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Gel electrophoresis is a common 
method for analyzing the quality and 
quantity of DNA, RNA, and protein 
(1).  Recently, microf lu id ics chip 
technology has emerged as an alter-
native to standard agarose and PAGE 
because it uses less sample, is less 
time consuming, and yields digital data 
at a higher resolution scale compared 
with running and photographing a gel 
(2–4). However, the benefits of a chip 
are balanced against increased cost 
and reduced precision in differentiation 
between samples of similar molecular 
weights, when compared with a 
high percentage polyacrylamide gel. 
Microfluidics chips require only 1 µl of 
sample at concentrations as low as the 
ng/µl or pg/µl range (Agilent Technol-
ogies Manuals, reference numbers 
G2938-90024, G2938-90034, and 

G2938-90063). The sample is passed 
through micrometer-scale capillaries 
that are etched into a glass surface 
and filled with a gel matrix. As sample 
molecules approach a waste well 
that serves as the positive pole, dyes 
mixed within the gel matrix bind the 
molecules of interest, are excited by 
a laser, and fluoresce, thus providing 
the means of sample detection (2).

However, the need for specialized 
equipment and a high cost-per-run 
compared with standard gels serve as 
barriers to the adoption of microfluidics 
for electrophoresis. Because the chip 
quantity is often the limiting factor in a 
commercial kit, one way to decrease 
cost-per-run is to use the same chip 
more than once. Previous research has 
shown the potential to clean DNA chips 
by removing the gel matrix and washing 

the capillaries with NaOH, but inade-
quate rinses will lead to sample degra-
dation in a subsequent chip run (5).

Here, we investigated a simple 
method for the re-use of DNA, RNA, 
and protein electrophoresis chips for 
the Agilent Bioanalyzer 2100 (Agilent, 
Santa Clara, CA). We developed 
protocols by which the chips may 
be utilized during multiple runs over 
several days, with equivalent data 
quality output.

Agilent RNA 6000 Nano chips were 
tested with total RNA isolated from 
human liver carcinoma Huh7 cells (6) 
via phenol/chloroform extraction. The 
first run of an RNA chip followed the 
manufacturer’s instructions. Upon run 
completion, the chip was inverted and 
vigorously knocked against a paper 
towel on a countertop to remove the 
liquid from the wells. All wells were 
rinsed with 20 µL of 1× Tris-Acetate-
EDTA (TAE) buf fer. The chip was 
vortexed, and the liquid was knocked 
out again.

A wash run is necessary for RNA 
chips to remove contaminants from 
the old gel matrix. We surmised that a 
component of the gel or loading buffer, 
possibly formaldehyde, accumulates in 
the capillaries and alters the voltage in 
subsequent runs of the chip if not fully 
eluted. The wash run was performed 
by adding gel-dye mix to the three gel 
wells (marked G and   G ) and TAE buffer 
into the sample and ladder wells. The 
chip was vortexed and placed in the 
Bioanalyzer. No sample peaks were 
observed in the wash run results (Figure 
1), indicating that residual sample in the 
wells was removed by the earlier TAE 
rinse. After completion of the wash run, 
the liquid in the wells was discarded 
as before. At this point, a chip could 
be re-used immediately or stored for 
later use.

To re-use the chip, it was primed 
with new gel-dye mix added to the gel 
loading well ( G ). Air pressure from the 
loading plunger resulted in the new 
gel-dye mix physically displacing the 
old gel, which escaped to the fifteen 
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tive to agarose gels and PAGE, but costs can be high due to certain 
chips being non-reusable. Here we describe a method to regener-
ate, re-use, and store Agilent DNA, RNA, and protein electropho-
resis chips designed for use in the Bioanalyzer 2100. By washing 
the sample wells and displacing the old gel matrix with new gel-dye 
mix, we have run samples on the same chip up to ten times with 
negligible loss of signal quality. Chips whose wells were loaded with 
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Benchmarks

METHOD SUMMARY
Here we show that used Agilent microfluidics chips may be stored and re-used multiple times. The wells of chips for 
RNA may be cleaned with a blank run of 1× Tris-acetate-EDTA (TAE) buffer, followed by replacement of the gel matrix 
with new gel. Microfluidics chips for DNA and proteins require only rinsing of the wells and replacement of the gel matrix. 
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open wells. The remaining gel-dye mix 
still in the loading well was temporarily 
removed by pipette, and all wells were 
rinsed with TAE buffer to wash away the 
old, displaced gel matrix. The wells were 
emptied by inverting and knocking the 
chip against a paper towel. To conserve 
reagents, the removed gel-dye mix in 
the pipette tip then was returned to 
the gel loading well. The two waste 
wells ( G ), sample wells, and ladder well 
were loaded as normal. The chip was 
vortexed, then placed in the Bioanalyzer. 
If a wash run is not performed or bubbles 
are introduced into the sample wells or 
gel-filled capillaries by pipetting error, 
then the Bioanalyzer software will not 
detect the presence of the RNA chip.

To store a chip, the rinsed wells were 
filled with 20 µL 1× TAE. The gel in the 
chip’s capillaries was not replaced 
before storage, as fresh gel was added 
immediately before the next use. The 
chip was wrapped in Parafilm (Bemis 
NA, Neenah, WI) and stored at 4°C to 
prevent evaporation, as gel dehydration 
prevents chip re-use. When intended to 
be used again, the TAE was removed 
from the wells, and the old gel in the 
capillaries was displaced by new gel-dye 
mix as described above. This protocol 
provided consistent results in 4 consec-
utive runs within 1 day (Figure 1A), 5 
non-consecutive runs over 2 weeks 
(Figure 1B), and 10 runs over several 
days. The observed length of the rRNA 

was consistent among the 12 sample 
wells (Table 1). Errors in pipetting the 
1 µL sample and ladder volumes led 
to greater variance in quantitation, but 
values were still within the manufac-
turer’s expected accuracy range.

Agilent DNA 7500 chips were tested 
using a 1 kb DNA ladder (ThermoFisher 
Scientific, Waltham, MA) in 12 twelve 
sample wells. Re-use and storage of a 
DNA chip was done following the same 
protocol as for an RNA chip, including 
the well rinses, except that the wash run 
between sample runs is not necessary 
and has no effect on the results (data not 
shown). The chips were run success-
fully over 2 weeks and up to 10 times, 
with results within the manufacturer’s 
accuracy limits (Table 1).

Agilent Protein 80 chips were tested 
with a combined sample of BSA, calf 
intestinal alkaline phosphatase (CIP), and 
BamHI restriction endonuclease (New 
England Biolabs, Ipswich, MA) that was 
heat denatured under reducing condi-
tions. After the standard first run, the 
chip was prepared for re-use or stored 
according to the protocol for the DNA 
chips, except TAE buffer was replaced 
with ultra-pure water. No wash run is 
necessary to clean the old gel matrix 
before it is displaced with new gel-dye 
mix. Peak sizing results were consistent 
with the RNA and DNA chips (Figure 2A), 
but quantitation reproducibility was not 
as precise, even on the first run of a chip 

Figure 1. Electropherogram traces from multiple runs of an Agilent RNA Nano chip. (A) An 
RNA 6000 Nano chip was run consecutively in one day with intermediate wash runs between 
runs of sample. A representative trace from 1 of the 12 sample wells is shown per run. The 
wash run traces have been displaced from y = 0 for clarity. Note that the small, random 
peaks in runs 2 and 3 result from physical vibrations disturbing the Bioanalyzer. (B) An RNA 
Nano chip was stored and run non-consecutively over a 2 week period. Note that the weaker 
signal on run 5 resulted from degraded, light-exposed dye.
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(Table 1). The Bioanalyzer’s analysis 
software applies baseline correction 
by default, which is known to affect 
quantitation accuracy (Agilent Technol-
ogies Manual, reference number G2938-
90063). The BSA ran at an apparent 
weight of 62 kDa, which is indicative of 
2-(N-morpholino)-ethanesulfonic acid-
containing running buffer.

Whole cell protein lysate was also 
run on a Protein 80 chip. The chip was 
prepared for re-use, then the three-
protein sample from above was run. The 
result was indistinguishable from other 
uses of the chip with the three-protein 
sample (Figure 2B).

All three chips may be re-used after 
a poor result in any or all wells due to 
degraded quality of sample or reagent. A 
definitive limit for the number of re-uses 
was not observed, but individual chips 
were not tested formally beyond 10 
successful runs with loaded sample.

Variants of the Agilent RNA, DNA, 
and Protein chip classes detect samples 
of different sizes or concentrations. The 
variants achieve these ends by altering 
the details of the sample run through 
the use of different voltages, marker and 
ladder sizes, and dye-sample binding 
methods (http://www.biotechniques.
com/Biotechn iquesJourna l /2010/
September/ The rapeu t i c -p rote in-
analysis-with-the-Agilent-2100-Bioan-
alyzer/biotechniques-302535.html). 
While only one variant from each chip 

class was tested here, we do not 
expect that these features would have 
a substantial effect on the ability of the 
gel to be replaced and the chip re-run 
according to our protocol.

In summary, chips may be success-
fully re-used with no significant alter-
ation in the observed results. An Agilent 
chip that is run once and discarded, as 
per standard procedures, costs about 
$25, of which half that cost is for the 
chip and half for reagents. Following 
our protocol to re-use a chip 10 times 
can reduce the cost-per-run by ~40%. 
Detailed method protocols can be found 
in the Supplementary Material.
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Figure 2. Electropherogram traces from multiple runs of an Agilent Protein 80 chip. (A) A Protein 
80 chip was stored and run non-consecutively over 7 days. A representative trace from 1 of the 
12 sample wells is shown for select runs. Note that the elution time for both samples and ladder 
can differ slightly between chip runs. (B) Whole cell lysate from Huh7 cells was run on a chip, fol-
lowed by a run with either blank buffer (upper panel) or BamHI/BSA/CIP sample (lower panel). 
All subsequent runs used BamHI/BSA/CIP as sample. CIP: calf intestinal alkaline phosphatase.
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BENCHMARKS

Table 1. Reproducibility of sample peaks and concentrations across chip re-uses.

Chip Peak Range of sizing reproducibility (±CV%) Range of quantitation reproducibility (±CV%)

Min. Median Max. Min. Median Max.

Agilent RNA Nano 25–6000 nucleotides Not provided (Accuracy not provided) 10 (20 Accuracy)

1813 nucleotides (18S) 0.5 1.2 1.6
2.9 5.2 8.6

3850 nucleotides (28S) 0.6 1.4 2.1

RIN: 8.5 0.6 1.3 4.5

Agilent DNA 7500 100–7500 bp 5 (10 Accuracy) 5–10 (20 Accuracy)

258 bp 0.2 0.9 2.4 2.5 6.7 13.1

517 bp 0.3 1.1 2.8 2.2 6.0 12.4

806 bp 0.3 1.3 2.6 2.4 5.4 13.0

1121 bp 1.1 1.6 3.9 2.2 5.0 14.2

1786 bp 1.0 1.8 3.7 2.4 3.9 10.8

2332 bp 0.8 1.5 3.3 2.1 3.2 10.4

2876 bp 0.6 1.4 1.6 2.0 3.2 9.9

3584 bp 0.6 1.2 2.2 2.7 5.2 13.4

4064 bp 0.5 0.9 1.4 2.8 5.5 12.6

4727 bp 0.4 0.9 1.4 2.5 7.9 19.7

6701 bp 0.7 1.1 2.1 1.4 4.6 10.1

8786 bp 1.0 1.4 2.0 1.6 3.9 18.1

Agilent Protein 80 5–80 kDa 3 (10 Accuracy) 20 (Accuracy not provided)

24.58 kDa (BamHI) 0.2 0.4 2.1 12.6 20.0 28.3

61.23 kDa (BSA) 0.2 0.3 1.0 10.8 17.8 30.8

79.80 kDa (CIP) 0.2 0.3 0.9 10.9 13.6 20.4

Peak is the average peak size observed in 2 chips among 12 sample wells (RNA and DNA) or 10 sample wells (protein) in 10 runs of the chip. Sizing and quan-
titation reproducibility values were calculated for all wells in a single chip run. The minimum and maximum values are from any run of a chip, while the medi-
an value is calculated using data from all runs of that chip type. The manufacturer’s expected reproducibility and accuracy values are provided for each chip.
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