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Abstract: In present studies, piezoelectric genesensors (PG) was in-house fabricated and then used to 
identify human papilloma viruses (HPV) in recurrent (22 samples) and original (22 samples) 
pathological biopsy specimens. PCR and associated dot blot hybridizations were both used to further 
confirm the results attained from PG instruments. Of the 22 recurrent specimens, 15 samples were 
positive for HPV6, 2 for HPV 11, 4 for HPV16 and none for HPV18, respectively. And only one 
sample was negative for any types of HPV. Of the 22 original specimens, 17 samples were positive for 
HPV6, 3 for HPV 11, 2 for HPV16 and none for HPV18, respectively. When above results were 
compared with PCR and dot blot hybridizations, they were essentially same except for one specimen. 
The results showed that the PG technique is a rapid and specific method to analyze HPV. 
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1. Introduction 
 
Within the past ten years, there has been increasing interest in the detection of specific DNA sequences 
using methods, which do not require the use of radioisotopes, enzymes or fluorophores. Biosensor 
systems based on nucleic acid not only eliminate the need for such labels but also offer the potential 
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advantage of rapid, real-time solution monitoring of DNA hybridization, as well as high sensitivity and 
specificity. A biosensor with a DNA probe can have a number of applications, including real-time 
detection of genome DNA (for example, in clinical diagnostics), forensic identification and a host of 
research applications [1, 2]. The basis of operation for a DNA biosensor is the complementary 
coupling between the specific DNA sequences within the target analyses and the specific nucleotide 
sequence immobilized onto the solid support (i.e. transducer). 
 
Methods used for the direct detection of DNA binding through base pairing (without using specific 
labels) include electrochemical, optical and microgravimetric techniques. The piezoelectric biosensor, 
which gains another name: quartz crystal microbalance (QCM) is a promising candidate for biosensor 
applications, and its potential for the detection of DNA hybridization has already been demonstrated 
[3-5]. 
 
In our present work, a rapid gene detection technique was established by the combination of a 
piezoelectric biosensor with a gene chip. We named it piezoelectric genesensors (PG) that has been 
used to detect viruses and bacteria. We used AT-cut, 10 MHz piezoelectric quartz crystal (PQC) for the 
immobilization of single stranded nucleic acid and the subsequent hybridization reactions. This system 
was based on detecting small changes in mass on the surface of a PQC, which occur upon 
immobilizing azido containing probe nucleic acids to previously immobilized probe. In the present 
work, an array of piezosensors and a computer controlled system of multichannel measurements and 
data acquisition were constructed for multisample clinical testing. 
 
As a medical diagnostic application, we used PG to establish a methodology for rapid detection and 
sub-typing of human papilloma virus (HPV) in 22 recurrent biopsy and 22 corresponding original 
biopsy specimens. The detection of HPV by means of PG was compared with conventional methods; 
PCR and dot blot hybridization. 
 
 

2. Materials and Methods 
 
2.1 Samples and Oligonucleotide Probes 
 
Recurrent (22 samples) and original (22 samples) biopsy specimens infected by human papilloma 
viruses were collected from dermatological outpatients in our hospital. Oligonucleotide probes of HPV 
6, 11, 16 and 18, which have a disulfide group prepared by introducing the (β-hydroxyethyl) 
dithloethoxy group to the 5’-phospate and with water-soluble carbodiimide, were synthesized by 
Shanghai Cell Biology Institute in China. HPV6: CATCCGTAACTACATCTTCC; HPV11: 
TCTGTGTCTAAATCTGCTAC; HPV16: CATACACCTCCAGCACCTAA; HPV18: 
TCTACACAGTGTCCTGTACC. 
 
 
2.2 In-house Fabricated PG 
 
AT-cut quartz crystal with a fundamental resonance frequency of 10 MHz was supplied by Chendu 
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Renhe Company. The diameter of the quartz plate was 8 mm and Au electrodes were placed on both 
sides. One side of the crystal was sealed, maintaining it in an air environment to avoid contact with the 
ionic aqueous solution, while the other is exposed to aqueous buffer solution. The measurement set-up 
consists of an oscillator circuit, a suitable quartz crystal with gold electrodes and a 
computer-controlled frequency counter recording frequency values. 
 
Two kinds of QCM plates were used. Type I used for screening positive samples infected by HPV 6, 
11, 16 or 18. Four kinds of HPV probes were mixed and immobilized on an electrode of quartz crystal 
in each microwell plate; Type II used for definition of infection resulting from which subtype of HPV. 
And each microwell only contained one kind of probe. 
 
 
2.3 Detection of HPV by PG 
 
The bare Au electrode side of the QCM plate was cleaned with a solution of 25% H2O2 75% H2SO4 
(piranha solution) to remove organic adsorbate impurities from the gold surfaces and rinsed several 
times with distilled water and dried with nitrogen. Direct immobilization of a probe oligonucleotide on 
the Au electrode was carried out by soaking the QCM for several hours at 20 0C in a 0.3 M NaCl 
aqueous solution containing 10-30mer nucleotides having S-S groups. The amount of immobilization 
was followed by a frequency decrease (mass increase) in the solution. When the frequency was 
decreased 100 Hz after 2-3 hours, the QCM immobilization was stopped and it was washed with buffer 
solutions several times. And then it was sealed up for later used. 
 
Twenty-five microlitre of DNA sample solution, digested by BamH I, were injected into the reaction 
wells after the base resonance frequency was stable. The QCM detection program was running. A 
computer-controlled frequency counter began to register the measured frequency values and graphical 
results were presented. 
 
 
2.4 Detection of HPV by PCR and Dot Blot Hybridization 
 
PCR primers synthesized by Shanghai Cell Institute, China, were L1 common primers. P1: 
GCACAGGGTCATAACAATGG; P2: CGTCCAAGGACACTGATC. Reagents were added to 0.5 ml 
microcentrifuge tube and thermal cycle program 30 was run for amplification. This program has 30 
cycles of three temperatures, at 95 0C for 30 seconds, 55 0C fro 30 seconds and 72 0C for 1 minute. We 
analyzed a 10 µl aliquot on 1% agarose gel and visualized the DNA fragments using long wave UV 
light. 
 
For dot blot hybridization, HPV DNA was transferred to nylon membranes using microsample 
filtration manifold. Replicated dot blots of equivalent amounts of DNA were hybridized with each 
digoxigenin labeled oligonucleotide probe. All oligonucleotide concentrations were determined by an 
optical density measurement taken at 260 nm. 
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3. Results 
For type I QCM plate, all samples were detected to be positive except for the 18th recurrent biopsy 
specimen. The frequency gradually decreased over time and was saturated at -∆F = 48±5 Hz. 
 
For type II QCM plate, 15 samples were positive for HPV6, 2 for HPV 11, 4 for HPV16 and none for 
HPV18, respectively, in the 22 recurrent biopsy specimens. And only the 18th sample was negative for 
any types of HPV. For the 22 original biopsy specimens, 17 samples were positive for HPV6, 3 for 
HPV 11, 2 for HPV16 and none for HPV18, respectively. 
 
 

Table 1. Results of 22 original biopsy specimens by PCR-dot blot 
 

 5 14 15 18 20 21 22 Others 
PCR + + + + + + + + 

HPV6 - - + - + - - + 
HPV11 + - + - + - - - 
HPV16 - - - - - + + - 

D
ot blot 

HPV18 - - - - - - - - 
 
 

Table 2. Results of 22 recurrent biopsy specimens by PCR-dot blot 
 

 5 8 12 18 19 21 22 Others 
PCR + + + + + + + + 

HPV6 - - - - - - - + 
HPV11 + - - - + - - - 
HPV16 - + + - - + + - 

D
ot blot 

HPV18 - - - - - - - - 
 
 
The results from two types of QCM plates were further confirmed or proved by both PCR and dot blot 
hybridization. The experimental results from PG and PCR-dot blot were essentially the same except 
for the 18th specimen, which by PG was negative, but by PCR-dot blot was positive. Results of the 22 
original or recurrent biopsy specimens are shown in Table1 and 2 respectively. 
 
 

4. Discussions 
Condyloma acuminata (CA) is the most prevalent viral sexually transmitted disease in the world and is 
commonly associated with infection by two genotypes of HPV, designated HPV6 and HPV11, 
although at least 10 other types are less commonly associated. Cervical cancer is the second 
commonest cause of cancer death among women worldwide. The latent period between papilloma 
virus exposure and cancer detection is estimated to be 5-25 years [6]. Evidence for the association of 
certain HPV types with the etiology of cervical neoplasia is firmly established, with HPV detected in 
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up to 98% of all cervical cancer. Of the fifteen HPV types isolated from cervical carcinomas, HPV16 
and HPV18 are most frequently detected, especially HPV16 being found at more than 90% of the time. 
So the accurate detection of HPV and their sub-type is significant and helpful for predicting recurrent 
CA, its prognosis and making sure whether infection is caused by new type of HPV. 
 
Through PG, we found negative results by both type I and type II QCM plates. By PCR, the 18th 
sample was detected to be positive, which means it was infected with HPV, and from negative results 
of dot blot, we know it has been infected with types other than HPV6, 11, 16 and 18. The reason for 
the different results is that the chips only contained four kinds of HPV probes. If we immobilize all 
types of HPV on QCM, we will likely gain the same result. We fell that the experimental result from 
PG and PCR-dot blot were essentially the same. 
 
PG is a highly sensitive detector of hybridization between oligonucleotides without using DNA 
labeling in ionic aqueous solutions [7]. The results obtained were consistent with those obtained by 
conventional methods. The PG method has the following advantages: (1) pre- and post-treatment are 
not required to modify DNA probes; (2) the real-time binding course of the target nucleic acid can be 
obtained; (3) it allows relatively for speedy and inexpensive measurements; (4) since the QCM plate 
and its oscillation circuit system are small, a multiple sensor system can easily be prepared on which 
different probe nucleotides are immobilized on a QCM plate. However, there are several factors 
including QCM plate and solution properties in addition to mass loading that influence the frequency 
response of PG operating in the liquid phase. Thus, a more rigorous system analysis for the response of 
PG is being undertaken. Work is also continuing on the investigation of the kinetics of the interaction 
between immobilized genes and target molecules. 
 
We believe that the PG technique will be a promising candidate for a diagnostic sensor system to 
detect viruses and bacteria. 
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