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Diverse proteins homologous to inositol monophosphatase
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Bovine inositol monophosphatase (IMP) and several homologous proteins were found to share two sequence motifs with bovine inositol poly-

phosphate 1-phosphatase (IPP). These motifs may correspond to binding sites within IMP and IPP for inositol phosphates or for lithium, since

both substances are bound by these proteins. This suggests that the proteins homologous to IMP, which have diverse biological roles but whose
function is not clear, may act by enhancing the synthesis or degradation of phosphorylated compounds.

Amino acid sequence; Inositol phosphate; Signaling pathway

We have found several proteins homologous to the
inferred amino acid sequence of bovine inositol mono-
phosphatase (IMP) [1], an enzyme of the inositol phos-
phate second messenger signaling pathway {2].

A search of the PIR protein database (release 28.0)
using the FASTA program of Pearson and Lipman [3]
yielded homologies between IMP and 2 inferred Es-
cherichia coli proteins: the products of the suhB and
amtA genes, mutations which result in enhanced syn-
thesis of the heat shock transcription sigma factor [4],
and deficiency in ammonium transport [S], respectively.
Homologies between IMP and the products of the New-
rospora crassa qa-x [6] and Aspergillus nidulans qutG [7)
genes, which are both part of a cluster of genes involved
in quinic acid utilization, have been reported previously
[1]. A search of the GenBank database (release 67) using
the FASTA program [3] uncovered a fifth homology to
an open reading frame (ORF) upstream from the pss
gene of Rhizobium leguminosarum [8] which is required
for exopolysaccharide (EPS) synthesis and nodulation
of peas. (Only the 3’ end of the sequence is known since
the 5’ end of this ORF was deleted during cloning of the
fragment.)

A well conserved motif within these proteins, defined
as W-x-[IV]-D-P-[IL-D-G-T-X(2)-[FY]-x-[HK] (motif
A, Fig. 1), was compared to sequences in the PIR and
the translated GenBank databases using a UNIX lexical
analysis program [9]. At most, 1 insertion or deletion at
a variable residue (X) and [ substitution at a consensus
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residue was allowed. An exhaustive search yielded only
1 additional protein with this motif, bovine inositol po-
lyphosphate 1-phosphatase (IPP) [10], which also con-
tains a second motif defined as W-D-x(2)-[AG]-[AG]-
X-[AIL]-[ILVHALV]-x(3)-G-[AG] (motif B). Based on
differences in the consensus pattern when the IPP se-
quence is included, motif A was redefined as W-x(0,1)-
[IV]-D-P-(1L}-D-x-T-x(2)-{FY]-x-{HK]. These motifs
may correspond to binding sites within IPP and IMP for
inositol phosphates or for lithium since both proteins
are inositol phosphate phosphatases and are uncom-
petitively inhibited by lithium (see references in [2,10]).

What do these homologies tell us? The extensive
homology to IMP and the presence of 2 motifs similar
to patterns found in IPP suggest that the homologous
proteins are related to these phosphatases. Perhaps
these proteins are components of a signaling pathway.
The findings that suAB is probably identical to the ssy A4
gene [4], which was identified as an extragenic suppres-
sor of a mutation affecting protein secretion, and that
amtA is identical to the cysQ gene, which is required for
efficient biosynthesis of cysteine (Neuwald et al., un-
published), suggest a pleiotropic role for these genes.
This, along with preliminary evidence linking the ga-x
gene to catabolite repression [11], raises the possibility
that these proteins act by enhancing the synthesis or
degradation of phosphorylated messenger molecules as
adenylate cyclase and phosphodiesterases act in the syn-
thesis or degradation of cyclic AMP, a signal for cata-
bolite repression in E. coli.
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MADP- -~~~ -~ WOECMDYAVTLAGQAGEVVREALK- -~ - == == = == == = NEM (1-31) IMP
MTsrRTTTATKLDEIYTFAVQLGKDAGNLLMEAARLRFSNNNANHDKESTTQ (1-51) Qa-X
MDCP-1pPQTRELDEIYAFATDLARKAGOQLLLERVN -~ == === ~—— DRNS-EQ (1-39) outG
M-------~--HPMLNIAVRAARKAGNLIAKNYE--~~--=-=-=-=—-=-—-=-~— TPD (1-27) SuhB
————————————— MLDOVCQLARNAGDAIMQVYD----~-==-=-=~==~~=~GTK (1-24) AmtA
NI-MVKsSPADLVTATDOKVEKMLITSIKEKYPSHSFIGEESVAAGE---K (32-78) IMP
Er -TEFKDSAVDIVTOTDEDVEAFIKSAINTRYPSHDFIGEETYAKSSQSTR (52-101) Qa-X
VY - ALKENAVDLVTOTDEDVESLIKTAIQTKYPAHKFLGREESYAKGE -~ SR (40-87) Qute
AVEASQKGSNDFVTNVDKAAEAVIIDTIRKSYPQHTIITEES~-~-~GE~~~L (28-72) SuhB
PMDVVSKADNSPVTAADIAAHTYVIMDGLRTLTIPDVPVLSEED-~PPG~-~--W (25-70) AmtA
----motif A----
SILID--NPTWIIDPIDGTTNFVHGFPFVAVSIGFVVNKKMEFGIVYS (79-124) hasicd
PYLVIHTTPTWVVDPLDGTYVNYTHILFPMFCVSIAFLVDGTPVIGVICA (102-149) oQa-X
EYLIDE-QPTWc VDPLDGTvNFT HAFPMFCVSIGFIVNHYPVIGVIYA (88-134) Qutc
EcTDo--DVOWVIDPLDGTTNFIKRLPEHFAVSIAVRIKGRTEVAVVYD (73-118) SuhB
EVROIUW-QRYWLVDPLDGTK t FIKRNGEFTVNIALIDHGKPILGVVYA (71-117) AmtA
W-VDPIDSTYQYIK (151-163) IPP
CLEDKMYTGRKGKGArCNG-QKLQVSHQ-------- EDITKSLLVTELGSS (125-166) IMP
PMLGQLFTACKGRGAWLNLE TQRLPLVRQ--~--PMPKSAPGGCVFSCEWGKD (150-196) Qa-X
PMLNQLFSSCLNRGAWLNEMQOLPLIRKPSIPPLPATAPSKCIFACEWGKD (135-185) Qutg
PMERNELFTATRGOGAQLNGYRLLGSTAR-~~=----- DLDGTILATGFP-FK (119-160) SuhB
PVMNVMYSAAEGKAWKEECGVRKQIQVR-------- DARPPLVVIS-~-RSH (118-158) Amta
RTPETVRIILSNIERLLCLP-------—---~~ IHGIRGVGTAALNMCLVAA (167-205) 1IMP
RKDRPEGNLYRKVESFVNMAAEVGGCRGGKGGMVHGVRSLGSATLDLAYTAM (197-247) Qa-X
RRDIPDGTLQRKIESFVNMAAERGSRGGKGGMVHGVRSLGSATMDLAYTAM (186-236) QutG
AKOYATTYINIVGKLFNEC =~ - = -~ - === ww- ADFRRTGSAALDLAYVAA (161-197) SuhB
ADAELKEYLQOLGE - - ===~ = - - - m -~ HOTTSIGSS~-LKFCLVAE (159-189) AmtA
SFLADHAI ———— - - - === === ===~ FKCTNIGSS~-LKFCLLAE (ORF)
----- motif B----
GAADAYYEMG-IHCWDVAGAGIIVITEAGGVLLDV------ TGGPFD- (206-244) IMP
GSFDIWWEGG-CWEWDVAAGIAILOEAGGLITSANPPEDWATAEIPD (248-293) Qa-X
GSVDIWWEGG-CWEWDVAAGIAILLEAGGLVTAANPPED-IEGRPIEP (237-281) OQutG
GRVDGFFEIG-LRPWDFAAGELLVREAGGIVSDF------ TGGH-N- (198-235) SuhB
GOAHVYPRFGPTNIWDTAAGHAVAAAAGAHRVHDW------ QGKPLD- (190-229) AmtA
GKADVYpPRFTRTMEWDTAAGDAVLRAAGGSTVIL-----~- DGTPLT- (ORF)
WDsCAAHRAILRAMGG (316-330) IPP
———————— LMSRRVIAS---SNKTLAERIAKEI-~-QIIPLQRDDED-~--- (245-277) 1IMP
VKLGSRLYLVVRPAGP SEGETAREGQERTIREVWRRVRALDYTRPGA--- (294-340) Qa-X
VKLGSRLYLAIRPAGPSETETGRETQERTVREVWRRVRQLDYERPTROS - (282-330) QutG
~~~~~~~~ YMLTGNIVA---GNP----RVVKAM---LANMRDELSDALKR (236-267) SuhB
———————— YTPRESFLN---PGF----RVSIY—-~=-===—--—m-—ec——-——~ (230-246) AmtA
———————— YGKTGTAAD--~FDFANPNFISWGGRKRVLEPA -~~~ =~~~ {ORF)

Fig. 1. Conserved regions between inositol monophosphatase and homologous proteins. Similar residues are bold. Comparison of bovine inositol
monophosphatase (IMP) to the products of the Neurospora crassa ga-x gene (Qa-X) [6), the Aspergillus nidulans quiG gene (QutG) [7] and the
Escherichia coli suhB (SuhB) [4] and amtA [5] genes (AmtA), and to the C-terminal peptide fragment inferred from the 3’ end of an ORF upstream
from the Rhizobium leguminosarum pss gene [8] yielded homology scores of 27, 35, 43, 21 and 10 s.d. units, respectively. Additional comparisons
yielded homology scores of 139 (QutG, Qa-X), 18 (SuhB, Qa-X), 23 (SuhB, QutG), 13 (AmtA, Qa-X), 16 (AmtA, QutG) and 28 (AmtA, SuhB)
s.d. units. Scores were calculated by computing optimized alignments of one of the protein sequences with 1000 random permutations of the other
sequence using the RDF2 program of Pearson and Lipman {3]. IMP and bovine inositol polyphosphate 1-phosphatase (IPP) are not homologous
(score: 2.5 s.d. units) but they share 2 motifs (A and B).
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