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ABSTRACT. Many cells express a group VIA 84 kDa phospholipas€iRLAj3) that is sensitive to inhibition

by a bromoenol lactone (BEL) suicide substrate. Inhibition of iP8./& pancreatic islets and insulinoma

cells suppresses, and overexpression of iffLid INS-1 insulinoma cells amplifies, glucose-stimulated
insulin secretion, suggesting that iPyAparticipates in secretion. Western blotting analyses reveal that
glucose-responsive 832/13 INS-1 cells express essentially no 84 kDa/RimMnunoreactive protein

but predominantly express a previously unrecognized immunoreactivefRiratein in the 70 kDa region

that is not generated by a mechanism of alternate splicing of the,fPtrAnscript. To determine if the

70 kDa-immunoreactive protein is a short isoform of iRBAprotein from the 70 kDa region was digested

with trypsin and analyzed by mass spectrometry. Such analyses reveal several peptides with masses and
amino acid sequences that exactly match ip8 AKyptic peptides. Peptide sequences identified in the 70
kDa tryptic digest include iPLAG residues #53, suggesting that the N-terminus is preserved. We also
report here that the 832/13 INS-1 cells express iffl atalytic activity and that BEL inhibits secretagogue-
stimulated insulin secretion from these cells but not the incorporation of arachidonic acid into membrane
PC pools of these cells. These observations suggest that the catalytigsiBtivity expressed in 832/13
INS-1 cells is attributable to a short isoform of iPiAand that this isoform participates in insulin secretory

but not in membrane phospholipid remodeling pathways. Further, the finding that pancreatic islets also
express predominantly a 70 kDa iPyAIimmunoreactive protein suggests that a signal transduction role
of iPLA2( in the natives-cell might be attributable to a 70 kDa isoform of iPyA

Phospholipases APLA,)* are a diverse group of enzymes acid into membrane phospholipids of macrophage-like
that catalyze hydrolysis of then2 substituent from glyc-  P388D1 cells §, 9) leading to the suggestion that iPLA
erophospholipid substrates to yield a free fatty acid and a participates in phospholipid remodeling0( 11). Findings
2-lyso-phospholipid 7). At present, the recognized Pb#\ in other cells, however, suggest that iP{8As involved in
are classified into 14 groupg); and among the PLA is signal transduction1—18).
an 84 kDa cytosolic PLAthat does not require €afor The iPLA; has been cloned from several sources and is
catalysis and is classified as group VIA PLAhis enzyme  encoded by mRNA species that yield a protein with an
designated iPLAS (3—5) is activated by ATP and inhibited  expected molecular mass of-888 kDa and contains a lipase
by a bromoenol lactone (BEL) suicide substraé& 7).

Inhibition of iPLA2f with BEL or an_tlsense oI_|gonucIeot|<_je . YAbbreviations: AA, arachidonic acid; BEL, bromoenol lactone
has been reported to suppress the incorporation of arachidoniguicide inhibitor of iPLAj; BME, -mercaptoethanol; BSA, bovine
serum albumin; bp, base pairs; cPLASroup IV cytosolic phospho-
lipase A; dpm, disintegrations per minute; ECL, enhanced chemilu-
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motif preceded by eight N-terminal ankyrin repeats X9, albumin, protease inhibitor cocktail (PIC), common reagents
20). The 88 kDa iPLAg isoform is a product of a mRNA  and salts, and protein standards for MS (Sigma Chemical
species that arises from an exon-skipping mechanism ofCo., St. Louis, MO); and antibiotic solutions and cell culture
alternate splicingd1) and contains a 54 amino acid sequence media (Tissue Culture Support Center, Washington Univer-
that interrupts the eighth ankyrin repeat. At least three sity, St. Louis, MO).

additional human |PLM tranSCI’iptS eXh|b|t|ng distinct tissue Ce” Cu'ture A retrovira' System 25) was used to Stably
distribution and cellular localization have also been reported transfect INS-1 cells with either an empty retroviral (V)
(22). These transcripts, also generated via alternate splicing,construct or with a construct containing iPYACDNA as
encode shorter iPL# protein sequences that terminate after an insert (OE) to achieve overexpression, as descriBed (
the lipase active site and after the ankyrin-repeat sequencerhe v, OE, and 832/13 INS-1 cells were cultured, as
(21). Interestingly, whereas the transfection of COS cells with described 26, 27), at 37 °C in a humidified atmosphere
full-length iPLA;8 cDNA is reflected by a significant  containing 5% C@

increase in iPLAS enzymatic activity, transfection with Western Blotting Analyses of iPAProtein. INS-1 cell

CDNA e_ncodmg the shorter protein does not increase and pancreatic islet cytosolic protein were analyzed by-SDS
enzymatic activity above the background. Further, cotrans- PAGE (7.5%), transferred onto Immobolin-P PVDF mem-

fection of the two cDNASs results in a reduction in enzymatic branes, and processed for immunoblotting analyses, and

activity, suggesting that protein pr_oducts of alternate_spllced iPLA,S-immunoreactive protein bands were visualized by
transcripts can function as negative modulators of LA ECL, as describec2g)

activity. . S
iPLA, Message Expression in INS-1 CelRolymerase

Recent reports suggest that the full-length iBE Arotein chain reactions (PCR) were :
. . ) performed, as descri2&y (
is also a candidate for proteolytic cleavad?s,(24). In using primer pair (sense'-EAGAGAATGAGGAGGGCT-

contrast to products generated by the alternate splicing 0fGT—3’ and antisense. " SCGACCATCTCACACCAGGC-
the iIPLAS transcript, proteolytic processing of the iPYA 3, expected product :size 1660 base pairs) for igt, dased

E)rt?\t/elln ap;?[i?/ars ItEc))( y:ﬁldl tru?r::a}tedd products thatsare tCIO';Stgon the rat sequencé@)( Restriction enzyme analyses were
I\lljt ely alc | €. a fppis _chu € a caspase- .'03333/7(3 then performed to confirm that the PCR products are
terminal cleavage of iPL#8 in human promonocytic amplified from the iPLAS mRNA. Reaction mixtures were

cell (23) and a calmodulin-dependent C-terminal cleavage ; ;
) S " analyzed by 1% agarose gel electrophoresis, and reaction
of iPLA8 under in vitro conditionsZ4). products were visualized by ethidium bromide staining.

. H(ire, vt\)/e :Fp.ort that 832{13 IINS'l cells, \t/vflﬂlc,:\zlsslecrel:e To examine if the 832/13 INS-1 cells express an alterna-
ms(;; In robus ty n rlestponse 0g UCOSS’ pa}renﬁ "~ c':Ae S, tively spliced message for iPLA that encodes a 70 kDa
an pancreetlilc ISIELS, extphretss pre tom'”f?‘t';‘] y a ik tiPLAzﬁ isoform, PCR analyses were performed using
?geucl?gfa;;\g (S)?E;%eljDa %n ngg;:éEW;naggezngen overlapping primer sets covering the entire length (2259
: ; ) ; o bases) of the iPLAS message M) encoding an 84 kDa
essentially no 8488 kDa iPLAyS-immunoreactive protein . ; . ; :
is observe)ij in these preparatiﬁgfs, we used mass sgectrometri:(g::ﬁﬁ p|~:1(2§g;g-2h?ef;§r1s ecrl)sveé?; (’;lsvt\a/irzﬁeep;::rﬂeg estet\z;réd ('T)e
ana;lygels' to e;(aT'n?P\lthethe; the 70 I(Da"mml"nore"’mt'veATGCAGTTCTTGGACGCCTCGT/AGTACTGTAC-
material is in fact a iPLAg isoform. CAACTCCA, 1-523; (2) CGCCAACAGCACAGAGAA/
CATAGGTCAGCAGCACCA, 429-1017; (3) TGACGTG-
MATERIALS AND METHODS GAC-AGCACAAG/AGACTCATAGGGCCGTGA, 924
Materials INS-1 cells were generously provided by Dr. 1509; (4) TACACAGTAAATCCATGG/CCAGTTCCTT-
C. Newgard (Duke University Medical Center, Durham, NC). GGCTCCAA, 1424-2020; and (5) GGAAAGTCCCCT-
Other materials were obtained from the following CAAGTG/TCAGGGAGATAGCAGCAGCT, 19242259).

(sources): [5,6,8,9,11,12,14,#9}-arachidonic acid (217 Ci/ Reaction products were then purified for sequence analyses.
mmol), enhanced chemiluminescence (ECL) reagent, and Mass Spectrometric Analyses of Protein in the 70 kDa
(16:0/[14C]-18:2)-GPC (PLPC, 55 mCi/mmol) (Amersham Region Sample PreparationTo determine whether the
Biosciences, Piscataway, NJ); standard phospholipids (AvantiiPLA3-immunoreactive band in the 70 kDa region of the
Polar Lipids, Birmingham, AL); sodium dodecyl sulfate SDS-PAGE gels represented a iPkAisoform, INS-1 cells
polyacrylamide gel electrophoresis (SBBAGE) supplies (1.4 x 10°) were homogenized (10 mM HEPES, 1 mM
and Sypro Ruby protein stain (BioRad, Richmond, CA); EDTA, 340 mM sucrose, 1 mM DTT, pH 7.5) and sonicated
organic solvents (Fisher Scientific, Pittsburgh, PA); agarose, (Sonics & Materials Vibra Cell, 12%, 10 s), and the pooled
kb standards, and RT-PCR reagents (Invitrogen, Carlsbad,sonicate was centrifuged (10§)0L0 min, 4°C). Protein in
CA); normal goat serum and Cy3-conjugated affinipure goat the supernatant was precipitated overnight with ammonium
anti-rabbit IgG (Ht+L) (Jackson Immuno Research Labora- sulfate (50%), and the mixture was centrifuged (20d)00
tories, West Grove, PA); HPLC columns and precolumns 30 min). The resultant protein pellet was resuspended in
(LC Packings, San Francisco, CA); pentex fraction V fatty buffer A (10 mM HEPES, 1 mM EDTA, 340 mM sucrose,
acid-free bovine serum albumin (ICN Biomedicals Inc., 1 mM DTT, 1 mM Triton X-100, pH 7.5) and loaded onto
Aurora, OH); Coomasie reagent (Pierce, Rockford, IL); an ATP-agarose affinity column (1.5 mL). iPkAwas eluted
peroxidase-conjugated goat anti-rabbit IgG antibody (Roche from the column as previously described0), and fractions
Diagnostic Corporation, Indianapolis, IN); ATP-agarose containing activity were concentrated and analyzed by-SDS
column,a-cyano 4-hydroxy cinnamic acid, arachidonic acid, PAGE (7.5%). After identification of the iPL#8-immu-
forskolin, fraction V bovine albumin, globulin-free bovine noreactive bands, the corresponding regions were excised
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from a Ruby-stained gel and digested with trypsin (Qu§j5 kDa
O/N at 37°C) prior to analyses by MS analyses. 200

MALDI/TOF/MS AnalysesTryptic digest was mixed (1:
1, viv) with saturatedo-cyano-4-hydroxycinnamic acid
matrix solution (1 mg of matrix in 10QL of dH,0), and an
aliquot (1 uL) of the sample mixture was spotted on a
MALDI plate. The mass spectrometer was calibrated with a 97 —
mixture of leucine-enkephalin, bradykinin, glu-fibrino-pep- - 1
tide B, and bovine insulin. Internal calibration of samples P —
was achieved using typsin-autodigestion peptides with [M 66 —
+ H] " ion m/z values of 842.5100 and 2211.1892. MALDI
mass spectra were acquired on an Applied Biosystems
Voyager-DE STR with a delayed extraction in reflectron
mode. OE V
LC/ESI/IMS/MS Analyse#n aliquot (0.05«L) of tryptic
digest was injected into a Micromass CapLC system (Mi- Ficure 1: Immunoblotting analyses of iPLB-immunoreactive
cromass, Manchester, UK) and preconcentrated on #800 protein expression in 832/13 INS-1 cells. Aliquots (&) of cytosol

x 5 mm PepMap C18 precolumn. For chromatographic prepared from INS-1 cells transfected with either an empty vector
separation, a gradient was generated over 50 min at a flow(V) or vector containing iPLA5 cDNA construct (OE) and from

rate of 200 nL/min of solution A (3% acetonitrile/97% water) 832/1? 'NSf'l Ceéls Wfre_ anal;gzeid bg I%?/%IA:GE, anbd the p[ror;feinsl

; 0 e 0 . were transterred onto Immaopolin- membrane. € elec-
ancisolutlo_n B (95@acetonltrlle/5A>Water),.both containing troblot was then processed for immunoblotting analyses, and
0.1% formic acid. The LC eluent from this column was immunoreactive iPLA3 protein was visualized by ECL.
directly introduced to the nanoflow source of a Micromass
QTOF micromass spectrometer (Manchester, UK). The RESULTS
instrument was calibrated with a multi-point calibration using _ .
selected fragment ions that resulted from collision-induced Immunoblotting Analyses Suggest Expression of a Short
decomposition of standard glu-fibrino-peptide B. The data IPLAs Isoform in INS-1 CellsTo determine if 832/13 INS-1

were analyzed using Mascot Search and MassLynx V3.5 Cells express iPLAS protein, cytosolic protein prepared from
softwares. these cells and from stably transfected INS-1 cells overex-

. . . ny pressing iPLAS (OE) or empty vector (V) alone was
|PLA2ﬁ_Enzymat|p Actiity A_ssayCa? mdependent.PLé\ processed for Western blotting analyses. As expected, an
enzymatic activity in cytosolic and membrane fractions (30 intense band in the 84 kDa region is evident in the OE cells
ug of protein) in the absence and presence of ATP (10 mM) . : ; ) ;
or BEL (104M) was assayed by ethanolic injection(5) (Figure 1), reflecting the expression of the full-length iRBA

) . protein, as previously reported)( In addition, a second
of the substrate 1-palmitoyl-24C]linoleoyl-sn-glycero-3- ; . ; .
phosphocholine (5¢f\)/|) in aisa;pt])uffer (XO m%/IyTris DH iPLA S-immunoreactive band with an apparent molecular

) ) mass of ca. 70 kDa is also observed. In contrast, the V and

7.5, 5 mM EGTA,), as previously describef).( 832/13 INS-1 cells do not express full-length iPjfAat

Incubation of 832/13 INS-1 Cells with Arachidonic Acid |evels comparable to the OE cell line. Both V and 832/13
to Induce Phospholipid Remodeling and Mass SpectrometricINS-1 cells, however, do express a iPSAimmunoreactive
Characterization of Phospholipid832/13 INS-1 cells ( band in the 70 kDa region that could represent a previously
10°/condition) were treated (30 min, 3T) with vehicle or unrecognized short form of iPLAS.
was then removed and replaced with fresh medium supple-next determined if the 832/13 INS-1 cells express message
mented with arachidonic acid (final concentration,.), for iPLA,3. Total RNA from the 832/13, V, and OE INS-1
and the cells were cultured (3T) for 24 h. Atvarious times,  cells was used as a template in RT-PCR analyses. As
lipids were extracted and analyzed by NP-HPLC to isolate jjjustrated in Figure 2, a single PCR product of the size
glycerophosphocholine (GPC) lipids, which were analyzed expected (1660 bp) from the iPLA primer pair used was
as Li* adducts by ESI/MS/MS in a positive ion mode, as generated using cDNA from each of the three cell lines as a

832/13

described §, 31, 32). template, indicating that all three lines express message for
Insulin Secretion by 832/13 INS-1 Cel832/13 INS-1  iPLASS.
cells seeded in 24-well plates were incubated (1 h;Gy7 To verify that the RT-PCR fragments were amplified from

95% air/5% CQ) with Krebs—Ringer buffer [KRB, pH 7.3, iPLA28 mRNA, the PCR products were digested with
containing (in mM): NacCl (115), NaHC£(24), KCI (5), restriction enzymeBamH lor Nco |. The expected product
MgCl, (1), Hepes (25), glucose (1), and 0.10% BSA] fragment sizes wittlBamH lare 406 and 1254 bp and with
containing glucose 020 mM) without or with IBMX (100 Nco lare 996 and 664 bp. As seen in Figure 2, the restriction
uM) or forskolin (FSK, 2.5uM), as described30). Effects enzyme fragments from the PCR products are of the expected
of BEL on stimulated secretion were examined by including sizes, confirming that the 832/13 INS-1 cells express message
BEL (10 uM in KRB media without BSA) during the  for iPLA2S.

preincubation period. At the end of the incubation period, = To examine if the 832/13 INS-1 cells express an alternate
medium was removed for the measurement of insulin by spliced transcript that encodes a shorter iR Aive sets of
radioimmunoassay. overlapping iPLAS-specific primers designed to amplify the
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FiGURE 2: Expression of iPLA3 message in 832/12 INS-1 cells.
Following total RNA isolation from INS-1 cells transfected with
either an empty vector (V) or a vector containing the iBEADNA
construct (OE) and from 832/13 INS-1 cells, cDNA was prepared
from 6 ug of RNA by RT reaction. PCR analyses for iPyPwere

then performed using the primer set described in the Materials and

Ramanadham et al.

message sequence that encodes for the full-length jPLA
protein. The PCR products 4a and 5a were cloned into pGEM
and sequenced, and neither sequence was found to have
homology with any region of the iPL& message. These
findings reveal that the 832/13 INS-1 cells express a single
iPLA,f transcript that encodes a full-length 84 kDa iPj5A
protein, suggesting that the expression of a 70 kDa HPEA
immunoreactive protein is not a result of an exon-skipping
mechanism of alternate splicing.

Mass Spectrometric Analyses Demonstrate a 70 kDa
iPLA,5 Isoform Mass spectrometric analyses were next used
to obtain sequence information to establish the identity of
the 70 kDa immunoreactive band. The INS-1 cell cytosol
was subjected to ATP-agarose affinity chromatography, the
eluted fractions containing iPL activity were concentrated
and analyzed by SDSPAGE, and the resolved proteins were
visualized with Ruby staining. Tryptic digests of protein
bands in the 84 and 70 kDa-immunoreactive regions were
then prepared separately and analyzed by MALDI/TOF/MS
and peptide mass mapping followed by LC/ESI/MS/MS to
determine the amino acid sequence of selected peptides. Such
MS analyses of the 84 kDa iPL,A-immunoreactive protein

Methods. The first three lanes of samples represent undigested PCRqentified several peptides from the iPkAdeduced amino

products, and the seconBgm H [) and third (Nco ) set of lanes

represent restriction enzyme digested PCR products. The PCR
products were analyzed on 1.0% agarose gels and visualized by

acid sequence (data not shown).
Analyses of the tryptic digest of 70 kDa-immunoreactive

ethidium bromide staining. (S denotes a standard mixture of cDNA material by MALDI/TOF/MS also reveal 10 peptides with

species of known length expressed in base pairs.)

A. iPLA2[3 message sequence template

429 1017 1424 2020
. 4:- 2 < > 4

1 1 523 924 3 1509 1924 5 42259
1] S00 ’101. ‘:‘w r:(ll.}ll 12159

B. PCR products generated with the
over-lapping primer sets

Ficure 3: Expression of the full-length iPL# message in 832/

12 INS-1 cells. Following total RNA isolation from 832/13 INS-1
cells, cDNA was prepared from@® of RNA by RT reaction. PCR
analyses were then performed for iPj3Ausing five overlapping
primer sets (+5), described in the Materials and Methods. (A)
Template of the iPLA3 message sequence and the regions targeted
for amplification by the five primer sets. (B) PCR was performed

m/z values expected of tryptic peptides from the iRBA
protein (Figure 4). Analyses of the tandem spectra obtained
from LC/ESI/MS/MS in the tryptic digest prepared from the
70 kDa iPLAS-immunoreactive protein reveal several pep-
tides with amino acid sequences that matched tryptic
fragments from the iPLAS protein (Table 1). Figure 5
illustrates the tandem spectrum of one such peptide. The
figure illustrates the observeg and b-series ions arising
from a peptide with an observed [M 2H]?" nmV/z of 955.0425
(calculated M, = 1908.0773). Analyses of the tandem
spectrum with MassLynx Software identify the peptide
sequence LVNTLSSVTNLFSNPFR as the most likely
(99.89%) to exhibit the observed peptide fragmentation
pattern. The sequence LVNTLSSVTNLFSNPFR exactly
matches the expected tryptic peptide residue23 from
iPLA,S3. Of the expected product ions, nearly all of the
predictedy- andb-series ions are represented in the tandem
spectrum.

Similar tandem MS analyses identified nine additional
iPLA,S-tryptic peptides in the digest of the 70 kDa region
of the gel (Table 1). The peptide sequences identified
represent 17% coverage of the full-length 84 kDa iRRA
sequence. As illustrated in Table 1, the N-terminal region is

in the presence of each primer set separately, and the resulting_prominent'y represe_nted by fragments 6, 9, and 10, which
reaction products were analyzed on 1.0% agarose gels andinclude coverage of iPL48 amino acid sequence-b3. The

visualized by ethidium bromide staining. The expected product size
(bp) with each primer set is as follows: (1) 523, (2) 589, (3) 586,

(4) 597, and (5) 336. The PCR bands 4a and 5a were nonspecific

products whose sequences had no homology with the jPLA
MRNA sequence.

entire iPLAS encoding region (Figure 3A) were used to
perform PCR analyses (Figure 3B). The PCR products (1
5, 4a, and 5a) from each reaction were then purified and
sequenced. The sequences of PCR productswere found

furthest identified region of coverage includes amino acid
residue 555 (fragment 2). Thus, the MS analyses of the 70
kDa iPLAy3-immunoreactive protein identify it as a short
iPLA,S isoform.

Expression of C&-Independent PLAEnzymatic Actiity
by 832/13 INS-1 CellsWe next examined if the 832/13
INS-1 cells express Caindependent PLA enzymatic
activity. As illustrated in Figure 6, these cells express a
cytosolic and membrane-associatedGadependent PLA

to match exactly with the predicted sequences and sizesenzymatic activity. To verify that this activity is attributable

illustrated in Figure 3A and encompass the complete LA

to iPLA,f, the ability of ATP to stimulate and of BEL to
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Ficure 4: MALDI/TOF/MS spectrum of tryptic digest of from iPL#8 immunoreactive protein in the 70 kDa region of SBISAGE gels.
An aliguot of the tryptic digest of the 70 kDa protein illustrated in Figure 1 was mixed avitlrano-4-hydroxycinnamic acid matrix and
spotted onto a MALDI plate prior to MS analyses. The numbered{M]* ions (1-10) exhibitnVz values expected of tryptic peptides
from iPLA,f protein.

Table 1: Tryptic Fragments of the 70 kDa-Immunoreactive Protein Identified by LC/ESI/MS/MS as Originating fronpiPtdteir?

ID obsnvz z M (calc) M: (exp) delta MC iPLA,f peptide sequence
10 955.03 +2 1908.06 1908.01 0.05 0 7-LVNTLSSVTNLFSNPFR-23
6 663.82 +2 1325.62 1325.61 0.01 0 26-EVSLADYASSER-37

9 614.01 +3 1839.02 1839.00 0.02 1 38-VREEGQLILLONQSNR-53
7 503.25 +3 1506.72 1506.72 0.00 0 347-GEHGNTPLHLAM*SK-360
5 601.82 +2 1201.63 1201.61 0.02 0 396-QLQDLMPVSR-405

4 583.33 +2 1164.64 1164.63 0.01 0 408-KPAFILSSM*R-417

1 470.74 +2 939.46 939.45 0.01 1 490-M*KDEVFR-496

8 570.30 +3 1707.87 1707.85 0.02 0 497-GSRPYESGPLEEFLK-511
3 555.81 +2 1109.61 1109.60 0.01 0 538-QPAEILFR-546

2 517.75 +2 1033.49 1033.48 0.01 0 547-NYDAPEAVR-555

aTryptic digest prepared from the iPlA-immunoreactive protein in the 70 kDa protein region was analyzed by LC/ESI/MS/MS, and peptide
sequences were obtained following tandem analyses. Data were processed by Mascot and MassLynx Softwares, and the peptides listed were found
to be identical to tryptic fragments expected from the iBBArotein. 1D, fragment number assigned based on mass identification by MALDI/
TOF/MS (Figure 4); obsn/z, observed mass with charge statezpM;, calculated and expected mass of peptide; delta, mass difference between
the calculated and expected valuBkZ, number of cleavage sites missed by trypsin during the in-gel digestion procedure; and the last column lists
the peptide sequences that matched amino acid residues in theBiPkétein. (M*, oxidized methionine; & pyroglutamate; and RE and KD,
missed trypsin cleavage sites).

inhibit the enzymatic activity, as in pancreatic islefs 31, adducts of 16:0/16:1-GPQn(z 738), 16:1/18:1-GPCnf/z
33), was determined. The €aindependent PLAenzymatic 764), 16:0/18:1-GPCnf/z 766), and 18:1/18:1-GPQm(z
activity expressed in the 832/13 INS-1 cells is stimulated 792). The identities of the species represented by these ions
3-fold by ATP and completely inhibited by BEL. These were determined by collisionally-activated dissociation (CAD)
findings confirm that the 832/13 INS-1 cells express a and tandem MS32).
IPLA,f catalytic activity and suggest that it is most likely | the tandem spectra of Liadducts of GPC lipids, the
attributable to a 70 kDa isoform of iPLA. identity of the headgroup is established by ions reflecting
Inhibition of iPLAS Activity with BEL Does Not Affect  the loss of phosphocholine with lithium ([M Li — 189]")
Arachidonic Acid Incorporation into 832/13 INS-1 Cell or with hydrogen ([M+ Li — 183]") (32), and ions reflecting
PhosphatidylcholineWe next examined the role of a 70 kDa these two losses are present in the spectrum (Figure 8A).
isoform of iPLAS in the 832/13 INS-1 cells. In P338D1 The identities of fatty acid substituents in the GPG*
macrophage-like cells, the inhibition of iPLAactivity with species are reflected by ions representing the loss of
BEL suppressed incorporation of arachidonic acid into trimethylamine plus either then1 or thesn2 substituent
phosphatidylcholine (PCPJ, leading to the suggestion that  as a free fatty acid, and the relative abundance of the former
iPLA2 is involved in membrane phospholipid remodeling. jon exceeds that of the latter, allowing positional assignments.
Similar analyses were performed in the present study to The CAD of the [M+ Li] * ion atm/z 788 (Figure 8A) from
examine if iPLAS participates in phospholipid remodeling  the 832/13 INS-1 cells yields a spectrum that contains an
in the 832/13 INS-1 cells. ion atm/z 473 (loss of trimethylamine plus palmitic acid)
The ESI/MS spectra of ffiadducts of 832/13 INS-1 cell and a less abundant ion mifz 425 (loss of trimethylamine
PC species are illustrated in Figure 7. Major ions in the plus arachidonic acid), thereby establishing the identity of
spectrum of vehicle-treated cells (Figure 7A) represent Li the parention as 16:0/20:4-GPCtLlons reflecting the loss
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FiGURE 5: Tandem spectrum of the [Mt H] ™2 ion atnvz 955.03 of tryptic peptides from a 70 kDa iPLAdigest. An aliquot of the tryptic
digest analyzed by MALDI/TOF/MS, illustrated in Figure 4, was analyzed by LC/ESI/MS, and the [N]*2 ion at mVz 955.03 was
analyzed by tandem MS. The observed tandem spectra of thie Fi*2 ion atm/z 955.03 produced by CAD is displayed and include the

y- andb-series ions expected from the peptide sequence, illustrated in the inset. Inset: The expected peptide fragmentation patterns of the

candidate peptide LVNTLSSVTNLFSNPFR with the [M H]™2 m/z of 955.03. The expected massesbefand y-series ions and their
deviation from observed masses are listed, respectively, above and below the expectaidies.
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Ficure 6: ATP stimulation and BEL inhibition of iPLAS enzymatic activity in 832/13 INS-1 cells. Cytosolic and membrane fractions
were prepared from 832/13 INS-1 cells, andGmdependent PLA(IPLA,3) activity was assayed in aliquots of protein (3§) incubated

(37 °C, 5 min) in the presence of EGTA (5 mM) with substratéC]-PLPC. Subsequently, hydrolyzetC]-linoleate was quantified by
liquid scintillation spectrometry, and the calculated specific enzymatic activity is displayed. The data are expressed #sSEdAfs=
6—10) of specific iPLAS enzymatic activity (pmol/mg of proteix min).

of arachidonic acidrfyz 484), of palmitic acid ifvz 532), Figure 8B illustrates the ions expected from the fragmentation
and of the lithium salts of these fatty acids'¢ 478 and of 16:0/20:4-GPC-Li. All of these expected fragment ions
526, respectively) are also observed in the spectrum, as isare represented in the CAD spectrum of the fMLi] "

an ion reflecting the loss of trimethylamine aloma’ 729). adduct ion atn/z 788 (Figure 8A).
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Ficure 7: ESI/MS analyses of glycerophosphocholine (GPC) lipid species in 832/13 INS-1 cells supplemented with arachidonic acid in
the absence or presence of BEL. 832/13-INS-1 cells were treated with either vehicle alone (A), with arachidonicéahid&por 24 h

(C), or pretreated with BEL (2&M) prior to arachidonic acid supplementation for 24 h (D). Lipids were extracted and analyzed as Li
adducts by ESI/MS/MS in positive ion mode by scanning for precursor ions that undergo neutral loss of 183. This loss reflects the elimination
of phosphocholine headgroup and identifies GPC lipi; 86).

Similar features of other tandem spectra identify arachi- illustrated in Figure 9, insulin secretion from the 832/13
donate-containing speciesratz 788 (16:0/20:4-GPCy/z INS-1 cells in response to glucose increases in a concentra-
814 (18:1/20:4-GPC), anavz 816 (18:0/20:4-GPC) in the tion-dependent manner between 0 and 20 mM. At 20 mM
untreated 832/13 INS-1 cells (Figure 7A). Addition of glucose, the increase in insulin secretion is nearly 8-fold over
arachidonic acid to the culture medium induces the 832/13 basal levels. The cyclic AMP (cAMP)-elevating agents
INS-1 cells to remodel their phospholipids, as reflected by forskolin (FSK) (Figure 9) and IBMX (data not shown)
time-dependent increases in the abundances of arachidonateamplify glucose-induced secretion to-285-fold over basal
containing PC species. After 6 h, signals for 16:0/20:4-GPC, levels, as in native islets3, 39). Following treatment of
18:1/20:4-GPC, and 18:0/20:4-GPC increase several-fold832/13 INS-1 cells with BEL, insulin secretion in response
(Figure 7B), and by 24 h 16:0/20:4-GPC and 18:0/20:4-GPC to glucose without and with forskolin is reduced to near basal
become two of the most abundant PC species in the mixturelevels (Figure 9), suggesting that a BEL-sensitive target such
(Figure 7C). The increases in arachidonate-containing PCas iPLAS participates in stimulated insulin secretion from
species at 24 h are unaffected by the pretreatment of 832/13832/13 INS-1 cells.

INS-1 cells with BEL, at concentrations that inhibit iPLA Islet iPLA3 Protein and MessageThe previously de-
enzymatic activity for the duration of the experiment (Figure scribed findings suggest that the predominantly expressed
7D). These findings do not support a role for iPJ8AIn iPLA,B in the INS-1 insulinoma cells is a 70 kDa isoform,

arachidonic acid incorporation into 832/13 INS-1 cell PC. that it is catalytically active, and that its inhibition with BEL
Stimulated Insulin Secretion from 832/13 INS-1 Cells Is does not affect phospholipid remodeling but leads to sup-

Inhibited by BEL.A second proposed role for iPLA pressed glucose-stimulated insulin secretion in 832/13 INS-1

involves its participation in signal transductio®, (7, 12— cells. If the shorter isoform of iPL48 has a role in signal

18, 33—36). The 832/13 INS-1 cell line has been demon- transduction ins-cells, it might be expected to be evident

strated to exhibit a glucose-concentration dependence thain native islets as well. Immunoblotting analyses confirm

is similar to that of native pancreatic islet37( 38). As that pancreatic islets, in fact, also predominantly express the
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A. Low-Energy CAD of [M + Li|+ Adduct Ion of 16:0/20:4-GPC at m/z 788
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Ficure 8: Tandem mass spectra obtained from collisionally-activated dissociation (CAD) ef [} * ions of GPC lipids from 832/13
INS-1 cells. ESI/MS was performed as in Figure 7, and the+fNLi] © ion atm/z 788 was isolated in the first quadrupole and subjected
to CAD. Product ions were then analyzed in the final quadrupole. (A) CADHMI] * ion atm/z 788. (B) Fragmentation pattern of [M
=+ Li] ™ ion atm/z 788.

70 kDa iPLAyS-immunoreactive protein (Figure 10A). To Attempts to engineer insulinoma cells with increased and
determine whether the pancreatic islet and 832/13 INS-1 cell stable glucose-stimulated insulin secretory capacity have
enzymes arise from different iPLA transcripts, the message resulted in the generation of a robustly glucose-responsive
expressed in each was compared. As seen in Figure 10B832/13 INS-1 cell line 8).
the 832/13 INS-1 cell sequence deduced from PCR analyses A difficulty in engineering a stable glucose-responsive cell
using overlapping primer sets is identical to the iBBA line is that the glucose sensing mechanism withinfteell
message encoding an 84 kDa full-length iRAprotein is not completely understood. Pancreatic islgtsells, and
expressed in pancreatic isletg),( suggesting a common  glucose-responsive insulinoma cells all express & Ca
origin for the 70 kDa iPLAj-immunoreactive protein  independent PLA(IPLA,) that is stimulated by ATP and
expressed in native islets and 832/13 INS-1 cells. The finding js BEL-sensitive §, 7, 33—36). Inhibition of iPLA,S3 activity
of a 70 kDa isoform of iPLAS in pancreatic islets also  with BEL leads to suppressior,(7, 33—36) and overex-
indicates that its expression is not unique to engineeredpression of iPLAS to amplification 6, 28) of glucose-
insulinoma cells and raises the possibility that it serves a stimulated insulin secretion. The iPL# like cPLA; (45,
functionally important role in nativg-cells. 46), translocates to the perinuclear regiorfafells following
stimulation, and this involves cAMP-dependent PKA-
DISCUSSION catalyzed phosphorylation event8). These and othei5(
Approaches to treating insulin-dependent diabetes mellitus 31, 47, 48) findings suggest that iPL# is involved in signal
include transplantation of whole pancreas or isolated pan-transduction, but not in phospholipid remodelingfigells.
creatic islets, but the paucity of the human donor pool has The findings that iPLAS amplifies glucose-stimulated
prompted investigators to explore the feasibility of using insulin secretion as well g8-cell proliferation @9) raises
transplantable insulinoma cells in diabetes theraify-@4). the possibility thap3-cells engineered to overexpress iPJGA
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Ficure 9: Insulin secretion from 832/13 INS-1 cells. Cells were
seeded in 24-well plates and incubated (1 h,°’G7 95% air/5%
CQO,) in KRB medium containing glucose alone or glucose plus
forskolin (FSK, 2.54M) in the absence and presence of BEL (10
uM). At the end of the incubation period, insulin content in the
media was determined by RIA. Stimulated increases in insulin
secretion are plotted as mean SEM, relative to basal (zero
glucose) secretiom(= 5—7).

might have a place in diabetes therapy. A motive for the
present study was to determine whether iRt Aas a similar
signaling role in the robustly glucose-responsive 832/13
INS-1 cells. If so, inclusion of the iPL# gene into the
iterative engineering proces8§, 43, 50—53) to optimize

Biochemistry, Vol. 42, No. 47, 20033937

of alternate splicing40, 21). These observations raise the
possibility that alternate splicing might represent a means
to generate various iPL# isoforms with different functions

in different cells. However, examination of this possibility
in the present study using overlapping primer sets to amplify
the iPLAS message reveal that the 832/13 INS-1 cell express
an iPLA,S message identical to the one expressed in native
islets (7) that encodes a full-length 84 kDa iPLAprotein.
These findings suggest that the 70 kDa iBEBAmmunore-
active protein does not arise from an exon-skipping mech-
anism of alternate splicing but most likely is a product of,
as yet undetermined, a proteolytic processing mechanism.

Whether the short immunoreactive band observed in INS-1
cells is an isoform of iPLAS was addressed using mass
spectrometry to analyze tryptic digests from the 70 kDa
region containing iPLAG-immunoreactive protein. MALDI/
TOF/MS analyses reveal at least 10 peptides withvalues
expected of tryptic peptides from iPLA Tandem analyses
were then performed to determine the amino acid sequences
of these peptides.

Analyses of tandem spectrum obtained from each peptide
using the MassLynx software identified several peptides
(Table 1) with amino acid sequences that exactly matched
fragments expected from digestion of the iRJ3Aprotein
with trypsin. Features of interest include the fact that among
the identified peptides were three sequences (6, 9, and 10)
encompassing iPL#S residues 753. In addition, the peptide
nearest the C-terminus of the iPLA deduced sequence
ended at residue 555. These findings suggest that the;fRLA
immunoreactive protein migrating with an apparent molec-
ular mass of 70 kDa is indeed an iPyA isoform that

secretory capacity in a transplantable and replenishablecontains a conserved N-terminus region and that might lack

source of insulinoma cells might deserve consideration.

An unexpected finding in the present study was that the 5

predominant iPLAS-immunoreactive protein in the 832/13
INS-cells and in the parental INS-1 cell line migrates with
an apparent molecular mass of ca. 70 kDa on SBAGE
analyses. While two alternatively spliced iP{ACDNA

a C-terminal protein sequence beyond amino acid residue
55.

In view of the inability to visualize an iPL48-immu-
noreactive protein with a molecular mass of-&8 kDa in
the 832/13 INS-1 cells, it was of interest to determine if a
iPLA, enzymatic activity is indeed expressed in these cells.

variants have been cloned, which encode proteins with We report here that the 832/13 INS-1 cells express a iPLA

masses of 84 and 88 kD&(Q, 21), the 70 kDa protein

activity that is stimulated by ATP and is inhibited by BEL.

expressed in unstimulated cells potentially represents aThese are properties expected of iBfAand are also

previously unrecognized isoform of iPlLA

A mechanism for generation of a short isoform of iR5A
might involve alternate splicing of iPL# transcript. One
alternatively spliced mRNA species for iPLAIn human

B-lymphocytes encodes a protein with a molecular mass of

88 kDa @1). This mRNA species contains a sequence

associated with iPLAS expressed in pancreatic isle€ 83,

34), suggesting that the iPL& catalytic activity expressed

in the 832/13 INS-1 cells is most likely attributable to an
isoform of the protein with an apparent molecular mass of
70 kDa.

As a truncated isoform of iPL#8 appears to be responsible

encoded by an exon that is not included in the mRNA species for the enzymatic activity in 832/13 INS-1, the question of

that encode the 84 kDa iPL,A isoform that was first cloned
from rodent sources7( 19). The 88 kDa iPLAS isoform

whether it participates in phospholipid remodeling or signal
transduction was addressed. Supplementation of culture

contains a 54-amino acid residue insert in the eighth ankyrin medium with arachidonic acid led to the remodeling of 832/

repeat 20, 21) that is absent from the 84 kDa iPLA
isoform. In addition to the full-length iPL#8, three other

13 INS-1 cell membrane phospholipids, as reflected by an
increased incorporation of arachidonic acid into PC pools,

iPLA,3 mRNA species have been reported to be produced@nd this was not inhibited by BEL. However, glucose-

by alternate splicing2l, 22). One encodes a protein that

induced and forskolin-amplified insulin secretion were

terminates after the lipase active site, and the other two Significantly suppressed by BEL. These findings suggest that
encode proteins that contain only the ankyrin repeats andthe iPLAS activity expressed in 832/13 INS-1 cells partici-

are inactive 21). Transcripts encoding functionally distin-
guishable short (84 kDa) and long (88 kDa) forms of iBEA

pates in signal transduction in insulin secretion but not in
phospholipid remodeling.

have also been observed in human lymphocytes and in Our present findings therefore demonstrate that a 70 kDa
pancreatic islets and arise from an exon-skipping mechanismiPLA5-immunoreactive protein expressed in 832/13 INS-1
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A. Pancreatic islet iPLA2[3 Immunoblotting Analyses
97 —
=
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B. iPLA2[3 Message Expressed in Islet and 832/13 INS-1 Cells

1 ATGCAGTTCTTTGGACGCCTCGTTAACACCCTCAGTAGTGTCACCAACTTGTTCTCAAACCCATTCCGGGTAAAGGAGGTGTCCTTGGCTGACTATGCCTCAAGTGAACGTGTT
PC

CGAGAGGAAGGGCAGCTGATCCTGTTGCAGAATGCTTCCAATCGTACCTGGGACTGTGTCCTGGTCAGCCCTAGGAACCCACAGAGTGGCTTCCGACTCTTCCAACTGGAGT
CAGAGGCAGACGCCCTGGTGAACTTCCAGCAGTATTCCTCCCAGCTGCCACCGTTCTATGAGAGCTCTGTGCAGGTCCTGCATGTGGAGGTGCTGCAGCACCTGACGGACCT
CATTCGGAACCACCCCAGCTGGACAGTGACGCACCTGGCCGTGGAACTTGGCATTCGGGAGTGTTTCCATCACAGCCGCATCATCAG 4%;2(;(‘(')\A(‘AGCACAGAGAATG.—\G
GAGGGCTGTACCCC,\CT.-\C.-‘\TCTGGC(‘TGCCGC.-‘\.-\GGGTGa\C.-\GTG.-\GATTCTGGTGG;\GTTGGTAC;\F?I‘ZA chcnccccc,\c,\’r(.'c,\rc.'Tc;\]:'(’rj(;,\-c_.\_.\c,\;mcc;_.\c.'_.\c.'.«
CCGCCTTCCATTACGCTGTGCAAGGGGACAATCCCCAGGTGCTACAGCTCCTAGGAAAGAATGCCTCAGCCGGCCTGAACCAGGTGAACAACCAAGGGCTGACGCCGCTGCA
CCTGGCCTGCCAGATGGGGAAGCAGGAGATGGTGCGTGTCCTGCTGCTCTGCAATGCCCGCTGCAACATCATGGGGCCCGGTGGCTTCCCCATCCACACAGCCATGAAGTTT
chc,\GMGGGGTGTGCTGM,\TG,\ZTI,\TCAGCATGGAC,\GT,\ACCAG_.\TCc,\c_s\c.'C.a\_.\cc.',\TCCTCGCr_.\TGGAGCCAGCCCGCTCC,\CTGGGCC_.\_.\GA_.\CGCTGAG,\TGGC
CCGAATGCTTCTGAAGAGGGGCTETGACGTGGACAGCACAAGTGCCTCGGGGAACACAGCCCTGCACGTGGCTGTGACGCGCAACCGCTTTGACTGTGTCATGGTGCTGCT
G,\L:C'lr% GGGCCAACGCAGGTGCCCGAGGAGAGCATGGGAACACACCACTGCATCTGGCCATGTCGAAAGATAACATGGAGATGGTCAAAGCCCTCATTGTATTTGGGGCAG
ari\(éll?:\-g;\C:\CCCCG.-\.-\TG.#\('TTTGGGG:\G:\CTC'C'TGCATTCATAGCTTCCA;\GATC:\GC:\AGC:\GCTTC:\GG!\('CTCATGC'CCGTCTC'CCG!\GC'C'('GGA;\GCG\GCGTTC:\T('
CTG.-\GCTCCATG!\GGGATG.-\G.-\.-\GCGA:\GCC.-\TGACC.-\CCTGCTCTGCTTGG;\CGG.-\GGGGGCGTG.-\AGGGCC]T‘(‘}f‘iI"G\TC.-\TCC.-\GCTTCTC.-\TTGCCATTG!\GM\GGCCT
CAGGTGTGGCTACC.\.-\GGACCTCTTCG.-\CTGGGTGGc.-\GGAAcc.-\cC,\CAGGCGGCATCCTGGCCCTGGCCATJ[CT,\CACAGTM.-\TCCATGGCCTATATGCGTGGCGTGTAC
TTCCGT;\TGAAGG_.\TGAGGTGTTTCGGGGCTCACGGCCCT.-\TG,\Gr':.TGGGCccCTGGAGG_.\GTTCCTG;\AGCGTG;\GTTF{%GE:AGCACACC,\,\G.-\TG;\CAG_.\TGTC,\,\G,\
AACCC;\;\GGTG;\TGCTGa\C!\GGG.v\C.-\CTGTC:\G;\I:ZEGG-C;\GCC.v\GC;\G;\GCTCC.-\CCTCTTCCGG!\;\TT.-‘\CG!\TGCCCC.-\G.-\GGCCGTTCGGG.-\:\CCTCGCTGT.-\CCCC;\;\.v\
CATTAACCTGAAGCCGCCCACCCAGCCTGCAGACCAGTTAGTATGGCGGGCAGCCCGGAGCAGTGGGGCAGCCCCAACCTATTTCCGGCCCAATGGACGCTTCTTGGATGGT
GGGCTG(‘.TGG(‘.C.-\.-\C,\:\C(‘.(‘.(‘.AC.-\CTGG,\TGCCa\TG.-\CTGJ\:\a\TCC.-\TG:\GTa\(‘..ﬁ\.-\TCa\GG,\Ta\TG.-\TC(‘.GCa\a\GGGCCAGGG(‘..-\.-\C.-\,\GGTG.-\.-\G.-\.-\,\CT(‘.TE((“'ET.-\GTCGT
GTCTCTGGGGACH GGA:\:\{.i;r&cccrcMGTG(‘.(‘.TGL\a\ccTGTGTa\(;ATGTCTTTCGT(‘.CC;\GC.-\.-\CCCTTGGGM(‘.TGGcc.-\,\G.-\CTGTTTTTGGE;%;'.C.-\.-\GGA.«(: GGGCA
AGATGGTGGTGGACTGTTGCACAGATCCAGATGGGCGGEGCTGTGGATCGTGCCCGGGCCTGGTGTGAGATGGTCGGTATCCAGTACTICAGGCTGAACCCCCAGCTAGGCTC
AGACATCATGCTGGACGAGGTCAGTGATGCAGTGCTGGTCAACGCCCTCTGGGAGACCGAGGTCTACATCTATGAGCACCGGGAGGAGTTCCAGAAGCTTGTCCAGCTGCTG
crarcrecctcA2259

PCR-5

Ficure 10: iPLAyS-immunoreactive protein expression in pancreatic islets and jPlnAessage in islets and 832/13 INS-1 cells. (A)
Immunoblotting analyses. Aliquots (3®0 «g) of cytosolic protein prepared from rat pancreatic islets were analyzed by-BBSE, and

the proteins were transferred onto immobolin-P PVDF membrane. The electroblot was then processed for immunoblotting analyses, and
iPLAS-immunoreactive protein was visualized by ECL. (OE, iBBAverexpressing INS-1 cells.) (B) Comparison of iBj3Anessage in

islets and 832/13 cells. The deduced message sequence of islejiPDAs illustrated along with the sequence coverage of the PCR
products generated using five overlapping primer sets and the 832/13 INS-1 cell cDNA as template-$P&&juences of products
generated using primer sets-3 described in the Materials and Methods, respectively.)

cells is indeed a previously unrecognized iBBAsoform. ACKNOWLEDGMENT
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