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Experiments  on August rats  show that their  organs differ in the spect rum and relat ive 
activity of i so - fo rms  of various types of e s t e rases .  In their  composition, i so - fo rms  of the 
t issue e s t e rases  contain organ-speci f ic  components and fract ions mainly present  in sub- 
cel lular  s t ruc tures  of many or  some rat  organs.  

Several types of es te rases  hydrolyzing carboxylic acid es te rs  have been discovered in the blood serum 
and t issue extracts  of different species of snimals.  In their  biochemical  proper t ies ,  these es te rases  are  
subdivided into carboxyl- ,  a ry l - ,  acetyl- ,  acetylcholine-,  and chol ines terases  (3.1.1.1, 3.1.1.2, 3.1.1.6, 
3.1.1.7, and 3.1.1.8, respectively).  Es te rases  of each of these types are  present  in the body as a number 
of molecular  forms,  the proper t ies  and distribution of which, and their  role in the metabolism of various 
substances in the body have been inadequately studied [5, 8-10]. 

The resul ts  of an immunochemical  and eleetrophoret ic  investigation of multiple fo rms  of e s t e rases  
in the blood se rum and t issues of ra ts  are  descr ibed below. 

EXPERIMENTAL METHOD 

Male August ra ts  weighing 160-170 g were kept on a standard diet. Enzymes f rom the blood serum 
and hyaloplasm of cells f rom the liver, kidneys, spleen, lungs, tes tes ,  pancreas ,  brain,  mucous membrane  
of the s tomach and large and small  intestine, and the heart  of the animals were investigated. The conditions 
of process ing  of the organs,  isolation of the hyaloplasm fract ion of the cells,  and the technique of e lec t ro -  
phoretic and immunoelectrophoret ic  investigation of the preparat ions  were identical with those descr ibed 
previously [1]. To detect es te rase  activity, immediately af ter  e lect rophores is  the gel was incubated at 37 o 
for  30 rain in a subst ra te  mixture consist ing of 2 mg a -  or  fl-naphthyl acetate in 2 drops of acetone, 9 ml 
0.1 M phosphate buffer (pH 7.8), and 3 mg of the dye fast blue B in 1 ml water.  If indoxyl acetate was used 
as substrate,  the gel after  e lec t rophores is  was placed for  1 h in a solution containing 2 mg indoxyl acetate 
in 2 drops of acetone and 10 mI 0.1 M phosphate buffer  (pH 7.8). To tes t  the sensit ivity of different e s t e rase  
fract ions toward inhibitors, the gel af ter  e lect rophores is  was incubated for  10 rain at 37 ~ in a solution of 
the corresponding inhibitor in 0.1 M phosphate buffer, and then for 30 rain in subst ra te  mixture (fi-naphthyl 
acetate) with the same inhibitor. The inhibitors used were 0,0-diethyl-S [/~-(cyclohexylmethylamino)-ethyl]- 
thiophosphate* (4-10 -4 M), neostigmine (1" 10-3-1 �9 10 -5 M), EDTA (2.10 -3 M), p -ch loromercur ibenzoa te  
(5 " 10 -4 M), and CuSO 4 (2 - 10 -3 M) [2, 4, 7]. The gels af ter  e lect rophores is  were fixed in 3% acetic acid so-  

* A sample of this inhibitor was kindly made available by N. N. Golovikov, M. I. Kabachnik, and N. E. Teplov. 
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Fig. 1. Ratio between activities of e s t e rases  f rom different organs of rats .  Ordinate, total activity of e s t e r -  
ases  calculated per  mg hyaloplasm protein of different organs (in percent  of es te rase  activity in smal l  
intestine). O - activity relat ive to fi-naphtyl acetate; �9 - activity relative to indoxyl acetate.  

Fig. 2. Isoenzyme spect rum of es te rases  of blood serum (1) and of cell hyaloplasm from the brain (2), 
l iver  (3), gas t r ic  mucuous membrane  (4), small  intestine (5), large intestine (6), pancreas  (7), lungs (8), 
kidneys (9), spleen (10), tes tes  (11), and hear t  (12) of August ra ts .  Height of p r i sms  is proport ional  to pe r -  
centage content, and their  position cor responds  to relat ive electrophoret ie  mobility of fract ions of carboxyl-  
e s t e rases  (horizontal shading), a ry l e s t e r a se s  (oblique shading), ace ty les te rases  (unshaded), and choline- 
s t e rases  (cross-hatched) .  Substrate - fi-naphthyl acetate.  
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Fig. 3. Immunoelectrophoret ie  
detection of e s te rases  in blood 
serum (I) and hyaloplasm of ceils 
of the l iver (H), mucous m e m -  
brane of the smal l  intestine (III), 
kidneys (IV), spleen (V), and brain 
(VI) of ra ts .  Immunological ly iden- 
t ical spec ies-spec i f ic  e s te rases  
a re  designated in an identical man-  
ner,  organ-speci f ic  es te rases  are  
identified as org.  sp. 

lution, dried under a layer  of f i l ter  paper,  and examined in the 
ERI-10 integrating densi tometer ,  the width of the light slit in 
which was reduced to 0.1 ram. Activity of the fract ions was ex- 
p res sed  in conventional units, proport ional  to the optical density 
of each of  them on the gel af ter  e lec t rophores is ,  and their  r e l a -  
tive content in the sample was then calculated. The relative 
e lectrophoret ic  mobility of the fract ions was calculated by com-  
par ison with the mobility of human serum albumin subjected to 
e lec t rophores is  under the same conditions. In repeated tests ,  
extracts  of the organs of 6-8 rats  were subjected to e lec t ro-  
phores is .  

EXPERIMENTAL RESULTS 

Comparison of the specific esterase activity (calculated 
per mg protein in the sample) of cell hyaloplasm from different 
organs of August rats showed that relative to fi-naphthyl and 
indoxyl acetate the mucous membrane of the small intestine and 
other organs developed from the embryonic entoderm possessed 
the highest esterase activity. The ratio between the activities 
of esterases in different organs was generally the same, regard- 
less of whether fi-naphthyl or indoxyl acetate was used to de- 
tect the enzymes. It was only in the kidneys that esterase activ- 
ity detected by indoxyl acetate was higher than when fl-naphthyl 
acetate was used (Fig. 1). 

The most complex spectrum of molecular forms of the 
esterases was possessed by organs of entodermal origin. For 
example, the hyaloplasm of cells from the mucous membrane of 

the small  intestine contained up to 15 fract ions,  compared with 10 and 9 fractions respect ively for  the s tom-  
ach and large intestine. Es te rases  of cells f rom the liver, pancreas ,  and lungs were represented by 9, 11, 
and 8 fract ions respect ively.  The number  of e s t e rase  fract ions in the hyaloplasm of organs of mesodermal  
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origin varied between 7 and 10 (kidneys - 10, spleen - 9, testes  - 8, hear t  muscle  - 7). In extracts  of the 
r a t s '  brain (ectodermal o r i g i n ) t e s t s  with fl-naphthyl acetate revealed 7 es te rase  fract ions,  while blood 
se rum contained 5 components,  3 of which were  located in the electrophoret ie  zone of albumins and a -  
globulins, while 2 migra ted  with serum fl-globulins (Fig. 2). The spect rum of es te rases  f rom different 
organs of the rats  did not differ whether o~- or  fl-naphthyl acetate was used as substrate  for  their  detec-  
tion, but it was slightly less active when indoxyl acetate was used to detect e s t e rase  activity. However, in 
extracts  of the brain, gas t r ic  mucous membrane ,  and hear t  muscle  of the rats ,  some es te rase  fract ions 
were  more  active and could be detected af ter  e lect rophores is  only by the use of indoxyl acetate.  

On the basis  of differences in their  sensitivity to the action of inhibitors, it is cus tomary  to divide 
es te rases  of carboxylic acid es te rs  into chol ines terases  (sensitive to organophosphorus compounds and 
quaternary  ammonium bases),  ca rboxyles te rases  (sensitive to organophosphorus compounds), a r y l e s t e r -  
ases (sensitive to sulfhydryl  reagents),  and ace ty les te rases  (insensitive to the action of these inhibitors) 
[2, 4, 7l. The present  experiments with a se r i e s  of inhibitors showed that many of the es te rases  detected 
in organs  of August ra ts  are  i soenzymes  of acetyl -  and earboxyles te rases ,  while choline- and a ry l e s t e r a se s  
were found only in the blood serum of these animals.  Chol inesterases  a re  found mainly in cytoplasmic 
granules of cells [3], and during fractionation of the organ homogenates under the conditions used in the 
present  experiments they evidently did not enter the hyaloplasm fract ion of the organ. 

Cells of the l iver ,  gas t r ic  mucosa,  and small  intestine differed in having in their  hyaloplasm an e lec-  
t rophoret ical ly  fast  i so - fo rm of earboxyle~terase  which was absent f rom extracts  of other organs of the 
ra ts .  Cathodic i so - fo rms  of carboxyles te rases  (relative e lectrophoret ic  mobili ty 0.45-0.35) were  detected 
in the hyaloplasm of all tested organs of the ra ts  except in extracts  of the brain  and lungs. Immunochemi-  
eal tests  showed that these fract ions of ca rboxyles te rases  are  isoenzymes of granular  origin and a re  found 
mainly in the cytoplasmic granules of severa l  rat  organs.  Ary le s t e ra ses  of the blood serum were  r e p r e -  
sented by one fract ion with the fastest  e lect rophoret ic  mobility (relative mobility 1.04), while chol ines te r -  
ases  were represented  by two labile fract ions,  not always detectable, in the zone of fi-globulins.  

The immunoelectrophoret ie  tes ts  revealed four antigens among the blood se rum proteins possess ing  
e s t e ra se  activity, one of which corresponded to se rum prealbumin,  and the other  three  to ~tB- ,  oQD-, and 
oq?-globul ins  (nomenclature of the se rum proteins proposed by Escr ibano and Grabar  [6]). The use of 
t i ssue ant isera  exhausted with blood serum proteins and ery throcytes  revealed 7-8 antigenically different 
i so - fo rms  of e s t e rases  in the extracts  f rom different rat  organs (Fig. 3). Organ-speci f ic  e s t e rase  anti-  
gens were found only in the hyaloplasm of cells of the mucous membrane  of the smal l  intestine and of the 
kidneys (relative e lectrophoret ic  mobility 0.95-0.85). Anodic e s t e rase  t i ssue  antigens (a- and b-antigens) 
were represented  by spec ies-spec i f ic  ace ty les te rases ,  detectable separa te ly  or  together  also during im-  
munoelect rophores is  of the hyaloptasm proteins f rom various rat  organs.  Cathodic e s t e rases  during im-  
munoelec t rophores is  of rat  t i ssue extracts  were represented  by three  carboxyles te rases ,  revealed par t icu-  
lar ly  c lear ly  in specimens f rom the rat  l iver  and kidneys. Two of these isoenzyme antigens (c- and d- 
antigens) were antigens of granular  origin and could be found among proteins  of the cytoplasmic granules  
of pract ical ly  all ra t  organs .  

Immunochemical  and electrophoret ic  investigation of t i ssue and serum es te rases  of August ra ts  thus 
showed that, r egard less  of the embryonic origin of the organs,  the spect rum of the hyaloplasmic e s t e rases  
of cells f rom different organs differs not only- by the presence  of organ-speci f ic  i soenzymes,  but also by 
the individuality of the assor tment  of i soenzymes and the fact that the rat io between the activit ies of di f fer-  
ent enzymes detectable in extracts  from many organs of the animals was charac te r i s t i c  for  each organ. 
At least some of these "universal" es te rase  fract ions a re  not enzymes of cells of connect ive- t i ssue  origin 
(they are  absent f rom extract  of a spindle-cel l  rat  sarcoma) and, i r respec t ive  of their  degree of di f fer-  
entiation they are  found in special ized cells of many animal organs.  

Es t e r a se s  of ra ts  a re  immunologically distinct f rom those of rabbits ,  and after  immunization of r ab -  
bits they cause the format ion of antibodies which do not reac t  with rabbit  t issue e s t e ra ses .  However, the 
active centers  of the molecules  of rabbit and rat e s t e rases  are  evidently indistinguishable, because rabbit 
antibodies, while precipitat ing rat  e s te rases ,  do not inhibit their  enzymic activity, while the precipitat ion 
lines of some es te rase  antigens could be detected only through their  enzymic activity. 
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