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Optimization of Anticoagulant Production from Phellinus linteus Mycelia
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ABSTRACT : To produce the functional food materials, 50 kinds of the mycelial extracts from edible mushroom
were examined for anticoagulant activity and Phellinus linteus showed the highest activity through the activated
partial thromboplastin test (aPTT). The maximum production of anticoagulant activity and the mycelial growth
was observed in culture medium containing soluble starch 3.0%, peptone 0.1%, MgSO,7H,0 0.1%, K,HPO, 0.1%
and in the culture conditions controlled at initial pH 7.0, 30°C and 150 rpm by the rotary shaker. In addition,
the maximum production of mycelial dry weight was 7.5 mg/mL after 10 days under the optimal conditions, and
anticoagulant activity was reached to 390 sec in S L-jar fermentor.
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1995; ¥ 5, 1995).

A FEA=RE coumarin¥} warfarin,
o] Aot s o] Aol M F+23) heparin, 71 2] ollA]
gk hirudin 5°] ¥4 At Coumarin A F5) F
8~12A17k0] A A A S el AshaolA
A FEEE YE-8 AR o] 8= 3L Tt Heparin
< sulfated glucosamine?} glucuronic acidZ &%= o3
sulfated mucopolysaccharideZA] FWFAL Al W14 7
29| prothrombin activator®] /& A|stAY o]n] 3
J% thrombin®] A3s|#|Q] antithrombin 1119] &4& Z
e rA A FEd 248 vekitth Hirudin
AHH LR thrombinoll ¥ 288l FAH &9E& e}
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B A71H o E A o Eav
5] F-2g-o] YR ko] A
AEZe FH7E BEFete] Astael FEA 2o
F&2 A 2 J3l5ALE sliof Stk AHS 7RI
THA S, 1992; 4 5, 1993; 1432, 1990).
A7l MAS 579 Bt &S 7R AL A B
sk, @A, Hlgwl, #7183 2 ddLE <
frotar lom 3oy, AYS7tadt 9 ikt a3 59
ofe] ¥t wjiZell AA7AEF 4 ook AR Bl ol&H
ATHLee and Bang, 2001). 3 A (Phellinus linteus)S
R R A HlEHAl ZH(Hymenochaetaceae) %1
A& (Phellinus)dll &3k AR SO T ok o]
w9 gk WAC R A4 ] o] EAL ATH(Choi T,

Y

Ej—

1996). “F3MA(P. linteus)2] AHAA| B¢ FE2ES A,
A wQh, AolA, A, AdY 59 457 AT &

(lkekawa et al, 1968y W|Z3&lo] 709t =4 5 3lstal S
Wald v Wed7)s GO B} e 20w LA
nom A=, GHET, A=Y, LI5S ST
5L e Aoz dEA JtHKim ef al, 2003;
Kim et al, 2004; Orange and Ballas, 2006).

BN 87 WY I AR AF ol
o]k AP AR HlSF 717bo] A wiAL Al71&e) HE
I B S AR AL P2, Tt A7) FUSE Qg R
o gale] ofggol 2T A Wi |




118 sz

AP AR B QA 270l Wige] TFsetEE E4
o $r FAE AW GO T o] TRssha] 2
A B Baw 4 g 9 el BYEQL) Wikl 5
Holehal A wenrh il$ 28 202 73 9k,

et ¥ APl e Ao =Y 3 B
FAAE Q5] Astel A el HH YRS
Awstuz gt
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FIH SFFE A Q8 RadS st
A FEATA) 304953 FF dLHTZT(EFA, 7
715 )ellA] EF vk

2093F2] 455 dPd2E PDB (potato
dextrose broth) iZ]el] 25°Col|A 2597} vl st vl ¥
T, TAR Ak A o) Hold dFE 1xF o=
AdsaL o] AMaaE A471e] gzl wge st
HjeF Jedo] AAE FARE ez ddH el
HoAd 75 HEHTZE I3

)
H

F S 9138 A= PDA (potato dextrose agar,
Difco, Sparks, MD)Z 3} 2™ wiFHA] F4l Tl HAl
w5 JEote] 30°C, 7€7 wiSFet &, AR HHE
8 mm)Z WA FAFE punchingsle] A2 disk 571
= ZFo 7 A839T)

AU & HHEEA

Fd S A w2 As AES] A% wiA=
PDBE 7|Eujx|2 &}e] 200 mLE 500 mL baffle flask
o ¥ %7] pH 7.0, 30°C, 120 rpmollA] 747k vi g3
t}h. Fermentor((5) ©]x=ro] L, 4kE, ) MY 5L
gzl working volumeS 2 LE 3t 79 5L
sHdzEZ A wl st

A &S

A 4L 103~105°Ce] Ax7]0A mlg] Az
+2]/d-(Whatman G/FB, Maidstone, England)ell vl ¥
AlE 10mLE oFste] 2407 A=A $-, desiccatoroll A
Wl o] FA9E A3 Ao FEadf FAY AolR &
A3 U Ax FARE (mg/mL)2Z 3kl

e BYERS F&
A O] FEH SPEHS FEs7] S5t widd
WFAIE 5,000 pmel|A] 3057 AaltE]sle] Aeds
gl3lal Aozl FARIE ol 4] (whatman No. 42)Z o3}
17 %, S/HTE 33] AlHst $H71XE st 4
AZE FAK|S aluminium oxide$} Al wEapAbEol] @

>

FASL B5EFEL 4NZFESE B3 5, A2 (5,000 rpm,
303, A, Qx)3te] Roll FEAE F

FEH BAe g S T4 =AM (Activated partial
thromboplastin time, aPTT)S ©]-8-3}] 43It A&
S gt 100 uLe] &7 (platelet pool plasma)ys aPTT
A F 100 pLob ST - 37°CollAM 383F | Ed o
< 37°CollA wlE] dEE 20mM CaCl2 100 uLE 713 &
blood coagulation analyzer (BC 2210, (5&)at#Rss—FHEE,
Japanyg& ARE-ste] §aL7F & wi7bx| o] AIZHS 715631
o gz1E &4 8% 100 uLE o83t $AIZE
< SAAt

Periodate s}

A4 FEE 20mgS F 317 acetate buffer(pH 4.5, 10 mL)
o 8311171 F, 50 mM NalO, 5 mLZ 7}5le] 4°Ce] ehaloj)
A 397 AEsPAZITE o] RESHo| ethylene glycol 5 mLE
7kl 1IA17F E1F Aol WA G $-, T2t NaBH, 20 mg
S 718l 1A7F ZHRAH O™ 0.1 M acetic acid® =33k &
A g A7z F§Ed 248 AESIUTH(Yamada
et al, 1984).

Pronase X{Z2|

A FE= 20 mge Fsted 10mM CaCl7h 974
Tris-HCI buffer(pH 7.9, 20 mL)°ll &3)A1Z1 &, pronase
(20 units)E 7Fate] 37°CellA] 48217 WE-GAIZATE. o] RE
NS 100°CoA 557 7HE, RS BAAIX 5, 94l

ool A FEAS T ¥ AR FEA B
o
=

A TS A flste] BastT 30953

AAFFxgo A B e 2009%F2] #5Z PDB HjA|

of|A] 25°C, 257k Bt Bofxl S EFET &

T 2498 SA5IAK(Table 1). 2H7ke] FdA AT

oF =, P linteus7t I3 &A0] 167 secE UE 45
4

= A=A
2 #77F ALlehe A g9 EAE Tetslr] Sl
52 pronase *2]¢} periodate AH3}S 33+ F
A &S =439 th(Fig. 1). 2 A3} pronaseZ A
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periodate® AFSIAIZ] Alg= A &) A Hagt

4
e

o o% R
rd gty
]



I (Phellinus linteus) dARI 258 & Aike] 23} 119

Table 1. Anticoagulant activity of hot-water extract from mushroom

mycelia by liquid culture

Mushroom Clotting time (sec)
Grifola frondosa 38.7
Pleurotus sajor-caju 34.8
Pleurotus osteratus 37.2
Lentinus edodes 43.0
Flammulina velutipes 34.1
Pholiota nameko 37.5
Phellinus linteus 167.0
Ganoderma lucidum 34.8
Lyophllum cinerascens 37.1

*Cultivation was carried out at 25°C for 25 days in PDB medium.

£ 100}

Clotting ti
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Fig. 1. Comparison of anticoagulant activity to periodate oxidate
and pronase digest of hot water extract with Phellinus
linteus Mycelia.
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HAF P linteus®] FB7H A3} A Aol w
A= o] Y-S AESH] 2l PDB iAol B4l
3.0% A7181] 30°C, 120 pme] ZACAM 7U7F wjs 3
AR G525l tist 33 S8 AR tHFig. 2).
2 A3} soluble starch7} 320 secd] 7MY =2 ddd &
A3t A AS(6.2 mgmL)S Bon ddFel 9
thdRollA g8 G A Aol =A el Ae
& 4= AL} o= P linteus®] dAH| ALl gk soluble
starch 3.0%7} &3HA o2t BA1g Song er al (1995)742]
Azt A5kt

Ao F 3.0% soluble starchS H7}3F 7] Eu| =]
, _'(?'_7]]5}] 7@}\ —— 147}6}ﬂ 6}@2—] P‘J—}x‘]‘q-
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Fig. 2. Effects of carbon sources on mycelium growth and
anticoagulant activity. Carbon sources of 3.0% (w/v)
were added to potato dextrose broth (PDB) medium.
Cultivation was carried out with rotary shaker controlled
at 30°C and 120 rpm for 7 days.
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Fig. 3. Effects of nitrogen sources on mycelium growth and
anticoagulant activity. Nitrogen sources of 0.1% (w/v)
were added to PDB medium containing 3.0% soluble
starch. Cultivation was carried out rotary shaker controlled
at 30°C and 120 rpm for 7 days.

AR A5 PAe S HES A= Fig 39 2t
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Fig. 4. Effects of inorganic salts on mycelium growth and
anticoagulant activity. Cultivation was carried out at 30°C
for 7 days with medium containing 3.0% soluble starch,
0.1% peptone.

7o) Mg™, Fe''2 Zn"52] A7} Al &FA B3} FAA
Agro] Axal ot Ca™, Cu™ 2 Mn oA E A A
$o] Zradhe A4S Uit Mg 27} Aol A
o] 380 sec, AR o] 7.0 mgmlLE 7 =&
A4S ERNITE Song ef al (1995)2] B.aroll ¢ahd Mg™,
Fe''ol o] & SA3 AR S0l 3152 Ca”,
Cu’'ol o] Asfgths Aol FARE S veridt
WAL Zulol ] K, HPO, = ATP Aate] =zl 4=
A JOoH Choi e al. (1996)> WAlS] 7 F7195F
oA K,HPO,2| A2 A A&l Xzojgial 1
283t} o]dll K,HPO, 552 0.05~0.2%= 22]sle] 3
7 S5} A S-S AT E A3HFig. 5) 0.1% H7t
Aol 7Fg = ddd FA(390 sec)dt dAH A
(8.5 mg/mL)S HT}.
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Fig. 5. Effects of K,HPO, concentrations on mycelium growth
and anticoagulant activity. Cultivation was carried out
at 30°C for 7 days in medium containing 3.0% soluble
starch, 0.1% peptone and 0.1% MgSO7H,0.

oFe] AE AHEZHE P linteus®] T ABAF] wf
A Z271E soluble starch 3.0%, peptone 0.1%, MgSO,7H,0
0.1%, K,HPO, 0.1%, pH 7.0 312 = A3Uch.

A&k} fermentor H{QY
3 4 2 AR ST F-EE 3
AR pH, HiF2EE HA s iR & AHE-ste] AES
ATt pHE 3~9= gE|ate] ZAFSE A3 pH 70114 380 sec®]
A G 6.0 mgmLe] dAA S-S UERIThFig. 6).
HFEES 10~40°ColA 2ARE A3} 30°ColA A
o] 380 secE FHghS UERAANSH HA] S
6.0 mg/mL2 2 YERHTHFig. 7).
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Fig. 6. Effects of pH on mycelium growth and anticoagulant
activity. Cultivation was carried out at 30°C for 7 days
in medium containing 3.0% soluble starch, 0.1% peptone
and 0.1% MgSO7H,0 and K,HPO,.
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Fig. 7. Effects of temperature on mycelium growth and anticoagulant
activity. Cultivation was carried out at 30°C for 7 days
in medium containing 3.0% soluble starch, 0.1% peptone
and 0.1% MgSO7H,0 and K,HPO,.
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Fig. 8. Time course of mycelium growth and anticoagualnt activity
in jar fermentor. Cultivation was carried out under the
following condition; working volume 2 L, impeller speed
30 rpm, 1 vvm, 30°C and initial pH 7.0.
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