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SUMMARY 

Phosphoglycerate mutase (EC 2.7.5.3) was purified 2ooo-fold from pork kidney. 
The molecular weight estimated by Sephadex gel filtration was approx. 65 ooo. This 
is in close agreement with other animal phosphoglyceromutases. 

The previously observed HgZ÷-induced reversible transformation of chicken 
and rabbit  muscle phosphoglycerate mutase (EC 2.7.5.3) into 2,3-diphosphoglycerate 
phosphatase (EC 3.1.3.13) occurs also with human skeletal muscle phosphoglycerate 
mutase but does not occur with purified pork kidney phosphoglycerate mutase or 
with preparations of phosphoglycerate mutase from beef liver, beef brain and human 
red cells. 

The uniqueness of the behavior of muscle phosphoglycerate mutase from a 
number of species is illustrated. On the other hand, the insensitivity of phospho- 
glycerate mutase from other tissues to Hg 2+ is typified by the kidney enzyme. 

Pyrophosphate and phosphoglycolate stimulated the 2,3-diphosphoglycerate 
phosphatase activity of purified preparations of phosphoglycerate mutase from pork 
kidney and chicken breast. The mutase activity was unaffected by these reagents. 

INTRODUCTION 

All 2,3-diphosphoglycerate-dependent phosphoglycerate mutases (EC 2.7.5.3) 
thus far tested manifest 2,3-diphosphoglycerate phosphatase activity 1. We have 
shown recently that  Hg 2+ inhibits phosphoglycerate mutase and at the same time, 
increases the 2,3-diphosphoglycerate phosphatase (EC 3.1.3.13) activity of heart and 
chicken breast phosphoglycerate mutase preparations 2. I t  was of interest to check if 
Hg 2÷ exerted similar effects on the phosphoglycerate mutase of other tissues, partic- 
ularly kidney, since such a Hg 2+ effect upon kidney phosphoglycerate mutase could 
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serve as an explanation for some of the toxic effects of Hg '~ in producing h)wer 
nephron nephrosis. 

Experiments were carried out to determine if the mutase-phosphatase inter- 
conversion occurs "iu vivo" and "in vitro" with kidney preparations. We found that 
kidney mutase was very resistant to Hg "+, and moreover, there was no stinmlation 
of the phosphatase activity. It was then of interest to check other mainmalian mutases 
for Hg ~+ effects on both their nmtase and phosphatase activities. The results of these 
experiments are presented in this paper. 

M A T E R I A L S  A N D  M E T H O D S  

Dithioerythritol was purchased from the Cyclo Chemical Corporation; 3-ph(~s- 
phoglycerate and 2,3-diphosphoglycerate were purchased from Boehringer Mann- 
heim Corporation. Special enzyme grade (NH4)2SO 4 was obtained from Mann Research 
Laboratories. Naaa2PO4 was obtained from Mallinckrodt Nuclear. All other reagents 
were commercial products. 

Unless otherwise specified all operations were carried out at o-3 °. (NH~)2SO 4 
solutions were saturated and neutralized to pH 7.o ~ o.i by the addition of concen- 
trated NH4OH. All volumes refer to the initial volume for a particular step during 
purification. 

For the iu vivo experiments, rats weighing from 260 to 28o g were injected 
intraperitoneally under ether anesthesia with o.1% HgC12 in 0.05 M phosphate buffer 
at pH 7.0. After 1- 4 days the kidneys were removed, trimmed of fat and capsule, and 
then homogenized. In all cases, Io% water homogenates were prepared using either 
a Potter-Elvehjem homogenizer (for rat kidney) or a Waring blender (for dog kidney). 
The homogenates were centrifuged at 2o ooo × g and the supernatants were retained 
for assay. 

Pork heart, beef liver and beef brain were obtained fresh from a local slaughter- 
house. The organs were cooled to 4 ° while being transported to the laboratory. Ace- 
tone powders were prepared as described for pork kidneys subsequently in this paper. 
Samples of human heart were obtained within an hour of demise; other human tissues 
(uterus, skeletal muscle and rib bone marrow) were obtained from surgically excised 
specimens. Chicken breast, yeast and wheat germ phosphoglycerate mutases were 
prepared as previously described a-'~. 

Phosphoglycerate mutase was assayed as previously described 6. Mutase was 
measured in the IO ooo > g supernatant fraction of 2o% water homogenates of lmman 
uterus and huinan skeletal muscle, in saline-washed red cell lysates, and in water 
extracts of acetone powders from human and pork heart and bovine liver and brain. 

Vor the in vivo studies, 2,3-phosphoglycerate phcsphatase activity was as- 
sayed according to the method of Jovce  AND GRISOLIA 7. (Phosphate was determined 
by the GOMORI s method.) In other cases phosphatase determinations were made using 
the radioactive assay of HARKNESS AND PONCE 9. Radioactive 2,3-i32P?diphospho - 
glycerate was prepared as previously described ~°. 

R E S U L T S  

Phosphoglycerate mutase and 2,3-diphosphoglycerate phosphatase activities 
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T A B L E  I 

EFFECT OF Hg*+ AND DITttlOERYTHRITOL ON MUTASE AND PHOSPHATASE ACTIVITY OF RAT KIDNEY 

Each  t u b e  con ta ined  I ml  of  s u p e r n a t a n t  f rac t ion  from lO% homogena t e s  (controls). W h e n  in- 
dicated,  i / z m o l e  of HgC1, in 0.05 M Tr i s -HCl  buffer (pH 7.3) was  added  and  t he  samples  in- 
cuba t ed  for 5 min  a t  room t e m p e r a t u r e  pr ior  to  assay.  Similar ly ,  0.05 ml of o.I  M d i th ioe rv-  
t h r i t o l  was added  to  samples  t r e a t e d  wi th  Hg ~+ and  af ter  5 min  the  samples  were reassayed.  Tl~e 
m u t a s e  and  phospha t a s e  ac t iv i t i e s  were de te rmined  as p rev ious ly  descr ibed 3,4. 

Number ~lutase * Phosphatase** 
of 
animals 

Control  13 47 4- 3.8 40o -4- 32 
Hg  *+ added  3 35 4- 4.2 360 4- 46 
D i th ioe ry th r i t o l  added  3 42 4- 4.0 280 4- 56 

" Mean un i t s /ml  of homogenate .  
"* Mean nmoles  of p h o s p h a t e  l ibe ra ted  per ml  of homogena te ;  i ncuba t i on  t i m e  3 ° min. 

of crude rat kidney preparations were both minimally affected by treatment with 
Hg 2+ as shown in Table I. This finding is in contrast to the previously described 
reversible Hg*+-induced inhibition of mutase and stimulation of 2,3-diphosphogly- 
cerate phosphatase activities cf  phosphoglycerate mutase from chicken and rabbit 
muscle S. Obviously, this represents a different behavior of the phosphoglycerate 
mutase from kidney. However, since there are many nonspecific phosphatases in crude 
homogenates, the possibility that  there was an effect on phosphatase that  may  have 
been obscured could not be excluded. 

Table I I  illustrated that  the intraperitoneal injection of HgC1, at very high 
doses does not influence the phosphoglycerate mutase or the 2,3-diphosphoglycerate 
phosphatase activities of rat  kidney homogenates. I t  was, therefore, of interest to 
determine if this lack of effects both in vivo and in vitro reflected an intrinsic difference 
between the phosphoglyceromutase from these tissues and that  from other animal 
tissues or the fact that  the kidney possesses many  phosphatases and a relatively low 

T A B L E  I I  

EFFECT OF PARENTERAL ADMINISTRATION OF HgCl 2 ON THE MUTASE AND PHOSPHATASE ACTIVITY 
OF KIDNEY HOMOGENATES 

500/~g of HgC12 dissoIved in I.O ml of phospha t e  buffer (pH 7.4) were in jec ted  i n t r a p e r i t o n e a l l y  
in to  rats .  After  the  i nd i ca t ed  t ime,  the  ra t s  were ki l led and  the  m u t a s e  and  phospha t a se  ac t iv i t i e s  
tested.  D a t a  expressed  are  the  m e a n  va lues  as descr ibed in Table  I for each group. W h e n  indica ted ,  
0.05 ml of a o.I M d i t h i o e r y t h r i t o l  solut ion was  added  to  I ml  of w a t e r  homogena t e  and  the  pre- 
p a r a t i o n  assayed  af ter  5 min  incubat ion .  

Number HgClz Intoxi- Mutase Phosphatase 
of rats injected cation (mean) (mean) 

(tzg) period 
days No dithio- Dithioery- No dithio- Dithioery- 

erythritol thritol erythritol thritol 

6 500 I 51 47 270 34 ° 
3 500 2 33 13o 178 
3 5 °o 3 36 3oo 33 ° 
3 5 °o 4 43 380 
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concentrat ion of nmtase which then would mask the effect of Hg 2~. Therefore, at- 
tempts  were made to partially purify the dog and rat kidney mutase. 

Part ial ly purified nmtase from dog and rat  kidney was prepared as follows: 
2o% water homogenates  were made. After centrifugation at 2o ooo x g for io inin, 
the supernatant  was mixed with 1.2 vol. of (NH])2SO 4 and then centrifuged for I(} 
rain. The precipitate was discarded. (NH4)2SO 4 (1.8 vol.) was added to the super- 
natant .  The precipitate was taken up in water to approx. I/IO of the original w}lume. 
This partially purified fraction yielded about  7o% {}f the original mutase activity. 

TABLI '2  I l l  

EFFECT OF H,~ "~+ ON THE MUIASE ACTIVITY OF D{}G AND RAT KIDNEYS AND CIIICKEN BREAST 

E a c h  t u b e  c o n t a i n e d  2oo 1,moles of  T r i s - H C I  bu f f e r  ( p H  7) a n d  d e s i g n a t e d  a m o u n t s  of  HgCI  2 
a n d  m u t a s e  in a t o t a l  v o l u m e  o f  I ml.  R a t  a n d  dog  k i d n e y  m u t a s e  co n s i s t ed  (}f p a r t i a l l y  pur i f i ed  
f r a c t i o n s  as  d e s c r i b e d  in t he  t e x t ;  c h i c ke n  t ) reas t  m u t a s e  was  p r e p a r e d  as p r e v i o u s l y  d e s c r i b e d  a. 
T h e  c o m b i n a t i o n  of  dog  F c h i c k e n  c ons i s t e d  of  equa l  un i t s  o f  m u t a s e  f r o m  each  p r e p a r a t i o n .  
De ta i l s  o f  t h e  H g  2+ t r e a t m e n t  a n d  m u t a s e  a s s a y  a r e  g i v e n  in t h e  l egend  to  T a b l e  1. 

Hg 2 ~ Mutase (units) 
added . . . . . .  
(l~moles) Dog Chiche*~ Dog i Rat 

chicke~* 

o 58.5 {,o I3O 75.0 
1 53.0 o 53 62-5 
2 53.0 o 53 72.5 
3 52.0 {} 53 75 .0 

Part ial ly purified preparations of rat and dog kidney mutase as welt as a prepa- 
ration of chicken nmscle mutase were t reated with Hg 2~ . As shown in Table I I I ,  Hg 2+ 
did not  affect the mutase act ivi ty of dog and rat  k idney preparations but  decreased 
the ac t iv i ty  of chicken muscle nmtase. When the preparations from dog kidney and 
chicken nmscle were mixed and then Hg 2+ added, the act ivi ty decreased in proport ion 
to the calculated inhibition of the muscle enzyme, demonstra t ing that  the presence 
of  other proteins which could bind Hg 2+ in the crude kidney enzyme preparation were 
not responsible for the lack of effect with Hg 2+. Again for purposes of comparison, 
Table I l l  shows that  mutase from rat kidney is not inhibited by  Hg 2+. 

To confirm the above findings, and in view of the relatively low phosphatase 
act ivi ty of  mutase preparat ions (as a dual function), it seemed impor tant  to exten- 
sively pur i~  ~ mutase from kidney. Fresh pork kidneys were obtained from alc,  cal 
slaughterhouse. Gross fat was removed and the tissue was ground with a large meat  
grinder. 2-kg portions of ground tissue were homogenized in 800 ml of water in a large 
Waring blender for 3o sec. Usually 7-8 kg of  ground tissue were processed in a single 
preparation. The homogenized tissue was poured with vigorous stirring into io  w)l. 
ef  cold acetone. After the tissue settled, the bulk of acetone was decanted and the 
precipitate was dried under  suction on two large Biichner funnels covered with rubber 
dams. After 2 h, the nearly dried cakes were pulverized with the aid of a vegetable 
grater  and sifted (under nitrogen) through a ,,et of mechanically shaken screens of 
decreasing size. The resultant fine powder was finally dried in desiccators over alu- 

mina. 
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200 g of acetone powder were suspended in IO vol. of water, stirred for 2o rain 
and then centrifuged at 700o x g for IO rain. The supernatant is the Crude Fraction. 
1.6 vol. of 95% ethanol were added to the Crude Fraction and the mixture centrifuged 
at 5000 x g for 15 rain. Another 1.6 vol. of ethanol were added to the supernatant. 
After centrifugation, the precipitate was transferred, with thorough mixing, into 
50 ml of water, centrifuged for 3 ° rain at 15 ooo X g and any insoluble material dis- 
carded. The supernatant (Ethanol Fraction) was diluted to a protein concentration 
of 12 mg/ml after the addition of o,o5 vol. of o.I M 2,3-diphosphoglycerate. The 
mixture was brought to 54 ° in a water bath and held at that temperature for 4 min. 
After cooling in an icebath it was centrifuged at IO ooo x g for 15 rain. In practice 
the supernatants (Heated Fraction) from three 2oo-g acetone powder batches were 
pooled at this stage. 1.5 vol. of (NH4)zSO 4 were added to the Heated Fraction and 
the mixture was centrifuged at 6000 × g for 20 rain. 5 vol. of (NH4)2SO 4 were added 
to the supernatant and the fraction was centrifuged at 6000 X g for 3 ° min. The 
loosely packed precipitate was transferred to a 4o-ml centrifuge tube and centrifuged 
at 15 ooo x g for 30 rain. This well-packed pellet was taken up in a minimum volume 
of water (approx. IO ml; protein concentration approx. 35 mg/ml). The fraction was 
centrifuged at 15 ooo x g to remove insoluble material and the supernatant (NH4) 2 
S04 Fraction) was layered on a 2.8 c m x  12o cm column of Sephadex G-Ioo, equili- 
brated with 0.02 M sodium phosphate buffer (pH 7). The column was eluted with 
equilibrating buffer at a flow rate of approx, io ml/h; 3-ml aliquots were collected. 
Two major protein peaks were eluted, the first eluting at the void volume for the 
column. The mutase activity appears at 1.1-1.2 volumes. The tubes containing mutase 
activity with a specific activity above 250 were pooled (Sephadex Fraction). This 
fraction was percolated through a 2.5 cm × 50 cm column of DEAE-cellulose, 
equilibrated with 0.02 M sodium phosphate (pH 7). The column was washed with 
50 ml of equilibrating buffer. The column was developed utilizing a linear gradient 
consisting of IOOO ml of the 0.2 M N % H P Q  in the reservoir vessel and IOOO ml of the 
0.02 M equilibrating buffer in the mixing chamber. Flow rate was maintained at 20 
ml/h. The tubes were assayed for protein and mutase activity. Three major protein 
peaks were eluted in a reproducible fashion; the third protein peak contained the 
mutase activity. Tubes in the latter peak containing mutase with a specific activity 
above 12oo were pooled (DEAE-Cellulose Fraction). This fraction was concentrated 
to approx. 5 ml in a Model 50 Diaflo ultrafiltration assembly (Amicon Corporation) 
equipped with a PM-Io membrane. IO vol. of o.oi M sodium phosphate (pH 7) were 
added to the fraction in the chamber and the fraction was then concentrated to 
approx. IO mg/ml. This fraction is stored frozen until further use. A summary of the 
purification procedure is given in Table IV. 

Gel filtration estimates of the molecular weight, using Sephadex G-Ioo as 
described by ANDREWS 11, revealed a molecular weight of about 65 ooo for the puri- 
fied kidney mutase. The elution volume was almost identical to that of purified bovine 
plasma albumin (Pentex Corporation) which served as one of the standard molecular 
weight markers. 

The final fraction possessed a specific activity approximating that observed 
with phosphoglycerate mutase purified from chicken breast a, rabbit muscle 6 and yeast 4. 
However, acrylamide gel disc electrophoresis 1~ demonstrated four separate bands of 
protein in the final fraction. Mutase activity was present in all four of these bands 
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T A B L E  IV 

S U M M A R Y  O F  P U R I F I C A T I O N  

Fraction I "ol. A ctiv it)' Protein Specific 
(ml)  (uni ts)  (my) activity 

(units/rag) 

] ~ t ' c o v ( ! r y  * * 

(%) 

C r u d e  t 5 5 o  127 i o o  22 63 ° 5 .6  t o o  
E t h a n o l  68 72 o 8 o  i 360  53 56  
H e a t e d  98 59  o o o  588  [ 22 46  
(NH4)~SO4* ] 2 12o o o o  6 3 6  I 9 o  3 t 
S e p h a d e x  p o o p  43 i i o  ooo  2 i o  522  29 
D E A E - c e l l u l o s e  poo l*  17 35 ooo  20 .6  173 ° 9 

D a t a  g i v e n  f o r  t h r e e  200  g b a t c h e s  o f  a c e t o n e  p o w d e r .  
** R e c o v e r y  c a l c u l a t e d  f r o m  c r u d e  a c e t o n e  p o w d e r  e x t r a c t ;  t h i s  f r a c t i o n  c o n t a i n s  a p p r o x .  

8 o %  o f  t h e  m u t a s e  a c t i v i t y  o f  t h e  o r i g i n a l  t i s s u e  a n d  a b o u t  6 - fo ld  i n c r e a s e  in spec i f i c  a c t i v i t y .  

when the corresponding areas of unstained paired gel columns were extracted by 
freeze-thawing in I vol. of water subunit aggregation (dimers, tetramers, etc.) was 
suggested by these findings. Since completion of this work, the existence of six is.- 
enzymes for chicken nmscle phosphoglycerate mutase has been reported ~a. 

The effect of Hg 2 ~ on purified kidney mutase and its 2,3-diphosphoglycerate 
phosphatase activity is shown in Table V. It  is apparent from this data that Hg 2~ 
exhibited no appreciable effect on either activity. 

T A B L E  V 

T H E  I N F L U E N C E  O F  l tgCl , ,  ON K I D N E Y  P H O S P H O G L Y C E R A T E  M U T A S E  

T h e  e f f ec t  o f  H g  2+ o n  m u t a s e  a c t i v i t y  w a s  d e t e r m i n e d  as  f o l l o w s :  d e s i g n a t e d  a m o u n t s  o f  H g  2. 
w e r e  a d d e d  t o  t u b e s  c o n t a i n i n g  o . i  m l  o f  e n z y m e  (2.6 m g / m l ,  spec i f i c  a c t i v i t y  I5OO ) a n d  5 ° m M  
Tr i s  H C I  ( p H  7.o) in  a t o t a l  v o l u m e  o f  o .2  ml .  A f t e r  5 m i n  a t  37'2 i ; i o o  d i l u t i o n s  w i t h  t m y / m !  
b o v i n e  s e r u m  a l b u m i n  w e r e  a s s a y e d  f o r  n m t a s e  a c t i v i t y  as  p r e v i o u s l y  d e s c r i b e d  a. F o r  t h e  p h o s -  
p h a t a s e  a s s a y ,  o. 5 / ~ m o l e  o f  H g  2+ w a s  a d d e d  t o  t u b e s  c o n t a i n i n g  5 °/~1 o f  e n z y m e  f r a c t i o n  a n d  
i o o  m M  T r i s - a c e t a t e  ( p H  6.5) in  a t o t a l  v o l u m e  o f  o .25  ml .  A f t e r  5 n f in  a t  37 ° , o . r / ~ m o l e  o f  
2 , 3 - [ a z P 2 ] d i p h o s p h o g l y c e r a t e  w a s  a d d e d  t o  e a c h  t u b e  a n d  t h e  p r o c e d u r e  o f  HARKNESS AND 
PONCE 9 w a s  f o l l o w e d  e m p l o y i n g  a 6 o - m i n  i n c u b a t i o n .  

HgCl 2 % of  init ial  activity after 
(raM) Hg 2+ treatment 

o 
o. 5 
I.O 
2 .0  
5 .0  

Mutasc Phosphatasc 

I O 0  I O 0  

IO5 99  
I I(} 98  
I IO 99  

86 

The effects of Hg 24 upon phosphoglycerate nmtase (and its 2,3-diphospho- 
glycerate phosphatase activity) from a number of additional sources was examined. 
The results, summarized in Table VI, demonstrate again no effect of Hg 2~ on either 
activity from the purified kidney preparation. However, a striking inhibition of 
mutase activity and sinmltaneous stimulation of phosphatase activity of human ske- 
letal muscle and of purified chicken breast phosphoglycmate mutase was observed 
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TABLE VI 

E F F E C T  OF H g C I  2 ON P H O S P H O G L Y C E R A T E  M U T A S E  F R O M  S E V E R A L  T I S S U E S  

Details of experimental  conditions are given in Table V. The concentration of HgCIz was 2 mM 
in all cases. 

Source % of initial activity after 
Hg 2+ treatment 

Mutase Phosphatase 

Pork kidney, purified i io 99 
Pork kidney, crude 58 55 
Chicken breast  I 178 
Chicken breast, crude 7 13° 
Human skeletal muscle 6 154 
Human heart  7 5 6 
Pig heart  31 48 
Human uterus 5 ° 54 
]Red cell 8o 62 
Beef liver 68 93 
Calf brain 88 5 ° 
Human marrow 155 

a f t e r  H g  ~+ t r e a t m e n t .  T h e  p h o s p h o g l y c e r a t e  m u t a s e  as wel l  as t h e  2 , 3 - d i p h o s p h o -  

g l y c e r a t e  p h o s p h a t a s e  a c t i v i t i e s  o f  h u m a n  u t e r u s ,  h u m a n  a n d  p o r c i n e  c a r d i a c  m u s c l e  

we re  b o t h  s i g n i f i c a n t l y  i n h i b i t e d  b y  H g  ~+ t r e a t m e n t .  

I n  v i ew  of  t h e  d e m o n s t r a t e d  d i f fe rences  in  b e h a v i o r  o f  b o t h  t h e  m u t a s e  a n d  

p h o s p h a t a s e  a c t i v i t i e s  in  s e v e r a l  t i s sues ,  a d d i t i o n a l  s t u d i e s  were  c a r r i e d  o u t  to  com-  

p a r e  t h e  ef fec ts  of  p h o s p h o g l y c o l a t e ,  b i su l f i t e  a n d  p y r o p h o s p h a t e  u p o n  t h e  p h o s p h a -  

t a s e  a c t i v i t i e s  o f  t h e s e  s a m e  e n z y m e  p r 6 p a r a t i o n s .  Al l  o f  t h e s e  r e a g e n t s  h a v e  b e e n  

r e p o r t e d  to  s t i m u l a t e  2 , 3 - d i p h o s p h o g l y c e r a t e  p h o s p h a t a s e  ac t iv i tyg ,  14-1e. F o r  com-  

p a c t n e s s  o f  p r e s e n t a t i o n ,  o n l y  t h e  d a t a  a t  t h e  o p t i m a l  c o n c e n t r a t i o n  o f  t h e  e f fec to r s  

is g i v e n .  T h e  r e s u l t s  a re  s u m m a r i z e d  in T a b l e  V I I .  P h o s p h a t a s e  a c t i v i t y  f r o m  all  

TABLE VII  

E F F E C T  OF S E V E R A L  R E A G E N T S  ON 2 , 3 - D I P H O S P H O G L Y C E R A T E  P H O S P H A T A S E  A C T I V I T Y  OF S E V E R A L  

P H O S P H O G L V C E R O M U T A S E S  

Source % of initial activity after treatment 

Bisulfite Pyrophos- Phospho- HgC1 z 
(20 raM) phate glycolate (2 mM) 

(2o mM) (2 raM) 

Pork kidney, purified 15o 
Pork kidney, (crude) 5 ° 
Chicken breast 29 
Yeast i 15 
Human  skeletal muscle 51 
Human  heart  45 
Pork heart  38 
Human red cells 226 
Beef liver 89 
Beef brain 6o 
Human uterus 92 

192 446 99 
113 473 55 
245 317 178 

95 lO6 8o 
7o9 86o 154 
113 44 ° 42 
66 185 48 

242 415o 62 
252 373 93 
Io4 18o 5 ° 
455 734 54 
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sources was stimulated by phosphoglycolate but particularly in the case of the red 
cell. Pyrophosphate stimulated the 2,3-diphosphoglycerate phosphatase activity of all 
nmtase preparations, particularly that  of human skeletal muscle, but t~) a lesser ex- 
tent  than phosphoglycolate. Bisulfite significantly inhibited 2,3-dit)h,sph(glyceratc 
phosphatase activity of the chicken breast, heart muscle and human skeletal muscle 
preparations and, on the other hand, stinmlated the phosphatase of pork kidney 
nmtase and red cells. The phosphatase activity of yeast mutase was little affected by 
any of the reagents. Phosphoglycerate nmtase activity was unaffected by these 
reagents. 

DISCUSSION 

The procedure described for purifying pork kidney phosphoglycerate mutase 
some 2ooo-fold from the tissue levels is very reproducible but not as simple and much 
more time consuming than procedures described for tile enzyme from other sources 3,4,". 
The phosphoglycerate mutase activity of crude homogenates of pork kidney proved 
very difficult to purify until acetone powders of fresh or frozen tissue were prepared. 
For example, the phosphoglycerate mutase activity of freshly prepared homogenates 
progressively decreased at 4 °, reaching approx. 25°/o of initial activity after 8 h. 
Similarly, all a t tempts  to fractionate crude homogenates with s(~lvents, including 
acetone, ethanol and methanol at o °, were unsuccessful because of rapid and complete 
enzyme inactivation by these reagents. The crude enzyme was rapidly inactivated at 
pH values below 5,5, precluding the use of commonly used protein precipitating agent. 
Phosphoglycerate mutase activity of crude homogenates was also extrcinelv heat 
sensitive, showing extensive inactivation at 45-5 o°. Preparation of an aeet(me powder 
proved to be the critical step in enzyme purification. Quantitative recovery of ph,s-  
phoglycerate mutase present in fresh tissues was achieved. The enzyme now was 
stable indefinitely as a powder. The water extract of this acetone powder contained 
75 8o% of the original kidney mutase activity; the specific activity of this extract 
was 5 6 compared to <.'I for fresh homogenates of kidney. Equally important for 
further purification, the phosphoglycerate inutase activity of the acetone powder 
extracts was stable at 4 ~ for at least 48 h, was stable in the presence of ethanol and 
acetone at 4 ° allowing fractionation, and was sufficiently stable to heat to all.w the 
use of a heat step in purification. 

Extensive purification of the enzyme has made it possible to study a number of 
parameters and to clarify the effect of Hg 2+. Certainly it would appear from these 
findings that  the effects of Hg 2+ in lower nephron nephrosis cannot be explained by 
an effect on phosphoglycerate nmtase. The molecular weight estimate and specific 
activity are in keeping with previously reported studies on phosphoglycerate mu- 
tases~,8, ~1. 

Phosphoglycerate mutase from kidney is shown to be most resistant to Hg 2 
t reatment  as judged by both parenteral administration of Hg ~ to rats and by i~z 
vitro addition of Hg 2+ to crude as well as purified kidney nmtase preparations. Simi- 
larly, the 2,3-diphosphoglycerate phosphatase activity of purified pork kidney nmtase 
is equally resistant to Hg 2~ treatment.  However, human skeletal muscle phosph(;- 
glycerate mutase demonstrated inhibition of nmtase and stinmlation of 2,3-diphos- 
phoglycerate phosphatase activity after Hg ~÷ treatment  similar to that  observed 
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with purified chicken or rabbit muscle phosphoglycerate mutase ~. Crude preparations 
of phosphoglycerate mutase from beef brain and liver and human red cells behaved 
in similar fashion to kidney mutase after Hg 2+ treatment. The present as well as pre- 
vious studies ~ showed heart muscle phosphoglycerate mutase (human and pig) to be 
more sensitive to Hg ~+ treatment, while the accompanying 2,3-diphosphoglycerate 
phosphatase activity was less sensitive to Hg *+ than was the kidney enzyme. How- 
ever, stimulation of phosphatase activity by Hg 2÷ was not observed in these studies. 
The stimulation of phosphatase activity by Hg *÷ previously reported was in large 
part due to nonenzymatic hydrolysis of  2,3-diphosphoglycerate exhibited by HgCI~; 
thus, small changes in total phosphatase activity were in some cases misleading. 

As discussed by DIXON AND WEBB 17, the presence of two enzymes catalyzing 
the same reaction in different tissues implies the presence of two genetic loci. Alter- 
natively one may consider the existence of an enzyme which may modify the SH 
groups of phosphoglyceromutase in a particular tissue. Of course, the simpler cases 
of  lack of appearance of an enzyme indicate the existence of a repressor, as may be 
the case for hexokinases with low K m  which change with diet, age, etc. 18 It is not clear, 
however, why different tissues sometimes manifest different proportions of different 
enzymes such as the transaminases. The best-known example of a different enzyme 
catalyzing the same reaction in different tissues of  a single species is phosphorylase, 
i.e. muscle and liver 19. Nevertheless, to the knowledge of the writers there is no case 
of  differences in tissues as is described here for the behavior to Hg 2+ of phosphoglyce- 
romutase. It may  be exceedingly important to find out if there is a relation between 
distribution and/or changes in expression of the Hg2+-sensitive and -insensitive en- 
zymes during development. 
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