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ABSTRACT

Cordycepin is one of the most important bioactive compounds produced by the
insect pathogenic fungus Cordyceps militaris. The etfects of medium composition on enhanced
production of cordycepin by C. wilitaris were investigated by changing the liquid supplement
medium composition with rice medium in this study. Glucose, peptone, adenine, and histidine
were optimized to improve the yield of cordycepin in 300 mL cylindrical glass bottles by
solid state fermentation using response surface methodology. The optimum medium for
cordycepin production using solid state fermentation were: glucose 26.25 g/L, peptone
26.25 g/L, adenine 7.50 g/L, histidine 4.50 g/L, MgSO,-7H,0O 0.1 g/L, and KH,PO,
0.1 g/L in liquid supplement medium. Under these conditions, the maximum cordycepin
yield in the rice culture medium was 18.92 mg/g on 39 days, and this value is higher when
compared to other reports using solid state fermentation. This is the first report for improving
the cordycepin production by adding additives (nucleoside analogue and amino acid) in solid
state fermentation by C. militaris. This method provides an effective way for increasing the
cordycepin production by solid state fermentation.

Keywords: Cordyceps militaris, cordycepin, solid state fermentation, additives, response surface
methodology

1. INTRODUCTION

Cordyceps militaris has long been used as  as a desirable alternative for natural
a medicinal mushroom in China and East  Ophiocordyceps sinensis [2] as has been given
Asia [1]. C. militaris has long been recognized ~ Chinese Licence No: Z20030034/35. This
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is because the gathering of O. sinensis is
causing substantial reductions in populations
[3]. C. militaris possesses many biological
and pharmacological active substances such
as adenosine, cordycepin, amino acid and
fatty acids [4]. The effective components
of C. militaris were obtained in fermentation
broth and/or from fruiting body in
submerged or solid-state cultures.

(3'-

deoxyadenosine), a nucleoside analog, was

Expressly, Cordycepin
first isolated from C. wilitaris |5] , and has a
broad spectrum of biological activity.
It has been regarded as a medicinal agent
responsible for immunological regulation [6],
anti-cancer [6], anti-fungal [7], anti-leukemia
[1] and anti-hyperlipidemia [8] activities.
Cordycepin is also a Phase I/1I clinical stage
drug candidate for treatment of Refractory
Acute Lymphoblastic Leukemia (ALL)
patients who express the enzyme terminal
deoxynucleotidyl transferase (TdT) (www.
ClinicalTrials. Gov, verified by OncoVista,
Inc., 2009).

Fruiting body formation of Cordyceps
needs along cultivation time [9]. Furthermore,
repeated subculturing results in strains of
C. militaris producing fewer or no fruiting
bodies [9]. A research shows that F, progeny
strains of C. wilitaris generally produce a
larger number of fruiting bodies, as compared
with their mother multi-ascospore isolates;
however, F, and F, progeny produce fewer
fruiting bodies [10]. The extraction of
cordycepin from fruiting bodies of C. wilitaris
is also difficult. However, large quantities
of the cordycepin are secreted into culture
medium [11]. In previous work, cordycepin
was obtained from fruiting bodies via
solid-state fermentation [12] and fermentation
broth by submerged culture [13, 14] or surface
liquid culture [15]. However, there is no
report for improving the cordycepin
production by adding additives (nucleoside
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analogue and amino acid) in solid state
fermentation by C. militaris.

In this paper, the effects of glucose,
peptone, nucleoside analogue and amino
acid were studied in order to improve the
cordycepin production of C. militaris CM016
in the rice medium by solid state fermentation
in 300 mL cylindrical glass bottle. This is also
the first report for improving the cordycepin
production by adding additives (nucleoside
analogue and amino acid) in solid state
fermentation by C. militaris.

2. MATERIALS AND METHODS
2.1 Microorganism and Medium

The strain of C. militaris CM016 was
purchased from the Collection Center of
Beijing Jixiaoyuan Co. Ltd. (Beijing, China).
The stock culture was maintained on potato
dextrose agar (PDA) slants. The slants were
inoculated with mycelia and incubated at
25°C for 7 days, and 6 ml sterilized distilled
water was added to the slant and the
conidia were washed down and then filtered
through sterilized absorbent cotton in an
infundibulum. The liquid filtrate containing
conidia was added to seed culture medium
at a suitable concentration (optimal
concentration is 3x10® conidia/ml, the
number of conidia was counted using a
hematocytometer). The seed culture medium
consisted of the following components:
sucrose, 20 g/L; peptone (BWC022, Bio-way,
Shanghai), 20 g/L; MgSO4-7H,O 0.5 g/L
and K. HPO,, 1g/L. All chemicals and
reagents were of analytical grade. The seed
culture was grown in a 250 ml shake flask
containing 50 ml of liquid medium and
incubated at 25°C on a rotary shaker
(150 tpm) for 4 days [12, 16].

2.2 Solid-state Fermentation
The medium for solid state fermentation
was prepared by mixing 20 g of rice (Oryza
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sativa L. ssp. indica) and 32 mL of the basal
liquid supplement medium (sucrose, 20 g/L;
peptone, 10 g/L; MgSO,-7H,0 0.1 g/I. and
KH,PO, 0.1 g/L with 1000 mL distilled
water) in a 300 mL cylindrical glass bottle
(inner diameter 7 cm, height 12 cm) and the
bottle was sealed by film of polypropylene
plastic. The medium was autoclaved for
20 min at 121°C. The medium was cooled to
room temperature and inoculated with 5 ml
seed cultute and incubated at 20 °C for 12
days in the dark to promote vegetative
growth.

The incubation temperature was raised
to 23°C, light maintained at 500 Ix for
12 hours one day and relative humidity (RH)
at 60%-70% for 12-20 days. Sufficient air
changes were made to maintain a normal
CO, level. Illumination with 300 Ix intensity
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did not exceed 12 hours per day for the
whole remain fermentation process [9].

2.3 Response Surface Methodology
Design

Response surface methodology (RSM)
using a central composite design (CCD)
was applied to batch cultures of C. wmilitaris,
for identifying the effects of process
variables (glucose, peptone, adenine, histidine).
A four-factor, five-level central composite
design with 30 runs was employed. Tested
variables (glucose, peptone, adenine, histidine)
were denoted as X, X, X and X,
respectively, and each of them was assessed
at five different levels, combining factorial
points (-1, +1), axial points (-2, +2), and central
point (0), as shown in Table 1.

Tablel. Factors and levels of central composite design for glucose, peptone, adenine, histidine.

Independent Symbols Code Levels
variables
-2 -1 0 +1 +2
Glucose (g/L) X, 17.5 26.25 35 43.75 52.5
Peptone (g/L) X, 17.5 26.25 35 43.75 52.5
Adenine (g/L) X, 3 4.5 6 7.5 9
Histidine (g/L) X, 3 4.5 6 7.5 9

2.4 Analytical Methods

For analysis of total cordycepin, adenine
and adenosine in the medium (contain rice
substrate and mycelium of C.wilitaris), the
fresh medium collected from the cylindrical
glass bottle were dried to a constant weight
at 55°C. The samples were crushed with
a grinder and then sieved (60 meshes).
The crushed sample (0.1g) was added to
the glass tube containing 10 mL of distilled
water, and treated by ultrasonic wave for
30 minutes, and diluted 10 times with
distilled water. The water solution was

filtered through a 0.45 pm membrane and
the filtrate was analyzed by HPLC (1100 series,
Agilent Technology, U.S.).
quantities of cordycepin (Sigma, USA),

Accurate

adenine (Sigma, USA) and adenosine (Sigma,
USA ) were dissolved in distilled water, to
give various concentrations for calibration.
The mobile phase was 10 mmol/L KH,PO,,
which was dissolved in methanol/distilled
water (6:94). Elution was performed at a flow
rate of 1 mL/min with column temperature
at 45°C and UV wavelength of 259 nm [15].
All experiments were triplicated.
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2.5 Statistical Analysis

Data were expressed as mean * SD.
Duncan’s multiple range tests, at P<0.05
and P<0.01, found significant differences
among means using the SPSS software 17.0
(SPSS Inc., Chicago, IL, USA). RSM and
analysis of variance (ANOVA) were
performed using the Design-expert Version
8.0.5b software package (Stat-Ease Inc.,
Minneapolis, USA). All data presented are
mean values of three determinations.

3.RESULTS
3.1 Cordycepin Production in the Basal
Medium

To confirm a suitable cultivation time
for cordycepin production by solid state
fermentation, C. wilitaris was cultivated in a
300 ml cylindrical glass bottle under the
basal medium. The result (Figure 1) showed
that cordycepin production gradually
increased with the cultivation time, and
a maximal cordycepin production was
3.3 £ 0.03 mg/g on 39 days. However,
cordycepin production reduced gradually
with increasing cultivation time from 39
to 65 days. Therefore, the cultivation time
of 39 day was selected as the standard
cultivation period in the remaining experiment.
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Figure 1. Changes of cordycepin production

(%), wet weight of medium (%), and dry

weight of medium (%) in the basal medium

by solid-state fermentation in C. wzilitaris.
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3.2 Effect of Nucleoside on Cordycepin
Production

In order to identify a suitable nucleoside
for cordycepin production by solid state
fermentation of C. wmilitaris, different
nucleosides (adenine, guanine, guanosine,
inosine, uridine, thymine, cytosine,
hypoxanthine, adenosine, thymidine and
deoxyuridine) were added to the basal
liquid supplement medium at a concentration
of 2 g/L. As shown in Table 2, all nucleoside
could increase the yield of cordycepin.
Adenine, cytosine and thymidine can
obviously improve cordycepin production
at 5.64 £ 1.20 mg/g, 5.59 £ 0.72 mg/g and
591 £ 0.53 mg/g respectively. There was
no significant difference in the amount
of adenine and adenosine produced as

compared with the control.

3.3 Selection of Initial Nucleoside
Concentrations

Based on the above results, adenine,
cytosine, and thymidine were suitable
nucleosides for further studies. Table 3
summarizes the effect of initial adenine,
cytosine, and thymidine concentrations
on the wet weight of medium, dry weight
of medium, adenine, adenosine, and
cordycepin production. The highest of
cordycepin production (9.98 + 0.27 mg/g)
was obtained at 6 g/L initial thymidine.
It can be seen from the comparison in
Table 3 that cordycepin production showed
third higher yields (8.54 = 0.50 mg/g) when
adenine was added at 6 g/L. However, the
cost of thymidine is much higher than
adenine, and there was no significant
difference between thymidine and adenine,
so adenine was chosen.
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Table 2. Effects of nucleosides on the production of cordycepin, adenine and adenosine.

Nucleoside Wet weight of Dry weight of Adenine Adenosine Cordycepin
medium (g) medium (g) (mg/g) (mg/g) (mg/g)

Control 50.69+0.33 15.2340.13 0.05£0.00 0.07£0.02 3.99+0.39
Adenine 46.680.08 9.08+0.27 0.03£0.00 0.36£0.06 5.64+1.20
Guanine 48.6610.61 10.47%0.0 0.03%0.00 0.2240.04 4.01£1.23
Guanosine 45.33+0.37 10.0£0.24 0.04x£0.01 0.29£0.04 2.57£0.50
Inosine 47.29£0.75 9.64+0.11 0.05£0.02 0.50£0.05 3.79+0.19
Uridine 47.1910.04 9.59£0.29 0.03%0.00 0.43%0.10 4.06%0.42
Thymine 44.97+0.12 8.74+0.04 0.07£0.01 0.68£0.00 4.50£0.69
Cytosine 45.55+0.82 9.55+0.57 0.11£0.01 0.67£0.12 5.59+0.72
Hypoxanthine 43.59+0.62 10.33£0.20 0.05%0.02 0.6310.17 5.57%1.14
Adenosine 43.99£0.65 8.99+0.57 0.04£0.01 0.21£0.08 5.53+1.00
Thymidine 47.78+0.28 8.98+0.19 0.04%£0.01 0.53%0.15 5.91+0.53
Deoxyuridine 50.1940.74 8.59£0.72 0.05%0.01 0.15%0.03 5.14£0.98

Table 3. Effects of initial nucleoside concentrations on the production of cordycepin, adenine
and adenosine.

Nucleoside Concentration — Wet weight of  Dry weight of Adenine Adenosine Cordycepin
®/1) medium () medium () (mg/g) (mg/2) (mg/2)

0 50.69£0.33 15.23£0.13 0.05£0.00 0.07£0.02 3.9940.39

0.5 53.17£0.14 15.66£0.18 0.2240.01 0.14£0.02 8.30£0.86

1 50.79£0.27 15.66£0.16 0.10£0.01 0.15%0.03 5.42£0.29

2 50.79£0.81 14.96£0.08 0.07£0.02 0.11£0.04 7.04%£0.53

Adenine 4 52.10£0.64 16.11£0.10 0.2240.04 0.17£0.04 7.2710.24

6 49.41£0.28 15.89£0.16 0.56£0.06 0.3240.09 8.54£0.50

8 51.09£0.48 16.39£0.21 0.86%0.09 0.27£0.11 7.3620.08

10 52.72%0.57 16.54£0.15 0.37£0.06 0.16£0.04 7.67%0.40

0 50.69£0.33 15.23£0.13 0.05£0.00 0.07£0.02 3.99£0.39

0.5 48.01£0.88 14.51£0.13 0.09£0.03 0.06£0.00 6.63%£0.23

1 51.78£0.20 15.43£0.28 0.03£0.01 0.17£0.00 2.64%0.50

2 49.3740.83 14.37£0.19 0.03£0.01 0.07£0.04 2.40%0.28

Cytosine 4 48.83%0.56 13.90£0.11 0.05%0.01 0.08£0.00 3.09£0.50

6 51.91£0.76 16.07£0.11 0.04£0.01 0.21£0.05 3.1240.72

8 50.74£0.01 16.53£0.42 0.05£0.03 0.15£0.00 2.88%0.56

10 51.95%0.59 16.63%0.11 0.08£0.00 0.18%0.05 4.69%0.72

0 50.69£0.33 15.23%0.13 0.05£0.00 0.07£0.02 3.99£0.39

0.5 48.01+0.28 12.46%0.46 0.05%0.02 0.11£0.01 3.59%0.11
50.63%0.07 15.45%0.07 0.04£0.00 0.13%0.01 9.48%0.57
50.85%0.39 15.73%£0.37 0.03£0.00 0.19£0.00 7.93%0.28
52.94%0.41 15.33£0.30 0.17£0.00 0.05%0.00 7.68%0.10
49.99%0.66 13.39£0.28 0.04£0.00 0.05%0.00 9.98%0.27
48.74+0.03 16.75%0.15 0.08£0.00 0.10£0.00 5.11£0.66

Thymidine

[ N L
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3.4 Effect of Amino Acids

In order to identify a suitable amino
acid for cordycepin production by solid
state fermentation of C. wilitaris, different
amino acids (glutamic acid, cysteine, lysine,
isoleucine, methionine, tyrosine, cystine,
L-hydroxyproline, valine, histidine, arginine,
tryptophan, leucine, alanine, proline,
phenylalanine, asparagine, glycine, aspartate
acid, and glutamine) were added to the
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basal liquid supplement medium at a
concentration of 4 g/L. As shown in
Table 4, most amino acids (except methionine
and tyrosine) can increase the yield of
cordycepin production (Table 4). Among
various kinds of amino acids, lysine,
histidine and glycine greatly improved
cordycepin production at 7.18 + 1.12 mg/g,
6.95 £ 1.01 mg/g, 7.08 £ 0.90 mg/g.

respectively.

Table 4. Effects of amino acids on the production of cordycepin, adenine and adenosine.

Amino acid Wet weight Dry weight of Adenine Adenosine Cordycepin
of medium (g) medium (g) (mg/g) (mg/g) (mg/g)
Control 50.69£0.33 15.2310.13 0.0520.00 0.0740.02 3.99£0.39
Glutamic acid 46.92%0.25 9.3040.21 0.0240.00 0.2840.02 5.58+0.72
Cysteine 49.431+0.28 11.18+0.59 0.10£0.06 0.9240.04 4.02%0.57
Lysine 47.1410.26 9.46%0.37 0.06%0.04 0.3940.09 7.18£1.12
Isoleucine 48.65%+0.69 10.07£0.42 0.03%0.01 0.26%0.02 4.69%+1.03
Methionine 50.65%0.73 16.24£0.03 0.01£0.00 0.0240.00 0.06£0.02
Tyrosine 48.9710.72 10.41£0.01 0.03£0.00 0.06%0.00 1.9240.74
Cystine 46.00£0.11 10.76£0.34 0.03%0.00 0.0740.02 3.93%1.01
L-Hydroxyproline 44.8210.83 9.0140.41 0.03%0.00 0.40£0.07 5.0310.47
Valine 48.2910.90 9.91£0.14 0.03%0.01 0.4710.11 5.10£0.11
Histidine 47.16%0.08 9.26%0.11 0.03%0.01 0.2940.10 6.95%1.01
Arginine 45.9910.22 10.99£0.53 0.03%0.01 0.1240.01 4.83%0.08
Tryptophan 45.5140.44 9.26%0.11 0.03%£0.00 0.2520.07 2.46%0.36
Leucine 44.93+0.98 10.30£0.18 0.0240.00 0.46%0.03 3.83%0.75
Alanine 47.27%0.50 9.44%0.16 0.0240.00 0.43%0.03 4.5410.01
Proline 47.65%0.53 10.11£0.20 0.03%0.00 0.11£0.00 4.73+1.11
Phenylalanine 43.26%0.02 8.46£0.32 0.04%0.01 0.114+0.04 4.57+1.17
Asparagine 43.99+0.33 8.8310.04 0.03%0.01 0.2940.03 3.67£0.79
Glycine 47.9410.89 8.98£0.02 0.034£0.00 0.41£0.13 7.08£0.90
Aspartate 48.31%+0.69 9.4440.15 0.03%0.00 0.1240.03 2.96%0.38
Glutamine 48.70%0.70 9.13£0.50 0.34%0.31 0.9040.13 5.77£0.79

3.5 Selection of Concentration of Amino
Acids

Based on the above results, lysine,
histidine and glycine were suitable amino
acids for further study. The effect of initial
lysine, histidine and glycine concentrations
on wet weight of medium, dry weight of

medium, adenine, adenosine and cordycepin
production are given in Table 5. The highest
cordycepin production (13.08+0.89 mg/g)
was obtained at 6g/L initial histidine.
Histidine is therefore a favorable amino
acid for production of cordycepin.
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Table 5. Effects of initial amino acid concentration on the production of adenine, adenosine

and cordycepin.

Amino acid Concentration ~ Wet weight of ~ Dry weight of Adenine Adenosine  Cordycepin
&/L) medium () medium() (gl (mg/®) (mg/2)

0 50.69%0.33 15.23%£0.13 0.05%£0.00  0.0740.02 3.99£0.39

0.5 49.26£0.73 15.63%0.45 0.04+0.02  0.11£0.04 9.18+0.27

1 49.58%0.71 15.08%0.09 0.09%£0.06  0.15%0.02 6.92%0.59

2 51.75%0.76 15.38%0.25 0.07£0.02  0.14%0.04 7.76%0.82

Glycine 4 49.06+0.74 15.64%0.08 0.11+0.04  0.10£0.03 8.43+0.03

6 46.83+0.39 16.27£0.50 0.04£0.02  0.19%0.03 10.37£0.53

8 48.08%0.01 16.22%0.16 0.14£0.01  0.10%0.04 8.05%0.75

10 48.69£0.88 16.5740.01 0.06+0.02  0.18+0.03 7.71+0.88

0 50.69%0.33 15.23%£0.13 0.05%£0.00  0.0740.02 3.99£0.39

0.5 49.54+0.28 16.75%0.22 0.04£0.02  0.12%+0.03 6.70£0.39

1 48.63%0.09 16.45%0.23 0.04£0.02  0.08%0.02 5.62+0.32

2 48.83+0.80 16.75%0.40 0.05£0.01  0.45+0.03 7.58%0.86

Lysine 4 50.07£0.52 15.84£0.39 0.07£0.02  0.43%0.01 6.55%0.93

6 51.02+0.51 17.26%0.18 0.08+£0.01  0.09£0.03  12.69%0.84

8 49.27%0.06 16.4310.21 0.07£0.01  0.33%0.09 6.14%0.27

10 51.0940.04 17.28%0.29 0.25£0.03  0.30%0.08 10.92%0.56

0 50.69+0.33 15.2340.13 0.05£0.00  0.07£0.02 3.99+0.39

0.5 48.88+0.81 14.8240.21 0.13%£0.05  0.63%0.05 9.30+0.65

1 49.66%0.36 14.62%0.35 0.10£0.01  0.51%0.06 8.45%0.21

2 49.19£0.99 15.67%0.42 0.09+£001  0.55%0.12 7.78+0.77

Histidine 4 48.40£0.46 15.4240.08 0.13£0.00  0.56%0.12 9.35+0.75

6 50.42%0.04 16.20£0.45 0.09£0.02  0.54%0.14 13.08£0.89

8 48.49£0.69 15.86%0.39 0.09£0.03  0.56£0.09  10.64%0.66

10 52.32+0.65 15.9740.16 0.05%£0.03  0.3440.06 7.95+0.67

3.6 Medium Optimization by RSM

In order to evaluate the influence of
medium component, concentration of
glucose, peptone, adenine and histidine in
liquid supplement medium should be
examined. The levels of variables for CCD
experiments were selected according to the
above results of the One-factor-at-a-time
method. Figure 2 shows the morphological
characteristics of C. wmilitaris in 300 mL
cylindrical glass bottles at the end of the
fermentation process by solid state
fermentation. Table 6 shows the detailed

experimental design and results. Regression
analysis was performed to fit the response
function (cordycepin production) with the
experimental data. From the variables
obtained (Table 7), the model is expressed
by Eq.(1), which represents cordycepin
production (Y) as a function of glucose (X)),
peptone (X)), adenine (X)), and histidine (X))

concentrations.

Y = 15.28 -0.84X, + 1.04X, + 1.79X, -
0.71X, - 0.96X, X X, + 0.93X, X X, - 1.53X,
X X, - 1.26X2 - 0.82X7 )
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Figure 2. Morphology of C. militaris CM016 in 300 mL glass jars at the end of the fermentation
process by response surface methodology: symbols in photos indicated 30 runs.

Table 6. Experimental design and responses of the central composite design (CCD).

Runs Independent variables Dependent variables
X, @/ X e/ Xeh X e Y (mg/g)
Glucose Peptone Adenine Histidine ~ Cordycepin production

1 1 1 1 1 10.6586
2 1 1 1 1 8.1619
3 1 1 1 1 13.2021
4 1 1 1 1 12.2889
5 1 1 1 1 20.8612
6 1 1 1 1 16.8583
7 1 1 1 1 17.6851
8 1 1 1 1 15.7384
9 1 1 1 1 11.3073
10 1 1 1 1 8.4972
11 1 1 1 1 15.6657
12 1 1 1 1 14.9915
13 1 1 1 1 13.0189
14 1 1 1 1 10.1515
15 1 1 1 1 16.2285
16 1 1 1 1 13.3909
17 2 0 0 0 15.1931
18 2 0 0 0 14.385
19 0 2 0 0 12.9329
20 0 2 0 0 15.5878
21 0 0 2 0 5.85646
22 0 0 2 0 12.7615
23 0 0 0 2 12.2346
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Table 6. Continued.

Chiang Mai J. Sci. 2016; 43(5)

Runs Independent variables Dependent variables

Xe0 X e X0 X 60 Y (mg/g)
Glucose Peptone Adenine Histidine = Cordycepin production

24 0 0 0 2 9.8679

25 0 0 0 0 16.1931

26 0 0 0 0 14.3834

27 0 0 0 0 14.9329

28 0 0 0 0 14.5878

29 0 0 0 0 15.6783

30 0 0 0 0 15.1123

Table 7. Regression and ANOVA results from the data of central composite design (CCD)

expetriments.
Soutce Sum of square df Mean square F-Value p-value Prob > I
Model 256.3 9 28.48 22.09 < 0.0001™
X, 16.94 1 16.94 13.14 0.0017~
X, 26.01 1 26.01 20.18 0.0002™
X 76.93 1 76.93 59.68 < 0.0001™
X, 11.95 1 11.95 9.27 0.0064™
XXX, 14.77 1 14.77 11.45 0.0029™
XXX, 13.93 1 13.93 10.8 0.0037"
XXX, 37.53 1 37.53 29.11 < 0.0001™
X/ 44.89 1 44.89 34.82 < 0.0001™
X/ 19.16 1 19.16 14.86 0.001™
Residual 25.78 20 1.29
Lack of Fit 23.46 15 1.56 3.37 0.0927
Pure Error 2.32 5 0.46
Cor Total 282.09 29

R?=0.9146; CV = 8.34%; Pred-R? = 0.7562; Adj-R’ = 0.8675; Adeq Precision = 18.686; ~

1% significance level.

Results of F-test analysis of variance
(ANOVA) showed that the regression was
statistically significant (P < 0.05) at the 95%
confidence level (Table 7). The model presents
a higher regression coefficient (R’= 0.9080).

The response surface plot obtained
from Eq. (1) is shown in Figure 3. It is
evident that cordycepin production reached
its maximum at a combination of coded

level (X, glucose, level 1; X, peptone, level
1; X, adenine, level 1; X, histidine level 1)
by canonical analysis of the Design-expert
Version 8.0.5b software package. The
model predicted a maximum response of
18.92 mg/g cordycepin production at
levels of glucose 26.25 g/L, peptone 26.25
g/L, adenine 7.50 g/L, histidine 4.50 g/L
as optimized medium components.
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Figure 3. Three-dimensional response surface plots and two-dimensional contour plots for

cordycepin production by C. wilitaris CM016 showing variable interactions of: (A) peptone
and adenine; (B) peptone and histidine; (C) adenine and histidine.

3.7 Cordycepin Production in Fruit Body
and Medium by Solid-state Fermentation
in Different Studies

In this paper, we compare the differences
of fruit body weight, cordycepin production
of fruit bodies, cordycepin production in

medium, or incubation time by solid state
fermentation in different studies. As shown
in table 8, the results were not consistent in
different studies. The highest report for
fruit body weight was 12.9 g/bottle at
60 days [17], and the maximum cordycepin
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production in fruit bodies was 18.7 mg/g
at 70 days by Wen ¢f al. [18]. They needed
long incubation periods in these studies.
In this study, the cordycepin production
(18.92 mg/g) was obtained in medium at
39 days. This is the highest report of

Chiang Mai J. Sci. 2016; 43(5)

cordycepin production in residue medium
by solid-state fermentation. The results show
that the optimized culture conditions will
provide an effective way for increasing
cordycepin production.

Table 8. Fruit body weight, cordycepin production in fruit body and medium by solid-state

fermentation in different studies.

No. Strain Fruit body  Cordycepinin  Cordycepinin  Cultivation Reference
weight fruit body medium time
® (mg/g) (mg/g) (days)
1 C wilitaris CM-2 - - 5.49 35 Wen ez al., [24]
2 C. militaris 8.14 - - 50 Sung ez al., [25]
3 C. wilitaris - 9.7 - Hur, [4]
4 C. militaris JE-1 - - 6.0 13 Wei et al., [26]
5 C. militaris 067 1.35 18.7 2.1 70 Wen ez al, [18]
6 C. militaris cmily-02 - - 1.85 16 Chen ez al., [27]
7 C. militaris - 4.6 - 57-60 Xiao et al, [28]
8  C. cardinalis C-10376 12.9 - - 60 Kim ez al., [17]
9 C. wilitaris - 5.57 - 50 Dong ez al., [29]
10 C. wilitaris CM016 - - 18.92 39 In this study
*: Data deficient
4. DISCUSSIONS cordycepin production of 3.3 £ 0.03 mg/g
Metabolite production by occurred on day 39 (Figure. 1). However,

microorganism is a dynamic process which
changes with cultivation times and culture
conditions. Cordycepin (3"-deoxyadenosine),
was first isolated from C. militaris |5], and is
one of the most important biologically
active metabolites found in this species.
Fruiting bodies of C. militaris take long
cultivation periods to develop and is
difficult to achieve large-scale production via
solid-state fermentation [18]. Cordycepin is
also low in the fruiting bodies [4]. About
98% of the cordycepin synthesized by
C. militaris was secreted into the culture
medium in previous studies [11]. In this
study, cordycepin production was studied
by solid-state fermentation by C. militaris
CMO16. The results show that a maximal

cordycepin production reduced gradually
with increasing cultivation time from 39 to
65 days.

In order to improve production of the
metabolites, precutrsors and/or additives are
added to the fermentation process. Amino
acids and nucleoside are better precursors
and/or additives in liquid fermentation of
C. militaris |19]. In this study, amino acids
and nucleoside were added to the basal
medium by solid state culture, respectively.
As a result, most of amino acids and
nucleosides can increase the yield of
cordycepin production, and lysine, histidine,
glycine, adenine, cytosine and thymidine
were shown to be effective additives. The
result is similar to that of other reports
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[19]. Initial nucleoside and amino acids
concentrations were screened. The results
show that the best nucleoside and amino
acid were adenine and histidine, and the
optimum concentrations were 6 g/L and
6 g/L in the basal liquid medium respectively.

Response surface methodology (RSM)
was used to optimize the screened variables
for enhanced metabolite production [20].
In previous work, the orthogonal design
method [21], Box-Behnken design [22], and
central composite design [15] were used to
optimize culture conditions for cordycepin
production by liquid fermentation in
Cordyceps sp. In this study, solid state
fermentation conditions are optimized for
the cordycepin production using the response
surface methodology.

In order to evaluate the influence
of medium component on cordycepin
production in rice medium, glucose,
peptone, adenine, and histidine should be
examined. The model predicted a maximum
production of 18.92 mg/g cordycepin at
26.25 g/L glucose, 26.25 g/L peptone,
7.50 g/L adenine, and 4.50 g/L histidine as
optimized medium components. In previous
work, cordycepin production in liquid
medium has been significantly enhanced
through adding adenine and glycine [19, 23],
or hypoxanthine and L-alanine [15]. This is
the first report for improved the cordycepin
content in rice medium using solid-state
fermentation. Adenine and histidine were
better additives for cordycepin production in
this study. The reason may be the complex
component of solid medium, and this is a
case for subsequent study. As shown in
table 7, this is the highest report of
cordycepin production in medium by solid
state fermentation. Substrates source for
solid state fermentation are abundant, the cost
is low, and the physical conditions are not
costly.
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5. CONCLUSIONS

In this work, the one-factor-at-a-time
method and central composite design were
employed to establish the key factors and
identify optimal culture conditions to improve
cordycepin production by C. wilitaris in
solid state fermentation. Optimal medium
contained glucose 26.25 g/L, peptone
26.25 g/L, adenine 7.50 g/L, histidine
4.50 g/L, MgSO,7H,0 0.1 g/L and
KH,PO, 0.1 g/L in liquid supplement
medium. The optimal medium for solid
state fermentation was prepared by mixing
20 g of rice and 32 mL of optimal liquid
supplement medium in 300 ml. cylindrical
glass bottle. Using these culture conditions,
a maximum production of cordycepin
was 18.92 mg/g. This method provides an
effective way for increasing cordycepin
production by solid state fermentation.
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