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Manganese tolerance and accumulation in mycelia of Cordyceps kyusyuensis

LUO Yi, CHENG Xianhao*, ZHANG Congcong, LI Weihuan, YU Deyang
Institute of Mycological Science and Technology, College of Life Science, Ludong University, Yantai, 264025, China

Abstract: The study of fungi resistance to heavy metals is a very important part in the bioremediation. In this paper we
report the Mn resistance and hyperaccumulation in Cordyceps kyusyuensis in terms of mycelia biomass, manganese content in
mycelia, antioxidant enzyme activities, peroxidation level, cation exchange capacity ( CEC) of mycelia cells, and the
distribution of manganese in cells in submerged culture supplemented with Mn®" concentrations from 0 to 60 g/L. The
results showed that the mycelia biomass of C. kyusyuensis was negatively correlated with manganese concentration, and the
upper limit of Mn®" concentration for mycelia growth was 60 g/L. At a Mn®" concentration of 70 g/L or above, the mycelia
growth was completely inhibited. The manganese content in mycelia increased significantly with the increase in Mn’*
concentration in the culture medium when the Mn®* concentration in the culture medium was below 60 g/L, up to 1. 0013%
manganese content based on the dry weight of mycelia was approached when the manganese concentration in the culture
medium was 10 g/L. The contents of malondialdehyde (MDA) , soluble protein (SP) and soluble sugar in mycelia of C.
kyusyuensis were negatively correlated with the Mn concentration in the culture media, which were significantly different
between the control and the group treated with manganese in the culture medium. The activity of antioxidant enzymes

including peroxidase (POD) , catalase (CAT) and superoxide dismutase (SOD) in mycelia of C. kyusyuensis all increased
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with the increase in the initial Mn concentration in the culture media, but the mode of change in those indices varied
greatly. The manganese content in the insoluble components (91.51% —98. 6% ) were much higher than that (1. 4% —S8.
49% ) in the soluble part of the mycelia cells. The cation exchange capacity (CEC) in C. kyusyuensis mycelia did not show
significant change with the increase in Mn concentration in the media. The cell wall, cell membrane and organelles of C.
kyusyuensis played major roles in binding the manganese ions in manganese accumulation, while the soluble components in
cytoplasm played a minor role. Under manganese stress, the joint action of antioxidant enzyme in removing the great amount
of free radicals due to peroxidation and maintaining the normal metabolism of cells is important in the mechanisms of
manganese resistance in C. kyusyuensis. Compared with other fungi, the resistance to manganese stress in C. kyusyuensis is
relatively high with a threshold of 60 g/1., and its ability to hyperaccumulate manganese is also very high. Our experiments
showed that the manganese accumulated in the mycelia on dry weight basis was 1. 0013% , just approached 1% , the
threshold of hyperaccumulation, this makes the macrofungi C. kyusyuensis a potential hyperaccumulator for manganese. The
high resistance to manganese stress and the high ability to accumulate manganese under submerged culture suggest that C.
kyusyuensis may be applied to the bioremediation of contaminated water and soil. On the other hand, manganese content in
the mycelia should be monitored and proven safe when C. kyusyuensis is used for medical purposes due to the ability to

hyperaccumulate manganese in this fungus.

Key Words: bioremediation; antioxidant enzymes; lipid peroxidation; cation exchange capacity; hyperaccumulation
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S /NS T AR Z IR R SR U 7T SR £ B4 FE  Jan Borovicka T 2007 4RI T
e B EE R ARNEES | Stijve 5 & 4 2 X418 ( Sarcosphaera coronaria) ¥l LA M & 4611,
i Jan Borovicka 3¢ A BUFARKEE I (Amanita strobiliformis ) F {1 8% 1 #8F 16 (Amanita solitaria) X H AT HE
#£he ,FE 055 e BRI BB ( Cordyceps militaris ) ELAT B 1 B o i M A1 e B2 B 0T BRI 10 a FY
W IR B B Mn 8w SERE ) W BV BT 1408, RAT ST W RN A 75 Gt DX 1) B A B i v Min 19357
HHRE 10—60mg/kg THILEN,

U, 4 R TP R 2 B S A AL ST & o A W8 S U S AR I A T T Y
R AL TR BB, JUMN R EL ( Cordyceps kyusyuensis A. Kawam. ) J& 27 £ A 5 K 8K ( Clanisbilineata Walker)
Xy ) B LR TO PR JUM R AL TR ( Skyushuensis Verficillium kyushue) , J&—Fp KA 2B, U HE 0]
VLA 22 AR IE 8 3 AR Wl LUB LT BB 0 7 S04 A SCRAWR ARG 3% UM HUR T 22 (A SR BIFFE X 42,
FEAIFHRBE Mn X0 JUM BB 22 A A RS2 X B 22 0o 4 A A B RN T S A G 0 8732 AL A8 S % T 22 4
Xf Mn B SRS ) o0 AR RS2 LR T 22 200 i BE I R RE 0 OS2 ), P60 17 UM IREEXS Min AT 1A 71
WAL W TAE IR A ROR L Mn 5 44 A 30 Wy A bk B2 s e D208, I 7T LIS Mn 5 4Kk | 38y 4=
e S 3R HE BB AR
1 #R57EE
L1 SRk

JUMN HEL( Cordyceps kyusyuensis ) CFCC89250 e —F H [ Al il A= 4 b Fb s A5 0>
1.2 RflHR

HARORAE T S B e i e S i 1 R M AR, T 25 CHiFR 6 d SR8 T 4 C MATF,

AR PR 22 35 37 LB 7 %0 20 o, SRR S o, BERER MG 5 ¢, MgSO,-7TH,0 5 ¢,KH,PO,5 ¢ Z&If7K 1000
mL, pH {E 7.0, B354 00 U R AR RN 2 =M, HeRh it Smm® /i, WRRREFREE D Mn WREEBOE N
0.10,20,30.,40.50 .60 g/L Mn(MnSO,H,0) , 8K 4 ~HEE, T 25 °C,150 v/min FEHIEF 6 d,
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1.5 N (MDA) & & FIA] A0S (soluble sugers ) & B2 BN
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0.2 g B M 22T 4 mL 0. 3mol/L =5 LR (TCA) "P 570 , 12000 r/min 2.0 10 min, B2 mL FIEW,
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10000 r/min &5.0> 15 min J5 , 20 HI7E 532 600 450 nm K FEWOGE, BE 3 K, MDA (umol/L) & & Fln]
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pH {E =6.0) , KV st W EE ) A0 0K ek AR 58 k3 . 78 4 °CF LA 15000 r/min 5.0 15 min, BV
YU AL REE VE  AlEEE A s a3 Ik,

1.6.2  HUE ALY BERE PE R e

SOD 74 5% FH &0 DU e ( NBT) i JE 3k i ag | DAAE v i 22 (SE 3 ) 03] NBT etk &l 1 AN B G
AT

POD 5 PR 2 R FH AR BE " LA TE i 22 (£ 5 ) A0 & Ak 1 pmol ALEIKRE A 1 ANEEE 207,

CAT JE PN 2 SR FH S AN | LA 5 B 22 (B ) B 43 B 4% 1 molH, 0,7 1 /N B4
1.6.3 AIFEMEREM(SP) & AIE

AR A A R E R H Folin-lowry B
1.7 GETEARM T AL S A b i o AR

2235 FRYILA 50 pum ERRAIE , FF DL 2B K e 22 3 3,3 g TR 2201 30 mL £ B /K, 70 R I [E]
30 s A UCEL 8 YK I RRATE] 10 s 4 CAPF T ReWEAn A, Bk, 76 40 A 58 4 B R 45 1k 8 75 A0 3, 4 i
FERT 12000 r/min 25,0 30 min, 708 I WANUUIETS >, A A0 AT P4l 0 RS REE Mg 20 1) wl ik
éﬁﬁﬁiﬁUE%W&c“;‘ﬁ;‘éf“ 1L (AA800 Y, JE[H PE /Al , BT AILRIFTENAL) M Mn 55, A0 T/“‘ P2
WAL AE Mn &, A 3 K,

1.8 A 2220 HRE B 138 it (CEC) HI

IUTR 22 AR BG40, LA SO wm JEBEAHE , PR 25 85 T /K v VR R 22 3 3k, 0 85 I A 224Kk 48 20 mL 1) R 3I%
# ,5 min,4 °C ;(DHCI(0. 05 mol/L) ,@Ca(NO,),(0.04 mol/L) @HCI (0.05 mol/L) . @PhCL,(0.01 mol/L),
Ca (NO,) ,(0.01 mol/L), Mg (NO,) , (0.01 mol/L), KNO,(0.01 mol/L) & HCI(0.05 mol/L) ., "F%
JCAE S 1E FE AR AU AR L, 7E 80 C T 12 h, e T, FHBR T IR A3 Y6 BE U 2 7R R I B 4 Fh
GJE(Ph* Y Ca® " Mg® " K*) BYHERE , oA i Sy 40 B B 7 ac e ) A 3 ik, KA 1.4,

1.9 HdEsbr

K H Excel 458 OB B BRI 14, SPSS 11. 5 XA T IR 2 T 225087 . RA -k B Kz 5 pearson £H

KRB RA BEEFE,

http ; //www. ecologica. cn



2
He

502 *+ Eild 32 %

2 4ig
2.1 GG JUN R R A K ) R B AR TR 22 A0 A R A R R
AR BE Mn S0 JUM B RE TR 22 AR AR QT 1L, SRR EE Mn 403 (0—20 o/L) B, TR 224 K h 32
S E 0 Mn WRBE AT 30 o/ L B TR Z2/E )i W EFRAIR (P < 0.05) , 224K 280, Mn MR X
F 70 g/L B, L2 E RIS, IR IL,60 g/L R 244 JUIN HURCTE 22 R T Min AR BR A= F Tinf P v 3
BR3P Mn LAUS , JUM HURE TR 22 N M 75 8 5 06 BRA AR L, #0A W3 (P < 0.05) (Kl 2),
B SRR IN Mn 10—40 o/L B, JUM BB 2209 Mn S M 255 AR B3 (P > 0.05) , 15773 P AN Mn 1A
50 g/L B, JUM HF P22 NI Mn 3 ik B e KT, AT DGR B 24K THE N 1.2%

301

<
% ef f HMiT: 14
H_ L o
Lo2s w2
g% 20} 2210
#HE st EE 8
K 2 R g
= 1.0+ &2
S 05F W2 4
= a =32 2
0 L L L | L L \ m} § 0 ) ) ) ) ) )
0 10 20 , ;O gﬁ;o 50 60 70 " 0 10 20 30 20 50 60
IR R FIERE

Mn concentration in media/(g/L) Mn concentration in media/(g/L)

E1 AEMnKETEFRIWANRERLEY R
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FIEFEE T Mn W BE RS, SC e A UM R TR 22 1Y
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20—60 g/L Mn AL BRI, B 22 MDA & i) 4 [|] 22 5 A B3 R Mo ST R L MDA &
B (P > 0.05) ;% 60 ¢/L Mn B, 1822 MDA 7 ik Fig.3 MDA contents in mycelia of C. kyusyuensis cultured in
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AR bR 5K 3 B (Kl 4), BEE
BEFRFEr Mn W BE ARG, S04 UM HUE R 22 rhon] i MR IR B 00 R ZH 3 B IR (P < 0.05) 510,20 ¢/L
Mn Ab 3 A ] VAP v FE %o BR 2 A3 AR 1 27. 8% 37. 0% 320—60 g/ L M, T 22 0] i PRk B 2 1) 2% S AN
WE(P > 0.05) ;2460 g/L Mn B, 522 W] PERR IR BE 3k 3] e/ IME

ANTA] Mn ¥ BEXS JUN U P 22 hn i B (1 S A2, ARl 5 B KRR D Mn VB BB N B 22
AR A E 2GS, BR20 o/L Mo B, 22 Pl EHE A S B SXHRA C R E 25, HAasnmd
BT P R 1 i A B AR T IR 5 24 60 o/ L Min I, B 22 ATV PE AR 11 &t A Bl /ML (P < 0.05)
2.3 BTN HURC R 224 S Bl T )5 T

1 AL S (CAT) AA7E T S A i b, CAT 25k S8 Ak Wy i A i b s i, & i/ 2 H, 0, 7K i, 7
B 20 A A B 5, S A A AR E T L LN OB 22 CAT BT B 25 55 32 56 b Min 62 (9 189 in 2
STt EREIERE (B 6) Gt kW], i E 2 B AAHE (r=-0.7155) (£ 1), $HFRHED Mo WKE 0—
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Fig.4 Soluble sugers concentrations in mycelia of C. kyusyuensis Fig. 5 SP contents in mycelia of C. kyusyuensis cultured in
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Fig. 7 SOD activities in mycelia of C. kyusyuensis cultured in
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22 il POD 1E AR (45 SOD 1 AR L 3ASEAR — 3 (B 8) , Geit4r T 3R I, TR 22 41 S 9 POD 3% J7 11
AL Mn W RYEALE B IEAHSC (r=0.8677) (R 1) o TEREFREET Mn WK 0—40 o/L I}, POD 15 J) F¢4E
T, B B TR 2 7E 40 g/ Mn AR A B fie RAB A FAZH T 5 1 116. 7% |, 35583 Mn Ve EEHE T 50
g/L i} POD iEMEAFF & . (HIrA SEER4 POD W& P4 T X R4, JRi R AT e 2 H T POD i PR3 ] L5
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Table 1 Coefficient correlations of enzyme activites of CAT, SOD and POD between Mn concentrations in media

Ji§1% Enzymes activities CAT SOD POD
Mn -0.7155" 0.9445 ** 0.8677*
t BIRARSE R A B 22 R+ P<0.05, + % P<0.01

JUM R TR 22 AN v P4 3 Min 75 SR 5 3R JE vh Mn MR I T 0 2 0 T i JE PR AR I ka3, 1 R
o Mn VB 10 g/L B, ASATE AL Mn & ik B R E, Mn &5 8 43 HR 98.60% , Ui BH LS B 22 14k PH 44
KABATI Mn BT AT L Wb, BT IRZH 2 A SO0 2 nf i M4 4 Min % 52 LR o5 40 b Min 119
FE Y 90% LA BB UM HURC TR 22 A AR B A Min B Fad BE b AR BE | DA R HL e 40 M 2 104 2 T A B A 2
BAEM .

£2 AR M RETAMNBEELZERTEEASMAAREHAS S Mn &8

Table 2 Mn contents in insoluble components and soluble components in mycelium of C. kyusyuensis cultured in different Mn concentrations

g0 Kﬂ‘iﬁﬁéﬂﬁjﬂ Mn & Kﬂ‘iﬁ%ﬁﬁj‘ Mn & # ﬁiﬁ‘ﬁéﬂ%jﬂ Mn # i EH%T%M} Mn F i
Groups/ (/L) Mn content ininsoluble IEE\filfl‘JE/n\Hz Mn content in soluble AR E S
components/ (mg/g) Percent of insoluble Mn/% components/ ( mg/g) Percent of soluble Mn/%

CK(0) 0.0443+0.0104a 58.70 0.0311+0.0177a 41.30

10 34.2347+13.5804¢ 98. 60 0.4937+0.0876b 1.40

20 21.2113+9.7688bc 95.73 0.9457+0. 1425¢ 4.27

30 22.5890+4.8545bc 95.90 0.9603+0. 0864 ¢ 4.08

40 19.5790+8. 2200bc 95.22 0.9833+0.0991¢ 4.78

50 11.3660+8.0534b 90. 83 1.0417+0.0693¢ 8.40

60 11.0000+10. 7270be 90.72 1.0213+0.0993¢ 8.49

s (75 9 AR 1) S R 7E 0. 05 T2 5 1 3%
2.5 ERXT UM R 2240 CEC 152

TR 22 40 B B - A8 fim SOV T AIBRRE [y 7 EE S 3 A A B X B B - R A T DA A RSO R A S RE
Fo UM R 22 N i R A i CEC B RS IR EEH Mn W JE RO TFH S AR (LB A I (E 9) o BR T e
B (20 g/L) FEARME (60 g/L)4h, Hofd] 2 M3 A 55 22 550, UABHAE A Mn MR EETT | JU LU0 bRy 22 41 i B
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3 Wi ER\ N
3.1 JUM 2 K R AR 2 25w 2 0

JUM S E LA IR E Mo 205 TS ki O [ H H
U LS 2 535 F S b Min ¥ B 94 5 0 JU o B O
YL, A R R E AR, IR Mn concentration in media/(¢/L)
Mn HREZRGSECR, 5L ALY Mn B3, 2 580 H, 0, K B9 RFE MnRETFAMAEHLENETTRE
FRIGACT T TR, DR T MZAMBRE SO 1y s vn contnts of CEC of C. yusyuenss cuturd i
BRMRACIBIE B EAT , 50T A UM BB 225 K2 ST different Mn concentrations
i S

JUM HUES Mn AR KIHPEMR FELE 60 o/L 24y, FHE L REAR LE, JUIN R BE T 2260 Mn 25 0 1 i
PEPE, ARSZEGAE R, UM AR T 22 40 ELAT B0 A Mn MR 56 77,10 g/ Mn AR, TR 2240 Mn
HE IR B AHM T H Y 1.0013% , #8301 Mn @8 BAEYE L Mn FLE & 1% B AR, T UL LR AT g2
—FRETERY Mn R R KA E

WARTE TR T LN B BL TG 22 A% Mn 0958 PE R0 2268 01, TR JUM HUBR B 22 /K FT RE7E 52 3] Mn 15 4
PKAR B EA R RS, S0 — 07T, JUN B 22 —Fh 25 T, B B & AR G B Re ), 7%t
AT BRI N 2 F L Mn B ARSI, DA I H AR
3.2 AR S Pt E AL OC &

SOD \CAT ,POD RS A R HLIR B A 3, & M0 B 18 R 50 ( RIOR 3P R 40 ) 19 81 22 il 43, SOD BELA
O ML T AL RN %46 H, 0, ; CAT W] 43 H,0,° H,0 Fl 0,; POD L 1] V& BR 4 i A % F i 501 Re
A TP TP, SOD CAT ,POD iX 3 Fh {47 Big 1 3 P AE L #F Mn AR 225 A2 vp (0 Wi 309 05 301 4 o RSl
TEARHREE Mn ZLFRES  CAT 15 P W1 W42 &, 78 S Wk B Mn AL, SOD F1 POD 15 PR3 /& , K WIFE Mn LR 3
T ARV EERT CAT 7EORY I R 40 ol F2AE ], 76 5 ik B2 i SOD F1 POD 2 2 AE M, SOD ,CAT ,POD —
HINEER (A = AR A — A IKOE I B 1R A s B6 005 BLAR 3 Rl A (L A TG o
] AELSAR I B AR R O s i M, X2 JUN SR R BB 2 Mn VR BE N AEIE IR R, H 45 SR 2 Ui ]
CAT # POD 1 SOD W45 5 32 B3 SE AL = W 0GB A 78~ — 250158 . B PEARSON AHC R £ 34, ] SOD
rEprEA L R Ry

HARER A, MDA &8 M Mn ¥R 20—60 o/L JC i 35 22 5%, {0 [R] B ke £ B iV 9 SOD AT POD 41
RN, BB UER, R AR R 3 B SR A MDA i BRI A 25 S, TR T 2 AR N S B B e K
iAW A RO R R R 2R ST R . (ELANZR Mn R EE PRSI R (> 60 o/ L) Mt i 2242 1
W BR A& ,SOD il POD 23 ™ 5 2 T I AN T BEH B b 801k 7 ) AR RS2 2™ B IR, iX W2 HLAR 32 Mn 38
TR Z —
3.3 HRTEJUIN HURCRR 22 b ) e AR AL

DU A 22 20 M rh Min 78 AT 20 53 RN AT 20 4353 A A5 0 LA B 5 TR 2 24 6L w240 i e i o o 6 T e g, T
DAFRGE LN HURE B 22 R 5 R T 4 B AL 78 P DR T BT 22 2 B, 435 A L 9 4 BV 4 M T 3 2
Sk A LTS S5, T R B A AN T VM 4 40 Ry 40 L R AT B DA R B R R G, BRI SRR T A AR A
BH M T AR SE NX TEJE A SR T, v LSS Mn 25T A0 AS v 5 PR 2 40 b i A B R
£E Mn [ EZHB5,

20 R S TR 22 AN R P 5 — T B B, S ) Min e B T AZE AN IR T R R G BF . 10—40 g/L M JBfpaet JU
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O TR 22 AR I A K 32 B, TR 22 R N A S - i AR, A I RE B A e i AR AU AN K, 26 B 40 if
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it 72 305 1 S T v, B UL A0 A O B (2 A2 B0 4 e (0 i T A A 3R LS, AT A Y sz F)
U (>50g/1 Mn) Mn JHiR3Et B, 200 B P 45 b 2B 6 sl DR 7 347 1 00 00 3 el AR, L) P o 22 A ek 4 i
A A 2 Z B R | B 22 R |l A AR 2 44 2 B — R AR IR . AN BN RE AR 7 VR B 1 4 R
T E AR AR A TRO R T IORE J1 24 R B X Min A W B 2 B S ek /0 L 2 A0 TS ik AR A T R AR O
MR A

BT A i 2 A Y AN I E U B FH ) — AN AR EE L AR A, T 100 I 3 A — P 300 o 200 A BE X B T Mg
K. Pb . Ca FyMZ B SR AGT , F20 e f S e 1 4 Mg BE - Bl g 9 2270 LA R A ) ooy o o 1 3R T AL RN
RPN E A R WM R I E RS bR, SO AR Y B 2SS i i A F 100—700 wmol/g Z[H]
TEASZEG R U HU B B T A B E 781, 232—1094. 509 wmol/g, i 35 K THI MBS T A4 fe, X —J7 i
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