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Fig. 3. A comparison between the karyotypes of 4 Vespertilionidae: Miniopterus schreibersii 2n = 46; Pipistrellus kuhli 
2n = 44; Barbastella barbastdlus 2n = 32. Only I aploid set and the 2 heterochromosomes are represented. 

2n = 44; P. savii 

A recent work of B.DuLIC et al. 1. further supports the 
hypothesis of evolution by centric fusion in the Micro- 
chiropteran karyotype. The authors report tha t  in Nycta- 
lus noctula the diploid number is 2n = 42 but the amount  
of autosomic arms is still 50. In fact there are 4 pairs of 
large metacentric autosomes. Moreover DULIC identifies 
all the morphologically peculiarly shaped chromosomes 
which I found in the 2 species of Pipistrellus, besides the 
morphological identities which I reported in Vespertilio- 
nidae. 

In conclusion, we may therefore think tha t  the chromo- 
mic mutat ion mechanism of centric fusion is implied in 
the evolution of karyotype in Microchiroptera. 

Riassunto. L'esame condotto dall 'Autore sul cariotipo 
di 7 Microchirotteri (3 Rinolofidi e 4 Vespertilionidi) fa 
ritenere che nell 'evoluzione del cariotipo di questo sottor- 
dine sia implicato il fenomeno robertsoniano di fusione 
centrica. 

E. CAPANNA 

Istituto di Anatomia Comparata 'G. B.Grassi' 
dell' Universith, 
00J61 Roma (Italy), 7 December 1967. 

13 B. DuLI6, B. SOLDATOVI6 and D. RIMSA, Experientia 23, 945 (1967). 

ACTUALITAS 

Li fe -Span  and M e m b r a n e  Propert i e s  of Erythrocytes  

The experimental  data  showing tha t  in mature erythro- 
cytes there is no synthesis of enzymes and tha t  their 
enzymatic activities have, at  different rates, an exponen- 
tial decay during their life-span, have been reviewed :-4 
and it  seems very probable tha t  the life of the erythrocyte 
is primarily limited by the depletion of glycolytic enzymes. 

Recent  studies, however, on the membrane components 
of erythrocytes suggest tha t  even slight changes in the 
physicochemical properties of the membrane have an im- 
por tant  effect on the life-span of red blood cells. Internal,  
as well as external factors, can be responsible for the 
membrane change and ult imately for the erythrocyte 
removal from the circulation. 

The negative charge on the erythrocyte surface is due 
to the carboxyl group of sialic acid 5-~ and, according to 
HAYDON and SEAMAN s, probably also to the a-carboxyl 
group of a protein-bound amino acid. Sialic acid is a 
component of a glycoprotein located on the red cell 
membrane 9-z:, and i t  would seem, following MORA- 
WIECKI'S proposal :* consonant with WINZLER'S et al. 
results :3, tha t  the lipophylic portion of this glycoprotein 
is associated with the lipid bimolecular leaflet layer of the 
membrane,  while the remaining hydrophylic portion 
emerges into the aqueous environment  of the cell. There 
are, however, several considerations based on the electro- 
phoretic behaviour of erythrocytes, strongly suggesting 



15.6. 1968 Speeialia 627 

t h a t  g lycopro te ins  lie in an ex t ended  form above  the  
surface of t he  cell ai. 

I t  is in te res t ing  to  no te  t h a t  par t ia l  or comp!ete  loss of 
sialic acid p roduces  several  i m p o r t a n t  changes  on the  
e r y t h r o c y t e  and  has  a grea t  inf luence upon  i ts  survival .  
W h e n  e r y t h r o c y t e s  are t r e a t ed  wi th  sialidase, the i r  iso- 
electr ic  po in t  rises to  p H  4-5  a n d  the i r  surface charge  and  
e lec t rophore t ic  mob i l i t y  are  reduced  *,x~. Cleavage of sialic 
acid in a b o u n d  form f rom the  cell m e m b r a n e  resu l t ing  in 
decreased  e lec t rophore t ic  mobi l i ty ,  has  also been  ob t a ine d  
b y  i ncuba t i ng  e r y t h r o c y t e s  wi th  t r y p s i n  ~ and  o t h e r  
enz}nnes x~,tL 

I t  ha s  been  shown x*,x9 t h a t  re t icu locytes  have  s lower 
e lec t rophore t ic  mobi l i ty  t h a n  e ry th rocy te s .  On the  o t h e r  
hand ,  y o u n g e r  e r y t h r o c y t e s  are mig ra t ing  more  r ap id ly  
t h a n  older  ones ~°, t he  mobi l i ty  of t he  l a t t e r  be ing com-  
pa rab le  to  t h a t  of re t i cu locy tes  sx. I t  has  been  conc luded  19 
t h a t  an  increased surface charge  accompan ied  by  a de- 
creased adhes iveness  m a y  occur  dur ing  m a t u r a t i o n  of 
e ry th rocy tes .  This  conclusion is in keeping wi th  old 
obse rva t ions  ss,~s showing t h a t  i m m a t u r e  cells have  a pro-  
nounced  adhes iveness  and  wi th  AMBROSE'S et  al. sugges- 
t ion  ~4 t h a t  a h igh  charge  dens i ty ,  typ ica l  of ma l ignan t  
cells, m a y  be cor re la ted  wi th  the i r  low adhes iveness .  

WALTER et  al. ~ have  found  t h a t  t he  sialic acid c o n t e n t  
of e r y t h r o c y t e s  r emains  c o n s t a n t  t h r o u g h o u t  the i r  life- 
span  and  have  conc luded  t h a t  t he  reduced  surface charge  
of old cells is due  to  an a l t e ra t ion  of sialic acid per  uni t  
surface area.  A r e a r r a n g e m e n t  of t he  m e m b r a n e  compo-  
nen t s  of t h e  ageing red  cell resu l t ing  in a con t inuous  
d i m i n u t i o n  of surface charge,  w h e t h e r  or  no t  due  to  loss 
of sialic acid c a n n o t  be excluded,  a l though,  a t  t he  p resen t ,  
i t  is n o t  clear  h o w  i t  would  occur.  On t h e  o t h e r  hand ,  i t  is 
possible  t h a t  a small  pe r cen t age  of old e r y t h r o c y t e s  have ,  
like s ia l idase- t rea ted  ones, a r educed  surface charge  as t h e  
resu l t  of a par t i a l  loss of sialic acid. Sialic acid could  be  
r e m o v e d  f rom t h e  e r y t h r o c y t e  surface e i ther  b y  c i rcu la t ing  
or  t i ssue  sial idase:  th is  e n z y m e  has  been  found  in p repa ra -  
t ions  of bov ine  and  h u m a n  g lycopro te in  ss, in t he  chorio-  
a l lantois  of t he  chick e m b r y o  sv, in mouse  bra in  ~s, and  in  
var ious  r a t  organs*S-~x. 

I t  is k n o w n  ~ t h a t  old e r y t h r o c y t e s  are  denser ,  h a v e  less 
e lect rolytes ,  less water ,  less lipid in t he  surface 3s, and  have  
an  a l t e red  cell wal l~ ,  ~*. F u r t h e r  t he re  is some ev idence  
ind ica t ing  t h a t  old and  s ia l idase- t rea ted  e r y t h r o c y t e s  
p r e s e n t  a h igher  ra te  of agglutination*~,~% increase in de- 
fo rmab i l i ty  ~v and  in adhesiveness ,  all these  changes  to  be 
ascr ibed  again to  r educ t ion  of the i r  electr ical  surface 
po ten t ia l .  Final ly ,  t h e y  have  a shor t e r  half-l ife t h a n  y o u n g  
cells. 

Y o u n g  canine  e ry th rocy te s ,  i n c u b a t e d  wi th  inf luenza 
virus,  h a d  a g rea t ly  s h o r t e n e d  surv iva l - t ime  ~s. Newcas t le  
disease  v i ru s - t r ea t ed  e r y t h r o c y t e s  p r e s e n t e d  also a re- 
duced  surv iva l  t ime  in t h e  rabbi t~L H u m a n  e ry th rocy te s ,  
i n c u b a t e d  w i t h  sialidase,  m a i n t a i n e d  the i r  t o t a l  ace ty l -  
chol ines terase  a c t i v i t y  b u t  showed  a half-l ife of only  
55 min  *°. E n t i t y  of loss of  sialic acid was  n o t  measu red  
in t hese  s tudies ,  b u t  i t  is l ikely t h a t  e r y t h r o c y t e s  h a d  
g rea t ly  r educed  the i r  surface  charge.  

F o r  o t h e r  cells, a t  least ,  sialic acid seems  ne i the r  to  
con t ro l  cell m o r p h o l o g y  a n d  v iab i l i ty  *x, no r  t o  inf luence 
t r a n s p o r t  across  cell m e m b r a n e  of pos i t ive ly  cha rged  sub-  
s t ances  ~*, but ,  in t h e  case of e ry th rocy tes ,  a s t rong ly  
nega t ive  surface cha rge  appear s  t o  be  i m p o r t a n t  in pre-  
v e n t i n g  e ry th rophagocy tos i s .  

Phagocy tos i s  of sialidase- or v i ru s - t r ea t ed  e r y t h r o c y t e s  
was  negligible if t h e  phagocy t i z ing  cells were  leucocytes  *~, 
whereas  i t  was  e n h a n c e d  in t he  presence  of spleen macro-  
phages  ~ ,~ .  These  resul ts  s u p p o r t  t he  hypo thes i s  4. t h a t  
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the  reduc t ion  in surface charge  dens i ty  on the  cell af ter  
sialidase t r e a t m e n t  enhances  phagocytosis .  The  role of the  
spleen in seques t ra t ion  of e ry th rocy tes  has been assessed 
by GARDNER et  al. ~ and by  OWEN et  al.4L 

I t  has also been shown as,a9 t h a t  macrocy t ic  erythro-  
cytes  disappear  f rom the  c i rcula t ion at  a faster  ra te  t h a n  
normocyt ie  e ry th rocy tes  and this  high suscept ibi l i ty  to 
des t ruc t ion  migh t  be due to a physical  defect  and 
metabol ic  anoma ly  as well as to a low surface charge. 

In  conclusion i t  can be envisaged t h a t  e ry th rocy tes  a t  
d i f ferent  degrees of m a t u r i t y  have  a di f ferent  surface 
charge which is regula ted  by  the  cell in te rna l  me tabo l i sm 
and possibly by  t i le  act ion of p lasma or t issue sialidase. A 
tow surface charge  and  increased t endency  to  adhere  to  
re t ieuloendothel ia l  cells m a y  be the  condi t ion  t h a t  deter-  
mines  t he  r emova l  of a large pa r t  of macrocy tes  ~ and old 
e ry th rocy tes  f rom the  c i rcula t ion ~0 

Riassunlo. Le propr ie th  della m e m b r a n a  de l l ' e r i t roc i ta  
va r iano  in rappor to  al l 'e t~ della cellula e p robab i lmen te  
a l l ' az ione del la  sialidasi. U n a  d iminuzione  della carica 
e le t t r ica  de l l ' e r i t roc i ta  appare  essere la condizione deter-  
m inan t e  I 'er i t rofagocitosi .  
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S T U D I O R U M  P R O G R E S S U S  

T h e  E f f e c t  o f  I n s u l i n  o n  t h e  G l y c o g e n  M e t a b o l i s m  of  I s o l a t e d  F a t  Cel ls  

LEONARDS and  LANDAU I showed t h a t  insulin plus  low 
concent ra t ions  of glucose s t imula ted  the  incorpora t ion  of 
glucose C-1 and C-6 into  glycogen and fa t t  F acids, and the  
ox ida t ion  of glucose C-1 to ca rbon  dioxide  by  ep id idymal  
adipose tissue in vi t ro.  H igh  concent ra t ions  of glucose 
favoured  the  ox ida t ion  of glucose C-6 to carbon  dioxide 
and the  incorpora t ion  of glucose carbon  into the  glycerol  
mo ie ty  of tr iglycerides.  

In  the  presence of insulin and (U~*C)glucose the  ra t  
ep id idymal  adipose tissue and the  mouse hemid iaph ragm 
in v i t ro  synthesize  more glycogen than  can be accounted  
for by  incorpora t ion  of exogenous glucose into glycogen ~. 
In  the  absence of glucose, insulin can s t imula te  the  syn- 
thesis  of glycogen by  the  mouse  hemid i aph ragm in v i t ro  *. 

These da t a  suppor t  the  hypothes is  t h a t  insulin has a 
d i rec t  effect on the  me tabo l i sm of glycogen in cer ta in  
tissues in vi t ro.  This  paper  reports  the  effects of di f ferent  
concent ra t ions  of insulin on the  convers ion of (11*C)gIu - 
cose to (l*C)glycogen, (14C)triglycerides and (I*C)O~ by  
isolated fat  cells. 

ll~aterials and methods. Male Wis ta r  rats  110-130 g 
(Novo Terapeu t i sk  Labo ra to r i um A/S,  Copenhagen) were 
al lowed food and wate r  ad l ib i tum unt i l  used. H u m a n  
serum a lbumin  (Swiss Red Cross t31utspendedienst, Bern,  
Switzerland) was purif ied by  dialysis 3. Ten t imes  crystal-  
lized bovine  insulin (24.4 U/rag,  lot  No. 0818864) was ob- 
t a ined  f rom the  N o v o  Research  Ins t i tu te .  Unless  other-  
wise s ta ted,  t he  chemicals  used t h roughou t  this  work  
were of ana ly t ica l  grade  (Merck AG}. (114G)glucose (2.96 
mC/mmole)  was purchased  f rom The  Rad iochemica l  
Centre,  Amersham,  England .  Collagenase was bough t  
f rom the  S igma Company,  USA.  

Free  fa t  cells were  prepared  by  d is rupt ion  of r a t  epi- 
d idymat  adipose t issue wi th  col lagenase (RODBELL 4, 
GLIEMANNS). The  suspension was d i lu ted  to  abou t  
10 ~ eel ls /ml in b icarbona te  buffer  (KREBS and  HENSE- 
LEITh), p H  7.4, which con ta ined  10 m g  of a l bumin /ml  and 
0.55 m M  glucose. The  concen t ra t ion  of cells in the  sus- 
pension was measured  5. I n  some exper iments ,  t he  tri-  
glycerides were  ex t r ac t ed  f rom al iquots  of the  cell sus- 
pension,  dr ied and weighed 6. S tandard  concen t ra t ions  of 
insulin were prepared  according  to  G'LIEMANN 5 

Twe lve  flasks were  p repared  wi th  insulin-free buffer,  
and 6 wi th  each of the  insulin s tandards .  (ll*C)glucose was 
added  to the  cell  suspension to  a f inal  specific a c t i v i t y  of 
70-80 nC/mmole  of glucose. 1 ml  of the  cell  suspension 
was then  p ipe t ted  into  each incubat ion  flask. The  flasks 
were gassed wi th  95% 02/5 % CO 2 and s toppered.  I m m e -  
d ia te ly  af ter  the  addi t ion  of the  cell suspension, the  con- 
ten ts  of 6 of the  insulin-free flasks were analysed.  The  14C 
recovered  in each metabo l i t e  f rom these flasks - the  cell 
b lanks  (CB) - served as the  background  for the  de te rmina-  
t ion of 14C. The remain ing  flasks were incuba ted  for 2 h 
a t  37 °C, wi th  shaking (50 strokes/min).  Three  flasks f rom 
each group were used for the  isolat ion of (1'C)O2 and the  
(t4C)triglycerides. The  remain ing  3 flasks were  used for 
the  p repara t ion  of the  (14C)glycogen. The  concen t ra t ion  of 
glucose in the  m e d i u m  was de te rmined  by  the  glucose 
oxidase me thod  7, and the  I4C by  l iquid scint i l la t ion count -  
ing 5. The  (14C)O2 and (14C)triglycerides were recovered  
and de te rmined  according to  GLIEMANN 5. 

Af te r  the  incubat ion,  the  cell suspension was f i l tered 
th rough  Oxoid  filters (22-24 m m  diameter ,  pore  size 
0.45 /*). The  flasks were  washed  once wi th  b ica rbona te  
buffer"  conta in ing  10 m g  a lbumin /ml  and once wi th  
a lbumin-f ree  b icarbona te  buffer, and the  washings  were 
t ransferred to  t he  filters. The  filters were t h e n  washed 
wi th  2 ml  of t r iglycer ide ex t rac t ion  m e d i u m  s. E a c h  f i l ter  
was t ransferred to 3 ml of K O H  (30 g/100 ml  conta in ing  
100 #g of glycogen/ml)  in a po lypropy lene  centr i fuge tube.  
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