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Abstract: Based on transcriptome data, it was speculated that erg/ gene may be involved in carotenoid synthesis in Cordyceps militaris.
Under the stress factors of KMnO,4 and NaCl, the mRNA relative expression level of erg/ gene was further detected and analyzed to explore its
regulatory role in carotenoid synthesis pathway. In order to verify erg/ gene function, an over-expressing vector pCambia0390- blpR-Pcmgpd-erglof
the ergl gene was constructed. Subsequently, the expression cassette was introduced into the C. militaris by Agrobacterium tumefaciens. Finally, the
expression level of erg/ gene and the amount of carotenoid biosynthesis were determined. The results indicated that the carotenoid production of
recombinant strain Cmergl under KMnO, (oxidative) and NaCl (osmotic) stress reached 6757.17 pg/g and 6363.93 pg/g respectively, which were
1.22 and 1.20 times of the control strain CM10, respectively. In conclusion, the overexpression of erg/gene caused the increase of carotenoid
production of Cmerg] strain. In other words, the squalene monoxygenase gene is involved in the carotenoid synthesis of C. militaris. The results laid
the experimental foundation for the research and utilization of carotenoid biosynthesis in C. militaris.
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L1 A#

1.1.1 BA#kE5ha

A& HEHE (Cordyceps militaris) CM10 B
TWARE THEESEEVRHEAERA R KnktE

(Escherichia coli) DH5a~ MR AR AT (Agrobacterium

tumefaciens) AGL-1 T EigER A AEME ARG TR
NH]; JFURE pCambia0390-blpR-Pemgpd N AFERT 7t 2H
S RAT
112 ZRFKBNE

5804R (R #/A R ES 0L, #E[E Eppendorf A F];
FRESCO21 f & & ¥ % 0 #Hl, Thermo Fisher
Scientific 7~ @ ; CFX96 Real-Time PCR Detection
System. MJ Mini PCR. GelDoC"™XR ¥t P 4
#4%t, BIO-RAD A#],
1.13 3l

AT SIYnEE 1 B

1 EEIER5 1955
Table 1 Primer sequences for gene amplification

HEZE 0 g (5-3')
ergl-1F AACAAAGGGGAGGGGTGATG
ergl-IR GCAGCAGCAGTAGGGGAAAA
ergl-2F  CTCTCACCTCACTTTTCTAATCAAGAACATGTACAATGGCTGGAATCTGCCGATTGAC
ergl-2R TGGTGGTGGCTAGCGTTAACACTAGTCCGAAATCCCTCCCTCCAAATCAG
tefl-F GTCAAGGAAATCCGTCGTGGTAA
tefl-R GCAGGCGATGTGAGCAGTGTG
ergl-F GGCCTACCACTTCTTCTCCG
ergl-R CAAAAACACCACACACGCCT
check-F CCATCTACCACGCTCTACCC
check-R CGGCAGGTGATACTGTCAATGTTC
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121 ergl ARA2K UM%

Jb& BRI 2 DNA $%21E Omega 1 JE A2
DNA BRI & (Omega) Tt PHEATHEEL. HRHEIE
K HEE ergl #[ (GenBank: NW_006271973.1)
) ER RS, Bt s ergl-1F/1R F146} H ()3 R
17914, LLPCR ¥ 9kstR, FIH 514 ergl-2F/2R,
T ergl BB B NES 5N BRI RS D) A7 SRR
BT H . BT R DUEB 4K A BT PCR 4
W RBIfRFR (50 pL): R 1 L (<200 ng), EF
WE5190%% 1.5 uL(0.3 uM), KOD FX 1 puL(1 U), dNTPs
10 uL (0.4 mM), 2xPCR buffer 25 pL, JH#E4iKE
50 uL. PCR 2#44: 94 °C 2 min, 98 “C 10's, 54 °C 30
s, 68 C 2 min, 30 ME¥: 4 CLRfE. PCR ™¥IH
1%ZR e AL rvikRrill, 117 B 12k -8 3 b
e DNA At Eoasfl & (MAGEN) [ H ) F Bt
FFEAT P LEXT o
122 ergl AR ITEABIRGGH

FIFH Bsp1407 1 A1 Beu 1 XAk i H i Hr BUAn
pCambia0390-blpR-Pcmgpd Jii ki i2E47 XU 1) Ab 3 44
HEIEYC . FIFH Seamless Assembly Cloning Kit (Taihe)
LRI pCambia0390-blpR-Pemgpd kAN H [t
N Bodh AT, 3R R DHSa JE32 AT
TEHRIFZRM LB (10 g BRI, 5 g BERHZHU,
10 g &L4H, 1 L4k, pH7.0) TR+ 37 CHFF
R POk I K3 3%,  IRBUTTRLEEA T 7
YE, K IR E 2 5K fir 44 9 pCambia0390-
blpR-Pcmgpd-ergl (K 1),

pCambia0390-blpR-Pecmgpd-erg!

11,306 bp

E 1 Z|2REA pCamb i a0390-b | pR-Pemgpd—ergl ERHIEL
Fig.1The plasmid profile of recombinant vector
pCambia0390-blpR-Pcmgpd-ergl
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W EAFTRE 100 pL AR AT B AGL-1 B

ZAMMEVKBETIRE, R GREM T IFE T
HLAAL . FEHIE 1.8 KV, 1 pulse 244 FHEAT HEL T b3,
S5 1| mL LB 35775, 30 CEdist 2~3 h
AT EAFBERRRTFHERN LB PR, 30°C
K598 2~3 d EHETE K.

124 RBRAFAZFILLRLFIT

Kb i B MR ERI ] PPDA (200 g B E,
20 g Hi&iHE, 3 g KHPOy, 1.5 g MgSO,7H,0, 10 g
FEAMR, 15 g 3R, 10 mg 484K By, THE#EAKE 1L
PR, 25 CHERGFE 14~21d, JelE 5~7d. F 0.05%0t
T 80 VR IE Y AR R T i 22, AR T, flifFikfE
NEETE10°~10°AmL, T EOE &

PR A 7 2 2H TR AR IR AR AT TR e A B B
KEEFGHMBE OB T AR IM 7k (145 ¢
KH,PO; . 2.05 g K,HPO,. 0.15 g NaCl. 0.5 g
MgSO,7H,0 . 66 mg CaCL-2H,0 . 248 mg
FeSO4-7H,0. 0.5 g (NH,),S0,+ 1.8 g #i&jFE. 5 mL
Hil, AB4/KERZE 1 L, pH 5.5 |, AIHIKE
ODgoo N 0.15, EFIEF5 12 h EAZE ODgo N 0.8. 5
& HE B RIRRIE IR — e LR &5, A
TEMA BIEANT) IMA FEFRFCPAR (5 216 T 2D,
25 ‘CHAREREFE 2~3 do FEPHRAeA S E i, K3
YR 2 PDA #5973, (B AR % 211 Basta)
b, 25 CHEmEREFE 5~7 d BFALT L

PREIFEL T2 PDA B33, fFHEEKEHR
N2 om PRECEFAI MG check-F/check-R 47T
PCR e iF, F EMM I & RE HE T s N
Cmergl.

12,5 A3 02 8 PCR A 2 B & A KP

b4 U B 2 BRIE A R R, R E
RNA $2HUAFA & (Omega) $#EHUE RNA. ffH
TransScript”® One-Step gDNA Removal and cDNA
SynthesisiSuperMix J< ¥ 3% & B ¢DNA . K H
SYBRGreen II #x& 7%, LA cDNA A qRT-PCR (1)
B tefl NASFEEHEPY, Kl ergl FERFESS A4
JiE R KMnOy4 4H. JHiHE KT~ NaCl HH R IA 7 7
Ko MNFER: 94°C30s, 94°C5s, 55C 155,
72°C 10s, 40 ME. H Excel Giit WS EK 5 HIW
B ergl B9 CtiH, T 2700 BRIk,
126 X#:AF FE ey

PRl CM10 FHFE. Cmergl FHFET PDA Wifkss 77
F, 25 °C. 150 r/min BEEEFE 6 d, Ja2r AN MHE
K7 iR (0.4 g/L) AEALAN (2 g/L) FRGIEES
7t 5 do HARIATIRURTEEG, FHRRINHGEI 58 1R 22
TRIEIE MR AR
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AR EE 3 AT, LB HHERH
“mean+SD” &7, N GraphPad Prism 8 R {4F3E T4
P A B 2], 2 p<0.05 IR TEZE 5+

2 RGO

2.1 ergl W 7w &K

PAJbA U B CM10 BRI R ZH DNA BEIR,
ergl-1F/IR A5IYIHATY 1S, LA ergl-2F/2R 514
AT VX PCR 133 ergl L Fis[FIJEE . # PCR =4
AT 1%B AR F UK, RKBLTE 2000 bp AESA HH &2
E—2ar, SHRAN—8 (B2). H IR
PR, ergl FNIEFIRE OB k.
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Fig.2 PCR amplification for ergl gene
E: (a) B89 E ergl LFi#aEAh 57144 PCR 4738 (M:
DNA marker; 1#=2: B9 E ergl LTt F5]; 3: A
*t88); (b) B 4935 ergl LT 7R R4 49 PCR 4738 (M: DNA
marker; 1422: B #&E ergl ET#HEIRA; 30 HMTR),

2.2 & 4 # & pCambia0390-blpR-Pcmgpd-ergl

B M3 R AR AL

[E 3 FRRAYEEY) 5 EE RIS E
Fig.3 Enzymatic digestion and identification of recombinant

plasmids
JE: a: ik pCambia0390-blpR-Pemgpd B4 22 (M:

40

DNA marker; 1: pCambia0390-blpR-Pecmgpd /i 45 i By 1, vk £
£ ); b: £LA/5 4 pCambia0390-blpR-Pemgpd-ergl 9% (M:
DNA marker; 1: pCambia0390-blpR-Pcmgpd-ergl Ji#iw ks
).
%} pCambia0390-blpR-Pemgpd Jiikidk47 XU L 4k
H, VIR 9410 bp MIZMESEE (Bl 3a) . K HIM
FEH ergl b RUFRNEE A EOER E R R
¥t B DHS5a, #:E#ATHE K PCR % 5E M FKL
Bsp1407 1 M1 Beu 1 XUBEY) %7€ o X B EAREATHEEL
CE 3b), W5 5 8 ik — 2 5k E A a4k
pCambia0390-blpR- Pcmgpd-ergl #7 il IeI . FJH HL
7 SR A BB R AT AGL-1 I, R PCR
B EMNEL T, SRR BERITE
AGL_pCambia0390-blpR- Pcmgpd-ergl # B4 .

23 pAREFEARMTHLL

PSR A AT AGL pCambia0390-blpR-Pecmgpd-
ergl XHEAHEE CM10 (H 4) fITiEATIR Y, 7
TP EREFR 3 d i, KBsAERS 2 S NPT
ARG FRIL TR LRSS 9%, A iRig R A Bl
22 i), BT kRS Basta FUAERIPAR I
B, WRIERJE (B 5), BIHGEAL 7 5 22k
PCR %7€ . BRI IPUIER N EMRESAEAR, HIHAT
PCR %5E ([ 6), 7E 845 bp K/NbA H K& KRN
FRE B, B 3 AALARI RS E TR AT f5 25556

Z N~
& 4 JLZFHEE M0 HER
Fig.4 Colony of C. militaris CM10

& 5 Cmerg! ELRFEIL FHIE
Fig.5 Colonies of Cmergl recombinant transformation
ale 234 5678 910 11
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(& 6 Cmerg! H\&1LFEIZ2 PCR HIEE
Fig.6 Colony-PCR verification of Cmergl transformation
candidates

7E: (a) Cmergl IM4EALT 5 —4 1 £ PCR BiE4 R (M:
DNA marker; 1: PAMESTEE; 2-11: #484F PCR %% ); (b)
Cmergl #4540-F % — 41 £ PCR 129E4 & (M: DNA marker;
1-8: #{tF PCR %52; 9: MMtR); (¢) Cmergl #0450F
% =4 H 4 PCR i & (M: DNAmarker; 1: FAMEXTEE;
2-8: #4tF PCR %2 ),

2.4 qRT-PCR Aol 2k B AH X ik &
a M 1 2
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Fig.7 Primer identification of ergl gene and gRT-PCR

expression verification
PIAb& 2 5 cDNA it 73 AlLA tefl-F/R.

ergl-F/R N51Y), #EAT PCR 4 8 #6 56 51 ks etk (&
Ta)o PRI 3 AANFIAL B AL & HUF Bk, R34

FERL 3 APAT, AR 3 A ER, WR&HER
F 4. ilie R KMnO, 4. Jilié (K17 NaCl 40D H ergl
REEMHFREENZER (H 70). REIR, N
KMnO, M35 K1) log,FC /2 0.65(RNA-seq ' log,FC
& 0.95), Wi NaCl BIEH T )5 logoFC & 1.54

(RNA-seq H1 log,FC #& 1.56), ergl FER 13K/
5 RNA-seq &R, KU FAREIE L HER
1. S5 5E B PCR 73 TR Y, ergl FENFRIAEAE
NI KMnO, 1 NaCl M358 75 EFb, HE ergl 3
K 5K M RIAEE A IS, H R R
AT — BT,

25 HATFHEEHE NERSENINE

X R AL 1) 28 DUAR A FEAUfK Cmergl #ET
S MR EEST, SRERIHEERA . S e
WFR SR EARAEE Cmergl FIZEHE MR ERE
(B 8)o AEIEfTE fI RIS b &
FRESE 3139.10 pg/g. EERREFHMNE T, CM10 Btk
Cmergl HHIIKREHE bR BHE 552 5523.92
ng/g. 6757.17 pglg, Cmergl HHEXTIREK CM10
17 1.22 fis; SACENMESE CM10 Fifk. Cmergl Witk
KT MRS EDHIE 5309.74 pg/g. 6363.93 pglg,
Cmergl FEFEAX R CM10 19 1.20 £5. JeriA it
LR, Ergl (BAREE) fiEAL FPP A it S e,
fiEE C30 A% MERIERD), ARG HB LR —
e TERINEERIRET . SULBE R T 5 E AR
Cmergl K% MRS ELIRAE THIN, 55Xt iR 5
MRAH LU R T 22 7, R ergl FERIIERIA S
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Fig.8 Carotenoid production in mycelium of the C. militaris
CM10 and Cmergl

Z: RA ¢ RBREATRITF ST (4p<0.05, **p<0.01,
#H5)<0.001 ),
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3.1 TR FARNEIR T, e T S5I& R
HERIHE MR AR ergl . ARSI T
ergl %A it 33k A& pCambia0390-blpR-Pemgpd
-ergl, I RATE R G 7 AL & B FEhgh TR
ik, SRR AL A& U RS N RA S
FRERIAT ergl MITHREIAIE . &5 LR, TNIN = AR |
SUCENPME R 5 AR Cmergl ZKEHE MR
BB AN, HEN A e A A Ergl MUK
WEMEmH T RS hREK, %25 TI& R
BRI MRGHOE .

32 ARHFIFAMEN ergl FFMALAHE R RIAEK
PR R TA R,  dbA& R B BRI R i Fu e fit 1
SEAGFERT, AR T A U RS MR
B LT TR A -
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