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Experimental design 

Introduction 
 Microfluidic chips have a variety of applications in the biological sciences and medicine. In contrast with 

traditional experimental approaches, microfluidics entails lower sample and reagent consumption, allows faster 

reactions and enables efficient separation. Additionally microfluidics offers other advantages accruing from the fluids’ 

various distinct behaviors, such as energy dissipation, fluidic resistance, laminar flow, and surface tension. Biological 

molecules suspended in fluid and transported through microfluidics channels interact with the channel-wall material. 

This interaction is even stronger in high surface-area-to-volume ratio (SAVR) microfluidic channels. Adsorption and 

inhibition of biomolecules occur when these materials come in contact with biomolecular reaction components. 

Polymerase chain reaction (PCR) is a thermal cycling procedure for amplifying target DNA. The PCR compatibility of 

silicon, silicon dioxide (SiO2) and other surfaces have been studied; however the results are inconclusive. 

Usually for protein-surface interaction measurements, bulky and expensive equipment is used, such as Atomic Force 

Microscopy (AFM), Scanning or Transmission Electron Microscopy (SEM, TEM), spectrophotometric protein 

concentration measurement, Fourier transform infrared spectroscopy (FTIR) or X-Ray photoelectron spectroscopy 

(XPS).   

 The PCR reaction components include the DNA template, primers, DNA polymerase (the main component), 

dNTPs, a buffer, divalent ions (MgCl2), and KCl.  

 We designed a simple, relatively quick measurement that only requires a PCR cycler; thus it mimics actual 

conditions in PCR cycling. In our study, we evaluated the inhibitory affect of different materials on PCR, which is one 

of the most frequently used enzymatic reactions in microfluidics. PCR reaction optimization through choice of surface 

materials is of the upmost importance, as it enables and improves enzymatic reaction in microfluidics. Our assessment 

of the PCR compatibility of various materials commonly used while producing microfluidic devices is also pertinent 

and beneficial to other enzymatic reactions in microfluidic devices. 
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1. Polymethyl-methacrylate (PMMA)  

2. Polycarbonate (PC) 

3. Polyvinyl chloride (PVC) 

4. Polypropylene (PP, from a 200 µl PCR tube) 

5. Polytetrafluoroethylene (PTFE) 

6. Cured polydimethylsiloxane (PDMS) 

7. Wax with Tm of 56°C (white wax: paraffin from 

Nacalai Tesque) 

8. Wax with Tm of 60°C (yellow wax: shiftwax 

from Nikka Seiko)  

9. Wax with Tm of 80°C (black wax: wax W from 

Apiezon) 

10. Silicon (origin silicon wafer) 

11. SiO2 of 560 nm thickness (carrier silicon wafer) 

12. Quartz 

13. Pyrex glass 

14. Indium tin oxide (ITO) glass 

15. Soda-lime glass 

16. Cured SU-8 epoxy-based negative photoresist 

17. Norland Optical Adhesive 61 (NOA61)  

18. NOA68 (both exposed to UV light for 2 minutes) 

19. Dried epoxy glue 

20. Dried acrylic glue 

21. Metallic iron tubes 0.9 mm in diameter and 12.9 

mm in length 

22. Mineral oil for molecular biology (Sigma) 

Total reaction inhibition experiment 
Two PCR master mixes were prepared and distributed among 24 wells in a 96-well plate. The first PCR mix was 

prepared without BSA; the second contained BSA at a final concentration of 2 µg/µl. The PCR mix was added to the 

material fragments to test the PCR compatibility. The tubes were briefly vortexed to mix the material with the PCR 

solution, incubated on ice for 30 min, and then PCR was performed on a bench thermocycler. The method we used to 

determine which PCR component was inhibited by our tested materials was to simply omit one of the PCR components 

during the PCR setup. The component was then added and incubated with the tested material for 30 minutes. The 

highest temperature reached in two-temperature PCR was 91°C. With two-temperature PCR we could use a lower Td, 

which would enable a wider choice of materials for the PCR. After PCR, the materials were removed and, for 

visualization, the amplification products were loaded directly onto the gel. 

DNA and polymerase adsorption 
Two different PCR mixes were prepared, both without additive BSA. For the DNA adsorption experiment, the PCR 

mix was prepared without the polymerase, whereas, for the polymerase adsorption experiment, template DNA was 

omitted. Thirty microliters of the PCR mix was distributed into tubes containing fragmented material. The tubes were 

briefly vortexed in order to mix the PCR solution with the material, after which they were incubated on ice for 30 

minutes. Then, 10 µl of the PCR mix, separated from the material, was extracted and transferred to the new tubes. A 

0.3 µl (1.5 U) quantity of the SpeedStar polymerase was added to the tubes lacking the polymerase. One microliter 

(corresponding to 2,000,000 dsDNA molecules) of template solution was added to the tubes with the PCR mixture 

lacking template DNA. PCR was performed with the cycling conditions Ta = 71°C and Td = 91°C each for 20 seconds, 

for 35 cycles. The products were then loaded onto the gel for visualization. 

Material preparation 
Ten microliters of mineral oil were used in the pertinent PCR compatibility test. The other solid materials were 

manually broken into small fragments using surgical scissors, and a sample of size >5 mm3 was added to each PCR 

reaction tube. Assuming (according to our observations) that the sample was fragmented into more than 10 and up to 

100 pieces, we calculated the total surface area of the material to be in the range of 4.7×101 mm2 – 1.8×102 mm2. For 

the 10 µl mineral oil used, the total surface area was ~3.5×101 mm2. The approximate calculated value of SAVR for 

used materials varies from 9.4×100 to 3.5×101 mm2/µl (oil SAVR value was ~3.5×100 mm2/µl). That’s an order of 

magnitude higher than for the SAVR of 1.5×100 mm2/µl in a conventional PCR reaction tube. 

PCR methodology 
PCR is used to amplify selected sections of DNA. Two-temperature PCR is fast, efficient, and applicable to varying 

conditions. For current primer pair, the optimized conditions were Ta = 71°C and Td = 91°C. The final concentrations 

for the primers were 0.75 µM and for the SpeedStar HS DNA polymerase were 0.025 U/µl. To clearly distinguish the 

inhibitory effect of strong inhibitors the PCR reaction volume was set at 30 µl. This volume also facilitated recovering 

the PCR mix after incubation with the material.  

 Detecting the PCR product was achieved by running samples in 4% Agarose gel containing SYBR Safe DNA 

stain and by subsequent gel imaging. The band relative intensity was quantified using ImageJ version 1.43 software by 

subtracting the background noise level, etc. and measuring the area of the peak. The obtained value for the band 

intensity was defined as the relative band intensity (RBI). To relate the RBI to the surface area and the volume of the 

material, we also defined the Weighted RBI (WRBI) as the ratio between RBI and SAVR. The WRBI helps to clarify 

possible variations in the results, and it reduces the uncertainty introduced by our fracturing method on the SAVR. 

Fig. 1. The PCR compatibility assay. Both the total reaction inhibition experiment and DNA or polymerase adsorption experiments 

are described. The PCR is performed using bench thermocycler, and subsequent imaging is done on agarose gel. The control 

experiment was done running PCR without including any of material. 

Material RBI, standard WRBI, standard RBI, +BSA WRBI, +BSA 

PMMA 6.0×101  1.7×100 ~ 6.4×100 1.4×103 3.9×101 ~ 1.5×102 

PC 7.7×102 2.2×101 ~ 8.2×101 1.6×103 4.6×101 ~ 1.7×102 

PVC 6.9×102 2.0×101 ~ 7.4×101 2.5×103 7.1×101 ~ 2.6×102 

PP 1.4×103 4.1×101 ~ 1.5×102 2.7×103 7.6×101 ~ 2.8×102 

PTFE 1.4×103 4.1×101 ~ 1.5×102 2.8×103 7.9×101 ~ 2.9×102 

PDMS 2.2×103 6.4×101 ~ 2.4×102 2.9×103 8.4×101 ~ 3.1×102 

Wax (Tm 56°C) 1.1×102 3.2×100 ~ 1.2×101 1.5×103 4.4×101 ~ 1.6×102 

Wax (Tm 60°C) 1.1×102 3.3×100 ~ 1.2×101 1.9×102 5.3×100 ~ 2.0×101 

Wax (Tm 80°C) 1.0×103 3.0×101 ~ 1.1×102 3.2×103 9.2×101 ~ 3.5×102 

Silicon 2.2×102 6.4×100 ~ 2.4×101 3.2×103 9.1×101 ~ 3.4×102 

SiO2 5600Å 4.4×102 1.3×101 ~ 4.7×101 4.1×103 1.2×102 ~ 4.3×102 

SiO2 quartz 2.9×103 8.3×101 ~ 3.1×102 3.5×103 1.0×102 ~ 3.8×102 

Pyrex glass 3.3×103 9.5×101 ~ 3.6×102 4.1×103 1.2×102 ~ 4.4×102 

ITO glass 9.1×101 2.6×100 ~ 9.7×100 3.3×103 9.4×101 ~ 3.5×102 

Soda-lime 

glass 

2.8×103 8.1×101 ~ 3.0×102 4.1×103 1.2×102 ~ 4.4×102 

SU8 8.2×101 2.4×100 ~ 8.8×100 5.5×101 1.6×100 ~ 5.9×100 

NOA61 1.9×102 5.4×100 ~ 2.0×101 4.5×103 1.3×102 ~ 4.8×102 

NOA68 2.9×103 8.4×101 ~ 3.2×102 4.5×103 1.3×102 ~ 4.8×102 

Epoxy glue 9.1×101 2.6×100 ~ 9.7×100 1.1×102 3.0×100 ~ 1.1×101 

Acrylic glue 6.0×101 1.7×100 ~ 6.4×100 5.9×102 1.7×101 ~ 6.4×101 

Metal tubes 8.4×102 2.4×101 ~ 9.0×101 3.0×103 8.6×101 ~ 3.2×102 

Mineral oil 1.2×103 3.4×102 ~ 3.6×102 3.4×103 9.4×102 ~ 1.0×103 

No additives 1.8×103 N.A. 4.1×103 N.A. 

Material RBI, 

interaction 

with DNA 

WRBI, interaction 

with DNA 

RBI, 

interaction 

with 

polymerase 

WRBI, interaction 

with polymerase 

PMMA 4.6×103 1.3×102 ~ 5.0×102 3.4×102 9.7×100 ~ 3.6×101 

PC 4.0×103 1.2×102 ~ 4.3×102 1.5×103 4.3×101 ~ 1.6×102 

PVC 5.4×103 1.5×102 ~ 5.8×102 9.1×102 2.6×101 ~ 9.7×101 

PP 4.1×103 1.2×102 ~ 4.4×102 1.7×103 4.8×101 ~ 1.8×102 

PTFE 3.5×103 1.0×102 ~ 3.8×102 1.6×103 4.6×101 ~ 1.7×102 

PDMS 4.5×103 1.3×102 ~ 4.8×102 1.7×103 4.9×101 ~ 1.8×102 

Wax (Tm 56°C) 3.7×103 1.1×102 ~ 4.0×102 3.2×102 9.1×100 ~ 3.4×101 

Wax (Tm 60°C) 9.2×102 2.6×100 ~ 9.8×100 1.0×102 2.9×100 ~ 1.1×101 

Wax (Tm 80°C) 4.3×103 1.2×102 ~ 4.5×102 9.2×102 2.6×101 ~ 9.8×101 

Silicon 3.4×103 9.7×101 ~ 3.6×102 4.3×102 1.2×101 ~ 4.6×101 

SiO2 5600Å 3.8×103 1.1×102 ~ 4.1×102 1.5×103 4.3×101 ~ 1.6×102 

SiO2 quartz 3.7×103 1.0×102 ~ 3.9×102 1.1×103 3.2×101 ~ 1.2×102 

Pyrex glass 3.3×103 9.6×101 ~ 3.6×102 2.0×103 5.7×101 ~ 2.1×102 

ITO glass 4.2×103 1.2×102 ~ 4.5×102 1.8×102 5.3×100 ~ 2.0×101 

Soda-lime 

glass 

4.3×103 1.2×102 ~ 4.5×102 1.7×103 4.9×101 ~ 1.8×102 

SU8 4.1×103 1.2×102 ~ 4.3×102 1.0×102 2.9×100 ~ 1.1×101 

NOA61 1.5×103 4.3×101 ~ 1.6×102 8.1×101 2.5×100 ~ 9.5×100 

NOA68 3.9×103 1.1×102 ~ 4.2×102 3.9×103 1.1×101 ~ 4.2×101 

Epoxy glue 4.2×103 1.2×102 ~ 4.5×102 8.0×101 2.3×100 ~ 8.6×100 

Acrylic glue 9.4×102 2.7×101 ~ 1.0×102 8.4×101 2.4×100 ~ 9.0×100 

Metal tubes 3.0×103 8.7×101 ~ 3.3×102 1.5×102 4.4×100 ~ 1.6×101 

Mineral oil 7.6×102 2.1×102 ~ 2.2×102 3.4×101 9.6×100 ~ 1.0×101 

No additives 9.8×102 N.A. 2.0×102 N.A. 

Table 2. PCR inhibition through various materials. Comparison 

of PCR mix without BSA or containing BSA. The measured RBI 

and calculated range of WRBI are indicated. N.A. – not 

applicable. 

Table 3. PCR inhibition through material interaction with 

template DNA or the polymerase correspondingly.  

Fig. 3. PCR inhibition through various materials. Comparison of 

PCR mix without BSA (red bars) or containing BSA (blue bars). 

The calculated WRBI range is indicated for each of material. 

Lower WRBI values indicate inhibition, whereas higher WRBI 

values means less inhibition. 

Fig. 4. PCR inhibition through material interaction with template 

DNA – where the polymerase has been added after the rest of the 

PCR mix has been incubated with the material under test. This is 

to avoid interaction between the material under test and the 

polymerase (red bars). PCR inhibition through material 

interaction with polymerase – where the DNA has been added 

after the rest of the PCR mix has been incubated with the 

material under test. This is to avoid interaction between the 

material under test and the DNA (blue bars). 

Conclusions 
Most PCR-friendly materials exhibit similar signals regardless of the inclusion or not of BSA in the PCR 

mixture; these materials are PP, PTFE, PDMS, wax (Tm 80°C), SiO2 quartz, pyrex and soda-lime glasses, 

NOA68, and mineral oil. Our results showed that there was near total adsorption of template DNA when the 

wax (Tm 60°C) was used (RBI = 9.2×101). In contrast, when NOA61, mineral oil and acrylic glue materials 

were employed, significant adsorption occurred (RBI < 1.5×103). The polymerase-inhibition experiments 

indicate that following materials do not have strong effects (RBI > 1.1×103) on polymerase: PC, PP, PTFE, 

PDMS, silicon with a layer of 560 nm SiO2, SiO2 quartz, pyrex, and soda-lime glass. Slight polymerase 

inhibition (RBI < 9.2×102) was observed with PMMA, PVC, waxes (Tm 56°C and 80°C), silicon, and 

NOA68. A very strong or near total inhibition (RBI < 1.8×102) was observed with wax (Tm 60°C), ITO glass, 

SU-8, NOA61, metal tubes, mineral oil, epoxy, and the acrylic glues.  

 Our results show that material selection for microfluidic PCR chips, which are characterized by large 

SAVR, is a vital part of optimizing PCR outcome. This study of the inhibitory effect of various common 

microfluidics materials has provided a new rapid testing method using only a PCR cycler, and it has 

confirmed and expanded the list of tested materials. The type of PCR compatibility test enables the most 

effectual choice of materials for use in biology-related experiments. 

Fig. 2. Amplification of 71 bp fragment. More intense band indicates 

successful PCR (no or little material inhibition). 
Table 1. In total 22 materials were tested for PCR 

compatibility.  
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