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ABSTRACT. The growth phases of five cultures of antibiotic producing
Streptomyces isolated from western region, Saudi Arabia were studied spe-
cial reference to their potentiality to excrete antibiotics. It was found that
these organisms grew exponentially during the first 4 to 7 days of incuba-
tion. The highest specific growth rate was observed in the case of Strep-
tomyces MY 18 being 0.48 day ™' (1.44 days doubling time). This isolate also
showed the highest inhibition zone against Staph. aureus as compared with
the other four Streptomyces isolates. This antagonistic effect was more pro-
nounced at the last five days of incubation (stationary phase). Morphologi-
cal, cultural and physiological properties of most active antibiotic producers
revealed that Streptomyces MY 18 and Streptomyces MR13 are strains of S.
aureofaciens and S. reseviolaceus respectively.

Introduction

Antibiotics are a special kind of chemotherapeutic agents usually obtained from mic-
roorganisms. The word antibiotic has come to refer to a metabolic produce of one
microorganism that in very small amounts is detrimental or inhibitory to other mic-
roorganisms!!l. Streptomycin was the first example of an antibiotic possessing a
broad spectrum of activity, effective against many Gram-positive and Gram-nega-
tive bacterial?l. Other antibiotics with even broader spectra of activity (for example,
the tetracyclines) have been subsequently discovered. They also reported that Strep-
tomyces erytheus, S. halstiddi, S. griseus, S. fradiae and S. aureofaciens produce eryt-
hromycin, carbomycin, streptomycin, neomycin and tetracycline respectively. It was
also found that 46% and 0.6% Streptomyces isolates had an inhibitory effect on
Staph. aureus and E. coli respectively. Welsch and Kalyuzhnaya et al. observed that
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70-90% , 23-24% and 52-62% of actinomycetes cultures inhibited Gram-positive bac-
teria, E. coli and Enterococcirespectively. Two phases are observed during the prop-
agation of antibiotic producers!>¢l.

The aim of this work was conducted to study the growth curves and growth
parameters of the most active antibiotic producing Streptomyces. The antibiotic pro-
ductivity as influenced by the different growth phases and elapsing of time was also
observed.

Material and Methods

Five strains of Streptomyces used throughout this work were detected from Dr.
Malibari*, A.A. who described them as the most active antibiotic producing strains
isolated from western region soils of Saudi Arabia. These strains are Streptomyces
MR10, MR13 (red series), MY16, MY18 and KY24 (gray series). Straphylococcus
aureus 209P was used as a test organism for the first four Streptomyces strains while
Candida albicans was used for the fifth Streptomyces strain (K'Y24).

Growth Phases and Antibiotic Production

In this investigation, the most active antibiotic producing Streptomyces isolates
were grown in shake flasks as batch cultures for 11 days to study their growth kinetics
and the efficiency of antibiotic production as influenced by elapsing of time.

Conical flasks (250 ml volume) containing 100 mi glycerol casein medium(”! were
inoculated with Streptomyces isolates (MR10, MR13, MY16, MY18 and KY24)
using 10ml of standard inoculum (5 to 7 mg dried biomass) from each isolate. The
flasks were incubated on rotary shaker (180 rpm) at 30°C for 11 days. Five milliliters
of the culture were taken daily and filtrated. The pellets were washed two times with
distilled water and left for 10 minutes on filter paper to determine.the fresh weight,
then were heated at 70°C for three days to determine the dry weight (five replicates
from each isolate). The culture filtrate was used to determine the effectiveness of the
excreted antibiotic on test organisms using culture filtrate technique. Staphylococcus
and Sabourad dextrose medial® were used for propagation of Staph aureus and Can-
dida albicans as sensitive organisms.

The growth as indicated by dried biomass was plotted against time on semilog
paper. Different growth phases were determined and growth kinetics was calculated
from the exponential growth phase according to as follows(®-10l,

~ Specific growth rate (u) = (In A-1nA ) (t-t,)"! where:

InA, = Napierian log. of growth at the beginning of exponent_ial phase (t,
time).
InA = Napierian log. of growth at the end of exponentlal phase (t = time).

*Dr. Malibari, A.A., Associate professor, Department of Biological Sciences, Faculty of Sciences,
K.A.U., Saudi Arabia. '
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Doubling time t; = In2 (u)!
Effective yield (Yg) = Dried biomass X initial substrate concentration

Examination of Streptomyces Isolates with Seanning Electron Microscopy

The surface of mycelium and conidiospores was examined by scanning electron
microscopy after coating the specimen with carbon, gold and pallidium!'!}, in the
Electron Microscopy Lab., Facultyof Science, King Abdulaziz University using
JEOL JSM 35 Scanning EM. ' :

Maintenance of Microbial Cultures

The microbial cultures used throughout this investigation were maintained by
layphylization at —50°C using freeze drier (Labconco). These organisms were also
maintained at 4-6°C after their propagation on the specific medium for each group as
mentioned before.

Identification of the Most Active Antibiotic Producers

Two isolates of Streptomyces MY 18 and MR13 were subjected to complete iden-
tification according to the morphological and physiological characteristics described
in Bergey’s Manual of Determinative Bacteriologyl*2l. The characteristic used in this
investigation included cultural, morphological and physiological properties as fol-
lows :

A — Morphological and Cultural Characteristics. Shape of conidiophore, con-
idiospore surface, color of aerial and substrate mycelium were investigated for the
cultures growing on the surface of starch-nitrate agar medium{"*l malt extract agar(®l
and glycerol asparagine agar{!l at 30°C for 10 days incubation.

The production of melanin pigment was observed by cultivation of tested isolates
on the surface of glycerol-tyrosine agar!'] for 10 days at 30°C. The positive melanin
producers were noticed by the production of deep brown soluble pigments.

B - Physiological Properties. Utilization of different carbon sources were done
using sterile paper disks containing 20 ‘mg of carbohydrate (Bacto-differentiation
disks). The spores suspension (1 ml) of tested isolate was poured on the surface of
basal nitrate agar medium (Starch nitrate medium without starchl!%, in'petri-dish and
distributed with L-shaped steriles glass rod and left for 15 minutes in laminar flow
cabinet (to dry the surface of inoculated medium). Disks were transferred aseptically
to the surface of agar (4 disks per plate). These disks were identified by a printed let-
ter code for each carbohydrate. The plates were incubated for 10 days at 30°C. The
growth of tested organism around the disks was used as an indication for utilization
of different carbon sources (positive result). The tested carbohydrates were
adonitol, arabinose, dextrose, dulcitol, galactose, inositol, inulin, lactose, levulose,
maltose, sucrose, mannitol, mannose, melibiose, raffmose rhamnose, sahcm sOI-
bitol, trehalose and xylose. =



24 M.J. Sejiny

Gelatin liquefaction (on gelatin-peptone medium, coagulation of litmus milk)!¢]
and decomposition of cellulose (on basal nitrate medium containing strips of What-
tman No. 1 filter paper) were also observed.

Results and Discussion
Growth Curves and Antibiotic Production

Itis clear from Tables (1 and 2) and Fig. (1) that the Streptomyces isolates grew ex-
ponentially during the first 4 to 7 days of incubation. The highest biomass (dry weight
of pellets, Fig. 1) was observed on the seventh day of incubation i.e. the end of €xpo-
nential phase (logarithmic phase) for Streptomyces MR10 and Streptomyces MR13
being 0.47 and 0.44 g 100! culture respectively (L.S.D. at 5% = 0.43 and at 1% =
0.058). On the fifth day of incubation, Streptomyces MY18 and Streptomyces KY24
reached to the end of exponential phase showing 0.55 and 0.53 g dry biomass 100-!
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FiG. 1. Growth curves of the most efficient antibiotic producing Streptomyces isolates,
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culture respectively (L.S.D. at 5% = 0.056, at 1% = 0.077). On the contrary, Strep-
tomyces MY 16 showed the end of exponential phase at early stage of growth (on the
fourth day) where 0.24 g dry biomass was obtained. Specific growth rate (u) during
the exponential phases of Streptomyces isolates (MR10, MR13, MY16, MY18 and
KY24) varied from one isolate to another being 0.2530, 0.2846, 0.3922, 0.4800 and
0.4049 day~! respectively. After the exponential phase, the growth slightly increased
(phase of accelerating growth) or slightly decreased to be more constant at the end of
four days of incubation (from 8 to 11 days). The maximum specific growth rate (0.48
day1) and the lowest doubling time (1.44 days) were observed in the case of Strep-
tomyces MY18. These isolates also showed the maximal inhibition zone against
Staph. aureus. :

TABLE 1. Growth parameters of Streptomyces isolates and their maximal inhibition zone (mm).

Streptomyces u ty Effective Maximalinh.
isolates. . day! day yield % zone (mm)
MR10 02530 | 274 47 16
MR13 0.2846 2.44 : L s 22
MY16 03922 1.77 2.4 13
MY18 0.4800 1.44 3 e 30
KY24 0.4049 1.71 5.3 . 16

With respect to the antimicrobial effect of the culture filtrate during 11 days of in-
cubation (Table 2), it was found that the sensitivity of test organisms (Staph. aureus
for Streptomyces MR10, MR13, MY16 and MY18, C. albican for KY24) started on
the 2nd of incubation for Streptomyces MR13 and MY 18, on the 3rd day for Strep-
tomyces MR10 and KY?24 and on the 4th day for Streptomyces MY 16. Thereafter, the
Jinhibition zone increased gradually with elapsing of time to become more stable at
the last 3 days of incubation. The highest inhibition zone was recorded on the 10tk for
Streptomyces MY18 being 30 mm diameter. This was followed by Streptomyces
MR13 which showed 22 mm inhibition zone on the 10¢h day of incubation. Strep-
tomyces MY 16 gave the lowest antimicrobial effect (13 mm inhibition zone on the 9th
day of incubation). The highest correlation coefficient between time of incubation
and inhibition zone of different Streptomyces strains was recorded in the case of
Streptomyces MY 18 being 0.9186. It means that the i increase of incubation time led to
increase of inhibition zone.

Generally, it could be stated that the first 4 to 7 days of incubation are charac-
terized by the formation of biomass whereas the maximal production of antibiotic
was recorded in the stationary phase of growth. Many mvestlgators came to the same
conclusionl¢l.

Identification of the Most Active Antibiotic Producers

Streptomyces MY18 (gray series) and Streptomyces .MR13'_(red series) which
showed higher activity in the antibiotic excreted in the culture than other isolates
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TABLE 2. Antagonistic effect of Streptomyces isolates (Culture Filtrate) as influenced by time course of

incubation.
Time in Zone of inhibition
days !
MR10* MR13* MY16* MY18* KY24**

1 0 0 0 0 0
2 0 11 0 14 0
4 14 13 1 20 12
5 13 12 12 22 13
7 15 15 12 24 15
8 13 18 12 - 25 16
9 14 19 13 28 15
10 15 22 12 30 16

*Test Qrganism

**Test Organism

Staph. aureus 209P
C. albicans R17

Regression analysis for time and inhibition zone of :

1. Streptomyces MR10
Y = 1.402X + 2.355
Correlation coefficient (R) = 0.8236

. 2. Streptomyces MR13
Y= 1.483X+4.372
Correlation coefficient (R) = 0.8946

-3, :Streptomyces MY16
- Y=1365X + 0.191
Correlation coefficient (R) = 0.8494

4." Streptomyces MY 18
LY =2.802X +4.372
Correlation coefficient (R) = 0.9186

.'5. Streptomyces KY24
Y =1560X + 1.764

Correlation coefficient (R) = 0.8687

were sub]ected to complete identification using some morphological and physiolog-
ical properties as described by Bergey’s Manual of Determinative Bacteriologyt!2l.

Streptomyces MR18 was characterized by the formation of spiral chains of con-
idiospores, smooth-surfaced conidiospore, gray aerial mycelium, yellow substrate
mycelium and golden yellow soluble pigment (on starch nitrate, malt extract,
glycerol nitrate, glycerol asparagine media), no melanin pigment (on glycerol
tyrosine agar medium), and good growth on Czapek-Dox agar medium. This bac-
terium utilized glucose, galactose, levulose fructose, sucrose, arabinose and xylose
as sole source of carbon. This strain also liquified gelatin (using gelatin-peptone
‘medium), did not coagulate litmus milk medium and decomposed cellulose (using
basal nitrate medium + strips of filter paper). This strain was highly inhibited by
streptomycm and showed antimicrobial activities agalnst B. subtzlzs Staphylococcus



Growth Phases of Some Antibiotics Producing Streptomyces. 27

aureus, E. coli, Proteus mirabilis, G +ve Bacillusisolate No. 1 (fromsoil), and G—ve
short rod isolate No. 2 (from soil).

It is clear from the morphological and physiological properties that the Strep-
tomyces MY18 is considered to be a strain belonging to Streptomyces aureofaciens.

With respect to the second isolate MR13, it was found that this isolate form spiral
chains of conidiospores, smooth-surfaced conidiospores, red aerial and substrate
mycelium, red soluble pigment (on starch nitrate, glycerol nitrate and asparagine
medium), no melanin pigment (on glycerol tyrosine agar medium) and poor growth
on Czapek-Dox agar medium. This strain utilized glucose, xylose, arabinose, rham-
nose, fructose, raffinose, mannitol, inositol and sucrose as sole sources of carbon. It
liquified gelatin (using gelatin-peptone medium), did not coagulate litmus milk and
no cellulolytic activity. This strain showed antimicrobial activity against B. subtilis,
Staph. aureus, E. coli, Proteus mirabilis, G +ve Bacillus isolate No. 1, G —ve short
rod isolate No. 2, Saccharomyces cerevisiae, Aspergillus niger and Penicillium sp. It
means that this bacterium exhibits antibacterial and antifungal activity showing
broad spectrum effect as compared with the first isolate which gave only antibacterial
activity. The proposed name of this red series strain is Streptomyces reseviolaceus.

Generally, it could be concluded that all tested strains showed a progressive in-
crease of biomass (dry weight) during the first 4-7 days of incubation. On the con-
trary, the highest antibiotic activity as recorded in the stationary phase of growth (the
last five days of incubation). Although the accumulation of antibiotics started on the
2nd or 3rd day of incubation, the highest accumulation was observed on 9th and 10th
day of incubation. It means that the organisms grew firstly to form a considerable
amount of growth followed by the formation of antibiotic. It is expected that the pro-
duction of antibiotics are usually biosynthesized as secondary metabolites. These re-
sults are in line with that observed by Pirt, S.J. and Righelato, R.C. and Lurie, L.M.

et al.56], They reported that two phases are observed during the propagation of an-
tibiotic producers. The first phase (trophophase) is characterized by a rapid growth
(biomass production) and the second phase (idiophase) is characterized by a slow
growth and maximal productivity of antibiotics. The most active organism among the
five tested isolates was found to be Streptomyces MY 18 (gray series). This bacterium
gave a good growth which was accompanied by a high antibiotic activity. According
to the morphological, cultural and physiological properties, this organism was found
to be a strain of Streptomyces aureofaciens. ' g
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