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Abstract Highly sensitive and accurate analysis of significant biomarkers such as alkaline phosphatase (ALP) is essential
for early detection and treatment of diseases. In this work, a fluorescence/UV-vis dual-mode sensing platform was construct-
ed for amplified detection of ALP and pyrophosphate ion (PPi) based on mimic enzyme-natural enzyme cascade reactions.
Cu-Based metal-organic frameworks HKUST-1 which possesses of oxidase-like activity and can effectively catalyze the oxi-
dation of indicator o-phenylenediamine (OPD) by the surface-active sites were prepared. The oxidation products of OPD
exhibit strong UV-vis absorption and fluorescent signals at 416 and 568 nm, respectively. After adding PPi, the catalytic ac-
tivity of HKUST-1 was selectively inhibited due to the combination of PPi with Cu®" on the surface of HKUST-1, that re-
sulted in fluorescence and UV-vis signal reducing. Once ALP was introduced into the system, PPi can be specifically hydro-
lyzed into phosphate ions (Pi), and the oxidase-like activity of HKUST-1 recovered. Thus, the fluorescent and UV-vis signals
were regenerated by an ALP-triggered mimic enzyme-natural enzyme cascade reaction. On account of the inhibition of oxi-
dase-like activity of HKUST-1 by PPi and the recovery by ALP, an ultrasensitive dual-mode sensing platform of biomarkers
based on mimic enzyme-natural enzyme cascade reactions has been developed. Under optimal conditions, the linear range of
ALP by fluorescence/UV-vis detection is 0.02~3.5 and 0.04~3.5 nmolsL ™", and the detection limit of fluorescence and

UV-vis assay is as low as 0.0078 and 0.039 nmolsL ™"

, respectively. As far as we know, it is the first time that the mimic en-

zyme-natural enzyme cascade reaction is applied to dual-mode bioanalysis. Due to the enzyme cascade amplification and
dual-mode signal output, this developed strategy has the advantages of high sensitivity, low detection limit, high accuracy and
reliability, and can realize ultrasensitive analysis of ALP in human serum samples, which shows great potential for clinical

diagnosis.
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Scheme 1 Illustration of fluorescent and UV-vis dual-mode detection of
ALP and PPi by designing mimic enzyme-natural enzyme cascade reac-
tions
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Figure 1 (a) SEM image and (b) UV-vis absorption spectra of HKUST-1
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Figure 2 (a) Fluorescence intensity changes of the system at 568 nm
after adding different concentrations of HKUST-1 and (b) time-dependent
fluorescence intensity changes of the system in the presence of HKUST-1
OPD: 500 pmolL ', HKUST-1: 25 pgemL '
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Figure 3 (a) Fluorescence evolution of the system upon addition of various concentrations of PPi (from 0 to 200 umolsL ") (Inset: the plots of fluores-
cent intensity at 568 nm versus PPi concentration), (b) the linearity of fluorescence intensity with respect to PPi concentrations, (c) the absorbance evolu-
tion of the system upon the addition of various concentrations of PPi (from 0 to 200 umolsL ") (Inset: the plots of UV-vis absorption at 416 nm versus PPi
concentration) and (d) the linearity of UV-vis absorption at 416 nm with respect to PPi concentrations

OPD: 500 pmolsL ', HKUST-1: 25 pgemL . Error bars of (b) and (d) were estimated from three replicate measurements
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Figure 4 (a) Fluorescence spectra of the system in the absence and presence of ALP and (b) time-dependent fluorescence intensity changes of the system

upon adding ALP
OPD: 500 pmolsL "', PPi: 100 pmolsL ™', HKUST-1: 25 pgemL ', ALP: 4 nmolsL "'
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Figure 5 (a) Fluorescence evolution of the system upon the addition of various concentrations of ALP (0~5 nmoleL ') (Inset: the plots of fluorescent
intensity at 568 nm versus ALP concentration), (b) the linearity of fluorescence intensity with respect to ALP concentrations. Error bars were estimated
from three replicate measurements, (c) the absorbance evolution of the system upon the addition of various concentrations of ALP (from 0 to 5 nmolsL ")
(Inset: the plots of UV-vis absorption at 416 nm versus ALP concentration) and (d) the linearity of UV-vis absorption at 416 nm with respect to ALP con-

centrations. Error bars were estimated from three replicate measurements
OPD: 500 pmoleL ', PPi: 100 pmol+L ', HKUST-1: 25 pgemL '
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Figure 6 (a) Inhibition efficiency of different concentrations of KH,PO, on the ALP activity of the system and (b) study of recycling rate of the mimic

enzyme HKUST-1
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The final concentrations of PPi and other anions were 100 umolsL . The final concentrations of ALP and other biomolecules were 4 nmoleL '
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GRS, AN R B UV-2600 B4 40 0] L4
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ST

THERH(Cu(NO;),*3H,0). 1,3,5-7 = H R (H;BTC)-
FER IR N (NayP,O7+ 10H,0) 41 i [ 2 48 A4k 244k
FIARATE. 4B [Z(OPD). BhIEBERREE(ALP). BERR
TAHR(KH,POL)IE 3£ E U A% I s B2 A ). PRI
FIAEAE FH HT 3 AR AT A Ab 2.

42 HKUST-1 B8R

AR 8 ST Rk 38 1 77 A B HKUST-1. 43 3l Fk B
0.126 g ] HsBTC A1 0.07 g Cu(NO;),*3H,0 %% T 6 mL
B, R JEHE HBTC M Cu(NO3),*3H,0 iH
o, RS IR BRE 2 b B0 12 min, R4
M e % — 38 LABR 23 AR OB HaBTC, ), WPk )
P B S RE A .

4.3 HKUST-1 %} OPD S4tAI5N

N7 PFAl HKUST-1 % OPD &AL, B 10 uL
AR FE 1) HKUST-1 3, 20 pL 5 mmoleL ™" ) OPD ¥#
WA 170 pL 10 mmolsL™" f) Tris-HC1 2/ (pH="7.4)
F 1.5 mL E0EF, 7£37 CTREE 2h, KM EHREE
HEAT G SR AR AR e . tEAb, TR I [E]
MALSREE T, HKUST-1 3 A 25 pgemL ', 36§ 10~20
min W= — K.

4.4 PPi g9t

7E PPi B9 SRV AR, Sk 10 pL AS[RR B
1) PPi ¥R HKUST-1 3725 pgemL H7E 37 C Rl
& 30 min, LAE PPi Al HKUST-1 784045 4. SR 5 FAT
OPD (500 pmoleL ™ ") & HE4T 5 825 Y 148 A MRS,
FEEFEVEIN A, J8 Al F At W B X8 PPi
PEASZAT IS 55 PPi MIEEEE. SCHAGIIRR v 5 5 v
e KR =3 X 28 (A5 ARt 2/ R E. X B2 A
ShREZE SRS — BRI 20~30 R EIIE 5 gt i
PR, R RAE R B, RO o B Y P s
HE LR,

4.5 ALP YN

A TR ALP, SR AN R B ALP 4 AN PPi
(100 umoleL ™ "), FF7F 37 C FH¥HE 30 min. HAl
JE SNBSS HEM PP AR IE]. {EEREENH, @i
8 FH A H W) A 7 AR ALP VPA A -~ 5 X0
ALP (e, Sib bl ALP BEEMEN 1 nmoleL ™!
ALP X} 0.53 UsmL .

4.6 ALP #IHIFIR AR RAEHAES HKUST-1 ATEEF
RMRE R

# ALP (4 nmoleL™ "R [HK B ) KH,PO, 1R & 3F
I8 30 min. EIRAYIIMA PPi (100 pumoleL™ A,
HARIE ALP KW 20 BREAT T R 25058, N T iEAG
HKUST-1 & 75 0] DLE SR, RIS O BCTsE, 28
JE INGHH () OPD ¥4 ¥ S5 8T % & 047 R — R,
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4.7 SEPRIMEREGRS ALP B9

PR FE ) ALP Jbs BRGRE 0N LI R i (AR
S 0.1%) . LG T ALP BRI 5 92 5 25 i o i
HHTE.
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