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INTR()DUCTION 

Recent work 1 '~ has demonstrated the phosphotransferase properties of several 
phosphatase preparations. In at least two papers~, 6 it is stated, or implied, that the 
hydrolytic and transferring properties are both functions of the same enzyme. This 
assumption is based on the observation that in partially purified enzyme preparations 
the two functions are present in the same proportions. It has not been shown that the 
phosphomonoesterase appearing in human serum in advanced cancer of the prostate is 
identical with that of the normal prostate. 

The results reported here demonstrate that the acid phosphatase of the prostate is 
identical with the transferase in physical characteristics, and that the prostatic and 
serum enzyme are physically and functionally identical. 

METHODS AND MATERIALS 

Di[Jusion measurements 
A m o d i f i c a t i o n  of FRICK'S  7 t e c h n i q u e  for t h e  m e a s u r e m e n t  of d i f fus ion  c o n s t a n t s  of s m a l l  

m o l e c u l e s  w a s  u s e d  to  a l l o w  c r u d e  p r o s t a t i c  e x t r a c t  s to  d i f fuse  i n t o  an  a g a r  c y l i m l e r .  The  s y s t e m  
c o n s i s t e d  of a m u s e u m  j a r  c o n t a i n i n g  t h e  e x t r a c t ,  f i t t ed  w i t h  a se r ies  of a g a r  t u b e s  (cy l inders )  so 
t h a t  one  e n d  of e a c h  w a s  i r n l n e r s e d  in  t h e  p r o s t a t e  e x t r a c t .  The  i m m e r s e d  e n d s  w e r e  c u t  flat,  a n d  
t h e r e  w a s  a g a r - e x t r a c t  c o n t a c t .  T h e  s y s t e m  w a s  g e n t l y  s t i r r ed .  T h e  t e m p e r a t u r e  of t h e  m u s e u m  
j a r  a n d  i t s  c o n t e n t s  w e r e  m a i n t a i n e d  a t  t ~ o . 5 u C  b y  b e i n g  a h n o s t  c o m p l e t e l y  i m m e r s e d  in  an  
i c e - w a t e r  m i x t u r e .  The  p H  (5.0) of l h e  s y s t e m  ( the e x t r a c t  a n d  t.5t~o a g a r  gel) w a s  m a i n t a i n e d  b y  
a o.2 N a c e t a t e  buffer .  T h e  s ize  of t h e  m u s e u m  j a r  w a s  c h o s e n  so t h a t  t h e r e  were  no  a p p r e c i a b l e  
c h a n g e s  in  e n z y m e  c o n c e n t r a t i o n  in  t h e  e x t r a c t  e v e n  t h o u g h  s o m e  a c t i v i t y  d i f fused  in  t h e  a g a r  
( l u r i ng  t h e  cou r se  of t he  e x p e r i m e n t .  A g a r  t u b e s  w e r e  w i t h d r a w n  a t  v a r i o u s  t i m e s ,  t h e  a g a r  e x t r u d e d  
a n d  s l i ced  w i t h  a r a z o r  edge,  p e r p e n d i c u l a r  to  t h e  h m g  a x i s  of t h e  c y l i n d e r ,  i n t o  t h i n  sec t ions .  T h e  
s l ices  w e r e  w e i g h e d  on t a r e d  w a x  p a p e r  a n d  i m m e r s e d  w i t h  t h e  w a x  p a p e r  in  o.2 N a c e t a t e  buf fe r  
a t  p H  5.0 c o n t a i n i n g  o.oz ° o egg  a l b u m i n .  T h e  s o l u t i o n s  w e r e  r e f r i g e r a t e d  a n d  t h e  c o n t e n t s  of t h e  
s l ices  e x t r a c t e d  for 5 d a y s  or  longer .  T h e  r e s u l t i n g  s o l u t i o n s  w e r e  a s s a y e d  for  p h o s p h a t a s e  s a n d  for  
p h o s p h o t r a n s f e r a s e  1 a c t i v i t y .  

The  a s s a y  for  p h o s p h o t r a n s f e r a s e  w a s  a c c o m p l i s h e d  as  fo l lows:  F i v e  g r a m s  of d i s o d i u m  p h e n y l -  
p h o s p h a t e ,  p u r i f i e d  ~ a n d  5 ° m l  of a b s o l u t e  m e t h a n o l  w e r e  m a d e  u p  to  5oo m l  w i t h  0.2 N a c e t a t e  
buf fe r  a t  p H  5 . 0 . 4 . 0  m l  of t h i s  s u b s t r a t e  s o l u t i o n  w a s  i n c u b a t e d  w i t h  i .o  m l  of e n z y m e  for IO m i n u t e s  
a t  37 ~ C. T h e  r e a c t i o n  was  s t o p p e d  w i t h  I.O ml  of 3 ° ° o t r i c h l o r o - a c e t i c  ac id  (TC \) .  The  p r o t e i n  

* T h i s  i n v e s t i g a t i o n  w a s  s u p p o r t e d  b y  a g r a n t  f rom t h e  D a m o n  R u n y o n  M e m o r i a l  F u n d  a n d  
b y  a g r a n t  i n  a i d  f r o m  t h e  A m e r i c a n  C a n c e r  Soc i e ty ,  u p o n  r e c o m m e n d a t i o n  of t he  C o m m i t t e e  on 
G r o w t h ,  t h e  N a t i o n a l  R e s e a r c h  Counc i l .  

** D a m o n  R u n y o n  Sen io r  C l i n i c a l  R e s e a r c h  Fe l l ow .  

Re/erenees p. 493. 
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p r e c i p i t a t e  was  centr i fuge(1.  One  ml of t he  s u p e r n a t a n t  l i q u i d  was  used  for p h e n o l  color  d e v e l o p m e n t  
and 3.0 ml  for p h o s p h a t e  color ,  l q w n o l  color  was  d e v e l o p e d  b y  a d d i n g  2.o ml of .11/, Na,~C() a and 
0. 5 ml  of P h e n o l  r e a g e n t  TM. The  s~)lution was  b r o u g h t  to  5.0 ml  m a r k  w i t h  3l/5 NaoCO a and  m i x e d .  
l ' h e n o l  co lors  were  r e a d  a f t e r  o. 5 h d e x e l o p m e n t  a t  3 7  C in  a K l e t t - S u n u n e r s o n  c o l o r i m e t e r  u s i n g  
a 00o m/~ t i l ter .  T r a n s f e r a s e  a c t i v i t y  was  e s t i m a t e d  from the  d i f fe rence  b e t w e e n  mo le s  of p h e n o l  
f o r m e d  a n d  m o l e s  of i n o r g a n i c  p h o s p h a t e  fo rmed.  

17racil d i s s o l v e d  in t he  s a m e  bu f i e r  was  a l l o w e d  to  d i f fuse  in a s i m i l a r  s y s t e m .  T u b e s  were  
w i t h d r a w n  a t  s h o r t e r  t i m e  i n t e r v a l s  a n d  t h e  a g a r  s l ices  were  e x t r a c t e d  w i t h  o,~ , l l  HCI. T h i s  com-  
p o u n d  was  m e a s u r e d ,  u t i l i z i n g  t he  2(~o m y  a b s o r p t i o n  in fine B e c k m a n  U l t r a v i o l e t  S p e c t r o p h o t o m e t e r  
mode l  D I  :. 

ITsing a n o t h e r  se t  of a g a r  t u b e s  (l .  5''~, a g a r  in o.2 31 a c e t a t e  buffer  a t  p i t  5.8) a m l  the  s a m e  
a p p a r a t u s ,  at O.I (~i; s o l u t i o n  of l )ov iue  h e m o g l o b i n  (in p H  5.8 buffer)  was  a l l o w e d  to  diffuse.  The  
a g a r  w a s  s l i ced  a n d  e x t r a c t e d  w i t h  more  p H  5.8 hu l le r .  The  u l t r a - m i c r o  m e t h o d  of l m m o g l o b i n  
a n a l y s i s  was  e m p l o y e d  f o l l o w i n g  ou r  ()\Vll m o d i f i c a t i o n  of t h e  m e t h o d  of Mc FARLANI£ AND ll.aMILTON u.  
The  h e m o g l o b i n  s o l u t i o n  is p l a c e d  in a b o i l i n g  w a t e r  b a t h  for 5 m i n u t e s  (to d e s t r o y  p e r o x i d a s e s ) .  
To 0. 5 ml  of t he  h e m o g l o b i n  s o l u t i o n  in a t e s t  t ube ,  i ,o  illl of B e n z i d i n e  r e a g e n t *  is added ,  fo l lowed 
by  o.5o ml  of I . o %  H202 ( S u p e r o x o l ) . . \ f r e t  m i x i n g ,  t h e  p i n k  co lor  is d e v e l o p e d  for 7 ° m i n u t e s  
a t  15 zo'  C a n d  t h e n  d i l u t e d  to  Jo.o ml w i t h  cold _,o% ace t i c  ac id .  I t  is r ead  a t  52o roll  in t he  
] 3 e c k m a n  s p e c t r o p h o t o m e t e r  a f t e r  a n o t h e r  8 m i n u t e s  a t  ~ 5 - 2 o  C. The  e x t i n c t i o n  va lues  of the  
co lors  were  l inear ,  as in t he  o r i g i n a l  p a p e r  for h e m o g l o b i n  q u a n t i t i e s  r a n g i n g  from 5 4 o / / g .  The  
m o d i f i c a t i o n  as  d e s c r i b e d  y i e l d e d  m o r e  reproduc,  ib le  r e su l t s  a n d  the  b l a n k  v a l u e s  were  l o w e r  t h a n  
t h o s e  of t he  o r i g i n a l  m e t h o d .  Also, t h e  b c n z i d i n e  used  d id  n o t  h a v e  t~ be s p e c i a l l y  p r e p a r e d .  

.%*eFltJll l l 'atlx/et '~lSF itlea.';ttt ,e~llellls 

One ml  of d i l u t e d  e n z y m e  was  a d d e d  to  - ml of t he  s u b s t r a t e ,  a n d  t i le  i n c u b a t i o n  m i x t u r e  
was  buf fe red  a t  p H  5.o. I t  c o n t a i n e d  i %  d i s o d i u m  p h e n y l p h o s p h a t e  a n d  J o %  of e i t h e r  f ruc tose ,  
g lucose ,  or m e t h a n o l .  I t  w a s  i n c u b a t e d  a t  37 ' C for 3 ° m i n u t e s ,  and  t he  r e a c t i o n  was  s t o p p e d  w i t h  
3.0 ml  of ~o% TC.\ ,  

Red cell phosphomo~oeslerase e~ssav 

One  m l  of e n z y m e  s o l u t i o n  was  a d d e d  to  a 2.o ml p o r t i o n  of s u b s t r a t e ,  a n d  i n c u b a t e d  a t  3 ° "  C 
for 3 ° m i n u t e s .  The  s u b s t r a t e  s o l u t i o n  c o n s i s t e d  of I. 5 % pur i f i ed  d i s o d i u m  p h e n y l p h o s p h a t e  con-  
t a i n i n g  o.o~ 3 l  E1 )TA a f t e r  h a v i n g  been  a d j u s t e d  to  p H  5.5 w i t h  ace t i c  ac id .  The  r e a c t i o n  was  
s t o p p e d  w i t h  3.0 ml  IO% TCA.  Af t e r  f i l t e r ing ,  J.o ml  of f i l t r a t e  was  used  for co lor  d e v e l o p m e n t  
w i t h  t h e  P h e n o l  r e a g e n t ,  

Yeas! /)]losD]lolllolloesleFa,~l? a s s a y  

T h i s  e n z y m e  was  a s s a y e d  by  a d d i n g  a ] .o  ml  a l i q u o t  from the  d e n a t u r i n g  s o l u t i o n  to  - .o  ml  
of s u b s t r a t e .  The  i n c u b a t i o n  t i m e s  were  of lo  m i n u t e s  d u r a t i o n  a t  3 o ' C .  The  s u b s t r a t e  c o n s i s t e d  
of o. l o  3 l  s o d i u m  g l y c e r o p h o s p h a t e  N. 1;. (a m i x t u r e  of ~z a n d  f l -g lyce rop laospha te s .  The  e n z y m e  
is m o r e  a c t i v e  a g a i n s t  t h e  (z-form12), o.o-' :11 MgCI e a n d  0.05 % T r i t o n  X-~oo a f t e r  h a v i n g  been 
a d j u s t e d  t o p H s . 5  w i t h  a c e t i c  ac id .  The  r e a c t i o n  was  s t o p p e d  w i t h  3 . o m l  i o %  TCA.  \ f t e r  f i l t e r ing ,  
1.o in] of f i l t r a t e  was  used  for p l m s p h a t e  color  d e v e l o p m e n t .  

EXPI~RIMENTAI. AND I{I'~SULTS 

Diffusion characteristics 
The set of diffusion curves obtained for tile phosphomonoesterase  is presented in 

Fig. I. The uracil curves follow, theoretical ly,  the type of curves  obtainable for the free 
diffusion of dissolved particles in going from a large reservoir into a small  cylinder. The 
theoretical  m et h od  for calculating diffusion constants  is to be found in the outline of 
GEDDES aa. The equation used for calculating D (the diffusion constant)  is given as 

x 2 [  , ]~ 
m 4/ ,* , ~ c 5 = v ,  <T - i  o ' 

in which the expression ~0 (I ---(./C 0 ) is the inverse function of the probabil ity integral 
and can be obtained from probabil i ty integral tables 1~. C is taken as the concentrat ion 

* Our benz id ine  reagent  is 2.o% benz id ine  hvdroch lor ide  (reagent  grade) dissolved in ,o °/ 
. - / o  

acet ic  acid c o n t a i n i n g  o.J %, d i sodium e t h y l e n e d i a m i n e t e t r a a c e t a t e  (EDTA) .  

Re/erences p. 493. 
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of diffusing substance  at  the  level X, the  d is tance  from the  a g a r - s o l u t i o n  bounda ry .  
C 0' is the  concent ra t ion  of the  diffusate in the  reservoir ,  t is the  length  of t ime of diffusion. 
The concent ra t ion  of the  diffusate in each slice is p lo t t ed  agains t  the  d is tance  of the  
slice center  to  the  bounda ry .  

%O0 

~ ¢200 
Ninutes offer storf 

u2 • of diffusion 

U \ \  o - 28 ,5  
~" 800 ~' "'I\ \\ u - 5750 

\ \ - \ \  • -,2~75 
. , , , o o  

600 • • 

o , 
2 4 6 8 10 12 14 

Distance (rnm) 

Fig. I. Diffusion curves obtained for prostatic acid phosphatase (in aqueous medium). They demon- 
strate that diffusion was the means by which the enzyme entered the gel. Similar shaped curves 
were obtained for uracil and hemoglobin. The gel in the cylinders was equilibrated with acetate 
buffer (pH 5.0, o.2 N). Two parts of this buffer, after equilibration, was mixed with one part of 

prostate extract before diffusion started. 

The ca lcu la ted  D for uraci l  ob ta ined  f rom the  diffusion curves approx ima tes  the  
D values  ob ta ined  for several  o ther  compounds  of near ly  the  same molecular  weights  
using different methods  1~, 16. For  the  phospha tase  the  ca lcu la ted  D, 2.2. Io  -7 cm2/sec a t  
x o C would indica te  a molecular  weight  of about  3oo,ooo. This  figure is an app rox ima te  
average for pro te ins  of s imi lar  diffusion cons tan ts  wi th  known molecular  weights.  The 
ca lcu la ted  D 1.4" Io  7 cm2/sec for hemoglobin ,  somewhat  lower t han  for the  phospha tase ,  
indica tes  t h a t  the  phospha tase  would have  a lower molecular  weight  t han  the  hemo- 
globin. The me thod  is not  sui table  for the  molecular  weight  de t e rmina t ion  of enzymes,  
since a more acceptab le  D for hemoglobin  for free diffusion at  5 o C is 3.94" Io-7 17. On the  
o ther  hand,  the  uraci l  seems to diffuse freely. The d a t a  for the  .two prote ins  measured  
conform to ideal  diffusion curves*. The uracil  d a t a  indica te  t h a t  diffusion occurs in agar  
gel w i thou t  increased fr ict ion in the  solvent .  A ne twork  of agar  in the gel m a y  be pos- 
t u l a t e d  which offers sufficient h indrance  to  the  pro te ins  so t h a t  the  effective cross sect ion 
for diffusion is cons iderab ly  smal ler  t h a n  the  cross-sect ional  a rea  of the  tube.  

In  Table  I are p resen ted  d a t a  for th ree  sets of ex t rac t s  of the  agar  tubes  in the  dif- 
fusion run compar ing  t ransferase  wi th  phospha ta se  ac t iv i ty  for each slice. Only the  d a t a  

* The cr i te r ion  for ideal  diffusion curves  is:  the bes t  smoo th  l ines are d rawn t h rough  the  po in t s  
for a set  t i m e  in te rva l ,  as shown in the  figure, and  t h e y  are t e s t ed  for con>ant t  D va lues  by  se lec t ing  
severa l  a r b i t r a r y  ra t ios  of C / C  o and measur ing  the  cor responding  D for each point .  

t¢~e/ereJ~ces p .  4 9 3 .  
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fo r  h i g h e r  ( m o r e  re l i ab le )  a c t i v i t i e s  a r e  p r e s e n t e d ,  s i nce  t h e  t r a n s f e r a s e  m e a s u r e m e n t s  

a r e  i n h e r e n t l y  less  a c c u r a t e  t h a n  p h o s p h a t a s e  m e a s u r e m e n t s .  T h e  t r a n s f e r a s e  d a t a  

b e c o m e  m o r e  u n r e l i a b l e  a s  t h e  a c t i v i t i e s  a r e  l o w e r e d .  

TABI.I~ 1 

COMPARISON OF PHOSPHATASE AND TRANSFERASE FOLLOXVING DIFFUSION 

Ratio I*** Ratio II 
Origin to center* Phosphatasc** Trans/erasc Trans/erase . lcf' 7"rans]!,rasc (,!,, i 

c)/ dice (ram) arbitrary unit :w!dlrary unit Phospltata,se (t'hosphatase 
! trans/ernw) 

Agar tube after 8,6o 5 minutes  of diffusion 

0.56 995 2.20 22t 29.2 
i.(;1 847 2.15 254 32.8 
2.33 77 o 1.67 217 26.9 
3.14 1328 ~ .37 219 3°.4 
4.19 42o o.0() 228 28.2 
4.97 338 o.74 222 27.7 
.5-57 258 0.52 2o2 24.8 
6.30 Sample lost 
7.4 ° 83o o.15 182 22. I 
8.23 4 ° 0.09 22.5 26.0 

. \gar  tube after t 2,875 minutes  of diffusion 

0.29 IO5O 2.417 229 25.7 
0.()0 922 2.02 218 2().n 
1.64 77 ° 1.56 203 25.1 
2.21 710 1.44 2133 2,~.0 
3-18 565 ~.34 237 29.4 
4.38 388 0.87 224 :.5.3 
5.49 3 °(; ° .70  248 27.3 

..\gar tube after 15,8OO minutes  of diffusirm 

0.34 io75 2.35 21q 2&9 
1.25 908 1.98 219 27.9 
2.52 704 1.74 247 3 (3. 7 
3.84 571 1.32 23t 27.2 
5.o1 408 1.2o 294 30.8 
6.13 3'  t 0.7o 225 25. 4 
7. I 8 251 o.()o 238 28. 3 
8.39 101 0.34 2 i [ 2o.0 

* Measured from weight, density and diameter  of slices. 
** Based on units  of activJty/ml corrected for ntis extract ion volunle and mg of agar slice. 

*** The justification for presenting both rat ios I and l I  is as folklws. Ratio I provides an index 
of how closely during diffusion, t ransferase follows phosphatase  activity. The more constant  the 
ratio, the greater will be the cer tainty of identity. R~Ltio I I  serves as a control for Ratio I. A Ratio I 
value is obtained from two separate samples of a single agar slice extract ;  one from which phosphatase  
activity is assayed, and the other fronl which transferase is assayed. On the other  hand, a Ratio l i  
value is obtained iron1 just  the transferase assay. The iuorganic phosphate  and phenol releasetl at  
the same t ime are measured. In  tha t  sense variat ions in conditions like volumes, time, tempera ture  
and pH are eliminated. Assuming the identi ty of the transferase and phosphatase,  large deviations 
from the mean of Ratio I I  requires placing less validity on the corresponding Ratio I. 

C h a r a c t e r i s t i c s  o b s e r v e d  d u r i n g  p u r i f i c a t i o n  

A s  t h e  p r o s t a t e  e n z y m e  w a s  p u r i f i e d  s, e a c h  f r a c t i o n  w a s  s h o w n  t o  c o n t a i n  a c o n s t a n t  

r a t i o  of  t r a n s f e r a s e  t o  t o t a l  a c t i v i t y  u s i n g  t h e  a s s a y  p r o c e d u r e s  d e s c r i b e d .  

F r o m  t h r e e  p a t i e n t s ,  e a c h  h a v i n g  c a n c e r  of  t h e  p r o s t a t e  w i t h  d i s s e m i n a t e d  m e t a -  

s t a s e s ,  s e r a  c o n t a i n i n g  I I ,  12 a n d  21 B o d a n s k y  u n i t s  as of  ac id  p h o s p h a t a s e  w e r e  t a k e n  

Re /e rences  p.  493 .  
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and purified. One hundred  ml al iquots of each serum were pooled and brought  to 60o ml 
with o.2N, pH 5.o acetate buffer. The serum was then fract ionated with acetone as 
described ~ in the procedure for purifying the prostatic phosphatase.  Most of the act ivi ty  
was in the fraction which was soluble in 36 % acetone and insoluble in 44"i, acetone, the 
slune fraction which contained the prostate enzyme. Following the procedure for 
('aa(PO4) ~ gel purification of prostatic phosphatase,  the enzyme fraction obta ined after 
treatmelrt  with acetone wits further purified. Like the prostatic enzyme, large quant i t ies  
of gel were required to adsorb the serum phosphatase,  and again o.o2.1[ citrate quan t i t a -  
t ively ehlted the enzyme tha t  was adsorl)ed*. 

Serum assaying 95 c. Bodansky units  of acid phosphatase was taken from a pa t ien t  
with disseminated cancer of the prostate. Each volume of serum was brought  to 4 
volumes with distilled water, adjusted to pH 5.8 with o.2 N acetic acid and fractionated,  
as prescribed, between the limits of 36 and 44% acetone. Only 25% of the enzyme was 
recovered in this fraction. The precipitate volume was too large, and probably occhlded 
and adsorbed the enzwne.  When the fraction between 33.3 and 44% was collected, over 
7o % of the enzyme was recovered. This fraction was fu l ther  fractionated,  as prescribed, 
between the limits of 60 and  (;8 % sa tura t ion  with (NHI)2 SO~. The new fraction** con- 
ta ined 4q o~, of the s tar t ing act ivi ty  in the serum, and was the t)urified serum enzyme used 
in the rest of the studies. 

7"rans/erasc amt denaturation properties 

Purified serum enzyme was di luted 25-fold and assayed for transferase act ivi ty,  its 
described. In a similar fashion appropriately diluted enzyme, 4oo-fold purified from 
prostate glands, wits tested against  the three substrate  systems, and Table I I shows a 
comparison of the transferase properties of the two enzymes. 

TABLE lI 
C O M P A R I S C I N  OF T R A N S F E R A S E  P R O P E R T I E S  OF A C I D  P H O S P H A T : \ S I ~ ;  

F R O M  S E R U M  A N D  THIS P R O S T A T E  G L A N D  

I~zvm~: ~ltrcc 

l'ho:.;)ha!e aca,pl.r Serum t'rost~?lc 
% tmns]eraa" % trans!erasc 

Fructose 55 53 
Gluc~)se 37 33 
Methanol 43 4 ° 

Prostatic enzyme purified 30e-fold 8 was subjected to heat dena tura t ion  as in a method 
previously described 2°. The enzyme was diluted Io-fold for denatura t ion  with 0.2 N acetate 
buffers at 3 different pH values, and heated at 52.4 ° C. The enzyme was di luted an- 
other 25e-fold, after heating, with o.2 N, pH 5.o acetate buffer containing o.o2% egg 
albumin.  The result ing solutions were then assayed for transferase and phosphatase as 
described. The k values obtained from the general equat ion for a first order reaction 

2. 3 l o g a ;  - k ( t  l - l ~ ) ,  

* At this point there was insufficient enzyme to do further studies. 
** This material was further fraetionated by column chromatography using Amberlite XE-69 

(Rohm and Haas). The enzyme was adsorbed from acetate buffer at pH 4.5 and was eluted at pI f 6. 5 
using 0.05 M citrate. These are also characteristics for the chromatography of the enzyme from 
prostate (to be published) and for the enzyme from semen va. 
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are presented in Table I I I .  Vahles af and ai are the final and  init ial  activities for If and t,, 
the corresponding t imes of the dena tura t ion  period. The enzyme denatura t ion  follows 
first-order heat  dena tura t ion  kinetics 2°. 

T.\ BIA'; I l l  
C O M P A R I S O N  Ol" H E A T  D E N A T U R A T I O N  C O N S T A N T S *  

Aclivl'tv ptt 5.~ pH 5." pH 4." 

l)tiosphatase o.43 o. 16 o.42 
Transferase 0.30 o. l 2 o.56 

* Expressed in reciprocal hirers. 

Samples of serum enzyme were dialyzed and di luted 5-fold with o.2 N acetate 
buffers; one at pH 4.o, and another  at pH 5.5. They were inact iva ted  at 5o.3 ~' C. For 
comparison, purified prostatic acid phosphatase was t reated s imul taneously  under  similar 
conditions. The prostate enzyme assay was done as before. The serum enzyme was di- 
luted another  5-foid in pH 5.o acetate buffer after exposure to heat and then assayed. 
Serum from a prostatic cancer pat ient ,  assaying 74 Bodansky units  of acid phosphatase,  
was di luted Io-fold with o.2 N acetate buffer and adjusted to pH 5-5. I t  was subjected 
to heat dena tu ra t ion  at 52.4 '~ C. Purified prostatic phosphatase was similarly treated. 
The t reated serum was then further  di luted 5-fold with pH 5.o acetate buffer and assayed. 

Table IV contains  a comparison of the first-order heat dena tura t ion  constants  of the 
two enzyme sources under  3 sets of conditions. 

TABLE IX,' 
C O M P A R I S O N  OF  H E A T  D E N A T U R A T I O N  C O N S T A N T S *  O F  T H E  S E R U M  A N D  P R O S T A T E  E N Z V M E S  

Enzyme sourer .5~. ; °, pH 4.o 5o.~ ", pH .5..5 5-'.4", pH 5-5 

Prostate o. 22 o. 15 o.43 * * 
.%erunl o. 24 o. i 0 O'40 

• k is expressed in reciprocal hours. 
• * This value is taken from the corresponding dellaturation shown ill Table llI.  

In  order to provide examples of how useful tile heat dena tura t ion  constants  can be 
and  to obta in  a relative idea of how close to ident i ty  the constants  already obtained 
are, two other acid phosphomonoesterases were subjected to denaturat ion.  

H u m a n  red cells were washed 5 t imes with 1.o% saline and then hemolyzed by 
adding 4 volumes of de-ionized water. The above solutions were di luted with two volumes 
of the appropriate 0.2 N acetate buffer and heat denatured  in tile presence of o.oi °o 
Tr i ton X-Ioo  (Rohm and Haas) which protects tile enzyme against  surface denatura-  
t ion 2l. The dena tu ra t ion  took place under  the condit ions of pH and tempera ture  shown 
in Table V. One ml al iquots of dena tur ing  enzyme solution were drawn at measured time, 
intervals  and  assayed. 

A crude preparat ion of phosphomonoesterase from autolyzed yeast obtained from 
Dr. K. K. TSUBOI was also subjected to heat  denatura t ion.  The filtered solutions of 
enzyme were 25-fold di luted with appropriate  cold o.2 N acetate buffers containing 
o.oI 3 f  MgC12 (enzyme is Mg ++ dependent  12) and o.006 % Tri ton X-zoo. In  these solutions 
the enzyme was denatured  and I.o ml al iquots  were taken for assay at measured time 
intervals .  

Re/ere~zces p. 493. 



VOL. 17 (I955) PHOSPHOTRANSFERASE AND PI{OSPHOMONOESTERASE 49I 

After establishing the linear relationships for the enzyme activities and the enzyme 
concentrations used, and ascertaining that first-order kinetics were followed, the k values 
were obtained for the red cell and yeast phosphomonoesterases. 

T A B L E  V 

C O M P A R I S O N  OF HP;AT D E N A T U R A T I O N  C O N S T A N T S  OF T H R E E  D I F F E R E N T  E N Z Y M E S  

pH 4.o pH 5.o pH 5.5 

R e d  cel l  0 .7734 .0  o.4838.o'. .--38. 

Y e a s t  34.03o.0- 1.638.0o o.9238.o ~ 

P r o s t a t e  I . I  3 • IO  434.0 , '2 .2 " IO 438 .0 ,  0 . 5 9 "  IO  338.o'~ 

1 . 6  4 -  i 0  530.oO 

• k is  e x p r e s s e d  in  r e c i p r o c a l  hours .  
** The  y e a s t  a n d  r ed  ce l l  e n z y m e s  w e r e  s e l ec t ed  o n l y  b e c a u s e  of t h e i r  r e a d y  a v a i l a b i l i t y .  

*** T h i s  is a m i n i m u m  v a l u e  b e c a u s e  t he  d e n a t u r a t i o n  r a t e  w a s  t oo  fast .  

The constants obtained are compared with the prostate enzyme in Table V. The 
values for the latter had to be calculated from the values given for 52.4° C by the 
Arrhenius equation. 

log  k2 :|E ( r  2 r l )  
k 1 2 . 3 0 3  -]~ " ] '2T1  

The constants I% and k I are the respective first-order denaturation constants for the 
absolute temperatures T 2 and 5(" 1 at which they are measured. AE, 8 9 kilocalories/mole, 
was obtained earlier 2°. R is the gas constant. 

DISCUSSION 

Differences in denaturation characteristics have been utilized to show that enzyme 
functions are properties of different enzymes 22, 2a. Conversely, the close fit of correspond- 
ing denaturation rate constants is perhaps the best evidence of identity of the enzymes 
studied. The constants of denaturation for proteins are extremely sensitive to pH and 
temperature 24. In the critical regions, where the protein denaturation rate is measurable, 
the rate constant varies 2-fold for every I 3 ° temperature change. The constant varies 
even more than this for single pH unit changes 2°. The variations of corresponding con- 
stants obtained for transferase and phosphatase shown in Table I I I  could be accounted 
for by a o.I ° and/or o.I pH unit variation and are normal experimental variations. 

o/  The average deviation of constants (approximating 25/o) as seen in Tables I I I  and 
IV is not great considering the difficulties involved in obtaining these measurements and 
considering the rather large variations in k with temperature and pH. In this laboratory 
repetition of the procedure for obtaining these constants on the same enzyme sample 
allow values usually varying about 2o % to be obtained. These variations are negligible 
when the variations among different enzymes as seen in Table V are considered. The use 
of heat denaturation constants with their enormous variations has hardly been exploited 
as a means of identifying enzymes. Compared to other physical measurement techniques 
it has the quality of not requiring extensive purification and the extensive range of con- 
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s l a n t s  as can  r ead i l y  be seen in Tab le  V. The  t h r e e  e n z y m e s  s h o w n  cou ld  l,e s e l ec t ive ly  

d e n a t u r e d  a n d  i den t i f i ed  in t h e  p r e sence  of one  a n o t h e r .  P r o b l e m s  s imi la r  to  t h i s  case,  

m u l t i p h '  i s o d y n a m i c  e n z y m e s ,  arc  usua l ly  t h e  mos t  twovokin.~, a n d  t h i s  t r e a t m e n t  could  

l>c easi ly  app l i ed  to such  cases.  

Dif fus ion  a n d  t r a n s f e r a s e  d a t a  c o n t r i b u t e  to  s h o w i n g  t h e  i d e n t i t y  of t h e  s e r u m  a n d  

p r o s t a t e  e n z y m e ,  l{y s u r v e y i n g  t h e  l i t e r a tu r e  '2a ~6, l ists  h a v e  been  p r e p a r e d  for d i f fus ion 

d a t a  of m a n v  p ro t e in s .  V e r y  few p r o t e i n  g roups  ex is t  w i th  t h e  s a m e  di f fus ion c o n s t a n t .  

C o n s t a n t s  i den t i ca l  t o  t w o  s ign i f ican t  f igures  for t w o  e n z v m e s  wou ld  be r e q u i r e d  to 

exp la in  R a t i o  II  of Tab le  1 for s imple  d i f fus ion if t h e  two  e n z y m e s  were  no t  t he  same.  

Th i s  r equ i r e s  e i t h e r  t w o  m o l e c u h ' s  of t h e  s a m e  m o l e c u l a r  w e i g h t  a n d  s y m m e t r y  or mole-  

Cll];tl" w e i g h t s  a n d  s y m m e t r i e s  d i s s imi l a r  bu t  c apab l e  of d i f fus ing  t o g e t h e r .  ,qince t h e  

ev idence  p r e s e n t e d  sugges t s  an agar  n e t w o r k ,  t h e  m e t h o d  used  wou ld  t e n d  to e l imina t e  

t he  l a t t e r  poss ib i l i ty ,  The  n e t w o r k  w o u l d  p rov ide  more  d i s c r i m i n a t i o n  t h a n  f re t  d i f fus ion 

wi th  r ega rd  to  m o l e c u l a r  vo lume  a n d  a s y m m e t r y .  If  a more  open  gel s t r u c t u r e  cou ld  be 

inade  the  m e t h o d  could be su i t ab le  for mo lecu l a r  w e i g h t  d e t e r m i n a t i o n s  be low :00 ,ooo.  
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St  : M M : \  R Y  

The identity of a hydrolase and a transferase activity was shown. Identity of diffusion charac- 
teristics helped to establish prostatic phosphotransferase and acid ph()sphonmnoesterase as the S~lllle 
enzyme, l~,y utilizing purification characteristics, common transferase aetixities, and denaturation 
kinetics, tile identity of tile serum acid phosphatase enzyme in advanced canter ()1" the prostate 
and the normal prostate el lzyl l /C has been established. Ditterences that  were very great were shown 
for the demlturation kinetics for enzymes which normally are functionally similar. Characteristics 
of agar diffusion of Sill{ill [in(| large lllolecules ]lave [)Oell p r0se l l t e (1 ,  illl(] it | l lo ( le l  technique f()r tile 
use of this process in establishing enzyme idelltities was destribed. 

R I~IS! "M 1:; 

l,es auteurs ont d('montrd l'identitd entre une activit(' hydrolasique et une activit6 trans- 
fdrasique, lfidentitd ties caractdristiques de dillusion a servi ,t dtablir que la phosphotransfdrase 
prostatique est le indme enzyme que la phosphcmlonoestdrase aeide. A I'aide ties caraetdristiques 
de purification, des act|vitals transfdrasiques communes et des eindtiques de ddnaturation, l'identitd 
de la phosphatase acide du s(rulll (lalls tin cancer av~llle( '  de la prostate et de l'enzyme de la prostate 
normale a dtd d(montrde. De trhs grandes ditTdrences clans les cindtiques de ddnaturation on |  dtd 
o b s e r v d c s  c h e z  d e s  e l l zy l l l e s  (]ui,  l lOr lna[e l l l e l l t ,  so l l t  fo t l e t io l l l / e ] l e i ] l e l l t  s c m b l a b I ( ; s .  1.es c a r a c -  
tdristiques (Iv diffusion clans l'agar de petites et de grosses moldeules sent prdsentdes et une technique 
standard d'elnploi de cette m('th()de pour dtablir l'identit6 d'enzymes est dderite. 

ZI "S \MMEN l:.\,%q/"NG 

Die Identitiit ether Hydrolasen und ether Transferasenaktivittit wurde bewiesen, l)ic ldentittit 
der l)iffusionseigenschaften konnte bei der l;eststellung benutzt werden, dass Phosphotransferase 
mad saute Phosphomonoesterasc aus dcr l 'rostata ein und dasselbe Enzym darstellen. :\uf (~ r l lnd  
tier I~urifikationseigenschaften, der gew6hnIichen Transferaseaktivitiitel: mad der Demtturierungs- 
kinetik, wurde die ldentittit des sauren lqiosphatasc-Enzyms aus dem Serum bet \orgeschrit tenem 
Krebs der Prostata mit dem normalen l{uzym der I>rostata festgestellt. Its wurde festgestellt; dass 
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