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Mushroom samples
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Lentinus squarrosulus Mont.
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Anticancer and Antioxidants of Thai Mushrooms

Jongrak Attarat

'Department of Biochemistry, NU, Thailand?, E-mail-jongrukau@nu.ac.th

- Background : Reactive oxygen species are examined as major factors in many
' disggses such as inflammation, diabetes, heart disease and cancers. Those reactive
1 species are associated in carcinogenesis-induced mutation and tumor promotion.
. Antioxidant effect of some mushroom species might help for cancer preventive agents
3 Objoctivo:InThailand,therearevaﬁationofmushroomswhlcharenutritionallypragmaticfoodand

valuablemedicines. We purposedtofind correlationbetween someanticancerproteoglycansand
1 mﬁoxidanteffectsinsomeThaimushroomthatwillbeanadvantageincancerpreventionmfuture
© Methods: We used ELISA to detect PSP and PSK, active proteoglycans which can
inhibit cell proliferation in cancer cell lines. Antioxidant activity of mushroom extracts were
. determined using ammonium thiocyanate assay and DPPH assay. MTT assay was also
. conducted to check cell proliferation of cancer cell line after treatment with some mushrooms.
. Results: LowPSPandPSK levelswere foundintwocultivated mushrooms, Pleurotus flabellatus

and Pleutotus citrinopileatus Sing while they showed highest in Lentinus polychrous lev and
. Lentinus squarrosulus Mont. Percentage of inhibition onto scavenging activity by DPPH assay
= was higher thanfifty in Lentinus polychrouslev and Lentinus squarrosulus Mont. In contrasttoin
. thecultivated mushroomswere lowerthan fifty percent. Cellviability of cancercell line diminished
. significantly in treatment group with Lentinus polychrous lev and Lentinus squarrosulus.
- Conclusion: In this study mushroom samples, Lentinus polychrous lev and
" Lentinus squarrosulus Mont., presented high level in anticancer proteoglycans,
. they also showed high antioxidant activity in vitro. This prefatory result of two
mushroom samples will be effective samples for clinical trial in patients because
mushrooms are nontoxic medicines and also as functional food for human health

Key Words (3 words): anticancer, antioxidants, mushrooms
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. Department of Biochemistry, Faculty of Medical Science, Naresuan University, Phitsanulok

Protein Expression in Natural and Cultivated Lentinus

Damratsamon Surangkul®, Jongrak Attarat'

Email: rakae 19@hotmail.com'

Background: Mushrooms are recognized as good sources of food and medicinal values. In
particular, polysaccharides derivative from their cell wall have been reported to have antitumor
and antioxidant activity. There were only a few proteins such as a sialic acid binding lectin

~and laccase were reported in some mushrooms. Proteins are important to study as they have

diverse functions in the cell and are essential components involved in life activity. In addition
proteins are dynamics, some are constitutively expressed, and others are only expressed
at specific time or some condition. Se-containing proteins are another group expressed
in antioxidant and anticancer activity. So our objective of this study is characterization of
proteins which may act as antioxidant and anticancer activity in both cultivated and natural
Leqtinus mushrooms.
\

Methods: Proteins were extracted from fruiting bodies of cultivated and natural Lentinus
mushrooms in Phitsanulok province. HT-29 cells were treated with the proteins and the
viability of cells was checked by MTT assay. DPPH assay was used to check antioxidant
activity of mushroom extracts. SDS-PAGE and 2D PAGE were used to study protein profiles
of mushrooms. Se content was determined in cultivated and natural Lentinus mushroom in
Phitsanulok province by ICP-MS.

Results: From MTT assay, percentage of cell viability of HT-29 cell line showed lower in
treatment group with extract proteins from natural mushroom when compared with cultivated
mushroom proteins. Antioxidant activity of natural mushrooms extract also showed stronger
than cultivated mushrooms. Se content was 0.42 mg/kg in natural Lentinus mushroom and
lower than 0.12 mg/kg in cultivated Lentinus mushroom. From protein profiles in both SDS-
PAGE and 2D PAGE, we found different expression level of protein at molecular weight
about 35 kDa and pl = 4.

Conclusion: In this study natural Lentinus mushroom showed stronger anticancer and
antioxidant effect than cultivated Lentinus mushrooms. The good values of natural Lentinus
mushroom may derived from protein at molecular weight about 35 kDa and pl = 4 which has
ever been reported as Fungi Se-containing protein.

Keywords: Antioxidant, Antitumor. Se-containing protein
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NIUAUDINIT AIAINTIBNURRELINAIUTANLIN A15aiAAINLAA Coriolus  vesicolor i PSK
(Polysaccharide-K) @1u1sannlfgiasnsiiariasiepdunziialunszimizeains a1 nadu

wialaflengiiugtuetinaden 5 T (Parrs, 2000) WA lFAnHTRlTuI989 PSK Taainns

v 1
a

Waiun ELISA MdusuRuannnanlaanisan PSK ndannlunsesng aannimmaassnudngsnguiys

= [ % { = < ] < a r—‘l‘ 1 < o/ o d.
AlalnauaussnanndBunugeluisansisandintinduetaiuiasiuanslugli 1



Page |M

450 -
400 -
350 -
300 -
250 -
200 -
150 -

100 -

PSK (lalasnsu/fadnsulussiu)

50

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

a [~
AUANRILIA

31.]‘71 1. 15u1nuree PSK 98 krestin ‘lmﬁm‘nﬁmﬁi'm'ﬁmﬁ% ELISA(Enzyme-linked immunosorbent assay)

1. Lﬁﬂé”dﬂﬁ(Pleurotus sp. (Hungary)) 2. l‘ﬁﬂggm(P/eurotus sp. (Bhutan Oyster mushroom)) 3. MAUINUIA
(Pleurotus flabellatus), 4. Lﬁﬂunmﬁ‘nm( Pleurotus citrinopileatus Sing.) 5. Lﬁmﬂfng(PIeurotus cystidiosus
O.K. Miller), 6. iawaiia (Bloletus griseipurpureus), 7. Wialvaj(Fistulina hepatica Schaeff. Fr.), 8. wiaifui
(Canharellus cibarius Fr.), 9. 1auasa(Termitomyces fuliginosus Heim.), 10. Wiad1aen (Termitomyces
microcarpus), 11. WA (Lactarius flavidulus), 12. wanieu (Russula foetens (Pers.) Fr), 13. Lﬁmfmum
e (Russula emetia (Schaeff. ex. Fr.) Pers. ex.S.F. Gray), 14. Lﬁﬂmgﬂ"h (Russula foetens Fr.), 15. lﬁﬂﬁyul‘ﬁd
(Russula alboareolate Hongo), 16. winlpaed (Russula alboareolate Hongo), 17. MAAIN (Russula delica

Fr.), 18. anow (Lentinus edodes (Berk.) Sing), 19. A (Lentinus polychrous Lev), 20. MAUDUYIY

(Lentinus squarrosulus Mont).



Page |N

v
o

A o v I W 1 @ d ] 1 aA a @ 1 Vv
Lllf]u'll’f]']ﬁ']iﬁﬂﬂ!Wﬂﬂ\iﬂﬁTﬂ'ﬂﬂﬂﬁﬂﬂﬂﬂl“ﬁﬁﬁu%Li\i'ﬂﬂu'lﬂ‘ﬂiJ‘Wl'JVlEl'lﬂfﬁli’)ullﬂu.ﬂ'lﬂclﬁﬂ'ﬁ
Y

[

a do 1 o S o ' @ a a Jd <
ALAUDY M. AT .Iﬂ‘Wﬂ WA ‘W‘]J’]'lﬁ'lifTﬂﬂlﬁﬂﬂ\iﬂﬁ"l']’C'T'I‘JJ'ISﬂfJ‘UENﬂ"ISL%iﬂJm‘UIGI‘UENL“l)'ﬂﬁll%ﬁﬂ

aananlaananududu 1, 2 uag s mg/ml Tuui 1 2 uag 3

K100-EX1

1:10

~ 1 4 ] :I a @ < @ 1
71l 2. HAINNTUNEaANIS e AYIA K100 aremsanaminanluiui(Day) 1 2 uaz 3 JEEET)
y Jd a = 1 < 1 4 < '
AuA (control) Huemsidouwadwiia 10 FCS HAM's F12 tileanthaifen szifiuieaduziiae
dad 4oy v o ‘]d] o ¢ & e A Ao
HiaauuIgaIanNANNIUMALLUIAYT 3 U L“Ifﬁﬂll%li\illilTLl’J‘LJﬁﬂﬁﬂluﬂmﬂﬂﬂﬂﬂgﬂﬂﬂmf‘]NIﬂﬂ

wmziianududuvesdsaings 5 mg/ml (1:10 = 1 mg/ml, 1:5 = 2 mg/ml, 1:2 = 5 mg/mi)
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control PSK Winau

' ] v

d' I ) JAAAa as 1 d < 1 o A
g‘l.h'l 3. mEmﬂaamﬂmmumaammmiﬂan MTT assay NUIUFAANLLTINDUIANG ANV
kY [ Lg a a I aa 9 1 @ A~ [
AWATANANNHAANLAL PSK 2 mg/ml ll‘lJ'i111’(31!1‘116?11(15ﬂﬂ“ﬁ?ﬁuﬂﬂﬂﬂﬂm\‘l%ﬂLi]ulll’ﬂmﬂ‘l]ﬂﬂalgﬂ

AUAY (control) NUMWIZBINTIWNIZIALY 10 FCS HAM's F12

TudmvesnuauiAvesasdiueyyaddsz 1Inn1snaass lasnsnadoulszdniamlu
v [
MsIVGINIINATToYYAd s NNIIN DPPH_(2,2-diphenyl-1-picrylhydrazyl) wuinlszansninlu
nsiufumseyyadaszveuiaauaeudeguilefiousumsueyyadass WiemsiouApond

LAUNIIATFIM IM13U E Laz BHA saummwuﬂauqmwuﬂwaa“luﬂamm Lentinus spp. 1o
@ a = a  w . @ @ A
SalSiavesasTluoanimun (total phenolic compound) Tumsananaiadaaaslunswgdi

a = a ~ < =} Y1 wva dy a g
5 Usinavesiluednnuinnige lumavousuazimaauevagl ldguauiiatoudosnduaun

[ < . a 1 [ wva
YOI ANANINIAAATZNA Lentinus W9 nasHuedn se1alsnawervsziiasniiguantialunis

Q

{.l dy a & e < ' =t a < 1 a a A A d"dj Y
L ullf)u@]ﬂﬂﬂcﬂllﬂuﬂaﬁuﬂ'ﬂu11!Lﬁﬂﬂuu’]ﬂﬂ?’lﬁ'ﬁ‘Nuﬂﬁﬂiulﬂﬂant‘ﬁu3@11]1‘19'”5@“5!, UAU
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Anticancer and Antioxidant activity of Thai Mushrooms
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Background : Reactive oxygen species are
examined as major factors in many diseases such
as inflammation. diabetes. heart disease and
cancers  Those reactive species are associated in
carcinogenesis-induced  mutation  and  cancer
promotion  Antioxidant effect of some mushroom
species might help for cancer preventive agents

Objective: In Thailand.
mushrooms which are nutritionally
food and valuable medicines
check correlation between some anticancer
proteoglycans, PSP and PSK. and antioxidant
effects in some Thai mushroom that will be an
ad(\‘anmge In cancer prevention in future

pragmatic
We purposed to

Method;: We used ELISA to detect PSP and
PSK. active proteoglycans which can inhibit cell
proliferation in cancer cell lines Antioxidant
activity of mushroom extracts were determined
using ammonium thiocyanate assay and DPPH
assay MTT assay was also conducted to check
cell proliferation of cancer cell line after treatment
with some mushrooms

A PSP
=B
g°
g
s
e
2,
&%
£,
Lo
1 2 3 a4 s 6 7 8 9 10 11
mushroom species
B PSK
12
€
"E_ 10
§5
Eclom —e R -
s . B i NS ks Penl (i U
F u
. Hew ]
2 3 4 7 8 9 10 11

mushroom species

C % inhibition (Ammonium thiocyanate assay)

%0

80

70
§ e
3 so
3
R

20

10

o

1 2 3 4 s 6 70 & g Holl iy
mushroom species

D % Inhibition (DPPH assay)

100
5 80
£ o
£ a0
® 20

0

1 2 3 a 5. 1® 7 8 9 10 n
mushroom species

Fig 1\ PSP level . B PSK level. € "o mhibition of free radicals by
ammomum thiocya ¢ and D ®o mhibition of free radicals by DPPH assay
m 15 g hot water extract mlhhnmm species | Russula Joctens . 2

s havidulns, 3 Crmtomyvees mig

warpis. 8

s sqparrosulus . S8 Lentins

v 9 Pleuroms fabellatus, 10 Termutonyees tubigmosis, 11

wrmopileatis

there are vanation of

Results: From ELISA result in Fig 1A, B
showed low level of both PSP and PSK in
two cultivated mushrooms. 9. Pleurotus

Habellarus and 11 Pleutotus citrinopileatus

Sing while they showed higher in natural
mushrooms. 7 Lentinus squarrosulus and 8
Lentinus— polychrous. Percentage  of
inhibition  onto scavenging activity by
DPPH and ammonium thiocyanate assay in
FiglC. D were higher than fifty in 2
Lactarius - flavidulus. 3 Russulacmetia, 4
Termitomyces microcarpus, 5. Russula
delica, 6 Russula 7 Lentinus
squarrosulus | S Lentinus polvehrous  and
also i 10 Termitomyces  fuliginosus  The
two cultivated mushrooms and only one
natural mushroom: | Russula  foctens I
were lower In Fig 2 data represented that
cell viability of cancer cell line were
dimimished significantly in treatment group
with  Lentinus  polvchrous  and — Lentinus
squarrosulus as similar in treatment group
with positive control.commercial PSP and
PSK

foetens,

Lameomas poschron porene poane

&

Fig 2 Percentage of HT 29 viability using MTT assay in treatment groups PBS
(control). Lentinus sq. Lentinus PSP and
commercial PSK respectively

Conclusion and Discussion: In this study
mushroom samples. Lentinus polychrous  and
Lentinus squarrosulus . showed high level in
anticancer proteoglycans, they also showed high
antioxidant activity i virro. Almost of all natural
mushroom species n this study have higher level

of antitumor proteoglycans and antioxidant
activity than natural mushrooms. except in
Russula — foetens.  however we need more

mushroom species to venify this prefatory result.
Absolutely, in future we purpose to try in clinical
test because edible mushrooms are nontoxic
medicines and normally also use as functional
food for human health
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Expression of Proteins in Natural and Cultivated Lentinus Mushrooms
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Background : Mushrooms are recognized as good sources of food
and medicinal values. In particular, polysaccharides derivative from
their cell wall have been reported to have antitumor and antioxidant
activity. There were only a few proteins such as a sialic acid binding
lectin and laccase were reported in some mushrooms. Proteins are
important to study as they have diverse functions in the cell and are
essential components involved in life activity. In addition proteins are
dynamics, some are constitutively expressed, and others are only
expressed at specific time or some condition. Se-containing proteins
are another group expressed in antioxidant and anticancer activity. So
our objective of this s&ud\ is characterization of proteins which may
act as antioxidant and anticancer activity in both cultivated and
natural Lentinus mushrooms.

Methods: Proteins were extracted from fruiting bodies of
cultivated and natural Lentinus mushrooms in Phitsanulok
province. HT-29 cells were treated with the proteins and the
viability of cells was checked by MTT assay. DPPH assay was used
to check antioxidant activity of mushroom extracts. SDS-PAGE and
2D PAGE were used to study protein profiles of mushrooms. Se
content was determined in cultivated and natural Lentinus
mushroom in Phitsanulok province by ICP-MS.

Results: From MTT assay, percentage of cell viability of HT-29 cell line
showed lower in treatment group with extract proteins from natural
mushroom when compared with cultivated mushroom proteins as shown
in Fig.1. Antioxidant activity of natural mushrooms extract also showed
stronger than cultivated mushrooms by ICg, value in table 1, this resultis
correlated with Se content as presented in table 2. Se content was 0.42
mg/kg in natural Lentinus mushroom and lower than 0.12 mg/kg in
cultivated Lentinus mushroom. From protein profiles in both SDS-
PAGE and 2D PAGE in Fig. 2 and 3, we found different expression level
of protein at molecular weight about 35 kDa and pl = 4.

c
b I

Control Natural mushrooms  Cultivated mushrooms

%Survival

Fig.1 Percentage of survival HT 29 cell line after treatment with
natural ultivated Lentinus mushrooms. Each valwe bk
expressed Mandard deviation (n=3). Samples
Tenrieuted with difbetest Ietiers (b wud 0) oty Ugnicansty
different (p=0.0%) from cach other including the control (a).

Table 15 1C,q values of methanolic extracts from natural and culth ated
Lentinus mushrooms and positive controls (BHA. u-tocopherol) by
DPPH assay (0 = 3)

IC  amg/mi)

0.09
04
10

BHA = buthylated hydroryanisol

Table 2 : Selenium(Se) content in dried mushroom by ICP-MS method (n=3)

Se content (Ing/kg)

Slmplu
Natural muhmm 0.42
Cultivated mushrooms 0.12

Se contalning p

Fig. 2: 15%SDS-PAGE  of fruiting body in natural (3.4) and
cultivated (1.2) Lentinus mushrooms.

15
separated proteins u.n..d mn. mllnm-l CBB G-250.

Conclusion : In this study natural Lentinus mushroom showed stronger
anticancer and antioxidant effect than cultivated Lentinus mushrooms.
The good values of natural Lentinus mushroom may derived from protein
at molecular weight about 35 kDa and pl = 4 which has ever been
reported as Fungi Se-containing protein.

Acknowledement: The authors would like to thank Faculty of
Medical Science and Naresuan University for providing a
research grant and for the use of laboratory facilities to carry
out this research.
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