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T h e  U p t a k e  o f  I o d i n a t e d  P r o t e i n  b y  S p l e e n  C e l l s  o f  G u i n e a - P i g s  i n  v i t r o  ~ 

Rela t ive ly  l i t t le in fo rma t ion  is avai lable abou t  the  
a m o u n t  and  the  kinet ics  of the  up take  of p ro te ins  by  
m a m m a l i a n  cells in v i t ro  2-s. To ob ta in  da t a  in th is  field 
on the  quan t i t a t i ve  re la t ionship  be tween  up take  of soluble 
an t igen  and induc t ion  of a n t i b o d y  synthesis ,  we s tudied  
the  up take  of bovine  se rum a lbumin  (BSA) and bovine 
s e r u m  T-globulin (BGG) by  normal ,  non- immunized  spleen 
ceils of guinea-pigs in vi tro.  The BSA and  BGG was 
labelled wi th  J 1256. 

Mater ia l  and methods. Guinea-pigs,  200-250 g, b o t h  
sexes, f rom di f ferent  dealers,  were  fed wi th  d ry  food and 
sacrificed by  hea r t  punc tu r e  for the  p repa ra t ion  of spleen 
ceils. Af ter  wash ing  the  isolated spleen cells in saline, 
3 • 107 spleen ceils were suspended  in 4.5 ml H a n k s  
ba lanced  salt  solut ion wi th  J 125-BSA 6 • 10 -a~ to 
1.0 • 10 -r g or J 125-BGG 1.0 • 10 -7 to  1.0 • 10 -8 g in 
0.5 ml  H a n k s  ba lanced  solut ion a t  37~ or 4~ Incu-  
ba t ion  t ime  was 10 sec to  60 min.  Af te r  incuba t ion  the  
ceils were washed  4-8 t imes  in saline and resuspended  in 
0.5 1ill saline. The J 125 ac t iv i ty  of t he  cells and  of the  
d i f ferent  s u p e r n a t a n t s  af ter  the  wash ing  were counted  in 
t r ip l ica tes  in LB 200 Beckman  in d ioxan -naph tha l i n -PPO .  
Label l ing of BSA and  BGG was done by  Dr. HAMMER, 
Max-  P l anck -  I n s t i t u t  fiir Immunbio log ie  Fre iburg  : 
1.242 mg BSA + 5 mC J 125 = 1 T BSA gave 185,500 cpm ; 
1.067 mg BGG + 3 mC J 125 -- 1 T BGG wi th  208,060cpm. 
The v i ta l i ty  t e s t  for t he  spleen cells before  and af ter  
incuba t ion  was done  wi th  t r y p a n e  blue:  0.1 ml cell sus- 
pens ion  + 0.1 ml  1% solut ion t r y p a n e  blue + 0.8 ml  saline ; 
the  blue s ta ined  cells were coun ted  in a Thomas  coun t ing  
chamber .  

Results.  A grea t  n u m b e r  of expe r imen t s  was performed.  
The following are a few of the  typica l  resul ts :  

(1) In  a basic expe r imen t  3 • 107 spleen cells were 
i ncuba ted  for 60 min  a t  37 ~ wi th  10 -z~ g J 125-BSA. The 
a m o u n t  t aken  up by  the  spleen cells was 10 -z2 g J 125-BSA 
o r 1 % .  F r o m  10 .7 g J 125-BGG 3 • 10 -7 spleen ceils took  
up abou t  10% or 6 • 10 -8 g. This difference in the  a m o u n t  
of BSA and BGG t a k e n  up by  spleen ceils could be 
expla ined by  the  d i f fe rent  sizes of the  molecules of the  
fo rmerL 

(2) The 1% rela t ion be tween  offered and  incorpora ted  
J 125-BSA remains  cons t an t  if the  a m o u n t  of BSA is 
increased to 10 -4 g J 125-BSA for 3 x l0 T spleen ceils. If  
the  spleen cells are incuba ted  wi th  12 gO/o unlabel led BSA 
and  t h e n  incuba ted  wi th  10 .7 g J 125-BSA, again 1~o of 
the  J 125-BSA is t aken  up by  the  spleen cells 2 (Figure 1). 
This 1% rela t ion is also no t  a l tered if the  spleen ceils are 
incuba ted  in normal  guinea-pig  serum. 

(3) The up take  of J 125-BSA and  J 125-BGG by  spleen 
cells decreases af ter  an incuba t ion  of 60 rain a t  4 ~ f rom 
10 -5 g J 125-BSA at  37~ incuba t ion  t e m p e r a t u r e  
1.0 • 10 7 g is t a k e n  up by  3 • 10 -7 spleen cells, a t  4~ 
only  0.67 • 10 -7 g J 125-BSA is t aken  up. The inhibi t ion 
of the  up take  is 33%. For  BGG the  inhib i t ion  is 40% : the  
spleen cells have  t aken  up only  6 • 10-9 g J 125-BGG 
ins tead  of 1.0 x 10 -s g f rom 1.067 X 10 -7 g BGG. This 
decrease is p robab ly  due to  the  inhib i t ion  of some process 
in t he  up take  of soluble p ro te in  by  ceils which  requires  
energy. At  23 ~ incuba t ion  the  up take  of BSA or BGG 
is no t  inhibi ted.  

(4) In  a fu r ther  e x p e r i m e n t  we t e s t ed  the  impor t ance  
of t he  a m o u n t  of up take  in in tac t  spleen cells: 4 • 107 
spleen ceils were kep t  a t  37 ~ in saline for 1-24 h. Af te r  
coun t ing  th  e t r y p a n  e blue posi t ive  cells, the  d i f ferent  
s amples  of spleen cells were incuba ted  for 60 min at  37 ~ 
in 1.0 • 10 -8 g J 125-BSA. 

If  all cells were  t r y p a n e  blue posi t ive  0.36% of the  
a m o u n t  offered was  t aken  up, bu t  if 75% of the  ceils were 
t r y p a n e  blue pos i t ive  0.88% was t aken  up;  a t  30 and 20% 
it was 0.75%. In  our ' normal '  expe r imen t  10-20% of the  
cells were t r y p a n e  blue posi t ive  af ter  the  incubat ion  wi th  
J 125-BSA or J 125-BGG. These resul ts  indicate  t h a t  a 
grea t  n u m b e r  of t r y p a n e  blue posi t ive  cells do no t  in- 
crease the  u p t ak e  of BSA or BGG. On the  contrary ,  wi th  
100% t r y p a n e  blue posi t ive  cells the  up take  was in- 
h ib i ted  8. 
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Fig. 1. Linear increase of uptake of J 125-BSA with increasing 
concentration in the incubation solution. 1.0 • 108 cpm = 2 • 10 -~ g 
J 125-BSA. 
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Fig. 2. Kinetics of J 125-BSA: within seconds, the uptake begins 
and finishes in about 2 rain. Excess of uptake after 10--20 rain (for 
comparison, the slow increasing curve at the right is the uptake of 
brucella antigen by normal spleen cells). 1.0 • 10 s epm = 2 • 10 -6 g 
J 125-BSA. 
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(5) The kinet ics  of the  up take  of  B S A  and B G G  was 
s tudied  by  a modi f ica t ion  of t h e  incuba t ion  t echn ique  in 
order  to  measure  ve ry  shor t  incuba t ion  t imes  f rom 10 sec 
up to  60 min.  3 • 10 ~ spleen cells were incuba ted  a t  37 ~ 
wi th  1.0 • 10 -6 g BSA. Af te r  10 sec 2500 cpm were  
coun ted  on the  washed  spleen ceils or 0.5 • 10 -s g BSA. 
Af te r  30 sec 3500 cpm and  af ter  120 sec 4700 cpm were 
counted .  This means  t h a t  in 2 min near ly  the  whole  
a m o u n t  of BSA is t aken  up b y  the  ceils, since the  a m o u n t  
af ter  30 min  incuba t ion  t ime  is 4750 cpm. This  a m o u n t  
remains  cons t an t  t h r o u g h o u t  2 h incubat ion.  This resul t  
indica tes  t h a t  the  ]3SA molecule is absorbed  in seconds 
on the  cell surface (Figure 2). 

All our expe r imen t s  showed af ter  10-20 rain incuba t ion  
an excess of up take  which  d isappeared  a few minu te s  
later.  This excess of up take  is not  observed if the  ceils are 
incuba ted  wi th  brucella an t igen  (Figure 2). 

Zusammen[assung. 6 • 10 -1~ g bis 10 -4 g J 125 Rinder -  
s e rum-Albumin  (BSA) bzw. 1,0 • 10 7 bis 1,0 • 10 .6 g 
J 125 Rinderserum-~,-Globulin (BGG) werden  3 • l0 T 
Milzzellen normMer  Meerschweinchen  in v i t ro  angeboten .  
Unabh~ng ig  yon  der  HGhe des Angebo tes  betr / igt  die 
Menge des au fg en o mmen en  B S A  1%, die des aufgenom- 
m e n e n  BGG 10% des Angebotes .  Durch  4 ~ Inkuba t ions -  
t e m p e r a t u r  wird  die A u f n a h m e  z.T. beh inder t .  Die Auf- 
n a h m e  f indet  nach  wenigen Sekunden  Inkuba t ionsze i t  
s t a r t  und  ist nach  e twa 2-3 rain abgeschlossen.  

H. kNOLTENIUS and W. HAAS 

Pathologisches Institut der Universitiit, 78 Freiburg 
i. Breisgau (Germany), 74 August 1968. 

Distribution of Procoagulant Activity in the Subcellular Fractions of Human Granulocytes  

Procoagu lan t  act ivi t ies  in the  leucocytes  were found  
by  several  au thors  1,2 LISIEWICZ 2 s t a t ed  t h a t  th is  ac t iv i ty  
has s imilar  features  to  t h a t  of p la te le t  fac tor  3. The 
granulocytes  possess also an an t i coagu lan t  ac t iv i ty  3,4. 
SABA et  al. 4 d e m o n s t r a t e d  t h a t  this  ac t iv i ty  is connec ted  
wi th  lysosomal  cat ionic proteins.  The purpose  of th is  
work  was to s t u d y  the  d i s t r ibu t ion  of p rocoagulan t  
ac t iv i ty  in the  subcellular  f ract ions of h u m a n  granulo- 
cy tes .  

Material and method. The granulocytes  were ob ta ined  
f rom h u m a n  puru len t  pleural  exudate .  The COHN and  
HIRSCH method  a was used to obta in  the  following sub- 
cellular granulocyte  f rac t ions:  I, s ed imen t  af ter  400 g; 
II ,  s ed imen t  af ter  8200 g; I I I ,  s u p e r n a t a n t  af ter  8200 g. 
F rac t ion  I conta ins  nuclei, m e m b r a n e s  and cell debris,  
large specific granules;  f rac t ion II,  specific granules  
(lysosomes);  f rac t ion I I I ,  smaller  cy toplasmic  a lements :  
small  specific granules,  mi tochondr ia ,  r ibosomes,  endo- 
p lasmat ic  re t i cu lmn and  Golgi appa ra tus  f ragments .  

All granulocyte  f ract ions and granulocyte  homogena te s  
were suspended  in a solut ion of 0 .34M saccharose.  They  
were frozen and t hawed  6 t imes,  homogenized  1 2 min 
using a Po t t e r  homogenizer .  All the  p repara t ions  were 
d ia lysed against  a p h o s p h a t e  buffer  (0.025M; p H  7.65; 
+ 4 ~  18 h). H u m a n  p lasmas  def icient  in factor  VI I I ,  
I X  and  X I I  were ob ta ined  f rom pa t i en t s  wi th  he red i t a ry  
deficiencies of these  factors.  Fac to r  V I I I ,  I X  and X I I  
were de t e rmined  according to  the  m e t h o d  of SOULIER 
and LARRIEU 6, sl ight ly modif ied  by  NIEWIAROWSKI 
et al.L 

In  order  to compare  the  p rocoagu lan t  ac t iv i ty  of 
h u m a n  p lasma wi th  t h a t  of the  granulocyte  suspension,  
the  granulocyte  suspension was di luted to a concen t ra t ion  
of 6000 cells/~zl. The procoagulan t  ac t iv i ty  was t e s t ed  
s imul taneous ly  in the  granulocyte  suspension and in the  
p l a sma  and the  di lut ion curves were made.  E a c h  c lo t t ing  
factor  ac t iv i ty  in the  granulocyte  suspension was expressed 
as % of the  ac t iv i ty  of the  same factor ,  found in t he  
equal  volume of p lasma (accepted as 100%). Fu r the r -  
more,  the  specific ac t iv i ty  of each c lo t t ing factor  was 
calcula ted according to the  formula:  1000/(t • p) where  
t -- c lo t t ing  t ime  in sec, p -- p ro te in  concen t ra t ion  
(mg/ml).  

Result and discussion. The results  are summar ized  in 
the  Table.  I t  can be seen t h a t  the  re la t ive p rocoagulan t  

ac t iv i ty  of the  homogena t e  and  of subcellular  f ract ions 
is of the  same order  of magn i tude  as t h a t  of normal  
plasma.  The specific p rocoagu lan t  ac t iv i ty  of the  homo-  
genate  is cons iderably  higher  t h a n  of plasma.  I t  is h igher  
in all isolated subcellular  fract ions,  par t icu lar ly  in frac- 
t ion I I  and  I I I ,  t h a n  in the  whole  homogena te .  This 
fact  m a y  be expla ined by  the  presence  of an t icoagulan t  
ac t iv i ty  which is d iminished  by  di lut ion dur ing  fract ion-  
ation. Fac to r  X l I - l i ke  ac t iv i ty  can be adsorbed  par t ia l ly  

Distribution of procoagulant activity in subcellular fraction of 
human gramfiocyte 

Granulocyte 
fraction 

Substrate plasma 

Factor VIII Factor IX Factor XII 
deficient deficient deficient 

A B A B A B 

Total homogenate 116% 11.8 51% 8.1 43% 7.1 - 

Sub- I 112% 20.4 40% 12.6  46% 11.7 - 
fractions II 77% 4 3 . 7  41% 36 .9  49% 36.4 17.8 

III 1 9 0 %  147.2 26% 56 .6  38% 59.0 17.0 

Human plasma 100% 1.8 100% 2.4 100% 1.7 

Mean values from 5 determinations. A, relative activity as com- 
pared with normal plasma ; B, specific activity 1000/(t • p) ; C, specific 
factor XII-like activity after adsorption of tested material on kaolin 
and elution at alkaline pH. 
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