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Biological activity and selenium tolerance of Armillaria mellea
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Abstract: [Objective] We studied the selenium tolerance, organic selenium content, and biological
characteristics of the domesticated Armillaria mellea strains, so as to screen out the strains with strong
biological activity. [Methods] Na,SeO; was used as the inorganic selenium reagent to domesticate
A. mellea. The selenium content and inorganic selenium content of 4. mellea was determined by
hydride atomic fluorescence spectrometry and hot water bath extraction method, respectively. Excellent
A. mellea strains were identified based on morphological, physiological, and biochemical characteristics.
[Results] A. mellea showed a good ability to accumulate inorganic selenium. The tolerance thresholds of
strains J-234, M-H, A-10, and YN-2 to Na,SeO; were 100, 60, 60, 20 mg/L, respectively. The selenium
content in strains J-234, M-H, A-10, and YN-2 was 8.378 1, 7.249 4, 1.926 9, 3.606 1 pg/g, respectively.
Strain J-234 had the highest biological activity after domestication, with the xylanase activity of 92
522.46 U/L, amylase activity of 11 951.49 U/L, cellulase activity of 8 439.47 U/L, laccase activity of
1.25 U/L, and polypeptide content of 0.087 g/L. [Conclusion] The addition of exogenous selenium
enhances the biological activity of 4. mellea, and this finding provides reference for the selenium

domestication of edible and medicinal fungi.

Keywords: Armillaria mellea; selenium domestication; selenium content; extracellular enzyme activity;
polypeptide content
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1.1 #8l KFSEFE

HEIRXTR AR . PRV 25 I TRB AR
H PR,

F 2 . Nay,SeOs, AIIAETETEN) , ARKREE,
BRI JLLT4EZ A, DNS K57, FRARENRH,
AN, WRELRR , WRERERI N E el 1T
KT BB AL A PR A A 2,2-0A-2(3-4
FE T BEMR-6-TEIR) iR (ABTS) MLk 4li, W
TATAEY TR R ARA R bR R
W FEZA 48 TR

CPDA 53R B4 il o (g/L): S48 % 200,
I 20, iR AR 5, BRIREE 3, MK S,
Bilg 15, 7&K 1 000 mL, pH ASR; WikE;
FRILA RS (g/L): 45 200, A 20,
BERR — S50 3, BREREE 3, MRS, Vp0.01,
ZE187K 1000 mL, pH H#R.
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Figure 1 Phylogenetic tree of Armillaria mellea.
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Table 1 Changes in DNA base content
Strains Selenium-enriched strains

Base content/%

M-H J-234 A-10 YN-2 M-H J-234 A-10 YN-2
A 23.14 23.61 23.40 23.01 23.35 23.14 23.25 22.15
T 32.47 32.00 32.78 33.49 32.55 32.47 32.14 33.80
G 23.38 23.26 23.16 22.65 23.11 23.49 23.52 23.16
C 21.02 21.13 20.67 20.84 20.99 20.90 20.99 20.89
GC 44.39 44.39 44.82 43.49 44.10 44.19 44.51 44.05

23.11%, fi%dE C &HEHF 20.99%, GC HFEN
44.10%; FKK J-234, BHEE A S8 23.14%,
B3E T &l 32.47%, Bt G &K 23.49%,
BE C &4 20.90%, GC &N 44.19%;
PR A-10, BIE A R 23.25%, L T &
R 32.14%, B G FaEh 23.52%, Bt C &
HOM 20.99%, GC K 44.51 %; Wk YN-2,
BIE A R 22.15%, BRI T & &0 33.80%,
BIE G & BN 23.16%, i3k C & &N 20.89%,
GC Tt h 44.05%. SAREMEAWMIL, &
1G5 % PR TR Y DNA B & it . GC A 25
H 22 55 8.3 (P>0.05) , 16 B JCAILAM 4 38 A 5%
M) 285 P B 3k PR A1) 1E 63K
2.2 EWEINERIFSHHE

B T EA LR B B 225
M-H H22iE0] . W, WRLARE, SwTR,
I, SCBVRNPIR; J-234 THTE . W,
MR A, RREMR, 722, BRdH D5
BRIIE; A-10 WM. W, ARAA,
BRR, 45 £; YN-2 HZWE, Wik,
KL, ERFR, 0380 NETEKRTES
WA, WRVARKEERE N J-234>
YN-2>M-H>A-10, R4 2 AIHl, J-234
S8 A R TR bR . U BH A R SRR T A
AR R R, HRM, 208, KB
2.3 ERBEXMMAIEZ AR

[Z] 2 ﬁf%ﬂ, lzﬁ% NazSeOﬂZUE“E@ﬂ%, %
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IR AR R R SR A S BRIk
JETRRARKEERD, MEEENERAEK
R Z B, UL AR T —E RRE R
TEAFEHAK HAF RN Na,SeO; At 52
WA 2R MEMWE NI, #ERREAK
LB NE T FE, Z5 G AN AR BE N A Y
AR, J-234 BERRXT NaySeOs T 32 1
100 mg/L, M-H Fl A-10 [##kXT Na,SeO; FTit 52
WeE N 60 mg/L, YN-2 [HHEXT Na,SeO; [Tt 52
WA 20 mg/L.
24 EBEREMESERINE

DABIBR 35 W0k B S B A A, R EE
ON A b5 2 1l A o B 2 (BT 3) 0 AR i A% A AR R
Na,SeOs WM 3Z W BE, WK A e 7 ' Al 2 2
W20 d, A L6 Frdy st vl mile, A
BUAM 55 5= SR 7 B —JOHLAMG 7% £, 45 8 W3R 3.
05 R TR | R i AR N R il N S R IR Tl s
IR, X T REMAN S, & 5
PRI ARG 35 20 B A LRI 25 i 35 ey, Ui
BLAIG (4 8 I 28 2ok %8 2R T ) A 3R 2% Ak
R A BN A I E SRR, kR
J-234 iGN 8.378 1 pgl/g, AL EN
2.028 6 ng/g; ik M-H fifi & 5 4 7.249 4 ng/g,
MU &N 1.029 2 pg/g; HAE A-10 Al &
H1.926 9 pg/g, HHUE N 1.095 2 png/g;
B AR YN-2 i & 5 3.606 1 pg/g, A LA & &
7 0.948 8 pg/g.
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T2 ARESREEHKREKRRE
Table 2 Growth rate of different Armillaria mellea
strains

®3 EWA. FEXREME LWL
Table 3 Changes of selenium content in Armillaria
mellea before and after selenium enrichment

Strains Germination time Culture  Average growth
of rhizomorph/d time/d rate/(cm/d)
M-H 4-5 10 0.15+£0.018
J-234 4-5 10 0.21£0.037
A-10 5-6 11 0.12+0.011
YN-2 5-6 12 0.18+0.023

0.25 2234

s M-H
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0.15 & I

0.10
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R
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R e G RAR RS
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Average growth rate of fungus/(cm/d)

Concentration of Na,SeO,/(mg/L)

B2 A[E Na,SeOs ik E T EMKE FHEKREE
Figure 2 The average growth rate of strains under
different concentration of Na,SeOs.
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Figure 3 Standard curve of selenium concentration.
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W HAEFEMIAMET, WARK IS )14 i

5o BEANEEFEWAMR], AR RMERTE I AESS 10 Kt

. Inorganic Organic
. Total selenium . .
Strains selenium selenium
content/(pg/g)
content/(ug/g) content/(ng/g)

A-10 0.034 0 - 0.034 0
J-234 0.182 4 - 0.182 4
M-H 0.269 0 - 0.269 0
YN-2 0.003 5 - 0.003 5
F(A-10) 19269 0.8317 1.0952
F(J-234) 8.378 1 6.349 5 2.028 6
F(M-H) 7.2494 6.2202 1.029 2
F(YN-2) 3.606 1 2.6573 0.948 8
F: selenium-rich strains; — do not contain inorganic
selenium.

IRFNE(A, J-234 KRGS /100 81 411.16 U/L,
VKBTS 710 92 522.46 U/L, TH ¥k J-234 F1 T’
fit 156 7 402 R At 3 MR P (P<0.05) 565 20 KA,
PPk J-234 F0 JAOEETE 715358 33 897.85 U/L Fi
35162.89 U/L, iX IR bk J-234 REME R B IL
R MR (B 4). iR50 45 5L 0F B & i 94k (5 2 2R
PR AR SRRSO Th e, RS A R T E R
X B R TR R
2,52 MIEMEEEGTE N EIF I

WE 5 fron, FEIGFREEAE I, Wk
ity 1 1 ST R R BRI R 55 10 KA, T
PRIGTE 3k BIWEAR, 5 A 2L it 3% ) o oo 1 2
M-H ik, B 110 8 541.60 U/L, Hyk ly J-234
FA-10 TEbK, BEUE TSR ARM R R R YN-2, 8
3689.34 U/L. & 4 % 71 e W0 R DRRTRR
HEETE 7 11 951.49 U/L, I MY TR B 1 il
J179°9302.4 U/L, ULHAAR =G BE 1IRT &
BIGZE, AT AT DL 5 2 PR A A il 0, B o
XA FEAS A AP TT
253 MAHREEFE NN

mEl 6 fron, REESEFREE AR, 24k
RS 7 0 S AR e R B AR A AL R
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Figure 4 Changes in xylanase activity of Armillaria mellea. A: enzyme activity of Armillaria mella before
se-domestication; B: enzyme activity of Armillaria mella after se-domestication. The same below.
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Figure 5 Changes in amylase activity of Armillaria mellea.
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Figure 6 Changes in cellulase activity of Armillaria mellea.
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255 10 REF, R H WL bk M-H .J-234 Fl A-10
ity 16 7735 B A KB A B 0, b 1234
B PR BETS SR, M 4 012.19 U/L., [al—iH &
TG 2H ) AR TS S1ik %) 8 439.47 U/L, Ji J-234
PRARBETS JI % 2.1 A% AR S 4 YN-2 AR
B Y TR AR ABEG R AESS 15 RAFik
W R, FLRETE 714390 2 438.26. 5 884.69 U/L,
YR RR B TE R YN-2 BRRRY 2.4 £, B
MG e 85 Xof il % 7 A A2 kAR T, {41 4 R G )
HA R .
2,54 XREGTE N HIS M

PR R, BRI T AR AL LA
[Fi) 2 24 2% Wl % ) AR AR R AL, 55 10 R,

EAZH M-H . A-10 Fl YN-2 kKBTS /1% 3 5%

e, Ho A-10 FEPRAYEETS J1 5 , 4 0.81 U/L
(B 7)o [Al—HH, Bk 1. AF YBES ik #)
i E, o Y PR IS 15, A 172 UL,
A B YN-2 AR 2.1 f5 K B ] M-H
I BRRAESS 15 REFEEE J7 iR 200, HE G
6 115054 0.53 U/L Al 1.25 U/L, T RREETE /1
AR B A-10 Tk 64.80%, 1d B & A9
b T A A 2 B R X A S5 3 1 40 i
26 EWHESREZSHKRSENNE

SR PR U 428 DR 8 7 28 A TR AR A T YRR A T
Bige, Wi 25 10 XA, BULREW 1.0 mL, %
1.3.4 R 5 ik e Z I & i, 455 ani&l 8 iy
o HIEL 8 FIAHL, A E WAL R Ak 2 Ik 1
WART & 4L, 8ok E g EE 5T SPSS
BRI, E A 2 K R Al Y
Z K M 22 57 (P<0.05)H & il 21 2 [7]
AEERFEZES, ULIIE WX 2 K& /Y
WA —E AR EVE R o RS 2 2 Ik
FERI{E A 0.046 g/L, & Al 2 B Ak 0 2 K & =
BN 0.081 g/L, Horb J-234 TRRET & 2K
SrhtfE, o 0.087 g/L.
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Figure 7 Changes in laccase activity of Armillaria
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Figure 8 Polypeptide content in Armillaria mellea
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WU A BE 1) Z2 BEASFI R TN, VE R K S AFL )
ZHEVER N EIA R AR KRS IR, MO SRS 7k
HEARFMNERREEME, #7 S50
GERI, BTG 1R/ [R]— B AE 7 I 8 25 55
FINR AR SEHE I CRER, AL
G AT B B T X B0 1 T 2 P G 2 A
B AR WD AE B A8l SR R A R
RKoXz ., MM, ARKBEY, #ikE GC
GHESARE, DNA RS HAZER, HE
SN2 (P>0.05), 3X 16 I & A5 2045 W] RE X 2 A
PR AE B T — S (A5 i (LA 52 ) 28 8 1 B[R]
IR

I A AN T 1 TR R
4, WA 77 728 T AR S B - (R O T
X, HAbpa S S EREPINO A, H
AN R B RR 22 [] B L ARl YA [R] A e A ) 22
5o AN A BTG ) TS 0 mT A a2 i Al A 1Y)
wagg , AP EEAR 1-234 AN AR
R BEMREG T 5= 92 522.46 U/L, & A-10 1
PRARBEBGG S0 2.3 1%, TR BN 15
11 951.49 U/L, S4B 18550 8 439.47 U/L,
WG S 1.25 U/L, X p 3
I AR X 35 55 100 O 1 4 ik 38 3 R SR I 1Y)
ME, SR ANEEEY AR, v 4am
P N ARA BRI AR, X sE AR AR S v
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