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rogueforti and also by some other microbial strains such as
Abstract—Mycophenolic acid (MPA) is a secondary metaboliteByssochlamys nivea in submerged and solid state
produced byPenicillium brevicompactum, which has antibiotic and fermentation processes as a secondary mewipdlit[7],
immunosuppressive propertids. this study, the first, mycophenolic [8], [9], [10]. In the most case®. brevicompactum was

acid was produced in a fermentation process Repicillium : . . .
brevicompactum MUCL 19011 in shake flask using a base mediumapplles as a producer strain of mycophenolic a¢ic[ 7, 8].

The maximum MPA production, product yield and pretility of Different operatlonal_ _modes su_ch as free cell ibnserged
process were 1.379 g/L, 18.6 mg/g glucose and 4g@L.mh, culture [11], Immobilized cells in submerged cudtsir[11],
respectively. Also the glucose consumption, biomasss MPA packed bed bioreactors [12] and solid state feratiemt [4, 7,
production profiles were investigated during batchiltivation. 8] were used for MPA production. Casein is the preithant
Obtained results showed that MPA production stapisroximately phosphoproteindS1, aS2, B, ) that accounts for nearly 20%

after 180 hours and reaches to a maximum at 280 the next step, L . .
the effects of some various concentrations of eatigally of proteins in cow milk and cheese. Enzymaticaiidrolyzed

hydrolyzed caseiron MPA production were evaluated. MaximumC@S€in is & good source of nitrogen and is uséetinentation
MPA production, product yield and productivity a3 g/L, 49 processes for some antibiotic production [11].

mg/g glucose and 12.96 mg/L.h, respectively wertaiobd with In this study, the first, MPA was produced in arfentative
using 30 g/L enzymatically hydrolyzed casémnculture medium. process byPenicillium brevicompactum MUCL 19011 in
These values show an enhanced MPA production, ptodeld and  g,nmerged culture in 250 mL shake flask. Thenhatrtext
process productivity pr as 116.8%, 132.8% and P63r2spectively. step, the effects of enzymatically hydrolyzed casei

Keywords—Penicillium brevicompactum, Enzymatically concentrations on MPA production were evaluated.

h I in, M henolic acid, I
ydrolyzed casein, Mycophenolic acid, Submergetlicel Il MATERIALS AND METHODS

| INTRODUCTION A. Microorganism and inoculum preparation

YCOPHENOLIC acid is a new antibiotic and pepjicjjljum brevicompactum MUCL 19011 was obtained
immunosuppressive dr“g [1_]' from the Belgian co-ordinated collection of micrayanism
MPA and some of its derivatives such as mycophé@olggccw). The stock culture was maintained on the potato
mofetil (MMF) and sodium mycophenolate have beeaextrose agar (PDA) slants af@. For inoculums preparation,

approved by FDA as immunosuppressive drugs. These @p,e5 were transferred to PDA and incubated dC2for 3
applicable in decreasing the incidence of grafecepn after days. The cell suspension was made by collectiospofes

organ transplantation [2]. MPA has inhibitory effen inosine grown on Petri plates by shaving and extracting theres
monophosphate dehydrogenase enzyme “IMPDH". Thikes ;i sterile water [4], [5].

rate-lim_iting enzyme in novo biosynthetic_ pathwdypmlring The number of spores in suspension was countechbyn@
nucleotides. Then, MPA caused to stopping theybiesis |50 and adjusted to 1010° spores per mL. Spore suspension
of DNA and RNA and cell reproductivity [3]. was used as the inoculum for shake flask. For fetatien
process, 0.5 mL of a spore suspension (~ 5Mi0) was
inoculated to each 250 mL shake flask containingnil0
culture medium [11].

MPA is produced by different species @fenicillium
especially P. brevicompactum, P. stoloniferum and P.

B. Medium composition
F. Ardestani is with Faculty of Chemical Enginegrinslamic Azad . . . .
University, Qaemshahr Branch, Qaemshahr, Iran dsponding author to ~ 1N€ base medium composition  was included (g/L):
provide phone: +981232253216, Fax: +981232240090:mait  glucose, 80; glycine, 9; enzymatically hydrolgseasein, 15;
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S. S. A. Fatemiis with Industrial and Environmental Biotechnology methionine, 0.5; KgPQ, 5 MgSQ.7H0, 1 and 1

Department, National Institute of Genetic Enginegrand Biotechnology, ML~ from trace  element — mixture including g/l)):

Tehran, Iran (sfatemi@nigeb.ac.ir) FeSQ-7H,0, 2.2; CuSQ@5H,0, 0.3; ZnSQ7HO0, 2.4,
B. Yakhchali is with Industrial and EnvironmentalioBzchnology MnSQ,-4H,0, 0.16; and KMo@ 0.2 [11], [13].
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autoclaved at 121°for 15 min. The pH values of the preparedf the 1 mg mr* stock solution with methanol. A calibration

media were adjusted to 6.0 with 2 N HCI or NaOHusohs.
The glycine, methionine and trace element mixturerew
sterilized by a 0.2m filter (Millipore, USA).

C. Fermentation Process

A rotary shaker incubator (JAHL- JSH 20LUR, IRANasv
used for batch fermentation. After inoculation di &l of
culture medium with 0.5 mL of the spore suspengioBx10

curve was then determined using the standard eohiti

Ill. RESULTSAND DISCUSSION

A. Evaluation of MPA production in shake flask with base
medium

MPA was produced in 250 mL shake flask fermentation

process using the base medium. The production gsos@s
performed for 300 hours. Fig. 1 represents the eatnation

mL'l), the 250 mL shake flask Containing the inOCUlategrof”es for g|ucose, cell dry We|ght and MPA dlg'”lhe

culture medium was incubated at 27 with an agitation rate

of 200 rpm on a rotary shaker, for 300 h. Glucosgrevicompactum grows as pellets after about 24 hours from

fermentation time. Process observation showed tRat

consumption, biomass and MPA production profilesrenve jncubation. These pellets served during the feratant

investigated during cultivation. In the next stéme effects of
enzymatically hydrolyzed casein concentrations oiPAMV
production were evaluated separately. In this,dtep culture
medium composition in each shake flask was the besBum
containing of different concentrations of enzymaltic
hydrolyzed casein. Finally, MPA concentration ircleahake
flask was measured after 280 hours.

D. Sampling and sample preparation for analysis

In the shake flask experiments, one of the flasks w

removed as a sample for analysis at appropriate ititervals.
However, in the next step, for investigation of wnatically
hydrolyzed casein impacts on MPA production, onlyeo
sample was removed at the end of cultivation tiafeef 280
h) in each medium. MPA concentration was measufts a
passing the samples through a 0.2 micron filterllhdire,
USA). The supernatants were stored at 22@intil analysis of
MPA and glucose concentrations.

E. Analytical methods

The biomass resulting from the abovementioned dampl
procedure was dried at 60-65 fuf at least 24 h until reaching
constant weight. Cell dry weight was calculatedeldasn the
dried biomass weight [10]. The glucose concentnatizas
measured by a colorimetric method using the disélioylic
acid (DNS) reagent and a spectrophotometer (Unit@02
USA) at a wavelength of 540 nm. Cell dry weight ghacose
measurements were performed three times for eatiplsa
The average value was considered as obtained iflatesre
was an acceptable error. Mycophenolic acid wasyaed by
high performance liquid chromatography (HPLC, Shima

process until 250 h (the end of stationary phase) then
broke and lysed.

Obtained results showed that, the major amountiuafoge
was consumed in the early 180 h of process. Thitoge
actually is the trophophase @f. brevicompactum growth.
Then, glucose consumption rate was decreased ante® to
an approximate constant value (idiophase).

Cell dry weight was increased in the early 180 h of

incubation, then reached to the stationary phask fiemally
decreased after about 280 h. In other word, thdortay

phase oP. brevicompactum in this fermentation process, with

80 g/L initial glucose concentration, was happebetiveen
180 to 280 h. MPA production also was occurrechiz $ame
period.
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Fig. 1. Glucose, cell dry weight and MPA concebratprofiles in
MPA production by Penicillium brevicompactum MUCI9Q11 in
shake flask using base medium.

Japan) with a G column at 40°C [13]. The mobile phase MPA is a secondary metabolite oP. brevicompactum and
consisted of 0.1 M KKPO, solution and acetonitrile (50:50) at its production was started from180 h and reachedagimum

pH 3.0 and was used at a flow rate of 0.5 mL mifihe UV
detector was set at a wavelength of 250 nm andjation

(1.379 g/L) in 280 h and then decreased. ObtainBd Mield
and productivity were 18.6 mg/g glucose and 4.9 Lnmg/

volume of 50 pL was used [14]. HPLC grade MPAespectively.
(Biochemica, Germanyyas used as standard for analysis. The

stock solution of MPA (1 mg mt) was prepared in methanol B. Effect of enzymatically hydrolyzed casein on MPA

and stored at —20°C. On the day of analysis, wgrkiandard

solutions (2.5 —250 pg ni) were prepared by serial dilutions

production in shake flask
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Shake flask fermentation processes using base medigase, maximum MPA production, product vyield and
enriched by different concentrations of enzymalycal productivity were 3.63 g/L, 49 mg/g glucose and 982.
hydrolyzed casein were performed separately. MP#Hg/L.h, respectively. These values show an enhahed
concentration in each flask was measured after 28@s production, product yield and process productivily as
(Table 1). Results showed that maximum MPA produtti 116.8%, 132.8% and 163.2%, respectively.

3.63 g/L, was obtained when the medium containiGgg-

enzymatically hydrolyzed casein was applied. Insthi

condition, MPA vyield and productivity were 49 mgjiucose
and 12.96 mg/L. h, respectively. These values viegher
than MPA production in base medium containing ofdlb
enzymatically hydrolyzed casein as 163.2% (Fig. 2).

Thus, Enzymatically hydrolyzed casein (30 g/L) had
positive impact on process productivity as 163.2Phese
could be related to some unknown effects of thesepound
with regard to activation or inhibition of certaenzymes
involved in the MPA biosynthetic pathway ofP.
brevicompactum. level 1 level 2 level 3

Enzymatically hydrolyzed casein has an inhibitoifee on different concentrations of enzymatically
homocitrate synthase that is responsible for thevexsion of hydrolyzed casein (/L)

glutamate to lysingl5]. The inhibitory effect of enzymatically Fig. 2. a copmparison of MPA production betweenkbifise medium

hydrolyzed casein. on hor.nocitrarte. synthase has tEgmTted  4ng the media containing different concentratioh®reymatically
in P.chrysogenum in previous studies [16]. Thus, glutamatenydrolyzed casein.

may be converted to aspartate instead of lysinghénnext

step, aspartate will be converted to methionineichviis the TABLE. |

main source of methyl groups present in the MPAicsire ~ THE EFFECTS OFE“F‘,ZRYON'D’BTCET\OLHINH;3:&”55\2fﬁ:&:\’:EcN‘izi'é':lTR“'ONS ON MPA
e o copnnolt o e

w

@ base medium

N

= medium containing
enzaymatically hydrolyzed
casein

[N
o vk, N O W o N

MPA concentration (g/L)

o

precursors of the methyl group and acidic side rclagached 20 25 30
to the aromatic nucleus as discussed in previoudiest [17, ~ MPAConc. 1.379 2.99 .21 3.63
18]. Methionine, the first, converts to S-adenasgthionine Yeild 0.0186 0.0403 0.0433 0.0490
and then inters to MPA biosynthesis pathway [19h e (9/g glucose)

other hand, the addition of enzymatically hydrotyzeasein Productivity 4.92 10.67 11.46 12.96
could lead to greater amounts of nitrogen becoravajlable (mg/L.h)

in the medium, thus culminating in increased MPAdurction. Enhanced i 116.8% 132.8% 163.2%

The positive impact of methionine and acetate onAMF
production in submerged culture Bf brevicompactum was
reported in some previous researches. MPA productio
product yield and productivity (1.763 g/L, 23.8 mgflucose ACKNOWLEDGMENT
and 6.30 mg/L. h, respectively) were obtained wising 2.5
g/L methionine in culture medium oP. brevicompactum

MUCL 19011 [20]. Also the positive impact of methine on of Isfaha}n. U.niversilty for his good pointsj of viewsd alsq the
other antibiotics inAcremonium chrysogenum was reported Iran Antibiotic Sazi Company for experimental anthlgtical
[21] support of this research project.
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