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Abstract: Mycophenolic acid (MPA) is an antibiotic and immunosuppressive agent has been produced as a
secondary metabolite of some fungi species such as Penicillium. In the present work, in the first step,
mycophenolic acid production was performed in a fermentation process by Penicillium brevicompactum MUCL
19011 in shake flask using a base medium. Obtained results demonstrated the maximum MPA production,
product yield and productivity of process as 1.38 g/L, 18.6 mg/g glucose and 4.9 mg/L. h, respectively. In the
process time, the profiles of glucose utilization, biomass and MPA production were indicated and investigated.
Using the base medium, mycophenolic acid was released at 180 hours after inoculation with an increasing
profile and was reached to a maximum amount of 1.379 g/L at 280 h. Then, the profiles of MPA production,
product yield and productivity of this fermentation process were evaluated using various concentrations of
L-isoleucine in the culture medium. Results showed the maximum MPA production, product yield and process
productivity were obtained by using of 4.5 g/L L-isoleucine as 1.84 g/L, 24.86 mg/g glucose and 6.57 mg/L. h,
respectively. These values show an enhanced MPA production, product yield and process productivity as
33.4%, 33.6% and 34.1%, respectively. 

Key words: Batch fermentation  L-isoleucine  Penicillium brevicompactum  Mycophenolic acid

INTRODUCTION inhibited replication of reo-virus strain T3D more than

Mycophenolic acid is a relatively new antibiotic, anti- MPA also showed a good performance to overcome and
fungal, anti-virus, anti-inflammation and control of human immunodeficiency virus (HIV), dengue
immunosuppressive drug [1]. Mycophenolate mofetil (one virus infection as well as for lupus nephritis, reported in
of MPA derivatives) is used widely in combination with some publications [7-11]. FDA approved MPA and some
azathioprine and cyclosporine (CsA) as a triple therapy of its derivatives such as mycophenolate mofetil (MMF)
method [2]. and sodium mycophenolate immunosuppressive drugs to

Immunosuppressive agents are used in the initial decrease the incidence of graft rejection after organ
days after transplantation in order to maintenance and transplantation [12]. 
reversal of established rejection. Mycophenolate mofetile The known mechanism of MPA action is an
is used in the case of gastrointestinal symptoms (mainly inhibitory effect on a rate-limiting enzyme in novo
diarrhea), neutropenia and mild anemia [3, 4]. biosynthetic pathway of purine nucleotides. This enzyme

Base on some research reports, MPA has antiviral named inosine monophosphate dehydrogenase
effects on some pathogenic viruses. One of these, are “IMPDH”. This inhibition process finally causes to stop
Avian reo-viruses (ARV) cause viral arthritis and the biosynthesis of DNA and RNA and cell reproductivity
tenosynovitis. MPA showed a good inhibitory effect on [13].
the replication of reo-viruses. Robertson et al. found that Different species of fungi has the ability to produce
MPA concentrations of =3 µg/ml inhibited infectious ARV MPA as a secondary metabolite in their stationary phase
progeny production by more than 100-fold [5]. Also, of growth. Based on the reported research results, at the
Hermann et al. reported MPA in dosages of 30 µg/ml most  cases,  MPA  is  produced by  Penicillium  species

1000-fold and reo-virus strain T1L nearly 100-fold [6].
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The number of spores in suspension was counted by

Fig. 1: Side-chain of L-isoleucine molecule

especially   P.   brevicompactum,   P.   stoloniferum  and
P. roqueforti and at a few cases by some other
microorganisms such as Byssochlamys nivea [14-20]. In
some works, MPA was produced in a fermentation
process as submerged system [21]. In this mode of action,
production may be performed using free microbial cells or
by immobilized cells. Use of immobilized cell has some
great advantages such as an increase in product
formation, the ability of a long time using of the same
immobilized cell, reduction in down-stream stages as well
as processing costs [21]. MPA also is produced in packed
bed bioreactors [22] and in the systems of solid state
fermentation [14, 17, 18]. 

L-isoleucine (2-Amino-3-methylvaleric acid) is one of
three branched-chain amino acids (BCAAs). Bacteria,
fungi and plants could produce this amino acid. L-
isoleucine is one of important nutritional amino acids for
cell life. In recent years many researches were performed
to development of microorganisms capable of
overproducing L-isoleucine for industrial production by
fermentation from sugar. Therefore, using of screening
mutants that can grow in the presence of BCAA analogs
and by genetic engineering, some microbial strains with
high productivity of L-isoleucine have been developed
[22]. The side-chain of L-isoleucine molecule is showed in
Fig. 1. 

In this work, the first, a batch fermentation process
was performed in shake flask as a submerged culture
using a base medium for MPA production by Penicillium
brevicompactum MUCL 19011. Then, at the next step, the
effects of various concentrations of L-isoleucine on MPA
production were evaluated. 

MATERIALS AND METHODS

Preparation of Initial Cell Culture: Penicillium
brevicompactum MUCL 19011 (Belgian co-ordinated
collection of micro-organism, BCCM) was initially cultured
on the potato dextrose agar (PDA) slants as the stock
culture and served at 4 °C. For Inoculums preparation, as
discussed in previous works [23, 24], spores were
transferred from slant to Petri plates contained PDA and
incubated at 27 °C for 3 days. The 3 days spores on Petri
plates were transferred to sterile water to form a cell
suspension as inoculums for batch fermentation flasks. 

Thoma lam and adjusted to 10 -10  spores per mL. in the7 8

inoculation time, about 1 mL of spore suspension (~
5*10 /mL) was added to each 250 mL shake flask7

containing 100 mL culture medium [21]. 

Medium Composition
The Base Medium Composition Was Included (g/L):
glucose, 80; glycine, 9; enzymatically hydrolysate casein,
15; methionine, 0.5; KH PO , 5; MgSO .7H O, 1; and 12 4 4 2

ml/L from trace element mixture including (g/L):
FeSO •7H O, 2.2; CuSO •5H O, 0.3; ZnSO •7H O, 2.4;4 2 4 2 4 2

MnSO •4H O, 0.16; and KMoO , 0.2 [21, 25]. In the base4 2 4

medium, L-isoleucine concentration was zero. All of the
medium compositions were autoclaved at 121°Cfor 15 min.
But, glycine, methionine, L-isoleucine and the trace
elements mixture were separately strolled by a 0.2 ìm filter
(Millipore, USA) to prevent undesirable reactions. All
medium pH were adjusted to 6.0 using a dilute solution of
hydrochloric acid or sodium hydroxide. 

Production of MPA in Batch Flasks: Batch fermentation
process was performed in 250 mL shake flasks. Totally,
130 shake flasks were used for the experiments to evaluate
the MPA production in various concentrations of L-
isoleucine. Shake flasks No. 1 to 10 was contained the
base medium. In the other shake flasks, add the different
amounts of L-isoleucine from 0.5 to 6 g/L to the base
medium. For example, shake flasks No. 11 to 20 had 0.5 g/L
of L-isoleucine added to the base medium. In the same
procedure, shake flasks No. 121 to 130 were contained 6
g/L of L-isoleucine together with the base medium. A
rotary shaker incubator (JAHL-JSH 20LUR, IRAN) was
used for batch fermentation. Each shake flask was
contained of 100 mL of sterile culture medium and
inoculated with 1 mL of the spore suspension (~ 5×107

mL ). The incubation temperature, the agitation speed1

and incubation time were adjusted at 27 °C, 200 rpm and
300 h, respectively. The profiles of the main substrate
consumption, cell dry weight and MPA production were
determined in the incubation period. 

Sampling and Assay Procedures: At determined time
intervals, one shake flask of each concentration category
was removed from incubator and use completely as a
sample to assay glucose, biomass and MPA
concentrations. The samples were filtered using a 0.2
micron filter (Millipore, USA). Then centrifuged at 5000×g
for 5min and stored at-20 °C until assay glucose and MPA
concentration.
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The biomass collected as filter cake and centrifuge The observed lag phase of P. brevicompactum in the
residual was dried at 60-65 °C for at least 24 h until performed process was about 24 h, after that the
reaching constant weight. Cell dry weight  was  calculated exponential growth phase was started and in this step,
based on the dried biomass weight [23-25]. A colorimetric fungi cells was seen as yellow pellets in shake flasks. The
method using the dinitrosalicylic acid (DNS) reagent and pellets have been bigger and bigger in fermentation time
a spectrophotometer (Unico 2100, USA) at a wavelength until  the  end  of stationary growth phase (approximate
of 540 nm was applied to measure glucose concentration. 250 h). After that, in the death phase, the pellets were
All measurements for each sample were performed for broke and lased. 
three times. The  average  value  was  considered as The fluctuation of glucose concentration indicated
obtained data, if there was an acceptable error. the major glucose utilization at the initial 180 h of
Mycophenolic acid concentration was assayed by high incubation process that is really the tropho-phase of P.
performance liquid chromatography (HPLC, Shimadzu, brevicompactum growth circuit. At the idio-phase time,
Japan) with a C  column at 40°C [26]. HPLC grade MPA glucose consumption rate was decreased and at the end18

(Biochemica, Germany) was used as standard for analysis. points of process the glucose concentration was reached
The stock solution of MPA (1 mg/ mL) was prepared in to an approximate constant value.
methanol and stored at-20°C. On assay time, working With the same pattern, fungi biomass was increased
standard solutions (2.5-250 µg mL ) were prepared by at tropho-phase and then, reached to a constant quantity1

serial dilutions of the 1 mg mL   stock  solution  with at the stationary phase. Cell dry weight decreased after1

methanol. A calibration curve was then determined using about 280 h of incubation time. MPA production was
the standard solutions [23, 24]. The mobile phase observed at the stationary phase or the same idio-phase
consisted of 0.1 M KH PO solution and acetonitrile period. As mentioned before, the results show that MPA2 4

(50:50) at pH 3.0 and was used at a flow rate of 0.5 mL is a secondary metabolite of P. brevicompactum. The
min . The UV detector was set at a wavelength of 250 nm maximum MPA concentration was obtained at 280 h equal1

and an injection volume of 50 µL was used [27]. to 1.379 g/L. then, MPA concentration has a descending

RESULTS AND DISCUSSION glucose and 4.9 mg/L. h respectively.

MPA Production with Base Medium: In the first stage, Investigation of MPA Production with Various
the base medium has been used for MPA production at Concentrations of L-isoleucine: MPA production in
the prescript conditions in 250 mL shake flasks. This presence of different concentrations of L-isoleucine was
process was executed for a course of 300 hours. In the evaluated in separate shake flasks under defined
fermentation period the concentration profiles of glucose, conditions. Medium 1 to 12 was contained of 0.5, 1, 1.5, 2,
cell  dry   weight   and   MPA   were   determined  (Fig.  2). 2.5, 3, 3.5, 4, 4.5, 5, 5.5 and 6 g/L L-isoleucine, respectively.

curve. MPA yield and productivity were 18.6 mg/g

Fig. 2: Glucose, cell dry weight and MPA concentration profiles in MPA production by Penicillium brevicompactum
MUCL 19011 in shake flask using base medium.
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Table 1: MPA concentration (g/L) in the base medium and medium No.1 to 12 contained various concentrations of L-isoleucine

Time (h) 0 110 150 180 250 280 300

Base M 0 0 0.004 0.22 0.73 1.38 1.07
M. 1 0 0 0.006 0.21 0.68 1.38 1.15
M. 2 0 0 0.004 0.23 0.73 1.38 1.10
M. 3 0 0 0.004 0.22 0.74 1.38 1.08
M. 4 0 0 0.005 0.23 0.71 1.39 1.05
M. 5 0 0 0.005 0.25 0.79 1.58 1.23
M. 6 0 0 0.005 0.28 0.88 1.64 1.24
M. 7 0 0 0.006 0.35 1.02 1.83 1.36
M. 8 0 0 0.005 0.33 0.98 1.83 1.37
M. 9 0 0 0.004 0.34 1.05 1.84 1.41
M.10 0 0 0.006 0.35 0.99 1.82 1.38
M.11 0 0 0.004 0.36 0.99 1.82 1.36
M.12 0 0 0.005 0.33 1.03 1.80 1.35

Fig. 3: Comparison of MPA concentration profiles in base medium and some of medium contained L-isoleucine. Medium
5, 6 and 9 had 2.5, 3 and 4.5 g/L L-isoleucine, respectively.

MPA concentration in each experiment was measured at glutamine could input to a biosynthetic pathway and
proper time intervals at the fermentation process (Table 1). convert to aspartic acid, serine, cysteine and finally
Results showed maximum MPA production, 1.84 g/L, was methionine. Methionine is one of the main precursors of
obtained in medium No. 9 where 4.5 g/L L-isoleucine was MPA production pathway. L-isoleucine had is showed an
applied. Using more concentrations of L-isoleucine did inhibitory effect on pyrroline-5-carboxylate reductase.
not show any more effects on MPA production in this This effect could cause a reduction in glutamine
process. MPA yield and process productivity in Medium conversion to proline. Thus, the major amount of existed
No.9 were 24.86 mg/g glucose and 6.57 mg/L. h, cell glutamine will convert to aspartic acid and then
respectively. In comparison to base medium, Medium No. methionine. Therefore the final uptake of this inhibitory
9 showed 33.6% increase in MPA yield as well as 34.1% effect is an increase in MPA production [28, 33]. 
enhancement of process productivity. A comparison of MPA production in base medium

In       MPA   biosynthetic            pathway       of and a few of L-isoleucine included medium are presented
P. brevicompactum,one of the important reactions is in Fig. 3. Addition of this compound to culture media of P.
conversion of glutamine to proline as: brevicompactum is accomplished with an increase in

1 GLU+ 1 ATP+ 2 NADPH+ 2 H= 1 PRO+ 1 H2O+ 2 obtained using the base medium with zero concentration
NADP+ 1 ADP+ 1 Pi of L-isoleucine. The curves also show in all experiments,

This reaction is catalyzed by an enzyme named after that there was a decreasing profile in MPA
"pyrroline-5-carboxylate reductase". On the other hand, concentration.

MPA production. Minimum MPA concentration profile is

maximum MPA concentration was obtained at 280 h and
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CONCLUSIONS 7. Margolis, D., A.  Heredia,   J.  Gaywee,   D.   Oldach,

A  base  medium  without any amount of L-isoleucine mycophenolic acid, an inhibitor of inosine
and  some  other  medium  with  different  concentrations monophosphate dehydrogenase, have profound and
of L-isoleucine were used for MPA by P. brevicompactum synergistic anti-HIV activity, J. AIDS, 21: 362.
MUCL 19011 in shake flask system under defined 8. Ichimura,     H.     and     J.A.   Levy,   1995.
conditions. Maximum MPA production, The maximum Polymerase substrate depletion: a novel strategy for
concentration of MPA, product yield and process inhibiting the replication of the human
productivity  with   the   base   medium   were   1.38   g/L, immunodeficiency virus, Virology, 211: 554-560. 
18.6  mg/g  glucose  and  4.9  mg/L.  h,  respectively  in  a 9. Diamond, M.S., M. Zachariah and E. Harris, 2002.
280 h period. Based on the results, addition of any amount Mycophenolic acid inhibits dengue virus infection
of L-isoleucine in the range of 0.5 to 6 g/L will cause to by preventing replication  of  viral  RNA,  Virology,
raise  MPA  biosynthesis  in  P.  brevicompactum. 304: 211-221.
Maximum  MPA  concentration,  product  yield  and 10. McCune, W.J., 2005. Mycophenolate mofetil for
process  productivity  were  obtained  using  4.5  g/L  of lupus     nephritis,     The     New     Eng.    J.  Med.,
L-isoleucine equal to 1.84 g/L, 24.86 mg/g glucose and 353: 2282-2284.
6.57 mg/L. h, respectively. Therefore, in this state an 11. Ginzler, E.M., M.A. Dooley,  C.  Aranow,  M.Y.  Kim,
enhanced MPA production, product yield and process J.   Buyon,   J.T.   Merrill,  M.  Petri,  G.S.  Gilkeson,
productivity was reached as 33.4%, 33.6% and 34.1%, D.J. Wallace, M.H. Weisman and G.B. Appel, 2005.
respectively. Mycophenolate mofetil or intravenous
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