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2D-crystallization in combination with transmission electron
microscopy (TEM) is one of the few methods for the structural
analysis of membrane proteins in their native state. However, the
parameters for the generation of large crystalline sheets are typically
difficult to identify for a given protein. Many repetitive and time
consuming screening steps by TEM are therefore necessary to find
the best crystallization and preparation conditions
[1, 2]. Although several software packages offer _______
the possibility to control an electron microscope, ,Mn Lew s

none is completely adapted for a fully automated D

and completely integrated acquisition and analysis

of 2D crystals. Here we report on the development

of a fully automatic screening and on-line analysis " " Niedium ~
l\hpnﬁcalwn '

software for the fast and automatic survey of large t
quantities of negatively stained EM samples for 2D
crystallography.

the TEM and the on-line image characterization. The
control of the microscope (Tecnai F30 ‘Polara, FEI
Company, Eindhoven, The Netherlands, equipped
with a Gatan Imaging Filter and a 2048x2048 CCD
camera, 30 pm pixel size) is based on the acquisition
of images using the TOM toolbox, a home-made software package
utilizing the scientific computing platform Matlab (The MathWorks,
Natick, USA) [3]. The image processing tools create an on-line
analysis of the images to characterize the sample. An optimized
screening process is guided by the analysis outcome simulating
the decision of a microscopist. During this process the crystalhmty

of the sample is evaluated. Figure 1 shows the interplay of the two
parts during the three-step process described below. Crystal qual-
ity assessment can be done directly using the diffraction mode of
the microscope or by calculating power spectra of images at high
magnification. However, screening at high magnification is very
inefficient since the abundance of suitable 2D crystals can be low
and the tield of view (FOV) at that magnification (typically less than
1 um ) is small compared to the entlre grid dimensions (@ ~3 mm)
and the maximal FOV of ~ 2 mm”. Therefore, two intermediate
steps at lower magnifications are required for the complete automa-
tion process for the grid quality assessment and the identification
of suitable crystals (a segmentation process of images at medium
magnification is presented in [4]).

First, at very low magnification (e.g. 175 ), an area as large as
covering 1.96 mm” of the grid is screened and the resulting map is
processed for an initial quality evaluation (i.e. broken carbon film).
The position of the suitable mesh squares are extracted by a local
histogram analysis method and stored within the program. This step
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Fig. I: Automatic control of a TEM for 2D-crystallization evaluation. The diagram describes
the interaction between acquisition and TEM control and the image processing tools during the
three-step process.

is essential to avoid spending too much time in further acquisitions
on regions where there is no information: on the opaque copper
grid, and on regions where the carbon film upon which the speci-
men is placed is damaged. The microscope is then directed to the
determined locations for a further analysis at medium magnifica-
tion (e.g. ~ 3,000x). After automatic adjustments (auto-focusing,
uto-eucentric helght) at this magnification, several 1mages per

Fig 2: Automated screening micrographs. (1) Map of the grid at low magnification with czrcles showmg the selected squares (scale bar: 20 um). (2) Image
of crystal sheets at medium magnification (scale bar: 1 um). Circles indicate potential areas for further analysis at higher magnification. (3) High magnified
image (scale bar: 10 nm) of such an area and corresponding power spectrum (inset) with the identified diffraction peaks (circles).
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grid-square are acquired and analyzed with an edge-based algorithm
to identify potentially crystallized areas. Finally, micrographs of
these areas are acquired at higher magnification (e.g. ~ 50,000x).
To unmistakably identify crystals and to validate the success of the
crystallization approach, power spectra of the images are computed
for a subsequent peak extraction.

Experiments have been conducted on SoPIP2;1, a plant aqua-
porin recombinantely expressed in Pichia pastoris [5], and the results
are displayed in Figure 2. Results validate the ability of this method
to identify crystal in a fully automatic manner. ™
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role you will perform product installations, customer training, emergency
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Specific Experience with Scanning Electron Microscopy X-ray Microanaly-
sis and PC-based instrumentation.

Excels with working within a Windows environment and familiar with
Microsoft Office.

Experience/ willingness to travel throughout North America.
Pro-active logical thinker. Customer focused.

High level of organization and ability to document service work
Excellent communication skills with customers, sales representatives,
OEM service engineers and co-workers

Ability to lift up to 100 lbs with assistance.

Oxford Instruments is a high technology tool and systems business. It has a

broad range of capabilities, which provide the tools, processes, and solutions

needed to advance fundamental nanoscience research and its transfer into
commercial nanotechnology applications. With a unique set of technologies
to enable the manipulation and observation of matter at the smallest scales,

Oxford Instruments offers solutions for the fabrication and characterization

of nanoscale materials, structures and devices, and environments in which

to perform fundamental nanoscience. Visit our website at www.oxford-
instruments.com. We offer a comprehensive compensation and benefits package

including vacation pay, medical and >< l:

dental coverage, and a matching 401k
plan. Please submit your resume with
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