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directions due to electrostatic interaction, simply mixing bacteri wah nanoparticles
usually do not bring enough particles to the surface of bacteril tmelgenerate
measurable SERS signals (Kahraman, Zamaleeva et al. 2009).oMvithpecifically

functionalized nanoprobes, however, as shown in the TEM image in Fig. 14naerawe
probes were attached to the surfac&.afoli due to the antiz. coli antibodies conjugated

on the surface of GNRs.

Fig. 15 TEM image of silver nano probe with ahisteria antibody incubated with (Al).
monocytogenes and (B)E. coli.

We also use antitsteria antibody modified silver nano probe to test the binding
effect betweerh.. monocytogenes and antikisteria antibody. As demonstrated in Fig. 15,
Listeria antibody could recognize and bind withmonocytogenes instead oE. coli. This
result is consistent with what we observed with gold nano probesprabes modified
with anti-bacteria antibody could bind to the surface of target tiactlie to the specific
recognition between antibody and antigen.

Fig. 16 shows the SERS spectra of gold nanoprobes (specific to&armtsi)

incubated withE. coli andListeria monocytogenes, respectively. The illumination volume
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of the Raman microscope was not sufficient to cover a wholertzatell and adjacent
nanoprobes, average spectra over 10 measurement was used tdeillir&ERS

signatures (Jarvis and Goodacre 2008). In Fig. 16, peak at 72®miyappeared upon
the binding of probes to their specific bacterial targ&tsc6li). This peak represents

adenine from flavin, NAG and NAM (Kahraman, Zamaleeva et al. 2009).

—— GNR_E.coliAb
1.0 4 —— GNR_E.coli Ab_E.coli
—— GNR_E.coli Ab_Listeria

Normalized Raman Intensity

0.0

T o L T Lt T ¥ T
500 600 700 800 900
Raman Shift, o::m'1

Fig. 16 SERS spectra of gold nano probe covered withErdadli antibody (black), incubated witk
coli (red) and.isteria (blue).
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Fig. 17 SERS spectra of silver nano probe covered withEradli antibody (black), incubated wita
coli (red) and.isteria (blue).
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Fig. 17 shows the SERS spectra of silver nanoprobes (specificd®®aicoli)
incubated withE. coli andListeria monocytogenes, respectively. The 1599 and 1554 tm
peaks only appeared upon the binding of probes to their specific baizeyetk E. coli)
(Kahraman, Zamaleeva et al. 2009). The appearance of these pealated the
existence oftE. coli in the sample solution. Moreover, these peaks were easier to be
identified that the peaks introduced by gold nano probe. The main reagat slver
nanocubes are superior SERS enhancer than gold nanorods (RycengaaKig0e),
they would be favored as choice of SERS nanoprobes.

4.3.3 Sensitivity and Selectivity of the Dual-recognition probing scheme

The sensitivity and selectivity of the superior silver nanocube probe®
investigated. As shown in Fig. 18A, the two bacterial peaks idertified at 16 cfu/mL
E. coli concentration, comparable with that of high-end ELISA assay, withouiy

through any washing steps.

A Probe_E.coli antibody B Probe_E.coliantibody
Conc. of E.coliin sample solution: Conc. of E.coliand Listeria
1.04 4 1.0 ’ 4 4
10" cfu/mL 10" and 10" cfu/mL
—103 cfu/mL —103 and1U‘ cfu/mL
0.8+ 0.8+ 0 and 10° cfuimL

1chfquL
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0.24
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Normalized Raman Intensity
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Fig. 18 SERS spectra of silver nano probe covered withEradli antibody interacted with: (Ag.
coli sample solution with differeri. coli concentration; (BE. coli andListeria mixture sample
solution.
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Also, for a sample solution with concentration of 10-fold highesteria
monocytogenes than targek. coli, the specifick. coli peaks could still be identified, as
shown in Fig. 18B. Relatively high level of interferences from otyeateria [isteria
monocytogenes) did not diminish the sensitivity and accuracy of the dual-retiogni
probing scheme, indicating that this scheme would be extremefctate to in-field
pathogen detection applications, where interference from other st@eexnicroorganism
species will be omnipresent.

4.4 Conclusion

A dual recognition mechanism was successfully establishedhfyiesstep detection
of bacterial target in a lab-in-a-tube setting using SER&troscopic sensing. To prove
the possibility of this mechanisk coli andListeria, gram negative and positive bacteria,
were used as sample bacteria. The detection time for thisothés relatively short,
taking about 30 minutes incubation of nanoprobes with a sample to achdmfaite
spectral signal to determine whether or not the targetprasent in the sample. The
sensitivity of the dual-recognition probing scheme is high (100 cfu/amyl it was
demonstrated that interference from other sources was minimal avehigh
concentrations (10 times higher than the targets).

The binding efficiency between nanoprobes and target bacesi@srio be further
improved to obtain stronger SERS enhancement of the fingerngripieaks of the

bacterial targets. Also, multiplexing detection scheme will developed with a
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multi-channel sensor design in the near future.
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CHAPTER 5
Future Prospective

In conclusion, to meet the needs of quick and portable assaynking water, two
kinds of nano sensor was developed to detect danger level td aitd microorganisms.
The colorimetric nitrite sensor utilizes electrostatic agafieg of GNR to analyze trace
amount of nitrite with simple visual inspection. Dual recognitionesah makes it
possible to detect low level of microorganisms by portable Rareasos These two
sensors demonstrated the potential of employing nano particles yazeat@al level of
contaminants in drinking water.

The GNR nitrite sensor could also be used for nitrate detection byngditcate to
nitrite. If the reduction-oxidation (Redox) reaction doesn’t chahgesurface stability of
GNR, nitrite reduced from nitrate could still trigger the catairic change of the sensor.
| tried to use nitrate reductase to reduce nitrate to nitdtevever, the products of the
reaction were not able to induce aggregation of GNR. It is spedullase the main
reason of this failure is that the protein (nitrite reductase® macromolecule, protected
nanoparticles from aggregation. The colorimetric nano sensor may éetocabletect
nitrate if nitrate reductase is removed from mixer solutioerafédox reaction. For
example, protein could be separated from solution by filtration oreggton. Also,
other catalysts (i.e., metallic catalysts) that catalymeredox reaction from nitrate to

nitrite that do not influence the stability of nanopatrticles could be utilized.
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Moreover, 4-ATP modified GNR may be used as Raman sensortt ditate by
using portable Raman spectrometer. As illustrated in Chapter 3,ebafud after
diazotation reaction, Raman signals of 4-ATP modified GNR arafsiantly different.
So it is possible to use this nano sensor as Raman senstedbruteate after reduced to
nitrite by nitrate reductase. Strong Raman signals from 4-&Jdbles the usage of low
sensitive portable Raman spectrometer for the analysis ef araount of nitrate, which
means this sensor is still applicable as an in-field detection method.

For microorganism Raman sensor, in this thesis, the fepsitilidual recognition
mechanism is proved. However, the SERS signal from bactelisli€estill not strong
enough for them to be effectively detected by portable Raystem. The next step is to
further optimize the design of the nanoprobes and the functionalizé@mistry to yield
SERS probes that can bind to bacterial targets more efficiantdyyield more intensive
bacterial spectroscopic signatures that can are measurablpostiable Raman systems.
Also microfluidic devices can be introduced to pre-concentratetatget cells in a

sample and further improve the detection limits of the Raman-based methods.
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