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Inositol monophosphatase (EC 3.1.3.25) catalyzes the hydroly-
sis of -myainositol 1-, 3-, 4-, 5-, and 6-monophosphatéshis
enzyme has attracted considerable attention because it plays
crucial role in the regulation ahyainositol for the phosphatidyl
inositol cell signaling pathwa¥.This pathway is thought to be
overactivated in patients with manic depression, and inositol
monophosphatase may be the in vivo target for its treatment with
lithium.2 The brain enzymes from a number of mammalian sources
are very similar, comprising a homodimer of subuMit ~ 30

reaction’ For enzyme-catalyzed phosphoryl-transfer reactions that
occur with overallretention of configuration, there is usually
strong independent evidence for a double displacement involving
a phosphoenzyme intermedidteén the case ofmyainositol
monophosphatase, a phosphoenzyme appears to be ruled out on
the basis of the detailed kinetic analysis and by virtue of the failure
to identify an appropriately positioned enzyme nucleophile in the
X-ray crystal structure. Howevatentionof configuration would

also be observed for a mechanism involving direct phosphoryl
transfer via a single pseudorotation stéffhus, we report here

the stereochemical course of the hydrolysis-df-S,-mycinositol
[*"O]Jthiophosphate catalyzed by recombinant bovineinositol
monophosphatase.

The methodology for the determination of the stereochemical
course of enzyme-catalyzed phosphoryl-transfer reaction is well
established. For reactions catalyzed by phosphatases, it is
necessary to resort to thiophosphate analogues in order to end up
with a chiral product, viz., inorgani¢0,’0,*0]thiophosphate.

The synthesis ab-1-S-myacinositol [1’O]thiophosphate is shown
in Scheme 2.1t has already been established thatoinositol
monophosphatase catalyzes the hydrolysis of thiophosphate esters,

Albeit at reduced rates compared to the corresponding phosphate

ester$?® In terms of the practicalities of determining the
stereochemical course of the reaction, it is essential to optimize
the conditions to allow accumulation of inorganic thiophosphate
and to minimize the competing loss of sulfur that follows the
enzymatic step. Hydrolysis of 1-S-myainositol [}’O]-thiophos-
phate (90umol, added portionwise ewer2 h over 32 h to

kDa, and the cloned human brain enzyme has been crystallizedminimize the substrate concentration to avoid substrate inhibition)

and the X-ray structure determiné@he structure of a catalytic-
ally inactive ternary (enzymesubstrate-metal) complex showed
the active site to contain two metal ions, and the involvement of
two metals in enzyme turnover has been confirmed by extensive
kinetic investigatiort.® Notwithstanding this detailed structural
and kinetic investigation, the fundamental details of the mechan-
ism of this important enzyme remain obscure. Arguments based

on these kinetic studies have been advanced to reject an in-line

mechanism in favor of this enzyme catalyzing the hydrolysis of
myo4nositol monophosphate via an adjacent attack involving a
pseudorotation step
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Extensive stereochemical studies on a wide range of phospho-

in [*®0]water (4 mL, buffered with Tris-HCI at pH 9.0), catalyzed
by recombinant bovinenyainositol monophosphata¥431 mg,
previously lyophilised with OJwater), led to the isolation of
inorganic [%0,70,'0]thiophosphate (ca. 20mol) of unknown
configuration. The configurational analysis of this material was
achieved by the chemical method developed by Lowe &t al
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(12) The predicted intensity ratios for the isotopomers arising from the
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incorporation. Mass spectrometry ofl-S,-myacinositol [’O]thiophosphate
established that the actudlO incorporation was 30%, with the remaining
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remaining isotope composition 1%0 and 16%'%0. Using these values, the
predicted ratio for the resonances from trens ester (A:B:C) for inversion
of configuration is 40.6:34.9:24.5, whereas for retention of configuration the
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26 are in excellent agreement with complete inversion of configuration (the
ratios for thecis esters are, of course, complementary).
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Scheme 1
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aReagents: (i) NaH, DMF, 4R 59-(+)-2-chloro-3,4-dimethyl-5-
phenyl-1,3,2-oxazaphospholidine-2-sulfide (Aldrich); (i) HPLC separation
of diastereomers; (iii) THF, (GEO)0, Hx17O (53% enriched); (iv) Na,
liquid NHs.
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Figure 1. 3P NMR spectrum (Bruker ARX400; 162 MHz) of the sample
from the configurational analysis of inorganié,}’0,180]thiophosphate
derived from the hydrolysis ob-S,-1-mycinositol [\’OJthiophosphate

in H2'80, catalyzed by recombinant boving/oinositol monophosphatase.
Assignments of resonancés-F are given in Scheme 2. The spectrum
was recorded at 0.038 Hz per point digital resolution and processed
without resolution enhancement, with natural line widths of 0.27 Hz.

shown in Scheme 2. The high-fieldP NMR spectrum of the
resulting isotopomeric cyclic phosphothiolate triesters derived
from the configurational analysis sequence is shown in Figure
112 This establishes that the absolute configuration of the
enzymatically derived inorganié®0,}70,'%0]thiophosphate i,

and that the reaction has proceeded viithersion of configu-
ration. This result is entirely consistent with the expected in-line
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Scheme 2.0utline of the Configurational Analysis of
Inorganic 80,70 ,®0]Thiophosphate, Shown for tH,
Enantiomer That Would Arise if the Enzymatic Step
Proceeded with Inversion of Configuration
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aOnly the isotopomers in whicHO is lost during the cyclization step
are shown since these are the only species with sharp resonances in the
high-field 3P NMR spectrum. Reagents: (i) recombinant bowimgo-
inositol monophosphatase 10 (97% enriched), pH 9.0, Z&; (i) (9)-
2-iodo-1-phenylethanol, DMF; (iii) (Ph@P(O)CI (1.1 equiv), trin-
butylamine, DMF; (iv) CHN2, CH3;CN.

nucleophilic displacement reaction and rules out an adjacent
displacement reaction accompanied by pseudorotation. These
observations are consistent with one of the models for the
hydrolysis mechanism advanced by the Merck group on the basis
of their X-ray structural work.In this mechanism, the nucleophilic
water is coordinated to Mg-1 and is activated by Glu-70 and
Thr-95, allowing approach in-line with the inositol leaving group.

It is interesting to note that fructose 1,6-bisphosphatase also
utilizes two magnesium cations and is sensitive to lithium, and
this enzyme proceeds with inversiéh.

This result is highly significant since it reestablishes and
reinforces the generalization that single-step phosphoryl-transfer
reactions proceed via in-line mechanisms. In addition, it has firmly
ruled out a mechanism proceeding by a phosphoenzyme inter-
mediate. To date, there are no examples of enzyme-catalyzed
displacement reactions occurring via an adjacent attack involving
a pseudorotation step. Indeed, in simple phosphate esters,
particularly anions (mono- and diesters), there are few examples
of simple chemical reactions involving pseudorotafibihis
mechanism is principally encountered in displacement reactions
involving phosphate esters held in small rings, where the ring
dramatically stabilizes the trigonal bipyramidal intermediate.
Hence, it would appear that in-line nucleophilic displacement is
certainly the preferred pathway for phosphate mono- and diester
anions in both chemical and enzyme-catalyzed reactions. This
result may also assist in the design of inhibitors of inositol
monophosphatase.
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