
Cell yield and superoxide dismutase activity of the marine yeast
Debaryomyces hanseniiunder different culture conditions

Martin Ramı́ rez Orozco,1 Norma Y. Hernández-Saavedra,1 Felipe Ascencio Valle,1 Bárbara Acosta González,2 and
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Abstract. The effect of aeration, pH, stirring rate, and tem-
perature on the biomass production and superoxide dismu-
tase (SOD) activity of the marine yeastDebaryomyces han-
senii strain C-11 was determined. The cell biomass yield
was approximately 50% in a seawater-formulated medium
using glucose as the carbon source. The SOD activity in-
creased by application of a pulse of oxygen or 0.8 mM
sulfate copper into the chemical reactor. The SOD enzyme
had an activity of 400 units/mg of protein in a crude extract
produced under such conditions, the best activity ever re-
ported for this enzyme in a crude preparation.

Superoxide dismutase (SODUEC), 1.15.1.1 is a metalloen-
zyme that catalyzes the dismutation of superoxide radicals.
This enzyme has several applications in medicine: as an
antiinflammatory agent, as an immune-response modulator,
in malignant-tumor regression, for protection against radia-
tion or chemotherapy, in treatment of premenstrual syn-
drome and arthritis, in antiaging treatments, during the use
of hyperbaric chambers, and in general against oxidative
stress (Autor 1982; Burkley 1993). In addition, SOD has
been used as an antioxidant in the food industry (Aurand et
al. 1977; Hill 1979; Allen and Wrieden 1982; Meyer and
Isaksen 1995). The main sources for this enzyme include
erythrocytes, brain, and human, bovine, pig, chicken, and
rat liver and heart (Fridovich 1975). It has been isolated
from bacteria (Lygren et al. 1986; Lee and Lee 1988; Kroll
et al. 1991; Chamnongpol et al. 1995), algae (De Jesus et al.
1989), and from yeast (Van Loon et al. 1986; Bilinski 1988;
Gralla et al. 1991; Galiazzo and Labbe, 1993; Ochoa et al.

1995). An abundant and cheaper source has not yet been
identified (Lee and Lee 1988; Salin and Desterhelt 1988).

Debaryomyces hanseniistrain C-11 was isolated from
the Pacific Ocean off the west coast of Baja California Sur,
México (Hernández-Saavedra 1990). In a previous report,
we proposed the use of this marine yeast as a potential
source of SOD because it produces considerable amounts of
the enzyme (Ochoa et al. 1995). In this report, we discuss
the optimization of physical variables for biomass produc-
tion and the assay of possible inducers for the enzyme.

Materials and methods

Culture medium

The yeast was grown in a semienriched medium containing 2% glucose as
carbon source, 0.3% peptone as nitrogen source, and 0.2% yeast extract as
source of vitamins and trace elements.

Culture conditions

Aereation was optimized by injection of different airflow rates (0, 5, and 7
liters/min). Growth at various temperatures (10, 20, 30, and 40°C) was
tested also. The stirring rate was controlled automatically (New Bruns-
wick) and the pH of the medium recorded by use of an electrode and an
electronic microchip (Ingold). All experiments were done in a 2-liter
chemical reactor (New Brunswick) with 900 ml of culture medium and 100
ml of cell inoculum collected at the logarithmic phase (2.4 × 107 cell/ml).

Growth kinetics

Growth kinetics were followed for 48 h, taking samples every 6 h. The
analyses made included dry weight (by gravimetry), consumption of glu-
cose (Trinder, Merck), and determination of SOD activity in the crude
extract by the xanthine–xanthine oxidase method (Rainer 1975). Protein
analysis was done according to Bradford (1976), and the statistical analyses
of specific growth rate (m), cell yield coefficient (Yx/s), and productivity
(Xf) were made using two-way ANOVA (P < 0.05).

SOD extraction

The enzyme was extracted by mixing 35 mg of biomass, 35 mg of glass
beads (0.5 mm diameter), and 1 ml of 50 mM phosphate buffer, pH 7.8, in
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an Eppendorf tube. The mixture was stirred for 15 min in a Vortex mixer
at 5°C, centrifuged for 10 sec in a microfuge E (Beckman), and the su-
pernatant separated and dialyzed against the same buffer for 18 h.

Induction of SOD activity

The enzyme activity throughout the growth cycle was established. For
induction, the yeast culture was first incubated for 24 h as above and then
treated with 100% oxygen or 0.8 mM copper sulfate.

Results and discussion

Effect of culture medium pH on cell biomass and
SOD activity

Yeast generally grows well at pH 3.5–6.5, although it can
tolerate pH values from 0.9–11 (Davenport 1980). Some
yeasts are restricted to small ranges of pH values. For ex-
ample,Schizosaccharomycesspp. requires a pH of 5.45 and
Torulopsis pintolepessia pH of 0.9–1.1 (Van Uden and
Vidal 1970). The environmental pH at which the microor-
ganisms are isolated, as a general rule, cannot be considered
optimal for growth; therefore such values need to be deter-
mined.

In our case, and in spite of the average pH reported for
the Pacific Ocean being 8–8.7,Debaryomyces hansenii
strain C-11 was found to tolerate pH between 4 and 9 (Fig.
1a). At both extreme pH values, it grows slowly. Our results
are in contrast to those reported by Hobot and Jennings
(1981), who concluded reproduction of theDeb. hansenii
strain was higher as the pH of the medium increased, with
a maximum at pH 8.3. Norkrans (1966) foundDeb. hansenii
grew better at a slightly acidic pH, which is more in agree-
ment with our findings. For the effect of medium pH on
SOD activity of Deb. hanseniistrain C-11, we found the
highest activity within a pH range of 5–7 (Fig. 1b).

Effect of stirring rate on cell biomass and SOD activity

The stirring rate is a variable of major importance in yeast
growth. A well-stirred process promotes the maximum
growth rate, not only by increasing oxygen diffusion but
also by the homogeneous dispersal of the cells and nutrients
throughout the reactor. Figure 2a shows that when the stir-
ring rate is low cell reproduction is greatly reduced. If the
process is stirred in excess, bubbles can form that may

create dead spaces in the culture medium, to the detriment
of cell growth (Fig. 2a). In Fig. 2b, we can observe the
effect of the stirring rate on SOD activity, which reaches a
maximum at 500 rpm and remains fairly constant thereafter,
even if the stirring rate is increased to 700 rpm.

Effect of temperature on cell biomass and SOD activity

Yeast are considered ubiquitous. When studying the effect
of temperature on the growth ofDeb. hansenii(Fig. 3a), we
found the best temperature was 30°C, so our yeast strain can
be considered as mesophilic (Watson 1987). SOD activity is
also affected by the medium temperature (Fig. 3b) and ap-
pears to increase up to 40°C. This effect has been observed
for Porphyromona gingivalis(Amano et al. 1994), which
shows an increase in the SOD activity at 40°C. It would
seem SOD is produced as a heat-shock protein to protect the
microorganism against temperature stress.

Effect of aeration on cell biomass and SOD activity

The quantity of air supplied to the reactor is an important
factor if we assume thatDeb. hanseniineeds oxygen for
growth (Fig. 4a). If the airflow is excessive, the observed
effects are the same as observed with a fast stirring rate:
bubble and foam formation. In general, yeast are facultative
anaerobic microorganisms (Tilbury 1980). Javor (1989) be-
lievesDeb. hanseniihas an exceptional ability to grow un-
der anaerobic conditions. Our results, however, are not in
agreement with this. In Fig. 4a, we observe when air is not
supplied (0 liters/min), the yeast grows only slightly, which
may be just a consequence of the stirring rate allowing the
cells to remove whatever oxygen is present in the reactor.
This was confirmed by an experiment done under an an-
aerobic environment generated by bubbling nitrogen gas
into the medium and following the biosynthesis of sterols by
adding Tween 80 and oleic acid into the culture medium.
Under these conditions, we failed to observe any biosyn-
thesis, indicating the absence of cell growth (data not
shown).

SOD activity is known to be modified by the aeration
rate in the culture of microorganisms (Chamnongpol et al.
1995). In our case,Deb. hanseniiC-11 is no exception,
because we observed a clear correlation between enzyme

Fig. 1. The effect of culture media pH on the growth
(a) and on the specific activity of the enzyme superoxide
dismutase(b) of the marine yeastDeb. hansenii.
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activity and airflow rate (Fig. 4b). This may be a conse-
quence of the varying quantities of oxygen present under
such conditions.

SOD activity throughout cell cycle ofDeb. hansenii

In Fig. 5a, we illustrate the variation of SOD activity
throughout the growth cycle ofDeb. hanseniiat optimum
conditions (pH 5.0, 30°C, 500 rpm, 5 liters/min ambient

air). At the beginning, SOD activity is low, which may be
explained by the relatively slow metabolism of the yeast cell
at such an early growth phase (recognized as an adaptation
phase). It is beleived, at this stage, that the cell devotes most
of its energy to regulating the biochemical machinery for
the synthesis of enzymes that catabolize the substrate pre-
sent in the culture medium. After regulation is achieved,
growth and cellular reproduction start. At this point, the
logarithmic phase begins and the quantity of cells increases.

Fig. 2. The effect of the stirring rate on the growth(a)
and on the specific activity of the enzyme superoxide
dismutase (b) of the marine yeastDeb. hansenii.

Fig. 3. The temperature effect of the culture media
on the growth(a) and on the specific activity of the
enzyme superoxide dismutase(b) of the marine yeast
Deb. hansenii.

Fig. 4. The airflow rate effect on the growth(a) and on
the specific activity of the enzyme superoxide dismutase
(b) of the marine yeast.Deb. hansenii.
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Not only is yeast reproduction highest at this point, but the
demand for oxygen and, of course, the production of free
radicals are also at their maximum. For this reason, Fig. 5a
shows that the maximum SOD activity inDeb. hanseniiis
found at the top of the logarithmic phase.

Copper ions have been reported to induce the expression
of the SOD gene in prokaryotes and eukaryotes (Fridovich
1975; Galiazzo et al. 1991; Paphasri et al. 1992; Gordon et
al. 1993). Such an increase is about 2.4–3 times higher than

the original SOD activity present in the cells in the absence
of this inducer. In our case, when 0.8 mM copper sulfate
was added to the culture medium at the logarithmic stage
(i.e., hour 24 of the culture), for 30 min after the addition of
copper, the activity increases rapidly to approximately
400% above the control where copper was not added (Fig.
5b). This respponse of the cells to copper ions may be
explained in two ways: first, the copper ion is an essential
element for certain biochemical processes in the cell where
it serves as a cofactor for many enzymes, i.e., Cu-Zn SOD
and some oxidases, such as polyphenol oxidase, ascorbate
oxidase, diamine oxidase and, tyrosinase, that favor the oxi-
dizing conditions under which free radicals are generated
(Paphasri et al. 1992); second, the induction of the SOD
activity occurs at the transcription–translation level, where
the control over the gene codifying the synthesis of Cu-Zn
SOD is regulated by the copper ion and the cofactor ACE1,
a protein regulator that specifically binds to the gene in the
presence of copper ions (Gralla et al. 1991).

The maximum efficiency of the biochemical machinery
is modulated by the quantity of a particular enzyme needed
to transform its substrate. When a particular substrate is not
present, the cell avoids the expenditure of energy to syn-
thesize the enzyme that would catabolize it. Consequently,
induction of the production of an enzyme can be done by the
addition of its particular substrate (Fridovich 1982). In Fig.
5c it can be observed that when a cell culture ofDeb.
hanseniiC-11 in the logarithmic phase (i.e., at 24 h) is
exposed to 100% oxygen, during the first 30 min SOD
activity variation is almost negligible; however, after this
period cells are able to respond to such a condition with a
400% increase in the SOD activity.

Conclusions

The pH of the culture medium is a key factor for optimal
biomass production in the growth ofDeb. hanseniiC-11.
This yeast strain can grow at pHs from 5 to 8 but grow best
at pH 5.0. The stirring rate of the culture medium must also
be controlled and preferably maintained at 500 rpm to ob-
tain a high cell yield and SOD activity. This yeast also
grows from 10 to 40°C; however, the best temperature for
cell biomass production is 30°C, but the superoxide dismu-
tase activity is highest when the yeast is grown at 40°C. The
airflow rate is an important factor as an oxygen source for
cell growth. Our results showDeb. hanseniiC-11 can be a
good alternative source for SOD with a high specific activ-
ity. The cell biomass yield of this yeast is comparable to that
reported for similar organisms but, as shown previously, it
possesses an interesting ability to grow in either a seawater-
or freshwater-formulated medium (Ochoa et al. 1995),
which adds some advantages in reducing contamination
risks.

Acknowledgments.We thank Dr. Ellis Glazier, CIBNOR, for editing the
English language text.

References

Allen JC, Wrieden WLJ (1982) Influence of milk proteins on lipid oxida-
tion in aqueous emulsion. Dairy Res 49:249–263

Amano A, Sharma A, Sojar H (1994) Effects of temperature stress on

Fig. 5. The SOD activity of the marine yeastDeb. hanseniiunder different
culture conditions:a: Cell growth (j) and SOD activity (l) at optimum
conditions (pH 5.0, 500 rpm, 30°C, 5 liters/min of filtered air);b: effect of
adding 0.8 mM CuSO4 to the culture media; andc: effect of the substitu-
tion of the oxygen source by 100% oxygen.

Ramı́rez Orozco et al.: Cell Yield and SOD activity ofDebaryomyces hansenii258



expression of fimbriae and superoxide dismutase byPorphyromona gin-
givalis. Infect Immun 62:4682–4685

Aurand LW, Boone NH, Giddings GG (1977) Superoxide and singlet
oxygen in milk peroxidation. J Dairy Sci 60:363–369

Autor AP (1982) Pathology of oxygen. Academic Press, New York, pp
21–42

Bilinski T, Krawiec Z, Litwinska JB (1988) Mechanisms of oxygen tox-
icity as revealed by studies of yeast mutants with changed response to
oxidative stress. Oxy-Radicals in Molecular Biology and Pathology pp
109–123

Bradford MM (1976) A rapid sensitive method for the quantitation of
microgram quantities of protein utilizing the principle of protein-dye
binding. Anal Biochem 72:248–254

Burkley GB (1993) Free radicals and other reactive oxygen metabolites:
Clinical relevance and therapeutic efficacy of antioxidant therapy. Sur-
gery 113:479–483

Chamnongpol S, Mongkolsuk S, Vattanavibbon P, Fuangthong M (1995)
Unusual growth phase and oxygen tension regulation of oxidative stress
protection enzymes, catalase and superoxide dismutase, in the phy-
topatogenXanthomonas oryzaepv. oryzae.Appl Environ Microbiol 61:
393–396

Davenport RR (1980) Biology and activities of yeast. In: Skinner FA,
Passmore SM, Davenport RR (eds). The Society for Applied Bacteriol-
ogy symposium series No. 9, Academic Press, New York, pp 1–27

De Jesus MD, Tabatabas F, Chapman DJ (1989) Taxonomic distribution of
copper zinc superoxide dismutase in green algae and its phylogenetic
importance. J Physol 25:767–772

Fridovich I (1975) Superoxide dismutases. Annu Rev Biochem 44:147
Fridovich I (1982) Superoxide dismutase in biology and medicine. In:

Autor AP (ed). Pathology of oxygen. Academic Press, New York pp
1–17

Galiazzo F, Labbe-Bois R (1993) Regulation of Cu,Zn- and Mn-superoxide
dismutase inSaccaromyces cerevisiae.Fed Eur Biochem Soc 315:197–
200

Galiazzo F, Ciriolo MR, Carri MT, Civitareale P, Marcocci L, Marmocchi
F, Rotilio G (1991) Activation and induction by copper of Cu/Zn su-
peroxide dismutase inSaccharomyces cerevisiae,presence of an inactive
proenzyme in anaerobic yeast. Eur J Biochem 196:545–549

Gordon A, Harwood VJ, Sayyar S (1993) Growth, copper-tolerant cells,
and extracellular protein production in copper stressed chemostat cul-
tures ofVibrio alginolyticus.Appl Environmen Microbiol 59:60–66

Gralla EB, Thiele DJ, Silar P, Valentine JS (1991) ACE1, a copper-
dependent transcription factor, activates expression of the yeast copper,
zinc superoxide dismutase gene. Proc Natl Acad Sci USA 8:8558–8562

Hernández-Saavedra NY (1990) Levaduras Marinas Aisladas en la Costa
Occidental de Baja California Sur, Me´xico Thesis. UNAM-Iztacala
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