














The loquénco of events was as follcws: There was a graduel but sharp
clearing up of the proximal portion of the bacteriaesl stresk towards
the distesl end, The impsrtially lysed zone nearest to the actinoe
mycete streak was soon completely clarified and perfectly sterile
while & part of the distal portion of the streak gradually under-
went lysis, though it failed to reach complete lysis during the ob-
servation period.

Inhibition of E, typhosa was csused only by I, X, and Gr. st-

rains, of which I and X proved to possess very slight lytic action
as well, Three other strains Z, 6, and G with no inhibitory action

against E, typhoss, did, however, exhibit impartial lysis of 11 mm,

at different time intervals,

Pig. 1(a) is the photograph of 5 plates stresked € days pre-
viously with strsins H, J, K, Y, and Gr, of the actinomycetes, On
the fifth day of the growth of the mctinomycete the plates were
streaked with the test organiems, The photographs were taken 24 hrs
later,

Pig. 1(b) sre photographs taken on the seventh day after ino-
culation of the sctinomycete cn which the test organisms were

streaked on the 5th dey. In 24 hours Steph, sureus was inhibited,

while E, typhosa grew normally. Twenty-four hours lster E.typhose
stresk wae partielly lysed.

These results indicate thst the inhidbitory substance diffused
1n‘tho agar end spread out for a centimeter or so in the few hours

before the microbes showed visible growth, inhibiting the growth of

a sensitive orgsnism, On further incubation the entibacterial
substence continued to diffuse into the sger in sufficient concent-

‘pration to induce dissolution of the bacteria, Evidence for the




Strain H, Showing 14 mm, Strain J, Showing 18 mm,
inhiblition of Staph, aureus inhibition of Staph, aureus
growth, growth,

Strain K, Showing 20 mm, Strein Y, Showing 35 mm,
inhibition of Staph, aureus inhibition of Staph, sureus
growth, and 5 mm., of E.,typhosa growth,

Fige 1(2).= Photographs of culture plates showing the inhibition of
Qtlghglococcus aureus and Eberthells typhosa in the
neighborhood of actinomycete growth,
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Strain Gr. Showing 10 mm,
inhibition of 8teph, aureus
and 10 mm, of E, typhosa growths,

Pige 1{(a)(Cont,):~ Photographs of culture plates showing the
inhibition of Staph, sureus and E, typhosa
in the neighborhcod of sctinomycete growth.

Strain Bo,b. Showing 11 mm, Strain G, Showing 10 mm, inhi-
inhibition of Steph, aureus bition of Staph, sureus and 12 mm,
and 11 mm, partial 1ysis of partial lysis of B, typhosa,

Ee typhosa,

Fig. 1{b). Photographs of culture plates showing the inhibition of
Staph, sureus and lysis of E,typhosa in the nelghbourhood
of sctinomycete growth,




latter phencmenon was obtsined by microscopic examinstions of Grasm
stained smears from lysis showing zones, On examination of the comp~
letely lysed portion of the culture it was found thst the active
streins had dissolved all the bacteria, Smears of faint growth

traces from incompletely lysed zones showed chsnges in merphologicsal

. and steining cherecteristics of the bacterisl cells, The Staphylo-
coccl were rather faintly steined, Most of the cells wers not clearly
outlined snd were slightly enlarged, appearing singly or in pairs as
contrasted to the normal, small-sized, dark purple, well outlined
staphnylococcus cells which occur in regular clusters,

While Eberthella tyrhosa showed charscteristically elongste, thin

filsmentous snd mostly grenulsr forms, others sppesred ae only slight-
ly elongated, but unusually thickened Grem-negstive rods, These were

in contrast to the normsl tiny E., typhosa rods from the unlysed dis-

tal end of the streak,
It wae found convenient to classify the actinomyceter on the

basis of thelr inhibitory sction upon 3tephylococcus sureue, Thus,

actinomycetes 5,F,G,4,J,K,1,Y, and Gr, producing sn inhibition zone
of 10 mm, or more were grouped as highly active; those producing s
gong of 1-10 mm, {Strains 2,3,6,Q,E,II,I;I,X,2) were termed moderately
sctive; and those producing no inhibition (Strains 1,4,A,8,C,S) were
grouped as inactive strains. |

Bacteriolytic sctinomycetes were found ln each of the sbove threse
groupe. They were much more numerous, however, among the bacterlo-
stetically sctive groups. _The independence of becteriolytic abllity
secmed to be improbable, The fact that bacteriolytic ability is
significantly mssocisted with growth inhibiting power is in accord
with the two-step thsory proposed by Welsch in 1941 (133) for the
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mechsnism of lysis of living bacterisa,

Por more detalled study, 13 sctinomycete cultures were selected
aa follows: PFour of the most actively inhibitery group, namely, 5,I,
Y,ér.; seven of the least active ones, 2,3,6,I1,111,X,Z; and two 1,4
of the inactive strsins, The reason for selecting meny more of the
least active streins wgs that among these straims were found the ones

with strongest lytic sction ayainst both E.typhosa and Steph, aureus,

The inactive strains were chosen at random, thinking thst they may
turn out to be potentislly asctive through their metsdolic products,
This concent was-later confirmed for strain Yo, 4 in the latter part

of this paper.

Tests for Lysis snd for Bacteriostatic Action of Soluble Products

from Actinomycetes,

It has long been recognirzed that the results of sssaying subs-
tances for bacteriostatic and lytic actions depend largely upon the
methods employed end the selection of substrate for the growthe of
micro-organisms,

Preliminary Studles:

In view of these facts, 8 set of preliminary experiments were
performed. Streins 1,2,5,4,5, and 6 from smong the most active,
least active &nd insctive groups were chosen,

The formstion of the antibiotic substsnce 1s greatly influenced
by the atrain of the organism, the composition of the medium, and the
conditions of growth, Some sntagonistic micro-organisms produce
more than one antibiotic substance. It has also Peen definitely
established thst some substances may be produced by more than one

organism,



In order to obtain an antibictlic substance, the selacted potene
tielly entagonistic orgsnism 1s grown on sn orgasnic or a synthetic

maedium under most favorable conditions of tempersture and aeration,

Media,

Considering the marked effect of the composition of the medium
upon the activity of a substance, silx medis were used; the simpleat
beln; vesl infusion broth, which was also first used in obtaining peni-
¢illin; the fairly simple starch tryptone ﬁedium for streptothricin
(129} production, conteining starch ss a source of carbon, a& protein
digenst known under the trede name of tryptone; &nd the glucose meat
extract medium recomrended by Schetz, Bugie and Waksman in 1944 (08)

for the production of stireptomycin by Streptomycesa griseus, In

order to include & medium hsving es its carbon source s sugar other
then glucose, liquid Sabouraud contalning crude maltose was niso
chosen, Finelly as an example of & synthetic substrate, Crzapek's
Dox medium was selected, As we shall see later, more sctive fil-
trates were obtained from the latter then from any of the above men-
tioned media, Various other sources of nutrition for the sctinomy-
cetes could have been used, one of these i1s tried snd is discussed in

the latter part of this paper,

Cultivstion of the Actinomycetes under Submerged Conditicns,

The greatest handicsp in studles on the metaebolism and blochee
mistry of the actinomycetes has been the slow, and exceedingly vsrisbdle
results obtained when these organisms sre grown under ususl laboratory
conditions, ¥eny of these difficulties were eliminated by cultivate-
ing them submerged in the above mentioned liquid medies, with suitable

daily egitation and aeration; incubated at 29° C, for a maximum of
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5«7 days, Under such conditions, rapid and abundant growth wes
cbteined regulerly. Growth occurred ss homogeneous suspensicns of
separate coloniss and mycellal fragments throughout the liquid,

On the fifth day of incubetlon, samples were talen for compars-
tive colerimetric pH determinstions and antibacterial ssseys, The
rest of the cultures were placed in the refrigerator for preservation
of activity, if present,

The crude culture flulds were tested for entibacterisl sctivity.
To obtain cell~-free culture fluids, 1t wss found more convenient and
less risky to use centrifugaticn rather then filtraticn; because ace
tive rrirnciples are likely toc be rapldly adsorbed on variocus filters,
making the selection of a filter a rsther important but difficult task,

Thus cultures were centrifuged at 2500 R.P.¥, for one hour, the
growth mass of the organism sepsrated snd the supernstant fluids were
removed, tested for the presence or absence of sntibacteriasl activity
by different methods slready mentioned,

For the sake of convenlence, the culture fluids of the sctinomy-
cetes as such or the‘xupernatsntn after centrifugslizaticn, will be
designated as "sctinomycetin" and they will be so referred to in this
paper, The medium will be referred to ss &n abriged subscript,
followed by the number of Actinomycete ntréin used, e,g., strain No,.4

grown on liquid Ssboursud will be referred to as "Actinomycetig go.&“
80,

An additional object of this study is to demonstrate, if possible,
thet crude ectinomycetins corntaln at least two substances acting on

living E. typhose sand Staphylococcus aureus, s bacterliolytic principle

which dissolves the living bectorisl cells send s bscteriostatic subs-

tsnce which completely prevents or disturbe growth 6f these organisms,
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Assay Methods:

The Gutter Plate Method (34,37,52):

This 18 the simplest method of examining for inhibitery snd lytic
powers, ¥ith & sterile scslpel & strip of the sgser wss removed from
s meat extrect plate, end the gutter thereby formed filled with a
mixture of equal parte of molten agsr snd asctinomycetin. Vhen this

hedé solidified, cultures of ¥, typhosa and Steph, sureus were streaked

st right englee from the furrow to the edge of the plate, For compa-
riscn the gutters of the control pletes used were filled with a mix-
ture of agar and sterile liquid medium, These were then incubated

st 38° C. for twenty~-four hours and examined for zones of growth ine
nibition, On further incubstion st 29° C, for 30 days the bscterio-

lytic properties were observed,

The Cylinder Plate Kethod (52,55,100):

Some festures of this procedure were greatly emphasized by Poster
and woodruff (43) in desling with the quantitative sspects of the
prcblem, tut as our interest wes gualitative, we did not use their
method for quentitetive interpretsation.

Principle:~- An agar plate 1s uniformly seeded with the test
organism, Short glass cylinders sre placed on the surface of the
sgar snd filled with the test solution. When incubsted these will
exhibit a uniform bacterial growth except for a clrcular zone around
sach cylinder where an actlive entibacterial substance has diffused
out snd prevented growth. The dliameter of this zone of inhibition

is releted to the concentration of the active princilple,

jethod of seeding plstes:- 100 c.c. molten cooled meat extract
eger was presseded with V.1 c.c. of 8 24 hours nutrient broth culture

of the test organism just before pouring the plates. The medium was
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then uniformly measured into each plate by apportioning 16 c.c. smounts
with sn open tip plpette,

Cylinders:~ Provided they were uniform, the sctusl dirensions of
the cylindsrs were not importent, Cylinders 10 mr, tall by 9 mm,
external dlameter, wore used, Fluid-tight seals were sssured by mo-
mentarily flaming the cylinder just before plscing on the agar, The
smount of actinomycetin in the cylinders had little effect on the
results obtained, The cylinders were fllled level te the top using
a Pasteur pipette., The prepsred plates were placedvln the refrigera-
tor for 2 hours befeore incubating at 370 C, for 24 hrs, This sllowed
the fluid to diffuse out befcre bacteris begsn to multiply rapidly,
and & clesr clrculsr zone resulted when the solution tested was active
sgalnst the test orgenliesm, The diemeter of the inhibition zonee
was measured directly agsinst a millimeter scsle laid at the bottom

of the dish,

The Agar Streak Method (123):

The following procedure was used with samples of crude actinoe
mycetine,
Each of e series of four storile Petrl dishes was marked off

into two sectors, labelled E, typhosa and Staph, sureus, and to each

of the three¢ dishes were added a portion of the solution to be tested,
ususlly 1,0,0.,3, eand 0.1 Cc.C., respectively, Kone of the sample was
added to the fourth or contrel dish. lMeat extract agar was then
melted, cooled to 45° C., added in 10 cc. quantities to each dish,
and mixed thoroughly with the ssmple,. %hen the sgsr had solidified,
the test organisms were streaked on the plste, each within the marked

sector, Three discrete streaks of each organism were made by means



-42-

of a loop as follows: The loop was sterilized in a flaume and dipped
into e uniform 24 hours suspension of the test organism, and the thres
streoaks were msde on the ager without rechsrging the inoculsting
needle, The needle was flamed and recharged lLetween plates, The
plates were incubated st & temperature of 37° C, for 24 hours end the
results recorded, The growth of the bacterial cultures on each plate
wes compared with thelr corresponding growth on the control plateé,

The end-point was taken as the highest dilution at which growth was
completsly or almost completely inhibited., The result was sxpressed
in"dilution urite”, s that amount of material which, added to 1 cc.
of the test medium, woeuld just inhibit the growth of the test organism,
Unitage was calculated by dividing the volume of egar in the plate by
the smount of the test sclution added to thst plate which showed the
end-point, Somstimes the end-point fell somewhere between successive
plates of the series, For example, & plate contelning 1 c.c. of the
sctive substance showed complete inhibiticn; the plate contalnling 0.3
CsCes Bhowed norwmal growth on two streaks and no growth 6f the tesat
organism on the third streak; the plate contsining 0.1 c¢,c. showed
normsl growth on all three strosks, In such cases, sn interpolstion
was mede snd the results reported in dilution units psr c.c. of the

active substance,

Serial Tube Dilution Methcd (43,52,34):

Doubling dilutions of the unknown prepsasration were msde in s
meat extract sodium chloride broth, snd the tubes were inoculated with
8 drop of the 24 hours suspension of test organism, Control tubes

were alweys saot up for both E, typhosas, Staph, sureus, ss well as the

unknoen actinomycetin. Tubes were then incubated st 37° C. for
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18-24 hrs, In several of the later experiments the pH of the indi-
vidual dilution tubee were recorded by using "Merck" universal indl-
cator paper; and after reading the 24 hrs, incubatlion results, tubes
were re-incubated for three succeesive days with dailly recordings and
observatiocns for possibtvle lytic actions, The endepoint was teken ss
belng between that tube which just prevented grewth completely (or
which prevented suspended as opposed to sedimentary growth) and the
first in which source growth occurred, This has been definitely
established as stated Ly Poster and Woodruff (43), that "the end-point
is not necessarily that diluticn which inhibits growth completely,
but rather, that dilution in which growth 1s so retarded that the
organism fails to develop a uniform turbidity throughout the broth,
forming instesd, 8 sedirent in the bottom of the tube leaving a clear

supernatant”,

Results and Plscussion,

The results of repeated experimonts by the threec assay metheds

for inhivition end lysie of B, typhoss and Steph, sureus are presented

in Tebles II1I, IV, and V, In every cese both non-centrifuged and
centrifuged samples were used,

The results of the gutter plate snd 'the c¢ylinder plate methods
involve the same principles ard explsnation given for the agar cross
streak method discussed previcusly,

It should be noted that the cylinder plate method is not used
to test lysis, but reveals the bacteriostatic activitles of the
sctinomycetins, From Table V it can be seen thaet only actinomycetin

¥o. 4 showed complete 28 mm, inhibition of E., typhosa (Fig. 2) . The

same culture fluid on the Staphylocoecus plste, in addition to the

04 wm. wmartial inhihitorv effect. csused 8 definite stimulation of
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Table III. N
The Gutter Plate Method

~

Aetinomyocabin inurpmth Extent of inhi- Ruxber of days | Bxtent of

in agar, pleced in the bition in mm. needed for lysis in
gutter. 24 hrs, at 37°C. | lysie. mm.

pE st. | Ty. St. | Ty. st. | Ty.

*¥o. 1, 2, &. 0 0 o| o o | o

**No. 5. Sab. 5.8 0 0 18 : | o
Cs. 7.8 0 (] 0 4]

Inf. 7.8 0 4] 0 0

Meat extraot 6.2 /] o 0 0

Sarch 7.8 Q 0 0 4

No.4. Sab. 6.0 0 t 7 11 0

Cxz. 7.2 4] t 7 11 0

Inf, 7.8 0 0 o) o

Keat extract 7.6 0 0 0o 0

Starech 7.8 o o 0 0

Ro. §. Sab. 8.2 0 o 12 10 4]
s, 7.8 4] 0 12 12 0

Inf. 7.8 o o 15 8 4]

Koat extract 7.8 0 0 16 10 0

Stareh 8.0 o o 12 10 0

Control: Sab. 7.0 0 0 o 0
Ox, 7.0 ) 0 o 0

Inf, 7.0 0 o o 0

Meat extract 7.0 0 o +) 0

Staroh 7.0 0 o o 0

(*) Strein ¥o, 1,2, 5 growm on Sabourswd, Csapek, Imfusion, Meat extemet and starsh
media did not show anmy antibagterial aotivity by this methed.
(**) ¥No. 1 Sab. = Actinomyoetin ;.. No.l. indiestes strain 1 grown on Sabeuraud’s,

® % (Cx. = Aotinomysetin Ca Fo.l. » » ) * Csapek's Dex.

(+) = Partial inhibition.
(0) = ¥o lysis, no inhibition.
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Pable IV.
Berial Tube Dilutien Methed

Pllutions snd Inoubation Period
r
Test Orga~ | Asti~
.. nism | n
4+ 8 18 oy~
Aotinomyestin| orget V2 Vi Y w Vis |2 k- | cetin
nism rol. gontrol
) 24 & 24 &
24hr | 48hw| 24hr {48hr | 24br| 48kl 24hr] 48hr]. R4kt 48hr| 48k, | 48hr,
¥o.l 8&5.‘ St eees] = |00 | « [4904| « | 4400 & | vted] 4e | +eee -
Ty teee| ¢ |4eee]| & | 4ere] 0 OMN-+NHJ«N4'M$0 4o
2?..l:t:;$ [T LTS T PWEN UG PR (PP [PROWN [P [PINPEN SFORFIN [N PR -
& Starsh TY o | 40 | 4tt] 4440 [4044] 404| S044 2040 4444 2044 4004| e0e
No.2 sub.“ 58| = - - -| # -| e ¢ | 2eedl 20 | sese -
Ty.| ¢+ | *e w | attd] | seed] 4o | 4eed] 4 | ¢eee
Os. St jetee] @ | 4eee] + | 4tbe] 4 | $540] #4 | 43 SeE] 40 -
TYa | ¢44s | 00es] 2064 | 2000] 4044 | 4000] $044| $044] 2044 t20e]| +04e
Inf Jdoat] 5t.| tede|teee] dite [44te] $450| Febe] 2o44] ¢bie| Srdt] dide]| Sbee -
& TV | ¢ ror| 400e] 4400 | vt 0020 | b00e] S0ba] 400e| 4004 So0e | bpee
¥o.3 Stb.‘* 5% | - | - it & | veee] ¢ | werd 40| Se0e -
”. - - &> - <+ - >b - Li 2L, L L oo d
CaMoat ex| Bt.[4+4ve]| + [4e4d] & | 444d]| ¢ | v4te] 2 | 4004 See| tore -
Ty o| #0464 | S4 4] $b4 [ 4444] 2028] 4044 $044| €004 $344| 4434| S04
Inf. & By | to0d | 2brs] 4208 | 4440]| $904| P4 04 Shdb| 4024 2440| 005 | Sbea -
Staroh Ty sree| sres] stre | dbri] 200e| 2oae]| 200t 4o br]| 2404 400t]| Sbee
Fo. 4 Sab.**| g¢.] = - . - * w| seef o |eset| + | +eee -
Ty - - . - . - | o | +e4] ¢ | 00
Cs. B%a| = - - -l + | eoe| 24 | verd] sre| seee -
THe] #04] 44 | 4| ¢ | 4o 00 | $0bp 48 | 2204 G454 ]| Siee
Inf. St. * . 4| see| el 0ee] 4404 ot Srer] +2es -
by * + *> * Fhe|  S4H D] 2EH] SPEH] S0 | Ehe
Hoat Bk, » * + * » * * * | 4044 $etd | Soee -
oxt, Tyo| tHrd| 44 | 4000 404 | 44| 2044 14| S04 044 00 | Pies
Btareh| 5t,| = - . e+ | » | o] ¢4 | 20ed] 44 | weae -
:,.*mw - | *pte * | 4eee| @ | *bee| 44 | ¢4 444 | ¢o4e
-
Fo. § Sab. | Bbe| = - * -] o]l *08| & [S0ee] sree] -
”. - - - - * - »4 * bt | b *é4d
Ca. Bte - » - ¥ +* *d 4 | d4b | Sbbd) GEed | b -
Ty | ttte| ++ | 4e o+t | sree | 404d| $00r | 2440 | 4440 | 4004 | 4040
Bont | Sto|4tee| + |#tes] + [sest] 4o | ovos| ver|orer]s00e | 2a0e -
axt, | Ty d4oee| = |4bte] o [40es]| & [ 30ee] S S0 | e
Inl. | Bt.| ¢06e| +40t] 0444|4603 2444 | SHEH] 4480 | 4904 4140 S0bd | S40e -
Staroh| Ty #ore | 4004] 404 4000 | 4404] 4044| $008| 4200| H2 04| 460 | S0 0e
No.6 Sabl* St.| - - + - * * | ¢ |ee ¢ s -
Ty, - - <+ - L - g L ] > > +4ee
[+ T St eved] ¢ | asee] ¢ | 0erd| 4 | G00e| bbb Heed| et | 440e - -
Hoat ex| Ty.| ¢444] #004] 44| S004] 404 ] H18] FERP | SEE] Sier| Hr04 | Sied
Inf., 8t.| +eee] 206t 4rte]| 44be] 4043 | S24H GHPR| SHE| F14] HE24 | 4204 -
Stareh tﬁ.#NW-M*U0«H~MH04&%&%¢N1&N4~Hw*#ﬁﬂ»de *ete

(*) Aotivisy 1s not due to Actinumycete No. 1; but is osused by Sabowrsud's mediwm,
(**) Activity is partly dus to Actincmyeste, snd partly due to Sabourawd’s mediwm.
{+44+) = Turbid, as organism eontrol tube.
{+++) = Less surbid than organiem eontrol tube.
(e+) = Slightly twrbid.
§+) = Trane of turbidity.
(=) = Perfectly olear supermatant.
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Tabls V.
hm estatie Activity of the Crwde Aotinomyestins Cylinder Plate Methed.

[ Diamsters of inhibitiom aene
Test Organisms;
Astinamyestins Staph.aureus E.typhosa
Ne.l Sab. 0 22 s, e
Cx.,Meat,Inf., Starch 0 o
No.2 Sab. o 29 .
Cs., Meat, Inf., Starsh 0 o
No.8 Bab, 0 310, ¢
Che, Mout, Inf,, Starch o 0
Ko.4 GSab. 0 224 om. !
Csapek 24 ma. 28 v, *
Inf., Meat, Starch 0 °
Bo.5 Sab. 0 20
Cs., Meat, Inf,, Stareh 0 0
¥o.8 3Sab, 0 10 mm,
Cse, Maat, Inf., Stareh 0 0
Contrsel, sab, 0 22 nu.
Cs? ., Neat, Inf., Starch 0 o

(*) Diameter ef cylinder is inelwded in the measurement,

(:) Fartisl inhibitisn and stimulation zeme.

(*) Plates are photegraphed.

{**) Refer te diseussien,




Pig. 2, Actinomycetin o .4 Fige 34 Actinomycetin No .4
CZ. CZe
Test Orgenism f:¥vppcsa Test Organiem Staphyloe,
aureus.,

Pige 4, Control plate using

sterile Ce medium,

Test Organism, ¥, typhosa,
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Fige 5. Actinomycetin Sab.Ho’ 4 & 3.
Test Orgenism, &, typhosa,
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the test organism as seen in Flg, 3. For comparison the centrol
plate using sterile Czapek's Dox medium es test soluticn 1s given
in F‘ig’. 4,

In other instences asz with ictinomycetin %0e4 & 3 inhibition

Sab,
and stimulation occurreé alternsately. Fige g~:;§ws that enforced
growth was either right next to the cyllinder ard followed by a partial
inhibitioen zZone, or there was & xone of complete inhibition preced-
ing stimulation and the latter followed by partiel inhivition, This
phenomenon was frequently observed on numerous occesions, appearing

as halos cf verying sizes surrounding zones ¢f 1inhibition, The
stimuletion was 1In some cases of extraordinary renge and seemed to

be similar to that described by Abrahsm et sl, and Boas (76). They
called sttention to the fact thst stimulstive principles may be pre-
sent in plant tissues together with inhibitors., A simultaneous acti-
vity in this sense might explain the observation menthoned above,
Iacas and Lewis (76) also regsrded possible that the inhibitor as it
penetretes the agar becomes diluted to such & deégree that its sction
Treverses, So far no explanstion, or mesns of contrelling this phe-
nomenon has been dlscovered,

All Actinomycetins Sab prepared by growing the Actincmycete in
Ld ’

A———

liquid Ssbouraud, which showed strikingly perfect inhibition zones

of E, typhioss, proved not to be due to an activity of the actinomycete,

becsuse sterile liquid Sabouraud's medium used for contrcl gave equslly
striking results, Two possibilitlies were thought of, snd both re-
mained inconclusive,
(1) That there must be an active substence in ome of the cons-
tituents of the sterile Saboursud's medium which antsgonized

E. typhosa, Based on this assumption seversl experiments
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were carried cut by preparing separate medis from each of the

Ingredients snd testing thelr actlon on E, typhesa ty the cy-

linder plate method, Upon repented trials no inhidbition was
chserved when crude maltose of Chanut snd granulsted peptone
rere used sepsrately, Yhen both were combined, however, the

inhiritory reaction epreared,

{2) Inhibition ascribsble tc high acidity was considered next,
By the tube dilution method when successive dlilutions of the

sterile Sebouraud's medium were inoculated with i, typhoss snd

the pH checked, the low dilutlon tubes did show higher ecidity
a5 low &s pH 5.2 due tc the fermentstion of meltose, However,
this was spparently not the cause of inhibition es avidenced by
two facts:

(a) Es tyrhose wes grown successfully on an sgar medium of pH 5.0

and the growth apresred as rich as on the control mediur at
rH 7.0,

(t) In the cylinder method, before asllowing growth of the orge-
nism st 37° Ce, the test solution pleced in the cylinder is
given & chance to diffuse cut inte the medium during the
time the plates ere pleced in the refrigerstor for 2 hrs,;
hence the test soluticn befeore being scted upen by the bace
teria, and before becoming acid diffu#ed snd acted as an
inhibitor, Ko definite explanstien could be given to thie
phenomenen, therefore experiments on this mredium were dis-

continued,
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It should be remembered that negative results by the avar gutter
plate and cylinder plate method should not be considered conclusive
in determining inactivity of a strain, Por it mey be possible that
the fallure is due to the lack of diffusibility; or low degree of
diffusibility of the inhibitory substance, Wheress it may be detec~
ted by the serial tube dilution asssay,

To confim the positive results obtained in Tsble IV end to prove
thast the results were correct, every dilution tube showing perfectly
clear or partially clear supernatants, along with their corresponding
control test organisms were plated for bacterisl colony count done
by the "agar pour plste” method, In every case plstes were found
either completely devold of colonies, or else had definitely fewer
number of colonlies per plate thsn the centrol plates,

¥o doubt should therefore remsin about the sntibacterial proper-
ties produced by some of the Actinomycete strains under studye.

Eoreover, on further correlation of results from Tebles II,III,
IV, and V, it 1s evident that while some actinomycetes need the grow-
ing mycelial cells for oihibiting antibacterial properties, others do
80 only when their metabolic weste products sre tested (Strain No.4).

The velue of the study s8¢ far carried out lay in the fact thsat
it threw light upon the relative activity of the isolated actinomycetes,

It also showed that the gutter plate method, and such culture
media as Seboursud's liquid medium end veal infusiomn breth, on account
of technical difficulties were unsatisfactory for such sssays,

Experiments were continued on straeins I,I1I,IXI,X,Y, snd Z. 1In

addition to other methods described "sgsr stresk method" of assay was
slso used,

Results obtalned on these seven strains tested, sre given in the

Tables VI,VII and VIII,
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Table VI,

Serial Tube Dilution Method*

Test
Orga- Dilutions of Astinamyoetiin
niems Orga~] Asti~
Astinecyoetins| pH Vil Ve | va| 1/8| 16 1/52 | nisms| nesy=
esont~| eetin
rol cont.
I. Cs. 7.0 5%. - + s24e | 4eee | 4ere ey PrYvy -
Ty. rdr | et | #4ed | +4ee | Feee g P
Neat Ext. [T7.0| St. - - - - * * *ree -
Ty. et | 40dd | 444 | dees FYTwY FwY e
Stareh T.4 | St. - - - + it PPy Yy -
1,5 *¥ e Lol Lo aal b re LS 2 +4rd +4o
I1. C5. and
starch|7.4 | St. 2eed | ovrr | wdee | 4 ey e 2444 -
TY» e and L L b A d 44+ e a2 ) +44
Meat ext, [T.1 ]| 8%. + -5 *+ s *rte TS T -
by 28 sttt | Fere | rees | ot 444 #2444 etk
I1T. Cxus ikl.t,
Btaroh 7.2 | Bt. st | et | ebad | bt W . s -
Y. trbt | bt | et | e rrd bt hie
X. ©Cs.,b starch 7.8 St. #5044 | v | 44t | 44es 2 ‘it e -
Y. reet | tette | 2eas | seee oy hrd FewYy
Heat gxt. 7.8 St. - 44 | S4te | +ere +44+ ey st -
Ty. - - . e *hoe ++4 >t
Y. Csz. 7'°F 8t. * + + * + Pees e -
Ty. * e +44 L by 2 ) L adad
Keat sxt. T.4| St. + + b WY v FPPey *o+é -
b v 9 * * - 4 ey ey e
Starch T.4| B%, et | e | eer | e ey et ore -
Y. et | #erd | setr | e *4re ey 40
2. Cx. T2] 8¢, + > oo | Srer st h vy *obd -
Y. 40 | ¢ser | Sree | ters e Sebd +ore
Mont ext, 7.8| 5%, +* oy P PPy 444 et *e s -
TY . + 33 - e >4 e rere
Starch 7.0| St. + * - rrh *oee 94 ey -
Ty. ok | wedd | eree | eres e *hid >4

(*) Results of 24 hours culture at 37° C.
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Table VII.

Cylinder Plate Method

Piameter of inhibition zone

Actinomycetins
Staph, aureus E. typhosa

I. Cz., meat ext., & starch 0 0
I1. Cz., meat ext., & starch 0 0
IIX. Cz., meat ext.,b starch 0 5]
X. Cz., meat ext., & starch 0 0
Y- CI- 22 m.. o
Heat ext. 0 o
Stareh 14 =m, 0
Z. 0Cs.,meat ext.,& starch 0 0o

Gontrol: Ca?, meat ext., &
starech o* 0

(*) Pig. & Shows photographs of these plates.

Fig. 6.

T2 4 2 .. £ ) P, SO a
Inhibitien of Staphyleccoccus
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"
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C

aurous
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Table VIII,

Bastoriostatie Astivity of Crude Actinomyoetins: Agar-Streak-iethod

—
Antibacterial Aotivity in Dilu-
tion Undts per ¢c. of Aotinomyoetin

Astinoxyceting

8taph. sureuns E.typhoss

I, Cn. 1o 0
Hont extraot 10 L+
Stareh 0 ¢
IT. Cm., meat oxt., and starch 0 0
111, Osx., meat oxt., and starch 0 0
4. Cz. 0 5
lleat extract and staroh 0 0
Xe ©Cx. 0 0
Heat extract b ]
Starch 8O 20
Y. Cs. 80 6
Neat exiract 3 0
Starch 60 16
Z. Cz., snd meat extract ) 0
Stareh 0 3
Control:s Cz,, meat ext. & starehr 0 0
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Further Studles,

On the basis of the preliminsry studies, further study on the
most active strains psrticulsrly of those most active ageinst E.typhoss,
nsmely, strains I,X,Y,Z, and Gr. became necessary.

In general, the findingn.trom preliminary experiments led to the
essumption thet the liquid culture medias used were not too satiafsc-
tory. 1Instead, & medium devised by Rake and Donovick in 1946 (88),
including neither beef extract nor corn steep liquor, but using soy-
bean mesl a8 the source of nitrogen from which the authors recovered
streptomycin, proved most valueble in our experiments, Thus atten-
tion was mainly cencentrated on this medium as a favourable substrate
for antiblotic activity, Under growth conditions the rapid drop
from 8 pH 7.0 to a pH 6,0 or even 5.4, necessitated a slight modifi-
cation of the sbove medium by buffering it ss follcws:- A bufffer
solution 61,1 c.c, of ¥/15 Na HPO, + 38,9 c.c. K/15 KH, PO, was substi-
tuted for the distilled water, to which soybean meal and glucose were
added, but no sodium chloride was added, The medium was dispensed
in 100 ce.c, amounts in 250 c.c. Erlenmeyer flesks, After autoclaving,

each flask was inoculsted with 0.5 c.c, of spore suspension,

Preparation of Spore Suspensions,

The experiments described below were all conducted in a unifomrm
manner, A dilute suspension of the actinomycete spores was prepared
by suspending in sterile distilled water the surface growth of the
organisms grown on Saboursud's proof agar snd Czapek's Dox agar,
Since the spores wet with great difficulty, the suspension wes shsken
with gleass beads for fifteen minutes, The resultant even suspension
was stored st refrigerstor tempersture and was used for some months

to incculate the medis to be tested.
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Cultivation,
The course of production of sctinomycetin Sevbesan under submerged
conditions wes exsctly the same as in the preliminary work, The

varietion introduced hewever, was thsat from the third througch the
seventh day of incubation, samples were tsken every other day for

pH determination and serisl tube diluticn asssys for sctive substgn-
ces, In thls way the pH varistions were followed and the period for
maximum producticn of active substances determined,

In every cese it was proved that not less than 7 days were
needed for maximum sctivity, All agar diffusion essays were there-
fore carried ocut on seven-daye0cld samples, Furthermore, all teats
were repested on semples clarified by centrifugastion st 2500 B.P.M,

for 1 hour.

Results and Discussion,

The bacteriostatic and bacteriolytic sctions of the non-centri-
fuged, seven~day-old samples are summarized in Tebles IX,X and XI.

From the sbove findings we cen see that no doubt remseins to the
statement mede, about soybesn meal medium being the most satisfactory
for production of sctive substances from actinomycetes,

Furthermore, & compsrison made between Tebles VI snd IX indicates
that of the ldentical strains grown on the different substrates, with
the excepticn of (Czapek's Dox medlum, the soybean culture fluid showed
greatest sctivity and was wore noticeatle for its antibacterisl acti-

vity dgainst K., typhcsa.

The hope for the buffered soybesn meal medium to improve condi-
tions snd thereby yleld greeter antibacterial results was only par-

tially fulfilled, as it definitely proved more satisfactory for the

production of sn anti-staphylococcal substance., E. tyohosa remnained
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DPilutiens of Astinsxyeetins,
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| *. ’ §H after X after
Ineubatieon heurs at 3T C. ; 24¢ 48 T2 24 48 k£ 72 ) . 24 48 72 72 hours 2
pH of Tosut
Astinemyocetins Test nsl. | Orge-
befere nlsm
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. 'y - - 6.0 | - - 6.0 Y
. Wm 5.8 L o - - & A
1 g - - - :.é 2 - - 8.0 *+ - - 8.0 *44
Buffered m 7.0 Ty ** » *» 6.8 e » *+ 6.8  aasd 2 +44 7.0 vy
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; P 6’3 ) ?.e .. w
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| 8¢ + | - - $.§ﬁi + - - 6.0 rYs - - 6.8 *4
Buffered Seybean 7.0 Ty *++ e *e 6.8 *e *ee Al €.8 > | e +e 7.0 *4
| st - - - 5.:; - - - 8.8 * - - 7.0 b4
X. Seybean 6.9 2y * - - 6.8’ + - - 5.8 * - - 5.8 -
» St - - ,,’ X Salﬁ - - - 8.8 - -~ - 6.8 4
Buffared Seybean 7.0 TY L g ~ - 8.8 e e - 6.8 L aaad IR L0 2 45 7.0 *e
-3 - - - 6.8 - - - 6.8 - * - 7.0 sl
Y. Seybean 7.2 vy -] - - 6.2 - - . 5.2 - - - 8.2
Sﬁ - - - 6.2 - - - 6.2 - - - 70ﬂ
Buffered Seybean 7.0 Ty >+ * - 6.8 *e + - 7.0  aad * - 7.0 ++
% - - - 6.8 - - - T.0 - - - 7.0 -
Z. Seybean 5.8 ty * - - 6.8, * - - 5.8 +* - - 5.8 *e
; 3t * - - 8.8 Lad - - 6.8 iad - - 5.8 +
Buffered Ssybean 7.0 Ty e | e | ese 6.8 et Mg IR aad 7.0 el BERaAd 7.0 s
5t - - - 6.8 * - - 7.0 \ad -~ - 7.0 **
|@r. Seybean 5.4 Ty - - - 5.8 * - - 5.8 4 - - 6.0 | o
5% - hd b 5.' - - - 5.8 * - - 8.0 *
Buffered Seybean 7.0 Ty e e e 6.0 e e e 6.8 +94 Aaad el . 8.8 >t
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Table X.
Sylinder Plate Method

o Dismeter of Irnhibition Zone
Aatinomycetins
Staph. aureus E. typhosa
I. Soybean & Buffered Soybean 0 o
4, Soybean & Buffered Soybean 0 9
X. Soybean & Buffered Soybean 0 0
Y. Soybean 22 am.* 0
Buffered Soybean 22 wm, 0
Z. Soybean & Buffered Soyhean 0 0
Gr. Soybean o 4 10 mw.
Buffered Soybean 4] 0
Conkrol: Soybean * & Buffered
Soybean 0* o

(2) There is mo aomplete inhibition; dut & zone of fainter and less
erowded growth than rest of plats.

*) Fig. 7 shows photographs of the plates.
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Fiﬁ. Te

Inhibition of Staph, sureus Contrel plate of sterile
growth by Y. Actinomycetin Soybean mesl medium and

Sowb@ﬁ:l Ltﬂpn. AUIreUS ,
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Table XI.
Agar-Stresk~iethod,
Antibaoterial sotivity in Dilution

Aetinsmyoetins Units per ovc. of Aotinoxycetin

Staph. aureus E« typhosa
I. Soybean 90 0
Buffered Soybean 100 4]
4. Soybean & Buffered Soybean 0 )
X. Zoybean 0 B
Buffered Soybean 0 0
Y. Soybean 98 60
Buffered Soybean 100 10
2. Soybean B 10
Buffered Soybsan 0 0
6r.* Soybean & Buffered Soybean 0 0

Control: Soybean and Buffered

Soybean 0 0

{(*) Result is not eonclusive. The strain needs further experimentation,
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to be more sensitive to the active principles secreted by the actino-
mycetes in the soybean meel medium without buffer,

The synthetic modified Czapek's Dox medium gave fairly good
results, in fact far better than sny of the proposed glucose meat
extract or starch tryptone media which were claimed to be used for
streptomycin snd streptothricin production by Weksman (119,98),

The importsnce of the nature of the medium in which the poten-
tially active sctinomycetes grow becomes clear from observations made,
that there 18 8 close correlation between the growth of the organism
and the production of the antiblotic. It would therefore be correct
to say, thst at least in many ceses, the production of an entiblotic
is not merely a result of autolysis of the mycelium; but is due to
cell nutrition or to cell synthesis, These antibacterisl substances
are secreted into the medium snd in this way the active principle
may be thought of as s metsbollc weste product, produced apparently
from certein organic constituents of the medium,

In some ceses there wss a slow and steady rise in sctivity,
while at other times there was & more rapld rise with some activity
demonstrable as early as the third dey after inoculstion, Maximsl
activity in sulmerged cultures occurred usually about &6 to 7 days
after incubtation,

In the finally adopted soybesn meal medium the initiel pH was
7«0 As growth progressed aclidity 1lncreased, This is unlike

streptomycin producing active strains of Streptomyces griseus reported

by Weksman; who emphesizes thelr extensive alkalinlty producing
property. Accordingly, s change in pH 7.0 to pE 5.8 or 5,4 (Table
XII) may have sn unfavorable sffect upon the production of active

substances, In general, however, appuarance of activity was somewhat
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Table XII. ,
Yayistions in pH of Sulmerged Actinomyestes Soybean Cultures at 29°C. Within 7 Days.

Astinonyeete pE before pB after the following days
shrain inoubation of imoubation
3 ] 7
1. 7.0 5.8 5.8 5.8
X. 7.0 6.0 8.8 8.8
Y. 7.0 5.8 | 6.0 7.2
z. 7.0 8.0 5.8 6.8
Or. 7.0 5.4 5.4 5.4
ble I1.

Yaristions in pR of Bublmerged Aotinomycetes Oultures

Aotinomycete pR before pH after 7 days ineubation
strain inoubation st 20° ¢.
Geapek?s| Moat Starch
Dox oxt, tryptone

1. 7.0 7.0 7.0 T4

x- 7.0 ﬂ.ﬂ 70’ 703

Y. 7.0 T.2 7.4 7.4

2. 7.0 7.2 7.8 7.0




irreguler and bore no direct relation to pH change.

On the other hand, the pH change ¢f the same actinomycetes strains
grown on Czapek's Dox, meat extract, and starch tryptcne have no re-
lation with the pH change of the soybean meal medium (Psble XIII).
With every strain the pH elither remained constant at 7,0 or there
was a grnduai rise to 7,8 on the 7th day of incubation, Strain ¥,
which actuaelly gave rise to an initial acidity but followed by a
gradual, repgulsr chenge to an slkeline resction in the Soybesn mesl,
@2 well as the Czapek's DoXx, mest extract and starch tryptone media
proved wost satisfactory in ell experiments,

At this point one is apt to think that, inbidbitions of the test
organisms csused by the acid producing actinomycetes strains are
merely due to acidity. It was proved contrary, however, when, ss

mentioned in p?sliminary studles, both E, typhosa and Staph, aureus

were sepsrstely inoculated on mest extract agar plates, prepared

under the same conditions, but having different pB values (5.0 & 7.0).
¥ithin 24 hours at a7° C., both test orgsnisms grew as luxuriously

on modia st pH 5.0 as &t pH 7.0,

Confirmatory tests for inhibitory and lytic sctivity of cultures
assayed on the seventh day, were done by bcth cultural and microscopie
examinations on serisl dilution tubes after é& hours, and 72 hours
incubstion, to prove that the clesr supernatant in those tubes were
due to inbibition or lysis, This wes done as follows: HMeat extract
sgsr plates w@re prepered and labelled inte sections, A loopful
from esch dilution tube wass streaked on the corresponding section.

Control stresks of pure E. typhosa and pure 3tsph, sureus suspensions

were also included, Plates were incubated at 37° C. for 24 hours,




The reason for performing this test not only on tubes showing
clearing, but also on the two first 4 4 turbdbldity tubes as well, was
because of the possibility that Iinstesd of inhibiticn and lysis being
responsidble for clesr supernatants, s bactericldal effect on the orges-
nisms wss taking plece after full growth; in the latter csse the fluid
would naturally remain turbid,

The results showed that with every 4+ tube dilution ssmple the
agar test streak agreed with the control ager streak, This there-
fore eliminated the poasibility of bactericidal acticn of the crude
sctive substances developing after the initisl growth,

Un the other hand, coemplete or partial clearance showing semples
gave very sstisfactory results of the following nature: All tubes
merked with (~) sign after 24 hours of growth (Tables VI & IX), showed
no trace of growth upen pleting; indiceting that the test organisms
were inhlibited snd killed, In all tubes which at first showed a +
or 2 + growth and later became (=), the test organisms were at first
#llowed to grow and later were completely lysed, Only in a few inse
tances marked with (-) sign, the sgar stresk showed 3 to 6 separate
small colonles; 1ndicntihg the survival of some orgsnisms (bscterio-
static effect),

All samples showing 4«4 , 3 + , 2 + and 1+ clearance resdings
gsve growth on agsr plates, The intensity of growth corresponded
more or less to the degree of clearsnce signs,

Gram stains made on organisms from partially lysed areas on‘

agar streaks, gave results which esccorded with those described in

the preliminary experiments,
Further evidences in support of the contentlon that positive

results reported were due to active substences secreted by actinomycete:
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is given telow:

(1)

(2)

One may think that the cause of clarity in & tube, and the growth
of fewser bacterial colonies on agsr plates, is due to the deple-
tion of food, lesding to competition Letween the bactaerias and
sctinomycetes, This is not true in our csse, Had it been so,
then all actinomycete streins should hsve given positive results
anéd clear supernatants, Besides, the above possibility was
completely denied when the centrifuged cell-free solutions yielded
positive or negative resulis that were in almost every cese parsl-
leled with rosults of non-centrifuged samples,

The possibility of exhesustion of food due to prolonged incubation
was 8ls0 disproved with the demonstration that the test orga-
nisxs survived long enough in the test solutlions to permit
experiments exiendding cver a period of 30 days, For this pur-
pose the control of each experimental set in the tube dilution
method was & definite procof, that the test organisms survived

well within the linits of time needed for the experiments,

It remained to determine whether the isolsted active substences

are bscteriostatic, bsctericlytic, or whether both properties are

combined,

To & certain extent, results reported in Teble I distinguished

between the two types of sctivity, Positive results reported in

Tables VII, VIIL, X snd XI sre indlicative of bacteriostatic action,

%hile the serial tube dilution and the gutter methods showed both

beacteriostatic and bscteriolytic effects.

The filtrates were also tested for phage activity end such an

activity could not be demonstrated. Therefore the effocts observed

could not be ascribed to sny phage developing in the media,




The particulsr strain Streptomyces griseus gave most amazingly

disappointing results, If it were actually en ective strain of the

streptomycin producing Streptomyces griseus, then sccording to Rake

snd Donovick (88), ss well es Waksman (121), it should bring about
extensive alkalinity. But the strain sent for us produced marked
acidity in the medium snd therefore such streains are clessified as
insctive strains,

0f the actinomycetes isclated by us, the one most closely related

to Streptomyces griseus seemsd to be strein Y. This produced at first
considerable acidity and lster became neutral, According to Waksman

"The insctive strains of Streptomyces griseus do not bring about any

extensive alkalinity in the medium, such strsins undergoing much lysis,
especially in submerged cultures, and that these strains ectuslly

give rise to an initisl acidity to the medium followed by a gradual
change to an slkeline reaction®, ¥%e could compare mainly upon blo-
logicsl grounds, the ldentity of our actinomycetes strain Y with a

pertislly sctive varisnt of Streptomyces griseus, A comparison of

their sntibacterial powers has so far proven strain Y to be definitely

far mors powerful than our 0Or, strain sgainst Stsph, sureus in all

the tests performed. Furthermore, it is 2ls0 more powerful sgainst

E. typhoss as tested by the serial tube dilution, cylinder plate and

the ager stresk methods; except for the fact, that the growing actino-
mycete test (Table 1) revealed 10 mm, inhibition of E. typhosa by Or.

and only 5 mne by Y. Here again however, no conclusive evidence
could be given unlese further comparative studies are made,

Our studies showed that msny ectinomycetes contain antibacterial
principles at certsin stages of thelr development, The prinéiplea

vary greatly in their petency and distribution within the actinomycetes.
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Their inhibitory properties were found to be most sctive against

Staphylococcus sureus,.

Bacteriostatic end bactarlolytic activities were also revesled

by these micro-orgenisms sgainst E, typhosa, Such activity was

shown by relatively few stralins end slways to & lesser extend. This
is in conformity with the reports of Welach (133).

%e may conclude by stating that bacteriolytic snd bacterlostatic
activities ere wilde spread smong the actlinomycetes, but the production
of soluble bacteriostatic and bacteriolytic sgents in concentrations

sufficient for detection appears to be less widely distributed,

S UMMARY

In the survey on the dlstribution of antibiotlie properties among
actinomycetes twenty-three strains were isolated from different
sources in Lebsnon, and one wes received from abroad, All these

were tested for antibacterial asctivity ageinst Staphylocoocus sureus

and Eberthells typhoss.

These strains veried greatly in their antibacteriel activity,
Ninetesn were found to be becteriostatic or bacteriolytic in varying

degree to Steph. aureus, but only three proved definitely bacterio-

static to E, typhosa, of which two were also psrtielly bacteriolytie,

The micro-organisme were not fastidious but grew fairly well on
almost all the media prepared for the proeduction of entibiotics,

The influence of the composition of the medium upon the preduc-
tion of the active sgents by actinomycetes seems to be of major
importance., 'Fhe originsl soybesn meal medium proved to be the best

throughout the experiments, Noticesble improvement was obtained with
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this medium by buffering it,

The different cultures of sctinomycetes differed in their caps-
city to produce sn antibilotic substsence, The bacteriolytic end bac~
teriostetic activity of five to seven-day old sctinomycetins were
studied by the liqulid medium ae well s the sger medis methods, using

in every case 24 hours fresh suspensions of E, typhosa and Staph.asureus,

0f the atreins tested, some proved completely insctive, others
geve fairly good results and one proved perticulasrly active,

The bacteriolytic sctinomycetes were found te he more numercus
smong the bacteriostatically active groups, The independence of
bactericlytic sbllity seems to be somehow improbable in most cases,

Evidence is presented thst entibascterisl activitiss observed
are not éue to depletion of nutrients, prolonged incubstion periocds,
nor to chenges in pH,

Most active substences were soluble in water and diffusible
through agar, It is ealso believed that failure of some potentislly
sctive nctinonycet@ cultures to respond positively to the plate
tests is due to the low degree of their diffusibvility.

Pinelly, the conclusion given states the fact, that, although
bacteriostatic and bacteriolytic properties are widespread smong
the sctinomycetes, the production of soluble ;ctivo principles in

sufficient quantity appesars to be less widely distributed,
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NBeat extract agar,

Difco peptone 0.5%

NeCl 005;’
eat extract 0.3%
Agar 1.5%
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Appendix

Kade up in tap water, pH adjusted
to 7.2 by phenol red indicstor
colorimetrically., After autoclaving
at 15 1lbs, pressure for 20 min., the

pH reduces to 7.0 .

Modified Czapek's Dox asgar or 1iquid mediwm, (57) ,

Sucrose

Sedlium nitrate

Dibasic potsssium phosphate 1 "

Mge. sulphate (crystsls)
Potassium chloride
Ferrous sulphste

Water

Agar

Ssbhoursud's proof egsr. (57) .

Granulated peptone of Chessaign 1%
£

Crude maltose of Chanut

Agar

30 gms, )
2 ]

Tt N

Sterilized at 15 lbs,

0.5 " pressure for 20 min,

Q.01 "

1000 4=~ C.Co

i
)
0.5 " ; Pinael pﬂ 7.0 &
) .
)
)
)
15\”'. )

Starlilized at 15 lbas,

15%

)
)
; pressure for 20 min,
) Final pE 7.0 .
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Appendix (Cont,)

Sterch tryptone mwedium, (129) .

Starch 10 gms, }

Tryptone 5 " ) Autoclaved st 15 lvs,
K HPO, 0.5 * ) pressure for 20 min,
HaGl 0.5 " g Final pH 7.0 «

P0304 0.1 " )

Tep water 1000,~ caco )

Gluccse meat extract medium (119).

Glucose 10 gms,)

Faptone 5 " ) Autoclaved st 15 1bs,
Keat extract 5 " ) pressure for 20 min.
KaCl 5 ") Pinal pB 7.0 .
Tap water 1000 €oCe)

Veal Infusion broth.

Prepared by infusing 50 grams of Bscto-Veal (Difco stan-
derdized) in 1000 c.c, of Adistilled water, The infusion wes
carried out at 50° C, for one hour, the mixture then heated to
80% C. and held at that temperature for s few minutes to coagu~-
late & portion of the proteins,

After filtrstion, 1% peptone, 0,.5% NeCl wers sdded to the

filtrate, the rescticn adjusted to pH 7.2, the mixture was
boiled, filtered and sterilized st 15 1lbs, for 20 minutes,

Meat extract broth,

Meat extract 0.3%f ) Sterilized et 15 lbs, pressure

HaCl 1,02 ) for 20 minutes. Final pH 7,0 ,
Soybean mesl medium (88). Piltered through cotton,

Soybesn meal 1¥ ) Sterilized et 15 1lbs, pressure

Glucose 1% ) for 20 minutes, Final pH 7.0 .

¥aCl 4 )

Buffered Soybesn mesl medium,

Soybesn meal 1 gm. ) Filtered through cotton,

@lucose 1 ) Steriliged at 15 1bs.

Buffer sol,.: 100 ceca ) pressure for 20 minutes,
€11 c.c. M/15 NagHPO4 ) Pinal pH 7.0 .

3849 c. c.M/15 KEgPO, )
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