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Fig. 1. Yield(A) and biological efficiency(B) of P. eryngii grown at 11 ~23°C
condition.
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Fig. 2. Fruiting body of P. eryngii grown at 11°C to 23°C condition for 16 days.
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Fig. 3. Changes in fruiting body fresh weight of P. eryngii grown at 17°C condition.
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Fig. 4. Changes in biological efficiency of P. eryngii grown at 17°C condition.



-37-

= PR R TIpE R g LT 2 B
(- ) HR AR 2 P

R AFHL L 5L 1C3C6C~9CHH1p 2 Az I%'E‘;ﬁ;mii’aﬂgw\a]
251p ~580 ~55p ~48p s EEFRHFLEAITCHBE2 350 ;4 12T 2
ISC gl p 22 > R A4eTRp o w5 40 p 2 42 p ’L;»E?%.:iéc\i-g%? 17°C %P8 o 2
35P LB A MF 1T 3C-6CHIp3p 1@@ s R AT HA 5 80P 630 -
6.1p ~53 P HFFIFFLE W ITCHREL 35p ;12C2 15C¢J«,%I3B ff@w
BT P BB L 44 P 2 40P » BEFRRA ITCHBE L2 350 L84 E
1-15C e 5 p 2 2 F?i'xﬁpimﬁid 1C2 99 p ek 2 15C2 5.0 p ’X@WF'“J_
MELAR > "HEFNLUTCHRE2Z 35D - BHla 2 > RALLRD BEF A2 R 3
ARl (B 5) 0 AURE RS R AT D SR L ARM o

*1lday y=-0334x+6029

%D 11.0 R*=0.766
g 11
| -
glO‘O LT 3days y= 0.2705x+8.184
2 1 R? = 0,960
= 90 I Sdays y = -0.864x +9.922
-g 80 | # R*=0.755
g 70 ¢
260 | I~
<
=50 | 1
540 ¢
s o L
; 2.
g 2’0 | | | |
1°C 3¢ 6C 9C 12°C 15°C 17C
Temperature (C)

BIS. B RS o L 2 f g R A R R o
Fig.5. Effects of temperature and duration pretreatments on the speed of primordia formation of
P. eryngii.

(Z)H+FHA iﬁi%ﬁtfgcigzgﬁ
10C}f@/@_ Eﬁi;ig%crﬁ“g]'& ri’,;q:l];‘l '3p 5 p2THEARE 4 Foank
wl G 127 2&/30.8/,67 2301679 5 25 2 3./6.29% - 3C 2 6°C A2 5 p B ¥ 4



-38-

FEMWARZ A PoxF2Z PERARM3CHpclp 3p 5p2TaEsZE2 445
e A s G 116 o 5./28.296 5 167 = 5./41.2% 5 133 2 5./32.60% ; 6 CHflglp >3 p > 5
P2 T8 e 82 4 ook Au L 132 25./33.09 ; 1712 5./42.49 5 120 2 5./29.49% o
OCHl#clp-3p-5p2 THHsAF 24 FrafFrui 148 2 5./36.19 ;186 = 5./45.8
/,206 25./51.09% - 12CHlge 1 p >3 p 5 p2 T8 & A% 4 FraFrnl i 156
5.138.495 ; 225 2 5./55.29% ; 229 2 5./56.4% - 15C i1 p >3 p 5 p 2z T30H & &
T2 4 FrrFk o w i 151 2 5./38.090 5 176 2 5./43.79% ; 224 = 5./54.7% - %+ 9C % 15C
TIpr2 2 > SERJE P B 4o > F FMA B2 2 PoeF7mig2 W4 o A 3 > FF WA
EAPORFRARILE R R A B(RI6) 2P onF LR RE D APM - 18 9C 15
B\ﬂ*?%ﬁé_ﬂp 206 = 5. 0 2 4on S 5 51.0% 0 gt ez 209 52 51.7%4pF 0 A
P28 F ¥ 12C/23 % ~5% > 2 15C/25 2 ¢ > HFFHMAEZ 24 Foocd o
5 225 2 3./55.29 > 229 = 5.[56.4% > 224 =~ 3L[54.7% > R F R T HR (A F R S 8
FHATCHERF) oy WENE RS2 WAL -

m\m

M1lday ®3days u5days
45%

40% F
35%
30%
25%
20%

-
(9}
X

10%
5%
0%

Biological efficiency

1°C 3°C 6°C 9°C 12°C 15°C 17°C
Temperature (C)

R16. B R & Hom g R L h g d Ponk 2 o
Fig. 6. Effects of temperature and duration pretreatments on biological efficiency of P.
eryngii.



-39-

FHEEE 15 2nlt)
) ¥ B OLCHH5 pisa ~ 17
CRE2Z2#G A28 T 50 F¥FFHW oo g2 p gz »1Cx 15CHAIZ 1 p £ #
NITCR S £55 0 B2 Focs o HREFIOREFLE - AL 3 7§ %4 1T 2 15T/
@24 feor mAQQRSM/AQAAﬂ’ﬁ%@Eiﬂ AT aiREFISR
E Y olcwsg 5 PHAEM(F L LAFeTHARE 253 050) raEAL R
o2 3%%3%1@* v A Foan 5819 0 MEF MATHRE  HAE R L
5 p 22 $ L’*"*’j{‘}ﬁ@ ‘E'F'”i’ié\xiip—gf?ﬂ(% DeiwdF-sze2 a2+ FHLE7
FIRJLE R 2 JLp #em § T LR o

#oow

WF A P2 4 4 5 54 (endogenous molecular mechanisms) 44 2 714 > & @ B 4
Ha gy oo AT dof PN S ik a 808 7 5 0 v B 22 & (Rayner and
Boddy, 1988) - & #f ] * & & L & jF(oprinus macrorhizus) % % Fth 2 77 1 B or » KAHE
72 ZJE‘? it 4 % # CAMP (adenosine 3”:5’-cyclic monophosphate) i% % 3t & i@ %4 & 2
¥ 4 (Unoetal, 1974) gafd A2 £ @ 2 hAT S 2 3 @2 £ 2483
E,Eﬁﬂv\ ERTEAE f H S @A R RGBT RB IR MR L F
HRNGHERAFFR0EE 2005 A g ¢ PG AFR AL 0 L ITCRAE P
PRTAAEANPZFFTEE X > KAANBRI I IR 710 29 > 4 Frekd
%8 %2 1494 1 % 16 % 2 56.80 » ‘EPF A PN P Hi4e 4 40 B o RREH% Y A p A
FFFRE 28 % > B R Pl D 42 pF 16 = > 7 TR T 5 Wé@ﬁ*%&kﬂaié
i (lifecycle) 44 2 o L F = A FIHE &~ AR~ SjREEE A fEA %"% ~ AR BOT
FAsfze RAVGSZ FFHFT IHPREML -FIFIFRIT FAFUF AL LED
Pl R4 AT > @ LA T S Fov HR ARSI %7 4p B (Asgeirsdottir et al.,
1998; Kues, 2000; Moore, 1999; Piet et al., 1998) - #5717 &7+ » M E 582 B A 2 2 pF
B2 W RPEFIMAE  ~RFEALE 2 *#—**"W*"“ Foo bV a2 MR R ATE
AP AR O RFEMFEE AEFREY L FAT) S 2 M A T E X )
TR @21 CHutzBR S Z2HELT2Z ME JW’%%ﬁﬁ%ﬁ%¢4§%¢“ﬁ
FTOAIFFLAFEAZ L AR A EFHSERE RAY I BEF LI I HET B E
(2005)F% 5 7. £ 4567 MR PGS > 4o% 2 i AHNHHREEAZ B RERE 0 KR
‘%"’ﬁﬁﬂilﬂlﬁif@ﬁ*‘ug@f’ CEGFEFI NG JERIT R R AL MR iﬁ'*ﬁ?iﬁ’.é”ﬂ% i R
AATHR 2 FrglieH o F 2 s RPN ALF LG A B R4 2y R 2 A
FEFIIHA BT 2 REEE S AVEFAE -

c!'

p23
=



-40-

‘Juswieal) ainjesadwal moj jo Aeq ,

189} d3uer ojdnnur s, uedun(y 03 SuIpIodoe ¢0') = d Je JusIaylp AjUediubIs Jou ale JaNa| swes Ag PAMO][0) SUWUNJOD UIYIIM uolyesedas ues|Al ,
"00Tx(Apoq Buniniy Jo plaIA /Apog Buniniy ajgessiew Jo pIaIA)

‘Juswyeas) Aep pue ainjesadwa) 0} uofie|al ul arensgns Jad suolyedldas 2T JO Uesw aie SanfeA ||V 4

'snajid pue adns fewsou yum pue BGT ueyy asow Apog Buninig,

e 1L e IL L 1L e ol B orl L orl q 60¢ ¢ o60Cc ® 60¢C Ll
e IL q €S e 8L e oSl p v6 4 LTI Qe $c a 9Ll qe [S1 Sl
e LL e YL e 9 ® 9Ll ae - 991 e 81 Qe 6cc e ¢TT Qe 9¢1 <l
e SL e YL B gL e 561 °q  LE] qe 801 qa 90¢ q 98l oq 8l 6
e SL e [L B 9L 9 06 po - 1¢1 qe 00l 0 0?1 a <Ll °q 43! 9
q 8¢ e YL e 0L q LL P> ¥l q 18 9 €€l q L9] ° 911 €
2 0 q 8¢ B 0L > 0 9 6¢ qe 68 p 199 O L9 x4 gLCI I
sAep ¢ skep ¢ Kep | SAep ¢ sKep ¢ Aep | sAep ¢ sAep ¢ JAep |
— — - — 2
(9% ) «Apoq Sumny (3eq/3) ,Apoq Supiny (Beq/3) amesadwa |
J[qeIaIeW Jo oney J[qeIoIBIN Apoq Suninij [e1o],

.0, LT T8 paleAn|no 104q sAepg~T 4o} ainjesaduia) Mo Lym payeastaid nBUAIa of 40 1BIam ysaly Apog Buninid T sjgeL
c FEWMEcHHL TR0 TR G~TEHHER TH



MR A MR AT S 2 3 FME T 2 4T 7‘/%;*{ HEEv i d k=
A ERF RAR DR APEEMTREN M B EN S AT LR R
T (W5 E, 2005) c HEF T A A F A F e H 0 F E(2003)F1 * mRNA X B AT £
(differential display) 4 474 25°C* 1 10°C g {1t 4 FF S B #F L B &7 h
DNA 5 o 3na Rt BOR Tlcts 6-12 0] pF > BEom 3280 I 2.4 G S MOR Tk F aen
B 4P E o L PR A G Ge B R 53 mérﬂ?u F ﬁm’%#’xérﬂ Yot &AL F)B P o e
Er l;*?J,%zz,U T ApR 2. K FE TR 7 ¥ 5 - EFR R T EHR A X2 L
ﬁ‘&% - #H B f# - ¢h > Soong 33(1991)15”“’;\1%’ G RAD SR % R L ¥

igéc P F SR AR AL A B 2 R A {odR R B e o B Bl T A 0 32 8
F’F"” MR T e P FNBA 2 4 8 N A 2 ORAE e ﬁv]v}v‘ Mopfagicv
H R 7K25 % eig Fl2 - o o 54 F(E. coli)z #7 7 (Phadtare and Severinov , 2009) % 3. »
BME T #2004 i -9 (cold shock protein; CspA)f£ § #c % % ik = % % fi(secondary
structure) 2 ¥ 5 45 1F % £ % %3 (transcription antiterminator)z_ i£* > ¥ 4 Mg T » X a4t
AT ZEG CopAa 2Pl Adsky 21 Crd 2 &Jd2 Vit i B K0 Hig
AR EA R 2 A2 > REFGRAT S Z FFTHETZAAMATIREAR -
Steen % (2002) 233 % & 25°C # 37°C 2 3¢ J5 2 7] Cryptococcus neoformans » 1% A %14 3

F- 71 4 17 % (serial analysis of gene expression; SAGE)# > 2 £ & T % F 7 % 7 4.9-12.5
Yok FlEiZ G g F LR 25CT 244 {47 M2 histone protein % & FfE (sterol)
Ferg B st M2 A Fe P &em 37CT ik v df:i’ﬂ;jla‘?f' #-v (mitochondrial proteins)
% SOD(superoxide dismutase) iz Rﬁ‘r’ Fojreda 77 B 3TCH méﬁw A
TR A BEHR P M LAR r#fu‘i“ﬁ FRIAFEREAALL S B
A RER ML BEZ AR "’"H 7N F 5 2 & 7 i (Panaretou and Zhai, 2008) ©
Yuichi #(2002)F7 1 £ 4G+ TR 2 W4 F M > AR 22 H 7T > KEVHES T4
N ARBT Ao MRk SR M EZA S MRS > ARNE ST 22
FAI0 B Bor % E %‘r*’—*“ﬁ%@"’bz\“ﬁ MY XERAE -

AR 0 RBRFSL S . 1I5C17C~19CE 3 R AR T HFERA =
BIFMBEToE - 1382 ESE L S " pxuz.}iﬁff%ﬁlaqp)\‘ WO R
ziéiﬂ}iofﬂvf#"’%‘éﬁ% }it:wfwra'ﬁw Aot weis Fﬁ’?el‘bﬁ»&
* R T {7'57’?’%“}?@ PR B RK T oW - MR ﬁ%fmw'l——*fﬂ#’*"ﬁ’*'f\
R 2 ?\;};éﬁli%i\ﬁ FRFASAS T I FFA Y Mﬂ’“%xfu kg e A FR S
(6> A 12CRi235p » & 15CAaI25p » L RERRTE LTCHEERA BT
WET  FFMWMAEAEE S PSR FRHRE BT U 1%**;%%@%3%\’ M
BB BPRBIEGAE Ao VB RRIZZFF FR I AR REEE R E
+FHA Lp’%ﬁ"’k’rr'%ﬁ/? CERNEC A = - Rt ﬁf?%?‘]u‘l P T IrERZ BEERIER

3
id
g
R

B py

&anfm
‘)\,T
< ?‘3 Fi 4w

FAE

\F‘

fd

;.



-42-
£ % R

=

PR CBET CBP A R 2 02003 . MRNA Z R AT 2 A 474 Tl 4 & sen
BEe? War F 22:13-15-

P8 ~TEE A4 220000 88 ~pH &~ KR I EFRFNEEDPE P R
7 19:13-15-

BE R SRV S fRMl  F 2R AP 2 - FleEd 22005 MUR R A FEd ok A
AR e ¢ Wa kg 241 20-22 -

Asgeirsdattir, A. A., M. H. Onno de Vries, and G. H. Wessel 1998. Identification of three
differentially expressed hydrophobins in Pleurotus ostreatus (oyster mushroom).
Microbiology 144: 2961-2969.

Gail, E. P. and H. Stephen. 2006. Mushrooms by magic: making connections between signal
transduction and fruiting body development in the basidiomycete fungus Schizophyllum
commune. FEMS Microbiol. Let. 262: 1-8.

Kashangura, C., J. E. Hallswooorth, and A. Y. Mswaka. 2006. Phenotypic diversity amongst
strains of Pleurotus sajor-caju: implications for cultivation in arid environments. Mycol.
Res. 110: 312 — 317.

Kues, U. 2000. Life history and developmental processes in the basidiomycete Coprinus
cinereus. Microbiol. and Mol. Biol. Rev. 64: 316-353.

Luan R, Y. Liang , Y Chen, H. Liu, S. Jiang , T. Che, B. Wong, and H. Sun. 2010. Opposing
developmental functions of Agrocybe aegerita galectin (AAL) during mycelia
differentiation. Fungal Biol. 114: 599-608.

Moore, D. 1999 Magic mushroom-Fungal Morphogenesis. Trends Microbiol. 7 : 92.

Panaretou, B. and C. Zhai. 2008. The heat shock proteins: Their roles as multi-component
machines for protein folding. Fungal Biol. Rev. 22: 110-119.

Phadtare, S. and K. Severinov. 2009. Comparative analysis of changes in gene expression due to
RNA melting activities of translation initiation factor IF1 and a cold shock protein of the
CspA family. Genes Cells 14 ; 1227-39.

Piet, W. J. de Groo, V. Jaap, J. L. D. Leo, and J. S. van Griensven Perwe . 1998. Biochemical
and molecular aspects of growth and fruiting of the edible mushroom Agaricus bisporus.
Mycol. Res. 102: 1297-1308.

Rayner, A. D. M. and L. Boddy. 1988. Fungal decomposition of wood : It’s biology and ecology.
A Wiley-Interscience publication. pp. 6

Soong, C. H. and K. Y. Cho. 1991. Effect of low temperature shock treatment on sporophore


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Luan%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Liang%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Chen%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Liu%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Jiang%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Che%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wong%20B%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sun%20H%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Fungal%20Biol.');

-43-

initiation, lipid profile and nutrient transport in Lentinula edodes. Mycologia 83: 24-29.

Steen, B. R, T. Lian, S. Zuyderduyn, W. K. McDonold, M. Marra, S. J. M. Jones, and J. W.
Kronstad. 2002. Temperature-regulated transcription in the pathogenic fungus Cryptococcus
neoformans. Genome Res. 12: 1386-1400.

Uno, 1., M. Yamaguchi, and T. Ishikawa. 1974. The effect of light on fruiting body formation
and adenosine 3°:5’-Cyclic monophosphate metabolism in Coprinus macrorhizus. Pro. Nat.
Acad. Sci. USA 71: 479-483.

Wessels, J. G. H. 1994. Developmental regulation of fungal cell wall formation. Ann. Rev.
Phytopathol. 32: 413-435

Yuichi, S. S., A. Akira, T. Yutaka, M. Kiyoshi and Y. Takahashi. 2002. Protein expressions
during fruit body induction of Flammulina velutipes under reduced temperature. Mycol. Res.
106: 222-227.

Zervakis, G., A. Philippoussis, and P. Diamantopoulou. 2001. Mycelium growth kinetics and
optimal temperature condition for the cultivation of edible mushroom species on
lignocellulosic substrates. Folia Microbiol. 46: 231-234.



-44-

Effects of Temperatures on the Fruiting-Body Growth and
Development of King Oyster Mushroom (Pleurotus eryngii)

Lao-Dar Juang”  Ching-Chang Shiesh?  Huey-Ling Lin®

Key words: Peurotus eryngii, Visible primordia, Fruiting-body, Optimum temperature, Growth
curve, Biological efficiency

Summary

Temperature shift is a crucial factor for vegetative mycelium differentiating to reproductive
fruiting-body development. P. eryngii is a mesophilic edible fungus. Therefore,
temperature-controlled devices are commonly used by domestic growers to cultivate the
mushroom. However, different growing temperatures are used by different growers and some
growers even keep the temperature settings as trade secrets. In this study, completely colonized
substrates were treated with different temperatures ranging from 11°C to 23°C to determine the
optimal temperature for P. eryngii fruiting-body differentiation and development. The effects
of low-temperature pretreatment on primordia formation and fruiting-body development were
also assessed. The results revealed that both yield and biological efficiency of fruiting-body
were greatest when cultivated at 17°C. Visible primordia appeared on the 5" -7 days after the
completely colonized substrate was stimulated with low temperature. However, vegetative
mycelium was unable to form reproductive fruiting-body if the colonized substrate was treated
with a temperature above 21°C. Moreover, fruiting-body development was inhibited if the
growing temperature is below 11°C or at 1°'C for more than 5 days. Nevertheless, completely
colonized substrates treated with 12°C for 3 or 5 days or with 15°C for 5 days produced
significantly higher yield as compared to the treatment with a constant temperature of 17°C.
These results suggested that stimulation with sufficient and optimal low temperatures can
significantly increase fruiting-body production of P. eryngii.
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