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The Spatiotemporal Dynamics of the Small GTPase ARL13B
during Mitosis in Microglia

SHEN Jiahao', CHEN Jiaxin®>, ZHANG Rong?, HUA Junrui’, HE Jinpeng’*, WEI Li**

('School of Radiation Medicine and Protection, Soochow University, Suzhou 215123, China;>School of Public
Health & School of Basic Medical Sciences, Gansu University of Chinese Medicine, Lanzhou 730000, China,
*Biomedical Research Center; Institute of Modern Physics, Chinese Academy of Sciences, Lanzhou 730000, China,
*Department of Clinical Laboratory, Gansu Provincial Hospital, Lanzhou 730000, China)

Abstract The small GTPase ARL13B plays a crucial role in the formation and functional maintenance of
primary cilia, yet its functions in other cellular processes remain poorly understood. In this study, immunofluores-
cence staining analyses of ARL13B and y-tubulin are conducted in microglia and glioblastoma cells. It is found that
ARLI13B is not only specifically expressed on primary cilia but also begins to accumulate at the equatorial plate

during metaphase of mitosis. Subsequently, it sequentially forms ring-like and double-rod structures in cytokinetic
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bridge midzone, ultimately distributing into daughter cells. Immunofluorescence staining of spindle microtubules
and midbody microtubules (a-tubulin) displays that ARL13B sequentially accumulates at the cleavage furrow,
contractile ring, and the middle region of the midbody, termed the stem body, starting from the anaphase of mito-
sis, indicating the involvement of ARL13B in regulating the mitotic process. Furthermore, during the telophase of
mitosis in microglia cells, the ring-like or double-rod ARL13B structures consistently stay in the stem body region,
with their ends connected to the termini of midbody microtubules on both sides. However, in glioblastoma cells
ARL13B not only accumulates in the stem body region but also exhibits extensive colocalization with the midbody
microtubules on both sides. Further investigation demonstrates that inhibiting ARL13B protein expression by siR-
NA significantly reduces the proportion of cells in telophase during mitosis and leads to an obvious decline in cell

proliferation. This study shows the spatiotemporal dynamics of ARL13B distribution during mitosis in microglia,

and provides preliminary evidence for its novel function in regulating the mitotic process.
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%5 : 11095080). Opti-MEM(%% 5 : 11058021).
DMEM(Dulbecco’s modified eagle medium)/F-12(15%
51 11320033 AR5 7R B H Gibeo A Al 5 G4 1ML
5 FBS(fetal bovine serum, 575 : FSD500)% H Ex-
CellA]; 100x HHERMMIREEE R (185 : P7539)
6 H Sigmaa & ; /NPT ARL 3B L T4 (T8
51 66739-1-Ig). i A\ ARLI3BZ Fif£Hiik (585
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51 60004-1-1g) BRI E AL (HRP)FRIC ) L1 =
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JEMA 2 KOG (B85 - WBKLS0100)H [ Merck A
H] ;40 2% W RIPA (radio immunoprecipitation as-

MEM (minimum essential medium,
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say, $2%5: PO013C)IW I bifg 38 = KA H A AR
AT FESRLA ARL13BIY siRNA(siARL13B-1#/2#,
%5 : siG000200894A-1-5/stB0016505A-1-5). [f]
PEXT I SIRNA(NC, 575 : siN0000001-1-5). EdU(5-
ethynyl-2’-deoxyuridine) 4 ff1 34 58 i 77l] & Cell-Light
EdU Apollo488 In Vitro Kit($ 5 : C10310-3)I [
7T AR R A PR A R A A% ik ) Li-
pofectamine 2000(£% 5 : 11668019). IR £h 2z i
¥ PBS(phosphate buffered saline, 775 : 10010023)
I H ThermoFisher Scientific/A &l ; 4°,6-diamidi-
no-2-phenylindole(DAPI, %5 : H-1200)/4 H Vector 2
i

1.2 753k

1.2.1 #mfeizi HMC3 40 i fd & 10% FBS.
100 U/mL# % Z 1100 pg/mL4E % 5 MEMES 35 3L,
MO59K ATMO59J1# FH§ £ 10% FBS. 100 U/mLE&H %
100 pg/mLEER: 2 1 DMEM/F-1235 553, | 8575 T
5% CO,. 37 °CIEIG A MRE 7240 -

1.2.2  #@mfest A RNAT I # HMC341 i
X103/ )EFT T 35 mmEFFRILET 7% 24 h, 14 Lipo-
fectamine 2000%% 4+ 7] 7E Opti-MEM#5 77 5 i £,
ZEsiARLI3BFINC(ZKE A 50 nmol/L), # B4t i
B IR LA )35 72 5 I N & siARL13BEUNCIP)
Opti-MEM#; 753 | fERF 2 A8 IR E S h)5 56 o i
BRIk, 4keR3E9R 48 h, I RIPARRHUSE A, I
T B 5 G BN AS U siRNAXT ARL13BER
K I HI 2R . siARL13B-1#/2#10 17 5143 5]
9: siARL13B-1#, 5'-GTG TCA GAT AGA ACC ATG
T-3'; siARL13B-2#, 5'-GAA CCA TGT TCA GCA
ATC T-3'.

1.2.3  Western blot# M ARL13B& & & A 5L
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TR ER TR 4 CCREIR 2 h, BB B A & %
#220.22 pm(¥) PVDFE, Huffsh b iR 3 01 2 h,
ARLI3B(1:1 000%:8)FGAPDH(1:50 00058 — 4t
FIRMFE 2 h, HRPFRICH =P (1:2 0004 % ) % iz i
H1 h, M FHHRPIEMA S R OGBOHAT 552 I Al-
liance LD4#EM: 5 29 K KIS, 18 FH Imagel TR 14
Xof H T AR BEAE AT 3T o

124 ZARAFEE  HRETATIUKFEEIE-20 °C
lii %€ 20 min, PBSTE¥E 37K, F:X S min, {5 0.5%
Triton X-100/1) PBSYE = i Ni&E K 10 min, {5 FH G
gett B PR iR E A 1 hjE —HiiFE 2 h, LLARLI3B
PUR (1:500% % )X W1 4F BB ARL13BHE AT Fr
10, LA y-tubBufA (1:500F% %8 )R 41 B S i Cokir ik
FThRE, PL a-tubfifh (1:500%68 )5t &5 A i A
[ R HEAT AR Ad, PBSIE B 3V G 1 I 9ot — 9t
(1:500F B ) =R A 1.5 hibi7 9 4, PBSIH T
3G H I DAPIXT 4 B A% 3 AT = e 4 v A
ECHO RVL-100-G%% ¢ WA g R AR LR B Fr,
T Image) BT HI R AT B R EZRS. EAI
SEALEAL AT, BENLIZEEL 104N DAL R0 (40 A ok
F500), Geit4F ERAERK

1.2.5 it A 88 ¥ HMC34M /i (1.5%10°
AR T35 mm¥g IR 37 °CH 3724 h)a, #H Lipo-
fectamine 20005544 NC. siARL13B-1#/2#( 2K &
50 nmol/L), % 4%5 hJ5 58 4 fif i I A ikt s, DA
ANHEATARAT AL TR ()5 HERZHL 0 disF 2 i B AR S I
S RIAERE R0 1y 2. 3 dA R FH R A USSR AN A,
FIFH U150 2 P SRR 2245 1 Zh A 45 b v S GH AT 40
MBSt , FHTH SRR X 4 i 550 AN 22 i) 40 i 2E K
M4k, fE¥44)E3 dFHIPk-RDMIL LEDS| EAH % &
TBERE LT 10 LET , IR A LSS 257
ZEHAZM A A (40 AR KT 300) AR HIGH AR AL, it
ARG PSR 225 2L 40 R B, SER 3473
UM A,

1.2.6 EdUfmfasgsasem  FHMC34HM(1.5%10°
ANEFT 35 mmIL R /N ILEE 7% 24 h, FIH Lipo-
fectamine 200055 4+ NC. siARL13B-1#/2#(&IK &
50 nmol/L) 5 hJ5 546 e 55 R BL 4 b Yy | HE L
J& BI4H B RS 7% 46 hJ5 FE #: EAU(50 pmol/L)$5 773 4k
SR E 2 h, & PBSIEVE2K G 1 4% % SRR =
L 72 30 min, 282 mg/mLH 2R S & 5 min/5 H
PBSIHYE, 18 F1450.5% Triton X-100/PBSiZE /%10 min,
BIATx ApolloZt th s WK, 2 I Y5 30 min, PBS
TEVE 3G 8 F DAPIY A BAZ i T R 4908 o
F ECHO RVL-100-G%¢ )t 2 1 1% & et Bl K 5
5~10/MPLEF (40 Az S 480K T 500) 26 B A, adid
Imagel #1F AT 4 A 2 = A EAUPH M4 i B = S it
HHHEAUBHEAIA R . SEGHE T3 R
127 SitFo4 A SReAT3k L Bk E
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Ciliated cells /%

0 -pa T
HMC3 MO59K
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10 um 10 pm
Early telophase
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A B: Gl e Y R IHMC3 FIMOSOK A W) S 4F B (ARL13B, k5, &5 S Airda) AL A4/ i ok (y-tub, 20 E)(A), H STt 4FE K 42 (B),
INIZ L DAPIE YL NG h . C: Sag R MY I ARLI3B(4k (0, (A f7 i 48) FEHMC3 AN 22 53 ZE AN A 0 AT, O AR R 27 8 A v e [X

Zoy-tub S B G Y NI, YR DAPIE YN .

A,B: immunofluorescence staining of primary cilia (ARL13B, green, indicated by white arrows) and basal bodies/centrioles (y-tub, red) in HMC3 and

MO59K cells (A), and the proportions of ciliated cells were measured (B); the nuclei were counterstained in blue by DAPI. C: spatiotemporal localiza-

tion of ARL13B (green, indicated by white arrows) in mitotic HMC3 cells, the centrosomes and spindle midzone were immunostained in red with y-tub;

the chromosomes were counterstained in blue by DAPIL.

[E1 ARLI13BZEHMC3XMOS9KZRA i) S i o Fe e 8 2 i
Fig.1 Immunofluorescence staining localization of ARL13B in HMC3 and M059K cells
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A A g ARLISBE 604 AR, 2 J5H48  ARLI3BIE R AUR G # (B 3B), HEM H AT 48 & 17
AR AT AR AN ful Ry 7 S IR 5 4, B R 46 TR TR AR . SR, S T Y e A 45 ik
FEFEIREL 2 AOIR (K2B).  H T A v e for BN BN, B 2257 2L R I B HMC3 A1 MOS 9K 4 il H
BETZMEAD T IFRER KRR 20 ARLI3BS AR H7E 7 RAE A B2 5
DL 45 B3O8 ARLI3BATBES 5 AR S MARITE fEHMC34AE R, ARL13B-5 P A (A1 44 i A vty AH
RN AT . TR AN, ARLIBBYEH AR A03EH:, (HEAR A A E LMES (K 3CHE
(RN B Y B IMR G  FF SE 4742 (BI2B), HE  3D); £ MOSOK AR, ARL13BA] 5 4 i o i) 14k

TE RIS T AR AN B A 2% EAEAE R F I 2 1Al 7 B 8 & (K 3CHITE 3E), #2758
2.3 ARLI13BZE 84 LRI E L ANFEYHEH ARL13BYE S 5 AR 4 il - B — &

NTIRFE LW ARLIBII A A RE A2 Z5M. DRSS SR M, ARLI3BER T S 504E
T HA W, BRI 4 MOSOK. HITE AL, B AT A2 S A 220 450, I HiX
FIMOSOTH AT G e e Y A 25 5 (I 3A) i —IhRES T ATAE T 2RI, AT RS R A
7N, TE MOS9K AT MOS9J4H A ARL13BIAFE 245 57 VR
RET FRIERA 5LV B, FAE R I BRI 2.4 FHARLIIBHIFIHMCILpEIETE
KRS RIRES . Ak, X~ G TH W T ARL13BAE HMC3 40 il A 22 7y 24 1
fh 22 RS T B AR B, WNFRE ASA9RIE i HeLa MM Ssha& 0 i )a, AN GSEHER T HERS S
Y. TR 225 a, W0 TR AT AETE VR AR I 22y B4 HERE . R4 S5 15 ARLI3B

(A) DAPI ARL13B a-tub Merge (B) DAPI ARL13B a-tub Merge

MiEody
10 um 10 pm
Mmdy
10 um 10 pm
Ar RIETOCYEORIMARLIZB(ER (0, H LEF kTR FEHMC3SN AT 2275 U, ordil. Rl 0 RO R AR R E U R Ak R A, &5k
PRTSE AT  X R a-tub G FOL Y N AL, PR ZEDAPIE YN (. B: G POGRERTIARLI3B(4k (1, (1 (8T LT 4R ) TEHMC34H i A7

2253 RN ARSI o 43 B I R T R B S 23, R SR AN T AR U e o-tub G SO Y N AL, R R R DAPIE Yy g (.
A: immunofluorescence staining of ARL13B (green, indicated by white arrows) during prophase, metaphase, anaphase, and at cleavage furrow and con-

Prophase
Early

Metaphase
Telophase
Middle

Late

Contractile ring Cleavage furrow Anaphase

tractile ring in mitotic HMC3 cells; the spindle microtubules and midzone were immunostained in red with a-tub; the chromosomes were counterstained
in blue by DAPI. B: spatiotemporal localization of ARL13B (green, indicated by white arrows) during telophase of mitosis in HMC3 cells, the midbody
microtubules were immunostained in red with a-tub; the chromosomes were counterstained in blue by DAPIL.
[E2 ARLI3BZEHMC34HAEH L SRR ST
Fig.2 Spatiotemporal dynamics of ARL13B in mitotic HMC3 cells
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A PTG RN ARLIZB(A (1, M1 HT KT8 )FEMOSOK FIMOSOIZH A £2 43 ZE W 43 A1, v Lo AR &7 B Ay 2 [X e y-tub Sl DO e 11y
2L, JOEEDAPIE AT (. B 7Ot ERMARLIZB(Sk (2, H ik FTR)/EHMC3 4 7ARAH ML b A1, btk Zey-tub % 5
Pt N, AR LEDAPIE N IE . C~E: FulE oot P e MHMC3 FIMOSOK AN M AL+ 2243 Z4 AR I ARL 1 3B (4 ) 11 43 A7 K 3 5
TR (a-tub, 2164 3858 12(C), I Fl Imagel 43 S HMC3 44 il (D) FIMOSOK 4 [ (E) 1 {2 ffg 2R A28 L W F 2 1 o F4 sE kP

A: spatiotemporal localization of ARL13B (green, indicated by white arrows) in mitotic MO59K and M0591J cells, the centrosomes and spindle midzone
were immunostained in red with y-tub, the chromosomes were counterstained in blue by DAPI. B: immunofluorescence staining of ARL13B (green,
indicated by white arrows) in the daughter cells, the centrioles were immunostained in red with y-tub, and the chromosomes were counterstained in blue
by DAPIL. C-E: localizations of ARL13B (green) and midbody microtubule (o-tub, red) in telophase HMC3 and M059K cells were presented by immu-
nofluorescence staining (C), and the colocalization of ARL13B and y-tub were measured along the white dot lines in HMC3 (D) and M059K (E) cells.

[El3 ARLI13BZEHMC3FIMOSIK4RRa Bk M ENFEES
Fig.3 Localization of ARL13B at midbody is different between HMC3 and M059K cells

LA siRNA(siARL13B-1#/2#4) 411 il 4 ARL13B $27~, ARLIBBAMY & — MR RN EBEH, 46
HEARIE (B 4A), KILARLIBBRIEZMEANT  RAEMIAELER bR IEEEIEM, ISR
B 22 5y 2L 20 M e A9 B — e R RE R I, T ELAE 2y R R EEAER, HrRet g — PP E 2
I M E A 22 53 2430 40 i o ) o bl p e B2 (1G22 4 B4R R T

%135% T [ & siARL13B-1#/2#4H 1121 22%(P<0.05

M P<0.01, E4BAIE 4C), KIEM ARLI3BR L 3 71

AN 22 MR A F IR, R, Bl ARLI3BYEN/NGTPEFRasiH Z IR K 5, A2 Fif
SIARL13B-1#/2#31H] ARL13B ikt i 2 (5% T TEZYIM g Z N VIR AT Bhs EE A DT 27,
HMC 340 Jfd [ 484 5 5% 26 (P<0.05F1 P<0.05, [E 4D)A! EAET X R 58 2 MR R0 ) 4T B R
HATEBE 11(P<0.01F1P<0.001, [I4EFI4F). Ll bgs® R, @EmNEAME S RIEOF /- Hedgehog. Wnt
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A: HMC3ZH [ 4L 57 L1 ARL 1 3BHE Al FRIsiRNA(SIARL 13B-1#/2#) Sk 9] %] il siRNA(NC), 2 F 5t 4 3¢ B2 A0 DI 4 i 9 ARL13B 3R F 9 3%
IBIKT, R ZR AT IR BE A3 T 9T SEAR N ik i, GAPDHAY LFEN 2. B, C: HMC3 I F% 4LsiARL13B-1#/2#. NCJ572 h, B R G Tk
A 22y ZURAR I AR B, vF SRR AR A 7 AT 22 3 ZHH A L (1 LI (B), JF RIS R VEA MR A5(C), i kAR m Ab T4 22 3 2R
HA4UAE, *P<0.05, *£P<0.01, SNCAIM L. D: HMC34l % JesiARL13B-14#/2#. NCJG0 1. 2. 3RS BG40 M0 I 5 AR X A K gl 26,
*P<0.05, S5AH AN A ANCALME L. Ev F: HMC34UMu4% Y4siARL13B-1#/2#. NCJ548 h, JFFEEAUS A SEH6 A6 I 4H A8 A 15 o, 5<% S B4 #R
GirEAURHTE (SR ) A ML L5 (B) I JR s AR B (F), 2B A% 28 DAPIRL A (1; **P<0.01, **#P<0.001, SSNCAAALL .

A: immunoblotting analysis of the expression of ARL13B in HMC3 cells transfected with siRNA targeting ARL13B (siARL13B-1#/2#) or negative con-
trol siRNA (NC), and GAPDH was used as a loading control. B,C: the number of cells in mitosis and telophase were captured by using microscope and
the proportion of telophase cells in mitotic cell was calculated (B), representative images of cellular morphology (C), cells in telophase were indicated
by white arrows, *P<0.05, **P<0.01 compared with NC group. D: relative cell number analysis of NC, siARL13B-1#, and siARL13B-2# groups for 0
to 3 days. *P<0.05 compared with NC group at the same time point. E,F: proportion of EdU positive cells (green) of HMC3 cells transfected with NC,
siARL13B-1#, and siARL13B-2# at 48 h post-transfection (E), and the representative images were captured by fluorescence microscopy (F), the nuclei
were counterstained in blue by DAPI, **P<0.01, ***P<0.001 compared with NC group.

El4 HIHIARLI3BFRIZMAFGHMCIM A 22 5 itz
Fig.4 Inhibition of ARL13B blocks the mitotic process in HMC3 cells
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