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ABSTRACT: The C. militaris belongs to entomopathogenic fungi, which have their specific sequences in internal
transcribed spacer regions (ITS1 and ITS2) depending on species. In this study, to identify the phylogenetic relationship
of the strain hybrided by mating of C. militaris, we compared DNA sequences of ITS regions and 5.8S ribosomal
DNA (rDNA) repeat unit of hybrid strain and its parental strains. The result revealed that hybrid strains are C.
militaris species. In addition, cordycepins produced by hybrid strains and other strains of C. militaris were analyzed
by HPLC with 20 mM KH,PO, of mobile phase and C-18 columns. The result indicated that the strain hybrided
by mating produce higher concentration of phytochemical cordycepin than other C. militaris strains.
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o]/d& 7L 3le] o|Flel| uet o5& HHEE
H 2FoRNEH Y AEE e AgE
A1 2] pdAtats @Ak Aol o8 HEx=
Adste FHEA 2= ATHLee, 1998).

o olRe Y Aol (Ascomycotina)ol] 53
17 (Pyrenomycetes), 22t (Clavicipitales), Zh3}
(Clavicipitaceae)oll $1%3HH, thH-2E CordycepsZoll <3},
EootRat AR R oF 800odFo] LA JaL AHEAE
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o &3l= #ER oF 30001F0] HarEem, =l 2K,
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ATHBok et al., 1999; Kinjo et al,. 1996; Song et al,. 1998).

E-3] Wu715538}2(Cordyceps militaris)IX 34 ==
FE Ay 5 cordycepin (3'-deoxyadenosine)©]
™ (Cunningham, 1951), °l= Zt5 A2l oA #
ot g Ftolel A &5S 7HITHAL BalE|of
AL, AAof] ek A2F 7]l teiA FES Barsk
olg] 5o Tl AR AL B THSmuckler
et al., 1972; Blakesley et al., 1975; Gumport et al., 1976;
Lovinger et al., 1973; Cory et al., 1965).
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ARBTF  HiY
TFESAE Korea Agricultural Culture Collection
KACCPIA 445(KACC40226, KACC40655, KACC40659,
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Table 1. List of Cordyceps species used in this study
No. Strains* Fungal species Origin/ Locality Accession No.
1 MPNU10306 Cordyceps militaris Junnam (Mt.), Jiri -
2 MPNU10364 Cordyceps militaris Kangwon (Mt.), Sorak -
3 MPNU10365 Cordyceps militaris Kangwon (Mt.), Sorak -
4 MPNU10366 Cordyceps militaris Kangwon (Mt.), Sorak -
5 MPNU10963 Cordyceps militaris Junnam (Mt.), Baegam -
6 MPNU 8001 Cordyceps militaris Junnam (Mt.), Jiri AF153266
7 KACC40226 Cordyceps militaris KACC KA003036
8 KACC40655 Cordyceps militaris KACC -
9 KACC40659 Cordyceps militaris KACC -
10 KACC50001 Cordyceps militaris KACC KA006517
11 Hybrid matl Cordyceps militaris MPNU10306*MPNU10366 -
12 Hybrid mat2 Cordyceps militaris MPNU10306*KACC50001 -
13 Hybrid mat3 Cordyceps militaris MPNU10366*KACC40659 -
*KACC: Korean Agricultural Culture Collection.
MPNU: Micro. lab. of Pusan National Univ.
KACCS0001)E #F Wskor], WAAYANE B3 34 s 5¢
& AT 62T (MPNU10306, MPNU10364, MPNU10365, [ms [ers | 188 ::|> ims1 [ ses | Imse <|‘:'ZES [ G5 |

MPNU10366, MPNU10963, MPNU8001)S & 13l &
THFR AHSIer, FFEAFERE afgE a5
(Hybrid matl, Hybrid mat2, Hybrid mat3, Hybrid mat4)
& ARSIt YRt5-= National Center for Biotechnology
Information(NCBI)2] GenBank database®A] Internal
transcribed spacer(ITS) sequences’t SAIE ] J&= AL
AR5l TH(Table 1). ©]#|dt #F5-2 Potato Dextrose
Agar(PDA) v Aol HE3te] 25°CollA 797 v st &
A&l A8-31%1.21, Potato Dextrose Broth(PDB) BJA]l|
HEsle] 25°ColA 797} Shaking incubator ¥~ HEL O R
AHE-3ISTE. o2 PDB HiA|oll ZHzke] AR oA L7
TAFE @o] ¥ Shaking incubatordl] 4] 25°C, 747k vl
FeFH hybridsl o™, 2 viYFY 20~25 mke ArEjA] o]l
HE T 1,500~1,700 lux, 17°C incubatordll X &% 95%=
P A s 4897 vttt

DNAFZE % PCR amplification

DNA FZ&& #AH| 028 HALALE Hof vig &
DNeasy Plant Mini Kit (Qiagen, Germany)E AM&-3}
FZ310, 323 DNAE 0.8% agarose gelol] 717]
JE3le] DNAZS E<lskTh. ITSI, ITS2 2 5.8S rRNA
geneS E33A U DNAYS] =, ITS regionS ZZ3}17]
213t primeri= White 5-(1990)°] X378 ITSSF (5-GGA AGT
AAA AGT GGT AAC AA-3')9} ITS4R (5-TCC TCC GCT
TAT TGA TAT GC-3)& 7Z}Zb ARE-8I1om, 7t primer®]
sequence %! F-2H9]= Fig. 16 YERARIT £2]gk DNAR
FE] ITS134 5.8S 2 ITS2HS SE317] $18te] 20 18-

ITS5F(forward primer): 5'- GGA AGT AAA AGT CGT AAC AA -3'(20mers)
ITS4R(reverse primer): 5'- TCC TCC GCT TAT TGA TAT GC -3'(20mers)
ITS: Internal Transcribed Spacers

IGS: Intergenic Spacer

ETS: External Transcribed Spacer

Fig. 1. A structure of rDNA cluster of higher fungi and primer
design for PCR amplification and sequencing of ITS
regions used in this study.

PCR premix(Bioneer Co, Korea)oll template DNA 1 zd,
primers(ITS5F, ITS4RYE 7} 1 4 (20 pM)E 3L 325577
17 (S 29 total Volume 20 1= 0] PCRE 2333t

PCR WH3-Z72 pre-denaturation 96°C/5%-, denaturation
96°C/40%, annealing 48°C/40%, extension 72°C/40%%, 30 cycle,
72°C/10% F711%8 REe-C 2 A1 #SIiT). PCR MG
1% agarose gelollA] &2138}aL, gel HE=E 22} QIAGEN
gel extraction kit(Qiagen, Germany)Z A|3te] @7|AE &
Ao ALg-3IATE 9714 LS Bigdye Terminator Cycle DNA
sequencing v2.0 Kit (PE and Roche, USA)2} ABI 310 auto
DNA sequencer (PE and Roche)E ©]-8-3f] #4181, AA ¢
A7 €S ClustalW mutiple alignments ©]-8-5 NCBI
Gene bankoll 5=% C militariss 2 2} 553} Neighbor
joining method2 FAFAE B4 31H T

RAPD analysis

MZE F29 C millitariso| X SHHOIEE Random
Amplified Polymorphic DNA(RAPD)E ]85l #23}7]
#1381 random primer (10/mer)E A3t ARE-3I5oH,
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Table 2. List of random primers used for RAPD analysis

Code Source Sequence G+C content
A MPNU-12 5-TGC TCT GCC C-3' 70%
B MPNU-18 5-AAA GCT GCG G-3' 60%
C  MPNU-20 5-TGA GIG GGT G-3' 60%
D  MPNU-24 5-GIG AGG CGT C-3' 70%

*MPNU: Micro. lab. of Pusan National Univ.
1 5 #EE 19 primer MPNU-12, MPNU-18, MPNU-20,
MPNU-24)5 A-8-3}I TH(Table 2).

PCR ZE4WHS-2 pre-denaturation (94°C/2E 30%),
denaturation (94°C/30%), annealing (36°C/13%), extension
(72°C/2%), 45 cycle, 72°C/5% 7147 vk-8-& A A Th

SZ% PCR productE2 1% agarose geloll H719 5

53t =0l 2 DNA patternsS 2453t}

HPLC analysis
ZHA 100 g3t SFF 112 Yol 110°ColA 14]17F
g om, FAH ek paF el B o s A4
=S 3Th FEALS 10,000 rpmoll A 1057 LA1E
gsle] F5Y-S Ho] 045 um membrane filterZ ] 75}
HPLCZ E243}%t}. HPLC 71719 #4342 SHISEIDOA}
(Japan) #|ZF©]%1.2™, column Waters HPLC columns C-18&
ARESle] 25°CE F-A8FEA 20 mM- KH2PO4 &8 &
1.0 g/minZ2 EHEWOH, UV HAE7]Z 254 nmolA
—5‘_,6]_1:_2_ =3 ].9;\1:}‘

olt
—1N

d 4)« i

o

kY

Ay o
Sequence alignment
F=3%F DNAZHH ITS13 5.8S 2 1TS2 &5

2 FE3 9-3-E-E Fig. 20 YR
R 1053 Wl 4%59] ITS, 5.8S, ITS25-9]<]

PCR

1000bp »

500bp >

Fig. 2. PCR products using the species-specific of ITS regions, M ;

Hybrid strain

L wTs Hybrid strain

l— Comoeps miftans

Hybrid strain

MR — Phelinus inteus

Fig. 3. Phylogenetic obtained by neighbour joining analysis of
ITS1, 2 and 5.8S rDNA sequences.

Q7IMES B3 5 alignments 333 A= Fig. 30
YERN AT 7} sequenceE9] o EASh= ITS1 H-
olre BE tdolr A 22 dE48S UeRlo] 3¢
Hol&o] A Yo n, 58S rDNA 9o e 2E
ol A e 5738 velllo] $2F Wolgo] vl
SHA JERAATE Bk 1TS2 F-9lollM = B2 G7 1A 79
2ol & Holal oLt ITS1 F-9|Huhe Holgo] 4] &
Aot 53] AT 10059 T 4drollA] AR
A F-L1(ITS1, 5.8S, ITS2)eIA B2 A7IME AfolE B
o]aL o} 72 Fo B IR FFATENAE 1~10bp
Aol ot Ko 748 o7 BEE = g9}

DEEe| B RMF wHolz
RAPD 415 98l ARE-gF 24719 primers 2 4719]

primer (MPNU-12, MPNU-18, MPNU-20, MPNU-24)7}
B bandxtolE HAFQHFig. 4). WA 2071
random primerd| A& FZo] FA] FUYALY} ZE F-42}
@o] FFol| oA EealA] ke,

Fig. 4= ZtzZte] Wul5 5 cordycepin $F&fo] =&

7 8 9 10 11 12 13 14 M

; size marker. 1. MPNU10306 2. MPNU10364 3. MPNU10365

4. MPNU10366 5. MPNU10963 6. KACC40226 7. KACC40655 8. KACC40659 9. KACC50001 10. MPNU8001 11. Matl

12. Mat2 13. Mat3 14. Mat4.
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Fig. 4. Amplified products of from DNA of C. militaris using random primer, Random primer; A) MPNU-12, B) MPNU-18, C)
MPNU-20, D) MPNU-24, LaneM: 100 bp Ladder DNA Marker, lanes1 MPNU10306, lanes2 MPNU10366, lanes3 Mat1.
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Fig. 5. HPLC chromatogram of cordycepin analysis, Standard (A), MPNU10306 (B), MPNU10366 (C), Hybrid matl (D)

compounds (*Flow rate 1.0 m//min).

+55 93}l random primer (MPNU-12, MPNU-18,
MPNU-20, MPNU-24)E A8t ZA35 Yepd Zold)
Zh #9] bandol|A] Hox|Ro] 7tz MR thE e
band $1X]E YERNH tjfst f704 Ho 7t Ao,
spze] BEaRol WAk AZ e Soleh BeE & 9.

Cordycepin &

Cordycepin ¥4 SIGMAIA 9]+ StandardS
AHE-8F99 T Fig. 59 standard$} Zz}zFe] MPNU10306,
MPNU10366, 275 matl(MPNU10306*MPNU10366)
A A o] FEES o]83F9] HPLC chromatograme 1}

ERIRATE 553122 cordycepin $HE-2 7} sample]] w2}
Atk 2] HA=8 MPNU103069] cordycepin 3
(1.820 mg/ml)yZ} MPNU103662] §F(1.225 mg/ml) Thax
ro E%o]g].j_ /@7%5]1:::]’ ]-uqoﬂ ﬁ;(Lﬂ.Zo] zlz Mat19/]
3 (2.634 mg/ml)S ThE FTH T 2815 = AT Table 3)
2 (Fig. 6).

5, W] ALA FEFC| EEATY AHA F=
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1590 H7kstal Ao A&st g2 =

)

i

>



90

Table 3. Cordycepin contents of various strains

Cordycepin contents

i . RT Ar

Strains No ea (B¥ml)
Standard 16716 69584491 100.000
MPNU10306  16.549 12746218 1.820
MPNU10366  17.587 8785628 1225
Hybrid Matl ~ 16.155 18719089 2.634
E 3000
g
< 2500
c
8
E 2000
g 1500}
[=]
Q
c 1000f ]
o)
9 soof
©
[=]
! 0

MPNU10306 MPNU10366  Hybrid mat1

Fig. 6. The cordycepin concentration analysis from C. militaris
extracted.
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