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R G xR im MBS B C B2 AR B B A2 IR EB(LPEAT) M EE =R S
FEAE ST AT

FIRZRNSS, Ak, B kR

L KRB IR R I SR EE S S S0 E, R RE, LifE 201306
2. WHAYFFEPRECA S D, RIBETE RS, [ 201306;
3. KRR E R R LB AR, IR, g 201306

WE: S Z S =B H M (TAG) B A UM IR (ArA) (5 H S IE Wi & 1 1Y 68.0%. N T %15 ArA 2 UNful 4 f 6 b
JAF AL TAG, %F Lands /5 ¥R 10 28 BRSO IR B R 4 sl 1 T2 i TAG RURE IR AL AR, AHBFFT3E#ETE Lands
PEF v SC A P 3 I NS T8k £ Tl Tk L 55 B i (LPEAT)ME W 28 0 L 38 JH S % 5% PCR 5 3'- % 5'-cDNA F ik
BRI, [ B 2% (Myrmecia incisa Reisigl) 1 5 [ 2] MiLPEAT; ‘B¢ ¢cDNA 7314k 1303 bp, HH, 5'-
JERIPEIX (UTR)K 129 bp, 3'-UTR K 193 bp, TP FEHER 981 bp, Zifd 326 P2 BRIk AL, LU 2 4 i B R 241
DNA JHAR Y #1521 FEH K4 1871 bp 9 DNA JF51; X W T4 % LE X 25 3R R, MILPEAT &4 6 W& F, ¥
LI D) 2 HE (ORF) M EI AL 7 MM F o il ad 2850 Xt B A W15 B2 i, & Bl MILPEAT 1746 — A i R G Sk 5%
BB S5 F3E PIsC, Jf-& 45 LPEAT KT HAT 19 NH(x),D . FPEGT 4§ 4 /MRHEMASLAR; Wolfpsort 55 754 T 45 5L LA
J MIiLPEAT 537776 B DU R IR IR “KKxx”, W5/8E R BENL T N M IS 50 iig e . T RFEY LPEAT
B2 TR 9] BT M A 0 AR B 25 K 25 B, MILPEAT [H 5 2 %1 LPEAT A5 A [|) i 75 B R AE T TR AN [|) 4 43 32, (B3 5
1 7 LPEAT RHEAE—i&, #EMEATMDIREnT BE ST, ) 286 E 1 PCR K, %3l MILPEAT ()3 P 3% St i 7
AU 8 h B I 3 (P<0.05)84 1, 5 HARfbAH I ()7 I 85 Mg 1k £ B e (L PE)AH X6 = 15 04 B8 35 i (P<0.0 1) 982> 49%,
{ELW B BB £ W B (PE) M X 2 38 A 8 A0S (35 e 0 7 R0 LR e 2 vl 348 540 e S 5t £ T2 i (PE) T 8 ok G - — 1 H
B IE L RS BEVE FH LA TAG, B B2 543 TAG & & 138 n.

KR BRANGEBE, VLTS B O BERE B R B (LPEAT); — Bt HW(TAG); #ilg; AU
hE S S S917 XHkFRRERS: A XERS: 1005-8737-(2018)02-0251-12

B2 % 2% % (Myrmecia incisa Reisigl)j&—Ff
PR e, B ST (Chlorophyta) . H:ER i 24
(Trebouxiophyceae)!', & 41 a5t Bk ok B0 B,
HRAEAE—EIE SR SRR A 40 B A . i
P D 2 RRAE & A R BB fE A2 DU 4% R (arachidonic
acid, ArA), JUHAERYVEREBEILURSF Ma 2500 T,
ArA B S RARIEA T E A 7%, EHETE
HATA FREGH I EERE, BA TR I AR TN
. 7ER| 22T (thin layer chromatography

ks BER: 2017-10-09; &1 HHEA: 2017-11-23.

TLC)F A 43 25 AR AT 12 3 19 — 19 T ¥ (triacylglycerol,
TAG)J5, ¥k BH B 34 2 VR A0 £33 - 5 1% (gas
chromatography-mass spectrometer, GC-MS)Ik H
FARSHT TAG IR TR RL, &I ArA i H S5
TR & Y 68.0%; ATERIHK 4 d J5, & &N
1K 75.6% EHRAR AL R AR (A9, 11t, 13t-1
N =975 T2 ) R0 B JRR TR 12 (12- 3 3k -A9- 1 /\ Bk — M
i) SRR IR NG I R 43 S A€ Sl Al (Vernicia. fordii) . B
JiR(Ricinus communis)Z 1 TAG 'H 43 & & (4

HeWBA: AR ARBFESTIH (31772821, 31402274); FH R iR v A REIR £ W H 410 H (SHME2011SW02); %

KRR A R R B
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B 85%F1 89%)1,

ST B 107 TR 2 1 RN AR P 45 I R o A 2
RATERE R NRmE (W ARIR#EAE, phosphatidylcholine,
PC) Wi 5 Mt £ W2 e (W PRI i, phosphatidyletha-
nolamine, PE)ZEERENG HIME 220 sn-2 B E197),
MK 4% Z2 AN RS B R (polyunsaturated fatty acid,
PUFA) Y SIE < 32 2 0 A A N Jo ) Y I8 26 -Co A it
(acyl-CoA pool)H1™*), X FELL PC HI PE 25 H B i
by, BEOAIRFETE A 25 T /I AL ) B g 2o 7,
Bl Lands FEFRPT. 7EiZ08BRad b ke 2 o 24
F1%) it G 10 Tl P O < T2 B Tk 56 7 % 1 (1y sophosp-
hatidylethanolamine acyltransferase, LPEAT)!")
3 2o 0 i W B I £ B (lysophosphatidylethan-
olamine, LPE)i#F1TMEFEALAE ], (115 HEFE-CoA i
K 22 AN AT R DT I A DL 2 4545 3 LPE 1
B AR Y sn-2 i b, iXHFE, PE B A KA
PUFA™ st SRR IR MR 1Y PE, VA AR
I EE-CoA 1 TAG AW G HUEAR, TEWEE : — Bt
“H i e L 4% B2 i (phospholipid : DAG  acyltransferase,
PDAT)RIAME T, R B #5407 #Y (K58 PUFA %% 5|
DAG |, WM™ A A K4k PUFA SERE5R AR 7 R
E,(J TAC}[II—M]O

H R B Hr T, LPEAT e AS I BR 241
J A KE R RN Z R DL TAG K 5% PUFA 45
Rk iR 51 AR E AW HZWAEH . Bar,
AR LPEAT Wi, 23k A X ANFEE A0 K
TS s R R, B AR IF
(Arabidopsis thaliana)ft) LPEAT 47 1 #1617,
KPS LPEAT S HXT B2 ig A A Q52
IBESE 24 R WARGE . ik, AWFIEATE Bk %) 2k 4
W S A VS SO MR A L, i NCBI(http://
www.ncbi.nlm.nih.gov/) ) BLASTx LX), & B
contig8647 iz Ek 4 (Coccomyxa subel lipsoidea)
C-169 (1) LB A R Ik 2L 54 A% il (1ysophosphatidic

acid acyltransferase, LPAAT)J¥ %1 (GenBank % 535

XP_005646810)H 57%HAHALEE, AR5 X B 5 41l
wits14, FIH cDNA Kim s 1+ A (rapid
amplification of cDNA ends, RACE)f5 %/ H: cDNA
K75, it NCBI f BLASTp Xt &, %
B DR gt ) = B R Y 4 5 HA I R ) LPEAT J7

AL, JF S LPEAT BK7E—i#, SifEit A
W HAn 40 MILPEAT, %7 LPEAT 382
TEE®EE LPE LA TmESAb /B, 76 T i ALk
AT, B2 Sk w0 BB NG nT LA A 1 i)
s TAG H9IERE BB ABFE /00 T A
DUk 4 d 1T J5 MiLPEAT 3£ R 4% st i LU LPE 5
PE MIXF & A ARk, N T i B 20 2R Sk BENE A Ak
FetE, JLHOM RN 5 T Z S EE ArA
() TAG F2 S HLHI 2 AL B AR .

1 MEEFE

11 BMRIEFR

B2 2% 5 HA301 Hh B e R 2 ok L B 5t
W, R U T A A% A BRI R 2 9 2 O PO
(culture collection of algae of Charles University of
Prague), #f#4%F T BG-11 QN il C
25°CHl 115 pumol quanta/(m*s)HDGREREFARTHEFE,
JCEIIAEIE « BE=14 h: 10 WP 5K ARE M
FESE . PR ERECER, 4°CF L 5500 r/min £
0 10 min, WCERBEANML, I 28 KBS 3
UE PR IR B O AR i 2 i, 7 RIEEE RNA B)
FHR AR R, —80 CIRA74

5205 6 E 7 PCR (quantitative real-time
PCR, q-RT-PCR)ZE 50 (1) i 41 i Jc 4 #h T N 42
3.5 cm M RAMERBEE A (B2 2 500 mL)H, FH]
Philips ¢ JEAT SR AL 24 h 3% 22 BRI 06 A i 08
SRFLAKEFE, e BG-11 H5FRIEAE 115 pmol
quanta/(m*s) 5 T 535 14 d, 5500 r/min 5.0
BEPAR, KA LB TR 3 YOFFMEEL.OIL
B, SRJE B AR 0 BB AR BG-11 #5357
e, [ARESRAFRE SR TEHEMS Y Oh, 4h, 8h,
12h, 16 h, 20h, 24h, 32h, 40h, 48h, 56 h,
64 h. 72h, 80 h. 88 h. 96 h /rHIHUEE, [FIFEES
O PRI WA B, WA RS -80 C IR A7 4
Mo RHBE 3 PATHES .

FHTAYUVR M8 T B 28 & 522 A0 70 B 1 B 40
M35 A q-RT-PCR 28y, M RE 4 dE 48t
YT RTRENE, BRALE 8 TAT, TEEEFEM 0 d
4 d o pl e, BLOWEE, WA BKRE QR T
PRAILKE S A R T
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1.2 HBRZIGFES RNA BIRER LPEAT EE
cDNA £KF I

Z: B8 TRIzol i (Invitrogen 23 7] )14 15 BH 45 4l
PRERZ G SR M RNA, %8 SMART RACE
cDNA 4% 2 W i85 & (Clontech 23 &) HfH FH 15d
B, I3 3R sk 5-F1 3'-RACE AR 1y
cDNA %5 —4&%, VENIEH &R PCR SR o

R bl e 221 5% 2 e 3 £ 5 L e s 1k 15 3
A contig8647 51 F| ] Primer3web (http://bioinfo.
ut.ee/primer3/) M FEZ Tt 3'-M 5'-RACE FE[H
R th o KRG W& WX S'RACEL(F/R)FI
3'RACEI(F/R)(F 1), B LA TAY TRARRA

FIHBT ST i@ 2 RACE £ AR RS
cDNA % 5'-Fl 3-FK¥ii/¥45, 25 uL LPEAT 5'-
RACE M55 —% PCR WA PCR 44K 16.75 pL,
10xAdvantage 2 PCR ZZ 11 2.5 uL, dNTPs 2 puL,
5'RACEl (R) (% 1)0.5 pL, 10xUPM 2.5 uL,
5''RACE cDNA 1 pL, BAEHEAW 0.25 ulL.
5-RACE 5 — 40 815X PCR S 4 R FEAR ) 55 — 48,
HIE5|¥1% NUP 1 5’RACE1 (F)(F 1), Bl b
—% PCR /=¥y, NFIFH: 94°CAEM 5 min;
94°C7E M 30 s, 70°CiE ‘k 30 s, 72°C ZEA# 2 min, 25
AMIEFR; 72°C FEAH 10 min.,

*1 RAGEE LPEAT EE 7K o-RT-PCR FFA 314
Tab.1 Primersemployed for gene cloning and g-RT-PCR of LPEAT from Myrmecia incisa

5|4 primer

5117 51(5'-3") sequence (5'-3")

iB KR E/C annealing temperature

LPEAT 4 cDNA 34§ 1 K %3F cloning and verifying of the full-length cDNA sequence of LPEAT gene

8647 (F) CCGCCGGCATCGTGTCCAACCACAT

8647 (R) TGAAGGAGCGCATGCTGCACGCTGG o8
5'RACELl (F) CCAGCGTGCAGCATGCGCTCCTTCACA 70
5'RACEI (R) CCAGCCCATGTGGTTGGACACGATGCC 70
3'RACEI (F) TCAGTACACTTGTGAAGGAGCGCATGC 65
3'RACEI (R) TGTCTCACTCCTTCCCCAGCTTTGTCG 67
1cDNA (F) GGGGACAGCAAGCCCGCTGTCGA

1cDNA (R) CAACCCTGCCACAAATCCGTAAT 633
LPEAT 4> DNA F#51¥ 1 cloning of the full-length DNA sequence of LPEAT gene

DNAL1 (F) ATGTCGAAGGTTCTCGGGCTA

DNAI1 (R) CCATAAGCAGCAGCCTAAGC 8
DNA2 (F) CCGTCAACGACACGATCTACGAC 0
DNA2 (R) TCACTCCGACTTCTTGACAGACG

DNA3 (F) CGTCTGTCAAGAAGTCGGAGTGA

DNA3 (R) ATTACGGATTTGTGGCAGGGTTG o0
LPEAT q-RT-PCR #5754 q-RT-PCR amplification of LPEAT gene

1(F) GCAAGTATCTCCTGCCCTTCAA

1 (R) ACAGGCAGCTCGTATACTGTTAC >
f-actin IZ I 5[4 B-actin as a reference gene

act (F) CGTCCAGCTCCACGATTGAGAAGA 0

act (R) ATGGAGTTGAAGGCGGTCTCGT

25 uL LPEAT 3'-RACE W A& #3EAS | ]
5-RACE. 7E4f—%& PCR UM Z ok 5 | 9 Joss
M43 5k B 3'RACE1 (F)(F 1) 3'-RACE cDNA;
FEA A0 B3 PCR RO R, #4514 B b 53
MR 3'RACEL (R)(FE 1) L2 —% PCR "W). [t

RRF WA FF 5-RACE, {HiB JCGR 351k
65 CEE—4)M 67°C(HE 5 4i:0)., R LPEAT
FEH RACE ¥ 845 1 e Vi /515 2119 cDNA 21K,
AT RS9 1cDNA (F)Al 1cDNA (R)(#
DHEAT P FHIE
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FIH e Bl ) & CEAER A MR A IR
A], dbED)ENaife Bk PCR Fry 38 59 H (1) 5 8,
HHEN15 pMD® T-19 2K (TaKaRa /A 7, Ki%)
A% 5 % A K #T B (Escherichia coli)DHS o5z
SYME(RRABHHCA R A A, Jba0), bk
PE SO I 40 R & PCREGIE S 3% A TAY T
FEAT BRA R T 550 5391
1.3 B4R %E DNA RIIRELR LPEAT EH
DNA £ KF 5=

DNA #2 HUR F 75 bt 3 = W 36 7R 1k 8%
(cetyltrimethyl ammonium bromide, CTAB)%DO]O

JEF 15 MiLPEAT 1 cDNA 4 K 75143 B ik
117 3 X514 DNAI1 (F/R). DNA2 (F/R). DNA3
(F/R)(FE 1), LABRZIZE% 3 HE 41 DNA S REA ik
1T PCRY 14 .25 pL WK ZR &4 PCR K 9.5 pL .
LTS I45 1 L JE 41 DNA BT 1 ul & PCR
Master Mix 12.5 pLo W27 : 94°C FZE 14 3 min;
30 MBI K 94°CANE 45 s, 1EFE 1 FTFIARRN 59
MR KRR ok 45 s, 72°CZEfH 2 min; f%J5 72°C
FEAH 10 min,

i bR cDNA swpE ki T B s Ei

Bz HAA KBTI . PR s ALY . D
IR 15%] MILPEAT B DNA 4 K741, If-FH
NCBI ¥ SPIDEY F2/¥ (http://www.ncbi.nlm.nih.gov/
spidey/spideyweb.cgi) L Xf H ¢cDNA 2K ¥ DL T
NSO
1.4 BRAGHE LPEAT EEMEMEEREZST

MILPEAT 1y ¢cDNA 4K J¥5%0t NCBI Y
ORF Finder F0I75 2 HIF A3 B2 AE (ORF), Jf-F|
H Primer Premier 5 # =B &E H BT 5, AR5
F-1z I AH N 19 2E P22 48 Ik 55 4 (3R 2) 20 Sl &t
MiLPEAT It 4 ity £ FH A S8 LT L 20 T | B IX
iKYE . AR SAK. Feas k. Z5M 5. DhREAI A .
Sy R S e b

FIH Clustal X HfEP K e 20 2 5 HoAtb
YR LPEAT 2 1R 7 41 i 47 text, Jf A H
BioEdit #F* 47444, M NCBI ) GenBank
A SRR LPEAT, JfLA 3 ~H-3-
TR ot L4 2 T (glycerol-3-phosphate  acyltransferase,
GPAT)9 M F5IAE NAMEE, /] MEGA6 #X
PP MUSCLE 25 JB3EATHEXS, SRR 44D
$%(Neighbor-Joining, NJ)5R A .

F2 FHSHEAMERSS
Tab.2 Web services applied in the sequence analysis

iR %5 %% online server IIHE function

Rk website

http://gper.biocomp.unibo.it/bacello/pred.htm
http://www.cbs.dtu.dk/services/ChloroP/
http://cn.expasy.org/tools/pi_tool.html
http://www.ebi.ac.uk/interpro/search/sequence-search
http://ipsort.hgc.jp/
http://mu2py.biocomp.unibo.it/memloci/default/predict

BaCelLo SV 248 5 o7 T
ChloroP 1.1 Server 2R A i R TN
Computepl/MW A5 H ORI 3 R O
InterProscan Sequence Search B B A5 14 ) Re e T
iPSORT N St K T
MemLoci IV 4 L 7 A7 T
Phobius 125 R DX R = R T
phyre R RS T
Predict Protein B 7K P R 2
Predotar V4 5 Aoz F5E
Protein Prowler v. 1.2 V4 i 5 A5z F5
protscale B K 5B

SingalP 3.0 Server RN

SMART 1 B ) U s
TargetP 1.1 Server LA AR 1 V40 5 A T
TMHMM Server v. 2.0 s B DX TN

TMpred 15 5 X

Wolfpsort IV 4 L 7 A7 T3

http://phobius.sbc.su.se/
http://www.sbg.bio.ic.ac.uk/phyre
http://ppopen.informatik.tu-muenchen.de/
http://urgi.versailles.inra.fr/predotar/predotar.html
http://bioinf.scmb.uq.edu.au/pprowler webapp 1-2/
http://web.expasy.org/protscale/
http://www.cbs.dtu.dk/services/SignalP/
http://smart.embl-heidelberg.de/
http://www.cbs.dtu.dk/services/TargetP/
http://www.cbs.dtu.dk/servicess TMHMM-2.0/
http://www.ch.embnet.org/software/TMPRED_form.html

http://www.genscript.com/psort/wolf_psort.html
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1.5 HRZZFEE LPEAT ERERIIEME T
REDH

q-RT-PCR i IS #) 1 (F)FI 1 (R)(FE )i &
SYBR™ Premix Ex Taqg™ (Tli RNaseH Plus)iz 7 &
VLB 45 (TaKaRa A, Ki%)h a5 it i
i+, I BLAST KR BiA 51 W ay s sk e+
AL B AT N R 2 Sk 43 f-actin £ K] (GenBank
BSES FIS48973) P NS RN, Wi 5IY
act (F)Fl act (R)IWLFE 1,

W5 BRI Tl 20 2% 4 8 2 RN i Fi] PrimeScript”
RT reagent Kit With gDNA Eraser (Perfect Real
Time)(TaKaRa A A, Ki%)iF47 [ % 5%k A cDNA
o4k, Je AT RN 4] DNA £8R R0, %04
Z % gDNA Eraser 1 pL. & RNA I pg K&
5xgDNA Eraser Buffer 2 uL, JilJc RNase #J dH,O
% 10 uL, £ PCR AU F 42°CHFE 2 min, RJ5
WU A 4xRT Primer Mix 1 uL. PrimeScript® RT
WHESHY 11 uL & 5xPrimeScript™2% tf 2 4 pL Jf:
#MINJE RNase 9 dH,O % 20 uL, 7£ PCR {{HF
37°CHEE 15 min, 85°CHERE S's, MM 545 5
cDNA 2 —4%

FIH q-RT-PCR J5#54E 7500 PCR ¥ (Bio-Rad
3], USA)FXT MiLPEAT By 3 K 54 5K SE R 146
W FWAKZRAUFE Dye 11 0.4 uL, IE/R 159144
1 L, cDNA 25 —4#5#54% 2 uL K 2xSYBR Primix
Ex Taq"™ IT1 10 uL, FflIJG RNase 1) dH,0 % 20 uL.
SRR 95 CHIASTE 30 s; SRJG 40 DMEHALHE
95 CAsME 55, 60°CiE K 34 s; ) 95°CAEME 15 s,
60°CiE K 1 min, 95°C7AEME 15 s,

X A RE i BRI Y AT 3 IR E A, AR
PEIEMH 27T AT A, SN 3 AMEER
(- S EFRAEZE (X +SD), 15 t I T i
E T
1.6 HRZIZRE LPE B PE ER I EE RIS
MEENTH S

B g ek SR IS % Bligh P
PIFME R . 50 mg AR T#RPIMA 3 mL £
75 C I S INEEAL PSS, A 1 mL &5, 0.6
mL ZZIFK A 1 mL BEESER IR SR 7, HUREA HL
AH; R H 5 mL % 0.01%9 2, 6- — KU T FE-4-H 3

ZK 1% (butylated hydroxytoluene, BHT) ) & {5/ H i/
K@ 208, BB RES, Wik 15
min J5 BL.OBUEEA NN, T 10 SIFIERA
PUARIE A 172 BUK B 4K FE RS fm, B
DUWETREAVAM. s s CNWBOND
Carbon-GCB [EIFHAEHURHE(CNW 2 #], {5 )DL 2
BRI 4R

W B 38 5 A 35 - BT (liquid chromato-
graphy-mass spectrometer, LC-MS)Hk i+ R i#E17
SpHE, LC-MS 4FZ 18 Liu 250, 58 Kiodis 2
Thermo SIEVE 2.1 Qualitative Analysis Software
(Thermo Fisher Scientific, USA)AbFRJE, mi3k7S T
£ 45 P& B4 B [8] (retention time) . Jii ff HE (mass to
charge) . W& (FEA) A5 (E (10— fB AL B 1) —
YERCIRFE RS, 36T FR{E R, A Thermo H 74K
F Lipid Search f3FIJEFEWETHMFEE . AIL
Wa 4 d T, ShZISsEE A PE 1 LPE /Y72
A DA AT = B (%) 2R, BV AUILER 38 T 35 40 7l
PE E{ LPE WEIR{H 5 EH 40" PE 5 LPE
R BRI P 7T 43 P72 B 5RO 8 AR ST 2+
FrifE2E(X £SD), iz t Ku e k17 i & A o

2 #RE5HH

2.1 BRI 4F5E LPEAT EREH cDNA K DNA
ERKFIINEE

T AR B 2 2k ke SR 4 B0 He T p K
252 bp 1) contig8647 J¥ A1 1T—XT 5|4 8647 (F)
18647 (R)(F 1)KUEX A~ contig J751, FHRHEIX
A~ contig MYEIEFFH514) 5S'RACEL (R/F)LA
S 3'RACEL (R/F)(# 1), FIH] RACE HRY 1%
SR 5-J 3Ky, S5 st PCR P
HZEANE 1 FTR o 3'- A S Y 51 43 B 45 S 2 1A
FEAS H 8 7 BER/NA 705 bp, IF&H B Y
St L AR EPE 1 poly A B EL; 5"~ S e 41 i il
JPEERFEH H W R B R/NR 511 bp,

WY 5= K 3T 4 SHIERYT contig8647
FEAVHEATOREE, SR AR DEEE I 7 5 T T —
X§ 519 1cDNA (R/F)(F DIf#£4T PCR 4 K2 LA
Y UEZ A I 25 R R, 4K cDNA
FE3K 1303 bp; £ ORF finder FiI A 41, & Y
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ORF J¥4I£ K 981 bp, Zifdh 326 LR ikiE;
2B TGA; 5-JEBIPEIX (UTR)K A 129 bp,
3'-UTR J¥ 4K 193 bp. i NCBI ) BLASTp
FOXT (25 SR R S R ) & Bz 3k R BT 2 i 2 1 )& I
MBEAR L AL #2 i (lysophospholipid acyltransferase,
LPLAT) R K IGEM 51, H 5 RZY %) LPEAT
EA 40%LL E R . a5 /K (Setariaitalica)
f LPEAT(XP_004962349.1) 13 43% A9 [A) I 1,
S5 T 2 4T T e % E ) LPEATI(NP_
001321299.1)F 39% 1Y AWM o (E 15 —$2 Y2,
BLASTp %5 SR i s H 5 IR Bk C-169 1) GPAT
(XP_005646810.1) A 49% A [ IR, [H)5# Y
DIfegF ARG uESE, Hailad R (B AR UL TR 30)
IR BN IFHNIEA S GPAT RIHE L,
BT AASHIE S5 1 5 20 % ¢ i Sl )i B TRl i 44

1 2 M bp 3

— 2000
— 750
— 500

— 250
— 100

129 bp

80 bp

5'-UTR 84 bp
A

TG

MiLPEAT, GenBank "1 5% %5 28 MG558460,

4 MILPEAT 1 ¢cDNA F41i%it 3 X514
DNAI (F/R). DNA2 (F/R), DNA3 (F/R)( 1), VA
Bz ok LN 4] DNA AR EFT PCR 4744,
H3| K BE N 222 bp. 1533 bp Lk K 200 bp 1) H )
FB(ED 1)o B A5 2] 0 45 58 BT P2 1 HIE,
I 23145 MILPEAT (42K DNA J¥51, ©1 1871
bp. FIH SPIDEY #X{4¥ MILPEAT fJ ¢cDNA J&
DNA FH)#EFT X, KB MILPEAT &4 6 W
T, WM TmEX, KEA SRR 80
bp. 84bp. 84 bp. 82 bp. 138 bp F1 106 bp; XLk
JFHNBIFE G “GT-AG B B R, B4~ 71
5"y FF 4 W A% R ER 2 GT, 37-Im AR 2 1 A4~
BAHREE AG; B ¥ ORF 4rHI6 7 45T
(K 1)

M

90 bp
-

193 bp

138bp 106 bp

82b 3.UTR
P TGA

BT BRZIG k3 LPEAT JEN cDNA L DNA 4 (K35 7= My St M5 e i Ik P () BB R 25 R TR ()
M: DL2000 DNA 73T bR bl kil 1: 3'-RACE 55 42§05 19y PCR 434745 ¥kl 2: 5-RACE # 4 815054 PCR ¥4
FEH; VkiE 3: DNAL(F/R)S14) PCR &7 37 4); Ykl 4: DNA2(F/R)5| %) PCR 414 7=4); Jkif 5: DNA3(F/R)5|4) PCR #3474
HE [R5 ] T Fly v 9 s 6, B 2 AR 5/ 3-UTR; SREOMIBAER RN 7 BEERNERNE T

Fig. 1

Agarose gel electrophoretogram of PCR products for full-length cDNA and DNA cloning of

MiLPEAT (upper panel) and its gene structure
M: DL2000 DNA standard marker; Lane 1: Products of the second 3’-RACE including two rounds of PCR reaction;
Lane 2: Products of the second 5-RACE including two rounds of PCR reaction; Lane 3: PCR products of DNA1 (F/R) primers;
Lane 4: PCR products of DNA2 (F/R) primers; Lane 5: PCR products of DNA3 (F/R) primers; the grey lines represent 5'-/3"-UTR;
the black boxes represent exons; and the black lines represent introns.

22 BRAZGEE LPEAT ERE M F SIS E D7

2t Computepl/MW [ 2% il 55 25 (2 2) Fitl ] 1,
MILPEAT Frémt & F )70 7824 36.2 kD, 45
J5 9.3, SMART 2 T. .- %| H] InterProscan

Sequence Search 27 (58 2)/r M1 B, MiLPEAT %
BH— BRI R B LS M3k PIsC, v T H A
B F 5 1'°~G™* Z i), R4 — 1% LPLAT_
LPCAT1-like Z5H K 111, £ F A%~R™™ 2, LU



552 4

JEV S A5 R 220 % 2o 8 LRI T £ T Y PE R 2 B i (LPEATT) 9 2 [ 3 [ 5 5 i 2 B

257
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Fig. 2 Amino acid sequence alignment of LPEATSs from different species of plants
High similarity amino acid residues and KK motif are shaded black and grey, respectively. Four conserved acyltransferase
motifs are indicted above the alignment (motif I: NH(x)4D; motif II: GCxY VxR; motif III: FPEGT; motif IV: PVxPVXx).
Asterisks denote the residues that play a role in LPEAT catalysis. Triangles denote the residues that are important in
binding the substrate LPE. The carboxyl-terminal dilysine motif is indicated in a box.
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Fig. 3 Phylogenetic tree inferred from the deduced amino acid sequences of LPEAT genes
Branch lengths are proportional to the number of substitutions per site (see the scale bar). The numbers at the nodes indicate the
neighbour-joining bootstrap proportion (BP) values (only values=50% are shown). All of the accession numbers are presented in the
parentheses after the Latin names of each species. The position of MiLPEAT is marked by an arrow.
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Fig. 4 Transcriptional level of MiLPEAT during the
course of nitrogen starvation
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Fig. 5 Comparison of the lysophosphatidylethanolamine
(LPE) and phosphatidylethanolamine (PE) levels before

and after the stress of nitrogen starvation
“**” means significant difference (P<0.01).
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Cloning and characterization of a gene encoding lysophosphatidyleth-
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Abstract: Myrmecia incisa Reisigl, a coccoid green microalga, is an oleaginous alga that can accumulate an un-
precedentedly high level of arachidonic acid (ArA, 20:4w6)-rich triacylglycerols (TAG) under the growth stress of
nitrogen starvation. ArA accounts for 68.0% of total fatty acids in TAG. How is ArA preferentially utilized for the
biosynthesis of TAG? The Lands’ cycle plays an important role in the composition change of fatty acids of phos-
pholipids, thus altering the composition of fatty acids in TAG. Lysophosphatidylethanolamine acyltransferase
(LPEAT), a key enzyme in the Lands’ cycle, was the focus of the present study. Myrmecia incisa (Mi)LPEAT was
cloned using reverse transcription-PCR and 3'- and 5'-cDNA rapid amplification of cDNA ends technique. The
full-length cDNA was 1303 bp long, and contained a 129-bp 5'-untranslated region (UTR) and 193-bp 3'-UTR.
The length of the open read frame was 981 bp that encoded a 326-amino acid protein. The DNA sequence of
MiLPEAT was also cloned from M. incisa with the isolated algal genomic DNA as a template, and it was 1871 bp
long. Comparison of the cDNA and DNA sequences showed that MiLPEAT possessed 6 introns that separated the
coding sequence into 7 exons. Multiple sequence alignment and bioinformatics analysis of LPEATs from different
species demonstrated that MiLPEAT possessed a phosphate acyltransferase domain, PlsC, thus suggesting that it
was one member of the lysophospholipid acyltransferase (LPLAT) superfamily. MiLPEAT also had the 4 typical
motifs, NH(x)4D, GCxY VxR, FPEGT, and PVxPVx, which are characterized in the LPLAT superfamily. Both the
prediction, as analyzed online by Wolfsport and Protein Prowler, and the presence of a dilysine motif at the car-
boxyl terminus of MiLPEAT, implied that MiLPEAT might reside at the algal endoplasmic reticulum and possibly
participate in the secretion pathway. A neighbor-joining phylogeny was constructed on the basis of deduced amino
acids of LPEATSs from different species of plants. It illustrated that MiLPEAT was so different from LPEAT?2 that
they located at different clades due to their various characteristics of sequences. MiLPEAT was clustered phy-
logenetically with LPEAT1, suggesting their similar functions in the acylation of phospholipids. Quantitative real-
time PCR detection pointed out that MiLPEAT transcripts increased at a statistically significant level (P<0.05) at 8
h after treatment with nitrogen starvation in M. incisa. By coincidence, the relative abundance of lysophosphati-
dylethanolamine (LPE) in the microalgal cells reduced by approximately 49% at an extreme significance level
(P<0.01) under the nitrogen starvation stress. The corresponding phosphatidylethanolamine (PE) generated from
LPE as catalyzed by MiLPEAT, however, did not increase significantly. It is assumed that the net increase of PE
under nitrogen starvation in M. incisa was possibly utilized for TAG biosynthesis by the phospholipid DAG acyl-
transferase (PDAT), so that the content of TAG has been reported to increase. This research lays a foundation for
us to understand the TAG and phospholipid biosynthetic pathway and how to regulate TAG synthesis in M. incisa.

Key words. Myrmecia incisa; lysophosphatidylethanolamine acyltransferase (LPEAT); triacylglycerol (TAG);
phospholipid; nitrogen starvation
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