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Effects of nutrient restriction on growth and triterpene synthesis of
| nonotus obliquus

ZENG Limei, LIU Qiao, WU Hui, YANG Mengyuan, CAO Shujia, YANG Xuqin, JIANG Jihong,
CAO Xiaoying"

The Key Laboratory of Biotechnology for Medicinal and Edible Plants of Jiangsu Province, School of Life Sciences,
Jiangsu Normal University, Xuzhou 221116, Jiangsu, China

Abstract: [Objective] Carbon and nitrogen sources play an important role in providing the
energy required for fungal growth and increasing secondary metabolite production. This study
aims to investigate the effects of carbon and nitrogen restriction on the growth of Inonotus
obliquus and the production of triterpenoid secondary metabolites. [Methods] L-glutamine and
D-anhydrous glucose were used as the nitrogen and carbon sources, respectively. A
nutrient-sufficient medium (0.877 g/L L-glutamine and 20.000 g/L of D-anhydrous glucose)
served as the control group (CK). The experimental groups included a nitrogen-limited medium
(N-L) with 0.044 g/l L-glutamine and a carbon-limited medium (C-L) with 2.000 g/L
D-anhydrous glucose. In the plate experiment, inoculated plates were incubated at 28 °C in a
constant temperature incubator, and colony diameters were measured and recorded daily. In the
shake flask fermentation experiment, samples were collected on the 5th and 10th days to measure
biomass, triterpene content, and the expression levels of triterpene synthesis-related genes.
[Results] The plate experiment showed that the C-L group had the fastest mycelium extension,
but the mycelium was sparse, and the aging was greatly delayed. The N-L group exhibited faster
mycelium extension than the CK group but slower than the C-L group, with the fastest mycelium
aging. The shake flask fermentation results showed that the N-L group had the highest biomass.
qPCR results demonstrated an upregulation trend in most triterpenoid synthase genes under C-L
and N-L conditions. GC-MS analysis revealed that both lanosterol and inotodiol content
increased in the C-L and N-L groups compared to the CK group. [Conclusion] Nutritional
restriction conditions stimulate the accumulation of triterpenes in I. obliquus.

Keywords: Inonotus obliquus; nutritional restriction; growth; lanosterol; inotodiol

HEHS FLTE (Inonotus obliquus), iEfr 4 N
Chaga, J& TH R W 12 FWIEWw H HZ LR
P&, 2 —Fh AR R AEMER 27 A A
TR R TE GRR, HAR 25-40 cm, R
A AR (B 7R IR, TR G I A MEAE FL
B E B A TEIL S 40°-50° 1 X, fLAH R P
Wro oFs . PEes . deE. hE. HARZEHE,

S A M L TR MR I B HE R RS AR T A B B
e, B Wi, ZmEFL M EYITE T
Py, ARl E 6 FhE B2 E 2,
HEBSLIR DU . Pl . RSP IR PR SRAE |
I8 AL 45 T 14 BF 9 A A A 1
EPR TGS B AT E IR . B BOLR
TEAMET AR, REMERR . IR

http://journals.im.ac.cn/actamicrocn



364

ZENG Limei et al. | Acta Microbiologica Sinica, 2025, 65(1)

BRWMELEFRIUR, EHENERKEFT N
W A T ROCHEEAMEN . HR R 5= kel
ROUR MR, Sl A R A P L
HCAEAS R PRI 8 7 PR 52 ) L 7 ) I A
et . WA MR . R 2ZEEA T EE o
e Lian U 9E R BUA R H 2 5 E 15
BRI GONy JEH B FRIE, 1 Wang 25
WrFE M, GCN,ilid H%5 GIMPC #5371
5T GIMPC Rk kBRI R 2 F iy
RHAF, Zhao RGBT R, 15 24 1 & R
AR AR TS F2 0] DAL i R 2 p R Z R R
R, HEEFRICR R R FEEPAERZ
D TH, T 2G5 5 BR ) X AR A L TR AR SR )
PR 5 i) ) A 5 B A 42
=AY R — R E AR A
Y, Tz AT AR, R LR
BRSNS 22—, TEPUME . A
YR T T TR R PR T AR, A sz
HH R HATEMAE LA R8s 8 A
B =AY, IR EATE AE PG . Zhao
SR FLE P B 11 S EE S b
2G4y, HH inonotusane D Fl saponaceoic
acid 1 X Bl L A o &4t A S N 2L 1t 9 A i = 0 o
SR EEYE . Kim S8 USRI H MR L T P A% A1
Bl =G b G W (GFE A HEAE IS . AIMEREER . HEwR
FL TR T AR TR TR 55 ) IR 5 it S e g i 0
5 T A% P . Zou U MMERE FLE H 4T B 9
AEBH LG, Hrh, inonotsutriol A
T AR PR YE AT L 3
AR T AAR Y SH-SYSY 4l 52 S AL b1
S RN SRR i S 1A e o s e S =Y [P ST
MG, MERE LA =i S W6 L
fI45 MVA #2445 B i 288 28 0 6 i, e 5
TR A B IR RN — H I S R I B R AR e AR
% FR & B B (farnesyl pyrophosphate synthase,

P4 actamicro@im.ac.cn, 7 010-64807516

FPPS)WEHI T AR il Je B mie, 2 ke B gk
W5 FR 75 & ¥ 5 Tff (squalene  synthase, SQS)/E
TAR =R G ETIA AR . ke
& i A B (squalene epoxidase, SQE)MJA/EH T
AR EE M, SR E - B B G  (lanosterol
synthase, LSS)fffb A4k il 6 H BP0, £ B HS
2 & B AL D RS TR B E Y 140-
2+ H 3L i (lanosterol 14a-demethylase, LAD)%§
— RN T A i M RS G, H
HEMFLTE 0 F B S Be 2R b G W A= 0 6 ik
& H AT i = I TR . A STEREE G A3 I e
i LT H 2 B e B il Y 45 A A DG ek
Y, WNHAY G RGER, ZiER L E
SRR BN R A, TEAREE AR T 4
B, S i AN [R) B e AR A R M A L TR
3B-hydroxy-lanosta-8,24-diene-21-al A H R 5 ,
T4 ) F Al it A 1 A B SR 2% 22 AR R AR
7. B, A E B MR AL S =
LA 1) B S 4021 TR L B T A A
W FL BT P A S B PR T M T

AW S5 HAD LA TE R . ARSI ST
1R BERIE ST T s, TRITK . AU B % My L
ARG, DL MR FL R =i b &9
FUERERFE, BFIEEE RN 5 S £L T &k 1%
RUE 77 T 22 AR SOE VA T W R i 2 2%

1 e EF=*
1.1 =

MEM FL B R 29 25 B A dE K i B A M
WILEH, R TILA S A A
ERXESLEEGET).

1.2 EFE
B . TR PR A B R B (g/L) : KHLPO,
1.000 , K,HPO, 2.000 , NaCl 0.200,

MgSO,-7H,0 1.023, 4E4=Z B, 0.050, CaCl,



WAt 55 | RCEPISE, 2025, 65(1)

365

1.110, L-A ZA WM (R R) . D-JC /K % b (i
W), BUIEH 20.000 (3557 5L EL 7 A4 Lian 1Y
VRSt ) . P AR FHREN-L) (g/L): L-
AL 0.044, D-TC/KHIZHE 20.000; BB
Ri## 3 (C-L) (g/L): L-BF&WEME 0.877, p-JoK
A 2.000; XFREEEFRIE(CK) (g/L): L-BF4
MEfe 0.877, D-JC/KAi%iHE 20.000, PDB #55%
H(g/L): HjZHE 20.000, Frff 1+ 5 200.000;
PDA KifR3L(g/L): #ZA W 20.000, Hrff+ o
200.000, FHASH 20.000; 4% B il 4 ) 8 % B
pHE K 6.0 247, 115 °CKTH 30 min J5 1.
1.3 iR IR & B Sl

W A AT ORI ) HERB AL TR TR 1) PDA -
e FiEfl, FFRZEERERE 6em A4, HE
0.5 cm MIBRBFTALATE TR LS+ 748 X
AT 4 L, PRI 2238 % 50 mL PDB #5575
H1,28 °C. 160 r/min 555 5 d J5 53, W2 B 50 mL
A3 ZHTHY 100 mL PDB R Akrh, 4ksiin
MREFE 6-8 d, U E 224, H 100 mL JCHE
FBETOKERAIIRA5 ik, 33 R), AH K
VoL RS %
#z 1 K#AZRFAA qPCR &M 514)
Table 1  Primers for gPCR

W R 2 ul, ST AR R 7R
B, 28 CCHEFRAARIG RIS, HHWEREZH
2. Itk

IrIIEIC 2 mL P N-L, C-L P& CK
YIREFEHEA 28 °C 160 r/min 43555% 5d K& 104,
RGBS RIS w224k, Wik TR G ES
W22 AT H, BOHRA 22 1A H T RNA 423, H
AT 22 ARBIF IS AR G 60 H )T T =i 284k
G R E
1.4 RT-qPCR =fs XA REBEEREE

&L RNA $2Hi#% B FastPure Universal Plant
Total RNA Isolation Kit (Fd 5t MEHE 4= W R
ety A R wDFRAEL BRI AT, & RNA fll &
& J5 FH T I 22 520 5 10 s 4 B0 & HiScript
IT Q RT SuperMix for qPCR (+gDNA wiper) (Fd
ST ME PR A W B I 1y A BR 2 W) b o A IR
17; qPCR ¥ MRk A& ChamQ SYBR Color
qPCR Master Mix (Fg 5t i MEBELE DR R A
B2 m)BRIE D BT, B A 72 T i e s g
Fe)y 2 B & Ui, B 18S rRNA &K
MZ, qPCRBIYIILE 1.

RHNLHE N4 hR

Abbreviation of gene name  Full name of gene

5191751

Primer sequences (5'—3")

NS Squalene synthase gene F: GTTGGTCATTCGCAGGAAAC

R: GCGGTAAGAAGAAGGGAGAAG
SQE Squalene epoxidase gene F: AACTCGGAGACCGATACCA

R: TCAAACGCCTCCTCCAATAC
LAD Lanosterol 14a-demethylase gene F: CAGTACGGAAATGACCCAATCA

R: CCTAACGCAACCACCATCTT
FPPS Farnesyl pyrophosphate synthase gene F: GCCAACTCGTCGATCTTATCA

R:GGAGTAGAACGCAGTCTTGTATAG
MVD Mevalonate diphosphate decarboxylase gene ~ F: CGGGACACGAAACTCATTCT

R: CCAAAGTCTGTCCTGCTTGA
LSS Lanosterol synthase gene F: AAGGTCTGGCTGTCGATACT

R: CACCACCGATGAGGATGTAATG
18STrRNA 18S rRNA gene F: CCTTGACACTACGAGGGATAAC

R: TCCATCATCAATCCCGAACAA
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v ES TR B TR 230 °C; BE R 250 °C;
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AR, CK ARz, C-L A, SARUL
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Ui B IR BRI A O, X R e I T 22 1A
AWy o B
C-L N-L CK

C-L N-L C

Day 3 Day 21

Day 6 | Day 24

Day 9 Day 27

Day 12 Day 30

Day 15 * | Day 36

Day 18 {5 l Day 45
Bl1 FREXELEEKFR

Figure 1  The growth of mycelium in plate
experiment.

B2 FREIXHELEEREZL
Figure 2 Change of mycelial ring diameter in
plate experiment. *: P<0.05; **: P<0.01.
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B3 #EMABEYETL
Figure 3  Variation of biomass in shake flask
fermentation.
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RN RIXE

qPCR Z5RoR, $EfLmES dBf, N-L4
Hh A A SC L MVD . FPPS, LSS#
kit B, 1 SQE Fiki T M. C-L 41 QS
ik B, I SQE Rkt FH. BRHARE 10d
W, N-L 44 MVD FI LSSFikit 2 M, H
MVD Fll LSSZ ik &4 T+ 9.70 51 14.09 1%,
C-L i MVD, FPPSHI LSS#ikiE B2 Fif, H
1 MVD., FPPS, LSSE A /3l F 1 12.30 % .
6.82 15 A1 11.55 f55(18 4).
24 EAFRMRHIEZFHNELEAZIERL
EYEEEN

GC-MS W% E W 16 Fi¥m, Hrh, ¢
B BEAMEAR FLIA B ARG, SR I
KBl 5, fEEFEMRE 5 dik, 5 CK M, C-L
ek N-L A ES S RItEEEb; N-L4
Herb FLEA R & B2 CK 40iY 4.17 %, C-L 41
G I 3 A48 L TR B R S . RS SRR 10 d
BF, N-L 401 C-L 45 221K i i e £L
WA T, Hd, N-L dEBHmS
&= CK 41 1.81 7%, C-L B A& B CK

ZHIF) 1.47 £5; N-L ML IS 2 CK 4
1 2.76 fi5, C-L ditetn LR w2 CK 4119
1.07 f%5. [RIEY, TEMERSFLIA MR FRfE s, B

E 4 EMAEIEXSHNBEREANREE.
A PRI 5 d W25 UM AL ARG 3R 156 5 B
FEHLAE 10 d W25 S DI AN ek 4
Figure 4 Relative expression of terpenoid
synthase genes in shaken bottle fermentation. A:
Relative expression of terpenoid synthase genes in
shaken bottle fermentation at 5 days; B: Relative

expression of terpenoid synthase genes in shaken
bottle fermentation at 10 days. **: P<0.01.

A g B
00 000 = CK 1 500 000 = CK
N-L *% < N-L
gsooooo - . £1000000 oL
waANND NNN ~
Es5 AR Sd. 10d EFESE, HBFLERE

SET. A: FREESEZ; B: HAELE
[t

Figure 5 Changes in the contents of lanosterol and
inotodiol at 5 days and 10 days after shaking bottle
fermentation. A: Changes in the contents of

lanosterol; B: Changes in the contents of inotodiol.
**: P<0.01.

http://journals.im.ac.cn/actamicrocn



368

ZENG Limei et al. | Acta Microbiologica Sinica, 2025, 65(1)

F& 5d M 10d i, FBHEER & RO B,
MM FL B BEAE 5 d B ARG, WFE 10 d i)
A KIEER
3 Wik

HIF AR EFR T 5224 5 s tL Rk
SR JE . JCRRSERREE A Ah, B SR A
RO TR 22 4 LA . S R R
Bt e B R T A AR AR R
HEMAERKE TR ELmE . 2. ok, &
K FHKEEFRER, Hopsar g nymm s
. ASEHBRA L C/NVEREA KR FIE
M 58 Sy d 2 200 e R AR S R e B A IR Ak
JIE A O 23 % AE 20 R 285 R0 48 i %4 7 K1)
WA, HFEUR AR AR, el N
PIG SR FAERK RO, Wisiod, W
25 W ARWFIT A R R WIAE N R
C BRSO e FL IR W 2 i AR K,
I B 7 B 5 L TR 22 P AR IR
W22 Mg . [RII C RS N BRI S Sy B i
T2 AE B N BRI AR, B4 R, B
FRH A B, DARIE R o Y R
Ry K, BlEZEH IR0, AR 772458 8
N, MEARFLIR 2 7EBE N oL, 5 21 XIF
He AL, AR PRAEA AR, SR
R C ANIEH B IR AR LR B AN

AR, I B IR B LR 8 5 5%
A B AR R T B ERE, 2k
h— MO R TR S . Hor, B RE SR
i i AL G PR - AR R TFBr . TERE
477 5 (Gibberella fujikuroi)H , ik /b 1% 57 i v 45
PR DLRIER SR G R . AR R
T B NROERE FEREIUR M A&
T, K9 BoK i (Ustilago maydis)y = Ak K1t Ay
214k — N2 ustilagic acid®, R 2 & Wk 5

P4 actamicro@im.ac.cn, 7 010-64807516

RIS EBEAE R N, SES vk A 3 mmol/L
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