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The difficulties encountered in working with micro -quantities 

of lipids have been overcome by the advent of new and improved 

procedures in chromatography which have made possible better 

fractionation and identification. Bacterial lipids because of their 

different lipid pattern from other life forms have stimulated much 

interest. Studies have been made on the nature of the various lipid 

complexes, its synthesis and degradation, its distribution intra- 

cellularly, its immunological properties and functions. 

The purpose of this investigation was to determine the lipid 

and fatty acid composition of the vegetative cells of Clostridium 

botulinum 115B as an initial step to the understanding of its high 

resistance to radiation as well as heat and to its toxigenicity. 

Lyophilized cells were used for extraction. Free fatty acids were 

separated from total fatty acid by column chromatography and 



analyzed for their fatty acid compositions by gas - liquid chromato- 

graphy after conversion into methyl esters. Volatile fatty acids 

were analyzed using GLC, as free acids. The total lipid was re- 

solved into its component lipid classes by thin -layer chromatography. 

Analysis showed that hydrocarbons, di- and tri- glycerides , 

free fatty acids, phospholipids and glycolipids make up the lipid 

composition. The overall fatty acid pattern included straight chain 

saturated, unsaturated and cyclopropane acids with a complete 

spectra from C1 - C21. Normal saturates make up the major por- 

tion of the fatty acids with palmitic acid being the most predominant. 

Normal unsaturated acids comprised the second major group which 

consisted mostly of monoenoic acids, the most abundant of which 

was an octadecenoic acid. 
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A STUDY OF THE FATTY ACIDS AND LIPIDS 
OF CLOSTRIDIUM BOTULINUM TYPE B 

INTRODUCTION 

Literature offers very scanty information with regards to lipids 

of microorganisms. In 1957, Magsanik (78) stated that the lipids of 

bacteria and fungi has remained one of the least explored areas of 

biology. 

The major difficulties encountered in the study of lipids has 

been that of isolation and separation into their individual components, 

their inconvenient physical characteristics slowing down investiga- 

tions. In the analysis of microbial lipids this is coupled with the 

difficulty of working with microquantities of the sample which poses 

an added problem to the investigator. Although these factors have 

presented a formidable challenge, within the past few years new and 

improved procedures especially in chromatography have been devel- 

oped and have allowed better fractionation and subsequent identifica- 

tion. 

Bacterial lipids in general, have stimulated interest. They 

possess a lipid pattern different from that of other life forms in such 

respects as the absence of sterols, phospholipids low in nitrogen and 

high in carbohydrate, the lack of the classical lecithins and cepha- 

lins and the presence of a large proportion of free fatty acids some 
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of which are unusual and not present in other forms of life. These 

differences have led to speculation on the probable relationship of 

the lipids present in an organism to its pathogenic character and to 

its heat and radiation resistance. 

It is for this purpose that this study was made on the fatty acid 

spectrum of the vegetative cells of Clostridium botulinum 115B as an 

initial step to the understanding of its high resistance to radiation as 

well as heat and to its toxigenicity. 
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LITERATURE REVIEW 

A study of accumulated literature on bacterial lipids and fatty 

acids show in the years since World War II a progressively increas- 

ing tempo of research in lipid chemistry and metabolism. An ex- 

haustive review on the subject is given by Kates (59), O'Leary (94), 

and Asselineau and Lederer (11) on the many aspects of the re- 

searches that have been conducted. 

The role of lipids in the enhancement of virulence which is es- 

pecially evident in pathogenic bacteria of the species Mycobacterium 

(68) has led to speculation on the possible relation of unusual fatty 

acids to pathogenicity and has stimulated interest in its study. Tol- 

erance to high temperature has also been associated with the nature 

of the lipids (111). Heilbrunn (43) and Belehradek (16) suggested 

that the melting point of protoplasmic lipids determine the heat re- 

sistance of an organism. 

The lipid content of microorganisms varies from 1 -10 %, most 

of which occurs in the cytoplasmic membrane to a level as high as 

500 (104) of the dry weight of the organisms that accumulate lipid 

reserves. Much of the earlier work was limited to determinations 

of per cent total lipid" for various organisms. The fatty acids , 

which are the fundamental components of the bacterial lipids have 

been studied mostly to establish the identity and relative abundance 
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in the bacterial cell as a whole. A few organisms have been studied 

for their fatty acid spectra i. e. , Agrobacterium tumefaciens (58), 

Clostridium butyricum (15), Escherichia coli (66), Lactobacillus 

arabinosus (45), Lactobacillus casei (44), Lactobacillus delbruecki 

(52), group C Streptococcus (47), Micrococcus radiodurans (72) and 

Clostridium botulinum type A (84). 

The lipids of bacteria consists of "free" lipids which are read- 

ily extractable with methanol and chloroform and of lesser amounts 

of "bound" lipids which become extractable only after acid or alka- 

line treatment of the cells. The fatty acids (57, 94, 118) and the 

"bound" lipids (67, 92) of gram negative bacteria have been investi- 

gated extensively but relatively little is known about the nature of 

the "free" lipid components. Recent studies however , have shown 

that phosphatidylethanolarnine is a major component of the "free" 

lipid (56, 67, 118). 

The various forms in which bacterial lipids occur are (1) free 

fatty acid, (2) fatty acid polymers, (3) glycerides , (4) waxes, (5) 

phospholipids, (6) glycolipids , (7) peptidolipids and (8) bound lipids. 

Chemical Nature of Bacterial Lipids 

Free Fatty Acids 

The amount of free or unesterified fatty acids as it occurs in 
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microorganisms is greater than in cells of other forms of life. 

Palmitic, stearic, hexadecenoic and octadecenoic acids a_e the major 

constituents of the free fatty acid fraction. Small quantities of lauric, 

myristic, lignoceric (tetracosanoic), cerotic, linoleic, butyric, ca- 

proic acids and modifications of these acids have been reported (63). 

The percentage of free fatty acids vary with the species and 

may be quite high. The fat of the diphtheria bacillus consists mainly 

of free fatty acid of which one third is exclusively palmitic (9). Ac- 

cording to one study the lipids of Salmonella typhirnurium is almost 

all free fatty acid (2) but further experiments (77) found a consider- 

able amount of phospholipids and glycerides. The conflicting results 

may have been due to the hydrolysis of the lipids. Lactobacillus 

acidophilus, Bacillus megatheriunz, Agrobacterium tumefaciens, 

Hemophilus pertussis, and Mycobacterium leprae contain 20% or 

more free fatty acid (30, 63, 94, 112) while Sarcina lutea has 2. 1% 

(50). 

The free fatty acid composition of the extractable lipids of 

some gram negative organisms show the absence of chains longer 

than twenty carbons and a novel feature is the presence of cyclopro- 

pane rings (67). 

Fatty Acid Polymers 

The occurrence of poly (3 - hydroxybutyric acid in a number of 
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Bacillus species was shown by Lemoigne (70). The polyester was 

found among members of the genera Azotobacter (4 2), Chromobac- 

terium, Rhizobium and Pseudomonas. The polymer has also been 

successfully isolated from Ferrobacillus, Rhodospirillum, Spirillum 

and Micrococcus (33). 

Glycerides 

Glycerides present in bacteria varies from trace quantities to 

80% of the neutral lipid content, some species have been reported not 

to contain triglycerides (11, 65). 

Mono -, di- and triglycerides occur in many bacteria (10, 97). 

All three have been found in Mycobacteria (12, 18, 91) , an organism 

most thoroughly studied for its lipids. In some strains of the tuber- 

cle bacilli glycerides constitute as much as 70% of the wax (91). An 

ocglyceryl ester of C or C was found in a human strain (91), 

BCG strains and human strains contain a mono -glyceride of mycolic 

acid (18, 113). Diglycerides containing phthienoic acid and a fatty 

acid of 18 carbon atoms is present in this organism (12), as well as 

diglycerides containing mycolic acid (18), palmitic and stearic acids 

and hexacosanoic acid (91). Its triglycerides are reported to have 

mycocerosic acid (12) and normal C22 -C26 fatty acids (91), palmi- 

tic and other similar acids (12). Sarcina lutea contain mono -, di- 

and triglycerides (50) and a diglyceride with a C15 branched acid 
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is present in Micrococcus lysodeikticus as a major component (76). 

Waxes 

Waxes generally consist of alcohols and acids of somewhat 

longer chain length than the fatty acid of other lipid classes, com- 

monly from C26 up to C30, and sometimes up to 
C34 

or C36. Waxes 

have been found only in the genera Mycobacterium (26) and Coryne- 

bacterium (7). The wax of the bovine tubercle bacillus constitute 

the bulk of the lipids of this organism, 63. 5% of the total lipids and 

8. 5% of the dried bacteria (5). 

Mycobacterium tuberculosis contain diesters of mycocerosic 

acid and the alcohols of the phthiocerol group (10, 109). Mycobac- 

terium avium and phlei instead of phthiocerol has 2- eicosanol and 

2- octadecanol as esters (96). Esters of corinnic alcohol (9) and 

palmitates and stearates of octadecanol and docosanol are found in 

Corynebacterium diphtheria (101). 

Phospholipids 

Phospholipids or phosphatides are commonly found in a large 

number of microorganisms and form a large percentage of the lipid 

fraction. The phospholipids of gram positive bacteria have been 

reported to be devoid cf nitrogen and presumed to be phosphatidic 

acids (69, 116). In most bacteria phosphatidylglycerol and 
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phosphatidylethanolamine constitute the major phosphatides , about 

90% of the total extractable lipids in some gram negative organisms 

(67). Phosphatidyl choline is rarely a major component of bacterial 

lipids with the exception of the genus Agrobacterium (35 , 38 , 58 , 65, 

67, 108). 

Escherichia coli (66), S. typhimurium (77), Proteus P18 (89), 

and M. halodenitrificans (60) have phosphatidylethanolamine as the 

major phospholipid. Phosphatidyl glycerol is found in E. coli (65), 

M. lysodeikticus (76), S. lutea (50), Clostridium welchii (75), C. 

butyricum (15), Micrococcus halodenitrificans (60), Streptococcus 

faecalis, Rhodopseudomonas and Rhodospirillum (51). 

Phospholipid fractions have been found to contain amino acids. 

Alanine and serine are incorporated in the lipids of Pseudomonas 

aeruginosa (59), serine in S. lutea (50), E. coli (59) and C. butyri- 

cum (15), phenylalanine and arginine in lipids of B. megatherium 

(48, 95), alanine, lysine, ornithin, glutamic and aspartic acid in C. 

perfringens (75). The phospatides of certain strains of S. typhosa 

contain lesser proportions of amino acids (85). High concentrations 

of lipoamino acids were discovered in the whole cells of S. aureus 

(77), in lactic acid bacteria (52, 74) and in Pseudomonas stutzeri 

and Serratia marcescens (10). 

The phospholipid component of M. tuberculosis and M. phlei 

consists mainly of phosphatidyl- myo- inositol mannosides (13, 14, 91).. 
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A phosphomucolipid is found in six Salmonella strains (92), Pseudo - 

monas aeruginosa, E. freundii, E. coli 05-i, and Neisserria 

gonorrhea (54, 92). The glycero -phospho protein complex of M. 

pyogenes contains 30% of the total lipid phosphorus of the organism 

(87) while L. acidophilus contain 7% of lipids , of which 32% were 

phosphatides (30). 

The phosphatides of human tubercle bacillus are notable for 

containing "phthioc acid" which is not found in other organisms (28). 

One of the major phosphatides of C. butyricum has been identified 

as N- methyl ethanolamine phosphatide which is predominantly in 

the plasmalogen form (15). Other anaerobic bacteria where a frac- 

tion of the phosphatide exists in the plasmalogen form are the Rumi- 

nococci and Bacteroides succinogenes (3). 

Glycolipids 

Bacterial glycolipids are characterized by the combination of 

fatty acids or fatty alcohols with sugar. Carbohydrates so far found 

include glucose, galactose, arabinose, mannose, rhamnose and 

trehalose. There is a widespread distribution of glucose or galac- 

tose diglycerides in gram positive bacteria representing about 1 -2% 

of the total lipids (22, 71, 77, 102). In Pneumococcus it represents 

34. 3% of the total lipids. A study (21) suggests that monohexosyl 

and dihexosyl may occur more widely in gram negative bacteria. 
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Clostridium perfringens contains a mannose glycolipid (75) 

while mannosyl diglyceride is present in M. lysodeikticus (71). 

Uncharacterized glycolipids in Eubacteria were noted (59). Mono -, 

di -, and penta mannoside derivatives of phosphatidyl inositol (14), 

trehalose 6, 6' mycolic acid diester and arabinose mycolate (10, 13) 

were isolated from strains of the tubercle bacilli. Higher fatty acid 

esters of trehalose and galactose (9, 101) have been reported in 

diphtheria bacillus. 

A glucose containing glycolipid was found in S. aureus (77) and 

rhamnose was found to be present in the glycolipid of P. aeruginosa 

(54). Glucose, N - acetylglucosamine and rhamnose are the major 

constituents of the lipopolysaccharides of Shigella flexneri (106). 

Peptidolipids 

These are mixtures of fatty acids and amino acids possessing 

lipid solubility characteristics. Very little is known about the char- 

acter of bacterial peptidolipids. Thos e so far reported are those 

of M. avium (109) and Nocardia asteroides which has 70% peptide 

and 30% lipid (39). 

Bound Lipids 

These are lipids which become extractable only after disrup- 

tion of the cells by means of acid or alkali treatment and are lipoid 
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constituents of the cells firmly combined with carbohydrates and 

proteins. They constitute a major fraction of the total lipids from 

20% in Azotobacter agilis (57) and C. diphtheria (9) to 80% of the 

lipids in L. arabinosus (45) and L. casei (44). 

Fatty Acids of Bacteria 

The fatty acids of bacteria differ from those of higher orga- 

nisms in a number of features which include: the presence of cis - 

vaccenic acid instead of oleic acid as the major 18 carbon monoun- 

saturated fatty acid (107), the presence in many bacterial species 

of fatty acid containing a cyclopropane ring (59, 97) and the absence 

of polyunsaturated fatty acids (1 , 4). 

The five groups of fatty acids found in bacteria are: (1) satu- 

rated straight chain acids, (2) unsaturated straight chain acids, (3) 

branched chain acids, (4) cyclopropane acids , and (5) hydroxy acids. 

Saturated Straight Chain Acids 

These are identical to the saturated fatty acids found in other 

forms of life. Formic (C1), acetic (C2) , propionic (C3), butyric 

(C4), caproic (C6), caprylic (C8), and capric (Ci0) have been found 

in large groups of bacteria in small amounts. 

Occurring in greater proportions are lauric (C12), myristic 

(Ci4), palmitic (C16) and stearic (C18) with palmitic being the most 
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common (59, 93). In 14 out of 16 gram negative bacteria studied, 

C16 saturated straight chain fatty acid accounted for 35.8% to 54. 8% 

of the lipid fatty acids (67). Arachidic (C20), behenic (C22), ligno- 

ceric (C24) and octacosanoic (C28) are found in a few species - 

arachidic in P. aeruginosa (103), behenic, lignoceric and octaco- 

sanoic in C. diphtheria (6). 

Fatty acids with odd numbered carbon atoms have been identi- 

fied from P. aeruginosa, C15 - C21 (103), C. butyricum, C13 and 

C15 (37), Nocardia, C15 and C19 (20), M. radiodurans, C15 and Cl.?, 

(64, 72) and C. botulinum 33A, C9 - C19 (84). 

Unsaturated Straight Chain Acids 

These constitute a major portion of the bacterial fatty acids 

and are mostly monoenoic with 16 :1 and 18 :1 being the most pre- 

dominant. Analysis of the lipids of certain microorganisms have 

shown that cis -vaccenic acid is the principal unsaturated fatty acid 

in a number of Lactobacillus species (44 , 45) , A. tumefaciens (46) , 

C. butyricum (107), Streptococcus (47), and E. coli (56). A large 

percentage of unsaturated fatty acid is found in Chromobacterium 

violaceum, Photobacterium albensis and Pseudomonas species (29). 

Unsaturated fatty acids of fewer than 16 C atoms do not show 

up in a large number of bacteria - C. diphtheria has an unidentified 

tetradecenoic acid (6) and Brucella suis has an unsaturated C10 or 
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C12 (94). M. halodenitrificans contain a C18 monounsaturated acid 

accounting for more than 50% of the fatty acids and about 20% of a 

C16 monounsaturated acid (60). Unsaturated fatty acids with chain 

lengths of C20, 
C22 -C24, C26 and C28 occur in C. diphtheria (11, 

101). 

Branched Chain Acids 

These acids have mostly been isolated from gram positive 

organisms (29). Branched chain fatty acids with 15 and 17 carbon 

atoms occur abundantly in the lipids of B. subtilis (55, 105), in a 

species of Sarcina (50) and in M. lysodeikticus (76). Branched 

chain fatty acids with 19 carbon atoms have been identified in M. 

tuberculosis (27), M. phlei (10) and Pasteurella pestis (9). 

Mycobacterium tuberculosis contain a number of complex lipids 

with one methyl side chain, tuberculostearic acid and phthiocerol 

or with two or three methyl branchings, phthienoic acid and myco- 

cerosic acid (68). 

The mycolic acids which is discussed under hydroxy acids can 

be classed under this group. Branched chain fatty acids have also 

been found in P. aeruginosa from C9 to C19 odd carbon numbered 

(54) , Bacillus polymyxa (41) and S. aureus (77). 
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Cyclopropane Acids 

The principal cyclopropane acid, lactobacillic, was discovered 

in L. arabinosus (46) and is produced by several strains of lacto- 

bacilli (94) and by A. tumefaciens (58). Cyclopropane acids are 

known to occur in both gram positive and gram negative species , 

and have been identified in E. coli, S. marcescens , S. gallinarum 

(17, 59, 94), C. botulinum 33A (84), C. butyricum (37), Aerobacter 

aerogenes and P. vulgaris (5 9). 

Cyclopropane acids with 17 carbon atoms have been found in 

B. subtilis and P. pestis (10, 106). 

Hydroxy Acids 

Hydroxy acids of bacteria occur as ß hydroxy acids. E. coli 

contains p hydroxydecanoic (66) and p hydroxy myristic acids (90). 

Mevalonic acid (3,5- dihydroxy 3 methylpentanoic acid) and dihydroxy- 

stearic acid has been found in lactobacilli (112), (3 hydroxy myristic 

acid in Proteus P18 (89), hydroxydecanoic acid in cultures of Azo- 

tobacter agilis (57) and S. marcescens (24, 25) while P. aeruginosa 

contain f3 hydroxyoctanoic through to p hydroxymyristic acids (103). 

Mycolic acids which are high molecular hydroxy acids with 

a long side chain is present in bacteria in three groups (10, 100, 

11 3). 
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a. Cornomycolic acid and cornomycolenic acid of C. 

diphtheria with 32 carbon atoms. 

b. The nocardic acids of Nocardia asteroides with 50 ± 2 

carbon atoms. 

c. The mycolic acids of Mycobacteria with more than 80 

carbon atoms. 
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MATERIALS AND METHODS 

The Organism and Its Cultivation 

Source of Organism 

Clostridium botulinum strain 115 B which was used in this 

study was obtained from the Quartermaster Food and Development 

Command for the Armed Forces, Natick, Massachussetts. 

Reagents 

All chemicals used were of reagent grade, ether was redis- 

tilled and "high purity" hexane was double distilled before use. 

Culture 

The media used was trypticase- peptone - glucose (TPG) broth 

containing 50.0 grams trypticase (BBL); 5.0 grams peptone (Difco); 

5.0 grams glucose (anhydrous, reagent); 1,000 ml. distilled water. 

The pH before autoclaving was 6. 8. Two and five liter quantities 

were used to grow the cells, using 10 ml. inoculum per liter from 

a 48 hour TPG growth culture. The inoculum came from a TPG 

cooked -meat broth stock culture which was subcultured twice for 48 

hours in TPG to promote vegetative cells and eliminate any lipid or 
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fat contaminant coming from the cooked meat medium. Inoculation 

was done soon after autoclaving or after driving off the excess oxygen 

to permit an aerobic incubation. 

An incubation period of 72 hours at 30oC was used which gave 

sufficient time to allow the cells maximum growth without undergoing 

sporulation and autolysis. Before harvesting, the culture was 

checked for purity and sporulation by gram staining and plating on 

blood agar and trypticase egg yolk plates and incubating at 30oC 

aerobically and anaerobically. The cells were centrifuged at 7,000 

x g for 20 minutes and washed free of the medium with distilled 

water three times in a Sorvall centrifuge. Washed cells were then 

pooled and lyophilized. 

Extraction Procedures 

Extraction for Lipid Class Studies 

Extraction method used was that of Huston and Albro (49). The 

lyophilized cells were extracted with acetone and chloroform -meth- 

anol as in extraction of free lipids and washed free of non -lipid con- 

taminants by the method of Folch, et al. (32). The residue was refluxed 

and extracted for the bound lipids , washed free of non -lipid conta- 

minants and the two extracts were combined and evaporated to dry- 

ness under a stream of nitrogen on a 50oC water bath. The residue 
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was weighed and taken up in chloroform (10 mg. /ml.) and stored 

under nitrogen in the refrigerator. 

Extraction for Fatty Acid Studies 

For the Volatile Fatty Acids. (86). These acids because of 

their volatility was determined as free acids since esters are more 

volatile and therefore easily lost. 

The lyophilized cells were ground with chloroform and enough 

0. 2 N sulfuric acid to keep it acidic. Then it was extracted twice 

with the solvent. The extracts were combined and evaporated to 

dryness under nitrogen at room temperature. The residue was then 

taken up in hexane for introduction into the gas liquid chromatograph. 

Extraction of the lipids for the higher fatty acid studies from 

the lyophilized cells was based on Huston and Albro's method (49). 

For the Free Lipids. Lyophilized cells weighing from one to 

two grams were shaken for one hour in 100 ml. of acetone. It was 

then filtered through Whatman No. 1 filter paper and the residue 

was shaken for two hours in 100 mls. of chloroform- methanol 

(2 :1 v /v). It was again filtered and shaken with chloroform - methanol 

(2 :1 v /v) for another two hours. This was filtered and the residue 

was shaken for one hour in 100 ml of chloroform - methanol (1 :1 v /v). 

All extractions were carried out at room temperature to prevent 
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alterations of lipid structures (40, 73). Shaking the cells first with 

acetone permitted a more rapid and complete extraction by the other 

solvent systems. After filtration the residue was set aside for bound 

lipid extraction and the extracts were pooled and evaporated to dry- 

ness in a 50oC water bath under a stream of nitrogen. 

The residue was taken up in 9 ml. of 2 :1 v/v chloroform -meth- 

anol and the non -lipid contaminants were removed by washing with 

the method of Folch, et al. (32) with NaC1 in both wash solution and 

upper phase. Excess anhydrous sodium sulfate was used to remove 

traces of water and then the washed extract was evaporated to dry- 

ness under nitrogen, the residue which consists of free lipids was 

then taken up in ether. 

For Bound Lipids. After the last solvent extraction above, 

the residue was refluxed for two hours in a nitrogen atmosphere with 

a minimum amount of 2N aqueous KOH using glass beads. The re- 

sulting solution was acidified with 6N HC1 and extracted four times 

with 200 mis. of chloroform (4 x 50). The extracts were pooled and 

then evaporated on a water bath at 50°C under a stream of nitrogen. 

The residue was taken up in 9 ml. of chloroform- methanol (2:1 v/v) 

and washed free of non -lipid contaminants as above by the Folch, 

et al. method and taken up in ether. 
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The Separation of the Free Fatty Acids 

Separation of the free fatty acids from the lipid portion was 

performed by column chromatography as described by McCarthy 

and Duthie (83) on an is o -pr opanol- potassium hydroxide treated 

silicic acid column. Their method was modified (72) to recover the 

phospholipid as follows: The methanol fraction containing the phos- 

pholipids and potassium formate was evaporated to dryness under 

nitrogen and then taken up in chloroform. To dissolve the potassium 

formate dilute HC1 was added. The upper phase which is the chloro- 

form phase was separated from the aqueous phase and evaporated to 

dryness in a stream of nitrogen and the residue which contains the 

phospholipid was taken up in ether. The ether fractions containing 

the glycerides and free fatty acids were also evaporated separately 

under nitrogen on a water bath at 50°C and the residues were taken 

up in ether. 

Preparation of Methyl Ester Derivatives 

A "total" lipid fraction was formed by putting together the gly- 

ceride, phospholipid and bound lipid fractions and fatty acid methyl 

esters were prepared by refiuxing these for one hour in a nitrogen 

atmosphere with 100 sits. of methanol- benzene -sulfuric acid con- 

centrated (17 :2:1vww). After one hour the reaction was stopped by 
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addition of water and the resulting solution was made slightly alka- 

line with aqueous NaOH. 

This was then extracted for the fatty acid methyl esters with 

200 mis. (4 x 50) of doubled distilled hexane and the extract was 

evaporated to dryness under nitrogen, weighed, and taken up in 

hexane (10 mgm. /ml. ). 

Using the same procedure, the methyl esters of the free fatty 

acids were also prepared. 

Purification of Methyl Esters by Thin Layer Chromatography 

Thin layer chromatography was used to purify the methyl esters 

of both "total" fatty acid and free fatty acid. 

The samples were spotted 1.5 cm. from the bottom edge of the 

plate as a continuous thin band formed by the merging of a large 

number of drops applied by a micropippete. A reference standard 

was run at one end and this was run by ascending technique in hexane - 

ether- acetic acid (90:10:1 v /v /v) for 25 minutes at room temperature. 

The spots were localized in UV light after spraying with . 2% 2'7'8 

dichlorofluorescein in ethanol or with iodine vapors. The methyl 

ester spots were identified by comparison with the position of the 

standard. Vacuum aspiration was used to remove the purified methyl 

esters which was eluted with chloroform, evaporated in a 50°C water 

bath under nitrogen to dryness and taken up in hexane (10 mg. /ml. ). 
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Purified sample was stored under nitrogen in a refrigerator. 

Hydrogenation of Methyl Esters 

To detect which components of the methyl esters were unsat- 

urated, the microhydrogenation procedure of Farquhar et al. (31) 

was used modifying the procedure by using hexane to prevent tran- 

sesterification (98). The catalyst was added after flushing with 

nitrogen and completion of the reaction was insured by allowing 30 

minutes for complete hydrogenation. 

Gas Liquid Chromatography of Fatty Acids 

Chromatographic Instrument 

An F & M 402 High efficiency chromatographl equipped with a 

dual flame hydrogen detector , was used in this study. It is a very 

sensitive apparatus designed specifically for hard to chromatograph 

compounds , the design features combined to prevent absorption and 

thermal or metal catalysed decomposition of sample. 

The operating conditions for this study were set as follows: 

Column: For higher fatty acids 

6' x 1/8" 0. D. 15% EGS on Chromosorb P 60 -80 mesh 

IF and M Scientific Co. , Avondale, Pa. 
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Column temperature: 190oC 

Carrier gas: helium Flow rate: 40 ml /min. 

Injector temperature: 240oC 

Detector temperature: 215 

Sample size: 3 ul. 

Column: For lower fatty acids 

68 x 1/8 0. D. 20% FFA phase on Chromosorb P 60 -80 mesh 

Column temperature: 175oC 

Carrier gas: helium Flow rate: 40 ml /min. 

Injector temperature: 225°C 

Detector temperature: 200°C 

Sample size: 3 ul. 

The Column 

This is the key element in gas chromatographic procedures 

and it is where the substances are separated or fractionated, the 

separation being made possible by proper choice and preparation of 

the inert supporting material and the liquid phase placed in the 

column. Columns of high separating power can be obtained through 

the use of adequately selective liquid phases on one hand and on the 

other by using columns with a high number of theoretical plates. 

The liquid phase employed in GLC is applied in the form of a 

thin film into a solid inert carrier substance, the support. The 
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amount of liquid should be such that a homogenous liquid film coats 

the support, but on the other hand, no liquid should be detached from 

the support because of the action of gravity or passage of the carrier 

gas. The supporting material must be porous so as to present the 

greatest possible surface area and must be a good absorbent to 

allow the stationary liquid to distribute as a film. Low ratios of 

stationary phase to solid support gives a high efficiency since the 

stationary liquid is thinner and there is a shorter period for the 

transfer of methyl esters between liquid and gas phases. Further- 

more, lower liquid ratios promote the establishment of equilibrium 

and allow higher gas rates to be employed leading to a saving in 

time (61, 62, 82). 

Coating and Packing of Column. In this study the columns used 

were: Ethylene glycol succinate (EGS) as stationary phase and 

chromosorb P 60 -80 mesh, acid washed was employed as the inert 

support, the ratio being 15:85 EGS: chromosorb. EGS weighing six 

grams was dissolved in 85 rills. of chloroform and to the resulting 

solution was added 34 grams of chromosorb and allowed to stand 

overnight. Evaporation of the chloroform was effected on a steam 

bath with stirring. 

For volatile fatty acids the column used was chromosorb P 
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60 -80 mesh as inert support and 20% free fatty acid phase2 as 

stationary phase. Procedure as above. 

The mixture was packed by vibration into a 6' x 1/8" 0. D. 

length of aluminum tubing. Glass wool was used to plug the two open 

ends to keep the packing tight, care being taken not to apply any pres- 

sure when inserted, or a blockage to gas flow can result and insert- 

ing it as near the column ends as possible to minimize dead space. 

After plugging with glass wool, the column was conditioned at 220°C 

for 48 hours to drive off the residual solvents and other volatile con- 

taminants, to help distribute the stationary phase over the inert sup- 

port and to obtain reproducible column behavior. 

Column Characteristics: Column efficiency is measured in the 

narrowness of the peaks and is calculated in terms of the number of 

theoretical plates. The higher the number, the better the separation. 

The expression for calculating the number of theoretical plates (as 

recommended by the European and American Gas Chromatography 

Symposium) is: 

N=16(x/y-) 2 

where x = the retention time of the component measured from the 

Wilkins and Co. 
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point of sample injection to the mid -point of the component's elution 

curve and y = the base width of the component. The EGS column 

used in this study had a theoretical plate number of 1 ,1 35 measured 

from the methyl stearate curve. 

The separating power of a column can be described in terms 

of height equivalent to one theoretical plate, HETP. Given a column 

of length 1 (in cm.) and assuming that the equilibrium between the 

gas and the liquid phase is established n times during the time re- 

quired for the substance to traverse the column, the number of theo- 

retical plates would then be n and 

H = 1/n 

Calculated HETP of the EGS column is 0.16. 

Separation, i. e. , the degree of resolution obtainable between 

two solutes in a mixture, cannot be deduced from theoretical plate 

considerations alone. It is also necessary to establish a relationship 

between the two solute peaks. In this study the efficiency of separat- 

ing 18 :0 and 18:1 was used as an index to measure the efficiency of 

the EGS column. Using the formula 2 t Y /Ya + Yb (31) where Y = 

the distance in mm. between the two peak maxima, Ya and Yb = 

base widths in mm. of triangles fitted to the two peaks at their points 

of inflection, the component resolution was measured. For the EGS 

column used it was 0.82, indicating the efficiency when the column 
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was new. A number greater than one indicates complete resolution. 

The efficiency of the column decreased gradually with use at a high 

temperature. 

Identification and Quantitation 

Three ul. of the samples were chromatographed in triplicate. 

Standard mixtures were chromatogrammed in between sample runs 

for determining accurate relative retention times and carbon numbers 

since the retention times changed as the column was used longer. 

The following standard volatile acids were used: 1:0, 2:0, 3:0, 4:0, 

and 6 :0. Standard methyl esters were 8:0, 10:0, 12:0, 14:0, 16 :0, 

18:0, 18:1, 18:2, 18:3, 20:0, 21:0, and 22 :0. Identification of the 

component peaks was based on relative retention time of known esters 

or by the carbon number method of Woodford and Van Gent (117). 

For the estimation of the quantity of the component peaks Carrol's 

method (23) was used. The peak area is equivalent to the product of 

the retention time and peak height. The areas are totaled and the 

percentage of each component is calculated - peak area /peak area of 

all peaks x 100 percentage of any component (53). 

Thin Layer Chromatography of Lipids 

To characterize the different lipid classes the thin layer chro- 

matography technique as described by Mangold (80) was used. The 

= 
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extracted lipid aliquot was run side by side with known lipid stan- 

dards on silica gel G (Stahl) plates. Standards used were cephalin, 

a mixture of mono- , di- , and tri- palmitin, oleic acid and a standard 

mixture of methyl esters of fatty acids. 

The plates were prepared using a Desaga- Brinkman applicator, 

air -dried and activated by heating in an oven 110 -120°C for two hours. 

The chromatoplates were stored in a heated cabinet to protect them 

from moisture, dust and laboratory fumes. Lipids were character- 

ized by developing in hexane -ethyl ether -acetic acid (90 :10 :1 vww) 

(80). After vacuum aspiration and elution, phospholipids and glyco- 

lipids were developed with chloroform :methanol :water (70 :22 :3 v /v /v) 

(80) and the glycerides with skellysolve B :ethyl ether (70 :30 v /v) (99). 

The indicators used were iodine vapors for detection of all unsatura- 

ted lipids and some saturated nitrogenous lipids (80, 81), ninhydrin, 

0.2% in butanol (19) for aminophosphatides , 2'7' dichlorofluorescein 

. 2% in 96% ethanol for visualization of both the saturated and unsat- 

urated non -polar lipids (80), fuchsin - sulfuric acid for plasmalogens, 

iodine -benzidine and 50% sulfuric acid for glycerides (19), Bials 

reagent and diphenylamine for glycolipids (106, 115) and chromic - 

sulfuric acid solution followed by charring for detection of all 

organic matter (80, 88). 
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RESULTS AND DISCUSSION 

Gas Liquid Chromatography of Fatty Acids 

Gas liquid chromatography was employed to determine the 

constituent fatty acids of Clostridium botulinum 115B grown in 

trypticase- peptone- glucose medium at 30oC. Tentative identifica- 

tion was made on 28 out of 37 fatty acids found in the free fatty acid 

fraction (Figure 1, Table 1), and on 20 out of 26 fatty acids detected 

in the total lipid fraction (Figure 2, Table II). Identification was 

based on comparison of relative retention times of the unknown peaks 

with those of standards, re- chromatography, the reaction of the un- 

known to hydrogenation and their "carbon numbers" from plots of 

equivalent chain lengths vs. retention time for normal saturated 

methyl ester standards. Normal saturated fatty acid methyl esters 

from C8 to C22 were used as standards as well as the unsaturated 

fatty acids C18:1, C18 :2 and C18 :3. Their retention times are tabu- 

lated on Table III. 

Gas liquid chromatography demonstrated the presence of fatty 

acids with short chain carbon atoms from CI -C8 (Figure 3, Table 

IV) the most predominant of which was caproic acid. Tentative 

identification is given in "carbon numbers" with retention times 

relative to caproic acid and whenever possible where standards were 
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Figure 1. Gas chromatogram of methyl esters of free fatty acids 
of Cl. botulinum 115B. 
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Figure 1. (continued) 
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Table I. Free fatty acid composition of 
grown at 30 °C in TPG medium. 

Clostridium botulinum 115B 

Peak 
no: 

Rel. ret. time 
Tr. /Tr. Compound 

Carbon 
no. % Composition 

1 . 019 8 :1 8. 4 . 01 
2 . 022 8 :2 8. 5 tr4 
3 . 032 un2 8. 8 . 01 
4 . 039 9:0 9. 9. 0 . 02 
5 . 047 9:1 9. 3 . 01 
6 . 05 3 9:2 9.5 .01 
7 . 073 10 :0 10.0 . 08 
8 . 097 un 10.9 . 07 
9 . 112 11:1 11. 3 tr 

10 .137 12 :0 12.0 .69 
11 . 164 12:2 12.5 . 06 
12 .189 13 :0 1 3. 0 .07 
13 . 213 13 :0cy3 13.3 . 13 
14 .228 un 13.6 .15 
15 . 265 14 :0 14. 0 15. 14 
16 . 308 14 :1 14. 3 1. 60 
17 . 342 un 14.8 .89 
18 . 364 15 :0 15.0 . 41 
19 .426 15 :1 15.4 . 17 
20 .449 un 15.7 .09 
21 . 524 16 16.0 44. 96 
22 . 586 16 :1 16.5 6.23 
23 . 654 un 16.7 4. 03 
24 . 71 3 17 :0 17.0 . 80 
25 .781 17 :0cy 17. 3 4.90 
26 1. 000 18:0 18.0 4.57 
27 1. 120 18 :1 18.5 6. 11 
28 1. 260 18 :2 18.7 1.09 
29 1. 350 un 1 9. 1 .72 
30 1.508 19:1 19.4 1.09 
31 1. 740 un 19.8 .47 
32 2.130 20:0 20.0 .20 
33 2.871 20 :2 20.8 2.15 
34 3.104 21 :0 21.0 2.17 
35 3. 358 21 :1 21. 6 . 78 
36 3. 84 3 21 :2 21.8 .09 
37 4. 514 un 22.3 . 5 3 

'Number of carbon atoms in acid: number of double bonds 
tun = unidentified 
3cy = cyclopropane 
4tr = trace = less than . 01 

, 

. 
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Figure 2. Gas chromatogram of methyl esters of total fatty 
acids of Clostidium botulinum 115B. 
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Table II. Total fatty acid composition of 
grown at 30 °C in TPG medium. 

Clostridium botulinum 115B 

Peak 
no. 

Rel. ret, time 
Tr. /Tr. Compound % Composition 

1 

2 

3 

4 
5 

6 

7 

8 

9 

10 

. 016 

. 031 

. 04 3 

. 04 9 

. 058 
. 066 
. 077 
. 103 
. 114 
. 131 

8:0 
8:1 
un2 
9:1 
un 

10:0 
10:1 
11:0cy3 
11:1 
12:0 

8. 0 

8. 5 

8. 9 

9. 2 
9. 6 

10. 0 

10. 5 

11. 3 

11. 6 

12. 0 

0. 32 
1. 00 
0. 68 
0. 17 
3. 07 
0. 49 
1. 14 
0. 55 
0. 61 
9. 9.05 

11 .160 12:3 12.6 0.57 
12 . 181 1 3:0 1 3. 3 1. 07 
13 .223 un 13.6 0.52 
14 . 254 14:0 14. 0 19. 98 
15 . 31 3 un 14. 8 5. 55 
16 . 356 15:0 15. 0 2. 21 
17 .386 15:0cy 15.3 0.46 
18 . 347 un 15. 6 0. 26 
19 .501 16:0 16.0 32.88 
20 .575 16:1 16.4 0. 51 
21 . 710 17:0 17. 0 0.42 
22 . 780 17:1 17. 2 3. 69 
23 . 914 un 17. 8 4. 05 
24 1. 000 18:0 18. 0 2. 65 
25 1. 103 18:1 18. 7 7. 19 
26 1.474 18:3 19.6 0.87 

1Number of carbon atoms in acid: number of double bonds 

2un = unidentified 
3cy = cyclopropane 

Carbon 
no. 
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Table III. Relative retention times of standard fatty acid methyl 
esters. 

Compound 1 

Rel. ret, time 
Tr. /Tr. Carbon number 

8 :0 

9:0 

. 016 

.042 

8. 0 

9.0 

10:0 .067 10. 0 

11 :0 .099 11.0 

12 :0 .129 12. 0 

13 :0 .202 13.0 

14 :0 . 280 14. 0 

15 :0 . 372 15. 0 

16 :0 .530 16.0 

17:0 .708 17.0 

18 :0 1. 000 18. 0 

18:1 1. 080 18. 3 

18 :2 1. 301 18. 6 

18:3 1.681 19.5 

19 :0 1.810 19. 0 

20 :0 2.5 91 20. 0 

21 :0 3.700 21.0 

22:0 5.290 22. 0 

'Number Number of carbon atoms in acid: number of double bonds 
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Figure 3. Gas chromatogram of volatile fatty acids of 
Cl. botulinum 115B. 
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Table IV. Volatile fatty acid composition 
115B grown at 30 °C in TPG 

of Clostridium botulinum 
medium. 

Peak 
no. 

Rel. ret, time 
Tr. /Tr. Compound 

Carbon 
no. % Composition 

1 . 073 un2 . 14 

2 .098 1 :0 1.0 7.37 

3 . 137 1. 2 1.03 

4 . 196 1. 6 24.19 

5 . 225 2:0 2. 0 2. 12 

6 . 315 3:0 3. 0 1.19 

7 . 352 3. 2 2. 12 

8 . 392 3.4 . 295 

9 .450 4:0 4. 0 2. 374 

10 .519 4.2 6.645 

11 . 637 4. 7 1. 198 

12 . 735 5:0 5. 0 1. 382 

13 1. 000 6 :0 6.0 4 2. 880 

14 1.590 7.1 1. 803 

15 2.250 8.0 7.633 

16 2.600 8.4 2.942 

1 

2 

Number of carbon atoms in acid: number of double bonds 

un - unidentified 
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available comparison of retention times with those of standards was 

used to identify the compound. These compounds have long been 

known to occur in bacteria and have been detected in almost all 

species studied. 

The free fatty acid fraction of bacteria have been reported to 

range from 2. 1% to 44% (8, 9, 10, 59). Some unusually high reports 

have been attributed to lypolysis during extraction (40, 73). To pre- 

vent such a reaction the following precautions were taken: (1) ex- 

traction with the use of solvents other than ether and, (2) extraction 

was carried on at room temperature under nitrogen. 

The overall pattern included straight chain saturated, unsatu- 

rated and cyclopropane acids with a complete fatty acid spectra from 

C1 -C21. 

The normal saturates comprised 69% of the free fatty acid 

fraction and 68% of the total lipid fraction while the normal unsatu- 

rates constituted 19% and 15% of both fractions respectively. Pal- 

mitic acid was predominant in the straight chain saturated fraction 

with 32. 88% in the total lipid and 44. 96% in the free fatty acid 

fraction. Literature reports this acid to be the most characteristic 

constituent of fatty acids occurring more frequently and usually in 

larger amounts than any other saturated acid found in bacteria (30, 

37, 58). This was followed by myristic acid, 19. 98% in the total 

lipid and 15. 14% in the free fatty acid fraction. Myristic acid 
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represents 24% of the fatty acid of Clostridium perfringens (37) and 

is the major saturated acid found in Clostridium botulinum 33A (84). 

It has also been reported in other bacterial species (20 , 50 , 103). 

Also present are normal saturates with an odd number of carbon 

atoms from C9 -C21 except C19. These have been found in Clostri- 

dium butyricum (59), Clostridium botulinum 33A (84), and other 

bacterial species. 

Monoenoic acids make up the bulk of the normal unsaturated 

acids in this organism with C18 :1 being the major one followed by 

C16:1. Both were reported in Clostridium butyricum (59) and 

Clostridium botulinum 33A (84). Palmitoleic and octadecenoic acids 

are considered predominant in microorganisms (20, 44, 56, 107). 

Analysis also revealed the presence of unsaturated higher chain 

fatty acids such as 17 :1 , 18:2, 1 9:1, 20:2, 21:1, and 21:2. 

Cyclopropane acids are known to occur in both gram positive 

and gram negative species. Clostridium botulinum 33A contained 

four tentatively identified cyclopropane acids , C11' 
C 1 3' C 15 

and 

C T. (84) while Clostridium butyricum had C1 
3 , C 15 C 17 

and C 
9 

(59). Cyclopropanes have also been detected in Escherichia coli, 

Lactobacillus sp. , Agrobacterium tumefaciens , Bacillus subtilis 

and Streptococcus sp. (94). Four cyclopropane acids were tenta- 

tively identified with the 115B strain i. e. , C 
11 ' C 1 3' C 

and C 
15 17 

which follows closely strain 33A. 

1 
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The lipids of Clostridium botulinum 115B contained essentially 

the same fatty acids as those of Clostridium botulinum 33A except 

for the absence of the fatty acid tentatively identified as an 11 carbon 

numbered compound and which was 'present in trace quantity and the 

fatty acids tentatively identified as containing 21 carbon atoms. The 

quantitative distribution of the various fatty acids differed somewhat. 

Thin Layer Chromatography of Lipids 

The free lipid and bound lipid (total lipid fraction) of Clostri- 

dium botulinum 115B was resolved into its component lipid classes 

on thin layer plates. The reference standards were run side by side 

and the individual spots were matched with them and identified 

(Figure 4). Resolution indicated that it contained hydrocarbons which 

moved along with the solvent front, free fatty acids, di- and trigly- 

cerides (Figure 5) and phospholipids. After elution and further re- 

solution the phospholipid fraction indicated the presence of plasmalo- 

gens and aminophosphatides. Plasmalogens have been found so far 

only in anerobic bacteria such as Clostridium butyricum (15, 36), 

Clostridium botulinum 33A (84), and some species of the rumen 

bacteria (3). The appearance of light brown spots after spraying 

with chromic- sulfuric acid and before charring the chromatograms 

indicated that unsaturated fatty acids were present in the free fatty 

acid fraction and the phospholipid fraction. 
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1 

Figure 4. Thin layer chromatogram of lipid classes on silica 
gel. Solvent: hexane -ethyl ether - acetic acid, 90 :10 :1 

v /v /v. Development time: 25 min. (1) oleic acid, 
(2) methyl esters, (3) phospholipid, (4) mono -, di- 
and tri- palmitin, (5) lipid sample of Clostridium 
botulinum 115B. (left to right) 

i* 

1 

1 



Figure 5. Thin layer chromatogram of phospho -glyceride 
fraction on silica gel. Solvent: Skellysolve B: 
ethyl ether, 70: 30 v j v. Development time: 20 
min. (1) phospholipid, (2) mono -, di- and tri - 
palmitin, (3) phosphoglyceride fraction of Clostri- 
dium botulinum 115B. 
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The presence of glycolipid was also detected using diphenyla- 

mine and B ial's reagent (106). About 70% of the extractable lipids 

of Clostridium perfringens (59) was found to consist of phosphatides 

and glycolipids. 
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SUMMARY 

The lipid composition and fatty acids of the vegetative cells of 

Clostridium botulinum 115B grown in TPG medium at 30°C was 

studied. The volatile fatty acids were determined as free acids , the 

higher fatty acids were converted into methyl esters. Both were 

characterized using gas liquid chromatography. 

Hydrocarbons, di- and triglycerides, free fatty acids, phos- 

pholipids and glycolipids are the component lipids of this organism. 

The overall fatty acid pattern included straight chain saturated, un- 

saturated and cyclopropane acids with a complete spectra from C 1- 

C21. 

The most abundant volatile fatty acid was caproic acid. The 

major portion of the higher fatty acids was made up of normal satu- 

rates with palmitic acid predominating followed by myristic acid. 

Monoenoic acids made up a large group of the normal unsaturated 

acids with C18:1 being found in the greatest proportion. 

The lipids of Clostridium botulinum 115B contained essentially 

the same fatty acids as those of Clostridium botulinum 33A, however 

the quantitative distribution of the various fatty acids differed some- 

what. 
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