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F. acuminatum and F. culmorum strains were compared by means of tandem- 
crossed immunoelectrophoresis in order to estimate the possibilities of serologi- 
cal classification in Fusarium sections "Gibbosum" and "Discolor". On the basis 
of qualitative similarity the two species could be distinguished well. By the use of 
anti-F, acuminatum serum a similarity of SSM = 0.52 was found between F. 
acuminatum and F. culmorum, but the Ssg coefficient reached a value of 0.67 
when the antirF, culmorum serum was tested. This asymmetric nature of the 
qualitative similarity is discussed. In the majority of cases the quantitative 
differences of the common antigens did not allow differentiation between the 
species. 

INTRODUCTION 

Serotaxonomical approaches of Fusarium classification were repeatedly at- 
tempted (Tempel, 1959; Madhosingh, 1964; Kalyanasundaram, Desai and Sirsi, 
1967; Kalyanasundarum and Charudattan, 1969; Spaar and Vesper, 1970; 
Hornok and Jagicza, 1973; Kaiser and Gupta, 1976; Vesper, Spaar and Dunin, 
1976), in general, however, unsuccessfully, mainly because of methodological 
difficulties. In most cases intraspecific variations were not tested or the res- 
olution power of the techniques used was too limited to obtain satisfactory 
serological specificity. 

Since most taxonomical uncertainties exist in the sections "Gibbosum" and 
"Discolor",  two species (F. acuminaturn and F. culmorum) which are considered 
representative of the two sections were subjected to a more detailed study to 
estimate the possibilities of serological classification in this area of the genus. In 
the present paper the relative importance of quantitative and qualitative inter- 
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and intraspecific differences determined by tandem-crossed immunoelectro- 
phoresis is discussed. 

MATERIALS AND METHODS 

Strains 
F. acuminatum Ellis et Everhart strains 22-14, 22 08, 22-15 and 22-121 and F. 

culmorum (W. G. Smith) Sacc. strains 22-12 and 22-29 were obtained from our 
own culture collection. F. acuminatum R 2700 and F. culmorum R 592 were 
obtained from the Fusarium Research Center, Pennsylvania State University, 
USA (by the courtesy of C. Switkin and Prof. P. E. Nelson), F. culmorum C 138 
was supplied by Prof. K. H. Domsch (Institut ffir Bodenbiologie, Braunschweig, 
Germany), strain 7454 was received from Prof. A. Ylim/iki (Maatalouden tut- 
kimuskeskus, Tikkurila, Finland). 

Preparation of antigens 
Potato-sucrose broth (200 g peeled, sliced potatoes and 20 g sucrose per 1 

distilled water) enriched with N H , N O  3 (1 g/l) was used as culture medium. 
Stationary cultures were grown by inoculating 60 ml medium in 300 ml Erlen- 
meyer flasks with 105 conidia and incubating at 25 =C for five days in the dark. 
The mycelium was then harvested by filtration, washed three times with distilled 
water, dried between paper towels and stored at 20 °C. The frozen mycelium 
was ground with a pestle in a mortar, extracted with distilled water (1 ml per 1 g 
wet weight of the mycelium) for 3 h at 4 °C and the whole was centrifuged at 
5000 x g for 20 rain at 4 °C. The supernatant was recentrifuged at 60000 x g for 
60 rain at 0 ~C in a MOM G-120 ultracentrifuge (rotor P2). Protein was de- 
termined by the microbiuret test (Goa, 1953) with human serum albumin as the 
standard. Before the extracts were stored at -20 °C their protein content was 
adjusted to 30 mg/ml by dialysis against 0.1 M NaC1 solution containing 20 
polyethylene glycol 20000. Antigen preparations were stored in small samples 
and used immediately after thawing. 

Antibody production 
The value of immune mouse ascitic fluid in mycoserology was already de- 

monstrated in a former paper (Hornok and Sz6csi, 1977). The methods described 
by these authors were applied in the present study. Two groups, each consisting 
of ten 6-week-old female CFLP mice (obtained from the Laboratory Animal 
Production Institute, G/3d6116, Hungary), were injected intraperitoneally with 
equal portions (0.1 ml) of the antigen and Freund's incomplete adjuvant (Sero- 
bacteriological Research and Production Institute, "Human" ,  Budapest, Hun- 
gary). Mycelial extracts of F. acuminatum 22-14 and F. culmorum 22-12 were 
used for immunization. Four identical booster injections were given at two 
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weeks' intervals. Three days after the last antigen injection mice received 5 x 106 
Ehrlich Lettre ascites tumour cells (supplied by the Department of Pathological 
Anatomy, Semmelweis Medical University, Budapest) in 0.5 ml physiological 
saline by the intraperitoneal route. Ten to 15 days later when they showed 
swollen abdomen, animals were killed and the ascitic fluid was collected. After 
pooling the fluids, the cells were removed by centrifugation at 4000 x g for 30 
min at 4 °C. Gamma-globulins from the immune ascites pools were purified by 
means of (NH4)2SO, precipitation and chromatography on a DEAE-Sephadex 
A 50 column according to Harboe and Ingild (1973). Purified gamma-globulin 
preparations were then concentrated to one-fourth of the original fluid volume 
by dialysis against 0.1 M NaC1, 15 mM NaN 3 solution containing 20~o po- 
lyethylene glycol 20 000 and stored at 4 ~C. 

Immunoelectrophoresis 
Tandem-crossed immunoelectrophoresis was carried out according to Kroll 

(1973) using a 1.5 mm layer of 1 ~  agarose (REANAL, Budapest) and barbital 
buffer, pH 8.6, ionic strength 0.02. Application wells had a diameter of 3.0 mm 
with an intercentre distance of 8.0 ram. Five gl antigen preparations were applied 
in the wells. First-dimension electrophoresis was carried out at 5 V/cm for 1 h, 
second-dimension electrophoresis at 1 V/cm for 18 h, at 15 °C. Second dimen- 
sional gels contained 10 ~tl purified, concentrated antibody preparation per 1 
cm 2. Dimensions of the antibody containing gel were 4.5 x 6.5 cm. Single- 
crossed immunoelectrophoresis for homologous reactions was carried out in 
similar conditions. Every immunoelectrophoretic run was made in duplicate. 
Immunoprecipitates were stained with Coomassie brilliant blue G-250 (Serva, 
Heidelberg, Germany) as described by Weeke (!973). 

Evaluation of immunoplates 
Serological reactions of identity or partial identity were recorded and the 

heights of precipitates were measured to the nearest mm. On the basis of com- 
mon antigens a qualitative similarity was assessed by calculating the simple 
matching coefficient, SSM (Sokal and Michener, 1958) according to the formula: 

SSM = m/(m + u) 

where m is the number of common antigens and u is the number of antigens only 
present in homologous reactions. 

The antigens (precipitates) present in all investigated strains were evaluated 
statistically using the F-test for determining the significance of the quantitative 
differences observed. SD (standard deviation) values were calculated where the 
F-test showed any level of significance. 
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RESULTS AND DISCUSSION 

To accomplish an exact enumeration and quantification of antigens in homo- 
logous reactions, antigenic preparations of F. acuminatum 22-14 and F. cul- 

morurn 22-12 were subjected to single-crossed immunoelectrophoresis using 
their corresponding antisera. By this method 14 precipitates were detected in 
both species, indicating the existance of 14 water-soluble antigens. All these 
antigens showed anodic migration. The precipitates differed in their staining 
intensity because of differences in quantity, electrophoretic mobility and immu- 
nogenicity among the individual antigens. Two antigens (no. 14 in F. acum- 

inaturn 22-14 and no. 13 in F. culmorum 22-12) showed some degree of microhe- 
terogeneity. In these immunoplates precipitates showing identity or partial iden- 
tity with one another were not observed. As demonstrated by Axelsen (1973) 
such reactions in homologous relationship occur only, if a large antigen has split 
into pieces during the extraction or storage procedures. The lack of these re- 
actions confirms that the homologous antigen preparations were free of antigen- 
artefacts. However, some faint, indistinct precipitations were detected in several 
plates. These were not considered to be characteristic antigens because of their 
irregular appearance. 

All the fungal strains involved in this study were subjected to tandem-crossed 
immunoelectrophoresis with both the anti-F, acuminatum and the anti-F, cul- 
morum sera. As an example Fig. 1 shows the results of such an electrophoresis 
using anti-F, acuminatum serum to reveal antigenic similarities between F. 
acuminatum 22-14 and F. culmorum 22-12. Fig. 2 is a tracing of the original slide. 
Precipitates were enumerated beginning with no. 1 at the cathodic end and 
ending with no. 14 at the anodic end of the first dimensional electrophoresis. In 
this relationship seven antigens were found to be common to both strains, 
namely nos. 3, 8, 9, 11, 12, 13 and 14 (corresponding heterologous antigens are 
footnoted with a in Fig. 2). Not all the 14 antigens present in the homologous 
reactions could be evaluated in tandem-crossed immunoelectrophoresis because 
of the position of some faint precipitates. Antigens nos. 1 and 10 in F. acurn- 

inatum 22-14 and antigens nos. 3, 5 and 6 in F. culmorum 22-12 were excluded 
from comparative studies since their possible heterologous counterparts, if pre- 
sent at all, might be overlapped by another strong, homologous precipitation 
making their identification uncertain. If a homologous antigen - like no. 14 (Fig. 
2) - showed microheterogeneity, this property was generally enhanced in the 
corresponding heterologous antigen (no. 14a) and in some occasions strong, 
homogeneous antigens had heterologous counterparts with considerable micro- 
heterogeneity (see antigens nos. 8a and 12a). This enhanced microheterogeneity 
may be due to some degree of antigen deterioration during the extraction and 
storage procedures in the case of precipitates nos. 8a and 14a. However, I 
consider the double peak found at the antigen no. 12a is an unusual type of 
partial identity of antigens rather than an artefact. 
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Fig. 1. Tandem-crossed immunoelectrophoresis comparing antigens of F. acuminatum 22-14 and F. 
culmorum 22-12 using anti-F, acuminatum serum. Anode to the right during the first-dimensional 
run and at the top during the second-dimension run. The left reservoir contained antigens of F. 
acuminaturn 22-14, and the right reservoir antigens of F. culrnorum 22-12. Second-dimensional gel 
contained 10 gl purified, concentrated antibody preparation against F. acuminaturn 22-14 per 1 cm 2. 
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Fig. 2. Tracing of Fig. 1 with enumeration of the antigens. 
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Results obtained with anti-F, acuminatum serum are summarized in Table 1. 
This antiserum differentiated well between the two species on the basis of 
qualitative similarity. Average SSM values for F. aeuminatum and F. culmorum 
strains were 0.97 and 0.52, respectively. The crossed immunoelectrophoresis 
offers the quantitative characterization of antigens since the height (or area) of 
the precipitates is proportional to the amount of antigen. On this basis cor- 
responding common antigens were also compared quantitatively. In general, 
considerable interstrain variations were observed for all antigens. The five anti- 
gens (nos. 8, 9, t2, 13 and 14) common for all strains were analysed statistically to 
detect interspecific quantitative differences. However, the differences were re- 
markably inconsistent. On an average, F. acuminatum strains contained antigens 
nos. 9, 13 and 14 in a higher amount  than did F. culmorum strains, but in the case 
of antigens nos. 8 and 12 a reversed relation was found. The quantitative 
differences between the two species were significant only for antigen no. 13 
(SD 5 ~ = 3.33). 

By the use of  anti-F, culmorum serum (Table 2) the average SsM for F. 
acuminatum isolates was found to be 0.67. The quantitative interstrain and 
interspecific differences showed a similar tendency to that observed with the 
anti-F, acuminatum serum. The only significant quantitative difference between 
species was established in the case of  antigen no. 2 (SD s ~ = 2.54). 

Antigens with slow electrophoretic mobility were mainly species specific, 
while fast migrating ones were more or less common. This trend was especially 
apparent with the anti-F, acuminatum serum. The mobility - specificity re- 
lationship was, of  course, not universally valid: in the case of  anti-F, acu- 
minatum serum antigen no. 3 was present in several F. culmorum isolates and 
antigen no. l l  was absent in strains R 592, C 138 and 7454 of F. culmorum. 
Similar exceptions were noticed with anti-F, culmorum serum. 

Although the intraspecific qualitative differences were relatively small, F. 
acuminatum strains constituted a more heterogeneous population. Strains 22-08 
and 22-15 possessed one antigen less than the reference strain (22-14) when they 
were subjected to immunoelectrophores with anti-F, acuminatum serum. Simi- 
larly, small qualitative differences among F. acuminatum isolates were obser- 
ved in tests with anti-F, culmorum serum. On the basis of qualitative interstrain 
variation F. culmorum seems to be a stable species, the only anomaly being strain 
22-12, which has seven antigens in common with F. acuminatum 22-14 when 
reacted with anti-F, acuminatum serum. 

The interspecific qualitative similarity is not symmetrical. Using anti-F, acum- 
inatum serum the average SsM coefficient for F. culmorum strains was calculated 
to be 0.52, indicating a 52 per cent similarity between F. acuminatum and F. 
culmorum. When the anti-F, culmorum serum was tested however, the average 
SSM coefficient for F. acuminatum isolates reached a value of 0.67. This asym- 
metry indicates that the number of species-specific antigens is higher in F. 
acuminatum than in F. culmorum. The more complex nature of F. acuminatum 
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m a y  be a t t r i b u t a b l e  to  its ab i l i ty  fo r  sexual  r e c o m b i n a t i o n .  A c c o r d i n g  to B o o t h  

(1971) this  species is he t e ro tha l l i c  wi th  a pe r i thec ia l  s ta te  Gibbere l la  a c u m i n a t a  

Booth ,  whi le  the  pe r fec t  f o r m  in F. c u l m o r u m  is absent .  

I n  c o n c l u s i o n ,  q u a n t i t a t i v e  analys is  o f  the  c o m m o n  an t igens  is n o t  a su i tab le  

m e t h o d  fo r  d i f f e r en t i a t i on  b e t w e e n  species. H o w e v e r ,  the  t a n d e m - c r o s s e d  im-  

m u n o e l e c t r o p h o r e s i s  is an  exce l len t  t o o l  fo r  precise  d e t e r m i n a t i o n  o f  the  an t igen  

iden t i ty  and  a l lows  a c l ea rcu t  d i f f e r en t i a t i on  b e t w e e n  F. a c u m i n a t u m  and  F. 

c u l m o r u m  on  the  basis  o f  qua l i t a t i ve  d i f ferences .  T h e  a r i t hme t i c  m e a n  o f  the  two  

ave rage  h e t e r o l o g o u s  SsM coef f ic ien t s  (0.52 and  0.67) yields an  overa l l  SSM va lue  
o f  0.60, wh ich  m e a n s  a 40 per  cen t  d i f ference .  Th is  d i f fe rence  suggests  t ha t  a 

w ide r  s e r o t a x o n o m i c a l  a p p r o a c h  to  the  F u s a r i u m  species o f  sec t ions  " G i b b o -  

s u m "  a n d  " D i s c o l o r "  will  be p romi s ing .  

G r a t e f u l  a p p r e c i a t i o n  is expressed  to Mrs .  C. Swi tk in ,  Prof .  K .  H.  D o m s c h ,  

Prof .  P .E .  N e l s o n  and  Prof .  A.  YlimS, ki for  supp ly ing  the  f u n g a l  cu l tures .  T h a n k s  

are  also due  to Mrs .  M.  S z a b 6  fo r  skil led t echn ica l  ass is tance.  

R e c e i v e d  25 A u g u s t  1978 
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