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Abstract. The 75-kDa (type III inositol polyphosphatc-5- 
phosphatase. originally described in platelets, is one o f at least 
three known enzymes capable of dcphosphorylating inositol- 
1,4.5-trisphosphatc (IPO to inositol-1.4-bisphosphate (IP«). To 
further characterize these enzymatic forms, we have mapped

the gene (INPP5B) coding for the 75-kDa type II enzyme. 
Using a combination of human x rodent somatic cell hybrids 
and fluorescence in situ hybridization, we have determined 
that this gene maps to human chromosome hand lp34.

The 75-kDa inositol polyphosphate-5-phosphatase is an en
zyme that was originally isolated from human platelets (Mit
chell ct al.. 1989) and cloned front human megakaryocytic and 
placental cDNA libraries (Ross et al., 1991). It is one of at least 
three enzymes known to catalyze the conversion of inositol- 
1,4.5-irisphosphate (IP») to inositol- 1.4-bisphosphate (IP>). IPi 
is formed by the cleavage of membrane-bound 4.5-phosphati
dyl inositol phosphate and acts as a second messenger capable 
of releasing Ca~ from intracellular stores (Bcrridgc. 1993). Ino
sitol- 1.3.4.5-tetrakisphosphate (IP4) is likewise capable o f re
leasing intracellular Ca'* (Berridge. 1993) and is also a sub
strate for one or more o f these enzymes.

Three enzymes with this activity have so lar been identified, 
all o f them having different properties. A 45-kDa polypeptide 
(type I) has been isolated from platelets and brain (Connolly ct 
al.. 1985). It will hydrolyze both IPj and IP4 but has a higher 
affinity for IP4. The 75-kDa enzyme (known as type II or type 
ill. depending on the author; see Irvine. 1992). has a similar Km 
for I Pi as the 45-kDa enzyme, but a lower affinity for IP.,, and it 
is the only enzyme for which the gene has been cloned
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(INPP5B). In addition, the 45-kDa enzyme can be phosphors- 
latcd by protein kinase C. whereas the 75-kDa enzyme does not 
undergo this modification (Mitchell et al.. 1989). A third 
enzyme (also called type III or type II: see Irv ine. 1992) has a 
molecular weight of — 120 kDa. This enzyme, first purified 
from bovine brain (Hansen et al.. 1987). hydrolyses IP» but has 
a very low affinity for IP4.

I o further characterize the gene for the 75-kDa enzyme and 
to evaluate whether the different enzyme activities are encoded 
by different genes, wc have used a mapping approach. 1 lore we 
report the localization o f the gene for the 75-kDa enzyme 
(INPP5B) to human chromosome band lp34.

Materials and methods

Somatic ceil hybrids
The chromosomal assignment of the gene for the 75-kDa enzyme was 

performed initially by Southern blot and PCR from the following cell lines 
G.MI4I6. .1 48.XXXX human Ivmphohlastoid cell line (Coricll Institute. 
Camden. NJ); RJK88 Chinese hamster lung V79 (Fusooc ct at.. 1983); MR 
8.2. a hybrid containing chromosome I and the X chromosome on an RJK88 
background (Ledbetter ct al.. 1986): NBE-NI, A9/I492. and A9/GM020I. 
hybrids containing portions of chromosome I on a mouse background (Dra- 
copoli et al.. 1988): a panel o f human monochromosomal hybrids on a rodent 
background (Coricll Institute». Mouse genomic DNA was made from female 
129Sv mouse liver by standard methods (Sambrook cl al.. 1989).

Ten micrograms o f human genomic DNA (GM 1416). mouse genomic 
DNA (!29Sv). and Chinese hamster genomic DNA (RJKK8) and 13 pg of 
hybrid DNAs were digested with /:«<RI and separated by electrophoresis in a 
0  85"» agarose gel flu* gel was transferred onto a nylon membrane (Zeta- 
bind) and hybridized at 42 *C with a l.O-kb mouse cDNA probe (from the 
3'-end o f the mouse gene for the 75-kDa enzyme) al low stringency (25%
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furmamidc). I he mouse eDNA was obtained h\ screening an NIH3T3 
eDNA library (using the human gene IRoss ct ai.. 1991J as a probe» and b> 
sequence companvon was found to be 98"« identical at the amino acid level 
to its human homolog (L  C'hamas. unpublished result). It was therefore a 
suitable probe lor this study The filler was w ushed at 65 ‘X’ in 1 x SSC. 0 .1 '*» 
SDS(30 m m )and then in 0.5 xSSC, 0 1 % SDS (30 min) The membrane was 
subsequently exposed to X-ray him at - 7 0 VC lor 72 h (Sambrook et al.. 
1989).

PC'Kand YAC library mreemni;
PCR primers were designed from the 3' untranslated region 13'-UTR) of 

INPP5B (GenBank name: HLM INP5P; GenBank accession No. M 74I6I) 
(forward primer 5' GAG TGG C-VG CT I A TT G C I ICG 3': rev ersc prim
er 5' GAG TGT G H  A AC CAA TGG 3'). One microgram o f DNA from 
each hybrid wus used for the PCR reaction. PCR reactions contained I (X) 
pmol o f  each primer. 20 nmol o f  each o f the deoxynudcotidcs. and 2.5 U of 
Arnplilaq polymerase (Pcrktn-Llmcr Ccius). The PCR was performed in a 
Perkin-1-1 met thcmuil eyelet for 30 cycles (each cycle was 95 *C lor I min. 
50 *C for 2 min. and 72 *C for 2 min). The products were analyzed on a 
agarose gel. I he PCR primers were then used to screen two yeast artificial 
chromosome (VAC) libraries (CEPH and St Louis libraries) using the same 
PCR conditions as described above. Seven positive YACs (four from the St 
Louts library und three from the CEPH library) were obtained from this 
screening One Y \C , 29IB2, from the CFPH library was used in the in situ 
hybridization.

/■/n.Mvti .’Mi v /«  <Uii hybridlaultm fl:ISII)
For FISH. 5-10 pg of total DNA. made Irom the yeast clone carrying 

VAC 291B2 was labeled with biotin by a nick-translation kit (ONCOR. Gai
thersburg. M I». The probe was hybridized to a metaphase spread made from 
PHA-stimulalcd lymphocytes, isolated from w hole blood of a normal female 
using standard methods, and to  a metaphase made from a Ivmphoblastoid 
cell line carrying a chromosome I translocation. 46.XY.tt !:2Xp2l:p21) (M. 
Muenke. personal communication). During hybridization, background from 
human and yeast repetitive sequences was suppressed with 40 pg of dena
tured human placental DNA and with 10 pg ol DNA from a VAC clone 
earning a random human DNA insert

Results and discussion

Using a combination of human x rodent somatic cell 
hybrids, as well as an independent hybrid containing chromo
some I (8.2: Fig. I), we localized INPP5B to chromosome I. 
Three distinct human hands, of 7.8. 3.5. and 3.0 kb in size, 
could be visualized in the chromosome I hybrids. Digestion 
with LcoKI was found to give the best separation o f bands 
between human, mouse, and Chinese hamster DNA. Using a 
set o f partial chromosome I hybrids. NBE-NI (lp22-*qter). 
A9/1492 (1 pier-*p21). and A9/GM0201 (1 pier—> p32). we fur
ther localized the gene to the short arm o f chromosome I. The 
sublocalization is consistent within all three of the partial chro
mosome I hybrids and places the gene in I ptcr—> Ip32. PCR 
primers from the 3'-UTR were capable of amplifying — 200 bp 
product from human genomic DNA. as well as from only those 
somatic cell hybrids that showed human bands in the Southern 
blot (data not shown). Therefore, the presence o f the gene in 
those hybrids show ing a positive signal by Southern analysis is 
supported by the PCR analysis.

As an independent approach, two YAC libraries were 
screened by PCR. Seven YACs were obtained: CEPH YACs 
93D5. 97C2. and 291B2: St. Louis YACs AI80A7. A189D2. 
A245A2. and A245AI0. YAC 291B2 was used in the FISH 
analysis. Thirty-one normal (46.XX) melaphases and 15 truns-

Fig. 1. .Southern hint analysis o f rodent x  human hybrids containing put - 
lions ol chromosome I. Hybrid 8.2 is on a Chinese hamster background and 
contains human chromosomes I and X. NBE-NI contains a fragment from 
Ip22-*qtcr. A9/1492 contains fragment I pier-»  p21, and A9/GM020I con
tains fragment lp ter-*p32. Ihrco distinct human bands can be seen 
(marked with dots) These bands can be clearly seen in hybrid 8.2 and in 
A9/GM020I. They can also be faintly seen in hy brid A9/I492 but are absent 
from NBE-NI. I his blot sublocalizes 1NPP5 B io  Iptcr-*p32.

Fig. 2. Human metaphase from a normal female following lluorcsccncc 
in situ hybridization with YAC 291B2. The arrows indicate the positions of 
the hybridization signals on chromosome I at Ip34. As can be seen, this is 
the only signal present, thus suggesting that YAC 29! B2 is not chimeric.
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location metaphases with a 46.XY.t(l:2)(p21:p21) karyotype 
were analyzed after hybridization with YAC 29IB2. Specific 
hybridization was seen at Ip34 (Fig. 2). The use of a cell line 
carrying a chromosome I translocation provided additional 
evidence that 1NPP5B maps to Ip34. When total yeast was 
used as a probe, the satellite regions of the acrocentric chromo
somes also showed a hybridization signal. This probably repre
sents cross-hybridization between human and yeast rRNA 
genes. No other specific hybridization signal was observed, sug
gesting that YAC 291B2 is not chimeric. The result from the 
FISH analysis is consistent with the hybrid mapping.

The gene for the 75-kDa inositol polyphosphate-5-phospha- 
tase is highly homologous to a gene. OCRL1. recently identi
fied as the locus for the Lowe oculocerebrorenal syndrome, a 
human developmental disorder affecting the eyes, central ner
vous system, and kidneys (Attree et al.. 1992). This mapping 
study provides definitive evidence that the 75-kDa protein and 
the OCRL1 gene product are encoded by two different loci, on 
two different chromosomes. However. OCRLI may still en

code one of the other previously described inositol polyphos- 
phate-5-phosphatase activities. The function of the OCRLI 
gene product, particularly its role in inositol metabolism, 
remains to be determined.

It is not possible to predict the phenotype that would result 
from a loss of the 75-kDa inositol polyphosphate-5-phospha- 
tase enzymatic activity. A review of previously mapped genetic 
diseases near lp34 provides no obvious candidate diseases. 
However, a phenotype may be achieved by producing mice 
with a targeted disruption of the gene for the 75-kDa enzyme as 
a result of homologous recombination in embryonic stem (ES) 
cells (Capecchi. 1989; Smithies. 1993).
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