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metacaspase
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/ (Metacaspase)
(programmed cell death, PCD) metacaspase
, (Emiliania huxleyi) metacaspases (EhMCs)
, Uniprot  String metacaspase PCD
29 metacaspases 11 , metacaspase
, p20 ;
EhMCs metacaspase ; metacaspases
, PCD
, metacaspase PCD
; (PCD); metacaspase; ;
S432.1 doi: 10.11693/hyhz20190300056
/ PCD , (Bidle et al, 2008; ,
(Metacaspases) 2012; Lu et al, 2017) (Bidle et al, 2007,
(Bidle et al, 2004), Bidle, 2016; Liu et al, 2018)
caspase metacaspase , ,
(Read et al, 2013), ( ,
) ( ) (Bidle, 2015)
(programmed , metacaspase caspase
cell death, PCD) (Bidle, 2016)
, metacaspases , caspase , metacaspase
I I III metacaspases, I PCD , caspase -
11 metacaspases , 1 s
metacaspases pl0  p20 , metacaspase caspases
pl0 p20 (Coll et al, 2010; Wang metacaspase  caspase
et al, 2012; Choi et al, 2013) , (Carmona-Gutierrez et al, 2010), metacaspase
metacaspase (metacaspase-like caspase
proteases, MCP), MCP R metacaspase
metacaspases (Choi et al, s metacaspase PCD
2013) Metacaspases caspase
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, (Gene
Ontology, GO) ,
metacaspase  caspase
metacaspase
1
1.1
“metacaspase”, NCBI
R metacaspases
metacaspases (
1)
1.2
1.2.1 Metacaspase
NCBI metacaspases
, MEGA7 )
(N-J)

1.2.2 Metacaspase

Emiliania huxleyi CCMP1516 9
(EhMCs) , TargetP (http://www.cbs.dtu.
dk/services/TargetP/)

metacaspases

NLStradamus (http://www.moseslab.csb.utoronto.
ca/NLStradamus/) NetNES (http://www.cbs.dtu.dk/

services/NetNES/) 9  EhMCs
1.2.3 Metacaspase EhMC1
s (protein data bank databases, PDB)

E)

SWISS MODEL (https://swissmodel.expasy.org/) Phyre2
(http://www.sbg.bio.ic.ac.uk/phyre2/html/page.cgi?id=
index)

1.2.4 Metacaspase
NCBI metacaspases
, (cellular component)
(molecular function) (biological process) ,
(https:/

(gene neighborhood)

String
string-db.org/),

(gene fusions) (co-occurrence)
(gene co-expression)
(experimentally determined) (databases)
(textmining)
metacaspases

1.2.5 Metacaspase

>

Scansite (http://
scansite3.mit.edu/#proteinScan)
metacaspases ,
PCD
2
2.1 Metacaspase
NCBI
metacaspase R 11
29  metacaspases , 1
metacaspase ,
(E. huxleyi CCMP1516) 9 metacaspases
, (Chlamydomonas reinhardtii)
2, (Ostreococcus
tauri) (Auxenochlorella protothecoides)
(Micromonas commoda) 1
metacaspases R
MCP () metacaspases
metacaspases, type I (
B-, o- ) MCP
( - )(Choi et al, 2013)
) MCP,
MCP  pl0O
, MCP
s “ 77 metacaspase

(Choi et al, 2013)
2.2 Metacaspase

MEGA7 29
(Arabidopsis thaliana) 1  metacaspases

, Imetacaspases

(D
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Fig.1 Multiple alignment of the deduced amino acid sequence of metacaspases in phytoplankton
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(His) 220 (Cys),
metacaspase 1 164
220 )

metacaspase

p20 164

(Monoraphidium neglectum)

metacaspase 2 metacaspase
, 164 (Ala)
(Arg) , 220
(Ile) (Tyr) , metacaspase 1 220
R
s R ,
R )
R s
R ,
metacaspase 2 metacaspase
PCD ,
metacaspase ,
(Phaeodactylum tricornutum) ,
(C. reinhardtii) metacaspases
, metacaspases
( 2 II
metacaspase 1 (Volvox carteri)metacaspase 1
, metacaspase
, , 9
EhMCs , EhMC6 ,
8 EhMCs
2.3 Metacaspase
9  EhMCs
) SP 0.5,
EhMCs N >
EhMCS5 EhMC6 mTP 0.5,
, EhMC8
PCD ,
metacaspase ,
) caspase-3, 6 (Suarez

et al, 2004)

73 E. huxleyi MC8
E. huxleyi MC3
E. huxleyi MC5
E. huxleyi MC2
E. huxleyi MCA1
E. huxleyi MC9
E. huxleyi MC7
E. huxleyi MC4
C. crispus MC2
— C. reinhardtii MC1
100— V. carteri MC1

20

46

70 P. tricornutum MC4
P. tricornutum MC5
100, P. tricornutum MCA1
75 T. pseudonana MC1
A7 50 85 P. tricornutum MC2
P. tricornutum MC3
88 T. pseudonana MC2
- 39 T. pseudonana MC3
— C. crispus MC1
31 E. huxleyi MC6
50 %’E O. tauri
72 M. commoda

A. anophagefferens
C. reinhardtii MC2
A. protothecoides
A. Thaliana

2 Metacaspase
Fig.2 Phylogenetic tree of metacaspases in phytoplankton

2.4 Metacaspase

PDB EhMC2
33.05%, (Saccharomyces cerevisiae)
metacaspase (Ycal), PDB
4f60.1 SWISS-MODEL EhMC2
Modeller Modeller
-0.02 EhMC2
-0.02, S Phyre2
EhMC1  EhMC2 ,
Modeller ,
EhMC1 3a,
-0.02(  3b),
EhMCl1 , 6 a 8 P
, p20 Cys192 ,
His147 ,
( 3a) , Ycal
,Ycal p20 Arg72
Lys86 36kDa
Ycal

(Wong et al, 2012) ,
EhMC1
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, metacaspases MCP(MaOCl),
S- R metacaspase ) s MaOCl1 Arg219 s
AtMC9 Cys-147 55kDa  25kDa (Klemenci¢ et al,
S- s 2015) s metacaspase
(Belenghi et al, 2007) S- (NO) , , PCD
(Cys)
s s String (https://string-db.org/)
, metacaspase )
NO PCD (score 0.4) 0.4
(Rosenwasser et al, 2016) PCD ,
, S- (Thalassiosira pseudonana) ,
( 2
PCD metacaspase
2.5 Metacaspase
Metacaspases caspase PCD
s PCD 2.6 metacaspases
Metacaspase / (Motif Scan) “high”
, ( 0.1 ), EhMCs 20
(McLuskey et al, 2012) UniProt 11 metacaspases , 9
29 metacaspases metacaspases ,
, NCBI 20 « 3,
EhMC4 , metacaspase (XP_
I II  metacaspase 001696956) 3 , Abl
(Du et al, 2011; Watanabe et al, 2011, Kinase, Y73 Y131, PLK1 Kinase,
Piszczek et al, 2012; Machado et al, 2013) Choi T271;
(2013) , (Cryptophyta, caspase
Guillardia theta) I metacaspase(GtMC2)(Choi (Dix et al,2012) Martins (1997)
et al, 2013), (etoposide) PCD , HL-60
, s GtMC2 caspase,
(Klemencic et al, 2018) caspase , caspase-3
(Microcystis aeruginosa) pl0 metacapase
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DISTRIBUTION, STRUCTURE, AND FUNCTION OF PHYTOPLANKTON
METACASPASES

SU Jin-JTing"?, CAI Wei-Cong"?, LI Gui-Ling', LI Jian', ZENG Jun', LIU Jing-Wen"?
(1. College of Food and Bioengineering, Jimei University, Xiamen 361021, China; 2. Fujian Provincial Key Laboratory of Food
Microbiology and Enzyme Engineering, Xiamen 361021, China)

Abstract

programmed cell death (PCD). We analyzed the characteristics of distribution, structure, and function of phytoplankton

Metacaspases are evolutionarily distant homologs of caspases and play key roles in phytoplankton

metacaspases using bioinformatics methods. The results show that a total of 29 phytoplankton metacaspases are found in
11 phytoplankton species, and can be grouped into three main types, namely type I, typell, and type III based on their
multiple alignment of amino acid sequence. Despite the low amino acid sequence identity, they displayed high structural
conservation in histidine- and cysteine- containing catalytic domain. The three-dimensional structures of Emiliania huxleyi
(EhMC) are very close to that of yeast metacaspase, suggesting that they might have similar function. The results of the
protein-protein interaction analysis revealed that metacaspases directly or indirectly interacted with multiple cellular
proteins, playing a critical role in cell apoptosis, response to environmental stress, and energy metabolism. Furthermore,

the phosphorylation modification of metacaspase may play a regulatory role in the PCD signal transduction of

phytoplankton.
Key words phytoplankton; programmed cell death (PCD); metacaspase; structure and function; protein-protein
interaction
MizR 1 Zi51E4%) metacaspases EEE RS
Tab.S1 Metacaspases in phytoplankton
h ID mRNA ID ID
Aureococcus AaMCl1 20221022 XM_009042055.1 XP_009040303.1
anophagefferens - -
Auxenochlorella ApMC1 23614527 XM_011399004.1 XP_011397306.1
protothecoides
CrMCl1 5717424 XM _001691774.1 XP 001691826.1
Chlamydomonas reinhardtii
CrMC2 5722640 XM_001696904.1 XP_001696956.1
CcMCl1 17321622 XM_005713836.1 XP_005713893.1
Chondrus crispus
CcMC2 17324901 XM_005717127.1 XP_005717184.1
EhMC1 17284475 XM_005791576.1 XP_005791633.1
EhMC2 17283241 XM_005790343.1 XP_005790400.1
Emiliania huxleyi EhMC3 17277722 XM_005784825.1 XP_005784882.1
CCMPI516 EhMC4 17277488 XM_005784588.1 XP_005784645.1
EhMCS5 17269785 XM_005776613.1 XP_005776670.1
EhMC6 17267081 XM_005773908.1 XP_005773965.1
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ID

mRNA ID

ID

Micromonas commoda
Monoraphidium neglectum

Ostreococcus tauri

Phaeodactylum tricornutum
CCAP 1055/1

Thalassiosira pseudonana
CCMP1335

Volvox carteri f. nagariensis

EhMC7
EhMCS8
EhMC9
McMCl1
MnMC1
MnMC2
OtMC1
PtMC1
PtMC2
PtMC3
PtMC4
PtMC5
TpMCl1
TpMC2
TpMC3
VeMCl1
VcMC2

17256866
17253171
17251088
8242492
25726426
25726427
9831219
7197248
7200976
7203298
7203526
7203528
7449711
7450918
7451860
9618094
9621258

XM_005763016.1
XM_005759676.1
XM_005757309.1
XM_002501537.1
XM_014051203.1
XM _014051204.1
XM_003083404.1
XM_002178072.1
XM_002180039.1
XM_002182482.1
XM_002182516.1
XM_002182670.1
XM_002290103.1
XM_002295318.1
XM_002297194.1
XM_002946692.1
XM_002948025.1

XP_005763073.1
XP_005759733.1
XP_005757366.1
XP_002501583.1
XP_013906657.1
XP_013906658.1
XP_003083452.1
XP_002178108.1
XP_002180075.1
XP_002182518.1
XP_002182552.1
XP_002182706.1
XP_002290139.1
XP_002295354.1
XP_002297230.1
XP_002946738.1
XP_002948071.1

a: MC, Metacaspase



