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Introduction 

 
In Environmental engineering, microbial detection is 

vital for environmental monitoring of harmful pathogen 

contamination and to maintain microorganism 

community in  bioprocesses such as activated sludge. 

 Current microbial detection systems could be divided 

into three main categories namely 1) Direct detection, 2) 

Culture based detection and 3) Nucleotide based 

detection. Out of these three categories, culture-based 

techniques and nucleotide-based techniques are 

extensively used in the field of environmental 

engineering.  

 Culture-based techniques take long incubation time 

varying from 24hrs to 72 hrs. Moreover, the detection 

procedure of culture-based methods is tedious and prone 

to error. PCR methods are the most common type of 

nucleotide-based methods used in environmental 

monitoring. PCR methods are fast and highly sensitive. 

However, PCR methods require expensive reagents and 

equipment.Therefore, PCR methods are limited to high 

tech laboratories and could not be applied in the field. 

Hence, none of those popular methods could be used to 

detect microorganisms in the field.  

An Enzyme-Linked Oligonucleotide Assay (ELONA) 

was tested in this research as a solution to the above-

mentioned problems. 

In ELONA detection, a sensing probe and a capture probe 

is used to detect the microbial genomic material (i.e., 

DNA, RNA). The analytical procedure of ELONA is 

similar to a sandwich Enzyme-linked Immunosorbent 

Assay (ELISA).The only difference is the bioreceptors 

used in each methods. The use of antibodies in ELISA 

have many drawbacks. The antibodies can have 
variations in the production from batch to batch. The 

production of antibodies is a tedious, challenging, time 

consuming and expensive process. Antibodies could be 

only generated to targets with high immunogenicity. 

Moreover, antibodies should be stored and transported at 

special environmental conditions. Therefore, using 

antibodies to develop a detection system to be used in 

fields is very challenging.  

Nucleotide probes used in the ELONA process overcome 

the challenges of antibodies. 

The ELONA process has many advantages over other 

popular microbial detection methods used in 

environmental engineering(i.e., culture-based method, 

and PCR method) In ELONA the incubation time is not 

as long as culture-based methods. Sample amplification, 

high purity samples, and expensive equipment are not 

required for the ELONA. Most importantly ELONA 

could be upgraded to an ideal field detection system. 

In this study, we tested the ELONA system into two 

different types of microorganisms. First, ELONA was  

tested for Norovirus (NoV)  detection. NoV is a highly 

contagious virus which causes gastroenteritis. The RT-

qPCR method is widely used to detect NoV. However, 

the RT-qPCR is not convenient when it comes to field 

detection. The ELONA method is an excellent substitute 

to detect NoV RNA.   

Next, ELONA was used to detect RNA extracted from 

Thiothrix Eikelboomii (TE) which cause filamentous 

bulking in wastewater  treatment plants hindering the 

treatment efficiency. Primarily, the existence of 

filamentous bacteria needs to be detected before 

controlling the growth of TE. Currently, filamentous 

bacteria are detected by using microscopic methods and 

PCR methods. Since those methods are not convenient in 

the field use, the ELONA method could help to a great 

extent. 

 

Objectives 

 
The objectives of this study are to develop an ELONA 

based detection system to detect microorganisms in 

environmental samples. Then, increase the sensitivity of 

the detection system by optimizing the ELONA process. 

 

Materials and Methods 

 
The ELONA method consists of three main steps 1. 

Capture probe immobilization, 2. Genomic material 

extraction 3. Sensing RNA or DNA from the ELONA.    

 

Immobilization of CP  

 

In this study ammine modified capture probe was 

covalently immobilized on to carboxyl modified 

microtiter plate using EDC/NHS coupling. A series of 

tests were carried out to maximize the number of 

immobilized CP.  

After immobilizing the CP, the microtiter wells were 

blocked with a biotin-free casein blocking buffer. 

 

Genomic Extraction  

 

The RNA in the sample was stabilized using RNA protect 

cell reagent (Qiagen,Germany) before genomic 

extraction. The genomic extraction process was carried 

out by combining enzymatic cell lysis with a buffer 

containing lysozyme and mechanical cell lysis by beads 

beating. The RNA samples were then purified using the 

RN easy mini kit (Qiagen, Germany). Extracted genomic 

material concentration was quantified with RT-PCR. The 

RT-PCR results were estimated by a standard curve 

generated from a plasmid vector.  

 

Sensing genomic material from ELONA method  

 

The extracted genomic material was mixed in a 

hybridization buffer (5x SSC) and hybridized with the 

immobilized CP in the microtiter plate. Next, the wells 



 

were washed and the non-hybridized genomic material 

was removed. Then SP was added into the well to 

hybridize with the captured genomic sequences. After 

that, excess SP was washed and removed from the well. 

Next, horseradish peroxide (HRP) conjugated 

streptavidin (SA) was added into the system to interact 

with the biotin in the SP. After the incubation of SA-

HRP, the excess SA-HRP was washed and removed. 

Finally, a  substrate mixture was added  to the system. 

The HRP in the system could accelerate (catalysis) the 

H2O2 reaction with the substrate. As a result, a 

quantifiable physical variation (i.e., color variation, 

heat,luminance) in the system would occur.The 

schematic of ELONA detection procedure is shown in 

Figure 1. 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 
Figure 1: ELONA Sensing procedure 

 

The CPs and SPs used in this study were derived from 

previously  reported primers.CPs and SPs used in  NoV 

detection system, and T.Eikelboomii detection system is 

shown in Table 1 and Table 2 respectively. 

In the NoV detection system, to represent NoV RNA an 

artificially synthesized DNA sequence (A-NoV) similar 

to NoV RNA sequence was used. 

The NoV detection system was used to optimize the 

ELONA detection system. Then the optimized conditions 

were used in the T.Eikelboomii detection system. 

 
Table 1: CP and SP for NoV detection system  
 

ELONA 

Probe 

Primer 

Name 
sequence (5’  3’ ) Reference  

CP COG2R [Amine ]TCG ACG CCA TCT TCA TTC ACA [1] 

SP cQNIF2D 
ATG TTC AGR TGG ATG AGR TTC TCW 

GA [Biotin] 
[2] 

 

Table 2: CP and SP for T.Eikelboomii detection  
 

ELONA 

Probe 

Primer 

Name 
sequence (5’  3’ ) References 

CP G123T [Amine]CCTTCCGATCTCTATGCA [3] 

SP 

EUB 338 [Biotin]GCTGCCTCCCGTAGGAGT [4] 

EUB 338-II [Biotin]GCAGCCACCCGTAGGTGT 
[5] 

EUB 338III [Biotin]GCTGCCACCCGTAGGTGT 

 

Results and Discussion  
 

Specificity and effectiveness of ELONA 

 

To test the specificity and the effectiveness of the 

detection procedure, an experiment was conducted by 

varying the presence and absence of target and sensing 

probe. In this experiment, other steps (i.e.,Addition of 

SA-HRP, Substrate) were conducted according to the 

hybridization procedure. In the absence of a target or 

sensing probe, that volume was replaced by the 

hybridization SSC buffer . Details of  presence and 

absence of sensing probe and targets  at each condition 

are shown in Table 3.  

 
Table 3: Presence (+) and absence (-) of sensing probe and 

target  

 

  Conditions  
1 2 3 4 

Sensing Probe  Biotin- QINF2d - + + + 

Target  

A- NoV - - + - 
T33 - - - + 

 

The average absorbance of wells and the photographs of 

wells at each test conditions are shown in Figure 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2: Absorbance of the presence and absence targets 

and sensing probe 

 
 

Condition 3, where both NoV target and sensing probe 

were present showed a higher absorbance than the other  

conditions. The low absorbance in condition 1 and 

condition 2  showed that the non-specific adsorption was 

negligible when compared with condition 3. Moreover, 

condition 4 showed this sensing method has a selectivity 

towards NoV sequence. 

 

Calibration curve for NoV concentration  

 

DNA was extracted from a wastewater sample and a 

dilution series was prepared by spiking A-NoV(complex 

matrix ). Simultaneously the other dilution series was 

prepared by spiking A-NoV in 5X SSC buffer. Figure 3 

shows the two calibration curves of A-NoV for each 

condition.  

The variation showed a similar pattern when the A-NoV 

is spiked in a complex matrix and SSC buffer (simple 



 

sample). The sensing system performed better  when the 

A-NoV was in the environmental matrix.  

The limit of detection (LOD) of the system was around 

1nM. Below 1nM A-NoV concentration both conditions 

showed a similar trend. This result confirms that this 

ELONA detection for NoV is highly specific towards the 

A-NoV DNA sequence.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 3: Variation of absorbance with A-NoV 

concentration spiked in an environmental sample and 

Spiked in SSC buffer 
 

However, the detection limit of this system was not 

sufficient to detect A-NoV concentration in 

environmental samples. Therefore, to reduce the LOD 

the ELONA procedure was optimized.  

 

Optimization of the ELONA procedure  

 

The primary objective of optimization was to increase the 

sensitivity of the detection system. Other objectives were 

to reduce detection time, reduce the cost and make the 

detection procedure simpler. A series of experiments 

were conducted to achieve the above-mentioned 

objectives.  

First, the conditions related to CP immobilization was 

investigated on their relation towards the final detection 

signal . Initially, the CP immobilization time was 16hrs. 

Shorter incubation periods were investigated for their 

effects on the final detection signal (absorbance). Figure 

4 shows the variation of absorbance in the presence of 

500nM and 0nM target. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 4: Variation of absorbance with CP incubation time 

The absorbance of the target (500nM) decreased with 

decreasing incubation time. However, the reduction of 

absorbance at 2hrs with respective to 16hr incubation was 

18%. Moreover,The absorbance of the blank (0nM) 

remained constant with time. 

 

In the conventional  ELONA process, one biotin 

molecule would interact with a single SA-HRP molecule. 

The ratio of HRP:biotin in a 100% efficient system would 

be 1:1. Two strategies were investigated to increase the 

number of HRP that would interact with a single biotin 

molecule. The strategies used to increase the number of 

HRP interacting with a single SP is shown in Figure 5. 

 

 

 

 

 

 

 

 

 

 
 

Figure 5: Strategies used to increase the number of HRP 

interacting with biotin  

 

In biotin modified gold nanoparticles (AuNP) 

system,free binding sites of SA was used to increase 

HRP. A homopolymer of HRP covered with SA was used 

in poly HRP system. The absorbance of the systems in 

the presence the  of 100nM and 0nM of the target was 

measured and the S:N ratio ( S:N= Abs. 100nM/ Abs. 

0nM) was calculated. The calculated S:N ratio is shown 

in Figure 6. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 6: The S:N ratio of signal amplifying strategies 

 

Poly HRP showed the highest S:N ratio which was 26.1 

while the conventional method showed a S:N ratio of 

12.1. However, the absorbance at 0nM in the poly HRP 

system was higher than the other two methods because 

of high nonspecific adsorption.    

The nonspecific adsorption takes place due to the 

inefficiency of the blocking buffer. Therefore, blocking 

buffers with different blocking molecules were tested. 

Out of the tested blocking buffers, biotin-free casein 

showed the best performance in blocking. The S:N ratio 



 

was higher, and the signal deviation  was less than the 

other tested buffers.  

The experimental conditions of CP immobilization and 

ELONA sensing procedure before and after optimization 

is listed in Table 4 and Table 5 respectively.  

 
Table 4: CP immobilization parameters before and after 

optimization 

 

 
Before 

Optimization 
After Optimization 

CP immobilization 

time 
16 hr 2 hr 

CP concentration 500nM 250nM 

Blocking Buffer 0.5 % casein 
20x diluted biotin-free 

casein 

 

 
Table 5: ELONA procedure  before and after optimization 
 

 

 Before 

Optimization 

After 

Optimization 

Target and CP Hybridization 

temperature 60

0

C 
Room 

Temperature 

Signaling enzyme SA-HRP Poly -HRP 

Signaling enzyme dilution 

buffer 
1x PBS +1% BSA 

1X PBS + 20X 

diluted Casein 

Signaling substrate OPD 
SuperSignal™  

femto 

Substrate reaction time 40 min 5 min 

 

The optimized condition shown in  Table 4 and Table 5 

was used to generate a calibration curve. The calibration 

curve of A-NoV produced with optimized conditions is 

illustrated in Figure 7. 

 

 

 
 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

Figure 7: Variation of luminance with A-NoV 

concentration 
 

The LOD was brought down from ~1nM to ~8pM after 

optimization. However, The LOD of the optimized 

condition is not sufficient to detect NoV concentration in 

the environment. Though the LOD is not sufficient to 

detect NoV, the explained ELONA method could be used 

to detect microbes which exist in higher concentration. 

 

ELONA procedure to detect T.Eikelboomii (TE) 

 

TE was cultured in ATCC broth for thiothrix.The 

optimized ELONA procedure was employed to detect 

extracted TE genomic material with CP and SP as shown 

in Table 3. The initial concentration of extracted RNA 

was successfully estimated by RT-qPCR. 

(10log(copies/µL)).A dilution series was prepared with 

the estimated initial concentration and performed the 

ELONA detection.Figure 8 shows the variation of the 

luminescence (substrate signal) respective to the 

estimated genomic concentration.  

 

 

 

 
 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

Figure 8: Calibration curve of ELONA detection for TE 
 

Conclusion and Recommendations  
 

A successful ELONA system was developed to detect 

microbial DNA and RNA in environmental samples. The 

LOD was brought down from ~1nM  to ~ 8pM by 

optimization. 

In this study, the extracted genomic material was 

purified. It is worth testing the ELONA method without 

purifying the extracted genomic material.  

Theoretically, the ELONA method explained in this 

study could be used to detect any microbial genomic 

material (DNA and RNA). Therefore to prove this 

assumption, it is necessary to use this ELONA method to 

detect a wide variety of  microorganisms.  
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