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SUMMARY 

I. An adenylate kinase (ATP:AMP phosphotransferase, EC 2.7.4.3) has been 
purified ioo-fold from human muscle with a final yield of 30 mg per kg of muscle. 

2. Single crystals were grown from the electrophoretically homogeneous 
protein. 

3. The specific activity was found to be 2000 /~moles of ATP produced or 
consumed per rain per mg of protein at 25 ° and pH 8.0. The Michaelis constants for 
AMP, ADP, and ATP, respectively, are all in the range of o. 3 raM. 

4. Studies on the physical properties indicate that  the protein possesses a 
sedimentation constant of 2.30 S, a diffusion coefficient of 9.9"1°-7 cm2"sec-1, a 
partial specific volume of 0.74 ml/g and a tool. wt. of 21 500. 

5. Amino acid analysis revealed a total  of I94 residues, giving a calculated 
tool. wt. of 2I 7o0. The composition was determined to be Asx13, Thr13, Serif, Glx26, 
Pro v Glyls, Alal0, Va115, Met4, Leulv Ile s, Tyr  v Ph%, Lys20, His4, Arg13, Trp0, Cyst, 
amide ammonia12. 

INTRODUCTION 

The concentrations of ATP, ADP, and AMP in most living cells seem to repre- 
sent a system in true chemical equilibrium 1-3. The reaction ATP + AMP ,~ 2 ADP 
is catalyzed by ATP:AMP phosphotransferases (EC 2.7.4.3) which are usually 
referred to as adenylate kinases. Only the classical adenylate kinase ~, the principal 
isozyme in muscle, is usually called myokinase. As judged from more than 200 
publications 5 human adenylate kinases have at t racted a good deal of attention in 
genetics, pharmacology, biochemistry, and clinical medicine, but none of these 
enzymes has been isolated so far. 

* The  s tud ies  repor ted  in th i s  pape r  were t a k e n  f rom a thes is  s u b m i t t e d  by  E. T h u m a  to 
t he  Medizinische F a k u l t ~ t  der  Rupe r to -Ca ro l a -Un ive r s i t~ t  in Heidelberg.  

Abbrev ia t ions :  D T N B ,  5 ,5 ' -d i th iobis - (2-n i t robenzoate) ;  P H M B ,  p - h y d r o x y m e r c u r i b e n -  
zoate.  
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Adenylate kinases have been purified from rabbit muscle 6, porcine liver 7, 
bovine liver mitochondria 8, cockroach muscle mitochondria 9, baker's yeast 1°, calf 
lens 11, rat liver organelles 12, porcine muscle 13, carp muscle 14 and squid muscle ~5. The 
preparative methods, however, were never found to be exchangeable from one source 
to another. 

MATERIALS AND METHODS 

Muscle 
The muscles for the experiments described here were obtained from the legs 

of a 25-year-old man who had been seriously injured in a car accident. Immediately 
after the amputation of the limbs 3 kg of muscle were isolated and cooled to o ° before 
the preparation was started, 

For preliminary experiments smaller amounts of muscle were collected over a 
period of 3 weeks. They were stored at --25 ° and allowed to warm up overnight at 
room temperature before use. These muscles were obtained from extremities which 
had to be amputated because of pathological conditions such as ischaemia, diabetic 
gangrene, or sarcoma. Only muscles which were apparently unaffected by a disease 
process were used for our experiments. 

Chemicals and biologicals 
Most reagent grade chemicals were purchased from Merck or Serva, dithio- 

threitol from Calbiochem. Urea was recrystallized from ethanol. Stock solutions of 
DTNB (EGA) were prepared according to ELLMAN ln. PHMB was obtained from 
Serva and stock solutions were prepared and standardized as described by BOYER iv. 
AMP, ADP and ATP (Boehringer) were stored at --20 ° as o.012 M stock solutions 
of pH 6.8. Hexokinases (ATP :D-hexose 6-phosphotransferase, EC 2.7.I.I), essentially 
free from adenylate kinase contamination, were obtained from Seravac or from 
Boehringer. The commercial hexokinase preparations were dialyzed exhaustively 
against lO -4 M EDTA (pH 6.0) and then diluted to 2000 enzyme units per ml with 
H20. These solutions were kept at --20 ° when not in use. Enzymes and chemicals 
for the standard colorimetric assay procedures of muscle adenylate kinaselS, 19 were 
purchased from Boehringer. 

Enzymic  activity and protein concentration 
For routine work adenylate kinase activity was measured according to the 

titrimetric pH-stat procedure described by MAHOWALD et al. ~° and KRESS et al. 21 
using a Radiometer TTT Ia  titrator equipped with a scale expander, an SBR 2b 
titrigraph and an SBU I a syringe burette. For the determination of kinetic parameters 
the microcolumn method of NODA 2z and/or standard colorimetric assay procedures ls,19 
were applied. 

The protein concentration in crude fractions was determined by the colorimetric 
biuret procedure of GORNALL et al.~3; a biuret factor of 35 mg per absorbance unit 
was used for all crude fractions. The methods for measuring the concentration of 
pure muscle adenylate kinase are described under RESULTS. 
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Chemical, physical and enzymic properties 
The experimental details are given under RESULTS in the text or in the legends 

of the corresponding figures and tables. Molecular weight marker proteins were 
obtained from Sigma except for carp and rabbit muscle adenylate kinase, these were 
gifts from Dr. Noda, Dartmouth Medical School, N.H., USA. 

Notes on phosphocellulose 
Phosphocellulose (Whatman P I I ,  7.4 mequiv/g) was washed with o. 5 M NaOH-  

0.5 M NaC1, rinsed with distilled water and converted into the H + form with o.I M 
HC1. I t  was equilibrated then with o.oi M imidazole-HC1 at pH 7.0. This cellulose 
was used both for batchwise and column procedures. A 2.5 cm x 35 cm column was 
poured from a slurry in the cold and washed with 500 ml of o.oi M imidazole-HC1 
(pH 7.0). It  must be emphasized that phosphocellulose when used for the preparation 
of rabbit muscle adenylate kinase and pork adenylate kinase should also be equi- 
librated and washed with o.oi M imidazole-HC1 and not with a o.I M buffer as 
originally stated ~1. 

RESULTS 

Isolation of the enzyme 
All steps were carried out at 4 ° . Contact of the preparation with metal was 

avoided when possible. 
Fraction I. The muscles were excised directly after amputation, and blood 

was removed by washing in ice water. 3000 g of muscles were passed through a meat 
grinder and then mixed with 12 1 of o.oi M imidazole-HC1 (pH 7.0). 8oo-ml batches 
of this mixture were homogenized in an MSE Ato mix for at least I rain; shortening 
this procedure to 30 sec resulted in very low yield of adenylate kinase activity. The 
homogenate was allowed to stand for 20 min before centrifugation (MSE 6L, 2500 
rev./min, 30 min, 4°). The reddish-orange supernatant had a volume of IO 51o ml. 

Fraction II. To Fraction I 660 g of wet phosphocellulose (=  31.4 g dry weight) 
pretreated as described under MATERIALS AND METHODS was added; the mixture was 
stirred for 20 min, and then the phosphocellulose was precipitated by centrifugation 
(MSE 6L, 2500 rev./min, 5 min, 4°). The supernatant fluid was discarded. The six I-1 
centrifuge cups were used twice so that each of them eventually contained about 
IOO g of wet phosphocellulose. In order to remove contaminating proteins the phos- 
phocellulose in each cup was washed 3 times with o.oi M imidazole-HC1 (pH 7.0) 
and then twice with 250 ml of o.I M imidazole-HC1 (pH 7.0). The adenylate kinase 
was eluted with a total volume of 800 ml of o.I M imidazole-HCl-o.3 M NaC1; the 
cellulose was removed by centrifugation. Fraction II  was pink. 

Fraction HI .  To Fraction II  solid (NH4)~SO 4 was added to 50% saturation 
( =  298 g per 1 solution) 6. The mixture was stirred for at least I h, then 20 ml of 
2 M HC1 was added rapidly in order to bring the apparent pH to 3.0 within i rain. 
After further IO min of stirring 2 M NaOH was added slowly over a period of about 
20 min until an apparent pH of 7.0 was reached; the suspension was then allowed to 
stand for 20 min. Centrifugation (MSE 6L, 2500 rev./min, 30 min, 4 °) yielded a beige 
supernatant fluid, Fraction III,  the (NH4)~SO 4 concentration of which was about 
1.95 M (---- 48% saturation). 
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Fraction IV.  279.6 g of (NH4)2SO a per 1 solution was added to Fraction I I I  in 
order to raise the (NH4)2SO 4 concentrat ion to 3.6 M ( =  90% saturation). The 
suspension was stirred for at least I h, allowed to s tand for 2-12 h, and then centri- 
fuged (MSE 18, 12 ooo rev./min, 30 rain, 4°). The pellet was dissolved in about  7 ° m l  
of o.oi  M imidazole-HC1 (pH 7.o), and freed from (NH4)2SO 4 by flow dialysis against 
25 1 of the same buffer. After a clearing centrifugation (MSE 18, 4 °, 12 ooo rev./min, 
30 rain) the protein solution was chromatographed on a 2.5 cm × 35 cm phospho- 
cellulose column (for details see legend to Fig. I). The fractions representing the 
major  act ivi ty  peak were combined to give the yellowish Fraction IV. 

5000.  
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N 
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Fig. i. Chromatography of nluscle adenylate kinase on a phosphocellulose column at 4 °. The 
2. 5 cm × 35 cm column and the protein solution (approx. 95 ° mg in 75 ml o.oi M imidazole- 
HC1, pH 7.o) were prepared as described under MATERIALS A~D METHODS. The sample was applied 
and the column washed with i 1 of o.I M imidazole-HC1 (pH 7.o). Then o.12 M imidazole-HC1- 
5 mM AMP (pH 7.o) was used as an eluant and the collection of io-ml fractions started simul- 
taneously. Adenylate kinase activity was found in a minor peak (15 mg of protein) and in a major 
peak containing 175 mg of protein. A flow rate of ioo ml/h was maintained with a peristaltic pump. 
Because of the presence of AMP the ultraviolet absorption was not measured. 

Fraction V. On a d d i n g  614 g of  (NH4)2SO 4 per  1 to  F r a c t i o n  IV  t h e  p ro t e in  

was  p r e c i p i t a t e d .  I t  was  t h e n  d i s so lved  in 20 ml  o f  o . I  M imidazo l e -HC1  (pH 7.o), 

app l i ed  to  a 4 cm × 13o cm c o l u m n  of  S e p h a d e x  G-75, a n d  e lu t ed  w i t h  t h e  s a m e  
buf fer  a t  a f low r a t e  o f  45 m l / h ;  5-ml  f rac t ions  were  col lected.  T h e  e lu t ion  v o l u m e  for 
m y o k i n a s e  was  a b o u t  8 o o - I l O O  ml.  F r a c t i o n s  w i t h  a specific a c t i v i t y  h ighe r  t h a n  

18oo un i t s / r ag  were  co l l ec ted  to  g ive  F r a c t i o n  Va. T h e  a d j a c e n t  f rac t ions  w i t h  a 

specific a c t i v i t y  r ang ing  f r o m  lOOO-18oo un i t s / r ag  were  c o m b i n e d ,  p r e c i p i t a t e d  w i t h  

(NH4)2SO 4 a n d  r e a p p l i e d  to t he  S e p h a d e x  G-75 co lumn.  T h e  a d e n y l a t e  k inase  
a c t i v i t y  ( F r a c t i o n  Vb) was  e l u t e d  in a s y m m e t r i c a l  p e a k  wh ich  was wel l  s e p a r a t e d  
f r o m  a r edd i sh  p ro t e in  of  m o l e c u l a r  w e i g h t  30 ooo. 

The  pur i f i ca t ion  p r o c e d u r e  is s u m m a r i z e d  in T a b l e  I. T h e  f inal  p roduc t ,  t he  
p ro t e in  f rom F r a c t i o n s  Va  and  Vb, a p p e a r e d  h o m o g e n e o u s  as j u d g e d  f rom po ly-  
a c r y l a m i d e  gel e l ec t rophores i s  u n d e r  v a r i o u s  cond i t i ons  (Fig. 2). 
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ATP:AMP PHOSPHOTRANSFERASE FROM HUMAN MUSCLE 85 

T A B L E  I 

PURIFICATION OF HUMAN MUSCLE ADENYLATE KINASE ( INITIALLY 3000 g o F  MUSCLE) 

Step Resulting Vol. Total Total units 
fraction (m!) protein (units/ 

(rag) fraction) 

I. E x t r a c t i o n  of musc le  I i o  47 ° 32 200 620 ooo 
2. F rac t iona t ion*  

w i t h  phosphocel lu lose  I I  I 690 I 95 ° 362 ooo 
3. (NH4)2SO~ and  

p H  f r ac t iona t ion  I I I  I 880 985 286 ooo 
4. Ch roma tog raphy*  on 

phosphoce l lu lose  IV 290 174 220 ooo 
5. Gel f i l t ra t ion  Va 28 47 lO 4 ooo 

on Sephadex  G-75 Vb 35 5 ° 96 ooo 

Specific Purification Recovery 
activity (-fold) (%) 
(units~rag) 

19.2 I IOO 

184 9.5 58.4 

290 I5 . I  46.I 

126o 65.1 35.5 
2200 114. 5 16.8 
192o IOO 15. 5 

* A l t h o u g h  we purif ied on ly  the  q u a n t i t a t i v e l y  p r e d o m i n a t i n g  a d e n y l a t e  k inase  in muscle  in the  course 
of  our  p r epa ra t i ons  the re  were r egu la r  i nd ica t ions  of the  presence of isozymes~L A minor  c o m p o n e n t  wi th  ade- 
n y l a t e  k inase  a c t i v i t y  is shown in Fig. i ,  ano the r  one seems to  have  been bound  t i g h t l y  to  the  phosphocel lu lose  
in Step 2 and  could be washed  off only  wi th  o . i  M imidazo le -o .6  M NaC1 (pH 7.0). 

Fig. 2. Gel e lec t rophores i s  of h u m a n  muscle  a d e n y l a t e  kinase,  ioo/~1 of enzyme  s tock  so lu t ion  was  
added  to  900/*l  of 5.5 M u r e a - 2  M acet ic  acid.  5/~1 of th i s  so lu t ion  con t a in ing  8 #g  of p ro te in  was  
s u b m i t t e d  t h e n  to  e lec t rophores i s  in gels of 7 .5% a c r y l a m i d e  and  o.2~o m e t h y l e n e  b i sac ry l amide  
con t a in ing  5 M urea  a t  p H  4.3. E lec t rophores i s  was  carr ied  ou t  a t  room t e m p e r a t u r e  for 3 h a t  4 mA 
per  tube ,  or ig in  a t  top,  ca thode  a t  b o t t o m .  The  gels were s t a ined  wi th  Coomassie  b r i l l a n t  blue 
and des ta ined  in lO% acet ic  a c i d - 7 %  methano l .  
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Gravimetric standardization of the protein stock solution 
The protein of Fraction Va (50 mg) was precipitated by adding 0.6 g of solid 

(NH4)2SO 4 per ml. I t  was collected by centrifugation (MSE 18, 12 ooo rev./min, 
20 min, 4°), dissolved in 3 ml of o.I  M Tris-HC1-2 mM dithiothreitol (pH 8.0) and 
dialyzed 3 times against lOOO vol. of distilled water. After a clearing centrifugation 
(MSE 18, 12 ooo rev./min, 20 min, 4 °) the solution was stored at 4 °. I t  was found to 
be stable for 6 weeks at this temperature and was used as a stock solution for all 
experiments. 

750/zl of the stock solution was dried by lyophilization to a constant weight 
(12.o8 ~: 0.02 mg in a tared 2 ml flask). The amount of protein-bound water was 
neglected since a further drying procedure at 12o ° and IO mm Hg did not reduce 
the weight of the sample. Hence the protein concentration of the stock solution was 
assumed to be 16.1 mg/ml. This value was used for determining the ultraviolet 
absorption indices, the biuret factor ~° and the refractive index increment for human 
adenylate kinase. The results are given in Table IV. 

Preparation of single crystals 
500 #l of the protein stock solution (16.1 mg/ml) was dialyzed against I 1 of 

o.15 M imidazole-HCl-I .8 M (NH4)2SO 4 (pH 6.9). After dialysis the volume of the 
protein solution was brought to 500 /~1 by adding dialysis fluid, and it was then 
mixed with 250 #1 of o.15 M imidazole-HC1-4.o M (NH4)2SO 4 (pH 6.9). After IO days 
at 4 ° single crystals had grown in the turbid solution (Fig. 3). These crystals look very 
similar to those of porcine muscle adenylate kinase which are being used for X-ray  
analysis la. 

Fig. 3. Human  muscle adenylate kinase crystals in partially polarized light. 
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Determination of physicochemical constants 
For the estimation of the molecular weight three methods were used. By gel 

filtration .4 on Sephadex G-75 and G-ioo a value of 21 500 was determined (Fig. 4). 
Dodecyl sulfate gel electrophoresis .5 yielded the same result (Fig. 5). Under the 
assumption that  human muscle adenylate kinase contains two readily t i tratable SH 
groups, as in the case of the analogous proteins from pig 13 and rabbit21m 6, the mole- 
cular weight can be estimated by determining the thiol content of the enzyme. Using 
ELLMAN'S 16 method 8.8.IO -s moles of cysteine per mg of human adenylate kinase 
were obtained; 8. 9 • lO -8 moles of cysteine per mg of protein were found by t i trating 
the protein with PHMBI~, *1. This corresponds to a value of 2 moles of sulfhydryl 
groups per 22 600 g of protein. 

The value of the partial specific volume was estimated from the total amino 
acid composition according to the method of COliN AND EDSALIfl ~. 
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Fig. 4. Molecular weight determination by gel filtration on Sephadex G-75 (cf. ref. 24). HMK, 
human muscle adenylate kinase; RMK, rabbit muscle adenylate kinase; PMK, porcine muscle 
adenylate kinase. 
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Fig. 5. Molecular weight determination by dodecyl sulfate polyacrylamide gel electrophoresis 
(cf. ref. 25). Human muscle adenylate kinase and porcine muscle adenylate kinase (=  adenylate 
kinases) showed identical mobilities. 
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For determining the diffusion constant the gel filtration method described in 
detail by ACKERS 2s was followed. In our experiments the only reference protein was 
rabbit muscle adenylate kinase (Table II). Since the elution volumes for the two 
proteins were practically identical in all cases it follows that their Stokes' radii and 
consequently their diffusion coefficients are also identical. From the data given by 

T A B L E  I I  

D E T E R M I N A T I O N  OF T H E  D I F F U S I O N  C O E F F I C I E N T  B Y  G E L  F I L T R A T I O N  (Of. R E F .  2 8 )  

In  each exper iment  i mg of protein (--  2ooo enzyme units) was submi t ted  to gel filtration at  
2o °. The eluant  was o.15 M KC1 o.oi M potass ium phospha te  (pH 7.o). The elution volumes for 
rabbi t  or h u m a n  adenylate  kinase were determined by measur ing the enzymatic  activity. 

Sephadex type and 
total volume Vt of the 
colu~  

Elution volume (ml)  

Rabbit muscle H u m a n  muscle 
adenvlate kinase adenylate kinase 

G-75 (Vt 720 ml) 435 434 
G-Ioo (Vt -- 226 ml) 15o 152 
(;-200 (Vt -- 14o ml) 127 126 

T A B L E  I I f  

A M I N O  A C I D  C O M P O S I T I O N  OF H U M A N  M U S C L E  A D E N Y L A T E  K I N A S E  

Except  for cysteine the amino acid composi t ion of h u m a n  adenylate kinase was determined 
according to procedures which have been described in great  detail for rabbi t  muscle adenylate 
kinase 26. Four  samples, each containing o.75 nIg of adcnylate  kinase in I ml of constant-boil ing 
H C I - I %  phenol, were hydrolyzed in sealed evacuated tubes  at i i o  ° for 2o, 4 o, 7 ° and 14o h, 
respectively. After removal  of the HC1 in a desiccator over NaOH pellets amino acid analyses 
were carried out  with a Locarte automat ic  amino acid analyzer. The results given in the table 
were corrected for Set, Thr, Val, Ile, Leu, and for amnlonia.  Trp analyses were performed after 
Ba(OH)2 hydrolysis  26. 

A m i n o  acid residue N umber  of  amino acid 
residues in 22 500 g 
of  protein 

Aspartic acid 12.74 
Threonine 13.o8 
Serine 12.o 3 
Glutamic acid 25.71 
Proline 6.84 
Glycin e 18. o9 
Alanine 9.65 
Valine 14.76 
Methionine 3.72 
Isoleucine 7.68 
Leucine 16.83 
Tyrosinc 6.75 
Phenylalanine  4.97 
Lysine 19.62 
Histidine 3.8o 
Arginin e 13.17 
Amide anlmonia  12.1 
Cysteine 1.89 
T r y p t o p h a n  o. 12 
Tota l  

Nearest  integral number Integral number of 
of amino acid residues residues × respective 
for 22 5oo and 21 686 g residue molecular 
of protein weight 

13 1496.o 
13 1314. 3 
12 lO44.8 
26 3356.1 

7 679.8 
18 IO27.~ 
lo 71o. 7 
1.5 1487.o 
4 524 .8 
8 905.2 

17 1923.6 
7 1142.3 
5 73.5.9 

20 2563. 4 
4 548.7 

13 2030.3 
12  I 0 . 8  

2 2 0 6 .  3 
O - - -  

194 21686 
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NODA AND KUBY 20 a _D °%~o o of 9.9" IO-7 cm 2. sec  -1 can be ca lcu la ted  for r abb i t  muscle 
myokinase .  

The sed imen ta t ion  coefficient was ca lcu la ted  according to SVEDBERG'S 30 
equat ion.  Values  of  0.74 ml/g,  21 500 and  9.9" IO 7 cm 2 . sec i were used for the  pa r t i a l  
specific volume,  the  molecular  weight ,  and  the diffusion coefficient, respect ively.  

Amino acid analysis 
Only  one enzyme p r e p a r a t i o n - - r e p r e s e n t i n g  the adeny la t e  kinase of one 

ind iv idua l  m a n - - w a s  used for the  analysis .  Therefore  the  results  given in Table  I I I  
mus t  be i n t e rp re t ed  with  app rop r i a t e  reservat ions.  

T A B L E  IV 

M O L E C U L A R  P R O P E R T I E S  O F  H U M A N  M U S C L E  A D E N Y L A T E  K I N A S E  

Property Value Method 

i. Molecular weight (a) 21 700 
(b) 22 600 
(C) 2 1  5 0 0  

(d) 21 500 
2. Diffusion coefficient 

D°~o ( cm2" sec -1) 9-9" IO-7 

3. Specific volume 
~20 ° (ml-g -1) o.74 

4. Sedimentat ion cons tant  
s°2o ° (sec) 2.3' lO -13 

5. Frictional ratio fifo i .  15 
6. Specific absorbance* 

A I ~nl at  ;t = 279 n m  6.67 
i 

7. Molar absorbance* 
at A -- 279 n m  14 3oo 

8. Biuret factor (io ml total  
volume, I cm light path,  
)1. = 54 ° n m )  32.o 
(rag/absorption unit) 

9. Refractive index increment  
(An/Ac)2~ ° for 2 -- 589 nm 
(g/ loo nil) -1 1.8I '  10 -3 

Amino acid analysis 26. 
Ti trat ion of two SH groups21, 28. 
Dodecyl sulfate polyacrylamide gel electropho- 

resis "~. 
Gel filtration on Sephadex G-75 (ref. 24) 

Gel filtration .8 

Amino acid analysis t7 

Calculated by  use of the data  of ia, 2, and 3 
Calculated by  use of the data of ia, 2, 3, and 4 

* The molar  absorbance is not  in agreement  wi th  the values reported for rabbi t  adenylate  
kinase ( i i  3oo) z" and for porcine adenylate  kinase ( I I  5oo) 13. This phenomenon,  the only signi- 
ficant physicochemical discrepancy between the three analogous enzymes, mus t  be reinvestigated. 
Our  prel iminary findings indicate t ha t  the A,is 0 nm/A2, 0 nm ratio and the number  of tyrosine re- 
sidues are identical for the three proteins. 

** Gravimetr ic  s tandardizat ion.  

Determination of kinetic constants 
For  ease of compar ison  the  condi t ions  and  techniques  used b y  NODA 22 for 

r abb i t  muscle adeny la t e  kinase were appl ied  (Table V). The  Km for A D P  is stil l  a 
m a t t e r  of  con t roversy  sl and  should be re inves t iga ted  b y  t ak ing  into account  t ha t  
A D P  and  M g A D P  m a y  be two different  subs t ra tes .  
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T A B L E  V 

K I N E T I C  P R O P E R T I E S  O F  H U M A N  M U S C L E  A D E N Y L A T E  K I N A S E  

The condit ions used for the enzyme catalyzed reactions were: T = 25°; o.05 M Tris-HC1, (pH 8.0); I /zg  of 
adenylate  kinase in IO ml total  volume. 

Forward reaction Backward reaction 

Reaction 

Assay 

Optimal  [Mg~+ 1 
Michaelis cons tant  (Ks,) 

Molecular activity 
Specific activity 

2 A D P - +  ATP + AMP 
(MgADP + ADP ~ MgATP + AMP), 
cf. ref. 31 
(a) Microcolumn technique 22 
(b) Coupled enzyme sys tems 

(colorimetriclS, a9 and pH-t i t r i -  
metric 2° procedures) 

[Mg2+~ = ½ [ADP] 
0.35 mM for ADP 

47 000 units/t tmole enzyme 
2200 uni t s /mg protein 

ATP + AMP --~ 2 ADP 
(MgATP + AMP--+ MgADP + ADP), 
cf. ref. 3 i 
(a) Microcolumn technique 22 
(b) Coupled enzyme sys tem 

(colorimetric procedurO s) 

[Mg°'+i] -- [ATPj 
0.32 mM for AMP at [ATP] = 3 mM; 
o.27 mM for ATP at  [AMP 1 = 3 mM 
41 ooo units//~mole enzyme 
19oo uni t s /mg protein 

DISCUSSION 

The subunits of all known adenylate kinases n-15 as judged from their molecular 
properties and their amino acid compositions seem to be equivalent proteins. There- 
fore these ubiquitous enzymes might help in establishing the family tree of living 
organisms 32 and the relationship between subcellular structures33, 34. 

More practical problems prompted us to characterize the human enzyme. The 
investigation of adenylate kinases could be an aid in finding the basic biochemical 
lesion of progressive muscular dyst rophy 35. Moreover adenylate kinases might prove 
useful as drugs for desintegrating blood platelet thrombi 36. The enzyme described 
here has certain desirable features as a pharmacon: it is homogeneous, has a suf- 
ficiently low Michaelis constant for ADP and a high specific activity; it can be 
lyophilized and redissolved without loss of activity, and its half-life in the plasma 
is in the range of 3 to 6 h (R. H. SCHIRMER, unpublished results). 
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