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Fig. 1. T ime course of (a) aerobic glycolysis and (b) respirat ion of 
rabbit-brain slices. ~, addition of adenosine 3',5'-monophosphate 
(AMP), final concentration 1 raM; �9169 control; � 9 1 6 9  presence 
of AMP. 
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Fig. 2. Time course of (a) aerobic glycolysis and (b) respiration of 
rabbit-brain slices in the presence of 0.1 mM AMP. For symbols see 
Figure 1. 

Kuo ,  and GREENGARD 10. They  found t h a t  b ra in  p ro te in  
kinase was still  s t imu la t ed  by  a concen t ra t ion  of 0.0005 
m M  AMP per  l i tre incuba t ion  solution.  

Zusammen]assung. Der Einf luss  yon  Adenos in -3 ' , 5 ' -  
m o n o p h o s p h a t  (AMP) auf  den  Glukosestoffwechsel  yon 
Grossh i rn r indenschn i t t en  des Kan inchens  wurde  unter -  
sucht .  0.1 bis 1 m M  A M P  pro  Li ter  Incuba t ions l6sung  
s t imul ieren  die A t m u n g  der  Schni t te .  Die aerobe Glyko-  
lyse der  Schn i t t e  wird  du rch  0,5 bis 1 m M  AMP anf~ng- 

lich s ta rk  geste iger t  und  nach  ca. 30 min  v611ig gehemmt .  
0.1 m M  AMP h e m m t  die Glykolyse lediglich. 
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The Properties of Neuraminidase-Treated Crystalline Ceruloplasmin 

Although  the  g lycopro te in  na tu re  of ceruloplasmin has  
been  descr ibed 1, 2, l i t t le is known  of the  signif icance of the  
c a r b o h y d r a t e  mo ie ty  for t he  func t ion  of th is  copper-  
con ta in ing  prote in .  In  a recen t  repor t  by  MORELL et al.~, 
it  has  been shown t h a t  sialic-acid residues of cerulo- 
p l a smin  p ro t ec t  t he  p ro te in  f rom being rap id ly  incor- 
po ra t ed  in to  t he  liver. In  t he  p resen t  inves t iga t ion  the  
impor t ance  of sialic-acid res idues  of ceruloplasmin for its 
oxidase  act iv i ty ,  phys ica l  proper t ies  and inhib i t ion  of 
viral  hemagg lu t ina t ion  has  been studied.  

Ceruloplasmin was ob ta ined  in a par t ia l ly  purif ied form 
f rom AB Kabi ,  S tockholm (re t roplacenta l  source) and  re- 
crysta l l ized 3 t imes  according to the  m e t h o d  of DEUTSCH 4. 
I t  had  absorbance  ra t io  (A2s0:Asl0) of 23.2 and appeared  
as one single p ro te in  band  upon  electrophoresis  and  ul t ra-  
cent r i fugat ion .  L ibera t ion  of sialic-acid residues was ob- 
t a ined  by  t r e a t m e n t  of ceru loplasmin  wi th  neuramin idase  
e i ther  f rom Cl. per/ringens (Type V enzyme  f rom Sigma) 
or f rom V. cholerae (General Biochemicals) .  Sialic acid 
was de t e rmined  by  the  t h i o b a r b i t u r a t e  m e t h o d  of 
WARREN 5. The to ta l  sialic acid de t e rmined  by  hydro lys is  

in 0 .1N H2SO 4 (Figure 1) a m o u n t e d  to 13 moles per  mole 
ceru loplasmin  (according to M.W. of 160,0006) while 9 
moles sialic acid per  mole cru loplasmin was r emoved  en- 
zymat ica l ly  by  t r e a t m e n t  w i th  neuraminidase .  This 
value for sialic acid as well as the  co n t en t  of glucosamine~ 
(23 moles), hexose s (26 moles) and  fucose 9 (4 moles) in 
th is  p repa ra t ion  of crysta l l ine  ceruloplasmin are of the  
same order  of magn i tude  as r epor ted  for ceruloplasmin 
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f rom n o n - p r e g n a n t  sera*, ~. I t  appears  t h a t  30% of sialic 
acid is not  easily r emoved  by  the  act ion of ncuraminidase .  
The report*~ t h a t  sialic acid bound  to galacatose  is readi ly  
r emoved  by  neuramin idase  while the  presence  of N- 
acetyl -galactose  in t roduces  a res is tance agains t  enzymat i c  
cleavage m a y  be of impor t ance  in th is  connect ion.  

A viral  hemaggln t inae ion  inh ib i to ry  ac t ion  of crys ta l -  
l ine ceruloplasmin was observed  using 2 s t ra ins  of virus 
according to  the  m e t h o d  of SALKn. Such an effect  has  
previously  been  descr ibed wi th  an impure  p repa ra t ion  of 
ceruloplasmin ~. Serial twofold  dilut ions of 2~ cerulo- 
p lasmin  solut ions were made  up in phospha t e  buffered 
saline (PBS), p H  7.35, in such a manne r  t h a t  each tube  
conta ined  0.25 ml. To each tube  were added  0.25 ml of a 
suspension of indica tor  virus previously  t i t r a t ed  to con- 
ta in  4 HA (hemagglut inat ion)  units.  The tubes  were 
shaken and set  aside for 10 15 min. */2 ml of a 0.5% 
washed red-cell  suspension was then  added  to each and  
the  tubes  were al lowed to  s t and  in t he  ref r igera tor  over- 
night .  Under  these  condi t ions  it was found t h a t  1 mg 
ceruloplasmin conta ins  320 hemagglu t ina t ion  inhib i tor  
(HAI) uni ts  for Lee B virus and 8 H A I  uni ts  for F R 8  
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Fig. 1. Time course release, of sialic acid from ccruloplasn,in by acid 
and by neuraminida'w. ~O , Hydrolysis in 0.1N HeSO ~ at 80C. 

, , lnculxtttou with neuralni)li(lasc froiu Cl. pcr/ringcns: 1.25 [z;4 
e~zymc-N, 400 bag ccruloplasmin, i,~cubati,m v,~lumc 0.2 mI, plI 5.0. 
~, liffect cff adding additi, mal enzyme. [I -, Incubation with 
netlralltit/idaqe f rom V, cholcrav: salne crmditi(ms. "~, Effect  of a d d i n g  
additional cnzyme. 
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Fig. 2. Oxidase activity of ceruloplasmin and asialoceruloplasmin. 
(A) Determination of the 'low K m site'. Reciprocal plots for activity 
against N,N-dimethyl-p-phenylenediamine. Conditions: 0.43 btM 
enzyme in 0.14M acetate buffer pH 5.9, 0.5 i.tM dcsfcrrioxamine. 
Total volume 2.0 ml. Temperature 15 ~ 10 rain incubation time. 
(~) Determination of the 'high K m site'. Reciprocal plota for activity" 
agaim, t 3-hydroxytyramine. Conditions: 2.5 {xM enzyme in 0.14 M 
acetate buffer pH 5.9, 0.5 btM desferrioxamine. Total volume 1.0 ml. 
Temperature 38~ 10 min incubation time. - -6  -, Activity with 
ceruloplasmin. - -O-- ,  Activity with asialoccruloptasmin. 

virus.  F u r t h e r  i t  was  observed  t h a t  apoceru lop lasmin  pre-  
pared  according to MORELL and  SCHEINBERG la inh ib i t ed  
hemagg lu t ina t ion  to t he  same ex ten t .  T r e a t m e n t  of 
ceruloplasmin and  apoceru loplasmin  wi th  neuramin idase  
a t  37 ~ for 3 h resul ted  in the  comple te  loss of inhibi t ion.  
The inhib i t ion  of viral  hemagg lu t ina t ion  due to sialic- 
acid residues of ceru loplasmin  is analogous  to  the  effect  
of mos t  g lycoprote ins  w i th  c a r b o h y d r a t e  chains  t e rmina t -  
ing in sialic-acid residues ~. 

Oxidase ac t iv i ty  of asialized ceruloplasmin has been 
de t e rmined  wi th  the  neu ramin idase - t r ea t ed  enzyme  
dialyzed for 18 h to r emoved  sialic acid l iberated.  In  
kinet ic  expe r imen t s  i t  has  recent ly  been  shown t h a t  2 
di f ferent  types  of cerulopIasmin molecules wi th  d i f fe rent  
/t',,, values exist  ~,la. As shown in Figure 2, r emova l  of 
sialic-acid residues did not  change  the  kinet ic  proper t ies  
of oxidase act iv i ty .  No difference of K~ or l ' a x  of the  2 
d i f ferent  types  of ceruloplasmin molecules could be de- 
tected.  The absorp t ion  spec t rum of ceruloplasmin in UV 
and  visible region and the  absorbance  rat io (A~s0:A~0) 
was also unaf fec ted  af ter  t r e a t m e n t  wi th  neuraminidase .  
However ,  the  e lec t rophore t ic  mobi l i ty  a t  p H  5.9 was  
decreased and as ia loeeruloplasmin gave a s low-moving 
single band  wi th  oxidase  ac t iv i ty .  

The results  indicate  t h a t  the  phys ica l  and enzymic  
proper t ies  of ceruloplasmin associa ted the  copper-  
pro te in  complex  are i n d e p e n d e n t  of the  sialic-acid re- 
sidues. These observa t ions  have  some coun te rpa r t s  seen 
wi th  o ther  pro te in  molecules. After  t r e a t m e n t  of choline 
esterase wi th  neuramin idase  the  e lec t rophore t ic  mobi l i ty  
bu t  no t  the  enzymic  ac t iv i ty  was altered~L Remova l  of 
sialic acid from hap tog lob in  did no t  affect  the  fo rmat ion  
of a hap tog lob in -hemoglob in  complex  or its perox idase  
ac t iv i ty  is, Neuramin idase  t r e a t m e n t  of t ransfer r in  did 
no t  affect  its ant igenic proper t ies  and its i ron-b inding  
capaci ty  was re ta ined  ~". I t  therefore  seems t h a t  sialic- 
acid residues occupying  t e rmina l  posi t ion in the  oligosac- 
caride chain of g lycoprote ins  are not  l ikely to inf luence 
the s t ruc ture  and funct ion of the  'ac t ive  sites '  in these  
protein molecules. 

]?dszund. On sail que la p lasmine  cdruldenne crysta l l ine  
rd t roplacenta i re  h m n a i n e  ainsi qua  la p lasmine  apocdru- 
16enne emp6chcn t  l ' h6maglu t ina t ion  virale. Cet offer 
pour ra i t  6tre a t t r ibud aux r4sidus d 'ac ide  sialique, car 
l ' ac t ion  prbvent ive  d ispara l t  apr~s t r a i t e m e n t  de la 
p lasmine  c6ruldenne par  la n e u r a m i n i d a s e  
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