
Author’s Accepted Manuscript

A single-tube approach for in vitro diagnostics
using diatomaceous earth and optical sensor

Fei Zhao, Bonhan Koo, Huifang Liu, Choong Eun
Jin, Yong Shin

PII: S0956-5663(17)30561-4
DOI: http://dx.doi.org/10.1016/j.bios.2017.08.027
Reference: BIOS9937

To appear in: Biosensors and Bioelectronic

Received date: 6 June 2017
Revised date: 3 August 2017
Accepted date: 11 August 2017

Cite this article as: Fei Zhao, Bonhan Koo, Huifang Liu, Choong Eun Jin and
Yong Shin, A single-tube approach for in vitro diagnostics using diatomaceous
earth and optical sensor, Biosensors and Bioelectronic,
http://dx.doi.org/10.1016/j.bios.2017.08.027

This is a PDF file of an unedited manuscript that has been accepted for
publication. As a service to our customers we are providing this early version of
the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting galley proof before it is published in its final citable form.
Please note that during the production process errors may be discovered which
could affect the content, and all legal disclaimers that apply to the journal pertain.

www.elsevier.com/locate/bios

http://www.elsevier.com/locate/bios
http://dx.doi.org/10.1016/j.bios.2017.08.027
http://dx.doi.org/10.1016/j.bios.2017.08.027


1 

 

A single-tube approach for in vitro diagnostics using diatomaceous earth and 

optical sensor 

 

Fei Zhao, Bonhan Koo, Huifang Liu, Choong Eun Jin, Yong Shin* 

Department of Convergence Medicine, Asan Medical Center, University of Ulsan College of 

Medicine, and Biomedical Engineering Research Center, Asan Institute of Life Sciences, Asan 

Medical Center, 88 Olympicro-43gil, Songpa-gu, Seoul, Republic of Korea 

 

* To whom correspondence should be addressed. Tel: +82-2-3010-4193; Email: shinyongno1@gmail.com 

 

ABSTRACT 

 

Versatile, simple and efficient sample preparation is desirable for point-of-care testing of emerging 

diseases such as zoonoses, but current sample preparation assays are insensitive, labour-intensive and 

time-consuming and require multiple instruments. We developed a single-tube sample preparation 

approach involving direct pathogen enrichment and extraction from human specimens using 

diatomaceous earth (DE). Amine-modified DE was used to directly enrich a zoonotic pathogen, Brucella, 

in a large sample volume. Next, a complex of amine-modified DE and dimethyl suberimidate was used for 

nucleic acid extraction from the enriched pathogen. Using our single-tube approach, the pathogen can be 

enriched and extracted within 60 min at a level of 1 colony formation unit (CFU) from a 1 ml sample 

volume in the same tube. The performance of this approach is 10–100 times better than that of a 

commercial kit (10
2
 to 10

3
 CFU/ml) but does not require a large centrifuge. Finally, we combined the 

single-tube approach with a bio-optical sensor for rapid and accurate zoonotic pathogen detection in 

human urine samples. Using the combination system, Brucella in human urine can be efficiently enriched 

(~8-fold) and the detection limit is enhanced by up to 100 times (1 CFU/ml bacteria in urine) compared 

with the commercial kit. This combined system is fast and highly sensitive and thus represents a 

promising approach for disease diagnosis in the clinical setting. 
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