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Akira OHUCHI* and Tokito TOMINAGA*: Liberation of Cell
Wall-Polysaccharides by the Action of Pectolytic
Enzyme from Soft Rot Pseudomonad

Abstract

Previously, we demonstrated histochemically that pectic substances in middle lamella
and primary walls were specifically dissolved by the infection of soft rot pseudomonads.
The present investigation was conducted to confirm the characteristics of carbohydrates
liberated from cell wall materials during enzymatic maceration, using purified endo-PTE
preparation from Pseudomonas marginalis (Brown) Stevens, N-6301 isolate. When radish
fiber, instead of cell wall materials, was incubated with the purified enzyme at 30 C in
0.033 M tris-HC! buffer (pH 8.0), a large amount of carbohydrates were released rapidly
in water-soluble state at the initial stage of reaction. The total yield of carbohydrates
was about 27.5 mg per 100 mg of radish fiber at 90 min. incubation, which corresponds
to about 3 to 4 folds of non-enzymatic degradation. About 80% of these water-soluble
carbohydrates were galacturonide residue, and about 95% of them were insoluble with
80%-EtOH. It is concluded, therefore, they mainly correspond to pectin-like substances.

EtOH-soluble carbohydrates contained two fractions, neutral sugars and oligoga-
lacturonides. In neutral sugar, no visible change was observed between incubation
mixture with enzyme and without enzyme. Oligogalacturonides specifically increased by
the enzyme action, and the liberation of methyl esters was confirmed by paper chro-
matographic analysis. These results suggest that oligogalacturonide methyl esters are

released from cell wall polysaccharides by zrans-eliminative reaction of the enzyme used.
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monas marginalis (Brown) Stevens & L7-7E3
R\, MlaBED < 7 7 VBB DR KT
DT EHRD, KTFRMED < 2 F VB REZD 5 b,
endo # o> PATE ¥ } 08 PTE 2\ B a2 17
WAz LEELMT Lic, L, ORI
DWTERBFROE ETH- T, FEREHRHTH
7o ATRTIL, 4 2 VIREL DR U Aok il
1t PTE #fFA &4, HEORELRRClEET 28E
BT B L L,

MR Hic D, FERE R L R R R
To R RERUNIR e TR AR KRR E <
KA LET 5,

R BB KUTE

HEOREER: HHRORBEREHEET LD
Z, ChETRE A 2y DRHEHCTERLD, 2D
FrE T AT R Fh AR OB L BT X e
WIk, LR ERRYELONEETH L
Lic b, KAEBRCRUT O & - TRt
T 5Lt Lic, Tiobb, £4 2y (B &K
ZE) OINAMRIE 2008 THEAHLT, 60C D Abs.
EtOH 800 ml iz Nz, 10 HHEmRECEEL-OY,
FEle vy &M LIcr 727 4 v & — ETHEBLI, &
DA A 80% © EtOH 400 ml & & bz k€ ¥ ¥ 4
ZL, BhhiciiAsr o 2 @RMBCUE L, D
W, =0 EtOH-RgsE4 3 [E, 600 ml S5O0
KThESFA4RXLT, KA BEEORTEBREL
Too DAEDBIEFCHEHCHMA M S E2E R Lics -
T, EtOH kX 0z — 5 v CIERBAL, POs &
L7 v r — 2 — CEZRE U, B0 IS
A 1kg M09 920g TH Y, K5 DEEILI 3.68%
TH- 10

BEROREE: 0 endo-PTE 3, BL#H ©
TR Leht - TR N-6301 BRI D
ML Ute, ERCEL, BENMA 0.2 PTE Bf7/ml
7B XA Lz,

RIGHOMER :  HkiE 300 mg & 30 ml DR AK %
Mz T, 4C T3~4EfH L USRI 0b,
01M, pH 8.0 ® Y =x-HCI & 20 ml % X Ol
{EBEZRWI0ml #hnx, WEBELHH 30C TA v
Fa~x— L, PIERRH%E BEbCRSKE 80C
DT 10 SRR E L T FEORK LA ik, #7 =
7 4 v 2 —IERR L OURIRIFC X - TEBREREY
B,

EESROATER: o LBERCEINAEEY

T = /= V-TEEETEY s X OV H v 8 — v-TREERY T
TR LT, PEEER IO Y v v S BEOBHRIT, W
D DOTTED L, MEOFEY &REL Lic, &
TVIHAAE 100 me X b e U 7o cFR LTc,

Rt EYmOKREE :  RIGHKICEE #E L 77 43 50
{eat%, 235 nm R BBID BLOF & N~
Y — VERESD CHIRE L, BREERRAR X D EIFIY 5 2
Yoo ERRCIHE LT,

EOH [CKEBEEOAR: &R EtOH % 80%
RS X Dk, LW E A EtOH-%
¥ LB oo REBRTIL, & QCHIED
BT OWTHE LT,

Re=R=5H 0T MRICKDEOENE: EOH-T%E
MR E IR PUEES XY a kg FhR—re—y
o v METHH L, +7cbb, MET© EtOH 2%
% U AES % Dowex 50 W (H ) 45 X 0 Dowex
S(OH™ #) % 5 o TMUE Lich &, BBIRAIEIE LT
HEEYEHE No. 51 DE 23, BRI 7 = /2 — -
K A(77:23) WLV n-7 & 7 —w-REEfiE-7K (4:1:5) %
BUWBZRITGETT s -1, 7el, AFuvvurg ¥
ORI n-T &/ —n—€ ) U v-K (6:4:3) TREEHE
LicEfIC Ko i, BBEFCEY 7= =0T I v-7
= v D, JEE TR A DR ORI Y B
Wc,

X B R

BRERACEHASHEEOEE: s1av DR
I b U BT, endo-PTE #1FR %5 &,
S OEENERMO 5 BT+ 5 2 LA L
(Fig. 1-A), T78bb, pH % 80 & LTARE X 30C
T 90 SREER S RISB A, MHHE 100 mg 2259275
mg OEMEENEREL O, Fig. 1-A D& kD, 3%
WE OB SR, 105ED4 vFax—y g
YT 217 mg 23E B &h, 90 4 HOfEDH
T8% ICEL T\ o, U B 4 FORMELERMO S b
A, 10 G 183 mg DA F 7 + v n YN
ERmIh, 90 5H BT 5 REMOR81% YL
T, TRHDI M, HI0FEREDO VDS
FIGFHR 8\ T, BREE AR D b 2 i3
B EEI, KEWOREE CRD L ICER iR
CELDTL LT HEANEL R,

Fig. 1 THBL e X 512, BT 5Y o 4
FOENIGE 80% BETH - T, MERHB T Lic{E
BHIEEC BT, BIE—TOREAELRI, L
oS o C, MDD EEE Lo E ORI Y o >
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Fig. 1. Liberation of carbohydrates and un-
saturated compounds from radish fiber
during enzymatic maceration by endo-
PTE. Fig. 1-A: Carbohydrates, Fig. 1-
B: Unsaturated compounds.

Reaction mixture contained 300 mg radish

fiber and purified enzyme (2.0 unit) in 0.033 M

tris-HCI buffer, pH 8.0.

Total carbohydrate was shown as a total

amount of neutral carbohydrate and uronide,

determined by phenol-H,SO, and carbazole-

HZSO44) methods.

Unsaturated compounds were determined by

the method of Albersheim et all) and calcu-

lated as unsaturated digalacturonic acid.

A FRGEEZDR, #20% BEOHHEEA &1
LHET D,

—75, INEAEETWRH B\ LRI ML T, Rk
ALER Lokt iR R UL, HLHRAE 100 mg 4D Y 8.7 mg

DEWERIVHNB8Img Dy vF 4 FAVERINE
(Fig. 1-A), Zh b OfEII T b BEENIER 0 1/3~
/A CHEYETE2, HBROMEE LTSk X il
ETHH L5 Bbhns, COFRCIESE DD &n
E2 DB, KRERTIE b ) 2 FEEIA I 2 T hnk
B U Fofodic, KNG EDOVEE A JER RANC e L
Tl En D, b LU EOFESEES kT UE, &

I RIS REAELN A LD L S h D,

Fig. I-A WiRL7cE B Y, BHRAEKOL EEITL
Wihd, #95% bl ks 80%-EtOH i Ry i ¢
Hotz, Lichi-T, Thbidk biciBiEs o
SRR LEEZ LN D, MBROBEL, LOKES
EtOH CAREHTH - T, ABEED Y v ¥ 4 Filids
LD - T2,

FEFLEOM%ERE: endo-PTE OffF iz & b7
> T, BURTR T 5 IR b A M 2 SRV RIR N
X - THEIE L7z, Fig. 1-B THL A X 3, ke
W& AEREHID 5 IR L, 10 35 XUV 90 2RI s\
TERTRI 170 35 L O 2.63 mg DAREFI(L & s
BRI, —7, MBKIC BT 5 AYowERIT
WINGi9 053 mg BETH - T, BEABRXIC AN
TERNEE R L Tz,

90 4 I DEERIER TRl L T F b S0 5 b,
9 90% 12 #1433 2.37 mg A% EtOH & RO B S
THEITH - 7o —T7, SRR BT 5L
%, TOTNTHM 80% EtOH CARHEM,TH - T, Al
BB ERE S feh - o,
EtOH-RAEESOESE: 80% EtOH-7] ¥ Ik
ESCRT 2P HEE KLY o r 4 FOE EY,
Tz /= VTREREE R L OV v o8y — v -FRIREE TR R
L7z, Table 1/ 90 5D 4 v *a - 5 v 18
bhicfERemRs, Tablel D kD, BEAHEK S
I URIRKI 10 5 R EEO LB 1L S 2o R
AT <, TR B HLIgKE 100 mg 255§ 320~330 pg
DA~ ACHYT O EIREHEL T, Lk
2o C, KBS ORI ERBREOERC L 5 &
D%, UULIRFRMNERA X - Tt L L B
Ihsb,

—7, EtOH %D v v+ 14 FRES® L5 &,
M I X OSSR ORSTHIE IS E BT b T,
Table 1 KA Lict 30, MBRRKIC KT 28y v 4
FOMEHEL, HHAE 100 mg 20 {7 pg TH DD
L, BRUEXTII335pug DF 77 by o v
NEREINI, 2O Ehb, BEAMRKTHESR
ey o\ 4 ¥ PTE O k- C, $EEINC
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Table 1.  Amounts of neutral sugar and uronide in 80% EtOH-
soluble fraction of water-soluble carbohydrates
1g®) of
Exp. . (U)N)+(U)
Sul‘glgfga(ll\j) Uronide®) (U)  (N)+(U)
1 3334 7.6 341.0 0.022
Control 11 321.0 7.7 328.7 0.023
11T 330.9 74 338.3 0.022
I 325.9 334.4 660.3 0.506
With enzyme 11 316.1 330.9 647.0 0.511
111 335.8 336.2 672.0 0.500

a) Micrograms per 100 mg radish fiber.

b), ¢) Calculated as glucose and galacturonic acid, determined by the same method in Fig. 1.

Table 2.

Neutral sugars and oligogalacturonides detected on paper

chromatograms of 80% EtOH-soluble fraction

Neutral sugars

Oligogalacturonide methyl esters

Unsaturated Unsaturated Unsaturated

Sucrose Glucose Fructose dimer trimer tetramer Polymer
Control +2) +# + — - — +
With enzyme + t* + + + + +
a) Indicates relative intensities of spots.
fRHE L 7o L R S B,
£ =3

EtOH-FI B EsY CH T S¥EOTER . EtOH-7]%
PEMCEER O EAY R — =7 o= METHE
L, Table 2 lIo_R 541870, PHREEIL Table 2
DERY, BERLBXEABE E DM TERILK S,
WThOBPEL s va—2E, BEREEOL x kX
V7357 b—22MHEhic, Licdis T, A9
FEEND LB OWMEIIERRN L E L bR, Fil
DERETELRICMA L X {—HT B HEHE 1B

—75, KESTHETHY o+ 4 FEE, BERAE
X EBETEL S Bish Z LB LI, Table 2
THELML X S, AR T/ e< 77 4 RITAR
@IY —, VYV —KIOF I —HFF 7+ viED
AFTRAFURHH IR, bRy 22— kD
RV v oF4 P REIRe, Sk UHRX T,
FEO X S ARfFNA Y TY v 4 P IR,
FAKSFC TR v er 4 vRRBESh AT
Elthotlce TOL D IEEREND, BEFRNER CHER
Ihtedy)Tvo+r 4 Kl endo-PTE DIEHIC X -
T, trans-eliminative \ZfFEE L7c & Fim 3 n b,

MDD S 7 m 7 4 T Y ke v e —2 LD 7g
D, RO Y 22832 hEE DT ATL
%), = ) 7R, BLERIFVEBIUA~NI
e —ZAnbiBRY Yy HIA FTHoT, 371
74 7V VERECBEL TS, < ARHEY & T
L, XLREAEBRS VBB TS EShT
W, —7, FEPREEC X 50O, hb
DHNIBER Sy DRI b &S LB IR, HET
Ao X5 e BEoBR, T TICEHEh T B, L
2L, AR BRI T By DT X - Tl
HHRE LI N TWBREGC, FOBFIooWTiL
EhDTHEKREL TS,

HED, BRRCER LEECHEEIW D Ml
BEDIML A BT 5 1odis, ARBEME D endo-PTE
B FR X el o b, v oFr 4 FEERL &
TEESEOEBENEES S - LR L, R &
B, BEEOKESL EtOH K AREETH 5 DT,
RO TFENLRIIRE e~ 7 F VHEBRG L%
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2bhb, MAEOPBBIC L d7c-T, ¥DX57iEE
BEHET B on T, BfEEThE VIRAINRT
WR Y, AEEROFEER & R MRIE ST Suzuki
582 ko TEBNTWA, MBI Rhizopus sp. D
endo-PG # & 4 3 v ORI IER £ 4,10~40%
OFREEE RS AERY Y o+ 4 FANETAZ LR
BT LTz, & 7, Kajil®) 3 Clostridium felsineum
var. sikokianum ¢O macerating enzyme T,
TR DRI I D = 7 F v EAMRNET 5 & L & fERL
T\ 5%,

IRET, R/FVERN T 7+ a v BEEND
7¢% homopolysaccharide TH 5 & Zh T, L
P LSRR MR X T, -0 X 5 ki L AF T,
sunflower head ¥ L8 amabilis fir 2:6HE5hicd
DUSME, TNT10% BB IETh B ok pEE
& Atk ST 5%), Hatanaka 512 35 L O b
51 LfEAOREZELRVT, vevEyTFIIEY R
F A4 FEESEALTWS I E2WLAC LT 5,
Lieiis T, i 6B/bha~7 7 VEIL, —
B EALWEELEL DD, RO L kD, KFEH
THEOLWICEHEE T, WRHEEOIEY 0 1 FIK
SRR E e, ThB OGN Y v 4 FERCHS
ALTWAHD, HBWITEBIRIELDONITIEL
Tl SHABLDSE DTS LIEBET 528 D
TH5b,

S ¥ iz, EtOH-TEEDE S T R AT EHRE LT
7o\ AHT D 5 B PEEO N LSRR TH -
T, BEFAHEEX R X ORI DR C s 25803 L
ERTehostee —H, &Y T aF 4 FOWEMIE
OERIC L - THELEDBR, & A2 F v
vt FOMBMNBEETHTc, chBDOT Eh
S, KESDY v+ 4 FiEEERD trans-elimina-
tive 7efEBRWC Y - TRt Lo & & 828 %, Suzuki
5% 1 endo-PG B\ cEHMHRTC, #5527 +rvayv
TRV RINCIREET 5 2 L R BD T D, 2D LB
HRANG, =7 F VRS X 5 RO BT, K
A~ 7 F v B OB AL T £, KajilD
#% macerating enzyme TJ CIZIEHL T3 X 5
W, Srvay FiEEOSRICLESbD L ER S
s,

FeR e X 5, EtOH-RT g OB 45 VL
B 10% b ilitcls\, Lich o T, MLk fad
BRI 2R ES OBFEE TR RS h, EtOH-
TEMEDOLEENR L VEETHD Lo 1Bbhb, &
OFEE DI RO BEE TR,

& ®

JEWRANE Pseudomonas marginalis v X %3 %
B OB % s Todic, N-6301 #:X b §ifbL 7o
endo-PTE % fIHRZE I (F/A &+, ko fgsRE
TWEET AR Lic, RS pH 80 & L,
30 C T 904 [ 2.0 PTE M (L OFE H4F fi X270
&, SEFER IOV 0 A FOMENTEEEE 100 mg
Y, ThZni275mg BIO 225 mg L EBX
n, WThIRBROMEO 3~4 5l L, oh
b EBEEOMBIERMD 5 bt BE L, 10 58
ED\ @5 RGBT R T, 3T 90 5 EofE
D T8~BLP IEL T\ T, WHHEEC KT S Y v
41 FOEEITHNB80% LFHE I, 20% FBE O DR
Bag AT\, B SR LImED 5 %, ¥
95% H 80% & D FtOH IR % 0 SEER LT
HY, THERIELDTHBETHL Z &b, TOX
Wi v F v EBRG EHEE SR,

EtOH-FIEEEISD O 5 b, spiE R RN IFA
o CEEET 2 L B2 bh, BERUERS XUNR
R B\ T, A L OHBICE LV ERI R e
s tee =05, RESCHTDY v 4 FEREONE
i, BRABC X - TELCED DR, & IREMm
AV Iy nd A FOBENBEE TS . ThDz,
IR OFIFIEAEEER D trans-eliminative 7o{FFH
X - TR L BE LT,
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