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ABSTRACT: Staphylococcus aureus is one of the common foodborne pathogens. Enterotoxin is the main cause of
food poisoning caused by Staphylococcus aureus. The existing detection methods of enterotoxin include
immunological methods, molecular biology methods, biosensor methods and mass spectrometry, efc. Each method
has its own advantages and disadvantages. As an existing national and industrial standard recommended method,
enzyme-linked immunosorbent assay has high sensitivity, cross reaction and high price. Mass spectrometry has
become a research hotspot of enterotoxin detection technology in recent years because of its high throughput and
strong specificity. Because the food matrix contains many complex components such as lipids and sugars, it has a

strong interference to the separation and detection of enterotoxin. Therefore, the selection of appropriate sample
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pretreatment method is the key to realize the accurate detection of enterotoxin. This paper expounded the existing

research progress from the aspects of enterotoxin properties, enterotoxin detection methods and principles, sample

pretreatment methods and so on. Through the comparative analysis of existing technical methods, the development of

enterotoxin detection method based on high performance liquid separation technology combined with mass

spectrometry detection technology could not only realize the efficient separation and enrichment of a variety of

enterotoxins from food, but also had the advantages of high sensitivity and strong specificity. It was expected to

become the main research direction of enterotoxin detection methods.
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SO H AR D T B R R UL A A A e s
W2z —, fFET— R 50E b o 4 8 68 A 3K B nT 4310
ShEM . HPLE (super antigen, SAg), AR MBFEN T
M, MR . B b b kLR S AR
i gi A e, Hod % 2 % (staphylococcal enterotoxins,
SEs) 5 4> ¥ 4 7 % Bk i & ¥ + 7 (staphylococcal food
poisoning, SFPY&VIAHK, M4 HLlf 5% SEA .SEB.SEC,
SED .SEE 5|2y SFP ik 95%). 8 R h d il AR, 18
A 100 ng 1 85 R it 2 T3 SFPP, e BUAEIR Ay 0 1
UKk, JEAEAKFEIETS | M g5 A b R A IR TE
24 h IR, (AXTF L FEAE AT REE AT, JsEs
Fik 4.4%, SFP 78 S ERIE I I EE 12, 36 B B 4
rhU AR BTy 24 T SFP R HIP), FRE SFP I {4t
A 0

KFhhsRMGEE, WRARCH RS
Bio ULAER, A BUEHORLEE R A WIR ARESE,
e 2 B S 5 AR B Tz R, AR SR AL B A
By e iy G AL YR o R, AR ST A A 1 R 1o,
L R Z M Ik i 45, I B R AH SCAT: i i Ak
PR, A IR W aE 2R BRI 5 i A SR A SR o

1 BEENMERSRIE

WawE B — R H A BIRIE T, R 26~30
kDa (25 T, i 200 i BRI IR B A R AP
SEE, IF BB il Z R R B st K R
PEFEME MRS T 4, [WETS T 40HEsZ 44K g 5% B iy vy IR
PO A b A M b E BV AR A K 1T (major
histocompatibility complex class II, MHC I1)2843 F3C 1€, B
ORI T 5 AR P R R R L 4R,
ETelfyartmzs, AMIEgihiig] 5 f g
[ 85 Z (SEA~SEE)'?, 22 i)l 7 2 5 [ 4 T (0 i A R AT
BY R EERA, Hrh XL SEA B E I, A5 EY
R 70% . 2000 405, WRSE A BRI

R, BT ENSLMGERTIAALIE, KI5 2
K2 BRI SR R KSR i) A %55 % (SEs), ANEE
gl 2K 25 3h P K itk B FR R 28 5 # & (staphylococcal
enterotoxin-like toxins, SE/s)!'?, 124, TD&KE T 24 F i
ilf) SEs 1 SEss!L,

%ifith SEs 1 SEls fAE K F= 2 A0 T 4 8 (4 4 2 BR i 7]
BahmiE oot b, AR, TR . BUR S, W
ZAPBE IO DNA 255 EAEM, EREANE
KA FEE TR, I HZ PR R R, 1 pH. i\
JE EUSCIRIE R X S S IR B S — e S
T 2 FEE 58 e, AFZEBGEER 201
il KR O =0 H A AR A S e, AR

2 BEHEENFEE

2.1 AN FIEREER

HEILHERS, CAREETARE R, REE K&
VERRIE 5 A 7 i, US| e
L I S VA SU 7/ <9 B 7 AR 7/ (. % RN S i)
PPUAE A SRR SO R B2 I R R A SRR
W7k sy ek, WEEmsh¥n g iRk, fEEmi
[, OB . M S50 R G 2 R T
2, EAEBEY BRI B AR SC 0, R R 0 1 B Bl I L
%t (reversed passive latex agglutination, RPLA) 5]
&, mTERZFRERME, Rz

IR S 8 v 2 B TR e R V2 I e 2 R vk,
GB 4789.10—2016 & L& E FAnHE BB RUEYFK 5%
SV O AT ER R 50 ) AP R FH 6 S8 W B 55 3675 (enzyme
linked immunosorbent assay, ELISA)& il i85 25, [E PRt
ISO 19020:2017 R FH i BX 40 9 2¢ )% 1% (enzyme linked
fluorescent immunoassay, ELFA)#EA TR o 7 M Ak i) 7 28 R
W B 2 e R & nT R R 2 A Ch g Ll i R
(SEA~SEE), W5 #UIH B n R R A S &P SR
FARSCIPY, RS I AR — O BEE, BTRARBA
WAt R R 2% . RERTG . R . SRR, pH
SMT Z ARG, SRR RA S, REZ kA2
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WA R E A RIE, AR RN T-Be . A/
AOTE R T oz Y, TSR bRAE i . 2R b,
BRI LB S Z 0, R 1, g iR
KLEA R P . MERR MR . TSSO i Al i) O A
IR A HITF AT
22 RN

Bl BT A R AN T A R, BUS L RTE R M A
N T R B Tz, G R WA 9 - BT RE UE (liquid
chromatography-mass spectrometry, LC-MS)) 55 & JEA%
KL IE T A B 2R g & RO, Le-MS X T ek
Y AR R R IR L R RAE . K BARE B
FEE H AR BT I B O A U R KA TR ] SR
% 7% (matrix-assisted laser desorption/ionization time of
flight mass spectrometry, MALDI-TOF MS)X}F 4= ¥ K5
FHEEREEATERWEN, BAmlE . PR
e EEBEPR AR SRS I IR, AR R Lt e AR
BG5OSRk, B0 BLFUGHE I 2 2 ARG D5 5 1
ARG A, 85 R RSN GE R bR A (EE > 95%,
F[H Toxin Technology 2~ RNHIIE, LN H#E E A&
22 S A -

J o 2R SBUIE A Iy VR AR TR e ik, A
vk . FERTE . miEAESEOLSE . ISR P R S e
P F IR A T 25, T SE B i i R AR,
T EE A S B B SR, B A KRR
HET, ok GYFEAAEY) 51, KRBT AT
FEMEIRON, THEHAREE R BRI, 38 RE PEE 45 R
TERR, DG AL PR T 43 BT (9 DG S AL 3R

3 HFmEILIERG A

3.1 BREEBIEE

B W B 7 0 2 7 Bk (BEuropean official screening
methods, ESM)® it T+ 5 56 R B M 5 ik AT R R
FEEL, U SOSPEDR ZCOLR HIE ik M T i Ak 75
% . ANDJELKOVIC %Pz i ESM 7 kit i b1 745
Bosk s, IIF & T —Fhre 2 15 A ZE B (solid phase extraction,
SPE)4fi#s LC-MS/MS £l 4 #51(¥) SEA F SEB, {H#EEA™
JE RN K . MEYRAND P24 Tk 4s sk =542
fi% (trichloroacetic acid, TCAWTIER: 2 FilAHE: R IRHUT %,
KB TCA VB AL T BT AR TS, 45 R TBE, Had
B AUHE 1 h, TBENTHRAEE TR E S 18~24 he L,
TCA ULIESE—F Oy, Jefh . AR Bor ik, gt
B M F 2L 2 A PR DR I8 T B R K B R
B, BAO ZP3LRH] TCA YLHEws, XHINARMIAS ARE S E T
AL ot — AR B 2 IR A W i LC-MS 8T, B
%5ET SEB M 9 MEFUKMR B, BIFSERER 35%,
T ISR TE 69%~103%. KOIKE 53406 TCA JiiyE
HREEA LC-MS/MS £ AR T4 7L SEA I, [EHSCRAE
80%72: 47, TONACINI % PoMifi Fi H s G075 90 il 4 7 12k,
454 MALDI-TOF MS X4 #& @4 ER A P SEA .
SEB. SEC PISE#E BB, Hix ik i 4
WHRE RIS, IR A A, TSR R Ht,
FIFl MALDI-TOF MS #ill & f R ipae R0, 752wt
sl A R T R S

B UCE L B O B R PR B iR
SOEJIMA “BVL 3 TCA YisEskt, =W . Afifih
PR P BE S B IR I B 38 0 T 45 0, 1 U R AR v B 1 R
Ko WAL BRFEAGIT, BT E 2,
RFEE RSS2 8w FEE A S IH, 0T
R B

*1 SHOADREBRSRORNGELR
Table 1 Comparison of detection methods for staphylococcal enterotoxins
i il LAl WiReS /R Bk S5 3k
1930—1980s EILY/ SR W B, VERT SCISSNYIARIRIRAE, frzE, REJER [16]
1960—1990s ML 775 27 52 56 RS, BAER g R, Bz RS [17]
1970—F4 FERHK G e RIGPER, FEEsR A5 E RSN, IR P [18]
1990—F 4> A Racty/ =4 AR, FRSESR, Mo fA SRR BR B R, ANRBUFSCE AR R IR [19]
1990—ZF 4> G IR RS, BB RREMEA RIEMEZE, MU H BE R Pl 3Kk B AR o7 [20]
2000—% 4 RIEEHUHE RE. DUk, mEE, TER FE AR HTAL RS 2, A 5 44 R AL [21]
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R U R S T — s 2 IR S A R A, R OR AR
TEN R 3 (20~30 kDa)i 7> T HHLH N, Btk dite il b
M2 . SOEJIMA UUR MR L TCA Yiieikis
WpE R, MEIMECES TCA TUIEEME, FEIELE
DT PR, ATEE, & T 2 A0 L ] Sk 0k A vk A T
WAL B R A

CALLAHAN %5CTR P G TE, 55 1 0 REAL
FIBRAR A>T LAY, HUBRER PG AL R 4 1 3 A AR ST
RO RS, 5 2 R B ARG Y A s it i EE
FWHR B, IR LC-MS/MS I 14047, RIS 313 5L
1 5 ng/mL ¥ SEB. MURATOVIC ZBS[aIAE 17 F 8 11k 1= 45
A o 1 O A £ - JR 056 BT 15 1 (ultra performance liquid
chromatography-tandem mass spectrometry, UPLC-MS/MS),
PR PR, AT RORE S T 2 AR BOE B
Ef9 A5, SEA Hl SEB LEAF- WA IF A i E R (limit of
quantitation, LOQ)HIA I B (limit of detection, LOD)#J}
2.5 ng/g. VB AE AR MRG0, 5 HAL I
S, A BT X 8 8 s A IS 9 2 IR 7 o
AT, HE R BT AI EE R A R AEE
3.3 BT MMAEX

BT SR R R A Bl R B R 2 —,
F T - BRI E R IR B AR R AT, R R
TS R AR . BALABAN 55U i FH BH 8 128 40 12
FRBE2F A R e PN 2L LR Ly 9k rh 42 B SEB, 454
B BT BRI A, DSk BE RT3 0.75 ng/g ASAO
FNHE T B Fac i g R SEA RO, M
BT AR R B BE 2T A 2R B DR B B A FL A Hh 4 B
SEA, -0 Ffe e 100 G ksl SEA.

HAMADA S5 i BH S - S 40 i itk 79 2670 2R )
MOKKE B 7 R F Ve, #6 H mini VIDAS &) &
Kl SEA 1 SEC1, iESE T s R 5 S G4 RE 1Y)
AR S A 5 . FUTTKAWA 25205 FiT B 8 7 A8 fouht g
RFL G SR U R, 455 PO R AT E, SEA
IR 60%7 47, SEB YIEICAR A 30%, SCEHRDT T
S T DRI AR U 22 5, (H I ERSY T SEA BBk
A, AR T R v 308 e vk, %05 A Ko il
FAE. B 7 acHi s s mAR B S m A e, AT LIRS
B 2R AR PR, A el TR AR R R B i, ISR A AR,
5 I 25 G A it — T K
34 RIBHIRE

T P 40 2K JURL (magnetic nanoparticles, MNPg): i e
FE, MBI, kR B AN [R) B R A AT 34 AN IR A e 4
(e IR A LR S HARY), 12 0 152k
FEA ) > B S PRI AR B, U S S S S

I\, RIEFE A 24 Jo rb b ] S B B ARG IS B
PUAR AR R, IR S AR T U 40 3 F &
F1JT 4 2205 1 T SR AR SR . MINPS A Ry S it 43 15
WA, AR BRI T B Ak . TR R M w4 A 2lifk,
A S A BT R AR T A AR A

NISTER %50 Ak 4k -k 52 2 APk 4 ok A MR
(iron oxide-silicon shell magnetic nanocomposites, MNCs)-5j
SEB #i &M, #5r T — Fp 3k F 4 % B 2K (immunom
agnetic bead, IMB) T R Mk 27 & e Ie O 65 o0 5 s,
SEB T4 15/ 94 IIBR 5 50 ng/L. SCHLOSSER Z5M6ht
SEB B[ e e i S b2k b, hiles TSR T HRE T
WEEEME B SEB, LT RRMIRETF, HESE
MALDI-TOF MS X} SEB #EA743 0, AR 6 ng/mL.
ADRAIT 259757 Bl 4 2 5 1K1 454 nano-LC-MS/MS, i1
o RISL 2 A S P 4 B 11 B o 446 ) 22 Ht 7 75 (protein
standard absolute quantitative methods, PSAQ), X Il A A
Hi SEA BEAT R R BRI A4 % E £, SEA ) LOD F
LOQ %324 352 pg/mL il 1057 pg/mL, BRAGINA 254
PR T — U ) 7 B (lateral flow, LEYEA (LK 1), BEfs
XIHUIEA RO AR G s 5, 76 LF MXAc B RBOSHER
FE T, SEB il R fHUE ik 6 pg/mL. NEDELKOV 451
ST AW 4 T HH AR 4387 5 3% (biomolecular interaction
analysis of mass spectrometry, BIA/MS)¥:ill] SEB (17772,
2L 58 S R AR 3R 145 B F R 2L R (surface plasmon
resonance, SPR)Z54 MALDI-TOF JRi4rHr, *tmEgi iy
SEB PR AT R % 1 ng/mL.

G PEREIRIS B ARPRAE R B | PR | AN 32 SERRAE S FE T
FORR . RO, (H i TR SR, SRR
—HE, BRI HEERNZERN, A E&8E A,
FEAE— 7 JR R o

REERIYES

LEY-£5 o R 5 kAl

1 MNPs-LF #5578 B A
Fig.l1 Proposed platform concept of MNPs-LF
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b ok e T TR - SR D T Y B HL UK ¥ (sodium
dodecyl sulfate polyacrylamide gel electrophoresis, SDS-PAGE)
A EHR GBS 256 BT 2 T8 A B i
PO —4t SDS-PAGE R4 AN[F) 28 [ 43 1) 22 S04 743
B, THERUn B UK — 4R SRR, RIS 5%
HPBre, EHTHIERMNEARGY RS,
SOSPEDRA %''fi|f] SDS-PAGE 4> Bl %, I NHG#IG
MK BLE S MALDI-TOF RS AG, M A-WHHE dh o 5 1
13 /> SEA HYFHIERR, Z2IKF8IE w4155 58%, AINHIT
A5 (i 7 2 A TR S0 HT . DUPUILS 25025 1o S il 34
#+ SDS-PAGE LK%, flif] nano-LC-QTOF-MS X AJ ]
ZHRER SEA TR FbREL X E Eial, & ER24N
1.47 ng/g. SDS-PAGE {EJ# it b #ET-Be Ay BoA B4R
TE ISR AR, (HHEAE R R, SRt 5801, AR T
TER PRI . VGRS I3 2.
3.6 SFENEE

4y F BB 3 3 & ¥ (molecularly imprinted polymers,
MIPs) & — X B ARG HA R e FIE R ) 08 Bk
Fte MIPg HoA 5 HARENE 71 R/NRTEAR A 25, [
I B AR eSO ShBE . SEABAER . PUAML, 7
FENE R AW R E, BERSHCHT I W 2] 45 1F, N
Wt pH. A FEHER . MIPs E—Ffae . &Brmfl
BOTE, A EBACRIRZARFIHUA T TAI

YAO 215310 Py 1S e (acrylamide, AM)FH N, N-1F. F 3
XU TN R B4 B4, L SEB WA, T PR AR AL V7 5
Gk 4 T SEB B 3TN M Mtk BE IE /N BR (protein
-imprinted polyacrylamide gel beads, IPGB)( L & 2).
SEB-IPGB 1MW S RE 1 422305 -l E1 320 58 i Bk W B RE 1 1 3 5,
% SEB (MBI AN 8.40 mg/g. SHABE A AL, i
SEB FIH RAFARBIAE ). & 8L SEB-IPGB 1 il
KA AR SRBURZEAL e R

4 ZERIE

25 b, Wade 0 SR I Jr vk R AR Sk i B S B,
A SR vERME R A, B TR ik
AT & 8, B ST AL B DAkt 32 BT T 12 2678
HEOUUIE TR S S iR MRS AT F vk, HAT T
B RV ERIEEY, SDS-PAGE 51 . SEREERY: . BBk
WA B H AR 5 R R AR (5 A B B, 2 T B
B P AW IR T 8 B S N R FE RS H, B
A RAFR N RS B AR 2 B S A R AR X
. YRR S, X T R i AR IR ST AR A D, T
[ Z PR EE R A P A, NI, AHETE N
O Z 1) B b TR I, 308 SRR bR 8 45 1)y AT A el ik
A ik, AWTEAB Ry k. H B AR 2806
Jr e 1 R 2 Fip R, R0 2 SR Mo
1 B 2R 23R AR IS T ]

®2 SREAEKEMEERIERNGE

Table 2 Staphylococcal enterotoxins detection methods based on MS

JE BR Y BLyR7S (Rl piRsS Uil Z:75 30k
Al Rt SEA, SEB DUEL . LB LC-MS 25 ng/mL [30]
A-15 SEA, SEB BT UPLC-MS/MS 8 ng/mL [31]
XA SEB TCA ULVE . HIE LC-MS/MS 6 ng/mL [33]
45 SEA pH T . TCA Uil LC-MS/MS 10 ng/mL [34]
PAMRREFR R SEA,SEB FH A S5 DL MALDI-TOF MS 100 ng/mL [35]
R SEB HRTE T LC-MS/MS 5 ng/mL [37]
LRGN SEA, SEB FHUIE . HIE UPLC-MS/MS 2.5ng/g [38]
175 SEB GEREERTS MALDI-TOF MS 6 ng/mL [46]
I3 SEA PERERYE . SDS-PAGE nano-LC-MS/MS 352 pg/mL [47]
BT SEB ERES TR MALDI-TOF MS 1 ng/mL [49]
414 SEA SDS-PAGE MALDI-TOF MS 150 ng/mL [51]
CIRTEZS5R SEA IR . SDS-PAGE nano-LC-QTOF MS 1.47 ng/g [52]
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