Mok B2 BF 58 2017,30(3) 1376 ~ 383

Forest Research

DOI:10. 13275/j. enki. lykxyj. 2017. 03. 003

£ E W (Ascocoryne ) I R ES K 5
SHMEREFEEOH

— -1 ] N ] b 1 N 1 2
5 owm, THRET, Tyx, 2ag, £ FE
(1. HE MR 2878 e R A S IR 5P 5T, L5 100091 5 2. H E MO BFZA 858 B fedb kol 3256 Fhots , B 5 102300)

FE [ BR] A B SR R AT (T Rk NRRL 50072 ) B Bk & BEAE ™ A= A7 AR ARUR 43 1 4 2% A BILA 1
W, XAV R BEIR I A R RE T BT iR 4 DR R W E W e G A A X R R 2l — S, [F
3% 138 i A R T 7 00 B R SRS I B , 2 I RAURIE R 200 T R Gk B R SR 40 &, R T4 [ AR 4
WOy 854 SRR B AR (HSSPEM-GC-MS) | JFATHE & Pk Lo e Ao o [ S5 R 1S ) 48 6 1 A R B R AR %
PN B R T AR S A AR A AE e B 1 22 R R T R 1 T R 2 D) AR R e ) A AR AR K 2
o [ 858 1 BRI R B T RE T FUA P AR R ) (HEARI = A 2 LA AR L ik k. B, & BeR
WAL TR K AR T B 9 TR TR ARG RN 2 R FH 28 25 P B A O Sl (1 EE S

FKHEIR : Ascocoryne ; R PESAK ; SPEM-GC-MS ; A W) e BB AL 59

hE 4 %2 5567, 3 CERFRIRAD : A EHE.1001-1498 (2017)03-0376-08

Metabolites Diversity and Hydrocarbons Analysis on Volatile Organic
Compounds Produced by Ascocoryne Strains

GAO Qian', YAN Dong-hui' , WANG Kai-ying' , LI Hong-chang', REN Fei *
(1. Research Institute of Forest Ecology, Environment and Protection, Chinese Academy of Forestry, Beijing 100091, China;

2. Forestry Experiment Center of North China, Chinese Academy of Forestry, Beijing 102300, China)

Abstract ; [ Objective ] Endophytic fungus Ascocoryne sarcoides NRRL 50072 was firstly found to be able to produce
volatile compounds similar to those in fossil fuels. This could be a new avenue to biofuel development. The purpose
of this study is to clarify whether the other strains from the same species or related species in Ascocoryne have similar
metabolisms to produce biofuel compounds. | Method ] Different strains from Ascocoryne were isolated with tissue —
surface sterilization. The evolutionary relationship between the strains in the genus was determined through constitu-
ting a ML phylogenetic tree. The compounds in volatile gas from the strains were analyzed and identified in NIST da-
tabase with HSSPEM-GC-MS. [ Result] All the strains studied were able to produce volatile metabolites containing
hydrocarbons, alcohols, esters, aldehydes, acids, etc. However, the volatile compounds among the strains were
highly diverse, even among closely related strains with significantly different compositions in their volatile com-
pounds. [ Conclusion] Most fungi from Ascocoryne could have the capability to produce volatile hydrocarbons. The
compounds of hydrocarbons may be strain-specific. Therefore, it is fundamental for discovering or genetic engineer-

ing new strains to study and develop myco-diesel from Ascocoryne fungi.
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Table 1 Accession number of reference strains in NCBI database for phylogenetic tree

NCBI %535

NCBI accession

NCBI %535

NCBI accession

Ascocoryne KK

NCBI %535

NCBI accession Ascocoryne TRFK

Ascocoryne B

Ascocoryne slrains

Ascocoryne strains

Ascocoryne strains

number number number

AY354229 A. eylichnium olrim86 HM152543 A. cylichnium ATCC ;44015 GQ500107 A. sarcoides AV-70
AY781215 A. eylichnium olrim12 HM152544 A. eylichnium CBS:251. 80 HM152546 A. sarcoides CBS:171.56
AY789395 A. cylichnium PDD75671 JF440583 A. cylichnium 1 HM152547 A. sarcoides CBS:170. 56
DQ008226 A. eylichnium 2 AY219041 A. sarcoides NRRL 50072 HM152548 A. sarcoides ATCC ;64109
DQ008226 A. cylichnium 3 AY354230 A. sarcoides olrim77 HM152549 A. sarcoides CBS:246. 80
FJ903355 A. cylichnium 130 AY781216 A. sarcoides olriml1 HM152550 A. sarcoides CBS:309.71
FJ903373 A. cylichnium N31 AY787686 A. sarcoides 2 HM152551 A. sarcoides ATCC :44013
GU067753 A. cylichnium ¥59 AY789388 A. sarcoides ZW-Ge092-Clark JIN689944 A. sarcoides 3
HM152542 A. eylichnium CBS:192.62 GQ411510 A. sarcoides 1 HM152545 A. solitaria CBS:738. 84
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/ng 150%C ’Eq:la :‘Fﬂﬁﬁﬁzj‘j 5 000 O scans 5 o —Ascocoryne sarcoides ATCC:440131
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FPYF3017 AHIEZ (E12) o EvA 1,6 FRFE MEA X557
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RN 5, 7T LA 4 ~ 10 KR K E) 25 5
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Fig.2  Growth rates of Ascocoryne fungi in PDA at 25°C
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Fig.3  Growth rates of Ascocoryne fungi in MEA at 25°C
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FPYF3014 Fil FPYF3018 F=ik ; L5 28 i g =4, o0 x2 THEEO6EHRERMESYALSET
HH FPYF3014 . FPYF3015 Hi1 FPYF3018 ;=4 ; +— Table 2 VOC products summary produced by six
FIEH A , ﬁ} 7'DJ'J i1 FPYF3013 1 FPYF3018 fz A ascocoryne strains
NIk, i FPYF3015 72 2F . B bk =2 6] Y A 41 Tiﬂ.‘ﬁi ke Mk BEOBR OB B ﬂléz He Mt
_ - } . o strains  alkane alkene alcohol ester aldehyde ketone acid other total
IEJB(JJ:]EJ:JX:FE%O Fz%ié‘l\ﬁ {R»IE’ *Sk FPYF3016 ﬂe FPYF3013 4 5 3 1 1 0 3 0 18
Ko 3] 47592, bk FPYF3018 4G I 31— Fh s 12 o- FPYF3014 1 3 7 0 0 4 1 1 17
JERRIS KR FPYF3014 45 3 P2 40 812 a-Muu- FPYF3015 4 6 3 0 0 10 1 14
. AR FPYF3016 0 0 3 |1 0 o0 0 1 5
ol H5 FRELHEFIZE, oA ZHRIBRAE= 56 BRKS. v o 6 10 6 o 4 1 2
XSl B C s Hy, A AN FPYF3018 3 1 12 5 0 5 2 2 30

x3 EHE6EKRELMETY

Table 3 List of volatile compounds produced by six Ascocoryne strains

53 Ascocoryne B iR

% e (930 molecular fea (o) Ascocoryne strains
number compounds ) compounds

formula 13 14 15 16 17 18
1 Ethyl Acetate C,Hg O, filk i 2, i - - _ V4 v \V4
2 Ethanol C,HsO 2 \V V4 _ \ V4 \
3 Isobutyl acetate CeH,, 0, B TR 55 T g - - _ - V4 V4
4 Decane,2 ,4 ,6-trimethyl Ci3Hyg &hse 2 4.6-—HIH - - vV - _ -
5 3-Hexanone , -methyl- C,H,0 3-CUH ,4- Ak - % - - - Vv
6 Undecane, 4-methyl- C,Hyg e 4-H 3L - - _ _ _ \/
7 1-Propanol, 2-methyl- C,H,,O0 1-P9 s, 2-F 5t vV V4 V4 V4 _ \
8 1-Butanol, 3-methyl-, acetate C,H,,0, 1-T e 3-F3E-, 2, - - _ - vV AV
9 Ethylbenzene CgH,p Yo% 3 Vs - - - _ _
10 1,6-Heptadien-3-yne, 5-methyl- CgH,g 1,6--L —Ja-3-p,5-H 3 - - \ _ _ _
11 Hexadecane, 7-methyl- C7Hsg +oNde,7-H 3t - - vV - _ _
12 Undecane, 5-methyl Cp,Hyg f— ,5-F L vV - - - - _
13 1-Butanol C,H,,O0 1-TE _ _ _ _ _ V4
14 2-Heptanone C,H,0 2-Bifi - VA _ - V4 _
15 Heptane, 3,3-dimethyl- CoHy, Pk ,3,3- " H 3k - - - - - vV
16 Heptane, 3 ,4-dimethyl- CoHy Bk 3 4-—H 3L - \V - - - -
17 1-Butanol, 3-methyl- CsH,,0 1- T, 3-F 3t \V V4 V4 V4 V4 V4
18 1,3-Diazine C4H,N, 1,3- 1% - - - - - vV
19 Dodecane, 2,6,11-trimethyl- CysH;, +=e,2,6,11 ZHI3E V4 _ V4 _ _ AV
20 Hexadecane CisHs, N AvSH V4 - - - - _
21 3-Hexanol, 4-methyl- C,H,cO0 3-C,4-H 3 _ _ _ _ _ V4
22 3-Octanone CgH;cO K= _ _ _ _ _
23 2,2,3,3-Tetraethyloxirane CioHy O 2,2,3,3-PUZ KM E L - V4 - - - -
24 Propane, 1-methoxy-2-methyl- CsH,,,0 ke, 1-H AR B2 - H 4t vV - - - _ _
25 Acetoin C,Hg O, Z B HA - V4 - V4 _ _
26 3-Ethyl-2-pentadecanone Cy;H3, 0 3-2. 32 H AR - - V4 - _ v
27 Heptacosane Cy;Hsg — Ttk - - vV - - -
28 3-Heptanone, 5-ethyl-4-methyl- CioHyO 3-JEE ,5-2, 5 4-F 3t - - _ _ _ \
29 2-Heptanol C,H;cO 2-Pifig - _ _ - V4 _
30 2-Heptanol, 3-methyl- CgH g0 2B 3-H 3t - V4 - - - _
31 2-Hexanone, 3-methyl C,H,,0 2-CU R, 3-H - \V - - _ _
32 2-Nonanone CoH ;50 2-T-il - - _ - V4 V4
33 3,5-Dimethyl-2-octanone CioHy 0 3,5- -2 -2 i - - — _ V4 _
34 3-Ethyl-2-nonanone C;,H,O0 3-2, 32T - \V _ - _ -
35 Formic acid, 2-ethyl-hexyl ester CyH 50, Hig2-2, 5L Ol - - _ - _ V4
36 Acetic acid C,H,0, T R vV V4 _ - V4 V4
37 1-Octen-1-ol, acetate CoHi50, 12541 - 2, k3 — _ _ _ V4 _
38 2-Nonanol CoH,, 0 2 T - — — _ vV _
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45 N Ascocoryne [
el feat(30) m]jiiuilzr feam(ho Ascacor;}rlle Qtlrialji
number compounds compounds
formula 13 14 15 16 17 18
1H-Cycloprop[ e ] azulene, 1a,2,3,4,4a, 1 H-33 9 e]50,1A,2,3,4 4a,
39 5,6, 7b-octahydro-1, 1,4, 7-tetramethyl-, CisHyy 5,6,7b J\& 1,1,4,7 PYHI - \V _ _ _ _ _
[1aR-(laa, 4a,4aB,7ba) ]- [1aR-(laa,4a,4aB,7ba) ]-
40 d-Selinene CisHy, S-FEM S - - _ _ iV \/
41 2-Decanol CioH»O 2 Z&fE _ VA _ _ V4 v
42 Benzaldehyde C,HsO R V - _ - _ AV
1H-Cycloprop[ e ] azulene, 1a,2,3,4 ,4a, 1 H-3R 3 [e] B,1A,2,3 ,4 4a,
43 5,6, 7b-octahydro-1, 1,4, 7-tetramethyl-, CisHyy 5,6,7b J\EA 1,1,4,7 PYHJL- - - vV - vV -
[laR-(laa,4a,4aB,7ba) ]- [laR-(laa,4a,4aB,7ba) ]-
44 Propanoic acid, 2-methyl C,Hg O, NR,2-H 3t V4 - - - _
45 1-Octanol,, 2-methyl CoH,, O 1-SFE 2- i 3t - - - - _
1S,2S,5R-1,4,4-Trimethyltricyclo[ 6. 3. 1S,2S,5R-1 ,4 ,4-=HIL =
46 CisHy, _ LV - - - - -
1.0(2,5) ]dodec-8(9) -ene [6.3.1.0(2,5) ]+ —#%-8-(9) -¥&
2-Isopropenyl4a, 8-dimethyl-1, 2, 3, 4, 2-FW M dk4a, 8- H -
47 CisHyy . - - Vv - - -
4a,5,6,8a-octahydronaphthalene 1,2,3,4,4a,5,6,8a )\ 5%
48 B-Humulene CisHy, B-HE LI V4 - - - _ _
49 Aromandendrene CisHyy FRs I - - - - V4 _
50 o-Muurolene CisHyy «-Muurol #7 _ V4 _ _ V4 _
51 2-Dodecanone Cj,Hy 0 s e Y. | - - _ - _ v
52 Acetic acid, decyl ester C,Hy O, 1%, 240 - - _ _ _ V4
53 B-Guaiene CisHy, =2 - - - - V4 -
54 Butanoic acid, 3-methyl CsH,,0, T, 3-F - - _ - V4
55 Hexanoic acid, 2-methyl- C,H,,0, CR,2-H 3t vV - _ - _ -
56 Naphtbalene,l ,2,4a,5,6,8a-hexahydro- CysHy, §£,2,4a,5,6,8a-ﬁ/§— _ v ~ ~ v
4 ,7-dimethyl-1-(1-methylethyl ) - 4.7-ZHFE-1-(1-H 3 3E)
57 1-Undecanol , acetate Ci3Hy 0, 1 g, BhR - - - - vV _
58 cis-(-)-2,4a,5,6,9a-Hexahydro-3,5,5, CsHy, Jii-(-)-2,4a,5,6,9a /:—\/ﬁ:;, _ B B ~ v ~
9-tetramethyl (1 H ) benzocycloheptene 5,5,9 DU L (1H) -2 3R ks
59 3-Cyclohexene-1-methanol, o, a,4-trime- €,y Hy 0, 3-1’156@—] SHEE oo, vV _ _ _ B _
thyl-, acetate 4-=H3E, 2
60 a-lonone C3H, 0 sy | Vs - _ - _ _
61 ((;zio)h-exene, 3-methyl-6-( 1 -methylethyli- CroHye HOKS 3-F3E6-(1-FIET 23E) vV B _ B _
62 1-Decanol CipHy,O0 1-2% - - _ - _ AV
63 Azulene CoHg v - Vs - _ _
64 Cyclodecane, methyl- C, Hy Py CNEEE - - - - V4 _
65 Formic acid, undecyl ester C,Hy, 0, IR, | —s e fig - - - - Vv _
66 3,6-Octadien-l-ol, 3,7-dimethyl-,(Z)-  CyoHy 5O 3 6;1?;1(”;)3 1 Y 2
67 n-Tridecan-1-ol Ci3Hyx0 1E =1 -fig - - - - _ V4
68 Benzyl alcohol C,HgO R L - \ - - _ _
69 1H-Indene, 1-ethylidene- C Hy -1TH-Bi,1-F. 2 3% - - V4 - - -
70 Naphthalene, 1-methyl- C, Hy 751 -H 3L - - AV4 _ _ _
71 (Z)6-Pentadecen-1-ol CisH;30 Z-6-1 H I -1 -l _ _ _ _ _ V4
72 Phenylethyl Alcohol CgH,, 0 U - \ _ - AV AV
73 1-Hexadecanol CiH3, 0 -7 e - - - - _ AV
1,3a-Ethano (1H) inden-4-ol, octahydro- 1,3A-Ethano(1H) Bfi4-J,
74 CisHy, O P - - _ - V4 _
2,2,4,7a-tetramethyl- JNE2,2,4,7a PYHI3E
75 Cyclotetradecane C,Hyg PO & s - - _ - _ AV
76 Phenol, 2,4-bis(1,1-dimethylethyl) - Ci4Hx» O R ,2,4- W (1,1-—H 323 - - - _ _ _ iV
77 Methyl hinokiate Ci6Hy 0, F 3t hinokiate - _ _ _ V4 _
78 Nootkaton-11,12-epoxide C;5sHy» 0, AR 11, 12-3R 4, _ _ _ _ V4 _
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formula 13 14 15 16 17 18
2-Naphthalenemethanol ,1,2,3,4,4a,5, 2-ZEHEE -1,2,3,5,6,8a
79 6, 8a-octahydro-a, o, 4a, 8-tetramethyl-,  C;5HysO INE -, o, 4o, 8-PY I 3E- | - - - - V4 _
[2R-(2a,4ac, 8aB) |- (2R-(2a,4a0,8aB) )
2,4,7,14-Tetramethyl4-vinyl-tricyclo[ 5. . 2,4,7,14 DY BEA-2 075 5k-
80 CyH3, O o . - _ - V4 _
4.3.0(1,8) Jtetradecan-6-ol =IR[5.4.3.0(1,8) ] PU%s-6-fiF
3 Wi [ R PR , N TR R Z [ 22 5. IR, 6 S IRIPRAE
17

TR wEE T 7% E ] Ascomycota , 2 [ B H
Helotiales . ZZ JE £} Helotiaceae , H §ij 7F H. 7 /& ( My-
cobank , http ;//www. mycobank. org) 3G 9 F 74
BRAEYI Y Fh 4 5 (http ://www. catalogueoflife. org/)
HOEICA SRR 8 A &R 5| (Index Fungorum, ht-
tp://www. indexfungorum. org/ ) HHIlsE 6 FF, 7F NC-
BI AZBREE R ANA A. sarcoides A. cylichnium Fl
A. solitaria 3X 3 DFRIEREAY 1TS 2575, HE R
DT RGERE 0 TACEIRFF =, X 3] H A
28 ER R E FE R R A X 3 DAY
Mo I H iR B A Dy A 25 ) RE RN H S AN
TR, HRP S S B R AR S IE , B
ZETEIRF IR R B R AR, XM 5L
R ARFE S A A —3, ASUHTERSR
KBEWHISE IR A cylichnium B ILR—A470 3L
IR L AR R R B B AR O (BT 1), BBk
FPYF3014 5 J& Fp 25 W] =22 2% BLASTn 45 1y
o PR bR . R R T RIRF I R GEK
HRRBBRIFEN . ABFTEMIRR 6 DIERW )&% 3
AFpL, I H A, sarcoides F1 A, solitaria 455 2 NHER,
PR, ARS8 1Y 25 SR X 12w B Al DL AT — s AR
Tk, ®ATH B G5 R & B OR, FPYF3013 il
FPYF3018 5 1 7= 42 19 A. sarcoides NRRL 50072
MRS R R RJE . NRRL 50072 k2 DL A
sarcodies AV-10 FZZ F Rk, M Gliocladium roseum
SITIE R A, sarcoides 117, A Ascocoryne & R 55,
EEMHX 2 BEM S FPYF3013 1 FPYF3018
B, LA 87 % e I {5 B SR AE W] — 7K B (& 1), X%k
L FF TRk AV-10 il NRRL 50072 2 [ {3 — &
2", [, BT NRRL 50072 5725k Ge , 615 H
— RIS Y H A 10 22T Bk 1 77 R A7 100 L
Z NI . A EIRIERY] T rfitilng 3 4
MY 6 DR Z 8], 78 ITS FPol R GER F ARG -1
DA WA 25 (B 1-3) s FEA KGHUEE b, ARl

BT 5 FRAAEER

PR R RE A sarcoides NRRL 50072 7£ PDA 3%
Febk b BB AR R R 2,6-— H B — 4% (unde-
cane, 2,6-dimethyl) 3,3 ,5-= H 325 §5% (decane, 3,
3, 5-trimethyl ) . 4-F3 £ 35 & 452 ( cyclohexene , 4-meth-
yl) \3,3,6-=H 3245 ( decane, 3,3, 6-trimethyl ) Fl
4,4-— H .+ — 4% (undecane, 4,4-dimethyl ) 45 B¢
Tt ot A R — B SRR RV Y s
P S AN 5 B A A SR SO R A R Y
KRy, R, T TR 45 R A IR RR O A
Py (mycodisele) ', B R 2 J5 7 H b I ) 4
A BT I 77 A ARS8 10 4 AR
' (HFE Ascocoryne JB FL BB Wbk Bk R WA
FHZRAE YIS S0l . FRATATTE S5 2R R
(F£2.3),7713k B A. sarcoides 1 A. cylichnium
3 ATk BEARAE A 3 APLA BBk TR B A
solitaria [¥) 2 DRMRA WREKE =4 ey 3 Fh LA LI
R TEBRA S R, 31X 5 BRIEHR LGk A A 7 b
Y21 A. solitaria 1 ¥, W] WL B SR A B FLIE 7 #E R B
KPR REE S H B, 2X K B A, sarcoides
F AL eylichnium BT PR 5 A2 W0, {H R 28 1 2 7
WZ ISR ZEM . g5 R (3R 3) R AUH
— R 2,6, 11-= HIE+ e (244 5 19) £ 3
AN OBk VOC o fE 7E. W Kk FPYF3013 Al
FPYF3018 Jir = A= (45 K 52 (3R 3 = W) 4 5
12,19 .20 24 F16 15 .19) 512k ) A. sarcoides NR-
RL 50072 A4t JGAH [l 2 4b, 3 2 7 %)@
FLIH Z R0 Z M R 7 ) L A AEAE Z e
XIS H R B BOR R B 24
PE? BAMER I — D8 7R 1 [0 B, W] g 5 B Rk [A]
KA AR B 0 I A R o AL sarcoides
NRRL 50072 K& A 2H 55 %2 2 A 5C 14 1k R 7% 1T g
ik 80 A, X H bR AR 10 ZRke k2. 5 NRRI
50072 T8 Bk 4= 5 RIS BT LB, A SCHESER) 6
AN A BRA SR, X bR T I T s
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Rt TN 3 R e 3k AN [l Ab, 5 85 97 45 1 % VM
MO B A B R TR S PR AR
BRI R IA PRSP PE (£ 3) , UHAER
PEEIN 2P N EEF T BE o 6 AR B KR ™ 3-H -
I-T R gm 5 17,38 3) %0 W) LT 78 5 U il
FE HP ) 3 T AR S ARG I S 5 32 W B 4 A B
£ A. sarcoides NRRL 50072 [ #% & % 10 i 9
Ha 10T S 3-F -1 - T AT B S AR &
AHULS VI RIE ST o

4 &k

BT A A R A 2R R R
BRBT = A BB S A LA & DI AL, 15 2 B
] RER A R R R R R RE T, (I Py
HARRLANE . BT 5 R
R E R AR M T 2%, W K B e i 5 A
TARIERT & B AR 08T Bk, 2 1 R P 0% 3
A EC R OR A SR A IR B8 E T SRR

S 3Lk
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