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SUMMARY 

I. Acyl phosphatase (acyl phosphate phosphohydrolase, EC 3.6.1.7) has been 
purified from horse liver. The purification procedure consisted of an acetic acid ex- 
traction, an isoelectric precipitation of foreign proteins and three subsequent ion- 
exchange chromatographies. 

2. The molecular weight was determined by sodium dodecylsulfate-polyacryl- 
amide gel electrophoresis and by Sephadex G-75 gel filtration and the amino acid 
composition by ion-exchange chromatography. 

3. The above properties and the substrate specificity were compared with those 
found for horse muscle acyl phosphatase. 

INTRODUCTION 

Acyl phosphatase (acyl phosphate phosphohydrolase, EC 3.6.1.7) is one of the 
smallest enzymes on record. The molecular weight of horse muscle acyl phosphatase, 
determined by the sedimentation and the Archibald procedures, is about 94oo 1, 
while brain acyl phosphatase has a molecular weight of 8732 calculated from the 
amino acid composition 2. 

In 1954, Grisolia and Marshall 3 described a carbamyl phosphate phosphatase, 
which was subsequently shown to be the same enzyme as acyl phosphatase. The 
hydrolytic activity of acyl phosphatase on carbamyl phosphate was confirmed and 
studied by the same author a-5. The hydrolysis of 3-phosphoglyceryl phosphate by 
muscle acyl phosphatase was studied by Harary e, Krimsky 7 and finally by Ramponi 
et al. 8, who used a highly purified enzyme preparation. 

Carbamyl phosphate and 3-phosphoglyceryl phosphate, on the other hand, are 
naturally occurring substrates for acyl phosphatase in mammalian metabolism; so 
it is possible to allow some suggestions about the physiological role of this enzyme, 
which, by hydrolyzing these compounds, could regulate the glycolytic pathway, ureo- 
genesis and pyrimidine biosynthesis. 

Rakitzis and Mills", who purified acyl phosphatase from human erythrocytes, 
suggest that, in the presence of elevated levels of 3-phosphoglyceryl phosphate, the 
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enzyme would act as a "safety valve" and prevent excessive accumulation of such 
substrate. 

It  has also been demonstrated that 3-phosphoglyceryl phosphate and carbamyl 
phosphate can, respectively, acylate and carbamylate some proteins~°, n. Acyl phos- 
phatase could prevent such acylation and carbamylation n, exerting a regulatory 
role on the intracellular concentration of 3-phosphoglyceryl phosphate and car- 
bamyl phosphate. 

Non-enzymatic modifications, such as acylation and carbamylation, are named 
elastoplastic 12 and may represent a mechanism of control of the physiological activity 
of enzymatic and non-enzymatic proteins. 

So it seemed interesting to isolate and study acyl phosphatase from different 
tissues. There are two acyl phosphatase activities present in liver, one labile and the 
other acid, heat stable 6,13. 

In this paper we report the complete purification from horse liver of the stable 
one and a study of some of its structural and functional properties. 

Some comparative properties of muscle and liver acyl phosphatase are dis- 
cussed. 

EXPERIMENTAL PROCEDURES 

Materials 
Benzoyl phosphate and p-nitrobenzoyl phosphate were synthesized as by 

Ramponi et al. 14. Acetyl phosphate, phosvitin, carbamyl phosphate and ATP were 
purchased from Sigma Chemical Co. 3-Phosphoglyceryl phosphate was synthesized, 
with slight modification 8, according to Negelein and Br6meP 5. Acetyl-AMP was syn- 
thesized by the method of Berg 16. p-Nitrophenyl phosphate was obtained from 
Fluka AG, phosphocreatine and phosphoenolpyruvate from Boehringer & Soehne 
GmbH, Mannheim, Germany. CM-Sephadex C-25 and Sephadex G-75 were obtained 
from Pharmacia (Uppsala, Sweden), acrylamide from Eastman Organic Chemicals, 
N,N' -methy leneb isaery lamide  and N,N ,N ' ,N ' - t e t rame thy l e thy l ened iamine  from 
Serva (Heidelberg, Germany). Sodium dodeeylsulfate was purchased from B.D.H. 
Chemicals Ltd;  all other reagents were pure chemicals. 

Determination of proteis 
Protein concentrations were estimated by the method of Beisenherz et al. ~7 or 

by ultraviolet absorption. 

Standard deterrninatios of activity 
Aeyl phosphatase activity was tested by a continuous optical method at 283 nm, 

using benzoyl phosphate as substrate TM. The unit of activity is defined as the amount 
of enzyme which liberates from benzoyl phosphate I/zmole of benzoate/min at 25 °C 
and pH 5.3. Specifc activity is defined as units/mg protein. 

Activi ty  on other substrates 
When substrates other than benzoyl phosphate were used, the determination 

of aeyl phosphatase hydrolytic activity was carried out on acetyl phosphate and 
acetyl-AMP by determining the residual substrate after a suitable time, using the 
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hydroxylamine-ferric chloride method of Lipmann and Tuttlelg; on p-nitrobenzoyl 
phosphate, by a continuous-spectrophotometric optical test at 320 nm, assuming a 
value of 0.500 mM - l ' c m  -1 for the extinction change coefficient; on carbamyl phos- 
phate by measuring the phosphate released according to the method of Baginski 
et al.~°; on phosvitin and pyrophosphate by measuring the phosphate released by  the 
method of Lowry and Lopez ~1 and of W61tgens and Ahsmann 2z, respectively; on 
3-phosphoglyceryl phosphate and phosphocreatine, by the determination of residual 
substrates after a suitable time with enzymatic optical tests~3,24; on p-nitrophenyl 
phosphate at pH 5-3 as by Lowry ~5 and at pH lO. 4 by  a continuous optical test26; 
on ATP and phosphoenolpyruvate, by measuring the release of ADP and pyruvate,  
respectively, by  optical tests27, 28. 

Polyaerylamide gel electrophoresis 
Polyacrylamide gel electrophoresis was carried out according to the method of 

Reisfeld et al. 29. The glass tubes were IO cm long with an inner diameter of 0.5 cm. 
A 15% gel (6 cm high) was used. The sample was directly layered onto the upper 
surface of the separating gel. The eleetrophoresis was run at 3.5 mA per tube for 
15o min in a cold room. The gels were stained with 0.5% amido black solution in 
methanol-acetic acid-water (5o:1o :5 o, by vol.) and destained with the same solvent. 

Molecular weight determination 
The molecular weight of the purified enzyme was determined by the sodium 

dodecylsulfate-polyacrylamide gel electrophoresis procedure of Dunker and 
Rueckert  3° and also by  Sephadex G-75 gel filtration according to the method of 
Andrews al. For tile sodium dodecylsulfate method, glass tubes (0. 5 inner diameter × 
IO cm long) with a gel height of 6 cm using a 15% gel and o.I M phosphate buffer 
pH 7.2 containing I %  sodium dodecylsulfate were employed. The acrylamide to 
methylenebisaerylamide ratio was 29 : I (w/w). Samples, at a concentration of about 
2 mg/ml in I %  2-mercaptoethanol (v/v), 4 M urea and I %  sodium dodecylsulfate, 
were incubated at 45 ° C for 45 min. Aeyl phosphatase samples were prepared with 
and without mercaptoethanol.  The eleetrophoresis was run at 8 mA/tube for 7 h at 
room temperature.  The gels were stained with 0.5% amido black in methanol-acetic 
acid water (5o:1o:5o, by vol.) for 2 h and then destained with the same solvent. 
Every  tube contained chymotrypsinogen as marker  to correct ramdom errors. The 
position of the bands was determined by scanning the gels with a Gilford 2400 spec- 
t rophotometer  equipped with 241o linear t ransport  apparatus.  The conversion of 
migration distances to relative mobilities was accomplished by dividing each migra- 
tion distance by that  of chymotrypsinogen. For the gel filtration method, a column, 
with an internal diameter of I cm and a length of 60 cm, was packed to a height of 
54 cm with Sephadex G-75 equil ibrated with 0.05 M Tris-hydrochloride buffer, 
pH 7.5, containing o.I M KC1. The proteins used as standards were used in various 
combinations, usually three at a time, to calibrate the column. The quantities em- 
ployed for each protein were of about 0.2-o.3 mg in a total  volume of o.15 ml. 
Alcohol dehydrogenase was present in all the mixtures and its elution volume was 
taken as the void volume (V0). A flow rate of 3.3 ml/h was maintained by a LKB 
peristaltic pump and the absorbance of the effluent at 23o nm was monitored by a 
Gilford 2400 spectrophotometer equipped with a flow cell. 
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Amino acid analysis 
Analysis was performed according to the procedure of Spackman et al. ay, in a 

Beckman Unichrom amino acid analyzer, equipped with a microcuvet. Protein 
samples were hydrolyzed at IiO °C for 20-7 ° h in 6 M HCI. Cystine plus cysteine was 
independently determined as cysteic acid in a performic acid oxidized protein 
sample 3~. Values for serine, threonine and tyrosine were corrected according to 
Moore and Stein 34. Tryptophan was determined by the method of Matsubara and 
Sasaki 35. 

N-terminal analysis 
The NHy-terminal residues of acyl phosphatase were determined by the dansyl 

procedure reported by  Gray a~ and by the Edman degradation technique according 
to Schroeder3L Dansyl-amino acids were separated by thin-layer chromatography 
according to the method of Nedkov and Genov as and phenylthiohydantoin-amino 
acids by thin-layer chromatography as described by Brenner et al. ~9. 

C-terminal analysis 
C-terminal analysis was performed by selective tritiation method of Matsuo 

et al. 4°, which is based on oxazolone formation at the carboxy-end of the protein by 
the action of acetic anhydride. The oxazolones contain an active hydrogen and in- 
corporate tr i t ium when treated with aHyO and pyridine. Protein or peptide was dis- 
solved in o.I ml (ioo mCi) of tri t iated water; 0.2 ml of pyridine and 0.05 ml of acetic 
anhydride were added and the mixture was kept at room temperature for 5 11. After 
evaporation in vacuo at 4 ° °C, the residue was washed io times with distilled water 
and subjected to hydrolysis in 6 M HC1 for 24 h. The identification of labeled amino 
acids was carried out by an improved procedure devised in our laboratory, consisting 
in the use of the amino acid analyzer 41. The exit of the flow colorimeter was connected 
to a fraction collector; 2-ml fractions were collected. A o.8-ml portion of every frac- 
tion was introduced into a counting vial and successively 0. 5 ml of distilled water 
and io ml of scintillation solution (one-third parts of Triton X-Ioo and two-thirds 
parts of Liquifluor diluted I :IO with toluene) were added. 

Determination of chloride 
This was carried out according to the method of Volhard. 

RESULTS 

Purification of the enzyme 
25 kg of tissue were homogenized in IOO 1 of 1. 5 M acetic acid. After centrifu- 

gation for 60 min at 2000 × g the supernatant was brought to pH 4.9. The precipitate 
was discarded off and the supernatant  was dialyzed against tap water for 40 h. The 
above supernatant  was chromatographed on a CM-Sephadex C-25 column (15 cm × 
80 era) equilibrated with 0.05 M acetate buffer, pH 5.8. The column was eluted by a 
salt concentration gradient from o to I M MAC1. Fig. I shows tile elution diagram of 
this chromatography. Fractions 280-320 were pooled; these correspond to the major 
component with acyl phosphatase activity. The next purification must be referred 
to these fractions. The above fractions were rechromatographed on a CM-Sephadex 
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Fig. i .  The  e lu t ion profile of  e n z y m e  f rom a 15 cm X 80 cm c o l u m n  of  CM-Sephadex  C-25 (Step 
3). E x p e r i m e n t a l  deta i ls  are  g iven  in t he  t ex t .  -, ab so rbance  a t  280 n m ;  O - - O ,  acyl  phos-  
p h a t a s e  ac t i v i t y  (uni ts /ml)  ; E l - - D ,  NaC1 molar i ty .  T he  solid ba r  indica tes  t he  f rac t ions  pooled 
for t he  n e x t  s tep.  

C-25 column (5 cm × 55 cm) equilibrated with 0.05 M acetate buffer, pH 4.8. The 
elution was performed with a salt concentration gradient from o to i M NaC1. The 
elution diagram is reported in Fig. 2. The Tubes 41o-438 were pooled. 

One fifth of the above fraction was rechromatographed again on a CM-Sephadex 
C-25 column. (I cm × 2o cm) equilibrated with 0.05 M phosphate buffer, pH 5.8. 
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Fig. 2. The  e lu t ion  d i a g r a m  of  acyl  p h o s p h a t a s e  ob ta ined  on r e e h r o m a t o g r a p h y i n g  pooled frac- 
t ions  o f  Step  3 on a 5 c m  × 55 c m  c o l u m n  of  CM-Sephadex  C-25 (Step 4). Deta i l s  are g iven  in t he  
t ex t .  - - - - ,  a b s o r b a n c e  a t  280 n m ;  O - - O ,  acyl  p h o s p h a t a s e  ac t i v i t y ;  [ ~ - - D ,  NaC1 molar i ty .  
Solid ba r  ind ica tes  t he  f rac t ions  pooled and  used  in Step  5. 
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T A B L E  I 

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

Step Fraction Volume Protein Specific activity Total activity Yield Purij'ication 
(ml) (rag) (units~rag) (units) (%) (-fold) 

I Acet ic  acid e x t r a c t  93 OOO 1848 780 O.17 319 700 IOO - -  
2 Fore ign-pro te ins  98 ooo 56 84o 2.76 157 ooo 49- i 16 

p r ec ip i t a t i on  
3 F i r s t  CM-Sephadex i 900 i 8o 5 36.6 66 ooo 20.6 215 

c h r o m a t o g r a p h y  
4 Second CM-Sephadex 800 ~ i6  386 44 800 14.o 2 270 

c h r o m a t o g r a p h y  
5 CM-Sephadex  lO2. 5 7.5 28o0 21 500 6. 7 16 47 ° 

c h r o m a t o g r a p h y  
(specific elution) 

Phosphate, a well known~inhibitor of acyl phosphatase activity4e-44,7, 45,4~ was 
L 

chosen to a t tempt  a specific elution of the enzyme. The column was eluted by a salt 
concentration gradient from o' to o.3 M NaC1 dissolved in the above[phosphate buffer. 

• ~. 
Fig. 3 shows the result of this chromatography. Fractions ioo - I iO  were pooled; this 
solution had a specific activity of 280o which indicates a 16 ooo-fold purification. 
This procedure was repeated for all the preparation. In Table I the steps of the puri- 
fication procedure are summarized. 
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Fig. 3- Specific p h o s p h a t e  e lu t ion  of  enzyme  on a I cm × 20 cm. CM-Sephadex C-25 co lumn;  
de ta i l s  are  g iven in the  tex t .  - - - - - - ,  absorbance  a t  280 nm;  O - - O ,  acy l  phospha t a se  a c t i v i t y ;  
E] - - [~ ,  NaC1 molar i ty .  The solid bar  ind ica tes  the  por t ion  of the  e lu ted  solut ion con ta in ing  the  
purif ied enzyme.  

Properties of the purified enzyme 
Polyacrylamide gel electrophoresis. Fig. 4 A shows the pat tern of liver acyl phos- 

phatase at the fifth step of the purification procedure. I t  can be seen that  an intense 
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T A B L E  I [  

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

The values repor ted for horse muscle acyl phospha tase  are f rom Ramponi  et al. 1. 

Amino acid Amino acid residue (%) Residues/molecule of protein a 

Liver 3luscle Liver Muscle 

Lysine I 1.6o I 1.29 8 8 
Histidine i.o 5 o.81 I I 
Arginine 8.22 8.61 5 5 
Aspart ic acid 8.27 7.85 7 6 
Threonine 5.65 5.58 5 5 
Serine 12.29 9.07 13 io 
Glutanlic acid 13.95 12.8o io 9 
Proline 2.98 3.57 3 3 
Glycine 5.66 4.2o 9 7 
Alanine 3.o4 2-53 4 3 
Cystine (half) 1.41 1.87 I 2 
Valine 8.75 8.89 8 8 
Methionine i .58 2.23 I 2 
Isoleucine 3.16 2.96 3 2 
Leucine 3.29 3.85 3 3 
Tyrosine 4.32 4.88 2 3 
Phenylalanine 4.76 4.96 3 3 
T r y p t o p h a n  o (3.35) o I b 

a Nearest  integral number ,  calculated on the basis of a molecular weight  of 9400. 
b Corrected value obtained f rom the complete enzymic hydrolysis  47. 

Fig. 4. Polyacrylamide gel electrophoresis pa t t e rns  of acyl phospha tase  at  the fifth step of puri-  
fication (A) and after  r ech romatography  (B). 
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band is present accounting for about 9o% of proteins, with one other very small 
impurity. Fig. 4 B shows the pattern of the enzyme rechromatographed and used for 
amino acid analysis. 

Molecular weight. Fig. 5A shows the plot obtained with Sephadex G-75 gel 
filtration method. From this plot an apparent molecular weight of 8300 was found 
for liver acyl phosphatase. The plot obtained with the sodium dodecylsulfate-poly- 
acrylamide method is reported in Fig. 5B. It  can be seen that the relative mobility of 
liver acyl phosphatase overlaps the mobility of muscle acyl phosphatase. 
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Fig. 5. Molecular weight determination of purified protein. (A) plot obtained with Sephadex G-75 
gel filtration method, expressed as V/V  o against log (mol. wt). (B) plot obtained with sodium dode- 
cylsulfate-polyacrylamide method, expressed as relative mobility against log (mol. wt). I, bovine 
serum albumin; 2, ovalbumin; 3, carboxypeptidase A; 4, chymotrypsinogen; 5, soya-bean trypsin 
inhibitor; 6, myoglobin; 7, cytochrome c; 8,horse muscle acyl phosphatase. "a"  indicates the horse 
liver acyl phosphatase. Experimental details are given in the text. 

Amino acid composition. For the amino acid analysis, the enzyme from Step 5 
was purified again by another ion-exchange chromatography on CM-Sephadex C-25, 
equilibrated with 0.05 M phosphate buffer, pH 5.8, and then eluted with a phos- 
phate buffer gradient, pH 5.8 (from 0.05 M to 0.2 M). In Table II the amino acid 
composition of the purified liver enzyme is reported and compared with that of the 
muscle enzyme. It  can be seen that  there are some small differences in the amino 
acid composition of the two enzymes. 

NH~-terminal amino acid. The examination of dansyl protein hydrolysate by 
thin-layer chromatography on silica gel revealed only e-dansyl lysine, dansyl NH 2 
and small amounts of by-product. The inability to detect any phenylthiohydantoin- 
amino acid by the Edman procedure, support the hypothesis that the NH2-terminal 
amino acid is substituted. 

COOH-terminal amino acid. Table III  shows the results obtained by selective 
tritiation experiments. It  is evident that tyrosine is the C-terminal amino acid. 

Substrate .specificity. The specificity of liver acyl phosphatase toward various 
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T A B L E  I I I  

S E L E C T I V E  T R I T I A T I O N  OF H O R S E  L I V E R  A C Y L  P H O S P H A T A S I g  

Amino acid cpm* 

Lys ine  12o 
H i s t i d ine  12o 
Arg in ine  o 
Aspa r t i c  acid 23 ° 
Threon ine  120 
Serine 380 
G l u t a m i c  acid 480 
Prol ine 4 ° 
Glycine  30o 
Alanine  I5O 
Cys t ine  o 
Val ine  45 
Meth ionine  180 
Isoleucine  I I o 
Leucine  17 ° 
Tyros ine  113o 
P h e n y l a l a n i n e  390 

* E x p r e s s e d  as the  s um  of c pm  of al l  f rac t ions  of  each amino  acid. 

T A B L E  IV  

ACTIVITY" OF L I V E R  A C Y L  P H O S P H A T A S E  T O W A R D  A N U M B E R  OF C O M P O U N D S  

Compound Relative rate of 
enzymic hydrolysis* 

p - N i t r o b e n z o y l  phospha te*"  22.5 
Benzoy l  phosphate** 7.5 
3 -Phosphog lyce ry l  phosphate** o. 7 
Ace ty l  phospha te"*  I 
C a r b a m y l  phosphate*"  o. i 
Phosphocrea t ine** o 
Adenos ine  5 ' - t r iphosphate**  o 
Pyrophospha te**  o 
p - N i t r o p h e n y l  phosphate*"  o 
p - N i t r o p h e n y l  phosp ha t e ' * "  o 
Acetyl-AMP** o 
P h o s p h o e n o l p y r u v a t e ' "  o 
P h o s v i t i n "  o 

* The r a t e  w i t h  ace ty l  p h o s p h a t e  is t a k e n  as un i ty .  
*" I n c u b a t i o n  was  per formed  in o.I M a c e t a t e  buffer, p H  5.3. 

*** I n c u b a t i o n  was  pe r fo rmed  in o.I  M g l y c i n e - N a O H  buffer, p H  lO. 4. 

compounds is very similar to that found for muscle acyl phosphatase. The relative 
hydrolysis rates are reported in Table IV. 

DISCUSSION 

The purification method of liver acyl phosphatase described here gives a highly 
purified enzyme. The enzyme purified from liver shows properties similar to those 
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found for the enzyme purified from muscle, heart and brain. As regards amino acid 
analysis, the liver enzyme shows only small differences in comparison with those 
obtained with horse muscle acyl phosphatase. 

I t  is interesting to note that  the presence of only one residue of cysteine and 
the absence of a carboxyterminal  glycine can be related to the absence of gluta- 
thione, which in muscle acyl phosphatase is bound by an S-S bridge to the enzyme. 
Furthermore from Fig. 6 it can be seen that  liver acyl phosphatase does not overlap 
the muscle enzyme in 15% polyacrylamide gel electrophoresis carried out according 
to the method of Reisfeld at al. 2~. 

Fig. 6. 15 ~O i'olyacrylamide gel electrophoresis patterns: (A) Horse muscle acyl phosphatase. (B) 
Mixture of horse muscle and horse liver acyl phosphatase. (C) Horse liver acyl phosphatase. 

As concerns the terminal amino acids, the carboxyterminal,  tyrosine, is the 
same as that  found for muscle acyl phosphatase, while the inability to detect an 
NH~-terminal amino acid may indicate that  the NH~ group is substituted; this was 
also supposed by Diederich and Grisolia ~ for brain acyl phosphatase. 

The molecular weight determined by  sodium dodecylsulfate-polyacrylamide 
electrophoresis is identical to that  of muscle acyl phosphatase, while the value ob- 
tained by the Sephadex G-75 procedure is lower; this fact could be explained by a 
different conformation of the enzyme, which consequently causes a retardation along 
the Sephadex column. 
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The specificity for various substrates is rather similar for muscle and liver 
enzyme. 

As regards its physiological role, it is interesting to note the activity of the liver 
enzyme towards carbamyl phosphate. This compound can easily reach high concen- 
trations in liver and its level may therefore be partly controlled by acyl phosphatase. 

ACKNOWLEDGEMENTS 

This research was supported by grants from the Italian Consiglio Nazionale 
delle Ricerche and the Ministero della Pubblica Istruzione. 

We are indebted to Mr G. Camici for his skillful technical assistance. 

R E F E R E N C E S  

i G. R a m p o n i ,  A. Guerr i tore ,  C. Treves ,  P. Nassi  and  V. Baccari ,  Arch. Biochem. Biophys., 13o 
(1969) 362. 

2 D. A. Diederich and  S. Grisolia, J. Biol. Chem., 244 (1969) 2412. 
3 S. Grisolia and  R. O. Marshal l ,  Biochim. Biophys. Acta, 14 (1954) 446. 
4 S. Grisolia, J. Ca ravaca  and  B. K. Joyce,  Biochim. Biophys. Acta, 29 (1958) 432. 
5 L. R a i j m a n ,  S. Grisolia and  H. Edelhock ,  J. Biol. Chem., 235 (196o) 234 o. 
6 I. Ha ra ry ,  Biochim. Biophys. Acta, 26 (1957) 434. 
7 I. K r i m s k y ,  J. Biol. Chem., 234 (1959) 228. 
8 G. R a m p o n i ,  C. Treves  and  A. Guerr i tore ,  Experientia, 23 (1967) lO19. 
9 E.  T. Rak i t z i s  a n d  G. C. Mills, Arch. Biochem. Biophys., 134 (1969) 372. 

io  S. Grisolia, Biochem. Biophys. Res. Commun., 32 (1968) 56. 
i i  G. R a n l p o n i  a n d  S. Grisolia, Biochem. Biophys. Res. Commun., 38 (197 o) IO56. 
12 S. Grisolia, Physiol. Rev., 44 (1964) 657. 
13 A. Guerr i tore ,  A. Zanob in i  a n d  G. R a m p o n i ,  Boll. Soc. Ital. Biol. Sper., 35 (1959) 2163- 
14 G. R a m p o n i ,  C. Treves  a n d  A. Guerr i tore ,  Arch. Biochem. Biophys., 115 (1966) 129. 
15 E. Negele in  a n d  H. Br6mel ,  Biochem. Z., 3Ol (1939) 135. 
16 P. Berg,  J. Biol. Chem., 222 (1956) lO15. 
17 G. Beisenherz ,  H. J. Boltze,  Th.  Biicher,  R. Czok, K. H. Garbade ,  E. M e y e r - A r e n d t  and  G. 

Pfleiderer,  Z. Naturforsch., 8 (1953) 555. 
18 G. R a m p o n i ,  C. Treves  and  A. Guerr i tore ,  Experientia, 22 (1966) 705 . 
19 F. L i p m a n n  and  L. C. Tur t le ,  J. Biol. Chem., 159 (1945) 21. 
20 E. S. Baginski ,  P. P. Foa  and  B. Zak,  Clin. Chim. dcta, 15 (1967) 155. 
21 O. H. Lowry  a n d  J. A. Lopez,  J. Biol. Chem., 162 (1946 ) 421. 
22 J. W61tgens  and  W. A h s m a n n ,  Anal. Biochem., 35 (197 o) 526. 
23 E. Negelein a n d  H. Br6mel ,  Biochem. Z., 303 (1939) 132. 
24 W. L a m p r e c h t  and  P. Stein,  in H. U. Bergmeyer ,  Methods of Enyzmatic Analysis, Academic  

Press ,  New York,  1963, p. 61o. 
25 O. H. Lowry ,  in S. P. Colowick and  N. O. K a p l a n ,  Methods in Enzymology, Vol. 4, Academic  

Press,  New York,  1957, p. 371. 
26 F. Melani  a n d  A. Guerr i tore ,  Experientia, 20 (1964) 464 . 
27 W. L a m p r e c h t  and  I. T rau t scho ld ,  in H. U. Bergmeyer ,  Methods of Enzymatic Analysis, Aca- 

demic  Press ,  New York,  1963, p. 543. 
28 R. Czok and  L. Ecker t ,  in H. U. Bergmeyer ,  Methods of Enzymatic Analysis, Academic  Press ,  

New York,  1963, p. 224. 
29 R. A. Reisfeld,  U. J.  Lewis  a n d  I. E. Will ianls ,  Nature, 195 (1962) 281. 
3 ° A. K.  D u n k e r  and  R. R.  Ruecker t ,  J. Biol. Chem., 244 (1969) 5074 . 
31 P. Andrews ,  Biochem. J., 91 (1964) 222. 
32 D. G. S p a c k m a n ,  W.  H.  Stein a n d  S. Moore, Anal. Chem., 3 ° (1958 ) 119o. 
33 S. Moore, J. Biol. Chem., 238 (1963) 235. 
34 S. Moore and  W. H. Stein, in S. P.  Colowick and  N. O. Kap lan ,  Methods in Enzymology, Vol. 6, 

Academic  Press ,  New York,  1963, p. 819. 
35 H. M a t s u b a r a  a n d  R. M. Sasaki ,  Biochem. Biophys. Res. Commun., 35 (1969) 175. 
36 W. R. Gray,  in S. P. Colowick and  N. O. Kap lan ,  Methods in Enzymology, Vol. I i, Academic  

Press ,  New York,  1967, p. 139. 

Biochim. Biophys. Acta, 284 (1972) 485-496 



496 G. RAMPONI et al. 

37 W. A. Schroeder, in S. P. Colowick and N. O. Kaplan, Methods in Enzymology, Vol. I i, Aca- 
demic Press, New York, 1967, p. 445. 

38 P. Nedkov and N. Genov, Biochim. Biophys. Acta, 126 (1966) 544. 
39 M. Brenner, A. Niederwieser and G. Pataki, in E. Stahl, Thin-Layer Chromatography, Academic 

Press, New York, 1965, p. 391. 
4 ° H .  Matsuo, Y. Fujimoto and T. Tatsuno, Biochem. Biophys. Res. Commun., 22 (I966) 69. 
41 G. Cappugi, P. Nassi, C. Treves and G. Ramponi, Experientia, 27 (1971) 237. 
42 S. Shapiro and E. Wertheimer, Nature, 156 (1945) 690. 
43 F. Lipmann, in F. F. Nord, Advances in Enzymology, Vol. 6, hlterscience, New York, 1046, 

p. 231. 
44 I. Harary, Fed. Proc., 16 (1957) 192. 
45 A. Guerritore, G. Ramponi and A. Zanobini, Eur. Syrup. Med. Enzymol., (196o) 507 . 
46 A. Guerritore, G. Ramponi and A. Zanobini, Boll. Soc. Ital. Biol. Sper., 36 (196o) 1986. 
47 O. Ramponi, G. Cappugi, C. Treves and P. Nassi, L/re Sci., lO (1971) 983. 

Biochi.m. Biophys. Acta, 284 (1972) 485 496 


