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Abstract

flow that is crucial for various biological processes, such as mucociliary clearance in airways, cerebrospinal fluid

Motile cilia are present on the epithelial surface in large numbers to generate a directional fluid

circulation in the brain, and fertility. Dysfunction of these cilia causes chronic tracheitis, hydrocephalus and infertil-
ity. In spite of the important role of motile cilia, little is known about the mechanism for accurate construction of
intricate motile ciliary structures. Here, using a combination of proteomic analysis, super resolution microscopy,
electron microscopy and live cell imaging, this article discovers that Pcm1 may undergo phase separation to form
FGMs (fibrogranular materials), which regulate deuterosome size, number, and distribution, and selectively concen-
trate multiple important centriole-related proteins as clients. Disruption of FGMs markedly affects the ultrastructure
of motile cilia. Together, these findings demonstrate that FGMs organize deuterosomes and centriole-related pro-
teins to facilitate the faithful assembly of basal bodies and multiciliary axonemes.

Keywords motile cilia; fibrogranular material; deuterosome; basal body; axoneme; centriole amplification

2 B(cilia)t — MR M T AR ARACK  RAE, BE R A AR R B, B

IR AN M A, 3 2R R A A, 04 5 Ak (basal AT A RN AL 326 240 R AMME - RO DY RER, HL e
body). % #z [X (transition zone). %# #Z(axoneme)F!l WI A Rs 5714 43 47 [P Sonic Hedgehog(Shh)f&
L BIBEFELE(E) . FARTELT B R A R Ok WA S 2R N TR BRI R BT S 50

BT MASNEKKRE, 5924 GPCRZ /K
A KA 2R 52 443 (shekel somatostatin receptor type 3,

778 i it J@ W (distal appendage)E 46T Ak, K]
I, FEAR R AR ZE M R T rhobE, B O L2 =B

PRI LR BRI B S M o FE A S A0 B R R 4 S AR I
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Gy B, i Ak 22 DI/ BT () At bl b g A, T
BET B I EARTICE 454, 5 B L 20 = IBR TS A
[F], 22 5 B LA IR B A R -2

ARG BN, (HRIEMIGRE K2 M
HINfe T RIEE BEAEH . WRIELLEMIIEE, L
X3 PR R (1) %)Jéw%%(primary cilia), 4=

SSTR3). ML % 5214 6(serotonin receptor 6, HTR6)+
IR 21 i (Rhodopsin) LA J GPCRAE 51 4% T i it 1
FRIMEE3 (adenylyl cyclase 3, AC3) AR 771 70 A1
THIRAT T, (2) iE3IMELT B (motile cilia), T2
ITie sl e, Bt Esh L B RS, W LA
i % T T BRSO A i 2 B4 kB J1. N T
LI EN LB RIE S ThRE, TEE A R AES
ANVIp R 2 1) 27 B 38 B PR 1R R 45 R /4 B 7 B

WIAR N LT BT B4R B AE — 52 2644 R AR ] LLTE 1) 1 (inner/outer dynein arm, IDA/ODA). &4} fi(ra-

Axoneme
Transition
zone ” ‘ ‘ l “QW
@ &’
%Q,‘m A
Basal baby  LpSiutasguivtl 2 MM | Motile cilia

Ar SFREEE L FARIX . 2 MRS, B B R R SRR R B AR I () LT B SIS Eh AR Cr R B R R
TSI IR 2 £ BN R TS S VAT B
A: diagrams for the typical ciliary ultrastructures of the basal body, transition zone, or axoneme; B: representative 3D-SIM images of primary and mo-
tile cilia in mouse ependymal cells; C: scanning electron microscope image of motile cilia in multiciliated cells of Xenopus embryos.

Bl MEAEMEHAEBNELLEGRARESE TH 241220

Fig.1 The typical ciliary ultrastructures and images of primary and motile cilia (modified from reference [24])
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A REET T AR L BL(FIB-SEM) )7 22 1 B AL P T YRR ALY 5 B8 BE PR A 22 18] 04 B: Pem 1)y BCRA AR B HIRSE . ZL MR (7 Sk or
GITNIVE 22 S R e SR 2N e Y

A: focused ion beam scanning EM (FIB-SEM) revealed the spatial relationship between FGMs and deuterosomes in multiciliated cells; B: Pcm! frag-

ments phase-separated into hydrogels. The red arrowheads indicate deuterosome-procentriole complexes spatially adjacent to FGM cores, and the blue

arrow indicates the FGM.

E2 Pem1iB5 B M E M UER TR I ARSI (R IESE CRR 24112250

Fig.2 Pcml undergoes phase separation to form fibrogranular materials in multiciliated cells typical ciliary

ultrastructures and images of primary and motile cilia (modified from reference [24])
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