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l ipid complexes ,  the  t u m o u r  and liver were processed as 
descr ibed elsewhere 4. Af ter  minera l iza t ion  of the  f ract ions  
ob ta ined  wi th  HC10 4 plus H N O  a, phosphorus ,  calc ium 
and magnes ium were measured  in a l iquots  of the  mineral-  
ized mater ia l .  Phosphorus  was assayed color imetr ical ly  

u s i n g  aminonaphto l su l fon ic  acid reagen t  5. Calcium and 
magnes ium were de t e rmined  wi th  an Atomic  Absorp t ion  
Spec t rometer .  The results  shown in the  Table are the  
average  and  the  range values  cor responding  to each t y p e  
of tnmour .  

The obse rva t ion  t h a t  t u m o r  t issue conta ins  a m u c h  
lower con ten t  of phospho l ip id  t h a n  l iver is in ag reemen t  
wi th  t h a t  of o ther  au thors  6, 7. The mos t  s t r ik ing  difference 
beLween h e p a t o m a  and  normal  liver is a m u c h  lower 
a m o u n t  of magnes ium complexed  by  the  phosphol ip ids ,  
while the  complexed  calcium does no t  show signif icant  
var ia t ions .  Since it has  been  d e m o n s t r a t e d  t h a t  the  
b ind ing  of calcium and  magnes ium by  the  m e m b r a n e s  
exhib i t s  a sa tu ra t ion  type  re la t ionship  charac ter i s t ic  of 
adsorp t ion  to b ind ing  si tes and descr ibable  by  the  law of 
mass  act ion s, th is  difference m a y  be due to a consider-  
ably  higher  calcium concen t ra t ion  at  the  cell m e m b r a n e  
level. On the  o ther  hand,  consider ing t h a t  t u m o r  has 
shown a s l ight ly higher  p ropor t ion  of cephal in  t h a n  liver 9, 
and t h a t  in b iphasic  sys tems  the  acidic phosphol ip ids  
have  shown a far greater  af f in i ty  for Ca 9+ t h a n  for Mg 2+ 10, 
it  is possible t h a t  th is  small  difference in the  phosphol ip id  
compos i t ion  m a y  also con t r ibu te  to the  magnes ium-  
b ind ing  behavior  observed.  

These f indings  raise the  ques t ion  whe the r  th is  change 
in the  d iva len t  ca t ion d i s t r ibu t ion  may  or m a y  no t  be 
impl ica ted  in de te rmin ing  the  t u m o r  cell m e m b r a n e  
character is t ics .  In  re la t ion to this,  it  is also very  inter= 
est ing to note  tha t ,  wi th  less t h a n  half  of the  complexed  

phosphol ip id  amount ,  t umors  b ind  a lmos t  as m u c h  
calcium as liver does. This  is an ind ica t ion  of a dras t ic  
change in the  phosphol ip id -ca lc ium relat ionship.  

Zusammen/assung.  Phospho l ip id - I t a l z inm-  und Phos-  
pho l ip id -Magnes ium-Komplexe  wurden  aus H e p a t o m  und  
aus normale r  Leber  isolier~. Obwohl  das H e p a t o m  nur  die 
H~tlfte der in der  Leber  v o r k o m m e n d e n  komplexen  
Phosphol ip ide  aufweist ,  ist  die K a l z i u mb i n d u n g  bei 
H e p a t o m  und  Leber  gleich. Die Magnes iumbindung  ist 
dagegen erhebl ich niedriger.  Diese Unte r sch iede  weisen auf 
eine m6gliche Bedeu tung  der zweiwer t igen I~ationen- 
b indung  im Verha l t en  der T u mo rze l l memb ran  hin. 
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On the  Q u a r t e r n a r y  S truc ture  of C a r c i n u s  m o e n a s  ( A r t h r o p o d a )  H e m o c y a n i n  ~, 2 

I t  is well enough es tabl ished t h a t  the  so-called m i n i m u m  
funct ional  subun i t  of the  h e m o c y a n i n  (Hc) of several  
A r t h r o p o d a  species (unlike Molluscs s) can be isolated 
w i thou t  covalent  bond cleavage 4,s. This c o m p o n e n t  
includes one ac t ive  si te wi th  2 copper  ions, weighs 
a round  75,000 d and  has been repor ted  to be r a t h e r  
he terogeneous  6-9. Three d i f ferent  hypo theses  abou t  i ts  
cons t i tu t ion  have  been  proposed  following the  s tudies  on 
m i n i m u m  subuni t s  regardless  of the i r  func t iona l i ty :  
1. PICKETT, RIGGS and LARIMtgR 1~ have  repor ted  t h a t  
succ inyla ted  Homarus americanus Hc displays  by  
sed imen ta t ion  analysis  a subuni t  of abou t  37,500 d, 
which  p robab ly  consists  of only one po lypep t ide  chain;  
2. according to ano the r  model  n, sugges ted  in order  to  
expla in  the  low and  ' con t inuous ly  va ry ing '  s ed imen ta t ion  
coefficient of Cancer magister Hc in 6 M guanid ine  
hydrochlor ide  solution, the  m i n i m u m  funct iona l  subun i t  
is composed  of 3 po lypep t ide  chains  of 25,000 d. Such a 
model  was made  p robab le  by  recent  da ta  ob t i aned  in our 
l abora to ry  on Carcinus moenas Hc by  po lyac ry lamide  gel 
e lect rophoresis  and gel pe rmea t ion  c h r o m a t o g r a p h y  in 
0.1% SDS solut ions a t  p H  7.0-9.312,1a; 3. the  results  of 
LOEHR and  MASON s, conf i rmed by  CARPENTER and 
VAN I-IOLDE 9, seem to prove  t h a t  the  subuni t s  a round  
80,000 d of Cancer magister t t c  consis t  of single poly-  
pep t ide  chains.  These resul ts  have  been ob t i aned  by  
po lyacry lamide  gel e lect rophoresis  in sod ium dodecyl  
sulfate (SDS) solut ions a t  p H  8.0 9.0. 

We have  sepa ra ted  Carcinus moenas Hc po lypep t ide  
chains  using gel pe rmea t ion  c h r o m a t o g r a p h y  on Sephadex  

G-200 in 1% SDS solut ion 1.,1s. Hc  and a p o H c  (apo- 
hemocyanin)  were p repa red  accord ing  to  GHIRETTI 
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MAGALDI et al.~~ T he  samples  of a p o H c  and  co lumn  
ca l i b r a t i on  pro te ins ,  c o n t a i n i n g  2 m g / m l  of p r o t e in  in 
1% SDS in sod ium p h o s p h a t e  buffer  (0.05 M,  p H  7.2 a t  
25 ~ were d e a e r a t e d  w i t h  argon,  w i t h  1% (final concen-  
t r a t ion )  2 - m e r c a p t o e t h a n o l  added ,  h e a t e d  for 3 h a t  40 ~ 
a n d  dia lyzed for  severa l  h aga ins t  a f r e q u e n t l y  changed  1% 
SD S solut ion.  P r o t e i n  e lu t ion  was car r ied  ou t  in ascend ing  
flow (5 ml /h)  a n d  followed a t  280 nm.  

Our  resul t s  are r epo r t ed  in F igures  1 a n d  2. Tile a p o H c  
shows a p e a k  a t  12,000 d. F r o m  t h e  e lu t ion  profi le  we 
a lways  o b t a i n e d  two  heav i e r  c o m p o n e n t s  (50% of t i le 
t o t a l  sample) ,  t he  one we igh t ing  23,500 d, t he  o t h e r  w i t h  a 
M W  close to  B S A  MW. T he  re l a t ive  a m o u n t  of these  
heav ie r  c o m p o n e n t s  rises to  80% of t he  t o t a l  if t he  sample  
is t r e a t e d  w i t h o u t  a n y  reduc ing  a g e n t  (Figure 2). 

The  resu l t s  p rev ious ly  o b t a i n e d  b y  SALVATO et  al. 12, ~a, 
b y  LOE}tR and  MASON 8 a n d  b y  CARPENTER a n d  VAN 
HOLDE 9 m a y  be  due  to i ncomple t e  d i ssoc ia t ion  a n d  
i n t e r ac t i on  w i t h  SDS of t he  Hc, owing to  t i le s h o r t - t i m e  
t r e a t m e n t  a n d / o r  to  SDS c o n c e n t r a t i o n  lower t h a n  1% 
d u r i n g  e lu t ion  or e lec t rophore t i c  r u n  ~5,17 19. As a m a t t e r  
of fact ,  also some ca l i b r a t i on  p ro t e ins  are r epo r t ed  to be 
comple t e ly  or pa r t i a l l y  assoc ia ted  in oligomers.  The  
resu l t  of PICKETT e t  al. 10 could be exp la ined  b y  a lowering 
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Fig. 1. Calibration curve of G-200 column with 1% SDS solution. 
The arrows show the position of the two lower peaks of Carcinus 

moenas He. 

of t he  s e d i m e n t a t i o n  coefficient  of t he  ind i ssoc ia ted  
func t iona l  s u b u n i t  fol lowing succinyla t ion2~ anyhow,  
a l t h o u g h  t he  d i ssoc ia t ion  obse rved  b y  these  au tho r s  h a d  
ac tua l ly  af fected t he  f u n c t i o n a l  s u b u n i t  itself, t h e  
succ iny la t ion  r eac t ion  does no t  necessar i ly  cause  a 
comple te  d i ssoc ia t ion  in to  single po lypep t ide  cha ins  ~1. 
The  t h r ee  h y p o t h e s e s  m e n t i o n e d  above  could h a v e  been  
proposed ,  therefore ,  on  t he  basis  of a n  incomple t e  Hc  
dissociat ion.  H o w e v e r  one c a n n o t  ye t  exclude  comple te ly  
t he  poss ib i l i ty  t h a t  t he  d i f fe rent  d a t a  r epo r t ed  f rom th i s  
research  a n d  f rom the  p reced ing  ones are due  to differ- 
rences  a m o n g  zoological  species a n d / o r  to  t h e  ac t ion  of 
specific p ro t eo ly t i c  enzymes  d u r i n g  Hc  samples  p repa ra -  
t ion.  

On t he  basis  of t he  p r e sen t  resul ts ,  t h e  m i n i m u m  func-  
t i ona l  s u b u n i t  of Carcinus moenas Hc seems to be an  
aggrega te  of 6 po lypep t i de  cha ins  we igh t ing  a b o u t  12,000d 
each. Such  cha ins  are  n o t  homogeneous  as p r o v e d  b y  
the  ana lys i s  of t he  N - t e r m i n a l  a m i n o  acids 2g and  b y  t he  
a m i n o  acid compos i t i on  itself  2~. Tile a m o u n t  of hal f  
eys t ines  (3/75,000 d) excludes  t he  poss ib i l i ty  t h a t  all 
cha ins  are held  t o g h e t h e r  b y  disulf ide bonds ,  as shown  also 
in t he  p r e sen t  work  b y  t he  ex tens ive  a p o H c  d issoc ia t ion  
w i t h o u t  a n y  r educ ing  agent .  Las t ly ,  if we t r e a t  w i t h o u t  
a n y  reduc ing  a g e n t  t he  n a t i v e  Hc  (which sti l l  con ta ins  
copper)  t he  d issoc ia t ion  is v e r y  small ,  and  t i le  low M W  
c o m p o n e n t s  r ep re sen t  on ly  5% of t he  t o t a l  s ample  
(Figure 2). Th i s  m a y  be  due  to t he  s t ab i l i z ing  effect  of 
copper  a n d  of t he  poss ible  disulf ide b o n d  (which, on t he  
o t h e r  h a n d ,  could h a v e  been  b r o k e n  down  b y  C N -  d u r i n g  
t he  p r e p a r a t i o n  of the  a p o H c  ~4). 

Riassunto.  Ut i l i zzando  u n a  m e t o d i c a  che offrisse la 
maggiore  ga ranz ia  possibi le  di  u n a  c o m p l e t a  dissociazione 
in ca tene  po l ipep t id i che  de l l ' emoc ian ina  di  Carcinus 
moenas (Ar thropoda) ,  si ~ o t t e n u t o  u n  peso molecolare  di 
12000 d. 
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Fig. 2. Elution profiles of apoHe heated with a reducing agent (--), 
of apoHc heated without any reducing agent ( - - ) ,  of native tte 
heated without any reducing agent ( . . . ) .  
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