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Abstract: Alkaline phosphatase (ALP) is a hydrolase that can catalyze the removal of the phosphate
group from proteins, nucleic acids and carbohydrates. ALP widely exists in both prokaryotes and
eukaryotes and plays an important role in regulating various biological processes such as cell division,
proliferation, apoptosis and signal transduction. The dysregulation of ALP activity is closely
associated with a variety of human diseases including cardiovascular diseases, diabetes and cancers,
making it a promising biomarker for disease diagnosis. Thus, sensitive detection of ALP activity is
essential to clinical diagnosis and biomedical research. In this review, the emerging strategies for in
vitro detection and in vivo imaging of ALP in recent years are summarized. The in vitro detection
methods include colorimetry, electrochemistry, surface enhanced Raman scattering and fluorescence
measurements, while the in vivo imaging methods mainly rely on fluorescence imaging. Moreover,
new insights into the challenges and future directions of ALP assay are given .
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Fig. 1 Synthesis of the FeCo NPs@PNC, the mechanism of oxidase-like activity of the FeCo NPs@PNC, and the procedures for
AA and ALP detection™(A); schematic illustration of ALP assay[m(B)
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Fig. 2 Structure of ferrocenylphenyl phosphate and the mechanism of ALP-catalysed breakdown with the subsequent release of
ferrocenylamin “’(A); schematic illustration for electrochemical detection of ALP activity based on enzyme-

catalyzed reaction™*'(B)
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Fig. 4 Schematic illustrations of the droplet-based microfluidic SERRS method for the detection of ALP activity in single cell™’
(A), ALP activity detection based on the MnO, shell thickness-dependent SERS signal from crystal violet*'(B), and the
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54 1 FERLELAR DR BRI 04 (A S M DN R ) AR TF 50 2 P 471

Liu ZE9 0 & 7 — Fh 5E F 4 99 2K X HE 14 @MnO, 2 >k i r (Nanobipyramids@MnO2 nanoparticles ,
AMNS) f SERS J7i%, HFAZM ALP 35 (& 4B) . ALP U] AAP K0 AA, AA BENS MnO, & J5
Mn*, HEMIZ] AMNS B9405%, SR HE, 5 B0RMHESPURAHER R S % (CV) I 245
S ERAGE . 7RI 0. 04 mU-mL~", ZRPETERIN 0. 4 ~ 20 mU-mL~", AL %Rk 7 1%4 SERS
JHEPRCRCRARFIFERHC Y ) 8T, R AT B R I BT 04h, Softk e b R 8
SERS KR EHREA RO/ DL T3, 1205 SERS € 2T OHETREE . Dai Z5JF % T —F SERS K45
£ (Au—Mpy — Au—MnO,, AMAM), H T SR MI0E H ALP A5 (B 4C) . MnO,5% )2 BATER I
P EEAES 1(Mn0,), TJUMERP S 5% AMAM ZREF 4-F5 JEILIE (Mpy ) 7 S 48 B 1(Mpy ) Fi &
MnO,5¢ )2 B P ZIT 8 58 . %07 1 LA TI(Mpy ) /I(MnO) VB R (55, ol R #EF 7 HL @R SERS /04T, £
IR A0.079 UL, ZMEFEREIO0. 1~70 U-L-' %775 0] HF B A AR R f 2 AL TE H ALP
e
1.4 WHRHWE

PENRIHIETEY TR — e P HDOGHR S G BRIERUA A, R S5l i fa it IR [ SR 2SI & 5
SRR . P MR T T RRIN A 0 E MR E BRI . ALP OSBRI 7 R B REUE
WEEEPE A T/ A . Zhang PR A @ T — F3E TR IR 4 KON I 2 6 40 4 ik
A R ALP{EVE (B 5A) . B 5%, T7 )83 F SRR AUEEDNA . 24 ALP fE7ERY, T7)33)
B 5" v PR 25 R IR AL TG ASBE A A AMIEG (X -exo) FEAR o T7 JABNEETE T7 RNA BRABEVE I MG # R RV,
FEAE R B RNA (ssRNAs ) o A5 A 4% RN A 0 51755 53 bR 9863 BRI 2O 2 (FAM) R K Ik
B Eclipse i) Taqman ## £ 24 2 T2 M RNA/DNA 2428 Pk . AURE S PEAZ IR (DSN ) REAZ P/ Tagqman ¥R EF, =
FFAM PG, JFRERCALE RNA, BRI B 4% RNA 0] 538 Tagman ¥84F 2438, 5 SUEERFEf# Tagman
PRER, FRAEMESR FAM 230 55 o kM R B S, KRk 0.02 UL, LMEEH40.05~1U-
L7 Ma%8 R e 17— M N | P i R mT SEOME SR I &= 7 R AR IEES . T ALP B AR
(E5B). 4 ALPTFETERT, ‘&0l LML AC GRS 37 - B IR A 0 L Wl th , ARl 3/ - R . 3/ Sk
REERES . 5 BRER AL A0 Sl B A FOASRR o] T R PR 5 — SR e — AR “ =R 450, FEidERE
BEEHT, Rl SH PR  — Zi . AR Z A P v 5 A R (Biotin) bRic &
EHAI SH-15[WEE (CyS ) ARICHIFREHE i biotin — CyS %%t . Zad TBENR K — i - A8 G RE, mIL
FEAE K & biotin — Cy5 MUbRICAE T HRER . IZIREMEDS H AP R I AT ENE TR L, TBK
605 QDAME S HREHCyS “=BIR” Z5#), 7E605 QD Fl Cy5 2 a) kAT e IRAEBFER, A CyS 155,
TR IR AT3E 5. 63 x 1077 UsmL™", ZetEyEHI 1 x 107~ 1 x 107" U-mL™' JiyEdEs i, Hi
| PR RN SE A5 S 1S, AR 1S iR

Wang S5 B E T — PP FOGIREEY 88 RN ) ALP SR /7 ik (B15C) o Y4 ALPAEAERT, 3R
51 LAt , 5% JePRE L(HP D3/ M A8, B —IREEE Y #8 (SDA) , F=AE A
5199 1(Trigger DRFENAES . BN ML 519 1 5% Jetek 2(HP 2) 1 3" s zg, BUazh s ik
SDA, FEAEMME 519 2 (Trigger 2) MIFENAT T . k5142 a5 HP 109 3" M2 ss, JRsh A~ iEL:
BISDA, FEANGRINGIEE S . RS AN T T, REER, KIBRZE2.0x 10 U-pL”,
APEJEE 1 X107 ~1x107* Ul

Wang VK8 T — PN RN, ol BRI E A ALP(E 5D) . iRkt T
— PP REAA AL TR — SRS 73 F(5FR(Poly — A MB), Poly — A MB _EARICA 14~ BHQLFI 1M
SEVTHTEGH FAM, o3/ AR EHE T 1 ANEERIER], Poly — ABRANIRH, 24 ALPTETERT, Bk Poly — A
MBs () 3 st IRAL, 155 TAT A ST BN, PR EER MRRENE (Poly — T) #4148 Poly — T
YRR 524 Poly — A MBs 2438, 55 Poly — A MBs RE5H4) A0 A FAM/BHQ 1 /055 . BlfG, 3'-5%
FALH) Poly — A MBs 7E TATAE ] FREMH, AR/ L KEE Poly - T, FEUKE FAM/BHQL 43, L JEIRLE
il — 203 — 5%, Poly — A MBs H ZHBETE A 28R DNA K EEH), SERKR FAM/BHQ1 4085, FEA4850K
KIFENAES . ZITERNR R 43,2 x 107 U-ul™", PSR 5% 107~ 1 x 107 U-pl™' Z5A0H
LASDNAREFFI L PO EEE, PI7ESHRARIE T 58 ALPYR PRI, A 2 R SR e A R




472 SrHT AR 541

Detection probe 605QD excitation ¥

A Template S'=rrrrrre3-P (488 nm) Ly 68

5 p 5 4 \./‘/‘ "\ Digestion < L m
N A  — % N L~
s ot DIVTRLM N NN > AN - BN Y,
i pmmr)le:r ﬁP : W \\,//\\5 5' = 3-OH N "\}’ S’ 7_,\:\,"
) LV AW aNWW e | S-pr3 605QD emission 3 2 ~e CyS emissi
5' OH % emission * 4}‘ emission
MMV\JV\ Mf\\;\\ Template |, Assistant probe (605 nm) * (670 nm)
[ 4 VAVAVAVAN Annealing Slreplzn‘i(]in-(-nnjugzne(]T @
) ex f 605QD &
Protection pe @ —w Q o= Signal probe
AV NAVAVAVAN Ligation,
| D A I T[)ﬂmlumliun
T7RNA i Sy
Polymerase {t Denaturation
e Biotinylated probe Lngan(m
S-PrrrTe™ Ol P
TITITTITTTT T
Secondary template Srrrma-on Annealing

Cy5-labeled probe

St FThT

HP1 l_;rQ

T gt )

T
AT l

TTT)
Poly-AMB l

S

|'|'U'UW|‘|
T AN

TdT l

SJ
N }y\ /‘: Poly-A MB
:ux.umm ST TTT S—

T

S

Vent (exo-) l )

NN VLR AT NALS \

=
Vol )

D —— LLLRLEY LR (L

B5 BT REEIRAL S B e R UM A S B UE S IR I ALP IS PR AR IR 2 (A) 5 BT e Rty 3 S i) it
FRAORA G ALPIEPER /R Z I (B) s S5 T 51 £ BERAL )5 3 I A8 H 19 77 A0 ALP 35 P 7R e
(C); 3B IRBH Poly — A 43 T-(EhR H 2T A FARGIK AL I ES— 2P 5 BAGIN ML H ALP BRI (D)
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