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ABSTRACT: Cordyceps (vegetable wasp and plant worm), an entomopathogenic fungi, has been used as a herbal medicine in Asian countries
since ancient times. Cordyceps nutans is common but there is little research on this species. This study investigated the optimal culture
conditions of C. nutans and the inhibitory effect on nitric oxide (NO) production in RAW 264.7 cell treated culture broth. The optimal
conditions for the mycelial growth were 25°C and pH 7.0-8.0. Mycelial growth was highest on mushroom complete medium (MCM), V8 juice
agar (V8A), and yeast malt dextrose (YMD) medium. Mycelial growth on mushroom minimal medium (MMM) did not occur, so nutrient
source was essential. Dextrose and sucrose as carbon sources, and ammonium citrate as a nitrogen source were satisfactory for mycelial growth.
Cytotoxicity of C. nutans culture broth was not found in RAW 264.7 cells. C. nutans culture broth suppressed NO production of
lipopolysaccharide (LPS)-stimulated RAW 264.7 cell in a dose-dependent manner. Thus, our results provided the optimal conditions for
cultivation of C. nutans and showed that C. nutans may have excellent physiological activities.
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tH(Jianzhe et al., 1989; Kneifel et al., 1977, Kobayasi and
Shimizu, 1983). A A& 0.2 = 9F 1000] < 8000] Z0] E 35}
= A0 g 3o 7|5 F23000] FO =2 ifjof| 4]
= 700] Futo] H w31 QltiKobayasi and Shimizu, 1983;
Samson et al., 1988; Sung et al., 1997). APg-=-(Ascomycota)
9| Cordyceps<s, Shimzuomyces<s, Torrubiellas: 5-2] 3431} &
LA - (Deuteromycota) 2]  Paecilomyces<s, Hirsutella<s,
Isaria4s, BeuveriaZ:, Metarhizium<s 5-0] T25}%0] 3 3}E]
= S22 -Eo] Cordyceps%:2] BN = &
A ltiKobayasi, 1982; Samson et al., 1988).

= LA M= TE vt oS HIESto] 7HA g HEe
ol 37t o] v v W, S of A1l S A =merhar 2
=] Ik 55520l W AF2=C. sinensisol| thsto] 71
2hlhs] 3 Feld), o] T2 U f5= 7152 shof A
AE FAdstaL ik Aot A A sh= 5 7HAH et as
= tofet A | 8-S vER = nucleoside 8- 4| ¢1 cordycepin
o] o|a}eha] £/ o] -7y = At Hubbel et al., 1985). =3t HH <
279 PASEE Bulg 22471 <go] Wis|7 gt
(Zhu et al., 1998). C. sinensis ©] 2|0z OFZ O & ALE=
Cordycepss 553122 += C militaris, C. martialis, C.
ophioglossoides, C. soboliferas-°] QJ=t, C. sinensis2} /35
o] H|szstaL A ul|7}-8-01 3t C. miliatis ol et AL7F7Ha 2t
3] A8y Zolth (Sung et al., 2002; Ju et al., 2009; Park ef al.,
2009). o] &Jofl = FFst22] It A, PAISH A, et
gh4 ol W3 9] Saluielo] iz o 5ekE Ei
FREZ512 2 52 =P. tenuipes (I japonica) @} HH| 7|55
3tz 2 Eel=C militaris7} 222 YE 2 SA=]o] Qo] =8
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7} Al 71 Ao R o AEltiHeo ef al., 2007; Lee et al.,
2008; Shim et al., 2000).

ORI 71 AR Sl B Ao o)

22 5 ne 1 BAS Q7K AL vl SRl 2 ol
FolAE BE12 % 14 A7} jolgh e AR E RS 2(C
utans) FAA2) 24 SHE WjFE B9 9 oyl S BEHRAW
264.7 M| 3 Aro]| A NO (nitric oxide) A4 A a7-& &H2l5}0]
P54 2AZA 1212 E5 5120 14 S dobugre,

ANg 2% 5 HZ s

AN AR C. nutans J1 1= 552 LEjito A e
RS Hemiptera)oll 7 -8 A Ifo] 7 2] F wpigh
Z215 ) FALFE AR} HE23E 2 PDA(potato dextrose agar,
Difeo) H|A] Aol REEUH w75 AREsIATHFig. 1). BE
¥ 5 PDA x| 0| Altiste] 9F2719]25C ol A 14 27Euj
F 34T FFe7]0] Bpsio] Aelo] g slaich AlE 54 o
NO A4 oA &5 4S5 #15t] mouse?] thjAE<l
RAW 264.7 A3EE ARESEATE APEH 92 10% FBS (fetal
bovine serum, Hyclone)2} 1% P/S (penicillin-streptomycine,
Sigma)E E35l= DMEM (dulbecco’s modified eagle’s
medium, Hyclone) B} 2| & A}&-5}5 .01 37C 2] 5% CO, 24
ofl Al st

ofF

(B

Fig. 1. Culture characteristics of Cordyceps nutanson PDA medium. (A) obverse of colony at 25 C for 14 days in dark conditions, (B) reverse.



Table 1. Composition of culture media

No. Media® Content (g/L)
1 CDA Agar 20 g, FeS0O4 0.01 g, KCI 0.5 g, KH,PO4 1 g, MgSO47H20 0.5 g, NaNO; 2 g
2 LLA Agar 20 g, Asparagine 2 g, KH,PO4 1 g, Maltose 9.5 g, MgS0O4-7H,0 0.5 g
3 MCM Agar 20 g, Dextrose 20 g, K;HPO4 1 g, KH2PO4 0.5 g, MgSO47H>0 0.5 g, Peptone 2 g, Yeast extract 2 g
4 MEM Agar 20 g, Malt extract 20 g, Peptone 5 g
5 MMM  Agar 20 g, K;HPO4 1 g, KHoPO4 0.5 g, MgS0O4-7H,0 0.5 g
6 MYP Agar 20 g, Malt extract 30 g, Peptone 1 g, Yeast extract2 g
7 PDA Agar 20 g, Dextrose 20 g, Potato 200 g
8 SLA Agar 20 g, Silkworm larva 24 g
9 VSA Agar 20 g, V8 juice 180 ml
10 YMA Agar 20 g, Dextrose 1 g, Malt extract 3 g, Peptone 5 g, Yeast extract 3 g
11 YMD Agar 20 g, Dextrose 4 g, Malt extract 10 g, Yeast extract 4 g
12 YPD Agar 20 g, Dextrose 20 g, Peptone 20 g, Yeast extract 10 g

°CDA, czapek dox agar; LLA, lilly agar; MCM, mushroom complete medium; MEM, malt extract medium; MMM, mushroom minimal
medium; MYP, malt yeast peptone; PDA, potato dextrose agar; SLA, silkworm larva agar; V8A, V8 juice agar; YMA, yeast malt agar; YMD,

yeast malt dextrose; YPD, yeast peptone dextrose.
25 pH U Hix| =2

ALl 28 21 AUk 91510 PDA HjX|Z 121°C
of| A 2057 Bt 3 petri disho]] 20 mI&] THE0] Z A8} A
d 55 mm cork borerE ©]-8-5}0] fAF ek FLE-S 1| o]
o] iz ] 798 Rito] HESAT A1F w7 45w vl
A& 5C 7F4(15,20,25,30,35C) o0& 249 ujekr|of 14
ZHujof & FAF AR A S colony 27 0 2 25l c) ESL
tAF Al A ket pH AT $15}o PDA Hlj %] o]l IN HCI%
INNaOHE o|-&s}d 27| pHE5,6,7,8,9, 1002 2} 24
5T THS 119F i 3 petri disho]| B 2| & A 81T 0] 5 A)F
5 F0] 25°C ol A 14471 A 2] v P8Il colony 417
2 275kl A S P =S dohughk. AL ] A

4] A& $15te] Table 13} 220 125-2] B 2|5 A & ol| A8
SHAck. Z42ke] ui A= 121°C of| A 20487 229 Ea#3laL petri

disho]]| 255381 & A8 F-59] A Ak 258 5 mm cork borer

S AHEBt] oS wlof o] stk e 25C wioF
710 A 1097 A %] v} oFSt 2 colony 2|7 W AU =S 27
etk

2% e My

C. nutans @] wtAF A0l At ehA AW 715 bR =
KH,PO; 1.0 g, MgSO47H,0 0.5 g, KNO; 3.060 g, agar 20 go]|
971A] ©A-(dextrin, dextrose, fructose, galactose, glucose,

lactose, maltose, starch, sucrose) 2] 5 %=50.1 MZ §U3HA =
AT 5 554 | Lo] ST Eak A A 91571
HJR]+=KH,PO4 1.0 g, MgSO47H0 0.5 g, fructose 10 g, agar 20
goll 9714 A A-Y(ammonium citrate, ammonium sulfate,
ammonium tartrate, ammonium nitrate, asparagine, calcium
nitrate, potassium nitrate, sodium nitrate, urea) 2] 5 %==0.02 M
2 BUA ELEIRE 1L Sl el i
121°C ol A 2087+ Bt 3~ petri dishof] E551o] Al 281931 l
S 7 5-2] AR AT ELBS- 5 mm cork borer S AMESHo] 71
wlojufe] HE g 5 2521 25°C ufjF7lollA g4 HH"JSPL
colony 27 & wtAF D5 453Uk

Cytotoxicity A&

C. nutansS PDB (potato dextrose broth, Difco)u}j %] 01]/\1 14
27} shaking BjK25°C, 150 rpm)3}aL HiOFHS =2 A%

ErHa 2220 o] A3 B4 U NO A A Ad o /\}
L5 Al Z B4 A3 £15) 96 well plateof] RAW 264.7 A
EZE5x10" cells/well 7} =] =2 200 4 E25131 24 X7k ok
19ith o]3 =4 AXRE C nutans vjFNo] F=H(0, 12.5,
25,50, 100,200 pg/ml) 2 S0] = A 2-& v 2| 2 1|5} 24
AZE Wi SIS AL 5 mgiml O] MTT
(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide) solution 100 & ZF2+ A7}613T) o] 2 CO, vjY7)
(5%, 37°C)oll A 4RI REGAIZ 3 5o A A 3kaL DMSO

Oll
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(dimethyl sulfoxide) 100 pIE Yol ¥-8-& HAIAIA A=
formazan-& &-3A171 7 540 nmof| A SF=E S5t iz
Lof] THRE M| 3 A EE-S Wl2-E8(% of control) 2 AAFSHITH

NO 44 o

NO XAk oA a1 242 Y3l 12 well plateo] RAW
264.7 A ZZ 1x10° cells/wello] E%=2 | ml4] E35}11 24 4]
7+ uj kst ©]% LPS (lipopolysaccharide)”7} 100 ng/ml =
Wbl iAo bR ok WA 2 k2t mAto] 1417} e
3l 54 AZRE C nutans ¥|FH-S H=¥(0, 12.5, 25, 50,
100, 200 ug/mh) = |23t £ 24 A7k vl Fs} k. v A
ol 50 wlofl 5% HiPO4 7} 3 3HE 1% sulfanilamide 50 ulS €31
QPAA] 587k WESAIZL F 0.1% NED (N-(I-naphtyl)
ethylenediamine dihydrochloride)E 71810 thA] ralof A 5
7FURS A1 540 imol ) FHES 2451 9lrk NOS) i
NaNO 2 ALEfo] BERAE 243 & epolcs.

Y

it

i £4

15CRE35C 72 5C 214 02 2849 6572 uij7]ol
M-S woRe A C.utans©) AL 32 25°C oA 7
$4519100 35C 9] 49 ARV} A5 AR Faleint
(Fig. 2). C. nutans 2] oA} A4 kst pH 2 A4S A ]
915101 PDA HIZ] 2 pH 5~ 1071 25}l A8 F58 1%
3 v 23} ool pH 2SN AL 42 opet)

a1 378 ] pHofl A A o] 53] sl ith(Fig. 3).
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Fig. 2. Effect of different temperatures on mycelial growth of
Cordyceps nutans on PDA medium for 14 days in dark conditions.
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12%2] vljz|(Table 1)E ©]-85tof AlF w55 F F- colony
217 W A =S S47E A= Table 29F o] YeRT C.
nutans 2] colony 2172 MEM (malt extract medium) B %2}
YPD (yeast peptone dextrose) B R|o]| A 714} -3t o o
AP s HA FA] SkGith oA EiE Al Al MCM
(mushrom complete medium) ¥ X7} 713 943} 31 V8A
(V8 juice agar), YMD (yeast malt dextrose) B ] &= %55t 71 ©
2 YERE S MMM (minimal minimal medium) 5 %] of| A=
AL AE0] HE o] FOIRA] QR AR 2] k2 Hj Ao
e} 27 o] 2lof E11A/3 mopo] L B L Welrk 9%]
EFAAS o] 831o] 243t C. nutans 2] 27 ErAY Ak AlF
A} colony 273-& dextrin} lactose 7| 71 =515 .4 o
A= 118 A] dextrose2} sucrose 7} C. nutans 2] 7ol 23t
B EHAY O 2 LENGE S 1 fructose, galactose & starch+= A}
MZFo]| Z3}1A] QT Table 3). AAY A1EHS ammonium
nitrate @} urea®)| A colony 2] 7-2 9-<=5} 4] O L} ulj-9- A 2351
AP RS UER O] C nutans <tAF 7] Ao A9)s

] ¢QFTH Table 4). WA o)l ammonium citrate 7} colony 27 &
TAF UEofA 71 A3l 0w asparagine} potassium
nitrate©f| 4| = H| 12| $-& wFAF S 2helsksih

MIZ =4 2 NO A

&2 A2H C nutans 2] WSS 2F-55=7F12.5~200 pg/ml
o] H= 2 2 H510] RAW 264.7 A 3Lo|| tf3t E4S 243
3} 2E oA HE B0 Uehix] ok AlE AES
R 7Yk 70| LrebdTi(Fig. 4). RAW 264.7 A2 0
45101 NO A4 A3l kS 2745 A7} A E| LPS S A 2]
C. rutans WFOLE 2131 S o RAW 264.7 HJ£7} H] 8}
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Fig. 3. Effect of different pH on mycelial growth of Cordyceps
nutanson PDA medium at 25°C for 14 days in dark conditions. The
pH of PDA medium was adjusted to 5 to 10 with TN HCl or 1N
NaOH.



Table 2. Effect of different media on mycelial growth of Cordyceps nutansunder dark conditions at 25°C for 10 days

Media" Colony diameter (mm) Mycelial density Surface form
CDA 56.0£3.61 Moderate Irregular
LLA 51.7£1.53 Moderate Circle
MCM 73.0£2.65 Compact Irregular
MEM 87.0+0.00 Moderate Circle

MMM > - -
MYP 47.7¢1.53 Compact Irregular
PDA 35.74£2.08 Compact Circle
SLA 51.0£2.00 Thin Circle
VSA 65.7+£3.21 Compact Irregular
YMA 65.0£1.00 Thin Circle
YMD 63.7£1.15 Compact Irregular
YPD 87.0+0.00 Thin Circle

®CDA, czapek dox agar; LLA, lilly agar; MCM, mushroom complete medium; MEM, malt extract medium; MMM, mushroom minimal
medium; MYP, malt yeast peptone; PDA, potato dextrose agar; SLA, silkworm larva agar; V8A, V8 juice agar; YMA, yeast malt agar; YMD,
yeast malt dextrose; YPD, yeast peptone dextrose.

®No growth.

Table 3. Effect of carbon sources on mycelial growth of Cordyceps nutans on basal medium under dark conditions at 25°C for 14 days

Carbon source” Colony diameter (mm) Mycelial density

Dextrin 35.7£1.15 Moderate
Dextrose 29.3+1.53 Compact
Fructose 20.7+0.58 Compact
Galactose 19.0£1.73 Compact
Glucose 24.0+1.73 Compact
Lactose 30.3£1.53 Moderate
Maltose 23.0+1.73 Compact
Starch 20.7£1.15 Compact
Sucrose 27.7£1.53 Compact

®Each carbon source was added to the basal media at the concentration of 0.1 M per liter and basal medium was KH,PO4 1.0 g, MgSO4-7H,0
0.5 g, KNO; 3.060 g, agar 20 g, and DW 1,000 ml.

Table 4. Effect of nitrogen sources on mycelial growth of Cordyceps nutans on basal medium under dark conditions at 25°C for 14 days

Nitrogen source” Colony diameter (mm) Myecelial density
Ammonium citrate 46.0+1.41 Compact
Ammonium nitrate 64.0+1.41 Thin
Ammonium sulfate 52.540.71 Moderate
Ammonium tartrate 28.5+0.71 Moderate

Asparagine 36.5+2.12 Compact

Calcium nitrate 22.542.12 Compact

Potassium nitrate 31.0£1.41 Compact

Sodium nitrate 26.5+4.95 Compact
Urea 56.5£2.12 Thin

®Each nitrogen source was added to the basal media at the concentration of 0.02 M per liter and basal medium was KH,PO4 1.0 g,
MgS047H,0 0.5 g, fructose 10 g, agar 20 g, and DW 1,000 ml.

wRAAEFSES Wik HAs @ NO Y A et 311



140 4

120
100 -
80
60
30 -
20
0 T T T
0 125 25 50 100 200

Concentration (ug/ml)

Cellviability (38)

Fig. 4. Effect of different concentrations of Cordyceps nutanson
RAW 264.7 cell viability. RAW 264.7 cells were treated with 12.5 to
200 pug/ml of C nutans culture broth for 24 h.
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Fig. 5. Inhibitory effect of different concentrations of Cordyceps
nutanson NO production in RAW 264.7 cell. RAW 264.7 cells were
treated with 12.5 to 200 ug/ml of C nutans culture broth.
**p<0.01 versus LPS alone based on Student's t-test.

ENO B/35o) C. nutans ¥ 5= 94 0 2 74351 3ltt
(Fig. 5). §FHo| LPSE A 2Js1A] ¢hok2 78--oll4=NO 4
o] A UehA] ¢kotC. nutans7FNO A4 AHAIE = 5HA]
= 2o eyt

g
oF
w5

1%
FEoRE 2EHANARORA ol o 700] Fol

BuEE=g o] F & Aol M= C. nutans Q) THAHA| 2] & v
225 skl sk C.onutans= APdatEo] St
(Pyrenomycetes), S=}=(Hypocreales), Wz} Clavicipitaceae),
Cordyceps 20l 5313 112 ] 22 3o 4] Wi s]o] 18
StA o & BN O H. nutans k<= -3 E tHHywel-Jones,
1995; Samson et al., 1988). C. nutans~— d-AF ATE| o= 22}
FH 2 Ahs S0z Q8] kmdA 7 EAsh= A el
A B|aLA A A E U 2R 27 & 18] A o] B-olahA] oF
th(Sung et al., 1993). EE HF52of| uat FHE FAJshHA] L
HMO 7he v FHIE EotEe A= o A =5
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AR e AR A4S BHeIE w)
(Shimizu, 1994). Wetx C. nutans &F SEE 5t C
nutans S Y7 3 0|5 HE3517] 93t A7 Bl E ci(Sasaki et
al., 2004). SPA|RE 2] vl QFA], AYe] A S of gt 4= vlE
g Holu R J AYS AASH:

WA AA 2o )lof Conutans= S =7F woHE TS
AR S0l 9=yl om 7 S8l ld 2 271:225C
2 upepstet gh, 25°C Bk 352 2ol A= wk A Ao At
Z0]50] 35 Coll = wtARA7E A8 AAgskA] Fosteiet. Yyt
Moz WARH IS A el 2710] 249 tha A
gkl 2 A% A3} C. nutans HA] 122 2ARH=25T
Weo] Mett = 22105 ATl pH Rlglel 9lof C.
nutans<=pH 738 W] €] 2] F/3 H9]ofl Al atAF o] 78 9=
3=t o= C. militaris@} C. pruinosao| X ZAFE 4 B2
o] pH ) T4t 22 2 AT} AR 229cKSung ef al., 2002;
Shin ef al., 2004). LU} 24 0] 9] ¥2]9] pHO|| A= FAF A5
© oFEgt ol 901 2 pH=C. ymutans A7 2 o] ¢
0.2 FEbEICh 4] Ao 91o] MCM, VSA, YMD 4]o]
A AR A20] ST MCM B2 2] 2.9 thiiie] 55
sl Al AL o] SRt Ao HuE Itk Lee er al,
2000; Lee et al., 2008). Nam ef al. (2001)-2 o] 2 k-2- 0|23}
L5 /g Hate] vl A 2.4 SLA (silkworm larva agar) Hi 2| &
NEsHA o 2 A A Conutans 2] A5 vl A 24 = Aok
SFA] QR FHH, MMM Hli | = g f o] A e vix| =4 o
A A 0] AT AOR o EFSNE Aol 245 %
o] 40| glch. WA C. nutans ] #4 FF
Anjslsick el Aol 1ol C. muanse]
dextrose2} sucrose 2 e} sucrose 2] 7
of wlste] 714 oA f-2lste] thk AR Al 8514
Ao el whelo] ol vl @A A go] £7)
el Al B o] t2w EEelz FAL gl o
571 )i ek sjol 2 AFIRE th ol7} 93
tK(Shin et al., 2004; Lee et al., 2008). w2kA] o|= C. nutansTt
o] 4§22 S 4Jo|e}i1 THekEIck 249] A1o] 9Jo] ammonium
citrate7} C. nutans 2] oA} A0l 7P 286199 0 1 urea}
ammonium nitrate= 7|5 wFAF W=7} o9 #2514} Sung
et al. (2002)2 C. militaris R-3-0+= G771 &f] AAYo] =3}t
1L B35 Lee er al. (2000)2- C. scarabiaecola®) RS-0l =
57]g) aglo] Stk Husg ot B AY At
A E55}20] Fof thet HEH O 2 ALg ol B AOR B
oIt} 3L, Shin ef al. (2004)9] E11o] &J51H urea?] 739 C.

pruinosa 3} 4£0] 3| 0| 701 9o} ¥ AT SARH
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A2 ek o] A} u]so] B, C. murans FAA
theko & 2R slr] sl MCM, VSA, YMD Hj#| £

3 A9l ammonium
= oﬁPHHXl £ 530 pH=E 274 $-25C H 9] tejlA]
sleFshel $& Ao Bere

Ao doRle Ao M & et AlZ &=
o71= Wi, o) 2SS Al 1% A vhsoln 2

(redness), Z3(swelling), 2 & (fever), T5(pain) L 752 AF
Al(loss of function) 5 5t A3$E FHFSFHKumar ef al.,
2007). GFlo] Zof| HelshH 714 WA S A E(APC,
antigen-pregenting cell)l th41A)3Z(macrophage), B-A|3 2
SR AHA| 3E(dendritic cell)7} Q1418}a1 G5 HP&.\‘L} 7o 7k
He wheS f & IL-1
(interleukin-1), IL-6, IL-8, TNF (tnmor necrosis factor)Ql- e
cytokineo] 93] A= &AJ3kE INOS (inducible nitric
oxide synthase) 9} 78 215 FARIASo] NOZ A4 5te]
=9 Yo7ItChang e al., 2009; Hwang et al., 2011,
Sae-Wong et al., 2011). WebA] C. nutans vlj ¥ of t$ENO A4
45 C. nutans 0 7] B/ 7Fs/dS Lot
Hote) 2 ARlol A= APC Z 3h<Ql mouse A A2 RAW
264.72 0] 8510 NO A4 WBHE Z951sct, WA, 52 71
221 C. rutans &) Wjoyelo] Mzl v X = A of 2.2 Bels)
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