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Introduction

The genus Clostridium are widely distributed in
intestinal tract of various domestic animals, and they
are important members of normal intestinal microflora.
22 Although some species of Clostridium; C.tetani’™”,

C. chauvoei, C. perfringens*®”,

23,30

Cnovyi', and C.
haemolyticum are causative agents of disease in
cattle, the majority of intestinal clostridia are non-
pathogenic or their possibility of pathogenecity are
still not clear. Furthermore taxonomic and ecologic

position of these normal intestinal clostridia in cattle

are not cleary determined.

During the quantitative and qualitative studies on
the fecal microflora of Holstein catte(1-7 vyears),
unidentified frive strains were isolated. These strains
were Gram-positive, motile, strict anaerobic
sporeforming rods, and reclassified by their
biochemical characteristics, G+C mol% and DNA-
DNA molecular hybridization data. On the basis of
the biochemical and nucleic acid data, the isolates
sufficiently differed from the previously described
Clostridium species, and warrant a new species, for

which the name Clostridium bovis sp. nov. is proposed.
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Materials and Methods

Bacterial strains : A total of 13 strains were used
in this study. Five of these were isolated from the
feces of apparently healthy Holstein cattle(N=5).
Clostridium  sartagoforme JCM 1413T, C. celatum
ATCC 277917, C. rectum  ATCC 25751", C.
butyricum ATCC 19398", C. difficle ATCC 9689", C.
paraputrificum JCM 1293", C. tertium JCM 7289, C.
gallinarum WKCh5" were also used as type strains.

Isolation and culture technique : Fresh feces were
collected aseptically from the apparently healthy
Holstein cartle. A 10-fold dilution was made with
prereduced phosphate buffered saline’*” and divided
into two parts. One was heated at 75T for 10 min.
in a water bath and then plated onto each of four

non-selective  media®'*%:

modified Eggerth-Gagnon
(EG) agar, glucose blood liver(BL) agar, Egg volk
agar’ and Trypticase soy(TS) blood agar(BBL). EG,
BL and Egg volk agar plates were incubated at 37T
for 48 hr in an anaerobic steel wool jar’' filled with O,
free CO, gas, while TS agar plates were incubated at
37T for 24 hr aerobically. The other part, a 10-fold
dilution left unheated, was directly plated onto each
of three selective media for Clostridia®: propionate
oleandomycin(PO) agar, propionate novobiocin
colimycin(PNC) agar and rifampicin colimycin
neomycin(RCN) agar. PO, PNC and RCN agar
consisted of 40.7g of EG agar(Eiken, Co.). 0.5g of
tween 80 and the following selective agents(per liter);
15g of sodium propionate and 5mg of oleandomycin
for PO agar; 15g of sodium propionate, 0.5ml of 1%
novobiocin and 1ml of 1% colimycin for PNC agar; 0.
5rl of 1% rifampicin, 1ml of 1% colimycin and 20ml
of 1% neomycin for RCN agar. PO, PNC and RCN
agar plates were incubated at 37T for 48 hr in an
anaerobic steel wool jar filled with O, free Co, gas.
Thereafter, strict anaerobic sporeforming strains were
selected and carefully examined for their colony
morphology, gram-reaction, spore formation and cell
morphology. The isolates were stored on prereduced
EGLF slants” at 4T until further tests for
characterization. Transfers of cultures were made at
intervals of 3 months.

Identification Biochemical tests used for

identification of genus Clostridium in this study were
carbohydrate fermentation tests, starch hydrolysis,
esculin hydrolysis, gas formation, H,S production,
indele production, nitrate reduction, motility, gelatin
liquefaction, catalase, hemolysis, lecithinase, lipase and
end products from PYFG broth®'.

Carbohydrate fermentation tests wre determined
from 30 carbohydrates(Sigma Co.) The basal medium
for the carbohydrate fermentation was peptone yeast
extract broth supplemented with 4%(v/v) Fildes'
peptic digest of horse blood, designated PYF broth.
Each carbohydrate was added to PYF broth to give a
final concentration of 0.5%(w/v). After inoculation,
incubation was carried out at 37T for 7 days in an
anaerobic chamber with an atmosphere of 90% N.-10%
CO,. The final pH was measured directly in the
culture tubes by combination glass electrodes'”.
Esculin and starch hvdrolysis, gelatin liquefaction,
lecithinase, catalase, and lipase production were tested
by the methods described by Holdeman et al’. A
modified SIM medium(Difco) was used for the
production of H,S. Formation of gas was detected in
PYF solution supplemented wit 1%(w/v) glucose and
1.5%(w/v) Bacto agar(Difco). Indole production and
nitrate reduction were determined with indole nitrate
medium(BBL). Volatile and non-volatile fatty acids
produced PYF broth supplemented with 1%(w,/V)
glucose(PYFG broth) were analyzed by the methods
of Kaneuch et al” wusing a gas chromatography
system(GC-4BMPF, Shimazu Ltd.)

Determination of guanine plus cytosine mol%(G+
C mol%): Cells grown in EG broth were harvested in
the logarithmic phase and washed twice with 0.]15M
NaCl-0.1M EDTA

Deoxvribonucleic  acid(DNA) was isolated and

solution(pH 8.0)

purified by modified procedures of Marmur” and
Saito and Miura®. The guanine plus cytosine mol%; G+
C moi%) of the purified DNA was determined by the
thermal melting point(Tm) method™ using a
spectrophotometer equipped with Tm analysis system
(DU-¢B; Beckman Co. Ltd.). DNA from a E. coli
strain(Type VII; Sigma) with a G+C content of 52.9
mol% was used as a reference.

DNA-DNA molecular hybridization : DNA

homology studies were performed by the Sl nuclease
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procedure as described by Johnson et al'™'. Sl
nuclease digestions were conducted with 0.5U of Sl
nuclease(Tokyo Kasei Ltd.). After incubation for 15
min. at 37T, the remaining double-stranded DNA
segments were precipitated with cold 10%
trichloracetic acid and collected on membrane filters
(type HA; Millipore Corp., Bedford, Mass.). The
membranes were dried, and the radioactivity was
measured in toluene-based scintillation fluid with a
liquid scintillation counter(model 3330; Packard

Instrument Co.).

Results

Colony and cell morphology are shown in Fig.1.
After anaerobic incubation at 37C for 48 hr on EG
agar plates, cells were straight or slightly curved rod-
shaped and their size are 0.3-0.64m by 1.2-3.0um.
Spores were subteriminal and oval shaped, and their
size was 0.7-0.9um by 0.8-1.7um. Surface colonies are
3-8mm in diameter, and irregular, flat, undulate,
rough, translucent and whitish gray.

Biochemical characteristics of these strains are
shown in Table 1. All of the strains produced acid
from arabinose, xylose, glucose, mannose, fructose,
galactose, sucrose, maltose, cellobiose, lactose,
trehalose, melibiose, raffinose, inulin and salicin, but
not from rhamnose, sorbose, ribose, melezitose,
starch, glycogen, esculin, mannitol, sorbitol, erythritol,
inositol, dulcitol and glycerol. Gas production and
motility were positive. Esculin is hydrolyzed but
starch is not. The following characteristics ~ are
negative: H,S and indole production, lecithinase,
lipase, catalase, nitrate reduction, gelatin liquefaction
and hemolysis. End products from PYFG broth were
large amounts of butyric and lactic acids, and trace
amounts of acetic and succinic acids.

Table 2 presents the G+C mol% of DNA from
these isolates and the DNA homology values among
the other representative speceies of Clostridium. The
DNAs from these isolates were highly homologous to
each other and had litle or no homology with the
DNASs of each other related Clostridium species.

The genetic data and biochemical differences clearly

indicate that the isolates represent a new Clostridium
species, for which I proposed the name Clostridium
gallinarum.

Description of Clostridium bovis sp. nov.
Clostridium bovis(bo'vis. L.n. bos cow; L.gen.n.bovis
of cow). Strictly anaerobic, motile, sporeforming rods.
Cells are straight or slightly curved rod-shaped and
their size are 0.3-0.6um by 1.2-3.0um. Spores were
subterminal and oval shaped. Surface colonies are
irregular, flat, undulate, rough, translucent and
whitish gray. Acid is produced from arabinose, xylose,
glucose, mannose, fructose, galactose, sucrose,
maltose, cellobiose, lactose, trehalose, melibiose,
raffinose, inulin and salicin. Esculin hydrolysis, gas
production and motility are positive. The following
characteristics are negative: production of H,S, indole
production, lecithinase, lipase, catalase, nitrate
reduction, gelatin liquefaction and hemolysis. End
products from PYFG broth are aBLs. Isolated from
the feces of cattle. The type strain is Catt 66" strain.
The G+C content of DNA from type strain is 26
mol%.

Table 4 shows the biochemical characteristics that
help to differentiate C. bovis from other related
clostridial species: C. gallinarum. C. celatum, C. rectum,
C. sartagoforme and C. paraputrificum.

Discussion

Identification of a clostridial isolates at the species
level is very difficult. Generally speaking, the
taxonomy of the genus Clostridium is stll in an
unsatisfactory state. Definitive identification of
clostridia requires a description of their cell and
colony morphology. Gram reaction, spore
determination, aerotolerance, acid production from
carbohydrates, other biochemical characteristics, and

determination of volatile and non-vloatile fatty acids™"

»  Testes for animal pathogenicity and toxin

ncutralization may also be performed. However,
taxonomic criteria such as DNA base ratio(G+C
mol%), DNA-DNA hybridization capacity, cell wall

3827

I ’ 15,
composition and numerical analysis'®** have not

been applied widely to clostridia. Some clarification of
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Table 1. Biochemical characteristics of Clostridium
bovis strains and its type strain
Resuls for C. bovis”

Charactenstics . - T
4 strains Tipe stains(Catt 66°)
Fmal pH in PYFG 50-53 5.0
SMarch hydrolysis - -
Esculin hydrolysis + +
(s formation +
H,S Production -
Indole production - -
Nimate reduction - -
Monlity + +
Gehtin liquetacion - -
Catalase - -
Hemolysis - -
Lecithinase - -
[ipase - -
Products fom PYFG broth® aBLs aBLs
G+C mol % 26-27 26
Adid from
Arabinose
Nvlose + +
Rhamnose - -
Sorbose
Ribose
Glucose
Mannose
Fructose
Galactose
Sucrose
Maltose
Cellobiose
Lactose
Trehalose
Melibiose
Raffinose
Meleztos -
Starch -
Glycogen - -
Inulin + +
Glveerol - -
Mannitol = /W -
Sorbitol - -
Enthritol - -
Inositol - -
Dulcitol - -
Esculin - -
Salicin + +
Amygdalin w w

|

1
|

N
+

+ + 4+ + + 4+ + o+

|

|

‘4, positive for 90-100% of strains(pH below 5.5); -. nega-
rve for 90-100% of strains; w, weak reaction(pH 5.5-5.9)

" a. acetic acid; b, butvric acid; 1, lactic acid; s, succinic acid.
(“apital letters indicate at least 1 meq/100ml of culture;

small letters indicate less than 1 meg,/100ml.

relationship among small groups of species has been
achived but the integrity of the genus Clostridium'
and the larger groups within it remains a problem.

Early classification of organisms in the genus

Fig 1. Colonial and cellurar morphology of the tyvpe
strain Catt 66" of C. bovis.
A: Surface colonies on the EG agar incubated
anaerobically at 37%C for 48hr. Bar represents
10mm.
B: Gram stained cells from EG agar incubated
anaerobically for 48hr. Bar represents 10um

Clostridium had mainly been undertaken on their
pathogenicity rather than on their general biological
characteristics. Because of their significance on
medical and veterinary science, toxin producing
species such as C. tetani, C. botulinum™** C.
perfringens, C. septicum'® and C. difficile”® have been
fully investigated. However, the majority of normal
intestinal clostridia in various domestic animals are
considered to be non pathogenic or their mechanism
of pathogenicity, if existent, is still not clear.
Furthermore, taxonomical positions of these normal
intestinal clostridia in humans and animals have still
not been clarified. Further studies will be necessarv to
clarify the taxonomic and ecologic positions of these

intestinal clostridia in veterinary medicine.
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Table 2. DNA-DNA hybridization result for Clostridium bovis strains and type strains of related other Clostridium

species
) G+C Relative binding ratio(%) with H* labeled DNA from:
Species and
_ content C. bovis C. gallinarum c
strains (mol %)  Caw66"  Cartll2  Car53  WKChs® Sf(r;mhffiolr’;re

C. bovis
Catt 66" 26 100 80 88 12 3
Catt 112 27 70 100 91 10 1
Catt 53 27 85 94 100 8 \
Catt 8 26 95 92 93 11 2
Catt 75 26 93 90 92 10 2
C. gallinarum WKCh5® 27 10 8 7 100 3
C. celatum ATCC 277917 NT 3 2 3 2 5
C. rectum ATCC 257517 26 1 1 2 0 0
C. sartagoform JCM 14137 28 3 4 2 0 100
C. butyricum ATCC 19398 28 5 4 3 1 2
C. difficile ATCC 96897 28 2 2 3 2 0
C. paraputrificum JCM 12937 27 1 2 2 0 0
C. tertium JCM 7289" 26 2 1 3 0 0

* NT, Not tested

Table 3. Characteristics that help to differentiate Clostridium bovis from other related Clostridium species

Results for *
Characteristics
C. bovis C. gallinarum C. celatum C. rectum C. sartagoforme C. paraputrificum
Acid from:
Arabinose + + - - - -
Rhamnose - + - - -/w -
Melibiose + + - - + -
Melezitose - + - - - /W -
Inulin + + - - + -
Sorbitol - +/wW - - - -
End products
from PYFG broth *  aBLs aBs AFb2(s) Bapv BAF(L) BAL(sf)

* +, positive for 90-100% of strains(pH below 5.5); -. negative for 90-100% of strains; w, weak reaction(pH 5.5-5.9)
b a, acetic acid; b, butyric acid; 1, lactic acid; s, succinic acid; f, formic acid; p, propionic acid; v, valeric acid; 2, ethanol. Capital

letters indicate at least 1 meq,/100ml of culture; small letters indicate less than 1 meq/100ml. Parentheses indicate products of

some strains.
Summary

Clotridium bovis sp. nov, is described on the basis
of 5 strains isolated from the feces of Holstein cattle.
The isolate are gram-positive, motile, strict anaerobic
sporeforming rods. They differ from all the validly
described related species of the genus Clostridium in
carbohydrate fermentation pattern, G+C mol% and

DNA homologies. Acid is produced from arabinose,

xylose, glucose, mannose, fructose, galactose, sucrose,

maltose, cellobiose, lactose, trehalose, melibiose,
raffinose, inulin and salicin. Major end products in
PYFG broth are large amounts of butyric acid and
lactic acid, and trace amounts of acetic and succinic
acids. The G+C mol% of DNA from the type strain is
26 mol%. The type strain of Clostridium bovis is Catt

66" strain.
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