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B BRI BIAME I+ A7 7 —F ORBE LV Abbreviations

ZDRIEIZH T BHE KA A 2 OBEEIZ DN T eeenenen. 37
2-1 BARIBHT + X7 7 5 —¥ B LIOERBEMN 7 + X
7 7 4 —+ @ DNA fE&l 5 L ORI 2 7 —(pAM 82) ~ APase acid phosphatase
B Bl A e B B 95 10 K5 Lo inos's « 5 s wretes B 3 bp base pair
BSA bovine serum albumin
22 Mt 7 + X7 7 7 —€ OB RHIIRIC I 1T 5 58 LU cDNA complementary deoxyribonucleic acid
20N S CEA carcinoembryonic antigen
221 T+ RT7 75 —F ORI AFR ..o 44 Da dalton
2-22 RO (vacuole) DAFE v vevveverevinernnnneenns . 46 DAB 3,3'-diaminobenzidine
2-2-3 WARBIUVERMENT + X7 77— OFFEE Fab' antigen binding fragment
IEo5 3 U S D S A Qo0 £ b 08 000 oL IR SO0 BIOGOP & & & e 47 ATC fluorescein isothiocyanate
GDP guanosine 5'-diphosphate
2-3 AL BT 4 R T 7 ¥ — ¥ ORI OBES .. - 51 hLGP human lysosomal glycoprotein
) HRP horse radish peroxidase
2-4 o e aprara ol rop b e Y| S o T L A . 56 Ig imrunoglobulin
Lamp lysosome associated membrane protein
#eFh 61 .
LGP lysosomal glycoprotein
e DRSSl B SR s T A D e . B s o T4 Sl Hegseimel iedal e B iane DAt
M-6-P mannose-6-phosphate
RESDI = aors dorp e sxst s 30 g it Akl T BRI A o CNIM. .. 65 ORF open reading frame
PAGE polyacrylamide gel electrophoresis
REfuciices -« o B S L@ AR N IS BN S 71 PCR polymerase chain reaction
LGP rat lysosomal glycoprotein
SDS sodium dodecyl sulfate
SRP : signalrecognition particle

TGN . trans-Golgi network
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434



TUAEAN D RAEALPBEEBIZB T 55 FI2 D0 TiE. & 7 LaEhr
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> Mannose -6-phosphate receptor (M-6-PZ251K ; 1) /) — ABEFZHI1K) (20)
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HETH b,

KTrxORRETIIINF T, V)V - LBICEAREEROBEEAYE (Fig.
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) =5 TLGP8S O cDNAA Fo—7 & L TR U —= 2 7 %474 . hLGP85
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Fig. 2. SDS-PAGE of purified rat liver lysosomal membranes.
Gel was stained for protein with Coomassie blue and arrows
indicate the positions of major lysosomal membrane glycoproteins.
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B0, WKBIRE#RER L D25 L TR v M Agtll cDNA
72475 ) —=%MHNT, rAPase T M T SRRIMAKICL LR ) —= 7%
KBROEIIRT HILIZH > T T2 7ce X7 Y —Z 7 DFER. 2.1X10° 4
D7 7—=IUMS2 MONAKEN] 7 0— L 2185 2 EWTE, £hEh CAP-1,
CAP2 LA 1ce TN END T 7 — UDNA% EcoRI L LIcEZ A A »
#— hF cDNA D K& & ZENZN2.0kbp, 2.6 kbp TH B Z LM &7 -
?zo CAP-1, CAP-2 D ¢cDNA% pUC118 {Z# 7 7 o—= 2 7. Fig.31ZRT
R NS T U= > T RIEERSIRE E1T - 720 CAP-1,CAP-2{3 2N Eh
2021 bp, 2638

LT o/ElA MBI N THEAFA=Z 0631 FHIZrAPase DN
AR E@ U7 1/ 8RS (RSLRFVTLLYRHGDRXPV) 838 S h. i 7 o —
vEBTAPase A 0 — K3 B cDNA THAZ EDH LTz, X512, CAP-2
13 CAP-1{2< 5T 5" fllHY 13 bp 45 < NERIC 102 bp, 79 bp, 436 bp D453 74
BHNEEGATNE I EBaMot, CORGERINIZ. @ 32&6GT Tl
CEDACTEDL->TWT, L7V y—A v o OEREPDI &4
Z1EeH) (39) E—FH LT 3. @ openreading frame(ORF) 1|2 (k0 K oy
HER U rAPase PR INBZBFEBLONEONILH-TLED. @ E
BUT A+ RT7 75 —EDT ) LH(40)ICFHET 55,6, 7T HFHOA v ~o v
EHAX - MEEBIT—HT S, BEDHEANSA VDU THB I DR
BRI, CAP2DDNAIZR T T A 2 VDT LTS mRNA v s i
EEINTTELDTHEEEZ 0N B,

1.0 15 20 2.5kb
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PP
—
-———
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f B H PP H
= s 4%

Fig. 3. Restriction map of acid phosphatase cDNA and the strategy adapted for
nucleotide sequence determination. The top scale shows base pairs. Relevant restriction
sites are indicated (B=Bam HI; H=Hind Ill; P=Pst; S=Sac| Hc=Hinc Il). Arrows indicate the
direction and extent of sequencing runs. The closed boxes indicate introns in CAP-2 clone. The

upward arrows show termination codons(TGA)



1-1-2 cDNADOSHEEEIN S rAPase D—REHEL LY v/ =LA EICE
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Fig. 4 |2 CAP-1 DRI E T SHEBINSE T I/ BERCHIZTR T
CAP-1 |34 E 2021 bp T, 1269bp D ORF & A, S'fIiC6 X 7 LA F K -
3T 743 27 LA F FOFEMREBEFF > T %, /020D 7 o— ilid
LRI AL poly A RN S 7' IV TH B AATAAAZZD S1E ., poly ASEr 0N S
19bp (I & LifiiZdh 5 AATGAAINZ DB AR I LTHWBE EBZ NS, ¥
— 7 T U RDFER. rAPase |3 23 ADT I ) BN S1L B4 F-& 48,332 DR
HET. NRIWRINZ30 7 2 VBRI L D185 2 7 FIWRTF Moy 2R
ZEDANE 5T, YT FIVRTF R AW 3T RTF NSO 5
T 813 45,096 TZ DI, WMUERFAIIIC WL TN BUBESA L FHIT
HBY=_NTA Y UFHE T TARREINS tAPase D FR 45 K EFEFITL L
—HLTW5 (30), N BUNESHS & IR ERAL (Asn-X-Ser/ Thr) (39 & 0
Z DEFNDFEFDAIN - BRI XD Y S — LERI rAPase (367 K D4

%5 S EFBFLIC Pohlmann 5 A1) IZ& O e FNgEHET A X7 7 7 —FD
¢cDNA 70—V 7 HREINTE D, SAORELB L TH S EMET
69%. 73 /BT % EHFILKREO D —D@mL EH 5 423 HORED
TI/ENSIEARZ ENRONIIE 5Tz, F2EBESHH30 7 1 B K
NIZBLVTFIVRTFR 2173 ) BEREDSTEABEMNAA L <187
IOMBERELIDLGEAMIE RAA L EWN) RIBKOMERF > TNWBEEEZS
N3, NEESEE S AIREEPAI(Asn-X-Ser/ Thr)iz & b A8 7 AT TH B DITH L
T, Iy FTR19T FRADOT RN F VENT AT F I ED->TH A
DIC—EEZ T rmifin. B8 i3 d XTE MEM T+ X7 77 —F
ERICMEICFEL TV, ThoD I ENSY Y Y —LOBNT + X7 7
7 —EDEIREA B THBICRIRFEEINTVWEEEZ 5N 3,

Fig. 5 12779 Kyte & Doolittle D f#: (42) 12 & % hydropathy plot D #5 R &
C KA D 379~405 F B DEB IZHUKMED S UVENN A S, tAPase (3 Z D
AT/ —LBIZT o A—LTWBbDEEZ SND, F7o N RN
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FEAREEAL R T Z OBUKED @V L O N RKIRIICAIE LT3 2 &
M. tAPasciz ) /= AR EIZBEWT N KA ) 2/ — ARBETE

C KA HIEIc 2 & 7z Type | Ofg k% & > T3 2 EnTRANT,
R, YPFFEE D F A (43) 12 & > TrAPased Z OHIAE K 4 1 18 ekt
L U rAPase D WIEAIER 31 9 B R RIGHUADHE I N, rAPase DY VY
— L ETO M RoV-DRENEINI, TOHRE. HlaE A A T
BHUKIBIRED b 54 b/ — L2 U THA T 20NN T 2 bufkid s
AU EHMI L., rAPase (3 Fig. 6 (1Z/R95@ 0 Typel OfdmtEz & 5T
WA ENEAE LNILTEMT Shi,
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1 CCG GTG ATG GCC GGC AGA CAG TCT GGT TGG AGC CAG GCG GCT CTT CTC
Leu Leu

4 CAG TTC CTT CTT GGC ATG TGC CTA ATG GTG ATG CCA CCC ATA CAA GCC
15 Gln Phe Leu Leu Glv Met Cvs Leu Met Val Met . S Glin TANE
] t
97 CG& AGT CTG CGC TTT GTT ACC TTG CTG TAT CGA CAC GEGA GAT CGG TCA
—ew Arg Phe Val Thr Leu Leu Tvr Arg His Gly Asp Arg Ser

L -+
961 GAT AAT GGG AAT TTC TCA GTIC GAG ATG TAC TTT CGG AAT GAC AGT AAG
145 == AAG GCA TAT CCT AAG GAC CCC TAT CAG GAA GAG AAA TGG CCC 319 Asp Asn Gly Asn Phe Ser Val Glu Met Tyr Phe Arg Asn Asp Ser Lys
47 Pro Ala Tyr Pro Lys Asp Pro Tyr Gln Glu Glu Lys Trp Pro

1009 AAG GCA CCC TGG CCA CTG ACC CTG CCT GGC TGT CCT CAC CGT TGC cCcCa

193 CAG GGA TTT GGT CAG CTA ACC AAG GAA GGG ATG CTA CAG CAT TGG GAG 335 Lys Ala Pro Trp 2ro Leu Thr Leu Pro Gly Cys Pro His Arg Cys Pro
63 Gln Gly Phe Gly Gla Leu Thr Lys Glu Gly Met Leu Gln His Tzp Glu
1057 CTG CAG GAC TTC CTT CGC CTC ACA GAA CCT GTC ATA CCC AAG GAC TGG

o

241 CTG GGC CAG GCC CTG CGG CAA CGC TAC CAT GGC TTT CTG AAC GCC TCT Sio it s Gl Aol Nb-db opl, SRR At K SR P an (RS TEED T g €
79 Leu Gly Gln Ala Leu Arg Gln Arg Tyr His Gly Phe Leu asn Ala Ser
IOS I NCEG) ARG GHG EG MR GHCRAN GEAWRACENG AT AC TN GEAWGACHACA | GAGHGAGATT
367 Gin L : ln Leu A - Thr Asp Thr Glu val I
289 TAC CAC AGG CaA GAG GTT TAC GTG CGA AGC ACA GAC TTT GAC CGT ACT L T s L R i) Sla Beo E e Ile
- ui 1 = - H = D -
R o L Rt L e - R e Rl R e s 1153 GTG GCA CTG GCT GIC TGT GGC TCC ATC CTC TTC CTT CTA ATA GTG TIG
383 wval Ala Leu Ala Val Cvs Glv Ser Ile Leu Phe Leu Leu Ile Val Leu
SN CICMATG) RETGERY GAGNGEE AAE CNG GCCRGERRCYC NI TCNCCRICCCRACENGAR
111 Leu Met Ser Ala Glu Ala Asn Leu Ala Gly Leu Phe Pro Pro Thr Glu 1201 CTC CTC ACT GIC CTC TTC GGG ATG CAG GCC CAG CCT CCT. GGC TAC CaC
399 Leu Leu Thr Val Leu Phe Arg Met Gln Ala Gln Pro Pro Gly Tvr His

385 GTT CAG CAC TTC AAC CCG AAC ATT TCA TGG CAG CCT ATC CCT GTC CAC
127 vVal Gln His Phe Asn Pro Asn Ile Ser Tro Gln Pro Ile Pro Val His 1249 CAT GTT GCA GAC AGG GAA GAC CAT GCT TGA C ACCACTCAGTCCCCTTCCCTC

415 His val Ala Asp Arg Glu Asp His Ala ---

Al

433 ACC GTG CCC ATT ACT GAA GAC AGG TTG CTG AAG TTT CCT TTG GGT CCA
i 1302 TGCCTCCTAGGGGATGTGGGCTGAGTCCTTGCTCCTGACTATTGCCGATCCCAGAGGGACAGS

143 Thr Val Pro Ile Thr Glu Asp Arg Leu Leu Lys Phe Pro Leu Gly Pro
1365 TTTAGCCTTCCTGATTACCTACGCCCAAATGAATGAGTGAGGCTGGGCTGGTCGCACGTCACE
1428 TGTGACTTACCATCCTCATGCCTGATGTTTACS ACEGTGTIGG RCGE TCT
481 TGT CCC CGT TAT GAG CAG TTG CAG AAC GAG ACT CGG CAG ACA CCA GAG 9] T N L b R A B A e B g )
159 Cys P?ro Arg Tyr Glu Gln Leu Gln Asn Glu Thr Arg Gln Thr Pro Glu 1554 CTCAAGACCTTGGGATTAAAAAAACAAAACAACAACAGAAAAAAAACCCCAAACCCTGAAGAA
¥ T 3
.l F s ol | 1617 GCTGGTACTTGATCTGTCTAGCTCTTCCCCCAAGCCTTGCTCTTTGTCTTCTAGCCCATATCT
529 TAT CAG AAC ATG AGT ATT CAG AAT GCA CAA TTT CTG GAC ATG GTG GCC 1680 TTGGCAAATGGCTTGGAGACATTGTCCCTTGGTACTTTTGCAGTTCATATAAATGGCTCATTT
175 Tvz Gln Asn Met Ser Ile Gln Asn Ala Gln Phe Leu Aso Met Val Ala 1743 TATATGGATCACCCAACAGCAAAGTTTCCCTCTGACTGAGGCCTGCCGTCAGTGTCAACCTCA
* 1806 ' GGCAGGTIGAAGGACACTGGETGCTGCACCTGGATGACAGTGGGAGGACACAGGAGTGAAACAC
S7%, PREGNCHE WACEY GCENCET ARCHRCHTEGIVACE CEA) GG ECCATERECENEATICTG 1869 ATGGAATCATGACGTGACTCTCCCTCAGCTGGGCTGGACTCTTCAGGGACTTGAAGTAAATGC
191 Asn Glu Thr Gly Leu Met Asn Leu Thr Leu Glu Thr Ile Tzp Asn Val 1932 AGCTGGTGAACTGTACACCTTGACTGTGGCCCGAAACAGAGCTGAAGTAACTCCGAGGAAATG

* * 1995 AAGGTTTTGACTGAGAAAAAAAAAAAA

625 TAT GAC ACA CTC TTT TGT GAG CAA ACA CAT GGG CTG CTC CTG CCA CCC
207 Tyr Asp Thr Leu Phe Cys Glu Gln Thr His Gly Leu Leu Leu Pro Pro

673 TGG GCC TCT CCC CAA ACC GTG CAG GCT CTG AGC CAG CTA AAG GAC TTC

a8 L= Ala Ser Bro GlosShr ¥al.Gla Al Ledh Ber Gid LéM Lys' A BhHe Fig. 4. Nucleotide sequence of cloned cDNA and deduced amino acid sequence
a S s of rat liver lysosomal acid phosphatase. The deduced amino acid sequence is
R R R O T e R g 7 e S shown below the nucleotide sequence. Both the nucleotides and the predicted amino
239 Ser Phe Leu Phe Leu Phe Gly Ile His Asp Gln Val Gln Lys Ala Arg . 3 ¢ ; [
v acid residues are numbered on the left. Putative signal sequence is indicated by broken
e . W N et Y g pr;derllne and anhup\f/v:rcé arrgwb!ndlcqtes tht‘adcleavagglsﬁe for &gn:;l peptlddase.l Underline
poc 1 1. arciiin g @ okl e Leamader @¥n tAS. Lok bk oen L i Peu indicates a stretch of hydrophobic amino acids, possible ransmembrane domains.
* Putative polyadenylation signal is shown by dots. Potential N-glycosylation sites and

817 ATG GCA ACT ACC TCT CAA TTC CCT AAG CTT CTG GTT TAT TCT GCG CAT the termination codon are represented by * and ---, respectively.

271 Met Ala Thr Thr Ser Gln Phe Pro Lys Leu Leu Val Tyr Ser Ala His

865 GAC ACT ACC CTG GTT GCT CTG CAA ATG GCA CTG AAT GTC TAC AAT GGT
287 Asp Thr Thr Leu Val Ala Leu Gln Met Ala Leu Asn Val Tyr Asn Gly

913 AAAR CAA GCC CCC TAT GCT TCC TGC CAC ATA TTT GAA CTG TAC CAG GAA
303 Lys Gln Ala Pro Tyr Ala Ser Cys His Ile Phe Glu Leu Tyr Gln Glu

-12- 13-
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Fig. 5. Hydropathy plot of the rat liver lysosomal acid phosphatase.
Hydrophobicity values obtained according to Kyte and Doolittle have been plotted with
respect to positions in the amino acid sequence. The window used in the scanning was
11 amino acids. Line segments above and below the horizontal axis indicate
hydrophobic and hydrophilic portions, respectively. A long arrow indicates the signal
peptidase cleavage site. The membrane spanning region (hatched box) and potential
N-linked glycosylation are also indicated on the stick diagram above the

hydropathy plot.
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BIBV =V TV REFATOE DS 727285. cGP-2D cDNA % Fo—T7i
LTESIZRZ ) —= v T T5c & 2 A, ¢GP-1,cGP-2 X 1) 3, £ cDNA
ZHD7 b— 2 cGP-3(1.9kb), cGP-4 (2.1kb) %482 = LN kKtze &2 D
SEHRCIHNRE DFER. IED DAN % 5% 0— > ¢GP-4 )\ rLGP8S ® N %
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residues

s

« | SE5, S I HES
2

228-234
16T 0
283-294
4967

Amino acid

Sequences
VEDSWEKPPLPVYIQFYFF

ARCCFYTA

GMR PNKEEHE SFVDINPLT

SFENVEGLPAFR

IVEWNGK

N-terminal amino acid sequences of rLGP85 and their derived peptides.
AYIFER

8

Fragment 14
Oligonucleotide probe used for isolating LGP85 and the part of the cDNA sequence of LGP85.

Table |I.

rLGP85
Table Il.

Peptides
The peptides were isolated by HPLC after trypsin digestion of rLGP85. The numbering of amino acid residues corresponds to that in Fig. 8.

Amino acid residues underlined was chosen for the oligonucleotide probe( Table II.).

HialemeniE

Fragment 26
Fragment 33
Fragment 44

SROSCONE

Has
GTA
G

CTT
©

Glu
CTT
C

Glu
GAA GAA CAT

Lys
AAG
INE

T

g0 0A
<4

Pro
cCa
GGG

5
S

Amino acid sequence
cDNA sequence of LGP85
Oligonucleotide pxrobes

The synthesized oligonucleotide probes are corresponded to the underlined amino acid sequence of fragment 33.
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Fig. 7. Restriction map of rat LGP85 cDNA and Strategy adapted
for nucleotide sequence determination. Arrows indicate the
direction and the extent of sequencing runs. The shadow box indicates

the amino acid coding region and the lines indicate the 5'- and 3'-
non-coding regions.
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GGG GCC AAG AGA TTC CAA ATC AAC ACG TAC GTT AAG AAG CTG GAT GAC TTT GTG GAA ACG GGA
Gly Ala Lys Arg Phe Gln Ile Asn Thr Tyr Val Lys Lys Leu Asp Asp Phe Val Glu Thr Gly

AAC ATT AGG ACT ATG GTT TTC CCA GTG ATG TAT CTC AAT GAG AGT GTT CTC ATT GAC AAA GAG

Asn Ile Arg Thr Met Val Phe Pro Val Met Tyr Leu Asn Glu Ser Val Leu Ile Asp Lys Glu
L

ACT GCA AGT CAA CTG AAG TCT GTG ATT AAC ACA ACT TTG ATT GTC ACC AAC ATA CCC TAC ATC

Thr Ala Ser Gln Leu Lys Ser Val Ile Asn Thr Thr Leu Ile Val Thr Asn Ile Pro Ile

ATC ATG GCA CTG GGC GTIG TTC TTT GGC TTG ATT TTC ACG TGG CTG CGCG TGT CGA GGA CAG GGG
Ile Met Ala Leu Gly Val Phe Phe Gly Leu Ile Phe Thr Trp Leu Ala Cys Arg Gly Gin Gly

TCT ACG GAT GAG GGA ACT GCA GAT GAA AGG GCA CCC CTC ATA CGG ACC TAA TGGGACTTACCTGTT
Ser Thr Asp Glu Gly Thr Ala Asp Glu Arg Ala Pro Leu Ile Arg Thr --—-

GCCTGAGCTTGGTGAGAGAATGTGAGAACTGACCTGACCTGGACCAGGACAGGGAAAAGCCTGCATCCTCACGGGCTCCTGGE
CTGTCAAGAAGGGAGTGAAGCCCCAGCACTGGCACGCGAGAAGACCCTCCTGGACAGAGGGGACCGAGCAGGTGACATGGCTG
GCAATTACGCTTTATAAAATCATGTCTCTGAAACTGTGTCAATGTGTCTTAGGGAGTAT TTAATAMATTGTGTAGAAACCTTT
TGTGATTGGGCTCTGGGAGCTGTGGGGTTTTGTAACCCCTGTTGTAGATACAGTGTCTGAGTCACTTGTTAATGTTAACTTGG
CCTGACCCCATTCAGTATGCCTCACTCTCCAAACT TTGTGTTTAAAATATGAAAAAAAAA

Fig. 8. Nucleotide sequence of cloned cDNA and deduced amino acid sequence
of rat liver lysosomal LGP85. The deduced amino acid sequence is shown below

the nucleotide sequence. Both the nucleotides and the predicted amino acids are num-

bered on the left. Amino acid sequences of rat liver lysosomal LGP85 determined by

Edman degradation are boxed. Underlines indicate a stretch of hydrophobic amino acid,

possible transmembrane domains, at the NH: - terminus and near the COOH terminus.

Asparagine residues (#) represent potential N-linked glycosylation sites. An underline in

the 3'- non coding region indicates the poly adenylation signal. The stop codon limiting

the open reading frame is indicated by (---). The arrowhead indicates the posttransla-
tional cleavage sites.
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Fig. 10. Depiction of some aspects of the rat liver lysosomal LGP85 structure.
NHz- and COOH terminal ends are indicated and the membrane spanning segments
are represented as the projected helix. Connected open circles represent approxi-
mate position of the N-glycosylation sites.
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Fig. 11.  Restriction map of human LGP85 cDNA and strategy adapted

for nucleotide sequence determination.

and the extent of sequencing runs. The shadow box indicates the amino acid

hLGP-1

Arrows indicate the direction

coding region and the lines indicate the 5'- and 3'- non-coding regions.
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1107
286

I115)2
30k

1L S 7]
CHLE

12472
B

1287
346

382
361

W35
376

1422
BIopl

1467
406

1512
421

1557
436

1602
451

1647
466

1692
1750
1810
1869
1928
1987
2046
2105
2164
P28
2282

AGT GTA CAG GGA CTG CCT GCC TTT CGG TAT AAA GTT CCT GCA GAA
Ser VAl Gln Gly Leu Pro Ala Phe Arg Tyr Lys Val Pro Ala Glu

ATA TTA GCC AAT ACG TCA GAC AAT GCC GGC TTC TGT ATA CCT GAG
Ile Leu Ala Asn Thr Ser Asp Asn Ala Gly Phe Cys Ile Pro Glu

GGA AAC TGC CTG GGC TCA GGA GTT CTG AAT GTC AGC ATC TGC AAG
Gly Asn Cys Leu Gly Ser Gly Val Leu Asn Val Ser Ile Cvs Lys

AAT GGT GCA CCC ATC ATT ATG TCT TTC CCA CAC .TIyr TAC
Asn Gly Ala Pro Ile Ile Met Ser Phe Pro His Phe Tyr Gln Ala

GAT GAG AGG TTT GTT TCT GCC ATA GAA GGC ATG CAC CCA AAT CAG
ASp Glu Arg Phe Val Ser Ala Ile Glu Gly Met His Pro Asn Gln

GhAYN GACH CAT HGAGE ACANTTIT S G GHEACS AMESAAIE CEIRNTINEE A CTIN G GRS VAT
Glu Asp His Glu Thr Phe Val Asp Ile Asn Pro Leu Thr Gly Ile

ATC CTA AAA GCA GCC AAG AGG TTC CAA ATC AAC ATT TAT GTC AAA
Ile Leu Lys Ala Ala Lys Arg Phe Gln Ile Asn Ile Tyr Val Lys

AAA TTA GAT GAC TTT GTT GAA ACG GGA GAC ATT AGA ACC ATG GTT
Lys Leu Asp Asp Phe val Glu Thr Gly Asp Ile Arg Thr Met Val

TTC CCA GTG ATG TAC CTC AAT GAG AGT GTT CAC ATT GAT AAA GAG
Phe Pro Val Met Tyr Leu Asn Glu Ser Val His Ile Asp Lys Glu

ACG GCG AGT CGA CTG AAG TCT ATG ATT AAC ACT ACT TTG ATC ATC
Thr Ala Ser Arg Leu Lys Ser Met Ile Thr Leu Ile

AAA GGA CAG GGA TCC ATG GAT
val Phe Thr Trp Leu Ala Gly Gln Gly Ser Met Asp

GAG GGA ACA GCG GAT GAA AGA GCA CCC CTC ATT CGA ACC TAA ACA
Glu Gly Thr Ala Asp Glu Arg Ala Pro Leu Ile Arg Thr *=**

TTGCCTTTGCTTGGTGAAGAAACTGTGTGAGCTGTCCTGACCTGGACGATGACGTGGGG
AAACCCTCCACCTCCTTGCAGGCTTGTTGCCTGTTGAAAGAAGGAAAAAGACACGGCGC
TGGCAAGTGATAGGAACATTCTGGCCAGAGGTTAAAGAGCAGGCTGACATGGCTGGCCA
TTAAGCTTTATAAAATCATGTGGGCTCTGAAATTGTTCTTTTATGTGTCTAGCAAGTAT
TTAATAAACCCTTGTATAGTAATTTTGTTGTTGTTGGGTGCTGGTAGCTCCAGAATTTT
GTGACCACTATTGTGGGTAAAATGTCTCTGCATCACTTGTTAATGCTACTGGTCTAACT
TCATTCAGTATGCTTCATTCACCGAACTTTGTGCTCAAAATGCGTATATACCATTTTAT
GTTGTATTCCTCCATTTCACTTGCAAAACAGAAGTAAATAAGAGTTCGGGACCCAGGGT
AAAATGGTAGCTTCATCCAATATATCATTCAAATGCATCTGATTTCTAAACCATATTAC
ATTTTATGCTGATCTTCAGTTCATAATTCTTCCAGGAAAACTCAGTCTTCCAACTGCAA
TAAAATACTGGGGTAGGAATCAAATGGGAAAGGGGGGGGGGGGGGGCC

Fig. 12. Nucleotide sequence of cloned cDNA and deduced amino acid sequence
of human LGP85. The deduced amino acid sequence is shown below the nucleotide
sequence. Both the nucleotides and the predicted amino acid residues are numbered

on the left. Shadow boxes indicate a stretch of hydrophobic amino acids, possible trans-
membrane domains, at the NHe- terminus and at near the -COOH terminus. Asparagine

residues(#) represent potential N-inked glycosylation sites. The stop codon limiting the
open reading frame is indicated by stars. An underline in the 3'-non coding region
indicates the polyadenylation signal. The arrowhead means the posttranslational

cleavage site.
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85 kDa >

Fig. 13. Immunoblotting of LGP85 from membrane fractions
prepared from rat liver, human liver, QGP-1NL, and human
placenta. Each membrane fraction was subjected to SDS/PAGE
followed by immunoblot analysis, using specific anti-rLGP85-IgG.
Lane 1, rat liver lysosomal membranes ; Lane 2, membrane
fractions from human liver ; Lane 3, membrane fractions from
QGP-1NL ; Lane 4, membrane fractions from human placenta.

2300



Fig. 14. Immunological staining of QGP-1NL cells by anti-rLGP85
IgG(1), non-immune IgG(2), or anti-CEA IgG(3).

QGP1-NL cells were fixed and incubated with each antibody and
HRP-labeled secondary antibody. And then, the fixed cells were
processed for DAB cytochemistry. The reaction products of DAB were
observed in lysosomes(1) and in plasma membranes(3).
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1-4 Z%

1-4-1 )/ = LABEAEO—REEIZL 5578

ASREEEZ Sy MFY YV — LBREAE TH B rAPase, LGP8S, 1 LU
rILGP8S Okt + TOAMFEHEMEE TH B hLGP8S D ¢cDNA 7 o— = 7' A1Ti,
ZNOSDO—REEEWSIMNIT S LIS Uic, o2 OfR=E Tidr

S5I2&->TTy MTFY VY — LBEAE TH 3 LGP107, LGP96 D cDNA
JR—Z U NHREEINTEH Y (22,23) . S SICHREMMDIIRZEIZENTH
W OMDY S — ABEREDDNA 70— FHAHEINTE TS
(24~27) o N5 VY —LBEEEHEIL, Table NIRRT L HIZKE LT T
OO N—=TIIn BT A ENTES, ThEhO 7 NV—TOERAZIZR
BAHETIIHEFICB{IBEFEINTLEN, ThTho 7 v—THTI
Lamp 1/ Lamp2 BIZH FHRIMOAROSNS (59 bk :321%, kE F:36.7%)
PStid & CiTEHIzED S7ity, Lampl, Lamp2 (2§ L Tl
genomicDNA D 7 00— = o 7 &I N TH D (51,52) € OBI=AIFHEH A
XOICMHONMIL S TETND, ZOLIITELADY VY — LBEEHERIC
BOTHAEOIRONEWI Eid. &4 OEAENMEHOKiEETF > T 5
CEEFRRUTHAD, VY —LABREAHOKEICE L TRBHT7 + X7
7 7 —=ELUNRBRIEPSMIZIN TN, )YV —ABREHE OGRS L
TiEs DU — LANBEOREMAL, 2)Y) VY — LNETONIKG ERERED
PEINC X DA UAEET 2 /. lBIhER. WE. X X0V X7o—)ba
/XZ 1 v (vitamin By,) 78 EDRKFEHRDOMBE WD 7S ENTFREINTH
L0 INODOEEICODD B Y Y - ABREAERELEEIN TN
(20), ThoY /- LABEEAHOKREEHIISHD ) v/ — LEEAHEIC
Bg 2 RICKB T2 EERED—DTH S,
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Properties of the lysosomal membrane glycoproteins.

Table Il

LGP85

Lamp-2 Lamp-3

Lamp-1

acid phosphatase

Properties

Ho

65.3% 86.0%
65.3%

60.0%
82.5%
40.0%

89.0%

ra
ra

fid, !

85

30-55

95-120

90-120

67

weight(kDa)

238 478

380-389

382-396

423

Number of amino

acid residues

_34.

3 10-11

16-17

8-9 17-20

Number of N-glycans

1

Number of membrane

spanning domains

cleavable uncleavable uncleavable

cleavable

cleavable

poly topic poly topic

Type |

Type |

Type |

Orientation

Yes Yes No

Yes

Yes

GY-motif

1-42 )y )= LBEEAEDORAENY 7 FILOKET

BIA T~ L ST, e DY VY — L&A EBICIIEAZE A8 i3
WOoNBEM-728Y Y/ —LELICE TS P RoV—IZBg L TI3. LGP8S %
BRNT I TTypel oA RT 0D BN R SNz, THDBEN XK
WD KES %) V) — LAREIZAS CRAHET—BY) VY — A% Bl U
MM+ EEENSTBIMBE N AL VAT 5E0 ) M ROV —THF
HLTWBE, ZDHIBY /=LA RN AL Vi3BES 2D Y ) —
LBEAEOBERBICEE L THELEEZ o, &2 Iy —7 1
VREFFSTWAEZEZONS, — /. BETHEXICLIIZY VY —LE
HAEORMANY 7 FIUVNEAENFICH A ETFRTEEHE. JHIFCK
IPOHIE AL VIZHBEZEZLDONRYTHA D, ML SO
3Y = LONBMNCAAET 50, U UVIEE ZEFEOHICE N TN 2D
LTWT. F+ U P—EAEK EMROF ORI E SMHAIEMT S Z &0
TERNWRTTHS, TITIOHIRE N AL VDT I/ BRECHI A L& L7
bOMNWFig. 15TH b, TNERBELGPES LISMITXTY VY —LENS
IBEE CHEEE (687 I VBEE) 0L AT v o—Fov Ok
i 7sEesl (GY-motif) DFAEL TR Z Ebhb, LIcdi-TI D
GY-motif 231) /= AEEEE DR 7 F IV TH 5 nffettpvr I 7o,

LGP8SDE. fthd ) v/ — LBEEHE LR ) N K & C RKimffLoD
2 FNCBEAEE KA A UOMEE LT AN RidH) CKim 20 BEOHE I
BRE RAA VPFLEL TS, L LIRS IO R A A dilid GY-motif
BFAELTEST. Fcfbo) V- LABEEAEOMBE KA A v EDKRE
OY— bSO -7, LIch-> TLGPSS iIZidfhd ) v/ — LBEH
BERBRBDR[EAY T FIVDFHLE LT B et nd 5, THabBY VY
— LBEHEAEORAEBIZIIP I EL 2 BELU LDV 7 FIUNFAEL T
WA ZENRBINTIZ, GY-motif TIEWEFT LY 7 FILDREEICIE. X561
ZHD) ) — LABEEAEDDNA DY O—= IR ETHA D,

F3I5E
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Fig. 15. Cytoplasmic tail sequences of lysosomal membrane glycoproteins.
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Lamp-2(human)
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Lamp-3(human)
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WE BRI H 1T B rAPase DRBLB L U F D LEIC BT A RE K
A A DOKFEIZONT

B OETRYYVYV-LEZEAEDY) V= LNODREILY T FIVIZE DK
HEchbEEZ. VY /—LEE HORELY 7FHIVERET S
DIZEGFED ) ) — LBE 9'E (tAPase, rLGP85, hLGP85) D ¢cDNA 7 o ——
VIEITOL. ZOT L BRI AL O RZETT TICHEIN T Ao
Dy —LEE HEEHETHE - R LI, TOHRKEIDY v/ —
LIEE E (APase, LGP107,LGP96) (3. C KAMUDHINAE K A 1 iID T
BWKREOD V=R L. BT V- LENSIZITERBOMEIC Y Vv
-FovrE0D BRI (GY-motif) WAL TS Z EZWMIT LT,

DY Y= AEEAE DRI Y 7 F L (GY-motit) DEEFEIZ DT,
R 2 DPFIREEZ LD L DD 7 )V — T THWHIETD cDNA F81H
ZHOTHRIADPMA SN THE Y. GY-motif FDF oL VEEINFFICERET
HbBIEDHREINTUL S (65,75),

FE RIS EYIAINE & RIS A VA R S 2K b, BIEFNFERICEIDEA
WA F~DE HEIhdrb3ZHOBIFPNREINTETN S, #
12 Scheckman & (53) 12 & A #8151 B IR LIRS PEA Fe#k  (sec mutant)
P, Emr & G4 2 X B RIRADAIVERFIRTF F—EY Ok Rk (
vptmutant) % JHNCHFFEIC K O BEREIBQIC F51F B central vacuole system
Dt HD#E) - #ink D FHEMNKEBICH S ML DDH B, kil
COBIEFNFHEICE DS M INCBERRIC S 2 A DS - i
LD FEEMOBWHRORIZE N T NI ) D@ IED SN TETE
D, —HTIRMADRTHEIETES FLREINTETNS (),

Z ZTAHMERIZ. BRARICEITS Y VY — LARF VAR T TH 5N
NDEE HOREEHEERNT S EE I, BMiickiIs ) v/ —
LEE HoRAALY 730 (GY-motif) 2%, BEEHINAD RITH U THEHIH
fEdT 2 MMEINETENT B7cbic. #Bicf FHFEEHMOTIEIEAMA
T KA 1 o DERA rAPase D cDNAZRBLE . TN LN D rAPase D ff
REAIBE N T O J3 1 4 Hll a2 1 0 e g Btk 18 & & RO THRES L7,
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2-1 DFHEF rAPase 35 & V% R rAPase (O DNA fESl 35 L O 7 ¥ —
PAMB2)~D /7 a—=_ 7%

PRI 7 & —Tdh % pAMB2 (56) |3 Fig. 16 {Z/RF & 12, BEFE2um
DNADHEBME S A S, MlRHIZD DI E-H b2 LB REITHRFF S
N3, FMBZABR—A—Th 5 La 2 BEFIIZDToE—F—%
BEIFEAER > TNBIZHDIZ, O L oA GER NPT TRE N IE—
HORIchd L0 ) HEAFF D, PHOS FoE—7—13Y VBRBEIZE > T
FEOFEN [ THD . TNFEFETIZZIOXRZ ¥ =2 N TBRFRY A )L
ZATHIHEG6), BV 75T —FHA 7 T AN ZADHEGEREFHK (57). £ ba
T7I7—=EG8). =7 b JF—A(S9)MEDRIIHINIZ I 1T B FBLD
HINTUV A, rAPase DHIIE K A A » O¥FEABHFIRO R IZH O THN
57z, Fig17 1279 & 912 PCR #(60) 35 X U Kunkel #: (61) % T,
TF A= Y rAPase 5 K O EFEBI DA R rAPase O DNA Z/ERL L, X7 7 —
THBHpAME2ITHIA LTz, £ 1L UHIZS INIC EcoRT, 3"fiC Xbal D %
THaDFIZTITA<—2MNTPCREITL., rAPase D S' B X U3 DR
RFEE A BRU 7o DNA 248 U 7o, ZOBICBEAHBREMIE KA 1 v %
Rk X1 ERIK (AC45) bRKIZPCR EIC L D FESL L7z, ABI-DNA & —
7 L oY=l & BIEHARCHIHER L. MI3B XY ¥ —T&H % ¢KP1010 % [
T, Kunkel thiIZ X OrAPase DN RégD L 7 F vy — 7 L 0 R =MD %
WHRHAETH 54 NNy —EDY T F IV —7 T RICE MU, Thid
FF1HE O central vacuole system NDFHD AT v T TH B/NaKEE#E B &
N T FIRTF FOYM DO EARL TAH7DIIT-7, I SICHIIRE K
A A VDRYAK(ACI8) P GY-motif PDF o VERAET 5= UFEIITE IR
U7c7 3/ BRIEHA (Y412A) RS Z O 7 7 — LT Kunkel #2412 &
DIT>720 WTNDHE b Kunkel 72412 & 5 22 38 A% (ZIEHRCH O HER
ToTnb, TOEIITUTER U B4R rAPase 5 L UK A rAPase 0
DNA% . BB BRIRY 7 —ThH 5 pAMB2 |THfiA L7z, Fig. 182
DEBIZ T EFAER rAPase 15 L URE A rAPase DIRAK %779 fER L
7o 75 A1 NIZKRBROEBIZIRT Sk (62) 124 > T large scale THE L. 7o

318.-

7S R ML (63) 10 & 0 BRI (AH22) 2R HEA L., oA v V&G ED
WD ETHUIR Z R DBIREAT » 72, 14 S N7l Z K13 FI-1 (wild type),
FJ-2(dC45), FJ-3 (dC18), FJ-4 (Y412A) E #ffiF. LT OEEIZH U,
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Fig. 16. The structural map of pAM82
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—F75-1(8.6xb)

S . nvertase signal sequence
TN1A01{wid type)

1) Mutagenesis

2) Sall

rin alll

F1=34-8(12.5kb)
(A0 wild tyoe)
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PHOS promoier
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(dC18)
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2HOS promoter

PHCS5 promoter

Fig. 17. Construction of the plasmids which encode wild type,

dC45, dC18, and Y413A rAPase.
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See details in the text.

Xho

rAPase WT

rAPase Y413A

rAPase dC18

rAPase dC45
? : N-glycosylation site

&\\\‘ . invertase signal sequence

: transmembrane domain

: cytoplasmic domain

Lysozyme

Lysozyme

Fig. 18. Constructs used in the analysis of the sorting signal
of rAPase. Each of constructs is diagrammed as rectangle, with
the NHz termini at the left. The amino acid sequence of the
transmembrane and the cytoplasmic domains are indicated in the
one letter amino acid code.
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2-2 rAPase DEAHNAIZ 351 B R E LU Z DM 24

2-2-1 rAPase DFFRHAIICE T B FER

BT TR SN & HE rAPase DFBAE, H LS DRG0 A > v
EIFHIA R BEREIE R A B (MY-AHT 854, V) O BEIRE =300uM) T
38~40 hr 55 3 T HERI ) (0.D.go= 2.0~3.0) 1T BT K D W LI Lik
EHERIZOI . EROFICTTHEIC LI > THEAZ 7 2075 X Mt
#% . tAPase DIEMARE L7z tAPaseDJEMIT. BERFNE O/ 7 + R 7
7 7 —ENWEAREIC L D HEBEAZIT L DICH LT rAPase NEAREIZ X -
TEHELUSHEERFAIEAFMALT. AR/ -TOBHE T+ X7 75—
Y OEHDZEZFBL U rAPase DiEM & UTRIE %417 - 72, Table 1V (2R &
rAPase DFBUAD BAAN & 853 LiFIZH1) 5 tAPase DIEH D53 2777,
JBAs & MBI A RK LT B FI-2 (dC45) LM N TH 3 LiFICI37E R
ST, BANDAIZ APase ELE LT B DO H B,

I SRS L ORFEZE A rAPase DRIRIA DK IaE . 5 LUK L
i % SDS- PAGE # rAPase |0 ¢ A4 RIIKIC L 24 L) Toy T4 T
AT 5170 ZD§ER . FI-1(wild type) EFJ-4(Y413A) (2 58 kDa, FJ-3(dC18)
1356 kDa D/~ 2 RIS 3 D AITHR i S Ntz, F72FI-2(dC45) 1Cf LT
3. M - K53 FIE DM A I 53 kDa & 53~60 kDad /N v Kbk X h 7z (Fig.
20), Z DEERIZIEMNEICZ L B tAPase DA DEER E —H LT3, Lk
LZw MIFY V) — LIZFELET A rAPase D5y 213 iES&RIAN 67 kDa,
A[7EMERAN 64 kDa TS NSRRI THRELE 72 rAPase & 47 - EOVR1S
> Tz, THITFMIRE Z v MM E Tid rAPase DHESID T Dt v
YOTIMNEDIIDTHBEEEZ 6N S,

Peters & (65) WNEHIIBDZRICE W TiTo b N7+ X7 77—
CDNADFBTH. C RIS 44 BEARKRI VL EE MNEB T+ R T 75
—EDHMRIAANGIRIND E0 D FAROFHRIREINT NS, THbbE
NEEE T + R 7 7 7 — B3 Z DA N A A NZEHEALAE D5, #laN~
O retention 35 LN VS — ANDRLEAL Y 7 FIVISHEE R A A4 Zi3 i<
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C RN 44 BILDIBEHEE KA A VO SHIE KA A A TOEC
GFHELTWEEEZ 5NS,

4 EEHZ DT > 12 tAPase DRI H 1T 2 FEUCH U T b Peters & DL
R ERIBE. 1APase (ZPE R A 4 ITIEPEEAL A H5 oD%, HIEA O retention
B LNBRBANDRELY 7 FIVIEARE R A A Zi3 e « CRimn S 45 &
HOBFEE N XA VIDOHIIRE R XA 2T TOEMIELEL TS &
DR INT,
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2-2-2 FERpRa e (vacuole) D531

DX IZHIIBAER T D rAPase D JRFEERAL A2 S NMTT B fodiT. Mgy i
KX BIREAAT 5720 TAPase [SEMWIHIIIC BN TIZY V /= LITRELTE D .
)Y = LAOERBRE LTHLOLN TS, Lich> TRERIICE N T
RIMIBIHE. BRD ) VY — LA VA % 5 TH 5 ila (vacuole) |ZJH4E
ELTNB I ENTFHENS, 22 TETHEORRDSHAEBRDOIIZR
T LT Emr 5D H#:(66) 2T U727 4 T — VDA ESE EARLHIC X
DTV, K H rAPase DRI~ D R D EE W2 ILBE T 5 Z &L
(Fig.20) , Table VI R4 & HIZZDMEIZ LD 1§ ShickBE >3, K
ROEFBEETH S a< )V F—EPHNKRFIRTFI—EY DO LiE
WHREIR— MIFUTH LA LTS, £7hMELITIVIAD
IEHBERTHS F 7 o—LCETHEPGDP 7 — LD iEM 13 4.1~5.5
HERELNEN-TEST. ZTNSDF VA RS DIRARLENDITNEE
Zohb,
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2-2-3 %Ki rAPase OB RHIIIC BT B iR~ D R

BIIAD 43 18] 15 4 U T &4 rAPase DR EAIZ O THIRA B A1TU . &
U — b LilamisrDOrAPase DWEFRIEEE IE L 72 #5R % Table VIIIRT,
FJ-1(wild type) iZ DU TS BRI 43D rAPase D LLIEPEDHRE D R — ML
THI66 I EH LTH O B4R rAPase DR EHAINIC BT 5 1) ) / — Lk
TUN—= M A P THBBRRIZBAAALTOBE I ENRREINS, —.
FI-2(dC45) |2 36U TS & FEI & R K S B 72 Al A PR rAPase O i i 53
TOREHIIREREEFTLOLEA LT ST —HBiRICEAENR SN
35 HDDZ DR DRy RITEF A R rAPase |2 L~ S MK - 72, Table
VIS RENTWB L ST, FI-2(dC45) Tid rAPase (3 76 % LL Esrih I T
B 0. HIRNODZE A rAPase (dC4S) (T3R8 . (B2 S < M FRLA)
IZAFE LT B [ REEDE U,

LONLEENS ) )= LRI T FIVEZEZ SN T AHlRE N A 1~
%R XH72FI-3(dC18) R, GY-motif 1D F o L4275 = VICE#BRIEL
FI-4(YA13A) 1B T H . ZRA rAPase DK 853 T D thid i3 38~46 £ &

rAPase HEHLIZBIEIL LTS 2 EHVHIBH L7,

UEDZ EMS Y VY — LEENE TH 5 tAPase (B DB & LIREE.
WEHIIICE VLTS ) V=L T %= b X U N THBEIRICBENLT S
DI RS XA VB L UHIIRE N A 1 D& RES B o 7MERY rAPase |3
Kl mAESTHRMC M INTLE ) 2 Mo ER Sz, LML
NG| RS SR rAPase (372 OMIRE N A 1~ OAF P GY-motif (ZHhvb &
FTIRIBAE L TE 0. Bk TREYMkROEE &R - R e
WMOrEZ 5N 5,
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TS~

2 3 4 6 6 7 8§ 9

Fig. 19. Immunoblot analysis of rAPase proteins expressed in
S. cerevisiae. Cultures were separated into two fractions,
intracellular (I) and extracellular (E), and each fractions were
subjected to SDS/PAGE followed by immunoblot analysis, using
specific anti-rAPase-IgG. Lane 1, rat liver lysosomal membrane ;
Lanes 2 and 3, cells expressed wild type rAPase (FJ-1) ; Lanes 4 and
5, cells expressed dC45(FJ-2) ; Lanes 6 and 7, cells expressed
dC18(FJ-3) ; Lanes 8 and 9, cells expressed Y413A(FJ-4).
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log - T spheroplast

15% Ficoll 0.2M sorbitol
10mM )
0.2M NaCl 2mM MgCl,

SW-28 rortor
21kXx5hr

=» vacuole fraction

* Enzyme Assay
- SDS/PAGE Immunoblotting

Fig. 20. Scheme of vacuole fractionation. The details
of the methods are described in the Materials and Methods.
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Table IV. Distribution of Expressed APase Activity in Saccharomyces cerevisiae. 2-3  HUOEHUAERIC & B rAPase O S {E BB DR ES

Strain Intracellular(U/ml) % Extracellular(U/ml) % PPA R L OB FEZE 2R rAPase DR IEUAIZH U T rAPase O fa M 18 56
FJ-1(wild type) 19.2 99.0 0.2 1.0 PLAMH SN B 72T, b U — Y —BEE 2 AL Taotifkkic L 5
FJ-2(dC45) 19.0 23.1 63.3 76.9
FJ-3(dC18) 12.9 98.5 0.2 15 B ALT 512, B FErAPase DREUA DM EMEEIADOHIE%E . 4% /55 7 + )L
FJ-4(Y413A) 18.8 96.9 0.6 3.1 - o ) » 8 ,

LTIVTE NTEEMR. 14 ') 2 — XA THIlEEZ HL% 2 % SDS THilaD
BB ETEE RS, — IRk E UTHirAPase fifk (v F) &2, ZIRfLkE L
Table V. Yeast Vacuole Fractionation. T fluorescein isothiocyanate (FITC) £23# L 720 ¥ 186G AEZEROT, S04
Fyw N7 ZREES L - —BMERIC L 5 BEE T -7, TDORR. B
H: R rAPase 3 Fig. 21 179 & 912, #MRAOBEIICRAELL TS D0v%b

Marker Enzyme Homogenate Vacuole(fold) Recovery(%)

5o LinU. F1-2(dC45) Ti3Mla/E@ il L MHlRNICS T 26 € 5

a-mannosidase(vacuole) 0.446 21.2(x46.1) 7.3 N BT e 1= ARl s e N s b e, PN 3

Carboxypeplidase Y(VaCUOle) 0299 13.5()(45‘0) 7.1 < %/M‘%*ﬂ.m‘\— ﬁjlé v 7 ﬂ'/l/i? D%J\b bnfx.o — 0) — & 6i B'jﬁ‘(@ﬂB’QQ@dz

cytochrome ¢ reductase(ER) 49.4 200.0(x4.1) 0.64 - p 1 d , i g p o 5

eI bt S L BHERE—HLTHD . rAPased C KD 5 45 BIEDBAES KA A~

. D OHIE KX A 20 TOETKIANDRBIEL S 7 FIVHMELE LT
protein 10.53mg/ml 45.5ng/ml 0.16

5 ENTRENS,
ZZTIOBRNDREAY 7FNVTH B EEZ SN AN, OEA
Table VI. APase Recovery in Vacuole Fraction. H (W23 ERHE) ZRRNERENMIEE I ENTEENIDNTHR
Ft&1T 572, rAPase O C K & 45 BEDREAES N A A U SHlaE kA
A DT TOEG %2, SEAETH S/ F—LDC REGHICHG S

Strain Homogenate Vacuole(fold) recovery(%)

eF A SEAEORRBUAZER U, rAPase [HERICHEIAERICE B Z
FJ-1(wild type) 37.3 2443.6(x65.6) 8.3 \ ~ . s
FJ-2(dC45) 36.2 441.4(x12.2) 1.9 D)/ F— L& 1APase ¥ A T EHE ORI ORI OB % 4T -
FJ-3(dC18 24.1 1100.5(x45.7 5.9 \ . y
m%wmg 33.8 wm&%m; 6.1 720 —IRPUEA L LTIIILY VF—Lbifk (T8 F) 2. ZIkPifkE LTI

fluorescein isothiocyanate (FITC) 23 U 72 5Ly # ¥ 1g G Hilk %= i1z, T DFE
B Fig. 2ICRONB LHIT. EFRY JF— L3P ) BRMRERE T E
ICHELTOADICH LT, F A SEAERBBRANICEHEL TS I &V
W L7, §75H B rAPase DC Kimd & 45 BRI EAE 2B &5
AL B B0 D 5 2 LRI hrc,

LU SEMMIRRICENTY VY —ANDRILS T F IV TH B EE
ZoNTHAHMRE N2 A % REKXHE72 FI-3(dC18) . GY-motif 1D F
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Oy UERET T = UEIRICE R Ul FI-4 (Y413A) 12200 Tl FI-1(wild
type) [RIBRD FIEHAE/ 25 — U D3R & N(Fig.23). Zh S DERK rAPase
RIT D RIBITRAEL LT B DNES M 5 o UL EOFERIZ a5 ik
ICEBHEREHLTE D, ©i30BEMRICEN TR GEY rAPase (3
ZOMIAE KA 4 »DHFER GY-motif |Zhhvb & FTHIICRELTED .
BYHIRDIGE L3R - 1Ry 7 F IV EREMBBOEAIEZ SN
i
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cence detection
of rAPase in
Yeast.

AH22 cells har-
boring the vector
with no insert
(C-1) or plasmid
expressing wild
type(FJ-1) or
dC45( FJ-2)
were fixed,
converted to
spheroplasts,
and stained with
rAPase antibody
as described in
the Materials and
Methods. The
cells were
viewed by
Nomarski optics
(A, C, and E) and
by epifluo-
rescence using a
filter set specific
for fluorescein
fluorescence (B,
D, and F).



Nomarski Fluorescein

FJ-5

FJ-6

Fig. 22. Indirect immunofluorescence detection of Lysozyme
and Lysozyme/rAPase chimera protein in Yeast.

AH22 cells containing plasmids encoding hen Lysozyme(FJ-5) and
hen Lysozyme/rAPase chimera(FJ-6) were fixed, converted to
spheroplasts, and stained with rAPase antibody as described in the
Materials and Methods. The cells were viewed by Nomarski optics
(A and C) and by epifluorescence using a filter set specific for
fluorescein fluorescence(B and D).
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FJ-4

Nomarski Fluorescein

Fig. 23. Indirectimmunofluorescence detection of truncated
rAPase and mutated rAPase in Yeast.

AH22 cells containing plasmids encoding dC18 (FJ-3) and Y413A
(FJ-4) were fixed, converted to spheroplasts, and stained with

rAPase antibody as described in the Materials and Methods. The cells
were viewed by Nomarski optics (A and C) and by epifluorescence
using a filter set specific for fluorescein fluorescence (B and D).
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2-4 ZH

R OB IR~NOEAEORMEN Y 7 FIVICEBT 2%, ThETH
CONOMENAEHOBRICBE L THRESIN TS, WIVEFIRTF & —
¥ Y3 [iatE O MKDREER T H 505, BIEANDREMIZITEI I & (38
> THIHE A VEELES, 2O oBINEBZHE TV I U-TILFE=
v-7nY v-o4 2 2V (QRPL) &V EHINRLENY 7 F b E UTHEREL TWH
52 EMMONTNS (67), FIBIBHARMNEAETHE TV HT +
27 7 7 —EDHEIF. TOBEEHEEG LUHMIRE N A 1 &MU 6
BowEAE (1 oy —8) DEIICKRAENRT 5 L DT 5 (68) 2 &EH
5. MO B4 ERBICIERE ASHEE L CHIIRE N A 1 2y 7 F 0
HBIENTRINTNE, LHOLEEDI DY 7 FIVEH ISR A P
FEDOSNE, 2L ) ICHFROBIRANDEAE DRI 7 F i
DOTIHWELZHELMRAIF SN TOROONIRIKTH 5,

ZITANES . 1) BRMRICE T 2 BI~OBEE HH O R ELEHE.
2) BRI E T 5 ) S — AANDRLEL Y 7 FIVDBERNZ BT b ERGE
TEM EVI2EEMOMITEIDIZT Yy MY Y/ —LABERAETH
% tAPase DA L L OE R EAE 2GR TRAIE. £ DRI
B DU T HINE 53 1 0 S 8 # A O THRES 21T - 72,

TFH: Y rAPase (2 BEREMINIIC BT S8 kDaDHEHE & LTI N, Wikt
HUC BT B V=LA N R T EZEZ SN TOBRICEAIE L TH
5 LM, Ml L OREHEAEICEDHOSMIE 5o, — A T8
SN SHBRE KA A AT TO CRIGM 45 BEEARKIE L RAY
rAPase(dC45) (3. £ D NI DRI EINTE Y. MlBNTH IR E
BRIEDZT /8- A VN HREBICSATZE% 5 WERAN) 1217
FELTHAB I EDPHNEL 5, L2 5 Ty rAPase O I~DRLEIL S
TFHIWIBZEDAME R AL VITIIFAEL TR 53, BHiIcE I 33546 LR
BIZC ORI 45 BHENICHELAE L TN AE 2 EWmRBaNT, X SICAWE
BTH3Y) /F—Lil. ZOC Kl 45 BHRAEESIEF A SHAES
KRB I LI ABRBANDRENZED SN, RITD 2 OEMIEHE A
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IR B 50 H 5 Z EHIBI L7z, LaLEgiilieics Ty vy
—LNDRENY T FINTHEEEZONTVAMIRE N A A V2 RESHE
722 AR rAPase (AC18) . GY-motif D F o> VERERAT I IR E
TR rAPase (Y413A) B EHAIIRIC BT, BAR rAPase & R ICH IS
AL LT B & EMMMNET 5 72 (Fig.24), LI EO#ER LY. BRHRO
BN~ D RAEALEERS (3B AL L I3 RE D . HIIRE K A 4 2% GY-motif 75
EIEGF LIRS TRAMLL TS bDEZEZ 5NE, LHrLUNSIHN
5 DZ R rAPase DN TOBATRMN T )L DREE L%, BRI
Mo THBDNH 5 I—HIBHEEEZH U TRIBIZHD > THBDHMID
WTIRELZHSMMILTEH ST (Fig. 25) . SEHFMERIADLETH 5,

it Stevens (69) 513, MRIOKBEEAE THE VRTFINT I /X
7F 45—+ B(DPAPB) A%, T OHIIRE N A 1 > OFWICEFRL CBIEANRE
LT 52 EAMELTED. ZO#ERIIANEE D rAPase 2 I TIT -
PEBRERLEL—H LTS, HolFXSIC, TWDEEABETHE VRS
FIONT I J)RTFFSV—EADPAPA) N, TDTIWNIBHAL 7+ ILTHD
M N XA U ERKIED EBRANRIMELLTLE S 2 & o, FitHle
IZHB 1T BRI DEHEAE OEERKIL | default TR TH 5 L) RiF%E
R LUTWB, F72 Cooper (70) &5 RO TN UBEEAE TH S Kexlp DT
WOBRBY T FIVTHAHRE KA A L ARRIEE E. ZOFAEIRKI

MBI BT REDA WA R T NEIND 120D 2 7 F IV EFF 1210 HAR
MOBEHEAENEIICHEINTUE 9 &) #la = default compartment |
EVI MM EINTETN S, THIEWHIIRICE T 5 default 73R I HVIE
BHMTHBETEEZEF LI REEETHS (),

DL HICABOEEDHER LT Tholl. BRI & Bi¥mlao
/= LATEHENTNMAOERAE DIES - ik BENFAELTWAE I &
DTRBINTETL S, TR~/ L H 1T, BRHIBERFHTFEN iR
rcd/ake I b oy M) 7T TORAEOEESEE /MK - T D%
EMOERAEDORE) - X IZHELRIGFEYORINI I N E TREL MR
R TE, £oikli. BRNOEAEHEXDZERKE IR S LEA

=57



8¢

6S

rAPase WT

rAPase Y413A

rAPase dC18

7 : N-glycosylation site

N . invertase signal sequence

: transmembrane domain

: cytoplasmic domain

dC45

Lysozyme

Lysozyme

Vacuole

Vacuole

Vacuole

Medium

Medium

Vacuole

Fig. 24. Localization of wild type or mutated rAPase expressed in S. cerevisiae.
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ER

Aadh

V) —LDESEEAZZ B LT, V) /= LDOFEREESTHSY
V- LABEEAE ORI EBRHT A 3. BFICEENT—<TH

S S E %o AFFEIR. 1) BHED) Y/ —LBEAED DNA 7 o—= v /%47
§ § gg WED IRIEEAZHOHZ L. BLUZDNA 7 o—= U W HEI N T A1t
S 5 2 DY~ LBE HEADET REEOLE - @i ) 7 — Ll
s gé H HOV Y/~ ANOREY FFVEREST B &L 2) Bohi:
§ g?-,% cDNA % B EHEIMICE D TRRB I HZ 2 &Itk 0. HEINRELY 7
: HE F IV DHEDHRGES LURHHIIN B ) /LB V77 5 5 T il
= 558 DBEAEOREBE LMY TS &0 2HNE LTIT- 7%
é k “ég E—ETIR) VY —LEEAE TH B rAPase & LGPES D cDNA 7 o—=
1ol E;E L UEOENS DA—RIEERE L. ThehoT $ ) MRS b0 Y

V) = LAREAE LI - RE AT 1

TOFRrAPase (3, THETHREINTHWELR2TDY VY - LBEEAED
HIaE KA A i3l UTIFES 5 GY-motif 24 LTk 0. I @ motif 23
V) S = ANDRHEAL Y 7FIND—DTH5H I EATFRUI VS HDTH - 12,
Peters 5 (65) |3 baby hamster kidney (BHK) O #iffa% L 2SR ICHE LT
.............................. cEWE T+ 27 77— (LAP) D) ) — ANDRLEALIZ Z D GY-motif %

JEM AR LTY VY — L~EEd 3 E 22 TH D (12). 20BER

MoEDT Y KA b= 2IZHIIRE K A A D PGYRHV &) fiesl v
BTHBHIELRLTNS(73), ISITHIEZ OHIIRE F A A L8, TEHEK
l
(HA2) L4564 22 L b InVitoDFEBRIZEWTHSMI LTS (T4), £
7z Fukuda & (75) b1 UV V / — LBEAHE TdH 5 h-Lamp 1 HNLAP [a] .

Cytoplasm
Extracellular
domain. The xa shows that Tyr413 is replaced with Ala in the cytoplasmic domain.

Fig. 25. Model for the traffic of wild type or mutated rAP
The thick bars protruding from the rAPase WT boxes or rAPa

spanning and cytoplasmic domains, while the bar of rAPase d

Ex . COSHNaAZ W RBRICEWWTHSMIL TS, ZDLHIZZ
BHDY /)= LNDRENY 7F I
3. HIRE KA A ICHFLE LTS GY-motif TH B Z EHE REEN

-60-



TWb, bbb OMARIZENTH. BI15(T6)iI2LHF v b
LGPLOT N ZDHIRE KA A A2 7+ IVELTY Y/ —LNRAEL TS
ZEM COS HIlRICKIT ARBFE b B ERICE D SHZINTN 5,
LD LSS LGP (2D T, E b+ 5y hOZHODFEIZH L THIE
HRAA Iz Z O GY-motif 28 L TN Z EASROFIETY S
LTHED. VY= LNORENY 73D ES ZHEBLL LFHET 5
ZEDHMMETE 5 12 Vega b (46) (3 COS dfia 4 AL 12 RBLRIZHNT
ILGP8S H{thd V) /' — LR A BRI, HRE KA 1 o piZRELy 7+
IWINFAET BT EEZR LT A, BARIYICEDRLSINEETH AN E
WIS LTI, Letourneur & (77) (3 T #ila DMl & i Hlis 524544 (T

cell antigen receptor : TCR) DH 7 2= b DO EDTH 3 TCR-y 5. HilBHE F

AA oDy -4y v EWIRINMKELTY VY — LNRFEAT
% I LA L TU B (Di-Leucine motif) , LGP8S DM K 4 A iz =
@ Di-Leucine motif {283 04 v A4V O0A4 ¥ EWDRIIDFLEL T
W3, = Di-Leucine motif 3 LY Y — AANDRLEL Y 7 F IV TH B H
EID ERLIDEHE) VY - LAREAEORMEY 7 V& - @5
LR LTI EAH ST S Z L3, S%OBEEPRAET
H5

FLETIEM RIS 5RBREMNT, rAPase DMIIRE KX 1 > D
) = AANDOREALBEDRRGE S L . BEEIIICEK T 5 ) V)  — LA
WARSTHLEIBNDBEAE DR DRI ZTT > 12,

rAPase (IFFFHC R UWLT H T v MFMIIRERIC, ®ha (V)= L) IZRfE

DFMBFR <. BERHIRICE T 2R IRNDOREVE ORI T, B
WHRD Y ) — ANDBEEAE ORI & 3RED  ENHUN L
2. MEHARTORRNDEEAEORIELITIZ Y 7 F V335, K
[3RE IR 3517 B default compartment THh A 2 E 4 KFFd AR EIL 5 T2,
AR D45 A Stevens & (69) I L D HROBRBEEAETH L VRS FV
WT I )RFFH¥—EB(DPAPB)» T IUREHHETHB IRTFINT
1) RFFF— A(DPAP A) 2 i KE . Cooper (70) 5iZX 5 TV

5L

BEAETH S Kex1Ip 2NV ERICK DREIN TS, THbDB 1)

BRI EAEIEZOMIE K £ 4 OFRPEZSHEOBRICL ST~
THIRIZBAILLTNA Z &L 2) IVIEEAERZ£DORMAENS 7FILVT
HLEHMRE N AL U ERRIEBERRICIZAY—T 4o 73NTLEH S

&L EN S HNR= default compartment W) ZAREINTE TV 5, Zh
FEMHNRIC T 1) B default WRBHOTEEBETHLDEE LS RUBHTHS
(1),

RIS B O TR IBIZHICHE S OS E LTI TIE L Koy - 3%
1257 ORF A £ DA D B ERITHE D IRREHEFF D 7o DT BT & LT DR
AR LTED. Btk id 5 ) vV — L L3 DHGE - HIY7E &N
RIEBFNARSTTHS, WRTHSBHROKIRIS. BHlkao ) v/
— L&D BHEMHROBIIGE O iEERICTA VAR T THEICDII. £
DEVEDRENKERENRIL > THBDO0E LI, $ 5 W3
BIFAE LT B D, FHEROD - TOEWLRG] - Sk T2 L T
WBDIN BRI,

HIfE. MRS B A~ D &P E DR - EXid AR, &
T~ 8 B ¥k O il LIRS AL ek A WO e RBR AT iz Sh T 5,
HHEINSFIEMRICE O THHIN TE /RS - ik EE B S
WTHHFE - BEEL TV AN EI VARG T A LICK D Bl Y VY —
LD HEAHEEBEDOMIHIIOENE 0 S L7,

Ll



¥ KEDEB

1. HEB LU EERMK

AR STUNKFE LB HREEROEITED b LifThbNicbDTH (1) Bk
D, FEDOHIBEZHIFELHWSIECRHH LTI, FAHRDOXT strain genotype reference
IZHIDBIGEBELEBE A D T UMK LMK ERE SIS E.coli
B LE T, ARXDIEEUIH 72> THFFE - AKMEEF LUK Y1088 A lacU169, supE, supF, hsdR’, hsdM’, metB, 78
troR, tonA21, proC::Tn 5(pMC9)
DEAEZLE T, Y1090 N lacU169, proA”, ]\ lon, araD139, strA, supF, 78
AWM RICENHEFREATRE. 2 OMHBE - HEELHD F LI INDNA [trpC22::Tn10], pMC9
+ 7 — IR ER L FHREPT R . P ZRICFECHLH L LT FE T, LE392 F' hsdR514(rm«), SUpE44, supF58, 79
F 1AM DOZRITICH I D ZRKITEIFE - HEFE2TRE F LUK FEEF A lacY1 or (laclZY)6, galk2, galT22, metB1, troR55, &
. HHPEEHF L OoNTANETHFICES BHELE T, JM83 ara,/\ (lac-proAB), rpsL (=strA), ¢ 80, lacZAM15 80
DNA 70— 7l D EEREL T 23> 2O -—AiE L (3 JM103  A(lac-pro), thi, strA, supE, endA, sbcB, hsdR 81
REAKFEFIHBTF) « 745 ICHERMIR TD cDNA RELCEW HTREFE L F' traD36, proA ", proB’, lacl®, lacZAM15
PR FEFE. BARKFIEL@LH L EFES, 7 v AT cDNA JM110 dam, dem, supE44, hsdR 17, thi, leu, rpsL, lacY 81
FA4T7 7)) —2MELUTHEZF L =FEAEBERE ERKFEFEE) 755 ,galK, galT, ara, tonA, thr, tsx,
Mk MEEEMIRDNA S 475 ) -2 MELUTIHE X LcmEE L (lac-proAB)/F'[traD36, proAB ", lacl °, laczZIM15]
MDA 7 —BEIRITFCEAM L AR E) ICEATRMB L E T, £/2ht BW313  HfrKL16P0O/45[lys(61-62)], dutl, ung1, thil, relA1 82
) F— LYk ES5 U THEE E LA KEEER, HARGHZR. K RR1 SupE44, hsdS20(r-B, m-B), ara-14, proA2, lacY1, 79
#HiZBF. SARBEITOCO ST LU LT E Y, X SICAHRDOEITICH galKk2, rpsL20, xy 1-5, mt1-1
720, ZREBABNATRE F LICIUNDA £ 7 — BRI E L FRE ki 5E Yeast
B\ UMK FEFIMAENE L FHEORRICES EHBELE T, AH22 aleu2 his 4,can 1, cr’ 63
FoAEISEMOGE UPEOE WA TRE . RIGEIH I TRWL 7 LR
FFEHAEBLFHZEORRRIC, BT A EEBIESHLHP L LT FET, BB A ==
RBICHIRA~NDEAE LTSN AmBICENRSHOELA L LT T, Plasmid  Characteristics & comments
A gt11 Alacs, srlA 3°, ¢cl857,srlA 4°, nin5,srlA5°,Sam100 83
pUC118 Ap' cloning vector 84
M13mp18 cloning vector 81
M13mp19 cloning vector 81

dKP1010 Hashimoto, Y., unpublished results; construction of this
plasmid will be described elswhere.

pAM82  expression vector(yeast), PHOS5 promoter, Leu 2, 56
— arst, Xho
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(3) AE
Bactotryptone, BactoYeast Extract, BactoAgar, Nitrogen Base w/0amino acids
I3 Difco #ENSHEA L 72,
RBBE R 7 4 )7 —(MILLEX-HV 0.45um)i3 3 V) B 7 S A L7z
KGRI 2 ARIRERICINZ 7o 7 v B2 Y vy IPTG, X-gall (3F1IEAHE
ETE (K LOALI,
FIVLTIVT B K (37% solution ;Formalin) , RNase A, DNase I, GDP, F

WM (k) K . T4DNA polymerase, T4 DNA ligase, T4 DNA kinase, (3
REHE (K vhoThThlgA LT,

[*1)-Fa 54 ~ A, [a-?P]-dCTP {3 Amersham#t 7S A L 72,

Z bovbo— ZfEiT S&S #0055, FITC-labeled anti-goat IgG Fab' fragment
(rabbit) {x Cappel kY. = K7V av¥—+¥H, 1 €Y xT—Z100T,
SEALFLTENSIA LT

Bz-Tyr-pNA (3R 7 F RKiffZE4t. 4-Metylumbelliferyl-w-D-Mannopyranoside (3
NBS BIOLOGICALS | B-NADPH{3A4 V) = v 7 VBT () oK~ I
AUL7,

WRSKRWALTIWTFE R, ZUFZNLTIVFE R, YIVE =, YT T
7o EXFVUIEEIMEFELR LA LIS

fhDOHAEILT X THRR A L1,

(4) 5t
K w2 854
L-broth: 1.0%(w/v) Bactotryptone
0.5%(w/v) Yeast Extract
1.0%(w/v)NaCl
NaOH |2 & 9 pH7.0 2%
H-medium 1.0%(w/v) polypeptone

0.8%(w/v)NaCl
NaOH = & 9 pH7.0 1%
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2x YT medium 1.6%(w/v) polypeptone
1.0%(w/v)Yeast Extract
0.5%(w/v)NaCl
NaOH {Z & Y pH7.0 12 #&L

B8 7 P
YPDmedium 2.0%(w/v) polypeptone
(BEESe 4 bsth) 1.0%(w/v) Yeast Extract
2.0%(w/v) glucose
NaOH {2 & ¥ pHS.0 {235
10xN B medium 6.7% Nitrogen Base
(13 R AKRIR ) 20%  glucose
200mg/ml Histidine
7 4 V57—t (0.45um) TR
MY-AHT/P-,Suct H LS DHEOANTENHR L1,

() BRI H5b) fBL Y UEREEEIF300uM & L,

1. KBk

(1) JUEERIcAgtIlIcDNAS A 75 ) —DR 7)) —=2 7

KIDSD HHk(85) #EFTEEL., PirAPase JilhZ v T 27 ) —= 7
1T -7

(2) B AV ITZX 7 UAF K2 T —-TE LU TIT- 720 gtll DNAS A 7
U =R I
E#E (BK) O MEGALABEL™kit Z i TAKA Y TX 7 LA F KDS!
K55 % [y-"P]-dCTP THEGE L7 b DA 70— 7 & LT, Maniatis 5D F#:
(TIZHE > TIT-> 7120

(3) DNAF O =T ZMTIT>7AgtllcDNAS A 75 Y —=DZX7 Y —
= W
Amersham#t: 0> Multiprime DNA labeling system % i » C[a-"P]-dCTP THEE L
tebDAFo—7E LT, Maniatis 5DF#H:(79) 129 > TIT - 12
7=



(4) DNA DKL
KAEH7 5 Z I KDNA (3 Maniatis & D Akaline lysis #:(79) 2 TiT - 720
MRS X3 KDNA IR, ZKS5DUBIZL B
Kupersztoch-Portony & Triton X-100 cleared lysate 4 (62) 12k - Tkl L7,
7 7 — 2 DNA D # % (3 Maniatis 5D J7#k (79) 1IZ9€ - 720

(5) DNADEHRRALSIRE
RIFE:# ([a-"P]-dCTP) kil & 2 ¥GHACH R AE 13 Hattori & D J57k (86) 124 -
TTIWAVEHRLIZTSRXI FDNAAZF UL — b E LTIV, ER
ACHREIZ12 USB #D SEQUENASE™ ¥« M A L. Hiki3 BT
12t - 72,
WHAER L2 T 54 < — 2 MO ISERERSIREIZIE . M13mpl,19 X7 ¥
—IZ7 00—V UIc—&KEDNAZF L — b ELUTHWL ., KGR
Seiko Instruments Inc. @ DSP-240 CHEMICAL ROBOT TAT4 . 4 /LB bk )
12 ABI #: D 373A DNA Sequencer T{T - 720

( 6) Invitro mutagenesis
Invitro mutagenesis (3 Kunkel £ (82) 1233 TiT - 72,

(7) BERHEE $ni
B EHEE U o b5 X Mk (63) 1L DT T,

(8) BHHDERL JURHEBERENDONE
E 18 O E & (2 Bio-Rad Protein Assay kit 2 flUWTRIE AT - 720 WE ik
BRAXE IO, FEEYE & U TBSA £ A7,
fett 7 + A 7 7 ¥ — 4 p-nitrophenyl phosphate % 3£2 & L C Shibko and
Tappel D} (87) 2 U 7o, & 1 unit (FFE 1 nmol 2% 1 5[ INsK 53 ik
EANBEELTELUN, 7277 U rAPase OEMEIL 10 mM B AHFRIFIE F T
FFETTEDEAMI,
a-< v /) ¥ —+t I3 4-Metylumbelliferyl-o-D-Mannopyranoside & 3£ 2 & L.
Anraku & D F5ik (88) IZHEWRIE 24T - 720
HIWKF I RTFF =Y |3 Bz-Tyr-pNA 4 3 & L T Stevens & D} -
(89)IZHE » TIT» 712,
NADPH-# k7 o — A C #ychE#i$ Kubota & D Fiik (90) IZHE » TRIE A 4T
=) i
GDPase |3 GDP A #HE & L T Abeijon 5 DHLOIN & O RIEEFTU .

e

LK A4k ) D E &4 Fiske and SubbaRow D 11 (92) TE®R L7z,

(9) SDSHKYT7Z7VYIT I REKLkE) (SDS-PAGE)
Laemmli & D} (93) 12/ > T10% 25 THIVTET - 712,

(10) 46Ty T4 07

R ZF A IV AR [2 % skim milk, 20mM Tris-HCl (pH7.5),0.15 M
NaCl, 0.1 % Triton X-100]
washing buffer [20 mM Tris-HCI(pH7.5), 0.6 M NacCl, 0.5 % Triton X-
100, 0.2 % SDS]

(SDS-PAGE) #%. Towbin & D}k (94)IZit > T, BB A= hot)lo—
ABICERINCEE U, BER TH#, —bot)lo—-2EE2T oy s T
— R (B THINBKEL 7oy F 7 41T-0 ZoyvF o7
# Tk, PirAPase fifk THI S BFMMRE L (—IRIIE) « & D#% washing
buffer TEEFE. [P1-7O0T7 4V AEZBTULRAF L IV BEP TH 2 K]
W\ LU (ZRRS) o ZRUGH 7= b ot )bo— g% washing
buffer TEEIRE. BMELTA A=V 7 L= TINA QTSI T4 —%
£TUy BAS2000 THEMT 24T - 720

(1 1) BFERHnA O Hia sy ik
Emr & 07 (66) £ % T2 E LT - 7o
A : SSB[25mM Tris-HCI(pH7.5), 1.2M sorbitol, S0mM b-Mercapto ethanol]
¥4 £ 1) T— Z100T(10mg/ml), 1.2M /)Lt k—)U

15 % Ficoll [15% Ficoll,10mM Tris-MES(pH6.9), 0.1mM MgCl,, 0.2M sorbitol |

8 % Ficoll [8% Ficoll,10mM Tris-MES(pH6.9), 0.1mM MgCl,, 0.2M sorbitol|

4 % Ficoll [4% Ficoll,10mM Tris-MES(pH6.9), 0.1mM MgCl,, 0.2M sorbitol |

0 % Ficoll [10mM Tris-MES(pH6.9), 0.1mM MgCl,, 0.2M sorbitol ]

SHEUTII) (O.D. 0=2.0~3.0) DB EEANNE 300 ml £ 35,0 THER%. 0.1 M

NaCO,, 0.1 M B-Mercaptoethanol T % L 30 C T 20 [ % 2 il k&

T3, BOTHIAAZES SSB THE L. 4 €1 — X100T % Ji Z_(final

100pg/ml), 30C° T 60 WP B 0NHRET 5, X7 20772 MLET

. EOTHRIAEED 1L.2M VL E b =)L Tokif. b — B0 THik

AA4E5 15 % Ficoll T T 5, & #K %2 Dounce homogenizer THhEVF A

X% (3~5strokes) . FEVR— M 2B LOF 2 —TIIB L. €D LiZ8%

Ficoll . 4 % Ficoll, 0% Ficoll, Z#MZ @M L AERHELR &5 o
-69-



VL SW28 o — ¥ —T 21Kx 4 B0\ % 4 % Ficoll & 0 % Ficoll D85 HL k45>
iy &9 %, (Fig. 20 1)

(1 2) o PRk & 2B
Pringle 5 M 515 (95) 124¢ - T+ FITC-labeled anti-goat Fab' (rabbit) %2 f] T
11572
L 3B FWLT WFRBER 4% /R 58400 A RIVTE K 18M i
k — ). FITC-labeled anti-goat Fab'(rabbit), Smg/mIBSA in PBS,
TEB[0.2M Tris-HCI(pH8.0), 20mM EDTA, 1% B-Mercaptoethanol|
SPM [1.2M sorbitol, 50mM pottasium phosphate(pH7.3), 1ImM MgCl, |
#4 £ 1) T— Z100T(10mg/ml), 1.2M /)L E k—)L /4 % SDS.
0.1% RV 1) <> mounting medium [100mg/ml DABCO in 50%
glycerol|
L. [EEAL : SFEIEHE (0.D. =2.0~3.0) DEERMR Sml 1237 % KIV AT
T E RZ0.6ml Nz, 30C T1 BEW A PMIIRET S, =0 THIAE
4% /X5 FKIVLTIVT E R Sml THEHE L30C T 16 BEfi] 5 DMk
#®I 5,
2. 272077 A Mb: BEEKRT %, 120 THRIAZ % TEB THEAE L30
C TI10 B ONET 5, HOTHAZES SPM THRE L, A
£ 1) £ — X 100T % fn Z (final 100 ug/ml), 30 C T 60 43w 5 LN IE T
5%
3. permiabilize : 27 x 075 X MEET#H. ELOTHEAEZED 1.2M V)L
E b=l Tk, b9 —BEEOTREAEZED 1.2M V)L E b — L THRAE
T2, DEIZHEDI2M VILE b—)JV /4% SDS %Nz . EIRT2 MK
BT 5. BUOTHAKEED12ZM /)L E b — L T2 Mk, 1.2M )L E
b =L CRET B (fixed cells),
4. 254 FNOEFEL FCHEATKICEABE : 2514 K45 2%50.1%
AY YT Ta— bk, fixedeellsZEiRT 1 BRIKE X5, Smg/mBSA
inPBST 1 K] 7' 0 w ¥ L 7%, Pl rAPase goat ifk % I TR T 6 Ff[i)
BET %, D% Smg/ml BSA in PBST9 [A)3k#4 L. FITC-labeled anti-goat
Fab'(rabbit)% il T KB T3 BET 3, Smg/ml BSA in PBST 9 [A)5t#
L+ mounting medium THINI % - 7o, MLV —HF—-BAMEIZ L 28
AT 512,
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