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Fi% Debranching BE(CET SETOHE
HRUEHAROER

I Debranching BERROES

Debranching B3 (BV) v BEHR) BB H 4 8O
a~(1-6) D- 7 =1 > FEER R IR ET 5 BEHE DRFR
Th b,

ZOMOBEFEOPFIE L L CIVE #1583 (1930 4F) 23 —
NEEROR B B L7e “Amylosynthease” & #r44
LABEEARIITh D, TiT T OB R R
LTa— FEAYRENLHERCEZ, s/ a—4»
VIRIEA LT = — FEAPHBOI S RBGIE 2 5 2
EERD, COMEIEMERBEEThLB EELC

“Amylosynthease” Layf Lz, &)™ (1932 4F) 3E¥

BOBHROFELELTERL, 51 “Amylosynthease”
MBI, ERTD, KK, T, % IOEHED bk
WAFERET B LB, —H =867 (19364F) ¢



2 g FRFMPGEE HI3E 1S

ik H B CIEM 2R TER LB 0, ROBEMH» O
BABIERCEMARS Ui, (1) C oS R B
D=~ FEARFEOOERCE L BHPF TRV
T, 2 ABRPOMENRS EOEHOTh LD BE
T, LLEES I OBROBEDIFRNPSMRIIETH
BEVCORERERD E TIIBEL o1

Z D%, BB XUV (19494F) 1€ — VB O
“Amylosynthease” DF LVERE % 1T 7R » 7. ?‘7‘;
bORRIERT X DR R BB »HA R Ui “Fign”
(2 - FEEF) & b LOMKERORESYIET %
TERIVEOBEMA ISR TS PETHS S
EHEELIH, Ebie, BFELELK K X35 TFRNE
B-BRAFFA M) vieH T BIEASE»S ZOER N IR
BOBEFRDOHEE (a-(1-6)D-7 L 2> FiERT o5
BTHBEELLS), Fha—- VI BEBE®S
“HIREY 27 s m - ABOEETHD T LHIR LI,
TS “Hrsy” HRERER DR T U B THE
phosphorylase 2MER LTER LD Tt 2 &,
B LU a-(1—6) fEE%IED Q-BROMBRIGIL & BEK
Wi ERTEND, TOBRIERELED o
(1—6) FEEDOMAK T B EIT R OBERTH S &\ O
BT, Fi “isoamylase” 7 b LR Ex & % 7257,
S 4 “Amylosynthease” @ X3 L4 o X #
EH OPHFEL D Z DEERED a~(1—6) F5& DK 773
YR LI

CoRI %10 (1951 4F) 3SR DOHHFZ phosphorylase
EHEFE LT a2 -5 v B r T 5> —DDfEE
DHEELZRDI, = DOEEFEIL phosphorylase JRE 7+
AVY VRIERL D-Zra—Ak EET A b
“amylo-1, 6-glucosidase” &LIiEhtc, L LEDOHED
WALKER 50 (19604F) o Bfseic & b & o BRI
phosphorylase JRAEF+2 ry vod 2= t5 b5
F U AED D= b b YA — AN, RS &
e, TOBRCOLEOMHRE L TR D-71
2N R EEN LY VEETER 2 bR T 5
& A2 b, “amylo-1, 6-glucosidase/oligo-1,4—1, 4-
glucantransferase” LIEIENB Lo iote, 2O
DVERRTTIs SBERIT - VBRI B 4 B X hic®),

FHT OB O = Aspergillus [Bis & DT D
MR AE Iz 5 EBBFIRRAE R 2 LB R T

D, ThXER O a- % L8 f-amylase 1 X 54 fREFC _

ERTHRATFA M) vRXLEHMEID 0 X
DT ENHENDO R, ZOERR{T B limit
dextrinase &7z, UNDERKOFLER 5%) (3 As-

pergillus oryzae @ limit dextrinase % #% 5k s
U, FoBEESH TLIFTA5 “limit detrinase”
ENR A CH A BEFE LY amyloglucosidase it X B d D CH
5] ERTWBD, RAFFA LY vfERT S C
DEOFEFRL L OMOBED DL BB Eh TV 5, LK
59 vy Aspergillus niger 75 1 FEOREEE amylase
R2FT, ZOBRITEOMEY: maltase HHEIZ b b
SEENADS D-/ A a— AR TS o L aEL,
f-amylase & iz R BBWRTHD L LTohE -
amylase” & & 44 LTz, Rhizopus delemar p» 6 18 #2
gluc-amylase 4 7 i v 27 Fv, 7Y a4 v, S-RRE
FTERANY VEECIERALTED 0% Bl E e #2445
D-7 vz —AKER LS, 20X 5 HKRREOREER
amylase BB EZHOH LT D-F A a—~RA&&ETHDT
“amyloglucosidase” & %\ % “gluc-amylase” 7¢ & &
MEh b, Amyloglucosidase (TIB¥IDIERICH N H
a-(1—4) fEEEY) > T D-r V2 — AL T 5, X
BIL a-(1—6) HEETHIEH LT oM EfT s w5,
Clostridium acetobutylicum D\~ % “maltase” 13
BENCfERI LT D-s a2 —A% A3 519, L ki~
T¥H7- amyloglucosidase, gluc-amylase, 7-amylase,
maltase & & FIN HEER TR H 5\ 3B 4 i)
a-(1—6) & EIKSERT 50, a(l1-4) FEHeT+5
TERMN X 0N THAHZ Ehb, BHE debranching E#
BT amylase D 1fEE LTCHEHES RS,

=i oMY N T, B L AVWEETTE R
BOERCRMEESES L, BILOEE X BB
BRNE L Teh, COFA%T 58K S “limit dex-
trinase” &I, EHFEH O “limit dextrinase” {E
FHiE HOPKINS 535 (19554F) i X » CHFE X h, =0
BERHBRATHFA L) VO a-(1—6) FE&E5E LT D-
Froa—AREHL, TORERTAESREY L f:?‘gb:ﬁ
FFEALY VIZ a- BIY f-amylase KX » TEBIC
SEIND Z EERIRLI,

HoBsON 539 (195148) R B H B R L FELTMS
“R-EER” B REHRILT 12 F VR IV -
R7FFAL Y ZER L TOREA LT X 4, S-amylase
CEa5MeEL, = FEBRHAI®LM, i
TIrRsF v RIC ) 2 - yhbLRARLL o)
RFFEAFY 5, B IO FY a3—45 D a-amylase
L BHT BT HIERT 22, 7Y a5 vrnd
DR Lig®),

Pullularia pullulans 3EEN 1O 7L H v T
BHETNT vRERT DY, ST vRELLTCEED



W . 7k#R Debranching ##C-T 5W%0 3

=t b Y- AL OO D=7 — AR
ERCTERERREI a-(1-6) 4 LTIk 4
BT H 5193, BENDER 5% (1961 4E) (3 Aerobacter
aerogenes v 75 VR GIRT AEEE X BT L OMEM
BTG VD a-(1-6) FEEDOIKIETHD T E%IN
L, = OBERTEREERS L07 $ 5 s 5 vIEfF
FALED =z — FEGTADEL X%, SEHEY O
“RBEE LPLT AWERR L, —J7 “R-EERT 2
FN5 VIERT A AR E R,

BHRERED o-(1-6) FEL kST 2R
WT R E TRBE ShTV 2 #EHR L L ORBOEL
COWTHIE Lz, Chb ORI thth
BEAHD, BERRECLERNDLBOT KE
debranching EEROS >V CHIE L, Th Th o
FOERAC DT~ %,

11. Debranchnig BEZDSE

IUPAC-TUB ok fis (1972 48) i X % LB
LD a-(1—6) HERIMKDET LR L L TKRDS
BOREFOR T b,

EC 3.2.1. 10 Oligo-1, 6-glucosidase (Dextrin 6-

a-glucanohydrolase)

EC 3.2.1. 33 Amylo-1,6-glucosidase (Dextrin 6-

a-glucosidase)

EC 3.2.1. 41 Pullulanase (Pullulan 6-glucano-

hydrolase)

EC 3.2.1. 68 Isoamylase (Glycogen 6-glucano-

hydrolase)

EC 3.2.1. 69 Amylopectin 6-glucanohydrolase

(Amylopectin 6-glucanohydrolase)
@M a-(1-6) FHEEDBD a-(1-4) R X b
R fEE T 5 exo-1, 4-a-glucosidase (EC 3.2.1. 3)
B AN, it debranching F¥55 Ti27c { amylase
DI E ST LI LSRR Y TH 5,

Oligo-1, 6-glucosidase (Z/MNE FilED S BB, o]
RFE% ALY vRERDET D, ZOBED a-
(1—4) =8 ERTAEMEBE LTV, Amylo-
pectin 6-glucanohydrolase (% pullulanase & FZEZ 455
HORZERL LTRNTACRBEROBEIA T4
T, EEOKMAHDLEBbRE, Licdis T de-
branching B FOERAMBRANTS & (1) amylo-1,
6-glucosidase, (2) pullulanase, (3) isoamylase @ 3 ff
Lis s,

Amylo-1, 6-glucosidase {3 4-a-glucanotransferase

(EC 2.4.1. 25) 3tE LCPEH L phosphorylase fRA

FxA LY v a(1—6) AL MK fET %, CORI
510 22 DEEFOIERIC L -T2 = AN EHET S
T Emb, - OFEFEAY amylo-l, 6-glucosidase & IRUY,
phosphorylase [RREF+ 2 + U v Ciilhig 2 5o A
B Do 3 oI E TR R a—(1-6) K& LT
WBhDLEEL T, FO% phosphorylase [RFE T * A
FU VO ABE AT R IAYARTHBI LS D
s H1), £ pFew phosphorylase RAESEA Y v
B D-saa—AREETEEL LT, A#EDPLY
Fb U AR S R, MOIERTARE a(1-4)
EaEE - TEB L, WICE - a-(1-6) f& L D-
A ERY AR BEBZLRDIOKERD,
B#EDO4L b amylo-l, 6-glucosidase/oligo-1,4-—1, 4~
glucantransferase + & H i,

©XoXoxe) E ©
COOOD-- —> @000~ —> ©@20CO000- -

Scheme 1. Action of amylo-1, 6-glucosidase/oligo-
1,41, 4-glucantransferase.

O D-glucosy! residue, ©: D-glucosyl residue
of side chain of phosphorylase limit dextrin,
I+ a-(1->6)-D-glucosidic linkage.

BROWN 56) (3-F4 %8l 7= amylo-1, 6-glucosidase
MR P VA UAERB A N AR MOIER
TR S a-(1—4) §584 TS e 5 oligo],
4-»1,4-glucantransferase &M % 422 &R L1
THRHESD IIREH DL BHE T glucosidase WM T
% oligo-1,4—1,4-glucantransferase & #: O LrH—3E
THDH T Eb, WIEETHEE > THFET D, HEiE
R L 5 BB R LD THA I EfERLK, T
OFEFRL 7Y a—r VI ERERTYY 2 inb,
amylo-1, 6-glucosidase/4-a-glucanotransferase & %"
tha,

Amylo-1, 6-glucosidase/oligo-1,4—1,4-glucantrans-
ferase X B E D3 22 v EERE Saccharomyces
cerevisiae =% R EN1203), RO —h g T
CEB XA Th glucosidase &k & transferase
& HRT 0T, A—BREDEAZ2OEEEL D
Lo EEZLRT5%),

S ORBOMRIFFEG» LI AB IR T on, B
Fiifi~% pullulanase ¥ XU isoamylase &% D-7
N — A EGEHET B A THL AR Eh 5,

Pullulanase & isoamylase \33/E4 RV T
BRITHh B, Pullulanase 12715 vic ILMERT 513
M7 eI FUBIP ) a—r D a- B LU -



4 ALdEE R R IMCRE $ 138 B1E

RAFFA2 ) viefflT%, 7imsFvied33
TERRER ORI X b R s —e§E<, 7)) a—
Yoz E AEER Lityv, Isoamylase (37U 22 —
D a(1-6) A RERCHHEL, T S mtrF VT
HIEAT5, F-RAETF XA+ Y VIIMERTAH, a- R
RFFA LY vBITTALT Vi3 BRI Lisu,

Pullulanase X BENDER 5% = X » T Aerobacter
acrogenes b H M & h, * O Escherichia inter-
media®, Streptococcus mitis\®®), ¥ L 18 Streptomyces
Aavochromogenest\O) fo K DA hb BRI T 5,

&MY D debranching BEREOL X7 T VIZlE
RALZY)a—r vl AEBHH IR ER LRV A
T pullulanase BT AMELLTHEBETEDLN,, K
BRREORLIEROBELH Y, e OB/ HV:
bhTuwaoThil+s 2 Lot b,

Isoamylase (343 U TR 1= & » T & — LEERN D
R &h, HEBE IC/IMRBS @ X b L OfEANFE
LB ShichiR, iscamylase O TR F 2 bhie
HDTHB, GUNJA 525) |3 v — VEERE Saccharomyces
cerevisiae O isoamylase OWEY T, = OBEFER S
Va—FvRYIRT IiesFvo o{l-6) ESYE
BeMAK G HETBZ LB debranching BESE,
amylo-1, 6-glucosidase & H M YD debranching
Bih, REEREOALIELTH D LML, Iso-
amylase &EFRT BEERIIFERFOIED Pseudomonas?)
Cytophaga®) int H RS hiz,

Isoamylase (L —fi8lc{ V= b —AR ) — A4
EREY, a-(1—6) F&& Lic D-7 v 3 v g% YT
L7sE 8T b, Ll SAKANO LW 2 FEEO
isoamylase (14 V=N b —~AR —AD X 5 g Tk
BB EENSE D-s o — AR EBE LRV, «
B-IEREFEA M VIZEEA LT b —ADHRLST
D-Zha—ALWHTH LR R L, LiedisT
isoamylase DOFEBEERMICOWTIL SEMIE T &4
BEIRTV35,

EEfEY D debranching FEERicd isoamylase LFF
ENicb OnBH DI BRORE LTS EELT
AHEREC OV TOBRRALETHS D,

II1l. B5%4#%O Debranching B#H

BN D debranching EERIR LTI hE CTIcH
Wh e 4Fi& %35 & [Amylosynthease, | [R-E#
%, Mimit dextrinase], Mpullulanase], 3 X" [iso-
amylase| 35,

[Amylosynthease | v} = DEEE & BE & BUEE & 15

LT R8T, [l UAFR O R T e € — A BER
DFRFED W D IRBERE TH D & L bibh hlisoamylase |
EEFRERIDT, ZOEBRIRAGWLR ot

(R-E£#] 11 HOBSON 53 1k h B4 L LU0
HOBFRI 2V THRAEh, 7 Iinysy, SRR
FAMY v, BIW a-amylase & X B IR0 EH O a-
(1—6) & EMKI T2 LHE S e, —F MNimit
dextrinase | {3 a- LU S-amylase OFERCHR L
KRAFFA LU v a-(1-6) fi&% YT 5B
X LTH4 Sh, HOPKINS &%) \3E5H e = pfgs
MEAET D R RE L,

MACWILLIAM 55 37 4 3 9 5 sk fvE YR
LOELENPL TR ZFh 2D debranching EBEFE A4
L, FD—2137 I vt VicfEf LTCEFOEY
WMARIEBN a-RETEA LY VicfER T (R
) MO—20 a-REFFA U VAR IHRTS
M7 Ir_rF R RLREER AR 4w (limit
dextrinase) = & i Lz, MANNERS 55) 4, 3 §s
ERABEC L D EFSLDL a-BREFFA LY v LV
InF AER LR R-BER) &, “hbweffl
+%83#% (limit dextrinase) & %4817z,

TAYLOR %) 3 A4 —r 2 —vmb 75 VIC ER
THEFE X AWM L lpullulanase LIFA R, FoRE
BEMDSD ZOBHRT REE] CHUOBRETHA
5 & #% 2o MANNERS 5%) 4 X4 — } 2— v de-
branching B¥RE ML, 7 v s 5 vifEE LY
2= fER Ui TR-BER EMZB/EET5 de-
branching B (#8 [isoamylase] &IE A 7250) &%
8, WEERME a-RATFAL Y vRIVTAT VIl
ALivic bbby, A4 — o — vHHERC
a-RRAFEALNY VBRIV TS v DR T HEEETE
WEREETHZ LD, 53D debranching BEE L
€ TAYLOR 5% o4 L7 [pullulanase] 27T
B LSRR LI,

DX 5 EERY D debranching BER D LFRITHE:
BEREEYRCT AN ChoBR YRI5 i i
WhhTER, LaLIhE COPE CilBEE o
T+ Clad, TOREHERECOWTLERFALET
HrLEbRA,

MANNERS 5 (3365, RFEFMED), RIHMD), £
BLE2, B XUFEFE Y L7 A2 0 debranching BE#%
WEL, WThoi#Ed «BAFEA 0y, <40
TAERUETA L R Y AR S oK Y o, T
A5V, BIOT7TiexXr3xvn S-REFFALY v



M : JK§E Debranching @B+ 2 5 5

KEMCERL, 70 a—7rvo -REFTFALY v
BIOT I vy T ERITEL 7Y =
VR EAEER LRV EREE L, 5
Zh b OFEFY imit dextrinase | & FEA#19, Limit
dextrinase FEEE L7 I m 227 F VI fEH LW,
— RBRIING Ve EATH &N RE R T
%3, LEE 59 i3 A4 — b = — v pullulanase % ¥
B, ZOREENRTLT VDEN -REFFATY v,
T imNrF v, BXOZD SRR R XU phosphoryl-
ase [RERFFA MU vicfEHTHZ E5E LA, Lt
2T [R-EZFE |, MNimit dextrinase |, ¥ X ¢ [pullu-
lanase| XF—OEEHEAME LY & OBR THH LIRS
Nbe

EEMEY D debranching BERw >\ T—F Tl AE
HEN TR T 2 REORROFESRES R, Ehfl
HTREND OBEROIERRE LA R IR T3
ZEiL, CHRLOBERORKENTS T, FDBIT
EEBEREC OV TOBEAERIE LR Tuin e
EELZ RS, BEWHD debranching BERIM M
THBHEEEE DS B\ 12D amylase 5 EYPD a-
(1—6) HAEMKGMTDEDEEL LR, LidoT
By D5 BRDEE A TR E T 5 2 &8, 2D X
5 1o Ti3 amylase FBHEAEV-O CEREOBELATR
o 7oA amylase DRADTEI N, ThriE
BB SR fEFI+ % 72IC debranching B¥SRDIEEH:
BUEOMECE - 1ERE LT S5,

BrEHEBRe VS vRIERRT 7 ) 2 -5 visy
f#4 % debranching B4, isoamylase OFENREh
72398, isoamylase & < EEEHMY D debranching
FESEIIAE 2 OEFRCIT RIS BB LS Bk 4
RLTWB, FREROBINCIIEENERL DY,
FhICH T N EHIRCRE LB w0 T, AP
CRWTI—i M4 E ST 5 X& [debranching #%
Fl #RVBZ Eied b,

IV. FHROEH

H# o debranching FFR 1L amylo-1, 6-glucosidase/
oligo-1,4--1,4-glucantransferase 1 & T H %,
Oligo-1, 4-glucosidase &FEEIN BEEFRED B B H36:47),
ZOEEEN a-(1—4) BEMERT 2 0ELM LA TR
Vo Y O debranching BERITAE RN O
R, SHIEAPERTVD, BEHEYD debranching
BRI L OBBE, Bk © pullulanase i W H
BHRMENEE S hion b, EEFRNORTIEROR
ELHEIN D, =D LI EHIEREORBEI R

THleiew tBbh s,

L7e » TR TlIESEY D debranching BEE
DOIEBERREMPHECT A LB 1I0BME L, D
Teb K BERORBE, FcBhtRSE i T 2R OR
ReBE AT, BEMUMRLES DT IERED X
VIR R R DD HEDR S HH, KRMAPEF XE -
debranching BEFIEM: % &% amylase {FHEMELVO T,
R DM - T, ElKiERETIIEhE
13K\~ debranching BERIEM: L8 F 7 vDS, T
HRIEESE % & 27 DIFMALOTEN RN  hicn T,
SEREET-4 debranching BEEO R EIETH B,

F2o0RBMRAMREFETLARMET Lt oMo
debranching B3k o l#H BfF L1cb D TH D, K
T TR RF R LTy debranching BEZEOEM: &
amylase ¥H¥E & DR L CBBOR S5 R 2Tl - T
WEBDEEL LNB, —HERBERDEA LA
F@ debranching EBEFEDRTHLNC DV Tite { B
T, TORYHERTS LFEIRRC, RBFER X OABNET
#50 debranching BEFRIC DV CHBZORFZI S Hic

LEd &L,

£ 3 OB KFEfET ©D debranching BEE DA
EEDEILER LN TEI ETHB, — I RHF
FRC LB el DAL, FRc el O e D, [/
W R ODBEETEE P T B & LB EIB R T
B HHEEFRIL de novo P Eh, B3 L Dt zymogen
B OEEM et %, FHERT X % LAMEHE
FACIATEEL O debranching BRIFET B &
Db oD T, AFEER T debranching BERAEH
BRI TERL, AR CER L, RFHcEY
Wb EhC in vivo CIERT 8B #HO»CLX

5 & L7,

AL BT A B b LB R FFRIE R BEH
Bo, Fimomiic BiighitEE A i b ot
e R THERAEEROMEEEL I, o
BHtoBrERLET. ‘

AR LHIER T B bz WAL R SR
BHEPAL SR TR BT, EEWFI SRR &
HEBEE, (ERBFREOPRER C Th F B Y
IEE LR 2B 2B - 1o, S BTSN
CIEER AR IO V= b —AFA VG, =
CWRBROYWERRLET,

MRE 1T 5 CH e VRBKTRAB 2T E o
Mok AL B ERARS RIERE %, BRE—R
K, BESOWRRO—THERET S - odtiEE R E



6 ey BRI B 13% B 1%

SRR R SR FE RIS, T R
BT X & oAbl R A BRSO B 2 B R AR
755 Ok IR & OHE BB RS R R L
¥,

& B KFR debranching BESRO BHMFE LB T &
o TR AL TR R S AL U T Etdik, 7 3/
O W KIS0 T & o @ IERNE—K, FROK
ITEEBNT & o bl KRR MR E R R M
BEBBORRCHELELE T,

%1% JKHE Debranching BEZRDBR
BRUZ, ZouHg

E&HY D debranching BEROME, HICEEEER
A BB AN B ledic, KFRET OB L
debranching BEEXH L5 & L,

Debranching BERIIBM D MEBERO—BTH L0,
FFrb T O RAE B BRI T OFEELRE L 8D
ZENRTHIND, KRBT BFEIC de-
branching BESEIEME DO MA IR H /2120, BAUN 53
RKTRBERH OB T R KT 2B OEH D\ 0
CBERT A LB AEROEE AL BIEL, de-
branching E¥%E (R-EFR) 12K SBEERE CHHCH
b TS ECEEE R T LA #E L
DUNN 58 (3 R BEFMAM OB Lig v de-
branching 3% (limit dextrinase) &M% % b, BEERE O
BUGBETH D LT B, FEUD 3b (F35)
T5 &5 CAKTTHET R B D debranching
BRI L, ThRHAEOBTLRIOIER T X v Gk
fLannEEERL s LR R L,

RETIKROIBIIET, RFFET, B LOTHE
Fh35 debranching BEREHEH L, ThboHk >
WOl B, F7o, HEUIET, ERET. R IURF
f&ETF o debranching BEENR—OBEETH B0, Th
ELENTHE S EE L OBETH LU LT
Bl KREROEEDO B R 1T 0 - 72,

FL1E KRBMEEKUTE

1 X&#H

EEAPRC KRR R T =~ 7)) 2,
B RENK BRI R R RS (LR B) &
BRI A R U, ALV T BRTE®% 23 HA
CERIL L, —20°C LUF o B B LIEA L, STV
FafA 4°C iyt L, SRARICKEoR B IR L,
BT DOFEHL 26°C, BRTCIT s o T 4°C i frml Lok

IR Lk, KBSy b ie—Bie & ow,
BT T B X 5B A N Z T, AR SR L
B O—# %k > C pullulanase THEEZHEE L, HKE
PR S M- F3E 8~10 H B ok w4, THKBEL
7ok, —20°C THEETH L1,

2 A E &

& ST 8F 1T SOMOGYI-NELSON #:82.%) iz L b il ¢
L7,

FEE LowRYy 5% ofjkic X v FmE 7 A7 3
VEEBRELLTRIELR, #5428 = 75740
BHWOEAEOERL, HXSXXEENET (1397)
10 mm =A% FUHIGE L, 280 nm ki AR KE T
R LT,

8 & H

5 RS REACFERRRTE 2R L,
TR B X OREREm T h Tk (REERE T
3 hwsl) BIUOKRK HEERE (2Uvwib]) OF
BT LML, EYIY 2 -7 88 g —
FPo—v BRESE -V TFv7eAIvE Al OFL
ST B AL, 7 e ek A THRESLTHR
Lie FIHRMEBEN IS (Merck #H80) V72, #E
KB HD 7 I r<yF v OFEIT SCHOCH O 7 4
/= VEORBES k5 ic, BRERHNLOT I r
— ZADTELL FE UGS 4T 7z » 7, Phosphorylase
BRAFF A Y V3B bR LT t s F
v, BRI, BYXOWH ) 2 — 7 vICHRO phos-
phorylase a (Boehringer Mannheim ##) *##uE L
VER X BE/RL, 72— X DIk 2w CB i,
B-RATHA TV VIR XRBEHALHABLLT $ v
7 F v, BB, B XU 7V = — & v B-amylase
(Fesigesl) 28R LIERA S REH L, 7ra—n
& b X @ T{§ 7%, Phosphorylase JRA-A-FRA 7
A MY ViR O phosphorylase JRA 5+ A b
Y vz f-amylase #{EH X5 &0 X > THE L,
a-Amylase 43 7 4 R 3Pl EMNE LT a-
amylase (%} : Boehringer Mannheim ##1) %{Eff
XEBIEC IO L, a-Amylase 4HEMA X
TR AR ERR T4 L (1) 75 ABRES
2, K, BLO5%-, 10%~, 15%-, B X020%-7 1=
—VTIHREBH L, HED 20%-7 12— THEH SR
BIX4 &, a-amylase AR E UCHER L,
L) AR I VA VA b — AR AT R
BRELALEE IR DRV,
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4 & %

B# o DEAE-2L e —2 (0.92 meq/g;
Brown ##l), CM-+/L v — 2 (0.65 meq/g; BV
7" (#k) 8], Sephadex G-100, ¥ X 0 DEAE-Sephadex
A-50 (3.5:£0.5 meq/g) (Pharmacia Fine Chemical #k
) OmHEMmEEA LT,

ST REMECE < —» — LU Ol REREESE (Mann
Research Laboratories #:8) %, #ABXKE BT
Bpl-v—h - LTRA V= v LR TE R ©
pl-w-—%—%, V%, BAECEOFELIFNET
N7 v (3FE67000; Boehringer Mannheim #
B AR L,

HEEES KN LKB-7 vk T4 vERBEWE, B
FIGD 7 v — ik FEC PO 7 e — A 1
(XA BREE 800 g/em? L k) RV, BREKER IV
RERIGHOBEABO BRI 7 I F7 9y 7 10B,
Coomasie brilliant blue, 3 X ¥ Bio-Rad Protein
Assay Kit OQ@EE A7, M F oKL
A BEHEE debranching BERAHR & UCHET
LT (BF) M SRE -  RRLA R L,

BREFHROREL T FHH L, EEHOVY
BRAFEOIDD a-(1-6) 5O RCIHE D iso-
amylase (Pseudomonas; HIFEAILFWETE) #{#H
L,

(5) B & kB

BEEOEOY TS DRV T 7 YT 3
FAFHEEE LT 1+ A 7 BRIKEN 2770 - 1280, #
WREL T5% & U, ENE pH 94 TfF7a\, # A 1KY
H (5 mm) 2mA CT1IEKEI S, BEAEORA
37 K755 2 10BC, BR B 7% CT -
7o [RIBHIC A — etk CORENR AT R I BID T 4 A 7% 2
mm (BB L, #hFh 2 mé © MCILVAINE #ZE%
(pH 5.6) ic A, WHREP C—RML LT - %,
M A B\ C pullulanase yE#EZHIE L, BEREME O
b7 I VAR RN

BREABOSTEYEET 2D SDS-w) 7 7
UAT NI L B BRRKED Bfile ot Y REX
75% &1L, VA 1A%Y (F5mm) 8 mA T5RKREK
i, BHUBoRMEL Coomasie brilliant blue
# VT,

BEREAHOSESERD S oo EAESK
B21019 B fFie o fe, 1B AV T 7Y AT I Ky A%k
HEEE L, 7 vk T4 VBER2% L L1, pH 35~
10.0 ToOxE Tz L (58) Kx 0.02M b ARE, THE

(Bofg) wx 1M KBERL + Vv sk Li, pH25~40
DPE I pH35~100 D7 vh 54 v & 20% &ir X >
i, bR GHE) ¥ur0lMm b AR, TR (&) Wil
01 MAKEMET v ¥ w2k Lic, BENL200V OFBE
T 3B, K LTeds AT IR - Foo HREVE DB HIL 5%
Y 7 e ABERE T2082  F M LA Bio-Rad Protein
Assay Kit o ¥ A28 LT L, pH A
Blopit K pl-~— 2~ BHABA K IO 7 v a7 =/
— TR = E AT TR o,

6) BERIE

OUCHTERLONY O &EiLEGEE{T e~ 728, 1 %7
FU Y AT FEL F RS 006 M ~Nr > —AEEE (0H
86) T lb% 7w —-A%ELL, FoLTRREX
USRI % 37°C T 24 RSk S 2 ic, EFARKT
SHISEE®, BEOaEE7 I F7 7 v 7 10BtHE L,

(7) BELSHE

BEREAEOYH O L0 TROAED it
MBER RS HBE O B R LBRO SRR 1T
TR o o340, W 0IM b AFES + U 7 A (oH
7.2) £ 1, 56,000 rpm TiLfE S, 4 500BEO0 DI
BafTin IR ER T R i, IEROBEIZA L
B CEBRE L AV 2 B3I (12,600 rpm) %
ﬁtﬁ oo

(8) BEFREHODAE

Debranching BSROFEML 7V 5 vEREBE LTH
E LT, BEKHK 0.2 mé iz MCILVAINE #&#¥; (pH 5.6)
03 mé &Mz, 26°C il » 1oth, RHREED 02% 7 v 5
v 0S5 mew % 25°C TRILE %, AT 5ETTHEE
RHRIE LI, A5 veiE E UTCHIE L7 debranch-
ing BEEDOEM %Y pullulanase (EM: &Y, o 1 Bfr
T EESEET LM Lymol @=L b F U b — AR
U THREENOEME B I HBEROFE L,

Q-B R IE Moo I 28D 12.0.2 md o BE K Wi MclL-
VAINE #Ef (pH 7.2) 0.3 mé #in%, 25°C ifft s, &
NCFRECRE -7 02% 7 3 v ~ ABK 0S5 mé 2L
Rih&atc, REiL25°C tfT i\~ 6% EiBE 1 mé % I
AIG%E ki, 02% 3~ N-2% a— 7 Y OBK
1mé EAKREMZTOmME & Lic, WBRELT, KIGK
TEERVARCAE LR R VAN B R E
(FPW-IV #l), 10mm + /1, No.66 7 4 /L % — (660 nm)
XL, RISHEDT7 iv—A-a— FEE&
DE N B LT, Q-BFRO 1 Bz LT T
7 im—A-=2— FEEMED 660 nm @ BT 2R KB &
1M 1 B 2w oBHEREE L,
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FEERE Rt amylase IBYEDTFEAET 5 O TR
ftH15 X ORI 2 IE L, T pullulanase
FERERE & F—04&ET T, BEx v voRbich]
B (U 0.5%) & L, o 1AL EiRsks:
FC 14N L pmol DETE R AT AHHERE L L,
BEIRERD pH % 56 & Licbidhis Q-BEREmR
SE &4 R BIEER TRV, A0 1 BT DT
Thbb7in—-AlmgRFL, 7im—A-=—F
EEED 660 nm ORKEL L 5 1% B 3w sl
REE L

#2280 ERERBRIUEER

1. Debranching BEZEOEMHRE %

KA BT > > 187 K§84 debranching B # A
W, RIS ORRIEE S ARGRE TR OBMR 2 IR~
Fig. 1), |

MANNERS 55 (2@ BT O FEERIC KT S de-
branching BEERIIECEE L LTS AT VR
LEE 549 37 5 v amylase fEf % Z T2 &
% debranching BERELOMEOREE LTHTH =
LR L, RSO debranching BRI
SUMBCHFEL, TIRIEE L OBE amylase &

15

1.0

Reducing power (p mol )

0 1 §
0 005 01 015
Pullulanase (U/ml)

Fig. 1. Relation between pullulanase concentra-

tion and reducing power produced.

An incubation mixture (1 m#) of debranching en-
zyme (different concentrations, 0.2 m#), a Mecll-
vaine buffer (pH 5.6, 0.3 m#) and pullulan (0.2%,
0.5m¢) was incubated at 25°C for 10 min, and
then reducing power produced was determined
by the Somogyi-Nelson method.

WA BED 2 D, TT VIITEAEEEY D
debranching B EIEMAMET HEOREE LTHEL
TWvb, LaLiss Fig 1L RLC I e RIGK X
> TR RTINS OBRIRE & 6] Uich
St TR BRIEORIC BT DEREEIE S,
BEN LI oTe, CTHREFTOIALS VX Db TDs)
R X o T 2 BN OBERIC X BRI
fedbELLRD, LMo TESTED 7L T ViR
BHBT AL P YA AT R R Y — AR T

L, EEE L CHGEERETLY LERRE ORI,
BIBFABLhs b O LBbhd, LrLED L 57k
Be4BCHETs - L E#ETH 5,

SISHrh OBSEERE s X ORIEHMEE 2, TOBI
AT BRI HWE LR, BRI (BRE
B (RIS X - CTHREIhBI &bl
Fig. 1 ORBFEHEAMIIEHRIC LIznd - T 14 1 #mol
Ot P Y F - ACHE T IRTNEET s BREEY
1U (10 47fT 1 pmol oEF01U) & LTHE - TH B,
PT oSBTk Fig. 1 #AWTAERBILI» 6 KIGK
P ORERBME A RSB, KB BIR HERERT A
0.3~15 pmol/UEHK 1 mlé DFFr A 5 X 5 BEFR I
L, Fig. 1 oEBHIYHAVB L5 L,

1. EZRORS

KFEAPAET, RFMET, BLOERETLS de-
branching EERAMM L, HE L, DTz LT
LA R EOEE R S N sEET 2 b oSk
OWTHR -~ 512),

SEEEETH D debranching BERRIARFLPAELE L1
D THO BREER 129 O¥EEK (B ; BEERE MT=—7
51) &ALV, 1mm &2 7 Wiley $yRus TR
Latete Lis,

FRT AT 0~5°C TfF it » 1o 5 kg OBkl 10 mM
WA VBT Y Y AKIBIE 25 SRk, #1 R
X BAKCERL, FO ¥ ¥ 24 BEG 1. LB
AR LRG| A Ui, Thiba A O o TR %
18, FOorHE (10000x g, 1047) Lic EERROAK &
ALk R, 224), 001M D AFET + Y v AfRE
¥ (pH 6.2) THEE{L L7 DEAE-+21 = —2100g %
I W 2 ERE LT s & BURERMR — e BB [ A LT, 15
Bt DEAE-twL e —2 % 0.01M DA+ 74
LEETWE (PH 6.2) TP Lok, 0.1M hABE >+ U 7 &
AR (pH 62) 14 T o TR TR, 8EETOE
%A Uiz (DEAE-+2 L v — A% HIWE, 8524), f5&
W 14 kg iz AT HiBEEh E, LB 12kg OF
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B A BN Ui, SEHTH %5050 B (10,000 % g, 10 57)

LT, 0.1M b AEEF U v 285K (pH 7.2) i
Ut (FRISEVIETE, 117 mé), 0.01M b AEEF kY
v nfEER (PH 7.2) Wi LT A Y SOF oG % R
Ll IeBETHENT Lic (EH AN K, 125 ms), PM-30
KR4 7B % DT 7= Amicon BRAF SB35 U C i
L, % 025M RIEHET001M AT+ ) ¥ 4
R (pH 7.2) wackt Lic (IBFEHE, 266 md), “h%
[7 CAZHi ¥ CHEM{L L7- Sephadex G-100 # 5 & (2.6 x
96 cm) X H FASHE LT, BHE (FE 12 mé/h) 13
A mb-FOED, FBHOENT T 7> a v 69~87 Hhie
¥, Amicon [Ri}AE TEHE L7 (Sephadex G-100
BHIBHRE, 26 md), W% OOLMERET F U v 48K
(200 mé x5 [A) 3t LTHEN L, kLT 0.01 M EEEEF b
Vv AfEER (PH 5.0) (200 méx 3 [@) wxf LGETL
foo THE A UREEW CIEEIL L. CM-tie —2 7
7 4 (20x5cm) i L, 100 mé DR UAEE KR CRE
ShicWCEHE G LK, 01M FEBEE K 0oH
50) THEERBH L, BRI mlFokn, 77
7 a v E~ILFIEEARD S hicd T Dy 2k
DEEDO0IMEEF LY Y Ak L (CM-t
Ar— A, 40 mb), Amicon [RAFAMEE R KO
= TR AEBEE R CER L, REKY M Tl
WaEET, B2mé & LB L,

B OB OERY Table 1 kiR Li, KRBERD
HEEE U e S LT 26§51 o 71 70028, M
RO LIEE S VDT, ZhETCRBLNT VA5
Shfdy > debranching BESR & Uik & 55 @ 29.8 pul-
lulanase U/mg EHBEE R -7, BT 5 X 5wk
HJARET- @ debranching B (IhiEM: 165 U/mg &
HEMLI 3 X OKTERFETF OB (10.0 U/mg Z&RE

Table 1.

BPLUD RSB R S R, o oS
Tt MAEDA 55 0FEFoRFED 10.0U/mg EOE &
LEE 54 OA A — | 2 — vOF#D 645 U/mg EHE
ARG EESE AR Ly, e 1 U/mg BAE
BECETRUT Ch s, ko hbOMREREEY
30°C CRISELTE b, 25°C CriGth oz 80% fuc
5,

FEEXD D OB ORI MBIROX 34 & HE <
o THDLZ EANEL D, —EAKEAET S
EDURETH D, ERMBROEREXETH LT
XoT, il H B8 DEAE-v L r — ARCEEEY
WHEIDHZ EXHRBEDT, HERNASTRKEORE
BEINSEROBHREE LT, DBOBEXESH T LT
Wb,

IKTRFLAIE T 2 & OBEFR O firHl TrI sl 2 B
Yo TEDD - LixsER w0 TR T ORST CTNEE
Ui, 0.1M DA bV AW (PH 7.2) THiI L
TEFRERAB YL RS, OB THEL
HEraE U CROBIEHEAT, UTORFEREEX
b OFEFE LAk DEAE-+w /L » — 248, CM-tL
w—AAhThruvbrT7 4 —BIO Sephadex G-
1001 X % A AETH D, FHEFEROLERT 16.5 U/
mg BHEW Th - 1ed’, EABEEROT#ECIHI » v
A4 YEBWEDT, TheiEaXoBERcE - -fimE
TATIVEECET N0 U/mg BB E RS, B
R X BE R IG HoEIRERIL 175% Th » 7c,
HFGIE iy Q-BEETEES B - 1ad, Q-BERIR
debranching BERicH LB REET, CM-tin—
ARBOBRME CRAE  Z ENTER, Thbbiih
HiRw B> % pullulanase/Q-B# 3% o #& #: It (U/U) 11
0.002 TH - I EHBEFE T2 727 Lt 12,

Purification process of debranching enzyme

activated by sodium dithionite

Preparation Volume Total activity  Recovery Specific activity

(md) (U) (%) (U/mg protein)
Crude extract™® 22,000 26,000 100 115
DEAE-cellulose eluate 8,520 11,100 427 5.20
Ammonium sulfate ppt. solution 117 10,100 38.8 15.0
Dialyzed solution 125 10,400 40.0 222
Concentrate 26.6 9,470 364 23.0
Sephadex G-100 eluate 25.0 4,470 17.2 214
CM-cellulose eluate 40.0 1,205 4.63 29.8

* Polished-rice flour (5kg) was used.
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AMEFBETCIMOBRBERFEFLAHFCH
amylase EWIRFLET D, RFEHET 5D debranch-
ing BRI SERVET 3 L ORI T 2 5 OB D
EH & 3T RERRICIT e 5 720 LA L7eAA D EY amylase
FEMERR < fodbic DEAE-w 4 1 — A% FV il y FE
Dt iz DEAE-Sephadex A-50 k5 HhF L7 <
NPT T 4 —BITIRoT, TibBLOIM DA MY
v LAEEIR (PH 7.2) @k vl LA BREAE YK
SRk L, DEAE-Sephadex A-50 7 7 A7 mr =<+ 7
57 4 —3 LU Sephadex G-200 #F A LB LA
BEAT - CTRMEBER2E I,

RIRT 5 5 OREIEESE o W iE k13 10.0 U/mg &R
BT, THET S IOIBE T O OREERC L L
2RfEN o, ULhs LMK % pullulanase i
PEDEINE 5.61% % BRI om X 2 0.00i4% 3s X
VBWE(L I OEINER 0.092% L35 &, HHUEE
1 amylase BT Z LA LG ERVETILHER IR
= v s, EEE pullulanase 15 ¥ % ME T HEE
PECHEMMORIETL 7 = AnbORITADE
Hi3ZD AT, debranching BEFROH H 4 & koW
Ze Al B K CERAN R A HEBRE LB L - AT
T,

1. BREAHOMEE

KBS T OB BRERY 1D KU T 79
7 i FaSiEkl L, pH 94 G, 1AK% p 2mA, 605
BT 4+ A7 BREB &[T ERE—BAQAE v F
#RL7 (Fig. 2(B)), FABAHE- v FE&ERE
MBI —R Ui, FBEIETYY (Fig. 2(A) % XU
ZIEFTUD (Fig. 2(C)) b OBRERL T+ A27E
SKBTIIEE—R/AE v FERL, ThEZholER
ELEoBBERIEE—RLI

ZOOBEEAT DR T TEL D B DI FIERIG
BT o . HBAMETORBEBRAIIRE LT 1o
RHLMIE & L, “EIEE R 1T/ - 1B R, TR T
SHE_FF VEEF Y Ak DG L L CBEER L
AT OBEREOMBERIESTHES L, WERHAD
SRR E— bR 5 L (Fig. 3 (B)), RFBTOME
LR T OB L iR RS U (Fig 3 CR)D, €
RENOBEEABIAEFHC—ETI I &bbhs
foo BEBEETHH CFA A LA b — A TIERL L EEER
4, IS e —E R % Lic (Fig 3 (B b), FAmRo
iR 2 #80> debranching BRI OV TH AN
fohd, THEB3KTE debranching BERICHT 25 MEF
LR, REFHRCRALEAERTHH LER

L7z,

KFERETFHHE 530 debranching BEFEIZ &
VAR EBEMMBEL T L. LT ohso
EREAHISTE, WE 3 IOREEAEENR—
THDrHH B THEULEAETHEL Z Lob
Mot

FTAET LB R Y ACERBERKEIC X - TF
BEYAE L, COEEEABEOCSEESIIELIBE

Fig. 2. Disc-electrophoresis of rice debranching-
enzymes.

Thirty ptg of proteins per gel were disc-electro-
phoretically run for 60 min at pH 94 and 2 mA
per tube. The proteins were located visually
with Amido Black 10 B.

A : Immature-seed enzyme, B: mature-seed en-
zyme, C: germinated-seed enzyme.

Left Right

B
o

Fig. 3. Ouchterlony double diffusion analysis of
rice debranching-enzymes.

A : Antiserum against the purified immature-seed
enzyme, a: immature-seed enzyme, b: mature-
seed enzyme after sodium-dithionite (left) or di-
thiothreitol (right) activation, ¢: germinated-seed
enzyme, d: Aerobacter pullulanase, e: Pseudo-
monas isoamylase.
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fhich b, Wl pl =—» —FAH L OHKECHNEL
FKirhote (Fig 4(A)), pH 25~4.0 » pH S CE
SR E Tl A D PHE T R A7 2/ — N TN —
R TEHBENE LERLS, BEEAEDo pl L L
T 34 7\ Nt (Fig 4(B),

BEREAEOS FRILILIE L 6 B o EEER %
BWTHIE Lz, SDS-HEY T 2 VAT I FFELTF 4 A
7 BRI L B ERRESY Fig. 5 TR L, AR
T =& — A OEFEMOBFEC X - Tk BEERC £
Ll &b, COBREARILLADOEY T+ F
FErORDE L0 EBbRB, 5TEIEEESEOKE
FRAE & o Hisz A~ 85 90,000 & B X hio,

BEREAEDOSFEL ¥/~ Sephadex G-100 # 7 4
XD ABAOEHMEHS LEE L, Fig. 6 /R
T Lo, RUH» T L CTRIELICEBEESBORHME
L DS debranching B3 @ 4 F B 12 # 69,000
LEEE NI, Bl Lk 5 s A ABOBHME LR
BT R LORFETOBE L ARET OBR &R
KHME7L7 3 v bENMCEL, “he 3FolE
EBOED 7V ABRS TR LI,

Sephadex 12 L % % 4 Al CE 4T B & SDS-#
V7 79T I PEKKENEC X BEE oMz
EI7ED D » o, Debranching EEF L a-(1—6) &1
IafiohEd ot a-(1—4) 745 v OB (a-(1—
6) #EE) CIERT2BETH D, —Fr B fviz

(A) | (B)

(BPB)
~ 30
- 32
~34
-35
-

Fig. 4. Disc isoelectric focusing of rice debranch-
ing-enzyme.

Thirty pg of proteins per gel was used. Constant
voltage of 200V was maintained for 3hr in an
ice box.
(A) pH 3.5-10.0: marker proteins, (a) acetylated
cytochrome c (horse), (b) cytochrome ¢’ (Rhodo-
spiridlum ruburum),(c) cytochrome c (R.'ruburum),
(d) myoglobin (horse), (e) cytochrome c (horse).
(B) pH 2.5-4.0: pH gradient of the gel was direct-
ly tested with bromphenol-blue paper (BPB).

Sephadex 4 T-i% D-7/a—AA a-(1-6) FEH L
FEANT VORBIIVESGR IS F TH B, De-

5.0

w8l

.6}

|

Log(mol.wt.)

4.2 L

4.0

rice debranching enzyme

bovine serum albumin {67,000}

ovalbumin (45,000)

chymotrypsinogen A (25,000)

cytochrome ¢ (12,400)

Fig. 5.
Electrophoresis was performed at 8 mA per tube for 5hr on 7.5% polyacrylamide gel. Proteins
were located visually with Coomasie brilliant blue.

0 0.2 0.4

0.6 08 L0

Rf

SDS-Polyacrylamide gel disc-electrophoresis of rice debranching-enzyme.
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MWL E #13E H1E

0s B

“tytochrom ¢ (12,400)

< 0.l ° myoglobin (17,800)
<>|> chymotrypsinogen A {25,000)
2
3 0.2l ovalbumin (45,000}
Z bovine serum albumin
_ {67,000)
rice debranching enzyme
0 . !
4.0 4,2 4.4 4.6 4.8 5.0

Log(mol.wt.)

Fig. 6. Estimation of molecular weight of rice
debranching-enzyme by Sephadex G-100
gel filtration.

Ve : elution volume, Vo: void volume, Vi: inner
volume.

branching BFEOHE & Sephadex 43T DREE& I HHLL
BHBEET D C &g, BikH Sephadex 43-F L 53 /a8l
Tt & b DR FEM R RER L, Z D7z Sephadex # 5
LB OBROBEER, R EoTE KB
XhaTWEEENH D, 2 T debranching BEEOKE
L TFORE LOBEUHEDIRNEY T 2 VAT I KOy
2 (Bio-gel P-150) % Fiv KARFLEUBET 0> H 14 1B
DFABBELTIE 5T, ETORBREVT7 79T I Fy
NAT AL > CHEBEEORBMBIFmME7 VT3 v
(4 FE:67,000) X v <, Sephadex # 7 2B
OBEHROBE LEEETHB Z L o7,
FARBEC LB TFEE SDS-E)V 727y AT 3 F
BRUKBEC L O TR ENRLDOT, E=0Ktk &

U TR LS EEC X 50 FRONERITR 272, 0.1M
DAEET Y v AEETR (PH 7.2) T E LIRS
S B U7t CRE s5ow 12 7.81 x 103, SR+ /L%
P T (B D EIE 2 B B H Ui IEBUER D 13.5.69 %
10-7¢ 72 b, WA 0.74 LRET 5 & 40T 5% 134,000
CEM R, T OMERAL O EET X - Bl
HLELLEVWDT, BEREOSAME » T2 HM:
BEZLID, I CHREFCAEY A THELT:
ST HRERWCIE D ke 2 2~ v b DS RRE
THERIBS R 5T,

DL REDORE BN FEBMEEL L > T=20
BRI BIENE LIS WO BRT R - b, ZoHED
HRE LTREBAEDFOW I EBRB LR AP ED
LT ATRETH H SEOMFC AR T B EMH i\,

1V. ERERICOHHNE

KRBGEAET, APRT R XORFETHOEE
# debranching B¥EIEEERCED CHLIL T3
Z EDND o e DT, RICEER G O O FRFC D
THE LT, B KRR CFE 1 5 AT ©
BER L BFBRT OBFEVPRA—OEREY T AR TH B,
BEPZERIECC ETh B,

Table 2 W ABWIET 35 L ORFHT OBFORE
BRMEY LB L, WEREEL7 I e - ARIRERR
¥ amylase #& ¥\ 2 Edbnb, TAF VLR
fER LR 7' = — 7 vicfEA=T, 4P o pulle
lanase (EC 3.2.1. 41) LEALIL 7= R B RS O

Table 2. Substrate specificity of rice debranching-enzyme
Milky stage seed enzyme Germinated seed enzyme
Reducing power (as #mol D-glucose/m#)
Substrate increased after incubation* for
10 min 1hr 10 min 1lhr
Amylose (potato) 0 0
Amylopectin (rice) 0.026 0.036
Glutinous rice starch 0.101 0.069
Phytoglycogen (corn) 0 0
Phytoglycogen #-dextrin 0.031 0.056
Amylopectin $-dextrin 0.150 0.420 0.171 0.391
Glutinous rice starch S-dextrin 0.188 0.471 0.209 0440
Pullulan 0.541 0.997
a-Amylolysis product (0.9 mg/mé) 0.365 0.405
Panose (0.5 mg/m¥) 0.006 0.006
Isomaltose (0.5 mg/m¥) 0 0

* Substrate concentration, 1 mg/m¥ of reaction mixture unless otherwise noted ; pH 5.6; 25°C.
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ETH5H, a-Amylase 1T X 9B ERYT ob by
hadoted V) TR IERTAETHYS limit
dextrinases59 fEH ¥ do—F, 7 IinXrF v fE
FURBERY LLTOfEf%R L2, Tivn2FvD
SRR A bV vich ILERA L. ThhoREEE
B MANNERS O~ K REFMES), KRF
B, 2552, BIVWRFEYAF LD O limit dex-
trinase DOIEHEEMLELIL, = O& D debranching
B ESEYT TR T s b0 Llbhs,

KIRFLBYET OB & FET ORER IR ©
B-REFFA MY Ve T AE A RIER—CLS X
5 BERIRE A i L CARBEE e S e chy, RHF
BYRED 77 VKT AIERA LB TR
LRORENTH o Tcdy, T OMOKEE T 5 UG
EEREE O T X <EB L,

WBEFEOLIEOEE pH 1356 TH -7

AHEELNCERERT s A7EI KB BE—TH
PUBUYD —HSDOEREN FLI VRET Ivr7F v
L0 FRETFTHFANY VEDSERALTWLDDL
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= =
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Fig. 7. pH Stability of rice debranching-
enzyme.

The enzyme in Mcllvaine buffer (1.75 U, different
pH’s, 0.2 m¢) was allowed to stand at 4°C. The
solution was diluted with water to 5 m£ and its
0.2 mé-portion was incubated with 0.2% pullulan
(0.5 m¢, —0—) or 04% glutinous rice starch p-
limit dextrin (0.5 m#, —@—) and MclIlvaine buffer
(pH 5.6, 0.3 m¥). Residual enzyme activity: (A)
after the treatment at 4°C for 60 min; (B) after
theftreatment at 4°C and pH 3.5 for various pe-
riods.

Bbhsn, UL s s MACWILLIAM 553 3 L8
MANNERS 55 (3FEHENLT I v X7 F VIZEA L a-
RAFFAPY vRBIOCAAVT vicfEA LV R-EEE
L a-RRFFANY vE IO T vk § BT
BNRT7 1 e F v LTI RAREERLRE R
limit dextrinase 4L T\~ 5, %2 TKFRHLH
BT OB AGT, —DOBEN TNV T VICLEXE
B S-BRARFFALY VEMER THZ EERTTRD
<, MEECKTAERO pH 3 X OCREREE* [Lig
L7z,
Fig. 7(A) @ik 4°C 12 60 43 ff - 1o Ry OFRFREM AR
Ui, 75 v XURERER S-RATFA LY vic
T AEHdt pH 5~8 TR ETH - T, & OFEH
13 pH 35 TikiF Lo, i Eesh+ s EHOKE
DOEEIL L { —%% L1 (Fig. 7(B)), Fig. 8 w2 pH56
WU HEEFR OB ER &R Ui, BT OBEFR
30°C TIRZET, 40°C TLIReRkiE L, 45°C TlL A%
WAL, 59°C Tl b i CIRIFEL I KiE Lic, KiF
DOEE 77 T A IER kRO S-RAT
FAMY Ve B EROM T~ Lk (Fig 8
(A)),
FIFE T OBER OB L M 1k Fig. 8(B) KR L1z,
40°C Tig & A KRG, AT oS LS

(A o)
10l 30°C
& 40°¢C
2
=
S ®
El
=
2 5eC
&
0 Lsow .
0 ) &0

min

Fig. 8. Thermal stability of rice debranching-
enzyme.

The enzyme solutions were allowed to stand at
pH 5.6 and scheduled temperatures for various
periods, respectively, and their residual enzyme
activities (pullulan, —O—; glutinous rice starch
B-limit dextrin, —®—) were determined. (A)
Immature-seed enzyme, 0.113U/m#; (B) germi-
nated-seed enzyme, 0.073 U/m/.
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REECTH -1, TOEIKE R dote. BHFE
TEE5212 30°C € pH 5~8 THgE T, = b FLAYHE
TREFE LB LT,

ERER T 2 R BE OB IS TRR R
FRETEFR OB T Lz (Table 8), MjEEs &b Hg?t
X OB HES R, 10-5M CRIFELKILE S i,
Cu?*+ Ci3 10-3M T 0% L) Lol % %) e, Hg?t
L Cut XBHERERL LTS v A vk
RO B-BRETEA N Y v AV Tl E R
NRE—FL, hHOLBA A v OMENIEREFNT
oz tirThboBbhs, Pb2t, Cdet, Zn?t
T Mn?t (2 BERO T T st AR LR
O B-PRBATH ALY VKT HER TR ERE R
Lz, 20X 5 Bt AL TBR Cb RFB TR
FTHPEDdbIl, TeRABWIETEREY AV TR~
INBOEREA 4 v OMERKIRE N @i VB R
BRLE®, RFrmew—%,)v¥y (p-CMB)
1210~ M CHEEEREIAE ST, Lichi- T oD
EER O SH BRIFE LRV EBbh 5,

Table 3.

Ll BB ALBgii TR & R TRE LoD
THU L BEY $OBRTHH T E2mRL, &bk
MBERE—DBRTHAH D EELDND,

KEOKS OB 5 I OFFEE T RMOMEE & de-
branching BEROIEH & OBREZEL 2 TEH LI
TISMBIE % Tl o fe, Fig 9 WIXT A5 vORlE
ERTRFLBHIET debranching BEROIFROBIRE 7R
Lize 745 VIR RIGH S 0.5 mg/mé L) EDWRE CIlag#
FRIGEAEL, 2 mg/mé L ECXHERE Lo,
%7z Fig. 1 RIRLA LB/ v ORI OEE &
G FRDNEE A T BRI DR & MRS D O TR OB
TR RO BUEND D, EOIDCIIRIGEE
DFFRELE L EL THLEH» B - Iz, LINEWEAVER-
BURK 7' r .y bisbiketc Km fEik 022 mg/mé Tk
- 72,

Figs. 10 X0 11 iz FEOBM B S e owC
DKFRABIHIET debranching BEROIEH K BT %
LINEWEAVER-BURK “'v v +r &R L%, WYY =2
—FVDRRFF ALY v, KB, BIUEERT 3

Inhibition of debranching-enzyme activity by metal ions

Milky stage seed enzyme

Concentration

___ Relative activity (%) _

Germinated seed enzyme

Metal ion
(M) Pullulan* B-Dextrin* Pullulan* B-Dextrin*
None — 100 100 100 100
HgCl, 10-5 2.31 4.75 342 10.6
10-6 324 50.0 88.6 83.9
10-7 108 109 104 103
CuSOy, 10-3 6.34 10.8 8.71 6.38
10—4 38.9 209 32.3 36.1
10-5 95.2 86.5 48.2 994
Ph(NO;), 10-2 194 537 17.0 0
10-3 43.8 17.5 48.0 9,22
104 954 90.6 83.1 73.0
CdSO, 10-2 0 0 38.1 12.8
10-3 52,1 21.8 69.2 38.3
10—4 90.1 55.5 91.0 92.9
ZnS0Oy 10-2 23.9 1.64 20.1 0
10-3 61.7 471 66.2 284
10—4 95.2 33.3 97.2 60.8
MnSO, 10-2 29.5 0 57.2 241
10-3 63.6 356 79.9 70.2
104 E 99.8 91.6

* Substrates: pullulan and glutinous rice starch S-limit dextrin.
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Fig. 9. Effect of pullulan concentration on enzyme
activity.
Enzyme (0.013 U/m#) was incubated with pullulan
(various concentrations) at pH 5.6 and 30°C for
10 min, and reducing power was determined by
the Somogyi-Nelson method. Inset shows Line-
weaver-Burk plot.

Glutinous rice starch Non-glutinous rice amylopectin

- i g-dextrin’
40 g-dextrin 40
2l / 20/
0 0S 1 o] 05 1
= -dextrin P ¢-dextrin
= sof ' 80
E
-
]
é 40f 40
= A
0 05 1 0 05 1
g-¢-dextrin
40
20 /
0 05 1
/s (g™ temb)

Fig. 10. Lineweaver-Burk plots of hydrolyses of
amylaceous polysaccharides (1).

Enzyme (0.11 U/mf) was incubated with one of
the substrates (various concentrations) at pH 5.6
and 30°C for 10 min for S-limit dextrins or f-
limit phosphorylase limit dextrin and for 15 min
for phoshorylase limit dextrins. Then, reducing
power produced was determined.

a2~y o I LEER ORI E O TRIG
WhOBREE YR L Fig. 11), RO 1
BEE R OME (mb/mg) & & -7edy, ZhboBERO
L0 a-(1-6) FEEOERRX ITNLh R 5 T 5B,

Debranching B a-(1—6) & AT LEBEETH
B LEEERLC, {FEEY Pseudomonas isoamylase
TR LIEOBR TN DK EEOFHER YRS, K
RO a(1-6) EHEDOEE LM Uiz, Table 4 ©
% Fig. 10 % X0 Fig. 11 mbRkdbke Km i % mg/
mé ¥ LU a-(1-6) &R (mM) THER LIz
Rt Km % mg/ml CRtE 745 JidEb{En
D OMOIEE TR KB O phosphorylase [RA-
SHRFHEALY v B, ERTInsF v FR
BEEA b Y v (1), EREBHO SFBRFFALNY v
(33) pMEL, BARERBIVEXT iesFv0
phosphorylase JREF+ A F U v (3.9 & L 004.0) 2
ok E R 3 LUK T 1 e =0 5 v (ST 5.0)
HRLEL, EEO AFEORILHEBELTWA LR
ZBo LPLAGENTA P —ARIUwAL LY A—2R
TH-THHEW 7 ) 2= VD J-REFFA+ Y ~(17)
Mo S-RAFFA LY v LELL Km ENEL,

Glutinous rice storch  Won-Glutinous rice onylopectin

200) / 200 J/
/
'/
/7
100 100f 4
0 05 ) 0 05 1

Phytoglycogen e-dextrin Phytoglycogen é-dextrin

1Y (jHHOl_W'I"II'I'wIiH)

ZOOL

100

' . ' . . . |

0 05 1 0 025 05
/s (mg”teml)

Fig. 11. Lineweaver-Burk plots of hydrolyses of

amylaceous polysaccharides (2).

Enzyme (0.21 U/m# for glutinous rice starch and
non-glutinous rice amylopectin; or 0.78 U/m# for
8-limit and phosphorylase limit dextrins of phy-
toglycogen) was incubated with one of the sub-
strates (various concentrations) at pH 5.6 and
30°C for 20 min for glutinous starch and 30 min
for the other substrates. Then, reducing power
produced was determined.
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Kinetic data of rice debranching-enzyme
prepared from Figs. 10 and 11

Km

Table 4.

Substrate Chain length* mg/m¥ mM of a~{1-6)linkage™* Viel
Glutinous rice

starch 19.5 5.0 1.6 11

B-dextrin 9.0 3.3 2.3 100

¢-dextrin 10.3 3.9 2.3 53

h-f-dextrin 8.6 3.1 22 98
Non-glutinous rice

amylopectin 24.1 5.0 1.3 70

B-dextrin 12.3 3.1 16 82

¢-dextrin 14.1 4.0 1.8 52
Phytoglycogen

B-dextrin 94 17 11 82

¢-dextrin 10.8 21 12 2.9
Pullulan 3) 0.22 0.45 127

Conditions of the incubation were given in Figs. 10 and 1L
* Chain length was calculated from the reducing power obtained after incubation with

Pseudomonas ijsoamylase (2U29/mé of reaction mixture) at 30°C and pH 4.0.

length of pullulan was not determined.

** mM of a—(1-6)-linkage =

Wiy 7V = — 4~ v @ phosphorylase [REFF 2 + U v
(21) 4 fo> phoshorylase JERF+A bV Vil LEL
D ot, 2O &3 Km R AEOES, Lk
o THBOIERITAMRE L EHEBGRST b hicn &
BRLTWB, Km HYEED a-(1-6) HHEORE T
FhTEERBHORRAT A Y v 22~23,
KBy s LOFDOR A F+ 2 + Y v L3~18, HEidp 7
Ya—rUDRRFFALNY vARUSN2 EER F L
=T LIfE%R L. Thb Btk Kn EHEE
DOIERICHIRIEE X v XEELAOR LS h OB E R
FTHZERERLTWS, Km % a{1-6) fEOERE
TRLEBECE 75 Vi b ER R LI, 7
S L= AN P YA —ADEEED D-2 b2 — 2K T a-
(1-6) B & Fo TR MBI TF LA ER
%o BT 3 w7 vk LES i b Ts
Vo FE ) 2= Vi h S ORED S b TR LK
%\, DXk RFAr5T%E debranching B
KORHE L OBRIIEEES T oLbofE & #gcB
fRL, BohodionnTe E R L Ok E
horErzbhb,

IKFEFRHFRET O debranching BEFE O Km {H5UD 139,
AETEERO Kn e RKEhzRmrot, BHE

mg polysaccharide/mé¢
chain length X162

Chain
X 103

FOREED Km i, 717 v30.20 mg/mé; FEABY;
O B-RAEFFA Y v, 25; phosphorylase JRRE 7+
ALYy, 30; B ERT i r_sF v SRR FFERA L
Y v, 3.5: phosphorylase [RE F %A + VU v, 43 L F,
IR TRER OB L JE L7,

BEFERILORKEE V it MICHAELIS-MENTEN O
RICBWCER—EEE S bERY oL T 2 RIED
R o—RISERY b BEOBEE Y K] &1
5E

V = kK]
TRbENDZNE, BHEEED VHX [E] v—E &
LTHIEL, MME Vie THEbT, B L 2RIGH
DEUSRRBEE L [E] #—F & LT EEHD
WTDRSHRERIET S - L3l T, HE
X o THEREYE 2 E5% B\, Debranching F¢E
DHEFEHCOWTORISHE X LT 584, chET
DWETE AN T kb5 RIGERE % e & UCEx)
fEXRDENTB2, Lin L7V T NIBEFEE S
BT 5 L ERETO MRS b, WEBIEDOR
BEEAYREIZ e/ d (Fig. 1), Debranching F#k
BB O SRATEA LY VOGS RTR B
BRI\ AR O TR D A B 2 SUCRE R Ll L, X
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BBREEYE X THE L V E B

L7 (Fig. 12), Table 4 iz &R B>\ V o
SHER TR Lizhs, £AE O VR UBREE CoRIE
T E LIRS fHRATFA Y viIZDonTD
V i & DRFHE TR L7,

Table 4 55 V {Eil8E S s RO R Sk 4 ¢
ArocBbhs, $hbbv boABIU =L b b
VAU ALY BHTLLORI LT v 2B T Vel fl
ME2~12T Lig, AT PIACAETEET S
phosphorylase [REFF A+ V) 1252 B I V'53, X6
CEWHBEEZ L OB ERER LT I rnXr5vip 11
BIOTTHote, WPV 2 -5 VORRF*A + Y
Vg Y Lo b b b Vi 2182 B %
V29 CE LR OB E e Km x>
ThHhH5,

= ZOEECOVCCOREFETFERD Vee ) 11
FMBBETERO TR E LML, 2T o
B Vrel i, 75 vt 180 & B AR LEAS,
A7 tes5v0 JHBREFEA LY V090, X

0.4
0.3}
(e}
£
€ 0.2f
£
S
3
~ 0.1}
0 . : —
0 0.1 0.2 0.3

Enzyme (U/ml)

Fig. 12. V Values for #-limit dextrin of glutinous-
rice starch at different concentrations of
debranching enzyme.

Enzyme (different concentrations) was incubated
with various concentrations of J-limit dextrin
of glutinous-rice starch at pH 5.6 and 30°C. V
Value at each enzyme concentration was esti-
mated by Lineweaver-Burk plots.

By 3s LUK 7 ¢ m 227 % D phosphorylase [RH
FFE ALY vO46 5 LU 42 RABMETESREO LA
O Viel fHEFELIL T

EIE E 5]

1L 77 vEHE L LT debranching BEEEM %
HIET B HEC S TRE L,

2. KRBEHET»OE 54 VBT Vv A X b
B, DEAE-+ v v — A3E, BRekalr, Sephadex G-
0045 A XBXAAE BIW CM-trr -2 5
AZm= P ITFT7 4 K DEEES L debranch-
ing BERAHEI,

3. FSMEEE O IE 12 29.8 pullulanase U/mg &
FETIAETRBOLATV 2 ESHY ORBEE de-
branching BERICH LE LB 74 A 7B K KB T
B3 N RIR LTS,

4. HABMET B L ORERETFO debranching EsE
% SERE T 20 b OBER LML Lc T ORBLL, FhE
M7 2 7 ESWKBITHE— v FERL, BOBEREN
BIREAEG I CBEREYE I,

5 SERET, FLBWIET, SIUORFETHLE
debranching BRI 7 4 A 7 BRIKBOBEIERE, » 1
B X B FRE, B L URESEREE R H e —8 L,

6. BB TOBZE*H v CHE Lty FBI
Sephadex G-100 1 5 412 X % # /v A 38 Tt 69,000,
SDS-#Y 7 7 Y A7 3 Fo A BEKIKEI T 90,000, 18
B EEEC X B RTE T 134,000 & 75 e, = OfEE
BERSTORCIELDTHL A, BRI
TBHZ LRk 5,

T ERETREER YA AEAERKEOKE, o
MEROFEATE UHIET pl 1234 Tho e,

8. BEROEEHRMALR/ LS 715y, B
O a-amylase 53l HKBBO S-BRATF R b Y
SBLIUERT s vsF v J-RAEFER LY vie
EOCER L, FREE, Bk7 i ns5y, K10
W7 ) a—5vd f-RRAF+A MY Vit fER SR
W7 Va—ry, ) -2, BIVOA V= —
ARVEER Liss - 7,

9. BERMULOEE pH 1156, pH 5~8 THETH
=72 PH 5.6 Wi} 28 EM 1 30°C TR, 40°C T
2RHAE, 45°C TIRAE I 538, 50°C Tl b ic 215
L7z,

10. Hg?+ 12 RIEE8 <A L, Cut LPAEARL,
ChooRBEOHER A 7 v R BB L Uk Lk
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WaRE £13% E1E

W B-BAF AU vEAREEE Lickobl E R H
BIF—F Llc, Pb2+, Cd?+, Zn?t 36 L8 Mn2+ 3 56
wHHE Leh 745 vIe T 5 KIG SRk o B-I)
RFEA M) vk T3RIGTIER > R L %,
RO —F . URVEVIIRGRIE L s o
2o

11 FHx OB OWTO Km 3 X0 Viet ZHIEL
foo Km 3EBEHTOREOBECERL, B#EYFT
BBTNT VIR LEL, BhoPinERT I v
PFVEIVCFOBRATFA MY v hio)kE, R
oMo ERER S IOLORRFFA ) v if
k710 FVBIOLORAFTEFANY X DR
BSOS 7 ) 2 - VORRTEFALY v
ELLED T,

Vrel (2EMESH B HIBEO R SBRL, =L F vk
JOw b b U A U ARAECEREX R, T b
VAR IVT § n7F OB TR ERIHD
12 3B LU 110 © Viel fHE R L1z,

12, EHET, AAMET, SIURFETFD de-
branching BE#OEABEMMEE R L ORI E BRI
XML, BOA—-FRTHH I EEBL bR,

$£ 28 K Debranching BEZROERA#HR

MANNERS 5% (10 limit dextrinase & X%
TG ORI DR— = m L ST T 4 — DEER
Wb, ~NFFA—A, /FA A BIOTRIDKE
d U TREMER S NG Z ERRD, TV E LMK RS
D EHE L TWw5, HARDIE & MANNERS® 3353
@ limit dextrinase % 7'/ 3 Vi fEH & 0%
KR OB RUGE S ERER TR T Enb, HfF
NI VvE L bR B EFm LT\ 5, Lo Loy
ROt ) TEOLhEREERE L TRELT, SE1NE

T vHEACTFEbR B0 E S I LA TR,

KHE debranching BEFIMAEY O pullulanase L3H
LIOBE RN A 75 U (Table 2), #4E4y, Aerobacter
aerogenes @ pullulanase O 7L 5 vAOBOIERBERIC
DT 208 o I ERIME I h TV 5, WAL-
LENFELS 510 (3 exo Bl @Ths e L, —F
DRUMMOND 52 i3 4T3 =<1+ b Y ﬁ—x@%ﬁ‘i
5 v & 4 (endo B) S RARE LG DARE N
BEND7at b I A—ARICTHEE 5 LG L
W5,

FETIKTBASIET 22552 8 debranching
BRIV F 0T O IRERER RN, X5

T E T O oW BRI S BE O Sy i ov T DR
BRic DT BB 14118
BlE EBME&KIUF®R

(1) 7k#8 debranching B¥&

BLIECRNIOK MBI T 2 5 B o de
branching BB H\ 72,

2 & =7

T R S R AECERERE 5T &
64,000) %, KEXBHY, F D S-FRFA ¥ X U8 phosphorylase
IRAT*2 b U i2dfk REAE T2DvbB) 76
P LMBRCREORE (13 AV,

TS vafEdnE S5 v (10g) i Aerobacter aero-
genes @ pullulanase (Boehringer Mannheim #-£)
M7U0 REHZTHE L, D@Bhe7 Lo —1%
Mz 702 7 2 — VBETHIET 5 b0k E (5.14g),
LR IR L CB AR 3.95 g RIGR— 1 T4
S A(1:1, 4x215cm) THFHI Lz, K, B L0 2%, 5%,
7.5%, 10%, 15%, 20% 7 2 — L CHEKEH L1,
BEHOER 7o~ /57 4 X BRHET, 10% 7
ea —AEEHE (35 4) BE R ~FH At — A (63-0-a-—
b bPUF YRR Y F—R) REALTHDTE
h%xiEfE L, Bio-gel P-2
LV e~ 7T 7 4 —CH—RH o FD~F
— ARGy (Bl 150 mg) #7187, 16% 7o — LM
THWHIALE 20 wi3E & LT/ 4 —2%EAT
Wiz, Bio-gel P-2 A5 A/ w= sS4 — 12k
Vs e~ 757 4 —TCRIFE—0D /) 74— AR
(RzhRE 140 mg) ®{§7, $h~< b b Yk —2(1g) 12
KIS (50 &) 251872,

B EoOER

MEERT v Ar Vi, BLHIE SOMOGYE
NELSON k8.9 ik » CHIEL, g% D-s/ Lz —=
ELTHEEB L,

TNG VRO RBIRETGCE <A P U F—A L
LTEM L, BEB S X ORIGHD L8188 1N
B 100°C, 2.5 RO IR R DHE OB TR 258
ML,

4) HE/OZ PSS 4—

SIS OBt Kieselgel G Type 60 (Merck)
(JBEO0Bmm)  L3HEr e~ 757 4 — %
oo BRRBHELTA Y v E—ATAa—)L: =51
TaT - b K=60:20:20 (v/v)¥, FEEHFL1LT50%
Wil (EHHEMEY R,

NT7ATw= IS5 T 4T
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(5) HmHOIEE

TNT v O 5 R &Y DY FT L Bio-gel P-2
(Bio-Rad Laboratories ) #5427 r<b 757 4 —
(1.6x150 cm) & X » 7z, K} 10~15 mg & AV, #9720
mé/hr OFETKEBEM L, BHEKE 3mé o0 8K L, 7
vAR VECTHEEBRHE L, BOTEOA Y 2%
B eia B TiiT % Bio-gel P-6 # 5 4 (25x23 cm)
RV, FiE 40~580 mé/hr CTREH L, BHKE 0~60
mé L 60~140 mé 0 2 R EREFR X EE LR
%, BEYERLT Bio-gel P-2 77 A X550
BEL T,

BAREH B LOTD S-BATF ALV v2bD 5§
#5418 Seamless Cellulose Tubing (Visking Co.
B) & FGCRBER TR LCBIT L, SR
CEERBER IR E 0 EARESCHBRL, &
FrE I8 OMER) 2 O METICEM L EBER s Lo
BIENHRE LI, FERBHO S-BBREFFA MY v
& DA OBHIHC DTk — & % B\~ Bio-gel
P-2 #3554 (1.6x150 cm) 2 X 5 ¥ A A9 W (B
K) BT o1,

B2H ERERSIUER

I. FASUICHTBER

75 v (RIGHEF 1 mg/mé) KTRILAIPRET de-
branching B# (MIGEH 0.07 U/mé) *#im% pH 5.6,
25°C TRIGE ¥, BN RGO —5% & v, sk
TS SME L TRIBRIED T, Z DWRDO—E% B
BLEARBEL, BLAZ <L b VA —RE LD
PEREFEE L, BOOESS 1ml & DiRET
BRI L7 20 pl KB L, 0 10 nf %\
BBI/r<b 757 4 kTt

Fig. 13 R L&k 5 O BomE (109 5% 55
Bie~®dt—RA, /F*—RA, BIOXIEKROAY
TEPRMINBDT, 745 vONEE endo BTH
BT khbhnd, L LDBOLREEC =L b
A —ADAEy bB~NFHF—R, /FF—-RAEDR
Ry FPEOIRECIEND, RIGIE2TD a-(1-6) &
DF /ELIEHRCL » THETF LT B0 T &
PR i,

Debranching BEROERBROFML FH5 oz,
TG b DORIGERYD Bio-gel P-2 75 47 e
FFT 4 R KBERDTRITR - A2, S5
v (RIG¥EFR 1 mg/mé) 3 X OB (R 0.05 U/mé)
% pH 5.6, 25°C TRIG &+, Th¥h No. 1 (R,

0 10 30 50 80 90
Hydrolysis (% of maltotriose)

0 5 10 15 25 30
Incubation period (min)

Fig. 13. Thin-layer chromatogram of debranching
products from pullulan by rice debranch-
ing-enzyme.

Pullulan (1 mg/mé) was hydrolyzed at 25°C and
PH 5.6 by the debranching enzyme (0.07 U/m¥)
and chromatographed. Solvent, isopropyl alco-
hol-ethyl acetate-water (60:20:20, v/v); spray re-
agent, 50% sulfuric acid. R, reference saccha-
rides: maltotriose, hexaose (63~0-a-maltotriosyl-
maltotriose) and nonaose (6%-0-a-maltotriosyl-
63-0-a-maltotriosylmaltotriose).

343) 100 mé, No. 2 (6 4) 50 m¢ %5 X ¢ No. 3~6 (12,
15, 18 3 L V' 21 4)) 4 25 m& % s BE 7k = ¢ 10 43 i B4
LTRIG%Z kdfe, &RIGEO—EH% A\ GERS X
BT (=t b YA—RELTHEY 2HEL S @R
EH LI, BYOREMET C &ML, Bio-gel P-2
LXBhTAIv= 057 4 —®iThot, BLRE
No. I~3 3ES TEDER % { &1rD T, F» L Bio-
gel P61tk Bnsarm~t 574 %k, &
DFEITEER I, KOS TFESMTOWT Bio-gel P-2
X BGMEfTRot, ERBOES Ty DKL F
hFh No. 1, 204%; No. 2, 364%: k0 No. 3,
67.7% Td -1z,

Bio-gel P-2 5 47mr=t 757 4 —DUH 52—
v% Fig. 14 3 X0 Fig. 15 ilLie, #ficizl 7
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5uvayv 3ml) UHOREDONRLY R LI, bUA—
2 (o T), ~F45+ -2 (H), 8X0/ +4—2 [N)
RIHMIhDT, ThEnilcciiiEiks, £
R EESTOB—E LOESEH L, 3 vEad
R x5 KUHEN OFM 258 H & h 2 HaIE &3t

sample incubation hydrolysis

FAS No. (min) %

— 1 3 5.14 T

- 2 6
12

8.99
23.3

40 50 60 70 80 390 100
Fraction No.

Fig. 14. Gel filiration of debranching products
from pullulan (1).

Recovery: hexose/pullulan used(as hexose) (/o)

An incubation mixture of the debranching en-
zyme (0.05 U/m¥) and pullulan (1 mg/mé) was in-
cubated at 25°C and pH 5.6 for scheduled pe-
riods. After pre-treatment with a Bio-gel P-6
column (2.5X23 cm), the digests were applied to
a Bio-gel P-2 column (1.6X150 cm) and eluted
with water at a flow rate of 20 mé/hr. Fractions
of 3 mé were collected. Saccharides in the frac-
tions were determined by the anthrone reagent
and their recoveries were expressed in % of
hexose based on pullulan used.

Peaks: T, maltotriose; H, hexaose; N, nonaose.

. Table 5 @R LTz,

FHIE IR L Lo s B W B
FT=AN U —ADERENE L, endo BOE
CimhbbT<A b b YA - APRER LBV E 'R
LT B, ~F ok — ZUS O w1l (6.14% 5 #7)
TRHHEHRE L RIFE LCRTAE Ulehd, Yk B99% 45

sample incubation hydrolysis

14} No, (min) (%) 1
— 4 5 31.
—-—~-= 5 18 38.3
— 6 21 50.9

12}

10r 7

@

[e2]

o

Recovery: hexose ! pullulan used(as hexose) (%)

40 50 60 70 80 90 100
Fraction No.

Fig. 15. Gel filtration of debranching products
from pullulan (2).
Methods are the same as shown in Fig. 14 ex-
cept for ommission of the pre-treatment with
Bio-gel P-6.

Peaks: T, maltotriose; H, hexaose; N, nonaose.

Table 5. Yields of debranching products from pullulan

Iﬂ{ydro- Yield of oligosaccharides (%)

S le Incu- ysis : Higher

ample | tion % of Triose Hexaose Nonaose saccharides
0. malto-

(min) triose Found Caled.* Found Caled* Found Caled* Found Caled.*

1 3 5.14 1.19 0.26 0.66 0.50 1.22 0.71 96.93 98.53

2 6 8.99 2.29 0.81 1.26 147 2.52 2.01 93.30 95,71

3 12 23.3 14.28 543 5.52 8.33 6.15 9.58 74.05 76.66

15 . 313 20.38 9.80 5.88 13.47 8.81 13.88 64.93 62.85

18 38.3 27.79 14.67 6.55 18.10 8.28 16.75 57.38 50.48

21 50.9 35,75 25.91 6.79 26.38 841 1943 49.05 28.28

* Theoretical yields (%) of n-mer of maltotriose: Y,=ns2(1—s»~1x100, s: degrees of

hydrolysis expressed as ratios.
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B2 5) (IERE X v A e { RIS Ulent 5 T
RBECHTHIENED Lic, 774 —-A39 G147
B L U8.99% ) Wi EIME L D &b o 1o, HER
fﬁ&_ﬁ'f bHo fCo

TG TR b b YA — AT DO T a{l—
6) O LTHIRESES T EE 2L B L, Lo Ric
OBEFEN T V5 v endo By (NERD a—-(1—6)
BEEMKSE) TH5, T 7 vof al{1-6) R
UCTEBERTERT S, Wb 7 v & A5fTids
, FTORBCITEECER LBV Z ERR LT
e THHLBRIGOE ST TeEBEDO <A b 1Y
F—ABETEHEN, ZORAF T —ABIO FA—
ALHRMNB I DSECCE0D, FNT VT ORME
b TR, RERCEV a-(1-6) 5 b ednb &
B LM ERYZH B2 oD, RIGOET
W TFH A - AR LV, F 34— ADENERINE
AT ELLDOIRINGOAF ) THENEERIC L - TGEMS
SEZTHLLLDLO LB,

1. TS U3RERF U THICHT BER

ST B XL DR RERC T KR de-
branching BER OB IE % i+ 2 1ot B D Kin
fERIO VERHE L, 75 v a8 LTl
LA “\ez'bbactel‘ aerogenes @ pullulanase Z#{EH
X, SRR 03% (BIXHE~rr b —2EL
TEH) it - B OERY b, 70% 742 — 1Tk
W54y, 7 A4 —A (63-O-a-maltotriosyl-63-O-a-
maltotriosylmaltotriose), % X O ~F %4 — A (63-O-
a-maltotriosylmaltotriose) AL 7,

FUSBUGRPBEFRIREE 0.023 U/mé, pH 56, 25°C T
FFiews, B« ORBERET B0 5 RIGK DO AERETEH 5
IR GEE v (#mol maltotriose/mé/min) #RDT1,
LINEWEAVER-BURK 7=y I (Fig. 16) mb 3k o o
Km {f$ X0 V{E% Table 6 RL7,

HEEEAERNMEFRTS o{(1-6) FEOREL L

pullulan 70% alcohol ppt.
60 60p
501 50f
40 401
30[
20 0
= 10 10
B
F‘ o 1 2 3 o 1 2 3
Ié noncose hexaose
=2 50t S0t
= 40 40
30 30
20 20F ®ee
101 /13
0 2 4 8 0 2 4 e

/s ([umol a-(1+6)-1inkagel” ' mi}

Fig. 16. Lineweaver-Burk plots of hydrolyses of
pullulan and its related oligosaccharides
by rice debranching-enzyme.

Enzyme (0.023 U/m#) was incubated with one of
the substrates (various concentrations) at 25°C
and pH 56 for 10 min. Then, reducing power
produced was determined. For the preparation
of hydrolysis products of pullulan, see text.

THEH LSS, Thb 4EREEOWTo Km fEiz—%
Lt —F 7T vieonwtd VIEEZ100 L LicHo
FEBE OV COHEMN Y VAE (Vie) 1 MESTOFRE
BEREL, COBRRESTOINS VBRI SR
MWD THZ ENRENRI, ~FVA—RAXT LTV
LS BOEETCHMENE,D, T35 vOnfEd
AR LIe~F 44 — A BRCH SR, SRR T
DERY 7 v X LTI AERE L VITB M
Al Table 5 OfRZ XBMALTVD,
FA - REA R A — AL ) 3 EEELEC DD RIE

Table 6. K and Vriel for pullulan and its related
oligosaccharides prepared from Fig. 16
Kin

Substrate (DP) ;tmol a—(1—>6)-linkage/mé mg/me Vel
Pullulan (ca. 400) 0.36 0.17 100
70% alcohol ppt. from ;
pullulan hydrolyzate (17.2) 0.36 0.21 122
Nonaose 9 0.36 0.26 174
Hexaose (6) 0.36 0.35 300
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W OERBILS MR 89% + CirERAE L %\ 1Y,
T v L LT EORE TH B IR BN, SFES
HEATICHEED / 7 A~ A BENEL DT L I2H -
T, 77 RO a-(1-6) fE&H LFE LHETOSMHY
R Licy v £ 2 BoBmE it LRSKEFOEHE
BT EbY, H5EK3L3Y Lk EREL O RE,R L%
o TR OWEN L Lick LT Table 5 ©f
BEHRAT B AR,

1. BRBRHBIUCZO -RE|FEX YR

TBER

BB S LOZORR T+ A b Y vk LAKFERR
i debranching EER&{EH S ORET 04
ORI L% Fig. 17 @R L, RIGRSPOXEE
i 2.00 mg/mé, BEFRILEELL 0.039 U/mé & L, pH 5.6,
30°C TR %, DRRTBEITEERE, S RDIHEE

D a-(1-6) FEEOHBOBE (%) TR

S-PRR 3 L U phosphorylase JREFH A + U v D4
TS L D a-(1-6) ARSI D EF THEMT
EFTL, TOHD - O RIED T T, BB TIE
SHIEMCED T RE R Lich, RIEROKIS 3D
> O LIEDBTH i, ThEDOEEOEEDELIE
BRI H 5 O TRILEEOHE b IR TRGEED
ECHEETBELDEELZLNB,

Fig. 18 {4 3G KEH © 5-BRA F X O phosphorylase

100

80 s-dextrin
o-dextrin
60

starch

40

20

Hydrolysis of a-(1-6)-]inkage (%)

0 6 12 18 24
Incubation (hrd
Fig. 17. Hydrolyses of glutinous-rice starch and
its limit-dextrins by the debranching
enzyme.
Enzyme (0.039 U/mé) was incubated with one of
the substrates (2.00 mg/m¥) at 30°C and pH 5.6.
Reducing power was determined by the Somogyi-
Nelson method.

BA 7% A b Y v (RIGKAF 2.00 mg/mé) o KFEAI
fF debranching B# (KIGHK 0.039 U/mé) % {Ef
8, RINERYEEHCEB 7 e~/ 57 4 — 12
IO LIcHERERLI, SSRAFEALY v
DA EEIE A F — AR XU =A b P VA —R
T#»H Y, phosphorylase [REF+ A b U visbiz~= b
TP IA—ABEURIEIEA B AbDA ) o5
PEEREFRDGTH T THOLERFTFA MY v
FIROE DT FER TR~ A SO (exo
BN T LB DTHBZ Ehibh ot

Fl—DEERN 7L 5 itk LTt endo Bz, (kT
B 3-RETFA Y il exo B fERT 5 L0
ZENDT, FBREHO S-RATFA L) vbDK
WERYEEE LI, BRBEBO -REFFA Y v
(RIS 2.00 mg/mé) & KTBABIATET debranching
BF (RS 0039 U/mé) % pH 5.6, 30°C TG X
H, 1043, 3048, KI5 RILHECFRFh 50 mé
DRG0, Bl KeR T 10 s U RIS % 1o
7 RIGRO—E & VBT EWEL, £ED a(1—
6) FEEOTHERLAIE LR ThFh 194, 375, &
X U46.3% TH -1z,

FRICR K UTEN L, B L BT L
BoOBRNE RS LSO FHEAELXRDIFH RS Table 7

Fig. 18. Thin-layer chromatogram of debranch-
ing products from 3-limit and phospho-
rylase limit dextrins of glutinous-rice
starch by rice debranching-enzyme.

Substrate (2 mg/m¥4) was hydrolyzed at 30°C and
pH 5.6 by the debranching enzyme (0.039 U/m#4)
and chromatographed. Solvent, isopropyl alcohol-
ethyl acetate-water (60:20:20, v/v); spray rea-
gent, 50% sulfuric acid.
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Table 7. Dialyzate of debranching products from f-limit
dextrin of glutinous-rice starch
Dialyzate
: . Hydrolysis of
Sample No. Reaction period a-{1->6)-linkage Recovery Degree of

(min) (%) (%) polymerization
T 0 7 194 144 6.7
1T 30 37.5 23.6 5.9
T 45 46.3 32,6 6.5

Enzyme (0.039 U/m¥) was incubated with $-limit dextrin of glutinous rice starch (2.00 mg/mé)

at 30°C and pH 5.6.

W L, &R FHESREN 3 Xy kT, Fhst
WHC B-IRARTER LY v APEHERD <L b —2E
IO b b VA —-AS D, EBEEOK X VENEE
TH Ehbb o, HENIE DY Bio-gel P-2 7
FaEHVCTOH LR % Fig. 19 @RLA, #10
mg OFER & T EEE A ALV, TR 20 mé/hr CREEH
L, 3méFOonRHMEAED, £7 57 2 vOEESE
BT VA SETHE L, RIGFHNL80F 7 57
¥ g VRS Sh A ES FHEREL, SRAFF A

20 —

& sample incubation hydrolysis

14 No. (min) (%)

& 1 10 19.4

%) 11 30 39.5 \

£ 111 45 46.3 \
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Fig. 19. Gel filtration of debranching products
from beta-limit dextrin of glutinous-rice
starch.

Debranching products shown in Table 7 were
applied to a Bio-gel P-2 column (1.6X 150 ¢cm) and
eluted with water at a flow rate of 20 mé/hr.
Fractions of 3mé were collected. Saccharides
in the fractions were determined by the anthrone
reagent and their recoveries were expressed in
% of hexose based on the B-limit dextrin used.

b U VD ASEOFENLERER TR LT B0, ARG
DR b @S FOBNEOEITEET S LdREh
T3,

BRERD XA ABBD7 T 7> a v A1~50F, 51~70
F, BILOTI~0BO=ZD 5T TEDER Uiz, K8
FRROBERER2 7 v A VETRIEL, EBRERCKTEEL
BUIfET @ debranching B3R (KIEH 0.04 U/mé) %
Mz pH 5.6, 30°C CRILX ¥, RIGOBHOBRT %
SOMOGYI-NELSON #: CTHIE L T, BT OO
FEEERICLISFHEIO o(1-6) EAFTEH LA
(Table 8), 41~50FK 7 7 7 > 1 v 12 WK IR
MTLIOTHY 20 a{l-6) EEYELR, RIEOE
ARBRE TN LEOE S R & A TV, T1~90 F >
77 a2 VORBRBES ORI, BEosFE
THDOEI~T0FE7 57> g VCRRIGFIEIDO S 0 D2
KETONHEEREER B 2 LRI hi,

Table 8. Analyses of fractions obtained
by gel filtration

Sample Fraction Degree of a—{1-6)-linkage
No.* No.*  polymerization per molecule**
T 41-50 33.0 1.9
51-70 10.5 0.3
71-90 3.62 0
ki 41-50 40.1 0.7
51-70 11.0 0.1
71-90 4.00 0
jiLix 41-50 427 0.9
51-70 11.2
71-90 4.00

* See Table 7 and Fig. 19.

+x _ Reducing power after debranching
Reducing power before debranching
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R O B-RA 7+ A bV VK KFRFLBVRFET de-
branching BEE# 1R &1, RISA RS R
T TR LIS LR OBE D SREFF A
P YORED a-(1—6) FEAH P L2 L EIRLT
W, BT BBRE - & RIS BN Clad B a3
Bio-gel P-2 ¥ A 5B CHA FAEY o — ADRECEHR
ThBEDTEIEC L, Th) a{1-6) #HEEd
5> TE Y, 0O a-(1-6) EL11/KFE debranching B¥ 5
CXoCHRENGERE EThHD, RIGOHETICE ST
COESTHEORNE Y Th X b oo TEOEGED
B Lt. Zhbofl B S-REF+2 Y vORS
o a-(1-6) & L H b IH Eh 3RO a-(1—
6) BEAMEAET B T &, T HKHE debranching ¥
A B-RAEFTFA MY v endo Wi fToT %
AT

HEAR I U C b AREFLAEIRET debranching %
12 endo BMOGMEITIc -7 FHXEH (RILHF
2.00 mg/mé) &KFRILBWBT debranching BER (R
e 0.039 U/mé) % pH 5.6, 30°C TRIE X 4, 25
B X OV 7 B RS ORBE W 80 me T oR £ D,
PEREAGA R 10 SRAME L TRUG & kDT, SIS DO—
HaRVRTIEHE LR, ththo s @R
26.9 % LI 37.0% TH o7z, TR K& BERME LY 30
mé & Lk LCENT L, B RERERE L
fo 8, BoBIR, FHESE, famylase 17 X 55 HFR
B, B IO 9F% b0 Psudomonas isoamylase & &
> THRIND a{(1—-6)FEE OEEAIE L7 (Table 9),
B-Amylase T LA MNI0Z CE LRI ERID
isoamylase T X > THBENDEENFHETL L
5, R oS ETRI S L b OENT Y O
T Ho DL i T, 15TFH DD a-(1-6)

Table 9. Dialyzate of debranching
products obtained from
glutinous-rice starch

Sample No.* I o

Recovery of dialyzable saccharides (%) 16.8 26.7

Degree of polymerization 121 142
B-Amylolysis limit (%) 704 911
a~{1->6)-Linkage per molecule 02 04

* Enzyme (0.039 U/m¥) was incubated with gluti-
nous-rice starch (2.00 mg/mé) at 30°C, pH 5.6,
for 25 hr (sample I; 26.9% hydrolysis) and for
7 hr {(sample 1I; 37.0%).

A O Lmililofown 2 & p B EE A B D K4
WESESTTH D, B-amylase 12 X BRI S $1E
BT NN EDSbn B, Lt o CHke s+
BFR LD B-RAFE2 b U e olE A ER#E
WIERTEARIRCAT S, T OsMID a-(1—6) #E& D4y
RSB D EF 2 B DM, FRPCNERD a{1—6) &
TSR (endo BHEE) 2h T3 Z &hibw iz,
1V. k¥ debranching BEEOERBRICOLTO
—{RE ‘

JKAG debranching BEED 74 7 Vickt3 5 4 WA
(% endo HTH D, FABEE LTFD AT E 2
FUVRH LTS endo BOSEEYTHRNEBL o &2
b o, LB L7 A5 vickh3 5 1EH ClEGO G
MOBEBED b YA — AL B O SRR
THEAPY VT EIERTL A P —AB I |
P Yok — A ThH D, BEEIEES T O
WALV a-(1—6) BEET X MERIT5 2 & hbdon o T,
—TIHRBE I L O ST Lol 2 OIRR T % 2
PYYBIOHERT S s F v EXORETHA L Y
VST B R A T 5 L (Table 4), A$42 <
W YABIO=A R b A UARTHBEECHT S
BUSEBER B S KT, ~A T b I o AED LDt
FTHRISEE R TOH 12, S E#EEDSET I
FEO# 110 TH o7z, .

/KA debranching E#3E o FIGHE I BEE OEMc X
S THBESh LA ) THEOPRC L - CHRESL L% 5
ELE0RRETET D, BRERO S-REFE 2 b
V v O BRI RSB OES TRNEE S h
5~ T, RIGOBMcIHiii~r b —AR LU~
P RY A - ADERDBEDLNE, Tihbb S-RE S
FALY VR EEE SRV A SO IEDHE
ME oI TERS A @M D H, —H ClRREHIH
S M B RBOENFEET B,

TSN T v O R TRRIGOFEN & BT O FRER
Wt sh, RIGEBIRRER O S-RE 7% 1
Vi A RIGHEE X hRTC, IR AF Y S0
SBERMET EREEENR E WV EW SR b 7k
Vo bob b INT vOSRTET BES TERDIL<
Ak b ) — ADIERITCHNM D~/ N2 —AD6F R FE
CRERBBREADWRLDOTH Y, Z0boERE
DO/ b MY A BT R E T T A &
LCHIT 22 LR TH Do

FREHEROAEXSOMW 7Y 2~ v f-RE
FH A b U v ¥ L phosphorylase [RE F+ 2 by v
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DE L s hE - EbEHESh b4 ) T OHEE
PEL THMTLIEPRAE IR DI TR &
BRLTWS, ZOEEINY 7Y 2 —» voREF*x
AP Y VBT HEED Km HERZEL{REVLDI
RIGEEPEL B bDEBLbhS, ThbDT b
b EIGEEAT UL B S h 2 EoRE LB S S
Mo,

T THRRER O S-BAFEA LYY v T BEE
DIEREZTHCAFEEZTTHGCAFEINEEL, Tk
WD a~(1-6) HAC DREEZZFTH b O0RE T H
FETBENIEL S H D S UTKERS debranching B
FEOEM & BB ORI L OBIRIc OV TBETA - Lic
T5, CORFECTRRIGEEYEEIN 24 ) SO
& EBHE ST A BV LD T, a(1—6) FEED
DNTWBHID 7 v OREECERERD R il
B, BT wex$ 5 Klebsiella @ pullulanase
DOYER® @B\ COIRIEE . a~(1-6) fE& oYl
LoTHEBEINDAY T8 (AR OXRE Y Tk
T, FREESLTWAAY =8 (C8) ke x4
%LTCO T/ 63-O-e-maltotriosylmaltotriose (4H
SHEEE162; L5 v EE 2 100 & LT) 12 &<
SR XN AP, 61-O-a-maltotriosylmaltose (FEIXHEE
0) i3 a(1-6) FEETHAE LicA U TR~ L b ) A
—~AThLITbhbhT, &HMINT, Tl 65
O-a-maltosylmaltotetraose (FAXPEE 43) & 63-O-a-
maltosylmaltopentaose (FIXHEES 98) % Hble34 5 &
EGHEIR A Y TR A L —ATHBD, HEL
Tt ) TRMRT b T — A A — AN TRIG
HEC 2B EoERADB R,

JKF§ debranching BEEDOIEFCOWT, Y145 VD
FHEB DM EN B Z EHEBE LT, SHRAETF >
ALY vhD a-{1-6) FBACSEIhS b0 L Eh
ML OREETDEVCIREDS LT, a-(1—6) #a
O R O & o g L OBGRA BT 5 — oD TEE
AN AR R T 5 (Scheme 2)112),

(R ORIEREHONUD (D-7va—-20) K
Lo THREL, FORPPICEERPTHS ],

oA, FH) (main chain; Ko M) &3t
A EFRENBR SRz D-7 v a—2; KF Q) O
filic a~(1—4) g4 L THEIEHE RO EHT a—(1-6)
A TS L% fllgH (side chain; R S) LIELSC

Lt p, i MM (D-74a—2A0) B &Li3hr
HANLIER TR ME TO D-7 vz — A0 (KR
D-/na—AkGEhk) 55,

A A-chain
B: B-chain
f: main chain
$: side chain

Beta-limit dextrin

@ branch point

. non-reducing end
=> — a-(1+4)-1inkage
I a-(1+6)-1inkage

=
= Debranching enzyme attack
=> rapidly
= —> slowly
Pullulan

Scheme 2. Hypothesis on action of debranch-
ing enzyme.
For details, see text.
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COHUOB T I bek Ein b, Lich - CRIGHEE 1%
L/hETe5,

Z DIRFLAKFE debranching BESRORIGEE & 43
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Do LOLZOMIZHERRHITD vEBDTHA 5,
FITNT VRIS N S OS5 BT A BEE
DOFIGEEO BT, ZhboEEDAMO p-s 1
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EENCOEIN, W7 a—7vo FFERELIO
phosphorylase FRIL 732 b U 3K BB B L0
K7 IR FUpLRAMLCHELTHFFALY v
F— Ol D-27 Az — 20 E HOMNE L S RIGE
BERBE S, 2O LRRBOKOMEYE 2 ot
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AT, DB IN DX a(1-6) fid LBEHRD
Rt 2 RE A S OV AREENEE T L0 LE
2bhd,

BEOESEO RISEIEOMB S X 0'Z OEB ORI
FEEOAD D-r 2 o NEOB EEDO D~ 2
NEOH ORI B4 OREOTM & Tk R
TEREMRT HLEDH D,

AE T TE exo BN L TEE)TO AHO
B TEOR L, endo B4y R L FREZT BHEAT B
$ThHD X 5 IIBEOEEEA R Lz, LA L Scheme
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DEEL £ E 5 REMECOVCRAEOEBE OB
DETCHAH D, AT vETAL VI —ANRLEDE
BT LE 2 1R, KFR debranching BEFEVTEE B T
endo MONE#ITIE 5. L L LISHEELXT B
& OEHOIERTK SIS EEBIR L TV B biX
NEINE a(1—6) kST ok MU ALE T2
Z Ll bt endo WA AR L LT EFTER,
Debranching B EOIFRARERIC 2T S HIC Fffl e
PR ETH Y, FOBRIC LIh - THEHEROA
e DT hEZ BLERDS .

BI3E E #

1. KFRELBVHMET debranching B#lc 577
YR OHB s v L 757 4 —OFER, ~FA—
A, JFA—A, BIOLHRIDESTFOENFELR
Z Epk, R endo BT T LA 5T,

2. SERS O L AEE X DERITIORE, T
VR AGROERBTIL LA P P VA —ARE LS
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Fig. 20. Activation of debranching enzyme by
protease.
Hulled rice flour (1 g) was added to 0.1 M sodium
phosphate buffer (pH 7.2, 5m¥é) or the same buffer
containing one of the proteases (papain, 0.025 mg/
m#; a-chymatrypsin, 0.13 mg/m#; trypsin, 2.5 mg/
mé) and incubated at 30°C. After centrifugation,
the resultant supernatant was assayed for pullu-

lanase activity.
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Fig. 21. Activation of debranching enzyme by
dithiothreitol.

Hulled rice flour (1 g) was added to 0.1 M sodium

phosphate buffer containing dithiothreitol (pH

7.2, 5m#) and incubated at 4°C. After centrifu-

gation, the resultant supernatant was assayed for

pullulanase activity.

(a) Activation by 5mM dithiothreitol.

(b) Activation by dithiothreitol of various con-
centrations in 24-hr incubation.
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5méiciEl Lie, FrEomid (Table 10) - fo &
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W, papain B AT VR R Y v
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15 ) o BB O REL, LB OFEELEIE L,
B8 H OFEMALIKRRET ¥y Kb @ debranching 8%
KT HLhFhOREC L oRAFER L& ER O

Table 10.

T, 5 h el g —EoEE L OB IR AR
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Table 10 &)k ofER B L5, (1) Papain %%
VIEEE T VRS F Y Y ATCHESE L (BT
15 B, 3T 24 B3 S ok B LRI B RE R o7
Bz e AL, (2) Lo LR T iBr LI o %
OB I TG RIBERE SR L, 3) toBRFRE L LD
WAL CER S MCBERELR L ORRE—ETH 3,
4) B IEHALC X » TNEHRBEE A B E
TR LT, ERERR S E iV EER A iz e
B, EBcErOBMIREIND DL T, BEOEN:
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Table 10 EEL L 12 HIiC 10 mM O#E 7 F 4 VEEF

Y %7 & & 0025 mg/mé O papain % R & EriEEw ©
30°C, 15 B0 iEMAL 24T 78 - Fofli s 9.34 U/g flour
DOEEAESH, 10mM OIEZFH VB b U v aD%

Activation of debranching enzyme by

papain and dithionite

First activation

Second activation Total

Incubation  Pullulanase activity Incubation  Pullulanase activity Pullulanase activity
(hr) (U/mé) (hr) (U/mé) 18)
Papain (0.025 mg/m¥) at 30°C Dithionite (10 mM) at 4°C
0.5 0.64 24 0.94 1.58
1 0.84 24 0.74 1.58
15 1.59 24 0.25 1.84
Buffer at 4°C
0.5 0.64 24 0.34 0.98
1 0.91 24 0.19 1.10
15 1.62 24 0.10 1.72
Dithionite (10mM) at 4°C Papain (0.025 mg/m#) at 30°C
1 1.10 15 0.89 1.99
3 1.28 15 0.87 2.15
24 1.94 15 0.31 2.25
Buffer at 30°C
1.10 15 0.34 1.44
3 1.26 15 0.32 1.58
24 1.94 15 0.22 2.16

After incubation of a mixture of hulled-rice flour(l g) and 0.1 M sodium phosphate buffer
containing the first activator (pH 7.2) (total vol., 5 m¥é), the mixture was centrifuged and the
resultant supernatant solution assayed for pullulanase activity. The precipitate was washed
six times with 0.1M sodium phosphate buffer (pH 7.2, 5 m# each), and the second activator,
dissolved in the same buffer, was added to the precipitate until the total volume reached
5mf.  After incubation, the mixture was centrifuged and the resultant supernatant solution

assayed for pullulanase activity.
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Fig. 22. Effect of temperature on activation of
debranching enzyme.
A mixture of hulled rice flour (1g) and 0.1M
sodium phosphate buffer (pH 7.2, 5mé) or the
same buffer containing sodium dithionite (10 mM)
or papain (0.025 mg/m#) was incubated at 4°C or
at 30°C. After centrifugation, the resultant
supernatant was assayed for pullulanase activity.
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01M HAEEF + Vw2 E W (pH 7.2) 25 mé % N 2.
4°C I 24 ] A v 2 N~ g v LT (20md)
2 01IM pAEEF MU v AL (PH 7.2) ©xt L THE
i L7 (200 mé, 5 @), BHFNIE 5 mé HFiic & -k
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ENPIK ZH H& D %> debranching B3R iE#: & KRR
BrHAREZO01IM DABET + U 7 2 EEK (pH 7.2) &
4 vF 21— 5 v (30°C, 15BER) Lo En
LD L DD ofc, LA THEF4 BT+ Y
&P ONTERER 2 IEIL L, Zh28 debranching
BER i T 5 & v o mTREzA e {, BITHIES:
debranching B OEMEALEIT IO EEX BN S,
KFEETHER (Lg) % MCILVAINE #&#WE (pH 56,
5mé) RTO01Y L5 v E25°CTIRE S Lica b 10
SRRIGE ¢, EBORILNERIE L7c & & 4015 umol
ORTCECALE T 5B T 54k Ule, TOfEix0.75U/g
flour ML, EEEHIC X 5 EE B oW, 10
U/g flour Wt LR CTEB LD TH S, i Table 10
235 b D X 5 WAREGEBSR B RET 50
B, KEEE TR REY: A% D debranching
BRIPFEL, Zhd' endo-peptidase H 5\ ih A5
DOFTHOIERC X » T OB ARERCED b D
LERE RS,

Il BERRGIURFROBRTHEEEL
HKFBTERE TS 3 ANEMR debranching BEEA
f£ L, endo-peptidase & 5\ ik b AREOETGHDOIERIC
L ERoNERIL IR IR G 2 b o, T
R FE—OREERERCER T 50T, BTheH
T HANEHRBBEROR (R debranching B35
W) #RETHIEE LA HoREC X biFtkiky
775 20X X, Protease i & AL 30°C, 15 B
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Fig. 24. Pullulanase activity in rice seeds during
ripening (non-glutinous, cult. var. “Yu-
kara”).

For the expression of the activities, see Fig. 23.

Fig. 23. Pullulanase activity in rice seeds during
germination (non-glutinous, cult. var.
“Yukara”).

Total activity: Germinating rice seeds (50 grains)
were homogenized with 0.1 M sodium phosphate

FEL, R - TREMBRCE T2 2 L e T

buffer containing 5mM dithiothreitol (pH 7.2, 5
m#é) and incubated at 4°C for 24 hr. After
centrifugation, the resultant supernatant was
assayed for pullulanase activity.

Actual activity: Germinating rice seeds (50 grains)
were homogenized with 0.1 M sodium phosphate
buffer (pH 7.2, 5m#). After centrifugation, the
resultant supernatant was assayed for pullulanase
activity.

Latent activity: Difference between total and

LT3,

Fig. 24 & IKMETF OEHEFO debranching B %
DA TR Lic, BEF OT o pullulanase §5#:
(SRAETRME) PHTER 20 HR oML B A L,
U USSR 20 H AL S 890 Uel, 8 7E i e
FIER 20 HEDARECHB Lic, LiaisTB B
OKTERET R CRBATER 20 B HED S RIEH B de-
branching BEEOERI AT v, REFE DWW L B

actual activity.
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EHEMERCEL L CER S h o LR S h s,
KFGRET O debranching B¥EIIET 0B Beh o 3E
BIBER & LTHER SR, BEOHEL DR TRERE O
BRCELLTER SRS, BREOBRCIIRIEHIIEER
PECESREBRCERT S, S0 X5 EHxRRT
LERDX SIS,

DA vF = g VRIWERY 52, BLEHlicxs
FEMEALR 30°C TH 4°C THAEETH » A, 4 vF 2
— v g VRIAND KSR 5 AT i MRS T 5 72
W, UTFTOERTIIOFAA LS P — AR EEERE L
THWAC, 24804 vF o N—v s v fThhd>z &
L,

Fig. 23 @3 KfREET © ¥ H OB O debranching B
FEoOFEM YR LI, = DFEFE LMD pullulanase »
ATEN: (RGN REF6~IAREBbR, —F
HArEiE & REFBOZE L LTEEINZBEELIZ6 B
B¥CREECHA L, COBRRABEEEE LTR
ERBRERER D debranching BEE A RRFE TP

(Ripening) (Dormancy) (Germination)

Active form|— [Inactive form{—|Active form

(in vitro) endo-peptidase or reductant)

Scheme 3. Conversion of debranching enzyme
between active and inactive ‘forms.
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)

Fig. 25. Immuno-electrophoretic analysis of rice
debranching-enzymes.

Enzyme proteins were electrophoretically run
for 60 min at 6 mA per an agarose plate (veronal
buffer, pH 8.6, #=0.05). After immunodiffusion
at 30°C for 24 hr, the proteins were located
visually with Amido Black 10 B.

(a) Immature-seed enzyme, (b) mature-seed enzyme
after dithiothreitol activation, (c) germinated-
seed enzyme. p: Spotting position of the puri-
fied enzyme, c: that of the crude extract.

SOFEPBHRE LW ETHE3BOBEERRESEILE
wi—Thsh, P EbEFCILEULLL D
755 ERATFREENG, 8 1ETHRAL X 5 K HAHE
T, REFETF, BIOEBETHSEB78E debranch-
ing BFEGEABMEEN L {—&K L1, BCRBEF
F—HZ o h b DEAEOBREVRA L THB Z Lo T
o ERPbD, Fig 256 it 3% debranching
B L PR FROBMEE 7 » e — A ¥ ECESK
ByEeitd HMEEOUBRKEEEZRIERLYRL
foo WM OB S PUNE ERET5EAEER
1oL R Eh, ThGUERE - BHER —8 L
tro ¥ 3EOBROMCEIROLhich -1, TR
FEFH 5 BITHET X » Chilld S h -l
Mg EFETHEABN 1BOARRIhicz &k, ©
DEHENAZTIIET OEERER AR LcERE
ThHYy, ZORAEIRFETOBMBEERCELTS
TREME 2B TR T HR/BRTH D,

111 HBBEFRTOBROER
ABIE T CTOEME debranching BEEN AT
HREBER~OLLXEER S T3 BRY T, L-[U-1C]
7 i BREREETRCRIN S ¥, WEEAORSEED

BUA %% 8~

L-[U-YC] 7 1 / R EGAA REEREA B BRI
S B D BB R R TR & LTRE LcEosm
BEAVCARBRICEFE Ui, MnEOLERHHRD
L7t 4« DREOFER Y STk debranching B #
B 0.1 mé L 0.06 M <=7 — AEEH (pH 8.6) 0.1 mé
POEEAREGHCEADBOFME &K% Nz T &5t
03mé & Li, CORAWE 4°C i 208515 - 708
4000 rpm T 10 FREECDHE L, LBOBEESEE LY
Bl - 7ckER, 0.280 U EESRix 0.06 mé DM TR L
Ik L, 0.1mé oHmiEY fAv5 & 0.056~0.56 U o
BRI 2T L (Table 11), Uik TLUF
DRI debranching BEE % i w5 7odic 0.1
mé DHLMTE % BV o,

AR IR TEER O AR OBA L BEIE®R 6 A ED
b0, B IOEMHBERENRD URISERESEA 8N L
T3 2 HED DRV, BF 108 hobimeE
ik LTSRS (R) kR & v BEH L,

R=12T0y E
¢p—e
ZCTr n 3 ThZhimBEX N5 &R L0M 2
RCBEOWRBFOBMHERELRL, LictioT (r—r)
EHUME R X » THRR LB Erh O RSt E R TH 5,
E i o—&% AV ClIE Lic debranching B #
EESADBER LT 10504 b OBERIEH:, e, ¢ 127
RERFMBEEX M2 CBER LML B0 RO

Table 11. Precipitation of debranching
enzyme with antiserum

P enyme s Antiseram  Resiual enayme
o) (mé) (%)
0.28 0.02 68.0
0.28 0.04 10.6
0.28 0.06 3.0
0.56 0.1 3.1
0.28 0.1 2.0
0.168 0.1 2.9
0.112 0.1 2.9
0.056 0.1 1.8

The purified debranching-enzyme obtained from
immature-seeds was allowed to precipitate im-
munologically with antiserum at pH 8.6. After
standing at 4°C for 20 hr, residual enzyme-activity
in the supernatant was assayed.



34

dbE R RACE M13% H1E

debranching BEEFEMEERL, Lo T (e—e) 1331
HE R X o TR UEERIE 2R bT . (r—reo—e)
YN X o T LA BERTEN: (U) 24 b ot
X o T U Hte & (dpm) &icb 0T, Z OfFcH
FIORFFOBFREE: EXRTAC Lic kv, BT 10§
& F b debranching BERFOBSHERIE X
5, :
Table 12 DR L-[U-14Cl 7 3 / BRI E5E
w (1B E) BN EEBERARAETBA Ehics
ERIRL T 5, BEHER 16 B B Off T Cidifi: B B 5k
~OBEEOTARLS BB ¥ CEEMES, 3 HE
T2143dpm &g b, #DOHEEA LT 7 HE T1312dpm
it otz, Fig. 24 Bt s L 5 wBifE#% 16 H B 0fE
FORFEEREER ML, SHEK (198E) %
COWERDBIMLIIFTEBRNTH - T, HBEHEEDTGA L
DERCHEL D L LT 5, T ORIICRIESE
BRI EATHEERT, BEEORIAZYS L A
RSN, TORIINERIEEH OB’ S ¥
D, HHTHE b IR 2 CORTER IR P ~BUA i, TEE
BIEESRr OREHEDRA L 3 HiA 6 7 BEORIK D
G REBEREA~OBGA LIS &, L-[U-14C] 7 3 /BD
BUA ZPEMEIRER TR v, BAENEIEESE TS
T ENRERI,

BATE 23 H OB T T & LItk b 255 B 155
hic, ZORROBT CERREROBENMA LT

bbb (Fig 24), EHEBIEER OGO
SAZAT AT, 1 K 3816dpm & 16 HEOEF D5
L EDOBETH - tc, WHHPOKEET RO 7 1 /8
TN DOREZTHELRD D UC-T IV BORRNE
D THHONDLEBEDOIEIL TELA, 23 HEH O
FCEMRERE ORISR AT b T\ 5 2 & 11H
L ThB, —FF 2 ORI NGB OB
ATHY, TEHNER~D K HEDRALL 16 HE
OFT L LEMTIE D, 1 BFELLEGARREL v,
L L2 OBET b OBA 2 IEEIRESE ~ D
RABMRELT L, F OERNERRBER~OTRAZN T
iz,

TIEEFIEE R~ O EOTIAZT, BEIE# 16 AH
OETERVTL2HE OB TR BT HFEY
BETHIOICRZD, LI o CAEERMBEE~D
L-{U-4C] 7 3V BROBUA AT EEMC T ebh D T
e, L-[U-MC] ZatrehRidgiphid U, Thri R
ERBEE AT T 5 b D EEx Sha, RS
BOLS1EOERABETHS D, ThREEREEECH
HLEZDOVREIS LI SCEbRD, Tib
B L-[U-MC] 7 § / BBUA SRR TG B % ~
DRETHE DHGA B AL BIGHRIBER ~ DEGA L M85
bitte, TEHEEBERFOMEREOWD & RGBSR+
TORMOBFINITITE—F L, BTE®R23 HRO®E T
TGN L T u 5%, RIS

Table 12. Incorporation of radioactivity into debranching enzymes
Days after Active enzyme Inactive enzyme
absorption
of [14C] Enzyme activity Radio-activity Enzyme activity Radio-activity
amino acids () (dpm) () (dpm)
The 16-day-old seeds
0 146 183 0.12 30
1 0.92 703 0.37 0
3 0.60 2143 0.39 327
7 0.37 1312 043 717
The 23-day-old seeds
0 1.15 145 048 23
1 0.71 3816 0.62 148
3 043 1453 0.71 914
7 0.39 617 0.75 2476

Twenty £ of L-[U-14C] amino acid mixture (0.05 mCi/m¥) was allowed to absorb into an ear
bearing 10 rice-seeds on the 16th and 23rd days after flowering and to stand in the light

for 0 to 7 days.

Methods for the other experiments are given in Materials and Methods.

Average values of duplicate experiments are given except for 0 day after the treatment.
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Table 13. Incorporation of radioactive amino acids into debranching
enzymes after injection into rice endosperm
Days after Active enzyme Inactive enzyme
injection :
Qf [1C] Enzyme activity Radio-activity Enzyme activity Radio-activity
amino acids (U) (dpm) (uy (dpm)
0 1.11 370 0.46 62
1 0.59 2427 0.52 296
3 0.46 4583 0.72 823
7 042 2609 0.66 976

Twenty #f of L-[U-1C] amino acid mixture (0.05 mCi/m#) was injected into endosperm of
10 rice-seeds on the 23rd day after flowering.

Details for the experiments, see Materials and Methods.

ments are given.

e X% O CIEHRMESRIIRD LT 5, RiEAE
BT L B OEESRIRG R E, T ORIl
FERMBEROSGHIILE TRV o cBbh b, L
L16 HEORET L b & HihinifteREEROSM AR D
bhtz,

b OfER LHAWRET O debranching B &5
BETORR L VRABEMCEELL, SRR bl&E
BHR—FT 5 2 Ead, KFEET P i debranching E#
FREUTIEER L LTAR S, BRI ENEER
R L CEREF BRI b0 LR L

SHVET AR OREHER debranching B FiclETL
P fEAET A (#h, Table 16), EHRIBER IR F T
ERENFDOEEINGEHE L - CERTHON, H5
I 7 & DIEFLLIA DL T A S h i B
CHWEN, T TANEHRECEL OM LTS
fesbic, BATEH23H B O HLBIET OREFLic L-{U-14C]
73 BERATEA L, SRk L ORiE#-R debranch-
ing BERADIREHBEDHGAS % 5 ~ 7o (Table 13), *
OFERFED ORI E w7855 (Table 12) w b~ CHEKE
BEEE A~ DORETHEOBIALIEN T, BEOSHHIEI
HFCfTiebh b 2 & hidbom o T,

1V, REEEEROEMEL

KF Tt B-amylase 7% zymogen & L THEEL pa-
pain KXV A AT b=&/ —VC XD FElLERD
LB IR T390, KFERET- O f-amylase 12D
THREBRDEE 2 B 5599,

Debranching B3 = -> \» TV papain AW X b
“Amylosynthease” DOEHEI M T 5 &0 5 H &
L7759 L, BT R OREMTIEEFE D protease TiF

Average values of duplicate experi-

LI ND &V OB RAHDEEMA B e h
oot

Bl L7z & 5 K RRSERVE T i LNt TS HE D
debranching B¥EMFERE L, = Il papain, a-chymo-
trypsin, 3 X O trypsin IZ X » CTiE#E{L I iz, Fig. 20
iRLIcX 91z b endo-peptidase 1 X AiEHEAL
CHEENGRED LRI WZ &b, ZThb O endo-pep-
tidase (3 AEHT debranching BERETBEEEA
LC, TEEOEEEERERT b0 LBbh s,

KBTEAET P OGR! debranching BEKiz % 7o
CFAAVA P AR 5 ThIERE R, AEHEE
ELTHEBEI R, CFAALVL PR AATEFY
ANERL STRETH Y, ZOEBRCALY 4 FisE
DY TH B, Table 14 R P AL 7 4 FEES Y 9%
FTHREEL LMo, ZOBTHIC L 5 AFEETHEK
HOANEME debranching BEEOIEMIL AR LTz,

VATA YV, CFFAVAL PN ANS T b —
Ly BIOIAVZFF N3 ALT e FUAFESRE S, W
THINEEBER OB R T -7, B 54 v
F b U T AR SIERILESR D D, CoREL AL T 4
FEEA DM R0 5 o KFEIRFE > + U 7 2z pH 7.2
TRIAEERD TRER (pPH>10) & LTHGTHEM(L
By, BOSEOEFI S5mé o 01M hAFEF b
Vv AMEEW (pH 7.2) #NZ T, ELOE pH 11
BROZERICIAEL TH LI 1PbET, MoiF
PALRIOZ A X DB KD - 708, KFEPIE -+ Y
VAL X o ThHEERILEhic, B+ Y v a7 R
2V VIR IERALERIT feds » T,

BETFA VEEF b U v A DIEMALRERE D 5 1o D T,
&2 ORI D7+ V7 AEOTEMILAE R L Ui
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Table 14.

Activation of debranching enzyme by reductants

Pullulanase activity

Pullulanase activity

Reductant Reductant
(U/g flour) ) (U/g flour)
Control (0.1 M buffer) 1.76 Sodium sulfite 9.42
L-Cysteine 9.85 Sodium dithionite 9.77
1,4-Dithiothreitol 9.55 Sodium borohydride* 5.91
2-Mercaptoethanol 9.16 Sodium nitrite 0.17
Glutathione 7.39 Ascorbic acid 0

Hulled-rice flour (1 g) was added to 0.1 M sodium phosphate buffer containing 10 mM reductant

(pH 7.2, 5 m¥é), and incubated at 4°C for 24 hr.
solution was assayed for pullulanase activity.

After centrifugation, the resultant supernatant

* Sodium phosphate buffer (0.1 M, pH 7.2) was added after activation with an aqueous solution

of sodium borohydride.

Table 15. Activation of debranching enzyme
by several sulfur compounds

Table 16. Distribution of debranching
enzyme in rice grains

Pullulanase activity

Reagent
(U/g flour)
NayS,03 419
NazS;04 9.75
NayS205 9.63
Na,SO;4 9.42
Na,S0, 1.03
Control (buffer only) 1.50

One of the reagents {10 mM) in sodium phosphate
buffer (0.1M, pH 7.2, 5mé) was added to rice
flour (1 g) and allowed to stand at 4°C for 24 hr.
After centrifugation, the resultant supernatant
was assayed for pullulanase activity.

(Table 15), RiEMEIBFRIE L LTRAFEELL
(Table 16) ®¢ Table 15 Ti3EAXkFEV 2. BT
OB Y v AR BR 2 ToREIRFEKFD
debranching BERLTEMAL LS, = A FEE > bV Y
L OFELRE TR K 5 T,
RIEBRRIBEEN AL 7 £ VY AKEY (LAY, B
G L ZOBIHILEY, B XOKE/WEF Y v a
XoTHibEhs o Lz, Ehfboicoan s 4
FEEOUMPES L TWBZ ERRLTWB, £ T
FEBEFIOHE T & VBT MU Y AR X - TIBMAE L
7otk 8 debranching B3R (55 1 3) ALV, BR
FBHBDOT i /BHERE IV AT 4 vEBVHEN,
Btk U OB U730k 2 SRS LT by
it Ui, MRS oK a R 1221% Tho 1o,
17 s VT - MER L BN OREEYERY HER

Pullulanase activity

Polishing
(%) U/g flour p[rjo/trgi%x** U/grain
[k 9.1 0.55 0.20
10.46 9.6 0.79 0.19
15.32 8.7 1.15 0.16

Pullulanase activity was measured after the

incubation of rice flour (1g) with 0.1 M sodium

phosphate buffer containing 10 mM sodium dithio-

nite (pH 7.2, 5 m¥) at 4°C for 24 hr.

Weight of polished
rice (100 grains)

Weight of hulled
rice (100 grains)

*  Polishing (%)=|1—

X 100.
Protien in supernatant obtained after the
incubation.

***  Hulled rice grains.

17.27% TH 1. LOWRY & DHER i k2 @48
FOWRBR CRERESH L UCER LctknE 7 v
IVORMLLETS L, W UEAMEYRTSmE7 v
73 voBEE 100 £ LORS debranching BEEOHE
L1087 Lip otz

HEBERO7 2 /B0 R % Table 17 R L
Too BBEDRT AT FUBOEENE G R0
FEREAEHOSTEALE L (B (pI=3.4; F£18E)
LT3 BN D, BEBEBLOBDLHTT, ~—7
YAF ERITEEER 1 mol (55 70,000 L L) 4
6.5 mol &g o,

T=F L VF VIO EHOTIIE LICAA T E F Y A
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Table 17. Amino acid composition of
rice debranching-enzyme

Table 18. SH Contents of rice
debranching-enzyme

Amino acid m mol/g N mol/mol*
Asp 7.15 86.4
Thr 2.49 29.9
Ser 4.63 56.0
Glu 4.48 54.2
Ala 3.89 47.0
Cys acid** 0.54 6.5
Val 4.05 49.0
Met 0.75 9.1
Ile 2.84 34.3
Leu 451 54.5
Tyr 2.45 29.6
Phe 2.87 34.7
Trp#*k 0.75 9.1
Lys 242 29.3
His 1.54 18.6
Arg 3.03 36.6
Pro 2.77 33.5
Amide N*¥** 4.00 484

* Calculated from the estimated molecular
weight (70,000).
**  Analyzed after performic acid oxidation.””
*##%  Calculated from the UV-absorbances.!®
*k% - Ammonia-N liberated by 12N hydrochloric
acid at 37°C for 14 days.18)

HoOEGEY Table 18 WiRLi, TOHFE D GEMER
D B e DT RMDAFENA L T T T illEE
DWEDH N FMFT7 L7 I vOALT7 e FUAEEGE
HPE Ltz FOfEF 067 mol SH/mol RAHE (5T H&
67,000 & LT) &\ o fERBLRIY, o ol
B oW TR L7: SAKAED ofiE 747 3 vicxt
F 5 0.70~0.72 mol/mol i rntz, =—F 2 VA
Vv ok VB HEMS ORI & - TRHIRE L4 miE
TATIvOALTE FYAEKEBECOWTO IR E
(mol/mol) &{ER LIRAELXET S &, 043D (N-ethyl-
maleimide), 0.62~0.69%) (p-chloromercuribenzoate),
0.6529) (6, 6’-dithiodinicotinic acid), 0.6722%) (2, 2/-di-
thiodipyridine), 0.6872 (4,4’-dithiodipyridine) & 7¢
D, SEIO<—F 2 VALV VO IHHAEME X< —3%
LT3,

H A Vg b ) AKX BERALBRC B KRR
¥58 debranching MRB IO T OB R de-

- #mol/mg  mol/mol

Protein protein protein
Dithionite-activated enzyme 0.0459 3.21%
Immature-seed enzyme 0.0454 3.18*
Bovine serum albumin 0.0100 0.67**

Average of duplicate experiment.
* and **: Calculated from the molecular weight
70,000 and 67,000, respectively.

branching BFEED AL 7 v FY ALK S BT 1w 3.2
mol/mol (4F& 70,000 & LT) TH-1
WHEBEIC L5 AL 4 RSSO I
RSSR+S0§ ==RS +RSSO7

DEBITRERD™, B F4 VEEF MY Y ALREBET
BAH5, NEURBEITE 54+ vBF PV YA X
THREILEh B0, NERBEREAEOY TR AL
7 4 FEEBOTIMNRES ERETHE, R LY AT
A VEEONYL SHALEY & /s v 7 b D401 SSO;
FEEE 0D, —HTRROBE, b bilBiETr
B CEERE R SSO; D X 5 BT & Lt b o L -
bhs, HEDAL 7 & Y ARG BT 3.2 mol/
mol THotcl ERERDOERE, FTrhbbi 54y
fEr b U7 A EBEBAERG TR ALY 4 FEESD
UMz L2 EWOHRENTELL BV C R R LT W3
[Scheme 4 (a)],
25y F @ debranching BEDOM T AL 7 4 FES
RS TRERRL o T LCHBRIA L &
T#H% [Scheme 4 (b)), LI » CHEBBEFFOREMY:
NERIBERINOEBERABE L AL 7 4 FEARLTRE
s> Twad b0 EBiha [Scheme 4(c)l, =D
& O EREER T X BRI
RSSR’/+S05 ==RS-+R’SS0O7

TR&N 570, RSSO; & R’'SSO3 p—H D4R B 4k
W2, RRVERLABEREAEO AT A v
B4z SHAL &9 &7 b3 A 4513 SSO; &
HEins, Lo ULIEHMED 1580 RSSR/ L& ¥ %
RAuwleean7 4 FEGHAEBROBRI 12 cF
KR —FFOMD S BRI - 729, Uit o CEEE
DIEEAL OB IR NEL BB A BRI 5 =
ERHHYBHZETHY, TDX CELD L ERER
E—FT B,

AHBFEHTEF R ONEHER debranching BT %
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RSSR 503 RS — RSSOz

Disulfide-bond cleavage by sulfite

(a) Intramoleculor disulfide-bond model

S . S .
S S
S —_—> 55
55 -

inactive form

(b) Intermolecular disulfide-band model ¥
i S
S S S S _
S S S” S S
S -5 51 —> (55 S
-5 - 5 S < ‘505 active enzyme obtained

from immature-seeds

inactive form active form

(c) Insoluble-protein binding model

.-S- s S
L — 55 5
- or -

S S50;
580 s

-

inactive form active form

Scheme 4. Activation of debranching
enzyme by sulfite.

WOBTHEEL, BRI CALT 4 FEEGDOA

H 5B\ T endo-peptidase i X 57 F NEEE DB
Lo TEBCBRHOMWEETIBEH L7 5, Endo-pepti-
dase W L AEMALIIC AL T 4 FIEEOUMI &L 138 2
LhiWDT, BRUSIIOEABL AL T 4 FEEEL
TGN, TEStEoBEFE L U CEET 5 A EERBERE
BESTORTF FEGO—>—RE R AL T 4
FREG O O— 2P Sh 3 2 e X » CTHEED
EHREERYETHOTHA S,

FEIW B #

1, KIERET R endo-peptidase BB\ LY FF
A VA b —NE{ER &K, debranching BEFEEM: D
RBPERD b, PIEEBMEOFENY L hie Shis,

2. Endo-peptidase ¥ X OETCHIIRI—DOTRNE £
R Lic, BT PoORNBEHBEROERE L LT
SFFALVA = ARE, 4°C, 24D A v 2 N —
g VINEMTH B EFER LT,

3. KMAFBTFPOBEMERNSIORELS de-
branching BER%ERE L, HFOBCRE B EE R
AR A D - L HEE LT,

4. KFBBAEFOME TR debranching BT iEHE%
A, TEHERRERBER 20 5 B T L B K

L, IEHERIRESR 20 B B LB L, W % ofi 20
HELE LM ULET 52 &b, HETIEEEA TGN
R AT B LD LHEFE LT,

5 FLBIKRET b CoOERIRSE ) S NG T RS
FA0LEE L-[U-1C] 7 1/ BEGARZ R X bl
R, BEHEIL COESRBRCEA $h, i
RIBER OBSHE DA » CTIEMBIRER P ORsThE
DM LT, BFPORERBREENRL LTV BE7E
23 A B OBET T, EHEBER A~ ORI OTHA R HE )
TH -1,

IS DR FLBHBRE T T debranching B 5%
RIEMERIEESE E UCABI SR, RIEEIC 2L L <ok
EFhicERIhD LR L.

6. BILANC L 2TRIEEBROFER L& BN i
R, Ar7e FUAEROLEY, HEFEE S +*0Rg
HALEY, 35 LOKBLWIHE TS + ) 7 2 03 E LEE % R
Lz, b DREOMEROMEM S, Hikbcizs
ANT 4 FREGOBZNBEET 5 & Dbhh -7,

7. FEEKHLE S F A VEEF LU U A TESRE LA
BB SIS debranching BERO 7 3/ B HOHAFF
otk h, TARTFE VEBENED -1, BHHERIL
B LB ~—7 v AF vE&EIT65mol/mol (HFE
70,000 £ LC) TH ot

8, =—F VAV VICRHAVWAHETCALTE FY
NEEGBEHY T, B oF4 VEEF Uy ACEMEL
THAFER, ARUET»58 KR D debranching
BEF I 3.2 mol SH/mol (4-F£ 70,000 £ LT) Tk
51,

CORERNOREU IR IEHEDANOEABE L o2
74 FREBRLTTREY, REoMTEELTV2 3
O EHEE LT,

Fi4E B AW B

1. BEROBRICONT

FEEHM O debranching BERIXZ h ¥ Ttk
B hiflnidicv, TORBIPREC L - TR
BB CSRTWAIEN Y TR, BEB54F
TN SRV RO EE CEEOBRCET %
D, REDERELTHEINZONE AL T
Vs, Table 19 w3 BHEMIRINTHBEEEY
® debranching BEBRI2\WTOFHELFIZE L, Iso-
amylase & FEIXN BEEHRIL 7 V2 — FVIfERILAAS v
SRR Lic\V S TS s B OB & R ER R Y R
7ot 5. MACWILLIAM 559 ¥ X {8 MANNERS £,5%.62)



Table 19.

Substrate specificities of higher plant debranching-enzymes

Amylo-

‘/;:;filr?_ pe‘%t_in c%é}é-n Pullulan de)?t-rin Sgt?ixxfti; E;tﬁ)f;ll- Literature
dextrin (U/mg)  (fold)
potato +
. } 72) MINAGAWA (1932)
Amylosynthease rice +
rice + 75) MIYAKE et al. (1936)
potato + + —* 34) HOBSON et al. (1951)
broad bean + + —* } 85) and *PEAT et al. (1954)
malt + + - 53) MACWILLIAM et al. (1959)
R-Enzyme malt + — — - 55) MANNERS et al. (1966)
sweet corn + — — — 57) MANNERS et al. (1969)
potato + + - + 13) DRUMOND et al. (1970)
malt + + 10.0 1000 54) MAEDA et al. (1978)
malt — + 53) MACWILLIAM ef al. (1959)
malt - + + 62) MANNERS et al. (1971)
oats + + - + + 0.8 400
o . . } 15) DUNN ez al. (1975)
Limit dextrinase rice + + — + + 0.6 15
broad bean + + — + + 1.04 800 22) GORDON et al. (1975)
malted sorghum + + — + + 1.08 37  29) HARDIE et al. (1976)
Peas + + - + + 1.08 2700 123) YELLOWLEES (1980)
Pullulanase sweet corn + + — + + 6.45 3800 49) LEE et al. (1971)
sweet corn + + — — 57) MANNERS et al. (1969)
Isoamylase
potato + + + — 36) ISHIZAKI ef al. (1978)
rice (immature) + + — + + 20 .100 113} YAMADA et al. (1979)
Debranching rice (germinated) + + - + + 13 79 117) YAMADA et al. (1980)
enzyme rice {dithionite-activated) + + - + + 29.8 26 122) YAMADA (1981)
oats (dithionite-activated) + + - + + 16.8 420 121) YAMADA (1981)
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BEENST I X2 F VREHTAM o R R 7+
AbY RIS CRER L R-BEER LT 1
7F iCIMERET a-REFF ALY R INLF VIE
YEF 3+ % limit dextrinase #f8-C3 h, MANNERS 557
BAL—baz—vnbbT7 insF VAL o R
RFFALY v 74T VEER L RAEEE# 1B T
B, LasLighih MAEDA 550 mRFE3EM S G A HE
R LU REHERT (ns 5 b 74T VIE D
YER L, LEE 5@ 3 A A — |} 2 — v 6187 pullulan-
ase b7 In2sF v ESATVOWMBCIER L,
LMo TT7 i+ vyREALTALS vikER L
7¢\ debranching Bk, B IV ToOMOREHRMES
P OBEOFEC OV TIERIDONELDH S 5,

Debranching BRI BT % WA OPFF CraBER T
BT irXrFvoa - FEAOBEINC L - TRIEL
Fro FOIDEBES I CMELEOHEREC XD, Rt
MRECHBLBHROBHOBE LR THI LA TE
T, FRHUBROMBEORRORCEENS . &
&4y debranching RN IS5 v ETHC L
Wb o ThLBRIERNEDCRBEL L TALT VA
WHh R X3 iin pes), Bip o kb LB RO
HIEME O HBIA TR & 2 5 e,

Table 19 R Lt X 5 c—, oA TRR
BEE o LiEH11H 1 pullulanase U/mg HEETH Y,
SIS S oK FRET OBESR O LR & T 5
L, ThETORECHHBUBHEDOL L OLDOILER
PFRFSThoTebErxbhs, L LEFBREEOL
TEME R A O s L e 5 L —, ZofistEER
VTR ORI 400~3,800 £ L IEFICE V. HARSD
W54 VERF b U ¥ A X BIEM LB S h ik
BER 0 WiEME L 29.8 pullulanase U/mg AET, <
hETBEIN O 5ESEHEY D debranching BEH
D5 B TR SEE E 7o » 7%, FERR MK
e L Ch T 26 (SoBRBE -, T hizy
Kb OMMBE SO REOHIFRER LI VA
WiEYE, 115 U/mg ERE% 27T, KRk H
KDBEHDIEBECRRETHDL I LET LT 5,

1. BROERICONT

Table 2 w7r Uiz X 52 KFGfEF D debranching %
FERTN T vE IO a-amylase (& X B4R #C X
SHEAL, 7 3 v 5 VR I UBREBRO S-RA S+
A+ VU v, phosphorylase [RR ¥+ 2 + U v, phos-
phorylase RR-S-REFF 2+ UV vic b BLERAT S,
T IerR7F v, KERRES, W) 2 -7 v B-RA

FTEAMY Ve bERTHD, YY) 2 -7 v B IO
%@ phosphorylase [BREFF A+ ) /iCiz2 Ll H B
I EAEER Ligve 20X 5 IR D%
 OERFHY D debranching FFEOIEFERME L —K
L (Table 19), #:4» pullulanase (EC 3.2.1.41) &
ILBMUT B, Lichl» TEHEEAES O pullulanase &
S D debranching BEE DR E R OB RE
HHERRH SRR D, CoOBOBESEDD de-
branching B3z pullulanase (EC 3.2.1.41) & L
DT RETHA S,

JK#E debranching BERIBIE £ 5 © a-(1-6) i
BENKSBT D LEEED = — FEARORILEL
DR LOEBED f-amylase FHEREOWRT X -
TREh%, Fig 26 w3 BB T B CBRY IF
KBS LUK T I v s v TR b0 SR
RFF2A ) vicfFH S BoS—a — FE& KD
AT A 227 + A DBALR TR L) P hofEiost L
THRIEPHELIT O TEE— = — FEAFORCEN
WKL, S oA TibhTuwbZ EPRERTVS,
Table 20 w3 A BWIET 1 OB BERALIEHAS e
OWEBYREHED B-amylase R R IR LMY, De-
branching FEFRRIGH; ORI LRIGED % B © -
amylase SMEBELBSACH KL, o{1-6) & D
TWARER TV 5,

A KG debranching &1z 74 5 % endo Bz i#
L7, Fig. B wiRLick s 715 vicdTaEHT
BRIGO®EEAS <4 b b UG = ADEDICA~F A —
A, JFA—A, BIOER X D EST OREOERLRE
BHhit, Lo L7eh s FRENCH 520 i1 Aerobacter
aerogenes @ pullulanase 23< /L + —A9E 6-B L0
62-O-a-=< N b AT =A%, LTLT=</ALFIA
— AME 61, 62, B 6-0O-a-</ b P Y Iy T
Wb b A —ARERTEE ERHE LI, I TLRE
D~FHYF—R, JFA—A, BICER L OVESTFO
BEDERA T 5 0 endo BN L - CHEBAEKL
Db, FRELTAT VD exo BN k- TH
B LicvA kb YA —ADEBEHAIL Y - TEERENT
LD THAEDPRHENPDHLEND D,

HBLLT AL P YA —ABIVE-O-a~~L F }
A=t b A -2, KA ETD
BREFR e B OB/ =77 2%
Fig. 27 R LIcM, ZOBERIL = b b D F—AnD
A SH LWERS AR, 6-O-a-<L b P U A
YNNI P M)A —ARBIET A P YF - RAD R
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" Fig. 26." Changes of iodine-staining of polysaccharides during reactions catalyzed by
rice debranching-enzyme.
Incubation : Substrate, 1 mg/m#; debranching enzyme, 0.1 U/m#; pH 5.6; 25°C,
for 0,1, 4, and 24 hr; (a) glutinous rice starch, (b) glutinous rice starch g-limit
dextrin, (c) non-glutinous rice amylopectin, (d) non-glutinous rice amylopectin
B-limit dextrin.
Todine-staining : Polysaccharide, 10 mg% ; iodine, 4 mg% ; potassium iodide, 40
mg% ; acetic acid, 120 mg%.

Table 20. Beta-amylolysis limit of polysaccharides after debranching

Polyascharids Petanching” Pl i
Amylopectin (rice) 3.77 90.2 (59.2)**
Amylopectin £-dextrin 10.57 815 (0 )
Soluble starch (Merck) 2.64 72.6 (57.0)
Glutinous rice starch 4.11 84.3 (50.0)
Glutinous rice starch $-dextrin 12.72 811 (0)
Glutinous rice soluble starch 5.32 838 (49.2)

* Substrate (1 mg/mé) was incubated with the debranching enzyme (0.1 U/m#) at 25°C and
pH 5.6 for 24 hr and reducing power increased was determined.
** Values in parentheses show those before debranching reactions.

EH LTz, L > CSEOERFHETIII LT virh branching BfROIEMAD endo Blic s & V-5 230
OEFSHT B IRt ) T8I T AT voinksy g BRIV HBETED, LOLILT vOunbhd bR}
Lo THBER LD Siinb, D a(1-6) HEE12 6 BRFBERDOSHS D-/'La—2

TAT = b b ) A — AT T a{(1-6) 4 T, TO4AB/RBIBR IR TG0 s, BBRLE
LTTEREES FEELDBI LRI T, K de- TWHIERTRMCH Y T2, LichioTFLT v
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Subsirate Triose

Fig. 27. Thin-layer chromatogram of debranching
products from maltotriose and 63-0-a-
maltotriosylmaltotriose by rice debranch-
ing-enzyme.

Oligosaccharides (1 mg/m#) were incubated at
25°C and pH 5.6 with the rice debranching-
enzyme (0.02 U/m¥4) and chromatographed. Sol-
vent, isopropyl alcohol-ethyl acetate-water (60:20:
20, v/v), spray reagent, 50% sulfuric acid. Sub-
strates, triose (maltotriose) and hexaose (63-0-a-
maltotriosylmaltotriose).

HED a~(1—6) FEEONREB LT X » Tik exo B
DOHfEE R B,
TinArFUvHBVIEEDFRBRFTFALY v
BY b T endo HHMEE W 5 BRI S SLRTHAETH
Do BRRTFALY vEAKED E, ZD a{1-6)
BOGHC X » T A BENFERET 2 K3 exo Bl #
LEZBLNBETHESLS, ABEKALICEED BHED
HHEL endo B THBMETEL S EDBRBRV %
D a~1—6) fEEH B HOFEBTLRMCEGRECIXD L
5 exo BOSMEEE 5 <& Lhlil,
—DDEERN 22U EORIL - e EETIFER T 58
ZOEROBIFIH—CHBE S LBV DA 5, £
DIcHD—DDRFEZIRE UL D E% Scheme 2 =

Rl ZORBCINIFEROERIINISRS a-
(1—6) FHE CHA LofIgi T, EH#E0IRREILEK
HOERERT 5, EHEOIERTAMMOERIE
C LIEERED al-6) BHCEL T A hEE Y
BT, ZORDENLRIGHED D Tikitbh Bz
bh3, —J isoamylase {ZEELMFEOE D (7
V7 ) RfERET, RUWdbo (/Y a—4ruve7 e
R F VB LIERTADTC, 2 b 20 debranch-
ing BEEOIEFBIFOREL 5 B OREE UCHBRIE
[

1. BEROERERECDNT

Debranching BERiTBMIELED o(1-6) FHH %M
KGRI AEEETH D, invivo TOEH L amylase &
FE L TR Y TER2CSBT Liehsd LBbh b,
RS OBT- B CRIFRICERERSEMNT 5 & &2
FNLR TR DD, KFFTHRFOBCHETFORERERT
M2 LA (Fig 23),

KB CRAEFETE Y T ABPET < LE
debranching GRS (Fig. 24), FLEUMAE
FTUHBHPBACERIN TR VS REFETHS de-
branching BERAILBMIETH LD L3 R E» B
LTna0 e 5 =20 RES hi,

ERLANDERY71®) 3By DS IEE LT, 11U 7
YV a—-rvnflIh, ThA—fED debranching B
FETHMERT I v F Tl B EV S RILIBE L
foo T OREHC X IUTIRE GO —EfE I debranching
BEROBET2REFFET 5, Lo LATRALZWIET
@ debranching BEFE X fE Y 7V =2 — ¥ Vic fEfle T
(Table 2), L7cdi>TZDOEERD in vivo TOBEH
ERLANDER!Y) D& LB SO —B B w543
LT EIXALLTH D,

FLAHIE T @ debranching BEE D in vivo TORE
PREFEFORE & R, BROMEIZLMALD
HEVEHD DO LIPFEIND, L LichbHERELE
BAEE LTOBECS W CHBERERO LML S RN
EERNL, REFOCIEED R —HR Shi
(Fig. 3),

KFESEEE T 13 debranching BESEEMELIEL A3,
NERHBRNRSBICHFETD Z L bbb ot NEKE
HERIHHEORTANC X » CERELERTHC &
MTEICDT, BEBEEK I URTRABR BT 5 TGk
REROBLHE~, BHREEREOLE DBEFIZD
TERLUIER, KBETHFCREARB CEMER de-
branching BERA A S, ABBMLSRIEEREEE
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Table 21. Debranching enzyme activity of ungerminated cereals

after treatment with sodium dithionite or papain

Pullulanase activity (U/50 grains)*
Buffer Dithionite Papain
Barley 0.021 (100 mM) 0.075 0.120
Wheat 0.021 ( 10mM) 0.045 0.040
Oats 0.067 (100 mM) 0.355 0.180
Rye 0.007 ( 20 mM) 0.042 0.020

Rice 1.70 ( 10 mM) 11.09 9.36

%)

Cereal flour from 50 grains (barley, 2.520 g; wheat, 1.785 g ; oats, 1.301 g; rye, 2.075 g ; rice,

1.135g) was incubated at 4°C for 24 hr with 0.1 M sodium phosphate buffer or the same

buffer containing sodium dithionite (5 mé).

The similar incubation was conducted at 30°C

for 15hr with the same buffer containing 25 #g papain per m{. After centrifugation, the
resultant supernatant was assayed for pullulanase activity.

CE L TEEIh, FFEBCIFOERE S TR
SEEITIR O b D EE L B (Scheme 3), ZE AR
TOEEBIBER N DN EMEER ~ OB Ltk 7 ¢
7 B DBGALFENC L THEA® Bt (Table 12),

SEETALE 4 VEE L Y Y AR L - TR
LB bR CBER L ABIET 5 X ORFET»HH
b EESE VBN S X OBERFA LB X < E
By, EFtcbE—HExali, L, Tohd
ZODOBEFRFA—-HH LB EALE—-DBRAETH D
tEzbh, ABWETHOEER debranching EE#E
RIFCER L L COBRHAYR T H B0 UDR
EHREREA SR L TR Bl L LCEOREEDE
NEEIh B,

Debranching BEFEP BT CAERBE CER sha
Z E KRR e BlTe DT & b EERE T — i dt
BT D ETHLEMIBRRCRIETH S, FEOEM
FRAVCGEBRBEF R R CE A VEES R Y v AR
papain #{Ef X C debranching BfE4# E L LT
I DR FRIEM: %58 Lie (Table 21), M54 Vg7 b
Y7 A1310, 20 %5 L OF 100 mM CYEMEAL 4T 7o IS
AR LI HRCR LI, BF4 B+ Y w7 &
X -»Th papain i Lo Th, 0.1M hAREEF Y v
LATRER (pH 7.2) w X AR THL 2 i Vv T
HERL, FHOBHETHRCATEMET debranching
BEENELET B b olc, L LSS il
KIET OEE LT 5 L L B A X 7o
stee FZTIRBFEMD FEIEK O pallulanase 5k
HPE LT,

Figs. 28 3 X 08 29 I3 FFHE 0 pullulanase JE#:,
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Fig. 28. Enzyme activity of barley and wheat
during germination.

Germinating cereals (at 26°C, in the dark; 50
grains) were homogenized with 0.1M sodium
phosphate buffer (pH 7.2, 5m#) and centrifuged.
Resultant supernatant was dialyzed against
water, and assayed for pullulanase activity
(—0—) and starch liquefying activity (- 0-).

—[J—: Coleoptile length (M=0).
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Fig. 29. Enzyme activity of oats and rye during

germination.
Methods are the same as shown in Fig. 28.

Table 22. Maximum values of pullulanase
and starch liquefying activity
in germinating cereals prepared
from Figs. 28 and 29

Pullulanase Starch liquefying
activity activity
(U/50 grains) (U/50 grains)
Barley 0.340 154.000
Wheat 0.100 57,000
Oats 0.965 24,500
Rye 0.111 19,500
Rice 4.75 7,750

BERACBER TR S LOFEOR I %5 Lic, 38513126°C
BT CfT e o 1o BER ORI S X OBERIEM: ORIE 115
—HERARRICT 5T 4 EOEDORETIEMITE L (M
# U7, Table 22 I3 ZFEE TOKFE O RER O
pullulanase ¥ X OBMRALEER DIRAIEM: %R L,
Pullulanase {&#:% Table 21 iR Uil A B
F Y Y ABH BT papain i@ X B¥EMALBOER: & g
THE26~28£2TH o7, Lo LREFETOMHEC
E=a b P VAR THHREEY DD, FLT v

DR X o CTHEBR LIc= /4 b b Y o — AT
ENDLEBTNNIHBICIBZ &b, REEFPE
tHEh 5 pullulanase EMEDOKI 1352 B K F dhic
R CHET B EEL bR,

F/sbb debranching BERA SERAET A RIERER
THAET % & LQARROBB AP T, £ oM
THRDOL IS5 —WALBEETH S L2 5120,

1IV. Zzotho=, Z0OMNE

KEFCIIIER D 2 EHTFEE L DX & il sl
BoOWETH D, THbBEBECILT I » — ANEEY
T, TiaxXrr v L a-(1-6) A0 B
FE2E >, Debranching BEFNS a—~(1—6) EE 4 5 58
FTHHZ LD, ZOBEOEETAFGORcoRMA
CHBEA L foh b,

YRR (REE Tt %)) OABBETF S
BREOBHE L2 FRCBREBERL TR L, B
DG 134 U/mg BEE & 75  amylase, maltase,
BIO Q-BRER LY ST, T A/BEL BRI
BB R TIREE— LR ot COBEOMEY
W ATAER 2B pH 5.6, HEE RSO A G
PR OBRELFRETS Y, 74 A VBT
LU BB THIEEREE L ORIED LR, 5T,
SO HABIH ORI T 0 pullulanase 3§ # i & T
BRI CHEEDZER T -1,

TR TH L5 L OBEROWEMINAT 2, 52
BERIL de novo BRHLEN, B HBERITISHIEEN
E(LEh s, FEGRBEROEHIET KRR
LETH D, denovo BRI DBROEM LB 7 ¢
JEBRLRBET R CREAE L LTHR I DSBAeNS
WEEZ BRBDOT, BTOER, KR, REYHTFL
SCHBET A 1D CETRORGEOESR LA
WRTBZ EREETHS,

BT C—DOBRENEHM AR I h, FEERT
EF S h, BOERILIRCERT S &5 —Ho% L
DS i St D13 KkFE debranching B C
ThiHS, BED L AHKIBET R COREHRAEED
MPBRIMES L OREHAL OB b e S his b o
P RPMRIC X W BT TOREBOER, B
RTB—2OTH 02 B LRI, HBHFEORELE LD
PORERR THEREIND b LAV, F0L5k
BE b 80 TR DERMEEAENETh oS
B EEREBROMBP BT ORIROBIEY B S s icT 5
FREBDTHA D,

AKRRRET b TSN debranching B0 LA
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Table 23. Debranching-enzyme activity of rice seeds in different maturity
Debranching enzyme activity
M . Moisture Protein

aturity Active form  Inactive form
(%) (% of dry matter) (U/g seeds) (U/g seeds)

Small greenish seed 9.90 8.09 3.53 4.77

Large greenish seed 10.26 7.98 2.38 6.55

Mature seed 7.14 7.69 0.92 8.19

*  Details, see text.

Hoh, FLBEHILESEER OTEEL @S, Lichis
CHEMR IS L ORESRIBR A ERTH Lic k- TH
FOBROBERRD S Z ERTR TRV EB bR
5, AEHILIBOBHE LMD HET S L3z
IO Ak L BEORICBGRLE D B NENEF DS
Bl LB ETH D,

WA O (HEAE2—» 7 ]; EKESIE
EREMRERS, 1979 ) LRV, JEOEK, K&EZ
RIEE TRRERA O, B IURR UKD 3HE
i, FhFEROKRS, BEAE Nx625 & 1LT0), &
PERI 45 ¥ ORTEM: R debranching BEFE B HIE L
(Table 23), FDfER, KB K TIZWLCATEET
debranching BFEIEMAME <, IEHRI D  IERIET
I - T 5B Edbholce SEIIMAKORET
K BT COMEOTLE T evA3, Table
23 OEBIIKTEETF DB EE % debranching B DI
W EBH ST A Z ENTE AR AR LT3,

JKHfi debranching BEEOMEIC DT, ZOKME
RO - T, LO—DPIERON TR THD, 7
BB X BT 8, SDS-EV72UA7 3 F¥LE
KB X B, 2 OBRLSEOREN D DFTEME
DETRE H 1, ZHIES SERBEABED 2 vk —
va vORETthHA N, SELTOBHEHELIL,
HoSTEYRDRFERL I,

BO—oRAERMEREAE OB CH L, REE
WFI7E P e 0B EECFE AV 728y, RNEEO
¥ COMBILIT LD » T BT R TOBEONEN
bt X ONERAL OB A I S 20 35 12D IR R
BEEOEoREAY TN, SH S B OREE T
BB

# =

EEY D debranching EBEFRIXZ ¥ Cio 4 FHL
SRIBI AT <, F ORI RERLF LS5 AT

{375\, Debranching BEROEEIBMBELETH Y,
Fhit a{(1-6) FEB L DL a(1-4) HEE ZFLO
T, HMED amylase DEATERBER K EHEEY
525, E&ZNEY D debranching & in vivo TO
BE BB DR BB EHE % b, debranching B¥SE
O & Te A §iE amylase TEHED E T A,
Uiedd o CRER OB R R & TR T 5 1o DI iz FER
Do IR EEAFETH B,
BEROBRCILLORCBFEOFERBLETH S5, K
fAfET1x debranching BE RO B VB HTHH T L bdb
Do, ABWIOKIEET L amylase FHHAME S de-
branching BEEIEMA TS - 72, 58 FE FPTTEW
debranching BEFETGME LR Lich »khs, £ B O
RNEWRIEBEREAEE L, %ﬁfﬁ endo-peptidase & 5>
11HLEORTHICIEMAL, THEIhsz 2l s
foo FCTHBMIET I X OERET ML EECER L
TR A B L, AMABAFET ORI ET L
[k amylase % &%, debranching BEE OB
HELTBEXWD, KRR RBREET S LB
FEERREH L, FEL amylase {EM:4 & % 7o\~ debranch-
ing BEREE 1,
BREROMEE I THET b OBEI R IE <,
29.8 pullulanase U/mg BEBRE L1, ZhbDER
7 4 A7 EKHE), ©UABTEERL, 3o
BEROBC AR o, REERNE, RIGOKHE
pH 5.6, #u3s LU pH &, £BA 4 vic X %,
RESIGC R TO U L BE R L, Shb g
BRE—H DB TEULCRAE TH D & Ldibde
oo LI o TBBAROBA LIPS ETF OB #
0, BT R ITIR O RFBTORR LR AEAY D
DOEERTH D REIEE Ehis,
BEEOLEHRERSIOEA O RE D Km 8BXUV
DRER{T s » 7o KFf debranching BEEIz 7T v,
B D a-amylase 55Y), TRARB R LOEXRT < m
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NyF v fRRFFAL Y CEPERAL, Bk
By, BER7 i3y, BXUWHs Y a—-¥ O
SRR T F AT Y VTR ELS WYY 2 -,
Ry =R, BXUA V= b — ACER Ui o1,
Dk 5 eI ESEMA Y O pullulanase (EC 3. 2.
1.41) oXBHRME -8 T 5,

EEMY D debranching BEREO 7L 5 VIR B9
BEERIL endoBID S v F AR THD & SBREDLH
%o LA LKFE debranching BEE X 5715 vifR
W RZEEOCALLL PV A AR EINLDOT, &
HERAIEE L, ZOEERE 745 V13 endo-Tlic 437
INBENT VAR TR S RERIGE VRS2 L D
PSRN, FRRIBOFBERGLR LT LD
WS Eh, FORDRRIGOFENS B0 <L
FRUF—RAEET BT LD 5T,

COBRIBRERR IO -BRAFEFANY v
DD a—(1-6) A X G Lich, oAz
DIEE DGR L DENTH - 1

i« OB s BROMFAEH—AICHRT 5 12
HIEZ—DDRFLIM Lz, T78b% [KFH debranch-
ing BRIMEA TS a(1-6) A OTHOIRTT K
FTORINECLDIREEPCIETH.] LREL
oo TR LB E TN T VIR TOKBEDOTHOIERETT
K E TOR N0 TRLEIPCH2LTORBEIZIE
Figesfans, S-BAFFA LY vorzZ oSN
1 ¥/ 2 CHELRDHER, HEBEIhbDRTEE LT
AGPThHrMN, —WEICIRINS BEIFLET S,
Phosphorylase BRFF+ A + ) VIR Z DE XA 4 T, -
RAFEA M) vEDRIEPELS, b EOBRSLIOT
IR FVRELRRVOCRIGESIH kB, &
DRBIC & » TEBERS X <HBZhic,
KABEHAET I MR debranching BERAFRLE
THZ ML, PEHEERE2EE L ERT 2
BHETEL L, Bk X ORFROKRBET hoER
BB LOREUBER L ER L, EHEIESREEE
12 A BE»SHBEE &, 20 BHCEKRE o b LR
Lz, NEMFIEEFIT 20 FBEABLER L, SRMET
TRREBFDBRERR TH »Teo FFRIITHOTERT
BERMER L, NEEBERIED L,
HPHIBFC 7 ¢ BRI S b oAb, B
BRI COIRRIBESR e BUA T h, KOs REE
FROJRETREASA U CRTREEBIBE R b O stBE A B L
120 THH OFERMBKFEETH D debranching EE#%
RERFCOEEREE L LTER IR, RNEERIC A

LRI B S h, BB EOERILIhS
ERE Lco Lk o CKFRFLAYEE T+ @ debranch-
ing BERIILAWIHA el ER—0 L SR AR o —
B—%17/ o o Cidinl, EFHCHELREE O
ke LTER IR0 LB %,

TEMRIRE S OFEM LT endo-peptidase OIEf B %
VIR AT 4 FEEROTMNC X » Tl T ERET
DO T FF VERF N Y 7 A TIEML LT o RS
DAL TE V) AERDOEENAIIET 25 ORSHIES
FoOALT7e FIAEEREFK LI EDb, RiGH:
HERIESAERSTNEERAE L o AL 7 4 VS
Lo THELTERTHED EHERE LT,

MFFCc—oOBREABOAR, BH, mElin
Horsh, BETFOBR, KR, RFEOHT LT
OMFEOFH H» B BRI,
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Summary

1. Highly purified debranching-enzymes which
were homogeneous in disc-electrophoresis and in
gel-filtration were prepared from mature, immature,
and germinated rice seeds, respectively. The
highest specific activity, 29.8 pullulanase Ujmg
protein, was observed in the case of the enzyme
preparation obtained from mature seeds after di-
thionite activation.

The characteristics of these enzyme proteins
were similar to one another in disc-electrophoresis,
gel-filtration, substrate specificities, optimum pH
(5.6), thermal and pH stabilities, inhibition by
metal ions, and immunological reaction.

2. Km and V of the enzyme for several sub-
strates were determined. The rice debranching-
enzymes rapidly hydrolyzed pullulan, a-amylolysis
products of starch, and f-limit dextrins of gluti-

nous rice starch and non-glutinous rice amylo-

pectin, slowly hydrolyzed glutinous rice starch,
non-glutinous rice amylopectin, and S-limit dextrin
of phytoglycogen, and scarcely hydrolyzed phy-
toglycogen, panose, and isomaltose.

These substrate specificities are similar to those
of microbial pullulanase (EC 3.2.1.41).

3. The enzyme hydrolyzed pullulan in an endo-
fashion but not in the random degradation. Oli-
gosaccharides intermediately produced were more
rapidly degraded than pullulan, and maltotriose
accumulated extraordinarily even at early stages
of the hydrolysis.

The enzyme has been studied to determine its
action on amylaceous polysaccharides. An endo-
fashion degradation was demonstrated that pro-
duced branched saccharides.

A hypothesis on action mode of debranching
enzyme, in which the above mentioned results
have been taken into account, was proposed.

4. The occurrence of an inactive debranching-
enzyme in mature rice seeds and its activation in
vitro was demonstrated. The inactive enzyme
could be activated and solubilized by the reagents
capable of cleaving disulfide-bond and by endo-
peptidases.

5. Debranching-enzyme activity in rice seeds
increased during the early stage of ripening and
then decreased ; maximum activity appeared on the
20th day after flowering, and the inactive enzyme
accumulated rapidly in the seeds since then. The
activity increased again during germination.

Radioactive amino acids were readily incorpo-
rated into the active debranching-enzyme after
their absorption into the immature rice seeds.
Subsequently, the radioactivity increased in the
inactive enzyme, accompanying its decrease in the
active enzyme.

These findings suggest that the debranching
enzyme in rice seeds is synthesized during ripen-
ing in an active form and that it accumulates in
an inactive form, which can be reactivated during
germination.

6. Contents of sulfhydryl groups in the mature-
seed enzyme obtained after dithionite activation
was identical with that in the immature-seed en-
zyme. Therefore, it was supposed that the active
debranching-enzyme was linked by a disulfide-bond
to an insoluble protein and accumulated in the

seeds as an inactive and insoluble enzyme.
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p. 18 HF»H5F7 (3) % = 0,193 4-1.553 J o = 0,166 1-1.318

p. 18 HTF»H44 (3)R B8 = 02530310 : 8 =0.261 40.260

p. 19 Table 3 & 8 12 ; 8 12
0.008 0.004 ! 0.007 0.009
0.470 0.549 ‘ 0.493 0.445
2.62 2.21 [ 2.58 240
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