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 E.Es—AA T R A DNA 5 a3k 2 & R &84t X R 3 R (quantitative real-time polymerase
chain reaction,qPCR )48 45 649 & R AL A4F AR M 7Y T B2 B2 (salbutamol , SAL) 49 7 3% , i i F AR 1ML 17 5] #5 AN AR A
EBARAT, AR DNA 894 BA4E 0 TR B AN AL AR AT R BT & K3 F , A A AR AT PCR FIAZ T 3K,
25 R R, kAl SAL 89 XA B A 1.0x107 ng/mL~1.0x10° ng/mL, # H FE 4 1.2x102 ng/mL, 52 & kK BA L S
BAESL P SAL 89 he AR EDRCE A 87.1 %~111.7 D10 38T fo R AT Z A 69 2L 5 B ARBE DNA 42 34 714, 38
TR R IR S F k0 RBUE A BE M, A R AR T GR R A9 & AT T BB Y 3 R AR
KRR Y T BB MRAEDNA ;52 0 5O R A B4 X B R o R AR AR R B R

Highly Sensitive Detection of Salbutamol Based on Bridged DNA-based Real-time
Fluorescent Quantitative PCR
ZHAO Ling-di'?, SUN Tie—qiang®, LIU Wen-tao®, HE Hong—wei’>, DONG Bo-wei?,
ZHANG Ying—chun?, QIN Tian-yue?, NING Bao-an?, LI Shuang®, PENG Yuan?,
HAN Dian—peng?, CUI Jian-sheng"", GAO Zhi—xian>"

(1. College of Environmental Science and Engineering, Hebei University of Science & Technology,
Shijiazhuang 050018, Hebei, Chinaj; 2. Institute of Environmental and Operational Medicine,
Academy of Military Medical Science, Academy of Military Science, Tianjin 300050, China)

Abstract: A highly sensitive and specific method for the detection of salbutamol (SAL) based on
immunomagnetic beads, bridged DNA and real-time quantitative PCR (qPCR ) was established. Two proximity
ligation assay probes were specifically identified by antibodies. Under the bridged DNA, two proximity ligation
assay probes were ligated to form a full —-length amplicon, and the products of the ligation reaction were
quantified by using a quantitative real-time polymerase chain reaction. The results showed that the linear range
of SAL detected by this method was 1.0x107? ng/mL—1.0x10° ng/mL, the detection limit was 1.2x107 ng/mL,
and the spiked recovery of SAL in tap water and artificial urine samples was determined. The recovery rate was
between 87.1 % and 111.7 % . The efficiency of detection was improved by immunomagnetic beads, the
specificity of the bridged DNA was increased and the sensitivity and applicability of the detection method were
improved by constant temperature amplification. A highly specific and universal detection platform was

constructed to realize highly sensitive detection of salbutamol.
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BT RS (salbutamol , SAL) , /&= —FH AL B-2 &
IR BESZ ARSI , et T % ik 0 Wi 118 B 58
PG S P B SRR AR . AR, YA RIS R
BIF AR 5 AE~10 150, V0T Rl ] DL il i
U TORR RN iR A 1 B 5 ok it v A K R AR 4 1y £
MR 5 PR , B AE R B AT HABAR DAL h B 2
Fg N AR A0 LUK e (4 7 i, O HAE Sh iR N &
B BT R B-2-1F LR R REZ AR b T
JEBE A B, 23 50 8 PARE A XU M5 S EONLET 4 1
R, EEBAE—E RS T FEIUA I HIFET; 70T e
(i A 23 B AR I AU AN B 0% Rl A4 W
T8 VDT s — R AE 25 A RDZAE B sk b
LM TR H A N7 X T e ) i SR ARG B AR TS Ay
HE,

FEXSVR T BB R AN, H B C & e 2 Fh L T g
2FHRTIN T o 3£ T CdSe 2545 (quantum Dot, QD )H
1k 2% % 't (electro—chemiluminescence , ECL ) 3= 4 P4 ff
P2 I 2 YA, B T S e W TR RN A8 AL A SR04 9 Kk
T T 1) ST 1 8 437 2 FOR P, BT R AR B
THREA I 45 KL LU A A6 I J7 k1, BE T R A
AR AR I J5 4 | D80 22 43 Dk AR 2 7 (differen—
tial pulse voltammetry, DPV VI BN IZ YD T e Y H
AP A EAEREM . LT R B 2 11 45 25 TR LR (local -
ized surface plasmon resonance , LSPR )% &%) Jobric Jo
TR G e R A AR SR, 3 S I 5 vk R A B
BT 2%, IR T BRI R IZ R

DNA 73~ 1 3 H 3R A P 91 AT 4 R A 0 1)
o FUUIRE iR iz T AR RS, B2

TSR T L EET DNA (1 BUSR A Wy 5 %1
Horp 20 {22 90 4RAUR R 1Y SO E i R A i
% ]2 N (quantitative real -time polymerase chain reac—
tion, qPCR) & A — M 7 M FoR , Tz i 1
FENKRIN o 7EAL4E PCR BYJERN L, [7]42 S BE DNA 199"
BERE R, B R, FE R PE, 7E DNA walker

FHT AU AR S AN R ) A= A ISR W v, e e Tl R
1) DNA 5313 51 L= A= R 9 53 F- 25017, AEARF
e, R T4 DNA (948 3T 3% #2245 AR 1Y 3% il
ssDNA SZHUE SR .

Cheng—ting Tsai 45" FHHT A 1 UM TR B4 I Y
BT, T I FHU IR P ACRE S R 3% 2 il S
PO L, DA TR TS S 1 =28 DNA {553k
P I X BEAE R A A DNA ISR 15
Al —PiiRsrT454, %S5 DNA S50 oAb usg,
TR AR Y BT W W R A T 5 TR . e
T b 5 AR S I IS i AR AN S5 BK B
P DNA I (B , B n] LU /N1
JEUS AR IAMARRISEAT AR ] LS DNA (SO0 . %
TEARTTEAZ 1) DNA Bt 78 B 5 PR SHE R
7 Fsf R A A v P R BHUEE

AWFFEEE B RPERLER . FrH: DNA-DNA JEHERGA
T DNA il &R AR R 8T — B R AR T R
(70 AR 5 A B R AR TS Sl $2m T RA
JE TERES PR 2F S U A AR N A E

1 #Rl5AH*
1.1 M
111 FELRS

TGL-16C B0l : =R s DYY-11
AR AbES—AXAR) 510350 BEAL LR R 5t : 36
GE A 7] ;0SE-96 T tHE A @i : b RARAE AL
B AT BR2S 7] s MS3 Basic IR EIR e 18 FE IKA 2
) s GNP-9050BS fHifit i F4F « b7 Hy B2 Y7 vl i e
AR s MyGo Pro SERFHE O E it PCR X :IT-IS Life
Science Ltdo
1.1.2 EFH

YT IREERRAE S (SAL) . 4= 1Ly A 45 A (bovine
serum albumin ,BSA): & [H Sigma—Aldrich INEUT
JHe 5 22 e eI (B180517 )« b U1K PE R A BR 2
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F] ;Dynabeads UM IR & . 3 [E Thermo Fisher
Scientific 23 F) ; BEERE I . A A& A=A 7] PBST 4%
P (F5 0.05 % Tween 20) : AL BT R AW RHEA R
N E] s DNA 3% 21 (A8101): 32 [E Epicentre A= ¥ £ K
/3 )5 qPCR kit: b1 B I YR A BRA | 5 M4tk
(>18.0 MQem). A DNA 54 FilAE TAEY) T
FEAT BRA Al A (28 HPLC 4lifk) e 5 ik 1.
#1 KWETAZERFS
Table 1 DNA sequences used in this study

DNA #F% gl
DNAL 5’-HS-CAG GTA GTA GTA CGT CTG TTT
CAC GAT GAG ACT GGA TGA G-3’
DNA2 5’-TCA CGG TAG CAT AAG GTG CAA GAT
AAT ACT CTC GCA GCA C-SH-3’
dperf CAG GTA GTA GTA CGT CTG TT
dperr GTG CTG CGA GAG TAT TAT CT

M3 DNA 20 nt  5°-G CTA CCG TGA CTC ATC CAG T-P-3’
18 nt 5’—CTA CCG TGA CTC ATC CAG -P-3’

16 nt 5’-TA CCG TGA CTC ATC CA-P-3’

14 nt 5’—A CCG TGA CTC ATC C-P-3’

12 nt 5’-CCG TGA CTC ATC-P-3’
1.2 J7ik

ZITIE T Se M BRI TE 1 e B B K TAD,
FIRF T T — X SEAZ T R R EE DNAT.DNA2, 45
WA FREE 1 40 nt BRBELL . (EH] SMCC #8277 %
SAL-BSA 5 3°SH JEE5 A i DNA ZEA% 1R (DNA 1)1H
B LA 45 SAL 54t 1 55 5°SH 17 25 K 3 DNA Z A%+
iR (DNA 2) (BB HI 45 SAL 841 2, PSR IR IR AT
[FI B 5 o] — P 45 G TSR 2 AR IR 19 &2
YT, BE R INRET AN 5 0 SR A Rk
JE o SR X AN A1 20t 54 8% DNA (bridge ) il
L RIS ZEAR S DNA B RIVE ] R IE K 80 nt
SRP T, B ABD FIAFERZEHE . Sl RS B0 AbD
iR e PR . Z A ROt E
it PCR SCEUE S ORI TR
1.2.1  SREREERATHIFS o

HERI AR 5 mg B9 M270 WL ER Ky K (REZR E A%
2.8 pm)ACA 1.5 mL B0 N i C1 e s
A 20 pL(2.3 mg/mL) R ZH0, FA 230 pL 1) C1
VWA C2 ¥ 250 L 2 RAF 500 wL. & Tk FR
JEALH 37 CHFE 20 ho AL P 2 R BENL IS A
500 fEEREFAIR A HR.(25 °C)4 h J5 #EAE 500 pl 22 o
RZ T TE 4 CTEAIE T — 2.

1.2.2 DM #RE il
B 60 ul sulfo-SMCC [ HEPES 2§ wj ¥ #i B¢

(7.5 nmol/L) , iNA 20 wL 7T BilE-OVA (10 mg/mL Z
222 nmol/L.), #EIE R 30 min, J1 20 pl. HS-DNA
(10 pmol/L)E ¥ ,4 Cit & . i H 30 kDa # 84
10 000 r/min &5.0> 1 YK, 2 min/iK .
1.2.3 Kl ik i sr

B RE REIR A A5 TR R 1.2 45 5 L RBUImA
— 1.5 mL B0 A PBST £ 50 wL, H P84
WEEA 10 nmol/L, KHR G ¥)7E 37 CHEE 30 min, 1]
100 wL 0.05 %PBST P MY, HAEF] 120 pL &4 4%
0 . Mrdiz DNA (%28 A & (20 mmol/L Tris,
25 mmol/L, KCI, 10 mmol/L. MgCl,,7.5 mmol/L. DTT,
0.5 pmol/LL NAD, 0.021 U/p.L ligase, 100 nmol/L bridge
oligo, 0.01 % Triton ® X100, pH 8.0),7F 30 C FiF &
15 min, F£H 130 L 0.05 %PBST PRI MIK . BE50ES,
PBST P34 2 K 3 min/IK, #5325 1 min, HEAE 50 pl
IR ZHE NN, 7E 10 pL qPCR Master mix FFIA -
TS HI(S wmol/L)4% 0.5 L, [[EHIA 5 wL #54, in
A ddH0 #il#§ 20 nL K F . qPCR RGFE T E (95 C:
3005395 °C:10s;60 °C:30s;72°C:30s;45T),
124 FeidE

WA EE A 1 ng/mL (970 T ERE Sk v 2 1 Ay
A AR R B e e SRR X 1.2.3 BESL Y ik aE
FTRE SRR
1.2.5  BHLSEBRFE S I

W vb T BB 500.5 000,10 000 pe/mL 4KV 5351
AR B IR, 1 1.2.3 BNy 1 5 i ik
A7 DR

2 ZER5WR
2.1 AlAT AT

BIMBIRITIAR S TR PR S DNA 2 J5 1 etk
B AT AT MR T T IRE , I SRR S U ARG Bk
(XS BRZE AR LE , i B SRR C fR, 55 % IR EH 22 5
B 5, GIE B 7 2 0T LA i I AN R B 9 v T e e
T A A RPEREER I 7 A AN R C (B SE BTV T e
(LS g oalll 8
2.2 FUHAE

R T SEBUH TN R £ A A% SRS Y SR AR
PERE , DLAL T G TR BE R B . P 4R 42/
I3 F SR R B e REERVET T 5 bridge 4258
J& AbD ISR AL o 1 JeXT bridge (I REVE ST T
M, 31T 20.18.16.14 . 12nt bridge 5 MEAL K,
DL 1,

VEFRIR K bridge , 76 =< % DNA #REHE7EIE
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Fig.1 Determination of the ability of DNA to self-induced ligation
of different bridging lengths

HASHN TADb B, AT LAGE R [ B i flEAE 22, 23— (] SRR
ZEATE—E  bridge JPAIMK , ERAEMOR, 17
qPCR IR Z | 7= 1) CefE#/ N, 16 .14 120t AU
JER A Co BT Ont(F5 X 8 ) PR 1 Cufi, 3%
B bridge K EEAE 16nt BHIEACSE- 1, #8811 LT R
Z . AT 20,18 . 16nt JF I B — 004k, Hs
W PEREIRVE A I REIE I AbD BORRIBESS #4) ) sk L 491,
Bij 1k DNA @k B 9 A 342, —APuinT fg el i 4
BEWIAS 57 uifB /N> T DNA L 8B4 37 digf& iy
T DNA, X HJEAF B BLNIZE A RREE B AbD 45
¥ o PTG B 7 A2 3 ) R/ Nl £ 3K o s £ 1)
R
B PEREIRR BE AR BEAR IR R 6.60.600 .6 000 ng/mL
Bl e o Rl —Hiiue B AR R BE R bridge , WE
F& CofEAE Ak, DL antal 2.
361
34t
32 |
30}
28 H
26 H
24 H
22

B 20nt

Ct

FHA 6 60 600 6000
SAL~IAb/(ng/ml.)
2 EAREWEKETARERREEIRRER Ct {EA
Fig.2 The Ct value response for different immunomagnetic bead

concentrations at different bridge lengths

HK 1 bridge A7 5 = Y455 880% , Ce{E /N, 3
HHE N bridge 1 BEXSGS8 T Fray AbD T WA ZE)F
FIRE, AT DAEAAEAE S AR ES & TR i 15 150
T A R AT, 3PP 43T (] 4438 23 FRARAS I 2
U . BURBURZ B AAAE— BB B B Pt

PARAT — DR BERE R, #R S ) — % Z A 455 . Bt
PRHR B2 60 ng/mL B, 77 A 1 C fE 5/, S8R Bt o
gl IR RMERAER NS PUARHEE 60 ng/mL,
bridge K& 20nt,
2.3 JiiktERE

AT AN ) B f 00 T R BEbRitE il o 4%
FA SR B2 1Y) SAL B3N 2 Sy 7 e v LA & 7E 0
AT ARSI B A R SR 4 RN 8T 3 B

27t
26

251

Ct

24}

23+

22

0 0.01 0.1 1 10 100 1000
SAL/(ng/mL)

277 y=0.8261g(x)+24.29
R’=0.999 2

261

251

Ct

241

23F

22 1 1 1 1 1 1
102 10" 10° 10 100 10°
CSAL/( ng/mL )
B3 WilARREDTREET (%
Fig.3 Linear calibration curves for detection of RT in different

concentration

Bl /N IR BE RGN, A5 EER A C (H B M
Ko HT CofEmmN, KA EATE 1.0x102 ng/mL~
1.0x10° ng/mL G P 1) B AP PE G R 26, 2k
PETREN y=0.8261g(x)+24.29, FH K R %L (R?) A 0.999 2.,
TE5 5381 S BRAE S 8 AR R A 55 10T, BSOS I A Bk
DUZE 3 0 0 52 I B 2 P o AR 25 (B T3
B0 3 A5 AR v O 25 55 SAL A HIBR (LOD) 1.2
1072 ng/mLo %7 6 HAT R IGE 58 BRAE R R
[
2.4 R SAERG

R TR R S, SRRV T R B Y 4
14 TIRESE Y3 ve 2 UG RRAT flAR RSN e v
TR VE XTI . RS PERIEE R UL 4.
2.5 KRS IBRE R I

SR AR T RN A Sk K B N TR rh i v
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Fig.4 Specificity test of this method

THERE . FORAK BN T IR 3 8 6 AE 10 000 /min
TR S min, BRI SRIE A —REWR BRI T e
BEHEA TR, 2R LR 2.

R2 BTN TR TREEEMAREBOE L R (n=3)

Table 2 Recoveries of RT in tap water and artificial urine samples

(n=3)

Y A3k NTIRE
(L) R g, IR e
(pg/mL) (pg/mL)

0 / / / /
500 435.7 87.1 558.3 111.7
5 000 44792 89.6 47753 95.5
10 000 10 881.8 108.8 10 3134 103.1

TE  FORTEZS IR AR HE PR AG VD T e

JIbR EISCRAE 87.1 %~111.7 %22 18], HR kR MEDR
ZEAT A R AR T B E A 2R XS bR i I 22 RSD<
5.1 %, ATk RS B e, i A
R AK AN BRIB S o v T Je i) (G

3 it

Fa T — PP T eiiak A DNA-DNA #E42iG
A1 DNA @l A H AR T —Fh s 2 ok i v T i
P11 7 i , 3 s oA S R B P& 7 % R T T
Frdz DNA WFERTT B e KY 87, Ao iy
S IUE SO, U T BB R A R 1.2x102ng/mL,
FHF FUATK BRI D T Rt R, S0 R4 A7k
PR B, AT BT 2 DNA 53T 2R M 9 R s
o ARDFEEE JHTATAT AT LS DNA EEREHURY R,
XFFHE BRI RN EAT — & (SRS Ml
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T AP I s 22 T W 0 e DA

WIXL, EELR, BIEE, B AR, HIpke, RiE
(1. KHEIHE K 2E ARl B KETT s P S22, Kt 30038752, Ktri Mok SR
Eﬁﬁﬁﬁ,ﬂ%@ 300384 ;3. HHE B #ilb (KA BRA ], KHE 301600)

1 E. AR TR S SR 95 R 0 E (enzyme-linked immunosorbent assay, ELISA ) 7 % , # 5 — A Pede | R4
Ao e p i A R B P BRERAE B R R B WY 7 R OB 00aE T aE A AE SRR B A AR RATAL R R BRER 4 2% o iR
(phosphate buffered saline, PBS)#2 3w 5 % = 5, T B2 44 oY ) 3257 40 22 77 3 Bp T A ARH i R 0% vk 43 31 09 AL IR o 4%
Ml Py (0.240.05 Dpg/L, EBEH :(0.87 £ 0.15)pg/L; 5 F42 A A A 50 b 69 BB 45 F F 09 A el £ 4 . 88.5 %~
99.5%, EHZFBNT 17%, RERS GHERAMEE A% (high performance liquid chromatography—mass spect—
rometry, HPLC-MS)— 2 ,

KGRI A ALBRLAE B (STR) ; BT S LI S€ (ELISA )5 40 2 7 5 Bead Ain)

Rapid Immunological Detection of Streptomycin Sulfate Residues in Edible Fungi
LIU Shuang', WANG Min-si', XIE Chun—hua', ZHOU Yong-bin®, LIU Tao®*, SONG Yang'"
(1. Tianjin Key Laboratory of Animal and Plant Resistance, College of Life Sciences, Tianjin Normal
University, Tianjin 300387, China; 2. Tianjin Forestry Fruit Research Institute, Tianjin 300384, China;
3. Zhongyan Mushroom Industry (Tianjin) Co., Ltd., Tianjin 301600, China)

Abstract: A rapid, sensitive and accurate method for the detection of streptomycin sulfate residues in edible
fungi was established based on the application of indirect competitive enzyme —linked immunosorbent assay
(indirect competitive, ELISA) method. The edible fungi such as pleurotus eryngii, agaricus bisporus and
lentinus edodes were used as sample raw materials, and the matrix pretreatment method can be basically
eliminated by phosphate buffer sodium (PBS) extraction and 5 % trichloroacetic acid purification. The obtained
detection limit of the calibration curve was (0.2 +0.05) pg/L., the sensitivity was (0.87+0.15) pg/L; the
recovery of streptomycin sulfate in the five edible fungi samples was 88.5 %-99.5 % , and the coefficient of
variation was less than 7.7 %, the results were consistent with high performance liquid chromatography —mass
spectrometry (HPLC-MS).

Key words: edible fungi; streptomycin sulfate (STR); enzyme-linked immunosorbent assay (ELISA ) ;antibi-

otics; rapid detection
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by oral fluid analysis[J]. Proceedings of the National Academy of recombinase polymerase amplification and transcription —mediated
Sciences, 2018, 115(6): 1250-1255 amplification to detect tumor—derived exosomes in nasopharyngeal
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