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Abstract 

The polymerase chain reaction (PCR) has been an essential tool for diagnosis of infectious diseases, 
but conventional PCR still has some limitations with respect to applications to point-of-care (POC) 
diagnostic systems that require rapid detection and miniaturization. Here we report a light-based 
PCR method, termed as photo-PCR, which enables rapid detection of bacteria in a single step. In 
the photo-PCR system, poly(enthylene glycol)-modified gold nanorods (PEG-GNRs), used as a 
heat generator, are added into the PCR mixture, which is subsequently periodically irradiated with 
a 808-nm laser to create thermal cycling. Photo-PCR was able to significantly reduce overall 
thermal cycling time by integrating bacterial cell lysis and DNA amplification into a single step. 
Furthermore, when combined with KAPA2G fast polymerase and cooling system, the entire 
process of bacterial genomic DNA extraction and amplification was further shortened, highlighting 
the potential of photo-PCR for use in a portable, POC diagnostic system. 

Key words: bacterial detection, diagnosis, gold nanorod, polymerase chain reaction (PCR), photothermal 
heating.

Introduction 
Numerous bacterial and viral infections pose 

severe threats to human health, placing urgent 
demands on the ability to rapidly and accurately 
diagnose them.[1] Of the various in vitro diagnostic 
tools available, the polymerase chain reaction (PCR) 
has been the method of choice for diagnosing 
infections owing to its accuracy and sensitivity. 
Despite these advantages, some drawbacks remain, 
including the relatively time-consuming thermal 
cycling steps and difficulty in miniaturizing the entire 
system, which limit its use in point-of-care (POC) 
diagnostics in the home or small clinic.[2-5] With 
conventional PCR, which utilizes a Peltier-based 
thermal cycler to generate the defining thermal cycles, 
heating and cooling of the bulk PCR mixture, rather 
than DNA amplification, is the time-consuming step, 

reflecting the relatively slow heat transfer between 
heating blocks and plastic PCR tubes.[6] Moreover, 
because the heat-conductivity of plastics is much 
lower than that of aqueous solutions, conventional 
PCR heating methods are not appropriate for 
achieving rapid thermal cycling. A more efficient 
solution would be to include a well-dispersed heating 
source in the PCR container itself. An example of this 
approach is nanoparticle-assisted PCR (nanoPCR), in 
which simple addition of gold nanoparticles (GNPs) 
to a conventional PCR enhances PCR efficiency and 
shortens the time to completion compared with a 
conventional PCR system.[7-11] The improvement 
provided by this nanoPCR system is attributable to 
the high heat conductivity of GNPs.[12-14] In 
addition, it has been shown that gold-based materials 
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such as GNPs and gold thin films can be used as 
photothermal sources to achieve rapid thermal 
cycling for DNA amplification upon laser 
irradiation.[15-17] However, such approaches still 
require a separate cell lysis step to obtain genomic 
DNA prior to PCR thermocycling.[18, 19] A potential 
solution to this limitation is provided by recently 
reported cell lysis methods based on the laser-induced 
photothermal effect of GNPs or gold nanorods 
(GNRs), which is capable of lysing bacterial cells 
through heat shock, thereby releasing genomic DNA 
for subsequent conventional PCR.[20, 21] Therefore, 
integration of these two separate steps into a single 
test tube should enable rapid PCR-based detection. 

 Here, we present a novel photo-PCR system that 
can directly and rapidly amplify bacterial genomic 
DNA from intact bacterial cells. This photo-PCR 
system is particularly designed to accomplish rapid 

DNA amplification via thermal cycling through two 
temperature extremes (Figure 1A). We utilize 
poly(ethylene glycol)-modified gold nanorods 
(PEG-GNRs) as a photothermal heating source for 
both cell lysis and thermal cycling in the photo-PCR 
system because the GNR possess superior 
near-infrared (NIR) absorption and photothermal 
conversion properties than other gold-based 
nanomateirals [22, 23]. By adding PEG-GNRs to a 
PCR mixture and periodically switching on and off an 
808-nm laser facing the solution, we show rapid and 
homogeneous control of the overall solution 
temperature, enabling heat lysis for DNA extraction 
and rapid thermal cycling between two temperatures 
for PCR. In this study we suggest that this photo-PCR 
system can be utilized in POC diagnostic tools for fast, 
one-step bacterial cell detection without the need of 
complex fabrication of PCR platforms. 

 

 
Figure 1. Characteristics of GNR-based photo-PCR. (A) Schematic depiction of bacterial genomic DNA (gDNA) amplification by photo-PCR. (B) Thermal cycling of 
photo-PCR. Representative temperature profile of 50 °C to 85 °C cycling with 0.24 nM PEG-GNRs. (C) UV/Vis absorption spectra of CTAB-GNRs and PEG-GNRs 
before and after thermal cycling with PCR mixture. Thermal cycling was performed under optimal conditions of 80 °C to 85 °C pre-heating for 3 min and 30 cycles 
of 50 °C to 85 °C using S. aureus cells. The samples were incubated with PCR mixture for 1 h prior to thermal cycling. 
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Methods 
Preparation of PEG-GNRs 

PEG-GNRs were prepared from cetyltrimethy-
lammonium bromide (CTAB)-stabilized GNRs by 
exchanging CTAB with mPEG-thiol. The 
CTAB-stabilized GNRs with an aspect ratio of 4 were 
synthesized using a seed-mediated growth approach, 
as previously reported.[24] Briefly, 5 mL of 0.5 mM 
HAuCl4 (Sigma, St. Louis, USA) and 5 mL of 0.2 M 
CTAB (Sigma) solutions were prepared and mixed. 
Then, 600 μL of ice-cold 0.01 M NaBH4 (Sigma) 
solution was added to the mixture and sonicated for 4 
min at 28 °C, after which the seed solution was 
allowed to stand at room temperature for 2 h. Growth 
solution was prepared by sequentially adding 5 mL of 
0.001 M HAuCl4, 250 μL of 0.004 M AgNO3 (Sigma) 
and 70 μL of 0.0788 M ascorbic acid (Sigma) to 5 mL of 
0.2 M CTAB solution. After gentle mixing, 12 μL of 
seed solution was mixed with growth solution at 
room temperature to initiate growth. When the 
longitudinal absorption peak reached ~800–820 nm, 
GNRs were centrifuged at 12,000 rpm for 15 min. The 
supernatant was discarded, and GNRs were 
re-suspended in distilled water. CTAB was exchanged 
with mPEG-thiol (2 kDa; Laysan Bio, Arab, USA) by 
adding 20 mg of mPEG-thiol to 10 mL of 3 optical 
density (O.D.). [25] GNRs were vortexed vigorously 
for 1 h, after which unincorporated mPEG-thiol was 
removed by centrifuging three times at 10,000 rpm for 
10 min each. 

Characterization of PEG-GNRs 
Optical spectra were recorded using an UV/Vis 

spectrophotometer (SpectraMax Plus 384, Molecular 
Devices, Sunnyvale, USA), and zeta-potentials of 
GNRs were measured using dynamic light scattering 
(DLS; Zetasizer Nano ZS90, Malvern Instruments, 
Malvern, UK). Morphology and size distribution of 
PEG-GNRs were examined with a transmission 
electron microscope (TEM) (200 kV, JEOL Ltd., Tokyo, 
Japan) 

Bacteria culture and genomic DNA extraction 
Three types of bacteria, S. aureus (ATCC 25923), 

S. epidermidis (ATCC 12228) and E. coli (ER 2738), were 
cultured in Luria-Bertani broth. Bacterial genomic 
DNA was extracted using AccuPrep Genomic DNA 
Extraction Kits (Bioneer, Daejeon, Republic of Korea) 
according to the manufacturer’s protocol. 

Preparation of PCR reagents 
Each PCR sample contained 5 μL of 10x Taq 

polymerase buffer, 0.8 μM each primer, 0.2 mM each 
dNTP, 2.5 U of Taq DNA polymerase (Beams 

Biotechnology, Seongnam, Republic of Korea), 5 μL of 
extracted genomic DNA or bacterial cells, and 5 μL of 
PEG-GNRs. The total volume of each PCR sample was 
brought up to 50 μL with PCR-grade water. For rapid 
photo-PCR samples, KAPA2G Fast PCR enzyme 
(KAPA2G Fast PCR kit; KAPA Biosystems, 
Wilmington, USA) was selected owing to its 
significantly faster extension rate compared with Taq 
polymerase. Each rapid PCR sample contained 2 μL of 
5x KAPA2G Buffer A, 0.8 μM each primer, 0.2 mM 
each dNTP, 0.5 U of KAPA2G Fast DNA Polymerase, 
1 μL of bacterial cells, and 2 μL of PEG-GNRs. The 
total volume of each PCR sample was brought up to 
10 μL with PCR-grade water. S. aureus and 
S. epidermidis were detected using the primers 5’-GTA 
GTT AGC CGT GGC TTT CT-3’ (forward) and 
5’-GGG AAG AAC ATA TGT GTA AGT A-3’ 
(reverse), and E. coli was detected using the primers 
5’-GGA GTT AGC CGG TGC TTC T-3’ (forward) and 
5’-GGA GGA AGG GAG TAA AGT TAA T-3’ 
(reverse), all obtained from Bioneer (Daejeon, 
Republic of Korea).[26] 

Photo-PCR procedures  
After preparing the 50-μL PCR mixture in a PCR 

tube as described above, 10 μL of mineral oil 
(Samchun Chemical, Seoul, Republic of Korea) was 
placed on top of the mixture to prevent evaporation, 
after which the PCR tube was irradiated using a 
benchtop fiber-delivered 808-nm laser system (5.6 
W/cm2 , B&W TEK, Newark, USA). During 
irradiation, the surface temperature of the PCR 
solution was monitored with a thermographic 
infrared camera (FLIR, Wilsonville, USA). For rapid 
PCR, the PCR mixture (10 μL) was overlaid with 3 μL 
of mineral oil and a fan installed 10 cm away from the 
PCR tube was turned on during thermal cycle cooling 
periods. 

Conventional PCR procedures 
For conventional PCR controls, samples were 

amplified using a MJ mini-thermal cycler (Bio-Rad, 
Hercules, USA). For Taq polymerase samples, the 
thermal cycling profile consisted of 2 min at 95 °C, 
followed by 30 cycles of 95 °C for 15 s, 50 °C for 15 s 
and 72 °C for 15 s, with a final 5-min extension step at 
72 °C. For KAPA2G Fast DNA polymerase samples, 
thermal cycling conditions were 1 min at 95 °C, 
followed by 30 cycles of 95 °C for 10 s, 50 °C for 10 s 
and 72 °C for 1 s, followed by a 30-s extension step at 
72 °C. 

Gel electrophoresis 
PCR products were analyzed on 1.5% agarose 

gels using a Mupid-2plus electrophoresis apparatus 
(Optima Inc., Tokyo, Japan), with SYBR Safe DNA gel 
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staining (Invitrogen, Carlsbad, USA). A 1-Kbp plus 
100-bp DNA ladder (ELPIS-BIOTEC. Inc., Daejeon, 
Republic of Korea) was used to confirm product size. 
Gels were imaged using a Gel Doc XR+ imaging 
system (Bio-Rad), and band densities of individual 
samples were compared using GelQuant NET 
software provided by biochemlabsolutions.com. 

Results and Discussion 
Characterization of PEG-GNRs and 
NIR-induced thermal cycling 

GNRs with an aspect ratio of 4, well known for 
their plasmonic photothermal effects in the NIR 
wavelength region, were chosen as a heating source 
for photo-PCR.[27-29] The surface of GNRs was 
modified with PEG molecules to minimize 
electrostatic interactions between GNRs and PCR 
reagents and improve the aqueous dispersity.[30, 31] 
PEG-GNRs were prepared by seed-mediated growth 
followed by exchange of CTAB with mPEG-thiol, as 
described in Methods. The zeta potential of 
PEG-GNRs (-5.8 ± 0.7 mV) was decreased from that of 
CTAB-GNRs (47.7 ± 0.2 mV), indicating the surface 
coverage of PEG. Localized surface plasmon 
resonance (LSPR) spectrum and TEM image of 
PEG-GNRs are shown in Figure S1. The spectrum 
showed typical characteristics of the GNRs, with a 
transverse LSPR peak at 515 nm and a longitudinal 
peak at 820 nm. We next utilized NIR photothermal 
capability of PEG-GNRs to perform thermal cycling of 
a PCR solution in the photo-PCR (Figure 1A). 
GNR-mediated photothermal heating enabled rapid 
thermal cycles of an aqueous solution from 50 °C to 
85 °C (Figure 1B). PEG-GNRs dispersed well in the 
solution were reacted efficiently with incident light, 
thus leading to rapid temperature increase over the 
surrounding solution via nanoplasmonic 
photothermal heating.[23] The thermal stability of 
PEG-GNRs was evaluated by monitoring changes in 
LSPR spectra and TEM images. PEG-GNRs did not 
exhibit appreciable structural changes while 
maintaining their photo-stability even after 60 thermal 
cycles between 50 °C to 85 °C in pure water (Figure 
S2). Furthermore, no spectral abnormality was 
observed with PEG-GNRs in PCR mixture after 30 
thermal cycles (Figure. 1C). These results indicate that 
PEG-GNRs can be used as a photothermal heating 
source to perform rapid and stable thermal cycling in 
subsequent PCR experiments.  

Bacterial genomic DNA amplification using 
photo-PCR 

We evaluated the DNA amplification ability of a 
GNR–based photo-PCR system compared with that of 

a conventional PCR system (Figure 1A). The optimal 
condition for photo-PCR was determined by varying 
several factors, including temperature, PEG-GNR 
concentration, and pre-heating condition. S. aureus 
genomic DNA was used as a target for these 
optimization experiments. The lower end temperature 
of the thermal cycle was set to 50 °C, based on the 
annealing temperature of primers, and the maximum 
temperature was varied from 80 °C to 95 °C at 5 °C 
intervals; each thermal cycle was repeated 30 times for 
all conditions. PCR products obtained using thermal 
cycles in the temperature ranges from 50 °C to 80 °C 
(50↔80 °C) or 50 °C to 85 °C (50↔85 °C) showed 
bands with the proper size (69 bp) on agarose gels. 
However, the band obtained using a thermal cycle in 
the temperature range from 50 °C to 90 °C (50↔90 °C) 
was faint, and no band was detected using a 50 °C to 
95 °C (50↔95 °C) thermal cycling (Figure 2A), 
indicating that the thermal cycling with the upper 
limit temperature higher than 90 °C reduces the 
efficiency of photo-PCR. In photo-PCR, the thermal 
cycling is manipulated based on real-time 
measurement of the surface temperature of PCR 
solution. However, the actual temperature on the 
surface of GNRs during photothermal heating is 
significantly higher than that of PCR solution 
measured by thermographic infrared camera.[23] This 
surface-localized strong heating could yield low PCR 
efficiency due to inactivation of Taq polymerases at 
higher temperatures (half-lives: ~45–50 min at 95 °C 
and ~9 min at 97.5 °C).[32] This interpretation is also 
supported by the observation that a maximum 
temperature of 85 °C was sufficient to denature DNA 
in photo-PCR. Thus, the thermal cycling condition in 
the temperature range of 50↔85 °C was used in 
subsequent photo-PCR experiments. 

 Previous nanoPCR-related research has 
reported that the concentration of heat-conductive 
GNPs is crucial for enhancing PCR efficiency, such 
that the GNP addition at the concentration greater 
than 1.0 nM was not beneficial in the PCR.[10] 
Therefore, we evaluated PCR efficacy as a function of 
PEG-GNR concentration from 0.072 nM to 2.16 nM. 
PEG-GNR concentrations of 0.07 nM and 0.24 nM 
were ideal for efficient photo-PCR (Figure 2B). By 
contrast, photo-PCR with higher concentrations of 
PEG-GNRs resulted in poor yields of PCR products 
although it increased both heating and cooling rates 
(Figure 2B, Figure S3 and Table S1), presumably due 
to spatial interference with DNA amplification and 
high probability for inactivation of Taq polymerases 
mediated by the overheated surface of GNRs. 
Therefore, we found that a PEG-GNR concentration of 
0.24 nM was optimal for photo-PCR based on DNA 
amplification efficacy and total thermal cycling time. 
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Figure 2. Gel electrophoresis showing amplicons from photo-PCR and conventional PCR. (A) Effect of cycling temperature on photo-PCR using S. aureus genomic 
DNA (gDNA). (B) Effect of PEG-GNR concentration on photo-PCR using S. aureus gDNA. (C) Photo-PCR using E. coli and S. epidermidis gDNA. 

 
As is the case for conventional PCR, pre-heating 

of samples at the denaturation temperature may 
enhance the yield of photo-PCR products by 
facilitating complete denaturation of target DNAs. We 
thus tested various pre-heating conditions (80↔85 °C, 
85↔90 °C and 90↔95 °C for 30 s each) prior to the 
thermal cycling for photo-PCR. The amplicon bands 
obtained using 80↔85 °C and 85↔90 °C pre-heating 
conditions were slightly stronger than that obtained 
without pre-heating whereas the band for 90↔95 °C 
pre-heated sample was relatively faint compared with 
other samples (Figure S4). Importantly, the 
pre-heating sustained only for 30 s above 90 °C 
influenced the DNA amplification. These results 
re-confirm the notion that GNR-mediated 
photothermal heating of the PCR solution to above 
90 °C can yield poor photo-PCR efficiency due to 
heat-mediated inactivation of Taq polymerases. Thus, 
the pre-heating condition of 80↔85 °C was chosen for 
subsequent photo-PCR experiments. 

To assess generalizability, we next applied the 
photo-PCR conditions optimized with S. aureus 
genomic DNA to amplification of E. coli and S. 
epidermidis genomic DNAs. The photo-PCR was 
conducted in the PCR mixture containing 0.24 nM 
PEG-GNRs using a 80↔85 °C pre-heating step for 30 
sec, followed by 30 thermal cycles of 50↔85 °C. The 
optimized photo-PCR conditions yielded 
appropriate-size amplicons for both target DNAs, 
which were similar to those produced by 
conventional PCR (Figure 2C). These experiments 
demonstrate that the reaction conditions optimized in 
this study can be utilized to amplify various bacterial 
genomic DNAs through photo-PCR.  

We next examined whether photo-PCR system 
can also work for a much longer amplicon. When 
human β-actin gene with 318 bp was amplified under 
the thermal cycling between two temperatures (50 
℃↔ 85 ℃), the efficiency of photo-PCR was much 

lower than that of conventional PCR (Figure S5). 
However, when the elongation time for photo-PCR 
further increased with additional cycles (4 times of 68 
℃↔72 ℃), the amplification efficiency became 
significantly enhanced to be comparable to that of 
conventional PCR. As the amplicons smaller than 100 
bp have been successfully used for bacterial 
detection,[26] we expect that the present photo-PCR 
enabling efficient detection of small-sized amplicons 
may be also suitable for the purpose. 

One-step DNA extraction and amplification of 
bacterial cells using photo-PCR 

It has been previously established that the 
photothermal effects of gold-based nanomaterials can 
be exploited to lyse bacterial cells and extract 
DNA.[20, 21] Hence, we took advantage of the 
pre-heating step to further extract genomic DNA from 
bacterial cells prior to DNA amplification in 
photo-PCR (Figure 3A). For one-step photo-PCR, 
bacterial cells (~104 colony forming unit (CFU) of S. 
aureus/50 μL), PCR reagents, and PEG-GNRs (0.24 
nM) were mixed in a single tube. To achieve both 
DNA extraction and denaturation from bacterial cells, 
we extended the pre-heating time up to 180 s with the 
same temperature range (80↔85 °C). The DNA 
amplification was likely to increase with the 
pre-heating time (Figure 3B). The photo-PCR of 
bacterial cells with pre-heating for 180 s followed by 
thermal cycling resulted in the PCR efficacy 
comparable to that achieved in one-step conventional 
PCR in which genomic DNAs were extracted directly 
from bacterial cells during pre-heating. Thus, the 
3-min pre-heating condition was used for all 
subsequent one-step photo-PCR of bacterial cells. 
These results demonstrate that bacterial cell lysis and 
DNA amplification can be done in one step through 
photo-PCR by simply manipulating the laser without 
the need for additional reagents or procedures. 
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Figure 3. Gel electrophoresis showing amplicons from one-step photo-PCR of bacterial cells. (A) Schematic depiction of one-step DNA extraction and photo-PCR 
of bacterial cells. (B) Effect of pre-heating time on one-step photo-PCR using S. aureus cells. Gel electrophoresis results demonstrate the dependence of yield on 
pre-heating time. (C) Representative temperature profile of the complete reaction. (D) One-step DNA extraction and photo-PCR with E. coli and S. epidermidis cells. 
Gel electrophoresis results show the amplicons obtained from samples containing E. coli or S. epidermidis. 

 
 Other bacterial strains were also tested to 

confirm the effectiveness of one-step photo-PCR. 
Bacterial cell lysis and DNA amplification were 
conducted in one step with the optimized photo-PCR 
conditions including pre-heating step (80↔85 °C for 3 
min) and subsequent thermal cycling (30 cycles of 
50↔85 °C) (Figure 3C). Gel electrophoresis results 
showed that genomic DNAs of both Gram-positive (S. 
epidermidis) and Gram-negative (E. coli) bacteria were 
clearly detected after one-step photo-PCR (Figure 3D), 
indicating that GNR-mediated photothermal heating 
was successfully used to lyse bacterial cells and 
amplify DNA. Importantly, one-step photo-PCR 
reduced an overall reaction time to 38 min when 
compared with conventional PCR that typically 
requires longer reaction times (> 1 h) to complete 
DNA amplification. 

Lastly, we investigated how to reduce the total 
reaction time further for rapid one-step photo-PCR. 
We first introduced a cooling system to shorten the 
cooling cycle time because the cooling cycle that relies 
on natural cooling comprises 72% of the total thermal 
cycling time while the photothermal heating cycle 

constitutes only 12%. For the cooling system, we 
turned on the fan as the laser was turned off, except 
during the pre-heating step. We also decreased the 
volume of PCR mixture from 50 μL to 10 μL, and used 
KAPA2G Fast PCR polymerase instead of Taq 
polymerase due to its faster extension rate that may fit 
the accelerated cooling rate. We tested various 
thermal cycling conditions in this setup because rapid 
surface cooling of the low-volume solution with an 
external fan could cause a large discrepancy between 
the measured temperature and the solution 
temperature, particularly during the annealing. Gel 
electrophoresis results exhibited that new PCR 
samples successfully amplified appropriate-size PCR 
products under photo-PCR cycling conditions of 
30 °C↔85 °C and 40 °C↔85 °C while they failed 
under 50 °C↔85 °C thermal cycling (Figure S6 and 
Figure 4). These results suggest that the actual 
temperature of the solution did not reach the 
annealing temperature under the 50 °C↔85 °C 
thermal cycling, resulting in failure of primers to 
anneal. Although the sample amplified under the 
30↔85 °C thermal cycling condition showed slightly 
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higher PCR efficiency compared with the 40↔85 °C 
cycling sample, it required a longer total cycling time 
(Table 1). Therefore, the 40↔85 °C thermal cycling 
was chosen as the optimal condition for rapid DNA 
amplification in this setup. The PCR efficiency of the 
sample containing Taq polymerase was lower than 
that of the sample containing KAPA2G Fast PCR 
polymerase under the 40 °C↔85 °C thermal cycling 
conditions, probably owing to its lower extension rate 
(Figure 4). Furthermore, the sensitivity of photo-PCR 
was compared with conventional PCR. As shown in 
Figure S7, photo-PCR was able to detect as low as 102 
CFU of S. aureus, which was comparable to the 
detection limit of conventional PCR. Collectively, 
these results suggest that the optimized photo-PCR 
conditions including low solution volume, KAPA2G 
Fast PCR polymerase, and cooling fan enabled 
one-step cell lysis and PCR in a total time of 19 min.  

 
 

Table 1. Cycling time profile for one-step, rapid photo-PCR. 

Thermal Cycle (°C) Heating (s) Cooling (s) Total thermal cycle (min) 
50 ↔ 85 6.8  13.2 13.8 
40 ↔ 85 7.2  22.6 19.0 
30 ↔ 85 8.8  40.7 28.3 

 
 

Conclusions 
In this study, we demonstrated a rapid one-step 

bacteria lysis and DNA amplification using a 
photo-PCR system controlled with GNR-mediated 
nanoplasmonic heating. The high heat conductivity 
and NIR-induced photothermal conversion efficiency 
of PEG-GNRs significantly reduced the time required 
for thermal cycling. After optimization of photo-PCR 
conditions including GNR concentration, thermal 

cycling and pre-heating, bacterial cell lysis and DNA 
amplification was performed in a single step by 
manipulating laser irradiation. Furthermore, the 
photo-PCR system combined with KAPA2G Fast PCR 
polymerase and cooling fan amplified target genomic 
DNA directly from intact bacterial cells in a total time 
less than 20 min, while maintaining sufficient yield for 
clear detection. Although the set-up of photo-PCR 
presented herein has not been arranged for 
miniaturization yet, the thermographic infrared 
camera and the benchtop laser can be replaced with a 
small-sized thermocouple and a laser diode, 
respectively, enabling integration of all the 
components in a POC diagnostic system. Overall, this 
efficient bacteria-detection method based on 
photo-PCR offers great potential for applications in 
portable POC devices.  
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Figure 4. Rapid photo-PCR with Taq polymerase or KAPA2G Fast PCR polymerase using thermal cycles with different low-end temperatures. Gel electrophoresis 
results demonstrate the dependence of yield on the type of polymerase and low-end temperature. 
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