
ABSTRACT

We present an instrument that harnesses the power of acoustic 
droplet ejection (ADE) in an automated platform. The system delivers 
170 picoliter droplets with extremely high precision and accuracy in 
both volume and position. ADE applies ultrasonic energy to a 
reservoir of liquid, causing ultra-low-volume droplets to release from 
the surface. There are no tips or nozzles, and therefore no physical 
contact with the reagent or the sample surface. We demonstrate the 
use of this instrument for several applications including MALDI 
imaging mass spectrometry for both tissue mapping and peptide 
sequencing, array fabrication, and deposition of live cells and other 
reagents onto predefined microstructures. These applications are
demonstrated using a wide range of solutions including organic 
solvents, high concentrations of crystallizing agents, commonly used 
biological buffers, and protein solutions. Positional precision of as low 
as ±40 µm (± 9 µm standard deviation) enables spot-on-spot reagent 
deposition to control crystal formation and in situ reaction chemistry.

PORTRAIT™ 630 REAGENT MULTI-SPOTTER

The Portrait 630 reagent multi-spotter uses proven ADE technology1

(see sidebar below) to eject many different fluid reagents. A 
schematic of the ejection system is shown in Figure 2. Using pulsed 
radio frequency sound waves, the droplets are ejected from a 
reservoir (60 or 800 µL fill volume) onto the receiving target. In the 
Portrait 630 system the droplet volume is about 170 pL. The target 
holder accommodates metal and glass plates of different sizes, 
including many types of MALDI targets and standard glass 
microscope slides. 

FILLING PRE-FABRICATED MICROSTRUCTURES

Dispensing Live Cells

We have also used the Portrait™ 630 spotter to deposit solutions onto 
pre-fabricated microstructures such as the Nanopoint cellTRAY (Fig. 7.)  
The system can also be used to apply new reagents onto previously 
deposited spots for sequential spot-on-spot reaction chemistry. ADE is a 
gentle process that is compatible with live cell transfer as well as nucleic 
acids, proteins, and most other biomolecules.

CONCLUSIONS

• The Portrait 630 reagent multi-spotter automates ac oustic droplet 
ejection, with extremely high positional precision to enable spot-
on-spot deposition of analytes, multi-step reaction  chemistry, and 
flexibility for a wide-range of applications. 

• The Portrait 630 reagent multi-spotter provides fle xibility and 
precise droplet positioning for higher quality imag ing mass 
spectrometry.

• Portrait reagent multi-spotters can be used to depo sit a variety of 
solutions, including solvents, crystallizing agents , enzymes and
live cells onto tissues, pre-fabricated microstruct ures, and other 
substrates.

MALDI IMAGING MASS SPECTROMETRY

MALDI imaging mass spectrometry (IMS) links the universal detection 
capability of mass spectrometry with the positional information of molecular 
histology, generating mass spectra correlated to known locations within the 
tissue. MALDI-IMS can reveal the distribution of hundreds of molecular 
signals, such as drugs and proteins, ranging in size up to 200,000 Daltons.

The Portrait 630 reagent multi-spotter is optimized to deposit reagents onto 
tissue sections for MALDI imaging mass spectrometry (Fig. 5.) The spotter 
enables IMS for applications such as tissue mapping (below), proteomics 
and in situ peptide mapping.2 The system is compatible with a wide range 
of commonly used solvents, matrix reagents, and buffers. 
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Acoustic Droplet Ejection:  Move Liquids with Sound ™

Acoustic Droplet Ejection (ADE) uses focused ultrasonic energy to 
eject small droplets from a liquid (Fig. 1.) The technology can be used 
to eject droplets smaller than one picoliter and as large as 10 µL. 
Larger volumes can be transferred as multiple drops. There is no
contact between the ejection mechanism and the ejected sample. This 
technology is especially well suited to biological applications in which 
volume and/or positional precision are critical, and in which cross-
contamination of samples can interfere 
with interpretation of the results. The 
acoustic mechanism eliminates the 
need for pipette tips, pin tools or nozzles. 
See www.labcyte.com for additional 
information on ADE.

Figure 1. Stroboscopic image of ADE.

Figure 4. A) Top: Portion (60 wells) of empty cellTRAY; bottom: 60 wells 
each containing several 200-pL droplets of diluted phenol red dye. Each 
well is about 300 µm2. B) Light microscope image of six chambers, each 
filled with 10 nL (50 droplets of 200 pL each) of D. melanogaster cells in 
solution. Cells were stained with C12-Resazurin.
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A full-color flat-field CCD imaging system captures an image of the target 
sample, upon which the user specifies the spotting locations. Reagent can 
be deposited in rectangular grids or in irregular patterns. Two different 
motion control protocols optimize stage travel (Fig. 3). The images are 
stored as TIFF files. The matrix deposition spot coordinates can be 
transferred to a mass spectrometer as CSV files. 

Figure 2. A piezoelectric 
transducer converts radio 
frequency (RF) power to 
sound. As the sound waves 
are focused at the meniscus 
of the liquid sample, a 
mound rises and a droplet 
breaks free from the surface. 
The droplet flies upward and 
is captured through surface 
tension by the target plate.

Figure 3.  “Fly-by” mode 
optimizes spotting speed for 
rectangular grids, whereas “start-
stop” mode enables flexible spot 
positioning for irregular patterns.

Figure 5. A) H&E stained rat brain coronal section imaged on light 
microscope (10x). B) Adjacent tissue section spotted with 25 mg/ml 
sinapinic acid in 1:1 acetonitrile/TFA (aq) using the Portrait 630 reagent 
multi-spotter. 

C) Sum spectrum of 
cumulative signal 
from all pixels at 
each m/z. (autoflex
MALDI-TOF, Bruker
Daltonics, Billerica, 
MA.) 

D) MALDI tissue maps constructed using BioMap image analysis software 
(www.maldi-msi.org). Each image represents the distribution of a single ion 
species in the tissue section. Left: m/z 4965 (thymosin beta-4); Middle: m/z
11306-11347 (histone H4); Right: m/z 12133 (cytochrome C). (Tissue 
sections and mass spectrometry analysis courtesy of Dr. Pierre Chaurand 
and Dr. Richard Caprioli, Vanderbilt University.) 

ARRAYING

The precise spot-on-spot placement of the Portrait 630 system enables 
a new flexibility for array fabrication and miniaturization of biological 
assays (Fig. 6.)

Figure 4. A) White boundary and crosshairs on each spot indicate the 
intended spot locations, superimposed on a scanned image of the actual 
spot locations. Average spot diameter = 147 µm, CV=4.7%. B,C)
Calculated spot displacement in x- and y-axes. Standard deviation from 
best fit in the x-direction = 8.8 µm, and in the y-direction = 8.7 µm. 

Precise spot-on-spot placement allows matrix to remain concentrated, 
preventing biomolecules from migrating throughout a large wetted area. It 
also ensures accurate positional information from the tissue. Positional 
precision is ±40 µm with ±9 µm standard deviation (Fig. 4), enabling spot-
on-spot reaction chemistry such as proteolytic digestion followed by 
MALDI-MS.2 Users can apply the same or different reagents to the same 
spots multiple times. 

Figure 6. 400-micron interleaved array 
created on Portrait 630 reagent multi-
spotter. Cy3 = green, Cy5 = red, both 
dyes = yellow.
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