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Analysis of chemical differences between Cordyceps hawkesii and Cordyceps
sinensis based on multivariate statistics
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Abstract: Objective To analyze and identify the significant different components between Cordyceps hawkesii and Cordyceps sinensis by
using method of ultra performance liquid chromatography quadrupole time of flight mass spectrometry (UPLC-Q-TOF-MS). Methods Mass
spectrometry combined with formula finder of PeakView software and database (Human Metabolome Database, Pub Chem, Metlin) and
secondary fragmentation analysis, significant different components were identified and analyzed. Results Through OPLS-DA analysis, it
was found that 12 significant different components were identified. Eleven of them were amino acids and their metabolites, and one was
phosphatidylcholine. Conclusion Surprisingly, characteristic components such as cordycepin and adenosine were not identified by
significant difference analysis. In this study, it was proved that C. hawkesii can be used as a supplementary resource instead of C. sinensis,
which provided scientific support for the further development and utilization of C. hawkesii.
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AL, AHFFEHFH UPLC-Q-TOF-MS K4V F #k
HEHAXRE RSN, 4 E PeakView .
SIMCA-P 255 1F K T REXT 2 B B B b 2 22 S EAT IR
NAERT, A BT R 7 A5 At B 24 K o it
RN TE RN % 5 B4 o) B Bk 2 Bl
1 MR5RE%
1.1 8
1.1.1 X#F  LC-30A AU =il il (HA,
B8N w]); Triple TOF™ 4600 %4 PURLAT £ Bk R AT
B[] = 2 FE A (35, AB AF]); JY92-1ID
RUH S B R (R, TR A RS E
FRAw]D; CPA225D B+ 532 — i RSP (FE[H,
TR AFD.
112 ilZ A REER (IS 110858-201503).
H&EBE (#tS 100533201304 ) . R (it =5
110879-200202) MgT-H [ & &2 s e 7ebe, B
HEORT 98%; M. HEE (tailhd, 18 Merck 2
AD; HR (i, 3&E ACS AFD; HlE (e,
HRNEULATD . 29 AER T2 b 254
ZUWFRTR AN = 1, 48 5 T R 245 BT 7T e FR SR
FRTEIERERIIT A G158, 1~10 SRES A AR
R HE VAR 5L Cordyceps hawkesii Gray 274E7E
i H B g TR 11~20 SRESCAZEMER
MR H A HUE B Cordyceps sinensis (Berk.) Sacc.
B AR AR bR HR A R P BB T RN P AR
TIRE A, FERBERTEAEENE 1.
2 HE
2.1 SER&EARHIE

YRS BRI R HEERE. AR IR
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Table 1 Cordyceps sample collection information

M5 BMARR UL RERIS Y
1 WAEHHRE 5N 201803-1 T B b B
2 HEHRE I 201803-3 T b LB
3 WAHHEHRE  JTF 201705-1 T b U
4 EwHTRE 2R 201707-1 P U
5 HBdE IR 201710-1 WA L
6 WAEHEHRE HEK 201804-1 WA L
7 EwETHE JLF 201703-1 W b B
8 EFLETHE B 201710-2 WA L
9 WAEHEF  SiM 201803-4 Y A B
10 WAEHESRE  P0)I 201803-5 WA L
11 AHE PE5E 201811-1 Ko
12 KXHE= PE5E 201811-2 Ko
13 KXHE®H PE5E 201811-3 A HE
14 KXHE® PE5 201811-4 Ko
15 KXHE® PE5E 201811-5 Ko
16 AXHE®E #HiF 201810-1 A HE
17 AMER FHiF 201810-2 KpEE
18 AHE® HiF 201810-3 A HE
19 AmEH HiF 201810-4 A HE
20 AHEE #HiF 201810-5 A HE

sEEMY, AR ECN 20%H) FEE B 5
TR 4 50N 2.900. 2.700+ 3.300 mg/mL %}
PR/
2.2 Hi@miAREE

BERE R VIBS B T80 CUKAHAA 1 h, M
HEH TR A iR, BB SR K 0.1 g,
FEWRE, B 5 mLlEd, HHEINA 45%F 8 2
mL, KB FRE T, T U A A SR S Ak
B O(IhE: 600 W, #i%: 20 KHz) 30 min, HUH,
A, FRRRGE R, 45% PR 0825 1 i &
5], 0.22 um LR E .
23 ETRILEEY

i FE: Agilent ZORBAX SB-Cjg (100 mm X
2.1 mm, 1.8 um); WENAHA 0.1%FERIKIER (A -
N5 (B); BEEREF: 0~1.5min, 5%B; 1.5~9.0
min, 5%~58% B; 9.0~15.0 min, 58%~75% B;
15.0~20.0 min, 75%~85% B; 20.0~22.0 min,
85%~5% B; 22.0~25.0 min, 5% B; {&FE 0.2
mL/min, i 30 C, HEFAARRN 2 pl.

FE 55 B TR (ESD), 1E B AR SR,
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9% 5 ; K Notepad 34 4b 2 119 £ #5 /XA
SIMCA-P 14.1 B3k 47 IE A i fie /N — 3K 731 73 #r
(OPLS-DA) #45, 73 B9 1) 8 2 2= 5 Pk e 73 i
WEEE, 454 PeakView # {4 1] Formula Finder.
Mass Calculators 5 DR 7E £ 34 % (Human
Metabolome Database. Pub Chem.Metlin. Chemical
Book %) S TR BARANEE, 0 2 Al ) S
& 72 VAR S By BEAT 3 T E
3 R
31 ERMBOTEEER

OPLS-DA 73 #r3&#E F ez 70 Hr (PCA) f3
fit b, AR RO REA D H, BHATHRER
OPLS-DA 73 #fr, 45 R R WAL 0T X A8 & 1) ] it e
Pk R*c N 0.883, BIXS v A5 & (W] MRk RPN
1.0, B AT TPy 0.989, 5 B X A2 (1 7
i R4F. @it Scatter 570K (B 1) ATLUEH T
FHERE (D 5%0ERE (D FaEEE X
AR, RUDEFERBEEN NS BS54 E R
AEX A @it S-plot /08 (B 2), HLRFENE
EEFMEET 29 /1, 44 Human Metabolome
Database. Pub Chem. Chemical Book. Metlin.
PeakView S5 5048 i S, XIS —20 . 5
FAT N, e 2 AN EFEERERGE 2,
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ITHER, X VIP E KT 1 B T IAT T e,
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Fig. 1 Score chart of OPLS-DA analysis
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Fig.2 S-plot chart of OPLS-DA analysis

3.2 EFRMRS MR RN

M1 7 ESI+Positive fz0H IR 7 [M+
HI B e A 175196 0, 25 ik B B 24 /e
HESE 17.026 0. 17.028 2. 45.022 3. 14.028 0
A BT AT D 158,170 0. 141.141 8. 130.173 7.
116.145 7 MBS (B 3), FIF PeakView {4
() Mass Calculators Lifig 115 4 NH;. CH;NO. CH,
IFABE 758 17.026 00, 45.020 92, 14.015 10,
Ei M B S22 23578 F 0.01. 8 Bk
X R R AR AR IR 40 BT I 45 G AR 2 UM R K
&R, HEZNHEMNR
RARECHEMAL BZ 0112,

M2 7E ESI+Positive iz 1 I EFE T [M-+H] HY
AN 657.321 0, Z8J5ail e B RUAEAE FH 43 Il 2
18.006 4. 47.026 1. 144.058 5. 162.065 6. 217.060 4.
231.074 0. 249.081 5. 328.0757. 375.142 7. 393.151 4.
417.149 3. 425.1169. 443.1263. 472.151 6. 512.146 8
A FE AT N 639.314 6. 610.294 9. 513.262 5.
495255 4. 440260 6. 426.247 0. 408.239 5. 329.245 3.
282.178 3. 264.169 6. 240.171 7. 232.204 1. 214.194 7.
185.169 4. 145.174 2 WA BT (K 4); 5 5 i 4
N 639.314 6.610.294 9 [ 143 7 i 25 18.006 3+
18.006 8 A 621.308 3 F1592.288 1 MR 1
FIFH PeakView 4[] Mass Calculators ThRE 15 H
H,0. CHsNO. CsHgN,O3. CeH4N,05. CgH sN3O41
CoH7N304+ C13H sNO4 CisHyoN2O4 Ci9HisN3Os
Ci9H27N306+ C22H31N305. C19H31N506~ C23H29N306
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*2 LIEZHERESEHEER OPLS-DA
Table 2 OPLS-DA analysis results of C. hawkesii and C. sinensis

JRAT L (m/z)

G RENM/min BFEARE — : iz x 10" gl LELIR
N 370 i
M1 1.0 [M-+H] 175.1183 175.118 2 0.3 CeH4N4O, RARECHEM AL BZ 0112
M2 1.8 [M-+H] 657.326 0 657.3252 1.3 C3HuNGOy N2-[(benzyloxy) carbonyl]-N5-hydroxy-N2-

L-ornithyl-N5-[(benzyloxy) carbonyl]-
N-[(35)-1-hydroxy-2-oxo-3-piperidinyl]-L-
ornithinamide

M3 2.1 [M+H]"  294.1189 294.1192 -1.1 Cy1HyNOg (6R)-5-acetamido-3,5-dideoxy-6-[(1R,2R)-
1,2-dihydroxypropyl]-o-L-threo-hex-2-
ulopyranosonic acid

M4 2.3 [M-+H] 281.149 7 281.1495 0.7 C4H50N,04 4-{[(2-Methoxy-2-phenylethyl) carbamoyl]
amino }butanoic acid
M5 5.3 [M+H]"  547.2894 5472883 1.9 Cy7H34N1005 (35,68,9R)-6-benzyl-3-methyl-4,7-dioxo-17-

[(2-pyridinylmethyl) amino]-2,5,8,14,16,18,
19-heptaazabicyclo [13.3.1] nonadeca-1 (19),
15,17-triene-9-carboxamide

M6 7.1 [M-+H]"  679.3589 679.354 2 1.7 C35Hs5oN209 2,5,8,11-tetraoxatridecan-13-yl [(2S5,3S,5R)-
5-benzyl-3-hydroxy-6-{[(1S,2R)-2-hydroxy-
2,3-dihydro-1H-inden-1-yl] amino}-6-oxo-1-
phenyl-2-hexanyl] carbamate

M7 8.5 [M+NH,]" 542.328 0 542327 8 0.3 CyHyNgO4 tyr-ser-lys-lys

M8 10.0 [M+Na]"  488.243 9 488.2427 2.5 CH;3sN;504 4-amino-7-[(diaminomethylene)amino]-
2,3-dihydroxy-N-[1-(8-hydroxy-1-ox0-3,4-
dihydro-1H-isochromen-3-yl)-3-methylbutyl]

heptanamide
M9 10.1 [M+H] 316.284 7 316.284 8 —0.5 CgH37NO; 2-[(2-hydroxyethyl) amino] hexadecanoic acid
MI10 10.1 [M+Na]”  430.239 5 430.238 9 1.3 Cy3H37NO;S Geranylgeranylcysteine
M1l 12.8 [M+Na]" 4183070 418.306 7 0.6 CpHyN305 11-[(1-butyl-5-sec-butyl-2-ox0-2,5-dihydro-
1 H-imidazol-4-yl) amino] undecanoic acid
M12 13.2 [M+H]" 520.3414 520.338 3 4.9 Cy6HsoNO;P LysoPC (18:2 (9Z,122))
130.173 7
116.1457
118.087 5
| | | L] | |

115 120 125 130 135 140 145 150 155 160 165 170 175 180
miz

3 M1 RIERBHRE
Fig. 3 Secondary mass spectrometry pyrolysis regularity of M1

Ca4H3N4O6+ CogH3oN,O7 FIEERAE 43 71M 18.010 02 BT I 45 & 7R LR I e K Ab & M S5 M R, A8 1%
47.036 57, 144.052 94, 162.099 89. 217.105 71. b & ¥ B N N2-[(benzyloxy) carbonyl]-N5-
231.121 36, 249.099 56, 328.141 76, 375.178 87. hydroxy-N2-methyl-L-ornithyl-N5-[(benzyloxy)
393.189 44, 417.225 82, 425.226 89. 443.205 09, carbonyl]-N-[(35)-1-hydroxy-2-oxo0-3-piperidinyl]-
472.231 64, 512.226 55, S SR L-ornithinamide.

ZNT 0.1 8 Rk g 2L AR A M3 7£ ESI+Positive # 1 [1BEE 7 [M+H]
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Fig. 4 Secondary mass spectrometry pyrolysis regularity of M2

(IR EE ol 294.185 4, 285 1% v B8 4R A FH 43 31
Jiit 25 18.007 8. 46.004 93 A= Bl )i fif Lk Ay 276.177 6.+
248.185 9 R B, T HH 248.185 9 B 143 4l
Jiit 2% 59.043 9. 27.992 4 A= Bl JF fir b A 189.142 0.

220.193 5 (IR &, TR 220.193 5 B 143 5
It 2 42.019 2.17.011 5 A= B% 178.174 3 1 203.168 2
IRE R BT, fJa R AT LE oA 189.142 0 197 i
2:27.993 9 A 161.148 1 BIREF BT (B 5);
H PeakView ¥4 Mass Calculators ThfETHE H
H,0. CH,0,. C,HsNO. CO. C,H,O. OH [#ig
B354 18.010 02 46.004 93 59.036 5727.994 37.
42.010 02, 17.002 19, 55 L5 (1 SLbrfi 2 %1
ANTF 0,01 3 IR T R R BRI 2 A O

LA

SE A AR LA B A B IR i, I A EY)
. N (6R)-5-acetamido-3,5-dideoxy-6-[(1R,2R)-
1,2-dihydroxypropyl]-a-L-threo-hex-2-ulopyranos
onic acid.

M4 {E ESI+Positive 50 (R 7 [M+H]
()5 A LUl 281.218 8, 285 itk L B8 SRR FH i 82 Mt
2 46.001 0. 59.070 5. 27.994 9. 14.015 8 A= pFT
EboA 235217 8. 176.147 3. 148.152 4. 134.136 6 [
R BT B 134.136 6 I 70 i i 25 15.012 0
18.012 0. 27.013 0 AERJF 7L N 119.124 6.
116.124 6. 107.123 6 (R BT (K 6), FIH
PeakView 1} Mass Calculators DhEeit & H
CH,0,. C;HyN. CO. CH,. NH. H,0. CHN

248.186 5
161.148 1
189.142 5
203.165 6 220.194 1
178.174 3 276.1776  294.186 1
lug | n 1 i 0 i l i T L ki [
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miz
5 M3 RIERMBNE
Fig. 5 Secondary mass spectrometry pyrolysis regularity of M3
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Fig. 6 Secondary mass spectrometry pyrolysis regularity of M4
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WHEZ AN 46.004 93.59.072 95.27.994 37, 14.015 10,
15.010 35, 18.010 02, 27.010 35, 5 F<HE F (5K
PR 2 ZE38/NF 0.01. it b IRXT 0w Fr 24330
B A 45 S AE LB A B AR i, H
EZ A A YN N 4-{[(2-Methoxy-2-phenylethyl)
carbamoyl] amino} butanoic acid.

M5 £ ESI+-Positive XA T [M+H] H
JRAT LA 547.309 6, 28RS H B R E F 43 I 2
17.0247. 45.0123. 186.044 4. 245.130 4. 262.154 7.
301.055 9. 345.148 1. 388.141 6 A= fiifar bt Ay
530.284 9. 502.297 3. 361.265 2. 302.179 2. 285.154 9.
246.253 7.202.161 5. 159.168 0 HIHE BT (- 7);
FI ] PeakView 314 [] Mass Calculators T H
NH;. CH3NO. CpH 4N, CioH N3O5. CsHN,0,4
Ci6H1oN305. C1sHasNgO« CagHooNgO IR B AE 73 5]
4 17.026 00 45.020 92. 186.115 15, 245.079 49.
262.167 58. 301.142 09, 345202 01. 388.175 46,
S AR A I SERRE 2 225/ T 0.1 385 Bk —
A Py RN ) o0 T I 45 - AR BB FE A &)
SERIFRE R, HIE A YN N(3S,65,9R)-6-benzyl-3-
methyl-4,7-dioxo-17-[(2-pyridinylmethyl)
5,8,14,16,18,19-heptaazabicyclo [13.3.1] nonadeca-1
(19),15,17-triene-9-carboxamide

M6 7£ ESI+Positive # = A (1 BEES 1 [M+H]

amino]-2,

()5 A7 LA 679.346 8, 285 ik F 25 AR A'E FH 20 il Fid
2 18.004 3. 277.083 0 ARFfrtE N 661.342 5.
402.263 8 MBS, FHH 402.263 8 MBS T4
Jiit 2% 130.022 7. 282.107 6 “E A% 272.241 1. 120.156 2
R S, HFMEA 272.241 1 &7 HE %
17.024 5 4 255.216 6 KA 3T (K 8); FIH
PeakView # {1 Mass Calculators ZhfE it 5 H H,0.
CisH1oNO4+ CsHgOy4+ CisHy,0s+ NH; HIFSAE 53 )
9 18.010 02 277.130 86+ 130.026 06 282.146 18-
17.026 00, 5 Mt 8 s brE 2 23/ T 0.1, @
o IR TR R ) o AT IR A A AR BB
e KA & W) S5 R R R, I E &AL &R R
2,5,8,11-tetraoxatridecan-13-yl [(2S5,3S,5R)-5-benzyl-
3-hydroxy-6-{[(1S,2R)-2-hydroxy-2,3-dihydro-1H-ind
en-1-yl] amino}-6-oxo-1-phenyl-2-hexanyl] carbamate.
M7 {E ESI+Positive #zUH R T M+
NH,] HIFR AT A 542.348 4, 253 B 2 2484
32 43.979 9.121.051 1.221.123 6.312.179 4.
415.240 4 HRFim LN 498.368 5. 421.297 3.
321.224 8. 230.169 0. 127.108 0 FIRFE ) 251, F
498.368 5. 421.297 3 HIESF 43 Hl i 2 18.006 4 4=
B J a7 B 480.362 1 K11 403.290 9 [ F 8 1,
HH 230.169 0 FIE5 7Bt 2 44.994 2 A W5 fif bb oA
185.174 8 MM &8 7 (B 7)5 FIF PeakView

547.309 6
246.253 7
302.1792
285.1549
159.168 0 202.161 5 361.265 3
530.284 9
| 502.297 3
[ i Ll _..I N Ao 1l J. " A
140 180 220 260 300 340 380 420 460 500 540 580
miz
7 M5 RIERBAE
Fig. 7 Secondary mass spectrometry pyrolysis regularity of M5
679.346 8

120.156 2

255.216 6
f}m‘“ 1 402.263 8 661.342 3
140 180 220 260 300 340 380 420 460 500 540 580 620 660 700
miz
B8 M6 RitZmmiaE

Fig. 8 Secondary mass spectrometry pyrolysis regularity of M6
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Fig. 9 Secondary mass spectrometry pyrolysis regularity of M7

£ #) Mass Calculators I g it & H CO, .
C;H;NO. C,H;sNO;. C14Hp4N4O4+ CiH33N506-
H,0.C,H;N BB AE 7 314 43.989 28.121.052 22,
221.104 64. 312.179 21. 415.242 54. 18.010 02.
45.057 30, 50 20 7 B L bR 2 23/ T 0.1,
WA IR TR R AR L 0 oy M IR S A A
LRHE B A B AR A, A E A A N
A tyr-ser-lys-lys.

M8 7£ ESI+Positive Bz IBEES ¥ [M+Na]
(B L 488.277 9, 285 i i B 4R FH 43 I it 2

18.007 6+ 27.990 3 A= i fiif Eb 9 470.270 3 460.287 6
IR T, P 460.287 6 T2 45.998 9 4
AT LE Y 442279 0 BT (B 10); FIA
PeakView ¥44-1] Mass Calculators Zifgit5 H H,O-
CO FIHRAE S A4 18.010 02, 27.994 37, S A%
FrHISEBREZ ZE8/NT 0.01, i FIR%T g
PR ) 7 AT TS S AE LB e LA S S5 RERS R
H 2 Z A A YN A 4-amino-7-[(diamino-methylene)
amino]-2,3-dihydroxy-N-[ 1-(8-hydroxy-1-o0xo0-3,4-dihydro-
1 H-isochromen-3-yl)-3-methylbutyl] heptanamide.

488.2779

442.279 %60.287 6 470.270 3

140 180 220 260 300

miz

340 380 420 460 500

10 M8 FRiGRMEHE
Fig. 10 Secondary mass spectrometry pyrolysis regularity of M8

M9 7 ESI+Positive 1zl REE T [M+H] IR
ffbtoh 316,349 1, ARk 2ARIERBLZ: 18.008 2
AR T LA 298.340 9 FIRE A 5T, FiEH 298.340 9
B T4 HIlZ: 18.008 0. 30.007 2 A= plmfir bk N
280.332 9. 268.333 7 R ES T, FEH1 280.332 9 1)
By i 2 18.009 2. 30.008 0 AR i L Ay
262.323 7. 250324 9 WA ST, B 262.323 7
S FIES 2 26.013 5. 17.023 9 AR 236.310 2 1
219.286 3 IR BT (B 11); FIF PeakView it
] Mass Calculators Tt A H H,O. CH,O. C,H,.
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