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Abstract For best practices and assessment of Echo system performance Results The MVS and Echo were then used to demonstrate what happens to liquid Discussion & Conclusion
. . as determined by the MVS, see reference 4. Briefly, the sample ) o o handler CV performance when the tasks are not properly implemented and
Poor liquid handling performance can lead to poor assay solution and source plate must be bubble free and must be near Properly Executing Liquid Handler Tasks and Volume Verification Methodology executed (Table 5). Good lab work generates results that can be trusted.
results. When the volume verification methodology used to |  thermal equilibrium with their surroundings. The source plates « Both the Echo and Deerac GX liquid handlers perform
assess liquid handler performance is not properly executed, |  should therefore be centrifuged before use and for the 384-well MVS and the fluorescence volume verification methods were both used to assess Echo and Deerac GX performance for various Table 5. Assessing Echo Performance with MVS Methodology: 1l within their stated i tq forl P lit
errors will enter into the process and the results could lead destination (test) plates, the well contents should also be nanoliter target volumes with aqueous sample fluids. All collected data are shown in Tables 1 — 2 (Echo) and Tables 3 — 4 (Deerac INCORRECTLY (A — D) and CORRECTLY (E) welwithin their stated specilications for ‘ow-nanoliter
to incorrect conclusions regarding instrument performance i ici ixi GX aqueous target volumes when using best practices for
9 9 P . centrifuged before efficient mixing and subsequent readout. See )- A. Source Plate NOT Centrifuged * checking liguid handler performance
This presentation discusses proper techniques and best reference 5 for methods to evaluate mixing efficiency. ) o oV otes Vihat o do next time gha P ’
practices for assessing aqueous liquid transfer accuracy Table 1. Echo Performance via MVS Table 3. Deerac GX Performance via MVS Source plate NOT centriges | o | oy gy | fie hed arpockels, [Soin source pate belore * When care is taken with liquid handler QC, the
and preC|S|on for Iow-_volume I_|qU|d handlers. _These EXperimental Prate 10 (L) ET] 0 75 00 150 0 =0 Piate 10 i) 200 oL A0 L Bnl B0nL 1000 L befare tranferring test solution o ‘;\fur\i; :raauns:mrepea ability errars rre:q:smerr,av:mmmen &1 performance of the |IqUId handler, gOOd or bad, can be
practices were established using both acoustic droplet I cied l\r;o;m» CZN TN T 0 3 YT U 71 R L L X o e " after 50 nl target transfer, diluent added; destination plate ang shaken on MV shaker before reading accurately assessed.
ejection (Echo® 555 liquid handler, Labcyte Inc.) and a The MVS Sample Solution or the fluorescence test solution was (] — F Y 5 2 2 L P Coofficient of Variation for oll Channels | 4.43% | 3.56% | 347% | 287% | 3.20% A - - - A
feedback-controlled, tip-based dispenser (Deerac™ GX transferred to a 384-well source plate (see Figure 1) with a hand- Relative | TATS | A0S | 400% | a80% | dG0n | 0.00% | 1885 Falaties b Tot all Chanasks Te0% | & 1085 | 20 | 26% B. Destination Plate Read WlTHC?/UT cent”rUQNa‘tlon or Em‘?'e"\lﬁmlxzng — * :;t:;]:)zes “’:;i;;g;?:gﬂ:u:’?égﬁﬁinCe'based
. : . . . . . M red vl i8] -k &5 B74 g7 1336 1856 379 M pasured voly 168 1 5593 78 Br42 N otes at to do next time .
reag_em dispenser, Labcyte |_nC-)- V0|Umetf!0 accuracy and held electronic pipette before centrifugation in a Beckman Coulter Max massured voha (] 37 | &37 | 766 | 016 | 182 | 7134 | 63 M.,".'"..,‘;as".ﬁ.‘eﬂ'f.,ﬁf:'.."e[[ﬁ] 2318 | 4935 | eet2 | 80 | 11209 [Addition of Diluent to target doss |After diluent added, the plate Y P
precision were measured using a standardized volume Allegra 25R plate centrifuge. After the source plates were Tolal nurnber of dato powls (o) | 192 | 190 7 73 W) 7] Tol cambes of ais o [ = o i = = Destination plate not 84 s g7y, ot eficiently mix contents; large |should be centrifuged (approx * The fluorescence method takes much longer and
verification platform based on a dual-dye absorbance centrifuged, they were placed in, or on, the liquid handler for - e d ar shaken e resuled fiom dye pockets ot | 1000 yar for | mn). shaken requires pipetting skill, whereas the MVS method is
technology (MVS®, Artel) and compared to fluorescence- volume transfer performance measurement. In the case with Table 2. Echo Perf o Fl Table 4. D GX Perf i Fl o Geetio T TS e = ‘ simple and requires little skill.
based tests. For absorbance testing, manufactured MVS, after target was transferred from the source plate to the able 2. Echo Performance via Fluorescence able 4. Deerac eriormance via Fluorescence centrifuged and immediately 304 11.40% |spinning does nat mix well same as above « The fluorescence method can be used for volumes as
aqueous-based dye solutions were employed for all target empty (dry) 384-well Corning 3711 destination (test) plate, 55 l-ll— Plate 10 250l FH ol 500l 75 ril WO L 150aL 200 oL Plate 101 50 L Mol 0ol S0nL B0 GL 1000 0L hraad (not_shaken) _ contents in a SEti.rw std plate
volumes and diluents. For fluorescence testing, sodium dil dded. th I if d dth hak Avarage C ed Violume (nL) 281 k] S1.48 7512 ar2z | 14500 | 1EaEs |\Average Calculsted Volume (nL)| 4838 o s | s0ay | mEe | s Source plate centrifuged; 50 nL target transferred to destination plate; 55 ul diluent added low as 2.5 nL, whereas the MVS can be used for
¢ - 9, iluent was added, the plate was centrifuged and then shaken on Standard Dewstion (n) 66 | 1m | so1 | 261 | 3% | 603 | a7 Standard Diistion (nl) [ FE] go0_| 11z | W% | His —— - — - < volumes as low as 30 nL in the same plate type (384-
fluorescein (150 mM) in water was used for target volumes | the shaker before readout (Figure 2). v BI% | A2 | 381 | Bamn | 303 | Aden | daws o 90%% | a2 | A2 | 21 | 249 | 3 C. Destination Plate Read WITHOUT Efficient Mixing - Trial 1 0 dard bl
and sodium hydroxide (10 mM) was used as diluent. In both ﬁ Relathve Inaccuracy 0.39% | 3264 | 2854 | 0064 | 270% | 300% | 5.6 Relative Inacouracy 320 | A5 | 4Ten | 2a9h | 2t | 3364 o oV Notes What 1o do next time well standard plates).
: f ~ d valume friL) 218 2517 | 4366 | 6371 | Ba4d | 10853 | 15126 Itin smagsured volurme gnl) AT BT | 11417 | 3414 | 74000 | 85RO . Centrifugation of destination plate |After diluent added, the plate . . " .
cases, ,the dye solution was transferred into a 384-well test e st iaind o T Mar measured volume (nl} 308 | %08 | 589 | s/ | 10784 | 1807 | 2079 Max measured valume (nl) 5919 | 14103 | 2BR3 | 4212 | Beava | IME 2R Destination plate immediately o [but no shaking step; plate read  |should be centrifuged (approx * Using ﬂawed methOd(_)IoQ'es_for QC ing a liquid
plate with the Echo (30 — 200 nL) or the Deerac GX system | - -I Total rurber of data paes () | o4 | o4 | o4 | wt | w4 | ws | Tatal rumber of data puinds () | 04 | 94 | w4 | w4 | w4 | ;fai‘(:;)"""”ga"“"- but no B4 | 1A% tore mixing by difusion could (1000 rpm far 1 min), shaken handler, i.e., to save time, will result in a false-sense of
(200 — 800 nL) followed by the addition of buffer. Using the : oceur on MYS shaker, then read liquid handler performance, which may lead to assay
MVS, the measured accuracy and precision for both the 3 . Commiain Diffusion after 30 ming improved results that are unknowingly misleading.
Echo and Deerac GX Series were below 5% inaccuracy 0 - o response 0 sil ot effciently
and 5% CV for the volume transfers indicated. Some of the Al L SR ! Eche with FL Echo with MVS “ 7 peerac with FL Deerac with MVS Same dostntion pte w10 | s | 4 4o O e oree plte . It should be noted that the same Deerac GX was
i i ini ) . . ) =09433x+ 27029 y=1.0153- 28178 |y = 0.581x + 8.016 y= 10349 - 8,15 0 fiar initial read o & this read 4 |same as above ) ;
best practices developed and discussed herein include Figure 1. Schematic highlighting the simple process of preparing a 384-well 250 | ¥ 70848 o I L L ot 4 ming after intial rea miing an tis o was second assessed two months apart with the two different
source plate preparation, assay plate preparation and source plate with Artel aqueous test solution. For Echo testing, ~ 10 uL of = =g oo E L . 3 “lj'nnved‘fnrgﬁ mins - 50 mfmsm‘:‘ methodologies and the same Echo was assessed one
assay plate reagent mixing. By following these test solution per well was pipetted into a 384-well polypropylene source £ 290 @ e & helped by plate reader month apart at two different locales (east coast with MVS,
recommended practices, optimal conditions for measuring plate (Labcyte P-05525) before centrifuging for 3 min at 3000 rpm. For H g | e Difiusion is slow. After an west coast with fluorescence). In the work presented in
liquid handler performance can be achieved. Deerac GX testing, 50 pL of test solution was pipetted per well into a 384- 3 15 £ i additional 30 mins, the CV is Table 5, we took advantage of the ease at which the MVS
well Corning 3711 plate before centrifuging at 1000 rpm for 1 min. = & g ; mproved but the wells are still nol can be quickly used to assess liquid handler performance
E 100 / i 5 Same das(matign plate re-read 84 351% efficiently mixed (note - as above, same as above h a h dy f d q | di p V. B
. 5 + Flucrescence (FL) Method 2 00 / } - 50 mins after initial read this rear was third pass through when methods are performed correctly and incorrectly. By
Introduction [T |] 3B4-w destination 8 / * MV5 Methad 3 | * Fluorescence (FL} Method rearer, therefore this plate moved systematically changing parameters and subsequently
| | ||| I ] | 1] | plate with target 2 = . = " » MVS Method | constantly for 12 mins - so . A . .
. | ' callv-based and o > Testin waune - e | // : J difusion helped by plat reader measuring the contents in the microtiter plate, we could
If a volume verification process is scientifically-based an igure 2. Testing the g ; ; observe how odd or inconsistent methodology changes
the methods are properly executed, then the verification :Wisd haﬂ:'zf inftth thﬁ l Add diluent o ; : - A A, Lol . B | CBouiE PEte centie: ”'at_g w”"_‘m“d'su = ma‘f‘ — a_dd_w‘ mma“_m matilmmm ultimately affected the perceived liquid handler
method can be used to increase confidence in liquid targett?/z:u%és a:;;r;_ ] ‘ 4 T a8 B 4B Gtw S D. Destination Plate Read WITHOUT Efficient Mixing - Trial2* repeatability (as noted by the CVs in Table 5).
handler performance (reference 1). This presentation ' : [ - I - e oLto do rext fune
shows liquid handler performance for two diferent i | Gesinaton i, 5 1L Targe Vo (nL) Targe Volume (1) o et e ||
. ) B : | and read 30 mins after initial 384 8.12% t ererences
handlers (Echo and Deerac GX) when two different diluent is added to each ) Cantrfug Figure 3. The average calculated volume (nL), as shown in Tables 1 and Figure 4. The average calculated volume (nL), as shown in Tables 3 and 4, dispense (no shaking) :‘:ﬂ’ 30 mins of waiting before lﬂnﬁé‘émﬁé.ml?gf.hfﬁ”
volume verification methods are properly implemented and well of the destination {2 Mixon u?vs plate shaker 2, vs. the target volume for the Echo using the two different volume vs. the target volume for the Deerac GX using the two different volume i (1) J. Assoc. Lab. Autom., 2007, 12, 172-180
executed (MVS and a fluorescence method). For plate before itis verification methods. Error bars represent the standard deviation at each verification methods. Error bars represent the standard deviation at each GV further improves after 60 ins @ 3. Assoc. Lab. Autom.. 2005, 10, 35.42.
background information on the absorbance-based MVS centrifuged (1 min, 1000 . data point. (FL = fluorescence) data point. (FL = fluorescence) Same destination plate re-read of diffusion (note - the plate readar . - Lab. - 2005, 10, :

t f 2 and for the fl thod rpm) and mixed on the T T O 30 rnins after initial read (B0 384 121% |maves plate for 4 mins per read, |same as ahove (3) How to Qualify the Precision and Accuracy of Your
system, see rererence 2 an Or_ t e Uores_cence metho MVS plate shaker l] | | | | ” || | | ” | | | | | | l | | | | | | | ” | ” . o . o mins from transfer) s there is some added plate- Echo™ Series 500 Liquid Handler, at www.labcyte.com
protocols, see reference 3. Additionally, using the Echo (ramping with high and | e The above data represent typical results when the liquid handling tasks and volume verification methodology are properly executed. mation mixing ta the difusion) (4) Best Practices for Assessing Nanoliter Transfer
and MVS, purposely flawed methodologies were used to low cycles for 110 s at (1) MVS photemetric measurements Both the MVS andA fluor_escen_ce methods are comparable for the two different liquid handlers with 100% aqueous sample fluids. The Same destination plale re-read |evuther improves after 50 mins Performance for Labcyte Echo Liquid Handlers Using
emphasize how the liquid handler's performance might be 2750 rpm). The (2) MVS output report with well-by MVS method requires little skill and takes only minutes to execute per target volume. The fluorescence method takes longer and it:n”;‘zgn:“:;n‘{”;';a‘;' read (0 F| IFE o ifusion (see note above) |Se 3 b0V the Artel MV, at http://www.artel-
perceived, or interpreted, if the tasks are not properly ie::;;i%”ﬂ?:;':n‘\'/‘g" Wl yolums vallies requires careful pipetting, however, it can be used to verify transfer volumes as low as 2.5 nL whereas the MVS methodology can I:um,w sials conliTaed 50 nL israelhanatered i dosiialon niate. diuert added, desinaion oiats vaniased usa.com/resources/posters.aspx or by contacting Artel.
executed. Understanding liquid handler performance plate reader o == only measure down to: 30 nL in a standard 384-w plate; 19 nL in a low-volume 384-well plate; or 10 nL in a 384-well low-profile plate. (5) Photometric Measurement of Mixing Efficiency Using
comes when both the liquid handler task and the volume determine well-by-well E. Volume Verification Performed Correctly © the Eppendorf MixMate Mixer and Optimization of the
verification method are executed properly. If care is not volumes and an output As shown in Figures 3 and 4 for the Echo and Deerac GX liquid handlers, respectively, volume delivery is linear over the volume — = i [ Motes What to da next time TechElan TEOS Orbital Shaker Using a Dual-Dye

: e h : o ] L o mistake. Saurce plate ; .
taken when performing the liquid handler dispense report is generated for range as measured with both methods (and R? values are > 0.998). Note that the individual data points presented in Figures 3 and 4 centrfuged; Diluert aﬁmm © N . Sromte § Photometric Protocol, at http://www.artel- .
protocol, or the volume verification method is not properly immediate review. contain error bars representative of the standard deviation of the n measurements made at each test volume (in many cases, the destination plate, then 192 261% Ta“m“g"j‘)a @ (repeated results from |, usa.com/resources/posters.aspx or by contacting Artel.
implemented, true liquid handler performance may not be error bars are too small to see). f;and‘\r::g(\arz‘f;atn;‘:;lgrgj and (6) Painless Nanol|ter-Tran§fer Accuracy Inspection For
measured. [ Source plate centrifuged; 50 nl target transferred to destination plate; diluent added; destination plate centrifuged Busy Screeners, at http:/www.artel-
usa.com/resources/posters.aspx or www.labcyte.com
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