APPLICATION NOTE

Ethanol Solutions for MVS® Volume

H”

Introduction

Ethanol is used in pharmaceutical and other life
science laboratories for innumerable experimental
protocols. Ethanol is often combined and/or used as
an additive in aqueous-based solutions and these
solutions are used for many types of experiments.
For purposes of this application note, the term
ethanol solution is employed to refer to an aqueous
sample solution with less than 50% ethanol by
volume. Aliquots and target volumes of ethanol
solutions are usually transferred to the sample
holder or assay test plate using a pipettor, such as a
multichannel handheld pipette or an automated
liquid handler. In many cases, accurate transfer of
the target volumes is vital to the integrity of the
assay. More importantly, many laboratories do not
have an easy and rapid way to verify the accuracy
and precision of the pipetting equipment, especially
for complex reagents such as ethanol solutions.
Described herein is a method to employ the Artel
Multichannel Verification System (MVS®) to
measure the volume of ethanol solution transferred
from a pipettor under test into a microtiter plate.
Much of the information in this document has been
explained in detail in reference 1.
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Requirements

(1) MVS, with Data Manager software 2.0 or
higher

(2) Training on MVS operation

(3) MVS Diluent, Stock, and Baseline
Solutions

(4) MVS Calibrator plate

(5) Ethanol solution with known density value

(6) 96-well or 384-well microtiter plates

(7) Pipettor or liquid handler

(8) Analytical balance

(9) Sample container, preferably amber bottle
with cap

(10) Transfer pipettes or small funnels

More specifically, this document describes the
proof-of-concept methodology employed to verify
8-uL target volumes of a ~50% ethanol solution
(v/v) in a standard 96-well plate using the MVS.
Additionally, this application note serves as a guide
for preparing custom ethanol solutions for MVS
verification at specific target volumes. It should be
pointed out that ethanol solutions can be measured
and quantified with the MVS between
approximately 0.4 — 49.9 uL in a standard 96-well
plate or 0.1 to 9.9 pL in a standard 384-well plate.
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Materials & Methods

All purchased materials were used as received.
Ethanol (ACS reagent, absolute; 0.7892 g/mL) was
acquired from Sigma-Aldrich. The MVS and all
MV S-related consumables were from Artel
(Westbrook, ME). A Sartorius R160D analytical
balance was employed for all gravimetric
determinations. All solutions were allowed to
equilibrate to room temperature prior to being used.
All solution components were transferred to the
analytical balance with disposable transfer pipettes
and subsequently weighed on the analytical
balance. Following each component addition, the
balance was allowed to reach equilibrium, the
information was collected and the balance was
tared before the next component was added. In all
cases, a clean, amber glass bottle and cap were used
to prepare and store the ethanol solutions. Once all
components were added, the bottle was mixed by
inversion at least 20 times.

Proof-of-concept Testing

To verify the 8-uL transfer of a ~50% ethanol
solution (v/v) in a 96-well plate, four steps were
performed: (a) an initial 54% ethanol solution (v/v)
was prepared; (b) this ethanol solution was
gravimetrically-combined, and therefore slightly
diluted, with MVS Stock Solution to prepare the
ethanol (alternative) test solution; (c) the weight
and density of the ethanol solution and weight of
the MVS Stock Solution were incorporated into the
MVS software; and (d) the prepared ethanol test
solution was dispensed with the liquid handler
followed by volume verification and analysis using
the MVS. These four steps are summarized in
Figure 1 and are described in more detail below.

APPLICATION NOTE

MVS Stock Solution (1 or 2) with known Ethanol Solution with known density
density and absorbance per pathlength

value(s)

Using instructions, gravimetrically combine
the MVS Stock Solution and Ethanol Solution
in a controlled weight (mass) ratio to create
the ETHANOL TEST SOLUTION

The Ethanol Test
Solution has new
i absorbance per |
i pathlength value(s)
! calculated from the
dilution ratio :

Multichannel dispensing device —
automated liquid handler

Ethanol Test Solution is dispensed into a
microtiter plate (96-well or 384-well).
Diluent is added to create a working

volume for the verification process

!

Reagents in plate are mixed and plate is placed in
plate reader

]

Dual-dye ratiometric photometry used to quantify
dispensed volume in each well

Figure 1. Overview of the method used to prepare
and verify target volumes of ethanol solutions
using the MVS.

(a) Preparation of a ~54% ethanol solution (v/v).
For proof-of-concept testing, the initial ethanol
solution was simply a combination of deionized
water and ethanol. In many cases, the user will
have the ethanol solution readily available. A
54.3% ethanol solution (v/v), or 48.4% ethanol by
mass, was prepared by combining 18.8037 g
ethanol with 20.0765 g deionized water (38.8802 g
total). Note, the density value of pure ethanol is
approximately 0.7892 g/mL and this value was
used to calculate the amount of ethanol in the
prepared ethanol solution. See Figure 2 for the
preparation details for the initial ethanol solution.
In order for a target volume of this solution to be
verified with the MVS’ photometric technology,
gravimetric combination with an MVS Stock
Solution must be achieved, i.e., MVS dye must be
added to the ethanol solution to enable photometric
measurement of target volumes.
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For preparing other ethanol solutions at varying
concentrations, or to obtain the approximate density
values for solutions with approximately 1% — 56%

(1) Dl water added= 200765 g
{2) pure ethanol added= 188087 g
total weight of solution=(1+2)= 338802 g
% ethanol (p/g) = [@A(1+2)"100]= 483632 %
{3} density of water = 1.0 g/mL
{4} density of ethanol = 07892 gfml
(O vol water=(13)= 200765  mlL
{6) val ethanol = 24} 238283 mL
(T} total volume = (5+6)= 4359028 mL
{8) % ethanol {viv) = [{6/(2 + 6)]"100) = 542705 %

Figure 2. Details for the preparation of the
initial 54.3% ethanol solution (v/v).

ethanol (v/v), please refer to Table 1 at the end of
this document.

(b) Preparation of the ethanol test solution. Using
easy-to-follow instructions®, the prepared 54%
ethanol solution (v/v) was combined with MVS
Stock Solution 1 to create the ethanol “alternative”
test solution. The process is summarized in Figure
3. The term alternative is used in the MVS Data
Manager software to describe a custom test
solution that is chemically different from the
commercially-available, aqueous-based MVS
Sample Solutions. For purposes of this application
note, the custom alternative test solution prepared
with ethanol is simply referred to as the ethanol test
solution.

This ethanol test solution is then dispensed into a
microtiter plate for volume verification and analysis
with the MVS. For preparing other ethanol test
solutions with varying amounts of ethanol, or to
obtain information on the approximate amount of
MVS Stock Solution 1 or 2 to add to the ethanol
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solution, please refer to Table 2 at the end of this
document.

Ethanol test solution for
volume verification checks
with the MVS

/H Into
reservoir or
source
plate

Figure 3. Overview of the preparation of the
ethanol test solution from the ethanol solution
and the MVS Stock Solution.
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(c) Enter necessary information into MVS Data
Manager software. The density value of the
prepared 54.3% ethanol solution (v/v) is
approximately 0.9183 g/mL2. In the case presented
here, all of the ethanol solution (38.8802 g) was
combined with 4.8085 g MVS Stock Solution 1 in
an amber glass bottle to prepare the ethanol test
solution. The weight and density values of the
ethanol solution and the weight of MVS Stock
Solution 1 were entered into the MVS Data
Manager software. The dye concentration in the
final, ethanol test solution is calculated based on
the dilution ratio of the MVS Stock Solution 1 to
ethanol solution. In the example discussed here, as
shown in Figure 4, the resulting ethanol test
solution is comprised of 10.1% of MVS Stock
Solution 1 (v/v) and 89.9% of the initial 54%
ethanol solution (v/v).

The resulting ethanol test solution therefore had a
final ethanol concentration of 48.79% (v/v). Note,
89.9% of a 54.27% ethanol solution is equal to
48.79% ethanol in the test solution. This 48.79%
ethanol test solution (v/v) was designed and
prepared to incorporate similar absorbance per
pathlength values as the commercially-available
aqueous MVS Sample Solutions®. For example, the
volume range for the custom solution described
herein is similar to the aqueous-based MVS Range
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C Sample Solution, which covers 2.0-9.9 uL ina
96-well plate.

Alternative Solution Setup @
Alkernative Solution Information
Alternative Solution 1D D ate Prepared
[ [7£2272005
Alternative Solution Description
|50% EtOH solution far MY'S verifications
MW'S Stock Solution Lot Mumber Stack Solution Type
|T10226049901 |Stock 1 Select Stock Solution
Solvent Solution D ensity (9/mL]
[EEE]
‘Weight [grams] % of Camponent [val/val)
MYS Stock Solution  [4.8085 10.1%
Salvent 5olution |38.88EI2 |89,SZ
Plate Tvpe Uszeable Volume Bange [l
96 Well Standard Profile 1.8-10.6 Calculate
354 “w'ell Standard Profile 0.5-2.8
384 Round Well Low Volume  [0.2-1.5
384 el Low Profile 0.2-1.5
= Mo System Specifications are provided for verifications using Alternative Solutions
Ok | Cancel |

Figure 4. Graphical user interface for preparing
custom test solutions in MVS Data Manager
software. The weight and density values of the MVS
Stock Solution 1 and ethanol solution are employed
to calculate the usable volume range for various
plate formats. For example, the proof-of-concept
ethanol test solution shown can be dispensed from a
liquid handler into a 96-well plate and the target
volume can be assessed with the MV'S for accuracy
and precision between 1.8 — 10.6 pL or between 0.5
— 2.8 uL in a standard 384-well plate.

(d) Transfer and performance analysis of prepared
ethanol test solution. After the necessary
information (weights, density values) was entered
into the MVS Data Manager software, 8 pL target
volumes of the prepared ethanol test solution were
dispensed into a microtiter plate for MVS volume
verification and analysis. The proof-of-concept
testing for this solution was performed with
calibrated syringes. All syringes are
gravimetrically-calibrated using an accredited
method in a controlled test laboratory. Because the
reproducibility of the syringes has been proven,
they can be used as volume transfer standards
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thereby removing device variability from the test
procedure. The gravimetrically-calibrated 8-uL
Hamilton (Reno, NV) syringes with reproducibility
adapters were used to aspirate target volume from a
vial filled with the 48.79% ethanol test solution
followed by a dispense into a 96-well microtiter
plate. To each well containing the target volume,
192 pL of MVS Diluent solution was added to
achieve a 200-pL working volume® in the 96-well
plate. The two solutions in each well were mixed
using the MVS plate shaker before the plate was
placed into the MVS plate reader for measurement.

Results and Conclusions

The 48.79% ethanol test solution (v/v) was
employed to monitor solution stability over time.
Using the calibrated 8-puL Hamilton syringe with
modified reproducibility adapter, the solutions were
dispensed in replicates of eight into a 96-well Artel
Verification Plate on each day of testing. The
stability, or shelf-life, of the prepared test solutions,
as monitored by relative inaccuracy (all values are
within £ 2.2%), shows that the ethanol test solution
was stable for at least four weeks. The coefficient
of variation (%CV) values, or the precision data in
the measurement, were within = 0.8% (Figure 5).
These results indicate that it may be possible for
individual users to employ this methodology to
assess device performance for specific or
proprietary ethanol solutions for critical volume
transfers.

Discussion

The proof-of-concept for preparing and verifying
dispensed target volumes of the 48.79% ethanol test
solution (v/v) has been shown. Although this
application note does not discuss the preparation or
testing of other ethanol test solutions, i.e., solutions
with < 50% ethanol by volume, the functionality in
the MVS Data Manager software does support trial-
and-error experimentation for users that wish to test
their specific ethanol solutions. Alternative test
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solutions containing > 50% ethanol (v/v) have not
been evaluated by Artel.
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Figure 5. Using an 8-pL calibrated syringe, the 48.79%

ethanol test solution was verified on five different days over a

28-day period. Based on the relative inaccuracy values, the
shelf-life of the solution may be at least 4 weeks.

Table 1 (below) can be used as a guide for
preparing ethanol solutions when ethanol portions
are < 50% by mass (or < 56% by volume). Table 2
(below) can be used as a guide for adding the
appropriate amount and type of MVS Stock
Solution to the ethanol solution to prepare an
appropriate ethanol test solution that covers a
specific volume range in either 96-well or 384-well
standard profile plates. For example, preparing an
ethanol test solution that covers 5 pL in a standard
96-well plate is different than preparing an ethanol

test solution that covers 5 pL in a standard 384-well

plate.

Please note, the final ethanol test solution will have

a lower concentration of ethanol as compared to the

initial ethanol solution because of the addition of
the aqueous-based MVS Stock Solution. For
instance, a 50% ethanol solution by mass (or ~56%
ethanol by volume), may be diluted to

approximately: (a) ~ 36% ethanol by mass for target

volumes between 0.4 — 4 pL in 96-well plates; (b)
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~44% ethanol by mass for target volumes between
2 — 11 pL in 96-well plates; or (c) ~ 38% ethanol by
mass for target volumes between 9 — 49 L in 96-
well plates. These values are from column | in
Tables 1 and 2.
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APPLICATION NOTE

Table 1. Protocol to prepare 50 g of ethanol solution using only ethanol & DI water

Ethanol sofufion 1D 2 b = d e f g b i j k i

Desired mass % of ethanol in water | 1.00 | 2.00 | 4.00 | 8.00 |12.00|16.00| 20.00|26.00| 32.00| 38.00|44.00| 50.00

contributing mass of ethanal {g) 050 1.00 200 4.00 6.00 8.00 10.00 13.00 16.00 19.00 22.00 2500

contributing mass of Dl water () | 49.50 49.00 43.00 46.00 44.00 42.00 40.00 37.00 34.00 31.00 25.00 25.00

density of pure ethanaol (g/ml) | 0.789 0789 0.789 0789 0789 0.789 0789 0789 0.789 0789 0789 0789

density of Dl water (g/mL) | 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

theoretical contributing volume of ethanol (mL) 063 127 253 .07 7.60 10.14 12.67 16.47 2027 24.08 27 58 31.68

theoretical contributing volume  of water (mL) 49.50 49.00 43.00 46.00 44.00 42.00 40.00 37.00 34.00 31.00 2500 25.00

total theoretical volurne of solution (mL) 5013 50.27 50.53 51.07 51.60 52.14 52.67 53.47 54.27 55.08 55.85 56.65
Theoretical volume % of ethanol in water | 1.26 | 2.52 | 5.01 | 9.92 (14.73|19.44|24.06|30.81(37.35|43.71|49.89| 55.89
approx. density of ethanol solution (gfml, from CRC)| 09963 | 0.9245 | 09910 | 0.9847 | 097592 | 059739 | 0.9887 | 09602 | 09504 | 0.9392 | 0.9268 09139

Table 2. Protocol to prepare the ethanol test solution for volume verifications by combining the appropriate amount of MVS
Stock Solution (1 or 2)* to the 50 g ethanol solution

thanofso!ufi_cm ID_& Summary(fmm Table ). ] El b c d 2 i g b i i i i
Ethanol solution with desired mass % of ethanolin waterl 4 o4 | 9 90 | 4.00 | 8.00 |12.00|16.00|20.00 | 26.00| 32.00|38.00 44.00| 50.00

(as above)
1.26 | 2.52 | 5.01 | 9.92 (14.73|19.44| 24,06 30.81|37.35|43.71/49.89| 55.89

water (as above)

Ethanol solution with theoretical velume % of ethanel in
Total mass of ethanol solution (as above, g)| 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00

Approx. density of ethanol solution (as above, g/ml)| 09963 | 09945 | 09910 | 0.9847 | 09752 | 0.9739 | 0.9837 | 09602 | 09504 | 0.9392 | 0.9260 09139

Add this much of MVYS Sfock 1 or 2 (grams) fo cover approximate volume ranges in either slandard 56w or 384-w plafes:

Approx. mags of MVS Stock Selution 1 {g) to add to ethanol
solution to measure ~ 0.4 - 4 uL in a standard 96-well plate or ~| 16.864 | 16509 | 16.999 | 17.179 | 17.388 | 17.635 | 17.718 | 17.967 | 18.257 | 158526 | 168.796 19.066
0.1 - 1.1 uL in a standard 384-well plate

Resulting mass % of ethanol in ethanal test solution for MY'S

0.745 1.495 2.985 5.954 8908 | 11.845 | 14767 | 19121 | 23441 | 27.727 | 31.979 36.195
verfications

Approx. mags of MVS Stock Selution 1 {g) to add to ethanol
solution to measure ~ 2 - 11 ul in a standard 96-well plate or ~| 5.456 5511 5.540 5.5598 5.657 5.716 5774 5.862 5.880 B.035 B.126 6.213
0.5 -2.9 uL in a standard 384-well plate

Resulting mass % of ethanol in ethanal test solution for MY'S

0.901 1.801 3.601 7.194 | 10780 | 14389 | 17.929 | 23.272 | 28597 | 33506 | 39.198 44.473
verfications

Approx. mags of MVS Stock Selution 2 {g) to add to ethanol
solution to measure ~ 9 - 49 ul in a standard 96-well plate or ~| 13.235 | 13.273 | 13344 | 13.485 | 13626 | 13767 | 138905 | 14119 | 14.331 | 14.543 | 14.754 14.966
2.4 -9.9 uL in a standard 384-well plate

Resulting mass % of ethanol in ethanal test solution for MY'S

0.791 1.580 3157 6.301 9.430 | 125846 | 15648 | 20275 | 24871 | 29.438 | 33.975 35.482
verfications

*amount and type of MYS Stock Solution are dependent on volurne range and plate density

An example in using these tables: verify a 5-uL transfer of a For instance, to measure a 20-uL dispense of a 20% ethanol
20% ethanol solution (g/g) in a 96-well plate. Refer to solution (g/g) in a 96-well plate, the solution in column h
column g. In this case, to the 50 g of 20% ethanol solution could be prepared. To the 50 g of the 26% ethanol solution
(9/9), add 5.774 g MVS Stock Solution 1. The resulting test (9/9), add 14.119 g of MVS Stock Solution 2 resulting in a
solution will be approximately 17.9% ethanol by mass. If a 20.3% ethanol test solution (g/g).

higher percent of ethanol is desired in the final ethanol test
solution, a higher concentration of ethanol is required in the
initial ethanol solution.
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