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To glarify the nature and relationships of the important antibiotic-
producing Actinomycetes, taxonomic studies were made on a group of 53
streptomycete straing exhibiting the following basic characteristics:
Spore chains that are straight to flexuous; sporulating aerial mycelium
colored in tints and shades of yellowish gray (Olive-Buff, Ridgway);
inability to darken peptone-iron agar or to form brown or biack diffusible
pigments; and ability to utilize p-xylose but not -arabinose or L-rhamnose
in a chemically defined agar medium. Strains studied include some with
the epithet labels, “brasiliensis’’ “griseus,”” “streplomycini,” and “vi-
nacens” and some that reputedly produce keratinase, vitamin By, or one
or more of the following antibioties: astinorsycin complex, ecycloheximide,
rhodomycetin, streptocin, and streptomyein, The basic characteristics
of each strain were verified and the following additional characteristics
determined: optimal temperature range; proteolytic activity, by six
different methods; diastatic activity, by two methods; abilities to reduce
nitrate; spore-wall ornamentation, by electron micrography; abilities to
utilize six additional carbon compounds; sensitivity to lysozyme, by two
methods; abilities to decompese T-tyrosine, xanthine, and hypoxauthine;
and antibiotic activities. The results suggest that these strains comprise
several subspecies of Strepfomyces griseus {Krainsky} Waksman and
Henrieil,

This taxonemic study {classification and naming) was made as part of
the investigations being conducted at the Northern Regional Research
Laboratory (NRRL}, Peorig, Ill,, on industrial utilization of cereal grains.
The Northern Laborafory is headquarters for the Northern Utilization
Research and Development Division, The ARS Culture Collection,
meintained there, is one of the world’s largest and most complete collec-
tions of industrially important baeteria, molds, actinomycetes, and yeasts.
The Collection serves as & source of authentic miero-organisms for the
fermentative production of organic acids, vitaniins, antibiotics, enzymes,
feeds, beverages, and foods.

Acknowledgment is made to H. D. Tresner and M. €. Davies, Micro-
biology Department, Biochemical Research Section, Lederle Laboratories,
Pearl River, N.Y., for supplying most of the electron microscope data;
and te donors of some of the strains used: Bristol Laboratories, Syracuse
N.Y., for cultures of streptomyein-resistant bacteria, and Upjohn Co,,
Kalamazoo, Mieh., for 8 sample of rhodemycetin, This work was
supported in part by a grant from the Subconunittee on Taxonomy of
the Actinomycetes of the Committee on Taxonomy of the American
Soclety for Microbiology.

Trade names are used in this publication solely for the purpose of
providing specific information. Mention of & commercizl preduct or
company does not constitute a guarantee or warranty of the product by
the U.S. Department of Agrieulbure or an endorsement by the Depart-
ment over other producis not mentioned.
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STREPTOMYCES GRISEUS

IKRAINSKY} WAKSMAN AND HENRIC|®
A Texonomic Study cf Some Strains

By A.J. Lvoxns, Jr, and T. G. PrIDHAN,
Northern Utilization Reosearch and Development Division,
Agricullure! Research Service

iNTRODUCTION

A large number of streptomycetes in the ARS Culture Collection have
been divided into groups based on morphology; color of aerial mycelium;
melaninlike chromogenicity (ability to form brown, deep brown, or black
diffusible pigments); and ability to utilize p-xylose, v-arabinose, and
L-rhamnose.  Particular groups have fhe additional characteristic
that they contain strains whieh repufedly produce different antibiotics.
One group was selected for further taxonomic study in an effort to charae-
terize the strains more precisely and to determine the relationship
between the different antibiotic-producing strasins. The group selected
contains strains that have flexuous spore chains; that form pale-yellow
to grayish-yellow [ISCC-NBS Nos. 89 and 90 (9) ! Olive-Buff (22)] serial
mycelium; that are nonchromogenic; and that have the ability to utilize
p-xylose but not L-arabinose or L-rhamnose.

All the strains of Streplomyces griseus (Krainsky) Waksman and
Heunrici (2, 10} in the ARS Collection that have been reported to produce
streptomyein fell into the group selected. The group also includes a few
straing of S. griseus reported to produce cycloheximide, rhodomycetin,
and streptoein and strains with the specific epithets ‘‘brasiliensis,”
“streptomycing,” and “sinacens,” as well as some strains isolated at the
Northern Division.

This work further demonstrates the close relationships of these strains.
Classical taxonomie procedures allow the differentiation of these strains
and the 19135 culture of Sireplomyces griseus Waksman and Henrici. The
strains studied were separated into several categories (subspecies).

MATERIALS AND METHODS

The taxonomic procedures used with the strains studied (as listed
below} are either cited or described, The stock cultures and inocula for
the various strains were prepared as outlined by Lyons and Pridham (74).
The designations, specific epithets, and histories of the streptomycete
strains selected from the ARS Culture Collection at the Northern Regional
Research Laboratory (NRRL) are given in table 1.

! Ttalic numbers in parentheses refer to Literature Cited, p. 29.
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Tasue L.—Designations, specific epithels, and histortes of selected
streplomyecete strains from the ARS Culture Collection

Diesignation
used

Hpecitic epithet

Antibiotic(s) or
ather metabclic
activity

History of strains
received by NRRL

Baidseei_.._.__.

ACTU 601._____

1PV 423~ ...

NCIB 8225_ ____

NCIB 9901 .___

brasiliensis____. -

griseus. .. ___._

grisens_ .o ...

griseus_ .. ___.__

grisels. . _.._

griseus_ ... __

griseus . ...

Bes Inotnote at end of toble.

Q]

glreptomyein._ . __.._

9]

kerntinase_ _____._

O

"

sfreptamyein
‘phage resisiant

Received 1854 from E.
Baldacct, Instituto
Patologia Vegetale,
Uriversita di Milano,
Ttaly {IPV}). Received
by Baldacei from
Instituto Superiore
di Santa, Rome, Italy,
as an isoiate from
human disease,

Received 1655 from H.
Sakai, Szkaguchi
Laboratories,
Department of Agri-
cultural Chemistry,
Facuity of Agriculture,
Tokyo University
{ACTU) as No. 601,

Isolated 1850 at NRREL,
from Japanese soil.

Received 1961 from R.
Gordon, Institute of
Applied Microbiclogy,
Hutgers University
(IMRU) 29 3475 from
U.5. Patent 2,988 488
{23) 6/13/61.

Received 1959 from E.
Baldacei I[PV, as
stzain 17 for
International Common
Experiment (12}, ex
IPV 423x; ex ATCC
{American Type
Culture Collection,
Strain No. unknown.}

Received 1958 from
National Collection
of Industrial Bacteria
{NCIB} rs NCIEB 8225,
British Drug House
Ltd., 1950.

Recetved 1958 from NCIB
as NCIB 9001, Pamela
M. Boyd, MRC Anti-
biotics Research
Station, Clevedon
{No. R25), 1952,
Actinophage resistant
and streptomyein
producer.
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TABLE 1.—Destgnalions, specific epithels, and hisisries of selected
streptomycete strains from the ARS Cullure Collection—Continued

Designation
used

Specific epithet

Aatibiotie(s) or
other metabolig
activity

History of strains
received by NRRL

NCIB 9004

SAW 4-2

BAW 4-3

SAW 44

griseus

griseus

grizeus

grigeus

griseus

griseus

Bea [ootnote at end of table,

Bioo oo __

O

streptomycin
cycloheximide

streptomycin
streptocin

streptomycin

streptomycin

streptomycin

streptomyein

O

streptomycin

Received 1958 from NCIB
as NCIB 3004,
M. Lumb, Boots
Pure Drug Co., Ltd.
(No. F.D. 186), 1952,
Production of vitamin

Bl!.

Isplated 1950 at NRRL
from Liberian soil.

Received 1957 from ATCC
as ATCC 10137,
ATCC received it
from 5. A. Waksman
(SAW) as strain 4,
derived from strain
3463, the original
streptornycin-producing
strain with ortginal
strain No. 18-186.

Received 1961 from R.
Gordon as SBAW 3496,
same a3 Waksman 4,

a colony iselate of
SAW 3463 (18-16),

Received 1958 from
Torry Research
Station, Aberdeen,
as NCIB 8506;
Waksman 4; ATCC
10137,

Received 1950 fram J. C.
Sylvester, Abbott
Laboretories, as
Abbott 2 2k-13,
derived from 8. griseus,
Waksman 4.,

Received 1950 from J. C.
Bylvester, as Abbott 3
81-18 as derived from
3. griseus, Waksman 4,

Recerved 1950 from J. C.
Sylvester rs Abbott 5
m-365 as derived from
8. grisens, Waksmar 4.

Reacerved 1958 from NCIB
as NCIB 8232 {mutant
from Waksman’s strain
4)., M. Lumb, Boots
FPure Drug Co., Ltd,
{(No. F.D, 40), 1951,

Received 1957 from ATCC
as ATCC 11429 as
SAW 0 (3463}, Rutgers
University, 1953.
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TasLg 1.—Destgnations, spectfic epithels, and histories of selected
sireplomyeceie sireins from the ARS Culture Cotlection—Continued

Designation
nged

Specific epithet

Antibiotic(s) or
other metabolie
activity

History of strains
received by NRRL

SL2060.____._.

NIHJ BM-1.___

NIHJ SM-2____

NIHJ 8N-J-1___

NIBJ 8N-J-2___

griseds. ... ..

Grisens. ooooooo.

griseds_ o __.__

griseus. ...

griseus
pink variani

grisens___._____

Griseus ver.
rhodochrous

griseus var.
rhodochrous

griseus var,
rhodechrous

griseus var.
rhodochrous

Ben footnota i end of table.

streptomyein
cycloheximide

)

streptomycin__.___

streptomyein.___._

rhodomycetin_ .. __

streptomycin._____

"

anti-Gram-positive
antibiotic
produced (not
streptomyein)

anti-Gram-positive
antibiotic {not
streptomyein)

streptomyein._.___

streptomyein.__.__

Received 1951 from D,
Gottlieh, aa Gottlieb
A~2 from Waksman 9.

Tteceived 1958 from NGIB
as NCIB 8237 (mutant
frore Waksmar’s strain
§), M. Lumb, Boots
Pure Drug Co., Ltd.
{No. F.D. 124), 1951.

Received 1930 from S, A.
Waksman g8 SAW
3464; D-1 iaplated in
1944 {rom the throst
of & chicken as original
strepiomycin produeer.

Received 1950 from 8. A.
Waksman as SAW
3481, & freshly isolated
streptomycin-produsing
culture,

Received 1950 from 8. A.
Wakaman as SAW
3408, a natural veriant
of 8. griseus.

Received 1954 from F.
Caryajal, Schenley
Laboratories, sa SL
842, capable of
produciag 200 to 500
micrograms of
streptomyc:n per
milliliter,

Received 1946 from G. W.
Ward, Schenley
Labozatories, as SL

2060.

Received 1962 from Y.
Okami, National
Institute of Health,
Tokye, Japan (N IH.I),
s SM-1

Received 1962 from Y.
Qkami, NTHJ, as SM-2,

Received 1962 from Y.
Qkemi, N1HJ, as
SN-1-J.

Received 1855 from T.
Yemaguchi, University
of Tokyo, Japaz, whe
received 1t. from Y
Okami, NTHJ, 28
8N--1-J.
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TaBLE 1.—Designalions, specific epithels, and histories of selecied
streptomyceete strains from the ARS Culture Collection—Continued

Designation Antibiotic(s) or History of strains
used Specific epithet other metabolic received by NRRL
activity

NIHJ SN-2 (2)_.| griseus var, streptomyein Received 1962 from Y.
rhoguchrous Okami, NIHJ, as
SN-2 (2).

NIHJF SN-14-1_.| griseus var. streptomyein Received 1962 from Y,

rhodochrous Okami, NIHJ, as

SN-14,

NTHJ 8N-14-2__| griseus var. streptomyein__ . __ Received 1055 from

rhodochrous K. Baito, Institute of

Fermentation (IFO),

Qsaks, Japan, as

IFO 3358, who

received it from

Y. Okami, NIHJ, as

8N-14,

Litly 1. _________ streptomycin Received 1950 from J, M.

McGuire, Eli Lilly &

Co., a8 Lilly soil

isolate, not necessarily

S. griseus but believed

to produce

streptomyein.
streptomycin Da.
streptomyein_____ . Do.
streptomyein.____ - Do.

actinomyein Received 19535 from S, A,
complex Waksman as SAW

3479, isolated in the

Waksman Laboratory

in 1948 and belenging

to the S. coelicolor
group (35). Alsc

listed as 34-1

{antagonist) {personal

communication to T, G,

Pridham, 2/6/62).

séreptomycing___ . Received 1962 from V., D.
Kuznetzov, Antibiotics
Research Institute
{ARI), USSR, Moscow,
a3 strain 1780, &
Krasil'nikov culbure.

Received 1953 from
Nagea Institute {NI),
Japan, as NT 9003,
Actinomyces 8-20 of
K. Saito.

Received 1950 from C. C.
Carpenter, Syracuse
University Research
Foundation, labeled
as "coiled verticilate.”

Received 1960 from K.
Crook, Bristol
Laboratories, Sﬁ-acuse,
N.Y., asg strain B,

See footniote ot end of table,
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TasLe 1.—Designations, specific epithels, and hislories of selected
streptomycete strains from the ARS Cullure Collestion—Continued

Iesignation Antibiotic(s) or History of strains
used Specific epithet other metabolie received by NRRL
activity

S-62_ - (1} Isolated 1953 st NRRL
from San Salvador
soil sample.

Q] Isolated 19533 at NRERL
from Illinois soil
sample.

Tsolated sbout 1957 at
NRRIL as B-&-6.

Isolnted about 1957 at
NRRL as B-27-1,

Isolated about 1957 at
NRRL from Australiszn
soil sample.

Isolated about 1957 at
NRRL from South
African soil sample.

Isclated ahout 1957 at
NRRL as F-3.

Taolated 1958 at NERL
from California soil

sample.
" Isolated 1959 at NRRL
from Alaska soil sample.
{1} Isclated 1959 at NRR
from Illinois soit
sampie,
Y] Do.
(Y Do.
) De.

1T date there has been nothing reported about antibiotic activity or other
metaholic activity that might or might not be preseat.

Proteolytic Activity

The proteolytic activiby of each strain was determined by six methods:
(1) cultivation in 15 percent plain gelatin {Difeo) in tubes in which the
inoculura (0.2 ml. of a 48-hour trypione-yeast extract (TYE) broth
culture) was placed on the surface of the substratum. No stab was made.
Cultures were incubated at 28° to 30° C. for 14 days. On the 14th day,
each culture was refrigerated at 3° to 5° for 1 hour and ther sxamined for
liquefaction and color of diffusible pigment; (2} cultivation in 15 percent
plain gelatin and 1 percent soluble starch (Difeo) with inoculation,
incubation, and reading as in the first method,; (3) the Waksman 15
percent plain gelatin-dish method, with incubsation at 18° to 20° {32); (4)
the Waksman 15 percent plain gelatin and 1 percent starch-dish method,
with incubation at 18° to 20° {32); (5) the Gordon and Smith casein-dish
method, with incubation at 28° to 30° (6); and (6) the Gordon and Mihm
gelatin-hydrolysis method, with incubation at 28° to 30° (4). Suitable
uninoculated control media were used for comparisons.
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All cultures were observed at 14 days; and the degree of liguefaction or
hydrolysis of gelatin, degree of clearing of casein agar, and nature of
dilfusible pigments were recorded.

Diastatic Activity

Two methods were used to detect diastatic aetivity of each sérain:
(1) the method outlined in Lyons and Pridham {{4); and {2} the Gordon
and Mihm storch-hydrolysis method modified by use of soluble starch
E.Lgifco) and substitution of Lugol's iodine solution for 95-percent ethanol
4).

Reduction of Nitrates

T'he methods are hased on procedures outlined by the Subcommitice on
the Taxonomy of the Actinomycetes (26} and by the Committee on
Bactericlogical Technie (). Cultures were tested asnd observed for
reduction of nitrate after 14 days’ growth o€ 28° to 30° (.

Spore Morphology and Nature of Spere Surface

Eleetron micrographs of most of the strains were obtained from
Tresner and others. Eleetron micrographs of the rest of the strains were
obtanined ot the Northern Division, also by the procedure of Tresner and
others {29). VFormvar-coated grids were tmpressed on the aerial myeelia
of ld-day inorganic salts-starch {871} agar dish cultores.

Morphology of Sporophores and Spore Chains

Morphological studies were made as oublined in reports by Iesseltine
and others {7}, Lyons and Pridham (74}, and Pridham and others (19),
except that nutrient agar was not uscd.

Coler

Methods for determination of colors of sporulating aerial mycelium,
reverses of cultures, and diffusible pigments are cited and explained in
Lyons and Pridham (/4). In addition to these, chservations were noted
with potato slants and slices. Potato stants were prepared and inoculated
as cutlined previously (74). Also, pecled white potatoes were cut into
slices and sosked in distilled water at 3° to 5° C. for 24 hours, The
slices were drained, placed in petri dishes, and sterilized for 15 to 20
minutes at 121°,  After sterilization, a small nmount of sterihized distitled
water was added to cach dish to prevent the potato slice from drying
cut. Each slant and slice were inoculated as outlined (74). After 14
days’ incubation at 28° to 30°, each preparation was examined and eolors
of nerial nrycelium, vegetative growth, and potato were recorded.

Colors wens initially keyed out according to Ridgwsy {22). Later the
Ridpway colcr tabs were mntched to their nearest cquivalent in the
“Color Harmuny Manual,” 4th edition (27). Colors of acrinl myeelia
were keyed oub to the appropriate color series in the system of Pridham
ang others (/9! and in the one proposed by Tresuner (28). Vinally, all
trivial nemes of coler tabs selected were converted to their ISCC-NBS
cquivalents (G}.
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Melaninlike Chromogenicity

The ability of each strain to produce brown, deep brown, or black
diffusible pigments was determined by obhservation of TYX broth cul-
tures, gelatin cultures, and potato cultures after appropriate incubation
periods.

Darkening of Peptone-lron Agar

The method for this determination is cifed and outlined by Lyons and
Pridbam (74).

Utilization of Carbon Sources for Growth

The method for determining carbon utilization patterns of ecach of
the strains is also outlined by Lyons and Pridham {14). Carbon sources
used were bp-xylose, r-arabinose, v-rhamnose, p-glucose, w-fructose,
p-galactose, raffinose, p-mannitol; #-inositol, and salicin (all Difeo prod-
ucts}. Ability to utilize suerose was determined by cultivating each
strain on Czapek’s solution (CZ) agar for 14 days at 28° to 30° C.

Sensitivity to Lysozyme

Two methods were used to determine the sensitivity of the strains to
lysozyme; (1) the method deseribed by Gordon and Mihm (5) and (2)
a method based on that of Smwjelis aud Hartsell (25}, In the second
method 14 mi. of TYZE broth was inoculated with 2 loopfuls of spores
from 14-day-old tomato pastc-oatmesl (TTO) agar or yeast extract
(YE) agar slant cultures and incubated for 48 hours at 28° to 30° C. on
a rotary shaker. Each culture was centrifuged, the supernatant was
discarded, and the cells were adjusted to give a reading of about 10 percent
light transmission with a Lumetron colorimeter (red filter) by addition of
glycerol broth {5). Lysozyme (Nutritional Biochemicals Co., Cleveland,
Ohio} solution was prepared nccording to directions given in Gordon
and Mihm (&), except that 10 ml. was added to 90 ml. of glyeerol broth.
TFive milliliters of this mixture was added to 5 ml. of the adjusted cell
suspension and changes in light transmission were noted at 20-minute
intervals for 2 hours. The lysozyme-cell suspensions were incubated at
28° to 30° during the tests. A few additional trials were made at incu-
bation temperatures of 37° and 45°. Cells of Micrococcus lysodeikticus
Fleming NRRL B-287 were used as a control.

Decompaosition of L-Tyrosine

The method outlined by Gordon and Smith (6) was used to determine
whether any of the strains could decompose 1-tyrosine. Cultures were
observed after 14 days’ ineubation at 28° to 30° C. for clearing of the
substrate as an indication of decomposition.

Decomposition of Xanthine

The method outlined by Gordon and Mihm {4) was used to determine
whether any of the strains could decompose xanthine. Cultures were
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observed after 14 days’ incubabion at 28° to 30° C. for clearing of the
substrate as an indication of decomposition.

Decomposition of Hypoxanthine

The method outlined by Gordon and Mihm (5) was used to defermine
whether any of the strains could decompose hypoxanthine. Cultures
were observed after 14 days’ incubation at 28° to 30° C. for clearing of
the substrate as an indication of decomposition,

Production of Antibiotic Factors

The antibiotic-producing capacity of each strain was determined by
the Waksman agar streak method, by cross-antagonism tests, and by
paper-disk assays and paper-strip chromatography of shaken-flask and
static fermentation filtraies and mycelial extracts.

The medium used for the Waksman agar streak and cross-antagonism
tests was a medium (SCG) based on medium A—$h of Warren and others
(38) as outlined in Lyons and Pridham (74) with 1.5 percent agar added.
The primary streaks were incubated for 7 days at 28° to 30° C., and at
that time the bacteria, yeast, molds, and streptomycetes were streaked
at right angles to the growth. The dishes were held an additional 3 to &
days, and the zones of inhibition were recorded. Test strains used for
agar streak determinations were Bacillus subiilis Cohn  emend.
Prasmowski NRRL B-765; Escherichia coli (Migula) Castellani and
Chalmers NRRL B-766, E. coli NRRL B-2748 {streptomyein resistant),
E. coli NRRL B-2422 (streptomyecin resistant}, £. colt NRRL B-1079
(streptomycin dependent); Staphylococcus aureus Rosenmbach NRRL
B-313, S. aureus NRRL B-2747 (streptomycin resistant); 8ycobaclerium
sp. NRRL B-892; Candide albicans Robin (Berkh.) NRRL Y-477;
Mucor ramannianus Moel. NRRL 1839; and 2 strain of S, aureus NRRL
B-313, whose resistance against rhodomycetin was developed for use in
this study.

Shaken-fask fermentaiions were run in five media for each strain.
These media were (1) the A-2h (SCG) broth of Warren and others (38)
for 4 days; (2) the Pridham and Gottlieb chemically defined basal broth
{18) containing 1 percent p-glucose and 0.1 percent yeast extract (Difco)
for 4 days; (3) the cycloheximide production medium No. 26 of Whiffen
(39) for -+ days; (4) the rhodomyeetin production medium of Shockman
and Waksman (24) for 6 days; and (5) the streptomycin production me-
dium No. 25 of Whiffen (39) for 6 days. The rhodomyeetin production
medium also was used in a static fermentation in order to detect strep-
tocin production. This medium was arbitrarily selected because the
medium used for the production of streptocin was not clearly defined in
the two papers by Waksman and associates (36) and Kupferberg and
cowarkers (17},

Shaken-flask media were inoculated with 5 pereent (v/v) of 48-hour
TYE broth cultures of the streptomycetes. Seeded flasks were incubated
on a Gump rotary shaker (except thase for streptocin production which
were held under static conditions) operation af 200 r.p.m. at 28° to 30°
(. On the fourth and sixth days, the mycelium was separated from the
liquor by fltration and centrifugation. The mycelium was washed with
distilled water and separated nto two portions. Methanol (10 ml.
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of an 80-percent methanol solution) was added to one portion, and the
mixture was ground in a tissue grinder and fitered through Whatman
No. 1 filter paper. This materigl comprised the methanol extract.
Ethyl ether (10 ml. of anhydrous ether) was added to the second portion,
and the mixture was shaken for 30 seconds. The ether was decanted.
[Five milliliters of distilled water was added to the niycelium and the
mixture was ground in a tissue grinder. Two more ether extractions
(10 ml. each with 30-second shaking) were made of the myeelium and the
three ether extracts were combined. After the ether was allowed to
evaporate, the residue was taken up in 10 ml. of 93-percent ethanol to
provide the ether-ethanol extracts.

The culture filtrates, methanol extracts, and ether-ethanol extracts
were assayed against six test organisms by the paper-disk assay method.
The test orgamsms for the paper-disk assays were B. subtifis NRRL
B-765, K. coli NRRL B-7606, I ycobaclerium sp. NRRL B-602, Sarcina
lufea NRRL B-1018, . albicans NRRIL Y477, and M. ramannianus
NRRI: 1839, These organisms were grown in M-7 agar (20) except for
M. ramannienus which was grown in Mucor synthetic agar (MSA), a
chemically defined medium (26).

Paper-strip chromatography studies were carried out on all filtrates,
methanol extracts, and ether-ethanol extracts with three solvent systems.
These were water-saturated butanol, Lutancl-saturated water, and 10
percent NHL,CL  All paper strips werc spotted with 1504l. of sample and
sealed in & glass chromatography jar. After equilibration for 1 hour,
solvents were added to the jars and the strips developed by des:zending
chromatography. The strips were removed from the jars when the
solvent fronts approached 1 inch from the bottom of the strips. The
fronts were marked, and the strips were inverted and allowed to air-dry
for 1 hour. At that time the stiips were laid on seeded agar trays lor 1
hour in order to permit diffusion of the active factors into the agar.
Test organisms used were B, subtitis NRRL B-765 and Saccharomnyces
pastorianus Hansen NRRL Y-139. Trays were then incubated at 28°
to 30° C. until growth was sufficient to locate zones of antibiotic activity.
Control strips were used in all jars.

RESULTS

General Characteristics

All the strains studied exhibited the general characteristics of the
genus Streptomyees.  All grew well acrobically, were of the same size
(mycelium about 0.5u to 1.0x in diameter), and formed spores in chains
with more than three spores per chain,

Optimal Temperature Range

All the strains were able to grow well at temperatures of 18°, 25°, and
28° C. AL 37° growth was limited and a few strains were unable to grow.
Noue of the strains grew at 45° or 53°  Strain “Baldacei,” which was
received with the specific epithet “brasilicnsts’ and reportediy isolated
from human disease, requived the same temperatures for growth as the
rest of the straing that were isolated from soil.
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Proteclytic Activity

All the strains studied were proteolytic when tested by the six methods
used. Based on these and other experiments, the methods most suitable
were the Waksman 15 percent gelatin-dish method and the Gordon and
Smith casein-disk method. The Waksman 15 percent gelatin-dish
gives well-defined zones of liquefaction, and there is no need to refrigerate
cultures before they are read. With the cultures studied, the zone
diameters ranged from 18 to 41 mm. The average zone diameter was
33 mm. The Gordon and 8mith casein-dish method gives rapid, well-
defined clearing, and the medium is simple to prepare. Also, the casein-
dish method far excels methods based on whole milk and litmus milk
as liquid culture media for determination of action on casein. Zone
widths with the casein-dish method were 23 mm. with some of the strains.
Some cultures completely cleared the medium. The average width of
cleared zones was 30 mm.

Diastatic Activity

All the strains were diastatic. The ST agar cultures, when flooded
with Lugol's lodine solution, gave no indication that any starch was
left in the agar, according to the method used {14).

Results were difficult to inferpret when the Gordon and Mihm
starch-agar cultures were flooded with 95-percent ethanol according to
direetions. With Difco soluble starch and 93-percent ethanol, no detect-
able zone limits eould be seen. Control dishes of the starch agar became
only faintly cloudy when flooded with 93-pereent ethanol. Duplicate
cultures, when flooded with Lugol’s iodine, gave readily discernible zone
Iimits and control dishes of the agar became deep blue. These results
may represent differences in reaction to 95-percent ethanol between the
potato starch used by Gordon and Mihm and the Difco seluble starch.
With Lugoel’s iodine reagent, the widths of the decolorized zones on the
Gordon and Mihm media cultures ranged from 20 mn. or wider. Soine

strains gave activitles that represented complete hydrolysis of the
starch.

Nitrate Reduction

Table 2 shows that neither the chemically defined broth nor the
organic-based broth gave uniform results. Sfrains from the same origin
(e.g., SAW 4-1 and 3AW 4-2) gave different results. In a number of
instances the same strain allowed detection of nitrite in one tube of a pair
but not in the other {(e.g., SAW 3495 in the organic-based broth}. Ob-
viously nitrate reduction tests as used with streptomycetes require
modification and improvement.

Nature of Spore Surface

Electron micrographs of each of the strains listed show that the
organisms all have smooth-walled spores. The morphology of the spore
surfaces was quite uniform. The spores ure ellipsoidal and measure
approximately 0.52 X 1.0p (fig. 1).
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TapLe 2.—Reduction of nilraie by sirains of sireptomyceles

Chemically Organic-based broth
] ] defined broth
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DA

Cpimgy, e . D

Trarkr 1. Marphology of spores and nature of surfaces of some strains of Streplo-
mgpees griseas: 4, Uriginal 1915 cullare (IMBRLU #3261 B, SAW 4-1 (IMRU
B4, orginal steepromyein-producing cultave; ), SAW H‘).J, rhodomycetin-
procucing euliure; L, ARLDITSH ir!muuuﬁu st ;Jtamr;ruu EKlectron microscopy

of figures # andd ¢ h\ L 12 Uresnee angd M, O Davies,  Magnifiention, shoub
606X Lo 5,000,

Morphology of Spore Chains

All stroins listed were relegated to section Rectus-Flexibilis (RI1Y) (/8)
alfor in sita observations of potri-dish eultures, At low magnification,
the chaims of spores appear as tufls with relatively little branching, The
spore chains are genevally flexuous and rarely straight, as shown in
figure 2,

Colors of Aerial and Vegetative Mycelium

All the cultures had aeriai mycelivm colored in tints and shades of
yeltow {tahle 3),

fFoataale w lable 33
Lnymbiols used: —, nitrates not reduced; (-1, slight pink color produced on addition
of reagents; {—, p"ll{' redd color produced on addition of reagents; -, deep red coler
produced on addition of res wents,  Cultivated on orgunie-based and chemically

definod nedin (14 days ot 257 w0 307 O, a-dimethyinaphylamine, sulfanilic acid, zad
Zn dust rengents),
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Fioure 2.—Micrnmorphology of a representative steain (NL 0003) of Streptomyces
griseus,  Culture grown for 14 days st 25* 10 30° C. on inorganic salts-starch
REar,

Tints and shades of yellowish pink and orange yellow are often associ-
ated with the characteristic yellow colors exhibited by the aevial myeelia
ol the cultures studicd. This characteristic appears true not ouly for
those cultures whose vegetative myeelium is yellow to yellowish brown
but also for those cultures whose vegetative mycelium is red to purple.
The yellowish pink amnd orange yellow are more pronounced with those
cultures with red to purple vegetative mycelium.  This dual color
phenemencn has been noted with especial frequency when strains are
cuitured on TPO agar. The phenomenon suggests that the cultures can
he subdivided into two color eategories hased on the color of their acerial
myecelium.  On the one hand, when the cultures were compared side by
sitde, the volor differences were not suflicient to allow objective separation
into two categories,  On the other hand, when the cultures were compared
on the basis of the color of their vegetative mycelium, it was relatively
simple to organize strains into two categories {yellow to yellowish hrown
and red to purple), as shown in table 4.

Melaninlike Chromogenicity

None of the straing produced brown, deep brown, or black diffusible
pigments with TY[4 broth, gelatin tubes, gelatin dishes, potato slants, or
potato slices, Strains with red to purple reverses, however, produced
diffusible pigments in pink or violet. Beeause no other diffusible pigments
of importance were noted, i is concluded that all strains studied are
nenchremogenie within the limits of our delinition.
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TaBLE 3.—Colors of aerial mycelium of strains grown for
14 days at 28° {0 30° C.1

Tresner I8CC- I8CC-
Ridgway |Ridgway| CHM Tresner | celor | Pridham MBS NBS
name and | color |nameand |nameand| wheel color color color
plate 2 group desig- desip- series series | names of | names of
nation ® | pation 4 (28} (19) Ridgway | CHM
tabs 3 tabs §

Olive-Bufi, Biscuit  jParch- [Yellow (Olive- Pale Yel- [Grayish
XL Zec ment buff low 89 Yellow

_ 114db 90

Pale Olive- Ivory 2dbjlvory 2diYellow Olive- Pale Yel- |Pale Yel-
Bufi, XL buff low 8% | low 89

Grayish

Yellow

90

Deep Olive- Bambee  |None Yellow jOlive- Grayish  |Grayish
Buff, XL 2ge buff Yellow Yellow
20 90
Tilleul- Sand 3ch [Bisgque  |Red Red or Pale Yel- [{No
Buff, XL 3ec olive- lowish name)
buff Pink 31
Pale ! Penr] 3ba [Pear] pinklRed Red or |Pale Yellowish
Pinkish 3en olive- Orange | White

Buil, buff Yellow | 42
XXIX 73

! The color of the aerial mycelium of ench of the steains studied is represented by
one or more of the color names listed, Colors determined from examination of ST
agar dish cultures.

z Ridgway color designations represeniing the closest approximation that could
be made.

3 Color name and designation from Color Harmony Manual (CHM) (27), represent-
ing the closest approximation that could be made for the Ridgway tabs.

1 The closest E!-l;\-l color name and designation that eould be made by using the
color Labs sugpested by H. D. Tresner (28] at the workshop on streptumycetes held
during the Bighth [nternationsl Congress of Microbiology nt Mentreal, Canada,
August 18, 1062 (17).

5The Inter-Saciety Color Council-National Bureau of Standsrds {ISCC-NBS)
Circulnr 533 (8).

Darkening of Peptone-lron Agar

None of the strains exhibited a bluish-black coloration of the sub-
stratum when grown on peptoue-iron agar, There has been some question
whether this test actually detects hydrogen sulfide for which it was
devised (13); however, the results appear to correlate with those for the
usual tests for melaninlike chromogenicity.

Utilization of Carbon Compounds

Al the steains exhibited a similar earbon utilization pattern (table 5)
cxcept for their activities on salicin.  No direet correlation could be made
between other characteristics and salicin activities.
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TasLe 4. —Colors of vegelative mycelium of strains grown for
14 days at 28° 10 30° C.}
Yellow to yellow-brown reverses

Strains: ATCU 601; B-1281; INRU 3475; IVP 423x; NCIRB 82235; NCIB 9001; NCIB
9004; SAW 4-1; BAW 4-2; BAW 4-3; SAW 1-1; SAW 4-5; SAW 4-6; SAW

4-7; SAW 9-1; SAW 0-2; SAW 9-3; SAW 3464; SAW 34S1; S 842;
Lifly 1; Tilly 3; Lillv 5; Lilly 7; ARI 1780; Carpenter; E; S-6
$-1757; 8-1758; S-1760; S-1762; S$-1763; $-1764; S-1765; S-1766; a

3L 2060;
2. $5-001;
nd S-1767

Ridgway
name znd plate 2

CHM name and
designation ®

ISCC-NBS
color names of
Ridgway tabs ¢

ISCC-NBS
color names of
CHM tabs+

Chamaois, XXX ___.
Cinnamon-Bufi,
AXIX

Colgni‘:;l Buff,

Cr;:z:m-Buﬂ, XXX,

Deep Chrome, III.

Honey Yellow,

Tsabella Color,
XXX

Mustard Yellow,
=%

Naples Yellow,
XVI

Ochraceous-Buff,
XV

Olive-Brown, XL__

Tawny-Olive,
XXIX

Honey Gold 2ie. ..
Lt. Amber 3ie__.__

Pastel Yellow
1446k

Bamhboo 2fb______

Brite Yellow 3na__

Mustard Gold 2ne._

Mustard Gold 2pe_

Maize 2hb_.______

Lt. Wheat 2ea____

Amber 3le . _____

Clove Brown 3yl__

Topaz 3ne________

Moderate Yellow 87

Moderate Yellow 87_

Moderate Urange
Yellow 71

Light Yellowish
Brown 76

Light Yellow 86.__._

AModerate Yellow 87
Light Yellow 86____
Strong Orange
Yellow 68
Moderzte YellowS7.
Dark Yellow 88
Dark Grayish
Yellow 41
Strong Yeilow 84__.

Light Yellow 86_.__
Light Yelowish

Pink 28
Moderate Yellowish
Pink 20
Grayish Yellowish
Brown 850
Moderate Yellowish
Brown 77
Light Olive
Brown 94

Moderate Yellow 87

Moderate Orange
Yellow 91

Dark Orange
Yellow 72

Moderate Yellow 87
Moderate Yetlow 87
Pale Yellow 89
Strong Orange
Yellow 68

Dark Yellow 88
Deep Yeliow 85
Moderate Yellow 87
Light Yellow 86

{No name)

Dark Yellowish
Brown 78
{No name)

{See footnotes on facing page)

Sensitivity to Lysozyme

We were unable to obtain reliable data on sensitivity to lysozyme
when the Gordon and Mihm {5) method was used. The results in table
6 suggest the same difficulties are experienced as with the nitrate-reduec-
tion tests. Uniform results were obtained when a method based on that
of Smolelis and Hartsell (23) was applied. All strains were sensitive to
lysozyme under these test conditions. Seclected results are presented in
table 7. Bome strains were lysed rapidly; others less so. Also, duplicate
preparations gave similar results.

Tyrosine Decompuosition
All strains used in this study decomposed r-tyrosine.




TECHNICAL BULLETIN 1360, U.S. DEPT. AGRICULTURE
TarLE 4. —Colors of vegelalive mycalium of strains grown for
14 days at 28° le 30° C.1—Continued

Red to purple reverses
Strains: Baldacei; S5-1471; SAW 3405; NIHJ SM-i; NIHJ SM-2; NTHJ 8N-J-1;

NIH] SN-J-2; NIHJ SN-2(2); NIHJ SN-14-1; NIHJ SN-14-2; SAW 3479;
N1 9003; 8-1759; $-1761

Ridgway
name and plate 2

CHM name and
designation 3

ISCC-NBS
coler names of
Ridgway tabs ¢

ISCC-NBS
color names of
CHM tabst

Brownish Vina-
ceous, XXNXIX

Dsahlia Carmine,
XXVI

Dark Maroon-
Purple, XXVI

Dark Yinaceous,
XXVIT

Deep Corinthian
Red, XXVII

Deep Livid Brown,
X‘D)-(XIX

Indinn Lake,
XXVI

Purplish Vina-
ceous, XXXIX

Vinaceous-Purple,
XXXVIII

Tusty Coral
6lope

Raspherry Gpe_.__

Raspber:y Wine
Qpx

Cedar 6l4le

Antique Rose Tle. .

0Old Wine 7}4ng_._

Raspherry 9pe__ -

Dusty Rose 7lge-

Raspberry Sne__..

Light Grayish
Red 18

Daik Purplish
Red 259

Dark Reddish
Purple 242

Grayish Red 19____
Grayish Red 19____
Grayish Red 19____

Moderate Purplish
Red 258

Grayish Purplish
Red 262

Light Grayish
Red 18

Moderate Purplish
Red 238

Grayish Purplish
Red 262

Dark Pink 6
Dark Yellowish
Pink 30

(No name)

Dark Purplish
Red 259

Very Dark Purplish
Red 260

Grayish Red 19

Grayish Red 19

{No name)

Moderate Purplish
Red 258

Dark Purplish
Red 259

Dark Pink 6

{Ne name)

1The color of the vepetative mycelium (reverse of cultures) of each of the strains

studied is represented in one of the color names listed.

Colors determined from

examination of Inlernational glycerol-asparagine agar dish cultures.
2 Ridgway color designations representing the closest approximation that could

be made.

3 Color name and desipnation from Color Harmony Manual (CHM} (27) represent-
ing the closest approximation that conld be made for the Rideway tabs

' The Inter-Soci

Circular 553 (9).

Xanthine Decomposition

bs.
ety Color Council-Nationzl Bureau of Standards (ISCC-NBBS)

All the strains that had yellow to yellowish-brown vegatative mycelinm
decomposed xanthine. Differences were noted with the strains that have
red to purple vegetative mycelium (table 8).

Hypoxanthine Decomposition

All the strains decomposed hypoxanthine.
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TABLE 5.—
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S-000 . oL ___.
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5-1738. ..

8-175

S-1761 . ..
5-17

5-1763.
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INMTRU 3475

NCIBOOOY, .o ...
NCIBOOOH_ - . _.____
SAW - L.
SAW4-B____ . .
SAWS-5__ . ____ ...
SAW MBI ...
NI 8M-1. oo
NIHI SM-2. ... .
NIHJ 8N-J-1__

NIHI §N-J-2_.

NIFT SN-14-2._ ...
Lilly 8.l
Lilly 5 eeees

1VP 423x__
NCIB 8225

Baldaeei. __ . __________.___
ATCUSOL.. -
B-1280_ . ..
NIHJT 8

(See [octnote on facing page)
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TarLe G—Senstlivily lo lysozyme of strains af streptomycetes as
determined by the Gordon and M ihm (5) method !

Growth in
Growth lysozyme broth
Designation used in

control

Tube 1 Tube 2

~—
—r

(+)
(+)
+

—

+I++Ll|

t Symbols used; —, good growth {(not sensitive to lysozyme); {~), less growth;
(), growth present hut pror; +, nn growth detected (sensitive to lysozyme).

TasLe 7—S8enstiivily lo {ysozyme of strains of sireplomycetes as
delermined by a method based on thal of Smolelis and Harlsell (25) 1

Light transmission through culture after addition
of lysozyme at 28° to 30° C. for—

Designation used

80 100 120
min- | min- | min-
utes | utes | utes

Baldacel

BAW 4 oo
SAWnD-1__.

SAW B405. . _________._
NIHJI §N¥-J-1

Micrococcus lysodeikticus
NRRL B-287¢2

1 Rendings made with a Lumetron colorimeter {red filter).
? Used as o control.

Antibiotic Activity

It was possible to identify those strains that produce streptomycin
through use of the Waksman agar streak method, paper-disk assays of
calture filtrates, and cross-antagonism tests. Streptomycin-dependent

{Footnole to toble 5)
U Priclham and Cotilich basul agar, 10 days at 28° to 30° C, Symbols used: —,
no growth: (=), faint growth, Iprobnbly ne utilization; (4}, poor to fair growth;
-+, good growth and positive utilization.
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TanLre 8.—Decomposition of vanthineg by strains of streplomyceles with
red to purple vegelative mycelium !

. Clearing of
Designation used xanthine
medium ¥

5

NIHJ S5N-J-1
NI ON-J- e s
NIHI SN2 ) e
NTHJ BN-14-1

s I NS

! Gordon and Mihm {4) method, 14 days at 28°% to 30° C. Symbols used: +,
medium cleared and xanthine decomposed; —, medium not cleared and xanthine not
decomposed.

? Results from duplicate tests.

and resistant bacteria and grisein- and rhodomycetin-resistant bacteria
were especially helpiul as test organisms in this regard. In tahle 9 are
presented the results of agar streak fests obtained with strains represent-
ing various subcategories finally established in the work., All the known
streptomyeim-producing strains and 15 other strains allowed the strepto-
mycin-dependent strain of Escherichia colt to grow. The rest of the strains
under study did not. The 1915 isolate of Acfinomyces griseus IMRU
3326 (34) was included in these tests to determine whether it produced
streptomyein, although it does not exhibit the basic characteristics of the
group of strains under study. There are several reports in the literature
that also suggest the inability of this strain to produce streptomyein
{1, 21, 87). Only slight antifungal activity was detected with the 1915
strain.

Cycloheximide was presumptively identified by activity of the strains
against a yeast and a mold in the agar streak tests and paper-disk assays.
Presumptive confirmation of identity was made by paper chromatog-
raphy and knowledge of the histories of the strains,

In an attempt to determine whether any of the strains could produce
streptoein, culture mycelia were extracted with ether. A simplified
procedure based on that deseribed by Waksman and others (36) and on
the solubility of streptoein in ethyl ether and ethanol was used with each
strain. Because streptocin is reported to have activity against Gram-
positive rods and cocel, acid-fast bacteria, yeasts, and molds, activity of
such fractions against these organisms was used to presumptively detect
streptocin.

Under the test conditions, mycelial extracts of the original streptocin-
producing culture (IMRU 3533) pave activity against four of the five
different types of organisms when the culture was grown in a strepto-
mycin-production medium, but not in the streptocin-preduetion medium
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TaBLE Q. —Antiblofic activily of representative sirains as determined by the
Waksman agar streak method with SCG medium incubaled at 28° to 30° C'.1

I
L
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g 1213 islgtgiz!ls|=
Oe-R B SO 1= = A O SR B >
HElosime | E = = = b )
= =i -z=lzs|mn - -+ = = o
JdEidz|gd=i.381, 2 S a1 E| =
Designation used | S 8IBH 8% 2% & = s “ = =
om0 W ondl- - el (N A R e = cf A z
FACR A [ B A s £ = g
gEleglegi i 2538 2 2 | B R
gP| g2 32y =29 3o 8L = = B =
R LI L B R
T2l53158|85 8355 2122 | &
TEIFE;FEIREIREICEE OB 2L S| o
SEIEPIEE|EEISEIEEI 2 | B £ 8
CH|ERIEE s 2t g B 51 E| E
5] o m Zoi&d il = o= Q| =
A |
'r ; E . l
S, griseus 0 1) Gl 1 o 0) 0 g 7 8
1915 culture ‘ i i ;
SAW 4-) 7 o o 0 s 2 14 e g 20
gtreptomycin ! i
cycloheximide ; :
ARILTSO......_._.. 30 0 0 0] 23 13 ¥ 200 o <0
BAW 3495 ... ;. o7 3oae ¢ ooz 8 22 o 3
Baldacei. ___________ i Qi 0 ol 0/70 /7 0 5 Q 0. 0
SAW 4-2.. ... 82, 0 0 0 24 14 28 32 0 20
NIO0O3, .. ool o 0 0 o 0 5 1d 0 0
NIHISM-2.______.. N R - 303 4 7 o o
NIHJ SN-J-1_ 00 Voo oo of o o o o 0o o
I 1) 00 13) 81030117230 6 1223/30 0] 0
8-1762 . oo 1 0: Oi 0 5i 0 4 5715 0 0
i | i

! Figures indicate length of inhibition zanes in millimeters except for those for the
strepiomycin-dependent strain,

* Figures indieate millimeters of growth (not inhibition) extending out from the
primary streak.

3 Complete inhibition of bacteria under test eonditions,

or 2oy of the other media used. Trace activity, suggestive of streptocin,
also was obtained when the strain was grown in the cycloheximide-
production medium. The results with those strains whose ether-ethanol
extracts showed antibiotic activity are presented in table 10. The originzl
streptocin producer is included, as well as two other strains reported to
produce this antibiotic. Preliminary paper chromatographic study of the
mycelial extracts from the streptomyein-produection medium suggests
that the antifungal activity detected is polyenic in nzture and is not
cycloheximide as originally reported. In view of Yamaguchi and Saburi’s
{40y work showing that many different kinds of streptomyecetes exert
activity against trichomonads, there is some question as to the precise
identity of the antitrichomonal factors reportedly produced by strains
other than IMRU 3533, So far, strain IMRU 3533 has been reported
to produce streptocin, cycloheximide, a second anfitrichomonal anti-
biotic, and a factor active against Gram-positive cocei. Qur preliminary
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results suggest that the antifungal netivity is not cyeloheximide. Strain
SAW 3406, o known streptomycin producer, also has been reported to
prodtice streptocin on the basis of antitrichomonal activity of a sublimable
fraction (/7). Inourhands, only questionable evidenee for the production
of streptocin, based on activity of extracts against Gram-positive rods
and cocei, was obtained. No activity was detected against the acid-fast
organism used. Resuits of a similar nature were obtained with strain
IMRU 3463 reported by Yamagueli and Saburi (40) to exert antitrich-
omenal activity.

The presumptive detection of rhodomycetin was based on activity of
this antibiotic against (iram-positive rods and cocei, acid-fast bacteria,
and a rhodomycetin-resistant strain of Stephyloceccus nreus.

The antibiotic activity of representative strains detected in samples
from shaken-flask fermentations with SCC medium is shown in table 11,
The results given are only illustrative. In some instances, other media
gave better activity, [n table 12, results are presented for one strain
(SAW 4-1) when eultivated in all of the media studied. Fair, antifungal
activity was noted with many strains in the agar streak test. However,

TanLe 10.—S8trains showing antibiotic activity in the ether-ethanol extracls
of the mycelium when grown in the streptocin-production medium as
determined by the paper-disk method 1

Designation used

Barcillus subtilis
MNRRL 13-765
Sarcine tulea
NRRL B-1018
Mycobacterium sp.
NRLRL B-692
Cundida albicans
NRRL Y-477
Mucor ramunnionus
NItRL 1839

Lilly 7 ____ ...
ECTU 601 ____________

NIHJ SN2y . ]
IMRU 3533%_ .-

(NI A S ol I el A o o S A B S
I T Y Y O T A I A B

rrrrrrrrrrelbyrrirg

LI T T T B N O T O O B

el [ S S S R R

! -L, antibiotic activity detected; —, antibiotic activity not d:tected.
2 Btrains reported to produce streptocin.
* Qriginal streptocin-producing strain,
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this mctivity did not appear in assays of sainples from the shaken-flask
and statie fermentations. No single medium gave the best activity forall
sirains although 8CG seemed to be a superior one.

Cross-antagonism studies of all the strains gave results as illustrated
in table 13. The 1515 culture of Streplomyees grisens was iucluded in
these studies and found to be sensitive to streptomyein and to rhodo-
mycetin, These resuits further suggest that this strain does not belong to
the streptomyein-producing group. Although the rhodomycetin-pro-
ducing strain did not inhibit streptomyecin-producing strains, it was
inhibited by them.

Strain ART 1780 inhibited strain SAW 9-1; however, none of the other
streptomyein-producing strains inhibited SAW 9-1. No explanation as
to the cause of this inhibition can be advenced except that strain ARI
1780 was extremely aetive on all agar streak tests.

Paper-strip chromatograpby was run with all of the fermentation
samples and extracts from each of the strains used in this study. Repre-
sentative results are shown in figures 3 and 4. Al the strains gave pat-
terns similar to those ilustrated if antibiotic activity were present.
Standard samples of streptomyein and cycioheximide were run at the
same time and compared with the activities shown here. Irom these
studies it was coneluded that the antibiotic activities produced by many
of the strains are streptomycin and cycloheximide. Another factor
{designated lactor “X’ m fig. 3) was found to be present in the myecchal

Tanie HL—Anttbielic activily of representative sireplomycele strains n
shaken-flask fermentations as delermined by poper-dish method 1

Strain designation and fermentation products

NRRL B-602

NRRL B~1018
Cundida albicans

NRRL Y-477
Mucor ramannionus

Sercina e

NRIIL B~7G5

Mycabacieriim sp.

NRERL B-766
Baciilus subiilis
NRRL 1839

Escherichiu colt

Baldaeci:

SCC Glerale

SCG methano! extraet

BC0G ethanol-ather extract
SAW 4-1:

SCG fijtrate

500 methanol extract

SCCG eibanoi-ether exiract
NIHJ 8M-2:

[on o R ]

SCG methanol extract,
SCG ethanol-ether extract
SAW 3405:

p—
L= 3o 4]

SCC methanol extract,
SCG ethanol-cther extract

s e Toa- S v o
LYo g o] o e e} [ B e i SO
Do Do QoD OO

! Figures indicate dizsmeter of inhibition zones in millimeters.
? Trace.
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Tanwe 12—Anlibiolic activity of sirain SAW 4—1 (reporied to produce
streplomyern and cycloheximide) in shaken-flask and slalic fermenta-
fons as determined by the paper-disk method !

“
. 3
o ool ., &
, =8l22 %y B|ex|S.
) . ETIENIERI g 3T €8
Media and fractions tested sREalpalgalax| g2
Ealoal a2 Sl g
L S g T
SEIEEISE e Ea 3
LA A AR A AR
SR P P S R P~
SCG medium: 2
At - oo o e 0121132115 0 0
Methanol extraet ... ..o __ g| 0 611.] © 0
Ethanol-ether extraeh_ o . __ ___________________ 7 9] 01 0 O V]
Pridham and Gottlicb: ?
Firnte e 018121 (H) O G
Methanel extraet ... __ . ___ . __.____. gl 0| 6. 87 0 4
Ithanol-ether extroet o . __ . ___ . ___.____ of B 0O B DO 0
Cycloheximide production:
THrabe . oo e gl2p 132|168 0 0
Methano! extraet. o L o eoo_ g6y 0] 0]14] 0O 0
Ethanol-ether extreet ______ . __ . ._____. gy o] 6] 01 0 0
Rhodomycetin production: ¢
Filtrate . e di{221351191] { 0
Methano! extraet. __ o . .ol ... o| ¢t ol G © 0
Ethanol-ether extraet . _______ . _________ o o o of |
Streptomyein production: !
It . e e ol 67 0] 0| § 0
Methanol extreet e _. gli8l 41 a4{ 0 g
Ethenol-ether extraet ... gl18| 0| ¢} 0 G
Streptocin production: §
Filtrate o e 012030 17 0 0
Methanol extraed el o115 al®L) ¢ a
Ethanol-ether extreet . ... o114 03| O g

1 Tigyres indicate diameter of inhibition zones in millimefers,
? Incubation: 4 days at 28° to 30° C. on rotary shaker,

3 Trace.

¢ Incubstion: 6 days &t 28° to 30° C. on rotary shaker.

% Incubation: 6 days at 28° to 30° C. in statie culture.

extracts of many of the streptomycin producers. This factor might be
streptocin. The chromatographic pattern as shown in figure 3 is similar
to the pattern obtained with the oily residue isolated from fermentations
of strain IMRU 3533, according to proeedures of Waksman and others
{38). Because no standard antibiotic sample of streptocin was available,
we cannot conclusively identify the activity as streptocin.

All the strains with red to purple vegetative mycelium gave patterns
similar to those of the rhodomycetin-producing eulture and to the strains
labeled S. griseus var. rhodochrous, with one exception. The patierns
are recorded in figure 4.

Seven strains did not produce streptomyein, were sensitive to a strepto-
mycin-producing culture, and also had yellow to yellow-brown vegetative
mycetium. Two had antiyeast activity other than cycloheximide as
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TaBLE 13.—Resulis of cross-antagonism study with representalive strains
[Waksman agar streak method with SCG medium at 28° to 30° Cl

Primury streak
designation used

1915 Culiure
SAW 4-2
AR) 1780
Baldacel

0

U

i}

10

5-1762 4
SAW 3485 4
NIHJ SM-2__ &
NIHJ SN-J-1 0
0

{

5

| Figures indicate lecgth of inhibition zones in millimeters.

shown in figure 3. One strain produced antibacterial activity that gave
chromatographic patterns so.iewhat similar to streptomyein. The
sensitivity of the strain to streptomyein, aloeng with its chromatographie
pattern {fig. 3), suggests that the activity was not due to streptomyein.

The four other strains in this group did not produce any antibacterial
activity. However, three of these strains gave activities similar to
eycloheximide when filtrates and extracts were chromatographed. One
strain was ingctive. .

Filtrates and extracts made with the original 1915 strain of S. griseus
were chromatographed (fig. 4). This strain showed no antibacterial
activity but gave an antifungal pattern. Ultraviolet absorpiion curves
indicated this aetivity was due to a mixture of hexaene and heptaene
antifungal agents,

We were unable to confirm the reports of Umezawa and others (30, 31)
and Okami ({5) that some of the strains with red io purple reverses
produce streptomycin. None of the criteria we used suggested this
possibility.

DISCUSSION

Our study confirms, in general, reports on the taxonomy of Sireplomyces
griseus from other laboratories (16, 33, 87). [Further, these and related
studies now in progress suggest that S. griseus can be so subdivided into
taxa by classical taxonomic methods that certain relationships between
the taxonomic characteristics and the qualitative nature of the antibiotics
produced by given strains become evident. Identification of individual
strains with individual antibiotics reported within each group, however,
cannot be accomplished by classical procedures with much confidence.
Carbon utilization patterns have been especially helpful. For example,
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om’ s F M F rﬂﬁ

w10 200 g

WSB BSW 10% WSB BSW 10% WSE BSW 10%
NH I NHsi NH4CI
Straptomyein Cyclchaximide Factor X"
Test organism: Test organism: Tast organisnt:
B, subtilis Sace. pastorionus 8. subtifis

Streptomycin-producing strains -
[yellow to yallow-brown reverses)

Front | ‘ ﬁ

WSB BSW 10% WSB BSW 10% WSB BSW 10%
NGl NH4CI NHC!
Culture: NRRL B-1281  Culture: $-1760 Culture: S-901
Test organism: Test organism: Test organism:
Sace. pastorionus Sacc. pastorionut 8. subtilis

Nonstreptemycin-producing strains
[yelisw to yellow-Srown reverses|

Fiaore 3.—Chromatographic patiern categories obtained with filtrates and mycelial

extracts of strains of Sireptomyces griseus. Solvent systems: WBSB, water-

sﬁour_s:ited butanol; BSW, butanol-saturated waier; and 10 percent ammonium
chloride,
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*2y 9

Front

WSB BSW 10% WSEB BSW lﬂ-% WSB BSW 10%
NHCI NH4CI WH4Cl

Rhodomygetin Culture: SN-14-2 Culture: $-1781
Test organism: Test grganism: Test organism:
B. subtilis B. subtilis & sublilis

Cultures with red to purple reverses

i1

WSB BSW W%
NHaGl
Driginal *1915" Culture
SAW 3326
Test organism: M. ramannionus

Froure 4.—Chromatographic pattern categories obtained with filtrates and mycelial
extracts of strains of Streplomyces griseus,
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ali those strains of S. griseus in our collection reported to produce strep-
tomyein were placed in the collection of strains at present under study.
However, specific information on the total qualitative antibiotic-pro-
ducing potential of strains is needed to make further separations with
confidence.

The results of the present study, hased only on criteria in the classieal
sense, ie., excluding criteria concerned with production of antibioties,
suggesi there are only two distinguishable taxa within the collection of
strzins examined. These are (1) those strains with yellow to yellowish-
brown vegetative mycelia and reverses and (2) those strains with red to
purple vegetative mycelium and reverses. These could be designated
as two different subspecies of §. grisens. In accordance with the Inter-
national Code of Nomenclature of Bacteria and Viruses (8) the taxon,
Streplomyces griseus (Krainsky) Waksman and Henriei subspecies griseus
(Krainsky) Waksman and Henriei would sutomatically be created.
As it turns out, these three taxa can be neatly differentiated by classical
t: <onomic methods; e.g., colors of vegetative myeelium or reverses and
carbon utilization patterns, However, the broad taxonmomic studies
conducted at the Northern Division indicate that, beyond these relatively
simple differentiations, collections of straing identified in this manner can
be further subdivided, although not with confidence, unless one resorts
to more highly sophisticated procedures; e.g., either objective determina-
tion of the qualitative nature of the antibiotics or possibly the pigments
produced by given strains. It appears that the best way to handle the
problem of classification and nomenclature of streptomycetes is to utilize
the species-subspecies concept and to take into sceount that antibiotic
production represents an important objective characteristic of the
subspecies. Our work thus far suggests that each of the three possible
subspecies defined along classical lines does, in fact, contain strains which
produce different antibiotics and, hence, can be further subdivided. At
the present stage of our work, the following treatment of the strains
studied can be made.

Streplomyces griseus (Krainsky) Waksman and Henriei subspecies
griseus (Krainsky) Waksman and Henrici: strains with flexuous chains of
Spores; spores smooth-walled; yellow to yellowish-gray aerial mycelium,
occasionally tinged with pink; yellow to yellowish-brown vegetative
mycelium; nonchromogenic; utilizes p-glucose, p-xylose, L-arabinose,
p-fructose, p-galactose, raffinose, p-mannitol, -inositol, and salacin, but
not r-rhamnose, when incorporated in the Pridham and Gottlieb chem-
ically defined basal agar {18); produces hexaene and heptaene antifungal
antibiotics and no, as yet detected, antibacterial antibiotic(s). Proposed
neotype strain: INIRT 3326, the 1915 isolate of Waksman and Curtis
{84), which also is proposed as the neotype strain of Aclinomyces griseus
Krainsky,

Streplomyces griseus (Wrainsky) Waksman and Henriei subspecies
streptomyeini (Krasil’'nikov) Lyons and Pridham: strains with flexuous
chains of spores; spores smooth-walied; yellow to yellowish-gray aerial
mycelium, occasionally tinged with pink; yellow to yellowish-brown
vegetative mycelium; nonchromogenie; utilizes p-glucose, D-xylose,
p-fructose, p-galactose, p-mannitol, and possibly salicin, but not L-
arabinose, L-rhamnose, raffinose, or 1-inositol, when incorporated in the
Pridham and CGottlieb chemically defined basal agar; produces the
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antibiotics streptomyein, cycloheximide, and an antibacterial antibiotic
contained in the mycelium. Holotype strain: SAW O (3462)=ATCC
11429, one of the original streptomycin-producing strains isolated at
Rutgers University.

The status of the cultures studied that bave red to purple vegetative
growth is not clear ot present. There is little objective information on
the identity of the antibiotics produced by these strains. Until such
information is obtained little can be said of their subspecific status.
Rhodomycetin and viomyecins A, B, and C would seem to be antibiotics
that should be considered as possible products of these strains.
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