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Abstract: [Objectives] Recently, many ciliopathy-associated proteins are found in the basal body of cilia, and
these proteins are also located in ciliates, Euplotes amieti. Ciliates have thousands of basal bodies of cilia and
a complicated microtubular cytoskeleton, therefore, it is an ideal material for studying the interaction between
the basal body and the microtubular cytoskeleton. [Methods] In this experiment, immunofluorescence and

immuno-electron microscopy were used to observe the cellular and subcellular localization of Centrosomal
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protein 43 (CEP43) and Coiled-coil domain-containing 13 protein (CCDC13) in Euplotes amieti. [Results]

The results showed that the cilia microtubular organelles of Euplotes amieti were composed of the adoral zone

of membranelles, caudal cirrus, marginal cirrus, frontoventral cirrus, transverse cirrus, radiating microtubule,

and dorsum bristle (Fig. 2). Immunofluorescence showed that CCDC13 was mainly located in the basal body

and rod of cilia microtubular organelles and the silverline system (Fig. 3a, b), while CEP43 was mainly located

in the basal body of cilia microtubular organelles, and cirrus accessory microtubules and nucleus (Fig. 3c).

CEP43 and y-tubulin were co-localized in the regions mentioned above (Fig. 4), while CCDC13 and y-tubulin

were only located in the same regions on the ventral side of Euplotes amieti (Fig. 5a, b). On the dorsum,

CCDC13 was located in the silverline system (Fig. 5d), while y-tubulin was located in the basal body of the

dorsal cirri (Fig. Se). During the cell division, CEP43 was not located in the nucleus, but in the basal body and

the adoral zone of membranelles (Fig. 6a, b), while CCDC13 was observed in the adoral zone of membranelles

(Fig. 6¢c, d). Further, the immuno-electron microscopy showed that CEP43 and CCDC13 were located in the

basal bodies of the cilia, the adoral zone of membranelles, the base of the frontoventral cirrus, and the base of

the transverse cirrus (Fig. 7), and the amount of colloidal gold at the base of frontoventral cirrus of CCDC13

was much more than that of CEP43 (Fig. 7h), while CCDC13 was not observed in the nucleus (Fig. 7j).
[Conclusion] 1) CCDC13 and CEP43 are involved in the formation of cilia and basal body; 2) CEP43 can

form complexes with CAP350 to provide attachment points for microtubule extension; 3) the excess CEP43

will be regulated and recruited to the nucleus after the formation of cilia; 4) the CCDC13 participates in the

formation of the silverline system, in addition, it will affect the rate of microtubule regeneration. However, in

order to increase the regeneration off the anterior longitudinal microtubules of Euplotes amieti during the

growth period, CCDC13 is not required. The results provide basic data for further research on the roles and

mechanisms of the above proteins in regulating and maintaining the assembly and stability of the cortical

microtubule cytoskeleton in hypotrichous ciliate.

Key words: Euplotes amieti; Ciliopathy-associated protein; CEP43; CCDC13; Immunofluorescence; Immuno-

electron microscopy

W EWAN R (Euplotesamieti) J& T4F&17]
(Ciliaophora) #4144 (Euplotia), 2&iffk
FRCONEERNAER, EERR S 2. E
YFR K IH CLRE 4 R L (E. eurystomus) N
LT A EBMEE LI (Grim et al. 1980,
Sheng et al. 2011), Liu %5 (2015) FEFAricdE
DRI 7 e 26 B 25 S 0 2 R 34T T BT A
E, T NIMA . SR RS AR
fdEd (FEAAUELR M, BAE+95
10 52 JE S B R ARG A I L 4T B 48,
R RAET. FEREMFEMIEALENLS
DhRe R AR M L (AEREE 2011).

1% C(cilia) 2fFE T MR K —Fh &

KRG (B D, DR R EERN S, Eidk
EREEORST s A RRRIER A ME Y AL
Wy, I R E G T Il AL IS B AN
GERGH D AIAEEEH S, HAE (basal
body) iV [X (transition zone ) §i#Z (axoneme ).
£} BJ#E (ciliary membrane) FIFE 420 (ciliary
tip)o AL T4 BEM, ARG, S
OARFENR, 9 4H 3 BIAMEMR, HAWRE
B HIAEE AR RCAE ] o il 22 02 TR
B B = LRSI RS2 N T B S
SHIEBNIRE (Linck et al. 20160, AT
ML B 2 () A4z, I AT 2
HLO U BRI I X, IR X A KR A
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EMHREH, 5 7 o RGE T L S 1
RERKITNRE, ALFEIEF BN (Lei
et al. 2018, ZF B U A& FL il 22 Tl v 7 B A
(R84, A RCER A B AR D BEAN T (Dentler et al.
1984),

£ F 4R Ciliary tip

Infraglabellar
transport
WikzEH HEHE

Ciliary membrane

LiiiEZ2

Axoneme

) N THEX

Transition zone

BN

Basal body

B1 HE4H

Fig.1 Cilia structure

AEHMEEAZRE. POREA KR,
- EE s QLR S 1E (Bardet-Biedl syndrome,
BBS) HHFEMLEBNFEIZHAKKRE 190
ZREARAR, i, POEAXKSE T
TEIRERC, e B 20 B T A R 3 1 B
JURTEAR, 1EZ2 M5 1k i v ke 4 2 1
H, BEERZEZS TA4ERE (Hir2014),
AR UR R i B3 5 s 3 S e A b Bk PR 2
et 1 372 NEFRRAHKER, Hrh, 148
PRI R IE M T4, HFHA RS
BUEALT O 2E R (THEEE 2021) . Hioks
5 [ 43 (centrosomal protein 43, CEP43) 5—
T2 D =40 B R G A MR A 5 (Cabaud
et al. 2018), EREMAF AN 75244 1
(fibroblast growth factor receptor 1, FGFRI1)

FIZERFEE (Acquaviva et al. 2009), K,
WERRAE BRAT AE A M AR AR 7324k 1 FE AR AR
(fibroblast growth factor receptor 1 oncogene
partner, FOP). &M% e 55 1 13 (coiled-coil
domain-containing protein 13, CCDC13) J&
ORI AR RA, AT IR 220 R i
DNA #if5F2 & (Staples et al. 2014) . X PFFH
HEHZE T AERE, BEREEN. 45
BEC 5 il R VLS A N AT B AR IE RS R A
IDhRESETT A ANE R . PRI, AHIT IR 4
P IO G BT BOR IR R CEP43 A CCDC13
4R A SO AR e A, e — PR R AR IR
B RLF T b T I+ B R e S A 4
002 T AR AR 5E M BV T AL SR BB R

1 MRS

1.1 SERME

SIS B FH B 3SR h B (Euplotes amieti)
T-2019 4 6 FATE L7 5 DX U B 14 HH /K 3
R, ESR =R AR, KFKR
N (25+£0.5) C, HERRK AT N
HeEW.
1.2 SERGE
121 BHERARIE KHAM=% (20060 J5
AT, R A R A, B
LRGN, 4%% KR EEME 10 min, Ff HURH
23 I, 1 umol/L FLUTAX-2 (Molecular
Probes Inc) #uffy 60 min, i A DAPI (Thermo
Fisher Scientific) Ja¥ff, B THE%EEM
5% (Olympus IX83) FMEH-HAlE.
122 XEFF PR EEHEH CEP43 f1CCDC13
PR EIRE =% Arregui & (2002) J5i
HATOEE, BB RS, IR R
PR GLET, 4%% PR E IR 2 10 min, KR
R 28I b, ) 0.5%TritionX-100 L2
5 min, BSA MR ERI A 30 min, A 1:
1600 [ % $it A CEP43 ik ( Proteintech
Group) B Pt N CCDC13 Hifk (Abcam) %
9 E 60 min, PBST ¥ 3 X, K 5 min;
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FH1: 1000 774 Alexa Fluor®488 BB 1L
EHRRIEERE H 9T (Proteintech Group)
FEIEOEHE 45 min, WA DAPI (Thermo
Fisher Scientific) Ja¥f f, B THE%EEM
BN LS IEIE

1.2.3 XRBMRABEALBA AR
gufs IR B G T A P USCAR Az
6L, 4%% 5 I = M 10 min, F AR
E#I A E, F 0.5%TritionX-100 4FE 5 min,
BSA # PR = iR E A 30 min, A 11600 )%
i\ CEP43 #iif& (Proteintech Group) 4T
A CCDC13 Fifk (Abcam) F1 1 : 1 600 (1] 547
A v-i& & HPifk (Proteintech Group) % @44
UL 1 1 IRA)E =R E 60 min, PBST ¥k
3 K, K 5 min; 1:1000 A Alexa
Fluor®594 B I EH R e sk —
Pi (Abcam) F1 1 : 1000 HH Alexa Fluor®488
BB L FE PR R EE (Abcam)

1 1RAEZIREICHEE 45 min, %A DAPI
(Thermo Fisher Scientific) f5¥t ), B THE

w6 e (Olympus 1X83) NULZ I,
1.24 B UWERE, A 4%ZEH
P 0.5% % VR AW (10 1) [5E, B
& ZEE MK 5 ) LR white # g f0 11, A8
s B R, BSA HHRERI I 60 min
JaH 111600 1%t A\ CEP43 $it {4 (Proteintech
Group) FlfPi N CCDC13 Hifk (Abcam) %
IR E 120 min, 1 20 FIl2EPiR M G Bk E
H =9t (Abcam) ZEIGHFE 60 min; 2% F W
ALt 60 min, XWZE/KIGYE 15 ming V) &
TiE GBS (JEM-1400) FMZIMIE, B
JEN 60 kV.

2 R

21 HRERN

2.1.1 HBEHEFRE DAPT JEER, Uik
BT “37 KRR (B 2a). B
Frid s, RN A BE A E g
i fZ 2/ 3 (adoral zone of membranelles,
AZM). JBIBEE (caudal cirrus, CC). ZiE

B2 FLUTAX 5 DAPI #7iC B3 KA b RIS [ 4544
Fig. 2 The ventral and dorsal structure of Euplotes amieti labeled with FLUTAX and DAPI

a. HMIKIE (DAPLJe); b. IRITHUEMIZ (FLUTAX Jeta); c.a flb FAGE: d IFIIE S (FLUTAX Jt).
a. Macronucleus (DAPI); b. Microtubular organelle on ventral (FLUTAX); c. Combined diagram of (a) and (b); d. Microtubule organelle on dorsal

(FLUTAX).

AZM. HE#: CC. B#E: DB. HfE: FVC. HIEHE: MC. ZHE;: NC. 40M%: RM. BEMEMER: TC. BbE
AZM. Adoral zone of membranelles; CC. Caudal cirrus; DB. Dorsum bristle; FVC. Frontoventral cirrus; MC. Marginal cirrus; NC. Nucleus; RM.

Radiating microtubule; TC. Transverse cirrus
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(marginal cirrus, MC). #IE ik & (frontoventral
cirrus, FVC). BiBRE (transverse cirrus, TC)
IR [t JE USSR (radiating microtubule, RM)
DL TS TH R Z k€ (dorsal bristle, DB)
e (B 2b). FTEAE H 50 ~ 60 /NMEEALRL,
21 SR 2/3, REMATH; 9 RAUE IR
BT HEA M 6 + 3 KEAHEA:
JEIE AL T & W FAR RS, B TR 1 1Y
JAASKIN A S ARBEREE DL 4 + 1 I E5 1 HES1,
Fe 4 ARFER—%1; 2 IREBERMN 2 i HE
LT . 1 R FATHESIE 9 ~ 12 471
HES (K 2d), #5818 25~ 30 g —E
[ B FIE 51 B i
2.1.2 CEP43, CCDCI13 HifkRAhrie G
PENLE R, CCDC13 FE &M T LA
B g S (HEA. BME. SE.

PGS BUMTE) MFEARLF A5 SR
2§ Z 4t (silverline system, SS), 4 fg#% (nuclear,
NC) 5 5 & K Canterior longitudinal
microtubule, ALM) 1 RMER|EA (K 3a,
b)o CEP43 = % 5E (o /£ [ 1 £ B & 1 24 LA
TR BB A%, FETS T AR 5L 2 E AL
(F 3¢),

2.1.3 EBEFERKPIEWPRRREREH
SENL POt E M R, CEP43 T3
FhEAb HUEI R DA . RME. SUEHE.
AR 1 B B B B T A (1 4a), y-TlE
HEEEMBLRENE CEP43 Efi—2 (&
4b, ¢). TEMIM, CCDCI13 FEE N T 3K
MR O BBE. SBRE. SUEBREM
ME (B 5a) 5 y- 8 & BT e AL — 3
(K 5b, ¢). £, CCDC13 FEE TR

B3 CCDC13 fl CEP43 &Rt EfL
Fig.3 Immunofluorescence localization of CCDC13 and CEP43

a. CCDCI13 EMH EfL; b. CCDCI13 T ENL; c. CEP43 I E {7 .

a. Localization of CCDC13 on the ventral; b. Localization of CCDC13 on the dorsum; c. Localization of CEP43 on the ventral.
ALM. BT R: AZM. H[EH: CC. RBE: FVC. #EMTE: MC. ZiE: NC. #ii%: SS. IR&RS: TC. Bt

ALM. Anterior longitudinal microtubule; AZM. Adoral zone of membranelles; CC. Caudal cirrus; FVC. Frontoventral cirrus; MC. Marginal cirrus;

NC. Nucleus; SS. Silverline system; TC. Transverse cirrus
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B4 CEP43 5 y-EEBRBERICILEN

Fig. 4 Immunofluorescence co-localization of CEP43 and y-tubulin

a. CEP43 JHMIENL; b. y-iUE R E R E N o CEP43 5 v~ Bz (A I 4L e 47 .
a. Localization of CEP43 on the ventral; b. Localization of y-tubulin on the ventral; c. Co-localization of CEP43 and y-tubulin on ventral.
AZM. [ CC. BBE; FVC. HIEHT; MC. &E; RM. BEMEMER; TC. BT

AZM. Adoral zone of membranelles; CC. Caudal cirrus; FVC. Frontoventral cirrus; MC. Marginal cirrus; RM. Radiating microtubule; TC.

Transverse cirrus

LAy (B 5, H y-ERAEM T EME
FH (B 5e); EM SRR, CCDC13 5 v-
MR AR I EAMAERE (B 50,
2.14 SrREARERIFA RAEER M R
SO E LN, TR oty R R
CEP43 AMUENM TZ R D HA . FIEHE. #
R DA R PR B o, e o T3 Dl . A
PR B AR BT, (AR AR bR e (B
6a, b). CCDCI3 BN FZ O, EHA
AL 1 RS ORI T BE AR, (R E AU R
MR DL B S RS i R MR %
e (B 6c, d)o
22 RIEHR
TIPS RN, TR R B
AR AA F FRIARA A L 10 Bl 32 A AN 6 4 ) L 7l
B MBI A0 R AR AN A B R 1A
g2 CEP43 RiAR Gtk (B 7Ta~e). £F
BIAA, FIEBEIA, T AR R E

IR ER AT W 2L 3] CCDC13 R4 ik (& 7f ~
i), RN, FIEIEREAT CCDCI13
A 4 30N CEP43 £, TEZN A% AR W 4% 2
CCDC13 [ A4 4 ki .
3 Wik
3.1 SERWEAD A BB UERE

DI BRI RERE BT BoR 47 B R4 B
HIPH 8 ke GRS 2008), FFFELFE &
HAAE T TN, AN # CE
aediculatus) (#R4k%E 2013) AU EKIFAM S CE.
woodruffi ) (ZEZFA%E 2008). B IEHRIC T
N, AP R AIE BB S AT AL
B, EEEM BT, PIEMESR 6+3
B, BB MAGFEHE ST, BN
U HER. AN, SEESE 9~ 12 %1,
f—FH 25~ 30 IReFE. Hik, WIS
FoAth £ & OB AL HES 750, FRR
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B 5 CCDC13 5 y-iiEE A B Rotite s

Fig. 5 Immunofluorescence co-localization of CCDC13 and y-tubulin

a. CCDC13 JTHIE s b. y-fE & AR EAL; c. CCDC13 Fl y-fis & AR LA d. CCDC13 HiEN; e y-EEATHEEN; f

CCDC13 Fl y-T 8 8 H i T L

a. Localization of CCDC13 on the ventral; b. Localization of y-tubulin on the ventral; c. Co-localization of CCDC13 and y-tubulin on ventral; d.

Localization of CCDC13 on the dorsum; e. Localization of y-tubulin on the dorsum; f. Co-localization of CCDC13 and y-tubulin on the dorsum.
AZM. DJH; CC. B#iE: DB. Hf®E: FVC. HEHE: MC. SfiE: RM. BEMEMER, SS. MLERL: TC. Mt

AZM. Adoral zone of membranelles; CC. Caudal cirrus; DB. Dorsum bristle; FVC. Frontoventral cirrus; MC. Marginal cirrus; RM. Radiating

microtubule; SS. Silverline system; TC. Transverse cirrus

THAE A3 A B ok B RO RS R B T T R 7

B RS 2 AT R AR B 2R Y JZ S 4

3.2 HERES CEP43 ¥ A Z M
CEP43 A& H ki T 1 55 22 2H Bl

43, 1 H @ AL F A& (Acquaviva et al. 2009) .
sk TR A E G AR LA R A 2T
WAL, e, HTFE2S5HEHNA
MEERARN, FHSGEEAZEMFERR
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B 6 CCDC13 # CEP43 7£5 R S B 7 5E br
Fig. 6 Immunofluorescence Localization of CCDC13 and CEP43 during the division period
a, b. CEP43 73ZHUI5ENL; ¢, d. CCDCI13 73 RMEfL.

a, b. Localization of CEP43 during the cell division period; ¢, d. Localization of CCDC13 during cell division period.
AZM. HE: FVC. #EHE: NC. 4ifE#%:; RM. BMEMERE R, TC. Mt

AZM. Adoral zone of membranelles; FVC. Frontoventral cirrus; NC. Nucleus; RM. Radiating microtubule; TC. Transverse cirrus

B 7 CEP43 15 CCDC13 i gif
Fig. 7 Immuno-electron microscopy view of CEP43 and CCDC13

a. CEP43 FELT BIEHE AL ; b. CEP43 72 I H i B AT EAL; . CEP43 FEAURMBIEHE i ; d. CEP43 TERUIMEMMUEN.; e. CEP43 7ELN
W AL; £ CCDC13 ELFBIEMEN; g CCDC13 1E AT E A h. CCDCI3 EFEBBIEI EA; i CCDC13 £ERBBEE (K BiE 17 5
j. CCDC13 {E4H A% e AL«

a. Localization of CEP43 at the basal body of cilia; b. Localization of CEP43 at the basal body of adoral zone of membranelles; c. Localization of
CEP43 at the basal body of frontoventral cirrus; d. Localization results of CEP43 at the cirrus of transverse cirrus; e. Localization CEP43 at the
nucleus; f. Localization of CCDC13 at the basal body of cilia; g. Localization of CCDC13 at the basal body of adoral zone of membranelles; h.
Localization of CCDC13 at the basal body of frontoventral cirrus; i. Localization of CCDC13 at the cirrus of transverse cirrus; j. Localization of

CCDC13 at the nucleus.
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(Birenz et al. 2011). CEP43 B4 A
CAREAR, FF H AR G0 A e A T
O, Beb O AR ER A A EAE FH (Popovici et al.
1999). CEP43 KBRS BILEL M
M5l K4E#I (Vizmanos et al. 2004), {HIH:
TEA BT AN AR I 2 A 4015 56 07 T AT AR ANTE
. AW RN, CEP43 1B g e Wk
T4 B A LA AN AR T S5 X, 7R ik
ERL RAEH A BME R R MR E
fr, RWZEARZSHEETEBHEHRARGEN
Blo. BT AR E TE R AL, Y
HR S 54 BN RO R A, 4B
HI 2 C AR E RIE 2% 0 o Bornens 4§
(2002) EH], FEAKRME S EN — RN E
B4R, H CAP350-CEP43 & &N &
FI DA AL s B AR e,
i CEP43 FKik )54 FEUME H#i € Dhae A
W25 B - EAER (Yan et al. 2006). 55— /5,
Mg REoR, y-EEE S CEP43 Z[Alff
TEILERT, H CEP43 AMYUE AL T334~ HL )
T M A AF B IR, (At 08 A E 40 A%
A SCERTE Y G2 LT BIE AU 2 R 1) CEP43
S “BEES” (Lee et al. 2013), y-TEEREAZ
AL O FR BB 1, Stearns %5 (1994)
RIL, TE y-T0E A E SV IR AL =ik
2 (Adenosine triphosphate, ATP) [F]i 77 1E 1]
THOLR, BERSAERSME O, R -
HEHICEAWWEORENZIIGE 1. Fit,
BATHEN -8 T A E A 1% CEPA3 Z 541 &
PPN, REGEBRREKRZR
[f) CEP43 552 A b ) KA b o 7 240 %
PN WUESLIX — S5 AL, 8 Rt
B & A BRI E B 3, 5T L,
Y i 3 LN I IF A %% CEP43 % E AL .
3.3 HHMERFERAFE CCDCI3
CCDC13 B Frbk DEEH, Z4EK
JRET LRI A ea RiE7R, CCDCI3 &
AT M CE M s DL T R4 R 45, (HAT
INTRE LB A WS R AL . Stearns &

(1994) KHL, CCDCI13 /K GF-HyiH~TE4AE T 6]
2 M 1 U 2H R DL R AR B S U AR R
71, W CCDC13 TE4F B R A i FE 2 AN A ik
/b HJ. Dammermann (2002) i KI5 A B AR
BRI SG A, KILER CCDCI3 4 2
NUE B EE RGN, g #Rik CCDC13 4
LS T S A B S R P A R B e, T B
MEHAETEPONEASS. WHAMERIX
AT BB M 28 AT R BB SR 5 1%
WA R, AT AR RIRES, T T
Ll AR R LA B S T AR 2R R G 55 45 M A
SRR O AT, A PR AT A R 4 %
MEASE, KHIk CCDC13 25 T MBI,
BHZSUHPME R thah, 456 10H
W BIEWE. BRI E S  k B h
FAEUHA A, CCDC13 K% &7 CEP43 £,
Y y-E R A RS CCDC13 fERgm 2 A M
[, EAZ y-ERAEEMRE. LEhfid
BER, y-IEEEM CCDC13 783 37
IS E A A, {5 CCDC13 fE I @ A T4 2k
R, M y-fEE A EMN T B, R
S P T THI (0 ER 26 R G AR A b Al P B 2
FRAME B —# 4, JFH CCDC13 Z5TE
B RE R G IR =55 1 N
RIS, 2 RG0S S R 4L — 5T
a5, WANRASRERITE R, HAE AN AT 40
BB LA, i, RERGHHE
CCDCI13 jEfL, MHATHME R _EI%A CCDC13
SERL. T TH 2R B AN 2 1 R B R ) e =tk
ITSEBAN, EH A TR DI A B,
T & A B AT 5 734 (Liu et al. 2015),

CEP43 1 CCDC13 REMFE it 1 0o A 5 i
R A, BT £F B0 L 3 T R 7R AL
RO WERANGEEASS, HFHERA
JEHEF IS M de 4549, IX T BRAR K — #0435t
g DRERAS S, WG udt e i s 1
KE, HEE KD CCDC13 1 CEP43 {E15fih
BRAE RN . T IR S SR S By
PREER, BRI R S, B
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