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1. INTRODUCTION 

Peptococcus indolicus is a Gram-posit ive 
anaerobic coccus isolated frequently from udder 
secretions in heifer and dry-cow mastitis, usually 
in mixed infection with Corynebacterium pyogenes 
(recently reclassified as Actinomyces pyogenes [ 1 ]), 
but sometimes other bacteria [2,3]. These anaerobic 
cocci have also been isolated from various speci- 
mens from healthy heifers and cows [4] and from a 
skin lesion of a shepherd [5]. Differentiation of 
this asaccharolytic coccus from Peptococcus asac- 
charolyticus has been based primarily upon the 
production of a plasma-clotting factor by P. in- 
dolicus, but also on a small number of biochemical 
tests, analysis of end-products of metabolism using 
gas-liquid chromatography and the use of serotyp- 
ing antisera for P. indolicus [6,7]. Two varieties of 
haemolysin-producing strains of P. indolicus have 
been reported [8] although haemolysin production 
was not found in a Swedish study [7]. Strains of P. 
indolicus can be serotyped into six antigenically 
different types on the basis of analyses of extracts 
of autoclaved cells in immunodiffusion tests [6,7]. 

The classification of obligately anaerobic cocci 
is still a somewhat confused taxonomic field [9,10]. 
Studies on peptococci using cell-wall composition 
[11], nucleic acid homology [12] and the occur- 
rence of class I fructose-l,6-biphosphate aldolases 
[13,14] have contributed to clarification of their 
taxonomic position and the relatedness of species. 

The aims of the present investigation were (i) 
comparing the peptidoglycan composition of P. 
indolicus and P. asaccharolyticus which had not 
been included in a previous investigation of 
peptococcal cell walls [11]; (ii) determining whether 
or not the serotypes of P. indolicus displayed dif- 
ferences in peptidoglycan composition; (iii) de- 
termining the base composition of DNA of these 
two species expressed as percentage guanine plus 
cytosine to total bases (mol% G +  C); and (iv) 
determining their genetic relationship using DNA- 
DNA hybridization techniques. In addition, these 
two species were compared with a culture collec- 
tion strain of Peptococcus aerogenes. 

2. MATERIALS AND METHODS 

2.1. Strains 

* Present address of Dr. C.J. Smyth: Department of Microbi- 
ology, Moyne Institute, Trinity College, Dublin 2, Eire. 

Reference serotype strains of P. indolicus [6] 
were kindly supplied by G. Heci S~¢rensen, State 
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Veterinary Laboratory, Department of Jutland, 
Arhus, Denmark. Strains CCM5987, CCM5988 
and CCM5989 (Hgi S~rensen reference strains 
R13, R14 and R33, respectively) were provided by 
M. Kocur, Czechoslovak Collection of Micro- 
organisms, Brno, Czechoslovakia. P. indolicus 
ATCC29427 (Heci Sgrensen reference strain R13) 
and P. aerogenes ATCC14963 were from the 
American Type Culture Collection, Rockville, MD, 
USA. Seventeen isolates of P. indolicus from cases 
of heifer and dry-cow mastitis [3] were selected on 
the basis of serotype from among 79 strains in- 
vestigated biochemically, enzymatically, and sero- 
logically [7]. Strains were stored frozen at - 7 0 ° C  
in tubes of chopped meat medium. 

The five clinical isolates of P. asaccharolyticus 
were provided by C.-E. Nord, Statens Bakteriolo- 
giska Laboratorium, Stockholm, Sweden and had 
been used in a previous study [7]. P. asaccharo- 
lyticus DSM20364 was obtained from the Deut- 
sche Sammlung von Mikroorganismen, G6ttingen, 
F.R.G. 

2.2. Growth conditions 

Strains were plated onto heart infusion agar 
(Difco) containing 5% (v/v)  horse blood and in- 
cubated anaerobically in the GasPak System (BBL 
Microbiology Systems) for 48 h at 37°C. Bottles 
containing 500 ml of prereduced, anaerobically 
sterilised, peptone-yeast  extract-glucose medium 
[15] were inoculated under a stream of oxygen-free 
CO2, and incubated for 40-48 h at 37°C. Cells 
were harvested at 8000 × g for 20 min, pooled, 
washed twice with Dulbecco's phosphate-buffered 
saline [16] and resuspended in a minimal volume 
of distilled water. After shell-freezing at - 2 0 ° C ,  
the bacteria were freeze-dried overnight. In most 
instances, 5 litres of culture provided 1.0-1.5 g dry 
weight of P. indolicus strains; 10-11 litres of cul- 
ture were required for an equivalent yield of P. 
asaccharolyticus strains. Bacteria were transported 
as freeze-dried samples. P. indolicus ATCC29427, 
P. asaccharolyticus DSM20364, and P. aerogenes 
ATCC14963 were grown in the basal peptone-yeast 
extract medium of Holdeman et al. [17] with glu- 
cose added for growth of the former two and 
glutamine for P. aerogenes [12]. 

2.3. Preparation of cell walls and peptidoglycan 
analysis 

Lyophilized cells were suspended in saline- 
EDTA buffer (0.15 M NaC1, 0.01 M EDTA, pH 
8.0) and disrupted with glass beads in a cell mill 
(Vibrogen cell mill, Btihler, Tfibingen, F.R.G.). 
The glass beads were separated by suction through 
a sintered glass filter and the remaining crude 
extract was centrifuged at 48000 × g for 20 rain. 
The sediment was used for preparation of cell 
walls and determination of peptidoglycan type 
[18,191. 

2.4. Preparation of DNA, DNA-DNA hybridization 
and determination of G + C content 

DNA was isolated from the 48000 × g super- 
natant fraction obtained after centrifuging bacteria 
disrupted in a cell mill (see Section 2.3) as de- 
scribed by Meyer and Schleifer [20,21]. DNA-DNA 
hybridization was determined quantitatively by 
spectrophotometric measurement of the reassocia- 
tion kinetics of DNA solutions [22] in a recording 
spectrophotometer with electronically controlled 
thermocuvettes (Gilford Model 2600). Purified 
DNA was sheared by passing it three times through 
a French pressure cell at about 1.5- 10 6 Pa. The 
sheared samples were dialysed against double 
strength SSC (standard saline citrate buffer, 0.15 M 
NaCI, 0.015 M trisodium citrate, pH 7.0) and ad- 
justed to 50/~g D N A / m l  (A260 z 1.0). 

Three DNA solutions (DNA of strain A, DNA 
of strain B and a mixture of equal volumes of both 
DNA samples) and buffer blank (double-strength 
SSC) were heated at 100°C for 10 min, and then 
the temperature was adjusted within 2-3 min to 
the optimal temperature for renaturation. The op- 
timal renaturation temperature was calculated 
according to Gillis et al. [23]. 

The method of De Ley [24] was applied for the 
determination of the guanine plus cytosine content 
(mol% G + C) of DNA. 



3. RESULTS 

3.1. Peptidoglycan type 

With four exceptions, the P. indolicus strains 
revealed the L-Orn-D-Glu peptidoglycan type, 
irrespective of serotype (Table 1). The five human 
isolates of P. asaccharolyticus, P. asaccharolyticus 
DSM20364 and P. aerogenes ATCC14963 also 
possessed the L-Orn-D-Glu peptidoglycan type. 
Two serotype C strains of P. indolicus had the 
L-Lys-L-Thr-Gly peptidoglycan type and one 
bovine isolate each of serotypes E and F possessed 
similar peptidoglycan types, namely, L-Lys-L- 
Ala2. 3 and L-Lys-L-Alal_2, respectively. 

3.2. % G ÷ C-content and DNA-DNA homology 

The G + C-contents of strains of P. indolicus 
and P. aerogenes were about 31-33 mol%, whereas 
that of P. asaccharolyticus differed markedly (36- 
38 mol%). 

DNA-DNA reassociation studies (Table 2) 
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revealed a high degree of homology between the P. 
indolicus strains examined and reference strain P. 
indolicus ATCC29427 (54-82%). DNA-DNA hy- 
bridizations between P. aerogenes ATCC 14963 and 
P. indolicus strains gave homology values of 33- 
41% indicating a relationship at the genus level. 
Despite the occurrence of the same peptidoglycan 
type, the degree of DNA binding among strains of 
P. asaccharolyticus and P. indolicus strains or P. 
aerogenes ATCC14963 was too low to indicate 
DNA sequence similarity (Table 2). The degree of 
binding of DNA between P. asaccharolyticus 
strains SBL52, SBL53, SBL78 and SBL88, respec- 
tively, was very high (95%, data not shown). 

4. DISCUSSION 

P. indolicus, P. aerogenes and P. asaccharolyti- 
cus revealed an identical peptidoglycan type, with 
a few exceptions, namely, L-Orn-D-Glu. However, 
the DNA homology findings demonstrate that P. 
indolicus and P. asaccharolyticus exhibit no signifi- 

Table 1 

Peptidoglycan types of P. indolicus, P. asaccharolyticus and P. aerogenes 

Species Strain nos. Serotype e Peptidoglycan type 

P. indolicus PcR3 a, 198, 208, 313 A L-Orn-D-Glu 
PcR8 a, 172 b 199, 243 B L-Orn-D-Glu 
PcRI 3 a, CCM5987 c, ATCC29427 c / 

C L-Orn-D-Glu 
327, 14768 / 
14917, 15118 b C L-Lys-L-Thr-Gly 

PcR14 a, CCM5988 c, 203, 319 [ D L-Orn-D-Glu 
14778 J 
CCM5989 c, 14775, 15137 E L-Orn-D-Glu 
15256 E L-Lys-L-AIa2_ 3 
PcGr31 a,a F L-Orn-D-GIu 
340 F L-Lys-L-Alal. 2 
PcBH-II- 104 - L-Orn-D-Glu 

P. asaccharolyticus SBL52, SBL53, SBL78, SBL88 / 
SBL783, DSM20364 - L-Orn-D-GIu / 

P. aerogenes ATCC 14963 n.t. L-Orn-D-GIu 

a Reference strains from G. Hol Se~rensen. 
b The peptidoglycan types of these strains were determined on two occasions with different batches of cells with identical results; 

strain Nos. without index letters are Swedish clinical isolates. 
c Reference strains of G. HN S~rensen obtained from Culture Collections. 
d This strain was isolated from a pig. 
e Serotype according to the typing antisera of Hoi S~rensen (6); - =non-typable with antisera A-F ;  n.t., not tested. 
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T A B L E  2 

G + C Conten t  of D N A  and  D N A  homologies  of P. indolicus, P. asaccharolyticus and P. aerogenes 

Species Strain Sero- G + C H o m o l o g y  index c with 

type a Conten t  
(mol%) b P. indolicus P. aerogenes P. asaccharolyticus 

ATCC29427  A T C C  14963 DSM20364 

P. indolicus ATCC29427  C 32.2 100 36 < 2 5  

243 B 32.3 68 36 < 25 

319 D 32.1 66 35 < 2 5  

327 C - 57 36 < 2 5  

CCM5988  D - 82 37 < 2 5  

CCM5989  E - 57 38 < 25 

14768 C 32.9 67 38 < 2 5  

14775 E 31.5 66 41 < 2 5  

14778 D 31.8 72 36 < 2 5  

15137 E 32.6 68 33 < 2 5  

P. aerogenes A T C C  14963 n.t. 31.2 36 100 < 25 

P. asaccharolyticus DSM20364  n.t. 37.5 -<25 -<25 100 

SBL52 - - < 2 5  -<25 78 

SBL53 35.8 -< 25 -< 25 76 

SBL78 - 38.5 -<25 < 2 5  79 

SBL88 - `<25 `<25 70 

E. coli K I 2  - 53.4 - 

See footnote  to Table  1. 

b _ = not de te rmined .  

H o m o l o g y  index is expressed as percentage  degree  of b inding of D N A  relative to homologous  reaction. A degree  of b inding below 

25% is not  accura te  and indicates no detectable  relatedness.  

cant genetic relatedness. In contrast, the DNA 
homology data for P. indolicus and P. aerogenes 
indicate a relationship at the genus level. 

The taxonomic status of P. aerogenes is unclear 
as it is not a species found in either the VPI 
Anaerobe Manual [17] or the latest approved list 
of bacterial names [25]. The present studies indi- 
cate that it is a distinct anaerobic coccus related to 
P. indolicus. 

The peptidoglycan type L-Lys-L-Thr-Gly re- 
vealed in two strains of P. indolicus is a rather rare 
peptidoglycan type that has only been found in 
some strains of streptococci such as S. salivarius 
and S. milleri [19]. Since the reference strains of P. 
indolicus displayed homogeneity with respect to 
peptidoglycan type, the non-conformity with re- 
gard to peptidoglycan type displayed by four clini- 
cal isolates of serotypes C, E and F of Swedish 
origin is somewhat unusual. D N A - D N A  hybridi- 
zation would be necessary to clarify the species 
status of these different strains. 

Recently, the peptidoglycan type of two cata- 
lase-negative strains of Staphylococcus aureus was 
reported to be of the L-Lys-Gly-type [26]. In terms 
of peptidoglycan type and biochemical properties, 
the anomalous P. indolicus strains are not related 
to these catalase-negative staphylococci [6,7]. 
D N A - r R N A  hybridization might further contrib- 
ute to differentiation of these isolates and might 
reveal whether or not P. indolicus and P. asac- 
charolyticus are related at the genus level [12]. 
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