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Proteomics comparison of cultivated fruiting bodies of wild and
commercial strains of Cordyceps militaris in Shenyang
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Abstract: [Background] As a substitute of Cordyceps sinensis, Cordyceps militaris has similar
pharmacological activities with Cordyceps sinensis. It is rich in protein and amino acids, which is usually
used as an important index to measure the nutritional value of fungi. It has become a research focus to isolate
and purify proteins or peptides with potential clinical application value from Cordyceps militaris.
[Objective] The protein composition of fruiting bodies of wild and commercial strains of Cordyceps
militaris in Shenyang were detected, and the differences of protein types, quantities and functions under the
same cultivation conditions were analyzed, which provided the proteomic data basis for further study and
identification of protein for medicinal use and targeted domestication of northern caterpillar in Shenyang
area. [Methods] Wild Cordyceps militaris strains were collected from Qipan Mountain of Shenyang. Fruiting
bodies of wild and artificially cultivated Cordyceps militaris strains were obtained by tissue isolation and
liquid fermentation respectively at the same time. The quantitative proteome of fruit body samples from wild
and commercial sources was studied by non-standard quantitative technology liquid chromatography-mass
spectrometry after protein extraction and trypsin enzymolysis. [Results] A total of 9 233 specific peptide
fragments and 1 923 proteins were identified, including 1 163 quantifiable proteins. 214 proteins were
up-regulated and 181 proteins were down-regulated in fruit bodies cultured from wild sources. After
functional enrichment analysis, these differential proteins were mainly involved in energy
production/conversion, amino acid transport/metabolism and antioxidant function. Under the same
nutritional conditions, the expression of protein related to energy metabolism and amino acid metabolism of
wild-type strains was higher than that of commercial strains, and the expression of an important antioxidant
protein (Gene Name: ISF 02112) from wild cultivated strains was much higher than that in commercial
strains (fold change>9). There were 22 differentially expressed proteins related to both antioxidant and
metabolic functions. [Conclusion] Some excellent biological characteristics of wild Cordyceps militaris in
Shenyang can be preserved by proper artificial cultivation. The fruiting bodies cultivated by the two strains
have rich and excellent antioxidant proteins, and the antioxidant capacity of fruiting body proteins is related
to their overall metabolic capacity. The results of this study provide the basis of proteomics data for further
study and identification of the herbal protein and targeted domestication of Cordyceps militaris.

Keywords: Cordyceps militaris, fruiting bodies, proteomics
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NG BAE B BT 22 4 J 7 SR AT T
LIS, b B b DX It o A B AR 28 40 B b
TS A B B2 2R D ARGE o BRIV B X
Fit e ok e A R R T R TR R BN TR S A
PATE AT, DUIIRAS IS TR E B SOl
XHHE SRR 7 Ml (8 i A JE FLATRL 2 Al 3 S
ACBIFSE 368 3 Xof DA B AR 28 1L BB A b e S AR T
b H B SR A T AU B RARIE TR, 22N
TR TSR X A R P LA, X
S B R E S TR T NRETE R, TR AT 22 5
RINEAHATIIRE DK IR LT IR
(SR II AT A AN TEFE T VL FH X A R Y
Bla I, o N TARARE: 7k AT RERZ b AR
W R A AE R TR R, k2 R
FESE AL B2 B XIS T
JR2H 2 RE

1 RS h%
1.1 JtHEEH

L1502 o | L1 W N il B N i - S B A B S
L1 P8 A b B PSR (we ), X EL R R ik BH &
Pt T B G R SR (ac A1)
1.2 EERFIFNEE

BCA HEFMKENM AN G, RS KAEY
FARARA A EABHDHN, Calbiochem 2] ;
JiRME, Promega AFHl; JRE . “iAbEREE, UtL
fith%, Sigma /AF]; ZJE, Fisher Chemical /3 F];
= LMR, Sigma-Aldrich 23 w]; HFR, Fluka A H] .
B = AR AR - %Y, Thermo Fisher Scientific 22 &) ;
FEbRA, CT BB K A R A w5 rTKAY, b
HOAN—AHEYRHCARA R B TES, 7RHEL
WRAARRAT; —80 °C vK4H, RFSEEGERHY
ARTHEAF]
1.3 A%
1.3.1 JGtHEEE

(1) wFhorEsalif

T i AR T 35 77 3 (g/L) : 8 11k 10.0, 350K 20.0,

HiZGHE 20.0, BERRE B 0.1, HRMREE 0.1, pH 6.0,
UG KFERH o 1%k T SRR H T =
THAKPYE, KAoWT, BEFIHEREFRMAp &
TR BT IIAE TR B3R 1.5 em DLNBTUIK N
0.1-0.2 em /B, TG B HUCH S T 31
Lo BT 22°C XM PR, LR HAK
b 22, AR RNE SR AL I, T alifb G
Fr, 23-25°C 5 MHEFR 10d, W2 KR .

(2) WBIATR RN K 1%

W25 1 . WO v R, T il i 4
EIRWr: AN 5.0 g, #ZHE 10.0 g, 500 mL
aifboK . TR, RGO BOLE RHE B
0.1-0.2 cm BFFp B Hepz AV A 32 3 22 °C
B 24 h, DR TREREZMRE AR, RIGHARE
PR 22 °C. 160 r/min JR3% 555 7 d, HEKBEHELZ
BRI A TR

(3)

BC ARG E TR . IR — S 75.0 g, BRAREE
38.0 g, MM 75.0 g, Hi%iHE 500.0 g, VB, 0.5
ZEWK 500 mL, /NAZ SR 1:1.5, 1x10° Pa K
B 30 min, VRAKBEFISE SR LA 1:4.5, HFhit
W CL AR R AT I AR, TRLEEORASE 18 °C iR .
M 22 K B FRAE 1/2 I, IR 22 °C IR 60%
it BEFRAE LB 2 ERT, 45T 10 °C 11
TE2ZEH, DG B T LT NLAE AR, TR
JE IO RIS AE 18-22 °C M), 28 S AHRHEE G Bl
PEFTE 80%—90%2 JA] .

(4) R T

TSR PR AE B TR SR M, F I Al B AR X
T 72h, T FHE 100 g FSHATE ] 14 ¢
FH . —80 °C B %k
132 #HMERRK. RENE

2 YIAE 80 °C VAR I , WA A TS,
PREL 0.5 g HAES:, BHE BB R . SRIE5IIA
WA 4 AT 10 mmol/L —FIFHEEE . 1%
EABHN TR, 4 30%IREF ) 4 °C
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Z4#% 5 min J5, IIASEIARFAR pH 8.0 =R HIEE
FEH BRI BRI, 4 °C 4/ F 5 500 r/min
B0 10 min JFHCEWE, A S AR 0.1 mol/L
R BEITTE LA, 43 501 FH FR I oA T 7 7
B 8 mol/L JREE W, WS uL H AR,
FH BCA ke BEm e i &, Fac B UG I A48
FHBEFRSCIN E K 570 nm AW GREE 5 SR LI
FrRUE T Z A S B R L

SDS-PAGE:: 45l W B 55t 2 AR T B 048
L A S uL FE ARG R (4 FE i 2%
P SEREFR NS W, SRR 20 pL; KK EAE
1 uL iYL 1 Marker A1 20 uL &5 FFE S, B AE
B2 L _EAE 20 L & EAESE vhig (1) B 5
KM S min, IR MEEH. ErKE 5 min,
#i FHT 10 000 r/min 5.0 1 min, HLUKEF, 7EH4s
B H L A R 15 mA, HLYK 15 min, f# 8 (A
VR AR B — 454 FE AT B I HLIR A R 30 mA,
A PR TR T i Sy R BE RSSO 1 om
B, fFIEmYk; BUhEER, =R TYE 20, BiA
YR IG5 0] oy — B i 1] o 4 0 98, oG €, 22 6 e
sota ., B ARATIE W
1.3.3 FREGEGHE

B 120 pg AE AR IO T IR, FHARROR A
R4 2 —3, ZIBIMALIRIE 20% A LIR,
WRIEIRS), 4°CULE 2 he 4 500 r/min B5.[> 5 min,
3, WA NERERTTE 2-3 ). BT
TEJT A H R 200 mmol/L 1Y 2 L4k, &
FATHOOTEE, DL 1:50 MIARFR G AT )i A
JE W, WL . SE R I B T b R
(Dithioth-Reitol, DTT)FI# 2 ft iz 1AA) 5 51 B
e E 7 5 mmol/L. 11 mmol/L, HAJE] 56 °C 44 T ik
Ji% 30 min, SRJE IR T EDEHFE 15 min £,
134 BHEBIE-FUSEA S

ot FHE = OB R e R T4 B KB, 1 SR
WA ZAH A AH[0.1% (FRAM50) FH R K I TR ]
M TR IRE . T A 2% B 0.1%H iR
FIKIEH ;. VEIAH B: 90%ZJEFT 0.1%H R 7K

WD WO TS BB EE 4 R . 090 min,
5%-25%B;90-112 min, 25%—35%B; 112—116 min,
35%—80%B; 116—120 min, 80%B, J#ii# & 500 nL/min,

20y B R IR BEE A NST & IR LB, RS
PEATTRE T, B IR R E R 2.1 kY, RH
53 9E Orbitrap X IKEE BB+ S H 900 A 7k
W B B — R HE I 350-1 800 m/z, i
B2 70 000; —HFIEATHVE L A 100 m/z, 34
STHEE 17 500, — AR EEEERT 10 M550
T PO R BE RS IR vk kA HCD Rl i e f 7 ie2ad, [
PHAREZ M. A S sl el SE4,
KIEARFHEE 100 ms, EPBETREHE SN ZSHE
FREFEIZE R 30 s, 1F5BI{EIZE N 40 000 ions/s.
1.3.5 HUBEHE

i Fl Maxquant (V1.5.2.8)%F — 2% Joi 1% 5 P& 17k
T Z. S8 WT . B4 FE N Cordyceps
fumosorosea ARSEF 2679 1081104 PR 20191223
(10 050 25741, WIS ERH WATS YL e, 115
1R & ¥ (False Discovery Rate, FDR)FIVHFRYE
gAY RS2, FDR B8N 1%, S50k
B WYL 25 WY X0 Trypsin/P; &/l
FRBAS BE Ry 7 A2 BERR TR AL 5 IR Bedse KABM L 55
— R R IR ZE R AR 20 ppm, 5 ppm,
TR E TR EIRZERZIE RN 0.02 Da.
1.3.6  [RiG BN

JRBEIEA YR 720 MR, KIEMMAS
HTF Trypsin EEfEA HCD W25 M. Rt
10 kD VA_E SR 50 A0 eI 5], B8R A b il
VA T A W B AT TE LR 2 A TP AR 24
FP R FEREE A, AR Y % A R T R
Ko REI-E AR EEETE 20%U T, 5ZHAF
T R — 2T iR 25 7E 10 ppm LAY, £F4 FiEH
e B AR
137 E£WMERZESH

X 25 E £ 495 2R FH InterProScan #47 GO
RETE B 4 M2 2k ] WoLFPSORT/CELLO
(V.1.5.2.8)53#7; KEGG i #53#71% F KAAS/KEGG
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Mapper (V.2.0/V2.5); REIME KA R Package
Pheatmap (V.2.0.3); & £ HrKH Perl Module
(V.1.31); A E AR BLAST/R Package NetworkD3
(V.2.2.26),

2 HR54H
21 LtHEBRFERREARE

P AR iEAL B 2 e . BE W TSR T
KR, B, K 5-10cm, SME LB
B, Ml EREIREL S BENT
SR TR R R TR R . B R AR
P 1o B A R U8 5 T B SR R G B R A SR
T 1 M BE R 43 ) 49 5.88 pg/mL il 6.68 pg/mL.
22 HUREESNH

A 3 3 P A AT A A #9233 A4St IREL
iR s 1163 Ml EREN. 1S RES
TR BACEE, R R -test P<0.05 4 52
PEEIE, H we/ac WA 214 MEARKE L
I, 181 MEERIE LA TIHE 2),

=

A —b

E1 ‘tHEEBER

Figure 1 Cultivation results of Cordyceps militaris

e A BPAERM; B: SHEREFM; C: FIM; D: TAKRKE
BEE TR TR B BRI & 72T i
Note: A: Wild Cordyceps strains; B: Slant strain; C: Cultivating

fruiting bodies; D: Dried wild fruit bodies; E: Dried products of
cultivated fruit bodies on the market
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Figure 2 Volcano maps of differential proteins (wc/ac)
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Organic substance metabolic process
Cellular metabolic process
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Nitrogen compound metabolic process
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Establishment of localization
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Response to stress
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Intracellular organelle
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Others
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Organelle membrane
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Plasma membrane

Intrinsic component of membrane
Ribonucleoprotein complex
Whole membrane
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Transferase activity

Organic cyclic compound binding
Heterocyclic compound binding
Hydrolase activity

Protein binding

Ion binding

Small molecule binding
Oxidoreductase activity
Carbohydrate derivative binding
Enzyme regulator activity

Drug binding

Macromolecular complex binding
Transmembrane transporter activity
Lyase activity

Isomerase activity
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Figure 3 Distribution of differential proteins
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Cytoplasm (39.24%)
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Nucleus (13.67%)
Extracellular (11.65%)
Plasma Membrane (7.09%)
Cytoplasm, nucleus (3.54%)

Cytoskeleton (3.04%)
Others (1.01%)

Figure 4 Subcellular localization of differentially expressed proteins
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Biological process

L5 Regulated type
. . o Il.o Qeategory

Mitotic actomyosin contractile ring assembly Sample
Regulation of nuclear division 0.5 Q1
Negative regulation of MAPK cascade Q2
Regulation of stress-activated MAPK cascade 0.0 Q3
Regulation of chromosome organization 05 Q4
Negative regulation of cell cycle phase transition
Ubiquitin-dependent protein catabolic process -1.0
Modification-dependent protein catabolic process |

-1.5

Regulation of mitotic sister chromatid separation
Regulation of mitotic cell cycle phase transition
Regulation of cell cycle phase transition
Ribonucleoside triphosphate biosynthetic process
Positive regulation of protein polymerization
Nicotinamide nucleotide metabolic process
Pyruvate biosynthetic process

Monocarboxylic acid biosynthetic process
Negative regulation of protein polymerization
Galactose catabolic process

Galactose metabolic process

Negative regulation of protein depolymerization
Regulation of protein depolymerization

Negative regulation of cytoskeleton organization
ADP metabolic process

Gluconeogenesis

Hexose biosynthetic process

NAD metabolic process

Pyridine nucleotide biosynthetic process
Nicotinamide nucleotide biosynthetic process
Glucose metabolic process

Glucose catabolic process

Glycolytic process through glucose-6-phosphate
Glycolytic process through fructose-6-phosphate
Nucleoside diphosphate phosphorylation

Hexose catabolic process

Nucleotide phosphorylation

Pyruvate metabolic process

Purine nucleoside diphosphate metabolic process
Ribonucleoside diphosphate metabolic process
Regulation of actin filament polymerization
Cellular monovalent inorganic cation homeostasis
Monovalent inorganic cation homeostasis
Negative regulation of proteolysis

Ethanol catabolic process

Primary alcohol catabolic process

Acetate metabolic process

Rho protein signal transduction

Regulation of cation transmembrane transport
Ribonucleoside monophosphate biosynthetic process
Purine nucleoside monophosphate metabolic process
Ribonucleoside monophosphate metabolic process
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B Molecular function
[ S R E— 19 Regulated type
[ I = I
N . Mo .Q category

Transferase activity, transferring glycosyl groups Sample
Aldehyde dehydrogenase (NAD) activity 0.5 QI
Protein disulfide isomerase activity Q2
Rho GTPase binding 0.0 F 3
Transmembrane transporter activity 05 Q4

CoA-ligase activity

Mannosidase activity -1.0
Alpha-mannosidase activity

Ion transmembrane transporter activity
Hydrolase activity, acting on glycosyl bonds
Long-chain fatty acid-CoA ligase activity
Very long-chain fatty acid-CoA ligase activity
Medium-chain fatty acid-CoA ligase activity
Fatty acid ligase activity

Transferase activity, transferring hexosyl groups
Cation transmembrane transporter activity
Lyase activity

Hydrogen-exporting ATPase activity
Cation-transporting ATPase activity

Active ion transmembrane transporter activity
Carbon-carbon lyase activity

Peptide disulfide oxidoreductase activity
Glutathione disulfide oxidoreductase activity
RNA binding

GTPase activity

Protein disulfide oxidoreductase activity
Phosphatase activity

Transaminase activity

Nucleobase-containing compound kinase activity
Lipid transporter activity

Enzyme regulator activity

ATPase activator activity
Phosphofructokinase activity
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Isomerase activity

Enzyme activator activity

Ubiquitin conjugating enzyme activity
Carbohydrate kinase activity

Ubiquitin-like protein conjugating enzyme activity
Actin filament binding

Phosphoric ester hydrolase activity

Actin binding

Aminoacyl-tRNA ligase activity

Ligase activity, forming carbon-oxygen bonds
Ligase activity

Purine ribonucleotide binding

RNA polymerase I transcription factor binding
Anion binding

Core promoter binding

Pyruvate dehydrogenase activity

5 GOMRENEEMIRWHNATFHEBHREERREIEAES
Figure S Cluster differential expression protein enrichment map in GO functional classification (biological process) (A) and
(molecular function) (B)
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KEGG pathwa,
> 4 1.5 Regulated type

10 . Q category

N I N B
-
Amoebiasis Sample
Mitophagy-yeast 0.5 Q1
Linoleic acid metabolism Q2
Carotenoid biosynthesis 0.0 Q3
MAPK signaling pathway-yeast 05 Q4
Viral carcinogenesis
Thiamine metabolism -1.0
Nitrogen metabolism I
Sphingolipid metabolism -5
PPAR signaling pathway
Synaptic vesicle cycle
Peroxisome
Phenylpropanoid biosynthesis
Valine, leucine and isoleucine degradation
Beta-alanine metabolism
Propanoate metabolism
Lysosome
Lysine degradation
Fatty acid degradation
Serotonergic synapse
Cholinergic synapse
SNARE interactions in vesicular transport
Biosynthesis of unsaturated fatty acids
N-glycan biosynthesis
Other glycan degradation
Various types of N-glycan biosynthesis
Alpha-linolenic acid metabolism
Chemokine signaling pathway

Drug metabolism-other enzymes

Arginine biosynthesis

Tyrosine metabolism

Galactose metabolism
Glycolysis/Gluconeogenesis

Carbon fixation in photosynthetic organisms
Pyrimidine metabolism

Amino sugar and nucleotide sugar metabolism
Fructose and mannose metabolism

MAPK signaling pathway-plant
Toluene degradation

Toll and Imd signaling pathway
Carbapenem biosynthesis
Purine metabolism

Methane metabolism

One carbon pool by folate
Aminoacyl-tRNA biosynthesis
Hippo signaling pathway-fly
Tight junction

HIF-1 signaling pathway

Prion diseases

Yersinia infection

Bl6 KEGGEBHPREEFRAZAESR
Figure 6 Enrichment of cluster differentially expressed proteins in KEGG pathway
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200 Y N TR E O B HR 0 R A AR )2 e

SCHR[14-17]4 8 b H B 5 505 1 91 A A g
1o WFFR R WL AR S (1) SR b ol A A B AL i
(Superoxide Dismutase, SOD)& i 5 T/ N1
TR, M/ RS R RAZ T SOD & 1t 5 AR N Y
FLEAM IR E 2R, SOD B — 1 h kB
DL U sy HAE R s, B s 5~ A il
FERAEYIAR N IEH AR, BB B — e R AT
e 240 B B B ot e A e AR A T 5 | B 40 A £ 2 5K
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REDE B A6 TR A (ML SR AL R T 8555 o 1 — 2424
s, K —Fhdr A b E 2 E 11 (Gene Name:
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Change>2), ViHITEMFN LA A RE )y TH Y A B bk
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