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Q u a n tita tiv e  e s tim a tio n  o f  ce llu lar e s te ra se  a c tiv ity  m ak es  i t  possib le  
to  d if fe re n tia te  cells an d  cell B ubpopulations. T he fluorescence o f  fluo resce in  
o b ta in ed  b y  h y d ro ly sis  fro m  fluorescein  d ia c e ta te  is de tec ted  an d  u sed  fo r 
m easu rin g  th e  este rase  a c tiv ity . T he m e th o d  described  is su itab le  fo r th e  
q u a n ti ta t iv e  d e te rm in a tio n  o f  esterase  a c t iv i ty  in  h u m a n  lym phocy tes .

Estim ation of esterase activ ity  in 
human lym phoid cells has given con
siderable aid in seperating healthy 
and sick cells [2, 3, 7, 8]. As substrate, 
alpha-naphthylesters are mostly used. 
A t a nearly neutral pH  after 60—90 
min incubation, these release naphthyl 
which on the  addition of diazonium 
salt develops into an insoluble bright 
azo stain.

In  immunopathological processes, 
in the essential periods of immune 
m aturation, it  is im portant to  dif
ferentiate between T, В and О cells
[5]. The В cells being esterase nega
tive and the  T cells esterase positive, 
their histochemical separation beco
mes possible.

Starting from Son ta g ’s results [12, 
13] we have attem pted  to work out a 
m ethod which would allow the  sepa
ration of living cells in suspension.

Fluorescein d iacetate (FDA) (Fig. 1) 
as a fluorogenous substrate can be 
used for characterizing cellular func

tions [10], for measuring enzyme a c ti
v ity  in order to  estimate the  condi
tion of metabolism as well as for in 
vestigating membrane structures, and 
for differentiating among various 
morphologically similar cells [11, 12].

The hydrolysis of FDA, ju st as the  
enzyme reaction, occurs according to  
the equation

FD A---------- * F A + A ---------- * F  2A

Firs, fluorescein acetate (FA), then 
fluorescein (F) develops. A t alkaline 
pH  the  reaction takes place spon ta
neously, while in the cells it  is the 
result of the  esterase effect [13]. The 
FDA as an apolar m aterial is soluble 
in acetone and can be given in solu
tion to  the  examined cells. To cause 
hydrolysis intracellularly, the  FDA 
m ust penetrate  across the cytoplas
mic m em brane into the cells; th is 
occurs easily. Then, by means of dif
ferent measuring methods we m ay 
get d a ta  for membrane perm eability,
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F i g . 1. C hem ical s tru c tu re  o f  fluo resce in  d iace ta te

an d  so the  effect of m aterials which 
change the perm eability, such as for 
exam ple gramicidin D, can be observ
ed  [11]. The active tran sp o rt of FDA 
has been assumed to  explain its high 
in tracellu lar concentration which may 
am o u n t to a hundredfold of th a t en
su red  by  diffusion.

Intracellularly  the FD A  is split 
b y  esterase, so th a t th e  fluorescence 
o f F  is a  measure of the  esterase activ
ity , o f which about 95%  is of cyto
plasm ic origin [13]. The F  is accumu
la te d  in  the cell and displays fluoro- 
chrom asia [10], while th e  p a rt  found 
extracellularly  is due to  membrane 
bo u n d  esterase activity , or can be the 
resu lt of F  released from  the  cyto
plasm . Thus, FDA hydrolysis indi
cates cellular metabolism and  if the

m em brane permeability, the  esterase 
ac tiv ity  and the d istribution of F  are 
summ ed up in the in tensity  of fluores
cence, we obtain a  simple m ethod for 
m easuring the cellular m etabolism of 
different cells. In  the present case we 
applied the  m ethod for the  estim ation 
of esterase activ ity  in hum an lympho
cytes.

M a t e r i a l  a n d  M e t h o d

1 .Lymphocyte suspension  [1, 4, 5, 6, 9]
P e r ip h e ra l venous b lood  w as h ep arin iz 

ed  a n d  sed im en ted  on  F ico ll-U rom iro  
g ra d ie n t, th e n  w ashed  tw ice  w ith  iso tonic 
p h o sp h a te  bu ffe r p H  7.4 (P B S ) to  a  cell 
c o n c e n tra tio n  o f  2 X  10°/ml. T he P B S  
co n ta in e d  8 g N aCl, 0.2 g  K C l, 1.15 g 
N a 2H P 0 4, 0.2 g  K H „ P 0 4 a n d  0.8 g glucose 
p e r  litre .

F ig . 2. F lu o re sc e in  ex c ita tio n  (a )  a n d  em ission (b )  cu rves
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2. Erythrocyte suspension
R e d  blood cells w ashed  tw ice  in  P B S  

w ere d ilu ted  to  a  co n cen tra tio n  o f  2 X Ю6 
cell/m l.

3. Fluorescein diacetate (FD A -S igm a)
A  1 0 - 4 M sto ck  so lu tion  in  a ce to n e  w as 

p re p a re d  an d  s to red  in  th e  d a rk  a t  +  4°C 
u n ti l  use.

4. Estim ation
F luo rescence  w as m easu red  in  a  H ita c h i 

M P F -4  sp ec tro p h o to m e te r in  cy lind rica l 
q u a rtz  cu v e tte s  o f  300 fi\ c a p a c ity  (F ig . 2). 
T he sp e c tru m  o f  ex c ita tio n  w as e s tim a te d  
a t  516 n m ; th e  I  m ax im u m  w as fo u n d  a t  
490 n m . T he em ission sp e c tru m  w as de
te c te d  a t  490 nm , an d  th e  I  m ax im u m  w as 
fo u n d  a t  516 n m . O n th e  basis o f  th ese  r e 
su lts , fluo rescence  in te n s ity  w as m easu red  
a t  490 n m  (exc ita tion ) a n d  516 n m  (em is
sion). A lkaline  h y d ro ly sis  in  P B S  o f  p H  10.2 
o ccu rred  in  ev e ry  series. T he a im  w as to  
fin d  th e  F  in te n s ity  o rig in a tin g  fro m  th e  
sp lit  F D A  a n d  so to  com pare  th e  cell p o p 
u la tio n s . T he m easu rem en ts  w ere  done a t  
37°C. In to  a  300 y \  c u v e tte  w as g iven 
297 //1 cell suspension  w ith  P B S  p H  10.2, 
an d  a t  th e  beg inn ing  o f  re g is tra tio n  3 y\ 
sto ck  so lu tio n  o f  F D A  w as ad d ed  co rres
p o n d in g  to  3 X 1 0 - I0 o r  1 0 ~fl M  con
ce n tra tio n .

R e su l t s

The in tensity  o f alkaline hydrolysis 
and the  fluorescence of the  cell sus
pension was obtained in the function 
of tim e in relative units (Fig. 3). H ydr
olysis took place rapidly and the  con
centration of F  formed in this way did 
not change, indicating th a t all the 
FDA was split (Fig. 3. curve a). The 
fluorescence intensity  of 2X 106 cell/ml 
lym phocyte suspension is shown in 
Fig. 3 by  curve b which can be consid
ered a  sum m ation curve of both  in tra  
and extracellular F  fluorescence. The 
characteristic feature of the curve is 
th a t i t  becomes linear a t a certain 
height. The differential quotient be
longing to  the  individual points of 
tim e is the  measure of esterase activ
ity, and  its derivative characterizes 
the tem poral changes, as shown by 
function Б .  I ts  maximum coincides 
with the  linear interval of the original 
graph and expresses the peak esterase 
activ ity  in  moles/min (7.94X l0 ~ 12
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F ig . 3. R e la tiv e  fluorescence in te n s i ty  in  th e  fu n c tio n  o f  tim e  a:  a lka line  hy d ro ly sis ; 
b: 2 X 10° cell/m l; c: 4 x  106 ce ll/m l lym phocy te  co n c e n tra tio n . T em pora l change  o f  

enzym e a c tiv ity  a t  ly m p h o cy te  co n cen tra tio n s  o f  В  : 2 X 106 cell/m l; 
a n d  C : 4 X 10° cell/m l
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F i g . 4 . R e la tiv e  fluorescence in te n s i ty  in  th e  case o f  id en tica l ly m p h o cy te  p o p u la tio n s ; 
d, e, f  a t  2 x 106 cell/m l c o n c e n tra tio n ; g: 2 X 10e re d  ce ll/m l ly m p h o cy te ; h : P B S  p H  7.4

moles/m in). Curve c in Fig. 3 stands 
for a  4x10® cell/ml lym phocyte con
cen tration , and esterase ac tiv ity  is 
show n by  the derivation o f function 
G. I t s  maximum am ounts to  15.98 X 
X 10” 12 moles/min, double th e  pre

vious value.
O n th e  basis of these resu lts it  is 

acceptab le  th a t the direction-tangent 
of th e  linear section o f th e  curve 
displaying the increase of fluorescence 
in te n s ity  shows the peak esterase ac
t iv i ty  (EA).

I , —Ix 3 X 10-10
E A  = --------- X --------------moles/min

t 2 — tj 85

T he functions d, e and  /  in Fig.4 
show  th e  lymphocyte E A  obtained in 
d ifferen t measurements o f the  same 
population ; the values are  6.22 X , 
5.94 X , and 5.92 X 10~12 moles/min, 
respectively. Curve g shows the  acti
v i ty  estim ated in a  red  blood cell 
suspension of 2x10® cell/ml concent
ra tio n ; the  value is 7.2 X 10 ~13 mo
les/m in. The F  content of PB S of pH 
7.4 is seen from function h ;  i t  is p rac ti
cally  non-perceptible.

D isc u ssio n

The m ethod described is suitable 
for estim ating esterase ac tiv ity  in dif
ferent cells, lymphocyte populations 
and subpopulations. In  the  case of 
hum an T and В cells it  can be used 
not only for their separation b u t for 
quantita tive  esterase determ ination as 
well, and it can be applied for control
ling the purity  of certain specimens. 
W ith  the help of some methodological 
additions it  may yield d a ta  on enzyme 
localization and m em brane function, 
too.
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