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Graphic Abstract 

 

 

We report a novel electrochemical detection of microRNA-134, a low-abundance human 

plasma microRNA, based on regioselective functionalised electrocatalytic nanoparticles. 
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Direct, non-amplified detection of microRNA-134 in 
plasma from epilepsy patients 

Elaine Spaina,b*, Eva M. Jimenez-Mateosa, Rana Raoofa, Hani ElNaggara,c, Norman 
Delantyc, Robert J. Forsterb*, David C. Henshalla* 

 
Biofluid-based molecular biomarkers would support clinical decision-making around diagnosis, 
prognosis and treatment for various diseases. MicroRNAs (miRNAs) have emerged as important 
regulators of gene expression in the brain and levels of miR-134 have been found to be elevated in 
experimental and human epilepsy. Here we show direct detection of miR-134 in human plasma 
without the need for PCR amplification using platinum nanoparticles (PtNPs) that are region-
selectively decorated with probe strand nucleic acids. The nanoparticles were produced by 
electrodeposition using nanoscale defects within self-assembled monolayers of dodecanethiol. The 
template breaks the symmetry of the particle allowing one side to be selectively modified with the 
probe and leaving the other clean and capable of catalytically reducing hydrogen peroxide. The 
detection electrode was functionalised with single-stranded capture miRNA, miRNA that is 
complementary to miR-134, but leaves a section of the target available to bind the nucleic acid 
sequence bound to the PtNPs. Thus, electrocatalytic nanoparticles become confined on the 
electrode surface only when the target is present. Significantly, the relatively large current 
associated with the binding of small numbers of nanoparticles and their small area of occupation 
leads to attomolar limits of detection and a wide dynamic range without the need for molecular, 
e.g., PCR amplification. Using plasma samples from health volunteers and epilepsy patients we 
show highly linear correlation in miR-134 measurement to results with Taqman-based PCR. The 
present study demonstrates rapid and simple detection of miRNA that if developed further could 
provide simple point-of-care devices for detection of epilepsy biomarkers.  
 

Introduction 

 

Biomarkers are increasingly seen as essential non-invasive tools to 
support diagnosis, prognosis and treatment decisions for disorders 
of the central nervous system.

1,2 
Epilepsy is one of the most 

common neurological diseases. It is characterised by recurring 
seizures which are thought to arise from transient imbalances 
between excitation and inhibition in the brain.

3,4
  Seizures are highly 

unpredictable in patients. Diagnosis is also challenging and often 
based on clinical examination and history alone. 
Electroencephalography (EEG) and brain imaging are invaluable but 
also costly, laborious and technically demanding. The identification 

of a biomarker of epilepsy in a biofluid such as blood with, ideally, a 
mechanistic link to the underlying pathophysiology would 
transform epilepsy patient care, diagnosis and prognosis.

5
 Efforts to 

date have focused on brain proteins, autoantibodies, infective and 
immune molecules and have been largely unsuccessful.

5
  

    One promising class of biomarkers are microRNAs.
6,7

  MicroRNAs 
(miRNAs) are 18- to 25-nucleotide small non-coding RNA molecules 
which function post-transcriptionally to regulate protein levels in 
cells.

8,9 
 A number of miRNA are unique to the brain, including miR-

134, a miRNA with targets that control neuronal microstructure.
10,11

 
Recent studies reported upregulation of miR-134 in the brain in 
experimental and human epilepsy and showed that silencing miR-
134 had long-lasting seizure-suppressive effects in mice.

12,13,14 

Emerging work shows miRNA levels are also altered in the blood 
following seizures in rodents,

15,16,17
 and in epilepsy patients.

18,19
 

Thus, analysis of the miRNA content of biofluids might provide 
molecular-level information to support diagnosis after a first 
unprovoked seizure, predict an impending seizure, provide a 
druggable target or monitor therapeutic efficacy.

5
  

     The ability to detect biomarkers of disease at ever decreasing 
concentrations so as to enable early detection is a major focus of 
contemporary sensor research. For miRNA detection, various new 
techniques have been reported recently, including fluorescence,

20
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colorimetry,
21

 surface plasmon resonance (SPR),
20,21

 and 
electrochemistry.

22 
Electrochemical biosensors have attracted 

increasing attention due to advantages such as simplicity, 
portability, sensitivity, responsivity and low-cost, and hold promise 
as devices suitable for point-of-care diagnostics.

23
 One of the 

biggest challenges for the development of miRNA sensors is the 
limit of detection, since the miRNA concentration is attomolar to 
femtomolar in biological samples.

20 
 Thus, a 100 µl sample of a 

patient’s blood may contain less than 10000 copies of one of these 
biomarkers.  Moreover, these disease biomarkers must be detected 
in the presence of thousands of proteins and other nucleic acids 
that have the potential to interfere with the analysis.  These 
extreme demands of sensitivity and selectivity mean that methods 
typically rely on an initial amplification step, e.g., PCR or nucleic acid 
sequence-base amplification (NASBA).  To date, there are several 
reviews available which are based on the advancement of sensitive 
electrochemical biosensors and immunosensors and the great 
benefits of incorporating different nanomaterials into the main 
design for the detection of low-abundance miRNAs 

20,21,22,24
 For 

example, Zuo et al
25

 demonstrated an ultrasensitive detection 
platform for miRNA by combining hybridization chain reaction 
(HCR) amplification and the tetrahedral DNA nanostructure probes.  
However this technology includes multiple steps and specialised 
equipment.  The state-of-the-art in the field of microfluidic 
detection of miRNA expression profiles is dominated by devices that 
amplify the target rather than the direct detection approach 
reported here in which the signal generated by the hybridisation of 
the few copies of the target is massively amplified by 
electrocatalysis.  
        Here we report the use of electrocatalytic metal nanoparticles 
that are functionalised with probe strand nucleic acids that are 
complementary to the target in just one region to detect miR-134 
directly in undiluted patient serum at sub-femtomolar 
concentrations without PCR amplification of the target (Scheme 1). 
The approach is based on regioselective, hemi-spherical platinum 
nanoparticles,

20-22
 that are deposited within defects of a self-

assembled monolayer. This strategy allows the top surface of these 
PtNPs to be selectively functionalized with thiol terminated probe 
strand miRNA.  This method has the advantage of controlling the 
density and orientation of probe miRNA on the surface of the 
PtNPs, which is usually quite challenging in electrochemical 
biosensors.   Applying a current step causes rapid desorption of the 
functionalized PtNPs. These DNA labelled electrocatalytic particles 
are then used in a sandwich assay to determine the concentration 
of the target by measuring the faradaic current associated with 
reduction of peroxide in solution. These particles are capable of 
detecting miR-134 in clean buffer and patient samples with high 
sensitivity and selectivity. 

Experimental 

Materials   
Dodecanethiol, Denhardt’s hybridization solution (≥99.5%), for 
miRNA probe assembly and Chloroplatinic acid hydrate (H2PtCl6, 
99.995% ) were used as received from Sigma-Aldrich. All aqueous 
solutions were prepared using RNase free water. The 
oligonucleotides were purchased from Eurogenec and their purity 
was >98%. The base sequences are as follows: Capture: 5’-ACC-
AGU-CAC-A-3’- SH;  Target: 5’-UGU-GAC-UGG-UUG-ACC-AGA-GGG-
G-3’; Probe: SH-5’-CCC-CUC-UGG-U-3’  

 
Scheme 1.  Platinum nanoparticle formation and regio-selective 
miRNA functionalisation. 
 
Instrumentation   
A three-electrode electrochemical cell was used at a temperature of 

22  2C.  The working electrode was a 2 mm diameter planar gold 
disc. It was polished with a nylon cloth with 1 µm diamond polish 
and thoroughly rinsed with Milli-Q water and ethanol before 
sonication in Milli-Q water for 5 minutes. Voltammetry in 0.1 M 
H2SO4 was used to determine the surface roughness factor by 
scanning the electrode between +1.500 and -0.300 V. The counter 
electrode was a large area coiled platinum wire and a silver/silver 
chloride (Ag/AgCl in 3 M KCl) acted as reference. Dynamic Light  
Scattering (DLS) was performed at 25°C on a Nanosizer NanoZS 
(Malvern Instruments, Malvern U.K.) using a detection angle of 173° 
and a 3 mW He−Ne laser was operating at a wavelength of 633 nm. 
The dhyd values reported are the Z-average diameters (mean 
hydrodynamic diameter based upon the intensity of scattered 
light). The polydispersity indices were also calculated from the 
Cumulants analysis as defined in ISO13321.  The intensity size 
distributions were obtained from analysis of the correlation 
functions using the Multiple Narrow Modes algorithm based upon a 
non-negative least-squares fit,

26
 using Dispersion Technology 

software (v. 5.3, Malvern Instruments; Worcestershire, U.K.). The 
values used for the viscosity of 0.01 M H2SO4 was 26.7 cPa·s at 298 
K.  Scanning electron microscopy was performed using a Hitachi S-
3400N scanning electron microscope.  EDX measurements were 
performed using an Oxford INCA microanalysis system using an X-
Max detection system.   
 
Human plasma samples    
Studies were approved by the Research Ethics Committee of the 
Royal College of Surgeons in Ireland (REC #859) and by the Ethics 
(Medical Research) Committee of Beaumont Hospital, Dublin. 
Informed written consent was obtained from all patients and 
volunteers. Blood was collected by venupuncture into K2-EDTA 
tube, 10 ml, BD cat. no. 367525, gently inverted 8 – 10 times, and 
processed to obtain plasma within one hour. After centrifugation, 
samples were decanted for storage in a cryo-tube (Greiner Bio-one) 
and frozen at -80

o
C. Prior to RNA extraction, frozen plasma was 

processed a second time by centrifugation at 1940 x g to minimize 
potential cellular contaminants.

27
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Table 1.  Summary of patient and healthy volunteer data 
Key: F, female; M, male; y, years; TLE, temporal lobe epilepsy; JME, 
juvenile myoclonic epilepsy; LEV, levetiracetam; LAC, lacosamide; 
PER, perampanel; CBZ, carbamazepine; TPN, topiramate; GABA, 
gabapentin; ZNS, zonisamide; PHY, phenytoin. 

 
Patients    
Plasma was obtained from two (2) healthy volunteers (Male; 35, 46 
y) and six (6) patients with epilepsy. Patient data are presented in 
Table 1.  All patients had been referred for video-EEG monitoring at 
Beaumont hospital for refractory epilepsy. All patients were on 
medication at the time of the study. Blood samples were collected 
with a confirmed seizure-free monitoring period of at least 24 h. 
 
RNA extraction and qPCR   
RNA was extracted from 200 µl of plasma using the miRCURY 
biofluids kit (Exiqon, Denmark), following manufacturer’s 
instructions. Levels of miRNA-134 were analyzed using the small-
scale RT-PCR protocol.

28
  Briefly, a fixed volume of input RNA (1.67 

ml) was reverse transcribed using the TaqMan miRNA Reverse  
Transcription Kit and miRNA134-specific stem-loop primers 

(Applied BioSystems) in a small-scale RT reaction (containing per 
sample 1.387ml of H2O, 0.5 ml of 10X Reverse-Transcription Buffer, 
0.063 ml of RNase-Inhibitor, 0.05 ml of 100 mM dNTPs and 0.33 ml 
of Multiscribe Reverse Transcriptase). 2.25 ml of diluted RT product 
(prepared by combining 5.0 ml of RT product with 28.4 ml of H2O) 
was combined with 2.75 ml of PCR assay reagents (2.5 ml of 
TaqMan 2X Universal PCR Master Mix and 0.25 ml of TaqMan 
miRNA Assay). Real time qPCR was carried out on a 12K Flex Quant-
Studio PCR system and Ct values were correlated with mA data. 
 
Monolayer self-assembly    
The gold electrodes were cleaned by placing them in piranha 
solution (3:1 mixture of sulphuric acid and 30% hydrogen peroxide) 
for 20 min, followed by thorough rinsing with ultrapure water. The 
electrode was then scanned between +1.500 and -0.300 V in 0.01 M 
H2SO4 to measure the surface roughness of the gold electrode. The 
gold disk electrode was then washed with ethanol and placed in a 1 
mM solution of dodecanethiol in ethanol and monolayer self-
assembly allowed to proceed for 7 hours.  After the formation of 

the incomplete monolayer, the substrate was rinsed with ethanol 
and dried under a N2 stream. 
 
miRNA probe immobilization and hybridization: Fabrication of 
region-selectively miRNA functionalized platinum nanoparticles  
Platinum nanoparticles were electrodeposited from 1 mM 
hydrogen hexachlorideplatinate(IV) hydrate (H2PtCl6) in 0.5 M 
H2SO4 using the defects within the self-assembled monolayer as 
templates. Subsequently, the PtNPs were functionalized with probe 
oligo (5’ thiolate) by immersing the nanoparticle functionalized 
electrode in a 1 µM solution of the probe oligo strand dissolved in 
Denhardt’s buffer for 2 h. The modified electrodes were then 
washed with RNase-free water for 15 seconds to remove loosely 
bound oligo and immersed in 0.01 M H2SO4. The oligo 
functionalized platinum nanoparticles were then desorbed by 
applying a current of +0.01 A (reductive) for 120 seconds.     
    A monolayer of capture strand miRNA was prepared on a freshly 
polished and electrochemically cleaned gold disk electrode by 
immersing it in a 10 µM solution of the capture strand miRNA 
dissolved in Denhardt’s Buffer. After 5 h, the electrode was rinsed 
with RNase free water for 15 seconds to remove loosely bound 
oligo. Hybridization of the target at concentrations between 1 aM 
and 1 µM to the immobilized capture strand was performed at 37 
ºC in Denhardt’s Buffer for 90 min. Following hybridization, the 
modified electrode was rinsed thoroughly with buffer. 
    The nanoparticle labelled probe miRNA was then hybridized to 
the complementary section of the target not used for binding to the 
capture strand for 2 h at 37

o
C in Denhardt’s Buffer. Finally, before 

quantitation, it was thoroughly washed with RNase free water.  
Following assembly of the capture-target-nanoparticle labeled 
probe miRNA sequence, the modified electrode was placed in an 
aqueous solution of 0.01 M H2SO4 and the current measured at -
0.250 V after equilibration for 10 minutes.  Then, sufficient 
hydrogen peroxide added to give a final concentration of 200 µM 
and the current associated with peroxide reduction at the bound 
PtNPs measured at -0.250 V after 10 minutes.  The analytical 

response is taken as the difference in current, i, measured before 
and after peroxide addition.   

Results and discussion  

Template formation and nanoparticle deposition   
The platinum nanoparticles perform two functions in this assay.  
First, they carry a high concentration of the nucleic acid strand that 
is complementary to the target enhancing the labelling efficiency of 
the target. Second, they need to generate a large, stable 
electrocatalytic current. Electrocatalysis occurs most efficiently at 
clean, unmodified surfaces and would be inhibited by the presence 
of immobilised probe strands. To address this issue, we used 
defects within a self-assembled monolayer as templates to enhance 
the size monodispersity of the particles and to allow one side of the 
nanoparticles to be functionalised. By creating “mushroom” shaped 
particles, the template also facilitates desorption of the 
nanoparticles. Here, an alkane-thiol monolayer has been deposited 
onto 2 mm radius gold electrodes for 7 h to create a film that 
contains nanoscale defects into which platinum nanoparticles can 
be electrodeposited.  Figure 1 (A) and (B) shows typical 
voltammograms in sulphuric acid for a 2 mm radius gold electrode 
before and after deposition of the defective monolayer, 
respectively.  By comparing the charge passed under the gold oxide 
reduction peak centred at approximately +0.8 V before and after 
monolayer deposition, the area available for PtNP electrodeposition  
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Figure 1.  Cyclic voltammograms of: (A) 2 mm unmodified gold 
electrode, (B) after deposition of a defective C12 monolayer, (C) 
following electrodeposition of platinum nanoparticles into the 
monolayer defects and (D) hybridisation of Probe miRNA and (E) 
after the platinum nanoparticles have been desorbed.  The scale 

bar for (A) and (B) are 10 A, for (C) and (D) are 5 A while for (D) 

and (E) it is 50 A.  In all cases the supporting electrolyte was 0.1 M 
H2SO4, the counter electrode was a large area platinum wire and 
the reference electrode was a saturated Ag/AgCl (3 M KCl).  The 
scan rate is 100mVs

-1
.  The voltammograms have been displaced 

vertically for clarity of presentation 
 
can be determined. This figure reveals that the area decreases by 
approximately 50% following monolayer deposition for 7 h, from 
the value of 0.035 cm

2
 found for the unmodified electrode 

(roughness factor of 1.1) to 0.028 cm
2
.  Platinum nanoparticles 

were deposited into the defects within the monolayer from a 0.5 M 
sulphuric acid solution containing 1 mM hydrogen 
hexachlorideplatinate (IV) hydrate (H2PtCl6) at -0.250 V for 180 s.  
Figure 1(C) reveals that the microscopic area following  
nanoparticle deposition is 0.195 ± 0.05 cm

2
, i.e., nanoparticle 

deposition increases the area available for miRNA deposition by a 
factor of approximately 9 compared to the dodecanethiol 
templated electrode, i.e., the PtNPs are definitely mushroom 
shaped. This particle shape will result in approximately two thirds of 
the total nanoparticle surface (hemisphere) being modified by 
probe strand DNA with at least one third (disk) being unmodified 
and available for efficient electrocatalysis. Significantly, after 

electrodeposition of Pt, the peak associated with gold oxide 
formation and reduction disappears, indicating that the defects 
within the monolayer have been successfully filled with platinum. 
The reduction of platinum oxide to metallic platinum is observed at 
around 0.305 V and the peak at approximately -0.258 V is attributed 
to hydrogen adsorption/desorption from the platinum nanoparticle 
surface.  After the hybridisation of the probe oligo, Figure 1(D), the 
area decreases by approximately 8%, from the value of 0.195 cm

2
 

found for the nanoparticle modified electrode (roughness factor of 
6.2) to 0.179 cm

2
, indication that the nanoparticle functionalized 

electrode has undergone thiolated probe strand hybridization. A 
short current pulse at a current density of approximately +100 mA 
cm

-2
 was applied to the nanoparticle modified electrode following 

immobilisation of the probe oligo, with the objective of breaking 
the nanowire connecting the hemispherical nanoparticle to the 
electrode. This current jump rapidly desorbs the functionalised 
nanoparticles into solution minimizing the opportunity for damage 
to the bound miRNA. The effect of PtNP desorption from the 
electrode surface is highlighted in Figure 1(E), with an apparent 
decrease in peak height in both the reduction and oxidation process 
for the platinum oxide peaks. Concurrently, a peak corresponding 
to gold oxide peak reduction is observed following PtNP desorption. 
The gold oxide peak is considerably larger than that found for the 
dodecanethiol templated electrode suggesting that the current step 
not only removes the platinum nanoparticles but also the 
templating alkane thiol monolayer.     
 
Morphological and composition characterisation  
Figure 2(A) shows an SEM image of the desorbed nanoparticles that 
have been dropcast onto a gold sheet. Based on analysis of more 
than 500 individual particles, their radius is 100 ± 60 nm. This image 
also demonstrates that a relatively high concentration of 
nanoparticles can be achieved in suspension. Figure 2(B) illustrates 
the size distribution as determined by DLS. In agreement with the 
SEM, the nanoparticles had an average radius of 80 ± 40 nm. Figure 
2(C) shows that the energy dispersive X-ray (EDX) obtained from the 
suspended nanoparticles is dominated by elemental platinum with 
high purity. 

 
Figure 2.  (A) Drop cast film of desorbed nanoparticles from 
suspension. The acceleration voltage is 5 kV.  (B) DLS particle size 
distributions and (C) Energy dispersive X-ray spectrum for the 
desorbed platinum nanoparticles. 
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Nucleic Acid Mediated Nanoparticle Immobilisation   
As illustrated in Scheme 1, a pristine electrode modified with 
miRNA capture oligos was allowed to first hybridize with different 
concentrations of the miR-134 target, part of which is 
complementary to the capture strand. This electrode was then 
placed into the PtNP suspension for 90 min during which time the 
free section of the target hybridizes with the oligo bound to the 
metal nanoparticle. Figure 3 shows the voltammogram obtained for 
a pristine gold electrode modified with capture strand miRNA after 
both the target miR-134 and nanoparticle functionalized probe 
strand hybridization steps have occurred.  Significantly, oxide 
formation on the platinum nanoparticles is observed at potentials 
positive of approximately +1.100 V, the corresponding reduction  
 

Figure 3.  Cyclic voltammogram of a 2 mm radius gold disc electrode 
after modification with capture strand miRNA (A) and hybridization 
with the target and nanoparticle labelled probe sequence (B) where 
the miR-134 target strand concentration is 1 μM. The supporting 
electrolyte is 0.01 M H2SO4 and the scan rate is 100 mV s

−1
. 

 
occurs at approximately +0.2 V and hydrogen 
adsorption/desorption is seen between -0.05 V and -0.35 V. These 
observations indicate successful binding of the nanoparticles. 
Significantly, control experiments in which platinum nanoparticles  
functionalized with probe strand DNA are exposed to freshly 
polished gold electrodes, i.e., there is no immobilised capture 
strand, do not exhibit any measurable peaks associated with 

platinum oxide formation or reduction. This result suggests that 
nonspecific binding of the platinum nanoparticles is not a significant 
issue.  
 
Detection of miR-134 in clean buffer   
Platinum nanoparticles are well-known to be highly catalytic for the 
reduction of hydrogen peroxide so the response associated with 
target hybridisation is greatly amplified. The current associated with 
the reduction of H2O2 at the surface of the PtNPs depends on the 
number of PtNPs on the surface of the electrode, which depends on 
the concentration of target miRNA. Here, a fixed potential of -0.250 
V was applied to the working electrode and the difference in the 
current observed in the absence of any deliberately added peroxide 

and after the addition of 200 µM H2O2, to the cell, i, was 
measured. The system was allowed to equilibrate for ten minutes 
following peroxide addition.   

   Figure 4 shows the dependence of i on log [miRNA] where the 
probe strand is unlabelled and where the PtNP label is regio- 
selectively modified with probe strand miRNA. As expected, where 
the probe strand is not labelled, its hybridization with the target 
does not produce any significant additional current. The low 
currents observed in the absence of PtNPs indicate that the  

Figure 4.  Dependence of the difference in current before and after 
addition of H2O2  on log[DNA] for a  2 mm diameter bare electrode 
following hybridization with probe DNA that is labelled with PtNPs 
(♦) and where the probe is unlabelled(▲) (n=3).  In both cases, the 
solution contains 2 mM H2O2 in aqueous 0.01 M H2SO4. Δi 
represents the difference in current before and after addition of the 
H2O2 at an applied potential of −0.250 V.   Where error bars are not 
visible, they are smaller than or comparable to, the size of the 
symbols and range from 1.1% to 3.5%. 
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background current associated with direct reduction of hydrogen 
peroxide at the underlying electrode is low. This result is significant 
as it is the signal-to-noise ratio that dictates the limit of detection 
that can be achieved.  For the full sandwich assay, an acceptably  
linear response (R

2
 = 0.9794) is observed for concentrations of miR-

134 from 1 aM to 1 µM.  The absolute currents observed are in the 
hundreds of microamp range indicating significant electrolysis of 
the hydrogen peroxide. These relatively large currents suggest that 
heterogeneous electron transfer from the platinum nanoparticles, 
through the DNA linker, to the underlying electrode is relatively 
facile.  Moreover, because nanoparticles are used as 
electrocatalytic labels, the rate of mass transport of H2O2 is likely to 
be enhanced relative to a planar electrode due to radial diffusion.  
The wide dynamic range, more than nine orders of magnitude, 
arises because the area of occupation of an individual nanoparticle 
is small and even for high concentrations sufficient area is available 
on the electrode to accommodate additional particles.    
The Limit of Detection, LOD, is determined by utilising both the 
measured Limit of Blank, LOB, and test replicates of a sample 
known to contain a low concentration of analyte; 
 
LOD = LOB + 1.645(Std. Dev. low concentration sample)   Eq. 1 
 
While the ability of the assay to detect the actual concentration has 
not been demonstrated, the LOD defined as the lowest analyte 
concentration likely to be reliably distinguished from LOB and at 
which detection is feasible is calculated to be 0.0263 aM  
 
Detection of miR-134 in epilepsy patient plasma  
Finally, we sought to assess the performance of the electrochemical 
sensor at detecting miR-134 in human plasma samples and 
compare this to standard Taqman PCR-based measurement. Levels 
of miR-134 are normally very low in human plasma. A recent study, 
for example, reported plasma miR-134 at Ct 31 using Taqman low-
density array qRT-PCR profiling.

28
 This is consistent with miR-134 

being a brain-restricted miRNA.
10

 This makes it particularly well-
suited to assaying here in order to demonstrate sensitivity of the 
electrochemical sensor to detect low-abundance miRNAs. Although 
miR-134 levels are increased in the brain in experimental and 
human epilepsy, it is unknown if of miR-134 are altered in patient 
plasma. 
    In the present studies, plasma was obtained from health 
volunteers and from patients with drug-refractory epilepsy during 
in-patient care (video-EEG monitoring) (see Table 1). Blood samples 
were collected and processed for plasma followed by RNA 
extraction. The extracted RNA was then analysed either using the 
electrochemical sensor or processed for real-time PCR analysis 
using a standard Taqman miRNA assay for miR-134.  As expected, 
the Taqman miRNA assay detected very low levels of miR-134 in the 
samples from healthy volunteers (Ct range 29-33, Figure 5). These 
values fall within the range reported by others using PCR-based 
detection of miR-134 in healthy volunteer plasma.

27
 In contrast, 

plasma levels of miR-134 measured by Taqman miRNA assay were 
consistently higher in the epilepsy patient plasma (Figure 5). 
Measurement of miR-134 in the same set of samples using the PtNP 
produced a highly linear correlation to the Taqman assay, with R

2
 = 

0.95. These data demonstrate the electrochemical sensor provides 
highly sensitive detection of miR-134 in human plasma and suggests 
miR-134 levels may be increased in patients with refractory  
 
 

 Figure 5.  Comparison of miRNA detection with real-time PCR 
Graph shows plots of readings from individual samples of RNA 

extracted from plasma, plotting the i against real-time PCR cycle 
(Ct) value.  All clinical data of patient and healthy volunteer data is 
given in Table 1. 
 
epilepsy.  A poorer correlation was observed in the comparison of 
the system to the Taqman miRNA assay at the lowest levels of 
miRNA detection (e.g. samples from healthy controls G, H). This 
may be due to the sensitivity of the Taqman assay. While CT values 
correlate to the RNA input for miRNA assays over four orders of 
magnitude,

29
  the control samples with Ct values close or above 30 

may contain 10 or less copies of miRNA and measurement of these 
very low abundance miRNAs by Taqman assay becomes less 
reliable.  Regarding the selectivity of the sensor, the structure of 
miR-758 is the most similar to miR-134 and contains a sequence of 
14 bases that are the same as that found in miR-134.   However, we 
have previously demonstrated

30,31,32
 that in an assay of this kind the 

electrocatalytic current observed decreases by approximately a 
factor of 4 when there is only 1 base mismatches present.  
Therefore, the current response observed will be dominated by 
miR-134.  Equally, the electrocatalytic reaction causes any non-
specifically bound protein to be desorbed from the nanoparticle 
surface making the response insensitive to non-specific binding. 

Conclusions 

Platinum nanoparticles that are regio-selectively functionalized 
(upper surface only) with probe strand miRNA while the remainder 
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of the particles surface remains clean, generate significant 
electrocatalytic currents when immobilised on an electrode surface 
in a nucleic acid sandwich assay.  A key advantage of desorbing 
these particles is that they can quickly sample the solution for 
target miRNA by stirring rather than waiting for target strands to 
arrive at the electrode interface.  This is particularly important for 
low, i.e., aM concentrations, where diffusion is too slow to allow 
the surface coverage of the target to reach equilibrium on a 
meaningful timescale.  The assay is characterized by a wide dynamic 
range (more than eight orders of magnitude), high sensitivity and a 
calculated LOD of 0.0263 aM (lowest analyte concentration likely to 
be reliably distinguished from LOB and at which detection is 
feasible).  While it is not possible to detect the arrival of single 
particles it is perhaps important to note that the rather poor size 
monodispersity (80 +/- 40nm) may compromise the reproducibility 
for the lowest concentrations of miRNA investigated.  Significantly, 
we were able to demonstrate the ability to detect a low-abundance 
miRNA linked to epilepsy using human plasma. Emerging data show 
miR-134 is upregulated in the brain in experimental and human 
epilepsy and while miRNA biomarkers of epilepsy have been 
reported,

18, 19
 the present study is the first to provide evidence that 

miR-134 is increased in plasma from epilepsy patients. Here we 
show that the electrochemical sensor PtNP-based miR-134 
detection is highly correlated with Taqman-based measurement of 
plasma miR-134 levels, validating the method.  
   In summary, the present study demonstrates a novel 
electrochemical detection based on regioselective functionalised 
electrocatalytic nanoparticle suitable for the detection of low-
abundance molecular biomarkers of disease and suggests plasma 
miR-134 may be a biomarker of refractory epilepsy. 
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