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In this paper, which is a sequel to our previous article 1, we describe a method which 
enables us to submit small organs such as the adrenal gland, hypophysis or thyroid gland 
of cavia, rat or mouse to a chemical phosphatase determination by means of which the 
pu-aCtivity curves can be drawn for these organs too. 

The procedure is in the main the same as the macro-method described in our 
previous article, in which we used either I ml or o.I ml of organ extract. Yet the method 
of micro-determination requires a few essential alterations, which we wish to set out 
here. 

As it is possible to examine small organs, it follows that small parts of bigger organs 
can now also be submitted to a phosphatase determination. Thus, for example, we have 
a means of checking the typical histochemical localisation according to GONORI* by 
microchemical determinations, after isolating small parts of the tissue. 

In this examination we have dealt with phosphomonoesterases as well as pyro- 
phosphatases. 

A discussion follows of some pH-activity curves of organs of internal secretion of the 
rat. 

A. METHOD 

a. The  organ extracts 

The organ extract should be prepared with particular care. The organ was rinsed 
in a physiological salt solution and the adhering liquid dried off with hardened filter 
paper, after which it was at once weighed in a weighing bottle. Next it was homogenised 
with quartz powder, the few millimetres wide cavity in the bottom surface of a glass 
stopper serving as mortar, and a glass stick with frosted glass knob serving as pestle. 

We then took a quantity distilled water equal to 20 times the weight of the organ. 
By sucking into a small glass tube with a rubber tube attached, the contents of the 
cavity, after they had become homogeneous, were transferred to a tapering micro- 
centrifuge tube. After some practice it was found possible to transfer the whole quantity. 
We always allowed the organ extract to autolyse for 24 hours at room temperature, after 
adding a small crystal of thymol. To give an idea of the volumes concerned we may take 
as an example the adrenal gland of the rat: The gland weighs about 14 rag, to which can 
be added 280 #1 of distilled water. After centrifuging - -  which is, however, often unneces- 

* A modificzttion of the histochemical  method of GOMORI, worked out  in our  labora tory  by  
j .  H. C. RUYTER, will short ly be published. 

References p. 189. 
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sary, the quartz powder settling sufficiently--  more than 2oo ~1 organ extract can easily 
be obtained. As IO /A only is required for each separate determination, this quanti ty is 
sufficient for a pit-activity curve of 20 points. We took about IO mg as minimum quanti ty 
of the organ for a p . -ac t iv i ty  curve. Only in the case of very active organs was it feasible 
to start  with a smaller quanti ty of the tissue, it then often being necessary to dilute the 
organ extract  a little in order to bring it into the most favourable measure range for 
photometrics. I t  is often desirable to determine this factor of dilution first for the 
maximum PH by means of a separate preliminary test. For this see 1, page 188. 

b. The buJ/ers 

For the micro-method the same buffers were used as mentioned in our previous 
paper1: for the acid region veronal-acetate-HC1 buffers (from p .  2 . I - p .  9), and for the 
alkaline region ammonia-ammoninmchloride buffers (from PH 8 .3 -p .  11.2). 

c. The substrate 

We used the sodium salt of/~-glycerophosphoric acid at a concentration of 4 ° mg 
per ml as substrate for the phosphomonoesterases, and sodium pyrophosphate at a 
concentration of 15 mg per ml as a substrate for the pyrophosphatases. 

d. Method o/measurement 

For reaction vessels we used small flasks, 2.2 cm high, conically shaped at the 
bot tom and with ground-in stopper, as shown in Fig. I. These flasks were placed with 
their points in a layer of plasticine on the bot tom of a drawer which could be placed in a 
hermetically closed brass box (Fig. 2). After having been heated to 37 ° C this box was 
suspended completely under water in a thermostat  at 37 ° C. After a few minutes the 
contents of the flasks had reached the desired temperature. 

The order in which the various liquids are put  into the flasks is important.  In contra- 
distinction to the order employed in the macro-method, this t ime we filled the flasks 
as follows: 

I. o.oi ml organ extract, 
2. o.oi ml substrate solution. 

Fig. I. Flask for the micro-deter- 
minat ion (height 2.2 cm, diam. a t  
the top 1.5 cm, diam. a t  the bo t tom 

0. 3 cm) 

References p. I89. 

Fig. 2. Brass box (21 X 7 X 5.5 cm) in which the flasks 
are pu t  into tile thermosta t .  
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As these two little drops often stick to the side of the flasks we added as a last item, for 
mixing : 

3. o.o5 ml buffer. 
I t  must be emphasized that this order cannot be adhered to with the most acid 

buffers up to PH 4 .o. With these the buffer and the substrate should be put into the vessel 
first and the organ extract last. The addition of the substrate solution to the most acid 
buffers shifts the PH by about I pf~ unit towards the alkaline side. Now the peculiarly 
steep slope of the pn-activity curve at very low and very high PH is due to destruction of 
the phosphatases. In the order mentioned above there is a possibility with the most acid 
buffers of the little drop of organ extract coming into contact with the very acid buffer 
before a complete mixture with the substrate solution has been attained. In this case 
there is every chance of the enzyme being destroyed completely. No activity will then 
be found, whereas the same extract, added to the mixture of buffer and substrate, shows 
a clearly evident activity. 

After remaining in the thermostat at 37 ° C for one hour, the proteins were precipi- 
tated and the enzyme reaction was stopped with o.I ml of IO % trichloracetic acid. (With 
extracts containing much protein and with serum o.I ml of 2o % trichloracetic acid was 
added in order to obtain a clear filtrate). After IO minutes the mixture was filtered 

1o0~ 
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Fig. 3. Standard curve wi th KH2PO 4 (analytical 

r e agen t )  

through ashfree filter paper in a funnel 
of diameter 1.5 cm. For rinsing the flasks 
and the filter another 0. 4 ml trichlora- 
cetic acid IO % (or 20 %) was used. 

There were then added: 
I. 0.05 ml* ammonium molybdate, 

5 % in 15 vol. % H2S Q,  and, after well 
mixing, 

2. o.I ml* of a fresh 25 % solution 
of ferrous sulphate 2, to which a few drops 
of trichloracetic acid had been added. 

The total volume was then made 
up to, for example, 2. 5 or 5 ml. 

e. Accuracy and reproducibility o/the method 

T h e  phosphor concentration can be measured with our photo-electric apparatus 
to an accuracy of I /~g P per IOO ml for small values and an accuracy of 2 /~g P per 
IOO ml for higher values. To test the reproducibility of the enzyme reaction in the organ 
extracts we used the same organ extract for about IO determinations. With these the 
error was less than 4/~g P per IOO ml for small activity and less than 8/~g P per IOO ml 
for high activity. 

/. Comparison o/the micro- and macro-method 

Since the ratio buffer-substrate-enzyme of the micro-method was the same as that 
found to be the most suitable with the macro-method, the two may be compared directly. 
The activities were expressed in Bodansky units, i.e., as the number of milligrams P 

* These quant i t ies  were fixed by  experiment .  They  gave a very good s tandard  curve, as shown 
in Fig. 3, for which KH2PO 4 (analytical reagent) was used. A tube containing only the reagents 
served as a blank. 

Refi,re~zces p. z89. 
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Fig. 4. pH-aCtivity curve of the phosphomono- 
esterases of the thyroid gland (B.U. = Bodansky 

Units ;  see text) eU 
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Fig. 5- pH-activity curve of pyrophosphatases of 
the thyroid gland 
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]Fig, 6. pH-activity curve of the pyrophosphatases of the adrenal gland 
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Fig. 7. pH-activity curve of the phosphomono- 
csterases of tho adrenal gland 
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Fig, 8. pH-activity curve of the phosphomono- 
esterases of the hypophysis 
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per Ioo g organ liberated from the substrate in one hour by the phosphatases at 37 ° C 
(B.U. in the graphs Fig. 4-8). There was always satisfactory agreement between the 
values found by the micro- and macro-methods. The difference never exceeded Io %. 

B. A FEW pH-ACTIVITY CURVES OF THE PHOSPttOMONOESTERASES 

AND PYROPHOSPHATASES OF SMALL ORGANS (THYROID GLAND, ADRENAL GLAND 

AND HYPOPHYSIS OF THE RAT) 

Without entering here into the biological problems involved in the phosphatase 
examination of these organs, we give some pu-activity curves of organs of internal 
secretion of the rat. 

With the phosphomonoesterases as well as with the pyrophosphatases we find a 
pH-activity curve with two peaks, a flatter one on the acid side and a sharper one at 
about PH IO on the alkaline side. 

The absolute values of the maxima may vary with different physiological conditions, 
but their mutual relation proves again to be characteristic of the organ concerned. This 
holds good also for the pyrophosphatases, which show, however, a shape of their own, 
completely different from the curves of the phosphomonoesterases (Cf. Figs. 4-8). 

We wish to express our thanks to the Rockefeller Foundation for helping us to carry 
out this research. 

S U M M A R Y  

t. A descr ip t ion  is g iven  of a m i c r o - m e t h o d  of ob t a in ing  t he  pH-ac t iv i ty  curves  of ve ry  smal l  
o rgans  or  ve ry  smal l  pa r t s  of  l a rger  o rgans  wi th  v e r y  good reproducibi l i ty .  

~. A t  the  s ame  t ime  th i s  m e t h o d  offers the  poss ib i l i ty  of p i t - d e t e r m i n a t i o n  in o,oi ml  se rum.  
T h u s  the  blood of smMler  an i ma l s  can  also be a x a m i n e d .  

3. The  sma l l  o rgans  of in t e rna l  sec re t ion  p roved  each  to have  a cha rac te r i s t i c  pH-ac t iv i ty  cu rve  
bo th  for the  phosphomonoes t e r a se s  and  for the  p y r o p h o s p h a t a s e s .  Some of the  curves  a re  reproduced ,  

4- The  cu rves  of  the  p h o s p h o m o n o e s t e r a s e s  and  those  of the  p y r o p h o s p h a t a s e s  each have  the i r  
own  typical  shape,  sugges t i ng  a n  independence  of the  two e n z y m e s  in t he  cell me tabo l i sm.  

R£SUM£ 

I. Descr ip t ion  d ' u n e  mic rom6thode  p e r m e t t a n t  d 'ob ten i r ,  d ' une  faqon p a r f a i t e m e n t  repro-  
duct ible,  des  courbes  d 'ac t iv i t6-pH de tr4s pe t i t s  organes  ou de t r4s  pe t i t es  f rac t ions  d 'o rganes .  

2. Cet te  m4 thode  p e r m e t  en  mSme t e m p s  la d 6 t e r m i n a t i o n  du pfI dans  o.oi  ml  de s6rum,  ce 
qui  p e r m e t  d 'd tud ie r  ~ ce po in t  de r u e  le sang  de tr6s pe t i t s  an i l naux .  

3- Les  pe t i t s  organes  h secr6t ion in te rne  p r6 sen t en t  ehacun  une  courbe  ca rac t6r i s t ique  d 'ac t iv i t4-  
PH, pour  les phosphomonoes t~ ra se s  e t  pour  les p y r o p h o s p h a t a s e s .  Que lques -unes  de ces courbes  
s e n t  reprodui tes .  

4. Les  courbes  c o r r e s p o n d a n t  "& ces d e u x  groupes  d ' e n z y m e s  on t  chacune  une  forme caract6-  
r i s t ique ,  sugg6 ran t  l ' i n d @ e n d a n c e  de f o n c t i o n n e m e n t  des phosphomonoes t6 r a se s  e t  des  py rophos -  
p h a t a s e s  dans  le m6tabo l i sme  de la cellule. 

Z U S A M M E N F A S S U N G  

I. Eine Mikromethode  wird beschr ieben,  die es uns  erm6gl icht ,  die p t l -Ak t iv i t i i t sku rven  seh r  
ldeiner Organe  oder  sehr  kleiner  Teile yon  gr6sseren  Organen  mi t  gu te r  Reproduz ie rba rke i t  zu 
b e s t i m m e n .  

2. Diese Methode  b ie te t  gleichzeit ig eine M6glichkei t  zur  p H - B e s t i m m u n g  in o.oi ml  Serum.  
D a d u r c h  k a n n  auch  das Blur  kl,,in' rcr  Tiere u n t e r s u c h t  werden.  

t?@rences ]). 16' 9. 
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3- Die kleinen Organe mit  innerer Sekretion haben alle, wie bewiesen wurde, eine besondere 
pH-Aktivit~tskurve, und zwar sowohl ffir die Phosphomonoesterasen als auch ffir die Pyrophos- 
phatasen. Einige dieser Kurven werden abgebildet. 

4. Die Kurven der Phosphomonoesterasen und die der Pyrophosphatasen haben immer ihre 
eigene, typische Form. Dies k6nnte auf eine voneinander  unabh~Lngige Funkt ion  der beiden Enzyme 
im Zellstoffwechsel hinweisen. 
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