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N-acyl-phosphatidylethanolamine (NAPE) is known to be a precursor for various bioactive N-acylethanolamines
including the endocannabinoid anandamide. NAPE is produced in mammals through the transfer of an acyl
chain from certain glycerophospholipids to phosphatidylethanolamine (PE) by Ca®*-dependent or -independent
N-acyltransferases. The ¢ isoform of mouse cytosolic phospholipase A, (cPLAye) was recently identified as a
Ca®"-dependent N-acyltransferase (Ca-NAT). In the present study, we first showed that two isoforms of human
cPLA,¢e function as Ca-NAT. We next purified both mouse recombinant cPLA,e and its two human orthologues to
examine their catalytic properties. The enzyme absolutely required Ca* for its activity and the activity was
enhanced by phosphatidylserine (PS). PS enhanced the activity 25-fold in the presence of 1 mM CaCl, and
lowered the ECs, value of Ca%?™ > 8-fold. Using a PS probe, we showed that cPLA,e largely co-localizes with PS
in plasma membrane and organelles involved in the endocytic pathway, further supporting the interaction of
cPLA,¢ with PS in living cells. Finally, we found that the Ca®*-ionophore ionomycin increased ['*CINAPE
levels > 10-fold in [**C]ethanolamine-labeled cPLAe-expressing cells while phospholipase A/acyltransferase-1,
acting as a Ca®*-independent N-acyltransferase, was insensitive to ionomycin for full activity. In conclusion, PS

potently stimulated the Ca®*-dependent activity and human cPLAe isoforms also functioned as Ca-NAT.

1. Introduction

N-acyl-phosphatidylethanolamine (NAPE) represents a rare class of
membrane glycerophospholipids with the third fatty acyl chain bound
to the amino group of the ethanolamine moiety, and is produced in
mammals through the transfer of an acyl chain from glyceropho-
spholipids, such as phosphatidylcholine (PC), to phosphatidylethano-
lamine (PE) by enzymes called N-acyltransferase [1] (Fig. 1A). In ad-
dition to having a membrane stabilizing effect [2,3], NAPE is well
known for being a precursor for various bioactive N-acylethanolamines
(NAESs). For example, N-arachidonoyl-PE, N-palmitoyl-PE and N-oleoyl-
PE serve as precursors for the endocannabinoid arachidonoylethano-
lamide (anandamide) [4], anti-inflammatory palmitoylethanolamide
[5] and appetite-suppressing oleoylethanolamide [6], respectively.
Therefore, N-acyltransferase attracts much attention as the first step of
N-acylethanolamine biosynthesis.

A series of our studies revealed that the phospholipase A/acyl-
transferase (PLAAT) family proteins have an N-acyltransferase activity,
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which is not stimulated by Ca®>*. We also showed that the proteins of
this family can abstract an acyl chain from both sn-1 and -2 positions of
the glycerol backbone of the acyl donor, making these proteins much
distinct from the long known, but molecularly uncharacterized Ca®"*-
dependent N-acyltransferase (Ca-NAT) with sn-1 position-selectivity
[11.

Recently, Ogura et al. identified Ca-NAT of mice as the ¢ isoform of
cytosolic phospholipase A, (cPLA,) (NCBI GenBank accession number,
NM_177845) [7]. They characterized the enzyme with a crude pre-
paration of HEK293T cells overexpressing recombinant cPLA,e and
showed that the enzyme Ca®*-dependently forms NAPE in the presence
of PC (an acyl donor) and PE (an acyl acceptor). Moreover, the sti-
mulation of cPLAe-expressing cells by the Ca®*-ionophore ionomycin
significantly (P < 0.01) enhanced intracellular NAPE levels. However,
since the recombinant enzyme was studied in crude preparations, it
appeared to be difficult to find a possible endogenous factor(s) which
alters the stimulatory effect of Ca%* on this enzyme. Moreover, human
orthologues of cPLA,e have not been characterized as Ca-NAT.
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Fig. 1. The outline of NAE-biosynthetic pathway and
alignment of the amino acid sequences of cPLAje. (A) A
schematic pathway for the NAE biosynthesis is shown.
NAPE-PLD-independent, multi-step pathways are omitted.
(B) The amino acid sequences of human and mouse cPLA,e
proteins are aligned. Two isoforms of human cPLAse
(XM_011521237 and NM_001206670) are tentatively de-
signated as A and B, respectively. Closed and shaded boxes
indicate identity in all three and any two sequences, re-
spectively. N-terminal C2 domain, lipase domain [17] and
C-terminal polybasic domain [14] are indicated by single,
dashed, and double lines, respectively. Asterisks indicate
the Ser/Asp catalytic dyad. h, human; m, mouse.

Plasmenic Acid

hcPLAe-A 1 MHARVSHSLPDPC-QAEDSRPSHTCAL 'SPCHLLTVRY TSN 0}
hcPLA,-B 1 ———— -MSLOASEGCPGLGTNVFVPQSPQTL SGRSFSEFEDTODLDTP-GLPPFCPMEAPWGSE] SPCHLLTV] 76
mcPLAE 1 MQSIPHSDEADVAGMTH, GTSMLVPKNPQGEED-SKLGRNCSGFEDAQDPQTAVPSSPLLSMSCSS! SPCHLLTV 89
[ IV N E I K NVROADIUL S QTDCF VE LWLP TASQKKJSTRT T SNCIZ QSVKNVLELSVCDEDT\TIZe DHLLTVL YD 132
[T W.VEN - ¢ I K NVROADYL.SQTDCE VELWLPTASQKKLISTRT T SNCI QSAVKNVLELSVCDEDT)TI3eDHLLTVLYD: 166
mcPLA,, 90 NVRQADMLSQTDCFVMLWLPTASQKKLINTRTISNCI# QIO VKNVLELSVCDEDTHMTONDHLLTVLYDLE! 179
C2 domain
WV N kIl VK F PLNPOGMEELEVEF LLEESESI9EE TN TNGVLVSROVSCLEVHAUSRRARKRIZKIK DLLVMVZS FENTQRVIXPCIFEPC® P 222
(IS SIS - -y 1 VK F PLNPO GMEELEVEF LLEES)SI33E TLI TNGVLY SRQVSCLEVHASRRARKRIZKIK DLLVMVNIZSFENTQRVEPCI#EPC 256
fLte =W S . VI VK PLNPi2GMEELEVEF LLEEMYSERETLITNGVLVSRQVSCLEVHA ZRKRISKNKDLLVMVi¥YS FENTQRVIZPCOEPCHMP 269
hcPLA,e-A 223  QTAACEENZISUFOSOVHVIaVIZEI:WSC ~RSRKKG] QPLICLSDGQV\“TLPVGEYELHMKS 129 TLDVRLGFSLCIJ L 311
hcPLA,e-B 257 QTAACE:NSISUFlOSOVH EHPKSH sC BN (E P 0PI CLSDGOVIL TLPVGES YELHMKS| 33TLDVRLGFSLC)3 L 345
mcPLA,e 270 ------] HYPKYEQIZOIR A ER PR SHENS SN PO PLINCL.S DGOV TLPVGEN YELHMKSE! 'LDVRLGFSLC)2 353
hcPLAe-A 312 QKRvav AWK LQLEEILEEDEVPIAIMATGGGTRS S\ YGHLLGLOKLNIP LD Y I TGLSGATWTMATL YDPEWS SKNLEL- S|
hcPLA,e-B 346 [0S VVAKR JONLOLEEPLOEDEVPI#TATMATGGGTRSMISIVYGHLLGLOKLNILD®:EY I TGLSGATWTMATL YIIDP P WS SKNLE)J KL
[Lite = W W Yo7 S O K RKIV Vv AKI LB OV OL EEEL S EDEVPIT ATMATGGGTRS MY SIRY GHLLGLOKLNELDEER Y I TGLSGATWTMATL YIS SKNLEJWARV K
(eI WAV NPT PR (' EARRHVVKDKI# PR L F PDOLISKIFOEIAT I HOJIS OE G YIWY TF TDF WG L T EM@T.G DS NECK LS DQRAALS6GONPLP I YL T INVKDDV S NOSRIeH]
hcPLAe-B 436  TFAASEAASSRILIZSIRE2ORRISFOIZEIRORSOIANR (TFTDFWGIL TE{geL.CDSANECKLSDORAAL S8 GONPLPTYLTINVKDDVS 525
mcPLAe 444  VIRENEENAEON 'PDQL ) &I OEG YR TF TDFWGIL I EMSL.GDISSNECKLS! QNPLPIYLTINVKDD 533
[a[el WAV S Nt I D REWF EF SPYEVGI#OKYGAF IPSELFGSEFFMGR RIPESISICYMLGLWSS IFSLNLLDAWNLSHTSEEFFjsRWTRE}Y D 581
hcPLAe-B 526 DFREWFEFSPYEVGIQKYGAFI PSELFGSEFFMGRIJKR T P ICYMLGLWSS TFSLNLLDAWNLSHTSEEF FlyRWTRELSY D 615
JL1te = W WX Y Rl O REWF EF SPYEVGEOKYGAF I PSELFGSEFFMGRLVKR T PHAYCYMLGLWSS IF SLNLLDAWNLSHTSEEFFNRWTRESDIED 623
Lipase domain %
hcPLAe-A 582 MLETTVVIPESWLSNEFREILT:EREFVSEFHNFLEGIFOLHTNYLO! NWKDTVLDEFPNOLTI# AVHL6LLDTAFFVIoYAl
hcPLAe-B 616 MLETTVVIPESWLSNEFREILTREFVSEFHNFLEGHOLHTNYLO SWKDTVLDEFPNOLTI#ANHLST.LDTAFF VIR(Il:)
mcPLAe 624 ETTVVIPIWWLSNFREIL! (FVSEFHNFLMGYOLHTYLO] [WKDTVLDWFPNOLT(S3A LLDTAFFVIRNEK]
hcPLA-A 672 SSY)3PLLRPERKEDLI IHLNYCAGSQTKPLKQTCEYC $3 95 KYELPDENE! IMENPQEPDAPIVSIFPLINDT Ny 761
[ WS - B (I S S V13 PL.LRPERKA\DL T THLNYCAGSQTKPLKQTCEYC 239K YELPDENE! 'MENPQEPDAPIVINJFPLINDT 3 795
it IS A VRN S S VAP LLRPERKWDL I THLNYCAGSQTKPLKQTCEYCTI20M T PF PEJachsRablnNE ENPOEPDAPIVEN(FPLISDT N: 803
ool WAV N (s VI G VER S PIE LES.GO\YS T YGPKIPYATKELTYTEA FDKLVKLSEYNILNNE IOALRLA K] Y{EOCPS| 834
hcPLAe-B 796  QuatiSaEinda > TYGPKWPYATKELTYTEAIFDKLVKLSEYNILNNDUTI#OATRLA KISRIBLEOCPS| 868
mcPLAe 804 (SUASIDHA IYGPKSPYATKELTYTEANFDKLVKLSEYNILNNEDIIMOALRLA EocPs 875

Polybasic domain

In the present study, we functionally expressed two isoforms of
human cPLA,e (XM_011521237 and NM_001206670) and characterized
them as Ca-NAT. We also purified recombinant mouse and human
cPLAoes and revealed the role of phosphatidylserine (PS) as an acti-
vator. Finally, we compared cPLA,e with PLAAT-1, acting as a Ca®*-
independent N-acyltransferase, in terms of NAPE generation in the
Ca®" -ionophore ionomycin-treated cells. These results demonstrate
that not only mouse but also human cPLAe functions as NAPE-gen-
erating N-acyltransferase, the activity of which is regulated by the
combination of Ca®** and PS.
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2. Materials and methods
2.1. Materials

1,2-[1’-'*C]dipalmitoyl-PC was purchased from PerkinElmer Life
Science (Boston, MA, USA). [1,2-'*Clethanolamine HCl was from
Moravek Biochemicals (Brea, CA, USA). PS (1,2-di-(9Z-octadecenoyl)-
sn-glycero-3-phospho-L-serine) and plasmenylethanolamine (PIsEt) (1-
(1Z-octadecenyl)-2-oleoyl-sn-glycero-3-phospho-ethanolamine)  were
from Avanti Polar Lipids (Alabaster, AL, USA). Horseradish peroxidase-
linked anti-rabbit IgG antibody was from GE Healthcare (Piscataway,
NJ, USA). 1,2-Dipalmitoyl-PC, 1,2-dioleoyl-PE, mouse anti-FLAG
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