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SUMMARY

I. Title

Fermentation of Tochukaso species and cultivation of their

fruiting bodies

II. Purpose and Significance of the Study

A. Batch and fed-batch culture of Cordyceps sinensis and development of

processed foods using its mycelium and culture broth

It has been well known that Tochukaso has a beneficial effect to health.
In Korea, two species of Tochukaso such as Paecilomyces tenuipes and
Cordyceps militaris were allowed by KFDA to be used as raw materials for
processed foods. There are over 300 species of Tochukaso. Scientific papers
about their biological activities, however, has been focused on one species,
Cordyceps sinensis. This grows at the high mountain in Tibet, and it it
called natural or Chinese Tochukaso. Collection of natural Tochukaso is rare,
so its high price is a high hurdle to be used in food processing. It has been
often found that the composition of fruiting bodies of mushroom is similar
with that of mycelium. This project was carried out to study batch and
fed-batch culture of Cordyceps sinensis and development of processed foods

using its mycelium and culture broth.

B. Process development for mycelium, polysaccharide and cordycepin
production by liquid cultivation of Paecilomyces tenuipes
According to recent studies, useful biological response modifiers have been
produced from fruiting body of P. tenuipes, for example, polysaccharides with

anti-tumor and immuno-modulating activities and cordycepin with mRNA

,3,



synthesis inhibition, anti-bacterial, and anti-tumor activites. It has been
necessary to develope the liquid -cultivation technology for the mass
production of mycelium, polysaccharide, and cordycepin. Liquid cultivation has
several advantages, including short culture time, easy process operation,

maintenance of quality control, and so on.

C. Biological efficacy and development for artificial mycelial cultivation
technology of Cordyceps militaris.

Cordyceps militaris is so scarce in nature and high in price. In addition.
most studies on Cordyceps militaris have been done in connection with
Chinese traditional medicine, but it is appearing on the market without any
scientific, medical, pharmacological or nutritional evidence of their effect. So
we are required to develop for large scaling cultivation and scientific
verification for biological efficacy of Cordyceps militaris mycelium.

The objects of this investigation were to characterize the proximate
composition, the contents of the biological activity, and to evaluate the

nutritional and health-promoting properties of Cordyceps militaris.

D. Development for mycelium fermentation technology and artificial
cultivation technology of Cordyceps sp.

This study was concentrated on developing the production process for the
maximum productivity of mycelium, polysaccharide, and cordycepin through
the establishment of the optimum liquid culture conditions. The purpose of
this research is to select of excellent 10~20 strains among many Kkinds of
fungi and to provide farmers fungi with good price. Another purpose is to
give transfer opportunity to silkworm agriculture by increasing income and by
providing good quality Codyceps products. The important of this research is
to make of high income to farmers by developing good quality of fungi

strains. Proper expense of Cordyceps is to decrease economic charge and to



provide new job people who want to work in agriculture. Also, it is possible
to apply in food, medicine, pharmacy. Many goods of Cordyceps can be

exported abroad and will contribute development of national economy.

III. Contents and Scope of the Study

A. Batch and fed-batch culture of Cordyceps sinensis and development of
processed foods using its mycelium and culture broth

In a flask culture of C sinensis, the effect of carbon sources, organic and
inorganic sources, and minerals were studied based on the dry weight of
mycelium. Optimal medium was formulated from the estimation of respsonse
surface method. In a batch culture using bioreactor, fermentation parameters such
as medium composition, pH, and aeration were optimized to increase the production
of mycelium and cordycepin. In order to maximize their production in a fed-batch
culture, control of pH and aeration, pulsed-feed strategy were tried. The mycelium

and culture broth were used to formulate a beverage and tablet products.

B. Process development for mycelium, polysaccharide and cordycepin
production by liquid cultivation of Paecilomyces tenuipes

This study was concentrated on the development of production process for

the optimal mycelial growth, polysaccharide, and cordycepin in liquid culture

of P. tenuipes using bioreactor.

C. Biological efficacy and development for artificial mycelial cultivation
technology of Cordyceps militaris

The maxium artificial cultivation of Cordyceps militaris mycelium are
carried out the effect of carbon sources, organic and inorganic sources,
minerals and vitamins. In addition, the scientific re-discovery of the broad

medicinal effects and utilization of the Cordyceps militaris in

,5,



immunoregulatory, antitumor, antithrombosis, and induction of dopaminergic
neurons, neurotrophic factors, and cytokines, as well as in preclinical in vitro

and in vivo usage, has been studied.

D. Development for mycelium fermentation technology and artificial
cultivation technology of Cordyceps sp.

Cordyceps and Isaria were collected at Mt. Jiri, Mt. Sorak, Mt. Hanla
national park. Identification and classification were used observation of shape,
microscope, ecology and references. Unrecorded Cordyceps and Isaria were
descripted with their characteristics. Excellent hyphae of Cordyceps and Isaria
were selected with spores separation and tissue culture. Excellent strains
were selected with fruiting body experiment. Compound contents of
Cordyceps and Isaria were experimented in the level of protein compound and
amino acid. Comparative experiments of Isaria were experimented by open
and close of culture bottles. Mass culture were cultivated with plate culture

of Cordyceps and Isaria and counted numbers.

IV. Results and Recommendation

A. Batch and fed-batch culture of Cordyceps sinensis and development of
processed foods using its mycelium and culture broth

In order to maximize the production of mycelium of C sinensis and
cordycepin, optimal conditions of a batch and fed-batch cultures were studied.
A beverage and a tablet products were formulated from its mycelium and
culture broth. In flask and batch cultures, medium, control of pH and
dissolved oxygen, and aeration were optimized. Control of medium
composition, pH, and dissolved oxygen and pulsed-feed strategy in a
fed-batch culture yielded dry mycelium weight of 44.3 g/L and cordycepin of

56.1 mg/L. A cordycepin, an extracellular metabolite of C. sinensis, was found

,6,



in a culture broth. Considering that the cordycepin content in fruiting body
and host of c. sinensis was 30.1 mg/100 g and 189 mg/100 g, respectively,
its production using a bioreactor might be competitive with a natural

mushroom.

B. Process development for mycelium, polysaccharide and cordycepin
production by liquid cultivation of Paecilomyces tenuipes

This study was concentrated on obtaining the optimal mycelial growth,
polysaccharide and cordycepin production conditions in liquid culture of P.
tenuipes. YMP medium for mycelial growth and polyccharide production was
the best as a basal medium.

In a flask culture, the optimal culture conditions and the medium
compositions for the polysaccharide production were examined. The culture
conditions were 27 C, 200 rpm and the inoculum size 2 % (v/v) with the
initial pH 7. Modified medium for the polysaccharide production contained
glucose 30 g, yeast extract 20 g, KHxPO4 05 g and CuCls - 2ZH-O 0.1 g per
liter. The biomass concentration was 22 g/L at 4th day of the cultivation and
the polysaccharide production was 2.3 g/L at 5th day. In batch culture using
a bioreactor, the maximum biomass concentration was 23.1 g/L at 2nd day
and the polysaccharide production was 2.5 g/L at 5th day of the cultivation
with 400 rpm and 1.0 vvm.

To increase biomass concentration and polysaccharide production, 10 g/L
of glucose was added at 1.5th day of the cultivation under the optimal culture
conditions. Since this extra addition, 5 g/L of glucose was repeatedly added
every 12 hours until 3.5th day. In results, the biomass concentration and the
polysaccharide production were 29.2 g/L and 3.3 g/L, respectively.

The modified medium for the cordycepin production was optimized into
including glucose 10 g, yeast extract 20 g, (NH4)2:HPO4 5 g, histidine 2 g and

CaCO3 1 g per liter. The wall growth was solved from the fed-batch



fermentation. The feeding medium(glucose) concentration was varied from 50
g/L to 400 g/L and the feeding time was controlled by pH signal. In results,
the biomass concentration and the polysaccharide production were 20.3 g/L
and 32 mg/g cell, respectively when the feeding medium concentration was 50
g/L. And the biomass and the cordycepin production were 33.3 g/L and 2.3
mg/g cell, respectively when the feeding medium concentration was 400 g/L.
With the results from the fed-batch fermentation, the large scale(500 L)
was applied in order to elucidate the possibility for scale-up, resulting in

showing the similar results.

C. Biological efficacy and development for artificial mycelial cultivation
technology of Cordyceps militaris

The optimal cultural and nutritional conditions for the mycelial production
from C. militaris were investigated in synthetic media. The results are
summarized as follows. The optimal temperature, pH, and the duration of
culture for the mycelial production was 25C, 7.0 and 10 days, respectively.
Among the nitrogen sources, proteose—-peptone was higher yield in mycelium,
but nitrite nitrogen inhibited. The higher yield was obtained with 0.39%
peptone.  The optimum concentrations of KH:PO; and MgSO4.7H:O were
about 0.04 and 0.02% for the mycelial production, respectively. Among the
vitamins used, we are obtained 30.8 g/#¢ mycelial dry weight by
thiamin-HCIl. In addition, the optimal condition of C. militaris is for
mycelium;, 23725C, 75% humid, and for fruiting body; 187207T, 90795% in
humid.

The crude extracts obtained from C. militaris has been known to have an
efficacy to excessive tiredness, persistent cough, debility, anemia, asthma, and
cancer. Thus, in this report, we investigated that C. militaris extracts induced
IGIF and BDNF mRNA at transcriptional level via P1 promoter region and

BDNFpM1.2, respectively. Since IGIF has a important role to cell-mediated



immunity and BDNF has potent trophic effect on dopaminergic neurons, the
inductions of IGIF, GDNF, NGF and BDNF by C militaris extracts suggests
that C militaris extracts have a potential to be developed as an immune
activator or neurotrophic factors.

We also observed to induce the expression level of tyrosine hydroxylase
gene and neurotrophic factors related to Parkinson’s disease. Next, in
anti-tumor activity, C. militaris extract was screened for cytotoxicity on
several cancer cell lines by WST-1 assay. The result showed that tumor cell
propagation was inhibited according to concentrate of the extract. Moreover,
fibrinolytic protease from C. militaris was slightly inhibited by all metal ions,
especially inhibited by PMSF, indicating that the enzyme is a serine protease.
The result showed that the fibrinolytic protease from the C. militaris has a
fibrinolytic activity in vivo and in vitro.

So, these might be developed as a therapuetic agent for the treatment of
thrombic disease and a nutritional and health-promoting values of various
sources of Cordyceps products as nutraceuticals related biological activity of

C. militairs.

D. Development for mycelium fermentation technology and artificial
cultivation technology of Cordyceps sp.

Result of this study was the collection of 52 fruiting bodies from 22
Cordyceps and 9 Isaria species. Nine strains of Cordyceps and 8 of Isaria
were the excellent strains. Also there were 4 unrecorded species in Korea. In
the comparative experiment of Isaria, open and closed culture bottles were
used. Compounds of Cordyceps are consisted of many kinds of amino-acid. In
a mass culture, plate is used and it is strongly recommended for mass
culture. Pure separation techniques of spores and tissue from wild Cordyceops
were provided to farm house. Technical methods of fruiting body formation

were studied. It is possible to preserve of many strains of Cordyceps and



Isaria and to help people who want to work in agriculture. Many health
foods could be developed by using Cordyceps and Isaria. Also, they are
expected to be exported. In a low expence, it is possible to provide fungi to

farmers who want to make high income.

— 10,
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2 A AlSH TFE AETF UFS Cordyceps sinensis(Berk.)
Sacc.olth. #59 B#HS ¢a MEPA(Malt extract peptone agar)E AF&3l% 2
w4 Fuith A s st om 4T A Bastdh. Auds g8 dFFE
MEP mediumoll 4] 5 €7+ wjokal & 10 mLe 3t E % glycerol 4 mL¥}
ZHT 2 mLe F £3%519] 20 mL stock vialol 53 3 -70ColA] glycerol

stocke. 2 B33} seed culture ®Wrth A 28 stockS AW AF&3stgTh

2. WA Bk

A9 seed cultureE Sl AFEE WiA(MEP)®] %42 malt extract 30
g/L % Soya peptone 3 g/Lolfth Eujeke]l Zglxzm wdelA = SDY
(Sabouraud dextrose yeast extract broth)2} MSM(Modified synthetic medium
) WA & o] &etdon I VEFXAHL v 2l SDY medium glucose 40
g/L, peptone 10 g/L, yeast extract 10 g/L°]13x2 MSM medium< maltose 20
g/L, proteose peptone 40 g/L, potassium nitrate 5.0 g/L, ammonium chloride
0.5 g/L, calcium chloridedihydrate 2 g/Lolith. AEWS71E o] &3 uj ol A
= MSM mediums o] &3ttt LEE 93 seed culturew WEHIEH
glycerol stockS 8 mL #3}% 250 mL Erlenmeyer flask(working volume 100
mL)ell HE3 5 duleF stk oAy Aol A3 Adwids B3 5 A

wFste] A7 A DAl = B4 EL seedE HITHoE AMESIAY

o

gt~ = v %S shaking incubator(Vision Scientific Co., VS-8480SR) S A}-& 3}
2%(v/V)E seedE HET ¥, WY 2E& 24T, 120 rpm, %7] pH 552 Z43}
of mjds stvh. FEu g F7hA vl 5 L BERES 7 (BioTron, Inc., Fig.
Dol A 3] &E8fd2 working volume= 3 L, #F712 wl&¥S %7] working volume
S 2 L2 &9 3%((v/v)Z seedE HET F 24C, 150~450 rpm, 1.0 vvme=

zdsto] s AAEAnh F7H Wil 71E F52 pH



Fig. 1. Photograph of 5 L Jar-Fermentor used for C. sinensis.

signalell e pH Stat?} dA¥&FF W4 (Constant feeding strategy)' Vol
o3 maltose FHWAE W5 FYIIAT AZTAZE AFLEOE o]
silicon resing SHF2 10 8] 3/4lste] H7bstth pHy 2N HCIY 2N NaOH

& Abgstel 2

52
o



TAEEE 125 FDry Cell Weight, DCW)S 71E2o 2 FAsAch A%
FA S AE wdAS filter paper (Whatman No. )& Al&3le] EFFE 2
3] AlHsto] 7ol ek 5 80TColA o] & wj7kA] Hxstof(f 24 h) 4
AT

. Maltose &4

uj okl = o] maltose ¥4 A ZujFH S filter paper(Whatman No. 4)Z A}
&ste] A wigoddor FEd F AL wFoddE  maltose kit
(R-Biopharm Co., C1113950)& A}-&3te] 43tk widodds 4 W
o EOJ7IEE 343le] AFESIH o Be Fr( 05 g/L)ddAM+= B4 HA
Ae AT oo Hes 3 & EFF A (Spectronic  Co.,
GENESYS 5)& AM&3Fe] 340 nmell M &3 =5 FA A

1) Maltose + H20 —a— glucosidase 2 D-glucose

2

2) D-glucose + ATP ~Hexokinase G-6-P + ADP
3) G-6-P + NADP' P—DH D-gluconate-6-phosphate +
NADPH + H'
4) maltose (g/L) = VXMW X DA

exdxpx1000x2 "

A7, V

v

final volume(mL)

v

sample volume(mL)

MW = molecular weight of the substance to be assayed(g/mol)
d = light path(cm)

€ = extinction coefficient of NADPH

AA = (As-Ap)sample- (As-Ap)blank

,10,
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t}. Cordycepin #4
A RS FARA 9 vjFod o7 Raldte] FAMAE 95TolA 6 h E¢t

AFFES 3 F filter paper(Whatman No. 2)& AF&3Fe] 74t o et 4
. ordycepln 7.768

FF= A wF Aol 747t 4 v E7F ethanols 718te] 4TolA 24 h

WAE AT ol RS 6,000 rpmel A 25 min 59 YAEE S G5 ANS

AA3] #Y ELAZ F 045 me membrane filter® 33 S HPLC

(Waters, Model 930)2 #A&ttt. %29 HPLC chromatogram¥} X214
(standard curve)& Fig. 2] vEFA AT

Standard : Cordycepin (Sigma-Aldrich Chemical Co., C3394)
Column : pBondapak Cis (300 mm L x 3.9 mm ID, Waters)
Detector : UV detector (260 nm, Waters)

Mobile phase : 0.1% TFA : Acetonitrile (9:1)

Flow rate : 0.5 mL/ min

Sample size @ 20 @l
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EET S BT
C. sinensis®] wARH Gl gk A8= 23 B Ve FaAnE Zopr ] o
HloBR P tenuipes w0 WF R V1B WAF Wi R JFH 540l
gt A5 5 grste] EASAT. dRE AEe =ifF 60 o3|, A4 10 F,

718 2w 3 F ol

Aok At #FE A gFAA BEF 2 V|Fske 250 EU fEol
owv g C sinensis® A3ttt =3 PCRe &3

AH C sinensis®] AAAZHEE AF¥AE HElste] MEPAS] PDASF YMAH]
A5 A g ofg] Aol 2 Agegs vHEH o2 §ste] morphology 7}
(A E I FAMA Aol mE EAe C osinensis wTE SR SRE
AR = MEP s Aol Al A vjFato], JEdel W dAoxsE S55H7] 9
sto] A7t e TARA vl S -70Col A Glycerol stocko Z H 335}
Seed cultureAlwheh Al 28 stocks Al ARE-3FS T

2. AA A% =1 14

7h A A A

C. sinensis ©F° HZA WA S dolruz 7|2 E MAEalr] 9
250 mL Erlenmeyer flask(working volume 100 mL)olA ®j= & g sl vl
= skt FFskx Aol AREHAY ZIE WAF Al AbgEv g A
AT TAA AL AT 13 TS ALstdth AdE 13 Fo iAol &4 st
H 2%(v/v)9 seedE H=Eslo] 24°C, 120 rpm, =7] pH 5514 14 47+ wjFst
WA dry cell weightE F43te] 21 Z3E Fig. 3 Webl Atk AFEH wiA <+
SDY (sabouraud dextrose yeast extract medium)’} 872 g/LZ 7} &2 A}
A FEE el er o v o2 GCL(glucose ammonium chloride medium)

o] 6 g/Lo #AHS ¥l wA CD(Czapek Dox medium)oll A 1.72 g/Leo] o
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A #ZHS e SDY iR o)A o] #AMA TEE CD9 PD(Potato dextrose
medium) ¥ ] ol H]s}e] oF 2~4 ¥] FEo] FL WA TEE YEYJorx=
C. sinensis 374l oA FHA wjAAS Ao, o]E FTAA HlFE 7]

wujA = ekl

I

b RS rEe 9

C. sinensis®] A A7 wj= A E SDY WA E 7|EujA 2 st HF
TRE gelste] wiYs AAE F oulgdel W dA e WItE SAste] 1
AB}E Fig. 49 YeRAT. HE= 52 5% /v)olA vl 9 Ao 883 g/L
(DCW, dry cell weight)® Hwje] #AZFS HetAA R, JF A Fo] oA
o8 AL 1%W/v) B 2%(/v)e] AT 3% oo HEF B &S FEVIE
AA vz g7 JoleEoen, wdxrld w& #AES YEdt. HE
T 2%00 A vk 7 dell 758 g/Le] = AT YERHSo] wdd 5o
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Fig. 3. Effects of various synthetic media on the mycelial growth of

C. sinensis at 24C and 120 rpm with the initial pH 5.5.
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Fig. 4. Effects of inoculum concentrations on the mycelial growth of

C. sinensis in SDY medium.
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Fig. 5. Correlation between specific growth rate and inoculum

concentration.
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Fig. 6. Effects of culture temperature on the mycelial growth of

C. sinensis in SDY medium.
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Fig. 8. Effects of agitation speed on the mycelial growth of

C. sinensis in SDY medium.
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Fig. 9. Profiles of mycelial growth and pH at 24C and 120 rpm with

the initial pH 5.5 and 2% inoculum concentration.
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Fig. 10. Effect of carbon sources on the mycelial growth of C. sinensis.
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Fig. 11. Effect of maltose concentrations on the mycelial growth of

C. sinensis.
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Fig. 12. Effects of organic nitrogen (2%) sources on the mycelial

growth of C. sinensis.
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Fig. 13. Effect of proteose peptone concentrations on the mycelial

growth of C. sinensis
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Fig. 14. Effect of inorganic nitrogen (20 mM) sources on the mycelial

growth of C. sinensis.
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Fig. 15. Effects of concentration of potassium nitrate(KNOQOs) on the

mycelial growth of C. sinensis.

Table 1. Levels of independent variables for experimental design in flask

culture of C. sinensis
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Levels

X Independent variables > ) 0 ) 5
Xy Carbon (%, w/v) 1 4 7 10 13
X, Organic nitrogen (%, w/v) 0 2 4 6 8
X3 Inorganic nitrogen (mM) 0 20 40 60 30

Table 2. Treatment conditions and experimental data on the mycelial growth

of C. sinensis
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Treatment| Carbon | 2™ | Tnorganic

No. &y | " |nitrogen (Xy
(Xy

1 |4 0| 26D | 20D
> |4 D] 2D | 60D
3 |4 D|6(D | 20D
4 |4 (D 6(D | 60(D
5 |10(n| 2¢D | 2 ¢D
6 |10(D|2¢D | 60 (D
7 10D | 6(D | 2 D
8 |10(D|6(D | 60(D
9 7 (0) 4 (0) 40 ( 0)
10 |7 (0| 4(0 | 40 (0
{1 2| 4(0 | 400
12 13 (2] 4(0 | 400
13 |7 (0|02 | 400
14 7 (0) 8 (2) 40 ( 0)
15 7 (0) 4 (0) 0 (-2)
6 |7 (0| 4(0 | 8 (2

FCW
(g/L)
(y) =

47.50

37.30

68.40

48.60

36.40

43.38

38.22

57

41.2

48.8

66.8

35.66

6.82

28.8

46.2

46.91

DCW
(g/L)
(y) =

7.84

7.37

11.90

8.43

6.00

7.50

7.32

10.10

7.26

8.60

10.20

5.78

1.53

5.7

8.37

8.35

Carbon source : Maltose (%, w/v)

Organic nitrogen source: Proteose peptone (%, w/v)
Inorganic nitrogen source: KNOs; (mM) 20mM = 2.02 g/L
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Fig. 16. Contour plot of C versus N, C vs Inorganic N and Organic N
vs Inorganic N at different mycelial densities from the cultures
of C. sinensis.
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Fig. 17. Effect of various C & N concentration on the mycelial growth

of C. sinensis.
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Fig. 18. Effect of inorganic nitrogen (20 mM) sources on the mycelial

growth of C. sinensisin X2Y medium.
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Fig. 19. Effect of inorganic nitrogen concentrations on the mycelial

growth of C. sinensis in X2Y medium.
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Fig. 20. Profiles of mycelial growth and pH at 24°C, 120 rpm wtih the

initial pH 5.5 in X2Y medium.
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Fig. 21. Effect of metal ions and mineral sources(0.2% w/v) on the

mycelial growth of C. sinensis in X2Y medium.
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Fig. 22. Effect of phosphate(KH2PO4) concentrations on the myecelial

growth of C. sinensis in X2Y medium.
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Fig. 23. Effect of MgSOQO4 - 7TH30 concentrations on the mycelial growth

of C. sinensis in X2Y medium.
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Fig. 24. Effect of manganase sulphate(MnSO, - H20) concentrations on

the mycelial growth of C. sinensis in X2Y medium.
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Fig. 25. Effect of concentrations of various mineral sources on the

mycelial growth of C. sinensis in X2Y medium.
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KNO; H7FA 793 mg/LE AW cordycepin AAr#S et 3H 1% oA
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A4 FEd
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K2CO3 - ]
Control *X2Y) ]

Inorganin nitrogen & mineral sources

DCW (g/L)

Fig. 26. Effect of inorganic nitrogen and mineral sources on the

mycelial growth of C. sinensis in X2Y medium.
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Fig. 27. Effect of inorganic nitrogen and mineral sources on the

cordycepin production in X2Y medium.
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Fig. 28. Effect of potassium nitrate(KNOs) concentrations on the

mycelial growth of C. sinensis and cordycepin production.
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Fig. 29. Profiles of mycelial growth and cordycepin production at 24T

and 120 rpm with the initial pH 5.5 in modified medium.

AR A3 cordycepin Aol SIHAY AHEES & F A AMEEHE
WA E =9 s WA A HAAFEE Foit. Sekaa

sinensis®] WA A3} cordycepin Ao 3k WiAAES HEI AAE H
o7 *AF modified mediuml ZHE C sinensisE Wl %3 A3} basal
medium¢! SDY ®i#|oll H]&} 30% o] wAH F7iet A HEEA Fd
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cordyceping AJ2FsHAl E A tH(Table 3).

4, 3]Evl &

W dFg scale-up 7FsAAY 2 ARE =E3H7] skl 5 L AETST]
(BioTron INC.)E o] &3to] 3#u]dS 31 th Woking volume 3 L, 3%(v/v)<]
HEF, 24T, 150 rpm, 1.0 vvm, 7] pH 5592 wjd=z st 23 9SS
il =AY HAMAE At 3E Wi A3}E Fig. 300 YERlAS o
AMA A3 cordycepin AAMEFS SA S A vk 05 €A B2 FEUE
A wE 1 A ol FAAIZE FA48] Frkete] wiF 2 Lol 164 g/Le HdA o
AFS etk o] wall growthE E3A|7]A] %& suspension Aol A ¢
A FHS e E AolH, wall growthE E3A7IttA #AZFES 1 Zopd
Aolth. Cordycepin® A4b2 wik 1 dFH F438] AAE7] AlZste] 84
mg/Le Hd AAFS BATIE v 15 I o] Foll= fasHE FAE YER
o Sohaa vkl A wlE 11 doll 76 g/Le] Aol A wiF 6 el 7.8
mg/Le] Htl cordycepin AAtHEHS Hol WA S Eu|F Ay wjd 2 Lol 164
g/Le Hul A= wjF 1 Do 84 mg/LY cordycepin AJAHS B F T}
ol F7Fd AbEE®w oly, ¥ARA 7]+ 9 43 cordycepin 7]+ 5 €9 uj

FLE dFche Wig el dafelnt @, wiFxT]e HEd A5 2

4

lo

& TARA wall growth®] F€Qle] Hv ojz <l Fuizom wjge Fol
ARl FE7F AolA] AAr dA o] BA S [T 18]al wall growth
2 A3 2baxel YR B Aol AR o]Fox A gkol FARA A}
cordycepin Aol 9GS v A Aoz Ay o]}, olo ulzl AEF TAS A

Table 3. Comparison of mycelial growth and cordycepin production in

different media.
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) . Maximum
Maximum cell density,

Medium cordycepin concentration, P
X (g/L)
(mg/L)
Basal medium 7.58 0
Modified medium 12.12 7.8
60 % (Xmax)
6 1 100 % 1

30 % 1 (7day)
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Fig. 30. Profiles of mycelial growth and cordycepin production under
controlled DO and uncontrolled pH process with the initial pH

5.5 in a batch culture.
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cordycepin S S Ay vk 05 d71H #e F27]E AF g 1
o o] 5 FAMA|ZE @wts] Frhsiohrl wiF 4 doll 139 g/Le] Hul dA RS o
Bl dth. Cordycepin®] AAFS wjek 1 AR E F243 AAE7] Az&ete] 7.0
mg/Le] S Holthrh dAMAZE Frbeke kel AAFAE Heolty o
Al 25 4 o]%F thA] cordycepin® AAkRFo]l knbs] Frbete] Wik 5 del= 92
mg/Le] =2 cordycepin A4tES YEFHTE ZFE maltosedS Fig. 309 2 v}e}
A 2 v 05 7R = %27] maltose®F S FA ST v g ARSI oW,
HiF 1 IR 15 A Alolol F743] aRste] vk 15 ol $ds] nzdsE =
e An &£52 ®Bolth pHE wWi%dx7] F718t 7t maltose’t B
ARl A pH 53602 Stolxthrt thal gl nzE s oAl drE
ol 9 T7IZ pH7} HAA o= FEshe AaE Rt

Fig. 32 3%(v/v)2l HZ %, 24C, 150 rpm, 1.0 vvme] w¢=x7 slelA] pH
RS Aojato] gt Axtolrk. dAMAl 443 cordycepin AL ES SAHT A
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Fig. 31. Profiles of mycelial growth and cordycepin production under

uncontrolled DO and pH process.
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Fig. 32. Profiles of mycelial growth and cordycepin production under

controlled pH and uncontrolled DO process.
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Fig. 33. Profiles of mycelial growth and cordycepin production under

controlled DO and pH process.
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Fig. 34. Comparison of mycelial growth under different DO and pH

processes in a batch culture.
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Fig. 35. Comparison of cordycepin production under different DO and

pH processes in a batch culture.

Table 4% &&AHA9 pH Ao & Dl widsAolde] Ao o A =ZFXKma,
Hol PSS EE(ma), 1813 H W cordycepin A (Pra) S Hl 23 Aot
AR E 2T Aol dAFe]l =doH, AN HAFEE(Un)E °F 011
hr'24 £&448 2dsA g 49t 27 Jebwoh wgzr)dE pHE

ZAA] kS W A A cordycepin A E7E wskow o 4=7] o
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ab7] 98 wRtER=E At dA o] HAhce AFTE &AL 2HS
WA WF 1 L74A= pHE =484 w7k 0 h, 12 h, 24 h, 72 hell pH
(pH 6.0~65)E =43t #TAMA A3} cordycepin A4kel wHlA & ¢S A
1 gkt

Fig. 36& %7] pH 559 wldx stellA] pHE AlojatA ¥ wjgd Az}
ojth, T AMAl A&} cordycepin AAtFS SATE A gt 1 € o] % FAAITL
Awts] Frhstuzl wjek 3 Aol wall growth7F A8td A wiek 35 doj 151 g/L
o Ho #AHS JeERATE vl 55 Yol suspensione] Al 127 g/L

dow wall growthd T3 #A4 %2 196 g/Lth Cordycepin® A4S Hj %
1 458 A7) Al zbstke] gknts] Frlsiot vl 4 dol= 9.2 mg/Le] E2
cordycepin AA2FHS HEWT FE maltosed S Bl 05 A7HAE 27
maltose®<S FA 7L v AREAoH wjg 1 dFH 15 & Atelo] &4

1
3l aRE g 15 o] 4dd] nAEE wME AR £EE HT pHE )
Fx7] S7Fetth7t maltose’t B 4= Al - A pH 53622 SHolAvhrt
Table 4. Comparison of mycelial growth and cordycepin production under

different DO and pH processes
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Maximum Specific Maximum

Processes cell density, growth rate, cordycepin
Xmax (g/L) u (l/h) Pmax(mg/L)
Controlled DO & pH 154 (2day) 0.116 5.8

Controlled pH
& 13.4 (3day) 0.085 13.7
Uncontrolled DO

Controlled DO
& 16.4 (2day) 0.106 84
Uncontrolled pH

Uncontrolled DO & pH 14.0 (4day) 0.102 9.2
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Fig. 36. Profiles of mycelial growth and cordycepin production without
pH control(initial pH 5.5) under DO control (over 10%) in a

batch culture.
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Fig. 37. Profiles of mycelial growth and cordycepin production with pH
control (12 h, 1~1.5 days) under DO control (over 10%) in a

batch culture.
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Fig. 38. Profiles of mycelial growth and cordycepin production with pH
control (24 h, 1~2 days) under DO control (over 10%) in a

batch culture.
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Fig. 39. Profiles of mycelial growth and cordycepin production with pH
control(72 h, 1~4 days) under DO control(over 10%) in a

batch culture.
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Fig. 40. Comparison of mycelial growth under various time course of

pH control in a batch culture.
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Fig. 41. Comparison of cordycepin production under various time

courses of pH control in a batch culture.

,74,
_74_




12
25 A
Q 10
2 -
$ 201 £
L -8 =
© ) i<}
s DCW (suspension) ®
T 15 A —=— DCW <
. -6 o
@© —e— Codycepin c
L —— Maltose 8
. —a— pH £
< -4 8
2 5
S 3
A 5 -2
0 - + 0

0 1 2 3 4 5

Cultivation time (day)

Fig. 42. Profiles of mycelial growth and cordycepin production with
pulsed-feeing strategy in a batch culture mode(pulsed-feeding

medium : 40g/L maltose).

ARE0] w15 o] ¢4AH3] ZHN OB Z maltose’t AL ARE O m

FESIE 125 9& maltose 5 AlFoZ At 40 g/Le] maltosed 1.25 ¢



o 100 mL, 1.5 ¥l 250 mL, 2 ¥l 100 mLE #7}3 A3} maltose= BF &
BEom #AMAZE 5 A% Frkekel wiF 25 el 225 g/Le =S dAFS
UEF 2 th. Codycepin AAF ke vk 4 Ao 11.3 mg/LE JERH QT

3] 2uf %3} pulsed-feeding 3] vl Foll A o] #A ZF3} cordycepin BAFES H]
23 A3 = Fig. 43°] YERATE. MaltoseE Hg ¥ o2 TF39S w7t 38

Fol T} A #Fo] 45% o] S7kskAth v 2.5
SRS w =A yEEeh vk 15 ddl maltose’t EF 3L

L
|=]
ZEE HME AR £52 EYE, maltoseE: EHoR FHFITFOEN TAA A

Hl & A7} A= codycepin AJAF
@Fo] maltoses &

F3 cordycepin S & 5 Ik

6. 5712 vl
C. sinensis® AR A3 cordycepin®] A ES  FHZste A
cordycepin A4t T&E& Eol7] 93 AERE 332 g wiA Fof 7ES F
wohe fr7FA s AAls stk Fig. 435 &3] ©4dUQl maltoses 3w 7142
2 K3 maltoseE I FOEZN S wFAZE do] ndEel FAHS AV
299 w57 AFs R FAHA AT H A9
maltose 35 WS 2457 ¢35, maltoseE 3 F3H7] Y3 Alo] AAHFZ

M 71w ol 9ol tiArEgol o pHel §EA RS a1 ste] wjFsaltt

sl Wi FrIHE Sk &

7}, pH Stat ¥
3 Zuj ko] A FE maltoseZe wl% 05 7bA = %27] maltoseZFS 545
1 9%H 15 9 Atolo] A3 Amuo] ek 15 Ao ghds uz
HE wME 2R £5E5 Bt pHE wjdz7]d Frtstthrl dAl 2AaE7] Al
7= AR A pH 55 olst® Sel Azt Al Ba

=
=
A9 wze A FuHe drwelee] R pHb FAH o Jsahe

N
I~
O
-
2
3
joS)
=
o
w
[¢]
N
bl
fd

ihd

,76,
_76_



25 16
F14  ~
2
20 - o
L12 E
c
=}
_ F10 §
4 15 5
S c
g Ls 8
= c
Q 8
o 10 - ré
Q
8
—i— DCW, Batch -4 %
54 —{— DCW, Pulse feeding 3
—@— Cordycepin, Batch Ly O
—O— Cordycepin, Pulse feeding
0 T T T T 0

0 1 2 3 4 5

Cultivation time (day)

Fig. 43. Comparison of mycelial growth and cordycepin production
under different batch culture modes(pulsed-feeding medium :

40 g/L maltose).
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Fig. 44. Profiles of mycelial growth and cordycepin production under
DO control(over 10%) with medium feeding by pH stat(feeding
medium : 200 g/L maltose).
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Fig. 45. Profiles of mycelial growth and cordycepin production under
DO control(over 10%) with medium feeding by pH stat(feeding
medium : 300 g/L maltose).
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Fig. 46. Profiles of mycelial growth and cordycepin production under
DO control(over 10%) with medium feeding by pH stat(feeding
medium : 400 g/L maltose).
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Fig. 47. Comparison of mycelial growth under various concentrations
with medium feeding by pH stat(feeding medium : 200~ 400

g/L maltose).

,82,
_82_



—O— 200g/L maltose
16 - —@— 300g/L maltose
—— 400g/L maltose

Cordycepin concentration (mg/L)
)

8 -
6 -
4
2
0 ¢ T
0 1 2 3 4 5

Cultivation time (day)

Fig. 48. Comparison of cordycepin production under various
concentrations with medium feeding by pH stat(feeding

medium : 200~400 g/L maltose).
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Fig. 49. Profiles of mycelial growth and cordycepin production under
DO control(over 10%) with constant feeding strategy(feeding

medium : 300 g/L maltose).
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Fig. 50. Profiles of mycelial growth and cordycepin production under
DO control(over 10%) with constant feeding strategy(feeding

medium : 100 g/L maltose).
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Fig. 51. Comparison of mycelial growth under different concentrations

of constant feeding medium in fed-batch cultures.
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Fig. 52. Comparison of cordycepin production under different

concentrations of constant feeding medium in fed-batch cultures.

Table 5. Comparison of mycelial growth and cordycepin production in

different clulture mode
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Table 7. Formulation of a beverage made from the mycelium and culture

broth of C sienesis

A7 A7

oo A (100 ml/®) | (ton AF)
1 |C sinensis F& 10 g 100 Kg
2 |9AF=9 o 2ol t] 28 g 28 Kg
3 |TFNRAFEY o}, 64, Bx 26 g 26 Kg
4 |=daud A, ZSEsg g 2 g 20 Kg
5 [Atts oy AEs T2 72, Bx 15¢g 15 Kg
6 |evat =& 0.8, Bx 5¢ 50 Kg
7 |22 229 1.0, Bx 7g 70 Kg
8 |mwg o 83 g 83 Kg
9 |FAt 022 g 2.2 Kg
10 [9F2) 32l 0.05 g 05 Kg
11 |3k 8 AR 200 pl 20 L

12 |[BA+ A7 H7bE &8 & AR FyE 24
pH 3.43

s AEAE AE L GA S ARE Gehie @5k Aol o},
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Table 8. Formulation of a beverage made from the washed mycelium of

C. sinensis and separated cordycepin from the culture broth

9 8 A % 8 A A7t A7t
(100 ml/¥) | (I ton A %)
1 |58 TAA 59 10 g 100 Kg
2 |Cordycepin 10 mg 100 ¢
3 |9AF=d o ~eht] 28 g 28 Kg
4 |F71AFE=A %, 64, Bx 26 g 26 Kg
5 |81y A, ZSeg a1y 2g 20 Kg
6 |[AatE S AEsax3 72, Bx 15¢g 15 Kg
7 |emA FE 0.8, Bx 5¢g 50 Kg
8 |4 F=9 1.0, Bx 7g 70 Kg
9 |23 o 7 83 g 83 Kg
10 |7-44k 022 g 2.2 Kg
11 |9F2) 32t 005 g 0.5 Kg
12 |3k &k AdEa 100 g0 10 L
13 |8 A5 27 b= &8 - Az FyE 24390
pH 3.43
~ 97—
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Tootxd, Aol HAMNHZE Adurt ofFo] HWH Fo] "Hrke oA 4
%3l %(Cordyceps) &= ¥, ZAkg], vu]) wiv] =dA, Avjs A
9 FE(arva), A=, HH| 7] (pupae) 59 A Al7|o Ax A}
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(Ascomycetes), ™z}t & (Clavicipitales), &% 8tx%

= Cordyceps sinensis, Cordyceps militaris, Paecilomyces tenuipes ©°] )T}
Cordyceps sinensis(‘5%3%)+= 3% 3000~4000m% &= A 2| thol| A ApdA A o
2 g49 AS APstH FTeAAdE olAe A H8&3 A A% 39 Y
Al FHste]l skem, B2 Ao wWekor AY Fd A5 ofy FEI
A=Az o] &Ho FAT A7t Erbesivta de A vk Cordyceps
militaris(M A 7] sFstx)= Il AFaddel 55(2000.9.1) 50 dow thke]
AFAu7E o] FolAaL A7l wiiLol ATl fFrEHl e AES d9A = F

t}. Paecilomyces tenuipes(‘tE & 5otx2)c HEAHA ELAANGE ] 553
=
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FAAAA 713 BAXAE YAt Eolst HE Paecilomyces tenuipes

b =il AEedls s550] o dmoMs AAHA @ = Aol



oh, 3, S ute] ofUe} S ME AT b vuE AAo|t TV HFatx

2= HAEE cordycepin, A9 polysaccharide, 8% #-&S
3l ergosterol 5 o¥  ZMAZF BaEAXa dtk. Cordycepin
(3'-deoxyadenosine)= §%3tx%9 F2 XxE 2= A 2o Cordyceps
militaris® W FA A HG&oz LAFAT?® Fig. 1S cordycepin® FA-F%
oli A 251, $84dom W dol AT sl om: RNAFAHAHY,
AERe A% Aze] MEzge 2xE W8 protein kinase 242
AP wpagol - & Het - HexA So gERag slake] methylation A
Y 5 ward wrb Stk &t SlolA e e FEY, IS Tol HaH
o] Hom FZo] gJolM 9 cordycepine E=AEAR g olE AEAR
= $89] 7}53lt. Cordycepin® &4 2 ADA(adenosine deaminase)2] A
= ekl 4 Q19 w8 cordycepin® 2'-deoxycofomycing &4 AlEE S
o cordycepinrS AFEIS wf Hoh o At AxsAde] HEIES FHo HdF S
28 =95 qt”. Adenosine®]  cordycepin®} AAH oz uS3 7] wEof
cordycepin®] mRNA®9 @A AdNsEHE AAA7]H, cordycepin®l mono-, di-,
18] 3 tri-phosphate(3'-dAMP, 3'-dADP, 3'-dATP)® <143} (phosphorylation)
Hol oy 7hA9 FANES A7 vl AR @l ghgdol ke yhos)
of BAEE AsAIZIaL 455 rRNA A7AlE vl s SZAIA ribosome 73
S AAEE S g-D-glucan®] thE A (polysaccharide)= HHAMTE <]
HA O RRE A et 5E A ded Wdrle Adtedl wE =

HEdd Ao, Avis I £

A

Age WAAE BARAPOZA WIS oo AAY ARE BHow
AE I QI FEkAl, SIA, gl BAA, FHA L ARA F3 2 G
FEE S80] 5T W opyet FF ARo| A, WA 2] YYstol

AgH I QP FFs ol AT AR, FAA B ) e] ool &

_
o,
v
=
Eu)

ophioglossoidesol A &2k

H.Q
E
ol welxer o Fx+= p-D-(I-3)-glucanolty. dwtHom  Fare
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(molecule weight), 3}3+2 G- *(chemical structure), ¥#¢ A X (degree of
branch) ¢ 54 AolZ & FFF &4 A7t vh=2A yepdr, Za%
2 109F~100%F o] de] miEAAE =2 Fdo] yehvw Expgfo] AS&4E
gigo] AststE dido] vEebdt 249 AE= 02-033 4 o
ol sttt st A 7F UF BAY UF How FqFF A4S A ¥
ga deAd QP Fig. 2% p-(16)-glucosyl EAE 7bA p-(1—
3)-glucan®] #¥A+25 YEd 2ot}

ol
2
ofN
o
-
X,

2. Wl FA

zepaa Wge Bole] EREFAz AA AKEAL FYar] 95

YMP medias 7] 2w A2 3to] &% pH, HEH 2 wWigAES HESAT ®=

Ll
Y
frt
ol
9
B

)
lo
=
B

Y 2 wirg T w2 dAGg 2 oA Astel] ik £33 2 A ecls
HAESIAL o8 EUE JEuSFS S8 =0 glucose®} yeast extractE 3F

AE3 AF wall growth® 1) Mol olelgol 7] wWEel Fe MFAT
ol EAFL el @AY oA moANg gasts A b

A F7 Al FE A= glucose® s o™ FEiA o] FEE W3t

fermenterE A}
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Figure 1. Structure of cordycepin

Figure 2a. Primary molecular diagram of
mushraom beta-D-glucans. From Yanaki et al4

i} N—/"‘ _

"CH,0H *CH,0H

P

Figure 2. Structure of B-(1—3)-glucan
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2 A AL H T e AT Fe 4EA Paecilomyces tenuipese At
23ttt 238 sl A 2= PDA(potato dextrose agar)E Al&3tom 4 Fult}
Algie Fstact, duftel Al AMEE HEYLLS YMP mediumol A 3 43F v &gk

5 5 mLe #H&o dE7E glycerol 1 mL¥} 7 1 mLe & £&3 stock

cell solution 7 mLE 10 mL vial(Iwaki)2AXA 2= £33 & -75ToA d=EH
SIS a=g
. 8 X

Hj R 58 Aujo A= YMP medium(Table 1)& 7] 2] A
2 Abgska k. EulFAl oAl AAES 918kl = modified medium 1 (Table 2),
FAYAA PAS 938l = modified medium I (Table 3)2 22 Al-g3te] A3

2. M A

7h E8Ea W E

Werds 7 mLe #43% stock cell solutiond =2} =(working
volume 50 mL)ol H{Fate] 3 I3+ AujFs AAeArh oS Aufdd 2%
& HAstd HEFso] wldES AAEETE w7l shaking  incubator(Vision
Scientific Co., VS-8480SR)E A}&3t¥ o™ 25T, 200 rpm, %7] pH 72 243}
o wj¥stolth pH 2 N HCl # 2 N NaOHE AHg-3te] 2Hsqlt.

. 3 e
AW Febrz wFel Aot pon Bujgl A AuFe) 2068 A3
Table 1. Compositions of the YMP media.
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Component Concentration (g/L)

Glucose 10.0
Yeast extract 10.0
Malt extract 15.0
Peptone 10.0

Table 2. Compositions of the modified media for the polysaccharide

production

Component Concentration (g/L)
Glucose 30.0

Yeast extract 20.0
KH>PO, 05

CuCl; - 2H20 0.1

Table 3. Compositions of the modified media for the cordycepin

production

Component Concentration (g/L)
Glucose 10

Yeast extract 20
(NH,)-HPO, 5
Histidine 1

CaCOs 0.1

ol HFstth widrl= 5 L AEWS7|(Korea Fermener Co.,, KF-5L)E A&

3tk Working volumes 3 LE 3}e] 25C, 300 rpm, 1 vvme 2 5 U3k wj<k
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AT A¥AZE 2¥F 892 silicon resing 10 8] 3] A 5te] AL835F

o 7kl g

#o] WA

=

dhg| gl ol wj kel Hla] A ALl "ojA 7] wEel feedback
control A3slttn #AGHAY. 2 F DO-stat> Al A (synthetic defined
medium)ol A 712 1z WzE A WkSsta  pH-state  yeast extract@}
peptone 59 382 (complex medium)e] Ab-&ol 2 Hg&HT}E wpEha, 2 A

oAM= pHE ANEZ &849U2A glucosed] T=E 50~400 g/L7M#] WstE 5

%%6}-9} E]_(36~39).

A F AL AxdAFS o8&t FHsAY. AxdATFS AE g

A5 filter paper(Whatman #2)5 AFE-3}o] o33} oL 23] A& 3 & 3F2H80T,

Y. Glucose #4

N F 2] glucose =T AE W YNS filter paper(Whatman #2)& A}
g3t A MgdSs FEd A2 viFddS glucose kit(Sigma
AWM E 025~3.0 g/LZ 3l
Hj Fof Aol A o] glucose F%7F o] Wl Eol7te s 3Alste] ALgEGl o,
e TR (025 g/L olshel s 4 HAd g4 S Aersidnt w2 37T
A 30 B3 det o, vkgo] Eu ¥ E3333 % A (Spectronic Co., GENESYS

5%& AH&3dte] 440 nmel A F3=E SAHSATH

(@
=
@]
2
o
=R
O
o
1
—_
()
Z

i
>~
o
ol
o
Q
A\
o,
of
S
8
i)
r—1u:
_|_u

_ OD sample
Glucose (g/L) = OD standard 100

o ZYAA BF

Fig. 32 A 2 v dolrde] FrAHA(cordycepin) A FAS g
sample A8 #AE vetd 1¥o|tl. HPLCE o] &3 cordycepin standard
(Sigma Chemical Co., C 3394)¢} vlul, B3 o BAxAL t}&y 2}
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uBondapak Ciz (300 mm L x 3.9 mm ID)

Detector UV detector (260 nm)
0.1%6 TFA/Acetonitrile(9:1)

Mobile phase :
: 0.5 mL/min

Column
#3tel

[¢]

Flow rate

Fig. 4= cordycepin® standard curve®|™ ©| standard curveZE ©|
cordycepin®] F%=& ALtstA
Whatman #2%&

o} Al (polysaccharide) = WA 2 vl Hore] F=E

2. g AF
el AT}, Filter paper+=

AWH S Fig. 39
filtering & &80T, <F 24 h)S =A 5t
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R 8

y =0.7237x - 0.2829
R® =1

8

_
o

Concentration(ug/mL)
o ]

o

0 10 2 0
Area(10Ex5)

Fig. 4. Cordycepin standard curve
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1. P. tenuipes® AZAZA 749

TE grste] o] 2 FFE HAESAL o] #FE oY A
gl A ANl FS stol dAS HAHAEE HESAT =3, HA 7] EuAE
Autaly] 93te] Czapek dox ®iAI9] 6%<¢l YM, Malt yeast extract, MCM
Hoppkins, Lilly, YMP ®]A & A}83}9l o™ (Table 4), HE%F 5 %= dte] 443k
mjFet A3E el T19le] Fig. 501th Fig. 504 Bw YMP wjA| el Al w4
F 162 g/Let oA A" 11 gLz 7P 2 #g dedAn. vk
Hoppkins #lAel M= A ZF 6 g/Lot Gl A4 011 g/L=AM 7H w2 3k
S Bt YMP wjA|7F o2 Z1&2ej A e} vlud] & w Paecilomyces tenuipes
of A FS A Adel Aol HA wiAdde et Fig. 62 24"
YMP media(Table 1)olA ¥l¥2% 25T, 200 rpm, 7] pH 7 28|31 HETH
2%(v/v)E dAZFR pH, JF=F 2elar gdA Agel g AAWMSE Ui
ojty, wAIFY A= 247 3 UdA 169 g/L, 5 UA 1.7 g/LE HuAE B
th pHE Aol F7hshel whebA Zastirl sjdErlel M= pH 75 A
AL B 4 rl w3 YMP A S AFR3lo] stock cell solution® & ZH]

&to] —75TCelA Wsra &t

N

32

ol
rir

4. H4 4924 JE

1) &%9} pHO 9
Fig. 7€ #AAA 2 oA A nx&= )
EE 15~33C=2 gty AgS Pstgor, o 235 veld adolh n Y

218 HEZF 2% 200 rpm, 27] pH 72 4 A7F vigst 292 vebd 18

bt

Table 4. Compositions of the various media
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Media and compositions (g/L)

Nutritional
Malt
reagents Czapek YM yeast MCM Hoppkins Lilly YMP
box extract
Glucose 10 10 20 10 10
Sucrose 30
Maltose 10
Peptone 5 5 2 10
Yeast ext. 3 3 2 10
Malt ext. 3 15
NaNOs 2
KoHPO4 1 1
KH2PO4 05 0.1 1
KCI 0.5
MgS0y - TH20 0.5 0.5 05
FeSO, - TH20 0.01
KNO3 2
Asparagine 2

ojty, A HS 20Tl 185 g/LE 7MY £ #S HYoy, o &% AF2E
AastAnh 53] I8TET YUY 21CHT & 2RolA = A= w43
oAl AEgS Eon vgdA AAd doAMxE 15~-27C7HA = AE S7tst
o] 27CelA 2 g/LeA 7P =2 g3 Baow, I o 2&RdA= w43]
asklth Fig. 82 %7] pH7E HAAA I O3 A A vA= 43S HE
g Aot ElelA & F %ol dAANGS pH 4~T7HA] iAol T4
7hA & Agk o) pH 550014 166 g/L=2 7HE =Skvh pH7F |71 o= 2=

TAFS FASA Faskdal vdAl Aol oAM= =71 pH 9(E+t § pH
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18 | @DCW
WPolysaccharide

DCW (g/L)
°
Polysaccharide (g/L)

Fig. 5. Effects of various media on the cell growth and the

polysaccharide production at 25C and 200 rpm with the
initial pH 7

20 4

18 |
I 16 |}
) 13
o 14 | -
g 3
S 4o | 2
3
5 3
s 10 12 E
I S
o |
5 o
= >
3 6] , 2
= 4 | —e—DCW
[&] —A—pH
o | —O—Glucose

2 —{1+—Polysaccharide

Time(days)

Fig. 6. Profiles of cell growth, pH, glucose and polysaccharide
production at 25C and 200 rpm in YMP medium
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—e—DCW
18 —{+Polysaccharide
16
3
14 —_
-
g 12 \q;
2 10 2 2
= 2
(6] 8 [}
a 3
=
6 <}
o
1
4
2
0 - 0

Temperature(T)

Fig. 7. Effects of temperature on the cell growth and the
polysaccharide production in YMP medium

20 4

18 | —e—DCW
—{+Polysaccharide

16 |

14 |

12

10 | 12

DCW (g/L)
Polysaccharide (g/L)

pH

Fig. 8. Effects of pH on the cell growth and the polysaccharide
production in YMP medium

820X 24 g/LZ 7M4 =t weta Aoz o] d59 dAAd

e

ohg
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filo
1

A AAE 93 HA wjgerE 27Co ], F3 %x7] pHE 99 A
At

Fig. 95 AT Fol #AdEY A Aol vAE dTFS HES Ao
ooz Ae L% 27T, 200 rpm, 7] pH 98 4 47+ wjeks Zo|t} Fig. 5

M & g kol HAFE HFFol SUEFE HAFS v Sk 2

b oA Aol QelAs AEFol 2% W by L 26 g/LE vhehle

3) HA Azl A
Bopfoko] Ab&¥ HiA = YMP medium(Table 1)o]th vz 250 mL
Mzt Z et~ =39 working volume 50 mL2 HE &2 2%°|™ 27T, 200 rpmell A
z7] pHE 98 xAste] 8 Azt kS AASATh Fig. 102 7|27, &%,
pH, 3%%F & A&x7e] TFHoz A& e 45 #A8T £ oA A
Aol mA = Adxzddd dg 2345 vt Fig. 108 2¥ #AEF 3 ¢
AM7A A A7Ie] HeSA7lE AL Srkete] 3 A 168 g/Le 7HE =2 4
S HAon, 1O 2= fHhche S Bt ol IE glucosed] AR <l
S AAAT Wl Aow Addn. 9 gdA A loid= 5 dAA

A% Zrkske] Wik 5 AAlel 23 g/LE Y S g dEdon 1 Fri

o A WAz AE
1) g2 9
Fig. 112 # A4 A AAdd vA& dade] S v - JES
Ao]t}, Yeast extracts 5 g/L2 AAAIZ & Z}7te] &4 dS 10 g/LA 78l
<)

Z7] pH 72 8o 4 A7+ wj st
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@DCW
18 B Polysaccharide
3 e | - ) ]
—
(] 14 |
he]
g 12}
]
5]
g 10}
>
<)
o 8 |
[~
- 6 |
~
= 1
O
D 2 7 l
0

2 5 10 15 20

Innoculum size (%)

Fig. 9. Effects of inoculum size on the cell growth and
polysaccharide production in YMP medium

20 4

18
) 16
3 3
® 14 4
2 3
o 12 ~
= [}
O o

10 2 S
T g
[} 8 1 S
= 2
< 6 =
2 —e—DCW 1 o
= 4 —a—pH
O —O—Glucose
a 2 —{+Polysaccharide

Time(days)

Fig. 10. Profiles of cell growth, pH, glucose and polysaccharide
production at 27T and 200 rpm
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starch
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@obpcw
EPolysaccharide

CTETE T Y Y

2
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6

DCW (g/L) & Polysaccharide (g/L)

Fig. 11. Effects of carbon sources on the cell growth and the
polysaccharide production

glucose, mannose, starch 18 3 sucrose®] i, A ABA o

glucose®} starcho]t}. starchX® th glucose’} ©FEA] Ao Bt
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of A4S glucose® AR Fig. 125 ZA 9 glucoseE 7FA1aL 0~100

1

g/L7HA 10 g/LY s EWstE Fo] 4 A3F Age Aor). ol yeast extract
of ¥=E 5 g/l RAANHY. FAFLE vE7 FEFE S oY Al
gl lolM= 30 g/L7HAE Frhetthrh 1 oldel M= FHAshe AFS B
=3

O

Aolt), ©AHUQ glucoseE 10 g/LE D AHAA T 212+l AAHUES 5
A7Fsl A %7] pH 72 sto] 4 A3F wjFe Aot AdE HY

g fFrldade] dAFolY vdA AdS AN T2 S FAY 2T T A
@2 soytone, tryptone, yeast extract ZL#] il yeast extract + peptone®| =Skl
oA Aol dojA= yeast extract®t yeast extract + peptone°o] E%or}
yveast extract + peptone®] < 3FL peptoneol] 23+ AHo] oYz} yeast extractol
o3k Aolth watA AAYL yeast extract®= A AT Fig. 14% glucose 10
g/L2 11X 7) 1L yeast extractE 0~50 g/L7MA] & WH3E Fo] A =3 o}
A Al mAE FEFS AHEGT dAFL A Al oA BT
yeast extract’t 7V F7Hgloy AAAS adE B oW HA vk
20 g/Lol%lth. Fig. 15~16< glucose(10~80g/L) ¢} yeast extract(l1~40g/L) &5
T WstE Fol 7] pH 7= dto] 443 wide Z3to|t} Fig. 15914 BH
A e glucose’t 10~30 g/ 7FA = yeast extract’} 71&+2 2718 a1, 30
g/L oldellAd= Ao dAs v okte] F7HE BATh o] A2 Fig. 12914 %
2o Aylolt}. Fig. 16014 HH tpda] Ao Qo] = yeast extract’} =7}
g5 S/HAAR BALES el = ow 20 g/L7F HAY wEE AdETh

3) C/N ratio®] <3
Fig. 15-13} 16-12 wA g oA A v & d¢e A5 C/N
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Fig. 12. Effects of glucose concentration on the cell growth
and the polysaccharide production
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Fig. 13. Effects of nitrogen sources on the cell growth
and the polysaccharide production
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Fig. 14. Effects of yeast extract concentration on the cell growth
and the polysaccharide production
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Fig. 15. Effects of various C & N concentrations on the cell growth
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Fig. 15-1. Effects of C/N ratio on the cell growth
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Fig. 16. Effects of various C & N concentrations on the
polysaccharide production
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Fig. 16-1. Effects of C/N ratio on the polysaccharide production

ratio® WERH Zolth. Tyl & Qlol Al Fy Al 444 25 C/N



ratio> Y WOl A FSkth o] AEA dA I vhdA Al A

S BAade FEE glucose 30 g/lolal, AAYL yeast extract2EA FEE 2
(o]

o

S

Fig. 17& MgSO, - TH,OE ¥ %% 7F9 #7477 A48 v A
Aol v A= FFS vl - qES Ajo|rt, B wjdeo] AFEE wlA & glucose
10 g/L, yeast extract 5 g/L, 18|31 Z}Z}e] FI7|97F& 1 /LA H7Mgc) vl
Z7ALe BE2F 2%olm 27T, 200 rpm, 27] pH 9% 4 47+ wjoks A A &%)
None2 F71df77F A7Fe A 2 wiAoltt. dA|ZFell ol = nonedt ML)
5 o CaClp - 2H,O, KClI 18]35 CaCOsllA =2 ZIAE Yegyow, o1 F
CaCly - 2H:OE WUlEE AFEPS W 76 g/LE 7HE 58 dAZFS B

=

W KHPOOIA 6.2 g/LZA 7h @& s Btk @ tpda) Aol lo]A
£ MgS0, - TH0, KH:POsol A Z+2F 0.66 g/Let 0.6 g/LZ =7 vebRdeh w
g 9le) AdE nwgo g MgSOs - TH:0, KHPOs, 1831 MgSOy - TH09}
KH,POS 28 do2 T§d3 F 0~4 g/L2 FEW3E Fo #A4ZY g
A Al Be JgFE HESIY Fig. 14-159 2 Z23E ey

HE% 2%o0]W 27°C, 200 rpm, %7] pH 9& 4 A7+ wjFs A

18& RW KHPOs= =7l S7185E dA o] Fisie AdFS B

rlo

MgSOs - THOE 2 g/L7MAE A el S7tstthrt o1 o] ol A s 25 748t
AHomn, MgSO, - TH:09 KHPOE 2 doz &3heh wx] et 2 g/L7A =
dAFo] FrtstthrE 1 ool e e 2w FAsTh Fig. 19% thdA Aol
el MgSOy - TH0, KHPO,, 1213 MgSO, - 7TH:09 KH. PO S 28 o=
e wiAe] gk dFS vEbd ek MgSO, - TH:0, KHPO, 18]l
MgSOy - THoO9F KHPOLE #e Foz &3 v 2% F%7t 05 g/LelA

7 = S YEHen, O ol sRdAE BT AL AFgS & 5
ot} o] T KHoPO47F 05 g/LollA oA Aol 0.8 g/LEA 7H =& s

- 122-



None

MgSO4#74H20 |

opcw
] BWPolysaccharide

CaCl22H20

KHroe |

Mineral sources

=
2]

° ST

CaCOs

KH2PO4

DCW (g/L) & Polysaccharide (g/L)

Fig. 17. Effects of mineral sources on the cell growth and the
polysaccharide production
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Figure 18. Effects of concentration of mineral sources on the cell
growth
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o] 9

Fig. 202 FeSOs - TH:0E M %d 8F9 w&ol2ol #AGE % oA
Aol mA= ARE vERd 9ol Hj kol AFE-¥ wiA] = glucose 10
g/L, yeast extract 5 g/L, 183 Z+7e] F£0]& 0.1 g/L¥ H7Fach vtz
S HEH 2%ol9 27°C, 200 rpm, 7] pH 9& 4 A7+ wjES HA &)
None w&ol&o] H7bEA] & ¢
S5H0°] A9 744 g/LEA 7V =& ARE Yepdoy Audoz A A
Aol 9oi = nonedt Bl & wl 04 g/L2A 22 S YEhith o whl
FeCl; - 6H20, FeSO4 - 7THyO, ZnSOy - 7TH.0, CuSOs - 5HO SollA T3S
nonell M4 =t A thdA Aol A= CuCly - 2H07F 1.0 g/L=
M =2 #S UERdZ, MnCl - 2H0% 08 g/L2A =2 #S HAy. g
Hog A Fo] Ee FHol&e g A oM wokth 9ok e 4

ol F2 CuCly - 2H20, MnCl; - 2H0 &

>
o,
O
[
o
2
o
B
(g
=
2
ot
rlo
=
5
@)
o

5
s
=
oft
o
H
v
¥

2 AASAh Fig. 21~22% CuCly - 2H:0, MnCl, - 2H20, 12131 CuCls + 2H,0
¢t MnCl; * 2H05 22 do= E3g wiAlE 0~02 g/LE 005 g/L¥ s=4W

g Fo] #AAY 9 OEdA ALFS HES Ao|th Fig. 2l Bw
A& MnCl - 2H09] 5%=7F 0.05 g/LY w b2 F&o]rt}t 746 g/LZ 7}
vEtllon, o] FroAE HA FhAdte A4S RAth
A Fig. 22¢] vgdA Aol doiMdE CuCly - 2H,0, MnCly - 2H,0, 18] i1
CuCly - 2H,09F MnCly - 2H,0& 2 doz 593 wjx9 Fx 0.1 g/LolA
T oA eI e 01 g/Lolde] sRelAE B v A Aol At
FS Bt 1 F CuCl - 2H07F 11 g/LEA M4 =& uda AA%S
HAoh 919 22 ARERE 50T F 9 ¥5E CuCl - 2H0(1.1 g/L)2
2 ARSI Fig. 232 Fig. 11~2244 4L AxyE vgoe=zw ZzAH

o

=
=

rlo
tlo

gk

rr

oY

modified medium I (Table 2)2%E #A%F 2L A AAd w3 ZH A A3
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Fig. 20. Effects of trace metals on the cell growth and the
polysaccharide production
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Fig. 21. Effects of concentration of trace metals on the cell
growth
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Fig. 22. Effects of concentration of trace metals on the
polysaccharide production
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Fig. 23. Profiles of cell growth, pH, glucose and polysaccharide
production at 27T and 200rpm with initial pH 9 in
modified medium

A3E vEbd Aok, w2 JFF 2% 27T, 200 rpm, %7] pH 9=
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AAAA 543 vlEder 4 Aol BEF LRFQT olsh A HAFE
WFz7IHE 3 dAA = AL S7heart 4 -

= wAFel Skl whek pH7E A8 Fasttirh Al Fel s 4
Y S7tste AES Bk | wAFS 3 A 207 g/LE TP =& #
= Bolow, A A o= mGxI7IFE Fvlste] 5 dA Hogd
241 g/LE B, 1 olF e dASHA AU o1 A3 Fig. 6014 ¢
wAF 169 g/L 2 vl 171 g/Lok wiaes] = wf Zzb A g 20%017,
G A = 40%017d S 7HE AT

2. QA FTAH AL

7} EANEAN 2 L AHad AE

O

o

&

flo

Fig. 24+ Fig. 23014 %7] pHE 9% Fdat=d Sl UF &
NaOH7} H7FE 171 witel wjFz7]ell stA 3] A= Aoz s
S 1B Fig. 24& Fig.

3t

32
R

e

ot
fllo

EF pHZE WFRIE 2SS pl} TR FESE A
2308k 22 1A 7] pHE 9(E+ 5 784 pH 7(8+ F 64)= X

dafjA A AaE yetd Aot AxE Ay EW pHeE widz7|o dAF

o) F7Hgel Wt gastthrl 4 QA o FHE Frhstel x7] pH 72 £HS
@R AEFe 3 A BF susgov os Hie #AFE @A 37

ato], vl 4 dA Hdigk 22 g/LE YERHIAT g A Al lolA = Fig. 20
I oH SR vk 5LA 234 g/LE UMY =2 AdE UBlden I oFRre
Al A=tk Fig. 213 H]asiE o Fig. 240014 wA =2 oF 2 g/L
s7betlem, A AdFES Ao vszskdth. mebA modified medium 1
(Table 2)oll A ] vi¥x7] pHE 72 ZAAsIAT
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Fig. 24. Profiles of cell growth, pH, glucose and polysaccharide
production at 27C and 200rpm with initial pH 7 in
modified medium
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Fig. 25+ 100 rpm, 1.0 vvme %7]%(aeration) =X %7] pH 72 %
Adato] pHO @aol] oigh HFS A Aot AI}EsE HAyERW JE
glucoseFe MF 7 AAZFA oF ARHA Fekom ol upehA A FH b
A ARF 25 dA s HoArh g pHE Wi d27158 "ojA 7] Az
pH 479%S FAete A4S naom Zdt=a wiolA et ds e 43E

HEAo olefg A3 UF w2 agitationol] o3 &F4kzo] Alg wEel AL

of wjdzHAM Z+zh 7] pH 7, 7] pH 480 A x4 Zdl&), 183l pH 7
2 dASA FA TAFES A A dig ARE ERH ot
Fig. 262 %7] pH 72 3} HjFS HAAIS A=A IE glucosed IS 5
A BF AR, o] met wAHFE Frhste] wig 4 A 201 g/LE F
ke 2o, A AL wd 5 dA 19 g/LE 7MY = #e By @
A pH Wshs Sy} v 235 Btk Fig. 272 %7] pH 48
T % pH 46)2 sl wigs AAs Aot} Fig. 267 wlas] & wf &
glucose¥& WY 4 A4 5% AnFo WE ANEEE WY, T3 FAFE
22 g/LEA O =tk b oA A dolxd= w5 4 1.76 g/LE X
o Stk Fig 278 Zek2a wjdelA pH7E 72 FAY = 43S 1o pHE
2 45t FA Ao

T

7ol v AREA Egkar, ofd wEkd dAFRE wig 4 dA 11 g/LE THE
=2 2 2ol ofF vmg HAAES B oA Al oAM= HdH
o] 152 g/L& ofF Axd Fgs BT ol Ayt= widx7]el pH7E Hol

Ae Aol g UF B2 o] NaOH7E H7bso] Alxsdes A3 Aow

- 130-



30 O 4

—e—DCW
—A—pH

—O—Glucose 1 3
—{1—Polysaccharide

25 |

DCW (g/L), pH & Glucose (g/L)
N
Polysaccharide (g/L)

Time (days)

Fig. 25. Profiles of cell growth, pH, glucose and polysaccharide
production with initial pH 7 at 100 rpm and 1 vvm
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Fig. 26. Profiles of cell growth, pH, glucose and polysaccharide
production with initial pH 7 at 200 rpm and 1vvm
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Fig. 27. Profiles of cell growth, pH, glucose and polysaccharide
production with initial pH 4.8 at 200 rpm and 1 vvm
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Fig. 28. Profiles of cell growth, pH, glucose and polysaccharide
production with controlling at pH 7 in 200 rpm and 1 vvim

W (agitation) S EElste] AESIA H Sk Fig. 29~312 %7] pH 72 1.0
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vvmol Al WS EE 300~500 rpmZFA] 100 rpm& EElste] AdS A 2
Flolt}. Fig. 292 Ay B ZE glucose®FS w4

webA A gE Srete] 3 dA 21 g/L2 VP w2 #E RAu. °l= Fig
269k Pl = ow Al ZARE vjgEr|gte] 1 A w3, v A
e A= A vsd ge Btk Fig. 302 1.0 vvm, 400 rpm¢] =7
AN wlFs g Adelth. IHA K

A A2RFo 3 44 % A2RFEAY. dAHAEE glucosed] A2REE ¢ E o
i 2 Aol 231 g/L2A 43E] =2 @S Bk s oA A 3l
AME Sz 7RE A& FHste] 6 4A 251 g/L2A AF7HA] de das
7 =2 #e EAY Fig. 312 mpme 50082 S7MAIA At Aol el
e AHEE A 2 44 197 g/L, v A WAL 21 g/LEZA Fig. 263
e & oo w2 gs BAAT oA AEWRE T wjkE 27| pH 7ol
A= 1.0 vvm, 400 rpme] HAHZAYS & F AJY. Fig. 32~33= %7] pH
= 300~400 rpm7A] 100 rpm* g2l s}e]
288 A g Aot} Fig. 329 2345 B ZE glucosed 2 vl 3 L7t
2 Aol v AmEo] wWg 4 A BF ARHAT FAZS wik 3 U 19
g/LeE 7FE =& #s Belew, 1 olfEe A AAaHAT du vdAe
Ao oAM= Wi 6 A 19 g/L=E 7Hd =9kth Fig. 339 238 nd %
& glucose¥d2 Mg 3 dAl BF AREHoH FAFS ek 2 dA 18 g/L=
7Hd = #3E Bt oA A2 w5 dA 172 g/LE MY =2 @S
RAGrE o1 S oF3F ZASE T Fig. 27, 31~329] A3 A xd %7] pH 4.8
ol A= 1.0 vvm, 200 rpmo] HAZ7AS & 5 AJY. A Fig. 277 Fig. 30

W = glucoseF S 2L A 7EA] o} 5wl =

N
oo
tt
=
<

3

o
BN
N
=2,
El
rE
4
H

o AE wlws) wy #AFH A A EF Fig 30004 o 8%
ool ARZAE 7] pH 2 IWEEE zbzh pH 7, 400 rpmo.2 AR

.
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Fig. 29. Profiles of cell growth, pH, glucose and polysaccharide
production with initial pH 7 at 300 rpm and 1lvvm
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Fig. 30. Profiles of cell growth, pH, glucose and polysaccharide
production with initial pH 7 at 400 rpm and 1 vvm
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Fig. 31. Profiles of cell growth, pH, glucose and polysaccharide
production with initial pH 7 at 500 rpm and 1vvm
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Fig. 32. Profiles of cell growth, pH, glucose and polysaccharide
production with initial pH 4.8 at 300 rpm and 1 vvm
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Fig. 33. Profiles of cell growth, pH, glucose and polysaccharide
production with initial pH 4.8 at 400 rpm and 1 vvm
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Fig. 34~35=%7] pH 7, 400 rpm°l4l 22 05 vvm, 1.5 vvme Zzd9A

E7) 2 i3k deS A3 Aot} Fig. 34olA BH ZE glucose%S vl %k
3 YA BT AREHJT TAHS S 2 dA 219 g/LE VM =g O F=2
T faste A4S Bk oA Al oA s wiYdxr] FEH A% FUhst
o 2 g/L= HUlgtS Bt Fig. 359 A¥E A3 EYH Fig. 307 vlus] & o
A FS A vt AARE thdA] Aol oA g AeE gs EATh
3 Fig. 309 %7¢ 1.0 vvm¥ Fig. 355 vlws] ¥ uw Fig. 359 A =&

22.7 g/L2AM Fig. 307 A9 w3t AdA v thda] Aol dojxes 225 g/Lz

A A vkt wElA E7]Ee 1.0 vvmeZ Z2ASAT oA e Ayw
A B Eufeke] oA HA wldEALS 27 pH & 72 uirExe E7| e 7+
Z} 400 rpm 2 32 1.0 vvmeo] 1 tH(Table 5).

Table 5. Comparison of cell growth and polysaccharide production
depending on aeration and agitation

Aeration : 1.0 vvm
100 rpm | 200 rpm | 300 rpm | 400 rpm | 500 rpm
DCW (g/L) 89 20.1 21 23.1 19.7
Polysaccharide (g/L) 1.3 19 1.87 251 212
Agitation : 400 rpm

0.5 vvm 1.0 vvm 1.5 vvm

DCW (g/L) 21.9 23.1 22.7

Polysaccharide
1.95 2.51 2.25
(g/L)
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Fig. 34. Profiles of cell growth, pH, glucose and polysaccharide
production with initial pH 7 at 400 rpm and 0.5 vvm
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Fig. 35. Profiles of cell growth, pH, glucose and polysaccharide
production with initial pH 7 at 400 rpm and 1.5 vvm
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1) Cordycepin &4 4 3¢

B Ao ALgE 7592 P tenuipesE o] 83 AAujAdS =3 FARA,
Hjoko] ol W zpA Aol 9] cordyceping 413817 95t b dukz el v ol
HPLCE ol &stslen] &4 ofefe}

Column : uBondapak Cig (300mm L x 3.9mm ID)

Detector : UV detector (260nm)

Mobile phase : 0.1% TFA/Acetonitrile(9:1)

Flow rate © 0.5 mL/min
Fig. 362 standard cordycepin(Sigma Chemical Co., C 3394)2] chromatogram=
el AlF Al (retention time)2 84 o]t} Fig. 372 standard
cordycepin(3'-deoxyadenosine) ¥} ®A+ %7} H]$23$ adenosines ETHIF T
HPLCE 433t Z3¥lolt}. Adenosined retention times 7.6 ¥ 2% cordycepin
7 EAg ztolE BT Fig. 382 HAMFOEZRH AL dAAE 7HA L
HPLC AAEE 3 g A3 Aolt}, 1 A3 peak(#4)9] retention time©]
8.348 B o2 XA cordycepin® retention time¥ %k ol Eelstr] f18lA
cordycepin® 1:12 &3 & ttA] HPLCE #3dle] A& A3ES vkl Ao
Fig. 390]t}. &33l7] A Fig. 363 Fig. 38014 ald == peak WA o 4
dro] Fig. 39¢l 4] peak(#4) WA 3} Zgket, 22182, Fig. 38914 9] peak(#4)=
AW £ A8t cordyceping UEM = oz geld 4 it s2AxH
A Aol A$E YElE Fig. 409014 peak(#7)9] retention timeS X' 8.465
B o7 Fig. 369149 cordycepin® retention timed} 79 Z&& & F AU
t}. Fig. 412 cordycepin¥ 1:1%2 Z&%3 A3E yebd Aolt). Fig. 394 ¢}
nFE7EA 2 Fig. 363 Fig. 40014 s 35]:= peak WA €] gHe] duko] Fig. 419
peak(#6) WA T} Aol ZATE Fig. 42+ S dES dA st HPLCE gt
A2 el Aot} wjdked A& cordycepind 1112 &¥3d & thA] HPLCE
sk A o] Fig. 439 Ao}, =33k A3 Fig. 429014 9] peak(#4)9} peak(#5) =
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Fig. 36. HPLC peak diagram of cordycepin
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Fig. 37. HPLC peak diagram of cordycepin and adenosine
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Fig. 41. HPLC peak diagram of fruiting body and cordycepin
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Fig. 42. HPLC peak diagram of culture broth
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Fig. 46. Profiles of cell growth, pH, cordycepin and
polysaccharide production with basal medium
in flask culture
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Fig. 47. Effects of C-sources on the cell growth
and cordycepin production
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Fig. 488 yeast extract, soytone, casein 52 7] ZAAYLS ALE3lo] o]
of w2 WA FH cordycepin Aol et FdFS vl - AES Arfolrt, wjk
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e w FAN} vk del A Z+Z 0.07 mg/g celld} 32 mg/LE UE F7]

A9 HA7Mde v 1o £2 2755 Yed A Fig. 6~79 23E Eg&
AARSE 12eddS W FAFEF L cordycepin Aol oA EBAYoRE=

)

glucoseE 7] BAYO 2= yeast extractE H A9 @493 F7] dadow

2534

iii) C/N ratio®] <33k

Fig. 49~502 st A 2 v ko] Aol M ] cordycepin &=l the C/N 5
Z dA3 Aot} eAa Yl glucose= 10 g/LollA 100 g/L7kA W3S 9L
299l yeast extract®= 1 g/LolA 30 g/L7HA W3S FAu =, C/N &
WEE 100:158 10:307hA] ®stE Fol AFS FAsTh Y oR By
ozl Ayet g B dFdAE C/N s%7F ES55 A Z2 cordycepins =
b EoldE & & Utk CO/N wx7F 302204 W FHdl dAF 19 g/Lo|
C/N X7} 10:30€ ™ cordycepin® HW X+ 56 mg/Loldtt. 8t C/N
FE7F 10:208 W 9] cordyceping =7 55 mg/Lolon 2 AAAHS e dte] F
A9 C/N =% 1012002 A3t}

v) 771 A F opm ik g
Fig. 51 glucose 1%} vyeast extract 1%S AF&3 ZAS U212 3o
(NH4)2S04, NaNO3 59 7] dads 747 05%% A7k Aol A &
NHCIE 7S o 126 g/Lz izl Hl& ot w4 Yehida,
cordycepin A3/del QlojA Aol = HhE zko|7F glort v o] o of A 2
739 (NHy HPOsE #H7FS W 6.3 mg/LE 7Hd =4 YEuth wmAdEe =
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Fig. 48. Effects of N-sources on the cell growth
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Fig. 50. Effects of various glucose & yeast extract
concentrations on cordycepin production.
The legend indicates the concentration of
yeast extract(g/L)

7
B Glu10
~6} 0 Glu20
S v A Glu 30
Esto 0 Glu 50
= ah ® Glu100
54 ’DAD o
o o [ ] °
23 | u] a
(NH,):HED; | WHT  NaNO;  (NH.:S0s [Con.
22|
S
S1
el
@]
a0
0 3 6 9 12 15

C/N ratio

Fig. 50-1. Effects of C/N ratio on cordycepin production.
The legend indicates the concentration of glucose
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Fig. 51. Effects of inorganic N-sources on the cell growth

and cordycepin production
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Fig. 52. Effects of amino acids on the cell growth and
cordycepin production
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Fig. 53. Effects of inorganic salts on the cell growth and
cordycepin production
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Fig. 54. Effects of trace elements on the cell growth
and cordycepin production
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2ol 3l Eujk A0 glucoseE ¥ 2 Aol 10 g/LE AH7}etar, vl 3 LA
o= 5 g/L9 yeast extract® FH7FsiA A= oA A vx= FTE
S HES Aol 1 AY G0 = glucoseF > Y 4 dAo] BF AEE O
W, dA S 5 A 241 %/LEA 7HE =2 @S vEHlew, A A4
of QlojAl = yeast extractE H7FeH i<t 3 LAFYH FHSA F7Fst] WS 5
Aol 275 g/L2 HANgS BAvk FAlFo] wiek 5 LA F7ke Pele yH
o] wall growth® ZHo|] @olx 7] wZolt}. Fig. 57 A & w7
F 2 A} v 25 Aol 217t 5 g/Le yeast extractES H7F8) A F o}
GA BT I FFS AR Aolvh. I=E glucosed 2 25 LA BF A

BEQom, d#AEFE 25 dA 228 g/LE 7MY =2 3S HAUUt 1 o2
i

AHr) Fig. 55~57S vlus)] 2 glucoseRt H7bsh A1
) yeast extractE #ol H7FAS wirt thdA Al o= £ dIFS T
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Fig. 55. Profiles of cell growth, pH, glucose and
polysaccharide production with adding
glucose 10 g/L (G10)
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Fig. 56. Profiles of cell growth, pH, glucose and
polysaccharide production with adding
glucose 10 g/L (G10) and yeast extract
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Fig. 57. Profiles of cell growth, pH, glucose and
polysaccharide production with adding
yeast extract 5 g/L (Y5)
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Fig. 60. Profiles of cell growth, pH, glucose and
polysaccharide production with adding
yeast extract 5 g/L (Y5)
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ol 9] cordycepin F%= wleF 2 A4 137 mg/LE thEFTo] vl 3u) oA =
7Fsk A3 S A& 4 AT} HarvestA 9 wall growthe H%+E 466 g/900 mL
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Fig. 61. Profiles of cell growth, pH, glucose, cordycepin
and polysaccharide production in modified medium
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Fig. 62. Photographs of wall growth on fermentation
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Fig. 63. Profiles of cell growth, pH, glucose, cordycepin
and polysaccharide production in modified
medium (adding PAA)
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Fig. 64. Profiles of cell growth, pH, glucose, cordycepin
and polysaccharide production in modified
medium (adding SA)
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Fig. 65. Profiles of cell growth, pH, glucose, cordycepin
and polysaccharide production under DO control
(over 20%) in modified medium
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H dRYUE ol FE9 FUb pHZF F7teted o714 FFE glucosed] &
% 50 g/l pHE YASA A7 @ sEer AdE ATt Fig. 672
Fig. 663} 2& Wy o2 glucosed H%E 100 g/LZ dto] F33 Ayjolth, 1
Ay dAES 229 g/L, dAWY ttdAe cordycepine ZFZF 259 mg/g cell
4 1.6 mg/g cello] AEHATh 538 pHel WeddS B Fig. 66014 Hohs
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Fig. 66. Profiles of «cell growth, pH, glucose and
polysaccharide production under DO control (over
20%) with medium feeding by pH signal (feeding
medium : 50 g/L glucose)
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Fig. 67. Profiles of cell growth, pH, glucose and
polysaccharide production under DO control (over
20%) with medium feeding by pH signal (feeding
medium : 100 g/L glucose)
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—

& 717} 10 mg/g cell ¥ 2.3 mg/g celle] AEHJC F7Fuige] Ay FAY
g A el specific productivity= 33 HIA 2] F%X7F 50 g/LY W 32 mg/g cell=
7} =93 cordyceping specific productivitys F3HIA 9] F %7} 400 g/LY

] 2.3 mg/g cell2 7F& =4 YErst (Table 6)

Table 6. Comparison of cell growth, polysaccharide and cordycepin
production obtained from various concentration of feeding

medium in mycelium

Glucose . )
) DCW Polysaccharide Cordycepin
concentration
(g/L) (mg/g cell) (mg/g cell)
(g/L)
50 20.3 32 1
100 22.9 25.9 1.6
400 33.3 10 2.3

% A4 SEE A8 ALTH AL

1) Scale up
Adstede] &8 TS Fdsk] Yl frb A Y A3E pilot
plant scaled] $&3tth dujAdzAL 50 L AEH37](KF-50L)9 A working

3
volume 20 L, 200 rpm, 1 vvm ©]la ¥id=zAL 500 L A E59S-7](KF-500L)

o 5 working volume 250 L, 100~220 rpm, 1 vvm °]¢leom wxA &5 Wy
Fig. 69°1 4 ¢} 2Z9kt}. Fig. 692 Eujfo] thet Aztolv}, 1 A3l wjek 25 LA
33t #] 8) Fig. 6801419 W3l ok}

o] A Fo] 135 g/LZ(wall growth X
[e]

H e Bk u scale-updl = Z AE&FHAG ddF
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Fig. 69. Profiles of «cell growth, pH, glucose and
polysaccharide production under DO control (over
20%) with medium feeding by pH signal (feeding
medium : 400 g/L glucose) at pilot plant
scale(500 L)

2) AR A A

,78,
_78_



oAl A g AR 7 AR A A AL A A e A St o R A g
AE ZAFeAd g3 AEE vk WesEAE 7 mLe &493tE stock cell
solutione 500 mL Z#}2~F(working volume 200mL)el| HE3}e] 3 A7+ Anjek
S AT Aujtale]l v RS OH A (Table 3) @3F&E+glucose
@ 7]+glucose = ol Fdskqrh 3 43F Aujdes AAFE F oF 15 mL
A Ea el HFstdeh ARA S A
Hzol wieF Z27lel= AS 25CE fFAstu 7t dAF & A 7](F 8~10 )l A

0,
ro
b
1o
e
Lot
N
(el
fo
o
N

SEES 180 £REAL Fi ol 2202 wjgatth. Fig. 70~73& 2
Fol Ao wjFdsel whe st W Adelt D-1& LEFAS F7)

AOF 8 D7t G ds strbrt o] F Ho] SlE o A wWgS AA
gt Zlolth. Fig. 702 vk 8 dAolA o] AxE YAt ARHA B 4 9l
%ol @ AolA 7HE B2 dAE EHEJSS & F ATk Fig. 712
F 12 dAe Aol O-19 B9 ME FL AEE sta des #EE F
AT Fig. 72 vk 20 A AR AAA (A7 BAEH e BG5S
UER AL lvk A AT @A E e The B8 9Al O-1°] 7HE F
UERd 3 ot Fig. 732 w33 A4 Azteltt. O O-19 A FollA & Aol
T AAA e Holal gtk weEbA, B Aol A ke WA 2 F
TS &gkl Ve AAEHIL e AFRG
-19] A5 AFESE bed o wdHdn. AdH o AAA AuE 9l
T FAl Table 3149 wMiAE AH&3IAS w F7belA &3] AMEate (37
i+ glucose) = (HH]7] + glucose) & AHE3I S W BT} ¢S £ ZA3E
ARow AurH o FreA o Au] 7]1FS oF 45 ol B AT Ao A=
35 A ol FEste] wujEd  AS AEo AAE ASTF AU oy A

e FEWMEA HFEA AR wE Adm Fabe] SR GEH AT
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Fig. 70. Photographs of fruiting body at the 8th day

after inoculation

% Compositions of medium in seed culture
1. Medium in Table 3
2. Glucose and yellow bean
3. Glucose and pupa
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Fig. 71. Photographs of fruiting body at 12th day

after inoculation

¥ Compositions of medium in seed culture
1. Medium in Table 3
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1-1. Same as the case of 1. with dark culture
until heat shock

2. Glucose and yellow bean

3. Glucose and pupa

Fig. 72. Photographs of fruiting body at 20th day

after inoculation

¥ Compositions of medium in seed culture
1. Medium in Table 3
1-1. Same as the case of 1. with dark culture
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until heat shock
2. Glucose and yellow bean
3. Glucose and pupa

Fig. 73. Photographs of fruiting body at 33th day

after inoculation

¥ Compositions of medium in seed culture
1. Medium in Table 3
1-1. Same as the case of 1. with dark culture
until heat shock
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A 44 24 &

=

B Ao = Paecilomyces tenuipesS ©]-83 AA LS S A
ARG oA @ ZgAA A4 210S HESAT A 2 gdA Aks

St el Ao HA Mgz JEFS 2% = sko] 27T, 200 rpm,

i
r°"

%7] pH 71, HZA wiAFEA-LS glucose 30 g/L, yeast extract 20 g/L,
KH:PO4 0.5 g/L, CuCly - 2H20 0.1 g/Lolitt. 1 A3 A= ajg 4 I 22
g/L, BA A Mg 5 dA 23 g/LE 7MY =2 s UERATh AE
S715 ol &3 IEujdolA dAF H oA AEE A HA unkELeof
7192 27 400 rpm# 1.0 vvmel ATt o] W fA Y v A AR 747
ik 2 Aol 231 g/L, MY 5 dAl 25 g/Lolflth g pHE 7= A5

zdsto] WG A TAFY oA AdEFS 47 11 g/L ¢ 15 g/LEA

L3ld pHE =4dsHA] &2 Aol v&) dHem e o2 e HEhdA
o wAE g3 AL SRV A HH e R e wAd

Aol Z7FF =2 uld 15 A 10 g/LY glucoseE HdH o=z MUtk &
glucose?] %7} t} ARE7H X&EHoZ 5 g/l glucoseE Wi 35 LA
7HA A 7beE A3 dARS 292 g/L, v A AP FS 3.3 g/LE WEHAT 3
A, IYAA ALEs 9 Fek2a wgs E3 glucose 10 g/L, yeast extract
20 g/L, (NH2)4sHPOs 5 g/L, histidine 2 g/L, CaCOs; 1 g/L= WA S HHA|
Atk o5 AERkE7lol A&3tel ol wiF 15~2 dAFE AlFH= A
wall growth@® <13 wje] olelgo] ueuwth ol& aAsy] 93] wall
growth WA A E PAA(polyacrylic acid)¢t SA(sodium acrylate) < 718t
o 1 A3 oFtte] WA E Y= Yoy FEAN FAE A A= EETh
T3 EEALE FAATIHEA wF A= wall growthol <938 8] 2
AA 128 g/Le] HAFES YEtA o ojw wjke] Holl A €] cordycepin & ==
77 mg/LE YERHAY. 3| Zul s Fa8l mldo] Hol A 2] cordycepin< glucose
o] szto]F 1~2 < Atojoll¥k AEHES & F Uk o FAMNES WA

stz 918l fFrh ke AAleaith &2 wdrIte R w2 dAlES 2 A

=
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g A2k cordycepin®] AMHS Eold il T Wi HoR = EEu)
e ARRsH7] Wil oAy 7HA 9 w5 pHel 7IEdte] VIES o
st =d FH A (glucose) o] FEE 50~400 g/L7HA] WEE 59
AW A A dE 50 g/l glucoseE: FF3AS
celle] ZFAH=HJow, wfe] FAFS 203 g/LolAth  EIH  FAIU
cordycepin A 2do]AE 400 g/LY glucoseE &F39S W 2.3 mg/g cell
of HEHJow 1w A TS 333 g/LolTh Ut Fel e T 2 A
HE EYR scale up 914 A8 HAZE FA3st7] 3 500 L AENS7E
& AAEAT wFS 25 Ld7bA] st 5 L AEwg 7ol A 9
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v}) Vitamin

(mhe] A el A MgS04.7H20¢] =5 0.02% % d 3l

thiamine-HCl t4le] dukx oz wAlie ASS
folic acid, nicotinic acid,

’

18 vitaminEY9) ascorbic acid, biotin,
Ca-pantothenate ¥ thiamine-HCl= Fig. 93} 22 722 XA 5%
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Malt extract, soybean extract, yeast extract, Hu]7] 7}F So] FALA
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712 A Gl A g 713l whE dEARA AL RS AES A= Fig.

13 2tk Fig. 1949k 7ol Table 19 7|28 A AolA wjddt &Stz

FAAE WG 7] Al weh #AA AAE FAHoR FAhsk] )
%F 9 U AAE AAS FARGOL 1 o FE MuH SN F1E v
ol AAY WelAE 10 o AFe wgIre] BEHYS & 5 At



2) g &0 I

N
rr
0

35 Amsl B A% Fig 29 2
Fig. 20149k o] W 52 A&AAel e} A} AFE F7hete] 25T
AN g ATl WA 1 oo LEAME 7

25C HFel 1 S5t

i
e
s
B>
o
B
il
2
£

3) WA pHe| F3F

WA pH 3.0~8.022 E&3te] C militaris® TAMA] AAbo] WX &= o

FS AEI A= Table 29F 2t} Table 20149k o] zt% wjok pHel u}b
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MgSO4.7TH:0 F%E 0~0.05%= ZElste] #AMA Ao wx= 4TS
HES A3 = Fig. 79F 2ok
Fig. 7ol A ¢} 7xo] FAMAl AAES 0.01% BT} 0.02%° A 2FF 9538 2 aFS
noow, 1 oo wEoAe= ALY Aols YehA ekokth mEkA
0.02%2] MgSO.LTH:0 #7}7F wtAA Aabell = dial 4 o2 29359t

8) 718t F71d5re] &

71 A% F71977F AR kel mAl= dFE AES 23

rie
2
LS

o0

Fig. 89148 o] 2% rFAxEe Hrb FAH Al 57 &g 1}

uj
=
N
&
%0
i
o
rlr
Ho
~N
i
fru
X
et
)
i
i

9l veast extractoll HFE o]

7},

rlr
A
o
40,
[
il
2=
o
ftl
bt
of
HE
o
po)
o
fr
O::

9) Vitamin9] <33

7} vitamino] wARA] Aikel m A= QFES HES] fste] dubH o
MAe] S 2 FA Aate JFL FE vitamine 2 B 1¥Y ascorbic
acid, biotin, folic acid, nicotinic acid, Ca-pantothenate, thiamine-HCl % ¢
A7tadE AES A3= Fig. 99 #oh

Fig. 9o A ¢} o] Z++ vitamin % ascorbic acid®} thiamin H 7}l A F
HA7Fell wlste] AR Askel] tha Fast HXaE YeRUdT HokE
Z}% vitamin & AFA] AAbol = ascorbic acid 250 mg/ ¢, thiamine-HCIl 0.1

mg/ ¢ ANA FZstFr DA A 2= thiamine-HCl 0.1 mg/ ¢ A 7F7F TAHA

10) 718} F7l=de] 9

7Ief FrlEdEA ARk AEY s 2 g £ a7 U=
malt extract, ol F%, yeast extract, Hdul”7] 7[5 w715 1% A H71st
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1= H7b= C militaris® BSolve o= A= 7198t gk 18y
AAE 1% 7T 5 malt extract, UF53} yeast extract H7FrAA $4
st gl wokRel e F3E #AA Felt kel wEdw

Tl 2dEo e AeR AZ4HY] g HA #friE FoEs
]_

)

4. C. militaris o) AL A x2A

C. militarist= ATCC 268485 that wix| & ZAste] & A IFatad
om wjgFE71e Table 4. AF&3F vjx] o] A& Table 5.9F 2t} AL A

2718 oF 23C~25C o™, 120 rpmol Al 3 LeollA 5 & Heujeste] 7
3 wtAbe] A4S Ak AAMFE & wols AZEeEtaAdd 1/10 R
HAE Y A3 dAE dird AEy] 2, g8 7hH e G-I I
7¥et ok 5 M 100 g2 WHHZIE 4ol FY. 1 & 5 do] Ay
ARZE e 7)ol 23 3 (Fig. 11A) BhA 580 A atkAl 3 FA7E oF
FFFAL wA = ojwiE FAY JAAGS HWEFL AAAGES SHA
Aok AAAFY 2AcRE 55 9F 18C~20T, FE& oF 95%, W& o
200 Lux Axolt} oF 20 do] b M 7o mwlel] FaAe] =24 (Fig.
A7 FA4Ew, AAs A Fef7h Seb2th(Fig. 11B). gy o=

2ge AUAT DA GRANS A HSY GRd w24
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Table 1. Composition of the basal medium
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Glucose 40g

Peptone 10g
Yeast extract 10g
Distilled water 1000me
pH 6.5
1.6
1.4
o 1.2
T
‘_; 0.8
«
o 0.6
=
0.4
0.2
0
Days
Days Myecelial dry wt. (g/50mf)
3 0.145
5 0.868
7 1.207
9 1.381
12 1.386
15 1.448
17 1.450
20 1.452

Fig. 1. Influence of cultural periods on the mycelial production from C.

millitaris.
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Mycelial dry wt.(g

Temp.(T)
Temp. (TC) Myecelial dry wt.(g/50mf)
15 0.545
20 0.986
25 1.386
30 0.978
35 0.345

Fig. 2. Influence of cultural temperature on the mycelial production from C.

millitaris.
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Table 2. Influence of pH on the mycelial production from C. millitaris.

Myecelial dry

pH Final pH wt.(g/50m)
3.0 42 0.145
40 56 0.268
45 5.7 0.407
5.0 5.7 0.778
6.0 59 1.145
65 6.1 1386
7.0 65 1.380
75 6.6 0.910
8.0 6.7 0.489
- 102-
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1.6
1.4 = = -
= 1.2
B F
g 0.8 ] =
% 0.6
; 0.4
0.2
éolv?\Qo ((«00\0% %oaog & c},Z,\Q’C}O Qa\\&o;\e ’ @Q’\\O% @éﬁ% @\°°0% @&‘Q\\ %‘3\0\\
Carbon C;ourcesﬁ%, w/v)
Carbon sources (1 %, w/v) Mycelial dry wt. (g/50 m{)
None 0.892
Arabinose 1.031
Fructose 1.350
Sucrose 1.289
Xylose 0.918
Galactose 1.020
Cellulose 0.776
Soluble starch 1.352
Maltose 1.302
Mannose 1.332
Glucose 1.386
Mannitol 1.406
Sorbitol 0.605

Fig. 3. Effect of different carbon sources on the mycelial production from C.
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millitaris.

1.6
~ 1.4 F N
E |
g 1.2 =
\—O{) 1 [ ] = 1
=
208 |
_5 |
S 0.6
304 F
>
Z 02 | H H
O Il Il Il Il Il Il 1 l Il 1 l Il 1 l Il D
O S ) @ @
2 2 ) 2 2> P
%O(\ O,DO\ Q\O S Q\o(\ \S\Q) %Q(\(b \\}é\fb (Z}\\ ,\({0 \kf()}\ Q\\\‘Z;\' {\»\\\‘\\
& ¥ & 0TS S
7o Q Q < O S O S >
3 &£ RS O 00 o) P 06 )
IS & o‘\\o @00 Q& 6‘6\ & o <
: POSC <
?\
Nlitrogen sources(0.028%, w/v)
Nitrogen sources (0.028 %, w/v) Mycelial dry wt. (g/50 ml)
None 0.471
Casamino acid 1.032
Peptone 1.370
Proteose peptone 1.386
Tryptone 1.169
Urea 0.367
Ammonium phosphate 0.764
Ammonium sulphate 0.960
Ammonium tartrate 0.987
Ammonium nitrate 0.762
Potassium nitrate 0.372
Sodium nitrate 0.364
Sodium nitrite 0.128

Fig 4. Effect of different nitrogen sources on the mycelial production from C.
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millitaris.

Mycelial dry wt.(g/50

0 0.1 0.2 0.3 0.4 0.5
Proteose peptone conc.(%)

Prot . (%) Mycelial dry wt.
roteose peptone conc. (%
bep (/50 ml)

0 0.825

0.1 1.091

0.2 1.386

0.3 1.404

0.4 1.408

05 1.402

Fig. 5. Effect of proteose peptone concentration on the mycelial production
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from C. millitaris.

Mycelial dry wt(g/

0 0.1 0.2 0.3 0.4 0.5
KH2PO,4 conc. (%)

KH>PO, conc. (%) Myc(zli/zlodrg) wt.
0 1.386
0.1 1452
02 1505
03 1483
04 1433
05 1.379

Fig. 6. Effect of KH2POs concentration on the mycelial production from C

millitaris.
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1.55

1.45

Mycelial dry wt.(g/

1.35

0.02 0.03 0.04 0.05

M gS0,4.7H,0 conc. (%)

MgSO4.7H-0 conc. (%) Myecelial dry wt. (g/50 mf)
0 1.386
0.01 1.497
0.02 1.505
0.03 1.447
0.04 1.433
0.05 1.387

Fig. 7. Effect of MgSQ4.7H2O concentration on the mycelial production from
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C. millitaris.

1.55

1.5

1.45

1.4

1.356

1.3

Mycelial dry wt.(g/50ml)

1.25

1.2

1.15

0,0 1.0, 5.0 0.2,1.0 0.5,1.0 0.1,0.5 0.1, 0.5
CaCl2 CuS0O4 FeSO4 MnSO4 ZnS04

Conc.(%)
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) Mycelial dry wt.
Mineral salts Conc. (%)
(g/50 ml)
None 0 1.505
1.0 1.497
CaCly
5.0 1.484
0.2 1.483
CUSO4.5HQO
1.0 1.496
05 1.503
FeSO,.7H20
1.0 1.494
0.1 1.505
MnS0O4.4H-0O
0.5 1.485
0.1 1.306
ZnS04.7H0O
0.5 1.396

Fig. 8. Effect of mineral salts on the mycelial production from C. millitaris.

155

Mycelial dry wt.(g/50ml)
&

1.3
1.3
0 0 250 2000 0.01 0.6 0.030.15 01 05 01 05 0.05 0.1
none Ascorbic acid Biothin Folic acid  Nicotinic acid Ca— Thianmin—HCl
Pantotenate
Vitarrins
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Vitamins Conc. (mg/#¢) Mycelial dry wt.(g/50 mé)
0 1.505
None
250 1.536
. ) 1000 1.489
Ascorbic acid
0.01 1.432
o 0.05 1.454
Biotin
0.03 1.476
. . 0.15 1.465
Folic acid
0.1 1.454
Nicotini d 05 1.475
icotinic aci 01 14%
0.5 1.406
Ca—Pantothenate
0.05 1.432
thiamine.HC1 0.1 1.540

Fig. 9. Effect of vitamins on the mycelial production from C. millitaris.

None Malt ex. Soybean Yeast ex. Silkworm  Dioscoreae
powder pupa radix

Organic nutrients conc.(1%)
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Organic nutrients Conc. (%) Myc(egli/glo d;g) wt
None 0 0.760
Malt extract 1 1.532
Soybean powder 1 1.547
Yeast extract 1 1.540
Silkworm pupa 1 0.825
Dioscoreae radix 1 1.504

Fig. 10. Effect of organic nutrients on the mycelial production from C.

millitaris.

Table 3. The composition of optimal medium for the mycelial production from

C. millitaris.

Mannitol 10 g
Yeast extract 10 g

Proteose peptone 3g

KH2>PO4 2g
MgSO4 02 g
thiamine. HCI 100 ng
Distilled water 1000 me

pH 7.0

- 111-

- 111 -



Table 4. Conditions for C. militaris culture

Characterization Lepidopteran insects

Entomopathogenic fungi

Optimal temperature Hyphal formation : 23-25T
Fruiting body formation :18-20C

Humidity Hyphal formation: 75 %
Fruiting body formation : 90-95 95

Airation 5-6 times/ day
Optimal pH Hyphal formation : pH 6.8- 6.9
Light 200-500 Lux

Table 5. The composition of optimal medium for the mycelial production

from C. millitaris.
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Potato, infusion from-----———----——--—- 200.0 g

Glucose——————————————= ———— 200 g

N 150 g

KHyPQy ———————————————m— 20 g

Yeast extract ~—————————————-————————— 15¢g

MgS0,7H0 —————————————— 05 g
. SDAY Liquidmedium |

Dextrose————————————————————————————— 40 g

Peptone-——————————————————————————————— 10 g

Yeast extract—-—————--—-———————"""—"—"——————— 10 g
. SDAY solidmedum |

Dextrose—————————————————————————————_ 40 g

Peptone——————————————————————————————— 10 g

Yeast extract—————————————————————————— 10g

Bacto—Agar ———————————————————————————— 1.5%

Yegst-—-————1—1H—1—1———H—-—H——— o 10 g

Peptone ——————————————————————————————— 10 g

Dextrose—————————————————————————————_ 40 g

Peptone——————————————————————————————— 10 g

Dextrose———————————————————————— 40 g

Bacto—Agar ———————————————————————————— 1.5%

Fig. 11. C militaris are formed on the hypha which is produced in culture

media(A). A mass formation of the C. militaris fruiting bodies (B)
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SR AANA C millitaris O Z5E AMA] S 93 wjkzAy) zhE

C. millitaris A= AAHS 98 wl xS w7t 10 o, Y= 25
T, pH 70014 7bg =2 AAHS non, gad 5 dA Aste] 94
3l 212 mannitolo] A th EAY FolAE F71E AAYUQ] proteose-peptone
o] 7F4 et oen, ¥7] A4 Y FoAE ammonium sulfate, urea 5=
o] & UAT. 2 ofHAbE] HAYS TAF AFol A Aol &
29 5 71 $3 proteose-peptoned] A HEE 0.3%°|Att T 9H
% KIHPO4, MgSO.7H09 A sE25 27 0.2%, 0.02%°] At #A71d 4
% vitamin & A Ak %53 Ao FE= thiamine-HClo|low, &
FEE 01 mg/lo)At}t. TAMA] AAbe] &3 A<l F7]E L yeast extractet

ol ATk, HAmA AN FAA &L 308 g/ £ o] AT

—

>~1

o
l
"
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Abstracts

The optimal cultural and nutritional conditions for the mycelial production
from C. militaris were investigated in synthetic media. The results are
summerized as follows. The optimal temperature, pH, and the duration of
culture for the mycelial production was 25C, 7.0 and 10 days, respectively.
Mannitol was good substance for the mycelial production. Among the nitrogen
sources, proteose—peptone was higher yield in mycellium, but nitrite nitrogen
inhibited. The higher yield was obtained with 0.3%6 peptone. The optimum
concentrations of KH2PO4 and MgSO4.7H>O were about 0.04 and 0.02% for the
mycelial production, respectively. Among the vitamins used, the greatest
mycelial production brought about by thiamin-HCl. And its proper
concentration was about 0.1 mg/¢. Among the organic nutrients, yeast
extract was good for the mycelial production and its proper concentration

was about 1%. In this study, we are obtained 30.8 g/ ¢ mycelial dry weight.

A24 C militaris == 9t AgddE2

[e)
gl

1. /\-]E
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C. militarise W95 2 dI4EHAZ &2 cordcepin, A L

AEAAS dWstE Mannitol, SAIE 2 AIDS A  #HAF=
% %3} %=t} (Polysaccaride) FoAEES FHetr U HAFEE
AR 54 EFHQ ligande= EAZAMES HEWHel FE£A  (receptor)ol
Azgtste] Az W wES st Asdd AHNSS Foke] FHHo
AE W ol A FA Ed ) diAFg o] o] gkt

B AP E g% C militaris®t C sinenesis FE= o] &3}

Cytokine®] <dFoz wAukgy dSukg, v LA Ao Bod=

o

Interferon gamma inducing factor(IGIF)¢} neuron @ ZHZFAZAAZEo| o]
Brain derived neurotrophic factor(BDNF), # 3% &9 autocrine survival
factor® EFEEY A B3] #FoJdE Nerve growth factor(NGF)Q!
ANAAEL] A& E3lo] Bo3F= neurotrophic factor® T3S F =3¢
HARES 2 ostressell oJste] WSt AW AAAMEY Hst 9 Ao
HAs = A gk oA 2 AsAzZMe g3E HFEA in vivo 9

in vitro oA RT-PCR, Western blotting, WS ZA3}std My up 2o 24

ry

WS 23] IGIF, neurotrophic factor? HHFE sl AHS

C. militaris= &3 ethanols ©]-&3|4 FZstth Ethanol %2 7 A
= 100 gol ethanol 500 m¢{= 3 7}3}% homogenizerE ©]-83F 47C, 10,000
RPMol A 2 &3t 5 3] d#dSA1Z] & 72 A7 o] @<t ¥ evaporator® &
Z3}lo] ethanole AIAE F saline g5 dol 2 Ho] 045 m filterS ©] &3}
of of Azl F 20Tl A&l ALgsH. =552 43T A4S 7

T Fstel Agad

_EL

P
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o AlEa g R ddsE

Pheochromocytoma 12(PC12) AlEZ Cornell University 2174 &2 &3k <
TAREE Y ol ARgstslem PCI2 AlEwdE RPMI 1640 (Gibco
BRL) 7]¥ x| 10% Horse Serum, 5% Fetal Bovine Serum (FBS), P/S
(50 units/m¢ penicillin, 25mg/m¢ streptomycine)S % 7}8to] 5% CO; incubator
oA 2~3 doll FHA wixE wkstH wiYdsinh Hd¥EdEES AFE
¥ oF 150 g9 specific pathogenic free male sprague—dawely ratZ 3+= 3}
AT MG AFFEFYH Pt AP AR AtRSE 22 A

97 s, AFSAe] e 21~24T, AUl FEE 40~60%2 % 8

ez
o} 3 AL A ] gy o] 12 AlZtwpt HEEE =2 Z A3l
o LPSe} C militaris =52 In vivo$t In vitro 2

Mouse$} Ratoll C militaris %520 mg/kg) ¥ LPS(10mg/kg) 73 AT

£ Ea 2T F, 4 AT, 8 A7ko] A F, o BT Avaw Ko} 7

PC12 MEXe MELE7L 70~80% HEZ AsS W C militaris %3
pg/me) 3 LPS(2 pg/mb)<= Aed 5 2 AlZh 4 AZH 6 A7bsb vhEA7 5
AZE ARGste] AdstAt =3 2 AFol AMEF FEEC o3 A
Lol FE2E Wl LPSO 2ol o3 AJMAES &lstr] s wikAlxE

LPS inhibitor?l Polymycin B sulfateE 3$t7] v kslo] 4=3) s}t
2}, Total RNA9]
1) PC 12 A|3Eol A total RNAS] &

Total RNAE EZ3s7] st EE AS} zA7|F+F+= DEPC
(diethylpyrocabonate) & #3413, RNAE RNA ZOL™ B g9
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(Lawrence. packaging supply co.)S ©]&3le] E st wld&7]oA] A
E7F 70~80% EER A5kE W PC 12 AXed #HFE F%=7F 1 pMe] HES
reserpine, forskolings A ggt & Z+7Z 4 A|7HE<E vbSA17| 2 v A& A A S
Atk 18] d-PBS$} Trypsin/EDTAE A &8t CO, incubatorol 4 3~5
I A A AEE BE8da, 800xgolA 10 3k AR AEE
g3l 4838 AXE RNA ZOL™ B £948 Hupste] w43t A|7]3
sodium acetate (pH 4.2)Z 1/10 volum< A 7}811 chloroforms £ 3ts}f
15 23 8ol & $F 12000 X g& 4ColA 15 3k AAEe st 45
A=

= Ald e %A sHF9 isopropanols H7Fstal ASolA 15 B3

2 w4
=

2
o
==

HESAIZ AL, 12,000xgoll Al 4CE 15 231 94 3le] pelletihs 0.8 me
DEPCE A 2|3 Zol %3 75% o] MojxE F 7500 X goll A AA#
sl RNA pelletg 9434t} o] RNA pelletS speed vacuumolA A zZA1Z
o, DEPC-water®] o] -70Co| H#3HA ¢cDNA 3ol ©] 833

2) # A A total RNAS] # 3

Z2 100 mgd 05 mle GITE (4 M guanidine thiocynate, 25 mM
sodium citrate(pH. 7.0), 05% sarcosyl, 0.1 M 2-mercaptoethanol)< % 7}3}
o] 4Tl A homogenizer(labware size 5. PYREX)® Z#& i3 & 2 M

sodium acetate(pH 4.0) 50 2} water-saturated phenol

(pH4.0) 05 mtS H7bske] 30 %3+ wwteldoh. 18)al W 3 chloroform 100
s FH7kste]l 20 &3 wwksial AJol A 15 3 wRgAIZl F 4T, 12,000
X g2 20 &3+ A4 FEste] AFdvkE AR Algdel &A1 57
isopropanols #7Fsll -20CollA 1 Az o] WgAIZ . REEAIZ] &S

4
TolA 12000 X go& 20 #3F 94 #2835ty dEAe HEa 20T B
B3 75% olere 05 mS H7Fste] Egtetar, 4TolA 7500xgl 2 5 W3
AA FEydte] =& RNA pellets speed vacuum= o] -&3to] AxA|Z o,

o] pellet& DEPC-watere] o] -20TCo| R HAA] A3t
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3) A TR ]

7h) oA Al 32 RAW 264.7 (ATCC No, TIB71)

1096 Fetal bovine serum, 2 mM L-glutamine, 100 units/m¢ penicillin,
183 100 pg/ml streptomycin®] $H-f¥ DMEM(High- glucose) Ml A& ©]
43t 37C humidified 5% CO, incubatoroll A B} 3t th PC 12 Al¥E=
cell death, A9 9 AABAxES] {3} 5o 74 Aol FHA AHEH
, P A L2 A (KCLB 21721) & wo} 10% fetal Bovine
serum, 100 units/m¢ penicillin, 100 pgg/m¢ streptomycin®] ¥3t¥ RPMI 1640
2| & o]&3te] 5% CO. incubatordllAl 2~3 deof 1A wjx & w33t
Hl| @5} S

1) SNU-484, 601, HeLa, A-549, OV-3(KCLB No. 00484, 00601, 10002,
10185) ¢FAll =5

S AEFego s Fof wetom NIH3T3 AlxF+ Fddsta o
F ol ALEEQTE GAEFE A A EFL3
Aol Wl 5% COs incubatorell A 2~3 Lo FHHA =

3t a1, NIH3T3 M X5+ 10% calf serum, 100 units/m¢ penicillin, ~LZ]

o2
Lo

T
==
)

FN £
£
o
t
-z
v}
Sh

P
El
rigt
QL
i)
=

I 100 pg/mé streptomycine] ¥ DMEM (High- glucose) ¥ #| S o] &
3Fe] 37C humidified 5% COs incubatoroll A Bl %3} T}

vl RT (Reverse Transcriptase) - PCR

PC 129} #H 9] HolA F=3 RNAS ZHZ} 2 pugs A5t I HAL Hk-&-&
ol [2 mM dNTPS, 10 units RNase inhibitor, 1 ¢ oligo-dT(100 pmol), 15
units AMV reverse transcriptaselol A SdAAL wke& 3. 4z Ao

sample®] cDNAE primer (Table 1)& #|%}3t¢] PCR(Alison M. Comer and
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Hannah M. Gibbons, 1999; Alison M. Comer and Jianguo Qi, 1998)< <3}
3 & PCR product:E 12~15% agarose geldl #7953 F

ethidium-bromide® G M3+ & &Helstdth.

v}, DNA sequencing @} ¥4

o d7IAd BAL 72 AdAT A FFEsel o ste] Fas Atk
Perkin elmer(USA)AF2] Automatic DNA sequencer(2 2 H:ABI PRISM 377)
2 readingdle] @71Ad @A AZEg O Sequencer M(Gene Codes Inc.
USA)®} (Hitachi software engineering CO., Ltd. Japan)ZE o] &3}o] &Als}l%)
o}

AF. DNA Probe A%}

DNA probe= Random primed DNA labelling Kit (Boeheinger Mannheim
Co)E ©]-&3ate Al 4atsdt.

o}, Northern blot hybridization

2.2 M formaldehyde/ 1% agarose gelo]l 4 22] total RNA samples<
loading?t t©&, 1 X MOPS bufferg ©o]&3sto] 70~80 VZ 3~4 A3t

running 3} Tth formaldehydeE &A1 A1717] fl8to] S/ gels 20~30

A

9o F EBr §99 30 ¥ 4% dAsgth 28 FR50l 3~4 9 4

L 30 & HAew AHI 5 o] gel& 10 X SSC &

o

Jo 7 AV A=
o] &3¢ transfer® 3Gtk 2 X SSCE 7hd3] Alxste] 80C= dAw F
Prehybridization buffer (10 m¢ of deionised formamide, 1 m¢ of 20% SDS, 4
ml of 50% dextran sulfate, 1.16 g NaCl, 28] 3 5 m{ DEPC-treated distilled

- 121-
- 121 -



water)® 42Co|A 1 A7+ W8 ¥ Prehybridization buffer®} salmon sperm
DNA 283 [a-*P] -dCTP®= 2% probeE o|&3te] hybridization W<
P2 =k A3 & 2 X SSCE A FHste] -70Co A Kodak X-ray

S |

sl Ay &

ol

Kol
=

filmell ==

2} LPS®F C militaris =29 A glo] 93k IFN-v Assay

C. militaris F%=% LPS® Aol o3 IFN-ve] A S &olrr] ffst
of PC 12 Al HE7F 60~70 %l @8t ZH2b Ao LPS(2 pg/ml)ot C
militaris F%23 pg/ml)S Agsto] AZPERE(0, 1, 2, 3, 4 hr) WIFHS &
& % Bender Medsystems ELISA kitE AF&3le] A A] "WhHo] wel 4343}
Ak

Z}. Chromosomal DNA 2]

FHol mEE 1~2 cmE Ad3Fe] 15 ml microcentrifuge tubeo] 2L th&
0.7 me] §4(50 mM Tris, pH 80, 100 mM EDTA, 05% SDS)E t]sti
proteinase K(10 mg/m¢) &4 35 W= H7stdth rocking platform(Clay
Adams aliquot mixer)dol A sF&4HF F<QF 55Tl Al vlFAIZITE tubeE AU
A1 0.7 ml® phenols F7betar $hHstA S &dtst7]l fa@l tubes 2L 3

ot AskA uwtellvh. e syl ffs 3 & et e v]eA

S

AEEeA . AHZL tubeo] AAFS %71 F phenol/chloroform(1:1) 0.7

meS Bt 2 &b FekA wnksie] 2 & et dAE AT UA s

r4°

15 m¢ microcentrifuge tubedl %371 ¥ 3 M sodium acetate(pH 6.0) 70
po} 2o BEE 100% ethanol 0.7mE 3 7Fst itk DNA pellets F©
7] A& 30 = sk A A AS AASST o] A2 Bt
® 70% ethanol 1 m(E 7}3lel DNAZS A7 &) Z8kA vortex Atk 2
oA 1 2 Ft AAEY A ARSI 28a e ds A A

Hast Al A=A tubedl TES4(10 mM Tris, pH

tlo

>

DNAZE A FAg ol
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8.0, 1 mM EDTA) 0.1 mE H7}ste] A2oA] et &<k 52 & v 4
ol AL

7}. CAT assayE $3 pCAT vectore] A=+

1) IGIF promoter +A=¢] &2 3 pCAT vectore] Az

C. militaris F%%0°] IGIF promoter &Aol| " x= J3FS dolr 7] 93}
o exon [#9 Y FH¢ exon 19 ¢ H9(Gintron) +9= PCRS 43
st ZEZ A7) & pGEM-T Easy cloning vectorel] A3t Ad+& 4 sph I
3 pst [&2 pCAT vectorst 37 ded & 4F4ske] pCAT plat p2E Al
2+l A v (Fig. 1)

2) BDNF promoter 3 2+e] S 243 pCAT vectord] Az

BDNF9] promoter ¥9& Z=243}7] 93] chromosomal DNAE F3 o2
Z+7+ 9] primerg ©]€3te PCRE F3dstior v 22 primers AF-&3)
o] PCRRES =% 50 gl 10 X PCR &5 84500 mM KCl, 100 mM
Tris-HC1 pH 83, 15 mM MgCly, 0.1% gelatin, 200 mM(dATP, dCTP,
dTTP, dGTP)] , primer(forward primer®} reverse primer) Z}Z} 20 pmol,
DNAS% 100 ng, adventage Tagpolymerase 5 unit, @ FE % &35}
Thermal cycler system 2400(Perkin-Elmer Cetus, Norwalk, CT)Z A}-&3}o]
94Tl A 1 &, 58TolA 2 &, 68Tl 3 & wo= 30 3] W5dto] 33}
Aot Exon I 5 A¢H4, Intron I 3 Exon [IE £33 39 181 o5&
P25 ¥33 B QS do] pGEM T-easy vectorol =4 3to] CAT vector
o] AHGa ATFEALAE ALE3E] pCAT assayE 93 vectorE A ZsFith
(Fig. 2). |52 727} pCAT ml.2, pCAT m34 18] pCAT mld= s}
Attt PCRS #385t7] 93 primers th&3 2t}

pCAT ml4

sense; b'TTGCGGCTTCAGTTCTCAACS’

antisense; 5’ CGGTTTCTTCCACTTCCTTACGS’
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pCAT ml.2
sense; ' TTGCGGCTTCAGTTCTCAACS'
antisense; 5'GAGATTTCCCTGTCGCCAS’

El. Al EWE (transfection)® CAT A

]

r&'ﬂ

ERER

i

= E3%FsE promoter 919 §HAE PCRE 433514

o b

Al Z

A

olN
_IH~1

o]5<%  chloramphenicol  acetyltransferase(CAT)S  zt:&
pCAT-promoter vectordl]l A YAA AxTdZeAncs w50 CAT 42
7h HEA RS SFiTh

A Z3F pCAT promoter vectorS Omega(Korea) maxiplasmid isolation kit
2 Abg3sle] AAsHT. AM3ES]  lipofectamine plus reagentE ©] &3}
transfection A2l ¥ 24 A|7ro] AH}E 1 C militaris & Ags F

5% CO, Wi F715 o] &3t 37TolA 24 AIZF vikst 5 PBS buffer= o

N

T 24y siE5S 3 H vrE A A lysateE THEIL 4T, 12,000xgol A 10
B 9AEYS Asdnks dEvh. CAT  assayts CAT  ALISA
kit(Boehringer mannheim)& A}-83te] =43¢ 2™ B-galactosidase assay=

#3le) pCMV plasmidZ %Al transfectiondto] 1 &8-S xAs %t}

3}, IGIF 32k 3@ o F g2lS 93k Immunohistochemistry

signalg® SZA171

= A st

o
(=)
o
z
X
L
W
e
jab]
=
=]
o
o
@]
=]
N
e
=
it
—
D
—t
=
Q)
@]
5
o
=
o,
o}
S
>
@
IS
s
[sv]
@)
[\]

3}. Ligation and transformation
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Ligation® Promega Co.(USA)2] HHo wel 4313ttt ligation WH3- <Y
10 x0 el fresh PCR product, 2xligation &8 H(250mM Tris-HCl pH
78, 100 mM MgCl,, 20 mM DTT, 4 mM ATP) 1 ul, pGEM-T easy
vector(25 ng/ul) 1 wl, T4 DNA ligase(3.0 Weiss units) 1 @, BT 55 #7}
g & A& Egste] A2 1 ARE g & EASs FAH3 AlA X-gal
I IPTG7F 8% LB wiAo] Z=@star Ao clones LBHIA| o 8l 35t
AFErE Sl st

2782 Hanahan(1985) el ¢ste] < E. coli DHSaE AH83kS]

F_>i

o}k A 3FAE (Competent cel)E 1| sH7] 98l & wl%3st E coli DHoaEAZ
£ SOB 9HAMIA(2% bacto tryptone, 05% bacto yeast extract, 10 mM
NaCl, 25 mM KCI, 10 mM MgCl,, 10 mM MgSO,, pH 6.8~7.0) 30~100 ml
/0 Eek=Ae] FEFS 600 nmollAl OD7F 0.3~057F & wi7hA] 37Tl A
e wiekatdeh s FAS 4TelA 1,000 X g& 15 & <k d4l sk
MEES 2L T RF1 £9(100 mM KCl, 50 mM MnCl; - 4H.0, 30 mM
0 mM CaCls - 2H-0, 15% glycerol, pH 5.8)¢] 1/3¢] &E A]7]a 15

st Aol AAF F Al 4TolA 1,000 X g2 15 & &< 44 29
£ N(10mM MOPS, 10 mM KCl, 75 mM CaCl, -

2H.,0, 15% glycerol, pH 6.8)¢] 1/125% FEA|A 15 & T AL A3
% 15ml microfuge tubecl] AHHEFS EF3 T A A dry ice/ethanololl

A A%EA 29 ge 70T maeEA gA el ALl

Ligation &89 10 w9} ATAEL 100 s E3sle] 2 & 3 30 & Fot
A Lo AX3Fa 42T A 90 = E<¢F heat shock sttt ZHIZ 2~3 & =

oF Ao WA & Alxde] RS $1ste] LB AAuIA] 800 wlE 7Fste]

1 AIZE &<k 225 rpmo = ' wjgsidnt. wj gt A=

= 50 pg/m¢ ampicillin, 50 pg/ml kanamycin® X-gal (40 mg/mé) 40 w0,

IPTG(100 mM) 40 w07} g2 LB Ao =% 3kef 37T 3F5
&k st A4 HeEhs Atk

FAASAE Folelr] st Aw¥sk A F&S 50 ug/ml ampicillin, 50

pg/ml kanamycine] ¥ LB AR uj Ao 37CoA W EoF wjokst &
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2

gy 15 mlE Fsle] alkaline lysis W (Maniatis et al, 1989)°] 2]3&}<
Az3t Feh=v= DNAS 283kt vectorel AFl€ DNAZF &3] 4+
HA=A Y AFE F1str] flste] AFE A EcoR1 o= Aok & o]zl
EtBr7} &% 1.2% agarose gelo] A7|9& A7 & QA S FAlsle] #
Zatint

A gz

7} C militaris 523 LPSE AHlst AF ] e} 1FolA IGIFS} BDNF -

Aol W

20~30 g9 AFE ol &t HAH AFE T3 salines Aste] izt
o2 ALgE7] 98] 4 Al & total RNAS F&319 3 C militaris(10 mg/
kg) ethanol F&E 3 LPS(0 mg/kg)E Fol5te] 4A 7+ 8 A1z 28]al 2 A
3k, 4 AR 8 AIZE, 24 AlRFol Zhzh A3 F 9 kS A &8t Total RNA
S EYstdrh. #g¥ total RNAG pg)g IdHAIEAE °]843819(2 mM

mio

dNTPS, 15 units RNase inhibitor, 1 gg of oligo(dT), 200 units®] M-MLV Reverse
transcriptase == 15 units®] AMV reverse transcriptase) cDNAZS A3 & A
F 5olA<Ql IGIF primerg AM43ste] RT-PCRE Faststh 1 Ay}, 57 o
Folgt AFA e Mo M= C militaris FEES A 3A 4 AIZF Fof] IGIFL
e o] vl A2 (saline Fo)AF 9F LPSFo] AAF ot ZeiA YeEtu &S &9l
3 L (Fig. 3A), 7Folld= LPSeF C militaris #2252 A3 4 A3 8
A & IGIF7F B 28 23 ES g8t th(Fig. 3B). 3 C militaris

B AT Folg AFA9 M= 4 AEH 8 AIZF Fofl IGIFe] & o]

i

£
Bt = AHFig. 4).

Okamura 5(1995)"”¢ A o] bacterium P. acnes 9 LPSZ A z#|&te] 7t
o Al = cytokined] IGIFE @t o]+ v FoA NK €45 714
AT I O FAAE 192 R opn At AT AE destetar o
157 7hel g duds gsstetvka Bastslth IGIF: IL-12¢F 3§47
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Kupffer A ¥Eo)A A% 23 marcrophageE A3 A7tk A% IGIF &
WAL L1280 IFN-vE H5H dsA = Alzen o= Qs 23 7
=88 4 ATk IGIF= Thl Ao &3fo] wojabm =2 a)et o
T Whgoll #ojgtttar B astdth FH el IFN-ve] AA 7128 Thl @9 A
o] #gte} NK MEES] Ax5Agd #de] dvta ®ustgown, F e IGIF
cDNAE probe® AR&3sto] AAFAzte] 7He] ¢DNA libraryZF-H Q1zHE]

ku
il

IGIF ¢cDNAE ZF2Y 3tk Q1zte] cDNAZFE ofuil Ad& F£3¢
A7 193 e AFAR FAAEAA Adem mouse IGIFSE 65%2] s

AYa Aol olE IL-13% FAEE AES Bela F29% cDNAE E coli
oA dste] A=

& A Az dde NK AXEe AXSAHS S7H71a 3453

ok

P S48 Zhe Axg awd s vhso 1 7S AT
#
PBMC(peripheral blood mononuclear cells)ol ]3] IFN-vE F=33vt H

B Ao A= Conti 5(1997)Y0] Hist LPSTES AF el H2 7 d A
IGIF7F ZatAl Zaf=s At sdstA LPSe C militaris'Fo A5 =
A Td FEdES Fd8snh. 22 Conti 521(1997)7 217 224 o A

F gles mud A3 =4 & AdoME C militaris

FEEo] AFY HAA IGIFY EdFEE 7S s o=

vE FEgtomM ARz o HFA, dntoly

2 FgREY A o Fo3 d3S ot wE A C militaris FEE] A

o WA &7 oS &9 T F ATk IGIF 2dd #] 8 o] A

G AFE O B4 2o ¥ ¢u 3o Jakubs(2000)7)°] B g IGIF?)
=

9% FA7 A2

1
re
-
N
o
o3
ol
N
k
a2/
£ i
Jm
ol
U o
?m
il

of tia] 1 7bsAdel AskAl AAE I o] IGIFS] wd
militaris= ©|¥ #AoME 1 Faodo] Atta AlRHW o A
E3 F7HARL A E FaH o qoF & Aot

ot A3 wHoez LPSY C militaris FEES AFd FASHY
BDNFe] W ds wAshy] fls) dAstslon], 1 Ay HellA= LPSA

4 ANz 8 A7 3 wrE ko] FUtetR e, C militaris FEEL 8 A3

L5 7= C

=]
w4

A
o
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ol el M S-S Sdednh = o=

=9& &394 (Fig. 5).

BDNF, NGF, 18|31 NT-32 EF HoA] &5 ofx]
7 w8 =52 djubhipocapus)Wol A LAE L o]
of A7} WA EujElo] A BANE AR FEH o]

ttx ®Rustgth =3 BDNF mRNAE ol A< b

=d 15 mRNAZ9
dulE I AAEC]
NAAZLAA 2=

R

AZAE A M=

TAEn 2 A3 ZIelA = BDNFO| & o] oA FLwQar v A A
F Z2AQ MR BHle] fEES &< & 4 AT Kainic acid 9 ¥
T X A3 E(dentate gyrus hilus)e H71F Ao olE v, M=
(amygdala), A13] 4 (neocortex)l Al NGFY BDNF mRNA7} Z7l€tta B
g Z 37 o] BDNFZ&o] LPSYCmilitaris &2 93] = 2 & A+
< g9l & 4 d%lrh Lindvall 5(1992)”9] ¥, BDNF mRNAE Z4o]
2o 98-S wor BDNF mRNAE dxstoluo] o= AdeAAE i
HojA ™ o]= BDNF¢ FFo] dzstolm o] JaFs 73tk Aoz A7
dvha ®auskith 3 BDNF&= S35 AdA L] AFAZ] 5
BREY ABAELESY AEE w2k 71 Aol &) e A4S dvha B

AR =84 forskolind o8] rate] oA adenylyl cyclaseE A}=r3d}¢]

BDNF9 TrkBel 2wdE zd3e mRaustgr uahA

2 AddAes C

L

militaris F=%°] HdA %= BDNFE HdF= g o2 Hol ADY 5A

W C militaris FE&3 LPSE A3 F¥ e Z4 Foof A olA 9 IGIF+

Axe) W

ol A e] IGIFS] WS el F, Mo F2 wd F9E FAss] A3

o] Toxic shock¢! LPS(10 mg/kg)et C militaris F3
Fe B U T, 4 Aol A v Mo ),
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& A&sto] Total RNAS welatsivh. Zh7he] Eeldl Total RNAR wg)E
HAALEAE AFE3F] (2 mM dANTPS, 15 units RNase inhibitor, 1 pg of oligo dT, 5
units of AMV reverse transcriptase) cDNAZS 43t 9] IGIFo thd Eo]
el primerE AF&31o](94CoA 1 &, 56ColA 1 & 30 %, 72TCoA 1 &

30 %, 35 cycle) RT-PCRE 33ttt +aqgt A3 Ho| BE F oA
IGIF7F 23 ghs A th(Fig. 6). o Hek Aol M = C militaris 5%
=3 LPSE AP 4 AgF & fFrzke] wdo] Ao 2o Fo oo

g & IGIF9] &

2

\r
2
=
Lo
i3
o)
Ho
k
N

o
QL
X
=
m
_E
t
o
o
>
N
2
ACh

0{1

rat®]  FAIIHA  reserpines  Azlste]  WATS RSl

f

a3

granulocyte-macrophage-CSFE AAtel= wbd [L-108 ZAA| It

gom w3k [GIFe] mRNA 239 d3Fo 2 cold stress?t ZstA IGIFe &

-

AR BEo] FEHAI in situ hybridizationS Ed B3 AY  zona
reticularis®; fasciculata F-91A HdHS B3t £33 7hF ~EH A
of oJg ABANAE 2 Ed Wt gles BRasiv 2ed 2 AF
N = C militaris FZFE°] HolA%E IGIFY 2dS & & F+ A& &
Iste]l AAANAE FAST7E gldvke A9 Hae & M2 A3E

j;@']_o 3k 2= 01045}.

U2 T O AR

Lok 9o FUd o w AFAdME IGIF7F 2d fFEES ol 8
e B3 Mot A BEF LPSY C militaris &S Ao g3 4

>

17t Foll A IGIFe] 2d -7}t

militarisE 27} A es ARt 34 FEge® AYA a35 Yl S
g 4 YA Fig. 7). °]E Okamura 5(1995)”C P. acnes’t g =
A el LPSE A ate] 7hellA] A 2= cytokine?! IGIFE st o=
v ol A NKAIE 48 713 ks Baet $dsA AFA = IGIF
7b wrdE o 19999 KIM® So] thas AlEFoA IGIF7E L@ e
sk FdskA AU oy FldA IGIF7F ZdE & des el @

e
o

T

3l

o

o)
PR

&
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ARvtH o ® C militarist A Q17te] H&ae= WHOoE telA EE
FEote WY 2 vEs Wyol de deA Ak webs
w2 IGIFY 23 g5 dotry] 9t C militariss &2 T@3 A%
ethanol® FZsto] F ol 574 FAbétel RT-PCRE sttt &

o

o= EHE AHAZE F A= AEo] ethanolz Sld] FE2 F AFS B

FAtHFig. 8).

2. LPS¢} C militaris %5 283 PC12 AE A2l IGIFS IFN-v4
2ke] g

ot

PC 12 AZlA 9] IGIF¢t IFN-vo] a F3FS dotrr] 93] PC 12 A

X Eo] wjg&7]d 70~80% HEZ A S w LPSQ2 pg/mb)y C militaris

militaris F=%5 Ags Ax 25 IGIF7h
o] Frksll o IFN-vo] Hd % S7hshs 8218t th(Fig. 9). Masahide
51997 e AAMETA raw 2647 AEA LPSE A A3} IGIFS]
o] F7behS Wuatlth 3 Charles(1999)"% IGIF7F IL-13 frAHahH
T-celle #&A3}sle] IGIFS T-cell_helper type 1(Thl) ¥FgolA 7} Fa
st A4S st o= T cell?} NKAMXZAA IFN-vE fFE3gtthal H 3138t
gk IGIF A& FdA = IL-129] &A= &3kl IFN-v7F oA =3l o
IL-1B¢F F AR S Aot B st #9 IGIF cDNAZ probe® AR-& 3}
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o] Aakelzkel 7+e]l ¢DNA libraryZ %€ <17kl IGIF ¢cDNAZS Z24 34
o} ol IL-13 fAM e A dS By Z2YE cDNAS E coliol A as}
o 4 g4s Ze AR 9ds vEY 1 V%S A7 Ay A
= 7

|3 e E5x¥ PBMCel 9

o sdstA LPSe C militaris F+%%°] IGIFe @dE& fF=ds 9 &
F AAqT E3] LPSTo 4 A7, C militaris T 2 A 7Y, reserpine $¢ 2
A7 Fo IGIF7F ZskA 28§ % H%en IFN-vE LPS, C militaris,
reserpine H# 4 A7+ Fo]| BE e wdES wmeth Conti $(1997)”¢]
reserpines A gk F o Rl A A el IGIFe] @& F7F Hiler sd3HA
PC 12M £ A = IGIF7} reserpine¥®wto] olyel C militaris+& &% IGIFES

FEFol FAH Y

il

v, IGIF9} BDNF #Adzte] 24 2 97 A4E &4

E?L'

AHAE LPSS C militaris =% A3 § Total RNAE &3t
¥ cDNAE o]&3lo] wdw IGIF9+ BDNF #dAE #2d7] 9
pGEM T-easy =24 vectordl A¢ste] z+zb pIGIF®F pBDNFZ ™ sf
Agais Aeste] 22Y ARE FstAdom(Fig. 10A) |7 A4S 7
7k B - waetdeh 2 A3, HolA HEe IGIF 44 Conti 5(1997)”
8% HEste]l A IL-1837 wlwsle] oF 91%9] ofm =it N4
o] FEAE 7 A 194 e ofrmsto® o] fo] Hrhe Hiel FY

g slstanh. =3 Shimpei §(1996)7 e 17be] IGIFfAAE SR}

(
_

£

S
AN
Lo
3
—

of ofmj=Aik o] 193 /e A dMiE 2 A3 IGIF cDNA9F 65% 9]
Fedol AFE Hasth Aw/AA AF e HeA e IGIF #F37= 7]

Aol FHAA ggkort B APL Fake] ¥ IGIF §AAE ol ¥
A A wAH FAAE 1 Ade] FAFS FAsA 2t b4t
A selA el IGIF 71%e] W@ FAA A= Faws Zaa go g%
9 ge A3 ey,
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249 vectorol] AYP3 & A3E AT

il

F x4
22 geldta(Fig. 10B) ol= 19894 Leibrock So] =X

o
genome FAI H A ¥ AP (superior colliculus)ol A 2o cDNA +3

S o] &3l FFAH NS (PCR)S AA|g A3} cDNA clone®] #2]% 31 A4
o] AAEYE=d o] AS BDNF7F 252 7] ofv]weAk @7]e] A+-A vl AdS

U= = = intron®] §0&= open reading frame(ORF)el ol dastdvt= A
= Bagk Aael dATS geld = AT

A z3 Zg+2~v]= DNASI pBDNFZ Plasmid mini kit(Bioneer)E ©]-&3}
o A 57 DNA 9714 ES 4899, 2 23} 1991 @l Maisonpierre
G2 A+ # BDNFO A2 cDNA clone® 9714 g ofn| st Ao
ol do] ®au® A (Leibrock et al, 1989)¢+ A F (Hofer et al, 1990) cDNA
of MdS gk A3 vl FAstv = Ae Basido AF e A A
(AT®H +4 ZE(TAG7Z7FA 750 bpel BDNF #F#AA} Q7A€ 8 HogF=
g, 250 7Hel epmweat dE zbE BDNF frdas AF9 wug 2
100% 9] d&de Btk

vl PC 12 M ¥4 wd== IGIFS IGIF Isoform F21xte] S22 2 47]
A E A

Conti 5(1996)Y& F ol A reserpines ##|ate] HA13 Ao A differential
display®¥¥ & ol-&aiA At A71MLE B opnAbqde] 91%¢] FEde
Zb= IGIF F-2E gedlon, RT-PCR A% F 7FA 9] fxdA wE=r)
dES Bt o F 1 A ALS A9 91% FEsds dE
194 78¢] opmeAts FEstetal Ao ofu =it 8 Wik 64 WMol mouse©l
¥ glycine?}t prolinee] Z}2t 7t oS glstt. g
TR AL 57 MY A7) Aol A HojHom o= 359 A 360 ¥
e A7IME AGEE Hol 361 WAl 417 Wl AMdo] &¥ yYrty vz
418 WA d7] Mdel EAHa dFeith. o= ofnwil Ao
he'-Glu'™-Glu'”' el 1 Phe'’-Glu'*-Lys'™™'9] o2 dage sl

1

mE

K

Ir
I
Y

o
>
§2
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2 Ao E o8 7FA 9 IGIF 5°¢]4Ql primerg Z%3ste] RT-PCRS +
qe A 9o Bk ol swgh #FHL FHA WET des A
24 vectorel 44kl plGIFiso® ™ stal(Fig. 11) f7IX2E 483
thFig. 12). 71 A3, PC 12 A XA 57 7o) 947] Ade] A& wojA 3l
a2 e d7I7F MEHAA ASS FASAT ol 2A opr A A W
ghE)o] oS e e (Fig. 13) isoformo] FAsHS #2189t} Pierre
5(2000)'”2 NGF2] receptord] TrkA®] isoform¢l 6 7] ofv]i=2to] H7}g
TrkATE 2Aste] BusdEd ratol A TrkAIZE ¥ BE oA
HAEA o Agre] HolM = A SoHom BAFS Bl 53 &
zzstolw ko] o= wEgo] HATS FAeith woka ol g
isoforme] HolA FQaF ATE st A&S AAEGAT 2 obA A
IGIFQ] isoform©] AA WA ez glo] old st 7|5A 77 435 o]
AA Fstar dok kA 2 A= ol d oy g stz PC 12
A ZA A isoforme &Y Fo2A 1 7le AF7E &olal Ak vobrhA

2

IGIF +32& 2d vectoro]l F=dste] Az duidS whsof &d +
ZZ BA3l3 receptorete] AR a1 IGIFe 83 71%59¢ IFN-vE

FEstEA Fo AF7F daEojop & Bt}
AL PC 12 M Z oA 9] INF-ve &4 =74

PC 12 A*E7F 60~70%¢ Wxz A w7t wjFsd F AEe C
militaris F+Z& % LPSE AHEd & wjdAS 535t 7247 Aty #=2
IFN-ve] AEe% &S ELISA kitE A&t A 2 A3, PC
12 Aol A= LPSS C militaris FE5& He|d Al 25 9EgAzke] 4

Hpekell whel dd el S7FEe HAa skelM el RT-PCRe| 2ol sds)

=
o] cruded MHolnE WAFEEZHO o] AuHom YT A7 wiol
2 AR HE T o] gk IFN-ve] ¥d2 Junming 539 Aol Ty 2
= human peripheral blood mononuclear cell(PBMC)ollA  LPS9}
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~

phytohemagglutinin(PHA)”7} IFN-VvE fE2&dS HAusd3, ¥ 9
LPS(0.1 pg/m)ell A IL-25 dAe] g A3 IFN-ve dd o] S715He B
s

Peritoneal exudate cell(PEC)9l A% LPS¢} interleukin-22] #2]d A3} A}
3o gelsdrl. Yong Gu £(1997)%&  interleukine-1p  converting
enzyme(ICE)o] IGIF9 A @Wzd& ddste] EASAAS ICE 2
Kupffer cellol Al ¥3 B ustgich, w3k ICES IGIFE EAlo AlEo] Az g
o2 IFN-v9] #%=7} 574615l &-S Bastglth Shimpei 5(1997)72 <13
°] IGIF cDNAE 224 3st3lom 2@ vectors o83t A=z dds
Abatglom o= PBMC Al¥olA IFN-vE F23S Wistslvh IGIF<

IL-1pE 2% ¥g4 A3A2 A5 o)A 1L signal peptide® XYl YA &

Fn

n]o
ﬂJ O

o JL-1Bp-converting enzyme(ICE, caspase-1)°o ol&] A< wwizdz H3
o] 2 tH(Fig. 14).

o}, Northern blot analysis

Aol C. militaris FZF=3 LPSE Agjstal 247 4 A3, 8 A3E Fol ¢}
7+& A # 3o total RNAZE Trizol reagent (Lifetechnologies, USA)E A& 3}
A A e o] whel 2235kl Total RNAS 20 pgS formaldehyde agarose
A [d7195Fig. 15)3te] <l F pBDNFol E24¥ BDNF cDNAE
probe® ©]83}°] Northern blottingS 33}Att. 2 A3} FH o HolAd=
C. militaris %55 8 A7t A g3 BDNF mRNA<9| o] 714 S71sts ®
oFA L (Fig. 15), HelA+= LPSE A 8 At A C militaris &
S AHTA 4 Az 8 ARl A g o]l Fhehs RISt o= Srol

e

A F8sta el RT-PCRe Z2#¢} 5U3S Hol Fa E3 raw 264.7 AE
o} Ao 7+ 2AoA toxic drugE A eldte] IGIF mRNAYS Z71s ®algh

Masahide 519973} Conti 5(1997)%¢] Aze} FAES 3ol 3 4 9]
ok 7 719 RNA HAAMAIQ]I 15 kb A 7|7} &QlE o oA BDNF ##
2 HHA A9 BDNF mRNA AAS #AAg 4= Ak 1.5 kb =Z7]] HAA

32
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2 Foetgon, m3 A4 # ¥ A R994 BDNF mRNA A9 &

e A9e Ay suA mg 2o FFow wddgon dge ¥4,

¥ o MEEYSS Busdr) 1992 W Lindvall” S ¢35, BDNF
Q.

Z}. Immunohistochemistry

HollA 30 mm FA9 EHE Ao] anti-rabbit primary antibody(1:25,000) 3}
FukEol Wk A7l F A Fslgdtt. Biotinylated anti-rabbit secondary
antibody & ©]&3}e] 1 AZFAE WwHS-A1Zl ¥ Avidin-biotin complex Kit®
antigenic signal® SZA|Z1 ¥ 0.05% 3,3'-diaminobenzidine-tetrachloride
(DAB)¢} H:0x2 A 2lst $ HAsto] LPSe C militaris =< A2gk F
o] Ho| A IGIFe] 23 of Wy Y-S vustAY. 1 A3, C militaris

FEE0] HolA IGIFS] 2de fF=sty ¥ dA FeoA IGIF7F 23 o

o
s
4z

al
gomM WARESN FoH 22¥S WUs 2Yshtd Purkine A¥7}

B eBoln &3

=2
Ho
i)
it
o
i
X
ﬂﬂﬂl
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rr
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NN
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Zr.
b=
@
&
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|
=
EHU
o

BHol LFFEVZHE feedback AT E A FHa olAS Ay LA &
=

oft
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A "}t =3 Purkinje Al E A3 32 % Purkinje M EES A= A
sFolth A7lE o 50~80 mAEelH, FFNAANA 15 X 10" 77+ ek
AE7E YR or SAE7e UF7HAZe] adude] Ad wpgFed &
AZFo g wolglt) large primary dendrite, secondary dendritic branches,
tertiary dendritic branches® ®# A= WA t& MEEFHS A|Wx WHES 4
gty 2 & Purkinje AlEZe 2 ZAAZAA A¥HE & dAE FESH
Purkinje ST ZolA WEH= dgsdo] A ofnx=Al AEEHQ]
GABAzZt= ZAEst A7 v 2 A oA & IGIF7F Purkinje Al

=
HetAl Frve Zder Wol IGIF7F £ E dde] e + o

y P

|
Qi
g
-
=2
2
i
ful
i
rie
Ho
off
4
=
fo,
b
2
iy
o
facs
o
P
o
it
>
fl
)
ui
o
2L
)

AAZA IGIFE] 7% 77 oheks] wxdd dAeln] 53] 49 IGIFe
o = o} A AEE AAolmz B S Ei o]

AT 7127 4 5 Aok Az
2}F. 1IGIF 4 2F9] promoter H-$12] cloning % CAT assay

B AFo M= C militaris F%%°] IGIF promoter Ao 1 x+= e
ol 7] 93t exon 19 549 H2¢ exon 1o 49 FH(intron) =
intron [ %15 PCR& T3t 5HA21 & pGEM-T Easy cloning vector
| Ate) 3 F Al@da A sph [ pst 192 pCAT vectorst &7 dare 3
Alste]l pCAT ple p2E A #eRth. 3 pCAT pld p2E DHb5aol 83
A5 A7l & 200 mee] LBHiA| el w93} al maxiplasmid kit(Omega, korea)<
o]&sto] pCAT pl¥t p2& e shsla AFare ddste] 229 o
5 Slstdth(Fig. 17). RAW 2647 AZ7F 60% LEz 23S o

2

lipofectamine® vector DNAE serum free medium¢! optimem ®jX]o| =3t

gt & Al transfectionA] 2 TF. TransfectionA]Zl & 5 AJ7F Fo] A&

7k 24 AzF Fol LPS(3 pe/m)et C militaris(5 pg/m)e F&5=

tlo
Au)

lysis $F& 4ol 30 & &t s F

4 ¥
dAEgete] AL FTHS AFEEte] CAT assaye T3ttt CAT assay
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= Boehringer Mannheim Biochemica(Germany) ELISA kitE A}-&3}% o

i

Agge ANl Fakel AASHADL pCMVB-gal plasmid® 5 A ol

transfection?] 7] i B-galactosidase assayS S 33} transfection &&<S ¥
+3tstg k. 1 43 pCAT pl promoter= LPS®} C. militaris FEE5S €]
3 AMEZA A Aol =A yUgo E3], C militaris¥&%%% A
promoter®] A o] ZstA vEhdS sk =3 pCAT p2el A= fzh

o] gAe] =713t delatgdth Kim 5(1999Y¢ Exon I 5 491%¢¢)
Exonll 5 A9H9E5 F2493te] raw 2647 AlEol| transfection A7 %

LPSE A2lgk 23 promotere] #4o] F7tetlem™ Exon 179159l

fllo

i
ok

o

IFN consensus sequence binding protein site7} -390 A4 -13F-$]ol &A=
Bl Eg o] RIS AYH oz A|#sle] gel shift assays G 3
A3 LPSE A3k AlxolA AdAZE S7kekith. & A3 A A% LPS
£ A3 promoter?] Ao FU3 AFRE YElW o 53] C militarisE
18] et promotere] A LPSe A xt ¢ S A th(Fig. 18).
w2t G militaris FE%°] IGIF promoter &Add #HoI3ty IFN
T St B
H LPS Az A} uzdt S Byoew C militaris © pCAT pl
promoteroll Al =2 #4& WIS FAsth. o vobrt IGIF 23 receptor
ofo] Whg o F T& XAbS}

e djof 3 Ao

¢

consensus sequence binding protein sited] ZAgshS F

A\
et

o C militaris F&%°] IGIF $3d/FE&8 4207
=

= 71#

>
ki
i
v

tjo

7}. BDNF 54 #¢] promotert-9¢] cloning @ CAT assay

C. militaris #%%°] BDNF promoter®] Ao mX& g3t oA 43817]

= PCR 7|HE o]83t9 pGEM T-easy vectorel F#243}i, exon 19 5
flanking 292 Z24 st o9, intron® exon [& ¥ &3 promoters: &
2Y3te] 4zt A AS o] 83t pCAT basicWE ] F283te] Adgir

2 Zo3 E(Fig. 17), transfectionA] 7] CAT assayE =3} promoterd] &
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ox,
o
|\

AstAth 2 23} exon 19] 5 flanking 912 £33 £ JolM 74

e 2SS Wl om Exon 1% Intron IS 25 ¥33+ promoterd] 42
Exon 19| 5° F9F-foArne &4do] tha golxs g3ttt BDNF

22kl promoter”t 4 /M2 FAEHO o 1B F 2 M AAERZE SolA

S 7AW Yy A F 9 promoterts H| AFZFZ EolAdE MR Yrta
Haustdoh w2 AFE HodAe HdS A fste] A AxA 5

o]AdS 7MAE= promoter® FEY 3192 ©]E neuroblastoma cell?!
SK-N-BE(2)CE wiste] AH&atth. Exon 19 5 4915919 &go] &5
S gttt 19 A%E B9 Exon 13 I9o 5 AYHEYES Este] o
N EE EAed e Fok nlud w2 Aqdo] fAbskith. Zhzbe] H]
S8} #9217k 500 bpAi=olm Flek AF e Fwdol 9%t F Fo HEd
A4l AP1¥ C/EBPH-919] HALzAE AFHEE 487 #1380 luciferase

¢

12

reporter FHAAE  ©]83] primary cortico-hippocampal cultureE &)<
transfectiond} X kainic acidE A &3 Z3} exon 19 HAAIZ H-ZFH
989 1Al kainic acid ZHERH-EQAA7F A& &S Harstglvh webA 2
ATo] A= Hol C militaris FZ5%°] BDNF9 promoter?d exon I A
B & Al o] kainic acidet #ol C militaris F&% A o] HAALZR
AAJA E= promoter Flol AALzE BL7F S 4 JheA @ =
g ol 53] HaA HASe dHe Bde] e o R C militaris7t X EA

22X 7hed e g tH(Fig. 18).
E}l. Neurotrophic factor -4 &,
GDNF¢ THY wEFLEE dolst A7) ogs 2 &

_i’_
F 2 AR wdo] Zelsl et F Azke] Al wi gage 3

datlon d@erRts & FEEA ddol ¥ A dehds st



o
o
o

2ol 3}

22
o

FEudlME 8 ARMHA AEHo R TEHo| e

J
P

v}, PC 12 Al Eol A GDNFfAA 238 =

In vitro A= F 74 FEFE TolA A3 FAFEE g & FEES
PC12 cellel Fof (5 pg/mh)3 5 2 gL
rotrophic factor®] W&-GFEE 13t A} 2 A 7to|A] AelA GEES F9ls)

A rhFig. 19).

rﬁ

3t C militaris®] 3Fa 3

C. militaris &2 FE5E o3t dAx AHagxE gRlsk 23 Fig. 21
el G AFrotAEZdAE 10~100 ug/ml sEolA 238 AXE T4 &3
Z 7k gARE PC 120014 50 pg~100 pg/mb sENA, 1 AEF
SNU 484, 638413, 18]il HePG 2 AEANA &= 50~100 pg/mbsEoA] Al
AR g S A% = T 3 C militaris ol 'HE A 9d] A
oMol & AE AFEETEFig 2201 AW 225~1575 pg7hA A2 e A
Aotz A AE=HFES YEA &8kal, PCI2AI XM= 225~675
ug A EZ=7A, 91 MEF SNU 638 M EFo| A= 1125 ug FZoA ¢F
AEAEE RS el

E3F C militaris A FEENAM S GAE AMEERE ST Aye
Fig. 279148 A AfrolAEol s AE54S vepgA &skew, 9
oF MEFQ 484, 638AAM = 47 100 wg/ml FZ=oA], 601 A= 1~0.1 g/
m FEAA HAE AME ZHE ERIskATh ob&e C militaris A 0l
selenium(Se) ¥ germanium(Ge)S #7Fste] A3 C militaris A< <]
3 AL APEE o) e Fig. 249 250 A H A ZEAIEEHE EelE )
. Se-C. militaris @AM A B AfrobAlzZzel A 100 pg/mb &=l A Al

b

e

0%

EE4L JEAQY) Wil SAEFS EdE FEE YR ALHY
2 Bt a(Fig. 24), old A3 PC 12M 24+ 10~1 pg/me, 484, 601,
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638 AEFANAE= 10 pg/mt FEA & AE AMEEHRE skl Eo
Ge-C. militaris %2 4= (Fig. 25) NIH3T3A| ZolA AlZ=A0] 20 %V
gholm g ol 59] FE/A GHAE AP g o] HE3 A 484 oA = 10~
1 pg/mb, 601 AEZFN A= 100~10 pg/mb F=7kA, T12] a1 638 Al EF ol A=
10 pg/ml, HeLa AEFAE 10~1 pg/ml sEoAlA AE AFEEA7E A
c}.

T3 C militaris MRS FEENAM = Fig 26901438 NIH3T3A Z ol A 2]
A EZ240] 100 pg/ml =04 70%, 10 pg/ml FEolA 30%S HHEF LA 7H
A AEZF60D}F FAa AEOV-3) g3 #H MAEA-549) a2+t
100~10 pg/mé % F== Aol wah 90~86 %, 85~50 %, L&l 83~
74%°] HAHE A &¥4E e ATH

vt RO 2 C militaris B FEEANA S AE AHEEINRES

&

ZE!
= Fig. 279 YeEMATE 484 Ao A = 100~10 pgA ol 23] 60%714],
601 #} 638 MEZFAA = FHEe FTARES AASS L, A5499 OV-3 AlZ

Foll A= 100 pg/me FEoA 7HE 58 oF AE AME Z29E e AT
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Table 1. Oligonucleotide primers for PCR

Fig. 1. pGEM-T Easy vector circle map.

- 141-

Gene name 5" Primer 3" Primer pro?gl;ste)size
Mouse IGIF | 5’ATGGCTGCCATGTCAGAAGA3’ 5'CTCTATAAATCATGCAGCCT3’ 700
Rat IGIF | 5’ ATGGCTGCCATGTCAGAAGA3’ 5'GTAGGTTATCATAAGGCTCG3’ 654
PC12 IGIF | 5'ATGGCTGCCATGTCAGAAGA3’ 5'GTAGGTTATCATAAGGCTCG3' 654
Rat IFN-v | 5’'TGAACAACCCACAGATCCAGS’ 5'GCCGATGTATAGACATTCCTS' 653
Mouse BDNF| 5’ACCAGGTGAGAAGAGTGA3’ 5'CCACTATCTTCCCCTTS' 750
GDNF 5'-AGCTGCCAGCCCAGAGAATT-3| 5-'GATACATCCACACCGTTTAG-3 340
NGF 5'-TGGACCCAAGCTCACCTCA-3' |5'-GTGGATGAGCGCGCTTGCTCCT-3 430
TH 5'-GCTGTCACGTCCCCAAGGTT-3"| 5'~-AAGCGCACAAAATACTCCAGG-3’ 320
B-actin 5'CCTCTATGCCAACACAGTS' 5'AGCCACCAATCCACACAG3’ 153

. IGIF
EDLF
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A.

pCAT p 1

pCAT p 2

pCAT basic

pCAT m1.2

pCAT m3.4
pCAT mi.4

pCAT basic

Fig. 2. Schematic representation of the mouse IGIF(A)

promoter(B).

ORF

— Exonl Exon ||
2.6 kb
—— CAT
2.3 kb
] CAT
CAT
—1 Exonl Exon ||
Hind Il
700 bp
CAT
600 b
e CAT
1800 b
P CAT
CAT
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|G

B—acthn

Treatment

[GIF

B-actin

Treatment Saline LPS LPS M b

Fig. 3. Induction of IGIF expression by C. militaris(CM) and LPS in mouse
brain(A) and liver(B). Amounts of C militaris extract(20 mg/kg) and
LPS(10 mg/kg) were injected . A: lane 1, saline-treated. lane 2,
LPS-treated for 2 hrs. lane 3, C. militaris extract-treated for 2 hrs. lane 4,
LPS-treated for 4 hrs. lane 5, C. militaris extract-treated for 4 hrs. lane 6,
LPS-treated for 8hrs. 7, C. militaris extract-treated for 8 hrs. B: lane 1,
saline-treated. lane 2, LPS-treated for 4 hrs. lane 3, LPS-treated for 8 hrs.
lane 4, C nulitaris extract-treated for 4 hrs. lane 5, C militaris
extract-treated for 8 hrs. The PCR products were visualized on agarose
gel (1.2 %) electrophoresis and stained with ethidium-bromide, and then

photographed.
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Fig. 4. Induction of IGIF expression by C. militaris in mouse brain.
Amounts of C. militaris extract(40 mg/kg) was injected by oral injection. A:
lane 1, saline—treated. lane 2, 2 hrs. lane 3, 4 hrs. lane 4, 8 hrs. lane 5, 24

hrs.

Brain Liver

Timelhrs) 0 4 8 4 8 0 4 8 4 8

Treatment S LPSLPS CMCM S LPSLPS CMCM
1 2 3 4 5 6 7 8 9 10

Fig. 5. Induction of BDNF expression by C militaris(CM) and LPS in
mouse brain and liver. Amounts of C militaris extract(20 mg/kg) and
LPS(10 mg/kg) were injected. lane 1 and 6, saline-treated for 4 hrs. lane 2
and 7, LPS—treated for 4 hrs. lane 3 and 8, LPS-treated for 8 hrs. lane 4
and 9, C. militaris extract-treated for 4 hrs. lane 5 and 10, C. militaris

extract-treated for & hrs.
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Treatrrsant Saline C LPS Chl+LPS

1GIF

B—actin

b mb hb ¢b b mbk hiy e 1b mb b b Th m hi ch
i 2 3 465 & 7 8 9 10 1112131415 18

Fig. 6. Induction of IGIF expression by C. militaris(CM) and LPS in different
rat brain. Amounts of C. militaris extract(20 mg/kg) and LPS(10 mg/kg) were
injected for 4 hrs. lane 1~4, saline-treated brain. lane 5~8 C militaris
extract-treated. 9~12, LPS-treated. lane 13~16, C. militaris extract and LPS
treated. lane 1, 5, 9, 13; forebrain(fb). lain 2, 6, 10, 14; midbrain(mb). lain 3, 7,
11, 15; hindbrain(hb). lain; 4, 8, 12, 16; cerebellum(ch).

Treatrmant Saling ChW OCM+LFE  LPS G CM+LFS LFPS

IGEIF

E—actin

Tissiie

1 2 3 4 5 & 7 & 9 10 11 12 13 14

Fig. 7. Induction of IGIF expression by C militaris(CM) and LPS in rat
brain and kidney. Amounts of C. militaris extract(20 mg/kg) and LPS(10 mg
/kg) were injected. lane 1, 2, saline-treated brain and kidney for 4 hrs. lane
3, 4, 11, 12; C. militaris extract-treated. lane 7, 8, 9, 10; LPS-treated. lane
5, 6, 13, 14, LPS and C. mulitaris extract-treated: lane 3, 5, 7, 9, 11, 13;
brain(B). lane 4, 6, 8, 10, 12; kidney(K): lane 3, 4, 5, 6, 7, 8; treated for 4
hrs. lane 9, 10, 11, 12, 13, 14; treated for 8 hrs.
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Tirme{hrs) 2 4 8

IGIF

B—actin

Treatrmen Salime W I W WA E=
1 = = 4 5 =]

Fig. 8. Induction of IGIF expression in mouse brain by different extraction
method of C  militaris with water(W) and ethanol(E). Amounts of C
militaris extract(20 mg/kg) were injected. lane 1, saline-treated for 4hrs.
lane 2, 4, 6; extracted with water. lane 3, 5, 7; extracted with ethanol: lane

2, 3; treated for 2 hrs. lane 4, 5; treated for 4 hrs. lane 6, 7 treated for 8

hrs.
lime(hrs) O 2 3 5 2 < B 2 3 A
Treatrment 5 LFPS [ T Rosorpino
=1l =
I —w
BE—actin

1 =2 = -1 L= =] i 8 & 1o

Fig. 9. Induction of IGIF and IFN-vexpression by C militaris(CM), LPS
and reserpine in PC 12 cells. Amounts of C militaris extract(20 mg/kg)
and LPS(10 mg/kg) were injected. lane 1, treated with saline for 2 hrs; lane
2, 3, 4, treated with LPS; lane 5, 6, 7, treated with C. militaris. lane 8, 9,
10; treated with reserpine: lane 2, 5, 8; treated for 2 hrs. lane 3, 6, 9;

treated for 4 hrs. lane 4, 7, 10; treated for 8 hrs.
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T50 b m—
A TO0 bp

1 2 1 2

Fig. 10. Restriction enzyme digestion of the recombininant pBDNF(A) and
pIGIF(B). (A)Lanes 1, 1kb ladder molecular weight marker(England biolab,
USA); Lane 2, pBDNF; (B)Lanes 1, 1lkb ladder molecular weight
marker(GOBCO BRL, USA); Lane 2, pIGIF; pBDNF and pIGIF digested
with EcoR 1.

OO0 bp .
543 bp '

Fig. 11. Restriction enzyme digestion of the recombinant pIGIF and
pIGIFiso. Lane 1, 100bp standard marker; lane 2, 3, Digested with EcoR I,
Lane 4, Marker; Lane 5, 6, Digested with EcoR 1 and EcoR V.
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ATGGCTGCCATGTCAGAAGA ~ CTCTTGCGTCAACTTCAAGGAAATGATGTTTATTGACAACA
ATGGCTGCCATGTCAGAAGAAGGCTCTTGTGTCAACTTCAAAGAAATGATGTTTATTGACAACA
ATGGCTGCCATGTCAGAAGAAGGCTCTTGTGTCAACTTCAAAGAAATGATGTTTATTGACAACA

CGCTTTACTTTATACCTGAAGAAAATGGAGACCTGGAATCAGACAACTTTGGCCGACTTCACTG
CACTTTACCTTATACCTGAAGATAATGGAGACTTGGAATCAGACCACTTTGGCAGACTTCACTG
CACTTTACCTTATACCTGAAGATAATGGAGACTTGGAATCAGACCACTTTGGCAGACTTCACTG

TACAACCGCAGTAATACGGAATATAAATGACCAAGTTCTCTTCGTTGACAAAAGACA  GCCT
TACAACCGCAGTAATACGGAGCATAAATGACCAAGTTCTCTTCGTTGACAAAAGAAACCCGCCT
TACAACCGCAGTAATGCGGAGCATAAATGACCAAGTTCTCTTCGTTGACAAAAGAAACCCGCCT

GTGTTCGAGGATATGACTGATATTGATCGAAGTGCCAGTGAACCCCAGACCAGACTGATAATAT
GTGTTCGAGGACATGCCTGATATCGACCGAACAGCCAACGAATCCCAGACCAGACTGATAATAT
GTGTTCGGGGACATGCCTGATATCGACCGAACAGCCAACGAATCCCAGACCAGACTGATAATAT

ACATGTACAAAGACAGT GAAGTAAGAGGACTGGCTGTGACCCTCTCTGTGAAGGATAGTAAAAT
ATATGTACAAAGATAGT GAAGTAAGAGGACTGGCTGTGACCCTATCTGTGAAGGATGGAAGGAT
ATATGTACAAAGATAGTGAAGTAAGAGGACTGGCTGTGACCCTATCTGTGAAGGATGGAAGGAT

GTCTACCCTCTCCTGTAAGAACAAGATCATTTCCTTTGAGGAAATGGATCCACCTGAAAATATT
GTCTACCCTCTCCTGTAAAAACAAAATCATTTCCTTTGAGGAAATGAATCCACCTGAAAATATT
GTCTACCCTCTCCTGTAAAAACAAAATCATTTCCTTTGAGGAAATGAATCCACCTGAAAATATT

GATGATATACAAAGTGATCTCATATTCTTTCAGAAACGTGTTCCAGGACACAACAAGATGGAGT
GATGATATAAAAAGTGATCTCATATTCTTTCAGAAACGTGTGCCAGGACACAACAAAATGGAAT
GATGATATAAAAAGTGATCTCATATTCTTTCAGAAACGTGTGCCAGGACACAACAAAATGGAAT

TTGAATCTTCCCTGTATGAAGGACACTTTCTTGCTTGCCAAAAGGAAGATGATGCTTTCAAACT
TTGAATCTTCCCTGTATGAAGGACACTTTCTAGCTTGCCAAAAGGAAGATGATGCTTTCAAACT
TTGAATCTTCCCTGTATGAAGGACACTTTCTAGCTTGCCAAAAGGAAGATGATGCTTTCAAACT

CATTCTGAAAAAAAAGGATGAAAATGGGGATAAATCTGTAATGT TCACTCTCACTAACTTACAT
CGTTTTGAAAAGGAAGGATGAAAATGGGGATAAATCTGTAATGTTCACTCTTACTAACTTACAT
CGTTTTGAAAAGGAAGGATGAAAATGGGGATAAATCTGTAATGTTCACTCTTACTAACTTACAT

CAAAGTTAGGTGGGGAGGGTT TGTGTTCCAGAAAAGATGATTAGCACACATGCGCCTTGTGAT
CAAAGTTAGGTATTAAGGTTTCTGTATTCCAGAAA GACGATTAGTATACACGAGCCTTATGAT
CAAAGTTAGGTATTAAGGTTTCTGTATTCCAGAAA GACGATTAGTATACACGAGCCTTATGAT

GACCT C
AACCTAC
AACCTAC
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Fig. 12 . Comparison of IGIF gene nucleotide sequences from mouse, rat
and PC12 cell. The identical sequences are grouped in boxes. The

underlined portion is absent in the PC12 short form.

Mouse|GIF ~ MAAMSED SCVNFKEMMF IDNTLYF IPEENGDLESDNFGRLHCTTAV IRN INDQV
Rat IGIF MAAMSEEGSCVNFKEMMF IDNTLYL | PEDNGDLESDHFGRLHCTTAVMRS INDQV
PC121GIF MAAMSEEGSCVNFKEMMF I DNTLYL | PEDNGDLESDHFGRLHCTTAV IRS INDQV

Mousel|GIF  LFVOKRQP VFEDMTDIDQSASEPQTRL I I' YMYKDSEVRGLAVTLSVKDSKMSTL
RatIGIF LFVDKRNPPVFGDMPD | DRTANESQTRL | | YMYKDSEVRGLAVTLSVKDGRMSTL
PC121GIF LFVDKRNPPVFEDMPD | DRTANESQTRL | I YMYKDSEVRGLAVTLSVKDGRMSTL

MouselGIF  SCKNKI | SFEEMOPPEN DD 1QSOL | FFQKRVPGHNKMEFESSLYEGHFLACQKE
Rat IGIF SCKNK | | SFEEMNPPEN 10D I KSDL | FFQKRVPGHNKMEFESSLYEGHFLACQKE
PC121GIF SCKNK | | SFEEMNPPEN 10D |KSDL | FFQKRVPGHNKMEFESSLYEGHFLACQKE

Mouse|GIF  DDAFKLILKK KDENGDKSVMFTLTNLHQS
Rat IGIF DDAFKLVLLKRKDENGDKSVMFTLTNLHQS
PC121GIF DDAFKLVLLKRKDENGDKSVMFTLTNLHQS

Fig. 13. Homology between IGIF amino acid sequences from mouse, rat
and PC12 cell. The identical sequences are grouped in boxes. The

underlined portion is absent in the short form.
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Fig. 14. Effects of C. militaris and LPS on IFN-vInduction in PC12 cells. C

militaris (3 pg/ml) and LPS(2 pg/ml) were injected.
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Fig. 15. Formaldehyde agarose gel(1.2 %) electrophoresis of total RNA(20
1#g)(A) and Northern blot analysis of BDNF mRNA from mouse brain and
liver(B) using mouse BDNF cDNA coding region as probes. Amounts of
C. militaris extract(20 mg/kg) and LPS(10 mg/kg) were injected. As a

control experiment, 153-bp product of P-actin was amplified.
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1 2 3
A‘ . -

Purkinje cells
Fig. 16. Immunohistochemistry of IGIF protein in mouse brain. C. militaris
extract(20 mg/kg) was injected and sectioned after 4 hrs. A, saline treated;
B, C militaris extreats treated. 1, cerebellum(20x); 2, cerebellum(40x); 3,

midbrain(20x)

Fig. 17. Restriction enzyme digestions of the recombinant pCAT vector. lane
1, v/HindIll marker; lane 2, pCAT pl digested with hindIl; lane 3, pCAT p2
digested with pst I, lane 4, pCAT ml.2 digested with pst I and sph I, lane 5,
pCAT ml.4 digested with pst I and sph I; lane 6, pCAT m3.4 digested with
HindIll and pst L
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Fig. 18. Transient expression analysis of CAT constructs of the mouse
IGIF(A) and BDNF(B) promoter. These plasmids were used to transfect
the raw 264.7 macrophage and the human neuroblastoma SK-N-BE(2)C
using the lipofectamine reagent. CAT activity was measured using the

CAT-ELISA kit and normalized with p-Gal activity by using pCMVp-gal.
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Fig. 19. Induction of GDNF and TH mRNA by the extract of C.
militaris. The extract was intraperitonially injected into a mouse
as a time indicated. After 2 to 8 hrs, the mouse brain was obtained and
RT-PCR was performed as described in Materials and methods. The
resulting PCR products were electrophoresed onto 1.2 9% agarose gel and
visualized with 05 pg/ml ethidium bromide (A). The relative increase of

the level of GDNF and TH mRNA is expressed in panel (B).
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Fig. 20. Induction of NGF mRNA by the extract of C. militaris.

The extract was intraperitonially injected into a mouse as a time indicated.
After 2 to 8 hrs, the mouse brain was obtained and RT-PCR was
performed as described in Materials and methods. The resulting PCR
products were electrophoresed onto 1.2 % agarose gel and visualized with
05 pg/ml ethidium bromide (A). The relative increase of the level of NGF

mRNA is expressed in panel (B).

- 154-
- 154 -



1650
40

100
8 -

G =
‘D : H
m —
0 |_IJ_I 1 1
€ ot

& ‘.’..r ﬁ"b\-ﬁ“

Proliferation(®)

o

L OLLE LSS T S
CME (ug/mi)
Fig. 21. Effect of EtOH-extract(CME) from C. militaris on the growth of

tumor cell lines.
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Fig. 22. Effect of EtOH-pricipitation extract from C. militaris on the growth

of tumor cell lines.
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Fig. 23. Effect of extract from C. militaris mycelium on the growth of tumor
cell lines.
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Fig. 24. Effect of extract of selenium-contained C. militaris(Se-CM)

mycelium on the growth of tumor cell lines.
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Fig. 25. Effect of extract of Germanium-contained C.  militaris
mycelium(Ge-CM) from C. militaris Germanium added mycelium on the

growth of tumor cell lines.
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Fig. 26. Effect of methanol extract from C militaris mycelium (CM-MeOH)

on the growth of tumor cell lines.
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Fig. 27. Effect of water extracts (CMW) from C. militaris mycelium on the

growth of tumor cell lines.
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Abstracts

C. militaris is one of entomopathogenic fungi infecting lepidopteran insects
and parasitises and kills moth pupae. It is an ascomycete that invades the
pupae in the ground and that remains a worm during the winter and
transforms into a mushroom in the summer. The crude extracts obtained
from C. militaris has been known to have an efficacy to excessive tiredness,
persistent cough, debility, anemia, asthma, and cancer.

In present studies, crude extracts extracted from C. militaris and LPS were
used to investigate effects on inducibility of IGIF, IFN-v, BDNF in vivo and
in vitro.

LPS treatment markedly induced IGIF mRNA expression after 4 hr and 8
hr. C militaris extracts treatment induced higher level of IGIF mRNA than
that of LPS in brain, liver, kidney in mouse and rat. It has been known that
IGIF increase the production of IFN-v in T cells, level of IFN-v message
was tested after treatment of LPS and C. militaris extracts. IFN-v mRNA
was induced at 4 hr and 8 hr after treatment in PC12 cells.

In addition to IGIF and IFN-v mRNA, expression of BDNF mRNA was
investigated after injecting LPS and C. mulitaris extracts. Both of LPS and C.
militaris extracts significantly increased BDNF message in the mouse brain
and liver at 4 hr and 8 hr after treatment. These results were confirmed by
Northern blot analysis.

When IGIF gene was amplified by RT-PCR in PC12 cells, two distinct
PCR bands were amplified. those bands were cloned and sequenced. the lower
bands had 57 bp deletion.

To analysis the promoter region having the activity to C. militaris extracts
and LPS, promoter region of IGIF was cloned from genomic DNA of mouse
brain. The 5’ upstream region of exon I and intron I were subcloned into

pCAT-basic vector to yield P1 and P2 promoter, respectively. Both promoter
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showed basal consititutive activity. C. militaris extracts increased P1 promoter
activity greater than that of LPS in RAW?264.7 macrophages. This implies
that P1 promoter has C. militaris extracts responsible element.

BDNF promoter region was also cloned to identify the promoter region
having the activity to C militaris extracts and LPS. BDNFpM1.2 containing
the 5'-flanking region of exon I and BDNFpM3.4 containing intron I were
constructed, subjected to promoter analysis. Both promoters showed basal
constituitive activity. C. militaris extracts increased BDNFpM1.2 promoter
activity greater than that of LPS in SK-N-BE(2)C. This implies that
BDNFEpM1.2 promoter has C. militaris extracts responsible element.

Collectively, C. militaris extracts induced IGIF and BDNF mRNA at
transcriptional level via P1 promoter region and BDNFpMI1.2, respectively.
Since IGIF has a important role to cell-mediated immunity and BDNF has
potent trophic effect on dopaminergic neurons, the inductions of IGIF and
BDNF by C. militaris extracts suggests that C. militaris extracts have a
potential to be developed as an immune activator or neurotrophic factors.

A point of view of anti—cancer activity, the ethanol extract and water
extract were screened for cytotoxicity on several cancer cell lines by WST-1
assay. The results showed that C. militaris ethanol extract was inhibited with
increasing concentration of the extract. The ethanol extract from C. militaris
had strongly inhibitory effects in 100 pg/ml treatment by WST-1 assay,
showing 83%, 86%, 87% and 42% inhibition in PC 12, 484, 638 and HePG2,
respectively. The extract precipitated by ethanol from C militaris had weakly
inhibitory effects in 112.5 pg treatment in 638 cell lines. In addition, the water
extracts of C. militaris mycelium, selenium added mycelium and germanium
added mycelium extract were inhibited in several cancer cell lines. The
methanol extract had significantly inhibitory effects in 10 pg/ml treatment,
showing 849, 68% and 70% inhibition in 601, OV-3 and A-549, respectively.
The last, the water extract from C militaris had inhibitory effects in 58%(50
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wg/ml), 12%(50 wg/ml), 8%(50 wg/mb), 22%(100 pg/mé) and 19%(100 ug/ml)
inhibition in 484, 601, 638, A-549 and OV-3, respectively.

A34 C militaris %% *]8]9] Tyrosine Hydroxylase®]

@]
T=

Tyrosine hydroxylase(TH): Dopamine? A -7#2l L-DOPAZE tyrosinel.
2ZHE HIES FHsE a4 (Fig. Do, o] 4w 79T Y 4=
o A HAE AL+ rate-limiting enzyme©] ©F(Molinoff %, 1971). 7}E =
g7 ARAANA  E=Fvle =21 Y X (norepineprine) ¥ o I Y| Z Y
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(epineprine)S A= AFA ot THE 78 AGAZA =Y A4

S e Rolsn sHzdne Yt AFALE Bl u
F8% 982 s Yk B¢ THE A20wg AZAE 1%9] Sof
49l meMEsety  EARAR  9UA gom  xdL  o§d

immunohistochemistryE 233 THe| Fe|stz el 37} giks] Y= o]y
. THE 5% TFA4A(CNS)? midbrain, ¥ 3}, diencephalon, retina<}
olfactory bulboll Al &= neural crestoll A wdat W x=A74 A Z(PNS)el
sympathetic ganglia®} adrenal medullary chromaffin A Zo| A= L3 Fc}
(chan—palay %, 1984; kiss, 1987). =3 TH+ adrenal medullary tumor®l A
71993+ rat pheochromocytoma(PC) A ¥<l PCl120 4= & o] (Greene 5,
1996) A= AT

THO @42 =34 A3 #edo]l o] TH Fdxtet &4 did B2
A=A THE S48 oy 7kA 44, Al A=3 vhdgk dxte]

& AdFS wE=Y F2 glucocorticoid administration(Zhe 5, 1993), drug

l

administration, cold/immobilization stress(Lee 5, 1996)¢} #Z& T}k oFg)
2 Ay Al Aee wel wW3lEtt 3] reserpine(Nicole 5, 1986),
forskolin(Spyridon %, 2001)2 rat brain¥} PCl12¢14 TH 42 %= 24
sitha Bkl 28] i neurotrophin®] € %<1 BDNF(Spyridon %, 2001;
Lewis &, 1987), NGF(Acheson %, 1984)¢} GDNF(Carl &, 2000),
EGF(Goodman &, 1980, Lewis &, 1987), cAMP(Kumakara &, 1999;
Lewis %, 1993)e] oJ& THE &%= wd3siciy ®H s

Hol A FhelEetdl AAS BAGAQ Ve BAAI A Aud.
E£3] SN mesencephalic dopaminergic AZAAMIEE AA STA 7|59
degenerated] 83 93-S T3t ¢lo] Parkinson’s disease(PD)¢} ##
Ht}, o]l dopaminergic 21 A E 2] &4 THe #d Fidol uzt 2 o
P& et PDE ASA R IdE s Had Addeln, A4l 417
= striatumoll A9 TH 2 t& 78wy Add G499 =uvlo]
AEAY Za Y (Birkmayers, 1989; Nagatsu, 1984; Riedere’s, 1989). A
A 744 &3A< PDe xEwWozA L-DOPAE AHgoz 3=}

(

¢

[e:
0.

1
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o)
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T HBil(Weiners, 1980)7F slovt o] =atnl A g ALAQ Hgo= A%
o] side effect® Z# (Obesos, 1989)3tL A A %X £2Ao] Z7] wio] &
Aol= THY L-DOPAS FE=AA ol tidh #ilo] Ropx 1

AT 7 e AEE oldstE W (Kojits, 2000)5°] Hilw o]

al
G EEAT aEAe WA w4 oAzt A%H o AVHL glof the

ilitaris(CM) ¢} selenium(Se)¥} germanium(ge)S 3 713}
. militariss ©]-&3FAth v & se2 F HoA THE A &
< fE3sta(Marinas, 2000), methanphetamine®l 2]3F &4%H ¥ & B35 g}

¢

y
ro

2 BudArt. sed  glutathione(GSH) systemeld F23 FAh
glutathione peroxidase(GPx)2] 47}#] FA4 84 $9 342l selenocysteineoll

¥ty Jej® =381, reactive oxygen species(ROS)E A A= 9
3 H(Simonians, 1996).

AZvtE-S interferon %=+ macrophage, T lymphocyte$} &2 ZF4bo
714& &3 FFFE A (Jao, 2000)9F HAFSAF-E(Suzuki 5, 1985 Aso &,
1985), T=5% 52 &(ee 5, 191)% =54 F7HHo &, 1990) 2] thgt
] A 8-S VA= Aow HaEdT
2 Aol M= v FDACA BxAFomA slEol = wilxE=4

o]-§-3}o] Pakinson's disease® €<1F¢] dtuel THRAALTAFEE
Zatt. webA C militarisFE S o] &3 A=+ RT-PCR, Western
blotting &2 #2138} 2™, immunohistochemistry S ©]-&3to] # <9 €9

220l A TH-IR AAAEES dZsta Azt ATy TASd o5

o

H]E_
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Jat

B AFo= C militaris, Se?t GeZE H713 FE=HE ALgslT)
[e=]

militaris®l| Se® #H7F= 50 ppme FE=E S dAw A HEA

>
1l
s
N
I~
N
I~
—

ZF 100 g719] A=) 100% EtOHZ #7}sle] 3
AY F/HTE Bl TR evaporation® FHAA SANERAZN EES
WHE T FAE FAHs Agsdu. 1El3 chemical stressoll AREH
reserpine®} forskolin (Sigma, USA)& Z+zZF -9l slo] Al-g31itt

U Alxzujyg 2 Ads5E
249 Myvjyd 2@ AHd5ET U3 2702 FY3 T

t}. Total RNA¢] &g

1) PC 12 A3l A total RNAS] &

24 9] PC 12 Ao A total RNAS +E]9 L WhHo =z F=3s}5t)

2) 7 z24NA total RNA2 g

249 F A )A total RNAS] #2le} 5Lt o=z a3

2}. RT (Reverse Transcriptase)-PCR

24de] RT-PCR 13 43 Wgoz Faatqich

vl Western blotting analysis
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gl BEE 9st SDS-PAGEE Laemmi (1970) WS o] 83le 12%
separating gel (acrylamide/bis—acrylamide 30 m¢, 1M Tris-HCIl buffer. pH
8.9 28.1 ml, deionized D.W. 10 ml, 10% SDS 0.75 m¢, TEMED 20 x¢, 10%
ammonium persulfate 0.18 m¢/75ml) &N THEo] A2o|x FFUS S A H
L, 49 staking gel(acrylamide/bisacrylamide 2.66 m¢, 1 M Tris-HCl buffer,
pH 67 25 m¢, dD.W 146 m{, 10% SDS 0.2 m¢{, TEMED 20 gl 10%
ammonium persulfate 0.12 x0/20ml) &S wFEo]  AREEQTE wwE
sample(20 xg)¥ 4 X sample bufferE &3slo] 5 &3F 2o dJollA 243
2 loadingslx H7]¥9&S 60~80 V= Al 100 V2 A7A &3
western blotting Jacpueline 5(2001)2] ®WHS o] &3t AV|dF %
coomassie blue R-250% o] &3l @43 @Aste] gelstqirt. e wuld A
2 NC paper®l transfer ¢ % membrane blocking= $3dto] blocking sol.
[5% blocking reagent + PBS-T (phosphate buffered saline tween)]E& o] &
sto] Ao A 3 AjZF FoF EE5H WSAIZl F PBS-T washing bufferel 4|

w3 Aol M3 TH primary @& 1 @ 10000 B &= 3]4lsle] A2
o A1 & Azt F<k HHE3Ekeith vES- ¢ PBS-T washing bufferol A 15 i
3~4 3ld AH A2o|A A o]xaA (biotinylated antibody, vectastain
ABC kit)E 1:1002.2 84359 membranes 2-2oA 3 Al Fok W83}
o] A+B complexE 3]435}e] 50 #3F A g3k & DAB (3-3° diaminobenzidine

tetrahydrochloride, sigma)® WA &le] TH Eo]z wuid w=Z 3+els}g]t}.
v, W x7 g}ebA g

rate FFS AN § Ao AHEs ol&d PBSE Aol ddS AA
3 5 4% Para-formaldehyde® #HF nASAC AT FH He 95 A=
&to] microcryocutE ©l-83te] 3~5 A FAEAE AT =l E
xeof 9] dHE PBSE oy W Aotk 30% hydrogen peroxide® 7 *]
gl3dto] Mol¥= T vectastain ABC kit®] normal goat serume 0.5%
BSA/PBSel 410 1 A7b&Et WhEAA H|5o]4 wwxge] AgLsS =t
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TH primary &A¢} 0.5% BSA/PBS (1 : 10000) 3]4]ste] Aol A 1 Akl
A2 A AE WA Samples PBSE 3 W AL F, olx a4
(biotinylated anti-rabbit IgG in 1% BSA/ PBS)E ©]&3}o] 1 A7t &b Wt
SAZ Bs 1% BSA/ PBSE £ W Aojwllth. ARESh7] 30w Al
vectastain ABC kit (1 : 5005 3|4 3te] 50 &5t ¥h&A21 § PBS=E 2 W

A, 50 m¢ DAB €93 02 M PB &9 30 % hydrogen peroxide 12 =

A74g gdow 5 B3 dAAA 01 M PBE 5 B3F w38 FAld A A|

20 o, B @A o R ATt 1Elal Yol Ao AE countingS 77t
Aeld 4 /e 9| ARES AdEste] X 40004 A T dider 2AH
He] @9 g TH7F 2dd A2 5 S48912 AT A3 455
o] =93 #74(Wilcoxson rank sum test)S ©]-83}31t}.

THe Zafee 7HEZaR FAFEZAA v a3 fxE 2A8hH
Hagdge Agel tig 4S5 2 5 lo] TH fF=dddd disf @ol
ATHolHe. TH FA#9 HdF=E ety 9% C militaris 5
FH#F9 ethanols AFE3dIT 28y Lee 5(1996)2] Hale] o]3td
ethanolell ¢t TH| &AL W= vt st 2 A A= ethanol
of 9% THW = wiAlstich PC 12 AE ¢ Mouse, rate] o 95 H=
ste] ol gatdomn 747he] A EES Table 1, 29 #o] A st 1ex
salines A& thal A28

R
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Spyridons(2001)S Fsko] TH-IR 417 A X ¢] = A=
3l 3L Nicole's(1986)2 Res? *2]7F TH mRNA 5% F7HA71tz B
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Ak olo E A¥o A= WA chemical stressZA Fsk, Res¥ C
militaris F%%&<5 PC 12 Alxe 4 A3F Agste] 919 2103 22 WHe
2 Agsiget. 1 Ay dAurH oz xRt vle Fsk, Res® C militaris
NA TAFE=7F HAvk 223 Fské Res® & Reske Wrao] k%2l
Ak Fsko] Resol Hl&] AR @& o] w=9kon o]# 3t chemical stress®] 2
A A5 Rue dX3t9 o Fskel H|&3 vl &9 TH /=&
et Atk (Fig. 2). ol21d TH FA4 dAdFedds vebd C militaris®t
Se, Geo|l H7Ve C militarisE S5l 98 FE53 A5 o] &3l 43
S AAEET sew W FTRolA THe wds:EEsE FI7HAZITE
Marina-Rama

s and Jose(2000)2] B a7}l 9lom Ger oz AW Il AvE Suzki
5 (1985), Hos (1990)3 #& @ wmuzl Qv 717+e) HAA FEEELS

PC12 Zt7} 2, 4, 8 AMlite= Agsigion 1 A3y dubdow Agg A
P A Ee] dixwel Bl 2 AR} 4 AlFEe] o] oAl vk e 4
Alzbel B skl EEE AT 8 AlFtell= A9 ddo] FEEA &ol T

I v =gk S dERS T 183 Se/C militaris$t Ge/C. militaris g A
3 A= Wwshd Se/C militaris> Ge/C. militarisB.t; B =& 23 ki
= UEon 4 A7t q= 0 o AstA Ed AT o= Seol 9% A
=o°| C militaris¥ #°] TH Wd& fkstal seo] TH HdAS st 7=
e BEdS it (Fig. 3.). C militaris® A3 Ge/C militaris?}
79 vls=skA wE s tHFig. 3.). T3 In vivo?l moused E7Fd Fig. 33
TR Ao ARES ARMER Adsta Td we das dEedn. o
A dxzatel] HybA o AT HAfFETE Gl ew Fig. 33 7
o] =3t Axprp A=H A HFig. 4). 28U Fig. 4904 Ge/C militaris®] 8
AIZE Aol M Edo] FrhES S0 7 AT o2l A= ARt

FEI ARE At Agst 232 Fig 3.3 ethanol®
gste] At A3l Fig. 55 wusgy. 1 A3 Fig. 5

e TH 42 HdAF% A7} Fig 3.0 vla] 4 =& H&2 F715
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At olell ethanol FZel 93 #WHol ¥ E&A4YAS HAFE
Z2]al SNH-917F PNe F-ejut TH 2dF= <7hle™ PNej
M= Bgo] F/HAAN A a2 S dEhiY (Fig. 6). ©]
E C militaris F%%0°] a2 o2 PNEUE SNo| o #e 93 F=

Aoz Atrdn.

o

N
-
an
58
o

L. Western blotting analysis®l] €] 3F Tyrosine Hydroxylase © 2

THS] @& o] RNA FFolA ¥k ojye} il FFoxw Wgo] F7}
HP=x AQtelslr] a4 western blotting analysisE stk PC
2} mouse®l A 2] total proteing #3235t F SDS-PAGE #7195 3}¢
coomassie blue® @& 5 z}z} A7Fo] FAA HA=A Flsidnt. 1

2] 32 NC membrane®] proteing transferr] # rimary antibodyZ ©| &3+

W oo
rn‘.
Iy
Ll
=
N
M
i)
N
N
1o

T
western blotting= 3Fe] Hold o= wkg3gh byl
AR5E Fogt AgdEX

PC 12 Aol C militaris &S GATOE AHEgste] dids 23
& western blotting<S 39 th Fig. 7. Ax= Total protein A %S HolFa 9l
o Fig. 7. B& western blotting®] Z3=2A Wzl vl C militaris
FEES AEs AyaraA ¢ g TH @jd =gs g2l3t A thFig. 7).
HE S el TH &4 vhe wi=rE vebgted Rfgks gste] gelgh A

=

w3t C militaris, Se/C. militaris® Ge/C. militaris®] TH protein=2¢
o] T7He sty flsiAE 47t AlEE A Eld Mouse whole brain® =
FH gds Egsiden AE Ay AR 4 Ao m sith
SDS-PAGEd| A el A o] A eks 2135l (Fig. 8. A), western blotting ol A]
= tExTol vE C militaris® #°] Se/C. militaris®] 71 %2 @3 o] T
Rom o= RT-PCRel ol&f glHAd ZAxet dAstH (Fig. 8. B) o=
il g el M e C militaris¥ W okH el Se/C. militarisel ©]§ TH =&
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o] YEbEE HolErh

Western blottingoll ¢]3F ZA 32l Fig. 7, B¢ Fig. 8, BollA Hlnte} 7o)
TH antibodyoll et FA-S dald W= Fejrt 9d g Wer) opd
2 Wek 3 7K djd o w yest TH 224%2 °F 60 kDad =2 Rf
s Tate] el A 2 WA WMErE TH @ dels g0 571 Aotk
ol2]3t A3} Marina 5 (2000)2 Joh (1987)7F i3t Axpe} FApstA 1}

ek ol M= JhElEetnl dAgel wojstes 2d S50l Aol Hsd

O
o

T2 bAE THe A7 2 Ba 454 dudz 2 5 9ov, TH @

Ao =o doju} do 93 ZlgEsE=d Fig. 8 BolAl HoX e 71
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T dem 7o AsE HEd 244 e TH ddFEddS vl wskach
A&+ RT-PCReIA TH mRNAES &% 2AAZ C militaris, Se/C.

militaris, Ge/C. militaris, & °©]&3}o] F 2] ¥} oA HAxA 34 o

A& A d3ste] TH-Immunoreactiv

e(TH-IR) neurons® 2 IAS #&AsATH AEES Agd = xZ oA

o] Ay A9 n=dte] R C militaris®] A3S BFEH FH

4
oy

HolAq 71 @& TH neuronE°] EXFo] i SNESE THoz Az}
Atk 2 A% TH-IR neuronE< A4S YeRU=d diztod vls] 28t

TH antibodyel Wi el dAwrx oz o A JebdchFig. 7. A, B).
L3 TH-IR neuronEs®] AlxEde] dA o g Aol wo] FglatA Kol
+ H %2 79 newrongo] #HFHAN(Fig. 7. C, D). 27 dx=a3 A3
9] Substantia nigra, compacta (SNC)®} Substantia nigra, reticular(SNR)2]
A= z+zt v EH SNCol A TH-IR neurond %7Fo] Fig. 7.9] C, D¢
2okt (Fig 8. A, B). ¥ 3 Substantia nigra, Lateral(SNL)o| 2z o=
LA neurons 400 wiE #HEI A gixdol] Hs AP TH-IR

1
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neuron®l A 2 =7]50] #Wol AAHATH(Fig. 8. C, D). ol= A@ A&
gt Azl 98] TH neuronge] 435S Ve

712] 3 Eisenhofer % (1999)Z Paul & (1997)°] w=w $](Stomach)el A
dopamine®] XA =3l TH activityE 7FHthal B askdch 18] a1 Elsenhofer
5 (1999)0] 9ol ¢ dopamined gastrointestinal tract®] R Ed = 283
™ Immunohistochemistry 2} western blotting= ©]-&3to] oA TH-IR
AEzEo] EAE Hasgqrh old C militarisTEw<S &
W el TH ¥Hg & wWstsE #HFeqv. WA dix
TH-IR AlZE°] Hud(Muscularis mucosae)l Al F2 YEREO ™ 914

(Gastric glands)ol A& ZAe] Aok Beks st e 3 + 719 TH-IR Al

5 WA HFg 11. A, B). Wdel AJRE A3 2H5dME gz
ol & FubdolA o Hol wdE s st WA g Yol YAzt
o HoldE& #elstgdtkFig. 11. C, E, G, L D, F, H, J ). 3] Se/C

militariss e q A= thE AlEH e ZA v& B TH-IR AX
of #EHAh 1 7479 9 Ao yEld TH-IR M2 Es 443 ¢
WA oA cell countingS 3te] Hlws] & Az tixto] HE AH S
TH-IR AlZ£E9 71 o #ol Uetwtow 53] Se/C. militaris®] 2] X2 o
A= 3 H o] A F7HE FRlstd vk (Fig. 12). ol¥g A#RES C
militaris®} 3%o] Se/C. militaris©l €& ] ¥} flolA THel tig T
Lo Zg3hs vErdh

ull

i)
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COoOH

Ogp:Fert l Tyrosine fydroxylose
Eesir abvalnoer e e
COOH
HC
Pyt oool l L—argmatic amino acid
phinEgdsbes dacarpoxylase
HC
daopamins [} - hydroxyimss l axygen asoorbate fumsraste
(DaEH]
?H
Hi
phanyisihanolaminsg l S—pdenosyl—-L—mathionine
HW-maihyliranaferass
[PRMTE

?H
H

Fig. 1. The pathway of Catecholamine biosynthesis

Table 1. The Treatment of Chemical Products
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Treatment amount
Solvent Time(hr)
Agent
PC 12
forskolin water 10 uM/mé 4
Reserpine water 10 uM/mé 4

Table 2. The Treatment of Crude Extracts from Medicinal Mushrooms

Solvent Treatment amount Time(hr)
extracts oven PC 12 Rat, Mouse et
C. militaris e\g]iltl’elf)] 10 pg/me 20 mg/kg 2, i’ 2

water 2,4, 8
se/C. militaris ~thanol 10 pg/mé 20 mg/kg 18
water 2,4, 8
ge/C. militaris ~thanol 10 pg/mé 20 mg/kg 18

* Se/C. militaris

selenium-contained C. militaris,

germanium-contained C. militaris,

Ge/C. militaris

Table 3. Oligonucleotide Primers for PCR of Tyrosine Hydroxylase

Gene product
5" primer( 5° - 3 ) 3" primer( 5° - 3" ) size
name (base)
PC12
TH 5GCT GTC ACG TCC CCA AGG | 5’AAG CGC ACA AAA TAC TCC _—
Rat TT 3 AGG 3 P
TH
) 5'CCT CTA TGC CAA CAC AGT
B-actin 3 5'AGC CAC CAA TCC ACA CAG 3| 153bp
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TH s - S . 3
B-actin _— 3

Treatment M Fak Rexs L Y |

Fig. 2. Induction of Tyrosine Hydroxylase expression of Foskolin (Fsk),
Reserpine (Res) and C. militaris (CM) in PC12 cells. Lane 1. Non-treated;
Lane 2. forskolin (Fsk); Lane 3. Resepine (Res); Lane 4. CM-treated. PCR

products were visualized as a band on a 1.2 % agarose gel.

B—actin

T e 2 < = =2 B B 2 B H
T erm temies ik SarhM HFa M M

Fig. 3. Induction of Tyrosine Hydroxylase expression by water extracts of C.
militaris(CM) and organoselenium, organogermanium contained C militaris
(se, ge/CM) in PCI2 cells.Lane 1. Non-treated; Lane 2. se/CM-treated for 2
hrs; Lane 3. se/CM-treated for 4 hrs; Lane 4. se/CM-treated for 8 hrs; Lane
5. ge/CM-treated for 2 hrs; Lane 6. ge/CM-treated for 4 hrs; Lane 7.
ge/CM-treated for 8 hrs; Lane 8 CM-treated for 2 hrs; Lane 9. CM-treated
for 4 hrs; Lane 10. CM-treated for 8 hrs. PCR products were visualized as a

band on a 1.2 % agarose gel.
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TH FET 1.1 LA .11

1 2 3 4 5 G 7 8 9 10
Time(h) 2 4 8 2 4 8 2 4 8
Treatment MMon se/CM ge/CM A

Fig. 4. Induction of Tyrosine Hydroxylase expression by water extracts of C.
militaris (CM), organo selenium contained C militaris (se/CM) and organo
germanium-contained C. militaris (ge/CM) in substantia nigra of mouse
brain. Lane 1. Non-treated; Lane 2. se/CM-treated for 2hrs; Lane 3.
se/CM-treated for 4 hrs; Lane 4. se/CM-treated for 8 hrs; Lane 5.
ge/CM-treated for 2 hrs; Lane 6. ge/CM-treated for 4 hrs; Lane 7.
ge/CM-treated for 8 hrs; Lane 8 CM-treated for 2 hrs; Lane 9. CM-treated
for 4 hrs; aine 10. CM-treated for 8 hrs. PCR products were visualized as a

band on a 1.2 % agarose gel.

. — —

1 =2 3 £ 5 S r
Time(h) s 8 A = Pl =]
Treatment rMan sa/ChM{etOH) ge/Cha{etTH) ChAletOH)

Fig. 5. Induction of Tyrosine Hydroxylase expression by ethanol extracts of
C. militaris (CM), organoselenium contained C. militaris (se/CM) and
organogermanium contained C militaris (ge/CM) in PC12 cells. Lane 1.
Non-treated; Lane 2. se/CM-treated for 4 hrs; Lane 3. se/CM-treated for 8
hrs; Lane 4. ge/CM-treated for 4hrs; Lane 5. ge/CM-treated for 8 hrs; Lane
6. CM-treated for 4hrs; Lane 7. CM-treated for 8 hrs. PCR products were

visualized as a band on a 1.2 % agarose gel.
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= =
Fig. 7. Western blotting analysis of Tyrosine Hydroxylase amount by C.
militaris(CM) in the PC12 cells. Lane 1. Marker (Promega); Lane 2.
non-treated ; Lane 3. CM-treated. A. protein electrophoresis at SDS-PA
GE(12 %) gel. B. Western blotting of TH. The TH band at 60 kDa
correspond results with shown in Fig.7. A.
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Bl e — - i e
b "‘ -
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i = ] = =

(=

-

=0 klTm e

4
Fig. 8. Western blotting analysis of Tyrosine Hydroxylase amount C.
militaris(CM), organoselenium-contained C. militaris(se/CM) and
organo-germanium-contained C. militaris(ge/CM) in Mouse whole Brain. Lane
1. Marker(Sigma); Lane 2. non-treated ; Lane 3. se/CM-treated for 4 hrs;
Lane 4. ge/CM-treated for 4 hrs; Lane 5. CM-treated for 4 hrs. A. protein
electrophoresis at SDS-PAGE(12 %) gel. B. Western blotting of TH. The TH

band at 60 kDa correspond with results shown in Fig.8. A.
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Fig. 9. Immunohistochemical detection of Tyrosine Hydroxylase by C.
militaris (CM) in the substantia nigra. Sections were incubated with TH
antibodies (1:10000) and visualised by DAB reaction products using the
avidin—biotin technique. A. Non-treated (x40) B. C. militaris (x40); C.
Non-treated (x200) D. C. militaris (x200) VTA : Ventral Tegmental Area,

SNC : Substantia nigra, compact, SNR : Substantia nigra, reticular.

Fig. Immunohistochemical detection of Tyrosine Hydroxylase by C.

militaris(CM) in the subtantia nigra. Sections were incubated with TH
antibodies(1:10000) and visualized by DAB reaction products using the
avidin—biotin technique. AB : SN, CD : SNL ; A. Non-treated(x40) B. C
militaris(x40); C. Non-treated(x400) D. C. militaris(x400) SNC : Substantia
nigra, compact, SNR : Substantia nigra, reticular, SNL : Substantia nigra,

lateral.
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Fig. 11. Immunohistochemical detection of Tyrosine Hydroxylase in the
stomach. Section were incubated with TH antibodies (1:10000) and visualized
by DAB reaction products using the avidin-biotin technique. A, B.
Non-treated; C, D. se/C. militaris; E, F. ge/C. militaris; G, H. C. militaris;
A, C E, G (x100); B, D, F, H (x400)
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Fig. 12. The change of Tyrosine Hydroxylase-Immunoreactive(TH-IR) cells

number in the stomach by treatment of several extracts.
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ABSTRACT

Tyrosine Hydroxylase(TH) is the rate-limiting enzyme in the biosynthesis
of catecholamines(CA) that mediate a wide range of the physiological and
behavioral functions in the central and peripheral nerves systems. Abnormal
function of the CA system in the brain is associated with certain neurological
and psychiatric disorders. Especially, Mesencephalic dopaminergic neurons in
the substantia nigra play an important role in motor functions in Parkinson’s
disease(PD). The PD is a progressivly neurodegenerative disease and results
from the decrease of TH, other CA-related enzymes, and dopamine(DA) in
the striatum. Over the years, one of the most effective therapeutic strategies
for PD is the restoration of DA levels by the treatment with L-DOPA, but
chronic levodopa therapy causes several side effects.

The expression level of TH mRNA and TH enzyme activity is altered in
response to changes in several physiological states, such as glucocorticoid
administration, drug administration (forskolin, reserpine, apomorphine, etc.),
Epidermal Growth Factor (EGF), Nerve Growth Factor (NGF), Glial-Derived
Neurotrophic Factor(GDNF), and cyclic AMP.

C. mulitaris is one of endomopatogenic fungi infecting lepidopteran insects
and a rare chinese herbal medicine. The crude extracts obtained from C
militaris is used for the treatment of excessive tiredness, persistent cough,
debility, anemia, asthma, aging, and cancer. The aim of this study was to
examine efficacy of TH mRNA induction by crude of C militaris and other
mushrooms, as demonstated by RT-PCR. First at all, we identified induction
of TH mRNA by Fsk, Res and C. militaris. Next, we examined that TH
mRNA induction increased in C. militaris—treated tissues. And the C militaris,

the organoselenium and organogermanium contained, has also been shown to
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increase the TH mRNA induction in brain of mouse. Specially, We further
determined the highly effect of organoselenium-contained C. militaris on the
induction of expression of TH mRNA.

Western blot analysis revealed that TH protein level increased effects of
induce on crude extracts from C militaris and other mushrooms. When TH
protein was detected by western blotting, it was appeared three distinct
immuno-detect bands including TH molecular weight of 60 kDa.

After the treatment of C. militaris, Se/C. militaris, and Ge/C. militaris,
TH-IR neuron by immunohistochemistry compared with microscope. In the
result, C. militaris—treated tissues indicated higher levels of TH
immunoreactivity than non-treatment tissue in substantia nigra of brain. The
changes occurring from the treatment of crude extracts in brain appeared to
be the result of an increase in number and color of the TH-containing cells
and a number of nerve fibers in brain. In the non-treated stomach tissue,
TH-IR cells localized in Muscularis mucisae of stomach layer. But, in the
extracts—treated stomach tissue, TH-IR cells had higher levels and it extented
in gastric glands. This result agreed with RT-PCR and western blotting.
This result suggests that C. militaris optimal level of se might play a new

clue to treat neurodegenerative disease, such as PD .
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5 71 93l A719 %S 383 ov, protein marker(BMA co.)E AF&
ste] Ex S gy, d7]9E ¥ gele Coomassie blue R-2502 44

sttt

1} Fibrin-zymography

SDS-fibrin zymogrphy &4l 3¢9 & fibrinogen %7} 0.12%(W/V)7} =

Al polyacrylamide &8 &3t & FA] thrombin(l NIH unit/ml)S % 7}38}

o A %3k 12% fibrin—polyacrylamide gelol 4] =&ttt 2} laneo] A& 10
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gl @A S Joadingd ¥ 10 mAQS LA AFES Zol H7FFTS HAAT

g2 SDSel & EgdAgstd a4AE A A7V st gelS 25%
Triton X-100% %33 Tris—HCI(50 mM, pH 7.4)° gels 30 #3F X 23l

SDSE AAR F A FHEE Triton X-100& AASAL 288 w9

gel’d9] fibring #313t%] coomassie bluedMZ23 FAHHE FHdz FAHS

3918t} (Bebers. 19977; Kim . 1998%).

Well plateo] 50 mM Tris-HCl %58 (pH 7.4, 0.15 M NaCl®23Hd £
dlZlo]9lE= 1 mg fibrinogen®}  thrombin lunitE® H7Fsle] AL 1 A7+
Eot wEAZl F AAD C militaris SAEHE A 10 pes H7ste] 37C

G274 5 AIZE Fe REEAIZL 5 400 o] Fwm| A stol A #Es

Diethyl ether® Rat< "FH A7, H5F disHomHE (S At A
g Al dguAE ACDE( 125 g Trisodium citrate dihydrate, 7.5 g citric

acid monohydrate, 10 g glucose and up to 100 m¢ water)S AF-&3Fa &z

1:6 9 HE&E= 33 F 150 X g oA 1087 dAEste] A= i
-F 58 Z(PRP, platelet rich plasma)E 3 3lo] thA] 500 X goll A 10&3F ¢

i=]
]
st AT pellets Aol AFHIGFTEA(11.9 mM NaHCOs, 0.33 mM
NaH.PO,, 163.3 mM NaCl, 28 mM KCI, 1.1 mM NgCl, 11.2 mM «a

jubal

-D-Glucose, 2.0 mM EDTA, 0.35% Bovine serum albumin, pH 7.4)% |3
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3 5 pellet & AEHLELN(11.9 mM NaHCOs 0.33 mM NaH:PO4 163.3
mM NaCl, 2.8 mM KCI, 1.1 mM NgCl;, 11.2 mM a-D-Glucose, 2.0 mM
EDTA, pH 74)9l HF2%E 5 X 107/m2 FHA171 Fthrombin 1 unitd %
7hate] Aol A nsAZ & FAR C militaris @A 10 pgs H7b

stol 37C @271 5 AZE &)t vES-A1A 400 wj o] AvAstel A sl

) Feleel W@ AR EL B 4

AAG & A tigh FEHolo JFS Aol 7] el CaCly, CoCly,
7ZnCls, CuSO,, MgCly, FeClo, EDTA, PMSFE 717} 2 mMeo] %2 20 mM
Tris-HCI(pH 7.0)el #7}3 H, £ H3o 4803 4 & 60 & FoF

= >

37C F27]o A Hk$-S A7l ¥ azocasein assay$}t fibrin agarose plateS <=

fol
B~
=
oo
Lo
B
2
o]
s
Ll
o
il
_O|_,
N
Ho
S
2
2
i,
i)
[
ofo
o
l:O[A
B
il
)
]
s
o
of

Glycin-HCl(pH 2~pH 3), 0.5 M Acetate(pH 4~pH 5), 0.5 M Tris-HCl(pH
6~pH 8), 05 M Glycine-NaOH(pH 9~pH 10) &=8&HS Algstgon,

azocasein assay$} fibrin agarose plateE G~33te] pHel tfsh dHdEHE A

o gEe] At s dotrr] flske] 349 01 mlS 30T ~80T
6

0 E7F vk3-A17] & azocasein assay @} fibrin agarose plateE <=3 3} 9]
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ZI7MNAA E8E @ dS 10 mM citrate-NaOH (pH 6.

3lo] azocasein assay 2 fibrinolysis assay2S F8stga, AR |
uniti= ODsgol Al 0.19] Fte.=2 At

C. militaris G AL 50%~75% o && FEZEAA 940 unit= 71 =&
s g S et it (Table 1).

uebA 35 50%-70%2 e FolA oWl AL RElste] AlRE Al
s AT

2) Ion—-exchange column chromatography

DEAE-sephacel column& 10mM citrate-NaOH(pH 6.0)o.& 33 3}3}
2] ¥

s 24
=
2L

HE o

Hm

0~1 M NaCl9] s=7uE FHAA 05 m/mine2 &3 3At}

ol
-

318 azocasein assay @ fibrin agarose plateE F33to] A E 3
A =t GRS 400 mM NaCl FxoA a8 2o 713
445 et A S (Fig. 4).

rlo

i)

gl

i
:<IDL_11
ol
[
"
o

3)

Ion—-exchange column chromatography® 58 28 ZF BlAl o259 &

ALNEaEALE Al AR T 2 FAHS =Hs7] st 2% fibrin

M

agarose plate assayS F33dte] 37C &7]olA] 12 A+ wkg-slsict &4

L2 1 unite AR FHAEHE2Q plasmin 10 pegoll ©ste] Fd

e

ol e dd duidel THu WAoo #AsdAL. 12 A F 4A



AL TR0 pe)7t HAE lanedl X FH7E 89S Sl 24 A
AE dAEHEAE plasminol o] dAE FHo WA thde] C
militarisZ25-€ AAE ddEATLE= 15 e A4S el Ao (Fig. 5).
AEdasEd dgo=ziy =3l Bacilluls sp.25E AAHE T

Hjol &S 7k Al 9lom, Eek Kimes(1999)el o3 &

3
wille= zte AR T 7P 240l =2 M A EMA(Tricholom
C

-opsis decora)®] @AEHNZAL 099 WE, C militarisZ 8 AA"E €A
TAlaagddol =55 st

AdEarne 12% SDS-PAGE# Bebers

-PAGE zymographyS 4383} A

52 kDa(Fig. 6, lane 3)°] FAr#S gQlstadth. ®3t fibrin zymography S
gt FA3 Aol SDS-PAGECA &gt A3 EAp=e] Tzt 3
e gl th(Fig. 6 lane, 4).

Az RE SDS-PAGE®} fibrin zymographydol A 93 Ex}#S
Uelhgo] AAE dAdRd 347 G (monomer) Y-S el 8 4= gl 7]

Fo B1¥ Bacillus sp.25H AAH FAEHEAE 45 kDa, €29 AT

S
lo

2}, In vivoSt in vitroodl A A E3|

1) In vitrool A A &3

Fibrin E812-8S #5387 $13 in vitro test®4 Fibrinogen& < 1 mgoll
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Thrombin lunitE H7Fste] usAA AAE dHAENEL 10 pgs # 2]k
37C &7l A 5 AlZbst Hb-gAlA fibrin 7755 @v| At A &2}
At salines A SAWETNE Blines(200070] B3k fibrind 59
A AERFoR EAFA oW (Fig. 7, A), plasming A &3 A|ZE fibrin
o] &alE A (Fig. 7, B). 7 AAlE HdENaLE A gt laned A = fibrin
o] §al¥qlct ey 72 AAE AT EALY A met <F7he] fibrin
o] EAstA o, 12 AIE W8 fibrino] ¢33 Ssl9S s 4
4848 C militarisol A plasmin¥ A 3}A fibrino] &8 % 2™, Blinc
5(2000)70] ®ILE wpe} ol O militaris=5-El F2l® &7}
ANRE &2 & 5 AAHFig. 7. C). W&kA C militaris=5-8 2] A€
ddEH &7 plasmin®] 243 FAFeH ZAd% oF 15 wiAE &40 =
7] wizedl @A EaA JfEe] e RAoE AlmEHH, AT AWUS S

7% 4 A F o] Fhsatelel AbmEolt,

1

ol

2) In vivodl A A&

In vivo tsetE 93 rate] 4o ZRY &gk PRPe thrombing * 23}
o WIAA SAHUNETORE saline, ¥AAUNET S22 plasmin, 23|32 ZF A
d dARAELE Ao dARNAES AU salines A3 &
Az s A9 fibrinel 9A ddel FPHAASM(Fig. 7, O,

plasming A 83 I ZFLAAE fibrine] &) (Fig. 7. D) A& ¢+ &

i

o1=lo] Bline $(2000)”0] ®.i18F plasma cloto]l A @A Ee} Fdst A}
(Fig. 7. )& &< & & At} 53] @dd&aiAle 4 fibrintk Ho]A o
2 FEstdol sk 2 Ao AFolA yEhbo]l A EEAZ HAE

plasmin® 2 Ao 2o AAE &2 BT 5YEA fibrintS &34 7]
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A 2]3le]  azocasein
assay 9 fibirn agarose plateZ Fol &1ttt g4 02 gt &
BANE deAaL(Fig. 8), G as AsAll PMSFol < 23
A ur-go] YEfHORE

C.
Ade] d@mid e g glstdth(Fig. 9).

i

_l
o
ol

militaris25-8 AHAAH FHEN &4+ serine

A aantse] A pHE HESZ] 93] ZAH HL&Hairs 7
pH €580l 7}t 37CTolA 60 &3+ WA F
fibrin agarose plateE 33l 4SS HuwsA. E8d HAENas
= FE pH 60~pH 8004 wax <Hgd s vehddlen, C
militaris25-8 AAld dAE a2 pH 70004 71 tA e 248

Bhdll 9k pH7E smobiel wel 2 @Al Azt = 2l vk(Fig. 10).

it}
rzi
Sh
o,
ol
[
il
rlo
w
S
a
l
A
)
(@)
rO
o
)
[-'O
fo
»
ot
X,

plateE® F33At. &2
< YellAdth C militarisZ25E AAE
= YErR o 60TColdel s aa8de] 438 Asfjds 49 & + 3
AthFig. 11). M AERFE EedAe AL AL (Chen's 20007, Heo's
20013} & n) %ol W A (Tricholoma asponaceum) .25 Ea)AAH A5

AarE HHEHLEI 50C~60CE RoE whde] Raj® FARIE A
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Thromrbin <= Prothrombin Plasmin <— Plasminogen

!

Fibrinogen—— Fbrin — T > FHbrinolysis
Operation / Purified fibrinolytic enzyme
Pregnancy —* HUEIISE from mushrooms
Contraception
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Fig. 1. The pathway of thrombosis and fibrinolysis
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60
50
40
30
20

Proteolytic activ)t

10

D.wW Trypsin cM

Fig. 2. The proteolytic activity from crude extract on 2 % skim milk  agarose plate.
Lane 1. Negative control : Autoclaved 3rd D.W |, Lane 2. Positive control : trypsin (10

rg), Lane 3. C. militaris crude extract (10 pg)

oW Flasmin (== 1]

120
100
80
60
40
20

Fibrinolytic activity20r

D.W Plasmin CM

Fig. 3. The screening of fibrinolytic activity from crude extracts on 2 % fibrin agarose
plate. Lane 1. Negative control : Autoclaved 3rd D.W, Lane 2. Positive control :

plasmin(10 pg), Lane 3. C. militaris crude extract(10 pg)

Table. 1. Purification steps for the fibrinolytic enzyme

Unit(Protease activity)
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EtOH conc. C. militaris

Crude 455
EtOH Conc. 50% 664
EtOH Conc. 70% 940
EtOH Conc. 85% 202
Purified enzyme 1962

% 1 unit 1s azocasein yield at absorbance of 0.1 at 366 nm following

a incubation at 37C for 20 min

1.0M
oD NaCl
280nm — 0.5M linear
gradient
—t oM

0 5 1IO 1I5 20 25 30 35 40 45
Fraction number (Flow rate 1mi/min)
Fig. 4. Anion-exchange column chromatography of fibrinolytic enzyme from C
militaris on DEAE-sephacel. The protein sample was applied to the column (7 x 15
em) equilibrated with 10 mM citrate-NaOH (pH 6.0). The protein was eluted with
0~1 M of the NaCl linear gradient at the flow rate of 0.5 m{/min at 4T

DWW Plasmin M
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200
180
160
140
120
100

60
40
20

Fibrinolytic activit

D.W Plasmin CM

Fig. 5. The fibrinolytic activity of purified enzyme. The protease from C militaris
showed a level of fibrinolytic activity that was about 1.5 fold higher than 1.0 unit of
plasmin. Lane 1. Negative control : 10mM Citrate-NaOH (pH 6.0) ; Lane 2. Positive

control : Plasmin (10 gg) ; Lane 3. C. militaris (10 ug)

75kDa
50kDa +52kDa
35kDa

25kDa

Fig 6. SDS-PAGE and fibrin zymography of the purified enzyme from C militaris.
The fibrinolytic activity was detected 52 kDa(arrow) on 10% polyacrylamide gel slabs
containing 0.12% fibrinogen. Clear band indicated 52kDa on fibrin zymography. Lane 1.
Protein marker ; Lane 2. C. militaris crude extract (10 pg) ; Lane 3. purified enzyme

(10 g) ; Lane 4. fibrin zymography
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Fig. 7. Hydrolysis of human fibrin(A, B, C) and platelet agregation(D, E, F) by
purified enzyme from C. militaris(x 400). A, D : Negative control : saline (20 ) ; B,
E : Positive control : Plasmin (10 xg/20 ) ; C, F : purified enzyme from C. militaris
(10 pg/20 pb)

120

100

[oe]
o

IN
o

Relative activity:
()]
o

N
o

None CuS0O4 CoCl2 CaCl2 ZnCl2 FeCl2 MgCl2

Fig. 8. Effect of metal ions on the activity of the fibrinolytic enzyme The enzyme was
pre-incubated with various 1 mM metal ions in 10 mM citrate-NaOH(pH 6.0) buffer
for 1h at 37C, After incubation, the mixture was performed to the azocasein assay
and fibrinolysis assay. The results were expressed as percent(%) relative activity to

that of none.
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120
100 —
80
60
40 |
20 |

Relative activity(
i

None PMSF EDTA B—mer

Fig. 9. Effect of protease inhibitors on the activity of fibrinolytic enzyme. The enzyme
was pre-incubated with 1 mM protease inhibitors of 10 mM citrate-NaOH(pH 6.0)
buffer for 1h at 37C, After incubation, the mixture was performed to the azocasein
assay and fibrinolysis assay. The results were expressed as percent(%) relative

activity to that of none.

120

100 A
I—

80 - .
60 -

40

Relative activity(100

pH 2 pH 3 pH 4 pH 5 pH 6 pH 7 pH 8 pH9 pH10

Fig. 10. Effect of pH on the activity of the fibrinolytic enzyme. The enzyme activity
was assayed in the pH range of 2-10, respectively in 0.5 M glycine-]JHCI] buffer for
pH 2-3, 05 M acetate buffer for pH 4-5, 0.5 M Tris-HCI buffer for pH 6-8, and in
05 M glycine-NaOH buffer for pH 9-10. The enzyme activity was measured by
incubating it for 1h at the various pH values at 37C. After incubation, the mixture

was performed to the azocasein assay and fibrin agarose plate.
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120

Relative activity(100%

8 &8 8 8

(@]

30C

40C

50C

60C 70C 80C

Fig. 11. Effect of temperature on the enzyme activity. The enzyme activity was

assayed at various temperatures of 30-80C and pH 6.0 in 10 mM citrate-NaOH buffer.

The enzyme activity was measured by keeping it for 10 min at the various

temperatures and pH 6.0, and the enzyme assay was performed to the azocasein assay

and fibrinolysis assay.
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ABSTRACT

Blood clots are formed through the conversion of fibrinogen into fibrin by the
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proteolytic action of thrombin, and subsequently, insoluble fibrin clots are formed. The
fibrin clots are dissolved by the hydrolytic action of plasmin, which is activated from
plasminogen by tissue-type plasminogen activator(tPA). Generally, the hydolysis of
fibrin is called fibrinolysis. The fibrin clot formation and the fibrinolysis are well
balanced in the biological system. However, when the fibrin is not hydrolyzed due to
any disorder, thrombosis such as myocardial infarction can occur. Intravenous
administration of urokinase (UK), streptokinase (SK), and tPA, which are capable of
degrading fibrin, has been widely used for this thrombosis therapy.

Unfortunately, these enzymes have a low specificity for fibrin and are also expensive.
Recently, an investigation was conducted on the isolation of fibrinolytic enzyme from
natural extract, because the fibrinolytic proteases for thrombolytic therapy has been
demanded high specificity for fibrin and are low price.

Therefore, we are reported that the fibrinolytic proteases isolated from
medicinal mushrooms such as the C. militaris in this studies.

Purified fibrinolytic protease from C. militaris showed molecular mass of 52
kDa, respectively, on SDS-PAGE and fibrin zymography. It has been isolated and
purified using a series of chromatographic column such as anion exchange.
The protease from C militaris showed a level of fibrinolytic activity that was about
1.5 fold higher than 1.0 unit of plasmin.

Heat and pH stabilities of the enzyme on fibrinolysis was highly dependent on
temperature. The fibrinolytic activity was observed in temperature ranges between 30
C and 80TC. Optimum temperature for fibrinolytic enzymes was in ranges of 35T to
42C and the optimum pH was pH 6.0 to pH &.0.

Fibrinolytic protease from C. militaris was slightly inhibited by all metal ions,
especially inhibited by PMSF, indicating that the enzyme is a serine protease.

The result showed that the fibrinolytic protease from the C militaris has a
fibrinolytic activity in vivo and in vitro. These might be developed as a therapuetic

agent for the treatment of thrombic disease.
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5)

6)

7)

3l 5%38tx Cordyceps militaris f. albino Kobaysi et Shimizu
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3) Isaria takamizusanensis Kobayasi
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3) M7IEF] ZIA A v V|S5FeR 2F o] FE A

7V) 3s%E3stx Cordyceps militaris f. albino Kobaysi et Shimizu
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. Cordyceps militaris
. C. sphecocephala
. C. yakushimensis

: C clavata
. C. ampullacea
. C gracilioides
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F :

Beauveria bassiana

sphecocephala (K1.) Sacc. )

R
L.

S deelM EHAE V5] FEeh Tl 1

- 230-
- 230 -



Aol AAAGA, A% waAe W ARE 27 gAY B

o= HlAEs] vizd
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3) vigH el mAE 2 F Autoclavedl A 121°C, 1538=o]A <F 15~20

1) Witol B oW Ael A A
5) Fat Al A AAETL AEHT

6) MFAE SAM oF AFY Fw ek

T Aol S AU 74 o 100 Lux JE9 =& sstm

E% o 95% o4& Zrh (Co¥g A3 ANA BIE AF A

® #HEF T A AT AAAE s

T+ 553 % (Cordyceps militaris = 99-0007, 99-0004) 2.
TE25 55 X(Isaria. japonica = 99-0001, 99-0002, 99-0003) 3.
Cordyceps sp.(99-0006) 1¢=-.

v ] 5% 3} 2 (Cordyceps sobolifera = 99-0008) 13F5.

DA 225 %3 = (Cordyceps kanzashiana = 99-0009) 175,

o A
1) A A e A

PDA(Potato Dextrous Agar) H3u]X] ol 10 mm 272 AH3 dF

1 28 WEd Fepxg S kel 22 500 me# el PDB(Potato Dextrous
Brouth) #j# & EF3kith. o 7)ol PDA(Potato Dexterous Agar) Hj=A|4F

T wjge FFE 10 mn cork borerE ©]-&3le] FAIAA] 7}
A ougE i Ad 3AW 247 PDBulAY HEFSA T 1597 150

pmoz A% WG ¥ oo S4L AT MFLE — 25+10).
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47, 9, AAAe ANA RFS JFoR gk

1) oAl A g ek 8719 AT
F %3} x%(Cordyceps militaris = 99-0007, 99-0004) 2+ =.
&%t x(Isaria. japonica = 99-0001, 99-0002, 99-0003) 3+t
Cordyceps sp.(99-0006) 1.
v & =35} 2 (Cordyceps sobolifera = 99-0008) 1.
5

A}~

L
FLN

bl

=3} % (Cordyceps kanzashiana = 99-0009) 1

1) 7 g5 mANALe] 54 A9

7V =25 %F3stxUsaria japonica = 99-0001)

FAAGE BALL aPWA AL ST dAROR el FF
FAE ASSae WA ubebe] B Fejolth, A& 40 stk 29

A= HoE Wiyt glorb 3UAFEHA A el 5 o] Hol7Y]
A ZEFATE HE F 39A A= 25 mn, 3ol A 442 2.0 mm, 49 A
592 25 mm, 54 6¥92 25 me®E & 95 mn A5}

W) =858t x(saria japonica = 99-0002)
A HE F 34AZA 50 m, 3Ll 44E 15 m, 4UA 5
A 67 = 25 me®E F11 mn7F At

o) =5 E382Usaria japonica = 99-0003)

- 237-
- 237 -



TALAE AL HE F 349474+ 3 mn, 3€oNA 49 1.5 mn, 4904 5

A7A = 2.0 mn, 5YANA 647A = 15 meE ZF 8 mm7F Aot

2}) T =3l=(Cordyceps militaris = 99-0004)
Z71ole= Aol Mol NS wARt HA sAAd Sl 47w o
7ol @& H2Me AujE 2E Fo] T vEhdrh HE F 3¢
A= 75 mm, 3YolA 492 65 mm, 4LolA 59U 2 o
A& 25 m7t BFEAY. AR AHo] tE FFERUE dZ3
t}.

=S
0

u}l) Cordyceps sp.(99-0006)
Z7lde S wurt J3 £&YUe W] AFste] 6d Al FS
Ao Yetidnh 34 A7IA = 35 mm, 3Ll 49 1.5 mm, 49 A 5
S 15 mm, 5¥lA 6¥92 15 mAFeZ & 8 mA&sstt

v}l 553 % (Cordyceps militaris = 99-0007)
7l A4S Wk A4 FEA9S5 W 3L7kA = 3.0 mn, 3Y el A
49 35 mm, 4994 542 25 mm, 5 A 642 15 meE F 105

o}) LA} A% =82 (Cordyceps kanzashiana = 99-0009)
z719 A A 3d FEHE FH A4S Yeddoh 397+ 15

m, 3Lo|A 442 15 mn, 494 582 1 mm, 5LANA 682 1 me =
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Tablel-1.

Mycelium growth of Isaria japonca

Age at
growth first day | third day |fourth day| fifth day
~ ~ ~ ~ Total

days third day |fourth day | fifth d ixth d
Strains ird day [four ay | fi ay | six ay
99-0001 2.5 mn 2.0 mm 2.5 mn 2.5 mn 9.5 mn
99-0002 5.0 mm 1.5 mn 2.0 mn 2.5 mn 11.0 mm
99-0003 3.0 mm 1.5 mm 2.0 mm 1.5 mm 8.0 mm
Tablel-2 Mycelium growth of genus Cordyceps

Age at

growth | first day | third day |fourth day| fifth day

~ ~ ~ ~ Total

days_ third day |fourth day| fifth day | sixth day
Strains
99-0004 7.5 mn 6.5 mn 2.5 mn 2.5 mn 19.0 mm
99-0006 3.5 mmn 1.5 mm 1.5 mm 1.5 mm 8.0 mm
99-0007 3.0 mm 3.5 mn 2.5 mn 1.5 mm 10.5 mm
99-0008 3.5 mmn 1.5 mn 1.5 mn 1.5 mm 8.0 mn
99-0009 1.5 mm 1.5 mm 1.0 mm 1.0 mm 5.0 mm
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Table 2-1. Stroma of Isaria japonca incubated on silkworm pupae
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section
weight| length |diameter age at | age at |age at|weight
of of of nur:llo M nutrition| stroma | total of
stroma|stroma| stroma stroma growth |initiation|{growth| media
strain (@ | Cmm) | ( mm) days days | days | (g)
99-0001| 29.80 | 123 1.3 243 7 3 31 100
99-0002| 26.73 | 115 1.09 341 7 4 32 100
99-0003| 33.70 | 106 1.43 190 7 4 35 100
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Table 2-2. Stroma of genus Cordyceps incubated on silkworm pupae

section
weight | length |diameter nurmber| &€ gt age at |[age at|weight
of of of of nutrition| stroma | total of
stroma | stroma| stroma growth |initiation|growth| media
(g) (mm) | ( mm stroma days days | days | (g)
strains
99-0006| 0.35 115 0.67 42 7 9 47 100
99-0007| 24.9 103 7.8 53 9 5 54 100
99-0008| 12.1 97 1.67 92 8 7 58 100
99-0009| 10.2 76 1.94 78 8 8 62 100
g 4
1) 2099F& AP 24 58S FAHSIA, 1 7hedlA 8T FE
A3kt
2 15 F 60T FdTFE AYEAG.
F%3t% (Cordyceps militris - 99-0007)
TE 555 % (Usaria japonica © 99-0001, 99-0002, 99-0003)
wn] 5 %3} = (Cordyceps soborifera - 99-0008)
DA 225 %32 (Cordyceps kanzashiana © 99-0009).
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ool AFE FTATF T AAA FRolE Cordyceps militaris f.
albino (CHO-6715), C. gracilioides (CHO-6716, CHO-6717), C. militaris
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Table 1. Mycelium growth of Isaria japonca

Age at

growth | first day |second day| third day |fourth day| fifth day
days second day| third day |fourth day| fifth day | sixth day
Strains
CHO-6713 0.5 mm 1.5 mm 0.5 mm 0.3 mm 0.7 mm
CHO-7413 0.3 mm 0.5 mm 1.8 mm 0.8 mm 1.4 mm
Table 2. Mycelium growth of genus Cordyceps

Age at

growth | first day [second day| third day |fourth day| fifth day
days second day| third day |fourth day| fifth day | sixth day
Strains
CHO-6715 7.5 mm 6.5 mm 2.5 mn 2.5 mn 19.0 mm
CHO-6716 3.5 mm 1.5 mm 1.5 mm 1.5 mm 8.0 mm
CHO-6717 3.0 mm 3.5 mm 2.5 mn 1.5 mm 10.5 mm
CHO-7410 3.5 mm 1.5 mm 1.5 mm 1.5 mm 8.0 mm

2) 7 7o) AAFHY) 5 AY
7V) Cordyceps militaris f. albino(CHO-6715)
Mo wode wa 3AME #A dge] A5t w4

HY}. Pellet> HedlS w3 v} Pelletd] =7]

) C gracilioides(CHO-6716, CHO-6717)
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th) C militaris(CHO-7410)

AR wfgol Hy A vEwtow, 3AANE AS7F UEu, A2 A
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Table 3. Stroma of Isaria japonica incubated on silkworm pupae

section weight | length |diameter age at | age at |age at|weight
of of of urher nutrition| stroma | total of

stroma | stroma| stroma of growth |initiation|growth| media
strains (@ | (m | (m stron days days | days | (g)
CHO-6713| 27.14 | 11.2 11 406 7 3 31 100
CHO-7413| 2673 | 105 | 1.03 | 313 7 3 32 100

Table 4. Stroma of genus Cordyceps incubated on silkworm pupae

a ge
ection wel len |diameter b a ge at | a ge at ir wel
number al
. ght of | gth of of nutrition | stroma ght of
strains of . total .
stroma |stroma| stroma growth |initiation media
stroma growth
(g | (mm | ( mm) days days (g
days
CHO—6715 L] L] L] L] L] L] L] L]
CHO*6716 L] L] L] L] L] . L] L]
CHO*6717 L] L] L] L] L] L] L] L]
CHO-7410| 26.29 | 98 3.05 211 10 3 58 100
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rlo

F%=%tx BE F  CordycepsT 437N, Isaria 307\, Hirustella 27V, W7+
T 271.

a9 #F : Cordyceps 5 307M, Isaria 570

n712% : 270 (Cordyceps militaris f. albino : ‘% F3slx, Isaria

sinclairii : A7}fFEEE28%)

5) AHEA EAo] -3 EF

7V) Cordyceps militaris : 271(99-0007, CHO-7410)

) C. sobolifera :17§(99-0008)
th) C. kanzashina : 171(99-0009)

2})  Isaria japonica : 571 (99-0001, 99-0002, 99-0003, CHO-6713,

CHO-7413)
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Cordyceps militaris(CHO-7410) Isaria japonica(CHO-6713)

I japonica(CHO-7413) C. grocilioides(CHO-6717)
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FAHE BAURE aUA AFRAL AFTAE gle] wH ket A
WA G FAS dehia 20 E 48718 AH 34

A stler Bt A S stler 69 Eot F 105 m A%

Tablel. Mycelium growth of genus Cordyceps and Isaria japonica

(unit: mm)
&?ﬂdsxg%¢ 1~32 | 3~49 | 4-52 | 5-62 | 1~62
6712 2.0 6.0 6.0 7.0 21.0
6047 35 15 15 15 12.0
7022 4.0 9.0 13.0 12.0 38.0
7109 3 5 6 6 20
M-001 3.0 2.0 25 2.3 9.8
c-001 3.0 35 25 15 105
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20C= 2t &5 F55 0%l & el wds AL e



W ZAA ] PElE Eol W

& Aol & AolHela 3bY A
To] As] AL 7~8 cm A=A

= o

Table 2. Stroma of genus Cordyceps spp. and Isaris japonica incubated on

silkworm pupae

section ) ) .
weight|length |diameter number| 28€ at | age at | age at |weight
of of of of nutrition| stroma | total of
strains |stroma|stroma| stroma stroma growth |initiation | growth | media
(@) | (mm) (mm) days days | days | (g)
6712 | 285 | 100 1.2 296 7 3 35 100
6047 | 275 53 1.53 285 7 3 35 100
7022 0 0 0 0 0 0 35 100
7109 | 259 97 1.07 332 7 4 35 100
M-001 | 27.6 88 1.35 290 7 3 32 100
c-001 | 26.8 88 1.01 283 7 3 35 100
oA

1) &%38tx(Cordyceps militaris=6712, 6047)2] 29 %553tz Usaria

Japonica=7109, M-001)9] 2w FE #3lo] 4 FE a2 AL

2) T3 553 % (Cordyceps militaris=C-001)%= 352t T35z} wld
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(6712) (6047)

THEESOR CRORS =
(7109) (6047)
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5. AHAA TAEE (4)

uf

7F A

1:{9L
e

TFotxe EAS nEste wEFFxUsaria)v TAEAE
Petri-disho] £33+ PDA(Potato Dextrous A gar) A AFol Y3tst =
=38}lx(Cordyceps)= AHHA|E PDAWIA 7} ¢ &= Petri-dish & 74
of Blo]Z2 AAHAAAM iAol AGEATF oA kg st AP A
o] AR xAS st PDA wix|ol FaL o5 25+1TC 9 F27]A

et ol F o] 5E w5 Pelste] FFE WBs

2) A A A 2] A
PDA(Potato Dexterous A gar)E =2l Fo] 10 mm A== AH3

#F T 245 AT F F B A2 A AR S AR

3) HA A e A o] AF
1 A Z22=Y T wjdEe A2 500 m?®  PDB(Potato
Dextrous Brouth)®Wj#A| & &35t ol 7]el PDAWj Al A 242 1FY9 3
&sto] AUt M s o
LA 1
ALt S et

-

wjFal #= 10 mn cork borerE ©]

Q)
=

o A9 3704 Ztzk PDBHl Al HE skt 1¥
rpm o2 25CoA & wj et Fo o] 5]

~

15

R
N
o

Jm

[e]
e

4) AAA A AE
WEde e o7& wjA R o] &3k, o] & 800 m¢ F2ld WEA
Zgt2AE Ho Wy s Z A do] 121TC, 15 psi®l Autoclave
oA 203 Atstlnl o7l vbEojXl HAAFE-S Feoll WU 7] HjA] of

Wl
N
N

N

—

o

o

oje}

242y 5 meA FEsko] ol oA wigetinh. T A B
ARl AdAe] dol, A7, T, AEA ] dAAQ) BEFE VIEe= 5
Atk

oA =
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D oFAelM AP At

f

o

%3tz (Cordyceps militaris = 7072, 7209) : 21

&% stx(Cordyceps sp. = 6047, 7110) @ 2+ 5

T2 53 % (Usaria japonica = 7109, 7211) : 2+

2) TAMAES AES

F%3t% (Cordyceps militaris = 6047) : 13

rot
ol

Al

Z
=
2% 53 % Usaria japonica = 7109) : 13+

D) zb w5 aAm A el e 54

7V &% 38t x(Cordyceps militaris = 7072)

AL FALS 2dA AEsidon 2d7tA= wiAlo 4§35t
olm g Aol gitirt 3¢l 2 me 7IFH A WS ATEH
iAol FA 2o A= FHjolw oA 4AFEH FUdo] =FAH
ol I olF Ao R dFo 35 mm 7.5 mm, 3.5 mm, 6.0 mm, 10 mmE A
Z 305 mn AYF3FA T

rir
>,
N

bl

AR sAYGS T8 HA AR A5 F22 VAR 2¢
NAE AS7E z2rd7E 35 mm, 25 mm, 6.5 m, 4.5 mm, 9.0 mmZ 3L H
H w553 Y-S stANE EarFetd F 26 Akl

AR 9SS 28HA AFeFa wijxe] &2 FE=E 7]FdAL
FAY FEJQ AL Aol A 3.0 mo, 3.0 mm, 3.5 mm, 3.0 mm,
=

Age g 43 St 604 FAFHT F 23 m AF
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2}) %%3}=(Cordyceps sp. =7110)
TAbE sA9dS 2eUA AFEAL ASS 7159 dALR 297HA]
= 45718 Zgrt 35 mn, 25 mm, 45 mm, 6.0 mn, 45 mZ AEH S A
el 7re s F 21 mAgs AT

) =25 53t%( Isaria sp. = 7109)

AR B H R SA9E aEWA AR A 22 FHE 7]
STARE

SAE FEQJm AL oA 05 mm, 1.0 mn, 0.5 mm, 0.5
2

FAE BAUFS TUUA AFSAR ST glol A uetel A

W A 9e AL UBIAR 24N E 48018 AR 3AARY

A ey EAAd S e 69 sk F 38 m B
&ttt

297HA) &= A L7715 zhthr)l 394 H 24 pellet7}F @A AL A

-
N
-
0
o

Ir

st Aol Feotoz AFHY. HA dAEE=TE Eovar 1
H 24 dAE sk sk dAabe] Ao gl S vhet

A7)+ ¢F 1 em A= Th

e

=2

-
%@ N
kl
A ok
>

W) 553 % (Cordyceps militaris = 7209)

207 A= A&7 E Zrt 3UAMRE Koz FAMMF ] FelE
179 A% F add dARGE Btk dAke A2 ke gulag
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2AMAE A eAE AT 3UANE Fetow FAA HHw
159 A3 4dd FANFS wolth wAke] A gujlelgln #

2}) TE5Z3tx(Cordyceps sp.=7110)
297h A= A&7 vh b 3UAFE dAA o] Seto® HYa 15

Fob AT FAAES Rtk #Abel A Fuae e #a)

e

Lo

ul) F=4&% 28 % (Isaria japonica=7109)

2074 /A 3AARE FAY el FAoR WM 15U
B 9T FAAFS BT A Ae G FA EE FuAol

AaL AR d7dol= 1 em =S

207 A = AE7|E Zhis) 3AARE Soto R FALY o] FolE
179 43 F d3 AR ES molh Ak Ae W3 gaao]]

I ALY LBolE 05~1 cm A% =7 At

3) 4 wFo AAA LAEE
7V %3} (Cordyceps militaris=7072)
25Ce A 747F ot om 3do] Ay AL wlA 9] 75%0] %
7hA REow AL gk wlo] A NS YEWATE ofE FuE WAl
7F Wtk A9 AlE dA e S A7) ARSI AL 9Y o] EHol Aok wALTE
A EHHAon 9Y o] FHE= 20TCTE sh2sta
90%°] 3 AElelA mdS ALsden HE F 13Ul A

FAbE FUAe fAstgom My Gl 2 Bgsel 47 AF

of

= sc=
T wEE

<
>

o
o

AL

stgor 409 F 108 an F= WG
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W) %=38% (Cordyceps militaris = 7209)

25CoN A 747E huftstdom 2UAFE dAE i &
3dAlE MAMAR ne2A AT A2 3
oo AdA = 3 EY FAA dAE EEE G on 7 v
7F WA A A ] Eas AT 7Y o] FRE = 20CE St
T 55 90%°1d AT A mMdS ASEH HE F 1490
AvA dAA o= dAZE Ak A4S vEhu 7] o] mddls

A EatRHes AAA7E AE TAEAT. HEF 2624 °F 3 cm

o} B&3F% (Cordyceps sp. = 6047)

25CAM 7U PuiFIGOr 20AE 4371 Aot 3UA R
AL AR WA BE B vEE WA Wk 48R A}
WA AAGoR §A BARGOH oW AL WA B o),
$49 wES Juark 790 Sk 4717k IYHD 0CE HeF
B Obre BF HE 0% FASATh 2694 A% 2 2y

A AAAES 4] AEA 12 ¢

H
rr

O

o
o
oX,
)
N
ol
)
N
()

©
o
D)
i

25Col A 73 el stslew 2dA5H wAZE Adete] 3D Aol =
i

A Az nEA @k A Aol WA sl 404

rir
i
Y
S
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>
>,
N
)
e
B
1
32
o
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]
e,
2
=)
!
[N
=Y
>
>
N
N
:l:‘
E
Y
2

HPAS el 97] o] wm@ue Hux BiFHHoR 44
7 AL HAFAT. 26AA oF 3 mAE Agom wApe AL g F

FAS e JF F 40944 oF 125 em = s
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ul) 255382 Usaria japonica=7109)
25Col A 747 ol st on 3UA A FE BE EEEgon
WA= Mz A WA ZE wioh 7o) AuAfof Hl2 A AR ¢
A &RHAT. 225 20C2 33t FET 90%°ld FEE 200
Lux® 43t 471942 3958 vewa =sdloldn. 645
A717F AAAZ AGE ) AFEe] 28Ul 11 emZ A3

2B5ColA 747 drle st o 39 FA7E Wy Ajstdon HAf
= g7 A ZE Wk 79e] Ay ok Hl 24 AR ZERE QT 2
T 20T &2dtal 5= 90%0]4, FEE 200 Lux® =435

A71EA 2 3LHE et A 010 TR 4717 AAAR A

2001 6€¥ 169%-E 20019 12€¥€ 1797+ Q73 Aye= =4 n|j7) =

t2),

off
ol

EZ3lx 2% (Cordyceps clavata Kobayasi et Shimizu (do]&%

Cordyceps yakushimensis Kobayasi et Shimizu(&-5F705%3t%)S 23}

,1

A, $FEAFE 232 F(Cordyceps = 6047, 7072, 7110)8] 37,

ot Usaria = 7109,7211)9] 2v o} TA AR 23 FF3}
% (Cordyceps militaris=6047)¢} w25 %3txUsaria = 7109)¢} Awrr] 2
A LT AAE Ay

vk A 3}
200012911645 2001 691797hA41 9] AwkrlA-¢F 2001 6917
S 20019 12€9 12€ 1797449 daE Sk Aol
1) 5F3tx%9 4 Cordycepsi 2070 A, Isaria 107§, 27+ 170 A
g

at?

: Cordyceps 15 1070, Isaria <+ 27V.

r-{u:

- 269-
- 269 -



3)

4)

5)

6)

7)

8)

9)

Fh2A 7|2 58 % 1 Cordyceps clavata Kobayasi et Shimizu (%

3t%), Cordyceps yakushimensis Kobayasi et Shimizu(Z 7%
stx)e] 2F .

=8tz 7 (Cordyceps = 6047, 6712, 7072, 7209,
, FEE 232 FUsaria = 7109, M-001,7211)¢] 37 .
FAGHAAT LS FF3 %2 (Cordyceps militaris=6047)9F T©%%
(Isaria = 7109)x= A2 A dA o o]/do] §lATH

Z=A 2238 % (Cordyceps militaris=C-001)% 3+=AF 2829t ok
212 2% vk Eo] Ttk

TE T Zot&2Usaria japonica=6540)2] AtAFFol wE =Hupsl

oy AgelA AgPe TAAHA Fohu AP FEHoR TR

a

1] %238} 2 (Cordyceps sobolifera = 6233(99-008))5 A& A48 400
Lux7b #HAoldet. Fel webs AdA e 573, 27] APA A
71Zb3 Z1Elal gtAbe] Aol zpd A o] Ao S m It

=EAA ok EFRETEH ' FAAD, 200135 A 4 B 53] 4]
14(2):169-174
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Cordyceps militaris=7072 Cordyceps militaris=7209

Cordyceps sp = 7110 Isaria japonica = 7109

Isaria sp = 7211
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b A e

o,

1999. 12. 16~2000. 12. 16.
19994 12€9 16¥ 4

AU HE 2000 691597141 Ag-A 79k 2000 649169
BE] 20009 124 1597449 AE FFF AL e Pk

AAA A o] - T

1) Cordyceps (47)

Cordyceps militaris - 271(99-0007, CHO-7410)

C. sobolifera : 171(99-0008)
C. kanzashina : 171(99-0009)

2) Isaria (57Y)

2000112€1

=

L AR A R A o

Isaria japonica : (99-0001, 99-0002, 99-0003, CHO-6713, CHO-7413)

ZF 1 2000. 12. 16~2001. 12. 17.

64FH 20019 6¥€179 714 ¢

AW 2001d 6€179 5
2001 12€¢ 12€¥€ 17L71A 9] AHE T3 Aelr),

o s
5k T

1) Cordyceps (571)

Cordyceps (&%3tx+

2 16047, 6712, 7072, 7209, 7110)

2) Isaria (37V)

Isaria (T 2% %3 %57

7
)
o}

17109, M-001, 7211)

A Cordycepss 207WA, Isaria 1070A), W73+ 1714

= ¢ Cordyceps <+ 107, Isaria <5 27V.

= 5%3t% : Cordyceps clavata Kobayasi et Shimizu

), Cordyceps vakushimensis Kobayasi et Shimizu(Z
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o)

up)

A)

°h

EARNR AN S 238 %(Cordyceps militaris=6047)9} =% % =3}
Z(Isaria = 7109)%= AR A @kAfo] o] 4ol ¢l
Z=IA 282 (Cordyceps militaris=C-001)% 3= &35l % ¢}

W 212 Zgka gt Zo] ket

ujv] 523} 2 (Cordyceps sobolifera = 6233(99-008))2 A} A LA &
400 Lux7b FHAoldeh. Frel weps A A e 573, =7 A4
A A7 ae]ar AR A AR A o] Aol FEFS W RITh

=AM ¢ ok EFEFTIGERESH FFEFADAD, 20018 A A =8

3] %], 14(2):169-174
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e 239 AE7F AEch =3 A A Adolx WHAY 97 mmE.t} Z+
& 73 mAEY 2T A AEZAHog wjdy A L A=

Aoa EAE AASHE W gubg AP B Arg

. Wn] =32 (Cordyceps sobolifera = 6233(99-008))2] AFA A 2o 9o

= A4A TS AR PAPFA Y LEE 0T, AES FEFEE BUS
FANZL AHAA 100 Luxol A= A 27 2a7]gte] 4A4%
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ihd

7}

o A Zols 59 m AR 1,000 LuxAlol 7] A4 wa
N7ke 6elv] 27l Akl M AUAe Aol 2% Wi o]

v Aol AnEwA EAs AAA Mo] A% AL e F

B 560]r] AAA ] Aol 42 mATh olAE WM EFHE
bgEel WSl WS Ao FEsh UR FEAG s 4
AR Bl A BRI F 400 Luxol A $5F AAA BgRhE

RS Hol Fa 9]

ol
TE 5582 Usaria japonica = 6540)9] AtAxFFol wWE Wuls) AN
Aoy Aol MBES EAAFH Fda HAFS FEPeE F9%
=3

wjn) %238} 2 (Cordyceps sobolifera = 6233 (99-008))2 A A A&
400 Lux7t FHA ol Fxol wer] A A o] K7, 27| A A T
A7 g iAo A AP A o] Mo g m T
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A6d of & A
L g e) 2
omA L AFAA AN Auske PR FolA dFaste] Po

wol AHeh FAl o5 vyl WAYe] Anwe gAY 3

—

o 744, A7in] WEe] AT WA Flo] AuHon Hr
Wekd #e Aol 4 a3 AANFS oA F9L S

A7171 1% Aol aq-dh

2. FA el o gk o Ay
7b 71 Z8 Y 3 7R 33 em, AR 25 em, 0] 5 en
7F2 38 cm, A2 25 cm, =°] 45 cm

(72 9 cm, AE 6 cm, Eol45 cnE ZHeeo] H A)

U EATEF D 2 (EFstE S AT 819, wEETE R SAITT 8204)
(FATF 8194+ el Awhsti FAlTF 8024+ Fto=m 74
Zell Aup)
3.4 d %W

7h A A ke A
FTATT 81%(E 5 3tx), 8204G3)E 779 HAuA Y TS 10 mm =

712 dHF #F 3 AEe HE F dAE A

L AA T g A
1 me WEA Sek=y T widgel 22k 500 mt 2 o] PDBHiAIE &5 3f
Ath o7l PDAu A Gl A 242 15 s et #55 10 m cork borers
o] &3] FAYULS JHF npgE i d 3704 74z PDB A el HF
sttt 1593 150 rpme 2 ' Wi F oo 5AE xAslT (W

2% 25TC+1TC )
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=
stk o 7]el ojn Eoly HAFTES ol Wulr] wjAel] Z2+z 5 ml ¥

HEste] et

eh. dol Ttz WA - FAEFS MG BE R EEA WHUVIE

To| Yolx FuF HAEZ st}

o, Al

AT 81949 AE o wol &3 5wl 3L Aol T A7 R

oA F At EAstlen, deol= A, B, C

7bd wol Aska, W ZelE 0.25 cnol AFS 0.2

,D,E 2+ & C7F 031 cn=

m7g =AM g 6

3
Aol = C7F 1.90 ecmZ 71 %ol Agtx, 559 H Zole 1.44 cmoll A

22 04 m A=QC vk 9d Aol = C7} 355 en® 7 Bol Agka, o

T AolE= 3.05 emol] AEL 052 mm AEYTh vl 1294 = C7} 5.77 cm

2 71 gel AR

1594 = C7F 7.81 em= 7Hg @Wol A5k, Ay dol= 7.05 emoll A&

085 m A=A W 18UdAAE C7t 9.02 en=E 7HE Wol] Ak,

, Bt Aol 480 enol AEL 071 m FESTh

i

vjj <

Mo o

EY

%

Zol= 828 cmoll A 2L 098 mn AP Wl 2149 Ao = C7F 9.72 enE

7b4 wol Agka, Hi ZolE 912 cmoll AEL 1.07 mm A=A ¥ 24

Adxol e C7F 11.76 ecm= 7F4 Zo] xpgka, Hir Aol 1096 cmoll A ELS

1.21 m HERATH g 274 Ao = C7F 13.68 en= 7 ol AL,

AdolE 1235 cnoll A5 1.38 mn AEZ 274 1ke] v 7]zbEet & 1235

emWHE Ao

Table 1. Growth of group A, B, C, D, E of strain 8194

unit( cm)

- 278-
- 278 -



day A B C D E average
0 0 0 0 0 0 0
3 0.21 0.25 0.31 0.20 0.27 0.25
6 1.20 1.52 1.90 1.15 141 1.44
9 2.55 2.71 3.55 3.51 2.92 3.05
12 4.23 4.7 5.77 4.25 5.07 4.80
15 6.42 6.65 7.81 6.99 7.37 7.05
18 7.62 7.75 9.02 8.19 8.79 8.28
21 9.03 8.52 9.72 8.89 9.46 9.12
24 10.86 10.64 11.76 10.58 10.95 10.96
27 11.65 12.23 13.68 11.98 12.2 12.35
average 597 6.10 7.05 7.52 7.93
v FATET 82049 AE ol &3 F ik 3 A A% =] 7]}
W7l A wasen, 2ole A, B, C, D 1% % Bt 031 a2 7%
ol A3, Ha dol= 028 emoll AEF2 036 mm =G vl 6L Ao

% B7F 153 cnE 7%

A=A vl 9d Aol = B7F 334 em=E 7HE Wol A, Hir Hol=

O 1= AA

wol Asta, %

296 cmol] A EL 062 mm A=A 8 12¢Ao+= C7F 542 ecn= 7H4 &

Aol 493 emel A5 0.77 m FEATE W F 15U Aol

o A%t

:]—_7"

’\‘5] T+

= B7F 746 cnE 71 Beol Aska, F 4
AEAT, v 18L A E B7F 848 cm®= 7F& Zo] Agta, Ht Aol
F 2144 = B7F 913 ecm® 7FF

T ZAolE 895 cmoll AEL 1.12 enF@ =T wj Y 24U A o

824 cmoll AEL

@ol] Agkar, s

T B7} 1078 en® 7}
o} wjek 274 Aol = B 13.18 en® 7bY @ol Agka, i o)

mn 7 =%

rr

b=

®ol] Apgkar, s

ol= 7.21 cmol A& 0.86 mn

Zolx= 1063 cmoll A &L 1.28

1280 cmoll RS2 147 mn A== 2797He] v 7| 7HE<k & 12.80 cm

Table 2. Growth of group A, B, C, D of strain 8204
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day A B C D average
0 0 0 0 0 0
3 0.25 0.31 0.30 0.24 0.28
6 1.46 1.53 143 1.23 141
9 3.02 3.34 3.08 2.41 2.96
12 49 532 542 4.07 493
15 7.09 7.46 7.21 7.09 7.21
18 8.31 8.48 8.16 7.99 8.24
21 9.01 9.13 8.96 8.71 8.95
24 10.55 10.78 10.73 10.45 10.63
27 12.63 13.18 12.87 12.51 12.80
average 7.82 8.16 7.89 7.31
Ab AT 81949 Holek A (= A) ¢ FAITET 81945 WYt A, B, C,
D 1% % AIdw9 Hir Zdole 597 emolL, AELS oF 1.3 mP o, <oF
260709 A A7 vskth B1w9 Aot 2ol 610 cemolil, AFS °F 15

mn 2.1,
AL oF 1 mom,
752 emol, A5 9F 14 mmy o,

P dol= 793 cmo|
2t
ol AL Hi

4. 4 3

7h dA gl o %

Aoz

s} 2

=

T BT

ol WAl 23k

aareh e AAA Y $A7 A5
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oF 3207119] AAAZF gl CaFe Pt Aole
of 264701 AHEAZF vtk Do et 2ol
oF 38571 9] A A7} Vgt B9
ok 3607019 A A7 o

A, AEL oF 1.3 mPem,

T 4,33470 A 7

Anc WFds

A},

7} @ekort 2ol
gold wAEE AA 5

7.05 cm®] 3L,

rr

fr
0%



o Aol o) d EFskx o

of\
=
rir

=23} % (Cordyceps militaris) ¢}

%38} %= (Isaria japonica)?} 7} 3}tk

Table 3. Length and No. of strain 8194

1 cm)
group length number
A 3.9 260
B 4.25 320
C 3.15 264
D 3.8 385
E 3.7 360
total 3.76 318
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Cordyceps 8194

Cordyceps 8194

Isaria 8204

Isaria 8204
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ATE stz A 24 23
Load g 5l ofr] ik 4

Zawa 242 micro-KjedahlH o2 AA] & HAA4LAF 572 AL A
obv:=4t A2 Biding-meyers e Wil ols dAFe] A 5E 6C-HCl &
Map Z3ete] AAFH F 110ToAA 24417 Bk 7healls $ 50 mlZ A4
£33 o]5 045um membran filter2 o] ¥3te] 24 wE FH3te] AFgHx 39
th 7Ax% Al&o] methanol : triethylamine( 2 @ 2 : )&l 30 wE 73t
of 2x Zzxsto]l oAl kAl Alf(methanol @ water : triethylamine
phenyl isothiocyanate = 7 : 1 : 1 : 1)< 30 w0 7Fske] 2021F Wx¢ & 34

Az

Methanol 30 wlE

HzE

A 7Fske] ThA 3}3 Sodium acetate buffer(PH 6.4)%
A& ste] HPLCZ &438. B4 %2742 Table 13 2t}

Table 1. Equipment and Condition for HPLC

Equipment Jasco PU-980 pump
Jasco HG-980-30 High pressure gradient module
Jasco 851-AS autosampler
Jasco UV-975 UV/VIS detector
Jasco 807-IT integrator
Colnmn oven(40C)
Column Water pico-tag column(3.9x150nm, 4xm)
UV range 254nm
Mobile phase Eluent A : 0.14M sodium acetate trihydrate
0.05% triethylamine
IL HPLC grade water
Eluent B : 60% acetonitrile
2. B3z AR
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Table 2. Compounds of amino acid

Arg 0.479% Phe 0.479%
Val 1.634% Pro 1.465%
Cys 0.333% Met 0.543%

Ile 5.529% His 0.680%
Tyr 0.384% Leu 2.821%
Thr 1.715% Ala 2.698%
Gly 1.886% Ser 1.424%
Lys 2.114% Asp 3.449%
Glu 4.172% NH3 0.527%
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7} &8} 2F (Cordyceps) : 5271 A %
1) ®%3tx Cordyceps militaris = 99-0007, 6712, 8194, 6996, 7051, 7206,
7207, 7208, 7209, 7377

2) wiv|F%3l% Cordyceps sobolifera = 99-0008

3) LA 2FF3 2 Cordyceps kanzashiana = 99-0009

4) 3F5E3tx Cordyceps militaris f. albino Kobaysi et Shimizu = 6715

5) W5 33l% Cordyceps sphecocephala Kobaysi et Shimizu = 7062, 7066, 7074,
7115

6) F75%F3t%x Cordyceps yakushimensis Kobayasi et Shimizu = 7018

7) Wto]l %338+ %2 Cordyceps clavata Kobayasi et Shimizu

Q) HLLHEE3x Cordyceps ampullacea Kobayasi et Shimizu

9) 7l=fwE5%%3% Cordyceps gracilioides Kobayasi et Shimizu = 6716,

6717
10) #71Y5538t% Cordyceps coecidiocapitate = 7022
11) =" AF%3t% Cordyceps nutans Pat. = 6712, 6784, 7039, 7040, 7061,
7073, 7113, 7116, 7316,

12) 5%38t% Cordyceps sp. = 99-0006, 6047, 7059, 7060, 7063, 7064, 7065,
7067, 7068, 7069, 7070, 7072, 7107, 7110,
7111, 7210

13) Cordyceps juzumino—gayadoritake = 6672

14) Cordyceps purinosa = 7108, 7347, 7396

. #2558t 2R Usaria) @ 2270 AR

1) &5 53tx Isaria japonica = 99-0001, 99-0002, 99-0003, 7109, M-001,
8204, 6713, 6714, 6718, 6718-1, 7109, 7177, 7321, 7348,
7395

2) A7V F 5552 Isaria sinclairii (Berk.) Lyoyd
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3) Isaria takamizusanensis Kobayasi
4) 7VFEE5E8l% Isaria farinosa (Holm.)Fr.

5) Isaria sp. = 7175, 7176, 7211, 7321-1

1) =¥ A5F3 28 Eo| Hirsutella nutans Kobayasi

CIONEL R STy S B e
B

1) 97 eauveria bassiana

N

o R M

Of

Wdo)l %238l % Cordyceps clavata Kobayasi et  Shimizu

S5 E5 %53 % Cordyceps yakushimensis Kobayasi et Shimizu

S| 7V =25 F3 % Isaria sinclairii

7V, BEdx ®RE S+ 1 Cordyceps 437W, Isaria 307, Hirustella 27V, 7+

271.

v 28" #F 0 Cordyceps 5 3070, Isaria 570

o AP A B o] -3 AT
1) B%3% Cordyceps
Cordyceps militaris - 771(99-0007, CHO-7410, 6047, 6712, 7072, 7209,
7110)
Cordyceps sobolifera : 17](99-0008)
Cordyceps kanzashina : 17§(99-0009)
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Isaria japonica : 87] (99-0001, 99-0002, 99-0003, CHO-6713, CHO-7413, 7109,
M-001, 7211)

et.

|

Ha

ARNBANEE B=3+%2 (Cordyceps militaris =
(Isaria = 7109)=

6047)¢} = EF=35x
= A A Ao o] o] gl
vl S 223+ % (Cordyceps militaris = C-001)% 34l T=8 %9t H)
& 2L 23 ouk o] 7t

S =

(Cordyceps sobolifera
400 Lux7} #H Aol &

6233 (99-008))= A A HAYS
| wheba AR AFTIZE 27 AR A
IZbak e dtake] Ae] ApAA el Aol g vt

4. o = A wj
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2. &% 3Fx(Cordyceps militaris)®] o} =4l gaFitA]2 wol] dF3k ZHH
Ile, Glu, Asp, Leu, Ala, Lys, Gly, Thr, Val, Pro, Ser, His, Met, NHs,
Phe, Arg, Tyr, Cys ¢ 22 e
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