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B4 435 COP-ZEERE: 1, 2-— Bt H i Z iR B RN E R
IS ThEe K E

gEH, #HE, ks, AR
L BRSSP BBHIRIT A A A R A L=, Ll 201306,
2. BEREERSE, FEEME YR A PR A TG, B 201306

TEE: ZHRH S PCR Y 5'-J% 3-Rum Ry W AR, MERZIZ L% (Myrmecia incisa Reisigl) H4301 H1 5a B 51 i 17
T WEIR(CDP)-Z e W H b 2 B e s W 54 B BB (EPT) AU BE [l MIEPT, H: cDNA $414 K 1914 bp, H, 5'-3F
FIX X (UTR)K 217 bp, 3'-UTR K 533 bp, JFil FIELHE(ORF) K 1164 bp, Zfihrh 387 MMM EH . LIS
SRR 2 DNA SHEARYH# BiZFE H 1) DNA ¥, K24 2853 bp. X PIST A LEXT 453 R, MIEPT 5F 6 4~
W T, BATHIH ORF ZhBEK 7 MR, ZF, MiEPT & A 8 MEB X A5 E ., 285 LSRR,
MIEPT HA5 CDP-BEW IS BEE # B 5L T 3L T A R R EPT (10 LR 1 91 i+ £l 1) 4R 45 2 45 S W], MIEPT 582
1T BE HY 3K T A< i (Chlamydomonas reinhardtii )EPT B8 7 —ig, i i, MiEPT BT DA AL B N Bk £ B2 J1% (PE) ) 4=
W& . %EE MIEPT ML S, FIH 530K pET-23a S2B0 T 76 K AT B vh 8 2 355 MIEPT 4 H i1 . i il
BLOHEAR, AT 4k & A MIEPT (415 o MRAMFAE SO0 14 7= ) 203 )2 2T e B 7R, F41 33K MIEPT 2
A EPT MRS SRR RS BE(CPT) MU M . 2 IR 2 (i 19 8 £ 40, AT MAEPT (1Y EPT Bl i 142 CPT (19 10.3 1%, M
M2 W], MIiEPT 7E Bt % 2 kg h e Wi 2 55 PE Rk AR M AR 5% £ 4 & B, FL 5 46 i) KA CDP-Z B % A= 7 PE.

KR SRAGRE, CREREREBIEPT), BN (CPT), #IRNEZ B (PE), BEIRELIHIRNPC); IR
EH
FESZES: S917

XHEPRERD: A XEHS: 1005-8737—(2021)02—-0123—13

Hil g (glycerolipids) & 48 H il & 22 b E&fb
2 ANE 3 AR IR R A 3 AR
wAE AR A, BIE BLEERR, 1) GnwkAg i £ i
i (phosphatidylethanolamine, PE)F1% A5 it AH #i
(phosphatidy-Icholine, PC), J&AH#) . #5540
Hh B i A 2 R R S R = EE
M (triacylglycerol, TAG), Z iS40 AY 3= 2
AP, SRR AL Rk 2 P B AR LA A
WA S R . FEMCK G PE. PC K TAG Y
Kennedy i&12(E DA, B3 H i (diacylglycerol,
DAG)fE PE. PC S5HIE [ TAG SEHEA7 IR 737K

K BH: 2020-08-13; f&I1THHA: 2020-09-16.

WS, ZE M — W2 (cytidine diphosphate, CDP)-
WM 1, 2- AR I £ B e R RS
(CDP-ethanolamine: 1, 2-diacylglycerol ethanola-
minephosphotransferase; EC 2.7.8.1, il H L FR A

ZE IR e R W, EPT)MAEFI R, Hisk A CDP-
O TN b I BEBR £ B i (phosphoethanolamine) 7%
%2 DAG HilmbE 2L sn-3 78 b, W™ A4
PE, FHBSHCEIF 5 CMPT, 2% Fols S 30 PE(E
PC)%F BB IR B9 & e 0, 117 TAG 825 5 U A1
P, EPT 7 455 2 40 it vh B AE 5 A A7 i =2 1)
(4 B2 ST v R 3 AR

EE&TR: EXARPFIEETEG1772821); EFW—3 /KR E .
YEZE M FEHIE(1994-), 2, W-HBF5 A, BFoe 7 In A iR,

BEEE: FEN), 1, #d%. E-mail: zgzhou@shou.edu.cn
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BE TAG TES R . NS & S 2
A ) SRR T T 1 9 I, R s e A
TR HAE TR 248 . %F EPT 7£ TAG S8l PE
(B PO)E RS RE AR, LA SRS o A 3
(Chlamydomonas reinhardtii)® DL 4} JLF %A X% T
PR EPT M, A5 DLk %) 21 4% 35 (Myrmecia
incisa Reisigl) H4301 X & % 46 2E DU R (1) AR
D bR, e L S B SCEBRT
KH) 1 4% contigl 7194 8, & 53R KA EPT JF

5|(GenBank %5 : XP_001692856.1)f 51.48%
—HE, PR S1Y, A cDNA Ry
HaF K (rapid amplification of cDNA ends, RACE)
HEIH cDNA 2K FERH AR HT B9 JE A 1,
FE KW #T i (Escherichia coli) 5 IR 3% 15 | 4r BT
Zifp X P AL AR 1 2 E AL H R E A B0 BEE
PEREIN D) S5 i RE R A T BE o A5 AT S 1 1
D T RE S BUTE SR 2 Sk B A iR AN L h LR TAG
(RIS B 10 L filf

-3 Vi L BEAG
MRS RRR 3L s
3-8 il L W PR S R G \—
/ HE@ / \ @‘%HE& @ﬁ@%‘$ %%@ #
Bii-CoA CoA  BiE-CoA CoA \\COA
BT g con
M e T ¥
JatF =k Bl
Z R R -2 B > 7 B
Z B BB EPT
WA W
A

Bl 1 BB S B =B H W A B AS BE 2 B ) Kennedy 1548

Fig. 1 The Kennedy pathway for de novo synthesis of triacylglycerol and phosphatidylethanolamine in eukaryotic algae

1 #HERE

11 EFEESR

B2 G s HA301 R anffusse™, Ui T
A AT PRI R 38 2R 0 (Culture: Collection
Of Algae of Charles University of Prague), Hi'Z%Fg
KRR B B o 3R T BG-11 WA S
FAE2 g 25 "CHI 115 pmol(quanta)/(m>-s)f
JCIREEIRA PGSR, OCAWIOEIR - R=14h :
10 W, HRAEM IR, FRERBERN
(Z12J), 4 CFLA 5500 r/min f%5 4 B 0> 10 min,
WA B AR, JF K 2 B 7K TE T 3 R K
Wl R B IR BEAN I, ST BP 42 H RNA Il DNA 5%
AR, —80 CORAEH .
1.2 contig FF5I#) PCR ¥ &

fii /| TRIzol i3 (3 E Invitrogen A ]IS
HECHC 1 BH DA 2] % e i A L P 2 BBUEL RN 1]
PrimeScript' " RT i & (H 7 TaKaRa 23 #])FH-4%
MR UL MEL RNA H5 i cDNA o AR F Bk 2%

SR S LB U O B R A contig1 71948
7%, A M i PCR Primer Stats (http:/www.
Bioinformatics.org/sms2/pcr_primer_stats.html) 7£
LRI 1 X514 17194F A1 17194R (£ 1), FHLIA
B cDNA SR #E4T PCR 473 R 5 E 1% contig
JP3l. 25 uL 9 PCR VAR ZRALE 12,5 ul 1Y
2xTaq PCR Master Mix [ KRR AL E)FA
BRZSH], R, 1 pL Bk cDNA, b FilEs1¥4%
1 uL & JC RNA B 258 1 H,O, PCR AR
94 CTiASE 3 min; 94 ‘CAEHE 45 s, 65 CiBk
455,72 ‘CHEM 305, 35 MEFF; 72 "CHEMH 10 min,
4 CIRAE.

PR R, B 20 uL P2 1.0% 5008 b
BER AT HL UK A s SR I R AR AR AR B (b s A
PR 23w A 7 B St IR W B 1n1 Acaa5m) & k17 PCR ™
Y aifk; e 2 XS4 YHEARA RA AR
Ui, ¥ PCR =¥y i% % 2 si e 44k pEASYR; ¥
F g H Y i B i) s R R A B e Ak 31
KIGFFAE Trans1-T1 JEZ M A T 28 EY
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HARAGRAE S Kb ny g0l 50 1 T 5
100 ug/mL Z 575 2 R #(Amp)fY Luria-Bertani(LB)
BRHE R I L AT 8 A BEO Ak, PRECBH M e b
 Amp [ LB WA 52 5:(2~3 mL)H 53R, W
PCR ¥ ¥4 e, B B R B REGE 24 T
A=) TR () A R W) 2547 9 434
1.3 BHEER cDNA #1 DNA =&

FIH] SMART™ RACE cDNA #1435 & (H
A TaKaRa 23 7)) -2 BOHAAE UL 4300 RO 6
% 5'-RACE F1 3'-RACE /) cDNA 25 —%f . AR5 5
UERY contig J@ 8, [RIAEFELRETT 5'- 5 3'-RACE )
FERER SRS 1945 2 2% 5S'RACEL fil ’RACE2 L)
K 3'RACEl Hl 3'RACE2, it RACE A3k
cDNA (1) 5'-F1 3'- K ¥ JF51)

5'-RACE W% —% PCR R MR R4 5 12.5 pL
A 2xTaq PCR Master Mix, 9.5 uL #JJC RNA i

¥ H,0, 1 uL 5'-RACE [ ¢cDNA 45 —4% IV
YE R iR, 1 uL 5149 5'RACEL(F 1), 1 pL (1751
Y UPMG A& ). 5 40 82X PCR Y WAL &
2 uL % —% PCR /=¥, 51%1°0 S'RACE2 (3% 1)#I
A& E NUP, HALL oS —4 . 1Bk
HE A 71 CRI 70 C (1),

3'-RACE Rtk ZRIA [ 6] 5'-RACE, 7E%
— 4 PCR [V R g 5| 4 B A5 43 531 3 B
3'RACE1(F 1)} 3'-RACE 1 cDNA %5 —4if; 7545
THHLSC PCR VR R, K51 SRR 43 30l e
B 3'RACE2 (% 1) M55 —%& PCR ¥, R FEF
WHEA [ 5'-RACE, {HiR KRB /3510 70 C
72 C (FED.

FEARAFY 5-F 3K 7 51 5 5 UERY contig
FRAN AT PR, SEIZIEE N cDNA £ KP4,
W51 YT R AN S5k

x1 AHARETAEMNSIMEREFT
Tab. 1 Nucleotide sequence of primers employed in the present study

5|4 primer

JF%1(5'-3") nucleotide sequence (5'-3")

iB K JE/C annealing temperature

cDNA 7ifE cDNA cloning

17194F ATGCCTTACCTATCGGCTAGG

17194R TGTAAGCACGCGCCACAA 0
RACE 7F% RACE cloning

5'RACE1 GCCACCAGGCTTGTACTGATACTGCTTC 71

5'RACE2 CCTAGCCGATAGGTAAGGCAT 70

3'RACE1 AGCCAACTATGCGCTCGTCATCCT 70

3'RACE2 CCGCACTTTTGGGGCACACACCT 72
DNA 7% DNA cloning

DIF ATGCCTTACCTATCGGCTAG

DIR GTGAGCGTGATCAAGTTG o0

D2F CAACTTGATCACGCTCAC

D2R GCTTGCCATCCAGGCAGT ol

D3F ACTGCCTGGATGGCAAGC

D3R AGGTCTAGCGACGCAGCG 06

DA4F GGGTGCCATCCTCATGCTGG

D4R TCAGCGGCCAGCCACG o7

DSF ATGCCTTACCTATCGGCTAG

D5R TCAGCGGCCAGCCACG o4

KIGHFFHE H A9 55U R heterologous expression in Escherichia coli
2aattcATGCCTTACCTATCGGCTAG”
gcggecgcGCGGCCAGCCACGCCGTCT

eEcoRIF
eNotIR

71

/NGRS EcoR 1T Not T 17 Eg-H1 38 51 5.

Note: * the lowercase letters denote the recognition sites of ECOR I and Not I.



126 Hh [ K R A

428 &

it F e R+ 7S b i = H R TR 16 4% (CTAB)
78k M 2 G S 40 i P 42 B DNAMY ) 2
MIEPT ) ¢cDNA 4K )75 4r Bk it 5 X154 (D1F
1 DIR. D2F I D2R. D3F #1 D3R, D4F Fl D3R
PAX DSF #ll DSR, % 1), PM5Z0Z 5% LR 41
DNA fE ARt FT PCR 73, PCR S AR & Al
FEIF A contig JFHN AERIIE S, (4% 5] ¥R
KW 1,

PR 0 B B9 A BP9 BHE R 1558 MIEPT 1Y
DNA J¥#%1, JE#IH NCBI (% SPIDEY F&/¥ (http://
www.ncbi.nlm.nih.gov/spidey/spideyweb.cgi) kb X H
cDNA 2K 75 LA E N & F 0L E
14 EMERFESN

i /i ORF #F & #% (http://www.ncbi.nlm.nih.
gov/gorf/gorf.html)FE Lk Fi Ul MiEPT J3 51 it il 1)
BEHE(ORF); i ] M3l NCBI (http://www.ncbi.nlm.
nih.gov/protein/?term=ept)$ MiEPT {J ORF #i%
W& LR ¥ 5, i Computepl/MW (http://cn.
expasy.org/tools/pi_tool.html) B /4 #i M i MIEPT
Jr i i 3 1 B S L L. 22 T &E; T Phobius
(http://phobius.sbc.su.se/), TMHMM Server v. 2.0

(http://www.cbs.dtu.dk/services/ TMHMM-2.0/) .
Tmpred (http://www.ch.embnet.org/software/TMPRED _
form.html) . SingalP 3.0 Server (http://www.cbs.dtu.

dk/services/SignalP/), ChloroP 1.1 Server (http://
www.cbs.dtu.dk/services/ChloroP/) 45 4% {4 #i il 25
FB B . {55 KA K, ] Protscale
(http://web.expasy.org/protscale/)Fll Predict Protein
(http://ppopen.informatik.tu-muenchen.de/) 55 4K 14
T AR BT Y K 15 A InterProscan Sequence

Search (http://www.ebi.ac.uk/interpro/search/sequence-
search), SMART (http://smart.embl-heidelberg.de/)

Phyre (http://www.sbg.bio.ic.ac.uk/phyre)3§ 3K/ fil
W BT ThRERL &5 . —Zh45 % . M NCBI ¥
i T RS H ALY R Y EPT Z LR IT 51, ff
FH BioEdit #X4X1H4 EPT ML IF 5 t1T%
FEHIHENT, I MEGAT #4548 3% (neighbor-
joining)iE TR,
1.5 FERFRIERAHEE

4 MIEPT %) ORF 3741 b Ji ki pEASYR

LR kL pET-23a (3 [E Novagen A )2 5ok
A7 I AN BT DI BIAT 55 5149 eEcoRIF
Fl eNotIR(FE 1), FIH PCR AP 12| MIEPT 4
Fig YR A ) ORF KB 25 L R R R 5|
YA Al contig 731 A IE RV . PCR S A
5 contig JFFNHIE I FEA—EL, HIR KRN 71 C,
PCR j= ¥ Lk ik gt e il . TA 5eb&)s, 1
¥ H 1Y R By se b ok pEASYR-MIEPT

M TE B 1Y TR W Dl 4R BTk pEASYR-
MiEPT, SRRl N DI EcoR T /1 Not T 4351 X} H
JeFiR Ok pET-23a ATV S L, 37 “CRY
4h, FEUIRWARFRALE: 2 pL 1) 10 x K 22 vk
6 uL 1) pEASYR-MIEPT &} pET-23a.1 uL /) Not I,
1 uL # EcoR T & 10 uL AYEEF H,0. B2 a1 il
VG i H B R B, 4 T4 DNA %R E RS2 E
Y FRIk R pET-MIiEPT ., R NAZRN: 1 L
B H P EE B 7 ul B9 pET-23a Bt . 1 uL )
T4 DNA JE £ &% 2.5 uL (19 10 x K ZZ b, K5
INEBF H0 % 25 uL. FEEE =Y e -
W VEHAL B KRG HT I Trans1-T1 B2 25400 .

I Jo R A G ) 6 DA 3 T A 1 T 3 il
$2 pET-MIEPT, £ EcoR I Fl Not I RUE§] 2 17 46
WEJG, 435K pET-MIiEPT %53 ki pET-23a (1EFf
PEXT RO A6 K #T # BL21(DE3) pLysS )& 32 34
At 2 XS EVEARGRAFR) K. i
9B I 1 B BH P B ) TR HE AT PCR S6E, R 0 UE
Je 5 H Y 3 R B % E AR T AR T AR (i)
JBe 00 A B 28 R
16 BEAEAMNBERIE. vBEE54W

¥ #4HF pET-MIiEPT AY R IE 1 : 1000 (5
W s LBIRARIGFREE, (RFRLG) MY LI H:FD T LB i)
PRREFRIES, 76 37 ‘C R LA 200 r/min (IR S
fB153% 10~12 hy FHE 1 100065 L E W LB ik
KRR, B R Lu ], B id AL i s iR A T
A 100 pg/mL Amp i LB K535, 78 37 CT R
IR 2 I ODgoo M 0.6~0.8; TIN5 N FE-B-
D-H AL (IPTG) A B R ELRIE 5N
0.1 mmol/L #1 35 mg/L, 7£ 25 CF LA 200 r/min
MR IR R TR, DA HNEANEIL,

BURTE S S0 B SR MW e 4 CT, L
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7000 r/min F)FE 3 B0 5 min, FF6ICEE B RN
A S ng/mL 2 AKZE T 1 mmol/L 248 B L6k 9t 36017
50 mmol/L Tri-HCI 22 % (pH 8.0)F A&, HX 50 uL
BELWS 2<E M LFEZ P (100 mmol/L Tris-
HCI, 200 mmol/L [ —Hi 7 i EE, 4% SDS, 20% H
M, 0.2%IRENE, pH 6.8)LA 1 = 1 IYHLBITR A,
K& 10 min, BFERAE. FIUH T b L0 IR £h
(SDS) 5 T4 i Tt JHie 5% Ji¢ i, VK (PAGE) A6z il 8 41 28
5T RIBEEN . HEELFE-20 CHEE,
HRS RIS, I RS RGE ST . 4% | Horibata
M5k, 7E 4 CF L L 14000 r/min FY%5 555
L 10 min, EBRANMIEEF, WHE LW FAE 4 C
T H CP70MX Hi# E.0>HL(H 4 Himac 2 F]) LA
35000 r/min [1)%% 3 2.0 60 min, K75 FERENE
afi ) d 20 A D ATTE R 97 -
1.7 Western ENiE 43 1

FIH SDS-PAGE X} _I iR FARE i ifF4 T8 e FL Uk
JERIFHTER His br28 M PLIARHETT Western EJE, 73
Mrif B sk b AR 1R I8 TH L . Western Ef
P B R A U g B . B R LRI
HLFE R ASFRAT 4E R (NC)RE _I; F TBST (0.137 mol/L
NaCl, 2.7 mmol/L KCI, 0.025 mol/L Tris, pH 7.4,
FHRTAIA 0.05% )i i 20)2 W BE% 3 W FHEHA
W (TBST BC il 1 5%/BAE Wk ) B P VR i i NC
1 h, SRS TBST #WBES 3 ¥, A H A
WA BE (R BE 2000 F5)RUPTER His % B 5
Pk (Ll ARHVEDRIEARAR), FEEERT,
FERSE 24550 1 h, B TBST IS BER 3 W% I
A F &P RRR B (R B 4000 475 BY BUR 32 1k
fgbric PR =P (EE A RHEY R A R A
F]), W¥E 1 h, TBST HWRLEE 3 &K fJafiH
SuperSignalTM West Pico PLUS Chemiluminescent
Substrate(3€ [£ Thermo Fisher Scientific 2y ) i {4,

I #]FH Amersham Imager 600(3[E GE 23 w))$A iR

A7

18 EHEAMEENEEEEENH
U SE L E W 778 o I A L A N

MIEPT (rMiEPT)#E47 B PR 2 L0 Hr . S IRSC

FR[141F 8 rMIEPT PRI NEEG S K 2 50 mmol/L

Tris-HC1 Z% "% (pH 8.0), 5 mmol/L MnCl,, 1 mmol/L

EGTA, 0.5 mmol/L DAG, 0.002% (W/V)it ik 20,
5 ug #ifL & 1A 20 pmol/L CDP- Z, B Jig &,
200 pmol/L CDP-JIHfi% . 7£ 30 ‘C F¥H 10 min /7,
7RI 600 pL Z005-FEE < 1, VIV)FI 300 pl 0.9%
[ KCLES R LA ZE R I TR A LA 12000 1/min
(G R B0 5 min, ShEEAHUEIFFHZERT, N
10 uL F A5 LA R, FERER 60 F254 M9 )2 2T
(thin-layer chromatography, TLC)#% (7% & Merck 2%
A SR, BT A HBE - K65 35 18,
VIVIV)I JEFFFI R TT . SRIGHUE TLC M, iR
W R, BT 180 CHEAE 5 min, [ 253
A pET-23a 1) B Pk P 2lifk 19 B AR R 2 A0 B
I FH BB R 1 G2 PR R B X R

YT L EPT B354 CDP- LB A1 CDP-
JEEA B PE #1 PC, {H EPT XX 2 FEYITF1E
HEFPES) 8 T MIEPT AOMALME R, ABFST
i H Tatroscan™ MK-6S F#& 4k 7 )2 o 3% 43 1A%
(H AR 2N ) 52 s A DU AR 3 5] 56 1R S i
NS BT A R AR B SRR
160 mL/min, Z5 SIS 2 L/min, FHEURESREL
5 uL MMM, 43 5~6 IR TE R I s Ab, B
FHEANT « BEE K70 = 30 = 3, VIV/V)BEATJRTT,
I 100 mm A, 2 AL, AT
Ht 3 min, WTRHEZRE, AN, H1T7H
Fii o I FH e it e T R b R B R 5 0 TR R
THA Y BEIR B, Horh, ARFREE IR B =(Pr it ik
JEE xR BE A )RR A o T . G =
P ) R B (B 1 o < RN I [D), SRR 3
YR N7 S 55 ()~ F- B {E 45 1 25 (X £SD).

2 ZHRS5HMH

21 RRANZLRTE EPT M E

I e 221 5 St e 1 2 S 2L i U O b i
2|1 5K 7911 bp H 53 A EPT /741 (GenBank
o5 XP_001692856.1)F 51.48%—HH: 1))751)
(contig17194_8), #EILixit 1 X514 17194F Fi
17194R(F% 1), FFLAA B cDNA MR #E1T PCR
PoHa, RAIIAET K 720 bp B B (& 2a Uk
D) AR UER S, BT 4 4519 (SRACE]
1 S'RACE2 L)L K Al 3'RACE1 Ml 3’ RACE2)(¥ 1),
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FIFH RACE $iR, 4351285t 2 # PCR Y #4IH- 00 /7,
FAFK A3 49 238 bp F1 1137 bp AYIZ KL 5'- K2 3'-
Ao A (K 2a Pk 2 FIVKGE 3). KFE TS5 KAE
KK 720 bp B BTN HEAT T T 9, HEE B
WIS Wi T PCR U G RHIE )G, 15 T —4&KH
1914 bp 1) cDNA J¥51], ‘B 1164 bp ] 1L
HE(ORF), 217 bp 14 5'-FEFHFEX (UTR)FI 533 bp
[ 3'-UTR 4 (& 2b).i% K A9 ORF 4 i 387
ANEIEFRA A FE 1. NCBI ) BLASTp #2445
R, AT g% 8 1 5k B Coccomyxa
subellipsoidea C-169 ) EPT (GenBank % k%5
XP_005646944) [ 3 b A< # 1) EPT Zr ol B A
57.77%H1 48 8% —HtE . R, F F k2 2k 4t
P SL RS B IR B iy 44 MIEPT,

5 MIEPT 194K ¢cDNA F41, %3t 5 xF5]
PJ(DIF 1 DIR. D2F #1 D2R ., D3F #l D3R, D4F
1 D3R LA M D5F Fl D5R, 1), DABRZ|Z 43

FLN 4] DNA WAHRGEST PCR #7344, Hy= g2
FERT I, K435k 248 bp. 479 bp . 410 bp ., 224 bp
F1 2103 bp(/& 2a JKiE 4~8), Hr, FEFHT I
DSF Fl DSR A T4 38, Ho= 4y i ra ok (B 3% s,
F& 2103 bp 1Y H Y474, IA77E 1 55K 2 750 bp
RS54 (& 2a JKiE 8), &MF )5 &M e RIS
PEY B =0 . XX e H W = B RS T T
PHEME B VOS5I EAE G, 748 MIEPT £8
2853 bp 1Y DNA J7 41, # H 5405 cDNA ¥4
AT, 455 SR MIEPT 4 ORF #% 6 N & 1
BFF (& 2b), XEENETFIRKEMN SR, 4
%]k 255 bp. 87 bp. 97 bp. 86 bp. 278 bp F
136 bp, MIM# ORF 4r%Ih 7 44057 (& 2b),
FEA o B4 SRR WL, A N & FIE IR G
“GT-AG B HLN . 7% FL H 1) cDNA il DNA J¥ 5]
ELHE3C GenBank, ‘BT SRS 430 MT649181
1 MT649182,

M 1 M 2 M 3 M 4 5 6 7 8
bp
2000
1000
500
250
100
a

255 b, 97 by
217 bp P P

1
SUR a1 87 bp 86 bp

H— .

150 bp

278 bp 136 bp 533 bp

!
TGA 3"-UTR

12 MIEPT &K o B AH SCH™ 3 7 4y i L Dk PRI RI R DR 45 44 75 T
a. MIEPT 1) cDNA Jz DNA 5[ =4 i f 3k K. M: DL 2000 DNA 4> TAR#ES; JKIE 1: 17194F/R 51¥%f () PCR ¥ 38 7= 4,
VKIE 2: 5'-RACE 5 —$E X PCR Y™™ ); VKIH 3: 3'-RACE 5 — 42§10 PCR Y™ HE /™ 4y; WKil 4-8: 3 BIFIHI 595Xt DNATF/R |
DNA2F/R, DNA3F/R, DNA4F/R Fl DNASF/R #4TH) PCR 4 #74). b. MIEPT ByJEH 454475 7 .
IRAARIERIEIX; MEARANE T REOFRIERINE T
Fig. 2 Electrophoretogram of the amplified products for MiEPT cloning and a structure diagram of this gene
a. Agarose gel electrophoretogram of amplified products generated from the cDNA and DNA cloning of MiEPT. M: DL 2000 DNA
standard marker; Lane 1: amplified product using the primer pair 17194F/R; Lane 2: amplified product of 5'-RACE; Lane 3: ampli-
fied products of 3'-RACE; Lanes 4-8: amplified products using the primer pairs DNA1F/R, DNA2F/R, DNA3F/R, DNA4F/R and

DNASF/R, respectively. b. A structure scheme of this gene MiEPT. The black boxes represent exons; a total of 6 introns are indicated
in black lines; gray lines represent the un-translated region (UTR).

2.2 MIEPT HI4FGES #7
% Computepl/MW ZE3 4100 7] 1, MIEPT

Fr w4 T8 42.2 kD, 2550k 8.15,
Jofs 5 Rk S ¥ 35 K o phyre 7828 Tl 25 2R B,
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MIiEPT 5 AT BEAFTE 15 4> oM X ik, —
R UL, 20 AU FRIEEFTE B o-BRTE BT 2K K B
W5 TR s B X O S itk /&N MiEPT
H 8 AMEEBEX (B 3 TRIZH /). XA 5 H]
F TMHMM Server v.2.0 277 %f MiEPT #1785 /15
DX B T 45 SR B A — 2, I T 7R & MIEPT nJ B
WA E I, 5 McMaster 2% R [A] 90 EPT
EOPSEAY E[// RS

InterPro A8 [ 45 38 N 25 5 18 7, MIEPT
J& T CDP-BEWENRMEH: A B K (Pfam 8545
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HTLYLSEFSGPVEGILIVCVSLILTGIYGKQVIWHTYLFTITVGDKVIDVDTLDIVFSLAVFGLVMNALSAKRNVDKYY 244

GTLRFG--IIDVTEVQIFIIIMHLLAVIGGPPFQQSMIP-—-—-——- VLNIQMKIFPALCTVAGTIFSCTNYFRVIFTGG 273
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PLLPLAVLTVAAANSVL-QLLDAR----—-—-— ATAATLAGAMIVYYLVYVTTIVDQVCAYMGIKCLTITPKRA-———— 383
PLLPLAVLTVAAANSVL-QLVDAR----—-—-- ATAATLAGAMIVYYLVYVTTIVDQVCAYMGIKCLTINTPKRA-—-——— 383
FNAPMLIPLCQIVLYKICLSLWGIESNKIVFALSWLGFGLSLGVHIMFMNDIIHEFTEYMDVYALSINKRSKLT-——- 391
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K3 EPT HH ML E [ IRFHI X
TRSF I IR FH B A BARY 7R 5 75%—B0ME (9 & SL R K (2 B R 3R
TIUN ) CDP-E i i It i 7% M 45 K M O SR s 000 A s R IX T R I R 3.
Fig. 3 Multi-sequence alignment of several EPTs based on their deduced amino acids

The conserved amino acids are shaded in black; 75% homologous amino acids are shaded in grey;
a predicted CDP-alcohol phosphotransferase motif is highlighted by a box; and the transmembrane regions are underlined.
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BRR Ricinus communis (XP_025012336)

KX Glycine max (AAA67719)

JNE Triticum aestivum (BAI22703)

84 [EE)K Zea mays (NP_001151915)
1 INZE Triticum aestivum (BA122704)
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100 I: Monoraphidium neglectum (XP_013898810)
Raphidocelis subcapitata (GBF87918)
88 BRZI S 58 Mymecia incisa <—
Coccomyxa subellipsoidea C-169 (XP_005646944)
— 3EBE A Chlamydomonas reinhardtii (XP_001692856)

Chlamydomonas sphaeroide (BAU37047)

Bl 4 FETF EPT MR LR )T 5 Ui ba i 4B 5 R 2 K
O KSR E R B R H(E LR, 5 AL B B R ik (I (= 50% B9 (A #r ),
BT 2G5 NIRRT m IR &5 Bk F8 R A 58 i P b

Fig. 4 Phylogenetic tree inferred from the deduced amino acids of EPTs
Branch lengths are proportional to the number of substitutions per site (see the scale bar). The numbers at the nodes

indicate the neighbor-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 MiEPT is marked by an arrow.
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EcoR I il Not I 435I 3t 7] pEASYR-MIEPT (/& 5
VK3 2) M F ik kL pET-23a (& 5 kA 3), EH#H
() R B ARG 8 51 21 3635 BORE pET-MIEPT, $2H0%
F2iK Tk, %5 EcoR I 1 Not I B X4 I i, Hip

Y2 VKA I (5 KGE 4)FFE S 504, HHELH
3 R K /IN(1175 bp) FEEAAR 7 511K /1N3640 bp) iy
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P
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% 4 33K Bk pET-MIEPT 4 3T 724 M1 Fl M2:
435124 DL2000 B Marker IV [ DNA /3T b ifi.
Fig. 5 Electrophoresis profiles of MiEPT recombinant
expression vector construction
Lane 1: amplified product of MiEPT with primers containing
restriction recognition sites; lanes 2—4: double digested
product of pEASYR-MIEPT, pET-23a and pET-MiEPT
with EcoR I and Not I; M1 and M2: DL 2000 and
marker IV DNA molecular weight standard.
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RBL RWE LMt T A IR TR pET-  JFHI LK pET-23a kL b #5741 18 ] T HoAb U137
MIEPT . ¥i% #4014 BORFL AL R AT BL21(DE3) S ST, X SEE 5 4t 26 2R, s
AN, LR A R ET-MIiEPT-BL, @407 1 MiEPT Wi 43 F 4 K 45.1 kD, 5Kl 6
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Pk ET-MIiEPT-BL ZEi5 51595 0 h. 2 h, 4 h. 6 h  ZHLEENE(A 6 JkiF 13) E HME—~FS, B
B (6 3kiE 2. 3. 4 Fll 5), 7E2) 45 kD 4bH# 1 B80T 5 His FREERG FR I8 & A By H0 7+ &
kBSR4, BURE K/N45.1 kD)—Ery iy, viliX 4% 45.1 kD &
MRERASRANBNENA. EEAELRTRN  AHA R His %, ZEd, RFRAHHRE
pET-MIiEPT Mty tidfrh, HAERMAHMW A BN FUBL pET-23a £ KM FF & ko s 588 T B8R
LR AEE—A T7-Tag, FIFAFTESAS 6 4 His i MIiEPT WUE 4L %KL,

kD M1 1 2 3 4 5 6 7 kD M2 8 9 10 11 12 Ml 13
180 r o 3
100 B
80 -
60 e
45 re—,
35 —— ‘
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g,
— — e /
15—. =%
a b

K6 E4lH R E IS RIE () LA R (b) AR S P L vk 1411
R H A FRPRZE TR AT Western BN I 35 (c)
ik IrEs RIh B MR (4607 M1 BIGLER (4> T84 (Fermentas 24 F)); M2: U 2E (1> T @B AnfE (@R Y RHEA FD;
VKIE 1: Bz ik pET-23a Wtk VAW E 1, VKiE 2-5: # AR ERE IPTG /3511 FR 0h, 2h, 4h, 6 h A4
B WKIE 6 F1 7 430 e B 0 R TR R % 23 A MR AR TR S0 5 1Y VTR DKOE 8: #R HMEEFEE MR E IPTG K558 4 h
YA TR AE 1 PKIE 9 A 10z 4350 S e 1 A0 56 PR T ok v 8 00 5 B9 _E SRR LUE BT 205 DGl 11 A 120 4303 e T A S K] T
BRSO 0 _EIERORGTVE S48 kI 13: FIMIHUIR His FR2ERHTHT e B0 3 R 3Bk 19 42 B 48 11 4T 19 Western E1375.
Fig. 6 Electrophoresis profiles of expressed (a) and purified (b) recombinant MiEPT and
its Western blotting pattern with anti-His-tag antibody (c)

The target protein of MiEPT is marked by an arrow. M1: PageRuler™ prestained protein ladder (Fermentas); M2: prestained
protein molecular weight standard (TransGen Biotech); lane 1: the whole cell protein of E. coli BL21 carrying empty vector
pET-23a; lanes 2-5: the whole cell protein of E. coli BL21 carrying pET-MiEPT induced by IPTG for 0 h, 2 h, 4 h, and
6 h, respectively; lanes 6 and 7: the supernatant fractions of E. coli BL21 carrying pET-23a and pET-MIEPT, respectively, after
ultracentrifugation; lane 8: the whole cell protein of E. coli BL21 carrying pET-MiEPT induced IPTG for 4 h; lanes 9 and 10:
the supernatant and precipitated fractions, respectively, of E. coli BL21 carrying pET-MIEPT after high-speed centrifugation; lanes 11
and 12: the supernatant and precipitated fractions, respectively, of E. coli BL21 carrying pET-MiEPT after ultracentrifugation; lane 13:
Western blot of the whole cell protein of E. coli BL21 carrying pET-MIiEPT with anti-His tag antibody.
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132 Hh [ K R A

428 &

TE IR 12 BB AR X 55 (B 6 TKIE 10).
SRJGHL L TE W, PR B0y, 4 H PRI K R
PLVEH Bk Z 2K/ 454 (B 6 TKIE 12), T H 1)
BASKWAAET LA 6 JkiE 11), HiZHM
EAFK RS LA E AT A REN(E 6
VKB 6 1 11),4 Imagel B0 K EE ATl 7, &
A5 BEAM 44%, U tMIiEPT 2.0 4ifb)E
FUEB SR AW RERS, MBI, REfh
TR pET-23a KA HFT B 0 A0 L ik ik, 048
B JE FLURRI, AT BRI R R/ IN Y 25y (14
6 VKiH 7)., W4E A SR B bk ET-MIiEPT-BL
F4) 201 5 it TR 2 B0 i Y R, B AR SR
Ay el & B4 rMIEPT 4153 .
25 rMIEPT BIEEE M 7

# CDP-Z. Wl S DAG 1k 2 1 ke A 4k
RNRZR, Bkl fMiEPT 47
PR, R TLC 43 B B4R S N s B 7= . 45
WoR, TEWRINtMIEPT R NAR RS, =41 45
PE AN B 2575 (] 7a kA 1), WAEAIN E Fa1 2

e - pprs — —

5

a

HARBBEAE ET-BL A Frali 4k 14 2H 43 F1 A P4 %5 BE (&
7a PKiE 2 A1 3)HP R H BX 4% . R rMIiEPT
B+ CDP- L BERk I (W iR O IR 7% % DAG 1
MR sn-3 47 b, =4 PE, RIEA EPT Y
MG TE, ST AL EPT WAEMEH T CDP-REAR LA
Al PC, ABESE IR EE S CDP-IHBAE A i
YIBEAE RN IAR ZR; ROV IR TLC 4558 iR,
rMIiEPT tig¥ CDP-H6H 2 DAG & Hh PC, M
MR CPT MBI (K] 7a UKiB 4); (H5™9)
PE M9 %47 A LL, PC MYE RIF-2855 (B 7a 7KE 4
S 1), BN A, rMIiEPT BEEA EPT BYIIfE,
W HA CPT HYZhfiE, 13 EPT AYTH ML F-4 08
97 f# tMIiEPT %} CDP-Z. B Kz CDP-fHT
(R L1, ASBIE 58 R R B R )2 €0 3% o0 BT A3 1
SYHT T BRI Y (CDP-Z BE i 1l CDP-HR) 71, Hofth
FIAEAC 1T, IRAMERAR RN /Y F= i . 4553 R,
MM CDP-ZBEREA/E IR t, tMIEPT (1) 5 P
4 0.64 nmol/(mg prot-min); 1M f] CDP-HBHAE A
Y, HOE MR EP<0.0 DK TR E, RA

1.0~
n=3; X+SD
_. 08F
i)
g
e 2
8= 0.6
o &
£
= o
=)
g g 04+
3 ° | O¥¥% mean
iz O 7 SLRHHR
& o020 independent
experimental data
O 1 @ J
PE PC
7= product
b

Pl 7 tMIEPT G P 19 7 M (a) 5 7E 1 (b) 43 #T
a. tIMAiEPT PRSI i SN2 7 490 FA) i J2= (35 P PE 1 PC 235 S i A 15 £ 1 e RV A P AEL B 40 b o ;- 9K 1 F 42 4801 T tMIEPT
W SREF= 4, PKIE 2 A0S0 W T R [ a3 B4 pET-23a WK RO A6 AL EE (M R =5 DkaE 3 RN 6: WS T B R E 128 MR N
25 XS IR A SR 4. b. rtMIEPT M AMNBGAR ST 1 11 52 740 W 45 28 PE: CDP-Z Bl AE Jy [R5 PC: CDP-JIHESAE o S N4
Fig. 7 Qualitative (a) and quantitative (b) analyses of rMiEPT enzyme activity
a. Thin layer chromatograms of in vitro reaction products of recombinant MiEPT. PE and PC: phosphatidylethanolamine and phos-
phatidylcholine standards, respectively; lanes 1 and 4: product generated with addition of rMiEPT; lanes 2 and 5: product generated
with addition of the purified proteins from E. coli BL21 carrying empty vector pET-23a; lanes 3 and 6: product generated with addi-
tion of buffer solution as a control instead of the purified rMiEPT. b. Quantitative detection of rMiEPT enzyme activity. PE: produced
PE using CDP-ethanolamine as a reactant; PC: produced PC using CDP-choline as a reactant.
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Characterization and identification of a CDP-ethanolamine 1,
2-diacylglycerol ethanolamine phosphotransferase gene from the mi-
croalga (Myrmecia incisa)

JIAO Jianlu', FENG Bing', BI Yanhui', ZHOU Zhigang®

1. Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources Conferred by Ministry of Education,
Shanghai Ocean University, Shanghai 201306, China;

2. International Research Center for Marine Biosciences Conferred by Ministry of Science and Technology, Shanghai
Ocean University, Shanghai 201306, China

Abstract: The gene MIEPT, which encodes cytidine diphosphate (CDP)-ethanolamine: diacylglycerol ethanola-
mine phosphotransferase (EPT), was cloned from the green microalga Myrmecia incisa Reisigl H4301 using re-
verse transcription PCR and 5'- and 3'-rapid-amplification of the cDNA end (RACE) techniques. Its full-length
cDNA was 1914 bp and consisted of 217 bp 5'-untranslated region (UTR), 533 bp 3’-UTR, and a 1164 bp open
reading frame (ORF), which encoded a 387-amino-acid protein. Its corresponding DNA was amplified with the
genomic DNA extracted from M. incisa as a template and was 2853 bp. Comparing the corresponding cDNA and
DNA sequences illustrated that the ORF of MIEPT was separated by six introns into seven exons. MiEPT, the
product of MiEPT, was predicted to be an integral membrane protein with eight transmembrane regions. Multiple
sequence alignment showed that MiEPT possessed a CDP-alcohol phosphatidyltransferase motif. A neighbor-
joining phylogeny was constructed on the basis of the deduced amino acids of EPTs from different species. It il-
lustrated that MiEPT was clustered with a known EPT of Chlamydomonas reinhardtii, suggesting they had a
similar function. To identify the function of MiEPT, a prokaryote expression vector pET-23a was successfully em-
ployed for the recombinant MiEPT in Escherichia coli. The recombinant MiEPT was isolated from the transgenic
E. coli and partially purified by ultracentrifugation. The products of the enzymatic reaction in vitro were analyzed
by thin-layer chromatography (TLC), demonstrating that MiEPT had activities of both EPT and choline phospho-
transferase (CPT). A TLC-flame ionization detection analysis indicated that the EPT activity of MiEPT was 10.3
times higher than that of CPT. It is concluded that MiEPT could participate in the biosynthesis of phosphati-
dylethanolamine (PE) and phosphatidylcholine in M. incisa, but it preferentially uses CDP-ethanolamine as a
phosphate donor to produce PE.

Key words: Myrmecia incisa; ethanolamine phosphotransferase (EPT); choline phosphotransferase (CPT); phos-
phatidylethanolamine (PE); phosphatidylcholine (PC); membrane protein
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