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ABSTRACT

Calocybe indica is an edible mushroom commercially cultivated in India and other
tropical countries. In this study, the culture characteristics and optimal conditions of milky
mushroom strains were determined. The growth temperature and pH range of milky

'.) mushrooms was extensively investigated between 15-35 °C and pH 3-11. For efficient
T cultivation, 20 types of nutrient sources were selected that consisted of one of 21 types of
updates

carbon sources, 6 organic nitrogen sources, 6 inorganic nitrogen sources, 13 amino acids, 6
organic acids and 12 inorganic salts. The impact of each of the selected nutrition sources
and their concentration on growth was investigated. The optimum pH and temperature were
determined to be pH 6.0 and 15 °C, respectively. The optimum concentration of medium
elements for the mycelial growth of C. indica was determined to be as follows: carbon source,
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ME
Calocybe indica (Prukay. & A. Chandra)y= F2H A7 FEHAE

Sh= 1124 o MAlolth1]. C. indicats 1974 1= OHH A5 HaEglon A5 Uiu He
71:20] 25°CellA] 35°C Ato] &5t Aofl W o) | FA]Ho]
SHH2,3]. AHA A= FEolA ™ FEMo] 27]+= 10-15 em, FAI= B 7HA| B 3540 gQEEE
Abs HiAol| BRI 0 F7]= 4~6 X 3.54 umO|TH3,4]. ©] H{Alo] APPsh= Q1 ke 2| o)A
+ ‘Kuduk’ T=+= ‘Dudhichhata’ (mlik white umbrella) ]2+ E-2]™ ‘Milky white mushroom’, ‘White
summer mushroom’, ‘Milky mushroom’ 5 TFsHA| &2 THS,6,7]. C. indica= 1997\ Krishnamoorthy
of] oJato] 2|5 AuRio] AvfE]o] EAZ 0 2 YA S o] 85 Ak 71&-S BEStel] A&
[4,5]. C. indicats BY7H7}H ol =2 v{A 0 2 A% WAl 100 g 715 TR 21.4%, | 4.9%, A
1 12.9%, B2 13.1% B pshE 48.5%S 3L QlrHe,8] HEok 712 W E 100 kg B AlATH]
A oF 140 kg AJAH 4= 9l o A7 o] f4=5}0] FEo|eh= o] A% Foll 24, vHd 5 4
Al AR =] A] ob=th= R o] B2 HAlo|tH4,9,10]. 20001 R AfulRg o] A7 of=f B4, U
A 55 7|AE3C indica] Al 2 £E A5 B A= MY o chFgakS 95t FA
iﬂ—J AY2] 5k wljFA E/doll et A= vl &5k A oloh mheha] 2 A= C indica2] EAMY

814 57 U AR Bl 9 AFAA| ] o QP8 AkS: SI9t AL 2wl RS St 2

B oo AR H #FE 525 2P EZ TS HAlZ} KMCC (Korean Mushroom
Culture Collection, Eumseong 27709, Korea)ol| 4] =& &1 C. indica w5 KMCC049655 £ BHo}
AT Aol ARS-H w5+= PDA (Potato Dextrose Agarydoll &350 & B el 2 30°C
G270l A vl 2 33] o] AlHE A A & Aol AR5t

Genomic DNA ==

S22 E] Genomic DNA% FZ3517] 9l5to] PDA o vl 7] /ol o] 2] BiFE FAAIE A
6}@] A} 52 ARG AARIE FA 0SS 100 ugS 1.5 mL test tube®] 57|31
2432200 mM Tris-HCI, pH 8.0; 200 mM NaCl; 25 mM EDTA; 0.5% SDS) 650 uL2} Proteimase
K (20 mg'mL")yE 7}5to] buffere} HASHA| Aof 65°CollA] 1A17F FF BHS5HITE. ¥hE- &
Chloroform : isoamylalcohol (24:1)2 1 23H3H 2 12,000 ppmol|A] 1527F YA R 2]stelct A
2] TSNS Al FEO| &7 0.7 volume?] isopropanolS & 715kl 20°Coll A 1027 2] &
12,000 pmOl|A] 527t LAl 22]5to] DNAS HZ5HITE 70% ethanol = DNA &2 A5}
o] XF 7423+ Z TE buffer (10mM Tris-HCI pH 8.0; 1 mM EDTA) 50 Lol 2315t} RNase (10
mg'mL") 2 ULE g o] 37°CollA] 302 2] 2]5}o] RNAS A 713t £ template DNA 2 ARE-51I T

o
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ITS (intermal transcribed spacers) rDNA E7|AME 24

FZ3% DNAE FHZ ITS 1 (5-TCCGTAGGTGAACCTGCGG-3")¥} ITS 4
(5-TCCTCCGCTTATTGATATATGC-3') primerS- ©]-8-5}0] polymerase chain reaction (PCR) £41-S-
534513 E} ITS A71ME A2 79 Zle-27oll ol ARgE= RH 2 2(11] C. indica
9] TH& FAISHIAL =385}t PCR 33 2712 DNA B4 94°C 442, 94°C 1-2, annealing 55°C
12, %f\é 72°C 28, 35 cycle AA| & 2|5 DMA $4d 72°C 10202381t} S2H A2 1.5%
agarose gelol|l A 71955 & UV lampE S5l ¥ 3 PCR clean-up gel extraction kit (Macherey—
nagel Co., Duren, Germamy )& AF2-5}%] PCR AHE-2- JA|51 T} A PCR productE- Genotech
(Daejeon, Korea)Atol| 2]& 5t G714 F BA5HQIH £A435F 7]A4 B2 MEGA X program
(Molecular Evolutionary Genetics Analysis, https:/www.megasoftware.net/y2 ©]-8-5+%] Neighbor-
joining ' 2 2[12] AlS4E A5l om, Ale42] 2k 5ol Tzt 42| == bootstrap 10001
oto] ZA5H3Ac

FALe] 24 2r2 1ws}7] 9Jsto] AUk PDAHNR] Abol| ZAIZEE 5 mm cork borerS O]
8311 A }oq L e

AN At &7] pH ME

27] pHoll W2 C. indica®) Y8 FEE ZAFSE7] 95141 1 N NaOHEH | N HCIZ ©]-8310] pH

3,004 pH 11.0 7}] pH 1.0 722 2 PDB (potato dextrose broth)S- /d ST} test tube 4301l 9 mL
2] k7 3704 E3Esto] 121°C 3047 Bt AR H 14U3t i)t C indica FARA] ATEHRE-EZ S

mm cork borer S 0|-8510] 52:7H4) 2519t WY1 S o] 85ho] 30°ColA 273k vietat
of FAE 475}e] BAI1E Zaieict

SA FF2] FAF ASA] A eS| 91sto] 1 L 7]E M9 (Na,HPO, 6.6 g,
KH,PO, 3.34 g, NaCl 0.56 g, NH,CI 1.12 g, MgSO0, 0.56 g, CaCl, 0.012 g) HiA| & 7|5t v A & 7| %
%] 25}0] T, o] G, T 5 adonitolS 35 2 21F €AY S 1%7} H =2 ZA5HY
T}, PDA /ol vt o5 /ﬂ% 15 5 mm cork borerg ©]-8-5t0] A shof vl 2] SFEE FA|

o WEsHch 712 A phe EU5HA 6,022 WHH o] 7oA 1427 o ufste] 2
AP S S5 52U THA 0 & ZARSITE AElE B2 XA A S 205 5] 9

S|

—

The Korean Journal of Mycology 2020 Vol.48

275



Min et al.

A HE £ R R7IEA0 MY

gl A 3Pt Fdsht Al BadlS 24 558 pH 602 sto] 7| 2eix| =
(NH,),C;0, & 771349 738, malt extract 5 771349 7352 2 1% 52 ZASHAH: 2
Bi2]ol C. indica wAFE SAIO) HESHAL 9] Azt FA YU OB dA S A g ZARI
on AelE 7] B F71dade 2w 222 AAsk] flote] s AdE AAlE
o
A HHE Xg ofnic bt M

At Eadd 5L 57), 77184 2A s 2 2 ZokE HiZ)E pH 6,02 175t0] 7] 2]
2 alanine & OFI At 1455 7} 1%2] 52 2 H7Fsto] ¥R S ZASIAT. obn] et ATHA] 9}
APSH EUT TR OZ A S ZALE AAIBIL o, ARl opn]iedhe 24 vl 27

71kl M

57), §7] 84805} ot ieAte] 27 SEdlz T A S 9ok o] 5

=2uv Z X
Ask Rl 0 2 1 ASE 8l R] o] acetic acid S -F-7]4F 720 ZFH2} 0.1%7F 2§ B =2 ZA513 T
MElE Q74 5 AT S 21859 o AL S Agl2 9] Ad 53t 5 UsHA| AAsH

A9 B §7], 2] 94T ol §7140] H2 SEds Tl X 17
ZE X AHd

O 2 AgNO,Z EFH 719 F 1352 1 mM 52 A5t F7|d7E Adsigich A &
A B2 Y57 Q5te] S A Xl on FAMAS £ 52 9 AYET =Y

a7l AAlsigict,

= A3 + EZ W (standard deviation, SD)Z UEP Q1 0™ 35] HHEL A A]
sttt ZF Algl o] BA1 -f-2]4d 77-2 SAS 9.4 software (statisitical analysis system; SAS Institue,
Cary, NC, USA) ©]-&5}9] Duncan’s multiple testS- 531 3-2]4d(p<0.05)S 75531 ch AEh)A] &

2]/d #}o]of| Q1o A<= Student’s t-testS- ©]-8-5} paired t-testoF 1L -7-2] 43 (p<0.05)2 #S3+Tt.
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21 % oF
ITS rDNA E7IM 20 2ot EXPAESHY S

5ol thotITS Y7 | MBS EAIH A} 730 bp] SZAE-S- A1 0™ NCBI (National Center
for Biotechnology Information) X0l 5-55|0] o= S5 A5/ vlalste] 2435 Z2utE
Fig 19 LFEFA AT GenBankoll BLASTSF 21} KMCC04965 (GenBank accession no. MT636315)
£ ol B} cbel503 (GenBank accession no. MH327512)2F 99.6% (512/514 bp) 542 H AT},
Macrocybe gigantea (Gene Bank accession no. KJ463731)2} 92.0% (555/604 bp), Tricholoma giganteum
(Gene Bank accession no. IN006792)2} 92.2% (560/607 bp) 3532 EITh. Macrocybe gigantea,
Tricholoma giganteum= %=, 1=, U & ofAlo} 1 7}ol| A M= tiad Al 2. 2[13] C.
indica®F A7 FABA Q= A2 RIS 4= AT SRR P Al Fof| Hohut 7 = 2
A== E440] e C. indica oF ThEA| tiFThE e 2 EAYSH= Macrocybe £-2 FES} 5L Al
EjE}4 © & Tricholomataceael] £517| Wiit-oll kA AAE Autet iy eksiict. C indicas
I 5FSH= Macrocybe 2 Tricholoma= #7514 912 9 Algol #edsto] 25 A7t o agh

9 | Macrocybe gigantea isolate (MG867660)

! Tricholoma giganteum (EU051917)
[ Calocybe indica (KP886806)

100 L KMCCo4965 (MT636315)

Ganoderma lucidum (MH873099)

0.5

Fig. 1. Phylogenetic relationship of Calocybe indica based on intermal transcribed spacer (ITS) tDNA
sequences. Number on branch is bootstrap values of 1,000 replicate analysis. Scale bar means the genetic
distance between samples.

2% Y pHO| 12 FAL WS SY Y 2
C. indica®) T Y-S AA 22 gHol5}7] 9)5te] 15°CollA] 35°C7HA] 2-3°C ZFA o &2 st

|
Al /d7gsto] el 202 wigstlon 2UtA 0 2 ARSI 1L A1} 25°C 7HA] 4§50
2z 31 o1} 28°C FE] A-0] A2l FAetl om 32°C o) ol = A& Ast E= 212 &
Q15T C. indical) XA %= 30-32°CE &1 UTHFig. 2). pH AL 23} C. indica2 pH 34
W2 A oA Ago] A 251 o pH 6,004 7P W st =11 sk on pH 9 o)) H
El= wARe] A50] ZHashe 21 2led 4= QLT o]2{&h AH= Subbiah 5{4]°] 30°C ¢l
A C. indica®) A5-0] 71 ZQkth= B 19} Phutela?} Phutela[14])7} pH 6.091A4] 3431 TAHYEE
Hlthe= Bk Aotk
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Fig. 2. Effect of temperatures and pHs on the growth of Calocybe indica. Each graphs show mean +
SEM of at least 3 independent experiments performed. (A) Effect of temperatures on the growth of C.
indica, (B) Effect of pHs on the growth of C. indica.

ERARIO] Muloj| (2 FAF s W T

cH291 0 2 adonitol 5 2129] 4ol W C indica®] FAF S Z1HE Fig. 301l YERA
ot R 2RE 22 599 HdR xyloseoll A 1447 Bl g S ™ 39 mmE 7P S0 2%
S} A 2 2159] BE Ao A B 553-66.5 mmE AJ8-0] F2 Hol oLt HAke] Y
T7h ko] sAl Az op 2 A 0] oehe] A 2191 Sl o] maltoseRl| Al 7HE B/ sH3ATt
A &Y 02 AU maltoseE /22 5= Z X2]sto] AJE3H A2} maltose 2%°114 C,
indica®] wAF W=7} X[ Uskal /Rt Ze Rleh 4= AU ThFig. 9A). 0]215 B¥}= Subbiah 5
[41°] Xyloseoll A AF 7ol 71 Edthe Halehs ohe Ak itk

an
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Carbon sources

Fig. 3. Effect of carbon sources for the growth of Calocybe indica in basal medium. 1, adonitol; 2,
arabinose; 3, cellobiose; 4, dextrin; 5, dextrose; 6, ethanol; 7, fructose; 8, galactose; 9, glucose; 10,
glycerol; 11, inositol; 12, lactose; 13, maltose; 14, mannitol; 15, mannose; 16, Na-CMC; 17, raffinose;
18, salixine; 19, soluble starch; 20, sucrose; 21, xylose. The results are obtained from three replications.
Different letters are significantly different by Duncan’s multiple range test (p<0.05).

FIIELH A RI7IRL S| M| K2 AL UK L L

p =}
40

il

S| AAYL malt extracts E3}F5t0] 720] w2 FA} Qo] n|x]= HEFS AN ATtE
Fig. 4] YERARICE 1 7:'3'—]' urea®l| A= A4 SHA| R yeast extractoll A 69.0 mmE 7HY A8
o] L4513 P B2 HABYUTE TAHFG2] 24 HEE yeast extract 1% FIE| YL
1 oJAF -7} A] AS0] 15}5]& 712 8015193 ChFig, 9B). 7] A A% (NH,),C,0, 5 750l u}2
C. indica TAt 4388 ZAVeH A3HE Fig. 501 LFERAZIEE NHNO, 2+ NaNO,Z A 9J3H 2= 212
FollA] AJg-0] A 23T 2] A R/ - A 0 2= NaNO, 7H AEHE] 901 55 = .19%001 A4 7}
% B/35HthFig. 9C). Phutela®} Phutela[10]2 C. indica 7AF+ H AU yeast extractol| A 71 2
Astths Aaket |53l

b b
- I I c
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Fig. 4. Effect of organic nitrogen sources for the growth of Calocybe indica in basal medium. 1,
casamino acid; 2, malt extract; 3, peptone; 4, soytone; 5, tryptone; 6, urea; 7, yeast extract. The results are
obtained from three replications. Different letters are significantly different by Duncan’s multiple range
test (p<0.05).
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Mycelial growth (mm)/14day

6 a

o a
0] ° b ;

- ] d i Cb I

Inorganic nitrogen sources

Fig. 5. Effect of inorganic nitrogen sources for the growth of Calocybe indica in basal medium. 1,
(NH4)2C204; 2, (NH4)2HPOs; 3, (NH4)2S04; 4, (NH4)H2POs; 5, C4H12N206; 6, NaNOs; 7, NHaNO:s.
The results are obtained from three replications. Different letters are significantly different by Duncan’s
multiple range test (p<0.05).

ofO[tc 2t Mietoj| (HE AL M U 2

ohu] At alanine S E &S 1350 thet AJ8-2AL 21} arginine, histidine, tyrosine, proline %7+
Hj 2| of|A] &= AY-5-o] 2 23} THFig. 6). asparagine 7} BiA|ol|A 71 AJ8-0] L4519 o
asparagine 2|2} 5= 0.7%3ChFig. 9D). L o/ A7t A] wAle] AJg-o] eHukshA] WopA|ch

2% 0)’& M7t A Ao AxsiA|= A eld 4= A3k

=

Mycelial growth (mm)/14day

Amino acid sources

Fig. 6. Effect of amino acid sources for the growth of Calocybe indica in basal medium. 1, alanine;
2, arginine; 3, asparagine; 4, asparatic acid; 5, cysteine; 6, glutamic acid; 7, glutamine; 8, histidine; 9,
leucine; 10, methionine; 11, proline; 12, threonine; 13, tyrosine; 14, valine. The results are obtained from
three replications. Different letters are significantly different by Duncan’s multiple range test (p<0.05).
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|71 Ml e AL d] Y HE

871~k acetic acid 5 820 WE C. indica TAF S-S ZAGHZA 3 2
S HI7F a5ttt 85 BARAAl fou]gh Zol = Yo A SA WL 7Y =
™ Gt Ak 7714 T3 72 EAARR] acetic acid %I THFig. 7). Acetic acid®] 24 =&
0.07%=2 7P G112 0|1 O H(Fig. 9E), acetic acid 0.1% ©)4F H7HA] AL AJ8-0] F25HA A=
A= A2 ERlsHIT.

a
a
a a a
64.0 -
a a

620
60.0

580

5 6

3} G714 8% B A D A
O

1

1

Mycelial growth (mm)/14day

w

C

(]
1

Organic acid sources

Fig. 7. Effect of organic acid sources for the growth of Calocybe indica in basal medium. 1, acetic acid; 2,
citric acid; 3, glutamic acid; 4, lactic acid; 5, maleic acid; 6, propionic acid; 7, succinic acid. The results
are obtained from three replications. Different letters are significantly different by Duncan’s multiple
range test (p<0.05).

FIIERe Mo 2 AL Mg AU HE

B Y72 E AgNO,Z Z35H 1320 W2 C. indica TA 8-S AT A3} B2 HelAhE
F(Na,Mo0,), FAFE(LiSO,), ZAH(AgNO,), F8FFHHE(CoCly) OlIME C. indica©] 712] Y-
SFA] ol thFig. 8). A 1HEMgS0,), FAFETHMnSO,)0lA = B 48 &= 65mmE
7V /35 oW AP MnS0,)0ll A 24 0] 90 H 5= 0.7mMo| Y Th(Fig. 9F).

C. indica2)] V™ FAH| WSS 9I8t 3% X2 g

C. indica®] HY AR FAMA &2 gt 224 v 2] A AI}HE Table. 19 HEFHSITE C.
indica®] |7 BjYF &= 30+2°C.2H, pHE 6.0 OllA AJ8-0] 7P L5t =5t eAag
2 maltose 2%, 77|24 yeast extract 1%, F7]2 A NaNO; 0.1%, OFF] 1A asparagine 0.7%,
MnSO, 0.7 mMo| #|& A&x710]} o MYNAZHLL HH5t3lt. o] Z3k= PDA BIFA] 10
Azto] 67.2 mm AYL3H= HHH MYNAE 74.0 mmE St 6.7 mm2] A8 £E7} 2po| 7} o
PDA | 2] 9] HjF7| 7+t H] W3S w 10.5% T=dh= 37} ]It o] = pgt 0.03892 72
A Q= 2ol 2 eI thFig. 10). EE3F MYNA AbollA] C. indica FAHAS] AJS-2 A8 7+ Bz}
A7 EAYERA] L FAsHA| RSk S gl

ok
by
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Mineral sources

Fig. 8. Effect of inorganic salts sources for the growth of Calocybe indica in basal medium. 1, AgNOs; 2,
BaCl; 3, CaCl; 4, CoClz; 5, FeCls; 6, FeSOs; 7, KCI; 8, KH2POs; 9, LiSOs; 10, MgSOs; 11, MnSOs; 12,
Na:MoOs; 13, ZnSOs. The results are obtained from three replications. Different letters are significantly

different by Duncan’s multiple range test (p<0.05).
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Fig. 9. Effect of nutritional sources concentration for the growth of Calocybe indica in basal medium. (A)
Maltose, (B) yeast extract, (C) NaNOs, (D) asparagine, (E) acetic acid, (F) MgSOa.
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Mycelial growth (mm)/14day

A

Fig. 10. Effect of optimal conditions MYNA media for the Calocybe indica. The marker (*) at each
concentration indicates significant difference between the PDA(Potato Dextrose Agar) media and
MYNA media by t-test (p<0.05).

Table 1. Culture codition of Calocybe indica for the optimal conditions.

Optimal culture condition

Induction temperature 30-32°C
Intial pH 6.0
Carbon source 2% Maltose
Organic N-source 1% Yeast extract
Inorganic N- source 0.1% NaNO3
Amino acid 0.7% Asparagine
Organic acid 0.07% Acetic acid
Inorganic salts 0.7 mM MnSO,
xQ
& AFAE= C. indica AHEA|Q] QYA QI T4t 7]Rto] Bl 4291 FARA] AJats
15t 2 H|EE 7S 78 SFIASC. C indica FAMRIS) B H B SIT 72 2 )
oF Qo

F 2 30-32°C, pH 6.0, BF4 maltose 2%, 7712 A yeast extract 1%, 5712 4 NaNO; 0.1%,
o] 2= At asparagine 0.7%, 77| At acetic acid 0.1%, 7195 MnSO, 0.7 mM7}+ 2|2} =271 o]}
th A 20l MYNAR 2t C. indica®] |4 Bl A]= 7|&2] PDA HIA| ot wtARe] 2370 s}
1, PDA HIA| 9] v 7| 7k v 51938 wf 10.5% THESH= E37F AUt MYNA B A& 23 C.
indica®] Zjufoll 'd2] &8 4= & A o= T,
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