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‘ SUMMARY
The large-scale methods of culture (350 1. bateh culture),
extraction, and partial purification of two antibiotics of
bacterial origin have been developed and the biological
propsrties of the antibiotics studied,

One of the antibiotice, antidiotic 175, was produced by a
atrain of Pseudomonas fluorescens (str, 175). 1t possessed

the properties of s weak acid, was stable over a wide range
of pH, had a falrly wide antibacterial spectrum, low toxicity,
and was bactericidal to Staphylococcus sureus (Paler) and |
Escherichia coli (M.R.E. 600). It was found to be haemolytic
and completely inactivated by serum at bonoentrations of 50%
and above, '

The method of extraction was reasonably efficient, 75%
of the units of activity in the aulfura were present in the
prodﬁct. Yields per. 350 1. culture were 3=-5 8. of the sodium
salt having an activity of 7,900 unite/ug. (0.12pg/mls) with
3t. sureus (Paler) as the test orgenism, '

The antibiotic poéseéaed some of the propartie# of inbi-
" bitory substances reported to be produced by straine of Ps,
fluorescens.

The other antibiotic, antiblotic 2725, was produced by
Bacillus licheniformis (str. 2725). It was a peptide, molec—
ular weight of <10,000, was stable over a wide pH range,
had a broad spectrum, and bactericidal to St. sureus (Paler)
and E, coli (M.R.E, 600) under the conditions studied, It
was non-haemolytic, and its activity against 5t, aureus
(Paler) was enhanced in the presence of serum at concentra-
tions of 5% and above. It was found to be toxio as are other



11

peptide antibiotics. Extraction effioienoy was of the order
of 40%, with yields of 8—105. of the hydrochloride per 350
1. culture; the product having an activity of 2 ooo units/
mg. (0.5pg/ml.) with St. sureus (Paler) as the test organism.

The indications were that it was not one of the known
peptide antibiotics.
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o INTRODUCTION
l, General ‘ ‘ ‘

Antibiotics are inhibitows of bacterial growth produced
by mioro-organisms. Only about five percent of the antibiotios
discovered, about fiftyaaiz out of eleven hundrad, are clinically
useful,

2. Historigcal
There have besn reports of the empirioal uge of antibiotics

'fin the treatment of disease as far back as Biblical times.,

nanroial quotes a section from Paalm 51, 'Purge me with hyssop
and 1 shall be‘olean.' He presumes this to be the first refer-
ence to penicillin, as one of the penicillin-producing organ-
isns, Penicillium notatum,has heeﬁ isolated from decaying
byssope The Mayans of Mexico used & fungus in the treatwent
of ulcers and intestinal infections,

Lister® was probably the first person to investigate the
- ahtagonistiq offect of one micro-organism on another. He observed
the growth of Penicillium on the surface of two exposed test
tubes of urine. Micrbacdpic examination of the fluid in both
tubes revealed the presence of bacteris also. He noted that

 there were differences in the appearance of the bacteria in
these tubes. In his diary, entry dated 28th Fovember, 1871,
Lister wrote "both exhibited bacteria in abundance, but there
vas a marked difference between them as regards their active
ity". Those from the tube which had the least growth of
Penicillium "exhibited the most amasing 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 groﬁth of Penicillium "were comparaxively languid,
multitudes were entirely motionless and there was not the

. Sale appearance of dense groups." The . experiments were incon-
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clusive and subsequently abandoned., Lister assumed that there
was competition for oxygen, the mould absorbing dissolved
oxygenyin the urine and bdlocking the surface of the fluid,
hence impeding further dissolution of the gas. Had Lister had
a control in his exporiments his conclusions might have been
different,

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

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

hoped that if'ue were to pursue the study of biolégical‘r1Valry
between moulds and bacteris, we may, perbaps, 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 antagonisn were studied
before the recent developments of antibiotics began. One arose
from the discovery that the damping-off fungus Rhizootonis
solani, which kille seedlings, is itself killed by the common
soil organism Gliocladium fimbriatum;‘This led to the isolation
of gliotoxin, the first antidiotic to be prepared pure,
Weindling and Buerson (1936)5; and Dutoher et al (1945)%.

Some other cases 1nvolved the deliberate efforta to develop
antagonistic organisms or antibilotics using masses of bacteria
as substrate. From such cultures Dubos (1939)7 igolated a

strain of Baclllus brevis which inhibited the giovth of
pneuncscocel by mesns of a soluble excretion producty higher

concentrations of the substance lysed the cocoi,
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Ehrlibhg laid the foundation stone of chemotherapy, whieh
enbraces the application of natural and synthetio substances
%o the curing and prevention of dipease. Ehrlioh appreoliated
the selective oombination of chemicals with different types of
. cells. He was aware of the exlatence of infectivus disease to
which aquired resistance or immunity could not be induced and
invisaged ohemical ‘magio bulleta' which could be used in the
treatment of such diaeasea. He embarksd on & programme of
chemical synthaais, and modification of those compounds
synthesiged, and tested these 'in vivo', He illustrated his
.views with reference to atoxyl (arsanilic aoid). This subsianag
had some success in the treatment of trypanosome infections N
‘and he hypothesized that its action lay in its conversion to
an sotive substance within the body, or it influenced the
body to produce a itrypanoside. Fhrlioh later discovered ,
'salvarson (compound 606) which was active against syphilie.

The greatest step forward in the hiatory of antibiotic/
- chemotherapeutic developuent came with the disocovery of ,
* penicillin by Fleming (1929)° Unfortunately the potential of
- this substence was not realised until 1&tar. In tha maantime
the sulphapdrug' became prominant. ‘

* Domagk (1935)'° fulfilled Ehrlich's dresm of s ‘magto
bullet* by discovering prontosil, This subatanoa acted ‘in
vivo! only, the sotive substance being a notabolio ‘product
‘ef prnntouil.vsulphanilamide. A programme qr synthesls around
éu1phan11am1a.’deve1¢paa and led to a group of therapeutio
substances callootively known as the sulpha-druga which -are
* particularly aotive against streptococoi,

Hoods (1940)11 hypothesized that para-smino benioic;ania
«4(PABA) acts to reverse auiphanilamide aotion;*Thil is now
- known to be the case., Sulphanilamide is structurally similar.
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to PiBA und competitively inhibits the incorporation of PaiBla

into the vitanin, folic acid.

Pleming maintained that penicillin would be of great use
but lacked the chemical expertise necessary to extract and
purify it., ‘e noticed the inhibitory effect was due to a
specific mould and this eliminated zny suggestion that the
effect was due to a non-specific action, such as change of pH.
He developed a crude assay based on the serisl dilution of the
culture broth in fresh broth, followed by the addition of u
standard volume of =z suspension of 2 test organism to each
dilution of the series. His asctivities, by current standards
were low, the broth cultures having sctivities of the order
of 10ug/ml., whereas today commercial activities are of tae
order of 5000pg/ml, He showed that not all bacteriz are affe-
cted by penicilllin nor are susoeptible ones affected to the

szme extent.

There was limited success with the therapeutic application
of orude penicillin and before its full poténtial could be
evaluated it hud to be obtgined in a purer stste. Chaln znd
Florey =t uxford suceeded in obtaining crude penicillin by
freeze~drying the clarified culture fluid at pHi 6.8, At this
pH the mzlt was formed as & biologically stable brown powder.
Marther fractionation was achieved by extracting the powder
with methanol, diluting the wethanolic solution with water
and re-freeze-drying. btespite the product being relatively
pure its thernpeutic use wus limited by the lack of facilit-
ies to produce the antibiotic in sufficient quantities for
regeated aduministration necessary with the substance at the

level of purity achieved gt this particular tiume,

work on the incdustrizl production of the antibiotic
was conducted in the United States, There has been &

phenouenal increase in the number of antibiotics discovered
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and wuch attention has been directed towsrds developing der-
ivatives of some of the useful antibiotics in ordor that the

digadvantages of the natural forus ure overcouse,

3. iroject

“bhe alu of this work was to develop the sewi large~scuale
production, by bat&h culture, of two zntibioticsg of bacterial
origin, and to subsequently extract, partislly purify :nd study
the biological properties of the substunces. The zctive strains

were of rseudouwonas fluorescens and bacillus licheniforuis,

denoted by the strain numbers 179 und 2725 respectively.
“hese strains had been isolated by Lr. 4. T. Fuller.

4. rrevious Heporis of antibiotics Produced By the Organisms
Studied.

Ps. fluoresccns s~ Lo report of zn antibiotic produced

specifically by a strain of this orgmunism hae been discovered
since the revicw given by Florey et al (1949)12. Garre (1887)
first noted the antagonigtic effects of the species. When
grown on gelutin i% produced a diffusible substance which
inbibited Vibrio cholers znd Lacillus mycoides. Glitzky (1891)

recorded sismilar resulia ito Carre but noted that the substance

bad slight sction on Pseudononns pyocyasnen. Laws and Andraevs

(1894) showeu that the prescnce of Ps, fluorescens in sewuge

shortened the survival tiwe of yalwonella typhi. Frost (1904)

estublished that an inhibitory subsiznce from Ys. fluorescens

diffuscd through collodion, which was tuermostable, being
able to withstaud 12000. for st least 10 uinutes. Lewis (1929)
confirscd much of the work of rrest und in addition showed
thet the substanoe wus becteriostatic, wnd its ction was
selecvivey w.gs spore-foruing bucteria and uicrococcl were

very soensitive while bacterium coli was resistant. lhe

substaice wuss soluble in zlcohol, adsorbed onto charcoaly and

reiszined stable to drying for long periods. It did not innibit
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the str.in which produced it.

bettehe (1933) stuted that 'lipoids' isolated frou .s.
fluorescens werc buctcricstatic. nettehe =nd Vogzel (1937)
founc tuut in 2 broth culture the orgesniam inhibited Corync-

bocteriun diphtherise, B. wntbrscis wnd Surcine sp. znd to o

less extent staphylococci.

Lipriasnovs et sl (19:9)13 have deseribed an :ntiblotic

substunce froi =n unnaied specics of 2scudomonzg, strain 31,

which isp .ctive wuinly on gram positive anéd wcid fust orgunisus.

Hences,y, the orgunisn is. fluorescens huas Leen shown to

produce inhibitory substunces although little is known of

thelir chemicul nature, Tnis situation h-e prob.bly srisen

from ithe closcness of tue identity of the orgunise to Fs.
ocyunc:, this being so close us to leud sowe workers not

recognizing the soparate species of Ps. fluoresceng.

5. licheniforuiss~ : strain of B, licheniforuis (Jeigmann)

has been reported to produce an antibiotic, licheniforuin,
which comprises three biologically zotive polypeptide fractiona.
It was iirst reported by Callow and jork (1946)14 and found

purticularly wctive uguinst mycobacteria.

Srrizgada et _al (1949)15 described = sirain of B. lichen-
iformis (str. 45) which produced =n antidbiotic principle
which they numed syfivin., This substance wus later found to
be bzeitricin which is wluost exclusively zctive against
gr.m pozitive organismg. There zre threc ﬁrinéipal forma of

bucitracin, 11l of wbich uare polypeptides.
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ABTIBIOTICS FROM BACTTRIA
Antibiotica are the products of soil micro—organlsns and

of one group in particular, the Actinomjcetes. About gixty
agtibiotica from bacteria have been described of which a mere

. fbur or five bave 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 foilowing principal
sourcesa Journals of General ificrobiology, 1947—70; Bacterio—
logy,’ 1945-170; Blochemistry (Tokyo), 1960-69; and the mmerican
Chemical society, 1944-69; the Biochemical Journal, 1944-69;
Canadian Journal of hicrobiology, 1954-703 Annals of the New
York Academy of Sciences, 1948—69; Proceedings of the Kational
~cademy of Solences (UVA),.1948-69;.hxperientia,‘1945—69;
Kature, Lond., 1942-70; Antibictics Annual, 1953-60; Antimic-
‘rdbial.Agentp-and Chemothérapy,“l960-67; Chémical iAbstracts,
| 1940-703 Index kedicus, 1940-69; Biochemistry K.Y., 1956-69;
and Applied Midrobidlogy, 1953~-70, and selected volumee of
‘the Journal of untibiotlcs, 1946-68, Additional information
was taken from sntibiotics, Orlgin, ﬂature and Properties,
Korzybski gj_gl,, Pergamon Press, Oxford, 1967.

Iyrothricin (Gramicidin and Tyrocidine) A crude antibiotic
preparatioh'known'aé tyrothricin‘was iéolated frow cuitures‘
of Baci;;ggAbrevis'by Tubos (1939)7. It was subsequentlyl*
" shown to‘comprise twd‘biologically sctive peptide fractioﬁa,'

- 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 1%

tryptone‘and‘O.B% sodium phloride in tap water at a‘pre-ihoé—
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ulation pH of 7.0. The medium was inoculated and heated to
destroy the vegetative cells of the inoculum (10%. for

20 minutes), and then incubated at 37°C. for 72 hours, Mitchell
(1952)!%,

The antibiotic can be isolated by precipitating it, toget-
her with inactive protein, from the fermentation broth at pH
v 4.8. The precipitate is recovered and dissolved in alcohol at
the rate of 20ml, per litre of original broth. The sclution
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 alochol and 10 volumes
of a 1% sodium chloride sclution used to precipitate the puri-
fied antibiotic, 3tokes (1946)17. The antibiotic is recovered
by filtration and drigd over phosphorus pentoxide. The yield
ia about 0.1g. of tyrothricin per litre of culture medium.
Tyrothricin.ia acfive against gram positive mioro-organisma'
only e.g. MicTococcus pyogenes var sureus (20pg/ml. ), Strégt-
ococcus haemolyticus (1 Oug/ml.), Streptoodocus faecalis (20
pg/ml.) and is active against the yeast Candids albicans
(200yg/m1.). (The figures are minimua inhibitory ooncentrations)a

The antibaoterial activity of tyrothricin is diminisghed by
serum of whole blood. The Lbso'of the antibiotic by the intra-
venous route is l.2 mg/Kg.body weight. Owing to its gramicidin
oontent tyrothrioin haemolyses blood, hence it can only be
used topicallye. At relatively high conoentrations it is ﬁon-‘
toxic to the skin, | |

Tyrothricin preparations are employed in treatment for
three reasonss 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 atébility of emulgions of
gremicidin in solution. The mixture has been used to treat
mastitie in cattle and in proprietary medicines, e.g. 'Tyrozets'
(4ercky Sharpe and Dohme Ltd.). |

The preparationn of tyfothricin aré soparated'into the
granioidin and tyrocidine components on the basis of their
different solubilities. Tyrothricin is mixed with e 1:l mixture
of acetone and ether resulting in a solution of the neutral
gramicidin fraction from which, after GVaporation,-crysfalline
preparations of;éramicidin,are obtained from hot acetone. The
.aéetone/etﬁer‘insqluble feaidqe contains the tyrocidine., The -
tyrocidine bydrochloride ie prepared by disaolving”fhé"residue
“in hot“absolute alcobol and precipitating the hydrochloride
with a 0.1 N, alcoholio soiution of hydrochloric acid. The
tjroqidipe fraction sccounts for 805 of‘the tyroth;ioin mixture.

The gramicidin fraction consgsiats of several thee of peptides,'

ach having no free scidic or basic groups, Gregoxy and Craig
(1948)~ . These peptides are not mobile in an electric field
‘and no 2,4 diniﬁro-fluordbenzena derivatives have been obtained
Tsiénifying that.fhey,are.cyclic peptides. Their mean:moleoulgr
weight is about 2,800 and they contain residues of leucine, |
isoleucine, tryptophan, valine, alanine, glycine, etha’ziolamine,
phenylalanine and tyrosine. The complete structure for any

of these peptiues has not beeh reported,

fo 1 1east five gramicidin fractions are known, gramicidin
4 acounts for 80% of the whole. Ishii and witkop (1963)19 and
-,(1964) showed that gramicidin A is chemically inhomogenous.
Iaoleucine is found 'in the molecule of grasicidin A in
varisble quantities. The sum of valine and isoleucine is
constant in all saumples indicating a new variety of gramicidin,

© Gramicidin A is a mixture of 60-80% valine gramioidin end
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40-20% isoleucine gramicidin.

Sargés and Fitkop (1964)21 consider grawicidin A to be a
linesr peptide because formic acid has been found by gas
chrouatographic analysis of the antibiotic., Mild methanolysis
of gramicidin A gave 'seco-gramicidin A', a compound with a
‘terminal --NH2 group, Ishii and %itkop (1964)20. This they say
is evidence that the terminal amino group was blocked prior

to methandlysis, by an k- formyl group.

Gramicidin is principally bacteriostatic but in bigh
concentrations it is also bsotericidal and is exclusively

active against gram positive organisms. Micrococcus pyogenes

var aureus and Streptococcus faecalis are inhibited bY conce-
ntrations of 100 and 60pg/ml. respectively. Neisseris meni-
‘ngitidis and N. gonorrhoese are both inhibited by 200 mg/ml.
Resistance to this antibiotic develops easily. Extracts from

gram hegative bacteria, milk and serum all antagonize its
action. It is only effective when brought into direct contaot
with the sensitive organisms. It it inactivated by digestive
enzymes, hence it cannot be adminiatered orally., The LD50 for
mice by the intravenous route is 3.75mg/Kg. body weight. Some
derivatives have been prepared with the aim of iedncing its
‘toxicity, one of note is hydroxy-methyl gramioidin obtained
by treating gramicidin with formaldehyde.

The tyrocidine fragtion contains mixtures of salts of
similar basécvpeptides having free amino groups and a mean
molecular weight of 1,300. Three types have been described.
Pelandini and Craig (1954)22 determined the structure of tyro-
" cidine A which is a cyolic decapeptide, see overleafs
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Tyrqcidine Al

L-Leucine
L~Ornithine ;:Fhenylalanine |
L—Yﬁiiﬂng~w;»iL“iu; . L-P{fline
l=Tyrosine o ‘ - L-Phenylslanine
L-Glutamic acid : D-ngpylalanine

: ﬂilspartic acid
(The arrows indicate peptide linkage from CO torﬁﬂz) :

'The bnly doudbt femainingyis which of the COOH groufs of
‘the slutamlc and aspdrtic acld residues are .involved in the
peptide linkages. Tyrocidlne 4 has been syntheslzed by Ohno
and Izum1ya (1966)

Tyrocidlne B possesses L-Tryptophan in place of L-phenyl—
alanine, King and Craig (1955) s and tyrocmdine C hag D=
tryptopban and L-tryptophan in place of D and L— phenylalanine
respectively, Ruttenberg et et al (1965)25

Mach and Tatum (1964)2 measured the incorporation of
labelled tyrosine, ‘leuoine and tryptOphan into Bacillus brevis

culturea which were syntheszzing tyrocmdlne. They found that
‘thegproportions of tyroqzdines 4y B and C were about 1s3:7 _
and - that the amounts“bfyphényknlanine and'tryptophan available
ﬁere responsible for the relative concentrations of tyroqidines
Ay B and C. | | |

Tyrocidine is bacteriostatic and.bacteriogEic to both
gfam positive‘and graﬁ negative bacteria. The minimum inhib-
itory concentrations for the following organisms are:
MicTococcus pz_genes var aureus, 140pg/ml.) btreptococcus
haemolyticus, 8ng/m1.; Streptococcus: faecalls, 160pg/m1. and
Neisseria gonorrhoeae, QOng/mI. Like gramicidin, tyrocidine

must be brought into contact with the sensitive organisms if
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it is to be éffective. It is.inactivated by digestive enzymes.
It has not been used medicinally despite it being less toxioc
than gramicidin or tyrthricin., Its LD50 for mice intravenously
is 25mg/Kg. body weight.

" Tyrocidine appaears to affect the lysine and glutamic acid
uptake of bacterizl cells, Gale and Taylor (1946) « Anderson
(1947) congidered it to act as a surface active agent, kach
and Slayman (1966)29 found that tyrocidines affect RNai, DNA

and protein synthesig in Neurospora 8p. with subsequent

irreversible release of X' ’ nucleosides, nuclelc acids and

protein into the medium.

The biosynthesis of tyrocidine and gramicidin hag been
ivestigated in some détail particularly in cell-free systems,
Hach and Tatum (1964)26 isolated a series of enzymes from
Bacillug brevis, one of which was capable of incorporatihg

either phenylalanine or tryptophan at certain sites. Thgy :
. 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
bad the ability to synthesize'tyrocidines and found that the
formation of the antibiotics was directly influenced by the

amino aclid concentrations.

Okuda et ai (1964)31 found that the specificity'of'pepti&ev
biosynthesis resided chiefly in the soluble components of their
- cell-free system rather than in the ribosomal partlcles. D=
valine was found to be incorporated directly into gramlcidin
rather than being deered from Levaline at a later stage in
polypeptide formation., Uemura et al (1963)32 had already
concluded that gramlcidln and tyrocidine biosynthesls regembles
protein synthesis. Okuda et al (1964b)33 foundrthat L-amino



" acids were activated via an adenylate which is incorporated

into sihdA and transferred from asmino-acyl aRNA to ribosoues,

D- amino aoids on the other hand are more readily aotivated

but are poorly incorporated into sRNA and an alternativo carrier
is undoubtedly used.,

What use are the antibiotics gramioidln and tyrocldine to
the baoterlal cell producing them? One auggestion is that they
~bind to macromolecules and thus play an important rSle in the

regulation of various cellular activities, Weinberg (1968)34.
‘This suggestion arises from the fact that most‘of'the‘antibi—
otic yield‘from a oulturé appears after the éipénential phase
prior to sporﬁlation‘and.hence may play an active. part in '
spore produotion. Woodruff (1966)35 ooncludedvthat antibiotics
in general are waste products of the cell formed af ﬁ tice
when an essential metasbolite becomes limiting.

Gramigcidin S Gauze-and'BrazhnikoVa‘(1944)36 described this
antibiotic as being a product of Bacillus brevis. A suitable

fermentation ‘medium conaisted of 1% glucose, 0.5% sodium chloride,
O.lp X HPO4, and 1% peptone in a 1% yeast hydrolysate broth at

pH 7.0, Maximum activity was achieved after 6-7 days incubation
at 42 °%. 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 455—4.1, the-gdditioé of 3%
sodium‘chloride facilitating this.precigitafion. A8 precipit-
ation of the antibiotic was not complete at this ataée‘the
process was repeated. The crudé gramididinis hydrochloride
was recovered by centrifugation and dried., The lipid contamln-
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 solution decolorized with
'_ charcoal. Gramicidin S cr&stallized’from the acetone solution
filtrate. Yields of 0.4-0.5g/1e of culture were typical,

Gramicidin S hydrochloride is soluble in water, acid and
alkaline solutione. It is a coyclic decapeptide. Synge‘(1945)37

determined its structure which is shown delow:.

_ l=Leuoine

l-Ornithine ) \D-Phqnyialanine ‘
LaValiﬁ§)7 - B ] : | L-Prolinn
L—Pégli . o ' L»Valine
D-Phenylalanine L~0rnitéine
' L-Leucine

The stméture’ of gramicidin § resembles that of tyroci-
dine A (pg. 22) in that moiety sbove the borisontal line. In

‘ ~ gramicidin £ the polypeptiddlmoiaty is repoated below the line.

"~ Gramicidin § has been syntheaized by Schwyzer and Biebar
(1956)38. Bredesen et al (1969) have datermined ‘the order
in whieh anino acids are utilized in the bioaynthesis of
gramicidin S5« The order im: Luphenylalanine, L—proline, L~

- -valine, l~ornithine, then L-leucine, Kleinksuf et al (1969)40
have shown that 1n the synthesis of gramicidin S, as in other
protein/peptide ayntheaea, an amino acid hae to be activated
prior to it being added to the preceding anino aoid.

Geveras ot sl (1969)% have extracted and purified a 100
~ fold two complehentéry fractions from Bacillus hrévis (RCTC
| 9999) sufficient for gramicidin synthesis 'in vitro's _

' Fraotion 1, whioh had & moleocular weight of 280.000, is &
camplax responsible for aatiVution, by pyrophosphate diapla—
cement in TP, of four constituent amino acids, Levaline, L
‘ornithina, L-leucine and L-proline. Fraction 2y molecular
| weight 100,000, activates ané 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 acids and their combination leads
‘to antibiotic synthesis. These compiéxes have been isolated
by gel filtration, Fraction 1 also catalyses AMP-ATP exchange
_ inffhe presence of each of the four L amino acids, but at a
rate twénty:times slower using equivalent énzyme quanfities.

Aoyagi et al (1969)42 héVe obtained analogues of gramicidin
S which d1d not differ in biological properties from the natural
gramicidin. The analogues contained e1ther D-valine or L-leucine
' in place of. D-phenylalanine. '

The oyclic structure s rather than the‘simultaneous

presence of D and L amino acids, is considered responéible

for the antibliotic properties of gramicidin S, The sequence
of amino acids is not considered responsible for such properties.,
Erlanger and Goode (1954)%3 considered the sotivity of the
antiblotic to beAduevto‘the‘ingbility of bacterial engymes to
break up the oyclic stfubture, a'cyolic structure being

? atfaoked by very specific enzymes, deé¢ribed as ‘endopeptidases‘.

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

, :Grémicidip S is bacteriostatic ahd‘bacfericidal for hany
gram pasitivevAnd,g¢id:fast}organiems. ?athogenic-fungi and
sqme'protozoa‘are”sensitive to it.'At relatively‘high concent-
rations the antibiotic is bactericidal for gram hegative orga=
nisms of. the typhoid—paratyphoid-dysentery groupe ‘The spectrum

of gramicidin S is given overleaft '
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Micro-organism H.I.C.(pg/ml)
Niorococcus pyogenes var aureus B 10,0-25.0
Streptoooccus haemolytious ‘ 12.0-25.0
Bacillus anthracis 2540
Clostridium perfringens 7.0-10.0
Corynebacterium diptheriae . 50.0
kycobacterium tuberculosis | 10,0-200
‘Paramecium caudatum 20,0-40.0

" Salmonella typhi 100
© Candida albicans - | . 2540

The antibiotic is haemolytic. Its toxicity is quite low.
A subcutanecus dose of 40mg/Kg. body weight in mice is not
toxic. At concentrations of 400-800pg/ml. it does not irritate
the skin neither are cbncentratione_up to 0.7Tmg/Kg. body
welght toxio to the body cavities.

Solutions of 400-800pg/m1. in a 4% alcoholic solution
have been used to swab wounds and burns. It is generally applied
_to aurgical dressings and is usaed in eye and ear Arops 6.8
‘Sophradex® (Roussel Laboratories Ltd.). | '

The mode of action of gramicidin § is said to be on the
ocell mewbrane. Pressman et al (1967)44 considers all oyclic
‘pOIYPeptide~antibiotics,ﬁincluding,gramicidin Sy to have the
ability to bind with potassium ions and protons (but not Na*),
It becomes an ?ionophore' or 'membrane carrier' 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 'leaky'. ‘
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Gramicidin S is oonsidered to act as an uncoupling agent,
an inhibitor of oxidative phosphorylation. Loomis (1950)%°
showed that gramicidin S could act in this way and this oould
_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 ug*+ at much lower
concentrations than insensitive components, Gramicidin § is
an inhibitor of photophosphorylation, Avron and Shavit (1965)47.

Gramicidin J This‘additicnal variety of gramicidin was reported
by Otani and Saito (1954)48 as a product of a strain of Bacillus
brewis, Gramicidin J is composed of two fractions which are

represented structurally as follows:
Gramicidin J1
' L=Valine —>L-Ornithine —> D~Phenylalanine —> D-Leucine
N - .
D-Ornithine «————— L-Proline <——— L-Phenylalanine
Gramicidin Iy
L-Valine —> L-Ornithine —>D-Leucine — D-FPhenylalanine

D~Ornithine < — ' L-Proline

The structure of gramicidin Jy» in particuler, resembles
that of gramicidin S. Otani and Saito (1964)%° have reinvest-.
igated the structure of gramicidin Jl end as a result of amino
acid analyses, infra-red absorption and X-ray diffraction
studies have come to the conolusion that gramicidin J, and S
are probably identical.

The antimicrobial spectrum'of gramicidin J is given
6verleaf, Tomibka‘gj_gl,(1960)5°. The methane~sulphaenate
derivatives of gramicidin J do not differ much in their
bio}ogical activity from the natural variety but are about



.29

three times less toxic. The LD, . of gramicidin J by the intre-

peritoneal route is 23mg/Kg. bzgy weight.
. Hicro-organism o HeI.Co(pg/ml)
Mierococcus pyogenes var aureus 2.5
Bacillus subtilis . 5.0
Pseudomonas aeroginosa - 10040
Klebsiella pneumoniase 50,0
Escheriohia coli o | 10040
Salmonella typhi | o . 100.0
lyoobacterium avium ’ ‘ ' 540

' Candide albicans | 25.0
Corynebacterium diptheriae S - 1,0

. Diplocooccus pneumoniae . - . ‘ ‘ 1.0

The Poluyxins and Circulins Benedict and Langlykke (1947)°%
reported an antibiojio produced by Bacillus polymyxa which
was almost exclusively active against gram negative bacteria,
Ainsworth et al (1947)52 reported aerosporin, an antidlotic
isclated from Bacillus gerogggrua (Gruer), later found to be
o_polynyxa. Stansly et gl (1947) discoversed en antidiotic
they called polmyxin which was produced by Be polymyza. All
these substances belong to the sane group of peptide antibiotics,
of which one, polymyxin B;:is produced industrially. B. polymyxa
producss several factors designated polymyxin A=E, exhibit-
ing similar activity. Some atrainakprodnce A and C, others B
or D, some just E. A further variety of polymyxin was reported
by workers in the USSRa , called polymyxin M, produced by B,
ol a (Hoss). Murray and Tetrault (1948)7 4 desoribed ,
oirculin 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 colistins are
identical with two of the polymyxins.
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A The production of the'polymyiins has been carried oﬁt in
a medium oontaining corn steep llquor, glucose and salts,
Benedict and Langlykke (1947)5~. Lelson et al (1950)55 bhave
Teported a method of fermentation with 8. circulans, 3 19.

The fermentation was done in a medium containing_zﬁ dextrin,
 2ﬁ oatméal, 1% ammonium sulphate, O.4% potaseium_éhlo:ide;

0. 5% calcium carbonate and 0.04% moné-potassium'phosphate, pH
6.5-7.0. The incubation temperature was 24°C. and the duration
70 hours. ‘

© Aotive preparétions wefé obtainéd by adsofptibnvon'cbarcoal,
washing the charcoal with water, ethanol and anhydrous methanol,
and elution with acid imethanol. 10 volumes of acetone were -
'added to the eluate, vhen & white preclpltate formed containing

polywyxin salts, btansly et al (1951) 6. An alternatlve method
flnvolved extraction with isopropyl alcohol from the fermentation
broth saturated with ammonium sulphate, Porter gj;gl-(l949)51. |
further purification was achievedlby ﬁrecipitating the insoluble
‘salts of the polymyxins e.g. the picrate, which can be conVerted

to the hydrochlorzde or sulphate..

The circulins can be. extracted by adsorption on to an
 v1ct1vated charcoal coluumn under neutral conditions and- eluted

with an acidified 25% solution of tertlary butanol at pH '
2.574.0, circulin B leaves the coluusn first.

Khokhlov et al (1960)5 reported the extraction of poly—,.'

'“myxin H by means of ion exchange resin,.

,»1Polymyxih hydrqchldride and sﬁlphats‘are bdth soluble in

:' §ater, whilst the base is iﬁsoluble.’ﬁqueous soiutibns of the
bydzochloride are acid (c. pH 5.0). The polymyxins are stable
~ between pH 2 and‘T, even. when hoated, but at more scid or “

1

alkaline pH values they lose their activity.
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The polymyxins and oirculins are peptideswith molecular
weights ranging between 1000 and 2000. All hydrolysates contain
the basic amino acid La§diamine butyric acid (DAB). Hyrolysates
elso contain a lipid fraction from which L(+) 6 methyl-octanoie
acid has been isolated,'The'besic.nature of the antibiotic is
due to the ¥ amino groups of the DAB. D-leucine is found in all
except polmyxin C. As no free carboxyl groups have been detected
in molecules their étructure is assumed to be cyclic.. Polymyxin
M differs from.polymyxinsB and C in not ocontaining phenylala-
‘nine and differe from polymyxln D in not contalnlng serlne. It
differs . from polymyxin E in that it cannot be precipitated by
~ammonia or alkali. The absence of nephrotoxicity d;stinguishes

it from polymyxin A.

Nefelova et _al (1969)59 studied the influence of cultural
conditions on the growth of B. Qelxmxxa and production of '
- polymyxin M. They found, of the vitamins, only biotin stime
ulated growth and productlon. Kachan (1968) “obtained contra-
‘dictory evidence, he found inogitol and pantothenic‘acid.

stimalatory.

Haussmann and Craig (1954) found thatfﬁolymyxin B was
comprised of ‘two components, B1 and Bz. Polymyxin E also
contains two components, El and E « The structures of polymyxin

1, BZ’ El’ and M have been deterilned. Wilkinson and Lowe ‘
"(1964) y determined the structures of Bl’ B2 and El’ Sllaev
et al (1965) of polymyx1n ¥, and Hayashi et al (1968)
clrcullns A and Be The various structures are presented

ovrleafa
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vPolymyxins Bl, Be and El.

L-Leucine : >DABfNH2(X)
X o D4B-NH, (¥)
(X)HQN-DAB 3 L-Threonine
: fké’//(//
A ot
DAB-NHQ(X)
N
L~Thrﬁoninev
. - IN .
DA@KNHZ(X)
.

(‘In polymyxins Bl’ R = 6-methyloctanoy1 residue, X = D-phenyl-
- alaninej Bz, R = 6—methy1heptanoyl residue, X = D—phenylalanine;
and Ll’ g = 6-methyloctanoy1 residue, X = D-leucine)

Polymyxin M.

D-Isoleucine I DAB—NHQ(X)
(§)B,N=DAB DAB-NH, (¥)
L-Threonine e L-Threondne

\‘ /
DT;MV' i
DAB-NB2(X)
L—Threohine

/]

DAB-NHé(&) -— R
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( In polymyxin M, R = 6-methyloctahoy1 residue).
Circulina A ghd B,

D-Iso;eucine‘_f_____aDABINHZ(X) '
L-Leugine DAB-NHZ(X)
(X)KHZ-DAB | Threonine
DAB-NH, (Y)
Threonine

- DAB-nna(X)

o R
( In circulin A, R = 6-methyloctanoyl residue; and in circulin
- By R = iso-octanoyl residue).

'The antibacterial spectrum of polymyxine A, B and D are

given below: 

Micro-organism - : | M.I.C.(pg/ml.)
) | R ,‘APolymyxin{.

L - . | A B | D
Salmonella typhi - . 0.25 0.25 0.30
galmonella schottmeulleri 0.125 | 0.25 | 0.30
Shigellé paradysenteriae 0.016 '0.03 | 0.04
Escherichia coli 0,25 | 0.25 | 0.30
Brucella‘bronchmseptica - - 0.125 0.125 | 0.15
Brucella abortus | " 1,0 | u.0 |1.25
Vibriq comma B 0425 0.25 | 0430
Aerobacnter;aeroéenes‘ ‘ _'_ Q.25 " 0.25 | 0445
Erysipélothrix muriseptica * 0.25 6.25 0.45
Péeuaomonas aeruginosa S 1.0 2.0 1.5
Klebsiélla pneumoniae 2.0 2.0 2.5
7Haemophilus pertussis : ' 0.25 . 0.25 0.15
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( The antibacterial spectrum of polymyxins Ly B, and D are
after Brownlee (1949)6?>

Concentrations of the antibiotic higher than 4pg/ml. are
 necessary to inhibit the growth of Streptococcus mitis (viridans)j
Streptococcus pyogenes, Micrococcus pyogenes var aureus and '

Proteus vulgaris.The sensitivity of Escherichia coli, Aerobacter

aerogenes and Pseudomonae 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 influence od the

activity of polymyxin A and B, but less so omb D,

The mode of action has been regarded as to be like a detergent,
Anderson (1947) ; ‘The polymyxins being detergents w1th polar
" amino groups and non—polar aliphatic chains of 6-methyloctanoic '
acid. Newton. (1956) - obtained results which seemed to confirm
‘this theory. He found the polymyxins inorease the permeability

- of the. cell membrane. Lells of Pseudomonae aeruginosa treated

4with Polymyxin B, when observed under an electron microscope,
vexhibit marked morhological changes. The polymyxin binds to
“the cell membranes of sensitive cells, insensitive cells show
some binding affinity. Koike et al (1969) 61 found that
polymyxin B causes numerous pro;ections +to appear from the cell
wall of Ps. aeruginosa leading to cytoplasmic streaming. .On-

whole cells and protoplasts.of Ee._coli bleb-like projections
are formed and very soon lysis ensues, The blebs are derived
from the outermost layer of the cell walls. The polymyzins
may function as ‘ionophores', Pressman et al (1967)44

‘Tenbere(1969)68 found that penicillin induced sphaer-
.oplasts of Proteus mirabilis were susceptible to polymyxin B.
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Yhen the pehioillin was removed and the cells permitted to
return to their originel structure, the susceptdbility was lost.
This is evidence for the lack of permeability of the cell wall
to thils antibiot;c being the reason for insusceptibility,

The acute toxicity of the polymyxins varios., The LDy, doses
of three polymyxims for mice is as follows:

Polynyxin 3ubcutaneoua Intravenous Intrsperitoneal
A 8.5 6.9 13.9
B 82.5 - 641 12,1
¢ 160, . 1.9 : 2445

“lthough polymyxin D is the least toxic, polymyxin B is
vusad in preference because it igs the least nephrotoxio.
 Polymyxin I sulphate has been used against Ps, seruginosaa,

Aerobacter aerogenes, Klehaiella_pneumoniae. igcherichia ooli,

Haemophilus influencae and the shigella group of or¥genisus, It

is especially'useful in the treatment of urinary infesctions
caused by Ps, seruginosa. Polymyxin B is used together with

gramiocidin to give a wide spuctrum of asctivity,

Polymjxin B has been used to suppress conteminzting oxg-
anisms in brewing., 0.5 ppm added to the fermenting wort is
effective &nd does not give any off;flavour or odour, atraéﬁkov

,<1964)“9

The spectrum and toxicity of the circulins are similar to
the polymyxins.

" Bacitracin This‘ie the collective naume of a group of poly-
peptide antidiotics isolated from cultures of Bacillus subtilis,
Johnston et al (1945)70 were the first to report it,

Originally the antibiotic was produced in surface culture
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in a Bynthetic medjum composed of glucose, glutamic acid and
mineral salts, by inocubating the inoculated medium at 37°%.
for 3-4 days, Yields were of the order of 4-8 units per m1,” _
For the industrial production by submerged culture Inskep et _al
(1951)7 used a medium containing soy bean meal and the yields
were higher, 15-20 unlts/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 fermentatlon. Snoke (1960)7 found yields were stimilated ' .

by isoleuoine, cystelne, glucose and an unidentified factor in

the soy bean,

The methods of extraction have been improved..One recent
method ! is as follows: the fermented mash is clarified with
oelite‘and the antibiotic precipitated as a zinc”complex with
zinc sulphate.-The precipiiate'is recovered, waehed with water
and dried 'in vacuo', The zeedvery at this stage is 97%. The.v
zine oomplex is dissolved in a minimul amount of methanol
and the - solution adjueted to pH 7.5 and passed through an ion-

exchange column (acetate form),

Theeeffiuenf isiqoncentrated, acidified and filtered
.thrdﬁgh abtivated charcoal. The filtrate is neutrallized,
‘treated with zinc eﬁlphate and the precipitate.récovered_by
‘ centrifugation and lyophilized. A 69.3% recovery is achieved
with a product having a potency of 55 units/mg. Alternatively
the methanollc solution can be percolated successively through
cation active resin (H® form) and anion active resin (GH form),
The effluent is then extracted with half volume butanol, the

extract concentrated in vacuo' and flnally lyophilized. The

*The unit of bacitracin is defined as the activity exhibited]
by‘23.8pg. of dried master standard (U.S. Pharmacoepia)e.
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recovery is similar to the previvus metbod 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
H.HC1lj; it is most stable between pH 4 and 5.

’Thevbacitracins are all peptides with a molecular weight
of about 2,700, They mpé not decompcsed by trypsin or pepsin.
There are three main forms of bacitracin, 4, 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 conditionms.

" The types of baoitiabinshgve b@en separated by countep-
current digtribution, paper chromafography and other methods.
Craig et al (1952) 14 used a countercurrent dystem oomposed of
3% acetic acid in s-butanolj Newton and . Abraham (1950)75 used
one conmposed of amyl a}jcohol/n-butanocl mixture against pﬁ T
aqueous phosphate buffer. Aida et _al (1958)7 ‘used paper
vchrcmatography with an n»butanol/acetic acid/water system
- (411122). o

Esch type of bacitracin (4 B or C) is composed of twelve
amino acid residuesg'The A and B varieties appear to differ
in that one isoleucine residue (x in‘the_atructure\given
below) in bacitracin A is replaced by valine in bacitracin B.
Hoet of the amino acids are of the L configuration, eidept
-phenylalanine, glutamic aoid, ornithine and: aspartic acid
‘which Yelong to the D. series, Abrsham (1957)77
'in bacitracin A the. amino acids form a aix—membered ring
with a side chain. : '

‘proposed that
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1~Histidine ¢ D-Phenylalanine < L-isoleucine
D-Aspartic acide L=pspartic ao;diaL-Lgeina;—a D;Or;Ithgne‘
LnIsgeeuoine
Ipcle;amio acid
l-Leucine

N

L-Cy§3eino-——f1

L-Isolsucine |

one of the L-isoleucine residues is situated at the amino
end of the peptide chain. This residue is connected with the
adjacent cysteine residue forming a thiézdlidine ring by
condensation of the carboxyl grbup of the isoleucine with
the amino and thiol groups of the cysteine, Newton and Abraham
(1953) . It is thought that there is & covalent bond between
this terminal L-isoleucine and the D—phanyislaninn residue.

Bernlohr and lNovelli (1959)79 and (1963)80 concluded that

‘ hacitianin ie produced only under cultural uohditions that
promote apore formation, since the greeter proportion of the
antibiotio oocurs at tho past—log phase when there is active
spore formation, It 19 thousht that a similar state of affaira ,
ocours in the bioaynthesia of the polymyxins, cirnul&ns, subtilin,
and polypeptin, Bacitracin is considered to be a component of

the cell wall and is roleased on enaymatio lysis during aporul—
ation. Harschke and Bernlohr (1969) daing 140 labelled I-L
ornithino found that bacitracin does not constitute a quant~
~ itatively significant component of the spore coat although

it has been implicated as a struotural component of'the spore
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coat of Bacillus licheniformis., Weinberg (1967)34 bas hypoth-
esized as to the signifioance of bacitracin to the organiem

producing it.

Snoke (1961)82 has found that the biosynthesis of bacitracin
is dependent on lL-leucine, L-isoleucine, L-bistidine, L-aspar=
igine, L-ornithine and L-oysteine. Glucose was stimulatory.
D~phenylalanine inhibited synthesis but this inhibition was
reversed by B-phenylalanine. Stoffel and Craig (1961)83 have
suggested that the dodecapeptide isg formed prior to ring form-

ation.

Arriagada et al (1949)15 described & strain of B. lichen
iformis which produced a biologically active prinoiple called
ayfivin. It was subsaqueutly shown to be identical with
75. The same strein also produces the lioheniformins;‘
the C:N ratio being decisive in the ratio of bacitrasoin to
licheniformin produced. '

bacitraoin

Bacitraciﬁ is prinoipally active against gram‘posifive and
acid fast organisms. Its antimicrobial spectrum is given below:

Micro-organism S B M;I;C;(ps/mlo)'
btreptocoocus haemolyticus L 045-0,1
Pneumococcus 8Pe C - 2.0-0.04
MicTococeus pyogenes var aureus 100.0-1.0
Corynebaoterium diptheriaze : 0e3-0.08
Neisseria meningitidis = | 0.2

" gonorrboeae o 0.12

' Bacillue anthracis -~ 80.0250.0
Haemophilué influenzae 12.6
Clostridium perfringens (welchis) 0,5-0.04

o tetani 10.2-0,12
Actinomyces israeli | | 1.5-0,1

Treponems pallidum ‘ 0.08
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‘The antibiotic ia inactive agaihstvthe—producing organism,
regcherichia coli, Aerobacter aero enes.f?rotous vulgaris,

Pseudomnnas seruginosa, Clostridium asloaligenes and
‘Salmonella typhi even at a concentration of 1000pg/ml, Its
activity is enhanced in the prosenoe of certain metallic iona.

partioulaxly zinc, Weinberg (1459) 4

The bacitracins are too toxio for systemic use as they

" are nephrotoxic. Iniravenous doses of 342mgs of bacitracin A

and 500mg, of B per Kg. body wolght are toxic to mice, Newton
et _al (1953)8 |

Bacitracin‘is employédltopically‘infﬁumah and veterinary
‘medicine. It is used as a feed supplment for pigs and poultry
leading to higher conversion rates. The oobalt and the zine
'salt huye been added to silage to ouppress undosirable org~

' anisws, Backman (1965)

Paine (1951) 7 auggaated that the mode of action of baoitraoin '
right be sinilar to that of penicillin, namely on the cell wall,

A .Eotta et et al (1965) 1aolatod l-forms of group A streptoooocci
“which had been exposed to bacitracin. The bacterial popul-
ation had the morphology and: yrog;ties similar to those uhich

‘had been formed by exposure to penioillin. Bacitracin does
act on the protoplasts of the organism which ayntheaizes it.

Snoke and Cornell (1965)8 found that Bacillus licheniformis
-projoplasts rapidly lysed when exposed to the antiblotic,

They found that the action wae dgpendanﬁ on the amount of
baoitracin present and on the amount of either cadmium or
zinc ions present. ’ ' '

Rieber ot sl (1969)7° have concluded that bacitracin inter- |
feres with celluler division and leads to membrane disorgan—
1zation, Rieber and Ingeda (1969)9 observed that Hycobacteris
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expoged to'baoitracin produce tubulos and babteriophagéélike'
particleao Hence it appears that Paincs‘ suggestion for the
mode of action of bacitracin was correot. »

‘Smith and Weinberg (1962)%2 concluded that of the clinic-
ally useful antibiotics bacitracin 'is unique in that it
denonstrates a dual mode 6f actionz a) it suppresses the
‘synthesis of cell walls and b) 1% inhibits protein ayntheais

*in some susceptible organisms e.g. Staggxlococoua aureus.

. Thera is an excellent review on banitraoin by Biukey in
Hookenhull (1964)%3. - «

Nisin Rpgérs (1928)94 was the firet person to report an inhidb-
itory substanoe produced by Streptocoocus lactiu. Mattiok and
_Hirsch (1944)% dimcavered nisin, an antibiotio produced by

S. lactis, uhich was actlive against gram positive micro-

" organiems and later found it to inhibit Mycobacterium tubere.

~oulosis, Oxford (1944)9 desoribed the antibiotic properties
| of a protein substance produced by Streptococous cremoris '
which he named diplocoécin. Nisin and dlplocoocin were-fhougﬁt
to be identical but different antimicrobial spectra showed '
that they wera difforent aubstancea.

Hattick and Hirsch &rev the active strain in a medium
oompoaed of 1,5% glucose, 0.3% yeast extract, O.3% sodium
chloride, 0.6% sodium citrate, 1% dipotaasium phoaphate and
0.02ﬁ magnesium sulphate, pH Te24

shkundova (1968)77 found that the production of nisin was
more rapld in a medium containing 6% milk hyrolysate in whey.
He found that the blosynthesis of nisin corraaponded’with
the increase in cells, reduotion in pH and oonaumption of
lactoee. BaranOVa and Egorov (1969)9 found that the presence
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of acetate decreased the antibiotio Yield on aerating the
medium, Glucose, sucrose,fructose and mannose were beneficial
to synthesis, sugar alcohols were nqt; Potassgiunm dihydrogen _
phosphate was found to be the best inorganioc phoaphate source
to use, at 2.0-3.0%. | |

The antibiotio aooumulates in the cells and is liberated
- into the medium by aocidifying to pH 2. In fact 60% of the
nigin 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 dentrifugation and the clear fluid extrsoted with 1/20 th
volume of chloroform plus 2% sec. alcohol at pH 442=4.5. To_
the chloroform exiract, separated in a supercentrifuge and
cooled to 4°C., anhydrous ethanol is added in order to preo-
" ipitate the active material, The preoipitate is disaolvad
- in dilute hydroohlorio acid, the pH adjusted to 2.5-3. 0 with.
sodium hydroxide and an equal v°1ume of ethanol added. The

o inactive preoipitate is discarded and the solution

oonoentrated 'in vacuo', adjusted to pH 4.0 and set aside in
a refrigerator, The precipitate thaf forms is reocovered and
.dissolved in dilute hydrochloric aoid and lyophilized. At '
this stage the - -recovery is 20% Further purifioation is

‘ oarried out by diBSOIV1ng the lyophilized material in dilute,
acid followed by preoipitation of the inactive material from
the solution at pH 6 and. fractional precipitation with godium
chloride. The product has a potenoy of one million units/ng.,
( lmg. of standard preparation of nisin hydrochloride

‘contains 104

units, 1 unit ] 0.1}180)

Nigin is the colleotive name for a group of polypeptide
antibiotics among which nisin A, B, C, and D may be disting-
uished. They can be sepérated by countercurrent distribution,
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Berridge (1952)loo

Hyrolysateé‘of nisins A,VB,_cy and D contains the following

amino aoidsi leucine, isoleucine, alanine, glyoine, proline,
~ aspartic aoid, histidine, lysine, lanthionine and cystathi&niue.
“Nigins A, B, and C each contain two moleoules of valine and . |
methionine, whioh are absent in niain-D; nisin. Dy hoiever,
contains glufamio acid, Nisin hydroohloride has about 5% sulphur
and a molecular ueight of about 75000. The structure of any of
‘the nisins hse not been ‘reported, An lsomer of ey;tathioncgg_y“'
)Bdmethyl lanthionine, is found in hyrolysates, Newton et al
(1953)101. The ratio of this amino acid to lantbionine is.

114, A similar ratio is found 1n subtilin,

| Nisin when pure is a white powder, soluble in water at
pH 2, but is precipitated when the solution is neutrelized.
A solution of nisin hydrochlorida containing 0.1mg/h1. has
a pH of T,

’ Dgta obtained bylﬁuret,(formerly Hirsch)(1966);°2 suggéétgd
- that the bdiosynthesis of nisin'resembles'protein’biosyntheais
5 since they are equally sensitive %o inhibitors such as chlor-
‘smphenicol, puromyocin and terramyoin. '

'Kisin inhibits Streptococcus, Pseudomonas, mome Neisseria,
Bacillus, Clostridium, Mycobaoterium, Lactobacillus,
Corynebaoterium and gctinogzoeg aps, It aleo 1nhibita

Micrococcus gzogenen; Neisseria meningitidis and K. ogggrrhalia_
- a¥e lngensitive, Nisin is not very toxic, When injected - a

 intravenously into rabbits in doses of 50mg. daily for 18 days
~-1t’oau§ea no loas in weight. The onlj change observed is the |
gradual obliteration of the veins in the ears, Korzybski et al. =

The antibiotic is employed in cheese manufaoture, partice
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ularly p:oqeused'and‘nutoh‘cheeses. It is employed in canning
fruit and #egétahles and in chooolate menufactére. Ite presence
in cans of food reduces the temperature and timevneeded to
sterilige the contents. Nisin owes its importance as a food
additive to the faot that it inhibits the germination of
bacterial spores. Its use has been reviewed by Tramer (1966)
and Hall (1956)1"4

103

The Licheniforming The antibiotic 1i cheniformin ig & mixture

of polypeptide antiblotics, isolated from oultures of
Bacillug licheniformis (Weigmann) by Callow and Hart (1946)14
The strain also produoes at least six different antibiotics,
Callow and Work (1952)105

to0 carbon ratio and contalning ammonium lactate, three

« In media having e high nitrogen
licheniformins can be produced,

Hart and Hills (1947)106 used the'following medium:>3%
glucose, O, 5% asparigine, 0.l Mgso4, 0.1% K HPO 4, 0405%
. godium oitrate, 0.00017% ferric ammonium citrate and 0.0003%
>ano4. The incubation period in this medium was 6-12 days at
37°%.

The mature fermentation broth,bafter the pH had been
aujusted to 2.5, was autoclaved at O, 6 atmospherea pressure
for 10 minutes with the object of dissolving all tha lichen-
iformins, At pH 5 the antibiotic was adsorbed onto charcoal
from the filtrate and eluted with a mixture of water, n-butanol
and conoentrated hydrochloric acid (89:10:1). The eluate was
concentrated ‘'in vacuo', The adsorption on to charcoal was
‘repéated, adsorbing at pH 6, eluting this time with butanol
‘saturated with 3. 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 licheﬁiformin picraute which wes subsequently converted to
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the hydrochloride and the lattpr precipitated by acetone.

Licheniformin hf‘ochloride is a cclorless powder freely
soluble in waler and methanol. It is insoluble in dbutenol,
acetone, ethunol and chloroform. It is stzble between pH 1-9
inclusive for 10 minutes ut 115°C. In 10 K. ceustic soda the
activity is completely lost after severalldays at room temp-
erzture. The licheniformins can be separated by paper
chromatography or preparatively by countercurrent distribution.
: The molecular weights of licheniformins Ay By and C zre 4,400,
3800, and 4800 respectively. These values were determined by
ultr“centrifugation by Ogston (1952)107

DeBouk (1952)108 found that‘iicheniformins A and ﬁ have
similar smino acid compositionss aspartic acid (1), glycine (7),
serine (3)s proline (2), arginine (6), phenylalmnine (2),
 valine (2) and lysine (12) on the assumption of a molecular:

. weight of 4,400 each (figures are molecular amounts). Lichen-
iformin € has in addition glufamio acid, Asrthere’are'no free
‘terminal amino groups it is likely ihey all have a cyclié
structure. Owing to a predominance of basic amino acids, the
licheniformins exhibit basic propertises. '

The unit of licheniformin ia the smallest amount in 1 ml.
sufficient %o inhibit Mycobact erium phlei in broth for 4 days

at 37%. A preparation containing O.Zpg. was used as the
standard., Its biological activity resmbles that of the anti-
biotic subtilin but the absence of cross resistance with M.

phlei iqévidenge for their non-identity, Hart and Moss (1950)109.

Callow et al (1947)11° have investigated the sensiiivity

of various mlcro—organisma to 11cheniformins. The antimicrobial

spectrun of the variecties of licheniformin is not conspicuously

different. The minimum inhibitory concentrations of preparations
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of the licheniforxrmins of potency 2.5-5.0 units/mg., for various
organiems are shown below: | '

¥ioro-organism ‘ ’H.I;C.(yg/ml.)
Mycobacterium phlei 0e2=0.5
ooo. . tuberculosis - 1,6-6.0
Nicrococcus pyogenes var aursus 0.2-0.8
- Streptococcus viridescens | ‘ 5040
Diplococcus pneumeniae : _ 6.0-5040 |
Bacillus antkracis | 540
Corynebacterium renale S 0,025
" - diptherige - 0.1-0.8
n equi 0.2
Escherichia coli _ 12,0-100,0
Pseudomonas asruginosa (pyooyanes) _ 25.0
Shigella dysenteriae ' 6.0=25.,0
~® paratyphi : 5040-100.0
Brucells abortus o ‘ . 3.0
Vibrio cholera , V 50.0

50# perum was not found to affect the activity of the
licheniformins. Aotivity is merkedly increased if the medium
pH is raimed from 5.5 to 8.5. Intraperitoneal doses of 0.5-
3.00g, in mice infeoted with 0,94 of a lethal dose of Eacillus

anthracis diminishes mortality by 3.6 times. The toxicity
~ varies according to the animal. The LDsoufor mice is SOO mg/
Kgs body welght suboutaneously, 250 mg. intravencusly. The
antibiotic produces kidney lesions. Rabbits are not sensitive
to the toxic action of the iioheniformins, and mice are only
moderately sensitive. ' '

111
)

Colistin (syn. Colimyoin). Koysma et al (1950 -desecribed an

antibiotic produced by Bacillus colistinus to which they gave -

~ the name colimycin. The name colimycin has also been ascribed

' to an antibiotic produced by Streptomycem fradise var spiralis,
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a substance which is, however, reiated to neomycin,

Colistin is a non-homogencns basie peptide, guzuki et al
(1963)112. It comprises two biologically active fractiona,'
A and B, the former being the main produot.

~ The farﬁentation‘agd extraction of colistin is similar to
polyanyxin. Salts of oolistin'aré relatively atshle ﬁetwaen p
2 and 6 with loss oocuring’ abova pH 6. when dry it is stable
at ele?atad temperaturea.

- Suzuki gt 81 (1964) 13 ranartéd the structure of colistin
B end Wilkinson and Lowe (1964) 14 ahowed that colistin &4
and polymyxin Bl were identiocal on physioal and atructnral
 determinations. Susuki et a1l (1965)'17
'B ‘and polymyxin E, are the same aubatance. Ruggerini and
Deﬁodica (1964)11§, ‘however found that oolistin B and pblymyiih‘,
'Ea bad- different alectrophorotic ‘mobilities. They hypothesized '

that the differences may be due ta difrerent Bterio conform-

reported that colistih

- ations of the two substances.

| The antimicrobial spectrum of colistin is gimilar té' .
polymyxin B, It is aotive against = wide range of gram positive
- and against a narrower range of gram negattve‘micro-Orgnnisms.'
It ie baoteriostatic and bactericidal, It inhibits pathogenic
Pseucdomonads, Shigellad, Salmdnallasj'and strains of Escher-
ichiz coli, - |

It is used as the sulphate or sodium methane-sulplite,
the latter being the least toxic. The LD50 for both sslts by
various routes is given in the tuble belowt

Route of Administration Colistin Colistin-methans Sulphi®
‘Intravenous 5¢46 . 222.33
Intraparitonaal ’ R 19,8 126,50

Suboutaneous . 4846 : 138,00




In contrast with other polypéptida antibiotics colistin
shows low toxicity. It does ovef'a prolonged period show lesions
 4n the cortex of the kidney which ‘are regeneratablo, Staeminler

and Lagler (1963)117

Its mode of action has been studied by Kawamata and hakajima
(1965)118 and Naksjima and Kawamata (1965)119. They found that
it affects tha permeability of cells of anherichia coll
causing ralsase of substances sbsorbing at 260 mp mostly low.

“_molecular weight nitroganous compounds. This rBlBaSG took place
- at 37%C. but not at 2 %. and oould be prevented by bi-valent
'cationa. It forma inaoluble comploxes with DNA and RHA at an.
optimal pE of 6. 4y less antibiotiu is needed o precipitate
TH4e Colistin, like other oyclie’ polypeptide antibiotics ray
bac‘t as ﬁonopharea‘ Prespman et al (196?)

' Cobalt sulphate dnh&hoee the activity uf'colistin agaihat
£, ooli and Pssudomgngs fluorescana. The oobalt forus a ‘complex
with the antibiotio, thia baing shown by ibe lowering of the
' extintion curve of oolistiu on addition of cobalt sulphate, 7
Elfiki and Chodat (1965) °, colistin has been used with some
success in the treatment of burns with septicemic oumplications
due to Pseudomonada, Grabor‘gﬁmgl (1959~60)

Subtilin Humfeld and Feuatel '-(1943) noted the antibscterial
*propertiea of cultures of certain strain. of Baoillus subtilis.
Janson and Hirschmenn (194'1)123
oloealy and named the antibaoterial subatance subtilin,
Hassel (1948)'2% desoribed a sinilar entibiotic from B, subtilis
which he named nubtilin.c but differed inlaome reapaots to
subtilin, The subtilin-producing strain has been designated

‘B, subtilia (1ch 66}3 or ERRL B 543).

5tudied the phenomenon mor@ ,

125

On a pilot plant scale Garibaldi and Feeney (1949) used

g a'meéium,cemposad,qf 10% saccharose, l.2% citric acid, 0.4%
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sodium sulphate, 0.5% malt extract, 0.42% diamino phosphate

and inorganic salis, K, Mg, Mn, Fe, and Zn. The pH was adjusted
to 6,8 with ammonia. Zine (10mg/ml.) was found indispensable
for subtilin production, The incubation pefiod in submerged
culture was 3-4 days at 30°C, Yields were of the order of

900}18/11110

Lineweaver et al (1949)12® isolated the antibictic by |
extraction with half volume butanol at pH 2.0-2.5. The extract,
containing 85-90% of the.activity, wgs oconcentrated 'in vacuo'
with the contimuous addition of water o obtein the lower
boiling two~-constituent azeotropic system. When the volume
had diminished to 1/6 the addition of water was stopped. Purther
ooncentration led to the precipitation of subtilin, which was
collected and dried. Subtilin was also obtained from the
unconcentrated butanolic extract by the addition of an aqueous
solution of caustic soda to pH 5 and salting out the antibiotic
with common salts The crude preparation was washed witb anhydrdua
butanol and 104 salt solution. Dimick et &l (1949) 121 patented
the antibiotic and its purifioation. ’

‘Subtilin is a poljpaptide containing sulphur and a trace
of phosphorus., On acid hydrolysis, 80% of the nitrogen is
found in the amino nitrogen in the amino acids, It dialyses,
hence‘its'molecular welght is less than 10,000,

Between pH 2 and T the éntibiofio is relatively stable,
abbve pH 7 and in Normal acids it is qnickly,inactivated. At
PpH 2 it is inactivated by pepsin and at pH 7 by trypsin at -
30°C. after 24 hours. Dry preparationsare very stable at room
temperature, Dimick et al (1947)128.

Alderton and Fevold (1951)129 reported the amino acid
composition of subtilin: glycine (1), valine (1), leucine (4),
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isoleucine (1), proline (1), phenylalanine (1), txyptophan (1),

1ysihe (3)y aspartic acid (1) glutamic acid (3), mesolanth-

ionine_(i) and some sarcosine, (Figures are moleoular amounts).

~ p-methyl lunthionine (also present in nisin) was found., The .
molecular weight of the antibiotic is about 3,300. The molecule

is thought to Ve a multiloop struciure owing to the large

- number of free carboxyl and anino groups, these being less
“than attributable to an‘open,dhain stTucture.

. Stracher and Craig (1959)130

ihree ao&poneﬁts. *epara-isns.ffom’brctha stored for several

separated preparations into

yoars at low temperatures maintained their biological activity
aluwost quantitatively. Six components were found, subtilin 4
accounting‘er.50ﬁ of the motivity. There wers fewer componunts
in fresh broth, in which subtilin A was responsmhle for about
E5% of the activity.

' bl ’

The unit of nisin 1s the nmount of ihe antibiot;c in lml.
of sulution which is bactericidal for Ztaphylococous sureus
after’iO ﬁinufes at 3700.‘It is mainly active against'gram
".pqaittvs and acid fast organisms, The tuble below sbows the
”‘apectrum of subtilins

,ﬁidro~organiam v . KE.I.C. (pg/ul.)
Kicrosoccus congloneratus " 0s06~140
Strepfqdocoué pyozenes S ' 0.034
Laofobacillua‘plaﬁtarum : 12.5
Troponems pallidum o 2.0
kycobaoterium tuberculosis ' 50.6
Endamoebe hiatol&tiog _ | . | 245

s

. The. pR influences the action of sufilin, Sacks and Pence
(1958)131 found that St, sureus was more aonsitive to subtilin
sbove pH 5.2 whilst Escheriochia ool#ﬁs more resistant over the



Tede

The LD5
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pH range 4.2-T.4, the resistance 1nore&n£ng as the pH approaches

of subtilin for mice is 6Cng. (intravanous), 670
ag. (subouianeous) and 5,000mg. (oral) per Kg. hody woight,
inderson et al (1946)

subtilin at a concentTation of 10ug/mle irreversibly ihibits
the raspiration of Miorogoccus pyogenes var: gursus. Ab 30pg/m1.
the orsaninm loa. o8 oonaidor&blo amounts ot nitrogen and

nhosnhoxua. dacks and Pence (1958)

131

. Aadaraon (1947)

aonaldored subtilin to act like tyrooidine ané polymyxin, '
namely as a surfano active agent. o

| Subtilin has been used in oénnin3 aa it suppresses the
growth of Clogtridium bgtulinun. A concentration of 20ug/mle
of aubtilin destroys bacterial sporoa. In oanning aubtilin
and hoat are complqmentany in the pr«servation of the
contents, Caupbell gL_gL (1959)133. Caupbell and ‘inniarski
‘(1959)134 lsclated a sutilin resistant stratn of Ol Botalimua,

ﬁingr &gtibioticg From Bacteria.

Chealoal

Blologioal

Antiblotic/ | Production | Method of
Organism/ Medium, | Extraction. |Katures | rotivity.
Reference, - . : _ '
Pyocyanine. | Peptone | Chloroform: | Phenasine | tctive against
Paeu@ggohgg broth,'pﬂ l water parti-| pigment. | Geve, ~ve and
aeruggnosé' 7.4. 6 days | tion. o aeidlfgnt bac-
135 . | at 371%. @(“\ teriasExtremely
S ~ N}il toxic, |
'-Qemipyocyan-vka aboves. As sbove. 1-08 ph;- Slightly antlby“
ina.ngp o nazine. | acterial and
aeruginosa o4 | inbibits fungl,
fii:jih‘ less toxic than
N

pyonyanine.
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Antibiotic/ [Production |Method of  |Chemical |Biological
Organisa/ Hedium Extraction | Nature |Properties
Reference 4

~ |Antiviotic [Peptone agardChbloroforms |Similar to|Active against

Pxe pH Tedy 25~ |water part- |pyocyanineqG +ve, =ve and

Pseudomonas P8°C for 6  [ition. soid fant org-

spe 1317 dayse |anisma,

Chloraphin Asbaragine, scetone éﬁ:— 1 amino Active agalnst

Peeudomonas @giycerol,  [traction of |phenasine. [G +ve and Gwve

chloraphis, |saltay pH T, |[cell homog= : lorganismss

GS. 138 |proth. 34 lemates | AAUL )

days at 25°¢. - @ND

Conmirin Peptone suc~ |BuOH extracw|Peptide Ibhibits fungl

Bacterium rose broth tion; preoci-|Differs fr-snd some yeast

antimyceti- pH T, 3000. pitated by  |om polymyxz-at 13106.

leum, 139 - NaCl. in and sub«lacmolytic,
o | tilin in an- v
“lino acid ‘
composition.

Pyolipic acidPeptone EtOH extract|Unknown, idActive against|

Pseudomonas proth.. ‘of cellsy a colourleé:;bercle bac-

seruginosa. BtOH fract- |oil, °  Ji1ld.

140 ionated with
‘lethers
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Antidbiotic/

Chemical

Biologioal

Production |Method of
Organism/ Medium Extraotion | Nature Properties .
Reference ‘ -
Viscosgin Peptone |Adsorbed on |Polypeptide.|'In vitro!
Pocudomonas [broth, ‘|to charcoal | sctivity againe
¥ig008a. x at pH o} st saprophytic
i eluted with |and pathogenic
- .'acetha, Mycobanterig.‘
|ppta. at 3°c, G +ve and G-ve
‘ .\_‘xsgczteriaf‘actl |
_ affecteds
Unamed Glycerol, |Ether extr= |3 acidic Inhibit G 4ve
Pseudomonas peptono‘asar.éctidn of [substances |and acid fast
str. 3l. 3090,fbr 48 |the cells. |unknown cdnaborganisms. and
13 |hours, stitution 2 |some fungi.,
~ [blologically |G ~ve insensige .
. lactives ‘Ave|ive. Inacti?—'
: phappllaarb- ated by serum,
. loayl acid |
.  lderivatives.

" |ycobactoci- [0leic albu- [Cells extr- |[Fractions = |Five frections
din . |vin agar at |acted with |A - M, Prob-|active against
Staphyloo- [37°% for water, then ébly a glucotacid Tast org--
ocous epide [7-10 days. |acetone and [protein.  |anisms, Nome
eraidig,'t> L methanoi. v : “ toxic to mice.‘
AntibacterialBrain infus-|Cells remo- (Unknown. Inhibita Staphe
substances |lon agaXe ved and eX= Dialyssble. |ylococcus aur.
from Staphe tracted  |Inbibited by|eus (oxford
yldoocci. with saline. |EDTA. | 2098).‘

L 143 e
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Mefhod of

ged culture.

st DH 9.

antibiotic/ [Production Chermical |Biological
Crganism/ Medium Extraction BAtgre |Properties
Reference ' |
Lactobaoile (Glucose Not extrac~ |Not known, . [Inbibits Hicro-
1in broth enri- - |ted. | coccus var
(Lactobacile phed with pYogenes.
lus helvit- [tomato juice| )
icuss- 144 |and Tween 80|
| : 30% for 7.
| Bayne
| Unameé . - (Proteose peptNot extrac~ |Protein, a |Proteus sp. and
Alkaligenes  [tone broth |ted.  |colicines |many stre of
faéoaiis,mc plus glucose “1Alk. faecalis
8764 & 9220, [NaCl & trace inhibited.
| 145 |salts. 30°C
 [for 24 hours{ v -
{biplococoin [Casein hyd- |Dry residue |Protein. Inhibits G +ve
Streptococ~ [rolysate, ‘of‘cﬁlturﬁ | organisma. Non
ous lactis. salts, gro- |extracted - toxic;vﬂaa be= |
96,146,147 'wth faotors, (with acetic len used to ir-
‘ sucroses |acia and eat bovine
37% for pptds by mastitis,
b days. Am.804. _ ‘
Mercesein  |Am.citrate +|Culture to |[Polypeptide. |[Active against
Serratia  |glycerol 1. 1/10 vole  |043 % jhbs— G +vo, =ve and
marcescens. ay in shal-|pH 1o 140. phorus,énd.4 acid fast orgs.
148 |low surface |Ppt, by ac~ |0s3% sulpbur Very: toxic,
culture at |etons. To . hgemolytic,.
35°C, Also |water. Ppt. "
in gubmer—
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Production

Method of

Biologiéal

‘| Achromobac~

‘ texr 8D 1340
156

125%.

fyeast‘extré-

medium by

ct, glucose. BCl at pH

48 hoqrérat

3,2 = 3.5,

Antibiotic/ Chemical
Oorganism/ Medium |Extraction Réturg Properties
Reference - |
?rbdigiosin Peptone wat- Ether/petre Tri-pyrrole | Active against
"Serratia er pH T.1. oleun ether |substance. | Bacillus anth
ma:cescéns. 2 days at pixtute.‘ Monovalent gggig? Staph—:
‘149,150 30°C, Hydrochlori- [base. ylococel and
‘ |de pptda frog fungl. Not tox
| concentrété.' ' ic to great
| o | extent,

- | Todinin _hgar medium [Chloroform |N N'-dioxy | Inhibits G +ve
,‘Chrdmobact- oontaining extraction |1, 5 di-hyd-| and -ve organ-
|erium iodi | beer ferm- |of colony roxjphena~ {iems, the lati-

num, entatioh crystals. |zine. . ar at‘greatei
138,151,152 | broth. . : concentrations.
| Violacein ‘Lactose Acetone ex— | Aotive against
Chromobact- | broth, 14  ftzact of | . |G +ve bacterla
orium viol- | days at 22°C.lcells, Then N }%f Hot toxie, non-
laceum. " leractionated |V L~1 ) | basmolytic.
153,154,155 With chlero-| W |
|form énd '
then. ethex,
XeTosin | Peptone, beeflPptd. from Inactive agai-

, ngp G +ve and

- ve bacteria

|+ fungi. Inhib-

1ts influenza

‘ vixus infr&-

cerebally.
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¥ethod of

30% Tecovery.

Antibiotig |Production Chemical Biological:
Organism/ Medium . Extractionb Nature Properties
Reference ‘ '
Coliformin Glucosé, am- (Benzoioc acid Polypeptide. Ahti—fungai,
Escherichia |mon, salts, |and acetone 2 or 3 bio- |inhibits fungi
~coli. 157 phosphate + |ppin. ‘lactive sub- [pathogenic to
o  |Mg**. 24 nr. |stances., man .

A at 37%. | .
Colicines . |Peptone Charcoal ad- |[Proteins or |Inhibits G -ve '
-Eaehefiqgig_ water. 16 hrjsorption, el—polypéptideé organisms. Act- .
‘coli. 158, |at 37°%.  |uted glecial ~ |ivity enhanced’
159 acetic acid . |in serum vo Be |
, _ coli, Ndnrtoxic)
Salmonellin |Not stated ’Extracted A‘coliciné— Active againsf
Salmonella |Agar medium. |from cells like antib-.|3almonella
eastbourhe 379c‘for 3  |with buffer. |iotic - pro- galliharium.
160 | égﬂf days. | {tein or ’ '
| o peptide, .
Toxoflavin tutrient |Extracted  |Purine, iso- Iﬁﬁibits G +ve
Bacillus broth. 37%c. |with chlorofdmer of l-Me~|organisas, Ve~ |
cocovenané. for'3-4 days orm,‘the thyl xanth- |ry toxics Ant—>
161, 162 - | cultﬁre fluid ine. N - |hor suggests

o satd, with ‘cnfrf-fg; use in treat-
‘ o =N :
, o ;HaCl. . kﬁ-kcﬂ}“‘ ing leukemia,
Alvein Czapek Dox - |Charcoal ad- |Basic poly- |Inhibits G +ve
‘Bacillus plus CSL. ~ |sorption, e- [peptides ~ |and acid fast
glvei;'163 énd glucose. luted'anid" | bacteiia aﬁd'
17 days at  [BuoH. 20~ the G -ve Es
371%. | ¢oli and Ps.

geruginosg,

|Haemolytic.
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sntibiotic/ |Production [tethod of  [Chemical Biological
Organiamy’ Medium Extractlon Nature Properties
Reference | o
Bacilipin Corn extract |Amyl acetate [Two fractionginhibits some
Bacillusg and glucose jat pH 5. Ad~ [separated by |G +ve and acid
subtilis, broth. 12 hr.sorbed on to [C.C. distr- |fast oxganisus
164 at 34°C, Al,0,. El- [tbution. Un- |
uted phosph= lknown struc-
ate buffer |ture. Low
N at pi 5 (Mo Wts
Bacilysin | Same culture [Charcoal ad- |[Peptide, has |Inhibits same
Bacillus and prodn. [sorption, eldsulphur con- [range of orge
subtilis. medium as uted PO4 bu- |taining ami- lanisus as
164 Bacilipin, £fer and no acids. Bacilipin.
" |ztoB. on
51203, eluted
with 254 EtOH
Globigin Tyrothricin [pH 4.5 ppt. [Peptide, = [Inhibits Bacil-
Bacillus . |medium (p.lﬁ)to'vater‘and'containa lus, Hieroco=
subtilis. 8 days at antibiotic |tryptophan |[ccus and liyco-
165 30%. pptd, by  |and sulphur, [bucterium sp.
) Am894. . o Non—haemolyfic
B:evin Peptone, Ppt. at pi |Peptide, Inhibits G +ve
Bacillus | salts, broth |4.,0. Extract-containing |end:aoid:fast
brevise = | pH 6.8-7.0, .|ed with Etoﬂ.sulphﬁr. organisms,.
166 a . | Haemolytic.
Brevolin Peptone and [Chercoal ad- [Peptide. Inhibita G +ve,
|Baci11us glucose brotH sorption,pH  |-ve and acid
subtilis, | 3-4 days at [2. Pptd with fast organismse
167 35°%. acetone as |Toxic.

Ngdiach loride »
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Biological

sntibicsic/ |Production [Method of  |[Chemical
Organism/ ¥edium Extraction .Nature' Properties
Reference | ' ’ o o
Bacillin  |Glucose,  |Chercosl  |Unknown. A |Inkibits selec—
|Baoillusg asparégine, adeorption.’ peptide anti-ted G +vey~ve
|subtilis,  |KnSO. Eluted EtOH |baoillin  land acid fast
168, 169 - or MeOR. from culture [organisms,
‘ ' antagonizes (Toxio.,
~ |entibiotic. |
|Bacimetbrin Glucasé, chaxcogl-ad— Pyridine 2- |[Inhibits G +ve,
|Bacillus soys, wheat |sorption, Bethoxy-4-an.-ve, acid fast
mogatherium. | flour, salts |eluted with |5-OH-Me organisms, and
170, 171 - |pH 7.  MeOH , pyfidihe. some yéasta,‘ '
: ' '  [low ioxiqity.
Edein Glucose, Charcosal ad-|Peptide. Inhibits G +ve,
Baocillus \giutaﬁate, sorption, i |eve, and soid
brevis; : aalts.128-'"eluted.withj K fast organisms,
112 30%., for  [MeOH, = Non-haemolytic.
] |2=3 days. . L | R FO
Bacillomycin|Glucose, |Two antibiotsMolecular Antifungal, to- | i
|Bagilius glutemate, [ics. One  |Weight 960 |xic. Inactive
s&tiiis. saitagvzﬂo isolated, ‘ against pther
173. 307°C. for Pptd. pH 2.5 wicro-orgunisms,
5-6 days. Extracted il
| | | with EtOH N
‘|antifungal |Potato medi-|Activity ad-|Peptide. Active against
antibiotics |um, gluocose,|sorbed on to| |hsurospora,
Bacillus ssparégine, |Hyflo super | Penioillium,
subtilis, 25%c. for cel, eluted Mucor and
174 |15 days.  |with hot Bhigoctonia
MeOH 8

lep.
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intibiotic/ | Production |Method of  |Chemiaal Biological
Orgunism/ Medium Extraction | Nature Properties
Reference -
tumyein Yeast extractPptd. under |Unknown com~ [Slightly act-
Zaclllus broth, 30%. acid condit- position, ive against G
subfilis. for 5 days. |ions, ppt. Colourleas [+Vay, =-ve baoct~
175 | . j[extraoted water soluble eriz. Aotive
with EtOH substance, against fungi
at pH T. and acid fast
‘ ‘ : organisms,
Fungistatin | Peptone Adsorbed on |Polypeptide, |Inhibite Kon-..
8yn. - Antibi-l yeast extr- [to charcoal, [H.Wt. 2,400 [ilir, MNioro-
otic XG.  |act broth. |eluted with |Foems in-  |sporum ep.
Bacillus ' acetones active gel |Haemolytic.
gubtilis XG. ih vater. '
176
kycosubtilin ¥olasses,  |EtOH extract [Polypeptide |Inhibite Micre
Bacillus « sélts, citridef cells pptdhaving no |ococcus lyeod-
|subtilis. acid, yeast |at pH 2.5, [sulphur. eikticus, yea-
| (subtilin extract. 25°¢Ppt. from sts and fungi.
letrs) 177 - | for 5 days. [BtOH:Dy Toxic. Inactive
L ‘ . |watex. ated by serum,.
Simplexin Corn steep Inhibits G +ve
Bacillus | liquor broth [Charcoal Rot known Ve organisms,
simplex, " adscrption, #hizootoniz
178 | eluted with Egg;ggg.‘Toxic.
hot MeOH. Inactivated
1 by serum.
Polypeptin | Glucose, Inactive Baéic Inhibits G+ve
Bacillus aming acids. [material pridpolypeptide [-ve, acid fust
circulens. | 30°C. £or  |und super. ed, brganisms and
179 5 days. with cHCl3 sone fungi.Non-|

toxic.Haemoi&ic
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syn, Vivicil

cty sacchar-

to oharcoal,

Aitibiotic/ |Production [Wetbod of  |Chemical  |Biologioal

&Organigm/ |Medium - .«Extractioh ‘Kature Properties

Reference i -

ggﬁgggégggip Yeaéfleztngi.Charcoal Basic Active against

Bacillus. glucose. 37° adsorption, |polypeptides|G +Ve and -ve

luterosporus Co for 3-4 |eluted with . | bacteria.

180 daya. acid BuOH., | - ° o .
[unamed ‘Glutasate, |Adsorbed on |Not reported| Inhibits G+ve

Beeillus soy‘bean, to charcoal |Presumedly al organisms

natto. = | glucose. 37°|eluted by |peptide, | only.

181 Ce for 48 hx|HeOH. o " »

FlﬁVOmyoin Yéaat exira-| Adsorbed on ?olypeptidé. Inhibits G +ve

bacteriay yea=-

Cs for 3-4
dGYBo‘ A

lotic pptd.-
from MeQH
by BuCH.

Bacillus ose, ¢ltric |eluted by ats and fungi.
subtilis. |acid, salts.|MeOH..r Inactivated by
182 25—2800. for| Purified by serun, Toxic.
16-24 hours,|chromatogr- |
| 0 |ephy. .
Pumilin ‘ AR qit:ate, Am804 ppin. |Hot elucid- | G+ve organi-
|Bacillus . | glucose. 30°| Ppt. extrac-|{atede  |sms inhibited.
pumilis C. for 48 hr| ted with : Very toxic,
|(subtilis). | - | acetone. Ree|
183 sidue extrs-
‘ | . ‘ o cted "50636' _ ‘
Subtenolin | Glycerol, Adsorbed on |Not known. |4Weakly inbibits
Bacillus alanine,lg | to cbarcoal.|sulphure ) G+ve organismé.
subtilis., |citrate, pH | Eluted with |content. Toxic, exareted
184 6.7-6.8," 36°| HeCH. antib=y:. with urine,50%

; of dose in lohr
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Antibiotic/

Production

Method of

| Biclogical .

2 days.

hexane.

Chemical
Organism/. Medium Extraction | Nature Properties
Reference o
Megacine | Faypeang celdsh ramow- | Polypeptide | Inhibits many
Bacillus yeaat_extra— ed by cent- |Considered i{ystrains of B.
megatherium |{ct, lemco. [rifugation |by authots megatherium,
str. 216, 3700. for Extracted i jto be B
185 16 hr. into buffer |colicine.
| | and‘pptd, by
_ | AmSO,s : A
Blocerin | Glucose,  [Extracted  |Not known, | Inhibits G4ve,|
Bacillus | salts, meth- by Et,0. Yellow/ -ve and acid
|cereus. ionine. 3100 brown fast organisms
186 for 48 br, subatance. | Fairly toxic.
Colistatin Glucose, Charcoal Not known. | Bacteriostatic
Unidantified sodium nitr- adsorption. . only.Inhibits
aeiobio' .afe, salts, Elutéd by G+vey to a le
|bacillus . | tryptome.  |acid MeOH. sser degree G
: 187 | pH 6.5.‘2800 _ ' ~ve bacteria.
‘ for 72 hr. . Not‘toxic.
Mycobacillin| Potato extr- [Extracted by [Polypeptide. Inhibits der-
" |Bacillus | act, casein |BuOH, BuOH momyeotic
, sﬁbtilié.» ‘hydrolysate, |residue pptd. 'fﬁngi.
188,189 glﬁcoée, bé— from ag. sold i
| |ef extract, |of it by HClJ | |
|Petrin ‘Meat and |BuOH at pH |Not known | Inhibits
Baoilluse pofato extré—4.5,reaidué‘ N Heisseria;
b tilis, ot. 22°. forof Buo ext- ‘Haemophilus,
190 racted with and Coryneb-

acterium sp.
Toxio o
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|Antibigtic/

Hethod of

Blologiosl

gluoose.-B?o

Ce forxr 2 day |

Production Chemical
Organisan/ Hedium  lextraction ﬂature' Properties

Heferencé ' |
sicraococoin ?eptono,moat pH2 ppte. Cohtaiha Inhibits G+ve
(P) Microo= |extraot,salt [extracted w. |sulphur. and acid rast
occus vari |37°C.7-8 dayéEtQH.Reaidue‘Haa‘thiazo- orgauismsQ_u
ans. 191,192 " lextz? w.  |1idine ring |Resists pepsin

.  |oncz,. MoWte 2,000 |and trypein,
gtaphylocccoplorse flesh [Hot Kot . Active against
us-aﬁtihiot—’tnypnin extracted, |known. - Corynebacterial
ic. Staphe. |digest broth
8pe 193 ‘| +cysteine+

In conclusion it is interesting to note that all the
principsl antibiotics from bacteria, namely tyrocidine,
gramioidin Sy the polymyxing, circilins, colistina snd bacitracins
are polypeptides. It is also significant that the antidiotics
of which the stiructure is knowm, are ayolicﬁpolypeptidea,”
~either entirely or in part ocyclic, There is, therefome, strong

evidence for a oorrelation between the oyolic structure and
antibiotic activity as suggested by Erlangor ‘and Goode (1954)43

and Preaaman

et 31(1967)

Some 0of the peptide antibiotics from bsota:ia contain
unusual amino soids. Polymyxin and oolistin possess residues
“0f L«¥ disminobutyric soid, ¥isin and subfilin'dcntain lenthe
yianine and B-metbyl lanthionine in the proportions of 4ilj |
nisin in addition has an isomer of F-mothyl lanthionine, cyat-
athionine. ‘Subtilin has an odd amino aoid reaidue, that of
' sarcosine which is also found in the non—bacterial antibiotic

aotinnmyoin D. These amino acids are nndoubtodlr of significance
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in respect of the antimicrobial properties of these antibiotics.

It is significant that where the steric conformamiion of
the amino acid oomponents of ithe peptide antibiotics from
bactexia are known some are of the D series. In gramioidin,

tyrocidine, gramioidin S and Jl’ polymyxin Bl, B_., and bacitracin

2
Ay L-phenylalanine is found. D-leucine is to be found in gram-
icidin J2, Elg oirculins A anb B, Polymyxir M has D-isoleucines
bacitracin has D-ornithine and glutumio acide.

T amino acids are not normal ocomponents of proteins. They
do occur in relatively small zmounts in some protein hydro-
lysates and their presence may be attributable to inversion
of the natural L isomers during hydrolysis. D zmino =zodids
probaebly impart some resistance to hydrolysis of the peptides
containing them and their presence may account for the
antimicrobial propertiss of the peptide antibiotics. Such
propsrtieé may be imparted by both the unusual amino acids

and the cyolic structure.
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05 SEMIMIORD AS34Y USED iﬂ THIS wonx,

" The method used was a mioro serial dilution msthod. A }
" standard inooulum was added to eaph tube of the dilution series.

Sta ggxlococcus gureus gPaler)_was the test organism used, .

Katorialg ; .
1.,Threo boroailioata glana Pasteur pipottes were sradnaxad .

- Yo contain 6 x 104 2 x 50 and T x- 100 ple of liquids Each
pipatte was plugged with cotton uool and -had a 2 om. length

of preasurn tubing attaehod at the plugged end to act as a

means of atiachment to a plastic 1 ox z,nd, diapoaablp syringé,-

Syringes were found to be superior to'foafa a8 more control

“oould be axproisad ovar the oharging and. diaoharging of liquid

- from these pipetteu. The pipettes vere wrapped in metal foil and

-gteriliged at 121%. for 15 nins. and dried at 100 Ce for at

'least 30 mins. , ‘ .

| 2. A supply of ‘metal sheeta, each the sise of armieroacopa g

' sliae end covered with a *" layer of 'Plastuoine' to form a

‘pallet. SRR

v 3¢ 4 supply of aciduwashed Durhen tubes (35 x & mm,)

3ﬁ.atexilized and dried under conditions similar to the pipottou

but contained in a sealed vessel 6.gs orystallizing dish vith

a metal or glasa 1id,. o C
| 4. A supply of sezling wax atioks . 1 ‘
5. hutrient broth consisting. of nutrient broth (Ozoid CMI),

1.3%3 peptane (Oxoid 137), O‘Sﬁ; neutral phosphnie (a fiuely'

‘ground mixture of HaZHPO and XH 04 in the ratio of 9.519.0),

'.0.5¢;gluoose, Oul%$ in water, diepensed in 5 ml. quantitied
in 6" x 5/8” capped test tubes and etlrilised at 121°¢, for

15 mins, -

- 64 Two sterile dry cotton wool plugged boiling tubas.

Obtainabla in bulk from Demnson & Halkden Ltd.y Verney Rd.,
London, Se E. 16,
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Te 45 ml., 18 hour, nutrient broth cultura of the test
organism incudbated at 37 %

Procedure

Production medium sauples were diluted five times in a M/150
pH T phoayhate buffer solution. Samples of organic solvent '
extracts were taken %o drynesa 'in vacuo' and the residues ,
dissolved or suapended in tha tuffer. All samples for assay
were sterilized by heat at the tem;erature and duration which .
- would &ive aterility, but suataining the minimum 1088 of activity.

‘Each aterilq graduated'pipette was fitted with a syringe,
flamed and placed in one of the sterile boiling tubes which
had been pressed firmly in a 'Plesticine’ pallet such that the
open end‘Vaevnloping downwards,., Care was taken'to]avoid the
parts of the pipette which had been handled, from touching the
_'insida of the sterile bolling tube storage vessel (whioh aoted
as & sterile hausing for pipettes when not in uae).

The bamaining“aterile boiling tube was nalf-filled'thh
vater and fitted at an angle of 30° in a Tetort olanp. The
water waa brought to the boil and allowed to simmer over a micro~
" burner for the durajion of the assay work.

~ For oanh sample to be assayed a aeriea of six Durham tubes ;
were set' in a ‘Plaaticiné pallot, sach tube get at an angle
of o. 30 uithvthe closed ends embedded in the pallet. Flame ‘
 sterilized forceps were used for handling these tubes, except
‘when the closed endshf each tdbe was embedded in the 'Plasti-
" gine® by preaaure from the forefinger . .of ‘the free hand, The Open
end of each jube was flamed. The Tequisite number of pallets
plus tubes was prepared before ambarking‘on the next stage of

the prooednre.u
For eaoh aeries of tubes. from left to right with open
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ends of the tubes facing away from the operator, using the
100ul, graduated pipette, 2OqP1.:0£ gterile nutrient broth
were dispensed into the first tube and 100pl, in each of the
seoond to aixth tubes. On ocompleting this medium dispensing
"atago of thc assay procednre the pipette was rinsed in the
sinmering water and returned to the storage tube. Nexs, a
‘seridivdilution of each of the samples was made in nutrient
“broth ueing the 2 x'50p1. greduated pipettes 50ule of an
,‘antibiotio sample wore added to the 200ul. quantity of broth, .
. the contenta mixed hy charging and diacharging the pipette
three times, then IOOPI. of the mixture were withdrawn and
discharged in the second tube containing 100 pl. -of broth, .
the contents were mixed in a similar manner, and 100 pl;
uithdravn and added to the third tube and so on to completion.
Hence & 1/5, 1/10, 1/20, 1/40, 1/80, 1/160 serial dilution of
a aamplé'had been made in nutriént broth (a 115 then 132
. dilutiah series). Before alaarial dilution of the next seuple
'was prepared the pipette was rinaed 1n the simnering water,
.flamed dry and returned to the pipette storage vesasl to cool,

e On completing the serial dilution of evé:y sémpie tor
'assay an approximate 1:100 dilution of the test culture in
fresh nutrient broth was made by addins 50 ple of neat 18 hour
culture to 5 ml,,of,the fresh‘b?oth,-vsing‘the 10 pl. graduated
pipette 10 Pl. of onlture dilution were added to each tubs of
every assay and on completing this oculture implantation stap
- all tubea were sealed with sealing waX, ¥hen the wax had cooled
the apsays were tilted to ensure the implants vere kixed with

- the broth/antibiotio mixtures, The sssays were 1noubated for

18 hours at 37 Ce

Following inoubation of the asseys 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 sauple assayed. From the titre the activity
of the sumple could be ﬁscertained and expressed as ‘units per
mzz, or in terms of tha original volume of the production
culture from which the sample was derived, as ‘unita' in that
cnlturu. If the welight of solute in a sample was known theu

the activity oould be. exproascd in terus of 'units pez'mgu

or Ps/ﬂu .

The Unit was defined ss the sctivity which in 1 ml, would
inhibit the growth of a 1/100 dilution of an 18 hour culture
of the test organism, ; B _

Controls were prepared to check the growth of the test -
organism in the absenoce of any antibiotic and to check the »
aterility of dispensed non-implunted broth. S

'All gradusted pipettes were immersed in chromio acid
until the following day when thoy verg rinsed with watar and
atarilisad for re~une, ’

‘Hotes | ,

. 1. Borosilicate glass was used in making the graduated

v>pipettés because it has a low coefficient of eipanaidnj hhnoe

when wet, the pipatten could be flama—dried without ‘the risk

of orackings . :

_ 2+ The uutrient brnth uaed in the assays had been rein-

" forced with oonstituents found to promote profuse growth of

the test organism in those tubes in whick. it occured, héhce ‘

enabling & mora'dafinife‘aseessment of the end=point. ﬂ
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

Teason aleo. |
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Advantages and Dissdvantages of the Method,

. A marked a@yantage ?nAthat;small gam?lés"can be asssayed.
- Serial dilutionsin which small volumee of_11quid are involved
can be more accurate provided one mixes a given dilution
thoro&hly and accounts for the liquid retained in a pipette due
- to capillarw aotion (which might be a substantial proportion
" in terms of the small volumes involvad). An additional advante
 age is4that only & swall inooulum is ueed,:hénce reduoing the
risk of tha poasibility of raaistant organiams deVeloping |
- during inoubation.

A diaadvantage may be the uncrthodox aseptic technique,
namely the exposure of sterile veasels and broth to the air
for relatively long periods. The risk of oontamination is,
‘however, slight if one avoida touohing e;;ile parts of the
eqnipment e.g. tipa of pipeties, open ends of the Durham tubes.
Jurham tubes: ooutaining broth, set in a manner in which they
‘are set for the assaya, have been left for a working dny
‘-exposed to the air, sealed with wax and 1ncubated. The broth
mhowed no signa of contaminution.

Tns'aezroducibilitg of the Semi-Micro Method of Assey.

‘To test the reproducibility of the assay technique a
tdfal'of 110 aﬁsays were done using two oommén"antibibtica as
test’ aubstances. Tha titres obaarved for each antibiotic were
consistent. | '

Fleven assays wers prepared sanh day for five days using
“.a filter steriliged aqueous solution of Penicillin G oontaining

Penicillin @y 'Crystapen' brandj Glaxo Ltde
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2.0 units/ml. (1.2 pg/mle) as the test’ subatanoe. A similar
series of assays were done naing bacitracin as the test
substance. The solution contained 2.0 units/ml. (28.5 yg/ml )e
A fresh test culture was used eaoh day.

41l 55 assays for each antibiotlc gave tiires of 20 and
40 for penioillin and bacitracin respectively.

= h 4
“Bacitracin USP, Burroughs Wellcome Ltd.
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ExPERIHENTAL‘- PRELIMINARY SMALL-SCALE WORK.

The methods dascribed in this seotion were similar for
both antibiotic—producing stralns and their subatances. Except
where painta of detail differ the relevant strains are referred
to as the oulture' or ‘culture'. All cultures whether seed or.
production were pfepared in 100 ml. quantities contained in
cotton wool plugged 590lm1.“0anical'flask3 which were incubated
at the relevant temperature and agitated by rotary shaking at
200 rpm._ﬁil‘madia prior to inoculation was sterilized at
' 121%. for 15 minutes. - | |

1. Media Levelopment

Before the work could begin proper, a stock of master
cultures was prepared from a freeze-dried oulture**. an ampaulg
of the freeme-dried culture was opened and regencrated by
incubgting at 30°c. for 24 hours in nuirient broth { 1.3%
 Oxoid CH 1), This culturvwas loop 1nocnlated on to slopes of
nutrient agar (1.3% Oxoid cﬁ 1 broth plus Ozoid No. 3 agar)
,contained in sorev—oapped universal type glase botiles. These
bwere 1n¢ubated at 30 Ce for 24 hours and atored at 3 Ce

A 100 ml, nntriant 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 5% inoculum of the
k.nutrient'brbth culture was made. The potential production

‘ cultures were incubated at 24 and‘30°c. fcé up to 72 hours,
samples being withdrawn tor:antibiotio assay and pH determine .
ation. The samples were storilized by ha#t at a temperature

*Furient ‘broth, 1.3% Oxoid CH 1} Ibp inoculated and inocubated
at 30°C. for 24 bours. ‘
’ Tha active atrains were provided by Dr. A. T. Fuller.
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and for a time considered minimum for the destrution of the types
. of orgenismsg 106°¢. for 10 minutes for a non—sporing organism
(strain 175), 121°%C. for 5 minutes for a spore-bearing organisn -
(strain 2725). All assay: samples were diluted in M/lSO phoshate
buffer at pH 7 prior to steriligation. (Subsequent studies
showed no loss of activity due to heat sterilization under the
releVant conditions for both antibiotio substanoes when compered
with 'Miﬂipore' filtered samples. ‘

The medium found snitable for prodnction of antibiotio
‘substance frem strain- l75 was 1% corn steep 1iquor plus ﬁ%
glucose in basio salts solution, PH to 7 priar 1o sterilization;“
for antiblotio substance from strain 2725 it was 1% soya flour,

" % fish meal and %% glycerol in basic salts solution, with no

pH adjustment prior to sterilization. A 5% nutrient broth seed

" oulture was initially @sed to inoculate the Tespective medium
and the optimun incubation temperatures for the production -
cultures wers 24 and 30 c. for strain 175 and 2725 respectively.'
With the strain 175 production medium it was found immaterial »
 whether the gluoose was ste:ilized separately or sithvthe;restf
of the oonstituents. - ' L .

2, The Pre epar ation of & Stock of Freeze-Dried culturee.
‘ a) Strain Seleotion.A suspension of & leopful of growth

from the same etock slope used - in the media development was -

- made 1nal0 ml, quantity of nutrient broth and a loopfhl cf

thie suspension streeked on to plates. of nutrient agar, In

- order to seoure well isolated colonies each plate wss inocnlsted
as followss back and forth in closely parallel lines over "half"
of the plate. The loop was flamed, the plate turned.90 "and
 half the unihoculated'surfsoe streaked from the original
streak’overlapping'the latter for 1 or 2 om. The loop was

| M/lﬁo Phosphate Buffer, pH 7. 0.95 ' Na23P0 $ 0.9 gm,

- KH Po4 per litre of waters
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flamed, the plate turned‘90° and the remaining eurfada‘streakerd,
overlapping a.portionbf the preceding section as befors. The
'plataa were incubated at 3o°c. for 24 hours and a random selection
made of 20 of the individuel colonies produced. Each colony wae
pioked off its plate and a suspension of the growth made in

10 ml. of nutrient broth, From eash suspension a nutrient agar
'aldpevwaa prepared and a 100 ml, nutrient broth oulture. These
oultures wore grown up at 3o°c. for 24 hours, the latter
agitated by rotary shaking. The slope;oulfuras were the new
master cultures and stored at 3°c.; the 100 ml.broth culture

was seed for production media« 5 ml. of each broth culture

vas inoculated into production media and the activity determined
at 24 bourly intervals up to 72 hours. It was intended that

the isolate giving the highest activity would be seleoted for
fresge-drying. All isolatss, however. exhibited the same activity
and one was seleoted at random,

b) Freesze-lrying.The selected isolute was loop inoculated
into 100 ml.’nntrient broth., The culture was grown at 30°C.
for 24 hours, agitated by rotary shaking. The dellg Were Yo
" covered by cegtrifugation‘in sterile metal-capped 'Pyrex'
centrifuge tubes (10 cm. x 1 cm. I.D,) at 3,600 rpm.using e
*Piccolo! céntringe*¢ The cells in eaoh centrifuge tub§ were
resuspended in O.1 ml. of a sterile solution of 1% glucose
plus 1% pepbone (Oxoid L 37) in water. Zach suspension was
transferred to a sterils cotton wool plugged frease-drwins'
ampoule (1 ml. size), care being taken to avoid the suspeneion
weiting the barrel of the ampoule as 1t was dispensed from a
sterile plugged Pasteur pipette. When thim operation had heen
completed, each cotton wool plug was trimmed with a pair or
sciesora and pushed down the ampoulo bnrrel and the barrei

Griffin and George Ltd.
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constrictod over a fiah-tail Bungen burner, care being teken
to avoid oharring the cotton wool pluge

411 ampoules were placed in a metylatéd spirita/oardice

. mixture and the contents allowed to freese. Each ampoule was‘
placed on & manifold comnected via a methylatad spirits/ _

' cardice water trap and a phosphorua pentoxide trap to an Edwards
typa ED 35 vacuum punp and freeze~-dried. A minimum of 0.5 Torr
was<neoeaaary to prevent thaving. ¥hen the operation had been
completed (ce 16 hr.) eaoch ampoule was sealed under vacuum

at the conétriction, labelled and stored at_room temperature.

One ampoule was taken at random for purity end antibiotio
aotivity assessment and preparation of & atock of agar slopaa
-which were to be used in subsequent work,

3a) The Stabilin of the intibiotic Subatggpeg in their
Reageotiv«a Pﬂducticn Medial Stabilitx at 1 Ce and.
Room Temperature, pH g~11 1n M[lo Glycine 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 N.HCl or HeNaCH for the purpose of pH
adjustment.

Each portion was diluted'l‘hu-2 5 with the reapentive'
glycine buffer and divided into two, one suhnportion stored at
_3 Cey the other at room temperature, in 'Pyrex’ hoiling tubes
each sealed with a rubber bung. A control was prepared to
check the initial activity of the culture.

At 045, 24, 48, T2 and 120 hours a 1 ml., sample was
withdrawn frou each tube, its pH adjusted to 7, diluted L in
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 (p.108)
for antibiotic substance 175 and 2725 respectively. |

© 3b) Stability at 100°C., pH 2, 7 and 10 in M/10 Glycine

) Buffer,

100 mle. of production medium were harvosted at 48 hours
and divided into three portions and the pH of one portion
adjuated to 2, anather o 7 and the other to 10. A control
samplo wap taken. anh portion was diluted l ux‘z 5 with the

respective glyoine buffer and 20 ml. of each of the buffored
:cu;tufms‘diépenped into a,graduatad;b@iling tubaa'ﬁabh boiling :
_tube was placed in a boiling vater bath and 1 ml. samples
withdrawn at Os 0e5, 1, 2, 4 and 8 hourss oompénaation for
reduction in volume owing to evaporation was made by edding
“the respectiVe buffer before the one hour and s&%eqﬂant samples
. were taken, Eaoh sanmple was adauetad to pH T and diluted 2.5

" times with M/150 phoaphaxe buffer (pH 7); storilized and ass-

ayeds The results are glven in Tables2 (p.92.) and 16 (p.08)
for antibiotio substanoes 179 and 2725 respeotively.

It wasldetermined prior to tﬁia experiment that tdouble }
‘heating' namely at 100°C. and- 106°C, (or 121°¢. for culiure
2725) at pH T 1ﬁmodiately before assay, had no detrimental
effeot on the aotivity of a sample. This was found by
oomparing a sumple which had been heated tvicgighsimilar Eumplor

which had been heated once and sterilizad by filtration.

4. The Identification of the Two Antibiotic-Producing

Strains, : :

Taxononic tables. compiled by Cowan and Steel (1961)194
and B%rgeyb Manua1195 were used as sources of referenoe.vThe
featurea,studied which led to the identification of strain
175 (Pseudomb@aaéflﬁdrescenl) and strain 2725 (Bacillus
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licheniformis) arve given in Tables 3 (p.93 ) and 17 (pd09
for antibiotic substances 175 and 2725 respectively.

5e The Effect of Inoculum, jeration and Antifoam on
Antibiotic Yield in Shake Flask Culiurs.(3amples for

assay were adjusted to pH 7, dilutec :1-in:<8: with M/150
phosphate buffer (pH 7) prior to sterilization and assay).

o) Inooulum. Quantities of nutrient broth seed culture
%o give an inoculum of 0.25, 0.5, 5, 10 and 15% were transferred
to 100 ml. of production medium and the production culturua
‘srown. A%t 3 x 24 hourly intervals samples for assay and pH
'determinafion were removed. The results are presented in Tables
4 (pe94) and 18 (p.110) for antibiotio aubata.ncesl'lS and |
2725 respectively. ‘

b) Aeration. Production medium volumes of: 50, 75, 166
gnd 150 ml., were preparedvin 500 ml. cotton wool plugged
conical flasks and sterilised. To cach was added a 0,5%
inoculum of a 24 hour nutrient broth seed culture. Volumes
greater than 150 ml. were not practioable in 500 ml, flasks
és wetting of the cotton wool plugs resulted on rotary sheking.
At 3 x 24 hdurly 1ntervala‘samplés for assay and pH detefmin-<;/

ation were withdrawn from saoh culture. The mesultis are given
 in Tables 5 (pe9 4) an&'(p.lﬂ.o), antibiotio substances 175
 and 2725 respectively.

¢) sntifoam, Two antifoam agents were solected for
this experiment: silicone HD and polypropylene glycol (P2000).
Various oohcentratibns}(o.l, 0.25 and 0.5% V/V) of sterile
antifoam were added at a 1:2 didution in water, to ease
diépensing these rather viscous agents, to 100 ml. amounts of
production medium, Each batch of medium was inoculated with
0.5% of & 24 hour nutrient broth seed oulture. Samples for
assay and pH determination were taken at 3 x 24 hourly
intervals, The ®esults are given in Tables 6 (p.95 ) and 20
(pel11) for antibiotics 175 and 2725 respeotively.
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6. The Changes in Antibiotio Aotivitll_pﬁ, Cell Count,

glucose Concentration fstr= 1151: % Sgcrn;gtign

(atr. 212 and Kitrogen in Production Medium on

100 ml. shake flask goale.(Samploa for assay were
~adjusted to pH 7, diluted 1 in-5 with K/150 phosphate (pH T),
prior to sterilisation and'ageé&}. '

A'series of 10 x 100 ml, quantities of production medium
'fvara each . inooulated with 5% of a 24 bour nutrient broth seed
culture. At. oight hourly 1nterVals a flask was removed from
the shaker and the factors 3iven above determined. The resulis
~are given in Tables T (pe94 ) and 21 (pe1 12) for antidbiotic
substances 175 and 2725 raspeqtiVely.'

T« The Clarification of Mature Production Medium, As it is

aasirabls to remove cells and undissolved nutriente prior

to extraotion, attempts were made to ascertain if the antibiotics .

were soluble in the oculture fluid at the pH at which optimum
activity vaa@ohieved, it not, would pH adjustment rendor then
solnhle., : : :

A 48 hour oulturu of tho aotive gtrain was propaxud 1n
the oorrenponding production medium and divided into eight.
porticnn. One portion was adjusted to pH 2. another to pH 3
and go on up to pH 9 using X. HCl or H.Raﬂﬁ. Easch portion was
oantritugnﬁ at 4,000 rpm. for 10 minutoa and the nupernatant‘
adjusted to pH T and- diluted . Flaas:\57* with #/150 phosphata
buffer (pi 7) and ateriliaed. The results are given in .
Tables 8 (ps97 ) and 22 (p.l::a) for antibiotic subatanoos
175 and 2725 respectively.

*see foot of page 78. ‘
* . )
ﬁsingﬁa *Piccolo' centrifuge.
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THE FERMENTATIONy; METHODS OF EXTRACTION AND PARTIAL PURIFI-

'CATION OF ANTIBIOTICS 175 AND 2725, ON A ;50 l. SCALEjand

: Properties of the Antibiotios.

The methods of extraction and partial purification were
developed on a small scale using'l l, cultures, prepared by
bﬁlking 10 x 100 ml, shake flask produotion medium ocultures

“and subsequently scaled-up for work with 350 1. batch oultures.
Medium, The relevent production medium'was‘the same as that
‘used on the 100vm1. ghake flask soale.namely 1% corn steep
lignor plus 4% glucose in a basic ealts'aolution7(Appeodix 2)
for antibiotic 175 and 1% soya flour, &% fish meal plus 4%
glycerol in ﬁasio salts solution for antibiotic 21725,

For each 350 1. of production medium plue an initial ‘
0.01% V/V silicone RD vere prepared and sterilizediat 121° Ce
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 concentrationa applicable

350 1.) -

Inoculum.1 1. of a secondary nutriemt broth (Oxoid CM 1)
culture was used. This was prepared by inooulating 10 ml, of

a nutrient broth primary oulture into 1 1, of nutrient broth
contained in. a 3 1, oonioal flask, Bothk cultures were inoubated
at 30 Ce for 24 hours and ag;;tated by rotaxy shaking.

Antibiotiu 175. &) Fermentation. ‘The batoh culture was ‘aerated
at a rate of 200 l./min. for the first eight hours and 400 1./
min. thereafter with agitation at a rate of 183 rpm. from a

four blade (125 x 50 mm, ) impellor under a positive pressure
of 15 p.s.l.8 at 24°c.



78

Samples for antibiotio assay, pH; total nitrogen*, glucoae*’
and total cell count? determination, were taken at six hourly
. intervals up to 48 hours when an sdditional final sample for
dry weight estimation™ was taken,

At 48 hours the oulture was olarified by centrifugation
through a Sharples centrifuge at 15,000 rpm. set for liquid/
solid separation, and the supernatant pumped into a suitable
agitated extraction Vesacl. At thia ‘stage the aupernatant w5e
sampled for antibiotic assay only.

b) Extrggtion. 1% Sutcliffe and Speakman’ ¥
grade 110 charcoal was added to the oculture supernatant and
mixed for one hour with a 4 blade (7* x 2") impellor at 400
rpos At 55 ninutes 1% w/v Hyflo super-cel filter aid was added
to ‘the mixture and the ohurooal recovered by pressure filtration,
using a Calmic heavy duty filter press (typo E) having 12 of
42cm, dismeter plates. Bach plate was fitted with a C100 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 o vessel containing 70 1.
of a 512 ecthanol bengzene solvent mixture and the contants
mixed for one hour with an agitgtqr having 4 of 3.5"x 2"
blade 1mpellor at 400 rym.. \ A

*Total nitrogen estimated by sutomated technique based on the
»fJeldanl method.

Glucose eatimated by antomated techniqne based on the ferriw
cyanide method. ®

*Total cell counts determined’ using a Hawsley counting chamber
%Thom), depth 0,02 mm. with 1/400 oo, squaress .

Ty weight estimations a 40 ml. sample centrifuged 15,000 rpm.,
cantrifugate resuspended in water, recentrifuged, centrifugate
*iriod 110°c. overnight in a welghed dish and then reweighed.

§utc11ffe and Speakman Ltd., Leigh, Lancs.
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The eluting solvent was recovered by filtration, using
a basket filter of 50 cm, dismeter having the ocorresponding
Whatman Hoe 1 filter paper fitted and with a vacuum of T40 mis,
provided by a Nashitor pump, Both the charcoal filtrate and
the eluting solvent were sampled for assay and the latter
concentrated in two stages to approximately 3 l. using the
following aquipment;

i) Climbing Film Evaporator (Type 1l). The reoovered elut-
ing solvent was passed through this equipment which reduced
its volume to approximatsly 12 l. The feed rate was approx-
imately 60 1. per bour using a stear pressure of 3 peB.iegey
Vapour temparature of 3o°c. and a vaouum of 710 mm.*

ii)apex Evaporator.The climbing film evaporator concentrate
was concentrated further with this equipment at & rate of 15 1,/
hour ueing a steam pressure of 2 pes.iegey at a water jacket
tempersture of 5o°c.. and vacuum of 740 mm.’ These conditions
gave a solvent temperature of approximately 22°c. The volume
of the final concenirate was l.s5-3.0 1. '

¢) Partial Purificstion. This was achieved
by extraction with ether. The concentrate was extracted twice
with hglf to an equal volume of sther at pH 8,5 to remove
ingotive ether . solubles. The uctivity was then extracted
into ether at pi 4.5 and to water at pH B.5, back to ether at
P 445, then to water at pH 8.5. it each stage the volume of
solvent (ether or water) was reduced to about half that of the
previous active fraction. The final aqucous extract bad a volume
of approximately 250mls H.HCl was used to adjust the pH. Samples
were taken for antibiotic assay from each fraction and a flow
sheot constructed on ezch batech extracted. A typical flow |
sheet is given in the resulis section, p.90.

*Vaouum provided by an Edwards E3 35 high capacity pump.
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The final aqueous solution was freed of dissolved ether
‘in vaouo', 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 needed to
avoid thawing, < 0.l Torr.

d) The Stability of intibiotic 175 Product

at }90., Room Temperature and 37°C. at

pH 2-11 in ¥/10 Glyocine Buffer. 300 ml.

of an aqueous solution ocontaining 0.5 mg/ml. of the prodﬁct

were prepared and divided into 10 x 30 ml. portions. One
portion was adjusted to pH 2, another to pi 3 and so on to

rH 11, using N, acid or H. alkali., Each portion was diluted

1 in 2 with the relevant glycine buffer solution and dispensed
in three equal parts into *Pyrex' test tubes und 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 (cs 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 sach series, all
aliquots adjusted to pH 7 with N,HCl or N.NaOH. Xach aliquot
vas diluted 1 in 10 with }i/150 phoshate buffer (pH 7) and
sterilizad at 106°C., for 10 minutes and assayed up to a l 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 condgged into one table,
Table 1 (p.91 ).

e) The Stability of intibiotic 175 Product
at_100%c., pH 2, 7 and 10 in K/10
Glycine Buffer.l5 ml. of an aqueous

solution containing 1.0 mg/ml. of the product were prepared
and divided into 3 x 5 ml. portions, the first adjusted to pH 2,



81

the seoond to pH T and the third to pH 10 using N.HC1l or N.
NaOHe All three were diluted 1 in 2 with the corresponding
€lycine buffer and eaob solutdon dispensed into a graduated

" boiling tube. The boiling tubes were placed in a boiling water
bath and 0,5 ml. withdrawn from caoh tube at 0, 0.5, 1, 4,

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

10 with M/150 pbosphate buffer (pH 7) and sterilized at

106%¢. for 10 minutes. :ach sample was assayed up to a 1 in
640 dilution. Compensation for loss of weter from the solutions
dwing to evaporation were made prior to the withdrawal of all
aliquote at one hour and thereafter. The results are given

in Table 2 (pe92 )+ 48 was the case with stability studies

at 3°c., room temperature and 37°C. the results showed much
simlilarity to those obtained with the antibiotio in production
medium, hence the~reeu1ts‘of the two experiments on the stab=
ility at 100%c. were condensed into one table.

f) The intimicrobisl Spectrum of Antibiotic
175.

5 ml. of a solution containing 1 mg/ml. of the produot
in M/150 phosphate buffey pH 7, were prepared and sterilized
at 10690. for 10 minutes, This solution was diluted aseptiocally
to give solutions of 0.5, 0.25 and 10.125 mg/ml. using nutrient
broth (Oxoid CK 1) as diluent. From each of the nutrient broth
solutdons tentfold dilutions were made in sterile broth up
to 10,000,

100 pl, of each dilution of each solution were dispensed
into Iurham tudbes set in the manner similar to the semi-micro
assay. To each tube 10 ’11. of a 10-2 dilution of a test
- organism oculture in nutrient broth were added and each tube
sealed with wax. The procedure was repeated for cach test
organism considered. All assays were duplicated. The incube
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 oxpressed as minimum inhibitory ooncentrations (M.I.C.).
Controls were prepared to oheck the growth of each test
organism in broth in the absenoe of antibiotio. The results

are presented in Table 9 (p.103),

g) The Effect of Serum on the Aotivity of
Antibiotic 175 against Staphyloooccus

aureus ‘Palerl.

5 ml. of a solution of the product oontaining 50 yg/ml.
were prepared in M/150 phosphate buffer (pH 7) and sterilized
at 106°C. for 10 minutes.

A series of nutrient broth solutions oontaining 1, 5,
10y 20, 50 and 75% unborn oalf serum were prepared, the serum having
been previously inactivated by heat at 56°C. for 30 mAnutes.

The usual semi-mioro assay was done in duplicate up to
& 1 in 320 dilution with each of the concentrations of serum
in broth as diluent, together with a oontrol containing no
serumy, and using the antibiotio solutdon prepared above,
Growth controls were prepared to obsexrve 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 Haemolytio Activity of Antibiotic 175.
A 1% solution of the antiblotic in physiological saline
solution (0.85%) was prepared and diluted ten-fold with
saline up to 10™?. Each solution was sterilized at 106°C. for

10 minutes.

A series of eight Turham tubes were set in a 'Plastioine?
pallet as though a semi-micro assay was to be performed and
100 pl of each of the solutions dispensed into the tubes
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beginning with the 102 dilution and working backwards. To
each of these solutions 100 pl of fresh heparitinized rabbit
blood were added and ecach tube sealed with wax. The tests
were done in duplicate with a contrsl having no wntibiotioc.
The tests were stoded at 3°C. for 18 hours. The procedure was
Tepeated and the tests inocubated 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
shuyed baemolysis and no haemolyeis, thus enabling a more
precise determination of the concentration whioh just gave
haemolysis. The results are presented in Table 11 (pel04)e

i)The Effect of Inoculum on the Activity
of antibiotio 175 against St. aureus (Paler),
A solution containing 10 pgyl. of the antibiotio in
M/150 phosphate buffer (pH 7) was prepared and sterilised at
106°c. for 10 minutes. Six semi-nicro assays (up to 1 in 320
dilution) of the solution were prepered cach intended to have
a different implant size. 10 pl. of neat 18 hour 37°C.
nutrient broth culture of St aureus (Paler) were dispensed
into each of the tubes of one assay. 10 yl. of a 1071 dilution
of the culture into another assay and so on until a 10 dilution
had bcen used. Total cell counts were done on each of the
dilutions to Bive an- estimate of the numbers of bacterial
cells involved and to check the accuracy of the serial dilutiohs.
The . results are shown in Table 12 (p.10 5).

J) The Bactericidal Activity of asntibiotic

175 _aga _inat St. aureus SPaler) and
Escherichia coli (MRE 600).

A solution of the antibiotic containing 2 mg/ml. in
}/150 phosphate buffer (pi 7) was prepared. From this solution
a series of dilutions in the same btuffer wers made to contain
1,000, 500, 250, 25 and 2.5 pg/ml, of the antibiotic. The
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solutions were sterilized at 10600. 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 107% dilution of & St. aureus (Paler)
or E. coli (MRE 600) oculture, previously incubated at 3700.
for 18 houds. A control having no antibiotic was prepared.
The cultures wers incubated at 37°C.

At 2, 4, 8y 24, 48 and 72 hours a 1 wl. semple was with-
drawn from each culturs for total and viable count estimations.
The total count was determined microscopically using a bact-
erial counting chamber (p.78)e The viable count was estimated
by spread-plating, on nutrient agar plates, 0.l ml, of each
dilution of a ten-fold dilution series (up to 10'7) of cach
sample in physiological saline soluticn., The plates were
prepared in triplicate and inocubated 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 (ps106 )o

Antibiotic 2725, a) Fermentation.The bateh culture vas 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.sei.gs 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
forldry welght estbimation.

4t 48 hours the wholse oulture was adjusted to pH 3 with



85

concentrated hydrochloric acld snd 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 Speskman
grade 339 charcoal was uddéd to the supernatant and mixed for

one hour with a four blade impellor (7" x 2" each) at 400 rpa.
At 55 minutes 2% Hyflo super-cwl filter ald 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 T0 1. of 532 industrial methylated spirits/benzene solvent
mixture plus l» conce. byrochloric acid and the contents mixed
for one hour with an agltator having four of 3.5" x 2" blade
impellor at 400 rpn, "

The eluting solvent was recovered by basket filtration.
Both the eluting solvent and the charcoal were sampled for

antibiotic asmsaye.

Using the same condltions as in antibiotic 175 extraction
(pe79 ), 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 laboratofy water pump.

¢) 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 conc=: -
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entrate of the eluting solvent. This preliwinary fractionation
resulted in about 90% reduction in the dry weight.

The antiblotic was thrown out of solution as its picrate
by the addition of a saturated solution of picric acid*. The
quantity necessary varied from batch to batebh but the volume
equivalent to 12 g. of pioric acid per 100 g. of pH 6.9 water
soluble residue gave the best result in terms of active

material recovered.

The picrate was allowed to sediment overnight at 3°C.,
the mother liquor was siphored off and the picrate’recQVered
by filtr:tion or centrifugation. The picrate was dried at
room temperuture and dissolved in a minimum zmount of 80%
acetone in water, the solution taken to almost dryness and
the antibiotic converted to its hydrcchloride by the addition
of 5 N. HC1l at & rete of 5 ml, per 100 g. of picrate and
the hydrochloride precipitated by the addition of several

volures of 100p 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 K.NaOH
end centrifuged. The pH of the solution was then readjusted
to 7 and freesze=-dried using the saue equipnent as was used
at the corresponding stage with asntibiotic 175 (ps80 ),
although in this instance only a minimum of 0.5 Torr was

necegsary to prevent thawing.

At each siage in the process sawples were tuken for assay
snd a flow-sheet compiled for each batch processed. A typicsal
flow-sheet 1s given in the results section, page 114,

"0.654 w/v picric acid at 20°C,
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d) The Stability of Antibiotic 2725 Product

at 3°C., Room Temperature and 3]00. at pH
2-11 in M/10 Glyoine Buffer,

300 ml. of & .30lution of theiproduct containing 1 mg/ml.
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 pR 11, Each quantity was diluted 1 in 2 with the respective
&lycine 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 ¥/150 phosphate buffer (pH:T)
on being neutralized prior to sterilization at 121°C. for 5 mins.
The results were so similar to thase obtained for the experiment
concerned with the stability of the antibiotio in its production
medium that all the results have been condensed into one
table, Table 15 (p.108).

) The Stability of antibiotic 2725 Produck
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.BC)) except that the solution employed
contained 0.5 mg/ml, of the product and the aliquots were
diluted 1 in 5 prior to steriligation 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 gxcgpt that the psample sterilization conditions were
different. The results are given in Table 23 (p.118).

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

biotic 2725 against Staphylococcus sureus (Paler).

The procedure differed from that used in the oorresponding
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‘experiment for antibi¢tio 175 (psB82 ) only in respect of the
c.ncentration of the soluticn of the product and the source

of serum used, The antibiotic solution contained 100 pg/ml.

aend 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 eumployed for

antibiotic 175 (p.82 ). The results are given in Table 25
(pe119),

1) The Effect of Inoculum on the Activity of
Antibiotic 2725 against St. aurcus (Paler),
A solution of 40 yg/ml. of the product was used, other-
wise the method was the same as that used for antibiotic 175
(peB3 )s The results are given in Table 26 (p.120),

§) The Buctericidal Activity of Antibiotic 2725

against St, aurcus gPaler) and 'g.goherichia
coli (Mik 6060).

‘he method used was identical with that of the corresp-
onding experiment for antibiotic 175 (p.83 ). The results
sre given in Tables 27 und 28 (p.121).

k) % study of the ;mimo icid Composition of
:ntibiotic 2725 by Paper Chromuatography.

The product hud approximutely 124 total nitrogen. 186
mg. (1.2 mg. nitrogen) of the antibiotic were bydrolysed in
& vecuum sealed ampoule (made from a 6" x 5/8" 'Pyrex' glass
test tube) by 10 ml. of 6 K. HC1 for 20 hours at 120°C,

The hydrolysate was tsken to dryness over a steam bath
und the residuc dissolved in 1 ml. of water and the solution
evaporated to dryness, thus ensuring the removal of excess HCl.
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The hydrolysate was dissolved in 1 ml. of water and 10 pl of
the solution spotted on to a Whatman No, 1 chromatography
sheet (57 x 46¢a).

A two-dimensional chromatogram was prepared. The solvent
for the first dimension comprised a 150160 mixture of sece
butanol 3 3% ammonia. This was repeated in the same dimension.
Each first dimension run took approximately 24 bours.

The second dimension was performed in a 150:30:20 mixture
of sec~butanolsformic acidiwater and took approximately 10

hourse.

The chromatogram was dried at lOSoc., sprayed with a 0,25%
solution of ninhydérin in acetone and developed at 105°C. for
4 minutes, The ratio of the distance travelled in the first
dimenshon to the distance travelled in the second dimenston
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 e mdp. The method was

taken from Haussman (1952)196.

The wesults are given in Table 29 (p.12 2 ), and were
197

confirmed by Thomas using an amino ucid analyzer. Thomas®

results were quantitative and are also shown in Table 29.
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RESULTS

A total of fifteen 350 l. batech 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 pageil4 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 T 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 1315 then 1:2
dilution series mentioned in the section outlining the method
of assay. A3} assays were done in duplicate and where titres
are quoted the values represent the mean of duplicated
asséys. All productiion medium samples, except those of the
charcoal filtrate, obtained during preliminary extraction,

were asssyed at 5 times the original volume,

The resulis shown in Tables other than Tables 3, 17 and
29 are the wmeans of duplicated experiments conducted on
separate occasions. kxplanations of the results shown in
Tables 3,y 17 and 29 are given at the head &f the respective
datae

The Stability of Antibiotiégglio
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 80 ).
The data obtained for the stability of untibiotie 175 in
its production medium over the pH range 2-1l in glycine buffer
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at 300. and room tewmperature did not differ from the corresp-
onding data obtained for the product. Neither were there any
apprecisble differences between the raesults obtained for atab-
ility at various storage temperatures, both for the antibiotio
in its production medium and the product. No stability studies
for antibiotic 175 in its production wmedium 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 12 120
2.0 100 100 100 100 50
3.0 200 200 100 100 50
4.0 200 200 200 200 100
5.0 1200 200 200 200 200
640 200 200 200 200 200
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 wedium and as the product in agqueous solution is
stable at temperaturcs up to 3700. between pH 5 and 9 for at
least five days and betweem 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 aoid pH where there is a 50% loss
within half 2 houf wheress 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 givem on pages 74 and 80),

Again no difference in the pattern of stability for the
antibiotic in its production medium gnd 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
T.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 duraiion of the experiments
which seems to suggest the existence of more tham one antiblotic

in the product. Barrow200

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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sunmary of the taxoncmic features of this orgenism 3 given
Table 3.

Table 3

Feature Feature Beatute
Gram Reaction =*  QOrowth in Mac- Mannitol(acid) +
Shape Rod  Conkey Broth at 37° + Salicinfacid) =
Motility + Kitrate Reduction + Arabinose(acid) =
Catalagse | + Gelatin Liquefaction =~ Xjlose(acid) -
Oxidase + Urease Production + Glycerol(acid) =
Oxidative or H28 Production - Growth at ioom

Fermentative Ox. Citrate Utilization + Temperature +
Pigment # Malonate " + Voges Proskauer =
ILiffusion of Starch Hydrolysis - Gluconate util-
Pigment + ization, +

These features are characteristic of Pseudomonas

fluorescens, particularly the feature referring to the diffusion
of pigment., The gram reaction, motility, catalase and oxidase
reaction and the oxidative fermentation of glucoée are all
charabteristics of Pseuddmonas sp. Moat of the biochemical
charscteristios resemble those of Psa, pyocyunea except those
of negative acid production frow media where arabinose,
xylose and glycerol are the sole oarbon sources snd the ferm-
entation of malonate. According to Cowan and Stesl (1961)194
21-79% of the strains of Ps. pyocyanea ferment malonate.
However, my conclusions as :gsthe identity of atrain 175

.

were confirmed by Bascombe
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The Effect of Inocculum on the Yield of antibiotic 175
in Production lediuum.(Experimental details are given on

p-75).

The results given in Table 4 suggest that an inoculum
of 0.,25% is sufficient to obtain the same ylield as was previously
obtained using a 5% inoculum in shake flask cultures,

Table 4
Percentage Time in Hours
Inoculum 24 48 ' T2
pH Titre pH Titre pH ~ Titre
0.25 T.80 100 8.40 200 8.40 200
0.5 T.90 100 8.50 200 8.40 200
5.0 8.10 200 8.50 - 200 8465 200
10,0 8.10 200 8.60 200 8.65 200
15.0 8.25 2G0 8465 200 8.80 200

The Effect of Aerstion on the Yield of Antibiotic 175

in Production Medium.(Experimental detalls are given on

Pe75)e

The results shown in Table 5 indicate that seration has
no affect on the yield of antibiotic 175.

Table 5
Volume of Time in Hours
Medium per 24 48 T2
Flask (ml.) pH Titre pH Titre pH Titre
50 7.90 200 8.75 200 8.40 200
5 7.80 200 8.65 200 8.35 200
100 T7.70 200 8.50 200 8.50 200

150 710 25 8+45 100 8.45 200
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. The Effect of Various Concentrations of Silicone RDU and

. Polypropylene Glycol P2000 on the Yield of aAntibiotic 175

. in Produetion ledium,(Experimental details are given on
Pe 75 )e .

The results are given in Table 6 .,

Table &

Parcentage Time in Hours
antifoam 24 48 , 12

pH Titre pH Titre pH Titre
0.1 T.40 100 8455 200 8459 200
0625 ¢ AD 7,40 100 8,50 200 8455 200
0450 7445 100 8,50 200 8460 200
O.l T.50 <25 8.45 <25 8450 225
0.25 p PO 7,45 <25 8.45 <25 8430 25
0e5 T+55 <29 8.35 <25 8.30 =25
Control  7.40 200 8440 200 8,50 200

The results suggest that even the highest level of silicone
RD does not slter the yleld of antibiotic compared with the
control., There was sonc delay in the achievement of optimum
yield presumedly due to the depression in the dissélution of
air csused by the presence of the antifoam. Polypropylene
glyool P2000 does have a detrimental effect on yleld althéugh
there was continued growth of the culture and the pH pattern
was not appreciably different from that of the control and
silicone RD supplemented culturese

The Changes in Antibiotic activity, pH Cell Count, Glucose
Concentration and Total Nit en in tibiotic 1 Prod-

uction Medium,(100 ml. shake flask soale)



96

Experimental details are given on page 7, + The data gbtained
are presented in Table T

Table T
Ldme in Houra
O 8 16 24 32 40 48 56 64 12
Titre <25 50 100 200 200 200 200 200 200 200
pH 7¢00 5040 Tal5 Te25 7485 8415 8430 8435 8.45 8455
Cell Count - 10640 302.0 260.0 170.4
(x107%) 15.6 251,0  290,0"  180.0  150.8
Glucose 0¢49 0.18 0.15 0¢13 0409 0403 0,02 0.015 0,015
con®?* (%) 0.015
Total N, 1461 1461 1¢64 1445 1425 1455 1e61 1466 1.74 1.67

2
(mg/ml. )

*Lyais observed from this point onwards.

Optimum yleld was obtained within 24 hours as previous
experinents bave indicated. This peak did not correspond with
the peak in the growth of the culture and antibiotio synthesis
appeared to be more a funotion of the glucose conocentration
than a function of cell numbers. Syntheslis cessed 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 varietione in the samples. Even at 72 hours
the pH did not reach an unfavourable level,

The Clarification of the Mature Production Xedium,
%%erimental dotails are given on page 7L

The results of this minor experiment are shown in Table 8
and indicate that the antiblotio 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 instsbility 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

i“J'Lssa.yed at pH 7.0.
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A Typical Flow=3Sheet for the Fermentation, Extraction and
Partial Purification of Antibiotic 175.

Fermentation.(This data was obtained by the pilot plant

staff at Imperial College, oxcept the assay figures).

Sample pH  Titre Cell Count Total N Glucose
Time (h,) (No./ml, ) (mg/ml. ) con®"* (%)
Pre-inoc. T.00 <25 - 0420 0.49
4.0 6.95 <25 4493 x10° 019 041
10,0 4,60 <25  5.60 x10° 0,10 0.32
16,0 6.50 50  7.00 x10° 0,16 0.25
22,0 7030 50 1,00 x10° 0409 0,17
28,0 7.60 100 1,20 xi0’ 0430 0,09
34,0 7.80 100 6,40 x10° 0030 0,032
40,0 7490 100  6.50 x10° 0,17 04025
4640 8,15 100 5,40 x10° 0.19 0,020
48.0
(Harvest) 8,30 100 - - -

Cell dry weight on final sample = 0.26%

Clarification, Charcoal idsorption, Recovery and Solvent Elution.

(Titres are expressed in terms of original volume of the
oculture unless otherwise stated).
Titre of Culture
Volume of culture (1.)
pH of Culture

Vol. of Culture Supernatant after Centrifugation (1.)

Titre of Culture Supernatant

Wte of Sutcliffe and Speskman 110 Charcoal Used (Kg.)

Mixing Time (Hours)
Wte of Hyflo Super-cel Used (Kg.)
Volume of Charcoal Filtrate (l.)

pH of Charcoal Filtrate

Titre of Charcoal Filtrate (at original volume)

300(37a")
370

8.30

360

100( 36m)
3.7

1.0

3e7

340

6,50

<5 ("‘1-53‘)

*m = "million units"
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Volume of Ethanol/Bengene (512) Used (l.)
‘Elution Time (Houra)

Volume of Solvent Recovered on Filtration (1l.)
"Titre of Reocovered Solvent

"Solvent Concentration

Volume of Primary Concentrate from Climbing Film

Evaporator (1.)
‘Titre of Primary Concentrate

Volume of Secondary Concentrate from Apex
Lvaporator (l.)
Titre of Secondary Concentrate

Solvent Extraction — Ether Extraction at pH 8.50

1.

2

1.

2

Volume of Ether idded to Concentrate (ml.)
Volume of tther Recovered (ml.)

Titre of ther Fhase Hecovered (at 1/10 original

volume)

Volume of Concentrate Phsse Hecovered {(ml,)
iitre of Concentrate Phase Recovered
Volume of Fther idded to Concentrate Phase
Volume of Lther Recovered (ml,)

Titre of Ether Phase Recovered

Volume of Concentrate Phase¢ Hecovered (ml.)
Titre of Concentrate Phase Recovecred

~Ether Extraction at pH 4.9

Volume of Ether idded to Concentrate (ml,)
Volume of Ether Phase Hecovered (ml,)

Titre of Lther Phase Recovercd

Volume of kther Added to Concentrate (ml.)
Volume of :ther FPhase Hecovered (ml,)
Titre of Ether Phase Heoovered

Volume of Spent Copcentrate (ml.)

10

1.0
070

100(36m)

13
100( 36m)

1.65
100(36m)

1000
880

<5(318m)
1700
100( 36m)
500
480
<5 +6m)
1700
100(36m)

1000

1000

100( 36m)

500

495
«5(2.8m)

1780



100

Titre of Spent Concentrate

~Aqueous Extraction at pH 8.5

<5@.8n)

Volume of Watwr Added to Bulked active Ether Phasee (ml.)750

Volume of Spent Kther Phase Recovered (ml.)
Titre of Spent Ether Phase Recovered (at 1/10
original volume)
Volume of Aqueous Phase Recovered (ml.)
Titre of Aqueous Phase Recovered

—~Ether ixtraction at pH 4.50
Volume of Ether Added to the Aqueous Phase
Recovered (ml.)
Voluwe of rther Phase Recovered (ml.)
Titre of Ether Phase Recovered
Valume of Spent Aqueous Phase Resovered (ml.)
Titre of Spent Aqueous Phase Recovered (at 1/10
original volume) |

-sgueous Extraction at pH 8,50

Volume of Water idded to Xther Phase (ml.)
Volume of Aquéous Phase Recovered (ml.)
Volume of Spent Ether Phase Recovered (ml.)
Titre of Spent Sther Phase Recovered (at 1/10
original volume)
Product. , '
pH of Ether-Free aiqueous Solution idjusted to
Wte of Freeze-Lried Product Obtained (g.)
Activity (units/mg.)

" (pe/wl.)
‘fotal Units Recovered (7900 x 3.55 x 1000)
Efficiency (%)

1210

<56+18m)
1040
100(36m)

500
450

50(18m)
1050

<5@v18m)

250
280
400

45@f18m)

8.50
3.55
7900
0.12
28n
15

The data obtained for the fermentetion 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 T.5. Desplte 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 1T75.

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, besldes the cell
count and antibiotic activity optima did not coincide. Such
differences in yield, although apparently large (100 and 200
units/ml. 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 exhibitdéng growth.

Cell dry weights were done cn the final sample as an
additional parameter for detérmining 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 detrimentsl 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 Sharples
MV 12 centrifuges.

The spent culture supernatant (or charcoal filtrate) was
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always left more acid than the oulture supernatant from which
it was derived, pH 6.5 compared with pH 8,3, This was undout-
edly due to the aoidic 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 10%
sugpension 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 twoesphase 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 absclute ethanol was the bestﬁource of ethanol to use and
ethanol benzene was by far the most’efficient eluting sgent,

The final concentirate was largely aqueous and required
no futther concentration prior to removal of inactive ether
solubles at pH 8.5. The ether/aqueous extractions were performed

4in a 5 l. separating funnel.

The final aqueous extract was invariably difficult to
make owing to slow phase separation. light centrifugation
egsed this situation. The final aqueous extract was freed of
ether 'in vacuo' prior to lyophilization. Again some diffi-
culty was encountered owing to foaming., This problem was
overcome by periodic release of vacuum.

Most of the loss of activity ococurred in the final stages.
The efficiency of extraction was quite high, of the order of
15% yielding 3~5 g. of antibiotic per 350 l. batch having an
activity of 7,900 units/mg. (0.12 pg/ml.)
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The Antimicroblal Spectrum of intiblotic 175.

Table 9 shows the antimicrodial spectirum of the untibiotic.
vxperimental detuils are gliven on page 81.

Table 9

Species of Miocro~organism Temperature at Minimum Inhib-

(NCTC type No. of Strain which assay in~ itory Con®™*

No. in parenthesis). cubated (°C.). (ng/mle )
serobacter aerogenes B Y { 250
Bacillus alkaligenes 37 ; 25
Bacillus subtilis | a7 0425
Bacillus thuringiensis 37 »500
Liptheria mitis (3989) ‘ 37 )500
Escherichia coli (MRE600) 37 12.5
Haemophilus bronchosepticus 37 12.5
Klebsiella pneumoniae (7242) 37 125
Lactobacillus acidophilus (1899) 30 1,25
Neimseria catarrhalis (3422) 37 1.25
Pseudomonas fluorescens (str. 175) 30 >500
Pseudomonas pyocyanea : LY 500
Proteus vulgaris 30 . 2500
Salmonella typhi 37 250
Shigella flexneri . 37 250
Streptococcus Group C {Xqui)(6177) 37 . 125
Streptococous pneumoniae 37 0.2
Staphylococcus aureus (Oxford) 37 045
Staphylococcus aureus (FPaler) LY E 0.125
Vibrio cholera (8367) 37 ‘ 1.25
Candida albicans 31 >500

The antiblotic was activ%;gainix 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 Iffect of Serum on the Activity of ntibiotic 175
Against Staphylococcus aureus (Paler) Ixperimental details

are given on page 82L.

The results shown in Table 10 suggest that the presence
of serum impairs the activity of antibiotic 175 ageinst St.
sureus (Paler), At 25% serum 75% of the activity is lost whilst

T5% serum suppresses activiiy completely.

Table 10

Growth of the Test Culture

pSerun Titre in Serum Controls.
0 80
1 80 Growth pellet in assay
5 40 tubes was more diffuge and
10 40 the extent of the growth
25 20 less the higher the
50 , 20 :  concentration of serum.
(V) 25

The Haemolytic activity of antibiotic 175.

The results of this experiwment are shown in Table 11l.
Vetails of the method used are presented on pageS2l,

Pable 11

Dilution of antidbiotic
in the Presence of  Control 1072 1073 10~% 1077 107°
Bload,. (2 210'-..)

10~7 1-8

Haemolysis at 3°C. (&) - + - -
" at 37°%C.(z) - .




105

The oriticul dilution btelow which huenolysis occurs is
1 s 1600 and 1 : 18000 at 3 and 37°C. rcspectively. The
product obtaincd was clearly haemolytic, the antibistic itself
way not, however, bc bzemolytic but the haemolytic propexrty

be cue to iwpurities in the product.

The £ffect of Inoculum on the :ntibscterial :ctivity of

Antibibtic 175. The tent organism employed was St. sureus
(Paler). The experimental method is degcribed on P83 . The
results ure shown in Table 12.

Table 12
Tilution of Total Cell Count Iilution of fitre
Culture. of Culture Dilu- Culture in

tions Prioxr to ABBAY .

isaay(No. /ml.)

0 5,10 x 10-° 1071 40
107t 4490 x 107 1072 40
1072 4.8&311&08 ’ 103 40
1073 5,00 x 107 1074 80
1074 4.65 x 10° 1072 80
1072 4.72 x 107 167 80
1078 4.95 x 107 10”7 160
1077 4.88 x 107 16‘8 160

Thie experiuent wus performed to test the effect of inocula
at dilutions greater and smuller than the dilution usged in
the esssy and from the results it 1s seen that a 1,000-fold
chenge in the inoculuw in terme of cell numbers is neceséhny
to zlter the activity by 100z, the limit of detection of the

&83aYe

The total cell counts confirmed the acouracy with which
the 10-fold dilutions were prepared as inocula for the assays.
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The Bactericidal Activity of ;ntibiotic 175 against St.

aureus( Paler) and Escherichia coli (HRE 600).

The results are shown in Tables 13 and 14 for St. aureus
and E. coli respectively. Experimental detalls are given on

page 83,

Table 13

Concentration
of Antibiotic Time in Hours

(pg/ml. ) 2 4 8 24 48 12
Control 7740  94.0 95,1 96.0 86,0 50.0
0.5 81.9 83.0 96,0 82,0 T6.5 6040
546 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 T1.0 15.0 10,5 033

The figures are eipressed as percentage viability; the viabe
ility of 18 hour nutrient broth culture of St. amrcug
(Paler) incubated at 37°C. = 81,0%.

Table 14
Concentration Time in Hours
of Antibiotic
(ng/ml.) 2 4 8 24 48 12
Control 80.0 95.0 97.3 98,0 65,0 52.5
0.5 83.3 90.0 95.0 87.2 907 59.0
540 8440 91.0 9440 5341  44.0 35.7
50 _ 88,0 90.0 92.3 23.0 4.9 50
100 80.1 86.0 50.0 20,8 4e4 245

200 83.0 84,0 31,0 20.5 1.6 0033
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The figures are expressed as percentage viabilitys the vigbe
ility of 18 hour nutrient broth culture of £, coli incubated
at 37°C. = 80.0%. |

Antibilotic 175 appears to be bactericidal to both
Ste aureus (Paler) and E. ooli (HRE 600). Initially (0-8 h.)
there ie an increase in viability of both cultures exposed to

concentrations of antibiotic up to 50 pg/ml. and then a
progressive loss with increase in time. At 100 and 200 pg/ml.
there is a small inorease in viability but not to the extent

sean wlth lowexr concentrations.

The Stability of Antibiotic 2725.

a) Stability at }og,, Room Temperature and }100., pH
2-11 in 4/10 Glycine Buffer,(The methods used to obtain

these results are given on pages 73 and 37 ).
The data obtained for the mtability of antibiotic 2725 in
its production mediuw over the pH range 2-11 in glycine buffer

at 3°C. and room teuperature did not differ from the corresp-
onding data obtained for the product. Neither was there any
asignificant difference between the results obtained for stabe
ility at various temperatures both for the antibiotic in its
production medium and the product. No stability studiea for the
antibiotic in production medium at 37°c. were done, The resulis
wore compiled into one table, Table 15,

The results indicate that antibiotic 2725 is stahle 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 1l, Loes of aotivity was more pronounced
at 100°c. at the exireme pH values studied,
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Table 15
pH fime in Hours. (figures are titres)

0e5 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
640 200 200 200 200 100
T¢0 200 200 200 200 100
8.0 200 200 200 200 100
%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 and 87 ).

The loss of activity was more rapid at the exireme: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

ol Time in Hours. (figures are titres)

0 0s5 1 2 4 6 8
2,0 100 100 100 50 1) 25 <25
7.0 100 100 100 100 50 50 25
10,0 100 100 100 100 50 25 25

At all the temperatures selected forxr ithe study of stability
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of the antibiotio, except IOOOC., there was not total loss
of activity over the pexiod of the experiments, This suggests
that there is more than one biologloally active fraction in
the antibiotio, some being more stable to the conditions used
than others.

The ldentity of the tibiotic~-Producing Strain 2725.

All the biochemical tests were done in triplicate. A
sunmary of the taxonomio features of this organism isogiven
in Table 17.

Table 17
Feature Feature Feature
Gram Reaction + Oxidase + Starch Hydrolysis +
shape . Rod Acid Production NQ3' Reduction +
Spores (endo) + from Glucose + Urease Production +
Motility + Oxidative or Growth at 65°C. =
Acld Fastness = =~  Ferumentiktive 0x  Anaerobic growth
Catalase + Voges Proskauer + in Glucoss Broth +

Gelatin Liquif®™ 4+ kannitol (gas) +  Citrate Utiliz.,

These features are typiocal of Baoillus licheniformis. The

organism differs from Bacillus cersus in but one features it
can grow in glucose broth under anaerobic conditions. It ip a
Bacillus ap.in view of its ability to form endospores, its

gram reaction, ability to liquefy gelatin and to hydrolyse
starch,

The Effect of Inoculum on the Yield of Antibiotie 2725

in Production Medium,(Fxperimental details are given
on ps75 )s
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The results shown in Table 18 indicate that the
antibiotic yield is independent of the level of inocculum used.
An inoculum of 0.25% appears to be adequate .

Table 18
Pexrcentage Tine-in-Heours
Inoculum 24 AB ’ J2
e~ mm e T pH Pitre pH 2 -
0.25 5460 50 T+00 200 8,00 200
0e5 5470 50 Tel5 200 8.05 200
50 6.00 100 Te45 200 8.25 200
10.0 6.10 100 7.90 200 8.40 200
15,0 6240 100 1.90 200 8.45 200

The Effect of jeration on the Yield of Antibiotic 2725
in Production Medium,(Experimental detalls are given on

D 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 suggeat this. The results are shown in Table 19.

Table 19
Volume of - ~ime—in—Heurs--
Hedium per - 24— RTRAITRE: s SR R L
Flask (ml,) pH __ Titre  pH = Titre pH Titre .
50 8425 50 8.95 100 8.85 . 100
15 8.10 50 8460 100 8.85 100
100 710 100 T.40 200 8.15 200

150 Te45 100 750 200 8455 200
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The Effect of Various Concentrations of Silicone RI and
Polggrogziene Glycol P 2000 on the Yield of sntibiotic 2725
in Production iiedium, (Lxperimentsl details are given on

Pe 75 )s

The results ere given in Table 20.

Table 20

Percentage Time in Hours
intifoam 24 48 12

pi Titre pH Titre pH Titre
Oel 6.10 50 T.00 200 195 200
0.25 ) RL 6,25 50 T.00 200 T.95 200
0.50 6.30 50 T.0C 200 T.95 200
Ol . 6,05 25 8.05 25 8455 50
062572000 6,00 25 T.85 25 8.45 50
05 6.00 25 7.85 25 8.50 50
Control 6,25 50 T.00 200 T.9% 200

The results indicate that polypropylene glycol does depress
the yield of the antibiotic even at the smallest concentraztion
screened whereas none of the concentrations of silicone W
affected the yield. The effect of polypropylene glycol was,
bowever, not so drastic as its effect on the production of
antibiotic 175 (p.95).

The Changes in antibiotic tetivity, pH, Cell Count, Total
Bitrogen and Percentuge Sporulation in :ntibiotie 2725

Production jiediuw, (10C wl. sheke flask scale)

Experimental detalls are given on page 76 .

The datz obtained sre presented in Table 21.
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Table 21
Time in Hours

0 8 16 24 32 40 48 56 64 T2
Titre <25 25 50 100 200 200 200 200 200 200
pH 710 6,10 5,80 5,90 6.80 7.05 7.10 7.70 7.90 8.10
Cell Count
(x20°/n1.) ~ 10.3 40,0 4440 47.2 520 36.0 25.6 28,6 21.6
%»SpoTulaw ,
tion Oo 0 0 2.1 8,0 20.8 72.0 87.1 88,3 90.0

Total N2

(mg/ml. )0.74 0.67 0070 0-57 0.44 0056 0053 0045 0.48 0079

The results show that optimum antibiotic activity was
reached within 32 hours st a pH of 6.80. This optimum did
»corrépond to some extent with the onset of spoxrulation but not
with the peak in cell count und suggests that the synthesis of

the antibiotic is : . . related to the cultural conditions which
promote spore foramaution as is impliocated with the antibiotio

‘ 79,80
bacitracin .

There was a small fluctuation in the total nitrogen
content of the medium during fermentation and thié 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 iedium,

Experimental details are given on page /0.

The results obtained are shown in Table 22. It appears
that antibiotic 2725 is either a component of the csll whieh
produced it or is bound to the insoluble cowponents of the
medium, such as the moya flour and the fish meal, and is
released into the oulture fluid oh acidification to pH 3.
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‘fable 22
pH Wbole Broth 2.0 3.0 4.0 5.0 6.0 T.0 8.0 9.0
Titre 200 200 200 100 <25 <25 <25 <25 <25
s« :ssayed at pH 7.0

The antibiotic was in fact found to be a component of
the cell on the basls of the following observations:

a) The activity of a sample of 48 hour antibiotic 2725
production medium culture was the sume (200 units/ml.) after
it had been centrifuged st a rate and time sufficient to
precipitate only the insoluble medium constituents (1000 x g/
9 minutes ).

b) The asctivity was lost when the supernatznt from a) was
asaayed after it had been centrifuged at 25,000 x g/10
minutes.

c¢) The bacterial centrifugate obtained in b) on suspineion
im /150 phosphate buffer (pH 7.C) exhibited the same activity
as the original culture, i.e. 200 units/ml. ‘

d) The activity was released into the suspending wedium on
acidification to pH 3, since activity was detected after the
suspension had been centrifuged at 29,000 x g/10 minutes, and
the pH adjusted to T prior to assay.
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A Typiczsl Flow-Sheet for the Fermentation, Ixtraction and

Partial Purifioation of Antibiotic 2725,

Fermentation.(This data was obtained by the pilot plant staff

at Imperial College, except the amsay figurss).

Sample o Pitre Cell Count Total Hz

Time (h.) (¥os/ml,) (mg/ml, )
Pre-inoc. T.05 <25 - 0.91
403 6.90 25 0.90x 107 0,67
10.3 5490 25 1.20x 107 0.70
16.3 5,80 50 2,99z 10° 0,57
22,3  5.60 100 3.68x 10° 0.44
28,3 5.85 100 4.95x 107 0,36
3403 6445 100 3.29x 107 0.53
40.3 6.50 100 3.04x 10° 0,45
46,3 6.95 100 6.25x 108 0.48
48,0 3,10" 100 3.75x 10° 0.79

{(Harvest)

*On acldification with concentrated hydrochloric acid.

Cell dry weight on final sumple e 0,54%

Clarification, Charcoal A&%rption, Recovery and Solvent Flution.

(Titres are expressed in terms of the original volume of the

culture unless otherwise stated).
Titre of Culture
Volume of Culturs (1.)
Volume of pH 3 Supernatant (1.)
Titre of pH 3 Supernatunt
HWte of Sutcliffe and Speakman 339 Charcoal Used (Kg)
Mixing Tiwe (Hours)
Wt. of Hyflo Super—sel Used (K&)
Volume of Charcosl Filtrate (1.)
pH of Charcoal Filtrate
Titre of Charcoal Filirate (at original volume)

100(37m*)
370

345

100( 34+5m)
645

1.0

65

310

6.00
<5(<1.5m)

*m = "million unita"
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Volume of Industrial Hethylated Spirits/Benzene (5:2) +

1% cone, HCl. Haed (1.) T0
¥lution Time (Hours) 1.0
Volume of Solvent Recovered on Filtration (1.) ©.70
Titre of Solvent Recovered 166(35m)

Selvent Concentration
Volume of Primary Concentrate from Climbing Film

Evap_orator (1l.) 12.3
Titre of Primary Concentrate 100(35m)
Volume of Secondary Concenirate from Apex'

Evaporator (1l.) 3.3
Titre of Secondary Concentrate 100(35u1)
Wt. of Reasidue from Secondary Concentrate (g.) 768

Mathylated Spirits Extraction
1. Volume of IMS Used to Fractionate Dry Residue(ml.)800

Volume Recovered (ml.) 7165
Titre (at original volume) 50(17+5m)
2. Volume of I3 Used to Re-Fractionate Residue(ml.) 630
Volume Recovered (mle.) 600
Titre (at original volume) 10(3.5m)
3. Volume of INS Used to Re-Fractionate Residue(ml.) 650
Volume Recovered (ml.) 648
Titre (at original volume) 5(1.75m)
Total Units Recovered by the IiS Fraotionations 22.75m
Wte of I3 Soluble Residue (g.) 35.2
Volume of Water Used to Dissolve Residue (ml.) 1750
Titre of the solution (at originel volume) 50{17.5m)
Pieration
Volume of Saturated Ploric Acid Solution Used (ml.) 1000
te of Dry Picrate Obtained (gs) 80.4

Volume of 'cetone Used to Ffractionute Picrates (ml.) 20
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Volume of Acetone Reduced to (ml.) 14

Volune of 5N, HC1l Used to form Hydrochloride (ml.) 4.0
Volume of 100% Avetone Used to Precipitate HClide(ml.) 200
Volume of Water Used to Dissolve Hyrochloride (ml.) 250

kte of pH Inactive Insolubles (g.) 1.4

Eroduct

Wte. of Freeze-Dried Product Obtained (g.) 8,15

Activity (units/mg.) 2000
" (pgfml.) 0.5

Total Units Recovered (2000 x 8.15 x 1000) 16.3m

vfficiency (i) 47

From the above flow-gheet it was noted that the optimum
yield was lower tham that achieved on the shake flusk soale
(Table 21). The difference was small, There was an unexplaine
able difference im the pH at the point of optimum yield, pH
560 and 6,80 respectively. Total cell counts differsed on
the two zcales and were probsbly due to the differences in
inoculum levels emplogyed. lio noticeadle changes occurred in
the total nitrogen content of the culture.

4s was found to be the case with antidiotic 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 sSharples 4V 12 oentrifuges,

The pH of the charcozl filtrate was less acid than the
supernatant from which it was derived, pH 6.0 compared with
310, This change may have been attributable to the neutrsal
grade of charcosl employed in the preliminary extraction of
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this antibiotic.

The use of industrial methylated spirits sufficed in the
solvent mixture uged to elute the antibiotic from ths ocharcoal.,

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 sclvent. Such acid concentration would undoubtedly be
unfavourable to the antibiotic.

The plorstion stage often proved diffiocult 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 80% acetone
used to fractionate the piorates was reduced in volume, prior
to precipitation of the hydrochloride, to reduce the maibture
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 hzlf the zctivity of the
latter. A combination of the use of dry picrates and
relatively concentrated hydrochloxric acid contributed to the
avoidance of this problem,

The Antimicrobial Specirum of Antibiotio 2725.

Table 23 shows the antimicrobial spectrum of the antibiotic,
Details of the method used are given on page 3 7.
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Table 23

3pecies of Miocro-organism Temperature at Minimum Inhlb-

(NC'TC type No. or Strain which asssy in-  itory Con®™

No. in parenthesis]. cubated (°c.). (pg/ml. ).
Aerobscier aerogenes a7 25
Baoillus coagulans (3993) 37 250
Bacillus thuringiensis 37 125
Bacillus licheniformis (str.2725) 30 25
Corynebacterium hofmanni (231) 37 5
Diptheria mitis (3989) 37 25
Escherichia coli (MRE 600) 37 5
Haemophilus bronchosepticus (452) 37 5
Klebgiella pneumoniae (7242) 37 25
Lactobacillus acidophilus (1899) 30 0.125
Heisserla catarrhalis (3622) 37 5
Pasteurella septica (2484) 37 125
Pseudomdnas {iunordigens (str. 175) 30 250
Proteus vulgaris 30 >500
Stephylococcus aureus (Oxford) 37 0.5
Staphylococous aursus (Paler) 37 0.5
Staphylococcus sp. (8354) 31 L.25
Shigella dysenteriae (8375) 37T 25
Streptococous Group C (Equi)(6177) 31 04125
Vibrio cholera (8367) 37 0.25

37 250

Candida albicans

The antibiotioc 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. 0f thebrganisms

screened it was least active against Proteus vulgarig and most

most actlve against Lactobacillus acidophilus and Streptococcus

C Ui)o
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The Lffect of Serum on the Activity of sntibiotic 2725

Azainst Staphyloococcus sureus (Psler). Exporimental details

are giver ofi page 87T .

The results shown in Table 24 are interesting because
concentrations of serum at and sbove 5% enhance the activity
of the antibiotio.

Table 24

Growth of the Test Culture
ﬁserum Titre in Serum Controls.
L 160
1l | 160 Growth pellet in assouy
5 320 tubes was mwore diffuse and
10 320 the extent of the growth
29 320 : leas tho higher the
50 320 concentration of serum,

(¥ 320

The Haemolytic Activity of sntibiotic 2725.

The resmults of this experiment are shown in Teble 25.
vetails of the method used are shown on page 3% .

Table 25

Iilution of Antibiotic
in the Presence of Control 1072 1073 1074 167 10“6 1071 10“8 10”7
Bloode {2 Xx10 +.)

1S

Hacmolysis at 3°c.(*) -

iy
Hacmolysis at 3?°C.(§) - 4'

— - - L - - -

*only partisl haemolysis observed. Critical dilution at which
pariial haemolysis occcurred » 4 x 10—2.
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The antibiotic appeured to be haemolytic at a relatively
bigh concentration at 37°C. The antibiotic may itself be non-
haemolytic but haemolysis due to impurities in the product.

The Effect of Inoculum on the Antibactexrial iotivity of

Antibiotic 2725.The test organism employed was St. aureus
(Paler). The experimental method is described on p. $¥. The
results are shown in Table 26.

Table 26
Tilution of Total Cell Count Tilution of Titre
Culture. of Culture Pilu- Culture in
tions Prior to ABBAY
Assay(No.[ml.)

) 3,58 x 1000 07 20
10t 4460 x 10° 102 20
1572 4449 x 20° 1073 20
1073 4060 x 107 1074 40
1074 4452 x 10° 107 40
1072 4030 x 10° 1076 40
1070 4.62 x 10 1077 80
1077 4460 x 107 1078 80

The results showed that, as was the case in the corresp-
onding experiment with antibiotic 175, that & 1000-fold
change in the inoculum altered the activiiy by 1007.

The Baotericidal sotivity of Antibiotic 2725 against St

sureus (Paler)and Escherichia coli (MRE 600).

The results are shown in Tables 27 and 28 for St. eureus
(Paler) and k. coli (MRE 600) respectively., Ixperimentsl details
are given on page %¥ o
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Table 27
Concentration
of intdbiotic Time in Hours
(peg/nl.) 2 4 8 24 48 12
Control 58.0 T4.0 95,0 96.0 86,0 42.0
Ced 50.1  T0.0 93.0 95.0 23.1 20.8
540 5843  67.0 95.0 50,0 6.2 4.2
50 56.0 T1.0 715.0 17.3 0.89 0.71
100 56.2 66,0 62.5 12.5 0.66  0.30

200 50,0 375 35.0 8.3 0.57 0«30

The figdres are cxpressed as percentage vicbilitys the viab-
ility of 18 hour nutrient broth culture of St. sureus
¢P.ler) incubated at 37°C. = 57.4%.

Table 28
Concentration
of :ntibiotic Time in Hours
(ng/ml, ) 2 4 8 24 48 12
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 T16.0 T95.3 T0.3 8.5 1.3
50 69,0 6T.0 65.6 10.0 <0,6 «0.01
100 675 62,0 60,0 8.6  «<0.35 «<0.06
2C0 56.0 37.0 25.0 8.0 40,11 &0.02

The figures are expressed as percentage viability; the viab-
ility of 18 hour nutrient broth culture of E., coli (xRZ 600)
incubated at 37°C. = 80.0%. All figures with a fless than’

sign were calculated frou instaznces where no visbleo 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
renge of dilutions of culture 10-4, 1072 and 10"'6 the viable
count wes considered to be L 104.
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The antibiotic was bactericidal to both S5t. sureus {Paler)
and . coli (#R: 600). With St., aureus but not L. coli thers

vas an increase in the viability during the firat eight hours
of incubation at concentrations up to 50 pg/ml. 4t the lowest
concentratiob (0.5 pg/ml.) viability of both cultures continued
to increase dﬁring the fixst 24 hours. There appeared to be no
"significant difference in the patterns of viability of the two
orgenisms at 100 and 200 pg/ml. and at any concentration after
24 hours incubation. '

~

The Amino Acid Composition of Antibiotic 2725.

The method used is described on page ¥¥. The results are
given in Table 29, which shows the mean results of triplicate
agsays. The mean values of total nitrogem and ammonia nitrogen
determinations on the three samples used for this study were
11.003% and 1.618% . 'The mean total peptide was 58.65%.

Table 29

tmino Acid mg/100 mg.

Antibiotic
Arginine 26,35
Lysine 26,11
Isoleucine 13.26
Glutamic acid 6.41
Aspartic aocid 6.07
Valine 4435
Glycine 4.21
Phen}¥lalanine 3.39
Leucine 2.85
Alanine 2.51
Histidine 1.93
Threonine 1,60

Serine 0.95
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The quaniitative data was obtained by Dr. 4. Jo Thomas and
his staff, using an awnino acid analyser.

Yo study was made of the stereo isomeric configuration of
the amino acids deteoted hence no knowledge was gained concsrning
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 aeids found might be
components of peptide impurities in the product and/or ihe
entibiotic. From the amino acid viewpoint the biologicelly
active peptidef) might be a known antibiotic. If ite composition
is the same as & known peptide antibiotic the sequence of the
amino ascid residues may be different and hence the antiblotie

8 newW Oono.s
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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 T5% and 47%
regpectively, Both antibiotics require further purification.
Yields of 3-5 g and 8-10 g. of antibiotic 175 and 2725 were
obtained respectively from 350 l. batch cultures with
corresponding activitiew of 0.12 and 0.5 pe/ml. against

Staphylococcus aureus QPaler}.

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 cemposed of 1% corn steep liquor
plus 4% w/v glucose in a basic 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 antifoam at relatively
high concentrations. Polypropylene glycol P2000 antifoam inhiblted
antibiotic synthesis (Table 6). Bptimum yields were obtained in
both the 350 1. batech culture and in the shake flask culture
within 24 hours at a pH of about 7.5 (see flow-sheet p,28 and
Table 7). Glucose was obviously an essential metabolite in the
syn%hesis of the antibiotic as no further increase in activity
could be detected after the glucose had been practically used up.
Differences in cell oount on the large and small scale ocultures
were probably due to differences in the level of incoulum 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 wers obsexrved could be attributed to
sample varlation,

The antibliotic 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. Begause no differences in
stability of the product and the antibiotic in its production
medium at temperatures up to 37°C. were apparent, the resulis
were compiled into one table, Table ls it the extremes of pH
studlied there were .. losseé of activity. There was progressive
loss, yet not total loss, even after 72 hours at pH 2 and 1ll,

Since there was no complete loes 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 antiblotic 175 or, alternatively, one
antidbiotic with more.than one active centre, Esch component or
active centre having a different stability with respect to phHs

At 100°C. antibiotic 175 was stable at the neutral pH for
betwesn two and four hours. At pH 2 and 10 there was more
rapid loss, particularly at the acid pH {Table 2).

The antiblotic appeared to be completely stable under the
conditions uged in the extraction and partial purification.
The culture could be clarified by centrifugation at the harvest
pH without loas of asctivity as the antibiotic was found to
be extracellular (Table 8),

Sutcliffe and Speakman grade 110 charcoal was found to be
the best grude to use because it noct onl¥ completely adsorbed
_all the activity in the culture but it also relessed 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 oompared with pH 8.3.

Absolute ethanol was found to be superior to industrial
methylated spirits (INMS) as a component of the eluting solvent
because the éhareoal recovered by filtration, following adsorp-
tion, retained much moisture, so much that elutdon with even
15 tover! IMS 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 extraotion 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

assaye

The antibiotic had a fairly wide spectrum (Table 9). It
was aotive against gram negative and gram positive micro-org-
anisms. It was inactive against the organism which produced it,
Ps. fluocrescens, stf. 175, even at relatively high concemtrations.

In general, gram positives were inhibited by smaller concentr-
ations than gram negatives., There were exceptions: Vibrio

oholera and Bacillus thuringiensise

The antibiotic was inactivated by serum (Table 10). Cono-
entrations of 50% and 75% serum rendered the antibiotic inactive
against St. sureus (Paler). It was found to be baemolytic at a
dilution of 1 4n 1,600 and 1 in 18,000 at 3° and 37°C.
respectively (Table 11). Activity was affected by 100% by a 10
change in the level of inooulum, (Table 12).

3

The antibiotic was bactericidal to both St. sureus (Paler)
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and E. coll (MRE 600)(Tables 13 and 14). At conoentrations up
to 50 ug/ml. there was an inorease in viability during the
first aight hours of incubation and then a progressive loss
thereafter, it concentratiobs of 100 and 200 pg/ml, there was
an ingignificant increase in viability.

Fuller;99 found that the toziéity of the substance was low.
The LBgq for mice by the intraperitoneal route was 200 mg/Kge
body welght.

Work 4s in progress in the Depariment of Biochemisiry,
Imperial College, on the further purification of the antibiotic,
Barrnwzoo has shown by thin-layer chromatography that the
substance coﬁtatns ot least five fractions all of whioh I
found to be biologically active, This confirms the suspicions
born from the stability studlies, I found that the p~brom phenacyl
estoers of the antibiotic (prepared by Barrow) were inhibited
to a groater degree by serum than was the parent product,

The antidbliotic may be one ¢f those antimiorobial substi-
ances reported to be proivced by Pass fluorescens (ps 16). The
substance Lewls described appeared itoc be the one most likely
to be identical with antibiotic 175, except that I found the
antibiotic to be active ageinst B, (syn, Bacterium) ocoli.
However,; antibiotic 175 appeared to be atrain speolfic with
E. coli. Beeoham Research LaboratoriesO> found the antibiotio
active against E, ooli typs 61 but not against types 2 and 37.
Lewip found the antiblotic he studded to be bacteriostatioc,

a further point of differense to antibiotiec 175. The antibiotic
produced by Pseudomonas strs 31 reported by Kipriasnova ei al
(1959)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
poptide on the baslis of the amino acid oomposition (Tdble.29).
the fact that it.could be precipitated by ammonium sulphate and
by picric acid. On the basis of the electrophoretio mobility
of the antibiotic it wa%f%g'be a basic peptide with a molecular
woight of less than 104 as it could pass through a dialysis
membrane, It contained no sulphur, '

A suitable medium comprised #% glycerol,,lfisoya flour asnd
4% fish meal in a basioc 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 4id not affeot the yield. There was
insufficient difference in titre between the two highly aerated
flasks and the two poorly aer&te& flasks to suggest this,

Silioone RD antifoam did not affect the yleld of anti-
blokio 2725 (Table 20), however, polypropylene glycol P2000
didy although not to the extent of suppressing antibiotic
activity completely as it did with antibiotic 175 (Table 6).

The optimum yield of angibiotic in the 350 1, batoch
culture was somewhbat lower than it was on the shake flask scale.
Suoh differences were probably due to the smaller aeration
efficienoy in the shake flask oculture. The differences could
not be attributed to differences in oell count because such
differences were quite small despite the levels of inooulum
being widely different (0.25% and 5% on the 350 1. batoh culture
and shake flask scale respectively, flow-sheet page litand
Table 21). Optimum yield was achleved within 24=-30ukours at a
pl between 6 and T.

The fluctuations in total nitrogen were negligitle and
continuation of the fermentation up to 48 hours assisted the
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olarification of the acid culture supernatant. The antibiotio
was intrasoellular and released only on acidification of the
mature culture to pi 3 (Table 22).

No noticeable differences were observed between the stabe
11ity of the antidlotic in production medium and as the final
product. Also no differences were noted at temperatures up to
37°Ce At no stage in the fermentation did the pH reach an
unfavourable levels At the extremes of the pH range sdlected
there was loss of activityjy at pE 2 some loss ocourred between
48 and 72 houra whilst at pH 10 and 11 similar losses were
observed between 24 and 48 hours (Table 15)s 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.vas less acid than the supernatant from which it was
derived (pH 6 of. pH 3)s This change was probably due to the
neutral property of the charcoal.

Industrial methylated spirits sufficed as a ocomponent of
the INS/benzene plus 1% comc. HCl eluting solvent employed.

The antibiotic had a wide antimicrobial spectrum (Table 23).
It did not sec:n to be predomonantly active against gram
negative or gram positive bacteria. It was active against the

organism which produced it, B, licheniformis, str. 2725. at
25 pg/ml.

Not only was the anitibiotic uvaffected by serum its activity
aguinst Ste sureus (Paler) wus in fact enhanced in the presence

of 5% serum and above (Table 24).

The antiblotic 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%, after 18 hours. (Table 25).

Like most peptide antibictios it was found to be toxic,

Beeghan Research Laborator163201 found that the LDSO for mice
by the intravenous route was 4 mg/Kg. body weight. This bigh

toxicity may, however, be due to impurities in the product.

The inbculum altered the activity of the antibiotio by
100% with a 1000-fold change in cell numbers.

The antibiotic was bactericidal to both St. aureus (Paler)
and F. coli (MRE 600). With St. aureus, but not 1, coli, there
was an increase in viability at concentrations up to 50 pg/ml.
during the first eight hours of incubation. At 5 pg/ml. the
viability of both oultures inoreased during the first 24 hours.
Ho real differences were seen in the viability of the two

organisms at 100 and 200 yg/umle. and at any concentration after
24 hours incubation,

The antibiotic conteined no unusual amino avids. It was
not ascertained whether the antibiotio posseased any 'unnatural’
stereo-iscmers. :irginine and lysine accounted for over half the
total amino acld composition of the antidbiotic preparation. Is
the antiblotic a known one? Some of the amino acids showm in
Table 29 may be derived from pepiide impurities in the product,
Even if the antibiotioc contains the same amino acids as one of the
known peptide antibiotics the sequence may be different and/or
their stereco-~-isomerioc configuration. One group of antibiotiocs,
the licheniformins, have been isolated from a etrain of Baoillus

14

licheniformis™ *, These contisined an amino acid not found in

antiblotic 2725 namely proline, although like the preperation
1 obtained, they oontained a high proportion of arginine and
lysine, A feature of similarity is that the licheniformins
are not affected by 50% serum,



13y

Bacitracin (syn ayfivin) has been isolated from a strain
of B. liohenifcrmisl4. Bacitracin A is a polypeptide antibiotie
but differs from antibiotic 2725 in that it contains ornithine.

Antiblotic 2725 differs from other peptide antidiotios,
except the tyrocidines, in that it exhibite fair sctivity
against gran negative bacteria ac well as positive bacteris,
but differs from tyrocidine in that it is bactericidal and
non-hazemolytioc,
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Data Concerning Some of the Large-Scale Fquipment Used.

Sharples Centrifuge. Type MV 12, Speed 15 x 103 rpm., set for
liguid/solid separation at a rate of 50 1,/ hr. Manufactured
bys Sharples Centrifuges Ltd., Tower Works, Boman Road, Camberly,

surreye. :
Calwic Filter. Type E. @eary duty filter press, maxismum working

pressure of 30 p.s.i.g. Manufactured bys: Calmic Engineering Co.
Ltd.y Crewe, Cheshire.

Portable Vessels (Used in solvent elution of charcoal). Jaoketed
1.75' I.1.y depth 1.75'. Working volume maximum 112 1, Hanuf-
actured by Stainless Stesl Vessels Ltd., London,

Portable Vessel Agitator, Type II 4 blade T dis. impellor,
speed 400 rpm. MNanufactured bys Osbourne and Co. Ltds, Croydon,

SUTrey.
Bagket Filter (Special) 50 cm., depth., Manufactured by Calmic
Ingineering Ceo. Ltd.

Climbing Film Evaporator. CFE Type l. (Standard). 3/8" QVF 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 l. receiver.

b) Increasedcooling area .i.e. condenser surfsce area for
handling through puts of 350 lb/hr. of chloroform at 26" Hg
and 140 1lb/hr. of butyl acetate at 26" Hg.

o) A small additional condenser and receiver to minimigze golvent
lossg,y siltuated on vacuum line betwsen the pump and solvent

‘receivera.

d) A vacuum pump., Idwards ES 35, now replaced by a Leybold
gas ballast pump MKark 62.

lanufactured by Vi Ltd., Duke St., Fenton, Stoke-on-Trent,

$taffordshire.

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 surface remains clean.
The vacuum is provided by an idwards Type XS 35 pump. There is
a‘stainless steel condencer which recovers solvent at the rate
of 15 1l./hr. under the conditions used.

Hanufactured by sipex Construction Ltd., Soho Square, London, ¥.l.
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APPINDIX I1

Composition of the Basic Salts Solution used in the production
mediun of the Preliminary Small-Scale VWork.

For le

118‘804,7H20 1.875 e

KH2P04 2,000 g

N828904 . 3.250 g.

KC1 2.500 &e
+nC1,48,0 5.0 ml, of a 0.3%

solution.
Tap dater to 5.0 1.

As it is more economical to employ tep water in the prep-
aration of large volumes of culiure medium and in order io
create as far as possible & standard culiure medium, tap weter
was used in preference to distilled water in the basic saslts

solution.



