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[Abstract] Bioactive natural molecules are important resources for the drug development. However, for a long time, no fundamental

breakthroughs in the basic theories and investigation methods for research on natural products were achieved. The discovery processes for

bioactive natural molecules are still time-consuming, labor-intensive, and unpredictable, which seriously restricted the research efficiency of

bioactive natural molecules for innovative drugs development. In recent years, with the rapid development of modern analytical technology,

metabonomics, bioinformatics, and artificial intelligence, the research approaches for bioactive natural molecules discovery are revolutionizing,

and a number of mass spectrometry (MS)- and nuclear magnetic resonance (NMR)-based dereplication strategies, such as molecular networking

(MN) and small molecule accurate recognition technology (SMART), are emerging and applying. This review summarized the MS- and NMR-

based novel strategies and methods for efficient discovery of bioactive natural products, aiming to provide some reference for the further

development and utilization of these technologies.

[[ey words] bioactive natural molecule; mass spectrometry; nuclear magnetic resonance; dereplication

KARAEYNE VRS> T R Z A2 d i 2
ZTHEYE, —ER2i Y e R YR EE R . P55
it, M 19814FE 1 H & 20194FE 9 A, FDA Ittt T
1881 MHi2ly, Hrp 2 —f BRI IR T AR
& U BRI, AR, KA 2548 R B & AL
FERE TR A W15 1 53 B WIF 98 4R i /b, ARG
MR AL A PRk B, R RN, —

EZHEY. 2021-12-20

*BIEEE: T, By

WaEhm: PHARREMERRS;

Tel: 020-85220004; E-mail: chywc@aliyun.com

PPS

e H TR G RIRAE VTSR G R R K
WETFEST, HamPEARRR, @ BiE B kSR
KEMOHB A HES A, 5—Jrm, Sk
BRIMEAE Y BCR B AR IR B, 48 i A 3
TG W) B BE R FARE EN PR A, 3 T BR
2 (first-in-class ) B & (8T #0 4546 /N A5 00175
SRIEZ B A xf BaR AR APk, anfaseEl e ik
G2 FE (dereplication ) , FfPRE . 22 1] Hb & H
SERIHTRR ) KR AE TG T R T RER 25k
S SERNFAYSE N =Y F

AR, BEE ALt EoR . AR 2. A&

Prog Pharm Sci Mar. 2022 Vol. 46  No.3 -



. Prog Pharm Sci  Mar. 2022 Vol. 46  No.3

WG B . N TR RRHOR SRR P Ak Jie LU S5 2 )
Z IR 28 SURA, R IR AW M 1 1 e BRI 52
WML T —HUH A SR AN vk U an 3 T
s R R (LC-MS/MS ) 1943 W 2% 4 R

( molecular networking, MN ) Hl % F #% i 3t 7

(NMR) B/ R 513 R ('small molecule
accurate recognition technology, SMART ) 4§, X4k
ISR WS RTRT 512 1) 4 B A S [ 425 90 485 ) 80 1Y) R R
HEYITEYE AR TR R, HATS T 20
HTHEY) . WAEY . WERR Y0 K5,
PR T RER W 5T I HTIRI . A SORERTRE 43 BLAR
RAERB BRI 0017 845, LU ik— 20 TT &
IR FH SR A W 16 1 - 04 v R 30 5 e iy ik 4
&%,

1 EF LC-MS/MS BIXAREMEMRFa

AR

WOAR O3 BRI T RS (LC-MS ) [ EA# i 7R
BORE . 3 HRR LA SR o3 B R SN, P R
Xof K BR 7= B B 1 AT VR A R P R A T A
Ko Wi, CAEEEMEG Y LC-MS T FEE
XA S AR 737 B, SEEL TR R AR R
By el i o v H AR AL S P 0 0] 73 5 . (HH THREIE
AN F S FH T 53 B BT . RE S AR
T BRI Ly, TGS B0 2 2= R A ISR AN BEAR
PeAh, XS s R L A, HARXT o
HARES TS A A, B LC-MS i LA 4
Hit, Bl B LC-MS £ R TGN & 22 KR LI
H AR HBL SR T R R -

2012 4%, 5% [ i )48 JE P K 2% 2 M 8 o 1
I Pieter Dorrestein ZXZ A1 A B k32 T 36T 4 i
i (MS/MS) 15 F MR, IR s T R4
WIS T I R BT U AT AR B AR L5
Gric HIACETE . AEWME B ITEVISEE AR T
KW —Fp T A o A e . LR 4
P AR TR S AR VT A6 B A [R]— S5 001 AT A AR ] 51
FRRLR) BTk i b, 2R i B — 0 Rk
¥ LC-MS/MS I35 b iy B ik — 9ok A 7 LT,
IS EHE AR, DIREME (0~1) R,

PPS

ARRURE By, Moz (B . AR i ik (i
ORI, TR AL RS 552 o 1 L1 o ol SR AR A, 1
AFVBLRE S5 AR Py 1 33 DO ot i e, e B T A 1 —
PTG A B — TR TR ) 4 2 1] (LA
1) o fEZMEgEY, B RE MY,
HOT AL B B S BT s AR B
KN ARG R . W5 RS AU R L %
TN WSS AR DG, LR/ INAT R 4R A
ok Frn, WA EI T MK E, TR 280 9
JEIEE B o B S R, s S B T
WEE SR ETS A ERE Y, DR aY S5s
Y Z LA 2540 1Y S . T, Nothias 25 " 7E
i8I MS/MSS B bty gt 28 o3 1 I 4 i 56l 1, 1
WEIA T AT A A B8 s R D R — 2 i B 1)
R IFR T HETRHER 53T 284 R ( feature-based
molecular networking, FBMN ) . 1% R — J7 Ifii fi#
TR T AL 5t 53 I 28 BORTE S 78 [ 43 S R A 5 1T 1) g
BRPE, DX R o Sepb A s 53— 7T, i nl i
G—HWPUEBI S T FEEER, X ARG
HEATHXS 2 50T o

TEAL G TS HOR Y, LS YRR A
L X R AT S AR Y B T A s T
B, RIFZ BT R e & 2 S B AL &9
F TR RS, L2 H 0 B AR TR A N
I, ey SR ] U B TR SR A AR
Ml Pk, RIMEEW B LA . KR ZHE,
HEATEE R A TR AR, 208 R
FE AR IR, At AR & BGERTTIE A
T R SR AN 19 A DR AR e Xk 102 1 54 B A A1 4
TEALS W) G B e v o R AR AR AR 1Y) B8 R
RS CF1) bR i, AT T AR TR
PO o NS IRAL Gt 73 —F 28 B AR AE 5 AT B i v
IR G T T RS 2, 2B Fr e DR e
I SE AR RIS AR F I RR, Bk
BT A PRI 3 25 5 (building blocks-
based molecular network, BBMN ) ™ #f [t T4 48
(53 F M4 AR, BBMN SIS 1E & BUHT#0 B 4444
&Y HA W R AL —J7 i, BBMN g
AIARAE B AR Y00 S5 AR R 00 2 2 B v B4

HFd A co2is macn H3W



A IR BEAT DU R, T M B A A
HATSRPERENS 55— 5, B Xk — b B it ek
JUZRAYHE L, BBMN SR EPE ket U (14 St vl
I ATF 7 TR, I3 731 W 2B AR X B
PEBEAT AT AT, D7 (PR BRI BUE H AR L

Y CHE2) o KRG RZ tife s 194 )
Bedl Arimik, Bk, BBMN SRmg Al )32 i HoAth
IR R IR BB R BT, ARG R
SRIEVEAL S W R R IT T AR T AE

TG I LT

D
il
/' LC-MSMS 07 (e
..... ﬁ}*ﬁ ‘? E
\ ) A z :
PR >3 | | |
- e 0.4
P2 Al 0.9 \B
2 .
z cosine
g w03
° A=16 Q o /M/z /C \
= A=42 =
A=30 \ \ N “E | | 0.2
e e B m/z
A=14 = | ’
6 - m/z
GNPSH s 2 LX)
B 1 4FREFREREE
Figure 1 A schematic diagram of molecular networking
UHPLC-
HARE W L ) chEesl B STRGHE
(= | [ ) (BGNPS
= | | |4 MZmine2

*M il

2 Z

TET

\_

o
;{' 3° MetGem
LX)

E 2 ETHIREMHRES

Figure 2 A diagram for the building blocks-

PHTLA

Bt hco22m3l Haek HIm PPS

e o °
@ ez || . L .
H
\ . 90 @
m/= 84.08 Q;O\/:o , e
134.03/ \ ¢ ®
FRFHERREE

based molecular network construction

Prog Pharm Sci Mar. 2022 Vol. 46  No.3 -



. Prog Pharm Sci  Mar. 2022 Vol. 46  No.3

1.1 SRS FRHERATZHRELZERANSAH
L&Y

ikt B R T LAY, EXTE 24
RIRFEIBCI AT 3 B Al Ak w, PREHg A $E ey
S e AL G YU B, 2 B R R RRAE
28 BP0 2016 4, Dorrestein Z(4% 1 Bandeira #{
FEILR S T 3T LC-MS/MS il 1 2Bk KSR =4
L H A FME5F-4 ( Global Natural Products Society
molecular networking, GNPS ) (http://gnps.ucsd.
edu) U BIE Ry At BRR =Y b F R — A
A BT TR TR R A S BT . TERL
PEAFAHITTE , GNPS V-5 24t 1T IR Mot i e 2% Hcdis
J&£ Mass Spectrometry Interactive Virtual Enviroment
(MassIVE ) , A3 o i 50080 e A 404k & 9 1 It 4
MS/MS BUgEds, JFE st 80 A Y
% §f T FDA Library. PhytoChemical Library, NIH
Clinical Collection, MassBank Spectral Library .,
HMDB Spectral Library, CASMI Spectral Library %5
5 = BRI ARG Y R RS R, B lE
T Dorrestein Z{ #3252 50 %5 ¢ HAA VRS20 % R 4R 1Y
KRt & Y R FiEEdE. B, MassIVE 8%
TSR TR 2 TR KRG T2 23 T4
Tk TSR BRAEAEICR RS, GNPS
V- 15 18 ) N R 2 3 1 85 43 A% 1 T F 5 3 o
iL» ( Center for Computational Mass Spectrometry,
CCMS) , TPk T — &5 nl4b B — 90 il Bt i it
BHLEIE NGR4T, 0 Dereplicator+, VarQuest 25 '™
FIFH I SE B R A, ATRERE 53 BT ) — G 4
55 8500 P A S Y B B A T L X, s
N b Bl S i C R &4

{8 GNPS -5, E WM G Cis o+
WAL A LR . TV LA SAE )RR R )
ILENTTRE T 2R EmAgE, FE s U & k6 1 i
fili b, R T — RINGEHFR KRG Y. Yang
25 UV 38 T 437 X 445 5 R o — 28 870 U 5 A i b R VR
M IREASTHEAT TR, Gl 0 IR AR A5 R il 1Y
LC-MS/MS &3, Ffiz H]l—Le M5 i ke &
YIHESR “FhF" , R TR SRR T A
HEIT R RS WITEM S E T EE s R, AR

PPS

TP RG] T 12 ST ARG PR 46 DA
Y, JFEeZSEI T X EREEA T A S W A B X A
2. Moore AL Y 32 F 4 F W 4% 2 R X 146 Fh
5 160 T N 2 O TR AR AN TR 35 5 20 B ik AR
R =Py EA T 7RSI, DA 603 AN S RS T
T 180 J3 ik R BG4 B UL IR
AR W 53 I 2 TR, & B[R] — TR R TEAS [+
RS N AR B R B 20, AR
FEIARRZES . TR, MR, P
FE TR AR L SR A5, DR RS | — 4k
SERPH K IRAL G W) . Fox Ramos 45 BV ZEX}Je A7
BEEHHE ) Geissopermum laeve [ W3] W 51 A= 4 18 25 1
SRR R, ds A IS BOR X2 P 25
A v N L e A A3 s i ot 1 P B U R N =
FE 11 B V5 | e A P — % RS U I ( monoterpene
indole alkaloid database, MIADB ) , fE& X4+ 1M
P O LA W ST THRIA, IR S
T3 AR s e A YRS . KAk, Zhu
% P2 32 41 M 25 4 R X R P B0 BB Epicoccum
nigrum 09116 #1417 T FE BT IRE,, B4 B3R5
T 8 AHN R I IR A W R A S W, RIS,
ZA G BRI 7 T M AR EA T R EF AL, A
FHICH AR B S T e & A& b
[ETE% NS

i T A R P o 1 2% s, B H IR
LN R R T8 25 FHAEY) — M 3K ( Flueggea
suffurtiocsa ) W AEWIBRERAL AT TR ASZHE 1
TG, R S AR YL BT AL BRI AR T
WP B0 Fr, BOBTfar bRy 84.08 B+ B8 1 Fr
AL Cul) JEAT R 134.06 fOP RS R, —E D
ST b7 Ay — it A v 4 (R IR WE PR AR IRk
WSS A TG, T A — B AE DR Y LC-MS/
MS §5% & v PR U & A — iR A WA 6
MR s e, BfE, 25602 E B TBOM g+
MZEEEA, LI T — R A P 7 i 55 1
AR 5> T PR B BB TIZ L8R, I
ARSI B A T 3 A B
&Y., Hd, &%) suffranidine A A —4~+%
UL 8/5/6/5/6/6/6/6 /NIREHE, FHALE — IR

HFd A co2is macn H3W



$Fd A 20223H Hack oM

FEAR B AR [6.4.0.0% "] + Bt ot k&Y
suffranidines B 1 C /& 2 /> & B RE ALY — I FAY
VIR SRR, E 0 A — AR A B AR 45
Bk BT BN Co T, MR T 2 2K
BB AR — R LR YR
1.2 ZASFREERZAXRAREDEELSD

TERSR =t oErt, B R ESH B s b &4
ZAb, anfarbest F4% BAT A W iE R AL S R R AR
PR I 53— Ao L [l 2
MHTAR Pt R Bk R, AR KRR YIS G
HLBEE A LT 2 %o 1) LA S0 43 50K
W&ot X SR U HEA T R GE R AL U BT
Mo EARAS FRAL G, REXT BT AR AL S W
TTRGW YIS EPESY, DT A B A Wi P
EY. 2) LUSPER S0 BB SRS B R . B Sext
AR EA TG PE VTN, PR X I P 7 B0 23 o e
#2001 B, RGP A RSB 4 W AR s R, AR
WA, ERSEEEY . B EITEA
WINFRAG 25 7 F I Z ), s AsmE . KA, 7
ERMEI, FREH T BT ZAE 2 KA ]
FNT1 . O IiiAs, Jowk 5 IR E i i e AR AR
Mgy, CBWrplhl 2y il Fa s U T s H . 3 4%,
TET AR RST80T M R T R Py B ARG
RARF= IR Z O ALY P, Jraw kBT
CTHART BUIEDL, R AR DL I 24 TR,
i PG G600 51 e B8R U8 R 3 0 ) 0 R 8K 7 )
HAR TG B R APk

Bt B IS AR S A=A B 2 Pk g
iz FH2E T LC-MS/MS 173 1 W 2% 1 AR T e BRI
PER SR = E T BE P i, Naman %5 BY iz
FH 3 ¥ P28 F AR W5 B 40 7 Symploca sp. (14 241 il 75
TR AT T, TECZ T, AP DLE i
R o B SE T 2B B RSN IR P
G R T IIZAHTE b 345 A 2548 7 0 3
EY, VEH R T AN Hb I8 1) 5 P 40 TR A o O 5
I w H KRGS, S8, o nlii4
TR0 I 0 T i St S ARSI B TS T, R
YIEPEEE R G 2 T . fEX A A
TEHER B FINE R T T, TEEEEMARZHE

PPS

AT U A0 B B TS M AR AR 4, RS DU HERRE
RIEBAEWEEN TG Y, B IPAET
— AR NI RS B 2 T M 3 5
RGIR, ARG Y EA BRI BT 20 B e 20 A A
H460 i P, H1Cs {4 1.1 pmol - L' 1% kAR
AIARGE L E R o B O RIS Y, (BYRT
BEXT A AR Ay AT R B TSI, O 5 S AR
POES NS

2018 4F, Nothias 5 ™ U4 T HE AR
PR TR 2% ( bioactivity-based molecular network )
W, Jf iz R i R s B A ¥ Euphorbia
dendroides W42 UY) H 88 10 4R A5 1 2 AT 0 B 3
PEALE R # (CHIKV) WPER s &9,
FET A YEVER 71 P28 SR mg F 2R LT 3 M5
BE: 1) RER Y418 501 LC-MS/MS $4%,
iz | MZmine . OpenMS 45 [T i %5 4f A #4143 14 3 H
Tk P P A B B U BB A, O X S B B
HEAT AT 2 4045 2) DA 18 o0 i A= i e
MR it JBT 335 A5 0 v o 25— g i B R P25 A AR o
TEYEBESE R, 12 ] Pearson AH G Mt B 45 HF
BTV E YIS 3) BT M (AR A
I FERE T, JFi8 H GNPS & A 3k TG
PER 2> FRI25 E . 5 Naman 45 B Ay 5 A G, B
T AW B 43 0 4% AW N T B ) S A 03 B
FNE P, (AT SR Z= 00 KR 7 Wy U v R
PO BAAEYEEN G, ol TR r 4
i

2 BETHHEIARBARBR AL SIS BAI R
H AT, NMR AR SE KR W45 14 FRAE 5w H
AR TRz —, R4 TR R
M58, TERALS YA % Iy i HoA 4y s
[ M 7 B, 5 LC-MS/MS #H H &, NMR # AR ()
REGPEAL, W E4, HFB NMR B EA LC-
MS/MS $ A B G LA R4 5, S i AR IR
FESL . BORE B . AT e A BORE ST
K. AT AR, BRibZAh, i NMR
AR PRI RE L S5 (5 B MS o 5, AR
R R BT S A A W R S R A T B e B

Prog Pharm Sci Mar. 2022 Vol. 46  No.3 -



. Prog Pharm Sci  Mar. 2022 Vol. 46  No.3

VTAESR, B b Ak NMR 4 30 5 Y 32 i
. ARG AR IR Sk 3 3 4 T, NMR XS 7 43
PR AR ISR THCREET, AT g0N i
BESR PRI, I [ s R K 4 J A ) B,
Ah, Z4E NMR A (2D NMR) Fofift T—4E NMR
(1D NMR) % K5 5 & & /™ #H pY [n) @, o5 1]
TR ARKIRF= N ZER 4307 B Ble, BESE B
R T —ZRFN D6 KA 2D NMR kb 751 (4
diffusion-ordered spectroscopy, DOSY ) . Ay —
KFEH AR (nonuniform sampling, NUS) | 2
WG R R (covariance NMR ) %5 B7# 0 i —
AR m AR BRI A T ], i
NMR $¢ AR ] 5E i vz i HH T 52 4= 0 B4 1)
e
2.1 GHERERESANSHHTHEARLEY
TERIR T 5E G, RN IR T ZFhiE
FEXAEH:, AT NMR % (JEHJE 2D NMR %
B ST R BT B sk, T REAREE . J%
JRUEAE T . IO . B BE ] =2 18] A A EAE FH A X
e B R, IR BIE X 44 NMR i 5]
G IR R ER A 2, BRI T EATER A
PR BT RN . s IR,
BRIE#>] (deep learning ) 5 N T REF AR (artificial
intelligence, Al) & 9% 0 %5 2% 2D NMR Kl
PRSI b AL TR SRRl = 2] ik, IREE
S IANTGEMR N AT ISYS, IS
R EV AT R R A A B RRIE AR, JUHGE A R H R
RS
2017 4, Zhang % "3z AR 3 — R BE H A

( non-uniform sampling, NUS ) Fll# F i 25 ] 2% 4%
A ( convolutional neural network, CNN) , J & T
T TR THKEGE (heteronuclear single quantum
coherence, HSQC ) 1Y K SR = 1) e 20 A B0 4T o s,
I Hodir 44 /0 3 TSI U R ('small molecule
accurate recognition technology, SMART ) . ZF AR
H siamese i ZE P42 X — M5 T 2 054 K RAR
7 HSQC 15 &1 ARt £ A TR B A R 22 I 25 1)
GRS R T — AN ] XA AR A 1Y A T
TERXAT Sz A, G5 AR Ak & W AE =3 18] T AH

PPS

T, TSR AH 25 3R A B e 23 8] 1 DA B A
BEfS, i — DR —REEFA, PRECRERE T
Y HSQC K, JHE4c 2 BRI ZR)E BITR EE G R
PR 2%, FE4E TR B S Hrh, ATARYE e 4 b7
Y HSQC 15 BIE 57515 .25 0] v () 43 A7 ok S BT
B AR & A LS R LS P i B
X (WE3) .

S #E— 4 B SMART 4% A H 5 KR 7= 9
HSQC i iy R 7, Reher 25 ™ 32 H] JEOL % ¥
J%& ( https://www.j-resonance.com/en/nmrdb ) 1 25 434
KRR WY HSQC 1% ¥ LA K2 F| ] ACD/Labs i ff
BT EIN Y 27 642 5K KSR W) HSQC 15 K ik A7 T
BRI Z M Y522, 5 SMART AR FH4 5 2.0 hit
Ao AT ZRTAIMAS, SMART 2.0 ffi [l 73 £ (1
RIMEE PR HSQC 1M IINREE, XL
K25 HETCRHRIR =PI 15%. Pitk, a3
YIZRAE R 8 B A R 82 T+ T SMART $ AR TERBIA
[R5 A 2 AR 7= HSQC & 7 B Re T M
EIZHAR IS P, 3 RS iz A T BT i 2
W& Symploca sp. W R #EAT 1000, B, 1E&
i 1.7 mm TCI U RS T T 1 mg W S0
i, 12 H NUS-ASAP-HSQC J¥FI PR i T 3%k
) HSQC 1% &l (600 MHz, 13 min) . Ffij5, i
SMART 2.0 ¥}iZ & EAT 30, 456 Bt i) 2
BHOR, RO I SRS T — G5 R R
N BEZAL AW symplocolide A

Bk SMART £Z AR, T ik A 44 % T HSQC
W H A& T metabolomics and dereplication by two-
dimensional experiments ( MADBYTE ) il atomic novelty
scoring $ A& PN, {i & w] i 5 HSQC & TOCSY
R B ARTR E 2R B Y10 A e & 1K R RRIE,
I3 Jak ) A G 1 19 4% 8] SE SR A 4 b i A
By AR AR RG], NS EE, J5&
] 4R & human metabolome database ( HMDB ) Al
BioMagResBank JZH1 /) HSQC #4551 i 10 308 M5
S, B AT h A RS S S
TR SR R 5 S IR RS, JFIEATAT 4, AT
ARG R R RN S R i S S5 R 25 R
BORBFFESA L&Y .

HFd A co2is macn H3W



38— RFE AR REEHSQC

HSQCHiH R4k
) WAEYE
\ I ERLED)
EEEESMART HUREEEE N
4 ® )
®
SR A }
o V
Cy .
‘.ﬁ;ﬁ%ﬂﬁi; 2% e 2
\i%/-?’gﬁ-j:_-- EmER )
1 L AEERIN
D
securinine allosecurinine
[ A=CUEEN

-

ﬂi%ﬂ@c‘*% O;?)H Yii KJ?)H &

“hiM e

flueggeacosine B ﬂueggeacosme C

B 3 M FRBIANFEARTIETETRTE

Figure 3 Workflow for the small molecule accurate recognition technology

2.2 BHARERIESXAEYFELEYVHLE
5T MS AR A1 PR B 53 ) 53 8 5 g 2R
L, FFH NMR $2 A E ) b -4 306 M o0& R 4R
HEYITEEACS W) R R SR B 2 )y 2 —, R H T
FEAZ IR ST B AR 5D 184, RS
HTHIHZ Z M50 (statistical heterocovariance
analysis, HetCA ) ik, B/ T 14L& YR NMR
Blle 54 O ReA G . b, ELINA /2 Eliciting
Nature's Activities [ #K, J&r Grienke %5 ™ 5T 'H
NMR i 1) HetCA Gt ito3# I T A i) — R i P AL &
YIBER S BORNS . TEIZRES T, RIS I 508 7
TEPEMNR 25, X H 'H NMR 35155 o iR AE i
HEATIET (hot) BfATH (cold) P47, U\ﬁ'ﬁ_ffﬂi

HIZ KW, VFE# ML FLE B Fomitopsis pinicola 1)

BRI T R BT B (S R R B S PR A o
B b= w2 A Y. LA, Delsuc 4l ™ HF
K T —Fh 4 K Plasmodesma (1 T3 HLFE T (https://
plasmodesma.igbme.science ) , AR5 42 RIR 14
Y 1D Al 2D NMR 35 EU B8 317 [ 2 b Aab 3
HETT AT AR B 1 P AH DG AL 73 NMR $5 20 &3
AT SE IR 25 3% A 5 R0 A T PR R A

ZEERE

VAR, 225 T4 A ELAC AR B g & R,
FARAYITENE S T 10 & ST T — KT
LC-MS/MS FI NMR K, JF&ESAYE B2,

Sy BSOS AL S T BE S A RRHIES T iz IR TR A 2 RHEOR T BT SR
%%m*2022ﬂ‘:35 %46% %3% Pjpnisj

Prog Pharm Sci Mar. 2022 Vol. 46  No.3 -



170 | 2FL, %5 XREWERS FEREDOTEBIF AR

Prog Pharm Sci

W7 I SR s R S SRS AT T, SRR
P E R E IR TIEZ AU ERIBETE TAF, IR
T FWAITTERCR o A TGRSR Iy -2l
PR TBE, IS SR MR 5 vk A 5 A
e, I FERCR I &, AT & B ik
X AR e L B IR 25 ik, KR
SRA WA R 53 Ve S8R B SR W R 5 2 0F AT

Newman D J, Cragg G M. Natural products as sources of new drugs
over the nearly four decades from 01/1981 to 09/2019[J]. J Nat Prod,
2020, 83(3): 770-803.

Rishton G M. Natural products as a robust source of new drugs and
drug leads: past successes and present day issues[J]. Am J Cardiol,
2008, 101(10): S43-S49.

Drewry D H, Macarron R. Enhancements of screening collections to
address areas of unmet medical need: an industry perspective[J]. Curr
Opin Chem Biol, 2010, 14(3): 289-298.

Lachance H, Wetzel S, Kumar K, ef a/. Charting, navigating, and
populating natural product chemical space for drug discovery[J]. J
Med Chem, 2012, 55(13): 5989-6001.

Pye G R, Bertin M J, Lokey R S, ef al. Retrospective analysis of
natural products provides insights for future discovery trends[J]. Proc
Natl Acad Sci USA, 2017, 114(22): 5601-5606.

Li J W, Vederas J C. Drug discovery and natural products: end of an
era or an endless frontier[J]. Science, 2009, 325: 161-165.

Wolfender J L, Nuzillard J M, van der Hooft J J, et al. Accelerating
metabolite identification in natural product research: toward an ideal
combination of liquid chromatography—high-resolution tandem
mass spectrometry and NMR profiling, in silico databases, and
chemometrics[J]. Anal Chem, 2019, 91(1): 704-742.

Gaudencio S P, Pereira F. Dereplication: racing to speed up the natural
products discovery process[J]. Nat Prod Rep, 2015, 32(6): 779-810.
Beniddir M A, Kang K B, Genta-Jouve G, ef al. Advances in
decomposing complex metabolite mixtures using substructure-and
network-based computational metabolomics approaches[J/OL].
Nat Prod Rep, 2021[2021-10-01]. http://pubs.rsc.org/en/content/
articlelanding/2021/np/d1np00023¢. DOI: 10.1039/DINP00023C.

Atanasov A G, Zotchev S B, Dirsch V M, ef al. Natural products in

Mar. 2022 Vol. 46 No. 3

Wb TR A S B BEE T . NMR S0 HrHoR Y
PR M ARUL R — AR T, RIS &
NMR 1 R 2R A2 05 | Se i R LB I
PAK SEORS HE B BALRL AN i “HE W)™ AT
BREROR B, X SR MU 7 178 K AR
7/ P SIS EE LA N | VR P Bl S g AP
R T AR RO B

drug discovery: advances and opportunities[J]. Nat Rev Drug Discov,
2021, 20: 200-216.

Watrous J, Roach P, Alexandrov T, ef al. Mass spectral molecular
networking of living microbial colonies[J]. Proc Natl Acad Sci USA,
2012, 109(26): E1743-E1752.

Nothias L F, Petras D, Schmid R, et al. Feature-based molecular
networking in the GNPS analysis environment[J]. Nat Methods, 2020,
17(9): 905-908.

He QF, WuZ L, Li L, et al. Discovery of neuritogenic Securinega
alkaloids from Flueggea suffruticosa by a building blocks-based
molecular network strategy[J]. Angew Chem Int Ed, 2021, 60(36):
19609-19613.

Corley D G, Durley R C. Strategies for database dereplication of
natural products[J]. J Nat Prod, 1994, 57(11): 1484-1490.

Hubert J, Nuzillard J M, Renault J H. Dereplication strategies in
natural product research: How many tools and methodologies behind
the same concept[J]. Phytochem Rev, 2017, 16(1): 55-95.

Wang M, Carver J J, Phelan V'V, et al. Sharing and community
curation of mass spectrometry data with Global Natural Products
Social Molecular Networking[J]. Nat Biotechnol, 2016, 34(8): 828—
837.

Mohimani H, Gurevich A, Mikheenko A, et al. Dereplication of
peptidic natural products through database search of mass spectra[J].
Nat Chem Biol, 2017, 13: 30-37.

Gurevich A, Mikheenko A, Shlemov A, ef al. Increased diversity of
peptidic natural products revealed by modification-tolerant database
search of mass spectra[J]. Nat Microbiol, 2018, 3: 319-327.

Yang J Y, Sanchez L M, Rath C M, et al. Molecular networking as a
dereplication strategy[J]. J Nat Prod, 2013, 76(9): 1686-1699.

Crusemann M, O’Neill E C, Larson C B, et al. Prioritizing natural

HFd A co2is macn H3W



RIER, % AREWERSFERAROT R ETREE | 171

product diversity in a collection of 146 bacterial strains based on
growth and extraction protocols[J]. J Nat Prod, 2017, 80(3): 588-597.
Fox Ramos A E, Alcover C, Evanno L, et al. Revisiting previously
investigated plants: a molecular networking-based study of
Geissospermum leave[J]. J Nat Prod, 2017, 80(4): 1007-1014.

Zhu G, Hou C, Yu W, et al. Molecular networking assisted discovery
and biosynthesis elucidation of the antimicrobial spiroketals
epicospirocins[J]. Chem Comm, 2020, 56: 10171-10174.

Chow S, Liver S, Nelson A. Streamlining bioactive molecular
discovery through integration and automation[J]. Nat Rev Chem,
2018, 2: 174-183.

Bernardini S, Tiezzi A, Masci V L, et al. Natural products for human
health: an historical overview of the drug discovery approaches[J].
Nat Prod Res, 2018, 32(16): 1928-1950.

David B, Wolfender J L, Dias D A. The pharmaceutical industry and
natural products: historical status and new trends[J]. Phytochem Rev,
2015, 14: 299-315.

Thomford N E, Senthebane D A, Rowe A, et al. Natural products
for drug discovery in the 21st century: innovations for novel drug
discovery[J]. Int J Mol Sci, 2018, 19(6): 1578. DOI:10.3390/
jms19061578.

Li G, Lou H X. Strategies to diversify natural products for drug
discovery[J]. Med Res Rev, 2018, 38(4): 1255-1294.

Kingston D G. Modern natural products drug discovery and its
relevance to biodiversity conservation[J]. J Nat Prod, 2011, 74(3):
496-511.

Agarwal G, Carcache P J B, Addo E M, et al. Current status and
contemporary approaches to the discovery of antitumor agents from
higher plants[J]. Biotech Adv, 2020, 38: 107337. DOI:10.1016/
j.biotechadv.2019.01.004.

Fox Ramos A E, Evanno L, Poupon E, ef al. Natural products
targeting strategies involving molecular networking: different
manners, one goal[J]. Nat Prod Rep, 2019, 36: 960-980.

Naman C B, Rattan R, Nikoulina S E, ef al. Integrating molecular
networking and biological assays to target the isolation of a cytotoxic
cyclic octapeptide, samoamide A, from an American Samoan marine
cyanobacterium[J]. J Nat Prod, 2017, 80(3): 625-633.

Nothias L F, Nothias-Esposito M, da Silva R, et al. Bioactivity-

based molecular networking for the discovery of drug leads in natural

HFt A 202230 Hack HIW

product bioassay-guided fractionation[J]. J Nat Prod, 2018, 81(4):
758-767.

Edison A S, Colonna M, Gouveia G J, et al. NMR: Unique strengths
that enhance modern metabolomics research[J]. Anal Chem, 2021,
93(1): 478-499.

Markley J L, Bruschweiler R, Edison A S, et al. The future of NMR-
based metabolomics[J]. Curr Opin Biotechnol, 2017, 43: 34-40.
Giraudeau P. NMR-based metabolomics and fluxomics: developments
and future prospects[J]. Analyst, 2020, 145: 2457-2472.

Ernst R R, Bodenhausen G, Wokaun A. Principles of nuclear
magnetic resonance in one and two dimensions[M]. Oxford: Oxford
Science Publications, 1987: 358-485.

Morris K F, Johnson C S. Diffusion-ordered two-dimensional nuclear
magnetic resonance spectroscopy[J]. J Am Chem Soc, 1992, 114(8):
3139-3141.

Farjon J. How to face the low intrinsic sensitivity of 2D heteronuclear
NMR with fast repetition techniques: go faster to go higher[J]. Magn
Reson Chem, 2017, 55: 883-892.

Vitorge B, Bieri S, Humam M, et al. High-precision heteronuclear 2D
NMR experiments using 10-ppm spectral window to resolve carbon
overlap[J]. Chem Commun, 2009, 8: 950-952.

Mobli M, Hoch J C. Nonuniform sampling and non-Fourier signal
processing methods in multidimensional NMR[J]. Prog Nucl Magn
Reson Spectrosc, 2014, 83: 21-41.

Snyder D A, Bruschweiler R. Generalized indirect covariance NMR
formalism for establishment of multidimensional spin correlations[J].
J Phys Chem 4, 2009, 113(46): 12898-12903.

Snyder D A. Covariance NMR: Theoretical concerns, practical
considerations, contemporary applications and related techniques[J].
Prog Nucl Magn Reson Spectrosc, 2021, 122: 1-10.

Robinette S L, Ajredini R, Rasheed H, ef al. Hierarchical alignment
and full resolution pattern recognition of 2D NMR spectra:
application to nematode chemical ecology[J]. Anal Chem, 2011,
83(5): 1649-1657.

Smurnyy Y D, Blinov K A, Churanova T S, et al. Toward more
reliable C-13 and H-1 chemical shift prediction: a systematic
comparison of neural-network and least-squares regression based
approaches[J]. J Chem Inf Model, 2008, 48: 128-134.

LeCun Y, Bengio Y, Hinton G. Deep learning[J]. Nature, 2015, 521:

Prog Pharm Sci  Mar. 2022 Vol. 46 No. 3



436-444. [50] EganJ M, van Santen J A, Liu D'Y, et al. Development of an NMR-

[46]  Schmidhuber J. Deep learning in neural networks: an overview[J]. based platform for the direct structural annotation of complex natural
Neural Networks, 2015, 61: 85-117. products mixtures[J]. J Nat Prod, 2021, 84(4): 1044-1055.

[47]  Zhang C, Idelbayev Y, Roberts R, ef a/l. Small molecule accurate [51] Duggan B M, Cullum R, Fenical W, et al. Searching for small
recognition technology (SMART) to enhance natural products molecules with an atomic sort[J]. Angew Chem Int Ed, 2020, 59(3):
research[J]. Sci Rep, 2017, 7(1): 14243. DOI: 10.1038/s41598-017- 1144-1148.

13923-x. [52] Grienke U, Foster P A, Zwirchmayr J, et al. "H NMR-MS-based

[48]  Chopra S, Hadsell R, LeCun Y. Learning a similarity metric heterocovariance as a drug discovery tool for fishing bioactive
discriminatively, with application to face verification[J]. Proc CVPR compounds out of a complex mixture of structural analogues[J]. Sci
IEEE, 2005, 1: 539-546. Rep,2019,9: 11113. DOI:10.1038/s41598-019-47434-8.

[49]  Reher R, Kim H W, Zhang C, ef al. A convolutional neural network- [53] Margueritte L, Markov P, Chiron L, et al. Automatic differential

based approach for the rapid annotation of molecularly diverse natural

products[J]. J Am Chem Soc, 2020, 142(9): 4114-4120.

analysis of NMR experiments in complex samples[J]. Magn Reson

Chem, 2018, 56(6): 469-479.

[ ERNE ] XA - #d%, WESID, EBERFERK. SRR EEEER. EXAHEER
e, —EHMFERGRRRAWITEIER S M QBTSSR TR, SRR 7 ER BRI SRR
H 40 1. EE JACS. J Clin Invest, Angew Chem Int Ed, Hepatology. J Extracell Vesicels %5 EFrHIZ44¢E
K3 SCITFIR L 510 5357 ARIZBUEINSNAIIEF) 60 =T0, WHAM 2 Mz 2 s A RS DL
F—ERNREFPHAP R ER I, [ REARFERAR—FL 3TN, HRPEERRFL 1T, HE
FEEFATEC IR BR —S54 2 T, EZRR A% 2017 REHRESAE. REZReErsae . hEHA
FRR TARET R . ESPRBUNRREREN, HR&EEREEID., 2ERFI TIEERS.

(HFd A Zei& 2022 EEEITRE

(it ) b RERBEMEE . HEGR =M E 2223t m/] F I a2 #2200 T, 1959 48
AT, 2014 FELHUIR, ENIMATFRAT, BT TENRHGIT S8 LlF BB, AR
RS ERSETR NG, Dk, Wb, Ml kB i@, L2 eie Bt SoRIER ., Bzshtks
WHHAREENE S, EEHGEAARE, FPEoRTE, B2y aEn E NS AT Sk ; FISER2 it
K, RELFARERE, SO . BRI | SERURIRST | B i il . IRHIZ9704T
PORBORSNES; HILMTISIRIZNTE, BATLSIR, LFEBENER, sl 5 a .

(2=t ) g s h A R LI fb 2 BMIREILERE LAE T4, b B 29 W SR BEBUR I T
[T, RRRHITBERT | FIZ5 Al | IRPRIEERE . CRO . xRl HEAS K IR AL 200 AR ERNA ) )& AN .

C2ypifile) o Mgl R SR CBEATIARET PEiET CRUERC Al RR
E” SRR CIRIRZGET SEREH . ORES, ARRR T IR R RO B

FREGH)” B PRAGZS T A s SR [ 4K 0% 25 R G BB 25 R AR A R 2 2 U R A P < BB
YR L”  “HRURREEZRURBAH S5 I A7 “REEMMR DR PR S H 2 &
BB 45 60 AL, Tk T80T R ol A Tl st 8 B A B AR M E 2R 83, 207 B iHA,
T RAET (2t ) fEA AR aise R kR . IRGSFHEIER; SRIEWY (JRAERS ) 5 EH
MENE, MESZEERFAM MRS, HNAESm. WEAUE . WA, WAams, BEmss., mhiks
I 2. HRt R E gy phit e . RIEE 2 . M HLRIEET . Bt & . IR 2500, [
BB 2 i 45 TR R

C2ypat i ) 246 A, 4530 80 71, HIRRARERENM], EWNIMATEETT, BHHEM 40 6, 2FEM
480 G, CN 32-1109/R, ISSN 1001-5094, [ PR A&AC S 28-112, il K a1 4 T b ol 24 Ho g J5 3 T34 -

DRl PR T B S 24 5 hEZGRI: (252 ) Sl s
MG /L. 025-83271227;  E-mail: yxjz@163.com

2 ;210009

. Prog Pharm Sci  Mar. 2022 Vol. 46 No.3 ,P’Pg %%ﬁé\ 202243 H 446% H3M




