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Summary. T h e  s u m  of  t h e  n e u r a m i n i d a s e  a c t i v i t i e s  f o u n d  in  t h e  i s o l a t e d  s o l u b l e  a n d  p a r t i c u l a t e  f r a c t i o n s  o f  c h i c k  
l i ve r  w a s  c o n s i d e r a b l y  h i g h e r  t h a n  t h a t  o b s e r v e d  in  t h e  c y t o p l a s m i c  e x t r a c t  f r o m  w h i c h  t h e s e  f r a c t i o n s  we re  o b t a i n e d ,  
A d d i t i o n  of i n c r e a s i n g  a m o u n t s  of  p a r t i c u l a t e  n e u r a m i n i d a s e  t o  a c o n s t a n t  a m o u n t  of  t h e  s o l u b l e  p r e p a r a t i o n  r e s u l t e d  
in  a p r o g r e s s i v e  loss  of  e n z y m e  a c t i v i t y .  

C h i c k  l iver ,  as  t h e  l i ve r  of  o t h e r  v e r t e b r a t e s ,  c o n t a i n s  
b o t h  a s o l u b l e  a n d  a p a r t i c l e - b o u n d  n e u r a m i n i d a s e  4. 
U n l i k e  t h e  s i t u a t i o n  o b s e r v e d  w i t h  r a t  l i ve r  ~, t h e  c h i c k  
l ive r  n e u r a m i n i d a s e s  h a v e  r a t h e r  cIose p H  o p t i m a :  3.8 
for  t h e  p a r t i c u l a t e  a n d  4.4 for  t h e  s o l u b l e  e n z y m e  ~. 

W h i l e  i n v e s t i g a t i n g  t h e  i n t r a c e l l u l a r  d i s t r i b u t i o n  of  
t h i s  e n z y m e ,  i t  w a s  o b s e r v e d  t h a t  t h e  s u m  of t h e  n e u r a -  
m i n i d a s e  a c t i v i t i e s  f o u n d  in  t h e  i s o l a t e d  s o l u b l e  a n d  
p a r t i c u l a t e  f r a c t i o n s  w a s  m o r e  t h a n  5 0 %  h i g h e r  t h a n  
t h a t  of  t h e  c y t o p l a s m i c  e x t r a c t  f r o m  w h i c h  t h e s e  f r a c t i o n s  
we re  d e r i v e d .  I n  o r d e r  to  f u r t h e r  i n v e s t i g a t e  t h i s  obse r -  
v a t i o n ,  c h i c k  l ive r  h o m o g e n a t e s  ( 1 : 4  w/v )  we re  p r e p a r e d  
in  0 .154 M KC1 a n d  n u c l e i  a n d  d e b r i s  we re  r e m o v e d  b y  
low s p e e d  c e n t r i f u g a t i o n  (10 m i n  a t  800 g). N e u r a m i n i d a s e  
a c t i v i t y  w a s  t h e n  m e a s u r e d  in  t h i s  c y t o p l a s m i c  e x t r a c t  
a s  wel l  as  in  t h e  s o l u b l e  f r a c t i o n  a n d  in  t h e  s e d i m e n t a b l e  
f r a c t i o n  ( r e s u s p e n d e d  in  0 .154 KC1) o b t a i n e d  f r o m  i t  b y  
c e n t r i f u g i n g  for  1 h a t  105 ,000  g. Al l  n e u r a m i n i d a s e  
a s s a y s  we re  c o n d u c t e d  a t  p H  4.0;  a t  t h i s  p H ,  a b o u t  9 5 %  
of  t h e  m a x i m u m  a c t i v i t y  fo r  t h e  s o l u b l e  a n d  p a r t i c u l a t e  
f r a c t i o n s  c a n  be  d e t e c t e d  *. T h e  N - a c e t y l n e u r a m i n i c  ac id  
( N A N A )  r e l e a s e d  b y  t h e  a c t i o n  of t h e  e n z y m e  w a s  
m e a s u r e d  b y  t h e  t h i o b a r b i t u r i c  ac id  m e t h o d  6. 

I n  a se r i e s  of  d e t e r m i n a t i o n s  c o n d u c t e d  u s i n g  as  
s u b s t r a t e s  v a r i o u s  s i a l y l t r i s a c c h a r i d e s  i s o l a t e d  f r o m  r a t  
m a m m a r y  g l a n d  r a n d  f r o m  c o w  c o l o s t r u m  s, t h e  n e u r a -  
m i n i d a s e  a c t i v i t y  in  t h e  c y t o p l a s m i c  e x t r a c t  w a s  con -  
s i s t e n t l y  lower  t h a n  t h e  s u m  of  t h e  v a l u e s  o b t a i n e d  for  t h e  
s o l u b l e  a n d  p a r t i c u l a t e  f r a c t i o n s  (see t ab l e ) .  

A d d i t i o n  of  i n c r e a s i n g  a m o u n t s  of  t h e  p a r t i c u l a t e  
n e u r a m i n i d a s e  to  a c o n s t a n t  a m o u n t  of  t h e  s o l u b l e  p r e -  

p a r a t i o n  r e s u l t e d  in  a p r o g r e s s i v e  loss  of  n e u r a m i n i d a s e  
a c t i v i t y  (see f igure ) .  W h e n  t h e  t w o  e n z y m e s  a re  p r e s e n t  
in  t h e  m i x t u r e  in  t h e  s a m e  p r o p o r t i o n  f o u n d  in the o r i g i n a l  
t i s s u e ,  t h e  a c t i v i t y  of  t h e  m i x t u r e  is u s u a l l y  5 0 - 7 0 %  of 
t h a t  g i v e n  b y  t h e  s o l u b l e  n e u r a m i n i d a s e  b y  i tse l f .  H e a t  
i n a c t i v a t e d  (15 m i n  a t  100~ p a r t i c u l a t e  n e u r a m i n i d a s e  
w a s  less  e f f e c t i v e  b u t ,  n e v e r t h e l e s s ,  c l e a r l y  i n h i b i t o r y .  

S e v e r a l  p o s s i b l e  m e c h a n i s m s  t h a t  c o u l d  a c c o u n t  for  
t h i s  i n h i b i t i o n  w e r e  i n v e s t i g a t e d  a n d  t h e  r e s u l t s  a r e  s u m -  
m a r i z e d  be low.  

A d d i t i o n  of a s h e s  f r o m  1 g of w h o l e  f r e s h  l i ve r  to  t h e  
s o l u b l e  f r a c t i o n  f r o m  1 g of l ive r  c a u s e d  m u c h  less  in-  
h i b i t i o n  (less t h a n  20%)  ; a t  l e a s t  one  h a l f  of  t h e  i n h i b i t i o n  
c a u s e d  b y  t h e  a s h e s  is p r o b a b l y  d u e  to  t h e  i n h i b i t o r y  
e f f ec t  of  c h l o r i d e s  o n  t h e  s o l u b l e  n e u r a m i n i d a s e ~ .  
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Neuraminidase activity in the soluble and particulate fractions and in the unfractionated cytoplasmic extract prepared from the livers of 
8-day-old white leghorn chicks 

Substrate:  type of Enzyme preparation Neuraminidase activity 
linkage and source 

nmoles NANA/h �9 g of Iiver 
Neuramin-lactose Cytoplasnfie extract 247 
~2 -->Y Soluble fraction 318 
Rat mannnary  gland Particulate fraction 78 (396) 

Neuramin-lactose sulfate Cytoplasufic extract 499 
r162 -->3' Soluble fraction 597 
Rat manmlary  gland Particulate fraction 155 (752) 

Neuramin-laetose Cytoplasmic extract 225 
c~2-->3' Soluble fraction 308 
Cow colostrum Particulate fraction 64 (372) 

Neuramin-lactose Cytoplasmic extract 112 
c~2-->6' Soluble fraction 149 
Cow colostrum Particulate fraction 35 (184) 

2 9 2 •  
103=[=21 

583~- 57 
237-[ :92 

205 • 33 

(395 -~ 65) 

613 -t= 99 

(820 • 129) 

The set of values on the left corresponds to the results obtained from a single representative experiment conducted with the various substrates 
listed. The mean -~ S. D. from seven different experiments with neuramin-lactose, and three experiments with neuramin-Iaetose sulfate, 
are shown on the right side of the table. Figures in parentheses represent the sum of the activities of the soluble and particulate fractions. 
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Inhibition of soluble chick-liver neuraminidase by increasing con- 
centrations of active and heat-inactivated particulate neuraminidase. 
A constant amount of soluble enzyme was present in all incubation 
mixtures. Ordinate values represent the activity of the mixtures 
expressed as percent of the activity given by the soluble fraction by 
itself. Abcissa vahtes indicate percent of active (O) and heat in- 
activated (111) particulate fraction added to the mixture; at 100%, 
soluble and particulate fractions are present in the same proportion 
found in the original fresh tissue. All assays were conducted using 
neuramin-lactose (2-->3') as the substrate; the data shown cor- 
responds to the average of two separate experin~ents. Theoretical 
values, calculated by adding the activities of the soluble and par- 
ticulate enzymes assayed separately, are included for mixtures con- 
taining active (O) and heat inactivated (EJ) particulate preparations. 

No des t ruc t ion  of free N A N A  (NANA-aldolase  act ivi ty) ,  
or in terference wi th  the  th iobarb i tu r i c  acid assay, by  the  
pa r t i cu la te  f rac t ion could be de tec ted .  

No marked  differences were observed  in the  pH-ve r sus  
ac t iv i ty  curves of the  cy top lasmic  ext rac t ,  soluble and 
par t icu la te  enzymes.  

No abnormal  behavior  was observed  upon de te rmin-  
a t ion  of neuramin idase  ac t iv i ty  w i th  increasing subs t ra te  
concent ra t ions .  Tile Km values for neuramin- lac tose  
(2->3') were of the  same order  of magn i tude :  soluble 
neuramin idase  1.20 x 10 -a M;  par t icu la te  neuramin idase  
2.72 x 10 -a M and cy toplasmic  ex t r ac t  1.97 • 10 -a M. 

E x p e r i m e n t s  wi th  [x~C]-U-neuramin-lactose .9 indica ted  
absence of irreversible b ind ing  of the  subs t ra te  by the 
par t icu la te  f ract ion and ruled out  possible t ransfer  ( trans- 
glycosylat ion) of N A N A  (cleaved f rom the  subs t r a t e  by  
neuramin idase  action) to endogenous  or exogenous 
acceptors .  

Since the  cytosolic neuramin idase  of chick liver ex- 
h ib i t s  ve ry  low ac t iv i ty  towards  macromolecules  4, our 
da t a  suggests  the  possibi l i ty  t h a t  b inding  of this  enzyme 
to sialyl groups on the  surface of t he  nat ive,  and of the  
hea t - inac t iva ted ,  par t icu la te  f ract ion may  account  for 
t he  loss of ac t iv i ty  observed in these  exper iments .  I t  is 
t e m p t i n g  to speculate  t h a t  a similar p h e n o m e n o n  may  
also p lay  a role in the  regulat ion of neuraminidase  
ac t iv i ty  in vivo. 

9 R. CARUBELLI, B. TAFIA, R. E. TRUGCO and R. CAPUTTO, Bio- 
chim. Biophys. Acts 83, 224 (1964). 
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Summary .  Pro te ins  form monosubs t i t u t ed  1,4-benzoquinone der iva t ives  wi th  an excess of reagent  via uni formly 
coloured charge t ransfer  compIexes.  Some proper t ies  of these  compounds  are repor ted .  

Several  inves t iga t ions  have  been made  on the  react ion 
of amino acids and pro te ins  wi th  1 ,4-benzoquinone  
(pBQ) pu rpo r t ing  the  format ion  of mono-  and disub-  
s t i t u t ed  qu inones  in buffered aqueous  solut ions of organic 
solvents  ~ ~, whereas  t he  na tu re  of these  p roduc t s  re- 
mains  cont rovers iaU ,s. Therefore  the  p resen t  work  de- 
scribes some proper t ies  of pro te in  pBQ complexes,  anal- 
ogously p repa red  to  the reac t ion  of amino acids ~. 

Mater ials  and  methods. H u m a n  serum a lbumin  and 
f ibr inogen (Behringwerke) ,  ~-casein, gelatin,  porcine pep-  
sin (Sigma), bovine  insulin (generous gift  f rom I-Ioechst), 
and  bovine pancreas  r ibonuclease (Boehringer) were 
puri f ied f rom low molecular  and  pro te in  con t amina t i ons  
b y  repea ted  gel f i l t ra t ion on Sephadex  G-25 (Pharmacia)  
and  G-75 or G-200 resp., dialyzed exhaus t ive ly  and 
lyophilized.  Ace ty la ted ,  alkali dena tu red ,  and  performic  
acid oxidized p ro te ins  1~ were t r e a t ed  in the  same manner .  
1.0 ml  of pro te in  solution, con ta in ing  5-20 mg pro te in  in 
10 mmol/1 NH4OI-t, was mixed  wi th  1.0 ml  of 200 mmol/1 
p h o s p h a t e  p H  6.5 and 1.0 ml  of 150 mmol/1 pBQ in di- 
me thy l su l fox ide  (DNISO), leading to a final p H  value of 
7.9 in 50 mmol/1 pt3Q, 4.7 mol/1 DMSO, and  67 mmol / l  
phospha te .  The reac t ion  was allowed to  p roceed  a t  25 ~ 
and  t e r m i n a t e d  b y  double  ex t rac t ion  wi th  d ie thy le the r  

af ter  diverse t imes.  The subs t i tu t ed  prote ins  were purif ied 
as men t ioned  above and  compared  wi th  the  na t ive  ones 
w i th  regard to the i r  solubil i ty (A2s 0 and A~50 rim), spec- 
t r u m  (PMQ II Zeiss), molecular  weigh t  (gel f i l t ra t ion on 
Sephadex  G-75 or G-200), and charge (paper electro- 
phoresis  8 h wi th  7 V/cm in 50 mmol/1 phospha te  p H  6.5 
and barb i ta l  p H  8.6 (equipment  L K B  3276) and ion ex- 
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