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Morphogenesis, Biomass and Oxytetracycline Production
of Streptomyces rimosus in Submerged Cultivation
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The minimal concentration of adenosine triphosphate (ATP) which could be
detected with spectrophotometry, HPLC and luciferin-luciferase methods was 1.0
sM, 3.3 uM and 100 oM, respectively. In submerged cultivation, most
Streptomyces rimosus TM-55 was in hyphae fragment form at 65 h, became
short-rod mycelia at 166 h, and lysed at 504 h incubation. The ATP content
had maximal value at 24 h, then gradually decreased during cultivation. The
oxytetracycline potency increased as incubation occurred, had maximal potency
178.9 pg/ml at 166 h, and then gradually decreased. Morphogeacesis was very
important in oxytetracycline production in submerged cultivation of Streptomyces;
short-rod mycclia had high oxytetracycline production.

Key words: Morphogencesis, Streptomyces rimosus, oxytetracycline potency, ATP
content, submerged cultivation.

INTRODUCTION

Morphogenesis of microbes involves
chemical composition of cell™, enzyme
production®, protease secretion®™, sol-
vent production®, and antibiotic pro-
duction®” . It is affected by en-
vironmental conditions and gene re-
gulations®®, _

Microbial biomass in submerged
cultivation can be delermined by
microscopic cell count, plate count,
turbidity, nitrogen determination, dry
weight, oxygen uptake, carbon dioxide
release, fally acid, ATP and chitin con-
tents®!Y. ATP content has been used
as the index of microbial biomass in
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fresh water, marine('?, sewage('¥,
soil™, meat, milk® and sweel potato
residue'®,

Telracycline is a broad-spectrum
antibiotic used in a variety of infec-
tions caused by gram-posilive and
gram-negalive bacteria, rickelisiae,
chlamydiae, coccidia, amoebae, balan-
tidia and mycoplasmas"”. It can be
imported and the derivatives then
prepared locally. .

In previous studies!'®2?, starchy
and cellulosic malerials were used as the
substrate for tetracycline and oxy-
tetracycline production with solid state
fermentation. This work focused on the
relationships among morphogenesis,
ATP content, cell growth and oxy-
tetracycline production of Streptomyces
rimosus in submerged cultivation.
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MATERIALS AND METHODS

Test organisms

Streptomyces rimosus TM-55 was
obtained from Dr. Thomas H. H. Ku,
Cyanamid Taiwan Corporation, and
used for oxytetracycline production.
Bacillus cereus var. mycoides ATCC
11778 was used for antimicrobial assay.

Culture media and culture conditions

The oxytetracycline-producing
organism was cultivated at 28°C in a
slant containing (g/I) soluble starch, 10;
yeast extract, 1; beef extract, 1; tryp-
tone, 2; FeS0s+7H20, 0.1; and agar, 20
at pH 7.2.

Submerged culture contained (g/I)
soluble starch, 20; corn steep liquor, 10;
(NH4)2804, 6; CaCOs, 8; NaCl, §;
and soy bean oil, 2 at pH 6.8 to 7.2.
Each ml of medium was inoculated with
1.0 X 10% conidia and shaken, then
cultured at 250 rpm at 28°C for 7 to
10 days.

Protein content

‘Total nitrogen was determined by a
modified Kjeldahl method®. Protein

content was calculated as the value of

6.25 times of total nitrogen, and cell
pellet was used as the index for cell
biomass.
Extraction of adenosine nucleotides
Cells were harvested by centrifuga-
tion at 6,000 X g for 30 min, and
boiled with 10 vol of 0.02 M Tris buf-
fer, pH 7.6, for 10 min. The filtrate
was used for adenosine nucleotide
determination®® . :

Determination of adenosine nucleotides

Spectrophotometric method

‘Adenosine nucleotides were deter-

mined by spectrophotometer at absor-
bances of 250 nm, 254 nm, 260 nm,
and 270 nm. Authentic ATP, ADP, and
AMP were used as the standard in the
range from 1.0 to 100 uM.

Luciferin-luciferase method

Firefly lantern extraclt containing
luciferin and luciferase (Sigma, USA)
was dissolved in 5 ml of 0.02 M Tris
buffer, pH 7.6, and 1 ml of 0.01 M
MgS04+7H20 (dissolved in Tris buffer),
and stored at 4°C overnight. Before
measurement, the enzyme solution was
centrifugated at 3,000 X g for 10 min.
The enzyme solution must be used
within 2 h®. Sample or adenosine
nucleotide standard was mixed with
luciferin-luciferase mixture, and mea-
sured by ATP photometer (Turner
TD-20e Luminomer, USA). Adenosine
nucleotide was calculated . from the
standard curve of the authentic com-
pound.

HPLC method

The sample was filtered with 0.46
pm  Millipore filter,. and adenosine
nucleotide was determined by LC-SA
Liquid Chromatograph (Shimadzu,
Japan) with column Lichrospher 60 RP-
Select B (5 um) and eluted with the
mixture of 0.2 M NaH:POs and 0.1 M
NaClOs at pH 5.0 or 0.06 M K2HPO4
and 0.04 M KH:PO« at pH 6.0 as the
mobile phase at 0.8 ml/min. Adenosine
nucleotide was detected with UV detec-
tor at wavelength 270 nm with 1.28
AuFs. Authentic adenosine nucleolide
was used as the standard in the range
from 3.3 to 333 uM.

Quantitative determination of

antibiotics

After fermentation, the antimicrobial
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activity of culture broth was determin-
ed by bioassay and HPLC methods.

Bioassay method

Paper disc method (diameter 8 mm,
Toyo Seisakusho Co., Japan) using B.
cereus var. mycoides as the test
organism in antibiotic medium I (Difco
Laboratory, USA) at 30°C was used for
bioassay of antimicrobial activity. Total
oxytetracycline equivalent potency was
calculated from the clear zone of Lhe
standard curve of oxytetracycline
(Sigma, USA) in the range from 1.0
pg/ml to 10 mg/ml.

HPLC method

Culture broth was filtered with 0.46
pm Millipore filter, and antimicrobial
activity was determined by Shimadzu
LC-5A Chromatograph. The operation
conditions were with column
Lichrospher 60 RP-Select B (5 pm) and
the mixture of methanol : acetonitrile :
water : 0.2 M phosphate buffer, pH
2.5, at ratios of 10 : 20 : 60 : 10 as
the mobile phase. The flow rate was
0.8 ml/min, and the anlibiotic was
detected with UV detector at wavelength
350 nm with 2.56 AuFs. Authentic
oxyletracycline was used as the standard
in the range from 1 ug/m! to 100
pg/ml.

Observation under scanning electron
microscope

Morphogenesis of the test organism
at different culture periods was observ-
ed under Hilachi S-550 Scanning Elec-
tron Microscope (Hitachi, Japan) at 20
KV with gold metal shadowing.

Cell dry weight

Culture broth was centrifugated at
3,000 X g for 10 min, and cell pellet
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was dried at 105°C for 10 h to a cons-
tant weight.

Energy charge (EC)

The mole fraction of adenosine 5'-
triphosphate (ATP) plus half the mole
fraction of adenosine 5’-diphosphate
(ADP) was the parameler for measure-
ment of the amount of metabolically
available energy stored in the adenylate
pool® . EC was calculated by the
following equation:

[ATP] + 172[ADP]
[ATP] + [ADP] + [AMP]

EC =

where [ATP], [ADP], and [AMP] are
the mole concentrations of ATP, ADP,
and AMP, respectively.

RESULTS

Measurement of adenosine nucleotides

ATP, ADP, and AMP have signifi-
cant absorption at wavelength 260 nm.
There were linear relations between the
absorbances at 250 nm, 254 nm, 260
nm, and 270 nm and the concentration
of ATP, ADP, and AMP from 1.0 lo
100 uM. The midimal concentration of
ATP which could be detected with spec-
trophotometry was 1.0 uM. Since the
UV absorption specira of ATP, ADP,
and AMP were very similar, therefore,
UV spectrophotometric method could
not differentiale ATP, ADP, and AMP.
However, HPLC method could separate
ATP, ADP, and AMP with the mixtures
of methano! (concentration was less than
10%), 0.2 M NaH:POs and 0.1 M
NaClOs at pH 5.0 as the mobile phase,
the retention time was 4.5 min, 5.2 min,
and 8.3 min, respeclively. While the
mixture of 0.06 M K2HPO« and 0.04
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M KH:POs at pH 6.0 was used as the
mobile phase, the retention time was 4.3
min, 5.0 min, and 8.1 min, respective-
ly. There was also a linear relation bet-
ween the peak area and the concentra-
tion of adenylates in the range from
33.3 nM to 333 uM. When the concen-
tration of adenylates was 33.3 nM, the
peak could be detected in the record on-
ly, but no peak was shown in the
integrator.

There was also a linear relation bet-
ween the amount of luminescence and
the concentration of ATP in the range
from 180 pM to 1.0 yM with ATP
disodium and magnesium sulfate or ATP
anhydrous as. the authentic compound.
Although the luciferin-luciferase method
could detect minimal concentration of
adenylates at 100 pM, the interference
of the presence of ADP and AMP was
significant at the 10 nM level. The
amount of luminescence of ADP and
AMP were only 3.64% and 2.27% of
that of ATP at 100 nM. However, the
values increased to 22.78% and 19.53%
at 10 nM level.

Morphogenesis, biomass and oxy-
tetracycline production in submerged
culture

ATP content, cell protein, and cell
dry weight in submerged culture of S.
rimosus are shown in Figs. 1 and 2.
ATP content had the maximal value,
7.45 nM/mg cell protein, at 24 h in-
cubation; this decreased as time went
on, and remained constant after 166 h
incubation. Cell growth had the log
phase before 65 h, the stationary phase
between 65 and 166 h and the decline
phase after more than 166 h incubation.
In the early log phase, the ATP content
was very consistent with the cell pro-
-tein.. The same phenomenon was also
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found in the ADP and the AMP con-
tents, which had maximal values, 860
pM/mg cell protein and 130 pM/mg cell
protein, at 24 h, respectively. In 24 h
cultivation, most of the cells were in
mycelial form of 0.42 X 7.00 um (Fig.
3a), the size was larger than at other
culture stages. Adenosine nucleolide
content, growth rate and energy charge
had the highest value, while the pH had
minimal value. After 65 h incubation,
most of cells were in mycelial fragments
of the size 0.35 X 3.57 um (Fig. 3b),
and the pH gradually increased, while
the cell protein, cell dry weight, growth
rate and adenosine nucleotide content
decreased. The size of the mycelial frag-
ment was almost the same during the
cultivation from 65 h to 112 h (Figs.
3¢ and 3d). After 166 h incubation, the
cells were in the late stationary phase
and became short-rod mycelial fragments.
The size of the mycelial fragment slight-
ly decreased, and some spores were
found (Figs. 3e and 3f). For 480 h
cultivation, the cells were in the decline
phase, most of the mycelia had been
autolyzed (Fig. 3g), and cell dry weight
and growth rate sharply decreased. Some
conidia were formed, and adenosine
nucleotide content was low (Table ‘1).

Oxyletracycline - potency could be
detected in the late log phase, was at
maximal value in the middle of the sta-
tionary phase, and then decreased in the
decline phase (Fig. 4). Each ml of
medium produced 178.9 ug of total oxy-
tetracycline equivalent potency with
bioassay . method or 160 ug of oxy-
tetracycline with HPLC method. Oxy-
tetracycline potency determined with
bioassay method was the same as that
measured by the HPLC method. This
result indicated that oxyletracycline
was the only antibiotic produced in
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;ion. Each m! of medium was inoculated
with 1.0 X 106 conidia and shakcn
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Fig. 1. Time course of adenylate content, Fig. 2. Time course of cell protein and cell dry
energy charge, and pH valuc of §. weight of S. rimosus TM-55 in
rimosus TM-55 in submerged cultiva- submerged cultivation. Each ml of

medium was inoculated with 1.0 X 10¢

cultured at 250 rpm at 28°C for 504 hr.
® — @ ATP content
"— wa ADP content

A — L AMP content

I — & pH value

* — % Encrgy charge
S. rimosus.

In addition, the culture broth had
pigment with light absorplion between
350 nm and 450 nm and had a maximal
absorption peak at 385 nm. The pigment
increased with incubation (Fig. 5). This
pigment might be one of the secondary
metabolites of S. rimosus. The produc-
tion of the pigment will be studied in
the future,

It is clear that antibiotic produc-
tion of S. rimosus in the submerged
culture might be connected with the

- morphogenesis, short-rod mycelial frag-
ment had high oxytetracycline produc-
tion. '

DISCUSSION

Estimation of the microbial popula-
tion in the culture is very important for
the production of enzyme and antibiotic
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conidia and shaken cultured at 250 rpm
at 28°C for 504 hr.

® — o (Ccll protcin

L — b Cell dry weight

with Streptomyces. The plate count
method, turbidity measurement and cell
number provide some technical pro-
blems in Streptomyces cultivation. ATP
content was about 0.4% of the dry
cell® and could be used as the index
of biomass of microbes in water and
s0il®2  The nucleotides of adenosine
had chromophores with absorption bet-
ween wavélenglh 240 nm and 270 nm.
There were linear relations between
the absorbance and the concentration of
ATP, ADP and AMP from 1.0 to 100
#M by the spectrophotometric method,
between the peak area and the concen-
tration of ATP, ADP and AMP from
33.3 nM to 333 uM by the HPLC
method, and between the luminescence
and the concentration of ATP from 100
nM (o 10 xM in the luciferin-luciferase
method. The sensitivity of the luciferin-
luciferase method for ATP measurement
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i

Fig. 3. Morphogenesis of S. rimosus TM-55 in submerged
) cultivation shaking at 250 rpm at 28°C.
(@) 24 hr, (b) 65 hr,
(©) 96 hr, (d) 112 hr,
(e) 166 hr, () 232 hr,
(g) 504 hr.
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Table 1. Celi size, biomass, ATP, and oxytetracycline potency in

submerged cultivation*®

Incubation time (h)

Item
0 24 65 112 166 208 480
Mycclia (uM) 040 x 042 x - — - — —
6.55 7.00

Myecclial fragment — - 035 x 034 x 035 x 033 x 031 %
(um) 3.57 3.57 2.57 2.13 2.57

Spore (zm) — — 035 x 036 x 039 x 050 x 071 %

1.14 1.00 1.29 0.88 - 0.71

Cell protein 0.02 0.20 0.28 0.38 0.37 0.35 0.17
(mg/ml) 8 ‘

Cell dry weight 1.10 19.2 24.6 21.7 21.5 15.6 7.2
(mg/5mol)

Adcnylate nucleotide (nM/mg ccll protein) .
ATP 0.01 7.45 3.80 0.83 0.80 0.75 0.70
ADP 0.005 0.86 0.45 0.50 0.52 0.53 0.43
AMP 0.003 0.13 0.12 0.11 0.10 0.09 0.05

EC ratio** 0.69 0.93 0.92 0.75 0.74 0.76 0.77

pH 6.8 6.1 6.3 7.3 7.6 7.8 8.2

Oxytetracycline 0.0 0.0 42.0 142.5 178.9 162.3 100.5
(pg/ml)

* Average of triplicates
[ATP] + 1/2{ADP]
[ATP] + [ADP] + [AMP]

** EC =

was the highest, but the HPLC method
could determine ATP, ADP and AMP
simultaneously. The specificity of
luciferin-luciferase method for ATP
determination was high @ The
luminescence of ADP and AMP was
only 3.64%, and 2.27% of that of ATP
al 100 nM. Since the ADP and AMP
contenls were fow in the biological
malerials, therefore the luciferin-
luciferase method for ATP measure-
ment could be used for biomass deter-
mination in submerged cullivation of
Streptomyces.

ATP conlent is a potential index of
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microbial biomass!®, and energy
charge is a useful indicator of the
energetic state of cells®®, In this study,
it was found that ATP content of the
substrate was highly consistent with cell
protein in the early log phase. At 24 h
incubation, ATP conlent and energy
charge had maximal values, while pH
value had the minimal. Energy charge
of §. rimosus in submerged culture was
between 0.74 and 0.93. These results
are very consistent with energy charge
0.87 in Acetbacter aceti®, 0.87 in
Bacillus brevis®?, 0.89 in B. cereus®,
0.87 1o 0.96 in Citrobacter freundii®®,
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Fig. 4. Time course of oxytctracycline produc-
tion of §. rimosus TM-55 in submerg-
ed cultivation. Each ml of medium was
inoculated with 1.0 % 108 conidia and
shaken cultured at 250 rpm at 28°C for
480 hr.
® — ® Bijoassay mcthod
A — L HPLC mecthod

0.76 to 0.79 in Clostridium kluyveri®,
0.76 to 0.85 in Escherichia coli®®®,
0.97 in Pseudomonas aeruginosa®,
0.92 in Staphylococcus aureus®™, and
0.8 t0 0.9 in Saccharomyces cerevisiae
grown aerobically®. While the value
was_higher than energy charge 0.15 to
0.42 in the mono-culture or the co-
culture of amylolytic fungi®, or 0.5
in S. cerevisiae grown anaerobically
with glucose-limited culture, and 0.39
in S. cerevisiae suspended in a starva-
tion salt medium and aerated®?.
Energy charge was high in the log
phase, and decreased in the stationary
and decline phases. This might result
from the high metabolic activity in the
log phase, and the limiting of nutrient
and the accumulation of organic acid Lo
reduce the cell activity in the stationary
and decline phases.

Morphogenesis of Streptomyces in
oxytetracycline production was very im-
portant. The initiation of biosynthesis
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Fig. 5. Pigment formation with absorbancc at
450 nm and ccll protein of S. rimosus
TM-55 in submerged cultivation. Each
ml of medium was inoculated with 1.0
X 10¢ conidia and shaken cultured at
250 rpm at 28°C for 480 hr.
® — @ Absorbance
AL — L Cecll protcin

usually is restricted 1o a specific
developmental stage, or to specialized
cells within the organism. In Penicillium
brevicompactum, wmycophenolic acid,
brevianamide A, asperphenamate and
ergosterol are coordinately synthesized
with the development of aerial
hyphae“”. Sarkar and Paulus“" also
reported that the function of secondry
metabolites was differentiation. In this
study, it was also found that short-rod
mycelial fragment in the stationary phase
had high oxytetracycline production
capacity. Wang® and Matzumura and
Imanaka® also  showed that
cephalosporin C was produced by
Cephalosporium. acremonium with
swollen mycelium. Therefore, short-rod
mycelial fragment of S. rimosus might
be good for antibiotic production.
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