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The presence  of g lucose-6-phosphatase  activity was demonst ra ted  e lec t ron-h i s tochemica l ly  
and biochemical ly  in ra t  l iver cell  nuclei, and the his tochemical  react ion product was localized 
mainly in the per inuclear  space. The activity of this enzyme in hepatoma-27 nuclei was much 
lower than in nuclei isolated f rom normal  liver. A low level of f i -glycerophosphatase activity 
was detected his tochemical ly  in l iver  nuclei incubated at pH 6.4. No activity of this enzyme 
was found in hepatoma-27 nuclei. Biochemical  tests  revealed t r aces  of activity in both liver 
and hepatoma-27 nuclei. 
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The opinion has been expressed  without any justification that many phosphatases are  localized exclu-  
sively in cytoplasmic s t ruc tures .  Attempts have been made to explain the positive react ion for nonspecific 
phosphatase in the nuclei during his tochemical  tests  by diffusion of the enzyme or  of the his tochemical  r e -  
action product  [2, 12]. Never theless ,  there is e lec t ron-h is tochemica l  evidence of acid phosphatase activity 
in the chromat in  of the cell  nuclei of cer ta in  hepatomas [3], and in the chromat in ,  ch romosomal  discs ,  and 
nuclear membrane  of corn  and pea roo t - cap  cells  [13]. Bukhvalov and Unger [1] found the product  of the 
his tochemical  react ion for nonspecific phosphatase with pH-optimum at 6.4 in the per inuclear  space in 
mouse liver cells.  The presence  of the enzyme in the per inculear  space has also been demonst ra ted  in the 
Turbel la r ia  [6] and in cer ta in  other species  [5], 

The question of the localization of g lucose-6-phosphatase  (G6Pase) in the nucleus is no less con t ra -  
dictory.  In some biochemical  l abora tor ies  the absence of activity of this enzyme in the nuclei is used as 
evidence of the purity of the nuclear fraction. Meanwhile , there is definite h is tochemical  evidence of the 
localization of G6Pase not only in the endoplasmic re t iculum but also in the per inuclear  space [7, 9]. In 
addition, re la t ively high specific activity of G6Pase has been found by biochemical  methods in F ranke ' s  
labora tory  [8] in the nuclear  membranes  of ra t  l iver ,  in an amount that increased on purification, indicating 

that the enzyme is located in the nuclear membrane.  

The investigation descr ibed  below was ca r r i ed  out to study the u l t r as t ruc tu ra l  localization of non- 
specific phosphatase and G6Pase in nuclei of normal  ra t  l iver and of hepatoma-27.  
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Fig. 1 Fig. 2 

Fig. 1. G6Pase activity in isolated ra t  l iver  nuclei: A) 7200 • B) 140,000 • 
C) control  with addition of 0.01 M p -ch lo romercu r ibenzoa te  to the medium, 
25,400 • 

Fig. 2. G6Pase act ivi ty in hepatoma-27:  A) c i s t e rns  of endoplasmic re t iculum 
(92,300 • B and C) isolated hepatoma-27 nuclei (14,600 • and 16,400 • r e s p e c -  
tively). 

E X P E R I M E N T A L  

Nuclei f rom the ra t  l iver  and hepatoma-27 were isolated by Chauveau 's  method with some modif ica-  
tions and prefixed in glutaraldehyde [1]. 

For  the e l e c t r o n - h i s t o c h e m i c a l  detect ion of f l -g lycerophosphatase  activi ty the nuclei were incubated 
in a medium of the following composi t ion:  5 ml 0.25 M t r i s -ma lea t e  buffer,  2 ml 2.3 M sucrose ,  2.5 ml 
1.25% sodium fl-glycerophosphate,  and 0.75 ml 2 ~c Pb(CH3COO)2. Incubation was c a r r i e d  out at 30~ for 
15 min at pH 5.6, 6.4, and 8.8. 

For the detection of G6Pase activity" the nuclei were  incubated for 15 rain at 30~ in a medium of the 
following composi t ion:  5 ml 0.25 M t r i s -m a lea t e  buffer (pH 6.7), 2 ml 2.3 M sucrose ,  2.5 ml 1.25% 
G6Pase,  and 0.75 ml 2% lead acetate.  

The subsequent t rea tment  of the p repara t ions  for e lec t ron  mic roscopy  was as descr ibed  previous ly  
[5]. 

For  the b iochemical  determinat ion of f l -g lycerophosphatase  activity the nuclei were  incubated at 30~ 
for  30 min in the same medium as for e l ec t ron -h i s tochemica l  study, but without lead acetate.  G6Pase ac-  
tivity was determined biochemieal ly  by the method of Duke and P e a r s  [4, 12]. The prote in  concent ra t ion  
was es t imated by Lowry ' s  method [10]o 
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RESULTS 

No fl-glycerophosphatase could be detected electron-histochemically in the nuclei of normal liver and 
hepatoma-27 at pH 5.6 and 8.8. At pH 6.4 the product of the reaction catalyzed by this enzyme was found in 
the perinuclear space of some nuclei, but its activity was much lower than in mouse liver nuclei [I]; no ac- 

tivity could be detected in hepatoma-27 nuclei even at pH 6.4. Traces of fi-glycerophosphatase activity were 
detected biochemically in normal liver and hepatoma-27 nuclei at pH 6.4 and 5.6. The determination could 
not be carried out at pH 8.8 because of agglutination of the nuclei. 

The product of the histochemical reaction for G6Pase was found in the perinuclear space of the nor- 
mal rat liver nuclei (Fig. IA). In some cases a clear space could be seen in the zone of the perinuclear 
space filled with the histochemical reaction product (Fig. IB), although there was no evidence that the en- 
zyme was located chiefly along the inner surface of the nuclear membranes, as described by Kartenbeck 

et al. [8]. Nor was the enzyme seen to be associated primarily with the membranes in the cisterns of the 
endoplasmic reticulum (Fig. 2A). 

The G6Pase activity in the perinuclear space of the nuclei isolated from the hepatoma was consider- 
ably lower  than n o r m a l  (Fig. 2B) and in m o s t  c a s e s  the r eae t i onp roduc t  was confined to the p e r i n u c l e a r  
space  i tself;  only ve ry  r a r e l y  could it be seen  on the nuc lear  m e m b r a n e s  also (Fig. 1B). This  poss ib ly  
con f i rms  r e s u l t s  obtained in F r a n k e ' s  l abora to ry  [8] to show the local izat ion of G6Pase  along the inner s u r -  
face of the nuclear  m e m b r a n e s ,  although the c o m p r o m i s e  conclusion cannot  be ruled out that G6Pase  is 
located both in the pe r inuc l ea r  space  or  the cavi ty  of the endoplasmic  c i s t e r n s  and also in their  m e m b r a n e s .  
Kar tenbeck  et  al. [8] cons ider  that the h i s tochemica l  r eac t ion  product  is fo rmed  through the act ivi ty of en-  
zyme located along the inner su r face  of both nuclear  m e m b r a n e s  and that  it diffuses into the pe r inuc lea r  
space;  however ,  another  poss ib i l i ty  is that the product  fo rmed  in the space  may be adsorbed  on the m e m -  
b ranes  (Fig. 2C). 

As a control  of the specif ic i ty  of the h i s tochemica t  r eac t ion  for G6Pase ,  nuclei were  incubated in the 
absence  of the exogenous subs t ra t e  or  with the addition of 0.01 M p - c h l o r o m e r c u r i b e n z o a t e  to the medium.  
No co lor  developed wha t soever  in the control  without the subs t ra te ,  and in the control  with the inhibitor the 
intensi ty of the reac t ion  was substant ia l ly  l e s s  (Fig. 1C). 

The b iochemica l  de te rmina t ion  of G6Pase  act ivi ty  revea led  a sha rp  d e c r e a s e  in hepa toma-27  (1.2 • 
0.08 ~ mole P / m i n / g  p r o t e i n ) c o m p a r e d  with normal  (37 * 0.45 ~ moles  P / m i n / g  protein).  This  r e su l t  r e -  
f lects  the par t ia l  loss  of spec ia l iza t ion  of the hepa toma ce l l s  as a r e s u l t  of the i r  s t ruc tu ra l  and functional 
changes ,  for one of the specif ic  functions of the hepatocytes  is to synthes ize  glycogen, and G6Pase  is a key 
enzyme of gluconeogenesis .  
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