RF B L 2015011):133~137

- RAH -

DOI.10. 11937/bfyy. 201511033

PRI BEINEE R KRBT HERZ T A EF R

o o, B

EHZ’:;’ —;%\ 75 —/E\‘Z’ 7&%

B, & B R, X o8 R

(L PR RS [ 2B Ak e, K 40071652, SN B AP 25 DF5E 0T, B 52 FH 5500065
3 BN B R AT E ASEmE . 5 M ST 550006)

B EAEREERARM, BENE 2 ALK RS R EREARFEEAAE LK
B S B E M 2 A BT RRERA G EA ARG £ e, EREA
B34 20 d B, AR KY4 69 KRR &F e 240 R 3408 TR € W 4k38 8 40 d od, B4k KY5 #9 AR
HBEFIZARNERG2AERPAEARZERPBORZ A DIL; B L £E 547,40 d W4 4 £ B
HREKRT 20 d,20 d B BEE K T 40 d, ¥4 4 85 B AIAE; A mellea A. cepistipes &
HEHNRMEE L R FBHENZEARLA gallica T HEFN AR S R EBERERABE,
KB BN R R A KB ; AN Mot

hE 45335 .S567. 319

ENERE—MER KERE, BREFETZH
AR EAEYHE RN, R TRAR HTHEIT,
DA B AR B R B B
HAWRWFEZ — MRE . EREREREA
Wb 36 A, FRIECER 15 B, FE A T RILIL A,
ST ERT I RO BTN N N 30Ny N
N VZRL AR WL RS L B SN )P R
P PR SIS X

ERE R RHAE, R O, BT Sk

E—EER N #1988, Kk, RMARA, MEME L, HAF
F A4 MY, Email:364415209@qq. com,

HFEEE AR, B . L. ARR . ALLERF . HEF
QARH AR AP HEM . Email:xndxlcg@163. com.

ES¢TB: FMARFESHABRALRASEZFATHHA L (B
FHEAF (201135 5) s 3¢ M A FHT 2 F 35 R B (B AR A4
#8.(2010)4002) s F R ANG e F A HE A A FH ERAL LT HA A
(BFH4 P AR (2010)4002) 5 3 M 4 F 25 LARALHH = LAFRF
K HRFBR A (BAESF 255201115035 553 M R b A 5
Bt el #T R K2R B (B LA+ (8] 47 K4 2011016 5 )5
FTMAEREAFHEEALTEFR A (B RAKEEH F[2012]020
FRMAE T HARCHAR S LT L ERE SR B (BHE
RF[2013]5017 55 M B F A AP = AR AL F A
KA B (BA4A SY F(201413034-4 ) FM ER LA F B
FF R B (B RA BB+ H[2014]035 5 F M A AB 2 F
B B (BA4R G F[201414002) 3 3 M 2B A AP R & D AT
B3t R A B (BAHA MR 201414006 5,

Y5 H H#9:2015—01—19

NEFRIDAE A XEHE:1001—0009(2015)11—0133—05

28 AR AT A2, [ S e A B B AT LS R S
SRR IR ARG KA Y 23K 300 & LH IR
TEB MR AEEERFERLOEYERER, £
WMLBIA R MY A RRIEFAERER. HlUFH
KRGS D AURGE B IR PR EF A BERE
BH, PRI, 51 R I P A1 25 0o 32 R 5 11 A R D
ARIREFYER I AR TR (T 4 RN L1 e RA R 73
FEEY, RN ERAMERS , XY TR
BB BB PR AR M T SR AL S I BE R R X LE R
G T IR B4 R AN R o B AT T 7K B B R
ST RS H BB RYBL R A ER
KEWTED . MS AR 18— 270 40 P45 JR T 7E 40
AR BB . (245 A0 T 240 M4 T 2 40 e A Jo ==
PRI , A R SEFR B . ST R T AP AE
B PR R IR R TR , S A R BT 4 R A
PR GEHERIRR A B THA T MR 2 5 R 31
A LA R BRAE A I AR R A AR 2R PR A ML, it
FUERT 2 NMERE BN 8 MREFE AR 4R FIH
R TE » LK A JBE 0T 17 I W B A Stk 2 A
WRAR BT YA 2 0] i 22 57 L) K 38 B0 1 e 1
AR TRET 4 R AR
1 #BE5TE
L1 skl

PR SN A BACF A M TR T E R L=
SrERAT IR TR ILEER 1,

133

PDF SCH# ] "pdfFactory Pro™ X RAG)E www. Fineprint.cn


http://www.fineprint.cn

WF B L 2015011):133~137

A -
*1 BRERER
Table 1 Information of tested strains
Btk i RER ST E ORI
Strains Species Collection site Source
KY4 Armillaria mellea FFBH £ Kaiyang F 34k Fruit body
HZ72 Armillaria cepistipes #HEE Hezhang B& Rhizomorph
KY5 Armillaria mellea FFBH £ Kaiyang F 34k Fruit body
DJ5 Armillaria gallica YL H Dejiang # % Mycelia
SB4 Armillaria cepistipes iR E Shibing B& Rhizomorph
1S3 Armillaria gallica ZI & Leishan F34E Rruit body
SY1 Armillaria mellea #2fHE Suiyang & Rhizomorph

BRI T0% 28 AR B, 17% 22 3K, 10% B KT, 1 %6
¥E,0. 3%0HEIR A 40,0, 2% BRBREE 0. 5% 41 K, 1. 0% A4
BBk : 1.3,

DNS X7 : 2 18 B K ArfE GB/T 23881-2009"27 fig
B, PEIRH 18,61 g EDTA (Z MU Z B —HDF
6. 81 g AV B ABEAR H oK 250 mL, i R 2 VA e 5
%30 g T AR 10 mL 2, "B 2 BES W,
200 mL KINPIAERR I+ F LU H 4.56 g BiMR S 0
F 150 mL #UKH L FHEF R FMB A B RRAEE
I, ABRIANEA R pHE 6. 9~7. LREHEILE
B E A A BB DUTE T A&, 7R 7 8 3 11 in #4 2]
60°CRULIEAM) . 2 M IR ™ :167 mL LR (L
HLIDHAEMBAKERE 1L, 225 W - 665 mL
98 Yo e AR (LLEE 1. 8D JILA 300 mL /K H, ¥ & 20°C , %b
MKZE 1 L, AR EHAH" 0.1 g FeCly , ¥ F 100 mL
3T IMRER R . 2SS IMA 0.2 g MR By, R A IRAD . &
EEAH 0.2 g EERYE T 100 mL R ELER (ST 46, Lk 5
1. 84 v, T BAL
L2 REHE
L2.1 HMES 72 MEKBI20.40 DIEFTEEE,
43I 2 A%, — 1 Fl T Ha A B 1 MR 8, 50 — iy BB R S
T E ARG R R R,

122 ABSRAGERE. B2 10 g sk = 50 mL,
25°CEH# 4 h,10 000 r/min B> 5 min, W FEHER
TN

L3 JEME

L3.1 #A%RIAERARENTENE SBE
CRFM FRME AT,

L.3.2 EINFEMINEEENE AR AR
BRI 70 8 LA BT 7 B 43 5 225 SCERC15-1919
k.

L.3.3 HAGERFAHRIE L AEZHHRCH=
(A—B)/AX %, A BR¥EFRLZHBR BT AERS
B BEBFRALZIGRABYIALEREE, FHER
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MARR AFRAERLFHRITE R RA4EE.
L4 BB

RIBRE R JH Excel 2007 347 8 38 f1 34, SPSS
17. 0 Ky @ . SR Pearson #HA R FRA AR S H
of IO B4 G B 244 K R B I A S M A T 4T
2 GRE5SWR
2.1 AREAEERE 245K EE T

H12% 2 WA, B Ak DI1 2B KB #E 20 d 140 d
IR, 4 B35 5 0. 37500 cm/d T 0. 43429 cm/d,
SHEWKZ AR EEZER; Bk SBL7E 20 d
40 d By A K B A 18, 4 R A 0.10333 em/d Fl
0.11143 em/d, BH BT HEE R, #idEZHE LR LT
Eikk HZ2 #1 KY5 B/, HHE, 20508 —0. 004 cm/d F
—0.012 cm/d, Bk SY1 F KY4 2 ANEFRA: 5 2208
R A HE 0. 061 cm/d F1 0. 069 em/d,

x2 TEE#RERKRE LS

Table 2 Comparison of different strains growth rate cm/d
HRmS dzo dio M8

Strains 20 days 40 days D-Value
KY4 0. 27833e 0. 34762d 0. 069b
HZ2 0. 19167¢ 0. 18762b —0. 004a
KY5 0. 13333ab 0. 12095a —0.012a
Di1 0. 37500g 0. 43429 0. 0590b
DJ5 0. 14833b 0. 17810b 0. 030ab
SB4 0. 10333a 0.11143a 0. 008a
1S3 0. 24000d 0. 29810¢ 0. 058b
SY1 0. 31500 0. 37619d 0. 061b

T dao K88 FF 20 d WFIE B BB , dao 3 40 d BTN E YA KR
Note:dyo defined as growth rate measured 20 days of culture, defined as growth

rate measured 40 days of culture.

2.2 AFEAHETERMSNEE 2 20

mF 3 Al A1, 20 d B 47 4 2 W IS P R R T bR
DJ5,35%)] 341. 96 U/L, Btk KY4 RAE(LE 69. 66 U/L,
AR FRMERGTE P Mo DI, 353 3 812. 90 U/L; i
Bk SB4 75 P 224 K IR BROVEREVE PR IR T H B TR
BRI 1 A M TR AR HZ2, IR R AR SY1. 3557
40 d BTk HZ2 (2745 R Bl AR SRBE R TS PR B R B
BETEMETE 40 d B 8 MM Z B E B &M EF T 2
A B R ) 22 (B L3 7S B bR 1S3 B4 4k H RS
N EERE Wk DIS R &0, KRBBEE RS &
KIGRE HZ2, 88T R/ 2k DI, B2 EHE N
T, R B2 B BR SYL, S /N R 1R Bk SB4, 43 ) &
—2.79 FM1—29.16, BT LA R 7E 2 K AR
25 TR R I 359 02 R SROME T8 05 M, A 22 R /N I B R R
T,
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Table 3 Comparison of different strains cellulase, xylanase, laccase activity in solid culture medium
[L73 FHERE Cellulase/ (U« L7 HFEREEHE AR Xylanase/(U- L7 REHEEEE B Laccase/(U+ L71) BEgEE

Strains dao dso D-value of cellulase doo dso D-value of xylanase dao dyo D-value of laccase
KY4 69. 66a 631. 38ab 561. 73be 3 317. 34b 2 167. 41ab —1 149. 93a 16. 85a 6. 74a —10.11b
H72 274. 83ch 780. 55¢ 505. 72be 1 112. 48a 3 367. 76b 2 255. 30b 37. 74b 9. 66a —28.08a
KY5 287. 48bc 656. 42ab 368. 94ab 2 400. 39ab 1 673. 24ab —727. 15a 19.57a 7.09a —12.48b
Di1 134. 53ab 519. 90a 385. 37ab 3 812. 90b 2 100. 18ab —1712.71a 20. 44a 10.93a —9.51b
DI5 341. 96¢ 576. 70a 234.73a 1 235. 35a 1 710. 09ab 474. 74ab 16. 16a 10.72a —5. 44h
SB4 230. 53abe 741. 55b 511. 02be 967. 83a 1 383. 83a 416. 00ab 35. 56b 6. 3%9a —29. 16a
1S3 110. 91ab 769. 22¢ 658. 30c 2 536. 38ab 2 677. 92ab 141. 54ab 14. 23a 8.13a —6.09b
SY1 80. 21a 590. 49ab 510. 29he 1 098.73a 1 884. 0lab 785. 28ab 13. 81a 11.02a —2.79b
%2 (Range) 272. 30 260. 65 2 845.07 1 983. 93 23.93 4.83

I adzo B EEFR 20 d IFWRE MBRANBRIE HE , dio D935 3R 40 d BPIE MBS YE . REDE FEHRE P<0. 05 KFEFBEN, TH.

Note:dpo defined as activity of extracellular enzyme measured 20 days of culture,dso defined as activity of extracellular enzyme measured 40 days of culture. Values followed by the

different letters are significantly difference at P<C0. 05 ,the same below.
2.3 ANFEREA T4 ZF R

H3K 4 ATLAE H L FEBE KT «=0.05 7,355 20 d
B PRk KY4 AR R RARZEFHERS T
HTEE, 4 B2 24. 06%.,31. 48%.87. 65% , £ 4t &£ 1
HEFYE R A R R /DT R4 52tk SBA R T Ak
KYS5, AR REFH R R/ R R DI5;40 d B, 48 %
LA R KR R KY5, 40 5l 41, 43%
1 69. 31% , AR R A FF R A M EE SBAF1 D J1,47
R R A S /MY R B DI, R R
/MR E M DIS MEH SY1, X+ 2F FHEM 5

Mg i 3% 20 d BB kR KY4 XFFA L 4E R 25
R EETHTENE7E 10 dHER 8 AN EkZ R T
RMEA A ERF TR R E 2508 2 e
B 0 8k BLE tk KY5.DJ5 i 22 {8 &% o, Btk
KY4.DJ1 2 ER/N. M FARRAEREELELZME
KA R TE BT HITEFER/NE J5 BITHFB R, 2 1E /Ny U]
AR o 33 %o AN [R) B 9 AR b1 ) R 8 LA, S5 B kLG
SR EAEBELERI R A mellea 3T FL YR
RAHE R TR S T A, cepstipes Fl A, gallica, A. ce-
pistipes F1 A. gallica TEARFEZFFZE LET A. mellea,

x4 ENRAER FALEE AKREFEE
Table 4 Utilization of cellulose, hemicellulose and lignin in Armillaria
HHERFAE Bt s villiikd RIERF AR REEA4E SR R HEEME
%HE Utilization of cellulose/ % Utilization of hemicellulose/ % Utilization of lignin/ % Utilization of total/ % D-Value of
Strains dao dso dao dao dao dao dao dao total

KY4 24. 06f 40. 43¢ 31.48d 59. 81bc 87. 651 87. 66ab 71. 70d 77. 24a 5. 54a
H72 18. 40e 33. 80be 24. 80bc 67. 29¢ 80. 94e 86. 27ab 65. 72¢ 75.68a 9.97a
KY5 17. 36de 41. 43¢ 17. 50a 69. 31c 19. 16¢ 87. 54ab 17. 83b 78.11a 60. 29b
D1 12. 85he 20. 55ab 19. 82abc 38.52a 83. 10e 89.41b 65.47¢ 73.43a 7.97a
DI5 10. 81ab 34. 75hc 18. 58ab 59. 73bc 3. 85a 82.91a 7.71a 72.73a 65. 02b
SB4 7.82a 15. 66a 24. 08bc 43. 83ab 20. 66cd 89.97 b 18.21b 73.43a 55.22b
183 14. 46cd 31. 96be 31. 88d 47.57ab 12. 02b 87. 33ab 10. 48a 66. 26a 55.78b
SY1 13. 47bc 37. 34hc 18. 07ab 43. 83ab 16.71c 82.52a 16. 44b 71.62a 55.17b

o doo EEFE 20 d BFIE BOA SREF SR AR, dao AR 40 d HISE A REF e R AR

Note:dgo defined as utilization of lignocellulose measured 20 days of culture,dso defined as utilization of lignocellulose measured 40 days of culture.

2.4 AFIBRA LA 4 R F 245 308 L 18 A 32 o M 4
B 2R K BRSSP E AT

H1Z 5~7 TR, AN R B R A BT 4E R A R 530 B
R AT o &/ MR i A T B PRI SR BRI B KY 4 £
KA AR GLERTHEIE A KOs = 2 A AR

IEAESE bk SBA RBERFIF R SBMTEE EREEZ
] 2 ARG s T DI AR BREF AR5 4 K B IE AR
K, MEREEER AR BBETESERKERERER
R bk KYS KRB RF AR SEREREEAMR, 5
BEEHE VR R IEAR R A 5 A KR R R,

5 KRALERFAESEKBEEREXHE
Table 5 Correlation between utilization of lignocellulose and growth rate statistical
KY4 HZ2 KY5 D1 DI5 SB4 1S3 SY1
FHEE Cellulose 0.985* * 0. 720 —0.919* * 0.614 —0. 376 —0. 800 0. 081 0. 947 % *
A4 E Hemicellulose 0.963% * 0. 809 —0.994* * —0.013 —0. 446 —0.921% * —0.044 0. 947 % *
AJE#E Lignin —0. 000 0. 976 % * —0.998* * 0.969% = —0. 558 —0. 994 % * 0. 307 0.994 % =
P * 78 0. 05 K G b BEAE; * * 78 0. 01 KGR L BEFM K. TR,
Note: * represent significant correlation at the 0. 05 level; * * represent significant correlation at the 0. 01 level. The same below.
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Table 6 Correlations between utilization of lignocellulose and activity of extracellular enzyme in solid matrix
KY4 HZ2 KY5 Di1 DJ5 SB4 1S3 SY1
FHEE Cellulose 0.961% * 0.782 0. 770 0. 630 0.974* 0.786 0. 800 0.977%
LR Hemicellulose —0. 802 0. 698 —0.473 0.199 0. 907 * 0. 396 0.223 0.612
ARJEZE Lignin 0. 457 —0.730 0.961* * —0.899* —0.823* —0. 818* —0.920* ¥ —0. 559
) -
®7 FYERE KRPER  REEE S £ K EENEXE
Table 7 Correlation between activity of cellulase,xylanase,laccase and growth rate
KY4 HZ2 KY5 D1 DI5 SB4 LS3 SY1
FHER Cellulase 0.990* * 0. 903 * —0.872* 0.971% * —0. 200 —0.832* 0. 333 0.979% *
AREERG Xylanase —0.915* 0. 770 0.505 —0.918% * —0.141 —0. 407 —0.083 0.716
BB Laccase —0. 842~ —0.832*% 0.961* = —0. 836 % 0. 485 0.798 —0. 362 —0.579

2.5 R[FIA YA B A 4 3 A 3R 5 00 0 6 A o M
SN P AR 1S B AR SR S

8 KUY A mellea THERFIARGAER
B 1 2 I S A 2 TEAR G R OR REOR 0. 835, KRR
AR B 2 18 UM O, AR R B — 0. 538;
YR A, cepistipes LT HER LT YER 5 X A Bl 1

PRSI 2 TR ARG M SC R B A 0. 672,0. 692, A K 3R
ESA B RAN TR AN D 2 U, M R EUR —0. 936;
YT A, gallica AFRERF AR SHFEREGHEEZ R 2
W B & AR 56, M 26 R B 0. 7385 BB M ok B BUEE
BAK.

*38 AR EYFAKRRA L ZF ARSI EFE REIEEEE, £ KEHEXE
Table 8 Correlation between lignocellulosic utilization of different species and activity of extracellular enzyme, growth rate
H MR HEEE ARG B HEREE
PBiological species Cellulase Xylanase Laccase Growth rate
HFHE Cellulose 0.835% * - — 0. 266
Arimillaria AP UEFE Hemicellulose — —0.071 — 0. 039
mellea ARJBEE Lignin — — —0.538* 0. 032
HKERE Growth rate 0. 438 0. 029 —0. 081 1. 000
G4t E Cellulose 0.872% — — —0. 428
Armillaria BAYEE Hemicellulose — 0. 692 * — —0. 257
cepisti pes ABEE Lignin — — —0.514 —0.936% *
HKERE Growth rate —0. 439 —0. 082 0. 303 1. 000
2R Cellulose 0.738% * — — —0.028
Armillaria BAYEE Hemicellulose — —0. 001 — —0. 314
gallica AJFE Lignin - - —0.311 0. 350
HKERE Growth rate 0. 202 0. 097 —0.298 1. 000
3 #Ew5iItie DX BHIE A SR R B R A TR SR IR AP R A 5 , SRR

RIS 8 FlASIRIEE I B A AR B AR A R 3R AR R
TEEE .3 FP AR TG 0 DL K3 b 1] 2 TR A S
SPTRH L R SYL RIEA 4RI ARTRETHEE
B 5 A K T AR SRR R, HLR TR, (HH A K
UK FHRE DIL, gk SY1 JBF A. melle 245,
FIRBR IR Y 57, 5 2 PR R IR B B v BE B
SY1 BRI AAREA 4R BAR, B HER A HFEFRY R
MR8 s FEAE I AL R R I R 5 1 2 R DAL i
ERGEH L Ry T E AP, T AR Y7 5%
AR EEEA SR SEINE AR R UK LA 4%
BHLAHRS THE Bk DI MAEREEHES
FHEREWK, HET A. gallica I DI1 A BEF A
R H 54K WA 24k B IEAHR A, gallica BRM
MR R, KRG, THF AN AR F KBRS &
Fe, Cha VAR T — 883k H K RBCZE A K BRAE K
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Research on Utilization Ratio of Lignocellulose of Different Armillaria Strains

YANG Jing"? ,GUI Yang”® ,HUANG Wan-bing” , YANG Mei'? ,ZHU Guo-sheng®?® , LIU Chao-gui'
(1. School of Horticulture and Landscape Architecture,Southwest University,Chongqing 400716;2. Modern Chinese Herbal Medicine Research
Institute of Guizhou, Guiyang, Guizhou 550006; 3. Key Laboratory of Agricultural Biotechnology in Guizhou Province, Guiyang, Guizhou
550006)

Abstract: Taking Armillaria mellea as test material, armillaria lignocellulosic utilization rate, growth rate, extracellular
enzyme activity at two growth period of 8 strains,and the correlation among the three were analyzed,and the difference of
different Armillaria degradation using matrix and rules were studied. The results showed that, cultivation of 20 days,
utilization of lignocellulose of strain KY4 was higher than other strains;cultivate 40 days, total utilization of lignocellulose
of strais KY5 was the highest;the fastest growth was strains of DJ1 during two growing periods;through the difference
analysis,40 days of cellulase activity more than 20 days,the changes of activity of hemicellulase was bigger also had small
change;A. mellea, A. cepistipes cellulose utilization and cellulase activity were positively correlated, A. gallica cellulose
utilization was negatively correlated with cellulase activity.

Keywords : Armillaria mellea;lignocellulose; growth rate;extracellular enzyme;correlation
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