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Bardet-Biedl syndrome protein-8 is involved in flagellar
membrane protein transport in Chlamydomonas reinhardtii

Lin Sun, and Junmin Pan

School of Life Sciences, Tsinghua University, Beijing 100084, China

Abstract: Cilia and flagella on eukaryotic cells are polarized organelles extending from the surfaces of cells, which
participate not only in cell motility, but also in signal transduction and other processes. Structural or functional abnormalities
of cilia can cause various human diseases, termed ciliopathies. Bardet-Biedl syndrome (BBS) is a ciliopathic human genetic
disorder, and the pathogenesis is that mutated BBS genes result in abnormal cilia function. In order to study the pathogenic
genes BBS8, we screened bbs8 mutant in Chlamydomonas reinhardtii and did a lot of physiology and biochemistry
experiments. We affirmed that BBS8 protein was a cilia protein and had specific localization in the basal body by
immunofluorescence (IF). The bbs8 mutant lost photokinesis, and it was defective in flagella shortening with drug induction.
The results of silver staining and mass spectrometric analysis showed aberrant accumulation of flagellar proteins in the mutant
flagella. We concluded that the BBS8 protein plays a significant role in flagellar membrane proteins transport, and the BBS8
protein might mediate retrograde transport to exert physiological function in the process.
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HAZA R W ARELT B, RE R RKME
TE BB 22 TN B 22 S P AT B, J&—
g T 200 2 T P A 2 s 2 B A e
EZ2H5U4Mizd) . F5E RS AR, Jiae%
R NG I AU B i IR | = IS S EE A
MR E T HAEARERK LT EPHA
HEE L, FELEWMIEEE S5 A —RI K
R boi 3 S S I RO SR L Srek | P PN 3 /S
I A2 R 2T B DG SRR BB 3 3, X PR TE SRR
FAAMRIES ARSI EE 0, IGERR N4 E
FSEpEg A,

il -EefE G 255 4IE (Bardet-Biedl syndrome,
faFx BBS) s&—FREE S| & 2 Fhpsi e Bk iy A2
WL, IR —FheF BB . B R
AR . B 248 (BE) BE . EIE
WHE . PRI BN B S RS, J e 4
KL 19 PIEATRE T BOZEER, Hpikh
BBS1. BBS2. BBS4. BBS5, BBS7. BBS8. BBS9
5 BBIP1 Fgmtth ) BBS & 1 3 [w] Fay i 2 7 - B i
LA E & 1 A1k BBSomel®™ . BBSome 3L [H
TEO A 4F B R ELAZ A M b s BEOR ST, JF 2 R0E L
THRAK . AL £, Bl TEEEIAS BT
TEIEA FRBGE IR R, AT BBSome & M
FARLF B E LM EREO, A 54T NZH .
4 B ML BB E AR 03 it g e
BBS8 ifx TTC8, J&HA = fMIE MUAkE L ¥4
(Tetratricopeptide repeat, TPR) 1) BBSome &,
T V0 AT 7 A1 R B R 07 2 (0 52 1 v i R ARGE T A
BBS8 Hh HH Bl 5 A iy L - B R £ i e T
£k i, BBS7 il BBSS i i 4+ IFT-A F1 IFT-B
SaYMNEATERSENEES. RECSHX
sejbfE, {H): BBSome $#jE BBS8 FELFEN
A VERIBLEIMAANTE 2, —Fha] DLor 28 B G 24F &
AT A AL BT AR, K B R BiF 9 A1 T &2
iR,
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P A< B Chlamydomonas reinhardtii J&—#i
TR B2, AR, B sk,
SILHMY . MR 5 WA K B A, Tz
MT 4R, BNz (Intraflagellar
transport, IFT) #J2& 76 A 3 b B e 9l 45 58 fn
SE (e

AR HAEEAE A A Y, @it % BBS8
HE DR Tl 2 2 A B LTI b e AR I F 5T, 1 5 BBS8
HATEMK ST B EN, LI BBS8 I
ez A EREARTHRE, HRWTED)
REAH BE AT, ik — Do - HE R R LR B AR
PEOLFRIE HEA

1 MB5FE

1.1 #ra
111 MR, Bk RERL

U A TS B AR TR AR 21gr (mit+, ¢c1690), T
HSEEAE PO R E# R Matchl, F 75
Koy vobE, ASLEERA; Bk pIMG &4 1
B RPUER APHVIN BB, 4K 3 28 A A O
W, AR ELAE; Bkl plP-HA HATHI R 240
PE, ATERENRENTA HA FRERNER, &
112 FEEA

DNA R TENVIREE A NEB 22 7] ; Phanta
FIRIL PCR RE N A MES R DA IR
w3 SR ENE ECL &G A FE N 22 AR Mk
AR 5 8 PRI 1R 8 A Bio-Rad 23w .

—47: HA(Rat, 1:1 000 = 1 : 100)I4 &
Roche /A #] ; a-tubulin (Mouse, 1 : 3000 5% 1 : 500)
I H Sigma 237 ; IFT38 (Rabbit, 1 :100), ASE
=447, P (HRP #5ic): Goat anti-Rat IgG .
Goat anti-Mouse 19G, R FI¥o4 1 : 5000, #
WAMBEA ([dba) B RN . 906 "6t
Alexa Fluor 488 goat anti-rat, Texas Red 594 goat
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anti-mouse, Texas Red 594 goat anti-rabbit, it
Fe i34 1 2 200, ¥ 5 Life Technologies 23 ] .
1.2 FHi&E
121 REAKRIFEE K% E

TEIELDOCIAAETS , FIH TAP BEFR I EEFRAK
WM Ax10° AN /ML, K 250 L e A
F124 100 ng 19 APHVIIL J B[Rt im A da AR A
UK BTV R RO, 7S DNA R Bl
B AL R A rpr o H o S5 00 40 Bk S 7
WAL, WRATTERA TR HTE R Ar b, DGR R
51 85 BREUE AL T

Fi BU Al JR ) 1 R Y B DRI 2, P R o
LS E MY PCR # R (Restriction enzyme
site-directed amplification PCR, RESDA-PCR) iz
FEAR BN R Bl AL LB, TEA DR 41 )%
o LN P25 R, B 1 AR BEBEIR I A
122 REHAEIHAELESRKENE

A A I 0 P A MR E 5% I R I A
Ao T2 B 48%  (Differential interference
microscope, DIC) #1 Slide skfFuEfTiAlg, 4000
ST H] 10058, G 1< B I 2 1 ] 40
Yigd . KRR S, R Imaged B2k Bl
HURERBOT MR, BN 2005
50 ™4 it
123 KEWENHERSEE

U HE B A 2R« B SxEEWEIRR N (NaPPi) Bl
IMAA AR R A 3E 52 S, 20K E
7 20 mmol/L .z il (pH shock) 256 FlH-A: .
i FER MR T pH & 4.0-45, 30 s A
KOH WA pH EZE 7.0 A£47, .0 EERAK R
YN, SERFHEE AR PIIIE S SL 0 3 AR AL B AT
AL B A AN ] A 1) i BORE | 78 R 1 5 )= 4 IR
R
124 RERETOCRIOUHEE

A ML R MR T 4% 2 T IERTE , FFH

&: 010-64807509

FH 0.5% NP-40 75 28 B, 248 1 2 9 £ 70 5% 1 2R
LIE R (PEE) ALY #BE Fr F#R &, w] {4t
WTEERBE R b o W3 iR A-20 CLRAFER H e,
BRI, ARG TR . — PR T (GEER)
BRI, EEREE R LM pe e K B A
(Fluromount G), i I35 3% i IF FH % B 45 H bk &t
i, PRELIGAE 4 CUKEEATIL
1.25 KEHWEMTERK

et b 3 P 3 7 Ak PR R A SRR AT L, O Ah
BG4I B O, B A MW RS
FENRA WA, JTAE B0 I A 1o Tk 32 T
o =R NI B = R = B 8= BN = 5 EL
VM B AR T UOUE L A AR R 0V
ViR, —80 CURAFETF M, M B AE-4 CH&MT
HAT
126 KEHWEHSNIE

V8 VR AT (0 B B AR S K AR R DA L R
VR T BB 0 0 M R AT A 43 A0 S SR L SRR
Jei AR & PR T R B R L UK T R R
S AR, 0 2 Bl 2 I 22 18] B 6 R TR A0
B JE IR C R A S, DU A
A 0.5% NP-40 ¥, WMEMEN, o
Ja BiEbRIC R B 4y, UUTE VR I TR AR Il
22 H Gy o ¥ 3 TSR b A R AR ) A B
FE i
127 HEEFRBYEFEESEE

RN I e BE S HL UK (SDS-PAGE) 58 MU
W e By, HIRGEAKITE, Cm- UK R 1 VL 1#1
E, OB RIS KR 3 WKk, HERE T
TV Y 0.25% A BRI IR e 5 20 min, JLfa¢
EeKYE 2 K, A (1) 2.5%H5K R £M-0.04% 4 /K
MR, A IEmE LB 6, BT
T 1%UKEEIR .

HR Y S5 H B SR BRI 1 25 ii i TR, K T A
DU b 2507 B 7 B ) T, X BE A RN S 56
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 [m) I o3 ) 2E AT B %, JRE AL
phytozome ¥ 3k (https://phytozome.jgi.doe.gov/pz/
portal.html)$2 fIL A3 B A BE 5.5 RiA 85 11 508 2
AT A R, EASE TAEZRE R R4
B2 AR T
2 BRE4M
2.1 f%1%£%515 BBSS HEKERTIK

i af AR AR DNA R Beddi A B A=
RIACHE 21gr AHMT LD 2H , Pt o 8 f5 15 21 4% fh e
B, T EfE APHVIIN F BEAE 3 AL b i) AL
M., TE phytozome )3 4% i 3 [R] 2 v X6} U A4d AL
FOOS L Y IR o 8 3ek A A AL T 8 L 7531 1 Bk BBS8
LW SR 0 A8, APHVIL - B I 1] 4 A AE
BBS8 LK M5 5 NN E T b, BB 6 MM T
6 bp, Kb R AAT K bbs8 ZAZM, ANl 1
FIi7R o

22 RELFWEGFEIEERA

MEZ bbs8 878 & 5 B HE Y 21gr B A2 5,
K PAE AR J5 5 bbs8 S8 AR IR BE % 1% R i 51
Xof B A BT S TERUP AR 22 T BB T,
R 72 A B R P T Z85 R R A B 5 B A TR A0 i . TG
e 2R (8 2A).

A
A}:G T(fA
3613 nt
CGCACATGTRPHVIIICGACAGGACTGGTG
1476 1477

B

1 i — - 561 aa

241 544

B TPR: tetratricopeptide repeats

Bl RTEBALIREXERER

Fig. 1 Insertion position in the genome of bbs8 mutant
and the information of BBS8 gene. (A) Model pattern of
BBS8 gene shows gene size, arrangement of exon and
intron, and insert location of exogenous gene. (B) View
of BBS8 protein size and domain.
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ACBERA R . B ER A PR T, HEE
R 1 5 I T A AN e il Bl 5 1T,
FI IR IS bbs8 JEAR 1A, e BLHAE B SR kv 4T
AR A ds g, (EEOEHR M SR K,
AFHEF MR AEERE (& 2B).

fli i NaPPi 4bHACEEANN, 2285 S HEB BT
iR SR B R o TR P A 358 240 L RE (o 0 B A
W%, BERRMS MBS FH R, FHikw
T 7 AN bbs8 S AL A 4 #E B 1A fif 2R 21286 2
AEJE T AF TG o bbs8 5848 M AE it 2R S i h R )
2 RO A SR AER, SE R BT A U T
TS A= BRI G 58 R BRI R RA 4-6 pm HYHE
E; FHRZKMELS hTERAWBHE, R
RESC MR (K 2C). MEBFAESET, bbs8 &
U0 A s 2 2B S 238 T i 84K R I A 7 5 TC )

A
WT bbs8
B
C
15
—_ —o—WT
E12
= f —m— bbs§
5 9t —A— bhs8::BBS-HA
5
= 6r
)
2 3t
9

0 30 60 90 120150180210240270300
¢ (min)

2 bbs8 AT {AFA[E 115K B9 E B 14K

Fig. 2 The phenotype of bbs8 mutant and BBS-HA
rescue. (A) DIC images of wild type cell (21gr) and bbs8
mutant, bar=5 pm. (B) Arrow indicates the direction of
strong light stimulation, the grayscale is the distribution
of the cells. (C) Curve graph of flagellar length during
the period of disassembly.
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25 5 AR R A ), B A T AN SR
B AR R R S IR U, bbs8 2% A% 1A E i
RZ W DA, A EIIRERT

2.3 BBS8 ZERFME4MEMB R E R TR IEIX

ACBEVR BBS8 [N LGt 561 MEIEML, #
PRI K/NHR 61 kDa, 5 AJE BBS8 & [ [F] Ui
P, IFEAIERIRSFRY 8 4> TRP S5, MEY
A TR i 2 R R 4 v PCR w4 K ) BBS8 &
Bl (% 5-UTR J¥4I ke H5 A WIS 35+ 1 i
1684 bp JP4ll), 2 ikBA 1R & A 4R
3xHA(Haemagglutinin) & F1FRES K H 41 i Ry 7t
TOAMERRIBATD, @B ELESAK
PO AL A, TS P RN EERR, AR
bbs8::BBS8-HA,

I B 5 9 S B 300 5 2 A DO ] ¢S ok ) 2 1
FIREDL . A HA PURRD, & B Rk
AR ERRE, EAK/NE/NT 70kDa, 5
BBS8-HA i [ Hill K /h—H (& 3).

it — L UE bbs8 JEAE A PEARE Hi BBS8
FERIBRPE 2, A AN SRR AT ORI . MR
WEMREE, ARWME 2 P, RN EER ) 5R
JERECEAT BRI, $EE i 2R LR MR AH EE bbs8
RARAA I BAKEE , WA 56 KA BB A= M
RATREEH THRAEARE BB, SRS E
X I REE BN S 0 . R ILIER], BBS8 K[
GRS JE B A AR B B R, BBS8 [ ik
o ot INHE B DI RE BRI
24 BBS8 EAR—ITKEHEERH

T E L KT BBS8 PR AK B R M
MEAAR AR B0 A7, 8 i He e e % (Immunofluorescence,
IF), 7E¥OtH 3 £ 18 i85 (Laser scanning confocal
microscopy) I, B S A AL A 1 2 A
DUST A AU i S xof B 20, 335 BBS8-HA [
Ay RN SRR S SC 2, IR A a-tubulin
IFT38 WP /s i 254 F IFT-B Z69.

&: 010-64807509

LU %] BBS8-HA & 178 il B 3L /R 4b A B B 1
FENISE A, FIBTEREANEE E R R A, X
P oAy ORI Y HEE R T ENL (K] 4A).

WEE BBS8-HA 15 IFT38 i 7ESEARfL
ERENEO, KIMANEAAE A SRR
G, WE 4B FroR, SRR Y L A A
A UEAHEE I IFT 5 A BIFRE
25 bbs8 RLEFWEFAEAFERER

Xof GEAR VR B AT i — 20 AR AR I, R R
AlFD IR R 2F 3 T R R 0 3 N4y,
G LI S AR R Y 25 5. A fl 3
AN IR 2R 53 AE — R S50 h B A 85 W IR A ARAE, D
1 ng HEEFT 8 A IbRE—1y (1), FZLLH)
VAR AL 50 1 E R S AT RE RS F Uk, IR AR
Pk (Bl 5). 15, X ICHA AL PR R
A RIEE N bbs8 FEASAHEE L BN, ez P
43, bbs8 Z3AR A5 WA RUAH LA 2 4 T
S5, MWHEIUL R 3 N Fr i TS S

JE LS BTN, S AE bbs8 S8 AR AR S IR Bt
% (Unique piptides) K T4 F 5, HRAIASEA
U 1 k3% D JE (Peptide-spectrum match, PSM) FL A
KRTET 2 WERRAGENFTED, JFAT5H
B B 308 2 115 RS/ INAN AR 5 O M T o7 B T 1) 2
F1, BT s 5 i W3k 1. 3% 2 #13 3. FIH NCBI
1 SMART ZE [ 40 M7 3l 43 A1 X B 28 (4 14 1T RE 45
¥ TIRE, EIFE 1 XThAH 1 Y FAPL102,
FAP233. PDE27 &, £ 2 XME&W 2 1Y

:2\\?

el
Q)%

3
S
kDa 4‘)‘& ‘0\36 ‘0\06
70 — anti-HA
55

* anti-tubulin

3 [EihEMEBRFRIEFE RGN
Fig. 3 Protein expression detection of rescued strain.
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WT

bbs8::BBS8-HA

a-tubulin

B 4 BBS EHEREEEMMIKEEM
Fig. 4 Location of BBS8 protein in the flagellum and cell body of chlamy. (A) bbs8::BBS8-HA cells labeled by
anti-a-tubulin and anti-HA. BBS8-HA is located near the basal bodies and in dots along both flagella. Bar=5 um. (B)
Double immunolabeling of bbs8::BBS8-HA cell with anti-HA and anti-IFT38. BBS8-HA and IFT38 look like to be
co-located near the basal bodies. Bar=1 pm.

FAP102. Crel5.g640000 & [ K 3 3 X i

Merge

25 3

) FAP102., ACA1, Crel4.g613950, FAP233
1 Crel6.9681750 & 1, ¥ WIEE A& AW 5
gEky s, HPh ACAL MR 4GB T iE
ATPase, Crel6.9681750 43 45 & 1-iz iy ATPase JJj
REB, PIREE IE AP A RIEE E, HAH
FE AR ERE AW B A N A R IR A,

e BBS8 & [ 7E A\ A ML 21 & Hh o] e $UA T AH A
Tise, ARFFATIELEMSE . T EA 5 8 il 2
R R SR B NP-40 25 35 71 &b B 2 J T 45
ORI TS S RVl W = W == 02 N [ B = LA o6
FEPE RS R A 25 5, SEBR R I TE 22 41
A3 R B R R . L, AR YR E SE G

5L UL bbs8 RAEMK S FEURE A EH EH
SH R,
Tl WEHZENET IRIELEEER

Table 1

HA

IFT38

Merge

WT

bbs8::BBS8-HA

AXO 2x
std. dep. std.

Matrix 4x Membrane 20x
dep. sid. dep.

KDa  WTbbsSWTbhsSTTbbsSW ThosSTT obrst s
170 —

130 —

110 —

70 —

55 —

40 —

35 —

» _WESE

15 — “'“". &=

up.“—~h———=

E5 REKEEFEARBERMK

Fig. 5 Protein accumulation defects in the flagella of
bbs8  mutant.  Silver-stained  4%-15%  precast
polyacrylamide gel of axonemes (AXO), matrix, and
membrane  from standard flagella (std.) and
depolymerizing flagella (dep.) of wild type and bbs8.
Depolymerizing flagella gotten from cells after NaPPi 1 h.

Identification results of line 1 from AXO of flagella by mass spectrum

Phytozome gene ID Protein name AAs  bbs8 (130-170 kDa above) WT (130-170 kDa above)  PSM ratio
Unique piptides PSM Unique peptides PSM
Cre09.9394200 FAP102 1 496 26 101 5 7 14.43
Cre09.9393450 FAP233 1520 16 44 - - #N/A
Cre02.9143400 PDE27 1223 14 14 3 3 4.67
Cre06.9258800 CWP2/GP2 1259 11 11 2 2 5.50
Crell.g479550 1355 8 9 3 3 3.00

http://journals.im.ac.cn/cjbcn
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T2 WEHLENET 2RIELTEER
Table 2

Identification results of line 2 from AXO of flagella by mass spectrum

Phytozome gene 1D Protein name AAs  Dbbs8 (130-170 kDa down) WT (130-170 kDa down) PSM ratio
Unique piptides PSM Unique peptides PSM
Cre03.9167600 FAP61 1147 25 54 12 12 4.50
Cre09.9394200 FAP102 149 14 46 4 5 9.20
Crel15.9640000 1213 15 20 3 3 6.67
Crel4.9618750 FAP246 1138 15 19 4 4 4.75
Crel2.9511350 931 13 19 1 1 19.00
Crel6.9674515 1C140 1024 12 15 2 2 7.50
®3 MEBRBAIZTIRELESER
Table 3 Identification results of line 3 from membrane of flagella by mass spectrum
Phytozome gene ID Protein name AAs  bbs8 (130-170 kDa) WT (130-170 kDa) PSM ratio
Unique piptides PSM Unique peptides PSM
Cre09.9394200 FAP102 1496 14 26 2 3 8.67
Cre09.9388850 ACAl 1168 14 18 3 5 3.60
Cre06.9268800 IFT139 1355 13 13 1 1 13.00
Crel4.9613950 1022 10 13 5 5 2.60
Cre09.9393450 FAP233 1520 9 11 - - #N/A
Crel6.9681750 1179 12 - - #N/A

26 BBS8 EASEWMEREEHNEH
EMERERENERT, WEhAEEE
HEh SFE TR, EOEHE s A RS H
Je— A EAS T B AR, bbs8 25 1Ak fty e =
EOEMENTR, UL LR R E (s il
il % 2 T BHA% . NaPPi AbBEACEEANME)S , HEEAY
SEME S R, WEEEHE . R 5,
XF H NaPPi fi# 3R 1 h AbFRJS SR UG HETE, bbs8 %
ASRTE NaPPi b B (%1 3 A4 o B g4
R, HARYQtaim i K TR PERT M E . 7
REDMEMEAHRERY, XEEANSEHE
B SR8 F A R B o A SR B R AR R W P
ST MER A BRI AE K, BBS8-HA &
I 22K BE S [T 4 bbs8 Z€ 78 {4 iy figt S Ptk , &l
2C Ii7n . XSS RS UL, BBS8 £ [ 6l 2
bbs8 7% A5 (Al T 5 2 11 5 H R R RN ) RE SR 114 i

&: 010-64807509

K, JFUiE] BBS8 M2 5 1 HEB I 1 nYis i
W
3 Wk

il DNA Fr B RfMLIGR A SR 4720, ik
155 BBS8 J: A il I A< #E bbs8 AR A, %5
Rt Z BOtWMIZ 8, AWM R %R
IR A SR A8 A R . SCI0 4 HT bbs8 28R
PRI HE B A SRR, RBUHHEE A 2R E A
SR R, HLAE AR R SR B R A R
Wi WA P AR R R R s i Bk A 4 B0, BBS8
B HEEENZY

£F AR OCEE 11 1 9 iy 1) =58 U 5
IRFEARBLF T (14840 s 4 MBS AL a8 B, IRt
FECR G 1) 20K BB PR R R R AT B L, 7E
WSAENZH IFT 264G, mOBa&EAN
S, TELF BN BEAT IE [ 1 1632 55202 . BBSome

B<: cjb@im.ac.cn
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REAENCRBEEANEEZLZSY, 2 IFTES
YL BIBE PR RN 22, (B REE )y AR
FABLEI A5 4E . A HE bbs8 AR (R #E B I E
TEMENA SRR, AERAIE YRS 5
FRRZ R, AT DL S 5 AR 1 I A S AR 7R
Ut BALEHE B NI BEHE T IE s fay, o T DAHERR #E
EWNIEF AT s 5, Joik B R A a1
o — Al BRI B, X BB P AN S
H BBS8 & 4 F iz ki i X e ik ik, H
1EJ )ik, 755 BBS8 & 14+, Mtk 7E bbss
AR XL AR I ANBEIS UEA T IE I n) 35
Jokiz Rl , IT7EHEE N F R R . XA
DU AT 68 158 BH R 11 A9 I ) 2 ) 32 i 18 BIL D AS
[, i A4 BBSome /5, =i BBsome t§4: 7%
AT AR 11 5 A A 1 T U TR

ABEFEXNT BBS8 Kk R 58748 By A HEHEAT T 0P
S3Hr, EW] BBS8 kKA T BUHEE N AR
R, T HEEINRE, 2R — R
%% BBSome & AW infiliz ket BALE PR T A
RO R, I A - HE R [ R G AE i 3L 43 A e it
ISR
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