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Abstract: To fully utilize Morchella resources and increase its triterpene content, the optimal conditions of multiple
inducers for promoting triterpene production in liquid fermentation of the fungus were determined using single-factor
experiments and response surface methodology. Additionally, the activities of two key enzymes in the triterpene biosynthetic
pathway were measured. According to the results obtained, the optimal treatment conditions were a magnetic field intensity
of 2.81 mT, gibberellin concentration of 0.56 g/L, and salicylic acid concentration of 214.54 mmol/L. Under these conditions,
the maximum concentration of triterpenes accumulated in Morchella was 60.26 mg/g, which was 160.72% (m/m) more than
that before optimization. The enzymatic activities of squalene synthase and farnesyl pyrophosphate synthetase were 39.93 and
71.08 TU/L, respectively, which were 190.85% and 178.02% (m/m) (SS)more than that of the control group(FPS). Therefore,
combined treatment with a magnetic field, gibberellins, and salicylic acid can considerably promote triterpene production
by Morchella. Furthermore, the accumulation of triterpenes was attributed to the enhanced activity of two key enzymes in
the triterpene biosynthetic pathway. This study provides a theoretical basis for the development of inducers for enriching
beneficial metabolites and new products of Morchella.

Key words: Morchella; triterpene; inducer conditions; liquid state fermentation; response surface methodology

E[B S

AR, A AE, 2, 55 3 S I BRS  — E BE SaRAR []. IAR& dRH,2024,40(1):92-101.

ZHU Yongle, GAO Mengxiang, LI Li, et al. Optimization of inducer conditions for promoting triterpene production in
liquid state fermentation of Morchella [J]. Modern Food Science and Technology, 2024, 40(1): 92-101.

Wis HEA: 2023-02-13

ESWA: PR3ISHARELRERNRE (20192YYD029)

EEEN: KokEk (1999-), B, MEMRE, ARHE: ZBERMMAR, E-mail: 2825724095@qq.com
BIEE: skEZ (1971, &, #L, BIHIE, MRAHE: MEYLEEMI, E-mail . zhangjl@yangtzeu.edu.cn

92




MK EBBHT

Modern Food Science and Technology

2024, Vol.40, No.1

R (Morchella spp.) 1EN—Fh K& Z5H
MR, MUKRIESET O, HAS T, ft
ALEIPUE . DT B S A IR e A R A . I
BTHEAEENEAN. BB w5 &k
B HACERE =R A PR A PR PUE.
PoweE. M AEFAHE L, A, $e a5k 15 E
IR

=AY B A B S M D e 3 ERIE T E A
[ 251, 25 AIEER =mhkoald 2 h
F® H AT C R0 =0 S A 100 B, B ATTER R
5 5P 1T 7 3 A7 L TR 2R PR 2 7 I s I 2,3- Ak
e . WA R IE e FEAEBEIR & Al (Squalene
Synthase, SS) Fl& i (Farnesyl Pyrophosphate
Synthetase, FPS) J& 20 % I A I S BE NG, V2
JL W R (Farnesyl Diphosphate, FPP) & =i &
BOSAE BB R, 2 A ) L A IR A
IR R 220 FPS IR A0 A s ), 17 % 0 U] 2
B #5471 FPP 423d SS M4 2B . =itk &
WA % ) 1) Rt b 280 S A8 R AR i 2,3 A A &
i, Bl =B (BB A1 G 24 £ 3%
P450s. HEEAZBEAIE LN H— 2B, A
TR Z B = H b &Y 2E B = A 2R
B ZDIRE S, (H 2B A SR B SR AR 2D, F
JHE B R R RIS AL S 52 R A5 B 5 2% A4 1 7 B PR A1)
HrgEAE, PRSI W = w6 A H A D e ik
SIHITE R R o E B S R B R R
FERRMIIL A, BT Tl feA =, HAKRRH 24
B 5 3 1R S AR S5 48 A D e 5 A AR R v PR AL
S, Rl e 3 A B VRS T R A 1 TR 224
PR, A AR R 7T A2 BT 5
%5&%[8,9]0

5 5 7 S 0 2 B2 v AR D IR A P
)BT Bre AN 5 5 500 450 15 40 i 7 AR AN [R] Y
FBIORSE, A e B 2 3 BUAE AR A 1) B
R LR AR W B 77 A B A B it kR 1
NESFANBEEERKEGHEREEN. fER
(Gibberellin, GA). a- 2% £ B (1-Naphthylacetic
Acid, NAA) P Fp i 2 ¢ 2 L B 0 A4 KB A )
T2 BE 00 2 28 1F ™, — R 1) GA Rl 2,4- —
#A K A & R (2,4-Dichlorophenoxyacetic Acid,
2,4-D) XF | fE N B (Pleurotuseryngii) 1 4 %1 %k
(Flammulianvelutipes) ) 22 £ KA B B (R 2EAE
FIM, 4 Bt 2 5w B 1 A K SR AE AR
1ERE (Ganodermalucidum) YN Ca™ 7] UL K

BEAE 5 AL 3 T P 4% R 2RI A R K Mg
A Fe” M LMt R 2 L2 s g EE . thah, —uk
VR R 2 B U AR AR, 2R
2 RO 25 00 21 TR ) €0 3R SN R AR SR IR AR
it & 0.3 mT (37 kb B 2 40 ) 4 1 208 1 22
A KT 20,1 mT (¥ R 3% A 3 AT DU 308 A 7
(Cladosporium sp) HREEAB A E A A, M
ek A KUY AR IR 4 min B, X2 RE
FI¥ANF (Tricholomamatsutake) [ H 22484 KA &
et e ™

B AT I =l B D, S R 3 R R
RT3 I R e b AR R, TSR =
BO@AE,  LLRAMIE R S0k 3 I B =ik A R 5 i e
BARIE. AT 7T L =G & 508 F BT E R A,
I 8% . GAL KR (Salicylic Acid, SAD.
2,4-D. Ca®" X 2 BT T VA5 K B (0 T 2 Pk A K B = i
SRMEN, #E—2H H Box-Behnken Wi 3 [ 1%
Y= SR el e A g S O E DS R oY i
R B B A7 % T il T (1) A8 A SR AR T AR 5 5 5 )
F R =AU 0, DU 3 R B =k 1 ) 4%
S5 T S I A R R B R R I 2%

1 #MR5REE
1.1 #HE5HE

111 3

EMEEE (Y-1), BHEILREEE GRS 2R
B E s ERat, L8, W Ry
Mraf, FHAhmiAm. APk, IR, B S,
W R AR R : SA. GA. 2,4-D, W H 4 T A
MEMRAT ; BHEEE. KESER. CaCl,, WH L
MR A RAR ; LS R EBIR A .
BIEE, MEE FEER AR SO,
112 ¥ii

BRI RS R (g/L) : HFSE 200.00, A
B 20.00, A 5.00, KH,PO, 2.00, MgSO, 1.00,
TR 20.00, &4 FE 0z AE 20.00.

SEREA TR IR (/L) - H&HE 20.00, H A
5.00, KH,PO, 1.20.
1.13 RBEE

UV-2600 54T WA EE T, HAR S E AT
Tz —HrR¥, EEEF A ; Scientz-1200E
ARG, THHZAF s &R EEA RSO

93




MR B

Modern Food Science and Technology

2024, Vol.40, No.1

CFGR-B18B, Az (1h4) B AKRAA] . R
Yk %, BAT R

1.2 F&%

121 FHBAORRLERR LR ENE

VARAE I T 2 Fh 1) PDA 85 B i B ¢
BT AR SR 5 T HLEURE 23 0.5 em® K/ B R,
FEN 100 mL [FF 15 7 515 77 6 d J 1 PR UK VR -
PL 5% (VIV) [defp s iph Ko dt, HRiRE
25 °C. *3# 150 r/min. #%7% 6 d.

W 55 IR AT D8 I 28 TRK B 2 ek 3 X,
AHTHREEER, RAE. BHL2REEEET -20 C
VKFEEH
122 FPHE =5 932 R AA M

FREE =0 R S A E RN, LRI % T
FEUTR : BREL 50 mg $ERTHI &I 2445 1.5 mL
ToK GRS, A EhIEE GREE 60 C. #H
Di#£ 700 W) 50 min, ##& 2 h 57 10 000 r/min &§
O, B RTERI

KR AR - UK SRS = hE PR VR R 5
TERAI 100 pL (1) BB IE T 10 mL B0,
60 CE&BIBET, AHEEREMAN 5% (m/m)
PR B - K SRR (BUABLESD 0.3 mL A1 1 mL
FAR, A, 60 C/KHRIL 20 min, it ZKEREA
HEZE, MASmLIKLER, L TFERES, L
A0 B MR B v S AR, F 550 nm Ak IR
HAE o MRIEIR G T A e =
123 RRAFFTHFRAZHE2EY R LE
iRk
1.2.3.1 A5 b2

PR 5K Xt 2 5 X6 2 1R A B T TR R R PR B
78 1d, ZJa BRI ARG 4y B 154 2.04
2.5, 3.0, 3.5 mT fUSREAHE 2 d (& 12 h BUH IR
D, BIRER 6 d BRI, Ma =5 & &,
1232 AFRIGAGRIIREIRE

T Fh I 75 55 7R 5 TR I NS [R5 BV B 1K GA
AR RN 0.004. 0.04. 0.40. 4.0 mg/L.
1.2.3.3  AR[FE2,4-DE 0GR E

T BRI 7R RS FR R I IS [F) B R IR B2 11 2,4-D
{15 H AR EIRE N 0.004. 0.04. 0.40. 4.0 mg/L.
1.2.3.4  A[FISAGINHKE

TR AE RS IR I AN SA, BRI SA (1)
LR PE S A9 50, 100, 200, 400, 800 pmol/L.

N

L

u}

94

1.2.3.5 AN[FCaCLEs Ik B
TR LE 5 TR FE A N CaCl, 8 s 2%
WM 1. 5. 104 25, 125 mmol/L.
RN 3 ANPAT, RAR R HIEE R
T R 0T 2 o T 0 B S
1.2.4  #@ b @ ARALKED
1.2.4.1 Plackett-Burman (PB) {53t
RYE AR IR 45 R, ik 5 PR 21
(Wi IE . GA NI, 24-D IR EE . SA ¥ .
CaCl, ¥ INE) X 3 JH B VA R T =il P S R R
FIH Design Expert 10 #F 51t 5 K13 3 /K1) PB
5%, PBiAIG BRI R ST 1.
% 1 Plackett—-Burmani®i&iZit E& 5Kk FE
Table 1 Factors and levels of Plackett-Burman experiments design
* -1 0 1
A-F£3% 5% & /mT 2.0 2.5 3.0
B-GA /& /(mg/L) 004 04 4
C-SA /% /(umol/L) 100 200 400
D-2,4-D &A% /(mg/L) 004 0.4 4
E-CaCl, &4 € /(mmol/L) 5 10 25

1.2.4.2 Box-Benhnken ' .0o41 & 56 ¥ it
A5 PB iRIe 4 R 58 . GA WRINE . SA
MEENEZRE, =S EENEERE, EH
Design-Expert 12 #{4 ¥% 11 BBD Wi 37 [ 15, 4%
R BT 57K F R 2.
2 FOESRIIEITEEZERSKE

Table 2 Factors and levels of central composite experiments design

e A-F#3%i&E  B-GA A& C-SAifhmE
/mT /(mg/L) /(mmol/L)
-1 2.0 0.04 100
0 25 0.4 200
1 3.0 4 400

12.5 JURrES R T2 218 = ARG hd AR
FPS 1 SS /& =il & I 2 AN i g™ . A
P5 PB iR &5 Ik BRI . GAL SA =AM A,
A8 M) ] TR0 () JE i b 3 438 1 IR 2 R 1) s A A
AW BT e BRI, AR EE = AN E R, XY
SS. FPS Mg iE ERE TR, BARTT 15 B R
FIE UL
12,6 #FESH
K H] GraphPad Prism 9.0 Xt 85347 48 it 43 #1 3F
YEE, FIH SPSS 73 M £ s i 25 22 5 1 .




MK EBBHT

Modern Food Science and Technology

2024, Vol.40, No.1

2 GHREDH
21 AE#HGERELEMNFRHELEKK =

G EWR

3 AT TR AR T 15 RS 1 b FE I KO 2 d,
NI A RN 1 d fefde SR 1 s, e
VR SRR A JFL A 22 M R — i 2 R L ) B2
B 5 b B B P P8 0 2 L T T 2 R R R = S
SIS IR . MmN 2.5 mT i,
PR 22 AR 5 M =ik 5 200 O 4.23 /L. 45.30 mg/g,
Ay BN T 33.70% A1 18.10% (i &40 %), B#E
TR T N 2 AR B =S & (P<0.05),
%X 5 Drozd %™ 1) W 5t — 8, Komagataeibacter
xylinus T Pk (8] W7 8 §5 78 50 Hz MR+ 6 d, 41
PR e RN 10%, X U5 I 24 55 5 FA) R 3 db B
BRI T A ARKAARE . SMInRE R 40 i
I (14 368835 P AT 5 M 40 ) 3T AR AR, X AT B A 2R
R TR 10 A A 5 88 o 1 D R Y

.

EN
T

WL IR / (g/L)

0.0 Is 20 25 30 35
WA 58 / mT

50

45t

40t

35+

i & & / (mg/g)

30+

25+

20

010 1.I5 210 2i5 3I.0 3.I5
4379 / mT
B 1 ARE#SEELENFHEERKRE =S EMNZ M0
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Fig.5 Effects of CaCl, supplemental level on Morchella

growth and triterpene content
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Table 3 Plackett-Burman design test scheme and results

F% 4 B C D E Y- =Z#4%/(mgy)

11 -1 -1 -1 1 31.24
2 1 1 1 -1 1 31.68
301 -1 1 -1 -1 28.62
4 1 -1 1 1 1 30.23
5 -1 1 1 1 -1 30.13
6 1 -1 1 1 -l 31.21
7 1 1 -1 -1 -1 31.59
8 -1 1 1 -1 1 29.24
9 -1 -1 -1 -1 -1 29.01
10 -1 -1 -1 1 1 28.86
1 1 -1 1 - 31.46
2 -1 1 -1 1 1 29.90

% 4 Plackett—-BurmaniftIa 45 R 5= S

Table 4 Variance analysis of Plackett-Burman experiments results
M AWE ¥F FMA  PiE
AR 9 1.61 171.02 0.0058 Significant
1 831 8854 0.0011 **
1 247 263.24 0.0038 **
1 0.18 1931 0.0481 *
1 0.033 347 0.2036
E 1 0.074 7.83 0.1075

REH

O o =

E: 4 RE P<0.05, £2FRF; % K& P<0.01,
EZFMEE. TH.

XPEE 3 IR S R AT Z oG, F3)%AR
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(D). CaCl, #nEE (E) SN, Hokik 4. B,
C =AM TR NG 82 BBD Wi b T 2 82 R 2 .

2.7 BBDH [ H K 40

% 5 BBDiXIEEZEAF
Table 5 Test factor levels of BBD

A- #3%95% % B-GA Bng C-SA Kz

Oui /mT /mg/L)  /(mmol/L)
1 2.0 0.04 100
0 25 0.4 200
1 3.0 4 400
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% 6 BBDIIIRIT KGR
Table 6 BBD experiment design and results
F% A4 B C ()Z#4tE

1 -1 0 -1 42.56
2 -1 1 0 54.00
3 0 0 0 61.43
4 -1 -1 0 44.45
5 0 0 0 60.75
6 1 0 -1 54.12
7 0 -1 1 48.95
8 0 -1 -1 43.95
9 1 0 1 51.35
10 1 -1 0 53.12
11 0 0 0 57.90
12 0 1 1 52.23
13 1 1 0 53.95
14 0 0 0 59.82
15 0 1 -1 47.77
16 0 0 0 56.27
17 -1 0 1 51.71

®7 OEFRBFESH

Table 7 Variance analysis of regression model

R FrA A HH FME PIE RFEH
A 50433 9 56.04 1832 0.0005 significant

A 49.12 1 49.12 16.06 0.0051 **

B 3822 1 3822 125 0.0095 o

C 3138 1 3138 1026  0.015 *
AB 19.01 1 19.01 622 0.0414 *
AC 3549 1 3549 11.6 0.0113 *
BC 0.074 1 0.074 0.024 0.8811

A 39.7 1 397 1298 0.0087 o

B’ 9629 1 9629 3149 0.00038 o

c 163.37 1 16337 53.42 0.0002 *E
&E 2141 7 3.06

k0 338 3 113 025 08581 . M
significant

REM 1803 4 451

A2 52574 16 R*=0.959 3

R PB X 56 45 R Wb iR FE . GA Vs I &
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Y=59.23+2.484+2.19B+1.98C-2.184B-2.984C-
0.14BC-3.074°-4.78B8°-6.23C°

fH 7 v A8 P {E 5 0.000 5 (P<0.01)
W2, KWITN 0.8551 (P>0.05) AN&EZ: BIE
AR =0.959 3, ULBAE VAR IS B R,
RIATSE, T H, —IRIM A, B X &5 Rtk @ %
(P<0.01) CXF&5RpmEE (P<0.05). —IkRAZ
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