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In the first part of this paper the method of isolating mutants resistant to griseofulvin 
(GF) has been described in detail .  The frequency of these spontaneous and UV-induced 
mutants in radom sets of spores from monosporic strain of Microsporum gypseum has been 
evaluated as weil. In the second part presented some morphological, physiological and 
genetic characteristics of these mutants have been described. 

Material, methods 

1 .  Strains 
Two compatible strains Z and 1 55 of the dermatophyte Microsporum gypseum (perfect stage 

N annizzia incurvata STOCKDALE 1 96 1 )  and 63 G F-resistan t mutants isolated from strain 15 5 
( 1 2  spontaneous and 5 1  UV-induced mutants) were used. The characteristics of the wild strams 
and the isolation of the mutants were described i n  l st parr of this communication. 
2 .  Evaluation of resistant mutants 

Most of the characteristics were determined by the measurement of the growth rates on  media 
of a different composition. The methods were adapted so as to enable a mutual comparison of 
the results. The dishes with Standard inoculum were put into the thermostatc (26° ± 2° C) and 
exactly after 10 days thc diameters of the colonies grown were measured. Ead1 value stated i n  
the results represcnts the arithmetic mean obtained from the measurements o f  3-5 colonies. Thc 
accuracy of the measurements to be estimated a 95 % confidence i nterval (C. I . )  was calculated 
for each medium. The calculation of the accuracy of the measurement was based on  the average 
values of the sample range (ECKSCHLAGER 1 96 1 ,  pg. 1 06). 

In order to obtain a basic information concerning the growth rates Sabouraud glucose agar 
(SGA;  formula according to HüBSCHMANN and FRAGNER 1 962, pg. 2 1 )  was used ; C. I .  = ± 2.2 
mm. The significance of the differences between the wild strain 1 55 and the mutants was determined 
by the variance analysis. 

In ordcr to determine markcd physiological changes the minimal medium (MM) of the following 
composition was  used :  glucose 40 g ;  urea 2 g ;  Difco-agar 25 g ;  twice-distilled water 1 000 ml ;  
C. I .  = ± 5 . 1  mm. For a better comparability in each culture thc  quotient was  calculated. i .  e .  thc  
diameter of the  colony grown on MM divided by the diametcr of the colony grown on  SGA 
(abbreviation MM/SGA). 

The sensitivity to GF was evaluated by mycelial growth test (LENHART 1 968 a). Each culture 
was inoculated on SGA (control) and on SGA with seven concentrations of GF (between 
30-150 �Lg/ml for mutants) . The value ED 50 was at fi rst calculated by using the regression 
analysis, then it was graphically dctermincd. C. I. for i ndividual concentrations varies between 
1 .4-1 .9 mm. 

The morphology of the colonies was also evaluated on SGA after 10 days following the inocula­
tion. In microscopical preparations obtained from thc centrc of thc colony the production of 
spores was determined. 

Resistant mutants of the strain 1 55 were crosscd with thc sensitive strain Z. The genetic analysis 
was made according to HEJTMANKOVA-UHROVA and HEJTMANEK ( 1 965). These authors found 
that the complex of morphological differences between the strains 1 55 and Z i s  controlled by 
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a s ingle gene. For this reason the colour of the colony was used as a visible rnarker (strain Z :  
brown colony, strain 1 5 5 :  cream colony). In the first experiment 50-80 colonics were randomly 
chosen from the smears of the only cleistothecium. Each of the colonies was i noculated thrce 
t imes on SGA ( 1 )  and on SGA + 50 flg GF/ml (2) . On the medium (1) the morphology of each 
colony ( 1 55 or Z) was determined, on the medium (2) the sensitivity to GF (S - sensitive culture, 
R - resistant culture) was evaluated. In the second crossing 1 20-240 colonies were tested from 
each cleistothecium in the same way. The results obtained in this second crossing are stated in the 
resu!ts. 

Results 

I n  our set of 63 GF-resistant mutants only three morphological groups occurred. The 
difference between these groups i s  quite evident so that each mutant can be explicitly 
classified (Table 1 ) . Six mutants only differed from the wild strain 1 55 ,  i .  e .  the groups 2 

Table 1 :  Macromorphology of GF-resistant mutants. In brackets : number of mutants 
significantly different from wild strain 155  in growth rate on SGA 

Origin of 
m utants 

Spontaneous 

UV-induced 

G roup l st :  
Group 2nd : 
G roup 3rd : 

Total Macromorphology (groups) 

1 2 3 

1 2  1 1  1 0 
(0) ( 1 )  

5 1  46 4 1 
(4) (4) ( 1 )  

colony with no difference from wild strain 1 55 .  
cream-coloured colony wi th  markedly granular surface and  reduced growth rate. 
whitish colony with fe!ty surface and increascd growth rate. 

and 3. The production of spores has been preserved in all mutants. From the results 
it i s  to be seen that the changed morphology is always accompanied by a changed growth 
rate, too. 

In Table 2 the morphology, growth rate and the sens1uv1ty to GF of some mutants 
were stated. Although the colony of the wild strain 1 5 5  grown on MM consists of a 
sparse mycelium, its diameter is approximately the same as of that grown on SGA 
(MM/SGA = 1 ). lt is the mutant I I I /12 ,  the only representative of the group 3 which 
significantly differs by the value MM/SGA from the wild strain 1 5 5 .  The development 
of resistance to GF is thus not accompanied by a qualitative change of requirements for 
growth substances. 

A l l  mutants are marked by the same resistance to GF :  their ED 50 varies between 
93- 1 1 2  µg GF/ml ; the differences between the individual values do not exceed the 
significance level. Comparing the wild strain 1 5 5  (ED 50 = 1 .4 �Lg GF/ml) it can be seen 
that the resistance increased approximately hundred times. The diameters of the colonies 
of muta nts grown in two concentrations of GF (45 and 70 �Lg/ml)  are also stated in order 
to give a clearer idea of the course of the regression l ine which expresses the dependence 
between the concentration of GF and the growth i nhibition. By both concentrations the 
same growth inhibition (about 70 %) was brought about. 
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Table 2:  Morphology, growth rate and GF sensitivity of wild strain 155  and of several 
GF-resistant mutants. 
D = average diameter of colony (mm). S = significant difference from growth 
rate of wild strain 1 55 .  Morphology - see table 1 

- - - ---- - - --

Culture Mor- S G A  M M  45 µg GF/ml 70 uo-. t>  ED 50 
pho- % GF/ml �lg GF/ml 
logy (SGA = 

D D MM/SGA D 100 %) D 

w. s. 1 55 53,3 5 1 ,0 1 ,0 1 ,4 
I II/1 40,5 s 50,7 1 ,3 33,8 83,4 33,5 97 
I I I/2 56,0 57,3 1 ,0 39,5 70,5 40,5 1 03 
I I I/3 59,0 58 ,7 1 ,0 40,0 67,8 40,0 98 
II I/4 54,2 47,7 0,9 37,0 68,3 35,2 1 1 2  
II I/5 50,5 56,0 1, 1 39,8 78,8 38,5 1 00 
I I I/6 1 59,2 62,0 1,0 39,0 65,9 36,2 95 
I I I/7 1 49,0 4 1 ,0 0,8 34,2 69,8 32,8 10 1 
I I I/8 5 3,0 57,7 1 , 1 40,7 76,8 38,5 1 03 
I I I/9 48,5 48,3 1 ,0 38,8 80,0 38,2 102 
III/ 10 43,7 58 ,3 1 ,3 38,0 87,0 36,8 1 08 
I II/1 2 3 70,0 s 44,7 0,6 40,2 57,4 37,2 1 1 0  
I I I/1 3 2 38,8 s 27,7 0,7 24,8 63,9 23,8 91 
I I l/20 2 3 1 ,0 s 28,0 0,9 22,8 73,6 22,8 108 
I I I/23 2 32,5 s 22,7 0,7 23,0 70,8 23,5 1 04 

All resistant mutants were crossed with sensitive strain Z, however, i n  nine crossings 
only matured cleistothecia developed (Table 3) .  With a sufficiently high probabi l i ty i t  
can  be  assumed that i n  a l l  o f  the nine mutants the resistance to  GF i s  controlled by  
a single gene. This gene shows an independent assortment with the gene for  morphology 
( 1 5 5  or Z), the recombinants occurring with the same frequency as parental genotypes. 
Only in mutant X/3 a strong l inkage between these two genes was found which was also 
proved in further crossings : the recombinants Z, R occur with a frequency of  about 1 %. 
In the set of fertile mutants the resistance to GF i s  controlled by at least two genes, each 
of which may be i n  a different l inkage group:  one of them segregates independently with 
the gene for morphology and the other i s  l inked with this gene. However, by both the 
mutant genes the same increase of resistance is caused. 

Discussion 

Our results represent the first step in the attempts to solve the problem of the resistance 
to GF. They indicate that this problem is  not only theoretical interest, but also of a 
great practical importance. The genetic aspect of the origin of resistance has not been 
studied in dermatophytes as yet. When interpreting our resu!ts we have taken regard 
to the knowledge obtained in other species of fungi. The working methods of the study 
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Table 3 :  Results of  crossing between GF-resistant mutants and sensitive wild strain Z 

?--bn Of) "' 
" 0 .... Ni Macromorphology and 'X.2 for p � "  sens1 t1 vny "' · - 0 "'  .... "' 

c "' ...c � of colonies isolated "' 2  ;:. E ;::; u 0 ::;E .5 ::;E 'O  Z, R Z, S 1 5 5, R 1 55 ,  s 1 : 1 : 1 : 1 

VIII/1 1 1 56 4 1  33 37 45 2,05 0,50-0,60 
X/2 146 3 1 4 1  35 39 1 ,7 0,60-0,70 
X/3 1 73 48 39 44 42 1 ,0 0,80 
XIS 194 45 52 40 57 3 ,5 0,30-0,40 
X/8 240 62 5 4  69 55 2,4 0,40-0,50 
lX/1 1 76 43 38 49 46 1 ,5 0,60-0,70 
XI/2 1 28 34 28 35 3 1 0,9 0,80-0,90 
XI/3 1 54 0 73 8 1  0 (1 : 1 ) 0,50-0,60 

(0,42) 
XI/6 1 20 25 29 35 3 1 1 ,7 0,60-0,70 

Ni = total number of colonies isolated and tested. R = resistant; S = sensitive, Z, 1 5 5 = rnacro-
morphology of colonies isolated according to the visible markers (see text) 

of genetic control of resistance can be as a rule di vided into the following three experi­
mental stages : 

The first stage begins with obtain ing resistant mutants which are then crossed with 
sensitive strains. I n  each mutant the n umber of factors controll ing the resistance are 
determined. Such are the papers dealing  with the development of resistance of yeasts to 
copper (BRENES-POMALES et al. 1 955 ) ,  to cadmium (MIDDLEKAUFF et al. 1 956),  to ac­
tidione (MIDDLEKAUFF et al. 1 957) ,  to caffeine and n icotine (LINDEGREN et al. 1 959) .  In  
Neurospora crassa TEAS and HoROWITZ ( 1 948 )  studied i n  this way  the genetic deter­
m ination of the resistance to canavanine, Hsu ( 1 962) to acriflavine, actidione and 
ca ff eine ; HowE and TERRY ( 1 962) studied the resistance to acrifla vine, actidione and 
to three organic fungicides as well. In Aspergillus nidulans WARR and RoPER ( 1 965) 
analyzed the genetic control of resistance to i odacetate and teoquil. In most cases the 
authors have foun d  that i n  individual m utants the development of resistance is due to 
one m utation only. In our experiments we have also found in the group of  fertile mutants 
that the resistance to GF i s  controlled by a s ingle  gene. 

The work in the second stage is focused on the problem how to determine in the 
genotype of the organism under study all possible factors i nfluencing the resistance to a 
certa i n  drug. A considerable nurnber of independendy isolated mutants i s  mutually 
crossed, the i ndividual factors are i denti fied and their l inkage relationships are deter­
mined. The hitherto i n formation has shown that in microorganisms the resistance to 
drugs is mostly controlled by several genes. As a rule, several alleles can also be deter­
rnined showing different levels of resistance and different manifestations i n  diploid 
or heterokaryotic state (dominance, recessiv ity) . The effect of the i ndividual factors can 
be rnutually increased so that a different resistance in different genotype combinations 
is caused. In bacteria CAVALLI and MACCACARO ( 1 952) have proved the existence of 
such a mult igenic system i n  the study of the resistance of E. coli to chloramphenicol. The 
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Table 4: Genetic control of resistance to various drugs - summary of published data 

Spccies 

Hypomyces solani 
f. cucurbitae 

Aspergillus n idulans 

Saccc�1�romyces 
cercv1s1ae 

------

Saccharomyces -

various strains 

Resistance to 

chlorina ted 
nitrobenzene 

acriflavine 

fluoroacetatc 

fluorophenyl-
alanine 

actidione 

nystatin 

cthioninc 

5-fluorouracil 

coppcr 

copper 

!ithium 

cadmium 

Number of factors 

5 
(probably more) 

2 genes 
3 alleles 

8 

4 

8 
(and several modifiers) 

3 
(and scveral modifiers) 

3 

4 

1 gene 
3 allelcs 

1 genc 
2 alleles 

5 

1 genc 
2 alleles 
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data concerning fungi are summed up in Table 4. In genetic analysis of GF-resistant 
mutants we have tentatively identified 2 loci in different l inkage groups. Neither of nine 
fertile mutants shows any morphological differences from the wild stra in 1 5 5 .  We 
have as yet not succeeded to explain the genetic nature of the change in  morphology 
in the groups 2 and 3 .  Group 2 occurs both in spontaneous and in UV-induced mutants. 
lt  will be necessary to determine whether in this case another, i .  e .  a third gene for the 
resistance of GF is  present which at the same time manifests itself morphologically. 

In  the third experimental stage the rnechanisms of resistance on b iochernical Jevel is 
analyzed. In  this respect no complete data for any drug have been obtained as yet. Most 
findings have been obtained in  the study of resistance to antimetabolites, such as to 
ethionine, 5-fluorouracil and p-fluorphenylalanine. The rninimum prerequisite for the 
construction of a working hypothesis i s  the knowledge of the primary place of effect of 
the drug in  question. In  such a way e. g. AHMED and Woons ( 1 967) proceed in the case 
of the antibiotic nystatin .  However, the findings concerning GF in this respect are quite 
insufficient (LAMPEN et al .  1 966, HUBER 1 968) .  
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Summary 

In this paper the results of  the study of  63 GF-resistant mutants derived from sensitive 
wi ld  strain 1 5 5  of Microsporum gypseum are summed up. 

1 .  6 mutants only differed from the wi ld strain by the character of the colony. The pro­
duction of spores was preserved in all mutants. 

2. All resistant mutants grew on minimal medium in the same way as the wild strain. 
The origin of  resistance to GF is not accompanied by a qualitative change in the 
requirements for growth substances. 

3. The increased resistance to GF is the same in all mutants : their values ED 50 vary 
between 9 3 - 1 1 2  µg GF/ml.  

4 .  In the set of i ndependently isolated mutants the resistance to GF i s  controlled by at 
least two genes, probably in different l inkage groups. By both rnutant genes the same 
resistance level is caused. 
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