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INTRODUCTION 

Ratoon stunting disease (RSD) of sugarcane was first recognized in 1944 

in Queensland, Australia (Steindl, 1961). The disease occurs worldwide 

and causes significant yield losses, especially during drought. RSD 

produces no external symptoms except a non-specific stunting (Steindl, 

1961) • 

RSD, which was first recorded 1n South Africa in 1953 (Anon., 1960), 

causes a greater overall loss 1n yield than any other sugarcane disease 

in South Africa. Yields of sugarcane are reduced by 20% to 40% and the 

harvest of affected fields declines progressively with successive 

ratoons (Anon., 1980b). 

A virus was originally thought to cause RSD, but in 1973, a coryneform 

bacterium was implicated as the causal agent (Gillaspie et al., 1973; 

Teakle et al., 1973). In 1980, our laboratory reported the successful 

isolation and culture of a coryneform bacterium associated with RSD of 

sugarcane and was indicated to be the causal agent (Nayiager et al., 

1980) . 

The lack of a rapid diagnostic technique applicable to mass screening of 

sugarcane has hindered progress in the control of the disease. There 

are two types of commonly used diagnostic tests. One test depends on 

the evaluation of internal stalk symptoms which may require from two to 

twenty six weeks to develop (Gillaspie et al., 1966; Matsuoka, 1971; 

Schexnayder, 1960; Singh, 1969). However, these symptoms are not 

always present in RSD affected plants and similar symptoms can sometimes 

result from other causes (Steindl, 1961). The other test involves 

establishing the presence of the coryneform bacterium associated with 
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diseased plants. The bacterium ~s visible under high magnification by 

phase-contrast microscopy (Gillaspie et al., 1973) or by electron micro­

scopy (Teakle et al., 1973). Although identification by the latter 

methods requires little time, the technology involved severely limits 

the number of samples that can be examined. Recently, serological 

techniques have been used (Brlansky et al., 1982; Damann et al., 1977; 

Davis et al., 1980; Gillaspie, 1978b; Gillaspie et al., 1979; Harris 

and Gillaspie, 1978) but tneir success has been limited. Besides 

problems with diagnosis of the disease, the precise morphology and 

taxonomy of the causal organism is unclarified. 

:The objectives of this research programme were, firstly, to characterize 

the cultured intact bacterium and its constituent membranes both ultra­

structurally and immunologically, and secondly, to evaluate various 

immunological methods for detection of the bacterium. This study should 

contribute to enhancing the taxonomic status of the bacterium and to the 

use of a rapid diagnostic technique applicable to mass screening of 

sugarcane. Such a technique should eventually contribute to effective 

control of RSD. 
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I. LITERATURE REVIEW 

A) RATOON STUNTING DISEASE 

1. History, econom~c importance and distribution 

Sugar is unique as an important article of commerce in being produced 

t 
both in temperate and tropical regions of the world. It is unique in 

that two quite unrelated plants provide its source: the sugarbeet in 

temperate countries and the sugarcane ~n the tropics and sub-tropics. 

Beet comes from seed, is an annual crop and stores its sugar in a 

swollen underground root. In contrast, cane is propagated by lengths 

of stalk or setts, gives a plant crop and a number of ratoons, and stores 

its sugar in aerial stalks (Hughes, 1976). 

Sugarcane supplies over sixty per cent of the world's commercial sugar 

(Hughes, 1976). Technologically the industry is highly organized but 

diseases are a recurrent problem. RSD is one of the most important 

disease problems with the world cane industry (Abbot, 1953; King, 

1953; Thomson, 1958). This view is clearly s.upported by Steindl 

(1961) who wrote: "Ratoon stunting disease has probably caused 

greater yield losses throughout the sugarcane grow~ng countries 

of the world during recent years than any other diseases. This 

has been due largely to its insidious nature, which has allowed it to 

build up high degrees of infection and cause continuous losses without 

detection. It has undoubtedly been responsible for the gradual yield 

decline or so-called "running-out" of many varieties, and has been 

responsible for the discarding of many promising seedlings which have 

out-yielded standard canes in early trials, but have lost vigour before 

reaching commercial status". It was first recognized in Queensland, 
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Australia as a specific disorder of sugarcane during the summer of 1944-

1945 when a number of fields of the variety Q28 produced extremely poor 

ratoon crops compared wi th adj acent ratoons of the same variety. All 

Q28 plants distributed from certain farms had produced these character­

istically poor ratoon crops. The only obvious symptom of RSD was a 

marked reduction in growth, particularly in the ratoon crop (Steindl, 

1950; Hughes and Steindl, 1955). 

RSD which was first recorded in South Africa in 1953 (Anon., 1960) con­

stitutes twenty to fifty per cent crop losses per annum (Anon., 1977; 

1980b) and is probably the country's most important disease of sugarcane. 

In fact, RSD has been recorded in most sugar-producing countries includ­

ing Antigua, Argentina, Australia, Bangladesh, Barbados, Brazil, British 

Honduras, Ceylon, Colombia, Cuba, Dominican Republic, Egypt, Ethiopia, 

Fiji, Guyana, Hawaii, India, Indonesia, Ivory Coast, Jamaica, Japan, 

Kenya, Malagasy Republic, Malawi, Malaysia, Mali, Mauritius, Mexico, 

Mozambique, Nicaragua, Peru, Philippines, Puerto Rico, Reunion, San 

Cristobal, St. Kitts and Nevis, South Africa, Taiwan, Tanzania, Thailand, 

Trinidad, Tobago, Uganda, United States of America, Venenzuela, Zaire and 

Zimbabwe (Abmed et al., 1979; Anon., 1972; 10, 1954; Navarette, 1960; 

Orian, 1954; Santos, 1972; Steib, 1972; Steindl, 1974; Todd, 1956; 

Wehlburg, 1956). The absence of records on sugar yield losses in many 

countries is often more a reflection on local staff work than any -indica­

tion that the disease is not present (Hughes, 1976). However, the effect 

of RSD on yield losses of some sugarcane varieties have been consistently 

recorded (Abbot and Zummo, 1962; King and Steindl, 1953; Koike, 1974; 

1977; 

1956; 

1980a; 

1957; 

1980b; 10pez-Roia and Andusar, 1970; Steib and Chilton, 

Steib and Forbes, 1960; Steib et al., 1967). A major 

problem encountered in studies on the distribution of RSD has been the 

difficulty in diagnosing the disease (Bechet, 1976). It is likely in 
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v~ew of the difficulty of identification, that it occurs everywhere that 

sugarcane is grown. Difficulty in diagnosis and continued failure to 

isolate the causal agent have contributed to its spread to most sugar­

cane growing areas (Early, 1975). 

2. Causal organ~sm 

The basic pre-requisite for control of any disease is isolation and 

correct characterization of the causal organism(s). Such information is 

also a pre-requisite for the selection of disease resistant sugarcane. 

When RSD was first detected in Queensland neither the causal agent of 

the disease had been isolated nor had it been observed in microscopic 

examinations of diseased plants (Mungomery, 1949; Steindl, 1949; 1950). 

In 1953, Steindl and Hughes, despite their negative results obtained with 

the electron microscope and based on their crude positive results 

obtained from immunizing experimental rabbits, concluded that RSD was 

caused by a virus. However, all attempts, to detect and characterize the 

virus of RSD by ultraviolet absorption, electrophoresis and serological 

and staining tests were unsucc~ssful, as were procedures to concentrate 

and purify it by differential centrifugation (Steindl, 1957). Despite 

the obscure identity of the causal agent, it was generally presumed to 

be caused by a virus or virus-like particles (Antoine, 1960; Edgerton, 

1958; Forbes and Ling, 1960; Gillaspie, 1970; 1971a; 1971b; 1974; 

Gillaspie et aZ., 1966; Hughes, 1960; 1962; 1964; Hughes and Steindl, 

1956; Hughes et aZ., 1961; 1967; Liu, 1963; Matsuoka, 1971; 1972; 

Roth and Whitehead, 1965; Singh, 1969; Steindl and Hughes, .1953; 

Wi sme r , 1971). 
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There were two definite claims of virus-like particles being associated 

with RSD. Firstly, Forbes and Ling (1960) detected particles of two 

average sizes, 31,9 nm and 73,3 nm diameter, in shadow-cast preparations 

of droplets of leaf juice from diseased cane. These particles were 

absent in healthy plants. The larger particles were thought to be by­

products of the disease, since they were also present in tomato plants 

infected with tobacco mosaic virus. The smaller particles were con­

sidered to be virus particles, s ~ce they approximated the size of 

several spherical viruses. However, electron micrographs of the part­

icles published by Forbes and Ling (1960) did not clearly reveal Vlrus 

particles and no attempt was made to show their infectivity (Teakle, 

1974). Secondly, Gillaspie et aZ. (1966) presented evidence of a part­

ially purified preparation containing spherical particles of a viral 

nature from RSD-infected sugarcane. They clarified and centrifuged 

stalk juice of sugarcane, and carried out density gradient centrifuga­

tion on the re suspended pellets. A density gradient band containing 

most of the surviving infectivity also contained the highest concentra~ 

tion of spherical particles and small contaminants. They concluded 

that they had isolated the infectious agent of RSD, which appeared to be 

a spherical virus of high nucleic acid content and undetermined size. 

In 1963, Liu reported the purification by differential centrifugation of 

a nucleoprotein associated with RSD of sugarcane. However, when lnocu­

lated into the cut ends of heat-treated healthy seed setts, this sub­

stance did not show infectivity. Therefore it was still uncertain 

whether or not the preparation was a Vlrus. Similarly, Hughes and 

Steindl (1955) found numerous small, roughly spherical particles in the 

juice of diseased stalks, but similar particles were also present in 

healthy stalks. 
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Further evidence implicating a virus as the causal agent of RSD of 

sugarcane included: 

(i) ' The report by Steindl and Teakle (1974) on the apparent 

ability of infectivity to pass through a bacteriological 

filter of pore size 0,1 ~m in one out of three tests. 

The claim by EI-Banna et al. (1967) implicating a virus 

seems unjustified since their pore size of 1,3 ~m was 

greater than the dimensions recorded for the RSD­

associated agent; 

(ii) The insensitivity of the agent to a number of anti­

biotic treatments (Gillaspie, 1970; Steib and Tantera, 

1970; Steindl and Teakle, 1974); and 

(iii) The inability to culture the agent in artificial media 

(Hughes and Steindl, 1955). 

The possibility that RSD was caused by a viroid, an uncoated ribonucleic 

acid 'virus' had been raised by Maramorosch et al. (1973). Although 

both viroids and the RSD agent were transmitted by knife wound and are 

readily sedimented during low speed centrifugation, they have many dis­

tinct differences, viz.: 

(i) Either 0,3 M sodium sulphite or 0,5 M dipotassium 

hydrogen phosphate was efficient in releasing viroids 

from association with host material, but these were 

ineffective with the RSD agent; 

(ii) Solvents such as chloroform did not affect the In-

fectivity of viroids but eliminated or greatly re­

duced the infectivity of the RSD agent; and 
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(iii) The sensitivity of the RSD agent to phenol extraction 

and insensitivity to RNAse ~ere other reactions which 

were different in viroids. 

Teakle (1974) therefore concluded that it was unlikely for the RSD agent 

to be a viroid. 

In 1972, Khurana suggested ~hat RSD might be caused by a complex of at 
~ 

least two pathogens, a virus and a mycoplasma-like organism. However, 

he advanced no evidence supporting this possibility. At the same time 

Plasvic-Banjac and Maramorosch (1972), us~ng the electron microscope, 

reported the presence of very small bacteria or mycoplasma-like bodies 

in sections of the xylem of internodes of old infected plants from 

Puerto-Rico, but not in those of healthy or young diseased plants. 

Following this report, Maramorosch et al. (1973) suggested that the 

xylem-invading microorganisms in the vessels resembled bacteria or 

rickettsiae. The microorganisms were reported to have a thin capsule, 

a distinct membrane, a ribosome-rich dense cytoplasm, and a central 

area of low intensity suggesting DNA filaments. The microorganisms in 

cross-section appeared to be rounded and of irregular size. The pres-

ence of a thin capsule or cell wall excluded the possibility that the 

RSD agent was a ~ycoplasrna-like organism. Previous evidence - (Gillaspie, 

1970; Steib and Tantera, 1970) on the ineffectiveness of tetracycline 

compounds on the infectious agent and on symptom expression indicated 

that a mycoplasma was not the causal agent. In addition, the presence 

of the RSD-associated microorganisms in the xylem only (Maramorosch 

et al., 1973) and their ready mechanical transmission (Davis et al., 1981) 

made it unlikely that a mycoplasma-like agent was responsible for RSD. 
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In 1973, Teakle et al. were able, by use of the electron microscope, to 

beam into focus cells of a small bacterium consistently present in nega­

tively stained fibrovascular sap extracts of diseased cane, but not of 

healthy cane. The bacterium was distinguished readily from other bac­

teria present by its small size (usually 1,0-2,5 ~m long by 0,15-0,32 ~m 

wide), the coryneform (club-shaped) morphology of some cells, and its 

permeability to negative stain revealing a thin cell wall surrounding a 

cytoplasmic membrane and coiled mesosom~s. Since the small bacterium 

was never observed in fibrovascular extracts of RSD-free sugarcane 

plants, it was suggested to be a possible cause of RSD. 

Other evidence consistent with the hypothesis that the agent causing RSD 

was a bacterium, and not a virus, was the ready sedimentation of RSD in­

fectivity by low speed centrifugation, the sensitivity of the RSD agent 

to organic solvents such as chloroform and butanol, and to metabolic 

poisons such as sodium azide, and the ready elimination of RSD by hot 

water treatment of sugarcane stalks for 2 to 3 hours at 50C (Gillaspie, 

1971b; Steirtdl, 1961). 

Concurrent with the reports of Teakle ~t al. (1973) and Maramorosch 

et al. (1973), Gillaspie et al. (1973) reported that the RSD of sugar­

cane could be diagnosed by examining xylem exudates or juice extracts by 

phase-contrast or dark-field microscopy for the presence of a small, 

thin, rod-shaped, sometimes bent bacterium (5-10 ~m by 0,3-0,5 ~m) that 

was consistently associated with the disease. However, this bacterium 

was much larger than , that reported by Teakle et al. (1973). 

These investigations were followed by numerous reports implicating a 

bacterium as the causal agent of RSD. Damann (1975) reported the pres­

ence of a small (1,3 urn by 0,25 ~m), mesosome containing, rod-shaped 
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bacterium as the possible causal organism of RSD. One ser1es of reports 

culminated in assigning Xanthomonas vascuZorum as the causal agent of 

RSD (Liu et aZ., 1974b). Another group implicated Xanthomonas aZbineans 

as the possible causal agent of RSD (Tokeshi et aZ., 1974). Other re­

ports implicating simply a bacterium as the causal agent included those 

by Anon. (1975; 1980a), Bailey (1976; 1979), Damann (1975; 1980), 

Damann et az' (1975), Gillaspie and Blizzard (1976), Hughes (1976), 

Kao and Damann (1978), Kao et aZ. (1980), Ricaud et aZ. (1977), Steib 

(1974) and Tejada and Damann (1978). Reports of a coryneform bacterium 

as the probable causal agent included publications by Chen et aZ. (1975), 

Damann and Derrick (1975), Gillaspie and Harris (1978), Gillaspie et aZ, 

(1976a; 1976b; 1981a; 1981b), Liu (1978), Liu et az' (1979), Ricaud 

et az' (1976), Rishi and Nath (1978), Teakle (1974), Teakle et aZ. (1979), 

Weaver et aZ. (1977) and Worley and Gillaspie (1975). That the RSD­

associated bacterium was the causal agent soon became widely accepted. 

The finding of the coryneform organism was regarded as a standard diag­

nostic test (Hughes, 1976) even though the bacterium had not been 1S0-

lated in axenic culture. However, Koch's postulates for the organism as 

the causal agent remained unfulfilled. 

In 1980, Nayiager et aZ. reported that sugarcane inoculated with one of 

their cultured bacteria produced symptoms characteristic of RSD. In 

culture the bacterium had all the morphological features so.far described 

for the "RSD-associated bacterium". They suggested that the unidentified 

bacterium reported to be consistently present in the vascular fluids of 

infected cane may be the causal agent of RSD. Concurrent with the afore­

mentioned investigation a coryneform bacterium from diseased sugarcane 

was isolated in axenic culture by Davis et az' (1980) using sugarcane 

(Se) medium which was specifically developed for the RSD bacterium. 

They claimed that it was the causal agent. The SC medium was used to 
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isolate the RSD-associated bacterium from sugarcane from the United 

States, Brazil, South Africa and Japan, and the isolates apparently 

readily incited RSD symptoms in susceptible sugarcane cultivars after 

inoculation. In addition, a bacterium from Bermuda grass from Taiwan, 

which morphologically, ultrastructurally, and serologically resembled 

the RSD bacterium, was isolated on the SC medium. The Bermuda grass 

bacterium incited stunting of Bermuda gtass but not of sugarcane (Davis 

I,) 

et al., 1981). 

Liao and Chen (198Ia; 1981b) described a method and medium for isolating 

and culturing the bacterium associated with RSD of sugarcane and Bermuda 

grass. The pathogenic role of cultured organisms in Sudan grass was 

demonstrated. Based on the ~n situ formation of micro colonies and the 

branching of cells, Kao and Damann (1978; 1980) proposed that the RSD 

bacterium was an actinomycete. Branching had also been occasionally 

observed by Nayiager et al. (1980), Ricaud and Autrey (1978) and Teakle 

et al. (1975a). Despite the steady stream of information that has 

accumulated over the last few years, the exact taxonomic status of the 

RSD coryneform bacterium has yet to be assigned. 

3. Symptoms and diagnosis 

Knowledge of the specific symptoms associated with RSD on different 

varieties of sugarcane is a pre-requisite for accurate diagnosis of the 

disease. Diagnostic methods for RSD have been considered unsatisfactory 

by most pathologists. 

The disease does not show any external symptoms except a non-specific 

stunting (Anon., 1977; 1980b; Edgerton, 1958; Hughes, 1976; Hughes 

and Steindl, 1955; Irvine, 1976; Kao and Damann, 1978; Liao and Chen, 
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1981a; Mayeux et al., 1979; Ricaud, 1974; Roth and Whitehead, 1965; 

Steindl, 1950; Steindl and Hughes, 1953; Teakle et al., 1973; Wiehe, 

1954) which is particularly marked under conditions of water stress 

(Hughes, 1976; Ricaud, 1974; Rossler, 1974; Roth and Whitehead, 1965; 

Steindl, 1950; 1961; Steindl and Hughes, 1953) but may be only' slight 

if irrigation is adequate (Thomson, 1960a; 1960b). The lack of visible 

external symptoms undoubtedly explains why the disease was not recognized 

in earlier years (Edgerton, 1958). In some countries, climatic condi­

tions causing severe water stress, are highly conducive to symptom 

expression and accentuate the effects of the disease. In such cases 

diagnosis may be easier. In others, where such marked effects are not 

encountered, the disease can be very insidious (Ricaud, 1974). The 

effects of RSD have been reported as greater in varieties with slower 

rates of water flow through the stalk, possibly because such varieties 

possessed fewer large xylem vessels than did resistant varieties (Teakle 

et al., 1975b). Greater numbers of bacteria in sensitive varieties 

might, therefore,be expected to aggravate further the effects of the 

disease. It should be noted that stunting effects may also be caused by 

a number of other disorders, such as nematode infestation, or inadequate 

and uneven plant nutrition (Bechet, 1976). 

RSD has been considered for some time among the symptomless diseases 

until internal symptoms, which are of two types, were described (Anon., 

1960; 1972; 1975; 1977; 1980b; Antoine,1956; Artschwager, 1960; 

Bechet, 1976; 'Early, 1975; Gillaspie, 1970; Hughes, 1956; 1960; 

1964; 1976; Hughes and Steindl, 1955; 1956; Liao and Chen 1981a; 

Maramorosch et al., 1973 ; Ricaud, 1974 ; Roth and Whitehead, 1965; 

Schexnayder, 1960; Steib et aL, 1956; Steindl, 1950; 1961; Steindl 

and Hughes, 1953; Teakle et aL, 1973; Wiehe, 1954). One type con-

sisted of a nodal discolouration (which varied through yellow, pink, 
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orange, red to reddish brown in different varieties) of individual vas­

cular bundles in mature cane. The other was a general pink, or pale 

strawberry-icing colour, throughout the upper nodes of very young cane. 

According to Hughes (1976) internal discolourations were not entirely 

satisfactory for diagnosis since bundles in mature nodes may be dis­

coloured nonspecifically from other causes. Similar symptoms may result 

from a number of other diseases such as gumming, leaf scald and chloro­

tic streak. Symptoms of Fusari~ stem rot, red rot or borer damage may 

obscure RSD symptoms normally seen in mature cane (Ricaud, 1974). 

Absence of the symptoms is no proof of absence of the disease (Abbot, 

1960). 

It would appear that several factors may affect the expression of macro­

scopic symptoms of the disease, for example, varietal characteristics, 

climatic conditions, physiological status of the plant and the presence 

of other diseases (Ricaud, 1974). For these reasons macroscopic 

symptoms 1n the diagnosis of RSD are quite unreliable under certain con­

ditions and special methods have been developed. These include chemical 

assays, the use of indicator plants, microscopical examinations and 

serological approaches. The use of serology, which constitutes an in­

tegral part of this dissertation, shall be considered in the next 

section. 

(a) Chemical assays 

Numerous attempts to develop chemical test~ for the precise and accurate 

diagnosis of RSD have been made. In 1956 Parish found differences 

between healthy and diseased plants in investigations involving paper 

chromatographic analysis of amino acids. This study was followed by 
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Fife and Stokes (1959) who found that the concentration of aspartic 

acid, glutamic acid, serine, glycine, threonine, citrulline and at least 

one other amino acid as yet unidentified, was higher in the leaves of 

RSD infected plants than in the leaves of healthy plants. However, 

further studies were necessary to evaluate the efficiency of paper chro­

matography as a means of identifying sugarcane plants that were infected 

with RSD. 

In 1957, Farrar found that slices of cane tissue from the periphery of 

the mature basal nodes of healthy plants developed a blue-green colour 

in the parenchyma around vascular bundles when treated with hydrogen 

peroxide and hydrochloric acid. This colour did not develop in diseased 

canes. 

The development of a histochemical test involving the reduction of 

2,3,5-triphenyl tetrazolium chloride showed some promise in the diag­

nosis of RSD (Antoine, 1958; 1960). Cane discs were sampled in a 

standardised way from nodal tissues and placed in a 0,5% solution of 

salt at 35C. The red colour, developing as a result of reduction of the 

salt to formazan, was extracted from the discs with acetone for colori­

metric determination. Diseased canes were found to consistently develop 

a deeper red colour than healthy ones. This test was in agreement with 

the observation of mature stalk symptoms. However, the method had 

certain limitations in that it was applicable only to mature cane, it 

did not work with certain varieties and no absolute values could be 

obtained for healthy and diseased canes. 

In 1965, Roth and Whitehead reported a test involving silver nitrate and 

ammonia or potassium hydroxide, in which fibrovascular bundles in 

diseased stalks were stained red. However, the physiological status of 
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the plant interfered with the test which was found unreliable with young 

cane. 

All chemical assays described were lacking in reliability, accuracy and 

reproducibility. A basic difficulty in the acceptance of chemical tests 

as aids in diagnosis was that they could not be any more accurate than 

the criterion of performance upon which they were based. 

r~ 

(b) Indicator plants 

The lack of a suitable diagnostic method has been a serious handicap in 

determining the occurrence of RSD as well as Ln the advancement of re­

lated phytopathological studies. Investigators have, over the decades, 

attempted the traditional method of inoculating indicator plants for the 

diagnosis of RSD. Certain investigators have attempted to discover 

suitable indicator plants other than sugarcane varieties (Hughes and 

Steindl, 1956; Steib and Forbes, 1957; Steindl, 1957; Wehlburg, 

1956). These included tomato, zinnia, Nicotiana gZutinosa, eggplant, 

maLze, sorghum, sweet Sudan grass, Johnson grass, corn and various other 

gramLneae. 

Until recently, the best indicator plant has been sugarcane itself. In- · 

oculation followed by observation of symptoms in the young shoots that 

develop from them, has been used successfully by many workers. Certain 

varieties have been especially preferred for this technique, for example 

Q28 (Hughes and Steindl, 1955; Steindl, 1961; Steindl and Teakle, 

1974), CP 36-105 (Schexnayder, 1960), CP 44-101 (Gillaspie et aZ., 

1966) and CO 421 (Singh, 1969). The difficulty of this method was that 

some plants inoculated with a low dose of bacteria may not show symptoms 

despite successful infection (Ricaud, 1974). 
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In 1960, Schexnayder described the most refined technique for the above 

method of diagnosis. One-eyed buds of variety CP 36-105, from which RSD 

had been eliminated after four cycles of hot air treatment, were inocu­

lated by dipping in infected juice. Symptoms were examined ten weeks 

after germination, followed by growth under conditions of low fertility, 

low water and restricted root development in steamed soil. 

Inoculation was successful ~n 98,5 per cent of cuttings and symptoms 

were shown by 100 per cent of the infected ones. In 1966, Gillaspie 

et aZ. who used variety CP 44-101 and grew inoculated cuttings in vermi­

culite, found that symptoms developed in four to six weeks with the 

above technique. In 1976 Bechet found that of seven varieties tested, 

only CP 44-101 gave fairly good results. However, this occurred only 

when it was grown outside the glasshouse, in the shade and particularly 

during the winter months. Although juvenile symptoms were sometimes 

clear, they were not suitable for rapid and reliable diagnosis of RSD 

because they were unpredictable and transitory (Bechet, 1976). 

Studies in Brazil (Matsuoka, 1971; 1972) have yielded successful results 

with varieties and hybrids of elephant grass (Pennisetum purpureum) when 

used as uprights (Benda, 1969; 1971). The shoots were inoculated by 

cutting the spindle with a knife dipped in infected juice, some of which 

was poured over the cut surface. The technique had the following 

advantages: 

(i) Elephant grass plants could be raised from seeds, thus 

facilitating the supply of disease (virus)-free plants; 

(ii) They could also be propagated by cutting with the 

advantage of permitting clonal selection of types more 

suitable for the test; 
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(iii) The plants were easLer to grow than sugarcane; 

(iv) They required less glasshouse space; and 

(v) Elephant grass was very susceptible to the causal 

agent and the symptoms shown by indicator plants 

were conspicuous, easy to recognize and appeared 

within a short while. 

~ In Australia good results were obtained with bana grass, hybrids of 

P. purpureum and P. americanum (Steindl and Teakle, 1974). Inoculation 

of napier grass (P. purpureum) Ln South Africa has been unsuccessful, 

only inconspicuous and very pale symptoms being observed (Bechet, 1976). 

However, results obtained from a series of tests with clones of bana 

grass used as uprights proved very promising (Bechet, 1976). 

Recently Gillaspie et al. (1981a) reported the results of their patho­

genicity testing by inoculating diagnostic hosts of RSD with their 

bacterium. Suspensions of bacteria from cultures were adjusted to 

similar concentrations in infected cane based on turbidity measurements 

and were used as inoculum. No indication of bacterial concentrations were 

given. Pathogenicity was established by the development of juvenile and 

mature nodal symptoms in sugarcane variety CP 44-101 and the characteristic 

wilting of sorghum-sudan grass hybrid NB 2808 uprights. All isolates pro­

duced symptoms in CP 44-101 and in NB 280S, and all attempts at reisolation 

from these plants were successful. 

(c) Microscopy 

One of the problems associated with the control of RSD has been the time 

involved in making a positive identification of affected cane at an 

early stage. Identification by symptoms in affected cane may be unreli-
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able, but takes only about one minute. The other methods are usually 

reliable, but may take several months for the indicator caneQ28, and 

several weeks for the elephant grass. 

The use of light, phase contrast, dark- field, scanning electron and 

transmission electron microscopy has proved very useful for positive 

diagnosis and may take up to one hour only. Growing evidence of the 
.~ 

consistency of the association of a bacterium with RSD 's trongly indi-

cates a bacterial etiology of RSD, and also indicates the possibility of 

rapid RSD diagnosis (Gillasp,ie et ale, 1973; Teakle et al., 1975a). 

Light microscopic examinations of concentrated stalk extracts, exudates 

and tissue diffusates have revealed a bacterium in situ within the xylem 

elements of sugarcane (Bailey, 1976; Gillaspie et al., 1973; Ricaud 

et al., 1975; 1976). However, carefule.xaminationof samples under 

the microscope was required even though the bacterium was easily -.-

distinguished from other contaminants. If none of the diagnostic bac-

teria were found, it was necessary to exam~ne several samples of Ju~ce 

before diagnosing the cane as free of RSD. Apart from problems due to 

low numbers of bacteria in some varieties, and in young tissues, two 

other sources of error in identification of the RSD bacterium by light 

microscopy appeared possible. Contamination of tissue diffusates by 

saprophytic bacteria occurred rapidly but could largely be prevented by 

aseptic technique, the maintenance of low temperatures during processing 

and storage of preparations, and the avoidance of any delay before 

observation. The diffusate technique also readily extracted other vas-

cular bacterial inhabitants, such as Xant homonas spp., and any sapro~ 

phytic colonising bacteria. Care ~n the selection of material for pro-

cessing and the use of fresh samples aided in preventing confusion with 

other bacterial and fungal inhabitants. However, with experience the 
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slender form of the RSD bacterium could, with little difficulty, be dis­

tinguished from other bacteria that were likely to be present (Bailey, 

1976). 

Diagnosis by means of dark-field microscopy (Chen et al., 1975; 

Gillaspie et al., 1973; 1974a; 1974b; Liao and Chen, 1981b; Ricaud 

et al., 1976) and phase contrast microscopy (Anon., 1979a; Bailey, 1976; 

1977; Chen et al., 1975; Gillaspie et al., 1973; Kao and Damann, 1978; 

Ricaud et al., 1976; Rishi and Nath, 1978; Steindl, 1976) has proved 

useful as confirmatory aids, but cannot confidently be used as the sole 

methods of diagnosis in very young cane. The RSD-associated micro­

organism can be distinguished easily from other bacterial contaminants 

by dark-field microscopy because of its characteristic shape and fili­

form morphology. Bailey (1976) found that the associated organism was 

observed with ease by phase contrast microscopy in diffusate preparations 

from mature stalk tissues of a wide range of varieties affected by RSD, 

provided that the preparations were adequately concentrated before 

examination. Phase contrast microscopy has also proved to be potentially 

useful as an impr9ved method for screening sugarcane for resistance to 

RSD injury. The method was found to be rapid and yielded bacterial 

counts which correlated with clones resistant or susceptible to RSD Ln­

jury (Gillaspie et al., 1976a). Steindl (1976) found that phase con­

trast microscopy provided a rapid and satisfactory diagnosis for RSD Ln 

mature cane stalks when field identification was in doubt. In 1973, 

Gillaspie et al. found that phase contrast and dark-field microscopy 

were generally more accessible than electron microscopy, as well as being 

faster and easier. However, some limitations in the use of phase con­

trast examination of diffusates from young cane were apparent, as prep­

arations from very young tissue were found to contain only a few bacteria 

in a confusing multiparticulate background (Bailey, 1976). 
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The electron microscope, which has a far greater magnifying and resolv­

~ng power than the light microscope, has recently been used for the de­

tection of the RSD-associated organism in sugarcane. In 1960, Forbes 

and Ling were able, by use of the electron microscope, to detect 

definite particles in juice from plants, affected by RSD. In 1972, 

Plasvic-Banjac and Maramorosch, on electron microscopical examination 

of sections of ratoon stunted cane, observed the presence of pleomorphic 

bodies which resembled small bacteria in the xylem. This finding was 

subsequently followed by numerous investigations in which the electron 

microscope provided the probe for detection and diagnosis (Bailey, 1977; 

Chen et al., 1978; Kaiser and Ramos, 1980; Liu et al., 1974a; 

Maramorosch et al., 1973; Nayiager et al., 1980; Ricaud et al., 1975; 

1976; Rishi and Nath, 1978; Teakle et al., 1973; 1975a; 1979). Scan­

ning electron microscopy was shown to be an extraordinary tool for the 

observation of the RSD-associated bacterium in situ, primarily because 

of its utility in viewing large areas of the specimen and revealing the 

three dimensional structure (Kao and Damann, 1980). The previous use of 

transmission electron microscopy (Kamiunten and Wakimoto, 1976; 

Maramorosch et aZ., 1973; Weaver et aZ., 1977; Worley and Gillaspie, 

1975) for the study of this organism apparently did not allow observa­

tion of microcolonies and long branching filaments in situ. In general 

diagnosis by electron microscopy is relatively rapid but requires expen­

sive equipment and highly skilled technicians (Steindl and Teakle, 1974). 

4. Control 

In v~ew of the econom~c importance of sugarcane, effective control of 

the causative agent of RSD is necessary. Although there are numerous 

"gaps in our knowledge of RSD, sufficient information is available for 

recommendations to be made for its control in commercial cane plantings. 
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Over the past three decades, a number of control procedures were advo­

cated in an attempt to reduce crop losses. 

The most important control measures involved the use of disease-free 

planting material (Egan, 1980; Steindl, 1950;Steindl and Hughes, 

1953) and the production of healthy seed cane (Anon., 1977; 1980b; 

Hughes and Steindl, 1955). The sterilization of cane knives and 

harvester blades was considered particularly important as a means of 

preventing mechanical transmission of the organism when cutting seed­

cane fields or nurseries (Anon., 1977; 1980b; Early, 1975; Hughes 

and Steindl, 1955; Martin and Conant, 1939; Steindl, 1950; Steindl 

and Hughes, 1953). 

Ideally, effective control of any disease would involve the substitution 

of susceptible varieties by resistant ones (Martin and Conant, 1939; 

Roth and Whitehead, 1965). The use of resistant varieties for the con­

trol of RSD does not offer as much hope of success as it did with such 

diseases as gumm~ng and downy mildew (Steindl and Hughes, 1953). In 1971, 

Wismer reported the production of resistant clones, but these were not 

suitable for commercial use, and the author was not aware of the existence 

of any resistant commercial variety. There was considerable variation ~n 

the tolerance of commercial clones, some of which suffered only small 

losses with the expressiQn of obscure symptoms. Such varieties may have 

some merit, but on the other hand, they could be a source of infection 

for more susceptible varieties, since growers would not realise that they 

were diseased and would disregard the necessary control measures. There­

fore, the control of the disease by resistant varieties should not be en­

couraged. According to Hughes (1976) it appeared to be impossible to 

breed resistance to ratoon stunting into commercial cane. 
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Thermotherapy, using hot water (Anon., 1960; 1968; 1975; 1977; 

1979a; 1980a; Antoine, 1956; Benda, 1972; 1974; 1975; Bourne, 

1963; 

1980; 

Cifuentes et al., 1975; da Silva, 1974; Edgerton, 1958; Egan, 

Hoarau, 1969; Hughes et al., 1967; Hughes and Steindl, 1956; 

Liu et al., 1963; Martin and Conant, 1939; Mungomery, 1953; Pollock, 

1955; Schexnayder, 1956a; 1956b; Steindl, 1950; Steib and Chilton, 

1960; Thomson, 1960a; Wiehe, 1"954)-and hot air (Anon~, i9.80c; 

Antoine, 1956; Chu et al., 1960; Chu and Lee, 1969; Cifuentes et al. , 

1975; Edgerton, 1958; Hughes and Steindl, 1955; Robinson, 1960; 

Schexnayder, 1956a; 1956b; Steib et al., 1956; Steib and Chilton, 

1960; Steindl, 1950; Tantera and Steib, 1972; Thomson, 1971) has been 

the standard treatment of controlling RSD for the past three decades. 

The low thermal capacity of air makes it difficult to get a quick 

temperature rise and efficient heat transfer. Hot water is effective 

but has a debilitating effect on germination of young cane setts (Mayeux 

et al., 1979). Hot-air treatment was used extensively in Louisana and 

to a lesser extent in other sugar producing countries. It gave excel­

lent results when properly controlled, but the accurate control of 

temperature in a hot-air oven was more difficult than in a water tank, 

and, in addition, the procedure was time consuming. However, better 

germination was obtained with succulent immature cane than with the hot 

water treatment. The hot water treatment is used in a majority of 

countries where a very cold winter does not necessitate the use of 

immature cane for treatment. In Australia the standard practice is to 

subject whole stalks to a hot water treatment of 50C for three hours. 

Various combinations of time and temperature within the range of one to 

three hours at 50C to 52C have been used in a number of countries usually 

with a high degree of control (Steindl, 1974). Whether whole stalks or 

setts are treated depended on the method of planting (Benda, 1975). 



- 23 -

According to Antoine (1956) the hot water treatment was preferred as it 

appeared that it was easier in practice to obtain a good temperature 

distribution in water than in air. Furthermore, stabilization of the 

medium at the treatment temperature was reached in water almost 

immediately after contact with the cane mass. This temperature control 

led to a more uniform treatment of all the setts. 

It has been reported that aerated steam could be effectively used for 

the control of RSD (Cifuentes et al., 1975; Cochran et al., 1975a; 

1975b; Damann and Derrick, 1976; Mayeux et al., 1979; Shukla et al., 

1974; 1979; Steib and Cifuentes, 1976). Aerated steam is defined as a 

mixture of air and steam. An appropriate mixture is obtained by adding 

steam to re circulating air to bring it up to the desired temperature. 

Aerated steam has heat transfer properties approaching that of water, 

yet does not exhibit the harmful effect of tissue softening. It has the 

simplicity of hot air without its harmful effects - slow heat rise and 

desiccation of setts. The success of thermotherapy in sugarcane is de­

pendent upon maintaining a precise temperature. To maintain a temper­

ature sufficient to inactivate the bacteria yet not lower the germina­

tion percentage requires a precision of 0,55C (Mayeux et al., 1979). 

Field tests showed that germination of cane treated in the commercial 

design by Mayeux et al. (1979) was not adversely affected and RSD was 

controlled by a four hour treatment at 52C. Compared to hot air, treat­

ment time and cost was reduced by as much as 50 per cent and 75 per cent 

respectively. The large cost reduction was attributed to mechanical 

handling of the sugarcane and to the fact that there was no need to 

de trash the cane before treatment. In comparison to hot water, aerated 

steam had the big advantage of not requiring a large quantity of steam 

or electricity, and it did not injure young cane as severely as hot 
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water. 

Some measure of success in the control -of RSD stems from the fact that 

clean seed can be obtained, aerated steam is highly effective, and that 

natural spread from field to field, or even within a field is compara­

tively slow. 

B) SEROLOGY IN PLANT PATHOLOGY 

Problems in the control of plant bacterial diseases are la~gely due to 

difficulties in identifying the pathogens. Therefore, there is a need 

for the development of effective and rapid methods for identification of 

plant pathogenic bacteria. Much of this increased need for rapid 

identification is a result of an increased international trade and move­

ment of plant propagative materials coupled with the economic importance 

of certain crops. According to Schaad (1979), biochemical and physio­

logical tests which were routinely used to identify plant pathogenic 

bacteria were not entirely satisfactory since they were often compli­

cated, difficult to interpret, and required weeks or months to complete. 

In addition, not all strains of each organism gave the same results. 

The use of serology for identifying bacteria is almost as old as the 

science of plant pathology itself (Schaad, 1979). Many medically 

important bacteria are routinely identified by serological tests. The 

ability of medical bacteriologists to provide quick and accurate sero­

logical identification of bacteria indicated a similar potential for 

identification of plant pathogenic bacteria. However, an understanding 

of the mechanisms of serology (antigen-antibody interaction) ~s neces­

sary for an adequate interpretation of serological tests. 
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Serology is an extremely valuable tool ln molecular biology and is the 

science of reactions, preparations and use of sera. Serological tech­

niques are presently used for purification, determination of structure 

and function, and identification of specific compounds. Studies of 

antigen-antibody reactions constitute the methods of serology. An anti­

gen is a substance that elicits a specific immune response when intro­

duced into the tissues of an animal. The response may consist of immuno­

globulin (Ig) production, cell mediated immunity or immunologic tolerance. 

Antiserum is the fundamental reagent of serology and provides great versa­

tility and high specificity. The antigen-antibody reaction results ln 

the formation of a three-dimensional lattice in which the antigen and 

antibody alternate. This reaction can be observed microscopically by 

immunofluorescence or visually as precipitations which require several 

hours, or even days, depending upon the conditions. Precipitation is 

the final visible result of a serologic reaction. Agglutination lS 

similar to precipitation except that the antigen is particulate. 

The need for a rapid and accurate tech~ique applicable to mass screening 

of sugarcane propagating material cannot be overemphasized. As already 

mentioned, the use of indicator plants is relatively accurate but re­

quires three to six weeks. Although identification by phase contrast 

and electron ~croscopy requires little time and is rapid and sensitive, 

the technology involved severely limits the number of samples that can 

be examined, and the expensive equipment limits the usefulness of these 

methods of screening at most research stations. 

The successful application of a serological method for RSD would simp­

lify diagnosis. Numerous attempts in the past to obtain an antiserum 

to the RSD agent with infected sugarcane as a source of antigen have 

failed (Steindl, 1961). In an attempt to permit utilization of rapid 
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and inexpensive serological relationships between the bacterium and 

other organisms an antiserum has eventually been produced (Brlansky 

et aZ" 1982; Gillaspie, 1978a; 1978b; Harris and Gillaspie, 1978; 

Oellermann et aZ., 1981). 

Gillaspie (1978b) found that the microagglutination test was not applic-

able for the diagnosis of RSD in raw sugarcane juice from diseased 

if.; 

plants because of the low bacterial concentration. However, the method 

could be used for screening samples if they were concentrated, but the 

centrifugation required would limit the number of samples handled at any 

one time. The microagglutination test used for the Mauritian isolate 

M438/59 against the antiserum produced by Gillaspie (1978b) was also 

found to be negative (Anon., '1979b). Gillaspie et aL (1979) showed by 

use of microagglutination tests that the RSD-associated bacteria found 

in Australia, Brazil, Japan, South Africa and the United States of 

America were closely related serologically. 

In 1977 Damann et aZ. found that serologically specific electron m1cro-

scopy (SSEM) was a technique that did not require concentration of 

the RSD bacterium for bacterial detection. The technique was reported 

to be more powerful than quick dip electron microscopy and was used to 

diagnose RSD. The quantitative aspects of the SSEM assay for the RSD 

bacterium have not yet been determined. However, this technique has 

already been used, in conjunction with symptoms, to evaluate a number of 

aerated-steam heat-treatment regimes for RSD control. The SSEM assay 

was also reported to have potential in screening progeny for resistance 

in a breeding program. The technique could also be used to recognize 

the RSD bacterium in culture. According ' to Gillaspie (1978b), it is con-

ceivable that the morphology of the bacterium changes or that pathogeni-

city may be lost in culture leaving only SSEM or other serological 
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methods for recognition. However, the crucial limitation of SSEM is that 

it is an expensive serodiagnostic method for RSD (Derrick and Brlansky, 

1976) . 

Failure to find a method for lysing the RSD-associated bacterium pre-

vented the use of immunodiffusion tests. The bacterium was not degraded 

by sonication, pyrrolidine or enzyme treatments (Gillaspie, 1978a). In 

1980, Davis et al. demonstrated serological reactions of sugarcane and 

Bermuda grass isolates in gel double diffusion tests using cells of iso-

lates disrupted by a French press as antigen against antisera to the in-

tact cells. 

The indirect fluorescent antibody technique, uSlng antiserum specific 

for the RSD-associated bacterium, was used to diagnose RSD of sugarcane 

(Harris and Gillaspie, 1978). This test was found to be lOO-fold more 

sensitive as a diagnostic technique than phase contrast microscopy and 

was an excellent supplemental method. However, success in application 

of the indirect method of staining depended greatly on the specificity 

of the antisera produced. Gillaspie and Harris (1978), also tested 

microagglutination and bentonite flocculation as possible methods for 

diagnosis, but neither of these was sensitive enough to show a positive 

reaction with infectious crude juice, even with the presence of a re-

7 -3 
latively high concentration of bacteria (2 x 10 bacteria.cm ). In 

1979, Gillaspie et aZ. found that isolates from Egypt, Japan, Pakistan, 

South Africa and the United States of America gave a positive reaction 

with their antiserum by the indirect fluorescent antibody method. This 

antiserum was also used in an indirect fluorescent antibody staining 

test to identify isolates (Davis et al., 1980). tn 1982, Brlansky et al. 

found that the RSD-associated bacterium could be detected by immuno-

fluorescence using tetramethylrhodamine isothiocyanate (TRITe) for con-
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jugation instead of the conventional fluorescein isothiocyanate (FITC) 

labelled antiserum. They reported that FITC labelled antiserum was not 

useful since xylem vessels autofluoresced at the same wavelength as 

fluorescein. This technique was reported as being potentially useful ~n 

locating bacteria in various areas of plants, screening tissue for the 

presence of bacteria prior to preparation for electron microscopy, and 

in following the movement of bacteria within a plant. 

The enzyme-linked immunosorbent assay (ELlS A) has been successfully used 

since 1971 for the detection and study of several different pathogens 

causing diseases of humans and animals and since 1976 in the detection 

of plant pathogens (Clark and Adams, 1977; Voller et at., 1976). In 

plants emphasis has been on virus detection. Recently, ELISA has been 

reported for the detection of bacteria (Cambra and Lopez, 1977; Claflin 

and Uyemoto, 1978; Kishinevsky and Bar-Joseph, 1978; Kishinevsky and 

Gurful, 1980; Morley and Jones, 1980; Nome et at., 1980; Olsen et at., 

1983; Weaver and Guthrie, 1978) and more recently on the xylem-limited 

fastidious bacteria of ratoon stunted sugarcane (Gillaspie et at., 1979; 

Gillaspie and Harris, 1979; Oellermann and Pillay, 1983). Gillaspie 

and Harris (1979), found that ELISA had several limitations. These in­

cluded low sensi tivi ty, high background absorption and inconsistept re­

sults. In addition they found that neither alkaline phosphatase nor 

horse-radish peroxidase was suitable for conjugation. 

However, such difficulties have prompted the author of this dissertation 

to pursue this "elusive creature". Focus on the morphology of the RSD­

associated organism, attempts to characterize its constituent membranes 

and various methods of detection of the organism were examined. 
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11. MATERIALS AND METHODS 

A) ISOLATION OF BACTERIUM FROM SUGARCANE 

Healthy and naturally diseased sugarcane of the varieties N53/216 and 

N55/205 were provided by the South African Sugar Association Experiment 

Station, Mt. Edgecombe. The sugarcane had been established in 1976 and 

was in its third ratoon year. All sugarcane with RSD showed typical 

reddening of the vascular bundles at the nodal regions. 

The bacteria were isolated from the fibrovascular sap extracts and from 

stern diffusates. The fibrovascular sap extract was obtained using the 

suction method described by Teakle et al. (1973). The extract was 

centrifuged at 14 000 g for 30 min. The supernatant was decanted except 

for a few drops which were used to resuspend the pellet for examination 

by light and electron microscopy, and for culturing. 

Stern diffusates were obtained by transferring aseptically, pieces of 

sugarcane stern approximately 10 mm long and 2-3 mm wide, to test tubes 

containing modified White's (1963) tissue culture medium (Table I). The 

tubes were incubated at 26C under aerobic conditions, until growth, in­

dicated by turbidity, was visible. Turbidity was usually observed after 

36-48 h incubation. Subcultures were made onto agar medium using the 

pour-plate and streak-plate techniques to obtain pure cultures. Healthy 

and diseased sugarcane were subjected to identical procedures. 

The isolated bacteria were routinely inoculated into 2-litre Erlenmeyer 

flasks containing I litre modified White's tissue culture medium and in­

cubated in a Gallenkamp orbital incubator at 26C for 48 h at a shaking 

speed of 5. Smears were then prepared for light microscopy by heat 
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fixing followed by staining with crystal violet for 30 seconds before 

being examined for contaminants at a magnification of 400x us~ng a Nikon 

light m~c~oscope. The bacteria were pelleted at la 000 g for la m~n and 

were used for membrane isolation. 

TABLE 1. Modified White's tissue culture medium (1963) 

Mineral stock solution* 100 ml 

Vitamin stock solution** 10 ml 

FeS04·7HZO 0,0025 g 

H3B03 0,0015 g 

ZnS04· 7HZO 0,0015 g 

MnS04·4H2O 0,0045 g 

Yeast extract 0,25 g 

Malt extract 0,5 g 

Sucrose 5,0 g 

Arginine 20 mg 

Bacto agar 15 g 

Made up to one litre with distilled water and filter sterilized - pH 6,8 

*Mineral stock solution: Ca(N03)Z.4HZO Zg; MgS04 .7HZO Zg; Na2S04 
Zg; KN0

3 
0,8g; NaHZP04 .HZO 0,165g; 

(NH4)ZS04 5g; NaZM04 .ZHZO O,OZ g; 

dissolved in one litre distilled water. 

**Vitamin stock solution: Pyridoxine 10mg; biotin 0, Img; thiamine 50mg; 

calcium pantothenate 50mg; vitamin BIZ O,Zmg; 

nicotinic acid 50mg; dissolved in one litre 

distilled water. 
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B) PREPARATION OF MEMBRANES 

Two day old cultures were pelleted by centrifugation in a Sorvall SS-3 

automatic superspeed centrifuge in a GSA rotor at 10 000 g for 10 m~n. 

The pellet was resuspended ~n 30% (w/w) sucrose-la mM Tris-HCl buffer 

pH 8 at 4C. Three volumes 2,5 mM EDTA-IO mM Tris-HCI buffer pH 8 and 

10-2 volumes of aqueous lysozyme (final concentration of 100 ~g.cm-3) 

were added while shaking at 4C. 

The suspension was warmed at 40C for 2 m~n and then transferred to a 

shaking waterbath at 30C where plasmolysis was completed after an in-

cub at ion period of at least 30 min. MgS0
4

, DNase and RNase were added 

to final concentrations of 20 mM, 100 
-1 -1 

~g.ml and 50 ~g.ml respect-

ively and the suspension incubated at 37C for IS min ~n a Memmert water-

bath. The suspension was then sonicated using the DAWE soniprobe (Type 

1130 A) at 6 amperes for 60 seconds at 4C. 

After centrifugation at 10 000 g for 10 m~n to remove rema~n~ng intact 

bacteria (pellet), the supernatant was centrifuged in a Beckman model 

L5-50 preparative ultracentrifuge using the type 65 rotor at 140 000 g 

(av) for I h at 4C. The supernatant was discarded and the crude mem-

brane pellet was suspended in 1 to 2 ml (depending on the size of the 

pellet) 25% (w/w) sucrose-l0 mM Tris-HCl buffer pH 8 and layered on to 

a 30-60% (w/w) sucrose gradient. The tubes were then centrifuged at 

144 000 g (av) for 16 h at 4C using a Beckman SW 40 Ti rotor. 

The gradient was fractionated into 0,3 ml fractions using an ISCO model 

640 density gradient fractionator and model UA-5 absorbance monitor. 

The densities of the recovered fractions were determined refractometric-
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ally using an Atago refractometer. Membrane fractions were pooled and 

pelleted at 140 000 g (av) for I h at 4C using the type 65 rotor. The 

pellets were resuspended in a ,minimal volume of 10 mM Tris-HCl buffer, 

pH 8 and stored at -20C. 

Further purification of the membrane fractions for analytical investiga­

tions was achieved by rerunning the pelleted fractions on 30-60% (w/w) 

sucrose density gradients after resuspension in 2,5 mM EDTA-IO mM Tris­

HCl buffer, pH 8, digestion with MgS04 ,DNase and RNase and centrifuga­

tion at 140 000 g (av) for I h at 4C. 

The following parameters were monitored to optimize conditions for maX1-

mum recovery of membrane fractions: 

EDTA ab s ence , 

lysozyme concentration, 

incubation temperature, 

incubation time, and 

refrigeration effects. 

C) PROTEIN DETERMINATION 

Protein was determined by the modified Lowry method described by 

Markwell et al. (1978) with bovine serum albumin (BSA) as standard. For 

the modification of the original procedure, stock solutions of reagent A 

contained 2,0% Na2C03 ,0,4% NaOH, 0,16% sodium tartrate and 1.,0% sodium 

dodecyl sulphate (SDS), and reagent B was 4,0% CuS0
4

.5H
2
0. These solu­

tions were stable indefinitely when stored at room temperature. On the 

day of use, Folin-Ciocalteu phenol reagent was diluted 1:1 with distilled 

water. 
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In the modified procedure, 100 parts of reagent A were mixed with 1 part 

of reagent B to form the alkaline copper reagent C. A sample volume of 

200 ~l (diluted, if necessary, with distilled water) containing protein, 

sucrose and EDTA was added to 600 ~l reagent C and incubated at room 

temperature for 10-20 min without change in the final absorbance. The 

samples were then mixed vigorously upon addition of 60 ~l of diluted 

phenol reagent and incubated for 45 min at room temperature. The absorb-

ance of the samples were read at 660 nm uS1ng the Beckman DU-8 spectro-

photometer. A standard curve was constructed using BSA. 

D) IMMUNIZATION 

A total of 28 black male v1rg1n rabbits, obtained from the Natal 

Institute of Immunology, Sarnia, were bled and selected for immunization 

as follows: 

Sera obtained from the collected blood were heated at 56C for 30 m1n to 

inactivate the normal complement present. Heat-inactivated serum from 

each rabbit was diluted in 10 mM Tris-HCl buffer, pH 8 (1:2) and was 

then tested with the intact RSD-bacteria for visible agglutination. Sera 

from three of the 28 rabbits exhibited visible agglutination on slides. 

These rabbits were excluded from the immunization programmes (Tables 2 

and 3). 

Six of the selected rabbits were immunized according to the schedule set 

out in Table 2. Three rabbits were injected with whole RSD-bacteria 

( 1 1 09 b . - -3) . h " 
x acter1a.cm W1t out an 011 adJuvant and three rabbits were 

injected wi th whole RSD-bacteria (1 x 10
9 bacteria. cm-3) in Freund's ' in-

complete oil adjuvant (Difco Laboratories, Michigan, U.S.A . ). 
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TABLE 2. Rabbi.t irrnnunization schedule with whole RSD':'bacteria 

DAY ANTIGEN DOSE (ml) ROUTE OF IMMUNIZATION 

1 1,0 I.M. 

15 1,0 1.M. 

21 I 1,0 1.M. 

0,5 1.M. 22 

24 0,5 1.M. 

26 0,5 1. V. 

29 1,0 1.M. 

Control bleeding (zero) was carried out on all 6 rabbits pr10r to 

irrnnunization. Secondary bleeding was carried out 7 days and 14 days 

after the final irrnnunization. The collected blood was processed and 

the sera obtained were frozen in 1 ml aliquots for use in the innnuno-

logical assays. 

Twelve of the selected rabbits were irrnnunized according to the schedule 

set out in Table 3. Four groups each comprising three rabbits were 1n-

jected with membrane fractions (I-IV) obtained from the RSD-bacteria 

with respective densities of 1,15 g.cm-3 , 1,18 g.cm-3 -3 
1 , 2 1 g . cm and 

-3 
1,24 g.cm · The fractions were emulsified in Freund's incomplete oil 

adjuvant. Control bleeding (zero) was carried out on all 12 rabbits 

prior to irrnnunization. Secondary bleeding was carried out 7 days and 

14 days after the final irrnnunization. The collected blood was processed 

and the sera obtained were frozen in 1 ml . aliquots for later use. 



- 35 -

TABLE 3. Rabbit immunization schedule with membrane fractions (I-IV) 

obtained from RSD-bacteria 

DAY ANTIGEN [PROTEIN].RABBIT- I ROUTE OF ADJUVANT 

DOSE (ml) (Vg) IMMUNIZATION 

... .- . : - - ,_ .. ..--. ,..-- -

I 1,0 lOO LM. YES 
~ 

15 I,D 100 LM. YES 

21 1,0 lOO LM. YES 

22 1,0 100 LM. YES 

24 I,D 150 LM. YES 

26 1,0 150 LV. NO 

29 1,0 100 LM. YES 

E) IMMUNOLOGICAL ASSAYS 

I. Microagglutination 

The microagglutination test for whole decomplemented serum was conducted 

by a standard procedure using viable suspensions of bacteria, at various 

concentrations, in physiological saline (0,85% NaCl). Serial dilutions 

of serum ~n saline were made for determination of the agglutination 

titres. An aliquot (50 pl) of each of the serial dilutions of serum was 

mixed with 50 1-11 of the live bacterial' suspension and incubated at room 

temperature (20-23C) for 30 min. 

Routine light microscope examination of a drop of the mixed test or 

control serum with antigen on slides was carried out on a Zeiss photo­

microscope using phase contrast illumination at a magnification of 100x. 
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Bacterial membrane fractions were similarly assessed. Appropriate 

controls were included in each assay. 

2. Immunofluorescence 

Intact bacteria and bacterial membrane fractions were prepared for 

immunofluorescence as follows: 0,1 ml of a predetermined concentration 

of intact bacteria or 0,1 ml of a predetermined protein concentration of 

the membrane fractions (I-IV) were each washed twice with phosphate 

buffered saline (pH 7,4) by centrifugation at 10 000 g for 15 min and 

140 000 g for 45 min respectively. A volume of 0,1 ml 1:5 diluted 

rabbit antiserum specific for the test organism or its membrane fractions 

or 0,1 ml control rabbit sera (1:5) was added to the appropriate tubes 

and vortexed. The tubes were incubated at 37C for 30 min. The mixtures 

were then washed twice with 5 ml PBS (pH 7,4) by centrifugation at 

20 000 g for 15 min to remove excess rabbit serum. 

The fluorescent probe was goat-antirabbit serum conjugated with 

fluorescein isothiocyanate (FITC; Miles-Yeda Ltd., Rehovot, Israel). 

The FITC conjugate was diluted (1:50) and 0,5 ml were applied to each 

tube. The mixtures were incubated at 37C for 30 mLn and then washed 

five times with PBS (pH 7,4) by centrifugation at 20 000 g for 10 min to 

remove unbound conjugate. Two ml glycerol - PBS (2: 1) were added to 

each tube, the samples placed on clean slides, air-dried and fixed in 

methanol for 2 min. Care was taken to prevent exposure of the FITC 

labelled material to light to reduce photodecomposition. A Nikon 

fluorescence microscope equipped with an FITC interference filter was 

used to examine the slides. An interference filter was necessary for 

unequivocally distinguishing scattered from emitted light. The samples 

were photographed at a magnification of 400x. 
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3. Enzyme-linked immunosorbent assay (ELISA) 

Isolation of IgG from antiserum against the intact RSD-B 

IgG was prepared from antiserum against the intact RSD-B by precipitation 

at room temperature (20-23C) with Na2S04 , made to 15% (w/v), for 20 min. 

After centrifugation at 1 500 g for 10 min the precipitate was redis­

solved in a volume of distilled water equal to the initial volume of 

serum and precipitation repeated twice. The final precipitate was dis­

solved in a minimal volume of distilled water and dialysed extensively 

(2 changes in 48 h) against distilled water at 4C. The resulting 

euglobulin precipitate was removed by centrifugation (1 500 g for 10 min) 

and the clear supernatant was lyophylised, its protein content determined 

and the lyophylisate stored at 4C. 

Production of horse~dish peroxidase (HRPO) - IgG conjugates 

Highly purified HRPO (EC 1.11.1.7; Sigma Chemical Co., St. Louis, Mo., 

U.S.A.) with RZ ~ 3,0 was linked to rabbit anti-RSD-B IgG as follows: 

(i) Ten mg HRPO was dissolved 1n 0,5 ml distilled water. 

(ii) Fifty microlitres freshly dissolved 0,2 M NaI04 were 

added, vortexed and left to stand for 20 min at room 

temperature. 

(iii) The HRPO-aldehyde solution was desalted as follows: 

A Sephadex G-25 M Pharmacia Column PD-I0 was 

equilibrated by flushing through 25 ml I mM 

CH3COONa (pH 4). 
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The activated HRPO-aldehyde solution was 

passed through the column, collected ~n a 

test tube, the volume measured and the concen-

tration of the HRPO determined. 

-3 
A volume containing 4 mg HRPO.cm was removed. 

Eight mg IgG isolated from antiserum against 

the intact RSD-B were dissolved in 0,5 ml 0,2 M 

Na
2

C0
3 

(pH 9,6). This was then added to the 

HRPO solution, vortexed and left to stand for 

2 h at room temperature. 

Fifty ml of 50% glycerol 1U 0,05 M Tris-O, 1 M 

NaCl buffer (TS), pH 8,0 were added to the HRPO-

IgG conjugate and stored at 4C. 

AntibodY coating of micr-otitre plates 

(i) Polystyrene microtitre plates (Dynatech 129B; T & C 

Scientific Supplies, Durban) were coated with anti-

RSD-B IgG dissolved in 0,5 M Na2C0
3 

buffer, pH 9,6, 

by dispensing 100 ~l of antibody solution into each 

well of the plate. 

(ii) This was incubated for 2 h at room temperature ln a 

mois t chamber. 

(iii) The coating solution was aspirated and the plate 

washed once with 500 ml TS containing 0,5% Tween 80 

buffer (TST). Plates were emptied by flicking out 

the contents after soaking for 3 min. 

(iv) The TST was rinsed off with 500 ml distilled water, 

flicked out, blotted and aspirated to remove any 

water remaining in the wells. The final drying was 



- 39 -

done under vacuum. 

(v) Coated plates were individually sealed in plastic 

bags and stored at 4C. 

ELISA technique 

Purified intact RSD-B was used throughout the experiment as the standard 

reference material. Serial dilutions of the reference material were made 

in TS and the antibody-HRPO conjugate was diluted in TS containing 

neutral (non-immunized) 5% (v/v) sheep and neutral 5% (v/v) rabbit sera 

before being assayed; the animal sera were necessary to neutralize 

heterophile antibovine IgG antibodies which are present in 70% of normal 

human sera (Foucard et al., 1975). 

(i) Fifty microlitres of standard or sample were added to 

the wells of a plate coated with anti-RSD-B. All . 

standards and samples were assayed in triplicate. 

(ii) The plate was incubated in a moist chamber at 45C for 

1 h. 

(iii) The contents of each well were flicked off, aspirated 

(avoiding carryover between wells), washed once with 

500 ml TST and left to soak for 3 min, flicked off 

aga~n, blotted and then aspirated once more. 

(iv) Fifty microlitres of anti-RSD-B-HRPO conjugate were 

added to the wells at timed intervals to complete 

the immune complex. 

(v) The plate was then incubated at 45C for 1 h, washed 

with TST as in (iii) above and dried. 

(vi) Fifty microlitres chromogenic substrate were added to 

each well at timed intervals. The colour was allowed 
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to develop 1n the dark for 30 min at room temperature 

(20-23C). 

(vii) The enzymi c reaction was stopped by the ,addition of 

100 ~l 1, 5 N HCl to each well at timed intervals. 

(viii) The intensity of colour developed in each well was 

measured at 492 nm using a colorimeter (Vitatron; 

T & C SC1entific Supplies, Durban) with an 80 ~l 

flow through cell (1 cm light path length). 

Chromogenic substrate was prepared from Borax (Na2B
4
0

7
.10H

2
0) (18,4 mM) 

0,70 g; succinic acid (30,5 mM) 40 mg; urea hydrogen peroxide (40 mM) 

40 mg; distilled water 100 ml. This ratio of borax and succinic acid 

should yield a pH of 5,0. Fine white particles present in the solution 

originate in the urea hydrogen peroxide and need not be removed. Because 

of the catalytic breakdown of H20
2 

by metals it is important that contact 

with metals be completely avoided during all steps of the assay and 

buffer salts used in the substrate should be of sufficient purity to 

avoid the development of high background colour. The purity of the 

hydrochloric acid used is particularly important because acid of low 

quality will also cause spurious colour development. 

NOTE: The ELISA technique consisted of several sequential steps, all 

of which were necessary for the formation of an enzymatically 

active immune complex. Optimal conditions of conjugate and 

coating antibody concentrations were determined for each step 

of each assay. 

4. Immunodiffusion 

Ouchterlony (1948) double immunodiffusion was performed on 50 mm petri 

dishes (Sterilin Ltd., Middlesex, England) containing 5 ml 0,5% Agarose 
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(Miles Laboratories Pty. Ltd.) in Barbitone buffer (0,058 M Sodium 

Barbitone - 0,03 M Barbituric acid, pH 8,2). 

Thirty micro litres antisera (zero or secondary bleedings) obtained 

against the intact bacterium or 30 ~l each of the four membrane fractions 

were placed in the centre wells (3 mm in diameter). An equal volume of 

the crude membrane or the antisera (zero or secondary bleedings) against 

the four membrane fractions was placed in the surrounding wells. 

Although some precipitin bands appeared overnight, the gels were kept at 

room temperature in a humidity chamber (Frost Instruments, Ltd.) for 

3-10 days for complete precipitin arc development. The gels were viewed 

on a light box. 

After 10 days the gels were washed in 0,0 r M saline. solution for 1 h, 

soaked overnight in saline and then washed twice using distilled water. 

The gels were then stained in 0,003% Coomassie blue solution for 10 h 

and destained 1n a 10% glacial acetic acid solution. The destained gels 

were photographed using a Nikon camera. 

F) COMPOSITION AND STRUCTURE 

1. Sodium dodecyl sUlphate polyacrylamide gel electrophoresis 

Protein composition of the crude membrane and membrane fractions was 

determined on 12,5% gels according to Laemmli and Favre (1973) with an 

acrylamide / N, N'-methylenebisacrylamide ratio of 7,8:1. 



- 42 -

Samples for electrophoresis were first treated at 100C for 5 min in a 

buffer containing 62,5 mM Tris-hydrochloride pH 6,8, 2% SDS, 10% 

glycerol and 5% 2-mercaptoethanol. 

Electrophoresis was carried out in a buffer consisting of 0,025 M Tris­

hydrochloride pH 8,3,0,192 M glycine and 0,1% SDS at 100 mA for 

approximately 4 h with a Desaga (Heidelberg, Germany) vertical slab gel 

electrophoresis unit. 

Gels were stained in 0,003% Coomassie blue over a period of 16 hand 

destained in a 10% glac i al acetic acid solution. Protein molecular 

weight standards were phosphorylase b (94 000), albumin (67 000), 

ovalbumin (43 000), carbonic anyhydrase (30 000), trypsin inhibitor 

(20 100), and ~-lactalbumin (14 400). 

The destained gels were scanned on a Beckman DU-8 spectrophotometer and 

the molecular weights of the samples determined. 

2. Electron microscopy 

(a) Negative staining 

Electron microscopic observations were carried out on a Phillips EM 

Model 301. Negative staining was carr i ed out by mixing approximately 

0,1 ml of the bacterial suspension with an equal volume of a 0,5% 

solution of sodium phosphotungstate, pH 6,5-7,0, for 10-40 seconds. A 

drop of this suspension was then placed on a carbon coated grid and the 

excess moisture was removed by touching the edge of the grid with filter 

paper. 
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(b) Ultramicrotomy 

Membrane samples were spun on a Sorvall SS-3 automatic superspeed 

centrifuge using the SS-34 rotor at 20 000 g for 10 min. The samples 

were washed twice with phosphate buffer (ph 7,2) and the supernatant 

decanted. 

The membrane pellets were fixed overnight in 3% glutaraldehyde ~n phos­

phate buffer (ph 7,2) at 4C and then washed twice in phosphate buffer 

(ph 7,2) by centrifugation at 20 000 g for 10 min. 

Pellets were then post-fixed in 2% Os04 in phosphate buffer (pH 7,2) and 

twice in distilled water at 20 000 g for 10 min. The pellets were then 

embedded in ionagar and carefully cut into mm3 blocks which were 

stained in 2% uranyl acetate (aqueous) for 20 min. 

Dehydration was effected through a graded series of alcohol as follows: 

25% 2 x 15 m~n 

50% 2 x 15 m~n 

75% 2 x 15 m~n .... left overnight 

100% 2 x 30 mLn 

An equal quantity of resin and 100% alcohol was added and this was left 

to stand at room temperature for 6 h. Resin, equal ~n volume to the 

contents of the tube was added, covered and left at 4C for 48 h. The 

resin was then removed, fresh resin added and left at 4C for 4 h after 

which the resin was once again removed and the samples orientated in 

the beam capsules. Fresh resin was added to the capsules which were 

labelled. 
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Polymerization was carried out at 37C overnight. Thin sectioning was 

performed using the Reichert Om U3 ultramicrotome and the sections were 

stained in a saturated solution of uranyl acetate in 5% ethanol for 

5 min followed by staining in lead citrate for 15 m1n. The stained 

sections were observed using the Phillips Electron Microscope Model 

301. 
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Ill. RESULTS 

A) ISOLATION OF BACTERIUM FROM SUGARCANE 

The coryneform bacterium was isolated from sugarcane with RSD only and 

not from healthy cane. The modified White's medium supported growth of 

the RSD-associated bacteria for a sufficient length of time for the 

bacteria to be obtained in pure culture. - Viability of the isolates on 

modified White's agar medium was maintained by subculturing the bacteria 

every four to seven days. In modified White's broth medium, however, 

the organisms remained viable for periods of up to 14 days as observed 

by Nayiager et al. (1980). 
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Fig. 1. Light micrograph showing the morphology of the isolated 

bacterium in culture (x 1250). 

The bacterium was Gram-positive. The rods showed unevenly stained areas. 

In culture these rods were usually arranged in filaments and V, Sand L 
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forms (Fig. I). Club-like swellings, mesosomes and septa were produced 

by this organ~sm as described by Nayiager et al. (1980). Branched forms 

similar to those reported by Kao and Damann (1978) were also produced. 

The cultured bacterium measured 1,25-3,50 1Jffi in length by 0,25-0,45 lJm 

in diameter. 

B) PREPARATION OF MEMBRANES 

Serological identification is clearly mov~ng from an era of establishing 

the usefulness and value of serology for rapid identification to an era 

of establishing the antigenic structure of plant pathogenic bacteria. 

The preparation of immunologically cross reacting membrane fractions 

displaying antigens found on the surface of the intact bacterium will 

facilitate a detailed characterization of the RSD-bacterial surface 

antigens. This would consequently enhance the determination of the 

taxonomic status of the bacterium. 

Membranes were reproducibly isolated from the pelleted bacteria. A 

standard sucrose density curve using sucrose concentrations from 20 to 

70% (w/w) was constructed to determine the peak densities of the mem-

brane bands (Fig. 2). 

Upon isopycnic ultracentrifugation in sucrose gradients four membrane 

...;3 

bands (I-IV) with peak densities of 1,15, 1,18, 1,21 and 1,25 g.cm 

respectively were obtained (Fig. 3). In addition, a peak of soluble 

material (S) was observed at the top of the gradient. The highest yield 

was recorded for I followed by 11, IV, III and S. Recentrifugation of 

these membrane bands on sucrose density gradients resulted in all frac-

tions rebanding at their respective densities. Band 11 tended to pro-

duce small amounts of I, whilst bands III and IV produced small amounts 
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of I and 11 (Fig. 4). 
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To establish optimum conditions for the isolation of membranes, the in­

fluence of variation of the different parameters on relative membrane 

yields was examined. The membrane fractionation patterns were observed 

1n the absence and presence of EDTA (Table 4; Fig. 5). Relative yields 

of the membrane bands were poor in the absence of EDTA. The highest 

yield was recorded for I followed by S, 11, IV and Ill. The yield for 

the S fraction in the absence of EDTA was greater than in the presence 

of EDTA. Peak densities of all bands isolated under both conditions re­

mained unchanged. 

TABLE 4. Peak densities of membrane bands in the presence and absence 

of EDTA 

MEMBRANE 
PEAK DENSITY 

FRACTION + EDTA - EDTA 

S 1,108 1,109 

I 1,154 1,158 

Il 1,184 1,186 

III 1,208 1,209 

IV 1,254 1,257 
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Fig. 5. Isopycnic sucrose density gradient ' fractionation profiles of 

RSD-B crude membranes in the (i) presence and (ii) absence 
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The effect of varying lysozyme concentrations on membrane isolation was 

investigated (Table 5; Fig. 6). Yields of membrane bands I and 11 were 

satisfactory in the absence of lysozyme. The yield of band III was poor 

whilst band IV was almost absent. However, membrane yields improved 

-1 
when the lysozyme concentration was increased to 100 ~g.ml but steadily 

-1 
decreased as lysozyme concentrations were further increased to 400 ~g.ml • 

Optimum yields of membrane bands were recorded when the lysozyme concentra-

-1 
tion was ·100 ~g.ml 

TABLE 5. Peak densities of membrane fractions isolated after incubation 

with different lysozyme concentrations 

PEAK DENSITI 

MEMBRANE 
LYSOZYME CONCENTRATION (~g.ml-1) 

FRACTION 

0 50 100 200 400 

I 1,154 1,155 1,156 1,148 1,154 

Il 1,183 1,184 1,184 1,178 1,184 

III 1,206 1,207 1,207 1,202 1,208 

IV - 1,244 1,245 I ,241 1,243 
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Fig. 6. Isopycnic sucrose density gradient fractionation profiles of 

RSD-B crude_membranes at lysozime concentrations ~f 

(i) 0 ]Jg.ml 1, (ii) 50 ]Jg.ml-, (iii) 100 ]Jg.ml 1, 

(i v) 200 pg-. ml -1 and (v) 400 ]Jg. ml -1 (0 -- 0 = dens i ty 

of sucrose gradient). 

Table 6 and Fig. 7 indicate the effect of varying incubation periods on 

membrane isolation after lysozyme addition. Lengthening the period of 

incubation appeared to improve membrane yields. The yield of band III 

increased as the incubation period increased from 15 min to 120 min. 

Optimum membrane yields were recorded when the incubation period was 

30 min. The peak densities of all bands remained unchanged after the 

different incubation periods. 
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TABLE 6. Peak densities of membrane bands after different periods of 

incubation 

PEAK DENSITY 

MEMBRANE 
INCUBATION PERIOD Cmin} 

l'MCTION 

15 30 
, 

60 120 

S 1,10 I 1,107 1,104 1',103 

I 1,150 1,153 1,152 1,151 

Il 1,179 1,182 1,181 1,180 

III 1,203 1,207 1,205 1,204 

IV 1,250 1,255 1,253 1,252 
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Fig, 7. Isopycnic sucrose density gradient fractionation profiles of 

RSD-B crude membranes after incubation periods of 

(i) 15 min, (ii) 30 min, (iii) 60 min and (iv) 120 min 

( ... ... = density of sucrose gradient). 

Various combinations of incubation temperatures after EDTA and lysozyme 

addition as well as after DNase, RNase and MgS0
4 

addition were monitored 

to determine the optimal incubation temperatures for RSD-B membrane iso-

lation (Tables 7 and 8; Fig. 8). The relative yields of th~ S fraction 

and IV at the lower incubation temperatures were high and decreased as 

temperature increased whilst the relative yield of I improved as the ~n-

cubation temperature was raised. Optimum yields of all bands were 

achieved using the 30-37C incubation temperature combination (Fig. 8D). 

Recovery of I was poor at OC whilst the S peak was almost non-existent. 
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.TABLE 7. Optimization of incubation temperature on membrane isolation 

INCUBATION TEMPERATURE (C) 
MEMBRANE 

SAMPLE AFTER EDTA AND LYSOZYME AFTER DNase, RNase AND 

ADDITION MgS04 ADDITION 

A 20 20 

B 20 37 

C 30 30 

D 30 37 

E 37 37 

F 0 37 

TABLE , 8. Peak densities of membrane bands at different incubation 

temperatures 

MEMBRANE 
PEAK DENSITY OF MEMBRANE SAMPLES 

FRACTION 
A B C D E F 

S 1,103 1,103 1,104 1,108 - -
I 1,160 1,154 1,158 1,154 1,148 1,152 

II 1,184 1,184 1,188 1,1 84 1,180 1 ,176 

III 1, 21 0 1,210 1,2 15 1,208 1, 200 ·1,204 

IV 1,262 1,254 1, 256 1,256 1,240 1, 244 
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Fig. 8. Isopycnic sucrose density gradient fractionation profiles of 
RSD-B crude membranes at varying incubation temperature 
combinations as indicated in Table 7 ([:] I!l = density of 
sucrose gradient). 
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The effect of refrigeration on RSD-B crude membrane samples before 

sucrose density gradient centrifugation was also investigated (Table 9; 

Fig. 9). It was found that refrigeration did not affect the yields of 

the membrane bands upon isolation. In fact, the yields of membrane bands 

11 and III were improved. 

TABLE 9. Peak density of membrane fractions isolated without refrigera-

MEMBRANE 

FRACTION 

S 

I 

II 

III 

IV 

(i) 

o co 
.[" 

tion and after refrigeration (4C, 96 h) 

PEAK DENSITY 

- REFRIGERATION + REFRIGERATION 

1,108 1 , 113 

1,154 1,155 

1,184 1,181 

1,208 1,201 

1,254 1,262 

1,30 

1,25 

10 20 30 40 50 

FRACTION NUMBER 
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(ii) 

10 20 30 40 50 

FRACTION NUMBER 

Fig. 9. Isopycnic sucrose density gradient fractionation profiles of RSD-B 
crude membranes (i) without refrigeration and (ii) after refrig­
eration at 4C for 96 h (0-- <:) = density of sucrose gradient). 

C) PROTEIN DETERMINATION 

Determination of the protein content was necessary 1n order to establish 

the volumes of membrane fractions required for irmnunization, analysis by 

SDS-PAGE and for serological analysis. The standard curve for protein 

determination using the modified Lowry procedure (Markwell et al., 1978) 

is indicated in Fig. 10 in which the absorbance values of varying BSA 

concentrations at 660 nm are shown. Protein determination of the mem-

brane bands was carried out uS1ng the linear portion of the graph only. 

-1 
Protein concentrations of up to 16 ~g.~l could thus be accurately 

determined. The protein content of the membrane samples assayed is 1n-

dicated in Table 10. 
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16 20 24 

Fig. 10. Standard protein curve at 660 nm for vary1ng BSA concentra­
tions. 

TABLE 10. Protein concentration of membrane samples assayed at 660 nm 

MEMBRANE SAMPLE (PROTEIN] -1 
(l-lg.l-l£ ) 

S 0,67 

I 3,20 

Il 2,86 

III 1 ,51 

IV 2,47 

CRUDE 5,94 
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Using the results in Table 10, the protein concentration for immunization 

was adjusted to 100 ~g or 150 ~g per volume injected per rabbit. The 

samples prepared for SDS-PAGE were also adjusted to equate the protein 

concentrations of all the membrane bands assayed so that the volumes 

applied to the gel bed were the same. 

D) IMMUNOLOGICAL ASSAYS 

Assays using the intact cultured RSD-associated bacterium and the mem­

brane bands I-IV included microagglutination, immunofluorescence, ELISA 

and immunodiffusion. Each assay was evaluated for its simplicity, speed, 

sensitivity and application. 

1. Whole bacterium 

(a) Microagglutination 

The serum from the rabbits immunized with the intact RSD-B was tested 

for antibody activity using the slide agglutination test. The titre of 

the antiserum to the RSD-associated bacterium is indicated in Table 11. 

No agglutination was detected for the serum obtained from the zero bleed-

ing for all the rabbits except one. Slight agglutination was observed 

for a serum dilution of 1:2 and an antigen concentration of 

1 x 10
10 

cells.ml- 1 for this rabbit. The agglutination titre (850), as 

detected by phase contrast microscopy, was reasonably high for the anti­

serum produced against the intact bacterium injected with an adjuvant. 

When the dilution of antiserum was increased further, agglutination was 

no longer evident. The -agglutinating strength (indicated by 0 to 5+) of 

the antiserum decreased progressively as the antigen dilution increased. 
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TABLE 11. Slide agglutination test for antibodies in anti-whole RSD-B 

rabbit serum 

[ANTIGEN] RECIPROCAL OF ANTISERUM DILUTION CONTROL SERUM 

-I 
(cells.ml ) DILUTION 

! 
UNDIL. TO IOj I 2 128 256 512 750 800 850 1000 

10 10 * 5+ 5+ 4+ 4+ 3+ 2+ 1+ 0 0 

109 5+ 4+ 3+ 3+ 2+ 1+ 0 0 0 

10
8 4+ 4+ 3+ 2+ 1+ ' 1+ 0 0 0 

10
7 3+ 3+ 2+ 1+ 1+ 0 0 0 0 

10
6 2+ 2+ 1+ \+ 0 0 0 0 0 

10
5 2+ 1+ 0 0 0 0 0 0 0 

10
4 1+ 0 0 0 0 0 0 0 0 

103 0 0 0 0 0 0 0 0 0 

*0-5+: indicates strength of agglutination. 

Agglutination was recorded as positive (+) when 50% or more of the cells 

in groups of 10 or more were observed (Fig. 11). The lowest antigen 

4 -I concentration at which agglutination was detected was I x 10 cells.ml . 

An agglutination titre of 1:512 was recorded for the antigen produced 

against the intact bacterium injected without an adjuvant. The former 

antiserum was employed for the serological assays. 



(i) 

(ii) 

(iii) ' 

Fig. 11. 
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Agglutination of RSD-B 
antiserum as shown by 
(iii) test preparation 

by (i) negative control serum and 
(ii) unstained test preparation and 
stained with crystal violet. 
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(b) Immunofluorescence 

Specific fluorescence of the RSD-B was detected with its antiserum 

(Fig. 12). The control was negative. 

(i) 

(ii) 

Fig. 12. Immunofluorescence of RSD-B adsorbed to (i) its antiserum 

and (ii) the control serum. The fluorescent probe was FITe 

(Miles Yeda Ltd., Rehovot, Israel). 



- 69 -

8 -1 

TABLE 12. Degree of immunofluorescence of RSD-B (1 x 10 cells.ml ) 

at varying antiserum and FITe-conjugate dilutions 

FITC CONJUGATE 
CONTROL 

DILUTION RECIPROCAL TITRE OF ANTISERUM SERUM 

(RECIPROCAL) 
:!)ILUTION 

2 5 10 512 1024 2048 4096 UNDIL. TO 1000 

50 5+* 5+ 4+ 3+ 2+ 1+ 0 0 

100 4+ 3+ 3+ 2+ 1+ 0 0 0 

200 2+ 1+ 1+ J+ 0 0 0 0 

400 1+ 1+ 0 0 0 0 0 0 

800 0 0 0 0 0 0 0 0 

*0-5+: indicates intensity of immunofluorescence. 

Immunofluorescence of the bacterium was best observed at corresponding 

dilutions of 1:5 for the RSD-B antiserum and 1:50 for the FITe conju-

gate. The lowest antiserum concentration at which immunofluorescence 

was detected was 1:2048 at a corresponding FITe conjugate dilution of 

1:50. Varying degrees of immunofluorescence (indicated by 0-5+) were 

recorded for different antiserum dilutions (Tabl~ 12). 

(c) Enzyme-linked immunosorbent assay 

The sensitivity of ELISA is influenced by antibody coating concentration, 

conjugate concentration, conjugate diluent, antigen diluent, the washing 

procedure, incubation temperature for sample and conjugate, pH and time. 

The negative employed may influence the P/N* ratio. These variables need 
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to be carefully controlled at each stage of this immunoassay. The follow-

ing sets of results indicate attempts to optimize these variables for the 

RSD-associated bacterium. 

Coating of plates with anti-RSD-B antibody: A concentration of 

-1 
lOO ~g.ml of rabbit antibody was found to give an optimal coating of 

'capture' antibody (Tables 13 and 14). Plates coated at this antibody 

concentration retained full activity after three months at -20C. 

TABLE 13. Determination of optimum antibody coating concentration at 

varying antigen dilutions 

[ANTIGEN] ABSORBANCE UNITS AT VARYING ANTIBODY CONCENTRATIONS 

-1 
(cells.ml ) 

-1 
()lg. ml ) 

0 1 2 4 8 16 32 64 125 250 500 1000 

108 161 1248 1291 1367 1393 1402 1465 1468 1492 1480 1478 1479 

104 20 27 31 33 34 39 42 43 43 43 42 42 

102 13 21 29 31 33 34 34 34 35 35 34 34 

TS negative 22 26 27 27 26 26 25 23 23 23 24 24 
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TABLE 14. PiN ratios for different antibody coating concentrations at varying 

I 
I 

antigen dilutions 

[ANTIGEN] PiN RATIOS AT VARYING ANTIBODY COATING CONCENTRATIONS 

-1 
(cells.ml ) 

-1 
(lJg.ml ) 

1\ I . 2 4 8 16 32 (; . I I ,- ~ I ::'0':' I " -
oJ , -. I ,,,- .... -.JV IVVV 

108 ! 
7,3 48,0 47,8 50,6 53,6 53,9 58,6 63, 8 64,9 64,4 61,6 61,6 

10
4 

0,9 1,0 1 ,2 1 ,2 1,3 1 ,5 1,7 1,9 1,9 1,9 1,8 1,8 

10
2 

0,6 0,8 1 , 1 1 , 1 1 ,3 1 ,3 1,4 1 ,5 1,5 1 ,5 1,4 1,4 

*p/N = positive (P) absorbance units divided by absorbance units obtained for 
the negative (N). 

NOTE: (i) The conjugate dilution was 1/500 in 5% S + R* ~n TS; 

(ii) The antigen diluent was TS; and 

(iii) The plates were washed with TST. 

*S = neutral sheep serum; R = neutral rabbit serum. 

Conjugate concentration: The optimal conjugate concentration was defined 

as that which would yield the highest final colour development at an anti­

-1 body coating concentration of 100 lJg.ml A conjugate concentration of 

1/500 was found to be the optimum (Tables 15 and 16; Fig. 13). 
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TABLE 15. Determination of optimum conjugate concentration at varying 

antigen dilutions 

(ANTIGEN] ABSORBANCE UNITS AT VARYING 

-1 (cells.ml ) CONJUGATE CONCENTRATIONS 
.. , 

1/250 1/500 1/1000 1/1500 1/2000 J 
109 1580 1472 1179 526 469 

108 1584 1476 1186 528 476 

107 
604 592 420 213 199 

106 288 280 187 163 150 

105 128 114 94 85 79 

104 
64 58 38 33 30 

103 36 30 26 24 23 

TS negative 40 33 31 29 28 

TABLE 16. PiN ratios for different conjugate concentrations at varying 

antigen dilutions 

[ANTIGEN] PiN RATIOS AT VARYING 

-1 
(cells .ml ) CONJUGATE CONCENTRATIONS 

1/250 1/500 1/1000 1/1500 1/2000 

109 39,5 44,6 38,0 18,1 16,8 

108 
39,6 44,7 38,3 18,2 17,0 

107 15, 1 17,9 13,6 7,4 7,1 

106 
7,2 8,5 6,0 5,6 5,4 

105 
3,2 3,5 3,0 2,9 2,8 

104 
1 ,6 1 ,8 1,2 1,1 1 , 1 

103 0,9 0,9 0,8 0,8 0,8 
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Fig. 13. Absorbance profile of varying concentrations of RSD-B at con­jugate dilutions of 1/250 (A.--A.), 1/500 (0-0), 1/1000 
( ~ -- 8. ), 1/1500 (EJ---G), and 1/2000 (0······· 0) . 

NOTE: (i) -1 The antibody coating concentration was 100 ~g.ml 

anti-RSD-B; 

(ii) The conjugate diluent was 5% S + R Ln TS; 

(iii) The antigen diluent was TS; and 

(iv) The plates were washed with TST. 

Tables 17 and 18 show the results obtained for determination of the best 

conjugate and antigen diluents and the most suitable negative. The best 

conjugate diluent was S + R whilst the best antigen diluent was TS. TS 

also proved to be the most suitable negative. 
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TABLE 17. Determination of best conjugate and antigen diluents and best 

negative at varying concentrations of antigen 

[ANTIGEN] ABSORBANCE UNITS 

-1 (cells .ml ) 
CONJUGATE IN 5% R CONJUGATE IN 5% S CONJUGATE IN 5% S+R 

and 

NEGATIVES ,AJJ""T"t;'.., T'\TT TTT,t·T.,.. '''""'T,.,t'~1 r'TT 1'''" .... ,... ANTIGEN DILUENT 

TS R I 1: S+R TS R S S+R* TS* R S S+R 

109 1198 847 876 985 1154 1039 962 764 1399 807 729 684 

108 1216 804 883 997 1169 1041 956 761 1406 822 722 637 

107 490 258 249 129 301 175 241 129 1392 97 159 142 

106 111 32 41 28 84 63 51 40 257 28 20 19 

105 28 23 34 24 39 40 39 39 43 18 19 17 

104 18 13 21 15 33 23 29 29 27 13 18 15 

103 10 3 10 8 25 16 19 20 8 4 10 5 

TS 14 - - - 27 - - - 9 - - -

5% R in TS - 8 - - - 20 - - - 8 - -
5% S in TS - - 11 - - - 30 - - - 11 -
5% S+R in TS - - - 10 - - - 28 - - - 14 

*Absorbance profiles are illustrated for these sets of results (Fig. 14). 

TABLE 18. PIN ratios for vary1ng antigen concentrations subjected to different 

antigen and conjugate diluents 

[ANTIGEN] PIN RATIOS 

-1 (cells.ml ) 
CONJUGATE IN 5% R CONJUGATE IN 5% S CONJUGATE I N 5% S+R 

ANTIGEN DILUENT ANTIGEN DILUENT ANTIGEN DILUENT 

TS R S S+F TS R S S+R TS R S S+R 

109 85,6 105,9 79,6 98,5 42,7 52 ,0 32,1 27,3 155,4 100,9 66,3 48,9 

108 86,9 100,5 80,3 99,7 43,3 52,1 31,9 27,2 156,2 102,8 65,6 45,5 

107 
35,0 32 , 3 22,6 12,9 11,2 8 ,8 8,0 4,6 154,7 12,1 14 ,5 10,1 

106 
7,9 4,0 3,7 2,8 3,1 3, 2 1,7 1,4 28,6 3,5 1,8 1,4 

105 
2,0 2,9 3,1 2,4 1,4 2,0 1,3 1,4 4 , 8 2,3 1, 7 1,2 

104 1,3 1,6 1,9 1,5 1,2 1,2 1,0 1,0 3 ,0 1, 6 1,6 1,1 

10 3 0,7 0,4 0,9 0,8 0,9 0,8 0,6 0,7 0,9 0,5 0,9 0,4 
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Fig. 14. Absorbance profiles of varying concentrations of RSD-B sub­jected to S + R conjugate diluent, TS antigen diluent and TS negative (0-0) and S conjugate diluent, S + R antigen diluent and S + R -negative ( [!]---I!J ) . 

NOTE: (i) The antibody coating concentration 100 
-1 was llg.ml 

anti-RSD-B; 

(ii) The conjugate dilution was 1/500; and 

(iii) The plates were washed with TST . 

The effects of overcoating coated plates was investigated (Tables 19 and 

20; Fig. 15). -1 Coating of plates was achieved by applying 100 llg.ml 

-1 anti-RSD-B IgG whilst overcoating was achieved by applying 100 llg.ml 

BSA on the coated plate for 1 h at RT in a moist chamber. Uncoated 

plates were also included. Results indicate that the need for coating 

was essential. Overcoating of coated plates did not improve the 

sensitivity of the assay. 
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TABLE 19. Absorbance values for different antigen concentrations on 

plates not coated, coated and overcoated 

[ANTIGEN] ABSORBANCE UNITS 

-1 (cells.ml ) 
UNCOATED COATED OVERCOATED 

PLATES PT A'T''t:'C' nT ~...,..~ ..... 
. --~ 

109 68 ~~?1 1437 

108 70 1423 1441 

107 35 1418 1440 

106 18 292 288 

10
5 18 41 33 

104 17 28 32 

103 15 20 25 

TS negative 16 21 27 

, 

TABLE 20. PiN ratios for different antigen concentrations on plates 

not coated, coated and overcoated 

[ANTIGEN] PIN RATIOS 

-1 (cells.ml ) 
UNCOATED COATED OVERCOATED 

PLATES PLATES PLATES 

109 4,3 67,7 53,2 

108 4,4 67,8 53,4 

107 2,2 67,5 53,3 

106 1,1 13,9 10,7 

105 1,1 2,0 1,2 

104 1,1 1,3 1,2 

103 0,9 1,0 0,9 
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Fig. 15. Absorbance profile for different antigen concentrations on 
plates not coated ( 0··.· .. 0 ), coated (0-0 ) and over­
coated ([!] -- ill) . 

NOTE: (i) The conjugate dilution was 1/500 Ln 5% S + R Ln TS; 

(ii) The antigen diluent was TS; 

(iii) All the plates were washed with TST. 

The washing procedure adopted influenced the sensitivity of the assay. 

Procedures . employed included washing with TS, TST and centrifugation of 

coated plates followed by washing with TST. These procedures were tested 

on coated plates (Tables 21 and 22; Fig. 16) as well as overcoated plates 

(Tables 23 and 24; Fig. 17). On coated plates, the ELISA test was 

more sensitive when the plates were washed with TST as opposed to TS 

alone. Centrifugation followed by washing with TST yielded the lowest PiN 

ratios on both coated and overcoated plates. The sensitivity of the assay 

on overcoated plates washed with either TS or TST was the same. 
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TABLE 21. Absorbance values at varying antigen concentrations sub-

jected to different washing procedures 

[ANTIGENJ ABSORBANCE UNITS 

-1 
(cells .ml ) 

WASHING PROCEDURE 

; 
1::> TST CENTRIFUGATION + TST 

10Sl 1304 1421 1302 

108 1312 142.3 1310 

10
7 1300 1418 1305 

106 223 292 246 

105 51 41 41 

104 42 28 29 

103 31 20 25 
, 

TS negative 30 21 37 

TABLE 22. PIN ratios of vary1ng antigen concentrations subjected to 

different washing procedures 

[ANTIGEN] PIN RATIOS 

-1 (cells. ml ) 
WASHING PROCEDURE 

TS TST CENTRIFUGATION + TST 

109 43,5 67,7 35,2 

108 43,7 67,8 J5,4 

107 
43,3 67,5 35,3 

106 7,4 13,9 6,7 

105 
1,7 2.,0 1,1 

104 
1,4 1,3 0,8 

103 
1,0 1,0 0,7 
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Fig. 16. Absorbance profiles of varying antigen concentrations in 
plates coated with 100 llg.ml-- 1 anti-RSD-B IgG and washed 
with TS (EJ- -8 ), TST (0-0) and centrifugation + 
TST ( 8 •...... 0 ). 

NOTE: (i) The conjugate dilution was 1/500 in 5% S + R in TS; and 

(ii) The antigen diluent was TS. 
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TABLE 23. Absorbance values of vary~ng antigen concentrations sub-

jected to different washing procedures on plates overcoated 

with BSA 

[ANTIGEN] ABSORBANCE UNITS 

-1 _. 
(cells.m! ) 

WASHING PROCEDURE 

TS TST CENTRIFUGATION + TST 

109 1119 1437 1309 

108 1120 1441 1311 

107 1115 1440 1307 

106 185 288 239 

105 51 53 41 

104 37 32 38 

103 20 25 35 

TS negative 21 27 42 

TABLE 24. PIN ratios of vary~ng antigen concentrations subjected to 

different washing procedures on plates overcoated with BSA 

[ANTIGEN] PIN RATIOS 

-1 (cells.m! ) 
WASHING PROCEDURE 

TS TST CENTRIFUGATION + TST 

109 53,3 53,2 31,2 

108 53,3 53,4 31,2 

107 53,1 53,3 31,1 

106 8,8 10,7 5,7 

105 2,4 2,0 1,0 

104 1,8 1,2 0,9 

103 1,0 0,9 0,8 
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Fig. 17. Absorbance profiles of vary~ng antigen concentrations on 
plates overcoated with BSA and washed with TST (0--0) 
TS (0 ....... 0) and centrifugation + TST (8- -(;]). 

NOTE: (i) The conjugate dilution was 1/500 ~n 5% S + R ~n TS; and 

(ii) The antigen diluent was TS. 

The effect of an antibody coating period of 2 days opposed to 1 h for 

the adopted procedure was also investigated (Tables 25 and 26; Fig. 18). 

There was no decrease ~n absorbance when compared to the negative at an 

antigen concentration of 3 -1 x 10 cells.ml as was evident ~n all the 

other ELISA investigations (Tables 15, 17, 19, 21 and 23). The assay 

was very sensitive at the lower antigen concentrations. 
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TABLE 25. Absorbance values of varying antigen concentrations on 

plates subjected to a coating period of 2 days at RT 

[ANTIGEN] 
-1 

(cells.ml ) ABSORBANCE UNITS 

109 041 

108 1348 

107 1356 

106 323 

105 50 

104 21 

103 16 

TS negative 11 

TABLE 26. PiN ratios of vary1ng antigen concentrations on plates 

subjected to a coating period of 2 days at RT 

[ANTIGEN] 
-1 

(cells .ml ) PIN RATIOS 

109 121,9 

108 
122 ,5 

107 
123,3 

106 
29,4 

105 
4,6 

104 
1,9 

103 1,5 
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Fig. 18. Absorbance profile of varying antigen concentrations on plates 
subjected to a prolonged coating period. 

(i) coated with 100 
-1 

anti-RSD-B and NOTE: The plate was ~g.ml 

kept at RT in a moist chamber for 2 days; 

(ii) The conjugate dilution was 1/500 ~n 5% S + R ~n TS; 

(iii) The antigen diluent was TS; and 

(iv) The plates were washed with TST. 

Colour development: The final intensity of colour developed in this 

assay was found to be a function of the time and temperature at which 

the chromogenic substrate was allowed to react with the immobilized 

enzyme. Colour intensity was also controlled by conjugate concentration. 

In the assay reported here colour development was terminated after 30 m~n 

~n a dark container at RT. 



- 84 -

2. Membranes 

Membrane bands I to IV were used in microagglutination, immunofluore­

scence and immunodiffusion tests . Each test was evaluated and the 

serological relatedness of the membrane fractions w~s established. 

(a) Microagglutination 

Positive agglutination was recorded for all four membrane bands tested 

with the antiserum prepared against the intact bacterium (Fig. 19). 

The appropriate controls were negative. 

(i) 

(ii) 
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(iii) 

(iv) 

Fig. 19. Slide agglutination tests of membrane fractions (i) I, 
(ii) 11, (iii) III and (iv) IV tested with antiserum 
prepared against RSD-B. 



- 86 -

In addition, the agglutination pattern (indicated by 1+ to 4+) for each 

antigen by the antisera to membrane bands I (AI)' 11 (All)' III (AlII)' 

IV (A
IV

) and RSD-B (AB) were tested (Table 27). No agglutination was 

observed with the control sera. The agglutination titres recorded were 

relatively high when observed by phase contrast microscopy. Titres 

recorded were 1:1024 for membrane fraction I, 1:1000 for membrane 

fractions 11 and IV and 1 :750 for membrane fraction III when the 

-1 protein content of the membranes was adjusted to 3 ~g.ml . 

TABLE 27. Agglutination pattern of membrane and bacterial antigens 

by antisera to the respective membrane bands and the intact 

bacterium 

ANTISERUM 
ANTIGEN 

~ AI All AlII AIV 

I 3+* 4+ 2+ 2+ 1+ 

Il 2+ 2+ 3+ 1+ 1+ 

III 2+ 1+ 1+ 3+ 1+ 

IV 2+ 2+ 2+ 1+ 3+ 

RSD-B 3+ 2+ 2+ 1+ 1+ 

(1 x 9 ' -1 10 cells .ml ) 

*1+ to 4+ indicates strength of agglutination. 

Each membrane fraction was best agglutinated by its own antiserum and 

was stronger than against the intact bacterium. 
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(b) Immunofluorescence 

All membrane fractions tested against their own antiserum exhibited 

specific immunofluorescence (Fig. 20). The appropriate controls were 

negative. 

(i) 

(ii) 
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(iii) 

(iv) 

Fig. 20. Immunofluorescent stain of membranes of RSD-B tested with 

(i) AI' (ii) All' (iii) AlII and (iv) AIV ' 



- 89 -

Cross reactions of membrane bands tested by immunofluorescence showed 

all bands to be immunologically related (Table 28). The degrees of 

immunofluorescence of the membranes were found to be, in general, more 

intense than the immunofluorescence observed for the intact bacterium. 

Non-specific fluorescence detected in some of the controls appeared 

dull and was easily distinguished from the test . 

TABLE 28. Immunofluorescence intensities of RSD-B and membrane bands 

(I-IV) tested against all antisera produced 

ANTISERUM 

ANTIGEN 

~ AI All A
IU 

AIV 

RSD-B 3+* 2+ 2+ 1+ 2+ 

I 3+ 5+ 4+ 2+ 4+ 

Il 3+ 4+ 5+ 2+ 3+ 

IU 2+ 1+ 2+ 4+ 1+ 

IV 2+ 2+ 3+ 1+ 5+ 

*1+ to 5+ indicates intensity of immunofluorescence. 

(c) Immunodiffusion 

The results of the Ouchterlony immunodiffusion test are illustrated in 

Fig. 21. 
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(i) (ii) 

(iii) (iv) 

. ) 

(v) (vi) 

Fig. 21. Immunodiffusion tests of (i) membrane fractions I to IV and 
crude membranes (C) tested against AB; and antisera AI' All' 

AlII' AIV and AB tested against (ii) C, (iii) I, (iv) 11, 

(v) III and (vi) IV. 
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From Fig. 21(i) it ~s clearly evident that immunologically active 

membrane fractions (C, I-IV), which react with AB were obtained. The 

antigenic integrity of the bacterium is therefore maintained during the 

process of membrane isolation. In addition, the crude membrane (C) as 

well as the membrane fractions I-IV all reacted with the antisera 

produced against the individual membrane fractions (AI-AIV
). Positive 

results were not obtained for the appropriate controls included in the 

tescs. 

E) MORPHOLOGY AND COMPOSITION 

1. Whole bacterium 

(a) Electron m~croscopy 

Electron micrographs of the intact bacterium negatively stained for 

electron ffilcroscopy, revealed pleomorphic bacteria with mesosomes, 

septa and branching. The ends of the rod shaped bacteria were swollen 

(Fig. 22). 

Fig. 22. Electron micro graph of negatively stained bacteria showing 

mesosomes, septa, branching and swollen ends (x 45000). 
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Thin sections of the bacterium showed the presence of a distinct cell wall 

and cytoplasmic membrane (Fig. 23). 

Fig. 23. Electron micrograph of thin sections of RSD-B showing typical 

double-layered membrane structures (x 88000). 
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2. Membranes 

(a) Electron microscopy 

All membrane bands, negatively stained for electron microscopy, revealed 

morphologically similar vesicles (Fig. 24). Thus the electron micrograph 

for band I is shown only. 

Fig. 24. Vesicles of membrane band I negatively stained for electron 

microscopy (x 65000). 

Thin sections of the membranes revealed relatively pure membrane bands 

(Fig. 25). 
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(i) (H) 

(iii) (iv) 

Fig. 25. Electron micrographs of thin sections of membrane bands 
(i) I (x 46700), (ii) 11 (x 81400), (iii) III (x 111600) 
and (iv) (x 75000). 
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(b) Sodium dodecyl sulphate polyacrylamide gel electro-

phoresis 

The protein components of crude membranes and sucrose density gradient 

bands I-IV are illustrated in Fig. 26. The protein composition appeared 

remarkably similar for all membrane bands. A component of 146 kilo-

daltons (K) was evident in all fractions but was found to be a major 

component in fraction IV and also in the crude membranes. All fractions 

contained a number of similar components in the 40 K to 60 K size range 

and a small component of 15,76 K. 

94,0 
67,0 

43,0 

30,0 

20,1 

14,4 

Molecular mass (x 10-3) 

St C I Il III IV 

146,38 

65,10 

41,09 

15,76 

Fig. 26. Protein components of membrane bands I-IV, crude membrane (C) 
and protein standards (St). 
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DISCUSSION 

The severity of RSD and its econom1C implications require no further 

emphasis. Uncertainty governing the identity of the causal agent may 

be attributed to difficulty in identification owing to one or more of 

the following reasons: 

(i) Diagnosis is often difficult, either because 

symptoms are not clear or because RSD-like 

symptoms result from other causes; 

(ii) The long incubation periods in sugarcane 

makes research slow and tedious; and 

(iii) The inability to demonstrate readily the 

causal agent has probably led to a concep­

tual error that a virus is involved. 

Reports S1nce 1973 favour a bacterial etiology for RSD (Table 29). 

However, the exact taxonomic status of the bacterium remains unclari­

fied. 

The cultured, slender, pleomorphic, rod shaped bacteria containing septa 

and mesosomes that we observed were consistently present in the vascular 

fluids of RSD-infected sugarcane and correspond closely to the descrip­

tions of the "RSD-associated" bacterium reported by various workers 

(Bailey, 1976; Chen et aZ., 1975; Damann and Derrick, 1976; Gillaspie 

et aL, 1976a; 1981a; 1981b; Kaiser and Ramos, 1980; Liao and Chen, 

1981a; Nayiager et aZ., 1980; Ricaud et aZ., 1976; Rishi and Nath, 

1978). Morphological characteristics of our isolate in culture suggest 

their close relationship to the coryneform group of bacteria to which 

the RSD-associated bacterium has already been related (Table 29). 
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TABLE 29. Nature and dimensions of the organ~sm associated with 

ratoon stunting disease of sugarcane 

NATURE OF AGENT DIMENSIONS (\.Im) REFERENCE 

~----~, --~----------+----------
---

Bacterium/rickettsia-like 

Actinomycete 

I Xant homonas albineans 

, .~anthomonas vasaulorum 

Bacterium 

Bacterium 

Bacterium 

Coryneform bacterium 

Coryneform bacterium 

Coryneform bacterium 

Coryneform bacterium 

Coryneform bacterium 

Coryneform bacterium 

Coryneform bacterium 

Coryneform bacterium 

Coryneform bacterium 

Coryneform bacterium 

not reported 

not reported 

0,6 - ' 1,0 x 0,25-0,30 

1,0 - 1,5 x 0,4 -0,5 

1,3 x 0,25 

1,0 - 3,5 x 0,25 

1,0 - 2,6 x 0,13-0,26 

1,2 - 3,0 x 0,12-0,30 

1 - 4 x 0,25-0,50 

3 -10 x 0,3 -0,4 

5,0 -10,0 x 0,3 -0,5 

1,0 - 3,0 x 0,1 -0,3 

2 - 5 x 0,25-0,35 

1,43- 1,83 x 0,14-0,17 

1,0 - 6,0 x 0,2 -0,6 

1,9 - 3,2 x 0,15-0,30 

1,0 - 2,5 x 0,15-0,32 

Maramorosch et aL, 1973 

Kao and Damann, 1978; 1980 

Tokeshi et al., 1974 

Liu et al., 1~~~a : 

Damann, 1975 

Damann and Derrick, 1976 

Ricaud et al., 1976 

Chen et al., 1975 

Gillaspie et aL, 1981a; 1981b 

Gillaspie et al., 1976a 

Gillaspie et al., 1973; 1974b 

Worley and Gillaspie, 1975 

Kaiser and Ramos, 1980 

Liao and Chen, 1981a 

Liu, 1978 

Nayiager et aZ., 1980 

Rishi and Nath, 1978 

Teakle et aZ., 1973 

J 
1 

Apparent size differences of the coryneform bacterium (Table 29) may be 

attributed to one or more of the fol l owing reasons. It is possible that 

extreme pleomorphism in length exists with this bacterium and that the 

growth conditions of the bacterium in vivo as well as ,in vitro may con-

tribute to differences in size. Although the methods of preparing 

materials and the calibration of light and electron microscopes were 

not considered, they may contribute to discrepancies in size measurements. 

The possibility that differences could exist between organisms from 

different parts of the world should not be overlooked. 
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The problems connected with the diagnosis of RSD indicate that accurate 

diagnosis can be very difficult and necessitates a careful considera­

tion of all factors involved (Ricaud, 1974). Although electron micro­

scopy may serve a role in diagnosis, i ts degree of accuracy with 

respect to dimensions of the bacterium rema~ns dubious. This may be 

attributed to the methods used for observing and measuring the RSD­

associated bacterium. Although the method of electron microscopy 

employed by us may be used diagnostically, we make no claims that it 

indicates the true size of the RSD-associated bacterium. 

Isolation of the causal bacterium (Davis et aZ., 1980; Liao and Chen, 

1981a; 1981b; Nayiager et aZ., 1980) has made the production of 

relatively large quantities of bacteria possible. The successful pro­

duction of an antiserum against the causal bacterium (Brlansky et aZ. , 

1982; Gillaspie, 1978a; 1978b; Harris and Gillaspie, 1978; 

Oellermann et aZ., 1981) has been the first step towards a serological 

approach to diagnosis of RSD. We also produced an antiserum to the 

bacterium and went a step further by isolating the bacterial membranes 

determining their protein content and producing an antiserum against 

each membrane fraction. Electron micrographs of membrane fractions 

that we prepared revealed relatively pure membrane preparations as shown 

in Figs. 24 and 25. No morphological differences could be observed 

among these membranes. Negatively stained electron microscopy of 

membranes cannot be used diagnostically for RSD-B. It was observed that 

thin sections of these membranes possessed a distinct double layered 

structure typical of membranes. Other ultrastructural details were not 

obvious. One of the limiting factors governing electron microscopy as a 

tool for diagnosis is the expensive equipment required and the need for 
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highly skilled technicians (Steindl and Teakle, 1974). 

We found the immunological constitution of the causal bacterium to 

be important and that successful diagnosis could be achieved using an 

immunological approach. However, each immunological technique had its 

inherent advantages and disadvantages. Some methods were found to be 

advantageous over other methods in terms of specificity, speed, simpli­

city and sensitivity. A careful consideration of all factors governing 

a technique was necessary in order to successfully optimise the assay 

conditions. 

Membrane proteins have been reported to be highly immunogenic (Schaad, 

1979). The use of membranes in serological investigations should 

eventually show whether or not different strains of the coryneform 

bacterium causing RSD exi,st. Furthermore, the characterization of 

common antigens on isolates from the various sugarcane producing 

countries should facilitate the development of accurate, rapid and 

simple procedures for the early diagnosis of RSD. It is highly probable 

that these studies will eventually enhance investigations on the taxono­

mic status of this bacterium. 

The need for a gentl e method to lyse a bacterium is common to many areas 

of research in microbiology (Chassy and Giuffrida, 1980). According to 

reports published by Gillaspie (1978a) and Gillaspie e t al . (1979) it was 

not possible to degrade the bacterium by sonication, pyrrolidine or 

enzyme treatments. No attempts were made to optimise buffer, lysozyme 

or SDS concentrations to achieve lysis.. Neither was there any varia­

tion in incubation times nor temperatures. Following this Davis et al . 

(1980) published serological reactions of sugar cane and Bermuda grass 

isolates in ,gel double-diffusion tests using cells of isolates that had 
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been disrupted by passage through a French press. Details of this pro­

cedure remain unpublished. The method of membrane isolation for 

Escherichia coli used by Mizushima and Yamada (1975) was adapted for 

our bacterium. Lysis of the bacterium was easily achieved. Four immuno­

logically cross reacting membrane bands (I-IV) bearing antigens found on 

the surface of the intact bacterium were reproducibly obtained. 

The choice of buffers has probably been a major factor in determining the 

success of many attempted lysis experiments (Chassy and Giuffrida, 1980). 

We employed a dilute (10 mM) concentration of Tris buffer which has been 

reported to be superior to the buffer systems most commonly employed in 

published muramidase-based lysis techniques (Chassy and Giuffrida,1980). 

Based on experience with Gram-negative organisms, we have included EDTA 

(2,5 mM) ~n our lysozyme incubation buffer to weaken the cell wall to a 

point where it became susceptible to mechanical damage by lysozyme. It 

has been observed that the absence of EDTA resulted in satisfactory 

yields of the four bands (Fig. 5ii). However, the presence of EDTA 

improved yields of the bands and was necessary for the effective action 

of lysozyme. 

We found that increasing the concentration of lysozyme was not paTticu­

larly effective in increasing the extent of lysis (Table 5; Fig. 6). 

However, the presence of lysozyme was found to be absolutely necessary 

for effective lysis. Isolation of membranes in the absence of lysozyme 

(Fig. 6i) was poor • . Although increase in the amount of lysozyme did 

not proportionately increase the extent of lysis, lengthening the 

period of incubation improved lysis (Table 6; Fig. 7). In particular, 

the percentage recovery of band III increased. However, there was no 

change in the isolation profile and bands I to IV were always obtained. 

Caution should be exercised in exposure of cells to prolonged incuba-
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tion at temperatures greater than 30C because intracellular degradative 

changes are possible (Chassy and Giuffrida, 1980). 

Incubation of cells after EDTA and lysozyme addition at 30C, and after 

DNase, RNase and MgS0
4 

addition at 37C (Fig. 8D), proved to be the 

optimum temperatures for successful isolation of membranes. Although 

other combinations of temperatures (Figs. 8A, 8B, 8C, 8E and 8F) ~n­

dicate reasonable isolation patterns, the 30C-37C combination was best. 

It was observed that incubation in ice after EDTA and lysozyme addi­

tion (Fig. 8F) and the 37C-37C combinations (Fig. 8E) provided reason­

able yields of the membrane bands. However, the soluble band was 

absent ~n both these combinations. Refrigeration of the crude mem­

branes at 4C for 96 h did not alter the immunological integrity of 

the membranes. The isolation profile appeared normal (Fig. 9ii) and 

the percentage recovery of the fractions was good. 

The modified Lowry procedure (Markwell et al., 1978) of protein deter­

mination was used for the assay of membrane preparations. The applica­

tion of the Lowry procedure (Lowry et al., 1951), as routinely used for 

the assay of soluble proteins, to samples containing membranes or lipo­

protein requires extensive pretreatment of the sample for solubilization 

before analysis. In addition, sucrose and EDTA, common components of 

media used to isolate membrane fractions, interfere with protein deter­

mination by the Lowry procedure. The method of Markwell et al. (1978) 

which was modified by the addition of SDS ~n the alkali reagent and an 

increase in the amount of copper tartrate reagent allowed the method to 

be used with membrane preparations without prior solubilization and with 

samples containing sucrose and EDTA. 
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SDS-PAGE was used for the compositional analysis of the membrane proteins. 

The resolving power of electrophoresis in polyacrylamide gels was found to 

be considerably superior to that achieved with any other support medium in­

cluding agar (Anderton and Thorpe, 1980). The essential physical 

property which makes polyacrylamide the medium of choice was the limit-

ing pore S1ze of the gel. Its sieving effect on the movement of macro­

mOlecules and the reduction of diffusion together resulted in increased 

sharpness of bands. 

The protein composition was almost similar for all fractions separated 

with a few minor differences (Fig. 26). Four main components were eV1-

dent in all fractions, having molecular masses of 146 x 103 d, 65 x 103 d, 

41 x 103 d and 15,70 x 103 d. The highest molecular mass component was 

found to be in high percentage in fraction IV. The significance of these 

results requires further investigation . 

A number of factors may influence the qualitative results obtained in 

the compositional analysis of membrane proteins, viz.: 

(i) The method of isolating the membranes; 

(ii) The degree of cross linkage of the poly­

acrylamide; 

(iii) The duration of storage of the membrane 

preparation before disaggregation by SDS; 

proteolytic enzymes present in the prep­

arations can hydrolyse the proteins 

during storage; and 

(iv) The temperature at which the membranes are 

treated with SDS solution to disaggregate 

them. 
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An obvious drawback is the unknown effects of SDS on antigenic deter-

minants (Anderton and Thorpe, 1980). However, SDS-PAGE may provide a 

valuable tool for the production of monospecific antigens. The major 

individual components can be cut out from the gel and injected to raise 

"monospecific" antibodies. 

The successful production of an antiserum was an important pre-requisite 

tor our serological assays. The suspensions of whole bacteria injected 

produced antibodies against the mosaic of immunogenic determinants making 

up the bacterial cell surface. Thus the antiserum produced was not mono-

specific but rather it was specific for the multi-determinant RSD-B used 

in this study. In an attempt to raise a more specific antiserum we 

raised antibodies to the membrane fractions. A major advantage of using 

an antiserum of higher specificity is that crude extracts of cells or 

untreated cells can be used as test organisms in diagnosis of the disease. 

It is difficult to make any direct comparisons between our results and 

the results of other workers (Davis et al., 1980; Gillaspie, 1978a; 

Harris and Gillaspie, 1978) with respect to antiserum production because 

of the numerous variables involved. Our investigations indicated that an 

immunization schedule of 29 days followed by secondary bleedings 7 and 14 

days after the final injection to be a satisfactory period in which anti-

sera of reasonable specificity for both the intact bacterium as well as 

the membrane fractions were obtained. The bacteria were injected at a 

9 -1 concentration of 1 x 10 cells.ml . The agglutination titres as 

detected by phase-contrast microscopy were 1:850 for the intact bacterium 

and 1:1024 for membrane band I, 1:1000 for 11 and IV and 1:750 for Ill. 

The immunization schedule employed was decided upon after failure by 

D. Naraidu (1978, unpublished observations) to elicit an immune response 

within 14 days at an antigen concentration of 1 x 108 cells.~l-l. From 
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our results and those of Harris and Gillaspie (1978) who used an immuni-

zation period of 23 days, it is clear that a prolonged immunization 

period of 3-5 months, as used by Gillaspie (1978a; 1978b), was unneces-

sary. The bacteria used by Gillaspie (1978a) were injected at a concen-

8 -1 
tration of 1,5 x 10 cells .ml . The low antigen concentration used by 

Gillaspie (1978a) may account for the low titres obtained and the neces-

sity for the prolonged immunization period adopted by them. All workers 

(Gillaspie, 1978a; Harris and Gilla.spie, 1978) found the use of an 

adjuvant necessary. We found that the titre of the antiserum obtained 

after the final bleed from rabbits injected with antigen plus adjuvant 

was 1:850 compared to 1:512 for rabbits injected with an antigen only. 

Factors such as the species of animal injected and the presence of 

contaminating substances affect the specificity of an antiserum (Schaad, 

1979). In all immunization programmes thus far reported for RSD-B 

rabbits were used (Davis et al., 1980; Gillaspie, 1978a; Harris and 

Gillaspie, 1978; D. Naraidu, 1978 - unpublished observations; Oellermann 

et al., 1981). The antigen that we used, compared to the antigen used 

by Gillaspie (1978a) and Harris and Gillaspie (1978), contained no host 

material since the antigen was a cultured bacterium. Consequently, 

there was no danger of causing anaphylactic shock and death as was evi-

dent in Gillaspie's (1978a) investigation. The use of one experimental 

animal per immunization treatment, as used by Gillaspie (1978a), ~s un-

scientific. This opinion is clearly underlined by the fact that ~n his 

investigation, one of the rabbits (the only one for a particular treat-

ment) died after 121 days. We used 3 rabbits per immunization treatment. 

The source of our bacterium was sugarcane whilst the source of the 

bacterium used by Gillaspie (1978a; 1978b) and Harris and Gillaspie 

(1978) was sudangrass and sorghum-sudangrass hybrid NB280S respectively. 
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In 1980 Davis et aZ. used an antiserum produced against the intact 

/ bacterium in gel double diffusion tests. No details of their immuniza­

tion period, antigen concentration, routes of injection or antisera 

titres were published. From the above contrasting results recorded for the 

antisera produced against the intact bacterium it is clear that there ~s 

a need for some standardised procedures such as methods of preparing 

antigens for immunization, protein content of antigens injected, immuni­

zation periods, methods of injection, animals used and type of test to 

establish titres. Because serologica l tests are very sensitive, small 

changes in methods can result in significant changes in the results 

(Schaad, 1979). This makes it difficult to decide from published 

results whether or not a certain serological method can be used success­

fully for identification. 

We found the microagglutination test to be a reasonably sensitive test 

for detection of the RSD-associated ba.cterium (Table 11). The titre 

obtained for the intact bacterium was reasonably high. However, the 

microagglutination test was not applicable to the diagnosis of 

RSD in raw sugarcane JU1ce from diseased plants because of the 

low numbers of bacteria per millilitre. It is evident that a simple 

method for the selective concentration of bacteria from diseased cane 

needs to be formulated. Gillaspie et aZ . (1981a) found that in micro­

agglutination tests the bacterium in culture was indistinguishable from 

the bacteria selectively concentrated from diseased plant extracts. 

Despite inherent setbacks of the microagglutination test, we found it 

to be simple, rapid and it saved on antigen and antibody. In addition, 

valuable information on serological relationships among bacteria from 

different sugar producing countries may be assessed. Using m1cro­

agglutination tests it was reported that the RSD-associated bacterium 

found 1n Australia, Japan, South Africa and the United States of America 
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were serologically closely related (Gillaspie et aZ., 1979) whereas a 

Mauritian isolate tested with the antiserum produced against the USA 

isolate was negative (Anon., 1979b). 

Results of the microagglutination tests for the membrane bands produced 

were very encouraging (Table 27; Fig 19). The strength of agglutina­

tion was determined by the size of the clumps. As expected, the anti­

serum produced against each fraction agglutinated its fraction 

strongest. Cross reactions indicated that all fractions were related 

serologically. Thus each fraction may possess one or more common anti­

genic determinants. Fractions I and 11 agglutinated the antiserum pro­

duced against the intact bacterium more strongly than fractions III and 

IV. This might be indicative of the occurrence of more receptor sites 

in fractions I and 11 which consequently resulted in greater affinity of 

the fractions for the antiserum. 

From a diagnostic viewpoint, we found the immunofluorescent technique to 

be rapid and specific for the RSD-associated bacterium and its constit­

uent membranes (Figs. 12 and 20). All membrane bands were found to be 

immunologically related. The dull background fluorescence seen in some 

of the controls may be due to autofluorescence or non-specific staining 

which could easily be distinguished from the distinctive green fluores­

cence of the fluorescein-stained RSD-B and its membrane bands. 

Success in application of the immunofluorescence method of staining 

depended greatly on the specificity of the antiserum produced (Harris 

and Gillaspie, 1978). This was clearly evident with the bacterial 

membrane bands. The degrees of immunofluorescence of the membranes which 

were tested against their own antiserum were found to be, in general, 

more intense than the immunofluorescence observed for the intact 



- 107 -

bacterium. The intensity of immunofluorescence was stronger ~n bands I, 

11 and IV than in band Ill. 

The immunofluorescence staining technique cannot be considered as a 

quantitative method because of the uneven distribution of bacteria in 

the dry smear and the possibility of loss during r~nses. Our antigen 

preparation, compared to the preparation used by Harris and Gi11aspie 

(1978), was free of contaminants since we used a cultured RSD-B. 

Br1ansky et al. (1982) found that tetramethy1rhodamine isothiocyanate 

(TRITe) was superior to FITe as a fluorescent probe because there was 

less autof1uorescence of the xylem vessels. We did not find the use of 

TRITe necessary since we did not apply the technique directly to diseased 

plants. However, the usefulness of this observation ~s not unnoticed. 

The TRITe procedure could be useful ~n direct detection of bacteria in 

the xylem vessels of affected plants. In addition, this technique could 

be very useful ~n locating bacteria ~n various areas of plants, screening 

tissue for the presence of bacteria pr~or to preparation for electron 

microscopy, and in following the movement of bacteria within a plant. 

Proof of the serological re1atedness of our membrane bands was strength­

ened by the appearance of precipitin lines in immunodiffusion tests. 

Membrane band I produced two precipitin arcs, bands 11 and III each pro­

duced three arcs whilst bands IV and the crude membrane fraction obtained 

before sucrose gradient fractionation each produced four arcs. The major 

precipitin arc was produced by all bands. The significance of this result 

warrants further investigation. Comparisons with the results of Gi11aspie 

et al., (1981a) and Davis et al. (1980) would be futile since details of 

their methods employed for obtaining membranes are lacking. 
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The use of membranes in immunodiffusion tests can be used to establish 

serological relationships among strains from other countries which are 

suspected of causing RSD. Serological methods, like immunodiffusion, 

provide a valuable probe for detecting serological relatedness which 

may not be evident morphologically or ultrastructurally. 

Our results indicate that a successful ELISA test can be and has been 

developed for the RSD-associated bacterium. This ~s contrary to the 

report filed by Gillaspie and Harris (1979) that the RSD-ELISA test was 

unsatisfactory. They reported that neither alkaline phosphatase (ALP) 

nor HRPO was satisfactory and that modifications of incubation times 

and the use of agents to reduce nonspecific reactions yielded no improve-

ments. In addition, they found that the number of "false positives" 

occurring in these tests with ALP or HRPO made the ELISA method 

especially undesirable for use in RSD screening. They suggest that the 

results of other workers (Claflin and Uyemoto, 1978; Weaver and 

Guthrie, 1978) attempting to detect plant pathogenic bacteria by ELISA 

have also met with similar problems. These workers reported low sens~-

tivity, high background absorption and inconsistent results. However, 

the reports by most investigators working on plant pathogenic bacteria 

indicate that the ELISA technique can be used successfully (Cambra and 

Lopez, 1977; Kishinevsky and Bar-Joseph, 1978; Kishinevsky and Gurful, 

1980; Morley and Jones, 1980; Nome et aZ ., 1980). 

As with any type of immunoassay the theoretical basis of ELISA is simple 

but much work is needed to determine t he optimum conditions for a 

successful routine diagnostic test (Voller, 1978). We found that a 

-1 
concentration of 100 ~g.ml anti-RSD-B IgG provided an optimal coating 

of capture antibody (Tables 13 and 14). As the concentration of anti-

bodies was increased, the PiN ratios also increased until a plateau was 
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-1 reached between 64 to 125 ~g.ml ant i -RSD-B IgG. This could be due to 

the fact that all attachment sites for the antibody on the microtitre 

plate were occupied. Subsequently, t he unbound antigen at the higher 

antibody concentrations was washed out. It should be noted that one of 

the biggest problems encountered in the ELISA test ~s the inconsistency 

of protein adsorption to the plastic of the microtitre trays. Prelimin-

ary experiments using Dynatech 129B plates indicated a coefficient of 

variation of approximately 11%. We used plates from the same production 

batch for all our investigations. Another drawback of ELISA is that the 

bound protein may also desorb (Conradie et aZ., 1981). According to 

Conradie et aZ. (1981), if protein desorbs during the process of immuno-

assay it can compete with the solid phase for its binding partner (anti-

gen or antibody) leading to a decrease in sensitivity of the assay. 

We observed that a conjugate concentration of 1/500 was the optimum 

(Tables 15 and 16; Fig. 13). At the higher conjugate concentration 

(1/250), all available antibody sites were occupied. However, at a 

conjugate concentration of 1/500 optimal attachment of conjugate to 

antibody occurred. At the lower conjugate concentrations not all avail-

able sites were taken which resulted in lower absorbance values and sub-

sequently lower PiN ratios. Thus the l evel of detectability at tIle 

higher antigen concentrations was lower at the conjugate concentrations 

of 1/1000, 1/1500 and 1/2000. The levels of detectability at the lower 

antigen concentrations for the different conjugate concentrations were 

the same. 

According to Gillaspie and Harris (1978) only values twice the value of 

the control can be accepted as significant in ELISA tests (i.e., PiN ~ 

2). The level of detectability of the cultured bacterium ~n our ELISA 

tests was between 1 x 104 to 1 x 105 cells.ml- 1 with PiN values ranging 
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from 1,8-4,8. Such levels of detectability makes the ELISA test an 

attractive qualitative and quantitative method compared to agglutination 

or immunofluorescence. According to Cambra and Lopez (1977) sensitivity 

should be the most important characteristic of any antibody titration 

method. 

Determination of the best negative implicated tris saline. The absorb-

ance recorded for this negative was low when the antigen diluent was 

tris saline and the conjugate diluent was 5% sheep plus rabbit neutral 

serum (Table 17; Fig. 14). Lower negative values consequently 1n-

creased the PiN ratios which indicated an increased sensitivity of the 

assay. The combination of using sheep plus rabbit neutral serum nega-

tive in conjunction with neutral sheep serum as conjugate diluent,and 

sheep plus rabbit neutral serum antigen diluent was found to be least 

sensitive (Fig. 14). The reason for this is unknown. With reference 

to field application, controls in the ELISA system are intrinsically 

different from those in agglutination testing, since a negative control 

for each isolate is not required (Olsen et al., 1983). A single posi-

tive and a single negative are required per plate allowing 94 isolates 

and both controls to be tested per plate per antiserum. 

It was observed that overcoating of coated plates did not improve the 

sensitivity of the ELISA test and the additional time required did not 

warrant further investigation 1n this regard. However, the need for 

coating was essential (Tables 19 and 29; Fig. 15). The observation by 

Catt and Tregear (1967) that proteins bind tightly to plastic surfaces 

prompted us to attempt the assay on uncoated plates. Although the sensi-

tivity of the assay on uncoated plates was the same at the lower antigen 

3 5 -1 concentrations (1 x 10 to 1 x 10 cells.ml ) on coated and overcoated 

plates, sensitivity was poor at the higher antigen concentrations. It 
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is obvious that coating leads to a more effective solid phase by present-

ing a specific attachment site for the antigen. The limiting factor 

determining the sensitivity of most immunoassays ~s the affinity of the 

antibody for the antigen to be assayed (Conradie et al., 1980). 

The sensitivity of the RSD-ELISA test was affected by the washing pro-

cedure which included washing with TS, TST, and centrifugation followed 

by washing with TS. Since we were dealing with a bacterium, which is a 

relatively large particle compared to a virus, we attempted to enhance 

adsorption of the bacteria to the plastic microtitre plate by centrifu-

gation. On coated plates (Tables 21 and 22; Fig. 16), the sensitivity 

of the assay improved when the plates were washed with TST as opposed 

to TS alone or centrifugation followed by washing with TST. However, 

the levels of sensitivity at the lower antigen concentrations were the 

same for ~S and TST. On overcoated plates (Tables 23 and 24; Fig. 17) 

the sensitivity of the assay was the same for both plates washed with 

either TS or TST. The sensitivity of the assay on plates washed with 

TST was greater on coated plates than on overcoated plates. Tween 80, 

the detergent in the TST wash solution, may be responsible for contri-

buting to an increased sensitivity of t he ELISA test. It is possible 

that this detergent may have a mild denaturing effect on the coated 

antibody. It has been shown that partial denaturation of the coating 

antibody yields a more efficient solid phase (Conradie et ale , 1983). 

Consequently, this could contribute to an enhanced colour development 

in our ELISA test. Conditions such as pre-exposure of antibody to low 

pH, high temperatures and urea which reportedly perturb the structure 

of the antibody molecule (Conradie et ~l. , 1983) needs to be investiga-

ted for our bacterium. It is also possible that the inclusion of a 

detergent in the washing solution resulted in the removal of loosely 

bound antibodies and antigens resulting in specific colour reactions. 
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The reason for the decrease in absorbance at an antigen concentration of 

3 -1 1 x 10 cells.ml in most investigations (Tables 15, 17, 19, 21 and 23) 

is not known. However, the consistency of this occurrence leaves cause 

for further investigation. Observations that a longer antibody coating 

period alleviated this decrease is interesting (Fig. 18). The longer 

antibody coating period also improved the sensitivity of the assay 

especially at the higher antigen concentrations. 

What becomes clear is that, compared to microagglutination and immuno-

fluorescence, the ELISA test is a rapid, sensitive and accurate quali-

tative and quantitative method that could easily be adopted for field 

application. Based on the level of detection, the ELISA test offers a 

method for detecting the presence of the RSD-associated bacterium in 

. plants that do not yet show disease symptoms. Early detection 

of the disease has numerous positive economic advantages. The ELISA 

test could also be used to identify the pathogen in the tissues of 

alternate host species, making the test very useful for epidemiological 

studies of RSD. ELISA could also be used as a tool to map distribution 

of the pathogen within the host. Mapping such distribution has been 

very difficult with the older detection methods (Nome et al., 1980). 

In addition, ELISA could be used to identify specific strains while 

shortening the time of test (Olsen et al., 1983). 

Other attributes of the ELISA test include the following: 

(i) It is technically easy to perform as it employs 

simple incubation and wash protocols; 

(ii) They are primary binding assays and do not re-

quire the participation of secondary events 

(e.g., complement fixation, agglutination, etc.) 
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to obtain a readable result; 

(iii) The enzyme conjugates are easily prepared, are 

stable for prolonged periods (usually indefin­

itely) and are relatively inexpensive; 

(iv) The results can be read with simple, inexpen­

sive colorimeters or spectrophotometers; 

(v) The use of a 96 well microtitre plate, because 

of its low cost, may well be applied to mass 

screening of RSD-B of sugarcane; 

(vi) The method can be easily automated to a con­

siderable degree by means of existing dilutors, 

dispensers and automatic plate washing machines. 

By using such a system and the incorporation of 

a small desk-top computer, a single technician 

should be capable of assaying several hundred 

isolates per day (Conradie and Mbhele, 1980). 

However, ELISA has the inherent disadvantage that accurate quantitation 

of enzyme activity requires precise control of buffer composition, pH, 

reaction time and temperature (Conradie, 1980). Because the enzyme 

label in the solid-phase immune complex can only be detected by its 

biological activity, an additional source of experimental error ~s 

introduced. Despite the inherent disadvantages associated with the 

ELISA test, the advantages of this test for detection of the RSD­

associated bacterium is far greater compared to other serological 

methods. 

The assays which we used for detection of the cultured bacterium needs 

to be evaluated for their field application. It is highly probable that 

immunoassays would eventually replace the conventional methods of diag­

nosis of RSD. 
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SUMMARY 

The production of relatively large quantities of bacteria associated 

with RSD of sugarcane was made possible by the successful isolation and 

growth of the bacterium. The cultured, slender, pleomorphic, rod 

shaped bacterium containing septa and mesosomes were consistently 

present in the vascular fluids of RSD infected sugarcane. Thin sections 

of the bacterium viewed electron microscopically revealed a distinct 

cell wall and cytoplasmic membrane. 

Membranes were reproducibly isolated from the pelleted bacteria. Condi-

tions for the isolation of membranes were optimised. Upon isopycnic 

ultracentrifugation in sucrose gradients four membrane bands (I-IV) with 

-3 
peak densities of 1,15, 1,18, 1,21 and 1,25 g.cm respectively were 

obtained. A peak of soluble (S) material was observed at the top of the 

gradient. Recentrifugation of these membrane bands on sucrose density 

gradients resulted in all fractions rebanding at their respective densi-

ties. Band 11 tended to produce small amounts of I, whilst bands III 

and IV produced small amounts of I and 11; All membrane bands negative-

ly stained for electron microscopy revealed pure membrane vesicles which 

appeared morphologically similar. Thin sections showed a distinct 

double layered structure typical of membranes. 

The protein components of crude membranes and sucrose density gradient 

bands I-IV was determined by SDS-PAGE and was found to be remarkably 

similar for all bands with a few minor differences. All fractions con-

tained a number of similar components in the 40 K to 60 K size range 

and a small component of 15,76 K. A component of 146 K which was 

present in all fractions was found to be a major component in fraction 

IV and in the crude membranes. 
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The successful production of antisera for the intact bacterium and its 

constituent membranes enabled serological analysis of the bacterium as 

well as the membrane bands. Immunological assays for the intact 

bacterium included microagglutination, immunofluorescence and ELISA. 

The microagglutination test was found to be a reasonably sensitive 

test for the detection of the cultured RSD-associated bacterium. It 

was simple, rapid and saved on antigen and antibody. However, the test 

wa~ no~ applicable to the diagnosis of RSD ~n raw sugarcane Juice from 

diseased plants because of the low numbers of bacteria per millilitre. 

The immunofluorescent test was found to be rapid and specific for the 

RSD-associated bacterium. The technique cannot be considered as a 

quantitative method because of the uneven distribution of bacteria ~n 

the dry smear and the possibility of loss during rinses. Compared to 

microagglutination and immunofluorescence, the ELISA test was found to 

be a rapid, sensitive and accurate qualitative and quantitative method 

that could easily be adopted for field application. Parameters govern­

ing the RSD-ELISA test were optimised. Based on the level of detection, 

the ELISA test offers a method for detecting the presence of the causal 

bacterium in plant materials that do not yet show disease symptoms. The 

numerous positive attributes of the ELISA test makes it the method of 

choice for diagnosis of RSD. 

As indicated above, membrane bands I-IV were also used in microagglutin­

ation, immunofluorescence and immunodiffusion tests. Positive agglutin­

ation was recorded for all membrane bands tested with the antisera pre­

pared against the intact bacterium and against the membrane fractions. 

All membrane fractions tested against their own antiserum exhibited 

specific immunofluorescence. Immunodiffusion tests revealed the pres­

ence of a major precipitin arc produced by all bands. In addition, 

membrane band I produced two precipitin arcs, bands 11 and III each 
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produced three arcs whilst bands IV and the crude membrane fraction 

obtained before sucrose gradient fractionation each produced four arcs. 

This work contributed to knowledge on the morphology and composition of 

the RSD-associated bacterium and to the development of assays for 

diagnosis of the cultured causal organism. 
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