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Functions of genes encoding phosphomevalonate kinase and
mevalonate diphosphate decarboxylase in Cordyceps militaris
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Nanchang 330013, Jiangxi, China

3 College of Pharmacy, Shenzhen Technology University, Shenzhen 518118, Guangdong, China

Abstract: [Objective] To determine the functions of two key enzymes of the mevalonate
pathway, phosphomevalonate kinase (CmErg8) and mevalonate diphosphate decarboxylase
(CmErg19), in Cordyceps militaris and their effects on the content of ergosterol and cordycepin.
[Methods] Bioinformatics analysis was conducted to identify CmErg8 and CmErgl9 in C.
militaris, and yeast complementation was employed to determine whether their functions were
conserved. Furthermore, we employed Agrobacterium tumefaciens-mediated transformation to
overexpress CMErg8 and CmErgl9 in the auxotrophic mutant CmApyrG of C. militaris, so as to
observe the effects of CmErg8 and CmErgl9 on the content of ergosterol and cordycepin.
[Results] CmErg8 and CmErgl19 could not complement the temperature sensitivity of the erg8
and ergl9 mutants of yeast. The strains overexpressing CmErg8 and Cmergl9 showed increased
content of ergosterol and cordycepin. Particularly, the cordycepin content increased by about 5
times in the strain overexpressing CmErgl9 compared with that in the control. [Conclusion] This
study revealed the functions of CmErg8 and CmErg19 in C. militaris and reported that the genes
in the ergosterol synthesis pathway of C. militaris affected the content of cordycepin for the first time.
Keywords: Cordyceps militaris; phosphomevalonate kinase; mevalonate diphosphate
decarboxylase; ergosterol; cordycepin

W R W 2 K BR ¥ 1§ (phosphomevalonate S B 1 240 L e (DA SIS S TR s BT T AR 2

kinase, PMK) il ££ B fig B ¥ /& iR i 3R i
(mevalonate diphosphate decarboxylase, MVD)J&
O B 2R AE AR T R R
(mevalonate, MVA)i&42 R, PMK & MVA
WARRYERS 5 A CHERE, a2 MVA @A R
ATP (%5 2 ANPRuE, HINBEZH ATP ERY v
A7 Wl TR AT e % 300 P 358 G TR - 5- Wi R A= g PP 352
JLFR-5-— WM. MVD J& MVA i&4% E il PMK
JE T — AR, ML SR R 5- R
OGRS, A TRk S N R, X RIS

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

FR2l FEEH T, MVA @420 T 22 £ (5 B Al
i A i, B PMKCRTMVD 43 51 87K 4 Erg8
M Ergl9, &7 M R Y6 BOR R Y G HE
FEPRIST S A 155 e T T 400 R ) R A B
A3 AT LSE M AN A st s E M, TR
A SR P R R

PMK il MVD TEA R HED R . 3
Yy E Y R E BT, BEr, XF
PMK I MVD W58 R 2 TAHEY), e
i (Cinnamum camphora)® PMK f77E 5 Flifk2#



EIOK 4 | BUERIE, 2024, 642)

463
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SR (KHC77020.1) BRIEFREFH(AAA34596.1
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1 (NP_001267845.1) . A (NP_001040145.1),
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MVD2 (XP_015626692.1), T >Kk(AQK75765.1).
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AZE(NP_002452.1), /NE(NP_619597.2), 4
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& W3 H European Saccharomyces cerevisiae
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S0l A GALL s F#El Ry CmErg8 #il
CmErgl9 4= £ 4 1% J¥ 41 (coding sequences,
CDS). 433 Fi5 4 pYES2.0-CmErg8 F/R #15|
¥) pYES2.0-CmErgl9 F/R " 14 CmErg8
CmErg19 i) CDS (5 #1)7 41 I3 1), 378 ] EcoR
I Al Hind 11T PR A VIBGEXT pYES2.0 2k i1 7
LEAL, W — i B 0 Bt is
A9 %% /A % $% (ClonExpress 11 One Step Cloning
Kit, W#MERELE R R A R w]), JEEAT
FFIAIE, SR)5 , ¥ pYES2.0-CmErg8 Fl pYES2.0-
CMErg19 1438 1o $AIH I A Ak 3 % 1o 1 B 5 A8
PRH T, o BN Ak 40 I FE TR B B R
% B (yeast extract peptone dextrose, YPD)H; 75k
(1%BEEHRE , 2%E A, 2%H %) YPG
(1%MEEHRE , 2%E R, 2%F30 BA K,
1 30 °C 1 37 °C NorulWEesRil, ok, 78
30 °C TR YPG REF ks nt B R4k,
T, WEHETE 2 dE, M HA A SRR
1.4 CmErg8 #1 CmErgl19 id 1A

FEIR i R Ml oo #k ik TF-pEX1 P,
DL L B HE A= 7 DNA i #5iAR PCR 474 CmErg8
LR A BE(1 329 bp), FF0HH Kpn T LREFD] — 04k
& TF-pEX1, FE [N B 5 2Pk A 8 44 ol FH 2 401 iy
AT — B, M8 IF-CmErg8 #ik. zik

*1 WMESEARASY

IF-CmErgl9 (CmErg19 Bk 1 167 bp)AyHa A
IF-CmErg8 2 fA&— 2 o Fa AT 1 R A48 2o PRk
AL AR AT AGLL, E— SRR EA
FEARIE PR AL I U CmApyrGPUB R, (SR
[G(Czapek dox, CD);F R 1k . e fb+
2P T4 0 I 17 8% £ (dextrose peptone yeast,
DPY)$5 523 Q% M4, 1%E AN, 0.5%8E:
B, 0.5% KH,PO4, 0.05% MgSOy), 22 °C 5
F7 10-12.d, WEREZZ4 .
1.5 AW

W5 0 R R G FA PHME B MR CD K5 3R 3
TE R K557 5-8 d, fli FH9OG R I EE (Leica 22 )4
FITE 20 £5F0 63 £ 5 N MEE DO
1.6 mEHE CmErg8 #1 CmErgl9 EFH4EH
7K S B

Wi AE DPY Biflgdgedt 22 °C Kk
10d J5, FAPLE RNA /N RG] & B Ot IR
Filid FkFERR RNA, $RJ5H HiScript 1T RT
SuperMix for qPCR Iz & (A MEFE A= PR e 1oy
A BRI FND R 5445 cDNA, Al ChamQ Universal
SYBR qPCR Master Mix (i ME%LE MR 15y
AR DT 2O E # PCR (quantitative
real-time PCR, qRT-PCR), Lk CmGPD FEE K
IWZHEH, qRT-PCR S LE 1,

Table 1 Primers used for vector construction

Name Forward (5'—3’) Reverse (5'—3")

IF-CmErg8 CTCGAGTACGTAGGTACCATGCCGACTCATC CCCTTGCTCACCATGGTACCTGACAGCCATCC
CCAACGT GTCGTACA

IF-CmErg19 CTCGAGTACGTAGGTACCATGGCTGACACCA CCCTTGCTCACCATGGTACCTCGCTTGGCAGT
AAGTCTA CTCGCCGT

pYES2.0-CmErg8  CTATAGGGAATATTAAGCTTATGCCGACTCAT GATGGATATCTGCAGAATTCTGACAGCCATCC
CCCAACGT GTCGTACA

pYES2.0-CmErgl9 CTATAGGGAATATTAAGCTTATGGCTGACACC GATGGATATCTGCAGAATTCTCGCTTGGCAGT
AAAGTCTA CTCGCCGT
GCAACGCCGTCGAGCACAA AAAACACCGTGGGAGGAGTCATAC

gRT-CmErg8 TGCAAGTGGGAGACCAAATAC TTGTCGGCAAGGATGATGAG

gRT CmErgl9 TACCTTCCCTCCCATCTTCTAC CATCAAAGGTGTAAGCAGCAATAG
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IR 10-12 d IR P 22, 5803 B O il
F 2T SR B MR PR B A (S I, BT B IR
i FH A0 W AR €4, 3% (high-performance  liquid
chromatography, HPLC)43#r. AL & &
3 W o P P VAR BB FE R, R PR U
B AM A 0.2 g, M HUEOR R 5 H R
1:20 (B H L 0.2 g, HEE 4 mL), WHEHR 30 s,
KA 400 W 4RI 20 min, FEHIC3 K,
5000 r/min &.0> 5 min, BEERZ 0.22 um JE
HRCAS VTR R o B B RO 3 A
WF, @it C18 (4.6 mmx150 mm, 5 um),
FEIR: 35.0 °C, HEFERFR 10 pL, WshAH-A-H
B B-7K.o ZEREVEMG: 12%F EE+88%7K , BEML
HZN 1.0 mL/min, A% A 484 (ultraviolet,
UV), K 260 nm. FAEBEL 3 K.

2 ZERE54

2.1 CmErg8. CmErgl9 ZEAE4% kA A
BHMUIRT S

9 T WF5E PMK FI MVD 7E i Bt 2 (g 3 B,
DLk b AR 2 BE 9 PMK AT MVD 25 1 7471
JZ21 FE NCBI (http://www.ncbi.nlm.nih.gov/)
rp G i R RE R 2 PMIK AT MVD A F) [) Y8
HEPEAT BLAST 204, BT 41 HL xR W]
PMK F1 MVD TEtE¥). sh¥) . HE AR P2
PP, PMK —3h 43%, 1 MVD #)—2(
PERIIA 75.2% RGERK BRI R, fFEEE,
I H FE PMK 5 oK Hh & 2 [R]— 23 3 (8 1A),MVD
RSP Jii i E S o Y =y S B N B S (]
1B), Ff FLIf L 5% PMK F1 MVD 5 PR T £

Jof () BE R AT [R]— 3 5 o DRIt A ol 2 R PRI 2
HAAE AR SF I PMK AT MVD,
2.2 EEBINEEEAD

TEIF 5 H PMK FIl MVD 2542 £ 5§ B4 ik
A, T TS I R R R Y Erg8 Al
Ergl9, PHit#sHAr4 4 CmErg8 Fil CmErgl9,
TP i B 28 25 4 erg8 (Y40835)F1 ergl9 (Y41208)
ML THP A Y, 22 A (S S RRAIR, LR B B
&, TEREETARAEK"PL ShTH#E CmErgs
1 CmErgl9 MThfiE R EI4sr, ¥ CmErg8 A
CmErgl9 J4xK CDS v [ 2| i £F 3 1k 4K
pYES2.0 H, FEALEIXT AT erg8 Fl ergl9 AR
. T pYES2.0 A FF LA FHY GALL
R, AR RIS RBIE 30 °C Ml
37 °CHY YPD (& &I BH A YPG (& 2k 3L E R
WYL B, e R B IRE ergs
1 ergl9 i HURR Y L 45558, 37 °C i,
YPD Fll YPG | #y#E: erg8 Fll ergl9 2875 5L
SEf), CmErg8/erg8 #1 CmErgl19/ergl9 %4k 714
ANRENK 5 58 48 VI P URGGR T (&1 2A . 2B), Uik
Ah, Xt 30 °C WM IR X R AL AL (0 22 £ £
FEUHTIE, SRER, T CmErg8/erg8
il CmErg19/erg19 2 f f i 5 f I T X I,
HBEXT I A R AR AT i 25 AR R (K] 2C) . R,
CmErg8 fl CmErg19 AN GER & Xt i £k 28 A%
AL FEE R R TR R 22 A 5 I
23 HFRE

FrEny pyrG bric Mgk {628 65 F (green
fluorescent protein, GFP)A#YJ —JC#k & IF-Erg8.
IF-Erg19 38 iz A AT 7R 7% A0 1) v 43 3ol e 1 38 i
HUEE CmApyr G R LG R Bk, 4 TF-pEX 1
25 g MAE RS RE U HUEE TF-pEX1 | TF-Erg8, IF-
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1 TREI# PMK F1 MVD &% % B 5 R 2 BB F5ILE RS
Figure 1 Phylogenetic analysis and amino acid sequence alignment of PMK and MVD in different species. A:
Phylogenetic trees of PMK proteins in different species. B: The phylogenetic tree of MVD protein in different
species. The branching number represents confidence, and the scale represents genetic distance. The contents in
parentheses represent the gene number of each species.
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Figure 2 Phenotypes of CmErg8/erg8 and CmErgl9/ergl9 transformants and ergosterol content. A and B:
Growth phenotypes of wild type Saccharomyces cerevisiae, erg8 mutant, CmErg8/erg8, ergl9 mutant, and
CmErg19/erg19 on YPD and YPG medium at different temperatures. C: Ergosterol contents of wild type

Saccharomyces cerevisiae, erg8 mutant, CmErg8/erg8,

ergl9 mutant, and CmErgl9/ergl9 transformants.

Values represent the meantSD of three independent experiments. ns indicates no significant difference

compared with the control.

Ergl9 %% b+ 3 AT FEAS S I PR 1/ JR W5 W€ 1) CD 15
FRAAER (K 3A), Wl IOEMEE R, BT
Pk CmApyrG & TR A R bR BA 2, T
X HR 1F-pEX1 F§% 4k IF-Erg8 5 IF-Ergl9 iy
GFP & BRI Rk (8 3B); i#F— 2P Wi%e
O3 A % B, BHEXS B8 IF-pEX 1 H AR E B4
/34, IF-Erg8. IF-Ergl9 #44b 728 A &1 5]
P ATEAML R, TR AR A DI ) AT (]
3C), 7] CmErg8 Fil CmErg19 A& {3 75 41 it Ji
AR AL T — e g s o
24 EAHE. HEREE

Erg8 Fl Ergl9 HAf T2 £ 4 BE45 i 1 1)
Ui, WESE Rk IR IR ALK il A Pt 38 Ergl9
SN SRR M S A PP Ram, T

IS4
5

Erg8 7£ FLIA HOU 22 A {5 B 3 i s ) H i AR D
AE . e dL R R4y % CmErg8 #il CmErgl9
i TRk ek, A SERBENLEER 3 AT,
qRT-PCR #:l % ¥ CmErg8 1 CmErg19 8.3
HFRIK(E 4A . 4B). MG, Xl RIBEKE A
B B U IR R B, BT REER) 3 #k CmErg8
Fl CmErg19 it RIL R H & A 2 bRz A B e
SRR AR B E R R (B 40), 2
T CmErg8 1 CmErg19 i 7k i o fity th 8
ik, SRR, CmErgs i Fk A 2 MRt
ol B T CmErgl9 i KA HE Rk h R &
B O IR R 4 5 A5 (81 4D), Rlitk, CmErg8
FI CmErg19 AU S5 T i Hu B A2 £ W G
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CD+Uri+Ura

IF-Ergl9

3 WBHREIREREKEL GFP RKANE

Figure 3 Overexpressed phenotype of Cordyceps militaris and fluorescence observation of GFP in mycelia. A:
Uridine/uracil nutrient deficiency background strains (CmApyrG), unloaded strains (IF-pEX1), and
overexpressed strains (IF-Erg8 and IF-Ergl9) were cultured on CD and CD+Uri+Ura medium at 22 °C for
6—8 days. B: The fluorescence of CmApyrG, IF-pEX1, TF-Erg8, and TF-Ergl9 strains of C. militaris were
observed with a 20-fold objective. C: The fluorescence of CmApyrG, IF-pEX1, IF-Erg8, and IF-Ergl9 strains
of C. militaris were observed with a 63-fold microscope. B and C are bright field, fluorescence, bright field and
fluorescence phase superimposed from left to right. The scale in Figure B represents 100 um and the scale in
Figure C represents 5 pum.
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Figure 4 Expression levels, ergosterol, and cordycepin contents of overexpressing strains in Cordyceps
militaris. A: Analysis of the expression levels of CmErg8 gene overexpressed in C. militaris. B: Analysis of
overexpression of CMErgl19 gene in C. militaris. C: Ergosterol content of CmErg8 and CmErg19 overexpressed
in C. militaris. D: Cordycepin contents of CmErg8 and CmErgl9 overexpressed in C. militaris. Values
represent the mean+SD of three independent experiments. ns indicates no significant difference compared with
the control, and the asterisk indicates a significant difference compared to the control (P<0.05). Double asterisk
indicate a high level of statistical significance compared to the control (P<0.01).
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