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SUMMARY 
The large-scale methods of culture (350 1. batch culture), 

extraction, and partial purification of two antibiotics of 
bacterial origin have been developed and the biological 
properties of the antibiotic's studied. 

One of the antibiotics, antibiotic 175, was produced by a 
strain of Pseudomonas fluorescens (str. 175). It possessed 
the properties of a week acid, was stable over a wide range 
of pH, had a fairly wide antibacterial spectrum, low toxicity, 

and was bactericidal to Staphylococcus sum/0(P4'14m) and 

Escherichia coli  (M.R.E. 600). It was found to be haeolytic 
and completely inactivated by serum at concentrations of 50% 

and above. 

The method of extraction was reasonably efficient, 75% 
of the units of activity in the culture were present in the 

product. Yields Oer350 1. culture were 3.5 g. of the sodium 
salt having an activity of 7,900 units/mg. (0.12pg/ml.) with 

St. aureus (Paler) as the test organism. 

The antibiotic possessed some of the properties of inhi-

bitory substances reported to be produced by strains of Ps. 
fluorescons. 

The other antibiotic, antibiotic 2725, was produced by 
ylpillue licheniformis,(str. 2725).. It was a peptide, mole°. 
ular weight of , <10,000, was stable over a wide pH range, 
had a broad spectrum, and bactericidal to St. aureus (Paler) 
and E. coli (M.R.E. 600) under the conditions studied. It 
was non-haemolytic, and its activity against St. eureus  
(Paler) was enhanced in the presence of serum at concentra. 
tione of 5% and above. It was found to be toxic as are other 
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peptide antibiotics. Extraction efficiency was of the order 
of 40%,  with yields of 8-10g. of the hydrochloride per 350 
1. culture; the product having an activity ; of 2,000 units/ 
mg. (0.5)zgiml.) with St. aureus (Paler) as the test organism. 

The indications mere that it was not one of the known 
peptide antibiotics. 
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INTRODUCTION  
1. General 

Antibiotics are inhibitors of bacterial growth produced 
by micro-organisms. Only about fiVepercent of the antibiotics 
discovered, about f fty,..six out of eleven hundred, are clinically 
useful. 

2. Historical  
There have been reports of the empirical use of antibiotics 

in the treatment of disease as far back as Biblical times. 

Manrois1 quotes.a section from Psalm 51, 'Purge me with hyssop 

and I shall be clean.' He presumes this to be the first refer-

mace to penicillin, as one of the isnicillin-producing organ.. 
isms, Penicillium notatumphas  been isolated from decaying 
hyssop. The Mayans of Mexico used a fungus in the treatment 
of ulcers and intestinal infections. 

Lister was probably the first person to investigate the 

antagonistic effect of one micro-organism on another. He obterved 
the growth of Penicillium on the surface of two exposed teat 
tubes of urine. MicroscOpic examination of the fluid in both 
tubes revealed the presence of bacteria also. He noted that 

there *ere differences in the appearance of the bacteria in 
these tubes. In his diarY, entry dated 28th November, 1871, 

Lister wrote, "both exhibited bacteria in abundance, but there . 

was a marked difference between them as regards their activ-

ity". Those from the tube which had.the least growth of 

Penicillium "exhibited the most amassing energy, not only as 

individuals but in the dense groups which were frequently 

seen and in 'which intense ,jostlings going on among. the indiv-
iduals was really surprising." But the bacteria from the tube 

with profUse growth of Penicillium "were comparatively languid, 

multitudes were entirely motionless and there was not the 

same appearance of dense groups." The, experiments were incon. 
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elusive and subsequently abandoned. Lister assumed that there 
was competition for oxygen, the mould absorbing dissolved 

oxygenoin the urine and blocking the surface of the fluid, 

hence impedingftarther dissolution of the gas. Had Lister had 

a control in his experiments his conolusions might have been 

different. 

Pasteur and Joubert (1877)3  observed that no infection 
was produced when an animal was in4ected with an anthrax culture 
together with a culture of a non-pathogenic organism. 

Duoheene (1897)4  concluded in his thesis "It is to be 

hoped that if we were to pursue the study of biological rivalry 

between moulds and bacteria, we may, perhaps, succeed in disco-

vering still other facts directly applicable to therapeutic 
science." This was the first reference to the possible use of 

the antagonism of one organism for another as a therapeutic 
tool. 

Several instances of microbial antagonism were studied 

before the recent developments of antibiotics began. One arose 

from the discovery that the damping-off fungus Ithisoctonia  
solani, which kills seedlings, is itself killed by the common 
soil organism Gliocladium fimbriatum.' This led to the isolation 
of gliotoxin, the first antibiotic to be prepared pure, 
Weindling and Emerson (1936)5i and Dutcher et al (1945)6. 

Some other cases involved the deliberate efforts to develop 

antagonistic organisms or antibiotics using masses of bacteria 
as substrate. From such cultures Dubos (1939)7  isolated a 

strain of Bacillus brevis which inhibited the growth of 
pneumecocci by means of a soluble excretion product; higher 

concentrations of the substance lysed the cocci. 
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Ehrlich8  laid the foundation stone of chemotherapy, which 
embraces the application of natural and synthetic substances 
to the curing and prevention of disease. Ehrlioh appreoiated 
the seleotiveeombination of chemicals with different types of 
cells. He was aware of the existence of infectious disease to 
Which aquired resistance or immunity could not be induced and 
invisaged chemical'magio bullets*" which could be used in 'the 
treatment of such diseases. He embarked on a programme of 
chemical synthesis, and modification of those compounds 
synthesised, and tested these 'in vivo'.,He illustrated, his 

-views with reference to atoxyl (arsanilic acid). This substance 
had some success in the treatment of trypanotome infections 

and he hYpothisised that its action lay in its conversion to 
an active substance within the body, or it influenced the 
body to produce a trypanoside. Ehrlich later-discovered 
salvarson (compound 606) which was active against syphilis. 

The greatest step forward in the history of , antibiotic/ ;  
chemotherapeutic( development came with the discovery of 
penicillin by Fleming (1929)9.  Unfortunately the potential of 
this substance was not realiSed until later. In the meantime, 
the sulpha...drug' became prominent. 

Domagk (1935)14  fulfilled thrlich's dream of a 'magic, :  
bullet' by disqovering.prontosil. This substance acted 'in 

vivo' only, the *wave substance being a metabolio product 

of prontosil, sulphanilamide. A programme of synthesis -around 

sulphanilamide developed and.led to a group of therapeutic 

substances collectively known as the sulpha-drugs which-are 

particularly active against streptococci. 

Woods (1940)11  hypothesized that pars-amino benzoic acid 

(PABA) acts to reverse sulphanilamide action.This ie now 

known to be the case. Oulphanilamide is structurally similar. 
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to PaBA rand competitively inhibits the incorporation of PABA 

into the vitamin, folic acid. 

Fleming maintained that penicillin would be of great use 
but lacked the chemical expertise necessary to extract and 
purify it. He noticed the inhibitory effect was due to a 

specific mould and this eliminated any suggestion that the 

effect was due to a non-specific action, such as change of pH. 
He developed a crude assay based on the serial dilution of the 

culture broth in fresh broth, followed by the aduition of a 

standard volume of a suspension of a test organism to each 

dilution of the series. His activities, by current standards 
were low, the broth cultures having activities of the order 
of 10pgiml., whereas today commercial activities are of the 
order of 5000pgiml. He showed that not all bacteria are affe-

cted by penicillin nor are susceptible ones affected to the 
same extent. 

There was limited success with the therapeutic application 

of crude penicillin and before its full potential could be 

evaluated it had to be obtained in a purer state. Chain and 
Florey at :oxford suceeded in obtaining crude penicillin by 
freeze-drying the clarified culture fluid at pH 6.8. At this 
pH the salt was formed as a biologically stable brown powder. 
FUrther fractionation was achieved by extracting the powder 

with methanol, diluting the methanolic solution with water 

and re-freeze-drying. Despite the product being relatively 

pure its therapeutic use was limited by the lack of facilit-

ies to produce the antibiotic in sufficient quantities for 

repeated administration necessary with the substance at the 

level of purity achieved at this particular time. 

'ork on the industrial production of the antibiotic 

was conducted in the United States. There has been a 

phenomenal increase in the number of antibiotics discovered 
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and much attention has been directed towards developing der-

ivatives of some of the useful antibiotics in order that the 

disadvantages of the natural forms are overcome. 

3. 112L2! 
The aim of this work was to develop the semi large-scale 

production, by batch culture, of two antibiotics of bacterial 

origin, and to subsequently extract, partially purify and study 
the biological properties of the substances. The active strains 

were of Pseudomonas fluorescens and bacillus licheniformis, 
denoted by the strain numbers 175 and 2725 respectively. 
These strains had been isolated by Dr. A. T. Fuller. 

4. Srevious Reports of Antibiotics Produced By the Organisms  

Studied. 

Pa. fluorescens s- Lo report of an antibiotic produced 

specifically by a strain of this organism has been discovered 
since the review given by Florey et al (1949)12. Garre (1887) 
first noted the antagonistic effects of the species. When 

grown on gelatin it produced a diffusible substance which 

inhibited Vibrio cholera and Bacillus mycoidee. Olitzky (1891) 

recorded similar results to Garre but noted that the substance 
had slight action on Psoudomonaspyocyenea. Laws and Andrews 
(1894) showed that the presence of Pa. fluorescens in sewage 
shortened the survival time of 6a1mone11a typhi. Prost (1904) 

established that an inhibitory substance from Ps. fluorescens  

diffused through collodion, which was tsermostable, being 
able to withstand 120°C. for at least 10 sinutes. Lewis (1929) 
confirmed much of the work of :'rust and in addition showed 

that the substance wan becteriostatio, and its action was 
selective, e.g. spore-forming bacteria and slicrococci were 

very sensitive while Bacterium coli was resistant. fhe 

substance was soluble in alcohol, adsorbed onto charcoal, and 

remained stsble to drying' for long, periods. It did not inhibit 
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the strain which produced it. 

hettcbe (1933)  stated that 'lipoidu' isolated from 2s. 

fluorescens were bactcrioctatic. ettche and Vogel (1937) 
found is :.t in a broth culture the organism inhibited Corync- 
bacterium di,htherise, B. :41thracis 	:;arcing sp. and to a 

less extent staphylococci. 

hiprianova et al (19o9)13 have described an antibiotic 

substance from 	unnamed species of 2seudomonas, strain 31, 

which is active mainly on gram positive and acid fast organisms. 

!knee, the organism 	fluoreseens has been shown to 
produce inhibitory substances although little is known of 
their chemical nature. This situaiion has prob:hly arisen 

from the closeness of the identity of the organism to Ps. 

pyocyane, this being so close as to lead some workers not 

recognizing the separate species of Ps. fluoroscens. 

B. licheniformis:— strain of B. licheniforlais (ei5mann) 

has been reported to produce an antibiotic, licheniformin, 

which comprises three biologically active polypeptido fractions. 
It was first reported by Callow and 'iork (1946)14 and found 

particularly active against mycobacteria. 

rriaEada et al (1949)15 described a strain of B. lichen-

iformis (str. A5) which produced an antibiotic principle 
which they named ayfivin. This substance was later found to 
be bacitracin which is almost exclusively active against 

gx-;,m positive organisms. There are three principal forms of 

bacitracin, all of which are polypeptides. 
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ANTIBIOTICS FROYI BACTERIA  

Antibiotics are the products of soil micro-organisms and 
of one group in particular, the Actinomycetes. About sixty 

antibiotics from bacteria have been described of which a mere 

four or five have proved useful in medicine, and then only in 
topical applications. The important antibiotics from bacteria 
will now be described, the remainder, many of which have received 
brief study, are given in tabular form. 

The information was taken from the following principal 

sources, Journals of General Microbiology, 1947-70;  Bacterio7  

logy,'1945-70; Biochemistry (Tokyo), 1900-69; and the American 

Chemical -;ocietY, 1944-69;  the Biochemical Journal, 1944-69; 
Canadian Journal of Microbiology, 1954-70; Annals of the New 

York Academy of Sciences, 1948-69; Proceedings of the National 

Academy of Sciences (USA),1948-69;. Experientia, 1945-69; 
feature, Lond.v 1942-70; Antibiotics Annual, 1953-60; Antimic-
robial Agents and Chemotherapy, 1960-67; Chemical Abstracts, 
194070; Index Asdicus, 1940-69rBiochemistry N.Y., 1956-69; 
and AppliedMiorobielogY, 1953-70, and selected volumes of 
the Journal of.Antibiotice, 1948-68. Additional information 
was taken from Antibiotics, Origin, Rature'and Properties, 

korzybski et al., Pergamon Press, Oxford, 1967, 

Tyrothricin (Gramicidin and Tyrocidine) A crude antibiotic 

preparation-known as tyrothricin'was isolated from cultures 

of Bacillus brevis by Dubos (1939)7. It was subsequently 

shown to comprise two biologically active peptide fractions, 

gramicidin and tyrocidine, and both these fractions are 
inhomogenous. 

Tyrothricin has been used extensively in medicine. It was 
produced in submerged culture in a medium composed. of 
tryptone and 0.5 sodium chloride in tap water at a pre-inoc- 
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ulation pH of 7.0. The medium was inoculated and heated to 

destroy the vegetative cells of the inoculum (70°C. for 

20 minutes), and then incubated at 37°C. for 72 hours, Mitchell 

(1952)
16
. 

The antibiotic can be isolated by precipitating its  toget-

her with inactive protein, from the fermentation broth at pH 

4.8. The precipitate is recovered and dissolved in alcohol at 

the rate of 20m1. per litre of original broth. The solution 

is then filtered and the filtrate.  evaporated to dryness 'in 

vacuo' and impurities removed by extraction with ether. The 

crude preparation is then dissolved in alcohol and 10 volumes 

of a 1% sodium chloride solution used to precipitate the puri-

fied antibiotic, Stokes (1946)17. The antibiotic is recovered 

by filtration and dried over phosphorus pentoxide. The yield 

is about 0.1g. of tyrothricin per litre of culture medium. 

Tyrothricin is active against gram positive micro-organisms 

only e.g. Micrococcus oogenes var aureus (20pg/m1.), Strept-

ococcus haemolyticus (1..Opeml.), Streptococcus faecalis. (20 

pgiml,) and is active against the yeast Candida albicans  

(20011g/m1.). (The figures are minimum inhibitory concentrations). 

The antibacterial activity of tyrothricin is diminished by 

serum of whole blood. The LD50 
 of the antibiotic by the intra. 

venous route is 1.2 mg/Kg.body weight. Owing to its gramicidin 

oontent tyrothricin haemolyses blood, hence it can only be 

used topically. At relatively high concentrations it is non-

toxic to the skin. 

Tyrothricin preparations are employed in treatment for 

three reasons: they contain two antibiotics with different 

activity against gram positive and gram negative bacteria, 

they are easily obtained, and the presence of tyrocidine 
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in preparations increases the stability of emulsions of 

gramicidin in solution. The mixture has been used to treat 

mastitis in cattle and in proprietary medicines, e.g. 'Tyrozets' 

(Merok, Sharpe and Dohme Ltd.). 

The preparations of tyrothricin are separated into the 

gramicidin and tyrocidine components on the basis'of .their 
different solubilities. Tyrothricin is mixed with a 141 mixture 

of acetone and ether resulting in a solution of the neutral 
gramicidin fraction from which, after evaporation, crystalline 

preparations of gramicidin are obtained from hot acetone. The 

abetone/ether insoluble residue contains the tyrocidine. The 

tyrocidine hydrochloride is prepared by dissolving the residue 
in hot absolute alcohol and precipitating the hydrochloride 
with a 0.1 N. alcoholic solution of hydrochloric acid. The 
tyrocidine fractiOn accounts for 80;i: of the tyrothricin mixture. 

The gramiCidin fraction consists of several tyPes of peptides, 

each having no free acidic or basic groups, Gregory and Craig 

(1948)1. These peptides are not mobile in an electric field 
'and no 2,4 dinitro—fluorobenzeno derivatives have been obtained 

signifying that they are cyclic peptideS. Their mean molecular 

weight is about 2,800 and they contain residues of leucine, 

isoleucine, tryptophan, valine, alanine, glycing ethanolamine, 

phenylalatine and tyrosine. The complete structure for any 
of these peptides has not been reported. 

At least five gramicidin fractions are known, gramicidin 
A acounts for 84 of the whole. Ishii and vitkop (1963)19  and 

,(1964)20  showed that gramicidin A is chemically inhomogenous. 
Isoleucine is found 'in the molecule of gramididin A in 

variable quantities. The sum of valine and isoleucine is 

constant in all samples indicating a new variety of gramicidin. 
.Gramicidin A is a mixture of 60-84 valine gramieidin and 
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40-20* isoleucine gramicidin. 

Sarges and, Witkop (1964)21 Consider gramicidin A to be a 
linear pepUde because formic acid has been found by gas 

• chromatographic analysis of the antibiotic. Mild methanolysis 
of gramicidin A gave 'sec:a-gramicidin A', a compound with a 
terminal -NH

2 
group, Ishii and Witkop (1964)20. This they say 

is evidence that the terminal amino group was blocked prior 

to methanolysis, by an 1- formyl group. 

Gramicidin is principally bacteriostatio but in high 

concentrations it is also bactericidal and is exclusively 

active against gram positive organisms. Micrococcus pyogenes  

var aureus and Streptococcus faecalis are inhibited by conce-

ntrations of 100 and 60pgiml. respectively. Neisseria meni.-
ngitidis and N. gonorrhoeae are both inhibited by 200 jug/ml. 

Resistance to this antibiotic develops easily. Extracts from 

gram negative bacteria, milk and serum all antagonize its 
action. It is only effective when brought into direct contact 

with the sensitive organisms. It it inactivated by digestive 
enzymes, hence it cannot be administered orally. The LI150  for 

mice by the intravenous route is 3.75mg/Kg. body weight. Some 
derivatives have been prepared with the aim of reducing its 

toxicity, one of note is hydroxy-methyl gramicidin obtained 
by treating gramicidin with formaldehyde. 

The tyrocidine frastion contains mixtures of salts of 

similar basic peptides having free amino groups and a mean 

molecular weight of 1,300. Three types have been described. 

Palandini and Craig (1954)22  determined the structure of tyro-

cidine A which is a cyclic decapeptide, see overleafs 
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Tyrocidine As 

L-Leucine 
. 	...---4 	--------a. 

	

L-Ornithine 	D-Phenylalanine 
- 	---. 	 -----,) 

L-Valine - 	,,... 	 L-Proline 

L-Ty
t 
 rosine 	 L-Phenylalanine 

k('' 
L-G utamic acid 	D-Phenylalanine 

r--.. 	e-"" 
L-Aspartic acid 

(The arrows indicate peptide linkage from CO to_NH2) 

The only doubt remaining is which of the COOH groups of 

the glutamiC and aspartic acid residues are involved in the 

peptide linkages. Tyrocidine A has been synthesized by Ohno 

and Izumiya (1966)23. 

Tyrocidine B possesses L-Tryptophan in place of L-phenyl-

alanine, King and Craig (1955)24,  and tyrocidine Cia6 D7 

tryptophan and L-tryptophan in place of D and L- phenylalanine 

respectively, Ruttenberg et al (1965)25. 

Mach and Tatum (1964)26 measured the incorporation of 

labelled tyrosine, leucine and tryptophan into Bacillus brevis  

cultures which were synthesizing tyrocidine. They found that 

the,proportions of tyrocidines A, B and C were about 1:30 

and that the amounts of4)henylalanine and tryptophan available 

were responsible for the relative concentrations of tyrocidines 

A, B and C. 

Tyrocidine is bacteriOstatic and.bacteri4tic to both 

gram positive and gram negative bacteria. The minimum inhib-

itory concentrations for the following organisms are: 

Micrococcus pyogenes var aureus, 140pg/m1.; Streptococcus  

haemolyticus, 80ugiml.; Streptococcus faecalis, 160pg/ml. and 

Neisseria gonorrhoeae, 20queml. Like gramieidin, tyrocidine 

must be brought into contact with the sensitive organisms if 
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it is to be effective. It is inactivated by digestive enzymes. 

It,has not been used medicinally despite it being less toxic 

than gramicidin or ty4thricin. Its LD50  for mice intravenously 

is 25m0/Kg. body weight. 

Tyrocidine appears to affect the lysine and glutamic acid 

uptake of bacterial cells, Gale and Taylor (1946)27. Anderson 
(1947)

28 
considered it to act as. a surface active agent. Mach 

and Slayman (1966)
29 

found that tyrOcidines affect RNA, DNA 

and protein Synthesis in Neurospora sp. with subsequent 

irreversible release of el  nucleosides, nucleic acids and 

protein into the medium. 

The biosynthesis of tyrocidine and gramicidin has been 

ivestigated in some detail particularly in cell-free systems. 

Mach and Tatum (1964)26 isolated a series of enzymes from 

Bacillus brevis, one of which was capable of incorporating 

either phenylalanine or tryptophan at certain sites. They 

concluded that racemization of the amino acids probably occurs 

with a stereospecific incorporation of one of the two isomers. 

Fujikawa et al (1968)30 isolated a cell-free system which 

had the ability to synthesize tyrocidines and found that the 

formation of the antibiotics was directly influenced by the 

amino acid concentrations. 

Okuda et al (1964)
31 
 found that the specificity of peptide 

biosynthesis resided chiefly in the soluble components of their 

cell-free -system rather than in the riboSomal particles. D-

valine was found to be incorporated directly into gramicidin 

rather than being derived from. L-valine at a later stage in 

polypeptide formation* Uemura at al (1963)32  had already 

concluded that gramicidin and tyrocidine biosynthesis resembles 

protein synthesis. Okuda et al (1964b)33  found that L-amino 
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acids were activated via an adenylate which is incorporated 

into sPLNA and transferred from amino-acyl slitiA to ribosomes. 

D- amino acids on the other hand are more readily activated 

but are poorly incorporated into BREA and an alternative carrier 

is undoubtedly used. 

What use are the antibiotics gramicidin and tyrocidine to 

the bacterial cell producing them? One suggestion is that they 
bind to macromolecules and thus playan important role in the 

regulation of various cellular activities, Weinberg (1968)34. 

Itis suggestion arises from the fact that most of the antibi-
otic yield from a culture appears after the exponential phase 

prior to sporulation and hence may play an active-part in 

spore production. Woodruff (1966)35 concluded that antibiotics 

in general are waste products of the cell formed at a time 

when an essential metabolite becomes limiting. 

, 
Gramicidin S Gauze and Brazhnikova 0.944)

36 
 described this 

. antibiotic as being a product of Bacillus brevis. A suitable 

fermentation medium consisted of 4 glucose, 0.5'A sodium chloride, 
0.4 X HP0

4 
 and 1% peptone in a 4 yeast hydrolpiate broth at 

pH 7.0. Maximum activity was achieved after 6-7 days incubation 

at 42°C. Only a small proportion of the antibiotic'diffuses 
into the medium. 

Isolation was achieved by precipitation of the substance 

from the fermentation broth at pH 4.5-4.7, the addition of 
sodium chloride facilitating this precipitation. As precipit-

ation of the antibiotic was not complete at this stage the 

process was repeated. The crude gramicidin S hydrochloride 
was recovered by centrifugation and dried. The lipid contamin-

ants were removed from the resulting powder with ether and 
the powder extracted two or three times with ethanol. The 
residue resulting from the evaporation of the ethanol was 
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dissolved in warm acetone and the eolution decolorized with 

charcoal. Gramicidin S crystallized from the acetone solution 

filtrate. Yields of 0.4-0.5g/1. of culture were typical. 

Gramicidin S hydrochloride is soluble in water, acid and 

alkaline solutions. It is acyclic decapeptide. Synge (1945)37  
determined its structure which is shown cbelawt,- - 

L-Leucine 
• • __-;;"/ • 	• 

L-Ornithins 	D-Phenylalanins. 
/7  

L-Valine 	 L-Prolins 
"*"--"`"' Y -Prolix . 	 L-Valine 

D.,Phenylalanine
V, 	

• L-Ornith ne 

L-Leucine 

The structure' of gramicidin S resembles that of tyroci-
dine A (pg. 22) in that moiety above the horizontal line. In 

gramicidin S the polypeptide moiety is repeated below the line. 

Gramicidin S has been synthesized by•Schwyzer and Sieber 
(195938,(Bredespn et al, (1969}39  have. determinedthe order 
in which amino acids are utilized in the biosynthesis of 
gramicidin S. The.orderiss L-phenylalanine, L-proline, L- 

. Neline, L-ornithine,then L-leucine. Kleinkauf et. al (1969)40  

have shown that in the synthesis of gramicidin .5, as in other 

protein/peptide syntheses, an amino acid has to be activated 

prior,to it being added to the preceding'amino acid. 

Gevers• et al  (1969)41  have extracted and purified a 100 
• 

fold two complementary fractions from Bacillusbrevis  (Bem 

9999) sufficient for - gramicidin synthesis 'in vitro'. 

Fraction 1, which had a molecular weight of 280,000, is a 
complex responsible for activation, by pyrophosphate displa 
cementin WIT, of four constituent amino acids, L-valine, L-
ornithine, L.rleucine and L-proline. Fraction 2t  molecular 
weight 100,000, activates and interconverts L and D phenyl- 
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alanine. In the presence of ATP and Mg"-, fractions 1 and 2 

form complexes with amino aoids and their combination leads 

to antibiotio synthesis. These complexes have been isolated 

by gel filtration. Fraction 1 also catalyses. ARP-ATP exchange 

in the presence of each of the four L amino acids, but at a 

rate twenty times slower using equivalent enzyme quantities. 

Aoyagi at al (1969)42  have obtained analogues of gramicidin 

S which did not differ in biological properties from the natural 

gramicidin. The analogues contained either D-valine or L-leueine 

in place of D-phenylalanine. 

The cyclic structure , rather than the simultaneous • 

presence' od D and L amino aoids, is considered responsible 

for the antibiotic properties of gramicidin S. The sequence 

• of amino acids is not considered responsible .for such properties. 

Erlanger and Goode (1954)43  considered the activity of the 

antibiotic to be Aue..to. the inability of bacterial enzymes to 

break up- the cyclic structure, a:eyelid structure being 

attacked by very specific enzymes, described as 'endopeptidases'. 

If this theory is correct then' it applies to the tyrocidinas, 

the polymyxin and the colistins. 

Gramicidin S is bacteriostatic and bactericidal for many 

gram positive and acid, fasf:organisms. Pathogenic fungi and 

some protozoa are sensitive to it. At relatively high ooncent-

rations the antibiotic is bactericidal for gram negative ergs,- 

nismsof-the tiphoid-ljaratyphoid7dysentery group. The spectrum 

of gramicidin S is given overleaf* 
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Micro-organism 

Micrococcus pyogenes var aureus 10.0-25.0 

Streptococcus haemolytious 12.0-25.0 

Bacillus anthracis 25.0 

Clostridium perfringens 7.0-10.0 
Corynebacterium diptheriae 50.0 

Mycobacterium tuberculosis 10.0-200 

Paramecium caudatum 20.0-40.0 

Salmonella typhi 100 

Candida albicans 25.0 

The antibiotic is haemolytic. Its toxicity is quite low. 

• A subcutaneous dose of 40mg/Kg. body weight in mice is not 
toxic. At concentrations of 400-800ueml. it does. not irritate 

the skin neither are concentrations up to 0.7mg/Kg. body 
weight toxic to the body cavities. 

Solutions of 400-800jleml. in a 4% alcoholic solution 
have been used to swab wounds and burns. It is generally applied 

to surgical dressings and is used in eye and ear drops e.g. 
'Sophradex' (Roussel Laboratories Ltd.). 

The mode of action of gramicidin S is said to be on the 

cell membrane. Pressman et al (1967)44  considers all cyclic 
polypeptide antibiotics, including gramicidin S, to have the 

ability to bind with potassium ions and protons (but not Re). 

It becomes an 'ionophore' or 'membrane carriers because its 
structure is one which imparts hydrophobic properties to the 

periphery of the molecule and hydrophilic properties to the 

centre of the molecule. Hence, the molecule can pass freely 
through the cell membrane via the membrane lipid component. 

The passage of the antibiotic molecule through the cell 
membrane renders the latter 'leaks'. 
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Gramicidin S is considered to act as an uncoupling agent, 
an inhibitor of oxidative phosphorylation. Loomis (1950)45  
showed that gramicidin S could act in this way and this could 

account for its toxicity at high concentrations. Bygrave and 

Lehninger (1966)46 have shown that gramicidin S inhibits ADP-
ATP exchange and that sensitive components of the ADP-ATP 

exchange activity are saturated with Mg." at much lower 

concentrations than insensitive components. Gramicidin 8 is 

an inhibitor of photophosphorylation, Avron and Shavit (1965)
47. 

Gramicidin J This additional variety of gramicidin was reported 

by Otani and Saito (1954)48  as a product of a strain of Bacillus  
braids. Gramicidin J is composed of two fractions which are 
represented structurally as follows: 

Gramicidin J 
1 

L-Valine 	---).D-Phenylalanine --->D-Leucine 

D-Ornithine < 	L-Proline.< 	 L-Phenylalanine 

Gramicidin J2  
L-Valine--->L-Ornithine-->D-Leucine--,D-Phenylalanine 

D-Ornithine c. 	 L-Proline, 

The structure of gramicidin J1, in particular, resembles 

that of gramicidin S. Otani and Saito (1964)49  have reinvest-
igated the structure of gramioidin J1  and as a result of amino 

acid analyses, infra-red absorption and X-ray diffraction 
studies have come to the conclusion that gramicidin JI  and S 

are probably identical. 

The antimicrobial spectrum of gramicidin J is given 

overleaf, Tomioka et al (1960)50. The methane-suiphanate 
derivatives of gramicidin J do not differ much in their 
biological activity from the natural variety but are about 
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three times less toxic, The LD
50 of gramicidin J by the intra-

peritoneal route is 23mg/Kg. body weight. 

Micro—organism M.I.C.(pg/m1) 
Mior000coue pyogenes var aureus 2.5 
Bacillus subtilis 5.0 
Pseudomonas aeroginosa 100.0 
klebiiella pneumoniae 50.0 

Escherichia coli 100.0 
Salmonella typhi 100.0 
Myoobacteriam avium 5.0 

• Candida albicans. ,  25.0 
Corynebacterium di theriap 1.0 
Diplocoocus pneumoniae 1.0 

The Polmyxins And Circulina Benedict and Langlykke (1947)51  
reported an antibiojdo produced by Bacillus polymyxa whioh 
was almost exclusively active against gram negative bacteria. 
Ainsworth et al (1947)52  reported aerosporin, an antibiotic 
isolated from Bacillus aerosnorus (Greer), later found to be 
D. colymyxa. Stansly et al (1947)53  discovered an antibiotic 
they called polmyxin which was produced by B, nolymyxa. All 
these substances belong to the same group of peptide antibiotics, 
of which one, polymyxin B, is produced industrially. B. polymyxa  
produces several faotors designated polymyxin A—E, exhibit-
ing similar activity. Some strains produce A and C, others B 
or D, some just E. A ALrther variety of polymyxin was reported 
by workers in the USSR., called polymyxin Mt  produced by B. 
polymyxa (Rosa). murrgy and Tetrault (1948)54  described 
ciroulin which proved to be closely related to the polYmyxins. 
Yet there is a further group of antibiotics related to the 
polmyxins, the oolistins. In fact two of the colietins are 
identical with two of the polymyxins. 
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The production of the polymyxins has been parried out in 
a medium containing corn steep liquor, glucose and salts, 

Benedict and Langlykke (1947)51. Nelson et al (1950)55 have 

reported a method of fermentation with B. ciroulansi Q 19. 

The` fermentation was done in a medium containing 	dextrin, 
2j; oatmeal, 	ammonium sulphate, 0.0 potassium chloride, 
0.5i, calcium carbonate and 0.04 mono-potassium phosphate, pH 
6.5-7.0. The incubation temperature was 24°C. and the duration 
70 hours. 

Active preparations were obtained by adsorption on charcoal, 

washing the charcoal with water, ethanol and anhydrous methanol, 
and elution with acid methanol. 10 volumes of acetone were 

added .to the eluate, when a white precipitate formed containing 
polymyxin salts, Stansly et al .(1951)

56
. An alternative method 

"involved extraction with isopropyl alcohol from the fermentation 
broth.saturated with ammonium sulphate, Porter et al .(1949)574'  

Further purification was achieved by precipitating the insoluble 

salts of the polymyxins e.g. the picrate, which can' be converted 

to the hydrochloride or sulphate. 

The circulins oan be.extracted; by adsOrption on to an 

activated charcoal 'column under neutral conditions and eluted 
with an acidified 25 solution of tertiary butanol at pH 
2.5-4.0, circUlin B leaves the column first. 

Khokhlov et al (1960)58  reported the extraction of poly-

Myxin A by means of ion exchange resin. 

Polymyxin hydrochloride and sulphate are both soluble in 
water, whilst the base is insoluble. Aqueous solutions of the 
hybiochloride are acid (c. pH 5.0). The polymyxins are stable 
between pH 2 and 7, even, when heated, but at more acid or 
alkaline pH values they lose their activity. 
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The polymyiins and circulins are peptides with molecular 

weights ranging between 1000 and 2000. All hydrolysates contain 

the basic amino acid Ladiamino butyric acid (DAB). Hyrolysates 

also contain a lipid fraction from which L(1-) 6 methyl-octanoi6 
acid has been isolated, The basic. nature of the antibiotic is 

due to the )e amino groups of the DAB. D-leucine iSfoUnd in all 

except polmyxin C. As no free carboxyl groups have been detected 

in molecules their structure is assumed to be cyclic..Polymyxin 

M differs from polymyxinsB and C in not containing phenylala-

nine and differs frompolymyxin D in not containing serine. It 

differs:from'polymyxin E in that it cannot be precipitated by 

ammonia or alkali. The absence of.nephrotoxicity distinguishes 

it from polymyxin A. 

hefelova et al (1969)59 studied the influence of cultural 
conditions on the growth of B. polimyxa and production of 

polymyxin M. They, found, of the vitamins, only biotin stim-

ulated growth and production. Kachan (1968)60  obtained contra-
dictory evidence, he found inositol and pantothenic acid 

stimulatory. 

, 
Haussmann and Craig (1954)

61  found that polymyxin B was 

comprised of two components, B1  and B2. Polymyxin E also . 

contains two components, El  and E2. The structures of polymyxin 

B
19 B2' 

E
1! 

and M have been determined. Wilkinson and Lowe 

(1964)
62 

determined the structures of Bi, B2  and El; Silaev 

et'al (1965)
63 

of polymyxin M, and Hayashi et al (1968)
64 

of 

circulins A and B. The various structures are presented 

ovrleafa 
A 



DAB- 

DAB-RH2  (X) 

T. 

 

L-Threonine 

DAB-NH (X) 
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Polymyxins B1, B2  and E1.  

DAB-NH (10 2 

L-Threonine 

DAB̀  

DAB-NH v)  2  

L-Threonine 

DAB-NH2  (X) 

R 
In polyznyxins B1  R = 6-methylootanoyl residue, X = D-phenyl-

alanine; B2, H 6-methylheptanoyl residue, }Cf.. D-phenylalanine; 
and E1, R 6-methylootanoyl residue, X = r-leucine). 

Polymyxin 

D-Isoleuoine 	 

(0i2N-DAB 

L-Threonine 

 

DAB-NH 0) 2 

DAB-NH2  (?a)) I,   

L-Threonine 

  

DAB-NH2  (Y) L-Leucine 

r
X 

(5)y-DAli 
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( In polymyxin M o  R = 6-methylootanoyl residue). 

Circulina A and B. 

D-Isoyucine 	>DAB-1NH2  ((
) 

D-Leucine 	DAB-A,NH2 (Y) 
(X)111H2-DAB 	Threonine 

DABt-NH2  (I) 
Thrlonine 

DAB-NH (X) 

t
2 

R 

( In circulin 	R = 6-methyloctanoyl residue; and in circulin 
Bo  R iso-octanoyl residue). 

The antibacterial spectrum of polymyxins A, B and D are 
given below:, 

Micro-organism M.I.C.(pg/ml. ) 

Polymyxin. . 

A B D 
Salmonella typhi 0.25 0.25 0.30 
Salmonella schottmeulleri 0.125 0.25 0.30 
Shigella paradysenteriae 0.016 0.03 0.04 
Escherichia coli 0.25 0.25 0.30 
Brucella bronchseptioa 0.125 0.125 0.15 
Brucella abortus 1.0 1.0 1.25 
Vibrio comma  0.25 0.25 0.30 
Aerobacter aerogenes .0.25 0.25 0.45 
Erysipelothrix muriseptica 0.25 0.25 0.45 
Pseudomonas aeruginosa 1.0 2.0 1.5 
Klebsiella pneumoniae 2.0 2.0 2.5 
Haemophilus pertussis 0.25 0.25 0.15 
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( The antibacterial spectrum of polymyxins A, B, and D are 

after Brownlee (1949)6 

Concentrations of the antibiotic higher than 	are 

necessary to inhibit the growth of Streptococcus mitis (viridans)i 

Streptococcus pyogenes, Micrococcus pyogenes var aureus and 

Proteus vulgaris.The sensitivity of Escherichia coli, Aerobacter 

aerogenes and Pseudomonas aeruginosa is very much dependent on 

the composition of the medium. They show more sensitivity in 

"media rich in organic materials. 

The polymyxins are quickly bactericidal under optimal 

conditions; the inoculum size has a great influende on the 

activity of polymyxin A and Bp but less so on D. 

The mode of action has been regarded as to be like's. detergent, 

Anderson (1947)28; the polymyxins being detergents with. polar 	. 

amino groups and non—polar-aliphatic chains of 6—methyloctanoic 

acid. Newton (1956)66  obtained results which seemed to confirm 

this theory. He found the polymyxins increase the permeability 

of the cell membrane. Cells of Pseudomonas aeruginosa treated 

with polymyxin B, when observed under.  an electron microscope, 

exhibit marked morhological changes. The polyMyxin binds to 

the cell membranes of sensitive cells, insensitive. cells show 

some binding affinity. Koike et al (1969)67  found that 

polymyxin B causes numerous projections to appear from the cell 

mall of Pa. aeruginosa leading to cytoplasmic.  streaming. ,on 

whole cells and protoplasta of E. coli bleb—like projections 

are formed and very soon.lysis ensues. The blebs are derived 

from the outermost layer of the cell walls. The polymyxins 

may function as 'ionophores°, Pressman et al (1967)44. 

Teuber (1969)68 found that penicillin induced sphaer-

oplasts of Proteus mirabilis were susceptible to polymyxin B. 
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!,:hen the penicillin was removed and the cells permitted to 
return to-their original structure, the susceptibility was lost. 
This is evidence for the lack of permeability of the cell wall 
to this antibiotic being the reason for insusceptibility. 

The acute toxicity of the polymyxins varies. The LB50  doses 
of three polymyxins for mice is as follows: 

Polymyxin aaboutaneous Intravenous Intraperitoneal 

A 87.5 6.9 13.9 

B 82.5 6.1 12.1 

160.0 11.9 24.5 

Although polymyxin L is the least toxic, polymyxin B i5 

,used in preference because it is the least nephrotoxio. 
Polymyxin B sulphate has been used against Ps. aeruginosa, 
Aerobacter aerogenes, Klebsiella pneumonia°, liacherichia ooli, 
Haemophilus influentae'and the shigella group of otganiams. It 

is especially useful in the treatment of urinary infections 

caused by Ps. aeruRinosa. Polymyxin B is used together with 

gramicidin to give a wide spectrum of activity. 

Polymyxin B has been used to suppress contaminating org-

anisms in brewing. 0.5 ppm added to the fermenting wort is 
, 	1 effective and doea not give any off-flavour or odour, Stranekov 

(1964)59. 

The spectrum and toxicity of the ciroulins are similar to 

the polymyxins. 

Baoitraoin This is the collective name of a group of poly-

peptide antibiotics isolated from cultures of Bacillus subtilis. 
0 Johnston et al (1945)7  were the first to report it. 

Originally the antibiotic was produced in surface culture 
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in a synthetic medium composed, of glucose, glutamic acid and 

mineral salts, by inocubating the inoculated medium at 37°C. 

for 3-4 days. Yields were of the order of 4-8 units per ml.*  

For the industrial production by submerged culture Inskep et al 

(1951)71  used a medium containing soy bean.meal and the yields 

were higher, 15-20 units/ml. At the beginning of the ferment-

ation the medium pH was adjusted to 6.5 and rose to 8.0 at 

the end of the fermentation. At this pH the antibiotic is 

unstable with much loss within half a day of the termination 

of the fermentation. Snoke (1960)72  found yields were stimulated 

by isoleucine, cysteine, glucose. and an unidentified factor in 

the soy bean. 

The methods of extraction have been improved. One recent 

method73 is as follows: the fermented mash is. clarified with 

°elite and the antibiotic precipitated as a zinc complex with 

zinc sulphate..The precipitate' is recovered, washed with water 

and dried 'in 	The recovery.at this stage is 97%. The. 

zinc complex is dissolved in a minimal amount of methanol 

and,thesolution adjusted to pH 7.5 and passed through an ion.. 

exchange' column (acetate form). 

The effluent is concentrated, acidified and filtered 

through activated charcoal. The filtrate is neutrallized, 

treated with Zino sulphate and the precipitate recovered by 

centrifugation and lyophilized. -,A 69.3% recovery is achieved ,  

with a product having a potency of 55 units/mg. Alternatively 

the methanolic solution can be. percolated successively through 

cation active resin (11+  form) and.anion active resin (0li form). 

The effluent is then extracted with half volume butanol, the 

extract concentrated'in vacuo, and finally lyophilized. The 

* 
The unit of bacitracin is defined as the" activity exhibited 

by 23.811g. of dried master standard (U.S. Pharmacoepia). 
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recovery is similar to the previous method but the potency is 

higher, 87 units/mg. 

Bacitracin is a white bitter tasting powder which is very 

soluble in water. It is unstable above pH 9 but stable to 
N.HC1; it is most stable, between pH 4 and 5. 

The bacitracins are all peptides with a molecular, weight 

of about 2,700. They are not decomposed by-trypsin or pepsin. 

There are three main forms of bacitracin, A, B, and C. Others 

have been detected but these may result from transformations. 

of the A, B. and C varieties,,as they are by far in the 
minor proportion. Bacitracin E will result if bacitracin A 

is stored in neutral or slightly alkaline conditions. 

The types of baoitracinshave been separated by counter-' 

current distribution, paper chromatography and other methods. 

Craig et'al:(1952)74  used .a countercurrent System composed of 

3% acetic acid in s—butanol; newton and,Abraham (1950)75 used 

one composed of amyl ialcohol/n—butanol mixture against pH 7 
7. 

aqueous phosphate buffer. Aida at al (1958)
6 
 used paper 

chromatography, with an n—butanol/acetic acid/water system 
.(01s2). 

Each type of bacitracin (At  B or C) is composed of twelve 
amino acid residues. The A and Bvarieties appear to differ 
in that one isoleucine residue .(, in the structure given 

below) in bacitracin A-is replaced by valine in bacitracin B. 
'Most of the sminc6icids are of the L configuration, except 
phenylalanine, glu taric acid, ornithine and: aspartic acid 

which belong to the D series. Abraham (1957)77  proposed that 

in bacitracin A the amino acids form a six—membered ring 

with a side chain. 
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L-Histidine 	D-Phenyl al anine 4—IL-isoleucine 

D-Aepartio acid‹-L-Aspartic acid-->L-Lysine-- D-0 

L-Isoleuoine 

1‘  
D-Olutamic acid 

L-Leuo ins 

L-Cy!teine—i 
S 

L-Isoleucine_J 

thine 

One of the L-isoleucine residues is situated at the amino 
end of the peptide chain. This residue is connected with the 
adjacent oysteine residue forming a thiazolidine ring by 

condensation of the carboxyl group of the isoleucine with 

the amino and thiol groups of the cysteine, Vewton and Abraham 
pi 	78  %4953) 	It is thought that there is a covalent bond between 
this terminal L-isoleucine and the D-phenylalanine residue. 

Bernlohr and Novelli (1959)79  and (1963)80  concluded that 
bacitracin is produced only under cultural conditions that 

promote spore formation, since the greater proportion of the 

antibiotic occurs at the post-log phase when there is active 

spore formation..It is thought that a similar state of affairs 

occurs in the biosynthesis of the polymyxins, ciroultns, subtilin, 
and polypeptin. Bacitracin is considered to be a component of 

the cell wall and is released on enzymatic lysis during sporul 

ation. Marschke and Bernlohr'(1969)81  using 14C labelled D-L 

ornithine found that bacitracin does not constitute a quant-
itatively significant component of the spore coat although 
it has been implicated as a structural component of the spore 
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coat of Bacillus licheniformis. Weinberg (1967)34  has hypoth-

esized as to the significance of bacitracin to the organism 

producing it. 

Snoke (1961)82 has found that the biosynthesis of bacitracin 

is dependent on L-leuoine. L-isoleuoine, L-histidine, L-aspar,. 

igine, L-ornithine and L-cysteine. Glucose was stimulatory. 

D-phenylalanine inhibited synthesis but this inhibition was 

reversed by L-phenylalanine. Stoffel and Craig (1961)83  have 

suggested that the dodecapeptide is formed prior to ring form-

ation. 

Arriagada et al (1949)15  described a strain of B. lichen-

iformis whioh produced a biologically active principle called 

ayfivin. It was subsequently shown to be identical with 

bacitracin 75. The same strain also produces the licheniformins; 
the CsN ratio being decisive in the ratio of bacitracin to 

licheniformin produced. 

Bacitracin is principally active against gram positive and 

acid fast organisms. Its antimicrobial spectrum is given below' 

Micro-organism M.I.C;(12g/m1.) 

Streptococcus haemolyticus 0.5-0.1 

Pneumococcus sp. 2.0-0.04 

Micrococcus pyogenes var aureus 100.0-1.0 

Corynebacterium diptheriae 0.3-0.08 

Neisseria meningitidis 0.2 

gonorrhoeae 0.12 

Bacillus anthracis 80.01,250.0 

Haemophilus influenzae 12.6 

Clostridium perfringens (welchii) 0.5-0.04 

tetani 0.2-0.12 

Actinomyces israeli 1.5-0.1 

Treponema pallidum 0.o8 
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The antibiotic is inactive against the producing organism, 

Esoheriohia colt, Aerobacter aerojenes,:Proteus vulgaris4 

Pseudomunas aeruginosa, Clostridium aloiligenes and 

Salmonella typhi even at a concentration of 1000,1g/11. its 

activity is enhanced in the preeenoe of certain metallic ions, 

particularly zinc, Weinberg (1959)84 

The bacitraoins are too toxic for systemic use as they 

' are nepbrotoxic. Intravenous doses of 342mg. of bacitracin A 

and 500mg, of B per Kg. body weight are toxicto mice, Newton. 

et al (190)85. 

Bacitracin is employed topically in human and veterinary 

medicine. It is used as a feed aupplment for pigs and poultry 

leading to higher conversion rates. The cobalt and the zinc 

salt have been added to silage to suppress undesirable ore- 
. 	84 anis% Backman (1965) . 

Paine (1951)
87 

suggeshed that the mode of action of bacitracin 

might be similar to that of penicillin, namely on the cell wall. 

Botta et al (1965)
8 
 isolated informs of group A streptococci 

which had been exposed to bacitracin. The bacterial popul-
ation had the morphology and prop!rties similar to those which 

had been formed by exposure to penicillin. Bacitracin does 

act on the protoplasts of the organism which synthesizes it. 

Snoke and Cornell (1965)89  found that Bacillus lioheniformis 
protoplagte rapidly lysed when exposed to the antibiotic. 
They found that the action was dependent on, the amount of 

baoitraoin present and on the amount of either cadmium or 
zinc ions present. 

Bieber et al (1969)90  have oonoluded that bacitracin 
feres with cellular division. and, leads to membrane disorgam. 
ization. Bieber and lmaeda (1969)91  observed that gycobaoteria 
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exposed to bacitracin produce tubules and baoteriophage-like 
Particles. Hence it appears that Paines! suggestion for the 
mode of action'of baoitracin was correct. 

Smith and Weinberg (1962)9 concluded that of the clinic.. 
ally useful antibiotics bacitracin ,is unique in that it 
demonstrates a dual mode of actions a) it suppresses the 
synthesis of cell walls and b) it inhibits protein synthesis 
in some susceptible organisms e.g. Staphylococous aureus. 

There is an exoellent review on'bacitracin by Hiokey in 
Hookenhull (1964)". 

.9 Milan Rogers (1928) 4 was the first person to report en inhib- 
itory substance produced by Streptocoocus lactic. Mattiok and .  
Hirsch (1944)95  discovered nisi% an antibiotic produced by 
S. lactisA which was active against gram positive micro-
organisms and later found it to inhibit Myeobacterium tuber-. 
oulosi  Oxford (1944)96  described the antibiotic properties 
of a protein substance produced by Streptococcus oremoris  

. which he tamed diplococcin. Nisin and diplococcin were thought 
to be identical but different antimicrobial spectra showed 

that they were different substances. 

Mattiokand Hirsch grew the active strain in a medium 

composed of 1.5% glucose, 0.3% yeast extract, 0.3% sodium 

ohloride,.0.6% sodium citrate, 1% dipotassium phosphate'and 

0.02% magnesium sulphate, pH 7.2. 

Shkundova (1908)97  found that the production of nisin was 

More rapid in a medium containing 6% milk hyrolysate in whey. 

Be found that the biosynthesis of nisin corresponded with 

the increase in cells, reduction in pH and consumption of 
00 lactose. Baranova and Rgorov (1969) found that the presence 
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of acetate decreased the antibiotic yield on aerating the 

medium. Glucose, sucrose,fructose and mannose were beneficial 

to synthesis, sugar alcohols were not. Potassium dihydrogen 

phosphate was found to be the best inorganic phosphate source 

to use, at 2.0-3.0%. 

The antibiotio accumulates in the cells and is liberated 

into the medium by acidifying to pH 2. In fact 60% of the 

nisin is in the cell walls of the organism, some in the ribo-

somal fraction and cellular membranes, White and Hirsch (1968)99. 

To extract the antibiotic the broth is clarified at pH 2 

by CentrifUgation and the clear fluid extracted with1/20th 

volume of chloroform plus 2% sec. alcohol at pH 4.2-4.5. To 
the chloroform, extract, separated in a supercentrifUge and 

cooled to 4°C., anhydrous ethanol is added in order to prec-

ipitate the active material, The precipitate is dissolved",  

in dilute hydrochloric acid, the 'pH adjusted to 2.5-3.0 with. 

sodiuMhydroxide and an equal volume of ethanol added. The 

inactive precipitate is discarded 'and the solution .  
concentrated 'in vacuoi v adjusted to pH 4.0 and set aside in 

a, refrigerator. The precipitate that forms is recovered and 

dissolved in dilute hydrochloric acid and lyophilized. At 
this stage the .recovery is 20%. FUrther purification is 
carried out by dissolvink the lyophilized material in dilute, 

acid followed by precipitation of the inactive'material from 

the solution at pH 6 and. fractional precipitation with sodium 
chloride. The product:has a potency of one million units/mg. 

( lmg. of standard preparation of nisin hydrochloride 
• contains 104 units, 1 unit 11..0.1pg.) 

Nisin is the collective name for a group of polypeptide 

antibiotics among which nisin At  Bo  Cy and D may be disting-

uished. They can be separated by countercurrent distribution, 
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Berridge 
(1952)100 

Hyrolysates of nisins A, BOli and D contains the following 

amino aoidst leucine, isoleUcine, alanine, glycine, prolinei 

aspartio acid, histidine, lysine, lanthionine and cystathionine. 

Alinins A, B, and C. each contain two molecules of valine and 

methionine, which are absent in nisin D; nisin.D, however, 

contains glutamio acid. Nisin hydrochloride has about 5y6 sulphur 

and a molecular weight of about 7,000. The structure of-any of, 

the nisins has not been reported. An isomer of Oystathionivv, 
lanthionine, is found in hyrolysates, Newton et al 

(1953)101. The ratio of this amino acid to lanthionine 

114. 'A similar ratio is found in subtilin. 

Nisin when pure is a white powder, soluble in water. at 

pH 2, but is precipitated when the solution is neUtralleed. 

A solution of nisin hydrochloride containing 0.1ms/110-has 
.a pH of 7. 

Data obtained by Hurst,(formerly Hirsch)(1966)102 suggested 

that the biosynthesis of nisin resembles protein biosynthesis 
since they are equally sensitive to inhibitors such as chlor. 

'ampheniool, puromycin and terramyoimv 

Nisin inhibits streptococcus, Pseudomonas, some Neisseria, 
Bacillus, Clostridium, Nycobaoterium, Lactobacillus.. 
Corynebaoterium and Aotinomyoes sv. It also inhibits- . 
Niorecoccus pxogenes;  Neisseria meningitidis and 14. catarrhaliti  
426 inatintitiVa. Nisin is not very toxic. When injected - 
intravenously into rabbits in doses of,50mg.. daily for 18 days 
it causes no loss in weight. The only change observed is the 

gradual obliteration of the veins in the ears, Korzybeki at al. 

The antibiotic is employed in cheese manufacture, partic- 



ularly processed and Dutch cheeses. It is employed in canning 

fruit and vegetables and in chocolate manufacture. Its presence 

in cans'of food redupes the temperatuwe and time needed to 
sterilise the contents. Nisin owes its importance as a food 
additive to the fact that it inhibits the germination at 

bacterial spores. Its use has been reviewed by Tremor (Z966)103  
and Hall (1966)104  

The Licheniformins  The antibiotic li.cheniformin is a mixture 

of polypeptide antibiotics, isolated from cultures of 

Bacillus licheniformis  (Weigmann) by Callow and Hart (1946)14. 

The strain also produces at least six different antibiotics 

Callow and Work (1952)105.  In media having a high nitrogen 

to carbon. ratio and containing ammonium lactate, three 
licheniformint can be produced. 

, Hart and Hills (1947)106  used the folloWing medium; 3i 
glucose, 0.5% asparigine, 0.14 B004, 0.1‘A K2H1504, 0.05;01  

.sodium citrate, 0.00017% ferric ammonium citrate and 0.0003% 

mn00
4
6 The incubation period in this medium was 6-12 days at 

37°C. 

The mature fermentation broth, after the pH had been 
adjusted to 2.5, was autoclaved at 0.6 atmospheres pressure 

for 10 minutes with the object of dissolving all the lichen-
iformins. At pH 5 the antibiotic was adsorbed onto charcoal 
from the filtrate and eluted with a mixture of water, n—butanol 

and concentrated hydrochloric acid (89110:1). The eluate was 

concentrated 'in vacuo'. The adsorption on to charcoal was 

repeated, adsorbing at pH 6, eluting this time with butanol 

saturated with 31<. hydroohloric acid. The eluate was concent-
rated in vacuo' and adjusted to pH 6 and an excess of an 

aqueous solution of picric acid added, causing the precipitation 

of licheniformin picrate which was subsequently converted to 
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the hydrochloride and the latter precipitated by acetone. 

Licheniformin hwochloride is a colorless powder freely 

soluble in water and methanol.. It is insoluble in butanol, 

acetones  ethanol and chloroform. It is stable between pH 1-9 

inclusive for 10 minutes at 115oC. In 10 N. caustic soda the 

activity is completely lost after several days at room temp-

erature. The licheniformins can be separated by paper 

chromatography or preparitively by countercurrent distribution. 

The molecular weights of licheniformins A, B, and C are 4,400, 

3800, and 41300 reapectivelY. !Mese values were determined by 

ultracentrifugation by Ogaton (1952)107  

DeBouk (1952)108 found that licheniformins A and B have 

similar amino acid compositions: aepartio acid (1), glyoine (7), 
serine (3), proline (2),.arginine (6), phenylalanine (2), 

valine (2) and lysine (12) on the assumption of a molecular 

weight of 4,400 each (figures are moieeular amounts). Lichen-

iformin C has in addition glutamic acid. As there are no free 

terminal amino groups it is likely they all have a cyclic 

structure. Owing to a predominance of basic amino acids, the 

lioheniformins exhibit basic properties. 

The unit of liCheniformin is the smallest amount in 1 ml. 

sufficient to inhibit Mycobacterium ohlei in broth for 4 days 

at 37°C. A preparation containing 0.2mg. was used as the 

standard. Its biological activity r4bles that of the anti-

biotic eubtilin but the absence of cross resistance with M. 

2hlei iOvidence for their non-identity, Hart and Moss (1950)109. 

Callow et al (1947)110 have investigated the sensitivity 

of various micro-organisms to licheniformins. The antimicrobial 

spectrum of the varieties of licheniformin is not conspicuously 

different. The minimum inhibitory concentrations of preparations 
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of the licheniformins of potency 2.5-5,0 units/mg. for various 

organisms are shown below: 

Xicro-organism pti.I.C4ug/m1.) 
Mycobacterium phlei 0.2-0.5 

tuberculosis 1.6-6.0 
Micrococcus pyogenes var aureus 0.2-0.8 
Streptococcus viridesoens 50.0 
Diplococcus pneumonia° 6.0-50.0 
Bacillus antkracis 5.0 

Corynebaoterium renale 0.025 

diptheriae 0.1-0.8 

equi 0.2 

Escheriohia ooli 12.0-100.0 
Pseudomonas aeruginosa (pyooyanea) 25.0 

Shigella dysenteriae 6.0-25.0 

paratyphi 504-100.0 

Brucella abortus 3.0 

Vibrio cholera 50.0 

M, serum was not found to affect the activity of the 

licheniformins. otivity is markedly increased if the medium 
pH is raised from 5.5 to 8.5. Intraperitoneal doses of 0.5- 
3.0mg. in mice infected with 0.94 of a lethal dose of Laoillus  

anthracis diminishes mortality by 3.6 times. The toxicity 

varies according to the animal. The LD for mice is 500 mg/ 50 
Kg. body weight subcutaneously, 250 mg. intravenously. The 

antibiotic produces kidney lesions. Rabbits are not sensitive 
to the toxic action of the lichoniformins, and mice are only 
moderately sensitive. 

Colistin (syn. Colimycin). Koyama et al,(1950)14  described an 

antibiotic produced by Bacillus colistinus to which they gave 

the name colimycin. The name oolimycin has also been ascribed 

to an ,antibiotic produced by Streptomyces fradiae var apiralia, 
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a substance which is, howeVer, related to neomycin. 

Colistin is anon-homogenous basic peptide, Suzuki et al 
(1963,)112 • It comprises,two biologically active fractions, 
A and B, the former being the main product. 

The ferMentation and extraction of colistin is similar .to 
polymyxin. Salts of colistin are relatively stable between pH 
2 and 6 with loss toocuring'above pH 6. When dry it is stable 
at elevated temperatures. 

Suzuki et al (1964)113 reported the structure of colistin 
B and 4lkinson and Lowe (1964)1 4 showed that colistin A 
and polymyxin El.  were identioal'on physical and structural 
determinations. Suzuki et al (1965)115 reported that colistin 
B and polymyxin E are the 'same aubatance. Ruggerini and 

•  DeModica (1964)11', howeverfound that colistin B and polymyxin . 
L2  had different eleatrophoretio mobilities. They hypothesized 
that the differences may be due to different sterio confors-' 
ationo of the two substances. 

Th4 antimicrobial spectrum of colistin is similar to 
pplymyxin B. It 	active against a wide range of gram positive 
and against a narrower range of gram negative micro-organisms. 
It le,bacteriostatic and bactericidal. It inhibits pathogenic. 
Pseudomonads, Shigellae, Salmonellae, and strains of ,EschOr7  

iohia coll. 

It is used as the.pulphate or sodium methane-sulphite, 
the latter being the least. toxic. The LI;50 for both salts by 
various routes is given in the table belows 

Route of Administration Colistin Colistin-methane Sulph!! 

Intravenous 5.46 222.33 

Intraperitoneal :19.8 126.50 
Subcutaneous 48,0 138.00 
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In contrast with other polypeptide antibiotics colistin 
chows low toxicity. It does over 'a prolonged period show lesions 
in the cortex of the kidney which - are regeneratable, Staaminler 
and Lagler (1963)117 

Its mode Of action has been studied by Kawamata and Nakajima 
(1965)'18  and Nekajima and Kawamata (1965)119. They found that 
it affects tha permeability of cells of Esoherichia coli,  

causing release of subatanoes absorbing at 260 ma, mostly'low 

molecular weight nitrogenous compounds. This release took place 
at 37°C.'but not at 2°C. and could be prevented by bi—valent 
cations. It forms insoluble complexes with DNA:and RNA at an:  
optimal ph of 6.4, loss antibiotic, is needed to precipitate 
DNA. Colistin, like other oyeliopolypeptide antibietioe may 
act an iienophorens, Pressman et al (1967)'4. 

Cobalt sulphate enhances the activity of colistin against 

E..coIi and Pseudomonas fluoresoens. The oobalt forms a 'complex 

with the antibiotic, this being shown by the lowering of the 
extinpon diarye of colistin oai addition of cobalt sulphate, 
Elfiki and Chodat (1965)20, Colistin has been used with some 
success in the treatment of burns with septicemia complications 
due to Psoudoilionadso - GraberItg (1959.0)121, 

, Subtilin Bumfeld and Feustel 0.943)122  noted the antibacterial 
properties of cultures oflAkcertain strain. of Bacillus subtilis. 
Janson and Hirschmann (1947)123  studied the phenomenon more 
closely and named the antibacterial substance subtilin. 
Bassel (1948)124  described a similar antibiotic from B. subtilis  
which he named subtilin C but differed in some respects to 
subtilin. The subtilin—producing strain has been designated 
B subtilis (ATCC 6633  or NRRL B 543). 

On a pilot plant scale Garibaldi and Feeney (1949)125 used 
alsedium; composed of 10* saccherose, 1.2% citric acid, 0.4% 
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sodium sulphate, 0.5%  malt extract, 0.42 diamino phosphate 

and inorganic salts, K, Mgr  Mn, Fe, and an. The pH was adjusted 

to 6.8 with ammonia. Zinc (10meml.) was found indispensable 
for subtilin production. The incubation period in submerged 

culture was 3-4 days at 30°C. Yields were of the order of 
900,4g/ml. 

Lineweaver et al (1949)
126  isolated the antibiotic by 

extraction with half volume butanol at pH 2.04.5. The extract, 

containing 85-90A of the. activity, was concentrated 'in vacua' 

with the continuous addition of water to obtain the lower 

boiling two—constituent azeotropio system. When the volume 

had diminished to 1/6 the addition of water was stopped. Further 
concentration led to the.preoipitation of subtilin, which was 
collected and dried. Subtilin was also obtained from the 
unconcentrated butanolio extract by the addition of an aqueous 

solution of caustic) soda to pH 5 and salting out the antibiotic 

with common salt. The crude preparation was washed with anhydrous 

butanol and 14 salt solution. Dimiok et al (1949)127 patented 

the antibiotic- and its purification. 

Subtilin is a polypeptide containing sulphur and a trace 

of phosphorus. On acid hydrolysis, 840 of the nitrogen is 

found in the amino nitrogen in the amino acids. It dialyses, 

hence its molecular weight is less than 10,000. 

Between pH 2 and 7 the Antibiotic is relatively stable, 
above pH 7 and in Normal acids it'is quickly inactivated. At 
_pH 2 'it is inactivated by pepsin and at pH 7 by trypsin at 
30?C• after 24 hours. Dry preparations are very stable at room 

temperature, Dimick et al (1947)428.  

Alderton and Fevold (1951)9  reported the amino acid 
composition of subtilins glycine (1), valine (1), leucine (4), 
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ieoleucine (1),proline.(1), phenylalanine (1), tryptophan (1), 
lysine (3), aspartic acid (1) glutamic aoid (3), mesolanth. 
ionine (1) and some sarcosine. (Figures are molecular amounts). 

lanthionine (also present in nisin) was found. The 
molecular weight of the antibiotic is about 3,300. The molecule 
is thought to be a multiloop structure owing to the large 
number of free oarboxyl and amino groups, these being less 

than attributable to an open chain structure. 

Strachor and Craig (1959)130  separated preparations into 

three components. Preparations:from'broths stored for several 

years at low temperatures maintained their biological activity 
almost quantitatively. Six components were found, subtilin A 
accounting' fr. 50;6 of the activity. There wore fewer components 

in fresh broth, in which subtilin A waa responsible for about 
85.* of the activity. 

The unit of n3e4n is the amount of the antibiotic in lml. 
of solution Which is bactericidal for Staphylococcus aureus  
after 10 Minutes at 37°C. It is mainly active against gram 

• positive and acid fast organisms. The table below shows tho 
spectrum of subtilins 

kicre.organism k.I.C. (iag/m10 

kicrococcus conglomeratus 0.06-1.0 

Streptoc000us pyogenes 0.034 

Lactobacillus plantarum 12.5 

Treponema pallidum 2.0 

Mycobacterium tuberculosis 50,0 

Endamoebe histolytica 2.5 

Tha* influences the action of 41in. Sacks and Pence 
(1958) 31 

 found that St. aureus was more sensitive to subtilin 

above pH 5.2 whilst Escheriohia oolAs more resistant over the 
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pH range 4.2-7.4, the reeistance increasing as the pH approaches 
7.4. 

The LD50  of subtilin for mice is 60mg. (intravenous), 670 
as, (subcutaneous) and 5,000mg. (oral) per Kg. body weight, 
4kderson 11.111 (1946)132. 

Subtilin at a concentration of 10pg/m1. irreversibly inhibits 
the respiration of Siorococcus !penes var. aureus. At 30pg/ml. 
the organism loses oonsiderable amounts of, nitrogen and 
phosphorus. Sacks and Pence (1958)131. Andereon (1947)28  
considered subtilin to act like tyrocidine and polymyxin, 
namely as a surface active agent. 

Subtilin has been used in canning'asit'auppresses the 
growth of Clostridium bptulinum. A concentration of 20Agitml., 
of sUbtilin . destroys bacterial spores. In canning subtilin 
and heat are complementary in the pricervation of the 
contents, Campbell ILA (1959)133  . Campbell anslannierski 
(1959)134  isolated a autilin resistant strain'of Cl. botulinum. 

Min9r Au biotic, prom Bacteria. 
Antibiotio/ 
Organism/ 
Reference 

Production 
Medium. 

Method of 
Extraction. 

Chemical 
Nature. 

Biological 
Activity. 

Pyooyanine. Peptone Chloroforms Phenasine Active against 
Pseudomonas broth, pH water parti— pigment. G+ve, —ve and 
aeruainose 7.4..6 days tion. a acid fast bac- 

135 . mt 37°C. teria.Extremeli 
taxis. 

1 
Hemipyooyano. As above. As above. 1-.011 phe— Slightly antib- 
ine.I's. nasine. arterial and 
aeruginosa Op 	. 

/ 
inhibits fungi, 
less toxic than 
pyocyanine. 

135, 136 
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Antibiotic/ 
Organism/ 
Reference 

Production 
Medium 

Method of 
Extraction 

Chemical 
Nature 

Biological 
Properties 

Antibiotic 
Pm, 
Pseudomonaa 

Peptone agar.Chloroforms 
0 7,40,25- 
28°C for 6 
days, 

water part- 
ition. 

Similar to 
pyooyanine.0 

Active against 
+ve, -ve and 

acid fast org-
anima. 411. 	137 

Chloraphin 
Psoudomonas 

Asparagine, 
glycerol, 
salts, 07, 

broth. 3-4 
days at 25°C. 

Acetone exp. 
traction of 
cell homog.«. 
°nate. 

1 amino 
phenazinA. 

	

A 
	

co Nun 
/ 	,'" 	■ 

1 
Ns./ N 

Active against 
0 -we And 0-ive 
organisms. chioraphis, 

GS. 	138 

Comirin 
Bacterium 

Peptone au°. 
rose broth 
pH 71 30°C. 

BuOH extra°. 
Lion, preoi- 
pitated by • 

NaCl. 

Peptide 

Differs fr7and 
om polymy*.at 

tilin in am-
ino acid 
composition, 

in and sub-Uaemolytio, 

Inhibits fungi 
some yeast 

11;106. antimyceti- 
(111gb. 	139 

Pyolipic scidPeptone 
Pseudomonas broth.. 

Et011 extraot,Unknown, 

of cells; 

EtOM tract- 
ionated with 
ether. 

a colourleituberclo 
oil, 	\ 

icActive against 
bac- 

illi. serupginosa. 
140 
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Antibiotic/ • 

Organism/ • 

Reference 

Production 

Medium 

Method of 

Extraction - 

Chemical 

Nature 

Biological 

Properties 

Viacosin 

Poeudomonas 

Peptone 

broth, 

Adsorbed on 

to charcoal 

at pH (1 	. 

eluted with 

acetone, 

ppts. at 3°C. 

Polypeptide. 'In vitro' 

activity again-

st saprophytic 

and pathogenic 

Nycobacteria.. 

G i.ve and017.ve 

baeterian0 

affected.„ 

visoosas. 

141 

Unamed 

Pseudomonas 

Glycerol,  

peptone agar 

300C. for 48 

hours*  

Ether extr- 

action of 

the cells. 

3 acidic 
substances 

unknown con.. 
atitution 2 
biologically 
active. 	Are 
phe1;01 oaxb- 
oxyl acid 

derivatives,. 

Inhibit 0 4-ve 
and acid:fa:5'4 
organisms, and 
some fungi. 
G -veinsensi:0- 
ive, 	Inactiv- 
ated by serum, 

str. 31. 

13 

Mycobactoci- 

din 

Staphyloo- 

Oleia albu- 

min agar at 

37°C for 

7-10 days. 

Cells extr- 

acted with 

water, then 

acetone and 
methanol. 

Fractions 

A - M. Prob- 

slay a gluon-acid 
protein.• 	' 

Five fractions 

aotive against. 

fast org". 
anisme. Non-  

toxic to 4090 

mums eoid. 

ermidis)41  

AntibaaterialBrain 
substances 

from Staph- 
ylococol. 

143 

infUs- 
ion agar. - 

Cella remo- • 

ved and ex- 

treated . 

with saline. 

Unknown. 

Dialyeable. 

Inhibited by 

EDTA. 

Inhibits Staoto- 

ylococcue aur, 

eus (Oxford 

2098). 
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Antibiotic/ 

Organism/ 

Referenoe 

Production 

Medium 

Method of 

Extraction 

Chemical 

Nature 

Biological 

Properties 

Laotobaoil- 

lin 

Laotobaoil- 

Glucose 

broth enri- 

ohed with 

tomato juice 

and Tween 80 

30°C for 7 

(Jaya, 

Not extra°. 

ted. 

Not known. Inhibits Micro- 

coccus var 

pyogenea. 

lux helvit-• 

ious. 	144 

Unamed 	• 

Alkaligenes 

Proteose pep-Not 

tone broth 

glucose 

NaCl & trace 

salts. 30°C 

for 24 hours.  

extrao- 

ted. 

Protein, a 

colicine. 

Proteus sp. and 

many str. of 

AU. faecalis faeoalisI NCTCplus 

8764 14 9220. 

145 

inhibited. 

Diplococoin 

Streptocoo- 

Casein hyd- 

rolyaate, 

salts, gm- 

wth faotors, 

out:mooed, 

37°C for 

6 days. 

Dry residue 

of culture 

extracted 

with aoetio 

aoid and 

pptd. by 

Am.S0e 

Protein. Inhibits G +ve 

organisms. Non 

toxic. Has be-. 

an uaed to tr-

eat bovine 

mastitis. 

ous lactic. 

96,146,147 

Marcescin 

Serratia 

Am.oitrate + 

glycerol 1 

day in ehal- 

low surface 

culture at 

35°C. Also 

in submer- 

ged culture. 

Culture to 

1/10 vol. 

pH to 1.0. 

Ppt. by ao- 

atone. To 

water. Ppt.  

at pH 9. 

Polypeptide. Active against 

0.3 % phoe- 	G +vet  -ve and 

phorus and 	acid fast orgs. 

0.3k sulphur.Vory toxic, 

haemolytic. 

maroescens, 

148 
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Antibiotic/ 

Organism/ 

Reference 

Production 

Medium 

Method of 

Extraction 

Chemical 

Nature 

Biological 

Properties 

Prodigiosin 

Serratia 

Peptone wat- 

er pH 7.1. 

2 days at 
30°C. 

Ether/petr- 

oleum ether 

mixture, 

Hydrochlori- 

de pptd. from 

concentrate. 

Tri-pyrrole 

substance. 

Monovalent 

base. 

Active against.  

Bacillus anth- 

marcescens. racist  Staph- 

149,150 ylococci and 

fungi. Not tox-

i.e to great 

extent, 

Iodinin. 

Ohromobact- 
Agar medium 

containing 

beer ferm- 

entation 

broth. 

Chloroform 

extraction 

of colony 

crystals. 

V No-dioxy 

1, 5 di-hyd- 
roxyphena- 

sine. 

Inhibits G +ve 

and -ve organ-

isms, the latt-

er at greater 

concentrations. 

erium iodi 

num. 

138,151,152 

Violacein 

Chromobact- 
Lactowi 

broth, 14 

days at 22
o
C.oells. 

Acetone ex- 

tract of 

Then 

fractionated 

with chloro-

form and 

then ether, 

oki 

Active against 

G +ve bacteria 

Not toxic, non-

haemolytic. 

erium viol- 

aceum. 

153,154,155 

Xerosin 

Achromobac- 

Peptone, beefPptd. 

+yeast extra-medium 

et, glucose. 

48 hours at 

25°C. 

from 

by 

BC1 at pH 

3.2 - 3.5. 

Unknown. Inactive agai-

nst 0 +ve and 

- ve bacteria 

+ fungi. Inhib-
its influenza 

virus intra-

cerebally. 

ter SP. 134 
156 
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Antibiotic/ 
Organism/ 

Reference 

Production 

Medium. 

Method of 

Extraction 

Chemical 

Nature 
Biological 
Properties 

Coliformin 
scherichia 

Glucose, am- 

mon. salts, 
phosphate + 

Mg++. 24 hr. 

at 37°C. 

Benzoic acid 

and acetone 

pptn. 

Polypeptide. 

2 or 3 bio- 
active sub- 

stances. 

Anti-fungal, 

inhibits fungi 

pathogenic to 
man. 

doll. 157 

tplicinee 	, 

Fscherichia 

Pep-tens' 

water. 16 hr.sorption, 

at 37°C. 

Charcoal a67  

uted glacial 

acetic acid 

el-polypeptides 

Proteins or Inhibits G -ve 

organisms. Act..- 

ivity enhanced.  

in serum v.. E. 
coli. Non toxic 

coli. 158, 
159 

Salmonellin 

Salmonella 
Not stated 

Agar medium. 
37°C for 3 
days. 

Extracted 	A tolicine- 

from cells 	like antib-, 
with buffer. iotic - pro- 

tein or 

peptide. 

Active against 

Salmonella 
eastbourne gallinarium. 

5C" ' 160 

Toxoflavin 
Bacillus 

Nutrient 

broth. 37o  C. 
for 3-4 days 

Extracted 	Purine, 186- 
with chlorof4mer of 1-Me- 

orm, the 	thyl xanth- 

cultUre fluid ine. 
satd. with 	61krrif- 1°  

CO 	C.= gi ‘.... 
NaCl. 	,i' 	1 	klia.ing . 	NA-c,--- a 

Inhibits G +ve 
trganisms.,Ve-

ry toxic. Aut-

hor suggests 

use in treat-. 

leukemia. 

cocovenans. 
161, 162 , 

Alvein , 
Bacillus 	- 

Czapek Dox 	. 
plus CSL. 
and glucose. 

7 days at 
37°C. 

Charcoal ad- Basic poly.,  

sorption, e.. peptide. 

luted acid 
BuOH. 20 
30% recovery. 

Inhibits G +ve 

and acid fast 

bacteria and 
the G -ve Z. 

doli and Ps. 

alvei.,  163 

aeruRinosa. 

Haemolytic. 
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Antibiotic/ 
Organism/ 

Reference 

Production 
Medium 

Method of 
Extraction 

Chemical 
Nature 

Biological 
Properties 

Baoilipin 
Bacillus 

Corn extract 
and glucose 
broth. 12 hr.sorbed 
at 34°C. 

Amyl acetate 
at pH 5. Ad- 

on to 
Al203. El- 
uted phosph- 
ate buffer 
at pH 5 

i 

Two fractioneInhibits 
separated by 
C.C. distr- 
ibution. Un-
known struo - 
ture. Low 
m.wt. 

some 
0 we and acid 
fast organisms subtilis. 

164 

Baoilysin 
Bacillus 

Same culture 
and prodn. 
medium as 
Badaipin. 

Charcoal ad- 
sorption, el-sulphur 
uted PO

4 
bu- 

ffer and 
Et0a. On 
Al203

, eluted 
with 25-A Eta 

Peptide, has 

con- 

taining ami- 

no acids. 

Inhibits same 
range of orgy 
anisms as 	- 
Baoilipin. 

subtilis. 
164 

Globicin 
Bacillus 

Tyrothricin 
medium (p.18)to'water 
8 days at 
30°C. 

pH 4.5 ppt. 

antibiotic 
pptd., by 
API804 

' 

and. containe 
Peptide, . 

tryptophan 
and sulphur. 

Inhibits Bacil- 
Ills, Aicr000- 

subtilia., ocus and Nyco- 
165 bacterium Sp* 

Non-haemolytic 
Brevin 
Bacillus 

Peptone, 
Salts, broth 
pH 6.8-7.0. ,ed 

Fpt 	at pH 
4.0. Extract-containing 

with Et0H,sulphur. 

Peptide, Inhibits GI +ve 
andatii&fast 
organisms.,. 
Haemolytic. 

brevis. 
166 
Brevolin 
Bacillus 

Peptone and .  
glucose broth 
3-4 days at 
0 

35C. 

Charcoal ad- 

sorptionspH 

2. Pptd with 
acetone as 
NIA)tac-kko;le .  

Peptide. Inhibits G +ve, 
-ve and acid 
fast organisms 
Toxic. 

subtilis. 
167 
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Antibielic/ 

Organism/ 
Reference 

Production 
Medium 

Method of 
Extraction 

Chemical 
Nature 

Biological 
Properties 

Bacillin 

Bacillus 

Glucose, 

asparagine, 

kr=
kr' 

Charcoal 

adsorption.' 

Eluted Et0H 

or MeOH. 

Unknown. A 

peptide anti-ted 

bacillin  

from culture 

antagonizes 

antibiotiO. 

Inhibits selec. 

G +ve,-ve 

and acid fast 

organisms. 

Toxic. 

subtilis. 

168, 169 

Bacimethrin 

Bacillus 

Glucose, 

soya, wheat 

flour, salts 

pH 7. 

Charcoal ad- 

sorption, 

eluted. with 

MOH ' 

pyridine 2- 

metboxy.-401 

5-QH-Me 

pyridine. 

Inhibits G +ve, 

ve. acid fast 

organisms, and 

some yeasts, 

low toxicity. 

mcgatherium. 

170, 171 

Edein 

Bacillus 

Gluoote, 

Alutamate, 

salts.28- 

30°C. for 

2-3 days. 

Charcoal ad. 

sorption, 

eluted with 

Me0H. 

Peptide. Inhibits 0 +vet  

-Ye, and acid 

fast organisms. 

Non-.haemolytic. 

brevis; 
172 

Bacillomycin 
Bacillus 

Glucose, 
glutamate, 
salts. 28- 
30°C. for 
5-6.days. 

Two antibiot*Molecular 
ice.. One 
isolated. 
Pptd. pH 2.5 
Extracted v*::. 

with MAL 

Weight 960 
Antifungal, to-
xid.,Inactive 
against other 
micro-organisms. 

1, sutilis. 
173. 

Antifungal 
antibiotics 
Bacillus 

Ictato medi- 

um, glucose, 

asparagine. 

250C. for 

15 days. 

Activity ad- 

sorbed on to 

Hyflo super 
eel, eluted 
with hot 
Me0H 

Peptide« Active against 
lieurosporat  

Penioilliumt  

rumor and subtilis. 
174 ithitoctonia 

sue. 
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ntibiotic/ 
Organism/ 

Reference 

Production 
Medium 

Method of 
Extraction 

Chemical 
Nature 	, 

Biological 
Properties 

Eumycin - 
Bacillus 

Yeast extraotPptd. 
broth. 30°C. 
for 5 days. 

under 
acid °audit- 
ions, ppt. 
extracted 
with Et0H 

at pH 7. 

Unknown com. 

position. 

Colourless 

water solublE 

substance* 

Slightly act-

ivo against G 

+ve, -ve bact- 

eria. Active 

against fungi 

and acid fast 

organisms. 

subtilis. 

175 

Fungistatin 
syn. Antibi- 
otic XG. 
Bacillus 

Peptone 
yeast extr- 
act broth. 

Adsorbed on 
to charcoal, 
eluted with 
acetone* 

Polypeptide, 
M.Wt. 2,400 
Foams in. 
active gel 
in water. 

Inhibits Mon—. 
ilia, Micro. 
aporum sp. 
Haemolytic. 

subtilis XG. 
176 
Mycosubtilin 
Bacillus e 

Molasees, 
salts, citricof 
acid, yeast 
extract. 25°CPpt. 
for 5 days. 

EtOR extract 
cells pptdhaving 

at pH 2.5 
from 

Mal* 
water. 

Polypeptide 
no 

sulphur. 

Inhibits Micr. 
°coccus lysod. 

subtilise eikticus, yea. 
(subtilin 
str.) 177. 

sts and fungi. 
Toxic. Inactiv- 
ated by serum. 

Simplexin 
Bacillus 

Corn steep 
liquor broth Charcoal 

adsorption, 
eluted with 
hot MOH. 

Not known 
Inhibits G +ve 
eve organisms, 
Rhizootonia siMelex 

178 Solani* Toxic. 
Inactivated 
by serum. 

.Polypeptin 
Bacillus 

Glucose, 
amino acids. 
30°C.  for 
5 days. 

Inactive 
material ppttolypeptide 
and waper. ea, 
with CHC13 

Basic Inhibits G+ve 
-ve, acid fast 
organisms and 
some fungi.Non* 
toxio.Haemoirtic 

A 

circulans, 
179 
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Antibiotic/ 
...,Organism/ 
Reference 

Production 
Medium 

'Aethod of. 
Extraction 

Chemical 
Nature 

Biological 
Properties 

Ilsterosperis 
Bacillus- 

Yeast extract 
glucose. 37°  
C. for 3-4 
dive. 

Charcoal 
adsorption, 
eluted with 

acid BuOB. 

Basic 

polypeptides 

Active against 

C +ve and -we 

bacteria. laterosporus 

180 

Unearned 
Bacillus 

Glutamate, 
soy bean, 

• ` glucose. 37o  

C. for 48 hr 

Adsorbed on 
to charcoal 

- eluted by 
MOH. 

Not reported 
Presumedly a 
peptide. 

Inhibits G+ve 
organisms 
only. natto. 

181 
FInvomycin 
syn. Vivicil 
Bacillus .  

Yeast extra,- 
ot, aaochar- 
ose, citric' 
acid, salts. 
25-28°C. for 
16-24 hours. 

Adsorbed on 
to charcoal, 
eluted by 
Me0H..... 
Purified by 
chroMatogr-
aPhY. 

Polypeptide. Inhibite- G +ve 
bacteria, yea-
ets and fungi. 

Inactivated by 

serum. Toxic. 

subtilise 

182.  

Pumilin 

Bacillus 	. 

Am. citrate, 

glucose. 30°  

C. for 48,hr 

AUZSO4  pptn. 
Ppt. extras- 
teed with 
acetone. Re-

si4ue extra, 
oted ws:C6H6 

Not °lucid-. 
ated. 

.G+ye organi. 
ams.inhibited. 
-Very toxic. pumilis 

(subtilis). 
183 

Subtenolin 
Bacillus 

Glycerol,  
alanine4Mg 
citrate. pH 
6.7-6.0.• 36° 
C. for 3-4 

days. 

Adsorbed on 

to charcoal. 

Eluted with 
MOH. Antib» 
iotio pptde 
from lie0H 
by BuOH. 

Not known. 
sulphury 
content. 

. 

Weakly inhibits 
Give organisms. 
Toxic, excreted 
with urine,50 
of dose in 10hr 

subtilis. 

184 

, 
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Antibiotic/ 

Organism/. 

Reference 

Production 

Medium 

Method of 

Extraction 

Chemical 	• 

Nature 

Biological 

Propertied 

• 

Megacine 

Bacillus 

Tteiptija4, 

yeast extra- 
et, lemco. 
37°C. for 
16 hr. 

Cilletemov- 

ed by cent- 

rifUgation 

Extracted i-.,,to 

into buffer 

and pptd. by 

AmS0A0 

Polypeptide 

Considered 1. yetrains 

by authors 

be a 

oolioine. 

Inhibits many 
of B. 

megathertum, megatherium 
str. 216. 
185 

BiOcerin 

Bacillus 

Glucose, 

salts, meth- 

ionine. 37°C 

for 48 hr. 

Extracted 	Not known. 

by Et20. 	Yellow/ 

brown 

substance. 

Inhibits GimS, 
.-Nre and acid 
fast organisms 

 Fairly toxic. 
cereus. 
186 
Colietatin 
Unidentified 

aerobic 

baoillut 

187 

Glucose, 

sodium nitr- 

ate, salts, 

tryptone. 

pH 6.5. 28°C 

for 72 hr. 

Charcoal 	Not known. 

adsorption. 

Eluted by 

acid Me0H. 

Bacteriostatio 

only.Inhibits 

Gore, to a le 

seer degree G 

-vs bacteria. 

Not toxic. 

Mycobacillin 

Bacillus 

Potato extr- 

act, casein 
hydrolysate, 
glucose, be- 
of extract. 

Extracted by Polypeptide. 
BuOH, BuOH  
residue pptd. 

from aq 	soln 

of it by HC1. 

Inhibits der-
momycotic 
fungi. subtilis. 

188,189 

Pettin 

Bacillus 

Meat and 

potato extra,4.5tresidue 

ct. 22°C. forof 
2 days. 

BuOH at pH 	Not known 

BuOH ext- 
racted with 

hexane. 	, 

Inhibits 

Neisseria, 

au
h 
 tilis. Haemophilus, 

—rte---
190 and Corynab - 

acterium sp. 
Toxic. 
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AntibiQtio/ 

Organiem/ 

Reference 

Production 

gedium 

Method of 

Extraction 

Chemical 

Nature 

Biological 

Properties 

Acrococoin 

(A) Micron- 
Peptoneoseat 

extractoalt 

37°c.7.8 daymEt0H.Hesidue 

pH2 ppt. 

extracted w. 

extra  w., 

CHG1
1' 

Contains 

sulphur. 

Haethiaso- 

lidine ring 

g.  Wt. 2,000 

Inhibits Give 

and acid fast 

organisms. 

Resists pepsin 

and trypsin. 

oocus vari- 

ans. 191,192 

StaphylecocoqUorse 

us antibiot- 

Jo. Staph. 

flesh 

trypsin 

digest broth 

toysteinef 

glucose. 370  

G. for 2 day 

Not 	, 

extracted. 

Not 

known. 

Active against 

Corynebacteria. 

sP. 193 	. 

In conclusion it is interesting to note that all the 

principal antibiotics fro; bacteria, namely tyrooidine, . 

gramioidin 2, the polymyxins, oircUlins, oolistins andbacitracins 

are polypeptides. it is also significant that . the antibiotics 

of which: the structure is,knoxiy are cyclic polypeptides, 

either entirely or in part cyclic'. There is, therefove, strong 

evidence for a correlation between the cyclic structure and 

antibiotic. activity as suggested by Erlanger and Goode (1954)43  

and Pressman et al(1967)4. 

Oome of the peptide antibiotics from bacteria contain 

unusual amino acids. Polymyxin and colistin possess residues 

of L4 disminobutyric acid. Nisi& and subtilin Contain lanth-. 

ienine and }3--methyl lanthionine in the proportions of 01; 

nisin in addition has an isomer of p...methyl lanthionine, cyst-

athionine. Subtilin hap an odd amino said residue, that of 

sarcesine which is also found in the non-bacterial antibiotic.  

aptinemyein D. These amino acids are undoubtedly of significance 
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in respect of the antimicrobial properties of these antibiotics. 

It is significant that where the sterio conformation of 

the amino acid components of the peptide antibiotics from 

bacteria are known some are of the D series. In gramicidin, 

tyrooidine, gramicidin S and Ji, polymyxin B1, Be and baoitracin 

A, D-phenylalanine is found. D-leuoine is to be found in gram-

icidin 47
2
, E

1 
 circulins A anb B. Polymyxin X has D-isoleucine; 

bacitracin has D-ornithine and glutamio acid. 

1) amino acids are not normal components of proteins. They 

do occur in relatively small amounts in some protein hydro-

lysates and their presence may be attributable to inversion 

of the natural L isomers during hydrolysis. D amino acids 

probably impart some resistance to hydrolysis of the peptides 

containing them and their presence may account for the 

antimicrobial properties of the peptide antibiotics. Such 

properties may be imparted by both the unusual amino acids 

and the cyclic structure. 
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THE SEMI—MICRO ASSAY USED' IN THIS WORK. 

The method used was a micro serial dilution method. A 

standard inoculum was added to eaoh tube of the dilution series. 

Staphylococcus aursus (Paler) Was the test organitm used 

Materialm 

1. Three borosilicate glass Pasteur pipettes were graduated 

to contain 6 x 10, 2 x 50 and 7 x 100 pl. of liquid. Each 
pipette was plugged with cotton wool and had a 2 cm. length 
of pressor* tubing attached at the plugged end to act as a 

means of attachment to a plastic 1 or 2 nil. disposable syringe. 

Syringes were found to be superior to teats as more control 

oould be exercised over the charging and discharging of liquid 
from these pipettes. The pipettes were wrapped in metal foil and 

sterilised at 121°C. for 15 mins. and dried at 1000C. for at 

least 30 mins. 

2. A supply of metal sheets. each the sine of a microscope 

slide and covered with a 4" layer of 'Plasticine' to form a 

pallet. 

3. A supply' ofacid—washed Durham tubes (35 x 8 mm.) 
sterilised and dried under conditions similar to the pipettes 

but contained in a sealed vessel e.g. crystallizing dish with 

a metal or glass lid. 

4. A supply of sealing wax stioks*. 

5. Rutrient broth consisting of nutrient broth (Ozoid 0111), 
1.3M peptone (Oxoid L37). 04,5').; neutral phosphate (a finely 

ground mixture of Ha2HPO4  and ICH2PO4  in the ratio of 9.5.9.0), 

04Mglucose. 0.1; in water, dispensed in 5 ml. quantified 

in 6" x 5/8" capped test tubes and sterilised at 121°C. for 
15 mins. 

6. Two sterile dry cotton wool plugged boiling tubes. 

*-;Obtainible in bulk from Demnson & Walkden Ltd., Verney Rd.. 

London, S. E. 16. 
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7. A 5 ma., 18 hour, nutrient broth culture of the test 
organism incubated at 3700. 

Procedure  

Production medium samples were diluted five times in a M/150 

pH 7 phosphate buffer solution. Samples of 'organic solvent 

extracts were taken to dryness'lin vaouo' and the residues 

dissolved or suspended in the buffer. All samples for assay 

were sterilised by heat at the temperature and'duration which 

would give sterility, but sustaining the minimum loss of activity. 

Each 'sterile graduated pipette was fitted with a syringe, 

flamed and placed in one of the sterile boiling tubes which 

had been pressed firmly in a 4Plastioine' pallet such that the 

open end was sloping downwards. Care was taken IC avoid the 

parts of the pipette which had been handled, from touching the 

inside of the sterile boiling tube storage vessel (which acted 

as a sterile houtiing for pipettes when not in use)* 

The remaining sterile boiling tube was half—filled with 

water and fitted at an angle of 30°  III a retort clamp. The 

water tract brought to the boil and allowed to *Ammer over a micro.. 

burner for the duration of the assay work. 

For each sample to be assayed a series 0 six Durham tubes 

were set'in a !Plasticine? pallet, each tube set at an angle 

of a. 300  with the closed ends embedded in the pallet. Flame 

sterilized forceps were used for handling these tubes, except 

when the closed endabf each tube was embedded'in the 1Plasti-

eine' by pressure from the forefinger. of the free hand. The open 

end of each tube was flamed. The requisite number of pallets 

plus tubes was 'prepared before embarking on the next stage of 

the procedure. , 
For each series of tubes, from left to right with open 
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ends of the tubes facing away from the operator, using the 

1001:1: graduated pipette, 200.1. of sterile nutrient broth 

were dispensed into the first tube and 1001. in each of the 

second to sixth tubes. On completing this medium dispensing 

stage of the assay procedure the pipette was rinsed in the 

simmering water and returned to the storage tube. Next, a 
aerial dilution of each of the samples was made in nutrient 
broth using the 2 x 50y1. graduated pipette. 50pi. of an 

antibiotic sample were added to the 200111. quantity of broth, 

the contents mixed by charging and discharging the pipette 

three times, then 100y1. of the mixture were withdrawn and 

discharged in the second tube containing 100 al. of broths  

the contents were mixed in a similar manner, and 100 ylip 
withdrawn and added to ,  the third tube and so on to completion. 

Hence a 1/5, 1/10, 1/20, 1/40, 1/80, 1/160 serial dilution of 

a sample had been made in nutrient broth (a 1:5 then 1:2 

dilution series). Before a serial dilution of the next sample 

Was prepared the pipette was rinsed in the simmering water, 

flamed dry and returned to the pipette storage vessel to cool. 

On completing the serial dilution of every sample for 

assay an approximate 1:100 dilution of the test culture in 

fresh nutrient broth was made by adding 50 al. of neat 18 hoUr 

culture to 5 ml, of:the fresh broth. Using the 10 yl. graduated 

pipette 10 pi. of culture dilution were added to each tube of 

every assay and on completing this culture implantation step 

all tubes were sealed with sealing wax. When the wax had cooled 

the assays were tilted to ensure the implants were mixed with 

the broth/antibiotic mixtures. The issayswere incubated for 

18 hours, at 37°C. 

.Following incubation of the assays the tubes in each 

assay were observed for the presence and absence of growth. 

The highest dilution which suppressed growth was referred to 
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as the 'Titre' of the sample assayed*  From the titre the activity 

of the sample could be ascertained and expressed as 'units per 

mll, or in terms of the original volume of the production 

culture from which the sample was derived, as 'unite' in that 

culture. If the weight of solute in a sample. was known then 

the activity could be,expressed in terms of 'units per mg.' 

or penis 

e Unit was defined as the activity which in 1 ml* would 

inhibit the growth of a 1/100 dilution of an 18 hour culture 

of the test organism. 

Controls were prepared to ()heck the growth of the test 

organism in the absenoe of any antibiotic and-to cheek the 

sterility of dispensed non implanted broth. 

All graduated pipettes were immersed in ohromio acid 

until the following daylthen they were rinsed with water and 

sterilized forre-use* 

dotes  

1. Borosilicate - glass was used in making the graduated 

pipettes because it has a low coeffioiebt of eipansions hence 

when vet, the pipettes could be flame-dried without the risk 

of cracking. 

2. The nutrient broth used in the assays had been.rein-

forced with constituents fouid to Promote proftse growibof 

the teat organism in those tubei in which:. it et:cured, hence 

enabling a more definite assessment of the end-point. 

3. The number of dilutions (tubes) per assay could be 

varied according to the predicted activity of a sample, so 

could the dilution of the sample be varied for the same 

reason also* 
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Advantages and Disadvantages of the Method.  

A marked advantage is that. small samples can be assayed. 

Serial dilutionsin,which small volumes of liquid are involved 

can be more accurate provided one mixes a given dilution 

thoroughly and accounts for .the liquid retained in a pipette due 
to 'capillary action (which might be a substantial proportion. 

in terms of the small volumes involved).. An additional advant- 

lsthat only a small inoculum is ussd, hence reducing the 
risk:of the possibility of resistant organisms developing 

during incubation. 

A disadVantage may be the unorthodox aseptic technique, 

namely the exposure of sterile vessels and broth to the air 
for relatively long periods. The risk of contamination is, 

however, slight if one avoids touching sterile parts of the 
equipment.e.g. tips of pipettes, open ends of the Durham tubes. 

Durham tubeecontaining broth, set in a manner in which they 

are set for the assays, have been left for a working day 
exposed to the air, sealed with wax and incubated. The broth 
showed no signs of ,contamination. 

The Reproducibility of the Semi-Micro Method of Assay. 

To .teat the reproducibility of the assay teohnique a 

total. of:110 assays were done using two commenantibiotios as 

test'substances.' The titres observedlOr each antibiotic were 

consistent. 

Eleven assays were prepared each day for five days using 

a filter 'sterilised aqueous solution of Penicillin 0 containing 

Penicillin 0, 'Crystapen' brand; Glaxo Ltd. 
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2.0 unite/ml. (1.2 ag/m1.) as the test'substanoe. A similar 

series orassays were done using bacitracin*  as the test 

substance. The solution contairied 2.0 units/ml. (28.5 peml.). 

A fresh test culture was used each day. 

All 55 assays for each antibiotic gave titres of 20 and 

40 for penicillin and bacitraoin. respeetively. 

Bacitracin Us?, Burroughs Wellcome Ltd. 
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EXPERIMENTAL - PRELIMINARY SMALL-SCALE WORK. 

The methods described in this section were similar for 
both antibiotic-producing strains and their substances. Except 
where points of detail differ the relevant strains are referred 
to as the culture' or 'culture'. All cultures whether seed*  or 
production were prepared in 100 ml. quantities contained in 
cotton wool plugged 500 ml.conical Ili:Wu which were incubated 
at the relevant temperature and agitated by rotary shaking at 
200 rpm. All media prior to inoculation was sterilized at 
121°C. for 15' minutes. 

1. Media Development  
Before the:work could begin proper, a stock of master 

cultures was prepared fret a freeze-dried culture**. n ampoule 
of the freeze-dried culture was opened and regenerated by 
incubating at 30°C. for 24 hours in nutrient broth ( 1.3% 
Oxoid CM 1), This culturewas loop inoculated on to slopes of 

k3Z 
nutrient agar (1.3% Oxoid CM 1 broth plus6Ozoid No. 3 agar) 
,contained in screw-capped universal type glass bottles. These 
were incubated at 30°C. for 24 hours and stored at 3C. 

A 100 ml. nutrient broth culture was prepared by loop 
inoculation from a master oulture selected at random. Into 
100 ml. amounts of media containing a variety of 'carbon and 
nitrogen sources, simple and complex, in various amounts in 
a basic salts solution (see Appendix 2), a 	inoeulum of the 

nutrient broth culture was made. The potential production 
cultures were incubated at 24 and-30°C. for up to 72 hours, 
samples being withdrawn for antibiotic assay and pH determin-
ation. The samples were sterilised by heat at a temperature 

Nurient broth,'1.3 Oxoid CM 1; Alp inoculated and incubated 
A 

at 30°C. for 24 hours. 
The active strains were provided by Dr. A. T. Fuller. 
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and for a time'considered minimum for the destr14ion of the types 

of organisms: 106°C. for 10 minutes for a non-93)6ring organism 

(strain 175), 121°C.. for 5 minutes for a spore-bearing organism ,  
(strain 2725). All assaysamples were diluted in M/150 phOshate 

buffer at pH 7 prior to sterilization. (Subsequent studies 

showed no loss of activity due to heat sterilization under the 

relevant conditions for both antibiotic substances when compared 

with 'Millipore'. filtered samples. 

The medium found sui able for production of AntibiOtio 

substance from strain*115 was 1% corn steep liquor plus* 

glucose in basic salts solution, pH to:7 prior to Sterilization; 

for antibiotic substance frOm strain 2725 it was 1% soya flour, 

6 fish meal and 	glycerol in basic' salts solution, with no 

0.adjustment prior to sterilization. A 5% nutrient broth 'seed 

culture was initially teed to inoculate the respective medium 

and the optimum incubation temperatures for the production -, 

cultures were 24 and 30°0.-for strain 175 and 2725 respectively. 
With the strain 175 production medium it was found immaterial 

whether the glucose was sterilized separately or with the test -. 

of the constituents. 

The Preparation of a Stock of Freeze-DriedOultures.  

a) Strain Seleotion.A suspension of a loOpful of growth 

from the same stock slope used in the media development was 

made ina10ml. quantity of:nutrient broth and a,loopful of 

this suspension streaked•on to*platei of nutrient agar,. In 

order to secure well isolated colonies each plate was inoculated 

as follows: back and forth in closely parallel lines over half 

of the plate. The loop was flamed, the plate'tUrned90°:and 

half the uninoculated surface streaked from the original 

. streak overlapping the latter for 1 or 2 cm. The loop was 

M/150 Phosphate Buffer, pH 7. 0.95 g. Na2HPO4; 0.9 gm. 

P2PO4  per litre of water. 
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flamed, the plate turned 90 and the remaining surface streaked, 
overlapping a-portion/of the preceding section as before. The 
plates were incubated at 30°C. for 24 hours and a random selection 

made of 20 of the individual colonies produced. Each oolony was 
pioked oft its plate and a suspension of the growth made in 
10 ml. of nutrient broth. From each suspension a nutrient agar 
slope was prepared ant a 100 ml. nutrient broth culture. These 
cultures were grown up at 30°C. for 24 hours, the latter 	' 
agitated, by rotary shaking. The slope :oultures were the new 
master cultures and stored at 3°C.; the 100 ml.broth culture 
was used for production media. 5 ml. of each broth culture 

was inoculated into production media and the activity determined 

at 24 hourly intervals up to 72 hours. It was intended that 
the isolate giving the highest activity would be seleoted for 
freeze-drying. All isolates, however, exhibited the same activity 

and one was selected at random. 

b) Freese-przing.The  selected isolate was loop inoculated 
into 100 ml. nutrient broth. The culture was grown at 30°C. 

for 24 hours, agitated by rotary shaking. The cells were re-
covered by centrifugation in sterile metal-Dapped 'Pyrex' 
centrifzge tubes (10 cm. x 1 cm. I.D.) at 3,600 rpm.using a 
'Piccolo' cantrifUge% The cells in,each centrifuge tube were 

resuspended in 0.1 ml. of a sterile solution of 1* glucose 

plus 1% Peptone (Oxoid L 37) in water. Each suspension was 

transferred to a sterile cotton wool plugged freese-drying 

ampoule (.1., m1. size), care being taken to avoid the suspension 

wetting the barrel of the ampoule as it was dispensed from a 
sterile plugged Pasteur pipette. When this operation had been 
completed, each cotton wool plug was trimmed with a pair Of 
scissors and pushed down the ampoule barrel and the barrel 
Griffin and George Ltd. 
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constricted over a fish-tail Bunsen burner, care being taken 

to avoid charring the cotton wool plug. 

All ampoules wore placed in a metilatedspirits/cardice 
mixture and the contents allowed to freeze. Each ampoule was 
placed, on a manifold connected via a methylated spirits/ 
cardice water trap and a phosphorus pentoxide trap to an Edwards 

typo ED 35 vacuum pump and freeze-dried. A minimum of 0.5 TO= 
was necessary to prevent thawing. When the operation had been 

completed (c* 16 hr.) each ampoule was sealed under vacuum 

at the constrictions  labelled and stored at room temperature. 

One ampoule was taken at random for purity and antibiotic 

activity assessment and preperation of a stock of agar slopes 

which were to be used in subsequent work. 

3a) The Stability of the Antibiotic Substpcee in their 

Respective Production Medial Stability at 300* and, 

Room Temperature, pH 2-11 in M/10 Olyoine Buffer*: 

200 ml* of the relevant production culture were prepared. 

and harvested at 48-hours, This culture was divided into ten 

portions-, one portion adjusted to pH 2, another to pH 3 and 
• 'so on to pH 11 using 11*HC1 or.N.NaOH for the purpose of pH 

adjustment. 

Each portion was diluted 	with the respective 

glyoine buffer and divided into two, one sub-portion stored at 

3°C., the other at room temperature, in 'Pyrex' boiling tubes 
each sealed with a rubber bung. A control was prepared to 

check the initial activity of the culture. 

At 0.5, 24, 48, 72 and 120 hoUrs a 1 ml* sample was 

withdrawn from each tube, its pH adjusted to 7, diluted lin 

2.5. with M/150 phosphate buffer (pH 7), sterilized and 
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assayed. The results are shown in Tables, 1 (p.91) and 15 (p408) 

for antibiotic substance 175 and 2725 respectively. 

3b) Stability  at 	 14112. 	maList  
Buffer. 

100 ml. of production medium were harvested at 48 hours 

and divided into three portions and the pH of one portion 

adjusted to 2panotherto 7 and the other to 10. A control 

sample was taken. Each portion was diluted ,1;;I 	with the 

. respective glyoine buffer and 20 ml. of each of the buffered 
cultures -dispensed into a graduated boiling tube. 'Each boiling 

tube was placed in a boiling water bath and 1 ml. samples 

withdrawn at 0, 0.5, 11 2.1  4 and 8 'hours; compensation for 

reduction in volume owing to evaporation was made by adding 

the respective buffer before the one hour and s4equent samples 

were taken. Each sample was adjtated, to pH 7 and diluted 2.5 - .  

times with M/150 phosphate buffer (PH:7)i, sterilised and ass- 

, ayed. Thee results are given in Tables2 (p.92) and 16. (mos) 
for antibioticsubstances,175 and 2725 respeotive1Y. 

It was determined prior to this experiment that 'double 

heating" namely at 1000C.and'106°C. (or 12eC. for culture 

2725) at pH 7 immediately before assay, had no detrimental 

effect on the activity of a sample. This was found by 

comparing a sample whioh had been 'heated twiclgleimilar sample 
which had been heated once and sterilised by filtration. 

4. The Identification of the Two Antibiotic-producing 

Strains. 

Taxonomic tables compiled by Cowan and Steel (1901)194 

anaii4i4o/4 Manua1195  were used as sources of reference. The 

features .studied which led to the identification of strain 

175 (Pseudomonas'fluorescens)  and strain 2725 (Bacillus  
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for antibiotic substances 175 and 2725 respectively. 

5. The Effect of Inoculum, Aeration and Antifoam on  
Antibiotic Yield in Shake.  Flask Culture.(Samples for 

assay were adjusted to pH 7, diluted 	with X/150 

phosphate buffer (pH 7) prior to sterilization and assay). 

a) Inoculum. Quantities of nutrient broth seed culture 

to give an inoculum of 0.25, 04, 5,  10 and 15* were transferred 

to 100 ml. of production medium and the production cultures 

grown. At 3 x 24 hourly intervals 'samples for assay and pH 
determination were removed. The results are presented in Tables 

4 (p.94) and 18 (p.110) for antibiotic substances175 and 

2725 respectively. 

b) Aeration.  Production medium volumes of 50, 75, 100 
and 150 ml. were prepared in 500 ml. cotton wool plugged 
conical flasks and sterilised. To each was added a 0.5i,  
inoculum of a 24 hour nutrient broth seed cultitre..Volumes 
greater than 150 ml. were not practicable in 500 ml. flasks 
as wetting of the cotton wool plugs resulted on rotary shaking. 
At 3 x 24 hourly intervals samples for assay and pH determin.,, 

ation were withdrawn from each culture. The results are given 
in Tables 5 (p.94) in41(p.110), antibiotic substances 175 

and 2725 respectively. 

c) Antifoam. Two antifoam agents were seledted for 
this experiment: silicone HD and polypropylene glycol (P2000). 

Various concentrations (0.1, 0.25 and 0.5 V/V) of sterile 

antifoam were added at a 112 dilution in water, to ease 
dispensing these rather viscous agents, to 100 ml. amounts,of 

production medium. Each batch of medium was inoculated with 
0.5* of a 24 hour nutrient broth seed culture. Samples for 
assay and pH determination were taken at 3 x 24 hourly 

intervals, The results are given in Tables 6 (p.95) and 20 

(p.121) for antibiotics 175 and 2725 respectively. 
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6. The Changes in Antibiotic Activity, pH, Cell Count, 
% Glucose Concentration (et?. 175.*  1* 1, Skordlation  

(etr. 2725) and Nitrop: in Produotion Medium on  
l00 ml. shake flask soale.(Samples for assay were 

adjusted to pH 7, diluted 1 ici..y51 with M/150 phosphate (pa 7), 
prior to sterilisation and assay). 

AAaeries of 10 x 100 ml. quantities of production medium 
were each.inoqulated with 5* of a 24 hour nutrient broth seed 
culture. Ateighthourly intervals a flask wai removed from 
the shaker and the factors given above determined. The results 
are given in Tables 7 (p.9 6 ) and 21 (p.112) for antibiotic 
substances 175 and 2725 respectively. 

7. The Clarification of Mature Production Medium. As it is 
dee/table to remove cells and undissolved nutrients prior 
to extraction, attempts were made to ascertain if the antibiotics 
were soluble in the culture fluid at the pH at which optimum 
activity waecaohieved, if not, would pH adjustment render-them 
soluble. 

A 48 hour culture of the active. strain was prepared in 
the corresponding production medium and divided into eight.. 
portions. One portion was adjusted to pH 2, another'to pH 3 
and so on up to pH 9 using N.HC1 or .NaOH.N 	Each portion was 
centrifuged**  at 4,000 rpm.-for10 minutes and the supernatant 
adjusted to pH 7 andAillutedriTaw.i., with 050 phoSphate, 
buffer (pa 7) and sterilised. The results are given in 
.Tables 8 (p.97 ) and 22 •(p«113) for antibiotic substances 
175 and 2725 respectively. 
*Se foot of page 7$. 
**  Using a 'Piccolo' oentrifUge. 
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THE FERMENTATION; METHODS OF EXTRACTION AND PARTIAL PURIFI  

CATION OF ANTIBIOTICS 175 AND 2725, ON A 350 1. SCALEJand 

• Properties of the Antibiotics.. 

The methods of extraction and partial purification were 

developed on a small scale using 1 1. cultures, prepared by 

bulking 10 x 100 ml. shake flask production medium cultures 

and subsequently scaled—up for work with 350 1. batch cultures. 

Medium. The relevant production medium was the same as that 

used on the 100 ml. shake flask scale namely 1% corn, steep 

liquor plus i% glucose in a basic salts solution (Appendix 2) 
for antibiotic 175 and 1% soya flour, i% fish meal plus 

glycerol in basic salts solution for antibiotic 2725. 

For each 350 1. of production medium plus an initial 

0.01% V/V silicone RD were prepared and sterilized tat 121 C. 

for 20 mins. with rapid cooling. (The glucose of the 175 

medium:was sterilized separately' as 60 1. of a 3.3  solution 

and aseptically transferred to approximately 290 1. of medium 

having the remaining constituents at concentrations applicable 
350 1.) 

inoculum.1 1. of a secondary nutrient broth (Omoid CM 1) 

culture was used. This was prepared by inoculating 10 ml. of 

a nutrient broth primary culture into 1 1. of nutrient broth 

contained in a 3 1. conical flask. Both cultures were incubated 

at 30°C. for 24 hours and agitated by rotary shaking. 

Antibiotic 175. a) Fermentation. The batch culture was aerated 

at a rate of 200 1./min. for the first eight hours and 400 1./ 

min. thereafter with agitation at a rate of 183 rpm. from a 

four blade (125 m 50 mm.) impellor under a positive pressure 

of 15 p.s.i.g. at 24°C. 
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Samples for' antibiotio assay, pH, total nitrogen*, glucose**  

and total cell count}  determination, were taken at six hourly 

,intervals up to 48 hours when an additional final sample for 

dry weight estimation was taken. 

At 48 hours the culture was clarified by centrifugation 

through a Sharples centrifuge at 15,000 rpm. set for liquid/ 

solid separation, and the supernatant pumped into a suitable 

agitated extraction vessel. At this stage the supernatant was 

sampled for antibiotic assay only..  

b) Eitraction. 	Sutcliffe and Speakman*+  

grade 110 charcoal was added to the culture supernatant and 

mixed for one hour with a 4 blade (7" x 2") impellor at 400 
rpm. At 55 minutes 1* w/v Hyflo super.cel filter aid was added 
to the mixture and the charcoal recovered by pressure filtration, 
using a Calmic heavy duty filter press (type E) having 12 of 
42cm. diameter plates. Each plate wail fitted with a 0100 filter 

paper and precoated with a,slurry of filter aid in water. 

On completion of filtration the charcoal/filter aid was 

scraped off the filter papers into a vessel containing 70 1, 

of a 5:2 ethanol benzene solvent mixture and the contents 

mixed for one hour with an agitator havifig 4 of 3.5"x 2" 
blade impellor at 400 rpm. 

*Total nitrogen estimated by automated technique based on the - 
ajeldahl method. 
Glucose estimated by automated technique based on the ferri. 
cyanide method. 
Total cell counts determined using a Hawsley counting chamber 

A 

+i
Thom), depth 0.02 mm. with 1/400 cm. squares. 
ry weight estimations a 40 ml. sample centrifuged 15,000 rpm., 

centrifugate resuspended in water, reeentrifuged, centrifagate 
ried 110,C. overnight in a weighed dish and then reweighed. 
tutcliffe and Speakman Ltd., Leigh, Lancs. 
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The eluting solvent was recovered by filtration, using 

a basket filter of 50 cm. diameter having the corresponding 

Whatman Ho. 1 filter paper fitted and with a vacuum of 740 We. 

provided by a t4ashitor pump. Both the charcoal filtrate and 

the eluting solvent were sampled for assay and the latter 

concentrated in two stages to approximately 3 1. using the 

following equipments 

i) Climbing .Film Evaporator (Type 1). The recovered elut.. 

ing solvent was passed through this equipment which reduced 

its volume to approximately 12 1. The feed rate was approx.. 

imately 60 1. per hour using a steam pressure of 3 p.s.i.g., 

vapour temperature of 30oC. and a vacuum of 710 mm. 

ii)ApexEvaporator.The climbing film evaporator concentrate 

was concentrated fUrther with this equipment at a rats of 15 1./ 

hour using a steam pressure of 2 p.s.i.g., at a water jacket 

temperature of 50onC., and vacuum of 740 mm. These conditions 

gave a solvent temperature of approximately 220C. The volume 

of the final concentrate was 1.5-3.0 1. 

c) Partial Purification. This was achieved 

by extraction with ether. The concentrate was extracted tvioe 

with half to an equal volume of ether at pH 8.5 to remove 

inactive ether solubles. The activity was then extracted 

into ether at pH 4.5 and to water at pH 8.5, back to ether at 
pH 4.5, then to water at pH 8.5. At each stage the volume of 
solvent (ether or water) was reduced to about half that of the 

previous active fraction. The final aqueous extract had a volume 

of approximately 25071. N.HC1 was used to adjust the pH. Samples 

were taken for antibiotic assay from each fraction and a flow 

sheet constructed on each batch extracted. A typical flow 

sheet is given in the results section, p.9 6. 

Vacuum provided by an Edwards ES 35 high capacity pump. 
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The final aqueous solution was freed of dissolved ether 

'in vacue, adjusted to pH 8.5, and freeze-dried using the 
equipment employed for freeze-drying the master oulture, but 

with a larger manifold. A fairly high vacuum was needeato 

avoid thawing, 	0.1 Torr. 

d) The Stability of Antibiotic 175 Product  
at 3°C., Room Temperature and 37°C. at  
pH 2-11 in M/10 Glyoine Buffer. 300 ml. 

of an aqueous solution containing 0.5 mg/mi. of the product 

were prepared and divided into 10 x 30 ml. portions. One 

portion was adjusted to pH 2, another to pH 3 and so on to 
pH 11, using N. acid or B. alkali. Each portion was diluted 

1 in 2 with the relevant glycine buffer solution and dispensed 

in three equal parts into 'Pyrex' test tubes and each tube 

sealed with a rubber bung. 

One ph 2-11 series of solutions was stored in the cold 
at 3°C., another at room temperature (c. 20°C.) and the other 
stored at 37°C. At 0.5, 24, 48, 72 and 120 hours a 1 ml. 
aliquot was withdrawn from each tube of each series, all 

aliquots adjusted to pH 7 with N.HC1 or N.Na0H. Each aliquot 
was diluted 1 in 10 with M/150 pho4ate buffer (pH 7) and 

sterilized at 106°C. for 10 minutes and assayed up to a 1 in 
320 dilution. The pattern of results were so similar to those 
obtained for the stability of the antibiotic in production 
medium that all the results are cond4ed into one table, 

Table 1 (1).9 ). 

e) The Stability of Antibiotic 175 Product  
at 100°C.9 pH 2, 7 and 10 in M/10  

tine Buffer.15 ml. of an aqueous 

solution containing 1.0 mg/mi. of the product were prepared 

and divided into 3 x 5 ml. portions, the first adjusted to pH 2, 
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the eeoond to pH 7 and the third to pH 10 using N.HC1 or N. 

BaOH. All three were diluted 1 in 2 with the corresponding 

glyoine buffer and each solution dispensed into a graduated 

boiling tube. The boiling tubes were placed in a boiling water 

bath and 0.5 ml. withdrawn from each tube at 0, 0.5, 1, 4, 

6 and 8 hours, each aliquot adjusted to pH 7, diluted 1 in 

10 with M/150 phosphate buffer (pH 7) and sterilised at 

106°C. for 10 minutes. Each sample was assayed up to a'1 in 

640 dilution. Compensation for loss of water from the solutions 

owing to evaporation were made prior to the withdrawal of all 

aliquots at one hour and thereafter. The results are given 

in Table 2 (p.92). As was the case with stability studies 

at 3°C., room temperature and 37°C. the results showed much 

similarity to those obtained with the antibiotic in production 

medium, hence the results of the two experiments on the stab-

ility at 100°C. were condensed into one table. 

f) The Antimicrobial Spectrum of Antibiotic  

5 ml. of a solution containing 1 mg/ml. of the product 

in M/150 phosphate buffe4 pH 7, were prepared and sterilised 
at 106°p. for 10 minutes. This solution was diluted aseptically 

to give solutic,ns of 0.5, 0.25 and 10.125 mg/ml. using nutrient 

broth (Oxoid CM 1) as diluent. From each of the nutrient broth 
solutions tenefold dilutions were made in sterile broth up 
to 10,000. 

100 a1. of each dilution of each solution were dispensed 

into Lurham tubes set in the manner similar to the semi-micro 

assay. To each tube 10 pl. of a 10-2  dilution of a test 

organism culture in nutrient broth were added and each Ube 
sealed with wax. The procedure was repeated for each test 
organism considered. All assays were duplicated. The incub-. 

ation temperatures depended on the optimal temperature for 
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the growth of the organism under test. Following incubation 

the tubes were read for 'growth' and 'no growth' and the 

results expressed as minimum inhibitory concentrations (M.I.C.). 

Controls were prepared to check the growth of each test 

organism in broth in the absence of antibiotic. The results 

are presented in Table 9 (p.103). 

g) The Effect of Serum on the Activity of  

Antibiotic 175 against Staphylococcus  

aureus (Paler). 
5 ml. of a solution of the product containing 50 WM1. 

were prepared in M/150 phosphate buffer (pH 7) and sterilized 

at 106°C. for 10 minutes. 

A series of nutrient broth solutions containing 1, 5, 
10, 20, 50 and 75%, unborn calf serum were prepared, the serum having 
been previously inactivated by heat at 56oC. for 30 minutes. 

The usual semi—micro assay was done in duplicate up to 

a 1 in 320 dilution with each of the concentrations of serum 

in broth as diluent, together with a control containing no 

serum, and using the aniibiotio solution prepared above. 

Growth controls were prepared to observe the effect of various 
concentrations of serum on the growth of the test organism. 
The results are given in Table 10 (p.104-). 

h) The Haemolytic Activity:, of Antibiotic 175. 

A 1* solution of the antibiotic in physiological saline 
solution (0.85%) was prepared and diluted ten—fold with 

saline up to 10 9. Each solution was sterilized at 106°C. for 
10 minutes. 

A series of eight Durham tubes were set in a 'Plasticine' 

pallet as though a semi—micro assay was to be performed and 
100 tl of each of the solutions dispensed into the tubes 
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beginning with the 10
-9 

dilution and working backwards. To 
each of these solutions 100 pl of fresh heparitinized rabbit 
blood were added and each tube sealed with wax. The tests 

were done in duplicate with a control having no antibiotic. 

The tests were stored at 3°C. for 18 hours. The procedure was 
repeated and the tests incubated at 37°C. for 18 hours. If 
haemolysis was observed the tests were repeated using dilutions 

of the antibiotic in saline within the range of dilutions that 
showed haemolysis and no haemolysis, thus enabling a more 
precise determination of the concentration which just gave 
haemolysis. The results are presented in Table 11 (p.1040. 

Wile Effect of Inoculum on the Activity 
12_NLLraLtgtePaler)ofAntibiotio1a au , 

A solution containing 10 jag/dil. of the antibiotic in 

M/150 phosphate buffer (pH 7) was prepared and sterilized at 
106°C. for 10 minutes. Six semi-micro assays (up to 1 in 320' 
dilution) of the solution were prepared each intended to have 
a different implant size. 10 Fl. of neat 18 hour 37°C. 
nutrient broth culture of St aureus (Paler)  were dispensed 
into each of the tubes of one assay. 10 ill. of a 10 dilution 

of the culture into another assay and so on until a 10.6 
 dilution 

had been used. Total cell counts were done on each of the 
dilutions to Give an estimate of the numbers of bacterial 

cells involved and to check the accuracy of the serial dilutiobs. 

The results are shown in Table 12 (p.10 5). 

3) The Bactericidal Activity of Antibiotic  
175 aga.inst St. aureus 	and  

Escherichia coif (MRE 600). 
A solution of the antibiotic containing 2 mg/ml. in 

M/150 phosphate buffer (pH 7) was prepared. Prom this solution 
a series of dilutions in the same buffer were made to contain 

1,000, 500, 250, 25 and 2.5 ittg/ml. of the antibiotic. The 
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solutions were sterilized at 106°C. for 10 minutes. 

2 ml. of each of these solutions were diluted with 8 ml, 
of sterile nutrient broth. To each of these solutions in nutrient 
broth was added 1 ml. of a 10-1 dilution of a St. aureus (Paler)  

or E. soli (ltaE 600) culture, previously incubated at 37°C. 
for 18 hours. A control having  no antibiotic was prepared. 
The cultures were incubated at 37°C. 

At 2, 4, 8, 24, 48 and 72 hours a 1 ml. sample was with-
drawn from each culture for total and viable count estimations. 

The total count was determined microscopically using  a bact-
erial counting  chamber (p.7 9). The viable count was estimated 
by spread-plating, on nutrient agar plates, 0.1 ml, of each 
dilution of a ten-fold dilution series (up to 10-7) of each 

sample in physiological saline solution. The plates were 
prepared in triplicate and incubated at 37°C. for 18 hours. 
Those plates which were countable were counted and the mean 
of triplicate plates calculated. From the data the percentage 
viability was ascertained. The results are given in Tables 
13 and 14 (p.10 6 ). 

Antibiotic 2725. a) Fermentation.The batch culture was aerated 

at a rate of 200 1. per minute throughout the fermentation 
with agitation at a rate of 183 rpm. from a four blade 
(125 x 50 mm.) impellor at a pressure of 5 p.s.i.g, at 30°C. 

Samples for assay, pH, total nitrogen and total cell 
count . . determinations were withdrawn at six-hourly inter-
vals up to 48 hours, when an additional final sample was taken 
for dry weight esttimation. 

At 48 hours the whole culture was adjusted to pH 3 with 
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concentrated hydrochloric acid and clarified by centrifugation 

through a Sharples MV 12 centrifUge at 15,000 rpm. A sample 

of the acid supernatant was taken for assay. 

b) Extraction. 2% Sutcliffe and Speakman 

grade 339 charcoal was added to the supernatant and mixed for 

one hour with a four blade impellor (7" x 2" each) at 400 rpm. 

At 55 minutes 2% Uyflo super--col filter aid was added to the 

mixture and the charcoal recovered by pressure filtration 

using a Calmic filter (type E) with twelve plates fitted. 

The charcoal/filter aid mixture was scraped off the filter 

papers after the filtration had been completed and transferred 

to 70 1. of 5:2 industrial methylated spirits/benzene solvent 

mixture plus.1% cone. hyrochloric acid and the contents mixed 

for one hour with an agitator having four of 3.5" x 2" blade 
impellor at 400 rpm. 

The eluting solvent was recovered by basket filtration. 

Both the eluting solvent and the charcoal were sampled for 

antibiotic assay. 

Using the same conditions as in antibiotic 175 extraction 

(p.79 )1  the eluting solvent was concentrated in two stages, 
the acid in the solvent being neutralized prior to 

concentration. 

The Apex concentrate (c. 5 1.) was taken to dryness in 

a rotary evaporator with a water bath temperature of 30°C. 

and a vacuum of 760 mm. produced by a laboratoty water pump. 

c) Partial Purification. The active material 

was extracted from the concentrate residue with industrial 

methylated spirits and the solution taken to dryness in the 

rotary evaporator under conditions stated above for the cone- 
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entrate of the eluting solvent. This preliminary fractionation 
resulted in about 90% reduction in the dry weight. 

The antibiotic was thrown out of solution as its piorate 
by the addition of a saturated solution of picric acid*. The 
quantity necessary varied from batch to batch but the volume 
equivalent to 12 g. of pioric acid per 100 g. of pH 6.5 water 
soluble residue gave the best result in terms of active 
material recovered. 

The piorate was allowed to sediment overnight at 3°C., 

the mother liquor was siphoned off and the picrate recovered 

by filtration or centrifugation. The picrate was dried at 

room temperature and dissolved in a minimum amount of 80% 

acetone in water, the solution taken to almost dryness and 
the antibiotic converted to its hydrochloride by the addition 
of 5 N. UC1 at a rate of 5 ml. per 100 g. of piorate and 
the hydrochloride precipitated by the addition of several 

volumes of 100% acetone. 

The hydrochloride was recovered by centrifugation and 

washed with acetone, recentrifuged and dissolved in water. 

The pH of the solution was adjusted to 8.0 with 5 N.Na0H 

and centrifUged. The pH of the solution was then readjusted 
to 7 and freeze—dried using the same equipment as was used 
at the corresponding stage with antibiotic 175 (p.80), 

although in this instance only a minimum of 0.5 Torr was 

necessary to prevent thawing. 

At each stage in the process sages were taken for assay 

and a flow—sheet compiled for each batch processed. A typical 

flow—sheet is given in the results section, page 114-. 

0.65* w/v picric acid at 20°C. 
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d) The Stability of Antibiotic 2725 Product  

at 3°C., Room Temperature and 37°C. at pH  

2-11 in M/10 Glycine Buffer. 

300 ml. of t solution of the,product containing 1 mg/mi. 

were prepared and divided into 10 x 30 ml. quantities. One 

quantity was adjusted to pH 2, another to pH 3 and so on up 

to pH 11. Each quantity was diluted 1 in 2 with the respective 

glyvine buffer solution. The procedure from here on was similar 

to that adopted for antibiotic 175 (p.8 0) except that the 

aliquots were diluted 1 in 5 with M/150 phosphate buffer (pE7) 

on being neutralized prior to sterilization at 121°C. for 5 mins. 

The results were so similar to these obtained for the experiment 

concerned with the stability of the antibiotic in its production 

medium that all the results have been condensed into one 

table, Table 15 (p.108). 

e) The Stability of Antibiotic 2725 Product  

at 100°C. at pH 2, 7 and 10 in M/10  

Glycine Buffer. 

This was determined using a method similar to that used 

for antibiotic 175 (p.8 0) except that the solution employed 

contained 0.5 mg/ml. of the product and the aliquots were 

diluted 1, in 5 prior to sterilization and assay. The results 

are given in Table 16 (p.108). 

f) The Antimicrobial Spectrum of Antibiotic  

2725. 

The method was similar to that employed for antibiotic 
) 

175
(P.51  
bacept that the sample sterilization conditions were 

A 
different. The results are given in Table 23 (p.119). 

g) The Effect of Serum on the Activity of Anti-

biotic 2725 against Staphylococcus aureus (Paler). 

The procedure differed from that used in the corresponding 
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experiment for antibiotic 175 (p.82.) only in respect of the 
cncentration of the solution of the product and the source 
of serum used. The antibiotic solution contained 100 yg/ml. 
and the serum was heat inactivated horse serum. The results 
are shown in Table 24 (p.119). 

h) The Haemolytic Activity of Antibiotic 2725. 
The method employed was similar to that employed for 

antibiotic 175 (p.02.). The results are given in Table 25 
(p. 119). 

i) The Effect of Inoculum on the Activity of 

6Ptai2tj..—At—,?12-5—a aureusPaler). 
A solution of 40 }lg/ml. of the product was used, other 

wise the method wars the same as that used for antibiotic 175 
(p.83 ). The results are given in Table 26 (p.120). 

4) The Bactericidal Activity of Antibiotic 2:725" 
against St. aureus (Paler) andtpcherichia  
coli (.MRE 600). 

'2he method used was identical with that of the corresp-
onding experiment for antibiotic 175 (1). 83 )4, The results 
are given in Tables 27 and 28 (p.12 1). 

)  & Study of the Amino Acid Composition of 
ntibiotic 272 by Paper Chromatography. 

The product had'approximately 14 total nitrogen. 10 
mg. (1.2 mg. nitrogen) of the antibiotic were hydrolysed in 
a vacuum sealed ampoule (made from a 6" x 5/8" 'Pyrex' glass 
test tube) by 10 ml. of 6 N. HC1 for 20 hours at 120°C. 

The hydrolysate was taken to dryness over a steam bath 
and the residue, dissolved in 1 ml. of water and the solution 
evaporated to dryness, thus ensuring the removal of excess Hdl. 
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The hydrolysate was dissolved in 1 ml. of water and 10 }l1 of 

the solution spotted on to a Whatman No. 1 chromatography 
sheet (57 x 46531). 

A two—dimensional chromatogram was prepared. The solvent 

for the first dimension comprised a 150:60 mixture of sec-
butanol $ 3% ammonia. This was repeated in the same dimension. 
Each first dimension run took approximately 24 hours. 

The second dimension was performed in a 15000:20 mixture 

of sec—butanolsformio acid:water and took approximately 10 

hours. 

The chromatogram was dried at 105°C., sprayed with a 0.25% 
solution of ninhydrin in acetone and developed at 105°C. for 
4 minutes. The ratio of the distance travelled in the first 
dimension to the distance travelled in the second dimension 
was determined, taking measurements from as near as possible 
from the centre of each spot to the base lines. The ratios 
were compared with those obtained from a map. The method was 
taken from Houseman (1952)196. 

The :results are given in Table 29 (p.112). and were 
confirmed by Thomas197 using an amino acid analyzer. Thomas' 
results were quantitative and are also shown in Table 29. 
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RESULTS  

A total of fifteen 350 1. batch cultures of Pseudomonas  

fluorescens, str. 175 and eleven 350 1. batch cultures of 

Bacillus licheniformis, str. 2725 were prepared and the 

respective antibiotics extracted and partially purified. A 

typical flow sheet for each culture and subsequent extraction 

is presented on page 98for antibiotic 175 and page/AA-for 

antibiotic 2725. 

In instances where production medium samples were assayed 

on both the 350 1. and shake flask scale, each sample was 

adjusted to pH 7 and sterilized by heat (106°C,/10 mins. 

for antibiotic 175 and 121°C./5 mins. for antibiotic 2725). 

All samples for assay were assayed using the 185 then 182 

dilution series mentioned in the section outlining the method 

of assay. All assays were done in duplicate and where titres 

are quoted the values represent the mean of duplicated 

assays. All production medium samples, except those of the 

charcoal filtrate, obtained during preliminary extraction, 

were assayed at 5 times the original volume. 

The results shown in Tables other than Tables 3, 17 and 

29 are the means of duplicated experiments conducted on 

separate occasions. Explanations of the results shown in 

Tables 3, 17 and 29 are given at the head ref the respective 

data. 

The Stability of xntibiotic 175. 

a) Stability at 3°C., Room Temperature and 37°C., _pH  

2-11 in M/10 Glycine Buffer.(The methods used to obtain 

these results are given on pages 73and so )• 

The data obtained for the stability of antibiotic 175 in 

its production medium over the pH range 2-11 in glycine buffer 
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at 3 C. and room temperature did not differ from the corresp-
onding data obtained for the product. Neither were there any 
appreciable differences between the results obtained for stab-
ility at various storage temperatures, both for the antibiotic 
in its production medium and the product. No stability studies 

for antibiotic 175 in its production medium at 37°C. were done. 

The results are given in Table 1. 

Table 1 

pH 	Time in Hours. (figures are assay titres) 
0.5 24 48 72 120 

2.0 100 100 100 100 50 

3.0 200 200 100 100 50 

4.0 200 200 200 200 100 

5.0 200 200 200 200 200 

6.0 200 200 200 200 200 

7.0 200 200 200 200 200 

8.0 200 200 200 200 200 

9.0 200 200 200: 200 200 

10.0 200 200 200 100 100 

11.0 200 200 100 100 100 

These experiments showed that antibiotic 175, both in its 
production medium and as the product in aqueous solution is 
stable at temperatures up to 37°C. between pH 5 and 9 for at 
least five days and between pH 4 and 10 for up to two days. 
The antibiotic is less stable at the extremes of the pH range 

studied, especially at the acid pH where there is a 54 loss 

within half a hour whereas at the extreme alkaline pH such 
loss was not detected for between 24 and 48 hours. 

The loss of activity at pH 2 was found to be more pronounced 
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at 100°C. 

b) Stability at 100°C., at pH 2, 7 and 10.(Details of 

the experimental methods are given on pages 74 and 80). 

Again no difference in the pattern of stability for the 

antibiotic in its production medium and as the product in aqu-

eous solution could be detected. Table 2 shows the results of 

the experiments. 

Table 2 

PH 	Time in Hours. (figures are assay titres) 

0 0.5 1 2 4 6 8 

2.0 200 25 25 <25 <25 <25 <25 

7.0 200 200 200 200 100 100 100 

10.0 200 200 200 200 50 50 50 

At 100°C. the antibiotic appeared to be more stable at the 

neutral pH for up to 2 hours. The pattern of loss appeared to 

be greater at the aoid than at the alkaline pH as was the case 

at the lower temperatures studied. 

At 3°C., room temperature and 37°C. there was not complete 

loss of activity at any pH over the duration of the experiments 

which seems to suggest the existence of more than one antibiotic 

in the product. Barrow
200 

 found by thin—layer chromatography 

that there were at least five fractions in the product all of 

which I found to be biologically active. 

The Identity of Antibiotic—Producing Strain 175. 

All the biochemical tests were done in triplicate. A 
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summary of the taxonomic features of this organism 21ligiven 

Table 3. 

Table 3 

Feature Feature Ireaft*el 

Grams Reaction 

Shape 

Motility 

Catalase 

Oxides° 

Oxidative or 

Fermentative 

Pigment 
Diffusion of 
Pigment 

Rod 

OZ. 

+ 

Growth in Mao-

Conkey Broth at 370  

Nitrate Reduction 
Gelatin Liquefaction 

Urease Production 

H
2
S Production 

Citrate Utilisation 
Is Malonate 

Starch Hydrolysis 

Mannitol(acid) 

+ Salioin(aoid) 

+ Arabinose(acid) 
Ulose(acid) 

+ Glycerol(acid) 
— Growth at Room 

+ Temperature 

+ Voges Prosktuer 

Gluconate util-

ization. 

+ 

- 

41. 

These features are characteristic of Pseudomonas  

fluoresoens, particularly the feature referring to the diffusion 

of pigment. The gram reaction, motility, catalase and oxides° 
reaction and the oxidative fermentation of glucose are all 

characteristics of Pseudemonas sp. Most of the biochemical 
characteristics resemble those of Ps. pyocyanea except those 
of negative acid production from media where arabinose, 

xylose and glycerol are the sole oarbon sources and the ferm-

entation of malonate. According to Cowan and Steel (1961)194 

21-791u of the strains of Pa. pyooyanea ferment malonate. 

However, my conclusions as to the identity of strain 175 
were confirmed by Bascombe 196  • 
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The Effect of Inooulum on the Yield of Antibiotic 175  
in Production 1.1edium.(Experimental details are given on 
p.75). 

The results given in Table 4 suggest that an inooulum 
of 0.25'11, is sufficient to obtain the same yield as was previously 
obtained using a 5b inoculum in shake flask cultures. 

Table 4 

Percentage 

Inoculum 

Time in Hours 

24 48 72 
pH Titre pH Titre pH Titre 

0.25 7.80 100 8.40 200 8.40 200 

0.5 7.90 100 8.50 200 8.40 200 

5.0 8.10 200 8.50 200 8.65 200 

10.0 8.10 200 8.60 200 8.65 200 
15.0 8.25 200 8.65 200 8.80 200 

The Effect of Aeration on the Yield of Aptibiotio 175  
in Production Xedium.(Experimental details are given on  

P•75)• 
The results shown in Table 5 indicate that aeration has 

no effect on the yield of antibiotio 175. 

Table 5 

Volume of 	Time in Hours  
Medium per 	24 	48 	72  

Flask (m1.) pH 	Titre 	pH 	Titre 	PH 	Titre 
50 7.90  200 8.75 200 8.40 200 

75 7.80 200 8.65 200 8.35 200 

100 7.7o 200 8.50 200 8.50 200 

150 7.10 25 8.45 100 8.45 200 
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The Effect of Various Concentrations of Silicone RD and  
Polypropylene Glycol P2000 on the Yield of Antibiotic 11,  
in Production Medium.(Experimental details are given on 
P.75). 

The results are given in Table 6. 

Table 6 

Antifoam 
Percentage Time in doors 

24 48 72 
pH Titre pH Titre pH Titre 

0.1 7.40 100 8.55 200 8.55 200 
0.25 PZ 	7.40 100 8.50 200 8.55 200 
0.50 7.45 100 8.50 200 8.60 200 
0.1 7.50 .425 8,45 425 8.50 ..25 
0.25 (31')°0 7.45 425 8.45 425 8.30 '725 
0.5 7.55 c25 8.35 <25 8.30 -725 
Control 	7.40 200 8.40 200 8.50 200 

The results suggest that even the highest level of silicone 
RD does not alter the yield of antibiotic compared with the 
control. There was some delay in the achievement of optimum 
yield presumedly due to the depression in the dissolution of 
air caused by the presence of the antifoam. Polypropylene 
glycol P2000 does have a detrimental effect on yield altheugh 
there was continued growth of the culture and the pH pattern 
was not appreciably different from that of the control and 
silicone RD supplemented cultures. 

The Changes in Antibiotic Activity) pI Cell Count, Glucose  
C9ncentration and Total Nitrogen in Antibiotic 175 Prod-
uction Uedium.(100 ml. shake flask soale) 
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Experimental details are given on page 76. The data obtained 

are presented in Table 7 

Table 7 

Time in Hours 

0 8 16 	24 32 40 48 	56 64 	72 
Titre 	<25 50 100 	200 200 200 200 	200 200 	200 
pH 	7.00 5.40 7.15 7.25 7.85 8.15 8.30 8.35 8.45 8.55 
Cell Count . 106.0 302.0 260.0 170.4 
(x10-8) 15.6 251.0 290.0*  180.0 150.8 

Glucose 	0.49 0.18 0.15 0,13 0.09 0.03 0,02 0.015 0.015 

Con"• CO 0.015 

Total N2 1.61 

(meml.) 

1.61 1.64 1.45 1.25 1.55 1.61 1.66 1.74 1.67 

14ysis observed from this point onwards. 

Optimum yield was obtained within 24 hours as previous 

experiments have indicated. This peak did not correspond with 

the peak in the growth of the culture and antibiotic synthesis 

appeared to be more a function of the glucose concentration 

than a function of cell numbers. Synthesis ceased as soon as 

the glucose concentration dropped to about a quarter of its 

initial value. There was no loss in total nitrogen although 
variations in total nitrogen figures did occur and could be 
attributable to variations in the samples. Even at 72 hours 
the pH did not reach an unfavourable level. 

The Clarification of the Mature Production Medium. 

1p
erimental details are given on page 76. 

The results of this minor experiment are shown in Table 8 
and indicate that the antibiotic is extracellular at all the 
pH values tested. The relatively low titre at pH 2.0 is undoubt- 
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edly attributable to the instability of the antibiotic at 

this pH, see Table 1 (p.91). 

Table 8 

pH Whole Broth 2,0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 
Titre 

• 
200 50 200 200 200 200 200 200 200 

Assayed at pH 7.0. 
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A Typical Flow-Sheet for the Fermentation. Extraction and 
Partial Purification of Antibiotic 175. 

Fermentation,(This data was obtained by the pilot plant 
staff at Imperial College, except the assay figures). 

Sample 
Time (h.) 

pH Titre Cell Count 
(No./ml.) 

Total N2  
(mg/mi.) 

Glucose
Con""(%) 

Pre-inoc. 7.00 425 0.20 
4.0 6.95 <25 4.93 x108 0.19 0.41 
10.0 4.60 <25 5.60 x108 0.10 
16.0 6.50 50 7.00 x108 0.10 :::: 
22.0 7.30 50 1.00 x109  0.09 0.17  
28.0 7.60 100 1.20 x109  0.30 0.09 
34.0 7.80 100 6.40 x109  0.30 0.032 
40.0 7.90 100 6.50 x109  0.17 0.025 
46.0 8.15 100 5.40 x109 0.19 0.020 
46.0 

(Harvest) 8.30 100 - - - 
Cell dry weight on final sample • 0.26% 

Clarification, Charcoal Adsorption, Recovery and Solvent Elution. 
(Titres are expressed in terms of original volume of the 
culture unless otherwise stated). 

Titre of Culture 100(37m*) 
Volume of culture (1.) 370 
pH of Culture 8.30 
Vol. of Culture Supernatant after CentriAigation (1.) 360 
Titre of Culture Supernatant 100(3615) 
Wt. of Sutcliffe and Speakman 110 Charcoal Used (Kg.) 3.7 
Mixing Time (Hours) 1.0 
Wt. of Hyflo Super-cel Used (Kg.) 3.7 
Volume of Charcoal Filtrate (1.) 340 
pH of Charcoal Filtrate 6.50 
Titre of Charcoal Filtrate (at original volume) 45(042.5m) 
*m 1. "million units" 



99 

Volume of Ethanol/Benzene (5:2) Used (1.) 

Elution Time (Hours) 

Volume of Solvent Recovered on Filtration (1.) 

Titre of Recovered Solvent 

Solvent Concentration  

Volume of Primary Concentrate from Climbing Film 

Evaporator (1.) 

Titre of Primary Concentrate 

Volume of Secondary Concentrate from Apex 

Evaporator (10 

Titre of Secondary Concentrate 

Solvent Extraction . Ether Extraction at pH 8.50  

1. Volume of Ether Added to Concentrate (ml.) 

Volume of Ether Recovered (m1.) 

Titre of Ether Phase Recovered (at 1/10 original 

volume) 

Volume of Concentrate Phase Recovered (m1.) 

Titre of Concentrate Phase Recovered 

2. Volume of Ether Added to Concentrate Phase 

Volume of Ether Recovered (m1.) 

Titre of Ether Phase Recovered 

Volume of Concentrate Phase Recovered (m1.) 

Titre of Concentrate Phase Recovered 

70 

1.0 

0.70 

100(36m) 

13 
100(36m) 

1.65 

100(36m) 

1000 
88a 

.d5(<A10m) 
1700 

100(36m) 

500 

480 
.(5(<1.13m) 

1700 

100(36m) 

—Ether Extraction at pH 4.5  

1. Volume of Ether Added to Concentrate (ml.) 

VolliMe of Ether Phase Recovered (m1.) 

Titre of Ether Phase Recovered 

2. Volume of Ether Added to Concentrate (ml.) 

Volume of Ether Phase Recovered (ml.) 

Titre of Ether Phase Recovered 

Volume of Spent Concentrate (m1.) 

1000 

1000 

100(36m) 

500 

495 
..5(1.8m) 

1780 
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Titre of Spent Concentrate 	 (5(.8m) 

—Aqueous Extraction at pH 8,5  

Volume of Water Added to Bulked Active Ether Phases (m1.)750 
Volume of Spent Ether Phase Recovered (ml.) 	1210 

Titre of Spent Ether Phase Recovered (at 1/10 

original volume) 	 4.18m) 

Volume of Aqueous Phase Recovered (ml.) 	1040 

Titre of Aqueous Phase Recovered 	 100(36m) 
-Ether Extraction at pH 4.50  

Volume of Ether Added to the Aqueous Phase 

Recovered (ml.) 	 500 

Volume of Ether Phase Recovered (ml.) 	450 

Titre of Ether Phase Recovered 	50(18m) 

Volume of Spent Aqueous Phase Reeovered (ml.) 	1050 
Titre of Spent Aqueous Phase Recovered (at 1/10 
original volume) 

	

	 45(4618m) 

-Aqueous Extraction at pH 8.50 

Volume of Water Added to Ether Phase (ml.) 	250 
Volume of Aqueous Phase Recovered (ml.) 	200 

Volume of Spent Ether Phase Recovered (ml.) 	400 

Titre of Spent Ether Phase Recovered (at 1/10 
original volume) 

Product. 

45(c.18m) 

pH of Ether-Free Aqueous Solution Adjusted to 8.50 

Wt. of Freeze-Dried Product Obtained (g.) 3.55 

Activity (units/mg.) 7900 

(ggiml,) 0.12 
Total Units Recovered (7900 x 3.55 x 1000) 28m 
Efficiency (*) 75 

1110101MOIN.MI 

The data obtained for the fermentation on the 350 1. 
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scale showed that practically all the glucose in the medium 

had been utilized when optimum activity was achieved. A similar 

result was obtained on the shake flask scale. optimum activity 

was reached after 24 hours at a pH of about 7.5. Despite all 
the glucose having been used up there was an insignificant 

rise in the cell count and it seems, therefore, that glucose 

is an essential metabolite in the biosynthesis of antibiotic 175. 

Differences in the cell count on the large and the small 

scale culture were undoubtedly due to differences in the levels 

of inocula, 0.25% and 5% respectively. Differences in optimum 
yield of the antibiotic on the two scales could not be 

attributed to differences in cell counts as it seemed antibiotic 

yield was a function of glucose concentration, besides the cell 

count and antibiotic activity optima did not coincide. Such 

differences in yield, although apparently large (100 and 200 

units/mi. on the 350 1. and shake flask scale respectively) 

were witliin the limits of . . detection of the method of assay, 

since a titre of 200 differs from 100 only in there being 

one additional tube not exhibiting growth. 

Cell dry weights were done on the final sample as an 

additional parameter for determining if there were any diff-

erences between batches. 

The clarification of the mature culture and charcoal ' 

filtration were found to be more efficient if the fermentation 

was allowed to proceed for 48 hours.. Continuation of the 

fermentation was not detrimental to the activity of the culture 

since the pH did not reach an unfavourable level; The clarif-

ication stage usually took about five hours using two Sharpies 

MV 12 centrifuges. 

The spent culture supernatant(or charcoal filtrate) was 
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always left more acid than the culture supernatant from which 

it was derived, pH 6.5 compared with pH 8.3. This was undout-
edly due to the acidic nature of the charcoal grade employed 

in the preliminary extraction of the antibiotic. Sutcliffe 

and Speakman grade 110 charcoal had a pH of 2.5 when a 10p 

suspension of it was made in freshly distilled water. 

Absolute ethanol was used in preference to industrial 
methylated spirits (IMS) as a component of the charcoal 

eluting solvent because grade 110 charcoal retained sufficient 

moisture to create a two phase system or emulsion if IMS was 
used. Under these circumstances the elution was less efficient. 

Drying of the charcoal led to a considerable loss of activity. 

Hence absolute ethanol was the best/3ouroe of ethanol to use and 

ethanol benzene was by far the most efficient eluting agent. 

The final concentrate was largely aqueous and required 

no further concentration prior to removal of inactive ether 

solubles at pH 8.5. The ether/aqueous extractions were performed 

in a 5 1. separating funnel. 

The final aqueous extract was invariabl$ difficult to 

make owing to slow phase separation. Light centrifugation 

eased this situation. The final aqueous extract was freed of 

ether 'in vacuo' prior to lyophilization. Again some diffi-

culty was enoountered owing to foaming. This problem was 

overcome by periodic release of vacuum. 

Most of the loss of activity occurred in the final stages. 

The effioienoy of extraction was quite high, of the order of 

75-i, yielding 3-5 g. of antibiotic per 350 1. batch having an 
activity of 79900 units/mg. (0.12 iteml.) 
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The Antimicrobial Spectrum of Antibiotic 175. 

Table 9 shows the antimicrobial spectrum of the antibiotic. 
T,xperimental details are given on page81. 

Table 9 
Species of Micro—organism 	Temperature at 
(NcTC type 1o. of Strain 	which assay in— 
No. in parenthesis). 	cubated (°C.). 

Minimum Inhib-
itory Con' 
(yawl.). 

Aerobacter aerogenes 37 250 
Bacillus alkaligencs 37 25 
Bacillus subtilis 37 0.25 
Bacillus thuringiensis 37 >500 
Liptharia mitis (3989) 37 >500 
Escherichia coli (24 RE 37 12.5 
Haemophilus bronchosepticue 37 12.5 
Xlebsiella pneumoniae (7242) 37 125 
Lactobacillus acidophilus (1899) 30 1.25 
Meieseria catarrhalis (3422) 37 1.25 
Pseudomonas fluorescene (etr. 175) 30 >500 
Pseudomonas pyooyanea 37 >500 
Proteus vulgarie 30 >500 
Salmonella typhi 37 250 
Shigella flexneri 37 250 
Streptococcus Group C (Equi)(6177) 3? 125 
Streptococcus pneumonia° 37 0.25 
Staphylococcus aureus (Oxford) 37 045 
Staphylococcus aureus (Paler) 37 0.125 
Vibrio cholera (8367) 37 1.25 
Candida albioans 37 .500 

The antibiotic was activ4againid gram negative and gram 
positive bacteria. In general the gram positives were inhibited 
by lower concentrations than were the gram negatives, exceptions, 
were Vibrio cholera and Bacillus thuringiensis. 
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The Effect of Serum on the Activity of ,\ntibiotio 17  

Against StaphYl000ccus aureus (Paler) Experimental details 

are given on page 8 2.. 

The results shown in Table 10 suggest that the presence 

of serum impairs the activity of antibiotic 175 against St. 

aureus (Paler). At 25)V, serum 75 of the activity is lost whilst 

75i, serum suppresses activity completely. 

Table 10 

Growth of the Test Culture 
Serum 	Titre 	in Serum Controls. 

	

0 	80 

	

1 	80 	Growth pellet in assay 

	

5 	40 	tubes was more diffuse and 

	

10 	40 	the extent of the growth 

	

25 	20 	less the higher the 

	

50 	20 	concentration of serum. 

	

75 	<5 

The Haemolytic Activity of Antibiotic 175. 

The results of this experiment are shown in Table 11. 

Details of the method used are presented on page 82. 

Table 11 

Dilution of Antibiotic 

in the Presence of 	Control 102 10-3 104 10-5 10-6 107 18
-8 10-9 

B1ood.(2 x107..)  

	

Haemolysis at 3°C. (*) 	— 

	

at 37°C.(*) 	— 
60 	 -*WO 
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The critical dilution below which haemolyeis occurs is 

1 s 1,000 and 1 s 18p0o at 3 and 37°C. respectively. The 

product obtained was clearly haemolytic, the antibiotic itself 

way not, however, be haemolytic but the haemolytic property 

be due to impurities in the product. 

The Effect of Inoculum on the Antibacterial :,ctivit of 

Antibiotic 175. The test organism employed was St. aureus  

Pear . The experimental method is described on p.83 . The 

results are shown in Table 12. 

Table 12 

dilution of Total Cell Count 	Lilution of 	Titre 

Culture. 	of Culture Dilu- 	Culture in 

tions Prior to 	Assay. 

Aseay(No.m1.) 

0 

10
,.-1 

10-2 

103  

10-4 

10-5

10-6 

10
_7  

5.10 z 10 

4.90 x 109 

4.80::_xilo
8 

5.00 x 107 

4.65 x 10
6 

4.72 x 105  

4.66 x 103  

4.95 x 104   

0  10
- 1 

102 

10 3 

10-4  

10 5  
6 

 lo
- 

 

10-  

10
-8 
 

40 

40 

40 

80 

80 

80 
160 

160 

This experiment was performed to test the effect of inocula 

at dilutions greater and smUler than the dilution used in 

the assay and from the results it is seen that a 1,000-fold 

change in the inoculum in terms of cell numbers is neceseltry 

to alter the activity by 100k, the limit of detection of the 

assay. 

The total cell counts confirmed the accuracy with which 

the 10-fold dilutions were prepared as inocula for the assays. 
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The Bactericidal Activity of Antibiotic 175 against St. 

aureus(Paler) and Gocherichia coli (MHE 600). 

The results are shown in Tables 13 and 14 for St. aureus  

and E. con respectively. Experimental details are given on 

page e3 . 

Table 13 

Concentration 

of Antibiotic 

(pg/m1.) 2 4 

Time in Hours 
 

T 

8 	24 48 72 

Control 77.0 94.0 95.1 96.0 86.0 50.0 

0.5 81.9 83.0 96.0 82.0 76.5 60.0 

5*@ 87.3 88.0 89.0 32.0 21.0 5.7 
50 80.1 86.0 87.0 27.5 19.0 5.4 
100 81.3 83.0 84.0 28.0 15.1 0.56 
200 81.0 84.0 71.0 15.0 10.5 0.33 

The figures are expressed as percentage viability; the viab-

ility of 18 hour nutrient broth culture of St. aureus  

(Paler) incubated at 37°C. 

Table 14 

Concentration 

of Antibiotic 

(ag/m1.) 2 4 

Time in Hours 

8 	24 48 72 
Control 80.0 95.0 97.3 98.0 65.0 52.5 
0.5 83.3 90.0 95.0 87.2 90.7 59.0 
5.0 84.0 91.0 94.0 53.1 44.0 35.7 
50 88.0 90.0 92.3 23.0 4.9 5.0 
100 80.1 86.0 50.0 .20.8 4.4 2.5 

200 83.0 84.0 31.0 20.5 1.6 0.33 
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The figures are expressed as percentage viability; the viab-. 

ility of 18 hour nutrient broth culture of E. coli incubated 

at 37°C. m 

Antibiotic 175 appears to be bactericidal to both 

St. aureus (Paler) and E. coli (.11E 600). Initially (0-8 h.) 
there is an increase in viability of both cultures exposed to 

concentrations of antibiotic up to 50 &g/ml. and then a 

progressive loss with increase in time. At 100 and 200 pea. 

there is a small inorease in viability but not to the extent 

seen with lower concentrations. 

The Stability of Antibiotic 27. 
a) Stabiliti at 3°C.. Room Temperature and 37°C., pH  

2-11 in X/10 Glycine Buffer.(The methods used to obtain 
these results are given on pages 73 and 97 ). 

The data obtained for the stability of antibiotic 2725 in 

its production medium over the pH range 2-11 in glycine buffer 
at 3°C. and room temperature did not differ from the corresp-

onding data obtained for the product. Neither was there any 

significant difference between the results obtained for stab-

ility at various temperatures both for the antibiotic in its 
production medium and the product. No stability studies for the 
antibiotic in production medium at 37°C. were done. The results 
were compiled into one table, Table 15. 

The results indicate that antibiotic 2725 is stable at 
temperatures up to 37°C. for at least 24 hours over the pH 
range 2-11 with some loss thereafter at the extremes of the 
range, namely 2, 10 and 11. Loss of activity was more pronounced 

at 100°0. at the extreme pH values studied. 
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Table 15 

pH Time in Hours. (figures are titres) 
0.5 24 48 72 120 

2.0 200 200 200 100 50 
3.0 200 200 200 200 100 
4.0 200 200 200 200 100 
5.0 200 200 200 200 100 
6.0 200 200 200 200 100 
7.0 200 200 200 200 100 
8.0 200 200 200 200 100 
9.0 200 200 200 200 100 

10.0 200 200 100 100 50 
11.0 200 200 .  100 100 50 

b) Stability at 100°C., at pH 2, 7 and 10.(Details of 
the experimental methods are given on pages 74 and87). 

The loss of aotivity was more rapid at the extreme:.;pH 
values than at the neutral pH. The antibiotio did show a 
tendency to be less stable'at the acid pH than at the alkaline 
pH as is seen in Table 16, 

Table 16 

pH 
	Time in Hours. (figures are titres) 

0 0.5 1 2 4 6 8 
2.0 100 100 100 50 $0 25 'c25 
7.0 100 100 100 100 50 50 25 

10.0 100 100 100 100 50 25 25 

At all the temperatures selected for the study of stability 



109 

of the antibiotic, except 100°C., there was not total loss 
of activity over the period of the experiments. This suggests 
that there ie more than one biologically active fraction in 
the antibiotic, some being more stable to the conditions used 
than others. 

The Identity of the Antibiotic-Producing Strain 2725. 

All the biochemical teats were done in triplicate. A 
summary of the taxonomic features of this organism ieegiven 
in Table 176 

Table 17 

Feature-
Gram Remotion 
Shape 	. 
Spores (endo) 
Motility 
Acid Fastness 
Catalase 
Gelatin Liquifn' 

Feature 
+ Oxidass 

Rod Acid Production 
+ from Glucose 
+ Oxidative or 
- Fermentitive 
▪ Vegas Proskauer 
• Mannitol (gas)  

Feature  
• Staroh Hydrolysis + 

BO3 Reduction 	+ 
• Urease Production + 

Growth at 65°C. 	- 
Ox Anaerobic growth 
• in Glucose Broth + 
+ Citrate Utiliur" 

These features are typioal of Bacillus lioheniformis. The 
organism differs from Bacillus cereus in but one feature: it 
can grow in glucose broth under anaerobic conditions. It is a 
Bacillus ap.in view of its ability to form endoepores, its 
gram reaction, ability to liquefy gelatin and to hydrolyse 
starch. 

The Effect of Inoculum on the Yield of Antibiotic 2725  
in Production Medium.(Experimental details are given 

on p.75). 



110 

The results shown in Table 18 indicate that the 
antibiotic yield is independent of the level of inoculum used. 
An inoculum of 0.25% appears to be adequate• 

Table 18 

Percentage 
Inoculum 

Time in Ifiewve 
24 48 72 

11 

0.25 5.60 50 7.00 200 8.00 200 
0.5 5.70 50 7.15 200 8.05 200 
5.0 6.00 100 7.45 200 8.25 200 

10.0 6.10 100 7.90 200 8.40 200 
I 	4 	1111  el . # • 

• 

The Effect of Aeration on the Yield of Antibiotic 2725  
in Production Medium.(Ezperimental details are given on 

p. 75). 
It appears that rapid aeration of antibiotic 2725 produ- 

ction medium does not affect the yield. There was not sufficient 
difference in titre between the highly aerated and poorly 
aerated flasks to suggest this. The results are shown in Table 19. 

Table 19 

Volume of 
Medium per 

0 	It 

50 8.25 50 8.95 100 8.85 100 

75 8.10 50 8.6o 100 8.85 100 

100 7.10 100 7.40 200 8.15 200 

150 7.45 100 7.50 200 8.55 200 
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The Effect of Various Concentrations of Silicone RL and  

Polypropylene Glycol P 2000 on the Yield of Antibiotic 2725  

in Production Kedium.(Lxperimental details are given on 

Ps 76 ). 

The results are given in Table 20. 

Table 20 

Percentage 

Antifoaa 

Time in Hours 

24 48 72 
pH Titre pH Titre pH Titre 

0.1 6.10 50 7.00 200 795 200 
0.25 R 6.25 50 7.00 200 7.95 200 

0.50 6.30 50 7.00 200 7.95 200 
0.1 6.05 25 8.05 25 8.55 50 
0.25 P2000 6.00 25 7.85 25 8.45 50 
0.5 6.00 25 7.85 25 8.50 50 
Control 6.25 50 7.00 200 7.95 200 

The results indicate that polypropylene glycol does depress 

the yield of the antibiotic even at the smallest concentration 

screened whereas none of the concentrations of silicone 1W 
affected the yield. The effect of polgpropylene glycol was, 
however, not so drastic as its effect on the production of 

antibiotic 175 (p.95). 

The Changes in Antibiotic J,otivity, pH, Cell Count, Total 

Nitroesn and Percentage uporulation in :-Jatibiotic 2725  

Production gedium. (100 ml. shake flask scale) 

Lxperimental details are given on page 76 . 

The data obtained are presented in Table 21. 
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Table 21 

Time in Hours 

0 	8 	16 24 32 40 48 56 64 72 
Titre 	-<25 	25 	50 100 200 200 200 200 200 200 

PH 	7.10 	6.10 5.80 5.90 6.80 7.05 7.10 7.70 7.90 8.10 
Cell Count 

(x108/m1s) - 	10.3 40.0 44.0 47.2 52.0 36.0 25.6 22.0 21.6 

Sporula- 

tion 	0o 	0 	0 2.1 8.0 20.8 72.0 87.1 88.3 90.0 
Total N2 
(meml.)0.74 	0.67 0.70 0.57 0.44 0.56 0.53 0.45 0.48 0.79 

The results show that optimum antibiotic activity was 

reached within 32 hours at a pH of 6.80. This optimum did 

corrspond to some extent with the onset of sporulation but not 

with the peak in cell count and suggests that the synthesis of 

the antibiotic is L. , related to the cultural conditions which 
promote spore formation as is implicated with the antibiotic 
bacitracin7980P 

There was a small fluctuation in the total nitrogen 
content of the medium during fermentation and this could be 
attributable to sample variation. A similar state of affairs 

was encountered in the corresponding experiment with antibiotic 
175. 

The Clarification of the Mature Production medium. 

Experimental details are given on page 76. 

The results obtained are shown in Table 22. It appears 

that antibiotic 2725 is either a component of the cell which 
produced it or is bound to the insoluble components of the 
medium, such as the soya flour and the fish meal, and is 

released into the culture fluid oh acidification to pH 3. 
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Table 22 

pH .thole Broth 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 

Titre 	200 	200 200 100 425 425 <25 <25 425 

Assayed at pH 7.0 

The antibiotic was in fact found to be a component of 

the cell on the basis of the following observations: 

a) The activity of a sample of 48 hotir antibiotic 2725 

production medium culture was the same (200 units/mi.) atter 

it had been centrifuged at a rate and time sufficient to 

precipitate only the insoluble medium constituents (1000 x g/ 

5 minutes). 
b) The activity was lost when the supernatant from a) was 

assayed after it had been centrifuged at 25,000 x g/10 
minutes. 

c) The bacterial centrifugate obtained in b) on suspension 

im A/150 phosphate buffer (pH 7.0) exhibited the same activity 

as tne original culture, i.e. 200 units/ml. 

d) The activity was released into the suspending medium on 

acidification to pH 3, since activity was detected after the 
suspension had been centrifuged at 25,000 x 8/10 minutes, and 

the pH adjusted to 7 prior to assay. 
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.41.1x212a1 Flow-Sheet for the Fermentation, Extraction and  
Partial Purifioation of Antibiotic 2725. 

Ferwentation.(This  data was obtained by the pilot plant staff 
at Imperial College, except the assay figures). 

Sample 
Time (h.) 

pH Titre Cell Count 
(No./ml.) 

Total N2 
(mg/m1.) 

Pre-inoc. 
4.3 

10.3 
16.3 
22.3 
28.3 
34.3 
40.3 
46.3 
48.0 

7.05 
6.90 
5.90 

5.80 
5.60 
5.85 

6.50 

6.95 

3.10*  

425 

425 
25 
50 
100 
100 
100 
100 
100 

100 

- 

0.90x 107  
1.20x 107 

2,99x 108 

3.68x 11:9999 

3.29x 10 

108  

3.75x 108 

0.91 
0.67 

0.70  

130:54: 

00:3563 
0.45 
0.48 

(,iarv9st) 
On acidification with concentrated hydrochloric acid. 
Cell dry weight on final sample e 0.54 

Clarification, Charcoal AffOrption. Recovery and Solvent Elution. 
(Titres are expressed in terms of the original volume of the 
culture unless otherwise stated). 

Titre of Culture 
Volume of Culture (1.) 
Volume of pH 3 supernatant (1.) 

100(3715*) 
370 

345 
Titre of pH 3 Supernatant 100(34.5m) 
Wt. of Sutcliffe and Speakman 339 Charcoal Used (43.4 6.5 

:i1ixing Time (Hours) 1.0 
wt. of Hyflo Super.roel Used (Kg,) 6.5 
Volume of Charcoal Filtrate (1.) 310 
pH of Charcoal filtrate 6.00 
Titre of Charcoal Filtrate (at original volume) .<5(..c1.5m) 

m "million units" 
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Volume of Industrial Nethylated Spirits/Benzene (5:2) + 
1 conc. HC1. geed (1.) 	 70 
Elution Time (Hours) 	 1.0 
Volume of Solvent Recovered on Filtration (1.) 	0.70 

Titre of Solvent Recovered 	 100(35m) 

Solvent Concentration  
Volume of Primary Concentrate from Climbing Film 
Eval„orator (1.) 	 12.3 
Titre of Primary Concentrate 	100(35m) 

Volume of Secondary Concentrate from Apex 

evaporator (1.) 	 3.3 

Titre of Secondary Concentrate 	100(35m) 

Wt. of Residue from Secondary Concentrate (g.) 	768 

Methylated Spirits Extraction  
1. Volume of IRS Used to Fractionate Dry Reoidue(ml.)800 

Volume Recovered (m1.) 	 765 

Titre (at original volume) 	50(17.5m) 

2. Volume of IM3 Used to Re—Fractionate Residue(m1.) 630 
Volume Recovered (ml.) 	 600 

Titre (at original volume) 	10(3.5m) 

3. Volume of INS Used to Re—Fractionate Residue(m1.) 650 
Volume Recovered (m1.) 	 648 

Titre at original volume) 	 5(1.75m) 

Total Units Recovered by the INS Fractionations 	22.750) 

Wt. of IRS Soluble Residue (g.) 	 35.2 
Volume of Water Used to Dissolve Residue (ml.) 	1750 

Titre of the solution (at original volume) 	50(17.5m) 

Picration  

Volume of Saturated Picric Acid Solution Used (ml.) 1000 

Wt. of Dry Picrate Obtained (g.) 	80.4 

Volume of :.cetone Used to Fractionate Picratea (ml.) 20 



116 

Volume of Acetone Reduced to (ml.) 	 14 
Volume of 5N. HC1 Used to form Hydrochloride (ml.) 	4.0 

Volute of 100,4 Acetone Used to Precipitate HClide(m1.) 200 
Volume of Water Used to Dissolve Hyrochloride (ml.) 250 
lit. of PH Inactive Insolubles (g.) 1.4 

Product 
Wt. of Freeze-Dried Product Obtained (g.) 8.15 

Activity (units/mg.) 2000 

(pgimi.) 0.5 
Total Units Recovered (2000 x 8.15 x 1000) 16.3w 
Efficiency (-) 47 

eswomar.mrommeonweirewar. 

From the above flow-sheet it was noted that the optimum 
yield was lower than that achieved on the shake flask scale 
(Table 21). The difference was small. There was an unexplain-
able difference in the pH at the point of optimum yield, pH 
5.60 and 6.80 respectively. Total cell counts differed on 
the two scales and were probably due to the differences in 
inoculum levels employed. No noticeable changes occurred in 
the total nitrogen content of the culture. 

As was found to be the case with antibiotic 175, clarif-
ication was more efficient if the fermentation was allowed to 
proceed for 48 hours. Extension of the fermentation period 

was not detrimental to the product as the pH did not reach an 
unfavourable level. Clarification took about five hours using 
the two sharpies MV 12 centrifUgee. 

The pH of the charcoal filtrate was less acid than the 
supernatant from which it was derived, pH 6.0 compared with 
3.10. This change may have been attributable to the neutral 
grade of charcoal employed in the preliminary extraction of 
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this antibiotic. 

The use of industrial methylated spirits sufficed in the 
solvent mixture used to elute the antibiotic from the charcoal. 

Prior to concentration of the solvent the hydrochloric 

acid was neutrallized with 880 ammonia to prevent the concen-

tration of the acid during climbing film and Apex evaporation 

of the solvent. Such acid concentration would undoubtedly be 
unfavourable to the antibiotic. 

The pioration stage often proved difficult because the 

picrates of the antibiotic did not immediately precipitate. 

It was found that storage at 3°C. overnight resulted in an 
adequate recovery of active picrates. 

At the hydrochloride preparation stage the 84 acetone 

used to fractionate the pioratee was reduced ih volume, prior 

to precipitation of the hydrochloride, to reduce the mOihture 

content of the extract. Failure to do this resulted in a dark 

brown viscous preparation instead of an off—white particulate 

substance, the former having about half the' activity of the 

latter. A combination of the use of dry piorates and 

relatively concentrated hydrochloric acid contributed to the 

avoidance of this problem. 

2y2Antimi,EtL§ktsa.__•um of Antibiotic . 

Table 23 shows the antimicrobial spectrum of the antibiotic. 
Details of the method used are given on page 87. 
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Table 23 

Species of Micro-organism 

(NCTC type No. or Strain 

No. in parenthesis0. 

Temperature at 

which assay in- 

cubated (
o
C.). 

Minimum Inhib- 

itory Con"' 
(pg/m1.). 

Aerobacter aerogenes 37 25 

Bacillus coagulans (3993) 37 250 

Bacillus thuringiensis .37 125 

Bacillus licheniformis (atr.2725) 30 25 

Corynebacterium hoftanni (231) 37 5 

Diptheria mitis (3989) 37 25 

Escherichia coli (MRE 600) 37 5 

Haemophilus bronchosepticus (452) 37 5 

Klebsiella pneumoniae (7242) 37 25 

Lactobacillus acidophilus (1899) 30 0.125 

Neisseria catarrhalis (3622) 37 5 

Pasteurella septica (2484) 37 125 

Pseudominas 4uotWens (str. 175) 30 250 

Proteus vulgaris 30 >500 

Staphylococcus aureus (Oxford) 37 0.5 

Staphylococcus aureus (Paler) 37 0.5 

Staphylococcus sp. (8354) 37 1425 

Shigella dysenteriae (8375) 37 25 

Streptococcus Group C (Equi)(6177) 37 0.125 

Vibrio cholera (8367) 37 0.25 

Candida albicans 37 250 

The antibiotic was found to inhibit both gram negative 

and gram positive organisms. There did not appear to be any 
preponderance to any one of these groups. Of thOrganisms 

screened it was least active against Proteus vulgaris and most 

most active against Lactobacillus acidophilus and Streptococcus  

C (Equi). 
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The Effect of Serum on the Activity of Antibiotic 2725  

mjllstufgalgzaaaur44faaaw). Experimental details 
are given on page 87 

The results shown in Table 24 are interesting because 

concentrations of serum at and above 5% enhanpe the activity 
of the antibiotic. 

Table 24 

;Serum Titre 

1 

►0 

160 

5 320 

10 320 

25 320 

50 320 

75 320 

Growth of the Teat Culture 

in Serum Controls. 

Growth pellet in assay 

tubes was more diffuse and 

the extent of the growth 

leas the higher the 

concentration of serum. 

asulaemotio AkliAttc2Lhate4.4:49M. 

The results of this experiment are shown in Table 25. 

Details of the method used are shown on page Sg. 

Table 25 

Dilution of Antibiotic 

in the Presence of 	Control 10-2 103 104 

Blood.(2 x10—..)  

Beomolysie at 3°C.(*) 	

- 	

— 	ow 	olID 	••• 	 WO 

Haemolysis at 37°C.(t) 	— 	

- 	

eva, 	g410 	04. 
	 ION 

Only partial haemolysis observed. Critical dilution at which 

partial haamolysis occurred * 4 x 
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The antibiotic appeared to be haemolytic at a relatively 

high concentration at 37°C. The antibiotic may itself be norms 

haemolytic but haemolysis due to impurities in the product. 

The Effect of Inoculum on the Antibacterial Activity of 

Antibiotic 2725.The test organism employed was St. aureus  

(Paler). The experimental method is described on p. Sg. The 

results are shown in Table 26. 

Table 26 

Dilution of Total Cell Count 	Dilution of 	Titre 

Culture. 	of Culture Dilu- 	Culture in 

tione Prior to 	Assay.  

AseaY(No./m1.) 

0 

10'-1  
-2 I0 

103 

10-  

10-5 

10
-6 

10-7 

4.58x 10
10  

4.60 x 109  

4.49 x 10
8 

4.60 x 107  

106 4.52 x 10 

4.30 x 105  

4.62 x 104' 

4.60 x 103  

10
c% 	 

-2 10 
10-3 

104 

1075 

10
-6 

107 

1078  

20  

40 
 

20 

20 

40 

40 

80 

80 

The results showed that as was the case in the corresp-

onding experiment with antibiotic 175, that a 1000-fold 

change in the inoculum altered the activity by 100p. 

The Bactericidal Activity of Antibiotic 2325 against St. 
*Arms (Palerland Eaoherichia tali DIRE 600). 

The results are shown in Tables 27 and 28 for St. aureus  

(Paler) and E, eon (MRE 600) respectively. Experimental details 
are given on page 
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Table 27 

Concentration 

AX Antibiotic 

(jug/ml.) 2 4 

Time in Hours 

8 	24 48 72 

Control 58.0 74.0 95.0 96.0 86.0 42.0 

0.5 50.1 70.0 93.0 95.0 23.1 20.8 

5.0 58.3 67.0 95.0 50.0 6.2 4.2 
50 56.0 71.0  75.0 17.3 0.89 0.71 
100 56.2 66.0 62.5 12.5 0.66 0.30 

200 50.0 37.5 35.0 8.3 0.57 0.30 

The figdres are expressed as percentage viability; the viab-

ility of 18 hour nutrient broth culture of St. aureus  
IT;41er) incubated at 37°C. = 57.4A. 

Table 28 

Concentration 
of Antibiotic 
(pg/m1.) 2 4 

Time in Hours 

8 	24 48 72 
Control 84.0 86.0 93.1 97.0 53.0 41.0 

0.5 80.0 81.0 90.0 95.1 44.0 42.0 

5.0 92.0 76.0 75.3 70.3 8.5 1.3 
50 69.0 6740 65.6 10.0 <0.6 ,e0.01 
loo 67.5 6240 60.0 846 <0.35 <0.06 
200 56.0 37.0 25.0 8.0 <0.11 <0.02 

The figures are expressed as percentage viability; the viab-
ility of 18 hour nutrient broth culture of E. coli  (2;',R1 600) 

incubated at 370c. . 	All figures with a'less than' 

sign were calculated froca instances whore no viable count was 
observed. The viable count was them assumed to be <the minimum 

dilution of the range of spread plates prepared e.g. for plate 

range of dilutions of oulture 10-4, 1075 and 10-6 the viable 
count was considered to be 104. 
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The antibiotic was bactericidal to both St. aureus (Paler) 

and E. coli CARE 600). With St. aureus but not E. cols there 

was an increase in the viability during the first eight hours 
of incubation at concentrations up to 50 zg/ml. At the lowest 

concentratioh (0.5 pg/m1.) viability of both cultures continued 

to increase during the firtt 24 hours. There appeared to be no 

'significant difference in the patterns of viability of the two 
organisms at 100 and 200 pig/ml. and at any concentration after 

24 hours incubation. 

The Amino Acid Composition of Antibiotic 2725. 

The method used is described on page `6g. The results are 

given in Table 29, which shows the mean results of triplicate 

assays. The mean values of total nitrogen and ammonia nitrogen 

determinations on the three samples used for this study were 

11.003, and 1.614 The mean total peptide was 58.65p. 

Table 29 

Amino Acid mg/100 mg. 

Antibiotic 

Alginine 26.35 
Lysine 26.11 

Isoleucine 13.26 

Glutamio acid 6.41 

Aspartic acid 6.07 
Valine 4.35 
Glycine 4.21 
Phennalanine 3.39 
Leucine 2.85 

Alanine 2.51 
Histidine 1.93 
Threonine 1.60 
Serino 0.95 
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The quantitative data was obtained by Dr. A. J. Thomas and 

his staff, using an amino acid analyser. 

14) study was made of the stereo isomeric configuration of 

the amino acids detected hence no knowledge was gained concerning 

unnatural isomers in the antibiotic. No unusual amino acids 

were detected. Over half the product contained residues of 

arginine and lysine. Some of the amino acids found might be 
components of peptide impurities in the product and/or the 
antibiotic. From the amino acid viewpoint the biologically 
active peptide43) might be a known antibiotic. If its composition 
is the same as a known peptide antibiotic the sequence of the 

amino acid residues may be different and hence the antibiotic 

a new one. 
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DISCUSSION  

The methods developed for the extraction and partial 

purification of the antibiotics were reasonably efficient. 

For antibiotic 175 and 2725 the efficiencies were 75% and 47% 

respectively. Both antibiotics require further purification. 

Yields of 3-5 g. and 8-10 g. of antibiotic 175 and 2725 were 
obtained respectively from 350 1. batch cultures with 

corresponding aotivitiem of 0.12 and 0.5 peml. against 

Staphylococcus aureus OPaler). 

Antibiotic 175. This antibiotic had the properties of a 

weak acid. It could be extracted into an organic solvent at an 

acid pH and into an aqueous solvent at an alkaline pH. A 

suitable production medium was composed of 1% corn steep liquor 

plus i% w/v glucose in a basio salts solution (Appendix 2). 

The yield was unaffected by the level of inoculum used (Table)4). 

An inoculum of 0.25% and an incubation temperature of 24°C. 

favoured antibiotic production. The yield was uaffected by high 

aeration (Table 5) and by silicone RD antitoam at relatively 

high concentrations. Polypropylene glycol P2000 antifoam inhibited 

antibiotic synthesis (Table 6). Optimum yields were obtained in 
both the 350 1. batch culture and in the shake flask culture 

within 24 hours at a pH of about 7.5 (see flow—s'eet p.99 and 
Table 7). Glucose was obviously an essential metabolite in the 

synthesis of the antibiotic as no further increase in activity 

could be detected after the glucose had been practically used up. 

Differences in cell count on the large and small scale cultures 

were probably due to differences in the level of inooulum used, 

0.25 and 5* respectively. Such differences in cell count could 
not be implicated as being the oause of the differences in 

optimum yield as yield seemed to be a function of glucose 

concentration and , in addition to this, optimum yield did 

not coincide with optimum cell count. 
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The fluctuations in total nitrogen were insignificant 

and what changes that were observed could be attributed to 
sample variation. 

The antibiotic was stable over a fairly wide range of pH 
(pH 5-9) both at the production medium stage and as the 
product at temperatures up to 37°C. Because no differences in 
stability of the product and the antibiotic in its production 
medium at temperatures up to 37QC. were apparent, the results 

were compiled into one table, Table 1. At the extremes of pH 

studied there were . losses of activity, There was progressive 

loss, yet not total loss, even after /2 hours at pH 2 and 11. 

Since there was no complete loss of activity under any of 
the conditions used in the compilation of the data shown in 
Table 1, suggests the existence of more than one biologically 
active component in antibiotic 175 or, alternatively, one 
antibiotic with more than one active centre. Each component or 
active centre having a different stability with respect to pEk 

It 1000C. antibiotic 175 was stable at the neutral pH for 
between two and four hours. At pH 2 and 10 there was more 
rapid loss, particularly at the acid pH (Table 2). 

The antibiotic appeared to be completely stable under the 
conditions used in the extraction and partial purification. 
The culture could be clarified by centrifugation at the harvest 
pH without loss of activity as the antibiotic !as found to 

be extracellular (Table 8). 

Sutcliffe and Speakman grade 110 charcoal was found to be 
the best grade to use because it not onl$ completely adsorbed 

all the activity in the culture but it also released it to one 
of the eluting solvents employed as potential eluting agents. 
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The charcoal filtrate was found to be more acid than the culture 
supernatant from which it was derived owing to the :.acid nature 

of the charcoal, pH 6.5 compared with pH 8.3- 

Absolute ethanol was found to be superior to industrial 

methylated spirits (IRIS) as a component of the eluting solvent 

because the charcoal recovered by filtration, following adsorp-. 
tion, retained much moisture, so much that elution with even 
75 'over,  IRS resulted in the development of an emulsion of 

benzene in alcohol/water. The emulsion was a less efficient 

eluting agent. 

As stated earlier, the method of extraction and partial 
purification was reasonably efficient (75%). What losses that 

occurred in the extraction and partial purification were 
largely apparent losses due to the limitations of the method of 

assay. 

The antibiotic had a fairly wide spectrum (Table 9). It 
was active against gram negative and gram positive micro-org-
anisms. It was inactive against the organism which produced it, 
Ps. fluorescent:, etr. 175, even at relatively high concentrations. 

In general, gram positives were inhibited by smaller concentr-
ations than gram negatives. There were exceptions: Vi_ brio,  

cholera and Bacillus thuringiensis. 

The antibiotic was inactivated by serum (Table 10). Conc-

entrations of 50% end 75% serum rendered the antibiotic inactive 

against St. aureus (Paler). It was found to be haemolytic at a 

dilution of 1 in 1,600 and 1 in 18,000 at 3°  and 37°C. 

respectively (Table 11). Activity was affeoted by 100% by a 103  
change in the level of inoculum. (Table 12). 

The antibiotic was bactericidal to both St. aureus (Paler) 



127 

and E. coli ORE 600)(Tables 13 and 14). At concentrations up 
to 50 'fig/mi. there was an increase in viability during the 

first eight hours of incubation and then a progressive loss 

thereafter. At concentratiobs of 100 and 200 yg/mi. there was 

an insignificant increase in viability. 

FUller
199 found that the toxioity of the substance was low. 

The LD50 for mice by the intraperitoneal route was 200 mg/Kg. 

body weight. 

Work is in progress in the Department of Biochemistry, 

Imperial College, on the further purification of the antibiotic. 

Barrow2W  has shown by thin-layer chromatography that the 

substance contains at least five fractions all of which I 

found to be biologically active. This confirms the suspicions 

born from the stability studies. I found that the p-brom phonacyl 

esters of the antibiotic (prepared by Barrow) were inhibited 

to a greater degree by serum than was the parent produot. 

The antibiotic may be one of those antimicrobial subst-

ances reported to be produced by par  fluorescena (p. 16). The 

substance Lewis described appeared to be the one most likely 

to be identical with antibiotic 175, except that I found the 
antibiotic to be active against E. (exp. Bacterium) coli. 
However, antibiotic 175 appeared to be strain specific with 
E. colt. Beecham Research Laboratories201 found the antibiotic) 
active against ,E. coli type 61, but not against types 2 and 37. 
Lewis found the antibiotic he studded to be bacteriostatio, 
a further point of differense to antibiotic 175. The antibiotic 
produced by Pseudomonas str. 31 reported by Kiprianova et al 
(1969)13, like antibiotic 175, is an acidic substance but 
differs in that it is inactive against gram negative bacteria. 
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Antibiotic 2725. This antibiotic was assumed to be a 

peptide on the basis of the amino acid composition (Table 29), 
the fact that it‘could be precipitated by ammonium sulphate and 

by picric aoid. On the basis of the electrophoretio mobility 
‘. 

of the antibiotic it was:to be a basic peptide with a molecular 

weight of less than 104 as it could pass through a dialysis 
membrane. It contained no sulphur. 

A suitable medium comprised $ glycero1,11kLeoya flour and 

fish meal in a basin salts solution. The best incubation 

temperature was found to be 30°C. and the antibiotic yield 

independent of inoculum (Table 18). Rapid aeration of the 

'production medium culture did not affect the yield. There was 

insufficient difference in titre between the two highly aerated 

flasks and the two poorly aerated flasks to suggest this. 

Silicone RD antifoam did not affect the yield of anti. 

biojdo 2725 (Table 20), however, polypropylene glycol P2000 

did, although not to the extent of suppressing antibiotic 

activity completely as it did with antibiotic 175 (Table 6). 

The optimum yield of antibiotic in the 350 1. batch 

culture was somewhat lower than it was on the shake flask scale. 

Such differences were probably due to the smaller aeration 

efficienoy in the shake flask culture. The differences could 

not be attributed to differences in cell count because such 

differences were quite small despite the levels of inooulum 

being widely different (0.25% and 5% on the 350 1. batch culture 
and shake flask scale respectively, flow—sheet page114-and 

Table 21). Optimum yield was achieved within 24—BOubeurs at a 

pH between 6 and 7. 

The fluctuations in total nitrogen were negligible and 

continuation of the fermentation up to 48 hours assisted the 
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clarification of the acid culture supernatant. The antibiotic, 

was intracellular and released only on acidification of the 

mature culture to pH 3 (Table 22). 

No noticeable differences were observed between the stab. 

ility of the antibiotic in production medium and as the final 

product. Also no differences were noted at temperatures up to 

37°C. At no stage in the fermentation did the pH reach an 

unfavourable level. At the extremes of the pH range eilected 
there was loss of activity; at pH 2 some loss occurred between 

48 and 72 hours whilst at pH 10 and 11 similar losses were 

observed between 24 and 48 hours (Table 15). Loss of activity 

was more pronounced at 100 C., especially at pH 2 and 10. 

In the preliminary extraction of the antibiotic with 

Sutcliffe and Speakman 339 charcoal the pH of the charcoal 

filtrate. was less acid than the supernatant from which it was 

derived (pH 6 of. pH 3). This change was probably due to the 

neutral property of the charcoal. 

Industrial methylated spirits sufficed as a component of 

the IMS/bensene plus 1% conc. HC1 eluting solvent employed. 

The antibiotic had a wide antimicrobial spectrum (Table 23). 
It did not seem to be predomonantly active against gram 

negative or gram positive bacteria. It was active against the 

organism which produced its  H. licheniformis, atr. 2725.  at 

25 pgiml. 

Not only was the antibiotic uniffected by serum its activity 
against St. aureus (Paler) was in fact enhanced in the presence 
of 5i, serum and above (Table 24). 

The antibiotic caused only partial haemolysis at a 
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concentration of 1 in 400 at 37°C. and failed to haemolyse at 

1 in 200 at 3°C. after 18 hours. (Table 25). 

Like moat peptide antibiotics it was found to be toxic. 

Beecham Research Laboratories201 found that the LI)50 for mice 

by the intravenous route was 4 mg/Kg. body weight. This high 

toxicity may, however, be due to impurities in the product. 

The inoaulum altered the activity of the antibiotic by 
100% with a 1000—fold change in cell numbers, 

The antibiotic was bactericidal to both St. aureus (Paler)  

and E. soli (MBE 600). With St. aureus, but not F. atoll,'  there 
was an increase in viability at concentrations up to 50 pg/ml. 
during the first eight hours of incubation. At 5 jig/ml. the 

viability of both cultures increased during the first 24 hours. 

No real differences were seen in the viability of the two 

organisms at 100 and 200 ?Oil. and at any concentration after 

24 hours incubation. 

The antibiotic contained no unusual amino aside. It was 

not ascertained whether the antibiotic possessed any 'unnatural' 
stereo—isomers. Arginine and lysine accounted for over half the 

total amino acid composition of the antibiotic preparation. Is 

the antibiotic a known one? Some of the amino acids shown in 

Pablo 29 may be derived from peptide impurities in the product. 

Even if the antibiotic contains the same amino acids as one of the 

known peptide antibiotics the sequence may be different and/or 

their stereo—isomeric configuration. One group of antibiotics, 

the licheniformins, have been isolated from a strain of Bacillus  

licheniformis14. These contained an amino acid not found in 

antibiotic 2725 namely proline, although like the preparation 

I obtained, they contained a high proportion of arginine and 

lysine. A feature of similarity is that the licheniformins 

are not affected by 50% serum. 
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Bacitracin (syn syfivin) has been isolated from a strain 

of B. lioheniformis14.  Bacitracin A is a polypeptide antibiotic 

but differs from antibiotic 2725 in that it contains ornithine. 

Antibiotic 2725 differs from other peptide antibiotios, 

except the tyrocidinea, in that it exhibits fair activity 

against gram negative bacteria as well as positive bacteria, 

but differs from tyrocidine in that it is bacterioidal and 

non-haemolytic. 
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APPENDIX 1  

Data Concerning Some of the Large-Scale Equipment Used. 

Sharpies Centrifuge. Type MV 12. Speed 15 x 103  rpm., set for 

liquid/solid separation at a rate of 50 1./ hr. Manufactured 

by; sharpies Centrifuges Ltd., Tower 'Works, Boman Road, Camberly, 
Surrey, 

Calmic Filter.  Type L. Heavy duty filter press, maximum working 
pressure of 30 p.s.i.g. Manufactured by: Calmio Engineering Co. 
Ltd., Crewe, Cheshire. 
Portable Vessels (Used in solvent elution of charcoal). Jacketed 

1.75' I.D., depth 1.75'. Working volume maximum 112 1. Manuf-

actured by Stainless Steel Vessels Ltd., London. 
Portable Vessel Agitator. Type II 4 blade 7" dia. impellor, 
speed 400 rpm. Manufactured by; Osbourne and Co. Ltd., Croydon, 
Surrey. 
Basket Filter  (Special) 50 cm. depth. Manufactured by Calmic 

Engineering Co. Ltd. 
Climbing Film Evaporator. CFE Type 1. (Standard). 3/8" (1VF units. 

10' x 1' bore vertical calandra. The modifications were: 
a) 1 of 20 1. and 1 of 50 1. condensate receiver to replace 

standard 5 1. receiver. 
b) Increaselcooling area i.e. condenser surface area for 

handling through puts of 350 lb/hr. of chloroform at 26" Hg 
and 140 lb/hr. of butyl acetate at 26" Hg. 

o) A small additional condenser and receiver to minimize solvent 

loss, situated on vacuum line between the pump and solvent 

receivers. 

d) A vacuum pump. 'Edwards ES 35, now replaced by a Leybold 
gas ballast pump Mark 62. • 

Manufactured by QVF Ltd., Duke St., Fenton, Stoke-on-Trent, 

Staffordshire. 

Apex Evaporator. This has a stainless steel evaporator/crystallizer 
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body with an approximate maximum loading volume of 30 1. (total 

capacity 60 1.) with a mild steel jacket. The impellor (in the 

evaporator vessel) has 4 blades each carrying three teflon 

scrapers which ensure the heat transfer surfaoo remains clean. 

The vacuum is provided by an Edwards Type ES 35 pump. There is 

a stainless steel condenser which recovers solvent at the rate 

of 15 1./hr. under the conditions used. 

1.1anufactured by Apex Construction Ltd., Soho Square, London, N.1. 
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APPLarLIX II  

Composition of the Basic Salts Solution used in the production 
medium of the Preliminary Small—Scale Work. 
For 5 1. 

1400
41

7H
2

0 	 1.875 g. 
LE2PO4 	 2.000 g. 
Na2HP0

4 	
3.250 g. 

KC1 	 2.500 g. 
i.inC1241120 	 5.0 ml. of a 0.3/4 

solution. 
Tap Water to 	 5.0 1. 

As it is more economical to employ tap water in the prep-
aration of large volumes of culture medium and in order to 
create as far as possible a standard culture medium, tap water 
was used in preference to distilled water in the basic salts 
solution.. 


