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Further Studies on the Histochemical Specificity of Phosphatases.* (17464) 

GEORGE GOMORI 
From the Department of Medicine, T h e  University of Chicago. 

In  mntin'uation (of previous s tud iq l  10 
more substrates were tried! in histochemical 
experiments on phosphatases. The new s u b  
sitrates were the fiollowing: catechd- and hy- 
droquinone mmophosphates; gluoose-6-ph~os- 
phlate, fruct~ose-6-phosphate, phosphoglyceric 
acid; yeast adenylic acid (3-nucleotidle), 
muscle adenylic acid (5-nucleotide) ; dim- 
ethyl- and diphenyl acid pyrophosphates, and 
casein. The first two were prepared by a 
rnodificatilon of ithe King-Ni&olson2 pro- 

d of the Ba salts the Ca salts 
were prlqared; the crudie products were puri- 
fied by extraction with water at  an alkaline 
reaction land precipitation by 1 to 2 volumes 
of alcohol. Glucose-6-phosphate was the g i f t  
of Dr. B. Vennesland of the Dept. of Bio- 
chemistry, LTniveirsity of Chicago ; fructose-6- 
phosphmatle, phosphioglyiceric acid and yeast 
adenylic acid were olbtained from the Slchwarz 
Laboratories, Nlew York; 5-nucleotide was 
purchased from the Sigma Chemical Co., St. 
Louis; dimethyl acid pymphosphate was re- 
ceived from the Victor clhemiml Works, Chi- 
cago; diphenyl acid pyrophosphtate was synh 
thesized according to the method of Neuberg 
an'd Wagner.8 

The technic was the same 
as reported previously. The substrates were 
used at  two pH values only, at  pH 5 and 9.2. 
Slides incubated with glycerolphosphate were 
used as standar& for comparison at both pH 
values. No reaction was obtained with casein 
in any of the tissues either at alkaline or at 
acid reaction. 

In  the alkaline range, intense reactions were 
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Expe&zentnZ. 

observed in 2 hours with all other substrates, 
except the pyrophosphates which required 
prolonged inculbation (up to 24 hours). The 
picture of distribution of enzymatic activity 
was essentially identical with all substrates, 
except 5-nucleotide. Minor and mostly in- 
constant differences were noted with thle p r o -  
phosphates, the nuclei being stained relative- 
ly more intensely than wibh the use of the 
other substrates. 

Pictures obtlained with the use of 5-nucleo- 
tidie were differlent in several respects from 
those observed with any of the other sub- 
strates. Although in some of the organs (kid- 
ney, adrenal, intestinal mucosa, embryonic 
skeleton, placenta, etc.) bhe pattern of enzy- 
matic distribution was indistinguishable from 
that seen with the use of, e.g. ,  glyceriophos- 
phiate, in other organs patterns entirely dif- 
fierent and specific for 5-nucleotide were fo'und. 
Some of the main differences were as follows: 

1. In the ibrain of the rat anld mouse, non- 
specific reaction is fioundi mainly in the grey 
oortex where the reaction is rather diffuse, and 
in the walls of blood vessels (Fig. 1). With 
5-nulcleiotide, the cortex is only slightly stained, 
and the reaction is mainly in the axons. In- 
tense staining is obtained a t  some sites where 
the nonspecific reaction is practically nega- 
tive such as the caudatfe nucleus (Fig. 2), the 
radiation of the corpus callosum and the 

FIG. 1. 
Brain of the mouse. Substrate: 

nhate. Grev cortex and blood vessels 
glycerophos- 
stained. 
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FIG. 2. 
Biiother section of the same block. Suhstrate : 

5 -11uc le o t id e. C auda t e 11 uc k u s  in  t en s e l -  s t a incd . 

FIG. 3. 
Huinnii splecn. Substr:ite : glycerophosphate. 

Positive reaction a t  the periphery of a Mal- 
pighian body. 

P'IG. 4. 
Consecutive serial section to the previous one. 

Substrate : 5-nucleotide. Reaction throughout the 
Malpighian body. 

structures of the cornu Ammonis. The blood 
vessels are less intlensely stained. 

2. In  the human spleen, only the periphery 
of the Malpighian bodies shows a nonspecific 

activity (Fig. 3) ; with 5-n'ucleotide, the cen- 
ters are also intensely stained (Fig. 4). 

3. In the testis od man, the mouse and the 
rat, 5-nuclleotidase activity is quite intense 
in the nuclei of spermatogenic elements while 
nonspecific activity is much weaker. 

4. Smooth muscle of vessel walls and of 
some viscera (urinary bladder, stomach, etc.) 
stains intensely although neither uniformly nor 
consistently when the substrate is 5-nncleotide, 
while the nonspecific reaction is negligible in 
the same locations. On thge other hand, longi- 
tudinal muscle of thle uterus of the mouse 
stains equally wlell with all substrates. 

These findings seem to confirm previous 
contentions495gF that 5-nucleotidase is a specific 
enzyme, different from nionspecific alkaline 
phosphatase. Whether th!e wultiplse overlap- 
ping of patterns of distributiron is genuine or 
in part due to impurities of substraie nature in 
the muscle adenylic acid used in these experi- 
ments will require further investigation. 

In the acid range, good results were obtained 
with catechol monophosphate anid with glu- 
cose- and fructose-6-phosphates; with the 
other substrates the reactions were much 
weaker and variable. No significant differ- 
ences in localization of activity were seen with 
different substrates, except that phenylpyro- 
phosphate tended to show a predominantly 
nuclear pattern of activity. The findings of 
Reis' according to which prostatic acid phos- 
phatase is also primarily a 5-nucleotidase 
could not be confirmed histochemically since 
the intensity of the reaction was far more 
marked either with glycerophosphate or with 
3-nucleotide than with 5-nucleotide as a sub- 
strate. 

Summary. The pattern of distribution of 
alkaline phosphatase ac'tivity in tissues is, 
when 5-nucleotide is used as a substrate, dif- 
ferent from patterns obtained with any other 
substrate. The specificity of Snucleotidase 
appears to be an established fact. 
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