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ABSTRACT

Artomyces microspora is a genus of coral fungi from the family Auriscalpiaceae that have
sporophores which are clavarioid, profusely and pyxidately branched, and devoid of a
conspicuous stipe. These fungi can be found in summer and fall. This study aimed to
decipher fundamental information regarding optimal growth conditions of Artomyces

'.) microsporus mycelia, including pH, temperature, carbon sources, and nitrogen sources.
el Based on the assessment of colony diameter and mycelial density, the optimal culture
updates

medium, temperature, and pH for mycelial growth were found to be PDA, 25 °C, and pH 5.0,
respectively. Furthermore, the study revealed that the optimal carbon and nitrogen sources
for mycelial growth were 1% soluble starch and 2% malt extract, respectively. The other

PISSN : 0253-651X suitable inorganic nitrogen sources were deemed to be 0.1% NH,H,PO, and 0.1% aspartic
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T+ 25 E Genomic DNAS FZ517] 9l5t0] PDA 3 HI| 2] Aol B #AAE 4715}
o] 3AZXAIIE 52 x2S FAE FA| vl 3 100 pge 1.5 mL test tube©l] &7121 3

2+=9H(200 mM Tris-HCI, pH 8.0; 200 mM NaCl; 25 mM EDTA; 0.5% SDS) 650 UL} Proteimase
(20 mg'mL")E 3d7F5ko] bufferet HASHA| 410 65°CollA] 1A]7F &< vRg-aHict BHS- &
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Intermal transcribed spacers (ITS) rDNA E7|ME 24

FZ3%F DNAE F212 ITS 1 (5-TCCGTAGGTGAACCTGCGG-3")T} ITS 4
(5'-TCCTCCGCTTATTGATATATGC-3) primerS- ©]-8-5}07 polymerase chain reaction (PCR) 4]
Z 35t Th ITS F7 1M Y BAHE o720 AlS-=E7oll Bol ARS== W 0 2 KN00165
ZHS BAG A} £38519TH7] . PCR 22 2742 DNA HA] 94°C 45, 94°C 12, annealing
°C 18, T4 72°C 22, 35 cycle A A & 2Z DNA T 72°C 10222 3|t SXH AME
£ 1.5% agarose gelol|A] 217|953 & UV lampS 53l 22 F PCR clean-up gel extraction kit
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(Macherey-nagel Co., Duren, Germamy)S AF-8-5}0] PCR AHE-2 A5+t JA1E PCR product
£ Genotech (Daejeon, Korea) Atoll 2J2|5t0] 7|Ad 2451 EASH F 7|4 E2 MEGA
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Aok ZF AY o] SAA fo/d T2 SAS 9.4 software (statisitical analysis system; SAS
Institue, Cary, NC, USA) ©]-8-5}%4 Duncan’s multiple testS E3l -7-2]4d (p<0.05)= 755} et At
HiZ] -f-2]Ad Z}olof| Qloj A= Student’s t-testS- ©]-8-5107 paired t-test SFH 1L -F-2] 4 (p<0.05)2 A
Stk
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ITS F7IMEof| 2lst XSS SH

0] thSHITS F71M LS A4S 21727 bpo] SF AFE-S U321 NCBI (National Center
for Biotechnology Information) A H0l| 5-55]0] Qli= TE1} 43-5/dS Hlaste] 2ASH 2dit&
Fig. 19 tFERA AT GenBankol] BLAST 3+ Z ¥} KN00165 (GenBank accession no. MW647518)=
71% e B o] F3 (GenBank accession no. AF336137)2} 99.3% (646/649 bp) 5442 HY
T}, B AL pyxidatus £} 86%2] TS ZATA) = A I 4= A= FALATE A
o]7} Q1o AA| of¥oll A A. pyxidatus2} A. microsporust= BENZ Q2 vl FAlSto] 25}
7} o}t 1991 Qiu-xin & Ronaldol] &4 A. pyxidatus@} A. microsporus= X HI %S E5f =
213t x| A& Eelsto] ThE £ S =51 2 [9], 1947 Dotye] A2} A. pyxidatus2} A.
microsporus S ZEAF2] F7]0f| w2t E551Th A, pyxidatus®] ZA}L] 3 7]+= 4-5X2.5 umO| ™, A.
microsporus®] EAFS] 7] 3.0-3.8X2.1-2.9 umE A. pyxidatus2] EA}Q] 2717} M2 Zo] Pt
12 pm AE I, 2 g o]} subglobose FENS] EA}QI Z1 0 2 LFERL} A, microsporus 38T
Ang A ;2L 7] 2 F Fo] Fo] 7FssitH10].
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LT716081 Artomyces microspores
100 | AF336137 Artomyces microspora
| MWE47518 KNOO165
[— KM373237 Artomyces pyxidatus
100 L AF336143 Artomyces pyxidatus
AF454422 Artomyces cristatus

- NR157131 Artomyces nothofagi
e ’ GQ411509 Artomyces candelabrus
50

AF454402 Artomyces turgidus

o

| —
0.01

Fig. 1. Phylogenetic relationships of A. microsporus based on intermal transcribed spacers (ITS) region
sequences. Number on branch is bootstrap values 1,000 replicate analysis. genetic distance between
samples. Bar=0.01 (Blue color font : A. microsporus strain used in the study accession no. MW647518).

HiX] Z50ll (2 A. microsporus AL Mg EM
A. microsporus®] TAF 5 A7 B A S EQl5}7] 9I5k] YM, MCM, PDA, MEM, MMM £ ©|
g3} 25°Coll A 2 7HA 0 2 2Rt Ak (Fig. 2)°0l LFERARICE L A} uioF 202 PDA 7
A 84-0] 50 mmE 71 MEEom] MCM, YM, MMM, MEM %:0] 9.0 thZ70 2 PDAS Al

shgich

MEM MMM MCM

Fig. 2. Effect of medium composition on the growth of A. microsporus. Each graphs show mean+SEM
of at least 3 independent experiments performed. a-c: Different letters are significantly different by
Duncan’s multiple range test (p<0.05).

Mycelial growth (mm/20 d)
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2 5! pHOj| [t2 A, microsporus #At 4| EM

A. microsporus®| TAF 5 A4 25 ERI6H] 95t 15°CollA 32°C7HA] 2:3°C 1HH o2
ZU5HA| Ad7gsto] AR At vl 2044 A. microsporus] £ 2 E= 25°Col™ 2|4 23°C,
31 28°C7HA] AY50] 7hs Rt 2122 FRIEITHFig. 3A). 15°COllM 18°C7HA] A. microsporus 8
§o] A x5 0t 20°CRE 2 S L7 Eebxl o v, 25°C7HA] /st FAH S5
11.28°C o]/dollAl= A 50] Aot7t = Ae ERISIIT A microsporus 2|4 pH= 5.00] 1. 2.H,
pH 7.0 o)/gollA] w#Ake] A 8ol Zhashs Z1S Ele 4= AU THFig 3A).

Mycelial growth (mm
]
Myeelial growth (mm/20 d)

Temterature ("C) pH

Fig. 3. Effect of temperatures and pHs on the growth of A. microsporus. Each graphs show meantSEM
of at least 3 independent experiments performed. (A) Effect of temperatures on the growth of A.
microsporus, (B) Effect of pH on the growth of A. microsporus.
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SHAgl o 2 Ahe] Q) ti R R o] BFA4-Qloj|A] 55.8-80.0 mmE AY8-0] $4513 oLt HE] £ Y
221 adonitolofl A 2027 BIFHE W) 10 mmZ 71 wAL AS0] A 2513t |2 et
W7 EI90S W AR WET} BA) Rajel ot Fate] Agol] 74 ek A €29 soluble
starchol] Tt S A3 Aal(Fig. 84) 1%0141 7178 3501 LAd5HH 1.5% ol dollAl&= 2352

=
R %] she 21 Helstoict
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Ei7F L7 oA 2|55 T 3.5% o] HE 50| A5t = Z& 2153t (Fig. 8B).

7144 (NH,),C,0, 5 750l WE A. microsporus wAF AJ8-& ZAFSH Z3}H= Fig. 60l Y
B AT}, (NH,),HPO, & A Qgt B& X2 toll A A85kA] gttt 4 Rr|dagoss
(NH,),HPO, 7} A= O 4= 0.1%2] A-soll A #ARe] AJS0] QHY A o] Qi th(Fig. 8C).
271- AL A7) A ZAR) AJSo] Bt 8.0 mm A= 7HASH Zlo] Eolw|Ql ot EkAy) 8]
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Fig. 4. Effect of carbon sources for the growth of A. microsporus in 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; 22: Potato dextrose agar (PDA) control. The
results are obtained from three replications. a-g: Different letters are significantly different by Duncan’s

multiple range test (p<0.05).
a
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organic nitrogen sources

Mycelial growth (mm/20 d)
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Fig. 5. Effect of organic nitrogen sources for the growth of A. microsporus in medium. 1: Casamino
acid; 2: Malt extract; 3: Peptone; 4: Soytone; 5: Tryptone; 6: Urea; 7: Yeast extract; 8: Positive control; 9:
Potato dextrose agar (PDA) control. The results are obtained from three replications. a-d: Different letters
are significantly different by Duncan’s multiple range test (p<0.05).

—- 90 a
S gy b
a 80
B 44
::’ €0
R
B,
3 20
2
= c
2 3 4 5 6 7 8 9

inorganic nitrogen sources

Fig. 6. Effect of inorganic nitrogen sources for the growth of A. microsporus in medium. 1: (NH,),C,O,;
2: (NH,),HPO,; 3: (NH,),SO,; 4: NH,)H,PO,; 5: C,H,,N,O4; 6: NaNO;; 7: NH,NO;; 8: Control; 9:
Potato dextrose agar (PDA) control. The results are obtained from three replications. a-c: Different letters
are significantly different by Duncan’s multiple range test (p<0.05).
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ofn| LAt Meto)| (2 A, microsporus At S

o] = At alanine S E3H5H 13%0]| thah A 2AF A1FE Fig. 70 eI vl 2024,
asparatic acid 27} Bl Z|of| 4] 7F A-8-0] 2425191 01 2| A 5= 0.1%{CHFig. 8D). TFHE o
-/} asparagine, leucine, methionine, threoine 5-OllA1= A8 5-0] A X517} 0] 9] FAPFAJS5HA]
5he ot ieAte] F2 7} Wb asparatic acid, glutamic acid 7+ BiA| oA I AJ8-0] LAJ51%

21 A asparatic acid 1% O/l M Aso] Hzsl|Al = A& BT 4 Ak

- a

b b

70 4 C
S I .

0 . l

12 3 4 56 7 8 9 1011 12 13 14 15 16
amino acid sources

Mycelial growth (mm/20 d)

Fig. 7. Effect of amino acid sources for the growth of A. microsporus in 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; 15: Positive control; 16:
Potato dextrose agar (PDA) control. The results are obtained from three replications. a-e: Different letters
are significantly different by Duncan’s multiple range test (p<0.05).

A 10 ®)

Mycelial growth (mm/20d)
Mycelial growth (mm/20 d)

Soluble starch (%) Malt extract (%)

Mycelial growth (mm/20 d)
Mycelial growth (mmy20d)

03 05 08 001 003 005 01 0

NH,H,PO, (%) Aspartic acid (%)

Fig. 8. Effect of nutritional sources concentration for the growth of A. microsporus in medium. (A)
soluble starch; (B) malt extract; (C) NH,H,PO, and (D) asparatic acid.
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[7|2e] Meto|| (2 A. microsporus At S

74t acetic acid 5 750l W= A. microsporus wAF RG-S ZAFSH A3} acetic acid, lactic acid &
7} ¥R ol A 41.0-43.02 mmE FAF S5 oLf 87| AF 8 I FA} AJ8o] A REIiT)
|74 vl R] 7h JFY o= A A] odetrt

2I|HRo| Meto|| LE A, microsporus #At Mg

7|9 H2E AgNO, S E33H 13%0] W2 A. microsporus TAF S-S ARG Ax} 27|d &
135 2% dAPHYS5HA] egtom B719F= x| M7t gl oz Adhe]R] ekoftt

A. microsporus®| QP8™ ZAIH| WSS 9Ieh X = 21

A. microsporus] 78RN FAA| B8-S I5H 24 wjz] A AILE Table. 10]] ERASICE
A. microsporus2] A H]F 2= 2542°CH .2, pHE 5.000A] AJS-o] 71 LAdskqict =
S ER2 912 soluble starch 1%, 71229 malt extract 1%, 7718 A9(NH,),C,0, 0.1%, oF] A
asparatic acid 0.1% ©] Z|4 A& 710|301 o] 2|2 27 A5 SMNA (soluble starch 1%, malt
extract 1%, (NH,) ,C,0, 0.1%, asparatic acid 0.1%)2} 1L &}, o] Zoh=PDA HIYF A] 202}
ol 60.2 mm AJ&5H= RHH SMNA= 77.0 mmZ 1t 168 mmS] A5 £ 271 2o 7} o™ PDA
v z] o] w7 |2k v WS wh 15.1% TEShe EaH7E UASATE o]=p 2L 0.000162 F-2]/d 9
+ 2ol & UERHRATHFig. 9). SMNA ol A A. microsporus #AHS] A46-2 v 7|3t g2k QA
20| 2L FUsHA| F k= & RISkt Fig. 10). =3 SMNA BZ| o)A A5 713He Eatsto]
5 3090] A= 2AHA 7 FEEE /43S 7HA AL QlTt. 19481 Brodie [11]2] 372 3} )
2 A. pyxidatus2] 73-%- 2% malt extract B} Aol A} 502 72} AFAA 7Y T A2 ke B

SR 23S R

Table 1. Culture codition of A. microsporus for the optimal conditions.
Factor Optimal Culture codition
Induction temperature 25+3°C
Intial pH 5.0
Carbon source 1% Soluble starch
Organic N-source 1% Malt extract
Inorganic N- source 0.1% NH4H2PO4
Amino acid 0.1% Asparatic acid
Organic acid -
Inorganic salts -
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Mycelial growth (mm/20 d)

SMNA PDA

Fig. 9. Effect of optimal conditions SMNA (soluble starch 1%, malt extract 1%, (NH,),C,0, 0.1%,
asparatic acid 0.1%) media for the A. microsporus. The marker (***) at each concentration indicates
significant difference between the potato dextrose agar (PDA) media and SMNA media by t-test (p<0.05).

Fig. 10. Effect of SMNA (soluble starch 1%, malt extract 1%, (NH,),C,0, 0.1%, asparatic acid 0.1%)
culture medium selected as optimal conditioned medium. (A) SMNA medium, (B) potato dextrose agar
(PDA) medium.

Me

2 AFoX = A microsporus®] 24 v} 27 5t SHIATE A, microsporus A
o] &8 YRS gt 2742 27 BiY 2= 25°C, pH 5.0, T4Y soluble starch 1%, 7714
malt extract 1%, 77124 NH,H,PO, 0.1%, oF1] Al asparatic acid 0.1% 271 0.2 AL= 911 &
714h B71857 H7F Al dAPES0] Axoi A= YIS Fro] ALEA] FUTh AEO] SMNAZ
83t A. microsporus®] |4 vl 2= 7]|E2] PDA HIA| /ol A v et Axtel v|w ol S w), +
Abe] Aj8-o] FUslal QF A o] vl % 7|1 7HS 15.1% A& T=51= G317 Q11T SMNA B A|
£ 3% A. microsporus] A B SF Bl Ee] 82 4= Q1S A 0 2 weE)
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