
ULTRASTRUCTURAL LOCALIZATION 

OF NAD-PYROPHOSPHORYLASE IN MOUSE 

LIVER NUCLEI 

I. B. Bnkhvalov and E. Unger UDC 612.351.11 

The ul t ras t ruc tura l  localization of NAD-pyrophosphorylase in mouse l iver  nuclei was 
studied by means of a new method suggested by the wr i te r s  for  the e lec t ron-h i s to -  
chemical detection of the activity of this enzyme. NAD-pyrophosphorylase activity is 
local ized in the chromat in  s t ruc tures  of the nucleus arid in the nucleolonema of the 
nucleolus. 

NAD-pyrophosphorylase (E.C. 2.7.7.1), the enzyme responsible for the final stage of NAD synthesis ,  
is located chiefly in the chromatin fract ion.  For  this reason NAD-phosphorylase is used as a marke r  to 
indicate the presence  of nuclear  o r  chromat in  f ragments  in cytoplasmic fract ions [4]. Besides in the chro-  
matin, NAD-pyrophosphorylase has also been found in the nucleoli of s ta r f i sh  oocytes [3] and rat  l iver  nu-  
cleoli [7]. However, data on the extraction of nuclei with salt  solutions may be evidence that this enzyme 
is also to be found in nuclear  sap [6]. 

Mouse l iver  nuclei were isolated by Chauveau,s method with cer tain modifications [1] and prefixed at 
room tempera ture  for 10 min in 2% formaldehyde in 0.05 M Tr i s -malea te  buffer (pH 7.6) and 0.25 M su-  
c rose ,  or  in 70 ~ ethanol, or  success ive ly  in these two solutions, with two final washings in 0.25 M sucrose  
for  5-10 min each time. 

After  this t rea tment  the nuclei were incubated at 38~ for  60 min in medium of the following compo-  
sition: 0.05 M t r i s - m a l e a t e  buffer (pH 7.5), 0.25 M sucrose ,  10ram Mg(CH3COO)2, 0.2 M nicotinamide, 2 mM 
Pb(CH3COO)2, 2 mM ATP, and 2 mM nicotinamide-mononucleotide (NMN). At the end of incubation the nu- 
clei were  washed with 0.25 M sucrose  with 3 mM Mg(CH3COO)2 , fixed for 10 rain in 1.5% glutaraldehyde in 
0.05 M cacodylate buffer (pH 7.4) and 0.5 M sucrose,  washed again in 0.25 M sucrose  with magnesium, and 
fixed for 30 rain in 1% OsO 4. The nuclei were then imbedded in 1% agar  at about 40~ Small pieces of 
mater ia l ,  1-2 m m  3 in volume, were cut out of the solidified agar  and kept in 70 ~ ethanol overnight at 4~ 
Next day the pieces were dehydrated and embedded in Epon 812. Ultrathin sections were cut on the LKB- 
111 ul t ra tome and examined in the JEM-7 electron microscope .  

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

NAD-pyrophosphorylase is responsible for  the final stage of NAD synthesis f rom NMN and ATP in 
accordance  with the following equation: 

NMN +ATP ~-NAD +pyrophosphate.  
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Fig. 1. Isolated mouse l i ve r  nuclei:  a) pref ixat ion in 2% f o r m a l -  
dehyde and incubation in complete incubation medium for  detecting 
NAD-pyrophosphorylase  (20,000 • b) pref ixat ion in 700 ethanol 
and incubation in complete  incubation medium (23,000 • c} p r e -  
fixation in 2% formaldehyde and in 700 ethanol consecutively and 
incubation in complete incubation medium (33,000 • d) prefixa- 
tion consecutively in 2% formaldehyde and 70 ~ ethanol and incuba- 
tion in medium without NIVIN and nicotinamide (20,000 • N) Nu- 
cleolus, NIV 0 nuclear membrane. 

The method of e l ec t ron -h i s toehemica l  detection of NAD suggested by the w r i t e r s  is based  on prec ip i ta t ion  
of the pyrophosphate  as its lead sa l t  by means  of lead aceta te  added to the incubation medium suggested 
p rev ious ly  by Kornberg  [5] for  b iochemica l  purposes .  

The main difficulty in the way of detecting NAD-pyrophosphorylase  in accordance  with this pr inciple  
was compet i t ion between NAD-pyrophosphorylase  and ATPase  for  one of the subs t r a t e s  (ATP), for  which the 
conditions ( tempera ture  and pH, p resence  of act ivat ing Mg ++ ions} a re  opt imal  in the incubation medium 
used. Removal  of the t e rmina l  phosphate of ATP by ATPase  in the p re sence  of lead ions leads  to the f o r m a -  
tion of a prec ip i ta te  which cannot be different ia ted f r o m  the his tochemical  end product  of the NAD-pyro-  
phosphorylase  reac t ion  - lead pyrophosphate .  

To inhibit the ATPase  reac t ion  the nuclei were  pref ixed  in formaldehyde o r  ethanol.  As the w r i t e r s  
showed previous ly ,  during the b iochemica l  de terminat ion  of nuc lear  ATPase  and NAD-pyrophosphory lase  
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activity, prefLxation in formaldehyde inhibits ATPase by 55?'0 and prefixation in ethanol by 88%, whereas 
double prefixation in both formaldehyde and ethanol inhibits ATpase activity by 94%. The NAD-pyrophos- 
phorylase activity was not reduced under these circumstances.  

The electron-microscopic examination of preparations of isolated nuclei incubated in medium for de- 
tecting NAD-pyrophosphorylase shows that preftxation in formaldehyde (Fig. la} permits better p reserva-  
tion of the ultrastructure of the nucleus than pref[xation in ethanol (Fig. lb). 

However, during incubation of control preparations of nuclei in medium without NIVfN and nicotina- 
m[de, i.e., under the conditions for detection of ATPase,  significantly worse inhibition of ATPase activity 
was obtained by formaldehyde. Accordingly, double preftxation in formaldehyde and ethanol consecutively 
was used. This treatment resulted in good morphological preservat ion and adequate inhibition of ATPase 
activity (Fig. lc ,  d). 

It will be clear f rom the illustrations that NAD-pyrophosphorylase activity was localized in the chro- 
matin structures of the nucleus and inthenueleolonema of the nucleolus. No activity of this enzyme was 
found in the nuclear sap. 

1. 
2. 
3. 

4o 
5. 
6. 

L I T E R A T U R E  C I T E D  

I. B. Bukhvalov, I. B. Zbarsldi, N. T. Raikhlin, et al., Tsitologiya, 13, 654 (1973}. 
E. Baltus, Arch. Int. Physiol.,  64, 124 (1956}. 
D. M. Fambrough, in" A. Lima de Far ia  (editor), Handbook of Molecular Cytology, Amsterdam 
(1969), p. 435. 
A. Kornberg, J. Biol. Chem., 182,779 (1950). 
R. K. Morton, Aust. J. Sei., 2__4, 260 (1961). 
G. Siebert, Nat. Cancer Inst. Monogr., 23,285 (1966). 

701 


