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Fig. 1 Schematic diagram of the colorimetric aptasensor for the detection of PS
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Fig.2 Performance characterization of AuNPs

(a) pectrogram, (b) the TEM imaging of the AuNPs
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Fig. 3 Optimal concentration of COS and aptamer

(a) spectrogram corresponding to the mixture solutions with different concentrations of COS, (b) the 4450 nm/A520 am VS. concentration of COS, (c) the

spectrogram corresponding to the mixture solutions with different concentrations of aptamer, (d) the 4450 ym/A520 nm VS. concentration of aptamer
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Fig. 4 Optimization of H,0, concentration, TMB concentration and pH of acetic acid in the catalytic system

(a) spectrogram of catalytic reaction system with the different concentration of H,O,, (b) the absorbance at 650 nm with different concentration of H,O,,
(c) spectrogram of catalytic reaction system with different concentration of TMB, (d) the absorbance at 650 nm with different concentration of TMB,

(e) spectrogram of catalytic reaction system with different pH, (f) the absorbance at 650 nm with different pH
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Fig. 5 Performance characterization of the aptasensor

(a) spectrogram of the detection system with different concentrations of PS, (b) rate of change vs concentration of PS, (c) linear relationship between rate
of change and PS concentration, (d) selectivity analysis of the developed aptasensor; PA. phosphatic acid, PI. phosphatidylinositol, PE. phosphatidyleth-
anolamine, PC. phosphatidylcholine, PS. phosphatidylserine
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24 [EIYER

# 10 mg/mL PC 8 il v& £ 9 m Tl & PS,
22 HPLC #iik, 1931563851500 15.20% . 36.08%
F1 75.90% FORE &, XPRE S HEAT AR RS, fif PS VR EE
A3k 1.50, 5.00 F1 15.00 nmol/L, F1] 44 2 iy ik
WA A% B AR HEAT 43 BT, AR I EE S 95.63%~
110.76%, RSD ¥J/hF 9% (% 1)

x1 ERAERSERTOEY N LERS PS BEIE
Tab.1 Recovery rate based on the developed aptasensor

for analyzing PS in bioprocessing samples

FEf IIAE/(mmol/L) A& /(nmol/L) [l 3R /% HIXHARHE R 2 /%

samples added measured recovery RSD
1 1.50 1.66+0.11 110.76 6.57
2 5.00 5.44+0.43 108.82 7.94
3 15.00 14.34+1.18 95.63 8.19

2.5 EFEMEN
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PI. PA. PE fIPC., Z5RE 5-d izs, X PS 5l
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Zi b, ATRGE LR T —Fh L (o 7R i A
AR T PS 1 R E i, 7E5C SRR
5 pg/mL, JdE BCARWK R 2 pmol/L . H,0, Wk JE&
H 15%. TMB ¥ & & 2 mmol/L. pH i & 4.0 1)
AR, KRG BRSPS AT
FrufE M 2E M y=19.12 1g x+23.55 (R*=0.9964), Z1k
K Y8 Bl 4 0.50~50.00 nmol/L, LOD 4 93.84
pmol/L. %A% A B AT BT M e 8 1 . MG 14 il
HEEME, T LB Yrin TR R iy PS B,
[l it # N 95.63%~110.76%, RSD /N T 9.00%.
HEA i FAUE 40 min,

3 Wi

ABIEFE LAIK 7 i A 40 00 7 0 W T P 2 2 PR
pok SRl e S F =L OO \ST SN S ol €2 Al
J7 ¥ o AT BT R A B A SRS D5 12 M R ATl
ok, HLZJ7 ik Ty HA A= n T ) 3 B A
I T A S B AN ST kRl . SRS TR I,
ABI TR A ) 7 R O 1 HAT B AR T B O
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Highly sensitive and rapid detection of phosphatidylserine based on
a colorimetric aptasensor

WANG Sai', XU Jiashuo', LILing', MAO Xiangzhao ">

(1. College of Food Science and Engineering, Ocean University of China, Qingdao 266003, China;
2. Laboratory for Marine Drugs and Bioproducts,
Pilot National Laboratory for Marine Science and Technology, Qingdao 266237, China)

Abstract: Preparation of marine active substances by bioprocessing technologies is a hot research topic in recent
years. During the bioprocessing, it is of great significance to achieve rapid detection of the target products, while
the traditional detection methods are faced with many limitations, so there is an urgent need for novel and simple
analytical methods. In this study, phosphatidylserine (PS) was chosen as the model target, a colorimetric aptamer-
based biosensor (aptasensor) was developed for the rapid detection of PS in bioprocessing system. The positively-
charged chitosan oligosaccharides and negatively-charged aptamers firstly bound through electrostatic adsorption.
In the presence of PS, the aptamers specifically bound with the PS, causing the release of chitosan oligosacchar-
ides, which in turn adsorbed onto the negatively-charged gold nanoparticles to form nanozymes with high perox-
ide catalytic activity towards 3,3',5,5'-tetramethyl benzidine (TMB), producing colorimetric signals which were
positively correlated with the concentration of PS. The absorbance values were collected and processed into rate of
change with comparison to that of the negative samples without PS, and the rapid quantification was thus achieved.
The concentration of aptamers, the concentration of chitosan oligosaccharides, and the conditions of nanozyme
catalysis reaction were optimized in detail. Under optimal conditions, the developed aptasensor exhibited a good
linear detection range (0.50-50.00 nmol/L) and high sensitivity, with a limit of detection (LOD) as low as 93.84
pmol/L. Moreover, the aptasensor showed high selectivity, accuracy, and repeatability. Recovery rates of 95.63%-
110.76% and RSD less than 9.00% were obtained, when analyzing the PS in the actual bioprocessing samples.
Only 40 min was needed for the entire analysis. In short, an aptasensor was successfully developed for highly sens-
itive and rapid detection of PS. The study can provide new ideas and research basis for the rapid detection method
of PS as well as other biological processed products.

Key words: phosphatidylserine; bioprocessed product; rapid detection; aptamer; chitosan oligosaccharide; AuNPs

nanozyme
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