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Abstract

The hydrolysis of pyrophosphate was investigated at different

concentrations (2X10~3 M, 4X10~3 M and 1(f2 M) of [N4CO(OH)(OH ))
2+

[N. = en2 and tn^ ten = ethylenddiamine, tn = trimathylenediamine)]
2+ + ' -using Eu /H and OH quenching techniques. The reaction was

inonitored by measurement of orthophosphate (pi) in quenched aliquots

of the reaction mixtures using Malachite Green phosphornolybdate

complex as the analytical reagent. The reactive species with regard
IIIto hydrolysis was found to be a 3:1 N^Co

ppi complex. The results

show a relatively larger amounts of degradation products for the

directly added systems than for those mixed by step wise addition.
Factors affecting the formation and degradation of the reactive

species are discussed and plausible mechanisms are forwarded.



1. INTRODUCTION

1.1. General

The importance of phosphorus in the fields of agriculture and

biochemistry is quite immense. Phosphorus is an indispensable

element as a nutrient for all living organisms. It is taken up

and utilized as phosphate and its derivatives such as esters and

anhydrides. Phosphate esters and condensed phosphates including

ATP are the major source of energy and play a vital role in

energy transfer reactions including general synthesis and muscular

movement of living systems. Phosphate is also required by nucleic

acids.

The various biochemical reactions that take place in cells of

all living systems are mediated by enzymes. An enzyme is a protein

that is synthesized in a living cell to catalyse biochemical reac-
tions. Similarly the biochemical reactions of phosphates are also

controlled by phosphate utilizing enzymes. The enzyme catalysed

transfers of phosphoryl, pyrophosphoryl and nucleotydyl groups are

among the most important process in biological systems. These

reactions are known to be catalysed by enzymes which contain diva-
lent metal ions at thsir active sites as essential components

[1-6], Enzymes in general and phosphate utilizing enzymes in
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particular are specific for both the iratal ions and sustrates[7],

It is established that the enzyme responsible for the hydrol-
ysis of phosphate esters, pyrophosphates and ATP require divalent

2+ 2 + 2+ 2+m8tal ions such as Mg. , Mn , Ca and Zn for activity [8].

Since polyphosphates are essentail to life, understanding their

hydrolysis and related phosphoryl transfer involving P-O-P bond

cleavage is of relevance. As an example the enzyme catalysed

hydrolysis of pyrophosphate is discussed in the following section.

1.2. Yeast Inorganic pyrophosphatase (YIP}

Yeast inorganic pyrophosphatase(YIP) is an enzyme consisting

of two identical sub units [9] giving a molecular weight of the

dimer as 64,000, This enzyme catalyzes the reversible hydrolysis

of pyrophosphate to orthophosphate (9-111 and it is specific for

the hydrolysis of pyrophosphate in the presence of Mg^+
ions [10].

When f1g^+ ions are replaced by other activator metal ions, the

enzyme becomes less specific and also hydrolyses a number of
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pyrophosphate esters. Tho presence of inorganic ortho, meta and

polyphosphates and organic phosphates appear to inhibit pyrophos-
phate hydrolysis only to the extent that they compete for Mg2+[10]

2+ 2+
The YIP dimer binds divalent metal ions including Mg , Mn ,

2+ 2+ 2+ 2+ 2^Co , Zn , Ni , Pe and Cd all of which activate the enzyme

2* 2*where as Ba and Ca inhibit it. It has been reported [6, 13]

that free metal ions bind to the enzyme before substrate or inhib-
itors can be bound to it,

Cooperman et al [14] reported that the enzyme has two binding

sites per sub unit, one of high affinity and the other with low

affinity. Previous studies [11] have suggested that two divalent

metal ions per enzyme subunit are required for maximal activity.
Whether or not both metal ions participate directly in catalysis

is not known.

However from NMR studies [15,16], it has been established th-
2+at one of the Mg ions is bound tightly to one of the phosphate

binding sites, the second ion is relatively far from both phosphate

sites, thus may play simply a structural role. There is still

some discussion as to whether the substrate is a chelate [12] or

a monodentate species [14], Cooperman et al are of the opinion

that it is more likely that the natural substrate for the enzyme
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is the monodantate pyrophosphate [14]. Thera is atrple evidence

in favour of the chelate as the most abundant species [173.
Despite the large number of reported studies dealing with this

topic, the mechanism of pyrophosphatase catalysis remain

unsettled.

1.3, Role of Divalent Metal Ions

Enzyme catalysed transfers of phosphoryl, pyrophosphoryl

and nucleotydyl groups are important in biological systems.
This has provided stimulus for search designed toward revealing

the mechanistic aspects and source of rate enhancement in the

hydrolysis of phosphate esters.

The rapid enzymic hydrolysis of phospho-anhydride bonds

contrasts with the extremely slow hydrolysis of these bonds

under aqueous laboratory conditions, rate difference of the
10order of 10 are observed, For example, the hydrolysis of

pyrophosphate by yeast inorganic pyrophosphatase (YIP) occurs
11about 10 fold faster than hydrolysis in the absence of the

enzyme [10].
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To characterise the role of divalent metal ions, many invest-
igators have studied metal ion complexes that can serve os models

for the activities of enzymes. Early workers [18-21J have shown

that divalent metal complexes contribute impressive rate enhance-
ments for hydrolysis of phosphate esters in neutral media. However
the precise catalytic role of the metal ions and the source of rate
enhancement have not been established due to the formation of var-
ious stoichiometry for the metal phosphate complexes involved [2],

consequently, the divalent metal ions complexes, as a class, are
extremely labile toward ligand displacement and the simultaneous

presence of monomeric, dimeric and hydrated complexes in aqueous

solution seriously complicates reliable identification of the

species actually involve in hydrolysis. Furthermore, in model system

involving hydrolysis of polyphosphates, it has not been possible to
obtain other than very modest catalytic effects by addition of labile

2+ 2+ 2+ 2+ 2+aqua cations such as Mg'" , Co , Zn , Cu , (In • [2-3] compared to

enzyme catalyzed reactions.
The implication of the above is that in such systems, there

is at most the smallest fractions of polyphosphates in suitable

reactive sites.
































































































