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AKX TETiLOBSEAVE, BU. VEAVEEAESUVUTHVLIREDOD

(B12X. DNA. ATP%) BEBHUL L.

SRP . signal recognition particle

GA . gibberellic acid

Asn . asparagine

Ser . serine

Thr ¢ threonine

™M . tunicamycin

ER . endoplasmic reticulum

rER ¢ rough endoplasmic reticulum
GlcNAc . N-acetylglucosamine

Man . mannose

Dol . dolichol

Tris . trisChydroxymethyl)-amino methane
DEAE . diethylaminoethyl

I gG . immunoglobulin G
SDS . sodium dodecylsulfate

PAGE . polyacrylamide gel electrophoresis
CBB . coomassie brilliant blue

Endo- B -H . Endo- 8 -N-acetylglucosaminidase H
EGTA . ethylene glycol bis(B -amino ethyl ether)-N,N,N",N’-

tetraacetate



Con A . concanavalin A

Fuc ¢ fucose

Gal . galactose

Xyl ¢ xylose

poly(A) . polyadenylic acid

SFV . semliki forest virus

TCA ¢ trichloroacetic acid

wW-—-7 . N-(B-aminohexyl)-5-chloro-1-naphthalenesulfonamide
CCCP : carboxylcyanide m-chlorophenylhydrazone

HOQNO ¢ 2-n-heptyl-4-hydroxyquinoline N-oxide

NAP-taurine : N-(4-azido-2-nitrophenyl)-2-aminoethylsulfonate

hsp ¢ heat shock protein

VSV . vesicular stomatifis virus

BSA ¢ bovine serum albumin

MOPS :  3-(N-morpholino)propanesulfonic acid

Me t . methionine



= o

Amylase WTF YTV RMKABRIIBROBRHETSHY diastase LDV S,
Amylase & EBAREmP» OREHK D glucose Bhi YV LTI ®Y
B, BIUEBZNZEVAREAR2D O FRBS 5, aiH . glucoamyl-
ase. B -amylase. exo-maltotriohydrolase. exo-maltotetraohydrolase. exo-
maltohexaohydrolase B h TH V. ThFh. a-1,4-glucan HEZERY]
Wr U T glucose. maltose. maltotriose. maltotetraose. maltohexaose %4
T %, BREWIWE. a-1,4-glucoside HEDHRMAKIMWT % o-amylase D
EHIZ a-1,6-glucoside HEDAHRBIRIIWYIN T % pullulanase ¥ iso-
amylase REDOKYIVBENH 5, B-Amylase WHP L BEDEED D O,
FhEoMOIFVE anylase UHEYEFEODLIONHMSIN TV S, a-Amy-
lase XHHEYBIUBMEYPCEEHRZEFELTV 5,

REBTE2RBHMEET S anylase CHI AW BE T hoBEEODD
HDYREORHNBRREMDSBAINKITOHATE LY., EYEEFHRMRE
HBEHEFKR->TRUEYV. BELUTERDTH S (3) .

ETORFI. SE¥HEYOLEHZORDTHRCEERMARTEDO —D &
UT. BLOHRERE>TEVBF2NTER (9o 4 2+ LK. FF A
¥ PIEOaAVRRRSWIBEET (FUTVHBET) B, KELHBUT
BEREAO2DODOEADER>2TVE, BFORFROKE. RELEWCHIT 3
BREFHRO VIR DA THY. HBFEFHRXIR. UFOEHFEDHE
KHB. BAKDRXUEFT VT OB ERINTEY ., RFORRF YTV HBA#E
Th. BFPBRT Z2DOIILF —FEhEHEMABRIBI3PWHEESHO
RPOOEMEUVTHEINhS, COFYTVRSRIZ2BENEAD anylase

THO. BROPTHHLOPIRBFHINELREUTOVL SO a-amylase TH 3,



FIEBTWBY S o-anylase QERRE I IWMAWL. F¥UEES A LXE
TFREYRILEY gibberellin 25 %23 & a-amylase OFHUNRELERF T I EL
SR (95,147) BEBER>TRBUR. a-Anylase OESHMHEL gib-
berellin OFAMIELORZEODERE T IWRE. TO®REEL LT Var-
ner BAUKOBAMARED FERRRFRIECI->-TRKELEBHTE L (134
) o EUT, rﬂ‘ﬁ‘b#&iiU&)t?‘%?)?’)‘&%iﬁﬁ;?ilﬁbfﬁ\ FEF
EEDRHETAEMREN S gibberellin BHMBIRMEIH T &I a-amyl-
ase OFFAEMEVERITI EVSRAB—LRBEVIN I LSRR
TH%. RETE. BRTRIFEZORBICL Y. gibberellin W& % a-amyl-
ase EHOFHERHBOMRIXETFRALNLOBHF E L IFLRERBRIV
- TW3% (8,48,85,107) ,

UPURDBS., TREBRHEEBEFREBVT a-anylase 2EMT IRDIEER
HBRIEZROHP) EVSHMERKEU TR AHRZEOREF s OHRHRE (91
92) RE-THUERRIHBI I R k. HEE. RFVHL BT 3
A2BFOHECYHF2ERU. starch film R HAVTF YTV BRBREN
ODREBHEFEOEGHEANSERREIT 2. TOHER. anylase FHUEBAHED
GhE3MRUEKERTHZILE. ZTUT. RFOHEITEEDR., HWThi an-
ylase BRK > THAROETET > T O BBRARRSBEIHBZIEEBRVET O
o TSORARFORMRRBEHMMBRLBERT S EZEL SN S anylase OF
MEEIS>TTF VT VORBBRINBZEICRBZIELDHEEITLE (91) .
ODHBILEBHHFER LT, 1 2BFOIHROT. OB OF YT I HEMHE
BYHARATLAF. LK, SAAF, ZIUNI, PITEOAVRBVTD
amylase EMDREFWHLIDON 30K BRLELRHERTH S EBEID S
h (92) . 20%. HAMEBR[35SInethionine E RIS X B % &[3°SImethi-
onine BIFERIC o -amylase HFIRIMY ZFh. EUT [3°Sla-amylase XM



RACHRENZLIPSIRARON 5%EEHFCEn. BES (12) L&
STHHPRXENL, ZDLIR. RFPVHPLBVWTWE. BREEERY a-
amylase BEM U AW T I3 RDEERMBTHIAI L BHs DR, B 1
B. ZhETOWMAPSOEFRLAONS. RFAIBTRBISTET YT 200
RBECETISERERUTVS (2) . REAFTLFBFICEALTE. 2O
MBERVERRERIA TV S (1,67,101) B, 1 2B FRBVWTWE. EE L
RUEBFT DT UHRIBEIRERBIRARUTLE I EEMEVRL,

Redman (103) &k >T. MBE7 LTIV BFOEREMRYY - LTEMH
TNBZZEVRESHTUR. DPUHEAHIANARIIBEFESGERYY —ALT
BREINBIEPBISh R, PUMEAEEER IO 2D/ RERREAIE#
Th32k (104), YRV =LA LEOEFAENTFIBIRY —LLELORBAR
EERRIERULTVEIE (12) REOAMAM» S, Blobel & Sabatini &
DUMEAEHONKRRCBERR7I VBENBFETSZIIE2FHL. 2h B
BEERYV—LADQOEREBREDFTEV I FLERZUGEMRZTIBLE (13)
HATH®U T, Milstein 2. GEI 7Y YLEDO mRNAR/NEKERZS
FERVEMBEOSGKRTHRAIESL.,. Boh3LHOH TV 4 XANHEE D
fatk (rER) TEREN22OP., AIRARLWBEN2DDOIVETFREL
NKRRCRABNTFIVDBEETIZIIEL2HEUR (69) « DR Blobel &
B BEODUHEBEAEC DV ITZIOER2HIET I EEAKIC. X311, sig-
nal recognition particle (SRP) ORRRXE>T. UTRERZ LSRR T
VIFNHEI ANERBEE R (11,41,138,139,140) ,

NTFFPFEBBREIShBIEETT VI FTARTFIEBEBEN S, T3&.
MREECFEESTSSRPEYITFANRNTFREHEAL. VRV —-LEORWE
EREERT BEEDEINTFIFEAMD—BHCELINh S, COSRPHES
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Fig.1. Scheme illustrating enzyme formation and breakdown of reserve

starch in endosperm tissue of rice seed.

lases are synthesized in scutellar epithelium and secreted into
endosperm.

a -Amylase and other hydro-



BN AR EOSRPRERKCE R I BAIERI>T. NTFFOMENE
MEhbd, g, VRV —LAEBBEODYRY - LZEEKEDBEEL. T T/H
FRAEBREANTFIFHOBBUS B3 F v 2 ALBEREh S, BAF 2L %
BBUTPERAABECHEVREHENRTFFE. AMREET SV T FLANT
FI—BU K> TV T FANRTFIEDBUfEN S NTFFERMNETTSE
EAHRYRY Lo #E#UNRFRABEAZT2IRESHh., F@RANOHRA
BITRIBICAS. YRV -LAWBE»o#EHTAEABC mMRNADSDIET
he KphOSH T2y P CHEET 3,

IR D o -amylase WBTB3IDEDIRY T FIAXRTFFOEEWE. Hi-
ggins & (47) Wi->TRUDTHERETh 2, ZFDH. poly(A)"-RNA K Y
V—LEHVE a-amylase @ in vitro AT ZZ2LORARBWL LS T,
BV LG ARWHRAOBE BRI, a-anylase OEFKIE rER TiIThh 3
EBHeMIZR>TWVS (15,72,73,74,75,82,93)

DWHEAEBQEMBE7LTIV, A 2AV Y BRRRALVEDDK D REM
BEHHLHEET S, KE2OAUNEAHUIMEAETH 5. BIWHIRES
WTW. SWHEEOED asparagine (Asn) HARBEHOERBEHICEUT
LMAHERL TS (46) o rER MERHRUDDH ZFHENT F FIZ Asn
-X-Thr (Ser) OB NHB T 3 &, dolichol pathway 2@ U TH#EAMEES
Fifk 2> Asn W& co-translational WEHEB XHh S, FUT. Golgi fKIZ#gE
kK. FIFHEHD trimming BiIThh DWW T terminal glycosylation
Kh-> THRANEEAHANSET SDTH 5.

RIEM BB LRAR» > W EHh B a-amylase I3 asparagine &
RIS Ay DM R UMEEARTHIZCEVEHSIIC L > TH DIZE
Nk (72,73,74,75) « #% 13 dolichol pathway OB ERIT % 3 tunicamy-

cin (TM) TUMUELIEEHEBE» DB EN L a-anylase 32 F M. in vitro



HRTCEMETh 2 o-amylase FISKIA LD 1.8 kd « IE¥ R a-amylase B F &Y
29 kd B FEMPNIVZERRVEUR (13) o Tk 20 2.9 kd OBF
HOEWVIT a-anylase P TFORHOFBUE LI > THEUVLEDOTHEI L2 H
SGWHRUR (73) , ¥, FRHEE» AU UL ERY Y —ABLUI Y
—AEMVT in vitro R K% o-amylase GMEFMIBITULER. o-
amylase I r ERZBVTAMIHh B &. 2L T. glycosylation ¥ 7+
MR TF P BYBTEh 2%k co-translational WHI B3 Z ER2EHULE (K2

) (74,75) &

Lot A, FRARBLE SO TCHRF I 2B FHEREEMRCEBT S a-an-
yiase OEEGHEEOREMBITOHh TEL, UL UM S, a-amylase B r
ERCHEMREIN LK. IRAEZEDLSRXBITUTHREh IO EV S Ml
MEEEH T SMBREZBSOTHRANVS S, T EFWL a-anyl-
ase DMRMFHERBLMEHINIARRED R, T, RN Ca2"®ES
FURESRHDY o-anylase OHBRANOH B K EREERREITCEERR
LWEUVRZEDPS. MM Ca2 E BIUVEBEL L IBRS FOMBREHIX
DOHEIEEICEHK RS, ChUIETSMELLIToR. THhOOMERRER

Wl BV TCHFEMICENE2 O,



mRNA

glcNAc-gicNAc-(Man),

Asn
9
As‘n&?\@ycosylmionj

-glcNAc-glcNAc-(Man),

i@ Dol-P-
Dol-P-P-glcNAc .
T\UDP-QICNAC

T

Fig.2. Hypothetical mechanism illustrating biosynthesis of «-amylase,

a typical secretory glycoprotein, in relation to glycosylation and

processing of nascent polypeptide in rER.
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¥—F «a-Amylase O lsoforms

BFEEAHOD isozymes OFHEBHEP BV TIL<Roh. ZOEMX I =
AL DOVTORRBBENHRZITHODH TV S (2,114), UL ULARMS. isozy-
mes OEHHERCEAUTEIVELERUE-EVULTVRL, BYEBETORFK
KEKEN S a-amylase WBLTHERAHMHR L > TEHME N S isozymes
DOFLEH . I+ 4% (36,49,80,122). :!llai\': (87,132) . FwEn2Y (17,
113) « 4 % (90,123) THETHTWB, ZOHT isozymes DWENFED
EATVWADWE AALEXDa-anylase THB. FALF¥FET a-amylase O
isozymes WHEEROFGVI L =T (pl 6 FiE) & KW I IL—T (pl 5 F&
) WHHENS (15,50) « EUT. BEHHORESMBRZ L >THERULRNT
FET97W. UL —TD isozymes ORI T IS BPTVWE N, BB T
W—THTELRVE>TWRIEBRERE (15,50) « Fh. %n%‘no?
TN —T D isozymes BAFILFHIMHDIDLEI AV ->TVLEIENHSHIE
i (50) o . a-amylase @ cDNA BSHABIXH (85,108) . ThE2HL
RET»o. 2200 isozymes VIV — TG RRSBEFRXL->Ta—-FERT
WERZEDBRVWETRE (108,109) o XBWK. BRB3TIV—TD isozyme @
DNA BESNDECWY 7 FANT FFEAT 50 %. BXESHBHT 80 %0
homology M & % 2 & MWR&h iz (16,107) .

«-Amylase @ isozymes W T Z3MAEL. FBERALANALRZBLTHERED
Rah %, Brown & Jacobsen (14) WA LAF - A AFPEEFIBRNAKD o -
amylase @ isozymes N¥—YORFHd. KEBRGII VTR AL LFOR

BE1O Amy 2 locus KEK->Ts =77 BEBRI AL —TEIREKRE LD Any



1 locus WEk>THIMHEhBEWVWSZER2MEUR. X312, Muthukrishnan
S (84) & a-amylase cDNA 71—V B HWVT. a-amylase OHiERIizT X
PEETEGURMELTCLRZE. BXUBAD a-amylase #HizTFXHEHYRE
RO>TWVWBIERBESMPITU. Brown & Jacobsen DRV EBERIELTL
Bo CDEIW. 2D N —T D a-amylase isozymes l&. BRI PEHKD
BIZFIA-FEINTLAEIENREN. a-amylase @ isozymes X post-
translational RIEEBMIC K> THU DD TRV I EDBDHP» > TE R,

FHF 1 +TEF a-anylase KU T, A. B. D B&LU E%0 isozymes
BROUEEHLTWS (26,73,90,91,123) « ZHhoDHTHRHBEBBUFET S
isozyme A B OFESMI 4.6 (FET. ABRLFEMHEEMNTERVAFHEE
EF>TVWRIEWRENRLTLS (26) o T, FEMHBEIVHABUE poly(
AD*-RNA % in vitro CTEIRRE B, M UL a-amylase D FREESAERK
BETCHINLREZS, EEHORRBRBZRYUNTFIBRBRHEEHE (T3) 2 &
Mo AT UXEF a-anylase DIFEEEBIC. 1 2BFIRET S a-amyl-
ase isozymes (A& B) OHEMIE post-translational R{EM &L VT U 3%z
FLANLTHEINTOVW R EBREINL,

RlE. BFEAEFHEBLERMRTER TN ZWEIN S a-anylase & do-
lichol pathway OHMMIEREREEFL T BHOERENOHRARHEET S L
BERIS N TV % tunicamycin (TM) (30,121) & >T. ZOEHEMMT
él:Fﬂ%éh%C&ﬁé\ asparagine AWM RO HAUNRHSWHEERR
ETHB3IEBRENTLS (2,72,73,74,75) o U7 >T 4 XEFa-an-
ylase Zld. ¥EB{D heterogeneity Ik % isoforms BHEEULU TW B AJHEH
BHBH. EIT. FFHFW a-amylase FFOEHBELHEITL. BHBEEOE
WL >TEMEN S isoforms OFEOHERZBRF L LI ERAR,



HB &A%

[1] a-Amylase O¥H :

A DB AE (90) RUEH D HE (72) 28A468b8. HBUREF
FERBAWVWT a-anylase 2HEH U L,

4 %181 (Oryza sativa L. cv. Kimmaze ; 2B A) 1% 7YFRNLI Y
TH 15 MIBEHU. BRAKTLS K- dDR. BE (30°C) THT7HMAE
FXW k., HFA2ET 1008 Y 300ml @ homogenizing buffer [50mM
Tris-HCI(pHT7.0). 3mM CaClz. 4mM NaCl]l 2 A I &9 -~ TEBRULE. COEF
BYEH-ETHBURK. 1,500X g. 20 FFMELUESh 2 LiE% DEAE-
cellulose 15 L (LiEF 51 OBE ;7o X25cm) Whdr, FUT. 0.1M Na
Cl 2 &T homogenizing buffer T+HWRHK->k&E. 0.5M NaCl 2 ELHBET
BHUR, oW, BHEATNE (65 %fafl) THHBLU. BohhBEER
2 70°C. 15 HRBAREU L. BEHULEIHE &L (1,500X g4 20 4
W) k> TRV EZ. BT K > T 50mM acetate bﬁffer (pH 5.3 ; 3mM Ca
Clav 4mM NaCl 2&E) & buffer XL, 2TV T B-cyclodextrin-Se-
pharose 68 B A (30) Wwhir. 0.3M NaCl 2&L L5 acetate buffer T
K%tk a-amylase % B -cyclodextrin (8mg/ml) W& > THWBU L.

BohhaMa-anylase 20V ANy 7 TEEBU L%, 15mg/ml glucose
R EMa-anylase £ (lmg/ml) & Uk,

[2] Anti-«-amylase 1gG DK :

Iml OEL7YVanNyE 1n OPJE (0.5mg a-amylase) 2 A< BE

THE (M2.5kg) WiEH U R, SHRIKR. HEOHFEEFZL7 Y a N}

10



DREYEABEIVFZEFH VL. 2O1EME»S. YHXOMmMBED SR
MU, HiMER2B R, RWEFELUAEAN->T. MERMEXSE U 2K, DEAE-
cellulose NS LEBIT LW LT I1g6 BN 2EBR (97) o TD 186 OF
ML Ouchterlony ZEWEE (54) KRX->THRNRET S, a-amylase &
DAERKBREESCEBbDD >R, £, 250 O anti-a-amylase |

g8G W1 ng Oa-amylase OEH L2 REZLRCHEHEU L,

1% 7 Y FRVITHRE UL 2 BFRBERGOCOTAHBEF I L,
KUY A 2BTE2EEAKRTHACHEFURE., IREHE (FR ERAKREE EEH
fE2ET) 2EERSHHUE. Boh R HERHBRREZKRTTHRICHEELR
., BAOKHABYEOBRAARRIHEHLU 2,

(4] [3°SIMethionine. [3H]Leucine F 21t [3HIH¥E O a-Amylase BFAND

HA A .

fEAZSHEE (20 ) % buffer A BFiK [20mM Tris-HC1 (pH7.0) . 10mMCaCl;

N

10 g/ml streptomycin, 10 g/ml penicillin G] #9°C 30°C. 2B prein-
cubation UZ#%. 20uCi[3°SImethionine (1100Ci/m mol) « 20uCi[3H]leu-
cine ik 100uCi[30]1¥ ([*HlImannose ; 28 Ci/m mol. [3H]fucose ; 56 Ci
/m mol & 72li[3H]galactose ; 11 Ci/m mol) 2 &L buffer A WP T 30°C
3 — 6 B incubation Uz, Tunicamycin O RE2HANIZF S, 30usg
/ml OWED tunicamycin % preincubation (3hr) B & U incubation (3hr
) OWBEWICMA e RIGHKTH®. incubation BWIRWFEAET S [35SImethio-
nine. [PHlleucine. F it [PHIE TE#H IO 2 a-amylase HFi. UTR

BN % K S5, immunoprecipitation. SDS-polyacrylamide LB k& (SD

11



S-PAGE) 1T > k& . fluorography &k >THH LU L,

[ 5] Immunoprecipition. SDS-polyacrylamide )V TR ik# & Fluorogra-

phy :

I mmunoprecipitation WEHS OHE (72) K> TiT-Rk. BE(100u1
D) IZ SDS (IR EE1% w/v) BMATIHEEBU LK. Triton X-100 (&
BRMBE 2% V/v) ZIMA 2. RIZ. 50041 @ immunoprecipitation buffer [
20mM Tris-HCI (pH7.5) + 0.14M NaCl. 0.1% Triton X-100] &EAU LK.
25148 @ anti-a-amylase 1g6 2MA FUC 30°C. 1M MERKRIG:
XL, XBW. TOREIMWIW 2.5mg @ protein A-Sepharose CL-4B 2 h %
FUSIKBEIERMS 30°C. 28/ incubation Uk, a-Amylase-1gG-pro-
tein A-Sepharose HEMRE T 2B 3. LEBEYWENIRITLARZANL
immunoprecipitation buffer « 20mM Tris-HCI(pH7.5)—1M NaCl. 20mM Tris-
HCICpHT.5) —0.14M NaCl., Z®KDIMBRCHS L 2B UL, U T, a-amyl-
ase-1gG W&k %E SDS sample buffer [10mM Tris-HCl (pH 6.8) . 2% SDS.
5% 2-mercaptoethanol. 10% glycerol. 0.005% bromophenol blue] I & »
THHU. 1 MEBEU LK. Laemmli O FH ik (61) WHE > T SDS-PAGE 21T
2k,

Fluorography it Laskey 2D ik (63) WH->Tir- k. BRikEyHk. »
M iE Coomassie brilliant blue (CBB) THefa. Bita L. Enhance (NEN) A8
Uik, 2HMECEZHREZH T OMBERIERL, ZRSYVIEIHAEB X
URIRAY UL X T « L A (Fuji Rx) EHMEE. T LLDORERKWC LT
RAEMED a-amylase 3 F 2B U 2. Fluorogram 52 Y b X — % — (Shi-

madzu €S-910 Dual-wavelength Scannor)2BH OV THIFULE (KI-2B)

12



[6]) Endo- B -N-acetylglucosaminidase H I k 24 DML EE

sl (1001 1) W& acetate buffer (pH 5.0 ; X ME 0.1M) & Endo- B -N-
acetylglucosaminidase H (Endo- 8 -H; 220 mU/ml) 2 ix =%, 30°C. 3
RMIRIEEE . CORIWEMHT. Endo- -1 MU THERMER D OEHE TS
WHilr s h 3 (cf.75) o k. Endo-B-H WHE [PH]fucosetZ ik o -amylase
ORGHEHORNBREALEELRVWZE (f.F4-B) . 8LU 21if3
AA IR EGTA WZOBEREREELURLIE (58) 2HEUR. HHla-
amylase 2 &L RIGHEIL. SDS-PAGE &+ (BB WL X3 EHARBERIT>Ta-amy-
lase 2R U, [°°S]a-amylase B ELRISEIC BV TE. p HEHER
Uki. LDk S5, immunoprecipitation . SDS-PAGE B & U fluorogra-

phy 217 - C [3°S]a-amylase 28H U,

[ 7] Concanavalin A-Sepharose Affinity Column Chromatography:

BWH a-amylase (40 g) O Endo- B -H R K % Concanavalin A (Con A
) -Sepharose 4B J1 9 4 (packed gel volume ; 50u 1) &Mt r, FMHIWL.05
ml O@EH buffer [20mM Tris-HCI (pH7.0) . 0.5M NaCl. 3mM CaClo. 1mM Mg
Cla] € Con A WHAULRWL a-amylase @B U, &RIZ 0.5M a-D-methyl-
mannoside %2 & LA H buffer T Con A WHAULU TV S a-amylase B %@
MU, @HEIhEo-amylase X, SDS-PAGE &, Bt (Bio-Rad) X &k =
THEL . |

[ 8] Polyacrylamide Y V5B S B A ikE

A s OHHEOWH>T. a-amylase O polyacrylamide ¥ V£ B HER

KB EIT->Rk. BRIKEE. isozyme NV F ISR %t (Bio-Rad) BLUY im-

munoblotting k> TREBUL.

13



[9] NTFETIEIY :

Cleveland & O A% (22) K> TiT->72. 1BEIH®D SDS-PAGE DL (1

mm JE) o FARULABERHEG-10ug) # Stahylococcus aureus V8 pro-

tease [Miles] (0.2pug & 2ug) ERETERLHE. 2B EH O SDS-PAGE (2 mm
8) BiT-oh. BRKBHK. NTFIFNYFEERE (Bio-Rad) BLU im-

munoblotting Wk > THRHEUL,

[10] Immunoblotting:

Towbin & @D (133) WH->T. YL HOHER nitrocellulose 7 4 L
% — & blotting U, Nitrocellulose 7 4L ¥ —IZ blotting Xh i
DL, Blake » @Ak (10) W&H > T alkaline phosphatase-conjugated

anti-antibody (Z&HHK) ZHVWTIT- o

{11]

a-Amylase DIEMEBEL. MA S DK &E (10) KKiE- ko

(12) E0EEOHE :
FHEEOMEW. Bio-Rad Protein Assay O FER > TiT- L. BH#E

HE X bovine gamma glohulin 2H WA,



R

[ 1) a-Amylase " FOEHEE .

a-Amylase 3 FOEHEHBELIRT 752D, 9 Endo- B-N-acetylglu-
cosaminidase H (Endo- 8-H) Wk % asparagine HEEHOMILERLHEA
720 Endo- B-H . asparagine HEEH D& -nannose BB IUVREGHOD N,
N’-di-acetylchitobiose #ERDAEMAMUL. HAHRRZULI{@BIRLELS
RICHEMEFE>THY (F1) . asparagine BABBORITCEBDHTHH
THA5Z Mo TS (6,58,65,124,125) . 2 - ADKERE. BHlo-
amylase @ Endo-fB-H HILR2RBIBEHEHANL D D TH 3., Endo-B-H W&k 3
HALKISEH 2B CEERBEERY., 200 a-amylase B TFHHEE IO 3
KXWk oke 1 DM, Endo-B8-H DERAEZRTIRVEF. 512U Endo-
B-" OEHERFICHTFENNILI B oL TFTHS. RED a-anylase 5
T+ Con A-Sepharose #FILARXHB LRV E (¢f.FI5) . BLU TMA
BEIhLHBTERIhSERHORY a-anylase EFFEAUATETHS
EPS. EFOWEHN Endo- B -H CZJ:D'Ctﬂﬂ)‘fénfaéo)vé&%&tﬂbﬁo
o US> T £ 28T a-amylase #AFI2li. Endo-8-H OBFERE I
UThitt (R) BRIEKZM (S) IS5 e hPHohiiRok. ERERM
fa»oRWEIh 3 a-anylase FFRDVTD Endo-B-H OMILERERAA R
(B2-B) . KHEHBEE [3°SImethionine E 6BRIRICE Y. HEh i
[3°STEM D a -amylase 5 FIZ Endo-B-H RFAIERLEZ S, ®IIY R
ESBa-amylase BEF 1 X1 OEETCHEEL TR EBbP>R. KL
DR, FRERME K OEHAEEORR S a-amylase isoforms (RE L
SR BRWENBIERERLTWL 3,

&z, [PHlmannose. [3HIfucose B LU [3H]galactose O a-amylase HF
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A) High-Mannose chains (Ovalbumin glycopeptides)

Man al~,
Manotl\_,.6

3

/

Man al/'3 Man 8 1—+UGIcNAC Bl —+UGICNAC ~—»ASn

(Man a1—=2)Man at

B) Complex chains (Bovine 1gG glycopeptides) Fuc o
1
Y
Galgl GIcNAc 61 Manal gMan B1—eUGICNAC sl——»ﬂGIchPAc-—»Asn
(Gal B1—=14)GICNACS 1—=2Mana 1= x

4

Fig-1-1. Mode of action of Endo- 8 -N-acetylglucosaminidase H on
mannosyl glycoproteins.
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Fig.1-2. Hydrolytic digestibility of «a-amylase against Endo- 8 -H.

The basic experimental conditions are described in the text, using
purified enzyme preparation or *°S-labeled «-amylase molecules as
substrate. (A) Purified preparation of «-amylase (10 g) and 1mU of
Endo- A -H were added to 0.1M citrate buffer (pH 5.0) in a total volume
of 5011, and incubation continued up to 3hr at 30°C . The reaction
mixture was subjected to SDS-PAGE and stained with Coomassie brilliant
blue. (B)Ten scutella were incubated with [**SImethionine (20 uCi) in
0.3ml of buffer A for 6hr at 30°C. «-Amylase molecules extracellulary
secreted were then digested with Endo- B8 -H (2mU) in 0.1M acetate buf-
fer (pH5.0) in a total volume of 10021 for 3hr at 30°C followed by
immunoprecipitation, SDS-PAGE, and fluorographic analysis.

17



ADPMVIAARBRERITo 2. HB&MEBEAE [PH]leucine. [PHImannose. [*H]fu-
cose F kld[3H]galactose ERISEE Y. AW XhLBADO [PCHIERD o -am-
ylase 2 H@EILFEMHE L >CRIELV L. RI3®D fluorogram OFERWE. [
Wlmannose. [PH]fucose # KU [*Hlgalactose BHENIZ a -amylase 5 FIZHL
VAT HTVWBRZERERULTWVWS, 230 T. [PHlmannose B kU [3H]fuc-
ose O« -amylase B FANOWMVAARNTEZTMOMER2FARER. HEBLET
M FHETF EREEFEETI [PHImannese ¥ it [PH]lfucose ERIEXE. &
WwEnk PHESo-anylase 2T R2RBEMFHHECLVERL 2. TOH
B TMOBU Mg svC C DPHHESEO a -amylase BRI h D -
BoCef 73 BA-A) o Zhi. Eido PHlEsS®Rsh PH7 3 R
RO CHRYRTFFIIWMOAEFHAZZEWRL. BHOARKMOATHhE I L
ERUTVE, Xa. BH a-amylase CEThA3WEOMMERITULEEL
4. mannose. N-acetylglucosamine. fucose. galactose'?SJ:U‘ xylose Wi%
HMEI ., #UTC. ZOMALELLE Man: GlcNAc @ Fuc : Gal @ Xyl= 3.0:1.3:0.
23:0.09:0.46 THohoe TOLIW. a-amylase HFOERICIIHGEIE
BA%H O fucose ¥ galactose WEFTHhTHLAE I EMS. a-amylase WHE
ﬁfs’EOJ*Eiﬁ&f%O;CL\%Z&b"ﬁ"ﬁéhfao

ZUTHw. [PHImannose ¥ 21k [PHlfucose CTHEFBI N a-amylase 7
FD Endo-B-H I 3ERZHLRF UL, ZOHE. [PHlfucose TR
hia-amylase 2 FOBEMHL T NT Endo-B-H MHETH Y. —F . [PHlman-
nose BEROWHIE Endo-f-I OBEREL &> THWHTh 3D Eh R
WHDOBBHZZENRELE (FIA-B. C) . k. COHERIE. WRANT
MM BZENFHRIN S GDP-[3HImannose & GDP-[3H]fucose & O OMHE
. [PHlmannose B LU [3H]fucose @ «-amylase B FANDOHIAAWIE

EAERELULTOLROVLVIEERBRULTV S,
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Fig.1-3. Incorporation of [*H]lleucine,[*HImannose,[*H]fucose, and [*H]
galactose into «-amylase. Ten scutellar segments were preincubated
for 2hr at 30°C in 0.3ml of buffer A, and additonal incubation was
performed for 4hr using fresh buffer containing either (a)[3H]leucine
(20 £ Ci), (b)[*HImannose(100 12Ci), (c)[*H]fucose(100uCi), or (d)[3H]
galactose(100 2 Ci). «-Amylase in the incubation medium was identified
by immunoprecipitation, SDS-PAGE and fluorography.
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A [*Hlfucose B (*Hifucose C *Himannose

Fig.1-4. Effect of TM on incorporation of [*H]fucose into «-amylase
(A) and Endo- B8 -H digestion of (B)[*H]fucose- and (C)[*HImannose-
labeled molecules. (A)Ten scutella were preincubation for 3hr in 0.3ml
of buffer A in the absence or presence of TM(30 zg/ml). This incuba-
tion was followed by the addition of [*H]fucose(100xCi) for 3hr. The
incubation media were then subjected to immunoprecipitation, SDS-PAGE,
and fluorography as before. (B) Ten scutella were preincubated for 2hr
in 0.3ml of buffer A, followed by 6hr incubation in fresh buffer con-
taining [*H]fucose(100 £ Ci). Following incubation, the reaction media
were divided into equal two parts; one half of each(150 #1) was sub-
jected to Endo- B-H digestion as described in the text. Immunotrecipi-
tation, SDS-PAGE, and fluorography were performed as before. (C) Ex-
perimental conditions were same as (B), except [*H]fucose was replaced
by [*HImannose(100 xCi). '



bR Pp#EREY. RB a-anylase B FUHERESH2IFESL. -2 SH

o -amylase 4 7 UE @-mannose RIPE{ 2 {5 > COW B2 E BRI XK B,

[2] RAMEB LU SHI o-Amylase OEFEHHEEDLE

1 32T a-amylase W, EESERAXKPRC LI > TENT S22 EDTES

isozymes (FEIWAEB) Bdh 3 (90,‘91) o LEED &L HIZ. a-amylase HFI
SENBWPLTATHUETHECEM 6. EBWAOEVEKYNT F F 15
DUELEHLDTHIAIEELONDE, FIT. RA., SKIg-amylase & isozy-
me A, BOMIKHIEHBENSEEZNE S DEBRFAU L, *%i‘%a-amylagé % En-
do- -l WL 2. Con A-Sepharose affinity column chromatography &
KXo TRBMESHg-anylase 2T 2 & blarl (FIS) . BTFHV
2 VWHET S a-amylase % SDS-PAGE Uk #k. SHYPAKI->-THRHEULRE
. @@ (fraction No.1) WKW SE o -amylase. W EMH S (fraction
No.6. 7) W RB a-amylase OANE o s KWZ. RE o-amylase (fra-
ction No.6) B KU S a-amylase (fraction No.1) REESERXE (pH
1-6) Wi, isozymes N¥ — YR FANL, MU LELSERKBEITo 2B
WPEBLELIDTH S, REESHAPTFORMRIE. EBRARX L->TRHMEH S
isozymes OXRB B HohahoR, . isozymes X ¥ — 2% immuno-
blotting OFFER2PHOVTRHRELUREZ S R, SRHIEGXHIZAUVEADIso-
zyme A. B BEATLWAZ RO, BPEEOBALEUERTH -2,
DEOKEMS, RE, SHlg-anylase A7 BIEFLALTHEILATL
% isozyme A. B WMILHEFRORVWIEPHS IR DR,

DOV T. RBESH g-amylase ORHHEMER IS XFEHMCKRT T S
B XRTFFIVvEYTRKSABFTRIT>Re SDS-PAGE RITS5Z&W &> T

mHEEORRMa-anylase 2R L. FO protease V8 WL X BANTF 2
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Fig.1-5. Con A-Sepharose affinity column chromatographic separation

of S- and R-type «-amylase polypeptide. Purified «-amylase prepa-
ration (40 ug) was digested by Endo- B -H for 12hr at 30°C, and the
whole mixture was applied to a Con A-Sepharose column (packed gel
volume, 50 1) following the method described in the text. Eluting
buffer used was 20mM Tris-HCI (pH 7.0) containing 0.5M NaCl, 3mM
CaClz and 1mM MgCly up to tube No.5, and changed to the same buffer B
containing 0.5M a -D-methylmannoside from tube No.6 (arrow) . An
aliquot of the effluents was used for the «a-amylase asseys as well as
for the SDS-PAGE. Silver stained band patterns of S- and R-type a-
amylase in each fraction are shown in the upper inset. (E),Endo-f-H
treated « -amylase sample prior to column chromatography;(C),Endo- 8 -H
untreated « -amylase.
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Fig.1-6. Presence of multiple polypeptide chains in S- and R-type

« -amylase molecules separated hy isoelectrofocusing polyacrylamide
gel electrophoresis. Each of S- and R-type «-amylase separated by the
Con A affinity column chromatography as shown in Fig.5 (tube No.l and
No.6) was applied to isoelectrofocusing polyacrylamide gel electro-
phoresis (pH 4-6) . After electrophoresis protein bands were detected
by the Bio-Rad silver stain. (a)a -amylase without Endo- B -H digestion
y (b) S-type a-amylase; (c) R-type «a -amylase; (d) mixture of S- and
R-type «@-amylase without Endo- 8 -H digestion.



w T % Endo-B-H KU a-amylase OFhEHBE UL, BI7RRAEITHATVS
Ko, RAMa-amylase & Endo-B-H KU a-amylase ONT FFI v T
ODRCERUROh AR ok, LEOERIBERALLI-THRELVEZDDTS
% 5. immunoblotting THNLIZEELAUKERNHR O, WERREUT
TorEHEOR VL a-anylase L 1IEFE 72 a-anylase ODNTFFEFIvEY T OH
FOMRZUEEOENRINZZIENS, CONTFFIFIVITOEHERIERD
TEZ3HDEHE2BHN B, PAJ:?FLX:'%.—%J:‘Q\ RA BXU SE a-amylase
ODEHEBEEAL TS ENRBEAR,
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a b a b

protease V8: 0.2ug 2ug

Fig.1-7. Peptide analysis of R-type «-amylase. Gel fragment contain-
ing each of R-type «-amylase (a) and Endo- 8 -H untreated « -amylase
(b) was cut from the first SDS-PAGE (slab gel) , and then directly
applied to the slot of the second slab gel together with Staphyloco-
ccus aureus protease V8 (0.2 or 2ug per slot). After electrophoresis,
peptides were detected by the Bio-Rad silver stain. Arrows indicate
the position of native «-amylase. Open triangles show peptides pro-
duced by the protease V8 hydrolysis and closed triangles protease V8,

respectively.
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EHR

REAM2BTREBLELRARCBLTAREI N S a-anylase B FANOEG D
AW, rER WHBWV T co-translational W 32 & M. FRHAED > AR
Ene poly(A)T-RNAL KUY — A, BLU 37V —4A 2HWOLT in vitro
BREER a-amylase RFEBFT T I LW > THeDIRENE (74,75

Do XA, IV —ALT in vitro 68X hr a-amylase B FOEH I

Endo-B8-H Q&> TRAL2RUMEINAEZ L., BLU. TMABULHEE» 3R
BMEhr KUY —A LU 370 =L € in vitro %ﬁﬁ.énka—amyl-
ase HFRUEEHI AL DTV RV Z EM G (74,75) . dolichol pathway
2 U Ci&-mannose BUPEHIN « -amylase S FILEAI W B EBREh R,

FFRRMHE» S D Eh % a-amylase £ F2ld. Endo-B-H DA LT
KR €c&3%2>0D isoforms. 37295 Endo-B-H fiftE (R) B EERM (S
) i’!b"ﬁ?fb'(b\%i’.é:?b"ﬂﬁfo'bwlitiof: (B2) ., #UT. RB a-amylase
STWREAUEHLES. SHa-anylase 2Tk & -mannose IR LK ST
WEZERRBISERBFEo L (F4), MREA R ETH S RE a-amy-
lase S FOMEHMEIEDE rER WB W T co-translational KHAThEIEHO
BELTHIDRRR>THEY. Uked->T. MBEHNMXDORMIZ post-trans-
lational RIEHIEMAZI THEULDDEELZ O N S, SR a-amylase 73 F
DOHEWBI U T, rER TAKETHh 3 a-anylase FFOFh WX TER
Mok, UMULDRMS. post-translational ZR¥ESIEEF (trimming) B2
TLAHRENREETTAILWTERY.,. COMBE. a-anylase HTF O
HHEELESERUNRETBERLI>THIEINETHE D,

RA & SHa-amylase W& SWHAED isozyme A. B 2QATV3EC

Eh S, HE AL 2B Fa-anylase D EHL DD isoforms (A-R.
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B—R. A—-S. BXUB-S) #Hda3Z¢Bbh-ok (B6) . FLUT. R
Bl E SA X post-translational REHIZHOBOVIZ K >THEU R isoform

THHIEeEBbhok,
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BTE o-Amylase OFIRNRX - EH I

BRI BIA3EAHOARRE DV, BRrOMBRRAEH VTR RMR
BiITbhbhER. IXNTODUMEBHEBrERTEEGREIh K. Golgi &
ERBMUCHRACHRERZZEBWE MR R (32,94,110) o F k.
MREEAE®YYY —-LEAED SUMNEABEECEBRKE Golgi hE2EHU
RE. TR EZFhORBEBURBEILIZIEBH M TR (32) . 2OFE
HEOMBMNBXZHLORBENERULTYVS Golgi A OHEEMIEIET
BTN, B, REMZHERU 2. Golgi KlX. DWPR D packaging. ¥
EAHEOES M. WIEE O glycosylation. proteoglycan OWEIL. EH
HaiK i o iR EEFEAD proteolysis. B8LU VREHOD packaging %
OBERIFOCENBHRINATLEN, ZORMTOLEEAHEOEHIEMHOM
RIIRDEATEY., ZOANZTLOKMABIIhEREL>TLAV, i
MEEOECHBEEEAEW. rEREEBLT &-mannose RIEH B HFOX
BB EAEE U TAKREN S, $XTCD glucose & 1 4 F D mannose %
glucosidase B XU mannosidase W &k > T trimming Th kK. cis AH»>

Golgi KA %. Medial cisternae 2B W T. mannose D trimming BT

T 5 & & B N-acetylgliucosamine transferase & &k - T N-acetylglucosa-

mine BEHWLIAMEINS, &KIC. trans cisternae WCHETET S galactosyl-

transferase. fucosyltransferase. sialyltransferase %2 & » T terminal
glycosylation #iThh. MAMEEAHEIERTH S (29,46,59,60), EU
T BANERAEWY trans AOSHRBULREINIZIDOTH 3,
Tartakoff Sk > THEI N RHWICH T % monensin FHEHRIE. Gol-
gi MOKERTELCHMISMEOREOBTRKEVEME U (127) . Monen-

sin (214 44>, i NatRiEBEMYDE W carboxylic ionophore @1 D
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THO. fIRIZ5 X 3 & Golgi cisternae OFE LU WL 2 U R EZ ¥+ (127 ,
120) o 2 U T, monensin &, DUMHEAHECHAREEOHEOMBRNRX R
FEU. Golgi MIZEL >R EMIY B & EDIZ. terminal glycosylation %
@D trans cisternae T I 3 Ty VIV EHEETSZIEHMICINE
(126,127,128,129,130,131) « £iT. Semliki Forest Virus (SF V) %X
REERLNLZAY—OFRMIIZ monensin RHEFE T &, SFVHROD
EHE DO medial Golgi » & trans Golgi BIO#HEMEEIN S 2 & BHl

BALFHAZELRI>TRVEI R (42) . Golgi KX 9 % monensin DFE
AW Na* /K" ONS O ZABNELT S RDREZZEEZORTVS (127 ,129
) . HFHMATFARFETABEIATORL, UbURBs. ZOEABR
WHETH Y. BAORWMEOHOHMRMBEIIBT S Golgi Kok
ANS ETHAT®SEExro0h 3,

WML B G S Golgi KX, BEFEHBRELAV2HEBRILEIHEL S
B MEIPORINERUTVRZERRBIh TR (78,79,81) . %
WEELFNRERAELVLARZLDTT IRV, Y Golgi ORI LHAN
MER QAL FRIFEE . cell wall polysaccharides OEARICHEL TIT
bHhl (38,89,102) . R BRIBFED French bean OFEWRX BV TEB I h
% YT | HE phytohemagglutinin & [3H]fucose BMEVIATh B &. Ml
5 EER B W T phytohemagglutinin #5 Golgi-enriched EIHWE>H 32
&+ % U T phytohemagglutinin @7 00F ¢ VRF ¢ NDO#% D monensin I
K>THEFEENRAZEDPS. COIFBEAEM Golgi ERHLT TF A
JRF L RXHRETh B3I ENRBEINE (19,20) o UL, AWM EAE -
amylase OMRMIHEICRYT Golgi OB EANLEAFZHHER 2<R
Mok

F-BERLXBLT. a-amylase S FILHEBAREPICZOBEAOIEHLZ Y
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BZERWESOMLEUR, TO post-translational RFEHIEHMIL. SHP MK
BT B Golgi HOREECHTSMEOMEMEN»S. Golgi RRBVWTEI-T
L\%%G‘J&%XG#’L%‘, AZECIE. a-amylase O KFRXIWZ BT B Golgi
FDRE %S WHEEFR monnensin BRAHVLT THXFHAXKRAUVLRRERK

DWTCTIENR S,
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L2 2R/ ki A

[ 1] Pulse Labeling £ :

REFAHNBOIFAEMB (20 @) % buffer A [20mM Tris-HCI (pH 7.0). 10
mM CaClz. 102 g/ml streptomycin. 102g/ml penicillin G] @B T 2 B[
30°C T preincubation Uk, A OEE (107°M. 107°M. 1074M) @D cyc-
loheximide FHET ERLWMIEFEET. 20uCi[3°SImethionine &L buffer A
BW T 30°C. 1 BER incubation Uk, RICKTH®. ##% 0.1% Triton
X-100% & buffer A Fil¥ (500 ul) MTERUEOH 2B LR, MHMBEW
WEEh B [35SImethionine TEBEIh2EAH (hot TCA-insoluble frac-
tion) ORPFHEHW. BHRY O FL—va AN baX—5— ( Aloka 1i-
quid scintillation system LSC-700 ) 2HWVTHMEUL L, [35S]a-amylase
DO EEMLEL. immunoprecipitation. SDS-PAGE. fluorography %21T - 2R,
fluorogram 25 2 ¥ b X —4% — (Shimadzu CS-910 Dual-wavelength Scanner

) BRHWVWTHEHFU L.

[ 2] Pulse-chase Labeling FER :

PRz Ak (20 fA) (& buffer A W#ih T 30°C. 28R preincubation %
fTo k. 50uCil3%SImethionine & 30°C. 1 BRI EE L. RERTHR
107°M cycloheximide BHET R WEFEFETICB VT 1nM methionine T 5K
Ml chase 21T >k, Monensin O E L2 FANZHF AW L. chase B 1077M
@D monensin 2MA T LI DRIERZMH T pulse-chase Uiz, Chase #7T#&.
AR CHEMHEE) B LU MR (chase W) WHLET S [3°Sla-am-
ylase 4> F & immunoprecipitation. SDS-PAGE %17 - 2 #&. fluorography I

ckjftﬁdjl/\ igbfao



[ 3) Pulse-chase Double-laheling EE& :

Cyclo heximide O REFANBIFEIWE. FRMHABE 30°C. 28R pre-
incubation U. 20 Ci[3°SImethionine B &k 100 Ci[3H]leucine. F Rl
20 £ Ci[3>SImethionine B & U 100 £ Ci[3H1¥E ([3HImannose. [3H]fucose.
F 2l [PHlgalactose) & 1 REIRISE ¥ 2%, 107°M cycloheximide B#IET
TRUWHEEET. EXRFEYWE (1M methionine. 1mM leucine. 10mM mann-
ose. 10mM fucose. 10mM galactose) T 5B§M chase %17 > k. Monensin @
MREL2FANZIEESGIZD 100'M monensin % preincubation. pulse-chase Hif§
INTRMA LI ERBVT. LM URHTITo . Chase ¥ TH. cha-
se WP HFET SERXORHEWHATER T 2 a-anylase 73 FOREE
tEiX. «-amylase % immunoprecipitation UR®&. Y >FL—-v a2k

N7 POXA—=Y—THUELU R,

[4]) Data Analysis :

a-Amylase B FICHVRAEN LR EEOERIL. fluorogram £F Y b
A—=H—=TWMEL. a-amylase ODE— YV OHEEHE T LI EILL>TIT»
oo RIBILFEMAFER I > TRERER IO 2 a-anylase ORHEEL flu-
orogram Wb h il a-amylase OE— V7 OHEEOMICIERBERNES

hi.

[5) Endo-B-H 12k ZEMOMILELR

BB TN HETa-anylase 2 F D Endo-B8-H N E 4T > 2, Endo-

B-H MBH%. [3°S]a-amylase 4 F it immunoprecipitation. SDS-PAGE. =

DWW T fluorography TS5 2 & k> TRHELU k.
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(6] EXHEMEHE

BEA2 A B 107 "M monensin HET E R WIEFETILB VT buffer A BE
¢ 30°C. 3 B[ incubation UM, SR Karnovsky’s [EE®W [2% para-
formaldehyde. 4% glutaraldehyde. 80mM phosphate bulffer (pH7.0) + 20mM
collidine buffer (pH 7.0) 1 € 4°C. 2aFMIABEE L 2o F UL T, 1% 0s04-
0.1mM cacodylate-HCl (pH7.3)C 4°C. 1 BSFIKREIE U L%, ethanol TRk
Us TRVEETER UL, @Y 2 L OBBETFRYS OTRAEAUVRR
B UM (Philips 300 EM) BIE 21T - k.,
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(1] a-Amylase £ &M MBPNEXIIT U LBETSH S

a-Amylase P FOMBAMELINTIEEHKD ” EHEMNE ” OFEEELER
HTB5RDIC. a-anylase B TOHMBARI LR ITIEAHAGMBEEFA. cyc-
loheximide OFREFANL, HEMEEE 107°M, 107°M. F ik 1074M cyclo-
heximide F7ET. [*°SImethionine & 1 BEIRIEE ¥ K. EAHBES (hot
TCA-insoluble fraction ) ¥ XU immunoprecipitable a-amylase ZHYY A
FhikEEL2HELR. Cycloheximide it 107°M OEELXCSVWTEAH
BRE TO%BEEFU. 1075M LLETIE 85%BFEU 2. a-Amylase DEARD
BAWW. 107 WHBLTW 86%. 1075M LIETW 6RO EMRNASHh
o (B1) . i, FEAMBE%E [5SImethionine T 1 BRIER U L&, 107°HM
cycloheximide WETERLUEEFEETRBEV T, EXRFHED nethionine (1mM
) T1—5HWMH chase 21To ke B2WRRUERERKLY . [3°S]a-amylase
DFOMBANDOFWNY —2E. cycloheximide FMOEFELZHHLHSTE
KEAUTHEZEBhhPok. ZhoDERPS. KB LRABMIZBIT S a-
amylase T OEABMEMBARXOBREIETNELAMULUL TV S I EWRY
hil,

[2]) a-Amylase B F OEBIEMIC R 9 Cycloheximide OFE :
a-Amylase D FlX. FOMBKNE#XDI post-translational 7 ¥EIEHE
2203 (B—8). ZOWBEMHINT S cyclohexinide DHER T~ 3

ROHWLATWHART pulse-chase REBRRIT-o, EAEAMEES [35SImethionine
& [PHlteucine F X [3°Slmethionine & [3H1¥E ¢ 1 F5R double-label-

ing Uk, 1078 cycloheximide FET TR WEIEBFEETIB VW TS5KM cha-
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Fig.2-1. Effect of cycloheximide on the incorporation of [3°SImethio-
nine into a-amylase. Details of experimental protocols and subsequent
treatments are described in the text. For the measurement of radio-
activity incorporation into a-amylase, the sample solution was sub-
jected to the immunoprecipitation , SDS-PAGE and fluorographic analy-
sis. The radioactivities of hot TCA-insoluble fraction and immuno-
precipitable a-amylase molecules in the control system were set out
100% .
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[355 Imethionine

non-radioactive methionine -5
I with or without cycloheximide (10 M)
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(1hr) (Shr)
contrdl
0.8 o—90 7
o””'

.’_,E_‘, 0 6 / -
)
o 04 .
/5]
)
g 02} 1
T
S 0 : + } t t
ks cycloheximide(107°M) °
= 0.8+ /'/ Ny
8 @
Eg 0.6 0///// 7
x
@

0.4 ////// -

[ ]
0.2 1
0 i | 1. 1 1 1

0 1 2 3 4 5
chase time (hr)

Fig.2-2. Effect of cycloheximide on the extracellular secretion of
[?>*S]« -amylase. Details of experimental protocols are described in
the text. The chase media and tissue extracts were subjected to the
immunoprecipitation, SDS-PAGE and fluorographic analysis. In the
control experiment, the total amount of [35S]a -amylase in intra-
cellular plus extracellular fractions after 5hr chase period was arbi-
trarily defined as 1 unit.
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se UJo Chase 8 TH#H. RN ICHWEh ]l a-anylase 5 F O R4t = il
E U Fko. [PH]lleucine/[35SImethionine (Exp.1) . [3HImannose/[3°SImethio-
nine (Exp.2) . [3H]fucose/[35SImethionine (Exp.3) . B & U [3Hlgalact-
ose/[3°SImethionine (Exp.4) DI, cycloheximide k> TWHEALRE
EZGabok (1) . ZhoDERE. ATk a-anylase T DHE
ML cycloheximide WK > TEALUVRWVWIERRULTEYD. LEM->T.

cycloheximide & «-amylase ﬁ?@ﬁﬁﬁﬂ%ﬁﬁﬂ:iﬁ@%%imhzk&a—ﬂﬁ‘b
TWVW%, 6. RUMBIUSH [3°S]a-amylase DEMKICKIE T cyclohe-
mee%ﬂ%&%N%kmm\IEQtEU%ﬁT\mﬁ&[”QMMMMM
T pulse-chase U. MIRAN B K UHBRAWFET S [°°Sla-amylase B F %
Endo- 8 -H AU R, FI3DHEW. cycloheximide W REMB XU SH [355]
a-amylase OEBRRZLAERERURLIERHsDRERULTWVWS, LLEOBER
X0, ¥ TCREAKIhE a-anylase BTk, Th >3 EQHAMDHA
EXNTHIEFW post-translational REHFIEM LD, MEAERX IO

ZEBHMWKRD 2,

(3] JE42 LR smfaic Rl 4" Monensin OEH :

EAE ML 107'M monensin T3WRIAMU K. EFHRELHYTHER
LRk D Golgi KOEEEHEULR. EFRME (4—-C. D) ZBL
T, Golgi ADOEHREEBR d>h 2. Monensin AR U M ( B4 —-A.

B) WBWTIE. Golgi cisternae DT EZEUE BRI L TV BB, cisternae ©

ELULVWHILDBRETh R, 2. rERRIBAZEEILLER IO BD o R,

[4) a-Amylase O}

JEAEFIEE R 107 "M monensin BET EFLWBIIEEXETRX BV T, [35SImethio-
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Table 2-1. Effect of cycloheximide on the modification of oligo-
saccharide chains of o -amylase molecules. Twenty scutella were incu-
bated in buffer A containing a pair of [3®°SImethionine (20 uCi) and
either one of [3H]-labeled (100 Ci) leucine or three different kind
of sugars as indicated for 1 hr at 30°C. The whole reaction mixture
was then chased with the medium containing nonradioactive substrates
with or without 107°M cycloheximide for additional 5 hr. The chased
media were then subjected to the immunoprecipitation and radioactivity

measurements.

[355]methionine + [*H]leucine or [3H]sugar
non-radioactive substrates
Iwith or without cycloheximide (10_6M)

e >
pulse chase
(1hr) (Shr)

Radioactivity in a-amylase (dpm)

Expt. Substrate
cycloheximide

none (10" %m)

[PH]lleucine  (a) 1.21 = 10 1.24 x 10"

(1) [33s]methionine (b) 1.85 x 10" 2.22 x 10"
(a)/(b) 0.65 0.56

[H]mannose  (a) 1.79 x 10" 2.03 x 10"

(2)  [*3s] methionine (b) 2.25 x 10" 2.54 x 10"
(a)/(b) 0.80 0.80

[3H] fucose (a) 1.86 x 10° 1.67 x 10°

(3) [355] methionine (b) 2.36 x 10" 2.47 x 10"
(a) /(b) 0.08 0.07

[3H] galactose  (a) 2.36 x10° 2.45 x 10°

() [*°s]methionine (b) 2.33 x 10" 2.16 x 10"

(a)/(b) 0.10 0.11
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Fig.2-3. Formation of S- and R-type[3°S] @ -amylase molecules by rice
scutellum in the presence or absence of cycloheximide. Twenty rice
scutellar segments were pulsed with [*°SImethionine for 1hr and then
chased for 2hr in the presence (b) or absence (a) of 107°M cyclo-
heximide. [3°S]a-amylase molecules in either intracellular (tissue
extracts) or extracellular (incubation media) fractions were sub-
jected to the Endo- 8 -H digestion for 3hr period at 30°C. After
enzymic hydrolysis, the sample mixtures were immunoprecipitated with
anti-c-amylase 1gG and S- and R-type polypeptides were separated by
the SDS-PAGE. Other experimental details were described in the text.
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Fig.2-4. Ultrastructure of scutellar epithelium with (A,B) or without
(C,D) monensin (10°7M) treatment. Arrowheads indicate the charac-
teristic intercisternal material found between Golgi saccules (78) .
G, Golgi complex; rER, rough ER; V, vacuole; CW, cell wall; D, lipid
droplet (spherosome) ; M, mitochondria; P, plastid. bar=0.5um.
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nine B XU [3Hlleucine. Fkid [35SImethionine B kU [PHI¥ET pulse-
chaseU 12 % . chase HRWC WX h 2 a-amylase ORGEHERIELV 2. %
DR, [3°S]a-amylase B FOMBEANDOL WL, monenesin & &k > T 35-
50 YHEXhZZ &Nk (K2) . Fih. [PHlleucine/[3°SImethio-
nine (Exp.1) & [®Hlmannose/[35SImethionine (Exp.2) D kit monensin A
Ik > CEEACEURVN, [PHlgalactose/[35SImethionine (Exp.3)
& [*N1fucose/[*5SImethionine (Exp.4) Ot monensin AHEIZ &k - TH
BO¥W1 /2RELTEZCEBRVEThE, ZhsDOHERIE. monensin B
galactose ® fucose OWHADOF MO F Y terminal glycosylation 2HE
TEILEERETRBRTEZLDTH S,

DDV, monensin XS RAE SB g-amylase DEMICREF THRENA
Nlko HMERMEE [*°Slmethionine & 1 BRI T 2K, 107'M monensin
BETEFRLEEBFEETEEVT 0.5— 58 chase 217>k, @A ®D chase
BB CHBMICTFEET % [3°S]a-anylase 2EEU R EZ 5. monen-
sin AFOHMBETH MBLHNXTHEHER [*°*Sla-anylase F FTOERBR L
EEhhk (B5) . ¥, Is TR I hMRABSIUTARACEET S [
3°S]a -amylase % Endo-B-H Ti§ILU. REMESHOEHEFANRNR. EER
M BV T, chase BRIBHE LW D TRA[35S] o -amylase OEMHBR
sk (RI6—-A) . —7. monensin U MBI B LTI, chase B
WA THRE[PS]a~anylase DEBIE R sh . SE[3°S]a-amylase @
MRNEEPBREILE (RI6-B) . ilRALCHWEIh i [3°S]a-amylase
ZIEUTHS L. monensin AU HBE» > 0@ Shk [35S]a-amylase
KBEEAERBMNRVWIEDDP o (RIB6) o« LA E®D monensin @5&%%
BROHERIL. a-amylase OMBMRXIZB VT Golgi ANBFERB/UNLRLU
TVWRZ L RBIRBTEHDTH %,



Table 2-2. Double labeling of extracellular «-amylase molecules in
pulse-chase incubations. In each experiment using 20 scutellar seg-
ments, tissues were incubated in buffer A for 2 hr at 30°C with or
without monensin (10°"M), followed by 1 hr pulse with a pair of .
radioactive substrates as indicated in each column. Subsequently the
tissues were chased with nonradioactive substrates for 2 hr at 30°C.
The procedures for determining radioactivity in the immunoprecipitable
a-amylase in the extracellular fraction (secreted) are given in
the text. Values in parentheses in the first columns are numbers of
experiments performed. In Experiments 2,3, and 4, the ratio of [3H]
sugar(a)/[3H]leucine was calculated using the radioactivities of [3H]
leucine-labeled «-amylase given in Experiment 1.

Radioactivity in o-amylase (dpm)

Expt. Substrate
monensin
none (10_7M)
H]leucine (2) 2133 % 4y 1253 * 219
1(2) [**s]methionine (b) 3737 % 803 2294 £122
(a) /(b) 0.56 0.55
CHlmannose  (a) 4182 + 141 2631 + 1065
*®s]methionine (b) 4199 * 195 2273 % 306
2 (a)/(b) 1.00 1.16
(2) /(] leucine 1.96 2.10
[3H]galactose (a) 821 %141 182 £ 14
. [®s]methionine (b) 4086 % 917 1982 + 144
(a)/(b) 0.20 0.09
(a) /[*H]leucine 0.38 0.15
PH] fucose (a) 732 % 63 230 ¢ 69
. [3ss]methionine (b) 4214 + 366 2753 + 468
(a)/(b) 0.17 0.08
(a)/[JH]Ieucine 0.34 0.18
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[3553 methionine

non-radioactive methionine -7
[- with or without monensin(10 ‘M)
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Fig.2-5. Effect of monensin on the intracellular accumulation of
o -amylase. To 20 scutella in 0.3ml buffer A was added [3°S]methionine
(50 uCi) and incubation continued for lhr. Then, ImM nonradioactive
methionine dissolved in buffer A was added with or without monensin
(10" ™) and chased for additional 5hr. At the selected chase periods
as indicated, tissue extracts were prepared following the method
described in the text and used for the immunoprecipitation, SDS-PAGE,
and fluorographic analysis. In the control system, the amount of a -
amylase synthesized during lhr puise period was arbitrarily defined as
1 unit.
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A control
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-
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Fig.2-6. Effect of monensin on glycosylation of «-amylase as examined
by Endo- B -H digestibility. Reaction protocols were exactly the same
as those shown in Fig.2-5. At the selected time periods of chase

with nonradioactive methionine with or without monensin, either scu-
tellar tissue extracts (intracellular) or the incubation medium (ex-
tracellular) were digested by Endo- 8 -H (40mU/ml) in 0.1M acetate
buffer (pH 5.0) in a total volume of 100 1. Reaction was carried out
at 30°C for 3hr, and at the end of reaction the whole mixture was
neutralized, immunoprecipitated, electrophoresed, and fluorographed.
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EK

a-Amylase OMBEARZORELRITS 2 LT RAGMO " EHE ” &
OBEEHO DT B3I EUBOTEETH S5, Jamieson & Palade I+ pu-
Ise-chase labeling B XU MK 2B D F ik % EK{E L T. pancreatic exocrine
MRCBILZDUMEAHOEAMEHRANBREEIMIULBETHSIER
REBH U 72 (51) o A ERRFIIIC B W T, cycloheximide BV LRE M S
TCREGKREINE a-anylase BTl FhIZ OIS EHHEOAMPBHEEFEE h
Td. EFCHRRNE2HREIhIZIEBRVESRE (H2. FI3. ¥1) .
Ul 8> T. Ta-amylase OE SR MEAREISMOBETS 51 &
iU ko

WWEFEOLWUHEAE TS % a-anylase QMR XIC BT 3 Golgi &
DERYWEEAEHARLECL>THURHIIHhETRP >R, EZT. BRE
R BT 5 Golgi KMOKEEER carboxylic ionophore. monensin 2H W
THEF U ko Monensin &, Golgi HROFRREILEUVXREIU. Golgi KiZH
WHEEAHRL2ERIE 3L & . trans Golgi WHBW 3 terminal glycosy-

lation 2070V VIV EHETLIELEVSFABREFES>TBY. Golgi
PMRIBLETCEDLDDTHEHTH S EBHMoN TS (127,129) . T D mo-
nensin 2 Wk pulse-chase EEROEEM» >, TR LMK BT 3 a-amy-
lase DMIAAEIXIZIE Golgi ABEE LTI EMWIBEHhE (RIS, B
6. X2 ). Monensin BRA a-amylase OHBEANOHWEHEEL. SH
a-amylase ZHRANICEFEHI TSI LS. REo-anylase OEFD Golgi
KTiITbhTWVEEELdNh 3, UL, SE a-amylase @A i4lE monensin
KE->THEIh PR (BIB) o Vigil & Ruddat &, A LAFHHREOD
HMBALFIRZEN S, a-amylase B r ER S EEABRBLERXIA I X
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hBZERFRBUTVS (136) » SHa-amylase O#RiXIL Golgi A2 M

LRbLohrdslUhiRb,

CNETCOERERPSEZ SO0 S a-anylase OMBMHMX T SRH
ERTWRURE. a-Amylase W r ER BWT J-mannose BIBEH 2RO XK
MAAEEARESUCARIh2HE. Golgi All#XXh. T THHABHR
ROBMAUEEAE (RE) - THRBERBEEH S, K SBa-amy-
lase B Golgi BREEHTZONEIHEVSHBUIRBROMBL U THY
T3,
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rER Golgi complex Plasma membrane

O (B A8

Fig.2-7. A hypothetical model for intracellular transport pathways
of «a-amylase isoforms. Stepwise processes of (i) polypeptide elon-
gation and co-translational glycosylation directed by polysomes atta-
ched to ER, (ii) carbohydrate modification on Golgi, and (iii) trans-
port to the cell surface (plasma membrane) are schematically i1lust-
rated in the figure. For brevity, it is shown that two polypeptides

(A and B) are synthesized by the different mRNAs, and stepwisely
transported to ER cisternae, Golgi complex, secretion vesicles and
plasma membrane. Symbols: straight chain, polypeptide A; dotted chain,
polypeptide B; (@) , high-mannose type carbohydorate chain; (®) ,
hypothetical intermediate carbohydorate chain; (O) , modified complex
type carhohydorate chain.
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B=EF oa-Amylase O RIFT Ca2*OE

Ca? " BHYMOEFRARFTOLOOLHAEROD—DO2TH 3R LMo T
WBEEZATHS. BITETWE. Ca2" DREIDBHAMRML AL TC@RUON B LR
S>TC&ER (143) . WMYPYOSWHERBLZ BV T, gibherellin BB U LI A A
¥FRBBFOMMBEI Ca?2" 252 3 & a-amylase OREBREIH B M. Ch-
rispeels & Varner (21) B XU Varner & Mense (135) Wk > THEIh
2o FUTC. Varner & Mense l&. a-amylase DFHMIEED > DIE N Ca* iz
XoTREThBIERERKEUEL. UHUL. ZOHK Moll & Jones (77) W
automatic flow-through BEAR2H WV T. «a-amylase QKB ITMIAEED & O
BMEOTUAMI MO0 @sBEBRTHY. 2 URERRLET 3
ERRFULE, B2, Jones & Jacobsen (52) &, V)V —T B D a-amylase
isozyme DWW Ca2" W k> THAMINhTVWE I EREEU o

BPHRBICBIL2BRAORAERCARLEYORWI Ca2 ¥EERBILRL
TVLARZEBELHMBENTY S (99,119,130,142). B D LWL, “non-
regulated” 1 (fibroblasts. plasma cells. macrophages %) & ”regula-
ted” M (pancreatic. pituitary cell types %) ¢ WZAMIh 3, HiHED
MRS SRAHOS W, EEHT. HRAB »>OMBICIEEIHR
LWe —7. REFOMBUEBLTE. PUMEAHISUBRE-EERIH.
TDHR MBEABD S OWMBMIZ K > TED exocytosis NI % (126) , Ca2*
WS DWHAMOMAIEIEEWL "regulated” A THED O 2, FUT. MR
W CGHRE ) O Ca2 #EH 100 > 107°M UEWERT S E. B#
DWW PR RE fusion 2R UD. TONEYSARACKBEHh 3
&h o, exocytosis M Ca? " IKFEMHOMBRESH TH A I EBHoMIZTh R (

142) o 72, &if exocytosis DBFEIZ synexin ¥ calmodulin 20 Ca%*
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BAMEAESPEAEULTVWAZ ENRBIhTWS (23,24,25,40,99,120)

AETWR. RFrBFHELELREBL > WEH S a-amylase DEFK
BIRUMBR#®XLE Ca2" BUMMREI2EZELREITOMEVIBBRODVTR
dERRAA R
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Hel & A&k

[ 1) Pulse Labeling EER :
(A) #FAHBOIFEMEE (10 B@) 2ELAORED CaCly (0.1-30 mM)

F i 0.1mM EGTA 2 & beffer B [20mM Tris-HCI (pH 7.0). 10z g/ml st-
reptomycin. 10z g/ml penicillin G] @2 ¢ 30°C. 2 preincubation U
t&. 20uCi[*°SImethionine 2 &L L EM (300 1) BT 30°C. 3 HFR
incubation 21Tk (K1)

(B) A&k (10 /) %. 0.1mM EGTA. B KU 10mM CaClz. 10mM MgCi:
10mM SrClz. iOmM BaCl, & /21X 100mM KCI 2 &% buffer B 1T 30°C. 2
eI preincubation U . 20 Ci[3°SImethionine 2 &L L@l (300 1
1) T 30°C. 3H5F incubation 2{iT->% (R2) .

(C) IFAEHEE (10 18) % buffer B T 30°C. 2B§R preincubation U
i, 20uCi[3**SImethionine. 1mM CaCl, BLUB A OWE®D Ca®*-ionopho-
re A-23187 (0. 0.01. 0.1 F it 1uM) &L buffer B (300ul) BT 30
‘C. 3BRE incubation 2iT-ok (1) .

(D) FFARHE (10 ) % 10mM F#1k 1.0mM CaCl, 2&L buffer B &
W (pH7.0 F 2L pHB8.0) T 30°C. 28%F] preincubation U k. 20uCi
[35SImethionine BLXUBADEED calmodulin antagonist W-7 (0. 50 &
21k 250 uM) RS EREEHE (300 1) HT 30°C. 3B incubation Uk
(Fa) .

(E) FRMHE (20 ) 2 10mM F /U 0.1mM CaCl, 2 &8 buffer B &
T 30°C. 2B%R preincubation U k. 20uCi[3%SImethionine 2 &Y
Ed@dk (300 1) BT 30°C. 6B¢fE incubation UJfze 2% U incubation

WG IR EKHLLEBRRRELE (BI5) .
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FNENDRMHET pulse labeling UK. incubation F¥k & M £ 8t
Ulo FBkIX 0.1% Triton X-100 #F#k (500 1) PCERU. HEmbRe
Bro ZU T incubation FH B KU HMBHMHBEICHERET S [°°S]a-amylase
DG EPE L. immunoprecipitation. SDS-PAGE. fluorography 21T - .
fluorogram Wb h k [3°S]a-amylase 2F UV P XA =Y —THET B &
KE>TEBUR,. ZhoDRHWCHBW T, [*5SImethionine @ a-amylase

NOWYRAA BT BEDHARBU EEFENITOh 2 (cf.72)

[ 2] Pulse-chase Labeling £ :

(A) IEAEHBE (10 @) % buffer A [20mM Tris-HCI (pH 7.0) . 10mM Ca
Clzs 10ug/ml streptomycin. 10 g/ml penicillin G] @ T 30°C. 20
il preincubation U, 20uCi[35SImethionine %2 & buffer A (300ml
) ¥R T 30°C. 2.58%M incubation U. DWW T. 1mM methionine. B &
U 0.1mM LaCls F 72Uk 50 uM ruthenium red 2 &L buffer A B (300 m!
) T 30°C. 4 B5M chase 217>k (K3) .

(B) a4 (20 ) % 10mM F 2k 0.1mM CaCl, 2L buffer B &
W€ 30°C. 3B preincubation Uz, 100uCi[3>SImethionine &
T Ea@H# (300m1) BT 30°C. 1BRIRIEE . D3V . ImM methionine
BEKY 10mM CaCle. 0.1mM CaCly F /2l 0.1mM EGTA 2 &L buffer B H
(300m1) 1T 30°C. 5F¥M chase #1T-o72 (W6, £2) ,

TNENDRYT pulse-chase labeling 217> . AR CH 2 b
) BRUMKESA (incubation ) WHAET 3 [3°S]a-amylase O GHE M
W+ immunoprecipitation. SDS-PAGE. fluorography %17 - k2. fluorogram

BT A2 E>TERBUE,

5 2



{3) Endo-B-H k23 ERDHILEER :

B—BTHENRHEERHAVTIT> ko
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R

(1] a-Amylase ODEABRME WIS Ca2* RU EGTA OFR :

RSB 5 a-amylase OEER B XUDBRERIE T Ca2 O EL N
NBRDW. HBEEAORED Ca?* (0.1-30 mM) F 22k 0.1mM EGTA F#TE
Tz [3°SImethionine & 3WRRISXE. MRAB XUMBAICEET 5[3°
Sla-amylase OMEEERBEL 2o B 1BV T, secretion Mg L3S
Sla-amylase OWEHEME L. synthesis & MR E HMBEAL3*S]a -amylase
ORGEEDOR (£[3°S]a-amylase B) 2RUTWL 3, 10#&ERER»6. [
*Sla-amylase DEAMBLIUD BT EDIW CAP"BRETH I EBHL H»
Wi >k, W, ML 0.1nM EGTA TR U T Ca?*" RIZNREILT S &, &
BRLDUWDBDBIEAERI ORI RBZZENDMo k. ¥B1Z. [3°S]a-amy-
lase OEGMIE Ca?" EN 0.5mM DLERRBEEFRERLREN. —H &
WWEUTW. Ca?"ED 10mM UEURSTHERUDIF S ENRIH
o THhoDERIY, [3°S]a-amylase DEARED WL E DI Ca2 2
BLyah, 2htho GOREKFHUERR STV AZENREh R,
(2] EEDGRLEBI LB LA VEEN

1 ClRENF Ca2* W kB a-anylase OEAREN B OREL RN, Ca2?

ODEHEENREFALIZDOROD. ThEBBAAVOEEROEEROME
ANB L. CAs DR EHB ECEETHZEZEIOND, BADTZ LT
UL eRE (Mg2h. Ca2*. Sr2* /2t Ba®*) ik K* HETWR. #fige[3S
Slmethionine & REX ¥ . MM, MBEALCEET S [°°S]a-amylase OB
2MSE U 2o Synthesis (£[3°S]a-amylase B) & Ca? " OFEMIZ & > TR
DBfE. SreTOIRERE 1 OBOREBRBE>hE (B2~ A). Secretion

(R AL°S]a-amylase BE) BV TH. Ca2td Sret WELAREDENR
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Fig.3-1. Effect of Ca®* and EGTA on synthesis and secretion of o-
amylase. Ten scutellar segments per treatment were preincubated for
2 hr at 30°C in 10mM Tris-HC1 (pH 7.0) containing antibiotics and
Ca?* of various concentrations as indicated (@, O) . 0.1mM EGTA
(M, O) . The media were then replaced with fresh solution contain-
ing [3*SImethionine (20 £Ci) and incubated for 3 hr. Tissue extracts
and incubation media were finally subjected to analysis of intra-
cellular and extracellular a-amylase. Secretion (O, ) shows the
value of extracellular a-amylase, whereas synthesis (@, W) sig-
nifies the sum of intracellular and extracellular «-amylase. Total
o -amylase synthesis in the presence of 10mM Ca?*was normalized to
1.0. Values given are SEM (vertical bar) of four experiments.

556



15L B ]

R,
§:’> 210} i
€ 3
)
05} -
0 l
1;5 - -
c
2 210} .
o E
o3
(b}
9 o5} )
0 = 1
515} © ]
%
1
Kel jE 1.0 } -
205t 4
o
3
0
Cation _ K* Mg”CaH Sr2+ Ba2+
mM - 100 10 10 10 10

Fig.3-2. Effect of different cations on synthesis and secretion of a -
amylase. Ten scutellar segments were preincubated for 2hr at 30°C in
10mM Tris-HC1 (pH 7.0) and 0.1mM EGTA, containing various cations as
shown in the figure. The reaction mixture containing [*>SImethionine
(202 Ci) for 3 hr incubation at 30°C were then used to label o-amyl-
ase. Procedures for the quantitative analysis of a-amylase in both
intracellular and extracellular fractions are described in the text.
Total «-amylase synthesis (intracellular+extracellular) in the pre-
sence of 10mM Ca2* was normalized to 1.0. All salts were added as

chlorides.
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s (2-B) . AT ZEEDEL X ORMERET SR, 2
hZEhd ratio (IKBAL35S]Ia-amylase B /MK AL[35S]a-amylase B) #
HFBEUMNBEHLHELLEZ A, RV, Ca? e Sr2*O# ratio OHMBEE
Ehhr, K" OFEMTIEHEI ratio OELBEEILE (BI2-C) « IER
UkEE»o. Ca2*y Sr2 P a-amylase DEERE DR RiET ZZEMD
Mok, MOBEYOILMBRIZBNTD. Ca2 & Sre* B UTHU
EKOREEHAMERERT EBRET L TS (52,53,115) &

[ 3) Ca“*-ionophore A-23187 O R :

Ca®*-ionophore A-23187 &, MRE PO Ca?" WELREILTES2DIRLVE
ViAW s T3 (39,115), MBHBE. InM Ca®"BIUBBLXOBRED A-
23187 (0.01. 0.1 F 2L 1uM) FHET. [*°SImethionine & RIET &, [?°S
Ja-amylase GHEAHE PBICRITT A-23187 OPHREEHNR. 0.01uM O
A-23187 T T 5 &, synthesis (£[3°STa-amylase &) . secretion (i
fa s [35S] o -amylase &) . B XU ratio (HRAL5S]a-amylase B/
ML35S]  -amylase ) OB EHWHBEILLRTHIDIIKELI R (X
1) o COHRE. ARAO Ca?"BEDODLEM [*°S]a-amylase DEFKE
RUWEBKEELIEREBITRIBELULTVLS, UMU. A-23187 OEEL 0.1u
MUERZT 3L, BEDREBRAVEL IS IEBBHEIhE (K1) . A-23
187 X+ CCCP. antimycin A, valinomycin 3 KU HOONO ERIBWCATPAM
ZURIIWCHEET S (5,105,145) 2 &BHMohTWS, 2UT ATPEMHE
FRIC L > TRUBEFULLMBFEIN S (130,135) 2 &b, DK S A-23
IBTOHRMBEVRODELER S N S,

{4) a-Amylase O ¥ [Ca2*+Mg2*]-ATPase MBS L TV B a[fEME ©
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Table 3-1. Effect of A-23187 on synthesis and secretion of «a-amylase.
Ten scutellar segments were preincubated for 2 hr at 30°C in 10mM
Tris-HCl (pH 7.0) containing antibiotics.They were then transferred to
the fresh media containing [3°SImethionine (20 #Ci), 1mM Ca2*, and A-
23187 of 3 different concentrations as indicated. After incubation for
3 hr, immunoprecipitable «-amylase in both intracellular and extrace-
lular fractions were determined as described in the text. Synthesis
signifies the sum of intracellular and extracellular a-amylase, where
as secretion means the extracellular a-amylase. Total «-amylase
synthesis in the presence of 1mM Ca?*but not A-23187, was normalized
to 1.0. Experiments were carried out in triplicates (brackets) and the
values are presented as SEM.

Experment CaZ+ A-23187 Synthesis (a) Secretion (b) (extrac:lil‘ttjil‘;r(/?rlmi;:c)elIular)
mM M units units
1 (3) 1.0 1.00 0.70 *0.08 2,33
2 (3) 1.0 0.01 1,23 ¥0.09 0.96 *0.09 3.56
3 (3) 1.0 0.1 1.16 *0.14 0.79 *0.10 2.14
4 (3) 1.0 1.0 1.00 +0.12 0.66 *0.05 1.94
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MaEED Ca2OREIWL. MBROA LT 20 RICFEET S48
RERPBCER > THBHEIATVLREZ X TV S, M. BEY
DMK UL Ca?* transporting [Ca?*+Mg2*]-ATPase WEEULTHYV . E U
T ZOMHEBARELTVS (7,28) o [Ca?"+Mg?"]-ATPase OMHHEE T
WRLE D (A) " o@LatE; (B) Mg " pH; (C) ATP BB
; (D) La®*. ruthenium red. B & U NAP-taurine WA > CTHEMNIZHEETX
h%; (E) Ca?*-calmodulin 2 & » CiEMiLE N 3 (7, 57,71,100,137,141
) o

A% ERZ MRS B B a-amylase O @ [Ca2*+Mg2*]-ATPase M5 U
TVEDPEOLEKRT T A LD, a-amylase ORWIEHT B La>* B&U ru-
thenium red OBEEFANL, FBRMBE [3°SImethionine & 2.5 BEKIE
X . 0.1nM La®* F 2Ud 50uM ruthenium red FIETIZ A B chase %
iTohk,. MI3DHERIWE. La** & ruthenium red W& dIW [3°S]a-amylase D
MUADWEFUSHETSIEERUTV S, ChoDER. LU a-an-
ylase OB Ca®" BRETHY. £ BLAOATPAKHEEA (CCCP,
antimycin. valinomycin., 3 kU HOONO) X «-amylase ON W 2HET 3 (
cf.76) Z &b, [Ca2*+Mg2t]-ATPase » o« -amylase OH W IMEHLDOR S
ZUTWLASZEWRBREINR, a-Amylase OBWICXHT 5 Mg2" DL EM L HE
NOHBZZ KRR (R2)M. LEdORRFZGETIIHMBNO Mg2* 25
BB CEDNTERD>LEDTHZIDIEELELON S,

[5) a-Amylase DR W39 % Calmodulin Antagonist W-7 OHE :

RARXRUEBAORIERETRBVT. FRMAZ S [35SImethionine &
RIEEE. calmodulin antagonist W-7 [N-(6-aminohexyl)-5-chloro-1-naph-

t,%lenesulfonamide] (55) @ [*°S]a-amylase BWWCRIEFTHRELFANR,
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Fig.3-3. Effect of La3* and ruthenium red, inhibitors of [CaZ*+Mg2*]-
ATPase, on secretion of «a-amylase. Ten scutellar segments were pre-
incubated for 2.5 hr at 30°C in 10mM Tris-HCl (pH 7.0) containing an-
tibiotics, 10mM Ca®* and [3°SImethionine (20 #Ci) but no inhibitors.
Scutella were then rinsed, and incubated in the above buffer minus
[3*SImethionine but with the following additions: control (O) , 0.1mM
LaCl; (H) , and 50 uM ruthenium red (A) . At the selected time in-
tervals, the external medium was removed and analyzed for the labeling
of a-amylase as described in the text.
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Synthesis (£[3°S]a -amylase ) B kU secretion GHKAS[3°S]a -amyl-
ase B) Q& HW V-7 AW K> THEHAPU R, ratio GERAL3SS] o -amyl-
ase B/ MM a-anylase B) KHULTD V-7 UBRXX->THERETHR
Sh (B4) . Zhid. [°°Sla-amylase OB W-7T W L>THEIH
BZERERULTBY. a-amylase ORI BT S calmodulin O S MNRME

“gnfao

{6) RA., SAIg-Amylase OR W RIF T Ca?*ORZE .

F—EBIUBE_BERBVT. BRLLRMEEA» oD W ETH % a-amylase 12
WHEHEEDRRASRMESHBFEL TSI EERVEL, CORM. SB
a-amylase isoform ORW I Ca?" BEET A2 HFEHLE VS HBEICHT 3R
kA, HABRHAER. 0.1mM F X 10mM Ca2*FTET . [35SImethionine &
RIGEXE., g cl2@Ehnt [3°S]a-amylase 2 Endo-B-H AL, R
BLRUSHHKLTFOELTELRL, BIS—A. Bld. ZhZh oD pulse BRI
BB [P°Sla-amylase OHYFERRL. IS5 -C. DiX. ThEFhdD pu-
Ise Bpfil & T2 Miatichweh i [35S]a-amylase ORBERULTV 3,
Pulse BEffIR. R/R+S ik 10mM Ca®* FETW BV T 0.6 TH 35 (A
S5—C) b, 0.1mM Ca®>* FHETODIHAWRIE 0.25 CIETUR (BI5-D) . ¥
o 16 —-A. BOERWE. RA[35S]a-amylase OB A ND D@L Calt i
BERXL->THEUVLVEELRG SN, SHB[3°S]a-amylase WHUTIWIHEELAY
Ca’*DEERRTIBRVIEERRUTV S, ¥312. FIS-All. SE[35S]a-
amylase ODWEEDBRYBIVOFVILEBRUTVS. ThoDEEMS.
M8 ERMIO a-anylase AW, Ca? K EHDD DO (RA o -amylase
) & Ca? K FEMDO DD (SR a-amylase) EWHBEExdh R,
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Fig.3-4. Effect of calmodulin antagonist, W-7, on synthesis and secre-
tion of a-amylase. Ten scutellar segments were preincubated for 2 hr
at 30°C in 10mM Tris-HCI of various pH and containing Ca2* of various
concentrations as indicated. They were then transferred to the fresh
media containing [3°SImethionine (20 £ Ci) and W-7 and incubation con-
tinued for 3 hr. «a-Amylase in both intracellular and extracellular
fractions was determined as described in the text. Total a -amylase
synthesis (intracellular+—extracelIular) in the presence of 10mM Ca2*
and at pH 7.0 was normalized to 1.0.
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Fig.3-5. Effect of Ca®* level on the formation of two types of «-
amylase molecule. Twenty scutella were incubated in the pulse medium
containing 20mM Tris-HCI (pH 7.0) ,[3*°SImethionine (20 uCi) , strepo-
mycin and penicillin G (10 zg/ml) , and either 10mM (A,C) or 0.1mM (B,
p) for 6 hr at 30°C. At selected time intervals, the incubation media
were treated with Endo- 8 -H as described in the text. The resulting
mixtures were then subjected to the immunoprecipitation, SDS-PAGE, and
fluorographic analysis as shown in the text. Fluorograms are given in
the insets of (A) and (B) . The amount of [?*°S]a -amylase synthesized
during the 1 hr pulse period in the presence of 10mM CaCl, was set at
1 unit. The rate of secretion (unit/hr) indicates an average rate of
the secreted [**S]a -amylase (R or S) at the selected incubation
periods. Extracellular «-amylase (unit) indicates the sum of the
secreted [*°*S]a -amylase (R or S) during the incubation periods.
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[7] a-Amylase DMBMAERXIZH G S Ca?*DRE|
o -Amylase OB RNEEZRIFT Ca2*OUEELFANZ LD, BEAD pu-

Ise-chase labeling RERE{T>k. #H#%E 0.1nM FETIZ [3°SImethionine
E1HBERIEXE LK. 100M F 7203 0.1mM Ca2*FTET . S WM chase 21T
V. chase @FlP AW EhE2RE, SB[3°S]a-amylase R EE LR, ZO
#FR. RAIS]a-amylase OMRANDLG WL Ca? " BMEWRX L > TEULE
g %55, SHISTa-anylase DHWE (A 5L VBEIARD > 2 (
M6 —-A. B) o Fi. 10mM Ca2*T pulse 21T\, 10mM Ca?* & £k 0.1mM
EGTA ¢ chase URBAWLBLTH. RI6-A. BEABOEENBIAL (
K6~C. D)o ChoDEEMS. RA[35SIa-amylase OMKEAHIXR
Cas" DEFHULU TV A Z e BRI NE, DOV T. a-amylase O HRAIEHRIX
WHETS Ca>" ORVWEBIXVFHACRAT S0, 0.1aM L:az"“’(? 1 B/ pul-
se iT->R%. 0.1mM EGTA. 0.1mM Ca?*. F /2li 10mM Ca2* T 5 B chase
Uko ZUT. chase BTH. RN S I UMRACHEFET ZRE, SRS
Ja-amylase A EB U, R2WRUE Total a-amylase (R+ S) ORI
a-amylase OMBANIRECE Ca2*" BABETH 0. Ca2" BEBKLI RS IIHK-
T a-amylase BWHIRAICEME/ IS RRUTVWS, RAE[3*S]a-amylase
O AZ WY CA2 BEORTREHR>THEULSHEAL T 50 H6 TN
PEBOTHEZN. —FH. MEALSS]a-amylase WU T, Ca? " BEDK
TwH->1T RAEL?SS]a-amylase OMBHNEREABBERE W 2, SH[*°Sla-
amylase KBV CHEMULH SN B, R/R+S I 2. (a2 WEDET &
EDRXERTASIEDPS. REOHMBAEEBSHIVBFLLWIEBDM
e UEDERIE. Ca2" MNWo-amylase O AE®HE. W RE a-amylase
DRZEZIFEFHUTVWSZEERRULTWVL S,
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Fig.3-6. Effect of Ca?* on the extracellular secretion of two types

of a-amylase molecule. Twenty scutella were pulsed with [3°S]methio-
nine (100 £ Ci) in the presence of 0.1mM (A,B) or 10mM CaCl, (C,D) for
1 hr at 30°C, and subsequently chased with 1mM nonradioactive mehtio-
nine in the presence of either 10mM (A,C) or 0.1mM CaClz (B) or 0.1mM
EGTA (D) for an additional 5 hr. The chase media were then treated
with Endo- B8 -H, followed by immunoprecipitation, SDS-PAGE, and fluoro-
graphic analysis, employing the same procedures as described in the
text. The amount of the secreted [3°S]a -amylase (R+S) during the 5 hr
chase period as 1 unit. The rate of secretion (unit/hr) indicates an
average rate of the secreted [3°S]a-amylase (R or S) at the selected
chase periods.
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Table 3-2. Effect of Ca?* on the Endo- B -H digestibility of a-amylase
molecules in intracellular and extracellular fractions. In each expe-
riment, 20 scutella were pulsed with [3°SImethionine (100 uCi) in the
presence of 0.1mM CaClz for 1 hr at 30°C, and then chased with 1mM
nonradioactive methionine in the presence of either 0.1mM EGTA (A) or
O0.1mM (B) , or 10mM CaCl, (C) for an additional 5 hr. At the end of
incubation, either tissue extracts or chased media were treated with
Endo- 8 -H, followed by immunoprecipitation, SDS-PAGE, and fluorogra-
phic analysis as described in the text.

[35s]Methionine, 0.1 mm cact,
{ Nonradioactive methionine

{A) 0.t mm EGTA

‘(B) 0.t mm CaCly o
>t >
{C) 10 mm CaCi,
- -}
Pulse Chase
) {5 h)
a-Amylase
Total a-amylase
R S R+S (R/R + S) X 100
Fractions Additions (unit) (unit) (unit) (%)
Intracellular (A) 0.1 mM EGTA 0.13 0.30 043 30
(B) 0.1 mm CaCl, 0.06 0.22 0.28 21
(C) 10 mm CaCl, 0.02 0.19 0.21 95
Extracellular (A) 0.1 mmM EGTA 0.06 0.32 0.38 16
(B) 0.1 mm CaCl, 0.12 0.41 0.53 23
(C) 10 mM CaCl, 0.30 0.49 0.79 40
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A LM B % a-amylase DESHB I U AW Ca2*" BRAETH
Z2ZEMHeEMCRE (B1) . Fi. Ca?*-ionophore A-23187 OERHE
B, MK Ca’ BEEN a-amylase OEABBLUNRRCEEERIFLUTL
BZCERBLIIRBUR (K1) . ¥, La3*, ruthenium red . B&XU ca-
Imodulin antagonist W-7 OHERBR K V. [Ca®*+Mg2*]-ATPase W2 &k % Ca?"*
OHBEANDKED a-amylase OMEA DU & couple UTWVWB I & BHEE
Ehk (3. R4) « COFMRBRAIALREREE >0 URVLY, M/,
|RiZB % Ca?*& N-acethylglucosamine a4 2 & calmodulin antago-
nist Wk THEFINLZEBRETINATVS (33) . =i WM (gi-
ant alga) OMBEN Ca2"BWEMBMEEIH. ZOBEEW 1070'M-107°M KR hH
"CL\%é:L\'B (148) F /o calmodul inWHEMHRIZ B THHEET S IED

ﬂ

Moeh TWBIZ EM>(4,18,86). Cat*-calmodulin 8 a-amylase D7 ik %
BUTOAaHEMHE+AELD %,

RAI. S&qg-amylase isoform DN KIIF T Ca2*DBRE. ¥R2bHbB. R
Bl o -amylase B FOMEEN D HIE Ca?2 " KEFEHTH S M. SBa-amylase &
Ca?* FEKFMETH I L LS ERFER (KIS, B6) . EFBKAKFEL., Tk
R S a-amylase N FOMBADWEE HERENSSIEDBRVE
Thk (5. W6) . gp@ficBVTd. SUHENERCHRERESHD
MBMANRXEEL. ThZPhoEHHER L TRRS3ZEBRREET LR (34,
35,44,64,66) o Fitting & Kabat (34) II. MRHEBKEOHE (XXX AMK
TANARETFRIA-FETHhTVEAREEAE) ¥ 207 X JEBREMIK rER »
SHMBEIENOHEICLHER ” signal” 2 o TVLEZERRBLTVWS, —
#i Lodish & (66) . BAroA4WHERH (MFERAH) 2EhThofk

o
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MEMECBERNICELIENTEIRFEEML T Y- BEETSIERRR
LTWV%, UDULARBS. ThERORKIBEFLEHE PR >TLRVL, £k
JEA%2 ERP W B 3 a-amylase D& D, 1205 WHEEAEN2 OO
MNBRERBEBBLU TR EINSHD 5%, Gumbiner & Kelly (44) .
MTEMADOH VMBI 2O0XMI N 2 MBRANRERENS S CERBRU
2o 12U, adrenocorticotropic hormone OB D AW T. Zhid Ca?”*
R cAMP KHEHTH S, L3N, ZOREFROHMBANDKHIE Ca2* %%
DBEURVWIEERUVE. BEGAOSEKBRUANOTOLY VY W proteo-
Iytic digestion WL K B3t0TH > T a-amylase DFH E T RR S M. Ca2*
WX B RICIGHEUERSEOEDB UL B0,

T AALXBFHMBCEB 2 a-anylase isozymes DKL gibbe-
rellic acid (GA3) LU Ca2* k> THAMEI LI EBNWMEETh . Jo-
nes & Carbonell (53) . a-amylase isozyme 1 DEKIZIE GABHLET
Y. a-amylase isozyme 3. ADEMICWE GAzE Ca?* (FRW Sr2*) @
MABLETHZIERRUEL, ¥ B2 Deikman & Jones (27) . «a -amy-
lase cDNA2ZAVEMRNAOEBOEE®S. mRNAOERBIUT
&Yy OROD isozyme 3. 4 DEEHMDAFTVYTIZ Ca2* BALETH S
CERIRBRUR. 1 3METFHER RO a-anylase ILBVTD Ca2* IS
R ETHS (K1) 5. isozyme A. B OERWHE U TW Ca2* it k3%
gBRohBM R,

“Regulated” HMWHMIZ BT % exocytosis Wik Ca2 B QPEEL T B2 LU
LSRN TV S (99,142) 5. HEYMIRIC BT % exocytosis BT BHA
BEDLDTCI<RL, K20HRWE. Golgi KBV TIThh 3 terminal
glycosylation Wk > THET S RAE a-amylase OMBAIEH XD Ca2 K EM T

HBZZEERULTEBY. REa-amylase @ exocytosis 12 Ca2*" WMPET H 3
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CERTRBRTEZHDTH 5,

B7id. F2ERBI Ca?" WHT EEREREM»>E XS h % a-amylase O
MREANBREANALEMADOTH S, KB EHRHAMIZEBY 3 a-anylase
DORWRE RBa-amylase D& HIWZ Ca?t ik > THMixh % ( "Regulated
pathway” ) D &. SH a-amylase ® &k 51 "Constitutive pathway” T4

WENSDHONBAIEBOH>TEE,
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rER Golgi complex Plasma membrane

Constitutive » ¢
A-S
A s® >t .

PR
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\ % . W
\ Regulated 2~ A-R
\ —D 3’ o
‘W, ) & 30
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Fig.3-7. A hypothetical model for “Regulated” and ”Consititutive”
pathways of «a-amylase. The intracellular transport of R-type a -
amylase molecule is dependent on Ca?*, whereas that of S-type is not
affected by Ca?*. Symbols: straight chain, polypeptide A; dotted
chain, polypeptide B; (@) , high-mannose type carbohydorate chain;
(®) , hypothetical intermediate chain; (QO) , modified complex
type carbohydrate chain.
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BPE a-Anylase OB/ W RIFITEEORECE

BEG. SYPEGLEHERTILTELDD TEERREZHTS 5. BEAR
DRERREIFRZESHU. 2OREFTILIEYMEILTIARRIARZRERESX
MREECRBHCIIIIRTR2EB IS, ChoOEILORDT. HE
DRIHT UDPDEASHRINTVSON heat shock protein (h s p) OF
WTH% (56,83,116,117) » HEMMEFRMEI ZEELY 5°C-10°C BE
RERTEBZE. —BDO hsp DEEGEPBEIY. ThRHE-T. MRLE
I B EFEHHOEAMUEMBEN S, COLIRBAPML AT BRI
. FEEMD SEREPI VLI ETECHRINATEY. hsp OREE
¥ hspBETOREREBEFHTIHLTV S,

BEPHYRCBISIEOHOMRA DWW REALTD., BEBIERREERRK
B epmohTvd, PUMHEAESIUMRBIREADE O exocytosis &
BRI S 20°C MRERBERT SRR ENHYMME S TRLE
Thr (37,42,62,68,98,106,111). . RKOBREMAE RGP inf-
luenza @ hemagglutinin X> vesicular stomatitis virus (VSV) ® G&
HEIGEESEE 37°C 3 20°C 29 B L Golgi MARREHEHh S (37,68
) o U U. KESDD hemagglutinin 5 F DML Endo- 8 -0 WidtEE Y
(68) . £ GREAHWEBYZLBEFEDCEBHMIZR>R (3T) . 2O
BRI, ZThoDEQHEM A7 E&d terminal glycosylation DiThh %
trans Golgi cisternae EFEULTWVWAIELERBULTVS, ¥HKR. VSV

PRERPEIELENALAZAY—-OFREHEE L 20°C OBEZXHETW B L &trans Go-

Igi cisternae WGEHHOERIZ L THERBTILT I EBRIEMABILE
B EE XN, trans Golgi P> MIBEAOWEBMH I NI I EBHEs DI

ot (42) o HYHRBRZBLWIHEAHOAWRENEECEEIh S L
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DHEIHL TS, &AL Fadeel & (31) . EFAFLXETOMNE
WHBWTAEREN S o-amylase OARANOKBICRITITEEDRERROD
EHHFERL X > THARNE, ZOHE. a-anylase OMBANDOKHBEWIEE
SHN 200 UTRBRBEFUCHOTECENAMEN R, TUT. HRE
DoMHEHh B a-amylase OBENBEALOIBERM (10°C-28°C) OMTEEILU
BRLWZEDPS. WHEW. T UTHEX a-anylase OBXBEEFALTL
BEERUTV S,

A 2EFICBUTE. #Eih (88) BEFEMH LW I IEEOHE. EREK
BRAUBTCBITZHEEER Arrhenius plot BHOVTHEIFL. 17°C (THCHEF
HEHEOEBABNSEIERERUTVS, KETH. FBRLERERICBT S a-
amylase B TOEGHBIUD B RETHEOHR. HIX. hspDFAB
BB LIRRBEHRCBVT a-amylase OEAREMBRNBEBEDO LS
REBRERIBDEVOIBACODVTHARNRERERR2ERS, 20T a-
amylase 53 TOWBEMHRKE T2 - RIEEOHBR DV THHENS,



[ 1) Pulse Labeling EE :

(A) RFABHOKESZME (20 @) % buffer A [20mM Tris-HCI1(pH 7.0
) . 10mM CaClos 102g/ml streptomycin. 10z g/ml penicillin G] B P T
30°C . 3 WM preincubation U, [35SImethionine (20 uCi) + [3H]Iman-
nose (100 uCi) « % 72k [3H1fucose (100 uCi) &L buffer A A (300
pl) PCEAOEERY (10°C-42°C) T3 B[ incubation 21T o k.

(B) IEAZ4# (20 @) % 0.1mM EGTA 2 & T buffer B [ 20mM Tris-HCI
(pH 7.0) . 10 g/ml streptomycin. 10z g/ml penicillin G ] ##H T 30
°C. 3 W preincubation U7z, [35SImethionine (20uCi) 2 &L LiLH
W (300 1) PTHEADIBESRMHE (15°C-42°C) T 3 WM incubation 21T -
2o

EFhENDRHT pulse labeling Uk, HB L incubation W# % 5
U. $%kE 0.1% Triton X-100 #F#K (500 1) HTERU THEMBBELT
2o MBEMBEB XU incubation B EThI3BLAOKHEILEY TER
¥hZEHHE (hot TCA-insoluble fraction) OKRGTFEMHEWL. WAV Y FL 4
YAYANYT b X —%— ( Aloka liquid scintillation system LSC-700)
PHOUTHEV L. . ThETLhORPMERHEIL. SDS-PAGE #&. fluoro-
graphy {7532 R &»THRB UL, —/ MBHMBHEB XY incubation @&
WWCHFET S [3°S]a-amylase OMKHEMEIL. immunoprecipitation. SDS-PA
GE. fluorography Z &> THHUL. TBUR. ChdDRBWEB VT, [355]
methiohine @ o -amylase BIUMOEHHANOIRAAR DR & 4 KR
EEEHRITODORE (cf.72) o Fh. BR (B) KBOLTIUE. BERHEM 20
°C LUTFWi3 & [35SImethionine @ a-amylase ~"OHMYVAAEREB I h R
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"ok,

[ 2] Pulse-chase Labeling EE :

REA A (20 ) % buffer A @B C 30°C. 3 BR preincubation U
Tt [>>SImethionine (50 uCi) &L buffer A WP T 30°C. 1 HKHAR
IEEH. XH ImM IEKREIHE methionine BPAHOVLTHEAODEE (12°C-40°C)
WBWT3— 6 chase Uk, Chase ¥ TH. MBI B LU chase &
WIZHET 5 [3°Sla-amylase OKEEMIL. immunoprecipitation. SDS-PA

GE. fluorography {73 W E>TEEBU L.

[3) Endo-B8-H W&k B a-Amylase B & U 5]

BRAOMAMLEY TERIWLEERAED Endo- - AHW E—FETH

NeHiERHOWCTIT>7, Endo-B8-H LB MAKNMETHR. RICKOEHAH
B 4 (hot TCA-insoluble fraction) OKHPFFEHRWMELU L. T RIGHE I
Fh 3 [3°S]a-amylase X immunoprecipitation. SDS-PAGE. # U T flu-

orography 2752 ¢ &> TRHEU 2.

[4]) a-Amylase 3 & Ul

(A) FEARSHBE 15°C 12Uk 40°C OBESEH T [3°SImethionine T pu-
Ise labeling bfat%(i’%v’)nh [35S]a-amylase 2 &L incubation FK
(5002 1) W BSA (RIREE 0.5mg/ml) & MOPS buffer (pH 7.0 ; BERMWE
0.1M) ik, ZORA®E. 85°C WHLTHELORKME (0-304) Hum
UZetk. 15,000 x g. SHAMELUTLEBES2 2GR, LEBEHSRTFETS [
3551 a -amylase Ok 4HiEHELL. imnmunoprecipitation. SDS-PAGE. fluorogra-

phy BTS2 WX &> TEELVER, TUT. AU TVRV LIFEHSORY
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[3°S]a -amylase (40°C TAME N [3°Sla-amylase) F it SHI[3°S]a-
amylase (15°C TAMEh L[?°STa-amylase) ORHFELER EhEh 100%
EU. BUEEITo R ELLBFAARERELU TV ARABEHONERHEL
2o

(B) FERMEE 15°C £ U 40°C OBERH T [3°SImethionine. [3H]
mannose ¥ f2lt [3H]lfucose & pulse labeling U &rXRBoh3BLADOK
HILEYMTRBI W LEAEL2SCHB M (500u1 ; 0.5mg protein/ml)
W2 MOPS buffer (pH 7.0 ; RIFME 0.1M) 2t . ZORABMEEALADR
E (30°C-70°C) T 10 &R EU 2%, 15,000 x g« SAMELUL. LIE
EAWCHEET AESHE (hot TCA-insoluble fraction) OKEIFEMHLWTE U 2,
FUT, 30°C TAHUARLZOLFESOKRHEMNER 100% & U. 45°C 14
ETRABEIToREZR LFEHARE > TLARMNEHOYEGRHEL 2.
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(1] a-Amylase O HMBEAEBX T IEEOE :
JEAR F A B 3 a-amylase OE SR MBENEHXWCH T IEEOR

B2, pulse BXU pulse-chase OFHEEHOVTHARNRE., H1 -Alx. B8
HMBEEBADEE (10°C-42°C) WBWT [*°Slmethionine & RIEET &, &£
U [ *°Sla-amylase B FRREILFHHELL>TEBVLRERTS 5,
[3°S]a-amylase EAMOHEXFEEW 35°C TEAKERU., HERXEBZEH L
FRRBRBEEEREENIBEKT ISR, Bl —BHREFAX
hiz fluorogram & B 1 —AWBVT [3°SImethionine & RISEX ¥ R EEH
Borohmth U [P°SIEROLEAE D SDS-PAGE ODNY — Y RRULTW 3,
COEHERDIS. 3T°C UETHBER2UET 3 & 70kd @ [3°S]Theat shock pro-
tein (hsp) BH|IT B EBbP ok, B1-BDY 573 fluorogram
o 2PSIEREABHKCLED S T0kd [°°SIh s p OFERFHELLDDT
5. Bl1 —BOERIL. 37°CALEWR B L& T0kd [3°S]h s p DEAMDE
FAHLEBR. MRARFEIIEEEAHOEAGRBMBINEIIEETRL
TWVW%, &I, 70kd [*°STh s p OEEGKIE 42°C KBV THEKRUES
[BSSIEROLEAHED 20% UL2EDSI LRI EBDOM R,

R, a-amylase OMBEAHEICH T ZBEOHREFANRSI 2D . KLH
#@e[°>SImethionine & 30°C T1IRKMRIWETE &K InM OIEKHE methi-
onine BRAHWVWT., BADEERXH2°C-20°C)IX B VT 3 — 6 ¥ chase 21T
oke FUT. MEABIUMBAICEET S [3°Sla-amylase B F R RE
LFEHETEELVRE. H1-COERE. BRADOIBERHT T chase LR
BrieruwEhl [°°Sla-anylase DERGHEHERRLTV S, 2LUT H1-C

&Y 2@ pulse-chase labeling RER{H W BT % [3°S]a-amylase WD
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Fig.4-1. Effect of temperature on biosynthesis, intracellular and
extracellular secretion of a-amylase. Twenty pieces of freshly dis-
sected scutellar segments from rice seedlings at 4-day germination
stage were placed in buffer A, and incubationed for various periods

at various temperatures as indicated. (A)[*°SImethionine (20£Ci) was
added to the reaction mixture, and at the end of 3 hr incubation the
35G-labeled total «-amylase in both intracellular and extracellular
farction were immunoprecipitated by the anti- a -amylase 18G following
the method as described in the text. The total radioactivities of the
enzyme synthesized at 30°C were arbitrarily difined as 10 units. The
data are average of triplicate experiments at each incubation tempe-
rature. (B)Incorporation of [*°SImethionine into the total protein
fraction at various incubation temperatures was examined by the fluo-
rography as shown in inset. From the densitometric titration the % of
70 kd hsp in the total protein component is expressed. (C)Experimental
protocols for the pulse-chase labeling to determine the intracellular
transport of [?°S]a -amylase molecules synthesized is given in the
lower scheme. Amount of secreted «-amylase molecules at vavious incubotion
temperatures, as indicated as a function of chase time are shown in the
upper part.
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AXMEE (Vi) 2R R ; Vi (40°C) =14.7 ; Vi (30°C) =10.0; Vi (22°C)
=7.4; Vi (15°C) =2.9; Vi (12°C) =2.3 ( 30°C W B ZHMPWEE R 10.0
& U)o Pulse-chase REETHW EHh B [°S]a-amylase OEL pulse la-
beling U Z2WEMEhk [3°S]a-amylase WHE¥B>H B E. BLUR
1 —C @ pulse-chase EIRIZB W 3 pulse labeling RUFEWIXRTAUTS
WUk >T chase BIOMBRMNICFEIET 5 [3°S]a-amylase OB I XTH
Lhaema, FIEEN [3°S]a-amylase ODMBRBEDNITIA—FY—& U
THEYTHBEEAON B, ChoDERDS. a-amylase OHMIXEFEEL 40
CLULEER>STHHEMUET AL VSAKFEOCEENFS>HIZR S R,

a-Amylase OEEMBLUMENREFLCREITEHEOHRETSIZFELUL
ANXBZ DI, F1THEshR2ERE Arrhenius plot U. ZhEhOBEK
HFHEERHE U, a-Anylase DEESHEEWL N T S plot (2 -A) Mk
MERIXEE (Vi BENIA—-FY-WUR) XT3 plot (I2—-B) BT
2. EAMEERBOVTI 13°C & 37°C WEBEENAEIh 3. #iX#E
BRBLTWE 22°C FEROAEBEENS S Bbho k. COHERE.
HEMEEERXEFREOREKFUEMNRER > THY. BZETRUR Na-am-
ylase OEAMED BTN EFRMULVRBRETHZI EVO5BREEISIE
NEXFTBHDTH 3, . I2-ADERIE. 70kdh s p OHIRT B8
ET a-amylase OEAMEE D Arrhenius plot OEB A (37°C) MR o h
COBRELOEEREEBEDLPUBICEERUTVS, RERURERD S
DHHERAETS %5 a-amylase DEARD. MRANCFET I EOH L K
KA LARI->THIHShBZENBE DR, UMURNS, a-
amylase OMBMMECHU THEEARTROINZHY avy 7 ORENA S h
RO tdhbhok (RI2-B) .,
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Fig.4-2. Arrhenius plot analysis of biosynthesis and secretion of a-
amylase. Data obtained in experiments shown in Fig.4-1. were concerted
to the Arrhenius plots. (A) for the biosynthesis rate of « -amylase
from Fig.4-1. A, and for 70 Kd hspéom Fig.4-1. B . (B) for the initial
velocity of extracellular secretion of a-amylase from Fig.4-1 C .
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[2) o-Amylase & F® Terminal Glvcosylation WRIFTIBEOHE :

AR MR 100N CaZ* % 2202 0.1nM EGTA H7ET . M4 QMR (4°C—12°C
) WHBWT [3°SImethionine & SMMRIST ¥ L. MM HE T O [°S
Ja-amylase ¥ & MM [3°S]a -amylase 5 F % Endo-B-H MEL. RE
BLUSH [35S]a-amylase OERFANE, K3 -ARKEHTWVS fluo-
rogram XK AN[35STa -amylase 2 F @ Endo-B-H HILEBROHERTD S,
COHRE. BEPERTICH->T. SHbEh 3 [3°S]a-amylase 5 Fh
REFNhAREHLTFTOYUEBREIREIERBUET-ZVERUTVS, EUT
BERMN 40°C LR B ERB[35S]a-amylase DA ZWEh., —F. 15
CUTRARBESHASFOABHUINBEIEDBRLTV S, I3 -B (10m
M Ca2*) & B3 —C (0.1mM EGTA) W MlamM [3°S]a-amylase 4 F% Endo-
B-HAMEBULHDTHS. 0.1nM EGTA FHETIHB VT 10mM Ca2*TFET
TRoh % a-amylase 5 F @D terminal glycosylation OEEIWC X 3 RZEW
2{Rohid-ork, LULEOERMS. a-amylase 53 FD terminal glyco-
sylation I& 10mM Ca?* FETRBLVTHEOHELRRI B3I ENHI IR

'37;20

(3] R WHEBELGE O Terminal Glycosylation KW RIFTEEOIR :
FAaEdEL 40°C BLU 15°C € [3HImannose F 21 [3H]fucosed 3 K

Ricx & &, % 0.1% Triton X-100 BFW CTERL. EAHEES (hot-
TCA insoluble) KMV RAEhKRHNEELRMELVR (F1) . BEAHICER
VAT h 2 KREEED [PH]fucose/[3HImannose thit. 40°C TRIGE® RS
W 15°C DAL VDR EM oL, KIZ. [PHImannose * 22t [3HIfucose T
BMIThEEAEER Endo-8-H AU, ZOXRRELANL (K1), 15°C
WHWVT [PHlmannose BT h R2EERELS FII. 40°C KBV THEBREL R
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42°C 30°C 20°C 15°C 42°C 30°C

Fig.4-3. Effect of temperature on terminal glycosylation of «-amyl-
ase molecules. The basic experimental protocols for distinguishing R-
and S-type [*°S]a -amylase molecules by Endo- 8 -H digestion are des-
cribed in the text. (A)Distribution pattern of R- and S-type [3°S]a-
amylase molecules in the extracellular fractions synthesized at vari-
ous incubation temperatures as indicated. The pulse labeling reaction
mixture contained 10mM Ca®*, and incubation was performed for 3 hr.
(B)Distribution pattern of R- and S-type[?°S]a -amylase molecules
intracellularly accumulated at 4 different incubation temperatures.
The reaction mixture contained 10mM Ca2*. (C)Absence of R-type[3°S]
a-amylase in the intracellular fractions synthesized without Ca2?*

at two different incubation temperatures (30°C and 42°C) . All experi-
mental conditions were the same as above, exept adding 0.1mM EGTA ins-
tead of 10mM Ca®* into the preincubation and incubation mixtures.
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Table 4-1. Effect of temperature on terminal glycosylation of cellu-
lar glycoproteins. Scutella were incubated with [3H]mannose or [3H]
fucose for 3 hr at two different temperatures (15°C or 40°C) . After
removing incubation medium, they were homogenized with 0.1%5 Triton
solution. Aliquots of tissue extracts were subjected to the Endo- 8 -H
digestion as described in the text. Radioactivity in the hot TCA-inso-
luble fraction of either Endo--H terated or non-treated tissue ex-
tracts was measured.

Radioactivity in proteins (dpm)

Substrate
Temperalure
yo°C 15°C

(A) control 1.14 x10° 0.77 x 10°
[3H]mannose (B) Endo-g-H treated 0.72 x10° 0.29 x10°

(B)/{A) 0.63 0.38

(C) control 0.95 a(10G 0.40 )clo6
[3H]fucose (D) Endo-B8-H treated 0.73 x106 0.32 )t‘lo6

(D)/(C) 0.77 0.80
[3H Jfucose .

(C)/(A) 0.83 0.52

[3H ]Jmannose




BFLVHESHIZ Endo-B-H RNHUTKSHETH>ko —F. [PHIfucose
TERBEHhAL2EEAQA-ESY 7 Endo-8-H WHETH-oe ChoaDERWE. IE
BHBOESWHEEAZECEHALULTD. o-amylase & [RERIC terminal gly-

cosylation WIHEDOREERERFI A EE2RUTV S,

(4) BEHHOBAKE S HETHORIR !
REAHOESMENEER LI > TEAT S EOEHEMRBRERLEF S M
TERHIC, 40°C BLXY I5°C RV TEERET Y2 a-anylase B FB LU
MENEEAES FORREMHLRF UL, B4 -All. RE[®*S]a-amyl-
ase (40°C T2 dhk [3°S]a-amylase) BF B LU SH[35S]a-amylase
(15°C T2 ah k2 [P°Sla-amylase) R TFOMBEULFAXRLERTH %,
a-Amylase R FUBRLECEFLERETH S . 85°C TAREU. TOREME
ERBHIMELUR, 85°C T 20 AMAMI 5L, SH[?®S]a-amylase 57
FREETR2CEHLEY. RELFU 50% BEOEMHRZEEE >R, 23
WT. HRNESES FORLENLFARL DI, BRMEEL 40°C BLU
15°COEERHT ¢ [3°SImethionine. [3HImannose F #2113 [PHIfucose &K
BEE. G Ehi [PSSIER BLU PCHIEROoLMANERHEE2BEAOD
wmE (30°C-70°C) T 10 HMBEU. TOMEMELWEL 2. TOHR.
0°C TEAMEhE PHIEROEESHE 55°C  THEMEREI s M
15°C T2 o h UPHIEROBEEARE 45°C CRBEBENNEVBED S
ZEBbPo (R4-B) . —FA. [PSIEROBEAH G E DI 45°C » b
AEMDBBRESIH, CORRATURLTHOEZRRRH I I THERR» >
(EA-C)., [PSIEROFAHOPRIUBEARADBETHTLEIN, &
D SDS-PAGE ON Y —2H [PH] BROMEOHOEh WL RERS (H5
) ZEho. PSIEREAEORLTEMUEREARORRTENERMUT
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Fig.4-4. Heat stability of complex-type «a-amylase molecules and total
cellular glycoproteins synthesized at various incubation temperatures.
Basic experimental protocols are described in the text. (A)Comparison
of heat stabilities between R- and S-type[3>S]a -amylase molecules.
Incubation media containing R-type[3°S]a -amylase (synthesized at 40°C
) or S-type[3>S]a -amylase (synthesized at 15°C) were heated at 85°C
for various periods as indicated. Afterwords, the reaction
mixture was settled down in a Beckman microfuge and the radioactivi-
ties of [3°S]a -amylase in the supernatant were determmed. (B) and (C)
Comparison of heat stability of total cellular proteins labeled with
[3H]Imannose (O, M) , [3H]fucose (A, A) or [35SImethionine (O, @
) during incubation at 40°C (open symbols) and 15°C (closed symbols)
under heat treatment at various temperatures as indicated. After

heat treatment for 10 min, the whole reaction mixture was settled

down in a Beckman microfuge, and the remaining radioactivities in the
supernatant were determined.
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<— 70kd hsp

16°C 40°C156°C40°C 15°C40°C

(*HIFuc [*HIMan [33SIMet

Fig.4-5. Incorporation of [3°SImethionine, [*Hlmannose and [3H]fucose
into cellular proteins at different temperatures. Details of experi-
mental protocols are described in the text. [*°SImethionine-, and [3H]
mannose- and [*H]fucose-labeled cellular proteins synthesized at 15°C
or 40°C were subjected to SDS-PAGE, and fluorography.
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Wa3tEzohhk, $h RISOBERW. 0kdh s p NEEQAHETRVWIER
ARUTWV2E, UEOERD S, BEQHEOEMABENEANRIRE LS TOR
REMNET L HRRE A, FEEAECHUTE. BRBIEERETO
KONZEAHOMIALEHOERIAEDoh R oW, FIEXHTE
B2 oh3EHAHY ( post-translational 27ty VW k> THEM
Eh3HDHBEL) ORDPRILARKETHZ2HOBBHELVWHOHEREEEY

s TERL,
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ER

frREFRERMEAZRE 37°C LLORBRFERI>T L. tHoBY OB
fa (56,83,117) &k, hsp EEGHOFHEVSHIPLALCNT BRI
BRoh B, FUT, 12°C WRBE. hsp ODEAROABERILITHHh.
AHHOEREHRUZOEAMNIEALMHENS (M1 -B) . 20k
SRBAPM L ARHTERENBEZAEET. DWUMHEELHE a-anylase O
FEMBLIUHRNBEIEDIIREELERILZ0»ERF LR £EEHIK
BUTW. 37°C LR EMBUACEET ZELUHOEFEAEELBU
KHOWLEULLLMHETHE (K1 -A. F2-A) . UMULRBs. RBHNHKE
W iR hs, SUBZ0FEES BEOLFEM->TEMUODIG R (B2
-B)o. LULHEIBE., a-amylase OHBHNBREIBHAPIL AOEELLL
BHRVIENEOHRR-> 2. COFKRWE. hsp K. AEERI S
MBENANLT 27 (Iba2FV7. EGH®%E) CHELLV. AlROKHERE
EBMAPL 2D RETSRULF> TV EWLSRH (56,116) XFBEUR
AR

REFATLYXBFORMBEBEZLBVTARIh AW IO 5 a-amylase X, B
BERWD 200 UTRRBEZORHUENEULELTZIZIEBRVETh.
FUT. ThREAMODETL VOB UAHRXBEIL LB EBTBRIAE (
31) o A XBFORBAMEBLTH. KERHT Tl a -anylase DEEM
HESFIUMRBANBEEFEZE DN EINL S (K1, B2) . UHhURKBS
M3-BWRsh3 L. HEBRNWHEET S [3°S]a-amylase FFOBRU
BomMiZ 30°C DIEELYVD 20°C BLU 15°C OBFEEOABE L, COHRE
e 20°C-15°C DIBERHWC B & [*Sla-amylase S FHAKNICEHET
Z32ERFELUTEY. EIERXH (20°C-15°C) FWXBY 2 a-amylase HF O M
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MARWOMBEIFTCHBRANBREFEOR TRERLTVWEZ R E>20 &
RARUTVS, F§PHBRACSIAEAHOMBABRXIIE VT, 20°C UT

29 % & exocytosis BBXxoch. FEHHEW trans Golgi cisternae ¥

MXh32EMMEXhTWS (37,42,68) . RI3—BORERIE. 2. 15°C
TRELUTCSHOEADBBEIAS N, 20°C T3 REOFERDIEIS L
ERUTVS, UkP->T. MBRHEEIBY S a-anylase O#FXWHEAL TR
20°C Tk BE 5 < exocytosis OBEBMREINIDOTHS 5. UL, 15
°C 7% &, exocytosis DBR XYL US rER DS cis Golgi OFMDBRE
DIPF T Hh T B alEENR O,

DU EAE TS % a-amylase @ terminal glycosylation l&. BEL
HE>TEUVOHERRY. BB (40°0) TUHAMBEHEEHORY a-an-
ylase 4 F». KB (15°C) Tld E-mannose REH L FOSHLFOA MM
AR EIh L EBBEs PR (RIB-A) . . EFWUHEER
HWBWVLWTdH. O terminal glycosylation WHAWHEEAE L AHIIEE
IR K->TEERRY. RS BHMERET S (K1) . THET. ter-
minal glycosylation DIREIR XS EL2ME LV LRI, LIEOBERIIRA
BREVRERTH S, T2, BEEOHOBHABENEERH L X > TEILT 3
CEDEKRERNTILD. ThELhOBREAHORLEHEARRELZ 3.,
HEMNEHEF OBEEARES T &-mannose ISR B OEERES T LY
LBUEHUTKETH S ENREEhE (H4) . REL. ZOHRY in
vitro R THANLLOTHY, FEBHLEEHEZLI>TVIO0OMESHUIBED

ECAHWBETRV. FThid, EHLOFERNTIOLS>SREEAHOEAEE
BEILTIHME WSO MEIRTVS., Hlzid. MBWELUL sindbis
virus O - P RERTIERAHROEMHEEY. BEAROMBERRIZ L -
TRRBIEBHMO>NATVS (45) . Fh AVIEU-ARBEEEAHEIES
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MW HE U T asparagine HEBHOR KLY FULSREAHAMBREOIN S
(112) CE&HRIATV S,

DEDBRCHEFTVT. R, SH g-amylase isoform @ "HE” RU
"Ca?t” WABHDUWAKBEBORIEREBICLR LR, KR ELEMEE 10mMCa2”
FIETIZ 40°C-42°C O/IBRHRBLLERBY a-amylase FFOABFHETh
Bo =7 15°C UTOEBERUHIBLLESH a-anylase B FOABRWEH
%
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Fig.4-6. A possible mechanism for the regulation of secretion of R-
and S-type «a-amylase isoforms. The secretion of R- and S-type a -
amylase is regulated by "temperature” and ”Ca2*” . Symbols: straight
chain, polypeptide A; dotted chain, polypeptide B; (@) , high-mannose
type carbohydrate chain; (®) , hypothetical intermediate chain; (QO)
modified complex type carbohydrate chain.
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BEHHOZHWE. SR EYPOIREPYIVLESETEENRCAOh3LER
HETHY. B TEELRHRERETH%. TFE. SSEYPHER. Hic. &
FAXRBTHRBELEBRCBY IREAE o-anylase OFWB LU ZOHE
BEEPEETICERENEVTHRREIT > 2.

B—BTHERREIR. FRLERERD LW EH 5 a-anylase . R
M (RGBS RH>2DHOD) & SE (F-manncse BEFHLF DD D) isoform
BEELVLTV S, BEHEOEHIIIT heterogeneity BB 52 &WlHMeN T
WBEN. S 2EFa-amylase DLIRFUEDT S LV, SJUHBEEAELS
WCTE. ZOLIRHAEVIEDEZIZRVESTHATLRVL, BRAK. AFOD
ETROa-anylase OEHABEPREETHh. ZOREHAPESGUTHII LN
RENTVS (70) » FhEWHRKX (Aspergillus oryzae) @ Taka-amyl-
ase W& m-mannose BMEHHOAF->-TLWERZEHBMdhTVS (146) , 2O
&i3%. AUBKEMAR  OREOHORSREOEZRRG. ElLtoBlad oD
BREVEBE O HhHRERS RV,

RB a-amylase Q. 2F Y a-amylase OEH D post-translational
21&85 X . monensin (carboxylic ionophore) 2HVWEDWEERROBEED
5. Golgi BTITHHTLBEZENTREAR (B2E) . EU. ThiIM
BORARTHY. UhkBo T, SONEENRIAREEILENDSTHA
S, TEDRDWE. EBHEBRY aEEEIRELESFEFR2HTHRLEALU .
Bt Golgi MBI % a-amylase OEHBEMEAR U RTHLUERLIR L, U
PU. SORBHBO Golgi KBTI IHARE MREBOFEE LS HEY
MARKEORZIVHENLBUEE» TS, Golgi KITMRRNICHSFLH
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2IDPRTHRDBTII—PIRANVAFXTIOIDTHS 2D, HERZD DM
REERUTHBEYERHEULKRD LT B E Golgi Bl o XTHREIHTUE
S0TCH %, COMMEBRT ZM—ORER. T} TS5APR2HAMRULRR
MRESBEERITSCETHSD. 2hicd. FRMABOBRWMEBET I DD U
hidgd. REHLEPELAVLEBERBEREFE I L. Golgi KTEZ
% a-amylaseDEHBH PRI T3 EUFUETRRVEZ L NS, 0T
hitUTd. SEYPEBITBY S Golgi MO RELBEUTEULLLBE
hTLWAHBHERZBLTWR. LiZD ERERHOBONIZTHES5HMRE
BOTHEETHY. MY Golgi O RORBREETSdDOEEhN S,

HE#EERMBICET S a-anylase OH/WIIZIWE. Ca? K FH L Ca? K FEM
D2OOHBENHRERBIFEEUVTVEZIENHEsDER> 2 (BZF) ., R
Bla-amylase OMBEANHBXIHAETDH V. SBa-anylase OFHERETH
2. RBla-amylase QMW ED Ca2 k> THBI R TVWEZ LT HD
2CERD. TOFHMRBRANXLOBRHAPNSROREILBMBALUTEINT
W3, Fh. FBLPBERIE. o-amylase OMIZD proteinase. RNAase %
OMAKDPBEREDUBTIIEIRETINATVLS (92) 2&E»S6. ThaDR
WHEBEHED Ca?2"iKFED. Thid CEKBEHOEEIOHMBENRER
BEBEIODEVSHBELEKREV, a-Anylase DEARD E R Ca2* it k>
TREXINBZERRUEY. 20 GOREDRE. EEOLNLTES
STVLEIDOPZERNEDBFROLALTEI DTV ZORELSIHBELSKROM
REAETH B,

THW. B ERMCBGZRE., SBa-amylase isoform O L.
HIREN CattHE” BLU TEE” RBEL I - THERHAMEIh TV R D
o piciof (BNE) . MEABO (2 EESXCEERHERIET 3
2k >TREa-amylase X FDAEHWT B3R, T2 SB a-amylase
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DHABRUWT ZREEZIENTEZZE»S. R BLU SE o-amylase
DFOMENBRERBEZ L VBEBEIRT TAILBTESDHOEHFIEIL S,
Th. SUNMEESHa-anylase BLU EHUHBEIEO terminal gly-
cosylation WBERXRH KA > TRKELEILLL. EEBEOFE UL RRIER
HEBPERIQZZEBHIPRR-REEDR.,. BRAUEHALE D BEELHE
d & -mannose BEH KOOIV BLENNIVIENRIBINL 2, O
BRI, ERBERAR» OEHBEDORAR S REE SBa-amylase isoform
BRUITHhIEENEREER TSI LTEDLDOTRBERELDDOTH . 2
Us. LREOXRUEAHOMENERANLEIROT. T RFMRMARE.
EAEXREBESHEg-amylase 2R FHRBEU. THhEhOBFRFHRMEHR
ANBZE. Tk, ERBRERE (RERXHSE) TTHEI S 20EFH
WFHETSRE. SHa-amylase OBEEEFEEL BRI TSI EERR L
TEDERLRERTILENDHSTHS D,

YERBEVIEE,. BrU BEIXLOEERIOOLIUIDPS . RFHRME
BrE2RBMBLET 3 anylase CHIAMRUETL POIEERHINTE R,
UbhULRES., DUMEEAEE U TDa-anylase OHEFAHDOA =X A
ZBERUVEZMREIRULTELERY, UkPoT. KHRWE amylase OEY
FORBULES T30S h. DOICHEYENCLIFHRMRERE X
2HbDEEZONBEDTH S,
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(1] EF/rxBFHEELRER »>DWIHh S a-amylase & asparagine
HERALF OHAENRSUMEREOETHSY. COBREOHECIESE
EORLB2D0 isoform (REESHE) BEHEUTVWIZENHs MR-
72o Endo- B -N-acetylglucosaminidase H (Endo-8-H) O U TMHHET
SZREBRATE. AEHEHREHER fucose BEATVRIEDSHES
RMEROBHEF ODIEWTIBIhE, —FA. SBEHAFIL Endo-B-H & T
BEHBUMETh B2 EM» S F-mannose BEF 2F>EEFExoh k. @At
DWENRE o-amylase S FOESHEEL. HE/DEEWZ BV T co-trans-
lational CHAShIWEHOBELBHOPRELR>TEY. VePB>T H
MAEHX DRI post-transiational REHEMER I TEURDOLHERY
hilze
REBIUSHEBRSTELDIZ isozyme A. B BEATLBRIEMS,

1 XEF a-amylase A< &4 >0 isoform (A—R. B—R. A—
S & B—S) B&3Z&Whdhok,. e NTFFIVEYITERBHNLT
REEYSHAPFORIYNTFIEELERTULER. REESHSFOMICUE
EZEBRohRBbhok,

(2] BERBERMARICBT % a-anylase OHMRANHEEL. EAEAHEZTH
cycloheximide W& > T2 EERRY BDP o . TBW. a-amylase HF
D post-translational RIEHIEEICEA LU TH. cycloheximide ODEEHIIEBE
snmmvr@ ChoDOEEDS. FTa-amylase OEAMEMBHEHEEZ
NENMYTUVRBETHS1 EERUE.

FERRAHB % carboxylic ionophore. monensin (10°"M) THHEI % &. Gol-
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gi MOBHERRBILBEARIN. Thi &dilla-amylase ODMBEANOH W B
fWEhkz,. 230 T. RE., SBa-amylase ORI KIE I monensin @
BREBRHFUVULEZS. SBRIEKRXTREBZESFOLUBEULLHES L.
MaRSHArFOERBR N, DEOERE. REa-amylase DEM
DB Golgi WTITHHhTVWRZERREBUTEY., a-anylase A FOHBAEHR
EIBOVT Golgi UPEBERBRIERUTLEIEBHEI R 2,

(3] BB ERMIBIZBY % a-anylase DEARBLIUH W Ca2" PR E
THBEIEBREhk, a-Anylase OEARENWIZBT S Ca2 OREYR
W Ca?*-ionophore A-23187 W &> T LK VMKIBZIE&M»S. a-amylase D
SUAMIBIZHMERNO Ca2" BEOEEMNRB I k. THK. La3,
ruthenium red 3 & U calmodulin antagonist -7 OFEEXRROBEED 3. [
Ca2*+Mg2*]-ATPase iZ & % Ca?" DMISA N DKM o -amylase OMH W
& couple UTWVWB I EBHEEI IR,

RE. SBEa-amylase OH/WERIEFT G OoPRe2ANLEZ 3. RER
XATOHWE CA2"RE->THEVVEERRIIY. SELTFOLUUE EL
AL CL2IEEIhRVENH DR Rk, . EREER 0.1nM EGTA
TREUT A" REZRBLeT B &, “Rﬂﬁiﬁ?d)?&mﬂﬂ%ﬁ}iﬂ\iﬁﬂﬂﬁl’én\
MEANCRYMYFREERTEIENREVEHEhE, Uk®P-T, Ca?2*il RE

o -amylase @ exocytosis OBRBRRLPETHI3EEL >N,

(4] EARHMBE heat shock protein OEHMOF AN E T 5 FIERXH (40°C
-42°C) RE B9 &, a-amylase R FOEESGRUEEHCEALTIIIhED .
P CE U THA<HMMSATUU 3 ZORERERD LR > TR
UDoDW k. COBREM»S. a-anylase OEGMEMZEOEBEREE IR
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EREVOBBZIEBHHLRRR - 22,

¥HW. RE, SHa-amylase 2 FORURRETEEOHRERF LR
R, 10mM Ca?*FEET. BERKMHR 40°C LEkT 3 REBRSFEITH
SWENh. —FH 15°C UTOREBERXRUREBLLESAHBRATORAAMETH B
EBRVEZThE,

LR OHERRELY. RESM 2 EFHEELEFHRBICBY % a-anylase O 5
W 2OOMBNBRXEERBEELVLTBY. FhE¥FHLOBRREE "HKCa2*
BEEE” D "EHE” BIERI->-THEXIH. RAE. SH a-amylase OB A

HEhTWBIEBRBEh R,
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