Minufiya J. Agric. Res. Vol. 34 No0.1(1):35-55 (2009) "http://www.mujar.net"

INDUCTION OF CEPHALOSPORIN C IN Cephalosporium
acremonium USING U.V. LIGHT AND SELECTION OF A
MUTANT THAT SHOWED HIGHEST FERMENTATION
CAPABILITY

S. H. Hassanein®, M. I. Nasr®, R. M. Abd EI-Aziz®, A. F. Elbaz®,

and M. N. Malash®
! Dept. of Genetics, Faculty of Agric., Ain Shams Univ.
% Dept. of Industrial Biotechnology, Genetic Engineering and Biotechnology
Research Institute (GEBRI), Minufiya Univ.
® Hebiraw Co. for Pharmaceutical Raw Materials, Qena.
(Received: Dec. 31, 2008)

ABSTRACT: Ultraviolet-light mutagenesis had been used in the induction
of cephalosporin C (CPC) production in Cephalosporium acremonium ATCC
11550. Selection of high antibiotic-producers among the mutants was carried
out by agar diffusion method using Bacillus subtilis ATCC 6633, and then
final selection of the highest CPC producing mutant was carried out in shake
flasks in which it produced 900 mg/L. The newly-isolated mutant (M104)
produced 2160 mg/L CPC in a batch process in NBS stirred-tank bioreactor
(working volume 4L). The fermentation and sugar assimilation behavior of
the strain M104 have been investigated. It has been observed that adequate
aeration is critically important to supply oxygen that is necessary for
antibiotic biosynthesis. The diauxic phenomenon has been observed in this
fermentation process in which a mixture of an easily metabolized sugar
(glucose) with another more difficult to be assimilated (sucrose) is used to
build up the antibiotic-producing biomass (by glucose) and to make the
fungus attain the physiological state of antibiotic production (by sucrose).
The maximum CPC concentration was obtained at 96 hours of fermentation
time, the maximum specific productivity was 186 mg CPC/g dry weight at 136
hours, and the maximum rate of CPC production was 31 mg/L.hr at 64 hours.
This work is considered a model of strain genetic improvement that is carried
out to enhance the antibiotic production in industry to increase the profit
with areduction of the cost of the final product.

Key Words: Cephalosporium acremonium; ultraviolet-light mutagenesis;

cephalosporin C; diauxic phenomenon.

INTRODUCTION

The discovery of antibiotics started with the discovery of the efficacy of a
B-lactam compound and is perhaps the most important discovery in the
history of therapeutic medicine (Brakhage, 1998). The application of
antibiotics to treat infectious diseases may conceivably have saved more
lives than any other medical development (Heatly, 1990).
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Cephalosporins were developed to overcome the allergic problems
associated with penicillins (Lowe, 2001), also they have broad antibacterial
spectrum, and in addition was highly resistant to B-lactamase (Carlile et al.,
2001). Cephalosporins are made from cephalosporin C, the fermentation
product of Cephalosporium acremonium, which after extraction and
purification, is hydrolyzed, either enzymatically or chemically, to the active
nucleus, 7-aminocephalosporanic acid (7-ACA), which serves as substrate
for the chemical synthesis of injectable and oral semi-synthetic
cephalosporins (Lowe, 2001).

Due to the outgrowth of human population in Egypt, and consequent
increasing need to afford sufficient quantities of antibiotics for treatment of
infectious disease, there is a new trend to produce these chemicals locally.
This will reduce the imported quantities of raw materials which may
contribute to a reduction of the cost of such medications, and therefore, a
reduction of the cost of health care. Despite the importance of such work,
very few attempts have been carried out to improve cephalosporin C
production by mutation in Egypt. EI-Bondokly (1997) isolated a U.V. induced
mutant that produced about 500 mg/L cephalosporin C from the strain A.
chrysogenum ATCC 11550 which produced about 200 mg/L.

The objective of this work is to induce cephalosporin C production in the
strain Acremonium chrysogenum ATCC 11550. This work is considered as a
model of strain genetic improvement by U.V. mutagenesis and investigating
the newly-isolated mutant's fermentation behavior and sugar assimilation in
lab scale stirred-tank bioreactor.

MATERIALS

This work was carried out in the laboratories of the Industrial
Biotechnology Department, Genetic Engineering and Biotechnology
Research Institute (GEBRI), Menofia University during 2006 to 2008.

MICROORGANISMS:

The fungus used in this work was Cephalosporium acremonium (syn.
Acremonium chrysogenum) ATCC 11550 (DSM 880, CBS 779.69, or CMI
49137) as the parent strain. This strain is the original Brotzu's strain (Perez-
Martinez and Peberdy, 1985, and Velasco et al., 1999), which was first
isolated from sea water near a sewage outlet at Cagliari, Sardinia, Italy in
1948 (Brakhage, 1998). It has many applications, such as production of
cephalosporin C, and production of deacetoxycephalosporin C according to
the US patent no. 3,979,260 (Nakao et al., 1976).

The bacterial strain Bacillus subtilis ATCC 6633, which is sensitive to the
cephalosporin antibiotics, was used for screening of the fungal mutants
antibiotic production capacity by using the agar diffusion method (as
suggested by Hebiraw Co. for Pharmaceutical Raw Materials).
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Microbiological media:
Complete medium (CM): (Vialta et al., 1997)

This medium was used for the propagation and maintenance of the
mutants and for screening for the antibiotic productivity.

Seed medium (SM): (Vialta et al., 1997)
It was used for propagation of the inoculum, used to inoculate the
fermentation medium.

Fermentation medium 1 (FM 1): (Vialta et al., 1997)
It was used in the final selection of the highest producing mutant in shake
flasks, based on inhibition zone diameters on plates.

Fermentation medium 2 (FM 2): (Lee et al., 2001)

It was the medium in which cephalosporin C production and sugars
assimilation of the highest producing mutant was monitored in batch
fermentation in the stirred-tank bioreactor.

Sucrose 36 g/l
Glucose 27 g/l

Corn steep liquor 50 g/l

KH,PO, 3.0¢g/l
K,HPO, 5.0 g/l
(NH4),S0, 8.0 g/l
DL-methionine 5.0 g/l

Antifoam 1 mli

Trace element solution* 50 mi/l
*, Trace element solution: (Cruz et al., 1999)
Na,SO, 16.2 g/l
MgS0,.7H,0 7.68 g/l
CaCl,.2H,0 7.68 g/l
MnSO,.H,0 0.64 g/l
ZnS0,.7H,0 0.64 g/l
CuS0,.5H,0 0.004 g/l

- Sugars and (NH,4),SO,4 were sterilized separately, and aseptically added.

Nutrient agar: (Atlas and Parks, 1997)
It was used for propagation and maintenance of Bacillus subtilis ATCC
6633, also for screening of fungal mutants by agar diffusion method.

Experimental methods

Ultraviolet-light mutagenesis and strain selection:

Irradiation of Cephalosporium acremonium spores with ultraviolet-light:
(according to Drew and Demain (1975), and Lee et al. (2001), but with
modifications)
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A spore suspension was prepared by pouring NaCl solution (0.9% wi/v)
onto a complete medium agar slant, on which Cephalosporium acremonium
ATCC 11550 had been grown for 7 days and mixed WeII Spore concentration
was determined microscopically with a Neubauer haemocytometer (depth
0.1 mm- small-square area 0.0025 mm?. Three ml aliquots of conidial
suspension was poured into autoclaved Petri dishes, and irradiated with U.V.
light for 0, 2, 4, 6, 8, 10 and 12 minutes at a distance of 20 cm from the U.V.
lamp (Phillips® T UV-15W/G15 T8 (UV-C)). Suspensions were agitated during
irradiation by rotating the Petri dishes on an orbital shaker OS-20 (Boeco,
Germany) at 150 rpm. After irradiation, plates were kept in dark for 2 hours.
Viable counts were determined by plating 0.2 ml of appropriately d|Iuted
samples on CM agar plates. They were incubated turned upside-down at 28°
C. for 5 days. Colonies that appeared on the plates Were isolated and
transferred into CM agar slants, and incubated for 7 days at 28° C. for further
examination.

Screening of the mutgenized isolates' antibiotic production capacity by
agar diffusion method:

Mutagenized isolates were screened for cephalosporin production by agar
diffusion method using Bacillus subtilis ATCC 6633 as the test organism.
Thirty centimeters CM agar plates were subdivided into 21 sections and each
section is moculated with an isolate (figure (1)). Plates were incubated turned
upside-down at 28° C. for 4 days, as the maximum cephalosporin C (CPC)
production occurs at the 5" day of incubation (according to Perez-Martinez
and Peberdy (1985), Basak et al. (1995), Vialta et al. (1997), and Silva et al
(1998)). Nutrient agar seeded with the test organism B. subtilis ATCC 6633
was poured over the grown colonies of every isolate. Plates were left for the
agar to solidify, then were incubated turned upside-down for 24 hours.
Bacillus subtilis grew as a loan with clear inhibition zones around the fungal
colonies. Colony diameter was subtracted from the inhibition zone diameter
for each isolate. This experiment was repeated up to six times depending on
the variation between individual determinations of inhibition zone diameters
for each isolate to minimize the error.

Inhibition zone diameters of all the survivors from U.V. light exposure
were statistically compared to that of the original strain, using the
Completely Randomized Design (Steel and Torrie, 1960), where it does not
necessitate an equal number of repetitions for each isolate.
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Figure (1): A 30 cm CM agar plate subdivided into 21 sections, each section
is inoculated with an isolate. The arrow points to the wild strain which has
the same place in each plate.

Selection of the highest cephalosporin C-producer mutant in
liguid medium:

This was the next step in selection of a high antibiotic-producer mutant to
be used in the next fermentation experiment. The ten highest productive
mutants were tested for CPC production in liquid fermentation medium by
the method described by Vialta et al. (1997). 500-ml Erlenmeyer flasks
containing 50 ml SM were used to allow for adequate aeration. The flasks
were shaken at 250 rpm on a digital orbital shaker (VWR DS2-500-1, VWR
International, Henry Troemner LLC, 201 Wolf Drive, Thorofare, NJ, USA) at
28° C. as specified by Karaffa et al. (2003), for 2 days. Then, 500-ml
Erlenmeyer flasks containing 40 ml FM 1 were inoculated by 1.6 ml SM, and
shaken at the same conditions as with SM, but for 7 days. The culture broth
samples at the end of the fermentation were centrifuged at 4000 rpm for 20
minutes and the clear supernatants were used in assay of CPC,
deacetylcephalosporin C (DAC), and deacetoxycephalosporin C (DAOC) with
HPLC.

Cephalosporin C production by the mutant strain M 104:
Batch fermentation of the mutant strain M 104 in the stirred-tank
bioreactor:

This batch fermentation was carried out to determine the cephalosporin C

production, and to investigate sugars metabolic behavior of the mutant strain
M 104.
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Growth from two 1-inch diameter 7-day old CM agar slants of the mutant
strain M 104 was suspended in 10 ml of normal saline for each slant. 2.5 ml
were transferred to eight 500-ml Erlenmeyer flasks containing 50 ml SM, and
shaken on the orbital shaker (VWR) at 250 rpm at 28° C. for 2 days, as
described by Vialta et al. (1997).

The volume used for inoculation was 10% of the media volume of the main
fermentation culture, as previously suggested by several workers; Silva et al.
(1998) Cruz et al. (1999), Lee et al. (2001), and Karrafa et al. (2003). The SM
flasks were pooled and used to inoculate 7.5L stirred-tank bioreactor (Bioflo®
310, New Brunswick Scientific Co., Inc., Edison, NJ, USA), with instruments
for temperature control, dissolved oxygen sensor (In Pro 6800°, Mettler-
Toledo GmbH, process analytics, industrie Nord, CH-8902 Urdorf), and a gel-
filled pH meter (Ingold® pH electrodes, Mettler-Toledo GmbH, process
analytics, industrie Nord, CH-8902 Urdorf, Switzerland) filled with 4 L FM 2,
and pH was controlled between 6.2-6.8 (as stated by Kim et al., 2007) by the
automatic addition of 2 M NaOH or 2 M H,SO,4, while the temperature was
maintained at 27° C. Antifoam was added when needed.

Samples of 20 ml were taken every 8 hours during fermentation, starting
from the time of inoculation (zero time). Ten milliliters of each sample was
centrifuged at 6000 rpm for 15 min, and the clear supernatant was assayed
for CPC, DAC, DAOC with HPLC, and the pellet was used for measuring dry
weight of the cells.

Analytical methods:
Fungal cells counts:
Microscopical spore counting using Neubauer

haemocytometer:

The counts of both sides were averaged, and the average was multiplied
by 10* (1 mm? (square area) X 0.1 mm (depth) X 10° (conversion to cms)) =
count/cm

®

Original plate viable count:
Colonies were counted on the plate, and the original viable count was

calculated by the following formula:
Colony count X dilution factor

Volume of inoculum

Sugars assays:
Glucose determination:

It was assayed colorimetrically using enzyme colorimetric GOD-POD
(glucose oxidase- peroxidase) kit (Spinreact®, S.A. Ctra. Santa Coloma, 7 E-
17176 Sant Esteve De Bas (Gl), Spain). Measurement was carried out at room
temperature after 15 minutes of mixing the samples with the reagent, and
then the color intensities were measured versus a standard using a

= Colony forming units/ml
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spectrophotometer (Model 390, Buck Scientific, Inc.). Procedures of
measurement were carried out according to manufacturer's instructions.

Sucrose determination:

Sucrose was assayed as described previously for glucose after being
hydrolyzed by 10% HCI in a boiling water bath for 10 minutes, as described
by Timberlake, (2002). The result was the total sugars concentration; sucrose
concentration was determined by subtracting glucose concentration from the
total sugar concentration.

Cephalosporin C (CPC) assay:

CPC in the culture supernatants was determined by HPLC system with
automatic autosampler (HP model 1100). The column was Lichrosorb® C8 (L=
250 mm, &= 4.6 mm), mobile phase was acetate buffer pH 4.75 (980 ml):
acetonitrile (20 ml) with a flow rate 2ml/min. Detection was carried out by a
U.V detector at 254 nm. CPC in samples was calculated by the following
equation:

Sample peak area x standard conc. x dil. factor
Standard peak area

png/ml =

Biomass determination:
Dry weight:

The dry cell weight of mycelium was estimated, as described by Nigam et
al. (2007), by centrifuging 10 ml of fermentation broth, washed three times
with distilled water, recentrifuged, and kept for drying at 80° C. till a constant
weight.

Percentage mycelium volume (PMV):
10 ml samples of culture broth were centrifuged and the volume of cells
was measured and expressed as a percentage (Lim et al., 2002).

RESULTS AND DISCUSSION:
Ultraviolet-light mutagenesis and strain selection:
Irradiation of Cephalosporium acremonium spores with

ultraviolet-light:
The wild-type strain was mutagenized by exposure to U.V. light. The
survival curve is shown in Figure (2).
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Figure (2): U.V. light exposure survival rate.

It is observed from Figure (2) that killing by U.V. light was faster at the
early exposure until 2 minutes (more steep line), and then Kkilling rate is
slowed down with increasing exposure time. The possible explanation is that
the highly sensitive fungal cells (the majority of the population) had been
killed at the early times of exposure. The less sensitive and resistant cells
were killed at a slower rate with elongated U.V. exposure time.

Screening of the mutagenized isolates for antibiotic production

by agar-diffusion method:

Isolates were screened for cephalosporin production using Bacillus
subtilis ATCC 6633 as the test organism in terms of inhibition zone diameter.
Mutagenesis by exposure to U.V. light gave rise to 107 colonies. The genetic
character of concern is the antibiotic-production capacity of the strain, which
had been tested in terms of inhibition zone diameter on a cephalosporin-
sensitive strain. Statistical design divided the 107 strains, in comparison to
the original strain, to 10 as highly significant antibiotic producers, 4
significant, 67 non-significantly different from the original strain and 24 were
significantly less than the original.

Screening of the highest ten mutants in liquid medium:
The highest ten mutants were screened in FM 1 (Vialta et al., 1997).
Cephalosporins were assayed by HPLC, and the results are shown in table

(D).
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Table (1): HPLC assay results of the highest ten mutants.

Mutant CPC DAC DAOC CPC CPC
number peak area percentage percentage percentage concentration
0 (wild) 0 51.4% 37% 0 0

16 0 59% 41% 0 0

56 0 17.7% 40.4% 0 0

57 35 7% 32.2% 12.8% 304 ug/ml
107 0 34.3% 13.5% 0 0

26 0 46.5% 41.6% 0 0

105 0 61.4% 22.7% 0 0

104* 103 16.5% 7% 30% 900 pg/ml

16 64 32% 16.7% 25% 556 ug/ml

20 88.7 20.5% 14% 25% 770 pg/ml

31 0 40.7% 27.1% 0 0

*The mutant 104 was the highest CPC-producer.

It is observed from table (1) that the original strain C. acremonium ATCC
11550 did not produce cephalosporin C, which was the strain that Brotzu
discovered to produce CPC, as stated earlier, and also it produced 200mg/L
according to El-Bondokly (1997). This discrepancy may indicate that this
strain lost its cephalosporin C production ability possibly due to genetic
events or mutations that occurred during storage. A similar situation was
previously found and explained by Vialta et al. (1997). While this strain did
not produce cephalosporin C, it was found to accumulate DAOC and DAC.
This indicates that the DAC acetyltransferase (DAC-AT) is not functional. It is
not known if this is due to formation of inactive enzyme or whether it is
blocked in transcription or translation of the gene encoding actyl-CoA:DAC
o-acetyltransferase (DAC-AT). Velasco et al. (1999) investigated this
phenomenon in the mutant A. chrysogenum ATCC 20371 that does not
produce CPC while it accumulates DAC. They found that this mutant shows,
however, a normal transcript of the DAC-AT gene and, therefore the mutation
probably results in a truncated protein or in the inability to translate the
MRNA.

From Table (1), the mutant no. 104 (hamed M 104 in the context) was the
highest significantly improved mutant statistically (data not shown), also it
produces the highest concentration of cephalosporin C; 900 pg/ml in shake
flask fermentation. This could be explained by the higher potency of CPC to
kill B. subtilis ATCC 6633, thus produced larger inhibition zones, than its
intermediates; DAOC and DAC. This agreement of statistical and practical
results indicated that this statistical design could be a useful tool with an
acceptable accuracy in this type of experiments. The mutant strain M 104,
which was induced by 10 min U.V. exposure of the parent strain, was used in
the next fermentation experiment for CPC production.
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Cephalosporin C production by the mutant strain M 104:
Batch fermentation of the mutant strain M 104 in the stirred-tank

bioreactor:

Batch fermentation was carried out in the stirred-tank bioreactor to
demonstrate the mutant's behavior in terms of cephalosporin C production,
biomass growth, and sugars consumption. Figure (3) (a) and (b)shows the
operating dissolved oxygen control; agitation and airflow, (c) shows the
dissolved oxygen (DO) concentration in the fermentation broth allover the
process, (d) shows the pH changes during the fermentation process, (e)
illustrates the mutant's behavior during the fermentation time, while (f)
illustrates the cephalosporin nucleus production pattern.

pH was automatically controlled initially at 6.5 as described by Seidel et
al. (2002a, b), then controlled between 6 and 7, which is in the optimal range
for fungal growth and antibiotic-production as stated previously by Kim et al.
(2007). pH had a tendency to decline at the beginning of the process as
demonstrated from Figure (3) (d). Lowe (2001), Sandor et al. (2001), and
Seidel et al. (2002a) previously explained this phenomenon to be due to the
culture's sugar metabolism that produces acids that lower the pH. On
contrary, after sugars depletion till the end of the cultivation the pH tended to
increase (Figure (3) (d)), which explained by Seidel et al. (2002a) to be due to
lysis of the cells.

Dissolved oxygen (DO) concentration declined in the early growth phase
to a value close to 20% (Figure (3) (c)). This is due to the fast oxygen
consumption during the early growth phase of the biomass, in addition that
most of the biomass was in the form of filamentous hyphae that forms a
network-like structure that caused an increase in the viscosity of the
fermentation broth (as demonstrated in Figure (6)), which impair oxygen
transfer inside the broth leading to low dissolved oxygen concentration as
explained by (Basak et al., 1995; Sandor et al., 2002; Lim et al., 2002). At
about 13 hours, dissolved oxygen increased by manually increasing agitation
and air flow, and then they could be decreased as dissolved oxygen tended
to rise after about 26 hours due to fragmentation of hyphae to the
arthrospore shape (Figure (3) (c) and (6)), which results in the reduction in
the viscosity of the broth and leads to a greater oxygen transfer inside the
broth, consistent with the findings of Lim et al. (2001), and Elander (2003).

Many workers used the percentage mycelium volume (PMV) as a measure
of biomass concentration such as Sohn et al. (1994), and Lim et al. (2002).
Figure (4) illustrates the changes in PMV during the batch fermentation to be
correlated with cephalosporin C production.
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Figure (3) (to be continued): Time course of batch culture of the mutant M
104 (a) agitation; (b) airflow; (c) dissolved oxygen (DO); (d) pH changes of the
fermentation broth; (e) cephalosporin C production, biomass growth, and
residual sugars concentrations; (f) cephalosporin C intermediates-
production pattern.
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Figure (3) (cont.): Time course of batch culture of the mutant M 104 (a)
agitation; (b) airflow; (c) dissolved oxygen (DO); (d) pH changes of the
fermentation broth; (e) cephalosporin C production, biomass growth, and
residual sugars concentrations; (f) cephalosporin C intermediates-
production pattern.
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Figure (4): Correlation between cephalosporin C concentration and biomass
in terms of packed mycelium volume (PMV).
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By comparison between Figures (3) (d) and (4), it is observed that a better
correlation exists between the dry weight as a measure of biomass
concentration and the cephalosporin C production. This means that dry
weight measurement is a better indication of the biomass concentration than
percentage mycelium volume. Dry weight measurement was used by many
workers such as Cruz et al. (1999), Sandor et al. (2001), Karaffa et al. (2003),
Kim et al. (2007), and Nigam et al. (2007).

Figure (5) shows that the forms present in the seed were conidia and
germinating conidia, which upon inoculation, the germ tubes grew to yield
long slender smooth hyphae (Figure (6)). Between 8 and 24 hours, hyphae
were prevalent in the medium forming a network-like structure that caused
the decline in dissolved oxygen level (Figure (3) (c)) in addition to the high
oxygen consumption with fast growth (trophophase). Extensive
fragmentation of the hyphae took place between 24 and 40 hours yielding
conidia and germinating conidia (Figure (6)), which coincides with the
increase in dissolved oxygen level and the start of CPC production (Figure
(3) (e)), which is consistent with the explanation of Elander (2003) that
arthrospore stage leads to greater oxygen availability to the organism (which
is critical for maximal expression of the important biosynthetic cyclase and
expandase enzymes) and results in rapid cephalosporin production (Figure

(3) (e)).

Figure (5): Photomicrograph showing the seed broth ét 2 days (at the time of
inoculation). The major morphological forms are conidia and germinating
conidia (arrows are showing germinating conidia).
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Figure (6) (to be continued): Morphological changes of the mutant M 104
throughout the batch-fermentation.
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batch-fermentation.

It was observed from figure (6) that fragmentation took place when sugars
(carbon source) had become at low level, as illustrated in Figure (3) (e),
which is consistent with the finding of Sandor et al. (2001) that both
cephalosporin C production and fragmentation are responses to more
fundamental physiological changes caused by poor availability of carbon
with subsequent decrease in growth rate (idiophase). The suboptimal growth
rate, resulting from low nutrition sources, is the signal for a high antibiotic
production by the fungus according to Brakhage (1998).

The well-known diauxic phenomenon has been clearly defined in this
fermentation. As illustrated in Figure (3) (c), Glucose, the easily metabolized
carbon source, is preferentially and rapidly consumed by the growing fungal
cells that were rapidly propagating (the two lines are seen characteristically
intersecting in the figure). Shortly before glucose depletion, the more difficult
carbohydrate to assimilate, sucrose, started to be consumed by fungal cells
promoting slower cell growth and synchronous with the onset of hyphal
fragmentation and antibiotic production. It was observed that when glucose
was being consumed by the cells, the majority of morphological forms are
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long, slender hyphae (Figures (3) (e) and (6)). The amount of cephalosporin C
produced prior to complete depletion of glucose is low (Figure (3) (e)).
Immediately after the depletion of glucose, production of CPC started,
accompanied by extensive fragmentation of hyphae into short swollen forms
that ultimately became differentiated into arthrospores and conidia (Figure
(6)).

Just before sugars depletion, CPC started to rise after about 50 hours to
reach a maximum concentration of 2160 mg/L at 96 hours of fermentation
time. This time of maximum production was one day earlier than the 5 days
that was stated by Perez-Martinez and Peberdy (1985), Basak et al. (1995),
Vialta et al. (1997), and Silva et al. (1998), which was used for screening of
mutants on agar plates, but this did not impair the screening process, as
pouring of nutrient agar seeded with Bacillus subtilis on the colonies of
mutants occurred after it had produced the maximum amount of
cephalosporin C ensuring largest possible inhibition zones due to inhibition
of bacteria by cephalosporin C.

To know how much CPC produced by each biomass unit, specific
productivity is calculated and plotted against time of fermentation as
illustrated in Figure (7).
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Figure (7): Time profile of specific production of cephalosporin C per unit
biomass and cephalosporin C production.

It is obvious from Figure (7) that specific productivity began to rise at
about 24 hours prior to glucose depletion, and then attained a plateau
between 40 and 48 hours that was the period at which glucose had been fully
depleted (Figure (3) (e)) and fragmentation had taken place (Figure (6)).
Between 48 and 64 hours, specific productivity was doubled, and attained
another plateau between 64 and 80 hours when sucrose was depleted at 64
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hours (Figure (3) (e)). After depletion of carbon sources, specific production
underwent fluctuation and had a maximum of 186 mg CPC/g dry weight at
136 hours, and then a reduction occurred due to shortage of carbon sources
at the end of the fermentation process.

Figure (8) shows the rate of accumulation of CPC in the medium, which
had three peaks at 40, 64, and 94 hours. The maximum CPC production rate
was at 64 hour at the time when sucrose was depleting and the biomass was
at its maximum (Figure (3) (e)). The maximum production rate was earlier
than that of the strain A. chrysogenum (C3) used by Seidel et al. (2002a),
which had the maximum rate at 80 hours. This is consistent with the finding
that maximum CPC concentration in the culture broth was at 96 hours that is
one day earlier than that stated in literature. This consistency indicates that
this mutant (M 104) produces CPC in a shorter time than that stated
previously in the literature, which is an advantageous trait of the strain to be
used in fermentation to reduce the process time, as stated by Carlile et al.
(2001).

Deacetylcephalosporin C (DAC) was the lowest in the compounds with
cephalosporin nucleus. Deacetoxycephalosporin C (DAOC) was the highest,
and this explains why the original strain ATCC 11550 was used in synthesis
of DAOC according to the US patent no. 3,979,260 (Nakao et al., 1976).
Cephalosporin C (CPC) was in-between.

In conclusion, a U.V. mutant was isolated that produced 2160 mg/L CPC in
a batch process, after irradiating Cephalosporium acremonium ATCC 11550,
which did not produce cephalosporin C (Table (1)). A substantial proportion
of intermediates (DAOC and DAC) produced by the parent strain has been
shifted to production of cephalosporin C (Table (1) and Figure (3) (f)).

The fermentation experiment carried out in stirred-tank bioreactor pointed
out that oxygen availability for the culture is of critical importance for
cephalosporin C production, but with less importance for biomass growth.
This oxygen availability can be ensured by proper agitation and aeration of
the culture and by the proper inoculum concentration as well.

A mixture of an easily metabolized sugar (glucose) with another more
difficult to be assimilated (sucrose) is used to build up the antibiotic-
producing biomass (by the easily metabolized sugar) and to make the fungus
attain the physiological state of antibiotic production (the more difficult
sugar to be assimilated).
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Figure (8): Rate of cephalosporin C accumulation in the fermentation medium
versus time.

REFERENCES

Atlas, R.M., L.C. Parks (ed.) (1997). Handbook of Microbiological Media. 2"
edn. pp. 799-1026 CRC Press, Inc., New York

Basak, S., A. Velayudhan, and M.R. Ladisch (1995). Simulation of diauxic
production of cephalosporin C by Cephalosporium acremonium: lag
model for fed-batch fermentation. Biotechnol. Prog. 11:626-631

Brakhage, A.A. (1998). Molecular regulation of B-lactam biosynthesis in
filamentous fungi. Microbiol. Mol. Biol. Rev. 62:547-585

Carlile, M.J., S.C. Watkinson, and G.W. Gooday (2001). The Fungi. 2" ed. pp.
461-538. Academic Press. London

Cruz, AJ.G., AS. Silva, M.L.G.C. Araujo, R.C. Giordano, and C.O. Hokka
(1999). Modeling and optimization of the cephalosporin C production
bioprocess in a fed-batch bioreactor with invert sugar as substrate. Chem.
Engng. Sci. 54:3137-3142

Drew, S.W. and A.L. Demain (1975). Production of cephalosporin C by single
and double sulfur auxotrophic mutants of Cephalosporium acremonium.
Antimicrob. Agents Chemother. 8(1):5-10

Elander, R.P. (2003). Industrial production of B-lactam antibiotics. Appl.
Microbiol. Biotechnol. 61:385-392

El-Bondokly, A.M. (1997). Protoplast fusion in Cephalsoprium acremonium
and its effect on antibiotic production. Msc thesis. Faculty of Agriculture,
Kafr El-Sheikh, Tanta University

Heatley, N.G. (1990). Early work at Oxford on penicillin. Biochemist. 12:4-7

A



Induction of cephalosporin Cin ... e

Karaffa, L., E. Sandor, E. Fekete, J. Kozma, A. Szentirmai and |. Pdcsi (2003).
Stimulation of the cyanide-resistant alternative respiratory pathway by
oxygen in Acremonium chrysogenum correlates with the size of the
intracellular peroxide pool. Can. J. Microbiol. 49:216-220

Kim, J.C., Y.S. Song, D.H. Lee, S.W. Kang and S.W. Kim (2007). Fatty acids
reduce the tensile strength of fungal hyphae during cephalosporin C
production in Acremonium chrysogenum. Biotechnol. Lett. 29:51-55

Lee, M.S,, J.S. Lim, C.H. Kim, K.K. Oh, D.R. Yang and S.W. Kim (2001).
Enhancement of cephalosporin C production by cultivation of
Cephalosporium acremonium M 25 using a mixture of inocula. Lett. Appl.
Microbiol. 32:402-406

Lim, J.S.,, J.H. Kim, C. Kim and S.W. Kim (2002). Morphological and
rheological properties of culture broth of Cephalosporium acremonium M
25. Korea-Aust. Rheol. J. 14(1):11-16

Lowe, D.A. (2001). Antibiotics. In C. Ratledge and B. Kristiansen (eds) Basic
biotechnology. 2" edn. pp. 349-369 Cambridge University Press. UK

Nakao, Y., K. Kitano, K. Kintaka, S. Suzuki and K. Katamoto (1976).
Production of deacetoxycephalosporin C. U.S. Patent 3,979,260

Nigam, V.K., R. Verma, A. Kumar., S. Kundu and P. Ghosh (2007). Influence of
medium constituents on the biosynthesis of cephalosporin C. Electron. J.
Biotechnol. 10(2):230-239

Perez-Martinez, G. and J.F. Peberdy (1985). Production of cephalosporin C
and its intermediates by raised-titre strains of Acremonium chrysogenum.
Enzyme Microb. Technol. 7:389-394

Sandor, E., A. Szentirmai, G.C. Paul, C.R. Tomas, |. P6csi and L. Karaffa
(2001). Analysis of the relationship between growth, cephalosporin C
production, and fragmentation in Acremonium chrysogenum. Can. J.
Microbiol. 47:801-806

Seidel, G., C. Tollnick, M. Beyer, Y. Fahimi and K. Shugerl (2002a). Process
engineering aspects of the production of cephalosporin C by Acremonium
chrysogenum. Part |I. Application of complex media. Process Biochem.
38:229-239

Seidel, G., C. Tollnick, M. Beyer, Y. Fahimi and K. Shigerl (2002b). Process
engineering aspects of the production of cephalosporin C by Acremonium
chrysogenum. Part Il. Cultivation in diluted and enriched complex media.
Process Biochem. 38:241-248

Silva, A.S., A.J.G. Cruz, M.L.G.C. Araujo and C.O. Hokka (1998). the effect of
the addition of invert sugar on the production of cephalosporin C in a fed-
batch bioreactor. Braz. J. Chem. Eng. 15(4):320-325

Sohn, Y.S., K.C. Lee, Y.H. K and G.H. Gil (1994). Changes in cellular fatty acid
composition of Cephalosporium acremonium during cephalosporin C
production. Appl. Environ. Microbiol. 60(3):947-952

Steel, R.G.D. and J.H. Torrie (1960). Principles and procedures of statistics.
McGraw Hill Book Co. Inc., New York

V4



S. H. Hassanein, M. I. Nasr, R. M. Abd El-Aziz, A. F. Elbaz and M. N. Malash

Timberlake, K.C. (2002). Laboratory manual: organic and biological
chemistry: structures of life. pp. 260-261 Benjamin Cummings, San
Francisco, USA

Velasco, J., S. Gutierrez and J.F. Martin (1999). Molecular characterization of
the Acremonium chrysogenum cefG gene product: the native
deacetylcephalosporin C acetyltransferase is not processed into subunits.
Biochem. J. 337:379-385

Vialta, A., C.F. Catani, R.P. Junior and J.L. Azevedo (1997). Cephalosporin C
production and genetic improvement of the fungus Acremonium
chrysogenum based on morphological mutant isolation. Braz. J. Genet.
20(2):165-170



Induction of cephalosporin Cin ... e

Wiy asrigan Sl agygamusilisad) sl cra G sragllisad) g ) G
add 58 e el Bydk laily Apadld) 368 dady)

). oo Y . V). .
—()J.J)d\.\,\sW%J—()J@eu)gm—()gww%
Y » . Y) o . o ot
()Mdﬁw—())m‘cﬁu‘)u\
comadi O Aaaly (A3 A8 (Ll and
Agdgial) daaly cAygaald) Lo olsiSil g 8] el Audigd) igay dgaa (A liall Lo olsiSigad) and
B Agfpal) al) Mgall ZUSY g mn ASpd T

@l padld)

sl Ml ) Galiibe JalaS dpdid) (368 Aadl) aladia) ol dad) 13
JLE8) a5 A8 5. agipan ST s seugllisphail) (e VY00 AL (e () gimaglliaad)
Ll L paald] e 1Y AN aladiialy §ydhaall Y] Cp e L) e o]
Onasmusllinad) G pillza 400 il asd el Laliy) <id (M 104) sagaad) AL
) bl Lahs Ly ad . Laaall jadall & jillma Y10 9 Aalagl) clsaddl b
o ekl Alee A A0 Jrail) AL codingl a8 Bagand) ALl gaddl)
CrsS ail S Sl adagll B caal AT g JsSslallS adaghl Qg S (e Jauld aladia)
lzaal) LY Ageal) A glgaadl) Alall Jguaigll a3 (oS stall Adacslgs) hall) (pa dygua ALIS
OmaSY) gl A 4pgill Wal) zLsiaY) Liagf Jangd ady (g Sl Uauls) gsaal)
e Aol 4% Mo G grangllipedl 35 Aol LS L gguall sldaall ¢ppSt Aglaal (g g pal)
ol Al Aol 1P ae anlma VAT dail) LYA (e aliall Aalid) oy ¢ el ()
Cpminlt Alaal dgad poiay Giad) 1A A lu 16 die dolu jil\ma ¥ ZUDM S0 Jra
) el e QB g ) Bl Asliall B gaaad) alaall dqiial) ADLL)

AR



