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Analysis on chemical constituents of Pheretima aspergillum by UPLC-Q-TOF-MS

ZHANG Yu, DONG Wen-ting, HUO Jin-hai, WANG Wei-ming
Heilongjiang Academy of Chinese Medical Sciences, Harbin 150036, China

Abstract: Objective To establish a method for the analysis of constituents of Pheretima aspergillum by UPLC-Q-TOF-MS. Methods
The analysis was performed on an Acquity UPLC BEH C;g column (100 mmx2.1 mm, 1.7 um) by gradient elution. The mobile phase
consist of 0.1% formic acid-acetonitrile and 0.1% formic acid-water at a flow rate of 0.3 mL/min. The column temperature was at 35
‘C. The information of the compounds was acquired in positive and negative mode. Results Total 83 compounds were inferred,
contains 11 free amino acids, 26 organic acids, 11 necleosides, 5 dipeptides and cyclic dipeptideds and other 21 nitrogen-containing

substances, the rest on a total of 10. Conclusion The method is accurate, rapid, and sensitive, and provide a basis for further clarifying

the material basis of its efficacy and the selection of quality control indicators.
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JEh 550 C: FAL A Ny, J5 )7 379.2 kPa, Jii¥
K 7J 379.2 kPa, 757 241.3 kPa; fiftf% K 5 5
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Fig. 1 Total ion current chromatograms of P. aspergillum
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Table 1 Results of analysis of constituents of P. aspergillum
5 fmin e  MRTRE - BE BAHET ()
Wiefd  #pfa  (X107)
1 0.77 BAR 146.1053 1461055 -1.I  CeH|N,0, 147 [M+H]', 130 [M+H-NH;]", 84 [M—COOH—NH;]',
56 [M+H—NH;—COOH—C,H;]"
2 0.78 HE R 1741113 1741117 -19  CHN,0, 175 [M+H]', 116 [M—CHN;]", 71 [M—COOH—
CHNy|", 70 [M—CH,0,—CH,N;]", 60 [M+H—NH;—
COOH—C,H;]"
3 0.86 V-2 TR 103.0633 103.0633  -49 CHNO, 104 [M+H]', 87 [M+H—NH;]', 86 [M+H—H,0]", 58
[M—COOH]', 45 [M+H—COOH—CH,]"
4 0.88 HAR 117.0788 1170790 -15 CH;NO, 118 [M+H]", 72 [M—COOH]", 59 [M+H—NH,—
CH;]", 58 [M+H—COOH—NH;]*
5 0.90 liEAN A 1150631 1150633  -1.0  CsH,NO, 116 [M+H]', 102 [M—CH,]", 98 [M+H—H,0]', 88 [M—
CH,]", 87 [M—CH,NH]", 74 [M—C3H,]"
6 091 RE 147.0529 147.0532  -19  CHoNO, 148 [M+H]", 130 [M+H—H,0]", 114 [M+H—NH;—
OHJ", 102 [M—COOH]", 90 [M—COOH—CH,]", 86
[M+H—NH;—COOH]", 57 [M—2COOH]"
7 0.95 WA 89.0477 89.0477 04 GCHNO, 90 [M+H]', 75 [M—CH,]', 74 [M+H—NH;]', 72 [M—
OHJ", 59 [M+H—CH,—NH,]", 44 [M—COOH]"
8 1.19 pifid 123.0316 123.0320 33 CHNO, 124 [M+H]', 106 M—OH]', 80 [M+H—CO,]', 78 [M—
COOH]", 52 [M+H—COOH—C,H;]"
9 1.19 it 267.0970 267.0968 0.7  C,H;3N;0, 268 [M+H]", 136 [M+H—CsHg0,]", 119 [M+H—
NH; —CsHz0,]
10 1.20 HAM 149.0510 149.0511 -04  CsH;NO,S 150 [M+H]', 132 [M+H—H,0]', 134 [M—CH;]", 102
[M—S—CH;]", 88 [M—S—CH,CH;]", 87 [M—
COOH—NH;]", 74 [M—S—CH;—2CH,]"
11 122 iRy 1350542 1350545 =23 CsH;N; 136 [M+H]", 119 [M+H—NH;]", 109 [M—CN]", %4
[M—CHN,]", 92 [M—CH;N,]
12 1.23 fit A 181.0738 181.0739  —-03  CoH;NO; 182 [M+H]', 165 [M+H—NH;]', 136 [M—COOH] ',
119 [M+H—COOH—NH;]", 107 [M+H—NH;—
COOH—NH]'", 95 [M—C;H,NO,]"
13 125 S 1510489 1510494 -33  CH:N,O 152 [M+H]", 135 [M+H—NH;]", 110 [M+H—NH;—
CN]', 80 [M+H—NH;—CHN,]', 55 [M+H—NH;—
GHNy]'
14 126 B 283.0914 283.0917  -1.0  CH;3NsO5 284 [M+H]", 152 [M—CsH;0,]", 135 [M—CsH,0sN]",
110 [M—CgHoO,N,]
15 128 JIKE; 268.0809 268.0808 02  C,H;N,O5 269 [M+H], 137 [M—CsH,0,]"
16 129 Ve 136.0383 1360385 -1.5 CH,N,O 137 [M+H]", 120 [M+H—NH;]", 119 [M+H—H,0],
110 [M+H—HCN]
17 133 BRI 118.0268 1180266 2.1  C4HO, 117 [M—HJ, 99 [M—H—H,0[", 73 [M—H—CO,]", 55

[M—H—H20—C02]’
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5 fp/min &) _— Ww% i 1%_6 HTa BRET (m)2)
WEfE iRt (X107)

18 140 9-FH-139-TH KM 2751372 275.1369 1.0 CpHyNOg 276 [M+H]", 258 [M+H-H,0]", 230 [M—COOH] ", 212
[M—COOH—H,0]", 161 [M+H—COOH—NH;—C,H;]",
144 [M—2CO0H—C;H;] ', 132 [M—2COOH—C,H;]'

19 140 glutarylcarnitine 2751370 2751369 02 CpHyNO, 276 [M+H]", 258 [M+H—H,0]", 230 [M—COOH]",
212 [M—COOH—H;0]", 170 [M—COOH—C,H,0,]",
161 [M—NC;H;—COO—CH,]", 144 [M—CsH;04]",
143 [M—C¢H;,NO, |

20 145 2ZER 131.0944 1310946 -14 CH;NO, 132 [M+H]', 86 [M—COOH]", 69 [M—COOH—NH;]",
57 [M+H—NH;—CH]"

21 189 RBERNER 3271320 327.1318 05 C;sHyNO;, 328 [M+H]", 310 [M+H—H,0]", 292 [M+H—2H,0]",
282 [M—COOH]", 264 [M—H,0—COOH]", 178 [M—
CsHyO5]", 166 [M—CgHyO5]", 132 [M—C¢H, 0]

22 189 (S)2-{[(benzyloxy) carbonyl] amino}- 309.1214 309.1212 0.7  CysHNOg 310 [M+H]", 292 [M+H—H,0]", 264 [M—COOH] ,

S-ethoxy-5-oxopentanoic acid 246 [M+H—H,0—C,H0]", 178 [M—COOH—

CiHe0,)", 166 [M—CgHy04]", 144 [M—CyHi30,],
120 [M—C,H}30,]"

23191 2-WRnEfE 99.0683  99.0684  —09 CsHNO 100 [M+H]", 72 [M+H—C,H,]", 59 [M—C,H,N] ",
58 [M—C3Hs] ", 56 [IM—C,H,0]", 55 [M—CH,NO]

24196 KXNER 1650788 1650790 -15 CoH;NO, 166 [M+H]", 120 [M—COOH]", 103 [M—COOH—
NH;]", 91 [M+H—COOH—CH—NH;]", 77 [M+H—
COOH—NH;—C,H;]"

25 209 FRHEIEHmMLT 383.1080 383.1077 09  CuH;NsOg 384 [M+H]", 252 [M—CsH;,0,]", 234 [M—CsH,0],
206 [M—CgHsOq] ", 192 [M—C;H, 04", 136 [M—
C9H1108]+

26 213 3RS M0 BH R 2230703 223.0705  -11  CgHoNsO; 224 [M+H]", 208 [M+H—NH,]", 192 [M+H—H,0—
OHJ", 178 [M—COOH]", 161 [M+H—NH;—COOH]',
135 [M—C,H,NO,] ", 110 [M—C,H;NO,]

27 278 R 204.090 0 204.089 9 04  CyHpN0, 205 [M+H]', 188 [M+H—NH;]", 170 [M+H—NH;—
OH]", 159 [M—COOH]", 142 [M+H—COOH—NH;]",
132 M—GHNO,], 130 [M—GHNO,]", 118 [M—
GHNO,J'

28 285 WABANAR 2361162 2361161 0.6 CpHN,0; 237 [M+H]", 166 [M—C3HNO]*, 120 [M—COOH—
C;HNOJ', 103 [M+H—NH; —CONH—COOH—C,Hj]"

29 313 3-HE26- HRA4-CHR 1560420 156.0423  -19  CH0, 157 [M+H]", 141 [M+H—CH,]", 113 [M+H—CO0,]",
85 [M+H—C0,—C0]", 71 [M+H—C0,—CO—
CH,]", 55 [M—COOH—CO—C,H,]"

30 318 N-Q-FEANHE) 2%5R 253.0953 253.0950 12 CpHiNOs 254 [M+H]", 208 [M—COOH]", 136 [M+H—COOH—

CH,0H—CH;]", 119 [M—COOH—C,H;—C,HNO],
91 [M+H—0C,H;—CON—C¢H,]",
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W5 tymin ey _ MRTRE BE AT ()

WEM it (x10)

31 329 N-{8-[(3-aminopropyl) amino] 4203100 4203100 0  CyuHeN,O; 421 [M+H] ", 249 [M— CHyuNy] 7, 227 [M—
octyl}-N-a-propionyl-L-tyrosi- CuHiN,01 7, 178 [M — Cp3HyN:0] 7, 156 [M—
namide CiHyN:0,] ", 121 [M—CysHyN,O5) F, 112 [M—

C16H26N303]+

32 330 REABANER 2941216 294.121 6 0 CuHN0s 295 [M4H]", 232 [M—COOH—NH;,]", 186 [M+H—
NH; — C;Hg] ©, 166 [M— CsHNOs] *, 120 [M—
CeHgNOs]", 103 [M—CH;1N,05]

33 351 desomedine 3542060 3542056 12 CyHyN,0, 355 [M+H]", 267 [M+H—2CHN,]", 177 [M—
CioHiN;0] ', 176 [M — CH;N;0] ", 163 [M—
CiHisN,0] 7, 162 [M— CioH;N501F, 106 [M—
C13H13N302]+

34 444 2-[4-(2-cthoxyphenyl)}-I-pipera 369.2052 3692052 0  CyHyN;O; 370 [M+H]", 250 [M—CgH;0]", 233 [M—CH,—OCH;—
zinyl]-N-(3-methoxyphenyl) CHN] ©, 192 [M — CHN,0,] 7, 178 M —
acetamide CioHN;05] F, 162 [M—CpHisN,0,] ) 121 [M—

CisHisN; 0]

35 463 N-methyl-L-alanyl-3-methyl-N- 4163151 4163151 0 CyuHyN,0, 417 [M+H], 239 [M—CpsHy )", 233 M—CyHiuN,0]",
{(38)-1-[2-(4-methylphenyl) 231 [M—CyHyN,0]", 225 [M—C; H;sN;0] ", 168 [M—
ethyl]-3-piperi-dinyl}-L-valin CisHyNs] ©, 162 M — C;3HuN;0,] 7, 156 [M —
amide CisHyN] *, 110 [M — Cp7HygN:0,] *, 105 M —

C16H31N402]7

36 473 REABMANER 2781630 2781630 -0  CisHuN,0; 279 [M+H]", 201 [M—CgHs]", 149 [M+H—NH;—
CeHyNOJY, 120 [M+H—NH;—COOH—C¢H,0] ",
103 [M+H—NH;—COOH—C¢H;,NO]”

37 48 2-[4-(2-cthoxyphenyl)}-I-pipera 343.1902 343.1896 1.7 CyHyN;O; 344 [M+H]", 176 [M—CH;N,0,] ", 162 [M—
zinyl]-N-(2-furyl-methyl) CoH;3N,0,] 7, 152 [M—CHN,0y] F, 124 [M—
acetamide CiHioN;0] F, 105 [M — CpHyoN;0,] 7, 95 [M—

C13H18N302]+

38 507 N-ZEHERFIR B 207.0899 207.0895 17 CyHiNO; 208 [M+H]', 120 [M+H—COOCH;—CH;]", 103 [M—
CONH—OC,H;—CH,]

39 529 AABERABH 237.0992 237.098 8 17 CpH;N,O; 238 [M+H]", 192 [M+H—CO—NH;]", 120 [M—
CONH—C;HNO]", 103 [M—CONH—CsH;N,]”

40 553 N(HEPIE-L-ANER 237.1002 237.100 1 05  CpHiNO, 238 [M+H]", 120 [M+H—COOH—COOC,H;]", 103
[M+H—COOH—NH—COOC,H;]"

41 563 Nebicyclo [22.1] hept-2-yl-2-(4-2- 343.2261 3432260 02 CyHyN;0, 344 [M+H]', 176 [M—CONH—CgH,N]', 152 [M+H—
methoxyphenyl)-1-piperazinyl] OCH; — C;HN, — CgHs] 7, 95 [M+H— OCH; —
acetamide C,HgN,—C¢Hs—CH,CONH]"

42 572 3(T-butyl-2.6-dioxo-3-propyl-2, 4532740 4532740 0 CyHyN;O; 454 [M+H]", 411 [M+H—CONH]", 233 [M—

3,6,7-tetrahydro-1H-purin-8-yl)-
N-[2-(2-methyl-2-propanyl)
phenyl] propanamide

CuiaNi02] ", 162 [M—CisHyNi0y] ", 134 M~
C17I'127N402Tr
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55

fr/min

&M

X T B

WEld MR

wh

(X107

ONES

HREF (m)

43

44

45

46

47

48

49

50

51

52

53

54

55

56

5.73

5.87

6.06

6.87

7.41

7.88

8.51

9.23

11.51

12.36

13.13

1335

15.12

15.35

3,5,5-trimethyl-2-cyclopenten-
1-one
7.8- R IFHRIE-2,4-—

3- L4 AR T

ZEBR

3- k-4 Y HE2-FR IR 1R-2-
Hi-1-Hl

N-ZJ kR L5

18-F 0~ B TR

S8 11-Z B =

methyl-4,8,12-trimethyl-3,7,11-
tridecatrienoate

ki

F= ke

124.0889 124.088 8

242.0803 242.0804

242.0804 242.080 4

226.168 0 226.168 1

168.078 5 168.078 6

3072146 307.2147

154.0992 154.099 4

2440706 244.069 5

208.1099 208.1099

3182197 3182195

300.208 8 300.208 9

264.208 8 264.208 9

200.1773 200.177 6

2141933 214.1933

0.8

-0.6

0.2

0.5

4.6

0.1

0.5

CsHi0

C IZH 1 ()N4O2

CiaHioN4O,

C12H22NZO2

C9H12O3

C 18H29N03

CoH,40,

C9H12N206

CpoHi405

C20H3003

C20H2802

C17H2SO2

C 12H2402

C13H2602

125 [M+H]", 109 [M—CH;] ", 95 [M—2CH,] ", 83 [M—
C3Hs]", 81 [M—CH—2CH,]", 69 [M—C,H;]"

243 (M+H]', 200 [M+H—CONH]', 198 [M—CONH,]",
170 [M—CH,NO,]", 172 [M+H—CHNO,]*, 157
[M+H—C,H,N,0,]", 103 [M—C,H;N,0,]"

243 [M+H]", 216 [M+H—CHN]", 200 [M+H—
CONH]', 198 [M—CONH,]", 172 [M+H—2C0—
NH]", 170 [M—C,H,NO,|*

227 [M+H]', 211 [M—CH;]", 199 [M—C,H;]", 184 [M—
CON]', 182 [M—CHO—NH]", 169 [M—C,H,]", 167
M—CHy ", 154 [M—CsHp]", 114 [M—CsHy—
CONH]”

169 [M+H]", 137 [M—OCH;]", 111 [M—OCH;—C,H,]",
109 [M—CH;—0C,H,]", 107 [M—OC,H,—OH]", %4
[M—C;H(0,]

308 [M+H]', 290 [M+H—H,0]', 262 [M+H—OCH,—
CH;]", 192 [M+H—0CH;—CH,]", 136 [M—
CioHig0,]', 122 [M—CyjHy 0]

155 [M+H]', 109 [M+H—C0—H;0]’, 95 [M—CHO—
2CH;]", 93 M—C3H,—H,0]", 81 [M—CHO—C,Hs—
CHy]", 72 [M—CsH0]", 67 [M—CHO—CH,—
CZHG]A

245 [M+H]", 215 [M—CHOJ", 202 [M+H—CONH]",
185 [M—CHO]", 132 [M—CHN0,]", 131 [M—
CiHN,05]

209 [M+H]", 181 [M—CH;]", 179 [M—C,Hs]", 177
[M+H—OH—CH;]", 163 [M+H—-H,0—C,H,]",
161 [M—C,H,0]", 151 [M—C,H,]”

319 [M+H]", 301 [M+H—H,0]", 283 [M+2H—
2H,0]", 255 [M+H—H,0—COOH]*, 235 [M—
CsH,01", 203 [M—C;sH;0,]", 189 [M—C(H,05]", 177
[M_CwaOzr

301 [M+H]", 283 [M+H—H;0]", 259 [M—C;Hs]", 255
[M—COOH]", 245 [M—C,H]", 241 [M—C,H,0,]", 231
M—CsHyJ ", 213 [M—C,H;0,] ", 201 [M—CH,s]

265 [M4H]", 209 [M—C,H;]", 205 [M—C,H;0,]", 195
[M—CsHy]', 181 [M—CqHy ]

201 [M+H]', 169 [M—OH—CH,]", 159 [M—C;H;]',
145 [M—C,H,]", 141 [M—COOH—CH,]', 103 [M—
CHy]"

215 [M4H]', 145 [M—CsHo]", 131 [M—CH,,]%, 117
[M—GH,s], 103 [M_C9H15]+
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HAATRE Wk o
- s AT AT (o
# lmin e MRl mem o8 O PR
57 1624 9-FIIBER 261932 2261933 04  CuHyO, 227 [M-+H]', 209 [M+H—HO], 167 [M—COOH—CH,]',

153 [M—COOH—C,H,]", 139 [M—COOH—C;H] ", 111
[M—COOH—CsHy] ", 97 [M—COOH—CcH,,]

58 1645 el PUSRBE 303.2562  303.2562 0.1  CyuyHuNO 304 [M4H]Y, 287 [M+H—NH;]', 259 [M—CH,NO]",
245 [M—C,H,NO]", 203 [M—C3H,,NO]", 191 [M—
CeHoNO]', 177 [M—C;H;NO]*

59 1645 ZEMS-1357- 0018 3943238 3943236 0.7  CuHupO 395 [M+H]', 377 [M+H—H,0]", 353 [M—C;H;]",
337 [M—CHo]", 311 [M—C¢H, ], 297 [M—CH5]
269 [M—CoH,7]", 251 [M—CsHyo]

60 1650 WEHER 2282088 2282089 0.5  CuHyx0, 229 [M+H]', 145 [M—CeH, ", 131 [M—CH;3]', 117
[M_C3H15]7= 103 [M_Clonr

61 1661 S31L14-ZFHIUMGERNE 2422247 2422246 03 CyHuNO 304 [M4H]', 287 [M+H—NH;]", 259 [M—CONH,]",
245 [M—C,H,NO]", 243 [M—C,H(NO]", 203 [M—
CsHioNOJ', 189 [M—C3H,(NO] ", 175 [M—C;H,,;NO]

62 1696 ZTBRAMER (EPA) 3022251 3022246 1.8 CyHy0, 303 [M+H]', 285 [M+H—H,0]', 257 [M—COOH]",
233 [M—CsHy]", 207 [M—C;H,,]", 189 [M—COOH—
CsHy]', 175 [M—COOH—CgH,(]", 161 [M—COOH—
CH,,]", 147 [M—COOH—CgHy4]*

63 17.04 WHR 2782245 2782246  -02  CyHy0, 279 [M+H]', 149 [M—COOH—C¢H,,]", 137 [M—
COOH—C;H,,J", 135 [M—COOH—C;H,J", 123 [M—
COOH—CgH,y]', 121 [M—COOH—CgHq]', 109 [M—
COOH—CoHy3]"

64 1756 TR 2422046 2422246 0.1  CiHyO, 243 [M+H]", 131 [M—CgH;s]", 125 [M+H—H,0—
C7H16]+, 117 [M_C9H17]+7 103 [M—CyHyo]"

65 1770 47,10,13,16,19- — - = 3282406 3282402 LI CuHyp0, 329 [M+H]', 311 [M+H—H,0]", 283 [M—COOH]",

B IGR 269 [M—COOH—CH,]", 233 [M—C;H,,]", 219 [M—
CoHy5]", 215 [M—COOH—CsHy]"
66 17.87 FHIGR 2542046 2542246 0.1  CygHyO, 255 [M+H]', 237 [M+H—H,0]", 219 [M—COOH]",

181 [M—COOH—C,H,]", 167 [M—COOH—C;H,]",
153 [M—COOH—C,H;]"

67 1787 710,13,16-—+ " BUF 3312875  331.2875 0.1  CypHyNO 332 [M+H], 315 [M+H—NH;]', 287 [M+H—NH;—

Wihic C0]', 273 [M—CH,CONH,]', 243 [M—CH,CONH,—

CHy]", 231 [M—CONH,—CH;]", 217 [M—CONH,—
CsHyg], 205 [M+H—NH,—CgHyq]

68 1794 “HAEMKEIL 3823238 382.3236 06 CyHuO 383 [M+H]", 365 [M+H—H,0]", 323 [M+H—H,0—
GHyl", 309 [M+H—H,0—CH]", 285 [M—CHy]",
257 [M—CyHy5]", 239 [M—CyH,40]", 225 [M+H—
H,0—Cy Hy]

69 1795 JRAMER 286.2299 2862297 0.7  CyHyO 287 [M+H]', 269 [M+H—H,0]", 243 [M—C;H;]",
227 IM+H—H,0—C;H;]", 213 [M—C,H,0]", 203
[M—C;H,0]", 201 [M—C3Hy0]"

70 18.03  AeAUERR 3042409  304.2402 22 CyHpO, 305 [M+H], 287 [M+H—H,0]", 259 [M—COOH] ",
249 [M—C,H;]", 235 [M—CsH,] ", 207 [M—C;Hy3]
205 [M—COOH—C,H,]", 147 [M—COOH—CgH,(]",
121 [M—COOH—CoHys]"
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Bk 1

I

&5

tr/min

e

X T B

s Fhefl

Wi
(X107

OSE

WRET (mi2)

71

72

73

74

75

76

7

78

79

80
81

82

83

84

18.17

18.31

18.34

18.50

18.76

18.79

18.85

19.45

19.47

19.88
20.06

20.28

20.31

20.45

ATk %R (DPA)

A= IGm

8,11,14- Tk = iR

B

58,111 Elf = M- 1-1¢

IS 1, 4-— H5-3-, 20- 54

iR

1R
10,13,16,19,22,25- 1~/ Hig

17-FHE-6-1 )\ AR TR

neoergostatriene

2-[(92)-9-octadecenoyloxy]

ethanesulfonic acid

330.2559 330.2559

280.2404 280.2402

3123027 3123028

256.240 1 256.2402

3062562 306.2559

284.2713 284.2715

2502296 250.2297

3983185 3983185

2822559 2822559

270256 7 270.2559
4123342 412.3341

2962712 2962715

366.328 7 366.328 7

3902442 390.244 0

0

0.7

0.1

0.1

3.1
0.3

0.1

0.4

C22H3402

C18H3202

C20H4002

C16H3202

C20H3402

C18H3602

C17H300

C27H42O2

C18H3402

C17H3402
C28H4402

C19H3602

C27H42

C20H3SOSS

331 [M+HJ", 313 [M+H—H,0]", 285 [M—COOH]", 275
[M—C,H;]", 247 [M—CsH,0]", 237 [M—C;H,]", 235
[M_C7H11]+, 21 [M—Can]ﬁ 189 [M_CsHquT,

281 [M4H]", 263 [M+H—H,0]", 221 [M—COOH—
CH,]", 219 [M—COOH—CH,]", 179 [M—COOH—
C4Hs]", 165 [M—COOH—CsH,o]"

313 [M+H]", 295 [M+H—H;0]", 285 [M+H—C,H,]’,
229 [M—CgHyj", 215 [M—CHy]", 213 [M—CH,s]",
201 [M—CgH,5]"

257 M+H]", 239 [M+H—H,0]", 199 [M—C,H,]",
155 [M—COOH—C,H;]", 117 [M—CyoHy]", 103 [M—
C11H21]+

307 [M+H]", 289 [M+H—H,0]", 261 [M—COOH]",
209 [M—C;H,]", 121 [M—COOH—C oHy] ", 109
[M—COOH—C,;Hy]"

285 [M+H]', 268 [M+H—H,0]", 257 [M+H—CH,]',
253 [M+H—H,0—CH,], 241 [M—C;H;]", 187 [M—
CHy]', 173 M—CgHys]'

251 [M+H]', 233 [M+H—H,0]", 177 [M+H—H,0—
CiHg]", 163 [M+H—H,0—CsHy]", 149 [M+H—
H,0—CHy,]", 135 [M+H—H,0—CHy,", 121 [M+
H—H,0—CsH,e]

399 [M+H]", 381 [M+H—H,0]", 241 [M—C,H,,0]",
227 [M—CyHy0]", 213 [M—CysHps0]", 191 [M—
CiHy0]', 175 [M—CysH30] ', 173 [M—CysHy0]
145 [M—C\gH,,0]

283 [M+H]", 267 [M—CH3]+, 265 [M+H—H,0]",
222 [M+H—H,0—CH;]", 171 [M—CgHys]", 167 [M—
COOH—C;sH,]", 153 [M—COOH—CH,,]

269 [M—HT, 225 [M—H—CO,]”

413 [M+H]", 395 [M+H—H,0]", 241 [M—C,(H;0,]",
213 [M—C,Hy0,]", 201 [M—Cy3H,50,]", 191 [M—
CyoHy0s] ', 187 (M—CgHys0,] , 173 [M—CysHy0,]

297 [M+H]', 281 [M—CH;,]", 279 [M+H—H,0]", 265
[M+H—H,0—CH,]", 223 [M—COOH—C,H,]", 207
[M—COOH—C;H;] ", 205 [M+H—C;Hs]

367 [M+H]", 259 [M—CsHy,]", 255 [M—CsHys]", 241
[M_C9H17]v, 227 [M_C10H19]+, 213 [M_C11H21]+7
201 [M—CyppHy]"

391 [M+H]", 277 [M—CgH;5]", 221 [M—SO;H—
OC,H,—C;Hs]", 180 [M—C;sHyo] ", 164 [M—SO;H—
OC,H,—C;Hyq]", 150 [M—SO;H—0C,H,—CsHyg]”
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BN ZE 0.77~2.78 min, 1E& 7R,
I IIUES B 0% [MAH] A 2RI, 5
B RINIE 25 A R 2R IER (B Arg b)) 2k
2 NH; #1 COOH 8 OH, 5 ikl kisssr, 45
HHIE R, ICHERT 11 PP EIERR, B R
. KER. HAR. WaR. faR. NAR.
HEAR. BAR. 2R ANAR. 5B,

DL 20 S U R A6 S A 101, HES> 1 251U 132
[M+H] EEHAK, 5 k2: COOH Fl NH; A
SEM 86 [M+H—COOH] . 69 [M+H—COOH—
NH; ] WA BT, miz 69 8§l #6 i gkt bk
—RHNFEF BN FE 1. ZhER, 50k
EPHIGES, HEWT 20 ST AL SN SRR,
Hgmit. wReR g m L 2 f 3.

31

69.0715 86.097 3
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L 60 70 g0 50 160 170
miz
2 LAY 20 ZRFEE

Fig. 2 MS/MS spectrum for compound 20

0
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3 EERMEMEER

Fig. 3 ESI-MS?’ fragmentation pathway of leucine
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B R T RE Wi 7 AL 4. 5. tb& W 16 HES T
BF 137 [MA-H] FERER S, R miz 1204119,
110 435252 1 /> NHs. H,O I HCN, #k—25 5%f
HEREX, AT, WMORERLEY 16 IR
W, FTREMIZLME 7 LK 64 7.
33 ZTRARINZRAE

I M R H A I L A 2 I R TN 2L
. BAMANAR. w2 BERNER . 28R

136.061 7

136.707 6 | 136.548 9

119.035 11 136278 3
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miz
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Fig. 4 MS/MS spectrum for compound 9
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5 BREMRBERE
Fig. 5 ESI-MS?’ fragmentation pathway of adenosine
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Fig. 6 MS/MS spectrum for compound 16 and regiolone reference
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Fig. 7 ESI-MS? fragmentation pathway of hypoxanthine
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miz 99, 73 I, 3l ER 1A H,0 F1 CO,
TERG, o IR 3, RO BRI, )
J ] R nl et R 7 ALK 8y 9. e E T
miz 225 HER 1A CO i, &ty scmritaa!,
HEMIH A TLhiiR . IEE PR, /o0 17.87 min
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219, 7l &R 1A HyO Fl COy TERK, miz 219 k4
TR A CGHy ERTER m/z 181, £k 14 C3H,
TR miz 167, SCHRAR B Ay 178 (1 LA B (1R
B, WMEENCAKRRGIR . 7AME R 18.17 min, #E
ST E I IMAH]H miz 331, BEAE TR
m/z 313 [M+H—H,0]". 285 [M+H—COOH] " . 275
[M—C,H,]"\ 247 [M—CsH,0]", &84 Scikipial,
HEIT TN R4 &0 0 DPA . 454 it B 4,
FUFEGEIR 7)1 25 T IR 2 B BEAG AT 231 T 1 1
e hn, 5% H,0 f1 COOH F:[1, HBEH XL

100%

el

o o .

= < |

TO 0% 73.06 |73.04 99.02 99.05 117.03
60 70 80 90 100 110 120

miz

8 WEW 17 ZREGEE KX R L REE
Fig. 8 MS/MS spectrum for compound 17 and regiolone
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Fig. 9 ESI-MS’ fragmentation pathway of succinic acid
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KB, & 30.95%, BFE 11 B2 AEAHRIIR
(PUFAs), 5 13.09%; #1126 11 Fi KA
JIk 5 FRRIIAD 5 K 21 B, JLARIL A 10 Fs
JIG 7 R R A AR M T X AEAE T AR, T Hole T
an AR R S B B IR R, mT R th T 3L g
IHEER SEG SRR IR RS, A TR
AT ORI B AE ] o RS0 R I n-3 A5
N5 5% EADE, FElJE DHA, 580 3R
B R B IEAE G B BRI R — R BBt
JHIRE . B BE JHAER I8 5 A FH B — RS TR o,
A SCRR R NIA 2R HAT R ok S A I L, A
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