1)) ) — LEVEEBE LGP85/LIMP 11D
1)) ) —LBEYT T ILO@ENR

FEHHE

The analysis of lysosome localization signals of lysosomal
membrane glycoprotein LGP85/LIMP II.

Norihiko Tabuchi

ABSTRACT

Lysosomal membrane glycoprotein termed LGP85 or LIMP II has a
COOH terminal cytoplasmic tail whose amino acid sequence is
RussGQGSMDEGTADERAPLIRT . The sequence of DgEXXXLIgs is
crucial for its binding adaptor protein complexes, AP-1 and AP-3,
which are involved in vesicular transport to endosomal and lysosomal
system. Early and late endosomes and lysosomes constitute this
system. I have studied how the sequence determines the localization
of LGP85 in the endosomal and lysosomal system. Da and Eam
function to transport of LGP85 from early endosomes to late
-endosomes. L of LI motif is a determinant for proper distribution of
LGP85 between late endosomes and lysosomes. In this review, I
describe an independent role of pivotal amino acids of the signal

sequence in localization of LGP85 in the endocytic organelles.
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Fig. 2 Schematic representation of the structure of mouse LGP85/LIMP II and
its mutants of C-terminal cytoplasmic tail. Substituted residues in the
LGP85/LIMP II tail of the mutants are indicated. TM; transmembrane
domain, CT ; cytoplasmic tail.
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Fig. 3 Immunoblot analysis of M—LGP85 proteins expressed in HepG2 cells.
Cultures were homogenized with Teflon Homogenizer and then PNSs (Post
Nuclear Supernatants) were subjected to SDS-PAGE followed by immunoblot
analysis, using specific anti-rat-LGP85 antibody.
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Fig. 4 Endo H and PNGase F sensitivity of M-LGP85 Wild-type transfected
HepG2 cells and mouse lysosomal membrane. HepG2 cells transfected with
pcDNA3.1-Wild-type and mouse lysosomal membranes were treated with
Endo H and PNGase F and analyzed on SDS-PAGE followed by
immunoblotting. Ly. M. ; lysosomal membrane.
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Fig. 5 Neuraminidase sensitivity of M-LGP85 Wild-type transfected HepG2

cells and mouse lysosomal membrane. HepG2 cells transfected with -

pcDNA3.1-Wild~type and. mouse lysosomal membranes were treated with

neuramlnldae and analyzed on SDS—PAGE followed by immunoblotting. Ly.
M. ; lysosomal membrane.
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Fig. 6 Double Immunofiuorescence analysis of the localization of expressed
M-LGP85 and endogenous lamp-1 in HepG2 cells by confocal microscopy.
Fixed cells were incubated with the rabbit anti~-LGP85 polyclonal antibody
and with mouse anti-h-lamp-1 monoclonal antibody and subsequently with
FITC-conjugated antibodies to rabbit Ig and Texas Red—conjugated antibodies
to mouse Ig. A, D, G, J, M, P ; endogenous lamp-1, B ; Wild-type, E ;
1476 A, H ; 1476L, K ; D470A, N ; E471A, Q ; A476-478, C,F,I,L, O, R ;
merge. Bar, 10 zm. ’
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Fig. 7 Subcellular fractionation of HepG2 cells by Percoll density gradients.
HepG2 cells were homogenized and the post nuclear supernatants were
fractionated on a Percoll gradient. After the centrifugation, gradients were
divided into 0.5 ml fractions collected from the top and each fraction was
assayed for alkaline phosphodiesterase I (plasma membrane, W),
B-glucuronidase (Lysosome, @). P.M.; plasma membrane, Ly.; lysosomes.
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Fig. 8 Subcellular distribution of asialofetuin conjugated with horseradish
peroxidase (ASF-HRP). The confluence of wild-type LGP85 expressed HepG2
cells were incubated ASF-HRP (5pg for ASF) under the conditions as
follows. The cells were incubated with ASF-HRP at 20C for 60 min and then
without ligands at 37C for 0 min (A), 15 min (B), 30 min (C), 60 min (D),
120 min (E), and 360 min (F). After five washings with PBS, the cells were
homogenated and centrifuged at 650g for 10 min. The resultant supernatants
(PNSs) were fractionated by percoll density centrifugation. The marker
enzymes activity were indicated Fig. 7. Arrows indicated the positions of
major endocytic organelles. .
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Fig. 9 Selective disruption of Ilysosomes with glycyl-L—-phenylalanine
2-naphthylamide (GPN). PNS was incubated with 300 M GPN in a
homogenizing buffer at 37°C for 10 min and then fractionated by percoll
density centrifugation. (A) Distribution of B-glucuronidase of wild-type in
the fractions obtained from PNS treated with GPN ([J) and without GPN
(). (B) Densitometric trasing patterns of immunoblot analysis of
endogenous h-lamp-1 in the fractions (1-18) obtained from PNS treated with
GPN (O) and without GPN (@).
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NOED as IR TIRRTRAEE LCTHEE L, trans BB TRRBIICR B EZ DA TV,
% Z TM-LGP85% #H L - HepG2Mlila Dpercoll 3 EIZ B\ T T kN L OIS ICRHE
TAMNRTERT BT, Golgi 58K protein €/ 7 o —F A HELRZHNTA &/ Ty b
¥ 21T > 720 Golgi 58K protein i¥ TV IKRICERANICHEETAEAET, HhEEL I
Itk CORABEEN LTIV VEBEOHRICES LTV AEAEE LTHALR TN A%,
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Fig. 10 Western blot analysis of Golgi—58K protein in fractionated HepG2 cells
by percoll density gradients. The resultant supernatants (PNSs) were
fractionated by percoll density centrifugation. Equal volume from each
fractions were separated through 10% SDS-PAGE and electroblotted onto a
nitrocellulose membrane. Membranes were probed and quantitated with
Monoclonal anti-Golgi 58K protein antibody. Densitometric tracing patterns
of immunobotting were indicated below.

VIIl. FERG S UOZTREM-LGP8S% R L 7-HepG2iila COMIIA ST

AIEE TORR T, HepG2Miia % Percoll 7B § A Z LICL>Ty =V FH¥ S b—v ZXFK
DEFINVHXIBDEDEFICHEELTOEINNHALN L/ 5D T, HepG2MIlI THE L
TR & O REM-LGP8s DM 5 IC DWW TRE Lic, HAMM-LGP8sILY v
V— LS (HE517) RO ELSRELTVEN, KEEESICL ZORELZRD S LM
Hisk7z (Fig. 11), HepG2#iiahsk o 7 lamp-138 & Olamp-2 & B4 1712%&% & £ < BT
Uy BFARIM-LGP85 & i3 E CHMREA S iZ2 RT Z EAM b/, ZhIZH LT,
BRMUT6AIR Y VYV — L LD I ETEEOBRVWRM T v VY — 4@, (BE515) &b %
KBELTEY, BEE)Y VY —2BEZICEb TN ULIELE L, - /2 (Fig. 12-A,
meEDo%ﬁﬂmmu&uyy—A@%wum%mﬁ9L\%QIVFV—Aﬁﬁﬁi
OBz Y FY — A XD EBEDF AV H X FIZIENR > THM LTS D088 b il (Fig.
12-B, TABLE 1), Zh bR IT LI motif ® Isoleucine % Alanine # 5 W& Leucine IZ
Ez5Zkicdb, LGP8D Y V VY — A ~DHKARLAIFI S TNWE Z L ZRE LT
Bo WIBATREL LTHIZ VY KV —2abhb ) VY —a~EEEh5BE, 4761 TiZ#E



Hlzy FY—apb ) VY —a~OBEARIZG TR, ZhHRTOHEARICE VT
PEZ 5 TVWBZ &R LTV, Sandoval 5® i3 Isoleucine @ Alanine B#afkD—@ik
HRETIR, BB ULLGPSSIHIHELE R, VY V—ABOTAIEZHREL TS, &
FEORBRIZBWTHREB LAZM-LGP8D—&IR Y ¥V V — A~DEGENRD b iz b, KT
HM76AICBOTRY VY =2 X0 b LAY F Y —aiCEKRELL, ThHDER
BRI L RERRB THARNLEROBVWICEL S EAHEERS, ChbDZ L &b,
LGP853D Y VY —ABfFY /I AD LI motif D5 i’)@ Isoleucine iZ#M v F v — 4
NHY VY —b~DOBTRLTICEFRBIZBIALGPED Y VY — A TOERXREFT
BIDIEBICEETHL ENBON LR ST,

—o0— LGP8S Wild-type
-—e— endogenous lamp-1
—&— endogenous lamp-2

Peak area (% of total)

L,
2 4 6 8 10 12 14 16 18
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Fig. 11 The detection of M-LGP85 Wild—type and endogenous lamp-1 and
lamp—2 in fractionated HepG2 celis. The resultant supernatants (PNSs) were
fractionated by percoll density centrifugation. Equal volume from each
fractions were separated through 10% SDS-PAGE and electroblotted onto a
nitrocellulose membrane. Membranes were probed and quantitated with
anti~rat-LLGP85 antibody and Anti-human Lamp-1 and Lamp-2 monoclonal

antibody. Densitometric tracing patterns of immunobloting were indicated
below.

WIZLGP85D cytoplasmic tail O BAP-3L DESICEEE L TWAZ EAHILIT D %
DTy CREDT I/ BH 1R KL O3FEEHI 72 A478% A476-478IC DWW THiEt L7z, A478
TRY VY — aEy ODLGPSSD X &I, FARM-LGP8s & ARTHM EIZHA Lz b 0
D, AT8DMRAS LY v Y — s EDEFEL (Fig. 12-C, TABLE 1), 37%#Hl-
7o AAT6-478 TIEFBL LI LGP8SD A WMEFEH 5 4-TICHEL TWB Z 3 -2
(Fig. 12, F)o ZhBDHEFRIIC-KMDIT 3/ BEENTONA LB L v KV — A~DH;
RICBE L TWAZEERLTWA, Tihbb. AP-15 2 WikAP-3iZE & L TTGNIZHF
L. TGN bL#E I iz A476-47813 7 ¥ 7 2 —EAE (AP-15 3 WTAP-3) L DFE4



2§5< 78D default DRBRICA W IVBEBEABIT TS0 FOEEREMLIZdDEEL bR
0 HOTC-RKHMUDOT I VEESBREZ WL T F 72 —EABLEETAHALDOEREER
FALYTHBTEBRRBENI,

IhF CICEERMRA B yeast two—hybrid system 3 Wit in vitroE S ER LY
ChHEEHED cytoplasmic taill RED LS 72T X7 2 —& E’Ek%é‘?%#ﬁ@ﬁﬁﬁb
hT&, ThbDOHREICLNIXFLGP8SD cytoplasmic tail IXAP-3& W EAMELZH L2,
EHIZAP-1E L RERT B Z EAREATVD®, £ Z TLGP85® cytoplasmic tail RO
PE7 3 /B Alanine B#4ADA70AS L UEATIA% A U & 5 K REWERE S t‘*;_ zhb
DHFIZOWTA &/ T my MEFTICE D MBRBASHZ A, £DO/KE. DATOATIE
LGP85D Y V V — ABELG~DEREZRD 5 Z EAHRT, PRI OBz vy VY -4
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Fig. 12 The detection of M-LGP85 mutants in fractionated HepG2 cells.
The resultant supernatants (PNSs) were fractionated by percoll density
centrifugation. Equal volume from. each fractions were separated through
10% SDS-PAGE and electroblotted onto a nitrocellulose membrane.
Membranes were probed and quantitated with anti-rat-LGP85 antibody.
Densitometric tracing patterns of immunoblotting were indicated below.
These experiments were performed three times with similar results. A ;
1476A, B ; 1476L, C; A478, D ; EA75A, E; D476A, F; A476-478.



TABLE 1 Quantitation of Wild-type LGP85 and Mutants in the Endocytic Organelles

Early carrier - Late

endosome vesicle endosome - Lysosome
Wild-type 19 S 18 54
D470A 41 S 22 27
E4A71A 26 11 26 22
1476A 17 . 13 37 21
LA75A 19 15 - 24 20
A478 15 7 23 1?
A476-478 72 0 0 7
Lamp-1 33 3 10 43
Lamp-2 25 1 13 61

Note. Amounts (% of the total) of early endosomes, carrier vesicles, late endosome, and
lysosomes are sums of the amounts in fractions 4-7, fractions 11 and 12, fractions 13-15, and
fractions 16-18, respectively. The data represent the average of three independent experements.

CIBIEL 55 2 L4 Lz (Fig. 12-E, TABLE 1), Zhiz%f L. E471ATIZ Y
vy — A5 &0 S ESEESN GVER. TON, =Y Kv—21) KX D8y 7 F 1
RS % BAHEL (Fig. 12-D, TABLE 1) ZhbOHEEIFILGPSSDMAEXICE
WTLI motif 23T, ZDEROMET I /BLLGP8D Y Vv — ABTICEE LK
EE R LTEY, D70\ EATIZWAT Y KV — A b BT v F Y — 4 ~DOBTE M4
THREZ LTHEDEHEERS,

: o)

HepG2 Mila THRE Lo B 48 M-LGP85 i, WM lamp-1, lamp2 LB U L 512 ¥
Y — A EIRET 5 2 E A REHEIURE L D ICHlasBEERIC L Vb i o7,
Le Borgneb™ X, LGP85% —BMRB X2 LBz v F Y —AIZAP-3RSBIZER L.
BENCHEBLILGPSR EHICY VY — LIk T 5L BREL TV, RoTZDOH
EnDELD L RERBRERTLHERM-LGP8S DL v 5 2 MRS i BFICEA S F%
ZBELTOWADILLELLT, EFREBTIINERY vy —2BEABELRL LS k%
RLTVWE3DLEbhb, —F, UIABZREM-LGP8 Tk Y Vv —24 kb dir LA
Wy Fy—2ZEBRBFRDLN, WL TREM Y VY —2b ) vy —AABERE
LTWABZERBELNER STz, THERITIsoleucine WS IED AKX WT 3 ) Bk
Alanine E WS IEHD/PNE VT IV BICBERZAZLICED Bz v F VY —2ahb Y VY
V= AADEHRICEETET X7 2 -EAELLGP L DFEAENICEARE Uiz &

—44—



EZ2bh3, L Lab, ZhbERMM-LGPS5 (I476A. I476L) DV ¥V YV — A~ D
RN T OEDHE, BHE) VY —ARREAP>TWAO0, Ehii—BEREES X0
IV RY—bRERZRETY VY —AICANRS TWBDONEARBETH S, ‘é%?t Le Borgne
5Pk, AP-307 v F VYV ARMBAIC NS YR T 2 /v a VERIEEEHILIKEERER
72LGP8S/ IR R IIC AR E B 2 L X 0. AP-3ATGNTHEHRE L TW B AREMEZ R LT
W5, ThbDZ LI VHET S L, UWEAKERR T, X3 L-M-LGP85i%, £ 3HE
BEAOBBHXEFERI L. 20H, HELShTERNZ Y VY -2 ToEFER2FIERIL
TWAH I ENHEENS,

C-Kum% deletion & £7z A478F L UF A476-478 R R M-LGP85 T, FARD ﬁ}l‘ﬁ L
B3 BL, ABTIEEAMEBULISMER LR, A476-478TIX Y V Vv — LTI EA
PEZELTELT, BEESIZVWEOHMIY FY -2 ERMLTWADORERE v,
LGP85ikin vitro A ERP DAP-1LAP-3ILEAT AT ENADL R TNB DT,
LGP85iX TGN TE3T°AP-1% L IZAP-3LHEMFA Lo, Bl v F Y —a~@»h S
EEICEIRAER, RICHT Y F Y — A cBE L2 LGP85 X AP-3 LHEMEALY v
Vb ~NARoTnEEDEFELLRS, LAL, SEHRENCEEERSICAEON S
M-LGP85 DRFERHMTHICEATHTH O ThUANDRESIBRBLFLEL TV L
ENRELObIhE, T74abbH, TGNIZRG 5 :E AR TS - LEMEAFEHEEREH TV
BENTHENS, COZEERMTAHBEEL LT, vV / — 26V VBZEHRK (MPR)
Clamp-1 R EBICAP- 1D pH 722y b EFEETEINY, TGNIALEHL v FV — 4
A D Bk MEIZ BT MPR & lamp-1 & kB4 O/PMRIZEARA TR THE SR T
3 ENKarlssonb? IC X > TRENTWB, Thabb, BUT X2 —FABIKHEAT
b0 TRUPMICERARERDZ DG TIH L, TEX T2 —EABDEEIDEN
&> Thl4 DR/ MAIZEN SN THWAZ L ERLTWS, & b2 MPR @ cytoplasmic
taill THHEA v EF—EINC £ D 4 ) VEREN Y YEBLSh5 & 2 ic & ) AP-108 A7
BT ERBEENTNBEY, £/ MPR D cytoplasmic tail 0)‘ 2 D® Cysteine FeFA3 R
WIMMEENBZ LR ES>TY Y Y~ sBROEFLEELRT I ENMLRTNEY,
LLEDOBENDEZ DL, AT6-4T8TIEY ¥V V — A CIZ LAY RENRD RN & h
by TONIZRWTT F 7 2 —FEABLHEETH LN TE 2Ly, default BERIZ L 0 A
RREICED» > TS Z EBNEREE N, Tbb. LGP8SDC-KRim3kE X7 ¥ 7 &% —
BEABICKEAETARHDOEER N A4 VTHDE T ERHEEI R,

Bty di-leucine type DBATY 7/ F VOEHFICHIHMET I/ BLAEELBX A2 R/
LTWAZERBEIh TS, TEHMBSVIRE S (major histocompatibility
complex class I ; MHC II) &% 7 2=y b T3 BInvariant chain ZH'E lip31* *©, B
BHEOVam3p" PRIEFE A HEQETH DT A IR T+ 27 7 2—E9, 27/ #ifa



ICHBT%F ayF—+, P-protein, Pmell7, TRP-14E® Tida vt v 4 XEFE LT,
di-leucine motif ®_L¥i-4, 57 I / BBREICHMET I VBAFEL, ZOT I /BAZH
LOBAEOBMICEEAREL R LTWS Z LAEBEh TS, LGPEIEB VT
LI motif FIICENET I VBAFETHZ L LD, TOMBABTICIOT I/ BAEE
BE L TWARTREMSAE 2 DR TW3, Honingb® IZLGP85M cytoplasmic tail R 75
FEER L, &7 ¥ 72 -RARL DR EERZT o/ COHREICLNIEX, LGP8SD
e 7 3 /7 [ Aspartic acid & Glutamic acid #FhF i Alanine iCE#R L7 F Fig
AP-3L DEEEH BERMLGPS D Zh LB T % L20~60f5 AT 5 %R LTWVW5H,
F2PondH* $MHC class II 5F lip3l i b5 LI motif O_LFOEMET I/ BEAZ D
SFOMBRE» DOREAB LT Y FY - s ~OBTICEELRBEXYFH>TWAZ L%
BELTWES, CORRTHELNWEMET IV BOZTEATORERR, BERCTRLhS X
S5KVYV YV —s~OBmBEERESBD OIS, DATOATR AP v FY —aiFL LTH
L BV F Y =22 ) YV —2RIHFHELTOB I EAHALNE R, ZOFERIT
ZH U7-DATOANTGNA b = v FH A b — v ARERRICETh., MEE, gy Fv—
Ly Bz Y KV —ob, VY Y —ba~ERKEBESNAERBICBVT, FIPicy Fy—ap
BHEITY KV A~DEEABRTEHMET 3 /8 (Aspartic acid) NEETH 5 = & N
Shic, CORBREZEMTSEHE LT, FHRNAERTH S, AP-1, AP-3DE/ J n—
FAPEERWTY 2 A E v T aT 4V 7 & fToER. 557 (TGNEMH= v F Y —
LMBEFTAED) KBV TCIhDLT AT 2~ EABDHFELSHRTHENTEL (F—
2ARBE) . THOT LT, ThETAPIFEE AN RERLI Y, Bz v F Y — 2 RHFET
BEEZDNTHZA, SEIOERT, Pz Y FY—LAFELTVWAZERNHLRNE
otz ®oTy APl v F Y —apbBEMz v F Y —2~AD ) vy - AKEAE
BERBICLESE L TWA Z &A% 2 bh, Aspartic acid % Alanine IZ{E#: L7 D470A i%
AP-3L DREANMET L, iz Y KV — A~DEELBED LD, L LR, i,
EATIARCB VTR Y VYV — ADRMENRDDOIT, TV FH A b=V ZARDAAVH XTI
WEIZHH LTV ZRiR, LGPSSOHMIZB W T IR HLEEET 3V BRERD > 7+
e LTEE, LGPS52 U v V- A CEET AT EERT I/ BTHSLERMT
770 LGP8543# D cytoplasmic tail iItB W Ty LI motifid V ¥V VvV — LB 3 Y 7 F
NELTEOWTWAR, 2O EHICHFET 8N 7 3 7 B Aspartic acid, Glutamic acid
(di—acidic residues) % LGPSSOMEAMEIC KX REEL2 RITTZEXHELM LT,
PLED XS IZY v v — ABEEEREBAELGPSSD cytoplasmic tail FIZIZ Z OEABEORTS
MBS E SEANRET 3 BRIPICRELT05C EAFES hir, SH, FEORKE
* &b CEBMBTIET hE Wil A OESEDED - WXE# B T ). LGPSSIcD
WCREERBHROMBAEEZTS ZEIC kD, ThETRYITH > MRS % & 05



FEIZ T3 ENTE, LGPS5D cytoplasmic tail Pz B3 7 3/ BEBRENSE-T&EICD
WCOFEN Y %BS LN TEI, HiZcytoplasmic tail FD Luey Do Een EAIKIE R
DRF (7 #7 2 —FAK) LHEMEA L. =Y F9 4 b— v 2RICR TR BT HE
PRERTNS L LA IS I, -

HHEF

AP RFBUAFEFER, & ZEEROEHEEDODS LIZTbh/idDTH Y LEOHE
BRlEE L HNEICESEHLET, TLAPMEOETICHICY . KIGEEEREE - i
B2 ¥ LBIURFEREER., R RIBER 2 b W ERBEFICESB LE T,
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