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Figure 4.6: Two probc-functionalizcd microcanlilevcrs were exposed to the same target 

sequence and concentration show different deflection because orthe variation in incubation time. 

In Ihis work, we have observed that hybridization efficiency depends, in addition \0 the 

probe density, critically on the salt concentration. The dependence of DNA hybridization 

efficiency on the salt concentration was seen by the injection oCtargcl DNA solution with 

two different salt concentrations (200 mM and 400mM). These concentrations were the 

same in all immobilization and hybridization process. 
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These two concentrations were chosen as they are known to be the optimal 

concentrations within which the hybridization efficiency as well as the microcantilever 

deflection are the greatest [31]. Studies have also revealed that at salt concentrations 

greater than 400 mM the microcanti lever deflection did not show increased deflection 

than those using salt concentrations between 200-400 mM [31 ,38J. Figure 4.7 illustrates 

the mierocantilever deflection as a function of time after the injection of tar gel DNA with 

different salt concentrations. 
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Figure 4.7: The influence of salt concentration is seen to increase the microcantilever deflection. 
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Figure 4.7 clearly shows that the microcantilever deflcction increases with increasing the 

salt conccntratioll. There are two possible contributions to the increase in the 

microcanti1ever deflection when using salt. First, increasing the salt concentration 

increases the melt ing temperature (Tm) of dsDNA at which the double stranded DNA 

separate [391. This means that at high salt concentration the double stranded DNA would 

be more stable and hybridized. Secondly, as DNA is negatively charged, the strands repel 

each other to some degree. Salts contain a positive charge which will congregate around 

negatively charged DNA allowing them to pair with other ssDNA sequence with less 

charge repulsion. 

After investigating the influence of the target concentration on the microcantilever 

responses, different lengths of target DNA were investigated. Four different lengths of 

target DNA and RNA (25 bp, 75 bp, 200 bp, and 1497 bp) were used. The introduction of 

different target DNA lengths aimed to examine the capability of the microcantilever 

sensor to detect different length with full and partial complementary templates. Full 

complementarily between two ssDNA indicates that the two strands have the same length 

and all target bases are complementary to the probe bases. 
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Partial complementarily between two ssDNA, however, indicates that the two strands 

have different length and therefore not all the target bases are complcmentary to the 

probe bases. Moreover, the hybridization between the probe DNA and target DNA (target 

DNA I as shown in table 4.1) reflects full degree of complementarity between the probe 

and target DNA. The hybridization between the probe DNA and RNA target reflects an 

intermediate degree of complementarity whereas the hybridization between probe DNA 

and DNA target (DNA target 2 as shown in table 4.1) reflects a low degree of 

complementarity. We have found the microcantilevers functionalized with probe 

molecules have been able to discriminate all these sequences with multiple degrees of 

complementarity at very low concentrations (0.2 nM) as shown in figure 4.8. It is clear 

from figure 4.8 that the microcantilever deflection is proportional to the sequence length 

of the target DNA and RNA where the microcantilever deflection increases with 

increased target length. The expected behaviour during the hybridization between the 

probe and target with partial complementarily is that complementary portions will 

hybridize and the interactions between noncomplementary portions arc nonspecific. The 

net de fl ection of simultaneous complementary and noncomplcmcntary bindings would 

result in higher deflection than the total deflection of only complementary bindings. In 

other words, besides the induced surface stress by the hybridization between 

complementary sequences, additional surface stress induced due to nonspecific bindings 

is considered to give rise to the microcantilever deflection. 
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Figure 4.8: Microcantilever deflection as a function of lime after the introduction of target DNA 

and RNA with different lengths. 

Furthermore, DNA with a length of 1497 bp was provided to us by the British Columbia 

Centre for Excellence in HIV/AIDS (Be-efE). The DNA was created from the RT 

portion of the J-IIV genome and amplilicd to a concentration of 0.2 nM using peR 

(Polymerase Chain Reaction). 
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In this experiment, we have followed the same immobi lization and hybridization 

procedures we used as mentioned elsewhere. As seen in figure 4.9, the active 

microcantilever deflects aftcr the injection of the target DNA which does not occur with 

the reference microcantilever. This ensures that the active microcantilcver deflection is 

caused by the hybridization between the probe and target molecules. 
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I<' igure 4.9: The mieroeantilever deflection after the injection of the 1497 bp target 

DNA. 
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This result assures the microcanlilever capability of being a powerful and promising 

technique capable of detecting thc hybridization of Pe R-amplified DNA strands which is 

being detected with expensive techniques. Although there have been several methods to 

detect the amplified target, we here exploit the capability and the sensitivity of the 

microcanlilcver sensor to detect the amplified target. Figure 4.10 shows how the 1497 bp 

DNA fall within other results showing the effect of chain length on the microcantilever 

deflection. 
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Figure 4.10 : Microcantilever denection as a function of time after the introduction of target 

DNA with different lengths at the same concentration (2nM) except the HIV target DNA which 

isO.2nM. 
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Although the HI V DNA is longer than all the other sequences shown in figure 4.10, it had 

the smallest concentration. However, because of its length, it produces a comparable 

denection. We propose that if the HIV DNA was at the same concentration it would 

produce an even greater denection than other sequences made. 

4.3. New Adjustment to the Set-up 

To further our allempts to optimize the conditions that govern the nanomechanical 

response of the microeantilever sensor during DNA hybridization process, a new 

adjustment was added to the experimental set-up. This new adjustment is a small 

cyli nder piece placed in the nuid cell as shown in figure 4. 11. 
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Figure 4.11 : The new fixture added to 

the fluid cell (shown in the middle of 

the nuid cell) which focuses the 

injected solution to mOTe directly 

internet with the microcantilcyers . 



This fixture focuses the injected solution 10 more directly interact with the 

microcantilevers in the fluid cell ensuring a fas ter and more concentrated diffusion or the 

solution molecules. As anticipated, this new adjustment produced higher microcantilever 

deflections of about 250 nm as shown in figure 4. 12 than a microcantilever that 

perronned without the fixture. 

The injected solution containing complementary target ssDNA interacts with the receptor 

molecules on the microcantilever surrace upon entry into the fluid cell increasing the 

interacti ons over the surface, thus raising the microcantilever deflection. This work is in 

collaborat ion with other students in our research group. 
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Figure 4.1 2: Microcantilevcr deflection upon the injection of target DNA with the same 

concentration using the new fixture. 
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Chapter 5 

Conclusion and Future Work 

5.1 Conclusion 

In this work we examined the capability of microcantilcvcr sensors to detect the HIV 

virus through DNA hybridization in the hopes of developing a cheaper, morc sensitive, 

and more reliable sensor for the carly detection of the HIV. Therefore, DNA 

hybridization experiments were conducted so that a deep insight into the microcnnliJcvcr 

response due to DNA hybrid ization may be gained. Our experimental results showed \hal 

the microcantilever responded to the DNA hybridization between the probe and target 

molecules by dencclion. [n order to ensure that this deflection was indeed caused by 

DNA hybridization, reference microcuntilevers exposed to either a noncomplcmcntary 

sequence or buffer were used throughout all experiments. 
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We have also studied several factors that may affect the nanomechanical response of thc 

microcantilever including the sequence length, concentrat ion, incubation time, and sal t 

concentratiOIl. 

Variations of the hybridization conditions not on ly allowed fo r an understanding of thc 

mechanism behind DNA hybridization but also allowed for an understanding the 

microcantilever dellection due to the molecular interactions. Furthennore, it has been 

shown in this work that microcantilever sensors can be employed to offer a label-free, 

accurate, sensitive, and specific detection of DNA hybridization. 

This work also included examining the effect of chain length on the microcantilever 

response. The microcantilever was able to detect a POt-amplified target DNA with a 

length of 1479 bp. This kind of hybridization between a short probe DNA and a long 

PeR-amplified target DNA has not previously been investigated by other groups. 

Although we have been able to employ the microcantilever to detect a small 

concentration of tar gel DNA as 0.2 nM, we are still far from the actual HTV concentratioll 

of a blood sample taken from infected patients. 
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The concentration of HI V RNA in a blood varies drastically over the course of infection. 

For early infection, this concentration is approximately 8.305 Ox 10- 14 nM per m!. 

Performing DNA hybridization experiments in this work required the instrument to be 

well calibrated. Calibration of the instrument involved converting the PSD into an actual 

rnicrocantilever deflection. Therefore, a program was made which converts the acquired 

PSD signal into microcantilever deflection. 

5.2 Future Work 

Future work of {his project may include using the microcantilever sensor for developing 

treatment drugs . HIV entry into the host eell is mediated by binding of the viral gp 120 

envelope protein to a cell surface coreceptor (most commonly the CCR5 or CXCR4 

chemokine coreceptor), followed by binding to the primary HIV cel l-surface receptor 

CD4. A class of drugs known as HIV coreceptor antagonists act by binding to cellular 

coreceptor, thereby blocking HIV entry into host cells. Maraviroc, a CCR5 antagoni st, is 

an example of such a drug. 1·lost cell coreceptor CCR5 and CXCR4 can be immobilized 

on canti levers to measure their affinity to new small-molecule antagonists which may 

have potential as novel coreceptor inhibitors. 
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Future work may also include studying the effect of the cantilever cell temperature in 

order to better promote DNA hybridization . DNA and RNA hybridizat ion process are 

more efficient at higher temperatures (such as the body temperature) than the room 

temperature at which our experiments were conducted. Thus, increasing the cant ilever 

ce ll temperature to be sim ilar to that of the body temperature would result in more 

realistic results. 

Another important component of this work is to compare the sensitivity of hybridizat ion 

type sensing platforms to platforms based on the antigen/anti body capture mechanism. 
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