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Prep aration of Semi th in  Serial  Sect ions  of Epon 

Sec t ions  of E p o n  e m b e d d e d  m a t e r i a l  c u t  a t  a t h i c k n e s s  
of 0.5-1 Izm h a v e  b e e n  inc reas ing ly  used  for  l i gh t  micro-  
scopy.  Since t h e y  y ie ld  a g r ea t e r  de f in i t ion  of  t i s sue  
s t r u c t u r e s  t h a n  t h e  3-5  ~tm t h i c k  p a r a f f i n  sec t ions  rou t i -  
ne ly  used, t h e y  h a v e  p r o v e d  to  be  of g r ea t  he lp  in  clari-  
fy ing  m a n y  p r o b l e m s  in  classical  h is to logy.  

S t u d y i n g  t he  o r ig in  a n d  r enewa l  of ep i the l i a l  ceils of 
t h e  s m a l l  in t e s t ine ,  us ing  1 ~tm t h i c k  sect ions,  we en- 
c o u n t e r e d  t h e  need  for  ser ia l  sec t ions  for  m a p p i n g  a n d  
c o u n t i n g  c r y p t  cells  (MERzEr. a n d  LEBLO~D 1). 

I n  p r ev ious  a t t e m p t s  a t  se r ia l  s ec t ion ing  E p o n  m a t e -  
rial ,  r i b b o n s  of ser ia l  sec t ions  were  t r a n s f e r r e d  to  a s t r i p  
of covers l ip  glass f i t t ed  i n to  t h e  b o t t o m  of t he  b o a t  on  
a glass knife.  I n  t h i s  way  a b o u t  30 ser ia l  0.5 btm sec t ions  
were  o b t a i n e d  (WARsnAWSK~Z). However ,  in  a d d i t i o n  
to  t h e  m a n y  t e c h n i c a l  d i f f icul t ies  of th i s  p rocedure ,  we 
n e e d e d  a b o u t  100; s o m e t i m e s  ove r  200, ser ia l  sec t ions ;  
f u r t h e r m o r e  we h a d  to  r a d i o a u t o g r a p h  t h e m  w h i c h  was  
i m p r a t i c a l  us ing  covers l ips .  Therefore ,  a t e c h n i q u e  was  
dev i sed  w h i c h  e n a b l e d  us  to  o b t a i n  a n y  n u m b e r  of 
sec t ions  a n d  to  m o u n t  t h e m  o n  r egu la r  mic roscope  glass  
slides. 

T h e  b locks  were  t r i m m e d  to  a r e c t a n g u l a r  s h a p e  w i t h  
one  of t h e  u p p e r  angles  cu t  o i l  Success ive  1 ~tm sec t ions  
were  t h e n  cu t  w i t h  a d i a m o n d  knife.  

T h e  sec t ions  were  k e p t  in  t h e  p r o p e r  o rde r  e i t h e r  b y  
p r e p a r i n g  r ibbons ,  w h e n  feasible,  or b y  h a v i n g  on ly  a 
few, a t  t h e  m o s t  5 sec t ions  a t  a t i m e  f l o a t i n g  in  t h e  
t r ough .  Af t e r  s p r e a d i n g  t h e m  w i t h  fumes  of t r i ch lo ro -  
e t h y l e n e  re leased  f r o m  a glass r od  n e a r  t h e i r  surface,  
t h e y  were  t r ans fe r r ed ,  one  b y  one, m a i n t a i n i n g  t h e i r  
order ,  to  a large  d rop  of  d i s t i l l ed  w a t e r  on  a microscope  
slide. To  t r a n s f e r  t h e  sect ions,  a piece of h u m a n  h a i r  
m o u n t e d  w i t h  w a x  or  adhes ive  t a p e  on  t h e  t i p  of a 
s m a l l  w o o d e n  rod  was  used. The  h a i r  was  p laced  b e n e a t h  
t h e  f l oa t ing  sec t ion  in t h e  t r o u g h  a n d  b y  a qu i ck  m o v e -  
m e n t  u p w a r d s ,  t h e  sec t ion  was  p i cked  up,  fo ld ing  i tself  
o v e r  t h e  h a i r  (F igure  1), a n d  c o n v e y e d  t o  t h e  slide.  B y  
t o u c h i n g  t h e  sur face  of w a t e r  o n  t h e  s l ide i t  was  re leased  
a n d  re f loa ted  (F igure  2). T o w a r d s  t h e  s ide  whe re  t h e  
l abe l  wil l  be  t h e  d r o p  of  w a t e r  was  d r a w n  in to  a s t r a i g h t  
l ine  w i t h  a h y p o d e r m i c  needle.  U s i n g  t h e  ha i r ,  t h e  sec t ion  
was  t h e n  p u s h e d  a g a i n s t  t h i s  s t r a i g h t  l ine  in  such  a 
w a y  as to  h a v e  i t s  u p p e r  edge ( the  one  t h a t  h a d  one  of 
i t s  corners  cu t  off) s t u c k  to  t he  glass  (Figure  3). I n  t h i s  
m a n n e r  t h e  sec t ions  were  k e p t  f rom m o v i n g  a n d  in a 
p r o p e r  o rde r  whi le  o t h e r s  were  added .  V i s u a l i z a t i o n  of 
t h e  sec t ions  was  f ac i l i t a t ed  b y  work ing  ove r  a b l a c k  
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surface.  Once  10 or  more  sec t ions  were  a l igned,  t h e  s l ide 
was g e n t l y  t i l t ed ,  as  s h o w n  in  F i g u r e  4, to  m a k e  t h e  
w a t e r  r u n  d o w n  s lowly;  in  t h i s  way,  t h e  whole  sur face  
of t h e  sec t ion  b e c a m e  s t u c k  to  t h e  glass. I f  a sec t ion  
d id  n o t  h a v e  i t s  u p p e r  edge well  a t t a c h e d  to  t h e  glass, 
i t  t e n d e d  to  r u n  d o w n  w i t h  t h e  water .  However ,  b y  
us ing  t h e  ha i r ,  whi le  t h e  s l ide was  s t i l l  wet ,  t h e  sec t ion  
could b e  p r o p e r l y  rea l igned.  T h e  l a s t  s t ep  was  to  wipe  
off t h e  excess  w a t e r  be low t h e  l ine  of sect ions .  

To p r e v e n t  t h e  sec t ions  f rom c o m i n g  off  d u r i n g  t h e  
s t a i n i n g  p rocedure ,  t h e  s l ides were  d r i ed  o v e r n i g h t  in  a n  
oven  a t  60°C. 

T h e  re su l t s  of t h e  p r e s e n t  t e c h n i q u e  were  s h o w n  to  
be  h igh ly  reproduc ib le .  W e  were  ab le  to  o b t a i n  a n y  
n u m b e r  of ser ia l  sect ions,  a n d  once  mas t e r ed ,  i t  was  
possible  to  p r o d u c e  a b o u t  200 sec t ions  in  4 h. 

T h e  use of a d i a m o n d  kn i fe  was  r equ i r ed  w h e n  more  
t h a n  20 sec t ions  were  needed .  C o m m o n  glass  k n i v e s  
b e c a m e  dul l  a f t e r  c u t t i n g  10-20  sect ions ,  d e p e n d i n g  
u p o n  t h e  size of t h e  b lock.  C h a n g i n g  t h e  pos i t i on  of t h e  
c u t t i n g  edge or  t h e  kn i fe  i tse l f  u sua l ly  r e su l t ed  in loss 
of o r i e n t a t i o n  of t h e  s t ruc tu res .  

2 

Fig. 2. By touching the surface of the water on the slide, the section 
is refloated. Note 2 sections already aligned on the straight line of 
water. The work is done over a black surface. 

1 j .  MI~gZEL and C. P. LEBLOSD, Am. J. Anat. 124, 281 (1969). 
$ H. WARSHAWSKY, Anat. Rec. (Proc.) 160, 446 (1968). 

• Y . .  g / i . " ) ~ p ' / . , , ~  

Fig. 1. A piece of human hair mounted on a wooden rod is placed 
underneath a floating section to pick it up. The section folds over 
the hair and in this way it is conveyed to the slide. 
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Fig. 3. With the tip of the hair, the section is pushed against the 
straight line of water, 
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Fig. 4. Once i0 sections are aligned, the slide is 
tilted, forcing the water to run down slowly. If 
any section tends to run with the water, it can be 
repositioned by pushing it with the hair while there 
is still water on the slide. 

A l though  most  of the  t ime,  only  1 row of 10 sections 
per  slide was used, i t  was e~sy to  ob ta in  more,  say up 
to 5 rows of 10 sections, hence  50 sections per  slide. 

This  m e t h o d  for moun t ing  sections and r emov ing  the  
excess wa te r  f rom the  slides appears  to  be a v e r y  useful 
one, even  in moun t ing  rout ine.  0.5-1 ~m E p o n  sections 
for rad ioau tography ,  s ince deposits  a round the  section, 
which results  f rom the  d ry ing  of water ,  were avoided.  
These deposi ts  are  usual ly  responsible  for an  excessive 
background  fog in t he  emuls ion 8. 

Resumen. Describese una  tecnica  pa ra  la obtenci6n  de 
cua lqu ie r  nfimero de cortes  seriados de 0,5-1 ~m de espes- 
sura, de  ma te r i a l  incluso en Epon,  usandose una  cuchi l la  
de d iamante .  Ademas  de  su uso pa ra  seriaci6n de  cortes,  

la tecnica  mues t rase  fit i l  pa ra  la mon tage  de cortes pa ra  
radioautograf ias .  
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A N e w  M e t h o d  f o r  the Cytochemical Demonstration of p-Diphenol: 0 20xidoreductase (Laccase) 

Phenol  oxidases  are  widespread  a m o n g  p lan ts  and 
animals .  I n  micro-organisms these  enzymes  are  especial ly  
f r equen t  in fungi  capable  of degrad ing  l ignin I. I n  this  
pa r t i cu la r  case, the i r  mos t  i m p o r t a n t  purpose  is t h e  
de tox i f ica t ion  of hea r twood  tox ins  2. A d i rec t  par t ic ipa-  
t ion  in l ignin  decompos i t ion  could no t  be  p roved  8. 
Melanin  synthes is  in fungi  is also ca ta lyzed  by  these  
enzymes  4. The  phenol  oxidases  are  d iv ided  in to  p-di-  
p h e n o l : O  2 oxidoreductase  (laccase; E.C. 1.10.3.2) and  
o-diphenol :  02 ox idoreduc tase  ( tyrosinase;  E.C. 1.10.3.1). 
However ,  these  2 enzymes  cannot  be clearly dis t inguished 
f rom each  o ther  because  the i r  subs t ra te  specif ici ty is 
compara t i ve ly  broad  and overlaps.  Laccase  oxidizes o- 
and p-diphenols  and p-phenylenediamine ,  b u t  no t  mono-  
phenols,  whereas  t y r o s i n a s e  ca ta lyzes  t he  ox ida t ive  
degrada t ion  of mono-  and o-diphenols,  b u t  no t  t h a t  of 
p-diphenols  and p -pheny lened iamine  5. 

The  procedures  t h a t  have  been developed for the  cyto-  
chemica l  demons t r a t ion  of phenol  oxidases are  com- 
pa ra t ive ly  nonspecif ic  and do no t  p e r m i t  a separa te  
demons t ra t ion  of laccase and tyrosinase.  I n  th is  case 
the  incubat ion  m e d i u m  consists of a buffered solut ion of 
L-dioxyphenyl-a lanine  (DOPA)2. The  essential  d i sadvan-  
tages  of this  t echn ique  are a nonenzym a t i c  ox ida t ion  of 
the  subs t ra te  and the  wate r  so lubi l i ty  of d i f ferent  in ter-  

med ia te s  7. I n  addi t ion,  L-tyrosine has  been  used as 
subs t ra te  8. 

I n  t he  course of inves t iga t ions  of the  cy tochemica l  
de tec t ion  of enzymes  in fungi  9, an  a t t e m p t  was m a d e  to  
de tec t  phenol  oxidase  a c t i v i t y  wi th  t he  procedure  of  
LAIDLAW and  BLACKBERG x°. E v e n  af te r  pro longed 
incubat ion ,  no s ta in ing could be  Observed. Therefore ,  a 
be t t e r  t echn ique  for t he  in t racel lu lar  demons t r a t ion  of 
pheno l  oxidases in fungal  cells had  to  be  developed.  

SCHENK et  al. II descr ibed a m e t h o d  for the  s tabi l iza t ion  
and subsequen t  de tec t ion  of t he  quinones  t h a t  resul ted 
f rom t h e  ox ida t ion  of  t he  ox icoumar ins  unbel l i ferone 
and aesculet in.  The  quinones  are coupled w i t h  BEST- 
HORN'S X~ hydrazone(3-methyl -benz th iazolon(2) -hydrazon-  
hydrochlor ide)  to  an  azo dye  13. I n  food chemis t ry  th is  
procedure  is used for the  eva lua t ion  of phenol  oxidase  
ac t i v i t y  x4. The  resul t ing azo dye  is no t  water -soluble  
and could therefore  be of a cer ta in  impor tance  for t he  
d e v e l o p m e n t  of a cy tochemica l  procedure.  

The  exper iments  were pe r fo rmed  wi th  t he  fungi  
Aspergi l lus  fumiga tus  (laccase produc ing  according to xs), 
Aureobas id ium pul lulans  (laccase produc ing  according 
to  xs) and Neurospora  s i tophi la  ( tyrosinase produc ing  
according to xT). Cultures  on cover  glasses in m a l t  ex t r ac t  
solut ion (1.7% m a l t  ex t rac t ,  0.3% pep tone ;  Oxoid) were 


