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Abstract: [Objective] To obtain the target compounds from the extract of Alternaria panax
based on ultra-high-performance liquid chromatography-quadrupole time-of-flight tandem mass
spectrometry (UPLC-Q-TOF-MS/MS) combined with their fragmentation patterns. [Methods] A.
panax was fermented in potato dextrose broth (PDB) for 14 days. The filtrate was extracted with
ethyl acetate and concentrated under reduced pressure to obtain the crude extract. The chemical
composition and fragmentation pattern of the crude extract of A. panax were analyzed by
UPLC-Q-TOF-MS/MS (including high-resolution electrospray ionization mass spectrometry
(HR-ESI-MS), molecular formula, and fragment peak). Semi-preparative high-performance
liquid chromatography (HPLC) was employed to further purify the target compounds. The
structures of the compounds were identified by nuclear magnetic resonance (NMR), mass
spectrometry (MS), and comparison with literature data. [Results] Nine diketopiperazines (1-9)
were identified by UPLC-Q-TOF-MS/MS from the crude extract of A. panax and their
fragmentation patterns were analyzed. To verify the correctness of these structures, we separated
compounds 1-3 and determined their chemical structures. The obtained structures of compounds
1-3 were consistent with the results of UPLC-Q-TOF-MS/MS. [Conclusion] UPLC-Q-TOF-MS/
MS combined with fragmentation patterns can rapidly and efficiently identify the target
components in an unknown sample, which can guide the targeted isolation as well.

Keywords: UPLC-Q-TOF-MS/MS; diketopiperazines; fragmentation pattern; targeted isolation
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A 8 R T A0 R 3 1 A R R R A S A
Mo, CAENARGIH k1T 2 i &,
B, Nilov 45UV UM T K 4R — i UK
A A W nT LA ) S0 o A A R
% R A% 4 58 5 ¥ (poly ADP-ribose polymerase,
PARP), 4 PARP il Hemh & $2 Bt 135 AY
S Mohanlal ZEUKIEBAVEIR Aspergillus sp.
[ plinabulin AT LAFE &5 E/IN 20 e I8 28 3 AR A A
%, HHMEHEAIIGARRE; Liddle %%
I retosiban FJAE Ay il 5L A 4 7 R S BT AE
o I ZIREALAS WX B K A W otk
JEA H BB At In), AR BEAT RSt H.
A E KM RS, A, ERIR %2
A WA AR R R AR S R A A et R
MURR I PR RS A0 5 DA RS R R 4548 R & 1Y
EYENE, WEIERZRENIRAZI . A
M, A AL Ge 0 43 15 5 AR METE &2 % i R AR
Wy RE ity R ORI 5 1] 23 1 B H AR LA
XA T RS R Bz G i — R BHAS
DRI, i R 8 R Ak ) O vk R R R
P RIS T IR R R 5 .

HH A AR 2 15 (ultra-high-performance
liquid chromatography, UPLC)-5 FiiH ARECH ,
HARS . WmARBESERZME, egdts
Ze il B — b W) B T R 2 BURN S AR
Bo ZERLEVF Z 050 E Bk 52 T KLAE R
Y EEE I R S AR LR A BOR SRR Y
B aohkbse, BEeT LUH TR k54,
] LUid i 0 A A5 0 o 3R 2H RN B 11 4L
flE R AT HEN . HARL G W S 55,
R FRE T RGN S BRI T AU
Hltn, Wang ZEUTEZE seco-sativene 1352 il Y
JoT % L LA, O 4 A B OB AR 63 5 R
I O 2% A AT I 1) J5 3% 4R B2 R (ultra-high-

performance liquid chromatography-quadrupole
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time-of-flight tandem mass spectrometry, UPLC-
Q-TOF-MS/MS)HE A SR H 52 BL T 2 (L) f) 4L 1]

Ir S

(Pleosporaceae) 1 7 Al A Jot FE A% 2 il 475 1) ot 1%
S, WA UPLC-Q-TOF-MS/MS =£3i
TR B 5

ABFZEM ] UPLC-Q-TOF-MS/MS % R 4
BIRIE A RIAES T NSRBI Alternaria
panax W& BEWCRLIEY), s $2HUY) R AL
9 A ZHIREERAL S (A RSLARRL 15 4528
L) o SRR 3 A Ty By AT AR,
HPLC MiBEESEH 3 D EZALG WA M 4
B, 454 "H-NMR FiE 43 B 5 B0 o1 7 25 1)
Y, 3 ML AYISEPRES 5T — 2
JESZ T UPLC-Q-TOF-MS/MS AR 454 ik 2L
fif AR S BT SR B Ak S W 25 R v k. TR
HalFEEE 1),

1 AR5

11w R RS
1L.1.1 #ilEk
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TR R R R B AR R 2 R Y B pe it bk
X NS EOR M B AR s

o Tan ZUShE i B4% Alternaria oxytropis

1.1.2 K7

s o Ng . AP KM R, K
Al ATMEE. CROTEE. A k. H
B P NERSEHAB R, KA AT
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1.1.3 ¢35

KQ-500E /5 il i e, B L 75 (A
A PR T 5 A RIS JE IR (K R4 T 57
A PR )i e 25 ZAL(EYELA) 5 i = S0 AH
3% 4% UPLC: % Ji§ Waters Acquity UPLC-PDA
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Figure 1

1.7 um, Acquity BEH, Waters); K47 i [a] B 54X
UPLC-TOF-MS (Waters): 2% /] Xevo G2-SQTOF
F Gt (Waters), L7 HL T35 HL 25 R (EST),
MassLynx 4.1 #kf{4:(Waters); #ZE3PR1L: Bruker
AM 500 (FEREAEARIX, Bruker); il & AH 15 -
SEP LC-52 [#Ririk (b a) B AR A FRA A, i
H MWD L5 25 F1 YMC-pack ODS-A {54
(250 mmx10 mm, 5 um); TG16-WS TR R O,
W P AN S0 AR R AT BR A A
1.2 EEAE5IEN

P EPERITE PDA A [, 25 °C #5357 74,
FHEEDGI 8 N HAE 8 mm M YF, 5
FFHEKER 8 200 mL PDB } W,
25 °C. 120 r/min & H #5514 do B 4&745 7
RIEW 1.6L, JH 1.6 L LM ZTE#E 3 K, W
JEHR 4515 A2 400 mg.
1.3 ZEREECEM13NEUE RS

FLH2 4 (400 mg)4 it UPLC-Q-TOF-MS/MS
S HPLC EREFHATILG W RIRE I 43 88, FE03 S
I R e A AR B B ) e B B AR R L, H
T8 EH B &gy . AR RS
Fr.1 (10 mg), Eid&EBIEAH(UV 210 nm, 45%
HEE-7K)iE— 24k, LAY 2 (%=15.0 min,

Constituent analysis and targeted separation processes based on Alternaria panax.

2.0 mg); Fr.2 (23 mg), #F—# T 580K
UV 210 nm, 23%ZE-K)4ifk, 34k&
) 1 (x=12.3 min, 2.1 mg); Fr.3 (10 mg)if it
HAWAH(UV 210 nm, 23%ZNE-7K)iE— 4l
1b, LG 3 (t(r=24.5 min, 1.4 mg).
1.4 SEREEIE-FRIEEKASH

UPLC Kk Waters Acquity UPLC-PDA %
45, & AT Clg (100 mmx2.1 mm,
1.7 um, Acquity BEH, Waters), %% i
210-500 nm. HiE 40 °C. FEhHI K ZHE(A)
—0.1%HBOKIF(B), BEEAMA: 0-18 min,
5%—95% A; 18.5min, 5% A; 20 min, 5% A,
UPLC #%i#F A ESI-Q-TOF-MS Al i) i i
4 0.5 mL/min, #EFEE 1 L,

AT ] BT A ISR - Xevo G2-SQTOF
F 4t (Waters), L 75 HL W 25 L 25 U5 (EST) . fif
MHREFMESFHREXEE SIS, 7
m/z=50—1 500 i Ji Bl N AR BUCEE o B B 1
TR BE (source temperature) iy 100 °C, i i 57
Kk JE (desolvation temperature)’;y 450 °C, fit
RS 3 (desolvation gas flow) l 900 L/h,
Bl 5E B A (lock mass) A m/z=556.277 1 fif#
MR8 E Bk G Y8 Leu MMERK, BN
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200 pg/uL. BAEHIEN 2.5 kV., HEFLHEE
(sampling cone) 40 V. {KfE 14 I Al 43 HE &
6 eV, [ BESTI Al AE T 25-40 eV, (UAFR
A MassLynx 4.1 B A4S

2 ER540

2.1 Alternaria panax 7% Z Bs ERFE IR Y HY
UPLC-Q-TOF-MS/MS 5% @MES
LR TR MY Y UPLC-Q-TOF-MS/
MS % &7~ (1 2), M 1.00 min ] 4.00 min (1F %
TR T 15 P F BT B FIE(M+H])
(F 1), FE S1 ¥ C s B R W AE Y R= 5 s
i, 45 NMDCX0000173, 43 (MW)
Hom/z=261 3 ALK, ®r=2.14. 2.86 FlI
3.11 min, AH [R5 F & ALY 5T 0% 24 A A0
), m/z=227 1 PIARFER, %:=2.56 min),

m/z=245 Q AR SERIAR, 1=3.63 F13.92 min),
m/z=211 (3 MR FHAE, =3.06. 3.23 F1
3.37 min), m/z=211 (1 PZARFAGIA, =121 min),
m/z=197 Q MRS, 5=2.22 F12.28 min),
m/z=195 (1 MK FAA, x=1.67 min),
m/z=169 (1 PNLAKRFHIE, x=1.26 min)Hl
m/z=155 (1 DR FHIAK, =1.00 min), FEiX
SE Ay 1B U MS/MS B, 28 (CO)FI
18 (HO) PRI S 5 RIE LR L EHH
$£4) UPLC-Q-TOF-MS/MS 1 4 5 20 43 T 1l
PER I, JLHEWTHE 9 A EIIREZRAL AW CF- I
2EM)), 435 cyclo(Phe-hydroxy-Pro) (1, [M+H]'=
261), cyclo(Hyp-Leu) (2, [M+H]'=227), cyclo(Pro-
Phe) (3, [M+H]'=245), cyclo (Pro-Leu) (4,
[M+H]'=211), cyclo(Hyp-Pro) (5, [M+H]'=211),

cyclo(Pro-Val) (6, [M+H]'=197), cyclo(Pro-Pro)

C-7-pos .
0.68 4: Diode array
: [210.027 1 Range: 1.076
08F
=l 252 2.8 210007 1
0.4t 0.96 y . - 3.59
3 1.23 2.30 210.027 1210.027 1 319 21002714387
02¢ 210027 1210.027 1 210.027 1 210.027 1 210.027 1
00 b 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0.60 0.80 1.00 120 140 1.60 1.80 2.00 220 2.40 2.60 280 3.00 3.20 3.40 3.60 3.80 4.00
) 4b 3a 1: TOF MS ES+
100 - BPI
L 1.09¢6
5
o 9
155.082 7
‘ 126 ‘ 167 ‘ [L2%,.
078 169.098 5 1951137 | § g3 [ 261.1243
185.092 9 201.103 1
O I | | LA 082 1 | | | 1 | 1 L
0.60 0.80 1.00 120 140 160 180 200 220 240 260 280 3.00 320 340 3.60 380 4.00
t/min

2 Alternaria panax k& RFEMTE 0.60—4.00 min (EJEER)E UPLC-UV-Q-TOF #1 UPLC-Q-

TOF-MS/MS 2B F i E

Figure 2 UPLC-UV-Q-TOF and UPLC-TOF-MS/MS profiles from 0.60 to 4.00 min (positive mode) of the
extract from liquid culture of Alternaria panax. Number 1-9: Compounds 1-9 respectively; a, b, c: Isomers.
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(7, [M+H]'=195), cyclo(Pro-Ala) (8, [M+H]'=169)
1 cyclo(Pro-Gly) (9, [M+H]=155) (K 3 Jy 1-9 &
g5k, B4 1-9 IRIEL; R2 A TET

%1 {EFH UPLC-Q-TOF-MS/MS #f 15 M B FIHITHRBN FELTE
Table 1 Mass accuracy measurement of fifteen peaks using UPLC-Q-TOF-MS/MS

5F &g EdE; k5% 1-9 () UPLC-Q-
TOF-MS/MS I S2)C 252 [ A Wrkl=i 4k
Pty , 45 NMDCX0000173),

Number  Retention time Experimental mass ~ Theoretical mass Molecular Error DBE Fit Conf %
(min) (m/z) (m/z) formula mDa 10°°
1 0.999 155.082 7 155.082 1 C;H,0N,0, 0.6 39 4 -
2 1.218 211.109 1 211.108 3 CioH14N,0; 0.8 3.8 5 100.00
3 1.268 169.098 3 169.097 7 CgH2N,0, 0.6 3.5 4 100.00
4 1.670 195.113 8 195.113 4 CoH14N,O, 0.4 2.1 5 99.78
5 2.141 261.124 3 261.123 9 C14H 6N, O; 0.4 1.5 8 99.74
6 2.226 197.129 1 197.129 0 CioH6N,O, 0.1 0.5 4 100.00
7 2.279 197.129 2 197.129 0 CioH6N,O, 0.2 1.0 4 100.00
8 2.559 227.141 3 227.139 6 C11HsN,04 1.7 7.5 4 98.23
9 2.857 261.124 9 261.123 9 C14H6N,O; 1.0 3.8 8 99.99
10 3.064 211.1450 211.1447 C11H;sN,0, 0.3 1.4 4 99.98
11 3.110 261.1252 261.123 9 C14H 6N, O; 1.3 5.0 8 99.92
12 3.241 211.1453 211.1447 C11HisN,0, 0.6 2.8 4 99.87
13 3.374 211.1453 211.144 7 C11HsN,0, 0.6 2.8 4 100.00
14 3.631 245.130 3 245.129 0 C14H N0, 1.3 53 8 92.25
15 3918 245.130 3 245.129 0 C14H N0, 1.3 53 8 100.00
—: No data.

HN

N

B 3 Alternaria panax fBIZ¥HH 9 N ZERIKIE L LS
Figure 3 Nine diketopiperazines from the extract of Alternaria panax. 1: cyclo(Phe-hydroxy-Pro); 2:
cyclo(Hyp-Leu); 3: cyclo(Pro-Phe); 4: cyclo(Pro-Leu); 5: cyclo(Hyp-Pro); 6: cyclo(Pro-Val); 7: cyclo(Pro-Pro); 8:
cyclo(Pro-Ala); 9: cyclo(Pro-Gly).
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22 ZEIVREREALEY 1-9 RIBUERAEM
B2 R BUEHFE

i B EIR RIS 1-9 1
fip M, Al DLz b SRR TR, U
RPN B, HoRmE A R, PIEEK
NZEA S ) T2 2 T2, B AL

I CO (28)MIEIE-OH (1) FEK (K 4),
m, &Y 1 BT mz=261.123 6 [M+H]
FR— KA H,0, —18)FEH T8 T m/z=
243.114 1. BEf5, &0 R Bl e X ik
F(CO, 28l EIE R BT m/z=215.118 4
M om/z=187.124 5, fLEY) 2 MBS 2 S

M+1=261 O M+1=243 O
T —on | -18 ©/\V)LN \
HN 0 HN
1 0 0
-28|-co —28l—CO
M+1=233 1 M+1=215 M+1=187
0 0
-18 -28
N N \ m
OH|Z -
m H;0 ©/\111)H.:\/> o HN
»,
M+1=227 o M+1=209 0
N _ N
HN “H,0 HN
2 0 0
_le_co —28l—CO
M+1=199 M+1=181 M+1=153
0 0
-18 N -28 hN
Do [ YYD o D
HN HN HN
[ M+1=245 0 | M+1=217 o M+1=189
phg = Y e
- HN 0 HNJ\/>
L3 O A .
1S ~ g
M+1=211 0 M+1=183 o M+1=155
Y\HLN —28 Y\(U\N —28 hib
HN -CO N— > -CO -
4 0 |
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(MH1=21T MFI=193 M+1-165 M+1=137
0
N N —28 -28 N
OH —o"] : N
N
5 0 0
M+1=197 0 M+1=169 M+1=141
)\T)LN L . .
HN -CO N: ~CO _TD
6 o) HN HN
[(M+1=195 (M+1=167 M+1=139
0
N —28 -28 N
N ~CO \ > ~CO CL—_Q
N
& )
MA=169 M+1=141 MF1=113
A 0
N -28 -28
A0 = o =D
HN HN
8 0 |
M+I=155 ¢ M+1=127 M+1=99
A 0
D[ Ao B WD
HN —0 h €O | mN
HN
9 0 J
B4 ZERVRERZE L EH1-9)RIBUE RN E

Figure 4 MS/MS fragmentation of diketopiperazines (1-9). 1: cyclo(Phe-hydroxy-Pro); 2: cyclo(Hyp-Leu);
3: cyclo(Pro-Phe); 4: cyclo(Pro-Leu); 5: cyclo(Hyp-Pro); 6: cyclo(Pro-Val); 7: cyclo(Pro-Pro); 8: cyclo(Pro-Ala);

9: cyclo(Pro-Gly).

&Y 1 23k, RGBTk A
gy M, AT WLH Gy R g E R R (m/z=
227.140), AELWE, BER BT m/z=209.128 6.
181.1329. 153.137 5 Mlm/z=199.1427. 181.1329,
153.137 5 syl i F & TR R R L 1 41
¥ H,0 1 2 43+ CO, #ik% 2 0F CO Fl
1 44+ H,O0 HEM. k&YW 3 WTET
m/z=217.134 5 Fl m/z=189.136 2 4352 m/z=

245.128 3BT 1 40 F CO L 2 /0 F CO 15
W), LAY 49t T EERIMN 2 (RN 5 A Bk
AR IR, Hr, AbBY sie s I 8 itk
FHERF N

ik, @5 EWocREA it 2 A
Ji 19 R[] R S AR R 1 Jo i 22 ik R
AT DA B R R R 2 A G W Y B R R
e,
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®2 AANZTERVRERZE LS HHY HR-ESI F1 MS/MS i
Table 2 UPLC-Q-TOF-MS/MS HR-ESI and MS/MS data of nine diketopiperazines

Compound Retention  Experimental  Theoretical = Molecular Diff Loss mass Loss formula
time (min)  mass (m/z) mass (m/z) formula (107%)
0 0.999 155.082 7 155.082 1 C;H(N,0, 3.9 - -
HNH\'L‘/D 127.087 5 127.087 1 CeH;oN,O 3.1 27.994 9 CoO
0 99.092 9 99.092 2 CsH 0N, 7.1 55.989 8 C,0,
o 1.218 211.109 1 211.108 3 CyoH14N,0; 3.8 - -
CNH\;\)N}OH 193.098 7 193.097 7 CyoHuN,0, 52 18.010 6 H,0
O 165.102 7 165.102 8 CoH/,N,0O —-0.6 46.005 5 CH,0,
137.107 7 137.107 9 CsHoN, -1.5 74.000 4 C,H,0;
0 1.268 169.098 3 169.097 7 CsHoN,0, 1.5 - -
HNm)ND 141.102 6 141.102 8 C;H,,N,0O -1.4 27.994 9 CoO
O 113.107 6 113.107 9 CeH2N, -2.7 55.989 8 C,0,
0 1.670 195.113 8 195.113 4 CyoH14N,0, 2.1 - -
CI\'I)T;ND 167.118 8 167.118 4 CoH4N,O 2.4 27.994 9 CO
0) 139.124 5 139.123 5 CgH 4N, 7.2 55.989 8 C,0,
0 2.226 197.129 1 197.129 0 CioH6N,O, 0.5 - -
HNT(IK\ID 169.134 1 169.134 1 CoH4sN,O 0.0 27.994 9 CcoO
0 141.138 7 141.139 2 CsH, 6Ny -3.5 55.989 8 C,0,
0 2.559 227.1413 227.139 6 Cy1HsN,05 7.5 - -
WOH 209.130 4 209.129 0 C11H6N,0, 6.7 18.010 6 H,0
199.145 0 199.144 7 CoHsN,0, 1.5 27.994 9 CoO
181.134 1 181.134 1 CoH4N,O 0.0 46.005 5 CH,0,
153.139 4 153.1392 CoH 4N, 1.3 74.000 4 C,H,0;
O 2.857 261.124 9 261.123 9 C4H6N,03 3.8 - -
mOH 243.113 7 243.113 4 Cy4H14N,0, 1.2 18.010 6 H,0
0 233.129 1 233.129 0 Cy3H6N,0, 0.4 27.994 9 CoO
215.118 5 215.118 4 Cy3Hi4N,O 0.5 46.005 5 CH,0,
187.124 2 187.123 5 C,Hi4N, 3.7 74.000 4 C,H,0;
0 3.064 211.1450 211.1447 Cy1HisN,0, 1.4 - -
\(H\NH\;TI} 183.149 8 183.149 7 CyoH;sN,O 0.5 27.994 9 CoO
(0] 155.153 7 155.154 8 CoH 5N, -7.1 55.989 8 C,0,
0 3.631 245.130 3 245.129 0 C4H4N,0, 53 - -
m 217.1342 217.134 1 Cy3H;4N,O 0.5 27.994 9 ([0)
Y 189.138 9 189.139 2 Ci,H 6N, -1.6 55.989 8 C,0,
—: No data.
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23 LEMI3HSBALEHETE

Shy 5 UE S B9 5 400 11— 2R 37 R R R 2 Ak
EWEEF R HERI M, 32 T UPLC-Q-TOF-MS/ MS
2h B R s S L, KA. panax TR CTFERFHL
W 254 Bl . UPLC-Q-TOF-MS/MS X HPLC
1) B B SR A5 01 -3 I S 1] 2 B8 (FE AL B 1
M3, BEHCT 1aFI3bPH A28 SR IACHE v 14 1R] 43
SF AT A ), W R AGRAH UV 210 nm,
45% K )M Fr.1 (10 mg)h4if, 516592
cyclo(Hyp-Leu) (XL R 1H )85 U5); (UV 210 nm,
23%Z 5 -7K)MFr.2 (23 mg)h4ifk, 546491
cyclo(Phe-hydroxy-Pro) (X} # 14 #9514,
K201 1b); (UV 210 nm, 23%Z M -7K)MFr.3
(10 me)halifl, #3465 93 cyclo(Pro-Phe) (13,
XN TR 145106, E2H3a),

fE&W: Bak, IE# FHR-ESI-MS &

R LS T B I Jym/z=[M+H]'=261.123 6,

BB FE e, A 7508 CuHieNLO;,
RGN A8, ML S 3L, 3
F'H-NMREE 5B, fEAb2A 0 B (E 7.20-7.30
T8 Bl N A AE S B BUROR 3R &5 5 (0 7.20,

7.20,7.30,7.30,7.30); 1ML S5 5 (0 6.14);
FETE3 NI HAE B (0y 4.38, 4.24, 3.86), H:
b2 (B 438 A5 5 (0 4.38, tdd) N
H-8, W5/RC-85FRILAE ; Hp b ¥ (in
424 E M5 5 (0n 4.38, m) N H-3, (L F R H N
3.86 & (55 (0y 3.86, dd)WH-6, FHIC-37
C-6#F A . R XAETE3A T H (55 (Hy-9,
Sy 3.30, 3.12; H-10, oy 3.12; H,-7, dy 2.34,
2.20), HEZREE W3, (LA WIRREE S
SCHR AR GE P B — B, %852 A cyclo(Phe-
hydroxy-Pro)?",

3 EW1. 38 "H (600 MHz)#%H: £3E (CDCL)F1L &4 2 B9 "H (500 MHz)4% ¥ £ #E (CDOD)

Table 3 '"H NMR data of compounds 1/3 in CDCl; and 2 in CDOD
Pos oy (mult, J in Hz)
1 2" 3
2
3 424, m 417, m 4.09,t(7.8)
4
5
6 3.86,dd (12.6, 1.8) 4.46,t (4.0) 4.28,dd (11.2, 3.6)
7 2.34, m; 2.20, m 2.27,ddt (13.0, 6.5, 1.0); 2.35,m;2.03, m
2.08, ddd (13.0, 11.0, 4.0)
8 4.38, tdd (5.6, 4.2, 3.0) 4.52,ddd (11.0, 6.5, 1.5) 2.03,m; 1.92, m
9 3.30, dd (12.6, 5.0); 3.65,m; 3.43, m 3.65, m; 3.65, m
3.12,m
10 3.12, m; 3.12, m 1.90, m; 1.51, m 3.59, m;
2.77,dd (15.0, 10.8)
11 1.90, m
12 7.20, m 0.95,d (5.5); 0.95, d (5.5); 723, m
0.95,d (5.5)
13 7.30, m 0.96, d (5.5); 0.96, d (5.5); 7.36, m
0.96, d (5.5)
14 7.30, m 7.30, m
15 7.30, m 7.36, m
16 7.20, m 723, m
4-NH 6.14, s 2.55,s 5.60, s

7. Recorded at 600 MHz ("H NMR); °: Recorded at 500 MHz ("H NMR).
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k&Y 2. #aEAk, 1IEET HR-ESI-MS &
IR HHES T8 T8 R m/z=[M+H]'=227.140 5,
M H > 708 CHisNyOs, ZAL W 750
AR 4, HAEY 1D 4 DA,
TRHEY 2 PAREHRIR, (AW 2 1 NMR
B 5EY 1AL, B2 T 2 D 30EH (0
0.96, d, J=5.5, Hs-13; ;1 0.95, d, J=5.5, H3-12),
BT 1 ANIERE, Ho-10 BB T
22 1.90 il 1.51, Z5G ANIAIE, A IESSH
2 HEAE 2 N30, HEREEIE WK 3, a2
RGBS SRR A8 A e s — 3k, S5k
cyclo(Hypo-Leu)?',

&Y 3. #aEdk, 1IEET HR-ESI-MS &
NHUWEY T B TR m/z=[M+H]'=245.128 3,
HEDH 737208 CluHieN2O2 659 3 1 NMR
B S5kaw 1 ML, B0 T - NEKREA,
H,-8 Mk i B (H AR 2 2.03 F1 1.92, Z551k
W01, BUELEY 3 TAFES C-8
FHIER R . R W3 3, thEaW 3 #
T A5 A 55 SR A B Rt — B, Sl
cyclo(Pro-Phe)*?,

FIH HR-ESI-MS Hl NMR 43 AR % 5 Hi 1k
G 1-3 (B 5 LA 1-3 A0S 2R ) 1)
gk by 5 S2 s TR K PE UPLC-Q-TOF-MS/MS
BOPE HEM A &5 F) — B, IEM T 3 F UPLC-Q-
TOF-MS/MS 454 51 5% 24 figt LA e U AL & W 25
O E T 8

3 wtwE&#

AWF5EHT UPLC-Q-TOF-MS AR 454 Fi
TE S (MS/MS)Y U M S0 I A. panax K&
BB AR Y R A 9 A ERNRERAL &9,
I AT R Y B R A . Horh R
B 2.5 (i BEE BEL(CO, 28)F1 8 i 5L (H,0, 18)

<l actamicro@im.ac.cn, & 010-64807516

)RR EZIIE Y FLEM AR Hk,
TEZRAE V) B i vh o3 B 10 B —
Fo PG, ZEARFNEEG 2 eh B LA RS
5, WAL IR IR R AL S AR . N
SRS Ty AT SR, @A HPLC JB ERHE
] 73 B FME & 1-3, FIHI NMR Fl & o3 B 5 i
SRR L AEAT A A S e, A5 A 5 A 45 2R A
[, MIIER T UPLC-Q-TOF-MS/MS £ 44
N AR S RT EE

ARSI RFEXT G Ry R A Y, %
FAAS Wy R R IR 1 4548 S 5 22 il 174 v S
U RIS 2R B, S 1R
3 ¥ M—F5 Palythoa sp.FH KA EE AN B 43
B3], I HX S E (Lactuca sativa)F+ 4 K
AIRVEERP; RIETLMA Streptomyces sp.
Q24 A& 1 ] LU A il 5 S5 9 A i
U87-MG 1 U251 4l RY3EFE, 1C50 73504 5.8
F118.6 pumol/LP*, Wei ZE2 % ML &4 2 Xf &
N(Raphanus sativus) 4 i KA HIE A, W
J&F 100 mg/L MR IE 60%, T BHH:XT IR
FH B ; Stierle™ 2 MAEYIG IR E A. alternata
e 7 A ZERRE RS Y (RS
3. 4, 6H18), Hi, L5 3 xa
Wy B SR A M R R A, SR T
Streptomyces sp.fALGH 4 AT T &R
% ER B (vancomycin-resistant Enterococci, VRE)
FA R, HMIC{E R 12.5 ng/mL, Kt 251 5
PRERBE TR AL AR T P, RIE TR A
B Penicillium purpurogenum G59 H4LE4) 6 1£
100 pg/mL ¥ B R X A8 20 A HeLa 0 R A
33.3%"7; Lin PR BL&9 7 7 20 pmol/L
Xt NG HeLa-S3 HYAMHI R K 40%.

UPLC-Q-TOF-MS/MS i & fi b 45 ¥4 FAE
P R s o B e i i, BLE RN
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— PR BB EOR, HAETTZ M AR S min ETRTSER, W&ﬂiT AT
T3 M A% Foft A W B A AR A A theb HARL & Wik, a0l U i 4 /E:‘EEE
P rp 4 RS A O A A P O BAR D7 kR R 7 R v A T R D Tl A
EWAEmEEAEY . st PRHRER.

A3 UPLC-Q-TOF-MS/MS 1E K —Fifr i ABIFE RIS, T NS HBBER A. panax KH
R A3 5, H IR BT T o B B WAL IR GAR -y e s . #E o S
REE R RS, ATUFERR KM STk, BEE T ZEREZE A G Y B
Wk Hbrfb S8, WA hAT 4. panax = 24000HEE, R HAAEYIREA b BRI S
FR 2510 501 UPLC-Q-TOF-MS/MS 43t BUASHHRIE /3 M FEE 1) 73 B B0 1 B6Ai
Compound 1 1: TOF MS ES+
_[M+1=261 O M+1=233 261.123 6 | 7.34¢e5
N
OH| 28
= m
u o)
—18l H,0 18 | -H,0
1\El>2/43\HL MH=215 M+1=187
-28 N
s ! N ©/\F
SO faordntacen
243.114 1
215.118 4
(2151184 262.128 8
a9
booo b b b d e b b b b b b e e g Do dg Do g Do dg Loy by g g by gy g Ll gy Ligey]
0170 180 190 200 210 220 230 240 250 260 270"
Compound 2 1: TOF MS ES+
) [227.140 56 805
M+1=227 O (M+1=2090
NN
HN
Q
- -28y-CO
= M+1=1810 M+1=153
o -18 -28
i N SulFa ()NN N [~co ﬂN N
m(m 2 HN HNQ
| [153.1375
- 181.1329 210.110 8
182.1179
1541194 471,148 6 209.128 6 225.120 0
o Weradbadd b Lissa b ci b b el ﬂn MREWRE SEEY § e 1...\ 1....1...,1“]) m/z
150 160 170 180 190 200 210 220
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&5

Compound 3

1: TOF MS ES+

(245,128 324905

I M+1=245 O
N

8 O

M+1=217
0
i 28 N 28 m

M+1=189

%
|

k&4 1-3 B9 HR-ESI 1 MS/MS #[1E

| 189.136 2 246.129 8
1) FEEEENTEEE MY I¥ PFTE N ST SR SR T N TN TN TS R R § N ey
175 180 185 190 195 200 205 210 215 220 225 230 235 240 245 250

Figure 5 The HR-ESI and MS/MS data of compounds 1-3. 1: cyclo(Phe-hydroxy-Pro); 2: cyclo(Hyp-Leu);
3: cyclo(Pro-Phe).
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