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Production of Water-Soluble Pigment from Mycelial Culture of Cordyceps scarabaeicola KEFC-C252
and Its Antimutagenic Effect. Lee, Hyean-Woo*, Joon Hyung Sohn, Jong-Whan Choi, Byung-II Yeh,
Woon-Seob Shin!, Jung-Bae Kim?, and Hyun-Won Kim. Department of Biochemistry, College of Medicine,
Yonsei University, Wonju 220-701, Korea, 'Department of Microbiology, College of Medicine, Kwan-Dong Uni-
versity, Kangnung, 210-701, Korea, *Department of Food and Nutrition, Sangji Youngseo College, Wonju 220-
702, Korea — Cultural conditions for the production of water-soluble pigment from mycelial culture of Cordyceps
scarabaeicola KEFC-C252 and antimutagenic activity of the pigment were investigated. To obtain the maximum
productivity of the pigment from mycelial culture of C. scarabaeicola KEFC-C252, the optimized medium was
tnade with 1.5% sucrose, 2.5% yeast extract and initial pH 5.5. C. scarabaeicola KEFC-C252 was cultivated to
reach the maximum concentration of the pigment at 26°C for 108 hrs. C. scarabaeicola KEFC-C252 produced
about 1.2 g/liter pigment under the optimized condition. The pigment was isolated from the culture filtrate by ethy-
lacetate extraction, acidic precipitation and crystallization. The isolated pigment was scarlet hexagonal column crys-
tal, and the color of the pigment was changed according to pH of the solution. The pigment showed violet in the
alkaline water but showed red color in the acidic water. The pigment showed inhibitory activity against mutagenic
activity induced by 4-nitroquinoline N-oxide. Furthermore, the pigment showed inhibitory activity against sponta-
neous mutation on Salmonella typhimurium TA98 and TA100.
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7Fsle] pH 3.02E 243 F 1,000rpmel|A 28-7F 4415
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Culture filtrate(1 liter, pH 3.0)

extracted with ethylacetate (1 liten

Ethylacetate layer

evaporated in vacuo

dissolved with 200ml afkaline water (pH 10.0)
precipitated by adding Iml conc. HCI

Acidic precipitate(repeated twice)

dried at 50°C, dissolved with 200ml Et-OH
crystallized by adding 600mt! chloroform/n-heptane
Hexagonal column crystal

washing with chloroform/n-heptane

dissolved with 100mi Et-OH

recrystallized by adding 300ml chloroform/n-heptane

Scarlet hexagonal column crystal(650 mg)

Fig. 1. Isolation procedure of the pigment from cultural fil-
trate of C. scarabaeicola KEFC-C252.
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Table 1. Effect of carbon sources on the pigment production by
C. scarabacicola KEFC-C252

Carbon Sources Pigment Cell growth

(1.0%) (ug/ml) (mg/10 ml)
Arabinose 0 40
Xylose 0 30
Fructose 200 61
Glucose 390 74
Sucrose 440 72
Lactose 0 76
Soluble starch 250 57

Table 2. Effect of nitrogen sources on the pigment production
by C. scarabaeicola KEFC-C252

Nitrogen Sources Pigment Cell growth

(1.0%) (ng/ml) (mg/10 ml)
Cassamino acid 150 46
Casein 0 27
Peptone 150 66
Tryptone 260 61
Tryptone-Yeast extract(1:1) 440 78
Yeast extract 560 73

Table 3. Effect of C/N ratio on the pigment production by C.
scarabaeicola KEFC-C252

Yeast Sucrose(%)
extract(%) 0.5 1.0 1.5 2.0
0.5 *360/39 360/56 360/64 460/72
1.0 560/56 560/72 700/84 460/92
1.5 700/67 880/83 840/86 815/83
2.0 620/68 940/75 1080/83 1000/81
2.5 560/58 1120/67 1200/77 860/72
3.0 500/50 1040/63 1120/70 750/68

*Pigment(g/mi)/Cell growth (DCW, mg/10 ml)

1.5%A4 ATt MAE= 2.5% yeast extractellA] A
AbEg epde) Hlmd §& ] Aage] Basige

1400 100
1200 |
- 80 ¢
+ 1000 | T
E
§ so0f 1% Em
2 E
£ 600f £
E 600 H40 F
E 8
2 400} o
420 8
200 |
0 L. 1 1 L L . 0
45 50 55 60 65 70
Initial pH

Fig. 2. Effect of initial pH of medium on the pigment produc-
tion by C. scarabaeicola KEFC-C252.
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Fig. 3 Effect of temperature on the pigment production by C.
scarabaeicola KEFC-C252.
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Fig. 4. Time course on the pigment production by C. scarabae-
icola KEFC-C252 in 7 liter jar fermenter.

C. scarabaeicola KEFC-C252 was cultivated in 7 liter jar fer-
menter containing 5 liters optimized medium. Three percent seed
culture was inoculated, and the culture was controlled with 200
rpm agitation, 1.5 vvm aeration, and 26°C. The optimized medium
was to be made up of 1.5% sucrose, 2.5% yeast extract and initial
pH 5.5,

o, AAJAbel] 3 C/NS| B]E-20.60°] 3Ek(Table 3).
A 40) AAtell v)x)E wiR|e] Z7)pHe} &xo] S =
AR} A3= Fig. 2 9 Fig. 33 29k}t C. scarabaeicola
KEFC-C252%= wix|e] Z7|pH 5.5604 71 @& MAS
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o} R ZM 96AZF wioF3IS W FARAL] F2eo] F
ol Dalalon], M2e] Ak 10827 wiokst Foll
ol =Dl C scarabaeicola KEFC-C2529] A3t
AL HF7)ek A7) Zae) o] FoAm, FILA]e|
T3 Foll M9 FEE= v A FAIEH.
C. scarabaeicola KEFC-C252%= FHAwE27NA 1.2¢/
liter?] MAZ AArelgdTh HEZA HAE AR A
flaskil oFoll A AArE = Fohe] Migks) w5t Fxo] A
AMAS Byl C scarabaeicola KEFC-C2522] TALA
wjoFo 2 AAkElE A wickloA sl e, vl
2 o] AAksEle] 387FsAe] vk WAt} AE2
ZAujof gl ugEe] wjolr|&S o83 e Ha
AAE YAkshes G717t B3] o] FoX] 3L 9JAIRH6,9,10,19],
B A3 A FARE wiosle] MAaE AAkl ol
ek WA AAAE GlZHE A8 9l ofg02 gl
ol-g=glon, et AFHE] $oH5,15,17,21]. =3,
FAA wjeF7) &S o] 43 Aol E tF 5o I¥AE

A& AR AF7F FRE o2 9low[7,12], o3
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whebd £ ATl HAS TAAE Wkt o)Al
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A} M4l anthocyaninAl Q2] MAv} zh= 3 EA4%
U=|5le] & AgelM Felgt MA= anthocyaninA| e A
A2 FARS, 3 M7} Monascus ankaA[6), =3
A A7} Bacillus sp. PY123)A[9], Fr-2 A7} Serratia
marcescensA[19], 2 MA7VBacillus licheniformisdl A [8]
AT Barse 5 gekel AAe] At uiERS
Bl Ak ZoE deiA gl e ANAEL] i
3t Ha= ZolHry] ofe$ AAe|v}l. C scarabaeicola
KEFC-C2527} AAkshe Alae oebge|Aelr] A& v
ehd ¥ ohje} pHoll Wl cekst AAte] WsE Helx
EAdo] glo], o] EAE o|83l 3-8 HHH.
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EQdold S A Hsted HubuiR]e] A4mtk A
7V8}al Salmonella typhimurium TA98 TA100 FFF
wjokst A Ao Fx=r A AP Edu el
23k F2Ug7} asisdel. M) Algde) A 544
AR LB iAol 7 wxe] AaF Al ERYeE
243 A3 Aavt AT A8l A s FA o
et ol Ao B4 Wil AlEde Aol gt A
o] ohe}, ¥el¥ Aav} AP EHHelE A3 &
7} e EAYE AR oo AAE 150 pg/mlE A
788t 7359l S. typhimurium TA1000|A APLA Edw o]

Table 4. Mutagenic tests of the pigment from C. scarabaeicola
KEFC-C252 on S. typhimurium TA100 and TA98

Dose TA100 TA98
(Ug/ml) His"(CFU) Mutation ratio His"(CFU) Mutation ratio

0 59004 1.000 60.33+3 1.000
50 5470%5 0.927 57.67+4 0.956
100 47.60%5 0.806 52.00%5 0.862
150 40.64£6 0.689 48.12+3 0.778
200 34813 0.590 44.46 £3 0.737
250  30.00x4 0.508 38.33+4 0.635
300 29.54%£5 0.500 36.13+5 0.599

Mutagenic activity is expressed as mutation ratio(%) of His" rever-
sion of S. typhimurium which is described in detail by Maron and
Ames[13].
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Table 5. Antimutagenic activities of the pigment from C. scara-
baeicola KEFC-C252 on S. typhimurium TA100

Dose(ug/ml) His*(CFU) Inhibition ratio(%s)

0 954 + 40 0.00

50 930 + 35 4.10

100 862 +33 10.10

150 683 +43 36.15

200 491 £+ 32 59.43

250 308 £20 80.37

300 298 + 18 78.78

To treatment of antimutagen, 1 pl reaction mixture was composed
of 100 ul S. typhimurium TA100 culture, 2 ug 4-NQO, and pig-
ment. After the mixture was incubated at 37°C for 30 min, the cell
was washed twice with distilled water. the treated cell was cultured
on the plate at 37°C for 48hrs. Antimutagenic activity is expressed
as inhibition ratio(%) of His" reversion of S. typhimurium TA100
which is described in detail by Maron and Ames[13].

of gt AAEL FN%E BHLW, S yphimurium
TA98NA ApE=] E<ddielol] tfgt HAIE-2 %F22%F el
WA eKTable 4). S. yphimurium TAI00 TFF 4-nitroqui-
noline N-oxide(4-NQO)2. A2jsle] =y Edelo|
Aat 4] el &S ZARE A% Table 59 Zo
250 pg/miof| A 2F80%2] Ede] HAIES vehlo] He
g Ao st FEAHCIA Bl Ede] o
AEel] Hate] A AFAA, FEAAF E A E
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o] EAEC] WAAAENE RAFY] wfFelo1,11,
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[3]. & dTolA Zelist A igkedA] 39 S &
I7F 71 He] F2EN F gekel 715l w3 dot
g3 ejof 3 Aot

2 o
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Aol Akl Hgst viA]E 1.5% sucrose, 2.5% yeast
extract, Z7] pHS.59%}. C. scarabaeicola KEFC-C252%
26°Coll A 108A]7F wioksl Fol] MAYAte] FH ol 2Daisd
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A, A gollol A F2AE eliglel. FejE Aie 4-
NQOR 5%l EdWe|E JAsl= =l =4
oldet. = Beld MAE Salmonella typhimurium TA98
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