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SUMMARY 

The common occurence of a ferrous iron-dependent alkaline phosphatase in crystalline 
preparations of yeast alcohol dehydrogenase is reported. Some of the properties of the 
enzyme together with a method for separating it from ethanol dehydrogenase are 
described. 

INTRODUCTION 

Brewer's yeast contains a specialized phosphatase that cleaves p-nitrophenyl phosphate 
to equimolar amounts of orthophosphate and p-nitrophenol. This activity on 
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p-ni t rophenyl  phosphate was first observed in incubat ion  mixtures  to which crystallim, 
ADH had been added to generate D P N H  +. The source of the phosphatase proved 
to be the ADH preparat ion itself. This catalyst  was inact ivated by heat ing and 
required ferrous iron for ac t iv i ty  ,~. A survey of several different commercial  prepa- 
rat ions of crystall ine yeast ADH revealed that  al though phosphatase ac t iv i ty  was 
not  always associated with ADH act ivi ty,  it was exhibi ted by  a large n u m b e r  of 
the samples tested. Accordingly, a t t empts  were made to find a reliable method for 
separation of the enzymes and, also, some addit ional  properties of the phosphatase 
were ascertained. 

As shown in Table I, employment  of the convent ional  purification procedure for 
yeast ADH (I) results in the s imul taneous  enrichment ,  to the same extent,  of both  
enzymes. This explains why most  crystalline yeast  ADH preparat ions exhibit  
phosphatase act ivi ty.  

TABLE I 
SIMULTANEOUS PURIFICATION OF AN ALKALINE PHOSI~HATASE AND ANN FROM YEAST 

Protein mg 
Specific activity 

Phosphalase* ADH** ADH/phosphatase 

Heated crude extract*** 13,8oo 0.83 9,280 r i ,2oo 
Dialyzed acetone ppt. 6,0o0 i .88 15,35 ° S, 17 ° 
0.286 sat. (NH4)2SO 4 supernatant solution 855 .5.0 39,300 7,850 
First crystalline preparation 31, 6. l 5 58,7oo 9,55o 

* The specific activity of the phosphatase is defined as /*moles p-nitrophenol liberated/mg 
protein/h. The reaction mixtures contained TRIS buffer, pH 7-9, 2o #moles; disodium p-nitro- 
phenyl phosphate, 2o /,moles: FeSO4, 5 /,moles; AMP, 5 /*moles and enzyme, 0. 5 to 3 units in a 
total vol. of 0.5 ml. Samples were incubated in an atmosphere of helium or hydrogen in I o × 75 mm 
stoppered test tubes for 3 ° min at 3 I°. HC104 [3 %, v/v~ was added and aliquots of the depro- 
teinized solutions assayed for p-nitrophenol ~. 

"* ADH units are those defined by RACKER except that o.i #mole rather than o.o5 /tmole 
DPN/ml was employed in the assay. Specific activity equals units/mg protein. 

*** Prepared from 2oo g of dried Fleischmann's baker's yeast and fractionated according to the 
procedure of RACKER 1. 

Adsorpt ion steps were tested as a means of separating the two proteins, since in 
the ord inary  procedure for ADH isolation, these techniques are not  employed. Calcium 
phosphate gel s, DEAE-cellulose 4 and  hydroxy  apati te  5 were added in varying  amounts  
to enzyme solutions in lO .3 M K phosphate,  pH 6.8. At this pH the hydroxy apat i te  
proved most  suitable. Accordingly, a crystall ine enzyme preparat ion containing ADH 
and phosphatase was di luted with the pH-6.8 buffer and aliquots were t reated with 
increasing amount s  of hydroxy apatite.  A selective adsorption of ADH was observed 
and  the phosphatase tended to remain in the superna ten t  solution (Table II).  The 
ADH was quan t i t a t ive ly  eluted from the hydroxy  apat i te  with 0.I M K pyro- 
phosphate,  pH 8.5. Therefore, use of a gradient-elut ion system with this adsorbent  
would undoub ted ly  yield ADH preparat ions devoid of phosphatase activity.  

The following abbreviations are employed: ADH, alcohol dehydrogenase; DPNH +, reduced 
diphosphopyridine nucleotide; DPN, diphosphopyridine nucleotide; ATP, adenosine-5'-tri- 
phosphate; ADP, adenosine-5'-diphosphate; AMY, adenosine-5'-phosphate; TRIS, tris(hydroxy- 
methyl)aminomethane-hydrochloride ; IMP, inosine-5'-phosphate ; GMP, guanosine-5'-phosphate ; 
DEAE-cellulose, diethylamino ethyl cellulose (Eastman). 

§ Initially ferrous iron had been generated by a DPN-linked iron reductase present in one of 
the bacterial extracts added to the incubation mixtures. 
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TABLE II 

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

Protein remaining Enzyme remaining in supernatent solution* 
in supernatent 

solution Phosphatase ADH ADH/phosphatase 
mg /ml units /ml units /ml 

None** 1.65 6.55 57 ° 87 
OH-apatite (A**) 1.o7 5.83 37 ° 63.5 
OH-apatite (B**) 0.86 5.4 ° 300 55.5 
OH-apatite (C**) o.276 1.96 approx. 2o approx, lO. 3 

* See footnotes Table I. 
** Twice-crystallized ADH (Sigma) was diluted in lO 4 M K phosphate, pH 6.8, and aliquots 

were treated with hydroxy-apatite; Sample A, 6. 4 mg; Sample B, 8. 5 mg and Sample C, 12. 7 mg 
OH-apatite/mg protein. 

Aging is probably the simplest procedure for obtaining phosphatase preparations 
with little or no ADH activity since ADH decays much more rapidly at o °, especially 
in dilute solution. Commercial preparations of twice-crystallized yeast ADH exhibited 
phosphatase activities ranging from 12 to o units/mg protein. 

Conditions for assay of phosphatase activity on p-nitrophenyl phosphate are 
described in a footnote of Table I. At pH 7.9, the phosphatase is saturated with 
p-nitrophenyl phosphate at a concentration of o.o 4 M. Under similar conditions, the 
enzyme is 2 to 3 times more active on phosphoramidate (o.o2 M) as substrate. 
However, creatine phosphate, acetyl phosphate, phosphoenolpyruvate,  glucose-i- 
phosphate, glucose-6-phosphate, fl-glycerol phosphate, ATP and AMP are not 
hydrolyzed. The preparation resembles, somewhat, beef-spleen phosphoramidase 6 but 
is readily distinguishable from a number of non-specific alkaline phosphomono- 
esterasesT-L The identity of the natural substrate has not been further investigated. 

The pH optimum of the phosphatase, with p-nitrophenyl phosphate as substrate, 
is in the range 7.5 to 8.o (o.o 4 M TRIS buffers). Omission of Fe++ from the reaction 
mixture prevents the hydrolysis of both p-nitrophenyl phosphate and phosphoramidate 
by the purified enzyme. Activity of the phosphatase is completely destroyed by 
heating at IOO ° for io rain. 

As would be suspected from their behavior during purification, the two yeast 
proteins that catalyze ethanol oxidation and p-nitrophenyl phosphate cleavage are 
remarkably similar in a number of their properties. Like yeast ADH, the phosphatase 
is sensitive tO SH-binding agents. The enzyme was found to be inhibited 80 % by 
preincubation for 15 min at o ° with lO .4 M p-chloromercuriphenyl sulfonate and 
5o % by io .5 M. In similar experiments with iodoacetate, 8o % inhibition was 
observed at io -2 M and 4 ° % inhibition at IO -3 M concentrations. Preparations of 
the phosphatase at all stages of purity after the acetone step are markedly dependent 
upon the addition of pyrophosphate or various nucleotides for activity on either 
p-nitrophenyl phosphate or phosphoramidate. The activating effects of these sub- 
stances are even more striking on the crystalline enzyme preparations (Fig. I) and 
are similar to those reported by VAN EYS et al. for yeast ADH 1°. ATP and ADP 
stimulate the phosphatase equally as well as does pyrophosphate ; DPN (4 × lO-3 M) 
is about 2/3 as effective on a molar basis. In contrast to ADH, a pyrophosphate 
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grouping does not appear to be obligatory for activation of tile phosphatase, since 
AMP and to a lesser degree IMP and GMP also serve as activators. 

In view of the ease of crystallization of yeast ADH after a relatively small overall 
purification, it is not surprising that  the crystalline material frequently contains 
more than one enzyme. The experiments reported here illustrate that  tile conventional 
steps for ADH preparation can result in the purification to a comparable degree and, 
presumably, the cocrystallization of a very similar protein possessing phosphatase 
activity.  
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Fig. I. The effect of inc reas ing  concen t r a t i ons  of AMP (open circles) and  p y r o p h o s p h a t e  (closed 
circles) on the  r a t e  of r eac t ion  of y e a s t  a lka l ine  phospha ta se .  E a c h  s ample  (o.5 ml) con ta ined  53 #g  
c rys t a l l i ne  y e a s t  A D H  (Sigma) and  the  i nd i ca t ed  a m o u n t  of ac t iva to r .  Othe r  r e a c t a n t s  and  

cond i t i ons  are l i s ted  in  Table  I. 
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