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Optimization of mycophenolic acid production in solid state
fermentation using response surface methodology
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Mycophenolic acid (MPA) can be produced in solid state fermentation. An isolate of Penicillium brevi-compactum
ATCC 16024 grown on moist wheat bran produced a titre of 425 mg per kg of wheat bran. Central composite rotatable
design and response surface methodology were employed to derive a statistical model for media optimization
towards production of mycophenolic acid. Five levels with a five factorial design were adopted. The correlation
coefficient was 0.82, ensuring a satisfactory adjustment of the model to the experimental values. This statistical
design was very effective in improving the titre of mycophenolic acid up to 3286 mg per kg of wheat bran.
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Mycophenolic acid (MPA) and its derivatives such aseffects of two or more variables and fits the experimental
mycophenolate mofetil (MMF), have diverse biological data to calculate the optimal response of the system. MPA
properties such as antineoplastic [25], immunosuppressivihius produced, was isolated and had properties compatible
[8], anti-inflammatory [1], antiviral [2], antipsoriasis [7] with the reference standard obtained from Sigma, St Louis,
and antifungal activity [15]. Recent observations in experi-MO, USA.
mental animal and human recipients of MMF showed this
compound to have immunosuppressive properties [1] .
Moreover, MMF in combination with cyclosporin-A (CyA) Materials and methods
decreases the incidence of graft rejection to 17% in comOrganism
parison with 60% in cases when only CyA was given toA monospore isolate fronPenicillium brevi-compactum
humans [23]. It is also reported that MMF has severalATCC 16024 was used. The culture is designated as DRCC
advantages over CyA for maintenance therapy of orgai®98 (Dr Reddy’s Culture Collection). The culture was
graft recipients [8]. MMF is reported to be well tolerated maintained on malt extract-yeast extract agar (MYA) slants.
with low toxicity [23].

MPA is produced by several species Rénicillium [3] Inoculum development
in submerged culture. Production of enzymes through solid’he organism was subcultured on a fresh MYA slant and
state fermentation (SSF) is well documented [19,21,22,24]incubated at 2& 1°C. After 10 days, the sporulated slants
We were successful in producing lovastatin [20] and CyAwere suspended in 10 ml of saline containing 0.01% sterile
[17] under SSF. In this communication, SSF is exploredTween 80. Five millilitres of the spore suspension were
for production of MPA byPenicillium brevi-compactum inoculated into a 250-ml Erlenmeyer flask containing 50 ml
SSF involves the growth of microorganisms on moist solidof seed medium comprising (g1): glucose 10; corn steep
substrates without free flowing water [4] and attracts a grealiquor 5; oat flour 10; tomato paste 40 and trace element
deal of interest in view of its advantages and applicationsolution (10 ml). The trace element solution consisted of:
in industrial production of useful metabolites [13,14]. Fila- FeSQ - 5H,0, 1g; MnSQ - 7H,0, 760 mg; boric acid,
mentous fungi are often most suited to SSF for the pros56 mg; CaCl-2H,O0, 100 mg; CuSQ-5H0, 25mg;
duction of several valuable metabolites since these cormammonium molybdate, 19 mg; Zng©5H,0, 200 mg and
ditions are similar to their natural habitat [11]. Experimentsdistilled water 1000 ml. The medium was adjusted to
were conducted to optimize the media requirements usingH 5.5 before autoclaving it. The flasks were kept on a
response surface methodology (RSM). This is a powerfutotary shaker at 200 rpm for 48 h at 27.°C. Ten milli-
tool in the optimization of a variety of applications such aslitres from this seed growth were added to 100 ml of
media and process development [5,10,17,18,26,27kecond-stage seed medium taken in 500-ml Erlenmeyer
environmental factors on growth of microorganisms [12],flasks and grown on a rotary shaker at 200 rpm for 24 h at
and enzyme immobilization [6] etc. This technique gener-27 + 1°C. The second-stage seed medium was composed of
ates contour plots from the linear, interaction and quadrati¢g L™): glucose 20; corn steep liquor 10; oat flour 20; tom-

ato paste 80 and 1% trace element solution.
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an initial moisture content of 70% and the flasks were autoTable 2 Screening of potential nutrients and their ranking for mycophen-
claved for 1 h at 12%C. After cooling the flasks to room ©lic acid production by Plackett-Burman design

temperature, 5 ml of second-stage seed growth was added ) )
and the contents of the flask were thoroughly mixed. The N Nutrient E-value Ranking

flasks were incubated in an environmental chamber

(Conviron Inc, Winnipeg, Manitoba, Canada) maintained at 5 m:‘rﬁﬂiﬁl 1f§ g
25+ 1°C and 80t 5% relative humidity (RH). Flasks were 3 Millet flour 248 1
harvested each day from 1 to 8 days. The mouldy bran was Ragi flour 152 2
extracted with 100 ml of ethyl acetate and the MPA titres 2 Eﬁ’lz”)f:_?gg ‘372 11
were estimated by HPLC. 7 Cas‘:aizn hyérolysate 71 5
8 ZnsQ -2 10
Evaluation and screening of nutrients 9 M?é% _é 3
Eight carbon sources, two morganlc nitrogen sources, thregl KCl 2 8

organic nitrogen sources, six minerals and five complex
organic nutrients were evaluated. The nutrients were added
individually to the flasks in the concentrations as per
Table 1. Eleven nutrients were then selected and furtheOptimization of selected nutrients using response
screened using a Plackett—-Burman design [16]. The methosurface methodology
was developed using Design Expert System (version 5.0.3) full factorial composite rotatable design (CCRD),
Stat-Ease Inc, Minneapolis, MN 55413, USA). The lowestdeveloped using a Design Expert System (Version 5.0.3,
and the highest concentration of each selected nutrient astat-Ease Inc, Minneapolis, MN 55413, USA), was used to
given along with the design in Table 2. SSF medium con-study the five best nutrients selected from a Plackett—
sisted of 10-g samples of wheat bran with selected nutriBurman design. A second order polynomial equation was
ents. The initial moisture content in each flask was adjustedsed to study the interaction between dependent and inde-
to 70%. Flasks were sterilized for 1 h at P21 After coo-  pendent variables
ling them to room temperature, flasks were inoculated with
5ml of inoculum (30-35% PCV), and incubated at 5 5
25+ 1°C and RH 85 5% for 6 days. The effect of each M= 2B + EBki X + ZBkii X;
nutrient on MPA production was determined by calculating 1=1 1=1
the E-value as per the equation described elsewhere [9]. 4 5

+ 2 2 Buij XX 1)

=1, j=i+l

wheren, is the dependent variable (predicted MPA titre in
Table 1 Effect of nutrients on the production of mycophenolic acid by Md kg™ of wheat bran) ang,, is the regression coefficient

P.brevi-compactunin solid state fermentation at the centreBy, By, and By; are linear, quadratic, and
second order coefficients, respectivetyandx; are depen-

S. No. Supplement used Concentration Titre dent coded variables for each factor. The coded values for

1 . . . .
(%) (mg kg™ of bran) the five levels used in this design af@, -1, 0, 1 and 2

(Table 3). These variables are defined in the equation

1 Glucose 2.0 365

2 Sucrose 2.0 415 _

3 Maltose 2.0 658 % = Vi = Voil A )

4 Glycerol 2.0 426

5 Malto dextrin 2.0 387 wherevy; is the value of factor at normal unitsy,, is the

0 fo":b'e starch 20 o factori average value ang is the step of each factor. The

8 Mannitol 50 746 basal medium consisted of 10-g samples of wheat bran,

9 Millet flour 20 667 supplemented with 0.1% each of ZngGH,0,

10 Ragi flour 2.0 679

11 Jowar flour 2.0 469

12 Oat flour 2.0 441 Table 3 Experimental design to determine the optimum concentration of

13 Corn flour 2.0 663 selected nutrients on MPA production

14 (NH,),HPO, 1.0 669

15 NH,NO, ) 10 396 Factor Coded Level

16 Corn steep liquor 1.0 330 (% wiw) symbol

17 Casein hydrolysate 1.0 619

18 Peptone 1.0 435 2 -1 0 1 2

19 ZnsQ 0.1 708

20 FeC} 0.1 469 Mannitol Xy 1 2 3 4 5

21 MgSQ 0.1 636 Ragi %o 5 10 15 20 25

22 CoC}, 0.1 398 Millet X3 5 10 15 20 25

23 MnSQ, 0.1 682 (NH,),HPO, X4 1 2 3 4 5

24 KCI 0.1 613 Casein hydrolysate X 1 2 3 4 5
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MgSO, - 7H,O, MnSQ,- 7H,O, and KCI. The basal 430
medium was dispensed into a 250-ml Erlenmeyer flask and

the concentration of nutrients to be optimized was added

as per the design (Table 3). All other growth conditions 400
were the same as described earlier. Fifty experiments were
performed to determine the effect constants. The multiple
regression analysis given in Equation 1, was used for each 350 -
response to calculate the equation coefficients.

Analytical methods
MPA was estimated by high performance liquid chromato-
graphy (Shimadzu LC 10 A, Japan). The mobile phase con—
sisted of potassium dihydrogen phosphate and acetonitrilg
in the ratio of 73:27. The pH was adjusted to 3.0 usings
phosphoric acid. The flow rate was maintained at2
1.0 mI mirr®. A Novopak C18 (150 mm dia) column was "~
used. The temperature of the column was maintained at 200
50°C with an operating pressure of 18 kg @mThe HPLC
profile was monitored at 305 nm.

NMR was recorded on a Varian, Gemini 200 spec- 150
trometer equipped with 5 mAH and **C probe operating
at 199.975 and 50.289 MHz, respectively. Samples were
run in CDCL with TMS as internal standard. FT-IR spectra : . : : [ . [ .
were recorded in solid state as KBr dispersion using a Per- o 1 2 3 4 5 86 7 8 9
kin-Elmer 1650 FTIR spectrophotometer. Standard MPA
was procured from Sigma, USA.

300

mg/kg bran )

250

Fermentation time ( days )

Figure 1 Kinetics of mycophenolic acid production benicillium
) ) brevi-compactunDRCC 098 in solid state fermentation.
Results and discussion

Kinetics of MPA production _ Based on the E-values as shown in Table 2, mannitol,
Penicillium brevi-compactundRCC 098 grown on moist ragi flour, millet flour, diammonium hydrogen phosphate

35

wheat bran showed a steady increase in the production fnd casein hydrolysate were ranked as the best nutrients.

MPA to a maximum titre of 42% 10 mg kg* of bran on  Corn flour showed a negative E-value while minerals gave
the 6th day (Figure 1). The titre decreased to 350 Mg kg an E-value close to zero; this suggested that any further

bran on the 8th day. Thus a fermentation time of 6 daysncrease in the concentration of these nutrients, would not
was selected for all further experiments. improve the titre of MPA.

Evaluation and screening of nutrients Optimization of selected nutrients by response
Based on experience gained in developing processes fQjyrface methodology

secondary metabolites by SSF [17,20], a total of 24 nutriBased on the Plackett—-Burman design, the best five nutri-
ents were evaluated for their performance on production ognts specifically, mannitol, ragi flour, millet flour,

g/ernA \t/r\:getri]trtgse Cg';i”eedntzthVV%% r?dec,j:fg ;gpzrnage%?%vgheo H.),HPO, and casein hydrolysate were selected for
MPA kg™ bran (Table 1). The nutrients which gave a con- ] N

siderable increase in titre over control were selected. MaltT@0le 4 Second order polynomial coefficients

ose and mannitol enhanced production of MPA to a greater

extent than the other carbon sources studied. Amongst the>emcient Response Coefficient Response
nitrogen sources, diammonium hydrogen phosphate ang 348.92 8 23.56
casein hydrolysate improved the titres to @685 and g° 10.99 B 37.44
619+ 18 mg kg™ of bran, respectively. Zinc sulphate, mag- g,, 291.65 Braa -19.81
nesium sulphate, manganese sulphate and potassium chl@t —238.85 Bias -29.81
ide showed higher titres amongst the minerals studiedB« 405.49 Bias 34.81
Addition of millet (Pennisetum typhoide@rum.f.) Stapf Prs :iig'zg gkz" fgg'gll
and Hubbard.) and ragi flouEleusine coracan&aert.) to - 3778 B 96.19
wheat bran improved the titres to 6676 and B -64.92 Buas -45.19
679+ 22 mg kg? of bran, respectively. Out of 24 nutrients Bwa -156.22 Bras -106.56
studied, 11 showed a considerable increase in the titre dfes ~17.56

MPA compared to a control. To reduce the number of nutri- r2 0.8268

ents to be considered for media optimization, relative rank-
:jng _Of the nutrients was studied using a Plackett-Burmarhese second-order polynomial coefficients for experiments refer to
esign. Table 3.
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Figure 2 Interaction of nutrients on the production of mycophenolic acidFgnicillium brevi-compactunDRCC 098 in solid state fermentation.

(a) Interaction of ragi flour and mannitol when millet flour, casein hydrolysate and)¢(R8, are kept at 15%, 3% and 3%, respectively. (b) Interaction

of millet flour and mannitol when ragi flour, casein hydrolysate and JhfO, are kept at 15%, 3% and 3%, respectively. (c) Interaction of JdrO,

and mannitol when millet flour, ragi flour, and casein hydrolysate are kept at 15%, 15% and 3%, respectively. (d) Interaction of mannitol, and cas
hydrolysate when millet flour, ragi flour and (NHPO, are kept at 15%, 15% and 3%, respectively. (e) Interaction of millet flour and ragi flour when
mannitol, casein hydrolysate and (WEPO, are kept at 3% each. (f) Interaction of (PO, and ragi flour when millet flour, mannitol and casein
hydrolysate are kept at 15%, 3% and 3%, respectively. (g) Interaction of casein hydrolysate and ragi flour when millet flour, mannito})s?@,(NH

are kept at 15%, 3% and 3%, respectively. (h) Interaction of JJd#D, and millet flour when ragi flour, mannitol and casein hydrolysate are kept at
15%, 3% and 3%, respectively. (i) Interaction of casein hydrolysate and millet flour when ragi flour, mannitol apgP@{tre kept at 15%, 3% and

3%, respectively. (j) Interaction of casein hydrolysate and D, when ragi flour, millet flour and mannitol are kept at 15%, 15% and 3%, respectively.
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Figure 2 Continued.

further media optimization. The nutrients were studied in3286+ 235 mg kg* of wheat bran after 6 days of fermen-
different combinations in a full factorial composite rotat- tation and the data were found comparable to the predicted
able design (CCRD). The values of the coefficients ehd value of 3556 mg kg of bran following CCRD analysis.
for the dependent variable (MPA) are given in Table 4. TheThe results from five independent experiments were coinci-
r2 value 0.8268 ensured a satisfactory adjustment of theent with the estimated value. Thus, the model was proven
guadratic model used to the experimental data. The prao be adequate.
duction of MPA may best be predicted by Equation 1.

The three-dimensional response surface curves werksolation and purification
plotted to understand the interaction of nutrients and th&wo kilograms of mouldy bran, after 6 days of fermen-
optimum concentration of each nutrient required for opti-tation, were extracted with 20 litres of commercial grade
mum MPA production. A linear effect was observed. With ethyl acetate. The extract after filtration was concentrated
an increase in the concentration of mannitol, MPA titresto 3.5 litres under reduced pressure. This was extracted
increased to a maximum at 3% irrespective of the presencavice with 2 litres of 10% sodium hydroxide (LR grade).
of any other nutrient; any further increase in mannitol con-The insolubles were removed by filtration and the pH of
centration decreased the production of MPAthe filtrate was adjusted to 2 with 50% HCI at room tem-
(Figure 2a, b, c and d). Thus mannitol at 3% was con-perature. The precipitate containing MPA was recovered by
sidered optimum. On the other hand, the production ofiltration. The crude product was crystallized as a dark
MPA increased with increased concentrations of ragi floubrown product from a mixture of methanol and water
when tested with other nutrients; maximum titres of MPA (4 : 1). The color impurities were removed by ethyl alcohol.
were observed with the highest concentration (25%) of raglThe white residue left, was filtered and recrystallized from
flour used in this experiment (Figure 2 a, e, f and g). Anaqueous methanol (10%). The process yielded a 60% recov-
optimum concentration of 10% and 4% was observed withery with a purity of 99%; further improvement in purity
millet flour (Figure2b,e,h and i) and (NHHPO, Ilevel could be achieved by recrystallization. The myco-
(Figure 2 ¢, f,h and j), respectively. Casein hydrolysatephenolic acid thus obtained, was characterized by means of
showed a similar trend as millet flour; an increase in prodR, NMR and mass spectroscopy. The product conforms
duction of MPA was observed up to 2% while the titres with the standard MPA obtained from Sigma, USA.
dropped with further increase in casein hydrolysate concen- From the present study it appears that MPA could be
tration (Figure 2d, g, i and j). produced by SSF. The isolation and purification processes

To evaluate the performance of the nutrients in their opti-are simple. Moreover many of the nutrients required to pro-
mum concentration on the production of MPRenicillium  duce MPA by SSF are from agricultural wastes which
brevi-compactunDRCC 098 was cultivated in the optim- would make the process cost effective. This is the first
ized medium. The strain produced a titre of report of MPA production in solid state fermentation.



Mycophenolic acid by SSF
AK Sadhukhan et al

2|8

Acknowledgements Engineering aspects of solid state fermentation. Enzyme Microbiol
. o Tech 7: 258-265.

The authors wish to thank Dr G Om Reddy, Mr D Srinivasa14 Moo-Young M, AR Moreira and RP Tengredy. 1983. Principles of

Rao and Dr J Moses Babu for their analytical help, Mr  solid substrate fermentation. In: The Filamentous Fungi: Fungal Tech-

K Kesavan and Ms PV Prashanti for their help in media, "°l°9y, Vol 4. Edward Arnold, London, pp 117-144.

. . 15 Noto T, M Sawada, K Ando and K Koyama. 1969. Some biological
preparation and Dr A Venkateswarlu, President, Dr™ , ,ories of mycophenolic acid. J Antibiot 22: 165-169.

Reddy’s Research Foundation, for his interest in the workie Plackett RL and JP Burman. 1944. The design of optimum multifac-
torial factors. Biometrika 33: 305-309.
17 Ramana Murthy MV, EVS Mohan and AK Sadhukhan. 1999. Cyclo-
References sporin A production byTolypocladium inflatunusing solid state fer-
1 Allison AC, WJ Kowalski, CD Muller and EM Eugui. 1993. Mech- mentation. Process Biochem (in press).
anism of action of mycophenolic acid. Ann NY Acad Sci 696: 63-196. 18 Roberto IC, S Sato, IM De Manchila and MES Taqueda. 1995. Influ-
2 Ando K, S Suzuki, G Tamura and K Arima. 1968. Antiviral activity ence of media composition on xylitol fermentation Ggndida guilii-

of mycophenolic acid. J Antibiotics 21: 649-652. ermondii using response surface methodology. Biotechnol Lett 17:
3 Birkin Shah JH, H Raustrick and DJ Ross. 1952. The molecular consti-  1223-1228. _
tution of mycophenolic acid, a metabolic productRenicillium brevi- 19 Roche N, C Desgranges and A Durand. 1994. Study on the solid state
compactumDIERAKX. Biochem J 50: 630-634. production of a thermostabte 1-arabino furanosidase dhermoascus
4 Cannel E and M Moo-Young. 1980. Solid state fermentation systems, _ aurantiacuson sugar beet pulp. J Biotechnol 38: 43-50.
Process Biochem 15: 24-28. 20 Sadhukhan AK, MV Ramana Murthy, D Ganesh Reddy, K Venkates-

5 Chul Soo Shin, Min Seon Hong, Cheon Soon Bae and Jeewon Lee. Wara Rao, K Venkat Ramana and A Venkateswarlu. An improved pro-
1997. Enhanced production of human mini-proinsulin in fed-batch cul- ~ C€sS for the preparation of Lovastatin. Patent filed in India. Application
tures at high cell density oEscherichia coli Biotechnol Prog 13: No. 756/MAS/95 dt. 21.06.95.

249-257. 21 Shah NK, V Rama Murthy and RM Kothari. 1991. Comparative pro-

6 Enrique JM and AC Rubiolo. 1996. Response surface methodology to  files of fungal alpha-amylase production by submerged and surface
optimize B-galactosidase immobilization using a combination of hyd-  fermentation. Biotechnol Lett 13: 1021-1028.
rocolloids as the supporting matrix. Biotechnol Prog 12: 612—617. 22 Shiow-Ling Lee and Wen-Chang Chen. 1997. Optimization of medium

7 Epinette WW, CM Parker, EL Jones and MC Greist. 1987. Mycophen- ~ composition for the production of glucosyl transferaseAspergillus

olic acid for psoriasis. J Am Acad Dermatol 17: 962-971. niger with response surface methodology. Enzyme Microbiol Technol
8 Eugui EM and AC Allison. 1993. Immunosuppressive activity of ~ 21: 436-440.
mycophenolate mofetil. Annal NY Acad Sci 685: 309-329. 23 Sollinger HW, MH Deierhoi, FO Belzer and A Diethelm. 1992. RS-

9 Greasham RL. 1993. Media optimization. In: Biotechnology Vol 3, 61443 A phase I clinical trail and pilot rescue study. Transplantation
Ch 7 (Reem H-J, Reed G, Puhler A and Stadler P, eds), pp 127-139, 53: 428-432.
VCH Publications, New York. 24 Tengredy RP. 1985. Solid state fermentation. Trends Biotechnol 3:
10 Haltrich D, M Preiss and W Steiner. 1993. Optimization of a culture ~ 96-99.
medium for increased xylanase production by a wild straicifizo- 25 Tressler RJ, JG Laura and DL Slate. 1994. Anti-tumor activity of

phyllum communaeEnzyme Microb Technol 15: 854-860. mycophenolate mofetil against human and mouse tunmowsvo. Int
11 Hesseltine CW. 1977. Solid state fermentation. Part I. Process J Cancer 57: 568-573.
Biochem 12: 24-27. 26 Udeh KO and B Achremowicz. 1993. Optimization of cultivation

12 Kalathenos P, J Baranyi, JP Sutherland and TA Roberts. 1995. A medium composition of arl-lysine producing mutant. The use of
response surface study on the role of some environmental factors response surface methodology. Acta-Microbiol Pol 42: 171-180.
affecting the growth oSaccharomyces cerevisidat J Food Microb 27 Venkat Rao P, K Jayaraman and CM Lakshmanan. 1993. Production
25: 63-74. of lipase byCandida rugosain solid state fermentation 2. Medium

13 Lonsane BK, NP Ghildayal, S Budiatman and SV Ramakrishna. 1985. optimization and effect of aeration. Process Biochem 28: 391-395.



