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Summary 
This paper reports further observations on microbodies in bean rust sporelings suggesting 
that the organdies correspond to glyoxysomes in higher plants. However, cytochemical tests 
for catalase (DAB-technique) gave negative results. 

Microbodies have been described in many fungi and they seem to have 
multifarious tasks in metabolism (see AvzRs 1971, W~RGIN 1973). In a 
previous paper (MENDGEN 1973) microbodies were described in Uromyces 
phaseoli infection structures. The number of these microbodies decreased 
during development of infection structures and they disappeared during 
formation of the first haustorium. Parallel changes were noted in the number 
of lipid bodies. Since germinating rust spores use the lipid in these lipid 
bodies (WILLIAMS and LEDINGHAM 1964) as energy source and for carbon 
(FREAR and JOHNSON 1961, REISEN~R and J;~GER 1967), it was suggested 
(MENDGeN 1973), that these microbodies may be glyoxysomes or microbodies 
with glyoxysomal functions such as have been described in germinating seeds 
of higher plants (see TOLBERT 1971, GERHARDT 1973). Glyoxysomes can be 
recognized by their catalase content and their close association with lipid 
bodies (VIGIL 1970). To study whether the rust microbodies fulfill these 
criteria, infection structures of Urornyces phaseoli (Pers.) Wint. var. typica 
Arth. were prepared for electronmicroscopy as described previously 
(MENDGEN 1973). To show enzyme activity, parallel samples, prefixed with 
glutaraldehyde, were incubated for 1 hour at 37 ~ in the dark using the 
following media (modified after NOVIKOFF and GOLDFISCHER 1969): 
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Medium I for demonstration of catalase (peroxidatic) activity: 20rag 
diaminobenzidine (DAB) were dissolved in 9.8 ml 0.05 M aminopropandiol, 
0.2 ml of 1% H~O2 added, and the mixture adjusted to pH 9. 
Medium II for demonstration of cytochrome oxidase (peroxidatic) and 
catalase (peroxidatic) activity: 20 mg DAB were dissolved in 10 ml 0.05 M 
Tris-HC1 buffer (pH 7.5) containing 4% sucrose, 0.05 ml of 1~ H~O~ added, 
and the mixture adjusted to pH 7.5. 
Electronmicroscopy of the appressorium, substomatal vesicle and infection 
hyphae showed numerous lipid bodies which mostly appear in clusters in the 
cytoplasm (Fig. 1). We found microbodies only in these regions (Fig. 2). 
In cross sections, the microbodies are circular to reniform in shape and 
seemed to be pressed to or at least associated with the lipid bodies (Figs. 2 
and 3). Similar observations were made for microbodies shown to be glyoxy- 
somes in endosperm (VIGIL 1970, TRELEASE et al. 1971). 
The matrix of the organelle consists of homogenous granular material and 
is surrounded by a unit membrane (Fig. 3). In very few sections, micro- 
bodies with electron dense inclusions were found (Fig. 4). Although no clear 
continuity between endoplasmatic reticulum and their unit membrane was 
found, cisternae of the rough endoplasmatic reticulum tended to lie parallel 
to the surface of the microbody (Figs. 2 and 3). 
In contrast to observations with plant glyoxysomes, such organelles from 
U. phaseoli do not show catalase activity when incubated in Medium I which 
is used for glyoxysomes and peroxisomes (VIGIL 1970, FREDERICK and NEW- 
COMB 1971). To show that this negative result was not due to insufficient 
penetration or overfixation, we also used a modified incubation medium 
(Medium II). This medium gave the expected results in the tissue of the 
host plant (Phaseolus vulgaris L.) (Fig. 5); a dark deposit on the inner mem- 
branes of mitochondria due to cytochrome oxidase activity and in the per- 
oxisomes due to catalase activity (RelTH and SCH/2L~R 1972, MENI)GEN and 
FUCHS 1973). In the same sample, mitochondria in the infection structures 

Fig. 1. After infection of the Pbaseolus vulgaris leaf with Uromyces pbaseoli, there is the 
remnant of an appressorium (A) on the surface of the host epidermis; the infection peg (1P) 
and the substomatal vesicle (SV) are underneath epidermis cells (E) and guard cells (GC), 
respectively. There are numerous lipid bodies (arrows) in the cytoplasm of the substomatal 
vesicle. X 3,100 

Fig. 2. In cytoplasmic regions with many lipid bodies, microbodies (arrows) were constantly 
found close to lipid bodies (L). X 25,500 

Fig. 3. In a layer of cytoplasm along the fungal wall (W), microbodies (M), and lipid 
bodies (L) seem associated. Note the endoplasmatic reticulum (ER) lying parallel to the 
membranes of the microbodies. • 

Fig. 4. Microbody with electron dense inclusion. • 43,000 
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Fig. 5. A mesophyll cell of a bean leaf (N-nucleus). Bla& deposit of DAB in the per- 
oxisomes (P) indicates catalase activity. The deposit on mitochondrial inner membranes (Mi) 
is due to cytochrome oxidase activity (incubation in Medium II). • 18,200 
Fig. 6. In the infection structures of the fungus, mitochondria (Mi) also show a heavy deposit 
due to cytochrome oxidase activity; microbodies (M), however, have no deposit (incubation 
in Medium II). X 41,000 

of the fungus also show a dark deposit, due to cytochrome oxidase activity. 
However ,  microbodies gave no reaction. This is clearly shown in Fig. 6 
where there is a heavy deposit on the inner membranes of the mitochondrion, 
but no reaction was given by the microbodies lying nearby. 
Subsequently, extracts of bean rust germ tubes were prepared by grinding 
germinated spores in a mortar  with phosphate buffer pH  7.5. After  addition 
of diluted HeO2, development of oxygen bubbles indicated catalase activity 
in the extracts. But when DAB was added to the mixture, no oxidation 
of DAB took place. Similar results were obtained with microbodies in algae 
(GERHARDT and BEe, GEt, 1971): although catalase activity was demonstrated, 
the DAB technique gave negative results. 
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We conclude that the microbodies in the infection structures of 
U. phaseoli  resemble glyoxysomes in higher plants and differ from 
microbodies in some fungi where an association between lipid bodies 
and microbodies was excluded (MAxwELL e t  al. 1970) or not found (CovvEv 
et al. 1972, MAXWELL et al. 1972, WZRGIN 1973); but in contrast to glyoxy- 
somes in higher plants, the microbodies in the infection structures have no 
catalase activity which can be demonstrated with DAB as substrate, 
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