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S U M M A R Y  

The subcellular localization of the enzyme CMP-N-acetylneuraminic acid 
(CMP-NANA) synthetase was studied in the different regious of the calf kidney. 
The enzyme appeared to be localized in the nuclear fractions. The possibility that 
CMP-NANA synthetase was adsorbed to the nuclear membranes during homogeni- 
zation and subsequent isolation of the nuclei was excluded by removal of the mem- 
branes from purified nuclei by solubilization with Triton X-~oo. This treatment did 
not remove the CMP-NANA synthetase activity from the nuclei. 

About II~o of the CMP-NANA synthetase activity was recovered in the soluble 
fractions of the different regions of the calf kidney. To investigate whether this enzyme 
activity could be of nuclear origin too, some properties of the nuclear-bound and the 
soluble enzyme of the cortex of the kidney were compared. Both enzyme prepara- 
tions exhibited identical pH and temperature optima. The apparent K m  values for 
NANA, CTP and Mg e+ for both enzyme preparations were also almost identical. 

Because (a) no differences were detectable between the two enzyme prepara- 
tions and (b) it was observed that nuclei appear to be sensitive to homogenization, 
it is concluded that CMP-NANA synthetase recovered in the soluble fraction may be 
released from maltreated nuclei during homogenization. 

INTRODUCTION 

in sialoglycoprotein biosynthesis, sialyltransferase is responsible for the incor- 
poration of 2V-acetylneuraminic acid (NANA). It has been shown 1 3 that for this 
incorporation CMP-NANA is required as a sialic acid donor. This sugar nucleotide is 
synthetized by CMP-NANA synthetase, an enzyme discovered in bacteria (Neisseria 
rneningitidis) and in animal tissue (submaxillary gland) by Warren and Blacklow 4 
and Roseman 5, respectively. The existence of the enzyme in a variety of animal tis- 

Abbreviation: NANA, N-acetylneuraminic acid. 
* To ~vhom requests for reprints should be addressed. 
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sues was shown by others 6-1.. In 1969 and in 197o, Keang, 1° reported a nuclear locali- 
zation of CMP-NANA synthetase in rat  liver and some other rat  tissues. His obser- 
vations were supported by the reports of Gielen et al.n, 1~ for leucocytes and rat  brain 
and Van den Eijnden and co-workers la,15 for calf brain. 

Keang, 1° and Gielen et al.n, ~ could not completely exclude the possibility that  
the nuclear localization of CMP-NANA synthetase is artificial, because of a possible 
specific adsorption to the nuclear membranes during homogenization of the tissue. 
Moreover they always found a small amount of enzyme activity in the soluble frac- 
tion resulting after high-speed centrifugation of the homogenate. 

In investigating the enzymes involved in the biosynthesis of sialic acid contain- 
ing glycoproteins in the different regions of the kidney, we tried to obtain definite 
proof about the subcellular localization of CMP-NANA synthetase in these regions 
of the kidney. In this report we describe the regional distribution, the subcellular 
localization and some properties of CMP-NANA synthetase in the calf kidney. 

Part  of this work has been presented previously in a preliminary forint6,1~. 

M A T E R I A L S  AND M E T H O D S  

Materials 
Kidneys from 3-month-old calves were obtained from a local slaughterhouse. 

The organs were removed from the animals as soon as possible after death and were 
transported on ice to the laboratory. 

All chemicals were analytical grade and were obtained from commercial 
sources. 

Tissue homogenization and fractionation 
Part  of the calf kidney was sliced with a scalpel and the different regions were 

dissected. After being minced with rotating razor blades, a 12.5% (w/v) homogenate 
was prepared from 2-3 g of the desired region of the kidney in 0.45 M sucrose con- 
taining 0.68 mM EDTA, and o.oi M Tris-HC1 buffer (pH 7.4). Homogenization was 
performed with a Teflon-glass Pot ter -Elvehjem homogenizer at 14oo rev./min, by 
I up-and-down stroke with a loose-fitting pestle (o.2-mm clearance) followed by 6 
up-and-down strokes of a tightly-fitting pestle (o.o3-mm clearance). The 12.5% (w/v) 
homogenate was filtered over a 25-/~m nylon sieve to get rid of undisrupted tissue. 
The residue on the sieve was washed with the 0.45 M sucrose medium until the filtrate 
was 7% (w/v). 

To study the subcellular localization of CMP-NANA synthetase in the different 
regions of the calf kidney, the 7% (w/v) homogenates were separated into three par- 
ticulate fractions and one soluble fraction by centrifuging the homogenates, succes- 
sively, for IO rain at 23 ° × g a v  (unbroken cells and nuclei), 20 min at 16 500 × gay 
(mitochondria and lysosomes) and 9 ° rain at lO5 ooo × gay (nficrosomes and soluble 
fraction). The particulate fractions were suspended in the 0.45 M sucrose medium, 
From the different subcellular fractions samples were taken for enzyme assays and for 
the assay of protein, DNA and RNA. Routinely, the samples were frozen at - -4  ° °C, 
except those for the assay of lactate dehydrogenase and CMP-NANA synthetase. 
All operations were carried out at 0-4 °C. 
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Preparation of purified nuclei 
The procedure used to purify the nuclear fraction from cytoplasmatic contam- 

inants is a modification of the method of Chauveau et al. ~. 
In order to maintain the integrity of the nuclei during isolation, the tissue was 

homogenized in 0.45 M sucrose containing i mM MgCle and o.oi M Tris-maleate buf- 
fer (pH 6.4) (ref. 19). Homogenization was performed as in the preceeding section. 
The crude nuclear pellet obtained by centrifugation at 230 × g a v  for IO min, was 
resuspended in the same 0.45 M sucrose medium with a tightly-fitting (o.o3-mm 
clearance) Potter-Elvehjem homogenizer. The suspension was layered on a 1.75 M 
sucrose cushion (d o oc = 1.23 o) containing I mM MgCL, and o.oi M Tris-maleate 
buffer (pH 6.4). The sucrose gradient was centrifuged at 30 ooo × gay for 2 h. The 
pellet containing the purified nuclei was resuspended in 0.25 M sucrose containing 
I mM MgCle and o.oi M Tris-maleate buffer (pH 6.4), unless otherwise indicated. 

Treatment of nuclei with Triton X-zoo 
In order to relnove the nuclear membranes, the purified nuclei were suspeuded 

in 1% Triton X-Ioo solution in 0.25 M sucrose containing I mM MgCI2 and o.oi M 
Tris-maleate buffer (pH 6.4). The suspension was kept at 0- 4 °C for 3 ° rain under 
occasional shaking and was centrifuged subsequently at 230 )< gay for IO min. The 
detergent solubilizes the nuclear membranes, including adsorbed cytoplasmatic 
Inaterials, whereas the nucleoplasma containing the chromatin and nucleoli is not 
affected~a, ~s-e2. The pellet was resuspended in 0.25 M sucrose containing I mM MgC12 
and o.oi M Tris-maleate buffer (pH 6.4). 

Extraction of soluble nucleoplasmatic materials from nuclei 
The purified nuclei were suspended in 0.25 M sucrose containing o.I M KCI 

and 0.04 M potassium acetate buffer (pH 6.0). After standing at 0-- 4 °C for 30 s, 
the suspension was centrifuged at 23o × gay for IO min. The extraction procedure 
was repeated and the supernatants were combined. At the end the pellet was resus- 
pended in 0.25 M sucrose containing I mM MgC12 and o.oi M Tris-maleate buffer 
(pH 6.4), Under the conditions applied only soluble nuclear constituents like mRNA, 
tRNA and proteins are extracted~O, 2a, whereas the nuclei remain structurally intacO ~. 

Assay of CMP-NANA synthetase 
The assay system for the measurement of CMP-NANA synthetase activity 

contained the following components: I/~mole NANA, I/~mole CTP, 8/,moles MgC12, 
32 #moles Tris-HC1 buffer (pH 9.o) and enzyme in a total volume of o.2 ml. After 
incubation at 37 °C for 3o min, the reaction was stopped on ice and the CMP-NANA 
formed was assayed by the thiobarbituric acid method~% after reduction of the non- 
reacted NANA with NaBH,, according to the method of Warren and Blacklow a. All 
samples were run in triplicate. Because of the interference of sucrose with the thio- 
barbituric acid assay, prior to the assay of CMP-NANA synthetase activity the sam- 
ples were dialyzed against 3oo vol. of o.oi M Tris HC1 buffer (pH 9.0), containing o. i % 
fl-mercaptoethanol and I mM MgCI~. Dialysis was carried out overnight at o-4 °C. 

Assay of cytoplasmatic enzyme markers 
Succinate-2-(p-iodophenyl)-3-(p-nitrophenyl)-5-phenyltetrazolium reductase 
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activity was assayed according to the method of Pennington 25, except that the for- 
mazan produced was extracted with isoamylalcohol. 

/~-Galactosidase was assayed by a procedure adapted from Sellinger et al. ~6. 
The incubation mixture contained 1.25 mM p-nitrophenyl-/~-D-galactopyranoside as 
substrate in o.o5 M citrate-HC1 buffer (pH 5.0) and o.oi% Triton X-Ioo, in a total 
volume of I.O ml. After incubation at 37 °C for 30 rain the reaction was terminated 
by the addition of 3 ~nl 0.25 M glycine-Na~CO a buffer (pH lO.7) and the amount of 
the p-nitrophenol liberated was determined spectrophotometrically. 

(Na+-K+)-activated ouabain-sensitive ATPase was assayed according to the 
method of Bonting et al. 2~. Liberated phosphate was measured by the method of 
Taussky and Shorr ~s. 

Glucose 6-phosphatase was assayed according to the method of De Duve et al. ~'~ 
with the assay of liberated phosphate as above. 

Lactate dehydrogenase was determined by direct spectrophotometric measure- 
ment of the oxidation of NADH a°. 

Assay of D N A  and R N A  
The samples to be analyzed were heated at IOO °C for IO rain to inactivate the 

nucleases 14. The nucleic acids were extracted with o. 9 M HC104 (7 ° °C for 20 min) al 
from the resulting pellets, after the extraction of acid-soluble constituents and of 
lipids ~. In aliquot parts of the extracts, DNA was assayed by the diphenylamine 
method of Burton ~ and RNA was assayed by the orcinol method according to Munro 
and Fleck a~, with calf thymus DNA and yeast RNA as the respective standards. To 
correct for the interference of DNA in the orcinol assay, standard DNA samples were 
co-assayed. 

Determination of protein 
Protein was determined according to the method of Lowry et al. ~4 with horse 

serum as a standard. Prior to assay the protein was precipitated with I vol. IO% 
trichloroacetic acid, because of the interference of sucrose with the assay of protein ; 
the precipitate was dissolved in I.O M NaOH. 

RESULTS 

Regional distribution of C M P - N A N A  synthetase 
In Table I the distribution of CMP-NANA synthetase over the different re- 

gions of the calf kidney is given. The enzyme activity per gram wet weight and per 
mg DNA is approximately the same for the three regions. However, the activity of 
CMP-NANA synthetase expressed per mg protein is twice as much for medulla and 
papilla as for the cortex. 

Subcellular distribution of C M P - N A N A  synthetase 
By means of differential centrifugation of the 7% (w/v) homogenates of the 

different regions of the calf kidney, four subcellular fractions were obtained as is 
shown for the cortex in Table II. 

From the DNA recovery it appears that about 75% of the nuclei are recovered 
in the nuclear fraction. Because in this fraction only the relative specific activity of 
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T A B L E  I 

R E G I O N A L  D I S T R I B U T I O N  O F  CMP-NANA S Y N T H E T A S E  I N  C A L F  K I D N E Y  

The enzyme act ivi ty is given per g wet wt, per mg protein and per  mg DNA for cortex, medulla 
and papilla of calf kidney. Means ± S.E. are given; the numbe r  of exper iments  performed are 
given in parentheses,  i uni t  of enzyme act ivi ty is defined as the amoun t  of enzyme producing t 
/ ,mole of CMP-NANA per h at  37 °C. 

Region of calf C M P - N A N A  synthetase activity 
hidney 

-Per g wet wl Per mg protein Per rng DNA 

Cortex I6.2 ~ 1.4 (9) o.185 ± 0-024 (9) 5.1 ~_ I . I  (8) 
Medulla 16.6 ~ 2.5 (4) o.377 ± o.o44 (4) 6.9 i:: 1.3 (3) 
Papilla 15. 5 ± i.o (3) °.331 ± ° .14° (4) 6. 5 ± 2.o (3) 

. 

the plasma membrane marker ((Na÷-K+)-ATPase) is higher than in the homogenate, 
it can be concluded that  plasma membranes form the second main component of the 
nuclear fraction. Only slight contamination of soluble cell components was detectable 
in this fraction as is shown by the low relative specific activity of lactate dehydroge- 
nase. 

The remaining 25% of the nuclei are recovered in the mitochondrial-lysosomal 
fraction. This latter subcellular fraction also contains heavy microsomes as follows 
from the relative specific activities of (Na+-K+)-ATPase and glucose 6-phosphatase. 

From the values obtained for the mitochondrial and lysosomal enzyme markers 
in the soluble and microsomal fractions, it can be concluded that  parts of the mito- 
chondria and lysosomes are disrupted as a result of the necessarily crude homogeni- 
zation procedure. 

When the subcellular distribution of CMP-NANA synthetase for the cortex of 
the calf kidney (Table II) is compared with the distribution of DNA, it appears that  
77% of the enzyme activity in the homogenate is recovered in the nuclear fraction, 
a value close to that  for the recovery of DNA in this fraction, i.e. 73O/o . The remaining 
enzyme activity was recovered mainly in the mitochondrial and lysosomal fractions 
and in the soluble fraction; only about I~o was recovered in the microsomal fraction. 
From the relative specific activities in the various subcellular fractions it appears 
that  only the nuclear fraction is enriched in CMP-NANA synthetase activity (6.2- 
fold), whereas the other subcellular fractions are impoverished (o.I o.5-fold). 

The results thus far obtained are in agreement with the findings of Kean 9,1°,~5, 
Gielen et al.Ii, I2 and Van den Eijnden and co-workers ~,~5 concerning the nuclear 
localization of CMP-NANA synthetase. To make sure that  this nuclear localization 
is not artificial, we decided to purify the nuclei and to subject them subsequently to 
a Triton X-Ioo treatment,  to solubilize the nuclear membranes. 

Purity of the nuclei 
When the purified nuclei from cortex, medulla and papilla were examined by 

light microscopy, these preparations appeared to be homogeneous: contamination 
by non-nuclear particles was less than I%.  

The recovery of the nuclei after purification was calculated from the yield of 
DNA in the recovered nuclei. These values were for cortex, medulla and papilla, 
27, 53 and 48%, respectively. In Table I I I  the degree of purification of the nuclei 
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TABLE III 

P R O T E I N / D N A  A N D  RNA/DNA R A T I O S  IN H O M O G E N A T E S  A N D  P U R I F I E D  N U C L E I  F R O M  C O R T E X ,  

M E D U L L A  A N D  P A P I L L A  OF C A L F  K I D N E Y  

Region qf calf 
kidney 

Protein/DNA ratio (mg/mg) RNA/DNA ratio (mg/rng) 

Homogenate Purified nuclei  Homogenate Purified nuclei 

Cortex 38.5 1.85 1.86 o.31 
Medulla 14.1 1.o 3 1.62 o.28 
Papilla 25.0 i.o8 1.75 0.32 

towards protein and RNA is given: a I4-23-fold enrichment towards protein and a 
5-6-fold enrichment towards RNA was obtained for DNA in the purified nuclear 
fractions, relative to the homogenates of the three regions. 

The protein/DNA and the RNA/DNA ratios for the purified nuclei from cortex, 
medulla and papilla are comparable with the ratios found for rat liver by Busch ~ 
(4 and 0.25, respectively) and for rat kidney by Kean TM (1. 5 and o . I I ,  respectively). 

The degree of contamination of the purified nuclei by cytoplasmatic constituents 
was checked by assay of appropriate marker enzymes. The data given in Table IV 
indicate that  cytoplasmatic contamination was minimal in the purified nuclei. 

Activity of C M P - N A N A  synthetase in the purified nuclei 
As a result of the purification of the nuclei the specific CMP-NANA synthetase 

activity is increased 2 4 times in comparison to the crude nuclear fractions, and when 
compared to the homogenates, as much as 12-25 times. The CMP-NANA synthetase/ 
DNA ratio in the purified nuclei is only slightly lower than in the crude nuclear frac- 
tion. This is in sharp contrast with the 6-Io-fold lowering of the marker enzyme/DNA 
ratios as a result of purification of the nuclei. 

Treatment with Triton X-zoo and extraction with o.zo M KCl-o.o4 M potassium acetate 
buffer (pH 6.0) of purified nuclei 

I t  appears that  after Triton X-ioo t reatment  of purified nuclei from tile cortex 
of the calf kidney, the bulk of CMP-NANA synthetase activity (72~o) is recovered 
in the nuclear pellet, together with the bulk of DNA (85%) and RNA (83%) (Table V). 
Because purified nuclei are sensitive to homogenization (refs io and 37; unpublished 
results), the somewhat lower recovery of CMP-NANA synthetase, when compared to 
DNA in the Triton X-Ioo-treated nuclei, can be explained by leakage of enzyme activ- 
ity from somewhat disrupted nuclei. The same results were obtained for the other 
two regions. 

The effect of extraction of purified nuclei of cortex with o.Io M KCl-o.o4 M 
potassium acetate buffer (pH 6.0) in isotonic solution is also given in Table V. As can 
be seen, 90% of DNA and 88% of RNA and only 35% of the CMP-NANA synthetase 
activity were recovered in the pellet containing the salt-extracted nuclei. Comparable 
results were obtained after salt extraction of purified nuclei of medulla and papilla. 

Comparison of the properties of the nuclear-bound C M P - N A N A  synthetase with the 
2o 5 ooo × g~v supernatant enzyme fraction (soluble enzyme) 

I t  was shown in Table I I  that  II.3~o of the total act ivi ty of CMP-NANA syn- 
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T A B L E  V 

EFFECT OF TRITON X - I o o  T R E A T M E N T  AND SALT EXTRACTION ON T H E  CMP-NANA SYNTHETASE 
CONTENT OF P U R I F I E D  NUCLEI  OF CALF K I D N E Y  CORTEX 

Puri f ied  nuclei  ob t a ined  from cor tex  were suspended  in o . i  M KCl-o.o  4 M po ta s s ium ace t a t e  
(pH 6.0)-0.25 M sucrose or in 1% Tr i ton  X - i o o  in 0.25 M s u c r o s e - i  mM MgC12-o.oi M Tr i s -  
ma l ea t e  buffer  (pH 6.4) a nd  were t r e a t e d  fu r the r  as ind ica t ed  in Mate r ia l s  and  Methods.  Af ter  
c en t r i f uga t i on  a t  230 x gay for i o  min  the  pel le ts  and  s u p e r n a t a n t s  ~vere assayed  for CMP- 
N A N A  s y n t h e t a s e  a c t i v i t y  and  for prote in ,  D N A  and  R N A  content .  The resul ts  are expressed  as 
pe rcen tages  of the  va lues  o b t a i n e d  for u n t r e a t e d  nuclei.  Means of 3 e x p e r i m e n t s  are given.  N.D. ,  
no t  de te rmined .  

Recovery (%) after 
Triton X-zoo treatment 

Recovery (%) after 
salt extraction 

Pellet Supernatant Pellet Supernatant 

C M P - N A N A  s y n t h e t a s e  a c t i v i t y  72 36 35 57 
P ro te in  67 25 73 26 
D N A  85 N.D. 9o N.D. 
R N A  83 N.D. 88 N.D. 

thetase of the homogenate of the cortex was recovered in the soluble fraction. To 
investigate whether this enzyme is different from the nuclear-bound CMP-NANA 
synthetase, we measured some properties of both enzyme preparations. For the nu- 
clear-bound enzyme we used the enzyme preparation obtained after extraction of 
the purified nuclei with o.I M KCl-o.o4 M potassium acetate buffer (pH 6.o). This 
latter preparation we shall call the "KCl-extracted enzyme". The activities of both 
enzyme preparations were measured under conditions where product formation was 
linear with enzyme amounts. 

~moll 

0.~5 

! ° 
~ 0.~ 

~ 0.0~, 

o 

0~)~. 1'5 ':~0 ;5 e~O 7~5 ~0 mln 
incubation time 

Fig. I. Re l a t i onsh ip  be tween  i n c u b a t i o n  t ime  and  p roduc t  fo rma t ion  of  the  KCl -ex t r ac t ed  and the  
soluble  CMP-NANA s y n t h e t a s e  of  the  ca l f  k i d n e y  cortex.  The assay  cond i t ions  were the  same as 
descr ibed in the  t e x t  excep t  for the  v a r i a t i o n  in i ncuba t ion  t i m e  as i nd i ca t ed  in the  figure. © - - © ,  
KCl -ex t r ac t ed  enzyme ;  ~ O ,  soluble enzyme.  
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t empera ture  

Fig. 2. Effect of temperature  on product  formation of the KCl-extracted and the soluble CMP- 
NANA synthetase of calf kidney cortex. The incubat ion mixtures  were the same as described in 
the text.  Incubat ions were carried out  at  the temperatures  indicated for 3 ° min. © - - © ,  KC1- 
extracted enzyme; O---@, soluble enzyme. 

Effect of incubation time. I n  Fig.  I t h e  r e l a t i o n s h i p  b e t w e e n  p r o d u c t  f o r m a t i o n  

a n d  i n c u b a t i o n  t i m e  is g i v e n  for  t h e  so lub le  e n z y m e  a n d  t h e  K C l - e x t r a c t e d  e n z y m e  

B o t h  p r e p a r a t i o n s  s h o w  a n o n - l i n e a r  b e h a v i o u r  w i t h  i n c u b a t i o n  t i m e s  o f  less t h a n  

3 0 - 4 5  m i n .  W h e n  i n c u b a t i o n  is c a r r i e d  o u t  for  l o n g e r  pe r iods ,  a m o r e  l i n e a r  b e h a v i o u r  

is s h o w n .  

Effect of temperature and pH. F o r  t h e  ef fec t  of  i n c u b a t i o n  t e m p e r a t u r e  on  p r o d -  

u c t  f o r m a t i o n ,  t w o  i d e n t i c a l  c u r v e s  we re  o b t a i n e d  for  t h e  so lub le  a n d  t h e  KC1- 

e x t r a c t e d  e n z y m e .  B o t h  c u r v e s  s h o w  a n  o p t i m a l  e n z y m e  a c t i v i t y  a t  37 °C (Fig.  2). 

T h e  d e p e n d e n c e  of  p r o d u c t  f o r m a t i o n  on  p H  v a r i a t i o n  is g i v e n  in  Fig .  3. T h e  

K C l - e x t r a c t e d  as  wel l  as  t h e  so lub le  e n z y m e  h a s  a p H  o p t i m u m  f r o m  p H  8.5 to  9.0. 
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o ~ (~  
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~ ~ ~ ~ ~ ~ 

~N 

Fig. 3. Egect  of pH variat ion on the product  formation of the NCl-extracted and the soluble CMP- 
NANA synthetase of calf kidney cortex. The pH values were measured at  room temperature  be- 
fore the addit ion of enzyme. Incubat ion time, 3 o min. ~ - ,  o.~6o M Tris-HC1 buyer ;  --  -, 
o.~6o M glycine-NaOH buyer;  @, KCl-extracted enzyme; ~,  soluble enzyme. 
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T A B L E  VI 

A P P A R E N T  K m V A L U E S  OF C M P - N A N A  S Y N T I t E T A S E  FOR NANA, C T P  A N D  Mg ~* 

For  the d e t e r m i n a t i o n  of the  a p p a r e n t  Km va lues  for NANA,  CTP and Mg 2+, the  assay  condi t ions  
were the  same as descr ibed in the  text ,  a p a r t  f rom a v a r i a t i o n  in the  concen t r a t ion  of NANA 
(o io  mM), CTP (o i o  mM) and Mg e+ (o-4o mM), respec t ive ly .  The a p p a r e n t  Km values  were 
ca lcu la t ed  from L i n e w e a v e r - B u r k  plots  by  the  me thod  of the  leas t  squares.  

Region of calf Enzj, me Apparent Km (raM) 
kidney preparatio~ 

N~4 NA CTP Mg 2. 

Cortex KCl -ex t rac ted  1.6 1.6 3.0 
Cortex Soluble 1.5 1.9 3.o 
Medul la  KCl-ex t rac ted  i .4 2. 4 2. [ 
Pap i l l a  KCl -ex t r ac t ed  1. 9 2.i  3.6 

Apparent Km values for N A N A ,  CTP and Mg 2+. In Table VI the apparent Km 
values for NANA, CTP and Mg ~+ are given for the KCl-extracted and the soluble 
enzyme of cortex, together with the apparent Km values for the KCl-extracted ei1- 
zymes of medulla and papilla. The apparent Km values for the soluble and KC1- 
extracted CMP-NANA synthetase of cortex are almost equal. 

The Km values for the KCl-extracted enzymes of medulla and papilla are in the 
same range as the Km values for the cortical CMP-NANA synthetase. 

Stability and storage. When the soluble as well as the KCl-extracted enzyme 
was dialyzed overnight in the absence of ~-mercaptoethanol at o 4 °C, both prepa- 
rations lost about 75% of enzyme activity. No loss of enzyme activity was observed 
when the enzymes were dialyzed in the presence of/~-mercaptoethanol and were stored 
subsequently under the same conditions at 0-4 °C for about a week. The enzymes 
were inactivated by freezing and thawing (both in the presence and in the absence 
of ~-mercaptoethanol), loosing 2o% of enzyme activity with each freeze and thaw 
cycle. It  did not make any difference whether the freezing temperatures were --I8O 
or --4o °C. However, storage of whole tissue at --4o or --18o °C had no influence 
on the CMP-NANA synthetase activity for at least 6 months. 

After ultrasonic treatment (MSE sonifier) of the soluble and the KCl-extracted 
enzyme preparations for 15 min, no loss of activity was observed. When the treat- 
ment was carried out for longer periods, a gradual decrease in enzyme activity was 
noticed for both preparations. 

DISCUSSION 

The distribution of CMP-NANA synthetase and DNA over the various sub- 
cellular fractions of the different regions of the calf kidney shows that a close parallel 
exists between the distribution of CMP-NANA synthetase and DNA, except for the 
soluble fractions (cf. Table II). This parallel between DNA and CMP-NANA synthe- 
tase is maintained after purification of the nuclei, as is shown clearly from tile data 
of Table IV. The observations presented point to a nuclear localization of CMP- 
NANA synthetase in the calf kidney, which is in agreement with the findings of several 
authors for other mammalian tissuesg-la,15, aS. However, Kean ~° and Gielen et al. 12 
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suggested that  this nuclear localization of CMP-NANA synthetase could be articifial 
because of a possible specific adsorption of the enzyme to the nuclear membranes 
during homogenization. In order to investigate this suggestion, the nuclei were ffac- 
t ionated by (a) Triton X- ioo  t reatment  and (b) osmotic shock. After Triton X-Ioo 
treatment,  which is known to solubilize the nuclear membranes 15,1s-22, the bulk of 
the CMP-NANA synthetase activity remains in the nuclear pellet. After osmotic 
shock, which was performed by  subjecting a purified nuclear preparation to dialysis 
against a hypotonic medium, all CMP-NANA synthetase activity was recovered 
in the high-speed supernatant of the retained fraction (unpublished results). In this 
experiment too, CMP-NANA synthetase is separated easily from the nuclear membra-  
nes as these membranes are recovered in the high-speed pellet. With these two ex- 
perilnents a possible adsorption of the enzyme to the nuclear membranes is excluded 
and we can conclude that  CMP-NANA synthetase is localized indeed in the nucleus, 
a conclusion which holds for all three regions of the calf kidney. 

By selective salt extraction it is possible to determine the subnuclear locali- 
zation of nuclear constituertts15,~9, 2~. The bulk of the CMP-NANA synthetase was 
easily extractable under the conditions applied (Table V)~9, ~,  which means that  
CMP-NANA synthetase is localized in the nuclear sap. We have no explanation for 
the fact that  our results concerning the subnuclear localization (as demonstrated 
by lysis and salt extraction of the nuclei) of CMP-NANA synthetase, are in disagree- 
ment  with the results of Gielen et al. ~2 for rat  brain CMP-NANA synthetase. They 
found that  after lysis of brain cell nuclei, all enzyme activity was recovered in the 
nuclear sediment, i.e. CMP-NANA synthetase in rat  brain is localized in the nuclear 
membranes or in some other sedimentable nuclear constituent 12. 

In a series of experiments we investigated some properties of the nuclear CMP- 
NANA synthetase and of the enzyme occurring in the soluble fraction (see Table II), 
to determine whether there are two types or only one type of NANA-activating en- 
zynIe. All properties appeared to be the same for both enzyme preparations (Figs I 3, 
Table VI). 

In his s tudy about CMP-NANA synthetase in hog eyes, Kean TM compared the 
properties of the nuclear enzyme with literature values obtained for soluble enzvnie 
preparations prepared by extraction from whole tissue with phosphate solutions4,",s, 9. 
Because these latter preparations also contain the nuclear enzyme TM, Kean could not 
decide whether the soluble enzyme was different from the nuclear enzyme or not. 
However, in our experiments the soluble enzyme fraction was not prepared by ex- 
traction of the tissue with a salt solution and therefore could not contain nuclear 
CMP-NANA synthetase solubilized by salt extraction. The similarity in character- 
istics between the nuclear-bound enzyme and the enzyme occurring in the soluble 
fraction suggests that  only one type of CMP-NANA synthetase exists. The CMP- 
NANA synthetase activity in the particulate fractions (Table II)  can be readily 
explained by  the presence of well-preserved nuclei and/or damaged nuclei. The oc- 
currence of enzyme activity in the soluble fraction cannot be explained in this way. 
However,  because (a) Blobel and Potter  av reported that  about 5o% of the purified 
nuclei, obtained by their method, were more or less damaged, (b) we observed that  
no differences exist between the nuclear-bound enzyme and the enzyme occurring in 
the soluble fraction, and (c) we observed that  after lysis of the nuclei all CMP-NANA 
synthetase activity was recovered in the high-speed supernatant,  it may  be possible, 
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that  the existence of CMP-NANA synthetase activity in the soluble fraction can be 
explained by leakage of enzyme activity from damaged nuclei. 

The conclusions about the nuclear localization of CMP-NANA synthetase are 
valid for cortex, medulla and papilla of the calf kidney. From this fact and from the 
approximately equal CMP-NANA synthetase/DNA ratios (Table I) and apparent  
Km values for NANA, CTP and Mg 2+ (Table VI) for the three regions of the calf kid- 
ney, we may conclude that  nuclei of every cell type of the calf kidney contain about 
the same CMP-NANA synthetase activity. 

I t  can be expected that  enzymes which have a nuclear localization are related 
to the function of the nucleus 23. Up to now no functional relationship with the nucleus 
has been found for CMP-NANA synthetase. However, it is possible that  the latter 
is localized in the nucleus to separate the CMP-NANA production from cytoplas- 
matic processes such as the synthesis of NANA as and the incorporation of NANA 
into glycoproteins by sialyltransferase39, 4°. I t  is known that  CMP-NANA can exert 
a regulatory influence on its own synthesis by feed-back inhibition of UDP-N- 
acetylglucosamine-2-epimerase aSm, an enzyme which is responsible for the conver- 
sion of UDP-N-acetylglucosamine into N-acetylmannosamine, one of the precursors 
of NANA aS. Because NANA mostly occupies end positions in the carbohydrate 
chains of glycoproteins, it is imaginable that  intervening in the supply of CMP- 
NANA for sialyltransferase can have repercussions on sialoglycoprotein biosynthesis. 
Feed-back inhibition by CMP-NANA as mentioned above, might be one way of reg- 
ulating glycoprotein biosynthesis. The nuclear localization of CMP-NANA synthe- 
tase could open a second indirect regulatory way of sialoglycoprotein biosynthesis 
as a consequence of the separation of the site of synthesis of CMP-NANA from the 
sites of CMP-NANA utilization by the nuclear membrane. 

Shoyab and Bachhawat :m reported the existence of a CMP-NANA degrading 
enzyme in a variety of rat tissues. I t  could be possible that  this enzyme is also in- 
volved in the regulation of the CMP-NANA concentration in the cell. Whether this 
lat ter  enzyme plays an active role in this system is under investigation in our labora- 
tory. 
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