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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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agglutination-PCR (ADAP) enables early diagnosis of HIV infection [20] Liu W, Li J, Wu Y, et al. Target—induced proximity ligation triggers
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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Fig.1 The structure of streptomycin
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W, 5% e I S W RN 22 7 (enzyme-linked im—
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1.1 MRS EGH

TRIREERE 2% T AL R B AS A0 A BT BN D
it — 5T CEPURD - P 5 AR AR BRA R
A= 1fiL 15 25 1 (bovine serum albumin, BSA ) : 4= T A4 T
2 I RS 7 5 B-FRRIRS « 75 =] Merck 28 7] 5 i
AAbE k. £ Sigma A F;3,37,5,5 — 0 H R
i3 (3.3.5.5Tetramethylbenzidine , TMB): 3£ [H Sigma o
A 3  H LK (dimethyl sulfoxide , DMSO ) : /7 [ J&K
N NaH PO, 2H,0: KEEE AR K A FRA
] 5 Na,HPO, » 12H,0 : Kt Rk 2= s NaCl. &
TRl AR (ATl ) « v B R T A AR B A 7
PR - AR A 6 PO WAL A B ARG FRA R 5 O
REETT RIS AL TR T BEd - T B

pH 9.6 BRFRENZE R (3952 Mk ) ;0.01 mol/Lig
PR 41 2% W, pH 7.4 (phosphate buffer, PBS); 1L PBS Jill
0.5 g -3 (PBS—-tween—20, PBST) ; 100 mLPBS+0.1 g BSA
(PBS-BSA,PBSB) ;6 mg/mL i iR 5% 75 £ BA ve A Hi A .
RN R SIAE B F A S0 2 A
1.2 5

Infinite 200 2 BEARAL . S [E TR H) 2 F 596 L
FEFRA : P14 Nune 23] ; GHP-9050 fH IR 1% I 44 - i
—FE R F AL AR A BR A B s RH-KT Jin #8484 71 8 FE 4%
MTS2/4 H i AV bR IR 7 o« P IKA 24 W] s H1650
B 9 AR B S AR A FRA Rl s XH-C it
BEAS : VIR IAUEA BRA A s XBLL-23A ZTIREE i
JNTAL: o E DA TR A R A
1.3 BRfRSER: R M54 ELISA ik sr

FI A2 35 4 ELISA 35, HAR5 2% [ Song
200 bR —HURERE 5 000 A%, 43 5K £ 1 s A Bt ik
Pe il % 0.01.,0.05.0.1 wg/L; K2 vl 25 Ve 2Ty -
10.20.,30.40 .50 mmol/L F LABG BEHLIAR bR — Bt K fi
Rt R bRin s KEZE v ) pH (E 578 B 4.5 5.5
6.5.7.4.8.5.9.5, R BEBUIA | BiFbr — BT MR st 2 2%
i 5 K5 4 SUBEINF ] 53391115 A 25,4055, 70 min. 2

NETE 96 FLEEFR I E MRt HEA T, ARG H A 450 nm
F1 4650 nm {H, feJi ARAESE A 1C (5 I K/ NI
FE WA B iR A SO 254 o

FIFH L EOCA R, 4 B 2 e 5 2R TG ) v B A
0.07.0.22.0.67.2.00.6.00.18.00 wg/kg WV , 47 1H]
FETi 4 ELISA 56 1R85 . LA BREE RS 2 bl il (1)
W EE (pgfkg) Rt AR AR, LI 2 (% ) A b il b
HERNZL

IR %=[(A gp=A (A A )] x100 (1)

A g A BB BE RS 2 b i R B2 A R I A IO
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L4 BRSO IEAL
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SRR HN WA ) 5 S R
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Y 1Csommns 2 M L FRAE 25 22 A 3 50 %
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st AR 224 50 9ol iR Rz (AR 1F it A B
1.5 FE& I E
1.5.1  FESHUES S b3
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WARGEAE T AR /NI -20 CA T, G2 ol #s g R
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JEE ARG 50 5 v  VEAR E

IR o= (I (B - 25 FUED/TR InEx 100 (5K 3)
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1.6 5 HPLC-MS HXHR T

K 2544 K 5 125 % bt J5 2% : GB/T 22995-2008
(e s R | WA RE RS 2RI R 5k A 2 i
E WA A3 - AR BTk )2

FES RS b 7 ) 1.5.2, Ab 35 A RE L A
i 0.22 wm K R UEALS BT #E4 T HPLC-MS A3

2 RS54

2.1 [A[ESE4 ELISA 0T

AL TR R PO TR IE pH

(B AR BE 4 SOV INHE] e 5 B R de D 45 F R < Bt
AT BE 108 000 1% 5 L9 AL B 54 0.5 pgfwell s 22
WA 10 mmol/L, pH 7.4 BERZZ 0PI ; PUIRPUIARTE S
SB[ R 55 min. 23 28t AR e 2 A 2 PR
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Fig.2 Streptomycin sulfate inhibition curve

22 PRI
H )4 38 4 ELISA I 5E 4R 5 i IR 8 2 R K
FCA 45 R 28 R B4 28 S A PAP T 1R A A S P AL
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®1 BUESMERENEXEEENIC, &

Table 1 The IC5 and coefficient of variation of compounds

azyy 1Cso/(pg/L) 2E L%
TR R 3 0.87 100
WETizes 0.88 98.9

RKRER >10 000 <0.01
PR >10 000 <0.01

AER >10 000 <0.01

IR >10 000 <0.01
TR >10 000 <0.01

X IEINT 0.01 %o
2.3 BRBRBETS & 015354 ELISA AR IE Hh2k b 5 R
i £k

B S FivEr FHBRE SO AR, KE R A AR S 4 B
T2 PBS Fi B 20 £ 5 AT TRAE Ry B IR B 25 25 b it 119
BT , 20 ) 22554 ELISA Rl 3045 At 4 i R il £k ED
IRERRBYIERR LR, 45 RN E 3.3 2 R, 5 FREEAR Y
LR h 2 SR L ES .

120
100}
s sof
g ® - bR
= 40F —o— it g R T 2R
20}
O 1 1 1 J
0.01 0.1 1 10 100
T e 25 2 VR B/ (g/mlL)
(DI 2 e
08
0
0
= 0
=) - L
2 o o G
0
oll
0.01 01 T 70 100
T B e 25 2 VR B/ (g/mL)
(2)WEE He s A

3 WEHEE EEES ELISA KIEMZ& (I EaTE A5 )
Fig.3 Indirect competitive ELISA calibration curve of

streptomycin sulfate ( taking pleurotus eryngium as an example )

R2 HERMEEEREERS ELISA ERIEME S S SHERH
HMLLR
Table 2 Comparison of indirect competitive ELISA calibration

curves of streptomycin with matrix curves of each sample

MEHER  AniE AR TRAE O OEEE FEE ks

W (pekg) g
0.07 9.55 8.84 9.46 9.89 8.87 8.95
0.22 22.69 23.11 22,67 2270 21.61 2221
0.67 4731 49.78 48.73 49.01 4998 50.30
2 7181 71.55 70.61 70.35 69.99 72.56
6 91.34  88.17 90.19 9123 8941 92.03
18 99.95 9842 99.19 9821 9797 99.93

I 1Al PR T LIRS U AR i A 2R
HXHII U B 7 2 A R = 9SS SURUBE(98.9 %)
-5 AT A R MR T R RIRER AR RN

HIZE 2 ATRD, READ B RTAL BT 7k 58 4 nl LUK EH
BREEFUR MY H 6, HiZeaEZez= /0 n] U TIX 5
TR fh 14 BAE PR B 2 A P ARG



854

Vi B P g i U g R L B B S ol

167—

2.4 AR

W5 M RS Bl a3 K (15,
65.150 werke ) B PR EE 25 25 bm i, BN AKPICE 341
AT, 25 CHfEL 30 min, 23 HIAL BRAE &, SR A RO
2% PBS B 80 %5 HFlH) 42 ELISA kil , 455 ik 3
B, Hob, BICR Ky 88.5 %~99.5 % , 1EiR 22 feib N,

HASFRBUNT 7.5 %,
2.5 SEBREE AN 2
ARG A s A OO s B Sk g i
TTHFEE A, BRI 5 AR S EA TR SEBRAE S
rH B R B R 2R AR DL 3 4,
1 4 AR TEAY B Gs P al OB g A g P AG

#3 WEBHEEERTE S MEERPRRMEIKZE
Table 3 Recovery of Streptomycin in 5 Samples

N IR R Z TR ELISA HPLC-MS
R A TR (n=3) o — - —
It/ (pelkg) K HiE/( we/ke) [/ % BFRZRBCVI%  FtE/ (ugke) miies AR SR CVI%
1 15 13.70£0.27 91.3 2.0 14.20+0.68 94.7 4.7
65 63.13+1.77 97.1 2.8 64.10+2.96 98.6 4.6
150 149.33+2.16 99.5 14 149.55+1.35 99.7 0.9
A bl 15 13.27+1.03 88.5 7.7 14.05+1.01 93.7 7.1
65 63.53+1.54 97.7 2.4 65.86+1.57 101.3 2.3
150 147.20+3.60 98.1 2.4 147.21+0.95 98.1 0.6
1 15 13.5720. 61 90.4 44 15.08+0.41 100.5 2.7
65 63.87+1.86 98.3 2.8 63.75+2.57 98.1 39
150 148.67+2.54 99.1 1.7 151.04+1.66 100.7 1.1
WA 15 13.87+0.86 98.7 6.2 13.32+0.14 88.8 1.1
65 63.90+1.74 92.5 2.7 66.47+0.24 102.3 0.3
150 146.87+4.61 97.9 3.1 148.74+2.10 99.2 14
WS 15 13.60+0.91 90.6 6.6 14.92+0.73 99.5 4.8
65 63.87+2.85 98.3 44 63.64+1.65 97.9 2.5
150 143.13+5.50 95.4 3.8 152.22+1.18 101.4 0.7
F4 ZEERPHTREES RGN
Table 4 Detection of streptomycin in real samples
FES TR . ELISA HPLC-MS
T fRsE R Z K (ue/kg) K th2R/% TR R 2 A H HE (ug/kg) K 2R/ %
T 1-4 20 - 20
5 20.00 19.00
A5 i 1-4 - 20 - 20
5 20.25 18.65
gy 1-3 - 40 - 40
4 20.00 19.60
18.40 17.25
XA 2t 1-4 - 20 - 20
5 16.85 17.50
ek 1-5 - 0 - 0

T R BIPERRGL RAG L

M R R A, LA R R OB 3 R 1B
— 3.

1E| ik

3 HitERE
AT R T a4 4 ELISA 7k, 8 7 —Fpik

%5%&@%%&@@%@*ﬁ&%@%% i
Beo Horb, RS (7 PR EBORIRR b R T S 3 B ik
RS0 I T )32 35 4 ELISA A6, s30T &b

B R B i AR B DAl T H AT H A 2 41
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