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Experimental condition PEA ~zg/1 urine 
mean~ :c S.E. 

a) Urine extracted without acid hydrolysis 
(free PEA) 292 -t= 45 
Urine extracted after acid hydrolysis 
(conjugated PEA) 276 J_ 62 

b) Urine extracted after acid hydrolysis 
(free +conjugated PEA) 551 • 78 

c) Urine extracted after incubation with 
glucuronidase (free PEA + PEA glucuronide) 515 i 69 

"Average of 5 replicates. 

repor ted  using the  PEA-a l l oxan  f luorometr ic  technique  6 
(mean 47 txg/24 h, range 5-167). Values for u r ina ry  
conjuga ted  P E A  levels are no t  avai lable  in the  l i terature.  

Recove ry  studies indicated t h a t  over  95% of the free 
P E A  was r emoved  from the  ur ine  af ter  a single n-hexane  
ex t rac t ion ;  a second ex t rac t ion  y ie lded tess t han  5% 
more  free P E A .  However ,  af ter  the  ex t rac t ion  and 
remova l  of free P E A  from the  urine, and  the  conjugated  
substances alone were subjected to ei ther  acid hydrolysis  
or  incubated  with  fl-glucuronidase under  the  condit ions 

previous ly  described, addi t ional  quant i t ies  of P E A  were 
ex t rac tab le  in each case which accounted for  approxi-  
ma te ly  50% to 60% of the  to ta l  P E A  (free plus conju- 
gated).  In  mos t  ur ine samples, the  P E A  values  ob ta ined  
by acid hydrolysis  of the  conjugated  substances were 
s imilar  to the  values obta ined by  enzymat ic  hydrolysis .  
However ,  in some ur ine samples, s ignif icant ly  h ight -  
values  of conjugated  P E A  were obta ined  by  acid hydro lyr  
sis [69.8 -4- 15.7 Mean (of 5 replicates) =k S.E.] t han  by  
fl-glucuronidase degradat ion  I36.0 -4- 9.0 Mean (of 5 
replicates) ~ S.E.J. These results  led us to suggest  t ha t  
P E A  glucuronide is one of the  major  excre t ion  products  of 
con juga ted-PEA,  bu t  there  m a y  be other  forms, p robab ly  
ethereal  sulfates or P E A  associated w i t h  uric acid. 

Zusammen/assung. Nachweis,  dass  die Ausscheidung 
yon 2-Phenylae thy lamin-Glucuronid  im Urin  yon ge- 
sunden Versuchspersonen zwischen 50 und 60% der 
Gesamtmenge  betrggt .  
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On the Fractionation of Halophilic Enzymes with 

The enzymes  f rom ex t r eme ly  halophi l ic  bacter ia  
require  high salt  concent ra t ions  for bo th  ac t iv i ty  and 
stabil i ty1,  2. The salt  r equ i rement  for s tab i l i ty  makes  
pur i f ica t ion  of these enzymes  a diff icul t  task,  since ve ry  
few methods  can be appl ied successfully in the  presence 
of NaC1 concent ra t ions  ranging from 3 to 5 M. A m m o n i u m  
sulphate  f ract ionat ion,  perhaps the  commones t  procedure  
in enzyme purif icat ion,  is ve ry  diff icult  in the  presence 
of high concent ra t ions  of monova len t  cat ions 3. Different  
ways  of avoiding this  diff icul ty have  been repor ted  in the  
l i terature ,  namely  prec ip i ta t ion  on the  enzme af ter  
r emova l  of the  NaC1, followed by  rena tura t ion  by  
dialysis against  5 M  NaCt3; p rec ip i ta t ion  af ter  r emova l  
of the  salt, p ro tec t ing  the  enzyme under  s tudy  wi th  
substra tes  4, 5, and direct  p rec ip i ta t ion  wi th  solid ammo-  
n ium sulphate  s ta r t ing  wi th  a crude ex t rac t  in 2 M  
(NH~)2SO~ 6. The first  procedure  usual ly  gives low 
yields3,~; the  second can be appl ied only to enzymes  
susceptible of protec t ion  by  substrates  or cofactors.  The 
results presented here show tha t  considerable purif icat ion,  
wi th  reasonably  good yields, of several  halophil ic  enzymes,  
can easily be a t t a ined  by  direct  f rac t ionat ion  of a crude 
ex t rac t  in 5 M  NaC1 wi th  a sa tu ra ted  solut ion of ammo-  
n ium sulphate.  

The  strain of Halobacterium cutir~br~,~m, the  condi t ions  
of growth,  ha rves t ing  and washing of the  ceils, the  pre- 
pa ra t ion  of the celI-free extracts ,  the  DNAase  t rea tment ,  
and the  de te rmina t ions  of protein,  were as previous ly  
described T, s. The crude ext rac t ,  in 0 .05M Teis-HC1 
buffer (pH 7.6)~ conta in ing 5 M  NaC1 and 1 m34 EDTA,  
was brought  successively to the  following concentra t ions  
of a m m o n i u m  sulphate:  2 .6M;  3 .03M;  3 .25M;  3 .57M;  
3 .68M;  3 .9M and 4.1M, by  the addi t ion  of e i ther  
sa tu ra ted  a m m o n i u m  sulphate  solution (containing 1 m M  
E D T A  and adjus ted  to p H  7.0 wi th  NH4OH ) (fractions 
P1 to P~) or solid a m m o n i u m  sulphate  (Fract ions P3 and 
PT). The  concent ra t ion  of the  sa tu ra ted  a m m o n i u m  

Ammonium Sulphate 

sulphate  solut ion was t aken  as 3.9 9, since the  f ract iona-  
t ions (with the  except ion  of the  last  one) were per formed 
a t  0-5~ The concentra t ions  l isted above correspond, 
therefore,  to 66; 77.6; 83.3; 92; 94.3; 100% (at 0~ and 
100% (at 25~ sa tura t ion  respect ively.  I n a l l  cases the 
add i t ion  of the  a m m o n i m n  sulphate  was made  slowly and 
wi th  efficient stirring. Af te r  an addi t ional  10 min  s t i r r ing 
period, the  suspensions were centr i fuged for 20 rain at  
3%000 • g. The bulky  red precipi ta tes  ob ta ined  f rom the  
first  and second fract ions were washed wi th  an (NH4)2 SO4- 
NaC1 solut ion of the  appropr ia te  concentrat ion,  centri-  
fuged again, and the  washings pooled wi th  the  original  
superna tan t  fluids. All prec ip i ta tes  were redissolved in 
1 ml  of the  Tris-IIC1- 5 M NaC1- E D T A  solut ion and used 
as such for the  enzyme assays. In  some of the  exper iments  
the  sa tura ted  a m m o n i u m  sulphate  solut ion contained 
0.3 m M  N A D H .  For  the  exper iments  wi th  solid a m m o n i u m  
sulphate,  the  cell-free ex t rac t  was dialysed overn igh t  
against  100 volumes  of 0 .05M Tris-HC1 buffer  (pH 7.6) 
conta in ing  2 M  (NH4)2SO 4 and 1 m M  EDTA,  and then  
the  dialysed ex t rac t  was b rought  to the  same a m m o n i u m  
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Fractionation of a cell-free extract from H. cutirubrum with saturated solution of ammonium sulphate 

EXPERIENTIA 29/9 

Fraction Crude extract Pl P~ P.~ P~ P5 Ps P7 

Concentration of ammonium sulphate (M) 0 2.60 3.03 3.25 3.57 3.68 3.90 4.10 
Volume (ml) 1.5 1.5 1.3 1.0 0.95 1.0 1.0 1.0 
Protein (mg) 153 60 37 7.9 11.9 1.4 2.6 2.7 

NADH oxidase Total U 1.944 0.984 0.484 0.064 0.128 0 0 0 
Spec. act. 0.013 0,016 0.013 0.008 0.011 0 0 0 

ME Total U 1.254 0 0.806 0.621 0.320 0 0 0 
Spec. act. 0.008 0 0.022 0.079 0.028 0 0 0 

GDH Total U 12.480 0.960 2.640 6.240 1.337 0 0 0 
Spee. act. 0.082 0.016 0.070 0.794 0.113 0 0 0 

GIuDH Total U 40.800 2,880 1.664 1.120 8.432 2.480 9.120 3.080 
Spec. act. 0.266 0.048 0.045 0.141 0.710 1.770 3.493 1.361 

MDH Total U 40.861 1.680 2.944 0.976 6.832 1.610 8.800 3.648 
Spec. act. 0.267 0.027 0.079 0.123 0.576 1.136 3.343 1.344 

' CS Total U 7.720 0.662 0.904 0.008 1.882 0.294 1.801 0.544 
Spec. act. 0.050 0.011 0.025 0.001 0.158 0.210 0.683 .0.198 

GOT Total U 1.704 0.021 0.064 0.064 0.152 0.128 0.256 0.410 
Spee. act. 0.011 0.001 0.002 0.008 0.013 0.091 0.097 0.148 

The enzymes were assayed in a Beckman DB-G recording spectrophotometer at 30 ~ at 340 am or 412 nm (for citrate synthase). The reactions 
were always started by addition of the enzyme solution. The reaction mixtures contained, in a f inn volume of 1 ml, the foIlowing amounts 
(in mieromoles) : NADH oxidase: Teis-HC1, 40; NADH, 0.15; KC1, 3,360; mNic enzyme (ME) : Tris-HC1, 40; MnC12, 1; NADP, 0.1; L-mNate, 
5; NH4C1, 1,000; glycerol dehydrogenase (GDH): Tris-HC1, 31; dihydroxyacetone, 2; NADH, 0.15; KC1, 3,300; glutamate dehydrogenase 
(GluDH) : Tris-HC1, 11; c~-ketoglutarate, 2; NADPH, 0.15; NHaC1, 80; NaC1, 1,000; malate dehydrogenase (MDH) : Tris-HC1, 31; oxalacetate, 
0.5; NADH, 0.15; KC1, 1,000; citrate synthase (CS): Tris-HC1, 40; oxalacetate, 0.5; acetyl-CoA, 0.15; 5.5' dithiobis (2-nitrobenzoic acid) 
(DTNB); 0.1; KC1, 3,000; glutamate oxNacetate transaminase (GOT): Tris-HC1, 30; L-aspartate, 12.5; ~-ketoglutarate, 5; NADH, 0.15; 
NH4C1 , 1,000; pyridoxamine phosphate, 30 [xg; pig heart malate dehydrogenase, 5 ~xg. The pH of the reaction mixture was 7.6 in all cases. 
Enzyme units (U) are expressed as ~xmoles/min; specific activities (spec. act.) are expressed as ~moles/min/mg of protein. 

su lpha t e  c o n c e n t r a t i o n s  l i s ted  above,  b y  t he  add i t i ons  of 
solid sa l t  in  all  cases. T he  f r a c t i o n a t i o n  of t h e  cell-free 
e x t r a c t  in  t h e  Tris-HC1- 5 M NaC1- E D T A  so lu t ion  b y  
a d d i t i o n  of solid a m m o n i u m  su lpha t e  was no t  p o s s i b l e .  

The  resu l t s  of a t yp i ca l  f r ac f iona t i on  are shown  in t h e  
Table .  N A D H  oxidase  was assayed  as a m a r k e r  of t he  
p a r t i c u l a t e  mate r ia l ,  a n d  fol lowed closely t he  c o n t e n t s  of 
t he  red  ca ro teno id  p i g m e n t  cha rac t e r i s t i c  of t he  Halo- 
bacteria. 70% of t he  p r o t e i n  p r e s e n t  in  t h e  c rude  ex t rac t ,  
c o n t a i n i n g  m o s t  of t h e  N A D H  oxidase  ac t iv i ty ,  was  
p r e c i p i t a t e d  b y  a m m o n i u m  su lpha t e  c o n c e n t r a t i o n s  up  to  
3 . 2 5 M  (P1, P2 a n d  P~). T he  l a t t e r  2 f r ac t ions  also con- 
t a i n e d  m o s t  of t h e  M E  a n d  G D H  act ivi t ies .  CS, M D H  and  
GIuDH,  on  t h e  o t h e r  h a n d ,  were recovered  in  t he  r e m a i n -  
ing f rac t ions ,  wh ich  c o n t a i n e d  12% of t h e  p r o t e i n  p r e sen t  
in  t h e  c rude  ex t rac t .  Most  of t he  GOT a c t i v i t y  was 
recovered  in P6 a n d  PT. The  o rde r  of p r e c i p i t a t i o n  b y  
a m m o n i u m  su lpha t e  fol lowed closely t he  o rder  of e lu t ion  
f rom a S e p h a d e x  G-200 co lumn  (not  shown),  w h i c h  is 
d i r ec t ly  r e l a t ed  to  t he  molecu la r  we igh ts  of t h e  pro te ins ,  
n a m e l y  N A D t I  oxidase,  ME,  GDH,  GluDH,  MDH,  CS and  
GOT.  I n  sp i te  of t h e  fac t  t h a t  n o  a t t e m p t s  were  m a d e  to  
.purify a n y  of t h e  e n z y m e  in pa r t i cu la r ,  good pur i f i ca t ions  
a n d  yields  were ob ta ined ,  n a m e l y  9.4-fold w i t h  49% 
yield  for E M  (P3) ; 9.6-fold w i t h  50% yield  for G D H  (P3) ; 
13-fold w i t h  22% yield  for  G l u D t t  (P6); 12.5-fold w i t h  
22% yield for M D t t  (P,) ; 13.5-fold w i t h  23% yield  for  CS 
(P~) and  13-fold w i t h  24% yield for  GOT (P~), ca lcu la ted  
f rom t h e  d a t a  in  t he  Table .  T he  r ep roduc ib i l i t y  of t he  
f r ac t iona t ion ,  w h e n  t e s t e d  on  d i f fe ren t  cell-free ex t rac t s ,  
was  good. W h e n  0.3 m M  N A D H  WaS a d d e d  to  t h e  s a t u r a t -  
ed a m m o n i u m  su lpha t e  so lu t ion  (not  s h o w n  in t h e  Table)  
b o t h  G D H  a n d  M D H  p r e c i p i t a t e d  a t  a h ighe r  (NI-I4)2SO 4 
concen t r a t ion ,  w i t h  some i m p r o v e m e n t  in  t he  pur i f i ca t ion  
a t t a ined .  The  d i s t r i b u t i o n  p a t t e r n  of t he  o the r  enzymes  
a n d  t o t a l  p ro t e in  was no t  af fected b y  N A D H .  

W h e n  a n o t h e r  a l iquo t  of t he  cell-free e x t r a c t  used for  
t h e  e x p e r i m e n t  shown  in t h e  Tab le  was d ia lysed  aga in s t  a 
Tris- t tC1- 2 M  (NH4)~SO 4 - E D T A  solut ion,  a n d  t h e n  
f r a c t i o n a t e d  b y  a d d i t i o n  of solid a m m o n i u m  su lpha te ,  t h e  
d i s t r i b u t i o n  p a t t e r n  of t h e  enzymes  was  di f ferent ,  r e su l t i ng  
in s t igh t ly  h igher  yields  w i t h  lower  pu r i f i ca t ion  values.  
Th i s  b e h a v i o u r  was  p r o b a b l y  due  to  t h e  absence  of NaC1 
d u r i n g  t he  l a t t e r  f r ac t iona t ion .  I n  add i t ion ,  t he  changes  
in  v o l u m e  were m u c h  smal le r  w h e n  solid sa l t  was  used, 
r e su l t i ng  in d i f fe ren t  p r o t e i n  c o n c e n t r a t i o n s  d u r i n g  t h e  
f r ac t i ona t i on .  

The  a m m o n i u m  s u l p h a t e  f r a c t i o n a t i o n  p e r f o r m e d  b y  
a d d i t i o n  of s a t u r a t e d  solut ion,  as descr ibed  in t h i s  
c o m m u n i c a t i o n ,  al lows t h e  s i m u l t a n e o u s  pu r i f i ca t ion  of 
severa l  ha lophi l i c  enzymes ,  w i t h  pur i f i ca t ions  a n d  yields  
w h i c h  are of t he  same  order  as those  o b t a i n e d  in some 
cases b y  p r e c i p i t a t i o n  in t he  presence  of p ro t ec to r s  a t  low 
sa l t  concen t ra t ions* ,  5; in  t he  l a t t e r  case, in  genera l  on ly  
one e n z y m e  can  be  pur i f ied  a t  a t ime,  t h e  o thers  be ing  
dena tu red .  W h e n  c o m p a r e d  w i t h  t h e  pu r i f i c a t i on  in t he  
sal t - f ree  s ta te ,  fol lowed b y  r e n a t u r a t i o n  of t h e  e n z y m e  b y  
dia lys is  aga ins t  5 M  NaC13,% the  p r e sen t  m e t h o d  offers 
t h e  a d v a n t a g e  t h a t  t h e  enzymes  keep t h e i r  n a t i v e  
conf igura t ions  t h r o u g h o u t  t h e  pur i f i ca t ion  procedure ,  
r e su l t ing  in h ighe r  yields.  W e  h a v e  n o t  been  able  to  pu r i fy  
some of t he  enzymes  s tud ied  here  b y  a n y  of t he  a l t e r n a t i v e  
m e t h o d s  m e n t i o n e d .  T h u s  M E  was n o t  r ecovered  b y  
dia lysis  of a sal t - f ree  p r e p a r a t i o n  aga ins t  5 M NaC1, no r  
was i t  p r o t e c t e d  b y  i ts  s u b s t r a t e s  a n d  cofac tors  (VmAL 
a n d  CAZZULO, u n p u b l i s h e d  observa t ions ) .  Similar ly ,  we 
h a v e  b e e n  u ~ a b l e  to  recover  G D H  a n d  G l u D H  f r o m  t h e  
sal t - f ree  s ta te .  

W h e n  c o m p a r e d  w i t h  t h e  f r a c t i o n a t i o n  w i t h  solid 
a m m o n i u m  su lpha t e  s t a r t i n g  w i t h  a cell-free e x t r a c t  in  
2 M  (NH4)SO~% t h e  p r e s e n t  p rocedure  seems to  a l low a 
b e t t e r  pur i f ica t ion ,  and  is easier  to  pe r fo rm a n d  s t a n d a r d -  
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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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