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ABSTRACT: Lipoprotein lipase (LPL), hepatic lipase, and pancreatic lipase show high sequence homology
to one another. The crystal structure of pancreatic lipase suggests that it contains a trypsin-like Asp-
His-Ser catalytic triad at the active center, which is shielded by a disulfide bridge-bounded surface loop
that must be repositioned before the substrate can gain access to the catalytic residues. By sequence
alignment, the homologous catalytic triad in LPL corresponds to Asp!*6-His?4!-Ser!32, absolutely conserved
residues, and the homologous surface loop to residues 217-238, a poorly conserved region. To verify these
assignments, we expressed in vitro wild-type LPL and mutant LPLs having single amino acid mutations
involving residue Asp'>¢ (to His, Ser, Asn, Ala, Glu, or Gly), His?*! (to Asn, Ala, Arg, Gln, or Trp), or
Ser!?2 (to Gly, Ala, Thu, or Asp) individually. All 15 mutant LPLs were totally devoid of enzyme activity,
while wild-type LPL and other mutant LPLs containing substitutions in other positions were fully active.
We further replaced the 22-residue LPL loop which shields the catalytic center either partially (replacing
6 of 22 residues) or completely with the corresponding hepatic lipase loop. The partial loop-replacement
chimeric LPL was found to be fully active, and the complete loop-replacement mutant had ~60% activity,
although the primary sequence of the hepatic lipase loop is quite different. In contrast, replacement with
the pancreatic lipase loop completely inactivated the enzyme. Our results are consistent with Asp!%s-
His?*-Ser!32 being the catalytic triad in lipoprotein lipase. Furthermore, they indicate that the surface loop
that shields the active center in the absence of substrate does not have an absolute sequence requirement;
replacement of the loop with a different sequence (such as hepatic lipase) having similar predicted secondary
structures appears capable of appropriate movement to allow water-insoluble substrates to reach the catalytic

center of LPL for hydrolysis.

Lipoprotein lipase (EC 3.1.1.34) (LPL)! is an essential
enzyme in lipoprotein metabolism. It hydrolyzes the tri-
glyceride component of circulating chylomicrons and very
low density lipoproteins (Cryer, 1981; Garfinkel & Schotz,
1987; Robinson, 1987). The enzyme shows high sequence
homology to hepatic triglyceride lipase and pancreatic lipase
(Ben-Zeev et al., 1987; Datta et al., 1988). Interest in the
enzymology of triglyceride hydrolysis has been greatly
stimulated by the 1990 reports of the 1.9-A structure of Rhi-
zomucor miehei lipase (Brady et al., 1990) and the 2.4-A
structure of human pancreatic lipase (Winkler et al., 1990),
which show that the catalytic center of the two lipases contains
a serine protease-like catalytic triad of Ser--His-+Asp. Other
features in common for these «/8 proteins include a central
core of a mixed 8-sheet containing the catalytic triad and a
surface loop restricting the access of the substrate to the active
site. The 2.2-A structure of a third lipase, from Geotrichum
candidum (Schragetal., 1991), has the same general structural
features, including the surface loop, but differs in that Glu
replaces Asp in the catalytic triad. The concensus structure
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of the lipases involves (a) the catalytic triad and its topology,
(b) a central core of a mixed 8-sheet containing the catalytic
triad, and (c) a surface loop restricting the access of the
substratetotheactivesite. The crystal structure of pancreatic
lipase also contains a loop or flap which appears to shield the
active site from the substrate (Winkler et al.,, 1990). By
sequence alignment, LPL and hepatic triglyceride lipase also
contain an analogous loop bounded by two conserved Cys
residues. The amino acid sequence of the loop is poorly
conserved compared to the rest of the lipase molecule (Datta
etal,, 1988). Here we demonstrate that multiple single amino
acid substitution mutants involving Asp!3¢, His?4!, or Ser!32
individually are all inactive, indicating that they represent the
catalytic triad in LPL. Furthermore, partial and complete
replacement of the LPL loop with the hepatic triglyceride
lipase loop, but not the pancreatic lipase loop, produces an
active LPL enzyme. Thus, the presumed reorientation of this
loop which must take place before LPL can hydrolyze water-
insoluble substrates at water-lipid interfaces does not have an
absolute sequence requirement. A functional topology is
achieved by the considerable compositional flexibility allowed
in the primary sequence of the loop.

MATERIALS AND METHODS

Human LPL cDNA Expression Vector. A 1786-bp human
LPL cDNA containing the entire coding region bounded by
an artificial HindI1Y site in the 5 end and a natural EcoRI
site in the 3’ end is subcloned into M13Mp19 and used as a
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LPL loop replacement mutants

Lipoprotein lipase (wild-type): (wt) NIGEAIRVIAERGLGDVDQLVK

LPL-hepatic lipase (partial): (LPL-pH) HSLELYRHIAERGLGDVDQLVK
LPL-hepatic lipase (complete): ~ (LPL<H) HSLELYRHIAOHGENAITOTIXK
LPL-pancreatic lipase (partial): ~ (LPL-pP) KKNALSOITAERGLHEGTRDFVA
LPL-p ic lipase (complete): (LPL-cP) KKNALSQIVNLDGIWEGTRDFVA

LPL loop deletion mutants
D-§ NIGEAI-VIA-RG-GD-DQ-VK
D-11 NI-EA--V-A--G-G--D--VK

FIGURE 1: (A, top) Lipoprotein lipase expression vector. Residues
Asp'%, His?*!, and Ser'3? are indicated. Multiple single amino acid
substitution mutants were constructed toreplace each of these residues
inturn. Theregion marked Flap encompasses the sequence encoding
a 22-residue peptide, Asn?!7-Lys?*, bounded by two cysteineresidues,
referred to as the loop region in the text. (B, bottom) Structure of
the flap or loop region. The amino acid sequence for each loop is
shown in single-letter code. The mutant sequence is underlined. The
abbreviations are as defined in the figure. For the deletion mutants,
the deleted amino acids are denoted by dashes. The oligonucleotides
used for creating the chimeric mutants are as follows: for LPL-pH,
CCAGGATGTCACTTTCTAGAACTTTACCGCCATATTGCA-
GAG; for LPL-cH, CCAGGATGTCACTTTCTAGAAC-
TTTACCGCCATATTGCACAGCACGGATTTAATGCTATC-
ACCCAGACAATAAAGTGCTCCCAC; for LPL-pP, CAGC-
CAGGATGTAAGAAGAATGCACTTAGCCAGATCATTGCA-
GAG and AGAGGACTTTGGGAAGGGACCCGGGACTTCGTG-
GCTTGCTCCCACGAG; for LPL-cP, anadditional oligonucleotide,
ACCCAGATCGTTGACCTGGATGGAATTT-
GGGAAGGG, was used to complete the loop replacement on LPL-
pP. For the deletion mutants, the following oligonucleotides were
used: for D-5, GGAGAAGCTATCGTGATTGCAAGAGGAG-
GAGATGACCAGGTGAAGTGC; for D-11, GGATGTAACAT-
TGAAGCTGTGGCAGGAGGAGACGTGAAGTGCTCCCAC.
These oligonucleotides were synthesized on an Applied Biosystems
Model 391 DNA synthesizer. All mutant clones were confirmed by
direct DNA sequencing. For both LPL and hepatic triglyceride li-
pase, the human sequences were used. For the pancreatic lipase
loop, the dog sequence (Mickel et al., 1989) was used because, by
Chou-Fasman analysis, its structure is more similar to the LPL loop
than is the human pancreatic lipase sequence, which differs from the
dog sequence by four conservative amino acid substitutions.

template for site-directed mutagenesis (Semenkovich et al.,
1990) (Figure 1A).

Oligonucleotides were synthesized on an Applied Biosys-
tems Inc. 391 DNA synthesizer. The sequences of the oli-
gonucleotides used to introduce mutations in the catalytic
triad residues are as follows: All oligonucleotides correspond
to the sense strand. They are 27 nucleotides in length and
contain 12 bases on either side of the mutated codon. The
sequences of the mutated codons are Asp!6 (— His, CAT;
Ser, AGT; Asn, AAT; Ala, GCT; Gla, GAA; Gly, GGT),
His?*! (— Asn, AAC; Ala, GCC; Arg, CGC; GIn, CAG; Trp,
TGG), and Ser!'*? (— Gly, GGC; Ala, GCC; Thr, ACC; Asp,
GAC). The sequences for the oligonucleotides used for
mutating the loop segment are listed in the legend to Figure
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1B. Theoligonucleotides were 5’-phosphorylated and annealed
with single-stranded template. Mutagenesis was carried out
as described by Taylor et al. (1985) using an oligonucleotide-
directed in vitro mutagenesis kit (Amersham Corp.). Mutant
and wild-type LPL ¢cDNAs were used to transfect Escher-
ichia coli TG1 cells, and positive clones were identified by
direct sequencing. Replicative-form DNAs were isolated,
digested with EcoRI, and inserted into the EcoRI site of
p91023(B) (Wong et al., 1985). After transformation of E.
coli DH 5a cells, positive clones were isolated, and orientation
of inserts was checked by restriction mapping.

In Vitro Expression and LPL Enzyme Assay. COS M-6
cells [(0.25-1.0) X 106] were plated on 100-mm-diameter
tissue culture dishes and transfected with 20 ug of plasmid
DNA /dish by the technique of Selden et al. (1986) with the
addition of a 3-h incubation with chloroquine after Me;SO
shock. Inall experiments, collecting media contained sodium
heparin (40 ug/mL). Ineach experiment, a parallel dish was
subjected to the transfection protocol without plasmid DNA
(COS cells only condition). For LPL enzyme assay exper-
iments, after 48—72 h, aliquots of culture media were collected.
Cells were washed in phosphate-buffered saline, scraped into
1 mL of 50 mM NH;/NH,CI (pH 8.1) containing heparin,
andsonicated. Media and cell extracts were then flash-frozen
in a dry ice/ethanol bath and stored at =70 °C. Just before
determination of LPL activity or protein mass, samples were
thawed in ice water, made 0.2% in sodium deoxycholate, and
rotated at room temperature for 5 min. Cell extracts and
media were assayed for LPL enzyme activity as previously
described (Semenkovich et al., 1990). LPL activity is
expressed in milliunits (1 milliunit = 1 nmol of fatty acid
released per minute). In experiments determining enhance-
ment of LPL activity of apolipoprotein C-II, media from trans-
fected COS cells were assayed in the presence of solvent (3
M guanidine hydrochloride diluted to a final concentration
of 12 mM) or of purified human apolipoprotein C-II (kindly
provided by Dr. Henry Pownall, Baylor College of Medicine)
inthesamesolvent. Asa control, bovine milk LPL was purified
as previously described (Voyta et al., 1985) and assayed under
the same conditions.

Quantitation of LPL Protein Mass. LPL mass was
determined by a standard enzyme-linked immunosorbent assay
using purified bovine milk LPL asstandard. Theassay utilized
a monoclonal antibody raised against purified bovine milk
LPL (monoclonal antibody 40) as described by Voyta et al.
(1985).

RESULTS AND DISCUSSION

The results of the in vitro expression experiments are
presented in Table 1. For the wild-type construct, about 70%
of the immunoreactive LPL is present in the culture media
and 30%inthe cellular extract. Enzyme activity is alsoreadily
detected in both compartments. The specificactivities of wild-
type LPL expressed in vitro are comparable to that of LPL
purified from bovine milk (data not shown). The wild-type
LPL also shows a 5-fold stimulation of activity with the
addition of purified apolipoprotein C-II, a known physiological
activator of LPL (LaRosa et al., 1970). All assays shown in
Table IB,C were performed in the presence of apolipoprotein
C-II. Untransfected COS cells or cells transfected with the
expression vector without the LPL ¢cDNA insert do not produce
any detectable LPL.

A large number of single amino acid substitutions have
been reported that result in an inactive LPL [summarized by
Haydenetal. (1991)]. However, when multiple substitutions
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Table I: Lipoprotein Lipase Activity in Wild-Type LPL and Site-Specific Mutants Produced in COS Cells®

(A) Lipoprotein Lipase
LPL activity (mean & SD, milliunits/dish)
ApoC-1I (725 nM) cell media
vector without insert + 0 0
wild-type LPL - 103 = 8.76 370 £ 26.1
+ 566.7 £ 41.3 17002 £ 125.5

(B) Catalytic Residue Mutants?

LPL activity (milliunits/dish) LPL mass (ug/dish) specific activity (milliunits/ug)
cell media cell media cell media
wild-type 620 + 50.2 1820 £ 110 18+ 1.5 56+25 34 32
Asp!%6 — His 0 0 11£25 31+4 0 0
Ser 0 0 1009 3024 0 0
Asn 0 0 9+1.7 283 0 0
Ala 0 0 113 32435 0 0
Glu 0 0 1225 30+34 0 0
Gly 0 0 6x1.2 2542 0 0
His?4! — Asn 0 0 10+1.8 29+25 0 0
Ala 0 0 12+3 314 0 0
Arg 0 0 12£3.2 32+42 0 0
Gln 0 0 11£2.7 2829 0 0
Trp 0 0 10£1.9 28+ 2.5 0 0
Ser!32 — Gly 0 0 15+2 4543 0 0
Ala 0 0 12£1.6 40x3 0 0
Thr 0 0 8+08 35+1.8 0 0
Asp 0 0 10+ 0.9 46+ 2.4 0 0
(C) Loop Segment Mutants
LPL activity (milliunits/dish) LPL mass (ug/dish) specific activity (milliunits/ug)
cell media cell media cell media
wild-type 530 £ 41.5 1750 £ 130 17+ 2.1 50+3.5 31 35
LPL-pH 500 + 40 1700 + 131 1619 48 %3 31 35
LPL-cH 310+ 38 1050 = 100 16+2.5 47+238 19 22
LPL-pP 0 0 65+£19 21+ 1.8 0 0
LPL-cP 0 0 T+1.7 202 0 0
LPL-D-5 0 0 11x2.5 26%23 0 0
LPL-D-11 0 0 608 21%09 0 0

2 The data represent the results from one set of experiments in which triplicate transfections were performed. These experiments were repeated at
least three times with consistent results. The abbreviations for the loop-replacement and deletion mutant LPLs are as described in Figure 1. ? Seven
additional positive controls using other LPL mutants (described in the text) analyzed simultaneously had activities similar to that of wild type. The
results of these are not included here because they have been published previously (Semenkovich et al., 1990; Faustinella et al., 1991a,b).

are made in some of these sites, some of the mutants have
LPL activity (Faustinella et al.,, 1991a). Therefore, it is
dangerous to draw conclusions from studies on one or two
mutations at each site. We have therefore tested a total of
15 single amino acid substitution mutant LPLs, 6 for Asp!3¢,
5 for His?4!, and 4 for Ser!32, Taken together, previous studies
using site-directed mutagenesis of the conserved active site
residues of serine proteases and related enzymes (Walsh, 1979)
show that there is an almost absolute requirement for the Ser,
Asp, and His in the catalytic triad. The results of our study
reinforce this conclusion. While we anticipated any substi-
tution should give an inactive protein, we used the following
rationale for the selection of the triad mutants. For Ser!32,
substitution by both Gly and Ala would create minimal
disturbance of the overall structure while precluding the
formation of an acyl intermediate. The formation of an acyl
intermediate is theoretically possible for the Thr and Asp
mutants. Except for the standard Gly and Ala substitutions,
the other mutations at Asp!5¢ involve amino acid side chains
with hydrogen-bonding capability: Gln, Asn, His, and Ser.
The selection of Asn, Arg, Gln, and Trp for His?*! was based
on the same hydrogen donor—-acceptor potential. Asexpected,
all LPL mutants were found to be totally inactive (Table IB).
The wild-type LPL and seven other mutant LPLs assayed in
the same experiment showed good activity. These enzymat-
ically active mutants, which had been published previously

(Semenkovich et al., 1990; Faustinella et al., 1991a,b), include
the following: Ser®® — Thu, Ser!4? — Ala, Ser?*¢ — Ala,
Asn?7 — Ala, Asn®® — Ala, Ser?6® — Thu, and Gly*# —
Ter. Our current study extends the previous observation on
a single mutant involving Asp!%¢ (Faustinella et al., 1991b)
and three mutants involving Ser!32 (Faustinella et al., 1991a)
that these residues may be important for enzyme catalysis.
Taken together, the complete loss of the enzyme activity in
the 15 LPL mutants involving Asp!56, His?#!, or Ser!32supports
the conclusion that these three residues constitute the catalytic
triad in LPL, as suggested by the sequence alignment against
pancreatic lipase.

The crystal structure of human pancreatic lipase predicts
that Asp!76-His263-Ser!52 form a catalytic triad in the active
center of the enzyme. By sequence alignment between
pancreatic lipase and LPL, Asp!*6-His?4!-Ser!32 constitute
the catalytic triad residues in LPL. In order to obtain an
understanding of the structural basis of LPL action and to
obtain direct experimental proof for the essential nature of
these residues, we have expressed LPL in vitro and have
examined the enzymatic activities of the wild-type enzyme
and site-specific single amino acid substitution mutants
involving the putative catalytic triad residues. After these
studies had been completed, a report by Emmerich et al. (1992)
appeared which corroborates the conclusions reached by our
studies.
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The X-ray structure of pancreatic lipase suggests that a
substantial conformational change occurs in the enzyme
molecule before it can bind substrate in the active center
defined by the catalytic triad residues. There is a surface
loop between disulfide-bridged residues (residues 237-261)
that covers the active site. This loop has to be repositioned
before the site can become accessible to substrate. The loop
segments which shield the catalytic center of pancreatic li-
pase, LPL, and hepatic triglyceride lipase are easily identified
by sequence alignment because they are bounded on both
sides by cysteine residues that are, todate, absolutely conserved
in all three enzymes across all species. In pancreatic lipase
(Winkler et al., 1990) and LPL (Yang et al., 1989), these two
cysteine residues have been shown to exist in disulfide linkage.
The expectation that the surface loop of lipase must move
before the substrate can diffuse into the catalytically active
site has been confirmed in an elegant study by Brzozowski et
al. (1991). A lipase—inhibitor conjugate was prepared by the
stiochiometric reaction of n-hexyl chlorophosphonate ethyl
ester with the R. miehei lipase, which inhibited it fully and
irreversibly. The structure of the crystals of the covalently
modified enzyme demonstrated that the 15 amino acid “lid”
undergoes a hinge-type motion that transports some of the
atoms of a short a-helix (residues 85-91) over a distance of
12 A. Movement of the helical lid changes the hydrophobic—-
hydrophilic balance of the exterior surface of the lipase. The
hydrophilic side of the lid, which is exposed as a solvent in the
nativestructure, is partially buried in the polar cavity previously
filled with water. At the same time, the hydrophobic side of
the lid becomes completely exposed, greatly expanding the
nonpolar surface around the active site. The analysis of con-
formational differences between the native and inhibited
enzymes shows conclusively that the conformational changes
are essential for catalytic activity of the enzyme. Moreover,
the structural details of the conformation of the inhibited
lipase strongly support the view that the observed changes are
characteristic of the activated enzyme adsorbed at the oil-
water interface.

In the first set of experiments on the LPL loop, we replaced
it either partially (replacing 6 of 22 residues) or completely
with the corresponding loop from hepatic lipase (Figure 1).
The partial-replacement chimeric LPL expressed in vitro was
fully active, with a specific activity identical to that of the
wild-type enzyme. The complete-replacement chimeric mol-
ecule was also active, with a specific activity approximately
60% that of the wild-type enzyme (Table IC). In the next
series of experiments, we replaced the LPL loop with the
pancreatic lipase loop, either partially (replacing 6 of 22
residues) or completely (replacing the 22 LPL loop residues
with a 23-residue pancreatic lipase loop) (Figure 1). Both
types of chimeric LPL were totally inactive, although im-
munoreactive protein was synthesized and secreted. We next
deleted 5 and 11 residues from the LPL loop. Both LPLs
with shortened loop regions were produced by the COS cells,
but they were totally devoid of enzyme activity (Table IC).

The study summarized in Table IC addresses a specific
structure-function relationship in LPL: the loop region of
LPL that appears to prevent the substrate from reaching the
active center. Replacement of this portion of the enzyme
structure with the corresponding regions of either hepatic tri-
glyceride lipase or pancreatic lipase appeared to be a reasonable
choice for site-specific mutagenesis for the following reasons.
(a) This portion of the lipases is isolated from the main
structural domains of the proteins by a disulfide bridge. (b)
There is little conservation of the primary sequence, although,
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as noted below, predictions for the structure of this region of
LPL and hepatic triglyceride lipase are similar. (c) We
reasoned that the loop regions of LPL and hepatic trigly-
ceride lipase should have a high degree of functional similarity
since the physiological substrates for both enzymes are plasma
lipoproteins (Jackson, 1983). LPL utilizes as substrates almost
exclusively the large triglyceride-rich chylomicrons and very
low density lipoproteins. Hepatic triglyceride lipase acts on
a much more diverse group of lipoprotein particles, with
significant hydrolysis of both phospholipids and triglycerides
in very low density, intermediate density, and high density
lipoproteins. The diameters of these macromolecular sub-
strates range from 9—12 nm for high density lipoprotein-2 to
1200 nm for chylomicrons. By contrast, the bile salt micellar
substrates for pancreatic lipase have diameters of ~7 nm.
Thus, from the perspective of the lipid—water interface of the
respective substrates, the repositioning of the loop region of
these lipases and their possible role in substrate binding would
be similar for LPL and hepatic triglyceride lipase on one hand
but quite different for pancreatic lipase on the other hand.

Our previous studies using site-directed mutagenesis of LPL
(Faustinella et al., 1991a), as well as analysis of naturally
occurring human mutations (Hayden et al., 1991; Faustinella
etal., 1991b), give strong support tothe view that the secondary
and tertiary structures of human pancreatic lipase and LPL
are quite similar (Derewenda & Cambillau, 1991). Several
computational approaches are available for possible secondary
structures derived by analysis of the primary amino acid
sequence of protein (Benner & Gerloff, 1990; Garnier et al.,
1978). An algorithm based on the Chou—Fasman prediction
rules (Chou & Fasman, 1978) gave a predicted structure of
the loop region of human pancreatic lipase that was in
reasonable agreement with the secondary structure of the
pancreatic lipase loop determined by X-ray crystallography
(Winkler et al., 1990; Derewenda & Cambillau, 1991). Our
analysis of the LPL expression studies are based on the results
of the Chou-Fasman predictions.

For the LPL loop, there is high probability for an a-helical
structure for I1e2'8-Glu22 and a S-sheet for Ala22!-Arg??3,
followed by another a-helical region Val?2*~Gly??, The
remainder of the loop, Leu?-Lys?*% is predicted to be a
B-sheet, interrupted by a highly probable 8-turn at Asp?3,
The predicted structure of the first a-helical region of the
hepatic triglyceride lipase loop, His-Ser-Leu-Glu-Leu-Tyr
(residues 217-222), is the same as that predicted for the LPL
loop, Asn-lle-Gly-Glu-Ala-Ile (residues 217-222). This
assignment is fully consistent with the experimental finding
that partial replacement of the hepatic triglyceride lipase
sequences produces a mutant LPL with full lipolytic activity.
In the mutant LPL containing the entire loop region of he-
patic triglyceride lipase, the primary sequence of the latter is
quite different from the LPL loop. The high level of activity
of this complete-replacement mutant is significant in light of
the absence of enzyme activity in many single amino acid
substitution mutants tested in the past (Semenkovich et al.,
1990; Hayden et al., 1991; Faustinella et al., 1991a,b). The
Chou—Fasman algorithm predicts, however, the same alter-
nating pattern of a-helical and §-sheet regions involving
approximately the same number of residues in the LPL and
the hepatic triglyceride lipase loop. The Asp?* to Ala
exchange in the mutant negates the §-turn probability in the
terminal 8-sheet portion of the loop of LPL with only minimal
reductionin activity. The predicted structures for the mutants
containing the partial and complete loop sequence from the
pancreatic lipase are also similar to that of LPL, but these
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mutants are totally inactive. One possibility is that replace-
ment of Arg228 by Asp in the loop region changes the polarity
of the extended loop so that any substrate-induced confor-
mation stabilized through ionic interaction between different
sequence regions of the LPL would not be possible. The
inactive partial deletion LPL mutants are not informative,
except that, in these mutants, significant changes in secondary
structure are predicted; the loop may also require a certain
length for appropriate movement and repositioning.

Using multiple single amino acid substitution mutants of
LPL, we have demonstrated that residues Asp!*¢, His?*!, and
Ser!32are essential for LPL activity. This observation, coupled
with the sequence alignment against the putative catalytic
triad residues in pancreatic lipase, supports the conclusion
that Asp!56-His?!-Ser!32indeed are the catalytic triad residues
in the active center of LPL (Emmerich et al., 1992).
Furthermore, we have demonstrated that the loop shielding
the active center in LPL can be replaced with the correspond-
ing structure from hepatic triglyceride lipase without signif-
icant loss of enzyme activity. Substitution with a pancreatic
lipase loop inactivates the enzyme. The different results with
the two types of loop replacement may be related to the
substantial difference in size of the physiological substrate
presented to LPL and hepatic triglyceride lipase on the one
hand and pancreatic lipase on the other. Although the
invertebrate and vertebrate lipases have entirely different
primary structures, they exhibit great similarity in the fold
structure and considerable analogy in the topology of the
catalytic residues and the presence of this helical loop which
must be repositioned before the active site becomes accessible
to the substrate [reviewed by Smith et al. (1992)]. Our study
documents the interchangeability of the LPL and hepatic tri-
glyceride lipase loop, strongly suggesting a common functional
topology of this loop in these two lipases.
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