Expression of enhancing factor/phospholipase A2 in ICRC mice
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Enhancing factor (EF), a growth factor modulator, recently identified as the mouse secretory phospholipase
A, (PLA~), has been isolated in our laboratory from the intestines of mice. EF modulates the action of
epidermal growth factor (EGF) by mediating an almost 2-fold increase in EGF binding in a radioreceptor
assay. EF has been localized immunohistochemically to the Paneth cells of the intestine, adjacent to the
proliferating stem cell population. Although very weak staining was observed in the intestines of ICRC mice
(ICRC is an inbred strain of mouse developed at this Institute) as compared to Balb/e mice, the enhancing
activity was not detected in the partially purified, acid soluble intestinal proteins of the ICRC strain. However,
studies using polyclonal antibodies against purified EF demonstrated that EF from Balbtc and ICRC intestines
are either immunologically identical or closely related to each other although, quantitatively, E F was very
low in ICRC mice. RFLP studies indicated that ICRC mice carry a mutation in the coding region of the
EF gene resulting in loss of the BamHI restriction site. On sequencing, a T insertion was found at position
166 from the ATG site thereby causing a disruption in the ORF. This probably results in undetectable levels
of enhancing activity. In this paper we report the molecular characterization of the ICRC mouse with respect
to the enhancing factor gene.

1.

Introduction

Earlier studies in our laboratory have shown the presence
of enhancing factor (EF), a 14 kDa protein in the small
intestines of Balb/c mice. It enhances the binding of
EGF to fixed A431 cells by almost two-fold (Deo et al
1983; Mulherkar and Deo 1986; Mulherkar et al 1986).
Polyclonal antiserum has been raised against HPLC
purified EF and used to localize EF to the Paneth cells
that are situated at the base of the crypts of the intestinal
villi, near the proliferating stem cells (Wagle et al 1989;
Mulherkar et al 1991; Desai et al 1991). Further studies
on the activity o f EF in vitro suggest a role for EF in
the modulation of cell proliferation (Mulherkar and Deo
1986).
Sequencing data revealed that EF belonged to the
group II phosphotipase A 2 family (Mulherkar et at
1993a, b). Phospholipases represent a family of enzymes
catalyzing the hydrolysis of the sn-2 ester of glyceroKeywords. Enhancing factor; secretory phospholipase

phospholipids, producing free fatty acids and lysophospholipids. EF eDNA shows homology to rat platelet
(77%) and human synovial fluid (67%) PLAv Mouse
secretory PLA 2 has now been identified and the sequence
is identical to that of EF (MacPhee et al 1995; Kennedy
et al 1995). A natural disruption of the PLA 2 gene has
been reported in some inbred strains of mice (MacPhee
et al 1995; Kennedy et al 1995). Recently EF/PLA 2 has
been shown to confer resistance to intestinal tumourigenesis (Cormier et al 1997).
In the present study, we report low expression of
EF/PLA 2 in intestines of the ICRC mouse, an inbred
strain of mouse developed in our Institute (Randive et al
1963). These mice are now in the 100th generation and
have been found to be homozygous for all 35 biochemical
genetic markers studied in tissues and blood (Randelia
et al 1988). They develop adenocarcinomos o f the
mammary glands as well as lymphocytic leukemia. They
also develop a megaoesophagus at 6-8 months of age
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(characterized by dilation and hypertrophy of oesophagus
associated with obstruction at the lower end; Randelia
et al 1988). Immunohistochemical staining, using polyclonal antiserum against EF shows the presence of low
amounts of EF in Paneth cells of ICRC intestines. Also,
the enhancing activity was not detected in partially
purified, acid soluble intestinal proteins of ICRC. The.
present study was carried out to characterize the ICRC
mouse with respect to the EF gene.

PCR amplified EF cDNA (Mulherkar et al 1993a) was
used as a probe after random primer labelling according
to the manufacturer's instructions (Boehringer Mannheim,
Mannheim, Germany). Hybridization was carried out as
described by Sambrook et al (1989) for 48 h at 42~
in buffer containing 50% formamide. Blots were washed
twice for 20min in 1 xSSC, 0.1% SDS at 42~ once
at 65~ for 5 min and exposed at -70~
2.5 Northern blot analysis

2.

Materials and methods
2.1

Biological materials

The strains of mice used in this study were Balb/c and
ICRC (an inbred strain of mouse developed in our
institute), both maintained in the animal house facility.
Small intestines were collected from 10-12 week old
mice. Tissues were fixed in Bouin's fixative for 2h,
washed in 70% alcohol extensively and processed for
histology. The intestines were snap frozen in liquid
nitrogen for extraction of RNA, DNA or protein.
2.2 Immunohistochemistry
Intestinal sections from Balb/c and ICRC mice were
subjected to immuno-staining as described earlier
(Mulherkar et al 1991). Polyclonal antibodies, raised in
rabbits, against HPLC purified EF protein (R-antiEF),
were used at a dilution of 1:I0,000. Immunohistochemistry was performed using the ABC peroxidase kit
(Vector Laboratories, Burlingame, USA) according to the
manufacturer's instructions. Colour was developed using
diaminobenzidine as the substrate and the sections were
counter-stained with hematoxylin.
2.3

Western blot analysis

Acid soluble proteins from the intestines were extracted
as described earlier (Deo et al 1983; Mulherkar and Deo
1986). Proteins were estimated by the modified HartreeLowry method (Hartree I972), using BSA (fraction V,
Sigma, Saint Louis, USA) as the standard. 20[tg,
50 I.tg and 100lag of ICRC mice-derived acid soluble
proteins and 20 ~tg of Balb/c mice-derived proteins were
run on a gel (17.5% SDS-PAGE) and subjected to
Western blotting as described earlier (Mulherkar et al
1991).
2.4

Southern blot analysis

Genomic DNA extracted from mouse intestines following
standard procedures was digested with different restriction
enzymes (Boehringer Mannheim, Mannheim, Gemlany)
and subjected to Southern blot hybridization. A 700 bp,

Total RNA was isolated using the acid-phenol extraction
method (Chomczynski and Sacchi 1987). PolyA + RNA
was selected on oligo dT cellulose (Boehringer Mannheim,
Mannbeim, Germany) as per manufacturer's instructions.
RNA was fractionated on a 1.2% formaldehyde agarose
gel and subsequently transferred to nitrocellulose filters.
Hybridization and post-hybridization washes of the blot
were' carried out as described above for Southern blot
analysis using the EF specific probe (Mulherkar et al
1993a) and fl actin was used as a control for equal loading.
2.6 PCR amplification of genomic DNA and direct
sequencing o f the products
Genomic DNA, extracted from Balb/c as well as ICRC
mice, was subjected to PCR amplification using EF
specific primers. EF-SP (5" ATGAAGGTCCTCCTGCTGCTAGC 3') was used as the sense primer and EF-E/l
(5' TrACCGGTCTGTGGCATCC 3') was used as the
antisense primer. EF-SP was based on the signal peptide
sequence of the EF gene obtained in our laboratory
whereas EF-E/I was designed based on the published
mouse sPLA 2 genomic sequence (Kennedy et al 1995).
A master mix of I O x P C R buffer, 1.5mM MgC12 and
2U Taq DNA potymerase were aliquoted into tubes. One
hundred ng genomic DNA and 100 pmol of EF specific
primers were added and the volume made up to 100 [al.
Thirty cycles of denaturation at 94~ annealing at 58~
and extension at 72~ each for 1 min, were carried out,
followed by extension at 72~ for 5 min. The amplification products were subjected to direct sequencing
using the sequenase PCR product sequencing kit (USB,
Cleveland, USA).
3.

Results

EF was partially purified from intestines of Balb/c and
ICRC mice as described by Deo et al 0983). The protein
profile of Biogel P100 fractions in both strains was
identical. When tested in the radioreceptor assay, up to
100% enhancement of EGF binding was shown by Balb/c
mouse intestinal extracts whereas ICRC mice showed
only 30% enhancement (data not shown). Immunohistochemical studies on sections of intestines from Balb/c
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and ICRC mice showed EF-specific staining in the Paneth
cells of both strains. However, the staining in ICRC
mouse intestines was less intense than in Balb/c mice
(figure 1).
Western blot analysis of the acid soluble proteins from
the intestines of ICRC and Balb/c mice was carried out.
A 14 kDa band was observed in 20 gg Balb/c mouse
intestinal proteins. Inereasing amounts of ICRC mouse
intestinal proteins (20-100 ~g) failed to show a corresponding band (figure 2). Using antibodies to EF, and
acid soluble proteins from Balb/c and ICRC intestines,
ELISA was carried out to study the relative amounts of
EF in both strains of mice. ICRC showed 8-fold less
EF than Balb/c as extrapolated from the linear region
of the plot (data not shown).
Southern blot analysis of the restriction digests of
Balb/c and ICRC genomic DNA showed a difference in
the digestion patterns (figure 3). Two bands - 6 . 3 kb
and - 2.5 kb were seen in BamHI digested Balb/c DNA
whereas a single major band, - 9 kb, was seen in BamHI

Figure 1. Immunoperoxidase staining of intestines of Balb/c
(a) and ICRC (b) with R-anti EF (1 : 10,000 dilution) showing
positive staining in the Paneth cells.
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digested ICRC DNA (figure 3). A polymorphism was
also noticed when DNA was digested with BgllI (figure 3).
Northern blot analysis of total and poly A § RNA was
carried out to determine the amount of transcript present
in the intestine. Twenty I.tg of total RNA from Balb/c
intestines gave a strong signal on overnight exposure.
However, 40 lag of total RNA from ICRC intestines gave
only a weak signal even on longer exposures (data not
shown). The poly A § RNA was therefore enriched and
subjected to Northern blot analysis. Five ~tg of poly A §
RNA from Balb/c mice gave a strong signal whereas
40 ~tg of poly A § RNA from ICRC mice were required
to give a comparable intensity (figure 4).
Since a BamHI polymorphism was observed in Southern
blot analysis, PCR amplification of the region flanking
this restriction site was amplified from the genomic DNA
using EF specific primers. The sense primer was designed
from the E F c D N A sequence (Gene Bank accession
number X74266, Mulherkar et al 1993a) and the
anti-sense primer comprised of 15 nucleotides from 3'
end of exon 3 and 4 additional nucleotides of intron 3
(Kennedy et,al 1995). A - 3 6 0 bp product was obtained
in both Balb/c as well as ICRC samples (figure 5). On

Figure 2. Acid soluble proteins from intestines of Balb/c
(20 I.tg) and ICRC (20, 50 and 100~g) mice, were run on a
17-5% SDS-PAGE and transferred to nitrocellulose, lmmunoblot
was probed with R-antiEF (1:5000dilution) and developed
using Vectastain ABC kit. The 14kDa band was seen only in
the Balb/c sample.
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sequencing the products, a T insertion was seen in the
ICRC DNA disrupting the BamHI restriction site
(figure 6).

4.

Discussion

In this study we have carried out a comparative analysis
of the expression of thr E F gene in ICRC and Balb/c
strains of mice. These experiments were carried out
following initial attempts to purify and characterize
intestinal EF from ICRC mice.
When partially purified, acid-soluble proteins from
different strains of mice were tested for enhancing activity,
the ICRC mouse proteins were found to be ineffective.
Biogel P100 chromatography fractions of ICRC crude
extracts from ICRC mice (which corresponded to those
from Balb/c mice showing enhancing activity) were
pooled and further purified by reverse phase HPLC. We
would not expect a visible change in the protein profile
of Biogel P100 run from ICRC and Balb/c since the
EF protein is only about 0-05% of the total protein in
the crude intestinal extract loaded on the column
(Mulherkar et al 1986). None of the eluted fractions
were found to show enhancing activity in the radioreceptor
assay (data not shown). This indicated that either the
protein itself was absent from the ICRC mouse intestines,
or that its activity was too low to be detected in the
radioreceptor assay. Immunohistochemical methods
using the peroxidase-conjugate system to detect the

Figure 3. Southern analysis of restriction digests of genomic
DNA from Balb/c and ICRC. DNA from the respective strains
were digested with BamHl in lane 1, HindllI in lane 2, Pstl
in lane 3 and Bgll[ in lane 4. Arrows indicate the positions
of the BamHl bands. The molecular weight marker was 2 DNA
digested with HindllI. The blot was probed with [a,32p]dCTP
labelled EF-cDNA.

Figure 4. Total RNA as well as poly A+ RNA enriched
RNA were subjected to Northern blot analysis along with
polyA(-) RNA. The blots were probed with [32P]-labelled
(a) PCR-amplified EF cDNA and (b)fl-actin probe.

Figure 5. Ethidium bromide stained gel showing PCR amplification of the region flanking the BamH[ site from Balb/c and
ICRC DNA (indicated by the arrow). The molecular weight
marker was ~X174 RF DNA digested with Hae[lI.
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Figure 6. Disruption of the BamHl site in ICRC DNA. The
region flanking the BamHl site in B,alb/c and ICRC DNA was
amplified (as shown in figure 5) and subjected to sequencing.
A 'T' insertion is seen in ICRC sequence (GGAT!"CC) thus
disrupting the BamHl site GGATCC.

antigen-antibody complex are known to be sensitive in
the range of 1 0 - 2 0 p g protein. Hence, immunohistochemistry was carried out to determine if EF was present
in the ICRC mouse intestines. Signal in the ICRC mouse
intestines was found to be significantly less intense than
in the Balb/c mouse intestines indicating that ICRC
mouse intestines contain low levels of EF-like protein
(figure 1).
To confirm this, Northern blot. analysis of total and
poly A + RNA from ICRC and Balb/c mouse intestines
was carried out using Balb/c EF-cDNA as probe. The
amount of transcript in the total RNA of ICRC mice
was found to be much lower than that in Balb/c mice.
Densitometric scanning of the autoradiograph and normalizing the signals for the E F transcript with those for
actin showed that the expression of the E F gene in
ICRC mouse intestines is 30-fold less than that in Balb/c
mouse intestines. Such a result indicated either a defect
in the transcription machinery due to mutation(s) in the
promoter region or an instability of the EF mRNA in
ICRC.
Southern analysis of ICRC and Balb/c mice genomic
DNA was carried out to test for possible differences in
gene structure. A BamHI polymorphism was observed
when restriction patterns of ICRC mice were compared
with those of Balb/c mice. Two bands, one - 6 - 5 kb and
one - 2 . 2 kb were seen in the Balb/c BamHI digest
whereas a single - 9 kb band was seen in the corresponding ICRC digest. The BgllI site also appeared to
be polymorphic. However, on examining the Balb/c EF
cDNA sequence it was found that there was no BgllI
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restriction site; hence the site(s) must be in the intronic
region. The intronic sequences in the two strains are
known to be very different (Deshpande 1996). The
restriction pattern of the other two enzymes used appeared
to be similar in ICRC and Balb/c mice.
A study of the exon-intron structures of rat, human
and murine (EF) secretory PLA 2 genes showed that these
genes had an intron between the promoter and the start
of the major ORF. Several groups have reported the
involvement of the 5"UTR and the first intron located
within it in regulation of transcription. However, this
aspect remains to be studied in the E F / P L A : genes.
The BamHI site was known to be located in exon 3
of the Balb/c mouse gene. PCR amplification of the
region flanking this site from ICRC and Balb/c mouse
genomic DNA resulted in a - 3 6 0 b p product in both
(figure 5). The sense primer was part of the signal
sequence and the antisense primer covered the exon/intron
splice site of the Balb/c mouse. PLA 2 gene since we
reasoned that the splice junction was most likely to be
conserved between the different strains. Direct sequencing
of the PCR product using a nested EF-specific primer
revealed the presence of a 'T' insertion in the ICRC
BamHI site which resulted in a frame shift mutation
(figure 6).
MacPhee et al (1995) and Kennedy et al (1995) have
reported the loss of the BamHI site in the mouse secretory
EF/PLA 2 gene in several inbred strains of mice. MacPhee
et al (1995) have also shown that there is 100% concordance between the BamHI RFLPs and PLA 2 expression
levels among different strains of mice. The insertion of
'T' in the BamHI site results in a frameshift mutation
that creates a stop codon 13 amino acids downstream
in exon 4. Such a truncated protein would be missing
12 of the 14 conserved cysteine residues critical for
maintaining secondary structure and stability and would
hence lack enzymatic activity. Thus, the 'T' insertion
in the ICRC mouse gene could explain the low expression
of EF observed in this strain and loss of enhancing
activity although the truncated protein would still be
immunogenic.
Recently there have been reports stating that in mice,
the E F / P L A 2 gene plays a role in turnout modulation
in the Min mouse strain which develops intestinal
neoplasias (MacPhee et al 1995). The wild type
EF/sPLA 2 confers resistance to multiple polyp formation
whereas the mutated product has no effect on tumour
formation (Cormier et al 1997). Thus the ICRC mouse
could serve as an important model in elucidating the
physiological role of EF.
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