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, PH , PLC(C
6
NPC 9 PI-PLC 4 PLC (Nakamura et al,
2005; Tasma et al, 2008) 9 PLC,
4 PI-PLC, 5 NPC (Singh et al,
2013) PKC ,
1P; PLC DAG
(phos-phatatic acid,
PA), 1P; P, 1IPs IPg,
( ,
2017) PLC ,
PLC ,
PLC (Mikami,
2014)
(Emiliania huxleyi)
(DMSP) ,

(Joassin et al, 2011; Martinez
et al, 2012; Blanco-Ameijeiras et al, 2016)

>

(E. huxleyi virus)

s (Bidle et al,
2007; Evans et al, 2009; Michaelson et al, 2010;
Rosenwasser et al, 2014) s

caspases, ;
, (
,2014) ,
S PLC

(Gordeeva et al, 2004; Franklin et al, 2006;
Schatz et al, 2014)

C )

PLC

1.1
NCBI , 30
(Emiliania huxleyi CCMP 1516) PLC
(EhPLC) ,

1.2 A&
1.2.1 EWPLC

) EhPLC

ExPaSy ProtParam (http://web.expasy.org/
protparam/) EhPLC ;
SignalP4.1  (http://www.cbs.dtu.dk/services/
SignalP/) EhPLC ;
TMHMM (http://www.cbs.dtu.dk/services/
TMHMMY/) ; ProtScale (http://

www.expasy.org/cgi-bin/protscale.pl)  EAPLC
, 19; NetPhos3.0
(http://www.cbs.dtu.dk/services/NetPhos/)
EhPLC ,
(Thr) (Tyr)

Server

(Ser)

1.2.2 EhPLC
SMART (http://smart.embl-heidelberg.de/)
30  EWPLC ;
8 EhPLC Prabi
(https://npsa-prabi.ibcp.fr/cgi-bin/secpred _hnn.pl)
; Target P1.1
EhPLC ; ProtComp v9.0

(http://linux1.softberry.com/berry.phtml?group=progra
ms&subgroup=proloc&topic=protcompan) EhPLC
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1.2.3 ERPLC 2

ExPaSy Swiss-model (http://swissmodel.expasy. 2.1

org) , NCBI , Emilianai

R PyMOL Viwer , hyxleyi phospholipase C, 33 EhPLC
33 EhPLC
1.2.4 EWPLC R 30
NCBI  ERPLCI9 Blast EhRPLC 30 5
5 R EhRPLCI ERPLC2 FEhPLC3 EhPLCA......
MEGAS5.0 : !
NJ ) 8 EhPLC
F 1 OEERARUMEE C HEAER
Tab.l Information of PLC in E. huxleyi
Gene ID Protein ID (nt) (aa)

EhPLCI XM_005782057.1 XP_005782114.1 phospholipase ¢ 501 166
EhPLC2 XM_005780273.1 XP_005780330.1 phospholipase ¢ 501 166
EhPLC3 XM_005759050.1 XP_005759107.1 phospholipase ¢ 527 176
EhPLC4 XM_005782058.1 XP_005782115.1 phospholipase ¢ 711 236
ERPLCS XM_005757135.1 XP_005757192.1 phospholipase ¢ 747 248
EhPLC6 XM_005790884.1 XP_005790941.1 phospholipase ¢ 816 271
EhPLC7 XM_005776531.1 XP_005776588.1 phospholipase ¢ 822 273
EhPLCS XM_005774657.1 XP_005774714.1 phospholipase ¢ 933 310
EhPLCY XM_005779192.1 XP_005779249.1 phospholipase ¢ 1267 380
ERPLCI0 XM_005770382.1 XP_005770439.1 phospholipase ¢ 1164 387
EhPLCI1 XM 005772628.1 XP 005772685.1 phospholipase ¢ 1197 398
EhPLCI2 XM _005758266.1 XP 005758323.1 phospholipase ¢ 1197 398
EhPLCI3 XM_005774657.1 XP_005774714.1 phospholipase ¢ 1311 436
EhPLC14 XM_005787721.1 XP_005787778.1 phospholipase ¢ 1359 452
EhPLCIS5 XM_005776126.1 XP_005776183.1 phospholipase ¢ 2049 682
ERPLCI6 XM_005763258.1 XP_005763315.1 phospholipase ¢ 2619 872
EhPLCI7 XM_005771178.1 XP_005771235.1 phospholipase ¢ 2679 892
EhPLCIS8 XM 005792977.1 XP_005793034.1 phospholipase ¢ 2886 961
EhPLCI9 XM_005782439.1 XP_005782496.1 phospholipase ¢ 3075 1024
EhRPLC20 XM_005770577.1 XP_005770634.1 phospholipase ¢ 4914 1147
EhPLC2] XM_005768682.1 XP_005768739.1 phospholipase ¢ 3795 1264
ERPLC22 XM_005761145.1 XP_005761202.1 phospholipase ¢ 4662 1500
ERPLC23 XM_005781409.1 XP_005781466.1 phospholipase ¢ 4587 1528
EhPLC24 XM _005774402.1 XP 005774459.1 phospholipase ¢ 4641 1546
EhPLC25 XM_005777446.1 XP_005777503.1 phospholipase ¢ 4950 1649
EhPLC26 XM_005793571.1 XP_005793628.1 phospholipase ¢ 5943 1692
EhPLC27 XM_005756497.1 XP_005756554.1 phospholipase ¢ 5127 1708
EhPLC28 XM_005785467.1 XP_005785524.1 phospholipase ¢ 8102 1931
EhPLC29 XM_005785678.1 XP_005785735.1 phospholipase ¢ 6093 2030
EhPLC30 XM 005762079.1 XP 005762136.1 phospholipase ¢ 7341 2446
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2.2 EhPLC 2 ERPLC20
2.2.1 8 EhPLC 40, R ERPLC20 , 7
(2 40 EhPLC
x2 BFKARUBERE CEEBEUMERS N
Tab.2 Physical and chemical properties of PLC proteins in E. huxleyi
(%) / pl

Ala 11.5 Thr 9.5
EhPLC14 Leu 9.1 Gly 8.4 35/48 5.30 41.26

Leu10.9 Ala10.4
EhPLCIS5 Arg 9.4 Gly 8.4 80/83 6.77 51.56

Leu12.0 Ala11.5
EhPLCI6 Ser 9.6 Gly 7.2 85/94 5,92 46.52

Leu 12.0 Ala 11.0
ERPLCI17 Arg 9.3 Ser 9.0 99/1115 5.93 51.46

Leu11.7 Ala 10.6
EhPLCIS8 Ser 10.0 Arg 8.5 98/100 6.99 60.99

Ala 11.8 leu 10.8
EhRPLCI9 Pro 10.2 Arg 9.1 110/108 7.75 62.00

Ser 16.2 Ala 15.9
EhPLC20 Arg 11.5 Gly 9.8 167/72 11.08 38.45

Ala 11.2 Leu 10.6
EhPLC21 Ser 9.8 Arg 7.5 145/136 8.62 46.27

2.2.2 SignalP 4.1 12
Sever 8 EhPLC o ;'2
, ,ERPLC16 ERPLC2] N 5
T 0.6
s 6 ( g. 0.4
EhPLCI6 s 1 ) TMHMM Server 0.2
, ERPLCIS N ( 2), % 200 400 600 800 1000
EhPLCI19 74—97 transmembrane — inside — outside ——
> 2 ERPLCI9
: ‘ : : Ry — Fig.2 The prediction of transmembrane structure domain of
1.0t S-score 1 EhPLCI9
Y-score —— . , : ,
081 1 , 1,
06}
o
o4t |, | ] 2.2.3 ProtScale
I | "‘. N
02 " ‘ o R 8 EhPLC
QOHHMHMHMMWHWHWH\\ T 1\\ ’

0 10 20 30 40 50 60 70 ERPLC20( 3)

Position 2.2.4 NetPhos 8
1 ERPLCI6 ERPLC ’
Fig.1 The prediction of signal peptide of EAPLCI6 058 EhRPLC
: C-score (Cleavage site score): ; S-score (Signal
peptide score): ; Y-score (combined cleavage site score):
( 3) PLC GTP,
C-score  S-score , Y-score s

C-score ’
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2
EnPLC14 O | Hophop/Kyte&Doolittle — PLC s ERPLCI2 Y
23 Score=0 C2 :ERPLCI7 EhPLC22 X Y :EhPLCIS
EhPLC15 {
ol ‘ X C2 , EhPLC23 X C2
EhPLC16 (2) ’ i ‘ FHA ; 3 3  PLC
K TR , , ERPLC21 X Y o,
ERPLCT7 QMmoo ‘
ng 7' : ' EhPLCI9 X Y C2 , EhPLC27
EhPLC18 0 . ’ X Y C2 FHA
-2 .
enpLcty 23|, y o ’ X-Y XY-linker 1P
2 N ~ . EF Ca™"; C2
EhPLC20 0 A A AL Ao ‘ ’ Ca®,
EhPLC21 25 , J (NomikOS et al, 2007, Suh et al, 2008) PLC
0 T \\"‘“' i " *,x"- ,-.,.‘“ o L. 7~
-1.5" == L, 1 C
0 400 800 1200 PLC T2t
3 C (Hough et al, 1989) ERPLCY wwW
Fig.3 The hydrophobicity of EAPLC 1405—438 wWwW
F3 BEKAESTHPLC EHSEBRFIIBERLAS 38—40
o
Tab.3 Prediction of phosphorylation sites of 8 PLCs in E. ’
huxleyi >
Thr Ser Tyr / - 5
EhPLC14 9 14 8 (Halder et al, 2011;
EhPLCIS 9 24 4 Hergovich, 2012) EhPLC26 231—583
EhPLCI6 12 37 2 5  PbHI , FHA
ERPLCI7 21 37 3 (forkhead-associated domain),
EhPLCIS 19 49 1
EhPLCI9 13 51 2 ’
EhPLC20 24 87 3 ’
(Hofmann et al, 1995)
EhPLC21 13 56 4
2.3.2 8 EhPLC
EhPLC , o p
b b b B
EhPLC ( 95 R o EhPLCI6,
43.46%, EhRPLC20, 27.9%; B
2.3 EhPLC EhPLCI4, 14.82%, EhRPLCIS,
2.3.1 PI-PLC 9.78%; EhPLCI4,
: EF X Y C2 55.88%, EhPLCI6, 44.84%
, SMART 30 , 2.3.3 ProtComp v9.0
4 , 10 PI-PLC , , EhPLC
| PI-PLC : :
EhPLC4 ERPLCY9 FERPLCIO C2 R ( 4 EhPLC
EhPLCI1I Y ,ERPLCI5 ERPLCI6 FEhPLC28 EhPLC
X , EWPLC24 EWPLC 26 X PLC
, EhPLC29 X ww , ( , 2016), PLC

EhPLC30 X PbH1 ; 6

(Awasthi et al, 2012)
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F 4 BFTKAE PLC THRERTM
Tab.4 The subcellular localization of PLC in E. huxleyi
EhPLC14 0 2.85 2.15 0.73 0.67 1.35 0 1.21 0.92 2.38
EhPLCI15 0 3.17 2.03 0 0.80 1.60 0 1.36 0.91 2.33
EhPLCI6 0 2.93 1.93 0.11 0.93 1.66 0 1.48 0.87 2.21
EhPLC17 0 3.13 2.50 2.74 1.03 0.11 0 0.99 1.00 2.74
EhPLCIS 0 2.96 2.23 0.45 0.50 1.30 0 1.48 0.94 2.49
EhPLCI9 0 2.78 2.20 0.39 0.43 1.45 0 1.45 0.94 2.50
EhPLC20 0 2.62 1.83 0.29 0.49 1.86 0 1.61 0.86 2.21
EhPLC21 0 2.34 2.02 0.15 0.58 1.88 0 1.61 0.88 2.30
8Eh-PLC21 oEh-PLC20 oEh-PLC19 0Eh-PLC18 PLC
mEh-PLC17 Eh-PLC16 8Eh-PLC15 nEh-PLC14 PLC,
Random coll A ————— ERPLC ’
| F o 3 a2 | , EhPLC
Extended strand E 8 EnPLC
- , FEhRPLCI6 ERPLC20 , EhWPLCI17
Alpha helix e ————————. EhPLC15 EhPLCIS EhPLCI9 , EhPLC4
I0 10 20 30 40 50 60 EhPLC21 ( 7)
Fr&SEEBI (%)
3
5 C
Fig.5 Prediction of the secondary structure domain of EAPLC PLC 5
: Random coil: ; Extended strand: ; Alpha helix: G (R) ,
¢ G PI-PLC, PIP,, DAG 1P,
2.4 ( , 2015) PKC IP,
2+
,8 EhPLC 6 > , Ca
2
2pz0.1.A, 3qr0.1.A, 5fbh.1.A, 2fju.l.B, 3qrl.1.A Ca™, C ;
4qj3.1.B, , PLC G
EhPLCI9, 54.05% , 1P, PKC (Munnik et al, 2009)
, , ERPLCI9 1P, 1P, 1IP;s 1P
, 6 , a-
ERPLC19  C2 , Ca™*
2.5
EhRPLCI9 , GenBank
blast )
PLC ,
Esox lucius R 39%,
Angomonas deanei 38%,
Leishmania infantum JPCMS5 37%, 6 ERPLCI9
. L o Fig.6 Prediction of the tertiary structure domain of EAPLC19
Sarcophilus harrisii 35%, : o EWPLCI9  C,

Trichinella 31%,

Ca®*
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59ﬂofundulus limnaeus (XP_013872247 1)
99 Esox Lucius (XP_010900262.1)

51 —— Anguilla Anguilla (AFV13732.1)

74 Crassostrea gigas (EKC40084.1)
Scleropages formosus (KPP71682.1)
99 Danio rerio (XP_005156186.1)

Bodo saltans (CUG93787.1)

65 f Angomonas deanei (EPY37423.1)
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Emiliania huxleyi (XP_005771235)

Emiliania huxleyi (XP_ 005782496)

94
Emiliania huxleyi (XP _005763315)

68 Emiliania huxleyi (XP_005793034)

7

Fig.7 The distance tree based on the amino acid sequences of the PLCs from different organisms

PLC

Emiliania huxleyi (XP_005770634)

Emiliania huxleyi (XP_ 005787778)

: Emiliania huxleyi (XP_005768739): ERPLC21; Emiliania huxleyi (XP_005776183): EhPLC15; Emiliania huxleyi (XP_005771235):
EhPLCI17; Emiliania huxleyi (XP_005770634): EhPLC20; Emiliania huxleyi (XP_005782496): EnPLC19; Emiliania huxleyi (XP_005763315):

EhPLCI16; Emiliania huxleyi (XP_005793034): EhPLC18; Emiliania huxleyi (XP_005787778): EhRPLC14

> IP6

(Lemtiri-Chlieh et al, 2003; Michell, 2008) ,

R EST R G DAG/IP;
1P,
1P; (Wheeler et al,
2008) ( , ,
) G )

, G
, G a- B-

G G )

(Port et al, 2013) E. huxleyi CCMP1516 ,
s 1P, al, 2010; Rose et al, 2014)
G G

(Michaelson et
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STRUCTURAL CHARACTERIZATION AND EVOLUTION OF PHOSPHOLIPASE
C IN MARINE MICROALGA EMILIANIA HUXLEYI

GUO Qiang-Qiang"?, CAI Wei-Cong"? LI Gui-Ling', ZENG Jun', LIJian', LIU Jing-Wen"?
1. College of Food and Bioengineering, Jimei University, Xiamen 361021, China; 2. Fujian Provincial Key Laboratory of Food
ge o g g 'y i Y v
Microbiology and Enzyme Engineering, Xiamen 361021, China)

Abstract Phospholipase C (PLC), an important cell-signaling molecule, plays a critical role in GTP-binding protein
mediated signal transduction pathways in plants and animals under environmental stress or pathogen invasion. As a
unicellular phytoplankton, Emiliania huxleyi grows directly upon the completion of a cell cycle, during which cell
signaling leads to the regulation of cellular metabolism and primary production, and responds to the environmental changes.
However, phytoplankton phospholipase C and its involvement in signaling pathways remain unknown. By searching and
compare the NCBI gene database keyword, we screened out 30 PLC proteins of E. huxleyi (ERPLC). By analyzing in
conserved domain with the SMART (Simple Modular Architecture Research Tool) online, the 30 PLCs could be divided
into four categories. In addition, we analyzed the systematic bioinformatics, including signal peptide, transmembrane
domain, primary structure, secondary structure, tertiary structure, and cell localization. Certain differences are found in the
signal peptide and transmembrane region of these amino acids; and all these PLCs have a-helix, B-sheet, and random coil
in the secondary structure domain, and are located in the mitochondria. However, similarity in the tertiary structure is not
obvious. In system evolutionary relationship, EAPLC is more intimate to protozoon other than plants. Therefore, the new
findings would enrich the network system of plant in PLC signal transduction and provide tools for understanding
relationship between PLC cell localization and signal pathways at an environmental stress.

Key words Emiliania huxleyi;  phospholipase C structure;  phylogenic evolution;  signal transduction;
bioinformatics
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