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A bacterium, which produces an agar-like gel-forming polysaccharide, was isolated
from soil and identified as Bacillus subtilis FT-3. The optimum culture medium consisted
of 3% glucose, 0.3% NaNO, 0.01% yeast extract, and other inorganic salts ; the optimum
culture conditions as so far tested were 5 days’ incubation on a reciprocal shaker at 30°C

with 120 rpm.

In these conditions, FT-3 polysaccharide was obtained in a yield of

4.5~5.5 g per [ of culture broth. The FT-3 polysaccharide (more than 1%) forms a gel
when heated in aqueous suspension to 100°C for 5~10 min and cooled to room
temperature. The polysaccharide was an acidic one composed of glucose, galactose, fucose,
and glucuronic acid in an approximate molar ratio of 2:2:1:1,
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%, MMEGC K DERL, BHANKIDELT 20 DY 5
EXBOEBERTBEID, BASERESIRTHED
EHTH5. TCTEEHSIL, MBI DIERL, £
Biciad 5 R R VLT 3, WOWEER
BoMURSHERTEELENE L CAEROREE
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* Bacillus subtilis FT-3 04T 2E58ICET 3
ot (38 14k)
Studies on the Polysaccharide Produced by
Bacillus subtilis FT-3 (I)
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1. BHHROSE

(i) —RRVU—z=v& Bt FEXEE
SEEREL, h¥ET A 3 v ERE#ARNT, 30°C,
2~5 HRF PR ERATE 570, B 2EEZEDhLS
A > 0% 74 3 v FIEEHIC BB U SO 2
HETHAEL f2.

(i) ZRZRH Y=Y —RRJ)—=VIT
Bohi SEE#EEY S va—2 3%, BYTL v
0.5%, WL+2Z 0.5%, &} 0.15%, pH 7.0~7.2
O¥EMICERL, 30°C, 3~5 HEREEET 5.
T DEE®IEA100°C, 5~105rRERE, ZEIRICES
UTH WL DBD 5 N2 BEEEEZ R 7.

2. TELEELROEE T 30°C, 2 AMRE
B3 U7 B 1ml A ¥EHh 100ml Z4&¢r 500ml
BRE7 5 ACHERBLT, KERETL - RE
B33, EREE (RIE7em, 120E,4) Z2#H
L7,

3. R=)S—=HPATMIS5T 4= <R—y¥-J 0=
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Fo 5 74— (PPC) BEAFHE No. 51 ZH0 ER
BT -, ERUBBIRELS PIT IR,
A BRIFAN—EYIV—FR—K(5:5:1
1 3)

B T Fr—rE Y Prv—K (12:5 :4)

C n-72/)—n—EY)IOvy—K (6:4:3)

D 7x/—wnm—K(5:1)

REFENL, T=) vKETEZ - VEREERL .

4, HZHIATPIS5T74— (GLC) HERF
BB E FID OKREA A VRIEE) 2D AT 0B
HBGC—4AB 0=/ 5 7280, #7413
Ei%&3mm, EX2m @ SE—52 (4%S E—52 on
60~80 mesh Chromosorb W) #3324, 4+ 1) 7 —
H2iE N HRERO.

kN, 3BEM A& ) — VEMZEER, 80°C,
16858 x & /Y ¥ &P 2T, DWT R 2kE
%, Sweeley 5® OFHEICELT b Y 2 F v ) ik
(TMS 1) LT GLC ¥ & U1,

5. MEORE HARoMER, A X7 FEE
EaEr (10BN 2R 25°CTHIEL 2.

ZE R B R

1. BHEEFOSMME F--R2/7)-—=vJick
D rEEEE 320405 2B0BIERE SN, ThED
BRREE R 7 ) — = 7 Ic X DZERIL 2. Tk
B, BEREL A% SRICHBTIZEICEDT v
{EBBEDSNBBEME LT, 1—HFT—301E5
.

Table 1. Morphological and cultural properties of the Strain FT— 3.

1. Vegetative cells

form : rods, not in chains, uniformly stained

motile

motile by means of peritrichous flagella

size : 0.3~0.6%1.0~2.0 microns

2 . Endospore

spores, 0.2~0.,3X0.7~1.0 microns

ellipsoidal to cylindrical, central or paracentral

3. Sporangia
4. Staining characteristics
gram : positive

acid fast negative

5. Agar slants (24 to 48hr at 30°C, Difco media)

not definitely swollen

growth moderate

form : echinulate

consistency : viscid

chromogenesis cream-colored to light brown
6. Agar colonies (24 to 48 hr at 30°C, Difco media)

form : circular

surface : rough

edge : undulate

elevation of growth : raised
7. Gelatin stab

growth best at tops

liquefaction crateriform to stratiform
8. Glucose agar slant

growth moderate
9. Growth on potato agar slant negative
10. Growth in 7 % NaCl broth moderate
11. Growth on soybean agar slant : abundant

12, Growth in glucose broth under anaerobic conditions

growth scanty
pH : 5,5
13. Milk slowly peptonized
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2. ABEFT-3 OEFHUR HECRED,»?
FT—3 o BENHEL #~e. BEtE%
Table 1, AF¥HMHE4 Table 2 ITRYT. T
%, Bergey’s Manual of Determinative Bacterio-
logy 71 (19574F) IHE, SEE¥ Lo BAR
UK. ARERTFKEORET, NAERTEERL,
77 L3RG, REMIOEEI 093 70 v PIF
T, THEERMHTICRIABL, HBRELETL, X
2 —F % Bt 5, sporangia 13 B SHC 5 37T
W, BKEHT v - ABEHTRAEEBSA LN
W pHETHALNIRNC &, KEEXEHTOE
BRBIFRCE, BETTvh ) o THikE X
DHARERBLNITNC ESEOME LY  Bacillus
subtilis BT 2 EBZ X D50, KR F Mg
HWTOEE, 7T/ BOBEBLLAENTE, T
BRSNS BHEAEFET 2 2 LS DAT type
culture S &7 572, Smith 5¥ itk 23+ 7 vBD
B, ®RF P ERToOEB ORI “variatian” 1T
BWOHIBETRWEINTVLIOT, ZoRIKERTH
X, Bacillus subtilis OEFEE HEZ SN, —iG
Bacillus subtilis FT— 3 XREL 72,

3. BHAEEZUOBRN FT—-3#oflotE
KHERET U, AEXNIEHEEL, EEBRAER
KT 4~5EICHHTFLT21,000X g, 605MEB LR E

%, FEKIC2EEBDOT 2 mAed a8
hAEED T & b ThIKE, ALY v ETHES
RUSHRLE U TR, S¥EEREORIITI,
TRAY ) = I REMEEA S U4 ORIRIC
DINVTREANIKER, 7/ va—x, FR2MY) v, &
—FBRRBIFTHY, DT =Nb—2X, K77 -
Z, AV b=, Yarsuv—2Z, 77 b—RDIEIT
HEBIIRL L. 777 b-R, ¥¥YB-RTR,
FRAEEENA LN s, T va—XDORBEE
BKIBHBTH 7. BHRIETIR, RYT b+, BR
42, NaNO, KNO, &2 BiFcdd (NH)-
H,PO,, NH,NO,;, (NH,),SO, NH,Cl &p7v=®
=Y LREDERFE TR, SPOLERBALEDOLN
Brote. X, €3 Fv, ©2 I VEEDRERSD
Foro ERIRDIL x5 Fo. ¥IE pH I3 6.8~7.4 3RIT
Th -7z,

Pt oXpERES LicLT Table 3 o&SamMREH
AHFELI. C OREMICBY 3o EREL Fig.
LITRT., ZMOLERBIIER4~58TEEERY
4.5~5.5 g/l OEBMEHE SN

4, BEOSBES HEREEBKT4~55C
AL T 21,0008, 60 OKRER, LERIC2
ERBOT & P yAENMAMSIELSL. DEICCo
EEICEBKEMZR 0.05%icEHL 40,0008, 60

Table 2. Physiological properties of the strain FT—3

A . Hydrolysis of Starch ««+-see  eremeeimiimiiiiii i positive
B . Hydrolysis of Casein -««t-«eserresrerermtemmiiiiinii i positive
C . Production of indole ««seeseeseermmmmmmmmiiiioiiitr it negative
D. Production of H,S «receerrrmrmmiiiii positlve
E. Production of acetyl methyl carbinol - ee  eetrerresirimiiiniiiiiiiiinie e positive
F . ASSimilation Of CIETate:-teeeceeeesseereremmrumintitertriiimiiiiiineesertiertreranisoneeareannes negative
G . Utilization of ammonium Salts «ctoeverrermiiiiii positive
H. RedUCtion Of MILTALE ««+r«-ccrseerseserureruunettnmsetmntremniieemnestmntnimtiioe. positive
I. Reduction of methylene Blue ccccieerereiiiiii i e s negative
J. Reduction of 2,6 dichlorophenol indophenol ««+« vt eeeveriimiiniiiiiii negative
K. Methyl Ted test «teereeseetesmetemiitoittenii ittt positive
L . UIease CtiVity -+«ce--rreererersrsreermumtoniteenitaaiiet it s st e s s e e e e sannae e negative
M. Catalase ACHVALy:«««+ «eersretreermmrmirertte et ettt positive
N. Reaction t0o free OXYgen «coerecreerermtntimitiiiiiiiiiiii e aerobic
O. Production of gas from nitrates under alkaline, anaerobic conditions -++-++-ec--¢ negative
P . Fermentation of sugars

Weakly acid but no gas from xylose, glucose, sucrose, lactose, galactose, mannitol,

sorbitol, and inositol.

No acid and no gas from arabinose, inulin, raffinose, glycerol, methyl-P-glucoside,

salicin, and cellulose.
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Table 3. Optimum medium for the production AR LS, EWELEED, BU 40,000 2 T 6044
of polysaccharide. BOBRMS 5 BICREEME, 2EERODAS / —n
Component % EHEMUTESWELERS .. CoSHMEBUERK
Glucose 3 & LENMKITH L TETH 40,000X g 304 H%E
NaNO, 0.3 DL LR OSELIRERL THRBSEE
Yeast extract 0.01 o ATORMICI, OMBEROL.
KH,PO, 0.05 5 MUEAMROH—E
MgSO0,-7H,0 0.05 (i) TEAHR ABRoOTESMTEMAY CH
FeSO,-7H,0 0.001 N-corder MT—1 2B REL . C=42.03%,
MnSO,-nH,0 0.0005 H=5.63%TERIT AT,
pH 6.8—7.2 (i) MEROFF XREE U BREEE (pH
9.3, 1=0.1) iIKHML 0.1%& L, Beckman $=x
vy a EREXLSESERV, 52,000 rpm, 25°C
 Srowth THFLI. 2DV 2 ) — Vv Y XEROLR <2 —
(ODgg0m! 0o % Fig. 2 it;RT. HBH—0V -7 0sa 2B 508
= R BOMICHE D E—EWETFBENE.
§05--3\‘\ o[ 80 S (iii FEUOIRNAR B HITB—2 ¥
2oal O A - €Y v RRAKBERERL, SWH 0.2%0+ v BiE
B 2 & ¥ (pH 9.3, 1=0.1) T 6.4 mA, 20°C THE
S I BEE L7, Z20i#,t%— % Fig. 3 iRd. WbR—
g021 o e |20 e~ DHHE S NRMKRINIC b 72 DI~ %
g0 Ry WIFREN5. 4B pH 4.5 ONBREEK THR
T s 4% BicB—ovr—-s85hi.
Time (days) 6. 3‘0”&.

Fig. 1. Time course of polysaccharide formation
by Bucillus subtilis FT-3,
The medium used was the same as in Table
3. Cultivation was carried out at 30°C on a

(i) EaERRmICidME BHoTvzuevR
s 7 =/ - VBRGSO, i'h
b, 23— FERRRETS -7, Tk ER

ﬂhﬂlfinz culture. KTRANY VER (A FARV =X, TuvR),
Residual sugar ‘was assayed by the method of B rt— S — VRIS (0 vER) 138B#, Elson
Nelson-Somogyi. . - e s

Hn crude polysaccharide ; Morgan ﬁw\ (7 B /H)’ =/EF ') /ﬁﬁ-‘i ﬁﬁ
O—’O) grmth H """"1 pH ’ .Ci)"k'

O©—0Q, residual glucose.

(i) R=1=HATPIIV 4 —ICLIMREM

L

Fig. 2. Sedimentation pattern of FT-3 polysaccharide.
The direction of sedimentation is from left to right. Photographs are
shown at 85, 90, 110, and 120 min after attaining a speed of
52,000 rpm. The polysaccharide concentration was 0.1% in borate
buffer (pH=9.3, I=0.1). The temperature was 25°C.
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DM BE 200mg ic 2N H,SO, % 10ml fmi#
%1$100° CTIAKDIML 728, T oRfric B 30K
4R % Nelson-Somogyi ITRNLEZ A, 3
~5RMTR® LD, TNl EOMKIRTIISNR
T2 EMHBL. F TR RERIT 4 Rl &
L. COMKMRBICHB/ Y U ad A ThinT
3. HEURHKBRYY U AOLREBEL 12RB Y ¥
LEBRERREL, PPC 2Tk, 1HELTH
WAICEY 3 RegflieRd & 127, 100, 90, 36T, £
NENHREE L MMBBORR LD, ASHIZT 2
-~z (125), Zwva—2z (100), #32 +—2Z (90),

(3)

(2)

(1)

Fig. 3. Electrophoretic pattern of FT-3
polysaccharide. :
The electrophoresis was caried. out at
6.4 mA and 20°C. The polysaccharide .
concenfration was 0.2% in borate
buffer (pH=9,3, I=0.1).
(1) 0 min (2) 10min
(3) 30 min
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Fig. 4. Absorption spectra of uronic acid by the
thioglycolic. acid-mannose-sulfuric acid color

reaction.
Hs
©—0., p-glucuroni cacid ;
©®—@, p-galacturonic acid.

hydrolyzate of FT-3 polysaccharide ;

vovRk (36) 2a@bboLEEIhk. LT Re
OEDEH/NENY o VERIEERMNL, S/ ovRR
», HI7FanvBhWThdho Wil EETH
b, ROKFETHRELE.

(i) HAavMOME PPC ovoryBRHEEX
AEERKTHRHELN 100 2g/ml ORBEL, F2
ISra—- -V ) — A-FHREEMY 278 -7
Fig. 4 IKZ0BRA~7 b vERT. BETIIAS
Dics v a Y BOKRBRXHRD S HBKY o VB
B ryBREERINE.

(iv) HRHIATMI 37 4 —=ILLEMAMDK
H Plko PPC ORRX O BERMEIL, Sva—2X,
HF3Ib—2R, 7a-2x, FrrsuvBRE #HEIHL
fo. XK COREHELDSIDIC GLC 21T -
7o. BELTFT—38M0x %/ ) ¥—FERV
TMS {t#, GLC %(ffii-7. #FE% Fig 5 R
7. Mo&¥—7 a b, ¢, d i3, £hThBMENED
7a-x, 32 b—2, FYnva—-x, Snvravg
ol EEFMick < —FKL 1.

(a)
d)

Detector response

Mo

6 10 14 18

Retention time (min)
Fig. 5. Gas chromatogram of TMS derivatives
of methyl glycosides obtained by methanolysis
- of FT-3 polysaccharide. )
Operating conditions 4% SE-52 on
chromosorb W in a 3 mm X200 cm stainless
steel column, temperature programmed at
120°C to 180°C at a rate of 4°C/min, hydrogen
flame ionization detector, nitrogen carrier gas
‘at 30 ml/min. (a) fucose, (b) galactose, (c)
glucose, (d) glucuronic acid, (e) sorbitol
(internal standard) -
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VEORREIOFT—3£8iI, Sva—x, #5
Jh=2, 73=2, SV uvBEBBRRYETS
BRUESHTHIEBBHONEL .

(V) HBREIZO\WT FT—38HoMRL
RRETBICHIY, Fig s o x7 = 7/54h
582, MUL¥—-70BohW I v oy BER
&, 7a-%, #3737 =%, Srva—-zofER
Wiz, BHAMEBMEICED Yve b—v 100 ug iC
9 HEMMNE 100 ug DA F / V¥~ PDE—I &
DREMERD. RICFT—3 M 450 ug O » 4
V) ¥— DS BOLNBEY— 2 2RERLDRD:
ETBH7a-269.1 g W72 F—2Z 1505 pg,
Sva—=z 147.5 pg BBOH, ToENMIT, B
2128t

Twvray BRo BRI, IS — o HREE
EWEROE. BRELT, Sva—-2, H57 b —
R, 73—-2%2:2: 10 vHTRLEKICS IV
7 0 VBE5~2B%HRML b DEBOBRESERD
fe. FT—3 %5 100 ug/ml ZE&LRETCORGM
ZRBRIORDIF, 18¥EIEBEBSN. B
THE%E GLC kb BALT, /vy v vyREE20%
T3 ERBEB:.

PIEoRREb, FT—3883, Sra—x, #
FI9b—R, 7a-X, nrovBsi2 2 :1
P1DENMEDSRIMESHETH 3.

(vi) SWOMBRFICREITHEROEE %
ERXE»OBONS (E%50M) SR EL
MEENEE: GLC HTRIELL. ZOMEF5 7 b -
Ry 7 b=R, YVasu—R, ?Nb—X, 4 /V
b VEEREBE LIRAR, v -2 REE
EUNRELFRALENRRRONIE D 5T, 1224
—-F, FFRAP)VOBAR, Sra—-x, H532 ¢
- ZERBDPBNEHNB SN,

1. SMOMBMAYEER

(i) SWOTYNE ABHiIZ, ERETIIKIC
BT 505, 0.5% LIbicin s LML K12 3.
SWICERMKEMA1HEL, 100°C, 5~1053AT10
MERE, BRICERT 3 ERTIR O VERKRT
3. FultoReE Fig. 6 IRT. LUy voRk
IREXICHBLT, PPHLEER, OO,
FLB/RICL D REIBIEEIN 3 5 VERREIREE
35

(ii) HREEE Union HHIS PM—70 high
sensitivity polarimeter ZHlY, F 0.2V ER
BE¥ (pH 9.3, 1=0.1) @ 589 mu TOHIEXE

2, 25°C, 2cm OBMUBLZAVAEL (e)p®=—
17° Th o7t TOBBEMKIRT 5 L HEEXER
s30T, IMBWTHEI/va-X, H57 +—
208 p-B LIRETHhIL C 0B WD WEREOKAHR
R, BRENBELTH B LTSNS,

(iif) THMOREEIIEE RNELHEOBRKE,
Fig. 7 iR, FT— 3 SHKERKIZHERD CMC,
27vezv b, BEDICHWEERL ..

= N

Bacillus MO EMW LLEEWICI, Bacillus polymyza
No. 271", = Bacillus polymyza Cy%, Bacillus
strain F—573%, Bacillus polymyza var. lactovis
cosus'® Hx rMONTAB., b Bacillus MDLE
ETI5MI, —BRICBREELT, Sva—-x, &
S =2l Srro BRSOV VBE
BETECENBOONTV S, EESOFT—3%
BLCoATIE, Thdo Bacillus MOSWRICED
L7z, ULbbic, FT—3&MWMiz7a—-2x%24FT 53

Fig. 6. Photograph of a gel formed by
_heat treatment. ~

Three ml of an aqueous suspension of FT-3
polysaccharide ( 1 %) was heated in a test tube for
10 min in a boiling water-bath and cooled to
room temperature. After standing for 30 min, the
test tube was turned upside down, then the gel
formation was tested.
The tube on the left of the photograph was
heated ; that on the right was not heated
(reference).
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Bacillus subtilis DEFET 2 L5 659

1000

1O0r

o
=

S

o
T

Viscosity (centipoise )

i

02035 05 10
Concentration (%)

Fig. 7. Viscosity vs. concentration of FT- 3
polysaccharide and various gums.
Viscometry was carried out at 25°C using
an Ostwald viscometer.

@®—@, sclerotium polys. ;
o—O®, CMC ;

©—0©, xanthomonas polys. ;
O—0O, FT-3 polys.

STH#E O Bacillus BOBEEE R 7. 73—
EETERIT, BE, 0 RRESPIURCRED S
n25, METIE EN Zofisx Liiv,. 675
LGB T2, Corynebacterium sepedonicum, Cory-
nebacterium insidiosum, *© Lactobacillus bifidus*
i, %177 aBEETIRBAERN [CFEESE
50CHkY, Bacillus B B 7a - 20 FE
i, VIERHSATHRENEDI>THS.

ARE¥2, 1 BLLETIEAEREL, BedT L8
FEOF VAR T 5 ABBEHOVEDTH D, K
oy vibOBRIC DO TIE, BHEETIIAS AT
WA, RO VLIS TE, BEsoEEZ D
B, MBEEHLVRFYVESOBREOMRK, 2T
RS ET 5 b TS, 2T, FT—
A v - 2ERERET RO, TOES
EKTHBRE2—F, FFRMY VERRFKTSLE
SN B BEOMRE T, S va—2EREFRELL
Baozth&—%KT 20, BRETIva—-2x, 7
7 b= REGBDPRELLY I VEREEDFEL 18D
COEEIR, ZWEOBBRBRS LS VLICK &Ik
2D EEARBRLTOS b0 EBbREKES. &
T AT Bacillus B EFHL, ROl BEOH,

FAELDR 5115 DIdAA E15<, #hIC Bacillus
polymyza No. 271 %% (gle : gal
UA=3 :3:1:2)001.58TrntdsEs:
ENTNRITERD., COBHEERBHE L LT 3
&, BREICNTS, v avBéfhohiEs o
WA Td 2RO ohic 82122 Shs Bbh
5.

: man : gle-

= ¥

FESIL, TEBI DS VERREA T T 5 S ERE
BESML . COBEKOSEF EOREZ S hic
L, BonrEiEoE—t, BEHRFICOVTRETL
ROKERATG1:. '

1 SRk No. FT— 3 o B E A BRETL,
Bacillus subtilis & [@5E L 7-.

2 S0 LESEE BREL, Sva—-2 3%,
NaNQj 0.3%, BRT+2 0.01%, EHELDILS
BREEMA RELL. COEMTO 2o &,
4.5~5.58/1 TH - 71:.

3 FT—3HEHOAETZEEIR, RO, F
€Y v RBELKKEMICHE—T, Sva—-x, 77+
—R, 7aA—R, FSursav@gys H2 1 2:1:1
DENEP LI LBUEHTHB.

4 BEECEBKEMZ1%EL, 100°C, 5~10
SEMBERL, BRICKEST 2 AN DY v
ERT 5.

EFRO—iz, BAMTEL A, BABES AL TREL 1.
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