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or in Figs. xc and d (condition B), the actual salting-out curve and differential curve 
will be the sum of the individual curves. 

The modified procedure (condition A) has been applied to a study of the proteins 
in saline extracts of normal and pathological human thyroid glandsL 
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A device for reapid collection of cells from radioactive medium 

Rapid exchange of metabolites between cells and the medium may make accurate 
determinations of exchange rates difficult, because of the time required to wash the 
~lls free of radioactive medium. A device, called a cell washer, has been designed 
which permits fairlyaceurate, rapid sampling of cells from radioactive medium (Fig. I). 
Cells suspended in radioactive medium are separated from the latter as the cell washer 
is centrifuged and the cells pass through the denser, non-radioactive rinse solution 
and collect at the tip of the column. 

Routinely, I2-cm sections of polyvinyl tubing (Transflex No. I8, Minnesota 
Mining and Manufacturing Company, Minneapolis, Minn.) are held horizontally and 
filled with the desired rinse solution by means of a syringe. One end of the tubing 
is carefully doubled over for a distance of about I cm and fastened with a few turns 
of thin copper wire. Into the other end of the polyvinyl tubing is inserted the tip of 
an empty, funnel-shaped polyethylene sample holder having an over-all length of 
5.5 era. The sample holders are made by  drawing out one end of a piece of poly- 
ethylene tubing, inside diameter o.45 cm, to a tip fine enough so when cut off short 
it fits tightly into the polyvinyl tubing. The completed cell washer is supported bv 
inserting the polyvinyl tubing into a glass sleeve, II cm long, inside diameter 
0.635 cm, with the shoulder of the sample holder resting on one end of the tubing. 
The glass sleeve, in turn, is contained in an I8 x I5o mm test tube. Radioactive 
cell suspensions up to 3.o ml are placed in the sample holder and centrifuged horizon- 
tally for 3 rain at 84o × g. The cells, quantitatively collected at the tip of the cell 
washer, are recovered by slicing off the tip with a blade, removing the wire, and 
rinsing out the cells with a fine stream of water. Sample chambers are washed and 
~ a g m n  while the tubing is discarded. In practice, a number of cell washers are 
as....~,,mbled in advance of use. 
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In order to t e s t / he  efficacy of this device, human cells of two strains, HeLa 1 
and conjunctival 2, grown in, viiro, were incubated in EAGLE'S medium s with 45Ca under 
the conditions specified in each experiment. Table I shows that  the recovery of counts 
at the tip of the cell washer, in the I l t h  cm of tubing, depends upon the presence 
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Fig  t .  The  cell washer.  Rad ioac t ive  solution overlies a denser non- rad ioac t ive  rinse solution. The 
in te r face  between the  two  solutions is less t han  o.92 m m  9. Cells pass  th rough  rinse and  collect 
a t  t i p  of washer,  upon centr i fugat ion.  This  device pe rmi t s  rapid  collection of cells f rom rad ioac t ive  

med ium.  Ins ide  d i ame te r  of po lyvinyl  tub ing  o.o42 in. 

T A B L E  I 

ASSOCIATION OF 45Ca ACTIVITY WITH CELLULAR UPTAKE 

Tryps in ized  H e L a  cell suspensions  were incuba ted  with  4~Ca and  then  centr i fuged in cell washers. 
The  po lyv iny l  tub  ngs con ta in ing  the  r inse and  the  cells w , - e  t hen  de tached f rom the  sample  
holders,  and  z-era segments  of tubing,  a t  var ious  d is tances  t rom the interface, cut  off. The i r  
con ten t s  were r insed ou t  wi th  water ,  dried and  assayed  for r ad ioac t iv i ty .  The t xth cm of tub ing  
con ta ined  packed  ceils or  a n y  sed iment  which migh t  have  resul ted f rom cent r i fugat ion  of the  
r ad ioac t ive  medium.  Medium A: EAGLE'S m e d i u m  3 conta in ing  to  % dialysed horse se rum and 
t mM Ca 2+. Medium B:  solut ion of 55 mM EDTA,  3.2 #M Ca ~+, p H  7.6-8.0. Exp t .  t :  t525oo  
coun t s /min /ml ;  Exp t .  2 : 2 t 8  ooo counts /min /ml .  Rinse  solut ions were s imilar  in composi t ion  to  
the  respec t ive  incuba t ion  media ,  bu t  con ta ined  20 % (w/v) dextrose.  Values are g iven as means  

4- s t anda rd  er ror  of the  mean.  

Millions of cells Incubation No. of 
raediura and tirae observations Distance from intcrface fcra) Expt. per sample [rain) 

4 7 9 

~Ca activity (counts/rain/era) 

11 

i o A ( i o )  2 6 4 5 o -~ 0. 5 o ± o o -[- o 
1.97 A (io) 2 2 4. 0.5 o 4- 0.5 o 4- 0. 5 I54 4- Io 

2 0 . 8 0  A (2o)  4 - -  2 ~ 2 4 4- I i45 -*- 6 
0 . 8 0  B (20)  4 - -  14 ~: x 4  4 ± 3 xI ~ I 
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T A B L E  I I  

46Ca ACTIVITY ASSOCIATED WITH DIFFERENT NUMBERS OF CELLS 

Different vo lumes  of a single cell suspension were cent r i fuged  in cell washers.  Aliquots  were also 
t aken  for cell enumera t ion  in each exper iment .  Cells were  incuba ted  for  I5 min  in m e d i u m  A 
containing 4sCa. Exp t .  i :  321 ooo coun t s /min /ml ;  Exp t .  2: 3o26oo counts lmin lml .  The  r inse 
solution was m e d i u m  A conta in ing  20 ~o (w/v) dextrose.  Where  two obse rva t ions  were made ,  

m e a n  value is given.  

Expt. 
Millions of cells No. of lsCa activily 

per plancl~et observations countslmin/plapwhet countslmin/millien cells 

o,o 4 2 70 I75O 
0.08 i t6o  2ooo 
o.12 I 219 1825 
0.16 2 250 I560  

o.28 2 i o l  375 
0.84 I 276 329 
I . iZ  I 415 371 

of cells. Incubation of cells with EDTA diminishes the amount of radioactivity 
recovered in association with the cells, indicating that the radioactivity present at 
the tip of the column can be largely attributed to cellular uptake of 45Ca, rather 
than contamination of the cells with radioactive medium. The amount of radioactivity 
recovered at the tip of the washer is proportional to the number of cells in the sample 
(Table II). 

The Ca ~+ concentration of the rinse has no significant effect upon the mnount 
of 4SCa recovered, indmating that the passage of cells through the non-radioactive 
rinse is so rapid as to prevent a significant amount of interaction between the cells 
and the rinse solution. Addition of EDTA to the rinse solution had no effect upon 
aSCa recovery 4. The efficacy of the rinsing procedure depends upon the relative 
densities of the sample medium and the rinse solution. The presence of 2o % (w/v) 
glucose in the latter prevented the downward movement of extraneous 45Ca. 

The usefulness of this device is shown by the fact that 4bCa-labelled cells collected 
b y  means of the cell washer lose approx. 25 % of the original radioactivity in 15 min 
of incubation with non-radioactive Ca (ref. 4). This rate of exchange would probably 
have given rise to less accurate determinations of 4~Ca activity, if the method of 
collection had been done by conventional, mo,-e time-consuming methods. 
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