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In  a few cases of fav i sm in which  the  analysis  of urine 
was performed,  a benz id ine-pos i t ive  f rac t ion was found  
in a posi t ion in t e rmed ia t e  be tween  free Hb  and MetAlb.  

P re l imina ry  expe r imen t s  in the  ident i f ica t ion  of the  
'V'  b a n d  have  been  carr ied out.  

0.5% and 0.3% solut ions of Hb  (obtained f rom cord 
blood hemolysates)  were incuba ted  at  37~ for approxi -  
ma te ly  12 h wi th  p lasma  ob ta ined  f rom a 1-day-old p rema-  
ture  in fan t  (0.6 kg), f rom the  umbilical  cord of a fu l l - term 
infant ,  and  f rom a no rma l  adult ,  separa te ly ;  the  solut ions 
were t h e n  examined  by  means  of s tarch-gel  e lect rophore-  
sis. The 'V'  b a n d  was p resen t  ill the  f i rs t  case and  was 
less a p p a r e n t  in t he  second case, whereas  solutions con- 
ta in ing adul t  p l a sma  yielded no 'V'  band  a t  0.3% and  
only a sl ight  t race a t  0.5% concent ra t ion .  MetAlb was 
cons t an t ly  present .  Hemolysa t e s  w i thou t  p la sma  did no t  
p resen t  any  band  comparab le  to the  'V '  band .  

W h e n  the  expe r imen t  was repea ted  wi th  the  ul t ra-  
f i l t ra te  of the  above -men t ioned  plasmas,  the  b a n d  did no t  
appear ;  bu t  it  was again observed  when  the  concen t ra te  
of the  p lasmas  was used. 

Similar  results  were ob ta ined  by  incuba t ing  normal  
adul t  H b  wi th  umbil ical  cord plasma.  We also incuba ted  
cord p lasma  wi th  canine H b ;  the  la t te r  is known to have  
a lesser e lec t rophore t ic  mobi l i ty  - a t  an alkaline p H  - t h a n  
H b  A. Elec t rophores is  revealed,  besides a MetAlb  band ,  a 
benzid ine-pos i t ive  b a n d  whose advanced  posi t ion in re- 
spect  to  the  canine H b  b a n d  was comparab le  to the  ad- 
vanced  posi t ion of t he  'V'  b a n d  ill respec t  to the  H b A  
band.  

Af ter  preserv ing  the  p lasma  for app rox ima te ly  50 days  
a t  4~ the  resul ts  were less apparen t .  

The results  of our expe r imen t s  in vi t ro  seem to favour  
the  t h eo ry  t h a t  the  'V'  b a n d  is to a large ex t en t  a resul t  of 
the  t r an s fo rma t i o n  of H b  ( type HbA3) and  t h a t  in p lasma  
there  are non-ul t raf i l t rable  factors  capable  of accelerat ing 
H b  t r an s fo rma t i o n  as compared  to hemolysa tes ;  these  
factors appear  to  be more  act ive  in the  first  few days  of 
life 6. 

Riassunto. Nel p lasma di neona t i  e di bambin i  in varie  
condizioni  emoli t iche ~ s t a t a  osserva ta  una  peculiare 
frazione prote ica  benzidino-posi t iva ,  e le t t ro fore t i camente  
pih veloce de l l 'Hb  libera. I r i su l ta t i  della casist ica e di 
indagini  sper imenta l i  suggeriscono che ques ta  frazione sia 
un p ro d o t t o  di t r as fo rmaz ione  de l l 'Hb  (del t ipo HbAa) e 
che nel p lasma esis tano sos tanze  non  ul t raf i l t rabi l i  capaci  
di accelerare la t ras formazione  a pa ragone  di quan to  si 
osserva nel l 'emolizzato.  Queste sos tanze  sembrano  pih 
a t t ive  nei  pr imi  giorni di  vi ta ,  specie ne l l ' immaturo .  

E. ~OTTINI, G. FILIPPI, 
F. Cozzl, and G. MAOGIONI 

Istituto di Genetica della f;acoltdt di Scienze e 
Clinica Pediatrica dell' Universit& di Roma 
(Italy), August  d, 1965. 

6 Supported by 'Consiglio Nazionale delle Rieerche' (Italy). 

Glycerol Permeability of Erythrocytes 
Assuming  the  red blood cell to act  as a perfec t  osmo-  

meter ,  JACOBS et al.l,~ inves t iga ted  the  pe rmeab i l i t y  of 
red cells by  following the  ra te  of hemolys is  in isotonic 
solut ions of non-electrolytes .  Str iking differences were 
found to  exis t  be tween  the  e ry th rocy tes  from various 
species of mammals .  A compar ison  be tween  these  var ia-  
t ions in pe rmeab i l i ty  behav iour  and var ia t ions  in cer ta in  
lipid character is t ics  of a l imited number  of animals  sug- 
gested a possible re la t ion be tween  these  d i s t inc t  charac-  
ter is t icsK In  order  to ob ta in  fu r ther  in fo rmat ion  these  
inves t igat ions  have  meanwhi le  been ex tended .  

In  Figure  1 the  ra te  of hemolysis  in 0 .303M glycerol is 
given as a func t ion  of t e m p e r a t u r e  for e ry th rocy tes  f rom 
nine d i f ferent  species of animals.  These results  conf i rm 
the  observa t ions  of JAcoBs et  al.2 who a l ready repor ted  
on the  exis tence of two d is t inc t  groups of e ry th rocy tes .  
The red cells of one group (rat, man,  r abb i t  and guinea- 
pig) exhib i ted  rapid  hemolys is  which  was r a the r  inde-  
p e n d e n t  of the  t empera tu re .  Those of the  second group 
(pig, dog, cat, sheep and  ox) exh ib i ted  slow hemolysis  b u t  
revealed a s ignif icant  increase in permeabi l i ty  a t  e levated 
t empera tu res .  At  37~ or a t  h igher  t empera tu re s  the  dif- 
ferences be tween  the  two groups  are less pronounced.  In  
order  to  account  for the  pe rmea t ion  of polar  compounds  
such as glycerol which  will no t  easily pass t h rough  a con- 
t inuous  lipid barrier,  t he  exis tence of water-f i l led pores in 
the  m e m b r a n e  has  r epea ted ly  been pos tu la ted .  These 
channels  could be formed by  prote ins  4, bu t  if besides 
lamellar  a r r a n g e m e n t  of the  lipid layers also hexagona l  

pa t t e rns  occur in biological in terfaces  5-1~ o ther  possi- 
bilities for the  exis tence of polar  pores are apparent .  

The t e m p e r a t u r e  dependence  of the  glycerol pene t ra -  
t ion into the  red cells of the  second group of animals  m a y  
be expla ined by  minor  a l te ra t ions  in the  or ien ta t ion  of the  
lipid molecules. Considering the  differences in the  per-  
meabi l i ty  behav iour  of the  e ry th rocy te s  be tween  the  two 
groups of animals  it  m a y  be supposed  t h a t  the  proper t ies  
of a m e m b r a n e  s t ruc ture  t r ans fo rming  be tween  di f ferent  
lipid phases  perhaps  depend  on the  chemical  composi t ion  
of the  lipids. Some lipid analyses  of the  red cells f rom the  
animals  under  discussion were carried out  in chloroform- 
me t h an o l  ex t rac ts .  F a t t y  acid analysis  of the  to ta l  lipids 
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by  the  m e t h o d  publ i shed  previous ly  11 revealed some 
conspicuous differences.  Par t i cu la r ly  the  percentages  of 
e icosa te t raenoate ,  oc tadecenoa te  and s teara te  va ry  con- 
s iderably  among  e ry th rocy tes  of d i f ferent  species of 
animals  (Table). 

A l though  previous  s tudies  on a more  l imited n u m b e r  of 
animals  sugges ted  t h a t  there  migh t  be some re la t ionship  
be tween  the  glycerol pe rmeab i l i t y  and the  f a t t y  acid pa t -  
te rn  of the  e ry throcy tes ,  the  p resen t  results  do no t  pe rmi t  
the  pos tu la t ion  of any  clear correlat ion.  In  agreement  
wi th  previous  s tudies  on rabb i t s  12 and ra ts  la, d ie ta ry  
induced changes  in the  f a t t y  acid composi t ion  of eryth~o- 
cyte  lipids appeared  no t  to be ref lected by  considerable  
var ia t ions  in the  pene t r a t i on  ra te  of glycerol (Table). 

Phosphol ip ids  were sepa ra ted  by  th in  layer  chroma-  
tography ,  phosphor  analyses  of the separa ted  spots  giving 
in fo rmat ion  abou t  the  p ropor t ions  of the  various classes. 
W i t h  respec t  to the  con ten t  of choline phosphoglycer ide  
the  following percen tages  were recorded:  guinea-pig 
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I~'ig. 1. Rate  of hemolys is  in i sosmotic  glycerol  of erythrocytes  from 
different m a m m a l s  in relat ion to the temperature.  Fresh eitrated 
blood was  di luted 1 : 10 wi th  saline while  stirring. 1 ml of this red cell 
suspension was  added to 9 ml  of 0.303 M glycerol  (pH 7.0). The 
turbidi ty  was  fol lowed wi th  a eolorimeter  f itted wi th  a red filter 
(625 m#)  unt i l  the scatter ing was  equal  to that  of a s tandard 75% 

henmlysis .  
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Fig. 2. Rate  of hemolys i s  of rabbit  red cells in phosphate  buffer at 
p H  7.8 and 5.0 respect ive ly .  The red cells were washed wi th  the 
buffer solution unt i l  the pH of the solution was  constant .  Measure- 

ments  were carried out  as described under Figure 1. 

52.9%, ra t  47.5%, dog 46.5%, rabb i t  34.4%, cat  31.3%, 
m a n  29.7%, pig 28.4%, ox 6.2% and  sheep 3.4%. In  
ag reemen t  wi th  earlier observa t ions  z4 on a more  res t r ic ted  
n u m b e r  of animal  species, the  e ry th rocy tes  hav ing  at  low 
t empera tu r e  a h igh pe rmeab i l i t y  to  glycerol conta in  a 
h igh  percentage  of lecithin.  However ,  no simple correla- 
t ion  exists  be tween  t ime of hemolysis  and  the  percentages  
of these  phosphoglycer ides ,  since there  is a h igh leci thin 
level in e ry th rocy tes  f rom the  cat  and  the dog as well. 
Besides the  var ia t ions  in leci thin we f ind s ignif icant  dif- 
ferences in phospha t i dy l  e thano lamine  phosphoglycer ide .  
Low leci thin percentages  are main ly  compensa t ed  by  an 
increase of sph ingomyel in  f rom which,  however ,  phospha-  
t idy l  serine was no t  separa ted  by  the  m e t h o d  used. A 
detai led c o m p u t a t i o n  of the  charged groups of the  lipid 
molecules and o ther  compounds  in these  m e m b r a n e s  is 
h ighly  desirable. The impor tance  of ionic forces in re la t ion 
to the  existence of polar  pores is s t rongly  suggested by  the 
effect  of p H  on the  pe rmeab i l i ty  of glycerol (Figure 2). A 
lowering of the p H  of the  e n v i r o n m e n t  from 7.8 to 5.0 
causes a great  increase in hemolysis  t imes  of the  r abb i t  
red cell, giving i t  a t e m p e r a t u r e  dependence  which  re- 
sembles t h a t  of the  e r i th rocy tes  of the  second group. 

F a t t y  acid composition of red cell lipids from different mammals 

Chainlength 16:0 16:1 18:0 18:1 18:2 20:3 20:4 
and number of (%) (%) (%) (%) (%) (%) (%) 
double bonds 

Rat  group 1 ~ 28.7 1.8 12.1 14.5 6.4 Trace 33.8 
Rat group 2 b 19.6 2.7 9.7 35.3 9.5 7.0 12.5 
Guinea-pig 16.1 2.6 26.6 12.3  15.7 16.1 
Dog 16.9 1.7 19.0 14.2  12.9 30.8 
Cat 20.1 2.6 17.8 11 .0  21.5 18.5 
Rabbit 22.3 3.3 10.5 11.8  32.0 6.6 
Man 27.1 3.4 9.4 19.5  16.5 19.5 
Pig 21.4 2.4 10.4 32.1 23.2 6.4 
Ox 12.1 2.7 14.1 34.5  21.1 4.8 
Sheep 15.7 1.6 9.6 52.3  14.6 2.9 

Group i was fed a normal diet ; time of hemolysis at 18 ~ C 15.6 ~ 0.8 
rain. b Group 2 was fed an essential fatty acid deficient diet; time 
of hemolysis at 18~ 14.3 :~ 0.7 rain. 

Zusammen/assung. U n t e r s u ch u n g en  tiber die Unter -  
schiede in der  L ipo idzusammense t zung  der  E ry t h ro -  
cy ten  yon  neun  T ie ra r t en  e rgaben  eine verschiedene 
Glyzerinpermeabili t~it  dieser  Zellen. Bei der  e inen Gruppe 
zeigen die E r y t h r o e y t e n  eine s ta rk  t e m p e r a t u r  bedingte  
Glyzerinpermeabilit~it ,  bei der anderen  eine hohe,  kaum 
temperatnrabh~ingige Permeabi l i t / i t ,  die bei Ern iedr igung  
des p H - W e r t e s  im Medium s tark  ab n i mmt .  
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