
Analyst
rsc.li/analyst
The Royal Society of Chemistry is the world's leading chemistry community. Through our high impact journals and publications we
connect the world with the chemical sciences and invest the profits back into the chemistry community.

IN THIS ISSUE

ISSN 0003-2654 CODEN ANALAO 148(22) 5537–5776 (2023)

Cover
See H. Cumhur Tekin,
Meltem Elitas et al.,
pp. 5588–5596.

Image reproduced by
permission of
H. Cumhur Tekin from
Analyst, 2023, 148,
5588.
Image created by
Harun Resit El.

CRITICAL REVIEW

5547

Solvent-free strategies for developing latent
fingermarks on paper: a review

Kristen T. Clarke, Sarah L. Cresswell and William J. Gee*

TUTORIAL REVIEW

5564

Genetically encoded protein sensors for metal ion
detection in biological systems: a review and
bibliometric analysis

Yuxueyuan Chen, ShuChao Pang, Jingya Li, Yun Lu,
Chenxia Gao, Yanyu Xiao, Meiling Chen,* Meng Wang*
and Xiaoliang Ren

This journal is © The Royal Society of Chemistry 2023 Analyst, 2023, 148, 5539–5546 | 5539

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

6 
N

ov
em

be
r 

20
23

. D
ow

nl
oa

de
d 

on
 1

0/
6/

20
25

 1
:5

8:
07

 A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n 

3.
0 

U
np

or
te

d 
L

ic
en

ce
.

View Article Online
View Journal  | View Issue

www.rsc.li/analyst
http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d3an90079g
https://pubs.rsc.org/en/journals/journal/AN
https://pubs.rsc.org/en/journals/journal/AN?issueid=AN148022


Editorial Staff
Executive Editor 
Rebecca Garton

Deputy Editor 
Alice Smallwood

Editorial Production Manager 
Sarah Whitehouse

Development Editor 
Celeste Brady

Publishing Editors 
Gabriel Clarke, Derya Kara-Fisher, 
Emma Stephen, Ziva Whitelock

Publishing Assistant 
Andrea Whiteside

Editorial Assistant 
Leo Curtis

Publisher 
Jeanne Andres

For queries about submitted articles please contact  
Sarah Whitehouse, Editorial production manager, in the first 
instance. E-mail analyst@rsc.org

For pre-submission queries please contact  
Rebecca Garton, Executive editor.  
E-mail analyst-rsc@rsc.org 

Analyst (electronic: ISSN 1364-5528) is published  
24 times a year by the Royal Society of Chemistry,  
Thomas Graham House, Science Park, Milton Road, 
Cambridge, UK CB4 0WF. 

All orders, with cheques made payable to the Royal Society of 
Chemistry, should be sent to the Royal Society of Chemistry 
Order Department, Royal Society of Chemistry,  
Thomas Graham House, Science Park, Milton Road, 
Cambridge, CB4 0WF, UK 
Tel +44 (0)1223 432398; E-mail orders@rsc.org

2023 Annual (electronic) subscription price: £2372; US$4152. 
Customers in Canada will be subject to a surcharge to cover 
GST. Customers in the EU subscribing to the electronic version 
only will be charged VAT. 

If you take an institutional subscription to any Royal Society of 
Chemistry journal you are entitled to free, site-wide web access 
to that journal. You can arrange access via Internet Protocol 
(IP) address at www.rsc.org/ip 

Customers should make payments by cheque in sterling 
payable on a UK clearing bank or in US dollars payable  
on a US clearing bank. 

Whilst this material has been produced with all due care, the 
Royal Society of Chemistry cannot be held responsible or liable 
for its accuracy and completeness, nor for any consequences 
arising from any errors or the use of the information contained 
in this publication. The publication of advertisements does not 
constitute any endorsement by the Royal Society of Chemistry 
or Authors of any products advertised. The views and opinions 
advanced by contributors do not necessarily reflect those of 
the Royal Society of Chemistry which shall not be liable for 
any resulting loss or damage arising as a result of reliance 
upon this material. The Royal Society of Chemistry is a charity, 
registered in England and Wales, Number 207890, and a 
company incorporated in England by Royal Charter (Registered 
No. RC000524), registered office:  
Burlington House, Piccadilly, London W1J 0BA, UK,  
Telephone: +44 (0) 207 4378 6556.

Advertisement sales:  
Tel +44 (0) 1223 432246; Fax +44 (0) 1223 426017;  
E-mail advertising@rsc.org

For marketing opportunities relating to this journal,  
contact marketing@rsc.org

Analyst
rsc.li/analyst
The home of premier fundamental discoveries, inventions and applications in the analytical 
and bioanalytical sciences

Editorial Board
Editor-in-Chief 
Norman Dovichi, Univeristy of Notre Dame, 
USA

Associate Editors 
Damien Arrigan, Curtin University, Australia
Ryan Bailey, University of Michigan, USA
Jaebum Choo, Chung-Ang University, South 
Korea 

Karen Faulds , University of Strathclyde, UK
Hideaki Hisamoto, Osaka Metropolitan 
University, Japan
Baohong Liu, Fudan University, China
Nicole Pamme, Stockholm University, 
Sweden

Hua-Zhong Yu,Simon Fraser University, 
Canada
Jun-Jie Zhu, Nanjing University, China

Members
Susan Lunte, University of Kansas, USA

Advisory Board
Matthew Baker, University of Central 
Lancashire, UK
Paul W Bohn, University of Notre Dame, USA
Claudia Conti, CNR, Italy
R Graham Cooks, Purdue University, USA
Jeffrey Dick, Purdue University, USA
Volker K. Deckert, University of Jena, 
Germany
Joshua Edel, Imperial College London, UK
Qun Fang, Zhejiang University, China
Facundo Fernandez, Georgia Institute of 
Technology, USA
Roy Goodacre, University of Liverpool, UK
Duncan Graham, University of Strathclyde, 
UK
Robert T Kennedy, University of Michigan, 

USA
Kagan Kerman, University of Toronto, 
Canada
Christine Kranz, Ulm University, Germany
Annamalai Senthil Kumar, Vellore Institute 
of Technology University, India
Xiujun Li, University of Texas at El Paso, USA
Lanqun Mao, Institute of Chemistry, 
Chinese Academy of Sciences, China
María Marín, University of East Anglia, UK
Pavel Matousek, Rutherford Appleton 
Laboratory, UK
Wei Min, Columbia University, USA
Boris Mizaikoff, University of Ulm, Germany
Prakash Chandra Mondal, Indian Institute 
of Technology Kanpur, India

Howbeer Muhamadali, University of 
Liverpool, UK
Takeaki Ozawa, University of Tokyo, Japan
Ashley Ross, University of Cincinnati, USA
Muhammad Shiddiky, Griffith University, 
Australia
Debbie Silvester, Curtin University, Australia
Steven A. Soper, University of Kansas, USA
Dana Spence, Michigan State 
University, USA
Nick Stone, University of Exeter, UK
Evan Williams, University of California, USA
Chaoyong James Yang, Xiamen University, 
China
Yilun Ying, Nanjing University, China

Information for Authors
Full details on how to submit material for publication in Analyst are 
given in the Instructions for Authors (available from  
http://www.rsc.org/authors). Submissions should be made via the 
journal’s homepage: rsc.li/analyst

Authors may reproduce/republish portions of their published 
contribution without seeking permission from the Royal Society of 
Chemistry, provided that any such republication is accompanied by 
an acknowledgement in the form: (Original Citation)–Reproduced 
by permission of the Royal Society of Chemistry.

This journal is © The Royal Society of Chemistry 2023.  
Apart from fair dealing for the purposes of research or private study 
for non-commercial purposes, or criticism or review, as permitted 

under the Copyright, Designs and Patents Act 1988 and the 
Copyright and Related Rights Regulation 2003, this publication may 
only be reproduced, stored or transmitted, in any form or by any 
means, with the prior permission in writing of the Publishers or in 
the case of reprographic reproduction in accordance with the terms 
of licences issued by the Copyright Licensing Agency in the UK. US 
copyright law is applicable to users in the USA. 

 The paper used in this publication meets the requirements of 
ANSI/NISO Z39.48–1992  
(Permanence of Paper).

Registered charity number: 207890

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

6 
N

ov
em

be
r 

20
23

. D
ow

nl
oa

de
d 

on
 1

0/
6/

20
25

 1
:5

8:
07

 A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n 

3.
0 

U
np

or
te

d 
L

ic
en

ce
.

View Article Online

http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d3an90079g


COMMUNICATION

5582

“Glow ELISA”: sensitive immunoassay with
minimal equipment and stable reagents

Binh V. Vu,* Kristen Brosamer, Naiyah McDaniel,
Katerina Kourentzi, Richard C. Willson* and
Harshica Fernando*

PAPERS

5588

Investigating influences of intravenous fluids on
HUVEC and U937 monocyte cell lines using the
magnetic levitation method

Seren Kecili, Sumeyra Vural Kaymaz, Beyzanur Ozogul,
H. Cumhur Tekin* and Meltem Elitas*

5597

Green synthesis of N,S-doped carbon dots for
tartrazine detection and their antibacterial
activities

Tanmayee Mohanta, Himadri Gourav Behuria,
Santosh Kumar Sahu, Ashis Kumar Jena* and
Swagatika Sahu*

5605

Specific recognition and sensitive quantification of
mRNA splice variants via one-pot ligation-
dependent loop-mediated isothermal amplification

Mai Zhang, Hui Wang,* Jun Han, Honghong Wang,
Yuting Jia, Weixiang Hong, Fu Tang and Zhengping Li*

This journal is © The Royal Society of Chemistry 2023 Analyst, 2023, 148, 5539–5546 | 5541

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

6 
N

ov
em

be
r 

20
23

. D
ow

nl
oa

de
d 

on
 1

0/
6/

20
25

 1
:5

8:
07

 A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n 

3.
0 

U
np

or
te

d 
L

ic
en

ce
.

View Article Online

http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d3an90079g


PAPERS

5612

Light-up split aptamers: binding thermodynamics
and kinetics for sensing

Yichen Zhao, Nikesh Patel, Peihuan Sun, Karen Faulds,
Duncan Graham* and Juewen Liu*

5619

A photoluminescent and electrochemiluminescent
probe based on an iridium(III) complex with a
boronic acid-functionalised ancillary ligand for the
selective detection of mercury(II) ions

Kyoung-Rok Kim, Jinrok Oh and Jong-In Hong*

5627

Optical photothermal infrared spectroscopy and
discrete wavenumber imaging for high content
screening of single cells

Tanveer Ahmed Shaik, Anuradha Ramoji, Nils Milis,
Jürgen Popp and Christoph Krafft*

5636

Hairpin DNA-based electrochemical amplification
strategy for miRNA sensing by using single gold
nanoelectrodes

Hao Wang, Binbin Yang, Haoran Tang, Sufang Ding and
Gen Liu*

5542 | Analyst, 2023, 148, 5539–5546 This journal is © The Royal Society of Chemistry 2023

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

6 
N

ov
em

be
r 

20
23

. D
ow

nl
oa

de
d 

on
 1

0/
6/

20
25

 1
:5

8:
07

 A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n 

3.
0 

U
np

or
te

d 
L

ic
en

ce
.

View Article Online

http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d3an90079g


PAPERS

5642

New synthetic red- and orange-emitting
luciferases to upgrade in vitro and 3D cell
biosensing

Maria Maddalena Calabretta, Denise Gregucci and
Elisa Michelini*

5650

Fusion data from FT-IR and MALDI-TOF MS
result in more accurate classification of specific
microbiota

Wenjing Gao, Ying Han, Liangqiang Chen, Xue Tan,
Jieyou Liu, Jinghang Xie, Bin Li, Huilin Zhao,
Shaoning Yu, Huabin Tu, Bin Feng* and Fan Yang*

5658

MAGPIX and FLEXMAP 3D Luminex platforms for
direct detection of miR-122-5p through dynamic
chemical labelling

Antonio Marín-Romero, Valerie Regele,
Dajana Kolanovic, Manuela Hofner, Juan José Díaz-
Mochón, Christa Nöhammer and Salvatore Pernagallo*

5667

Cu single-atom catalyst-based flexible hydrogen
peroxide electrochemical sensor with oxygen
resistance for monitoring ROS bursts

Meihong Peng, Jing Jiang, Shutong Chen, Kai Li* and
Yuqing Lin*

This journal is © The Royal Society of Chemistry 2023 Analyst, 2023, 148, 5539–5546 | 5543

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

6 
N

ov
em

be
r 

20
23

. D
ow

nl
oa

de
d 

on
 1

0/
6/

20
25

 1
:5

8:
07

 A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n 

3.
0 

U
np

or
te

d 
L

ic
en

ce
.

View Article Online

http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d3an90079g


PAPERS

5673

Database-assisted, globally optimized targeted
secondary electrospray ionization high resolution
mass spectrometry (dGOT-SESI-HRMS) and
spectral stitching enhanced volatilomics analysis of
bacterial metabolites

Fouad Choueiry, Rui Xu, Kelly Meyrath and
Jiangjiang Zhu*

5684

Designing stimuli-responsive upconversion
nanoparticles based on a mimetic immunoassay
for potential accurate diabetic nephropathy
diagnosis

Yiting Wang, Yang Hu, Ru Wang, Wei Zhang,
Huiting Mao, Chuanjun Yuan* and Ruinian Hua*

5691

Electrochemiluminescence resonance energy
transfer immunoassay based on a porphyrin
metal–organic framework and AuNPs/NSG for the
sensitive detection of zearalenone

Xiaolin Fan, Xun Yao, Mengqi Qiu, Kang Wu,*
Anping Deng* and Jianguo Li*

5698

Method for determining resin cure kinetics with
low-frequency Raman spectroscopy

Robert V. Chimenti,* Alexandra M. Lehman-Chong,
Alyssa M. Sepcic, Jamison D. Engelhardt,
James T. Carriere, Kayla A. Bensley,
Adam Markashevsky, Jianwei Tu, Joseph F. Stanzione, III
and Samuel E. Lofland

5544 | Analyst, 2023, 148, 5539–5546 This journal is © The Royal Society of Chemistry 2023

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

6 
N

ov
em

be
r 

20
23

. D
ow

nl
oa

de
d 

on
 1

0/
6/

20
25

 1
:5

8:
07

 A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n 

3.
0 

U
np

or
te

d 
L

ic
en

ce
.

View Article Online

http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d3an90079g


PAPERS

5707

A ratiometric SERS sensor with one signal probe
for ultrasensitive and quantitative monitoring of
serum xanthine

Yan Wu,* Rongnan Yi, Honghui Zang, Jing Li, Rong Xu,
Fang Zhao, Junli Wang, Cuicui Fu and Jinyang Chen*

5714

Smart sensing flexible sutures for glucose
monitoring in house sparrows

Mossab K. Alsaedi, Rachel E. Riccio, Atul Sharma,
Junfei Xia, Rachel E. Owyeung, L. Michael Romero and
Sameer Sonkusale*

5724

A near-infrared fluorescent probe for detecting
hydrogen sulfide with high selectivity in cells and
ulcerative colitis in mice

Chong-Kang Qin, Ling Yan, Zhi-Qing Wang, Guo Yu,
Guo-Jiang Mao, Fen Xu and Chun-Yan Li*

5731

An ion-selective chemiresistive platform as
demonstrated for the detection of nitrogen
species in water

Maryam Darestani-Farahani, Fanqing Ma, Vinay Patel,
Ponnambalam Ravi Selvaganapathy and Peter Kruse*

This journal is © The Royal Society of Chemistry 2023 Analyst, 2023, 148, 5539–5546 | 5545

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

6 
N

ov
em

be
r 

20
23

. D
ow

nl
oa

de
d 

on
 1

0/
6/

20
25

 1
:5

8:
07

 A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n 

3.
0 

U
np

or
te

d 
L

ic
en

ce
.

View Article Online

http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d3an90079g


PAPERS

5745

Size-exclusion chromatography-based
extracellular vesicle size subtyping and multiplex
membrane protein profiling for differentiating
gastrointestinal cancer prognosis

Ti Qin, Pinhao Li, Jun Li, Qianqian Guo, Ying Chen,
Yu-E. Wang, Ling Tao, Jian Huang,* Xiangchun Shen*
and Xingjie Wu*

5753

ALP-assisted chemical redox cycling signal
amplification for ultrasensitive fluorescence
detection of DNA methylation

Hongding Zhang,* Sifei Wu, Zhenhua Xing and
Hai-Bo Wang

5762

High-throughput bacterial co-encapsulation
in microfluidic gel beads for discovery of
antibiotic-producing strains

Abraham Ochoa, Gabriela Gastélum, Jorge Rocha and
Luis F. Olguin*

5546 | Analyst, 2023, 148, 5539–5546 This journal is © The Royal Society of Chemistry 2023

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

6 
N

ov
em

be
r 

20
23

. D
ow

nl
oa

de
d 

on
 1

0/
6/

20
25

 1
:5

8:
07

 A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n 

3.
0 

U
np

or
te

d 
L

ic
en

ce
.

View Article Online

http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d3an90079g

