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s y m b i o n t e n v e r l u s t  bed ing te  p O - S e n k u n g  yon  8, 3 3= 0, 2 au f  
7,8 :t= 0,2 auf. Pa ra l l e l  zu p O - V e r ~ n d e r u n g e n  is t  die Bil-  
d u n g  m i t o c h o n d r i a l e r  G r a n u a l e  bzw. p r o t op l a s t o i de r  ]?;in- 
sch lussk6rper  zu b e o b a c h t e n .  Be ide  e n t h a l t e n  o rgan i sche  
Molekii le wie A m i n o s g u r e n  bzw. P r o t e i n e  u n d / o d e r  an-  
o rgan ische  I o n e n  wie Ca 2| PO43| u n d  ande re  mehr ,  die 
aus  der  E u c y t e  a u f g e n o m m e n  werden  (Figur).  Die I o n e n  
l iegen in den  I n k l u s i o n e n  als H y d r o x y t a p a t i t e  (Ca~ 
(PO4) 2. Ca(OH)2 ) vo r  odor  s ind m6gl icherweise  che la t -  
a r t ig  a n  freie Carboxyl -  bzw. P h o s p h a t g r u p p e n  der  
Aminos~turen odor P ro t e ine  gebundenS,  ~o. Die B i l dung  
weniger,  grosser  Te i lchen  ans  v ie len  k le inen  sol l te  dabe i  
fiir die S e n k u n g  des pO v e r a n t w o r t l i c h  sein. Da  die In-  
k lus ionen,  z u m i n d e s t  bet  den  P ro top l a s to iden ,  a n  die 
E u c y t e  wieder  abgegeben  n n d  y o n  ih r  aufge l6s t  werden  
k6nnen ,  w~re dieser  V o r g a n g  revers ibel .  

Z u s a m m e n f a s s e n d  1/isst s ich sagen, dass  das  Verh~tltnis 
der  p ro top la s to iden ,  r i cke t t s i en -  u n d  b a k t e r i e n a r t i g e n  
Z i k a d e n e n d o s y m b i o n t e n  m i t  der  ]?;ucyte sich yon  d e m  der  
M i t o c h o n d r i e n  n a c h  Grad  u n d  A r t  g radue l l  un t e r sche ide t .  
Das  der  M i t o c h o n d r i e n  u n d  P r o t o p l a s t o i d e n  d i f fer ier t  
dabe i  a m  wenigs ten .  M i t o c h o n d r i e n  u n d  Pro top las to~den  
zeigen en t sp r echendes  phys io logisches  VerhaI ten .  Beide 
bee inf lussen  n a c h  e inem m6gl icherweise  gle ichen Mecha-  
n i smus  p H  u n d  pO der  Eucy te .  Die p r o t o p l a s t o i d e n  E n d o -  
s y m b i o n t e n  s te l len quas i  ein <~missing l inb> zwischen den  
p e r m a n e n t  an  die E u c y t e  g e b u n d e n e n  M i t o c h o n d r i e n  u n d  
den  temporh,  r s y m b i o n t i s c h e n  B a k t e r i e n  dar.  Die Zika-  
d e n e n d o s y m b i o s e  i s t  ein geeignetes  Modell  zur  S t r u k t u r - ,  
F u n k t i o n s -  und  E v o l u t i o n s a n a l y s e  der  Eucy te .  

Summary, The  m i t o c h o n d r i a  c an  be  cons idered  as ex- 
t r e m e l y  i n t e g r a t e d  endosymbion t s ,  accord ing  to t he  
t h e o r y  of t h e  e n d o s y m b i o n t i c  or ig in  of eucytes .  Leaf  
hoppe r s  show also v e r y  i n t e g r a t e d  e n d o s y m b i o n t s .  The i r  
p ro top las to id - ,  r i cke t t s i a -  a n d  bac te r i a - l ike  e n d o s y m b i o n t s  
differ, accord ing  to grade,  k i n d  and  supposed  age of the  
re la t ion ,  f rom the  h y p o t h e t i c a l  t y p e  of m i t o c h o n d r i a .  
M i t o c h o n d r i a  a n d  p ro top l a s to id s  differ  t he  leas t  a n d  show 
co r re spond ing  phys io logica l  behav io r .  B o t h  h a v e  a regu-  
l a t ive  in f luence  on  p H  a n d  osmot ic  pressure  of t h e  eucy te  
a n d  use p r o b a b l y  t h e  same  m e c h a n i s m  of regu la t ion .  The  
p r o t o p l a s t o i d  endosymbios i s  of l ea fhoppers  can  be  
r ega rded  as a 'miss ing  l ink '  b e t w e e n  t h e  t e m p o r a r y  en- 
dosymbios i s  of t h e  b a c t e r i a  and  t he  p e r m a n e n t  h y p o t h e -  
t i ca l  one  of t he  m i t o c h o n d r i a .  The  l ea fhoppe r  endo-  
symbios i s  is a su i t ab le  model  for t he  ana lys i s  of s t ruc tu re ,  
func t ion  a n d  evo lu t ion  of t he  eucyte .  
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Keratinases: Hydrolysis of Keratinous Substrates 

Act ion  of ke r a t i no ly t i c  enzymes  on  such  widely  dis- 
t r i b u t e d  s t ruc tu re s  as ha i r ,  wool, fea ther ,  horn ,  hoof, 
claw, beak ,  scale a n d  t h e  s t r a t u m  e o r n e u m  of t he  epider-  
mis  has  no t  been  s tud ied  ex tens ive ly .  NICKERSON e t a l .  1 
pur i f i ed  a kera ts  f rom Streptomyces /radiae which  
solubi l ized wool k e r a t i n  a t  p H  9.0. An  ex t race l lu la r  
ke ra t i na se  (ke ra t inase  I), of a zoophi l ic  d e r m a t o p h y t e ,  
Trichophyton mentagrophytes, r ap id ly  digests  gu inea  pig  
ha i r  a t  n e u t r a l  pH2. The  m y c e l i u m  of th i s  fungus  also 
yields  2 ce l l -bound  ke ra t inases  (kera t inases  I I  and  III) 
u n d e r  t he  same g r o w t h  cond i t ions  ~. T he  fol lowing r e p o r t  
descr ibes  t he  hydro lys i s  of va r ious  ke ra t i n s  b y  these  
t h r ee  enzymes  of T. mentagrophytes. 

by Three Enzymes of Trichophyton mentagrophytes 
I n  our  exper imen t s ,  all  ke r a t i n s  were n e i t h e r  au toc]s  

no r  steri l ized.  T h e y  were w a s h e d  w i t h  water ,  e x t r a c t e d  
w i t h  c h l o r o f o r m - m e t h a n o l  a and  soaked severa l  t imes  in 
0.05 M p h o s p h a t e  buffer ,  i m M  Mg++, p H  7.0, t h e n  
r insed  w i t h  water ,  m e t h a n o l ,  and  a i r -dr ied  a t  r oom 
t empe ra tu r e .  The  kera t ins ,  excep t  hoof  a n d  powdered  
hair ,  were e i the r  cu t  w i th  scissors to  a l e n g t h  of 3-5  m m  
or cu t  w i t h  a kni fe  to  pieces of 1-3 m m  long. The  assay  
was car r ied  ou t  as follows. K e r a t i n  (50 mg) was  suspended  
in 0.05 2kr p h o s p h a t e  buffer  c o n t a i n i n g  i m M  MgSO 4, 
p H  7.0, to  wh ich  50 vg of e n z y m e  m a t e r i a l  was  a d d e d ;  
f ina l  v o l u m e  5.0 ml.  Contro ls  inc luded  e n z y m e  m a t e r i a l  
in  buf fe r  and  t he  s u b s t r a t e  in buffer .  To luene  (0.1 ml) w~Ls 

Table I. Digestion (%)~ of keratinous materials by keratinases I, II and III of T. mentagrophytes 

Keratinase I Keratinase II Keratinase III 

3h 16h 3h 16h 3h 16h 

1. Calf hoof (40-100 mesh) 0.7 (1.6) 4.7 (6.0) [11.7] 1.4 (0.8) 4.3 (4.0) [3.8] 3.8 (4.1) 14.4 (10.4) [20.0] 
2. Goat hair 0.3 (0.5) 2.9 (2.8) [<2.0] 0.3 (0.2) 1.9 (2.2) E<2.0] 1.3 (0.6) 3.0 (3.4) [<2.0] 
3. Guinea-pig hair 4.4 (4.6) 13.8 (8.9) [19.7] 5.8 (2.8) 15.2 (8.0) [14.8] 6.9 (5.0) 15.8 (8.8) [20.0] 
4. Guinea-pig hair powder (200400 mesh) 15.2 (7.9) 18.2 (11.7) [30.7] 13.0 (7.1) 21.4 (7.5) [23.0] 14.4 (8.1) 21.8 (10.6) [24.0] 
5. Horse hair (white) 0. 5 (0.7) 3.0 (2.7) [<2.0] 0.4 (0.4) 2.7 (2.3) [<2.0] 1.5 (0.9) 5.9 (4.0) [6.0] 
6. Rabbit hair 1.6 (0.8) 3.8 (3.8) [8.5] 1.3 (0.5) 2.7 (2.2) f<2.0] 1.6 (0.7) 6.5 (3.4) [4.0] 
7. Rat hair 1.4 (0.5) 5.0 (2.8) [5.4] 1.2 (0.4) 3.8 (3.6) [2.6] 1..8 (1.0) 2.1 (2.0) [2.0] 
8. Silk~ (eoarse) 1.7 (1.2) 1.7 (1.0) [<2.0] 0.2 (0.0) 0.7 (0.4) [<2.0] 0.6 (0.6) 1.5 (0.8) [2.0] 
9. Silk ~ (fine) 1.2 (1.1) 1.7 (1.4) [2.9] 0.3 (0.3) 0.7 (0.6) [<2.0] 1.0 (0.7) 1.9 (1.8) [<2.0[ 

10. Wool~ 0.2 (0.7) 1.2 (1.3) [<2.0] 0.2 (0.1) 0.8 (1.4) [<2.0] 0.3 (0.3) 1.7 (2.4) [<2.0[ 

*Values were obtained by ninhydrin assay, those by keratinase assay and by weight loss of substrate are indicated in parentheses and brackets, 
respectively, b Diameter 245 280 ~xm. "Diameter 35~0 ~xm. o Merino wool kindly supplied by Morris Fishman and Sons, Philadelphia, Pa., USA, 
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Table II. Successive digestion (%) ~ of guinea-pig hair by keratinases I, II and III of T. mentagrophytes 

1 5 1 3  

K I -+ K II --~ K III  -+ K I Total 
13.4 (5.8) [15.5] 1.1 (0.3) [2.0] 0.3 (0.1) [1.5] 0.3 (0.0) [0.0] 15.1 (6,2) [19.01 

K I I - +  K I I I - +  K I - +  K I I  
12.6 (4.6) [17.0] 2.4 (1.1) [1.0] 0.6 (0.6) [2.5] 0.3 (0,0) [1.5] 15.9 (6.3) [22.0] 

K III -+ K I -+ K II -+ K III 
15.0 (6.4) [26.5] 0.5 (0.6) [0.0] 0.2 (0.0) [0.5] 0.0 (0.0) [0.5] 15.7 (7.0) [27.5] 

Values were obtained by ninhydrin assay, those by keratinase assay and by weight loss of substrate are indicated in parentheses and brackets 
respectively. Incubation time 5 h each. 

Table I l l .  Digestion (%)~ of human  keratiHs by keratinases I, II and III of T. mentagrophytes 

Keratinase I Keratinase II Keratinase III 

3 h  1 6 h  3 h  16h  3t l  16tl 

1. Adult 's  hair 0.3 (1.0) 1.6 (2.2) ~<2.0] 0.3 (0.2) 1.4 (1.5) [<2.01 1.0 (1.3) 3.0 (4.2) [<2.0; 

2. Children's hair 0.2 (0.4) 0.3 (1.1) [<2.0] 0.1 (0.0) 0.3 (0.9) [<2.0] 0.3 (0.2) 1.2 (1.8) [<2.0] 

3, Callus (1 2 mm) 3.2 (5,9) 16.6 (21.2) [30.51 2.3 (1.5) 19.0 (14.7) [17.8] 5,7 (4.4) 26.2 (18.1) [36.0] 

4. Nails (1-3 mm) t.3 (2.0) 4.5 (6.0) [2.1] 0.6 (0.4) 3.0 (2.5) [3.7] 1.4 (1.2) 3.6 (4.1) [<2.0] 

~Values were obtained by ninhydrin assay, those by keratinase assay and by weight loss of substrate are indicated in parentheses and brackets 
respectively. 

a d d e d  t o  e a c h  m i x t u r e  a s  a n  a n t i s e p t i c  w h e n  t h e  i n c u b a -  
t i o n  t i m e  w a s  16 h.  T h e  r e a c t i o n  m i x t u r e s  w e r e  i n c u b a t e d  
a t  37~ t h e n  f i l t e r e d  t h r o u g h  a W h a t m a n  No .  2 p a p e r .  

T h r e e  m e t h o d s  w e r e  u s e d  t o  m e a s u r e  t h e  k e r a t i n o l y t i c  
a c t i v i t y  of  t h e  e n z y m e s ,  a) N i n h y d r i n  r e a c t i n g  c o m p o u n d s  
in  t h e  r e a c t i o n  f l u id  (0.5 ml )  w e r e  a s s a y e d  w i t h  L - l euc ine  
a s  r e f e r e n c e  5. b)  C o r r e c t e d  a b s o r b a n c e  v a l u e s  of  t h e  
r e a c t i o n  f l u id  a t  280 n m  ( k e r a t i n a s e  a s s a y )  w e r e  c o n v e r t e d  
t o  t h e  q u a n t i t y  of  s o l u b i l i z e d  p r o t e i n ,  1 . 0 0 D  = 1 m g / m l  
p r o t e i n  s. c) T h e  r e s i d u a l  s u b s t r a t e  w a s  w a s h e d  o n  t h e  
f i l t e r  w i t h  w a t e r  a n d  m e t h a n o l ,  a i r - d r i e d ,  a n d  w e i g h e d .  

F o r  t h e  s u c c e s s i v e  d i g e s t i o n  of  g u i n e a  p i g  ha i r ,  t h e  a b o v e  
a s s a y s  w e r e  e m p l o y e d  e x c e p t  t h a t  200 m g  h a i r  a n d  0.2 m g  
e n z y m e  m a t e r i a l  in  20 m l  b u f f e r  w e r e  u s e d .  T o l u e n e  
(0.1 ml )  w a s  a d d e d  a n d  t h e  r e a c t i o n  m i x t u r e  w a s  f i l t e r e d  
a f t e r  t h e  f i r s t  i n c u b a t i o n  p e r i o d  of  5 h .  T h e  r e s i d u a l  h a i r  
w a s  w a s h e d ,  d r i e d  a n d  w e i g h e d  a s  a b o v e ,  a n d  w a s  t h e n  
q u a n t i t a t i v e l y  t r a n s f e r r e d  i n t o  a n e w  r e a c t i o n  v e s s e l  fo r  
t h e  n e x t  i n c u b a t i o n  p e r i o d  w i t h  t h e  e n z y m e .  

T a b l e  I s h o w s  t h e  r e s u l t s  of  t h e  e n z y m a t i c  d i g e s t i o n  of  
d i f f e r e n t  a n i m a l  k e r a t i n s .  A l l  3 k e r a t i n a s e s  a r e  m o s t  
a c t i v e  w i t h  g u i n e a - p i g  h a i r  a s  s u b s t r a t e ,  k e r a t i n a s e  I I I  
d i g e s t s  h o r s e  a n d  r a b b i t  h a i r  a n d  k e r a t i n a s e  I r a t  ha i r ,  b u t  
l ess  e f f e c t i v e l y .  Al l  3 e n z y m e s  h y d r o l y z e  p o w d e r e d  h a i r  
m o r e  r a p i d l y  t h a n  c u t  h a i r  b e c a u s e  t h e  f o r m e r  p r o v i d e s  
g r e a t e r  s u r f a c e  a r e a  o f  m e d u l l a  a n d  c o r t e x .  

S u c c e s s i v e  i n c u b a t i o n  of  g u i n e a - p i g  h a i r  w i t h  t h e  3 
d i f f e r e n t  k e r a t i n a s e s  s h o w s  n o  e n h a n c e m e n t  of  h y d r o l y s i s  
( T a b l e  I I ) .  

W h e n  h u m a n  k e r a t i n s  w e r e  Used  a s  s u b s t r a t e s ,  c a l l u s  
w a s  r e a d i l y  h y d r o l y z e d  b y  e a c h  k e r a t i n a s e ,  w h e r e a s  n a i l s  
w e r e  o n l y  m o d e r a t e l y  d i g e s t e d .  H a i r  o f  c h i l d r e n  a n d  
a d u l t s  w a s  r a t h e r  r e s i s t a n t  t o  e n z y m a t i c  a c t i o n  ( T a b l e  I I I ) .  

T h e s e  r e s u l t s  c o u l d  i n d i c a t e  t h a t  k e r a t i n a s e s  of  zoo-  
p h i l i c  d e r m a t o p h y t e s  h a v e  a s t r o n g e r  h y d r o l y t i c  a c t i o n  
o n  a n i m a l  k e r a t i n s  t h a n  o n  t h o s e  o f  h u m a n  o r ig ins .  I f  
s u c h  d i f f e r e n c e s  s h e u l d  ex i s t ,  t h e  h i g h l y  d e v e l o p e d  h o s t -  

p a r a s i t e  r e l a t i o n s h i p  of  t h e  d e r m a t o p h y t e s  c o u l d  we l l  be  
e x p l a i n e d  b y  t h e  s u b s t r a t e  s p e c i f i c i t y  of  t h e i r  k e r a -  
t i n a s e s  7, 8. 

Zusammen/assung. D r e i  K e r a t i n a s e n  d ie  y o n  e i n e m  zoo-  
p h i l e n  D e r m a t o p h y t e n ,  Trichophyton mentagrophytes, i so-  
l i e r t  w u r d e n ,  h a b e n  e ine  a u s g e p r / i g t e r e  h y d r o l y t i s c h e  
W i r k n n g  a u f  K e r a t i n e  t i e r i s c h e n  U r s p r u n g s  a l s  s o l c h e  
m e n s c h l i c h e r  H e r k u n f t .  

R . J . Y u ,  JACQUELINE [RAGOT 9 a n d  F .  [BLANK 

Skin &o Cancer Hospital, Temple University, 
Health Sciences Center, 3322 North Broad Street, 
Philadelphia (Pennsylvania 19740, USA), 
7 June 7972. 

1 W . J .  NICKERSON, J. J.  NOVAL and R. S. ROBISON, Biochim. bio- 
phys. Acts  77, 73 (1963); W. J. NICKERSON and S. C. DURAND, 
Biochima. biophys. Acta 77, 87 (1963). 
R. J. Yu, S. R. HARMON and F. BLANK, J. Bact. 96, 1435 (1968); 
R. J. Yu, S. R. HARMON and F. BLANK, J. invest. Derm. 53, 166 
(1969); R. J. Yu, S. R. HARMON, P. E. WACHTER and F. BLANK, 
Archs Biochem. Biophys. 135, 363 (1969). 

s R . J .  Yu, S. R. HARMON, S. F. GRAPPEL and F. BLANK, J. invest. 
Derma. 56, 27 (1971). 
E. G. BLIGH and W. J. DYER, Can. J. Biochem. Physiol. 37,911 
(1959). 

5 S. MOORE and W. H. STEIN, J. biol. Chem. 776, 367 (1948). 
6 1~. LAYNE, in Methods in Enzymology (Eds. S. P. COLOWlCK and 

N. O. KAPLAN; Academic Press, New York 1957), vol. 3, p. 451. 
F. BLANK, Proc. 9th Annual Meeting Int. Northwestern Conf. 
Diseases in Nature Communicable to Man, 1954, p. 80. 

s This work was supported by a grant  from the Brown-Hazen Fund 
of the Research Corporation. We thank Mrs. S. R. HARMON and 
Miss P. E. WACHTER for technical assistance. 

9 Present address : Laboratoire de Cryptogamie, Facult4 des Sciences, 
Toulouse (France). 


