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Summary

The 23 representative bacteria were studied for the glucosamine contents which represent-
the glycolipid content of the cell wall. The distribution of glycolipid in various bacteria
was examined and the relationship between the glycolipid contents and the Gram stain
was elucidated. The results were as follows:

1. The contents of glucosamine in the glycolipid of Gram negative and variable bacte--
rial cell wall were large ranging from the least 0.04 pg of Proteus vulgaris to the largest
2.48 pg of Aerobacter aerogemes. The Gram positive bacteria and only those Gram posi-
tive among Bacilli contained less than 0.02 pg of glucosamine contents. The least gluco-
samine gontaining Gram positive bacteria were Corynebacterium sepedonicum and Staphy--
lococcus aureus. It could generally be said that the Gram negative and variable bacteria
contain the higher content of glucosamine in the cell wall than the positives.

2. The bacteria were better stained by the Gram -solution after the extraction of
glycolipid from the cell wall than those without extraction.

3. The four infrared spectra of glycolipids obtained from Aerobacter aerogenes, Bacillus
circulans, Pseudomonas fluorescens, and Salmonella typhirurium showed all the similar
characteristics. All showed the existence of groups; OH, €-0, C-0-C, CH,+CH,,
amide band, fatty acid ester band and ester carbonyl bond.
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Fig. 1. Chemical structure of lipopolysaccharide

in Salmonella typhirurium.®

FA: Fatty acid, GIcN: Glucosamine

KDO: 2-Keto-3-deoxyoctonic acid

Hep: L-glycero-D-manno heptose

Ea: Ethanolamine P: Phosphoric acid

Glc: Glucose Gal: Galactose-

GIcNAc: N-acetyl glucosamine

Abe: Abecose, Man: Mannose

Rha: Rhamnose
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2. BERAGE

B. subtilis,

cerans. B.

B. circulans, B. brevis, B. mas-

alvei, B. polymyza, B. cereus,

B. natto, B. megaterium. B. mesentericus, B.
anthracis Pseudomonas fluorescens, E. coli, Aero-
bacter aerogenes, Salmonella typhirhrium, Proteus
vulgaris, Corynebacterium sepedonicum, Staphylo-

coccus aureus o ¥i3lo] polypepton 1%, meat

Table 1. Microorganisms used for the Examination of Glycolipids

Genus Spacies Genus Species
Rhodospirillum rubrum Bacillus natto
Pseudomonas fluorescens Bacillus subtilis
Escherichia coli Bacillus megaterium
Aerobacter aerogenes Bacillus mesentericus
Salmonella typhirurium Bacillus anthracis
Proteus vulgaris Selenomonas ruminantium
Bacillus circulans Leuconostoc mesenteroides
Bacillus brevis Corynebacterium sepedonicum
Bacillus mascerans Staphylococcus aureus
Bacillus alvei Axzotobacter vinelandii
Bacillys polymyza Propionibacterium freudenreichii
Bacillus cereus

| Table 2. Composition of Medium used for Growing Selenomonas ruminantium(2l)

Constituents Jl mg:fi%t;t&) mgilil;;(;?%) ’[ Constituents miﬁiflt;t‘%” mgilillllig?zem
Trypticase 4g | — MnCl, « 4H,0 0.01 0.01
Yeast extract 4g 4g CoCl; - 6H:0 0.01 0.01
n-Valerate — 0.038 CaCl, - 2H;0 0.026 0.026
Glucose — 10 Resazurine trace
Na-lactate (50%) 50 ml — Biotin 0.2mg —
(NH,),S04 1.8 1.8 Na,COs 6
KH:PO, 1.8 1.8 Cysteine 1.5 1.5
NaCl . 1.8 1.8
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extract 1%, NaCl 0.5% #5145 pH 6.8 2 FET
Hol WS B 30°C A 10~208:0 4%
B 031 o,

Selenomonas ruminantium & 322 o) FLEEEZHEY
glucose Bidbel A HRAVC. 2 HEM I

Propionibacterium freudenreichii = 32 3 2| Kib
2 30°C oA ﬁﬁﬁﬁ.‘.’.i’Nz—gaSﬂOO%) Tl A 20
B BB mEshlth

R. rubrum & 30°C, 30/, XHRBHT, HE
(5% COy, 95% Na-gas) 0.2 3 4 2] 55#bol A
Bosed] fE®oz st

Table 3. Composition of Medium used for Growing

Propionibacterium freudenreichii
Glucose 1 %
Yeast extract 0.5
Polypepton 0.5
Meat extract 0.5
Sodium acetate 0.5
NaCl 0.25
Distilled water
pH 7

Table 4. Composition of Medium used for Growmg ‘

Rhodospirillum rubrum

Polypepton 0.5 %
Yeast extract 0.5
L-Na-glutamate 0.4
DL-Malate 0.35
KH;PO, 0. 00015
K.HPO, 0.00018
Distilled water

pH 6.8-7

Leu. mesenteroides = 30°C o] A 208:f A
(5% CO,, 95% Ny-gas) 2.2 yeast extract 1%,
glucese 1%, polypepton 1%, sodium acetate 0.5
%, pH6.8¢l A 23319 32, Azotobacter vinelandii

Table 5. Composition of Burk’s medium

K,HPO, 0.64g | Na:MoO, 2.5mg
KH2P04, Q. 16 FeSOa 15 mg
MgSOZH,0  0.20 | pH 7.3
CaS0,2H,0 0.05 || H.0 u
Sucrose 20
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%} Gram stain £ E S sostd K6} 2. R 6
oA »iule} o] Gram [&{kEE<Q Rhodospirillum
rubrum, Pseudomonas fluorescens, Escherichia coli,
Aerobacter aerogenes, Proteus vulgaris, Salmonella
typhirurium Selenomonas ruminantium, Azotobac-
er vinelandii 5| = PEIREC] ThZel HEE
#HH ol 9ou Bacillus Frp Gram ¥ Gram
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et
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Table 6. Occurrence of Glucosamine of Glycolipid in Various Bacteria and the Results
of their Gram stain.
Family Genus Speres [Caluml | Gram OGS
glucosamine
Anthiorhodaceae Rhodospirillum rubrum An - +
Pseudomonadaceae Pseudomonas fluorescens A - +
Enterobacteriaceae Escherichia coli A - +
Aerobacter aerogenes A — -+
Salmonella typhirurium A - ~+-
Proteus vulgaris A - +
Spirillaceae Selenomonas ruminantium An - -+
Azotobacteraccae Azctobacter vinelandii A — +
Bacillaceae Bacillus circulans A - +
Bacillus brevis A var. +
Bacillus mascerans A var. -+
Bacillus alvei A var. +
Bacillus polymyza A var. +
Bacillus cereus A var. +
Bacillus natto A + trace
Bacillus subtilis A + trace
Bacillus megaterium A + trace
Bacillus mesentericus A + trace
Bacillus antkracis A + trace
Lactobacillaceae Leucanostoc mesentercides A + trace
Corynebacteriaceae Corynebacterium sepedonicum A 1‘ + trace
Micrococcaceae Staphylococcus aureus A 1 + trace
Propionibacteria Propionibacterium freudenreichii An 1 + trace

A : Aerobic culture

An : Anaerboic -culture

Var. : variety
aureus | & A9 HEA gkt ofshite] Gram
positive '%éﬂ-‘e 23 AA Eoldx E—3T Genus
ol Bt A= Gram positive Bl & 79 HERA
9 &8 g Aoz veEyd.

2. WAEH 8L Gram 38

Fils EIEES HClZ 43t acetylacetone
% p-dimethylamino benzaldehyde 2 BRI 3} ¢
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Table 7. Glucosamine Content of Glycolipid in Several Bacteria and the Results
of their Gram stain. o ,
Glucosamine(pg/
Bacterial  strains Gram stain’ mg dry weight of
cells)

Aerobacter aerogenes - 2.48
Selenomonas ruminantium -

Lactate energy source 1.22

Glucose energy sorce 0.92
Bacillus circulans - 0.72
Rhodospirillum rubrum - 0.65
Bacillus brevis var. 0.56
Bacillus mascerans var. 0.23
Bacillus alvei var. 0.16
Bacillus polymyza var. 0.12
Bacillus cereus var. 0.11
Escherichia coli - 0.07
Salmonella typhirurium - 0.06
Pseudomonas fluorescens - 0.06
Azotobacter vinelandii - 0.04
Proteus vulgaris - 0.04
Bacillus natto -+ 0.02
Propionibacterium freudenreichii + 0.02
Bacillus subtilis + 0.02
Bacillus megaterium + 0.02
Bacillus mesentericus +. 0.02
Bacillus anthracis + 0.02
Leuconostoc mesenteroides + 0.01
Corynebacterium sepedonicum + 0.004
Stapkylococcus aureus + 0.003

Var. : variety

Gram [&dEE o] lipopolysaccharide 7} %8 &#e
39 Gram $ifse] HA %3 AL lipopolysaccha-
ride 7} Gram $ea5} BifR7 A& Ao #Hs
ol ¥ BkIE #ESz 48
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10 o
2 AL
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g4 AR Bl AL Aoz Staphylococcus
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pgd AL &BE e
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Fig.2. Infrared Absorption Spectra of Glycolipid
of Aerobacter aerogenes (A) and
Bacillus circulans (B)
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Fig.3. Inflared Absorption Spectra of Glycolipid

of Salmonella typhirurium (C) and
Pseudomonas fluorescens (D)
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