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[Abstract ]
Ubi) protein. Methods: Mouse ubiquitin and human transferrin receptor genes were amplified to construct HA-TfR-Ubi plasmid. Then
the expression of HA-TfR-Ubi protein was confirmed by Western blot following by transfected into A431 cells. The A431 and Hrs-KO
MEF cells stably expressing HA-TfR-Ubi were treated with transferrin, and the location of HA-TfR-Ubi fusion protein was observed in

Objective: To investigate the mechanism of endosomal sorting by constructing the transferrin receptor-ubiquitin (TfR -

the cells by immunofluorescence. Results: pHA-TfR-Ubi was successfully constructed. Immunofluorescence results showed that HA-
T{R - Ubi fusion protein was sorted into late endosome /lysosomal, and its endosomal sorting was affected in Hrs- KO MEF cells.
Conclusion: The endosomal sorting of TfR-Ubi fusion protein demonstrated that the ubiquitin label changed the transferrin receptor
degradative pathway. TfR-Ubi plasmid provided a useful experimental tool for the study of ESCRT sorting mechanism.
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Z R 45607 ] LI 2 P EAR AR, Sz R 18
VR A A 2 ok rh B BIE S IR B A T 1 52 1Al o)
VeIV R AR 22 R IZ RASZ AR AR
TREEfRIERAS . 12 REE 2 s e At o2 th i A
J7 1E %% 12 %5 'H (endosomal sorting complex required
for transport, ESCRT) 41 5+ /3 BE 19", ESCRT th 4 4~
EEWAHAL—SER BV A . X AN E A
535 & ESCRT-0,ESCRT- I ESCRT- Il #1 ESCRT-
Il , H: o ESCRT-0 fH Hrs (hepatocyte growth factor-
regulated tyrosine kinase substrate ) V. 3£ F1 STAM (sig-
nal transduction adaptor molecule) VR 20 B, His-
STAM & & Wy 1e oy e id fe vh R 4% 2= S E = AIMEH] .
Hrs () FYVE B8 2514 R85 M YA SRR e UL
3 Wil Eh (PI3P) 45 G i 9 46 21 LI N AR |-
Hrs I STAM #2472 2 45 & 2% ¥ (ubiquitin inter-
acting motif, UIM) , U N & 12 RAL R FIfEdF 2
PR MVB)IE A A I o AT . ESCRT- T A
5K AR LR A LA NI RS D) R
RIaH . HMR T S5 RERS 5 ESCRT- T 454, K
U4 R AT IZ R A S A RN R A5 5 E2
(ubiquitin conjugating enzyme E2 variant, UEV) %514
i, UEV 45k 3k 5 ESCRT-045 4. ESCRT- 11 & 47
GRAMFHZ REH A A4 (GLUE) | iE 512 R &
FIFIESCRT- T 254, 5 B ESCRT- 1T & 52 21 P f4< 5
Fo ESCRT- M2 /13056 L AT R A 05 5K
LN IR , € WAL RE 5 ESCRT- 11 255, T LA
wAEB AR | 32 AL E RS ESCRT
AL S ESCRT- 454, 7 HLESCRT- 1l
& £E 2512 Z L (deubiquitylating enzymes , DUB) %]
BRI RACE FUZ R B #2328 MVB, £
F W BN IR (late endosome ) A HFA AR

Tom1L1 J2& Tom1 ZHE R H WO, A71E T o
1, 576 VHS(Vps Hrs F1 STAM) 45 480F1 GAT £544)
Ik, H: VHS S5 BE 5 Hrs 454 10098 5 55 21 P 14
I, GAT 25 52 RALE N Z Gz KALE N
BN AR b Bl AT R G R A
Tom1L1 fg— H 5 WA 19 32 3L 67 T A A /N LR
JEL A A

A 5T F) Tz 2 G 4 88 1 32 K (transferrin
receptor, TR ) R ib) G576 885 111 32 1K-12 & (transferrin
receptor-ubiquitin, TfR-Ubi) il & 25 [, TfR-Ubi 7£ ifd
N B ESCRT $RUM , I 73 16 E A 1 300 19 K775 g
k. BB R VILE His-KO MEF 4l b, 22 £ 1k
HEHANREE O 2 PR, Hes X2 Z AL A E 17 5]

L PR A R L PN SR A R AN ] g PR I AR S
55 FH Hrs-KO MEF 41 ifd, WE£2 TIR-Ubi fill & &
TE AN P RE A FER BB L, R itE— 2P 5T ESCRT g
PR AR B o4 ORI T SR b st s T/,

1 #RTTE

1.1 ##

A431 A0 R T T DHS-o AR SE 56 28 ARAT
Hrs-KO MEF 41 ffd i H 4 Kazuo Sugamura {8 +- 15
4 . /N cDNA (Clotech A F] , £ [ ) , pDHA -neo JiT
AL pTom1L1 BTk E BTN Hong Wanjin {8152
552 . RNA 2R & (QIAGEN A F], £ ) s LA
Taq .DNA marker, NI EcoR 1 . Sal I Not I (Ta-
KaRa A Fl, HA) ; T4 % 2l (Promega 23 7], 2 ) ;
R M (Sigma A A, £ H) 5 BT HA Pk | Rt
Tom 1 L1 HTiA | FRITH A AR EE 1 (Iysosomal-as-
sociated membrane protein 1, LAMP1) JT{A | FRPTB-
Tubulin JLA (Affinity 23 7, £ H ) ; HRP- .91 Bl IgG
ik (Santa Cruz A ), EH ) ; o E LD R D) TR
W (Pierce A ), £ H ) ; FITC 110 S b Bl 1gG P ik
(Sigma A ], M),

12 Fi#k
1.2.1 TfR-Ubi &%k & Ak R ey

DL cDNA SCRE A REARGHEAT PCR A 1 42k
HAZEEERE . 51975 B et 4 W A= R
INAEE I EES1H .5 -ACGCGTCGACCATGATG-
GATCAAGCTAGATCAGCA-3", #5149 :5 -AAA-
AGGAAAACGCCGGCGAAACTCATTGTCAATGTCC -
CAAAC-3', TEF R B A2 AR P st 23 A Sal T F1
Not 1 BEYIAL 5 . LLEL cDNA MR #E4T PCR 4" 4
WEREHE, 5I9FS R LG4 : 5 -GATCCCCG-
AATTCAATGCAGATCTTCGTGAAGACC-3", Fii#5|
.5 -GCGCCGTCGCGGGTCGACTCTCGTGATTGT -
TGGATCTGCATGCCACCTCTCAGGCG-3' , {EiZ KM
i3 I EcoR T F1 Sal T BV A5

W R 8 RNz R FE Y PCR P A 7 868 Jie
HLUK, S H R 55ty o RISz 2R AT pDHA-neo
PEAT UV AL , FH T4 3% 322 5% 32 )5 e L 2 75
DH5-o, PRECR i BERE I . FF4 T R PCR AN, %of BH
PR BUR T 7 Bk , Ay 44 o0 HA-Ubi JBOkL, X%
BREE SR HA-Ubi JBobr b4 7 XU i 322, 20 B
] L, fir#4 A HA-TIR-Ubi JFk:

1.2.2 HA-TfR-Ubi /545 4 A431 2a o fe i & $2 I

T5E A431 M0 FE |, 32 1} 10°4/FL %8 B4l 6 L
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M, 1 5CH pEGFP-C1 Xt 4 E 4 75 e S A1, e
2 pg pEGFP-C1 kL IR A ZAR LN 50 wlL /) Opti-
MEM 5 72577 8 Lipofectamine™ %5 44855 5.6 .7
8.9.10 LA R AZLARELR 50 L By Opti-MEM 1%
FRIE RS, TEE THE 10 min, BHFRE,
% T CE 30 min, PBS YE¥, ITA 100 pl. Opti-
MEM #5352 3 | $8 k-5 Y0 2 S P A4
3 hJE 2RI PBS YRV, IN A BT IR I (il i )
W o TE BB TSR DEI ORI, B s Y de fE 77
B FI G Y HA-TR-Ubi KL, 5 h 5 25 4%
DNA $ Y 5 5  INSs FR B AR S8 35, i e, oG 9%
B5,PBS VR, N M2, F 40 M R, 1 mL S
W] AN o 24 . B0, R B, &
ULVE, A 5x RS 0P 20 L, 12T, 7KV 5 min
ASPE | AT Western blot 734 o
1.2.3  Western blot 155

Be 5 24 B A5 £ SDS-PAGE BERE , B | — 54k
FHEIRER 20 WL FFE, 100 V,2 h, 5258, 565,100 V,
1 ho HITBST % M WA U5 3414 2 b, % 1:500 1Y
W E HAPUAR , 4 Cid . R H , TBST Pk, 248
JEE 1:1 000 % FEE I B HRPFRiC B F0 BLIgGIiik,
Z 1 ho TBST YRV, B RS, W K40, in i (a3,
TGRS TR
1.24 #7 F 5 TIR-Ubi #9 A431 2m sk 84 75 i

16 A431 40 b g HA-TER-Ubi kL (18 &
24 LA, K557 6 h IS4l , 12 h S A G418 #E4T
i . 76 W N RN I A FOIRAS, TR
PRI e e, AR S 5% o Y A o PR A T Rk 15%
LRt AL . R EIRAL IR 3 IR, MRS
K TR-Ubi 1Y A431 Fa g F6ik bk
1.2.5 A431 @i 0% 9 bib e

Fr 3 FasE 35 TIR-Ubi 119 A431 ZI Utk , 55 2 K
YA IURAL I, 55 3 RAESE RS I AR E A, o
SEATE R BEEE AL E0.3.5.10.30 min, ZSH5FRIE,
PBS R ; 4% 2 5 HEE [ 42 20 min, PBS B ; I fb
B 25 1R B 2 K% 5 min, PBS VR 12 mL 0.1%
Triton X-100 Z ik 5 min T4l , PBS {5 1 5 R e, 41
+o F 1:50 EL B E BT HA & BT LAMP1 HTK,
ZR 2 h, PBS JH VR 10 R PER 40T 4% 1:50 L {55
A FITCAric Pt il eGPk, = 1 h, PBS YE, 41
Fokare FA BT, T RS T RSO

TE A431 iR E Rk bk b4 44 pTom1 L1, Byl sé
JAG I A5 B[] E (—Pt: BBt HA 2 BT Tom1L1 4T
#,1:100),

1.2.6 #& % &% TfR-Ubi %9 Hrs-KO MEF 28 it 4k %9
i ik

1t Hrs-KO MEF 48 fifd %% %% HA-TfR-Ubi BTk,
AR IR ST AR 24 FLAR , 555% 6 h J5 e 4 i
W, 12 h SN G418 HEA Tk . 7E W AdUBe T U2
MIA RS, TR, PRI g | AR 235 5%
MU e 7 BRI 15% e AR AL AN, AR
IR AP BR 3 YK, AR 345 K 3K TIR - Ubi 1Y Hrs-KO
MEF 2 il A2 e Fak bk
1.2.7 Hrs-KO MEF 28 #5297 3¢ A T

7 TIR-Ubi F8 i€ FRIAMEL YL pTom1L1,5 h J5 2:5%
YA RS 5 2 KANMDURAL ], 26 3 KAF
Bi g e in ARG 2R 1, 30 min J5 , £ 55 FR3E, PBS
VR 5 4% 22 5 WS [ 52 20 min, PBS PB4 ; &1L
B, 2R B 2 Y45 5 min, PBS ¥E3% ;12 mL 0.1%
Triton X-100 Z & FT L 5 min, PBS ¥k 5 IR UL, A
T 2 1:100 LB R BT HA M FRBT Tom 1L HTAE,
i 2 h, PBS VSR 10 R PE, 401 4% 1:50 LhfohiE
B FITCARic Pt Bl 1gG Hifk, =il 1 h, PBSUEU, 11
ToKare B, BT, FRAEE MRS R,

2 # R

2.1 2% TRA=TR-Ubi X K ¥ 3%

N E A Z R A Nz RIEEH R B
TfR-Ubi & K 28 PCR 434 , FH 1%%5E e HL UK 6 uF, 7]
DL 2192 22 35 K% A0 X 43 F £ 24 200~300 bp (&
1A) R A 2 R FE R R BER AR 50720 2 000~
3000 bp (& 1B) , TfR-Ubi 3 K B K/INEE 3 000 bp
KA (E1C), S8 H A BR/h—3,

2.2 HA-TfR-Ubi A 454k f o A

AT YR AR, 43 S .67 .8
910 WL ALY F Y pEGFP-C1 HE A4, 24 h )5
IR . G5B LL9 pL Lk g m
Y1 it e 'R B fe i, B L S e S 56 BT R G G 7 iy
9 nL.

Western blot 455 ik 7~ , HA-TIR-Ubi Jii 7 5% YL 40
M2 B E 3 T 100 kDa K/NAR Y BRASHT , 5 H Y
2 KNFIAT , Ak Yl 20 I 45 0y 138 & B 2%
Mo UEBH TR-Ubi 85 M) FR3E (E12)

2.3 TIR-Ubi#) W&

TE 335 TIR-Ubi (4 A431 A i fa @ Fak kb, th
MR PEANE)S , 7£ 0.3.5.10.30 min MLEE
G PE D EEE W i, BEE A 2E 4K, TAR-Ubi @&
H 11 PR B2 R0 120 AR SRy IMARZE A (K1 3) 6
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A Marker Ubi B Marker  TfR C Marker TfR-Ubi
(bp)
(bp) 5.000— (bp)
igg_ 3 000~ -2609 bp 20007
2 000 3 000- -2 904 bp
300- 2 000-

=285 bp 1 500-

200- 1 000-

100~ 750~

500-

1 500-
1 000-
750~
500~

AZ R PCRETR; B R FISZ /R SEIN PCREGHE; C: TIR-Ubi PCR 45
E1 EEPCRY &Y
Figure 1 The PCR results of the genes

1 2

100 kDa—

-

1 Y4 HA-TIR - Ubi JFORL B9 A431 200 1375 5 22 A5 Ut Bt ki 11

A431 4l B
B2 Western blot#ill HA-TfR-Ubi & B &%
Figure 2 The expression of HA - TfR - Ubi detected by
Western blot

0 min 3 min

2.4 TR-UbiA= Tom1L1 & 28 it 1 89 %A%

SRR R A431 20 30 min, SR R
TfR-Ubi B4 85 [ F1 LAMP1 BEASH 5 10 T 393 At 1y
TRIEHHA (BI4A) o FEILFRIKN Tom1 L1 A A431 4 ffIdR
b REERR R 30 min, 455 /R Tom 111 7]
PUFITER-Ubi e o T A A (B14B) o
2.5 Hrs 32T TfR-Ubi £ i£ 89 % v

7E Hrs @55 1Y MEF 4 5% 2k 8 i i

10 min 30 min

B3 TfR-Ubi BI£5H3EZE (x1 000)
Figure 3 The structural evolution of TfR-Ubi(x1 000)

30 min, FaREDEGEE B /R TIR-Ubi I 5 {57 A i P 44
B A/ PRFAS K, H Tom1L1 ASF-4% M 7| 5] Bt Py
(N

3 % i

FAZ AR R Z PP A AR AU A R 5, 45
Ty Joi it A 3 B B A 2 22 240 2 IR R AR FH 1Y
SR A URGE T FLEE R S IR R A A5 G HE AR
1 (clathrin) (PR FIVE T, 58 B2 LA 140 Jo ) 45
BRIG5> , —imz Rk E &
YITEML P IARDE ESCRT PR 51, 433 E A 23R8 11 Y
/NI, Bt 3 ok MV B %32 21 i 19 P9 44 AR 1 1 7
Fff o 12 RAE R — P20 4 iR 5 0, B
TKREfif Rz R BN I DIBE, AL, IRz R

PR AR VR R IR S TR Kb g, 3222
SR R AAB G SZ AAE AR g o i BIAS R iE A2
S SZARATIE DL AR5 S B AR [a] >
AWFFEFIEE T TIR-Ubi il & 85 RS E F kbR, 4%
i B, Pk TfR-Ubi A BYAE 3 000 bp 2247, 254 Western
blot 45 4% i 7R TR-Ubi fill &5 25 1A K/NA 100 kDa, 3
WA LA o R 2848 1 0 e Bk B 1 2 KT
PN 58 R R TR 1 A [ 3 T, B2 5 G4 S
TfR-Ubi @il &5 26 F N A E A N ZIMAR, I LR AT TR 0L
FLIN ] ZE K %5 30 min, TIR-Ubi 4% 10 E 7 T 40
FWIZ Z Rl G UE T R R 11 A2 AR A [ 240 i i
FETHI 1) 28 HL3E % 5 SR L 45 R W 7R #E 30 min B,
TIR-Ubi i & F1AE 5 LAMP1 Fil Tom1L1 35 7 T
165 301 PR A Tl A e T LAMIP L 2% 60 300 PR A /7 il A
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A anti-HA anti-LAMPI Merge

B anti-HA

anti-Tom1L1

B4 TfR-Ubi#l Tom1L1 40 R AIE AL (%1 000)
Figure 4 The location of TfR-Ubi and Tom1L1 in the cells(x1 000)

anti-HA

anti-Tom1L1

Merge

BEl5 fEw AN Hrs AFR 48H Tom1L1 71 TfR-Ubi &£ 1E 5 (x1 000)
Figure 5 Hrs-KO cells were analyzed by immunofluorescence microscopy to detect Tom1L1 and TfR-Ubi(x1 000)

FIFRICH) , Tom1 L1 8% & S 8RR I, 5 ESCRT &
G WEE A KA RSy BEVE R, 2B TIR-Ubi 76 iy
N ESCRT %15 4% 54 BE R W I A /S AR . Hrs
JEESCRT-0 % &%) LB 3, 7E e kb 592 %1k
ZAREE A I B 4E Tom 1 L1 B AR I, B HE I 4y
WEVER™ . 7 Hrs-KO 411 Tom1L1 AN P
B i A F, W] ESCRT & A& R4 WLk 32 3 T
P M0 TFR-Ubi %5 1 i P AARBICE AR /D AR B K,
X 22 B Hirs [A] I} 5% M0 TR - Ubi 4 it P 443 € |, IF B
TfR-Ubi AT LIVE AHFSE ESCRT /33 (IbRiC )

R, ASHF 55 F 1Y TIR-Ubi il & & IR A
58 Ubi/ESCRT Zr AL 4t T — B2 T H 78
P2 T R TAE TP FA TS A ] TER-Ubi fil & 88 H i —
RSN G Sk A5 S5 R HLH
(&% xHk]
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