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ABSTRACT

This study was conducted to investigate the optimum culture conditions, for mass production
of Tremella fuciformis in M9 basic medium. The strain KMCC04674, used in this study was
identified T. fuciformis by internal transcribed spacer (ITS). To define the optimum conditions
for the mass production of T. fuciformis, we investigated the effects of different culture
conditions and various nutrient sources on the fungal growth. The optimum initial pH and
temperature for the fungal growth were 5.0 and 25°C, respectively. The optimal composition
'.) ‘ of the growth medium was 4.0% mannitol, 3.0% NH,H,PO,, 1.0% malt extract, 1.0% glutamic
| acid, 5mM CaCl,, and 0.5% glucanic acid.
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s
= A|of|A= ITS F71AM Y 24 0 &2 g&o| = 1% KMCC04674(Table 1) w5 ARESIATE
7|2 Hj2]+= PDB(Potato Dextrose Broth 24g)8i ]2} M9HH X](Na,HPO, 6.6g, KH,PO, 3.34g, NaCl 0.56g,
NH,CI 1.12g, MgSO, 0.56g, CaCl, 0012g)[8]5 ©]-8-5}o] APt AT+ Wtd74 Tl
&7 /&0l HakoPA| Ago]| Agstirt.

DNA 22| % 16S rRNA |78 H7|MSe| 2H

DNA-= Quiagen Genomic DNA Isolation Kit(Quiagen, USA)S AF8-5F0] 22|51 11, PCR S22 15ng
9] genomic DNA, Z} 0.5 pmol2] primer, 200 UM dNTP, 2.5 unit2] Taq DNA polymerase, 10 mM Tris-HCl,
50 mM KCl, 1.5 mM MgCLOl 742 7F5to] 2|5 volume S 30 W= SHITE DNA 332 initial
denaturation=- 94°Col|A] 227+ AAJS1AL, denaturation 403(94°C), annealing 14(58°C), extension 15
(72°C)2.& 30 cycle HHS-A|7] 2 b}R|2k & 72°Col|A] 5827} incubation 5}21TH rDNAS] ITS P
2 ITS 1Z}HITS 4 primer{ 17}5- ©0]- 8510 S5} T} PCR AFZ-2 Wizard PCR prep kit(Promega, Madison,

Tablel. Tremella fuciformis used in this study

KMCC strain no Location of collection sites Year

04674 Jinju-si, Gyeongsangnam-do 2017

KMCC: Korean Mushroom Culture Collection, National Institute of Horticultural and Herbal Science, Rural
Development Administration, Republic of Korea
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WI, USA).C-Z A5}, sequencing B2~ BigDye terminator cycle sequencing kits(Applied Biosystems,
Forster City, CA, USA)E- ©|-&, template 40 ng, primer 3.2 pmol, Terminator ready reaction mixture 8 |L0°]] &
S 7¥5F 20 9] volume &2 243 96°C 10, 50°C 5%, 60°C 4502 25 cycle®] PCR HF3-2
Yot BRgolli= ZF2te] pCR BRgoll A3t 53t primerE: ARSI Gel 271 H 741
B o]l = ABI Prism 3100 Genetic analyzer(PE Applied Biosystem) = ©]-85}it} Z -GAM 2748 9
Clustral W 4] 2 T3l 16} AF8-519] GenBank©ll Q1= Th 714G E3t B w5 Jukes2t
Cantor]6] 52 ©]-8-5}+] evolutionary distance matrixS- 21/d5}21, MEGA 2] Neighbor-joining[7, 14] %
HE o]-&oto] A5 AIoH O™, tree] Q42 1000 ¥H5-2] bootstrap 1241 0 & ZAFSHITE

e 4>

ol
——

gl &olo] APY ol et 24 25 F35}7] 2{5to] PDA(Potato Dextrose Agar) H 2 ] o]} A
1447 HiFE BlEo] FAAE At F-74 100mIet 2315 2(13), PDBHIA] 9ml7} E B AERHE

5 15°CollA 35°C7kA] 5°C THA 0 2 27 XIS 7](180 pm)el| A 7
A7E ARt 3 108 84S o]-85to] 102 5] A5 i GFY 100l PDA HHHR] /ol =
St 2, 25°C P27 ol 787t vt #EAFE HAISH colony forming unit( CFUYmL -2

27| pHol| k2 2l &0l o] S 5 ZAKSH| 9lote] PDA R Aol A] 147 Sl =o] o
AAE At 554 100mI2t 23S, INNaOHS} INHCI 18] a1 Q1 4kehE-8-o4- S o]- 85} pH 3.0
of|A] pH 117F2] pH 1.0 ZF4 2 2 274 PDB YA[ENA] 9mi7t B7] | AEFE Jof| s9HE4] 1m| 3
Stk WSS HAIE WGHIG71(180 pm)ell Al 727F gt & 108 3]AR-S- o851 10°
v 2 5] 43t B GFH 100015 PDA B 3El 2] doll =E et 2, 25°C 28 7ol A] 787t i Fste] o
Z5AHE A5 colony forming unit(CFUYmLO-2 UERHS]ICE

gl50]9] XA FEx7S ZAI6L7] 215te], PDATHHIA| oA 1447} HiFE SlFo] FARHIE 4
100mioh £33t 2, MoE Ao A fructose 5 218, F71 84S NHYCO,S 72,

712 A2 peptone 5 7, 01| AR asparagine S 14% 12|31 57 |AR2 acetic acid 5 822 1%

A A7FHIAL, 7719 RE KA S 1332 1| mM 552 7R A [16] 9mL7F E7 B AERHA
&I AES TS AR 1(180 pm)yellA] 797 ufdet 3 108H 34

-8 o]85l0] 10° HI 2 3] AJ5H HiFl 100u1S PDA A Aol =25t 5 25°C -2 HlUY 7ol A
7U7 gl FESARE R AIEH colony forming unit CFUYmL O-2 LFERHR]TE

Sk A ZHZke] RSl iRt 2|4 5 =5 AN flstod PDATE N A|of|A] 147 <)
S50 FAKAE At T4 100mieh E5Feh 2, A Zk7ke] Ad20] 0.1%0114 40%7HA (7]
HEL 1~10mM) S =2 ZAE IR omL7F E7] HIAE S H A o] SUREH] 1) A&t A&
A1 S RN (180 pm)ellA] 787 AuieFet 5 108l 5|47 o]-g5to] 10° B = 5] AJgt uijeF
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Fig. 1. Phylogenetic relationships of T. firciformis based on internal transcribed spacer(ITS) sequences.
Numerical values on branches are the bootstrap values as percentage of bootstrap replication from 1000
replicate analysis. Bar = 0.02 genetic distance between samples.
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Fig. 2. Effect of temperature (n = 3; error bar = one standard deviation) and pH (n = 9; error bar = one
standard deviation) on the growth of T. fuciformis.

L2 2 AN S

o
A0 2 fructose 5 215-2] BHAof| w2 Sl50]2] 52 HIER] BEGHAQ] UE-2 inositol, ©]
F2 lactose, 783 =2 2 A0 Na-CMC, HIZHI/d 3972 raffinoseCll A= 712] A485H4] £
O, soluble starch®}+ B T2 mannitol©l| A1 243, 71 F0ll mannitol 7 et 2| ol A 7 =9k
CHFig. 3). Mannitol®] & E5 W45 o 8- Z7F1 L, 4.0% 7 FEuiR|ol|A] 71 4 ThFig.
4). Chang 51112 2/ 2372 maltoseol| A} A8-5-0] 7P E= B a19k= 2o 7} Q1T Chang[1]
2 E JUY AFollx] DAIA|E o] g3t Eo]| Eof|A] S Eo]o] FAMYF 0| S ZAFSHIHA
2 Agol|A = 25| 5 AR & FAPE TS AV 7| whiEol] Ae] 'Re] Aol = i 2
IS 7o 2 kit

7144902 (NH,),C0, 5 759 718 A w2 o] 8- AR A3 (NH,),HPO,

W)

[o)

w
o
o

N

a

o
1

N

o

o
I

—

a

o
|

100 +

Mycelial growth (x109 cfu/ml)

[8)]
o
1

123 456 78 91011121314151617 18 19 20 21

Carbon sources

Fig. 3. Effect of carbon sources for the growth of T. fuciformis in basal medium. 1: Fructose, 2:
Galactose, 3: Saccharose, 4: Soluble starch, 5: Inositol, 6: Glycerol, 7: Xylose, 8: Dextrose, 9: Lactose,
10: Dextrin, 11: Na-CMC, 12: Adonitol. 13: Mannitol, 14: Mannose, 15: Maltose, 16: Raffinose, 17:
Cellobiose, 18: Ethanol, 19: Salicin, 20: Glucose, 21: Arabinose (n = 21; error bar = one standard
deviation).
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Fig. 4. Effect of mannitol concentration by T. fuciformis in basal medium (n = 14; error bar = one
standard deviation).
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Fig. 5. Effect of inorganic nitrogen sources for the growth of T. fuciformis in basal medium. 1:
(NH,),G0,, 2: NH,H,PO,, 3: (NH,),HPO,, 4: NH,NO;, 5: NaNO;, 6: (NH,),SO,, 7: (NH,),C,H,0O; (n
=7, error bar = one standard deviation).
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Fig. 6. Effect of NH,H,PO, concentration by 7. firciformis in basal medium (n = 8; error bar = one
standard deviation).
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acid= Z7Fsh vl ol A o A8 71 EQ} CHFig 9). Glutamic acid®] %45+ 1.0% HoH, 1
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Fig. 7. Effect of organic nitrogen sources for the growth of T. fuciformis in basal medium. 1: Peptone, 2:
Soytone 3: Urea, 4: Casamino acid 5: Tryptone, 6: Yeast extract, 7: Malt extract (n = 7; error bar = one
standard deviation).
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Fig. 8. Effect of Malt extract concentration by T. fuciformis in basal medium (n = 8; error bar = one
standard deviation).
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=9 H(Fig. 13). Gluconic acid®] 2|25+ 0.5%% ChFig. 14). Chang 51112] 170114 succinic acidol]
A 2480|714 EQ = Baleh= 2fol £ Bt
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Fig. 9. Effect of amino acid sources for the growth of T. fuciformis in basal medium. 1: Alanine
2:Tyrosine, 3: Asparagine, 4: Methionine, 5: Proline, 6: Leucine, 7: Glutamine, 8: Valine, 9: Aspartic
acid, 10: Glutamic acid, 11: Arginine, 12: Histidine, 13: Cysteine, 14: Threonine (n = 14; etror bar = one
standard deviation)
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Fig. 10. Effect of Glutamic acid concentration by T. fiiciformis in basal medium (n = 8; error bar = one
standard deviation).
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9713829 1.0% malt extract, F-7]8 2 3.0% NH,H,PO,, O] At 1.0% glutamic acid, 771 F&
SmM CaCl,, L2] 11 3-74H 0.5% gluconic acidol| A AY5-0] 71 E4T. 2 A Aol et Ak
2| Aufx71 0 2 3ol & ujst & =St wAll4g SIS Aat, th 2] PDBENA| Lt
A7 AU} ARl F it = A vz 2/d o] AA 9] 527} Artsto] Changl1]o] Bt
C/Nratio &% 20 0} 27 E] o] o-0] A2 Ashioh= 2 Q& cll/do] Hh wabr] 25 Sl 50| AL
B Jol] 3 ON ratiool] Tt 2412} 2k7ko] of o] cheh Mu st A gS Sato] &0l 5710l
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Fig. 11. Effect of inorganic salts for the growth T. fuciformis in basal medium. 1: KCl, 2: BaCl,, 3:
CaCl,, 4: CoCl,, 5: Li,SO,, 6: MnSO, 7: MgSO,, 8: ZnSO,, 9: FeSO,, 10: AgNO;, 11: Na,MoO,, 12:
KH,PO,, 13: FeCl, (n = 13; error bar = one standard deviation).
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Fig. 12. Effect of CaCl, concentration by T. fuciformis in basal medium (n = 10; error bar = one standard
deviation).
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Fig. 13. Effect of organic acid for the growth T. fuciformis in basal medium. 1: Acetic acid, 2: Citric acid,
3: Gluconic acid, 4: Glutamic acid, 5: Lactic acid, 6: Maleic acid, 7: Propionic acid, 8: Succinic acid (n =
8; error bar = one standard deviation).
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Fig. 14. Effect of gluconic acid concentration by T. firciformis in basal medium (n = 8; error bar = one

standard deviation).

Table 2. Culture condition of 7. firciformis for the maximal production of inhibition substance

Carbon source 4.0% Mannitol
Optimal medium Inorganic N-Source 3.0% NH,H,PO,
Organic N-source 1.0% Malt extract
Amino acid 1.0% Glutamic acid
Inorgarnic salt SmM CaCl,
Organic acid 0.5% Gluconic acid
Induction temperature 25°C
Initial pH 5

The Korean Journal of Mycology 2019 Vol.47

10



Suitable conditions for mycelial culture of Tremella fuciformis

HQ
2 AolAle FAgo] dARIYE flot HAH2dS ZAEIITE SIS0l FHKMCC674) TAH]
o] tigHdol 3 51401 FLFY RS Ql5to] M9 7| =z of) EhAY fructose 5 218, 771844
(NH,),C,0,, 5 7%, 77124 peptone 5 73, 11| At asparagine 5 145, 2] 3L 774k acetic acid
S 855 A7 194 12|11, B7|AF KCI 5 1332 1 mM 52 37Isto] 21zl tigh FAK]
o] 4488 AL B Ak YRSl tish A 522 L] 9J5te] 0.1%00A4] 40%77}
A] B &]of| 7SIl vl F & 50| FAA| A =5 ARSI 1 Aa, AR S] tigul s
Q5 ASH A F AL 2% 25°C, pHS, TAY 4.0% mannitol, 571242 1.0% malt extract, 771 é‘i
2 3.0% NH,H,PO,, ©F] 'x4k 1.0% glutamic acid, F7] 7= SmM CaCl, L8] 11 5714} 0.5% gluconic
acid T

Ol

ol

ACKNOWLEDGEMENTS

This study was supported by a grant (PJ01269202) from the National Institute of Horticultural and Herbal Science,
Republic of Korea.

REFERENCES

1. Chang HY. Artificial cultivation of Tremella fuciformis Berk. using associated fungus,
Hypoxylon sp. [dissertation]. Chuncheon, Korea: Kangwon National University; 1997.

2. Cheng HH, How WC, Lu ML. Interactions of lipid metabolism and intestinal physiology with
Tremella fuciformis Berk. edible mushroom in rats fed a high cholesterol diet with or without
Nebacitin. J Agric Food Chem 2003;50:7438-43.

3. Choi SW, Chang HY, Yoon JW, Lee C. Optimization of artificial cultivation of Tremella
fuciformis in closed culture bottle. J Mushrooms 2008;6:20-6.

4. Huang NL. Cultivation of Tremella fuciformis in Fujian, China. Mushroom Newsl Trop
1982;2:2-5.

5. Huang NL. Cultivation of Tremella fuciformis in China. 1st ed. Beijing: China Agricultural
Publishing Company; 2000.

6. Jukes TH, Cantor CR. Evolution of protein molecules, Munro HN, editor. Mammalian protein
metabolism. New York: Academic Press; 1969. p. 21-132.

7. Kumar S, Stecher G, Li M, Knyaz C, Tamura K. MEGA X: Molecular evolutionary genetics
analysis across computing platforms. Mol Biol Evol 2018;35:1547-9.

8. Kwon SY, Whang K, Lee SP. Anti-inflammatory effects and GABA production of old antler
and Auricularia auricula-judae extract fermented by Lactobacillus plantarum. Korean J Food
Preserv 2017;24: 274-81.

9. Lee CJ, Moon JW, Yoo YM, Han JY, Cheong JC, Kong WS. Optimum cultivation conditions
for mass production of antagonistic bacterium Pseudomonas azotoformans HC5 effective
in antagonistic of brown blotch disease caused by Pseudomonas tolaasii. ] Mushrooms
2015;13:97-102.

10. Luo XC. Review of studies on Tremella fuciformis in China. Mycosystema 2013;32:14-9.

11. Peng WH, Wang Y, Huang ZQ, Gan BC. The Present situation of Tremella fuciformis research

The Korean Journal of Mycology 2019 Vol.47

11



Leeetal

12.

13.

14.

15.

16.

17.

and problems existed in China. Acta Edulis Fungi 2005;12

Cheung PCK. The hypocholesterolemic effect of two edible mushrooms: Auricularia auricular
(tree ear) and Tremella fuciformis (white jelly leaf) in hypocholesterolemic rats. Nutr Res
1996;16:1721-5

Ryu YH, Yoon YS, Jo WS, Park SD, Choi BS, Kim JK. Effect of liquid spawn on Flammulina
veluipes cultivation. ] Mycol 1998;26:20-4.

Saitou N, Nei M. The neighbor-joining method: a new method for reconstructing phylogenetic
trees. Mol Biol Evol 1987;4:406-25.

Stanier, RY, Palleroni, NJ, Doudoroff M. The aerobic pseudomonads: a taxonomic study.
Microbiology 1966;43:159-271.

Thompson JD, Higgins DG, Gibson TJ. Clustal W: improving the sensitivity of progressive
multiple sequence alignment through sequence weighing position-specific gap penalties and
weight matrix choice. Nucleic Acids Res 1994;11:4673-80.

White TJ, Bruns T, Lee S, Taylor J. Amplification and direct sequencing of fungal ribosomal
RNA genes for phylogenetics. In: Innis MA, Gelfand DH, Sninsky JJ, White TJ, editors. PCR
protocols: a guide to methods and applications. San Diego: Academic Press; 1990. p. 315-22.

The Korean Journal of Mycology 2019 Vol.47

12



