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Human Pancreatic Lipase: An Exposed Hydrophobic Loop from the C-terminal
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ABSTRACT: Epitope mapping was performed using four anti-HPL monoclonal antibodies (mAb’'2381
146-40, 315-25, and 326-24) directed against human pancreatic lipase (HPL). Three HPL mutants
produced in insect cells were tested for this purpose: ({H®L, which consists of only the N-terminal
domain of HPL, (ii) HPL(-lid), in which a short loop consisting of 5 amino acid residues replaces the
full-length 23-residue lid domain present in HPL, and (iii) N-GPLRP2HPL chimera, a chimeric mutant
consisting of the N-terminal domain of the guinea pig pancreatic lipase related protein 2 (GPLRP2) fused
to the C-terminal domain of HPL. The C-terminal domain of HPL-PL) was prepared in a pure

form after performing chymotryptic digestion of HPL. The mAb 8 recognizes HPL, HPL(-lid),

and N—-HPL but not GPLRP2, N-GPLRP2/HPL chimera, or the EHPL. The antibody mAb 146

40 therefore specifically recognizes the N-terminal domain of HPL, and the epitope recognized does not
include the amphiphilic lid. On the other hand, mAb’s-843, 315-25, and 326-24 react specifically

to the C-terminal domain of HPL, since they recognize HPL, HPL(-lid), the N-GPLRPBRL chimera,

and the C-HPL but not N-HPL or GPLRP2. It was further established that these three mAb’s recognize
the same conformational epitope, the structure of which is stabilized by the N-terminal domain in the
presence of SDS at concentrations greater than its critical micellar concentration. This conformational
epitope was found to be located in the vicinity of Met 397 and Arg 414. These two residues delineate a
highly exposed peptide stretch extending from the HPL C-terminal domain, which includes a hydrophobic
surface loop £5'). Kinetic studies on the HPL/mAb’s complexes showed that the lipase activity was
much lower in these complexes than in HPL. The results of the present study suggest for the first time
that the5' loop from the C-terminal domain may be involved in the interaction of HPL with a lipid/
water interface.

Pancreatic lipase (triacylglycerol hydrolase, EC 3.1.1.3) which shows a typicala/f hydrolase fold 15), and a
catalyzes the intraduodenal conversion of triglycerides into C-terminal domain (residues 33@49), which is of the
diglycerides and subsequently into monoglycerides and free3-sandwich type14). The serine 152, which is part of the
fatty acids (). In 1981, the first amino acid sequence of Serl52-Aspl67-His263 triad, is the nucleophilic residue
porcine pancreatic lipase was publish@)l (Over the past  involved in the catalysis: it is located in the N-terminal
few years, the amino acid sequences of other pancreaticdomain. A surface loop (Cys 237-Cys 261), the so-called
lipases have been deduced from the corresponding cDNAIid or flap, prevents the access of the substrate to the active
in the case of several species, including humandg)( dogs site in its closed conformation. HPL requires a small protein
(5), guinea pigs§, 7), rats 8, 9), coypus 10, 11, and rabbits cofactor, colipase, for the enzyme to be able to bind to the
(12. On the basis of primary structure comparisons, the bile salt-covered water/triglyceride interface. Colipase binds
pancreatic lipase family can be subdivided into three to the C-terminal domain of HPL16), but it also interacts
subgroups: (i) classical pancreatic lipases, (ii) pancreaticwith the lid, once the latter has popped up after the
lipase-related protein 1 (PLRP1), and (iii) pancreatic lipase- cocrystallization occurring in the presence of mixed micelles
related protein 2 (PLRP2}( 10. It has been established (17). Colipase is a three-finger-shaped amphiphilic protein

that in the guinea pigd), the coypu 10), and the rat 13), which facilitates the anchoring of HPL at the interface by

PLRP2 displays different kinetic properties from those of exposing a large hydrophobic plateau consisting mainly of

the classical lipases. two surface loops (lid ang9 loop) and the hydrophobic
The resolution of the three-dimensional structure of tips of the colipase fingers.

classical human pancreatic lipase (HP1J)(has shown that In the guinea pig, GPLRP2 is expressed by the exocrine

the single polypeptide chain (449 amino acids) is folded into pancreas in comparable amounts to the classical lipase (GPL)

two domains: a large N-terminal domain (residues3B5), (7). On the basis of amino acid sequence comparisons

between HPL, GPL, and GPLRP2, it appeared that the
* To whom correspondence should be sent. Tel:-381 164 488. N-terminal domain (catalytic do_maln) IS more highly con-
Fax: 33-491 715 857. served (67.8%) than the C-terminal domain (48.7%) The
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“atypical” kinetic properties of GPLRP2, that is, a high cloned into theHindlll site of the pIC19R vector43) and
phospholipase activity and the absence of interfacial activa- sequenced in order to check that no random mutation had
tion, were initially attributed to the presence of a mini-lid been introduced by the PCR. Once the correct orientation
consisting of 5 residuest) replacing the full-length 23-  of N—HPL DNA had been checked, it was further subcloned
residue lid present in HPL. The fact that the substrate hadinto the EcdRl/Bglll sites of the pVL1393 baculovirus
free access to the active site of GPLRP2 was confirmed whentransfer vector (Invitrogen, San Diego, CA).
the 3-D structure of the N-GPLRP2/HPL chimera, a Obtaining the Recombinant Bacuious Expressing
chimera mutant consisting of the catalytic N-terminal domain N—HPL. Spodoptera frugiperdansect cells (Sf9) were
of GPLRP2 and the C-terminal domain of HPL, was grown in vitro in TNM-FH medium (Sigma) supplemented
elucidated {8). Chimeric mutants between HPL and wjth 10% of fetal calf serum, at 27C. They were
GPLRP2 were recently produced by performing domain cotransfected as described in the BaculoGold transfection
exchanges in order to investigate the structdfuaction Kit manual (Pharmingen), using Oty of linearized viral
relationships of pancreatic lipasesd). DNA (AcMNPV) containing a lethal deletion and &y of
Monoclonal antibodies (mAb’s) are useful tools for transfer vector mixed with liposomes. The lethal deletion
mapping structural domains and for probing the functional can be restored by genetic recombination between the viral
features of multidomain enzymes such as lipases. Four anti-and transfer vector DNAs, and only recombinant viruses were
HPL mAb’s (81-23, 146-40, 315-25, and 326-24) have therefore viable and able to replicate. Seven days after the
been produced2() at our laboratory and used to carry out cotransfection, 0.5 mL of the medium containing the
epitope mapping on HPL. Four peptides obtained by recombinant virus was used to infect a fresh monolayer of
performing limited chymotryptic cleavage were characterized Sf9 cells (10 cells in 10 mL of serum-free medium (Sf900)
by Western blotting and N-terminal amino acid sequence (GibcoBRL)) in order to check the expression of the
analysis. On the basis of the competitive binding observed recombinant protein and to determine the time course of the
between mAb’s or Fab fragments with HPL, it was concluded expression of N-HPL after cell infection.
(20) that mAb's 81-23, 315-25, and 326-24 recognize Analysis of the Recombinant Viru®2CR amplification
overlapping epitopes from the hinge region located between,y a5 performed in order to identify the recombinant virus
the N- and C-terminal domains of HPL. and to check the length of the DNA insert within the
In the present study, we checked the previous pancreaticpolyhedrin gene of the baculovirus. Amplification was
lipase epitope mapping data using pancreatic lipase mutantserformed for 30 cycles at 9% for 1 min, at 55°C for 2
and the previously described mAb’s. The three mAb’s-81 min, and at 72°C for 3 min. The forward (5TTTACT-
23, 315-25, and 326-24 did in fact all recognize the same GTTTTCGTAACAGTTTTG-3) and reverse (5CAA-
conformational epitope located within the C-terminal domain CAACGCACAGAATCTAC-3) primers used were homolo-
of HPL. The kinetic properties of HPL/mAb complexes gous with the DNA sequences upstream and downstream of
were further studied, and the role of the C-terminal domain the polyhedrin gene, respectively.

in the interfacial binding of pancreatic lipase was established. Production of the HPL(-lid) Mutant and the N-GPLRP2/

MATERIALS AND METHODS C—HPL Chimera. These two mutants were.expressed in
insect cells as previously describel®) (see Figure 1).
DNA Manipulations. All the DNA manipulations were Electrophoresis and Western Blotting AnalysiEhe total

performed using standard method@$)( Restriction enzymes  proteins present in the culture medium at various times after
and T4 DNA ligase were purchased from New England infection were analyzed by electrophoresis on 12% SDS
Biolabs. DNA fragments were purified from agarose gel polyacrylamide gels in a Bio-Rad Mini Protean Il ce2ij.
using the Gene Clean kit (Bio 101, Inc.). Sequencing was The gels were either stained with Coomassie brilliant blue
performed with the chain termination reaction method using or Subjected to Western blot ana|ysis_
the Sequenase Version 2.0 DNA Sequencing Kit (Amersham 1, proteins were electrophoretically transferred from the
Life Science). , gel onto a nitrocellulose membrane (BA 83 type, Ou45)
Construction of the DNA Encoding the-#iPL Mutant. using the following transfer buffer: 20 mM Tris, 150 mM
Starting with HPL full-length cDNA 22), which served as glycine pH 8.3 with 20% (v/v) methanol. The membrane
the template, the NHPL mutant was obtained by performing 435 then washed with phosphate-buffered saline (PBS) (8
PCR using the following forward and reverse primers, both g/L NaCl, 0.1 g/L KHPQ,, 2.9 g/L NaHPQ,, 12 H,0). To

including aHindlll restriction site (underlined): saturate the free sites, the membrane was incubated in a
Primer 1, 5CCC AAG CTT GCT CGG CAT GCT CCC  pjocking solution containing 3% (w/v) skimmed milk dried

GCT CTG G-3 in PBS for 1 h atroom temperature. After three washes
Primer 2, 5GGG AAG CTT CTATTA AAAATT ACT with PBS/Tween 20 (0.05% v/v), the membrane was

GGC ATC ACC-3 incubated with purified anti-HPL antibodies (@/mL) for

Primer 1 anneals with the HPL signal sequence encodingl h at room temperature and then with secondary goat anti-
the peptide Met-Leu-Pro-Leu-Trp. Primer 2 includes a stop rabbit (or mouse) immunoglobulins (Sigma) conjugated to
codon and anneals with an internal part of HPL cDNA alkaline phosphatase (dilution 1/2000)r f& h at room
encoding the last five amino acid residues of the HPL temperature. The membrane was further washed three times
N-terminal domain (Gly-Asp-Ala-Ser-Phe335). The PCR with PBS/Tween 20 and twice with 0.1 M Tris-HCI buffer
reaction was carried out using pfu polymerase (Stratagene,(pH 9.5) containing 0.1 M NaCl. The specific immunore-

la Jolla, CA) for 30 cycles with durations of 1 min at 9@, activity was revealed with 0.1 M Tris-HCI buffer (pH 9.5)

2 min at 50°C, and 3 min at 72C. The PCR product was containing 0.1 M NaCl, 1 mM MgG) 5 mM 5-bromo-4-
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Ficure 1: Diagram of the primary structure of HPL, GPLRP2, and the corresponding mutants. The HPL amino acid residues are numbered
according to Winkler et al.1@). In HPL, the lid domain is the polypeptide region located between C237 and C261. Met 397 and Arg 414
are located within the C-terminal domain of HPL.

chloro-3-indolyl phosphate, and 3.5 mM nitroblue tetrazo- with TLCK-treated chymotrypsin (Sigma), (0.01 w/w) at 25

lium. °C for 15 h. The proteolysis was stopped by adding phenyl
Anti-HPL Antibodies. Anti-HPL pAb and mAb’s (num- methanesulfonyl fluoride at a final concentration of 2 mM.

bered 8123, 146-40, 315-25, and 326-24) were pro- The proteolytic mixture was then loaded onto an Ultrogel

duced and characterized at our laboratdg)( AcA-54 column (1.5 cmx 200 cm), equilibrated, and eluted

ELISA Tests.To test whether the mAb’s (8423, 315 with 60 mM ammonium bicarbonate buffer, pH 8.5. The
25, and 326-24) recognized the colipase binding site on material eluted under the low molecular mass peak (a 14
HPL, a double sandwich ELISA test was performa€)( A kDa fragment corresponding to the HPL C-terminal domain)
second ELISA test was performed in which microtiter plates was pooled and concentrated using a Speed-Vac concentrator.
were also coated with pure anti-HPL pAb (250 ng/well, Cyanogen Bromide and Endoproteinase Arg-C Géepe
captor antibody), and HPL was added (2.5 ng/well) to the of the C-HPL. The 14 kDa C-HPL (5—10 nmol), which
PVC-coated pAb. The wells were emptied, washed, and contains a single methionine residue (Met 397), was incu-
dried by flicking. Fifty microliters of a pure porcine colipase bated with a solution of 70% formic acid containing a 180-
solution in a 5-fold molar excess was added to each well. Thefold molar excess of CNBr for 24 h at room temperature
lipase/colipase complex was subsequently incubated with theunder nitrogen. The reaction was stopped by adding 6
various mAb’s (0.06-125 ng/well). The immunoreactivity =~ volumes of cold water and then freeze-dried. The cleavage
of each mAb to HPL was detected with peroxidase- with the endoproteinase Arg-C (sequencing grade, Boe-
conjugated anti-mouse 1gG antibody. hringer Mannheim) was performed in 10 mM Tris-HCI

Dot Immunoassay.The interactions of the mAb’s 81 buffer, pH 7.6, containing 10 mM CagfWwith an enzyme-

23, 315-25, and 326-24 with native and SDS-treated HPL, to-substrate ratio of 1:50 at 3T, for 18 h. The hydrolysis

as well as with the C-terminal domain alone, were studied reaction was stopped with 1 mM 4-(2-aminoethyl)-benzene-
by dot immunoassay (or dot-immunobinding ass&§).( sulfonylfluorure, hydrochloride (Pefabloc-SC, Boehringer
Proteins were immobilized on nitrocellulose membrane. Once Mannheim). SDS-gel electrophoresis analysis of the cleaved
the proteins were fixed, we proceeded as described abovedomain was carried out on 10% Tris-Tricine g&lr).

in the case of the immunoblotting assay. The capacity of After the electrophoresis, the peptides were transferred
the C-HPL to bind colipase was also investigated. The onto either a nitrocellulose or a PVDF membrane (Q:49
colipase (2Qug) and the G-HPL (4 ug), used in the control ~ for Western blotting or N-terminal amino acid sequence
assays, were immobilized separately on a poly(vinylidene analysis. Immunodetection was performed on nitrocellulose
difluoride) membrane (PVDF) and incubated in a blocking triplicates with mAb’s 8123, 315-25, and 326-24.
solution (see above). The-@HPL was then added (8@g) Automated Edman degradation of the peptides transferred
and incubated for 2 h. The immunodetection was performed onto PVDF membrane was performed using an Applied
using anti-HPL pAb, and we proceeded as described above Biosystems Model 473 A gas-phase sequencer. The resulting

Preparation of C-HPL. C—HPL was obtained by per-  phenyl thiohyantoins were identified by performing HPLC
forming limited chymotryptic cleavage on the native enzyme on a C-18 Brownlee column (Bm, 2.1 mmx 220 mm).
(26). Lipase (1.5-2 mg) was dissolved in 1 mL of 60 mM Measurement of Lipase and Esterase #4tiis. To test
ammonium bicarbonate buffer, pH 8.5, and then incubated the effects of mAb’s 8423, 146-40, 315-25, and 326
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Ficure 2: Time course of the production of NHPL expressed in baculovirus-infected insect cells (Sf9) during the first 8 days after
infection. Upper panel: SDSPAGE (12%). Lower panel: Western blotting. The band of around 28 kDa corresponds to a partly degraded
form of N—HPL. HPL (50 kDa) was used as the molecular mass standard.

24 on the lipolytic activity of HPL, three types of substrates was performed for 8 days on-NHPL expression, in which
were used: tripropionin (TC3), tributyrin (TC4), and trioc- samples of the culture medium were collected every day post-
tanoin (TC8). The mAb/HPL complexes were obtained by infection for SDS-PAGE and Western blotting analysis
incubating each mAb in PBS fd. h at 37°C with HPL at using pAb raised against native HPL (nHPL) (see Figure
an antibody/lipase molar ratio of 2. The residual activity of 2). A band at around 36 kDa, corresponding to the expected
the HPL/mAb complexes was measured potentiometrically molecular mass of NHPL (36.8 kDa calculated from the
using a pH-stat (716 DMS Titrino, Metrohm). Assays on amino acid sequence), was detected 48 h after the infection
TC8 and TC4 were carried out under standard conditions and its intensity increased up to day five. On day five,
(20, 28, respectively. TC3 was used as the substrate for degradation products appeared and the intensity of the 36
measuring the interfacial activation of HPR29) and of the kDa band began to decrease simultanously with the emer-
HPL/mAb complex. The TC3 solutions were systematically gence of several bands with lower molecular masses. This
prepared by sonicating a given amount of TC3 in gum arabic process reflects the proteolysis ofMPL occurring after

1% three times for 30 s. Before each assay, 5 mL of the cell lysis on day four post-infectior2). In addition to the
solutions was added to 10 mL of pure water in the 36 kDa band, the main degradation product, which had a
thermostated (37°C) pH-stat vessel, at pH 7.0, in the molecular mass of 28 kDa, was also recognized by anti-
presence of a 5-fold molar excess of colipase. HPL pAb (see Figure 2).

Surface Calculations on the HPL 3-D Structurdhe Mapping of the HPL Structural Domains with the Four
surface area involved in the interaction between the N- and 5 Hp mAb's. The immunoreactivity of four anti-HPL
C-terminal domains of HPL and the area exposed to solvent . aly's and a pAb was studied using the-NPL, HPL-
within the C-terminal domain were calculated using the (lid), and N-GPLRP2/GHPL chimera produc'ed in a
DSSP module from the Turbo-Frodo software progr&0).(  revious study 19), as well as nHPL, recombinant HPL
on the basis of the coordinates of the open HPL/coIipase(rHPL) and GPLRP2 as control proteins. As shown in
complex (7) deposited in the Brookhaven Protein Data Bank  ig, e 3, the anti-HPL pAb reacted with all the lipase forms

(accession number 1LPA). tested, including GPLRP2. In some cases, reactive bands
RESULTS with lower molecular masses occurred due to the presence
of proteolytic fragments in the culture medium, as previously
Expression of the N-Terminal Domain of HPL-{NPL). discussed in the case ofNHPL (see Figure 2). The mAb’s
A DNA fragment encoding the N-terminal domain of HPL exhibited a more selective pattern of recognition. First, none
was constructed by PCR and further cloned into a baculovirusof the four mAb’s cross-reacted with GPLRP2, which
transfer vector as described in Materials and Methods. A nevertheless shows 64% amino acid identity with HBL (
recombinant baculovirus was obtained after cotransfecting Second, mAb 14640 reacted with NHPL and not with
Sf9 insect cells with the transfer vector and the DNA of the GPLRP2 or with N-GPLRP2/€HPL chimera, which indi-
wild-type ACMNPV baculovirus. The Sf9 cell cultures were cates that it specifically recognizes the N-terminal domain
then infected with the recombinant baculovirus with a of HPL (Lys1-Phe335). Furthermore, the reactivity of this
multiplicity of infection of 10. A time-course experiment mAb with an HPL(-lid) indicates that the epitope recognized
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Ficure 3: Immunoreactivity of anti-HPL pAb as well as mAb’s — 2.5
81-23, 146-40, 315-25, and 326-24 with native, recombinant, el ; : _
and mutant lipases. Native HPL (nHPL) was purified from human C: C-terminal domain cleavage by Arg C
pancreatic juice4?). N—HPL samples were taken from the culture — SDS-PAGE — — Western Blot —
medium of insect cells (Sf9) 3 days post-infection. Recombinant 1 2 3 kDa 4 5 6 7
HPL (rHPL) (22), GPLRP2 6), N-GPLRP2/G-HPL chimera, and
HPL(-lid) (19) were expressed at our laboratory and purified with
an FPLC system. The multiple bands with lower molecular masses
observed in some cases resulted from partial proteolysis.
by mAb 146-40 is present in the core of the-NHPL and 7.2 '
does not overlap with the lid domain (Cys 237-Cys 261). It 14.6 ‘ -
has been reported that this antibody has no inhibitory effects _. @I .
on the activity of nHPL 20), which indicates that its epitope = 3
is not located in close proximity to the catalytic site. Third, —

MADb’s 81-23, 315-25, and 326-24 cross-reacted withthe  Figure 4: Western blot analysis of €HPL fragments. (A)
N-GPLRP2/C-HPL chimera but not with GPLRP2 or with  Reactivity with pAb and mAb’s of the chymotryptic fragments of
N—HPL, which suggests that the epitopes recognized by HPL. Lane 1 corresponds to native HPL revealed with pAb. Lanes

) ; _ ; 2—6 correspond to chymotrypsin-treated HPL revealed with pAb
these three mAb’s were probably located in the C-terminal (lane 2) and mAb's 8223 (lane 3), 146 40 (lane 4), 31525 (lane

domain of HPL (Ala336-Cys449). To confirm this hypoth- 5), and 326-24 (lane 6). (B and C) SDSPAGE (left side) and
esis, we produced the-HPL after its cleavage from the  immunoreactivity (right side) of the €HPL fragments produced
entire HPL using chymotrypsin26). The proteolyzed by BrCN and endoproteinase Arg-C cleavages, respectively: lane
fragments were then analyzed by performing Western 1. C¢-HPL; lane 2, fragments generated by BrCN (panel B) or

. . ) P Arg-C (panel C) cleavage; lane 3, Low molecular mass markers;
blotting with the four mAb’s. As shown in Figure 4 A, a lanes 4, 5, 6, and 7, incubation of the fragments generated by BrCN

fragment yvith a molecular mass of around 14 kDa not (panel B) or Arg-C (panel C) with anti-HPL pAb, mAb’s 823,
reacting with the mAb 14640 (lane 4) was clearly revealed 315-25, and 326-24, respectively.

by mAb’s 81-23 (lane 3), 31525 (lane 5), and 32624

(lane 6). On the basis of the N-terminal sequence analysis,colipase is mediated by at least 12 amino acid residues

this polypeptide was identified as the C-terminal domain of located close to each other within the 3-D structure but far

HPL (Ala336-Arg-Trp-Arg-Tyr-Lys-Val-Ser-Val-). apart along the primary structur81j. It seems unlikely
We did not determine any structural parameters of the that the colipase binding will be preserved when theHPL

C—HPL, but we checked that this domain alone was still is unfolded. The binding of the €HPL to colipase was

able to bind to colipase. The binding of the-BPL to investigated by dot immunoassay. The fact that theHeL
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bound to the immobilized colipase supports the idea that the
structure of the isolated-€HPL may show a similar pattern
of folding to that which occurs in the case of the entire

enzyme. Similar results have been obtained with the open le i

C-terminal domain of horse pancreatic lipa8e)( o e o 5
Epitope Mapping of the EHPL. To further characterize / G _— ,;\

these epitopes, we made use of the fact that a single R : p L) ¢

methionine (Met 397) residue is present within the C-terminal ‘ A i Y
domain. Two fragments resulting from the CNBr cleavage Argdl4' ‘
of the C-HPL were characterized by performing Western ; -
blotting (Figure 4B, lanes47) as well as N-terminal amino
acid sequence analysis. These two fragments (Ala336-Arg-
Trp-Arg-Tyr... and Val398-Lys-Phe-lle-Trp...) did not im-
munoreact with the three mAb’s 823 (lane 5), 31525
(lane 6), and 32624 (lane 7), whereas a positive response
was observed with the entire uncleavediPL (lanes 5-7).
These results suggest that the corresponding epitopes overlag
the Met 397-Val 398 peptide bond.

In addition to undergoing CNBr cleavage, the-BPL
(Ala 336-Cys 449) was also subjected in parallel to endopro-
teinase Arg-C treatment. Four arginine residues are present
in C—HPL and are located at positions 337, 339, 414, and
439 according to Winkler's system of numberirigl. The
proteolytic cleavage of the purified-€HPL with endopro-
teinase Arg-C yielded two fragments. From their N-terminal
sequence analysis (Tyr340-Lys-Val-Ser-Val and Val415-Gly- )
Ala-Ser-Lys), it was concluded that these two fragments Argdl4
result from the cleavage at Arg 414. Western blotting tests
did not show the existence of any reactivity between these
two fragments and the three mAb’s-823 (Figure 4C, lane Met397

5), 315-25 (lane 6), and 32624 (lane 7). It was therefore E 5 3.D struct ¢ HPL ding t :l;'lb het al
: H : FIGURE o o-D structure o accoraing to van t1iibeurgn et al.
concluded that the corresponding recognized epitopes prob (17), with (lower panel) and without (upper panel) colipase. The

ably overlap the Arg 414-Val 415 peptide bond. ~open lid domain, thg5' loop, the colipase, Met 397, and Arg 414
Since it has been clearly established that colipase bindsare shown in CPK representation, whereas the rest of the HPL

to the C-terminal domain of HPL in both the open and closed molecule is shown only by €tracing and is depicted as a ribbon
conformations, we investigated whether the epitopes recog-model. The pictures were generated using the MolscAg) &nd
nized by mAb's 823, 315-25, and 326-24 were part of  aster3D 44) software programs.
the collpa_se blndlpg site. Two double sandwich ELISA tests and tested the immunoreactivity by performing dot blotting
were carried out in the presence and absence of colipase a8 periments (Figure 6
described in the Materials and Methods section. These two =" gure 6). o o
ELISA tests gave identical titration curves (data not shown).  In the case of the €HPL, its immunoreactivity to each
There are two possible explanations for these results: (1) themMADb was still detectable in the presence of 0.1% w/v SDS
epitope(s) recognized by these three mAb's is (are) distinct Put decreased considerably at 1% w/v SDS and was
from the colipase binding site on HPL, or (2) the mAb’s Ccompletely nonexistent at 3% w/v SDS. Upon dialysis of
may dissociate the HPL/colipase complex due to HPL having the (3% w/v) SDS treated €HPL, the immunoreactivity
a higher affinity for mAb Kq ~ 108 M) (20) than for of the three mADb’s was co_mpletely recovered. Thf—:- reactivity
colipase Kq ~ 108 M) (33). On the basis of the 3-D of the three mAb’g remained unchanged when intact HPL
stucture of the HPL/colipase complex (Figure 5), Met 397 Was used, even in the presence of 3% w/v SDS. The
and Arg 414 are exposed at the surface of the HPL C—HPL as W(_all as the intact HPL treated by|8 M urea in
C-terminal domain and are located apart from the colipase control experiments was no longer recognized by the three
binding site (6, 3). It therefore seems likely that colipase MAD’S.
and the three mADb’s investigated bind independently to the It can therefore be concluded that mAb’s-843, 315~
C-terminal domain of HPL. 25, and 326-24 recognize a conformational epitope located
Effects of SDS on the Epitope Recognition by mAb’s 81 at the C-terminal domain of HPL. In addition, the lack of
23, 315-25, and 3206-24. The three-dimensional structure immunoreactivity observed with the-@HPL in the presence
of HPL (Figure 5) shows that the Met 397 and Arg 414 are of 3% w/v SDS, as opposed to the full immunoreactivity
connected by a 16 amino acid long peptide but are neverthe-observed with intact HPL, strongly suggests that the N-
less located close to each other within the 3-D structure of terminal domain of HPL may prevent the denaturation by
the C-terminal domain. This finding suggests that mAb’s SDS of the C-terminal domain of HPL. Stabilizing interac-
81-23, 315-25, and 326-24 may recognize a conforma- tions therefore occur between the two domains of HPL,
tional epitope. To test this hypothesis, we treated the purified which are not independent entities but which interact together
C—HPL alone as well as HPL with variable amounts of SDS via large surface areas (622)A

Met39;7“A Al
C-terminal domain N-terminal domain
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HPL C-terminal domain of HPL
Native | M | 02% | 1% | 3% b osM |oaw | 1% | 3% 3% SDS
alve | yrea | SDS | SDS | sps | "Y€ | urea | SDS | SDS | SDs dialysis

mA
$123| vie|e®| e 2 e
mAb )
31s.25] * e ") & @ e
mAb
2024 *|c|@|®|® | @ e O i

Ficure 6: Dot immunoassay using mAb’s 823, 315-25, and 326-24 against HPL or the €HPL treated with eithe8 M urea or
increasing amounts of SDS. The amount of protein used in each test m@i2he case of HPL and 2/4g in the case of EHPL.

This epitope was not initially identified as a conformational 8000
one, since its immunoreactivity remained unchanged atthe . | ¢ HPL/mAb 320-24 complex
0.1% w/v SDS concentration traditionally used for gel Tp © HPL
electrophoresis under so-called denaturating conditi@fs ( & 6000 -
It was observed, however, in the present study that a 0.1% 2
w/v concentration is not strong enough to denature the free 50001
C—HPL or that present in the intact HPL structure (Figure = 4000 4
6). Itwas also observed that the 3% w/v SDS concentration &
recorded in the sample buffer before protein loading in the = 3000 -
SDS-PAGE procedure was still not sufficiently high to &
abolish the immunoreactivity of the conformational epitope ‘g 2000 ~
within the intact HPL molecule. The immunoreactivity of 2, 1000
the C-HPL was lost, however, at 3% w/v SDS and then v
recovered when the SDS concentration was further reduced 0
upon dialysis. When performing Western blotting analysis 0 10 20 30 40 50 60

to discriminate between conformational and sequential
epitopes, it is therefore important to keep the following points
in mind: first, the protein unfolding might not be complete FIGURE 7: Specific activity versus tripropionin concentration of
at 3% w/v SDS; and second, the protein may be denatured?'zl‘ (©) and the HPL/mAD 32624 complex @). In each assay,

. .. 1.4ug of HPL or 10ug of HPL bound to mAb 32624 (2:1 molar
during sample treatment at 3% w/v SDS and refolded within ati0)'was used. Further details about the interfacial activation test
the separation gel at 0.1% w/v SDS. are given in Materials and Methods.

Kinetic Characterization of the HPL/mAb Complexdse
anti-HPL mAb’s 81-23, 315-25, and 326-24, or their Fab  in the kinetic properties were specific to the mAb’s recogniz-
fragments, were previously found to inhibit the lipolytic ing the C-terminal domain of HPL. In fact, the HPL/mAb
activity measured on water-insoluble trioctanoin emulsions 146-40 complex consistently showed a similar lipase activity
in the presence or absence of sodium taurodeoxycholateto that of HPL alone (Table 1).

(NaTDC) and colipase2). These data suggest that these | the culture medium in which NHPL was produced,
mMAD’s probably mask an important site involved in the HPL \ye measured the NHPL activity on tripropionin and the
interaction with the oil/water interface. Since HPL also N_HPL concentration by ELISA¥4). These measurements
displayed a significant level of esterase activity on tripro- yielded a specific activity of 105 units/mg, which is similar

pionin under its solubility limit 29), we checked whether {4 the value obtained with the three HPL/mAb’s complexes
the esterase activity on tripropionin monomers persisted in (Table 1).

the case of the HPL/mAb complexes. For this purpose, the

specific activities of the HPL/mAb’s complexes were piSCcUSSION

measured as a function of the tripropionin concentration

(Figure 7). Although HPL clearly displayed interfacial The epitope mapping of HPL was reinvestigated in the
activation above the tripropionin solubility level (12 mM), present study using HPL mutants. In light of the results
the specific activities of the three HPL/mAb’s complexes obtained here, the previously published d&®@) had to be
always remained low and never exceeded the maximumpartly reinterpreted. The latter worker0f reported that
value recorded with HPL below the solubility limit (225 mADb’s 81—23, 315-25, and 326-24 reacted with a 26 kDa

18 units/mg). The complexes were completely inactive chymotryptic fragment including the C-terminal domain and
toward pure trioctanoin, which is completely insoluble in part of the N-terminal domain, whereas immunoreactity
water and where no free monomeric substrate is thereforeat all was observed here with-BHPL. The logical conclu-
available. The complexes displayed slight activity on sion reached by the previous authors was that the epitopes
tributyrin (55—-96 units/mg), which has a low solubility (400 recognized overlapped the hinge region. To investigate the
uM) in water. We furthermore checked that these changesreasons for the discrepancy between the present results and

[Tripropionin] (mM)
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Table 1: Specific Activities of HPL, HPL/mAb 8123, HPL/mAb 315-25, HPL/mAb 326-24, N-HPL, and HPL/mAb 14640 Complexes on
TC3, TC4, and TC8 Substrafes

trioctanoin tributyrin tripropionin tripropionin
substrate (67 mM) (114 mm) (9.2 mM) (56 mM)

HPL 9625+ 185 9750+ 264 275+ 18 6600+ 110
HPL/mAb 8123 0 74+ 11 65+ 25 288+ 9
HPL/mAb 315-25 0 96+ 15 52412 257+ 17
HPL/mAb 320-24 0 55+ 9 40+ 18 2244+ 21
N-HPL 0 0 48+ 14 105+ 38
HPL/mAb 146-40 8588+ 220 10700+ 320 184+ 20 5985+ 307

2The data (units/mg) given are means based on experiments performed in tripl8atelar values were obtained using various mAb/HPL
molar ratios ranging from 2 to 6.

the previous one(), chymotryptic cleavage was performed various regions of the enzyme and that the activation of
on nHPL under controlled conditions and—EPL was pancreatic lipase is not an interfacial phenomenon. Here we
purified in order to study its immunoreactivity. The 14 kDa clearly illustrated the interfacial activation phenomenon
protein fragment obtained was clearly recognized by mAb’s which occurs in the absence of detergent micelles upon
81-23, 315-25, and 326-24 (Figure 4A). The previous studying the kinetic properties of the HPL/mAb’s complexes,
results 0) are probably attributable to an incomplete which continued to show a low level of activity on soluble
chymotryptic treatment generating low amounts of the substrate (tripropionin and tributyrin monomers), whereas
C—HPL (see Figure 4 in reR0). This possibility was their lipase activities were lost on insoluble substrate
supported by the fact that the 14 kDa band also showed a(trioctanoin) (Table 1). The finding that-€HPL plays an
faint immunoreactivity with pAb (see Figure 4 in r20). important role in the lipase activity is in agreement with the
Our results support the hypothesis that the three mAb’s preliminary characterization of the-NHPL mutant, devoid
81-23, 315-25, and 326-24 are directed against the same of the C-terminal domain. NHPL was found to have a
conformational epitope located within the C-terminal domain Similar specific activity on tripropionin to that of the three
of HPL, in the vicinity of Met 397 and Arg 414 (Figure 5). HPL/mAb’s complexes and to be inactive toward trioctanoin
Moreover, the competitive binding behavior of all three (Table 1). We can suggest one tentative hypothesis,
mAb’s, or Fab fragments, with HPL and their dissociation however, to explain our experimental data: in the presence
constants and titration and immunoinactivation curves, is very of mADb, the lid cannot interact with the colipase, so that the
similar (20). closed pancreatic lipase conformation, that is, low enzymatic
Like all detergents, SDS can exist in aqueous solutions in &ctivity on monomeric substrate, will be favored. The
the form of monomers and micelles. Its critical micellar @bsence of lid opening could also explain the low catalytic
concentration (CMC) is about 0.24% wl/v. The results activity on monomers (48 units/mg) of the recombinant
reported here show that the-&IPL unfolds only at SDS  N-terminal domain of HPL. It will be necessary, however,
concentrations greater than the CMC value (1% and 3% w/v {0 purify this mutant in order to be able to carry out more
SDS). The denaturation of the-®{PL is apparently due  detailed kinetic studies.
to the presence of SDS micelles and thus to the presence of The results obtained in the present study suggest that an
an interface. Recent studies at our laboratory have high-exposed loop of the C-terminal domain of pancreatic lipase
lighted the importance of the C-terminal domain in the may be involved in the interaction with the interface. This
stability of pancreatic lipases at lipid/water interfac&8)( loop, namegb5' according to Winkler’'s system of numbering
These studies showed that the interfacial denaturation of HPL(14), is located between Met 397 and Arg 414 and is
depends on the structure of the C-terminal domain, and partprobably part of the conformational epitope recognized by
of the C-terminal domain may therefore interact with the mAb’s 81—-23, 315-25, and 326-24. The Met 397-Arg
interface. These conclusions are supported by recent datat14 stretch is highly accessible to solvent in HPL (1083 A
(35). On the basis of the original 3-D structure at 3 A and its accessibility remains almost unchanged in the HPL/
resolution of the open form of the lipase/colipase complex colipase complex (996 7, as can be seen from Figure 5.
in the presence of mixed bile salt/phospholipid micelleg ( Only three residues in this stretch are partly masked by
as well as on low resolution (18 A) neutron diffraction data, colipase: Lys 39940 A?), lle 401 (—14 A?), and Tyr 403
it was proposed3p) that a micelle of nonionic detergent (—39 A?). These data support the hypothesis that colipase
tetraethylene glycol monooctyl ether may have interacted and the three mAb’s (8123, 315-25, and 326-24) may
exclusively with colipase and the C-terminal domain of recognize distinct parts of the C-terminal domain of HPL.
pancreatic lipase. These results are at variance with the data’he5' loop (residues 405414) exhibits a large accessible
obtained in a recent studg§) at 2.46 A resolution, in which  surface area (877 % which is significantly hydrophobic
several nonionigg—octylglucoside molecules in the lipase/ (H =488 A?). ChargedC) and semi-polar9) residues have
colipase complex inhibited by C11 alkyl phosphonate were accessible surfaces areas®f= 105 A2 and S = 284 A2,
clearly found to be located along the extended hydrophobic respectively. Consequently, the hydrophilic/lipophilic bal-
plateau consisting of the lid domain, tj#® loop, and the ance (HLB= (C + S/H) is equal to 0.8 and is identical to
hydrophobic tips of colipase, thus mimicking the interaction that of the open lid domainl@). As shown in the 3-D
between the lipase/colipase complex and the lipid interface. structure of HPL (Figure 5), the hydrophobg5' loop,
Furthermore, it was conclude®%) that the micelle and  together with the open lid domain, might well contribute to
substrate binding by the lipase/colipase complex involves the occurrence of lipase interactions with an interface. It
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B5'strand  «—— PB5'loop —  B6'strand

@
HPL |QMVKFIWYN|NVINPTL----- PR [VGASKIIVET
HLPL | LMLKLKWKS|DSYFSWSDWWSSPG [FAIORIRVKA
ChTi 393 394
390 i
ChTi
mADb 5D2 epitope

Ficure 8: Amino acid sequence alignment of HPL and human
LPL (HLPL) in the region of thegg5' loop. HPL amino acid residues
and secondary structures are numbered according to Winkler et al.
(14). Arrows indicate the chymotrypsin cleavage site observed in
bovine LPL @0). The mAb 5D2 epitope in HLPL shown is that
determined in ref87 and 39.

can also be seen from Figure 5 that the potential contribution
of the 85’ loop to the interfacial binding is not masked in
the presence of colipase.

Similar studies on lipoprotein lipase (LPL) have suggested
that a putative exposed loop in the C-terminal domain of
LPL may play an important role87—39). Upon performing
sequence alignment, this loop was found to be located at
the same position as th&s' loop of HPL (residues 405
414), but it contains a large insertion including three
tryptophan residues (Figure 8). Experiments of several kinds
have been carried out to modify this loop in LPL: immu-
noreaction with a mAb (5D2)37—39), proteolytic cleavage
by chymotrypsin 40), and site-directed mutagenesis of Trp
390, Trp 393, and Trp 394 in human LPRY, 4]). All these
approaches resulted in a decrease in the activity against long-
chain triglyceride emulsions and chylomicron (which are

completely water-insoluble substrates), whereas the esterase

activity on soluble substrates such as tributyrin was pre-
served. It was concluded that th& loop of LPL contributes
to the binding of LPL to lipid/water interfaces.

These results demonstrate for the first time that the

C-terminal domain of pancreatic lipase not only is essential 54

to colipase binding but also may play an important role in
the interfacial binding of pancreatic lipase, together with the
lid domain (L7) and the39 loop (18). Blocking thes5' loop
with a mAb therefore abolishes the interfacial activity of
classical pancreatic lipases.
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