with a light microscope. 

Before histological fixation, pieces of the hepato­

pancreas were collected from three shrimp, then 

fixed in 2.5 % glutaraldehyde in sodium phosphate 

bufferCpH 7.4) for 2 h at 4't. The tissues were 

rinced twice in the same buffer, postfixed in 1% 

phosphate-buffered osmium tetroxide for 2 h at 

room temperature, dehydrated through a graded 

ethanol series, and embedded in Epon resin. One 

I-Im sections for light microscopy were stained 

in 2.5 % toluidine blue in 1% aqueous sodium 

borate solution. Thin sections were coIlected on 

copper grid and double stained with 4 % uranyl 

acetate and lead citrate prior to examination with 

a JEOL 1200 EX-Z transmission electron micros­

cope at 80 kV. 

Results 

There were no external or internaI signs of 

disease among the Penaeus japonicus examined. 

Using Iight microscopy the tissues appeared to 

be normal and showed no pathological changes. 

But transmission electron microscopyCTEM) re­

vealed a subclinical infection with a filamentous 

microorganism in the hepatopancreatic epithelial 

ceIls of the shrimpCFig. 1- 6). 

Hepatopancreatic epithelial ceUs of three shrimp 

examined by TEM were infected by a filamentous 

microorganism. This intracellular microorganism 

was a highly pleomorphic, apparently obligate int­

raceIlular pathogen, that infected aIl types of hepa­

topancreatic epithelial cellsCFig. la). The structure 

of this organism was filamentous and branched. 

Depending on orientation of the microscope 
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Fig. la. Transmission eJectron micrographs(TEM) of hepatopancreases of Penaeus faponicus infected with 

the fiJamentous mollicute-like organism(HMLO). Despite the infection. host cell nuc!ei(N) appear normal. 

Bar=2.0 )lm. Fig. lb. Higher magnification(X24.000) of Fig. la. HMLO has a round structure(arrows). 

Bar = 0.5 )lm. 
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section, filamentous forms of unique diameter with 

terminal blebs, or knobs, as weil as smal! dense 

round form of 30 to 40 nm in diameter were 

respectively observedCFig. 2). The filaments ra­

nged from about 60 nm in width and from 300 nm 

to more than 1 !Jm in length. Another round struc­

ture was also observed, with a diameter of 200 

to 300 nmCFig. lb). And it was possible to observe 

budding filaments from these round structure. 

Occasional forms were seen apparently containing 

spherical dilations (Fig. 2, 6). 

Fig. 2. TEM of branched form of HMLO with 

terminal knobsCarrows). Bar=0.2 Mm. 

in kuruma shrimp, Penaeus japonicus 

These microorganisms lacked a cel! wall and 

were only bounded by a plasma membraneCFig. 

4). They contained typical prokaryotic ribosomes 

and fibrillar DNA-like strandsCFig. 5). No additio­

nal internaI structure was observed. These prokar­

yotic organisms were found free in the cytoplasm 

of infected cells. There was no evidence of phagoc­

ytosis of these prokaryotic organisms within cel!s. 

When the cellular infection was heavy, the only 

organelles that appeared normally distributed in 

the cell cytoplasm were mitochondria and riboso­

mesCFig. 3). Although different level of the bacte­

rial infections in the shrimp, nearly al! hepatopan­

creatic cells of the diseased shrimp were infected 

with bacteria. li was impossible to observe any 

host response on affected areas. No bacteria were 

observed free in hemolymph. 

Fig. 4. TEM of HMLO in hepatopancreatocytic 
Fig. 3. TEM of HMLO-infected hepatopancreatoc­

cytoplasm. Note the plasma membrane of HMLO 
yte. Note the mitochondriaCM). Bar= 1 !Jm. 

Carrow). Bar=O.l !Jm. 
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Fig. 5. TEM of HMLO in hepatopancreatocytic 

cytoplasm. Note HMLO contains typical prokaryo­

tic ribosomes and fibrillar DNA-like strandsCar­

row). 8ar=0.2 /lm. 

Fig. 6. TEM of HMLO III hepatopancreatocytic 

cy1oplasm. Note HMLO contains spherical dilations 

Carrow). Bar = 0.5 /lm. 

Discussion 

The intracellular microorganism in hepatopanc­

reatic cells of Penaeus japonicus lack a cell wall 

and are bounded only by the plasma membrane 

which suggest that these microorganisms are mol­

licutesCRazin and Freundt. 1984). Ali microorgani­

sms occur free in the cytoplasm which distingui­

shes them from the small intracellular rickettsia­

like bacteria of penaeid shrimp that typically occur 

in memhrane-bound cytoplasmic inclusions in in­

fected cellseWeiss and Mouldcr. 1984). The intra­

cellular microorganism is a highly pleomorphic 

apparently obligate intracellular pathogen. The st­

ructure of intracellular microorganism is filamen­

tous and branched. These facts are indicative of 

mollicutes. We named the organisms as hepatopa­

ncreatic mollicute-like organismCHMLO) as a 

means of distinguishing from other mollicutes until 

relationship is clarified. 

A filamentous mollicute-like bacterium has been 

reported in penaeid shrimp Penaeus vannamei cul­

turcd in TexasCKrol et al., 1991). When Kral et 

al. C1991) described the intracellular bacteria asso­

ciatcd with necrotizing hepatopancreatitis(NHP) 

lesions in P. vannamei, they concluded that a 

filamentous mollicute-like bacteria, a helical form 

of a mollicute-like bacteria and a rod-shaped ricke­

ttsia-like bacterium were present in cytoplasm 

of heavily infected hepatopancreatic epithelial ce­

Ils. But subsequent studies on NHP in penaeid 

shrimp by Frelier et al. C1992, 1993) and Lotz 

and Ovcrstreet(l991) suggested that the filamen­

tous mollicute-like bacterium relJorted by Krol 

et al.( 1991) was in reality remnants of the host 

cell endoplasmic reticulum. 

There are considerahIe similarities between 

HMLO and filamentous mollicute-like bacterium 

reported by Krol et af.( 199]) : both bacteria were 

60 nm in diameter: both bacteria had terminal 

blebs, or knobs, on the branches; both bacteria 

were associated with mitochondria and ribosomes 

in cytoplasm of infecled cells. HMLO had the 

round structures about 200 to 300 IllIl in diamctcr 

which are uncommon in filamentous mollicute-like 
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bacterium CKrol et al., 1991). With both infections, 

affected hepatopancreatic cells retained most of 

their normal architecture except for their organel­

les. But it is not sufficient that both bacteria in 

the different hosts are consider to be same bacte­

ria only by their apparence and histology. Like 

Krol et aI.( 1991), we did not pay special attention 

to osmolarity of fixatives and buffers and both 

may drastically alter the actual size and shape 

the plastic organismsCLemcke, 1972; Cole et al., 

1973 ; Razin and Freundt, 1984). 

Mollicutes have no intracellular membrane or 

membrane-bound structure and thus it can be 

regarded as living membrane vesicles. Occasiona­

lIy, HMLO have been found containing membrane­

bound inclusions seemed to be internaI vesicles. 

But these forms were shown to be involuted and 

they were thought that the plane of the section 

cut through the cell membrane twice. 

In infected cell cytoplasm of P. japonicus, HMLO 

often associated with mitochondria. It explains 

why the mycoplasma have limited biosynthetic 

abilities, probably reflecting their small genome 

and parasitic mode of lifeCRazin and Freundt, 

1984). Other studies reported that Mycoplasma 

mycoides and Acholeplasma laidlawii require a co­

mplex assortment of amino acids, nucleic acid 

precursors, lipids, vitamins and inorganic ions, 

and glucose as an energy sourceCRodwell, 1979). 

There was no mortality and Iittle evidence of 

cell necrosis in affected areas despite the high 

infection rate of cells, therefore the virulence of 

HMLO remains uncertain. However, the discovery 

of mollicute-like organisms from the wild penaeid 

shrimp suggests a potential mechanism by which 

pathogenic mollicutes may be controlled and un­

derscores continuaI need for health surveys prior 

to international transport of shrimps. Further stu­

dies will be needed to determine the identity 

of these bacteria and their pathogenesis in penaeid 

shrimp. 
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