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Abstract

Recent advances in X-ray sources are rapidly reducing the sample size and exposure
time for protein crystal structure determination. In order to fully exploit the reduced
sample requirement for creating protein crystals we present an accurate and precise
methodology for transferring nanoliter volumes of these solutions using the Echo®
liquid handler.

Typical protein crystallization solutions have large variations in both viscosity and salt
concentration and often have detergents or other additives. These solutions exhibit a
broad range of rheological and acoustical properties. We show that the wide variety
of aqueous-based fluids commonly used by the protein crystallography community is
readily transferred with the Echo 555 liquid handler even within the broad viscosity
range of 1-15 cP. The Echo liquid handler provides the user with a single calibration
covering the gamut of protein crystallography solutions. The instrument uses acoustic
energy to rapidly and automatically analyze each crystallographic solution just prior to
transfer to optimize nanoliter-scale droplet transfer, responding to the state of the
crystallographic solution at that instant in time. Results will be presented
demonstrating the high precision and accuracy of transfers of binary mixtures of
glycerol/water. Additionally, the Echo liquid handler has been used to transfer protein
microcrystals to micromesh mountings and the resulting X-ray structures yield high
resolution.

The results illustrate new capabilities of the Echo liquid handler that enable in situ
optimization of protein crystallography conditions and volume miniaturization to
match recent advancements in laser technology.

Introduction

The Labcyte Echo 500 series revolutionizes liquid transfer by using acoustic energy to
eject fluids. The Echo 500 series allows for assay miniaturization to previously
unattainable volumes. Echo liquid handlers transfer 2.5 nL droplets repeatedly, so
precision and accuracy are consistent over a larger volume range. Large volume
transfer is achieved by transferring several hundred droplets per second. Transfer is
non-contact and tipless, with increased cost savings from elimination of tip costs and
washing fluids.

The Echo Liquid Handler

Experiment 1: Transfer of Glycerol Solutions Accuracy and Precision

Transfer of glycerol solutions (0 - 60% volume) was carried out on an Echo 555 liquid handler. The
volumetric accuracy and precision was confirmed using glycerol solutions that were doped with
fluorescein and the fluorescence emission was determined on a microplate reader.

Solutions of glycerol (0 - 60% by volume) in water were doped with sodium fluorescein to a final
concentration of 0.15 mM, and used to generate a reference dilution. Each concentration of glycerol
was loaded into each well of a 384-well polypropylene Echo qualified source plate (Labycte Inc.) at
volumes ranging from 20 — 50 pyL. Using the Echo 555 liquid handler, 50 nL volumes of varying
glycerol solutions were transferred from the source plate to each well of a 384-well destination plate
(Greiner bio-one). 50 pyL of 10 mM NaOH solution was added, the plates were centrifuged, incubated
for 30 minutes at room temperature, and read on a 2100 EnVision plate reader (PerkinElmer).
Relative fluorescence unit (RFU) values were converted to volumes against the standard curve of
glycerol in with 0.15 mM sodium fluorescein.

The experimental results are depicted in a graphical format in figures 1 and 2. Each bar represents data
from 384 transfers (n=384) using the Echo 555 liquid handler. Figure 1 shows that the average accuracy
is 103% of the target transfer volume of 50 nL. Figure 2 shows that the average transfer precision is 2%
CV. These experimental results indicate that acoustic transfer using the Echo liquid handler is robust for
solutions of glycerol from 0 — 60% by volume which is representative of transferring solutions of varied

viscosity in the range of 1 - 15 cP.
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Figure 1. Transfer volume accuracy of glycerol solutions doped with 0.15mM sodium fluorescein as a function of % glycerol (v/v). The error bars represent 1
standard deviation above and below the mean transfer volume.
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Figure 2. Transfer volume precision of glycerol solutions in doped with 0.15mM sodium fluorescein as a function of % glycerol (v/v).

Experiment 2: Transfer of 98 commonly used protein crystallography
liquids

Transfer capability of the Echo 555 liquid handler was tested with commercially available protein
crystallography standard solutions purchased from Hampton Research (Aliso Viejo, CA).

30 pyL of each fluid was placed in an Echo qualified 384-well polypropylene source plate (P/N P-05525,
Labcyte). The plate was loaded into an Echo 555 liquid handler, and 50 nL of each fluid was transferred
to a 384-well, clear-bottom polystyrene microplate. All transfers were performed using a single machine
calibration with automated, dynamic power adjustment, that covered all fluid types without the need
for user intervention.

Coalesced droplets from 9 destination wells were photographed and visually assessed for transfer
performance (see Figure 3). All 98 protein crystallography standard solutions transferred to the
destination well (see Table 1).

Top row, left to right:

0.4 M potassium sodium tartrate

0.2 M lithium sulfate; 0.1 M TRIS, pH 8.5; 30% w/v PEG 4,000

0.1 M sodium acetate, pH 4.6; 2.0 M sodium formate

Middle row:

0.4 M ammonium phosphate

0.2 M magnesium acetate; 0.1 M sodium cacodylate, pH 6.5; 20% w/v PEG 8,000
0.1 M HEPES, pH 7.5; 0.8 M mono-sodium phosphate; 0.8 M mono-potassium phosphate
Bottom row:

0.1 M TRIS, pH 8.5; 2.0 M ammonium sulfate

0.2 M ammonium acetate, 0.1 M TRIS pH 8.5, 30% v/v 2-propanol

0.1 M TRIS, pH 8.5; 8% w/v PEG 8,000
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Figure 3. Acoustic transfer of nine protein crystallization fluids.
3x3 grid of source wells (left) shown with corresponding wells in destination plate (right). Each destination well is targeted with 20 droplets (2.5 nL
nominal) that are shown coalesced into a single spot. Spot size and meniscus shapes may vary with fluid composition (e.g., surfactant).

HCS-2 0.4 M Potassium sodium tartrate
HCS-3 0.4 M Ammonium phosphate monobasic
HCS-4 0.1 M TRIS hydrochloride 8.5 2.0 M Ammonium sulfate
HCS-5 0.2 M Sodium citrate tribasic 0.1 M HEPES sodium 7.5 30 9%b v/v Methyl-2,4-pentanediol
HCS-6 0.2 M Magnesium chloride 0.1 M TRIS hydrochloride 8.5 30 % w/v PEG 4,000
HCS-7 0.1 M Sodium cacodylate 6.5 1.4 M Sodium acetate
HCS-8 0.2 M Sodium citrate tribasic 0.1 M Sodium cacodylate 6.5 30 % v/v 2-Propanol
HCS-9 0.2 M Ammonium acetate 0.1 M Sodium citrate tribasic 5.6 30 % w/v PEG 4,000
HCS-10 0.2 M Ammonium acetate 0.1 M Sodium acetate 4.6 30 % w/v PEG 4,000
HCS-11 0.1 M Sodium citrate tribasic 5.6 1.0 M Ammonium phosphate monobasic
HCS-12 0.2 M Magnesium chloride 0.1 M HEPES sodium 7.5 30 %6 v/v 2-Propanol
HCS-13 0.2 M Sodium citrate tribasic 0.1 M TRIS hydrochloride 8.5 30 %o v/v PEG 400
HCS-14 0.2 M Calcium chloride 0.1 M HEPES sodium 7.5 28 % v/v PEG 400
HCS-15 0.2 M Ammonium sulfate 0.1 M Sodium cacodylate 6.5 30 % w/v PEG 8,000
HCS-16 0.1 M HEPES sodium 7.5 1.5 M Lithium sulfate
HCS-17 0.2 M Lithium sulfate 0.1 M TRIS hydrochloride 8.5 30 % w/v PEG 4,000
HCS-18 0.2 M Magnesium acetate 0.1 M Sodium cacodylate 6.5 20 % w/v PEG 8,000
HCS-19 0.2 M Ammonium acetate 0.1 M TRIS hydrochloride 8.5 30 9% v/v 2-Propanol
HCS-20 0.2 M Ammonium sulfate 0.1 M Sodium acetate 4.6 25 % w/v PEG 4,000
HCS-21 0.2 M Magnesium acetate 0.1 M Sodium cacodylate 6.5 30 9%b v/v Methyl-2,4-pentanediol
HCS-22 0.2 M Sodium acetate 0.1 M TRIS hydrochloride 8.5 30 % w/v PEG 4,000
HCS-23 0.2 M Magnesium chloride 0.1 M HEPES sodium 7.5 30 % v/v PEG 400
HCS-24 0.2 M Calcium chloride 0.1 M Sodium acetate 4.6 20 % v/v 2-Propanol
HCS-25 0.1 M Imidazole 6.5 1.0 M Sodium acetate
HCS-26 0.2 M Ammonium acetate 0.1 M Sodium citrate tribasic 5.6 30 9% v/v Methyl-2,4-pentanediol
HCS-27 0.2 M Sodium citrate tribasic 0.1 M HEPES sodium 7.5 20 % v/v 2-Propanol
HCS-28 0.2 M Sodium acetate 0.1 M Sodium cacodylate 6.5 30 % w/v PEG 8,000
HCS-29 0.1 M HEPES sodium 7.5 0.8 M Potassium sodium tartrate
HCS-30 0.2 M Ammonium sulfate 30 % w/v PEG 8,000
HCS-31 0.2 M Ammonium sulfate 30 % w/v PEG 4,000
HCS-32 2.0 M Ammonium sulfate
HCS-33 4.0 M Sodium formate
HCS-34 0.1 M Sodium acetate 4.6 2.0 M Sodium formate
HCS-35 0.1 M HEPES sodium 7.5 0.8 M Sodium phosphate monobasic 0.8 M Potassium phosphate monobasic
HCS-36 0.1 M TRIS hydrochloride 8.5 8 % w/v PEG 8,000
HCS-37 0.1 M Sodium acetate 4.6 8 % w/v PEG 4,000
HCS-38 0.1 M HEPES sodium 7.5 1.4 M Sodium citrate tribasic
HCS-39 0.1 M HEPES sodium 7.5 2 % v/v PEG 400 2.0 M Ammonium sulfate
HCS-40 0.1 M Sodium citrate tribasic 5.6 20 % v/v 2-Propanol 20 % w/v PEG 4,000
HCS-41 0.1 M HEPES sodium 7.5 10 %o v/v 2-Propanol 20 % w/v PEG 4,000
HCS-42 0.05 M Potassium phosphate monobasic 20 % w/v PEG 8,000
HCS-43 30 % w/v PEG 1,500
HCS-44 0.2 M Magnesium formate
HCS-45 0.2 M Zinc acetate 0.1 M Sodium cacodylate 6.5 18 % w/v PEG 8,000
HCS-46 0.2 M Calcium acetate 0.1 M Sodium cacodylate 6.5 18 % w/v PEG 8,000
HCS-47 0.1 M Sodium acetate 4.6 2.0 M Ammonium sulfate
HCS-48 0.1 M TRIS hydrochloride 8.5 2.0 M Ammonium phosphate monobasic
HCS-49 1.0 M Lithium sulfate 2 % w/v PEG 8,000
HCS-50 0.5 M Lithium sulfate 15 % w/v PEG 8,000
HCS2-1 2.0 M Sodium chloride 10 % w/v PEG 6,000
HCS2-2 0.5 M Sodium chloride 0.01 M Hexadecyltrimethylammonium brom 0.01 M Magnesium chloride
HCS2-3 25 9% v/v Ethylene glycol
HCS2-4 35 9% v/v 1,4-Dioxane
HCS2-5 2.0 M Ammonium sulfate 5 9o v/v 2-Propanol
HCS2-6 1.0 M Imidazole pH 7.0
HCS2-7 10 % w/v PEG 1,000 10 % w/v PEG 8,000
HCS2-8 1.5 M Sodium chloride 10 %o v/v Ethanol
HCS2-9 0.1 M Sodium acetate 4.6 2.0 M Sodium chloride
HCS2-10 0.2 M Sodium chloride 0.1 M Sodium acetate 4.6 30 9% v/v Methyl-2,4-pentanediol
HCS2-11 0.01 M Cobalt(ll) chloride 0.1 M Sodium acetate 4.6 1.0 M 1,6-Hexanediol
HCS2-12 0.1 M Cadmium chloride 0.1 M Sodium acetate 4.6 30 % v/v PEG 400
HCS2-13 0.2 M Ammonium sulfate 0.1 M Sodium acetate 4.6 30 % w/v PEG monomethyl ether 2,000
HCS2-14 0.2 M Potassium sodium tartrate 0.1 M Sodium citrate tribasic 5.6 2.0 M Ammonium sulfate
HCsS2-15 0.5 M Ammonium sulfate 0.1 M Sodium citrate tribasic 5.6 1.0 M Lithium sulfate
HCS2-16 0.5 M Sodium chloride 0.1 M Sodium citrate tribasic 5.6 2 % v/v Ethylene imine polymer
HCS2-17 0.1 M Sodium citrate tribasic 5.6 35 9% v/v tert-Butanol
HCS2-18 0.01 M Iron(lll) chloride 0.1 M Sodium citrate tribasic 5.6 10 % v/v Jeffamine M-600
HCS2-19 0.1 M Sodium citrate tribasic 5.6 2.5 M 1,6-Hexanediol
HCS2-20 0.1 M MES 6.5 1.6 M Magnesium sulfate
HCS2-21 0.1 M Sodium phosphate monobasic 0.1 M MES 6.5 2.0 M Sodium chloride 0.1 M Potassium phosphate monobasic
HCS2-22 0.1 M MES 6.5 12 % w/v PEG 20,000
HCsS2-23 1.6 M Ammonium sulfate 0.1 M MES 6.5 10 % v/v 1,4-Dioxane
HCS2-24 0.05 M Cesium chloride 0.1 M MES 6.5 30 9% v/v Jeffamine M-600
HCS2-25 0.01 M Cobalt(ll) chloride 0.1 M MES 6.5 1.8 M Ammonium sulfate
HCS2-26 0.2 M Ammonium sulfate 0.1 M MES 6.5 30 % w/v PEG monomethyl ether 5,000
HCS2-27 0.01 M Zinc sulfate 0.2 M MES 6.5 25 % v/v PEG monomethyl ether 550
HCS2-28 1.6 M Sodium citrate tribasic pH 6.5
HCS2-29 0.5 M Ammonium sulfate 0.1 M HEPES 7.5 30 9% v/v Methyl-2,4-pentanediol
HCS2-30 0.1 M HEPES 7.5 10 2% w/v PEG 6,000 5 % v/v Methyl-2,4-pentanediol
HCS2-31 0.1 M HEPES 7.5 20 9% v/v Jeffamine M-600
HCsS2-32 0.1 M Sodium chloride 0.1 M HEPES 7.5 1.6 M Ammonium sulfate
HCS2-33 0.1 M HEPES 7.5 2.0 M Ammonium formate
HCS2-34 0.05 M Cadmium sulfate 0.1 M HEPES 7.5 1.0 M Sodium acetate
HCS2-35 0.1 M HEPES 7.5 70 % v/v Methyl-2,4-pentanediol
HCS2-36 0.1 M HEPES 7.5 4.3 M Sodium chloride
HCS2-37 0.1 M HEPES 7.5 10 % w/v PEG 8,000 8 %o v/v Ethylene glycol
HCS2-38 0.1 M HEPES 7.5 20 % w/v PEG 10,000
HCS2-39 0.2 M Magnesium chloride 0.1 M Tris 8.5 3.4 M 1,6-Hexanediol
HCS2-40 0.1 M Tris 8.5 25 9% v/v tert-Butanol
HCS2-41 0.01 M Nickel(ll) chloride 0.1 M Tris 8.5 1.0 M Lithium sulfate
HCS2-42 1.5 M Ammonium sulfate 0.1 M Tris 8.5 12 %o v/v Glycerol
HCS2-43 0.2 M Ammonium phosphate monobasicO.1 M Tris 8.5 50 9%b v/v Methyl-2,4-pentanediol
HCS2-44 0.1 M Tris 8.5 20 % v/v Ethanol
HCS2-45 0.01 M Nickel(ll) chloride 0.1 M Tris 8.5 20 % w/v PEG monomethyl ether 2,000
HCS2-46 0.1 M Sodium chloride 0.1 M BICINE 9.0 20 % v/v PEG monomethyl ether 550
HCS2-47 0.1 M BICINE 9.0 2.0 M Magnesium chloride
HCS2-48 0.1 M BICINE 9.0 2 % v/v 1,4-Dioxane 10 % w/v PEG 20,000

Table 1. Crystallography solutions tested. HCS and HCS2. Note that independent viscosity measurement for HCS2-26 = 23.5 cP at 22 °C.

Experiment 3: Protein Crystal Formation

A protein crystal was grown in-situ by adding 25 nL of protein solution (proprietary protein) to 25 nL
screening \regent and incubated overnight at room temperature.

Figure 4. A schematic diagram of a typical target well with 3 shelves and 1 reservoir (left). A photo (courtesy of Seth Harris, Genentech) of a cluster of protein
crystals grown from an Echo liquid handler transfer (right).

Summary and Next Steps

A The Echo liquid handler delivers viscous fluids such as glycerol (0 - 60%) with very high precision and
accuracy. In the case of HCS2-26 the viscosity was independently measured to be 23.5 cP at 22 °C.

A Acoustic droplet ejection (ADE) is a viable alternative to other methods of transferring liquids
commonly used in protein crystallization experiments.

A ADE allows different fluids to by mixed in situ at varying ratios in order to develop the optimum
crystallization environment.

All transfers in this work were made with a single calibration for the source plate. Adjustments for the
variable rheological and acoustical properties were made on a well-by-well basis automatically by new built-
in intelligence within the software and signal processing to dynamically adjust power.

This technology enables researchers to create customized combinatorial mixtures of either existing
crystallography solutions. We propose to carry out testing the capability of ADE to build customized
crystallography solutions in an “on-the-fly” mode, thereby enabling researchers to efficiently map out the
optimum crystal growth solution conditions.



