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Clone and Prokaryotic Expression of Centrin Gene
from the Fern Ceratopteris thalictroides
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(1 College of Life and Environment Sciences,Shanghai Normal University,Shanghai 200234, China;2 Shanghai Key Laboratory of
Plant Functional Genomics and Resource, Shanghai Chenshan Botanical Garden,Shanghai 201602, China)

Abstract: In ferns, the spermatogenesis is a process of de novo formation of the motile apparatuses and the
molecular mechanisms of the spermatogenesis were unclear. Centrin,a highly conservative calcium binding
protein usually locating in the centrosome, was considered to be the protein that participates the formation
of motile apparatuses. Cloning of the centrin gene has some significance for elucidating the molecular mech-
anism of spermatogenesis of ferns. The present investigation cloned the centrin gene (CtCEN) from the
fern model plant, Ceratopteris thalictroides. The full length the ¢cDNA sequence of the CtCEN gene is
1 077 bp.and the structural analysis showed that the gene belongs to be centrin gene of EF-hand protein
superfamily. Phylogenetic analysis indicated that the CtCEN of the algae, ferns, animal and human, all of
which produce sperms with flagella,is clustered in one branch. The CtCEN of angiosperm is clustered in
another branch. It is suggested that the centrin may participate the genesis of flagellum. The prokaryotic
expression and Western blot analysis showed that the expressed protein of CtCEN can hybridize with the
centrin protein antibody of Human, which indicated that the C:CEN belongs to the centrin family. The
present studies lay a foundation for the molecular mechanism of the centrin participating formation of mo-
tile apparatuses in fern spermatogenesis.
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R, BD centrin fx 4] J& &3 ( Tetra-
selmis striata) P BB —FEEEGEH. BT
5 BE RSP EF-hand & (R BLE A1 centrin
AT B (B B RS BT A AR Y U
MYiprht™ . KESP centrin FES HMIEIY AL,
SE SR A Y — A EE R AR
centrin F [ X 2 1 J& 104 50 14 1Y 97 1A 2 of) ko
LAEY . Errabolu 58 M AW i e LS E B T 3 A4
centrin [AJF A [, Hrp Hscen3 7 t0 A& il op
HAEEERY . S5MEY 0 centrin 2 [ 05T 1
B B BAE IR ST (Arabidopsis thaliana) FlH 2
(Nicotiana tabacum ) H 3k 8 T centrin [6] J§ 4L
S HAE XTSI RE R W HE . BJG Klink
LA S T T Bk 255K (Marsilea wvestita ) W 58 [
18] Mo-centrin XA 5 K TE 3 /NME 7 & & Bir Bt
O 2 & A5 % IF H LA BB A T R B R 9 A1
S TEHETC TR & B R & £ B v, centrin
EASYH TEsh MM g st #2245 BTk,
centrin # F7E = AW FE S 5o K K L
LA oy 2 A M AR AR S AR b RS 5 s 5 4
A5 R 1 A A o RIS AE ) 2 v SRR i — A
TRIEHE  HOKS 7 & A 0 — 12 3l 4 i % E08T B Y
R centrin EAWA W RS H TX —d . A0t
5 MR W A W) K 3R [ Ceratopteris thalictroides
(L..) Brongn. |4 75 £ 3] centrin #: [N (C:CEN) 3f
X HHEAT T 5 E X X5 B BH centrin 7EBRSHE F & A4
DI RE LA K 2 — B WFHY centrin 35 2 51z 3 4
J A58 B R 2o AR N 23 AL BE5E T A
L BPR T
L1 # #

PATC B B35 3 J8 A2 A 1 7K BRI 2 e T 1 Sy 52
A RE. ik pET-32a 3K Tt 24 B WA
FRA W . BRI SE T L 50 R 28 s A RO R
Al AN centrin 8 A PTG K T R AR R
BHEA R A A .

1.2 CtCEN BRI

PR I 28 A ) RNA$2 B0 70) & 1 ] 45 32 1
JKBR L F K & RNA, R Invitrogen 23 # 1) Su-
perSeript™ RT 1 J2 # 5 it 71 £ I % 5 4% <D-
NA, ## GenBank T4 /A A9 centrin FEH , 117
[ PEPE LG A, AR A B S B DX (2 300 bp) o AR
PEARSE X B 7 81, B R SF KP4 51 4 (5
GACACTGATGGGTCAGGCAC-3"#15'-CAAGA-

GATGATTGATGAAGC-3"), j# & PCR J i 3k
PR SF R B, R B R B A 10 X LA PCR
Buffer 5 pL,LA Tagq fi§ 0.5 pL,dNTP Mix 8 pL,
AR 1 pL. 394 5 pLo i ddH, O ¥ 3 50 pl. 2
MR A 94 CHIAEYE 5 min; 94 CAZHE 30 $,59. 9
CiEk 305,72 CHEM 1 min, 3L 35 MFEH ;72 C4E
i 10 min, R LR SF B AL S B 4 KA T
SE SN Y AR5 NCBI ) B X 25 58 U S 58 R B
HHABY R A centrin B K HA R IR . AR In-
vitrogen 2\ &) ] GeneRacer™ Kit 4t BH 45 43 5l % i1
5'RuRA 3 K u B (5 -TCAGGAAGGCGTTCA-
AGC-3",5'-CTTGAACGCCTTCCTGATCTCC-3") ,
K RACE AR 4350938 H B 3L R 3" A o 1 5
A i, W7 PF 2 K15 S8 88 1) CtCEN LR cDNA, i
— X AR 4 K cDNA i ORF [X 38 #1743 #7
B W) 0 4 8 31 4 (5'-C[CTCGAGATGTC-
GAGCTTCAGGAAAGGTG-3", e N H Xho T [
Yl fir 4 : 5'-C|GGATCCG/CTAAAAGAGGCTTG-
TTTTCTTCATG-3", HEN K BamH 1 BFYI 7 5
P38 CtCEN & H 1Y it )7 51
1.3 CiCEN EEEZRIEREHNAE

3 AT B W M R VK R CeCEN 4 5 X PCR
7 R B DNA gl 46l 0 & oF 47 B Bl
it B 6 #: 9 D) B BamH 1T F1 Xho 1 %5 I J¥ 1 #
(9 i 5 AR A 2R 8 AR (pET-322) 43 5l XL
I % EEY S B JBORL AT PCR 77 95 43 51 47 180 0, 4%
L4 fyHefl A T, DNA #EHRE 16 CiEmdn.
FH % #2764k DHS5 o« 8% 52 25 41 0, ¥ A 9k BB 5
B 0 S EE 2 H R R I A T i E A
kL AT 44 pET32a-CtCEN
1.4 CrCEN ERBFE#ZRIE

¥ pET32a-CtCEN T R %L E. coli BL21
R PR E B A TR VR AT YT OR B SR . ZE R ODsg,
KE] 0.6 AT N AGE /5 55 IPTG, 37 “CYksk
P35 4 hy BR/NEFEL 1 RA R (0. 5 mL) , B0 W |
A A1 R P S AT R 7R AR s 500 S A R b 3 A
UUVE W FE IF 3l b SDS-PAGE §E Ji HL Uk %8 28 3R 38 45
Ko N TH— LUK EHE T centrin HH X |
i T A A AT Western blot SEER 39 Ik .
— BRI A B centrin B 1109 BB B BB
1+ 1000 ; H 36 £ 19 02 B 3 804k W B A 10 7 - 4L
Bl IgGL M BB g2 1+ 2500, f% )5, # AR o A 1k
Y DAB & 3850 & U6 W 5 AT 68 S e 0k R
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1.5 CtCEN EEHMEYMREEZSH

X AR A5 B9 C:CEN J 7B 4 % 1) =0 3 1R 7
5[] GenBank HH B HI[Y centrin 24 3R J3 51 i 17 4
I X FI Clustal X A MEGA 5. 0 {444 1
NJ RGEMW .

2 AR5

2.1 CtCEN EEMZESFIISH

WA E Mu-centrin Fe RS X151 ¥ 3 1
AT KR CcCEN B PR 57 X7 81 28 v B i )7
RAFKEE N 342 bp WP 5. Al RACE £ A& 4341
Xt CtCEN F& R 5" it #l 3" K g b A7 97 3% . 28 i [
W FE 25 Bk 51 942 3% )5 43 34K 45 5" A Ui 504 bp.3' K
Uit 734 bp WA, XFARAS B 5N HEAT R L T4
KG9 CtCEN 3£ 4 K cDNA, fE 17
ALY RS B2 1000 bp. 5 B AL 15 51
KA

¥ B 5L B R B i 1T Ui O e R AR A
AL Bk o B B A 0 L T S S e e RS
HAWP AP centrin FEH R, P51 44K 1 077 bp
(2>, i@t #8 NCBI £ 47 Blastn 23 #7 . 45 R 3
W] CtCEN ¥ 53¢ /N 37 W 6 L A8 L V1 6 A1 2
BEEAM I, 7 0% Ay, ZEENMF — 4
510 bp JF B SEAE . A% HAT 170 A28 L R ok 56 1)
R T AR 5 2 AR 25 A 32 BT R4 SMART
Xt SR T 5 HEAT A A 25 R B R CtCEN KA 4 A4
545 4 a5, (EF-hand) , iX 4 4~ EF-hand 43 5 7 T
5 30~58.66~94.103~131 fl 139~167 & Iz,
L AT DAEWT CtCEN 3£ [8 & T EF-hand # 5 % .
2.2 CtCEN R&GRitasE

GenBank & A ffi centrin Xt A )5 %) i W b £ &

1 2 3

2000 bp

1000 bp 1077 bp

750 bp

1. DL2000; 2. B %f I (CFEBEARD 5 3. CtCEN 3 4 cDNA
Bl 1 CtCEN #[H 4K cDNA 751 PCR H ¥k
1. DL2000; 2. Negative control (without templates) ;3. CtCEN ¢cDNA
Fig. 1 The gel electrophoresis of CtCEN
gene cloned from ¢cDNA by PCR

GRS H Y 3 (M. vestita) FIVL T &40 (Selagi-
nella moellendor f fii) ; 3¢ K Y A 3 (Chlamydo-
monas reinhardtii ) Fl A 3 (Volvox carteri {. na-
gariensis); 15 %A Y PLEE IF (A, thaliana) | B
(N. tabacum) Fa] 0] (Theobroma cacao) ; A ( Homo
sapiens) ; B (Mus musculus) %5, M @Y & 48 5%
F & 3) A H L X 10 DAY centrin B A 73 il M
RS 5 — R AT W 2R A ) 1) 1] 98 N A 38 R 2R A
W ERRKER LS P AR oK R LR
BHIRAE R, AR RET 9600 K T &
MZEBGER R R R XIURBRE LS 2 Mk
B8 EANTER T M B AEY) 5 X S8 B 2R A W)
i centrin F& K 355 07 L 3l W) AFI RS 3R  — 2. H.
FI R SRR ] 100 %0, ™ A HORG F 4R 1E 1R
TSR 3 [R) RRAE S A RE % 7 A B 1O Sl ke
T AL centrin B INRE AT RE L MEB R EAH L. 2R
RS AE AR ST A BRI AT AT X S ) e TR
T S AR AS L6 s ok B o R AN 7 A= e 3l 4 L
I, 8 AP P centrin BYINRE R RER AR T .

1cr
61 ATGAGCGCAAAGAGTCCCATGTCCCTTATOC TIGC TTTGATTG TGTAGACAGATGGTTCT
121 GCACTGCACTT TOCAGTGCTGTT TAGGATACCATC TCTGGAGT TTTCAGTTATTT
181 GAGGACCATTAACTTACAATATCAAGTGGAA TQSC TTTGCTTGATATTT
241 AATCCICTTTTATTTATIGATTTGTICATTT TIRCGTCACATGTOGAGCT TCAGGAAAGG
M SSFREKG
301 TCTTGGCGCTGCACGGCGTGACA AGAA CAAA GBOCGCACACAA GGOC TCACAGAGGAGCA
8 VGAARRDENEKGRTQGLTEEQ®Q
361 GAAGCAAGAGA TOCGAGAGGCAT TTGA TCTT TIOGACAC TGATGGATCAGGCACCATTGA
28 KQE I REAFDLFDTDGSGTIT
421 TGCTAAAGAAC TTAAAGTTGOCA TGAGAGCTCTIGGATT TGAA COGAAGAA GGAGGAAAT
48 A E E L K VA MGEAL|GFEPEEE[E J
481 AAAGAAGATGA TAGCAGACA TAGACAAAGATGGTAGOGGAACGATOGATTTCGAGGAGTT
68 K K ¥ 1 ADIDEKDGSGTIDFTEFEFH
541 TTTGCAAATGA TGACGACCAAGA TGGGCGAAAGAGACAC AMGGAGGAGATCAGGAAGGC

88[ L @ ¥ M T TE|M G ERDTRKE[EIREK J

108/ FX L FDDDETGEKISFENLTEERY
661 TGOCAAGGAAC TAGGCGAGAATA TGACGGATGAAGAGCT TCAAGAAA TGAT TGATGAGGC
128 A K ELJc ENXMTDE[EL QE X I DE 4
721 GGATOGCGACGGTGACGGAGAGA TCAACGAAGAGAGTTCTTTAGAA TCATGAAGAAAAC
14| DR D G D GE I NEEEFFRTIMEEK.]|

168 s L F =

841 TTGTACAAGCTCTCCAATAA TGAAAGCATCCCAATTTCCATTTTCTC TICACTICGTGAA

901 GCAGAAGCTGC TCAGT TCTC TTAATGTAGGTGCAC TTGT TATT TAGA TOGA TACC TGCAG

961 GACGAATAAACCCCATCTTTTCATCCTCATGTTICCTAAAACAGTCTGTTTICTTGICTC
1021 CTTTACGAACTGTGCAATTCAAGTATTACAGATIATGGCCAAAASAAARAAAMAAAL

LI T Rk ATG 3RoR 8 0% i M A T R 2
TAG IR LT J7 fE X O HE I ) EF-hand 455 5%

Bl 2 CoCEN HEBR 0 0 e 91 %3 40 ) 3 I 91
The ATG initiation codon is in bold and indicated by underline;
the TAG termination codon is in bold and indicated by
underline. The frames show putative EF-hand domains
Fig. 2 Nucleotide sequence of CtCEN

and the deduced amino acid sequence
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0.25 020 0.15 0.10 0.05 0.00

87 SEMarsilea vestita(AAC04626.1) e
96 —l: JKBkCeratopteris thalictroides

T 1 4 WiSelaginella moellendorffii(XP_002986680.1)
100 L 57 4 2% 441 moellendorffii(XP_002973476.1)

100 —E [41 @ Volvox carterif.nagariensis(XP_002952644.1)
100

A& BEChlamydomonas reinhardtii(XP_001699499.1)

ANHomo sapiens(NP_004057.1)
100

M Mus musculus(NP_031619.3) .
0B FrArabidopsis thaliana(NP_195418.1) I

100[ Ml EN. tabacum(XP_009788351.1)
HH BN tabacum(XP_009615900.1) 1l
78 _|: L ¥ FFA. thaliana(NP_190605.1)
71

a] af Theobroma cacao(XP_007047245.1) —

B oy SN B R FET 1 000 IRE B s 0 B R SR s i R R A B
K3 KBRSHEYM centrin FEH FH RE MK R

The figure at the nodes shows the bootstrap value based on 1 000 replications,

and the scale represents the genetic distance

Fig. 3
2.3 CICEN EEEBREHEHNETE

FIASI ABFEYIAE S BamH T il Xho T 514
¥ CtCEN % A pET-32a 33k #k, & 4 i ki &
BamH T fl Xho T Wi ¥ J5 315 K /N2 6 kb [ 2k (&
FBUA 500 bp 2847 B A R B (L 4) 3 %) BHAE S pe
HEATIN Y o W07 25 SRR W3R A va b v Be K B R 510
bp, 5 CtCEN B 751 56 4 — 3, Bl & 2 e 1
CtCEN BRI My g 7 B84k
2.4 HHNEAWEZRESH&K

# pET32a-CtCEN 4 i ki 5% A BL21 %5
F1, § 1 mmol/L IPTG i & 3 5 J5 47 SDS-
PAGE %€ . G2 A B HSFBANFEE S, A,
FNTE 38 kD A2 A5 {5 £k W 4 ProtParam Chttp://
web. expasy. org/protparam/) #i il i H 1 & H Ct-
CEN K/N2y2k 19 kD, b 25 58 5 1l (9 25 SR AH 75 .
2.5 EERNBXLEETE

2 IPTG 55 3Rk 0 F 4L 8 A # BLUJ7 1k gk
J5 % SDS-PAGE 40 #7, 2L T £ PVDF Ji I,
F 520 [R5 4 1AL JS S AR I ACH B B U cen-
trin 2 H A RPTAEDT R TG Pl T E . o
AR AR EE A, 25 RWE 5.8 Fox, R
Bk CtCEN FE H e 5 AU centrin 2K H T
PR A AC vl R R B2 KR (1) centrin B[

3T

Centrin & F 2 o0 & 945 00 2 5 73019
T A P A T2 0 a3 A BRATT K R E 5+

Phylogenetic relationship of the centrin gene sequences among C. thalictroides and other species

M, 1 2 3 4 5 00M,

23130 bp

9416 bp

6557 bp

4361bp
2000 bp
1000 bp
750 bp
500 bp
250 bp
100 bp

M, . DL2000;M,. AHind [l ;1. CtCEN %:[H PCR ;=¥ ;
2. pET32a-CtCEN BamH [ /Xho | SUEGYI =47 5
3. pET32a BamH [ /Xho | A EFY) =4 ;4. pET32a-CtCEN
BamH | ¥4 ;5. pET32a-CtCEN Xho | ¥ 4]
K 4 E4Fk pET32a-CtCEN B4 % 2
M;. DL2000; M. AHind [l ;1. PCR product of CtCEN;
2. pET32a-CtCEN digested by BamH 1 /Xho I ;

3. pET32a digested by BamH I /Xho 1 ;4. pET32a-CtCEN
digested by BamH I ;5. pET32a-CtCEN digested by Xho [
Fig. 4 Identification of the recombinant pET32a-CtCEN
plasmid digested with BamH I and Xho |
R s S| centrin iy cDNA F Bz, HoK /N 558 %
FiHERY 50 %6 ST I LR Y PR AR B 36 T 4 4
B T 45 5 45 3. Western blot 20 #7878 % Ct-
CEN & H ] 5 AN centrin 8 H M HTiA45 & . £ W]
e B A DA A O centrin KRR, [R] 9 23 A R B
CtCEN F:H 5 HAb 4 i 1) centrin 3 P[] P56 P 4
s AN RS o N R G AL C R R E . CtCEN
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A, FEH PR pET32a-CtCEN 35 R 55041 - M. I 11 marker
(Takara A H]D ;1. K% IPTG i FMEEM2~6. T 0.5,
1.2.4.6 h G EHEN 7. &1t 6 hiFFRI A EMEEN
8. 44k 6 hifs oAk Al A 1 (102043 B KO 5 B. & IPTG
75 0.0.5.1.2.4.6 h )5, mHEHM Western blotting £ Il 45 5
K5 EABOR pET32a-CtCEN 1 K # 1 Hh 9
Vo 3Rk SR 20 4R Y S BN A AT
A. Inducible expression of the recombinant
pET32a-CtCEN plasmid: M. Protein marker;1. Total protein
without induction;2—6. Samples collected after induction by
IPTG for 0.5,1.,2,4,6 h,respectively; 7. Soluble protein for 6 h;
8. Insoluble protein for 6 h;B. After induction by IPTG for 0,0. 5,
1,2,4,6 h, Western blotting analysis of the recombinant protein
Fig. 5
pET32a-CtCEN plasmid in E. coli by IPTG and

Inducible expression of the recombinant

western blotting analysis of the recombinant protein
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