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SEEIAKEE type | metacaspase £ FE 7= fE
EEZ5FEEFEABETHR

MmE: B R

266003; 2. H[EVE K AF K P2 B

e 1
KIEF
(1. PEBEACHEE S

Hi 266003)

%  Metacaspase =& & £ 504 . EE AR 4 R I — A BLA R A BBR /8 R e e W
Jit 2R Bk A B ARAE K 8 JT 45 M REAE P A metcaspase 4 type | 5 type ll FAY R AL, 5 5= %
MG R Es AT, KH X RIE GenBank % HE & 3k W K # (Chlamydomonas
reinhardtii) type I metacaspase 2t F (GenBank No. XM _001696904))7 %1 , % Jfl £ X, PCR 7, £ 7 B type
I metcaspase # & FF # %] i #£(ORF) ¥ 7| F 4 4 & CrMC1., CrMCI ORF 4K 987 bp, M %4 1 />
A LSRRI E A AT 5 B a4 FF type | metacaspase 2 3B 5 7| #4T B IR 7 toxt £ 3,
CrMC1 B A & E AR F 8 p20. pl0., #HHERXEMHBUBEER . FHAREE T ML, ARXET,
EHO, FHWEYRERFH4EA TR, CrMC1 k3% 8 B 242 5 (P<0.05), 2 h J5 3k B 14 (H
Shit TREMBAR—KFE, EREKH, FHKE type I metacaspase £ F CrMC1 % 5§ H,0, % %

W R AR P A A TR

KA Metacaspase; &4 K ¥ ; 127 M40 40 st 1=
RESES SO  XEFRIREE A

3K 5 4K 3% (Chlamydomonas reinhardtii) & 45 #: ]
(Chlorophyceae) . Ml # H (Volvocales) . A % J&
(Chlamydomonas) i) — Filt B2 Jif] B A% (e, HA R 47
MY PREE N RE T . BA R ) DL AR KU R
B DR e, WIS R, skt
BEBE 2 FROHME S, 2003; PABEHEZE, 2004; Bk T¥k
55, 2007). HHT, 3P AHE 4 L K 41 0T 28 50 1L
(Merchant et al, 2007), £ I HE 7 & X S5 1 A 5 2k
SRR S i A% S A s AL AR R AR
CRISPR/Cas9 45 15 H 41K 1 2 4 22 42 (Greiner et al,

XEHS 2095-9869(2019)06-0131-07

2017), LAk, EHTC @ WA A VER . FFIRAE
. #Masr24 Fml, fRgh. BINE b 254
T A 35 PR R e R N O L T A R A B
i EREE L K BB RV AL A Y U A A
T R WFFE WY (Harris, 2001; Hanikenne, 2003; Hema
et al, 2007; Dimova et al, 2008)., I, SERH KD L
R L . RS T AR Y SR
FER AP (15 KL, 2007; Harper, 1999; Wu et al, 1997).,
YR A iU SE T (Programmed cell death)j&
185 sh W4 i 8 T (Apoptosis) [a] J5 i) KL 4 240 B FE T

* 863 TR A= Wy = 25 40Uk T AR Bl L R4 (201 5AA020903)F175 5 THRMRE R FERE IS 35 H (13-1-4-253-jch) 3L [7) % BY
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2 R %40 &

T2, A TE T & B RN X R g | TR AR
e AR A P ia i 2 P (Reape et al, 2008), 2R,
S 20 B O T P O R R o S AT 3 R R b A
KT (Cysteine aspartic acid specific protease, caspase)
FIGEAE A Y) P I AFFEAE (van Doorn et al, 2005; Ge et al,
2016), MWF5ER, Y HAEAE—Fh caspase [A] REH
metacaspase, Metacaspase & IF i 25 3 5¢ L IE # 4
P27 SN T L5 1) 22 D) Re AR 1 g, ELAE RN AR S
AR R N S S 0 AR M A M A T o AR AR T
metacaspase(Vercammen et al, 2007), HRHE 254
fiF, metacaspase XA LA43A type 15 type I IS (L ER
%,2012), Hr, type I metacaspase H A & 5 i 2R
FEIFN N Rimargstask, 3+ H &8R4,
1Mj type Il metacaspase it = FIg5 A3, H7E K (p20).
/IN(p10)V ik 22 [] AT B G 2 X TR I A= sl W) Al LA
i, HEMUAEIL T type I metacaspase, [ fm 55 AE 4 Fk
A fE B BA type 1 5 type Il metacaspase.
Metacaspase {14 H 035 3 HLAT R ST 19 21 Z0FR —F bk
IR, o Db 22 R % BEATE Ry 7K e I 40 O B 1Y) 23
(4%NS

ITAE AT IE 2 B, BRI i 88 25 A AR ) A E AR D
AT, IR RAERFHEAIEIET . SR AR BB
MBI EAMPET- M58, FE348 T T (Moharikar
et al, 2006; Zuo et al, 2012; Pérezpérez et al, 2010;
Yordanova et al, 2013; Sirisha et al, 2014), 43K 4 7
T 7R, S A B AL R TAEAE type 1T 5
type Il metacaspase FEPH, HZ54) 5 Dyfg i A
A b5 iE L X PCR v B 315 3% 1 K B¢ type |
metacaspase ORF J751, Fl A5 B 2= R AR i
GFLFR YN AT RV 2 B, 4 T R e e E
PCR £ R #7 type I metacaspase LK 7E H,0, 75 F 1)
S TR AR e M A B AR T AR v R A AR AR, AR
5% R B G b ) B AL ) 5 T AR R MR A L SR T Y A
ML B A P A O R PR AL HR AR , [RIB A 0 o BT
T3 T Dk T RN T 2 3R A T B N (fef £ A
2015; Feit44E, 2016) R AEH AR S,

1 #FREFE
1.1 FEFhIESE

P A RSB A B PR cc-125 mt+Il FH S HH 2
I 38 K 2% 3 14 3 1 A 3 A ST %2 (Chlamycollection,
University of Minnesota, J%[E), FEMHEFE S 100 pmol/L
FUNT R R WA TAP R FR VA, Pk se b e i
TR TAP HiFRdtrh, BT 25°C . JEMRERE 2000 Ix

() 6 R B SR A6 PR % 15 97 (100 t/min) 2 % 510 A4 K< 1)
(ODy34 nm=1), JE/HEJEHHM 12 h/12 he

1.2 ZEBKRES RNA IS cDNA &

PR B O S , RIATR AR B URRlE B RE , R
FH QIAGEN RNeasy Plant Mini Kit j 7 £ 2 BUE 5 4
B RNAL SR HBEIEWHEE I F UK 122 F1 Qubit 3.0 4356
JCEETFYEE S RNA it & 5B, cDNA A Bk H
M-MLV S B &k, RIS ACEE 18 rRNA
(GenBank No. AY665726)1E N2,

1.3 CrMC1lORF &#3{ PCR ¥ it

H4E NCBI GenBank #(4i & H3E K ACHE type I
metacaspase cDNA J#%1)(GenBank No. XM_001696904)
BIT51Y, #EATPIL R PCR SekE, SIS
¢ 1, {#F Nucleospin Gel and PCR Clean-up 5| &
4alifb 5 — 4 PCR ;=¥ J13E47T poly(A)-tailing ¥ iKY
R SIS, SRR HZE 42 3 pGEM-T 8K £ 47 H
BERGE . 08 5 S BUBOR Ik AR T A TR (1)
ARAF AT . 415 A BLAST #E4750E,
TESE AT 3R 75 A S B AC 3 type 1 metacaspase ORF J¥
5, fivg5 2} CrMCl.

% 1 3EWEIE metacaspase type | ORF 5|4
Tab.1 Primers for C. reinhardtii metacaspase
type I ORF cloning

5|4 Primer 7% Sequence (5'~3")

CrMCI1-NI-F1
CrMC1-NI-R1
CrMC1-NII-F1
CrMC1-NII-R1

TGTATAAGGCGTCCCTTGAGCCAC
CTTGGGTTGGGGTTACCG
ATGTATGGTTATCCCCCGC
TTAGATGTTAAGGCGGCTGG

14 E£HEERZESH

FIFHAEL SMS A=W H A (http://www.bio-soft.net/
sms/), HRHE CrMC1 ORF [ DNA /&3 CrMCl
FIERIT I, AT 405 DNEFERRAY ¥ . JE A
FH Vector NTI 11.5 #fF ClustalX i CrMC1 5 M
NCBI £t 23R4 1 H AL metacaspase H4HE R GEt
EB, kb s SE A5 03 2, 1Ah, @i CrMCl
FHIRFF 5 A uniprot 04 2 (http://www.uniprot. org/)
AT 3 Fh Ul JT (Arabidopsis thaliana) type 1
metacaspase (AtMC1, No. Q7XIJE6; AtMC2, No.
Q7XJES5; AtMC3, No. QOFMG )2 1R 41 1) e Y8 1t
XF, T D) REB
1.5 H,0, 17553 o A B 40 B A8 T 30

B ab F AKX EI (0D 43 am=1) B9 € P4 A 38
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F 2 #{LBIFT A metacaspase £ & F 75

Tab.2 Metacaspase gene sequence of phylogenetic tree

YFh 4 Species $7 T 2% 4 Latin name NCBI J$%1 %
FRAE 4 (type ) Petunia x hybrid AFK93070.1
42 4 (type 1) Petunia x hybrid AFK93071.1
T IR 2B Chondrus crispus XP_005717184.1
A AR Nicotiana benthamiana ABD47740.1
Jil T Tetraselmis sp. JAC78936.1
ot Solanum lycopersicum AFY10520.1
IR I (type 1) Arabidopsis thaliana Q7XJE5.1
IR IT (type I1) Arabidopsis thaliana 064517.1
P LB Arabidopsis lyrata subsp. Lyrata EFH64039.1
IR Hevea brasiliensis ADM52185.1
INFZ (type I) Triticum aestivum ANH79181.1
INE (type IT) Triticum aestivum ACY82389.1
A% (type IT) \olvox carteri f. nagariensis XP_002948071.1
#(typeIl) Volvox carteri f. nagariensis XP_002946738.1
A Nicotiana tabacum ACG59943.1
ESPN Zea mays NP_001151968.1
W =K (type IT) Picea abies CDG41615.1
WEL = H 2 (type D) Picea abies CAD59226.2
BT Pinus sylvestris ACB11499.1

ccl25 mt+43 5 & F K4 (1 mmol/L H,0,) 5 % i 4H
HWATEEFE, FHISE 0~480 min NANBET 3, JET-Z
FESRHL SYTOX green Yehififr . i FHIE B ¢ 6 WAl
BEELTHE R 200 N4, HR4E SYTOX green #r
ICPHPE AT M . Bt A 7700 AN R 1T 4 4
FERIET R,

1.6 KFEE= PCR

B[] B ) 52 56 40 5 % 2 S B A R L
RNA, JERH5%315 ¢cDNA, FIFZEGE R PCR %
1T CrtMC1 Rk Hr. 9Ot PCR KM AH A
SensiFAST SYBR No-ROX ikl &7 ABI Prism 7000
RIS E 5t PCRAY FiFAT . 2t PCR Ir 5404
FIFH 18S rRNA /E NS I, $i2 18 274 sk ab H 8L
Y5 o TS EE R Microsoft Excel 2010 3k {Fi#E17-F
P . hrofE 25 R0 25 5 0 2 T (P<0.05) IR AE
CrMC1 5N S5 18S rRNA (Nguyen et al, 2011)7]
YW 3.

R3 WAEEPCR3Y
Tab.3 Primers used in qRT-PCR

5| #¥J Primer JF#%1 Sequence (5'~3")
CrMCI1-QF1 ATTAGCACCAAGGCCAACAT
CrMCI1-QR1 GTTCAGCTCGTCATCCACAA
CrMC2-QF1 GCAAGAAGGCTGTCCTCATC
CrMC2-QR1 GCTCTTGTCCGTGTCAATCA
18S RNA-QF CCTGCGGCTTAATTTGACTC
18S RNA-QR ACCGGAATCAACCTGACAAG

2 #R

21 CrMClEEREZERFELSH

W 1A FiR, AWF5EE i S0 PCR 5o e 3136 1
A type | metacaspase 3K ORF 4K 741, 17 987 bp,
HEM it 405 DLW, w4~ CrtMCl. AT
CrMC1 #AL K FR A5 NCBI %8l 22 i 2 it
S HIMY) metacaspase 12 FERITH, WIEHLIES
IF . /N ZZ (Triticum aestivum) . 39 (Gallus gallus
domesticus) . #f J& == ¥~ (Picea abies) . 413 (Volvox
carteri f. nagariensis)&¢(% 1), f#iff Vector NTI 11.5
BAFR) ClustalX b A7 RIIRME 34T, IFAEE R g itk
BN WK 1B Fiw, &g 19 4
metacaspase M IEN T 2 MRS, Hp, CrMCl
5 B type I metacaspase v T [a]—43 % N, #nf
M CrMC1 J& T type I metacaspase, W4k, 7F typel
metacaspase 7352 1, CrMC1 55 [ %2 H #) Volvox carteri
f. nagariensis metacaspase FLA fie i A, S Y 1]
WL EG T type 1 metacaspase AtMC2 ZEZ% ¢ R HIL,
PER AL T AE W A R G A

2.2 CrMClEALEHE TN

HEHZFH XA R (E 2), CrMCl B A
metacaspase BT | 25 BE AR SF 9 p20 (B IETR 44~
195)25 350 p10 (L HER2 229~328) IS L I 1]
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ATGTATGGCCAGGCACAACCGTCGGCATACACGTACGGCCAGCCGTCCGCGAACCCGCAG L
M Y GQAOQPSATYTOYGOPSANTPQOQ Nicotiana tabacum type Il
CAGCGTCCCGCCACGECECCEECCCCEECCTACATGCCGCCGACCACCTACGCECCERCE Nicotiana benthamiana type I
Q R P A TAUPAUPA AYMZPUPTTYAUZPA
CCCACAAACGGTGGGCEEAGGCEECGCGCGCTECTCETCEEATGCGGCTACCCCGECACT Solanum lycopersicum type 1l
P T NGGRIRIRIRALTULVGC CGY PG T Petunlaxhybrldatypel[
CGTGAGGCGCTGAACGGCTGCCTGAAC TGCATTAAGTTCTGCC
REALNGG CTLNDV VN CTIZEKTFETC CTLMN Hevea brasiliensis type Il
C?WT:“SGGQMA:C?“:M:%TG;CG:%GC?QMECG:C Arabidopsis thaliana type Il AtMC4
wuﬂmmcﬁ:mgawmwﬂm.m,« o S, CAGCAG Arabidopsis lyrata subsp. Lyrata type I
F I ST KANTITF®RTGTITG QTW%WTILMTTDOQ Q PiceaabiestypeH
CCCGETGACTCGCTGTTCTTCCACTTCTCGGGCCACGGCTCGCAGCAGTACGACCGCAAC Pinus sylvestris type Il
P G D S L FF HVF S G HG S Q Q Y DRN
GGCGACGAGGAGGACGGCTACGACGAGACCATCTGCCCCACCGACTTCCGGCGCGCGGEC Triticum aestivum type I
G D EEDGYDETTITZ CU®PTUDTFURIZRAG
CAG GAGCTGAACCGC "CAGCCGCTCATGCCCAACGTGACG Zea mays type II
Q@ I VDDETLSNE RMMYOQPTLMEPNTVT Tetraselmis sp. type Il
CTTCACGC 'GCGTGCCACTCCGGCACGGCGCTGGACCTTCCCTACCGCGCA .
o A o E Chlamydomonas reinhardt 1 type Il CrMC2
AAGGTCGACCACAGCGGCCGCTGGTACTGGAAGGECCEGGCGCGCTACGACAAGTGCACE Volvox carteri f. nagariensis type Il
K VDHSGRUWYWZE KGRARTYTDTEKTECT Chondruscrispustypell
CGCEGAGGCACGECGTTTCAGTTTGGCGCTTGCAAGGACAGCCAAGTGGCGGCGEACACT
R GGTATFOQTFGACTE KTDTS O QVA AATDT Chlamydomonas reinhardt 11 type I CrtMC1
AATAAGCTGTCCGGCAAGGCGTACACGGGCGCCECCACCTTCAGCTTCATCGAGGCCATT E Volvox carteri f nagariensis type |
N KL S G KA Y TG AATTF S FIEA ATI
'GTGCAGCAGACATACGGCGTGCTACTGGGGCAC AGACGCTG Petunia x hybr id type I
EKY GV QQTYGEVLLGHMMOQTL Arabidopsis thaliana type 1 AtMC2
CGCGCCATGAACGGCGGC 'CAGCGGCGCCACCGGCATTCTGGCCAGCCTGTTG Pl,cea abies type I
R A MNGGMVYV S S GATGTITULA ASTULL
CTGGGCAGCAGCATCAGCAGCGGCCAGGAGCCGETGCTCAGCTGCGACAAGCAGGTCGAC Triticum aestivum type | MCA1
L G S S I 8 S G QE PV L S CDI KU QVD
CTCTATGCCAGCCGCCTTAACATCTAA
L Y A S RLNTI -
Bl 1 CrMCl 4544535
Fig.1 CrMCI sequence analysis

A. EIFIH SMS A ¥5EKk {4: (http://'www.bio-soft.net/sms/) I CrMC1 Z IR 75 ; B. FIF Vector NTI 11.5 3 {4

ClustalX J5 ¥ CrMC1 5 M NCBI 44 5 3545

By HALY F metacaspase M EE RFE AN, YIFIZ SEASR S ILE 2

A. CrMC1 ORF was deduced to CrMC1 protein sequence using online SMS software (http://www.bio-soft.net/sms/);
B. Phylogenetic tree was constructed using metacaspase protein sequence of different species obtained from NCBI database.
Latin names and protein IDs are presented in Table 2

AtMC2 (1) - MLLLVDCSSCRTPLHLPPGATRIRCAICHAFTLIAPEPRLOSHASASPFPFPNSSPAPSTFIYPPPTPS
AtMC3 (1) ————————— MASRREVRCR-CGRRMWVQPDARTVQCSTCHTVTQLYSLVDIARGANRI IHGFQQLLRQHQPQHHEQ-~~~
CtMC1 (1) ~==mmmmmTmmmmmmmooomoooooee- MYGQAQPSAYTYGQP----—~ SANPQQRPATAPAP-——===——=—~
AtMCl  (63) @ oo PPQIHAPPG----QLPHPHERKR-AVICGISYRFSRHELKGCINDAKCMRH
AtMC2 (70)  PYTHAPHAPSPFNHAPPDSYPFTHAPPASSPFNHAPPG----PPPPVHGOKR-AVIVGVSYKNTKDELKGCINDANCMKE
AtMC3  (67) --- ---QQQQMMAQPPPRLLEPLPS PFGKKR-AVLCGVNYKGKSYSLKGCT SDAKSMRS
[ Y (0 B 611 Bt AYMPPTTYA----PAPTNGGRRRRALLVGCGYPGTREALNGCLNDVNCIKE
*
AtMC1 (109)  LLINKFKFSPDSILMLTEEETDPYRIPTKONMRMALYWILVQGCTAGDSLVEHYSGHGSRORNYNGDEVDGYDETLCPLDE
AtMC2 (145)  MLMKRFQFPESCILMLTEEEADPMRWPTKNNITMAMHWLVLSCKPGDSLVFHESGHGNNOMDDNGDEVDGFDETLLEVDH
AtMC3 (119)  LLVQOMGFPIDSILMLTEDEASPORIPTKRNIRKAMRWLVEGNRARDSLVFHFSGHGSQONDYNGDEIDGQDEALCPLDH
CtMC1 (77) | CIMNRFGETEQOTLI RDDTROPDEISTKANIFRGIOWLMTDQOPGDSLEFHFSGHGSQQYDRNGDEEDGYDETICPTDR
#
AtMC1 (189) | ETOGMIVDDEINATIVRPLPHGVKLHSIIDACHSGTVLIL PFLCRMNRAGQYVHEDHRPRSGLWKGTAGGEA LS SGCDD
AtMC2 (225) | RISGVIVDDEINATIVRPLPYGVKLHAIVDACHSGTVMDLPYLCRMDRLGNYEWEDHRPKTGMWKGTSGGEVESHIGCDD
AtMC3 (199) | ETEGKIIDDEINRILVRPLVHGAKLHAVIDACNSGTVLILPFICRMERNGSYEWEDHR- SVRAYKGTDGGARFCESACDD
CtMC1 (157) | RRAGQIVDDELNRMMVOPLMPNVTLHAVIDACHSGTALL{ PYRAKVDHSGRYWKGRA-~R-YDKCTRGGTAFQHGACKD
AtMC1 (269)  DOTSADTSALSKITSTGAMTFCEIQAIERSAQGTTYGSLLNSMRTTIRNTGNDG-G-—-—-~— GSGGVVTTVLSMLLTGGS
AtMC2 (305)  DQTSADTPQLSGSAWTGAMTYAFIQATER-GHGMTYGSLLNAMRSTVHEIFDKNKGRELVEVGGADFLSTLLGLLILGAS
AtMC3 (278)  DESSGYTPVFTGKN-TGAMTYSFIKAVKTAGPAPTYGHLLNLMCSATREAQSR
CrMC1 (234)  SQVAADTNKLSGKAYTGAATFSFIFATEKYGVQQTYGVLLGHMMOTLRAMNGG
AtMC1 (342)  A1GGLR------——— QEPQLTACOTEDVYAKPETL O
AtMC2 (384)  PPDEEEEVNQAPQKTQEPQLSANEAFAVYEKPFSL .
AIMC3 (343)  —————-—-—-———- apeLrTsszEEDVYATKEVE P20 ZEMER pl10 £ X
CrMC1 (306)  SSG============ QEPVLSCDKQVDLYASRLNI  p20 domain p10 domain internal linker domain
K2 CrMCI1 & (A B4 i 1

Fig.2 CrMCI1 protein domain prediction

FIH Vector NTI 11.5 44 ClustalX J5 %26 CrMC1 5 H uniprot £ 72 (http://www.uniprot.org/) A5 1 3 Fil g I+

I % metacaspase (AtMC1, NO. Q7XJE6; AtMC2, NO. Q7XJES5; AtMC3, NO. Q9FMG 1) & £z 751 #:17

SRR p20 SEAER, FRAERR R X BON SRR IX

LRI, @RS R N plo

TRVE T, E i
P 4 ) A R

CrMC1 was aligned with type I metacaspase from Arabidopsis: AtMCI1, NO. Q7XJE6; AtMC2, NO. Q7XJES; AtMC3, NO. Q9FMG.
Arabidopsis sequences were obtained from uniprot database. The domain of p20, p10 and internal linker is highlighted in blue
background, red background and black frame, respectively. The conserved His-Cys residues are labelled by * and # respectively



% 6 3

B 4 P AU type | metacaspase P ST K Ho S S AR MR AR U BE T B 5T 135

FEIX (FHFER 196~228), SHIFIJT type 1 metacaspase
HH AMC1/2/3 H#, BEIR CrMC1 Y N A i X Il
St EL, SR 2R S R, MR A
R X 48(23.2%), £74 type I metacaspase 45 FARRE
CrMC1 25 A B P A0 A 5 i FE AR ST I A 2R (132)
(18] 2%4b) 52K B B (188) (18] 244b)Z5#, HEMH A
A7 2 1 metacaspase ZLAY A B 14
23 FHEKE CrMCL1E5 H0, FSMMIL T AE
mE 3A AL, 1 mmol/L H,O, AbBRAI 540 T
Xo A K T B S 1 A I B A 4 AR T IR L AR
P& Vavilala Z5(2015)HE , H,0, 175 5 1 3€ 14 A 3 201 i
FET SO R PGB T AR ST S i A S e
it PCR 7 Kl A F X B4 KA A 3E T A 3 CrMCL
60r A

— X} H# Control
50 — KO,

40
30

20 -

BET-Z Mortality rate/%

0 60 120 180 240 300 360 420 480
6] Time/min

200

160 -

120 -

80 [

40

CrMC13Ei%x & CrMC1 expression level/%

2 3 4 5
if[E] Time/h

0 1

K3 CrMCl 25 H,0, ¥ 513K i A B FE 1
A AET 45
Fig.3 CrMCIl involved in H,O,-induced PCD
regulation of C. reinhardtii

A. H,0, 2bFHJ5 1~480 min N3 A BEANAAET R,
KA B RS H0, AL BEUNHT iR ; B. CrMC1 %4
5 Hy 0 55 Y30 B A AR PP PR AR st T b g Rk i 8 Ak
SEER AT 3 U1 {E
A. The mortality of C. reinhardtii cells within 1~480 min
after H,O, treatment. C. reinhardtii culture and H,0,
treatment as previously described; B. CrMC1 gene expression
changes in H,0,-induced PCD in C. reinhardtii. Each
experiment was performed three times and averaged

FHTE 1 mmol/L H,0, %5 1~8 h N R IAKF-AYAE
fEAE ML, WK 3B firk, 1 mmol/L H,O, S5, K1
K CrMC1 FEH P FRAE A 1 h iR &/ X g
(P<0.05), 2 h/Gik®lfEem, L xF 4 1.77 5, 5h
BT B 250 B R — K-, SRR RN AE T & A
[ EEAS A2, HEM CrMC1 &b T3 1 A< S P2 5 1 40
FET A 4 A Y

3 it

Madeo %5(2002)H K HGH T HEERE Yeal 7%
PEAARTE AL N T B A A I SE 12X metacaspase K
i, UEPA Yeal ZEREREANME T S SN R dE R R4
Wy AH 26 PR 2R i DA K 40 B g S e R v Y 4 R AT T
(Madeo et al, 2009). bk, AR ERM, RN
#M(Low et al, 2008) FJLEL LIk (Guérin et al, 2009)5
R TR AN B ESE 2518 T, metacaspase &R RESEH
HMIBET LB RS54 s FEIRE R metacaspase,
CaMCA1, Z 54 AN TE TR A IEFET(Cao et &,
2009); T4 EL I EE ) 2 4~ metacaspase [ HH 22—,
CasA 7E ER IV AH ¢ 19 40 Jfd 5 T2 k2 42 i 1 1
(Colabardini et al, 2010),

BT, 7ER AR Yl R T o3 i S8 5E 3 4 type
I metacaspase FF(AMC1~3)4 6 4~ type [l metacaspase
3 N (AtMC4~9)(Vercammen et al, 2004) . Type 1
metacaspase AtMC1 {7 ARG ST H HR 41 AET (1)
IEATYY, 1 AMC2 NI BERSPT AtMC1 X Fh 41 i 46
TR o T H AMC2 AR HTM T-IR55], HER EK
PTG PR W MY o XS 2 ' metacaspase Y35t {&
1, JUT- T LA A8 0 40 B A 1 4 8 32 A3 R HR 35 M
(Coll et al, 2010), 5 SEAEPIARL, 3 P4 A B H [R] s
A7 1 4 type 1 metacaspase 3EH5 1 4> typell
metacaspase &K o HULHEN, SEEREAHLL, ZRPIAK
BEAR P VR AN M A T A S i SR AR B A T Y [
P, I, XF3EPIA B metacaspase F R K H I BE)
IFGT, % B - b o) R AL 0 A 2 AT M B 1 8 4 3 2% L
M type 15 type Il metacaspase 3 K AH H.AE A &
HEENE L,

AW E WA T3P AKEE type 1 metacaspase
FE K ORF J37 31 Je o2 5 45 HL0, 75 572 17 1 41 i At
T-ER . L3 PCRMEF A 78S 1) A e e b o v

%% 1 1 type 1 metacaspase &K Iy 44 A CrMC1 .,
AR, CrMC1 H A type 1 metacaspase 471
PR N R 2R E & X . A58 p20 5 pl0 4514
WL S =R e = R 1 PO 254, I AR
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e 540 %

g3

b L5 E M E Y metacaspase EL A, Type 1
metacaspase 7E fo 5518 ) 55 TR REAR e M A MO ST T v BT
P A O AF e BN, AtMC2 RIBRALE
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Cloning of the Metacase Type | Gene of Chlamydomonas reinhardtii
and ItsInvolvement in the Regulation of Programmed Cell Death

ZHANG Hengyu', LIU Yiqun’, GE Yuan'"

(1. College of Marine Life Science, Ocean University of China, Qingdao 266003;
2. College of Fisheries, Ocean University of China, Qingdao 266003)

Abstract The metacaspase is a cysteine protease with the substrate of arginine/lysine, specifically
found in protozoa, fungi, and plants. The metacaspase is generally believed to be closely related to the
caspase of the metazoan. Previous studies have shown that metacaspases can be divided into type I and
type Il according to the differences in their structural characteristics, and both types have been found to
be involved in the regulation and the control of programmed cell death in various plants and protozoa.
Based on the information of the sequence of the Chlamydomonas reinhardtii type I metacaspase cDNA,
obtained from the Genbank database (Genbank NO. XM 001696904), this study was able to use the
method of two-step nested PCR cloning to retrive the Open Reading Frame (ORF) of the sequence of the
C. reinhardtii type I metacaspase cDNA. The ORF sequence, mentioned above, was named as the CrMC1
in this study. The length of the CrMC1 OREF, in its entirety, is 987 bp, from which can be inferred that
there are 405 amino acids encoded in this sequence. By the method of homologous sequence comparative
analysis with the already known type I metacaspase protein, it was then found that the CrMC1 has
conservative p20, pl0, linker domain, and arginine and cysteine active center sites. Furthermore, this
study is also able to show that, during the H,O, induced programmed cell death of C. reinhardtii, the gene
transcripts of the CrMC1 was increased at a statistically significant level (P<0.05). The gene transcripts of
the CrMCI1 then reached its peak after 2 h. Eventually, the gene transcripts of the CrMC1 decreased to the
same level as it was in the control group at 3 h. In conclusion, the results as discussed above have
indicated the following: the C. reinhardtii CrMC1 was involved in the regulation and the control of the
H,0; induced programmed cell death of C. reinhardtii.
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