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Abstract

A slimy non-spore-forming bacterium strain SAF-C isolated from bean stem and

root was motile with flagella and identified to one of Agrobacterium radiobacter.

Studies were made on the conditions necessary for maximal production of this acidic

succinoglucan polysaccharide by this strain in shaken culture. Much production was
observed with yeast extract,(NHy), HPO,, distillers’ dried solubles(D.D.S.), as nitrogen

source in the medium composed of 4% glucose, 0.5% nitrogen source,

0.3% CaCO:s.

The yield was greatest with yeast extract and decreased in order with the above

nitrogen source from 22.9% to 9.6 percent. A polysaccharide was produced in a yield
of about 25% in a medium composed of 3% glucose, 0.4% D.D.S., 0.5% K. HPO,,

0.01% MgS0,-7H,0.
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can, 5Fo] PHEEE Q. 28 WAL BERA

FIAE = 9io}.? 2% xanthan gum& .70 7zt
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: Agrobacterium radiobacter o 93+ thi-§ QAL

B ES e HES B .o
succinoglucano] = HZAY, CaZl @ NaFlo] 9=

o o] & HAlA Cafilel chabig 1% GHT K

MRy FiEE 30°Co A 22 Egkx Na#l
9 MiEe % dehdz slglz, Ca#le] succin-

oglucan®] K¥EH:S S KiEE NaClel & TF
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sota ¥mstget.
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succinoglcan depolymerase
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o) weich.”
Agrobactermm tumefaciencer} HEdt= KA
L] BERERST linkage patterno] succino-
glucan,] aRAF AL Zoe Zo) ezl
Agrobacterium fumefacience= 72
LEEstA\ul  Agrobacterium
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W ST KB SHE succinoglucand] —fF 0.

2 s Reh o
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rhizogenes =

Alcaligenes faecalis var. myxogenes 16C 3K=
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o] Ao #EE 10C 3K £59
9] SyEsl A9l succingolucang-
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o] FEWAK 100mlE, 0.05% Tween 80 10mish 3
¥ 1gs s 2 32 oscillation 240, stroke 35cm
2 30°Col A 1EFHE<L AAA . BRERE O
4Hz T.GY. BE#(Trypton 0.5%,
0.29%, yeast extract 0.5%, K,HPO, 0.1%, 2%
agar, pH 7.2)¢] A streaking methodz o] ffi
FELHESE o e

Agarifi Lol A B Bk R M Ak
3= WS EMs . MY broth(malt extract 0.3%,
yeast extract 0.3%, D-glucose 1.0%, peptone
0.5%, pH 7.0)c EEfiste] 30°Ce] A oscillation
12002 1HR A gEEAZch. o= JHEkl=A
AZ(Disfoan-AZ(16-20-20R). AV. HW. 2117 H

D-glucose

Ak &t clouding point 19.5)% 300ppm
fEHs A,
o] B e MEo R st & i 95mld
#EHE smlE jnshe %z‘f’_ o] A R\ A 2l vt
A A T REWE AT A
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st aniline blue Jjkow SHEstel HERES

et curdlan-typed] SBAEBEEE A&
SAF-C-B, SAF-S-Bu} 3tar, AEB%S Hlss
succinoglucan AFEEEiEE %% SAF-CW, SAF-
SWatg = SAF-CWE Fhstsl Ehe 73
o},

PY#%i (peptone 1%,
NaCl 0.5%, agar 2%, pH 7.2)%
4t}

(2 BREE: BAE gKke Bergey’'s Manual'®
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Jitkel Wt A Y.

(3) SRS AEs WESH A WA

yeast extract 0.5%,
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of Bacteria”®
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H Wgre #EFFo2A = yeast extractyl 4
Bl A (NH)HPO & Astd =l & Eh
ol 4 = R Distiller’s Dried Solubles(D,
D& HslzA st EEA4 DDS.§ EHR
Be® st HmE Emags. &% Xanthom-
onas campestris NRRL B-1459¢] &% xanthan
gum g AE D.DS.& sty & 9RE o
% 7}\0] %&%% H]— 9)\4.15,15,17,\7,1&

500ml —=#4 flaske] 95mle] yeast extract® %%
#(glucose 495, yeast extract 0.5%, CaCO;
0.5%, pH 7.2)%} &REH® (glucose 4%, (NHa)z
HPO, 0.5%,KH.P0, 0.1%, MgS0,-7H,0 0.05%,
FeSO,-7H,0 0.005%, MnSO,-nH0 - 0.002%,
CoCly6H,0 0.001%, ZnCl; 0.001%, CaCOs 0.3%,
pH 7.2)s} o} 3fifES} D.D.S. L5 AP
D.D.S. ; glucose 2.5%, D.D.S.0.4%, K,HPO,

0.5%, HgSO¢-7H,0 0.01%.
D.D.S. @; glucose 3%, Liste

®
D.D.S. @; glucose 4% D.DS.0.5% CaC0s 0.3%
§ &% dx ZAe e Howeld 18R kEl
5 5mid & HiEst 30°Col 4 5HRM AYHE
Al gt )

BEWEY FE7 ForA w4 1AAAE  oseill
ation 1202.8 &=z 1H# HEHE 20022 AT+
£ @A 2 vt

SH# HEWS FEA EotAl F b e
oz AEY SRS SHs .

o]l & £9 IN NaOHE jnste] Bl
% 10,000 r.pm.ol A 1058 SBOSEEAA W
pue oEdl ¥ B2 BB 3N HClz 4]
713 ©hA) 10,000 r.p.m.oll A 1050 SECSEESH
o WS A9 oA S KEKE RO E
&l 38 PEdESt L acetoneo 2 fRkAlF F R
et pol A BARAR . o g 2L BE
g2 Nakanishi® 42 curdlan-type?] %pholz}
= st d.

B A B S kst z @ B 2ff
of f¥3+& 95% ethanolg 2959 KClwt 3ha) 3
T oolw R T REHEMHS 10,000 r.p.m.of
A 105 EOSEAAA At

© W% &

o] A& acetoneo @ JfikAly L EBETEWEHREE
fEmste miA AL, o ALEHS Nakanishi®
42  succindglucanel gtz W&o, B2

curdlan-typeg] %43} succinoglucang [Ejigel] o}

% hEds HEdA A9 SHEEE SR
#:0] 9l 0| succinoglucanzt-& A9 F&ZIA 4
Bt ekl A BEEd BEWE Hs 2L HE
o2 EEG #E Es) L8 curdlan-typed] %
S 4fEslez NaOHZ HiRshe REE AWt
o e Fe WO AEE LWL SEHY
=
£ES HEEA REY RWAE md 252
Est= 10,000r.p.m.0.2 104/ EO5 EESH
BT brEE % BEWel 2f59 ethanole 2%
9 KCis 34 mad |EEnE WA &5
agare) 2 £q HAEE AT 32 AL KEA
A adgich. Yok Ze EEE AA odelal Ao
KEM: %%EQl  succinoglucano] 9Tt » 23ty
‘D}-,z’S)

EOHES 5L BREE BLSHAAA 22
B s A Birg Call:z Hadz
ozt ol & EEKE MEAZ # 1,000 rp.m.2
2 3450 mosEd o2l CaCOs% KrEstdrh.
Aelx BB AEkE 2E S B BETER
el A 90°Cz Bl 2 wl7R Mgt

(4) $5T 8 : Fehling-Lehmann-Schoorl #i1®
o ket skl

(5) #IEsp®: 25% aluminium sulfate §-oYf,
95% zinc chloride -8, 15% scdium chloride

o, 5% sulfuric acid, 5% nitric acid, 5%
acetic acid, 10% hydrochloric acid, 25%
phoric acidg ukE¢] succinoglucang 4ET %
EWS BEE e o Ak BEE HEBEE
shgleh.
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HiwiTie) wolrol: 3BEME MM SEES Yo
o5 SUEiRHE M.Y. brothe] Befstz 30°Cef
A 1B shaking cultureste] FEEFES SERLEHY
2 o] & startor23tz 5%% [A—T K] BE
k=] 40 30°Cx shaking culturedlsw Bi3%iE
2 WEE WEHEKStd REHES JetdE 28
HE BHSt= TN gumEel curdlan typest
AEt: gum’E typeql succino glucang [FEFo] &
o] sl E SAF-Cel SAF-S EigE EEsy ).
=3} aniline bluepkel] ¢dte] 28#el ¥ gum
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Agmbactemum radwbacter o 9 HP Fi A AL

TAEERS HlgETeet SAF-C Eikdq A4
succinoglucanak& A FES = Btk SAF-CWE 3
gt

2. SEERS HED BR

SAF-Cs} SAF-So| #ahe] Juiesdny, Siaemmy
A HRER %ﬂf-‘ﬂ"i& RSkl Bergey’s
of HHAZL #535 | %8l EEE
A Aoz &g o+ P Wk wABER Rt
(Taxonomic description)& o234 ztc). JPREEY
0 Fetke 3 Lo, HEEM e £ 24, 4
BHERL Hriho] HBlel= | O3 WEEEEER oSt
Be B ogas ApRel HBtE £ 4] A% Fsst
drt. o] BEHES BTE WHGEHA de gramfg
#E o 2 Fukels ZolE 0.6~0.8X1.5~3.0um
ol i, WEpiko] omy HEE JAE FALR
4 7

Agarfipfiel A 9] WL
smooth, glistening, translucentd}z fAFE=

manuall®

i, Agrobacterium=-

circular, convex,

AR
A grokvh. zeld, T.GY Bguiel A 30H ZbeF
AvVs #WEg w2 EEHS E5ee AZA o
Ebubeh. ] SAF-SE BEEM F5-o A
nutrient agar i kel A Ko =Zr)E EHEKo]
l.2mm AEE A& o, HMEERRS 24~
36ElE ok BE= = pellicles Bpdtt.
Huagsg Rk @liform)e] s stab  cultured]
A= el vk. S AF-Cx gelatineg  gCHERIA)
ZF WAEA 7)o SAF-SE Ae BLAvA 9k
T},
Table 1. Morphological characteristics of isol-
ates from bean stem and roots.

Isolates  Size(w) Shape Gram : " Spore

hty

SA" C 0.6~0.8X1.5~3.0 rods — + —
SAF-S 0.6~0.8X1.5~3.0 rods — + —

Litmus mitks ko] ==
E A Sl obFu BLE viebiA

—rl 17r )/ O—! /J

pellicle-&  JgBS}H
ok otr),

7BAL ws =z alcohol lamp
flameo 7 FHES BHET % 7~8mm FAE
frste] x}Z s petridishe] do} HEKE 4% 3
A & F EEA HES Aol o)X e R

B3 AL A EEEE A e BERD R
SRl SAF-Cy 24 asdg 2%, SAFS:

,190% BslA B A o

Table 2. Cultural Characterstics of
from bean stem and roots

isolate-

Isolates Nutrient agar colony Nutrient broth

SAF-C Convex Circular Smooth pellicle strong
Entire Translucent or
opaque
SAF-S Cenvex Circular Smooth pellicle strong
or Straitform Entier

Translucent or opaque

Gel- Nutrient Litmus Tw-

Nutrient agar slant atin  stab  millk een 80

Moderate fiiliform
translucent or
opaque

Slow Rapid Alkaii -

Moderate fiiliform
translucent or
opaque

none Rapid Alkali —

Starch lique Potato soft Growth

Casein Levan

faction rot at 41°C
— — + 2/3 rot —
— - +  9/10rot -
Growth at 4°C Pigment Color
— - white
— — white

Malt extracty} yeast extract peptone Brhh,
= King B b glycerin
10ml, KH,PO, 1.5g, MgS0,-7H,0 1.5g, Agar
20g, 7giEx 1, pH 7.2)] A WAFES L&
al 1Hwke} A9 o AAFgtot nutrient agar 5§
Hool A & B Aol A 2k A AR

Sucrose® 5% g8k nutrient Hiiy bo| B
ste] 3E el & levanst 2 priri e
slojube mre] SENE KT AL

G e

Indole& A 3LA|
BEld s uread ik fEsiel nitrated BELEHA
o=y, casein, starch, Tween 80% Zfgsta &
skrh. NHeZ:  AReEhA @,
test= PEM:, methyl red teste

(Difco peptone 20g,

Iz H

5%73]

ok 31 hydrogen sulfided

methylene blue
23N
Bot g ek et

Carbohydrate-peptone-beef extract IFihel 4

Voges-

Proskauer test:
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Table 3. Physiological characteristics of isolates from bean stem and roots
Isolates Oxidase Catalase H,S NH; Nitrate reduction NaNOQ, KNO;
SAF-C + + -+ -+ + -
SAF-S + =+ -+ + + -
Indole V.P. test M.R. test Urease Methylene Blue Citrate
- + - + + +
- + - -+ + +
malate Fumarate lactate

notes: V.P.; Voges-Proskauer
M.R.; Methyl Red
=+ ; used questionably

Table 4.Acids producibility from carbohydrates by the isolates from bean stem and roots

Isolates Trehalose Xylose Glucose Sucrose Mannose Starch Mannitol
SAF-C +N +N 4-N +N +N ~N -N
SAF-S +N +N +N +N +N —-N —~N

+: acid produced
—: acid not produced
N: NO gas

S FAst gas Apkglol Mg ARSI (s
xylose, trehalose)
o] &3kA gt on

, lactate,fumarate,

sucrose, glucose,
citrate= o] &3}t KNO;&=
mannitols. FIFs=] ¢gke
melate %8 pFF o2 FIASA ohsket. FRM
olx EEEEE 26~30°C, 4F pHEEE 4.2~
12.00]9 @ pHe 6.5~8.50 3Lt

AE S} citrate® FFst=2  RhizobiumE
EAlE 2 ERFes aminofg S FAIH =%
nitrate® \xste A F9 Ko Hol Agr-
obacterium rhizogenes, Agrobacteriumt rubio}
E 3=l 52 tomatoo] P& BFEI MR, gel W
BAA &E Ao £REFo R BEMAHIonE,
Agrobacterium tumefaciences} BT T Urt.
.3V, litmus milke] #{pe} lactate, fumarate,
malated FlPE+R] %+ A o] Bergey’s manuald]
oA detd mEEY ot o) Nakanishi®
o] {k3tw Agrobacterium tumefaciences)
lan-typed] %¥& A& AESA KWL
EEA AEDTr sy ®ESdEY o BifkE AE

mannose,

curd-

gz

phe] curdlan-typed] LBEEE A@Estez o H
grol At Agrobacterium radiobactere) 3k
B & AuxlS & 5 9o] Agrobacterium
radiobacter SAF-C, SAF-Sg} HaEstg .

3. ZEEC| 4l BB

Agrobacteriumfgol B3t Btk A HHE
¥ AEE#E Nakanishi®, Harada'Voj {ks}4
yeast extract ¥ 2 FHRIEHME FMAsd =
-2 DDSZ ulF .z glucose 2.5%9 e
SAF-Cs} SAF-Sg& #ES &Rt & &6 2
o}.
L84 SPEA RS H#iste SAF-Cx SAF-S
B2} o FE MBS MR HERE £EY 7T Y
At

SAF-CE SAF-Sxt} curdlan-typee] polysac-
charideg} succinoglucang o] ol HA:gEg ke
HmELe ol Aol AESEERY EHEEY
b g 24 delge=z SR E AL HR
T+ At

Curdlan-typed] % g o] = succinoglucan
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Table 5. Formation of Curdlan-type polysaccharide and succinoglucan by the strains
of Agrobacterium in D.D.S medium

Isolates Apperance on Curdlan Succinoglucan
AB plates mg/100ml Yield(%) mg/100ml Yield (%)
SAF-C White and Blue 458 18.3 225
SAF-S White and Blue 416 16.6 200
Isolates Dry wt of cells ?olysaccharides/Dry wt of cells Rgels;liggsael
produced mg/100ml cardlan succinoglucan ts(;tcztzlhg?ilgé mg/10ml
SAF-C 129 3.5 1.7 5.3 8.2
SAF-S 180 1.74 1.1 3.42 76

Tap water was used
InitialpH. 7.0
Medium: glucose 2.5%, D.D.S 0.4%, K,HPO, 0.5%, MgSO,-7H,0 0.001%
Incubation: 5 days at 30°C Oscillation 120 in first 24hrs
220 after first 24h
& MtEeldl succinoglucan o] fepisted 2 & AEEME vebd o gle
HERSY pHr} 5.9, 6.00.2 #Eoct. BEEL AB plate o] B2 Wzislsl  curdlan-typed)
e B SAF-C 2.5%9 glucose® A9 o}  &HES LES}E FHEo Rl succinoglucang
sty Eu) Kate] SAF S 0.76%9] glucoses LA E At Wige] Hatel 24 Ao BB
g3 sle A g %fmsoﬂ LA Bz SAF-C oA & curdlan-type?] S4JE o wo] 4t
7t SAF-Sieh 27 et 22 BEY 4 A = 3

T = Aoz vebyrt
t}(35.4% ¥ 26.49%). 1?4_:7:, SAF-SE g% Succinglucan=}e] A EEHS or] $8he] suce-
W Hbel S WEE 2.5% UTE WA 49 inoglicang 2F o wel Jaehi %w SAF-
Table ¢. Effect of crude organic nitrogen sources and inorganic salts on polysaccharide
and cell production

Polysaccharide Produced

Isolates Nitrogen Source Final pH
Mg/160ml Yield(%)
(NH,),HPO, 6.6 400 10.0
SAF-C.W. Yeast Extract 6.3 914 22.9
D.D.S. 6.6 382 9.6
Strain Dry We1ght of cells produced Polysaccharide/ Residual glucose
mg/l()OmI Yield(%) Dry wt of cells mg/10ml
25 0.63 16.0 —
SAF-C.W. 227 5.68 4.0 10
372 9.30 1.0 238

Tap water was used for yeast extract medium and D.D.S. medium. Distilled water was used
for(NH,),HPO, medium and other mineral were added.

Basal medium: glucose 494, nitrogen source 0.5%, CaCQOs; 0.3%
Incubation: 5 days at 30°C

oscillation 120 within first 24hrs
oscillation 220 after first 24hrs
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Cs #sty AB ﬁ&ii BERES SHEsd
SAF-C.WE <19t},

Hfs colonyql SAF-CWgdll 3l $lo] SR
g A fEEe ERES SR E Y HEe ¢
olry] Hte] HREY HRES =T A I
FHE wbEo] SAF-C.W.B B:fE, H#Edd o8
# 63 2L #HREE 9.

Yeast extract® ZFEFEo 2 = FHilA o
E ool EERRC o & S AES e
REE B A8 S8 4B, glucosed]
WE 9 EEY EEe #be 2% 13 2o

e—e glucose
»—>x cell yield
A o—a polysaccharide K0 o
yield sl
£
€ 2
g o
3 D
- =]
i 2
o a
= s
2 w
£2 03
g ¥
8 52
: 0 &z
0
0 T 7. 3 ¢
Time {day)

Fig. 1. Time course of production of polysa-
ccharide containing succinic acid and
cells of Agrobacterium radiobacter S-
AF-C.W. in yeast extract medium.

99 RS Haradal®e] FhEESE ot
o (NHy). HPOrT% BHEFOZ I ARE
A AEL & ZpEe) BEL Agxul AER %

Y EREY HEe BRY HEE A ek
et

ol e wRE E ERIAALE BRAA U
th. D.D.S. kel A SgEe] AEE b ¥R
Ak el WS E3kot. adEz, 9 T
D.D.S.&5ie] MRS HEgmd <¢2ed ¥ £
A ct. pHy Eaf:%£%EQ] succinoglucan?] LER
3 —stz gt ’

D.D.S. Oisiol A SAF-CY 2t £MERAEES
o Hestel D.D.S. @Eiho] 4 SAF-CW.o] %5
HpERe] T o)A glucose 3%, D.D.S.0.4%,
K.HPO, 0.5%, MgS0,-7H,0 0.01%, pH 7.29
e 712l D.D.S. @EmE HAstd 2ES £
st % 73 e BRE A9+

pHel #Lrt e AEEgad g4+ g3A
ul o e &S AEY DDS @M v ¥
< pHE Vel g+

e #Ee £ES AEste DDSHe E
Be D.D.S.@E#e] Aol D.DS.QY Axnc 1
A o A EEEgdes o4 Callrre
K.HPO, 9} MgS0,-7H,07} o] 537+ U9z gl
ucoses] BEE 4%E v 377} o EEstthe
AL &+ Aot = BEES EES B,
2.5% HM4t7F 3% E.k © W%Hﬁdla} < = dA
o},

D.D.S.@#Hol A8 &4 kiBHEE 24.6%°1%
= BEERsNel =¥ SMEEAE. slucoseli#: %
HieEmEe #ite ¥ B9 2o

4. WAk

BEHRY KR HWild AT 2% BKs
o] MRS EEEY A8 £33 Heks v
eju9l.o.m curdlan-types] %S HEd SAF-C
o] EERKT M SAdE 8 gEYe F
ety o, =8 SAF-SY EEFIAE %L &
o gwEpel frfestdh. WEW-E TN

cur-

Table 7. Comparision of D.D.S.(2) and D.D.S.(1) medium for polysa ccharide and

cells productlon

Dry weight of cells

Polysacc-  Residual

Polysacharide produced
Isolates medium produced haride/Dry glucose
mg/100ml  Yield(%) mg/100mg Yield(%) wtof cells (mg/100ml)
SAF-CW DDS(2) 739 24.6 140 4.6 5.3 90 6.3
SAF-CW DDS(3) 382 9.6 . 372 9.3 1.0 238 6.6

Tap water was used. Initial pH 7.2

D.D.5.(2): glucose 3%, D.D.S. 0.4%, K.,HPO, 0.5%, MgSO,-7H.0 0.01%
D.D.S.(3); glucose 4%, D.D.S. 0.5%, CaCO; 0.3%

Incubation: 5 dyas at 30°C
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e—e (giucose

»—x cell yield

o—a polysaccharide

3\ yield

lysaccharide

AN

=
glucose to po

Glucose concentration (g/f00mi)

5%
\ :T,;
\ o=

- 4] v
] e g3
- 2.
85

—
0
1 5

3
Time (day)

Fig. 2. Time course of production of polysa-
ccharide containing succinic acid and
cells of Agrobacterium radiobacter
SAF-C.W. in D.D.S. @ medjum.

dlan-types] el A - ghv

fEHe2 D.D.SHE succinoglucan 4: o]
HMEol B ek, T8 D.DS. @] K
BEE w BEkERES 0.9% Hed e
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