Jobodgbbooboboouoobooobouobobga
googobobooood

E-mail: 345485@mail.dyu.edu.tw

g

OO0 (Flammulinavelutipes) D0 DO OO0 O000OOOO0OO0ODOOCOOODOOOOODOOOOODOOOOOOOOODOOOOO
gbooobgoobooboobobooboobooboooobooboobooboboboboobooboobobo
gooobooboobobobooboobooobooooboobooboobobbobooboobooboobo
gooobooboobobooboob obooooboobooboobobooboobuooboboobOoobOoon
U000D000045950000017.52%0000147%0000099%0002136%000000000000000
ooodboOobo0oooOobooooboobooobDipPPHOOOODOOOOOImg/mLOOODOOODOO330 00O

oooobD4b02000000000001mg/mLO0D00000ODO460 000000009 O 03.000000O1

mg/mLOO000O00O0o03000000OD0OL730 DO0DOUOFTIROOOODOODOB -1,3-glycosidicC OO OOOO
goooboobobbobooboob20boboodPBMCOOODODOO7200000APBMCOOOODOO
goooboobobboboobooobooboobo0oboooboobuoo240boobooboobobbooonoT2
goooboobooboboboobooobooboobobooob0oobooboboboboooboobooboboo
oo0oob obooboboooboobobobooboyHPBMCODOODODODOODOODOODDODOODODOO.01010
Mo/mLOOO0OO024000TNFo O000D000001144pg/mLO0O 07200 TNF-a DO00024000000 0312
O645pg/mLO OO O0OOOOOOODOOOOODOOO0OOOODO0OOOTNF DO0DOOOOODOODOOOOODOO
oo oboobooboboboobooobooboboboooDoobDooboobooDbobDooboobUuoboo

gboo:0boobobobooboobooboobooboboaon
go

OCOO00OOO0ODO0ODCOimoooOgvOOoOviiOOviiDOOxiiODOOxviil.O0O 12000042100000421.10
O000000421200000000421300000005220000000062210000006222000
000722300000000822310008223200000122300000000132310000000014
23200000014233000001423400001523500000016236000001623.70000162.3.8
O000017240000173.00000183.1000001832000001933000021331000000021
33200000000021333000000000000D00021340000000000000O00002234.10
002234200000002234300000233440000002434500000002434600000000
025350000000025351000000253520000000026353DbPPHOOOOODO263.6000027
361000027362000000283.6.300000000000Human Peripheral Blood Mononuclear Cellstd HPBMC
0000283640 000000000000293.65MTTODOO293.6.60 0000 (cell viability assayd Trypan blue
exclusion)303.70 00000030380 0000000O0OFTIROODODO 31390000324.00000334100000
0000000000 033420 0000000000000 00D0ODO343000000DO0O0O0O0ODOODOO
041440000000000000000004445FTIRODOODOK846000000614700000000070
480 000000000000O0OOOHPBMCOO TNF-a DODO885.0098 0000100000 O1.1Flammulina
velutipesDO O O3 021FIP-ve0 0 0000090410000 00000 ImLOOCOOODOOOODOOO3804.2
gooUOdO3mlOd0DOOO0ODOOO0ODO390430000000mMLOO0OO0O0ODOOOOODOOOOA40
0440000000000000DOOOO0ODOODOOO4 045000000000 00DOOOODOOOODOO
OO000047046000000000C000DOOOODO480O470000000O00DOOOOODOOOODOO
000490480 0000000000000 ODPPHOOOODOOOSOO400000000000DODOOODOO
OOODPPHOOODOOOOS5104.10p -1,3-glucand FVP-10 FVP-20 FVP-30 FVP-40 FTIRO O O O6004.110 000
0000000000 O00DoOooOoooooip o/mLOHPBMCO OO 2407200 00HPBMCO OO O DO6304.120
00000000000 00DOO0OO00DooOogdolpo/mLOHPBMCOO 024072000 0HPBMCOOOOO 64
0413000000000000000C000DO0OO00O01p o/mLOHPBMCOOO240720000HPBMCOODODO
065041400 000000000000000O0OOOO0O0O10p o/mLOHPBMCOODO240720000HPBMCOO
0006604150 000000000000 000ODOOO0O0OODO100 g/mLOHPBMCO OO24072000



OHPBMCOODOO6/704160 00 0000DO0O0DO0ODOOODOO0ODO0ODOODODOOOAHPBMCODOO24000
OHPBMCOUOD OO D470 00 0D00O0DLO0OO0DOODOOODOO0ODbDOODbOODObOObOHPBMCODOO 2000
OHPBMCOOUOODOO 604180 000000000000O0000O0ODO0O0ODOODO10p ¢g/mLOKOSC-300000O
024072000 0KOSsC-30000007404190000000000000000000000DO100p g/mL
OKOSC-3Oobooo240 72000 KOSC30 00000 vsg4200 000000000000 0o0bOoobOon
00250 g/mLOKOSC30 0000024072000 0KOSC-30 00000 760421 00000000000000
OO0O000O0O000Os0ug/mLOKOSC30 00000240 720000KOsC30 00000 7704220000000
OO0O000O00000O000DbO01000p o/mLOKOSC-30 000002407200 00K0OSC-30 00000 7804.23
ob0ooboobooobooboboooooboboboobobooKeosc3ngooooa4pbooKosec3uooooogT9
042400 0000000000000000000000DO0O0OKOSC-3000b0Oo720b00KOsSC-3000Ogn
0god425000000000000OC0O0O0OCO0OOOO10p o/mMLOA-375000000240 720000 A-3750
000008104260 0000000000000 000O0O0O0O0OO0O100p g/mLOA-37500000024072000
OA-3750 000008204270 00 0000000000000 0ODO0O0OOODO250p g/mLOA-37500000024
O720000A-37550 0000083042800 000000000 0DO00OOODOOOOODOS00w g/mLOA-375000
O00240720000A-3750 0000084042900 0000000000000 DO0O0OOODOODO1000W g/mL
OA3750 000002407200 00A-3750 00000804300 000000000000 DO0ODO0DbDOOnO
OO0OA3700000024000A-3750 0000086043100 0000000000 0O0ODODO0ODOO0ODOODOO
O0OA37500000072000A37000000870432000000000000DO0OO0ODOO0.01 g/mL
OHPBMCO D240 72000 TNF-a 000009104330 0000000000000 00O0ODOO0.1p g/mLOHPBMC
O024072000TNFa OOD0O0O092043400000000000000O00001p g/mLOHPBMCO O 24072
OOO0TNFo OODO0O93043500000000000000000010p g/mLOHPBMCO 0240 720 0 O TNF-
o 000009404360 0000000000000O00O0O00100 g¢/mLOHPBMCO 024072000 TNF-a OO0
0Oooes04370000000000O0DO0O0ODOODOO0ODODO0OXHPBMCHI24000TNF0c ODODODO9 043800
oo0oobooobobobobooobooobogodPBMCOO72000TNF-a DOODOO97000 D410000000O0O
OO0O0O00000b0O0O0O(mg/mLOCO0O34042000000000000000000DOOO00O0ODOO (mg/mL)35
U430 0000000000000 0O004204400000000000D0430450000000O00O0O0ODODO
obooobooos20460000000000000000DOOOODODOS3D47D00OODODOODODO
ODPPHOOODOOSMMO480 0000000000 0ODOOOOODODPPHOOOOOS 04900000000 D0OO
gboogbogsegd4iogbooobooobooboooobooogsy

gogno

lL000C0C00OO0O0OO0OOO20040 0000000000000 11463680 200000000000000000O00O0O 20060
O00OO0O0OC0OOOOO0OOOOOOO0OODOD 164)84-880 3.0000001990000000O0O0O0O0O0O0ODO0ODO0O 15(1):79-810 4.
OO00D0OO000o0O0oOoze0 00000000000 DOO0000O000DOO0O0DOO0O0ODO 16(4):312-3150 5.0 O O O 20090
gbooooooboobobobobooooobobobob 1834400 600020080 0000000 0O0OOOOOOOODO
o000 @340 7ODoO00D00O000DOO0O0DOCO0O20030000D0000DOO00ODOO0O0ODO0OODOOOOODOOODO
O00@EO0D00O0)321)84-880 8.0 0O O 0O0DOOOOODOOOD20010000000C0O0OCOOOODOOODOO 254)0
0.000000000O0ODD2008000000000DODO0O0DOCO0ODOOOO0ODDOO (3:70-940 10.0000D0DO0O0O2002000O
0000000000000 0CO00D0O0O00OD 234):176-1780 11.000020070 00000000 Obeta-D-00O0OCOODODOO?
gboobooosouigoooooooooooboobobobbo120b0bze0sdogoobooboboboooooooDno
19(5):1145-11460 B3.00000000O0OOCOODOOCOODOO2005000000000000000O000D0OO0O 21(6):477-4800
1400020070 00000000000000000000C0O0ODO0O0O0O0O 2210:36-390 15.000000000020070 0000
O0OO0OOOOOOOOOOODOOOOD0ODOs8(10:1596-15980 16.0 00 0000000020030 0000000000000000
0000000000 00000 199):171-1730 1700 000000000DOOC0O0DOO20040000000000000O
OA37000000000000000 29(2:95-970 18.000020060 000 00000O0O0O0O0O0O0O0O0O0O0O0O0O 26(4)0 19.00
go0OOoOOoOOQO20000C00CCOCOCOOCOOCOOOOOOODODOODODODODD 3B(1)80-880 20.000C00OCOOOOODOOO
goz2000000000C00C0000C0O0C0O0O0O0O0O0O0O 122:27-310 2100020050 00 00C0O0O0O0O0OOOOOOOODOOO
00 (6:125-1280 22.000020040 000000000000 23.0002010000000000000000108(5):70-720 24.0
goQ0z2010000000O00O00O0O0O0O0OMOD 25000020010 00000000000000000000 16(1):430 26.000
gOoO0OQgz20080000C00CO00OOCOOOCOOOOOO (12039410 2700000000000 0O0O0O0ODO2008DOODOOOOO
OO00OO0O0OOOOoOOOOOOOOOOOOO 29111711740 28.0000000020100000000000O0O0ODO0O0O (3):19-22
0200000000199700000000000000000DO0O0O0OO0O0O0O 32(4)199-2010 30.000201000000000(



0)Y0OoOoO00O (150510 3.0 0000000000000 02007000000000000000000OO00O0O0O 23(3):117-1190
32.A0AC, 1995. Official methods of analysis of AOAC International 16th ed. Association of Official Analytical Chemists, Washington, D.
C.,USA. 33.Bao, H. N. D., Ochiai, Y. and Ohshima, T. 2010. Antioxidative activities of hydrophilic extracts prepared from the fruiting body and
spent culture medium of Flammulina velutipes. Bioresource Technology 101(15): 6248-6255. 34.Bohn, J. A. and BeMiller, J. N. 1995. (1 - 3)-

B -D-Glucans as biological response modifiers: a review of structure-functional activity relationships. Carbohydrate Polymers 28(1): 3-14.
35.Chang, H. H., Hsieh, K. Y., Yeh, C. H., Tu, Y. P. and Sheu, F. 2010. Oral administration of an Enoki mushroom protein FVE activates innate
and adaptive immunity and induces anti-tumor activity against murine hepatocellular carcinoma. International Immunopharmacology 10(2):
239-246. 36.Cutler, R. G. 1991. Recent progress in testing the longevity determinant and dysdifferentiation hypotheses of aging. Geromtology and
Geriatrics 12(2-3): 75-98. 37.Decker, E. A. and Welch, B. 1990. Role of ferritin as a lipid oxidation catalyst in muscle food. Food Chemistry 38(3):
674— 677. 38.Di Luzio, N. R., Williams, D. L., McNamee, R. B., Edwards, B. F. and Kitahama, A. 1979. Comparative tumor-inhibitory and
anti-bacterial activity of soluble and particulate glucan. International Journal of Cancer 24(6): 773-779. 39.Dubosta, N. J. O. B. and Beelman, R. B.
2007. Quantification of polyphenols and ergothioneine in cultivated mushrooms and correlation to total antioxidant capacity. Food Chemistry
105(2): 727-735 40.Dziezak, J. D. 1986. Preservatives:Antioxidants. Food Technology 40:94-102. 41.Fu, H. Y., Shieh, D. E. and Ho, C. T. 2002.
Antioxidant and free radical scavenging activities of edible mushrooms. Food Lipids 9(9): 35-43. 42.Fukushima, M., Ohashi, T., Fujiwara, Y.,
Sonoyama, K. and Nakano, M. 2001. Cholesterol-lowering effects of maitake (Grifola frondosa) fiber, shiitake (Lentinus edodes) fiber, and
enokitake (Flammulina velutipes) fiber in rats. Biology and Medicine 226(8): 758-765. 43.Gloeckler, R., Ohsawa, 1., Speck, D., Ledoux, C.,
Bernard, S., Zinsius, M., Villeval, D., Kisou, T., Kamogawa, K. and Lemoine, Y. 1990. Cloning and characterization of the Bacillus sphaericus
genes controlling the bioconversion of pimelate into dethiobiotin. Gene 87(1): 63-70 44.Kochnar, S. P. and Rossel, J. B. 1990. Detection, estimation
and evaluation of autoxidants in food systems. Ch.2, in food antioxidant, B. J. F. Huson (Ed.), Elsevier Applied Science, London and New York pp:
67-70. 45.Goldsby, R. A., Kindt, T. J., Osborne, B. A . and Kuby, J. 2003. Immunology 5th ed. Freeman and Company New York. 46.Halliwell,
B., Murcia, M. A,, Chirico, S. and Aruoma, O. I. 1995. Free radicals and antioxidants in food and in vivo : what they do and how they work.
Critical Reviwews Food Science and Nutrition 35(1-2): 7-20. 47.Hartley, M. R. and Lord, J. M. 2004. Gentic of ribosome-inactivating proteins.
Medicinal Chemistry 4(5): 487-92. 48.Hsieh, K. Y., Hsu, C. 1., Lin, J. Y., Tsai, C. C. and Lin, R. H. 2003. Oral administration of an
edible-mushroom-derived protein inhibits the development of food-allergic reactions in mice. Clinical and Experimental Allergy:Journal of the
British Society for Allergy and Clinical Immunology 33(11): 1595-1602. 49.Hsu, H. C., Hsu, C. I, Lin, R. H., Kao, C. L. and Lin, J. Y. 1997.
Fip-vvo, a new fungal immunomodulatory protein isolated from Volvariella volvacea. Biochemistry: 557-565. 50.1kekawa, T., Ikeda, Y., Yoshioka,
Y., Nakanishi, K., Yokoyama, E. and Yamazaki, E. 1982. Studies on antitumor polysaccharides of Flammulina velutipes (Curt. ex Fr.) Sing.1l. The
structure of EA3 and further purification of EA5. Pharmacobiodynamics 5(8): 576-81. 51.Ishikawa, N. K., Yamaji, K., Tahara, S., Fukushi, Y. and
Takahashi, K. 2000. Highly oxidized cuparene—type sesquiterpenes from a mycelial culture of Flammulina velutipes. Phytochemistry 54(5):
777-782. 52.Jeurink, P., Noguera, C., Savelkoul, H. and Wichers, H. 2008. Immunomodulatory capacity of fungal proteins on the cytokine
production of human peripheral blood mononuclear cells. International Immunopharmacology 8(8): 1124-1133. 53.Ko, J. L., Hsu, C. ., Lin, R.
H., Kao, C. L .and Lin, J. Y. 1995. A new fungal immunomodulatory protein, FIP-fve isolated from the edible mushroom, Flammulina velutipes
and its complete amino acid sequence.European Biochemical Societies Journal 228(2): 244-249. 54.Ko, J. L., Hsu, C. I., Kao, C. L. and Lin, J.
1997. Molecular cloning and expression of a fungal immunomodulatory protein, FIP-fve, from Flammulina velutipes. Formosan Medical
Association 96(7): 517-24. 55.Kraus, J., Blaschek, W., Schutz, M. and Franz, G.. 1992. Antitumor activity of cell wall beta-1,3/1,6-glucans from
Phytophthora species. Planta Medica 58(1): 39-42. 56.Lee, C. L., Yang, X. and Wan, J. M. F. 2006. The culture duration affects the
immunomodulatory and anticancer effect of polysaccharopeptide derived from Coriolus versicolor. Enzyme and Microbial Technology 38: 14-21.
57.Legdeur, M. C., Bontje, P. M., Ossenkoppele, G. J., Beelen, R. H., Van de, L. A. A,, Broekhoven, M. G., Langenhuijsen, M. M., Thijsen, S. F.,
Hofstee, H. and Schuurhuis, G. J. 1996. The role of BCL-2 and bax protein in monocyte-mediated apoptosis in human leukemic cell lines.
Experimental Hematology 24(13): 1530-1539. 58.Leung, M. Y. K., Fung, K. P. and Choy, Y. M. 1997. The isolation and characterization of an
immunomodulatory and anti-tumor polysaccharide preparation from Flammulina velutipes. Immunopharmacology 35(3): 255-263. 59.Lin, J. Y.,
Wu, H. L. and Shi, G. Y. 1975. Toxicity of the cardiotoxic protein, flammutoxin, isolated from the edible mushroom Flammunlina velutipes.
Toxicon 13(5): 323-326 60.Liu, Z., Wang, P. and Liu, Y. 1992. Studies on Bio-antioxidants. Science in China, series B 35(11): 1307-1314. 61.Liu,
Z.,Wang, L. and Liu, Y. 1991. Studies on Bio-antioxidants. Science in China, series B 34(7): 787-795. 62.Liu, Z., Han, Z. and Cheng, P. 1991.
Studies on Bio-antioxidants. Chin J Chemistry 9(2): 144-151. 63.Mackerras, D. 1995. Antioxidants and health : fruits and vegetables or
supplements. Food Australia 47(11): 1-24. 64.Matsuzaki, K., Sato, T., Enomoto, K., Yamamoto, I., Oshima, R., Hatanaka, K. I,, Uryu, T., Kaku,
H. and Sone, Y. Synthesis of water-soluble, branched polysaccharides having d-mannopyranose, d-arabinofuranose, or oligo-d-arabinofuranose
side-chains and their antitumor activity. Carbohydrate Research 157(1): 171-182 65.Ng, T. B., Chan, W. Y. and Yeung, H. W. 1992. Proteins with
abortifacient, ribosome inactivating, immunomodulatory, antitumor and anti-AIDS activities from Cucurbitaceae plants. General pharmacology
23(4): 579-90. 66.Ng, T. B. and Wang, H. 2004. Flammin and velin: new ribosome inactivating polypeptides from the mushroom Flammulina
velutipes. Peptides 25(6): 929-33. 67.Oyaizu, M. 1986. Studies on products of browning reaction: Antioxidative activities of products of browning
reaction prepared from glucosamine. Japan Journal of Nutrition 44: 307. 68.Paaventhan, P., Joseph, J. S., Seow, S. V., Vaday, S., Robinson, H.,
Chua, K. Y. and Kolatkar, P. R. 2003. A 1.7A Structure of Fve, a Member of the New Fungal Immunomodulatory Protein Family. Journal of



Molecular Biology 332(2): 461-470. 69.Pang, X., Yao, W., Yang, X., Xie, C., Liu, D., Zhang, J. and Gao, X. 2007. Purification, characterization
and biological activity on hepatocytes of a polysaccharide from Flammulina velutipes mycelium. Carbohydrate Polymers 70(3): 291-297. 70.Quang,
D. N., Hashimoto, T. and Asakawa, Y. 2006. Inedible mushrooms: a good source of biologically active substances. Chemical Record 6(2): 79-99.
71.Rincon, M., Enslen, H., Raingeaud, J., Recht, M., Zapton, T., Su, M. S. S., Penix, L. A., Davis, J. R. and Flavell, A. 1998. Interferon-gamma
expression by Th1 effector T cells mediated by the p38 MAP kinase signaling pathway. EMBO Journal 17(10): 2817— 2829. 72.Sakurai, N., Imaia,
Y. and Komatsubara, S. 1995. Instability of the mutated biotin operon plasmid in a biotin-producing mutant of Serratia Marcescens Biotechnology
43(1): 11-19. 73.Seow, S. V., Kuo, I. C., Paaventhan, P., Kolatkar, P. R. and Chua, K. Y. 2003. Crystallization and preliminary X-ray
crystallographic studies on the fungal immunomodulatory protein Fve from the golden needle mushroom (Flammulina velutipes). Biological
Crystallography 59(8): 1487-1489. 74.Shamtsyan, M., Konusova, V., Maksimova, Y., Goloshchev, A., Panchenko, A., Simbirtsev, A., Petrishchev,
N. and Denisova, N. 2004. Immunomodulating and anti-tumor action of extracts of several mushrooms. Journal of Biotechnology 113(1-3): 77-83.
75.Shimada, K., Fujikawa, K., Yahara, K. and Nakamura, T. 1992. Antioxidative properties of xanthan on the autoxidation of soybean oil in
cyclodextrin emulsion. Food Chemistry 40(6): 945-948. 76.Slater, T. F. 1987. Free radicals and tissue injury: fact and fiction. BrJ Cancer 55(8):
5-10. 77.Smith, R. A. and Baglioni, C. 1987. The active form of tumor necrosis factor is a trimer. Biological Chemistry 262(15): 6951-6954.
78.Tomita, T., Mizumachi, Y., Chong, K., Ogawa, K., Konishi, N., Sugawara., Tomita, N., Dohmae, N., Hashimoto, Y. and Takio, K. 2004.
Protein sequence analysis, cloning, and expression of flammutoxin, a pore-forming cytolysin from Flammulina velutipes. Maturation of dimeric
precursor to monomeric active form by carboxyl-terminal truncation. Biological chemistry 279(52): 54161-54172. 79.Tsuda, M. 1979. Purification
and Characterization of a Lectin from the Mushroom, Flammulina Veltipes. Biochem 86(5): 1463-1468. 80.Wang, H. and Ng, T. B. 2001.
Isolation and characterization of velutin, a novel low-molecular-weight ribosome-inactivating protein from winter mushroom (Flammulina
velutipes) fruiting bodies. Life Sciences 68(18): 2151-2158 81.Wang, H. X. and Ng, T. B. 2000. Flammulin: A novel ribosome-inactivating protein
from fruiting bodies of the winter mushroom Flammulina velutipes. Cell Biology 78(6): 699-702. 82.Wang, P. H., Hsu, C. I., Tang, S. C., Huang,
Y. L., Lin,J. Y. and Ko, J. L. 2004. Fungal immunomodulatory protein from Flammulina velutipes induces interferon-gamma production through
p38 mitogen-activated protein kinase signaling pathway. Food Chemistry 52(9): 2721-2725. 83.Wang, Y. J., Yao, S. J., Guan, Y. X., Wu, T. X. and
Kennedy, J. F. 2005. A novel process for preparation of (1 - 3)-B -D-glucan sulphate by a heterogeneous reaction and its structural elucidation
Carbohydrate Polymers 59(1): 93-99. 84.Wasser, S. 2002. Medicinal mushrooms as a source of antitumor and immunomodulating polysaccharides.
Applied Microbiology and Biotechnology 60(3): 258-274. 85.Wiley, J. 1999. Current protocols in toxicology. New York. 86.Williams, W. B.,
Cuvelier, M. E. and Berset, C. 1995. Use of a free radical method to evaluate antioxidant activity. LWT - Food Science and Technology 28(1):
25-30. 87.Yang, J. H., Lin, H. C. and Mau, J. L. 2001. Non-volatile taste components of several commercial mushrooms. Food Chemistry Food
Chemistry 72(4): 465-471. 88.Yang, J. H., Lin, H. C. and Mau, J. L. 2002. Antioxidant properties of several commercial mushrooms. Food
Chemistry 77(2): 229-235 89.Yang, Q. Y. and Zhou, Y. F. 1993. A protein bound polysaccharide-PSP. In Proceedings of PSP International
Symposium (Edited by Yang Q. Y. and Kwok C. Y.). Fundan University press. Shanghai,China 22-34. 90.Zeng, Q. 1990. The antitumor activity of
Flammulina velutipes polysaccharide (FVP), edible fungi of China. Szechuan Institute of Materia Medica 10:2-19. 91.Zhang, M., Cui, S. W.,
Cheung, P. C. K. and Wang, Q. 2007. Antitumor polysaccharides from mushrooms: a review on their isolation process, structural characteristics
and antitumor activity. Trends in Food Science & Technology 18(1): 4-19.



