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A  sensitive  and  specific  approach  was  developed  for the  determination  of  Haemophilus  influenza  using
DNA  based  bio-assay.  In  this  study,  citrate  capped  silver  nanoparticle  was  synthesized  and  employed  for
bioconjugation  with  pDNA  toward  target  sequences  detection.  In this  study,  synthesized  probe  (SH-5′-
AAT  TTT  CCA  ACT  TTT TCA CCT  GCA  T-3’)  of  Haemophilus  influenza  was  detected  with  great  sensitivity  and
selectivity  after  hybridization  with cDNA  (5′-ATG  CAG  GTG  AAA  AAG  TTG  GAA AAT T-3’).  Regarding  to
the  obtained  results,  the  low limit  of  quantification  (LLOQ)  of  DNA  sample  was  1 ZM using  15  �L of  probe
NA bio-assay
itrate capped silver nanoparticle
aemophilus influenza
luorescence
uman biofluids
enosensor

and  200  �L of Cit/AgNPs.  According  to ultra-sensitivity  of  the  fabricated  optical  DNA-based  bio-assay,
it  has  potential  for bacterial  determination  both  in clinical  and  environmental  specimens.  To  evaluate
the  selectivity  of  developed  DNA  based  biosensor,  three  mismatch  sequences  were  applied.  Finally,  the
designed  genosensor  is a significant  diagnostic  strategy  for detection  of  Haemophilus  influenza  with  great
selectivity.

© 2019  Elsevier  B.V.  All  rights  reserved.
. Introduction

Haemophilus influenza (H. influenza) is a gram negative coc-
obacillus which produces polysaccharide capsules. There are 6
erotypes from A to F based on type of capsular antigen [1].
apsulated strains are resistant towards phagocytosis, whereas
on-capsulated strains have less resistance and invasive features
2]. Influenza causes respiratory infections including; bronchitis,
cute otitis media, pneumonia, and sinusitis. Furthermore, it leads
o invasive infections like meningitis, septic arthritis, and cellulite
3]. Hence, sensitive and fast determination of H. influenza is of
aramount significance in medical microbiology. There are numer-
us techniques for diagnosis of H. influenza such as Polymerase
hain reaction (PCR), latex particle agglutination (LAT), and culture.

he latex particle agglutination and culture techniques are usually
mployed for clinical diagnosis of viruses [4,5]. H. influenza is still

 fastidious bacterium and its growing needs compound nutrition.
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hmmd  hasanzadeh@yahoo.com (M.  Hasanzadeh).
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731-7085/© 2019 Elsevier B.V. All rights reserved.
Replication of this virus takes long time, so in culture technique
it may  takes long period of time up to weeks. A more sensitive
method than culture and LAT is PCR but it also has some limita-
tions. Some disadvantages of these methods are being laborious,
time-consuming, low specificity and sensitivity as well as requiring
developed high-price instruments and expert technicians [6].

Because of limitations of conventional techniques in detection of
biological molecules (specially H. influenza), biosensors have been
utilized for specific and more sensitive detection of H. influenza
[7]. Genosensors are usually applied for detection of infectious dis-
eases [8,9]. Recently, DNA-based biosensors or genosensors have
been widely utilized for detection because of their great sen-
sitivity, specificity, low-cost, simplicity as well as minimization
ability [10]. Hybridization of DNA is the most significant process in
the fabrication of DNA-based biosensors in which ssDNA (single-
stranded DNA) immobilizes on the on the surface nanoparticle
and target DNA (cDNA) bind to it for forming double-stranded
helix (ds-DNA) [11,12]. By emerging of nanotechnology, various
kinds of nanoparticles are applied for immobilization of thio-

lated DNA probe with exceptional attributes like great adsorption
power, great surface area and biocompatibility. Among the metal-
lic nanoparticles, AgNPs (silver nanoparticles) have been broadly

https://doi.org/10.1016/j.jpba.2019.113050
http://www.sciencedirect.com/science/journal/07317085
http://www.elsevier.com/locate/jpba
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jpba.2019.113050&domain=pdf
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Fig. 1. TEM images of Cit/A

xamined mostly because of their unique and optical characteris-
ics as well as excellent extinction coefficients [13–15]. AgNPs draw
ots of interests for its application in optical sensors because of their
imple and cheap fabrication besides their greater extinction coeffi-
ients than those of gold nanoparticles with the similar average size
14,15]. In addition, the high surface area of AgNPs is completely
ppropriate for modification and fabricate useful components in
olorimetric determination of some analytes.

It is important to point out that, the aggregation of organic dyes
ith aggregation-induced emission (AIE) have also be used widely

or biological imaging and sensing applications [16–25]. In future,
heir applications especially in biomedical analysis could be cited.

In present research, an innovative optical DNA-based biosen-
or using citrate capped silver nanoparticles for detection of H.
nfluenza gene was developed. The purpose of this study is design

 spectrofluorometeric and UV/Vis spectrophotometric technique
or sensitive determination of H. influenza. The developed method
ot only has acceptable linear range but also it is simple and cost-
fficient technique in comparison with conventional methods.

. Method and materials

.1. Chemical and reagents

Sodium acetate (CH3COONa), sodium chloride (NaCl), DTT

Dithiotrietol), silver nitrate (AgNO3), NaBH4 (sodium borohy-
ride), trisodium citrate (Na3C6H5O7) were purchased from
igma-Aldrich (Ontario, Canada). The oligonucleotide sequences
chieved from Takapouzist Co. (Iran) include:
 in various magnifications.

• Probe single strand DNA (ssDNA): SH-5′-AAT TTT CCA ACT TTT
TCA CCT GCA T-3’

• Complementary target DNA: 5′-ATG CAG GTG AAA AAG TTG GAA
AAT T-3’

• 1-base mismatched target DNA: 5′-ATG GAG GTG AAA AAG TTG
GAA AAT T-3’

• 2-base mismatched target DNA: 5′-AGG GAG GTG  AAA AAG TTG
GAA AAT T-3’

• 3-base mismatched target DNA: 5′-AGG GAG GTG AGA AAG TTG
GAA AAT T-3’

Dilution of oligonucleotides was  performed using Tris−HCl
buffer (0.1 M,  pH∼7.4). DTT solution was  made ready using 500 mM
DTT and 10 mM sodium acetate (pH∼5.2).

2.2. Apparatus

Transmission electron microscopy (TEM) was carried out by
Philips CM30 electron microscope operated at 200 kV (Adelaide,
Australia). Dynamic light scattering (DLS) was  evaluated using zeta
potential instrument Malvern Instruments Ltd (Zetasizer Ver. 7.11,
MAL1032660, England) for size distribution and zeta potential.
Field emission scanning electron microscope (FE-SEM) (Hitachi-
SU8020, Czech) with an operating voltage of 3 kV was  performed
to appraise the modified electrode surface and particles morphol-
ogy. The chemical composition of the modified electrodes was
investigated using energy dispersive spectroscopy (EDS). Over-

all these instruments have three major components-laser, sample
and light detector UV-VIS spectrophotometer achieved by shi-
madzu UV-1800 UV-VI spectrophotometer with a resolution of
1 nm.  Fluorescence spectra and intensity measurements were done
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Fig. 2. (A). FE-SEM images of Cit/AgNPs in va

mploying a Jasco FP-750 Spectrofluorometer (Japan) equipped
.0 cm quartz cells and a 150 W xenon lamp.

.3. Synthesis of citrate capped silver nanoparticles

In order to synthesis the citrate capped silver nanoparticles,
n an ice bath (approximately 0 ◦C) 400 mL  of trisodium citrate

1.06 mM)  solution, as a capping/stabilizing agent, was  completely

ixed with 25 mL  of silver nitrate solution (5 mM).  Next, 2500 �L
f 100 mM NaBH4 aqueous solution as a reducing agent was  drop
isely added to the mixed solution over 5 min. This was led to
magnification. (B). EDS spectra of Cit/AgNPs.

immediate color alteration to light yellow. The prepared solution
was vigorously stirred about 1 h and 45 min under dark condition
until the color was  shiny yellow which confirms the end of reac-
tion and Cit/AgNPs formation. Then, the ice bath was  removed and
solution was  kept in dark condition overnight to attain room tem-
perature. The synthesized Cit/AgNPs were centrifuged at 6000 rpm
for 15 min.
Citrate ions are usually utilized as a reductant and stabilizer in
synthesis of metal nanoparticles and makes powerful surface inter-
action with AgNPs. Adding citrate ions to the silver solution leads
to the citrate ions complication with silver nanoparticles. The com-
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Fig. 3. Size distribution analys

F
a

p
s
t

2

o
p
t
a
t

ig. 4. A) Fluorescence spectra of Cit/AgNPs and Cit/AgNPs-pDNA. B) UV/Vis
bsorbance spectrum of Cit/AgNPs and Cit/AgNPs-pDNA.

lexity of citrate ions with AgNPs serves significant role in dictating
hape and size of AgNPs. Citrate ions effects the growth of particle
hrough compounding with positively charged dimers of Ag+ [15].

.4. TEM, FE-SEM and DLS analysis of citrate capped AgNPs

The mechanism of Cit/AgNPs formation and supportive proof
f morphologies and characteristics of silver nanoparticles was

rovided by TEM (transmission electron microscopy). TEM is con-
inuously the first method employed for determination of the size
nd nanoparticle size distribution [26]. TEM images recorded using
he holey carbon grid which are shown in Fig. 1. The TEM micro-
is of Cit/AgNPs via DLS.

graphs of synthesized citrate capped silver nanoparticles clearly
show the AgNPs are discrete, monodisperse, and spherical in envi-
ronment with average particle size under 10 nm.

Surface morphology of Cit/AgNPs was  characterized by FE-SEM
(field emission scanning electron microscope) and chemical com-
positions of nanoparticles were analyzed by EDS (energy dispersive
spectroscopy). As shown in Fig. 2(A), AgNPs have uniform spherical
structure. According to the standard theory of colloids, the stability
of colloids depends on the equilibrium between the van der Waals
interaction and the coulombic repulsion of the charged particles
[27]. According to Fig. 2(B), sharp and large peaks from citrate and
sodium appear due to the existence of sodium citrate and sodium
borohydride in the structure of Cit/AgNPs.

DLS (dynamic light scattering) is a powerful technique which
depends on the interaction of light with particles. This technique
can be employed for measurements of narrow particle size distri-
butions especially in the range of 2–500 nm [28]. For determination
of citrate capped AgNPs hydrodynamic sizes and zeta potential
were evaluated (Fig. 3). The average particle size of synthesized
Cit/AgNPs was  2.27 nm.  Furthermore, Cit-AgNPs exhibits fluores-
cence emission in the range of 400–600 nm.  This may  be due to
citrate in the structure of this probe with the maximum excita-
tion and emission wavelength at 370 nm and 420 nm, respectively
UV–Vis spectra revelled that maximum absorption of Cit-AgNPs is
around 397 nm.

3. Results and discussion

3.1. Preparation of optical biosensor

pDNA is one of the most significant element in genosensing.
For this purpose, pDNA was  activated through combination with
DTT. DTT (dithiotrietol) is usually employed as a deprotecting
or decreasing agent for thiolated-probe DNA. The sulfur atoms
in terminal of thiolated DNA have potential for forming dimers
especially in the existence of oxygen. Thiol groups oxidation pre-
vented by DTT. So, it is applied as a protecting agent [29,30].
Therefore, DTT (0.01 M)  and sodium acetate (0.01 M)  were pre-

pared with deionized water. Then, 15 �L of pDNA (SH-5′-AAT
TTT CCA ACT TTT TCA CCT GCA T-3’) was  mixed with 100 �L
DTT/sodium acetate solution. After 15 min, 200 �Lof ethyl acetate
was added and for 5 min  vortexed. The prepared solution was cen-
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Scheme 1. Illustration of p

rifuged for 10 min  at 8000 rpm and supernatant was  removed.
ubsequently, 200 �L of Cit/AgNPs was added to the prepared
DNA solution and incubated for 2 h at 45

◦
for spectrofluorome-

ery and 200 �L of diluted Cit/AgNPs (1/2 concentration) was also
nother microtube of prepared pDNA and incubated which was
pplied for UV–vis spectrophotometery. 10 �L of NaCl (1 M)  was
dded to 300 �L of mixed Cit/AgNPs-pDNA and Cit/AgNPs for incre-
ent of quality and stability of nanoparticles. Then, the prepared

olutions were pipetted in the cuvettes and data was  recorded
oth by spectrofluorometer in range of 400−750 nm wavelength
nd UV-VIS spectrophotometer in range of 250−700 nm spectral
ange. Fluorescence emission and excitation spectra of Cit/AgNPs
nd Cit/AgNPs-pDNA are demonstrated in Fig. 4A. The excitation
eaks for Cit/AgNPs and Cit/AgNPs-pDNA were observed at 439
nd 438 nm,  respectively. The fluorescence spectrum of Cit/AgNPs
as similar to that of Cit/AgNPs-pDNA; although, the fluorescence

ntensity was declined by pDNA. As can be seen in Fig. 4B, momen-
ous alteration in UV–vis spectra was happened after addition of
DNA which appeared at 470 nm.  All of the genosensor preparation
teps was shown in Scheme 1.

.2. Optimization of hybridization time

Hybridization lead to quick and effective binding of DNA strands.
n this study, pDNA hybridized with its specific DNA (cDNA (com-
lementary target sequences)). Oligonucleotides were successfully

mmobilized on the surface of Cit/AgNPs due to interaction of
gNPs surface with oligonucleotides binding groups. Thiol groups
f oligonucleotides result in increment of binding affinity of them
o the surface of nanoparticles, which leads to greater stability of
g nanoparticle probes [15]. The Cit/AgNPs have stability toward
alt concentration (NaCl). So, they are stable against aggregation
y NaCl concentration. This hybridization process was  associated
ith color alteration, red-shifting as a result of assembly of particle
hich can be seen by naked eye in the form of yellow to pale red

olor change (Fig. 5A). To evaluate the hybridization and optimum

ncubation time, Cit/AgNPs functionalized with pDNA (SH-5′-AAT
TT CCA ACT TTT TCA CCT GCA T-3’) solution (Cit/AgNPs-pDNA)
nd incubated with 15 �L of cDNA (5′-ATG CAG GTG AAA AAG
TG GAA AAT T-3’) at different incubation times (2, 5, 10, 15, and
ation steps of genosensor.

20 min). In this part, 10 �L of NaCl was  added to enhance the AgNPs
stability and inhibted their aggregration. After insertion of 10 �l
NaCl, UV–vis spectra was  recorded at different time (251,015 and
20 min). Obtained results demonstrated that the optimum cDNA
incubation time was 2 min. As revealed in Fig. 5, the location of
peak is absolutely similar with previous section.

3.3. Analytical study

Sensitivity is one of the significant parts of the genosensors.
In order to evaluate the sensitivity of prepared genosensor, vari-
ous concentration of cDNA (10−6,10-9,10-12,10-15,10-17 and 10-21

M)  was  applied with 2 min  incubation time. Same as the previ-
ous section, 10 �L of NaCl was  added for increasing quality and
stability of AgNPs. 15 �L of these concentration was added to the
prepared Cit/AgNPs-pDNA and incubated at 37

◦
for 2 min. As exhib-

ited in Fig. 6, the maximum peak was  recorded for concentration
10−6 M and it was  thoroughly predictable. According to decrease
of cDNA concentration, the intensity of the excited fluorescence
and absorbed signal was decreased. According to the results, in
spite of recorded signals downward mobility, the developed opti-
cal genosensor can be employed for determination of cDNA, target
sequence, up to the concentration of 1 ZM for both spectrofluorom-
eter and UV–vis spectrophotometer. Dynamic linear ranges for both
were btween 1 �M-  1 zM and regression equations recorded for
spectrofluorometery and UV–vis spectrophotometery respectively
were:

y = -1.7625(Haemophilusinfluenza)+23.969R2 = 0.8412

y = -0.0885(Haemophilusinfluenza)+1.1295R2 = 0.8692

Briefly, the designed DNA based biosensor not only possess great
sensitivity but also has easy and low-cost construction.

3.4. Selectivity
One of the remarkable merits of biosensors is its selectivity.
Hence, a perfect biosensor should have power to distinguish similar
analytes. For evaluate the selectivity, we designed three mismatch
sequences (mismatch 1: 5′-ATG GAG GTG AAA AAG TTG GAA AAT
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ig. 5. (A) color alteration of Cit/AgNPs from yellow to pale red after hybridization
ybridization time (2,5,10,15, and 20 min) (For interpretation of the references to c

-3’, mismatch 2: 5′-AGG GAG GTG AAA AAG TTG GAA AAT T-3’,
ismatch 3: 5′-AGG GAG GTG AGA AAG TTG GAA AAT T-3’). Alike
ith analytical study, the designed genosensor was incubated with

5 �L mismatch primers and fluorescence excitation and UV/Vis
bsorbance was recorded for comparison with cDNA hybridiza-
ion. The selectivity of genosensor was evaluated in spectral ranges
00−750 nm and 250−700 nm,  respectively. As showed in Fig. 7, in
he presence of mismatched DNAs, fluorescence excitation had sig-
ificant reduction, whereas, UV/Vis absorbance was  considerably
ncreased from mismatch one to mismatch three. These results has
xact agreement with different reported studies that the dsDNA
ntensity is more than that of ssDNA.
pDNA. Fluorescence excitation (B) and UV/Vis absorbance (C) spectrum in various
in this figure legend, the reader is referred to the web version of this article).

3.5. Stability

One of the ways to increase the genosensors stability is employ-
ing silver nanoparticles. Silver nanoparticles draw a lot of attention
in optical biosensors because of their simple and low-cost fabrica-
tion as well as great extinction coefficients. In addition, AgNPs has
great superficial area which can be suitably modified [14,15]. The
stability of developed genosensor was  measured in two steps. At
first, intraday stability of synthesized Cit/AgNPs was examined at

regular 2 -h interval time. According to Fig. 8A-B, the fluorescence
excitation and UV/Vis absorbance of Cit/AgNPs were decreased
respectively during each 2 -h interval time. In the second step, the
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Fig. 6. Fluorescence excitation (A) and UV/Vis absorbance (C) spectrum of genosensor after hybridization with a variety of cDNA concentrations (10−6,10-9,10-12,10-15,10-17

and 10-21 M)  in the 400−750 nm and 250−700 nm spectral ranges, respectively. Histograms of peak intensity versus concentration of cDNA (C and D).

F tion w
2  of se

s
C
o
2

ig. 7. Fluorescence excitation (A) and UV/Vis absorbance (C) spectrum of hybridiza
50−700  nm spectral ranges, respectively. Histograms of peak intensity versus type
tability of developed genosensor was evaluated similar to that of
it/AgNPs. As displayed in Fig. 8C-D, the fluorescence excitation
f engineered genosensor was increased respectively during each

 -h interval time; whereas, its UV/Vis absorbance was  decreased.
ith mismatch cDNAs (Mismatch1, Mismatch2, Mismatch3) in the 400−750 nm and
quence (B and D).
Therefore, the synthesized Cit/AgNPs has acceptable stability. The
genosensor has stability for use within 4 h. Finally, designed plat-
form has appropriate stability despite its easy fabrication.
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Fig. 8. Fluorescence excitation (A–C) and UV/Vis absorbance (B–D) of Cit/AgNPs and Cit/AgNPs-pDNA, respectively, at regular 2 -h interval time.
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. Conclusion

A unique method for the analysis of DNA hybridization was
eveloped to detect Haemophilus influenza. The technique was
ased on spectrofluorometeric and UV/Vis spectrophotometric
hich detected hybridization of DNA using citrate capped silver
anoparticles conjugation as a transducer. The LLOQ (low limit
f quantification) of DNA sample was 1 zM using 15 �L of probe
nd 200 �L of Cit/AgNPs. The fabricated platform not only is rapid
nd simple, but also it is cost-efficient, convenient and only a
mall volume of sample is required. Therefore, this technique has
otential applications in clinical diagnosis field. Fast and specific
etermination of pathogenic bacteria could be a great alternative
or hard-growing bacteria diagnosis.
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