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Characteristics of Rhizobium leguminosarum bv. trifolic A6R1
Exopolysaccharide and Its Depolymerase

Ryo-sho UcHino, Shiro Hicasui, Mikiko ABE, and Toshiki UcHiumi

Abstract

Rhizobium leguminosarum bv. trifolit A6R1 is a useful inoculant strain for pastures of clover
by reason of its high nitrogen fixing ability. However, this strain secretes high viscous
exopolysaccharide (EPS) into culture medium. The production of EPS disturbs the centrifugal
efficiency for collection of the bacterial cells.

4S phage EPS-depolymerase (4S-DPase) is induced from R. leguminosarum bv. trifolit 4S by
virulent 4S-phage infection. 4S-DPase has depolymerizing function for strain A6R1-EPS
without bacteriolysis.

4S-DPase was purified to about 20.6 times of activity units by (NH4),SO, precipitation,
DEAE-cellulose, and Toyopearl HW-75F column FFLC. Its molecular weight was estimated as
350,000 by gel permiation chromatography (Toyopearl HW-75F column). The stability of the
enzyme activity was increased by the Ca?* addition. The DPase activity was also detected from
the purified phage particle fraction on Toyopearl HW-75F column FFLC.

While, it was clarified that an oligosaccharide repeating unit of the fragmentated A6R1-EPS
by 4S-DPase was consist of glucose, glucuronic acid and galactose from the result by using gas
chromatography. The molecular weight of oligosaccharide repeating unit was determined as
1466 by 'H-NMR and Anion FAB-mass spectrometry.

More available technique for DPase activity measurement during the degradation process of
A6RI1-EPS was proposed that a measurement of UV absorbance at 234 nm instead of

viscometrical method.

Key words: Root nodule bacteria, Exopolysaccharide (EPS), Bacteriophage,
EPS-depolymerase (DPase), Repeating unit
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A E~ A BHEY OB IR 2 L, BN TRYNZ 704 FEIZGEN, N7 T
O RNEFEREILT 5. Z0%, RMBHNOBSKHSEGT CBRMEORET A= basr F—
EHREHEL, REFOEZRLYBEET AH. 70— BRE TH S Rhizobium leguminosarum bv. tri-
folit A6RL #kiE, 70— NIZHELTZBEENEBVERBEERETRAEL TNE I L0b, BEA
EOOOERBEMRE LTHHEINTWA., 2L, BEBE—RICEZHZ L THLH, WHAEE
ET 5L, MY EHE (exopolysaccharide; EPS) % KEIZHWT 5728, m LD HIC X AEH
D, EREIBO TEV. L7 -T, BELEEOH ARETHELICERFTTAEYEY
& LT, EPS BN T ANEGMRTHIBEZZRWSL, BEROKEZ2ETIELZI LIZEER
RBEThHolz. 22T, 70— VRERE 4S BRIZEG T % bacteriophage (4S phage) % W& &G
SHTHE 5% phage-lysate DHIZEA: 5B 4S phage EPS-depolymerase (4S-DPase) % F
THIEREZT.

—7%, EPS IIMRHKIE & < A BHildy & DILERTICB W T, BREMBBERIC, »H5%EE2EL
TWwh EEZ 5N TW5S (Caetano-Anolleés et al. (1990), Ko and Gayda (1990), Mody et al.
(1990), Putnoky et al. (1990), Zhan and Leigh (1990), Gray et al. (1991)). E{ZHYIZ MLY% HE
DERREIZKRIE % A U2 HBRICB W TR E OHEPHIBEANOBARR N2 W EDHRED D
D, ZD7:8 EPS ZD b DDOMEIHT biTH T % (Robertsen et al. (1981), Hollingsworth
and Dazzo (1988)). 4S-DPase (ZIRF.H ? EPS %, [F— D&% >4 ) I8 (repeating unit)
25 #%3 % (Higashi and Abe (1978)). DPase D Z D X 9 % ME 13 EPS ORISR 1A %2 F B
LB EEZOND. FIBRKAELEROE Y A6RL #£D EPS ZEBENHH L IAHTH 5.

AHFFETIL, 4S-DPase %% A6R1 BROMMIBNEWEL 3T 5 2 L 2 R\72L, 4S-DPase & %
DG TH A A6RL BkD EPS 12D WT Z DIEMFIT 4T - 7D THE T 5.

m#ETE
NIFIUTENITIAT 7=

B KR 1L Rhizobium leguminosarum bv. trifolii A6R1 # (Tokachi Federation of Agricultural
Cooperative) 3 & UF 4S # (Higashi and Abe (1978)) % F\ 72, 4S #RIZXF$ 5 virulent phage C
& 5 4S-phage (3 47FF2= C4BE L 7> (Higashi and Abe (1978)).

4S-phage lysate »* 5 M 4S-DPase MRS

ASHREA—A b == b= (YM) E#112T28C, —KHEEEL, 500 pl OEFEE %400 ml
D YM AR %2 AN72500 ml DR 7 5 22128 L, 28°C CHEEREE L7-. early log phase
|35 L 72K 5 C, 4S-phage (#10°PFU/ml) %500 pl ZiNZ, & SIZIEE L HlF, BH % (phage
BYt, BLZ8~12h), 5,000 X g, 10 min, 4 CTHELL, LiEZEDL. UBOTNTO
B4 CTITo72. LiE#80% A (NH) S0, # HWTHEN L, L REWEED, 20
mM Tris-HCI #&#&#% (pH 7.3) 2%, 20 mM Tris-HCl #B&iK (pH 7.3) 12 T—&REH L7,
Bonizy v 737 B %20 mM Tris-HCl #E& (pH 7.3) TF#{k L 72 DEAE-cellulose (#750
ml) 2Ny FEEICTRE &4, 1.5~3.0 h#E L7z, FEWMESHEE 7 » 7+ — 8} ETHBH%kSE
L7:%%, W& Hi30.2 M NaCl % & A 7720 mM Tris-HCl (pH 7.3) 2% L, 1.5-3.0 hH#E&
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LCHEBEL7:. 612, 0.5 M NaCl 2 HFAZZRBRERICERE L, BER T v 7 — - TIEHKE
#EILL, M %20 mM Tris-HCI #BE# (pH 7.3) T—&EN L CBIE L. 7 v 37 ey
F 210,000 B/ 5 BIEIZ TilgfE L 72, FFLC (Y —, #£#I A7 4) &AWV, Toyopearl
HW-75F #5 4 (#F5 a%4 X, 22 X 500 mm), 0.1 M Tris-HCI #8&#& (pH 7.3) IZTHEH,
S5mliCCHME L7z, &5 HEIZKERIEIZE 5T DPase B2 HEL, EHEATLIESZED
BEREmE L7

DPase O;&EMHIE

DPase {&MIZF Y/ v 7 = » 2 BIO¥EEF (Dunn and Karr (1990)), Bivi2234 nm iI2B1}
B IEEECHIE L 7.

HEEETCHIE T 5541213, 32CIZBIF B HEE DEPSHEW (0.5 mg/ml in 20 mM Tris-HCI #&
&L, pH 7.3) O¥LEE@E@ER % Control time (sec.) & L, BEFEWO0.5 ml Z M L7z DOB:
A E OB EEFE  (Sample time (sec.)) % #EIE L7z, ¥ERASRIRORXTRDOZ. T/,
WL 1 %W 2 5BOESEY 1unit & L7z,

_ Control time (sec.) —Sample time (sec.)
Control time (sec.) —D.W. time (22 sec.)

Viscosity reduction (%) X 100

W ETRET A54121%, 4.5 ml @ EPS (0.5 mg/ml in 50 mM Tris-HCl #&&i#%, pH 7.3)
WX LTCO0.5 ml OEFEZ Mz, 32CT—ERMRICSE72%, 50% b)) 70 afEfE (TCA) %
50 pl ZhNZ TR S8 7. ERIZRICHLE & FEIC TCA 2z 72 eil & L7,

HRast & BEO 5B

A6R1 BRORTEEEE 5 ml % YM HARE #1400 ml OO 7 9 2 3 IZEA L, 28CICCTIRERE
L7z, stationary phase |23 L7-& 2 AT, &L BE (20,000 X g, 20 min, 20C) L, LEI&EIZ,
2IEEDHILY ) —VvEMZ, 4TCICEE L%, £ UHBNEHED R % .05 8 (6,000
X g, 4C, 20 min) LCHEDZ. hBTEEKIIEHEL, EEO7unk)iVA in-7% =)L
=3 1IREWMEMA TS v 37 Lictk, —RMKICTEN LA, BE, 15/ —-Vahz
TEMESE 2 LRSS, ®OSEIC Tk ED, BEKICHBEHL, ThzaiEiEL ¢ M
Ras\ S HERE M & L7z,

EPS DERINK 5

B 7> A6R1 %D EPS 1mg#% 1IN MY 7 )V 4+ 0Bt (TFA) 1mliCAEBL, HE LT
YINVHIZTHERMT A Z LI2L ) 6 Wik L7z, K%, b 70+ afeiRid T/ SR L —
F—IZTRERE L. Y 7 VidPbEOKEMZ T, BIYXLZ.

EPSEBEEON—N— O RIS 714 —ROHFZX7AT RN TF77 1 =& B9

EPS OIKSE L7z B I R— =2 u~< VI 74 = ROFTRAZ7a< b5 74 —=12TH
L7, b—3—E#No.50% vy, BEBRTF )L )Yy (B . Kk=5 .5 :1: 3%EH
B LTEABEICTRREALL. BRET7T VA ) EMEERET B/, £/, FAr7u< s
7 4 =12 X % A6R1-EPS #EHED3HTi, Nishitani and Nevins (1988) D J5iEIZH#e U7z,
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EPS-DPase YD 'H-NMR, HE AT ML, RIMHEBRIRANY MIVAR

HIRE0.5 mg/ml 1272 A & 91220 mM Tris-HCl #&#& & (pH 7.3) (Z¥M# L7z EPS 100 ml I2,
4S-DPase (% ¥ /7327 81600 ug) %Mz, 0.02% 7 J1bF + U7 2 %EhN, 37CT24 h it &
7.

EPS DREWIZ 2 @) OFETHEE L. 1 2@ SR %EL0 mM 1 3 ¥V — VB E R C

{t.L7- DEAE-Sepharose CL-6B (# F 244 X, 2.6 X 14 cm) IZk#E &+, 0~0.1 M NaCl &
FEARDI0 mM { I 5 — )URER (pH 7.0) IS THEW, SMEW & A5 HE %, Bio-gel P4
(T 64X, 2.6 X 41 cm) CTHIEL7-%%, FEEZEL. 20, 50 mMBEEREE R (pH
5.5) \[CHEfE (A6R1 £ EPS 3 f#REWY ; 27 mg) L, Bio-gel P-4 5 4 (524X, 1.5
X 103.5cm) IZTH IV A#E (50 mM BEER#EE W, pH 5.5 L7:. EPS-OMBEWEEALZAY T
PES (X, Bio-gel P24 5 4 (B F L% 4 X, 1.5 X 100 cm) THith, HEHEEE L CHME
We L7, ZOFETOSEEYA ) THIX, 'H-NMR 247 (Nishitani and Nevins (1991)),
FAB mass spectrum %47 (Anion FAB-MS, VG #t Auto Spec B &4 #EN) DK E L7z, o
1 DD REY OFRBNEL, DPase KLk, 2MEEDH LY / —VEIX CEST5E % kg S
H, #EO5HE (7,000 X g, 10 min, 4C) LTHKE, LEZRERMELZ. 20K, 7L
iZ Toyopearl HW-55F (# 5 A4 A X22 X 500 mm) % 7 4, 50 mM Tris-HCl #&&# (pH 7.3)
DRERBBWEERA, YVvru~x b7 4 %4707z ) THESEILE 512 Bio-gel P-27 7
s (BT AHA4 X, 1.5 X 100 em) (S CTHIE, FELBRE L. COFETOSBEY L) THE
RN A R 7 SV D72 0DREE Lz, SREMRABOMAEE L, 79 50 5EH
T 54 ) THESREEWE 7 =/ — VEBEEE (Dubois et al. (1956)) 12 CEBF LRE L7,

4S-phage DEASY

4S-phage . FDFAELIZIL, Vande Woude et al. (1979) D FFEIZE DOV ASHE MY TR -
A =M (TY) WA TREEL, FLWEASH (400 ml) (ZHEFE, early log phase (12~
15h) ZEL/2E 2 AT, 4S-phage (#910°PFU/ml) 500 pl 2N BHE €72, BHE, KiEE
0.5 M NaCl ROBiEn 7 aa kv Axiz, &51230 min & L7z, &L08 (8,000 X g,
10 min, 4°C) L, _Ei&IZ polyethylene glycol (PEG) #6,000% #i&E10% 2% 5 & ) IZENML,
4 CT2h#E LT, phage HiF M &€/, DBROBIEIZ4CTITo 72, BB 2 & L8
(10,000 X g, 10 min) L CH7/2ik#%, 5~10ml OEFKICHERBEL, EEOr700K)V A
EMAThS v 287, @58 (5,000 X g, 60 min) LT, /KE%20 mM Tris-HCl A& (pH
7.3) PCT—KBEN L. F0O%, Bl (100,000 X g, 60 min) LT phage ¥iF % it &4,
20 mM Tris-HCl #&& i (pH 7.3) |Z%%® L T4S-phage 70°H & L 7.

4S-phage ¥IF & DPase ;&5 H

4S-phage {& M4 & DPase (& M5B O BEIZ (X, Lk L72 phage ¥FiF5 B % R 7 H 4 X0.45
um DA 7574V —TAHBLH, Toyopearl HW-75F FFLC # 5 & (h 5 244 X,
22 X 500 mm) (2T, 0.1 M Tris-HCl #2&#® (pH 7.3) ZAHi e LCHE L7,
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KRR
4S-DPase M A6R1 # EPS (CXd % 5E 1

4S-DPase * A6R1 #%k% &4 L7z plate IZ@ T35 &, T LI ha—20 B L. 2
DT &ITX Y, 4S-DPase %% A6R1 ¥k DM/ ZHE % S RTTRETH H L HIMT L7z, B4R AIT,
4S-phage (3 A6R1 BRZEHW L2 572, T 72, 4S-DPase % EH#: A6R1 #k® EPS &I Kn &
B5hHE, EBEGHENRTAAONL (Fig.1). BlEDZ A5, 4S-DPase 7% A6R1 #® EPS
R AT L RRER L.

100

80 P

60 p

4o L

Viscosity (%)

20 b

0 1 . 1

0 2 q 6 8 10
Reaction time (min)
Fig. 1 Viscosity-descent of EPS from strain A6R1 with 4S-DPase addition. DPase activity was
measured by viscometry according to the method of Higashi and Abe (1978). Reaction
mixture and conditions were described in the Text.

4S-DPase D Hij

4S-DPase (& 4S-phage B H i L& OBRZIC X BT, /3y F1EIZ X B DEAE-cellulose DK
%, VABE, Toyopearl HW-75F FFLC IZ TH5#8 L /2. Fig. 2 (& Toyopearl HW-75F % 5 A @ elu-
tion profile T 5. ¥ »/¥7'Z 13280 nm DWILT, DPase HHEIZKT7 T2 ¥ 2 ¥ OMERAFE
TRL7:. BREMRE—-DY -2 TREN. Toyopearl HW-75F 1 5 DX NV AHBIZL D,
WEDEEEZ R L7240 B O elution volume 2 S5EEZEDOGFEZ KD (Fig. 3). E#ESY Vs E
& LT thyroglobulin (MW. 669,000), ferritin (MW. 440,000), catalase (MW. 320,000) % FH\»
7z, ZD#ER, 4S-phage DPase 13350,000N 3T E %O LA h o7z T2, BEREHNOK
BREICBIIABEEMOBRGOES VS Table 1 IIRL7:. %8B, ¥ %7813 Bio-Rad Protein
Assay Kit T FHHWTERE L72. BRI Tld DPase [&M1320. 665 12i&M S 72 (Table 1).

A6R1 # EPS DfEHR

4S-DPase 1% 4S-phage %% A6R1 ¥RIZxt UL CIRRERGEMETH AHICHEH ST, A6R1 ¥kD EPS %
SE L7z, £2 T, A6R1 RO EPS D%, 4S #RD EPS Extlt I THM 24T 5 7.

TFA THIKDE L7 EPS D= 83—z a< 75 4 X0, A6RI #® EPS 7 glucose, galac-
tose B & U glucuronic acid 2°5 %5 Z &N h o7z (F—FIIRET). INSOBHEEIZE L
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100
Toyopearl HW-75
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0.1M Tris-HCI
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Fig. 2 Elution profile of 4S-DPase on Toyopearl HW-75F column FFLC. The column was
equilibrated with 0.1 M Tris-HClI buffer (pH 7.3) and eluted with the same buffer. Protein
content was quantified by the absorbance at 280 nm and DPase activity was measured by
viscometry.

1000
L
= thyroglobulin(669,000)
5 L
e erritin(440,000)
e I 4S-DPase
X (350,000)
g. catalase
=T (232,000)
100 4 1
150 155 160 165

Elution volume (ml)

Fig. 3 Molecular weight estimation of 4S-DPase by gel permiation chromatography. Toyopearl
HW-75 column (22 X 500 mm) was used. Eluent was 0.1 M Tris-HCI buffer, pH 7.3.
Molecular weight was estimated by the fraction of enzyme activity. Thyroglobulin (MW.
669,000), ferritin (MW. 440,000) and catalase (MW. 232,000) were submitted to
calibration proteins.
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Table 1 Partial purification of polysaccharide-depolymerase (4S-DPase)

total * DPase total specific
purification volume activity activity protein amt. activity purification
step (ml) (unit) (unit) (1eg/ml) (unit/mg Pro./ml) (fold)
culture sup. 2000 3.1 6200 164.68 18.82 1
(NH4)2SO4 ppt. 128 9.2 11776 268.08 34.32 1.82
DEAE-cellulose 245 12.8 3136 305.24 4193 2.23
Toyopearl HW-75F 30 25.1 753 104.44 240.34 12.77
Rechromatography
. . . . . 20.62
HW.75F 28.5 34.3 977.6 88.38 388.09

* DPase activity was measured by viscometry. Details were described in the Text.
The viscosity was measured after 10 min reaction at 32°C.

TLVFHLHRTELDIL, PA2UT VNI 74—%4To72. ZTORE, 4S ¥RD EPS 2°
glucose & glucuronic acid 2*5 % A DIZHxF LT, A6R1 #®D EPS i glucose, glucuronic acid K& U°
galactose *5 72 5 Z & ASHAREIZ 2 5 /2.

4S-DPase 1%, 4S-EPS % B —H#§1& % # D repeating unit + ') THEIZ43 %3 % (Higashi and
Abe (1978), Amemura et al. (1983)). % Z T, A6Rl ® EPS {22\ T b Rk DMK D
MRS, A6RL Bk & 4S MR GIREY % Bio-gel P-4 7 5 AT IVAE (BHE, 50 mM
FERE#R &, pH 5.5) L72& & elution profile % Fig. 4 IZ/RT. 4S 4k, A6RL HRDOEH 5D
DREMD FTNEFNHE—DY -2 2E U2 &H 5, 4S-DPase & A6R1 #RD EPS 12BN TH—
EDFED repeating unit V) THEL Y 252 EAAFHEINS. LA L, A6RL BRDGEEY
AWAS BRDGE L D b ENIIESTFEIZS 7 P LTWASZ ED 5, repeating unit R L T
BREREBIGENYDH L Z ENTFHENS. E5I2, PBEYDORERERE S TFEZRET ST
»1Z, 'H-NMR 4347 (Fig. 5) & FAB mass spectrum 547 (Fig. 6) %47 -72. 'H-NMR Z# i
BOWTHBREYDOAFREZREFHREEDLDNLY T Ly bOF I AN T I TDELZ LR
6, A6R1 ¥ED EPS O FHEY L 8 WEFRIEMN S 2 5 Z & AYH/BH L 7-. % 72 FAB mass spectrum
ST L D EERI465DGTF A 4+ v ¥ =2 %4572, L72A 5T, A6R1 ¥R®D EPS D% 1) THE re-
peating unit (X, 70 M Y OEERETIMZ THTFREIE6TH A LG -7z, LLEOKRLDY,
A6R1 ¥R EPS 7 REYIWT A5 8 MEFREMN O 2 A T & % #FR L7z, F 72, 4S-DPase IE 4S BRD
EPS D fREEY A ) THEOERTKEHMMOGH LY, V7T —E¥THHI eAHMEINTND
(Hollingsworth et al. (1984)). T4 bbb, TOBENTHELL-EWIIBWVTCIZIERTKREIS
4-deoxy- L-threo-hex-4-enopyranosyluronic acid BRFEMNE L 572012, C=C HAICRHEN L
230-240 nm R DRI E £ U A, % Z T A6R1 ¥k®D EPS 5 EEMIZH VT 3230 nm T DK
WO HIRDE % 3R] & %D EPS OWILA R VxR FRANAER, Fig 7 12339 & 912 A6R]
¥k EPS ~\ 4S-DPase % b & 872 G CTid230 nm T IS ¥ — 7 2SR L7, £ 72,
4S-DPase & EPS % — g It & & 721%, Hollingsworth et al. (1984) 1242234 nm DIRIL %
BIEL2E A, RIBEERIIZHE > T234 nm DREKED LR A ST (Fig 8).



118 PEFRIE - B IUER - PUERSERL T - PiEIRA

10

4o 60 80 100 120

Fraction number (1. 38 ml /tube)
Fig. 4 Elution profiles of fragmented 4S-EPS and A6R1-EPS by 4S-DPase on Bio-gel P-4 column.
The elution buffer was used 50 mM acetate buffer, pH 5.5. The column size was 15 x 1000
mm. W, profile of depolymerized 4S-EPS; @, profile of depolymerized A6R1-EPS. The
fragmented EPS was detected by absorbance at 490 nm of phenol-H,SO4 reaction.

W

- ' - r 2]

T T
] S

Fig. 5 'H-NMR spectrum of A6R1-EPS oligosaccharide repeating unit.
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Fig.6 Annion FAB mass specturm of A6R1 EPS oligosaccharide repeating unit.

Oligosaccharide

Relative absorbance

180 200 250 300
Wave length (nm)

Fig.7 Absorption profiles of untreated A6R1 EPS and depolymerized A6R1-EPS by 4S-DPase at

wave length region from 180 to 300 nm. Condition of the reaction was indicated in the Text.

119
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0.8

(234 nm)

Abs.

0 5 10
Reaction time (min)

Fig. 8 Increase of UV-absorbance (234 nm) on EPS depolymerization with 4S-DPase addition.

Phage ¥iFIC$(+ 5 EPS-DPase &4

Hi{L%L 7> Phage K. F % Toyopearl HW-75F FFLC %47\, Fig. 2 |Z/R 72 DPase {4k
SEICHLT L 5E 2 ED, RAABEICTREME LD D% A6RL # EPS I LTRIG S €72 &
A, BOEBHERTIAON. T/, BEREMESE LY &5 FEIZ phage HHESBE (4S ¥k
2 L CEBEREREICL D plaque TBROZED LN L5H) 2SHEELTBY, 045 HE %234
nm (2 BT BEGEETEE L72E 25, DPase iGMDH 5 AL (Fig 9).

DPase activity

Relative absorbance (280 nm)

Phage particles, DPase activity

0 60 120 180 240

Elution volume (ml)

Fig. 9 Fractionations of 4S-phage particles and 4S-DPase activities on FFLC by Toyopearl HW-
75F column. Shadow regions indicate-DPase activity fractions. Phage activity was tested by
plaque formation for strain 4S on double layer agar method. Eluent and column size were the

same as in Fig. 2.
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£z =

WEYMOELET S EPS * 0fET ABHET, HEDOWIZEGT 5 phage ICL VFFEINLHI L
L C Bradyrhizobium japonicum (Dunn and Karr (1990)), Bacillus palustris (Torriani and Pap-
penheimer (1962)) IZDWTHE I N TW 5. R. leguminosarum bv. trifolii 4S |2 4S-phage AV
Fel, ZDOEWMIZ 4S-EPS % 53f% 3 % DPase iM% #F > T2 A Z L i3 Higashi and Abe (1978)
WX D EE SN REBRIZB VT, 4S-DPase % A6R1 #£D EPS #45f L7-Z L 1L, BEELE
WRE¥FD., ZOHEM L LT, 4S-DPase i A6R1 % EPS % 5% 3 575, A6R1 #kZ B AR
f@1x 4S-phage IZX o THEE SNV, L7722 T, AHEKTH 5 A6RL BROKEEFFERFIZ
4S-DPase ZiRML, W OOEEEICL AERDIREZM ESEL ETHFHATHLLEZONS.

% 72, 4S-phage D 4S MRNDEGIZ & - THEBAE SN 5D 4S-DPase 2%, A6RI-EPS %53 L
cZ &M b, A6RI-EPS & 4S-EPS O FEEHEEZIT) CL WREETHLEEZOND. T
bbb, 4S BRD EPS Tl 2 47F? glucuronic acid & 2 43F D glucose 75 7 5 F§HIZ, 34T
D glucose 75 7 HAISE % ¥ repeating unit 7> SR SN TV 5% (Amemura ef al., (1983)),
A6R1-EPS T Rk B 2 H2 4 1) THED repeating unit 255 2 54, ZNIT 4S-EPS I3 &
F N TV 72\ galactose 2SN U, EF 8 FRE D repeating unit SR I N TV L H D EHEE S
N%. A6RL #RD EPS @ galactose HEDEFIIF A7 0T b5 T 4 —, R=y¥—=2u< 7
T T4=0b LR IN. —F, R. leguminosarum bv. trifolii 04038k EPS TiZ, glucose,
galactose, glucuronic acid B £ U 4-deoxy-L-threo-hex-4-pyranosyluronic acid #¥5 1 © 1 © 1
D THR, 25 repeating unit #:& A% Hollingsworth et al., (1984) 12X DVHEIN TS, Z
DI L, Dudman (1984) 2L o THEEN TV LMK E D EPS DELEED ) B, R. legu-
minosarum bv. trifolii @ EPS (MBI SN TWAEHE OO LD THAB. F 72 4S-DPase (34S-
EPS % 4-0-a-D-glucosyl-B-D-glucuronic acid DI TYINT+ 24542 HFH L TH Y (Amemura
et al., (1983)), % 720403%k® EPS 2B T YW L 72 IE 8 7 K I 12 4-deoxy-L-threo-hex-4-
pyranosyluronic acid % ZEDEAEIZ L 5234 nm I BITHARREOHEMAHER S TV S
(Hollingsworth et al., (1984)). AG6R1-EPS (22 T & DPase |2 & A45f##%, 234 nm OWEIEED
Aoz L LY, YBEAMIEFECEECHL L EbNAE. DEOZ Ehb, A6RL D
EPS (ZE&ARDORESHIT DOV TIZ04030k & [/ —TdH 5 W HEHATRIE S 7z,

DPase |2 & % EPS D53 f#f%, 5FEY O ) THEH230 nm T IS RKRINEE L AT L3
(Fig. 7), BEREMHIEERE LTHRATH A, 72, TBEREIZ X % DPase {& 1 DBIE 1R
FHZ X BIEEE IS L CAERIZ B2 % . $hbb, ERHC L 2llE TR, BIEROME
I Y MO — V&M, KERIOX VT F U ANEREN, SEOHRY, BIUOEZEYVLEL
L, 25612, fiE0BBREBOFHINIZIL, EBREOHMZESHATNEEIBWI LR ETHD.
&AM, 4S-DPase 25 EPS #YIMi§ 52 &12& ), SMBEYDO L) THEHOIEETKIFICL
Fr D% _EiE4E (4-deoxy-L-threo-hex-4-enopyranosyluronic acid 58EAEHKIC L 5) Z4HE LU 5
DT, ZOMIEITHFERR 2234 nm I2B1F BPOLETORE L, EPS OYIWTIC & ) A7 % YIKTED
MBI IERBI4 % (Hollingsworth et al. (1984)).

Phage 12 & o THE &S EPS-DPase DFELEIZ DOV TITW AL D9 DOHELH L. Thabb,
DPase 7% phage Fi ¥ IZ4A L TWwb % 4 7 (Sutherland et al., (1974), Thurow et al. (1974)),
phage lysate HIZEEIZHEHR L TV AU HEM S 4 7 (Bartell et al. (1968)). Z LT, HL <
phage lysate HIZ T EMERER & L CHEET 525, [FKEIC phage I FICDREA LTV A 2R &
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5% 47 (Yurewicz et al. (1971), Bessler et al. (1973), Bessler et al. (1975)) Ta& 4. 4S-DPase
(¥ phage DEGIZ X - T lysate PIZEBICFOEIHEMT S, ZLC, Fig 9ITRLZLHIT,
4S-DPase (&% phage FIF5 B & IE phage SO HITIEEAHFIE L Tz, 2D &E2b,
4S-DPase 3 phage HiFZNHMKRICHR T HIDTHY, LICHANLEIFEDOIAN T THDHZ
ENEZOLND.

NG RO KEE & 5| &#2 29 Erwinia amylovora (243 % phage 2* 5 EH D EPS %40 fE ¢
LBEEZOBEBIZF R 7U0—= 7 ENTWw5 (Hartung et al. (1988)). Z O X, MEEHO
EPS-depolymerase DEET D7 U —=V ZOWEEMERET HHDTdHA. DPase HIZFZH
W7 F LAV TOSTIE, BRELE O EPS A & O3 A BREGLIZES L T B 5% E & X
5LET, BEELFIDPDVEEZLLDEERS.

& O
AAFFENC BV THESHTICE LT, #ERY 2 THRELE ) £ LR R RABEL e fZ
BLICEL»SMEILBE L EIFE S, 72, ABIROZDICHKRORME B S £ L2z HRrRED R
MAEEESRISOE ) EHE L BT,
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