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STUDIES TN THE ACTINOMVCETACEAR

The nutrition of the streptomyceies.

Sunpary of a thesis by G.D. Floodgate

Thirty six cultures of stwepbtomycetes taken from a
collection gathered from various sources were used in this study, and
an attempt made to identify them using well known bacteriological
techniques. A descwiption of cach organism is given in Appendix T
and dotalls of the media used in Appendix IT.

The mutrition of the ovganisms was examined under
conditions designed bo eliminate uwawanted utiliseble substances. ALl
glossware was acld washed; chemicals were the finest qualitvy aveilabl
The ability of each organism to assimilate (1) each of 30 carbon
substances using emmonium sulphate as niirogen source, and (2) each
off 25 nitrogen substances using sodium pyruvate as carbon source, was
investigateds The reguivements of 10 of the oxganisms for 8 growth
factors was also studied. ALl the nubvritional experiments were
aerated by shalking.

The production of acid from carbohydvetes was explored
using several techniques.

From these experiments it was concluded that:-

). Twenty-seven of the cultures were strains of Streptomyces

albus specles-groups; the remaining ovganisms eoch belonged to a
different specics.
2). Simple sugars and some organic acids were well utilised.

Alcohols, with the exceptions of glycerol and mamitol, were not
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well assimilated, noxr were simple fatly aclds exceplt acetate.

3)e Ammorvium and nitrate were good inovgenic nitrogen sources.
Nitwite supported the growth of meany stvains providing thet the
optimum concentration was used, together with a cavrbon source
which was avallable uwnder these conditions.

Amino acids, except cystine, methionine, valine and
tryptophane supported excellent gwowth. Urea, uric acid and
zanthine were also excellent nibrogen sources for these organigsms,
L) None of the organisms examined required any of the growth
factors investigated.

5). The cavbon assimilatbtion of the Streptomyess albus strains

fell into 3 patierns, sugpesting that this speciles-group contains

at least 3 nutritional types. The nitrogen assimilation pattern

could not be usged to differentialte between organisms.

6). No satisfactory method of investigsating acid production

by streptomycetes was found, and the vesullbs obtained were equivocal.
A survey of the relevant literature and a bibliograph;

arve included.
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INTRODUCTION
and

SURVEY OF THE LITERATURE.



INTRODUCTION.

The purpose of this study was:~

1). To investigate the carbon, nitrogen and growth factor
reguirenents of a number of gtreptomycetes.
2). To determine whether any nutritional pattern which
wight be dlgclosed can aid in the elassification of the
genus.
3). To determine whether there is any correlation between
the nutritional pattern, bthe cultural characters and the
biéehemiegl regctiong of the organisms.

Ag the work procecded, it became cleayr that a wide

range of specles of Strepbtomyces could not be obtained.

Only a2 few naned species or glraing were obtained from

Type Culture Collections oy other readlly available sources,
g0 that most of the organismg examined were obtained by
direct isolation. This resulted in a preponderance of

3. albug strains which appeared to be the commonest species
in the soils exanined. Vevertheless, since a gtandard
technique for the examination of the cultures had heen
developed, it was felt worth while to proceed with the
investigation of the available strains; other specieg and
gtrains could be fitted into the scheme when they became

available.



SURVEY OF TR TLITERATURR.

1). Mineral metaboldsm.

The metabolism of inorganic ions by the genus

QL

Streptomyces has been wavely investigated. This study does not

supply the need, but a swrvey is included hewre for completeness.

Ao JTnorpanic content of the mycelium.

Spilsbury (1948) showed by specirographic snalysis

that the mycelium of Streptomyces griscus contained calciuvm, magnesium,

gilicon, sodium, iron, potassium end phosphorus, together with smell
quantivies of copper, aluminium, bariwn, strontiuvm, lithium, rubidium,

manganese and lead. The presence of zinc was doubiful.

B. The effect of ashed growth stimilants.

Thoxrnberry (1948) showed that the stimilatory effect
on streptomyein production of various plent products was vretained, and
sometimes incressed aftery ashing. IBvidence of a similar nature wes
provided by Stepp & Spicher (1954.) who found that an aqueous extract of
s0il, when added to a synthetic medium, increased the growth of a layge
number of streptomycetes. None of the growth factors that they examin
would substitute for the extracst. Spicher (1952,.) further showed that
ashing the extract did not destroy lits stimulatory action which was due
to dnorganic iong.

C. The effect of the nitrogen source.

Spilsbury (1948) found that Stvepbomyces griseus,

growm on a medium conbtaining organic acid salts, was not affected

by added copper or mangenese up to 64 p.p.m. when glycine was the

1.



nitrogen source; but when either arginine, smmonium nitrate, ammonium
chloride or amnonium sulphate veplaced glycine, the growbh was enhanced.

D, Jons requilyed for growihe.

a)e Tron end zing.

Zine end lvon were both essential for the growth of

Streptomyees priseus (Thomberry & Anderson 1948; Acker & lechevalier

19543 Chesters& Rolinson 1954) and for $. fradise (Wickerson & Mohan

1953b).  Spilsbucy (1948) found that zinc was inhibitory to his strain

of S griseus, but this was overcome by copper. The sporulation of S.

Frodise was suppressed by zine and ivon (Hickey & Tresner 1952).
b). Coppoz:
Spilsgbury (1948) end Chesters & Rolinson (1951) found

that copper was essential for the growth of Streptomyces griseus, butb

Thoynberey & Aodevson (1948) found that it had no effect, and Acker &
Tochevalier (1954) that it was slightly toxic.

Streptomyces prdseus did not yequire mangenese (Thornbery
& Andergon 1948; Acker & lechevalier 1954; Chesters& Rolinson 1954).
Spilsbury (1948), however, found that it was necessavy Ffor the developme
of the mycelivm of that orgapnism, and was adsorbed from the mediuvm.

a)e Magnoesivm,

e, 3 e

Streptomyees griseus required megnesium fox growbh and
strepbomycin production (Thormberry & Andergon 1948; Acker & ILechevalie
195&).

e). Galoiwn.

Calcium was veguived for the healthy growth of

2.



Streptomyces fradise (Nickerson & Lichan 1953h). It was not necessary

for the growth of 5. griseus, bub celciuvm carbonate affeclted the response

of this species to megnesium (Thornberyy & Anderson 1948).  Caleium was

reporbed as the co~factor of the g-amylase of 5 Strepbomyces species

(Simpson & McCoy 1953).

Cobalt stimulated the production of antibiobic but nob
the growth of Streptomyces griseus (Peincipe & Thoraberry 1952), and
proroted the sporulation of 3, fradise (fTickey & Twesner 1952).

Potessium was necessary for the growth of Streptomyces

griseus (Thomberry & Anderson 1948; Acker & Iechevalier 1954).
h). Phosphorug.

Phogphate was necessary for the growth of Streplomyces

griseus, (Thormberry & Anderson 1948; Acker & Lechevalier 1954), and
for its metabolism of glucose {(lockenhull, Pentes, Hevbert & Whitehead
1954.).
). Sulphuge.

Sulphate sulphur was necessary for the growth of

Streptomyces priseus (Acker & lechevalier 1954.).

He Miscellancous

a). Selenium and telluvium.

Selenium and tellurium were reduced hy some actinomyces.
The colonies turned deep ved or black due to the deposit of the

elemental metel in the mycelium.  The phenomenon was intracellular

3




(Woksman 1927).
b)e Avsenic.

The reduction of oypanic avsenic compounds by
actinomyces vith the production of a "gerliec odour" was claimed

by Husz (1914), but this was disputed by Iieske (1921).

L



2).  Growth factors.
Meny streptomycetes grow in synbhetlc media to which
growth factors have not been added: neither Streptomyces griseus

(Dulaney 1948) nor an unidentified Streptomyces species (Saclman 1956)

vequired any such additlions.

Nevertheless, a number of workers have suggested that
added vitaming are vequired by some actinomycebes, particularily those
of the genus Nocardis. A soluble, dialysable metebolite, present in
tryptic broth, yeast, muscle, seyum and wheat embryo, wos veported as

necessary Loy the growth of Streptothwix corallina (Nocardis corallina)

by Reader (19263 1928). Peters, Kimorsley, Orr-Bwing & Reader (1928)
Pound that this factor was similar to, but not identical with, vitemin
By. Mariat (1954a; 1954Db), who examined a number of species of

Streptonyeces and Nocardia, found bthat two of the latter required eithex
Lo RIS IR ICNTORTIRNES q

thiamine or the pyrimidine part of the thiamine molecule.  MeClung
(1954) concluded that bilotin and thismine, while not essential, stimmu-
lated the gwrowth of his Nogardia strains.

There have also been a few reports that the streptomycet
are wable to synthesise all the growth factors that they need.

Cochrane (1950) found that Streptomyces gpriseus vequired added yeast

extract to initiate growth in o medium containing nitvabe, with glucose
as the carbon source. Hiser & McFavlane (1948) using the some species
concluded that the only growth factor required was inositol, which

increased both mycelial weight and streptomycin production. Riboflavi

and nicotinic acid favoured entibiotic production, bub did not affect

5



growth; folic acid, pyridoxine, ‘pantothenic acid, thismine end
p-aminobenzolc acid had no effect at alle Spilshury (1948), who also
investigated 5, griseus, stated that there were certain uwnidentified
factors in extracts of meat, yeast and horse dung which were auxillaries
to growth.  Creatine, guanidine, inositol, indole-3-acetic acid, indole-
3=butyric acid, naphthalene-acetic acid, naphthoxyacetic acid, phenoxyace
aclid, 2,4,dichlorophenoxyacetic neld and 2,4,dichloropropgionic acid had
no effect.

The growth of Strepbtomyces coelicolor was lmproved by

the addition of yeast exbract when the orpenism was grown on nitrate
with either glucose or glycerol as carbon souvce (Cochyone & Conn 1950).
Khambata & Bhat (1954) using o synthetic medium, found
that an oxalate decomposing stireptomycete did not grow wnless yeast
exbtract was added.
Floodgnte (unpublished) found that a culture of a

thermophilic Micromonogpora, probably I, vuloaxisg, was stimilated both

in gporulation and growth by autoclaved rabbit facces.



3).  Carbon sources.

Carbon assimiletion by streptomycetes has besen freguently
investigoted, usually with reference to carbohyldyates, alecohols and
organic aclds.

a)e Pentoges.

Mnter (1912) obteined only moderate growth with
arebinose as the sole carbon souree in a wmedium contoining smmonium
nitrete as the nitrogen source. Vaksman (1919b; 1919¢) using soldium
nitrate as the nitrogen source obtalined similar resulits. Nore recently,
Pridham & Gottlieh (1948) using ammonium sulphatie as the nitvogen sournce
also, foumd that arabinose supported the growth of 74% of their strepto-
mycetes. Pridham, Hall & Shekleton (1953) grew all btheir species on

arabinose except Streplomyces lavenduloa, S. griseocornus and possibly

8. enlifornicus. Durkholder, Sun, Hrhlich & Anderson (195)) using the

medium of Pridham & Gottlich (.19!,.8) , found that 964 of their orgenisms
grew on this sugax. Benedict, Pridhom, Lindenfelscwr, all & Jackson
(1955) ueing ammonium sulphate with arebinose found that 72% of their
streptomycetes guew.
ii. Xylose.
Bixty pex cant of the streptomycetes examined by Peidham

& Gobtlieb (1948), 93% of those exemined by Burkholder et al. (195L.), ané
725 of those examined by Denodict et al. (1955) gvew on xylose.  Pridhor

et al. (1953) obtained the same vesult with xylose as wibth arvabinose.
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ety por cent of the gtrepbomycetes examined by
Pridham & Gottlieh (1948), 504 of those examined by Pridhem ¢t al.
(1953}, 35% of those examined by Burkholder et al. (1954) end 484 of
those examined by Benedict gt ol. (1955) grew on vhammose.
h). Hexosoe.

i.  Hructosc.

Tructose was ofben woll assimllabed (I\i{in’ﬁer 1912) , but
not all species grew on 4t (Cobtlich 1953). RBighty seven per cend
of the streptomycetes examined by Pridhem & CGottlieb (1948), 98% of
those examined by Durkholder et al. (1954) end 75% of those examined
by Benedlet et al. (1955) gave positive resulbs.

il. CGalactose.

Galactose yielded good growth, and was widely used
(Inter 1912; Gotitlieh 1953). Ninety five per cent of the strepbo-
mycetes examined by Pridhem & Gobtlieb (1948) and all those examined
by Burkholder et al. (1954) grew on it.

1ii. Glucose.

The actinomycetes veadily assimilated glucose (Pousek
1912; Inter 1912; Kroinsky 1914 Waltsman 1919h3;1919cs Pridham & Gobtliel
1948; Gotilieb 1953; Stapp 1953). Some of the Okeml's streptomycetos
did not grow on this subsbtrate when amonium was the nitrogen source
(Okemi 2952).

ive  Mannose.
Mannoge was used by all the streptomycotes sxamined by

Pridham & Gottlieb (1948). Pridhem ¢t al. (1953) also found this sugaw

8.




was widely uvseds
ve Horbose.

Horbose was not utilised by any of the streptomycetes

examined by Benedict el al. (1955), ov by Streptomyces coelicolor

{Cochrane & Comm 1947) or S. aureofaciens (Packus, Duggar & Camphell

1954.)

a)e Digacchavides.

is  foctose.

Good growth on lactoge was weporited by the eavly
workers (Fousek 1912; Minter 1912; Vaksmen 1919b; 1919¢).  Sevenby-
Four per cenb of the strepbtonycetes examined by Pridham & Gottlieh
(1948), 755 of those exemined by Fridhom et ol. (1953), 83% of those
oxemined by Burkholder et al. (195L) end 66% of those examined by
Benedict et_al. (1955) grew on this sugep.

Maltose was o good cexbon source (Weksman 1919b; 1919c).
Dighty pex cent of the streptomycetes exemined by Pridham & Gottlieb
(1948), 975 of those examined by Burkholder et el. (1954) and 97% also
of those examined by Nencdich ot gl. (1955) grew on this sugewr.

iii. Sucyoge.

Wnder (1912) reported thot sucrose supporited good

growth of his orgmmisms. Waksman (1919b; 1919¢) foumd it inferiow
o lactose and maltose. Thivty-five per cont of the sitreptomycsetes
examined by Pridham & Gotitlieh (1948), 1% of those examined by

Pridhem et al. (1953), 45% of those examined by Burkholder gt gl. (1954.)

and 26% of those examined by Benedict et al. (1955) grew on this suger.

9,



ive Gellobiose.

Cellobiose was uged by all the streptomycetes examined
by Bridhem & Gottlieb (1948), by ¥ridham ob al. (1953) and by Burkholder
et ol. (1954).

Melibiose was assimilated by 374 of the sbrepbtomycetes
examined by Benedict o al. (1955).

vi. Trehalosge.

Trehplose was assimilated by 867 of the streptomycetes

examined by Benedict et al. (1955).

a)e Tvigeccherides.

-

il. Raffinoge.

Thivty-nine per cent of the streptomycetes exsmined by
Pridhom & Gobtlieb (1948), 5% of those examined by Burkholder ot al.
(1954.) and 29% of those examined by Benedict ¢t al. (1955) grew on
raffinose. Gottlieb (1953) found that this sugay was nob xeadily
willised by many of bhis streptomyeetes. This was abbtributed to the
probable abgence of a hydvolase for the sucrose porbion of the molecule,
since almost all the streptomycetes which falled to grow on raffinose
also failed to ubilise sucrose, although they utilised fuctose. On
the other hand, raffinose was uvtilised by the organisms which used
SUCPO8S
it.  Melegllose.

Melegitose was assimilated by 33% of the streplomycetes

examined by Benedlct et al. (1955).

1Q.



@) Polysaccharides.

i. Inulin.

Toulin was only of moderate velue as a carbon soupce for
the streptomycetes examined by Minter (1912): thivty-four per cent of
the organigms examined by Pridbam & Gottlieb (1948), 14% of those examined
by Pridhanm et al. (1953) end 250 of those examined by Benedict eb al.
(1955) grew on it. Gotbtlieb (1953) considered that since most strepbo-
mycetes ubilised fructose, the inabllity of many species to asgimilate
inulin was due to the lack of inulasze.

ii.  Dexbtrin.

Dexlbrin was used by all the streplomycetes exomined by
Minter (1912), Pridhem & Cobttlieb (1948) and Eridhem et al. (1953).

ilk. Dexbran.

Porified dextran from Isuconosboc mesenterolides vwas

agsimilated by 40% of the siveptomycehes examined by Benedict ¢t al. (1955
iv. Cellulose.
Cellulose supported the growth of sivepbomycetes (Fouselk
1912; XKrvainsky 191hs Waksman 1919b; 1919c¢; 19313 Welemen & Hubchings
1937).  Seventy-six per cent of the streplomycetes exemined by Burkholder
et al. (1954) grew on it. Hemicelluloses wers also ubilised as e carbon
source {Waksman & Mubehings 1937).
v. Starch.
Starch was uwtilised by many of the streptomycetes examined
by Fousek (1912), Kreinsky (1914.) end Waksman (1919h; 1919¢). A1l the

orpanisms exemined by Pridham & Gottlieb (1948) and by Pridham et al.

(1953) grew on it.

1l.



£). Glucosides.

Eighty-two per cent of the streptomycetey cxamined by
Pridbam & Gottlieb (1948), 206 of those examined by Durkholder ot al.
(1954.) and 72% of those examined by Benedict et al. (1955) grew on salic
B Aleohols.
a)s Ethanol.

Elhanol was an wmfavourable coxrbon source for the members
of this genus (Waksmen 1850).
bY. Glycerol.

Glycerol supported excellent growth of meny streplomycete
examined by Solzmen (1902), Mimter (1912) and Wakesman (1919b; 1919c).
£11 the organisms exemined by Peidhem & Gottlich (1948), Pridham b al.
(1983) and Stapp (1953) grew on it.
C)e Lrytheitol.

Trythritol supporbed the growbth of only 74 of the
streptonycetes exsmined by Benedict et al. (1955).
a)s Monniibol.

Manndltol was a good carbon sow'ce for many of the
organisms examined by Minter {1912) and Waksmon (1919h; 1919e).,  Pridhar
et _ol. (1953) concluded that this aleohol was used by move streptomyceto:
than were 1its isomers, sorbitol and duleltol. HMannitol supported gyowil
of 70k of the strepbomycetes cxamined hy Pridham & Cottlieb (1948), 8G%

of those examined by Burkholdsr et ol. (1954) and 764 of those examined

by Benedict et al. (1955).

12,



@) Duloitol,

Twenrby-two por cent of the streptomyceles examined by
Pridhem & Gotllieh (1948}, 7 of those examined by Burkholder et al.
(1954) and 2% of those examined by Benedict et _sl. (1955) prew on

dulecitol. Pridbam et _al. (1953}) vepoybed that this subsirate was used

by a few gtraing only, including Streptomyees scablies snd 8. violsceug-

BT AT T ALY RS

fhirty-nine pew cent of the streptomycetes exemined by
Pridham & Gobilich (1948}, 11% of those examined by Pridhem ot al. (195

62% of those exsmined by Burkholder et al. (1954) end 20% of those

examined by Benedict et al. (1955) grew on sowbitol.

Porty per cent of the streptomycetes cxamined by Pridham
& Gotblich (1948), 40% of those examined by Pridbem sb ol. (1953), 457
of thoge examined by Burkholder et al. (1954.) ond 48% of those exemined
by Beneddct ¢t al. (1948) prew on inositol.

C. Orgenic aclds.

The calcium salbs of the monocavrboxylic organic acids
were considercd by Salzmon (1902) to be poor caxbon scurces, but the
calcium salts of the dlcarboxylic acids were well assimilabted.  Wakswor
(1919¢) considered that the'organic acids form, with very few execepbicns
ravher poox sources of carbon for the sctinomycetes".

a)e Formic acid.

Forpate was nob ubilised by any orgenisus sbudied by

Peldham & Gotblieb (1948). Taylor & Docker (191,.7) and Stapp (1953),

13.



however, found that 1t supported the growbth of some gbreptomycetes.

b). Aestic acid.

Minter (1912) aad Voksman (1919b; 1919c) concluded thab
acctate was a poor or moderate carbon souree for streptomycetes, but thi
was not confirmed by more wvecent work. IHany of Stapp's streplomycetes
grev on acebate {Stapp 1953), as did 82 of those exomined by Pridhem &
Gobttlish (1948) and 874 of those examined by Bemedict et al. (1955).

c)e Propeionic acid.

L)

Stapp (1953) isolated several streptomycetes which grew
on propionate.

). Butyric acid.

Butyrate was toxie to Streptomyees griseus (Hubberd &
exnu wealho e nmxalelrnor s s

Thornbewry 1950).

e)- Oxalic acid.

Oxalate was usually found to be a poor carbon source
for strepbtomycetes (lnter 1912; Wakawen 1919b; 1919c; Pridhowm &
Gobtlich 1948; Pridhom e al. 1953; Stapp 1953), but several organisus
capable of using it were isolated from “scabbed" potatocs by Teylor &
Decker (1947), ond one oxslate assimiloting species was foumnd in the gub
of en eartbworm by Khambaba & Bhat (1954.).

Malate waswmwely uwbilised by stveptomyceses, and then
only scanty growbth was obltained (Mlnter 1912; Waksmen 1919b; Pridham ¢
al. 1953).  Conversely, some strepbomycetes from "scabbed" potatoes gre

well on 4t (Teylor & Decker 1947) , 88 dld Strepbomyces priseus (Iubhard &




Thornberry 1950) and some of the orgenisms examined hy Stepp (1953).

g)e Tartaric acid.

Tavitrate was a poor carbon source, and growth in media
conbaining it as the only carbon souvce wag scanty (Mnter 1912;

Wakeman 1919b; Pridhem & Gobtltiieb 1948; Pridham et al. 1953; Stapp

2%
19537,
h). Suceinic acid.

Succinate was a good carbon source for streptomycetes
(Minter 1912; Ta;y‘léx‘ & Decker 1947). Sixby eight per cent of the
streptomycetes examined by Pridham & Gottlieb (1948) and all those
examined by Benedict et al. (1955) grew oa it.

1). Citric acid.

Citrate was an excellent cavhon source for many
streptomycetes (Minter 1912; Toylor & Decker 1947), end 827 of the
oxpanisms examined by Fridhem & Gottlicb (1948) grew on it. In contras
Stapp (1953) fouwnd that this acid was & poor carbon source. Only 197
of the oyxganisms examined by Burkholder et al. (1952;.) grew on it and

Streptomyces coelicolow (Cochwene & Conn 1947) did not grow at all.

D. Miscelloneous.

Among other substances showan to be capable of supplying
caxbon for streptomycete growbth were caffgene (Lieslke 1921), lignin
and hums (Walsmon 1927; 1931; Wskemen & Iiutchings 1937), r»ubber
(SUhengen & Pol 2913 Rook 1955), eger and alginic acld (Stanier 1942;
McDougall, personal commumication), chitin (Skinmer & Dravis 1937;
Jewndaws 1955) and lipids (Perlman & Wagmon 1952; Perdmsn 1953;

Adelson, Schatz & Trelewmy 1957).  Carbamates (Schatz, Isenberg,
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Mngrist & Schatz 1954) and cyenide (Wave & Painter 1955) wewe used
both ag carbon and nitirogen souwce.
There have also been a few reports of scobinomycetes which

vere autotrophic. Kasever (L906a; 1906b) isolated an orgsnism which he

believed was morphologically identical with Pacillus oligocarbophilus,
fivet isolated by Beijerinck & van Delden (1903). lic sbabed that it
oxidised carbon monoxide as cerbon and energy source. Lenbzsch (1922)
showed that the organisn existed in two forms, as long filaments and as
alwogt cocoold rods.  His degeription resembles Nocardia as defined by
Woksman & Henwicl (1943). Lantmsch (1922) considered that the Tilementou
Lorm uoilised carbon monoxide.,

Poculbative autotrophic growth was also cleimed for

Streptomyces autoimql hicug (Paleamiya & Tubaki 1956);

16.




h). Nitrogen gourcas.

Streptomycetes can utilise a wide varieby of nitrogenous
material. Animel and plant protein, protein breakdown products end
other complex nitrogenous mixtures supported satisfoctory growth (Mnber
1912; 1913; Uakswan 1919a; Dulency 1948; Spilsbury 1948). Both
inorgenic and oyganic nitrogen were assimilated, the latiter more veadily
than the forxmew (Walsmen 1920; Spilsbuvy 1948).

Ao Tnorpanlc compounds.

aYo ibrogen.
According to Weksman (1950) streptomycetes camot £ix
nitrogen, Several authors have, however, shown that an actinomycese

was the probable endophybte in the nitrogen fixing nodules of cerbain

non~leguminous plants such as Mywico gele end Hippophae vhaymoides

(Ueruwa 1952; Fleteher 1955).
b). Aumono.

Many workers hove weported on the assimilation of
amonium by actinomycetes (Miter 1912; 1913; Kreinsky 191k; Waksman
1939¢; 1920; Nickell & Burkholder 1947; Dulavey 1948; Pridhem &
Gottlich 1948; Nrhlich, Gottlieb, Burkholder, MAnderson & Pridham 1948;
Waksman 1950; Peorlmen 1953; Schatz et gl. 1954; Burkholder et al.
195h; Benedict ob agl. 1955). Walksman (1919¢; 1920; Woksman & Joffe
1920) considersd that, on the whole, ammonium salts were poor nitrogen
sourvces, probably because the removael of the armoniuvm ion yeduced the
PH to below the opbimum for growth. Tn the presence of certain favourable
cacbon sources, however, ammoniuvm salts were agsimilated by meny species.

In conbrast, Pridhom & Cotblieb (1948), Burkholder et al. (1954), end

7.




Benedict gt al. (1955) found that enmonivm sulphate supporbted the growih
of many speclies when conbined with a wide varliety of corbon sources.

Okami (1952) Ffound a good deal. of variation bebween his
ovganisms from no growith to excellent growth, when they were supplied
with anmonium sulphate.

Moriat (195ha) working with aerobic pathogenic culibures
obtained only feeble ox no growth with anmonium ion ag the nitrogen
source.

o).  Mitwite.

Nitweites ave genevally belicved to he btoxie. It was
found, however, that streplomycebes could use them as o nitrogen source
providing that the concentrabion was kept low (Waksmen 1919q; 1920;

Waksman & Joffe 1920). It was also shomn that Streptomyces venegueloe

(Brhlich et al. 1948), 8. nltrificens (Schatz et al. 1954), 8. violaceus-

yuber and S. euveus (Gotitlieb 1953) grow on nitrite. The preformed
nycelivm of 8. griseus assimilated nitrdte (Cochrene 1950).
a). Nitwobe.

Mony strains of Bbreptomyces utilised nitrate (FPousek 1912

Minter 1912; Krainsky 191.; Vakswen 1919b; 1919¢; 1920; wvon Plotho
1940s; VWakswan, Pugle & Schatz 194 Tiser & Melavlene 1948; Spilsbury
1928; Cochwane 1950; Waksmen 1950; Okami 1952; Dulmage 1953; Ferlman
19533 Stapp 1953; Schatz el al. 1954 Burkholder et al. 1954.). Othex
strepbomycetes did not (Krainsky 1914; Nickell & Buxkholder 1947;
Dulaney 1948; Thoxnberry & Anderson 1948).

Veviabions moy exist between the strains of one species.

Some strains of Streptomyces griseus used nitrate nltrogen (Wedcsma:n 1920;'
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Valosmen b al. 1944 FEiser & Mcfaxlene 1948; Spilsbury 1948; Okami 192

but other styains 4id vot (Dulaney 1948; Thornberry & Mderson 1948).

Cochrane (1950) suggested that the inability of some slroins of S. griseu

to grow on nitrabe was due to the lack of hydrogen donors or ensymic

moities which were found in yeast extract and in preformed myceliwn.
Cochvone & Com (1950) showed thet the growbh of

Streptomyces coelicolor in a nibtwate containing medivm was vestriched

at a low pll, probably because the nitrite formed from the nitrate was mox
toxic in acid than in alkaline solubions.

Be. Oxgenic compounds.

a.)e Amino acids.

The amino acids arve generally vecognized as good nitrogen
gources For the sitreptomycebes.
1. Alendne.
211 the strepbomycetes cxamined by Okami (1952) end 9774

of thoge examined by Burkholder et al. (195h) grew on alanine.

iil. Amivo-bubyric acid.

gty seven per cent of the streplomycetes examined by
Okami. (1952) grew on « —amino-butyric acid.
1ii.  Arginine.
A1l the strepbomycebes exemined by Okarl (1952) and
97% of those examined by Durkholder et gl. (1954) grew on arginine.

iv. Aspartic acid.

A1 the streptomycetes examined by Burkholder et al. (1954)
grew on aspertic acid.

v, QCysteine.

Sixty eight per cent of the streptomycetes examined
19.




by Okami (1952) and 85% of those examined by Burkholder et al. (1954)
grew on cygsbeine.
vi. Cystine.
Bighty five per cent of tho sireptomycetes examined hy
Burkholder et al. (195h) gwew on cystine.

vii. Glutamic acid.

HEighty one per ceat of the gtvepbomycelbes examined by
Olrami (1952) and all those examined by Burkholder ¢t al. (1954) grow
on glubamic acid.

viili. Glycine.

Weksman (1919¢) found that glycine was s good nitrogen
source foyx actinomycebes.  All The gtrepbtomycetes examined by Okaml
(1952), and 98% of those examined by Durkholder et al. (1954) grew on it.

Tighty six per cent of the stvepbomycetes examined by
Okemi (1952) end 967% of those examined by Burkholder et al. (1954) grew
on higtidine.

Te  Hydvoxy-proling.

sixty siz per cent of the stvepbouycetes examined by
Burkholder gt al. (1954) grew on hydvoxy-proline.

Wakksman (1919¢) found leucine was o good nitrogen source
for actinomycetes. Winely one per cent of the streptomycetes examined
by Burkholder et gl. (1954) grew on leucine, 86% grew on isoleucine, end

59% grew on nor-leucine.



xii. lysine.
PPy seven pex cent of the streptomycetes exomined by
Okemi (1952) and 975 of those examined by Purkholder eb al. (1954) grew
on Lysing.
Sixty five per cent of the streptomycetes examined by
Okemi (1952) and 70% of those exsmined by Burkholder ¢t al. (1954) grew
on methionine,

xiv. FPhenyl-alanine.

Seventy three per cent of the streptomycetes examined by
Okemi. (1952) and 85% of those exemined by Burkholder et al. (1954) grew
on phenyl~alanine.
A1l the streptomycetes exemined by Okeomi (1952) end
95% of those examined by Burkholder et als (1954) grew on proline.
xvile Sexine.
Winety three per cent of the shrepltomycetes examined
by Burkholder o al. (1954) grew on sevine.
#viil. Threonine.
Ninety cight per cent of the sgtreptomycetes examined
by Burkholder ¢b al. (1954) grew on threonine.

s

¥viii. Ixyptophane.

Forty six per cent of the stwepbomycetes examined by
Okemi (1.952) and 523 of those examined by Durlkholder et al. (1954.)

grew on tryptophanc.

2%,



xizx. Lyrosine.

Vaksman (1919c) obtained good growbth with byvosine as
gole nitrogen source. Sevenbty elpht per cent of the strepbomycetes
examined by Okami (1952) and 55% of those examined by Burkholder et_al.
(195L) grew on tyrosine.

Seventy thiee per cenl of the streptomycetes examined
by Okami (1952) and 52% of those exemined by Burkholder ot al. (1954)
grewr on valine.

xxi. Palrs of amino acids.

Wickerson & iohan (195313) investigated the ubilisation

by Streptomyees fyadipe of paivs of amino acids with glucose as the

carbon source. Thedr wesulbs indicated that glubtamate plus agpavtate,
glycine or arginine produced more growbh, while glutemate plus aspax%:ma't
oy cagsein hydvolysate producsd less gwvowbh, then glutamate alone. They
concluded that "the nubritional selectivity of S. fredias centers, mainly
around the cavbon requirements of the organism".

xxii. JAnino acids as carbon and nitrogen source.

Nickerson & lMohan (19533.) showed that glutamate supported

good growth of Streptomyces fradise as both carbon and nitrogen source.

Arginine, lysine and hisbidine supported only moderate growlth in both
voles; alanine and proline would do so only under certain conditions,
the most importont of whiich was the inorganic salt composition of the
medium. Certain other amino acids provided carbon as well as nitrogen,

providing that another cavrbon source such as glucose or glutamate was

22,



present. Most of the common amino acids provided nitrogen onlys

xxiii. Hunle acid fopmation.

The production of humic acid fxrom 2% amino acids was
an important factor in the division of 20 strepbomycetes into 6 groups
by Flaig, Beubelspacher, Kuster & Segler-lomwessig (1952).  Spilsbury

(1948) noted that Streptomyces priseus produced brown plgments when grown

on certain amino aclids.
b)o Amides.
i, Urea.

Mtnter (1912) and Waksman (1919¢c; 1920) found thel uvea
was usged only to a Limited extent as a nitrogen source by streptomycstes.
Later, Waksmon (1950) revised his opinion, and stated thot urea was
readily ubilised. The organisms studied by Tdeske (1921), Stapp (1953)

and Stapp & Spicher (L954) grew well on it as did Shreptomyces coelicolor

(Cochirane & Conn 1947) and S. nitvificans (Schatz et gl. 1954).  Bighty

five per cent of the strepltomycetes exawined by Burkholder gt al. (1954)
grew on thls substrate.
e Asparegine.

Winety two per cent of the organisms cxemined by Okeami
(1952), end 85% of those examined by Burkholder eb_al. (1954) grew an
asparagine. Waksman (1919¢) Pound that it provided hoth corbon and
nitvogen for growbie.
c).  Purines.

Iieske (1921) could not demonstrate growth of strepbo-

mycetes on elther uric or hippuric aclds, but later workers showed that

uric acld, xanthine, hypoxanthine and adenine supported good gyowth

25




provided that the oplimel concentrations were used (Stapp 1953; Stapp
& Spicher 19564.), L6 was also the opinion of Walksman (1950) that uric
iy : i
acld was weadlily utilised and converted to complex owganic compounds.
The mpjority of Mariat's species grow only feebly ox

not at all on o mixture of purines and pyrimidines. A few, however
¥ £ ) 2

grew well (Maciat 195ka).

Y,

Streptomyees nitrilficens utilised purines either alone

oy with glucose (Schalz el _al. 1954).
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5). The offect of physical faotors on nubrdbion.

Hendlin (1954) pointed oul the importance of envivonmente
Pactors on the mubrition of bacleria in genexal, and Erikson (1955)

showed that thess Tactors apply to Streptomyces species also.

A The effect of pli.

S as

Various asubhors concluded thalt streptomycetes grew best
b o neutral or slightly alkeline pH ead were inhibited below pH 5.0
(Gillesple 1918; Violksman 1922; Skimmer, Rmons & Tsuchiye 19473
Waksmen 1950).

As alveady noted (page 17), it was suggesbed that ammoniim
sulphote was of Linited value as a nibtwogen source due to the accumulatic
of sulphate ions asg the amonium was assimilated, so produeing o pH oo
low for streptomycete prowbth (Waksman 1919c; 19203 ‘Weksmen & Joffe 1920)
Winter (1913) obbained better growth on ammonium salts when he used a
buffered medium.

Dvidence of a gimilar nature was obbeined by Cochwane &
Gorm (1947).  They found that the uiilisabtion of nitrogenous substrates

by Streptomyess coglicolor depended upomn the nature snd concentration of

the carbon source, beceause these factors governed the vate of acld
production, and hence the pil

B.  The effect of oxidation-reduction potential.

Another physical Tacbor of importance to the growih of
sbrepbomycetes is the oxldation~veduction potentisl.  Strepitomycetes
are strongly sevoblc orgonisms, and it has bhecone customary 4o grow them
in acrated cultures as this increases growth (Welksman, Schatz & Reilly 19

Skimer, Immons & Tsuchiya 1947; Wakswen 1950; Villemin, Iechevalier

25.



& Walcsman 1953).

Woodxuff & Foster (1953) working with Actinomyces

lavendulae (Strepbtomyces lavendulac) and A. antibioticus (8. antibioticw
b et 3 o £ ¥ T . A e TR R ST e R A

showed that asration (a) reduced variability of the strains, (b) accele-
voted growth, (c) favoured the produciion of acid from suger, end (d)
decreased the efficiency of cexbon utilisation. They further concluded
what wagbed aervated culbures were sultable for general biochemical
studies requiring homogenous physiological conditions.

Aerabion also acgeelervated the rate of acid producsion

by Streptonyces mriseus due to en increase in the vrote of sugar

oxidation, the oxidation rate of the g-amino acids remaining constand.
This resulted in spoxulation and the inhibition of further development

{Seveik 1952).

<2

«  The carvbon-nibrogen ratio.

Biser & MoFarlene (1948) found thet Streptomyces griseus

produced good growth over a wide range of ¢/N ratios when glucose and
histidine were the carbon aand nibrogen sources respectively.  Cochrsne &
Dimmick (1948) end Seveik (1952) emphasised that the carbon-nitrogen
ratio and the enviromnental condilions should be so adjusted that the

metabolism of the oxganism is not deranged.
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6). Relationship of uutrition to taxonomy.

The matyiticnal chavaciteristics of micro-organisms
have been regardsd as criterda for classification by lochhead & Chase
(1943}, Knight & Peoom (1950), Stevenson & Roustt (1953) and Knight (1955
Stanier (3942) first drew abtention to the possibility of using the
carhon assimilation pattcrn of the streptomycetes to this end. e
pointed out that while alitempts to base a classification on a single
compownd could not be successful, a general poattern of cavbon ubtilisation
might emevge which would be of significance. Thig was lovestigeted by
Taylor & Decker (1947), by Fridhom & Gottlieb (1948), by Burkholder et al.
(1954.), and by Benedict et al. (1955). ALL concluded that, although
there were vaxiatlions between the strains of the one species, the
nutritional pabbein as presented by each species was sufficient to
digtinguish one from anothex.

Ckami (1952) who investipgabed the utilisabion of various
niltrogenous meterials by streptomycetes, concluded that the nitrogen

aggimilation patbtern was a usefuvl addition bto the taxonomic criteria.
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DESCRIPTION OF THH TEST ORGANTSHS.



DESCRIPLITON OF THE TEST CRGANISMS.

1). Sources of the oxganisms.

The following species weve recelved from the National
gollection of Type Cultuxress-
SE; as i‘z’%ﬁ?‘g%ggiéris@ué NeGeTeCs Now 69610 (12:00 e Ta NoOo 122)

Sa.  as Streptomyces aureofaciens N.C.T.C. No, 8128.

Mg as Sﬁf@?&gﬂg}?@@% 8PP Maxted stirain N.C.T.C. THos 7807:1

[t o=t Sl

265 as Sbreptomyces listerd NeC.T.Co Moo 434

266 as Sitveptomyces pelletiord HeCsT.C. Noe 3026.

267 es Streptomyces pelletieri Nel.2.C. Wo. 4162.
Of the remaining cultures,
197 was a contaminent on en agav plate;
22 and 228 were obbained from the dust of a bhay bing
259 and 260 were obbtalned from a liquid medium in which

seedlings of sea buckthorn (Hippophae rhammoides) were growing.

All the other orgenisms wewe isolated from goil.

2). Isolation teclmique.

Approximately 1 g. of soil or hay-dust was shoken in
about 10 ml, of gterile vwmater, the larger pariticles allowed to settle,
and the supernatant diluted by x10 sevial dilution to 1/10%2. A
Joopful of each of the last three dllutions was stresgked on fomn's agar
plates (Appendix IT: medium 17) and incubsted at 259 for 3 or L. days.

Individual colonies of Streptomyces sppe were picked off, grown in

nutrient broth and examined for purity.
The orgenisms from sea buckbthomm cultures were isolated

by direct plating on glucose agar (Appendix TI: medium 4.).
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Fram the collection of streptomycetes thus gabhered,
36 were examined din this woxk.

3). Preservation of cyltuves.

The stock organiswms were subcultured on glucose agax
glopes (Appendix IT: mediwm L) every 6~8 weeks, and were also preserved
in gterile goil (Jones 1940; 1946; Brikson 1947).

4). Identificotion of the orpenisms.

A, Uethods.

a)e Morphology of ‘the mycelium.

The orpanism was grown in en enclosed hanging drop of
either nutrient broth (Appendix IT: medium 1), glucose broth (Appendix TI
medium 3), Benmetbt's mediwn (Jones 1949; Appendix IT: medivm 18), ox
cobalt medivm (Hickey & Tvresner 1952; fppendix IT: medium 19). Bach
was incubated for 3 to 7 doys at 25%  The growbth was then dried, fizmed
by ethenol or, preferably, by 10% formslin, stained with spproximately
0s 1% w/v crystal violet, washed, dried and mounted in DePeXe. It was
found that mutrient broth and glucose broth both inducsd sporulation as
frequently as either Bommeti's or cobalt medium, which were reported to
be particularly useful for this purpose.

Measurements of the spores and the width of the
primary mycelivm were made from these prepaxations by projection on o
a screen from a microprojector. The image was measured with a palr
of compasses, end the slze read off from a scale which had been
standardised against the imsge thrown by a stege micrometer. AL lesst
20 measurcments of both primavy and secondary mycelium of each organism

were made.
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). Cultural choracteristics.

. Golony.

The characters of the isolated colony were described
from a cwlture on a nubrient agar plate (Appendix IT; medivm 2)
incubated at 25°.  Observations were made ovey 21 days.

By "colony® was meant the growth resulting from a
single gpore or piece of myceliuwn, without implication as to whether
such growth constituted sn individual oxr not.

Differences of opinion exist as to the velue of the
shape and size of streptomyeete colomies ag o character of lLaxonomic
validity (Burkholder eb al. 1954; Hesseltine, Benedict & Pridham 1954
Jones 1951;.)., Observations made during this study suggested that both
chavacters depend an the shape and size of the piecs of mycelium used
as ivoculums Thege featurves wore not therefore, reported.
1J. Streal.

Descripiions were made of streak cultures growing on
slopes of the following media, incubated abt 25%, dwdng 21 daysi~
oubrient sgar (Appendix TI; moedium 2)
glucose agar (Appendix TT; wmedium 4.)
Czapek Dox glucose ager (Appondixz IT; medivm 5)
Czapek Dox sucrose sgar (Appendix IT: medium 5)
potato plug (Appendixz IT; medium 6).

As was also noted by Burkholder et al. (1954), it was
obsewved that the "rveverse" side of the growbh, psrticularly on nubrient
and glucose agavr slopes, gave useful informabions This charocter was,

therefore recorded.



iidl. Iiouid media.

Deseriptions wore made of cultures growing in nutyrient
broth (Appendix IT; medium 1) and glucose broth (Appendix TI; medium 3),
incubated at 25, during 2L days.

¢)e Physiolopleal and biochemicol characterigtics.

i.  Growth temperatures.

Optimum and Limiting bemperstures for growbh were
determined by prowlng the orgenisms in nubrient broth (Appendix IT;
medivm 1) et 1° (refrigerator), room terperature {approximately 16°),
25%, 309, 379, 45° and 55°.  The growth was recovded after 3=k days.

ii. Oxyeen yelationghips.

A nubrient agar shoke (Appendix IT1; medium 7) of each
organism was incubated ab 25°% for 2-5 days, and the distribution of
growth in the medium observed.

iii. Sterch hydrolysig.

Amylese was detecled by growing the organism on sitarch
agar (Appendix IT; medium 8) at 25°  After 2-5 days, the surface of
the medivm was flooded with dilute lodine solution. The produetion of
snmylase wos inferred from the absence of a blue coloration rownd the
g;rmv"ch.‘

iv. Proteolylic agblvity.

The following media were inoculabed with ecach orgenism
and incubated at 25°%:-

Dorset's egg slope (Appendix IT; medium 9)

gelatine steb (Appendix IL; medium 10)

inspissated horse serum slope (Appendix II; medium 11)
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BeCaPo milk (Appendix IT; medium 12k
The cultures weye examined av inlervals fox at least 21 days.
Proteolysis was indicabted in the first 3 medis by clearing, pitting
and liquefaction, and in the last by peptondisation and digestion of
any clol formed.

Ve Indol production.

€
The orgenisms were grown in pepbtone wager (Appendix TI;
. .- ' - . - Y
medivm 13) at 259 for 2~10 days. Indol was deteched by Kovac¥s reagent.
L]

vi. Acetylwethylcaxrbinol produchion.

The organisns were grown in glucose phosphate psplone
woter (Appendix IT; medium 14) ab 25° for 2-5 deys.  Acebylmethyl-
carbinol was detected by the addition of small amounts of creatine,
a~naphthol and concentrabed potassium hydroxide (Barritt's modified
method) .

vii. Witrabe reduction.

The organisms were grown in nitrate broth (Appendix IT;
medivm 15) at 25° for at least 21 days. Nitrite was debected by the
addition of ae-nophthylemine and sulphenilic acid (Griess-Tlosvey method).

). Eroduotion of antibiotlcs.

The abllity of the orgenisms to produce antibiolics wes
oxamined using the cross stresk method of Wakemsn (1945). Hach of the
streplomycetes was grown for 3 days on glucose ager (Appendix I1;
medium l;.) , and then cross streaked with a 2L hy. broth culture of

Klebgicella pneumoniae, Pscudomonas fluorescens, Lscherichis coli,

Bacillug subtilis, B. cereus ond Microgoccus clbyeus.

The plates were then incubated at 379 for 24 hr. snd exemined.

32,



B. Results of the besbs.

The results of these tests, and a detalled description
of each omgenism is given in Appendix T.

Ce Ideatity of the organisms.

A abbempt was made to identify the orgonismg using
data from the above tesbs. It is, however, generally conceded thet

the identification of specles of Slreptomyces is difficult becouse of

(1) the marked variations caused by a high mubation wate, and the great
effect on the culture of small changes in the envivonment. This gives
rise to a lack of stable type specics. (ii) The lack of adequate

and agresd criteria for differentiabing bebwoon species. (Waksmen 1919c;
1957 Jensen 1931; Jones 19403 1946; 1949; 1554; Schabz & Waksman
1945; Caxvajal 1946; Vaksman, Reilly & Jolmstone 1946; Erikson 1948;
Williems & McCoy 1953; DPurkholder et al. 1954; Hesseltine ev al. 1954;
Krassilnikov 1957).

To meet these difficuliies, the species~group or series
has been proposed Lo include ell the organisms which regemble, but are
not necessarcily identical with the type species (Waksmen 1919¢; 1950;
1957; Baldacel 1947 Baldscol, Comeschi, Scobti & Spella 19533
Waksman & Lechevalier 1953; Baldecci, Spella & Grein 1954).  Unfor-

tunately only a few species-groups of the Svreptomyces have been

described, or the limits of their variations investigated. Turthermorve,
these descriptions do not alwsys agree with each other.

It was only possible, thevefore, to bentatively assign
cach orgenism to its species-group, and where no description of the

speclies~group was found, to include i, where possible, in the specles
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It most closely resembled in Bexley’s manual (1948)e
In the light of tliese considerations and the evidence
given in “pendix I, it was judged that the test organisms belonged

to the following species or species-groups:-

Organism ¢ StreptoiTiyoces srlseus
n Sa It aureofaciens
tt Ms I albus
f 2 M albus
n 7 1 albus
M 9 t albus
M 13 I albus
Il 33 Il albus
If 34 It albus
« 48 I albus
i 59 t albus
I 76 t albus
I 103 # albus
1 131 t albus
. 132 # albus
n 133 t albus
I 190 n albus
n 193 . albus
. 195 It albus
I 196 L albus
1l 197 ti albus
. 2C4 t coelioolor
I 214 t flavoolus
n 216 tl albus
n 217 I albospcreus
n 224 tl albus
i 228 t albus
" 235 t albus
n 242 K albus
n 245 unidentified StreptoDoyoes i
n 250 Streptomvoes albus
n 259 I albus
I 260 It albus
n 265 It listeri
I 266 t violaceoniger
M 267 t' pelletieri
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HUTRITICN A%y SITDTES

1). Prepavebiou of the waterials.

ALl glasswore wes thoroughly washed with 'teepolt,
winged well with bap wabter;, allowed to drain, and then acid washed in
apparabug based on that of Bavle (1943). Sulphuric acid, which
contained nitric acid as an owidising agent, was hested to about 120°
for about 6 hours, and then left to cool overmight. The glassware
was winged at least 6 times in tap wabsr, twice with glass distilled

water and drled at 104°.

Pipettes were waghed in acid as ahove and yinsed
thoroughly in en automatic pipette washer with tap water, twice with
glass distilled water and finelly drdied.

Since cotton wool plugs are undesivable for this kind
of work, glass wool was ab fivet used to plug the frhilenmyer {lasks
uged in the nuitritional experiments.  Several types of glass fibrae
vere btrled, bub none was satisfactory.  EBventually rimless flasks
were obbtained and covered with a glass cap.

ALL reagents used in the preparation of the media were
of the highest quality svailable.

The sodium pyruvate was obtained by Hobertson's method
(Robertson 1942) from freshly preparved pyruvie acid (Vogel 1951).

Glass distilled watler only was used.

The complete medium was incubated overnlght to test

for sterdlity.
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a). Stock solutiong.

1. Bagal soll solutlon.

The following salv solubion, based on the wedium of

Pridhom & Gottlich (19482), wasg uged in all the nutritional experiments.

K,_ID?O&_ 5¢5 g
KHZFO& 2eD ga
MzS0y, . 70 1.0 g.
mSDZ{_; 5iia0 5.0 me.
FGSOM 7,0 1.0 mg.
180y, « 410 8+ 0 g
2&35501“. 750 : 2.0 mge
Calla. OHL0 L. QO mga

Glass distilled water to 1 libre.

idl. Growth fachor mixture.

The following growth factor solution was prepayvedis

Thiamine 540 mgs
Calcium pantobthenate 10.0 mg.

Pyridoxing hydrochloride 2.0 ng.

Micotinic acid 10.0 mg.
Riboflavin 2.0 me,
p-&ninobenzoic scld 2.0 mg.
Biotin 245 ueg.
Felic acid 1.0 mg.

Glass distilled water to 100 mi.
The solubion was sterilised by £iltration through a 5/3 sinbered

glass filter, and stored at 1%
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iil.,  Solublong of carbon sources.

The following aqueous stock solutions of the carbon

sources were preparedi-

I{+) Arabinose 200 w/v
D(+) Xylose o0k
T(+) Rhamose 20
D(~) Fructose °0%
D{+) Golacbose 206 "
D(+) Glucose 205 "
D(+) Marmose 20h "
(-} Sorbose 208
Tactose g ¢
Maltose 205 v
Suerose 205 ©
Raffinose 105 v
selicin % »
Bthanol ouh "
Glycerol. X% ¢
S-Earyrthritol, 206 v
Duloitol W
D{+) Mannitol wh
D(+) Sorbitol 20% ¢
Tnosibol % v
Sodium formate °0h ®
Sodium acetate 206 ¢
Sodium proprionate 200
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Sodinm butyvate 200 wfv

Potagsium oxalate 206
Sodium malonate 20 v
Sodium lacbate 20h ™
Sodiwn pyruvabe 206 "
Sodium potassium tartrate 2%
Potagsium cibrate o0% v

»

The solubions were sterilised by filitration through 5/3 sintered
glass filters, and stored at room temperature.

ive Solubtlonsg of the nitrogen sources.

The following aqueocus solutions of the nitrogen sources

were prepaved, sulficlent hydrochloric acid or sodiun hydroxide to

effect golubtion beluy added where necessery -

Sodium nitrive 15 wifv
Sodium nitrate W
Di-Alanine A
IrArginine yh o
DIir-Aspartlic acid Lego
L-Cystine 35
Ir-Glutamic ecid o
Glycine x5
L-ifiatidine yghoo»
Irilydroxy-proline Wh om
Leleucine 1%
Dis-Tiysine Mhow
Di-Methionine L% v

38‘



DL~Ornithine 156 /v

DL~ B ~Phenylalanine 2 ¢
DI~Proline Lgh w
Di~Sorine 1
Di-Threonine a5
DI~-Tryptophane AL
Ir-fyrosine wh
DI~Valine hoom
Uiroa 1% v
Uric acid o "

- Kanthvine 2/; n

The solubtions were sterilised by filtration thwough 5/3 sinbersd
glass Cilters and stored ob -20°,

A purple pigment formed in the tryptophane solution, probably due
to the presence of impurities. (Harvey, Miller & Robson 1941).

It was therefore frequently renewod.

Yo Caybon assimilation media.

The carbon assgimllation media were prepared as followsi~
1 litre of basel solbs solution, to which had been added 2.5 g. of
ammonium sulphate, was adjusted to pi 7.0-7.2, sterilised by filtration
through a 5/3 sintered gless Pilter, ond 9 ml. guantities dispeused into
sterdle, acld washed Erblenmyer £lasks.  EBach flagk then recelved
aseptically 0.5 ml. of the growth fector mixture, and Q.5 ml. of a carbon
source solublon. The final concentration of each carbon source was 1%
excopt lactose, raffinose and maanitol where it was 0,58, and duleitol,

inositol and selicin where it wes 0.05%.
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°)- Witropen sssimilation media.

The nitrogen assimilotion media were prepored as follows:i-
8¢5 ml. of the bagel salts solution were dispensed into acid washed
Erhlenmyer flasks. fach flask received 0.5 ml. of one of the nitrogen
aouvees, and the pll was adjusted 0 7.0-7+2. The flasks were then
steamed for 15 hr. VWhen cool, 0.5 ml. of the growbh factor mixture,
and 0¢5 ml. of a sterile 204 solution of godium pyvuvate were added to
cach flask. The finel concentration of each nitrogen source was Q.25,
except uric acld ond xenthine where it wag 0.1%, and urea and sodium
nibrite where it was 0.0%h. The concentration of sodium pyruvate was 1%.

a). Growth factor requivement medis.

The grovth factor requirement media were prepaved as
followss-

A wolume of basal sselis solutlon was divided, and
either glycerol or glucose added to each part to 1% concentration.
Tach pact was then divided into fouw, and to each part thus formed was
added either phenyl-slanine, arginine or glutamic acid to 0.2% concen-
teation, or ammonium sulphate o 0.25% concentration. Bach of the eight
medibration, or amwonium sulphate to 0.25% concentration, Tach of the ek
The growth factor mixbture was aseptically added to one holf of each
medium to give the same finsl concentration as in the carbon and
nitropen assimilation media 1.

Thismine 2.5 pg/ml

Caleivm pantothenate 5.0 g/l

Pyridoxine hydrochloride 1.0 pg/mi

Nicotinic acid 5.0 pg/ml
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Riboflavin 1.0 pg/ml

p-Aminobenzoic acid 1.0 pefwl
Biobin 0. 00 pg/mil
Folic acid 0e5 g/l

Ten wl. of each mediuvm, with and without growth factors, were
measured asepbically into sterile, acld washed Exhlenmyer ilaogks.

C. The inoculim.

o). The type of inoculum.

It was necesgsary to decide whether to use, as the inoculum
for the nubritional experiments, secondary mycelium (aerisl spores) washel
from an ager slope, or primary mycelium grown in Jiquid medium.  The
advantage of aerial spores was that they were easily washed free from
the medium on which they were grown; the disadventages were (1) they
were difficult to get into anm homopenous suspension beceuse of their
lipoidal swrface, and it was undesirable b0 uvse a surface acbive sgent,
(1i) their germination might have been adversely affected by o medium
which was obherwise adequate to support growth, (iii) in some speciles
they produced a gyeater number of variants than did the primary myceliuvm
(Brikson 1949), and (iv) several of the test organisms did not sporulate
veadily. Primery myceliuvm, although it was not go easily washed as the
spores, sulfered from none of these digsadvantages. Hence it vas Judged
that peimery myceldwm was to be preferred.

Turthermore, in Jliquid media, the primavry mycelium formed
elther loxpe, floating colonies or a mass of short filanents, so that

was wndesirable because it was extremely Ailfficult to wash free of the
the culture had a "porridge" like consisitency. the former type of growbh

was undesirable because it was extvemely difficult to wash free of the
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growth medium, and it was almost impossible to add an equal inoculum
to each test flask. The Y"powridge" type of growth, however, was
easily washed, end formed an homogenous suspeasion thalt was easily
distributeds It was Pfound that a heavy inocudum of sporves op
primary mycelium fragments uvsually gave ise to the "porridge" type
of growth when grown in glucose broth, and this wes used for the
nubritional experiments.

Several other factors bad also to be considerved. It
vias observed by Jones (1946) that the growth was affected by the
compogition of the previous medium. The medium for growing the
inoculum had therefores to be sbondardised.  Glucose broth was chosen
for this purpose, as 1t gave good growbth of all the test crganisms.

It was also shown that the very active growth phase of
streptomycetes may be followed by vapid aubtolysis (Dulency & Perlman
1947; Cotitlich & Anderson 1947).  As it was undesireble that any
autolysed mwalerial should be added with the inoccutlum, only actively
growing cultures were used.

) Prepavetion of the inoculum.

In view of the above considexrations, the following
proceduve became the standard method of prepaving the inoculum fox
the nutritional expervdiments.

Ten ml. of glucose broth were heavily inoculated with
spores oy primary mycelium, and set on a reclprocatving shoker with a
3" throw, ogelllating ob approximabely 65 thyows por minube, ab 25°
for 2-4 days. This produced a heavy "porridge" like suspension which

was centrifuged to rewove the nutrient medium, washed twlce wilth Ringer's
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gsolution diluted 1 in 4, and resuspended in 10-12 ml. of the diluted
Ringer's solution.

c)e The effect of the inocculum size.

The effect of varying amounis of the inoculum on the
total growth wes luvestigated using organism No. 103.  CGraded amoumts
of a 2 day washed suspension of the mygeliun prepared as ahove, were
inoculated in duplicate into (1) 1% glucose broth and (ii) glycine~
pyruvate medium as used in the nitrogen assimilation experiments (page 40)
After L days growbh on the shaker at 25°, the glucose-nubrient broth
cultures were Liltered through weighed Gooch crucibles, the mycelium
washed with glass distilled water and dwied at 104° to consbent weight.
After 10 days, the glycine-pyruvebe cultuves were harvested and similerly
sreated, The resulis ave shomn in Mig. 1. In glucose hroth the weight
of harvested mycelium rapidly decreased when the inoculum exceeded 0.2 mg.
dry weight. In the synthetic medlum, any inoculum greater than approxi-~
mobely 0.07 mg. dey wedight produced no additional growihe This suggested
that a stringent contyol on the size of the inoculum was not necessary
when uging synthetic medis providing that its dry weight exceeded this
amount,

The dry weight of washed suspensions of 6 orgenisms
prepared as above was found to vary between 3.0 and 4.5 mg/ml,. It was
also found that a Pasteur pipetbe of approximately 0.067" externol
diameter {Morse twist dArill gauge No. 51) delivered a dvop of approxi~
motely 0.03 ml. (27-30 dvops/ml). BExecept for a few prelimineyy
experiments, one drop of the washed suapension from such a pipetie was

used to seed cach flask of the nubtritional experiments, so that each
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received an inoculum of approximately 0.1-0.16 mg, and it was unlikely

that any variation in total growbh was due to the inocculum size.
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2).  Bxperimental conditions.

The carbon end nitrogen assimilation and growth
factor requirements of the tesb orgenisms were investigated by
incculating each strain inbo the approprlabte media prepared as
above (page 35). The culbures were incubated at 259 on a recipro-
cating shaker with a 3" throw osclllabing at epproximately 65 throws
per minubte.  After 10-12 days, the flasks weve examined for grovwih,
and the results recorded. fFach experiment was controlled by an

inoculated lask which did not contoin the subgtance under Lest.



3).  Growth factors.

Sugpensions of the following organisms were prepared
as detailed obove (poge 42), and inoculoted into growth factor reguirement
media (page 40) with and without growth factors:-

Ms, Nos. 3k, 48, 59, 76, 103, 196, 216, 22, and 235.

The flagks were incubated on the shaker at 25° for 10 days.

The vesults, which ave given in Teble 1, sbhowed that these cultures
did not vequire growth factors when growm on the S&bétraﬁes indicated.
Since, however, this experiment did not prove conclusively that none
of the streptomycetes required growth factors when growing on any of
the carbon and nilrogen suvbstances under investigation, grovth factors
were added to all the media used Iin the nubribtional lests as described

above (page 39).
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L).  Garbon assimilation.

Bach of the 30 test organisms was examined for assimilabtion
of each of the 30 cerbon sources listed above (page 37). The results
ave given in Tables?2 and 3. Repetition of the work vwith several of the
straing at an interval of several months shoved the sawe resulis. Table &
shows the percentage of oxganisms growing on each of the carbon substrates.
£. Discussion of the resulis.
Tvery substrate examined was used by several of the
orvgonisms, as might be expected from the known degradative properiie
of the ubreptomycetes.
A substance which was wtilised by a lavge percentage
of the organisms Aid not necossarily produce a beavy growth.  Thus
galactose supporbed the growbh of 69% of the orgenisms, but only 8%
produced a good crop of mycelium, whercas sucrose, witleh supported the
growth of only 53% of the orgenisms, produced a large emount of mycelivm
a)e Hoxoses.
The percentage of the orgonisms studied here which
utilised fyuctose, golactose, giucose and mamose was much lower thon
s found by Pridham & Gottlieb (1948), Okaml (1952), Burkholder eb al.
(1954.) and Benedict gt al. (1955). The reasons for this discrepancy
may he i~
i. Many of the sbroins studlied in this work belonged to the

Streptomyces albug speciles-group, some strains of which did wot utilise

sugars wnder the conditions applied hexe. (Table 2)
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ii. The agav which was used by the other workers may have
contained sufficient nuitrient material bo enable the organism to grow.
Okami used washed agar, but his contyols showed slight growbh. As agar
was nov used here, this source of error was eliminabed.

ili. ALl the other workers used surface growbh on solid media,
vhereas here liquld media, acvatbed by sheking, were used.

The failure of sorbose to support much growth is also
interesting. This sugar is an dsomer of frucbose which was well
ubilised. The configurabtion on carvbons 2 end 3 appears to be the
deciding factor.

D)o Digaccharides.

lactose wvas a peory carbon gource, although othey workers
rveporied to the contrary (Pridham & Gotilieb 1948; Pridham, et al. 1953;
Burkholder et al. 1954; Benedict gt al. 1955). Both its component
sugars, glucose and galsctose, were used by many strains.

The strains which broke down malbtose also ubilised its
component glucose. With two exceplions, all the strains whvich grew
on sucrose grew on fructose and plucose. The exceplions were Nos. 224
and 260 which grew poorly on all sugsers.

c)s Teisaccharides,

0f the strains which assimilated vaffinose only two,
Nos. 133 and 193, did not grow orn all the components of wraffinose that
were examined, that is fructose, gealaciose, glucose and sucrose. One
oft these, No. 133, mebabolised the sucrose part of the meolecule since it
grow on fructose, glucose and sucrose, bub not galactose, whereas No. 193

wag unable to metabolige sucrose or fructose, and was presumably meintained
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on ‘the meliblose opr galactose pant.

). Alcohols.

Bl T TR AT

At

As found by other workers, mannitol was a bebbter carbon
source than its sterecolsomers, dulcitol and sorbibol., end was the only
one of the three to produce a heavy growth of the orgenisms which
utilised it.

e). Oeppnic noids.

Two orpenisms, Noge. 235 and 207, were able to grow on
formic, scetic, proprionic and bubtyrice aclds, while another, No. 245,
pgravw on all except formate. The ubilisation of fomwate by some
strepbomycetes was in accord with the findings of Taylor & Decker (1947)
and. Stapp (1953), but in contradiction to those of Pridhsm & Gotilich (IS

Growth on oxalate was more common here then found by
other investigators (Minter 1912; Valsmen 1919a; Pridham & Gobtlieb
1948; Pridham et ol. 1953; Stapp 1953) .

Lactate, pyruvate and clirabe were well utilised.

The carbon assimilation pattern of streptomycetes as
presented here differs in some respects from thal of other workers
(Pridham & Gottlich 1948; Burkholder ¢b al. 1954; Benedict ot al. 1955).
The most noteble diffevences are i) that the simple carbohydwrates and
glyceral were nob asaimilated in these experiments to the exbent found
by the other workers, ond ii) that oxalate and tartrate were able bo
support the growth of o faly proportion of the orpanisms.  These

diffevences may be dve to the different conditions employed, and to the

high proportion of Strepbtomyces albus strains emong those studied, some

of which have an unususal nutritional pattern.
10
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Table 4.

Percentage of organisms using each of the carbon sources.

Substrate

Arabinose
Xylose
Rhamnose
Fructose
Galactose
Glucose
Mannose
Sorbose
Lactose
Maltose
Sucrose
Raffinose
Salicin
Ethanol
Glycerol
Erythritol
Duleitol
Mannitol
Sorbitol
Inositol
Formate
Acetate
Propk¥ionate
Butyrate
Oxalate
Malonate
Lactate
Pyruvate
Tartrate

Citrate

%

giving good

growth
17
14
11
30
8
28
25
0
3
11
28

3

N
o O O

—
O O W O I O O W

i o~ N
o o NN

% giving
moderate

growth

28
32
22
28
61
36
30
16
11
28
25
25
20
.8
33
20
11
11
20
11
14
30
14

8
50
61
61
58
36
53

%
not
growing

55
54
67
12
31
36
45
84
86
61
47
T2
T2
92
37
80
89
75
7
89
86
62
86
89
50
39
17

0
64
17



5). Nitwopen assimilabion.

Ae Preliminary . experiments with nitrite.

To determine the concenbration of nityite which would
support growbh of streptomycetes, orgenisms No. 76 and 103 wers growa
on nitvogen assiwilation medla (page 40) containing sodium wnitrite
in concenbrobions renging from 0.050% bto 1% w/v as nitrogen source end
wi'th 1% w/v sodium pyruvate or 1% w/v glucose as the carbon source.

No growth was obtained on the glucose-nitrilte mediuwn, but the pyruvate-—
nitrite medium supported the growth of both organisms at eoncentretions
of CwI% w/v and Q.09 vifv, best growth being obtained at the lower
concentration,

The expsyiment was repeated and exbended to 10 organismse
fhese were grown in nitrogen assimilation media (page 40) containing
0.05% w/v sodium nitvite as the sole nitrogen souwce, and one of the
Tollowing as carbon sources-

W w/v sodium pyruvete

1% w/v glucose

1% wfv glycerol

1% w/v glucose + 1% w/v pyruvate.

Convrols without any carbon source were included.

The media were inoculated with a standard inoculum of the following
orgeniamsi~ 8g, Nos. 2, 7, 33, 48, 76, 103, 131, 133 and 21%.

The resulbs were recorded after 12 days incubation at 25° on the shaker,
and ave shomm in Table b.

No growbh was oblained on glycerol or glucose; pyruvase
alone supported growth of hali the orgenisms, while all of them grew on
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the glucose-pyruvate mixture.

The only flasks in which amonia, as shown by Nesslerts
reagent was found, were those containing glucose, although there was no
growth, None of the obthers, whebther there was growth or not, were
Negsler posiblive.

The plI of the culbures was recorded.  The values observed
did not confizm the claim of Wekeman & Joffe (1920) that nitrite favouwsd
the production of acid rather thon allkali.

It was concluded that, for the strains examined, (i)
nitrite was ubilised, but with only certain cexbon sources, snd (il) a
suiteble concentration for further investigation was 0.05%.

Bo Investigation of nitrogen sources.

Bach of 33 test orpanisms was examined for assimilation
of each of the 2. nitrogen sources Listed above (pege 38).  Orgenismns
Ba, 13 and 33 wewre lost bafore thils seclbion of the woik commenced, and
are therefore not reported.

The results are shown in Teble 6; the growth in
pyruwvate-ammonivm sulphate medium is taken from Tables 2 and 3. Table 7
shows the percentsge of organisms growing on each of the nitrogen sources.

G. Discusgion of the mesults.

UL

As with the carbon sources, the nilyogen compounds which
supported the growth of many orgonisms did nob necessarily produce a
large amount of mycelium.  Valine, for example, supported the growth
of 75% of the orgenisms, but never gave rise to more than moderate growbh.

a)e Inorpanic compounds.

Amronda was bthe begt of the inorganic sources, and was
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ugsed by all the organisms. IFifty seven pexr cent of the ovganisms
utilised nitrate, nityite and ammonia; 129 used nitrate and ammonia,
but nob niteite; 31% used smnonia only. Tvery strein which used
nitrite uvbilised ammonise and nitrate also.

The effect of the carbon source on the ubilisation of
nitrite has alreedy been noted (page 50).

b). Apino acids.

Ihe streptomycetes examined utilised o-amino aclds very
well; only two oprganisms, No. 266 and 267 did nob.

Several «-amino acids, particulerly cystine, methionine
and tryptophane were less veadily assimilaled than the rest. The
least utilised was tryptophane, slthough it was o component of the

myecelial mat of Strepbomyces priseus (Stokes & Gunness 1946). Presumably,

meny sbreptomycetes cen synthesise tryptophane, bub cannot uvse it ag a
nitrogen source for growbh,
). Uxea.

Ueea was ubilised by all the organisms examined, except
Woe 266, 276 producing good growbh. This confirmed the findings of
other workers (page 23).

a). Purines.

Only two organisms, Nos. 266 and 267, did not grow on
uric acid and zanthine, DBoth these substonces were very spavingly
soluble in waler, so that the medis confaining them were always cloudy,
pavbicularly uric acld which was the more insoluble of the two. Good
growth produced clearing of the medium. [hese results confiimed those

of Stapp (1953) and Stapp & Spicher (1954). (page 23).
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Table 7. Percentage of organisme using each of the nitrogen sources.

% % giving %
Substrate giving good moderate not
growth growth growing

Ammonium 45 55 0
Nitrite 9 48 43
Nitrate 9 61 30
Alanine 64 30 6
Arginine 64 33 3
Aspartic acid 51 42 7
Cystine 24 45 31
Glutamic acid T0 27 3
Glycine 45 52 3
Histidine 64 33 3
Hydroxy-proline 51 42 T
Leucine 18 75 1
Lysine 48 45 7
Methionine 3 75 22
Ornithine 24 76 0
Phenyl-alanine 66 27 7
Proline 76 21 3
Serine 39 54 7
Threonine 60 33 T
Tryptophane 3 15 82
Tyrosine 45 30 25
Valine 0 75 25
Urea 27 70 13
Uric acid 42 51

Xanthine 54 39 1
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ACTD ¥RODUCTTON FROM CARBOINIRATES.

Several asuthors have shown that the styeplbomycetes
produce organic acids from various cavbohydrates (Krainsky 191
Waksmoan & Joffe 19203 Flotho 1940a; 1540bh; Woodyuff & Tosber 1943;
Schats & Waksman 1945; Cochrane 1947; CGochrane & Dimndok 19493 Seveik
1952).  Acid production has been sugpested as a means for the preliminary
differentiobion of wnknown strains (Cochrame 1947; Buthala & Gilmouw 1951,
Lo  Methods.

mzsudu"

A Garbobydwate peptone wabor.
Carhohydrate peptone water (Appendiz II: medium 16)
was prepaved and dispensed inbto % ozm. Bijou bottles each conteining a

Durham tube.

The following carbobydrates were useds-

arabinose mal tose
fruatose sucrose
galactose glycerol
glucose maxnni tol
MENNOSO inositol
lactose

The cultures were incubated at 25°2, snd exsmined
periodically over 21 days,

B "Auxanographic” method.

A mediuvn was prepoxved consisting of the basal salls
golubtion and growth factors as in the assimilabion experiments, bub
with no carbon or nitrogen source. Bromo-cresol purple was added 4o

give a concentration of 0.16% w/v and agar 40 1.50 vw/v.  Ammonium
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sulphate was added %o one part to give a concentrabion of Q.25% w/v

and asparagine to the other o give a concentration of 0.2% w/ve The
melted agar was cooled o 507, inoeulated with a heavy suspension of
washed mycelium and poured into laxge Peltrl dishes (Alemeter 1.5 om. ).
Small porcelain oylinders weve inserted Into the sgavr before it bad set.
Into each of these was pub one drop of one of the following sbock carbon

solutions (poge 37 ):~

arabinoge lactose
fructose sucrose
galoctose glycerol
glucose marmi bol
MannOse inogitol

The plates were dncubated at 25° for 21 days. Yellow zones vound the
gylinders indicated acid productiocn.

C.  Acid production in the carbon assimilalbion experiments.

The ©inal pH of the medium of some of the carbon
assimilation emperiments was measured by adding B.C.P. indicator to
the flasks at the end of the expoviment.

D.  Acid production by regbing suspensions.

A solution of G.lM sodium dihydrogen phosphote and
OGS w/v bromo-eresol purple was sterilised in the auboclave. Nine
ml. guantities were placed in stexile flasks, and 0.5 ml. of one of the

sourke
following stock carbonjpsolutions (peage 37) was addeds-

Sh..



avrabinose HUCTOSE

glucose plycerol
manNnose mormd bol
lactose Jnogitol
maltose

Bach flask was then inoculabted with a heavy suspension of washed
mycelium, and set in the 259 incubator. Observations were made hourly

on the first day, and dally bthereaftor.



2e L@&’lhs.

A, CGaxbohydrate peptone water.

The results of testing each test orgonism in carbohydvate
peptone mﬁer against 1l sugeys are given in Table 8. Bach test vas
repeated at least 4 times with the exceptions indicated in Table 8.

Table 11 shows the percenteges of ovpenisms which produced
acid from each sugeyr, and the percentage of those producing acid which
gave variable results. This tendency to produce Inconsistent resuliss
was marked, even when the condibions were cexefully stendardised.
"Alkeline vreversal" ocourved frequently ond wvapidly.

Gas was never produced in these tests.

Be  "Auxenopwephic" method.

Thirteen orgawisms were tested against 10 sugars, using
amnonitm or asparagine ag the nitrogen source. The vesulis are shown
in Table 9. Table 11 shows the percentage of orgenisms which produced

acid from ecach suger and nitrogen source.

G.  Acid produetion in the carbon sssimilebion experiments.

The production of acld by the cavbohydrates used in the
carbon agsimilation experiments is shom in Table 10. The percentage
of organisms which produced acid fxom each sugar is ghown in Table 11.

D, Acid production from resting suspensions.

Three stroins only weve dnvestigseted by this method,
Nog. 2, 131 and 228. No acid appeared in any of the flasks wntil after
soveral days when growbh had taken place, autolysed myceliun probebly

providing the nitvogen for this.
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3¢  Discussion.

Table 11 shows the percentege of culitures producing acid
in caxrbobydrate peptone water, by the auxenographic method and in carbon
assimilation media. Pevcentages sre worked out only on the orgonisms
which grew in a particular medium, and not £rom those bested, in oxder
to eliminate any varlation due to the differences in nubrdition,.
Unfovtunately the vesults were not sabisfactory, so that
no fimm conclusions could be dvawn from thems  In gonexel, however, acid
was formed more freguently from the hexoges thon the other carbohydrates,
but less often from the disacchaxides and alcohols except glycerol.
Clearily the factors goverming acid formation by streptomycetes need fuller
investigation. Nevertheless, from the expewlence obteined from this work,
it is sugpested Ghat among the foctors involved axe the following:-

a). The nature of the nitromen source.

Aspavegine was a better nitrogen gource for the formalion
of acid than ammonia in the auxographic experiments,  This supporbed
the claim of Waksmen & Joffe (1920) that the nitrogen source is the
determining factor.

In this comection it was thought that incubation of a
heavy suspension of mycelium in phosphete solubion containing a caxbo-
hydrate and an indicator, might have induced the organisms to produce
acid rapidly from the supar, end at the same time, would have eéliminated
the effect of the nitrogen source. However, the fallurve of 3 btyplicel
organisms bto form acid under these conditions suggested that the methed

was of 1iltble velue.
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b). The physicel conditions of the experiments.

The aerabed flagks used in the carbon assimilation
experiments generally gave rise to acid more frequently then any other
method. Thig suggested that the degree of acration alfected the
production of acid by streptomyesies, and confirmed the findings of
Seveil (1952) and Woodeuff & Fostew (1938}3),

a). The length of time that the orgenisms have been kept jin

the laboratory.

In the courge of the experiments, it was noted thatb
the cultures vhich had been kepl in the laboratory for & long period
tended to lose the ability to produce acid. This probably accounted
for some of the vaviations observed in the carbolyxdrvate peptone weber
experinents which were spread over 4 years, whereas the other acid
production expeviments weve done on opganisms which had not bheen wnder

laboretory culbivation for a long pexiod.
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eptone water,
A = large amount of acid;

Prgduction of acid in carbohydrate
a = small amount of geid;

Table 80
0 = no acid produceds

v = variable results.
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Table 1l.

Percentages of cultures producing acid by various methods.
Carbohydrate Auxanographic
peptone water method g_g
6 o
2 Z g8
g of acid 2
4 producers ‘g
S % giving NH Aspara- §a
£ producing|variable 4 gine a3
S acid results | base base S
Arabinose 0 - 0 62 66
Xylose - - P - 40
Rhamnose - - - -— 0
Fructose 50 33 40 38 100
Galactose 33 50 20 54 50
Glucose 46 59 33 T7 66
Mannose 36 69 33 5% 82
Lactose 3 100 0 23 33
Maltose 20 86 - - 40
Suerose 6 50 0 8 ¢
Raffinose - - - - 0
Glycerol 20 57 20 61 66
Erythritol - - - -
Dulecitol - - - -
Mannitol 0 - 14 38 80
Sorbitol - - - - 0
Inositol 0 - 0 0 0
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GENERAL DISCUSSION.

1). Ixperimental conditions.

As gtated in the introduction, the work was hampered
by the failure to obitain a suitably wide range of organisms,
but the experimental pattern established is capable of
extengion to include other species when they become avail-
able, and the methods used could be adopted as a shandard
technique for fubture research.

In this work it was necessary to use the strictest
experimental conditions for the nutritional investigations.

Appleby (1948) for exemple had found that an asporogenous

voriant of Streptomyces griseus was able to grow, though
pooxrly, on a synthetic medium conbaining washed agar, bub
no added nitrogen. Cochrane & Conn (1950) also noted that
there was sufficient nitrogen in agar to support slight growth,
and this was again confirmed by Okemi (1952). Cochrane
(1950) demonstrated the existence of sufficient nutrient in
laboratory reagents and the stmosphere to support slight
streptomycete growth. The most stringent precautions were
therefore taken 10 avoid the introduction of gpurious
nubrients on glassware or in the reagents used in nmaking the
media.

Physical factors also play a part in streptomycete
nutrition. Conditions of aecrstion and temperature were

therefore carefully controlled throughout the work.
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2). Degcription of the organismg.

It ig difdficnlt to Qlasgify streptomycetes because of
the lack of type cultures, adequate deénriptions and
differentiating criteria. However, despite this difficulty,
it wagy congidered desirable to attempt an estimate of the
apecies-=group to which each isolate belongeq employing the
tegts in general use.

A. Streptomyces albus gtraing.

Four authorities were cited in identlifying the

Streptomyees albusg group of isolates. They were Duché’

.
(1934), Baldacci (1939), Bergey (1948) and Baldacci et al.

(1954). The only feature common to all Duché's organisms
was the whiteness of the gpores. He included in the

S« albug species-group nany organisms which more recent
suthors have placed in other species.  Baldacci (1939),
Bergey (1948) and Baldacei gt gl.(1954) all placed the main
emphasis for identifying streptomycetes on the colour of the

prinary and secondary mycelia. The deseription of S. albug

*8ince the greater part of this thesis was written, the Tth
(1957) edition of Bergey's Monual of Detervminative Bacterio-
logy has come into gemeral use, The bagic arrangement of
the genug Stroptomvees has not been greatly changed from the
6th %1948) edigian. The main alberatlons have been that
(1) the number of speecies described has heen more than doubled
and (2) that greater use has been made of the morphology of
the spores and gporophores as a taxonomic cxiterion. A few
obther changes whiech are relevant to the orgenisms studied in
ghig work are indicabted as footnotes or amendments to the
XV .
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in Bergey's manwal (1948) includes the modifications by
Wokeman & Henviei (1943) of the original deseription by
Rogsi-Poria (1894). The descrxipbions of these aubhors,
together with some other relevent papers, aye compared
below with the straing degignated S. albus iw this study.

a). Primary mayeelivm.

As shown by Duche (1934), Baldacei (1939), Bergey
(1948) and Baldacei gt gl. (1954), and as also found hevre,
the primery myceliun of Strepbomyces albus straing consists
@?/géam positive, long, branching, colourless filaments of
approximately 0.4-1.0 p dlameter. However, Nos. 7£;nd 33
were exceptional in that the primary mycelium tended to be
friable and the filgments short. This was nolb considered
sufficient grounds o place these organisms in a separate
group ag 1t was obgerved in the course of the work thatb
variation in the carbon source altered the length of the
Pilaments of the priwewvy myceliunm of these and several
other siraing.

Boldaced (1939) noted that the reverse of the primary
mycelium wes somebtimes "mowre or less yellowlgh'". This was
conliymed in this work.

b). Secondary mycelium. ‘

ALl workers agree that this species has white aerial
gpores which turn grey oxr brown with age. This wasg

confirmed in this study.
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There are considerable differences of opinion with
regard to the stability of the arrongement of the spores of
streptomycetes, and hence the value of the spore arrvange-
ment as a baxonomic criterion. Various workers (Backus
et _al. 1954; Burkholder gt _gl. 1954; Trikson 1955) have
reported considerable varistion in the sporophore morphology
depending on the conditions undexr which the organisms were
STOWH. Purthermore, it has also bheen ¢laimed that a
single hypha can bear different types of sporophores, whose
morphology may change during development (Skimmer st al.
1947). It was observed during this study that o single
colony could carry both straight and open spliralled sporo-
phores. In contrast, Pridham, Hesseltine & Benedict (1958)
have recently presented a comprehensive scheme of strepto-
mycete classification based oh the morphology of the
sporophores and the secondary mycelium as o whole, in which
they contend that '"the morphology of the sporophores of a
particular strain does not apprecisbly change on substrats
that support optimal formation of aerial mycelium, sporo-
phores and spores.”

Baldacei (1939) described the spores of Strepbomyces

albug as pvold, and stated that they were carried on straight
filaments which sometimes ended in a "hook'" oxr were spiral,
while Bergey's manual (1948) esserted that the spores were

carried on coiled chalng, bul did not indicate whether the
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coils were tight or loose, or turned clockwise or anti-
clockwise. Fifteen of the orgonisms agsumed to be
Streptomyces albus in this study had straight sporophores.
They are thus similar to those described by Baldacci (1939).
These organisms belonged to the white series of the section
called "Rectus~-flexibilis" by Pridhem et al. (1958).

Three of the remaining S. albus straing had sporophores
which formed open spiralsg; the sporophores of two of

these organisms had an anticlockwise twigt, and the other,
a clockwise twist. A further 6 strains showed both
stralght and open spiralled sporophores usually in the same
preparation. In 5 of these cases the spiral was anti-
clockwise, and in one case it was clockwise. These 6
straines would fall into the white series of both the "Rectus—
flexibilis® and the "Retinaculum-apertum" sections of
Pridhem et al. (1958). A further two of the S. albus
s%rains had tight spirals, one being anticlockwise and one
clockwise. These would fall into the white series of the
"Spire" section of Pridham et gl. (1958). Only one
strain, No. 103, did not answer to the description of the
secondary myecelium given by either Baldacei (1939) or in
Bergey's manual (1948). In this case the sporophores
formed verticils or tufts. Since it resembled the other
S. albug straing in many other respects, it was decided to

asgume that it btoo was a strain of the same species. This
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(
organism would probably fall into the_“Bivertie&lIas“
section of Pridham et al. (1958). It would be very use~
ful %o knéw'ﬁe whatsextenﬁ spoxophore moxphalagy can be
ugsed taxonomically, and this feabure would repay further
gtudy. |
¢). Pigments gnd odours.

Daldacoi (1939) noted that o soluble brown or black

pigment was produced by Streptomyces albug which was strain
variable. Waksmen & Henrici (1943) stated that pigment
was not produced on any organie‘me&ium. Bergey (1948)
does not mention pigments except to state that they were
not produced om gelatine. In this work it was found
that many strains of S. albug formed & soluble brown
plgment on nutrieﬁﬁ agar and gelatine, and that the pigment
was often logt om prolonged laboratory stovage.

Baldacci (1939), Waksmon & Henriei (1943) and
Bergey (1948) noted the presence of an earthy or musty
odour which was a;so found during this work.

d). Proteolytic and sacchavolytic ability.

Bergey (1948) described Streptomyces albus e having
no diastatic activity and Wekeman & Lechevalier (1953)
reported such activity as "not strong", whereas all straing
in the present study brolke down starch rapidly. in

The Tth (1957) edition of Bergey's Manual states that
there is no hydrolysis of gtorch by some cultures of

Streptomyces albus and repld hydrolysis by others,
64.




addition, Bergey (1948) stated that thig species is
actively proteolytic which is econtrary to the findings of
Waksman & Lechevalier (1953), while the results presented
in this thesis veried from strongly proteolytic to non-
proteolytic. These conllicting observations may have been
due to differences in the conditions employed and because
various strains of the species have wmarkedly different
activities,

In the course of the tests for proteolysis, it was
obgerved that the breskdown of inspissated serum t00k
place in several stages. The first indieation of activity
wag & change in the mediwm from opague to itranslucent after
which the streak embedded itself in the medium. Ilater
Liguefaction took place. Presumably the "clearing' stage
oceurred during the breakdown of the proteins to smaller
molecules, while during "pitting" the colony was using the
breakdown products as fast as they were formed. Only
when the breakdown wag faster than ubtilisation was any
liguefaction observed.

Milk usually turned alkaline, indicating that
proteolysis of casein was in progress. The resulting
amine groups and aymonia masked eny acld that may have been
formed from the lactose as was indicated by the observation
that acid sometimes appeared after long incubation; the

weakly proteolytic stralns ofien produced a low pH more
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guickly than the strongly proteolyble ones.

The ability to atiack gelatine also varied from
culture te oculture, some orgenismeg taking a month to show
any sign of liquefaction of the medium. Dorset's egg
medium was the least frequently liquefied of all the media
examined fox profeclysis.

e). Nitrate veduction.

Approxinately 60% of the Streptomyees albug strains

investigated in thig study xeduced nitrate o nitrite in
nitrate broth. The btype culture (Bergey 1948) also carried
oult thig reduction. It is posgsible that the remsining

40% also reduced nitrate bub used the nitrite as fast as
it wag produced. The problem of the ubilisabtion of
nitrate and nitrite is further discussed below under
"Nitrogen sourcegh.

£). Other medis.

Several other medisa were examined such as (zapek
Dox gluecose and sucrose medlia and potato plug becouse
these were commonly used by the early workers.  However,
these medis were not found to have any particular value in
digtinguishing oune species Lrom another, or the strains
within the Strepbtomyees albug species-group. It was

A

noticed that the potato plug wai(gecd nedium for inducing

sporulation.
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B. Species other than Streptomyees albus.

The identlfication of the épeoies otheyr than
Streptomyees albus was very tentative for the mogt part,
beéause the descwipbions of the species in the literature
are inadeguate, and ﬁhﬂ type culbures were not available
for direct comparisons. Only 3 organioms were identified
with any cextainty; 2 of these identificatlons were
confirmations of nemea given by the Hatiounal Collection
of Type Cultures. The third, No. 204, wasn ldentified

as S. coelicolox. The peculiar nature of the pigment

produced by this species makes identiflieation easy. In
5 other cases the identifications were tenfative, and one

organism, No. 245, was uwidentified.
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3.) Garbon sources.

A nutritional study such as the one alttempted here
is wvaluable, not only for the knowledge that 1t provides
ag to which carbon and nitrogen sources support growth,
but also in providing data of posgible taxopomic value,
and indicating further the metabolic capabilities and
biochenistry of the organisms,

A, Relation of nutrition to taxonomy.

0f the 36 organisms studied in this work, 27 were
congsidered to belong to the Streptomyces glbug species-
group, and the remaining 9 to each represent a different
gpecies.

Comparison of the nutrition between the Streptomyces

albus strains suggested that the species-group may consist

of 3‘different types of organism as set out below. of
the 9 cultures each representing a different species, 4
have not, 50 far as is known, been previously investigated;
the remaining 5 have been studied by other workers so that
comparisong of their results with the findings of this
study were possgible and ave also set oul below.
a). Streptomyces albus strains.

Twenty seven of the organisms examined were consider-—

ed to be strains of Streptomvees albug. The carbon

asglmilation of these strains suggested that they can be
divided into 3 sub-groups. Their earbon assimilations
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end the sub-groups are shown in Table 2.

Sub—group I. Sub-group } was characterised by (i) a
lack of response to the sugers. Such growth as was
obtained was slight, or at the most, moderate. (ii) The
response to aleohols was algso limited. (iii) Growth on
the fatty acids was poor. A good regponge was obtained
to the remaining organic ascids except tartrate.

Sub—group II. Sub-group II was choracterised by (i) a

somewhalt better growth on the sugars than that found in
aub-group I. MNoderate growth was obtained on the hexoses;
less vigorous growth on the other sugars. (ii) Moderate
growth was obtained on the alcohols. (iii) The fatty
acids were more frequently used in this sub-group than

in either of the others; 80% of the strains of the group
used acetate. All the remaining orgenic acids were well
utilised.

Sub-group III. Sub-group III was characterised by (i) a
vigorous assimilation of the sugars. Only sorbose and
lactose were not generally attacked. (i1) The growth on
the alcohols waps limited, oxcept for glycerol which was
assimilated by all the gtroins, and mannitol which supported
the growth of 54%.  (iii) The growth on fatbty acids wag
very poox; only o few strains grew on acetate. A good
regponse was obtained to the remaining orgsnic acids

except tartrate, oxalate and malonate. The lack of
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wbilisation of melonate and oxalate by the organisms of
sub-group IIL contrasted with sub-groups I and II where
the wtilisation of these acids was high. The nutrition
of sub-group III, in fact, elosély resembled that of the
genus as a whole as presented by other workers (Pridham &
Gottlieb 1948; Pridham et al. 1953; Burkholder et al.
19545 Benedict gt _gl. 1955).

Confirmatoeory evidence. It would cobviously be an

edvantage if this classifloablon based on carbon assimil-
ation could be confirmed by other charscteristics.
However, the reduction of nitrate to nitrite was the only
feature of all the biochemical and morphological character-
istics examined which tended to confirm the carbon uwbilis-
ation groupings. The details are set out in Table 12.
From these data it cen be shown that 36% of sub-group I,
60% of sub-group II and 9;% of sub~group III organisms gave
positive results to the nitrate test. It appears that the
active nitrate reducing organisms also assimilated the
gugars to a high degree.

It can be concluded thevefore that the carbon
assimilation patterns provides a useful means of distinguish-

ing between the strains of the Streptomyces albus species-

group. However, it should be noted that other species

exhibited similar carbon asslmilation patterns (Table 3)
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Table 12. Ihe production of nitrite from nitrate by Streptomyces albus.

+ = 102 produced; = = no N02 produced; +r = trace amounts.

Organisa KO, formed

Ms -
76 +
131 tr
132 -
190 +
197 +
224 tr
228 +
250 -
259 tr
260 tr

133
193
216
235
242

Sub-group 1

+ 01 4+ +
Sub-group
II

13
33

48
59
103
195
196

N
PN
+4+++ At ++
1Sub=group III




corregponding to each of the 8., albug sub-groups, soO
that these criteria canunot be used to distinguish between
gpecles.

b). Orgenisms also invesbigated by other workers.

The second category of organiems consisted of 5
species which were represcented by only one strain in
this study, but which have algo been studied by other
workers, ao that some comparigons have been mode. These
are set out in Table 13 which shows the carbon assimilation
pattern of the 5 species as found by several authors.

In cach case the nitrogen source was an ammoniwm salt.
Other conditions were notv necessarily idenlical.

Three investigations in which a total of 29 strains
of Streptomyces aureofacieng were studied, are swmarised
in Table 13. Unfortunately of the 21 carbon sourcesg
shown in the Table, only 8 are common to all three
investigations. The growth on 5 of these substrates was
reported to be strain variable. The three remaining
conpounds are sorbose, sucrose and maltose. Of these,
gorbose ig a poor carbon source for streptomycete growth
(page 9 and Table 4)., All the strains used sucrose, and

all but Sa, the straln of 8. surcofaciens used in this

study, assimilated maltose.
A similar posltion exisbs with regard to Strepto~
myces grigscug where 3 investigators have examined o total
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of 13 strains. Here 12 carbon sources are common to all
the investigations, of which 7 are stated to give variable
growth.  All the.gﬁrains grew on xylose, fructose,
salicin and menmitol. ALl but Sg, the strain of this

apecies studied in this woxlk, also grew on malitose.

Altogether 4 strains of Streptomyces coelicolor
were the subject of 2 invastigations. Thexe are 14
common carbon souvees of which only raffinose was reported
to be straln veriable., OFf the remsining 13 carbon sub-
gtrates arabinose, xylose, rhamnose, fructose, sorbose,
lactose, salicin and inositol produced the game result
in each investigation, and maltose, sucrose,erythritol,

mannibtol and sorbitel gave differing resulbs.

Lastly, in the cases of Streptomyces albosporeug

and S. violacéoggggg, it was noticeable that nelther species
grew as well under the condibiong used in this study as
pnder those employed by Benediet et al. (1955).

It is clear thet before the kﬁawledg@ of carbon
aessinilabtion in chemically defineé medis cayn be of general
use in the idenbtification of the streptomycetes, there
nust be an agreed set of conditbions and substrates.
Purthermore, the conditione should be avranged so thot the
lack of growth ig due only o the inability of the
organisns o metabolise a certain carbon sourece snd nob

to an unsuitable medium. It is, for instance, possidble
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that the failure of strain Sg of Streptomyces griseus

and strain S of S. aureofaciens to grow on maltose,
although other workers obitained growbth of all their
gtraing of these gpecles on thig substrate, may have been
due to a lack of coenzymes caused by an inadequate medium,
Euelly, of course, it is necessary to use carefully
defined media in order that the conditions moy be exactly
reproduced. In addition, & large number oft strains nmust
be studied in order that the variastions in carbon source
utilisation within the one species may be determined.

It remains for future research to show whether the
variations in the carbon assimilation pattern that exists
between cultures of streptomycetes can be ubilised to
digtinguish between species, or whether it can only be
used to divide up a specieg-group as has been suggested
above.

¢). Remoining gingle gtraing.

Four of the organisms investigated were represented
by a single strain, and so far as was found, no informs~
tion on their nutrition has been published.

B. Indications of metabolic activity.

It is known that the streptomycebes possess some
of the biochemical mechanisms of bacteris. Thus, it has
been shown by various authors (Cochrane & Peck 19533

Cochrane, Peck & Harrison 19533 Gilmour, Bubtterworth &
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& Wang 1955; Butterworth, Gilmour & Wang 1955; Cochrane
1955) - that Streptomyces coelicolor and S. grigeus carry
out the reactions of the glyealysislcyele, the hexo-
semonophosphate shunt and posaesS‘maﬁy of the enzynes of

the triéarhoxylic geid cycle. The cormon intermediste

of hexose breakdown by these systems is 3~phosphoglycer-
aldehyde., If, in addition, it ig assumed that strepto-
mycetes also follow the baecterial route for the breakdown

of peuntoses and glycerol (Lomanne & Mallebtbte 1953) then
3~phosphoglyceraldehyde would be the common intermediate

of pentose and glycerol metabolism as well as that of the
hexoges. The 3~phosophoglyceraldehyde would then be
metaboliged to pyruvate by the latter part of the glycolysis
cyele. Now if it is further assumed that $. albus :5mu

possess similar mechanisms, it is reasonable o suppose
that, since the orgsnisms of S. albusg sub-group I 2ll grew
on pyruvate but not on the hexoses, pentoses and glycerel,
that in these cases there 1s a break in the metabolic

path between 3-phosophoglyceraldehyde and pyruvate. In
this connection, it is inberesting to note that Cochrane
(1955) suggested that the strict aerobiosis of

S. coelicolor was due to incomplete glycolysis brought

about by a fallure to reoxidige reduced Co I. However,
the fault in the case of S, albus sub~group I is unlikely

t0 be a lack of oxidised Co I since the conditionsg were
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atrongly aerobic. Again the failure of some of the sub-
group I organismg %0 grow on hexoses, penboses and
glycerol was nobt complete. Thus Nos. 259 and 260
produced slight growih on xylose and galactose. This
guggests that the blockage may only be a paritial one, and
is due +to a limiting rate reae%ian. Clearly further
investigations intéﬁbarbahydrate metabolism of S. albug
would be interesting and rowarding.

Only 38% of the test organisms utilised acetate.
It is interesting to note that Cochrane (1952) found that

acetate was toxic to Strepbomyces coelicolor at concentra-

tiong greater than 0.01 M. No. 204, the 8. coelicolor
gtrain exomined in this study, gave rise to slight growth
on acetate at 1% concentration thet is 0.166 M. It
would be useful o investigate further to see if the
comparatively poor growth on this sulbstance was due to
toxicity or to the feilure of the substrate 10 penetrate
the ecell walil.,

The inability of 6 organismg to ubilise lactate
although they used pyruvate indicates that lactic dehydrogen—
a8e was probgbly abgsent. [HNicotinie acid, the precursor
of CGo I, the coenzyme involved}was present in the medium
(page 39).

The cloge similarity of the chemical structure of
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malonate and oxalate may account for the fact that many
orgenisms which sgsimilated one assgimilated the other
also. |

A number of organisms grew oﬁ salicin, the
possible mechanisnm iﬁvolved being the hydrolysis of
galicin to glucose and saligenin, since all the orgenisms
which used salicin also metabolised glucose. The fate

of the saligenin is unknown.
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4. Nibtrogen sourceg.
A, Inorganic soureeg.

Nitrite ie known to be toxie to many bacteria.
A% high concentrations it was toxic to the streptomycetes
oxamined. At lower concentrations the btoxicity was
overcome and the organisme used nitrite as g sole source
of nitrogen. When pyruvate wag the sole source of
carbon, 7 of the 10 orgenisms examined grew (Table 5).
In contrast, nitrite inhibited the metabolism of

pyruvate by Fugarium species (Wirth & Nord 1945) and by

Vibrio comms (Bermheim 1943). When both pyruvate end
glucose were present all the organisms tested grew

(Table 5). Glucose may heve enhanced the growbth because
it acted as an hydrogen donator for the reduction of
nitrite to ammonia. This hypothesis is supporbted by
the work of Kluyver (1953) who showed that glucose played
guch a role in the reduction of nitrate to ammonia by

Pseudomonas aeruginosa.

The observation that nitrite is nmore toxic in acid

than in alkaline solution (Tarr 1941; Tarr 194l1a;
Bernheim 19433 Castellani & Niven 1955) may account for
the abllity of Streptomyces o use nitrite more readily
when pyruvate 1s present in the medium because the utilis-
ation of the pyruvate results in the liberation of sodium
ions which tend to keep the pH wvalue high.
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Ammonia was not detected ag a breakdown produvet, but
thig may have been bhecause 1t was absorbed as rapidly as it
was Lormed. Sonme ammonis appeared in the flasks containing
glucose after 10 days although the streptomycetes had failed
to grow (Table 5). The amount of awmonla was not measured,
but 1t was probably very small as indicated by a weak
reaction to Nesgler's reagent, the sensitivity of which was
greater than 0,0002 M. ammonium sulphate. The organisms
mey have contribubted to the smmonia by eutolysis.

Several workers (Sacks & Barker 1949; Kluyver 1953)
claim that the process of "true dissimilatory nitrate
reduction" is by way of nitrite to ammonia and that
aervation inhiblts the reduction. In this study, it was found
that all but 4 of the streptomycetes which grew on nitrate
grew also on nitrite gnd apmonia.  Aeration did not inhibit
the reduction of nitraxe‘by thege organisms since nitrite
was found in the nitrate»pyruvaté wmediwm in every case after
10 days incubation. It is reasonable to suppose that the
path of nitrate metabolism for these orgonisms is by way of
nitrite to ammonis, althﬂugh gince aeration was not
inhibitory, probably not by the "true dissimilatory nitrate
reduvetion” process. The 4 exceptions, Nos. 193, 197, 242
and 250, grew on nibtrate and amonia, but not nitrite. They
also produced nitwite in the nitrate-pyruvate medium

suggesting that the sawe mechanism wes present as in the
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majority of the organisms except that for utilising nitrite.
But since nibtrate supported growbth, part of the nitrate must
have been assimilsted by another path. Whether this
alternative path played any vpart in the nitrsiec metabolism
of the majority of the organism can only be discovered by
future research.

It would be interesting to know whetheyxr hydroxylamine
or nitramide could have been assimilated by the test organisms
gince both these substances are gbated to be involved in
several schemes of nitrate and nitrite metabolism (Silver
& MeElroy 19503 Hofman & Lees 19523 Kluyver 1953;

Campbell 1954).

Wo ecorrelation appears to exist bebtween wreduction in
pepbone-nitrate broth and the ability to use nitrate or
nitrite as sole nitrogen source as shown by the nitrogen
aasinilation experimnents. In nitrate-peptone broth the
peptone Lormed a readlily available source of nitrogen, so
that the production of nitrite was probably an "incidental
nitragte disgimilation" wrather than a "true dissimilatory
nitrate reduction® (Kluyver 1953).

Okami (1952) using solid medis snd glucose ag carbon
source found that nitrate supported the growth of more
organisms then ammonia. The results presented here show
the opposite, probably beeause different conditions and

organisms were employed.
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B. Organic sources.

a) Amino acids.

All the amino acids tested were excellent nitrogen
gources except tryptophane, methionine, wvaline, cystine and
tyrosine, a finding in agreement with those of Okami (1952)
and Burkholder et al. (1954).

Woodruff & Foster (1943) showed that Actinomyces

(Streptomyeces) lavendulae was able to deaminate many amino

acide with the formation of ammonia. Moreover, Gottlieb

& Ciferri (1956) found that S. venezuelae deaminated the

amino acids which supported growth, but failled to0 deaminate
thoge which did not provide nitrogen for growth. The amino
acids which did not support growth and were not deaminated
were tyrogsine, leucine, nor—leucine; cysteine and trypto~

phane. S. lavendulae also failed to deaminate the same

group of amino acids with the addition of phenyl alanine.

The demonstration of deaminases in the streptomycetes
investigated in this work would be of value because if
gmmonis weas formed from all the amino acids which were
successful in supporting growth, then since pyruvate supported
the growth of all the orgenisms with ammonium sulphate, the
results would be explained. The failure of Nogs. 266 and

267 to grow on amino acids would be explained by lack of

deanminases.
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Other metabolic systems for amigo acid metabolism
have also been demonstrated in Sireptomyces. Romeno &
Nickerson (1958).found‘thaﬁ glutamic acid dehyrogenase was
present in S; fradiac and they also found evidence of
trangamination. _They were unable to show an enzyme system
in this species by which aspartic acid could be directly
deaminated when supplied as sole source of carbon and
nitrogen.

The mebtabolism of tryptophane was investigated by
Kawomata, Koyams & Kunita (1956) who found that 36% of
gtreptomycetes grew on tryptaphaneg their mediwm contained
subgtantial quantities of yeast extract. They concluded
that both resting and proliferating cells broke down trypto-
phane to kynurenine agnd anthranillec acid.

It is well Xmown that certain amino acids, particularly
the Dmisomers, inhibit or modify the growth of bacteria
(Gorden & McLeod 19265 Fox, Fling & Bollenback 19443
Fling & Pox 1945; Kohayahi, Fling & Fox 1948; Hodgson,
Peterson & Riker 1951). It should be noted that many of the
emino acids used in the nutritional experiments were racemic
mixtures, and it is at least possible that the autrition
was modified by the presence of the D-isomers.

Castellani & Niven (1955) demonstrated an enserobic
chemical reaction between cystine-cysteine and pyruvate with

the removal of the amino acid, and Schubert (1935; 19363
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1939) has shown that the thiol acids react with sugars and
sugar breakdown products while a gecondary oxidation of
cysteine in the presence of pyruvaile has been described by
Cavellini (1951). Such reactions as these may have inter-
fered with the growth of the orgenisms on pyruvete-cystine
medivm.

Okami (1952) claimed that "the utilisation of nitrogen
conpounds is one support of the clagsification. A oritical
examination of his results shows that the support is a frail
one on the grounds that the nitrogen assimilation patterns
of hig species ara;gﬁ;exy similapr, and any differences
were largely quantitative rather than qualitative. Farther-
moxe, the variations between the strains of one species
was as great as the varistion between separate species.

In fact the resulits are very similar to those obltained

in this study. An examination of the results given in
Table 6 shows that there is no correlation between the
carbon assimilation groupings and the nitrogen assimilation
of Streptomyces albus nor are sny significant differences
obgerved between gpecies.

b). Urea.

Ures was well used. In view of the obility of the
gtreptonycetes examined to use pyruvaete-ammonium sulphate
medium, the most likely explanation is that urease was

present and broke the urea down t0 smmonis and carbon dioxide.
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¢). Purines.
The breakdown of purines by streptomycetes ralises
auv interssting biochemical problen. Aﬁ_aerebie atback

of uric aclid by Psoudomonas speeies is kunown (Fronmke &

Hohn 1955) of which the end products were urea and glyoxylic
acid, the latter being further oxidised to oxalic acid.

If this mechonism was present in the streptomycetes under
investigation, presumably the ures provided the nitrogen
for growth. Some support for this possibility is provided
by the fact that all the organismg which wtilised purines
ubilised urea as well. However, many of the organisms
which asgimilaoted the purines did not metabolise oxalic

acid.
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5). Acid production from carbohydrates.

Ag already stated (page 57) the failure to obbain
reproduelible results in seid produvction was probably due
0 the difficulty of controlling both the organisms and
the conditions. Not the least part of the difficulty is
o know which of the variables are important in acid
production and should be controlled. I+ would, for
ingtance, be interesting to know if the greater frequency
of acid production which resulted from asration was due t0
serabion itself or the enhanced growth that acratbion
produced., Similarly. the presence of orgamic nitrogen
may have given rise o acid more Lrequently because it
enhanced growkh rather than favoured acid production as
such. Again, Woodruff & Foster (1943) found that for

Actinomyces (Streptomyees) lavendulse the pil wag transiently

lowered and qulickly waised again, but eould not tell from
their expeximents whether this was due to the assimilation
of ‘the acid or to the produetion of extra ammonlzs. They
alao obbtained some ovidence that the carbon-nitrogen ratio
wag of great lmportance,

In order to gsolve the problem of acid production by
streptomycetes, it would be necessary to embark on a
regearch programme of some size. Poagibly a good series
of experiments with vhich to start would be to follow the

Tate of several carbohydrates under varying conditions using
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different nitrogen sources at varying concentrations along
the lines already pioneered by Cochrame & Dimmick (1949)

and Cochrane (1952).
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SUMMARY  and CONCGLUSIONS



SUMMARY ATTD CONCLUSTONS.

The aims of this study are set out on page 1. fiom
the data given by the experiments described above, the extent
to which esch puwxpose has been fulfilled cen be estinmatved,

and some conclusionsg drawns:-—

1). Carbon, nitrogen and growth factor requirements of
sﬂren%amyeetes,

Within the limits of the number of organisms and sub-—
strates which were examined, the first objeet, that of
determining the carbon, nitrogen and growith Factor require~
ments of streptomycetes has been fairly well realised. The
following conclusions were drawni-

a). The sbreptomycetes examined ubilised a wide range of
comnon suhgbtonees as sole carbon scurce. Simple sugars and
some organic acld radicals were the best wtilised substances.
Alcohols, with the exception of glycerol and mapnitol, were
not well sssimilated, nor were the simple fétty acids with
the exception of acetate.

b). Ammomium and nitrabe were good nitrogen sources for the
streptomyecetes examined. Nitrite supported the growbth of
manly strains providing that the opbtimum concentration was
used, btogether with o carbon source which was available
under these conditions.

Anivio acids were excellent nitrogen sources for the

growth of these streptomycetes. COystine, methionine and
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valine were less readily assimilated than most amino acids,

while txyptophane was available to a few species only.
Urea, uric aclid and xanthine were excellent aniltrogen

sources for the growith of these orgonisms.

¢). The 10 streptomycetey examined aid not require any of

the added growth factors when grown in o synthetic mediun.
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2). Belabion of nutrition to taxonomy.

The second purpose of this study was to determine if
the nutritional patiern could a1d in the classification of

the Streplomyces 28 has been suggested by other workers

{page 27).
From the evidence presented here it is councluded that:-

a). The Sitreptomyces albus species-group is divided inbo

three autritional sub-groups, a finding which may well be

of taxonomic value.

b). Before the knowledge of the nutritional pattern in
chemically defined media ean be of general use in the
identification of the streptomycetes, there must be sn agreed
set of conditionw and substrates. In addition s large
nunber of gtrains must be studied in owder that the
nutritional vardiation within sny one species may be

determined.
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3). Correlabtion bebween nutrition, culibural characteristics
and biochemiecal reactiong.

The third aim of this gtudy, which was o discover
any eorralation beitween the nubriticunal patiern,; the
caltural characteristics and the biochenical resactions,
was the leagt vrealised. No such correletion was found to
exigt with the possible exception Of a relobionship between

the nutrition of Streplomyees albus snd its breskdown of

nitrate. Several of the biochemiecal properties such ag

proteolytic abllity, breakdown of starch and the reduction
of nitrate were common Lo several gpecies or varied within
the one species—group, while othera; notably the production

of acid fyom carbohydrates gave equivocal results.
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APFTNDIX T

Detailed descripbion of the organisms.



Detailed description of the orgenismg.

The methods used to perform the tests ave sel out on
poages 29-32 .

The primary myceliuvm of each of the organisms was
Gram pogibiva.

All weve non-acld fast, except No. 245 which was
partially acid fast, perticularily in young cultbture.

AllL the orgenisms weve strongly aervobic, and grew only
on the suxrface of an agevr shake.

A strong amylase veaction was given by all the orgenisms,
except Nos. 245, 266 and 267 which showed only weak sctivity.

No ovganism produced indol from pepbtone wabter.

Acetylmethylcarbinol was not produced in glucose
phosphate peptone water by any ovganism.

Twenty of the strepbtomycetes produced no antibiotics
ageinst the bacteria used. The vreaction of the remainder is given
in Table 1.

All cultures were incuvbated atb 250 wless otherwise
gtated.

In the following descriptions, the texm "colourless"
is used as was sugpested by Waksmon (1957) to indicate that the
mycelium takes on the same colour as the wiinoculated medium.

A detailed description of each ovganism is given bslow.



Table 14. Antibiotic activity of the organisms.

The remaining 20 streptomycetes did not inhibit growth of the bacteria.

+++ = very good inhibition; ++ = good inhibition; + = slight inhibition;
- = no inhibition.

o
@ 8
T 3 3 o
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Sa +++ +++ +++ +++ +++ +++
59 - - + + +
76 - - - ++ ++ -
103 - - - ++ + +
131 - - - -
132 - - - -
133 - - - ++ ++ -
193 - - - ++ - -
195 - - - - +
196 - - - + +
197 - - - - *
214 - + - +4++ 4+ +H+
216 - - - ++ ++ -
217 - - - ++ + -
259 - - + ++ + +



Orpenism Sg.

Ordpin. NeC.TuCo Nos 6961 (ReC.8aTe 122).
Morphology. Primarvy mycelium.  Very tough, branching {filaments.

Qe D=1eQp o Gram +ve. Non—acld fast.

Secondary mycelium.  Feritile hyphae were raxely obsgerved,
but ocecasionally long, straight chains of spores were seen.
0e5~0e6 x 0 7-L.0p .

Colonies on nubrient agar. Colourless, opaque, Tlat colonies, well

embedded into the agar (6 days). The entire edge (2 days) bhecams very
finely filamentous (6 days), and finally formed a circle of very fine
filaments round the colony giving a "halo" effect (4 days). The
surface become folded (2 days), then much folded end segmented (10 days).
Vo aerial mycelium developed. A gmall amount of brown pigment diffused
into the medium on prolonged incubation (21 deys). No odour.

Strealk on nubvient agoxr. Good, colourless growth (2 days).

Surface folded (7 days). The reverse was flat and colourless (10 days).
No aerisl mycelium was observed. A small awount of browm pigment

diffused into the medivm (L0 days).

Streak on glucose agox. As for nubtrient agar.
Crzapek Dox glucose apai. Very slight or no growth (21 days).

Cumepek Dox sucrose agar. Very spavee growth (21 days).

Pobato plug. Abwndant, heaped up, wrinlded, light brown growbh.

No aerisl spores. The plug became light brown in colour (21 days).

Nubrient broth. Growth as a floky deposit (2 days).
Oceasional wing formation.  Some light brown pigment fovmed (16 days).
qi.
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Orgenism Sge continued.

Glucose broth. As Tor nutrient broth.
Growth bemperatures. No growth at 19, 45° or 55°.  Grew well

at 16°, 259, 30° and 37°.  Optimum tempevature 30°

Oxypen relaotionships. Aeyobic.
Starch hydrolysis. Starch was quickly hydvolysed (4 days).
Dorset's egg medium. Poor to mederate growth. No proteolysis.

Gelatine. Liquefaction in 10 days.
Serum. Good growth. Deep pitlting of the medium (7 days), and
Liquefaction (10 days).

B, 0. P, milk. Alkaline peptonisation beginning ab the surface (4 days).

A clot foxmed (10 days) which slowly disappesved (25 days).
Jndol. Indol was not foxied.

Acetyimethylcarbinol. Acetylmethylecarbinol was not formed.

Wiltrate medivn. Nitrabte wag veduced to nitrite in 10 days.

Mtibliotics. No streptomyein was debected by Boxer's method

(Boxer, Jelinek and Leghorn 1947) in a 7 day oulture on glucose broth,

noy was any antiblotic action shown by the cross stresk msthod.

Ldentificalbion. Stropiomyees gyiseus has been described by several

authors (Krainsky 191k; Weksman & Curtis 1916; Woksmen 1919c¢; Berpgey
1948;: Reynolds & Waksmen 1948; Weolksmon, Reilly & Harxis 1948; VWeksman
& Techevalier 1949; Krassilnikov 1949; 1950). There is some difference
of opinion as to the characteristics of this species (Wakemen 1957).

The failure of Sg. to form spores, whose colour and arreangement were
important features of the descriptions of Waksmon & Cuxtis (1916),
Keagsilnikov (19493 1950) and Bergey's manuel (1948) mode comparisons

Q2.
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difficult.  The primery mycelium of Sg. was colourless as describsed
by the Russian workers, snd not cream coloured as described by the
Mnexdcons, See further resembled Krainsky's organism in its reduction
of nitrate and its sction on gelatine and on milk. It appeared

advigable then to regard Sg. as a strein of Streplomyces griseus.

3
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Orgenism So.

Opipin. NeCoTolls Nos 8128.
Moxpholozy. Frimary mycelivm.  Long, branching filaments. o
meagurements were made. Gram +ve. Non-acid fast.

Secondary mycelium. The avrangeuwent snd gize of the
spoves was not invesbigabed.

Colonies on nubrient agar. Colourless, opague, flat colonies, well

embedded into the agar (4 days). Intire edge (14 days). Stight
centrol depression and segmentation (14 days). No aerial mycelium

(14 days). Uo pigment in the medium (14 days). No odouv.

Streak on nutpient agai. Moderate, slow growing, colourless growih.
Mo serial mycelivm, pigment or odour (21 days).

Streak on glucose agax. Good growth, quicker then on nubrlent
agox, yellow or very light brown, well embedded into the agar end
slightly waised (4 days). A few white spores appeswed (1. days). A
golden brown pigment diffused into the agar (14 doys).

Czapek Dox glucose agav. Grew more vigovously than on Czapek Dox

sucrose ager (4 days). Colourless (2. days) twrned slightly browmn
(7 days).

Czapek Dox sucrose agav. Good, colourless, sporveless, flat growbth

(& days).

Yotabto plug. Good yellow growbh with abundent white spoves.

The plug became yellow (4 days) and then brown (14 deys), and eventuelly
grey or black (25 days). The spores also turned grey (20 days).
Nutrient broth. Moderate growth as small flakes (4 days).

Ak
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Organism Sa. continued.

Glucose broth., As Tor nutrient broth, except that growth was

more abundand.

Growbh temperatures. ot examined.

Oxypen relatbionghips. Aerabilc.

Starch hydrolysis. Starch was quickly hydvolysed (4 days).
Dorset's opg medium. Good growbth (4 days). The medium was

pitted, but not liquefied (21 days).

Gelabine. Slight liquefaction in 14 days.
Seriine Blow growthe. Home cleaying of the medium avownd each

colony, but no liquefaction.

BeCoPe itk The milk was peplonised and a clot formed.

Theve was little change of pH (7 days). The clot disappeared
(. days), end the final pH was slightly acid (21 days).
Andol. Indol was not formed.

Acetylmethylcarbinol. Acetylmethylcarbinol was not formed.

Witrete medivm. Nitrate was not reduced to nitrite,

Mtibiotics. An antibiotic was formed which was active agalinst

all the test bacteria (Table 14).

Tdentification. This strain was lost before its description was

completed or repeated. However, it closely resembled Strepbtomyces

ourcofaciens as described by Dugger (1948; 1949b) end Backus, ot al.

(1954.), end it was assumed to be of that species. Weksmen &

Iechevalier (1949) placed this species in the S. flavus specles-group.



Orpandem Ms.

Oricin. HeCuWeCs Noe 7807.
Morpholopy. Primoyy mycelium.  Long, brenching fillaments.

Qe =009 . Gram +ve. Non-acid fast.
Hecondary myzelium. The conidia formed long, streighd
chaling. Qe 5“0-8 =% O 8""1&1 Mo

Colonies on nutrient sgax. Colourless, opague, flat, well ombedded

colonies (3 days). Tdge entive (2 deys), became finely filamentous

(4 days). The surface was smooth (2 days), bscome folded and conboured
(12 days). White spores (6 days), turned geey (10 days). No pigments
or odour. (12 days).

Streak on nubrient agar. Very good, colouvless growbth (4 days).  Sur-

face wasg folded (6 days). The veverse was colourless, yellow or light
browm end sometimes raised. VWhite aerial mycelium (12 days). No pigment.

Streak on glucose agar. As Tor putrient agar.

Gzapek Dox glucose agav. Growth was poor and slow. No spores were

11111

formed (27 days).

Czapek Dox sucrose agar. Moderate, slow, colouvless growth (12 days).

White aerial myceliim which twmed grey or brown (19 days).

Potato plug. Good, hright yellow grorbh. Abundent, white aerial

mycelium (3 days) turned browmn (12 days). The plug burned slowly
black (21 days).

Nubzient broth. Good growbh as a flaky deposit (3 days), or surface

growth (12 days). VWhite serial mycelium on the surface growbh.

Glucose broth. As for aubtrient broth, except that growth was more

abundanb.

Qé.
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Organdsm ls, comtinued.

Growlbh tempepratures. No growth at 1°, 45° or BKO, Modexveate growsh

at 16°  Good growth at 30°  Very good growbh at 37°.  Opbimum

tenperabure 379,

Oxygen relationships. Aevobic.
Starch hydrolysis. Starch was quickly hydvolysed (4. days).
Dorset’s esg medium. Aomdent growth (3 days). A small smount of

pigment diffuged into the medium burming it grey, or black in soms

cultures. No proteolysis (25 days).

Gelatine. Liquefection vagiable and slow.
Serum. Abumdent growth (3 days). The medium bhecame clear, pibited

(6 days) end was usuvally liquefied (10 days).

DBe GaPe milke Peptonisation (3 days). The pH slowly turned very

alkaline (23 days).

Indol. Indol was not formed.

Acetylmethylcarbinol. Acetylmethylearbinol was not formed,
Witrete medium. - Nitrate was not reduced to nitrite.

Mtibiotics. No antibiotics were formed against the test bacterio.
Tdentification. This orgenism resembled Gtreplomyces albus as

described by Duche (1934), Baldacci (1939), Bermey (1948) and Baldacei

et ol. (195L), amd it was assumed to be of that species.



Qrpanism No. 2.

Origrine Botanle gavdens, Glasgow.  Soll No. L.
Moxphology. Primary mycelivm. Long, branching filaments.

0e5~0.8pn«  Gram +ve, Non=acid fast.
Becondary mycelium.  The conidia formed long, straight
chaing.  0e5-0s8 x 0a5-0.8 .

Colonies on nubrient agax. Colouwrless, btrenslucent colonies (2 days),

became opaque (6 days). Flat, well embedded into the medivm (2 days).
The edge was entize (2 days), beecame very finely filomentous (9 days).
The colonies were smooth, bul bscome segmented (9 days).  Flenbiful,
white serial mycelium when the culbure was fivrst isolated but it became
asporogenous on repeated subculbure. No soluble pigment formed.

Garthy odour.

Streak on  nubelent agars Good, colourless, flat grovth (2 days).
The surface was smooth or sliphtly folded (9 days)., The veverse was
colovrless and very slightly raised (9 days). White aewrial mycelium
formed (J. days). There was no soluble pigment.

Streal on glucose agar. As for nubtrient broth except that the reverse

was brom (6 days), end the mediwm became slightly greenish browm (9 days).

Czapek Dox plucose agat. Good, flat, colourless growth (6 days).
Cpapek Dox sucrose agar. Poor or moderate, flatv, colourless growbh

(20, days)e.

Potato plug. Good, brown growbh with white serial mycelium (5 days)

which was logt after repeated suboculture. No pigment diffused into the

plug (21 days).

q8.
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Organism No. 2 combinued.

Nutrient broth. Good growth as flakes (3 days).
Glucose brothe Very good growbh es flakes (3 days), with oceasional

pellicle formations

1,5°

Growth temperatures. No growth ab 10,, or 55°. Moderate gyowth

at 16° and 570, Good growth at 2592 and 30°. Optimum femperature 30°.

Oxypen velationships. Aerobic.
Starch hydeolysis, Stovch was quickly hydrolysed (3 days).
Dorset's egg medilum. Moderate, slow growth. Very slow proteolysis

(29 days).

Gelatine. Iiquefaction in about 21 days.

Serum. Good, light brown prowth. The medivm wag pitted (5 deys)
and then liguefied (9 days). A light brown plgment diffused into the
medivn (9 days).

DG, Py milk. Alkaline peptonisation with the formation of a clot

(8 days), which disappeared (29 days).

Andol. Indol was not formed.
Acetyilnethyloarbinol. Acetylmethyl carbinol was not formed.
Hitrate mediﬁmu Witrate was reduced to nitrite in 10 days.
Atibiotics. Vo antibiotics were formed against the test bacteria.
Ldentificetion. This organism resenbled Streplomyces albug as

s

described by Duche (1934), Baldacei (1939), Bergey (1948) and Boldacoi

et al. (1954) end was assumed to be of that species.

Lo e
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Organism No. 7.

Origin. Botanic gavdens, Glasgow.  Soil No. 1.
HMorvhology. Erimary mycelium. Branching filaments which were

shorter than is usual among the sbreplbomycetes. Qs H5=-ledp . Gam +Ve.
Non-acid fast.

Secondary mycelium.  This organism produced mostly short,
thick, infertile hyphae. A few, fertile hyphae formed conidia in long,
gtraight chains, or in open anbiclockwise spirals. 0s0G-Lel x 0.6-Le5u.

Colonies on xnubrient agaars Browvm, opague, ralsed colonles which were

friable, probably due to the shoritness of the filamants (2 days). Entire
edge (2 doys) became very finely filamentous (5 days). The colonies wers
of'ten contoured. There was maxked seguwentation usually beginning with a
central depression near the crown. TWo spores. A deep browm, soluble
pigment was pregent when the organism was first isolated, but this was
lost on continued subculture. No odours.

Stresk on nutydient asar. Good,brown, flat, shiny growth with a

wrinkled surfoce (5 days). Reverse brown and £lat (5 days). No spores.

Brown, soluble pigment diffused into the agar.

Streak on glucose agas. As Tor nuirient agax.
Czapek Dox plucose agarm. No growbh.
Crapelk Doy sucrose agar. Moderate, £lat, slow growth (12 days).

Occagional while spores were formed.

Potato plug. Abundent, yellow growth (2 days), turned browm (13 days).

Surface was convoluted forming a spongy btexture (13 doys). No pigment

diffused into the plug (21 daya).

10Q,
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Qrganism No. 7 continued.

Nutrient broth. Growth as a powdery deposit (3 days), became

turbid (5 days).

Glucose broth. As for nutrient broth.
G,'! -iﬂ - Y K o "0 Z o FO - r-o da
rowth temperaturves. Wo growth at 17, 37 , 457 and B5-. Moderate

growth at 16%  Good growbh at 25° and 30°.,  Optimum growth 25°-30°.

Oxypen relotionships. Aevoble.
Starch hydrolysis. Starch quickly hydrolysed (3 days).
Dorsetb's epe medium. Moderate, convoluted growth (5 days). Mo

proteolysis (2 days).

Felatine. Liquefoction in about L month.

ST REIRASILY ST LA

Sexum. Slow, modewabe growth (13 days). WMo proteolysis (21 days).
BaC.Ps milk. Mkaline peptonization (3 days), but no clot was formed

(21 days).

Indol. Indol was not formed.

Acetbylmethylcarbinol. Acetylmethylcarbinol was not formed,
Mitrate medium. Nitrate was veduced bo nityite in 3 days.
Antibiotics. No entibiotlcs were formed agwingst the test bacterdia.
Tdentilicabion. Ihis orgonism was unusual in that the primary

mycelium filaments were short compared with most strepbomycetes, and
in this respect it resembled a Nocardia species. Hovever, in other

1, ° ”~ . L) 4 ’
respects it resembled Streptomyces albug as described by Duche (1934),

Baldneed. (1939), Bergey (1948) and Beldacci et ol. (1954), and it was

assuned to be of that specics.

1Q1
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Organd.sm No. 9.

Qiipin. Botanic gardens, Glasgow. Soil Nos 1L
HMorphology. Primary mycelium. Long, branching filaments.

0e5-1a0p o«  Cram +ve. Non~acid fagb.

Secondary mycelium. The conddia formmed sbraight,
branching chadns, with a few, open, anticlockwisc spirals.
Qe 6~1e 0 x 0a9-1e3 o

Colonies on nutrient agar. Colourless, opague, flab or slighlly

raised, well embedded colonies (5 doys). Entire edge (2 days), became
very finely filamentous (5 days). A central depression was formed in
mony colonies which then showed segmentation (12 days). VWhite aerial
myceliun was plentiful. A deop brown, soluble pigiment was formed in

the freshly ilsolated owgandism, but this was lost on continued subculture.
Marked caxthy odours,

Streal on nutiient asor. Good, flal, colourless growth. Folded

surlace. The reverse was colourless, and sometimes valsed (10 days).
Plentiful white aerial spores formod. A decp browm piowent whiech was
present in the freshly isolated cultbure dlsappeaved on long laborabory
cultivatbicn.

Strenk on glucose agar. As for auvtrient agac, excepl that the

TOVerse was Droviile

Czoapek Dox clucose asor. Growth very poor (21 days).

Czapek Do SUcrose agar. Growbth poor (21 days).

Potato plug. Grew very poorly or not abt all.

Nutrient broth. Growth as small flakes. Occasional xing formation.
(OR.
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Qrganism o, 9 continued.
Boluble brown pilgment which disappeared on continuous sub-culiure.

Glucose hroth. \g for nutrient broth, except thet the brown

plement wos sUill formed in this medium when it was no longer formed

in nubtrient brolh.

Growbh tempersiures. No growth at 1 !;‘ o HHY, Moderate groweh

at 16° and 37°. Very good growbth at 259 and 509, Optiimun temperature

259-30°,

Cxyeen relationships. Aevobie.

Sterch hydvrolysis, Starch was quickly hydrolysed (4 days).
Dorset's opp medium, Good growthe The primary wycellun was

colourless (5 duys), then turned grey (12 days) and evenbually black
(21 days). The spores were white (5 days) wming grey or light brovm
(12 days). The medium almo became grey (12 days) and then black (21
days), but there was no proteolysis.

Gelatine. Liquefaction slow (14-32 days).

L et ]

Serum. Good growths. The medivn was deeply pitied, and Iiquefied

(12 dnys).

B. 0, Ps mill, Alkaline peptonisation with the formation of a clob

(5 days) which disappeaved (12 days).

Tndol. Tdol was not Tormsd.

(LR SXE et

Acetylmethyl carbinol. Acetylemtliylearbinol wag not {ormed.

Nitrate medium. Nitrate was reduced to nitzlbte in 4 days.

Antiblotics. No sntibiobles were Pormed against the test hacleria.
Tdentification. This organism resembled Strepbomyces albus as descyibed

by Duche (1934), Baldacci (1939), Bergey (1948) end Baldacci et gl. (1954),

and 1t was assumed to be of that spagies.
(o



Orpomism Wo, 15,

Origin, Botenic gordens, Glasgow.  Soll Wo. 1.
Morphology. Primary mycelium.  Branching filaments which were

shoprter than is usuval among the strepbonycetes, although long; more
typical filaments wewe occagionally seen. Qe b5-Tel o Gram +ve.
Non-acld fagb.

Secondary myceliuvm, The conidla formed long, open,
anti-clockwise spirals. Os7=1.0 x 0.9~1s3pn .

Colonies on nutrient apar. Brown, opaque, vraiged, friable

colonies. Entive edge (2 days), became Pinely filamentous (5 days).

No spores were Yovmed. This owvganism produced a deep brown, soluble
pilgment when first isolated, but this wag lost afber prolonged svboulture
No odours.

Streak on nutrient aosar. Good, brown growth with folded swrface

(5 days). Reverse flat snd browm. No gerial spores. A soluble,

davk brown pigment wes present in the freghly isolated culture, bub

was lost after long lebovabtory cultivatlon.

Streak on glucose agar. Ag for nutrient agar.

Czapek Dox elucose apgaxs, Not examined.

% . - oy N =
] L D) LA U 2 ’ ) ®
Czapek Dox sucrose agav Wot examined

Fotato plug. Not exemined.

Nutrient broth. Growbh as small flakes (5 days).

Glucose broth. As Lor mubiient broth.

Growth temperabures. No growth at 10, L5° or 550., Good gyxowth

at 16°, 25°, 30° and 37°.  Optinum bempevatuve 259-30°.

10K .
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Organiam Noe. 13 continued.

Oxypen relationships. Asrobic.

T ILOTEY TV 2 N T G X R AT AT K

Starch hydyolysis. Starch was quickly hydrolysed (4. days).

Dorset's ege medivm. Good growth but no proteolysis (21 days).

Gelatine, No liquefaction in 30 days.
Serum. foht brown growth, but no proteolysis (21 days).

BeC.P. milk, Mksline peptonisation (5 days).

P

dndol. Indol was not formed.

Acetylmethylcarbinol, Acetylmothylcarbinol was not foxmed.

TR e T T T 2 A Rt e S It QY

Nitrate medium. Nitrate was reduced to nitvite in 5 days.

LA PASERT Y S AN S

tibiotics. No antibiotics were formed against the test bhacteriae

r...r ’X).L R Ly S TR e st ]

Identification. The legs of this strain early in the work

prevensved these tests from bedng completed and ropeated. This

orgeniom was, however, very like No. 7, and like i%, was included

in the Streptomyces elbus specles.

A T
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Orgonism No. 33

Orieine. Botanic gardens, Glasgow. Soil No. 1.
Moxrpholopy. Primary myceliuvum. Branching filaments which were

shorter than is usual among the streptomycetes, though longer branches

were occasionally seen. Qe5~1.0p . CGram +ve. Non-acld fast.
Secondary myceliuvm. Most of the acrial hyphee weve

sterile, but some conidia formed long, straight chains oy open, anti-

clockwise spivalg. 0.6-0.9 2 0.6-Lel o

Colonies on nulrient agar. Brown, opaque, raised, friable colonies.
Entive edge (2 days), became very finely filamentous (5 days). Spores

were very wvorely observed, bubt when seen, they were white. Daxk brown
plgment diffused into the medivm when lthe organism was fivel isolatod,
but this was loab on repeated svboulture. No odours.

Streak on nubrient agar. Good, bromn growth, with s folded surfacs

(5 days). The veverse was not raised. Sporves were not observed.
- A dark browm pigment whioch was present when the ovgenism was fivst

isolated was lost on prolonged laboratory cultivation.

Streak on glucoge asaxr. As for nubrient agaxr.
Czopek Dox mlucoge spav. Not exemined.
Czapek Dox sucrose agai. Good, colourless growth (5 days).

Aevial mycelium was once produced on this medivm.

Potato plug. Not examined.
Nutzient broth. Growbh as flaky deposit (2 days), become turbid

(5 days).

Glucoge broth. As for nutrient broth.

106,
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Organism No. 33 continued.

Growth bemperatures. No growth at 10, l;.5° ox 550, Moderate

growth at 16° and 3700 Good growth at 250 and. 300. Optimum

temperature 25°-30°.

Oxygen relotionshing. Aeyobice

Starch hydrolysis. Starch was quickly hydrolysed (4 days).
Dovset's epg medivm. Good growth, but no proteolysis (21 days).
Gelatine. Tilquefaction in about 21 days.

Serum. Voderate growth (5 days). The medimm was pitted bub nob
Liquefied.

B.C.Ps milk, Alkaline pepbtonisation (5 days).

dndol. Indol was not formed.

Acetylmethylcarbinol.. Acotylmethylearbinol was not formed.
Nityate 13}@_6{:‘:.11}11.. Vitrate was reduced to nitrite in 5 doys.
Antiblotias, No antibiotics were formed apainst the test bacberila.
Identification. The losg of this orgenism early in the work prevented

these tests from heing completed and repeated. This ovgenism was,
however,very lilke Nos. 7 and 13, and was included with them in the

Jtreptomyces albus specied.
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Organism No. Bk

Oripgin. Botanlce gavdens, Glasgow.  Scil No. 1.
Moxphology. Primary mycelium.  Much branched, tough filaments

065~0.8 n.  CGram +ve. Non-acld fagts
Secondairy m;rceli.n‘.mn“= The conddie foumed long, stroight
chaing.  0e6~1a0 X 0a7-2s2 po

Colonies on nutient agar. Colouwrless, opague, flat ox slightly

rajsed, well embedded colonies. The edge was finely filamentous (4 days).
Surface was folded with central depression, followed by sepmentation

(11 days). Abundant white gpores. No plgments wewe formed. Strong,
garthy odour.

Strealk on mubrient agar, Good, colourless growth (4 days). Folded

surface (4 days). The reverse wes sometimes reised, snd was colourless.

White serial mycelium was present. No plgments.

Streal on glucose agars As for anutrient ager.

Czapek Dox glucogse agax. No grovbh.

Czapek Dox sucrose agax. Moderate to good growbth, with white spores
(15 days).

Potato plug. Abundant, light brow growbh, coverced with white spores

(4 days). The surface became much Polded, and the reverse burned

greenish~brown (15 days). The plug slowly turned grey.

Nutiient broth. Growbth as a flaky deposit, as a ring or pellicle

(4 days).

Glucose broth. As for nubrient broth.

Qrowbh temperatures. No growbh at 1°, 379, 45% or 55°%  Good. growth
‘0§.
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Organdem No. 34 continued.

at 3,60, 25° and 30°, Optinum temperature 25°9-30°,

Oxypen velationshios. Aerobic.

Sbarch hydrolysis. Starch quickly hydrolysed (4 days).

Dorset's egp medium. loderate growbth, but no proteolysis (21 days).
Gelatine. Liquefaction in sbout 14 days.

Sexrum. Good growth. The medium become clear and pitited (4 days),

and then liquefied (10 days).

BeCoPa mill, Pepbonisation without mach pH change (6 days).

The £inal Pl was sometimes acid (26 days).

Tudol. Tndol was not formed.

Acetyluethylecarbinol, Acetylmethylearbinol was not formed.
Nitrate medlum. Nitrate was reduced to nitrite in 7 days.
Mtibiotics, No antibiotics were foumed against the test bacterla.
Ldentification. This opganism resewnbled Streptomyces albug as

described by Duche (1934), Baldacei (1939), Bergey (1948) and Beldaced.

et _al. (1954), and it was assumed to be of that species.

‘0q.
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Organism No. 148.

Origin. Botanic gardens, Glasgow.  Soll No, 2.
Moxrphology. Primary mycellium.  Tough, much branched Lfilaments.

0e5=1e0ppe  Gram +ve, Won-acid fasi.
Socondary mycelium. The conldia formed tight,
clockwise spivals. 0510 x Ou7~1e2 p.

Colonies on nubrdont agar. Colourless, opaque, raised, well

embedded, colonies. Tntirve edge (2 days), became very finely filamentous
(4 doys). Segmentation was frequently observed. Sparse, white
spandlation (7 deys). No plgment or earthy odouw.

Streak on mabrient acav. Good, colourless, raised growbhe. Surface

folded. The reverse wos colourless and of'ten raised. Sparvse, white
aerisl mycelium (5 deys). Mo pigment.

treal on glucose agav. As for nubtrient agar, except that the reverse

was brown, and a small amount of pigment Aiffused into the mediwn

percicularly when the styrain wese freshly lsolated.

Gzapek Dox plucose agar. Slow, colourless growth (2L days).
Czapek Dox sucrose apax. Good growth, brown in the centye with

a colowrless peviphery. The reverse was raised and dark brown (4 days).
The white spores (4 days) turned grey (7 days), and eventually black
(4 monbhs).

Potato plug. Hoderate, yellow shiny growth (4 days). The plug was

not discoloured (21 deys).

Nutrient brotl. Deposit of flaky colonies (4 days).
Glucose broth. As Por nutrient broth.

1Ho.
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Orpganism No. 48 continued.

Growth temperabures. No growth ab 1 5 1,.50 ox 550. Poor growth

1,

at 37°%  livderate prowhh at 16° and 25°, Good growbh at 30°. Optiunm

temperature 30°.

Oxypen relationships. Aerobic.
Stareh bydrolysis. Starch quickly hydvolysed (4 days).
Dovset's enp medium. Yellow, convoluted growbh (4 days), turned

brovn (7 days) ond thon dexk brown (14 dsys). No plgment in the medium

(14 days). No proieclysis (21 days).

Gelatine. Tiquefaction in 21-30 days.
Serum. Moderate, colourless or light brown growth (4. days). The

medium was pltbed, bubt there was no Liquefaction (21 days).

B.C.Po milks, Strongly allaline pepbtonisation with a clot (7 days).

The clot was later digested (21 days).
Indol. Indol. was not formed.

= e e

Acetylmethylcarblinol. Acetylmethylearbinol was not formed.

Witrate medium. Nitrite was not produced from nitrete, or in only

troce amounhts.

Antiblolbios. No antibiotics were formed against the test bacteria.
Tdentification. This organism resembled Streptomyess albus as

desoribed by Duche (193)), Baldacci (1939), Bergey (1948) end Baldacei

et al. (1952;.) , and 1t was assumed to be of that species.

e,



Qrganism lo. 29

Origin. Leaf mould, Dawsholm Porlk, Glasgov. Soil Hoe 3.
Moxphology. Primayry myceliwm.  Tough, much branched £ilsments.

0s5-1e0 o Gram +ve. Non-—-acid fast.
secondaxy myceliuvm.  The conidia formed long, branching

chaing. QeH=1e0 x Qs 8"'1. 2 [t

Colonies on nubrient agar. Oolowrless, opaque, flabt or raised,
well embedded colonies. Eatirve edge, became very finely filamentous

(3 days). Segmentotion developed (5 days). White spowves formed (5 days)
No soluble pigment or odour.

streak on nutrient agaw. Colourless, folded growth. Surfoce

convoluted, Reverse malisged and colouriess. Flentifl white asrial

mycelium (5 days). No pigments (21 days).

Streak on glucose amor. Ag Tor nubrient agav.
Czapek Dox glucose agai. Good., flat, colourless growth (5 days).
Czapek Dox sugrose asar. Moderale or poow growth (21 days).  Some

patches of spores (5 days) which btumed brown (10 deys).

Pobato plug,. Grew slowly or not alt all. The brownish-white mycelium

become white with spores. No plgment diffused into the medium (21 deys).
Nubrient brothe. Typleal flaky deposit (3 days). Surface growth

(5 days).

Glucose broth. As for nubrient broth.

Growbh temperatures. No growth at 1°, 37° ) 159 ox 5"0. loderate

growth at 16°%  Good growbth at 25°% and 30°.  Optimum bemperature 25%-30°,

Oxyeen relatlionghips. Aerobic.

142
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Orpanisn Noe 59 continued.

Stoarch hydrolysis. Sterch quickly hydvolysed (& days).
Dorget’s spe medium. Abundent, colouwrless gyrowth which attacked

the medium (17 days), end sometimes liquefied it (30 days).

Gelatine. Tdquetaction in about 21 days.
Seru Abundant growbh end rapid liquefaction (5 days).
B.CoPo_milk. Alkeline peptonisetion with a clot (5 days), which

slowly disappesred (21 days). After about 30 days incubation, the

pH tended Go become acid.

Indols Indol was not foxmed.

Acetylnethylearbinol. Acetylmethyloarbluol was not Pformed.
Vitrate medium. Nityate wos yveduced to nitwite in 5 days.
Antiblovies. This oprganism formed an antibiotic which was wealdy

actlve ageinst Bacillus subbtilis, B. cereus, and Micwogogous glbrens,

but not ageinst Kichgiella pneumonise, Pseudomonas fluoresgcens ov

Bocherlchia coli (Table 14).

Tdentificabion. This oxpenism resembled Streplomyeces albus as

described by Duche (1934), Beldacei (1939), Bevgey (1.948) and Baldacod

et al. (195h) and it was assumed to be of that specics.



Organd.am No. 76.

Ordgin. Botonlc govdens, Glasgow.  Soll No. 2.
Moxpholory, Primayvy mycelium.  Tong, branching filements.
Qe5~1:0pp«  Grom +ve. Non-acid fast.

Secondoyy mycelium.,  The conddia formed long, straight
chains. Qe5-1.0 x 0.8-La3 .

Colondes on nuteient agar. Colourless, opaque, flat, well embedded

colonieg. Iinely filamentous edge (3 days). Smooth sueface (3 days).
Sparse, vhite aswlal mycelivm (11 days)., No soluble plgments. Boxbhy
odour.

Streal on nubrient sgar. Good, colourless, flat growbh (4 days).

Surface smooth or slightly folded (5 days). The veverse was raised in
gsome cases, and light bromn in colowr (11 deys), particularly when

fveghly isolated. White spores. No pigment.

Dbreek on glucose agar. Ag for aubrient agey, except thet the growbh
was more profuse.

Crapek Dox plucose agar. Good, colourless, vaised growth (L days).

Czapsk Dox suerosc agex. Moderate growsh (4. deys). White spores,

tummed hrowie

Yotato plug. Good. but slow growth (18 days). The white spores

turned. purple~brown in aboub 30 deys. The plug ditself also became giey-

browm.
Nutrient bhroth. Mleky deposit with occasional ring formation (5 days).
Glucose broth. As for nutrient brobh.

i
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Ovgenism No. 76 conbinued.

Growih temperatures. Vo growth at 19, 452 or 55°.  lNodevate growth

a’t 160, 259 , 30° and 379, Opbinum growth tempevature 25°-30°,

Oxyeen relationghips. Aerobl.cs

Stoarch hydrolysis. Starch was quickly hydrolysed (5 days).
Doxnsetis eos modivm. Abundant growth but no proteolysis (21 days).
Gelatine. Tiquefaction in obout 2L days.

Seruum. Good, light brown growth (4 days). The medivm was deeply

pitted, bubt there was no liquefaction (21 days).

B. G. P _milk. Weubral or acid peptonisation (5 deys) with the

Tormotion of a ¢lob.

Indod.. Indol was not formed.

Acotylmethylcoxrbinot. Acatylmethylcarbinel was not formed.
Nitrote medivin, Nitrote was veduced to nitrite in 18 days.
Mtibiotios. An antibiotic was produced which was acbive against

Bacillus sublbilis and B. cereus, bub not sgainst Mlcrococcus citreus,

Klebsiella pnounmoniac, Pacudomonas fluorescons or Escherichis coll

(Pable 14).

ITdentification. This organism resembled Streptomyees albus as
s o 2 AT Cac e et S e LR S5

described by Duche (1934), Baldacei (1939), Bergey (1948) and Baldacoi

et _ol. (1954), and it was assumed to be of that species.
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Organian No., 103,

fe 1S

Ordedn. Botanic gardens, Glasgow.  Soil No. 2.
lorphology. Primary mycelium.  Tough, well branched filamentsg.

0e5~0e8p »  Gram +ve. Non~acid fast.
Secondary mycelium. The conidida formed long, branching
chains which were grouped in tufts. 0e5=1.0 x Ca5=Lsl -

Colonies on mabrient sgex. Colourless, translucent (2 days), became

opaque {4 days), flat, well embedded colonies. Finely filamentous edge
(2 days). Smooth surface (10 days). Vhite aerdsl mycelimm, No
plgment in the mediwme. IBarthy odour.

Streak on nuiwient agar. Good, colourless growhh. Surface slightly

folded. Reverse flat and colourless (4 days). Vhite aerisl myceliuum,
No pigment,

Streak on glucose sgex. Aovadant, colourless growbh (4 days). The

surface was convoluted. The reverse was veised and browm (11 days).
White spores tuwmmed bromishewhite (11 days). No pigment.

Czapek Dox glucose agar. Mbundent growth (4 days). \White spores

{4 days), twmed grey (11 days). The reverse was vaised, and was
colourless (4 days), became dexlc green (1l days) and then brown or black

(2L days). The medium also turned purple~browmn (36 doys).

Cropel: Dox sucrose agayr. - Foor growth (18 days).
Potato plug. Abundent, much convoluted,brown growth (18 days).

Plentiful white sporves, tuwrned greyish brom (18 days). The plug turned
Light brown (8 days) aed then blaclk (36 days).
Nubrient broih. Grawth as flaky deposit, ov as tough, convolubed

HG.
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Organism No. 103 conbinued.
pellicle (4 days).

Glucose broth. As for mubrient broth.

rowbh temperatures. No gyowth at 12, 45° or 55°.  Moderate growth

at 16% Good pgrowbh at 250, 30% and 5‘20. Optiimm temperature 30°%

Oxygen relabionshipng. Aerobic.

Storch hydrolvals. Starch was quickly hydrolysed (4 days).

Dorset's egg medium. Good growth, but proteoclysis was weak and
vayiable.

Gelatine. Liguefaction in about 21 days.

Sexum. Good gyrowth., The wmedium was deeply pitited (7 days), become

clear and was liquefied (10 days).

Ba Qo Be milke Akeline pepbonisation (10 days).

Indol. Indol was not formed.

Acevylnmechyl carbinol. Acebylmathylearbinol was not formed.

Nitrate medium. Witrete was reduced to altrite in 10 days.
Antibloticsg. Thig organism produced an antibiotic which was actlve

against Baeillus subbilis, slightly active sgaingt B. ceveusg ond

Mierocoocus eibreus, but inactive egainst Klebsiells pneumonise,

Pseudomonas fluovescens and Escherdichia coll (Table 14).

Identificabion. This orgenism resenibled Sireptomyces albus am

described by Duchd (1934), Baldacei (1939), Bergey (1948) and Baldscei

el ol. (1954) end it was assumed to be of that gpecies.

ey,



Oprganism No. 1%1.

Opigine. Yeaf mould, Dawsholm Paxlk, Glaggow.  S5oil NMoe 3.
Moprphology. Primavy mycelivm.  Much branched, long filaments.

Qedi0s9 & Gram +va. Hon-acid Cost.

Secgondary mycelivm.  The conidia formed long, straisghi,
branching chains Ce5=0s9 X 0s6-Le 3y «
Colonies on nutirient agarv. Colourless, opaque, flat or slightly
raised, well embedded colonies. The edge was very finely filamentous
(4 days). The surfoce was somebimes folded and segmented (6 days).
White asrisl mycelium (6 days), dturmed browa (10 days). No soluble

pigments. Tavrthy odouw.

Streak on nubrient apar. Good, colourless, slightly raised ox flat

growth (3 days). Surface folded (7 days). Reverse was colourless,
became brown (15 days), ond was somebimes raiseds Vhite aerial spoves
(6 days), turned brom ox grey (10 days). Traces of brown pigment
diffused into the medivm (20 days).

Streak on glucose apar. Abundent, colourless, fiat growth with a

mich folded surface (7 deys). Reverse ralsed and colourless.  Spores

white (6 dsys), burned brow (14 days). No pigment was observed in this

medim,
Czapek Dox glucose agar. Good, golourless growbh (3 days).
Czapek Dox suorogse agar. Good, colourless growth (3 days), turned

brown (7 days). Reverse raised and colourless (3 days), turned brown
(7 days) and then dark grey (15 days).

Potato plum, Very good, yellow-brown, convoluted growbh (3 days).

iy,
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Orgonisn No. 131 conbinueds
White spoves tuimed grey or pwple-brown (15 days). The plug becems
dark heowm (15 days).

Nubrient broth. Goad growth as flakes, ving or pellicle (3 days).

Slight pigment Fommation (30 days).

GFlucose broth. As for nubtyient broth.

Growbh tempsratures. No growth ak lo, 459 o 559, Good growth at

169, 259, 30° and 379,  Optimum growbth bemperaturs 259-300°,

Oxymen welationashins. derobilc.
Starch hydrolysis. Starch was quickly hydrolysed (3 days).
Dorgetta epp mediuvm. Very good growbh with a much convoluted surface

(7 days). The medium was pitted (15 days), with a smell smount of

Liquefaction (27 days).

Gelatine. Iiguefaction in 7 days.
Serum, Good grvowth and liguefaction in 12 days.
B Col? milk, Neubral or slightly alkaline peptonisation (7 days).

Indol.  Indol was nob fommed.

Acebylmethylearbinol. Acetylmethylearbinol. was not fopmed.

Hitrate medium. Trace amounts only of aitvite formed fyom nitrate
in 12 days.

Antibiotics. This organism produced an antibilotic which was weakly

active sgoinst Bacillug subbilis and B. cereus, but inactive against

Klebsiella meumoniae, Pseudomonas fluorescens, Bscherichis coll and

Wiexogoceus clitreus (Table 14).

tdentilication. This orgonism resenmbled Strepbomyces albus as described

S RET SRS

by Duche (1934), Baldacei (1939), Bervgey (1948) and Daldaccd. et ol. (1954),

and it was assumed to be of thot speoies.
agn. Hq.



Uzpandsm No. 152

Origin, Leaf mould, Dawsholm Paclk, Glasgow.,  Soil Ho. 3.
Morphology. Primayy myceliam.  Tough, bravching, long filaments.

Qo008 po  Gram +ve. Non~acid Past.
Secondary mycelium.  The conidia formed open, clockwise
Bl"):‘,.falsv O 5”‘0. 8 % O G=1.e 3 Moo

Golonies on nubrient agar. Colourlass, opague, flalb ov raised, well
5 LPAgGUE, 2

enbedded colondes (3 days). IHEntire edge (3 days), beceme very Linely
filamentous (10 days). Central depression and segmentation (5 days).
White aevial mycelium (3 days), turaed grey (6 days) and purple-grey
(10 days). Wo pigmendt. DBarbthy odouw,

Streals on nubrient agar. Good, colowrless growth with a folded

surface (3 days). The reverse was raised, and tuined byown (5 days).
White sexial mycelium (3 days) burned gwey or brown (7 days).  Some
brown pigment dlffused into the medivm on long incubetion (20 days).

Streak on glucose pgar. Ag for nubrient ager, exceplt that the pigment

wes not foumed.

Crapek Dox glucose agar. Very good, colourless or light brown growth

(5 day=). The surface was convoluted, The aevial mycelivm white,
turned brown (7 doys). A purple~brown pigment diffused inbto the medium

(13 days).

Czapek Dox suorose agax. Moderate to good, grey~brown growbh (5 days).

Reverse was daxrk browm. White sewxial myceliuvm (5 days), turned daxk
brown (13 days).

Potato plug. Daxl~yellow abundent growih (5 deys), which became much

(R0
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Orgenism Wo. 132 contlnued.
convoluted (13 days). White aerial mycelium bturned lightebrown. The

plug tumed grey or black (21 days).

Nutrient broth. Crowth as flakes (5 days) o a wing (13 days). A
slight awount of brown pigment Alffused into the medivm (26 days).

Glucose broth. As Por nubrient broth.

Growbh touperatureg. No growth at 1%, 45° or 55°  Good growth at 16°

snd 37%  Very good growth at 25° and 30°.  Opbimm bemperature 25°-30°.

Oxypen velatlonships. Aerobic.

Stexch hydrolvais. Starch was quickly hydvolysed (5 days).
Dorget's ese mediiu. Foor growth with no proteclysis (26 days).
Golatine. No liquefaction

Sorum. Good growbth which deeply pitted the medium (13 days). A

glight amount of liquefaction took place in some cultures afber 21 days.

BeCo Py milke Alkaline peptonigation (5 days). The final pH was acid.

Indol. Indol was not formed.

[t e =

Acetyimethylcarbinol. Acetylmothylearbinol was not formed.
Witrate modium. HWitrebe was not reduced to nitrlibe.
Mtibiolbics. This organism produced an antibiotic which wes wealldy

active against Bacillus subtills, B. ceveus, bub inactive sgaingt

Rlebgiella pneumonise, Peeudomonag fluorcsceas, fMscherdichla coli and

Microgoccus citreus (Table 124.).

Tdentification. This orvgandism resembled Siyeptomyces albus as
described by Duché (1934), Baldaccl (1939), Bergey (1948) and Baldacci
eb al. (1954), and it was assumed to be of that specles.
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Organdsm Nos 133,

Ondin.e Leal mould, Dawsholm Paxrk, Glasgow. Soil Nos 3.
Horphology Primary mycelium.  Iong, brenching filaments.

Qely=0s 8 o Grom +ve.  Won-acld fast.
Secondary mycelivme. The conidia formed long,
sbroight, branching chains. 0e5-0:9 % 0e9~Le 3 »

Colonies on nutrient ogas. Colouriless, opague, flat or slightly

raiged, well embedded colonies (/. days). Inbire edze (4 days), became
very finely filamentous (6 days). Surface smooth or slightly folded
(6 anys). White aerial mycelium (3 days) turned gvey (6 days). No
plgments.  Yarthy odour.

Streak on nutmient agar. Good, colourless, wvaised growbth (4 days).

Surface smooth or folded (6 days). Reverse colourless, and raised in
some cultures (4 days). White aerial myeelium. No pigment.

Streak on glucoge agay. Good, colourless growbh (4 days). The

reverse was raised (4 days), tucned brown (6 days) emd Dlack (8 days).
White spores developed (4 days), turned browm (8 days).  Some purple-

brown pigment diffused into the agar (13 days).

Crzapek Dox glucose agar. lodevate growth. (4 days).
Czapek Dox sucrose egar. Good growth (4 days) which tummed grey

or black (13 days).

pPotato plup. Growth poor (13 days).
Hutrient broth. Growth as Llaky deposit or as a wving (4 days).
Glucose broth. As fox nutyrient broth.

AR
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Organism No. 133 conbinved.

Growbh tenperatures. No growih at 19, 25° or 55°%  Hoderate

grovwsh at 16 and 7% Good growth at 252 and 309,  Optimum

tempeoraturs '"‘"O 309,

Goymen welationshios, Aerobic.

Starch hydrolysis. Starch was quickly hydmolyeed (4. doys).
Dorset’s eps medium. Moderate grovwbth, bub no proteclysls.
Gelatine. Liguefaction in ahout 14 days.
Serut. Good growth (4 days).  The mediun was decply pitted and
clarified (8 days), Wut not liguefied.
B Col2 milice Mkaline pepionisabion with a olot (3 days).
Indol. Tndol wau not formed.
Agotylmethylcearbinol. Acetyluethylearbinol was not formed.
Mitrate medium. Titrete was reduced to nltribe in 3 days.
ftiblotlcs, This orgenism produced an enbibiotic which was active

agednst Pacillus gubltilis and B. gereus, but inactive against Klebsiells

proeunonise, Pseudomopas fluoregcens, Sscherdchla coll and Micrococcous

gitreus.  (Table 1i).

Ldentificatbion. Thin organvism resemblod Sbrepbomyecs albus as

desoribed by Duchd (19%4), Beldecei (1938), Berpey (1948) end Boldacci

ob al. (1954) end it was assumed to be of thelt species.

Ut
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Qepandsm Ho. 19C.

Origin, Glasgow garden. Soil Noo He
Morhiology. Peimary mycellam.  Yong, much bwenched filaments.
Oc0e 8 pe Gram +ve. Nom-acld fast.

Secondavy mycellum.  the conidia formed either straight

chaing, or long, opsn, <lockrlses spivels. Celmle0 x Qo 7=LeHp »

Colonles on nubtrient agar. Colourless, opagque, flat oy slightly

raised colonies. Very finely filamentous edge (L days), which
Pinally formed a oiwele of wvery fine filaments round the colony giving
a 'halo! effect (14 doys)s  Tolded suvface {9 days). Vhilte asrial
myccliuwm. No plgment.  Baxbhy odowr.

Streak on nutrient acar. Good, colourlass, flat grovth.  Surlace

L)

folded. Revemrse raised and grey in colouw in some cases. White

acrial mycelium (9 days). Vo pigments.

Strea’s on S1UCOSS AL, As for nutrient agar, excapt that the

reverse shoved no sign of davkening.

Gazapel: Dox glucogs apats, Very good growth (L days). The reverse

wos colourless {4 deys), then grey (8 days), and finelly black or
graenish-black (21 days). Wnite spores were fomwed (L days), twrned
grey or brown (8 days) and finally dblack (2L doys).

Czapek Dox suorose apaw. As for Cmaopek Dox glucose ager exceph

that the greying of the gpoves, and the darkening of the medium took
place at a quicker rate.

FPobtato plug. Sbundent growth (4 days), which was colourless, bub
turned greenisheblack or black, particulaxily on the reverse (10 days).

(A
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Organian No. 190 continusd.
The spores wewre white (& days), then derk grey and then black (14 days).

Very 1ittle plgment diffused into the plug (30 days).

Nutrient broth. Cvowth as smell flalkes (4 days).
Glacosz broth. As for nubtriont broth.

e - e o svomth ok 19 0 159 o 550 ]
Grewth Lemperaburaes. Yo growth at 17, 37, 457 or 557, Good

i, - £ . Tl 0 - . . » O
growth at 16°, 259 and 307, Optinom growth towpevature 25 .

Oxysen yrelatlonships. Acroblc.

Starch hvdrolysis. Starch was quickly hydrolysed (L. days).
Doxsget's cpe medivi. Vory good growth, bubt no proteolysig.
Gelatine. Liquefaction slow or not at all.

Serum. Good growth with Yiquefaction (8 days).

B, C.Fo milk, Mlkaline peptonissiion with a clot (6 days) which vas

slowly digested {14 days). The final »il wos somebimes acidic (21 doys).

fndol, Indol was not formed.

Ace tylme Byl coxbinol. Acetyinethylesrbinol was not formed,
Mitrate medium. Hitrate was wreduced to nitwite in 4 days.
Msilbiovics. Mo antiblotios wers formed againat the test bacteria.
ddentiflicavion. This orpeniem resembled Streptanyces albug

SROF SR

descrited by Duchd (1934), Baldocel (19%9), Bewpey (1948) and Baldacced

el al. (1954), and it vas asmumed o be of that species.

/R5.



Orgeniem No. 19%

Opigin. Glaggow gorden.,  Soll No. 5.
Hoxpholopy. Pyximary myecelivm.  Tough, branching filoments.

001048 u.  Goam +va. Non-acid fast.
Secondary mycelium.  The conidie foxmed Gight,
anticlockwise spivals. 0w5-~Le0 x O07=laFp.

Colondes on nubyrient aoox. Browmn, opaque, £lat, woll enbedded

colonies. Very finely filamentous edge (3 doys). Conboured and
gometimes segmented surfoacc. Sparse, white serdal mycelium (15 days).
A copious amownt of a dovlk brown plgment was lormed pavticvlarly when
the ovgonlam wag Treshly isolated. Horthy odour.

Streal on nubtvient agor. Good, hrown growth (4 days). Folded

surface (13 doys). Reised, brom weverse (13 days)., White, aevial

mycelium spavingly produced. IMuch golubile, dark brown pigment.

Strenl on glucose agai. As for nubrient agasr.
Gzapek Dox plucose agaw. Abundant but slow growth (8 days). Crowbh

was solourless at fivst (4 deys), twmed greenish yellow (8 days), and
then black (20 days)., The veverse was raised, and tumed black (12 days).

Some black pigmend diffused into the mediwm (20 days).

Czopek Dox sucrose agar. Good, colowwless growsh (4. days) became
brown or black (20 days). White asrisl myceliuvm (4. days), burned
brown (20 days)., Some black pigment diffused into the medium.

Potato plug. Novndant, yellow growbh (4 doys), tumed greenlsheblack

(8 days), and then black (20 days).

1 R6.
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Orgenxiom Nos. 193 continued.

Nutrient hroth. swowth as flakes or as a ving (4 days). Daxvk

brovn pilgment producsd.

Glucose broth. As for mubtyient broth.
Growth temperatures. o groweh at 1° ) "50 oxag 55°= Good growth

at 16°, 259, 30° and 37°.  Optimmm temperature 26°-30°,

Oxypen welationghips. Jaroblic.
Staxeh hydvolvais, Starch was quiclkly hydwvolysed (4. days).
Dorset's epe medium. Good gyowlth with much plgment produced, tab

1o proteclysis,

Gelatine. Liquefaction slow or not at all (20 doys).
Seruin. Very poor growth with no proieolysis.
BeGo o midle. Slightly alkaline peptonisation with a ¢lot (U days).

The pH afler 21 days incubation was slightly acld.

Indol. Indol was not formed.
Lok S Sa e S

Acetylnethyl carbinol. Acetylnethylearbinol was nobt formad,

Nitrate medium. Nitrote was not reduced Lo nitiyiig.

Mntiblotics. This crgenism produced en sntiblotic which was active

againat Boolllus gubtilis, bul inactive sgainst B. cereus, Klebsiella

raeumontse, Pseudomonas fluoregcens,lischerichis colisnd Micrococous
L3N ks
oitreus (Toble 14).

Tdentification. This organism resenbled Jtreptomyces albus as

desexdbed by Duche (1934), Beldacel (193%9), Dergey (1948) end Baldacei

gt al. (1954) end it was assumed to be of that species.

127,
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Orpand.em No, 195.
piuon 59

Ordedn. Glagsgow gavden. Soil Woe 5o
Morphology. Peimory nyeelduvm.  Much branched, Llong filements.

0afi~08 o Gram +vee  Nanwacld fast.

Secondayy myceliume  The conidia formed long,

sbraight chains. Qe 5~1eQ 3 Quf=Le3 o
Codonles on nubrient egar. Colowiless, opaque, £lat, well ewbedded

colonies {4 days). Ihnbire sdge (4 doys), become very Finely filamenbous
(6 days). Tolded, slightly conboured or segmented surface (13 days).

White aevial mycelivm (4 days). No pigments. Eerthy odour.

Sbtreak on nubiient apar. Very gdod, colouvrlsss growth.,. Folded

surface pavtloularly ot the edges (13 deys)s Reverse colourless and

flot. VWhite eewial spores (4 days). No pligment.

Streale on glucOSe asaT. As for yutrient egar.
Crapck Dox glucose agaxs Growth variable between poor and good,

colourless or slightly yellow (22 days)

Czapek Dox sucroge aopw. Abundant, £lat, colourless grogth with

white aerial mycelium (7 days).

Potato plus. Abundant, mach Polded, browm growih with white asrial

mycelium (14 days). The plug tumed browa (21 days).
Tutrdient broth. Growth as o deposit, es a wving or as colonies

e S M T R W R R AT

floating on the surfece (4 days).

Glugose broth. As fov nutrient brovh.
Growth temperalbuves. Yo growth ab 3,0, 450 o 550» Good growth

at 16°, 25° and 309  Poow gyowbth at 57°%. Optimum temperature 250«300,
12§,
s,



Cogeandsm Noo 3195 conbinued.

Oxyreon yolationghips. Aeroblc.

Sterch hydrolysis. Starch wos quickly hydvolysed (L days).

Ry

Dorset's ens mediym. Moderate growth, but no proteolysis.

Gelabing. Liquefaction dn about 21 days.
Sexum. Very good prowbh and rapid liquefaction (6 days).

B.CoPe milke - Alkaline pepbonisation with a clot (6 deys).

Indol. Indol was not formed.

Acatylmethylcarbinol. Acetbylmethylosxrbinol was not formed.

Witvate mediuvm. Hitrate was veduced to nitrite in 5 doys.

C3

Aavibioticg. This opxgendem formed an antibiobtic which wos

waakly active against Pacillug subbilis and Microgoccus olbreus

but ivactive agadinst Xlebsiells pneumonmise; Faeudomonas fluorescsns,

fscherichia goli and B. covous. {(Toble 1h).

Identification. This orgenism resenbled Strepbomyees albusg

a5 described by Duchs (1934), Baldscci (1939), Pevgey (1948) and

Boldacei eb al. (1954.), and it was assumed to be of thal species.



Cpgenisn No. 196.

Origin. Glaspgow gorden.  Soil No. 5.
Moxphology. Primary nyceliime. Tong, branching Hlamenits.

0o 5G9 ppe  Gwam +ve. Nonegold fasb.
Secondoxy mycelium.  The conidia formed long, straight
chaing.  0.6~1Lsl x 0:6-143 o

Colonies on nutrlent asar. Colourless, opague, flat, well embedded

colonies. Very finely filamentous edge (3 days).  Surface smooth or
glightly folded (7 days). White aerial mycelium (7 doys). A vexy
glight amount of pigment Aiffused into the medium (12 days). Darbhy
adour.

Styeak on nutzient agarv. Good, colouriless growth with folded surface

6 days). Reverse was roised and colouriess (6 dovs). White aexrdol
SNfEY

mycelium,  No pigment, or only very skight amownts (2L deys).

Streak on gluecoge sgar. - As for nubrient ager.
Czapek Pox olucose agar. Very good, colourless or greenish growth

(5 daye), became brown (7 days) and then greenish black (24 days)

pariloularly on the weverse.

Czapeok DOX sucroge agai. Good ox moderate, eorvurisss ox yollow
growth (7 days).
Potato plug. Abundant, grey, ralsed growbth, with white acyisl

mycelinm (3 days) which tumed grey (U days). The plug also burned

davk grey in colowr (21 days).

Nubrient broth. Growth as flakes and wing (3 days).
Glucose broth. As Por nubrient broth.
130
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Ovganism Noo 196 conbivnued.

Growbh tempere turas. Wo growih at 3%, 45° or 550,  Good growth
at 169, 259, 30° and '7 Optimun temperature 30%

Oxygen relabionships. Agzoblc.

Starch hydvrolysis. Steaxch was quickly hydwolysed (4 days).
Doxset's ogp medivin Growvth poor with no protevlysis.
Gelatine. Tigquefaction in 10 days.
Serum. Good growth with ligquefachion in 14 days.

B.C.De milke. Alkaline peptonisetion with a clot (5 days) which was
digested (22 days).
indol. Indol was not formed.

Acetylmethylcarbinol. Acetylmethylecarbinol was not formed.

1oy,

Iityate medivm. Nitrate was weduced to nitrite in 3 days.

Aatibiobtics. This organism formed an antiblotic which vas woeokly

active sgainst DBagiliug subuilis, D. cereus and Microgogcus citieus, bub

inactlve sgainst Klebsielle pneumonise, Pseudomonas fluorescens end

Tscherichia cold (Table 14.).

Tdentificabion. This oxpanism resenbled Strepbtonyces albus as

described by Duchd (1934), Beldecci {1939), Bergey (1948) and Boldacei

et al. (1954), and was assumed o be of thab species.

{3}



Oirzaniom No. 197,

Oripdn. Aly contaminant on an eger plate.
Morphologye. Primory myceliuns  Long, branching filaventg.

Qudpr0u8 1o Gram wve.  Noneacld fast.
Secondary mycelivm.  The conddia formed long, straight,
branching chaing.  Qef=Le0 x Cob-Lel s

Colondes on nubrient agoxs Golourless, opaque, well enbedded colonies

{3 days). Very Pinely Ffilementous edse (% days) which formed a eircle
of fine filaments wound the colony producing a Thalo" effect {9 days)s
The surface was folded, and segmentation wes often present {9 days).
White acrial mycelium. No pipments.  Bavthy odouwn.

Streak on nutvient agar. Good, colouvless, £lat growth (3 days).

Polded surface, Reverse velsed and colourless (6 days). VWhite acrial

mycelivm,  No plgment.

Streak on glucose agai. As o nwubrdent agans
Ozapek Dox plucose amor. Good, slightly yellow gvowbth (10 days).
Gzapek Dox sucrose asars Moderate to poor, flat, colourless growth

with some aerial spoves (16 days).
Potato plus. Good, yellow growth (6 days), turned golden~brown (10

days). VWhite serial myceliun (6 days), twmed grey (10 doys). The

plug slowly dexkened to grey (20 days), and then black (29 days).

Hulbrieat broth. Deposit of flaky colonies and gome suwrface growth
(3 dayn).
Glucoge broth. As for nubwilent hrobh.

132,
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Orgavciam No. 197 continued.

Growth bemperatures. No growth at Il,og l§.5c or 55°,  Moderate growth

at 169, Good growth at 25% and 37°. Very good growth at 30°, Opbinnum

tempsrature 309,

Oxypen relationships. Acrobic.

Stexch hydvolysis. Starch was quickly hydvolysed (3 days).

Dorset's eap medium. WModerate growih but no proteovlysis.

Geletbine. Liquefaction in 6 days.

Sexuwn. Moderate growth with slow liquefaction of the mediuvm (20 days).
B, Cu Py milk. Slow alkaline peptonisetion (20 days).

Indol. Indol was not formed.

Acetylmethylcarbinol,. Acetylmethylcarbinol was not formed.

Nibrate medivm, Witrate was reduced to nitrite dn 7 days.
Mtiblotics. This organiam produced an anbibiotic which waos wealdy

active against Baclllus subiilis end Micrococcus cltbreug, bubt inscbive

against Klebgiella pneumoniae, Pacudomonas Cluorescens, Escherichla cold

and B. cereus (Pable 14).

Ldentitication. This organism vesembled Streptomvcees albus as

L T N

described by Duche (1934), Baldacei (1939), Bergey (1948) and Baldaced

et al. (1954), and it was assumed to be of that species.
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Organigm No, 2004.

Origin. Botanic gardens, Glasgow.  Soil No. 6.
Moxphology. Primavy myceliuvm.  ILong, much brenched {ilaments.

0.5~1.0p e  Gram +ve. Noo—-acld fast.
Secondary mycelium.  The conildia formed long, open,dockwise
spivals,  0s5~1s0 xx Oe5-lel po

Colonies on nubzient sgar. Hed or blue, opaque, vaised, well embedded

colonies. lntirve edge (3 days), became very finely filamentous (5 doys).
Surface folded and segmented (5 deys). White seriel mycelium (5 days).
This organism produced a pigment which colourad the colonies red or blue,
and rapidly diffused inbto the mediums  After many subcultures, the
pigment producing ability was lost, and some colonies became coloucless.
No eaxrthy odouxs

Streak on nubrient agaw. Good growth, pink {3 days), burned blue

(7 days). Surface smooth or folded (3 days)s Reverse raised and
pigmented (4. days). White aerial mycelivm (5 days) tumed grey (10 doys).
Red ox blue pigment diffused into the agaw.

Streak on glucose agax. As Tor natrient eger, except that the pink

pignent was rapidly produced, and remained pink for sboul a month hefore
turming blue.

Czapek Dox plucose agar. Good growth (7 days) but no pigment Pormed

(21 days).

Czapek Dox gucrose agar. Good, colourless growth (7 days), which

turmed blue. Some pigment Aiffused into the medium (21 days).

131‘(
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Organism No. 204 conbtinued.
Potato plug. Abondant, reddish-grey growth (5 days). Daxk blue
plgment appeaved (7 days), and diffused into the plug (10 days). Vhile

serial mycelium turned grey.

Tutrient broth, Good growish as colourless or blue flokes, with

occasional surface growth {3 days).

Glugose brotbh. As for nubrient broth, except that the pigment was

red (10 days).

Growth temperatuves. o growth at 1°, 15° or 559, Good growth

e O o . . .
at 167, 250, 30" and 37°. Optimum temperaturs j?oo

Oxypen relationships. Aexobic.

Storch hydrolysis. Starch was quickly hydrolysed (3 days).
Dorget's ege medium. Moderate or good growbh, bubt no pigment or
proteolysis.

Gelatine. Yiguefacbion in 7 doys.

Sexrum. Good, yellow growbh with deep pitting and clerification of

the mediwm, but only occasional llquefaction.

B CoPe milk, Newtral or slightly acid peptonisation (5 days). The

PH after several weeks incubation was alwoys aclid,

Jndol.. Indol was not forxrmed.

Acetyimethylearbinol. Acetylmethylcarhinol was not formed.
Nicrate medium, Witrate wos reduced to nitrite in 3 days.
Mtibiotbics. No antibiotics were formed against the test bacteria.
Blood agar plate. Browmish=-grey colonies with white spores.

Slow, weak p-haemolysis.

Ldlquefaction of acav. Thig orgenism did not Liquely agar.

135
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Orgondsm No. 204 continued.

Cobalt amer plate. Geowbh moderate (5 days).  The cobalt

suppressed the production of pilgments A mexked eavrthy odour which

was not othexrwise found with this organism was present.

Pioment. It was shown that the pigment produced by this orgenism

acbed as an iundicstor, being red in acid solutions, and blue in allsline.
The organism was grown on cobton wool in large Pebri

dishes (Botbcher & Conn 1942) for 10 days, and the nigment extracted

using the method of Sanchez-Marroguin & Zapats (19{3!;‘). The adsorption

between 300 mp and 700 mp at pil 11.52 was measuved. The resulils appeax

in Tig,. 2, The peak absorpiion of the plgment of 204 at i 11,52 was

about 630 my, whereas the pigment of the Streptomyces coelicolor

examined by Comn (1943) had a peak at 580 my at pil 10.73.  In view of
the probability of some dmpurities still being present in hoth prepava-
tiong and the pH shift, these figures ave sufficlently alike to indicate

that the same pigment, and presumably the same orgenism, wes involved.

Tdentification. This organism closely resembled Streptomyces

coelicolor as described in Bergey's manual (1948), and it was assumed

to be of thal aspscies.
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Organdism No. 214,

Qigrin. Botanic Gardens, Glasgow, Soil No. 6.
Mozphology. Primary mycelium. Long, branching filoments.

0ep~0s 9o Gream +ve. Non-acid Last.
Secondary mycelium.  The conddia formed open,
anticlockwise spivals. (w5-le0 x 1.0-1.94 .

Colonies on nutwient apax. Yellow, opague, £lalb or slightly raised,

well embedded colonies. Vewy finely filamenbous edge (4 days).
Segmentation sppeaved in some colonies (10 deys). White acvial mycelium
(4 Qays). A yellow pigment diffused into the ager (6 days).  Sarthy
odouw.

Streak on nubrient ogar. Good, yellow growth with a folded surface

(4 days). The veverse wes flab or slighbly reised (8 days). ihite
aeyial ayeelivm, Yellow pigment diffused dwmto the medivm.

Stresk on glucose ogal. As for nutrient ager, except that the

productlion of plguent was less mavked.

Czapek Dox plucosce apax. Good growth which was colourless coxcept

Por the reverse which was yellow or brown (7 days). No plgment
diffused into the medivim.

Czapek Dow sucrose asol. Moderate, colourless, sporeless grawth

(10 days). No pigment diffused inbo the medium.

Potato plug. Yellow, abundant growth with a much convoluted sucface

(4 days). leavy white sporulation tuxned grey (7 days). The plug
twrned grey (7 days), and then black (10 days).

Hutrient byoth. Growth as flakes or as surface colonies (& days).
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Orpaniiem Noe. 214 continued.

Some plement diffused into the medium.

Glucose brothe As For nubtrient broth.
Growth_temperatures. No growth at 19, 45° or 55°,

o , L )
Modsrate growth at 16~ and 379,  Good growth at 25° and 30°.

Optimm bemperature 25°-30°,

Onypon relabtionghlps. Aecobic.

Starch hydrolysis. Starch was quickly hydrolysed (4 days).
Dorget's enp medium. Vexy poor growth with no proteolysig.
Gelatine. Liquefaction in about 10 days,

Seruun, Moderate, yellow growth (4 days). The mediun was deeply

pitled, eand clarified (10 days), but only a little liquefied.

Ba G e millk, Mkaline peptonisation with o clot (7 days).
Indol. Indol was not foxmed,

Acetylmethylearbinol.. Acetsylinethylcarbinol was not foxmed.
Nitrabe mediiun. Nitrate was roduced o nitrite in 5 days.
Antibiotics. This oxganism produced an antibiotic which was

strongly active against Bacilius subtilis, B. cereus and Micrococeus

citreug, weakly active againgt Pseudomonas fluorescons and inactive
AT T TAFTIR X, MR AL

egainst Klebsiclla vneumonise and Dscherichia coli (Table 14).

fdentification. This orgonism reseubled Streptomyces flaveolus

as desoribed by Waksman (1919¢), Tokohashi {(1953) snd Bergey (1928),
and it was assumed to be of that species. Wakeman and Lechevalier (1953)

placed this speeles in the $. flavus specles gyroup, and suggested that it

was clogsely wvelated to 8., sureofaciens. No. 214 ddffered from oygenlism

Sa however in its anbibiotic spectyum, its nitrition and the weduction of

nitrate. 13§
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Qrgandism No, 210.

Oripin, Botanic gardens, Glaggow. Soil No. 0.
Morphology. Primary mycelium.  Long, branching filamentds.

OO0 pe  Gram -+ve., Non—acld fasb.
Secondary mycelivm. The conidia formed long, straight
chaing.  Qe6~1e0 3 Usb=Le5 s

Colonies on nubrient agaw. Brown, opaque, flatl or slightly wvaised,

well enbedded colonies, Very finely filamentous edge {4 days)e The
surface was slightly folded (15 days). Occasionel while spores were
produced. A deep brown pigment diffused into the medivm. No odouw.

Streals on nubiritent agar. Good, browm growth with a folded surface.
=4t 3 8

Reverse vaised and hrowa (7 days). Occasional white acrial myceliuwn.
Deep brown pigment diffused into the medium.
Streak on glucose ager. As for nutrlent agex, except that less

rigment was producad.

Czapelk Dox plucosie agar. Poor to moderate growbh which was elther

colourless or yellow (4 days). The white serial mycelium turned grey

or brown {12 days).

Crapek Dox sucrose agei. lioderate, colourless growbh (4 daya) the

reverse of which became blackish-brovm (12 days). The white spores
tuned grey or brown (7 doys).

Potato plug. Abundant, brown growth with white spoves (4 days)

vhich tumned grey (7 days). The plug turned black (I days).

Nubwient broth. Heovy deposit of larpe flakes (5 days). Much

brown pigment.
139
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Opganism No. 216 continued.

Glucose broth. As for nuabtxient broth, except that thore was less
o L J:

pilgment, and it was yellower in colour.

Girowth tenmperatures. No gxowth atb 3.05 45° ow 559,  Modevate grouth

at 16°.  Good growih at 259, 30° and 37°  Optimun temperatuce 25°-30°.

Oxyren relaticonships. Asrobia.
Ybarch hydrolysis. Stavch was quickly hydrolysed (4 days).
Dorgat's epp medivm. Abundent growth and pigment production bub

no proteclysis.

Gelatine, No Liquefactione

LN TR TS 3

Seruin, Good growth with pibtbing of the medium, but no liquefaction.
[ Bt =2 ]

B.C,P. mill, Weak poptonisetion only. The final pll was usually

acid (21 days).

Mdol. Indol wag not Lormed.

Acetylme thyloarbinol, Acetylmethylearbinol vwas notv formed.

Witrate medivm. Nitrate was veduced to nitrite in L dayse
Antibiotics. Ihis orgenism produced an antiblotic which was active

ageinst Bacillue subtilis and B, cereus, bul wos inactive against

Klehgiellsa pneumoniee, Paeudomonas fluoresceons, fscherichia coll and

Micrococous citreus. (Table 14).

Ldentification. This organism resembled Streptomyces albus as

described by Duche (193L), Baldacei (1939), Berpey (1948) and Boldacci

ob_al. (1954), and it was assumed to be of that species.

RS TIRTIONCY
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Ovganism No, 21.7.

Oxigin. Dotanle garvdens, Glasgow.  Soll Ho. 6.
Moxphology. Primary mycelium.  Long, brenching filaments.

Ocdi=0¢ 9 11s Gram ve. Non—-aoid fast.
Secondaxy mycelium. The conidia fosmed open,
anbicloclwise, branched spirals.  0el=ls0 x QeG=Lel e

Colonies on nubrient aper. Pink or red, opague, slightly raised,

well embedded coloniecs. Very finely filammentous edge (5 days). Tolded
surface (5 days). White aerial mycelium was present (10 days). Mo
pigment diffused dinto the medium.  Earthy odour.

Streak on nutrient sgar. Good, piuk or ved growth (5 days). Suvrface

folded., The reverse was waised, pink, ved or colourless (10 days).
White serial spores. No pigment diffused into the medium.

sbrealk on zlucose azox. As Por nulrient ageax, excopt thalt the colour

=27

of the growth was more inltense.

Uzapek Dox glucode agar. Pink, wmofexate growth (21 dayﬁs) 0
Grapek Dox gucrose agav. Poor, colourless growth (21 days).
Fotato plug. Ihderate or good, pink growth with white serial

mycelivm (5 days) which tumed grey (10 days). The plug also turned

pinkish-grey.

Nutrient broth. Deposit of colourless flakes (5 deys).
Glucose broth. As for nutyient twoths
Growth tempevatures. Mo growth at 1°, 45° or 55%  HModerate growih

at 16°. Good growth at 2509 30° and 3700 Optimm temperabure 250-300.

Ciyoen pelationshipg. Aerobic.

I
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Organdsm No. 217 conbinued.

Starch hydrolysis, Starch was quickly hydrolysed (4. days).
Dowsetils eps medivm. Good. growth with black soluble pilgment

produced, but no proleolysis.

fGelatine. Idigquefaction in 6 days.
Sexrum. Heavy, pink growth (5 days) with liquefaction in most

cultures (21 days).

B. Go Fe_ il Weutral or slightly acid peptonisation (6 days).
Indal, Indol was not Lormed.
Acetylmethyl eaxrbinol. Acetylmethylcarbinol wag not formed.

Witrate medivm.  Hitrate was reduced to nitrite in 10 days.

Antibioticg. This oxganism produced an entibioctic which was

octive against Doclllug subtilis end B. gereus, but inactive against

Klebsiella pneumonise, Pscudomonas fluorescens, fscherichia coll end

Merococeus citreus (Table 14).

Ploment. The pigment of this orgenism was ingoluble, and did not
vary dn colour with changes of pll

Tdentilication. This organime resembled Streptomvees olbosporeus
A 38 RURCOLOMTOSS

L,

as described by Bergey (1948), and it was tentobively sssumed to be
of that species. Waksmen and Techevelier (1953) placed this species

in the H. rubox species giroup.



Qrgeanism No. 224.

Ordgrin, Dust of a hay bl
WMorphology, Primary myceliwm.  Tong, branching filaments.

Oul=leO e  Gram -wve. Non-acid fest.
Secondaxy mycelium.  The conidia formed either long,
straight chaing, oy very open, anticlockwise spirals. Qib-l.l x

Q' 5““1' 2 !.‘. 'y

Golondes on nutrient ag Colourless or slightly yellow, flat

or raised eolonies (3 deys). Very finely filamentous edge (3 days).
Convoluted, sometiues conloured and segmented suwrface (6 doys). White
aerial myceliimn. Occasgionally a smoll awount of light brovm pigment
was produced.  Jarthy odoux.

Streak on nubrient apar, Abundant, colourless or yellow growth
Y G 2

=

(6 days). Surface convolubed. ‘fhe reverse wos yollow and reised (6
days). White acvial wycelium (4 days) twmed grey (8 days). Little
or no brown plgment diffused into the agar.

Blrcak on glucose agar. As FTor mutrient agar, except thal more

fal

pigment appeared on the vevewrse of the colonieg.

Gzapek Dok 2lucose agar. Poor Lo moderate, colourless growsh (13 days),

with white or grey aerial mycelium (19 days)e

Cgzapek Dox sucrose agar Az Por Czapek Dox glucoge agal.
Potato plug. Abundant, yellow, hesvily encrusted growth (7 days).

Spoves white (7 days), tumed grey (13 days), and £inelly neaxly black
(19 dsys). The plug tuvzned yellow or brown (7 days) then greenish
black (19 days).

I43
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Organism No. 22} continued.

Nutrient broth. Deposit of laky coloniles with some surface gyowith

(2 doys).

Glucose twoth. As for nubrient brobit
Growhh _temperatures. Wo growth at 10, 45° and 55Ou Good growth

at 16° and 25%  Very good growth at 309 and 57°.  Optimum temperature

30°,

Qeyzon relotlonships. Asrobic.

Starch hydrolysis. Storch was qulckly hydvolysed (5 days).
Dorset's egp medivm. VYery good growth (6 days) with liquefaction

in aboub 14 days.

Gelatine. Ulquefaction in % days.

sexrum, Very good growbth (4 days) with Liquefaction of the mediun
in 19 days.

BeCaPy milks Alkeline pepbonisation (4 days). The final pH wes
neutral or acidic {21 days).

Indol. Indol wes not formed.

Acebvimethylcarbinol. Acetvlmethylcarbinol was not foxrmed.
’ -Gl DAOL . y!

Nitrale medium. Witrite was produced in only trace amoumis from

nlitirete or not at all.

Antibiotics. No antibiotics were formed agednst the test organigms.
Tdentificabion. This orgenism resembled Strepltomyces albus as

- 4 - v o = » e ~ ) 4
described by Duche (1934), Daldaccl (1939), Bergey (1948) and Baldacci

et al. (1954), and it was assumed to be of that species.



faraan

Origin. Pust of o hay bin.
liorpholopy. Primpry mycellwn.  Long, brenching filaments.
0ud=0a B Caam +ve. Hop-acid fast.

Secondary mycelivm. The conidia formed eilther long,
branching chains, ox very open, anticlockwise spiralg. 0.5~-0.9 =
Qs 5 eHp e

Colonies on nutxient agar. Golourless, opague, flat oy raised, well

enbedded colonles (3 days), Minely filamentous edge (3 days). The
surface was somebimes conboured end sepmented (L4 deys).  White aerial
mycelium (7 days). No pigwent ox odours were presend.

Soreak on nubtvient asar. Good, colouriess growbth with folded surfoce

(7 days). The reverse was ralsed or flabt, colowxless, yellow, or browmn

(10 days). Vhite asrial mycelium (7 days), turned grey (10 doys). No

pigents
Shreals on plucose agar. As for nubrient agar, except thalt some light

browm pigment diffused into the medivm on long incubetion (30 days).

-
4

soapel Dox olugose agar. Pooy or moderate, yellow growth with white

aerial mycelium (7 days), turned grey (10 days).

Coapelk Dox sucrose agzar. Poor to moderate, colouvless growth (5 daya).

B R e

White aerial myeelium, tumed grey (10 days).
Pobato plug. Abundant, yellow, wrinkled growth (7 days). White
acriol mycelium. The plug turned yellow or yellowish-browm (14 doys).

Nutrient broth. Depogit of larpe [lakes wnd a riag (5 days).

o

5
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Orpandem No. 228 conbinued.

Glucose broth. As for nubrdent broth, except that some pigment
was Tormed on Ancubotion for 1 month.

= s, f-"O %,
Growth termperatures. No growrth atb 19, &50 o 557, Good. growih

as ].60, 250, 300 and jj?oa Opbinm tompevabore 30°.

Oxyeen yelatlonships. Aerobic.
Starch hydrolysis. Starch wes quickly hydrolysed (3 days).
Dopset's ogg medium. Good growth (7 days) and liquefaction of the

medium (20 days).

S\m;%l_ﬁg . Ldquelaction in 7 days.

Saxume. Goodl growih with liquefaction (.1.21- days) .

Be G milk, Mkaline peptonisation (5 days) with a clot which

vras digested (21 days).

Indol. Indol. was not fomned.

Acotylmethylearbinol. Acetylmethylcarbinol was not forvmed.

Nitrate medium. Nitrate was weduced to nitrite in 7 days.
Atibilotices. No entiblotics were formed osgainst the test ovgenisms.
Tdentiliocation. This orgenism wvesembled Streptomyces albus as

deseribed by Duche (1934), Baldacci (1939), Bergey (1948) and Baldaced

ot al. (1954

[ s e ] )

and it was assumed to be of that species

1y 6.
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Croonism No. 2355,

Origin. Glasgow lavm. soil No. .
Morpholosy. Primary myceliuwm.  Tong, branching filaments.

Qs 5-0.9 o Garaan Ve, Mon-aeld fast.
Secondaxy mycelivm.  The conidia fommed long, steaight,
b?w‘(}hln&f (3118_3..1 we OO 5“00 9 N OQ 8"3.‘! 2 IJ, )

Colonies on nubixient agar. Light brovm, opaque, raised, well

omhedded colonies. Very finely filamenbous edge (7 days). The
gurface was folded and segmented (7 days).  Vhite aerial mycelium
(7 doys). Brom pigment diffused into the agar (4 days). o odour.

Streal on nutrdent agax Good, light browm growth vith a nuch

o,

convoluted surface (5 days). The reverse was brown and flat. Vhite,
sparse serlal mycelium. Congiderable amount of daxk brown pigment
produced (38 doys).

Streel on glucose agar. Ag For mutrient ager, excopt thet less

pigment was oroduced.

Caopel: Dox olucose agair. Very sporse, colourloss growbh (21 days).

Wo pigment formed.

Czapek Dox sucrose agar. toderste or good, colourless growth (15

days). No pigment formed.
Potato plup. Mbuadont, grey growth (4 deys), btumed browa or black.

Spores white (7 days), turned grey or purple~brovn (21 days). The

pluz algo tumed brown or black (12 days).

Nubrient broth. Grrowbh eg flokes vith much pigment formation (7 days).
Glucose hroth. Ag Tor nutrient broth, except that no pigment wos
formed.

I’
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Organism Noe. 235 continued.

r ) . . ne .
Grrowth termernbures. No growbh at 1,0, 1350 or bh7, Hoterate

; o O AR Q ot .
growth at 16° and %7°. Good growth at 25 and 300, Optimum

0,0
Lenpevature 25 -3507.

Oxyoen relationships. Aerobi.ce
Starch hydrolysic, Starceh was quickly hydvolysed (4 days).
Dorsetls gy medium. Very good growbh with nuch goluble plgment

present but no proteolysis.

Gelotine. Tiguefaction slow or not at all.

HeTull. toderate growth, ut no proteolysis.

Bo Qoo mrlli, Slight acid peptonisation (2L days).
ndol. Tndol was not foxmed.

BEIReRTETR TN

Agetyimethylcarbinol. Acetylmethylcarbinol was oot formed.
Hitrate mediwvn. Nitrate was not weduced to nltribe.

Antdbiotics. No antibiobtics were formed against the tesht bacberis.
Jdentificeation. This organism resembled Strepbomyces albus as

desaribed by Duche (197:), Baldacei (1939), Dergey (1048) and

Boldaccl ot ol. (1954), end it was assumed o bo of thas speciles.
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Crpanigm Nos 242.

AR A

Orimin. Palkirk garden. Soll No. 7.
Mowphology. Primory mycelium.  Long, branching filements.

Qe5-0:9 e  Gram tve. Non-acld Last.
Secondary mycelium. The conidia formed long,
branching chaing.  046-1.0 x 008-Lolp o

Colonies on mubrient sgar. Colourless, opaque, raised, well embedded

FAE AL I 2L

colonies. Very fincly filementous edge (U days), eventuolly formed a.
cirele of fine filawenbs which gave the colony a “nlo" appearance (12
davs). Some colonies showed segmentation. Vhilbe acrial mycelium

(7 days), which twmed groy (14 days). A smell amount of Light brown

plogment diffused into the medium after about one month's dncubstion.
Barthy odour.

Styeak on nutvdent agar. Very good, colourless growth (I days).

Surface smooth ov folded (L days). The roverse was roised, and dovk

reen or gray in colour (14 days). Plentifwl white acvial myceliwm

m

(& dnys), tumed grey (14 days).  Slight amount of Light brown pigment

diffumed into the medium on long incubation {Fdays).

Streals on plucose agay. As for nutrient ager, except that the

LA S 4P

Formation of pigment was more marked.

Caapek Dox glucoge aoar. inderate, colourless growih with sparse

sporulation (12 days).

Crapek DOX sucrose amoir. Modewate or poor, colouriess growih.

(10 days). The white spores tumed grey (14 days).

14q
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Organism No. 242 conbinued.

Fotate plug. Abundant, greenish-black growth (4 days). VWhite

gpoves bturmed grey (7 doys) end almost black (14 doys)e The plug

turned greenish-black.

Nutrient broth. Flaky deposlit with some surface growth (4 days)s
Glucoge broth. As for nubrient broth.
Growth tempevabures. No growth at 19, 45° or 55°.  CGood growth

2t 16°, 259, 30° and 37°%  Optihmum temperaiure 259-30°.

. Oxyoen volalbionships. Asrobic.

Sterch hydrvolysis. Starch was quickly hydvolysed (4 days).
Dorset's egp medivm. Abundent growth (4 days), with ligquefeciion
in 20 days.

Gelatine. Liquefaction in about 21 days.

Serum, Good growth with liquefaction in 1) days.

DeCe Po mrillc. Neutral or alkaline peptonisation with a clob

(5 days)s. ‘The pH afber several weeks incubabtion was often acidic.

Andol. Tndol was not formed.

Acetylnothylcarbinol. No acetylmethyleaxrbinol was formed.

Nitrabe mediim. Witrate wag reduced to nitrite in 5 days.
Mntibioticsg. No antibiotics were formed ageinst the test bacteria.
Tdentification. This organism resembled Jtreptomyess albug as

deseribed by Duchd (19%4.), Baldacei (1939), Bergey (1948) and Baldaccl

et al, (1954), and it wos assumed to be of that species.
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Organiem No. 2h5.

Oxdpin. Palkixl gorden. 80l Noe 7.
Horphology. Primary mycelitm, Tong, bronching filaments which
broke into swall pleces. 0e5-0eQp» Gram +e. Partislly acld
fast in young culiure.

Secondary mycelium. The conidia foxrmed long, branching
chaing, or occasional bufbs. 0a5-0,8 x 0e8-Le5 .

Golonles on nubrient agar. Golourless or orange, opaque, slighitly

raised, very small colonies, Inbive edge (4 days), became very finely
filamentous (6 days). Swrfece smooth, White or pink aerisl mycelium
(5 days). A slight amount of Light brown pigment diffused into the
medium on long dncubation (24 deys). Barthy odourw.

Streak on nubrient asay. Very good, colourless, growth (5 days).

smooth surloce. Reverse was sometimes ralsed, and was orange in colouy
(10 days).  Aerial mycelium white or pink (6 days).  Slight amount of

goluble, light browa pigment Alffused into the medium (21 days).

Streak on plucose agar. As for nwbrient agex.
Czapek Dox glucoge agar. Good, slow, orange growbth (10 days).

Aerial mycelium white or pink (10 days).

Crapek DOX sucrose agar. Modeyate, orange or colourless growthe

White serial mycelium (15 days).

Potato plug. Abumdant, encrusied, orange ox pink growbth (5 days).

White or pink spores (10 days). No change in the plug (25 days).

Nutrient broth. Deposit of tiny flakes (3 days). A pellicle

frequently formed which varied considerably in thickness, and carvied

&l
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Organdsm No. 245 continued.
a heavy growth of pluk or white spores.

Glugose hroth. As for matxient Wroth.

Growbh tenporatures. Mo growth at 1°, 452 or 55°%  Poor growth

at 167 end 37°° Good growth at 250 and 35000 Optinmm temperature jinOu

Oxypeq relavionships. Aerobic.

Starch hydrolysis. Starch was hydrolysed very slowly, or not at all.
Dorset's ege medivm,. Growbh very poor or absent. No proteolysis.
Gelsting. No liquefaction.

Serum, Hodevate growth, but only occasional proteolysis.

B.C. 0 milk, White surface growbh, bulb no change in the milk.
Indol. Indol was not foxmed.

Acatylnethylcarbinol. Acetylmethylcarbinol was not formned.

Witrate medivm. Witrvabe was reduced to ndtrite in 3 days.
Mbiblotles. Wo antiblotics were formed against the btest bacteria.
Ldentiiication. This organism was uwnusual in that it was partially

acid fast, and that the priwsry mycelium broke into fragments. Both
these features suggesbted that it was allied to the genus Nocardia.
However, in all other respects Lt had the features of the genus

Streptomyees. No organism similar to No. 245 has been deseribed in

the literabure ag far as wag found, although in some respects this
Nocavd1a pavaffnaz .
orgonism resembled S=rSmrwoas. 1t wag concluded that this orgenism

was & Streptomyces of unlmom specles.
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Organism Nos 250.

Pyl

Origdn. Glasgow lavms  Soll Woe 4o
Moxmphol.ogrr. Peimavy myceliume  Tong, branching fllements.

(2509 ps Gram +ve.  Non—acid fast.
Secandayy mycelium. The conidia formed open, anti-
clockvise spiralse 061,00 ® 0s8-1s o

Colonies on nubrient agav. Brown or colourless, opaque, £flat ox

slightly raised, well eunbedded colonies {5 days)s Very finely Pilameniou
edge (5 days)., The surface was folded end segmented (9 days). White
aerial spoves (5 days), turmed grey (9 days)s  Some brovm pigment
diffused into the ager (5 days), but bthis was lost afber several
subcultures. Ho odour.

Streak on nubvient agar. Good, brown o colourless growth (5 deys).

Folded surface. The reverse wes raised and brown (9 days). White
acrial sporves (5 days), tumed grey (9 days)s  Brown pigment diffused

into the ager, but this was lost alber several subculiures.

Stresk on glucose agar. As for nutrient agav.
Czapel Dox glueose asars Poor, ralsed growth (5 deys). The

reverse was rajsed and feintly yellowish-green in colour (5 days).
Spores were white (5 days) ox grey (9 days).

Czopek Dox gucroge agel. Abundent, colourless growbh with a ralsed

reverse, White or pink spores (5 days), twmed veddish-browm (13 deys).
Brown or purple~brown pigment diffused into the medium {13 deys).

Pobato plug. Very good, grey-green growth (5 deys)s VWhite ox pink

gpores (13 days). The plug turned grey-grzen (5 days), browm and then

black (2L daya). 153
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Organism No. 250 continued.

Nutrient broth. Depoglt of flakes,; with occasional surface

growsh (5 days).

Glucose broth. As for muatrient broth.
o
Growth temperatures. No gvowth et 1°, 45 or 55% Good growth

at 16°, 25°, 30° and 379,  Optimum temperature 30%,

Oxygen relationshipsg. Aerobic.

Starch hydrolyeis. Starch was quickly hydrolysed (4 days).

Doyget's ope mediume Good growth but no proteolysis.

Gelatine. Tiquefaction very slow (30 days) or not at all.
Sexum, Good growth with occesional liquefaction of ‘the medium.

B.C.P, millk, The milk vsually beceme slightly alkaline.

Andol . Tndol was not formed.

Acetylmethyl carbinol. Acetylmethylearbinol was not formed.

Witrsbe mediim. Witrate was not reduced Lo nitrite.

Aabiblotics, No antiblobicswere formed sgainst the test bacteria.

Identification. This orgenism resembled Slreptomyces albusg as

described by Duche (1934), Boldacei (1979), Bergey (1948) and

Baldacci ¢b al. (1954), and it was assumed to be of that species.
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Orpanism Noe 259,

Oriodn. M dnorganic salts solutlon in which seedlings of sea

buckbthorn (Hippophat vhamoides) were growing.

HMorphology. Primary mycelium. Long, tough filaments. 0.5-0.8p.

Gram +ve. Won-acld fast.
Recondary mycelium.  The conddia forwed long, streight,

brenching chains, Ga7=lel x Qu7=Lel e

Colonies on nubrient egary. Colourless or Yaintly yellow, opaque,
flat or slightly vaised, well enbedded colonies {3 days). Inbire
edge (3 days) becawns very finely filamentous (7 days). Segmentation
was frequently mavked. The spoves were white (7 days), turned grey
(10 days), Mo pigment. Boxthy odour.

Streak on nutrient agor. Moderate to good, colouwrless ox yellow
growbth (3 days). Surface foldsd (3 days). The roverse was valsed,
and yellow to greenish-Ylack (7 deys). White aerisl spores (3 days),
turned grey (7 days). Ho pigmewt.

streak on glucoge agar. Ag fox nubrient agar, except that growth

wag more vigorous.

Czapek Dox glucose agar. Poor to moderate, colourless, yellow or

greenish-yellow growth (7 days). White aerial spoves which turned grey

Crapek Dox sucyose ngai Moderate, colourless growih with some

vhite spores (3 days), which turned grey.

Potato pluz. Abundent, glow, waised, light brown or yellow growbh

(3 doys) with white asrial spores, which tuined grey or purple-grey

(10 days). The plug become grey (10 deys) and eventually black (13 dag

(55
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Organism No. 259 conbinued.

Nutrient broth. FMelky deposit (3 days).
Glucose broti. Ag Por nutrient broth.
Growth temperatures. No growth at 12, 15° ox 55° Pooy groweh

ab 3’709 Good growth at 16° , 25°% and 3()0, Optdmum temperatbure 2560

Ouymen relationships. Aegobic.
Starch hydceolygis. Stareh was guickly hydrolysed (3 days)e.
Dozset's egr medium. Abandant growth with clerification and pltting

of tho mediuvm, and occasionally, liquefacblon.

Gelatine. Liquefaction in 15 days.
Serum. Good grawth, followed by liguefactlon {21 days).
BeCaPy milk, Alkeline pepbonisation with a clot (7 days) which

disappeared (17 days).

Indol. Indol was not formed.

[

Acetylnethylcarbinol.. Acetylmethylearbinol was not formed.

PIBTI A S A e L

Nitrate medivm, Witrate was veduced to mitrite In 7 days.

Mntibiotics. This organism formed an antibiotlic which was active

SRS S St SR

against Pacillus subtilis, B. cercus, Micrococcus clibreus and Escherichis
coli, bub inactive against Klebglella mneumoniae and FPseudomonsas

s o2 J‘;&-‘}

fluovesceng (Table 14).

Tdentification, This organism rvesembled Streptomyces albus as
deseribed by Duche (1934), Baldacci (1939), Bergey (1948) and Baldacei

et al., (1954) end it was assumed to be of that species.

r‘l“&ﬂ-& FRITY
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Origin. An inorgenic salts solution in which seedlings of sea-

buckthorn (Wippopha rhenmoides) were growing.

Morphology. Primary mycelium.  long, nmuch branched filaments.

0:5-0:9 .+ CGram +ve. Nonwacid fasts
Secondary mycelium. The conidia Fformed streight,
branching chains.  Qs6-Leld 2 0u6=1.2p .

Streak on nutyient agar. Good, colourless or slightly yellow,

flat or raised, well ewbedded colonies (4 days). The edpge was entirve
(% days), hecame very finely filementous (7 deys). Mowked segmentatbion
was often present (7 days). The spores were white (7 days), turned
groy (10 days). No pigmends. Harthy odouvs

Strealk on nubirient agar, Moderate, colourless or slightly yellow

growth (5 days)s  Surface folded (5 doye). The veverse was raised,
and yellow bo greenish-block in eolour (7 deys). White acrial mycelium
turned dark gvey. No pigment.

Streak on glucoge avar. As Por nubtrient sgar, exceplt that a small

amount of purple~brown pigment diffused into the sgar (15 days).
Czapek Dox glucose sgar. Poor to moderate, yellow growbth (5 days).
The reverse was yellow or brown (13 days), and sometimes slmost black
(21 days), The sswrial myceliuvm was white (5 days), end then btuvned
grey or black (22 days).

Czapek Dox sucrose sper, Moderabe to good, flat, colourless growth

(3 deys)s VWhite sporves (5 days) which turned grey o black.

(sy
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Organism Nos. 260 conbinued.

Potato plugs Abundant, light brown oir yellow, encrusted growt

My

(3 days). The spores weve white (3 deys) then brown or grey (7 days).
The plug became purple-brown, and then grey. (13 days)e

Butrient broths. Moderate or good growth as the usual flaly

deposit {3 days)s

GlLucose broth. As for nubrient broth, except that some purple~

brown pigwent collected in the medlum.

_ - Lo 0 - .
Growth tenperatures. No growth at 1, 4B° or 55%  Hoderate growth
. 770 - o =0 1 7200 g . \
at 377, Good growth at 167, 25 and 307«  Optimom temperature 257
Qryeen welobioashipsg. Aerobic.
Starch hydrolveis. Stovch was quickly hydrolysed (4 doys).
Dorget's egp mediwa. Ahndant growth, with clavification and

pitting of the mediwe end occasional liquefaction (22 days).

CGelatine. Tiquefaction in about 14 days.
Seruun. Good growth with liquefaction in aboub 1L days.
BaCo B millk. Alkaline pebonisation with o clot (7 days) which

disappeared (22 days),

Indol. ndol was not formad.

ELTIZUETTE L N

Acetylmethylcarbinol. Acetylmethylcarbinol was not formed.
Nitrate medium. The reduction of nitrate to nitrite was veriable;

a wealt response was obtained in gome cultures afber 10 days.

Antipilotics. This orgenism formed an antiblotic which was weelkl
2 .

DT A T RS T DR F

active againsgt Bacillus subbilis, but inactive against B. ceveus,

Klebgiella mneunoniae, Peseulomones fluoresgens, Lgchorichia coli and

Micrococous citreus {Table 14).




Orgenism No. 260 continued.

Tdentificotion. This orgenism resenbled Streptomyces albus as

RICT TR

described by Duche (1934), Baldacci (1939), Berpey (1948) and Baldacci

et ol. (1954), and it was assumed to be of thot species.
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Orpenism Nos 265.

O:L"H‘ -'Si @ 1\3' G! ‘.’fa Gﬁ N.O. l}.32§-o

Moxphol oy, Primery mycaelium. Iong, much branched filaments.

0e5-0: 90« CGram +ve. Nop~acid fast.

Secondayry mycelium. IFexrbile, aewial hyphoe weve
never seen in this organism,  The secondary mycelium was wepresented
only by a few, very shaet, thick threads,

Colonies on nuirient apar. Colourless, opaque, flat or slightly

vaised, well embedded colonies (4 days). Very fincly filamentous edge
(4 days). Some colonies were segmented. No spores, pigments or odours
were produced.

Streak on nutvient agar. Good, colourless growth (4 days). ‘The

surface was folded. The reverse was slightly raised and colourless

(7 days)s No spores or pigments weve produced.

strealk on plucoge agar. Ag for nutrient ages.

Czapek Dox plucose agav. Poor ox moderate, colouriless growth

(20 days).

Czapek Dox sucrose agar. Moderate, colourless growth (20 days).
Potato plug. Very pooi or no growthe

Nutpient broth. Deposit of colourless flakes (4 days).

Glucoae broth. As for nuirient broth.

Growth temperatures. Yo growth at 10, I.;.5° oy 5500 Moderate growth

at 16%  Qood growth at 259, 30° end 379,  Optimum temperature 30°.

Oxyegen relationships. Aerobic.

(6o



Orgenism No. 265 continued.

Starch hydrolysisg. Starch was quickly hydrolysed (4 days).
Dovset's epp medivm, Good grovwbh, but no proteolysis.
Gelatine. Mo liguefaction (30 days).

Sexum. Growbth moderate to very good (7 days). The medium

was clavified (5 days), ond somebimes liquefied (21 days).

B G Py milk, The milk became very alkaline. FPepbonisation was

slow (16 days) emd veriable.

Indol . ndol was not formed.

Acetylmethylearbinol. Acetylmethylearbinol was not formed.
Nitrate medivme. Nitrate was not veduced to nitrite.

Mtibiotics. No antiblotice were formed sgainst the test bacteria.
Tdentification, This ovganism diff'ered fyom Streptomyces ligteri

MeCeTeCo Noy 434 as described by Bvikson (1935) in the following respecis
o) it did not grow on a potato plug, b) it grew well on Dorset's egg mediy
c) inspisseted serum was abbacked and d) it produced an alkeline veaction
in milk.

Streptomyces listerl was included in the S. albus series by Baldaccl

et al. (1954), end Ovganism No. 265 was, in mweny vespects including its
nubrition, like a Sub-group I S. albusg strain (page 60). However, wtil
both species aveé bebter understood 1t appesred to be wisest to assume thai

Organism No. 265 belonged to $. Iisteri species.
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Qrpanism No. 266.

_Qﬂr;{"' 5:3.1 @ W.CaaCo Now 30265

Moxrphology. Primary mycelivm, The filaments were bronched, but

shoxter than in most stveplomycetes. 0.5~LleOp. Gram +ve. Non-
acid fagb.

Secondary mycelium. No fertile hyphse were obsexved,
the secondary mycelium beling vepresented only by a few, shoxrt, thick
threads.

Colonies on nubrient agaxr. Daxk blue=grey or black, opague, flab,

well embedded colonies (3 deys). Inbive edge (7 doys) which did nob
become Tilementous.  Much convoluted and folded suvface with mavked
segmenbation (7 days). No spores were produced. Brown pigment diffuse
into the medium (13 deys). No odour.

Streak on nutrient apar. Moderate, blue-black growih (3 days).

Smooth or folded surface. Raeverse black, bubt not raised (7 days).

Wo aevial mycelium.  Brown pigment diffused into the medium.

Sbreak on glucose agax. As for nubeient agar.

Cropel: Dox glucose agar. Poor growth as tiny, bhlue~black colonies.
Czapek Dox sucrose agaits As for Czapek Dox glucose agaw.

Potato plus. Slow but good, black, convolubed growbh (14 deys).

The plug was not chenged.

Nutrient broth. Very small, blus-grey flakes (4 days).
Glucose broth. Az for nutrient broth.
Growth temperatures. Vo growth at 1°, 45° or 55°%  Slight growth

at 16%  Modevate growth at 250.  Good growth at 30° and 37°.
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Oegeaniem No. 266 continued.
Optimum tempevature 37°.

Oxveen velasvionshing. Aerobic.

Starch hydwolysis. Starch was hydrolysed very slowly or not at all.

Dorsetts epg medium. Good growth with liguefaction in 13 days.

Gelatine. Liquefaction in about 14 days.
Sexun, Good, blue growth end ligquefaction in L4 days.

BaCoPe milk. Neubtral or alkaline peptonisation (5 days).

Indol. Indol was not formed.

Acetyimethylearbinol. Acetylmethylearbinol was not formed.

Nitrote medium, Witrate was not reduced to nitrite, or only in

TRace amounts.

Mvibloblcs. No antibiotics were formed against the test bacleria.
Tdentification. Thig orgenisn was clesrly not that described by

Brikson (1935) as Strepbomyces pelleteri WeCoT.C. Mos 3026. It

resembled Streplomycss violaceonicer as described in Bevgey's manuel

(1948) in the colour of its pigment, and in its proteolytic ability, bub

2

not iln its growth on Czapel Dox agar. Its mubtxition also differed {from

the . violaceoniger investigated by Benedict et al. (1955), in that it
grew very poorly on gynthetic media. Hence this organism was only

tentatively regerded as 3. violaceoniger.
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Qroandsm Nos 267.

Origin. NoCoToCla Wow 4162,

Vorpholomyva Primexy mycelium,. The mycelium consisted of small

brenchad pieces. (0L~0.2 y. Gram +ve. Non-acid fast.
Secondary mycelivm. The secondary mycellium consigbed
of a few, showt, stralsht, sterile hyphae.

Colonles on aubiient agar. Opague, flat ov slishtly raised, well

embedded, colourless colonles (5 days) which developed very slowly into
pink (15 days), end then ved masses (21 days). Intire edge. The
surface was convolubed. Ho aerisl wmycelium, soluble pligment ox odour.

Svrealk oo nubrlent agar. Slow, colourless, gporeless, convoluted

growth which turned pink and red. Reverse pink and £flat (15 days).
No pigment diffused into the medium.

Streak on glucose agar.  As for nubrient ogar.

Czopek Dox glucose ager. Scanty, pink, slow growing, biny colonies

(13 doys).

Czapek Doxm SUCIOSC agex. As Tor Czapek Dox glucose ager.
Pobato plug. The growbh wos yellow (12 days), buwmed brown, and

then black (27 dsys). Some white patches of spores appeared on one

occasion on this mediume. The plug also tuwmed light brown.

Nubpient broth. Colourless or pink flakes. (10 days).
Glucoge broth. As Tor putrient broth, except that a pellicle

sometimes developed.

Growth temperatures. No growsh at 1°, 16° or 5 5°.  CGrowth at 25%,

309, 37° and L5°, Optimum temperature 30°-37°,

/0 I
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Organism Ho. 267 continued.

Oxyren velationships. Aeproblc.
Starch hydrolyeais, Starch was slowly hydrolysed or not at all.
Norset's epo medivm. Slow but ebundant, beowmn, convolubed growth

(10 days)e  The medium was deeply pibted,clarificd (10 days) end

finally liguefied in about 2 months.

Gelotine. Iittle growbhs. No proteolysis.
Serum. Scanty growth. No proteolysis.
Be CoP. milk. Alkaline peptonisation (7 deys). The pil after a

couple of months was sometlmes very alkeline, and al other bimes almost

noubral,

Indol. Tndol was not foymed.

Acetylwethyloarbinol. beetylmethylearbinol was not formed.
Witrate medium. Nitrate was reduced to nitrile in 2 days.
Matiblotics. No antibiolics were Fformed againgt the test bacteris.

P L e e O A= =]

Ldentification. Ovganism No. 267 was clearly the same species as

was igolated by Swith (1928), and described by Brikson (1935) as

Strepbomyees polletiord N.C.T.C. Noo 4162,  Fxcopt for the loss of

the ability to liguely golatine, the organism was ag described in 1935,

and was therefore B5. pellebieri.
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APPENDIX I

Media used in isolating and chervacteriging the orpanisms



Media wvsed in isolabing end charsclerising the orgenisms.

Mediun L. Nutbeient broth.

AR I AR LT IR A

Fresh beef, from which the fat had been womoved as far
as possible, wag minced, and 500 g. added to 1 litre of distilled water,
together with 10 g "Bacto" peptone and 5 g. NaCl. The mixbture was heate
o 679 and held st that temperature for 30 min. It was then Drovght to
the boil and allowed to simmer for 1 his After cooling, the mixture was
filtered thwough surgical lint, end the pil adjusted to 7.6-7.8. The
filtrate was boiled agoin for 30 min., filtered and the pil adjusted to 7.5

. ) » - i3 ¥ 0
The mediwn was then sterilised in the autoclave at 1207 for 20 min.

Medlum 2. Tatrient sgax.

To 1 litre of nubtrient broth (medium 1) was added 15 g.
Davies lMew Zesleand agar, which wag disgolved by heating in the sleamer.
The pll was checked, and 1f necessary, adjusbed to 7.4-7.6.  The medium
was then filtered throvgh paper pulp, and sterilised in the avboclave

at 120° for 20 min.

Medivm Z. Glucose broth.

A concenbrated, sterdle solution of zlucose was aseptically
added to nutrient broth (medium 1) watil the conceniwation of the sugar

was 1% w/v.

Medium b Glucose agsr.

P Y e ]

A concentyated, sterile solution of glucose was aseptlcally
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added to melbed nubrient agor (medium 2) wntil the concentration of

the sugar was 1% w/v.

&%&gﬁﬁo Czapek-Dox agax,
WNalo., 2.0 2.
2
KCL 0.5 2.
I,’fgSOZI_JHZO 0.0L g
FeSOLL., '?HE_O 1.0 g
Dist. waber 1 litre.

Al the salts, except I’éngIE’Ol}_; were dissolved in 500 ml.
of the water; the KQIS!B?O&* was dissolved in the remaining 500 ml. The
solutiong were then mixed, filbtered, and either glucose or sucrose added
to 3% w/v concentration. TFifteen groms of Davies Vew Zealand ager were
added, and dissolved by heating in the ateamer. The medium was then

filtered, and gterilised in the auboclave at 120° for 20 min.

edium 6. Totato plug.

Lhs co B R T ey i e |

A lerpe pobatc was scrubbed and peeled.  Long cylinders
were cut from the potato with a cork borey, and then cut diagonslly.
Hach "slope" so formed, was pul into a wide necked 1 oz. screw cap
bottle, with the butt dowmwards on a pad of absorbent cotiton-wool.

Bach bottle was filled with digtilled vwater, and stood for 30 min. The
water was then pouved off, and the plug sterilised in the autoclave ab

120° for 20 min.

/6
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Mediwn 7. Nubrient ggar shake.

]

Mutrient ager (mediom 2) was melted, cooled to 45°, end

left to 80lidify in an upright position after inoculation.

Mediun 8. Storch agar.

L Gt =]

Soluble starch (AnalaR) was added to melted nutrient
agar {medimim 2) to 1% w/v concentrelion. The medium was sterilised

in the suboclave at 1.20° for 20 min.

Viadium Dorgetls enr medium.

Craa L v ek

The mediuvm was prepaved aseptlcally as far as possible,
using sterilised apporatus and materials. Four eggs were washed,
broken into 25 wml. Alsgtilled water, mixed, and strained through musline
Five mi, amounts were £f11led out into 1 oz. screw cap bottles end
solidified in a sloping position in an inspissator at 75, The slopes
ware sterilised by heabing at epproximobely 90° at the top of the steamer

Por 20 min. on 3 successive days.

Medium 10. Gelatin stab.

Gurr's bactericlogical gelatin was added to nubrient
broth (medium 1) to 154 w/v concentration, amd dissolved by heating in
the stemner. The medium was sberilised by steaming for 30 min., on 3

sugcessive days.

Mczd.mm 1l. Insplgssoted ssrum.

R C AT LRI T

Approximately 3 ml. horse serum was filled oubt asepbically

e
.



into sterile test tubes, and golidified in & sloping position in en
ingpissabor at 75°% The slopes were stexilised by heating at approxi-

mately 909 ot the top of the stesmer for 20 min. on 3 successive days.

odim 12, B 0Py M.
One litre of fresh milk was boiled, cooled, and the
cream removed.  One ml, of 1.6% w/v solubion of bromocresol purplein

500 v/v ethanol was added, and the medium storilised in the suboclave

b 1.20° for 20 mine

Medivm 13. Feptone wrater.
Pen go "Bacto" peptone and 5 g. NalCl were dissolved in
1 litre Aistilled water, and the pH adjusted Lo T.5-7.0. The medivm

was heated in the steamer for 30 min., cooled, filtered and sterilised

in the auvtoclave at 1.20° for 20 min.

Glucose phosphate peptone watex.

s

"Bacto" pepbone 5 g.
K HPO) (onhydr. ) 5 g
Glucose 5 g
Dist. water 1 1itre.

The ingiedients were disselved in the wabter, and the ol adjusted o
757, 6. The medium wag then steamed for 30 min. , filtered when cool,

and gherilised in the sutoclave at 1150 for 25 min.

1q



Heddum 15, Hitrate broth.

Lab. Iemeo (Oxoid) 3 ge

" Boactd papbone 5 G

» .
KNO% (4noleR) 1 pe
Digtilled water 1 litwe.

0 1

The ingredients were dilssolved dn the water, and the pll adjusted %o
Tel4=Toba The medium wag then steamed for 30 wmin., filtered when cool,

and sherilised in the auwboclave at 120° for 20 min.

L

® 4 0.0% w/v agueous solubion should not glve a positive

nitrite yosctlon whon tested by the Grless-Tlogvay method.

Medium 106, Caxbohydrate peptonc water.
TR T 2 TR AN Fette - R EEATY winy

The required amount of carbohydrate and 1 ml. of LeG% w/v
solution of bromocresol puxple in 50% v/v ethonol was added to 1L litre
of poptone water (medium 13). The medium was stevilised by filtration

thwoush o Pord £3 pad in o glass fltew. The earbohylrateswore added

f, &

to give the following final concentratlionsi-
avebinose C. 54 w/v moltose 100 wifv
fructose .05 © SUCTOBS Qi "
gelactose 1.07 " glycerol 1.5 ¢
rlucose l.g5 v manndtol Telyi !
mONNOSS Q5% ™ inositol 0o 2571
lactose 1.5

The carhbohydretes were the purest evailable, and werce obtained from

variovs supplicis.




Medium 17. Gonn's mediwe (Comn 1921).

ET RN LS A1 LLEY

Glycerol 10 nil
Sodivm asparaglinate 1 g,

RHEQ,, {anhyte. ) 1g.

Davies "ew Zealand agaw 15 g
Dist. waber L litre

The 152111‘01 , agporagine and glycerol vere dissolved in the water, ond
the pH adjusted to 7.0=7,2, The agar was added, dissolved by heating
in the steamer and filtered.  The mediuam was storilised in the

awtoclave atb 120% for 20 mine

Vediun 18. Bonnebl's mediun (Jonos 194

B U U ) =

Dif'co yeast extract 1.0 go

Lab-lemco beefl extract 1.0 ga

jn
N
»
L&

Ga
-

Hydwolysed casely

Glucose 10.0 g
Dist, watber 1 litve.
The ingredients were dissolved in the woter, the pH adjusted to

4

Te 3 andl £1lltered. The mediuvm wos gterilised in the ouboclave ab

120 forr 20 mine.

Feddwn 19, Cobalt medium. (Ifickey & Uregner 1952).

Trenty mge Coll,. G0 was added o 1 Litre of Bemmebtts

K -

- - . - > L] O
mediun {(medim 18), and the mediun sterilised in the eutoclave at 120

for 20 min.
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