HA T ALH E ol &8t &

MM 0|8

AT

(F)HK¥}o] 9.8

off
o
N
ity
. 2|
AC)
[“__>|'.’4,
Av)



2
e
e

off
o
4z
o3
i
X

ol
ol

B oRaAE HATAAE o8 WA CLAY A% Z o8 349
AERaAZ AZFI

2003 08¢ A

FHIAT71EE  (F)HKHO| 2. H)
]

FATAYA A 4 S

Jdgd 778  AAggn
Aerd AL : 5 QY



HATAAE o]&3 A CLAY A4 H o] &

1. dFANEe] B3
2 AT~ ‘HA T A A 2 S ol 838104 110,612 CLAE
“CLAM A ZALH 2 CLAHA Zolgd g Baela o] 5% "ol 83t 7|8

e sz} dFo] =A o)t}

2. 9792 aA
78 o4l ol AlE 2 CLAE T
CLA o4 A7}F Aej&do] 714 7aich

O
o

A &dgds ztet o] FdlA t10,cl12

. g8t o 2 linoleic acidZ25H 34T 49 t10,c12 CLA9 c9,t11 CLAE A4ks
F7F o anjREEe] kARl gt o]k AN Wil 7| ¥gskar Qltt.

. B. fibrisolvens‘t L. ruterig ©|-&3te] A =2 22 linoleic acid=+FH Hd
CLAE 34T 45 9t11 CLAR A}

gk, 2 Aol et mATFAAmIE S &8 F9 9tll CLAS tl10,cl2E



ks

—

m. A7 & %

b

1. 12A; 7124724

7].. CLA*@ A] H{ ]

dF A

1) HATSF poolZFE CLAAA

=2
=

_?4

FAu

7H CLA A4 7)1 ¥ ulA] Az

) CLA A=

. CLAAAE vk 49

-

th ¢9,t11 CLA% t10,c12 CLAS] #¢

2. 224 $8AT R ANAFAHR

7}, CLAWAITALA] o =84 A A &
1) CLA ti=A34F (500 L) ®H

7h) A
o

E

=1 g4

. CLA A4 &4 9
1) CLA A4
7h) o =l
W) Bl 2 %
th CLA &4 24 A

3 xﬂ

=
[}

#
=)
—

fael 2ol 9 A4



3. 324, Ard 3t

7F. CLAMALARA] 2 wfekel (CLA &3 10%)9] A3}t

1) CLAHAIREARA] 2w gF o o] A 353}

7} WA TEARA

whAA st 2 A A st
2) wigH

74) 7] 2~ 3}

W) §53

. CLA d &4 2 #4%3 (LA — CLA A8& 50 ~ 70%)

1) CLAS] thgA4at 2 A%
7h) N A
(1) E28A9 24

CORTEIE

(1}) CLA &3

o] -&

(2) HATARA W F=S ol&

(7b) CLAY &9

() CLA o)A A #g

) A3}
2) CLA B &4 %3}

V. A3/ a3

1. 353 =

O oA u]kul xJol| 4 FAo] wE FF



2. CLA AR dF

O CLAARA ol ¢ dFs AEua, HEN =gl ot

O CLA: tARAl 9} v kool Ex1519] )

O AA® CLA olAdAE 9,11 CLA ¢F 76%, t10,c12 CLAYE °F 29%%it}.

O WMATF7F CLAE =4 A7 A9 212 7|2 Aed g+& 4% (40
-3 & 3 e EslE 04%E 7Feka, 1.0 v/v/me
] 841 widstas Witk

=
O AFMFEANA AN, WE, =eHATEL AP CLA FEE N8, 9E,
t 8

3. CLA ¥¥%
O Adgw e 901 CLAE wARA el it E3bs o] glar A7k dAbA o] Fd ol
erE o] Sl
O et MAle 911 CLAE wj%ko] o] o) &3ttt
O wAAIWS] %4 CLAE ol &% £, & 3 AA 45 A5l Heaws
FAAE o] gt MALAS HELAYR o] & H¢ =egH o] YT}

4. CLA AA &4 (Linoleate isomerase=Llase)
O W e ARHA HEWAL, e Al FARA el 242 39.2, 407, 35.1
mg/ml (total vol: 10 mé)o] %o UJTh
O AHHAFALA S HEH A TFALA 9 proteing column chromatography S ©] &3}
F1, F2, F3& & &3&At} o]F Fleo] 27 38, 30 ug CLA/mg protein® 2 Llase
ol 7hg wo] o, FliEgol A ik 40 Kd ©138+e] protein¥} Llasez}hil
A2rEl = 21 KD proteing #4893tk

of
un)

5. A &3}
O ¢9,t11 CLA®: Crude Llase® W33t Hexddwoz Reld 9tll CLAZ
01~1.0 g A= Ak = AR

O CLA® Mushroom mycelia: o} 3|18 8] A AL A W] 5 FAFA] spray dry A7)



O CLA® Mushroom mycelial extract: 92 =€} 2] ¥ A1 A} 2] vl F 2 vl ok ol
TE5NOE Brix 50 (500} wHH) R o gk T3 NFAAEZ CLAG Fo]
317% (87) rHo] Stk

O Crude Linolease Isomerase™: Crude Llase® 2o 2 collectiond th&

gA9RGSE AX FAAZRS AF2 4$ 35 mg CLA/g proein d%= T}
V. &8 dig 19

L2 QA7ade AN Hzxe F959E A72A o A7e Ane F S

R

=98t
2. ¥ Ay Ao 559 d9] ojdsy Ak 24E 982 FET Aot
3. FAMNA A AIES Aikstar, & ALY gERE FEe] frEd Aot
4. CLARAAAAE Aiksts 7248z 283 Zlojt
5. CLA A7 @ds 2 AAsta o] SA4& THstelof & Zolnt
6. CLAS Aihales a425H fH25 F24ste] CLA 3 HARAME ke



SUMMARY

This study was conducted to produce natural conjugated linoleic acid (CLA) by
means of the submerged liquid cultures of mushroom strains in medium containing
linoleic acid (LA) or raw agricultural products. In terms of mycelial growth,
Dongchunghacho (Paecilomyces japonicus) was the best strains in the given basal
medium. However, CLA could not be produced by this strain. CLA production were
the best by Neutari (Pleurotus ostreatus) followed by Mugmul (Coprinus comatus),
Synryeong (Agaricus blazei), Neutari (Pleurotus ostreatus), Sanghwang (Phellinus
linteus), Pyogyo (Lentinus edodes), and Yeongji (Ganoderma lucidum). Of tested
mushroom strains, Synryeong (Agaricus blazei), Mugmul (Coprinus comatus), and
Neutari (Pleurotus ostreatus) were selected for the production of CLA in the medium
developed in the HK Biotech., Co. LTD. Because small amount of LA, which is
substrate for CLA synthesis is present in the basal medium, the addition of an
adequate amount of LA was needed to produce maximiun amount of CLA that can be
produced by each mushroom strains.

Following studies were focussed on the culture conditions for the growth of
mushroom mycelia and the production of CLA. FEach substrate containing LA
hydrolyzed form sunflower seed oil, safflower seed oil, and soybean oil (5, 10, 15 g/250
m¢ culture medium) were tested for the production of CLA. An adequate amount of oil
substrate was 10 g/250 m¢ with all three kinds of oil substrates. Maximum amount of
CLA (3.71%, dry base) in this study was obtained from the combination of safflower
seed oil and Neutari (Pleurotus ostreatus). CLA isomers produced were ¢9,t11 CLA
and t10,c12 with higher amount of ¢9,t11 CLA. Distribution of these isomers in the
part of mushroom mycelia were investigated, and ¢9,/11 CLA was mainly located in the
inside of mushroom mycelia while only small amount was detected on the surface of
mushroom mycelia and liquid culture medium of Synryeong (Agaricus blazei).
However, high amount of 9, 11CLA was found in the supernatant from mushroom
mycelial culture of Neutari (Pleurotus ostreatus). This suggests that Mugmul

(Coprinus comatus) and Synryeong (Agaricus blazei) shoud be used as culture spawn



when we need to use mushroom mycelia as bioingredient, but Neutari (Pleurotus
ostreatus) shoud be used as culture spawn when we need to use liquid extract as
bioingredient. Culture condition for the CLA production was similar trend with the
condition (pH, temperature, airation) of the growth of mushroom mycelia.

This may be because production of LA isomerase (Llase) from mycelial culture
affect on the CLA amount produced. Adequate incubation time was 8 days for the
production of CLA for all three strains. Enzyme for the production of CLA was
isolated from the mycelial culture and partly characterized by means of SDS-PAGE,
anion exchange column chromatography, size exclusion chromatography, and then Llase
activity was examined. A typical protein that has molecular weight ca. 21 Kd found
from the mushroom mycelia of Synryeong (Agaricus blazei) and Mugmul (Coprinus
comatus), while this protein band was not shown on the SDS-PAGE of mycelia from
strains which CLA was not produced from. The fraction (fraction no 12) from gel
filteration of the culture from Synryeong (Agaricus blazei) and Mugmul (Coprinus
comatus) showed specific activities 51pgg CLA/mg protein and 41 pg CLA/mg protein,
respectively. Based on the research data, HK Biotech developed two products. They
are liquid extract packed in pouch made from the culture of Neutari (Pleurotus

ostreatus) and tablet made from mycelial powder of Synryeong (Agaricus blazei).
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ELu Ao Al AR o2 c9t11 CLAS t10,c12 CLAS
A ] G 4 9l WAlre] Ay o

o
= o
2be = ole Tlevlide] H skt

1. A &Ao] 23 AA t10,c12 CLAY BAAAE GHE Aot

b 110,012 CLAE S840 2 @49 CLAZRE 2o - 443 27 b 1o
2HAHEL olg @ 4 CLART A CLAS A3, 58 dAgzAs

Faol A P4 CLAES A Fo d7tste] A& F71 gl t%_oﬂ CLA‘H A
9 CLABAlFuj el S o] &3towa] CLAZ 7|54 = o

=4

R 7H‘%}% HAEAQ IR E 91l CLAYE 34T 5 Aoy t10,c12
_]
o

ARZI7EAE e CLAMATAA (HA) 2wl Fdo] AFstd Aol

7h @A MAEARAI Y WA EARA G 2 TR FE (7], AR )

kit

AFEsE L QAR FIM7EA7F 6 e CLAMAIAALA] 9 A7)~ Fo] A Eshd
Aot

C e CLAMATAA 2 Wl 712 A e 27t 28 2o
MAZAA A 753 CLAY 758 BA® AUAZRE 2 7154 LA

gg&FomA e AAdfiAl ojnpA & Aol
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t}. CLAY] 71542 2ol A] ojn] QA wa
HITEX| 5o §50] Holw t10,c12 CLAE ¢
7bsd Aol (2 &AVF A¥H o=z dd A

o
Ak 2w 3] A6l PharmanutrientAbtt EASY] 98U EAA S =9 =),

3. CLA7} &3 HARAAARAL 7FsAdo]l AAE Ao,
7F WA AR 25 E t10,c12 CLAS A s

FHoE MARAAE AT 5 s

= FAAE F2499 t10,c12 CLAE &
I A =

& wWa@Ee el sbsstet.

U CLAZF &8 BIARAA 7L 2he o8] 7hH] §9l3
Aoty =, CLACQ 2atelzl aabo] o3 walaba Aol A 44
g el 46* WAl WA ZXw JgEh
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M3E ALY FHYE ¥ B

A1 A50E 3RS

1. HATAA 3 CLA A& ZA % CLA £4

7b AT AR A e = RE CLA $HfAlme] 24
W AT AR QA o] FE 2 FH WA AR o s E R TE CLATH A= A=
[}

Figure 13 53 Wi o= A AT}

1}, Methylation
HATAAZRY 4 TAAY fgdoz Ry d& T4 (50 mg)S 20%
tetramethylguanidine/methanol (3 ml)& 100Col Al 5&7F 7}<E 3k 2, 1.0N
H.SO4 (3 mD&E 55Coll Al 5&7F 7FE38te] methyls) skt

o GC 4]
FID ¢} column (Supelcowax—-10: 60 m x 0.32 mm, id., 25 pm film thickness)©°]
A28 GC (HEWLETT PACKARD 5890)& o] -&3ke] #A13k9ith. ol oven
temperature= 50Col A 200C (10C/min)°]™, injection®} detector temperaturet
260°C & program3} i t}.

2. CLA B4 HATF9 A

EHKHlo]l e 'lo] HTFl oF 707F4 2] WA TF T [Table 1] FA]H
2 F3le] (FF% 8 mn id

4%) 4T FLoA MFHRN FALF SES 2ASe] FTE
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Liquid culture (L)

Centrifuge (7000rpm,
30min)
4 | l
Myecelia Supernatant
Add 400 m{ of 'L
hexane/isopropanol Add 400 mf of
hexane/isopropanol
3:2v/v)
i (3:2v/v)
homogenize l_I
d Solvent Aqueous
Centrifuge (7000 rpm, layer layer
30min)
ppt Solvent
laver Evaporate until dry (at
y 40C)
Evaporate until dry (at
407C)
I !
Lipid ’ Lipid ‘

Figure 1. Extraction of lipids form mushroom mycelia in submerged liquid culture

for CLA analysis.

Lk PDAMIA] %43
A 200 g& ZA Aol 100TCAA 1583 42 §F A2oA FE3] 43x
homogenizer= 53t ¢bds] A AT o 7)o & 30 g, Bacto—agar 15 g5
27y Arvelal, FHSFE 1L 8307 BAste]l 121ToA 1587 2 3 5
A2 89 cm? petri disholl FF3Fe] vix| 2 A}-&3}9 T}
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o #Fe A
PDAU A ol A FA o] e FFE Awd g, 71 RAA A oA

A ujkete]l CLAS ttZo g A #5

Table 1. ¥ Ao A& HATF

Number Trivial Name Scientific Name
1 ob7Fe] 2= Agaricus Blazei
2 ol Al Auricularia auricula—judae
3 HEHAl Coprinus comatus
4 Hd 7] 558k x Cordyceps militaris
5) ol A Flammulina velutipes
6 @A H A Ganoderma lucidum
7 FuHA Lentinus edodes
8 TE TR Paecilomyces japonicus
9 A& HK1% Phellinus linteus
10 et (238) Pleurotus ostreatus
11 e (o F) Pleurotus ostreatus
12 e () Pleurotus ostreatus
13 =etg] (F73%h) Pleurotus ostreatus
14 et (4HE) Pleurotus ostreatus
15 “Ehg] (HK1%) Pleurotus ostreatus
16 FolHAl Tricholoma matsutake
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3. CLA B4 wg=x3d 79
7b HA e CLAAAZ 71
1) 7] ¥ A uf =] A =

HFE 4 g8 3087 B9 B F mixerZ 3RAHAE FE3| v A7,
1

o] 7)o g 20 g, MgSO, 05 g KH.PO, 05 g& #H7bsle] /54 1 L=
RASIAC AAAE 500 M &F] HAZeAF0 300 ml A FEF5FL

121 Coll A 303F st wtate] HA] w2 AR-&-st ot
2) 714937t
VAL BAgk oy 7bA 71 AS Hobekdh
3 Mg 2=
7 &2 (20, 24, 30C)
) W2 (20, 24, 30C — 2, 4, 10T)
7b g2uok ghm & 2,4, 10ColA wigsh, ojwl w17 3~9Y
Atk du AP o2 RE AL ARE V|Fo 2 o] AAdH o
Aol wheh w2 ek FAE 5 ASdTh
205 1, 2 v/v/m
5) w717k & (3, 6, 9, 12, 15, 20, 309) — WL (3, 6, 9Y)

[ R R

3 7k"e] wpyel Eahel /| RuA s Az the @ WgmEAskel A 500m

2o 47FehzadA 59 S wWFstaTh

3. 7E7el Wl Fsho] vlEuiA ek M v V]I iz stel M AL

Bf 5 ¢ J-fermenterE AF-&35}e] 543t v L3S Th.

b A PR (5 ke R
“3. 7E7e] W] Fahe] HAwMGxzIo® FHE W] Fske] 50 ¢, 500 ¢
BA M FZe 500 ki TR F [AFA] AEISTAANFAADAME (Bio21 A EH )2
FHllE ol&sto] tiF mj gttt

™
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4. CLA BA 549 &3 AA
7F W
U “3Tll A e HHuFAd Fko] vl s
[ L e e L
1) g 3]
HALTEALA] AR FHES A4 (7,000 g, 30 min, 4TC)3te] &5 A&
ZH3tt}, A5 AL 045 mm pore size®] membrane filter2 o ¥}3F RS HS
At FEE G dS Y i (-20C) oA BastHA ARE-skA T
2) @A gk
Gl F =372 Bradford®H ol &3t A A8t Bio-RadAFe] protein
assay kit }-&3o] bovine serum albuming ¥ FA| 52 AFE3}o] 595
mol A YeElE 3o stgs 435t
L= L e L R
1) Ammonium sulfate i3]
W ALTEARA] v gl o] 5 A e ZF7 ammonium sulfates
10% A0 2 20~90%2 X357} S EE HIMAIZ] 4Co A 1241 7F o)A+
B F AAEE (7,000 rpm , 30 min, 4C)ste] HAEI} JeRor
HElstdnh 2 Alme A= e EA8HS S5 gAEES
A7) 9gk ammonium sulfate®] H?* XstvEE FAH3IATH
2) Size exclusion chromatography
Ammonium sulfate 553 #28 F 7H¢ &4o] Hojd G448 S
centrifugal filter2 @ 93le] 5ZA171 % 50 mM sodium phosphate buffer
(pH 7.0)0.2 Eéﬁéi}/\] 71 Sephacryl S-200 (16/60) gel filteration column®ll
Folet 3 2o pyufferz L=stHA wwlde] =)o) wha} Ra)etgd),
S£E5EEE 05 m/minS 2 Z} tubeol] 2 mA 3 gS gho FAS
e
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3) Ion exchange chromatography

Size exclusion chromatography®5-E dojzl &4 &S centrifugal filter=
FE3AE 559 1 g2 015M NaCl 1 méoll &3§A171 o2, 0.15M NaCle]
71" 50 mM Tris—HCI buffer (pH 8.8) buffer2 ¥ 3 3}A] 7] ion exchange
chromatography©l loading A1 t}. NaCl®] =% 0.15M~1.0M 7}#]

Z7lE =2 3 50 mM Tris-HCl buffer (pH 8.8) bufferE o]-&3dle] 5
nl/min®] &&&%=2 7}7+9] tubeo] 10 M €& AS FHsAT 3
Z}7}o] tubeel distel EAEAS FAsHAT
4) Hydrophobic column chromatography
Ion exchange chromatographyiTEi Aojd FAHEE pool centrifugal
filter 2 & % 1 g/IM ammonium sulfate’} ¥ =% &3ttt Z-7z-9]

"]E%% 1M ammonium sulfate’} #7}¥ 50 mM Tris-HCIl buffer (pH 8.8)%
%8 3}A1 71 phenyl-sepharose columndl FY3tal &Y buffer® columns
AAH3 & 1.0~0M ammonium sulfate gradient ¥ % 4% 50 mM
Tris-HCI buffer (pH 88)2 @A §Es3ith oju dojxl ztzhe] £ &4
e 284S SAATH

5) Hydroxyapatite column chromatography

6)

Phenyl-sepharose column® ZH& 23t &4 EF S Desalting column<
E3A7A g9dA71 & 10 mM phosphate buffer® Al 59 =S w3al o).
ZH]¥ A]&3+= 10 mM phosphate buffer® 3 ¥ 3}A1 %1 hydroxyapatite
columne] FY3 F 500 mM phosphate bufferE o] &3to] SFH] ¥ =
S7MA7IAA 1 ml/ ming £E5EE2 9 A S B3 oju AR Zbzho

el A RS glshr] 918 Laemmlio] Wl whet 12%
SDS-polyacrylamide gelell 2+ @Aol A do]z A R3S JpadingdF Z

A7 9 Es 9. ExA g WA 2 = phosphorylase b (94 kDa), bovine
serum albumin (67 kDa), ovalbumin (43 kDa), carbonic anhydrase (30 kDa),
soybean trypsin inhibitor (20.1 kDa) % a-lactalbumin (14.4 kDa)o] 1t}
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il

E

TARA kel 9 Gl FejuAle] 7t B850 CLA A &49 &S
ZA3sl7] 98l Z+7zbe] A&l 1,3-propanediol®] =<l linoleic acid (2 mg/ml)E
H7F ¢ % shaking water bath (37TC, 140 rpm, 2hr)oll Al ¥H-g-A| Z th. 13- Hof A]
A E CLAS hexanel & F%3}o] Kim 59 Wil upgl GC2 43t CLA
@H& —4 qe 7—1'719] F 3o st total proteine A %3Fe] protein g

5. CLA ti=&4%

7F WAk

D BAE &4 o] &

CLAZ AASE HAMAZEE 28 - AAE a29 linoleic acidE H A
HEE-Z o Al 9Eg-A1 7] ThE hexanel® A ¥ CLAE FE3IAth

2) WAl o] &
B

ATt T poolZF-E Adr®El CLA A linoleic acidE #j o] 1.0, 1.5,
20% #H7tete] 1 v/v/me &71E5 FYstAA 24Tl 541 v st
CLAE Aitels o] &80 £& 45 39 ook vjgo] 7Fssttt.

6. CLA HATFALA] R v gl o] A=3

7} CLAS A&

1) c9,t11 CLA

2) CLA mushroom mycelia
CLAZH A#EwAdAA = E2ststo] AlFstataint. ol Ax AFshstrv
AA Az 9852 AHE 2 F Q)

3) CLA mushroom mucelial extract
CLASHT =B WA dAA G Y2 s5sto] 7|22 AFststAy sl
S8 2 ALEsFH )

B>

TAA M SFEZHH crude proteing #&38le] FZAAZRS v 2233 AS

3 sheo.

5
ik
A3

u{u >>
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A2d AT A3

1. CLA &4
WA TAA 2 s SEZREH FHd A2 S 20% tetramethylguanidine/methanol (3

mDE 100Coll A 533F 7k ek th3, 1,0N H2S04 (3 mD& 55Cell Al 53+ 7Fd 5o
methyl3} 3}al, FID ¢} column (Supelcowax-10: 60 m x 0.32 mm, i.d., 25 gm film
thickness)o] &2# GC (HEWLETT PACKARD 5890)& o] &3le] 4% A=
Figure 2} 2t} WATALAG wjked Fol= FA A Fhefo] ofF i, FA A
%o = phospholipid & CLA% +23 CLAZ} &A138}7] W& phospholipid ¥ CLAZ
methylationst= WOl 39 mehtylation 3+ tS GC=Z £33t} Figure 201 A
Henkel & CLA FollA ¢9,t1l CLA (RT: 16.18)7F major $1iL t10,c12 CLA
(RT:16.92)+ minor %t

2. CLA A4 wAZF Ad

EX
O PDAMACNA A Aol umd wE WAe X, =ee
A Aol i, AA MG AN Aol WE FEE FEHFE
e W Aol .
O HREel AT CLAZ A4
:‘r:

O CLAMA o] ¢3 5= HE3 el Al o]}

“ Zﬂ 1;(4 ]/]_”q

153 7 149

AlF PDAB} Aol M AFEANA] (A5 7 m) =2h&

oto] wjAlFALA ] AAAEE Table 201 YeERH AT FAFS]

3 T 9A, e (£F), 9E, “EEHA (F3hH At
ol 2 Wl petri dish (85mm i.d.) Aol WA 1, =elz]HA

()2 104, "= =ggHAl ()2 14 ool skt 25w Az
Al

s AL Bk 2uAe A4S E

1
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Figure 2. A typical GC chromatogram of 9,11 CLA and ¢10,c12 CLA from the
submerged liquid culture of Agaricus blazei. Analytical condition of GC (Hewlett
Packard 5890): column, Supelcowax-10 (60 mx0.32 mm); detecter, FID; Carrier gas, N2
gas (2 ml/min); initial oven temperature, 180°C (5 min); final temperature, 220C (20

min); and flow rate, 5C/min.
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L L e B I R e B e B
“1. 717 Wb o2 PDAMIA| ol A vkl zhzhe] WAl AA] (1/4 petri

dish/Aflask)E& A& 7 meolstz2 ZA 22b& WH th “A14. 3. 7E7e] Bgel o &)
ZAE dAw A 7 G0 AZEE et 23 HE 3L shaking incubator (130 rpm, 25T,
8ol Al w ettt il I AT AR S E 100 M-S LA 2] (7,000 rpm,
30min, 4C)3te] #AMAE 378 b5 FA (wet weight) & F783Fo] AR
AdFS S840 (Table 3). AR Zo] 7HE Y53 A& FFstx (57.8
g/ )Rt =8 (), H=, =ggWAl (53 Zh7f 442, 4211, 419 g/ 4 =
AR o] wWol AU AF, GA, FAHAY FAARS 27 186, 26.7,

196 g/ ¢ = ItAA Freko] tha AUt

=
o]: ol %

o)

Wl

1;}. CLA /%J/H glol
A A FALA G ES PAAEE] (7,000 rpm, 30min, 4C)&Fe]  wjkH I} FALA S
wEste] AW A4S 243 AHE Table 4, 591 YEIAAT. &

WA AL ] vl o= CLAZF EA438A] &3kt) (Table 4). 124
HATEALA O] Aol TFat2E AL o] WAdFolA CLAZ

{1

F

A Eol At (Table 5). CLAE %ol 443 d5F= =geuslor 83 57
7Zk7zb 125, 1.20% 5 AA4stath Lo w WE AwE A3 3, A A TARA 9
oz Zb7F 116, 1.05, 05, 0.5, 0.3%< CLAE AAstAth d#AMACA CLAT HS
A el ey "HE AEHAY 49 tgE HATF| 438 linoleic acid
3tako] 4351~66.90%% =4 LPEMD} o] R o5 WAl E] NA wjF}G A
EujE gA4AE50 9s] AR 9 linoleic acidE CLAZ vl4-E Aoz AZHT)
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Table 2. Growth of some mushroom mycelia (mm) on PDA media”

Incubation period (day)

No. Mushroo

strains” 3 7 10 14
1 AB 103 32.0 51.2 78.3
2 PJ 6.0 22.2 36.1 52.2
3 GL 50.5 85.0”
4 LE 8.1 24.3 42.2 64.0
5 PL 6.3 14.0 22.0 34.1
6 CC 8.3 52.6 73.1 85.0”
7 PO-CH 166 56.7 85.0”
8 PO-SH 14.0 405 62.0 85.0”

Y PDA media included potato 200 g, brown-sugar 30 g and Bacto—agar 15 g per liter.
This media sterilized by autoclave at 121°C for 30 min. Mushroom mycelia was
separated by centrifuge (7,000 rpm, 30min).

Y AB; Agaricus blazei, P]; Paecilomyces japonicus, GL; Ganoderma lucidum, LE;
Lentinus edodes, PL; Phellinus linteus, CC;Coprinus comatus, PO-CH; Pleurotus
ostreatus(Chunchu), PO-SH; Pleurotus ostreatus(Suhan).

) Fully-covered the plate.
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Table 3. Growth of mushroom mycelia in submerged liquid culture”

)

Mushroom strains” Mycelial weight (g/¢)

AB 18.6
PJ 57.8
GL 26.7
LE 19.6
PL 33.9
CcC 42.1
PO-CH 44.2
PO-SH 41.9

b Liquid media included soybean powder 4 g, brown-sugar 20 g, MgSO, 05 g and
KH>PO, 0.5 g per liter. This media sterilized by autoclave at 121C for 90 min.
Mushroom mycelia was separated by centrifuge (7,000 rpm, 30min).

Y AB; Agaricus blazei, P]; Paecilomyces japonicus, GL; Ganoderma lucidum, LE;
Lentinus edodes, PL; Phellinus linteus, CC; Coprinus comatus, PO-CH; Pleurotus
ostreatus (Chunchu), PO-SH; Pleurotus ostreatus (Suhan).
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Table 4. Composition of fatty acids in the total lipid of supernatant (96)

1

Fatty Mushroom strains

acid AB PJ GL LE PL CC PO-(CH) PO-(SH)
12:0 - - - - - - _
14:0 0.30 - - - - 5.62 1.63
14:1 - - - - - - -

16:0 6.74 5.93 18.96 3.92 40.08  35.86 30.21 18.15
16:1 5.21
18:0 1.01 1.81 1.02 - - 525 18.39 6.91
18:1 1.77 2361 50.29 55.82 1511  20.26 17.15 19.32
18:2 84.97 68.65 29.73 40.26 4481  38.63 28.63 53.99
LN - - - - - - - -

CLA - - - - - - - -

Total 100 100 100 100 100 100 100 100

v Gaschromatograph (Hewlett Packard 5890) condition. Column, Supelcowax-10 (60
mx0.32 mm); Detecter, FID; Carrier gas, N2 gas (2 m{/min); initial oven temperature,
180C (5 min); final temperature, 220°C (20 min); Rate, 5C/min.

AB,; Agaricus blazei, P]; Paecilomyces japonicus, GL, Ganoderma l[ucidum, LE,
Lentinus edodes, PL, Phellinus linteus, CC;Coprinus comatus, PO-CH; Pleurotus
ostreatus (Chunchu), PO-SH; Pleurotus ostreatus (Suhan).

? Not detected.
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Table 5. Composition of fatty acids in the total lipid of mushroom mycelia (%)Y

Fatty Mushroom strains”

acid AB PJ] GL LE PL CC  PO-(CH) PO-(SH)
12:0 0.30 - - 0.21 0.43 - 0.85 1.56
14:0 1.16 0.35 0.64 0.69 0.47 0.65 2.79 2.08
14:1 0.32 - - - - - - -
16:0 1673 1673 2423 2478 33.88 2363 2492 21.95
16:1 15.28 1.68 - - 1.42 - 0.78 0.86

18:0 4.39 4.99 6.57 5.92 11.28 6.87 11.27 9.83
18:1 6.23  53.33 3648  23.90 11.33 18.71 13.53 9.60
18:2 66.69  19.37 29.25  28.58 39.35 46.70 43.51 51.33

LN 1.65 3.56 0.79 14.47 1.35 2.28 1.15 1.54
CLA 1.05 - 0.30 0.50 0.50 1.16 1.20 1.25
Total 100 100 100 100 100 100 100 100

V" Gaschromatograph (Hewlett Packard 5890) condition. Column, Supelcowax-10 (60
mx0.32 mm); Detecter, FID; Carrier gas, N2 gas (2 m{/min); initial oven temperature,
180C (5 min); final temperature, 220C (20 min); Rate, 5C/min. Mushroom mycelia
was separated by centrifuge (7,000 rpm, 30min).

2 AB; Agaricus blazei, PJ; Paecilomyces japonicus, GL; Ganoderma l[ucidum, LE;
Lentinus edodes, PL; Phellinus linteus, CC;Coprinus comatus, PO-CH; Pleurotus
ostreatus (Chunchu), PO-SH; Pleurotus ostreatus (Suhan).

¥ Not detected.
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3. CLA B4 #j<¢zxd 749

7 77 CLAE =7 A+ HA9 =12
S ok, ) EujA o] FE 4% (40 g/ ¢)F7FE T pHE 55%
Ae ¥ 130 rmpoll A 8U 3 vk 39S ul CLAS AAo] 714

TR A Fell A= A E A A ek z
&, 1.0 v/v/mel F718 FYsEA 26ToAA 847 w3t AS o

CLASl #40] 7bg $539

7t o 2l ¥
1) Azt=gt 23 vk

TR E 0.4%, Sl 29, MgSO, - 7TH.0 0.05%, KH:PO4 0.05%7}F
A7rE AAIF] (300 m)E H4 = ﬂ'/\ﬂ (500 m)oll 7yl ;FET (121°C,
308)8 b, Aol Fw38] A% F PDAuiA A A5 HAET (1/4
petri dish/Aflask)E A& 7 mo]st= ZA Ze} HF 3}l shaking incubator
(130 rpm, 25C, 8Y)ol A vl (Figure 3). A2t Eet=amM s
o FHlFo] seed® AFEE ALY 1 AAE CLA A HAwM S AdE=
AR 38E AT
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Figure 3. Submerged culture of mushrooms.

2) 50 It HA|ufF
At E A w ol 7HE e CLARA AR o =2 A9
BAMAE 5 ¢ &9 J-fermentere] 3 ¢ H7}E T ngtdA+t (121T, 20
min)¥+ § A&k~ (300 me) wiA S FFskel ¥l (130 rpm, 257,
8d) atth wigFe] gxd HAHATAIA = CLAY FAAE=E Aot
(Figure 4).

3) 50 ¢ ok
AztEa sz wFel A g S8 CLARA WA GzAos 244
AA A S 50 ¢ SF2] w7l 30 ¢ H7Fe F amebdEst (121, 60 min) st
5 AZEg A (300 me) viFAl 108 FFSke] Wi (130 rpm, 25T, 3¢Y, 1
v/v/m) 3ttt (Figure 5).
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4) 500 ¢ vi<F

ArEeaa a g A 7 43 CLAAA v A vl Fx=2
AA A S 500 ¢ ®Fo] wjdrle] 350 ¢ H7FE & mbddt (121°C, 60
min)t?} 31-5‘ 50 ¢ HH ook}_oﬂ}‘i HH Ookz:ﬂ' ‘EL‘wz“

sttt (Figure 6).

i

vieF (130 rpm, 25C, 39, 1 v/v/m)

Figiure 5. The

submerged liquid culture in the 50 ¢ fermenter.
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Figure 6. The submerged liquid culture in the 500 ¢ fermenter.

. 5 ke W%
g Fukt sl & 0.4%, 9 2%, MgSO, - 7TH.0 0.05%, KHoPO4 0.05%7F 3 71
AA A (3500 ¢)E thEFlFz (5000 2)o H7rsba abdEat (1217C,
60) S the, WA E o]&3dte] Fw3] 23 F 500 ¢ widFol A wigH
TARA] QA S =S HES F 5 ke wHFEE (75 rpm, 25C, 3Y) wigete] 35
kool wiES At (Figure 7).
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Figure 7. The submerged liquid culture in the 5 k¢ fermenter.

o #HAe CLAAE = 74

1) 712w Ao A CLAMA (5 ¢ J-fermenter A}-&)
7h) A
o Fdt 4 g& 3087 B £ ¥ mixerZ 3%
o 7]o el 20 g, MgSO4 05 g3 KH.PO, 05 g
¢ 2 RASHT AAAE 500 mt §Fe] AztEZelaTel 300 ml
LTSkl 121°Co A 3023 gt tate] HA| wjx] 2 AF&-38 Tt

) CLA &

AE, wE, mEEwAS A
Bz (W, A R, FAMA] UDE 2AMSQITE o] MigEe] Fo AR
Table 6ol A K= npel o] WAool upe} 2po] 7k QAR wE
2 MA AR o F =, =ERE A AR B, =W A ARA]
AR €]

Z}7 50 ¢ fermenterol A i %3F t}e CLASHE

=9
BeFe 1 ¢ wet weight® 9F 239 g, 39.8 g, 27.8 g/ ¢ o]} t}.
protein®] &S A2 w528t oF 1.06 g/ ¢

L)
2o

FEoldt. aela A ek
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7+7} 180, 210, 160 mg/ ¢ &2 1 o] vokt} 53] AW
ATE4Q LAY 2 A Aate] of 19 A== ofF vro}
CLAZ A& Ao+ linoleic acidE #H71g H a7}

HAH AT F A F= () FY+FARAD Ol FFrE o] 9l
Figure 130 Yep et HA M A EARA vl ol &
CLA °]ZA7} & o] FArt. oI+ WA= (L reuteri
CLA°Id A ok Fdgk Zlojth. st vk, A v Al ALA| i
skak (160~210 mg/ 4 )2 g & 12 LA
(1.6 mg/ ¢ °lah) vebwth 1 A% AAE c9tll CLA94
w2k CLAS s =ol7] flaire A4 o s wjxd
LAZ o] =2 7145 #H7bstol LAS CLAZ W= 840
714w o] &8 dart AU

7)Ao Hre] e CLA A ZS

-5 5] o
o

ol Fo

=N
()

FAE Stal o] A

zAbak g,

. mebd A7 Al neEe] LA o

Z°] CLA®

Table 6. Some chemical constituents of submerged liquid culture of mushroom strains

Agaricus blazei Pleuroteus ostreatus

Coprinus comatus

Hraction (ne/ 2) (ne/ £) (ng/ £)
Total Sugar” 13,250 13,000 12,500
Glycoproteins 750 750 580
Glycolipids 210 210 160
Protein” 1,060 1,060 1,010
Lipids” 180 210 160
Mycelia” 23,380 39,811 27,835

Total Solid 39,330 55,041 42,245

Y Total sugar was mainly consisted of [i—glucan.

)

? Protein included some of peptides.
)

)

3
4

Linoleic acid content was less than 1% of total fatty acid contents.
Wet weight basis.
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2) LA®] #7133
7]_) }\] }\-] o

o T
TEwo CLANAS 98te] CLAAASY ATA7}HE nxwo LAS
Frote 71dE Hobstel mjd T AAMAEAA M GE o] CLAZZRSHE
Z 289 (Table 7). sivlel71 4, 34, 5= Zi-bjrf’i D}% Z¥zt 5, 10, 15
g® mixerZ =53 nldd F 250 mee] 7] Rujx 7} g wjF 7)ol 7hske]

121 Col A 15%3F 39F darste] 71 A7 s A= 4%8}04 shaking
incubatorol A1 ¥l % (130 rpm, 24T, 89) &t}

TIRNE VAR ALES w A Ae HEY “geHA 25 10 ¢ H7t
Hj Aol 4 CLAg %ol ZtZ; 367, 3.71%=2 & gako] mixru} =4 ey
slutet7IN et diFE 71 EE ALEs S A4S sivtErIA 10 g H 7 A ol =
351, 3.16%, ¥ 10 g¢ A7blA o= 359, 3.32% = thE FHFr} =
el (Table 7).

7149 Hrbgo] e A¥A 7 VAES 5% HUMS A Hh 10 g &
HA7rek wiA A CLA §HeFol =4 ettt 1efu A2 e 71489 ARgol A
A E = CLAS A Hol= & ZolE Holx &t whd FHIF ARE
714d& 15 g A7k wiA el A= CLAS] A4 ol
Az B ouf o] AL {AMA7} EHlEheE &4V
oS W Hujo] F4& e AL ousth w9 7He] wEvt Hopd

4% CLAS] AAdo] A=z o] F 2 Hol 714 1 AA7}
HE=AE o AAS AAE= AAA7F 5= feedback inhibitiono] o] Fo] A=
A& & F7F A}k oA 71H e Fiel WE CLA ko] vlszsittd
Aol AY3tAA CLATHS vl A A Yeivs dFE 712387 A8

stol Amn] Az gAYt AAE 2E F de 2o 2] A

W S Lhebyke o] el
&3k 7149 FE7 10 ¢

o
>
N
&3
>}L
o
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Table 7. Production of CLA (%) by mushroom mycelia cultured with different

substrates in the submerged liquid culture

Mycelia (CLA %)

Substrates 5 >
CC PO-SH
5¢g 1.65 1.38
Sunflower seed 10 g 351 3.16
15g 1.01 0.96
5¢g 1.34 1.62
Safflower seed 10 g 3.67 3.71
15 ¢ 1.18 1.33
5¢g 1.71 1.50
Soybean 10 g 3.59 3.32
15 ¢ 0.86 1.16

v cc; Coprinus comatus.

Y PO-SH; Pleurotus ostreatus (Suhan).

)

oot

Moo T o

7V %

Jo
Home

>
o X

ot

3 o
WEol CLAS $3g =ol7] 9lstel LAY #Fol & F3hie 2
NAL AhE Badol vk wEtd Fahh (LA FFol oF 70%)2
0.4%F Al A 7hake] AA AWM AFAAE W) Fa AT}

olate] 9,611 CLAS} t10,c12 CLAZ} A3 A= AL g9 3

spectrumell &3] &<0E).

=

ARl EAf8hE Llase HiAo f%¥ LAES o] &3t 9,11

rlo

0%)E i
. FERE AR

t} (Mass

CLAE

O Aol ARE R wi Aol = AWAt, 53] LA ko] g st

e}
8-z

oo]: ol oﬂ

mebA CLASl A4 5o =2 AW, H=wl, =seua dAAE

ke o Z]ZuiA el 04% F3rE F

CLAS) #3g Atk AAv @A & WFe F, vlopel, #Aba)
wA AW TR CLAY Shabe 2AH87] 18] dAHAE AlA @

H S hexanel 2 FE3F L, WA R F&Eolgle= CLAE

=73
hexanel. & FZ&3H 1L, WAL E F435}e] hexanel &

=3l CLAY

_%_
FeFe GCR A48T (Table 8). Al MIAEE 28] dAAWA 7Hg Be
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9,111 CLA7} ¥ %HO% AT 2 A AT ARA ] 2 AL H) kol o
el A= C Fe WAl el thA Aol zh AR W

B A AR A U] o %WEM AAE CLA h=Frth skokrh Z1ejar ¢9,t11 CLA7F

t10,c12 CLA®] 3rae WAl wat vhi Apol7b AAA W, 9,¢11 CLA7F

of 5l g &= Ut Llaset LAE 9,41 CLAZ® HgS shi=d|, o] 45l
t10,c12 CLA7}F AEE AL middd F LAZF AA54tsE 7%X]L T A4
AR Zo] obdrt Azt AHE WA FAA A o] F 9ol F CLAE oF
13,953 pg/ ¢ o1, 1 % WA TARAI Wl 10508 ug/ ¢, BIA ﬁwxﬂ o &g

CLA7} ¢F 3281 pg/ ¢ o)t HEWA FAA A = CLAE °F 6,835
pg/ o1 aL, 1 MAALAIN ) 5648 pg/ ¢, WA ARA Ol F2E CLAZ
ok 1,020 pg/ ¢ 0.5 N EuAFALA kel o] ok Aul=Fo] CLA WAL

e ATh ey mER A EALA s E ] A= F CLA® el 1,826
pg/ £ = 71 el vig- wolvh W AtARA ok & A F o] CLAY S
ey, HE AEAsoR 623, 217, 164 pg/ ¢ 07 W ATALA] W9
Aot whdle] A7t YEbth oA Hol Ml Fiel wEk CLAS
g adalo]l Ao A= 23 A o2 wjEsls Fo] AR =4 EA5=

ol-N

Llase7} wARAIU ol Al 2F-8-3Fe] A 3Z2of incorporationst= ARIA] sh= 7] 2
B AFE AgGEooF & Foju)
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Table 8. Concentration of ¢9,t11 CLA and ¢10,c12 CLA in the mushroom mycelia
cultured with safflower seed oil (0.4%)"

AB PO CC
CLA (ug/ ) (ug/ ) (ug/ 2)

ISomer on? AMP MY Total SM? AM?Y IM* Total SM? AM® IM? Total

9,t11

CCLA 164 2,294 7,697 10,155 527 321 613 1461 89 663 5489 6,241
t10,c12

CLA - 987 2811 3,798 96 86 183 365 128 357 159 644

164 3,281 10,508 13,953 623 407 796 1,826 217 1,020 5,648 6,885

V" Gaschromatograph (Hewlett Packard 5890) condition. Column, Supelcowax-10 (60
mx0.32 mm); Detecter, FID; Carrier gas, N» gas (2 m{/min); initial oven temperature,
180C (5 min); final temperature, 220°C (20 min); Rate, 5C/min.

? CLA in the supernatant from mushroom mycelia culture by centrifugation (7,000 rpm,
30 min).

¥ CLA adsorbed on the surface of mushroom mycelia.

Y CLA in the cell membrane and/or cytosol of mushroom mycelia.

ox,
oX,
=
=
rr
o2
o
tlo
N
>~
Rl
o
oo M
P <
(=)
~
X
lo
ool
Lot
Ho
1o,
J}[_I‘
N
Y
fu
O
=
>
1o
0%
oX,
oft
o

CwEh el sEE 2UaAS W

3
ZALsEA T 8 E 712 A el 0.6%<F 0.8% H7tetd S wigstd S A9,
WiFe] AAZFFoR dAA Y] AHS ASHAA TAY] Aol BT
(data not shown). 2184 0.2%<} 0.4% F7FrolA = dAA Q] A S0
Fzedh ol A= FTIRUF dARAEHE S AR dolA dARA €]
o7t Aol Ago] AxF Aow AzZtET
% C

:g_
Z3RE HIbskA g HER+Y Adde LA &2 2471 pg/ ¢ = ©F
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66%° slFs= 1,268 pg/ ¢ 7F dALA G G adol EAS AT A 0.2%
232 Hore A4S F CLA &% 6885 ug/ 4 5 04%°l aldate 217
pg/ ¢ wrol FALA uj ke g oho] FEAATE 04% F3HF Hotel oM E F
CLA 33 13593 pg/ ¢ 5 164 pg/ ¢ wko] wALAIul g &dlo] EAjets AMLS
doteh 235 HubskA ke dlzTe A wlEAA EAlsE L
TAHA 7} 528kl Aol CLASI T &9t Aol #U3 Tz
ZHste] WiEFse Zo® neln, 1y wale] S35 vteta 1F =k
ol el uwhe} &Htol CLAS] o] A2 Ao R Kol Zshfo] FH7tel s
HA3] Fold LAE WMATAMAZE §58taL CLAE §42 oy 718y

2 Awatate] sx zAdd 9dte] CLARS Aol &4 sta t& A aks
Aoz wEFoRA AWate] #P S o]F= o Azt

0.4%°] &3hFE #H7bet Agte iz Hlske] oF 22%°] wAMA FAZL
S7retAth &8 04%E H7be o, 244 %ko] A nekl S wl, o
wZE A wF e e FE5d Ao ALHJL o] AL T 3Hfro
gEfgoz o5 Fol L3 LAS o] &3le] CLAR W37 3o A
B AYA A oste] wAA e Kol FrbE ZoE AztET) Eg
B3 H7F FEe webd 911 CLAS t10,c12 CLAS] gk 7} dskt), o] &
CLA9 &g 37t s wet o7 AAAT, 02% &3hiE
AV AE BS, 911 CLAZE ARl Aejdoz RyHdo. FG45

9] & CLA 3o wjFd 2471 pg/ ¢ 5ol AL, 0.2%

S-ol= ok 6.885 pug/ ¢ oL, 04% HIFEE 7 ol= o

Nlﬂl

A7 e A &o A
235 7
13,953 ug/ ¢ ©1 At

ol Az B o LATFo] me TofE BFoR AsEA ae

F=9 oA FZ7F FUFsto 2 wARAlS] Ao TUMES
ol = A T:M}xﬂlﬂf’l CLAS] A o] B2 AHEMATAAE o] &l vt
Q—OHE o] CLAZS x@* A 371 falAE A (02% v RHe

[ B2 CLAS BAAZsF S Zlow
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FAANGE S8 el TAAFL HUW FAAYO] FH5E CLAY)
TS Y F A% Ao 47

Table 9. Concentrations of ¢,t CLA and t,c CLA in the Agaricus blazei mushroom

mycelia cultured with safflower seed oil at different concentrations

0% Safflower oil 0.29% Safflower oil 0.49% Safflower oil
CLA (ug/ ) (ug/ 2) (ng/ 2)

SO gM? AMY IM” Total  SM” AMY IM” Total  SM” AM? IM" Total

9,t11

972 321 613 1906 89 663 54896241 164 2,294 7,697 10,155
CLA
t10,c12

296 86 183 565 128 357 159 644 - 987 2,811 3,798
CLA

Total 1,268 407 796 2471 217 1,020 56486,885 164 3,281 10,508 13,953

V" Gaschromatograph (Hewlett Packard 5890) condition. Column, Supelcowax-10 (60
mx0.32 mm); Detecter, FID; Carrier gas, N2 gas (2 m{/min); initial oven temperature,
180C (5 min); final temperature, 220°C (20 min); Rate, 5C/min.

Y CLA in the supernatant from mushroom mycelia culture by centrifugation (7,000 rpm,
30 min).

¥ CLA adsorbed on the surface of mushroom mycelia.

Y CLA in the cell membrane and/or cytosol of mushroom mycelia.

3) wiA ¢l pH
0.1 N-HCl =+ 0.1 N-NaOHE A}-&3te] pHE =4 (45, 5.0, 55, 6.5)%
7P Al (40 g/ )71 2 A el HEW Al =g HA (73S g (low
temperature, 130 rpm, 24C, 89) 3t CLAXMA &S #2314t} (Table 10). F
T B pH 55004 4.13, 398% = 714 =2 CLAE A WA T ALA <
g A] pH 55004 71 el o Storl 99l 7hestaith wekA pH
2 pH=E AAsta 7] Aol ¢

>
o

a1l
(@1
i



Table 10. Effect of pH on the production of CLA (%) by mushroom myecelia in the

submerged liquid culture containing soybean (40 g/ #)

Mycelia (CLA %)

pH cc? PO-SH’
45 0.9 053
5.0 365 273
55 413 391
65 331 3.10

b Gaschromatograph (Hewlett Packard 5890) condition. Column, Supelcowax-10 (60
mx0.32 mm); Detecter, FID; Carrier gas, N2 gas (2 m{/min); initial oven temperature,
180C (5 min); final temperature, 220°C (20 min); Rate, 5C/min.

2 CC; Coprinus comatus...

¥ PO-SH; Pleurotus ostreatus (Suhan).

%

)
1

I
>,>~

I e H A () T (40 g/2) HTPA el A F st
77 2 W% (20, 25 30C)el A wigate] CLAA %2 wat gt
(Table 11). CLARZ&& 25Tl 747k 352 %, 371%= 714 =70
etk mebd HH i gFeEs 25T 2 skl A71dd e dssith

Table 11. Effect of temperature on the production of CLA (%) from mushroom mycelia

in the submerged liquid culture prepared with soybeanl)

Mycelia (CLA %)

Temperature (C)

cc? PO-SH”
20 0.91 1.05
25 352 371
30 2.35 256

V" Gaschromatograph (Hewlett Packard 5890) condition. Column, Supelcowax-10 (60
mx0.32 mn); Detecter, FID; Carrier gas, Nz gas (2 m¢/min); initial oven temperature,
180°C (5 min); final temperature, 220°C (20 min); Rate, 5C/min.

2 CC; Coprinus comatus...

¥ PO-SH; Pleurotus ostreatus (Suhan).
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>
rE
fo

HeEW AT =g H Al (R3S diF (40 g/¢) H7hA el HE st
2 gE g2 (20, 25 300)l A MFE H WMERE (2, 4, 100)=

o N

ol

AA A eks AAIg & CLARA ES &3t (Table 12,
R

Table 12. Effect of temperature on the production of CLA (%) from mushroom mycelia

in the submerged liquid culture prepared with soybean

Mycelia (CLA %)

Temperature (C)

cc? PO-SH”
20 — 2 0.18 0.26
20 — 4 158 1.67
20 — 10 1.29 1.40

V" Gaschromatograph (Hewlett Packard 5890) condition. Column, Supelcowax-10 (60
mx0.32 mm); Detecter, FID; Carrier gas, N2 gas (2 m{/min); initial oven temperature,
180C (5 min); final temperature, 220C (20 min); Rate, 5C/min.

2 CC; Coprinus comatus...

¥ PO-SH; Pleurotus ostreatus (Suhan).

Table 13. Effect of temperature on the production of CLA (%) from mushroom mycelia

in the submerged liquid culture prepared with soybean

Mycelia (CLA %)

Temperature (C)

cc? PO-SH”
2% — 2 0.27 0.31
25 — 4 1.76 1.11
25 — 10 1.18 1.28

V" Gaschromatograph (Hewlett Packard 5890) condition. Column, Supelcowax-10 (60
mx0.32 mn); Detecter, FID; Carrier gas, N2 gas (2 m¢/min); initial oven temperature,
180C (5 min); final temperature, 220°C (20 min); Rate, 5C/min.

2 CC; Coprinus comatus...

¥ PO-SH; Pleurotus ostreatus (Suhan).
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Table 14. Effect of temperature on the production of CLA (%) from mushroom mycelia

in the submerged liquid culture prepared with soybean

Temperature (C)

Mycelia (CLA %)

cc? PO-SH”
30 — 2 0.24 0.28
30 — 4 1.65 1.74
30 — 10 111 1.22

V" Gaschromatograph (Hewlett Packard 5890) condition. Column, Supelcowax-10 (60
mx0.32 mm); Detecter, FID; Carrier gas, N2 gas (2 m{/min); initial oven temperature,

180T (5

min); final temperature, 220C (20 min); Rate, 5C/min.

2 CC; Coprinus comatus...

¥ PO-SH;

Pleurotus ostreatus (Suhan).

WAL =g WAl (23S pHYF 552 ZAH tFulA 40 g/ ¢)
W x| ol HE=38ke] 25TlA Z+2zF 60, 130, 220 rpme] £ =& uj ksl tt (Table
15). 60 rpm ol A= HARAIZE 2 Qolg| 2 FAA AEtHA Aol =gla

130 pme Ao AYEED Fokn 7] Agel daka

Table 15. Effect of shaking speed on the production of CLA (%) by mushroom mycelia

in the submerged liquid culture containing soybean (4 g/ /¢ )V

Shaking

Mycelia (CLA %)

speed (rpm)

cc? PO-SH”
60 113 152
130 355 3.38
220 2.17 1.99

V" Gaschromatograph (Hewlett Packard 5890) condition. Column, Supelcowax-10 (60
mx0.32 mm); Detecter, FID; Carrier gas, N2 gas (2 m{/min); initial oven temperature,

180T (5

min); final temperature, 220°C (20 min); Rate, 5C/min.

2 CC; Coprinus comatus...

¥ PO-SH;

Pleurotus ostreatus (Suhan).
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6) &71%
T (40 g/ 2)E H7Fe wix] =7 (25T, pH 55904 g S $13
H Ao B7|%S AT (Table 16). 0.5 v/v/mel 718 FUa 9%
w o & (1.93, 220%) 1.0 v/v/mo = wFalS wjrT} (3.24, 3.62%) &7
FYFo] Aol FAZE gke] AAEtA Keglal, 2.0 v/v/mo R v gst S
woll = (0.68, 0.97%) #HFe] Z712 Qlate] wEAA S 5o Aalls YAt

upebA o el E A Al A o] 71" 1.0 v/v/m oL aL, vl FT]F A e
CLARA ol 7Hd w3kt

Table 16. Effect of airation on the production of CLA by mushroom mycelia in the

submerged liquid culture containing soybean (40 g/ ¢ )"

Mycelia (CLA %)

Airation (v/v/m)

cc? PO-SH”
05 1.93 2.20
1.0 3.24 3.62
2.0 0.68 0.97

V" Gaschromatograph (Hewlett Packard 5890) condition. Column, Supelcowax-10 (60
mx0.32 mm); Detecter, FID; Carrier gas, N gas (2 m{/min); initial oven temperature,
180°C (5 min); final temperature, 220°C (20 min); Rate, 5C/min.

2 CC; Coprinus comatus...

¥ PO-SH; Pleurotus ostreatus (Suhan).
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7) Bl F7IE
W2l =g Al ($F3)S pHYF 552 22E dFS 7122 3 ujA o
HE3ske] 130 rpmoll A vl Fsh= =S| ]
= #Abe ARE T} xiz_s‘}?iv} (Table 17). ©]= 7| A= A}%% LR
o3 gola ol

CHE EAO el kol A FAGE AS B T 4

U:]'ﬂ' SOE] O] T = =
AR HiF 8UA = FAPLE=TF vl Emobxth 8UA He E w2
Al =gE e s #F T 5 A

Table 17. Effect of incubation time on the production of CLA by mushroom mycelia in

the submerged liquid culture containing soybean (10 g/250 m)"

Mycelia (CLA %)

Time (day) oD PO-SIP
3 0.75 1.16
3 483 3.92
12 4.17 3.15

b Gaschromatograph (Hewlett Packard 5890) condition. Column, Supelcowax-10 (60
mx0.32 mm); Detecter, FID; Carrier gas, N2 gas (2 m{/min); initial oven temperature,
180C (5 min); final temperature, 220C (20 min); Rate, 5C/min.

2 CC; Coprinus comatus...

¥ PO-SH; Pleurotus ostreatus (Suhan).
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4. CLA &394 &4

2%

O FZF9 AWS M40CHA FEZF ot 4.35%7H4 CLAE &3

O HATAHAFEEZEEH F59 AWS methylation A7 T oA Eol
gt A2 As 110,12 CLA9 9,611 CLA oA AAE #2383t

U FE2d AWez2HE CLAY w8 (FESHF)
FEH AWS 140, 160, 180Tl A vtvt S/F7|2 B ITHFS A= Table 18
of o} Al 7HA BRSHF 2% FTolA 140C7F
4.

7
35067k £e7F Hsaarh 1 o] RS Fol] ARAE

g&4olon,

TY 2T A BESF HAFE 5HA dA A1E Tl Add. EuE A&
codistillation W #Wadstogn L& Zol=y KT} F&249 WHS 3

o]
PR

Table 18. Composition of fatty acids separated from thin film evaporator (TFE)

Free fatty 140°C, 0.5torr 160°C, 0.5torr 180°C, 0.5torr
CLA-Me } } _ _ } }
acids 718H0) 718k(x) 7]sHO) 7]3H(x) 718k 0O) 7]18H(x)
Others 0.21 0.38 0.88 0.91 0.32 0.22 0.03
Palmitic acid 12.03 6.10 9.12 3.89 5.80 10.03 9.83
Stearic acid 5.51 3.28 5.34 8.04 8.06 2.03 2.45
Oleic acid 26.33 25.63 28.36 26.93 28.21 29.32 30.11

Linoleic acid 52.40 61.23 51.95 56.22 53.36 55.19 53.31
CLA 3.52 3.38 4.35 4.01 4.25 3.27 4.27
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o}, ¢10,c12CLA o] A 2] (A2dH)
WA TALA] FEE25E FE29 WS methylation A7 tF3 oA &9
d CLAZRH t10,c12

A3t (Table 19).

o
g3)ato] A 68, -71, 75, -80C A 8 HAAZ A} &x
CLAS} 9,11 CLA ©]AZAZS #2393 e FAg Ax

Table 19. Distribution of the ¢10,c12 CLA-Me and 9,t11 CLA-Me in the precipitate

and supernatant

Temperature (C) t10,c12 (%) 9,611 (%) Total (%)
-68 19.76 77.81 9757
=71 20.42 76.24 96.66
=75 28.82 66.35 95.11
-80 36.15 61.13 97.28

5. CLA &4 549 #¥ AA

8¢

O Fawd e AHEWA (AB), HEHA (CC), =elzIHA (PO) wAA 9
Z+7y 39.2, 40.7, 35.1 mg/ml (total vol: 10 ml)o] o] o] B A FFo
kA = oA o] u/\/\/\ﬂr

O Al @MAFAA o} HEHAFALA ZHE oF 20 Kd9 #A&Fe] G4
bt )

O Al#H A FALA 2} HE A TFAN S column chromatography S ©]-&3}¢o] Fl,

F2, F39] LlaseE g 3lgt}. o]= Flo] Llased &4do] z+zt 38 30 pug
CLA/mg protein®.2 &do] 7} Hol o, FlEgolAl oi=F 40 Kd
0] &9 protein¥} Llase#til 2w = 21 KDY proteing £8 31t}

O F1 fractione TSK gel filteration column®. 2 Al 3709 fractiono =
B2 & A&t 8 Mo AlE fractions WS % Llase &4 & ZA3H
A3 A HA fractiond A =2 XS e

O CLA? AATL AEuAl, HEmA, LE}FJHVW} Z}7} 56. 45, 27 pgl &
AEmAT, HEHA =g A “301 o] Fo= AFWMATAA 7}

CLA X750l 7}1} 733tk
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7h. wf &

Agaricus blazei (A1%), Coprinus comatus (M%), Pleurotus ostreatus (:=€+#])
A E g3l <k (0.5, 5, 50, 500, 5,000 ¢)3}7] $18Fe] 3hulk 49
MgSO; - THoO 0.12%, KH:PO4 0.12%, tFi 4%5 Z2he] &3] St
) A & —75““‘6}"3@. 249 AE 72 AR ARESEr] Sl 121, 1A]7F
Zol Wit F 30TCo|st= WYZHA #A o}

o] 1B iAo E71&S 10 v/v/mOE il WYL EE 25T &3] CLA9
AES st st A TEAA ] Aol FE WA &= linoleic acidE
frote A (Z3h) H7bES A7) Slel E3E 0, 0.2, 0.4, 0.6, 0.8%9]
L8 Hrbete] 393 vkt

A

off ot

uoad 3 A%
71 Aol AR, HaEm A, =Ee WAl kAR Gl CLAZE 35l o

AR o] CLAE WATF7F 7FA 3 Q)= Llaseol 93] A4 ¥ Zloltt. Llasew
v A= 9] membranedl] ¥ o] Q17 wjitol MALAAIE 3]gste] dEAA
e F G d FgFS FAE T (Table 20). S99 d SHafe AlE A,
HEMA, =elglmA FAA Gl Zh2E 39.2, 40.7, 35.1 mg/ml (total vol: 10 mé)o]
FrEo] Qo] MATFol kA= FeA ol i

Table 20. Protein concentration in mushroom mycelia strains

Mycelia weight Protein Concentration
Mushroom strain N
(g/ ¢ wet base) (mg/ml)
AB 23.9 39.2 + 357
CC 27.8 407 + 56
PO 39.8 351 £ 29

Y Total volume was 10 m¢, which was used to grind the total mycelia from given
mushroom stain.

? Protein concentration was not significantly different from mushroom strains by
Duncan’s multiple range test at p<0.05.
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Figure 8. SDS-PAGE patterns of proteins from mushroom mycelia (Agaricus blazei

and Coprinus comatus). Right panel was highlighted by marking with a rectangle of
triplecation of proteins from AB.
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Figure 9. Fractionation of mycelial proteins by anion exchange column chromatography.
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Table 21. CLA concentration (¢g/mg protein) produced by fractions from anion exchange

column chromatography shown in Figure 16"

Fraction?
Mushroom strains
F1 F2 F3
AB 382 + 2.3° 21 + 05 -
cC 307 £ 15° 25+ 1.1° -

Y Reaction condition: 1mg linoleic acid + 4 mg proteins (37°C for 40 min).
2) . .
Fractions were from Figure 16.

¥ Means with same superscript letters in same row represent significantly at p<0.05
Duncan’s multiple range test.

175 KDag==—
83 KDa—
62 KDa=—
48 KDg=—— 3
— e g —_—
33 KDa— __' e a
25 KDa=— — =— e
17 KDa— — —
7 KDa—™ — !
—
sM” F1 F2 F3 F1 F2 F3

I e D

AB CC

Figure 10. Separation of proteins of fractions (F1, F2, and F3) by SDS-PAGE.
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Total membrane proteing 2-DEZ & 3tt}h (Figure 11).
ey Loreuteriol Al YERG spote] UrERSETH
E A9 protein spot). ZL# U o] spoto] A &3]
ATE Fatofof & Aot

A¥} w2 spote] YERSET
(Figure 2004 A}zt& o =2

Llasedt= X1+ ¢l

rog wo

o] &

=)

2-DE= #2st

3 < » 10
R Y R (el —175k0a
e b o — &ica
::?ﬂ'f _ — ®Ka
i s 48kDa — &8Ka
;'.%‘d
o — Bk — Bk
:. : — 5ia — %Ka
ol — 17i0a — 17K
« B '. ¥ - Mh
1 ] — 7 _
4 7Koa

Figure 11. 2-Demensional electrophoresis of total proteins from mycelium of Agaricus

blazei.

3) Size exclusion chromatography

Anion exchange column chromatography® #2]3le] Llase?d &4S zt=
F1& TSK gel filteration column (fraction range”’} 1,000 KDa~20 KDa)<
o] &3lo] thA] fractiond}At}t (©] W] chromatography® &£&£EE 05 ml/
minZ 39 th). Figure 12014 HE= #e} 72o] Fl fractione tA] 3719
fractiono. 2 2] a9t}

7} Fractions YAl MEste] 12855 202 7kA 8 7<) Al fractionsS -2
F Llase 84& A4S A3 3 WA fractionol A =2 4S5 YERST (Table

22).
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in = M kL an [ 1 1o W in = M 1_. un

Agaricus blazei Coprinus comatus

Figure 12. Fractionation of F1 fraction from Figure 6 by gel filtration HPLC.

Table 22. Specific activity of proteins separated by gel filtration column

chromatography
Mycelia strains Fraction mumber” (ﬂgSIéeI(jil/C chg;ggin)
12 51
13 47
14 16
15 18
AB 16 19
17 7
18 14
19 2
12 41
13 39
14 14
15 15
cC 16 18
17 6
18 19
19 16

YObtained from Figure 12.

YReaction was carried out with 4 mg protein and represented to 1 mg protein.
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2. £484 ASF (Llase activity)

WAEALA 22 S 28-317] fste] WARARAIE 2@ v 0.1IM Tris
bufferel] & ©]&€-3}o] linoleic acid9} 25Coll A 60&3F w-g-AZ k. 1 23}
HATEARA g & A" Ao 16 pug HEW ATl 8 pug, =ErelB Aol 5 ug

CLAE 743ttt

2

Al HEWA AL 25 EH 4 protein 4 mgd 1 mg linoleic acidE
£ (0.IM Tris-HCl, pH 8.8, 3 m¢)ol ¥F3-A17A 9,t11 CLA2] A<
Fath (Figure 13). 9,611 CLA7} 138 (RT 13)el A &g 52t}

=
olo

51

ol
(1
oft

2

B A Y protein®] HEWA Y protein®t}h 9,/11 CLAY B4 5] sl
Table 23o 4= AW A, HE8Al gl A TFAIA Z5E 9L protein?]
9,11 CLA®] B4 55 verda vk CLAS A4 52 WAl ALe what
8ER Aoz AT AFH A, HEH A, =B A7E 42 56, 45, 27 pgo =
NE AT, HEWA, “eeW Al o For AR ATEAR 7}

CLA 5] 7H¢ Zatsi

o] A= Aol Aol7b AAT F-E o] WMAEARAZF 9,01 CLAS

A8t Llased @A o] dttsE AL on &},

—_—

Table 23. Production of 9,11 CLA by the reaction of linoleic acid with proteins

extracted from mushroom mycelia strains

Mushroom mycelia strains 9,611 CLA (ug/4 mg protein)”
AB 56.1 + 5.4
CC 449 + 6.7°
PO 271 + 21°

Y Reaction condition: 1mg linoleic acid + 4 mg proteins (37C for 40 min).
? Means with same superscript letters in same row represent significantly at p<0.05
Duncan’s multiple range test.
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Figure 13. GC chromatograms of ¢9,t11 CLA in the samples of linoleic acid reacted
with crude proteins from mushroom strains. Reaction condition: 1mg linoleic acid + 4 mg

proteins (37°C for 40 min).
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Figure. 14. Concentration of ¢9,t11 CLA in mycelia (@ and media (@), incubated for

the various time of days.
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HK Biotech Co., LTD.
When you think CLA, think HK Biotech.

SPECIFICATION SHEET

a2
H c9t11 CLA®

Description: A liquid type of product produced from reaction of
linoleate isomerase from submerged liquid culture of
Agaricus blazei with linoleic acid such as safflower seed
oil and sunflower seed oil

Ingredients: 85% c9,t11 CLA, 9% t10,c12 CLA, 5% linoleic acid and %
others

Typical Properties:
Color Light yellow
Solubility in water Bad

Recommended daily consumption :

Depends on purpose: need to be determined
Packaging: Available in 100 mg, 500 mg and 1 g containers
Price based upon quantity ordered: Not decided

HK Biotech,, CO. LTD.
c/o BIO21 CENTER, Moonsan-Eub, Jinju-Si, Gyeongnam-Do 660-881
Korea
Tel: +82-55-762-9307 Fax:
Website: www.hkbitech.co.kr
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HK Biotech Co., LTD.
When you think CLA, think HK Biotech.

SPECIFICATION SHEET

CLA® Mushroom mycelia

Description: A powder type of product produced from submerged
liquid culture of Agaricus blazei strain in the culture
medium containing linoleic acid such as safflower seed
oil and sunflower seed oil and then freeze dried

Ingredients:  CLA (mixture of two major isomers) and other
ingredients such as beta-glucan produced from mycelial

culture
Typical Properties:
Color Light yellow
Solubility in water Partly soluble in water

hecommended daily consumption :

Depends on purpose: need to be determined

Packaging: Available in 5 gallon containers, 55 gallon drums, 275 gallon
totes and ISO tankers

~ Price based upon quantitity ordered
Not decided

HK Biotech,, CO. LTD.
c/o BIO21 CENTER, Moonsan-Eub, Jinju-Si, Gyeongnam-Do 660-881
Korea
Tel: +82-55-762-9307 Fax:
Website: www.hkbitech.co.kr
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HK Biotech Co., LTD.
When you think CLA, think HK Biotech.

SPECIFICATION SHEET
CLA® Mushroom mycelial extract

Description: A liquid type of product produced from submerged
liquid culture of Neutari strain in the culture medium
containing linoleic acid such as safflower seed oil and
sunflower seed oil

Ingredients: CLA (mixture of two major isomers) and other
ingredients such as beta-glucan produced from mycelial
culture

Typical Properties:

Color Light yellow
Viscosity@ 25C 15

Specific gravity, 20o0/20C 0.952
Solubility in water Good

Recommended daily consumption :

Depends on purpose: need to be determined

Packaging: Available in 5 gallon containers, 55 gallon drums, 275 gallon
totes and ISO tankers

+ Price based upon quantitity ordered
Not decided

HK Biotech., CO. LTD.
c/o BIO21 CENTER, Moonsan-Eub, Jinju-Si, Gyeongnam-Do 660-881
Korea
Tel: +82-55-762-9307 Fax:
Website: www.hkbitech.co.kr
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1}, Llased] A &3}
Crude Llase (F1, Figure 12)& %2 & collection?d & @334 AL A2 54
Azsle] AE3} ATt o] AFe A-$ 35 mg CLA/g proein 3% St}

HK Biotech Co., LTD.
When you think CLA, think HK Biotech.

SPECIFICATION SHEET

i
H

Crude Linolease Isomerase®

Description:  Lyophilized powder product produced from submerged
liquid culture of Agaricus blazei containing linoleic acid
such as safflower seed oil and sunflower seed oil

Ingredients:  Pale white powder lyophilized.

Typical Properties:
Color Pale white
Specific activity 35 mg CLA/g protein
Solubility in Tris buffer (0.1M, pH 7-9) Good

Packaging: Available in 100 mg and 100 mg bottles

Price based upon quantitity ordered: Not decided

HK Biotech. CO. LTD.
c/o BIO21 CENTER, Moonsan-Eub, Jinju-Si, Gyeongnam-Do 660-881
Korea
Tel: +82-55-762-9307 Fax:
Website: www.hkbitech.co.kr
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