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ize. The  presence  of NaC1 d u r i n g  t h e  f r a c t i o n a t i o n  does 
n o t  in ter fere ,  s ince i t  is d i l u t ed  b y  t h e  a d d i t i o n  of t h e  
s a t u r a t e d  a m m o n i u m  s u l p h a t e  solut ion.  T he  poss ib i l i ty  of 
a l t e r i n g  t h e  f r a c t i o n a t i o n  p a t t e r n  b y  t h e  a d d i t i o n  of a 
I igand  spec i f i c  for  a n  e n z y m e  or g roup  of enzymes ,  as 
exempl i f i ed  here  w i t h  N A D H  for G D H  a n d  M D H ,  m a y  
b e  used  to  i m p r o v e  t h e  pu r i f i ca t i on  a t t a i n a b l e  w i t h  am-  
m o n i u m  s u l p h a t e  alone.  

W e  be l ieve  t h a t  t h e  s imple  p rocedu re  ou t l i ned  here  can  
be  useful  as a genera l  f i r s t  s tep  in t h e  d i f f icul t  t a s k  of t he  
pu r i f i c a t i on  of ha loph i l i c  enzymes  10. 

Resdmen. Sets enz imas  de la b a c t e r i a  ha l6f i la  e x t r e m a  
Halobacterium eutirubrum h u n  sido p a r c i a l m e n t e  pur i f i -  
cadas  po r  f r a c c i o n a m i e n t o  de los e x t r a c t o s  c rudos  en  
C1Na 5 M con solucidn s a t u r a d a  de su l fa to  de amonio .  Se 

d i scu ten  1as v e n t a j a s  del p roced imien to ,  como u n  m6todo  
genera l  p a r s  enz imas  halofi l icas,  c o m p a r a d o  con o t ros  
m6 todos  desc r ip tos  en  la  l i t e r a tu r a .  
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D e t e r m i n a t i o n  of  the  T r a p p e d  V o l u m e  in a Pe l l e t  of Red  B l o o d  Cel ls  

S e p a r a t i o n  of cells f r om a s u s p e n s i o n  b y  r epea t ed  
c e n t r i f u g a t i o n  a n d  resuspens ion,  k n o w n  as 'wash ing ' ,  is 
o f t en  i nadequa t e .  T h e  vo lume  t r a p p e d  b e t w e e n  s e d i m e n t e d  
cells a f t e r  c en t r i f uga t i on  is a m eas u r e  of t he  degree of 
s e p a r a t i o n  (of t he  cells) f rom t he  suspens ion  m e d i u m .  
Knowledge  of t h i s  v a l u e  p e r m i t s  a p p r o p r i a t e  cor rec t ions  
a n d  t he  r e l a t i on  be tw een  va r ious  m e a s u r a b l e  proper t ies ,  
a n d  t h e  cell vo lume,  becomes  possible.  T r a p p e d  v o l u m e  
va lues  r epo r t ed  in t h e  l i t e ra tu re ,  r ange  f rom 0.5  to 10 %,  
co r r e spond ing  to va r ious  e x p e r i m e n t a l  sys tems,  s epa ra t i on  
t e c h n i q u e s  a n d  m e t h o d s  of m e a s u r e m e n t  1-5. T he  r ap id  
a n d  r a t h e r  a ccu ra t e  d i f fe ren t ia l  f l o t a t ion  m e t h o d  (DF) ~ 
is pa r t i cu l a r l y  useful  w h e n  k ine t ics  are  s tud ied  w i t h  rad io-  
ac t ive  t r ace r s  6. 

I n  t h e  p r e sen t  s tudy ,  t he  v o l u m e  t r a p p e d  b e t w e e n  red  
b lood  cells a f t e r  D F  s e p a r a t i o n  was e v a l u a t e d  a n d  com- 
p a r e d  w i t h  t h e  v o l u m e  t r a p p e d  a f t e r  o r d i n a r y  cen t r i fu-  
ga t ion ,  us ing  11~1 s e r u m  a l b u m i n  as t racer .  The  a d s o r p t i o n  
of I~a- labe led  s e rum a lbumin ,  t h e  t r a n s p o r t  of inorganic  
iodine  across t he  cell m e m b r a n e  a n d  hemolys i s  due  to  
m a n i p u l a t i o n  t h r o u g h o u t  t h e  e x p e r i m e n t ,  are  a c c o u n t e d  
for. 

Materials and methods. Blood  was w i t h d r a w n  f rom 
r a b b i t s  wh ich  rece ived  weekly  in jec t ions  of a b o u t  3 ~Ci of 
Fe 59 pe r  r abb i t ,  over  a pe r iod  of 10 weeks. I t  was  hepa r in -  
ized a n d  d i lu t ed  (1:1) w i t h  sal ine (0.16 M NaC1, 0.005 M 
KC1, 0.005 M p h o s p h a t e  buf fe r  so lu t ion  a t  p H  7.3). 

Labe l ed  h u m a n  se rum a l b u m i n  (HSA) was a d d e d  to  
t h a t  suspens ion  re, a f ina l  c o n c e n t r a t i o n  of a b o u t  6 ~Ci/ml.  
The  cells were t h e n  s e p a r a t e d  f rom t he  suspens ion  m e d i u m  
a n d  leucocytes  b y  t h e  D F  m e t h o d l ,  L I n  t h i s  m e t h o d  
cells are passed  t h r o u g h  p h t a l a t e  es ter  so lu t ions  (Miles 
Yeda,  Israel)  of lower dens i t y  t h a n  t h a t  of t h e  cells. Af te r  
cen t r i fuga t ion ,  a l ayer  of w a t e r  non-misc ib le  p h t a l a t e  
so lu t ion  separa tes  t he  cells f rom t h e  suspend ing  m e d i u m .  
t t e m a t o c r i t e s  were ob ta ined ,  a n d  t h e  r e l a t i on  b e t w e e n  
pe l le t  v o l u m e  and  t he  r a d i o a c t i v i t y  of Fe 59 h e m o g l o b i n  
was es tab l i shed .  
The  D F  sepa ra t i ons  were car r ied  ou t  in  0.4 ml  po lye thy l -  
ene tubes .  E a c h  t u b e  c o n t a i n e d  0.05 ml  of t h e  s e p a r a t i n g  
f lu id  to  w h i c h  0.1 ml  of t he  suspens ion  was added.  Fol low- 
~ng cen i r i f uga t i on  for  5 m i n  a t  a b o u t  10,000 g t h e  t u b e s  
were cu t  t h r o u g h  t h e  s e p a r a t i n g  fluidl close a b o v e  t h e  
pellet ,  w i t h  a razor  blade.  The  r a d i o a c t i v i t y  of t he  sepa- 
r a t e d  s u p e r n a t a n t  a n d  pe l le t  was  t h e n  de te rmined .  A n  
e x p e r i m e n t  in which  e r y t h r o c y t e s  were s e p a r a t e d  b y  
o r d i n a r y  cen t r i fuga t ion ,  was  car r ied  ou t  for compar i son  

purposes .  A sample  of b lood  d i lu ted  w i t h  sa l ine  was sepa- 
r a t e d  b y  t h e  D F  me thod ,  a n d  a n o t h e r  sample  of t he  s ame  
b lood  was s epa ra t ed  s imul t aneous ly ,  b y  o r d i n a r y  cen t r i -  
fuga t ion ,  i n  capil lar ies .  Af te r  t he  separa t ion ,  t he  capil la-  
ries were deep frozen for a b o u t  10 m i n  a n d  l a t e r  cu t  w i t h  
a glass knife  t h r o u g h  t h e  pellet ,  so t h a t  c o n t a m i n a t i o n  
w i t h  t he  s u p e r n a t a n t  was  avoided.  R a d i o a c t i v i t y  of Fe 59 
h e m o g l o b i n  served  for e v a l u a t i o n  of e r y t h r o c y t e s  vo lume.  

F r o m  r a d i o a c t i v i t y  m e a s u r e m e n t s  of samples  r e m o v e d  
f rom the  cen t r a l  p o r t i o n  of t he  s e p a r a t i n g  fluid, i t  was 
found  t h a t  t he  r a d i o a c t i v i t y  t r ans f e r  f rom t h e  p l a sma-  
sal ine s u p e r n a t a n t  to  t h e  pellet ,  r e su l t i ng  f rom res idua l  
s e p a r a t i n g  fluid, was  less t h a n  1 / 5 0 0 %  of t he  a c t i v i t y  
in t h e  s u p e r n a t a n t ,  and  could be  neglected.  

Estimation o/ errors. E r r o r s  r e su l t i ng  f rom a d s o r b t i o n  
of I131-HSA on t h e  surface of t h e  ceils a n d  possible  t r ans -  
po r t  of 1 I~1 t h r o u g h  t he  cell m e m b r a n e s ,  were  e s t ima ted  
as follows: Al iquo t s  of p a c k e d  ceils, were a d d e d  to  
(pipet tes ,  p rev ious ly  w e t t e d  w i t h  sal ine were employed)  
p l a s m a s a l i n e  so lu t ions  c o n t a i n i n g  va r ious  c o n c e n t r a t i o n s  
of Ia31-HSA: a) none,  b) 0.04 ~zCi/mt, c) 0.15 ~zCi/ml. 
Samples  of 0. i m l  were t h e n  s e p a r a t e d  b y  t h e  D F  m e t h o d  
as above,  t he  r a d i o a c t i v i t y  of t h e  pe l le ts  measured ,  a n d  
t h e  changes  (d) in  t he  I l a - H S A  c o n c e n t r a t i o n  of t h e  
p l a sma-sa l ine  solut ions ,  ' fo l lowing t he  r e m o v a l  of t he  
ceils, were de t e rmined .  

F r o m  the  d e p e n d e n c e  of (d) on t h e  or ig ina l  P a l - H S A  
c o n c e n t r a t i o n  (C) of t h e  p l a sma-sa l ine  solut ions,  (Figure  
1A), t h a t  c o n c e n t r a t i o n  for  wh ich  d _< I e I could  be  deter -  
m i n e d  b y  in t e rpo la t ion ,  l el is a n u m b e r  smal le r  t h a n  t he  
va lue  of t h e  I13~-HSA c o n c e n t r a t i o n ,  expec t ed  f rom the  
d i lu t ion  of t he  t r a p p e d  v o l u m e  b y  t h e  p lasma-sa l ine  
solut ions .  W h e n  C is chosen  so t h a t  d _< I el, t h e  I ~3~ 
c o n c e n t r a t i o n  of t he  pel le t  r ep resen t s  t h e  c o n t r i b u t i o n  
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due  to  adso rp t ion  and  t r a n s p o r t  of I ~8~. Th i s  va lue  is used 
to cor rec t  t he  resul t s  o b t a i n e d  for t he  t r a p p e d  volume.  
Le t  us  descr ibe t he  fol lowing example :  

If  t h e r e  is ne i t he r  a d s o r p t i o n  nor  t r a n s p o r t  in  sample  a), 
t h e n  da resul t s  f rom t he  d i lu t ion  of t he  v o l u m e  t r a p p e d  
Av~ a c c o m p a n y i n g  t he  packed  cells in  sample  (a). In  t h i s  
case the  r a d i o a c t i v i t y  r each ing  t h e  pel le t  a f t e r  t h e  second 
D F  sepa ra t i on  will  co r respond  to A v 2 / V  ~ and  i ts  radio-  
a c t i v i t y  c o n c e n t r a t i o n  will  be  t he  d i lu ted  va lue  of t he  
c o n c e n t r a t i o n  wh ich  cor responds  to  A v l / V  1. I n  t h i s  case 
da is la rger  t h a n  [el. If  in  a n o t h e r  example ,  ~ ___ 0, i t  can  
be  deduced  t h a t  t he  va lue  o b t a i n e d  for t h e  t r a p p e d  v o l u m e  
a f te r  t h e  f i r s t  separa t ion ,  Av~/V~,  or ig ina tes  exc lus ive ly  
f rom adso rp t ion  and  p e n e t r a t i o n .  I n  th i s  case, t h e  radio-  
a c t i v i t y  o b t a i n e d  in t he  pe l le t  a f t e r  t he  second D F  
sepa ra t i on  will  be  of t h e  same  c o n c e n t r a t i o n  as t h a t  
o b t a i n e d  a f te r  t he  f i rs t  D F  separa t ion .  

The  reverse  is no t  necessar i ly  correct .  I t  m i g h t  h a p p e n  
t h a t  t he  va lue  o b t a i n e d  for t he  t r a p p e d  vo lume  Av~ 
or ig ina tes  exclus ive ly  f rom a d s o r p t i o n  a n d  p e n e t r a t i o n  
a n d  st i l l  one can  get  d # 0, s ince a d s o r p t i o n  to t he  cell 
surface  a n d  p e n e t r a t i o n  t h r o u g h  t h e  cell m e m b r a n e  
depend  on  t he  c o n c e n t r a t i o n  of t he  labeled  s e rum a l b u m i n  
in t he  solut ion,  d r 0 m a y  t h u s  resu l t  f rom release of 
adsorbed  s e r u m  a l b u m i n  molecules  in to  a ve ry  d i lu te  
solut ion.  

An  a d d i t i o n a l  check  on t h e  va lue  of t he  cor rec t ion  due  
to a d s o r p t i o n  a n d  t r a n s p o r t  could be  o b t a i n e d  f rom t h e  
dependence  of t he  r a d i o a c t i v i t y  pe r  un i t  vo lume  of t h e  
pe l le t  (A~) on  t h a t  of t he  s u p e r n a t a n t  (As), a f t e r  t he  
second D F  s e p a r a t i o n  (Figure  1t3). 

Hemolys i s  was  e v a l u a t e d  in order  to  correc t  t he  va lue  
for t he  t o t a l  vo lume  of ceils in  t h e  sample .  Th i s  was  done  
b y  m e a s u r i n g  t he  Fe ~ in t he  s u p e r n a t a n t  a n d  J~i ~ e  pellet .  

I n  t he  case of comple t e  hemolys i s  (ghosts),  t h e  r ed  cell 
ghos ts  r e m a i n  in t he  s u p e r n a t a n t  fol lowing cen t r i fuga t ion ,  
w h e n  t he  dens i ty  of t he  p h t a l a t e  so lu t ion  is h igher  t h a n  
1.02 g /cm a. I n  our  expe r imen t s ,  p h t a l a t e  f luids of densi t ies  
g rea t e r  t h a n  1.062 g /cm ~ were employed .  Hemolys i s  was  
less t h a n  5 % ,  a n d  t he  co r re spond ing  a l t e r n a t i o n  (less 
t h a n  5 %) in t h e  t r a p p e d  v o l u m e  va lue  could be  neglec ted  
to a f i rs t  a p p r o x i m a t i o n .  
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Fig. 1. A) The dependence of the change in the concentration of 
P31-HSA in the plasma saline solutions, (d), following the removal 
of cells, on the original Pal-HSA concentration (C) of the plasma 
saline solutions. The large errors in the d values are not a matter of 
concern, as the error in the value of the correction wii1 change the 
'real' trapped volume by only about • 1% as a result of the un- 
certainty in the interpolated value, which corresponds to d ~ 0 (see 
methods). This is relatively insignificant to the 10% accuracy of the 
experiment. 
13) Correlation of the radioaetivities per unit volume of the pellets 
(A~) and supernatants (A~) after the second DF-separation. The 
slope of the curve in the interval b) to c) corresponds to the trapped 
volume following the second DF separation while the radioactivity 
A~ (see Figure A) around the region a) is due mainly to adsorption. 

I t  can  be  supposed  t h a t  p a r t i a l l y  d a m a g e d  cells m i g h t  
r each  t he  pellet ,  a f te r  h a v i n g  e x c h a n g e d  some of t h e i r  
h e m o g l o b i n  w i t h  11~1 se rum a l b u m i n  of t he  suspension.  
The  cor rec t ion  co r re spond ing  to  such  a n  even t  is inc luded  
in t he  cor rec t ion  for a d s o r p t i o n  a n d  t r a n s p o r t .  I f  t h i s  
exchange  has  t a k e n  place, t he  t r a p p e d  v o l u m e  va lue  of 
t he  2 successive D F  sepa ra t i ons  wou ld  be  larger  in  t h e  
second s e p a r a t i o n  t h a n  in t he  f irst .  This  was no t  found  to  
be  t he  case, a n d  the re fore  i t  is r ea sonab le  to  assume t h a t  
e i the r  t he  p a r t i a l l y  d a m a g e d  cells d id  n o t  r each  t he  pellet ,  
or if t h e y  did, no apprec iab le  exchange  w i t h  s e rum a lbu-  
m i n  t ook  place. 

R a d i o a c t i v i t y  m e a s u r e m e n t s .  R a d i o a c t i v i t y  was de ter -  
m i n e d  b y  m e a s u r i n g  t he  p h o t o p e a k s  of t he  y r a d i a t i o n  
(1.3 MeV) for F~ 59 a n d  (0.36 MeV) for 1 lal, us ing  a Na  I 
wel l - type  sc in t i l l a t ion  coun t e r  connec t ed  to a m u l t i c h a n n e l  
analyser .  Most  of t h e  f l - radia t ion  was screened out .  

Mater ia l s .  Ferr ic  ion in a soluble  c o n t a i n i n g  1 %  sod ium 
ci t ra te ,  10 m c / m g  of Fe, was  suppl ied  b y  t h e  R a d i o c h e m -  
ical Centre,  Eng land .  I o d i n a t e d  h u m a n  se rum a lbumin ,  
10 mg/ml ,  isotonic,  sterile,  py rogen  free solut ion,  w i t h  
a b o u t  0.1 iodine  a t o m  per  p ro t e in  molecule,  was  suppl ied  
b y  Sorin,  I ta ly .  I t  was  d ia lysed  aga ins t  t h e  NaC1 phos-  
p h a t e  buf fe r  for 24 h a t  4 ~ 

Calcu la t ion  procedure.  The  t r a p p e d  v o l u m e  (TV) is defin-  
ed b y  Av/v ,  where  v is t he  t o t a l  v o l u m e  of t h e  cells pel let ,  
a n d  Av  is t he  v o l u m e  of t h e  in te rce l lu la r  l iqu id  in  t h a t  
pellet .  Since t he  c o n c e n t r a t i o n  of t h e  l abe le t  molecules  in  
t he  in te rce l lu la r  space  of t he  pe l le t  a n d  in t he  s u p e r n a t a n t  
is t he  same,  i t  follows t h a t  

A~ Avp 
o ( - -  As -- Vs  

Av~ is t he  t r a p p e d  v o l u m e  in t he  pe l le t  p, t he  r a d i o a c t i v i t y  
of wh ich  is A~, co r r e spond ing  to t he  v o l u m e  v~ of t he  
cells. Vs is t he  v o l u m e  of t he  p l a sma-sa l ine  s u p e r n a t a n t ,  
t h e  r a d i o a c t i v i t y  of w h i c h  is A,. The  t r a p p e d  v o l u m e  
fol lowing t h e  f i rs t  s e p a r a t i o n  of t h e  cells, is the re fo re  

[Av ,  Avp ~'V~ cr 
i / T 1 v~ V~-c~'V, 1-~ 

Vs A~ 
where  ~ = V~ A~ 

a n d  V~ is t he  t o t a l  vo lume  car r ied  b y  t he  wet  p i p e t t e  f rom 
the  pe l le t  

V~ = v~ + A v v 

For  t h e  second s e p a r a t i o n  of cells, fol lowing t h e  d i l u t i on  
of t h e  packed  cells in  t h e  p l a sma-sa l ine  solut ion,  t h e  
p rocedure  is as follows: I f  V~ is t he  t o t a l  v o l u m e  t a k e n  
f rom the  pe l le t  o b t a i n e d  a f te r  t h e  f i rs t  separa t ion ,  to  be  
dil-uted, V~l t h e  t o t a l  v o l u m e  of ceils t r a n s p o r t e d ,  and  
A v m  t h e  t r a p p e d  v o l u m e  ca lcu la ted  f rom the  resu l t  
o b t a i n e d  a f te r  t he  f i rs t  separa t ion ,  t h e n  V ~  = v m q- A r m .  
The  t o t a l  v o l u m e  Vf 2 of cells o b t a i n e d  in t h e  second 
sepa ra t i on  is t h e n  ca lcu la ted  f rom t h e  k n o w n  va lues  of 
v m,  Av  m,  VD and  t he  d i lu t ion  fac to r  of t he  packed  ceils 
in  so lu t ions  a, b, c, (see me thods ) .  

A:~ 2 A v ~  
% = Ap2 + As.z = -VD-v~2 

where  VD is t he  v o l u m e  of t h e  d i lu ted  suspens ion  of cells. 
Th i s  v o l u m e  was 100 F1 in  t he  p r e s e n t  exper imen t s ,  so 
t h a t ,  in un i t s  of lxl: 

A vp.2 
c~ -- 100_v~ 2 
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Experiment Centrifugation 
Medium 

Correction due to Trapped volume 
adsorption and (corrected) 
transport (%) zJv/v • 100 [%] 

Rabbit 

Mouse 

Plasma-saline 

Saline 

Plasma-saline 

10,000 g for 5 or 10 rain 1.6 • 0.2 
3-10 

3000 g for 20 min 2.0 • 0.2 
1000 g for 50 rain 2.6 • 0.3 

10,000 g for 5 min 40 ~ 1.4 • 0.3 

Celltrifugation without phthalate solution 1.6 • 0.2 
10,000 g for 15 min 

10,000 g for 5 min 10 1.8 • 0.2 

Since plasma proteins are not present in the suspending medium, high adsorption of Ila~-HSA to the cells is observed. The max. values of 
cells hemolysis, after separation of erythrocytes by DF, were (1.1 ~: 0.1)% and (3.6 ~= 0,4)% for 1 and 2 separations, respectively. 

a n d  t h e  t r a p p e d  v o l u m e  fol lowing the  second s e p a r a t i o n  is 

Ave2 ~ (100-v~2) 
Vp 2 Vi02 

A~o2 
where  ~ -- A~2 + Ass 

The  A's  r ep re sen t  t he  r a d i o a c t i v i t y  of t h e  samples ,  a n d  t he  
indices  '2 '  i nd i ca t e  t h a t  t h e  samples  were those  o b t a i n e d  
a f t e r  t he  second D F  separa t ion .  

Results. T r a p p e d  v o l u m e  d e t e r m i n a t i o n s  were p e r f o r m e d  
on  va r ious  cell types ,  d i f fe ren t  media ,  and  a t  d i f fe ren t  
c en t r i f uga t i on  speeds. The  e x p e r i m e n t s  w i t h  r a b b i t s  were 
p e r f o r m e d  on 3 an imals .  T he  e x p e r i m e n t  w i t h  mice  was 
c o n d u c t e d  w i t h  2 an im a l s  w h i c h  were in jec ted  i.v. w i t h  
a b o u t  0.2 >Ci of Fe 59 twice, in  10 days  in te rva l .  T he  resul t s  
are  s u m m a r i z e d  in t he  Table .  

Discussion. The  t r a p p e d  v o l u m e  va lue  of 1.6 % • 0.2 % 
o b t a i n e d  b y  D F  a t  10,000 g in t h i s  s t u d y  is close to  t he  
va lue  of 2 % o b t a i n e d  b y  VAZQUEZ et  al. 2 who  sepa ra t ed  
t h e  cells b y  s imple  cen t r i f uga t i on  a t  a b o u t  2000 g, w i t h o u t  
co r rec t ing  for a d s o r p t i o n  or hemolys is .  These  a u t h o r s  
f o u n d  t h a t  t he  t r a p p e d  v o l u m e  was g rea te r  a t  t he  u p p e r  
layers  of t he  pellet ,  2.6 % in t he  u p p e r  half ,  a n d  2 % in t he  
lower. Discrepanc ies  w i t h  t h e  resu l t s  of t he  p r e s en t  s t u d y  
are  p r o b a b l y  due to t h e  lower c e n t r i f u g a t i o n  speed used 
b y  these  au thors ,  wh ich  m a y  also accoun t  for t h e  incom-  
p le t e  s e d i m e n t a t i o n  a t  t he  t op  of t h e  tubes .  T he  2 % 
t r a p p e d  v o l u m e  o b t a i n e d  in t h i s  work,  a f t e r  c e n t r i / u g a t i o n  
a t  3000 g, a n d  2 . 6 %  a t  ~-d000 g are close to t he i r  results .  
T h e  5 % t r a p p e d  v o l u m e  o b t a i n e d  b y  BALLENTINE a n d  
BURFORD, 1 who  sepa ra t ed  (Tetrahymena) b y  t he  D F  
me~hod a t  a b o u t  2000 g, is p r o b a b l y  assoc ia ted  w i t h  
surface  cha rac te r i s t i c s  of these  cells a n d  e v e n t u a l  p ino-  
cytos is  of t h e  labe led  molecules.  T he  n a t u r e  of t h e  
suspens ion  m e d i u m  m i g h t  h a v e  also c o n t r i b u t e d  to  t he  
r e l a t ive ly  large t r a p p e d  vo lume.  T he  low va lue  of 0.5 % 
o b t a i n e d  b y  I42LIENE a n d  BURGASS 3 resu l t s  f rom t h e i r  
l inear  e x t r a p o l a t i o n  of t h e  func t i on  w h i c h  cor re la tes  
e lec t r ica l  c o n d u c t i v i t y  a n d  t r a p p e d  v o l u m e  in t he  low 
c o n d u c t i v i t y  region w h i c h  is ques t i onab l e  5. U n d e r  t he  
s ame  e x p e r i m e n t a I  condi t ions ,  and  w i t h  t h e  same  m e m -  
b r a n e  a d s o r p t i o n  proper t i es ,  a s s u m i n g  t h a t  t h e  cells are  
deformable ,  t h e  t r a p p e d  v o l u m e  is p r o p o r t i o n a l  to  t he  
surface  to v o l u m e  ra t io  of t he  cells. The  1 0 %  t r a p p e d  

vo Iume  r e p o r t e d  for  E. coli 4 a n d  t h e  va lue  of 1 1 %  
o b t a i n e d  b y  t he  a u t h o r  for  B. megaterium ~, are  the re fo re  
in  a g r e e m e n t s  w i t h  t he  va lue  for e r y t h r o c y t e s  r epo r t ed  in 
t he  p r e sen t  s tudy .  

The  la rger  t r a p p e d  v o l u m e  va lue  ob ta ined ,  in  th i s  work,  
f o r  smal le r  cen t r i fuga t iona l  fields, suggests  t h a t  some 
res idua l  in te rce l lu la r  l iqu id  escapes f rom t h e  pe l le t  i n to  
t he  s u p e r n a t a n t ,  w h e n  larger  c en t r i f uga t i ona l  f ields are 
employed.  

A t r a p p e d  v o l u m e  of 1.6 % cor responds  to  a n  ave rage  
in te rce l lu la r  d i s t ance  of a b o u t  150 A, w h e n  t h e  cell 
v o l u m e  is t a k e n  as 100 a m  3, a s suming  r a n d o m  o r i e n t a t i o n  
of t he  cells in t he  pellet .  I f  t h e  o r i e n t a t i o n  of t he  ceils is 
o rdered  r a t h e r  t h a n  r andom,  or t he  cells are spher ical ,  of 
v e r y  s imi la r  d i a m e t e r  a n d  no t  deformable ,  t h e  spaces  
b e t w e e n  t h e  ceils, even  in t h e  m o s t  c o m p a c t  con f igu ra t ion  
would  exceed t he  t r a p p e d  v o l u m e  of t he  n o r m a l  deforma-  
ble b id isco ida l  cells. W a t e r  wh ich  m i g h t  f low f rom t h e  
cells in to  t h e  in te rce l lu la r  spaces  of t he  pe l le t  (when t h e  
cells are no t  de fo rmab le  enough)  will  no t  a p p e a r  in  t h e  
p re sen t  measu remen t s ,  w h i c h  r ep resen t  t h e  t r a p p e d  
v o l u m e  o r ig ina t i ng  f rom t h e  e x p e r i m e n t a l  med ium.  

Zusammen/assung. Das Zwischenze t l -Volumen  an  E ry -  
t h r o z y t e n  wurde  m i t  1.6 -t- 0 . 2% b e s t i m m t ,  was  bet  
e inem m i t t l e r e n  Ze l lvo lumen  yon  100 [xm 3 e ther  du rch -  
s c h n i t t l i c h e n  In terze l lu l /~rdis tanz  yon  150 .~ bet  zuf/illiger 
Or i en t i e rung  der  Zel len en t sp r i ch t .  
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