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» Description: Many critical assays are based upon conducting
accurate dilutions of key reagents. Accurately knowing
sample concentration is critical for properly interpreting
experimental results, which can only be obtained if the
experimental dilution ratio is known and controlled.
Herein we present an application of the MVS which
provides a NIST traceable, dual-dye absorbance
method for determining the accuracy of each step in a
dilution process. The measurements provided by this
method allow for testing both single and multiple point
dilutions, and cover a testable dilution range of up to
1/2000. Both theory and experimental validation of this
method will be discussed.
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Workshop Outline
* Artel
» Dual-Dye Photometry and the Artel MVS
* Dilution Application using the MVS

¢ Conclusions
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ARTEL

» Leader: Liquid handling quality assurance

* Focus: Laboratory quality & productivity

» Core Technology: Ratiometric Photometry™
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Ratiometric Photometry

» Technology used for both the ARTEL PCS® Pipette
Calibration System and the ARTEL MVS®
Multichannel Verification System:

¢ Photometric measurement of liquid volume

* Two specially-formulated dyes measured at two wavelengths

« Ratiometric measurements and calculation of results

« Simultaneous measurement of accuracy & precision per
channel

Dispense Dispense Photometric
Sample Diluent Measurements

Mix

—
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MVS® Multichannel Verification System

« Verifies liquid handlers from any
manufacturer

« Standardized measurement
platform

* Traceable results — repeatability
and standardization

« Accuracy and precision per
channel
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MVS Components

-

Characterized Sample + Diluent Calibrator Plate
Microtiter Plates Solutions

S

Notebook Computer w/
Plate Shaker System Software & Microtiter Plate Reader

Barcode Reader
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MVS Performance

S el

Plate haracterized

Microtiter
Plates

Sample
Solutions

« Optimizes liquid handling instrumentation

« Complete, integrated, mobile system
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MVS — Features

» Extremely accurate and precise

» Exceptional for low volumes — down to 0.03 pL
 Easy to use and convenient

* Fast — 5-10 minutes

» Traceable to national standards (NIST)

* ISO-approved method

» Compliance with 21 CFR

» Helps maintain experimental integrity and confidence

AmTEL

MVS is the Standard Platform

» Components of the Artel MVS work together to provide
accuracy and precision assessment for target volumes
dispensed into microtiter plates.

» Standardization between liquid handlers and/or
laboratories really means...

2 ulL dispensed by a 2 pL dispensed by a 2 ulL dispensed by a
Tecan Evo in — Beckman FX in — PerkinElmer JANUS
Harlow, UK on Collegeville, PA on in Research Triangle

Tuesday Thursday Park, NC on Friday
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MVS Summary

The MVS ratiometric absorbance method provides an
easy way to assess the volume delivered from a
liquid handler

Traceability of MVS results = standardization across
multiple laboratories and equipment

Fast & Easy
Accurate & Precise
Automation-ready

and now, MVS measures dilution accuracy

© 2008 ARTEL

Dilution Application using MVS
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What are Dilutions?

» Controlled reduction in concentration of an analyte
of interest

* Critically important process in most laboratories

» Accuracy is imperative at each step

* A common dilution protocol involves multiple serial
dilution steps over a defined range

Initial Dilution Dilution Dilution
Sample Step 1 Step 2 Step 3

[
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Applications for Serial Dilutions

e Primary screening/compound
Drug Discovery management

« Secondary screening/ADME-Tox

* Dose response

Genomics mmmmlp( Serial Dilution )N Proteomics . Viral loading

’ \ - HIV testing

Clinical Reference Malecular Diagnostics *  Other clinical applications
+ Bacteria isolation

e And many others...

» The accuracy of many of these experiments is dependent
upon knowing the final concentration of some analyte(s).
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Dilution Testing with the MVS:

Review of MVS Components

Diluent
Solution

Solutions

Calibrator Plate

Notebook Computer wf = "
Platei Shalcer System Software & Barcode e ol ELatie. b edicler
Reader
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MVS Sample Solutions

Contain 2 dyes, red and blue

Distinct absorbance maxima (520 &
730 nm)

Different concentrations of red dye
for different volume ranges

8

Blue dye at the same concentration

for all ranges
ab

Absorbance per
Unit Pathlength

Stable and traceable to national : '
standards 520 730

Wavelength (nm)
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MVS Diluent

« Contains blue dye only
* Absorbance maximum at 730 nm

« Concentration of blue dye same
as in sample solutions

i o
25
» Used to fill wells to working =
volume e =
8%

. = o ab

e Stable and traceable to national 9 = 7 '
standards 25

520 730
Wavelength (nm)
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Diluting MVS Sample Solutions with Diluent
S
o o
38
85
L ™
S
8 c
< : T T

520 730

Wavelength (nm) « Variable Red Dye
+ _ concentration

o £ _ .
¥ & * Uniform Blue Dye
= concentration
£ ab « any dilution made results
2 £ L in no change to the blue
<> ' T dye concentration

520 730

Wavelength (nm)
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MVS Dilution Foundation: Beer’'s Law

* MVS Dilution calculation uses a foundation based
on the Beer-Lambert Law:

A =(,C)l=a,-l

* 4, is the absorbance per centimeter of a solution
with known dye concentration

AmTEL

Absorbance per Pathlength for MVS Dyes

e The absorbance per pathlength for Red dye, which is in
Sample Solution only:

el FL - z -
2v N Sample Solutions
v € |
uoa f
ar — 8520 ° Cr E %
= a | £
e il P
AV
=5 . v
520 730

Wavelength (nm)

» The absorbance per pathlength for Blue dye, which is the
same for Sample and Diluent Solutions:

Diluent Solution

i
520 730
Wavelength (nm)
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&, = &9 - G,

Absorbance per
Unit Pathlength




MVS Dilution Theory

(JALA, October 2007, vol 12, pp 260-266)

V a
Aszo,l = A73o,1 —
a,

ar
Aszo,z = A730,2 T

b
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Accuracy of Dilution Steps

* When dilution steps result in measurable absorbance
values for both red and blue dyes, then:

_ A520,m . A730,n
mn
A520,n A730,m

Initial Dilution Dilution Dilution
Sample Step 1 Step 2 Step 3
1:2 1:4 1:8

well m well n
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Large Dilution Steps

* When large dilution steps are performed, highly
concentrated red dyes are used.

» Plate reader cannot measure the absorbance in well 1.
» Absorbance per pathlength values known for red & blue

dyes
Initial Dilution
Sample Step 1
1100 R . ar A730,n
in — )
\ ' [ [_w_ d, A520,n
well 1 well n
ARTEL

MVS Dilution Measurement
Example 1: An 11-Step Serial 1:2 Dilution

-

1 2 3 4 5§ 68 7 8 9% 10 11 12

I 0 mm oo @ »

» Starting with neat solution in column 1, serial 1:2 dilutions will be
made across a microtiter plate, to a final dilution of 1:2048

ArTEL




Conducting a 1:2 Dilution

e Column 2: 100 pL Sample + 100 pL Diluent = 200 pL Total
* Mix

» Aspirate 100 pL from the 200-uL mixture

» Dispense 100 pL into next column

* In column 2, red dye is now % as concentrated

* Repeat...in column 3, the dye is now ¥4 as concentrated

» After multiple steps, the red dye becomes too dilute to
measure......... so the process is repeated with a
different (more concentrated) starting red dye solution

AmTEL

Dilution Range for MVS Sample Solutions

Sample Red dye absorbance  Dilution Range
Solution per pathlength (cm-?)
(8 = 5 -C)

Range A 3.75 1-1:4

15
Range C 75 1:20-1:100
Range D 185 1:100 - 1:400

740

» To cover all 11 steps of a 1:2 serial dilution protocol,
all range solutions will be used
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Parameters of 1:2 Serial Dilution Example

* 96-well plate
« 8-channel liquid handler, dispensing left to right
» 1:2 dilution across plate, 11 steps

» Starting with 200 pL in first column (with neat reagent,
i.e., Range A, B, C...)

» Transfer volume = 100 pL

e Columns 2-12 contain 100 uL Diluent

ARVEL
Plate 1 (Range A): Set up
200 pL neat
Rang_eA 100 pL Diluent
solution L

J
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Plate 1 (Range A): First Step

100 pL transfer to
column 2; mix
with pipette

100 pL
remaining 200 pL Total

ARTEL
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Plate 1 (Range A): Remaining Steps
100 pL transfer to

column 3; mix
with pipette

[NV NN NN
0000000 0 LI
90000000

000006
000000
000000
000000
0000060
000000
0000060

Neooooo

—
100 pL Total in every well
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Dilution IDs for 11-step 1:2 Serial Dilution

1:128

1:512

1:2048

® 2008 ARTEL

Repeat Serial 1:2 Dilution Steps for Each

hennOn

Range A
Plate (1)

/

Based on definition of plate
layout and dilution values,
MVS “grabs” necessary
information values from each
plate

WinnCng

Range B
Plate (2)
e Range C
1 Plate (3
o1 (€©))
fossi T}

\

Range Solution — 5 plates required

Range D

Plate (4)

SRE e P
Range E
Plate (5)
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Dilution IDs for Each Range Solution:
5 plates required

1:128 1:512 1:2048
1:1 1:2 1:4 1:8 1:16 1:32 1:64 I 1:256 “ 1:1024 “
|

Range A Range B Range C Range D Range E
plate plate plate plate plate

Other Step Dilution Examples
o 1:2-

e 150 uL into 150 uL (300 uL total), remove 150 uL

e 50 uL into 50 uL (100 uL total), remove 50 uL
e 1:3-

e 50 uL into 100 uL (150 uL total), remove 50 uL

e 100 uL into 200 uL (300 uL total), remove 100 uL
e 15-

e 20 uL into 80 uL (100 uL total), remove 20 uL

e 40 uL into 160 uL (200 uL total), remove 40 uL
+ 1:10-

e 10 uL into 90 uL (100 uL total), remove 10 uL

e 30 uL into 270 uL (300 uL total), remove 30 uL
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Critical Influences on Dilution Accuracy

* Accurate transfer of volume at each step (!!!)

» Before transferring, if each well is not optimally
mixed, errors will propagate with each
successive step, compounding the error.

* Proper methodology or system to measure dilution
steps

ArTEL

Dilution Guide: MVS Data Manager Software

» MVS Data Manager software controls the volume
verification and dilution testing processes

* Immediate output reports with pass/fail results

* Manual or auto-exporting (HTML, XML)

» Data bases can be networked

* 21 CFR Part 11 compliance ready

» Automation compatible for in-process volume checks

ArTEL




Defining the Liquid Handler

[EvicEsS etup ml

Liquid Handler Device Information

Device D Channelz

[evz1z3 ER

Description

| fived tips

b anufacturer [optional] Serial Murnber [optional]
[z [124

Bar Code [optional]

| Scan Bar Code
Ok | Cancel |

» 8or 12 channels
» Use general or specific descriptors

ArTEL

Defining the Liquid Handler

D EVIGCENNET; mi

Select the device you would like to verify or scan itz bar code.

Device ID Description
er Mame, ac {obot Tyy

Freedom Customer Mame, Robot Type, Fl t Configurati 8

Chatinels

Genesiz Merck, Darmsteadt, 150, Digpozable Tipsz 8
EVv0 4 tip Bayer, Grmbh Hamburg, EYO 100, 4 tip Disposal 4

Freedom 4 tip Customer Mame, Robot Type, Robat Configurati| 4
Genesiz 4 tip Cuztomer Mame, Robot Type, Robot Configurati| 4

96 tip Generic | Lilly pipetting training 96
RapidFlate RapidFlate - LRIG workshop 95
Hr2123 8 fixed tips a

Ok | Cancel |

» Liquid handler IDs are stored for repetitive testing
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Plate Layouts Define Dilution Protocol

[ Layout Confipuration ]

Plate Lacad Infvemasion

10

* Define the test

4 ]
wad Do A ® o0
parameters (plate _ 8 ® o0
. . c @ LN
format, target dilutions, | g== feete o || ® e
no. of channels & reps, E e L]
F ® L N
tolerances) _ 5 5 s
D;"C'I.';TJ:' - "?:"5:::“"' H ® ee

+ Each dilution value R
may have different ' :

tolerance specifications
for accuracy and
precision

< Plate layout templates are stored for repetitive testing

AmTEL

MVS Software Guides User During Verification

= | Paoise acan the bar code on the bottle of MVS
Range B Samphs Seluton
W RRYT AR AL s Tapa B
(=) o= —— Scan all required materials
Select device to test

e Dispense reagents w/ liquid handler

i 4

Select plate layout and plate type s 1t S Vecton e | 43 i aors
Plate Reader measurements Shake plate for uniform meniscus
T %, | 5
| Muase wrnert the MVS Vercsbon Fiate mio tha Pate leader P el S Y e o

- <4 & G—
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After Measuring 5 plates...MVS Output Report
1of3
MArtel_related\Serial Dilutions 10july07\plate A orig with 3 1-2 cols. htm - Microsoft Internet Explorer provided by Artel
File Edt View Favorites Tooks Help
. — A »
€] @ |i] @ ) ) search 7 Favaries £ R- ; W] - H @I M
e | Exirte _releted\Serial Diutions L0y D \plate & arig wh 3 1-2 cols, m v| B e
Links ] Hatmal &) Other Google £ Google &) Google Maps &) ARTELnet &) Red Sox @] CNN - &] Aubrm 10day &) Expedia &) My Yahoo! @] Metflix &) Pandora i
~
ARTEL MVS Report =
Date: 7A10/2007 Data Manager 2.2.0.18
Time: 11:21:45 AM GMT-4
Liquid Handler Device ID: 8 ch NIST Traceable Results
Liquid Handler Device Description: Artel 8-ch pipette System Specifications
Layout ID: 1 to 2 96w Bch Inaccuracy: Less than 3%
Layout Description: 1:2 with A-E and manual 8-ch pipette Imprecision: Less than 1 5% CV
Channels: & -
Dispense Direction: Left to Right J
Device Orientation: “ertical
Plate Legend
Relative Inaccuracy Pass/Fail Limit|10%
Step-¥Wise Dilution Ratios
A 10044 1.9696 2.0229 1.9264 19932 1.9601 1.9869 19905 2.0025 1.9665 19865 1.9955
B |1.0037 19738 1.9844 1.9764 1.9795 1.9738 1.9648 1.9969 1.9900 1.9849 19774 2.0183
C 1.0035 19745 18749 1.9681 1.9900 1.9658 18628 1.9867 19918 1.8686 2.0003 2.0057
D 1.0035 196875 1.8707 1.9784 19726 1.9834 1.9647 1.9887 1.9912 18707 19714 2.0243
E |1.0068 1.9404 18757 1.8718 19846 1.9627 1.8600 1.9781 19911 18578 1.9841 2.0163
F 1.0028 19511 18718 1.9681 19771 1.9723 19722 19913 1.9888 18705 1.9983 2.0120 Q@

(2 of 3)

:Mrtel_related\Serial Dilutions 10july07\plate A orig with 3 1-2 cols.htm - Microsoft Internet Explorer provided by Artel

Fie Edit Yew Favorites Tooks Help

= n . n @
1 ) ~ il L - - M
€] (] |ﬂ @ (y) ) searth 7 Favories L 5] =1 ]
 Address \@ EdArtel_relatediSerial Diutions 10july07\plate & orig with 3 1-2 cols. htm b | Go

: Links @] Hotrail ] Other Google ] Google 4] Google Maps (& ARTELnet @& Red Sox @] CMM &) Auburm 10dsy &) Expedia @] My Yahoo! @] Metfix ] Pandara )

-~

Step-Wise Dilution Ratios:

1.0044 1.9598 20229 1.9264 1.9932 1.98601 1.9869 1.9905 20025 1.9665 1.9865 1.9955
1.0037 19738 1.9844 1.8764 1.9795 1.9738 1.8646 1.9969 1.5900 1.9849 19774 20183
1.0035 19745 19749 1.9681 1.9900 1.9558 1.9628 1.9067 19919 1.9686 2.0003 2.0057
1.0035 1.9675 1.9707 1.9784 1.9726 1.9834 1.9647 1.9887 19312 1.9707 19714 2.0243
1.0068 1.9404 19757 1.8718 1.9846 1.9627 1.8800 1.9781 1931 1.9578 1.9941 20163
1.0029 1951 1.9716 1.9681 1.9771 1.9723 1.9722 1.9913 1.9886 1.9705 1.9983 2.0120
1.0043 1.9648 19708 1.9680 1.9934 1.9703 1.9934 19914 2.0065 19848 19888 1.9955
1.0046 1.9649 19731 1.9785 1.9897 1.9659 1.9648 2.0092 19048 1.9770 1.9960 2.0315

oM Mmoo ®m >

Step-Wise Inaccuracies

A 04400% |-1.5200% |1.1460%  -36800% |-0.3400% -1.9960% |-06550% -04750% |0.1260%  -1.6760% -06750% -0.2250%
B 0.3700% |-1.3100% |-0.76800% -1.1800%  -1.0250% |-1.3100% [-1.7700% -01550% -05000% -0.7550%  -1.1300%  D.9150%
C 0.3500% |-1.2760% |-1.2560% -1.5950% -0.5000% |-22100% |-0.8600% -06650% -0.4050% -1.5700% 0.0150% |0.2850%
D 03500% |-1.6250% |-1.4B50% -10800% -13700% |08300% |-1.7650% -056850% -D.4400% -1.4850% -1.4300% 1.2180%
E 0B800% |-2.9800% |-1.2150% -14050% -07700% |-1.8680% |-1.0000% -1.0950% -D4450% -21100% -02950% 0.8150%
F 02900% |-2.4450% |-1.4200% -15950%  -1.1450% |-1.3850% |-1.3900% -04350% -D5700% |-1.4750% -00850% |0.6000%
G 0.4500% |-1.7600% |-1.4600% -1.7600% -0.3300% |-1.4580% |-0.3300% -0.4300% 0.3400% |-0.7600% -05B00% -0.2250%
H 0.4B00% |-1.7550% |-1.3450% -1.0750%  -0.5150% |0.5550% |-1.7600% 0.4600%  -D.7600% -1.1500% -0.2000% |1.5750%
SRy VRPN PO PNt A

E Done 4 My Computer




(3 0f 3)

A E:\Artel_related\Serial Dilutions 10julyO7\plate A orig with 3 1-2 cols.htm - Microsoft Internet Explorer, provided by Artel \ZHE\E
o

: Fle Edit Wiew Favortes Tools Help 5
<) 3] |ﬂ @ _,‘ﬂ /,_" Search -;‘:(' Favorss {E2) - :,_, o - i @ -
: Address \@ E:értel_relatedSerial Dilutions 10july07\plate A orig with 3 1-2 cols.htm 5 | Gor
: Links @] Hotrail ] Other Google ] Google 4] Google Maps (& ARTELnet @& Red Sox @] CMM &) Auburm 10dsy &) Expedia @] My Yahoo! @] Metfix ] Pandara )
Step-Wise Statistics: =
Dispense Target Step-Wise Ratio Average Step-Wise Ratio |Average Step-Wise Inaccuracy
A 1.0043 0.4300%
2 19633 -1.8350%
N : 1.9805 -0.9750%
I - 1.9866 -1.6700%
B 1.9850 -0.7500%
- H 19710 -1.4500%
A : 1.9762 -1.1900%
B 1.9916 -0.4200%
2 1.9934 -0.3300%
2 19726 -1.3700%
2 1.9891 -0.5450%
[E : 2.0124 0.6200%
Plate Reader.
Reader Type Serial Number Calibrated
Artel MVS Plate Reader|R - D plate reader 7/10/2007 9:56:22 AM
Materials
Item Description Lot or Serial No.|Expiration Date
Calibratar Plate 1003 316/2008
Baseline Solution 211218061501 3/18/2008 2
F] Done 4 My Computer

Conclusion

* MVS aides in optimizing performance of automated liquid
delivery systems

» Fast, easy, accurate and precise methodology for
productivity, repeatability and data integrity

» Standardized system and reagents allows for dilution
testing up to a dilution of 1:2000

* The new MVS serial dilution capability supports critical
liquid handling processes in life science laboratories
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Thank You

ARTEL

Please visit us in Booth #551 for a
demonstration of our products.
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