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The .equence of event•••••• follewa: There wa. a gradual but .harp

cl••r1ns up ot the proxlmal portion ot the bacter1al streak to.arda

the di.tal end. Tho impartially 111.d zone n••reat to the actlna.

D1;ycete.treak ••asoon completely clarified and perfectll at.rile

wbile • part ot the dIstal portion of the streak gradually under­

.ent 1111a, though 1t tal1ed to reach complete lya1s during the ob­

.ervation perIod.

Inhibition ot E. tlphos8 W.8 caused only by I, X, ar~ Gr. st­

rain., ot whlcb I and X proved to po••••• very alight lytIc action

a•••11. Three other straIn. Z, 5, and G with no inhibItory actIon

against E. tlphoaa, did, however, exhibIt ImpartIal 1181. or 11 am.

at different time intervals.

Plg. l(a) 1s the photograph ot 5 plat.a streaked 6 days pre-

V1Gusly with strains B. J, .It, Y, and Gr, or the actinomycete•• -On

the fifth day ot the growth of the actinomycete the plate. were

etreaked with the teat organl.... The pbotographs .ere taken 24 hre

later.

P1g. 1(0) are photographs taken on the a.venth da,. arter ino­

culation of the actinomycete on which the test organis•• were

etreaked on the 5th d8Y_ In 24 hours Stapp. aur.us .a. inhibited,.
while E. typho.a gr•• normally. Twenty-tour hours later B.tZpho8.

streakwalll partiall,. lysed.

!be•• results 1nd1cate that the inh1bitory substance diffused

in the agar and spread out tor a centimeter or so 1n the tew houri

before the mlcrobe. showed vialble growth, 1nhlbitl.ng the growth or
• sensitive organism. On further incubation the antlbacterial

substance continued to diffu.e into the agar 1n sufficient cone.nt-

ratlon ~o induce d18s01\1tlon or the bacteria. Evidence tor the
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latter phenomenon was obtained by micro8copic examinations ot Gram

stained smears frOID ly818 showtng zonel. On flzamication of the comp­

letely lysed portion of the culture it "as round thet the aet1ve

stra1n8 had dissolved all the bacteria. Smears of faint growth

traces from incom.pletely ly80d zones showed chenge. in morphological

and staining characteristics of the bacterlal eelle. The Staphylo­

cocci were rather fa1ntly stained. Moat ot the cells were not clearly

outlined and were sligbtlyenlarged, appearing slngl,. or 1n pairs as

contrasted to the normal, small-sized, dark purple, well outl1ned

staphylococcus cells which occur in regular clusters.

While Eberthella typhosa showed characteristically elongate, th1n

filamentous and. mostll granular forms, othera appeared 81 on11 slight­

ly elongated, but unu8ually thickened Gram-negative rods. These .ere

in contrlst to the normal tin1 !. tYEhosa rods from the unlyaed d18­

tal end of the streak.

It was found convenient to cle8.1f7 the actinomycetee on the

ba.ls of their inhibitory actlon upon Staphlloco~cu. 8urous. ThuI,

actlnomycetes 5,F ,G,H,J ,K, I,Y, and Or t produc ing an inhlbl tion zone

of 10 nT.. or more were grouped a8 highly active; tho.e producing a

zone of 1-10 mm. (Stra1ns 2,3,6,D,E,II,III,X,Z) .ere termed moderately

actlve; and those producing no inhibition (Strains 1,4,A,B,C,S) .ere

grouped .s inactive Itrain••

Bacteriolytic actinomycetea were found 1n each of the above three

groups. They were mucb more numerous, however, among the bacterlo­

ItaticallY' active groupse The independence Of bacteriolytic ability

.eemeato be improbable. The tact that bacteriolytic ab1lity i8

a1gn1tlcantllsssociated with growth inhibiting power 1s in accord

with the two-stop theor, proposed by Welsch in 1941 (133) tor the
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mechanism of 1ys18 of I1vtng bacteria.

For more detailed study, 1:5 actinomycete cultures .ere selected

.a follows: Pour of the mOlt actively inhibitory group, namely, 5,1,

Y,Gr.; seven or the least active onea, 2,3,6,II,III,X,Z; and two 1,4

or the inactive strains. The reason for seleet1ngmany more of the

least acttve strains "'Is the t among these straiT" were found the ones

wi!thstrongest lytic action against bothE.typhos8 and Staph. aureUB.

The inactive strains were chosen at random, thinklng that they mA1

turn out to be potentially active through their metaboltc products.

'!'hi. concept w.a·later confirmed for strain Jlo. 4 in the latter part

of this paper.

T••t. tor LZ818 and tor Bacter10static Action !! &oluble Products

from Actinomycete••

It ha. long been recogniaed that the results or a8say1ng subs­

tances for bacterlo8tatlc and lyticaetlen. depend largely upon the

methods employed and the selection of substrate tor the ~rowthe ot

m1cro-organi••••

Preliminary Studiea:

In v1ew of thes. facts, a Bet ot preliminary experiments .ere

performec. Strain. 1,2,3,4,5, and 6 from among the moat active,

least active and inactive groups were chosen.

'fbe formation of the antibiot1c substance 1s greatly influenced

by the strain of the organiam, the composition or the medium, and the

conditions of growth.8ome antagonistic micro-organisms produce

more than one antIbiotic 8ubstance. It haa alao been definitely

GstabIl.hed that 80me substances ma1 be produced by more than one

organism.

11
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In order to obtain an antibiotic sUbstance, the selected poten­

tially antagonistic organ1nm 1s grown on an organic or • synthetic

medium under most favorable conditions of temperature and aeration.

lIledia.

Considering the msrked effect ot the composition of the medium

upon the activity of • SUbstance, .ix media .ere used; the simpleat

being veal intu.sion broth" which w•• alao first Wled in obtaining peni­

oillin; the tairly simple starch tr1ptone medi'WII tor streptothricin

(129) production, containing starch a•• source of carbon, a protein

digest known under the trade name ot tryptone; and the glucose meat

extract medium recomH;ended by Schatz, Bugie and WaksmaD in 1944 (98)

tor the production ot streptomycin by streptomycea griseus. In

order to include a medium haVing 8S its carbon aource & augar other

than glucose, liquid Sabouraud containing crUde maltol. wea a180

chosen. Pinally.s an example or • synthetic aubatrate, Czapek'.

Doz medium was ••lected. As we shall aee later, more active fil­

tratea were obtained trom the latter than trom any or the abo"e men­

tioned m.dia. Varioua other sources or nutrition tor the actinomy­

cete. cou14 have be.n us.e, one or these i. trie4 and ia discus.ed in

the latter part of this paper.

9,ultlvatlon ot the Actinomycete. unde~Subm.rsedConditlcna.

The greate.t handicap in stUdies on the metaholism and bioche.

mistry of the actinomycetes ha. been the slow, and exceedingly variable

results obtained. when these organisms are grown under usual laboratorr

condl tiona. .any or the.e cUfficulti•••ere eliminated by cultlyat­

lng them submerged in the above mentioned liquid m••ia, with suitable

dai11 agitation and .eration; inCUbated at 29° C. for a maximum of
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Under such conditione, rapid and abundant growth .$..
obtained regularly. Growth occurred 8. homogeneous suspensions or
separate colonias and mycelial fra~nent. throughout the liquid.

On tho fifth day of incubation, samples were t.al;en foI' compara­

tIve colorimetric pH determinations and entlbacterial assays. The

rest of the culturel were placed in the refrigerator for preservation

of activity, it present.

The crude culture fluid. were tested for antibacterial activity.

To obtain coll-tree culture fluids, it wa. fOUIld lfiore convenient and

le88 risky to use centrifugation rather then filtrati0n; because ac­

tlve principles are likely to be rapid.ly adsorbed on various filters,

making the selection or • filter. rather important but difficult taak.

Thus culture. were centrifuged et 2500 R.P.I. for one hour, the

groJlth mass of the organism separated llnd the supernatant fluids .ere

removed, tested for the presence or abaence ot antibacterial actlvity

by different methode already mentioned.

'or the lake of convenience, the culture fluids of the actinomy­

cet•• al such or the supernatants atter centrifugalization, wl11 be

designated a. "actinomycetin" and they will be 80 referred to in thIs

paper. The medium w1l1 be referred to a. an abriged subscript,

followed by the number or Actinomycet. strain used, e.g., strain Bo.4

grown on liquid S,bOU.t'8Ud wll1 be reterI'ed to aa "Actinomycetin 10.6"
Sab.-An additional object or thi8StUdy is to demonstrate, if possible,

that crude actinomycetin. contain at least two substances acting on

living E. typho•• and Staphllococcua au.reua, 8 bacteriolytic principle

which dissolves tbe living bacterial cella and 8 bacteriostatic subs­

tance whlcb complete1r prevents OX' disturb. growth or these organis.s.
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~".l Methods:

The Gutter P18~e Method (34,37,52):

This i8 the simplest method of examining for inhibitory end lytic

po"ers. Wi th 8 Itertle scalpel 8 strl p of the egaI' lUI removed trom

8 Mfl&t extract plate, end the gutter thereby formed filled with a

mixture of equal parte of molten agar and actinomycetin. V~en this

had solidified, cultures ot E. tnhol8 and Sta@. aureUB 'Were streaked

at right angl~. (rem the furrow to the odse of the plate. For compa­

rtson the gutters or the control plates u8ee were filled with a mix­

ture of agar and sterile liquid medium. These were then incubated

at a9° C.for twenty-tour hours and examined for zon~a of growth 11'1­

hib! tion. On tu.rther incubation at 29° C. for 30, day- the bacterio­

lytic properties were observed.

!be Cylinder Plate ~ethod (52,55,100):

Some features of this procedure were greatly emphasized by Foster

and Woodruff (43) in dealing with the quantitative aspects of the

problem, but a. our intereet W.8 qualitative, we did not uee their

method for quantitative interpretation.

Principle:- An a.gar plate 18 uniformly seeded with the teat

organism. Short glass cylinders are placed on the surface of the

agar and tilled with the teat solutton. When incubated the•• will

exhibit a uniform baeterial growth except for a circular zone around

each cylinder where an active antibact("rial subetance hal diffused

outllnd prevented growth. Tbe diameter of this zone of inhibition

Is related to the ooneentretlon of the active principle.

Method of .eedlng plates:- 100 c.c. molten cooled meat extract

agar was preseeded with 0.1 c.c. ot 8 24 hours nutrient broth culture

or the teat organiem just before pouring the plates. The medium was
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then uniformly measured into each plate by apportioning 15 c.c. amount.

with an open tip pipette.

Cylindera:- Provided they wore uniform, the actual d1rrenslons ot

the cylind6rs were not Important. Cylinder. 10 Mm. tall by 9 mm.

extornal diameter, were used. FlUid-tight se81s were assured by mo-

mentarl1y flaming the c111nder just before placing on the agar. The

amount of actinomycetin in tbe cyllndflrl had little effect on the

results obtained • The cylinders were f11led leval to the top using

• Pasteur pipette. The prepared plates were placed in the refrlgera.
o

tor for 2 hours before Incubating at 3' C. for 24 hra. This a110••d

the fluid to dittuseout before bacteria began to multiply rapidly,

and 8 clear circular zone resulted when the solution tested was active

agalnst the test organiem. Th$ d1ameter of the inhibit10n zon••

••s measured directly against a millimeter scale la1d at the bottom

of the dish.

The Alar Streak Method (123):
i

The following prooedure .8. used with samples or crude actino-

mycetlns.

Each ot a seriea or tour sterile Petri dishes .a. merked ott

into two sectora, labelled E. typha.a and Staph. aureuI, and to each

or the three dlah.s .ere add" a portion of the solution to be tested,

usually 1.0,0.3, and 0.1 c.c., respectively. Jone of the sample was

added to the fourtb or control dish. Meat extr80t agar w.s then

melted, cooled to 45° e. , added 1n 10 cc. quantlties to each diSh,

and mixed thoroughly wlth the 88mple. When the agar had 801idlfle4,

the test organisms .ere streaked on the plate, each within the marked

.ector. Three dlscrete streak. ot each organiam were made b7 means
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of a loop a. follo•• : Tho loop .a. sterilized in a flame and dipped

into fa uniform 24 hours ,u.pension of the test organism, and the three

streaks .ere made on the agar wIthout recharging the inoculating

n.edle. The needle was flamed and. recharged between plates. The

plates ..ere incubated at a temperature of 3'70 C. for 24 hours and the

re.ulte reoorded • The growth of the bacterial cultures on eacb plate

••s compared with their corre.ponding growth on the control plat••

The end-point ••• t.ken .a the highest dilution at whi en growth w••

completely or a!.most cr..apletely inhibited. The result was 6xpre.sed

i n 'ldl1ut1on un1te". as that amount or material which, added to 1 ce.

o! the teat medium, would just inhib1t the growth or the test org_n1sm.

Unitage .9S calculated by dividing the volume of agar in the plate b1

the amount of the test solution added to that plate wh~, eh showed the

end-point. SometiM,as the end-point rell aomewhere between successive

platel of ti~ seri8s. Por example, a plate containing 1 c.c. of the

active 8ubstance ahowed complete inhibition; the plate contaIning <>.3

c.o. eho'Wed normal growth on two streaka and no growth or the teet

organiem on the third streak; the plate containing 0.1 c.c. showed

normal growth on all three streaks. In such eaS8S, an interpolation

wss made and the raaults reported in dilution unIte per c.c. of the

Bctive substance.

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

Doubling dilutions of the unknown preparation were ms.dt! 1n a

meat extract sodium chloride broth, and the tube. were inoculated with

a drop of the 24 hours suspension of test organism. Control tubes

were a1w.ys set up for both .~. tlE20S~, ~taph. aureUB, 88 well as the

unknown actinomycetin. Tube. were then incubated at 37° c. tor
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In several of the later experiments the pH of the indl-

vidual dilution tubel were recorded by ustng ~Merck" universal ind1-

cator paper; and after reading the 24 hrs. incubation results, tubes

were re-incubated tor three successive dayB ~lth daily recording. and

observationa for possible lytic actions. The end-point waa taken ••

being between that tub.wh1ch just prevented growth completely (or

whlch prev~nted suspended as opposed to sedimentary growth) and the

first in which source growth occurred. ThIs has been definlt€::ly

established as stated by Poster and Woodruff (4~), that "the end-point

1. not nece.sarily that dilution which inhibits growth completely,

but rather, that dilution 1n which growth is so retarded that th.

organism rall1 to develop a un1form turbid1ty throughout the broth,

torming insteed, a sedl!1':ent In the bottom. ot the tube leaVing 8 clear

8upernatant tt
•

Result. and DiscuI.ion.-
The results of repeated experimonts by the threo assay methods

tor inhibition and lysl. orE. typhosa and StaPh••ureua are presented

1n Tables III, IV, and V. In every c••• both non-centrifuged and

centrifuged samples were used.

The re.ults of the gutter plate and 'the cylinder plate metho~.

involve the same principleI' ar;o explanatlon given tor the agar eros.

streak method di.cussed preViously.

It should be noted that the cylinder plate method 1s not used

to test lysll, but reveals the bacteriostatic activities of the

actinomycetin•• From Table V it can be 8een that only actinomycetin

10. 4 showed complete 28 mm. inhibition of E. tzppc;»S! (Fig. 2). The

same culture fluid on the Staphylocoecul plate, in addition to the

~. ~~& ".~t1Al inhiblto~v errect. caus.d • definite stimulation of
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the test organism 88 seen in Fig. 3. Por comparison the control

plate using sterile Czepek' s Dnx medium 8. test solut1on 18 glverl

in Pig. 4.

In other instances as w1 th i\ctlriomycet inS•
b

• ~o.4 &: 3 Inhlbl tion

and stimulation occurred alternately. Fig. 5 shc,'I& that enforced

growth was either r1ght next to the cylinder and followed by a partial

inhibition zone, or there was s zone of complete inhibition preced-

ing st1~ulatlon and the latter followed by partial inhibition. Thi.

phonornonon was frequontly observed on numerous occasions, appear1ng

a8 halos et varying sizes surrounding zoneD of inhibit Ion. The

stimulat10n waa in some cases of extraordlnory range and seemed to

be similar to that described by Abraham et -1. aIld Boas (76). 'rhe7

called attentIon to the fact that st1mulative principles may be pre­

sent In. plant tissues together with inhibitors. A s1nlultaneOU8 act1­

vi ty in this Bense ml.ght expla1n the observation mellthoned above.

Luea. and Lewis (76) e1so regarded poss1ble that the in.hibitor •• it

penetrates the agar becomes diluted to such. d*gree that ita action

reverses. 80 tar no explslJ.stlon, or means or controlling thla ph••

nomenon ha. been discovered.

All Actinomycetin. co b prepared by growing the !t.ct1nomycete In
~8 • •

liquid Sabouraud, which show.d strikingly perfect inhibition sones

ot E. typbo•• , proved not to be due to an activity of the act1nomycete,

because sterile liquid Sabourauo's medium used for contrel save equilly

atrlk1ngresults. Two possibilities were thOUght of, ond both re-

malned 1nconclusive.

(1) That there must be an active aubetence in 088 of the con8­

tl tuenta or the aterile Babouraud t 8 medlum wh1.ch antagonized

E. t,pb0sa. Baaed on thia a.sumption several experiments
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were carried out by preparing 8ep!lrete media trom each of the

infredlents end testing their act10n on ~. typhol. by the cy­

11nd~r plate ~ethod. Upon repented trials no inhIbition we.

observed when crude maltose of Chanut Qnd granulated peptone

.ere used separately. 'then bo th were e01'l'!htnl!\d, h(~wev('r, the

lnhl~ltory reaction appeered.

(2) Inhibition asoribable to high acidity we. consldered next.

By the tube dilution method wben successive cUlutlona ot the

sterile Sabouraud's med1um were inoculated wIth E.
p

tYEhO•• and

the pH checked, the low dilut10n tubel did sho. higher aciditI

as low as pH 5.2 due to the fermentation of maltose. Bowever,

this waa apparently not the cauee of 1nhlb'. tion .UI evidenced bJ

two facta:

(a) E. tlPho•• wa. grown successfully on an agar medium of pH 5.0

and the growth appeared 8. rich 88 on the control medium at

pH 7.0.

(b) In the cylinder methoo, before allowing growth of the orga­

nism at 3?0 C., the teet solution pl.ced 1n the cylinder i.

given 8 chance to diffuse out into the medium during the

time the platos are placed in the ret~lgerator for 2 hrs.;

hence the test solution before being acted upon by the bac­

teria, and before becoming acid ditfused aud acted 88 an

inhibitor. No definite explanation could be given to this

phenomenon, therefore expe.rilf!ents on this medium were dis­

continued.
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It should be remembered that nes.tive results by the agar gutter

plate and cylinder plate method should not be cona1dered conclusive

in determin1ng Inactivity of • strain. por it ma,. be P0881ble that

the failure 1. due to the laok ot diffu8ibility; or low degree ot

diffU8ibility of the inhibitory SUbstance.

ted by the ler1a1 tube dIlution 8.S.Y.

To confirm the positive results obtained in Table IV and to prove

that the results .ere correct, every dilution tube ahowing perfectl,

clear or partial17 cl••r supernatants, along with their corre.ponding

control test organisma ...re plated tor bacterial colony count d.one

by the "agar pour plate" method. In every ca.e platea were round

either completely devoid ot colonies, or els. had df"tlnite11 rewer

number of colonie. per plate than the control plate••

Bo doubt should. tberetore remain about the antibacterial proper­

ties produced b7 some ot the Actinomycete strains under stUdy •

• oreover, on further correlation of result. tro. Tables 11,111,

IV, and V, it 1, evident that while 80me actinom,'oet•• need the grow­

ing mycelial cell. tor exhibiting antibacterial propertiea, others do

80 on11 when their metabolic ••ate products are tested. (Strain Xo.4).

'lb. valu. ot the study 80 far carried out 181 in the tact that

it threw light upon the relative activity of'the Isolated actinomycete••

It also ,howed that the gutter plate method, and such culture

media •• SabouraUd'. liquid medium and veal infusion broth, on account

or technical difticult!e. were unsatiaractory for such aa.ays.

Experiments were continued on strains I,II,III,X,Y, and Z. In

addition to other methods described tf agar streak method" or ••••y w.a

alao used.

Result. obtained on these seven strains tested, are given in the

~abl.a VI.VII and VIII.
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!able VI.
I

fest
or... 1)11\r'1ona or Ao:tlnOlllVoet1nl
nt... orca- "'1-4o't1HlQ"oetlnll p1l 1/1 1/1 1/4 1/a 1/1' 1/11 al_ a.,..

oemt- ••tlll
..01 ••t_

I. ea .. T.e ft. • .. ++++ ++++ ++++ .... +H+ ...
!yo. ++++ ++++ +... ++++ ++++ ,++++ ++++

!.., lat. '.0 It. • ... ... ... ... .. ++++ ..
17· ++++ ++++ ....... ++++ ++++ ++++ ......

Star.h T•• St. ... ... ... .. ++++ ..+++ .... ...
fJ· ++++ ++++ ++++ ++++ ++++ ++++ ++..

IX. Ca. lILDd
• ...oll 1.ft St. ++++ ++++ ++++ ++++ ++++ ++++ ++++ ...

'-'7. ++++ ++++ ++++ .+++ ++++ 't'••• ++++

Meat at. '.1 St. ++ ++ +. +..... ++++ ++++ ++++ ...,.,.. ++++ +++1' ++++ +.++ ++++ ++++ ++++

IIX. C.... .....
staroh .,.a It. ++++ ++++ ++++ .+++ ++++ ++++ ++++ ...

!T. ++++ ++++ ++++ ++++ ++++ ++++ ++++

x. C... ~' ••1'0 ~ .,.. St. • +++ ++++ ++++ ++++ ++.. ++++ ++++ ...
!T. ++++ ++++ ++++ ++++ ++++ ++++ ++++

_eat ext. '.8 ft. • .++ ++++ ++++ ++++ ++++ ++.. ...
!t. • ... .. +++ ++++ ++++ ++++

'f. Ca. T.O st. • + • .. + +++ ++++ -17. ++ +++ ..+ .... ++++ ++++ ++++

....t .at. T.4 st• • .. +++ +++ ++++ ++++ .... ...
17· + + ... ... ...++ ...... ......

8i:aNb 7.4 ft. ++.. ++++ ..++ ++++ ..... .+.. ..... ...
fy. .... ++++ ..... ...... .... .... .....

I. C•• '.2 It. • ++ +++ ++++ .... ++++ ++++ •
Ty. ++++ +..... ++++ ...... ++++ ...... ......+

hat _t. T.I st. + ++ ++ +++ ++++ ++++ ..... ...
'fy. .. ++ ++ +++ ++++ ....' .....

stanh 7.0 ft. • • ++ .... ++++ +.... ...... •
rye ++++ ++++ ..++ ++++ ++++ ++++ ++++
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Control plate of sterile Czapek's
Dox medium and Staph. aur~
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AIltllbaeterla.l Aeth11;J ill »11'1-
"loa Uld.t. ,... ... or Aotl1n.,...bl

.Ad11l.,._''''''
staph. ....ea E.trphNA

I. Ca. 10 0

M.' ....., 10 0

Stare" 0 0
•

I!~ 0.•• .., ext., and • .....h 0 ()

III. C••• ..., at•• .. ltaroh 0 0

•• C•• 0 6

Ilea' .'ra.o", aDd .taroh 0 0

x. ca. 0 0

v., _tract &; &)

Star.a 10 ao-
l. Ca. ao i

:IiI_' -'raet I 0

Maroh SO 15

z. Cs •• and ...., _van 0 0
, •• t • ..

sw.reh . 0 I-
CORvol. Ca., .-, .... &I _.oll 0 0
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Further StudIes.

On the b••18 of the prellmlnsr7 studlea, further stud,. on the

most active strains partlcular17 ot those most active against ~.tlPho8.,

nal1lely, strains I,X,Y,Z, and. Gr. became nece••arJ.

In general, the tindinEs t1'OIl. preliminary experiments led to the

.ssumption that the liquId culture media uaed were not too .atiafac­

tory. Instead, .. medium devised b1 Rake and Donovlck in 1946 (88),

including neither beef extract nor corn steep liquor, but using aoy­

bean meal a. the source of nitrogen from which the authors recovered

streptomycln, proved moat valuable in our experlm.lts. Thus atten­

tIon was mainl,. concentrated on thll medl\8 8S • favourable substrate

tor antibiotic activit"e Under growth conditione the rapid drop

from .. pH '7.0 to • pH 6.0 or even 5.4, neces.itated a slight modifi­

cation ot the above medium by but'ferlng it aa follc>ws:- A butrrer

solution 61.1 c.c. of 1./15 1"281°.+ :58.9 0.0. 1t/1S U 2'O•••••ub.ti­

tuted for the dIstilled water, to whlch soybean IDeal and glucose were

ado ed, but no sodium chloride was added. The medium ••s dispensed

in 100 c.c. amount. in 250 c.c. Erlenmeyer flaska. After autoclaving,

••ch flask .as inoculated with 0.5 0.0. or spore auspenalon.

PreparatIon of Spore Suspen8ioDI.

The esperlmenta d.scribed below were all conducted in a uniform

manner. A dilute suspension or the actinomycete spores .a. prepared

bJ auspending in sterile distilled 'Water the surface growth of the

organl•• grown on Sabouraucl'lS proof· agar and Cz.apek's Dox agar.

Since the .pores wet lei th great difficulty, the au.speneion wae shaken

with glae. b••de tor fifteen minutes. The resultant even auapenalon

••8 stored at r~trig.r.tcr temperature and .as ueed tor some months

to inoculate the media to be tested.
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Cultivation.

~he eourse ot production of actinomycetin e b under 8ubmerged
~oy ef1!l

conditions wa. exactly the .ame •• In the prelImInary work. The

varl.tlon introduced he"ever,w.8 that trolD the third through the

eeventh d.•y of inoubation, sample8 ".re taken every other day for

pH determination and aeri.l tube dllutlcn .eBay8 tor active substan­

ce8. In thIs .ay the pH variations were followed and the period for

maximum production or active substances determined.

In every ea•• it was proved that not le.8 than 7 days were

needed for maximum activity_ All agar diffusion as.ays were there-

fore carried out on leven-day-old samples. Furthermore, all teats

were repeated on samples clarified by centrIfugation at 2&00 B.P.M.

tor 1 hour.

ReBults and DiscuBslon.

Tbebacteriostatlc anel bacterIolytic actions of tho non-centri­

fuged, seven-day-old sample. aro summarized in Tables IX,X and XI.

Prom the above findings we can .e. that no doubt NlIrlslns to the

statement made, about soybean meal medium being the most .atisfactory

for production of active 8ubstanc•• from actInomycete••

Furthermore, a oomparison made betw~en TableD VI and IX indicate.

that of the identical strains grown on the dltfer~nt SUbstrates, wlth

the exception of Czapek'8 Dox medium, the soybean culture fluid showed

greatest activity and was wore noticeable for itB antibacterial actI­

vity against E. tlphosa.

The hope for the buffered soybean IDeal medium to improve condi­

tione and thereby yield greeter antibacterial results was only par­

tially fulfilled, 88 it dofinitely proved more satisfactory for the

prod.uction ot an anti-staphylococcal substanco. !. typhosa remained
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Dl1_1... .r .uu.a..,...ttaa• 1/1 1/1 1/.

If-
.
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to be more sensitive to the active principles .ecreted by the actino­

mycete. in the loybean meal ••diu. without butfer.

The synthetic JI10dified Czapek'. Dox medium gave fairly good

r ••ults J in tact tar better than any of the proposed glucose meat

••tract or atarch trypton. media which were claimed to be used for

streptomycin and streptothricin production by .ak8man (119,98).

The importance ot the nature of the medium in whieh the poten­

tially active actinom1cet•• grow becomes cleartrom obaervatlol1a .ade,

that there is a elo•• correlation bet.een the growth. of the organls.

and the product1on ot the antibiotic. It would therefore be correot

to ISY, that at l ••st In many C8S8., the production of an antibiotio

1. not merely • re.ult ot .utolysla of the mycelium; but 18 due to

eell nutrition or to cell synthesis. These antibacterial lubstfilnc••

• re .ecreted into the medium 8nd in this way the actlve principle

say be thought of a. a metabolic •••te product, produoed apparentl,

troll cert.ln organic oonstituents of the medium.

In 80me c•••• there we•• slow .nd st••dy ri.e in activity,

while at other time. there .a•• more rapid 1'1•• with 80me activit,­

demonstrable ••••1'11 8. the third da7 arter inoculation. ..:&111.1

activity in .ubaerged cultures occurred usually about 6 to 7 days

.fter incubation.

In the finally adopted soybean •••1 medlU11 the initial pH waa

7.0. AI growth progre.sed acid1ty incre.sed. This 18 unlike

streptoftl1cin producing .ctive strains of streptomlce. gris.us reported

by .akaman; who emph••izes their extenaive alkalinity produ.cing

property. Accordlngly,. change 1n pH '7.0 to pH 5.8 or 5.4 (Table

111) may have an unf.vor.ble etrect upon the production of active

aubatane.a. In gener.l, how.ver, appearance of act1vlt7 ••• lome.hat
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Irregular and bore no direct relatIon to pH cbange.

on the otber hand, the pH change of the 8ame actinomycete. strains

grown on C••pek'. Dox, meat extract, and starcb tryptone have no re­

lation with the pH cbange ot the soybean meal medium (Table XIII).

With every strai11 tbe pH either remained constant at '1.0 or there

was a gradual ri•• to '7.8 on the 7th day of incubation. Strain Y,

which actually gave riae to an initial acidity but followed by •
•

gradual, regUlar change to an alkaline reaction in the Soybean meal,

a. well •• the Czapek'. Dox, meat extract and starch tryptone media

proved most .atiafactory in all experimenta.

At thia point one i. apt to think that, inhibitions of the te.t

organlsma cau.ed by tbe .cid produ.cing act.lnomycetea strains are

merely due to acidit,.. It "as proved contrary, bo.ever, when, a.

mentioned in preliminary studies, both B. tlpbDsa and Staph. Buren.

were separately inoculated on meat extract agar pl.tes, prepared

under the .ame conditions, but haVing different pH value. (5.0 & ?O).

Within 24 houri at ~7o C., both teat organi••• grew al luxuriously

on .odi. at pH 6.0 a. at pH 7.0.

Conri~.tory teat. for inhibitory and lytic actlYlty of culture.

al.8yed OD the ••venth da1, were done by both CUltural sDd microscopic

examinationl on serial dilution tUbe. Arter 24 hours, and "12 hour.

incubation, to prove that tbe clear .upernatant 1n thol. tube. were

due to inhibition or ly81s. This .a. done aa follows: .eat extract

agar plat•••ere prepared and labelled into section•• A. looptul

fro. each dilution tube was streaked on the corre.ponding sectlon.

Control streaks ot pure y; •. tZ2h28.! and pure StaE?h. aurous suapension•

• ere also included. plates were incubated at 370 C. for 24 hours.
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The rea80n tor perform.1ng this test not only on tube. Iho.lng

clearing, bu.t also on the two flrst 4 + turbidity tubel as well, ....

beeaus. of the pOlsibility that instead of inhibition and lys18 being

responsible tor clear supernatants, a bactericidal effect on the orga­

nisme wss taking pIece atter full growth; 1n the latter case the fluid

would naturall, rema1n turbid.

The results showed that with every f+ tube dilution .ample the

agar test streak agreed with the control agar Itreak. This there­

fore eliminated the pOlsibility of bactericidal actIon ot the crude

active substances develop1ng after tbe inltial growth.

on the other hand, complete or partial clearance showing sampl••

gave very satisfactory results of tho fallowing nature: All tubel

marked with (-) sign arter 24 hours ot growth (Tables VI " IX), .bowed

no trace of growtb ~pcn platina; indicating that the teat org_niama

were inhibited and killed. In all tubea whlcb at first showed a +

or 2 + growth and later became (-), the teat organieml .ere at first

allowed. to grow and later .ere completely lysed. Only 1n a fe.. ins-

tanc8S marked with (-) aign, the agar streak showed 3 to 6 aeparate

Imall colon1.s; lndicating tb. survival or so•• organisms {bacterio­

statlc eftect}.
.

All .amplea showlng "'" , 3 + , 2 -+ and 1 + clearance readlnga

gave growth on asar platea. The intensity of growth corresponded

more or 1••• to the degree of clearance slgns.

Gram staln, made on organisms from partlal1r lyled area. on

agar streaka, gav.resulta which accorded with those described 1n

the pre11minary experiments.

Further evidence, 1n .upport ot the contention that positive

reaults reported were due to active lubstances secreted bY' actinoID-ycetell
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11 given below:

(1) OIl. may think that the caUSe of clarity in a tUbe, and the growth

of fewer bacter1al colon1e. on agar plates, 1s due to the deple­

t10n ot tood, leading to competition between the bactoria and

actinomycetes. Th1s 18 not true in our case. Bad It been 80,

then all actinomycete straIn. should have gi,ven pOliti ve result.

and clear supernatants. Besidea, th$ above possibility .a.

cOlupletely denied when the centrifuged cell-free solution. yielded

positive or negative roault. that were in almost every cas. paral­

leled with rosults of non-centrifuged samples.

(2) Tbe p0881bilit1ot exhaustion or food due to prolonged lncub.tlon

W88 also d.1aproved with the demonstration that the test orga­

nIsms survived long enough in the test solutions to pormit

experiments exteddlns over a period ot 30 da78. ;'or thIs pur­

poa. the control of eacb experImental set 1n the tube dilutIon

method was Q detini~ proof, that the test organisms survived

'Well within the limits ot time needed tor the experimonts.

It remained to determine whetber the isolated active SUbstances

are bacteriostatic, bacteriolytic, or whether both properties are

combined.

To a certain extent, results reported 1n Table I distingui.hed

between the two tiP•• of actiVity. Positive results reported in

'fables VII, VII1, X and XI are indicative ot bacteriostatic action.

ftbl1e the serlaltube dilution and the gutter methode showed both

bacteriostatic and bacteriolytic eftect••

The filtrates ..ere a180 tested tor pha88 actiVity and such an

actIvity could not be demonstrated. 'flleretore the effects observed

could not be ascr1bed to an,. phage developing in the media.
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The part1cular atrainStreptomlC•• sr1aGu. gave moat amazingly

diaappolntlna result.. If it were actu.a117 an active strain or the

streptom.ycin producing streptomyces sria.us, then according to Rake

and. Donovlck (88), a•••11 a. Waksman (121), it should bring about

extensIve alkalinity. But the strain sent tor UI produced .arked

acidity 1n the .edium and theretore such strains are e18.slfied ••

inactive strains.

Of the actinomycete. isolated bJ us, the one most cl08ely related

to Streptomyces grlaeue .eemed to be strain Y. Tbil produced at first

considerable ac1dltJ and later bee••• neutral. According to Wakaman

ftThe inactive strains or Streptomycea griaeus do not bring about anr

extensive alk.linit1 in the madimI, such strain. undergoing much ly8i8,

.speela117 1n submerged cultures, and that the•• strain. actual!,.

give rile to an initiel acidity to the medl\a followed b,. a gradual

change to an alka11ne reaction". We could compare malnll upon bio­

logical ground., the ldentit,. ot our actinomyceto. strain Y ~lth a

partiall,. active varlantof Streptol1llce. grleeua. A comparison of

their antibacterial powera ha, 80 tar proven strain Y to be definitely

tar more powerful than our Or. strain against Staph. aureus in all

the testa performed. Furthermore, it ie a180 more powerful against

E. typho.a a. te,ted by the aerial tube d1lution, cylinder plate and

the agar ,tre.k method.; except tor the tact, that the growing actino­

Eycete t •• t ('fable I) reve.led 10 am. inhibition or E. tlpho.a by Gr.

and on11 6 mm. bJ Y. Here agaln how.ver, no conclusive evidence

could be given unl••• further comparative .tudlea are made.

Our atu.41ea showed tbat many actinomycet.e contain antibacterial

principles at certa1n stages or their d~Yelopment. The principl••

"ar7 greatly in their potency and distributIon within the act1nomycet•••
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Their inhibitorl properties .ere found to be most active against

Staphylococcus ~ureu••

Bacteriostatic and bacteriolytic activities ..ere also rev••led

b7 the•• micro-organilms against E. tzpho... Such activity wa.

shown by relatively rew strains and alw81. to a l.aser extend. Thi.

i8 in conformity with the report. ot Welach (133).

We mal conclude ~7 stating that bacteriolytic and bacteriostatic

activiti.s are wide apr.ad among the actinomycete., but the production

of soluble bacteriostatic and bacteriolytic agent. in concentrations

.ufficient for detection appears to be lea. w1del1 distributed.

SU.MARY

In the .urv.l on the distribution or antibiot1c properties among

actinomycet•• twenty-thr.e .traln...ere Is01at.d trom different

IOurC•• in Lebanon, and on• ..a. receiv.d trom abroad. All the.e

were tested for antibacterial actiYitJ .sainst Staehllocoocus aureU!.

and Eberthella tle?O•••

Th••• strains varied greatly in their antibacterial activity.

Bineteen .er. found to be bacteriostatic or bacteriolytic 1n varying

degree to 8ta2b. aureU8. but only three proved definitely bacterio­

static to ~. tlEbo.a, of which two were a180 partiall, b.cteriolytic.

The micro-organi•••••re not r •• tidlous but grew fairly well on

almost all the media prepared tor th. production of antibiotics.

'lbe influence of the cOllPo8ition of tbemedium upon the produc­

tion of the active .gent. by actinomyoet••••••• to be of major

tmportance. The original Borb.an meal medium proYed to be the be.t

througllout tbe experi.ents. lotic.able improvement ",a. obtained with
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thl. medium by bufrering it.

'fbe difterent cultures ot 8ctlnomyc·etea dirtered in their cape-

c1t:r to produce an antibiotic substance. The bacteriolytic and bac-

tar108tatic activity of five to 8even-day old actinomycetin. were

studied by the liquid medium as well a. the agar media methods, using

in every Case 84 houra fresh .u.pensions ot E. typhosa and. ~aaph.aur.u'4

or the strains tested, .ome proved completely inactive, others

gave rairly good results and one proved. particularly active.

The bllcteriolytie actinomycetea were found to be more nWllercUI

among the bacterioltatlcally active groups. The Ind.pend~nc. ot

bacteriolytic ability ..... to be 8o••how improbable in most ca••••

Evidenoe i. presented that antibacterial activities observed

are not due to depletion of nutrients, prolonged incubation periods,

nor to changes in pH.

Moat active lubatancel .ere loluble in water and diffusible

through agap'. It 11 alao believed that tailure of SOli., potentially

Dctive actinomycete culture. to respond positively to the plate

te.ta i. due to the low degree ot their diffu8ibility.

Pinall,., the concluaion given state. the tact, that, although

bacterio.tatie and bacteriolytic propertiel are wideapread among.
the actinomycete., the production ot aoluble active principlea in

aufficient Quantity appear. to be 1.1. Widely d1stributed.
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Al?pendi:a:

a.at extract agar.

Dircc peptone

'aCl

leat extract

Agar

Q.5~ )
)

0.5% )
)

0.3' )
)

1.5% )

lade up in tap .ater. pH adJuated

to 1.2 by phenol red indlcator

colorlmetr1.cally. After autoclavln~

at 15 lbs. pre.sure tor 20 min., tbe

pH reduces to 7.0 •

Modified C.apex r , Dox agar or liquid medlum. (5'7) •

15 gas.

0.01 It

Dibasic potassium phosphate

Mg••ulpbat. (crystala)

Pot••sium ohlorid.

ft

pre.sure tor 20 mln.

Finel pH '7.0 •

Sterilized at 18 lbs.

"

It

"

pe. )
)
)
)

~
)
)
)
)
)
)

a.c.)
)
)

1

30

lOQU.--

Agar

Ferroua .ulphete

water

SodiWl nitrate

Sucro••

Sabouraudte proof aSar. (5'7) •

Granulated peptone of Cb••saign 1~) Sterilized at 15 lbs.
)

Crude .altoe., ot Cnanut . ,,~) pre.aure for 20 min.
)

Agar 15%) Final pH 7.0 •
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Starch tl"lEtone medium. (129) •

starch
Tryptone
KaBPO.
Nael
PeSo.
Tap .ater

10 ps.
t> "
0.5 If

0.5 It

0.1 It

lOOO.- c.c.

)
)
)
)
)
)
)

Autoclaved at 15 Ibs.
pre.sure for 20 min.
Final pH '7.0 •

,Gluco.e meat extr!i~t medl \D (IUn..!.

Glucoa.
repton.
Meat extract
laCl
Tap .ater

10
5
5
5

1000

ps.)
II )

" )
n )

c.e. )

Autoclaved at 15 Ibs.
pre.aure for 20 ~in.

Final pH '7.0.

Veal Infusion 'broth.

Prepared 01 infuaing 60 grams ot Bacto-Veal (Difeo stan­
dardized) in 1000 c.c. of distilled water. The infusion W&8
carried out at 50° O. for one hour, the mixture then heated to
SOo C. and held at that temperature tor a rew minutes to coagu­
late a portion of the proteins.

After filtration, l~ peptone, O.5J ••01 .ere added to the
filtrate, ttle reaction adjusted to pH '7.2, the mixture was
boiled, filtered and aterilized at 15 Iba. tor 20 minutes •

••at extract broth.
Meat extract
• aCl

Soybean meal medium
Soybean •••1
Glucose
18.01

( 8Sh
1% )
1% )
~)

) Ster1lized at 16 lb•• pressure
) tor 20 minutes. Pinal pH '7.0 •

.
Pllt.red through cotton.
Sterilized at 15 lb•• pressure
tor 20 minutes. Pinal pH '7.0.

Buttered Sozbean .eal med~~

Soybean aea1 1 sm- )
Glucose 1 R )

Butfer 101.: 100 c.e. )
61.1 c.o. K/lS la2BPO. }
38.9 c. c ••/15 KUSPO. )

P1ltered through cotton.
Starl1i.ad at 15 lb••
pressure for 20 minutes.

Pinal pH 7.0.
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