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Nocardia spp. are aerobic, filamentous, Gram-positive bacteria that found in nature as soil, plants and
water saprophytes. The organisms are classified on the basis of morphology, biochemical characteristics,
chemical composition of the meso-diaminopimelic acid (meso-DAP), arabinose/galactose content, mycolic
acid and/or guanine plus cytosine content, and 16S rDNA/rRNA sequencing analysis. Pathogenic species of
Nocardia cause a chronic infections in humans and animals, including the aquatic lower animals (Cetaceans
and Seals), fishes and oysters. The first case of a fish infection caused by Nocardia spp. (N. asteroides) was
described in neon tetra, Hyphessobrycon innesi by Conroy and Valdez (1963). After this, pathogenic strains
of N. seriolae (formerly N. kampachi), N. salmonicida, N. crassostreae and Nocardia sp. were described as
a causal agents of nocardiosis, in various fish and Pacific oyster farms, and infection of Nocardia sp. caus-
ing mass mortality of farmed snakehead has emerged in Korea of 2005. Sluggish or flashing behaviour,
emaciation, exophthalmia and distended abdomen are the clinical sign of this disease. In later stages,
appearance nodular and diffuse granulomatous lesions were found in skeletal muscle, gills and any of the
visceral organs. The primary isolations of fish nocardia were achieved using brain heart infusion agar,
Dorset egg agar, glucose yeast extract agar, (5%) goat blood agar, Lowenstein-Jensen medium, nutrient
agar and tryptic soy agar. Ogawa media have also been used successfully. In human, it is thought that the
principles are applied to aquatic animals, pathogenic strains of nocardiae are not killed by phagocytes,
including the macrophages, monocytes and/or neutrophils. These organisms must have the ability to avoid
being killed by phagocytes, as inhibit the fusion between the phagosome containing the bacterial cells and
lysosomes, involves the acidification of the phagosome, modulates lysozomal enzyme and resist to oxygen
radials by superoxide dismutase (SOD) and catalase. Outbreaks of nocardial infection in aquatic animals
have been associated with stressor, such as crowding, handling, high temperature, rainfall and spoiled feed.
And use of chemotherapeutants have not the desired effect because of infected organs have revealed charac-
teristic granulomas. Therefore a healthy management is probably the most important factors in the preven-
tion of nocardial disease. 
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Campbell and MacKelvie, 1968; Walton and

Libake, 1974; Walton and Libake, 1974; Pulverer

and Schaal, 1978; Orchard, 1979; Schaal and Bea-

man, 1983; Chen, 1992; Chen et al., 2000; Park et

al., 2005; Wang et al., 2005). 

N. asteroides

(Young

et al., 1971; Backwell munksgaard 2004), 

, , 

nocardiosis (

, 1995). 

nocardiae

Mycobacterium 

(Chinabut, 1999), , ,

(Valdez and Conroy, 1963;

Snieszko et al., 1964; Campbell and MacKelvie,

1968; Pier et al., 1970; Friedman & Hedrick, 1991;

Chen, 1992; Friedman et al., 1998; Chen et al.,

2000; Lipscomb, 2001; Park et al., 2005; Wang et

al., 2005; CCWHC, 2006; Schmitt et al., 2007).

Nocardiae

, 

Nocardia sp. 2005 6

(Park et

al., 2005), ,

. 

Nocardia 

, , , 

.

Nocardia 1888

Nocardia farcinica

(Lechevalier, 1989). 

Mycobacterium 

tuberculosis’ (pseudotubercu-

losis)’ (Eppinger, 1891), N.

asteroides nocardiae type

strain’ (Gordon and Mihm,

1962; Lechevalier, 1989). 

Nocardia N. aster-

oides, N. brasiliensis, N. farcinica, N. nova, N. oti-

didiscaviarum (N. caviae) N. transvalensis 

(Lechevalier, 1989), N.

asreroides

N. brasiliensis

(Beaman et al., 1976). 

Bergey s Manual of Determinative Bacteriology

(9th ed.) Nocardia

(Order Actinomycetales), (Family Actin-

omycetaceae) , 

(Actinomyces)

(Holt et al., 1994). 

. 

( )

(Gottlieb, 1973), 

. 

Streptomyces , 

, 

. 

, 

(Table 1). 

Lechevalier and Lechevalier (1970)
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3 group

. 

nocardioform group (Actino-

myces, Oerskovia, Nocardia, Mycobacterium 

Rhodococcus ), 

Sporoactinomycetes group (Streptomyces ), 

Multilocular sporangia (Dermatophilus ) 

. 

Bergey s Manual of Determinative Bacteriology

(Holt et al., 1994)

'The high G+C Gram positive: High G+C content

of DNA; Bacteria irregular cell shape' volume

8 group (suborder)

. 1990 16S rDNA/rRNA

sequencing

order Actinomycetales 

Family Mycobacteriaceae Nocardiaceae

Family Nocardiaceae Genus Nocardia

Table 2

(Chun and Goodfellow,

1995; Rainey et al., 1995; Stackerbrandt et al.,

1997). 

Nocardia 

Table 1. Identification of Nocardia and fungi ( , 1993)

Characteristics Nocardia Fungi

Subsistence of:

nuclear membrane - +

mitochondria - +

chitin - +

Reproduction by:

spirit + -

budding - +

spore - +

Susceptibility of antibiotics :

penicillin - -

sulfonamides + -

antifungal - +

Staining:

Gram stain + +

acid-fast stain + -

Demand at:

aerobic + +

anaerobic - -

Epidemiology (in mammalian):

internal cause - +

external cause + +
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, Nocardia asteroides

SOD cDNA sequence 

primer Mycobacterium,

Rhodococcus, Gordonia Streptomyces 

(Loeffler et al., 2004). 

Nocardiae

, 

.

mycolic acid , 

Mycobacterium Actinomycetales (Nocardia,

Gordonia, Rhodococcus, Dietzia, Tsukamurella 

Corinebacterium ) 

(Minnikin

and Goodfellow, 1981; Butler et al., 1987;

Lechevalier, 1989; Goodfellow, 1992), mycolic

acid peptidoglycan arabinogalactan polymer

Table 2. Classification system of Nocardia

Morphological classification (Lechevalier & Lechevalier, 1970)

Nocardioform group: Actinomyces, Nocardia, Mycobacterium, Oerskovia and Rhodococcus

Sporoactinomycetes group: Strptomyces

Multilocular sporangia: Dermatophilus

Chemical classification (Berger’s Manual of Determinative Bacteriology, 9th ed.; Holt et al., 1994)

Nocardioform group

Multilocular sporangia group

Actinoplatenes group

Streptomycetes group

Maduromycetes group

Thermomonospora group

Thermoactinomycetes group

etc. group

Gene based classification (16S rDNA/rRNA sequencing; Stackerbrandt et al., 1997)

Class   Actinobacteria

Order   Acidiomicrobiales

Actinomycetales

Suborder   Corynebacterineae

Family   Mycobacteriaceae

Nocardiaceae 

Genus Nocardia 

Rhodococcus 

Bifidobacteriales

Coryobacteriales

Rubrobacteriales

Sphaerobacteriales            
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. Nocardiae

mycolic acid C44 C66

(carbon chain) Mycobacterium

, Nocardia Corinebacterium 

(Butler et al., 1987; Goodfellow, 1992; 

, 2005). N.

seriolae mycolic acid

(Kudo et al., 1988). Mycolic acid N.

asteroides complex (the

degree of saturation), (the average of

carbon number) -alkyl branch

(Nishiuchi et al.,

1999).

N. asteroides, N.

farcinica N. nova N. asteroides complex

. N. asteroides complex

N. aster-

oides cefamandole tobramycin

, N. farcinica erythromycin, cefamandole

tobramycin , N. nova

erythromycin, cefamandole tobramycin

(Biehle et al., 1996; Kageyama et al.,

2004). 

biochemical, physiological nutritional characters

(Goodfellow, 1971; Kurup and Schmitt, 1973),

antibiotic sensitivity (Wallace et al., 1991), opacifi-

cation of Middlebrook agar (Flores and Desmond,

1993), yeast killer system (Provst et al., 1995) 

PCR-restriction fragment length polymorphism

(Steingrube et al., 1997) 

.

Nocardia spp. , 

free-living

, , 

(Orchard and Goodfellow,

1980; Lechevalier, 1989; Austin and Austin, 1999;

Frerichs, 1993). 

Nocardiae brain heart infusion agar,

2% trypton agar nutrient agar 

, 30 , 12

0.5-1.5 10-30 

(Beaman and

Shankel, 1969). Gram 

Ziehl-Neelson 

Mycobacterium 

3% - 0.5-

1% 

(modified Kinyoun ). , N.

seriolae N. asteroides 

(Frerichs, 1993). Sabouraud dex-

trose agar (SDA), BHIA 

( , 1993). 

Nocardiae meso-diaminopimelic acid

(meso-DAP), arabinose galactose, mycolic acid

G+C content 

(Goodfellow and Lechevalier, 1989;

Goodfellow, 1992). Nocardia cell wall

(Beaman, 1975; Beaman et al., 1981), 

mycolic acid Mycobacterium Nocardia, Gor-

donia, Rhodococcus, Dietzia Corynebacterium

Actinomyceteles

, 2

(Minnikin and Goodfellow, 1981; Brennan, 1988).

mycolic acid 2-alkyl-3-hydroxy patty acid

. mycolic acid Mycobacterium

C60 Nocar-

dia nocardomycolic acid

. 

Nocardia 
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Table 3. A report of nocardial infections in aquatic animals

<Fishes and invertebrates>

Species Locality Reference

Nocardia USA Snieszko et al. (1964)

asteroides

Formosa snakehead Taiwan Hsu et al. (1977)

(Channa maculata Lacepede) Chen et al. (1989)

Chen (1992b)

Neon tetra Conroy (1964)

(Paracherirodon innesi)

largemouth bass Taiwan Lai et al. (1991)

(Micropterus salmoides) Chen (1992b,c)

N. seriolae yellowtail Japan Kariya et al. (1968)

(Seriola quinqueradiata) Kubota et al. (1968)

Kusuda & Taki (1973)

Kusuda et al. (1974)

Kumamoto et al. (1985)

Olive flounder Japan Kudo et al., (1988)

(Paralichthys olivaceus)

sea bass Taiwan Chen et al. (2000)

(Lateolabrax japonicus), adult

large yellow croaker China Wang et al. (2005)

(Larimichthys crocea)

Nocardia sp. rainbow trout USA Valdez & Conroy (1963)

(Oncorhynchus mykiss)

bogenforellen Heuschmann-Brunner 

(Salvelinus fontinalis) (1966)

brook trout Canada Campbell & MacKelvie

(Salvelinus fontinalis) (1968)

chinnook salmon USA Wolke & Meadet (1974)

(Oncorhynchus tschwytscha)

white-clawed crayfish England Alderman et al. (1986)

(Austropotambius pallipes)

giant Gourami Japan Kitao et al. (1989)

(Osphronemus goramy)

Atlantic salmon Australia Brnasden et al. (2000)

(Salmo salar)

snakehead Korea Park et al. (2005)

(Channa arga)

Strptomyces blueback salmon Rucker (1949)

salmonicida3) (Oncorhynchus nerca)

N. crassostreae Pacific oyster USA/ Friedman et al. (1998)

(Crassostrea gigas) Canada
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N. asteroides GUH-2 

2.5% , 

C54 mycolic acid

.

, DNA guanine-plus-cytosine composi-

tion 64-72 mol%

, Table 3

nocardiae 

(Lechevalier, 1989; Goodfellow, 1992).

nocardiosis

Nocardiae

N. asteroides , , 

, , (Pul-

verer and Schaal, 1978; Walton and Libake, 1974;

Orchard, 1979; Beaman, 1983; Schaal and Beaman,

1983; Beaman, 1994). 

Nocardiae

Table 3 . 

Nocardiae N. asteroides, N. salmonicida (for-

merly Strptomyces salmonicida), N. seriolae (for-

merly N. kampachi) Nocardia sp. . 

Nocardiosis neon tetra,

Hyphessobrycon innesi N. asteroides 

(Valdez and Conroy, 1963), 

, Oncorhynchus mykiss (Snieszko et al., 1964),

, Salvelinus fontinalis (Campbell and MacK-

elvie, 1968), , Seriola quinqueradiata (Kariya

et al., 1968; Kubota et al., 1968), ,

Channa maculata (Chen, 1992), , Lateolabrax

Nocardia 

(continued)

Nocardia-like Pacific oyster USA/ Friedman & Hedrick  (1991)

(Crassostrea gigas) Canada Friedman et al. (1991)

<Lower animals: Cetaceans and Seals>

Nocardia Pilot whale USA Pier et al. (1970)
asteroides (Globiocephala scammoni) (Hawaii)

Beluga Whale USA Schmitt et al. (2007)
(Delphinapterus leucus)

N. brasiliensis Pacific bottle-nosed dolphin USA Pier et al. (1970)
(Tursiops gillii) (Hawaii)

N. Pacific bottle-nosed dolphins USA Pier et al. (1970)
otitidiscaviarum1) (Tursiops gillii) (Hawaii)

Hooded seal Canada CCWHC2) (2006)
(Cystophora cristata)

N. bottlenose dolphin USA/ Friedman & Hedrick  (1991)
paraguayensis (Tursiops truncates) Canada Friedman et al. (1991)

Nocardia spp. beluga whale USA Lipscomb (2001)
(Delphinapterus leucas) 

1) Synonym Nocardia salmonicida (Isik et al., 1999).
2) Previously known as N. caviae.
3) CCWHC, Canadian Cooperative Wildlife Health Centre.
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japonicus (Chen et al., 2000) , Larim-

ichthys crocea (Wang et al., 2005) ,

Channa arga (Park et al., 2005) 

. , Kariya (1968) Kub-

ota (1968) N. seriolae

type strain (JCM 3360)’

(Kudo et al., 1988).

Nocardiosis

, 

(cachexia), , 

, 

( , , )

(Kubota et al.,

1968). nocardiosis

, 

(Fig. 1), , , , ( ),

, (gill

tuberculosis) 0.1-0.2 mm 

(Campbell and Mackelvie, 1968; Kusuda et

al., 1974; Austin and Austin, 1999; Chen, 1992;

Chinabut, 1999; Chen et al., 2000). Formosa snake-

head, Channa maculata

, largemouth bass, Micropterus salmoides

, 

(Chen, 1992). 

sea bass, Lateolabrax japonicus

, , , , 

1-2 mm 

(Chen et al., 2000). 

Friedman (1998)

Pacific oyster, Crassostrea gigas 

N. crassostreae sp. nov.

Nocardia-like bacteria

(Friedman and Hedrick,

1991; Friedman et al., 1991).

Nocrdiosis

lower animals (cetaceans seals)

, Nocardia asteroides, N.

brasiliensis, N. otitidiscaviarum, N. paraguayensis

Nocardia spp. Pilot whale, Glo-

biocephala scammoni, Beluga Whale, Delphi-

napterus leucus, Pacific bottle-nosed dolphin, Tur-

siops gillii bottle-nosed dolphin, T. truncates 

(Pier et al., 1970;

Lipscomb, 2001; Schmitt et al., 2007). Canada 

N. otitidiscaviarum

juvenile hooded seal, Cystophora cristata

(inflammation of conjunctiva), 

(purulent) , 

, , 

. , , , 

Fig. 1. External and Internal sign of the diseased snakehead. A, External signs, distended abdomen and hemorrhaging around
anus are seen; B, Internal signs, many white nodules varying in size are seen in the internal organs. (from Park et al., 2005).

A B



(neutrophils)

(CCWHC, 1990). , 

(Beaman and Bea-

man, 1994). Nocardia sp.

necrotic tissue

debris

epithelial cells , young

nodule macrophage epithelial cells

(Pier et al., 1970; CCWHC, 1990; Lip-

scomb, 2001; Schmitt et al., 2007).

Nocardia Mycobacteium

. ,

( , , , , )

brain heart infusion agar (BHIA), Dorset

egg agar, glucose yeast extract agar (GYEA), (5%)

goat blood agar, Lowenstein-Jensen medium, nutri-

ent agar tryptic soy agar (TSA) .

18-37

24 21

(Conroy, 1964; Snieszko et al., 1964;

Frerichs, 1993; Austin and Austin, 1999; Chun et

al., 2000). 1-3% K2HPO4

Ogawa's medium (Table 4)

(Table 4, Kono et al., 2002), 

5

1-2 mm tan/yellow colony (Fig.

2)

Nocardia 9

Fig. 2. Characteristics of Nocardia sp. A, Colonies on 3% Ogawa media (14 days old culture); B, Colonies on the sheep
blood agar (30 days old culture). (from Park et al., 2005).

A B

Table 4. Formula of Ogawa's egg medium (Tsukamura, 1967)

Formula Quantity

sodium glutamate 1.0 g

1~3% K2HPO4 1.0~3.0 g

distilled water 100 

whole eggs 200 

glycerol 6 

malachite green 6 of 2% (w/v) solution

: sterilized at 85-90 (60 min).



(Bransden et al., 2000). BHIA

convex, irregular, pale yellow, waxy, wrinkled

colony

. 

(aerial hyphae)

(Friedman et al.,

1998; Isik et al., 1999). 

25-37

27-30 N. asteroide N.

crasssostreae, N. salmonicida N. seriolae

37 41

(Frerichs, 1993; Chun et al.,

2000). 

nocardiae

nocardiae 

(Berd, 1973; Gorden, 1981; Collins,

1988; Beaman and Beaman, 1994).

Nocardia mycobacteriosis

(Frerichs, 1993). 

. 

, , 

, ,

, , 

(Kubota et al., 1968;

Kusuda et al., 1974; Austin and Austin, 1999;

Bransden et al., 2000; Wang et al., 2005).

Nocardia 

(Table. 5). 

(stamp)

Gram Ziehl-

Neelsen 

(oval form) (septate)

(rod form)

(Beaman et al., 1975; Chun

et al., 2000). 0.3-1%

adenine, casein, elastin, hypoxanthine, tyrosine,

urea xanthine 

(Gordon

and Mihm, 1962; Goodfellow, 1971; Kusuda and

Taki, 1973; Kusuda et al., 1974; Kudo et al., 1988;

Frerichs, 1993; Friedman et al., 1998; Austin and

Austin, 1999; Isik et al., 1999; Chun et al., 2000;

Wang et al., 2005).

markers, meso-

aminopimelic acid (meso-DAP), wall sugar (arabi-

nose galactose) mycolic acid

(Hoare and

Work, 1957; Staneck and Roberts, 1974; Minnikin

et al., 1980; Beaman and Moring, 1988; Friedman

et al., 1998). 

DNA base composition (DNA G+C content)

16S rDNA/rRNA gene PCR amplification

sequencing 

(Nelson et al. 1984; Friedman et al., 1998; Chun

and Goodfellow, 1995). 16S-23S rRNA internal

transcribed spacer N. seriolae

primer Noca-f (5 -GTT ATG TGT

GAT AGA CGG CAG TC-3') Noca-r (5'-TTC

TTC AAA AGG CAC GCC ATC ACC-3')

denaturation (94 , 60s), annealing (55 ,

120s) extension (74 , 240s) 30cycle

final extension (74 , 5 min)

Lactococcus garviae Photobacterium damsela

Mycobacterium sp.

(Kono et al., 2002), 16S rRNA partial sequencing

primer set (NG1, 5'-ACC GAC CAC

AAG GGG G-3'; 5'-NG2, GGT TGT AAA CCT

10



Nocardia 11

Table 5. Phenotypic properties that distinguished isolate strains from the aquatic animals of Nocardia species. Data taken
from Rucker (1949), Orchard & Goodfellow (1980), Goodfellow (1997), Chun et al., (1998), Friedman et al. (1998) and
Chun et al., (2000)

Property
N. N. N. N. 

asteroides crasostreae salmonicida seriolae
Colony colour:

Beige + - +1) -
Pale orange - - - +
pale yellow - + - +

Colony morphology:
Aerial hyphae + - + -
Filamentous margins + +w - +v

Growth into agar +w +w + +w

Dry and waxy +/- + +
Raised and convex - - + -
Wrinkled +v + + +
Soluble pigment + - -

Micromorphology:
Beaded +v +v + +v

Filamentous + + + +
Figmentation into rods and cocci + + +

Staining properties:
Acid-fast +w + - +w

Gram + + + +
Periodate-Schiff + + +

Growth at 37 + - - -
45 - - - -

Esculin hydrolysis - + + +
Nitrate reduction + ND + +
Decomposition of

Adenine (0.4%) - ND - -
Casein (1.0%) - - - -
Elastin (0.3%) - ND - -
Hypoxanthine (0.4%) - - - -
Tyrosine (0.5%) - - - -
Urea (0.5%) -/+ - -/+ -
Xanthine (0.4%) - - - -

Utilization of
Adonitol
Arabinose - - -
Galactose - +
Glucose + +
Inositol - -
Maltose - - -
Mannitol ND
Mannose - +
Rhamnose - ND - -
Sorbitol - ND + -
Sodium acetate (0.1%) + ND + +
Sodium citrate (0.1%) + - + +
DNA G+C content (mean mol%) 70.8 68.8 67 69.5

1) White or pinkish white.
+, >90% of strains positive; -, >90% of strains positive.
ND, not determined; w, weakly; v, variable.



CTT CGA-3') denaturation (95 ,

60s), annealing (55 , 20s) extension (72 ,

60s) 30 cycle final extension (74

, 5 min) Nocardia non-Nocar-

dia (Laurent et al., 1999; Park

et al., 2005). 

54 kDa (glyco)protein

, Nocardia spp.

monoclonal antibody

immunodiagnosis (Sugar et al.,

1985; Angeles and Sugar, 1987; Boiron et al., 1992:

Ruimy et al., 1994).

, Nocardia 

(Young et al., 1971; Backwell munks-

gaard 2004, 2004). Nocardiosis

(Frazier

et al., 1975; Beaman, 1976; Brechot et al., 1987),

(Hawrot and Carter, 2004). 

N. asteroides , N. caviae N.

brasiliensis (Hawrot and Carter, 2004), 

N. asteroides

-

. 

Nocardia 

. Nocar-

dia 

, 

stressor

-

-

(Frerichs, 1993). 

Nocardia 

. 

'pulmonary nocardiosis' flu' 

(tuberculosis)

, 

(Frazier et al., 1975; Beaman et al., 1976;

Brechot et al., 1987). nocardiae

microglia (Bea-

man and Beaman, 1993), (

, ) (Beaman

and Ogata, 1993) Nocardia , 

(Schaal and

Beaman, 1983).

Nocardiosis

nocardiosis

(Sheppard,

2006). histocyte, lympho-

cyte giant cells

(Chinabut, 1999; Park et al., 2005).

N. asteroides

nocardiae 

N. crassostreae, N.

salmonicida, N. seriolae Nocardia sp. 

. N. aster-

oides

(Beaman, 1976, 1992;

Schaal and Beaman, 1983). nocar-

diae , 

12



(Beaman,

1992; Ogata and Beaman, 1992). N. asteroides

, 

(log-phase)

(Bea-

man and Maslan, 1978; Beaman and Moring,

1988), BALB/c mice N. asteroides 

C54:3

mycolic acid

(Beaman et al., 1981).

N. asteroides phago-

cytes

, murine model Nocardia 

host-parasite interaction

(Beaman, 1983, 1992;

Beaman and Moring, 1988; Ogata and Beaman,

1992; Beaman and Beaman, 1994). 

glycolipid Corynebacterium, Mycobac-

terium Rhodococcus spp. 

(Ekizlerian et al., 1986; Yano et al., 1987; Beaman

and Moring, 1988; Silva et al., 1979, 1988; Ioneda

et al., 1989), cord factor (trehalose-6,6'-dimycolate)

(phospho-

lipid vesicles) fusion

(Spargo et al., 1991). nocardiae

cord factor phagosome-lyso-

some fusion (Spargo et al., 1991; Beaman,

1994), phagosome phagolyso-

some acidification (Black et al.,

1986a) superoxide dismutase (SOD) catalase

oxygen dependent killing mechanism

(Beaman et al., 1983; Beaman, 1985; Bea-

man and Beaman, 1990; Beaman, 1994; Alcendor

et al., 1995).

nocardiae

. Nocardiae

. Taiwan sea bass

(25-30 , 7 months old) 

17.5% (Chen et al., 2000). 

, Formosa snakehead largemouth

bass N. asteroides 3.5 109 (8 mg

bacteria/fish)

28 95% 

, 

, 

(Chun, 1992a, b). N. seriolae 

40g sea bass 1 107 bacteria/fish

10 100% 

(Chen et al., 2000), 200g large yellow

croaker (intraperitoneal injection;

6.025 107 bacteria/fish), (intragastric injec-

tion; 1.05 108 bacteria/fish) (immersion;

1.47 107 bacteria/ , 20 ) 

100% 

(Wang et al. 2005). anore-

xia, emaciation distension , 

granuloma . haemorrage

Zenker's necrosis

(Kubota et al., 1969; Chun et al., 1989;

Chen, 1992b; Chun et al., 2000).

Nocardia 

macrophage,

monocyte polymorphonuclear neutrophil

(Beaman et al., 1985;

Filice et al., 1980; Beaman, 1994; Beaman and

Beaman, 1994). 

(Fig.

Nocardia 13



3), 

1) phagosome-lysozyme fusion

; 2) phagosomal acidification ; 3)

lysosomal enzyme ; 4) 

, 

/

(Davis-Scibienski and Bea-

man, 1980a, b & c; Schaal and Beaman, 1983; Bea-

man, 1994; Beaman and Beaman, 1994). 

phagosome-lysozyme fusion

glycolipid tre-

halose-6-6'-dimycolate (cord factor)

phagosome-lysozyme fusion

. liposome

glycolipid phospholipid vesicle

calcium dependent fusion

. phagosome-lysozyme

vesicle pH 5 

Nocardia 

phagoso-

mal acidification

(Black et al., 1986). 

phagosome-lysozyme fusion acidification

mycobacteria (Hart

et al., 1987; Beaman and Beaman, 1994) Nocardia

asteroides 

(Filice, 1980, 1983), 

SOD catalase

(Beaman et al., 1983, 1985; Beaman and

Beaman, 1994). nocardiae

, 

. glycol-

ipid trehalose dimycolate (Beaman, 1994).

N. asteroides superoxide dismutase

(SOD) catalase

14

Fig. 3. Avoidance reaction of Nocardia sp. against bactericidal activity in the human and/or mice phagocytes, as inhibit
the fusion between the phagosome containing the bacterial cells and lysosomes, involves the acidification of the phago-
some, modulates lysozomal enzyme and resist to oxygen radials by superoxide dismutase (SOD) and catalase. 'C',
complement; Ab, antibody; Golgi C., Golgi complex; ER, endoplasmic reticulum; NO, nitric oxide; symbol ' ', blocking
sites. The drawing was based on a paper of Beaman (1994).
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, , , 

/
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/
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(Hawrot and Carter, 2004). 

. 
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3
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, - , - , -

Nocardia 15



-

.

Myco-

bacterium 

sodium hypochloride (

) 5%

(Lee et al., 2001). 

Nocardia spp. , Gram 

, 

. , ,

meso-diaminopimelic acid (meso-DAP), arabi-

nose/galactose, mycolic acid guanine plus cyto-

sine content 16S

rDNA/rRNA sequencing analysis 
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, , 
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macrophages, monocytes 
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, Nocardia 
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phagosome lysosome ,
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, handling, ,
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