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[ Abstract |

and to investigate the optimized strategy of primary cilia immunofluorescence imaging. Methods: Cells were fixed with 4%

Objective: To compare the effects of different fixation methods on primary cilia immunofluorescence in mammalian cells

paraformaldehyde (PFA) , methanol (MeOH) or 10% trichloroacetic acid (TCA) , followed by the same conditions of penetration,
blocking and antibody incubation, and finally the primary cilia imaging results were compared under the same shooting parameters.
Results: PFA fixation resulted in the better imaging of ciliary axoneme proteins and part of the ciliary membrane proteins , and MeOH
fixation showed more clear imaging of the proteins localized at the bottom of cilia. Compared with other two methods , TCA fixation was
suitable for some ciliary membrane proteins and axoneme binding proteins although the staining signal of ciliary axoneme was weak. In
addition to the variations of fluorescence intensity, there were also minor differences in protein localization observed by staining after
fixation using different methods. Conclusion: Each of the three fixation methods has their own advantages and limitations in
immunofluorescent staining of primary cilia, and the appropriate fixation method needs to be selected with comprehensive
consideration of the experimental purpose and the characteristics of target protein.
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HETC K MW R B ZME T A
5, F1 45 Hedgehog {5 5 i % . G & I Z 1K (G
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acid, TCA ) (_ 122 5 Ri A 7)) ; AC a-Tubulin Bt
1K (Sigma-Aldrich 23 &, € [F ) , y-Tubulin . SMO $Ti&
(Santa Cruz /A w] , 9% [# ) , ARL13B . IFT88 . IFT140,
MKS1.INPP5SE .GPR161 A (I =&/ H] ) 5 50
T PT Goat anti - Mouse IgG2b 1 Bt 488 Goat anti -
Mouse IgG2a {B £ 594 . Goat anti - Mouse IgG1 {8 BE
647 .Donkey anti-Rabbit IgG (H+L) {5k 594 (Invitro-
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AR E . AEMER LS SMO 1Y S8 5 ERE AT
PEAT I L A B 355 R 3L M AS I 200 nmol/L 1)
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TERIREF a4

122 BEZ7ik

[P 2 20 BT, U T 40 M 5 R0, FH PBS 22 v
A L P

PFA [ %€ : 4%PFA KA F-20 °C, ffi FHIHE
IR, BT 4 CIRAF . NIIR BT 4%PFA P %
T %€ 30 min, 2 J5 FH PBS 1 VEFIX

MeOH [# 72 : 7 4 il MeOH [ % Aij 75 151 771 19
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FE ML B ARLI3B 5 5 55 , 1fif PFA 5 MeOH
FE P EF B E SRS 59 H E A =2 (%A B 22 51 (1A
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2B.#1),

FEXTEF BRI PO R gL A iy S o, AT DOULES
£ MeOH [ 5 1Y MEF 2 Ji A7 554§ #Y y-Tubulin 4 {4,
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E1 AFEEF A MEF #1 RPE1 Z8f£F % AC o-Tubulin 527 5 3¢ #5208 (x630)
Figure 1 Different fixation methods and their effects on AC o-Tubulin immunolabeling of cilia in MEF and RPE1 cells
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Table 1 Different fixation methods and their effects on
various proteins immunolabeling of cilia in
MEF and RPE1 cells
EMCEA ME Tk
PFA MeOH TCA
MEF 42
AC a-Tubulin +++ ++ +
ARLI3B ++ ++ +++
vy-Tubulin + +++ +
MKS1 - + -
IFT88 ++ +++
IFT140 + +
INPPSE - - -
SMO +++ + -
GPR161 - + -
RPE1 412
AC a-Tubulin +++ ++ +
ARLI3B ++ ++ +++
v-Tubulin + +++ +++
MKS1 - + -
[FT88 + +++
IFT140 ++ ++
INPP5SE +++ - ++
SMO ++ - -
GPR161 + ++ -

— RMAEFILE R o+ WIEFIF B ORI 4+ S
e (0 HEH 4+« ST B (0 S5

MEF 4l Jif 1) TFT88 H 28 9 ' 52 5 & L, MeOH
[ E LT B 6 SR AY IFTS8 U (5 5, 1 H. 3 Fir ]
TE TR AL R TFTSS it A I AN[H . 7 PFA
SEAME T TFT88 15 5 22 (v T 41 B JL K 5 Tl
{H7E MeOH [E 2 i rh (55 B T BRI H
WL B 225 B 51 15 A, AF TCA [ di it
F U R R RVE R 22 0 AR (B 2A K D), 7
PFA 5% TCA [& 22 J5 Y& 0 1Y RPE1 4 ifg b 25 X0 4% 3]
IFT88 FUE o T4F B HENTHE , T MeOH [ 7 1) 248 ffd v
IFT88 15 5 28 o T£F B3I 5 Tl , FLAE 55 5ok (5]
2B F 1), 3FPIEE T AT IFT140 15 5 4 78 {57 540
KL IFT140 ¥J5E N7 TAF BRLRHB , HAG 5 0m %
A W 25 5, AUAE TCA [& 7% (1) MEF 4 j b A7 78 “ 2k
BRI 22 53 AT O 5 (812,36 1) .

INPPSE #E {37 F£T & 4 2 Ff ik I3 1 i iz 85 1
5o Bih 22 #4855, 5T i 4 INPPSE 1 21
BB RGN Y HATIERE " MEF 4, AL

PFA 5 TCA [ 22 4 g T LA E% 51| 4R 55 () INPPSE ¥
W2z PO E S (K 2A . % 1), [B7E RPEL 41
i, PFA 5 TCA [ %2 J&5 1T LAWLEE 21 BH & 37 B 9
INPPSE i, 2 PRA [E5E J5 B4 R T TCA
(2B 3 1), MeOH [ (1) P4 b 48 i #45 JC 75 W 45¢
FINPPSE 5G5S (K2 .38 1),
2.3 #F £ A Hedgehog 15 5 i #4548 5% & & 49 o0& 5%
J &3

Hedgehog 15 5 i [ Z VI M 4T B 4 M5 5
i#% , 24 Hedgehog {555 # #G B, SMO 25 & 4E 2 W)
R BIE LY fEREE GPRI6GL E AT EY,
N A il N [ N Dty 0 s B 6 Y 1 s e 2 e
PE R AR 2R . 76 MEF 400, PRA [ & 5
L1 SMO G 55 5 e I i, MeOH [ 22 J5 4 (4
SRS, 1 TCA [ 52 J5 A 4T L-F- I EE A 51 SMO
FENTELFBINPNARS (KI3A 3£ 1), 1 GPR161 [#)
B REDO LA R R, HA ] MeOH [&5E J5 4 41 Hd
Al LA E] GPR161 fELF B ENL (B 3A. K 1),
FE RPE1 4, [ PFA [ 52 3 H T SMO £F B P 4%
{6,(K3B. % 1), MeOH [f 2 & T GPR161 4T &
Yt RAE PRA [ 5E (0 41t AT T35 2O f5 5
(K3B.% 1),

3 3 i

IAER R Z R RE TR E T2
DL AP O B A B A B A
Tifie , B L6 8 11 R FE D BE I 43 HL ] B AS X
HEFFBEMMEL, N T X HEFE I RELT B
K PR (RS A0 B0, AT T U 44 B 25 1 [
FE TR S AR RS E4F B8R A g 5L RUR Z [ 1Y)
B, T LATE T B YL A 2 2R AT B (IR
B2, (HE HATSS R W 3R EE Ik H A
& EAANRTBEAMNEE R EFER,EA
— o i1 5 T vk P G e O T Y B AR I8 B R A
SR AR — R B RO LI R
o L o AR R R i R TR

AR IR, T (T 4% PFA HEA 7 [ 1 5
FEDELE T LA AC a-Tubulin /E RN EhrEY) B
FESEPE , MeOH [5 22 J5 B 4T H AC a-Tubulin (1) %
R AR T R AR AR R B R T A
10%TCA [# % B 400, v] LAk $% ARLI3BA/E M 4T &
PRI . AC a-Tubulin JE W) HET B 5 BB B 2245
Fy , AT )R BE 2 PRA 14 8] 52 8508 [ MeOH FiI
TCA B A, R4 i OR A7 I 55 1 S 4544, A
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v-Tubulin
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EEAH 3N, ZEM SRR B4, A5 B AC-o Tubulin FRiC gL, 45 R AR 9 5E F RT3 (%630)
B2 AEEEFES MEF 45 (A) 1 RPE1 40/ (B) FE N E B RE K AK M
Figure 2 Effects of different fixation methods on immunolabeling of ciliary proteins in MEF cells (A )and RPE1 cells(B)
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F , HFH MeOH [ 5 20 JfL 75 G B 5 e Y (241 B “AR
B EARA B BRR . SERE LM EN
AR, IR £F B 5% 12 82 11 IFT88 I IFT140 T idi
A E T R . X MEF 20 i A9 TFTSS8 HEA 7
Yt 3R E AR B A4 R BT IFTSS 2 Aif
225 MeOH [ 22 A 41 HE 1 1TSS {55 fe it , H
TCA [ 5E O 20 IFTSS 1 4 2243 A BB S AT &
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43 3

348 MoROBE OB K ¥ % M 20233 1
A

° =

g =

7%} w

. s

= ==t

& ~

& o

B2 3ANEL, ZEMIRAEFRIC BG4 1R AC-au Tubulin FRICYL 8, 45 AR B9 FRRIC G £ (x630) .
B3 AEEEFEX MEF 45 (A) 1 RPE1ZEAE (B) A SMO 1 GPR161 B4 £ TE i 52 % 5 SE RIS
Figure 3 Effects of different fixation methods on immunofluorescence of SMO and GPR161 in proteins cilia of MEF (A)

and RPEL1 cells(B)
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