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Study on characteristics of matter transformation of Tremella fuciformis

in factory cultivation with fresh Juncao
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LIN Hui, LIN Dong-Mei, LUO Hai-Ling
(National Engineering Research Center of Juncao Technology,

Fujian Agriculture and Forestry University, Fuzhou 350002, China)

Abstract; In order to explore the mechanism of factory cultivation of Tremella fuciformis with fresh
juncao as the main substrate, GC-MS was used to analyze the substance transformation characteristics
during 3 different stages,which were G1 (hypha growth phase, 12 d after inoculation), G2 (primordium
differentiation stage, 24 d after inoculation) and G3 (fruit body growth phase, 36 d after inoculated).
After main component analysis, partial least squares discriminant analysis, and orthogonal partial least
squares discriminant analysis, the results showed that there were 426, 423, and 466 different metabo-
lites in G2 than G1, G3 than G2, and G3 compared to G1, respectively. The carbohydrate content in G2
and G1 was higher than that in G3. The content of fat and terpenoids increased in G3 than that in G1.
Differential metabolites were screened and metabolic pathways were matched. The differential pathways
were fatty acid synthesis, glyoxylic acid and dicarboxylic acid metabolism, and the citric acid cycle. The
synthesis pathways of unsaturated fatty acids were significantly different between G2 and G1. The meta-

bolic pathways of alanine, aspartic acid and glutamate were significantly different between G3 and G2.
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The metabolic pathways of glycerol metabolism were significantly different between G3 and G1. All the

results indicated that there were significant differences in substance transformation and metabolites in

different growth stages of Tremella fuciformis.

Keywords: Tremella fuciformis;Fresh juncao;Factory production; Matter transformation
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$8H-( Tremella fuciformis Berk.) , MR
HOAARH, A whzi” Z K, K8 T8 5B
(Tremellaceae) , 48 H-J& ( Tremella)™ , 7 I [E A
B T S AR B 2 SR AR - S A4 A
H A 20 B S B B R A 2 R g, P R
ZHEN BB TR . RN AR B
DB BOAR BB AR B AR 1983 4§
i AR 2 G R 90 51 22 DA 2 28
PR AR RUARE Y R R R R AR H A 2 T
BT R RHOR i BE SO B B 2 T Y
FEAKEY) TR B — T I R 2 ) R R A A )
FAEE 1989 AETEAR H4 JUIR BT 15 1o SR HF AR T
BT AR E R 2 R AR AR T L 2009 4R T e
PRI R B AR A I A R, e B A
FORR B AR AT AT AR P i R B AR R T AT Rk
KIE. M 15 (Arundo donax cv. Lvzhou No. 1)
SR THATE A2 KE BRI R FHE 1 £
TR Z—.

A TS T B A % (Gas Chromatography
Quadrupole Time of Flight Mass Spectrometry,
GC-MS) BA 3 BRUR G R & o oy T e P
TP AR L AR 2 R A ) A IR A 1
BTHS B R AR Tz S ke
7N Tk Z2 RV 590 DR B BT R 2R
R R D — ) 2 A S 2 A5 U5 30 08 o DAL T e S48
R BRI 0 ORI T 22 A B4 i
R B b AR BT 2R AR 1 0GR B BROK BT B
WA A R G T B A S i
TR0 2R B A AR R AR B A 86 i
FERNERLT  UE TR AR H AR X & SR R 2
P2 » A5k B PR 5 i f e 12 I ST AR
FMRA A T A KA TR Ko 53
fi I/ NG T L g e BUA A D Ak B T
RO AR B P 22 , BB A I B A BB L PR U
bR A A G AR s SR A R AR HETOC
TARER B W B AR PR AT i, AR SC B A
it GC-MS b 53 fif B R 1) Al Rk 5 AR H AN ] 2

K IR AL 1) Wy T A P S B T e T AR
BH SR AL .
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2.1 M #®

2.1.1 XA HE XY-04(AD) Hbk, s
BRSBTS R

2.1.2 BhXEes  EEEEERATRAMAT S T
ARBHRE Y B FRILREC )y - BELRUN 1 5B RE 55,56,
FRKFFE 15, 5% %k 28 % A8 1% &K 58%.,
LRI 1 5 B ROR A AR HEAR AR 2 LR R
FEHh , FRCRHT— R IWCEI 28 H.

2.1.3 BERAS  EREEATE YRR RS

BN R BE 2 (B P T AR R, 43 7 1 224
K G1UEMIE 12 & RIS G2 G 24
d)FIFSERAE K G3FER G 36 d ) =AM K
1) 3% 77 J 2 T S L A A A U Tl R TG VR AT
RS MRS 3 AN HA.

Bl Gl.G2A G ZARRAKRNKEA
Fig. 1  Growth situation of Tremella fuciformis in three
stages of G1., G2 and G3

2.1.4  EZMBEAXA  Agilent M 1
7890A,LEVO i {-PEGASUS HT, Agilent {4
#£43:-DB, Thermo Fisher Scientific &.L>#l-Herae-
us Frescol7, Thermo Fisher Scientific #8 15 & ¥K
#i-Forma 900 series, Sartorius 43 #f KX F-
BSA124S-CW, Merck Millipore 4li 7K {X-BH & D24
UV. H & (Methanol) , & {}j ( Chloroform) , i, B¢
(Pyridine) , F %A % £h (Methoxyaminatio hydro-
chloride) , L-2-5 ZE N 4 2 (2-Chloro-L-phenylala-
nine) ;: BSTFA (with 1% TMCS,v/v) ; i 15 iR
i (FAMEs).
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2.2 /i
2.2.1 HAFRE EHEMIRAHSEE 100 mg
T 2 mL EP &b, [m& e A 1 000 pL i 52
BORCV HEE : VK=3: DIREHAEMA 10
pL NS R (L-2-S R N AR » 75 S 55 7E
TR % LR TE 30 s; [a] EP 45 Hhoin A& BR, £
FABFEEALAE 35 Hz 250F FALEE 4 min, #7575 5 min,
B 3 W ERRAE KK T iEAT s B b PR FEAR
PEAT 4 CCEO B0 444 10 000 r/rpm .15 min;
B 200 pL BWEW TR AMA 1.5 mL EP & o
2 LIEW EP A LA Wi fn v TR S L
Yy NEZS AR L U B 2T SR 0y, )
TR A I 60 L B AR MR 150 CHF 4R
ERRRER T IE 20 mg/mL)  BRERIRA S A
HEAR 80 “CHER 30 min; M H 58 MG » M) BEAE
fHAIA 80 pl BSTFA(EF A 1% TMCS.v/v) .,
RA AR 70 CHFF 1.5 hs IS5 W%
FE & B ALK
2.2.2 GCMS #m i Agilent7890 K A0
TEASCRT AT B 8] 5 35 4SO R i 4T GC-TOF-MS
3. RGR A DB-SMS BAIEHE. 1 pL BESL LA
Toor 3 =0E AL LA #803 iTA HIRE i 3
mL/min, # A ARG & 1 mL/min. 846 6 &
PRAFTE 50 'CF 1min, ZRJ5 LA 10 °C/min 4 3 3242
B3] 310 °C/ min, ZRJ57E 310 C {445 8 min. #F
FET ALH SRS 1 U5 3682 4 31y 280 °C . 280 °C
A1 250 C. A F P BEC R L BEE N — 70 eV, i
TR e A 2 BT R4S, m/z S 50 ~
500, FEHIIER 6. 30 min J5 . 5 s12. 5 ik 4%,
2.2.3 #HHEAEE5H i Chroma TOF
X T R A T T AR I AE SRS R L0
B4y T 55 2 45 470 Y, | LECO-Fiehn Rtx5 %t
P ZE XA P A 7 1 A 46 0 i DT AR B el
B FEHIC L X6 A B A B0 28 AT 36 B4 4 B
(Principal component analysis, PCA) . & /N
e H 543 Hr1 (Partial least squares discrimination
analysis, PLS-DA) % 1F 22 i £ /1N — 3 2 51 43 B
(Orthogonal PLS-DA, OPLS-DA) , % H} 2= 54T i
Yy, i@ i UC i KEGG Pathway, HMDB F1 Pub-
Chem Z5 55040 215 3] 22 5 2 5 A4 10 1 155 3 [
]

2
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3.1 BETFReIEE
TS I R T T s o T e T AR R AR

HE = AN TR A R 0 S5 2 P LA 51 1004 /i
X SRS RC HEA T AL RS AR A 737 SRR I
F WG TR HE T AR R = A A AR R A4
I A E (& 2).
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1.5e+007 ks {al]
WA W - 1 Ll
1e+007
NUTTON DR R VI | WU W h e
5+006 |k L i U,J,\L SIS GO
Time bl N ,,w“x_.ﬁ. S —
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Fig. 2 GC-TOF-MS total ion current from 3 stages of
samples

3.2 EWRDSH(PCA)

AN T A K 3T %) S Ak R AR 2 32 B A3 o0 B
AN 3, ST ZH PRI ) A A S R L B v O vk
2= ] S B A AR R — AR
ST B AR AN R ZEL 3] R B0 € 4% 5 11 0 R
REFETPLAREATE PCL A1 PC2 B FAY /AR #a 3,
PRI 5 0 55 5 118 B R FEE S C , 3 T g AR A R
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B DR A5 P P i 22 A AN 2R B AS [R] AR
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Fig. 3 Score plot PCA model from 3 stages of samples
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Fig. 4 Score plot PLS-DA model from 3 stages of sample
3.3 {RE/PMSREFIA S (PLS-DA)

SRy B R JE S 2 531 22 () ) 22 S A B A
5 8. R fsc/ I — 30 3 1 5 43 BT v (Partial least
squares discrimination analysis, PLS-DA) X} £ &
AT AT TR AR e FE B AR S E (Variable Impor-
tance in the Projection, VIP) i@ VIP {H K/
S AN (] () AR ) 0T AN [R)AE it 52 e /N R i e
REJ). &5 R ANIET 4 Pz B AR bR AR 2R — i 7
70 PAARICRIE S T 734573 » L PLS-DA 1373
W ORI 20 Z ) #0453 T ARG A9 X 43 B9k 1
ANFAERK A G 3 22 5 FEAR 23R AL 9524
EAR XA A T B .
3.4 EXR{RE/IMNFREH 55 (OPLS-DA)

OPLS-DA [, PLS-DA Z— 5 IF 38 #5, JA%
RUGP ARSI S I U, DU e K™ i AR Y
2 [ 122 5. OPLS-DA ffig B BiE 1 B3,
5 N AR AR AR R AL A5 4 E (Tp) &
SR A ] Y 22 5 » PARARAR R F R E 284S
S CTO) 2 W2 YRR it (8] 1Y 22 7. 45 2R s
Y P 125 A/, A R BAS [ A 4 4 25 SR B
3.5 RiffwREMESSITEURERREYIHIE
3.5.1 WARAPEL REdad]  AEASPASIN 2 Yy
RV REDRT 25 B (L LA PN s 0 T3 194 Joi i e T AR Sl 2 R
THEEIR  WAR BT L2~ R N & R . &
L RTS8 Aok A 40 B P e 55 780 1 A DA
R IR O FE BT AL AR o, SRR 10 i RE
A LA 1 IFNES 10 o8 B REAS , DL E A
Hh B AR RS T A A I S R e A R S 22

PAIbR 7 B AR i o i TR AF X A% o i 2% (RSD) <
1076 o Uk B ASC 5 B0 4 R A R0, AR YRR I 45 51 Oy
RSD > 1. 07 %, HH R 48 43 Fase s 55— Jr i A
WERP) VA 5 SaAEAS T ot i AR O 2 S 1R D
bR I3 1 SO i A T R S 2 B 0 o e A 0 15 32
(T BB T TS W R A T3 0 L PR B Bl 7 S PR
AR < 80 0 14 W 1L 5 Xt P B T A B4 114 e 2K {1
T/ IME 03 2 —30Rb s SR U5 R BEASREAR 1) B B
T S PR I 1 e T AR A T R U — T b 3
A5 B85 A H6r U ) 5T ) ARG B
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Fig. 5 Score plot OPLS-DA model from 3 stages of samples

&1 MRSREMmM

Tab. 1 Internal standard reference and response

A R A 10 i Rl e T AR O
TE U 0 T AR WA T L PR RSD
3 659 077 3 604 038 3 631 558 1.07%

3.5.2 RH BN A £ F K ik R
FH PLS-DA #5125 — 5 43 A9 A% B #5520
(VIP) { R/ NI P X L g S ik, VIP >
1 RUIEHE X B Y Tk (i s 22 SRR S5 Bt
KB iy P&, P<<0. 05 3 B 045 7Y f) 57 ik 1 .
G2 5 G1 A 426 #2255 o 263 Fpg
BRI T R, 163 R B 2 B L. A
163 Py e s I A5 Ak, G3 5 G2 A5 423 fp 2
SEARE . o 185 Ry i S AR R 0. 238 F
Yy S B B VR B 256 R AT BH B AR
fk. G3 5 G1 3t 466 Fpzz SR, Horpr 242 Fhyy
BRI T, 204 Fp g S AR LA, A
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Tab. 2 Analysis of G2 vs G1 differential metabolites

I =AW AR 5 gk 2~4 .

Wy I 44 B IR [1d=5:¥ VIP p-value Log2(FC) up/down
2-hydroxy-2-phenylacetic acid 22K R CgHs O3 1.155 3 0.002 554 1 —4.463 9 down
Sucrose iR Ci2H22:0n 1. 200 3 3. 797 9e-05 2.885 9 up
Saccharic acid R CeHi0Og 1. 200 6 4. 170 5e-05 —2.528 down
Arachidic acid AR CaoHu0O2 1.202 9 1. 446¢-05 1.851 8 up
6-phosphogluconic acid G- P A 25 M TR CsHi3010P 1.200 1 4. 690 9e-05 1.640 8 up
Maltitol 2 2PN C12Has Oy 1.199 3 5. 972 2¢-05 1.533 1 up
sulfuric acid T Bk 7R H, S0, 1.204 2 6. 835 4e-06 1.839 4 up
Purine riboside W AT CioHi2 N, Oy 1.203 0 1. 487 2¢-05 1.691 6 up
Elaidic acid SR CisHz1 O 1.199 67 5. 304 3¢-05 1.118 up
beta-Hydroxymyristic aci el A CiuHas O3 1.202 31 2.170 3e-05 1.737 8 up
Adenosine 753 CioHi N5 0, 1.1948  0.00015929  0.4554 up
®3 G35Gl =RBRi#WIT
Tab. 3 Analysis of G3 vs G1 differential metabolites
Wy 5 4 B LA FR 452y VIP p-value Log2(FC) up/down
4~hydroxyphenylacetic acid IR LR C8H803 1.119 1 0. 000 718 76 3.5336 up
hydroxylamine eIl NH30 1.106 7 0. 001 600 7 3.107 2 up
2-hydroxy-2-phenylacetic acid 2-FRH-2- IR TR C8HS803 1.054 8 0. 008 886 1 —3.019 down
Geraniol T I i C10H180 1.132 5 0. 000 156 71 2.999 4 up
oxamic acid R C2H3NO3 1.130 7 0.000 189 26 —2.956 4 down
sucrose T C12H22011 1.039 9 0.012 248 —2. 682 down
trehalose i g C12H22011 1.008 3 0. 020 317 —2.464 5 down
Phenyl beta-D-glucopyranoside ~ Z£3& B-D-#j A1 C12H1606 1.109 5 0.001 310 7 1.512 up
Maltose P C12H22011 1.122 5 0. 000 515 24 —1.470 4 down
3-hydroxypyruvate 3-FRIE N i PR C3H404 1.126 4 0. 000 372 66 1.187 8 up
Noradrenaline £WHE LIRE C8H11NO3 1.132 4 0. 000 159 2 1.102 4 up
x4 G35 GERREMHN
Tab. 4 Analysis of G3 vs G2 differential metabolites
Yy 54k R 25 vip p-value Log2(FC) up/down
hydroxyurea B IR CH4N; 0O 1.194 4 0. 000 2 —4,863 7 down
hydroxylamine i NH;0 1.174 1 0.001 2 3.178 6 up
terephthalic acid KPR R CsHg Oy 1.159 4 0.002 6 3.074 7 up
glycerol N =07 C3HgOs 1. 008 7 0.038 2 —2.962 8 down
3-Cyanoalanine RE W=7 CyHs N2 O3 1.1350 0. 005 6 —2.962 4 down
noradrenaline LR AR CsHi NO; 1.149 3 0.003 7 2.828 8 up
maltose ok Ci2Ha2Ony 1.169 1 0.001 276 8 —1.285 4 down
Thymol A CioH1,O 1.053 88 0. 024 358 2.344 3 up
trehalose sl Ci12Hy20p4 1. 095 59 0.011 692 —2.016 7 down
Geraniol T CioHi30 1. 121 47 0.007 574 7 1.8115 up
Galactonic acid e R CsHi20y7 1. 100 78 0.011 69 1.679 3 up
Glycolic acid LTERR CoHy 04 1.1955 0.000 161 31 —1.209 1 down

056001-5



% 58 &

v K FRCH KA F O

#54

3.6 REEBESH

N T PR 2E A AR AR B A R A
HRT BB A W2 DI RE X O 22 0 115 3 19 22 S A it
Py tAT A % oA, 35 22 S AR R AR o0
U 6 Fro s R R = A A AR R
225 ERAR P AENRINITR & 1, SBERR AN —IRIRAR
W RATBIRIE P (TCA 30 X =AU Ae . e
RH AR = AR AR W i 22 57 bR 2%
X =AERIN, G2 5 G FEAM G 05 R A Wik
PRAFAEN] 25 57 . X T BE S AR HL i 22 —RIE S 5%
BHEVINKFR ;G35 G2 FENER KA AR A
BRI BT X RS R A B E K
R H AR #YIE R G3 5 GL H Al
P A7 1 2 5.

4 7 it

TERER R T A B, W2 A KW
Gl M 12 & 3 BE G2 RN 5 24 d D) Al
FIR A KW G3GEZRNE 36 d ) 4R Bk 55 A
K AT HEAREENB B AR NEFRAERK B
FAAER At 8 = AN AR A A )
JEAEAE B 14 22 5, 38 5 0k = A A KW P R T L B
PE.G2 b G1 WEE ] 426 410 2% 22 R AR W FR 1k
3 G3 1 G2 Hhk B 423 A4S 2 25 AR R
s G3 H G1 A7 466 /> I 35 25 AR RRAIE .
Hrh G2 15 GL WIRREZE REWE 22 ZR0E it e b
EVFAXT T G3 BRI U 2 B AR E A i i 3
TE BN S AE K R 77 B R R Y Bk 45 L X
0, AT R 55 4R - T 22 ] ) P RO ARBURE 58 ] SR 0% 0
FNE R EEIRUR , AN B R Z BERITE M 5K
S G3 IS G 1 HATENR IS (il 2546
PR 5T o w3 0, R I A A, [l 3k ]
SR 2SS R B A i B AR
TEFTARA A S .

Xof 2 S AU A Bk — 25 1 2 R AR AT A I g
FVCHE , A=A A AE R 22 s i 24 h
TERGMITR & B> LIERR AN — SR IR A A B R G 34
(TCAEIR) , H v fig 17 I A 53 X6 48 4 41 A 11 5
FELERT R 22 K AR RE T AR AT IR AR
PG E AR s £ IR R R R AR R 2
V) B RBE W BT i % A A BB R VR s AP TR 2R
TEACH A 1200 B AE R B2 1R TN R 7 4 02
FPAGERRAE R 1 v (B 44200, 9 EL AT Sk I i e 2 A
WIS Y DI X = AR g 1 AR DR 3 Ak Sy i

LI RS K S 2 A R . BRI
ARSI G2 5 G AEA AR TR & BB AR A7
TEW 22 5 X 0] e -5 R JRURE iUt A 6 4 DT
KF:G3 5 G2 IENAR KA AR A TR
BARATAEZE S A SRR A Y3 I P Bl
A FETRZ KB BRI B LU 5 R A g A3
RRHE TSR A G3 5 G H R AU A 7
AR 22 57 35 I S S A A R R AR B TR )
JA OISR A,
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Fig. 6 Bubble map of path enrichment analysis of Signifi-
cant differences in metabolites
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