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Abstract

An antibiotic with an activity most effective againt Xanthomonas was iso-
lated from a soil-born bacterium, which was identified as a strain of Bacillus
subtilis. The antibiotic is stable and soluble in both water and lower aliphatic
alcohols. Based on solubility, stability, antibacterial spectra and other pro-
perties, the antibiotic can be distinguished from other known antibiotics pro-
duced by Bacillus. This antibiotic has been named xanthobacidin.

Introduction

Since tyrothricin, a mixture of gramicidin and tyrocidine, was first isolated
from Bacillus brevis by Dubos (1939), more than sixty antibiotics produced by
Bacillus have been reported. Korzybski et al. (1967) have written a detail
review on this subject. ,

In the course of a research project designed to isolated the phytopathogen-
related antagonists, a soil-born bacillus was obtained. This bacterium produced
an antibiotic which was highly effective against Xanthomonas and different
from other antibiotics previously described. Therefore the organism was
characterized and the properties of the active principle against Xanthomonas
were studied. Based on the results of this study, the antibictic produced by
a strain of Bacillus subtilis was identified to be a new antibiotic and named
- xanthobacidin,

Materials and Methods

Organisms

Xanthomonas oryzae 604 was isolated from the bacterial leaf blight of rice.
X. oryzae 604" was a streptomycin resistant mutant induced from X. oryzae
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604. Rhizobium phaseoli was isolated from a nodule of Phaseolus aureus.
Micrococcus luteus was supplied by Sheng-Yu Wu, Dept. of Botany, National
Taiwan Univefsity. Streptococcus nonhemolyticus, Staphylococcus aureus were
supplied by Chia-Yu Yang, Taiwan Provincial Junior College of Nursing
Erwmza carotovora, E. annas, Corynebactemum michiganense, Pseudomonas tolaasi,
P. solanaceanum were supplied by Shih-Tieh Hsu, Dept. of Plant Pathology,
National Chung-Hsing University. The following bacteria were obtained from
Institute of Botany, Academia Sinica: Agrobacterium iumefaciens B6 (from
Chi-Cheng Chang), Sarcing lutea, Mycobacterium pseudotuberculosis 607, M. phlei,
Bacillus subtilis pci 617, B. cereus, Salmonella paratyphi B, S. swiseptifer 2267,
Escherichia coli NIH] (from Rong-Yang Wu), Pseudomonas syringae, Xaniho-
monas pruni, X. alfalfae, X. vesicatoria, X. citri, X. cyamopsis, and X. phaseoli
(from Tsong-Teh Kuo). e . '

Media

Beef extract-peptone (BP) medium contains beef extract, 0.3%; peptone,
0.5%, pH T7.2. : ,

Potato-sucrose (PS) medium contains potatoA,_ 200 g; sucrose, 15¢g; ‘péptone,
5g; Ca(NO,)s+4H;0, 0.5g; Na,HPO,-12H,0, 2g; and H,0, 1,000 ml, pH 7.0.

Synthetic medium contains sucrose, 1.5%; (NH,).HPO,, 0.525; cysteine,
0.012¢; KCl, 0.1%5; NaCl, 0.1%; FeCls, 0.00125; MnCl,, 0.0005%; MgCls, 0.02%,
pH 7.5.

Isolatzon of the antagomstzc orgamsm

The antagonistic bacterlum, Bacillus subtilis N-210, was isolated from soil
by double layer plating method. Soil samples were taken from “the rice
paddy field at Nankang area. Xawnthomonas oryzae wWas used as the test or_gan-
1sm for screemng the. antagomstlc bacteria,

Preparation of antibiotic , » : -

Bacillus subtilis N-210, preserved in PS agar slant, was transfered to liquid
PS medium and incubated at 30°C on a rotary shaker for 12 hours. A volume
of 0.1 ml of ‘this culture was re-transfered to synthetlc 11qu1d medlum and
grown for 48 hours under the same conditions. '

Purification of antibiotic

The cells of 48 hours culture of B. subtilis N-210 in synthetic medium
were harvested by centrifugation. The antibiotic was precipitated from the
supernatant by. adjusting its pH to 3.0 with 1.0 N HC! and then collected by
centrifugation. This precipitate was dissolved in a solution consisting n-pro-
panol : water : ammonium water (6:3:1, v/v/v). The undissolved s‘ubstan'cie‘
was removed by centrifugation. To the supernatant 0.1 M tris ‘buffer, pH 8.Q,
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was added to a final concentration of 0.01 M. After propanol and ammosium
were removed by rotary evaporation at 40°C, the antibiotic was further’ purified
by Sephadex G-25 column chromatography with 0.01M tris buffer at pH 8.0
as the eluting buffer. The active fractions from column were pooled and
appropriate amount of propanol was-added. The antibiotic was then salted
out- by adding ammonium sulfate to 509 saturation.” The. propanol extract
contalnmg the active antibiotic was collected and dried by evaporation..! Pure
propanol was added - to- dissolve the antibiotic. By this step the contaminated
salts could be excluded. = The antibiotic purified by these prfocedures has an
activity of 50 units (defined below) per ug against X. oryzae: .. :

Assay of xanthobaazdm

Ant1b1ot1c act1v1ty was assayed on an agar plate by usmg the paper dlSC
method Agar plates were prepared by the double layer method W1th Xantho
monas oryzae 6045%" as test orgamsm in the presence. of 1, 000 ppm of strepto~
mycin in the agar. The paper . disc (0.6cm in dlameter) was prepared from
filter paper (Toppan Sh011 Co., Class A). ) oL

For each disc 10zl of antibiotic. solution. was added W1th m1<;rop1pete
DISC was allowed to dry on parpaﬁlm before use. A unit of antlblotlc act1v1ty
in this study was defined as the amount of antibiotic present in the disc Whlch
forms a clear zone of Olcm 1n Wldth around the paper d1sc after 16 hours of
incubation at 30°C.

Characterization of the antagonistic: organism

The morphology of the individual cell, endospore, and colony was deter-
mined from single cell culture.- Properties-of the culture in wvarious.conditions
were also-described. The studies of physiological and biochemical properties,
including the effects of pH, temperature and salt concentratmn on growth the
fermentation of carbohydrates and the productlon of various enzymes Were
performed accordmg to the methods described by Salle ( 1954) and Levine
(1954).

Results

Characterization of Bacillus subtilis N-210

This rod shap~, spore-forming B. subtilis is an aerobic, gram-positive bac-
terium. The young cells in PS medium grown at 30°C appear either single or
double with an average size of 1.1X3.0 micron. The cell stained uniformly
with safranin. The cell is motile by means of peritrichous flagella. Endo-
spores.are. formed in 48 hours in PS medium at 30°C. Sporangia is not swol-
len. . Thé spore is ellipsoidal, central to paracentral with an average size of



140 Botanical Bulletin of Academia Sinica Vol. 16

1.03% 2.06 micron. - : :

Pellicle is formed on suirface of the liquid bacterial culture -when it is
grown without shaking. Slight sediment was seen in shaking culture. The
bacterium grows better in glicose agar than in broth and it grows abundant
in potato slant with a brown-yellow color. The: bacterium spreads fast on
fresh prepared PS plate and gives a dull, flat and rough surface. Moderate
growth with echimulaté form was seen on agar slant.” The bacterium produces
slight yellow-green soluble pigment in PS medium and synthetic medium.
Citrate can not be ultilized as sole carbon source, While ammonium sulfate but
not urea or nitrate can be used as sole nitrogen source. '

The bacterium grows normally in 8% NaCl BP broth. At higher NaCl
concentration up to 12%, the bacterium can grow but with reduced growth
rate which decreases as the NaCl concentration increases.. The bacterium
grows well at a pH range bétween 5.0 to 8.0 with the optimum at pH 8.0.
Optimum temperatur‘ekfor growth is 30° to 40°. There is acid but no gas from
sucrose, glucose and mannitol’ in fermentation test. There is no acid from
lactose or arabinose. . B ' S

“_As shown in Table 1, ‘thAe bacterium hydrol;}zes s'taréh,' wpept'onizeé 'milk,
produces nitrite from nitrate and forms acetyl-methyl carbinol from glucoée-
peptone water. It does not liquify gelatin and produces no indole from peptoné
water. It contains catalase and urease but no oxidase or lecithinase.

Table 1. Biochemical characleristics of Bacillus subtilis N-210

Test v  Reaction

Gelatin hydrolysis and liquefaction Negative
Starch hydrolysis ‘ Positive
Peptonization of milk ) ' Positive

. Acetyl-methyl-carbinol production (Voges-Proskauer reaction) Positive
" Nitrite from nitrate i Positive
Catalase Positive
Urease Positive
Oxidase Negative
Indole from peptone water . Negative
Lecithinase Negative

" Ultilization of citrate as sole carbon source : Negative

Production of xanthobacidin -

Xanthobacidin was isolated from the filtrate of bacterial culture. The
amount of antibiotic produced depended on the culture media and growth
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conditions used. The antibiotic produced in BP broth is less than that in PS
medium or in synthetic medium. The production of xanthobacidin in BP
broth was completely inhibited by NaCl at a concentration higher than 6%.
The production of antibiotic increased when sucrose or glucose was present
in the BP broth. The production of xanthobacidin was directly related to
the growth of cells (Figure 1). Spore-formation was not required for the
production of xanthobacidin.
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Fig. 1, Production of xanthobacidin. A 16 hour culture of
Bacillus subtilis N-210 in PS medium was collected.
and washed twice with fresh PS medium. The cells
were transfered to a fresh medium to have a final
concentration of 5x10° cells/ml and inoculated at
30°C with rotatory shaking., Samples were taken at
different period for assay of antibiotic activity and
examination of spore formation.

O—0O—O: Number of spores formed;
@99 Activity of antibiotic produced.

Properties of xanthobacidin

Purified xanthobacidin exhibited one active spot on paper chromatography
in the following solvent systems: (1) distilled Waterv(Rf =0.65); ‘('2') n-butanol
saturated with water (Rf=0.80); (3) ethyl acetate saturatéd with water (Rf=
0.12); (4) benzene saturated with water (Rf=0),

Xanthobacidin is soluble in water, methanol, 95% alcohol, propanol and
butanol but insoluble in acetfme, amyl acetate, chloroform, ether, or benzene.
The antibiotic in fermentation broth can be precipitated by manipulating. the
pH value to 3.0. No loss of antibiotic activity is detectable at pH 3.0 or pH
9.0 for a period of two hours at 30°C and by heating in water at 100°C for 10
minutes. The antibiotic is ninhydrin negative and insensitive to papain, trypsiu
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and -Pepsin. -~ The -antibiotic 'is  dialyzable throigh “cellulosé mémbrane. : The
antibiotic ‘¢an-not be-antagonized by albumm, riboflavin nor affected: by EDTA
dnd: triton=100, ci

The antlbacterlal spectrum.-is shown in- Table 2 Xanthobaci'din ‘is rathe”r’
specific:to. Xanthomonas, Agrobacterium and-Rhizobium. There was 1o activity
‘ against: yeast or fungi. : : : :

Table 2. Antibacterial spectrum of the zﬁzi;iﬁed 'ixanfho"bacz'éz’z'h

Organism ! ~ Relative Activity*
! .
Sarcina lutea - | 0
Micrococcus luteus , o 32
Streptococcus nonhemolyticus i ; 32
Staphylococcus aureus - o ) 32

Mycobacterium pseudotuberculosis 607 0
Mycobacterium phlei 2
Bacillus subtilis pci 617 2
Bacillus cereus : ‘ : : 4
Erwinia carotovora k o - 4
Erwinia ananas ' : ‘ 4
Corynebacterium michiganense 4

Salmonella paratyphi B : ’ 16
Salmonella swiéeﬁtifer 2067 ; == R : e 32
Eschenchza coli NIHJ . S ) : 32
Pseudomoms tolaasz _ o . 2
Pseudomonas solanaceamm il e 2
Pseudomonas syrmgae o ' ’ 128
Rhizobium phaseolz S e : o 1,024
Agrobacterium tumefaczens B6 - ‘ e 2,048
Xanthomonas. pruni -~ Lo ‘ o 1,024
Xanthomonas alfalfae 1,024
Xanthomonas vesicatoria e 024
. Xanthomonas eitri . - . .o St e e 1,024 ek e

.h‘Xanthomonas cyamopsrdzs N . . . 1,024 N .
-Xanthomonas phaseoli T P - : S )
Xanthomonas oryzae o R A 4,006,

. Antlbxotlc was- -diluted in-a series of two-fold. d11ut10n .-The,_ number given here is
. the hlghest dllutlon ‘factor that 5t111 exhibits’ a bacterxmdal effect agalnst a ngen

bacterxum strain.’

Dzﬂ;erentmtzon of xanthobaczdm from known antzbzatzcs

“Xanthobacidin can bhe differentiated from 65 known antibiotics frcm Baczllus
by.‘- means..of different solubility, .stability, antibacterial spectrum and. other
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properties; - These known antibjotics may- have multiple properties that are
different from that of xanthobatidin, only ene different property between each
known antibiotic and xanthobacidin is mentioned here, however.

As shown in Table 3, 4 and 5, biocerin, tyrocidine; gramicidin, gramicidin
S, gramicidin J, xanthellin, cerein, tetaine, edeine, licheniformins, subtenolin,
brevolin, rhizoctonia 'factor, polypeptin, nigrin, iturine, esperin, ‘petrin; éndo-
subtilysine, bacilip A and B, and laterosporin A and B can be distingui_sh‘ed from
xanthobacidin by their solubility; fungistatin, fungocin, mycosubtilin, dafemy-
cin, toximycin, analysine, bulbiformin, simplexin, bacillin, globicin, neocidin,
obutin, brevin and fluvomycin can be distinguished from xanthobacidin by
their antibacterial spectrum; subtilin, subtilin C, bacilysin, alvein, rhizobac_idin,
bacitracin, eumycin and bacimethrin can be distinguished from xanthobaci_din
by their stability. , » s

Polymycins, a group of antibiotics includes the closely related peptides

Table 3. Previously known antibiotics fron Bacillus which can be
differentiated from xanthobacidin by their solubility.

Antibiotic Differentiated characteristic Reference

Biocerin insoluble in water Johnson et al. (1949).
Tyrocidine | insoluble in water Dubos and-Hotchkiss (1941). -
Gramicidine insoluble in water Dubos and Hotchkiss (1941).
Gramicidin S insoluble in water Winnick ef al. (1961).
Gramicidin J .| insoluble in water | Otani et al. (1958).
Xanthellin insoluble in water Wachter. ef al. (1951.
Cerein insoluble in organic solvent | Borowski ef al. (1955).
Tetaine : insoluble in organic solvent | Borowski ef al. (1957).
Edeine insoluble in organic solvent | Kurylo-Borowska (1959).
Licheniformins insolubie-in ethanol : . Callow and Hart (1946).
Subtenolin . insoluble in ethanol " | Hirschorn ¢¢-al. (1948).
Brevolin - 'insolubule in butanol Kawamato and Motomura- (1954). -
Rhizoctonia factor: | insoluble in butanol . Michener and Snell (1949).
Polypeptin 77| soluble in acetone Mcleod (1948); Garson ef al. (1949).
Nigrin - ! soluble in acetone Utkin- ez al. (1945). »
Iturine " | soluble in chloroform " | Delcambre (1950).
Esperin .. ° . :lisoluble in chloreform - Kochi (1951).

Petrin soluble in chloroform Tiffin (1958).
Endosubtilyﬂsing soluble in chloroform | Saint-Rat and Olivier (’ﬂ1946_).

: Bacilipins ‘ : soluble in ether j Newtoﬁ ,(194'93'  : S

* Laterosporins { The solubility in water Barnes (1949).- B

: ER diminished-as the pH - - .

- increased to 9.0.
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Table 4. Previously known antibiotics from Bacillus which can be
differentiated from xanthobacidin by their antibacterial spectrum.

Antibiotic

Differentiated characteristic

Reference

Fungistatin
(Syn-Antibiotic XG)

Fungocin
Mycobacillin
Mycosubtilin
Datemycin

" Toximycin
Analysine
Bulbiformin

Simplexin

Bacillin

Globicin

Neocidin

Brevin

Obutin
Fluvomycin (syn.

Vivicil, Riomycin,
or Efsiomycin)

active mainly against fungi

active mainly against fungi

active mainly against fungi

active mainly against fungi

active méinly against fungi

active mainly against fungi

active mainly against fungi

active mainly against fungi

active against Gram-positive,
Gram-negative and fungi.

active against Gram-positive,
Gram-negative and acid-fast
bacilli

active against Gram-positive
and acid-fast bacilli.

active against Gram-positive
active against Gram-positive
active against Gram-positive

active against Gram-positive

Hobby et al. (1949).

Cercos and C_astronovo (1952).
Majumdar and Bose (1958).
Walton and Woodruff (1949).
Yajima (1955).

Korzybski ef al. (1967).

Vallee (1945).

Vasudeva et al. (1958)

Cordon and Haensler (1939);
Foster and Woodruff (1946).

Foster and Woodruff (1946).
Quinn (1952),

Tsukamura (1950).
Barnes and Newton (1953).

Shemyakin and Khokhlov (1953).

Carvajal (1953).

Table 5. Previously known antibiotics from Bacillus which can be
differentiated from xanthobacidin by their stability.

Antibiotic Differentiated characteristic Reference
Subtilin sensitive to trypsin Jansen and Hirschmann (1944).
Subtilin C sensitive to trypsin Hassall (1948).
Bacilysin sensitive to trypsin Newton (1949).
Alvein sensitive to trypsin Gilliver et al. (1949).
Rhizobacidin . sensitive to pepsin Korzybski ef al. (1967).
Bacimethrin decomposed in acid solution Tanaka et al. (1963).
Eumycin unstable as pH increased to 8.0 | Johnson and Burdon (1946).
Bacitracin unstable as pH increased to 9.0 | Johnson e al. (1945).

(syn. Ayfivin)

Vol. 16

polymyxin A (syn. aerosporin), polymycin Bl and B2, polymycin C, polymycin
El and E2. polymycin M, circulin A and B, and colistin (syn. colimycin)
(Paulus, 1967) can be distinguished from =xanthobacidin in that they are all
ninhydrin positive.
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Pumilin (Bhate, 1955) and megacine (Ivanovics and Alfsrd, 1954) can be
differentiated from =xanthobacidin by their non-diffusability in agar. Bacillo-
mycin (Landy ef al., 1948), aspergillus factor (Michener and Snell, 1949) and
the antibiotic reported by Vuuren ef al. (1961) are different {from =xantho-
bacidin in being non-dialyzable.

Other antibiotics that are different from =xanthobacidin are subtilysine
(Vallee, 1945), colistatin (Gauze, 1946), and the antibiotic produced by Bacillus
natto (Ishidate et al.,~1949). Subtilysine is of a enZyme nature exhibiting lytic
activity against living E. coli and Salmonella exteritidis. Colistatin is only
bacteriostatic but not bactericidal. Antibiotic produced by B. natto exhibits
marked activity against gram-positive bacteria, especially Micrococcus pyogenes
var. aureus.

Discussion

“The isolate that produces the new antibiotic xanthobacidin has been iden-
tified as a strain of B. subtilis according to the key to the species of genus
Bacillus in Bergey’s Manual of Determinative Bacteriology (7th edition). The
characteristics of the isolate, such as the morphology of the vegetative cells,
sporangia, and colony as well as the physiological and biochemical properties
are similar to those described for B. subfilis based on the Bergey’s Manual,
However, several properties of the isolate, such as the ability to produce
soluble yellow-green pigment, the inability to hydrolyze gelatin or to ultilize
citrate as the sole carbon source and the absence of acid formation from
arabinose in fermentation test, are different from B. subfilis.

A large number of antibiotics produced by bacteria belong to peptide.
They are usually produced when the cultures have passed through the logari-
thmic growth phase and begin to sporulate. In these fermentation, the anti-
biotic production phase is correlated with formation of sporangia and Spores,
and no antibiotic activity is found in non-sporulating cultures. All of the
antibiotic activity (bacitracins, tyrocidins, polymyxins} produced by these
sporulating bacteria is assoéiated with the spores and cells, and none apparently
is found “free” in the medium (Bodanszky and Perlman, 1969). In the‘ case
of B. subtilis N-210, the production of xanthobacidin is proportionally related
to the growth of cells. The formation of spore is not required for antibiotic
production and the antibiotic produced is found mainly in the bacterial filtrate.
These properties in addition to a negative ninhydrin test indicates that xan-
thobacidin apparently is not a peptide antibiotic.
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