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Degradation of human hair by three soil fungi. 
An electron microscopic study.
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D egradation  of hair keratin  has been studied  in three  soil fungi differing in keratinolytic  
ability, viz. K eratinophyton terreum , D ictyoarthrinopsis kelleyi and  Fusarium  m oniliform e. All 
fungi a ttacked  th e  ha ir cuticle form ing specialised m ycelial organs, fronds, under th e  scale-like 
cu ticu lar cells. T he cortex  was attacked  by very th in  “boring hyphae” . T heir grow th was 
in tracellu lar and  perpendicu lar to  th e  hair axis. In K eratinophyton terreum  older boring hyphae 
branched in to  com plex form ations, displaying clear lytic action on keratin . In D ictyoarthrinopsis  
kelleyi b ranching was ra re  and lysis of keratin  weaker. In Fusarium  m oniliform e, a  fungus not 
regarded as keratinophilic, th e  grow th of boring hyphae ceased early  and th e  lytic action rem ained 
m inim al. All fungi d igested th e  less keratinised p a rts  of th e  hairs (endocuticle, in tercellular 
substance, interfibrillar m atrix ) prior to  th e  lysis of hard  keratin  fibrils.
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K unert J. a Novotný R. (2001): Rozklad lidských vlasů třem i půdními houbami. 
Elektronmikroskopická studie. -  Czech Mycol. 53: 189-201

Rozklad vlasového keratinu  byl studován u tř í  půdních hub (K eratinophyton terreum , 
D ictyoarthrinopsis kelleyi, Fusarium  m oniliform e), lišících se keratinolytickým i schopnostm i. 
Všechny houby rozkládaly kutikulu  vlasu, kde tvořily specializované m yceliální orgány („fronds“) 
pod šupinovitým i kutikulárním i buňkam i. K ortex  byl p ro růstán  velmi tenkým i hyfami, jejichž 
rů st byl in tracelu lárn í a  kolmý k podélné ose vlasu. U K . terreum  se starší hyfy v kořte větvily 
a  tvořily  složité ú tvary  s jasným  lytickým  účinkem  n a  keratin . U D. kelleyi bylo větvení vzácné 
a  lýza keratinu  slabá. U houby F. m oniliform e, k te rá  není považována za  keratinofilní, se rů st 
hyf v kořte brzy zastavil a  keratinolýza zůstala  m inim ální. Všechny houby rozpouštěly méně 
keratinizované části vlasu (endokutikulu, intercelulární hm otu , interfibrilární m atrix ) dříve než 
napadly  fibrily tv rdého  keratinu.

I n t r o d u c t io n

K eratinophilic fungi represent an  ecological group of fungi th a t act as de­
composers of keratinaceous m aterials of anim al origin (epiderm al scales, hairs,
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nails or claws, hooves, feathers etc.) in soil. W hereas the term  “keratinophilic” 
is conventionally used for all fungi found colonising keratinaceous rem nants, the 
term  “keratinolytic” should be reserved for species or strains displaying clear 
degradation of keratin, observable by microscopy or proven by physiological 
experim ents (Filipello-Marchisio 2000).

T he study  of keratinophilic fungi was stim ulated by the  finding th a t some 
prim itive species of derm atophytes (keratinolytic fungi causing diseases of the 
skin of hum ans and animals) may be found in soil (Vanbreuseghem 1952). Such 
“geophilic derm atophytes” have been isolated from hum an hair, feathers and  other 
sim ilar m aterials used as “b a it” . Microscopic observation of hair ba it enhanced the 
knowledge of the  morphology of hard keratin  degradation by keratinolytic fungi. 
By the use of light microscopy, the  decomposition of hum an hair by keratinophilic 
fungi has been m ost thoroughly investigated by English (1963) who described in 
detail the  specialised organs formed by filamentous fungi for the  degradation of 
hair cuticle ( “fronds” ) and hair cortex ( “perforating organs” , “boring hyphae”). 
She also studied a ttack  of non-keratinophilic fungi on hum an hairs and observed 
some morphological sim ilarities (English 1965).

In  vitro  electron microscopic studies on the  decomposition of hum an hair 
by the  derm atophyte Trichophyton mentagrophytes were published by Mer­
cer & Verma (1963), who observed only the first five days of the growth. The results 
of the  above authors were expanded by B axter & M ann (1969), Hsu & Volz (1975), 
K unert & K rajčí (1981), K aam an & Forslind (1985) and specifically by detailed 
studies of Kanbe & Tanaka (1982) and Kanbe e t al. (1986). Scanning electron 
microscopy was also used for the  study of keratinolysis by derm atophytes 
(K unert & H ejtm ánek 1976, Kanbe & Tanaka 1982, K aam an & Forslind 1985, 
Filipello-M archisio et al. 1994, Rashid e t al. 1995, Wawrzkiewicz et al. 1998, 
Filipello-M archisio e t al. 2000). This m ethod is especially suitable for illustra ting  
the decom position of the  surface layers of hairs or nails.

In  comparison to  the  derm atophytes, less a tten tion  has been paid to  the  
degradation of hard keratin  by other keratinophilic fungi. Cano et al. (1991) 
investigated three species of the  genus Aphanoascus which a ttack  hum an hair 
from the  surface or cu tting  edges w ithout forming perforating organs or the  
typical fronds. Fusconi & Filipello-Marchisio (1991, see also Filipello-M archisio 
2000) described the degradation of hum an hair by Chrysosporium tropičům. 
This fungus initially a ttacks the cortex of hairs by th in  and long unbranched 
hyphae (boring hyphae) growing from appressoria-like cells found in the  cuticle. 
Later on, the hyphae grow thicker, become septated  and branched and tu rn  into 
complex form ations sim ilar to  true  perforating organs. The lytic action of these 
form ations on keratin  is evident. A similar type of hair degradation was observed 
by light microscopy in o ther species of Chrysosporium  (English 1969, 1976) and in 
K eratinophyton terreum  (K unert 1967). In Scopulariopsis brevicaulis only three
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out of nine studied strains degraded the cuticle and cortex of hairs to  some extent 
and sent off boring hyphae into the cortex. These hyphae degraded the  structures of 
keratinized cells in their surroundings bu t did not swell and did not produce large 
lytic channels (Filipello-Marchisio et al. 2000). At the level of light microscopy, 
conventional (thin) boring hyphae and various types of “wide” or “swollen” 
boring hyphae have been repeatedly described in keratinophilic fungi w ith lim ited 
keratinolytic ability  (see e.g. Filipello-Marchisio 1986, Filipello-Marchisio et al. 
1994).

In  the  present study  three species of soil fungi, displaying m oderate to  weak 
keratinolytic ability, were studied by means of transm ission and scanning electron 
microscopy (TEM , SEM). In Keratinophyton terreum, light microscopy (LM) 
showed the presence of swollen boring hyphae th a t turned into form ations resem­
bling tru e  perforating  organs (K unert 1967). Dictyoarthrinopsis kelleyi produced 
num erous boring hyphae which only rarely thickened and branched. Fusarium  
m oniliform e  represents a fungus th a t is not regarded as keratinophilic. However, 
our s tra in  was able to  grow on hum an hairs and degrade them  partially  by fronds 
and boring hyphae.

M a t e r ia l  a n d  m e t h o d s

T hree species of soil fungi from the  collection of derm atophytes and kerat­
inophilic fungi a t the  D epartm ent of the first au thor were used: Keratinophyton  
terreum  Randhaw a et Sandhu (1963, type strain), Dictyoarthrinopsis kelleyi 
Dom inik et M ajchrowicz (1966, type strain) and Fusarium moniliforme  Sheldon. 
T he first two fungi were found on keratinaceous substances, the  th ird  one was 
isolated directly  from agricultural soil. All strains were kept on 4 % glucose -  1 % 
peptone agar slants a t 28 °C in the dark.

Fair children's hairs from a barber's were washed w ith warm w ater containing 
detergent, then  washed repeatedly w ith distilled w ater, dried a t room  tem perature  
and cu t into pieces approxim ately 2 cm long. The hairs were sterilised by propylene 
oxide ( 6  hours a t room  tem perature  in an atm osphere sa tu ra ted  w ith vapourised 
oxide, K unert & K rajci 1981), placed on a layer of 1.5 % w ater agar in P etri 
dishes and inoculated w ith spores from the surface of 1 0 -day old cultures on the 
glucose-peptone medium. In prelim inary experim ents w ith F. moniliforme, hairs 
sterilised by m ild autoclaving (110 °C, 15 min.) and noil-sterile hairs were also 
used.

A fter one to  seven weeks of growth a t 28 °C hairs a t various stages of 
degradation were fixed in vapours of glutaraldehyde in P e tri dishes for 24 hours. 
T hen  they  were fixed in 2 % glutaraldehyde and 1 % formaldehyde in 0.1 M 
phosphate buffer pH  7.4 (24 hours) and postfixed in 1 % osmium tetroxide in the
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same buffer (2 hours), dehydrated in acetone and em bedded in D urcupan ACM 
(Fluka, Switzerland).

T hin  sections were m ade on an U ltracut (Reichert, A ustria) m icrotom e using 
a glass knife, contrasted w ith uranyl acetate and lead c itra te  according to  Reynolds 
and observed under a  Zeiss O pton 109 (Germany) electron microscope operated  
a t 80 kV. The prim ary magnification was w ithin a range of 3,000 to  50,000 x .

F ixation  for SEM was perform ed w ith a m ixture of 2 % glutaraldehyde and 
1 % formaldehyde in 0.1 M phosphate buffer pH 7.4 (24 hours) and the samples 
were dehydrated in a graded acetone series. The samples were then  dried using the 
critical point dryer CPD-030 (Bal-Tec, Liechtenstein), coated w ith  a 5 nm  layer of 
gold and palladium  in the sputtering device Polaron E 5100 (G reat B rita in), and 
observed under a  Tesla BS 340 (Czech Republic) scanning electron microscope.

R e s u l t s

The morphology of keratin  degradation by the fungus Keratinophyton terreum  
was, in m ost respects, similar to  th a t of Chrysosporium tropicum, which was 
described by Fusconi & Filipello-Marchisio (1991). Its  description and illustration  
is therefore presented in an abbreviated form. The degradation s ta rted  a t the  hair 
surface, where the hyphae grew along the edges of cuticular cells and, thereafter, 
p enetra ted  under the cuticular scales. There the hyphae were densely branched and 
composed of flat and lobose cells ( “fronds” , “fronded mycelium” -  English 1963) 
(Fig. la , e). In advanced stages the hyphae were thick and circular in cross-section 
and evidently contributed to  the mechanical decom position of cuticular layers 
(Fig. Id ). The m ost easily decomposed layer of the cuticle cells was the endocuticle, 
an inner layer containing transform ed rem nants of the cytoplasm  of keratinised 
cells. Its degradation could be observed up to  several m icrom eters from the nearest 
hypha. L ater on, blocks of am orphous keratin in the exocuticle (outer layer) were 
gradually digested. The m ost resistant layer was the A-layer of the exocuticle 
under the  outer cytoplasm ic mem brane and a sim ilar th inner layer facing the inner 
m em brane. These layers rem ained m ostly undegraded even in advanced stages of 
keratinolysis (Fig. Id , e).

The cortex was attacked by hyphae growing perpendicularly to  the  longitudinal 
axis of the  hairs. They arose by an inward growth of some cells of fronds a t the 
border between cuticle and cortex. These hyphae ( “boring hyphae” , “borers” -  
English 1963) were very th in  (under 0.5 /xm) and penetrated  the  hair intracellularly 
across the cortical cells. A t first, the  boring hyphae were fully em bedded in the 
keratinaceous mass of penetrated  cells bu t, later on, lytic channels were visible 
around them  (Fig. lc ). The hyphae then  grew thick and divided into columns of 
short cells, sim ilar to  true  perforating organs of derm atophytes. The com ponent 
of the  cortex degraded first was the complex of cytoplasm ic m em branes and
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intercellular cem enting substances between adjacent cells. The inter-m acrofibrillar 
m atrix  inside the  cells was digested next, followed by the  keratin  macrofibrils 
themselves. The la tte r  were digested both  from the surface and from the  centre, 
where the packing of keratin  microfibrils was less dense. In advanced stages of 
cortex degradation  m any macrofibrils disappeared, giving rise to  extended lytic 
channels. In  these channels a new type of mycelium ( “erosive mycelium” ) was 
observed, produced by branching of swollen boring hyphae. It grew in parallel 
w ith  the  longitudinal axis and rem inded of the  fronds in the cuticle by its prim arily 
intercellular growth and its morphology. The only undegraded com ponent of the 
cortex was the m elanin granules.

In  the  cytoplasm  of hyphal cells nuclei w ith nucleoli, m itochondria, vacuoles 
w ith  granules and m em brane debris, endoplasmic reticulum , lipid drops and 
various vesicles and granules were observed (Fig. la ) . Some vesicles showed 
a reticular struc tu re  a t their surface (Fig. lb ).

H air degradation by Dictyoarthrinopsis kelleyi was slower and its course 
indicated  a weaker keratinolytic ability of this fungus. Typical fronds, proliferating 
in place of the digested endocuticle, were observed in the cuticular cells. The 
exocuticle was digested in some places. However, its overall degradation was slow 
and the A-layer rem ained m ostly in tac t (Fig. 2a). The organs of cortex degradation 
were frequent and typical borers. They originated from swollen, appressoria-like 
cells of fronds in or under the  cuticle (Fig. 2b, c) and penetrated  the cortex directly, 
more or less perpendicularly  to  the  long axis of the  cells and the ir keratin  fibrils. 
The exocuticle of the cuticular cells (Fig. 2b) and the elements of the  cortex 
(Fig. 2c) looked like drilled through by the  boring hyphae, in the vicinity of which 
no signs of mechanical deform ation (e.g. bending and displacing of the  fibrils) 
were observed. Young boring hyphae filled tigh tly  the holes they produced bu t in 
la te r stages the lytic action on less keratinised elements (transform ed cytoplasmic 
m em branes w ith intercellular cement, cytoplasmic rem nants, inter-m acrofibrillar 
m atrix) was evident. Because these parts were degraded faster th an  the hard 
keratin  of macrofibrils, the  line of lysis along the hypha was irregular and typically 
“festooned” (Fig. 2c, d). The keratin  itself was also attacked, as dem onstrated  by 
the  separation  of keratin  microfibrils and an increased osmiophilia of the attacked 
parts. However, the  lytic holes around the  boring hyphae increased only slowly. An 
erosive mycelium produced by the branching of swollen boring hyphae rem ained 
rare and the hair degradation stopped after six to  eight weeks w ithout decomposing 
m ost of the  hair substance bo th  in the  cuticle and the  cortex.

H air degradation by the stra in  of Fusarium m oniliforme capable of growing on 
hum an hairs was in m ost aspects sim ilar to  th a t of Dictyoarthrinopsis kelleyi. The 
cuticle layer was attacked first by morphologically norm al hyphae, growing along 
the edges and penetra ting  into the spaces between cuticular scales (Fig. 3a). Later 
on, typical fronds were formed th a t spread in place of the digested endocuticle.
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The exocuticle was degraded only slowly and its A-layer rem ained in tac t even in 
advanced stages of the growth on hairs. The m ain organs of hair degradation were 
num erous boring hyphae (Fig. 3b). They arose from swollen, appressoria-like cells 
of fronds found m ainly a t the  border between cuticle and cortex and penetra ted  it 
m ostly perpendicularly to  the  long axis of the hairs (Fig. 3c, d). The boring hyphae 
were th in  and non-branched and their course was often to rtuous due to  changes of 
direction a t the borders of cortical cells and layers. Young borers fitted tightly  into 
the  holes they  produced in the resistant layers of the cuticle or the cortex. L ater 
on, lytic action on less resistant com ponents of the  cortex was evident and typical 
“festooned” lines of lysis were observable bo th  on cross and longitudinal sections 
(Fig. 4 a, b). H ard keratin  fibrils were also attacked, as shown by desintegration of 
macrofibril margins and an increased osmiophilia of the attacked areas (Fig. 4c). 
However, no large lytic channels (observable by light microscopy) were formed 
and the  boring hyphae rem ained th in . A n eroding mycelium was formed only 
rarely. This was found predom inantly in intercellular spaces and its effect rem ained 
lim ited to  the  less keratinised com ponents of the cortex (the complex of plasm atic 
m em branes and the inter-m acrofibrillar m atrix, Fig. 4d). A fter six to  eight weeks 
fu rther grow th on hairs and the ir degradation ceased. Even in the  regions of hairs 
attacked m ost strongly only approxim ately 2 0  % of the  hair substance was digested.

In prelim inary experim ents hair degradation by Fusarium m oniliform e  was 
studied under different conditions of cultivation. The degradation was slightly 
stronger w ith autoclaved hairs com pared to  hairs sterilised by propylene oxide 
and non-sterile hairs. I t was also faster w ith hairs on glucose-peptone agar th an  
on agar w ithout the  added nutrients. However, the  course and morphology of hair 
degradation  was essentially the  same under all conditions.

D is c u s s io n

D egradation of hum an hair was studied in three soil fungi differing in kerat­
inolytic ability. H um an hairs, belonging to  the m ost resistant of m am m alian hairs 
(Wawrzkiewicz e t al. 1998) were chosen as the  substrate. These hairs were also 
used in m ost of the previous studies.

In all three species the  cuticle of the hairs was attacked first. Specialised hyphal 
organs were observed, described as “fronds” by English (1963) and found later 
by m any authors studying hair degradation by keratinophilic fungi in v itro  (see 
Introduction). T heir morphology probably reflects an adap ta tion  to  growth in 
the  flat and th in  spaces formed by the degradation of the  least resistant p arts  of 
cuticular cells (scales). Filipello-M archisio et al. (1994) suggested th a t fronds are 
sim ilar to  the hyphopodia of phytopathogenic fungi formed a t plant surfaces. The 
fronded mycelia grow oriented under the  cuticular scales a t the hair surface. They 
rapidly digest the complex of cytoplasmic mem branes of adjacent cells and their
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F ig . 1. K eratinophyton terreum . a  Lobose cells ( “fronds” ) in th e  cuticle. T angential section of 
th e  hair. T EM , scale ba r =  1 /¿m; b  C oated  vesicles in th e  cytoplasm  of older hyphal cells. TEM , 
scale ba r =  0.2 Jim; c “Boring hypha” in the  hair cortex. Note the  lytic hole around th e  older 
(upper) p a r t of th e  hypha. LM, scale bar =  20 /jm; d  Older hyphae in the  cuticle. Cross section 
of th e  hair. P a rtly  digested cuticle (upper p a rt) and cortex (lower p a rt of th e  picture). TEM , 
scale ba r =  1 fim; e  Cross sections of lobose cells in th e  cuticle. TEM , scale ba r =  1 /xm.
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F ig . 2 . D ictyoarthrinopsis kelleyi, TEM . a  Cross sections of hyphae in th e  cuticle (Cu). 
D egradation  of endocuticle and exocuticle. Lower part: lytic action on in tercellular substance in 
th e  cortex (Co). Scale bar =  0.5 /im. b  Appressorium -like cell in the  cuticle w ith a  boring hypha 
penetra tin g  innerm ost cuticle cells. Scale bar =  0.5 /im . c Appressorium -like cell under th e  cuticle 
w ith a  boring hypha p en etra ting  the  hair cortex. Scale bar =  1 /im . d  P a rt of a  boring hypha in 
th e  cortex. N ote th e  signs of lysis of surrounding keratinaceous substance. Mi =  m itochondrion. 
Scale ba r =  0.2 ¿¿m.
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F ig . 3. 7usarium  m oniliform e. a  Hyphae penetra ting  under the  cuticular cells of the  hair. SEM, 
scale ba r =  5 fj.m. b  Num erous boring hyphae in th e  attacked  hum an hair. LM, scale ba r =  20 fim . 
c  Appressorium -like cell w ith a  boring hypha p en etra ting  th e  exocuticle. In th e  in tac t cuticle 
cell endocuticle (En) and exocuticle (Ex) are visible. Co =  cortex. TEM , scale ba r =  1 /im. d  
Appressorium -like cell w ith a  boring hypha penetra ting  th e  hair cortex. Note th e  signs of cortex 
degradation  around  th e  boring hypha. TEM , scale ba r =  1 /im.
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F ig . 4 . Fusarium  m oniliform e, TEM . a  Boring hypha in th e  hair cortex w ith a  “festooned” line 
of lysis around it. Longitudinal section of th e  hair. Scale bar =  1 (im. b  Cross-section of a  boring 
hypha in the  cortex w ith a  surrounding irregular zone of lysis. P C  =  pigm ent granule. Scale 
b a r =  0.5 /im . c, d  Older boring hyphae (Hf) in the  cross-sectioned hair cortex. D egradation  of 
interfibrillar m atrix  separating  individual hair keratin  macrofibrils (M f). Scale bar =  0.5 /¿m.
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grow th becomes intracellular. The sequence of degradation of cellular com ponents 
corresponds to  the ir degree of keratinization, paralleled by the  content of sulphur 
(cystine). The endocuticle, containing rem nants of cellular cytoplasm , is digested 
first, followed by the exocuticle, containing blocks of am orphous keratin. The 
A-layers, which are very rich in cystine (and perhaps also in other cross-linking 
bonds, e.g. isopeptides, Rice et al. 1994), rem ain m ostly undegraded, especially 
in the  less keratinolytic species, Dictyoarthrinopsis kelleyi and Fusarium m onili­
form e.

W hereas the hyphae grew parallel to  the long axis of hairs in the cuticle, 
in the  cortex the  growth was perpendicular to  th is axis and intracellular from 
th e  very beginning. This is typical of all keratinophilic fungi. In  the derm ato­
phytes and o ther strongly keratinolytic species the organs of cortex degradation 
are perforating  organs, columns of short cells producing rapidly large lytic 
channels and branching soon into the complex formations, described in detail 
by K anbe & Tanaka (1982). Weakly keratinolytic fungi form only th in  and 
unbranched boring hyphae (English 1963, 1965), usually w ithout lytic channels 
discernible under the  light microscope. T heir u ltrastructu re  was studied in detail 
by Fusconi & Filipello-M archisio (1991) in Chrysosporium tropicum  and by 
Filipello-M archisio et al. (2000) in Scopulariopsis brevicaulis. O ur results are 
in agreem ent w ith those of the  above authors: the form ation of boring hyphae 
from appressoria-like cells, their passage through tigh t holes in the  exocuticle 
and cortex, and “festooned” lines of hair substance degradation around them  
were observed. The presence of appressoria-like cells suggests the concerted action 
of m echanical pressure and enzym atic lysis in cortex penetration . The lysis is 
probably more im portan t, as shown by the absence of keratin  fibril deform ation 
in the surroundings of boring hyphae including their apices. In Keratinophyton  
terreum  older boring hyphae produced large lytic channels, grew thick and densely 
sep tated , and  were transform ed into form ations sim ilar to  perforating organs. 
This interm ediary type (present also in species of the  genus Chrysosporium, see 
In troduction) probably dem onstrates the  origin of perforating organs from boring 
hyphae in the  evolution of keratinophilic fungi.

Also in the  cortex, the  first attacked elements are those th a t do not rep­
resent a tru e  keratin  (intercellular complex, rem nants of cell organelles). Hard 
alpha-keratin  is digested later and keratinaceous interm ediate filaments are 
probably dissolved faster th an  the osmiophilic m atrix  found among them  (Ku­
n ert & K rajci 1981, Fusconi & Filipello-Marchisio 1991, Filipello-Marchisio 2000). 
T his corresponds again to  their content of sulphur (cystine). The sulphur content 
reflects the  am ount of disulphide (cystine) bridges th a t are the m ain source of 
keratin  resistance. Truly keratinolytic fungi are able to  cleave these cross-links by 
means of excretion of sulphite formed during intracellular oxidation of cystine 
sulphur (sulphitolytic theory of keratinolysis -  K unert 1972, for review see
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K unert 1995, 2000). A t the level of electron microscopy sulphitolysis may be 
the  cause of an increase in osmiophilia of the attacked keratin , observed by 
several authors (K unert & K rajci 1981, K anbe & Tanaka 1982, K anbe et al. 
1986, Fusconi & Filipello-Marchisio 1991) and also in this study. W ickett & B ar­
m an (1985) described namely sim ilar effects during the  reduction of disulphide 
bonds of the  hairs by dithiols.

The only com ponent of the hairs th a t rem ains completely in tact during hair 
degradation by keratinolytic fungi are the non-proteinaceous pigm ent granules 
(M ercer & Verma 1963, Hsu & Volz 1975, K unert & K rajci 1981, Cano et al. 1991, 
Fusconi & Filipello-M archisio 1991).

Some fungi of the genus Fusarium  are capable of growing on keratinaceous 
substra tes and are m entioned among prim ary colonisers of such substra tes in  soil. 
These m embers of fungal succession were thought to  use only non-keratins of 
hairs, nails etc. However, in the experim ents of Oyeka & G ugnani (1998) a stra in  of 
Fusarium solani digested up to  20 % of powdered keratin  suspension. Among eight 
strains of Fusarium  spp. only one isolate of F. m oniliforme attacked hum an hairs 
in  a way com parable to  keratinophilic fungi (K unert, non-published results). In 
the present study  it degraded the hairs nearly as intensively as D ictyoarthrinopsis 
kelleyi, originally described as a keratinophilic fungus (Dominik & Majchrowicz 
1966). In  contrast to  D. kelleyi cuticle decom position was slower and more 
incom plete, and the  boring hyphae stopped grow earlier, m ostly w ithout branching 
and  producing fu rther mycelia. However, even here the boring hyphae in the  cortex 
displayed a clear lytic, obviously enzym atic, activity. I t is therefore highly probable 
th a t even the m ost weakly keratinophilic fungi penetrate  keratinised tissues by 
a lytic action and cannot solely use mechanical pressure.
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