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Abstract: Type Il ribosome-inactivating proteins ( RIPs) are an important class of protein tox-
ins that consist of A and B chains linked by an interchain disulfide bond. The B-chain with lec-
tin-like activity is responsible for binding to the galactose-containing receptors on eukaryotic
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cell surfaces, which is essential for A-chain internalization by endocytosis. The A-chain has N-
glycosidase activity that irreversibly depurinates a specific adenine from 28S ribosomal RNA
(28S rRNA) and terminates protein synthesis. The synergistic effect of the A-B chain inactivates
the ribosome, inhibits protein synthesis, and exhibits high cytotoxicity. Ricin and abrin that are
expressed by the plants Ricinus communis and Abrus precatorius, respectively, are typical
type II RIPs. The toxicity of ricin and abrin are 385 times and 2 885 times, respectively, more
that of the nerve agent VX. Owing to their ease of preparation, wide availability, and potential
use as a bioterrorism agent, type II RIPs have garnered increasing attention in recent years.
Ricin is listed as a prohibited substance under schedule 1A of the Chemical Weapons Conven-
tion (CWC). The occurrence of ricin-related bioterrorism incidents in recent years has promo-
ted the development of accurate, sensitive, and rapid detection and identification technology
for type Il RIPs. Significant progress has been made in the study of toxicity mechanisms and
detection methods of type Il RIPs, which primarily involve qualitative and quantitative analysis
methods including immunological assays, mass spectrometry analysis methods, and toxin activ-
ity detection methods based on depurination and cytotoxicity. Immunoassays generally involve
the specific recognition of antigens and antibodies, which is based on oligonucleotide molecular
recognition elements called aptamers. These methods are fast and highly sensitive, but for high-
ly homologous proteins in complex samples, they provide false positive results. With the rapid
development of biological mass spectrometry detection technology, techniques such as electros-
pray ionization (ESI) and matrix-assisted laser desorption ionization (MALDI) are widely used
in the identification of proteins. These methods not only provide accurate information on molec-
ular weight and structure of proteins, but also demonstrate accurate quantification. Enzyme
digestion combined with mass spectrometry is the predominantly used detection method. Accu-
rate identification of protein toxins can be achieved by fingerprint analysis of enzymatically
digested peptides. For analysis of protein toxins in complex samples, abundant peptide markers
are obtained using a multi-enzyme digestion strategy. Targeted mass spectrometry analysis of
peptide markers is used to obtain accurate qualitative and quantitative information, which effec-
tively improves the accuracy and sensitivity of the identification of type II RIP toxins. Although
immunoassay and mass spectrometry detection methods can provide accurate identification of
type II RIPs, they cannot determine whether the toxins will retain potency. The widely used
detection methods for activity analysis of type I RIPs include depurination assay based on N-
glycosidase activity and cytotoxicity assay. Both the methods provide simple, rapid, and sensi-
tive analysis of type II RIP toxicity, and complement other detection methods. Owing to the
importance of type II RIP toxins, the Organization for the Prohibition of Chemical Weapons
(OPCW) has proposed clear technical requirements for the identification and analysis of rele-
vant samples. We herein reviewed the structural characteristics, mechanism of action, and the
development and application of type II RIP detection methods; nearly 70 studies on type II RIP
toxins and their detection methods have been cited. In addition to the technical requirements of
OPCW for the unambiguous identification of biotoxins, the trend of future development of type
I RIP-based detection technology has been explored.

Key words: type Il ribosome-inactivating proteins ( RIPs); N-glycosidase activity; toxin;
detection methods; review
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Fig. 1 Structure diagram of the three types of ribosome-
inactivating proteins ( RIPs)[!]
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Table 1 Highly toxic type I RIPs and their toxicity!?’
Toxin Source Toxicity
Hela cell IC,,/(mol/L)® Mice injection LD,/ ( ng/kg)"®

Abrin (MHEAFHER) Abrus precatorius seeds 3.9x107 "2 0.04
Ricin ( EIRFR) Ricinus communis seeds 6.0x107 "3 3
Mistletoe lectin I (H{ZFEBEHER 1)  Viscum album leaves 1.7%10°° 24
Modeccin ( Z5ERFE) Adenia digitata root 2.8x107 1 5.3
Volkensin (Hi#EFHR) Adenia volkensii root 3.0x1071 1.7
RIP (RIP %) Adenia goetzii caudex 1.0x107 "2 -
Lanceolin (HIF2#% %) Adenia lanceolata caudex 5.0x1071 6.8
Stenodactylin ( FiFEREE) Adenia stenodactyla caudex 3.0x107 3 1.2
Aralin (FTHIAREEER) Aralia elata shoots 1.3x107"2 -
Riproximin ( F] PG HEFXR) Ximenia americana powder 1.1x10712 -

a) ICs,: half protein synthesis inhibitory concentration; b) LD,

. lethal dose of 50%. —: not reported.
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It B5F ¥ B8 UE ( provisional ) 1 & #§ UE ( uncon-
firmed) , i F Il ! RIPs # % 1Y & B A0 ok,
OPCW LSRN ity w00 201 52 IR Bz vy 0 031) FA) M — P 2
S AR AR AL L 1) R B % s R kRS U 1
BER TR B 5 2) N - HR I B i A U 22 /D 7
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TEM) B BEBESE RIG TR S e 45 R, A DR v 7
(1) B AR5 B 23 BT A2 B2 3 % A S OPCW 45 5 55
AR P ERFE S N2 R T s A 55, F R
FERAEE T 045 Bl A 0T 1% 445 4 4 22 | ELISA 2 i K U
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(RTA) 1 15 47 B 0% P9 0T ) AH 5 8 1 0 R it ik
£ (ERAD) ¥ A B #iffif 2 J-fd RTA %5t ER [
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ER: endoplasmic reticulum.
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HAE T A RIPs 8 2 A0 b i o 2, B
B L AL 2R B G HAR  H B, 2 e T
ELISA J7 ik R M Shyu 457 #57 T JR
FTIILE A A v B PR 33 2 1 BUPL A 2 0 ELISA 2 i
K75 A BRGA 2 T 5.0 ng/mL, T jRrag
HI B RREE R S e BEHTIR ( MAD ) 3D74 FIARIC /)N
FRPL- B JRRFE 3R PR v PR LA 4C13 HUAR 2o 4804k 1y fily
(HRP) , #7122 s 0 iy 375 00K BRA 2R i v B
FEEE 2 0 M I 0 ELISA J7 ¥, & PR h 1.25
ng/mL, 75 %0 FH T BRREE R A 20010 1 e
FERRIDK G R RO I M RN e D A 2
ZUp S DA Y BERR 85 2, Leith 45" 1 FH 5% A
-4 Rk E ALY I8 5 A W) (avidin-biotin-
peroxidase complex method, ABC %), &7 T 3
P SR AS B RREE 2 1 5% 4 ELISA K 7 vk, 46
HFRIAE] 0. 2 ng/mL, ELISA J7 VA4 i st 2 X ik
(R BLSR M h 8T 221, — EL B AT [ 5 e i ]
LN M P A R B2 R, R ATk
(B R 5 BREEE R RCAR0, A THEY
FHIE T 5E4E 2 (abrus agglutinin) ) — 42 ELISA J5
PRI T %Y RIPs 35 2 M F AR, B FE i 3L 2
ZFREE AR A, B 1 4 SR 0 AT R M R R 4R
Wi, M T X4 I & RIPs [6) 5 2 A B R 2 £ M
RCA120, % [E Robert Koch #F 5% H1.0 P& T B
JHRFEZ A1 RCA120 9% J& 30> ELISA Jrik, B
JiREE R -ELISA WL I 0775 0 H bt RIS (LB
JRFE R A 4E) ST RIO9 (PR E B &) W B

JRRE 2 1 e (A H PR A 3 2 pg/mL, fE =GR 5 ~
708 pg/mL, 7F B PR 2 i R T Bl Y i
%5 A ¥ & 1 RCAI20 3 A KN & 4 38 X v
RCA120-ELISA Xdifhse 0o 5 i il RCA120 Fidip
ARK4 FIZ 471 IGY RC22, % RCA120 f feILAS: i R
iKF) 1 pg/mL, & &L F M 3. 00~ 1 549 pg/mL, 7¢
RCA120 Y246 DN 75 Bl PN, 3% 5 6 0k [] 54 11 B
JPREE B IEA AR A 28 O, i 0 X
ANT5 R AE 2013 AR R B 24 56 0 P MR B R 2
FSE AN B8 1 % i, Wi 2 52 9 N RE S
VNI B PR 7 2R al B RRBE A R, A D 4 R v
BEFIIRE] 90% LA I, 2017 4F, He 25120 )\ 7 FhAH &
T8 R AR e BT M A3 ) 2 o R A R R
AR B BEM R PR DR TR PR
et ELISA Kl J5 2 1% 07 L BB X A0 tHUE F 8 %
R AR - BEAR R A= WA 5L T AR 7
FEEMIERIA N 1 ng/mL, BEEPUARE AR AW &
J& ,ELISA S i (e % @ v i s TR KAtk 4,
SRIN , BLAEIRAS L I8 PSR A B A, il & AR 8 v
17T L5 2 2 32 35 J 1 it AU B R 20 1) DR A 25
212 FaRAcKZGL®

5 1 i BN 7 (western blot, WB) Sl 281
G FEL K 43 B V1A B 1 B i 2 R 1) TR I (o) 2
TEERLF e R ) b, PR bR bR 2 & & — 1k
PEAT G 8 I 7 1 5 M R A I O i, I AR OR
WB L% % F T [ %Y RIP 2 £ 41, Lang 451"
R H$T RTA 5 s E o #5r T B RREE R 1
WB K 7, e A4S B AT 35 1 ng, %7 B AL
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ThISE TR L3 T 2H R St o B R R A
RN 730 A B I bR 7K 724 0. 67 pg/mL 9 4e Ifil
T8 NEZH USSR A TR ) BERRRE 3R
2.1.3 R ek PEBOR R & g R

£ 5 BE P i 3R (immunomagnetic micro-
spheres, IMMS ) #1445 H 47 8 [ B A4 5 i 1 Bk
HEATARIR , R S M K 5 2 L b ) B bR B 1, AT
S7 | s =R R 1 R U S IR AR 10 R e X €2 € T =
BB RO BRI R A S S
PN AF Rl LA R AR A B R M4 T
TR AR 8 h 4R % 2~4 h'0Y
BE T G2 i PR T 1) A A% SR I B A | L d KA
SR RERS I S OB R IR, SEBL 2 Rl R W TR
B 38 ARG 0, 2 S R A B A T 1 AT B
Delehanty %5 (i FH P & FoL 7 A 45 JEE OB AR R P
SIGPE S R, 7E 15 min PSEHL T FLEE R B A BR
W HE % B(SEB) | B R #2125 F0AT 1 1) [] 1sf A
Wb B R R A R Y 10 ng/mL, Ligler
DN B i — A BT, LB T 6 FhaE R
(TR B ARG, Mu 255 K e T — B 3 T 3 i B
(TMR) A= A% Jakeis 1) B JRR 1 28 DO A 0 37y 12,
G (R 4R 5 TMR W4 f % 2S5 5 R A 3L
M2 A AE — S 38 A 5 D ) BE AL RE 15 5 SR A g
R AR LA I G S B, SRR i 3 A PR
R, a2 a2 K DU A9 £ MV LY 1 ng/mL ~ 200
pg/mL, IR T 2B Tt 8 Z K
D2, o] DA K 3 B IR SR R
(53 HT iR . Nasirahmadi %% LIS 9 D2 FEHR
(IR BE 53T B3I S IV SN, FE SR AMDEE T T,
FETIRE BRI 67 22 [a] 1) SV E R O 100 B3
REW SR 2. 5% 1)+ — b FL 4% FR 84 ( SDS)
F10. 6% LR X A WHATATE , 245 8 A=W iE
TR 5 BT A 40 K A 0 A2 St 1o FH i 5 PR
FEAERE TP A 2 2R R PR A, A i PR 43
W24 0.5 #1 1. 25 ng/pL,
214 EBREMNE

H T E RGE 10 56 T 5T AU R B Y G 28 S Mk
BA RYUE R L RYELr FBRR 8 B S0
Tz A 2 i b 4% RIPs 25 (8RR 75 &
MUETFHERMRN , A7E A LI s KR
J15i S BT, XSG =B A RE R
o, PRI AeAa e e 4k 22 . Shu 257 il i 45 4
BB A R G AR (SELEX) , 454 PCR 14

HNHE Gt B IR RSN E P AR 2] S B
BE R DU AN FNRe 5 A 24 1) SE A% 1 R 3 PR
FENT T HE TR A AR B ) 22 9K LA I B R SR
THRREZ AR, Tang 25273 {fi ff SELEX
ARG e T B R 2R S 2 s B
FTHRh R A m A, 2 =R 1 ug Ml
0.3 ng., SRAEHBIEHM E 38 B iR 1Y o R I3 AE
TRUEM AT B (AAAE ik e e R
R 2E i, K 1T & RIPs 35 2 A 45 S kiR
BIFEAR B —A A T35 v & Feoe R by R R
o PR FCAAR
22 EYRIESW

20 4 80 A4 & A ok 1) 5L i i B o o T
B34k ( MALDI) 1L 1555 25 74k (ESD) £ K, 4
SyMTRREPEZE MR & 0 A W) R4y AR AR AL T
I A3 M T B, 1O B 22 1 B2 SR 1 B AR vy
TR A SR TR 550, s A9
[ OB B 2 R A S R A T
I FH A= B B3 B AR AT DA SR 14 11 TR R o 1
JEHE B 5E |, 2000 4F |, Despeyroux 45 fifi i ESI-
VOB AT (Q) BT X B JRR 75 38 A7 45 0, B R R
TR LSS B Ak ™ A 22 g B85, B 500 64T i 6
TR, e A B Y M X 43 F i o 63 kD 1Y i
TR Bk B RREE R AR X T AR, A PR I
TR & JE T AR B A ME R B A o T AR R
PN BB T S5 5 4 S vERf . 1) 40 MALDI- €47
B[] ( TOF) 15 43 B o i3 9 4 1 FH F %5 7 50 %8 B AR
BRI 127 T T 3 i B PR 2 2 A9 AR 40 1 R
R 62766 Da'*' BRI, FESZ PR AR 43T
RN E AT I 45 i 1T & RIPs 7 2% il iR 45 48
(75 S ) =N [ R=3 7. W 5 =1 v
fitg % , 7 H LC-MS 43-#r kg 2 &l 3 5k LC-MS/MS
B 1 0 R e S A B A O B SRR R S Y
YE S R IR R T NS5 R X R A m &
BT AR ST AT
221 BFEFES RS

S5 5 M7 A L B Bk AR 24
P 1) BEMS E B 45 B R AR IR B AR )y
A1), DTS2 30 v B[] U 1 T 1 2 S PR S a5 2) 1
R s B R P L B s X A= WA = =X i
L5 3) Ak ] AR S U B ) e A A G S B
11 74 RIPs 5 2 JFR 0 A, e Bt o i
AT LA 45 b 43 8 Al A B AR (e i S5 A e P
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Bk —4E R IR ) S5 A TR TS AT D6 H AR
AT E LA, BRARIE T T, Se sl e L
Il 7 RIPs #32 &— R BURAI B TS 0 4
MrofemsaniE 3 prR

it e o i V2 R o3 1 BT A A I IR
Wy, 9K J5 18 5 43 B i R (LC-Q-TOF MS 1%
MALDI-TOF MS) 43 # ik & 8¢ &l 3% ( PMF) 5§ LC-
ESI-MS/MS # [ I 7 5 S5 P IR B, DA 1T 55 L4 11 )5t
(% 5E . 2001 47, Darby ™ & CF PMF 1 1 F
BRR B 2 1Y %, 4 ) i/ LC-Q-TOF MS Hl
MALDI-TOF MS X B JfK 27 3 (Bt 7 ) i 47 539t
SEA BRI R, S e B RREE R Y 14 AR
Exo Sousa 45 SR FH N # i5 75) AE B ( ASE ) # AR Ak

A BERTER M 4R b, 25 SDS-2R TN M Ik g Bt
)?x(PAGE> JHRFE H % 5 >R MALDI-TOF MS X}
it it () K B A T 25 5, 4 PMF B0 A 28, %5
BRI 19 5IKEE ARG X 3 ZemfE— MK
Btk MALDI-TOF MS/MS 2 Jfii i, 528 1
LR EE R ME— RS

Xy B AR AR B e (ELAE A T AR
W IR G LR AL RS K, R
i R — [ L, A BT 7)ol B 2 il A 2 1 o A
()7 AT 51 10 FH T B R 28 19 2 B 55, 91 an
T it P A5 T T P 2 55 BB A AT S8 IR, 1
B A S R R] X M E R R e
e R R D 4 T TR A T B R A5 R, B AT,
T7A T11A T6B il T18B J& B KEE K 1 55 11 Bt At
KBt FH B 2 i AR M IR BEAR IR, 1) 2 i
3%’33!5 BORTRLEE DY) AR 0% PORLAF 52 2% 5 i rh R

FEBGRRCRER 2 R A YIS, A it
5T e IR CG A B T 9 2 11 T e il e 2 2 D AR
R BRI R R B, I R Sy T —Fh Il
1V R 2 1 Tl T ik PR 7 R LR B v, I 4
o T BEARRCR B AR SO A 18 h i % 4 h,
Bl H AR B AT 2 Ak, T s R | B I
FERNEFRAREAE A B RE S  & TFB v H TR
ZeAEE T BAR oy 85 5 alidk, 5 5% SRR A 4
G RO E ST MR EE EZWIER, 2011
E FEg L (CDC) (19 McGrath 2815 5 1 i
PG B IR BE R BRI S BERE IR , XK K (A= 30%
ST AEEL BT ) B RR R R T R, SRR i
fif | I FHRORE €003 - e 1 5 1 B U S 1) 5 0 B PR 25
R AHEM B M AR S REL (T7A A1 T18B) , fe 4t
SEPLT BERREE R 0 R U E 5w, A
HFRIAF] 0. 64 ng/mL, 2015 4E, Fredriksson %>
SR FUBEHEE AR g S5 se A, XP R K, DOk B R
DA R SR i i g M AU R B T %Y RIPs 5 R (IR
R METER EREER) TR %,
é%é.‘ﬂ%é%ﬁ@@ﬁ’%%ﬂ%ﬁ%ﬁiﬂ%ﬂmmﬁ“&7!% S
SZZRFE N TR RIPs 7 R MER % 2, Feldberg
f—r“”%ﬁﬁf?ﬂéﬁ&%k%%nzﬁéﬁﬁgﬁEI*&ﬂ%
BRI AR S T S AR i PR i R R Y
I 73 53 718X A ) b 3 DX R B 60 FfAS
[ PRSEAEAS (9 Gn 4= 18 5 R 8 ) #EAT I E , B
JREE R AR IS H BRI E) 1 ng/mL(g) .
B T e FE IR 2R 1 R LAAD , T AR Bl T AR
AR T HALE ARy 1, ARREA " R G5
THERREERTEA R E H B (RO, EE A,

BERREE R ME — VRS Y (R TR BRI KORIBEER 1S/ A B T ( Glu-C ) ER IR
o Dataa—lcli:g/esrilgent \— —p Database search
l__ T
liININ Match
SDS- PAGE\ [T v X
separation Targeted

’. LC separation
. _’ ’—P %_’ coup]e% to MS

analyzer

,/
’
’
R
’

Data- mdependent
analysis

.
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Fig. 3 Strategy of protein analysis by mass spectrometry following enzyme digestion!*!
SDS-PAGE: sodium dodecyl sulphate-polyacrylamide gel electrophoresis.
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i) 1A Z& 1Y S O A A% 4, R I LC-ESI-Q/TOF
MS 5543 B I 335 ) il A = 2B W IR BLIE AT 45 8, 25
e EEFEYHEAN B S0 (NCBD) 86 B R
Xt 6 BT KB B SR M UEA T A S 20 28 I T ok
Y T T PR LR e R A ) IR B AR S R R
I RRBE bR AR, KK E & T ME— M5 B Z K
Bibr e BE L, A AR Y S B T
&4 HPLC 45 J7 1 30 [ 7R U At 27 A= A5 ) ( Vis-
cum. Oloratum Nakai) T 25 45 8 R IEAT 905
glifk  ffH Glu-C B ftit 24 5 K, 285 R H MAL-
DI-TOF MS 5 il fiff (%) Bk B b A 70 5, 1 IS H %
A VXt AR 2 42 B R BT, Braun % iiH
TP B R VA PR B R EA T A, i e
A o - I %o JBE AR 1 I R A A T AR R
BB T ) S0, W) SE B T A A LY AN
TR i BRRRE B AU K

AR TR TH AR g H F 1T &L RIPs # % 11
GBI SE, Chen 451 SR I fd st il Bh- IR T i 7
AR PEME K A BE IR R LR T 91 T (1) R ARk
B KR AR EE 15 min, KRR T RO ACE,
454 MALDI-TOF MS £l , sl o) %5 28 th B 2 D
() A SE B, Ry B JRR 7 2R I W UE S v i T —
AIEEHAR T B,
222 FEgEEELM

Bfifs LC-MS HiRM & &, Hurks TSR &5
F MRS, T 22 109 %% 1 e 72 B T 5%
RO 23— R DU AR B (LC- QQQ MS) 1Y
22 J o W AR 2 ( MRML) 1 AR €2 3% - DU A3 AT 3
B FBF B ( LC-Q-Orbitrap MS) 4547 S5z 17 W )
B (PRM) 76 55 58 1 3l 25 70 il 9 ELAA AR G i 2k
Wi 17, 76 11 7Y RIPs 7 2% A9 T4 Mr oy i3 17712
(D& AN o % 5 2 8 AN T [l R b i 19 Y
B, B ETRWFIE R 2 36 F R R AR e 2 K R 1Y)
2%} 5E T S W ( absolute quantitation peptide strat-
egy, AQUA) . 74 BT HT, [l FE 5 v 78 i 2 vk
JEMRN RARE i Z KN AR, i T INAR kB 5 B br
JRBERR VR LA A TR) 19 €0 35 RS 33 R AE 3 0o 4K
SE i SR BN PR B B 46 %6 = BE | S 2R o
HAREE T 2 A, Schieltz %5 R ] AQUA
51 R 0 S SR, %ok 18 A [ 7 i ) B R 1
YRR 2 I RCAL120 HE4T 2 R i, i W55 4
IR TSR] = i B R 7 H W R I A RIPs #5 3% 0 & 1
25405 8., McGrath 257 D[] 7 2 P9 A5 ik B <7

TR A SR S B IR b BB R
REF - BEA SO 1% R o AG I O vk , R PEVE L #E 10 ~
10 000 fmol/mL, 2017 4F Hansbauer %" ij /] Ji#
A A 5 TR AR [ S 780 AR 75 K B
W, B UREEE T AS A B A B 5 R MR
I E A,

AQUA JE ik BAR B TR/ 4t H
o B PO 119 M B FL2: T A IR B TG v 3
B ZFETR T R Y, HRBAERE S & 5 A
WA, FEOE A5 RARAEAE R ZE . EH0 LA L [m) 8
FHER U S T DL R B AR 0 19 8 A
PR 1 2R 1IN A 48 X 3 & (protein standard
absolute quantification, PSAQ) 5%, T JC40 i
PR F TR R G, FEAR A2k B iR R ZARic i
WAREE T, T PSAQ AR5 H bR 1 B A AH
AT A AR 5, R RT ATE 3 AT 1) SR B Bk 2R
AR IAKE by e i T 2 B i e ook A v R AR
V1R 10 958 2R AN 5 5% i) B, 10 S 1) T A 1
Dupré 45157 {ifi Jfj 4% PSAQ W ARFRICIES & Q-
Orbitrap = 79 50 3% 5 2 WF 98 70 £ O 55 2 2
Fh R ERREE R A B S EHAEREEE B AR
JEJEHR 5 & ( clostridium perfringens) 3 fi i %,
R BRI IR F 1 ng/mL, %0776 1 32 B2 B2
PSAQ PR 1A B il #5 e BE A | A i85 &5, A8 I F
Il % RIPs & K HU55 19 AT, 28 R NARIM I
H5H1% K250 1 £ RIPs 5 2 40 00 5 fA 1
S BRI, H RN, FH G AN AR S FR 8 R4 i 2 ik H
AR ARIHE B AR 1T A RIPs £ H &%
[R5 28 bR B 2 0 5 1
2.3 HHEFEEMESME T

G B 43 AT v 0 A S5 vk ) 1 T A
RIPs R W the sl (H L e R 2L
PREEREE, 117 RIPs B 2 Y 75 1 56 12 78 52 i AILER
VAL B o SRR DL R 52 2R 2
WrsE T HAA EER X, IR R 0 R Uk
P28 B IR AR SRR i AN SR B
PR R P R B AG I [v) B R o) L6 v 0 A
FAF, HET, X 1% RIPs % 2 00706 1 % 8 — ik
o6 IV M4 Y52 1 T ) 3 R 200 e 3 2 9
2.3 JRrEe E A A

1987 4F Endo %% FF & (1) e 4 i 5 1 S
Fe iR FH TGN T 7 RIPs 2 2 A% I IE 04 15 1 9 0 A
751k 4520, 28S rRNA 45 11 28 RIPs 435 T 5%
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i 539 &

R SRR B A T ik, et — 20
WERT, 1T #Y RIPs DAK i J7 By 4) T 28S rRNA
AP N-FEF 8 62 AP )5 ,28S rRNA 1955 50
F1 30 NEFR R ARASANTRAE | 2R DR M I o A
g B R R A B S R 29 400 AT R Y
RNA 7 B, SCOL B EE R MG RS E

2010 4F, Melchior %52 JF & T — F i & 52 it
PCR K 773 1% 07 75 A1) FH 396 2 Sk s — 1> B REE g
I AR rRNA 1 & Az i R4 s o7 1) B 56 o7 8 1
fZALS N T 5468 A 7E 55 C . pH 5.0 54 T,
B R 5 RNA A B AR, SR RO sk R
cDNA ; ffi & 1 PCR J: X828 FIR 228 1Y) RNA
A7 78 FE A, S B JRR 75 2560 RNA IR ) B0 Iy 7%
PEYEAE o 27 AN TR I PSR A RN i R T
rH AR B B R R 2R Y B RERS TE A , O VR R
HE AT

1989 4, Zamboni 25" 1 Y g 1] HPLC #5: il)
I FLAZ AR AN A 28 00 WG 2 IS 7 o TS P e M 4« g
BOREE AT 118 RIPs & 11 5 BE A YR EAT
WEE RN, 28 OB I SR G AT A, e 28 9t
For I 538 4 HPLC A6r i Ji R 0% | S8 S EAT AR R 42
15 T HPLC Xif JI R w8 (%) 6 0 5% 0058, B PR 75 3R (A
PR A 100 ng, JERmybtss &8, 11 4 RIPs 8 R ik
ALY DNA . RNA K poly (A) JiEH %k A= i 14 1
FHEeN621 - Chen 251 5% H] HPLC J7 81598 RTA %I
ZEIRZER Y RNA A RGEns Sy L3 S 8l g2, 45
R, RTA X} RNA JEW AL R 7E pH 4.0 5%
P FiE3 s, HPLC 20 Wik i i S0, S S AT
AR IE — A5 A RN ) 2 Tk A5 B, T 4L 0. 45
pm i PESEEAE A BE T HPLC 4347, S 80% 5 1
R I FERTIC

1S HPLC S A ik 3 E BB i A= 2D 5%,
il MG R PO (SERS) FH AR LI A
FHRER MBS TG EREN . Becher %8 B Pl i
HEERERER S A T4 HU% RNA JKY 714
HMEEE 25T T E , (8 LC-MS Kzl A & v iy i
MRS X B PR 7 2 1) S IR s PR GA 3] 0. 1 ng/mL,
Suzanne %5 )i FH BT AR 04 Bk B 4 4l 4k B 4R A
EREE R, R )5 5 AN T.& Y 558 DNA Y it
ATIRSMIERERS 2 1, B & F) | MALDI-TOF/MS i
I DNA JIEY) 78 I8 1T J5 A8 X 43 F 5t i i A8 4k, 52
PURE S PR E R R V52, Tang % O 2T
—Fh LT SERS Ko I i) B PR 25 2 0 A O vk, 8

HEREFEE DNA JKY 28 A(21dA) I8 40K REH
BEAE AR O BR 4B U A0 ik & R (SH-SE) I, 4 AR
SERS ith F, Bk B & 5 SERS ith A b A7 [ iy, 3 i3
VD PSR Ay S 7 15 | A ) IR REE RS SERS 15 5 114 3 0l 512
PG T B R 7 R A DA, Rt , BFE A B R
KT IR 16 4 A3 BT 5 D e AR IR AR i 6
SYME L I AR S s T A RIPs %
OB R57 SalllN

JR RS M R Eh 52 B TR & 1T U RIPs 7 %
(R T S, R S v A FH 1 JBE 2 RS DNA %
RNA JKYITERRPE S0 T 82 & AR R AR EE R A K
it SN, B X R A v vy i 7, 350 vk R
AR, H ETZESEBRAE Skl v, — LA s T 10 £5 1]
PEXT R W AR ARG AR E B E S B
., ik H R By [ 7K i 1) 5 3 JEC 0 DA AR v A vk
1) R R RN JE | 2 I 28 T 1k 38 D) T L e 1)
ARXEE AN ) K J e,
2.3.2 RN E A

X 11 7Y RIPs B % BTG, Rk FH 2L T 5250 8
YIRAR Y B AT . FERAE T R 3-(4,5-—
FHJEmEmE-2) -2, 5- — 2R FL DU bai ME{RER (MTT) L
CEIRR T BT R X 40 LR/ RS =224
ZUPEER I BEPEVE 3 40 BTG ARSI 45 SR 2 1 R Rk
J¥ 1) B R 7 2 % Caco-2, MDCK , MDCK-MDRI .
HepG2 1 H1299 MU —E it R REIES
20 B EE e 2 I R i DG 3R, MDCK 4 i X B JjR
B R O R PR ARG I 25 SRR e 2 Oy 5K
HR R 0/ N BRI PP & B TR e R ( ALT) (45 W%
M (AST) FEVERERR NG (ALP) EHZLZ (TBIL) |
Hil =& (TG) WLEF (CREA) ¥4 T #a %, W
ANERHEE 3 h AFDIRERN S DI RE B — AR B 1Y
it

2005 4F,Zhao %' Kk T —Fh 3 T O K il
FEIR ARSI 2 5 i ol FH 2 3 30 e ) e 8
B MEAFAENT WY cDNA 5 YL 41 i ; 5 % £ il
cDNA i i B 75 5% S E A4l , IR RSO R
it 11 s oA DN 2 B 1 5 ) A K F, DA SE B T
R RIPs 8 & M BRI E , BLAh, A B B T &
H—FP LT 96 Fil 384 FLAYEE R E Ak, TR
DUAS )40 ) 1T 78 RIPs 2 2 09 U s i FH Uk o0
D7 R e T A X I AY RIPs K A4 14 000 4>/ 1
SO, KA A YAE TR RIPs % R 40 N 5
& BRI EIAE T, 1205 e B T A AR O
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¥ ok 11 B RIPs # 2 0 il 500 A9 W) 47 Pk,
Wahome%5: "/ 7£ 2010 4EJF & T —Fhfaj 4k 19 40 i 7
SER M E T % AT B 96 E W cDNA ¥
YU K Vero A 4R 7E 384 FLAR T, B E AKX,
IR WL 8 R, W5 T BN R
AR W E R B PO SR E 5 M ATP KF %
1E EE, DT AT S e 240 e 4 5 1K SF . iR T
11 74 RIPs 2% A4 76 P40 52 05 R {35 e L X e g
It BB B RS e e A S B

25, BRI S0 BT ik A S 240 it 25 A
T Refs S 1 2 RIPs B 2 e MY (R0 Bl
W EITEETCEE X A 11 RIPs B R 0RNE, T 8454
it it SIS S5 o M 7 v A RE S BE 1T AU RIPs 75 K [ M
—PEYEE

3 #RERE

1 T 11 8 RIPs 5 28 HA #E PR O | i 2% fa 6 LA
FELABT IR B i FEPGE MERR 09 R I AR
B R 5 Al A M e S R e A B T AR, AR
117, &1 X6 1178 RIPs 25 28 (ARG 7 vk 45 A PR Bl s, i
FA—Fh M7 2 BEUE A S B 11 7Y RIPs R & Y
WERG % 5 MER I, 15U OPCW i Af ) 7 K e
— MRS LR AR, SC BRI E T AU RIPs B (
JRFE R ME R 5 ) B ME — P S R 0 00 [
HEBR AT A5 M % 5 B R S HuAm f g 50
R VLSRRG E 3 AN T e R R, R, 7
SRR VR A A v, A AR T B RGN O 1k
WG, & JRIRIFEE [ %) RIPs 25 K M HERA R 8
R0 2 ATy R Y HT T B4 S AR Y R —
PEYEWFSE TAERIE 5,

Sk

[1] Van Damme E J M, Hao Q, Chen Y, et al. Crit Rev Plant
Sci, 2001, 20(5) ; 395

[2] Stirpe F, Battelli M G. Cell Mol Life Sci, 2006, 63 (16):
1850

[3] Stirpe F. Toxicon, 2004, 44(4): 371

[4] Oilsnes S. Toxicon, 2004, 44(4) ;. 361

[5] Roy CJ, Hale M, Hartings J M, et al. Inhalation Toxicol,
2003, 15(6); 619

[6] Jennifer Audi M B, Manish P, Joshua S, et al. JAMA, 2005,
294(18) : 2342

[7] Bozza W P, Tolleson W H, Rivera Rosado L A, et al. Bio-
technol Adv, 2015, 33(1): 117

[8] OPCW Technical Secretariat. Guidelines for the Fourth Bio-
toxin Sample Analysis Exercise (2019-12). [ 2020-10-08 ].

[10]

[11]

[17]

[18]

[19]

[22]

[23]

[24]

[30]

[31]

https.//www. opcw. org/resources/documents/technical-
secretariat/2019/12
Liu C C, Liang L H, Yang Y, et al. J Proteome Res, 2020,
DOI; 10. 1021/acs. jproteome.0c00458

Vanninen P. Recommended Operating Procedures for Anal-
ysis in the Verification of Chemical Disarmament. Helsinki ;
University of Helsinki, 2017

OPCW Technical Secretariat. Preliminary Report of the
Third Biotoxin Sample Analysis Exercise (2019-05). [ 2020-
10-08 ]. https://www. opcw. org/resources/documents/
technical-secretariat/2019/05

Liang L H, Liu C C, Chen B, et al. Toxins, 2019, 11(7) :
393

Olsnes S, Pihl A. Eur J Biochem, 1973, 35(1): 179
Sanvig K, Olsnes S, Pihl A. J Biochem, 1976, 251(13):
3977

Worbs S, Skiba M, Soderstrom M, et al. Toxins, 2015, 7
(12) : 4906

Barbieri L, Valbonesi P, Bonora E, et al. Nucleic Acids
Res, 1997, 25(3): 518

Hu R G, Zhai Q W, Liu WY, et al. J Cell Biochem, 2001,
81: 583

Hansbauer E M, Worbs S, Volland H, et al. Anal Chem,
2017, 89(21) . 11719

Kozlov J V, Sudarkina O J, Kurmanova A G. Mol Biol,
2006, 40(4) . 635

Simpson J C, Roberts L M, Romisch K, et al. FEBS Lett,
1999, 459. 80

Poli M A, Rivera VR, Hewetson J F, et al. Toxicon, 1994,
32(11) . 1370

Narang U, Anderson G P, Ligler F S, et al. Biosens Bioel-
ectron, 1997, 12(9/10) ; 937

Shyu H F, Chiao D J, Liu H W, et al. Hybrid Hybridomics,
2002, 21(1): 69

Wang C Y, Lang L W, Zhong Y H, et al. Bulletin of the
Academy of Military Medical Sciences, 2011, 35(8): 620
ERTF, BLAR, PhER, 5 ZEHES, 2011, 35(8): 620
Leith A G, Griffiths G D, Green M A. Sci Justice, 1988, 28
(4).227

Simon S, Worbs S, Avondet M A, et al. Toxins, 2015, 7
(12) . 4967

Worbs S, Skiba M, Bender J, et al. Toxins, 2015, 7(12) .
4987

He X, Patfield S, Cheng L W, et al. Toxins, 2017, 9(12) .
386

Lang L W, Wang C Y, Wang Y X, et al. Journal of Yantai
University, 2010, 23(3): 243

BRSiAR, ERT, TEE, & MEK¥¥, 2010, 23(3)
243

Ruan C, Varghese K O, Grimes C A, et al. Sensor Lett,
2004, 2(2) . 138

Shankar K, Zeng K, Ruan C, et al. Sens Actuators B
Chem, 2005, 107(2) : 640

Delehanty J B, Ligler F S. Anal Chem, 2002, 74(21) ; 5681
Ligler F S, Taitt C R, Shriver-Lake L C, et al. Anal Bioanal
Chem, 2003, 377(3) : 469

Mu X-H, Liu H-F, Tong Z-Y, et al. Sens Actuators B



- 270 - 4

73 5539 4

[42]

[43]

[44]

[45]

[46]

[47]

Chem, 2019, 284. 638

Nasirahmadi S, Akbari-Adergani B, Shoeibi S. Anal Chim
Acta, 2020, 1107 213

Shu D, Gao C, Gu L Q. Anal Chem, 2009, 81(16) : 6649
Tang J, Tao Y, Lei G, et al. Biosens Bioelectron, 2007, 22
(11) . 2456

Tang J, Xie J, Shao N, et al. Electrophoresis, 2006, 27
(7): 1303

Despeyroux D, Walker N, Pearce M, et al. Anal Biochem,
2000, 279(1) . 23

Darby S M, Miller M L., Allen R O. J Forensic Sci, 2001, 46
(5): 1033

Kalb S R, Schieltz D M, Becher F, et al. Toxins, 2015, 7
(12) . 4881

Duracova M, Klimentova J, Fucikova A, et al. Toxins,
2018, 10(3): 99

Sousa R B, Lima K S C, Santos C G M, et al. Toxins,
2019, 11(4): 201

Ostin A, Bergstrom T, Fredriksson S-A, et al. Anal Chem,
2007, 79. 6271

Kanamori-Kataoka M, Kato H, Uzawa H, et al. J Mass
Spectrom, 2011, 46(8) ;. 821

McGrath S C, Schieltz D M, McWilliams L G, et al. Anal
Chem, 2011, 83(8) . 2897

Ma X, Tang J, Li C, et al. Anal Bioanal Chem, 2014, 406
(21): 5147

Ovenden S P B, Pigott E J, Rochfort S, et al. Phytochem
Anal, 2014, 25(5) . 476

Schieltz D M, McWilliams L G, Kuklenyik Z, et al. Toxi-
con, 2015, 95. 72

Fredriksson S A, Artursson E, Bergstrom T, et al. Anal
Chem, 2015, 87(2) . 967

Feldberg L, Schuster O, Elhanany E, et al. J Mass Spec-
trom, 2020, 55(1): e4482

Liu S L, Du X B, Kong J L, et al. Modernization of Tradi-
tional Chinese Medicine and Materia Medica-World Science
and Technology, 2006, 8(2): 35

X, HFEE, LRI, 5. tAREEROR-hE B,

[53]

[54]

[56]

[57]

[58]

[59]

[60]

2006, 8(2): 35

Braun A V, Taranchenko V F, Tikhomirov L A, et al. J
Anal Chem, 2018, 73(8) : 786

Chen D, Bryden W A, Fenselau C. J Mass Spectrom, 2018,
53(10): 1013

Brun V, Dupuis A, Adrait A, et al. Mol Cell Proteomics,
2007, 6(12) . 2139

Gilquin B, Louwagie M, Jaquinod M, et al. Talanta, 2017,
164(): 77

Dupré M, Gilquin B, Fenaille F, et al. Anal Chem, 2015,
87(16) ; 8473

Endo Y, Mitsui K, Motizuki M, et al. J Biol Chem, 1987,
262(12) : 5908

Melchior W B Jr, Tolleson W H. Anal Biochem, 2010, 396
(2):204

Zamnoni M, B, Brigotti M, Rambelli F', et al. Biochem. J,
1989, 259. 639

Barbieri L, Brigotti M, Perocco P, et al. FEBS Lett, 2003,
538(1/2/3). 178

Barbieri L, Valbonesi P, Gorini P, et al. Biochem J, 1996,
319 (2) . 507

Chen X Y, Link T M, Schramm V L. Biochemistry, 1998,
37(33) . 11605

Becher F, Duriez E, Volland H, et al. Anal Chem, 2007,
79: 659

Kalb S R, Barr J R. Anal Chem, 2009, 81(6) . 2037

Tang JJ, SunJ F, Lui R, et al. ACS Appl Mater Interfaces,
2016, 8(3): 2449

Sun J, Zhang X, Li T, et al. Anal Chem, 2019, 91(10):
6454

Dong N, Wu J H, Jia P Y. et al. Academic Journal of PLA
Postgraduate Medical School, 2013(10) : 1048

A, A, PIRRE, 5F. R R, 2013(10)
1048

Zhao L. J Med Microbiol, 2005, 54(11) . 1023

Wahome P G, Bai Y, Neal L M, et al. Toxicon, 2010, 56
(3):313



