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SUMMARY: A mannan has been isolated from membranes of Micrococcus 
lysodeikticus (NCTC 2665) grown in the presence of [ 1,4 “C] succinic acid. 
Hydrolysis of this polysaccharide with 0. 1 N NaOH yielded a compound 
soluble in both diethyl ether and distilled water. This component was iden- 
tified as [ “~] succinic acid by paper chromatography of both the free acid 
and of its corresponding hydroxamic acid derivative. Semiquantitative 
analysis indicated an ester-linked succinic acid content for mannan of 
approximately 2. 410. 

INTRODUCTION: Micrococcus lvsodeikticus, unlike most gram-positive 

bacteria, does not possess a membrane teichoic acid except when grown 

under conditions of limiting Mg ” (1). This organism does, however, syn- 

thesize a mannose polymer (2,3). Recent work in this laboratory has shown 

that this polysaccharide represents over qorr/o of the total membrane-bound 

carbohydrate and that it is localized largely in the mesosome of this or- 

ganism (4). Characterization of mannan purified from isolated mesosomal 

vesicles (5) and from whole cells of M. - lysodeikticus (6,7) has shown that 

it possesses acidic properties which are lost upon mild base hydrolysis. 

A full characterization of the ionic properties of this molecule would thus 

be important since the possibility exists that an acidic mannan may repre- 

sent a teichoic acid analogue for M. lysodeikticus. - In the present study we 

report the presence of ester-linked succinate residues in this polymer. 

MATERIALS AND METHODS: Cells of Micrococcus lysodeikticus (NCTC 
2665) were grown on peptone-water-yeast extract medium for 24 h as pre- 
viously described (8). Culture medium (750 ml) was supplemented with 
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100 PCi [ 1,4 14Cl succinic acid (20.4 mCi/mmole, Amersham/Searle). 
Total membrane fractions (i. e. plasma plusmesosomal membranes) were 
prepared from washed cells by lysozyme digestion and osmotic lysis, and 
were subsequently washed six times in 50 mM Tris-HCl buffer, pH 7.4, at 
4OC (9). The method for preparation of isolated mesosomal membranes 
followed that described by Owen and Freer (10). 

Details of the purification of membrane-bound mannan by essentially 
non-degradative procedures will be given in detail elsewhere (5). In brief, 
mannan was solubilized from washed membranes by ionic-heat shock treat- 
ment (4), concentrated with an Amicon ultrafiltration unit and then precipi- 
tated with 7% ethanol. Mannan isolated from mesosomal vesicles by this 
method has been shown to contain 94% mannose, 1% lipid and no detectable 
phosphorus (4,5). [ 14c] -labeled mannan prepared from total membranes 
was further purified by incubation at 230C for 24 h with a twenty-fold 
weight excess of concanavalin A in 18 mM phosphate buffer, pH 7.2, con- 
taining 1. 0 M NaCl. The resultant precipitate was washed twice with 
phosphate buffer containing 1. 0 M NaCl, once in phosphate buffer alone and 
then lyophilized. 

Both labeled and unlabeled mannan preparations at a concentration of 
1 mg/ml were hydrolyzed with 0. 1 N NaOH for 1 h at 100°C under a nitro- 
gen atmosphere. Hydrolysates were then made 0. 5 N with respect to HCl 
and extracted four times with six-fold volumes of diethyl ether (11). Ether 
was subsequently evaporated and the residue dissolved in distilled water. 
Hydroxamic acid derivatives of the ether soluble extract of base-hydrolyzed 
mannan and of succinic acid were prepared according to the method des- 
cribed by Keller and Ballou (12). Free acids were subjected to ascending 
chromatography on prewashed (13) Whatman SC 81 silica gel impregnated 
paper using solvent I - butanol/formic acid/water, 4/l/5 by volume and 
solvent II - ethanol/ammonia/water, 16/l/3 by volume; ascending chroma- 
tography of corresponding hydroxamate derivatives was performed on 
Whatman No. 1 chromatography paper with solvent III - 2-propanol/ammonia, 
2/l by volume and solvent IV - water-saturated isobutyric acid. Acids 
were detected with either bromocresol purple (14), bromophenol blue (15) 
or with methanolic aniline-xylose (16) and hydroxamate derivatives with 1% 
ethanolic ferric chloride (17). Carbohydrates were localized on chromato- 
grams with aniline hydrogen phthalate (18) and determined quantitatively in 
solution by the anthrone method of Morris (19) using mannose as standard. 
Radioactive components were localized by cutting chromatograms into 1/8th 
inch strips, immersing each in Aquasol scintillation fluid (New England 
Nuclear) and making radioactive measurements over 4-min intervals in a 
Nuclear Chicago Mark I scintillation counter. 

RESULTS AND DISCUSSION: Approximately lZ$ of the radioactivity 

incorporated into cells of M. lysodeikticus grown in the presence of [ 1,4 - 

“~1 succinic acid was recovered in the total membrane fraction. In turn, 

about 14% of the membrane-bound radioactivity could be accounted for as 

mannan which was released from the membrane by ionic-heat shock and 
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Figure 1. Autoradiogram of the gel diffusion 
pattern obtained following diffusion of [ 14c] - 
labeled mannan (2 mg/ml, outer wells) isolated 
from cells labeled with [ 1,4 t4c] - succinic acid 
against concanavalin A (10 mg/ml, delineated 
center well). 

purified by ethanol precipitation. Ethanol precipitated, [ 14c] -labeled 

mannan was tested against the lectin concanavalin A in agar gel and the 

autoradiogram is shown in Fig. 1. One major precipitin band was obtained 

and it showed a line of identity with purified unlabeled mannan isolated from 

the mesosome fraction. Subsequent purification of [ 14c] -labeled mannan 

by coprecipitation with concanavalin A yielded a fraction (180, 000 cpm) 

accounting for 64% and 95% of the radioactivity present in the ionic-heat 

shock fraction and in the ethanol precipitate respectively. 

Evidence obtained from polyacrylamide gel electrophoresis (6), from 

DEAE cellulose chromatography (7) and from electrophoresis in agar (5) 

has indicated that mannan isolated from whole cells (6,7) and from isolated 

mesosomal vesicles of this organism (5) is an acidic polymer whose ionic 

characteristics are lost following mild alkaline hydrolysis. This property 

has been attributed to the presence of charged fatty acids covalently 

attached to the polysaccharide molecule (7). In the present study we ob- 

served that mild base hydrolysis followed by acidification and exhaustive 

ether extraction yielded a product soluble in both ether and distilled water 

which accounted for approximately i”$ of the total radioactivity observed for 

intact mannan. Chromatography of this material (Fig. 2) revealed the 

presence of a major radioactive peak accounting for over 9C% of the observed 

radioactivity. This compound gave a positive reaction with detection 
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Figure 2. Paper chromatograms of an ether extract of base-hydrolyzed 
[ 14c] -mannan isolated from cells labeled with [ 1,4 14c] - succinic acid. 
The ether extract was dissolved in distilled water and subjected to chroma- 
tography in solvent I (A) and in solvent II (B). The chromatographic behav- 
ior of authentic succinic acid (sa) and of mannose (m) are shown for com- 
parison. 

Figure 3. Paper chromatograms of the hydroxamate derivatives of an 
ether extract of base-hydrolyzed [ 14c] -labeled mannan. Derivatives were 
subjected to chromatography in solvent III (A) and in solvent IV (B). The 
chromatographic behavior of authentic succinohydroxamate (sh) and of free 
succinic acid (sa) are shown for comparison. 

reagents for aliphatic acids (14- 16) and cochromatographed with authentic 

succinic acid. The remaining radioactivity could be accounted for by 

material remaining at the origin and may represent a slight carry over of 

residual mannan. No labeled free mannose was detected. 

Confirmation of the presence of succinyl residues was obtained by 

chromatography of the corresponding hydroxamic acid derivatives. In sol- 

vent III (Fig. 3A) the major radioactive peak corresponded to an area of the 
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chromatogram staini.ng purple with ferric chloride (17) and showed similar 

chromatographic properties to authentic succinohydroxamate. The slight 

tailing of the peak could in part be accounted for by the presence of unre- 

acted succinic acid. Following chromatography in solvent IV (Fig. 3B) 

three distinct radioactive peaks were observed. Two of these corresponded 

to regions of the chromatogram staining purple with ferric chloride; the 

third showed similar chromatographic properties to free succinic acid. The 

observation that the hydroxamate derivative of authentic succinic acid also 

gave two similar components staining positively with ferric chloride follow- 

ing chromatography in this solvent confirms the earlier observations of 

Fink and Fink (20) and suggests the occurrence of acid hydrolysis in this 

solvent system. 

Succinyl residues, detected as their hydroxamate derivatives, were 

also found in unlabeled mesosomal mannan. Visual comparison of the color 

reactions produced between ferric chloride and known quantities of authentic 

succinohydroxamate following chromatography in solvent III allowed a semi- 

quantitative estimate of the succinic acid content of this polymer. A value 

of approximately 2. 5% was obtained. Mannan obtained from mesosomal 

vesicles is known to contain 94% mannose and 1% associated lipid (4, 5). 

Allowing for a small degree of protein contamination, succinyl residues 

would bring the recovery of identifiable components to about 10%. 

The occurrence of succinyl residues in bacterial polysaccharides is 

comparatively rare and its detection in the membrane mannan of && lyso- 

deikticus accounts for the acidic properties of this polymer. The posses- 

sion of this polysaccharide in this organism is of interest as it appears to 

be devoid of the other common type of acidic polymer (teichoic acid) found 

in walls and membranes of gram-positive bacteria. The only other instances 
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in which succinyl residues have been reported are in the teichoic acid of 

Actinomyces violaceus (21)) the lipopolysaccharide of Mycobacterium phlei 

(12) and more recently in a glycerophosphate-oligosaccharide isolated from 

Escherichia coli (22). 
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