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Figure 1 Exon 6 of the LPL gene, from patient 1 and a normal control, sequenced directly
using the forward primer. The T—>C mutation, Leu303Pro, identified is indicated. Patient 1
is homozygous for this sequence change.

abdominal pain in the absence of pancreatitis.
Neither child has evidence of lipaemia retinalis
or cutaneous xanthomata, but both have
persistent mild hepatosplenomegaly. Both are
growing normally and attend normal schools.

Molecular analysis

Exons 1-9 of the LPL gene (coding region)
were amplified individually by the polymerase
chain reaction (PCR) from both patients and
an unrelated normal control as described
previously.* PCR products were desalted and
purified from unincorporated nucleotides
using Wizard DNA clean up columns
(Promega, Birmingham, UK) following the
manufacturer’s protocol. The resulting DNA
(25-50 fmols) was then used as the template
for direct sequencing using the Sequenase
sequencing kit (USB, Amersham, Bucks, UK)
and y”P end labelled amplimers. Nucleotide
sequence analysis showed that there was a
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Figure 2 PCR products of 254 base pairs obtained using
the normal and mutant reverse primers. Both the normal
and mutant primers give PCR products from the parents,
indicating they are heterozygous for this mutation. In
patient 2, a PCR product is found only with the mutant
primer, hence, this patient is homozygous for this mutation.
The unrelated normal control gives a PCR product with the
normal primer but not with the mutant primer, confirming
it is normal homozygous. This latter pattern was obrained
from all the 110 normal controls analysed.
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sequence change from T—C at nucleotide
1163 (numbered according to Wion et al)® of
the coding region, within exon 6 (fig 1). This
correlates to an amino acid change at codon
303, from leucine to proline (CTG—CCG).
Both patients were found to be homozygous for
this mutation, probably owing to the parental
consanguinity. The mother and father were
both heterozygous for this Leu303Pro muta-
tion.

Exon 6 was analysed for the Leu303Pro
mutation from 110 unrelated normal individu-
als by the amplification refractory mutation
system-PCR technique.® Exon 6 of the LPL
gene was amplified from 110 normal unrelated
individuals using the normal forward primer
(5'-dACCAGCTAGTGAAGTGCT-3"), and
normal reverse primer, N (5'-
dATCTGAGAACGAGTCTTCA-3"), or mu-
tant reverse primer, M (5-dATCTGAGAA
CGAGTCTTGG-3"). PCR conditions were:
35 cycles of 92°C for 30 seconds, 56°C for 30
seconds, and 72°C for 60 seconds. The PCR
products obtained from the normal and
mutant alleles are displayed in fig 2. The
Leu303Pro mutation was not detected in any
of the normal individuals examined, confirm-
ing that it is not a common population
polymorphism and that, therefore, this muta-
tion is likely to be responsible for familial
hyperchylomicronaemia in this family.

Analysis of the LPL gene from the unrelated
normal control led to the identification of a
further heterozygous mutation at codon 118,
GAG—GAA (data not presented). This se-
quence change is a silent mutation and hence
does not affect the coding amino acid.
Therefore, the frequency of this mutation was
not examined within the normal population.

Discussion

The present study describes the biochemical
and molecular genetic analysis of LPL defi-
ciency in two siblings of consanguineous Paki-
stani origin. The biochemical analysis indi-
cated LPL deficiency and this was confirmed
by identification of a Leu303Pro homozygous
mutation in the LPL gene. A number of muta-
tions in the LPL gene have been described in
recent years but the Leu303Pro mutation has
not been observed in any other ethnic group
studied so far.”

The lipase family of proteins have very com-
plex three dimensional structures, consisting of
multiple domains. Although the x ray crystal-
lography structure for LPL has not been deter-
mined, a molecular model of this protein has
been predicted, based on the pancreatic lipase
crystal structure, as LPL is highly homologous
to this molecule.® ° By analogy with pancreatic
lipase, LPL appears to be organised into two
distinct domains, the amino terminal domain
(residues 1-312) and a carboxyl terminal end
(residues 313-448). The functional sites in the
LPL protein include a site for interaction with
lipid, as well as a catalytic site where triglycer-
ide hydrolysis occurs, separate domains that
mediate the binding of LPL to apoC-II and
heparan sulphate, and sites involved in glyco-
protein dimerisation. The Leu 303 residue in
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LPL is aligned to Leu 327 in pancreatic lipase
and is conserved in human LPL and human
and canine pancreatic lipase. This residue is
within the amino terminal domain of LPL but
does not seem to be involved directly in the
catalytic site. Examination of the Leu 327 resi-
due in human pancreatic lipase, using the
graphics software RASMOL, shows that the
conformation of this leucine is fully extended,
and the side chain is packed into the molecule
core. This conformation would not be possible
with proline at this position, because proline is
an imino acid, with a different torsion angle at
its o carbon—nitrogen bond. Also, the proline
nitrogen is unavailable to form hydrogen bonds
with other residues within the protein. Hence,
the Leu303Pro mutation would introduce
some disturbance in the LPL structure. It is
possible that proline at residue 303 could cause
cis/trans disturbances such that the LPL
protein would be unable to fold. It is also pos-
sible that the Leu303Pro mutant LPL does
fold, but that the structure formed is thermally
unstable or leads to an inactive enzyme. As the
patients studied are actually deficient in LPL, it
is probable that the Leu303Pro mutation
disturbs the LPL folding pathway in such a way
that, if the protein can fold, it is not a stable
structure. Such a mutant LPL protein would
be difficult to study functionally by expression
in recombinant cells as similar structural insta-
bility problems would be encountered.

The GAG—GAA silent mutation at codon
118 does not affect the amino acid sequence of
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LPL. However there may be an effect via codon
usage from this sequence change, thus influ-
encing the translational efficiency of LPL
mRNA.
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