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T h e  Se l ec t iv i ty  of  t h e  G r a m - s t a i n  for  K e r a t i n s  

T h e  k e r a t i n  s t r u c t u r e  of wool  or  h a i r  is well  k n o w n  t o  
be  p r e s e n t  in  sk in  e p i t h e l i u m ,  f ea the r s ,  m yos i n ,  ac t in ,  
f i b r i nogen ,  nai ls ,  h o r n ,  h a e m o g l o b i n ,  v i t e l l i ne  a n d  shel l  
m e m b r a n e  of t h e  egg as well  as in  d e n t a l  enam e l .  R e c e n t l y  
i t  was  s h o w n  t h a t  b a c t e r i a l  m e m b r a n e s  x a n d  t h e  m e m -  
b r a n e  s h e a t h  of s p e r m a t o z o a  ~ also b e h a v e  l ike wool-  
k e r a t i n .  

I n  sp i t e  of s u c h  a wide  v a r i e t y  of d i s t r i b u t i o n ,  n o  spe-  
cific or  s e l ec t ive  s t a i n i n g  m e t h o d  seems  to  h a v e  b e e n  
f o u n d  for  ke r a t i n s .  N e i t h e r  MASSON'S t r i c h r o m e  s t a i n  in  
MALLORY'S a d a p t a t i o n  as  r e c o m m e n d e d  b y  CON~ 3 for  
t h e  " s t a i n i n g  of k e r a t i n " ,  n o r  t h e  G r a m - s t a i n  of  ERNST 4 
c l a i m e d  as  " n i c h t  r e s t l o s  s p e z i f i s c h "  b y  ROULET s ap -  
p a r e n t l y  fulfi l l  t h e  des i r ed  c r i t e r i a .  

S ince  some  of  t h e  p r e v i o u s  w o r k  of  t h e  a u t h o r  was  
c o n c e r n e d  w i t h  t h e  m e c h a n i s m  of G r a m - s t a i n  r e v e r s a l  s 
of k e r a t i n s  p r e s e n t  in  wool  or  in  bac t e r i a ,  i t  was  dec ided  
to  i n v e s t i g a t e  t h e  s e l e c t i v i t y  a n d  l i m i t a t i o n s  of t h e  
G r a m - s t a i n ,  e spec ia l ly  in  h i s to log ica l  s p e c i m e n s  con-  
t a i n i n g  k e r a t i n s .  

I n  s t u d y i n g  t h e  k e r a t i n  p a r t s  of n o r m a l  a n d  m a l i g n a n t  
e p i t h e l i a l  sec t ions ,  t h e  r e su l t s  c o n f i r m e d  t h e  v e r y  o ld  
a n d  s e e m i n g l y  f o r g o t t e n  o b s e r v a t i o n s  of ERNST*, w h o  
d e t e c t e d  t h e  se lec t ive  a c t i o n  of t h e  G r a m - s t a i n  for  cer-  
t a i n  k e r a t i n s .  H o w e v e r  ERNST in  h is  t i m e  cou ld  n o t  
u n d e r s t a n d  w h y  t h e  " f e r t i ge  H a a r s c h u f t " ,  t h a t  is t h e  
fu l ly  d e v e l o p e d  or  k e r a t i n i z e d  h a i r  d id  n o t  t a k e  t h e  dye  
w h e n  s t a i n e d  a c c o r d i n g  t o  GRAM. H e  w as  n o t  a w a r e  of 
t h e  c h a n g e  t h a t  t a k e s  p lace  in t h e  c o m p o s i t i o n  of t h e  
h a i r - k e r a t i n  as  i t  is f o r m e d  in t h e  follicle. W e  n o w  k n o w  
t h a t  m o s t  of  t h e  s u l p h u r  in  t h e  h a i r  i tse l f  is in  t h e  f o r m  of 
c y s t i n e  ( c o n t a i n i n g  - S - S -  br idges)  w h e r e a s  in  t h e  i n t r a -  
fo l l icu lar  p a r t  of t h e  h a i r  t h e  s u l p h u r  is l a rge ly  in  t h e  
fo rm of  S H - g r o u p i n g s .  T h u s  fu l ly  k e r a t i n i z e d  ha i r ,  nai ls ,  
e tc .  s t a i n  G r a m - n e g a t i v e l y ,  w h e r e a s  s i m i l a r  s t r u c t u r e s ,  
b u t  o n l y  p a r t i a l l y  deve loped ,  e.g. h a i r  in  t h e  p rocess  of 
g r o w t h  in  t h e  follicle, s t a i n  G r a m - p o s i t i v e l y ;  t h e  SH -  
g r o u p s  p r e s e n t  in  t h i s  p r e f o r m a t i v e  e u k e r a t i n - s t a g e  a re  
s im i l a r  t o  t h o s e  p r e s e n t  in  fu l ly  d e v e l o p e d  a - k e r a t i n s  
w h i c h  h a d  b e e n  t r e a t e d  (degraded)  w i t h  a lka l i  or  r e d u c -  
ing  a g e n t s L  W e  c o n c l u d e  t h e r e f o r e  t h a t  t h e  p r e sence  of 
SH-  a n d  o t h e r  r e d u c i n g  g r o u p s  in  t h e  k e r a t i n s  of wool,  
ha i r ,  or  na i l s  is a s s o c i a t e d  w i t h  t h e  G r a m - p o s i t i v e  s t a i n -  
ing  b e h a v i o r .  

T h e  G r a m - n e g a t i v e n e s s  of i n t a c t  woo l :  or  t h a t  of 
G r a m - n e g a t i v e  b a c t e r i a  s cou ld  be  r e v e r s e d  to  a G r a m -  
p o s i t i v e  s t a i n i n g  b e h a v i o r  b y  t r e a t i n g  t h e m  w i t h  a lka l i s  
or  r e d u c i n g  agen t s .  A l k a l i - d e g r a d e d  wool  or  G r a m -  
p o s i t i v e  b a c t e r i a  o n  t h e  o t h e r  h a n d  c a n  be  m a d e  to  be-  
h a v e  G r a m - n e g a t i v e l y  if  t r e a t e d  w i t h  ac ids  or  o x i d i z i n g  
a g e n t s  p r i o r  t h e  G r a m - s t a i n i n g  p r o c e d u r e  9. C o n t r a r y  t o  
t h e  r e su l t s  w i t h  wools ,  c o n v e r s i o n  e x p e r i m e n t s  w i t h  
k e r a t i n  d e r i v e d  f r o m  e i t h e r  b e n i g n  or  m a l i g n a n t  s t r a t i -  
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f led s q u a m o u s  e p i t h e l i u m  did  n o t  a l t e r  t h e  G r a m -  
p o s i t i v e n e s s  of t h e  k e r a t i n .  T h e  e x p e r i m e n t  was  a t -  
t e m p t e d  b y  t r e a t i n g  t h e  k e r a t i n  for  5 to  10 h w i t h  a 
n e u t r a l i z e d  or  e v e n  s l i gh t ly  a lka l ine  1 %  s o l u t i o n  of 
s o d i u m  m e t a b i s u l p h i t e .  I n  n o r m a l  sk in  t h e  s t r a t u m  
c o r n e u m  of t h e  su r face  e p i t h e l i u m  is s t r o n g l y  G r a m -  
p o s i t i v e  a n d  t h e  k e r a t o h y a l i n  g r a n u l e s  of t h e  s t r a t u m  
g r a n u l o s u m  are  s l i gh t ly  so. I t  a g a i n  p r o v e d  imposs ib l e  
to  r eve r se  t h i s  s t a i n i n g  b e h a v i o r  b y  t r e a t i n g  s u c h  ma-  
t e r i a l  w i t h  0 -5% a q u e o u s  p icr ic  ac id  s o l u t i o n  for  24 h 
a t  r o o m  t e m p e r a t u r e .  T h e s e  r e su l t s  a re  s u m m a r i z e d  a n d  
t a b u l a t e d  w i t h  some  o t h e r  c h a r a c t e r i s t i c  f e a t u r e s  of 
k e r a t i n s  1 in  t h e  Tab le .  

As  m a y  be  s een  in  t h e  T a b l e ,  t h e  h a r d  k e r a t i n s  w h i c h  
a re  p r e s e n t  in  wool,  e tc .  a re  c h a r a c t e r i z e d  b y  a r eve r s i -  
b i l i t y  of t h e i r  G r a m - s t a i n i n g  b e h a v i o r ,  w h e r e a s  t h e  sof t  
k e r a t i n s  w h i c h  a re  p r e s e n t  in  t h e  e p i d e r m i s  ( and  in 
n e r v o u s  t i ssue)  a re  c h a r a c t e r i z e d  b y  i r r e v e r s i b i l i t y  of 
t h i s  b e h a v i o r .  T h i s  f u n d a m e n t a l  d i f fe rence  is c o r r e l a t e d  
w i t h  a d i f fe rence  in  c h e m i c a l  c o m p o s i t i o n  as i n d i c a t e d  in 
t h e  Tab le .  

T h e  o n l y  o t h e r  c o m m o n l y  o c c u r r i n g  p r o t e i n  w h i c h  
m i g h t  show r e v e r s i b i l i t y  of G r a m - s t a i n i n g  b e h a v i o r  si- 
m i l a r  to  t h a t  of  t h e  h a r d  k e r a t i n s  is insu l in .  I t  also h a s  
a h i g h  c y s t i n e  c o n t e n t  (12-5 %)2. 

T h e  s u l p h u r  c o n t e n t  ( de s igna t ed  as  A - t y p e )  of t h e  so f t  
k e r a t i n s  is low, w h e r e a s  t h a t  of t h e  h a r d  k e r a t i n s  is h i g h  
(A + B- type ) ,  a n d  a t  f i r s t  s i g h t  t h e  d i f f e rence  in  r eve r s -  
i b i l i t y  of t h e  G r a m - s t a i n i n g  b e h a v i o r  m i g h t  be  t h o u g h t  
t o  be  c o r r e l a t e d  w i t h  t h i s  d i f fe rence  in  s u l p h u r  c o n t e n t .  
H o w e v e r  i n t a c t  wool  w h e n  d e g r a d e d  a n d  t h e r e b y  ren -  
deres  G r a m - p o s i t i v e ,  loses c o n s i d e r a b l e  a m o u n t s  of i t s  
A - t y p e  s u l p h u r  3 b u t  in  sp i t e  of t h i s  loss c a n  a g a i n  be  
r e n d e r e d  G r a m  n e g a t i v e  a c c o r d i n g  t o  t h e  s c h e m e  m e n -  
t i o n e d  a b o v e  ~. T h u s  i t  is a p p a r e n t  t h a t  t h e  r e v e r s i b i l i t y  
o r  n o n - r e v e r s i b i l i t y  of G r a m - s t a i n i n g  b e h a v i o r  in  t h e  
k e r a t i n s  is d e p e n d e n t  n o t  so m u c h  on  t h e  q u a n t i t y  of 
s u l p h u r  p r e s e n t  as  u p o n  t h e  p r e s e n c e  of  a d i f f e r e n t  sul-  
p h u r  f r ac t ion .  T h i s  B - t y p e  s u l p h u r  f r ac t ion ,  m a i n l y  
c y s t i n e  b o u n d  d i f f e r e n t l y  ~ g ives  r ise  t o  r e d u c i n g  ac id ic  
g r o u p s  a n d  m i g h t  be  i n v o l v e d  also in  i n c r e a s e d  baso -  
p h i l i a  if  t h e  wool  is e x p o s e d  t o  m i l d  a lka l i ne  a g e n t s  6. 
T h e  B - s u l p h u r  f r a c t i o n  is n o t  p r e s e n t  in  e p i d e r m a l  ker -  
a t i n ,  a f ac t  w h i c h  is r e v e a l e d  b y  i r r e v e r s i b i l i t y  of i t s  
G r a m - p o s i t i v e n e s s .  T h e  s u l p h u r  in  e p i d e r m a l  k e r a t i n  
m i g h t  be  p r e s e n t  in  f a i r l y  s t a b l e  l inkages ,  p r o b a b l y  
s im i l a r  to  t h o s e  p r e s e n t  in  " o v e r d e g r a d e d "  wools,  w h i c h  
are  d e p r i v e d  of t h e i r  B - t y p e  of s u l p h u r  a n d  t h u s  c a n  no  
longe r  be  r e v e r s e d  to  a G r a m - n e g a t i v e  b e h a v i o r .  T h e  
s t a b l e  t y p e  of  l i nkage  t o  w h i c h  we re fe r  is - C -  S -  C -  or  
m e t h i o n i n e  t y p e  of b i n d i n g .  

A l t h o u g h  we h a v e  a d v a n c e d  a h y p o t h e s i s  o n  t h e  me-  
c h a n i s m  of G r a m - s t a i n  r e v e r s a U ,  we h a r d l y  k n o w  al l  t h e  
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Some characteristic features of keratins 

Jus t  formed 

Degraded 

Strat .  germinat.  
Strat .  spinosum 
Strat .  granulosum 
(keratohyalin) 
Strat .  lucidum 
Strat .  corneum. 

~-pattern 

Quite stable in boil- 
ing water  

Still s table even af- 
ter  22 h of degrada- 
t ion with 0.15 N so- 
d ium carbona te  a t  
80°C 

Unstable  in hot  wa- 
ter ;  changes to the 
~-pattern a t  65°C in 
the SH-zone, 

or at  85°C in the 
S-S-layer respective- 
ly. 

Baso- 
philia 

+ + +  

+ +  
+ +  

+ + +  

Gram- 
s ta in ing 
response 

+ + +  

+ 
+ +  

+ + +  

Gram-staining ! SH-and I 
behavior ac- other I 

cording tored.- reducing i 
ox.-scheme groups I 

Reversible 

Reversible + + 
up to the  
4 h degrada- 
t ion step 

+ + +  
+ +  

Irreversible + + 
+ +  

Reinarks 

Circa has  12-5% 
of cystine 

Circa 50o/o loss of 
cystine af ter  4 h of 
degradat ion 

Lower conten t  of 
cystine and arginine 
and higher  content  
of methionine as 
wool, hair  and nails 

factors  g o v e r n i n g  t h e  G r a m - s t a i n i n g  r e sponse  of p r o t e i n s  
general ly .  T h e r e  seems  t o  be  a c o n c o r d a n c e  b e t w e e n  t h e  
inc reas ing  i n t e n s i t y  of G r a m - p o s i t i v e n e s s  ( w i t h o u t  
counterstain) of wool,  egg  a l b u m i n ,  caseine ,  a n d  epi-  
d e r m a l  k e r a t i n  on  t h e  one  h a n d  a n d  t h e i r  i n c r e a s i n g  t o t a l  
a m o u n t  of t y r o s i n e  h i s t i d ine ,  a r g i n i n e  a n d  lys ine  on  t h e  
o ther .  

Keratinizing squamous cell carcinoma of skin; Gram-stained 
without counterstain. 

T h e  se lec t ive  a n d  i r r eve r s ib l e  G r a m - p o s i t i v e n e s s  of  
k e r a t i n o u s  s t r u c t u r e s  in  t h e  e p i t h e l i u m  is a c o n s t a n t  
f ea tu re  a n d  e v e n  in  m a l i g n a n t  t u m o r s  of s t r a t i f i e d  s q u a -  
mous  e p i t h e l i u m  in w h i c h  t h e  s t r a t i f i c a t i o n  is d i so rgan -  
ized, ke r a t i n ,  w h e r e v e r  i t  occurs ,  s t a i n s  G r a m - p o s i t i v e l y  
(Figure) .  T h e  G r a m - s t a i n i n g  (25 ra in  w i t h  30 s of  " m o r -  
d a n t i n g "  w i t h  1 %  of a n  a lcohol ic  [80 %] iodine)  w i t h  n o  
c o u n t e r s t a i n  t r evea l s  a c h a r a c t e r i s t i c  k e r a t i n  pea r l  w h i c h  
s t a ins  G r a m - p o s i t i v e l y .  W h e n  c o u n t e r s t a i n  is used,  e.g. 
a 0 .5% so lu t i on  of B i s m a r c k b r o w n ,  t h e  p r e c e d i n g  
G e n t i a n  v io le t  t r e a t m e n t  c an  be  l i m i t e d  to  7 m i n  w i t h o u t  

1 R. FISCHER, to be published. 

a l t e r i n g  t h e  s u b s e q u e n t  t r e a t m e n t  w i t h  t h e  " m o r d a n t " .  
I f  t h e  25 ra in  G r a m - s t a i n i n g  w i t h o u t  c o u n t e r s t a i n  is 
u s e d  as  in  t h e  F igu re ,  o t h e r  ac id ic  s t r u c t u r e s  s u c h  as 
nuc le i  a lso  t a k e  t h e  G r a m - s t a i n  b u t  c a n  be  p r e v e n t e d  
f r o m  d o i n g  so b y  t r e a t m e n t  w i t h  nuc leases  p r i o r  t o  t h e  
G r a m - s t a i n i n g  p r o c e d u r e 1 ;  s u c h  a p r e t r e a t m e n t  does  
n o t  a f fec t  t h e  s e l e c t i v i t y  of t h e  G r a m - s t a i n  2 for  k e r a t i n -  
o n s  s t r u c t u r e s .  

W e  be l i eve  t h a t  t h e r e  m i g h t  be  m a n y  o t h e r  poss ib le  
uses  of t h e  d e s c r i b e d  s e l e c t i v i t y  of t h e  G r a m - s t a i n ,  a n d  
e spec ia l ly  of  t h e  se lec t ive  G r a m - p o s i t i v e n e s s  of sof t  ker-  
a t i n s ;  e.g. t o  i d e n t i f y  s t r u c t u r e s  w h i c h  m a y  be  k e r a t i -  
nous ,  to  s t a i n  t h e  h o r n y  cells of t h e  v a g i n a l  e p i t h e l i u m  
or  for  o t h e r  d i a g n o s t i c  p rocedures ,  e.g. in  t h e  d e t e c t i o n  
of b r o n c h i a l  c a r c i n o m a  r e v e a l e d  t h r o u g h  t h e  p r e sence  of 
k e r a t i n o u s  cell r e s idues  in  t h e  s p u t u m  or  b r o n c h i a l  wa-  
s h i n g  f luid,  e tc .  
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Zusammen[assung 

Die  Se lek t iv i t /~ t  d e r  G r a m - F A r b u n g  fiir  b e s t i m m t e  
K e r a t i n e  w i rd  p o s t u l i e r t .  D as  G r a m - n e g a t i v e  V e r h a l t e n  
h a t t e r  K e r a t i n e  ( zum Beisp ie l  Wol le)  k a n n  d u t c h  al-  
ka l i s che  u n d  r e d u z i e r e n d e  B e h a n d l u n g  z u m  G r a m - p o s i -  
t i v e n  fArbe r i schen  V e r h a l t e n  k o n v e r t i e r t  w e r d e n ;  s a n r e  
u n d  o x y d i e r e n d e  A g e n t i e n  k 6 n n e n  die so e rz ie l t e  K o n -  
v e r s i o n  w i e d e r u m  r i ickgi ingig  m a c h e n .  Das  G r a m - p o s i -  
t i ve  f i i rber i sche  V e r h a l t e n  w e i eh e r  K e r a t i n e  h i n g e g e n  
(zum Beisp ie l  des  E p i t h e l i u m s )  i s t  u n t e r  d en  B e d i n g u n -  
gen  des  o b i g e n  K o n v e r s i o n s s c h e m a s  i r r eve r s ibe l .  
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