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ABSTRACT 

Oermatophyte infections can be contracted from animals, humans or 

from the soil. In the genus Microsporum some species commonly are 

associated with cats & dogs but also often cause infections in humans. 

Others are regarded as non-pathogenic & are commonly isolated from 

the soil. The present studies investigated the production of proteolytic 

enzymes by the zoophilic species M.canis & the geophilic species 

M.cookei, in various cultural conditions which might affect expression of 

such enzymes, in an attempt to detect differences between the two that 

could be associated with the ability of M.canis to invade skin in viva. 

Biochemical assays showed M. canis produced higher azocollytic & 

elastase activity in a keratin containing medium(BSW) than in 

Sabourauds Broth(SOB) . In contrast , azocollytic & elastase activity of 

M.cookei in the two media was relatively similar. Azocollytic & elastase 

activity of both species peaked in the pH range 7-10 & azocollytic 

activity demonstrated highest activity around 45°C in both media. Both 

species produced some keratinolytic activity in BSW but not in SOB. 

Inhibition studies of azocollytic & elastase activity revealed the presence 

of an aspartic elastase with little or no azocollytic activity, which also 

was not detected using a substrate{gelatin) SOS-PAGE technique . 

Other proteinase types found were serine , cysteine & 

metalloproteinases. 

Using the gelatin-SOS-PAGE technique, the mode of culture(shake & 

stationary) & the effect of substrate , time & temperature were analysed to 

compare the effects these factors may have on proteolytic enzyme 

expression between the two species .Substrate proved to be the most 

important factor in the expression of gelatinases. Mode of culture in SDB 

demonstrated that some proteinases were expressed in shake culture 

sooner than in stationary cultures. M.canis in both SDB & BSW 

produced 6 bands between 85 ,000 Oa & 13,000 Oa. M.cookei in SDB 

produced 7 bands between 64,000 Oa to 19,000 Oa but in BSW only 5 

bands between 61,500 Dato 19,0QO Oa. Inhibition studies revealed. that 

both species expressed several metalloproteinases & serine 

proteinases in BSW which were not expressed in SOB cultures . It is 

suggested that these proteinases may be important factors in the ability 



ii 

of dermatophytes to colonise keratin & possibly, in the case of M.canis, 

to invade skin in vivo. 



iii 

ACKNOWLEDGMENTS 

I would like to thank the Department of Microbiology & Genetics for 

providing the facilities & funding necessory fo r the project to be 

completed. To Dr. M. Baxter for his advice, extreme patience & 

grammatical artistry in the write up of this project. 

I wish to thank Francis for the discussions on proteolytic enzymes & also 

for the philosophical discussions on the differences between NZ & 

Zambia, especially in the use of the English language. My thanks also to 

all my friends for all the help during this study. 

I would like to thank Nigelhuw & Julie for the use of their printers & their 

patience & advice in demonstrating the modern complexities of a word 

processing program. 

Finally, thanks must go to my family , especially my parents who have 

been wonderful , both financially & emotionally though good times & 

bad. Their help has been gratefully acknowledged. 



TABLE OF CONTENTS 
Page 

Abstract ..... .... .. ....... ..... ....................... .... .. .... ... ... ... ...... ... .... .. ............. ... ... . 

Acknowledgements. ... .... ... .............. ..... ..... ........... .. .. ........ ....... ..... ......... iii 

T able of Contents ............ .. .... .......... ....... ........ .... ..... ... ... .. .... ..... .. .... ... ..... 1v 

List of Tables.. ....... ............ .. .......... .. ......... ... .... .... .... ... .. .. ... .. .. .. ...... ..... .. .. . v11 

List of Figures.. .... ...... ....... .... ... ... ...... .. ... .. .. ... ... .. ...... ......... .... ..... ..... ... ...... viii 

List of Plates. .. ... .............. ...... ...... ......... ..... ....... ...... .. ... ... ... .. .... .. .... .... ... .. . x 

CHAPTER 1. INTRODUCTION... ..... ...... .. ..... ..... ....... ......... ....... .. .... ... 1 

1 .1 Dermatophytes & Dermatophytoses ....... .... .... ... .... ......... . 1 

1 .2 Classification of Dermatophytes .. .. .. ........... ............ .. .. ...... 1 

1.3 Ecological Grouping..... ... .. .. .. ... .. .. ........ ... .. .. ................. ...... 11 

1 .3.1 Geophiles .. .. .. .... .... .... ........... .. ...... .. .... ... ... ...... ..... .. ..... 11 

1.3.2 Zoophilies ..... ............ .. ....... .. ............... .............. ... .. .... . 12 

1.3.3 Anthropophiles.. ... . ......... ... . .. . . . ... ....... . ........ ... . .. . . ... .... . 1 3 

1.4 The Host & Skin Invasion by Dermatophytes .. .. .. .. ....... .. 14 

1.4.1 Pred ispos ing facto rs _to Infection .......... .. .............. .. . 14 

1.4.2 Immunity to Dermatophytes .............................. ....... 15 

1.5 Proteolyt ic Enzymes & Their Role in Pathogenesis...... 17 

1.5.1 Proteinases of Dermatophytes......... ......... . .. .. .... ..... 17 

1.5.2 Proteinases of Other Pathogenic Fungi ..... ..... ... ... 23 

1.6 Laboratory Production of M.canis & M.cookei 

Proteinases..... .. ...... .................. ............. ... .. ..... .... ...... .. .. .. ... .. 24 

1.6. 1 Media ..... ... ... .. ..... ........... .... ............ ........ ..... .. ... ... ......... 24 

1.6.2 Period of Incubation & Temperature.................... .. 25 

1.6.3 Stationary & Agitated(Shake) Cultures... .. ... .. .. .. .. .. 25 

1.7 Substrate Co-polymerised SOS-PAGE 

Electrophoresis ... ... ............... .. ... ...... .. .. .. .. .. .............. ........... . 26 

1.8 Proteinases & Proteinase Inhibitors..... ............... ... ... ....... 28 

1.8.1 Proteinases.. ... ... .... .. ...... ... .......... .. ... ... .......... .... .... ..... . 28 

1.8.2 Proteinase Inhibitors .. .. ... ...... .. ..... .... .. .... ......... .... ...... 29 

CHAPTER 2. MATERIALS & METHODS ..... .. ....................... .. .. .. .... 32 

2.1 Mycological Techniques.. .... ... ...... ... ... .... .. ................... ...... 32 

2 .1.1 Basic Media .......... .................. ..... .. ......................... .. .. 32 

2.1.2 Sterile Wool ..................................... ..... ...... ..... ....... .. .. 33 

IV 



TABLE OF CONTENTS Contd. 

Page 

2. 1.3 Source of Cultures........ .... ... .. ...... ........ .. .......... ... ....... 33 

2.1.4 Preparat ion of Cultures .... ....... .. ............ .. ...... ...... ..... 33 

2.1.4.1 Spore Suspension ........ ...... .......... .......... ...... 33 

2.1.4.2 SOB Cultures... ........... ....... ....... ...... .. .. .. .... .. ... 34 

2.1.4.3 BSW Cultures.. ...... .... ... .. ... .... ..... ........ .... ... .... 34 

2.1 .5 Preparation of Culture Filtrates........ ..... ........ ... ...... . 34 

2.2 Proteolytic Assays .... ... ..... ... .... .. ..... ....... .. ......... ... ........ ...... .. 35 

2.2.1 Materials.. ...... ..... .......... ... ... .... .. ..... ...... ........ .. .... .... .... .. 35 

2.2.2 Methods. .. .. .. .... .. .. .. ... ... ....... .. .. .. ..... ... .... ... .... .. .. .... ........ 36 

2.2.2.1 Azocollytic , Elastase & Keratinase 

Activity .. ....... ... .... .. ... ... .............. .. ... ..... .. .......... 3 6 

2.2.2 .2 pH Profiles .... .. ... ............. .. ..... ...... .. .. ........ ...... 38 

2.2.2.3 Temperature Optima.. .. ... ..... ... ................... .. 38 

2.2.3 Characterisation of Proteolytic Enzymes. ...... .. ..... 39 

2.3 Substrate SOS-PAGE Co-polymerised Gels ................. 41 

2.3.1 Reagents & Materials .... .. .. .... ..... .... ....... .. .. .... ... .. .. .. .. 4 1 

2.3.2 Methods...................................... .. ... ... .......... .. ....... .. .... 45 

2.3.2.1 Preparation of Gels.. .... ... ..... .. .. .... ...... ........ .. 45 

2.3.2.2 Preparation of Samples.. .. ........................... 4 7 

2.3.2.3 Preparation of Molecular Weight 

Standards.. ....... .. ... ............ .. .............. .. ........ .. 4 7 

2.3 .2.4 Gel Electrophoresis, Staining & 

Oestaining ..... .... .... ..... ... .. ..... ............. ........... . 48 

2.3.2.5 Size Estimation of Proteolytic Bands ........ 49 

2.3.3 Characterisation of Gelatin-Degrading Enzymes 

using Substrate SOS-PAGE with Proteinase 

Inhibitors ... ................... ... ... .. .... ........ .. ...... .. .. .... ....... .. .. . 51 

2.3.3.1 Methods ....................... ..... .... ...... .. .. .. ... ........ .. 51 

CHAPTER 3. RESULTS.. .. ...... ... ............. .. .......... .. .. .... ... .... .. ... .......... ... 52 

3.1 General Analysis of Proteinases produced 

by M.canis & M.cookei by Biochemial Assays ..... .. ........ 52 

3.1 .1 Effect of pH on Proteolytic Activity.. .. .. .. .. .... ............ 52 

V 



TABLE OF CONTENTS Contd. 

Page 

3.1 .1.1 Azocollytic Activity ..... ... ...... .. .... ............ ....... . 52 

3.1.1.2 Elastase Activity....... ............. .... .. ..... ..... ....... . 58 

3.1 .1 .3 Keratinolytic Activity ..... .... ..... ... .. .... ..... .. ... .... 64 

3.1.2 Effect of Temperature on Azocollytic Activity........ 67 

3.1 .3 Characterisation of Azocollytic & Elastase 

Activity.. ............... .. .. .. ... .... ............. ..... .. .... ... .. .... ...... .. ... 71 

3 .1.3.1 Effects of Proteinase Inhibitors on 

Azocollytic Activity of M.canis & 

M.cookei ............ .. .. ........ ... ........ ... .. ... .. .... ...... 72 

3 .1.3 .2 Effects of Proteinase Inhibitors on 

Elastase Activity of M.canis & M.cookei .. . 75 

3.2 Analysis of Proteinases by Substrate SOS-PAGE 

Co-polymerised Gels.... .. ............ ....... ... ....... ....... .. .. ...... .. ... . 78 

3.2 .1 Effect of Growth Medium on Gelatinase Activity .. 79 

3 .2.1.1 M.canis .... ...... ........ .......... ........ ....... .. .............. 79 

3.2. 1.2 M. cookei ... ... .. :.. ............ ................................ .. 82 

3.2.2 Effect of Time, Culture Method & Temperature 

on Gelatinase Production .......... ... .... ... ... ................. 84 

3.2.2.1 SOB Cultu res ....... ,........ ............ ..... .......... ...... 84 

3.2.2.2 BSW Cultures....... .... .......... ..... .... ......... ...... .. . 85 

3.2 .3 Comparsion of M.canis & M cookei.. .. ... ......... ..... ... 99 

3.2.4 Characteriast ion of M.canis & M.cookei 

Gelatinases using Substrate SOS-PAGE 

with Proteinase Inh ibitors.. ... ... ........ .... ..... ............ .... 101 

3.2.4.1 Effect of Inhibitors on M.canis 

Gelatinases from SOB & BSW 

Cultures ... ..... ... ...... ..... ........ ... .......... .... .... ... ... 102 

3 .2.4.2 Effect of Inhibitors on M.cookei 

Gelatinases from SOB & BSW 

Cultures .. .... .. .......... ..... .. .. ... ..... .. ....... .... .. .... ... 109 

CHAPTER 4. DISCUSSION ... ...... .............. .... .. ... ...... ... ......... ......... .... 114 

CONCLUSION .... ...... .... .......... ........ .. ........... .... ........ ...... .. ......... ....... ...... 129 

REFERENCES .. ... .... .. ... .. .. .. .... .... .... ... .. ...... ... ... ... ... ... ..... ......... .. ... ... ... .... 131 

vi 



vii 

LIST OF TABLES 

Page 

2.1 :Inhibitors & Inhibitor Concentrations.. .............................. ...... ...... 39 

2.2:Relative Mobilities of Molecular Weight Markers.. ........ ............ 50 

3.1 :Azocollytic activity(µ/ml hr-1) of M.canis culture filtrates 

(tom shake cultures in SOB & BSW) between pH 3-12 ...... ... ... 53 

3.2:Azocollytic activity(µ/ml hr-1) of M.cookei culture filtrates 

(tom shake cultures in SOB & BSW) between pH 3-12.. .. ....... . 53 

3.3:Elastase activity(µ/ml hr-1) of M. can is culture filtrates 

(tom shake cultures in SOB & BSW) between pH 3-12............ 59 

3.4 : Elastase activity(µ/ml hr-1) of M. cookei culture filtrates 

(tom shake cultures in SOB & BSW) between pH 3-12 .......... .. 59 

3.5:Keratinolytic activity(µ/ml hr-1) between pH 3-12 activity of 

M.canis & M.cookei filtrates from BSW cultures.. ..... ..... .. .. .. .. ..... 64 

3.6:Effect of temperature on azocollytic activity(µ/ml hr-1) of 

M.canis filtrates from shake cultures in SOB & BSW.... .... ...... ... 67 

3.7:Effect of temperature on azocollytic activity(µ/ml hr-1) of 

M.cookei filtrates from shake cultures in SOB & BSW ..... .. ...... . 68 

3.8:Gelatinase bands obtaiAed with filtrates of M.canis 

cultures in BSW & SOB .......... ....... ........ :.... .......... .. ... .. .................... 79 

3.9:Gelatinase bands obtained with filtrates of 

M.cookei cultures in BSW & SOB .. .... .. .. ..... ........ ... .. ........... ..... ... .. 82 

3.1 O:Comparison of gelatinase groups produced by 

M.canis & M.cookei cultured in BSW & SOB .............. ... .......... ... 99 



VIII 

LIST OF FIGURES 

Page 

2.1 :Standard Curve for Molecular Weight Markers...... ... ..... ...... .. ... 50 

3.1 :pH optima for azocollytic activity(µ/ml hr-1) 

of M.canis culture filtrates .. .......... ... .. ... ..... ...... ..... ....... ....... .. ........ 55 

3.2 :pH optima for azocollytic activity(µ/ml h, 1) 

of M.cookei culture filtrates.. .... ...... ........... ... ..... .. .... ...... .. ... .. .. ...... 57 

3.3:pH optima for elastase activity(µ/ml hr-1) 

of M.canis culture filtrates........ .... ...... .... ... .. .. ......... ... .... .. .... .. ... .... 62 

3.4:pH optima for elastase activity(µ/ml hr-1) 

of M.cookei culture filtrates.... ..... .. ... ..... ....... ........ .. .... .. ...... .... ..... . 63 

3.5:Keratinase activity(µ/ml hr-1) of M.canis & 

M.cookei filtrates from shake cultures in BSW ....... .. .... .. .. ... .... 66 

3.6:Temperature optima for azocollytic activity(µ/ml hr-1 ) 

for M.canis & M.cookei cultured in SOB & BSW..... .. ....... .. ... ... 70 

3.7:lnhibition of azocollytic activity in M.canis 

& M.cookei culture filtrates from SOB .... ..................... ...... ..... .... 73 

3 .8:lnhibition of azocollytic activity in M.canis 

& M.cookei culture filtrates from BSW ... ...... .... ........ ..... ... ... .... ... 7 4 
-

3.9 :lnhibition of elastase activity in M.canis 

& M.cookei culture filtrates from SOB. ..... ........ ... ..... ..... .. ... ..... ... 76 

3.1 O:lnhibition of elastase activity in M.canis 

& M.cookei culture filtrates from BSW .. ........ .. ..... .... ...... ............ 77 

3.11 :Relative banding patterns of gelatinases 

produced by M.canis cultured in SOB & BSW... ... .. .. ..... .. ... ..... 8 1 

3.12 : Relative band ing patterns of gelatinases 

produced by M.cookei cultured in SOB & BSW .. ...... ... ... .. ...... 83 

3.13:Gelatinases expressed by M.canis cultures in 

SOB at 25°C over four weeks in stationary & 

shake modes of culture.. ..... .. ......... .... .. ...... .. .... ... ...... ...... ...... .. .. ... 87 

3.14:Gelatinases expressed by M.canis cultures in 

SOB at 30°C over four weeks in stationary & 

shake modes of culture.... ... ..... ...... .... ..... ...... .... ... ...... .... ... ... .... .... 88 

3.15:Gelatinases expressed by M.canis cultures in 

SOB at 33°C over four weeks in stationary & 

shake modes of culture.. ..... ..... ... ..... ...... .. .. .......... .... .. ... ... ..... ....... 89 



LIST OF FIGURES Contd. 

3.16:Gelatinases expressed by M.cookei cultures in 

SOB at 25°C over four weeks in stationary & 

Page 

shake modes of culture... ... .... .... ... ... ... ... ..... ..... .................... ..... ... 90 

3.17:Gelatinases expressed by M.cookei cultures in 

SOB at 30°C over four weeks in stationary & 

shake modes of culture. ......... .... ...... ... ....... ........... ...... .. ........ ... .... 91 

3.18:Gelatinases expressed by M.cookei cultures in 

SOB at 33°C over four weeks in stationary & 

shake modes of culture.. ...... ........ .. .... .. ..... ... .. .... ... ...... ....... ..... .... . 92 

3.19:Gelatinases expressed by M.cookei cultures in 

BSW at 25°C over four weeks in stationary & 

shake modes of culture.. .... .... ........ .. ..... .. .... ......... .. ... ... ... ........ .. .. . 93 

3.20:Gelatinases expressed by M.cookei cultures in 

BSW at 30°C over four weeks in stationary & 

shake modes of culture... ..... ...... .. .. .. .... ... .... ..... ....... .. .................. . 94 

3.21 :Gelatinases expressed by M.cookei cultures in 

BSW at 33°C over four weeks in stationary & 

shake modes of cultu~e........ ..... .... .. ...... .. ...... .... ....... ... ......... ... .... . 95 

3.22 :Gelatinases expressed by M. canis cultures in 

BSW at 25°C over four weeks in stationary & 

shake modes of culture..... .... ..... ..... .. .. ..... .......... ... .................. ... .. 96 

3.23:Gelatinases expressed by M.canis cultures in 

BSW at 30°C over fou r weeks in stationary & 

shake modes of culture.... ..... ...... .. .... ......... .. .. ..... .... ..... .. .. .... .. ...... 97 

3.24:Gelatinases expressed by M.canis cultures in 

BSW at 33°C over four weeks in stationary & 

shake modes of culture .... ...... ..... .. ... ... ..... ..... ..... .. .. ............. ...... ... 98 

4.1 :Summary of the characterisation of gelatinase bands 

expressed by both species cultured in BSW & SOB ........... ... ... 128 

IX 



LIST OF PLATES 

Page 

1.1 :Colony of M.canis on Sabourauds Dextrose 

Agar(SDA) after two weeks of growth at 25°C....... ..... ..... ...... .. 4 

1.2:Reverse with golden yellow pigmentation... ... .. .. ... ....... ..... ... ..... . 4 

1.3:M.canis :spindle shaped & pointed macroconidia 

& small microconidia(magnification X400) .. .. ... .. ...... ... ....... ... .. 6 

1.4:Colony of M.cookei on SDA after two weeks 

growth at 25°C.. . .. .. ....... ..... .... .... .... ..... ... .. .... .... ... .. .. ... .. ..... ... ....... ... 8 

1.5:Reverse with dark red brown pigmentation. ....... ....... ......... ... .... . 8 

1.6:M.cookei:oval to ellipsoid macroconidia 

(magnification X400) ... ... ........................ .. .... .. .... .. ... ... ... .... ..... ... ... 1 0 

3.1 a:Relative banding patterns of M.canis cultured in BSW.. ..... .. . 81 

3.1 b:Relative banding patterns of M.canis cultured in SOB... ..... ... 81 

3.2a:Relative band ing patterns of M.cookei cultured in BSW ... .... 83 

3.2b:Relative banding patterns of M.cookei cultu red in SOB ........ 83 

3.3a:Effect of PMSF on gelatinases of M.canis 

cu ltu red in SOB. .. .... .................. ..... ..... .... ...................................... 104 

3 .3b:Control w ith no PMSF added. .. ... .. .. ..... .. .. .. .... ...... .. ...... ....... ..... ... 104 

3.4a:Effect of PMSF on gelatinases of M.canis 

cultured in BSW ..... .... ...... ..................... .. ...................................... 104 

3.4b :Control with no PMSF added....... ... .. .... .. ......... .......... ...... .. .. .. .... . 104 

3.5a:Effect of EDTA on gelatinases of M.canis 

cultured in SOB ...... ........ ....... .. ..... .. ... .... .. ..... ...... .... ... .. ... ............... 106 

3.5b:Control with no EDTA added ... .... ... .. ... .... .. ... ..... .... .. ................... 106 

3.6a:Effect of EDTA on gelatinases of M.canis 

cultured in BSW ..... ....... ........ .. .... ..... .. ... ..... ...... .... ... ... ..... ... ... ..... ... 106 

3.6b:Control with no EDTA added. .. .... ... .. ...... ... .. .... ..... ..... .... .... ...... .. . 106 

3.?a:Effect of p-CMB on gelatinases of M.canis 

cultured in SOB ... ... ..... .... ..... ........... ...... .. ......... ...... ....... .. .. ... .. ... .. .. 108 

3.?b:Control with no p-CMB added. ........ ..... ..... ........ .................. .... .. . 108 

3 .8a:Effect of p-CMB on gelatinases of M.canis 

cultured in BSW ..... .............. ...... ,.. .. .. ......... ....... ........... .... .......... .. . 108 

3 .8b:Control with no p-CMB added .. .... ....... ... ... ... .. .... ..... ...... ..... ... .... . 108 

X 



LIST OF PLATES Condt. 

Page 

3.9a:Effect of PMSF on gelatinases of M.cookei 

cultured in SOB... .. .... .. .......... ... ..... .... .. ...................................... .... 111 

3.9b:Control with no PMSF added .. ......... .. ..... ................... ... .. .... .. ...... 111 

3.1 Oa:Effect of PMSF on gelatinases of M.cookei 

cultured in BSW ... .. ........... ... .... ...... ... ............. ... .... .. ...................... 111 

3.1 Ob:Control with no PMSF added... ................. ................ .. ... .... ..... .. 111 

3.11 a:Effect of EDTA on gelatinases of M.cookei 

cultured in SOB ......... ...... .. ... ..... ..... ...... ... ... .... .. .... ... ..... .... .... ... ...... 113 

3.11 b:Control with no EDT A added.. ....... ...... ..... ... ........ ... ... .......... .. ... 113 

3.12a:Effect of EDTA on gelatinases of M.cookei 

cultured in BSW ............................................................................ 113 

3.12b:Control with no EDTA added .......... .. .............. .. ..... .. ... ........ ... ... 113 

4.1 :Sample of M.canis growth in shake mode of culture. .. ..... .. ... .. . 120 

4.2:Sample of M.canis growth in stationary mode of culture .. .. .. .... 120 

4.3:Mycelial morphology of M.canis in shake culture 

in SDB(magnification -X400) ..... ..... .... .................. ..... .. .. .... .. .. .. .. .. 122 

4.4:Morphology of the surface mycelium of M.canis in 

stationary culture in SDB(magnification X400) ... ........ ....... ... .. 122 

4.5:Morphology of the submerged mycelium of M.canis 

in stationary culture in SDB(magnification X400) ................... 124 

XI 




