Kor. J. Appl. Microbiol. Bioeng.
Vol. 15, No. 5, 356—360 (1987)

The Analysis of Some Factors Involved in Sisomicin
Fermentation Based on Temperature Effects

Shin, Chul-Soo*, Sang-Han Lee, Sung-Uk Kim and Song-Hae Bok

Life Science Division, Korea Research Institute of Chemical Technology, Daejeon 300-31, Korea

Sisomicin 250 cist 25 L HHQIXe] At
HESc ol AN S-S
s TsiEoiTL MESIT

Effects of temperature on sisomicin fermentation were investigated. From the specific growth
rages for logarithmic phase estimated at various temperatures, 8. 2 kcal / g-mol was obtained as an ac-
tivation energy for cell growth. It suggests that cell growth rate was limited by the internal diffusion
layers for nutrients or oxygen caused by aggregated cells. Final antibiotic titer was decreased with in-
creasing temperature, and it depended highly on the temperature to which cells were exposed during
the logarithmic phase of growth. Temperature shifts during fermentation brought about an increase

in antibiotic productivity.

Since most aminoglycoside antibiotics are extra-
cellular (1), they accumulate mostly in culture su-
pernatant. However, sisomicin which is produced
by Micromonospora inyoensis is mostly cell-bound
and partly excreted into culture broth (2, 3). In this
case, antibiotic titers are limited by a restriction on
the cell mass to be attained in fermentation broth.

On the other hand, this producing organism
grows in a mycelial form so that cells can be aggre-
gated as cell mass is increased in fermentation
broth. As a result, there will exist internal diffusion
layers which retard the diffusion of nutrients or ox-
ygen onto the inside surfaces of aggregated cells.

In these experiments, the effects of temperature
on sisomicin fermentation were investigated in
terms of growth rate, growth stage, antibiotic titer,
antibiotic productivity, diffusion problem, etc.
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Materials and Methods

Strain

The producing microorganism used in these ex-
perments was Micromonospora inyoensis IFO
13156.

Media

Germination and fermentation media were pre-
pared and adjusted to pH8.0 before sterilization (3,
4).

Experimental procedures

Twenty mililiters of germination medium in a
250 m/ Erlenmeyer flask was inoculated from a
slant of M. inyoensis. Then, it was cultured at 28°C
for 3 days in a reciprocal shaker. Two and half mili-
liters of germinated medium was transferred to a
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500 m/ Erlenmeyer flask containing 50 m/ of fer-
mentation medium. And it was shaken at various
temperatures for 4 days in a reciprocal shaker.

Extraction of sisomicin(5)

A certain amount of whole culture broth was
taken and adjusted to pH2.0 with 6N sulfuric acid
solution. The acidified broth was stirred for about
15 minutes and then, centrifuged at 3000 rpm for 10
minutes (Hanil Centrifuge-HA 10). The supernatant
was adjusted to pH7.0 with 6N ammonium hydrox-
ide solution. To precipitate calcium ions, sufficient
oxalic acid was added to the neutralized superna-
tant and then centrifuged. The supernatant was
neutralized again with 6N ammonium hydroxide
solution.

Antibiotic assay(3, 6)

Antibiotic potencies were determined by a cylin-
der cup agar diffusion assay using Staphylococcus
aureus ATCC6538P as a test organism.

Cell concentration measurement(3)

After removal of insoluble soybean meal by cen-
trifugation (2 minutes at 600 rpm, Hanil Centri-
fuge-HA10), the dry weight was measured.

Results and Discussion
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Fig. 1. Growth-preduction curves at various temper-
atures of sisomicin fermentation.
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Fig. 2. Estimation of an activation energy for cell
growth in sisomicin fermentation.

4 specific growth rate for logarithmic phase, h-!

T: absolute temperature, °K

E: activation energy, kcal/g-mol

R: gas constant, 1. 987 cal/g-mol/ °K

Sisomicin fermentations were carried out bat-
chwise at various temperatures (28, 31, 34 & 37°C).
The growth-production curves were prepared from
them (Fig. 1). As shown in Fig. 1, the lag phase for
cell growth was shortened with increasing temper-
ature and the growth was early finished under the
condition. From the growth curves shown in Fig. 1,
the specific growth rate (u) for logarithmic phase
was estimated at each temperature, respectively.
And the values were plotted semi-logarithmically by
using the Arrhenius equations of [1]and [2] (Fig. 2).

¢#=A exp (=E/RT) [1]
In(x) =In(A)-(E/R)1/T) 2]

As shown in Fig. 2, specific growth rate was in-
creased with increasing temperature, and a straight
line was constructed from the relationship between
reciprocal temperature and logarithmic value of the
corresponding specific growth rate. From the slope,
the activation energy for growth was estimated to
be 8.2 kcal/g-mol. It suggests that the overall rate
of cell growth be determined by the internal diffu-
sion rate of nutrients or oxygen onto the surfaces of
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cells (7). Since the microorganism which was used
in this experiment grew in a mycelial form, they
were easily aggregated as fermentation proceeded.
The aggregated celis can form internal diffusion
layers which cause the slow diffusion of nutrients or
oxygen onto the inside surfaces in them.

Final concentrations of cell and sisomicin were
plotted again from the growth-production curves of
Fig. 1 (Fig. 3). Cell concentration was decreased a
little with increasing temperature, and sisomicin
titiers (or concentrations) were not changed signifi-
cantly at temperatures of 28°C and 31°C.
However, they were sharply decreased at 34 °C and
37°C as compared to those of 28 °C and 31 °C.

In the next experiment, 34°C and 31°C as fer-
mentation temperature were chosen and temper-
ature shifts were used (Fig. 4). Final antibiotic titer
was the lowest at 34°C and the highest at 31°C.
Among the cultures to be temperature-shifted at
34°C & 31°C, the shift by one day brought about
the highest final antibiotic titer. It was the case in
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Fig. 3. Final concentrations of cell and antibiotic ob-
tained at various temperatures.

Xp: final cell concentration, g/!

Ppg: final antibiotic concentration, n1g/m!
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Fig. 4. Final concentrations of cell and antibiotic =b-
tained for various temperature-shifts between 34°C and
31°C.
Xp: final cell concentration, g/!
Pp: final antibiotic concentration, ug/ml

which culture temperature was maintained at 31°C
for 24 hours on the second and the fourth day (Fig.
4). During the time (the second day), cell growth
belonged to the logarithmic phase for which it was
the most active and the most of cell mass was form-
ed. The third and fourth highest titers of antibiotic
were attained for the case that cells were cultured at
31°C for 12 hours of logarithmic phase. When tem-
perature was kept at 34 °C for the logarithmic phase
and at 31 °C later, the final antibiotic titer was pret-
ty close to that for the case that temperature was
kept to be 34°C all the time. These results suggest
that final sisomicin titer depended highly on the
temperature to which cells were exposed during the
logarithmic phase of growth.

In another experiment, temperature shift of
34°C to 31 °C was only once carried out respectively
at an internal of 12 hours (Fig. 5). And the final
concentrations of cell and antibiotic, which were
obtained at the end of fermentation, were plotted in
Fig. 6-1. Fig. 6-11 shows the growth curve of cells
grown at 34°C. In case fermentation temperature
was kept initially at 34°C for 0, 12 or 24 hours res-
pectively and then kept at 31°C, the final titers of
sisomicin were almost same. However, when tem-
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Fig. 5. One step of temperature-shifts between 34°C
and 31°C,
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Fig. 6. Final concentrations of cell and antibiotic ob-
tained for one step of temperature-shifts between 34°C
and 31°C at intervals of 12 hours.

Xp: final cell concentration, g/l

Pp: final antibiotic concentration, g/m!
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perature shifts of 34 °C to 31°C were carried out at
the time between 24 and 48 hours, the final antibio-
tic titers were reduced remarkably. Although the
final titers of the antibiotic had no differences for
the cultures in which temperature shifts were done
beyond 48 hours, they were reduced by more than
40% as compared to those for the cases to be tem-
perature-shifted within 24 hours. These results con-
firm again that the final titers of antibiotic were af-
fected significantly by the temperature to which
cells were exposed during the logarithmic phase.

A strategy for increasing antibiotic productivity
was considered by using only two different temper-
atures of 34°C and 31°C. The antibiotic titer and
cell concentration for the culture exposed to 34°C
for first 24 hours and then 31°C up to the end were
compared with those of the culture which was kept
to be 31°C all the time (Fig. 7). Although final anti-
biotic titers for both cases were about same, the
product formation from the temperature-shifted
(34—31) culture was faster than that from being
constantly kept at 31 °C due to the faster growth of
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Fig. 7. A comparison between the growth-productions
for control and temperature-shift.
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the cells exposed to the temperature-shift. When 90
rg/ml as a final antibiotic titer was considered, the
fermentation times needed for the control and the
temperature-shifted culture were about 3 and 2.5
days, respectively. Thus, temperature-shift can
reduce fermentation time by 12 hours. It corres-
ponds to about 17% increase in antibiotic producti-
vity.

o ok
pa

Sisomicin #Eoll i3t

o
th, A7) Rxel il ‘erl"l LIRS

el
2,
32
."Q —Hz

B} 8,2 kcal/g-mol2l activation energy=<
of ko wrEZ A7} FAAE o] Fo wlR] Aol
v} 4b4ofl 3l internal diffusion layerE A 5k

AT Al sl R AT R4

© O o
2o} Fobatol ahel paslelon], SEel wWakE
T dder 4 EHT—é‘-J ’l<>ﬂ R 4 vk
S7h A% g4Edel el 4% 4P FE A

Kor. J. Appl. Microbiol. Bioeng.

o7 L}_E].LL 1. HHol:.Q_u j[; B:I§}&]»/% {sLAH U_zJ o] Ag
ALA3 S Z714 7] \:!L\:Ho.ﬂ 12155 | P oy RS E_ol.:],

References

1.Crueger, W., A. Crueger: Biotechnology. Science
Tech, Madison, (1982).

2.Schmidt-Kastner, G., H. Reimann: Infection 4(suppl.
4), S292 (1976). '

3.Ahn, B.W., S.H. Lee, C.S. Shin: Kor. J. Appl. Micro-
biol. Bioeng., 14(4), 293 (1986).

4.Weinstein, M.]J., G.M. Luedemann, G.H. Wagman:
US Patent 3, 832, 286 (1974).

5.Weinstein, M.J., G.M. Luedemann, G.H. Wagman:
US Patent 3, 907, 771 (1975).

6.Weinstein, M.J., G.H. Wagman, J.A. Marquez: US
Patent 3, 951, 746 (1976).

7.Laidler, K.J., P.S. Bunting: Methods in Enzymology.
(Purich, D.L., ed.) Academic, New York, Vol. 64,
227 (1980).

(Received August 27, 1987)



