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A colloidal gold immunochromatographic test strip based on
“dynamic colorimetric card” for the detection of
diethylstilbestrol residues in surface water

WANG Qingxin' * SHI Guoging®
(1. Longkou Reservoir Management Center, Longkou, 265721, China; 2. School of Chemistry and Biological Engineering,
University of Science and Technology Beijing, Beijing, 100083, China)

Abstract Due to its convenient visual detection of target compounds, colloidal gold
immunochromatography technology is particularly suitable for on-site rapid screening; yet, the color
development of the colloidal gold immunochromatographic test strip detection line can be
significantly impacted by environmental temperature and humidity, thus affecting the accuracy of the
on-site visualization detection. To minimize the effects of temperature and humidity on the detection
results, a diethylstilbestrol (DES) semi-quantitative immunochromatographic assay strip was
prepared by labeling colloidal gold with DES monoclonal antibody and reacting with DES-BSA
coated on NC membrane as the detection line; Additionally, three semi-quantitative reference lines
were created by labeling colloidal gold with chicken immunoglobulin (IgY) and reacting with sheep
anti IgY polyclonal antibodies coated on NC membrane at three different concentrations. This test
strip is capable of semi-quantitative analysis of DES concentrations in four ranges: < 5 ng'mL"',

5—10 ng'mL™", 10—20 ng'-mL"™", and > 20 ng-mL"', with no significant discrepancies in the results
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within the tested temperature and humidity ranges. The semi-quantitative detection results of DES in
surface water samples are in agreement with the detection results from the ELISA kit. This method is
expected to be used to create colloidal gold immunochromatographic detection cards that are more
suitable for on-site testing requirements.

Keywords colloidal gold, immunochromatographic assay, semi-quantitative detection, on-site

testing, diethylstilbestrol.
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1 MEYE i (Materials and methods)

L1 GRS 0

O M e B0 E B DTIA . DES-BSA W T AR 2 AW ARA R R, P RBTIAR 4= 15 A8 H
(BSA) W A BN Z 3 IR T R AR W RO A BR A 7], R B Bk H IgY | F4T TgY WG 3% BH A DR S 96 44
Kb, SR MER . Tween-20 1 [ Merck 23 ) (F815), S8 RRIE [T 15 25 4 A1 A 27 1R A7 R 7). AR
SYERBE(VIVID170) W F 5E [ PALL 28 ml. BEFELF4ENR . PVC R AR . oK 4RI T LI AR E M RHCA
RO T, A MERY ELISA Aailiain) &0 A AL 5t % A Y EoR A BR2A .

L5 4] B ASCI 1 L T B T AR W BOR AT PR A, AT 4 AR U 2R AL (HGS201) 1 T AT M e k152 A7 R
YNGR
1.2 G A < 1 il 2

JBE A 45 B 1 % 2% Sun SFRIE A7 L. R ELBRINT A 2 mL &S RIE W (1%, WIV) A F)
100 mL E2E7K H, IR ok I . AR5, FEASBBERE BIA 1.3 mL APIR B (2%, WIV) . Rl
PO L ), AREERAFUB IS 10 min. SRS, 5 L BEHE SR, 150 4 2 2 RS I AR 4lKoR:
R BAARBURN R 2 100 mL. 4 °C PKA A A H 1 # B R G F BPR0AE 0 30 nm. 23 510KE DES HA g [
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FUAR R IgY ARICTERAR 4 b, iR W T : 1 0.1 mol- L™ 4 KoCO- W5 A4 45 15 i 4 35 28 53 pH 1A,
A B4 B B dE AR E AR 1T, R FRIRA) 1 min, #5830 min. H 10% BSA % (pH7.2) £ 4]
30 min f7, # B0 T 4 °CL 12000 rmin™' B0 30 ming 75 FIHWR. H 1% BSA(pH7.2) I BE AR TTTE,
T4 °C. 12000 r'min”" &.0> 30 min; 55 L. A 100 pL AR 4 52 3% W (10 mmol- L™ 5 i 5 2%
W pH 7.2, 7 1% BSA. 10% FKEHE . 5% MMM, 0.05% &880 IR UL
1.3 #xifi DES-BSA fu i ¥ & i1k

FHWE 4 S BEAL LA 3 pL-em™ YRS, B F— 24 BFRIC T DES SBT 1Y B 4 25 15 1 15 Wt 3 3%
B AE RN |, 37 °C HET 24 h, ) DES S ngh & W, I RIBAYL, LL 0.8 pL-cm™ [, K — &
HI) A [ e JF Y DES-BSA % (0.2, 0.4, 0.6, 0.8 mg-mL™) FIEHT B 1gG IE# (0.5 mg-mL™") I 7E NC Ji&
I, 37 °C HET 24 hy K B B 27 4k AR AE o H AL R (20 mmol L @ R 3R 2% v, pH7.2, & 1% Tween-
20, 1% BSA) HiR L Ss, BUH J5, 37 °C ME+ 24 h, il URE S 4. 32 BEET 1a U7 7 41206 O 0 ik ik 4K 45, 43
JPFE 80 uL ¥k B4 0. 10, 20, 40 ng-mL™" ) DES %5 W3 in 2405 AL i 8 b, [V Smin &, H A0
22, JE R Image) XFIRACS5 Y T el C R BEAHIEAT 734, L T XS AR B2 DES 1 1 68 IX 43 B i
PRI iE DES-BSA f gl v &
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(b) #a: 22 Detect line
leY gfidilgY conjugated pad 2 5F % % 4 Semi-quantitative reference line
DES & #7#4Abpgs conjugated pad “— Wk 4 Absorbent pad
=] . 7,/*N' AN ¥ ——
FhhdfeSample pad 7/ Z 7 7
> S
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Fig.1 Schematic diagram of colloidal gold test strip
a. schematic diagram of the composition of conventional immunochromatographic test strip; b. schematic diagram of the composition of

immunochromatography test strip based on the "dynamic colorimetric card".
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NC I C R0 'E, 37 °C HET 24 h SR Hi BEAE b 35 . DES 4xhnth | IgY 4xhnth . NC I WK 4819 0T 20
BRI AT, 8 AEXT e B 04 5. 10, 20, 40 ng-mL™" DES ¥ ¥ (9 i 7, B WLWLEE, 23 9l % 52 15
DES ¥ 47 5. 10, 20 ng'mL ™" B T4 5 C 4 i (AR I E9T0 IgY vk B anl&l 1b o, # 3k Hh
3NVR SR BT TgY 4% 0k BE A I 3 i 0, AR OB 9 3 NC B L, il 45 1] 1b B s A it 4%, I H
ImageJ Z AT R4 AN [F]_ 3R VR B DES 19 0 (I 00, MR U5 50 BT 45 R X S 285 Gl B HEA T 0, B 2 B 4%
R ZX g 3 & E RS H LT RIRD OB TA Y6, IF H 3 5508 RS54l IR s 57
55,10, 20 ng-mL™" i} T 28 i (A 4H .
1.5 Kpl-R 21 %e

FERE AR AR R RR LT 4R R BRI AR AR W FE G AR L, Bk 1) LS 4y =X 42 Can &l 1),
VIZHLYI A 4 mm GEA405%, 2 A SRR 58, T 500 % B R AE.
1.6 IR R ARG 45 SR 1) 5 i

RAE G X IR AT AR 25 S 1 5 M, A SC 06 2 P A TR S R R A R T & 16, 25 °C, SEER
191 1) 2 N FE R 30%—35%. 7ETE T MR AE TR iR BE IR 35 °C L W EE 35%. Kk 4R TE iR AR o
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5 30 min J5, % 2 XA [ H B DES [0 [z

Sk B 50 B O 3 AR 2% R 0 4 R 0 5 A, 43 ol K AR AR R AE SR 5 Y (LB 25 °CL
30%—35% ) LA K 1R HE RAR T GIRLEE 25 °C. I 55% ) -7 K S, % 22 XA [R] e B DES 0 1
1.7 #3/KH DES WA & 5631

AR TR KRB AT AR 1 Ky | RN B 3 AN KEE, 28 0.45 pm R UE )5 L 4051
FHAS S A P G I 1R B T B8 1 s 157t K 92 3K 700 A K AR e L M 1 100 5 . FEAS 3 L M 1
AR FEHER N 5. 10, 20 ng-mL™" 9 05 MER , 43531 FH AR Sl RS DU R K O 0 E B ELISA 3057 & s
W, P — & ki 25 L.

2 zER 5308 (Results and discussion)

2.1 DES g BEHR I FRICH EE & DES-BSA fL 8k & 11k

e Xt DES P 5E BEPUARTE SR 4 ARG BE DR T T AL, il 2a AT UL, 24 DES H5g BB
FRICHEBE R S pg-mL ™ AR S K UL LB, [a] A4 4 A in A M A NaCl A& S 8UR R £ B 60 1) A8 Ak, 7R
5 pg-mL ! R4 K DES $UiR R E bRic ik B I ARIE DES $TARXT IR 4 09 78 0 45 &, e LR ie i
Al 3N 20%, B 6 pg-mL™! 4K 4 1F A DES 8 5g BE TR B bR ic v . &l 2b J& LAAS [R] ¢ B DES-
BSA fu#f NC 75 2| (A 48 T 78 AR 6 B2 DES R A% &2, o] LA 2, ff DES-BSA ¥ B3 i,
T 42 0 A2 3. T DES-BSA #JE 4 0.6 mg-mL™" i % B PEAE A i €6 550 1% (IR B {1>200) , H.

(a)

TE 40 ng-mL'DES FEASE 2T LR, BT LK HAE A B DES-BSA HL 8 ik .
(b 250 DES/agLY) (©
Oo Bio
200 - N20 [@40
150 -
100 — =

g 0 10 20 40
0.2 0.4 0.6 0.8 DES concentration/(ng-mL™")
DES concentration/(mg-mL™")

& 2 DES Hn BB RIARICHE E & DES-BSA 85 vk B A1tk
a INAMFT NaCl J5 ANl DES PAPihRic (A & Bt 2R 1k; b AGINIRAR T LAE AR B DES B 9K B (8 ¢ AR X AN [l v B
DES 1% &1} (55 R

Fig.2 Optimization of DES monoclonal antibody labeling concentration and DES-BSA coating concentration

Gray value

a. The color changes of colloidal gold labeled with DES monoclonal antibodies at different concentrations after adding saturated NaCl; b. The

gray values of the T-line of the test strip at different concentrations of DES; c. The images of the test paper on different concentrations of DES.

22 IgY brar e K APt IgY Haek B ny ik

B 2.0 R IR A 1gY MIRRE MR BE N 5 ng-mL ™ ARG AR5, FR IR 147 T3k U5 i, 1
ET 3AEBRSHLINFED IgY WHHKRIELE 0.1, 0.2, 0.3 mg-mL™" MHiL, 85 2 it — 308, & e
3KEBRSHZA(CL, C2. C3)WFEHT IgY Wk KM 0.1, 0.17, 0.25 mg'mL ™.

TEARAL 20 F i 45 IR 4K 4 A0 18] 3a s, HALULES R LA 2, YKL 5 PR £ DES 8 DES & & 1%
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T S5ngmL B, TR AL =KEESHLIE, Y DESHE K 5. 10, 20 ng'-mL ™" B}, T2k BG40 5 5
C3. C2. C1 L, 2#E 5 DES KT 20 ng-mL ! B, TR H C1 . A FH Image) /4 XA 4C
74307, iTLAE 224 DES W JE R 5. 10, 20 ng-mL™" B, T 2K (4355 C3. C2. C1 MK B (AR T
(11 3b). BRI IR AR A% DES 5% B4 (1) 2 5 =l X ] <5, 5—10., 10—20. >20 ng'mL"".

B 3 DES & i Al {4t
aAN[F] DES ¥k BERHAARAY 04, b XA #4051 Image] 4387, WA T 4eak C £ K BE(H.
Fig.3 DES semi-quantitative detection test strip.
a. The images of the test strip at different DES concentrations. b. Plotting of the gray value spectrum of the strip image by ImageJ,
and the peak height corresponds to the gray value of the T line or C line.

2.3 R SRR X DES 2 5 i 4RI 45 5 4 52 )
HEEEET 16, 25, 35°C 3 MR FEXT DES 2 & SR 4CRe T 25 S a2, 25 K 4 pros. i A 4
Al L, BEPA ST IR T, R A B A IR, JUHAE 16°C i 25°C Z 8] B a4 fb e b B3, X T fig
JEIRE R T PR B0 R ) G 5 S v T B T S5 B0
250 OT SCl =C2 wC3

200 i

—
w
<

Gray value
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‘ 0, ) 5, )
16 C 25°C
DES concentration/(ng-mL ")
B 4 R[FEREEXT DES Rl 48 i #2
T WL, C1-C3 Ky 3 KB HLk

Fig.4 The effect of temperature on the color development of DES test strips

{RIEE

0 5

T is the detection line, and C1-C3 is the three reference lines

FHEET 35% F1 55% PR EE S5 A% DES SCA0A I 52 M, SEI IR EE S 25°C. 5 R R, 78 SR
1T, DES ) 0 @ E A TG B 45 /4 R S g SR vt i, iR RS T 4 B alod
F R AT 2 i B 2 7 AR AR R A i 25 T L T 2 I8 35 5 ) R AR 4 1) R A 38 B AE NC I 1 iy 3
PR, I HLIR B3 235 B AR S5 T I 9 43 A8 Sk I 52 0 S8 B N o B, BT AN [ R, A
S ARPEEITAAN L T, C 4y 0 (Ao B 2552 B RS2 . 1T B T 4: 4% DES Hi{& Fl DES-BSA S )i 1A %
DL R A R SRR R bR 1gY 52600 IgY AR FR A5 Rl — AR 48 - 32 240 ) (0 IR 08
(ISR, PRI, T 275 4R 110 Yl €00 2 722 Ak R 34D 2 AR ] 1. A S 485 SRAIE ] 1 FE A R 4K - 4R
BB A AR XA AT AT, T AT B T T8 B R AR A T B AR A 0 [ 3 e JE MR AR
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200 OT ~Cl1 mC2 B8C3

Gray value

35%RH
DES concentration/(ng-mL™")

B 5 R[FENEEXT DES 4L (41 50
Fig.5 The effect of humidity on the color development of DES test strip

2.4 MK DES AYAGI A 5k

539 AR SCHfi 45 79 DES 600 K1 8 1) DES fittbe S8 1200 & (R BR 2 0.1 ng-mL ™) Kl 1 1R
B ERKIERGER 3 D AKEE, BIARAG O A M. 7R PO KRR FP s in 1 C 0 M 1, fof H 2k B 23531
5,10, 20 ng-mL™, SR 73 551 FHAS S 4 (0 RS I - e O MfE 5 BELISA 350 & X AR A i AT T 46
M, ZF AN EE R AR 1 PR . 45 RIS Fr il 4 19 DES A8 00 - X5 Bz AR i AG i 25 51 5 i B
ELISA iG] & 9 52 45 21— 2.

R 1 DES P A IR ELISA K6 57 £ X 52 B B it 1 45 00 245 51
Table 1 The detection results of DES semi-quantitative test strip and ELISA kit on actual samples

RIEATE JiRHEeE/ (ng-mL™") JRAEAEME/ (ng-mL™) ELISAIRF GG ME/ (ng-mL™)
Sample collection site Spiked concentration Results from test strip Results from ELISA kit
HK B .
E k{?/\ﬂ? - ND ND
Reservoir mouth
— ND ND
KL 5 <5 4.18
Reservoir center 10 5-10 8.49
20 10-20 17.30
Vi m
NI - ND ND

Reservoir Dam

‘ND., KA. ND., not detected.

3 4518 (Conclusion)

A T N R R B 2B 1gY e NC I I, 5445 IgY 454, 76 DES #llit4t b a7
— AT TR I 2R G 2 S N R < BN AS AR, T A2 A IR BE A S e, 5K AR i S AR AN R
JEE R BE R 9t (1 5 DES 60 28 R A — 3, R L nT DAFE A [5) 3 BE I B () 34858 Hh S BRXF DES 9252
R & AR 45X DES % B4 19 2 B R I X [B] <5 ng'mL'; 5—10 ng'mL"', 10—20 ng-mL"",
>20 ng-mL", X i /KB o DES (19 B W 2 A 45 R 5 ELISA 350 &0 I 25 5 — 80 A9t e M
TAEGE G PE M IR AR AR I 25 5 5 52 I35 T 100 55 PR 3252 T 119 B0 o1, BB 78 B A0 A5 rp S B X OV 4
W A B A I . [RIES, P AL S AR B ROV AR RS F DES R VIR R, ASBIFGE BT 4 i 1)< 3
AR B E BT LUV T H e PR B 28 )2 MR g0 I, R8I (RAME W, B i A A R R
i R I0 A 55 R 4 850 A R XL oy FH i 5.
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