
DNA PROBES FOR THE IDENTIFICATION 

OF NOCARDIA ASTEROIDES 

by 

Keith E. Belcher 

Submitted to the Faculty of the School of Graduate Studies 

of the Medical College of Georgia in Partial Fulfillment 

of the Requirements for the Degree of 

Doctor of Philosophy 

July 

1988 



DNA Probes for the Identification of Nocardia Asteroides 

This dissertation is submitted by Keith E. Belcher and has been 

examined and approved by an appointed committee of the faculty of the 

School of Graduate Studies of the Medical College of Georgia. 

The signatures which appear below verify the fact that all 

required changes have been incorporated and that the dissertation has 

received final approval with reference to content, form and accuracy of 

presentation. 

This dissertation is therefore accepted in partial fulfillment of 

the requirements of the degree of Doctor of Philosophy. 

1/!? I ?J<I 
Date 



Acknowledgements 

I wish to thank -

My advisor, Dr. George H. Brownell, for his encouragement and 

friendship throughout my graduate school experience~ 

My committee, Dr. Gary Best, Dr.· George Brownell, Dr~ Ken Lanclos, 

Dr. David Lapp, and .Dr. Barry Whitney, III for·their support and 

direction~ 

All the graduate students and especially Angela Hankinson, Phillip 

Howe, Jill Lewis 9 and Kim Norris for their helpful discussions and 

friendship~ 

My friends and loved ones for providing the support and 

encouragement I have needed to achieve this goal. 

iii 



Table of Contents 

Page 

Introduction. Q •••• o • o ••••• o •••• o ••• e •••••• e • o •' ••• o •• e • o • o • o ••• o ••• o 1 . 

A. Statement of the Problem •..•.••.••••••••••.•.••••.•••.•••• ;... 1 

B. Review of Related Literature •.•.•..•.......•••...•.•.• ~....... 2 

In traduction . .. 0 ••••••• 0 • c •••• C> ••• CD •• 0 •••••••• 0 • 0 ••• e • 0 e •• c • e 2 

Nocardiosis . ..... o ••••••••••••••••• e •••• o • c •• •• o e •••• o o o .. o o ~ • o 6 

Nocardial Pathogenesis •••••.••.••..••..••••••••••••• o ••• G • • • • 9 

Laboratory Diagnosis .•.•.••.•...•...•..•••...•.••••.•....•.•. 13 

DNA Methodology o ·- ••• ·-· •••••••••• o ••••••••••••• ~ • • • • • • • • • • • • • • 19 

Materials and Methods ................................ o • o • • • • • • • • • • • 29 

I. 

II. 

III. 

IV. 

v. 

VI. 

VII. 

Cultures employe~ in the study. o ••••••••••••• o • o •• ·• • • • • • • • • 29 

Cul ti va tion of organisms •••.••••••••.••••••••••• o • • • • • • • • • • 29 

DNA isolation from bacterial cultures •••.••••.•.•.••.•.••.. 34. 

Restriction endonuclease digests ••...••.....•...•.......•.. 37 

Cloning in EMBL3. . • . . . . . . . . • . • • . . • . . • . . . . • . . • . . . . . . . . . . . . . . 37 

Cloning in lambda gt 11 ••.....•.•••..•..••.•....•..•.•.•.•. 37 

Preparation of phage DNA and labeled probe •...•.••••••.•.•• 38 

VIII. _Preparation of membranes prior to hybridization .••••.....•• 38 

IX. 

X. 

XI. 

XII. 

XIII. 

XIV. 

Membrane hybridization, autoradiography, ~d densitometry .. 39 

GUH-2 antigen preparation ••..•••...•••••••••..•••••• o • • • • • • 39 

Polyacrylamide gel electrophoresis ..•..••.......•...••.•... 40 

Immunization. and serum preparation ••..••••.•..•..•..••..••• 41 

Screening libraries in lambda gt 11 ••....••.•••.......•.•.. 41 

Animal infection protocol .....•.•...•.•.• ·• • • • . . • • • . . . • • • . . . 42 

iv 



Page 

Results . o ••••••••• c •••••••••• c ••••••••••••••••••• e • • • • • • • • • • • • • • 44 

I. 

II. 

III .. 

IV. 

v. 

VI. 

VII. 

VIII. 

IX .. 

Construction of genomic library of Nocardia asteroidea ••••. 

Sensitivity of probe to homologous DNA ..••.• 

Clone specificity and hybridization index ..••••••...••...•• 

Screening results. 

Sensi ti vi ty •. 

Blind study ••• 

Detection of organisms in tissue ........................... . 

Characterization of the nocardia! antigen,. 

Lambda gt 11 cloning and screening ••. 

44 

44 

45 

50 

53 

64 

64 

66 

68 

Discussion e e e ••••••• o •• " •• e ............... ~~ •••••• e • • • • • • • .• • • • • • • • • • 70 

Summary .••.. ., ••• ., ••• 76 

Literature Citedoeoeooeeooeeeoee$eecooe•••••••••••••••o••••eceeeco 78 

v 



List of Figures 

Figure Page 

1. Schematic illustrating the use of a DNA probe on a 

clinical specimen. . . . . . . . . . . . . . • . . . . . . . . . . . . • . . . . . . . . . . . . . . 22 

2 Densitometric scan of an autoradiogram representing 

a dilution series of GUH-2 DNA .........•................... 47 

3 Probing of homologous DNA and reference strains ............ 48 

4 Hybri~ization index scale ......•....•.............•.•...... 49 

5 Dot blot autoradiograph of reference strain DNA and 

related species DNA to the combined probe .................. 61 

6 Agarose gel of BamH I digests prepared from clone DNA_ 

used in the combined probe ......•..........•....•.......... 63 

7 SDS-PAGE of partially purified nocardia! antigen 

prepared from culture filtrate .•.............•......•...... 67 

vi 



Table 

I. 

II. 

IIIA. 

IIIB. 

IIIC. 

IV. 

v. 

List of Tables 

Page 

Major constituents of Actinomycete cell walls............. 5 

Physiological tests used by the clinical lab for 

presumptive identification of Nocardia ••••.••..••••••••..• 16 

Nocardia asteroides isolates used in the study •.•..•.••.•• 30 

Nocardia (other than asteroides) and Rhodococcus 

isolates used in the study ••.•.•.••••••••.•••.••••••••.•.• 32 

Actinomycete reference strains· used in the study ..••.••.•. 33 

Tabulated results of probing various Nocardia asteroides 

DNA's with representative GUH-2 derived clones ••••••••..•• 54 -

Tabulated results of probing various related . 

species DNA • ••.•••••••••••• · •• · •••• o ••••••••••••• ., •• o • • • • • • • 56 

VI. A summary of GUH-2 derived clone probing results ••.•...•.. 57 

VII. Tab~lated results of probing non-GUH-2 _hybridizing 

Nocardia asteroides DNA with clones derived from 

selected non-hybridizing strains ..•..•.••.••.•••.•....•..• 58 

VIII. Tabulated results of probing various related species 

DNA with non-GUH-2 hybridizing clone probes •.•.•.••••..•.. 59 

IX. A tabulated s.ummary of non-reactive asteroides strain 

DNA detected by non-GUH-2 hybridizing clones •••.•••••••..• 60 

vii 



Introduction 

A. Statement of the Problem 

Nocardia asteroides is the primary agent of nocardiosis in North 

Americae Pulmonary nocardiosis is a seve.re life-threatening disease 

which may disseminate to other organs. There is no specific clinical 

presentation that is diagnostic for nocardiosis. 

Although an uncommon disease, Beaman et ale have estimated that 

between 500 and 1000 cases of nocardiosis are diagnosed each year in 

the U.S. (1). Nocardia!. infections occur in a random geographic 

distribution within the U.S., with affected males outnumbering females 

by 3:1. This disease is often overlooked, and bacteriological 

confirmation, when obtained is often dependent on the use of invasive 

procedures (2)e The nocardiae do not lend themselves to 

bacteriological confirmation in the same time frame as most other 

bacteria and may require up to 15 days using current methodso For 

these reasons, there is a need for a more rapid means of detection and 

identification of this microorganism. 

This study is directed at the development of a rapid means for 

identifying Nocardia asteroides by the isolation of recombinant DNA 

clones that could serve as diagnostic probes. To accomplish this the 

following objectives were pursued: 

1. Obtain a collection of nocardiae and other aerobic actinomycetes to 

serve as reference strains. 

1 



2. Create a genomic_library of Nocardia asteroides in the lambda 

EMBL3 cloning vector. 

3. Screen the reference strains with clones from the library to 

determine the various clone specificities. 

4. Identify~· asteroides clones whose DNA's do not cross-hybridize 

with DNA's of strains of related species. If necessary, generate 

additional libraries from non-hybridizing ~· asteroides strains. Use 

these clones to screen the reference collection and pool 

non-cross-reacting clones to generate a species-specific probe. 

2 

5. Determine the sensitivity of the probe(s) and evaluate its (their) 

specificity by means of blind studies. 

6. Investigate new methods for utilizing the probe(s) for culture 

identification including tests that are based on the ability of the 

probe(s) to hybridize to DNA of infecting organisms in clinical 

material. 

7. Alternatively, create a genomic library of N. asteroides in the 

lambda gt 11 expression vector and identify clones that express 

nocardial-specific antigens. 

B. Review of Related Literature 

Distribution and Ecology 

The Nocardia encompasses the pathogenic species ~· asteroides, N. 

brasiliensis, and ~· otitidis-cavarium (~. caviae) as well 

as the saprophytic species, ~· amarae, ~· carnea, ~· transvalensis, and 

N. vaccinii (3). These organisms have a wide distribution in the soil. 

The prevalence and distribution of nocardiae within the environment 

depend on factors such as humidity, temperature, moisture, soil 
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composition and agricultural development. The soil 'distribution of 

pathogenic species of nocardiae is of interest because their 

distribution within the environment is reflected by occurrence of 

infection {4). Nocardia asteroides is readily isolated from soils of 

the temperate zones of North America and Europe, Japan and Asia. 

Nocardia brasiliensis is less prominent than Nocardia asteroides in 

soils of temperate regions. but is common in tropical and subtropical 

regions of Central, South America and Mexico {4-6). Nocardia caviae 

appears to be less prevalent in soil than either N. asteroides or N. 

brasiliensis. Therefore, it is not any more common in the tropical and 

subtropical regions than in the temperate zones {5-7). 

Ecologically, the nocardiae contribute to the decomposition and 

recycling of organic material {8). Nocardiae have also been implicated 

in the biodegradation of rubber joints used in water and sewage pipes 

{9). Other biological activities associated with these organisms 

include degradation of lignin {10), herbicides {11), polychlorinated 

biphenyls {12)~ hydrocarbons and· jet fuels {13, 14). 

Biological Characteristics 

Nocardiae are aerobic, non-motile, partially acid-fast, gram 

positive actinomycetes which grow over a wide temperature range {30-42° 

C). Most grow on simple laboratory media {e.g., peptone-yeast 

extract). However, growth is usually slower than that of other 

bacteria. A division cycle m~y take 2-3 hours as compared to 20 

minutes for Escherichia coli {15). These organisms are resistant to 

lysozyme and produce acid from glucose as well as utilize a wide 

variety of organic substances as carbon sources. Colonies may appear 

smooth and moist or rough with a powdery surface which is related to 



formation of rudimentary aerial filaments that tend to fragment into 

bacillary·and coccoid forms. 
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Cell wall composition has been found to be a useful aid in 

grouping the actinomycetes (16). Table 1rgives ·a listing of the major 

chemotypes. The genus Nocardia is found to have a cell wall with a 

chemotype IV composition which includes N-acetylglucosamine, N

glycoylmuramic acid, L-alanine, D-alanine and D-glutamic acid with 

meso-diaminopimelic acid as the diamino acid (17)e Polysaccharide 

fractions of the wall contain arabinose and galactose. In some species 

glucose and mannose are also present. The cell wall also contains 

, lipids~ nocardiomycolic acids (18), trehalose 6'6 dimycolate (cord 

factor) and iron binding compounds (19). 

A considerable amount of data has accumulated that indicates 

organisms classified as Nocardia asteroides represent a highly 

heterogeneous taxon (20). Evidence for this is provided by numerical 

taxonomy studies (21), DNA reassociation (22) and biochemical

physiological investigations (23) as well as data from phage typing 

.studies (24). Numerical taxonomic studies helped to define the 

relationship between the Nocardia and related genera but has not been 

successful in providing good characters for identification. Although 

~· brasiliensis and ~· caviae represent good taxospecies, there is 

little agreement on the structure of the~· asteroidea taxon (20). 

Schaal and his colleagues (25) recognized three ~· asteroidea 

subgroups, provisionally designated A, B and C, which can be 

'distinguished by selected biochemical, morphological and nutritional 



Table I. Major constituents of Actinomycete cell walls 

Wall.TYI?e 

I 

II 

III. 

IV 

v 

VI 

VII 

Representative Genus 

Streptomyces 

Micromonospora 

Actinomadura 

Nocardia 

Mycobacteria 

Corynebacteria 

Rhodocococcus 

Actinomyce 

Rothia 

Agromyces 

*DAP-2,6 Diaminopimelic Acid. 

Constituents 

L-DAP*, glycine 

Meso-DAP, glycine 

hydroxy-DAP 

Meso-DAP 

Meso-DAP 9 arabinose 

galactose 

Lysine, Ornithine 

Lysine, aspartic acid 

DAP*, glycine 

Note: Not all genera with each given cell wall type are given,. 

5 

Adapted from: Goodfellow, M., Brownell, G.H., and Serrano, J.A., edse, 

The Biology of the Nocardiae, p. 12, Academic Press Inc., London, 1976. 
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properties. However, only a few common reference strains were used in 

these studies. This makes it difficult to determine whether and to 

what extent the various groups overlap. 

Nocardiosis 

A. Clinical Presentati'on: 

The three species ~f Nocardia most frequently encountered in human 

infec-tions are !! . as teroides , !! . brasiliensis , and N. caviae. 

Two basic types of disease are associated with these organisms: 

nocardia! actinomycetoma and nocardiosis. Nocardia! actinomycetoma is 

associated with the development of an indurated mass with possible 

lymphatic involvement (26). Actinomycetomas may also develop as 

nodules or pustules which may ,appear or rupture spontaneously. 

Infections of this type usually occur as a result of traumatic 

inoculation of N. brasiliensis or !!· caviae into the skin and 

subcutaneous tissues (26-28). The actinomycetoma usually remains 

localized, but spreading may occur by extension throughout adjacent 

tissues. Suppuration and development of draining sinus tracts are 

often observed. Strains classified as Nocardia asteroides are the most 

important agents of nocardiosis (1, 29, 34). Pulmonary infections of 

this type usually occur by the inhalation of !!· asteroides, leading to 

a primary infection. An acute pneumonia·develops with or without 

abscess formation.- Disease may vary from a fulminating infection to a 

benign self-limiting process that -,remains unnoticed. Pulmonary 

nocardiosis often mimics tuberculosis in all stages of the disease 

process and must be differentiated from other chronic lung diseases_ 

(30-32). Nocardiosis has'no distinctive syndromes. Patients present 

with a variety of clinical_ manifestations (29-34): fever (38-40°C), 
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night sweats, anorexia, malaise, weight loss and pleurisy. Cough is 

usually hacking and nonproductive but may become mucopurulent /and 

bloodstreaked. If cavitation occurs, hemotypsis results, but caseation 

and granuloma formation is rare (2, 31, 34). Consolidation of one or 

more lobes of the lungs and extension into the pleura may occur in 

severe cases, with sinus tracts penetrating the chest wall. Although 

nocardiosis is primarily a pulmonary infection it may disseminate by 

way of the boodstream and lymphatics to other body organs. Metastatic 

lesions may form in any organ, including the brain (34). Cerebral 

lesions are usually multiple but may coalesce, and the meninges are not 

usually involved. The onset of neurological symptoms including 

headache, lethargy, convulsions, numbness, confusion, tremor and 

paresis, may be sudden or gradual. Other organ sites commonly involved 

in disseminated nocardiosis include the skin, kidneys, heart, spleen, 

liver and adrenal glands (2, 33-35). 

B. Therapy: 

Sulfonamide drugs are the most frequently used chemotherapeutic 

agents for the treatment of nocardiosis (36, 38, 39). Most clinically 

available sulfonamides such as sulfadiazine inhibit the growth of 95-

100% of nocardfa strains at a concentration of 100 ~g/ml concentration 

(36). Patients should receive 10· g/day (in four divided doses) to 

achieve a peak serum level of 12-15 mg/100 ml as determined by 

laboratory assay (37). Administration of sulfonamides is continued for 

at least six weeks after the disease has completely cleared, but most 

likely should be continued for at least six months to a year if there 

is an underlying malignancy or immunosuppression. In many cases 

treatment involves antibiotic regimens combined with medical and 
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surgical procedures (2 9 19, 31, 35). Despite therapy, many individuals 

die as a result of metastasis and hematogenous spread of organisms from 

the lungs at the time of diagnosis (35, 40). 

C. Incidence: 

Nocardiosis has been reported in all parts of the world. There 

are no racial or occupational clusters. Despite their prevalence in 

soil, rural incidence is no higher than urban in reviewed cases. 

Infection has been reported in all age groups including children (41). 

Incidence, however, appears to be higher in the 30-35 year old 

category. Beaman et al. (1) estimated there are 500-1000 cases of 

nocardiosis occurring in the United States each year, and about 86% of 

these infections are due to ~· asteroides, with 7% due to N. 

brasiliensis and 3% due to ~· caviae. Because nocardia! infections are 

rare, many clinicians do not specifically look for, these organisms. 

Nocardiosis often masquerades as a more familiar disease (e.g., 

neoplasm and granulatomous disease) or coexists with diseases that are 

more readily 'diagnosed. The result is that further diagnostic 

procedures may not be performed (34). 

Nocardiosis is most commonly seen in debilitated patients 

suffering from predisposing conditions or immunologic deficiencies (35, 

42-51)_. It has also been demonstrated in patients with no underlying 

cause (2, 33; 52-54). In 15% of the cases reported by Beaman (1), 

Nocardia was regarded as a primary pathogen- with no evidence of an 

underlying illness. Hasty (55), while surveyingsputum specimens from 

tuberculosis patients .in an Alabama hospital, found ~· asteroides in 

175 out of 85,435 specimens. These patients had no prior evidence of 

N. asteroides fnfection; thus, it might be considered a-saprophyte or 
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opportunist in these cases~ Since a majority of these patients had 

some lung disease of undetermined etiology, it is not possible to 

extrapolate to the normal populatione In a study by Rosett and Hodges 

(56}, Nocardia was isolated from 42 patients during an 8 year period in 

two Kansas city hospitals. It was found that 47% of these patients had 

evidence of clinical disease while the remaining patients had no 

definable disease associated with the- nocardia! isolates. Since many 

cases of nocardiosis are recognized in compromised patients receiving-

immunosuppressive therapy, it is tempting to speculate that these 

patients acquired their infections at some earlier ·time and the 

immunosuppressive therapy resulted in a reactivation of infectiono 

Nocardia! Pathogenesis 

Although nocardiae are soil microorganisms, they can cause both 

localized and disseminated infection. Infection often involves the 

lung, and the majority of infections are caused by !:!· asteroides. One 

of the major components involved in defense of the lung is the alveolar 

macrophagesQ E~rly development in pulmonary nocardiosis involves 

nocardia! interaction with the alveolar macrophage (57}. The alveolar 

macrophage is the initial phagocytic cell encountered by organisms 

inhaled into the lungs. Infection results from ineffective elimination 

of the organisms by the alveolar macrophage~ An inflammatory response 

ensues, and p·neumonitis is established. (2, 31, 58}~ Once inflammation 

occurs, polymorphonuclear leucocytes (neutrophils} infiltrate the area,. 
I 

and formation of purulent exudate occurs, _resulting in a necrotic 

abscess. It has been shown by Beaman and Smathers (67}· that alveolar 

macrophages are effective in killing logarithmic arid stationary phase 

Nocardia asteroides cells when preincubated with primed lymphocytes 
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combined with immune sera in the presence of lung surfactant. Since 

these components were required for effective destruction of nocardia, a 

deficiency or loss of any component could result in the compromising of 

the host and enhance the susceptibility to nocardiosis {60). One 

hypothesis that provides an explanation of the invasion of compromised 

individuals by nocardia is that alterations or d~fects_in macrophage 

function occur in association with underlying disease or in response to 

chemical and glucocorticoid therapy (60, 61). 

The cell walls of Nocardia asteroides undergo structural and 

chemical changes during their different growth phases. The extent and 

nature of the variation depends upon the strain (62)e Due to changes 

in the composition during growth, one would expect the same organism at 

different stages would vary in its virulence and host-parasite 

interactions. In studies by Beaman, all ~· asteroides strains observed 

were more virulent during logarithmic growth phases than they were 

during their stationary-phases (63). Various~· asteroides strains 

also differ significantly in their relative virulence in mice (64, 65) 

and in their interaction with cultured rabbit alveolar macrophages (66, 

67). The more virulent strains of~· asteroides (e.g., GUH-2, 

Georgetown University Hospital) exhibit greater resistance to 

phagocytosis by macrophages and inhibit phagosome-lysosome fusion once 

ingested, whereas less virulent strains do not (68, 69). Virulent 

strains also appear to be more resistant to the phagolysosomal 

environment when fusion occurs. Resistance to the environment of the 

phagolysosome is attributed to the nocardia! cells' ability to 

neutralize the .acidification of the phagosome (70) and alter activities 

of lysosomal enzymes (71, 72). In other studies by-Black et al. {71), 
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it was found that the level of acid phosphatase activity in alveolar 

and peritoneal macrophages was decreased by infection with virulent 
.. 

bacteria. The level of acid phosphatase activity was inversely 

proportional to the number of intracellular organisms (70, 73, 74)o 

The loss of phosphatase activity was determined not to be due to 

degranulation or lysosomal leakage, since neutral protease and non-

specific esterase activities increase in infected macrophages at the 

same time the acid phosphatase activity decreases {72)e Rather, the 

decrease appears to be due to the ability of ~· asteroides to 

metabolize the enzyme during its growth within the macrophage (74). 

Although acid phosphatase is not known to be directly related to 

bactericidal activity, the level of enzymatic activity was demonstrated 

to be an effective marker for determining the ability of various 

macrophage populations to kill nocardia {73). 

Other mechanisms associated with pathogenesis of nocardia! 

infection, not involving phagosome-lysosome fusion, involve oxygen-

dependent killing activities of phagocytic cells {75). Virulent 

strains of·N. asteroides in early stationary growth phase are not 

killed by macrophages or neutrophils even though they induce an 

oxidative metabolic burst upon contact with these phagocytic cells 

{76). Virulent Nocardia asteroides have been shown to secrete a unique 

superoxide dismutase (SOD) into the growth medium which becomes 

associated with the nocardia! cell surface. The production of SOD is 

growth stage dependent, thus cells in early log phase produce more SOD 

than cells in stationary phase (77). Furthermore, high 

intracytoplasmic levels of catalase were also found during the early 

phase of grow.th in virulent bacteria. In contrast the less virulent 
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bacteria were found to have less SOD and catalase activity. Such 

observations suggest a role of SOD and catalase in nocardia! resistance 

to.oxidative killing mechanisms (78). 

T-cell mediated immunity has been shown to play an important role 

in host resistance to infection by nocardia. Results obtained from 

studies with congenitally athymic mice provide evidence that 

macrophages alone are not sufficient to eradicate nocardiae (79, 80). 

In the absence of a T-cell directed response, infection leads to 

dissemination and death. Athymic mice are more susceptible to 

nocardia! infection than normal mice, and immunity can be transferred 

by nocardia! primed T-cells (81). Primed T-cells have been shown to 

enhance phagocytosis~ phagosome-lysosome fusion and nocardicidal 

activity of alveolar macrophages (69, 82). The mechanism ofT-cell 

mediated killing appears to involve direct cell-to-cell contact. 

Although T-cell mediated immunity is important to host resistance, the 

humoral response plays little role in aiding the host with resistance 

to nocardia! infection (84). Circulating antibodies can be detected in 

infected individuals; passive transfer of antibodies does not appear to 

enhance resistance (85)o Results of studies with B-cell-deficient mice 

demonstrated that the deficient mice were not significantly more 

susceptible to nocardia! infection than were mice possessing normal B

ce~l populations (85). Both normal and B-cell deficient mice that had 

been immunized with killed nocardia developed the same ability to 

resist a lethal dose of viable cells. 

When infections are established in animals, various properties of 

the organisms are altered. Bacteria that are the l~ast virulent appear 

to be altered the most during adaptation to the parasitic state, 
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whereas those that are more virulent appear to. be changed the least 

(64}. The in vitro interaction of less virulent~· asteroides with 

mouse 'peritoneal and rabbit alveolar macrophages resulted in the 

formation of cell wall-defective forms (67, 83}. In contrast·, bacteria 

of the more virulent strains grew out of the macrophage as· branching 

filaments (59, 66}. Following intravenous· inoculation of-nocardia into 

mice (83}, there was rapid proliferation of organisms within the brain, 

spinal cord and kidneys, resulting in acute illness and death; mice 

that survived the acute phase appeared to recovere Six to eight months 

after infection 9 the surviving mice began to exhibit symptoms and 

develop lesions. Histological analysis revealed a characteristic 

nocardia! mycetoma. From these lesions, cell wall~defective and normal 

nocardia! organisms could be recovered upon.culture. These 

observations suggest that an altered cellular state of nocardia was 

present in infected lesions and were involved in chronic progressive 

infection. Variants of this type could provide a mechanism by which 

recurrent infections or relapses might occur. 

Laboratory Diagnosis 

The clinical symptoms of nocardiosis may be variable and 

mislead1ng, making diagnosis difficult. In clinical practice, 
I 

diagnosis of nocardiosis rests on the demonstration of the organism by 

culture. The. detection and identification of nocardiae should be 

carried out as soon as possible so the appropriate therapy can be 

applied as early as possible (34}. Nocardia! species have been 

successfully isolated from sputum, bronchial washings, exudate pus, 

cerebral spinal fluid, biopsy and autopsy material, sinus drainage and 

urine. In pulmonary nocardiosis, sputum is the· most available material 
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for culture. However, since each specimen may not contain nocardial 

cells, several fresh sputum specimens or bronchial washings must be 

submitted for processing and cultureo More suitable specimens for 

culture include bronchial brush biopsy, percutaneous lung aspiration, 

needle biopsy and open lung biopsy {2). Although nocardiae are not 

very susceptible to adverse environmental conditions, specimens should 

be transported and processed as quickly as possible to prevent 

overgrowth of contaminating bacteria. Smears for staining should be 

made from fresh specimens, from sediment after centrifugation and from 

pus or granular exudate crushed between slides. A Gram stain will 

reveal gram positive, branching filamentous as well as rod to coccoid 

like forms, Gharacteristic of all aerobic actinomycetes {86)o r Gram 

stains only provide presumptive evidence of infection with an 

actinomycete.speciese Acid fastness is variable in~· asteroides, N. 

brasiliensis, and ~· caviae, both in clinical specimens and in culture 

{86 9 87). Individual filaments and fragments may vary from partially 

acid fast to completely acid fast. The Kinyon acid fast procedure is 

recommended because acid fastness cannot always be demonstrated by the 

Ziel-Neilsen technique.e In tissue sections, hematoxylin and eosin 

stains usually fail to demonstrate the presence of actinomycete 

organisms. The Gram~Weigert staining procedure is much better for· 

demonstrating the _presence of actinomycetes in tissue {86, 87)o 

Nocardiae ~sually grow well. on most general purpose media, although 

special culture media such as Sabhi agar, blood sabouraud dextrose agar 

and brain heart infusion agar are superior to routine media for the 

isolation of nocardia from clinical specimens {86, 88). All cultures 



should be incubated aerobically at 25-27°C and 36°C for up to three 

weeks and examined for growth every two dayso 
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The· actinomycete-like.morphology·of a cultural isolate may be 

obvious, but identifi~ation to species is not without some difficulty. 

Presumptive identification of species may be determined by a series of 

degradation tests as suggested'by Gordon and Mihm (89). An aerial 

hyphae-forming actinomycete failing to decompose casein, L-tyrosine or 

xanthine is presumptively identified as Nocardia asteroides {91). An 

acid fast culture with aerial hyphae, which decomposes casein and L

tyrosine but not xanthine is presumptively identified as Nocardia 

brasiliensis {90). Aerial hyphae-forming strains that decompose 

xanthine but not casein or L-tyrosine may be presumptively identified 

as Nocardia caviae (91).· Table 2 gives a listing of tests used by the 

clinical laboratory in the presumptive identification of various 

nocardiae. Variation among strains in a single test result may occur 

due to the method used in performing the test. Definitive diagnosis 

requires confirmation using an additional criterion such as 

chromatographic analysis of cell wall constituents (92). Reliable 

identification is possible when chemotaxonomic methods are applied. In 

addition to the degradation tests, the ability of nocardiae to use a 

variety of organic compounds provides information necessary for 

identification (88). The fermentation tests derived by Gordon et al. 

(86) produce small amounts of acid end products which are difficult to 

detect, so test error becomes a problem in the interpretation of 

results. In addition, some species give variable reactions with some 
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Tabl'e II. Physiologicaltests used by the clinical lab for presumptive 

identification of Nocardia. 

Decomposition- of (a) 

Species Casein Tyrosine 

N. asteroides 

No brasiliensis 

N. caviae 

Species 

N. asteroides 

N. brasiliensis 

N. caviae 

+ 

BCP milk (b) 

- (e) 

+ 

(e) 

(a} Within two weeks at 27°C 

(b) BCP = Bromcresol purple 

+ 

Xanthine 

+ 

Urea 

+ 

+ 

+ 

(c) 50% of the strains give positive results 

(d) some strains liquefy gelatin 

(e) usually an alkaline reaction 

Starch Gelatin 

- (c) - (d) 

- (c) + 

(c) 

Acid from Arabinose 

and Xylose 

Data adapted from: Blair, JE., Lennette, E.H., and Truant, J.Po eds., 

Manual of Clinical Microbiology, p. 138, American Society for 

Microbiology, Bethesda, Maryland, 1970. 



of the tests. It is because of this problem that multiple tests must 

be performed to identify these organisms with some reliability and 

certainty. 

Serology 

17 

Studies of antigens of the nocardiae have been pursued for years; 

many studies were devoted to taxonomic differentiation and others to 

the diagnosis of infection. Early diagnosis is of importance in 

facilitating treatment of nocardiosis, therefore the use of delayed 

type hypersensitivity skin tests or serological methods to aid 

diagnosis would be of considerable clinical value. This would be 

especially significant should the patient present with clinical 

symptoms of other respiratory diseases. Many delayed type 

hypersensitivity skin tests that have been done with experimental 

animals or humans have indicated varying degrees of cross-reactivity of 

nocardiae with bacteria of other related genera (93-100). Because of 

the low degree of sensitivity, specificity, or both that has been 

obtained with skin test antigens, such tests have not met with 

extensive clinical use (101). Additional difficulties encountered in 

skin testing are based on the fact that doses of different antigens are 

not strictly comparable, even when made by the same procedure. The 

various purified protein derivatives (PPD's) contain . mixtures of 

proteins which differ in potency as measured by skin testing. The 

proportional amount of differing proteins will vary from one batch to 

the next even when made from bacteria of the same strain. (102). 

Serological studies on aerobic actinomycetes including nocardiae 

·have been carried out for many years, but most are of limited value 

(101, 103). The most extensive studies on serological relationships 
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among the nocardiae and myc~bacteria have been by immunodiffusion 

methods (103). A battery of mycobacterial and nocardia! strains were 

found to have at least one antigen in common. Cross-reactivity was 

demonstrated with pathogenic mycobacteria as well as saprophytic 

nocardiae, indicating close antigenic relationships. More recently, 

Pier and Fichtner (104, 105) identified four prototype antigens in 

filtrates of two week old ~· asteroides cultures grown on neopeptone 

dialysate mediume Antisera specific for each factor were produced by 

immunization of rabbits with one of the four asteroides cultures 

selected because each secreted only one of the serotypic antigens. 

Antigen factors I, II, III 'were restricted to N. asteroides and were 

not found in N.. brasiliensis, ~ .. caviae, Actinomadura sp. , 

Mycobacterium fortuitum, or Mycobacterium bovis (BCG). Factor IV was 

produced by ~· brasiliensis and some other nocardiae. Whether sera 

from persons infected with tuberculosis or other mycobacteria would 

react with the N. asteroides-derived factors was not determined. Nor 

is the biochemical nature of the antigens known. Nocardia asteroides 

isolates from various environmental and clinical sources were 

serotypedo Types I and IV were·found to be the most common, type III 

was intermediate in occurrence and type II was rare (105)o 

The primary reason that serodiagnosis for nocardiosis has been 

unsuccessful is the lack of a suitable antigen. The studies that have 

been done indicate remarkable degrees of cross-reactivity of nocardiae 

with bacteria of other genera. Sugar et al. (106) recently described 

an approach to identify antigens present in N. asteroides culture 

filtrates by using western blotting techniques. Immunodominant 

determinants in the filtrate are detected when they react with 
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antibodies obtained from patients with nocardiosis. Results of this 

study indicate that sera from patients with nocardiosis contain 

antibodies that react with one or two extracellular protein antigens, 

with molecular weights of 55 kilodaltons and 31 kilodaltons, present in 

the N. asteroides filtrate. Sugar has used the 55 kilodalton antigen 

in developing an ehzyme,immunoassay (EIA) procedure that is more 

applicable than the western blot procedure (108). Results of this EIA 

indicates that the assay is sensitive and specific for Nocardia. No 

cross-reactivity with sera from patients with Mycobacterium 

tuberculosis has been demonstrated. Recently, Sugar et al. (108) 

have demonstrated the presence of the 55,000 kilodalton protein among 

~· brasiliensis and ~· caviae. The presence or absence of this protein 

in other actinomycetes has not been evaluated so that potential cross

reacting organisms can be identified. These results indicate that 

isolation of an immunodominant protein may be used as a diagnostic 

reagent which could permit a more rapid diagnosis of nocardia! 

infection. Due to the low degree of sensitivity and specificity of 

current methods, no rapid, reliable diagnostic or prognostic 

serological procedure for nocardiosis is available for routine clinical 

use. 

DNA Methodology 

Recombinant DNA technology has proven useful in the development of 

immunoassays and DNA probes for improved diagnosis of infectious 

diseases. Cloning of genes that encode for the synthesis of 

microbial-derived antigens could well alleviate the difficulties 

associated with the serodiagnosis of certain diseases (e.g., 

nocardiosis). The cloning of DNA that directs the synthesis of 
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antigens from Nocardia asteroides will allow analysis of the immune 

response to these organisms and may ultimately result in the 

development of a reliable serological test for diseaseo Production of 

DNA probes to. pathogenic microorganfsms has ,proven to be a useful tool 

for detection and identification of many microorganisms of medical 

significance. 

Although culture technique~ are often considered the standard in 

the determination of causative agents of infectious diseases, culture 

techniques have significant disadvantages when compared to probe 

technologies. The advantages offered by probe technologies over 

culture techniques include: (1) Rapid detection and identification of 

fastidious microorganisms that are difficult or impossible to 

cultivate, such as hepatitis B virus (109, 110) and Treponema pallidum 

(111, 112) •. (2) Detection of nonviable or debilitated microorganisms 

which may fail to be recovered by conventional methods due to previous 

antimicrobial therapy (113). (3) Detection of slower growing 

microorganisms in a shorter period of time (114). (4) Provision of a 

more sensitive means of detection of microorganisms (115). 

(5) Provision as an epidemiological tool where more than one species or 

subspecies of microorganisms is responsible for an outbreak of disease 

(116). (6) Characterization of genetic differences within a given 

species or subspecies of microorganisms (117). 

The implementation of DNA hybridization technology will allow the 

identification of fastidious organisms faster and at less expense. 

Long biochemical workups using schemes that necessitate expertise to 

perform and interpret contribute to the cost when identifying 

fastidious microorganisms in the clinical lab. A second area in which 
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DNA technology will have favorable impact is in the use of probes for 

the direct detection of microbes in clinical specimens, eliminating the 

need to culture many organisms. In this regard, probes could be of 

considerable value for producing results rapidly and accurately, as 

well as reducing costs • · 

DNA probes provide a precise and rapid assay that exploits unique 

sequences of genetic material in microorganisms. DNA obtained from the 

genome of a particular microorganism when appropriately labeled can be 

used as a probe for the detection of that organism in a clinical 

sample. Figure 1 schematically represents a hybridization procedure 

employed on a clinical sample. The most commonly used detection method. 

for hybridization reactions uses isotopic labels directly incorporated 

into the probe by nick translation {118)o After hybridization the 

target can be detected by autoradiography or scintillation counting. 

The conventional use of radionucleotide labeled probes has been limited 

for routine clinical laboratories because the probes require special 

handling and have short half lives. 32P in particular has a short 

half-life{- 14 days), requiring frequent probe preparation. Because 

· 125r has a half-life of 60 days, by the time a commercially prepared 

probe kit reaches the lab it has a shelf life of 30 days or less. 

Wh "l 125r . f bl t 32P lt t" d t t" t . h t 1 e 1s pre era e o , a erna 1ve e ec 1on sys ems w1t au 

radioisotopes are more desirable. An alternative approach making use 

of the affinity between biotin and avidin in a non-isotopic labeling 

technique has been put to use {119-121). By this method, a primary 

label, biotinylated deoxyruridine 5' triphosphate is incorporated into 

the DNA probe by nick translation. After hybridization, a second 

detector group consisting of an enzyme such as horseradish peroxidase 



Figure 1. Schematic illustrating the use of a DNA .probe on a clinical 

specimen. 

These are the.basic steps used in a DNA probe hybridization. 

Complementary single strands of DNA from a microorganism 

will hybridize with each other. Therefore, a DNA probe used 

to detect the presence of a given microorganism must have 

DNA sequences that are complementary to the DNA of that 

microorganism. The probe is labeled so there is an 

indicator to determine when the probe has bound to the 

microorganism's nucleic acid. 



SCHEMATIC ILLUSTRATING USE OF A DNA PROBE ON 
A CLINICAL SPECIMEN 

< 
Add detergents and 

enzymes to specimen 
to release ~ouble

stranded DNA 

s~ . ~. 
Double- stranded Single- stranded 

DNA denatured DNA bound to filter 

Pr~e~~ 
/~, 

Labelled probe 
added to DNA 

containing filter 

Probes hybridized 
to compl~mentary 

DNA 

+ 
Filter washed 

+ 
Probe detected 

Adapted from: Peterson, E.M., Maza, L., The Future: DNA Probes for Microbial Detection, 
p. 836, Journal of Medical Technology (1:11), Novo, 1984. 
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attached to avidin or enzyme labeled antibiotin antibodies is added to 

the filter or hybridization solution. The avidin or antibody .binds to 

the biotin moiety in the DNA hybrid and after addition of a substrate 9 

a colored product is produced. Variations of this technique have been 

developed, including the use of a photoreactive substrate that can be 

measured by a fluorometer (122) and amplification systems that couple 

several enzyme molecules to each biotin moiety (123). Modifications of 

this procedure using a chemiluminescence system for detection have been 

developed (124). Nonradioactive methodology is fast, sensitive, 

accurate and easy to use. Enzo Biochem, Incorporated, has used this 

technology in developing commercial diagnostic reagents for the 

clinical laboratory. These reagents form the basis of Enzo's herpes 

(HSV) BioProbe .. (a DNA probe for the detection of herpes simplex virus 

types I and II). The biotinylated probes are chemically stable and 

have long shelf liveso Two-year-old probes have been used with no loss 

of signal (120). The biotinylated probe technique can also be used for 

detecting foreign nucleic acid sequences in formalin-fixed, paraffin

embedded histopathological sections (129). Another strategy for 

labeling nucleic acid probes without the use of radionucleotides is 

based on the introduction of hapten directly onto a pyrimidine ring 

(126). Guanine residue~ in the probe are labeled with highly antigenic 

N-acetoxy N-2-acetylaminofluorene (AAF) and its 7-iodo (AAIF) 

derivatives. The probe consists of nucleic acids to which haptens are 

attached. After the probe interacts with its target, an antibody 

coupled with horseradish peroxidase is added to the reaction mixtures. 

Hybridization is detected by the formation of a colored product when 

substrate is added. Alternatively the antibodies can be labeled with 



lanthanide elements and quantitated by time-resolved fluorometery 

{127). Another approach has been the development of monoclonal 

antibodies that recognize the structure of DNA-RNA hybrids and binds 

directly to them (128). 
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There are restrictions to the amount of label that can· be attached 

to DNA, and most DNA sequences occur once in the genomes of most 

bacteria, therefore the sensitivity of probe tests is inherently 

limited. Some of these limits can be overcome by selecting target 

sequences that are repeated many times, as in the case of enterotoxin 

genes of g. coli, which are carried on multiple copies of plasmid 

within a given cell (129). Since probes can bind to each _copy, a 

smaller number of organisms can be detected than if the target gene 

were present as only one copy per organism. Using this principle, 

organisms of interest are first screened for repetitive DNA sequences, 

and then the cloned sequences are tested for the desired homology 

(130). 

For similar reasons, some commercial probe developers (e.g., Gen

Probe) are choosing ribosomal. RNA as the target for DNA probe assays 

(131). This choice is made because cells contain only a few copies of 

most genes but thousands of copies of ribosomal RNA (rRNA). The use of 

a DNA probe for rRNA greatly increases target number and probe 

specificity {132). Although certain regions of ribosomes are common to 

all bacteria, there are a few specific regions found among members of 

individual genera and species. By proper design involving the 

selection of either conserved or unique rRNA sequences, a genus or 

individual species can be targeted (133). 
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At times, the amount of target nucleic acid present in a sample 

may be small and beyond the limits of detection. In response to this 

need, Saiki et al. (134) have developed a procedure for amplifying 

target ~equences within a sample by using primers and.DNA polymerase. 

After several hours of incubation, many copies of target sequence have 

been produced. The system could be used to increase the quantity of 

DNA or RNA from any microbial. agent. The limitation of the procedure 

is that the nucleotide sequence of the genome of the organism to be 

identified must be known so the appropriate primers can be constructed. 

The DNA probe kits (isotopic and nonisotopic) being utilized in 

clinical studies for microbial detection encompass a ~ide spectrum of 

bacterial, viral and parasitic agents. Probes for· Herpes simplex· 

viruses (135-138)s hepatitis B (109, 110), Epste~n-Barr virus (139), 

Cytomegalovirus (140, 141), Plasmodium falciparium (130), Mycobacterium 

tuberculosis (1429 143), Legionella (144, 145) and!':!· gonorrhoeae (113) 

have beeri developed. Commercial diagnostic kits currently available. 

from Gen-Probe (San Diego, California) include probes for the detection 

of Legionella (144), Mycoplasma pneumoniae (149), and Mycobacterium 

species (142, 143). The DNA probe test for Legionella was designed to 

confirm the identity of Legionella species grown in vitro. The probe 

is highly specific; tests performed on 400 strains of bacteria 

including all known Legionella species and species from 109 other 

genera resulted in positive reactions with only Legionella (145). 

Field trial results using the probe directly on specimens previously 

shown to contain Legionella species have recently been published (146, 

147). In this study the sensitivity of the probe was 74% compared with 

that of the direct fluorescent antibody test and culture. A recent 
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study by Drake et al. (143) demonstrated the high specificity of M· 

avium and M· intracellulare probes when used for culture confirmation. 

In a clinical study by Kiehn and Edwards, probes were evaluated for 

their ability to identify 56 clinical isolates of the M· avium complex 

(148). The probes were found to be of high specificity; none of the 

isolates reacted with theM· tuberculosis_probe. Roberts and coworkers 

developed a set of chromosomal probes that enabled them to 

differentiate among isolates of- M· tuberculosis, M· avium complex and 

M· gordonae (142). Using these probes, 93% of the clinical isolates 

re_covered could be identified. to species. In two studies using a 

direct probe' ~_est for Mycoplasma pneumon~ae,_ investigators found 100%. 

correlation between probe results and c~l ture ·tests ( 149) .. 

Moseley et al. ( 150) first reported the use of probes·. to detect 

enterotoxigenic g. coli. Since this study, enterotoxigenic g. coli 

probes have been used in mass screening of stool specimens (116) and 

environmental samples (151). While these studies have been successful, 

a few problems have been noted. First, the number of colony forming 

~units per gram of stool needed to produce a positive blot has yet .to be 

adequately determined. Second, studies have demonstrated that the-g. 

coli producing heat stable (~T) toxin can escape detection if the 

plasmid carrying the gene· is lost during subculture (152, 153). 

Finally it was noted that the test had lower sensitivity for samples 

fixed in the field than for samples fixed in the lab (154). Since 

these probes were developed for epidemiological purposes, their 

usefulness as diagnostic probes has not been evaluated. Probes have 

also been developed to Shigella species and enteroinvasive §. coli 

(155). Investigators found that 90% of the stool samples yielding 
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enteroinvasive g. coli by culture were positive with the probe but only 

31% yielding Shigella were probe positive (156). Probes to Salmonella, 

Yersinia enterocolitica and enterohemorragic g. coli have also been 

developed but have not been evaluated in prospective clinical tests 

(157-159). 

Wirth and Pratt were the first investigators to demonstrate the 

utility of a DNA probe for the detection of parasites in clinical 

lesions (160.). Probes to~· falciparum were first reported by Frazen 

et al. (161) and were able to detect 50 parasites per microliter of 

blood. Pollack also described a probe in which parasitemia of 0.001% 

in 10 microliters of blood was reported (162). Such probes will be of 

use in field study screening programs. 

Field studies carried out on urethral exudates using the 

gonococcal cryptic plasmid have shown that DNA hybridization methods 

were more specific for the detection of Neisseria gonorrhoeae than-were 

standard cul.ture methods (163). · A similar study also evaluated a J?robe ~ 

carrying the beta lactamase gene to determine whether or not gonococci 

producing beta-lactamase could be ident·ified in gonococcal-positive 

urethral samples (164). Sensitivity and. specificity of this assay were 

91% and 96%, respectively, when compared with standard assay for 

enzymes. Other workers have begun to use genes that determine 

aminoglycoside resistance to probe gram-negative isolates for 

resistance (165). These probes could be useful in determining the 

presence of aminoglycoside-modifying enzymes in clinical specimens. 

This work demonstrates the potential of DNA probes for the diagnosis.of 

infectious diseases. In the future, such tests will provide the means 

for detection of viruses 9 slow-growing microorganisms and non-
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cultivatable organisms such as Pneumocystis carinii and Cryptosporidium 

as well as allow prompt, specific therapy to be prescribed for many 

diseases that are treated solely on the basis of clinical presentation. 



Materials and Methods 

I. Cultures employed in the study: 

~Nocardia and actinomycete cultures have been obtained from Dro 

Blaine Beaman, University of California School of Medicine; Dre Jose·A. 

Serrano, University of Los Andes, Venezuela; Ken Kasweck, Florida 

Institute of Technology; Ms. June Brown, Division of Mycotic Disease, 

Centers for Disease Control; the American Type Culture Collection; the 

Medical College of Georgia; and Dwight David Eisenhower Army Medical 

Center. Mycobacterial cultures were obtained from Dre Wilbur Jones, 

Mycobacteriology Branch, Centers for Disease Control. Tables III A, B9 

C give a listing of the organisms used in the study and their 

associated culture numbers. 

II. Cultivation of organisms: 

Stock cultures were maintained on a variety of media that provided 

optimal growth of the given organism. Nocardia and actinomycete 

cultures were maintained on Brain Heart Infusion Agar (BHIA) (Difco) 

and Potato Dextrose Agar (PDA) (Difco) slants. Mycobacterial cultures 

were maintained on Lowenstein-Jensen Egg medium (LJ) (Difco) and 

Middlebrook 7H11 medium (Difco) (166). Brain heart infusion broth was 

used for the cultivation of nocardiae and actinomycetes. TB broth base 

(Difco) with 5% serum albumin fraction V and 7-5% glucose was used for 

mycobacterial broth cultures. All nocardiae and actinomycete cultures 

were incubated aerobically at 37°C for 72 hours to one week on a rotary 

shaker at 180 rpm depending on optimal conditions for the given 
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Table III-A. Nocardia asteroides isolates used in the study. 

Isolate or Strain No. 

GUH-2 

O'Coy 

Gombert 22 

Gombert 14 

W4306 (134) 

W4307 (143) 

W4 316 ( 150 )· 

W4318 (146) 

W4319 (145) 

347 (4426) 

R7276 

10905 

Stanford 

Turner 

Anderson 

Mincey 

Jones 

Jordan 

#1 (A-7) 

#2 {A-2) 

FG #1 

FG #2 

2B 

6B 

4A 

Source 

UCDMC (human) 

UCDMC. (human) 

UCDMC (human) 

UCDMC (human) 

CDC (bovine) 

CDC (human) 

CDC (human) 

CDC (human) 

CDC (human) 

CDC (human) 

UCDMC (human) 1 

UCDMC (human) . 

UCDMC (human) 

UCDMC (human) 

UCDMC (human) 

MCG (human) 

MCG (human) 

MCG (human) 

MCG- (human) 

MCG (human) 

DDEAMC (human) 

DDEAMC (human) 

FIT (human) 

FIT ( htpnan) 

FIT (human) 
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Table III-A - Continued 

Isolate or Strain No. Source 

IMRU 530 Rutgers Vniversity (human} 

3599 (4419} Rutgers University (human} 

651 (4429)' Rutgers University (human} 

538 (4430} Rutgers University (human} 

9903 (4410) NIH (human} 

19247 ATCC (human} 

4473 HGG (human} 

4467 (5643} HGG (human) 

4464 (2248} HGG (human} 

4451 (0070} HGG (human} 

4470 (8216} HGG (human} 

4414 (383} Duke University (human} 

4405 (2221~ Duke University (human} 

GAM-4 ULA (human) 

GAM-5 ULA (human} 

GAM-21 ULA (human} 

GAM-60 ULA (human)· 

GAM-61 ULA (human} 

GAM-68 ULA (human} 

GAM-69 ULA (human} 

UCDMC 
CDC 
MCG 
DDEAMC 

-University of California, Oavis Medical·Center 

FIT 
NIH 
ATCC 
HGG 
ULA 

- Centers for Disease Control, Atlanta, Georgia 
- Medical College of Georgia, Augusta, Georgia 
- Dwight David Eisenhower Army Medical Center, 

Fort Gordon, Georgia 
- Florida Institute of Technology 
- Nat~onal Institutes of Health 
- American Type Culture Collection 
- Hospital Gea Gonzales, Mexico 
- University of Los Andes, Venezuela 
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_ Table III-Be Nocardia (other than- asteroides) and Rhodococcus isolates 

used in the study. 

Species Culture No. - Source 

Rhodocococcus: 

R. erythropolis ATCC 4277 

R. rhodochrous ATCC 184 

R. h~drocarboclasticus ATCC 1368 

R. restricticus ATCC 14887 

Re globulera ATCC 19370 

Nocardia: 

Ne minima ATCC 15905 

N. calcaria ATCC 19369. 

N. caviae UCDMC 112 {human) 

N. caviae ULA 4404 (human) 

N. caviae ULA 4420 (human) 

N. brasiliensis UCDMC 17E {human) 
I 

N. bras-iliensis ATCC 19296. (human.) 

N. brasiliensis ULA 32 (human) 

ATcc· - American Type Culture- Collection 
UCDMC - University of California, Davis Medical Center 
ULA - University Los Andes, Venezuela 



Table III~C. Actinomycete reference strains used in the study. 

Organism Culture No. - Source 

Mycobacterium: 

M. tuberculosis H37 Rav CDC (human) 

M. smegma tis 607 CDC (human) 

M. chelonei chelonei 77-1129 CDC (human). 

M. chelonel. abcessus 76-1186 CDC (human) 

M. fortuitum fortuitum 79-471 CDC (human) 

M. fortuitum peregrinium 78-1050 CDC (human) 

M. gordonae 1324 CDC (environment) 

M. avium 4B' CDC (human) 

M. avium -- 8A CDC (human) 

M. avium 1B cpc (human) 

M~ kansasii MCG (human) 

M. bovis Bovine isolate 

Streptomyces: 

S. somaliensis #4 dark CDC (human) 

Actinomadura: 

A. madurae 1091 (Gordon) CDC (human) 

. A. madurae Alberca MEl ULA (human) 

A. madurae San Paulo UCDMC (human) 

A. pelletieri 152 ULA (human) 

CDC - Centers for Disease Control, Atlanta, Georgia 
MCG - Medical College of Georgia, Augusta, Georgia 
ULA - Uni ver.si ty of Los Andes, Venezuela 
UCDMC - University of California~ Davis Medical Center 
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species. 0 Mycobacterium cultures were incubated. at 37 C for 3 days 

without shaking, then shaken at 180 rpm for 5 days to three weeks 

depending on optimum conditions for the given organisme Rhodococcus 

cultures were incubated at 30°, with gentle shaking for 48 hourso 

III. DNA isolation from bacterial cultures: 

Nocardia and actinomycete cells were harvested by centrifugation 

from 500 ml volume broth cultures after 72 hours to 5 days of 

incubation, washed wit~ phosphate buffered saline (PBS, pH 7e2) and 
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placed into a prelysis medium consisting of BHI broth containing 2-5% 

glycine and allowed to incubate for 72 hours at 37°C with gentle 

shaking at 180 rpm. It has been shown that the incorporation of 

glycine in media at a concentration that is slightly inhibitory to 

growth causes ·a decrease in the extent of cross-linking of the 

peptidoglycan, resulting in increased susceptibility to lysozyme (167)e 

Following incubation in prelysis medium, cells were harvested by 

centrifugation and washed two times in PBS containing 25% sucrose. 

Bacterial pellets were suspended in 10 ml of 50 mM Tris-(pH 8) 

containing 25% sucrose. Dry lysozyme was added to give a final 

concentration of 3 mg/mle The mixture was then incubated for 1 hour at 

37°C in a shaking-water bath. After 1 hour, 8 ml of 0.25 M EDTA (pH 8) 

was added and· mixed thoroughly with the cell suspension. To this, 4 ml 

of 10% sodium 'dodecyl sulfate (SDS) was added and the mixture was 

heated in water bath at 60°C for 15 minutes to effect cell lysis (168)$ 

The mixture was removed from the water bath, and 15 ml of cold 5 M 

potassium acetate (pH 4.8) was added. The resultant mixture was placed 

on ice for 1 hour. The lysate mixture was centrifuged at 20,000 rpm 

(Beckman SW27 rotor) for 30 minutes at 4°C. The supernatant containing 



cellular DNA was poured into a conical centrifuge tube. DNA was 

precipitated by adding 0.6 volumes of isopropyl alcohol to each tube. 
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DNA was recovered by centrifugation at 12,000 g {in a type SS-34 

Sorvall rotor) for 30 minutes at room temperature. The supernatant was 

discarded, and the pellet was washed with 70% ethanol at room 

temperature. The pellet was dried and reconstituted in 8 ml of 10 mM 

Tris and 1 mM EDTA {TE buffer) {pH 8). The DNA was then puri~ied by 

centrifugation to equilibrium in cesium chloride-ethidium bromide 

density gradients {169). The band of DNA was extracted three times 

with !-butanol and dialyzed against TE buffer {pH 8) .. Following 

dialysis the DNA w~s precipitated with 0.5 volume of 7.5 M ammonium 

acetate and two volumes of 95% ethanol and washed three times in 70% 

ethanol. The· DNA was dried and reconstituted in TE buffero 

After trial modifications of existing lytic proce.dures for the 

extraction of' DNA from n;tycobacteria, the following modification of 

Brenner {170). and Muria {171) was used to isolate the DNAo 

Mycobacterial cells ~ere harvested by centrifugation from broth 

cultures and ·washed with 0.02 M potassium-sodium phosphate buffer 

{pH 7) containing 0.02% Tween-80 then suspended in buffer containing 

1M sodium. chloride~ 0.01 M. EDTA, 0.05 M Tris, 0.5% sodium 

desoxycholate· at pH 8.3 {NETD). The cells were lysed by addition· of 

dry lysozyme to a concentration of 4 mg/ml then incubated at 37°C 

overnight with gentle shaking. Pronase was added to achieve a 

concentration of 2 mg/ml and incubation ·was continued for.l hour. The 

mixture was heated at 60°C for 1 hour, cooled and. extracted with phenol 

equilibrated with 0.1 M sodium chloride, 0.1 M Tris {pH 9) and 0.5% 

sodium desoxycholate for 10 minutes. The mixture was then chilled for 
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1 hour and centrifuged ~t 10,000 rpm (in a type GSA Sorvall rotor). 

The aqueous phase was withdrawn and extracted four times with cold 

ethyl ether to remove phenol. The ether phase was· removed and the DNA 

was precip~tated with two .volumes of 95%-ethanol and washed three times 

with 70% ethanol. The DNA was dried and reconstituted in TE buffer 

{pH 8). DNA concentration was determined by ethidium bromide gel 

electrophoresis following comparison to known concentrations of 

standard molecular weight markers.{172). 

In blind case studies the DNA's were obtained by electrical 

lysis. The organisms were suspended at a concentration of 108 cfu/ml 

in a solution·containing 25 mM EDTA, 0.25% SDS and 50 mM Tris (pH 9). 

The cells were briefly sonicated and 0.7 ml of the suspension 

electrically lysed at 1500 V, 25 ~FD in a. Bio-Rad gene pulser. The 

cell suspension was then ·incubated for 10 minutes at 68°C, treated with 

0.5 ml of chloroform and centrifuged for 10 minutes in an Eppendorf 

microfugec The aqueous phase was adjusted to 0.75 M ammonium acetate 

and the DNA precipitated with an equal volume of isopropanol. After 

drying, the DNA is redissolved in 100 ~1 of TE buffer. The DNA yield 

produced by this procedure was approximately 500 ng. 

In the use of infected tissue, abscessed material was homogenized 

in PBS containing 0.1% desoxycholate. The homogenate was incubated for 

10 minutes at 37°C and then centrifuged at 5,400 x g for 10~minutes. 

Tbe pellet was resuspended in 1 ml of distilled water and centrifuged 

at 200 x g for 10 minutes. After adjusting the supernatant to 25 mM 

EDTA, 0.25% SDS and 50 mM Tris, it was electrically lysed and treated 

as described above. 
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IV. Restriction endonuclease digests: 

Reaction mixtures contained 0 .• 2-1.0 ~g of DNA in 20 ~1 of water 

and buffer specified by the manufacturer (BRL) for the appropriate 

0 enzyme (173)., Reactions were incubated at 37 C for 2 hoursc Reactions 

were stopped by the addition of 0.5 M EDTA (pH 7.5) to a concentration 

of 10· mM. DNA was then purified by extracting once with phenol: 

chloroform, ahd once with chloroform. DNA.was precipitated with two 

volumes of 95% ethanol, briefly dried and reconstituted in Tris-EDTA 

buffer. 

V. Cloning in EMBL3: 

A library of GUH-2 DNA fragments was prepared in the bacteriophage 

EMBL3 cloning vector (153). BamH I digests of GUH-2 DNA were pooled, 

and DNA fragments in the 15-20 kb range were collected. 0.2 ~g of the 

fragments were ligated-with 0.5 ~g of BamH I arms of EMBL3 to achieve a 

vector-insert ratio of 2:1 for standard vector insert ligation (175). 

The- recombinant molecules were packaged into phage using an in vitro 

packaging system (Promega Biotech) (176). Phage were plated on the 

restrictive host N 539 Escherichia coli to select recombinants. The 

phage library was amplified on a lawn of N 539 cells, eluted with 

phosphate buffered saline containing 0.01 M magnesium chloride and 

0.05% gelatin and stored at 4°C. 

VI. Cloning in lambda gt 11: 

A lib~ary of GUH-2 DNA was prepared in the lambda gt 11 cloning 

vector (177). · EcoR I digests of GUH-2 DNA were prepared and DNA 

fragments in the 3-9 kb range were collected. 0.2 ~g of the fragmented 

DNA was ligated with 0.5 ~g of EcoR I arms of lambda. gt 11 that had 
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been dephosphorylated {178). Recombinant molecules were packaged into 

phage particles using an in vitro packaging system {Promega Biotech) 

{176)Q Phage were plated and amplified on Escherichia coli strain 

y 1090e The amplified library was stored at 4°C. 

VIle Preparation of phage DNA and labeled probe: 

Phage plaques of the library were randomly selected and amplified 

in small scale liquid cultures by the method of Leder et ale {178) to 

yield high titer stocks. DNA was isolated from phage by treatment with 

0.25 M EDTA, ·0.5 M Tris {pH 9) and·lysis with 2.5% SDS, extraction with 

phenol: chloroform and precipitation with ethanolo 

50 ng of phage DNA was labeled with 32P by use of an oligolabeling 

kit {Pharmacia) {179, 180) to specific activity of 108 cpm/~g DNA. 

Labeled DNA was concentrated by ammonium acetate and ethanol 

precipitation followed by three 70% ethanol washes. Labeled probe was-

reconstituted to 50 ~1 of TE buffer {pH 8). Radioactive measurements 

were obtained by absorption of probe to DE-81 filters {Whatman) which 

were washed in 0.5 M disodium hydrogen phosphate and 95% ethanol. 

Filters were counted in a liquid scintillation counter {Beckman). 
I 

VIlle Preparation of membranes prior to hybridization: 

For DNA dot blots 20 ~1 DNA {0.1 ~g unless otherwise noted) were 

transferred to a prewetted nylon membrane {Zetaprobe) by use of. a · 

hybri-slot manifold {BRL) or dot blot device {BRL) with constant vacuum 

until wells were just dry. DNA was denatured by rinsing wells with 

0.5 ml of 0.4 M sodium hydroxide and applying vacuum until dry. 

Membranes were rinsed in 2X SSC, allowed to a.ir dry at room temperature 
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0 . 
then vacuum dried at 80 C for 2 hours and stored in "Seal A.Meal" bags 

until hybridization. 

IXe Membrane hybridization, autoradiography, and densitometry: 

Membranes were prehybridized for 6 hours at 60°C in a solution 

consisting of 6X SSPE {saline, sodium citrate, phosphate buffer, EDTA) 

1.0% SDS, 0.5% Blotto {nonfat dry _milk) and 0.5 mg/ml denatured salmon-

sperm DNA. At the end of the prehybridization period, the solution was 

removed from ·the membranes and replaced with fresh solution containing 

denatured labeled probe DNA. Membranes were hybridized for 24 hours at 

68°C. Following the hybridization period, membranes were washed to 

remove unhybridized probe, with a final stringent wash in 0.1X SSC and 

0.5% SDS at 68°C for 30 minutes. Membranes were wrapped in plastic 

wrap and overlaid with Kodak X-omat film and Dupont Lightning Plus 

intensifying screenso Exposure was for 4 hours at -80°C. 

Densitometric scans of autoradiographs were performed on a Helena. 

Laboratory autoscanner. A 525 nm filter with narrow band width was 

used on all autoradiographs. Relative areas for each curve were 

determined by the electronic integrator of the autoscanner. 

X. GUH~2 antigen preparation: 

A turbid suspension was made from a 72 hours plate culture of the· 

GUH-2 Nocardia asteroides {grown on·BHI agar) in 3 ml of PBS. 0.5 ml 

of this suspension was inoculated into 50 ml of Long's medium {181) in 

a 250 ml Erlenmeyer flask and incubated·on a rotary shaker at 200 rpm 

for 1 week at 37°C. 0.5 ml of this starter culture was inoculated into 

250 ml of Long's medium in a 1 liter Erlenmeyer flask. Four of these 

flasks were incubated at 37°C with constant shaking in a rotary shaker 
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incubator at 200 rpm for 2 weeks. Organisms were removed by 

centrifugation at 2,000 x g for 15 minutes at 4°C. The supernatant was 

0. : 
then centrifuged at 5,900/x g for 1 hour at 4 C and the resulting 

supernatant was filter sterilized with a 0.45-~m Millipore filter 

(Millipore, Bedford, Mass.). Sodium azide was added-to a concentration 

of 0.05% wt/vol. To the sterile_supernatant, ammonium sulfate was 

added to a final concentration of 65% (wt/vol) and allowed to stir 

overnight. Following the procedure outlined by Sugar et al. (106) the 

precipitate WaS COllected by Centrifugation at 40,QQQ X g for 1 hour 

and dissolved in a solution of 0.05 M Tris and 0.15 M sodium chloride 

(pH 7.4). This solution was dialyzed extensively against distilled 

water at 4°C using "Spectrapor" membrane {Spectrum Medical Industries, 

Los Angeles) with a molecular weight cut off at 12,000-14,000. After 

dialysis the solution was centrifuged at 20,000 x g for 1 hour at 4°C 

to remove particulate matter then lyophilized. Lyophilized protein was 

reconstituted in sterile distilled water. Protein determination by the 

method of Lowry et al. {182) was performed with bovine serum albumin 

{BSA) as standard. 

XI. Polyacrylamide gel electrophoresis: 

This discontinuous buffer system of Laemmli {183) was used with a 

12% polyacrylamide resolving gel and a 3% stacking gel system. 25 '-ll 

{5 "g/'-ll) of the purified protein was placed in 75 '-ll of a boiling 

solution containing 2-mercaptoethanol and 1% SDS. 50 '-ll of the 

solution was applied to the gel. Molecular weight standards were 

purchased from Bio-Rad and consisted of myosin {m.w., 200,000), 

phosphorylase· B (m.w., 97,000), BSA {m.w., 68,100), ovalbumin {m.we, 
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189400) and lysozyme {m~w., 14;300). 

XIl. Immunization and serum preparation: 

41 

Two female New Zealand white rabbits were given ten intramuscular 

injections in the -poste-rior thigh muscle with purified antigen at a 

concen tra ti0n of 0. 1 mg/ 0. 5 ml dose over a · twen-ty- tlft70 day period. 

Animals were bled sev~n days following the last antigen injection. 

Blood samples were drawn and placed into serum separator tubes {SST) 

{Vacutainer:brand, Rutherford, NJ), allowed to clot for 30 minutes and 

centrifuged·in a clinical centrifuge at 1,300 x g for 10 minuteso 

Serum was aseptically pipetted off the ~eparator and stored at -70°C in 

sterile Eppendorf tubes. Antibody titer to the nocardia! protein was 

determined by the use of the Protoblot (Promega)' Immunoscreening System 

(184). 

XIII. Screening libraries in lambda gt 11: 

E. coli Y 1090 host cells were grown from a single colony to an 

optical density of 0.7 at 560-nm in Luria broth (LB), pH 7.5 at 37°C 

with good aeration. For each 90 mm petri dish that was plated, 200 ~1 

of Y 1090 culture was infected with 100 ~1 of 105 pfu of phage in 

diluent 'containing 10 mM Tris pH 7.5, 10 mM magnesium chloride. When 

150 mm dishes were used 0.6 ml of Y 1090 host cells were used with 

200 ~1 of 105 pfu of phage ( 177) . Host cells were allowed to adsorb 

phage cells by incubation at 37°C for 30 minutes. To plate infected 

cells on LB plates, 3 ml of top agarose (0.7%) was used for 90 mm 

plates or 8 ml for 150 mm plates. Slightly dry plates (2 days old) 

were used so the top agarose would stick to the plates.. Plates were 
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incubated at 42°C for three and one-half hours then moved to a 37°C 

incubator and overlaid with a 1dry nitrocellulose membrane that had been 

saturated with 10 mM (IPTG) isopropylthiogalactoside in water and 

incubation was continued for three and one-half hours (177, 184). The 

plates were placed at room temperature, and the position of the filter 

was marked with a needle. Filters were rinsed briefly in Tris/sodium 

chloride/Tween 20 {50 mM Tris hydrochloride pH 8/150 mM sodium 

chloride/0.05% Tween 20} and blocked in Tris/sodium chloride/Tween 

containing 5% BSA for thirty minutes. Filters were then incubated in 

Tris/sodium chloride/Tween containing primary antibody (animal sera), 

1:1000 dilution that had been absorbed with Y 1090 cells to remove any 

cross reactive §.·coli antibodies for one hourc Filters were washed in 

Tris/sodium chloride/Tween 3 times at 5 minutes each time. Filters 

were then transferred to Tris/sodium chloride/Tween containing second 

antibody (anti-rabbit IgG conjugated to alkaline phosphatase) at a 

1:7500 dilution and incubated for· 1 hour with gentle shaking. Filters 

were then washed three times as before in Tris/sodium chloride/Tween, 

then transferred to alkaline phosphatase buffer {100 mM Tris pH 9.5, 

100 mM sodium chloride, 5 mM magnesium chloride: containing o.o4 M 

nitroblue tetrazolium {NBT) and 0.02 M 5-bromo-4-chloro-3-indolyl 

phosphate (BCIP)' for substrate and color d~velopmertt. The reaction was 

incubated for 15 minutes at room temperature with gentle shaking. 

Filters were then washed in a stop solution {20 mM Tris pH 8, 5 mM 

EDTA) to prevent further color development and air dried. 

XIV. Animal infection protocol: 

Bacterial growth from a 72 hour BHI agar plate of GUH-2 ~-

asteroides was suspended in 5 ml of sterile saline to give a turbid 
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suspension. One milliliter of this suspension was transferred to 50 ml 

of BHI broth and incubated with shaking for 72 hr at 37°C. The 

bacterial suspension was centrifuged at 500 x g for 10 minutes, and the 

pellet was washed three times ·with sterile saline. The pellet of 

washed cells was suspended in 10 ml of sterile saline and the optical 

density determined at 580 nm with a Spectronic 20 spectrophotometer 

(65). The optical density was compared to that of a McFarland standard 

and diluted to a density of approximately 109 cfu/mle A sample of the 

diluted sus~ension was plated to determine the viable cell count. 

Five white male Swiss-Webster mice approximately 18-20 grams in 

weight were used for inoculations$ One served as a negative control 

and was injected with 0.1 ml of sterile saline. The remaining four 

mice received 0.1 ml of a 109 cfu/ml inoculum of GUH-2 cells via the 

tail veine Two weeks later the mice received a second dose of GUH-2 

cells by intraperitoneal injection 72 hours after receiving ·a dose of 

cyclophosphamide (2 mg/20 g mouse). The mice were killed by 

etherization two weeks after receiving the last inoculation. Following 

the death of the animals they were necropsied. The kidneys, liver, 

spleen and mesenteries were aseptically removed and homogenized in 2 ml 

of sterile saline. Appropriate serial dilutions of each tissue 

homogenate were plated on BHI agar plates incubated at 37°C for 3 days 

prior to counting. 



Results 

I. Construction of genomic library of Nocardia asteroides: 

A BamH I library was prepared from the Georgetown University 

Hospital isolate #2 strain of Nocardia asteroides (GUH-2) using a 

mixture of total and partial digests. Fragments of 15-20 kb were 

cloned in order to minimize the number of recombinants needed to obtain 

a complete set of genomic fragments. Tliis ass·umes an average insert of 

15 kb and a genome of 4.6 x 103 kb in size for ~· asteroides. 

Approximately 1.45 x 104 pfu/ml recombinant bacteriophages were 

obtained, assuring that most of the N. asteroides genome is contained 

within the ·library at a 80% probability (175). 

II. Sensitivity of probe to homologous DNA: 

Serial two-fold dilutions of homologous GUH-2 were prepared 

ranging from 100 ng to 6 ng and spotted individually to nylon membranes 

(Zetaprobe) and probed with 50 ng of a randomly selected 32P labeled 

Gu~-2 clone to determine the sensitivity of the probe to homologous DNA 

(Figure 2). A densitometric scan was obtained and areas for each 

dilution were determined. Since 100 ng of homologous DNA gave an 

intense detectable signal with homologous probe, 100 ng of reference 

and clinical strain DNA's were applied to Zetaprobe membranes for 

probing by randomly selected clones. 
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III. Clone specificity and hybridization index: 

A total of 50 randomly selected GUH-2 clones were used in 

screening the 75 member reference and clinical strain collection to 

determine the specificities of the GUH-2 clones. The results of 

"' 
screening a blot containing sample reference strains with a randomly 

selected OUH-2 clone is seen in ~igure 3. Dilutions of homologous 

GUH-2 DNA from 100-ng to 12.5- ng ·are seen in hypri-slots 1-4. Hybri

slots 5-12 consist of 100 ng each of reference and related strain 
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DNA's. A densitometric scan was also obtained and areas for each peak 

were determined. As expected the clone hybridized with some of the 

· referenc.e strain DNA's but failed . to hybridize with others. In 

add~tion the intensity of hybridization was greater with some strains· 

than others. As a means of quantitating the data, a comparison was 

made be~~een the relative intensity of the band of hybridized DNA to 

the homologous DNA dilution giving the same comparable intensity by 

visual inspection. The percent B:rea of each peak {DNA sample) is also 

calculated relative to the area of the 100 ng concentration of 

homologous DNA. 

Based on the hybridization screenings with the GuH-2 clones, a 

hybridization scale (Figure 4) was developed by which an assigned index 

value (e.g., 4+, 3+, 2+, 1+, 0) can be evaluated.- As seen by the 

scale, a 4+ correlates to the hybridization intensity equivalent to 

homologous GUH-2 DNA at a 100 ng concentration and/or a mean percent 

area relative to the homologous 100 ng standard o~ 92% or more. A 3+ 

correlates with an intensity of a two-fold DNA dilution of ioo ng of 

the GUH-2 standard or 50% of the relative area of the standard peak. 

An index of 2+ correlates to a four-fold dilution of homologous DNA and 
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represents 25% of the relative area of the standard peake A 1+ index 

value then represents a ten-fold dilution of homologous DNA or 10% of 

the relative area of the standard curve, with a 0 value indicating no 

hybridization. 



Figure 2. Densitometric scan of an autoradiogram representing a 

dilution series of GUH-2 DNA. 

Two.-fold diiutions of GUH-2 DNA were made that ranged from 

100 ng to 6 ng on Zetaprobe membraneo The membrane was 

probed with 50 ng or.· a 32P labeled GUH-2 clone DNA (specific. 

· activity of 108 cpm/ug DNA). Membranes were exposed for 4 

hours at -80°C before film development. The relative 

percent areas of the dilutions are based on the area of the 

100 ng DNA sample. 
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1 2 3 4-

GUH- 2 Standard 

Peak Area %Area Relative to 1-'9 DNA 
0.1 Standard 

1 42.90 100.0 0.1000 
2 26.40 61.5 0.0500 
3 17.85 41.6 0.0250 
4 8.60 20.0 0.0125 
5 4.25 9.9 0.0060 



Figure 3. Probing of homologous DNA and reference strains. 

Peaks 1-4 represent homologous GUH-2 dilutions from 100 ng 

to 12.5 ng of DNA. Peaks 5-12 represent various reference 

\Nocardia asteroides strains. Membranes were probed with 

50 ng of 32P labelled GUH-2 clone with a specific activity 

of 108 cpm/ug DNA. Membranes were exposed for 4 hours at -

80°C before development. Areas for each sample were 

densitometrically determined and the percent area relative 

to the 100 ng sample of homologous DNA was determined and 

correlated to an appropriate hybridization index. 
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Figure 4. Hybridization index scale. 

The index values are correlated to intensities that are 

equivalent to various dilutions of homologous DNA. The 

relative percent area {determined densitometrically} is 

represented by two-fold dilutions of a 100 ng sample of 

homologous DNAe 
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IVe Screening results: 

Data obtained from the densitometric analysis of autoradiographs 

were organized into tableso Hybridization reactions (indices) for 

individually selected GUH-2 clones are given in Tables 4 and 5. In 

Table 4 results are given for the probing of~· asteroides strain DNA's 

with GUH-2 clones. Individual strain names or identifying strain 

numbers are given on the rows at the left; selected probes are given by 

assigned numbers across the top columns. Reactions for each probe may 

be determined by reading down the columns. Hybridization reactions for 

the DNA's of any particular strain may be determined by reading across 

the rowso Data were grouped in this manner so that by inspection a 

determination could be made as to which probes hybridized with the 

greatest number of reference DNA's giving significant detectable 

reactionse Grouping of data also allows one to identify reference 

DNA's that appear to be poor or non-hybridizers with GUH-2 probes. For 

practical reasons, reactions giving index values of 2+ or greater were 

considered as positive reactions since 1+ reactions were too weak and 

difficult to interpret. In Table 5 hybridization results of GUH-2 

derived clones with DNA's of strains from related species or related 

genera are giveno The reactions of individual probes to the strain can 

be determined by reading down the column for the probe in question. By 

inspection of this data clones giving significant cross-reactivity 

could be identified. Table 6 represents a summation of GUH-2 probe 

results given as the percentage of ~· asteroides strains in the 

collection detected by GUH-2 probes. For each probe (in columns across 

the top) the'percentage of strains that the probe detected at a 

significant index value (4+, 3+, 2+) is given by reading down the 
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column. Total percentages for each probe are also given. Those probes 

having no cross-reactivity with DNA of related species or genera are 

indicated with an asterisk. Two GUH-2 clones (identified as No's. 3 

and 22) were· isolated that failed to cross-react with DNA of related 

species as well as react with DNA of a significant number of 

N. asteroides strains. Another clone (identified as Noo 26) also 

failed to cross-react with DNA of related species but reacted with DNA 

of a subset of strains identified by clone Noo 22 at an equivalent or 

higher index' value. Combinations of probes 3 and 22 result in the 

detection of 31% of the ~· asteroides strains. 

From a group_of N· asteroides strains giving non-reactive to weak 

hybridizatio.n signals, DNA of bacteria of six strains were individually 

cloned into the lambda EMBL3 cloning vector and libraries were 

generated as described previously with GUH-2 clones. Thirty clones 

{five from each strain) were used to screen a collection of 17 strains 

that gave poor hybridization signals with GUH-2 clones. The data 

resulting from these screenings were evaluated and are presented in 

Tables 7 and 8. The data in Table 7 represent the results in screening 

N. asteroides strains that were not reactive with GUH-2 derived clones. 

Strains are listed to the left and the probes are listed across the top 

of the table and are identified by a hyphenated number representing the 

strain from which they were derived. Data presented in Table 8 are the 

result of probing DNA from related species with the clones derived from 

non-GUH-2 reactive strains. By inspection a determination was made as 

to which probes hybridized to DNA of strains giving significant 

detectable reactions. Strains giving poor hybridization reactions were 

also identified. Table 9 summarizes the percentage of N. asteroides 
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strains not reacting with GUH-2 derived clones that are detected by 

probes selected from non-reactive strains. The percentages of strains 

detected at each hybridization index for each clone is given. Probes 

having no cross-reactivity with DNA of related species or genera are 

indicated with an asterisk. Four non-GUH-2 hybridizing clones 4429-2, 

2B-2, 4426-4, and A-1 (Anderson) were identified that hybridized to a 

significant number of previously non-reactive strains without cross

reacting with related species or genera. When these clones were pooled 

with the GUH-2 strain probes all of the N. asteroides strains in the 

reference collection were detected. 

After identifying the number of clones necessary to recognize the 

reference collection strains, equal concentrations of each clone DNA 

were radiolabeled (specific activity of 108 cpm/~g DNA) and pooled. 

The resultin~ mixture was used as a probe against a membrane containing 

dot blots of. 100 ng of reference strain and related species DNA to 

determine the specificity of the combined probe to the collection. The 

resulting autoradiograph is seen in Figure 5. Posi~ive hybridization 

signals occurred only with ~· asteroides strains. No cross-reactivity 

was demonstrated with related species or genera by the combined probe. 

BamH I digest were prepared from the six clones comprising th~ 

probe pool. Individual digests were· electrophoretically separated and 

fragment length of cloned inserts was determined by comparison to 

lambda ~ind III-cut standards (see Figure 6A and B). Respective 

fragment lengths for clones GUH-3, GUH-22 and A-1 were as follows: 

5.4 kb, 4.3 kb, and 16.2 kb. Clones 4426-4, 4429-2 and 2B2 are all 

composed of a cloned partial digest. Clone 4426-4 consists of fragment 

lengths of 6.6, 4.6 and 3.6 kbe Clone 4429-2 contains fragment lengths 



6.8, 4.8, 4.4 and 3.6 kb. Clone 2B2 consists of two smaller length 

fragments, 5.4 and 4.3 kb respectively. 

V. Sensitivity: 

Nocardia asteroides GUH-2 from a 72 hour BHI agar plate were 
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suspended in sterile water. Optical density was determined at 580 nm 

with a Spectronic 20 and compared to that of a #1 McFarland standard. 

The suspension was diluted to give approximately 108 cfu/mle Serial 

ten-fold dilutions were prepared for electrical lysis and cell countso 

Viable cell counts were done on the ten-fold dilutions prepared for 

electrical lys~s. Assuming complete lysis of cells and no loss of DNA, 

with a genome size of 3 x 109 daltons/cell for N. asteroides the 

theoretical amount of DNA recovered from a 106 cfu/ml sample 

approximates 0.015 ~g. The amount recovered from the electrically 

lysed 106 cfu/ml sample was approximately 0.01 ~g. This represents 

{assuming no loss of DNA) 67% lysis of the cells in the sampleo The 

DNA isolated from each dilution was applied to membranes, denatured and 

probed with labeled pooled probe (108 cpm/~g specific activity). The 

minimal number of colony forming units that could be detected after a 4 

hour exposure time of membranes to film at -80°C was 106 cfu/ml. 



Table IV. Tabulated results of probing various Nocardia asteroides 

DNA with representative GUH-2 derived clones. 

Individual Nocardia asteroides strains are listed at the 

left of the table. The GUH-2 derived clones (probes) are 

designated by number across the top of the tablec The 

hybridization index of a given probe for any strain can be 

determined by locating the probe at the top of the table and 

reading down until the strain in question is reached~ A 

list of other probes giving identical reactions to the 

representative probes is given at the bottom of the. table. 
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Asteroides 
Strains 1 2 3 5 10 22 23 24 26 27 

GUH-2 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 

O'COY 4+ 4+ 2+ 4+ 4+ 4+ 3+ 2+ 4+ 2+ 

GOMBERT 22 1+ 1+ 1+ 0 1+ 1+ 1+ 2+ 1+ 1+ 

GOMBERT 14 1+ 1+ 0 0 0 1+ 0 2+ 0 1+ 

MCG 1 4+ 4+ 2+ 4+ 2+ 3+ 4+ 2+ 2+ 4+ 

4470 4+ 4+ 2+ 3+ 2+ 3+ 2+ 4+ 2+ 4+ 

ANDERSON 0 0 0 0 0 0 0 1+ 0 0 

TURNER 0 0 0 0 0 0 0 1+ 0 0 

STANFORD 2+ 2+ 2+ 3+ 1+ 1+ 0 1+ .0 1+ 

R-7276 2+ 1+ 0 2+ 1+ 1+ 1+ 1+ 0 1 

10905 0 o o o o o ·o 0 0 0 ' 

4473 1+ 1+ 0 2+ 0 0 1+ 1+ 0 0 

4467 2+ 0 0 2+ 1+ 1+ 1+ 2+ 0 1+ 

4426 0 0 0 0 0 0 0 0 0 0 

MCG 2 3+ 2+ 4+ 3+ 2+ 1+ 4+ 0 1+ 2+ 

4464 1+ 1+ 0 2+ 1+ 1+ 1+ 1+ 0 0 

4451 ' 0 1+ 0 0 1+ 1+ 1+ 1+ 0 1+ 

FG #1 0 4+ 1+ 0 2+ 3+ 3+ 4+ 0 4+ 

GAM 4 1+ o. 0' 0 3+ 0 2+ 4+ 0 0 

IMRU 530 0 0 0 0 3+ 0 0 1+ 0 0 

RU 651 (4429) 2+ 0 0 2+ 3+ 0 0 1+ 0 0 

RU 538 (4430 2+ 2+ 1+ 2+ 4+ 2+ 1+ 2+ 0 2+ 

RU 3599 (4419) 3+ 2+ 1+ 2+ 4+ 2+ 2+ 3+ 0 2+ 

4A 2+ 0 0 2+ 1+ 0 1+ 2+ 0 1+ 

2B 1+ 0 0 0 1+ 0 0 2+ 0 0 



Strains- 1 2 3 5 

6B 0 0 0 0 

4414 (DU 383l 1+ 1+ . 0 2+ 

4405 (DU 222): 1+ 1+ 0 2+ 

9903 (4410) : 2+ 1+ 0 2+ 

Clones having identical reactions: 

#1 - 4,6,8,11,12,13,28,47 

#2 - 7 '9 '20 ,<33 '34 

#3 - 17' 18' 4;3' 46' 48 

#5 - 14~15,16,21 

#10 - 19,29,37 

10 22 23 

0 0 0 

2+ 0 2+ 

2+ 0 0 

3+ 0 

#22 - 40,41,50 

#23 - 30,31,36 

#24 - 25,42,44 

#26 - 32,35,45 

#27- 38,39,49 

2+ 

55 

24 26 

0 0 0 

2+ 0 1+ 

2+ 0 1+ 

2+ 0 1+ 



Table V. Tabulated results of probing various related species 

DNA. 

The results of probing various related species DNA with 

representative GUH-2 derived clones are given in this table. 

The related species and or_ genera is given at the left and 

probes are listed across the top. The hybridization index 

of a given strain for a probe can be determined by locating 

the strain in question and reading across.to locate the 

desired probe. 
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Related 
Species 1 2 3 5 10 22 23 24 26 27 
Brasiliensis 
ATCC 19296 3+ 2+" 0 2+ 3+ 0 2+ 4+ 0 2+ 
Brasiliensis 
17 E 1+ 0 0 2+ 3+ 0 2+ 2+ 0 1+ 
Brasiliensis 
32 1+ 0 0 2+ 3+ 0 0 1+ 0 1+ 
Caviae 
112 1+ 1+ 0 2+ 3+ 0 2+ 2+ 0 0 
Caviae 
4404 1+ 0 0 2+ 0 0 1+ 2 0 0 
Caviae 
4420 1+ 0 0 2+ 0 0 0 a· 0 0 
Actinomadura 
1091 0 0 '0 0 0 0 0 0 0 0 
Actinomadura 
Abarca ME-1 0 0 0 0 0 0 0 0 0 0 
Actinomadura 
San Paulo 0 0 0 0 0 ·o 0 0 0 0 
Mycobacterium 
tuberculosis 
H37Rav 0 0 0 0 0 0 0 0 0 0 
Mycobacteriu~ 

kansasii 0 0 0 0 0 0 0 0 0 0 
Mycobacterium 
scrofulaceum 0 0 0 0 0 0 0 0 0 0 
Mycobacterium 
avium 0 0 0 0 0 0 0 0 0 0 
Mycobacterium 
gordonae 0 0 0 0 0 0 0 0 0 0 
Mycobacterium 
smegma tis 0 0 0 0 0 0 0 0 0 0 
Mycobacteriu~ 
fortuitum 0 0 0 0 0 0 0 0 0 0 
Mycobacterium 
chelonei 0 0 0 0 0 0 0 0 0 0 



Table VI. A summary of GUH-2 derived clone probing resultso 

This table summarizes the percentages of Nocardia asteroidea 

DNA in the collection detected by GUH-2 derived probes. For 

each representative probe the percentage of DNA that the 

probe detected at a significant hybridization index is 

given. Those having no cross-reactions with DNA of related 

species are indicated by an asterisko 
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Percentage of ~· Asteroides DNA 

Detected by GUH-2 Probes 

1 2 3* 5 10 22* 23 24 26. 27. 

4+ 14% 18% 6% 10% 14% 7.% 10% 13% 7.% 14% 

3+ 1% 0% 0% 10% 13% 10% 7% 3% 0% 0% 

2+ 24% 13% 14% 38% 21% 7.% 17.% 33% 7.% 14% 

TOTAL 45% 31% 20% 58% 48% 24% 34% 49% 14% 28% 

* Probes giving no cross hybridization reactions with related species. 



Table VII. Tabulated results of probing non-GUH-2 hybridizing Nocardia 

asteroides DNA with clones derived from selected non

hybridizing strains. 

GUH-2 non-reactive strains are given at the left of the 

table. The probes derived from non-reactive strains are 

listed across the tope Hybridization indices for each 

probe according to the strain probed can be determined by 

reading down the column under the respective probe. 
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4422-1 4422-2 A-1 A-2 2B2 4426-4 6B2 10205-2 

- Anderson 2+ 1+ 4+ 4+ 1+ 1+ 0 1+ 

Turner 2+ 1+ 3+ 4+ 1+ 1+ 2+ 1+ 

2B2 3+ 4+ 2+ 1+ 4+ 1+ 4+ 1+ 

6 B 1+ 1+ 2+ 0 4+ 1+ 4+ 1+ 

R 7276 1+ 1+ 2+ 4+ . 4+ 1+ 1+ 1+ 

10202 2+ 2+ 1+ 2+ 4+ 4+ 0 4+ 

4473 2+ 2+ 0 1+ 3+ 4+ 1+ 2+ 

4467 4+ 2+ 2+ 1+ 1+ 4+ 0 4+ 

4426 2+ 2+ 2+ 0 2+ 4+ 0 2+ 

4464 3+ 2+ 0 1+ 2+ 4+ 0 3+ 

4421 3+ 2+ 0 2+ 2+ 4+ 1+ 2+ 

Gombert 14 4+ 4+ 1+ 4+ 1+ 2+ 1+ 1+ 

530 0 0 2+ 1+ 1+ 0 1+ 2+ 

4422 4+ .4+ 0 3+ 3+ 2+ 1+ 2+ 

4414 3+ 2+ 0 0 2+ 2+ 4+ 4+ 

4405 1+' 1+ 0 1+ 1+ 2+ 2+ 2+ 

4410 3+ 3+ 4+ 1+ 2+ 2+ 2+ 0 



Table VIII. Tabulated results of probing various related species DNA 

with non-GUH-2 hybridizing clone probes. 

The results of probing the DNA of various related species 

and genera with N. asteroides clones derived from non-GUH-

2 reactive strains are indicated in this tableo 

Hybridization indices for a given probe to a particular 

strain can be determined by locating the probe in question 

at the top of the table and reading down to the strainin 

question. 

v 
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Related 
SEecies 442~-1 442~-2 A-1 A-2 2B-2 4426-4 6B2 10902-2 
Brasiliensis 
ATCC 1~2~6 2+ 1+ 0 4+ 1+ 1+ 0 1+ 
Brasiliensis 
11 E 1+ 1+ o .... '·'' 0 1+ 1+ 0 1+ 
Brasiliensis 
32 1+ 1+ 0 0 1+ 1+ 0 1+ 
Caviae 
112 2+ 1+ 0 2+ 1+ 1+ 0 1+ 
Caviae 
4404 1+ 0 0 1+ 1+ 1+ 0 1+ 
Caviae 
4420 0 0 0 1+ 1+ 0 0 1+ 
Actinomadura 
10~1 0 0 0 0 0 0 0 0 
Actinomadura 
Abarca ME-l 0 0 0 0 0 0 0 0 
Actinomadura 
San Paulo 0 0 0 0 0 0 0 0 
Mycobacterium 
tuberculosis 
H31Rav 0 0 0 0 0 0 0 0 
Mycobacterium 
kansasii 1+ 0 0 0 0 0 0 0 
Mycobacterium 
scrofulaceum 0 0 0 0 0 0 0 0 
Mycobacterium 
avium 0 0 0 0 0 0 0 0 
Mycobacterium 
gordonae 0 0 0 0 0 0 0 0 
Mycobacterium 
smegma tis 0 0 0 0 0 0 0 0 
Mycobacterium 
fortuitum 0 0 0 0 0 0 0 0 
Mycobacterium 
chelonei 0 0 0 0 0 0 0 0 
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Table IXc A tabulated summary of non-reactive N. asteriodes strain DNA 

detected by non GUH-2 hybridizing clones. 

This table summarizes the percentage of non-GUH-2 reactive 

strains detected by probes derived from non-reactive 

strainsc For each respective probe the percentage of 

strains that are detected by a significant hybridization 

index are given. Probes having no reiated species cross

reactivity are indicated by an asterisk. 
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Percentage of !:!· asteroides Strains 

Detected by Non-GUH-2 Strain Probes 

442~-1 442~-2* 10~02-2 2B-2* 4426-4* A-1* A-2 6B-2' 

4+ 1].]% 1].6% 41.2% 1].6% 23·3% 11.]% 23.5% 17.5% 

3+ 22.4% 5.8% 5.8% 11.]% 0% 5.8% 5.8% 0% 

2+ 22.4% 41.3% 35.4% 22.2% 22.4% 35.2% 11.]% 17.5% 

TOTAL 76.5% 64.7% 82.4% 58.5% 82.7% 52.]% 41.0% 35.0%. 

* Probes giving no cross-hybridization reactivity with related specieso 



Figure 5. Dot blot autoradiography of reference strain DNA and 

related species DNA to the combined probee 

100 ng of reference strain DNA's were spotted to zetaprobe 

membranes and probed with 50 ng of the combined ~· 

asteroides probe (specific activity 108 cpm/~g DNA)c 

Positive hybridization signals are seen only with the N. 

asteriodes strainse No cross-reactivity is seen with 

related species or genera. 
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Legend for Dot Blot Results: 

Row Column Strain Row Column Strain 
A 1 O'Coy B 1 Stanford 

2 Gombert 22 2 ATCC 19247 
3 Gombert 14 3 7276 R 
4 MCG #1 4 4419 
5 10905 5 4473 
6 530 ·6 4426 
7 4429 7' 4414 
8 4430 ·a !i· atypica* 
9 4470 9 ATCC 19296* 

10 Anderson 10 B 17E''* 
11 Turner 11 B 32* 
12 GUH-2 (100 ng) 12 GUH-2 (50 ng) 

Row Column Strain Row Column · Strain 
c 1 A-2 D 1 C112* 

2 A-7 2 c44o4* 
3 4A 3 C4420* 
4 2B 4 4467 
5 6B 5 Jordan 
6 4410 6 Mincey 
7 4405 7 GAM-4 
8 MCG #2 8 GAM-5 
9 4464 9 Jones 

10 4451 10 GAM-21 
11 FG #1 11 Eo coli* 
12 GUH-2 (25 ng) 12 GUH-2 (12.5 ng) 

Row Column Strain Row Column Strain 
E 1 GAM-60 F 1 M.tuberculosis.* 

2 GAM-61 2 M.avium* 
3 GAM-68 3 M.kansasii* 
4 GAM-69 4 M.scrofulaceum* 
5 A.madura (gordon)* 5 M.chelonei* 
6 A.madura (alberca)* 6 M.fortuitum* 
7 A.madura (noregia)* 7 ~.sme~atis* 
8 S.somaliensis* 8 TB-29* ' 
9 E.coli --- 9 NB-4* 

10 FG #2 10 B-4* 
11 FG #3 11 CDC 307 
12 GUH;-2 (6 ng) 12 BLANK 

Row Column Strain 
G 1-10 BLANK 

11 !i· opaca* 
12 BLANK. 

* denotes a species or strain that is not N. asteroides 



Figure 6A. Agarose gel of BamH I digests prepared from clone DNA used 

in the combined probe. 

From left to right in .. "lanes 3, 6, 9 are molecular length 

fragment standards. Fragments from bottom to top are: 

22.5-21.5 kb, 7.5 kb~ 6.6 kb, 5.9-5.7 kb9 4.8 kb, 4.4 kb, 

3.6 kb9 2.3 kb and 1.9 kb respectively. Lanes 1, 4, 7, 10 

represent clones {in their respective order): GUH-3, 

GUH-22, A-1 and 4426-4. The phage arms are represented by 

19.6 and 9.4 kb fragments common to all the clones. Clone 

4426-4 is represented by fragments consisting of 6.6, 4.6 

and 3.6 kb respectively. The insert in clone A-1 consist 

of a 16.2 kb fragment. Clone GUH-22 has a 4.3 kb insert 

and clone GUH-3 carries a 5.4 kb insert. 

Figure 6B. Agarose gel of BamH I digests prepared from clone DNA used 

in the combined probe. 

From left to right in lanes 1, and 4 are molecular length 

fragment standards. Fragments from bottom to top are: 

23.5-21.5 kb,, 9.5 kb, 7.5 kb, 6.6 kb, 5.9-5. 7 kb; 4.8 kb, 

4.4 kb, 3.6 kb, 2.3 kb and 1.9 kb, respectively. Lanes 2 

and 5 represent clone~ 4429-2 and 2B2 in respective· order. 

Clone 2B2 is a partial digest consisting of a 5.4 and a 

4.·3 kb fragment. Clone 4429-2 is a partial digest 

consisting of a 6.8, 4.8, 4.4 and 3.6 kb fragments 

respectively. Phage arms are represented by 19.6 and 9.4 

kb fragments in common to all. the clones. 
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VI. Blind study: 

As a·means to confirm the specificity of the pooled probe for 

Nocardia asteroides, an internal blind study was performed. Twenty-

five samples of reference strain DNA's, both~· asteroides and related 

species were randomly selected and assigned to another investigator to 

code the samples with numbers and return for testing with the combined 

probe. 100 ng of DNA of each of the.coded DNA's were applied to 

membranes along with a GUH-2 control and probed.with a combined mixture 

of labeled probee All strains that were ~· asteroidea were correctly 

identified by the probe, while non-asteroides strains were not detected 

by the probe. In addition strains labelled N. asteroides· received from-. 

the CDC were subjected to electrical lysis to obtain DNAe This DNA 

along with a GUH-2 control was applied to membranes and probed with the 

combined probe, all strains were positive for hybridization at a 

significant index value. 

l 

VII. Detection of organism in tissue: 

Seeded tissue samples were prepared by grinding minced rat kidney 

in a tissue .homogenizer in two milliliters of PBS containing 

approximately 108 cfu/ml suspension of 72 hour GUH-2 cells from a BHI 

agar plate. · Serial ten-fold dilutions and viable colony counts were 

performed. Serial dilutions of seeded tissue were prepared and 

subjected to electrical lysis for DNA extractione Supernatant 

containing DNA isolated from each dilution was applied to nylon 

membranes, denatured, and.probed with 32P labeled pooled clones. 

Abscessed tissue samples from infected animals were prepared for 

electrical lysis and viable colony counts. Supernatant from tissue 

containing extracted DNA was applied to nylon membranes and probed with 
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combined labeled clones. Positive hybridization signals from seeded 

6 tissue samples resulted from samples containing 10 cfu/ml or greater~ 

No positive hybridization signals resulted from infected tissueo This 
' 4 

result was due to the fact that colony counts of 10 cfu/ml were 

obtained from these·tissues and minimal detection by use of the probe 

is at 106 cfu/mlo Past experience has shown that young actively 

growing sporulating~· asteroides cultures readily·yield DNA upon 

electrical lysis whereas older stationary cultures which are more 

mycelial in character do not. The morphology of ~· asteroides in 

infected tissue tends to be more mycelial in charactero Thus, another 

plausible reason for the inability of the probe to detect the DNA in 

infected tissue could be the failure of the cells to yield DNA upon 

electrical lysis. The GUH-2 strain has.also been shown by Beaman et 

alo {83) to be a poor strain for studying cell wall deficient forms 

since it has,little tendency to produce defective forms in tissue which 

would provide a readily available source of DNA upon electrical lysiso 

In addition to a DNA probe used for culture confirmation, both 

epidemiological and clinical investigations would benefit from the 

availability of more sensitive and specific nocardia-derived antigens~ 

As an initial step in the identification of antigenic fractions that 

could be used in antibody detection systems, culture filtrates from ~· 

asteroides were used as a source for obtaining antigen. The approach 

was to qualitatively identify potential antigens present in culture 

filtrate preparations and use purified antigen as an immunogen from 
0 

which antibody is generated~ Serum containing antibody could then be 

used in detecting clones that express nocardia-specific antigens. 



Such clones could be utilized in the development of an antibody 

detection systeme 

VIII. Characterization of the nocardial antigen: 

66 

The protein concentration of the resulting purified nocardial 

antigen was 2 mg/ml. Figure 7 is the SDS-PAGE of the nocardial antigen 

in a 12% polyacrylamide gel stained with coomassie blue. Bands at 

approximately 65,000 and 53,000 were more heavily stained than others 

in the gel. 



Figure 7. SDS-PAGE of parti~lly purified nocardia! antigen prepared 

from culture filtrate. 

SDS-PAGE of antigen and molecular weight standards stained 

with coomassie blue. Molecular weight standards consisted 

of myosin {m.w.~ 200,000), phosphorylase B (mow., 97,000)~ 

~SA {m.w., 68,100), ovalbumin {m.w., 43,000), alpha 

·chymotrypsin {m.w., 25,700), beta lactoglobulin {m.w., 

18,400) and lysozyme {m.w., 14,300). ·Protein antigen bands 

at 65,000 and 53,000 were more intensely stained. 
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IXe Lambda gt 11 cloning and screening: 

A library of GUH-2 DNA was prepared in lambda gt 11 using DNA 

fragments in the 3-9 kb range from EcoR I digests of genomic GUH-2 DNAQ 

DNA fragments were ligated with dephosphorylated arms of the lambda gt 

11 vector and packaged into phage particles. Assuming an average 

insert of 5 kb and a genome of 4.6 x 103 kb for ~· asteroides~ the 

library constructed in this manner yielded 1.4 x 105 pfu/ml recombinant 

phage assuring that most of the genome is co~tained within the library 

at an 80% probability (175). The library was amplified on Y 1090 cells 

to yield a titer of 1011 pfu/ml according to protocols outlined by 

Huynh et al. (177). 

In screening, host Y 1090 cells infected with the lambda gt 11 

library are plated following standard procedures (177). After 3.5 

hours of growth at 42°C plates were overlaid with nitrocellulose 

filters saturated with IPTG and incubated for 3.5 more hours at 37°C. 

During this time beta-galactosidase fusion proteins were released from 

lysed cells and transferred to the filters. The filters were removed 

from the plates and blocked with 5% BSA (bovine serum albumen) to 

saturate nonspecific protein binding sites on the membrane. Sera 

obtained from immunized rabbit were diluted 1:1000 and incubated for 30 

minutes at 37°C with 1 mg/ml of ~· coli Y 1090 protein extract. Sera 

treated in this manner were used as the primary antisera in screening 

of nitrocellulose filters containing recombinant phage (184). 

Absorption of the sera with the ~· coli extract was found to 

effectively reduce background signals to a low and often undetectable 

level. The immune serum used as primary antibody was incubated with 

the membranes· followed by washing. Filters were-subjected to a second 
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incubation with anti-rabbit antibody conjugated to alkaline 

phosphatase. After a final wash, color development substrates were 

added, and positive plaques were detected by formation of a purple 

color as a result of alkaline phosphatase activity. Screening resulted 

in the detection of three positive clones. The three positive clones 

were purified and each amplified individually on a lawn of Y 1090 

cellso A titer of 1010 pfu/ml was obtainedo The stock clones were 

stored at 4°Co 



Discussion 

The bacteriophage lambda has been used extensively as a 

prokaryotic cloning vector. The phage contains a linear duplex of DNA 

50 kb in size. Several genetic manipulations have resulted in many 

derivatives of lambda useful as a cloning vector. In this study the 

lambda EMBL3 vector was used because it allows for efficient and easy 

library construction {174). The major advantage of EMBL3 is the 

presence of multiple cloning sites between the arms and the non

essential stuffer region. This allows for multiple restriction digests

to be performed which reduces the religation of stuffer to vector arms. 

Thus, EMBL3 maximizes the number of recombinant clones obtained. 

Another feature of the EMBL3 is the selection process for recombinant 

clones. Selection is based on Spi+ phenotype {susceptible to P2 

inhibition). Growth of the phage having this phenotype is restricted 

on hosts which are lysogenic for phage P2. Genes responsible for this 

inhibition are located within the stuffer region. When the stuffer is 

replaced with insert DNA, the phage expresses Spi- phenotype and can be 

plated on a P2 lysogenic host. Only recombinant phage with inserts 

have the ability to grow; thus, there is specific selection against 

non-recombinant phage. 

The Nocardia asteroides complex represents a heterogenous 

taxonomic group of organisms. The approach taken was to develop a 

DNA:DNA probe rather than a DNA:rRNA probe because of the expected high 

probability of cross-reactivity of ribosomal RNA with related species 

70 
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and genera. Ribosomal RNA gene sequences have been shown to be highly 

conserved in bacteria and demonstrate considerable homology, even for 

such different organisms such as mycoplasma and§~ coli (185)~ RNA 

genes in bacteria are usually present in multiple copies, except in a 

few cases~ Studies indicate that the number of rRNA operons are linked 

to the rate of growth of the bacterial species (186). Slower growing 

bacteria such as mycobacteria, with genome sizes 4.3-5.2 x 109 daltons,

slightly larger than§. coli~ (2.5 x.109 daltons) with 7 rRNA operons, 

possess only one operon (187). 

Early attempts at locating DNA fragments having multiple copies 

and·similar band sizes between strains were not successful. 

Restriction endonuclease digestion of chromosomal DNA's isolated from 

~· asteroides reference strains resulted in several observed major 

differences in the overall patternso Hundreds of fragments were 

generated and individual.fragments could not be clearly resolved. A 

more practical approach was to use cloned DNA fragments derived from a 

well studied strain to probe the genomes of various clinical and 

reference strains for DNA homology (188). Clones were randomly 

selected from the EMBL3 library of the·GUH-2 strain and surveyed for 

their abili~y to hybridize to DNA from.other N. asteroidea strains as 

well as related species. In order to evaluate 80% of the ~· asteroides 

genome for useful clones testing of 490 phage would be required. 

Although the number of clones that were tested was considerably less 

than 490, many of these exhibited identical hybridization reactions. 

The screening resulted in the identification of two clones that are 

specific for 31% of the ~· asteroides strains in the collection. These 

clones did not cross hybridize with related species or genera. 
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As expected, the GUH-2 clones hybridized with some reference 

strain DNA's but failed to hybridize with others. This is most likely 

due to the heterogeneity among the species. In addition, under the 

same conditions the intensity of hybridization was greater with some 

strain DNA's than others. This might well be attributed to a gene 

dosage effect or target number of DNA sequences among the reactive 

strains. Those DNA's from strains hybridizing with GUH-2 clones would 

be more closely related genetically to the GUH-2 strain than the N. 

asteroides strain DNA's failing to hybridize. For instance, O'Coy, MCG 

1, MCG 2 and 4470 DNA's tended to produce stronger hybridization 

signals.with GUH-2 derived clones than did other strain DNA's, as 

indicated by hybridization index values. Anderson, Turner, 4426, and 

10905-A DNA's hybridize little if any to the GUH-2 derived clones. 

Similarly, clones generated from non-GUH-2 hybridizing strains exhibit 

strain specificities as well. Strains such as 4473, 4467, 4426, 4464, 

and 4451 appear to be more closely related when comparing hybridization 

indices. Other strains such as 2B, 6B and 7276-R also appear to be 

more closely related. Thus the use of homologous DNA fragments should 

be useful in distinguishing patterns of.similarity among the subtypes 

of N. asteroides. This type of methodology raises the problem of 

sensitivity versus specificity. Sensitivity can be increased by 

labeling the. probe to a higher specific activity, using less stringent 

conditions for hybridization or washing of membranes and by increasing 

autoradiographic exposure time. Since.sensitivity and specificity are 

affected by several factors hybridization conditions were maintained as 

previously discussed, so that maximum specificity (less cross species 

hybridization) could be maintained without sacrificing sensitivity 
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(amount of DNA required for detection). To more effectively evaluate 

data a hybridization (specificity) index was derived by comparing 

relative intensities of hybridizing species to dilutions of homologous 

DNA giving the same comparable intensity. The data obtained from the 

densitometric analysis of homologous DNA dilutions correlated well with 

the estimated DNA concentrations of those dilutions and was used for 

standardization purposes. 

As previously discussed, actinomycetes including nocardiae are 

inherently resistant to lysis when obtained from standard mediae This 

makes a DNA:DNA hybridization test for microbial identification 

difficult when one is directly testing colonial· isolatese This study 

has shown that DNA hybridization used for culture confirmation can 

detect ~e asteroides but not directly in tissue. DNA extraction by 

electrical lysis is relatively simple, quick and efficient. In regards 

to the sensi.tivity and specificity of the probes and their application 

to clinical material, it appears that the probes are sensitive in 

detecting the organism at 106 cfu/ml and are specific for the organism 

as indicated from the blind study results. However, whether a clinical 

specimen (e.g., sputum, bronchial lavage, or transtracheal aspirate) 

will contain enough cells to be detected by any probe: is not knowne It 

appears that the probe is quite useful for culture confirmation. The 

amount of·DNA present in the io6 cfu/ml samp'le should correlate to the 

homologous DNA concentration giving the same relative intensity. If 

one assumes complete lysis of nocardia! cells with no loss of DNA and a 

genome size of 3 x 109 daltons/cell the amount of DNA that can 

theoretically be recovered in a 106 cfu/ml sample is 14.8 ng. The 

amount of DNA in a standard dilution giving similar intensity to a 106 
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cfu sample contains 12.5 ng. Thus there is a correlation between the 

hybridization intensity (index) and DNA concentration. 

A GUH-2 library in the lambda gt 11 vector ~as also been 

established for the purpose of identifying clones capable of in vivo. 

translation of nocardia! antigens similar to those isolated from 

Mycobacterium tuberculosis (189). Three immunologically reactive 

clones were isolated utilizing antisera obtained from rabbi'ts immunized 

with purified nocardia! protein antigene The nocardia! antigen is a 

proteinaceous constituent obtained from the culture filtrate of GUH-2 

strain. This material contains at least 25 different protein bands of 

differing molecular weights. From the GUH-2 strain used in this study 

three bands at approximately 65,000 and one at 53,000 daltons were more 

heavily stained than others. In comparing this study to the one done 

by Dr. Sugar and his colleagues (106), two bands at molecular weights 

53,000 and 31,000 were identified as being the more prominent species 

of proteins. In Dr. Sugar's study the pattern of immunologic activity 

in patients with nocardia! infection was to the 55,000 molecular weight 

band with or without reactivity to the 31,000 molecular weight species. 

No attempt was made in this study to characterize the relationship 

between the individual antigenic proteins and immunoreactive clones. 

The ability to isolate segments of DNA that encode protein antigens 

should facilitate the development of reagents useful for ~he source of 

specific serodiagnostic and skin test antigens used in diagnosis of 

nocardiosis. 
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As shown in this study, the DNA hybridization technique 'affords 

significant advantage over the present cultural-biochemical and 

serologic procedures available for the identification of Nocardia 

asteroides. These advantages include: a more specific test, reduced 

time in producing results~ and increased sensitivity. Due to· their 

short half life 32P labeled probes are not readily applicable to the 

clinical laboratory. A few modifications in techinical design would 

make the probe more suitable for clinical use. Such modifications 

include: (1} substitution of biotinylated probe for a radiolabeled 

probe and (2} the use of single stranded probes as those produced w~th 

the phage vector M13 (190}. These improvements in design would 

increase the shelf life of the probe kit, eliminate the need for 

autoradiography, and prevent loss of sensitivity of the probe due to 

hybridization of complementary strands of the DNA probe. 
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Summary 

Nocardia asteroides is the primary agent of nocardiosis in North 

Americae Pulmonary nocardiosis is a severe life threatening disease 

which may disseminate to other body organs. There is no specific 

clinical presentation that is diagnostic for nocardiosis. The 

microbiological identification of Nocardia asteroides requires the use 

of physiological and biochemical tests that are time consuming and 

often difficult to apply to clinical practice. As a consequence, a 

method of utilizing DNA probes for rapid identification of this 

organism in culture was developed. The GUH-2 (Georgetown University 

Hospital) ·isolate of ~· asteroides was selected for study because it 
' 

was originally_isolated from a human infection and has been the model 

for pathogenicity and virulence studies. 

Genomic libraries of Nocardia asteroides were created in the 

lambda EMBL3 cloning vector. The resulting clones were tested for 

their specificity to DNAs isolated from forty-five strains of N. 

asteroides and thirty related species. A DNA probe consisting of a 

pool of six clones derived from five different strains of N. asteroides 

was found consistently to hybridize with the reference collection of N. 

asteroides strains without significant cross-hybridization with other 

related species including Nocardia brasiliensis, Nocardia caviae or 

related genera such as Streptomyces or Mycobacterium. Specificity of 

the combined probe was confirmed by blind studies on various ~· 

asteroides strains received from reference lab sources. The 
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sources. The sensitivity for detection by the probe was determined to 

be 106 cfu/ml of N. asteroides cells. Infected tissue failed to give 

detectable signals with the probe. This was due to the low number of 

organisms present (104 cfu/ml) si~ce the probe was able to detect 

organisms in seeded tissue containing 106 cfu/ml or greater. 

In addition to a DNA probe useful for culture confirmation, a 

genomic library of the GUH-2 strain was also created in the lambda gt 

11 expression vector for the purpose of isolating clones expressing 

nocardia! specific antigens. Three immunologically reactive clones 

were isolated when the GUH-2 library was screened with antiserum 

produced from rabbits immunized with purified proteinaceous culture 

filtrate extract of GUH-2 cells. In this study no attempt was made to 

characterize the relationship between individual antigenic proteins and 

immunoreactive clones. 
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