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Abstract: Affinity ultrafiltration mass spectrometry (AUF-MS) technology is a rapid,
simple and effective method for the discovery and development of small active molecule
in traditional Chinese medicine (TCM). This technology was initially developed in the
middle of 1990s, which was introduced to target-oriented drug discovery. Through the
ligand-receptor specific binding characteristics, the affinity ultrafiltration device can

facilitate the rapid screening of small-molecule ligands from the complex extracts, and
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high performance liquid chromatography-mass spectrometry (HPLC-MS) assists in the
structural identification of potentially active small drug molecules. Thus, AUF-MS has
become a powerful tool for identifying bioactive molecules from complex chemical matri-
xes. The general workflow of AUF-MS is not complicated: depending on the molecular
weight cut-off of the semi-permeable membrane, the ligand-bound protein complexes are
retained by the membrane under centrifugal force to separate the bound and unbound
components of the analyte. Bound ligands are eluted from the ultrafiltration membrane
by destabilizing the target-ligand complex with an organic solvent or pH change, and
then the ligands are consequently subjected to analysis by LC-MS to identify and charac-
terize the low molecular weight compounds that interact with target molecules. The
classic strategies of screening active ingredients from natural product, such as the high-
throughput screening methods based on ultraviolet fluorimetric or radioactive detection,
the traditional phytochemical screening procedure (i. e. isolation, structure elucidation
and bioactivity test), are not able to meet the urgent need of contemporary pharmacolo-
gy research due to its time consumption and a high rate of false positive or negative
results. In comparison with those methods, AUF-MS is easier to be operated without
unnecessary isolation or purification of inactive compounds and directly screen bioactive
ingredients from the Chinese herb. Also, only modest amounts of target proteins are
required, which are no labeling or immobilization. AUF-LC-MS was employed to
identify inhibitors of enzymes such as q-glucosidase, xanthine oxidase, neuraminidase
from Chinese herb medicine. The results showed that AUF-MS performed better repro-
ducibility and more tolerance of interferences than classic strategies for certain targets.
In this review, Firstly, a brief introduction was exhibited about the general procedures
of AUF-MS, and the key factors affecting the result of AUF-MS, including the selec-
tion of ultrafiltration membrane and dissociation, the dose of receptors. Secondly, the
recent applications of AUF-MS to screen potential bioactivity small molecules from the
natural product in the past ten years were summarized. These results based on AUF-MS
to screen active compounds were expected to be valuable for discovering drug molecules
candidates from TCM and efficiently designing drugs for prevention and the treatment of
diseases. Finally, the future prospects of AUF-MS were also presented. AUF-MS tech-
nology is expected to provide new research ideas for the screening of active components
from TCM.

Key words: affinity ultrafiltration mass spectrometry (AUF-MS); Chinese herbal medi-

cine; target protein; active components screening; high throughput
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Fig.1 Scheme of ultrafiltration mass spectrometry

[10]



644

W

e

FAR A%

EXC Dl - OIN I & DR 9
B Tk ol R U G T 2 [P R
Jik o 1 R AR 7 2 o R A < 2 AR TG A Y R
B BT UE B L W — R T, ik
P52 R — o 2% MR 0 i C A&, P 2
HPLC-MS 3% 3 £ 15 2] 19 i 44 i 17 25 09 %
FE o TE KRR 8 . T LR A7 R ROR A
TR FR B R U8 = Y KN IR AT X DR =
T4 LA Ak 2 pA- T 44 52 7 JRL R . B 0
08 U SR R Ak o R DR R0 L Gl 1 B 0
A A AN R A R AR R HSL IR Y
FIPE RAF . H R B K o 8 B0 R R
PR ZERAH SR, 5 B0 8
4 3k O T RE A, M R S 3 BUE A AE R
AT VR BEF R T AR AT 5 i i S 2 W) 1 B 02
B0 U8 5 Ik vh R Y 22 S e T e AT R R
FHYE BB ). B0 M U8 AN B 5 0 % A 4k Bk
M FZH TN 746 W i ik v T
JIN 5 ok of R 2 R LA S B R S E 2RO 4 L 38
T NAL A b2 JE R 8K 7= W) o o 0 38 /N 43 F
WL 0 AE TSRS AR RN A 1) 5 A B
23 AR 5 T A S B
1.2 EMBRRENHFEIMLE

1 455 114 v 24 143 T P 0 DO S AF 5 R o T
R R 2 k2 B A AT SR I A B L A A
SE S SR AT AE W I I R L A RO .
3 B O 32 3k AR R AR B B L RE I X IR B R
Uf, T L 2% 5 2 i — S ARl 0 A T 1 R O &
RAMK AR BAELSE R TN, HEZ T 0%
TR 8 JTT 3 A T B 4 T P 0 o e L A 1
B RO AR AR R A

T 5T SRR R T R R T R H
AT B2 3 [ s A Ak B 2 5 A MLV R Ak B R
Z YO AT SE A B TR . SO R T 8K
320 BR L ELRE T R 32 R 4 T A Ak AL B A
REAEVES R, Rl T EAZ AN
TS AE R IR WOR S N AT RORE Y AN
BEHATARIC . R I RE % DR 5 28 1 A R AR 42 5 [
B o BB A8 7 ] 32 1A 0 A 7 097 & UL ol LA 4
I AR B R TR % WM S R 2 ) /N G R AR K
Gy FRIAREAE R . o3 A RE 08 52 56 JIr 7 2 (1 0
b 2D XS F A% B 5 AR Ay L S
B fE AL PR AT H A AT T T SR AN . B

J + 38 b R e B 5 B 4y B Re ) i £ S R 2
A G5 KL % E B T 0 R M S
TR E A S VA E GE M5 ) B — N
AR ST L mCR T . B 2k
TR S ASC A L B R U O N 2 o R b g
JE R [ 25 40 5 e 4 25 A S S T T Y,
1.3 ZmMFEMBRRESTHXERR

TE A 08 i 16 52 56 2o B Hp L A T U iR PE
SR BA 1 5 SR 0 TG L R4S AR Y S 56 B R L 5
B BT I 06 2502 SR LA DR 3R D R ) B B L 32
AR £ 18 P 700 o R R P TR R A
13,1 HIERR P AR Mg
U TR ) o 5% e R 2 O B 2 SR A ME T 5 A . g
T 108 S — P T A 2 IR 1) 7 B U
oA S5 I 7 R AT D2 R AR S 1
S PEWBE . BT A B A T A T A AT
Az W EA R CRIME . PEEK %, 2) filfs
O3 F B B ORI E BRSO L AR Y DR R
Y FLAR /0N 5 5 e LB ) 33 2 7 AR 8 T 5
M) 11 3o 8 80 %6 5 B 1 L AR 3 KL 25 5 1 T
i+ [R] B R AR T 0 ) A 45 A 5 B L 5 5 SO 7Y
BT AR DATE (9 S 56 2 56 U 1
B F i /b TH A B 4y F I EE ) 1/3,
BN G4 53 F 4 F O 25 ku B, AT DLBE R
R K8 kuf Byl |
1.3.2 SZARMMEFARE  S08 sz A
RS — R LR I e 2 . 7E R ik
R TSR 2 AR )V B S R LA U T A TR
LR 2 5 52 AR 45 A DT 7 A= R PR PR 45 2R 5
T S T A B R T 32 A T A 45 e ) i
(T AR A RE 5 2 AR 45 A T2 30 G 1 59 1
TRAE TG PR B9 8 At 7 AR R B MRS R .
B R U R S A2 AR I ol R0 L RS R
B 55 BEAA 1) W 3 5 v, HLSZ IR VR B 5 45 G ik
1 AR Ko (83T A A5,
1.3.3 RS 78 BV R 32 Ik 58 B Ry
SEVEZE GG o 5 A 0 1E 45 SR 1Y) O S 2 A0 e AR 2
RSN RS/ e i A =i=8 )
b S T R B . R AR P AR S Ok R
5 0 WA — & L A BLIE R BCE A
2 Bl v A LA e 7 A 2R p LA (25 8 T 2R T
T B AR A F- o

B — 1 A ALV ) i BV RT BE s B AR R



el M

A < 2R IR B B AR AE o 23 1 W 2 Y BT 645

S W R B 5 S T 05 R 1 A AL
V85 7 U] i 4% D /0 TE AR 5 R U R T AR R R PR A
4. Nikolic " #2877 80 % FHEEFN 10 6 I i
+2 00 B R 43 A Ry R DG VR B L 2w e | AR
S WE OBLIE A B 3 FP AR AR AR AR MRS A
Py IO A O ke 1 e A S R L 2 R R L
FH 10 70 H P+ 2 0 Tl TR fife 85 YA LL 80 06 HR LA 8
WK FH A 5 B B R AL. A PRE 4 Xu
A5 L0 ) R i AR DA v 2 52 A AL o B 3
B NS VA A b Tl ) 59 s 2 B L 2 ok B A R A
P 7K YE B W B (50 ¢ 50,V/V, pH3. 3), % 52
B 20 RN ZS AL S L AR R RS B Y
Wi 7 A 5 A . PRIUL , AEHE AT B UB IR e B L S T
E— B LA R A RS
T2 1) A6 LV TR i B TR

1.3.4 HAbmEE T/, kTR
b3 ASE N ZE AN HEEE 5 B 1 Y
S DRI YE T 8T R € NI B TR € o
SRR LS AL . W S PO A A R 0
H I (] A B AN 7848 45 5 i T O 5
A AT PO SO T I o o VAR e VA
SR R A L S e A R R
14 36 2% 5% ) B 1O R R B0 B T S K
B 8 B 23 5% AR S GO R) B A AR .
S RN U8 5 75 AN BE 5 4 T IR B BH 1k S 58 4
FORIARRESE R R S HE AW AERE S
PESE A . UL AE E A7 88 08 5250 L BR T RS
3 1 X B 2 DA ok A R PR PR S5 SR A e vl R
G P e B E T G2 vh W AT 2 IR VR DL ek
T8 020 Al e S B

2 FMBRERERRERGFERS
i 1%t o B9 Bz Ff

HEGVE N R BRI 0 TR N 2Bk K
M T F W SR HAT 0T 2
Py J5 1) A9F 9 3 8 AR AR 8 0 2 O S Al
Bl 20 0 B Al L AR AL S AR
Jei o T8 3 A R B A R T BO AT 45 A
s e B 22 B Sl 4y L A R R R AT AR
SFIPEPEMY o X R E S ORI R A S R 0TS
AR R Jotk 5 B R MU | g ol B 32 » T HL
RE LA S 75 R A E A P A 9 R Y el iy . O
1 208 B B AR AN ELTRT A 1 3 R 2 Y 0

gl Ak 20 BR A rb 2 08 R B A Y T 5 4
AE— 25 58 N T L RE 98 A R0k o R TG M ) T
{18 T 5 R % JBTT 0 T it o T R 45 SR HE R R
e Z T A 255 A U oE .

AR 32 FH 5 08 U8 5% 4 AR, P 2
02 = A Z2 T T 0 4 22 P o 25 W T A 2
TR B A S A TR 00 1) 700 R Ao 2 IR D A 7
HHEE T P28 54 WK F DNA LA
WHEEE IR, Zhou %1 F &0 #
U8 JTT 3 AR o8 2y b, DA i i R S 7 AR
A o AR A 0 M Y 5T A A 4 B B
MAAb 59 .3 MR 2K G . RIG . R AE
AN BT PRI S T k25 H AT ) i 4 B
Wy e 25 RE DR AR W 1Y) o G 2 B T A9 A
SEILRW] B BT 5 o W T A A
8 B 5 W 0 3 1 TR O 5 o 7 4 T R 2
A0 W o 0 25 W T T U0 0 95 A AL e e
L BCH A S T LS5 S R 2 7 R A A
BRI A . Liu 2500005 1 JE I e 45 A
Tt e 80RO 83 - FL WS 25 22 4 £ BB J5T 3 (UPLC-
DAD-ESI-MS") I B it 25 46 15 - [m] Jig 34 4% ot
T (FT-ICR-MS) 4 AR B 2y i A P+ 2 48 J ) o
e 12 T LA B A AR Ak B A VR T
Jii , 332 Fl Nikolic 25" $F 4 COX-2 #7 l 55 417
il BE 1 A L S B X 12 R A & S
To WEFEE R, 1, 2-Z8 1 L A 2 B R &
PR A 0 EE A R L i R T A v g R R
BT DA [R] R 82 3 5 40 451 550 10 90 1) BE 7 5 31X
— 45 BRI R TR T AU 2 P B A

AR DS TS AR DA PR L R A R A
Bl )3z I T 0 3 v 24 B T R 3 M A
EI2 , H A 8 TS B R R A — SR R )
m. kG EEREEONIERRETHEE SR
FUMBPH P 25 2R DA 8 7 2%t Y e ) 3R B
T PEAR 59 80 S8 WA T . i B R 45
SR 7 T 8 O 32 B T DA | A AR P AR Sk o R
Yang 555 43 51 LA 1 i 2 198 6 R A8 M I 24 1R
g 8 AR AT T 2 AP AT LR, R AT UPLC-
DAD-MS" $ A X} 52 56 41 Fi %) H8 21 B9 U8 R 3E 4T
G3AT DN S AL I 5 IOy e B O 4 S 12 Fi
FLA T 2R T 445 5 05 R i P o T o R A
PRSI HEAT IO L JcJa & B T B2 Dk iR
AR RN LD 2% Ty D-nik iR G A5 R T 2 RO



646 L S "N PRRE &
T 2 R 410 181 79« T I 14 Bk A5 XOD 454 15 0L i ik
FIAEVERGAE g xf I BARTE — B FR L b TOUI sk S 49y 5t 1) 3% 1 O 45 4 1R S0 i 3 M S

AT LD BB A 45 2R ELR  — S AR R
VR BE 2 B RO A B e A5 SR . Ol i DR X — ]
W, Song S5 5T HEER [RGB
MG AE P i 208 I S 2 Y 4 Fof B SR 2 il 410 7
FR o A A 2 TR e W S Al ) 5 A ) R
AR R F b 5 VR 4 ) I AL RE
15 5 9 7 INC PR A B R Ve S A S P a5 72
o PR AE A M (] 32 9800 46 45 ) AL 23 1 1Y
WA R — el B A I T 5
ek TE A IR A 2R D 1) 52 36 21 AR B3 I AR A R
ELAR) Xk 2L A 9 1) i I e B TR AR D
) 955 1 ) 0 DB S 6 L 0 3 P e i e g )
BART XA L fn TR 2. b g4
SR WL I I R A7 BEL B 7R AT LA ok 2
FEAE 5 25 5 TR A8 FH R 45 2R . DT 48 v 5
IR ER L . 7R UL R Al b PR DR R A
HEUE G 7 70 B X HEROR A 45 & L BTSN e T
56 1 A B AR S O e 9 L B O SR M A
R B o AR O« S R o R DK
Jo T £ AR IR O H G 0 /0 o 13 R I
FLU R0 18 B /N 3 35 R o R AT 4 ek
i B — RIS s wea - FUH T8
XHE AR AN 45 4 i S ) BT e 0 S o 1
Z () (R E A P S0 AT 4 9 A O 6 AR A
BRI PRS00 PEAT S0 . X DR K 0k S o T
OB X B AR N T 22 H 24 52 Ty 4 590 Bk 4
S 70 v % 8 A S i (CXOD) 41 1 500 18 43
D et % 5E Hh 3 MHRERS 15 XOD $§ k4 1
WEPERLSY o 8 X e A A 3 Fh s oy BE AT 2
AL - 75 2 LR A5 9 1 23 108 FE AR A

fEft ) it

XOD@—’ g _>

n EFEEAC

© I S AL = AR

B S BL 3 . A- e B 4 T R R RN 3. 5-
w45 T R P IR O XOD R 8 s 5, HL
A — 3 1 1G5 fEAR T 2 vl BT 25 1)
WER T o Hy 2 AT DL o ) P 8 i B3 AR AN ST LA
M 24 3 O b B R R 1 P I G T LA
TR LB N © %R (9 15 19 IR AT 45 1
RO T R A 2 A DT HE AT 00T 2 7T
e i P PP 2 5 A W e B (A R g

LRI AU 20 i N RE S R 2
B2k SR E R R A S T AR A
Ko FLIRF ST WO A 4 AR L BT R 2% R
FRE PR o 458 A R 2 3 5 Lok A 2
AE SR A 5K, BRI, DLZORE 1R 25 B~ i 19 2
Wi e T LR . AR T LAY LA — B AR
O HB AR B R B B 3 9 R ) R, Yang
ST A B B YRR - IR T R
AL T RLZORL A Sy 1] B A 3 R R 6
6 Y B % 2L X 32 0 9 9 0 T R R AT
M DAl 1 200 0 25 R A T EE R RE 7 I I
DA E) 19 Bl A M6 PR A5 0 L il A A
2y AR SCYR R SR 9 R SR RE S S #E LR I
WEVECL R 25 15 . B % 85 45 N 2E T ORI
Y oL o 8- 0 T T i A 2 AR
NE i ge 45 3] 1 23 FhAl 5 ok (K 45 5
PEAC &Y M8 7 17 Rk 51 . FEIL 2
fii o SR A ARSI 25 B 22 SLRGUE S T 7 ML S W)
HA Y LRAR N RERIAE T . BEAh . BFFE A 5
R HENZ AR 37 - R LB AR E AT ]
HepG2 20 Jifg 318 58, 42 w5 Bk %0/ & A B 24 1
(0 JUL 2R A7 3 3R I 5 45 R AT o TR T

/1 HPLC - Q TOF MS
g 117.0342 151.00(C,H,0,) =
2 80r ~ OH
=] ~

L j—— 3 [ HO\Q;(:j/Q/
< 40 269.0465 0
[} 151.0029¢
E 0 bty l T OH 0™
= 50 150 250 350 450 H7.03(CeH;0)
~ mlz

AR R LRI S

2 PANIETR RIBRETF B ERBERFE REED

Fig. 2 General workflow for AUF-MS screening method combined with febuxostat'**!



el M

A < 2R IR B B AR AE o 23 1 W 2 Y BT 647

23T SR AR SC B AL R BT e LR
L i) B 24 3t TR A RS A

A BIE 5 2 R U8 AN 2 2 R AR &
BVAT T PHLRIBFSE . Fu S50 0T
O3 BB B A AL A 2 A B H HORLSR o
FBLT 30 BN 22 43 I RE -5 3R LI A% AR
PR T IR G205 1 A% B 1 25 B IR . 2 IR G W)
BRI B AT PRI R A A W A o A
Tiik - B2 e 18-p H H IR A H H A JLE A
RE W8 0 25 R AU T A% 2 1 9 AR R O 5 = TP

R SRR AR BV AR A S IR E S 18-8 1
TR TR AE A R 7 RNA Jr B 5 B W R
HEEANLS G ORI R AR T
FEYUIR 5 7 10 1V FBILAR O §0 0 75 25 0 (9 JF
Je PR il T 2 9 B b 25 H SO 5G9 52 05 Bt
FEIR L T S h R

LA 25 0 I8 53 5 A0 R A AR S 5
S G B B T 245 48 O I 1k 9 Jo i
BEETE . 3l 6 AF R . 25 A0 U8 5 £ AR 7E o
257 RO i 28 TR R BT 5 SE BB AR L

®1 FMBRRIERAREFLGFERS HiEPHELHE

Table 1  Application of AUF-MS to target-oriented drug discovery in screening active components of TCMs’!"
LIRS ST 53 W 5 SCHR
Targets Analytes Analytical methods References
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