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Mycelium growth of Streptomyces albidoflavus
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Myceliuml growth and spore formation of Streptomyces albidoflavus SMF301 in submerged culture were
compared with the metabolism of cysteine. Cysteine added to the culture was metabolized by cysteine
desulthydrase (EC 4.4.1.1.) to produce ammonium ions, hydrogen sulfide, and pyruvate. The redox potential
of the culture broth was lowered immediately as the result of the metabolism of cysteine, which caused
a lag period of mycelium growth. However enhanced activities of pyruvate dehydrogenase and a-ketoglutarate
dehydrogenase were confirmed in the culture containing cysteine, indicating that pyruvate was utilized to

support further mycelium growth.

The onset of antibiotic synthesis (physiological diffe-
rentiation) in various actinomycetes always accompanies
with spore formation (morphological differentiation),
both are induced by the shift-down of some compone-
nts in culture medium (1, 4-6). Although high sporula-
tion is detrimental for the over production of antibiotic
in some case, the relationships between the antibiotic
synthesis and sporulation in actinomycetes have been
interested (12, 17). The mechanisms involved in the dif-
ferentiation processes have been studied by using solid
cultures (7-10, 42). However, some species of Streptom-
yces can sporulate in submerged culture (1,5,11, 14, 18,
21, 22,30, 31), which would provide some advantages
over solid culture in the elucidation of the relationships
between environmental changes and spore formation,
and in quantitative analyses of the processes.

We isolated a strain (SMF301) of Streptomyces albido-
flavus producing abundant spores both in submerged
culture (submerged spore) and on solid culture (aerial
spore) (20, 35, 36, 40). The chracteristics of the both fo-
rms of spores were compared to each other in the cel-
lular contents of C, H, N, P, and metal ions (K, Na,
Ca, and Mg). L-Glutamic acid, D-alanine, and D-glycine,
all known to be cell wall components, were the major
amino acids in both types of spores. However the cys-
teine content in submerged spores was higher than that
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in aerial spores. The major fatty acid in aerial spores
was n-Cis (61.74%), whereas in submerged spores it
was n-Cie (33.68%). The resistance of aerial spores to
lysozyme digestion, mild acid treatment, heating and
desiccation was higher than that of submerged spores,
but the submerged spores were more resistant to soni-
cation (26).

Kinetic parameters calculated from batch and chemo-
stat cultures showed that the optimum dilution rate
for mycelium growth was 0.1 h™" and that for submer-
ged spore formation was 0.05 h™. The spore formation
concurred with the endogenous consumption of myce-
lium. About 1.0X107 spores were formed from 1 g of
mycelium, and the tumover rate of biomass was calcu-
lated to be 0.029 h™" (37). We have evaluated the opti-
mum culture condition for the submerged spore forma-
tion, that was significantly stimulated by the limitation
of cysteine but repressed by the addition of cysteine
(37). In this work, the effects of cysteine on mycelium
growth and submerged spore formation are discussed
in relation to the cysteine metabolism.

MATERIALS AND METHODS

Microorganism and Media

The microorganism used in this study was Streptomy-
ces albidoflavus SMF301. Rich medium consisted of 1%
glucose, 0.2% peptone, 0.1% yeast extract, 0.1% beef
extract, and 1.8% agar for solid culture. Chemically defi-
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ned medium was formulated with 2% glucose, 0.1%
NHCl, 0.13% KHzPO,, 0.09% Na:HPO,, 0.06% MgSOs-
7H,O, 0.0001% FeSO,-7H,0, 0.0001% MnCl-4H,0,
0.0001% CaCl,-2H;0, and 0.0001% ZnSO4-7H,0. The
initial pH of the medium was adjusted to 7.2 before
steam sterilization, where phosphate and magnesium
salts were sterilized separately and added aseptically.

Strain Maintenance and Culture Conditions

The strain was maintained by transfer to slopes of
rfich medium each month and storage at 4°C. The spo-
res developed on rich medium were suspended in gly-
cerol-rich medium and kept in a deep-freezer at —70°C
(44). The frozen spores suspension (about 10° spores,
m/~") was thawed at ambient temperature. For seed
culture, 1 ml of the spore suspension was inoculated
into 50 ml of the chemically defined medium in 100
mf baffled flasks and incubated for 5 days at 28°C on
a rotary shaking incubator (150 rpm). The seed culture
was inoculated into 2 | of the chemically defined me-
dium in a jar fermentor (Model KCF-5, Korea Fermentor
Co). The culture temperature was controlled at 28°C,
and pH was maintained at 7.0 by automatic addition
of 1 N HCl or 1 N NaOH. Aeration (1.0 vwm) and agita-
tion (300 rpm) were provided throughout the culture.

Analytical Methods

Mycelial growth was measured by determination of
dry mycelia weight (DMW). Mycelium was harvested
by centrifugation at 10,000Xg for 10 min and then wa-
shed twice with physiological saline solution and once
with distilled water. The washed mycelium was dried
at 100°C for 12 h. The number of spores formed in
submerged cultures was counted as reported previously
(26).

The concentration of reducing sugar in the culture
broth was determined by the dinitrosalicylic acid reagent
(27). The concentration of ammonium ions was analy-
zed by a specific ion analyzer (Model EA940; Orion
Research). The concentration of sulfide in the culture
broth was measured by using the methylene blue me-
thod (39). Redox potential of the culture broth was
determined with a redox potential meter and a platinum
redox electrode (EA940 lon Analyzer; Orion Research,
USA).

For the determination of intracellular compounds and
enzymes, mycelia were harvested by centrifugation
(10,000 Xg for 10 min) and washed twice with Tris-HCI
buffer (0.1 M, pH 7.6) and resuspended in the same
buffer. The washed mycelia were disrupted by using
a sonicator (100 W, 5 min; Lab-Line Ultratip Sabsonic
System) in an ice bath. Mycelium free supematant (my-
celium extracts) after centrifugation (15,000Xg for 15
min) was used for the determination of the intracellular
concentrations of cysteine and pyruvate, and activities
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of intracellular enzymes. The concentration of pyruvate
was analyzed by lactate dehydrogenase (43) and cys-
teine was estimated by the method of Gaitonde (13).
Cysteine desulfhydrase (CDSH) was assayed by the me-
thod reported by Kredich et al. (25). One unit of COSH
was defined as the amount to produce 1 umole of
sulfide from cysteine per min. Pyruvate dehydrogenase
complex (PDH) and a-ketoglutarate dehydrogenase co-
mplex (KGDH) were analyzed by the fericyanide reduc-
tion method (34). One unit of the PDH and KGDH
was defined as the amount which produced 2 pmole
of ferrocyanide from fericyanide per hour. The concen-
tration of protein was determined by the method of
Bradford (3).

Chemicals, Reagents and Reproducibility

Amino acids and lactate dehydrogenase were purcha-
sed from the Sigma Chemical Co.. All other chemicals
were of reagent grade. Each experiment was repeated
three times, and their mean values are given.

RESULTS AND DISCUSSION

Effect of Cysteine on Mycelium Growth and Spore
Formation in Submerged Culture

The effects of individual amino acid as a sole nitrogen
source on mycelium growth and submerged spore for-
mation in a batch culture of S. albidoflavus SMF301
were evaluated. Consequently, it was found that myce-
lium growth was enhanced, but spore formation was
significantly repressed in the culture containing cysteine
as a sole nitrogen source (data are not shown).

10 mM of cysteine was added to the cuiture broth
at different growth phases, and the changes in submer-
ged spore formation were evaluated (Fig. 1). It was evi-
dent that submerged spore formation was more signifi-
cantly repressed by the addition of cysteine at the earlier
stage (0 to 24 h), but not by the later addition (48
to 72 h). The effects of concentrations of cysteine ad-
ded to the culture broth at 24 h on the mycelium gro-
wth and spore formation were evaluated (Fig. 2A and
2B). It was clear that mycelium growth was enhanced
by the higher concentration of cysteine added, but on
the other hand, submerged spore formation was appa-
rently repressed.

Changes in redox potential after the addition of cys-
teine were measured (Fig. 3). It was clear that the redox
potential in the culture broth was more profoundly lo-
wered by higher concentration of cysteine added. But
the lowered redox potential was returned to the original
state as culture time elapsed. The results suggested that
cysteine caused a lag period for the mycelium growth,
the reduction of the redox potential of the culture might
account for the lag. Moreover cysteine or its metabolite
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played an important role on spore formation.

The effects of various forms of inorganic sulphur com-
pounds on mycelium growth and submerged spore for-
mation were evaluated with the changes in redox pote-
ntial of the culture (Table 1). Submerged spore forma-
tion was inhibited clearly by the addition of sodium
sulfide, this effect was similar to those caused by the
addition of cysteine. Moreover it was evident that the
redox potential of the culture broth was also lowered
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Fig 1. Effects of cysteine addition on spore formation in sub-
merged culture of Streptomyces albidoflavus SMF301.
Cysteine was added to the culture at O (a), 24 (@), 48 (2), 72 h
(m) to give final concentration 10 mM. A culture without addition
of cysteine {(J) was done as a control.
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by the addition of sodium sulfide.

Cysteine is an important amino acid providing sulfur
to microbial biomass (41, 24), but the metabolic path-
way of cysteine in Streptomyces spp. has been scarcely
reported. Cystathione y-lyase are the most responsible
enzymes involved in the metabolism of cysteine, But
cysteine desulfhydrase producing H,S, NHs, and pyru-
vate was a prevalent enzyme in microorganisms isolated
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Fig 3. Effects of cysteine concentration on the changes of
redox potential in submerged batch cultures Streptomyces albi-
doflavus SMF301.

Cysteine was added to the culture at 24 h to give final concentration
of of 0 mM (Q), 0.1 mM (@), 1 mM cysteine (&), 5 mM cysteine
(a), and 10 mM cysteine ().
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Fig 2. Effects of cysteine concentration on (A) mycelium growth and {B) spore formation in submerged culture of Streptomyces

albidoflavus SMF301.

Cysteine was added to the culture at 24 h to give final concentration of 0 mM (O), 1 mM (&), 5 mM (a), and 10 mM ().
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from soil, (28). Cysteine or its metabolites, especially
sulfide, were thought as important regulatory compou-
nds in both the bacterial and fungal systems (2, 23, 32,
33). Other free radical metabolites of cysteine were co-
nsidered to interfere with the biosynthesis of leucine,
threonine and valine, and also to inhibit respiratory
chain activity (15,16, 19).

Metabolism of Cysteine and Utilization of the Me-
tabolites of Cysteine

in order to elucidate the metabolism of cysteine ad-
ded to culture, the changes in the concentrations of
cysteine and pyruvate were determined (Fig. 4A). The
intracellular activity of cysteine desulfhydrase was analy-
zed also in relation to the rate of hydrogen sulfide pro-
duction (Fig. 4B). The intracellular concentration of cys-
teine increased as the extracellular concentration of cys-

Table 1. Effect of addition of various sulfur compounds on
redox potential, pH, the mycelium growth and submerged
spores formation in submerged culture of Streptomyces albido-
flavus SMF301.

Compounds® Redox poten-  pH® DCW« Spore*

10 mM tialt (mVv) (g I') (Number m/™")
NaxS0, +122.7 7.33 4.49 8.1X10°
Na,S0; + 339 7.26 4.65 9.0X108
Na;S,0s + 70.2 7.25 4.06 8.8 X108
Na,S$ —298.5 7.21 4.37 3.0X10°
Cysteine —-210.0 AN 5.1 8.5X10*
No addition? +183.5 7.28 4.60 8.2X10¢

3 sulfur compounds were added at 24 h of the cultures ? determined
at 36 h of the cultures © determined after 5 d of the cultures  Control
medium was formulated with 2% glucose, 0.1% NH,Cl, 0.13% KH,PO,,
0.09% Na;HPO,, 0.06% MgSO,4 7H;0, 0.0001% FeSO4 7H20, 0.0001%
MnCl, 4H,0O, 0.0001% CaCl, 2H,0, and 0.0001% ZnSO, 7H,0.
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teine decreased. The intracellular concentration of pyru-
vate increased steadily with the decrease of the conce-
ntration of intracellular cysteine. Moreover, the activity
of cysteine desulthydrase increased immediately after
the addition of cysteine and gave maximum values at
48 h, where the hydrogen sulfide production rate was
simultaneously increased with the enzyme activity. Hy-
drogen sulfide production rate was retarded with the
decreasing activity of cysteine desulfhydrase. The results
indicated that cysteine was metabolized intracellularly
by cysteine desulfhydrase to yield pyruvate, ammonium
ions, and hydrogen sulfide.

Activities of pyruvate dehydrogenase (PDH) and o-ke-
toglutarate dehydrogenase (KGDH) were determined
with mycelia grown with different concentrations of cys-
teine added at 24 h (Table 2). The activities of the
pyruvate dehydrogenase (PDH) and a-ketoglutarate de-
hydrogenase (KGDH) were greatly activated when 10
mM of cysteine was added. The activity of PDH and

Table 2. Effects of cysteine addition on mycelium growth, the
spore formation, the biosynthesis of pyruvate dehydrogenase
complex (PDH) and a-ketoglutarate dehydrogenase complex
(KCDH) in the submerged culture of Streptomyces albidoflavus
SME301.

Cysteine DCW Spore PDH activity KGDH activity
conc. mM (g ™) (Number m!™") (units mI™")  (units m/™")
0. 3.62 1.5X108 0.44 0.20
0.1 3.76 1.3X108 0.48 042
1. 4.56 1.6X10° 0.53 0.36
10 5.1 1.75X10* 1.76 1.75

The strain was cultured in chemically defined medium containing nit-
rogen source for 5 d at 28°C.
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Fig 4. Changes (A), in the activity of cysteine desulfhydrase (&) and hydrogen sulfide production rate ((1); (B), in the concentration

of extracellular cysteine (@), intracellular cysteine (@), and intracellular pyruvate (A) in the submerged

albidoflavus SMF301.

culture of Streptomyces

Cysteine solution was added to the culture at 24 h to give final concentration 10 mM.
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KGDH in the culture without the cysteine addition was
relatively low compared to those in the culture with
cysteine. The higher activities of PDH and KGDH in
the culture containing cysteine indicated that pyruvate
produced from cysteine was metabolized via the TCA
cycle with activated rates. Hence mycelium growth was
enhanced and spore formation was repressed, although
a lag period was necessary to recover the lowered redox
potential. However, the TCA cycle operated at a subop-
timal level due to the lower activities of PDH and KGDH
in the culture of cysteine limitation. Consequently spore
formation might be triggered by the limitation of buil-
ding blocks for the mycelium growth.

Acknowledgment

This work was supported by a grant from the SRC
{Research Center for Molecular Microbiology) supported
by the Korea Science and Engineering Foundation.

REFERENCES

1. Babcock, M.J., and KE. Kendrick. 1988. Cloning of DNA
involved in sporulation of Streptomyces griseus. J. Bacteriol,
170: 2802-2808.

2. Borum P.R. and KJ. Monty. 1976. Regulatory mutants and
control of cysteine biosynthetic enzymes in Salmonella
typhimurium. ). Bacteriol. 125: 94-101.

3. Bradford, M.MM. 1976. A rapid and sensitive method for
the quantitation of microgram quantities of protein utilizing
the principle of protein-dye binding. Anal. Biochem. 72:
248-254,

4. Champness, W.C. 1988. New loci required for Streptomy-
ces coelicolor morphological and physiological differentia-
tion. J. Bacteriol. 170: 1168-1174.

5. Champness, W.C,, T. Adamidis, and P. Riggle. 1989. Deve-
lopmental genes and antibiotic biosynthesis. p. 108-112
In C.L. Hershberger, S.W. Queener and G. Hegeman (ed.),
Genetics and Molecular Biology of Industrial Microorgani-
sms, ASM, Washington, D.C.

6. Chater, K.F. 1984. Morphological and physiological differe-
ntiation in Streptomyces, p. 89-115. In R. Losick and L.
Shapiro (ed.), Microbial Development, Cold Spring Habour
Laboratory, Cold Spring Harbor, N.Y.

7. Chater, K.F. 1989. Sporulation in Streptomyces. p.277-299.
In 1. Smith, RA. Slepecky and P. Setlow (ed.), Regulation
of procaryotic development, ASM Washington, D.C.

8. Chater, KF. 1991. Sap, hydrophobins and aerial growth.
Cur. Biol. 1: 318-320.

9. Chater, K.F,, EJ. Lawlor, C. Mendez, CJ. Bruton, N.K. Davis,
K. Plaskitt, E.P. Guthrie, B.L. Daly, HA. Baylis, and K.\V.
Trong. 1988. Gene expression during Streptomyces develo-
pment, p. 64-70, In Okami, Y. (ed.), Biology of Actinomyce-
tes ‘88. Proceedings of 7th ISBA., Japan Scientific Societies
Press, Tokyo.

10. Chater, K.F., CJ. Burton, KA, Plaskitt, M.). Buttner, C. Men-
dez, and ). Helmann. 1989. The developmental fate of

11.

12

13.

14.

16.

17.

18.

19.

20.

21,

22.

23.

24.

25.

26.

27.

L-CYSTEINE METABOLISM AND MYCELIUM GROWTH OF S. ALBIDOFLAVUS 163

Streptomyces coelicolor hyphae depends crucially on a
gene product homologous with motility sigma factor of
Bacillus subtilis. Cell 59: 133-143.

Daza, A, J.F. Martin, A. Dominguez, and J.A. Gil. 1989.
Sporulation of several species of Streptomyces in submer-
ged culture after nutritional downshift. J. Gen. Microbiol.
135: 2483-2491.

Demain, A.L. 1982. Catabolic regulation in industrial micro-
biology, p. 3-20. In Overproduction of microbial products.
(ed.), by V. Krumphazl, B. Sikya and Z. Vanek., Academic
press, N.Y.

Gaitonde, MK. 1967. A Spectrophotometiic method for
the direct determination of cysteine in the presence of
other naturally occuning amino acids. Biochem. J. 104: 627-
633.

Glazebrook, MA,, J.L. Doull, C. Stuttard, and L.C. Vining.
1990. Sporulation of Streptomyces venezuelae in Submer-
ged cultures. ). Gen. Microbiol. 136: 581-588.

. Harman, LS., Mottley, C. and R.P. Mason. 1983. Free radical

metabolism of L-cysteine oxidation. J. Biol. Chem. 259:
5606-5611.

Himelbroom, B.H. and H.M. Hassan. 1986. Effects of cys-
teine on growth, protease production and catalase activity
of Pseudomonas fluorescens. App. Env. Micro. 51: 418-421.
Horinouchi, S., H. Suzuki, and T. Beppu. 1986. Nucleotide
sequence of afsB, a pleiotropic gene involved in secondary
metabolism in Streptomyces coelicolor A3(2) and Strepto-
myces lividans. J. Bacteriol. 168: 257-269.

Huber, F.M., RL. Piper, and F.P. Mertz. 1987. Sporulation
of Streptomyces roseosporus in submerged culture. J. Indus.
Microbiol. 2: 235-241.

James, P.D.A. and C. Edwards. 1991. Effects of carbon sou-
rce and oxidative metabolism on secondary metabolism
in Streptomyces thermoviolaceus. Current Microbiology. 23:
227-232.

Jeong, B.C,, H.S. Shin, and KJ. Lee. 1988. Relationship bet-
ween sporulation and synthesis of alkaline protease in Stre-
ptomyces sp. Kor. J. Microbiol. 26: 355-361.

Kendrick, K.E. and J.C. Ensign. 1983. Sporulation of Strepto-
myces griseus in the submerged culture. J. Bacteriol. 155:
357-366.

Koepsel, R. and J.C. Ensign. 1984. Microcycle sporulation
of Streptomyces viridochromogenes. Arch. Microbiol. 140:
9-14.

Kredich, N.M. 1971. Regulation of L-cysteine biosynthesis
in Salmonella typhimurium. |. Effects of growth on varying
sulfur sources and o-acetyl-L-serine on gene expression.
J. Biol. Chem. 246: 3474-3484.

Kredich, N.M. 1987. Biosynthesis of cysteine. p. 419-428.
In F.C. Neidhardt (ed.), Escherchia coli and Salmonella ty-
phimurium, ASM, Washington D.C.

Kredich, N.M., B.S. Keenan, and L. Foote. 1972. The purifi-
cation and subunit of cysteine desulfhydrase from Saimo-
nellar typhimurium. J. Biol. Chem. 247: 7157-7162.

Lee, KJ. and Y.T. Rho. 1993. The Characteristics of spores
formed on solid cultures and in submerged cultures of
Streptomyces  albidoflavus SMF301. J Gen Microbiol. (in
press).

Miller, C.L. 1959. Use of dinitrosalycilic acid reagent for
determination of reducing sugar. Anal. Chem. 31: 426-428.



164 KIM ET AL

28. Moma, M. and WA. Dick. 1991. Mechanisms of H,S pro-

29.

30.

31.

32.

33.

34,

35,

duction from cysteine and cystine by microorganism from
soil by selective enrichment. App. Env. Micro. 57: 1413-
1417.

Neijssel, O.M. and D.W. Tempest. 1978. The physiology
of metabolite overproduction. p. 53-82. In Microbial tech-
nology: curment state, future prospects. (ed.) by AT. Bull,
D.C. Ellwood and C. Ratledge, Cambidge University Press,
Cambridge, London.

Ochi, K. 1986. Occurrence of the stringent respond in Stre-
ptomyces sp. and its stringent for the initiation of morpho-
logical and physiological differentiation. J. Gen Microbiol.
132: 2621-2631.

Ochi, K. 1987. Changes in nucleotide pools during sporula-
tion of Streptomyces griseus in submerged culture. J. Gen.
Microbiol. 133: 2787-2795.

Ostrowski ). and N.M. Kredich. 1990. In vitro interaction
of CysB protein with the cys/IH promoter of Salmonellar
typhimurium: Inhibitory effects of sulfide. J. Bac. 172: 779-
785.

Pazewski, A. and J. Grabski. 1974. Regulation of S-amino
acids biosynthesis in Aspergillus nidulans. Role of cysteine
and or homocysteine as regulatory effectors. Mol Gen.
Genet. 132: 307-320.

Reed, LJ. and CR. Williams. 1966. Purification and resolu-
tion of the pyruate dehydrogenase complex (€. col). Me-
thods Enzymol. 9: 247-269.

Rho, Y.T., JW. Kim, and KJ. Lee. 1989. Regulation of alka-
line protease biosynthesis in Streptomyces spp. : Effects
of culture environments on gene expression. In Proceedi-

36.

37.

38.

39.

40.

41,

42,

43.

44,

J. Microbiol. Biotechnol.

ngs of the 4th Conference on Molecular Biology & Genetic
Engineering Vol. 4, 91-94.
Rho, YT, HT. Kim, KH. Oh, H.. Kang, A.C. Ward, M.
Goodfellow, Y.C. Hah, and KJ. Lee. 1992. Numerical iden-
tification of a Streptomyces strain producing spores in sub-
merged culture. Kor. J. Microbiol. 30: 278-285.
Rho, Y.T. and KJ. Lee. 1993. Kinetic studies on the myce-
lium growth and submerged spore formation of Streptomy-
ces albidoflavus SMF301. J. Gen. Microbiol. (in press).
Rosenberger, RF. and S.R. Elsden. 1960. The yields of Stre-
ptococcus faecalis grown in continous culture. J. Gen. Mic-
robiol. 22: 726-39.
Siegel, LM. 1965. A direct microdetermination for sulfide.
Anal. Biochem. 11: 126-132.
Shin, H.S. and KJ. Lee. 1986. Regulation of extraceliular
alkaline protease biosynthesis in a strain of Streptomyces
sp. Kor. J. Microbiol. 24: 32-37.
Soda, K. 1987. Microbial sulfur amino acids: an overview
p. 453-459. in Williams B. Jacoby and Owen W. Griffith
(ed.), Methods in Enzymology Academic press, London.
Tan, H. and KF. Chater. 1993. Two developmentally cont-
rolled promoters of Streptomyces coelicolor A3(2) that re-
semble the major class of motility-related promoters in
other bacteria. J. Bacteriol. 175: 933-940.
Von Korff, RW. 1969. Purity and Stability of a-ketoacids:
assay for pyruvate. Methods Enzymol. 13: 521.
Wellington, EM.H. and S.T. Williams. 1978. Preservation
of actinomycete inoculum in frozen glycerol. Microbiosis
Letters 6: 151-157.

(Received March 31, 1994)



