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S U M M A R Y  

Whole-organism methanolysates of bacterionemae contained mycolic acids in 
addition to other long-chain fatty acids. These mycolic acids were similar in 
general structure and overall size to those found in strains of Corynebacterium 
diphtheriae and Corynebacterium xerosis. The long-chain fatty acids of bacteri- 
onemae, mainly straight-chain saturated and unsaturated acids, were similar to 
those of certain coryneform bacteria including C. diphtheriae. On the basis of 
these lipid data, and results of earlier studies, we recommend that the genus 
Bacterionema be transferred from the family Actinomycetaceae to the Coryneform 
Group of Bacteria. 

I N T R O D U C T I O N  

The genus Bacterionema (Gilmour, Howell & Bibby, 1961) was proposed for a group of 
bacteria previously classified as Leptothrix buccalis (Bulleid, 1925), Leptotrichia buccalis 
(Bibby & Berry, 1939) and Leptotrichia dentium (Davis & Baird-Park$r, 1959). The taxon 
contains the single species B. matruchotii (Gilmour, 1g74), commonly isolated in low num- 
bers from the oral cavity of man and primates. Presently the genus Bacterionema is classified 
in the family Actinomycetaceae (Slack, 1974). 

On the basis of wall composition, metabolic and fermentation characteristics, Pine (1970) 
considered that the families Corynebacteriaceae or Mycobacteriaceae might provide a more 
suitable niche. In a numerical phenetic study, Holmberg & Hallender (1973) found 
B. matruchotii to be a homogeneous and distinct phenon showing a relationship to the genera 
Actinomyces, Arachnia, Corynebacterium and Nocardia and considered that further work 
was needed to establish the taxonomic position of the bacterionemae. 

There is good evidence that lipid markers are of value in classifying coryneform and 
nocardioform taxa (Lechevalier, Horan & Lechevalier, I 97 I ; Bowie et al., I 972 ; Pommier 
& Michel, 1973; Alshamaony, Goodfellow & Minnikin, 1976a; Alshamaony ef al., 19763; 
Goodfellow, Collins & Minnikin, 1976). Mycolic acids, i.e. long-chain 3-hydroxy fatty 
acids with a long alkyl chain on C-2, have been particularly useful in clarifying the taxonomy 
of the genera Nocardia, Mycobacterium, Corynebacterium and the ' rhodochrous' complex. 
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Table I .  Designation and sources* of test strains 

BIO Bacterionema nzatruchotii, N C T C I O ~ ~ ~  ; M. Magnus, Toronto, Canada. Foot abscess. 
~ 5 2  B. matruchotii, NCTCI0206. 
~57-~59 B. matruchotii, G.  H .  Bowden, ~1247; JI429; ~1839. Oral isolates 
~ 6 2  B. matruchotii, ~ ~ ~ ~ 1 4 2 6 6 ;  M .  N. Gilmour, New York. Oral calculus. ~c~cro254. Type 

strain 
c33 Corynebacterium xerosis, NCTC9755 
p w 8  Corynebacterium diphtheriae, Park Williams 8 strain, autoclaved cell paste supplied by 

A. F. B. Standfast, The Lister Institute of Preventive Medicine, Elstree, Hertfordshire 

* ATCC, American Type Culture Collection, Rockville, Maryland, U.S.A. ; NCTC, National Collection of 
Type Cultures, London; B and c, laboratory numbers. 

The mycolic acids which occur in true corynebacteria (Jones, 1975; Goodfellow et al., 1976) 
are of relatively low molecular weight (20 to 30 carbon atoms) (Lederer et al., 1952; Diara 
& Pudles, I 959 ; Etkmadi, Gasche & Sifferlen, I 965 ; Welby-Gieusse, Lankelle & Asselineau, 
1970; Yano & Saito, 1972). At the other extreme, mycobacteria usually contain complex 
mixtures of mycolic acids (Minnikin, Alshamaony & Goodfellow, 1975) of high molecular 
weight (60 to go carbon atoms) (Etemadi, 1967). Nocardiae contain mycolic acids with 
about 50 carbon atoms, those from gordonae have about 60 carbon atoms, and many 
rhodochrous strains have acids with about 40 carbon atoms (Ioneda, Lederer & Rozanis, 
1970; Maurice, Vacheron & Michel, 1971 ; Azuma et al., 1974; Alshamaony et al., 1976a, b). 

Bowie et al. (1972) have shown that two groups of coryneform organisms can be dis- 
tinguished by gas chromatographic analyses of their long-chain fatty acids. This study 
reports the isolation and analysis of long-chain fatty acids and mycolic acids from strains of 
B. matruchotii, Corynebacterium diphtheriae and C. xerosis. 

METHODS 

Cultures. The strains are listed in Table I. Bacterionema strains were maintained on 
brain-heart infusion agar (Oxoid), and C. xerosis on Dorset Egg and Loeffler serum slopes 

The identity of the strains of Bacterionema was confirmed by physiological tests (Gilmour, 
1974): cell-wall ana!ysis (Bowden, 1969; Rhuland et al., 1g55), and analysis of the acid 
products of glucose fermentation (Carlsson, I 973). 

Cultivation. Corynebacterium xerosis was grown in shake flasks of nutrient broth (Oxoid) 
supplemented with I % (v/v) Tween 80 for 2 days at 37 "C, and the bacterionemae were 
grown in brain-heart infusion broth (Oxoid) in stationary culture for 2 weeks at 37 "C. 
Cultures were checked for purity at maximum growth, killed with formalin (I %, v/v), 
harvested by centrifuging, washed with distilled water and freeze-dried. 

Preparation of fatty acid methyl esters. Samples of freeze-dried bacteria (50 to 100 mg) 
were degraded by acid methanolysis as described by Minnikin et al. (1975) and the hexane 
extracts were examined for long-chain components by thin-layer chromatography using 
Merck silica gel H (0.5 mm layers) and a developing mixture of petroleum ether (b.p. 60 to 
80 "C)/diethyl ether (85 : I 5 ,  vlv). Long-chain components were isolated by preparative thin- 
layer chromatography on layers (I mm) of Merck silica gel PF,,,+,,, using the same de- 
veloping mixture, separated bands being detected by illumination with ultraviolet light 
(366 nm). 

Gas chromatography. Long-chain fatty acid methyl esters were analysed using a glass 

(Cowan, 1974). 
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Table 2. Fatty-acid composition of strains of Bacterionema and Corynebacterium 

Fatty acids (% w/w, total fatty acid) 
A r 7 

Equivalent chainlength 12-0 14.0 14.7 15.6 16.0 16.4 18.0 18.3 
Assignment* 12:o 14:o 14:1 ? 16:o 16:r 18:o r8:1  

I 1111111 

B. matruchotii BIO 

B52 
B57 
B58 
B59 
~ 6 2  

C. diphtheriae P W ~  

C. xerosis c33 

I 53 
49 

I 2 48 
I 47 
I 7 2 44 

4 2 I 49 
4 14 I 27 

4 20 

21 I 0  I5 
I 0  41 
5 44 
6 46 

3 5 38 

54 

I 1  33 

9 67 

* 12:o, 14:0, 16:o and 18:o represent do-, tetra-, hexa- and octa-decanoic acids, respectively; 14: I ,  
16: I and 18: I represent tetra-, hexa- and octa-decenoic acids, respectively; ?, unknown. 

270 
I 299 

150 200 250 300 350 

518 492 I 

column (200 x 0.4 cm) packed with 10 % (wlw) polyethyleneglycol adipate on Chromosorb 
W (100 to 120 mesh) with nitrogen as carrier gas and a temperature of 180 "C. The identity 
of individual esters was determined by comparison of retention times and equivalent chain 
lengths (Miwa et al., 1960) with those of a standard mixture of straight-chain and un- 
saturated methyl esters. 

Mass spectrometry. Mass spectra of  mycolic esters were taken on an AEI MS9 instrument 
using a direct insertion probe, an ionizing voltage of 70 eV and a temperature of 180 to 
220 "C. Partial mass spectra of the methyl esters of the total mycolic acids of all the strains 
listed in Table I, with the exception of that shown in Fig. I, have been deposited with the 

14 M I C  98 
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British Lending Library, Boston Spa, Yorkshire LS23 7BQ, as Supplementary Publication 
No. SUP 28005 (7 pages). Copies may be obtained from the BLL on demand. Where 
possible, requests should be accompanied by prepaid coupons (held by many university and 
technical libraries and by the British Council). 

RESULTS 

Thin-layer chromatographic analysis of the whole-organism methanolysates of the 
Bacterionema and Corynebacterium strains showed the presence of two components. The 
most mobile fractions (Rp > 0.6) corresponded to methyl esters of long-chain fatty acids 
and the least mobile components were similar in their migration to methyl esters of mycolic 
acids isolated from strains of true corynebacteria (Minnikin et al., 1975; Goodfellow et al., 

Methyl esters of long-chain fatty acids were examined by gas chromatography (Table 2). 
Each fatty-acid profile consisted mainly of mixtures of straight-chain and unsaturated 
components, but in extracts of two strains (B57 and ~ 5 9 )  small amounts of an unidentified 
component, possibly a C1, branched-chain ester, were detected. 

A partial mass spectrum of the methyl ester of the total mycolic acid from the type strain 
of B. matruchotii ( ~ 6 2 )  is shown in Fig. I .  Mycolic esters from nocardioforrn bacteria and 
true corynebacteria fragment on mass spectrometry (Etkmadi, 1967; Maurice et al., 1971 ; 
Alshamaony et al., 1976a) according to the following scheme: 

1976). 

Mycolate Anhydromycolate 

Cleavage corresponding to a and a' involves net transfer of the hydroxyl hydrogen atom to 
C-2 to produce an aldehyde and straight-chain ester. The fragments due to cleavage b 
complement those at a and allow the mass of the side-chain on C-2 (Rl) to be calculated. The 
highest peaks in the mass spectra of methyl mycolates correspond to anhydromycolates 
formed by elimination of water from the parent molecule. 

Peaks in the mass spectra at mle 214, 242, 270 and 298 correspond to straight-chain 
esters; the fragments at m/e 243, 271, 299 and 327 (cleavage b) confirm the presence of side- 
chains (R,) having the overall composition C10H21, C12H25, Cl4HZ9, CI6H,,. The nature of the 
side-chains derived from analyses of the mass spectra of the mycolic esters studied are 
summarized in Table 3. 

Peaks in the range m/e 408 to 546 in the mass spectra of the mycolic esters correspond 
to anhydromycolates. Table 4 summarizes the range of molecular size and degree of 
unsaturation of the anhydromycolates derived from the mycolic esters of the strains 
investigated. 

As noted previously (Alshamaony et al., 1976 a), peaks corresponding to aldehydes 
(cleavage a') are unreliable in their appearance. EtCmadi et al. (1965) found a peak attri- 
butable to a mono-unsaturated aldehyde (mle 266) but for a saturated component only an 
aldehyde dehydration product (m[e 250) was detected. Peaks due to saturated or mono- 
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Table 3. Peaks in the mass spectra of methyl mycolates of Bacterionema and Corynebacterium 
strains corresponding to fragments derived from the 2-branched 3-hydroxy ester unit 

of the main peak by + + , and all other significant components by + . 
The main component of each series is denoted by + + + , any component greater than 50 

Mass spectra peaks 
corresponding to cleavage* a m/e 

b m/e 
R1 branch* 
Straight-chain ester* 
B. matruchotii B I O  

B52 
B57 
B58 
B59 
~ 6 2  

C. diphtheriae PWS 

C. xerosis c33 

270 
299 
C14H29 

c16 

+ + +  
+ + +  
+ + +  
+ + +  
+ + +  
+ + +  
+ + +  
+ +  

298 
327 
C1GH33 

c18 

+ 
+ 
+ 
+ 
+ 
+ 
+ 

* Explanation of assignment of peaks is given in Results. 

Table 4. Peaks in the mass spectra of meth-vl mycolates of Bacterionema and 
Cory ne bac t er ium strains corresponding to an hy dr om y co la t es 

The main component of each series is denoted by + + + , any component greater than 50 % 
of the main peak by + +, and all other significant components by +. 

No. of C 
in parent 

mycolic acid 

Czl3 
c 2 8  

c 3 0  

c 3 2  

c 3 4  

c36 

No. of 
double 
bonds 
0 

0 

I 
0 

2 
I 
0 

2 
I 
0 

2 
I 

Bacterionema matruchotii 
f 

BIO 

+ +  + + +  
+ 
+ 

B52 B57 

+ + +  + +  
+ + + +  
+ + 

+ 
+ 

B58 

+ +  
+ + +  

+ 
+ 
+ 

B59 

+ +  
+ + t  

+ 
+ 
+ 

> 

~ 6 2  

+ 

+ +  
+ + +  
+ +  
+ 
+ 

C. diph- 
theriae 

PW8 

+ 
+ 

++  
+ 

+ + +  

+ 

c. 
xerosis 

c3 3 

+ 
+ +  
+ +  

+ + +  
-i- 

+ +  

unsaturated aldehydes or their dehydration products were not clearly discernible but in the 
mass spectrum of the mycolic ester from C.  xerosis, which contained di-unsaturated myco- 
lates (Table 4), peaks at mle 236 and 264 possibly correspond to di-unsaturated aldehydes. 

D I S C U S S I O N  

The presence of mycolic acids in whole-organism methanolysates of bacterionemae dis- 
tinguishes these bacteria from other taxa (Actinornyces, Arachnia, Bijidobacterium, Rothia) 
of the family Actinomycetaceae (Slack, 1974) which do not contain these characteristic 
components (Minnikin et al., 1975). The mycolic acids of B. matruchotii are similar in their 

14-2 
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general structure and overall size to those of the two strains of Corynebacterium studied here 
and to those of other corynebacteria (Lederer et al., 1952; Pudles & Lederer, 1954; Diara & 
Pudles, 1959; Etkmadi et al., 1965; Welby-Gieusse et al., 1970; Yano & Saito, 1972), but are 
distinct from those of nocardiae, mycobacteria and rhodochrous strains which have higher 
molecular weights (Etkmadi, 1967; Maurice et al., 1971 ; Azuma et al., 1974; Alshamaony 
et al., 1976a, b). 

The mycolic acids of C. xerosis c33 are interesting in that the main components are di- 
unsaturated acids that apparently have both double-bonds in the main-chain since only 
fragments from saturated straight-chain esters (Table 3) are produced on mass spectro- 
metry. Di-unsaturated mycolic acids have also been found in extracts of Corynebacterium 
hofmanii (Welby-Gieusse et al., 1970) and Brevibacterium genitalis (Okazaki et al., 1969) but 
in these instances single double-bonds were present in the main and branched chains. 
Detailed chemical studies of the mycolic acids of C. xerosis and related strains are required 
to determine the significance of these apparent differences. Minor di-unsaturated com- 
ponents (C,,) were also present (Table 4; Fig. I) in the mycolates of several strains of 
B. matruchotii. 

The patterns of long-chain fatty acids, consisting mainly of straight-chain saturated and 
unsaturated acids (Table 2), are similar to those found in strains of C. diphtheriae 
(Asselineau, 1961; Brennan & Lehane, 1g71), and in one of the groups (Arthrobacter 
tumescens, Brevibacterium amrnoniagenes, Corynebacterium fascians) of coryneform bacteria 
studied by Bowie et al. (1972). Representatives of other bacteria probably related to the 
coryneform group, such as Corynebacterium acnes (Voss, I970), propionibacteria and 
anaerobic corynebacteria (Moss & Cherry, 1968; Moss et al., 1967, 1969; LanCelle & 
Asselineau, 1968; Shaw & Dinglinger, 1969) as well as most arthrobacters (Walker & 
Fagerson, 1965 ; Shaw & Stead, 1971 ; Bowie et al., 1972; Kostiw, Boylen & Tyson, 1972), do 
not contain substantial amounts of unsaturated acids but contain high proportions of is0 
and anteiso branched-chain acids in addition to the straight-chain saturated acids. Similar 
mixtures, rich in branched-chain acids, have been isolated from members of the actinomycete 
taxa Actinoplanaceae, Microbispora, Micromonospora, Thermoactinomyces, Thermomono- 
spora and Thermopolyspora (Ballio & Barcellona, I 968), and from Streptomyces (Hof heinz 
& Grisebach, 1965 ; Ballio & Barcellona, 1968 ; Lankelle, Asselineau & Castelnuovo, 1968; 
Behal, Prochazkova & Vanek, 1968 ; Pommier & Michel, 1973). The fatty acids of myco- 
bacteria (Asselineau, 1966; Thoen, Karlson & Ellefson, 1971 a, b, 1972) and mycolic acid- 
containing nocardioform bacteria (Lankelle, Asselineau & Castelnuovo, 1965 ; Ballio & 
Barcellona, 1968; Farshtchi & McClung, 1970; Bowie et al., 1972; Pommier & Michel, 
1973) consist mainly of straight-chain saturated and unsaturated acids with the frequent 
addition of I o-methyloctadecanoic (tuberculostearic) acid. The latter acid was not detected 
in the present study. Small amounts of is0 and anteiso acids have been found, however, in 
certain nocardiae (Farshtchi & McClung, 1970; Pommier & Michel, 1973) and in 
C. diphtheriae (Brennan & Lehane, 1971); it is possible, therefore, that the uncharacterized 
minor component found in strains B57 and B59 of B. matruchotii (Table 2) is an is0 or anteiso 
branched-chain acid. The relatively shorter chain lengths of the fatty acids of C. diphtheriae 
pw8 (Table 2) may be a result of the different growth conditions of this organism. 

Gilmour et al. (I 96 I) classified the genus Bacterionema in the order Actinomycetales, 
family Actinomycetaceae because of its mycelial growth and Gram-positive filamentous 
morphology, though they did point out that it differed extensively from the two existing 
genera Actinomyces and Nocardia. However, although the genus has subsequently been 
found to form a recognizable taxonomic entity on the basis of numerical phenetic and sero- 
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logical data (Melville, 1965; Snyder et a!., 1967; Holmberg & Hallender, 1g73), its generic 
location is unsettled. Pine (1970) suggested the family Corynebacteriaceae might be a more 
suitable niche for B. matruchotii on the basis of its propionic acid fermentation (Howell & 
Pine, 1961). Bacterionemae and true corynebacteria also have a wall type IV (Pine, 1970; 
Cross & Goodfellow, 1973) and a DNA base composition in the range 55 to 60 % GC 
(Rogosa et al., 1974; Gilmour, I 974). The discovery that bacterionemae contain short-chain 
mycolic acids and a similar fatty-acid profile to corynebacteria re-emphasizes the relation- 
ship between these taxa. We recommend, therefore, that the genus Bacterionema be trans- 
ferred from the family Actinomycetaceae and classified with the Coryneform Group of 
Bacteria (Rogosa et al., 1974). 

Thanks are due to A. Temple for technical assistance, to P. Kelly for mass spectroscopy, 
and to Dr A. F. B. Standfast for the gift of C. diphtheriae organisms. M. G. and D. E. M. 
thank the Medical Research Council for support (grant Gg74/522/S). 
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