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An introduction to the screening laboratory at the
Hauptman-Woodward Medical Research Institute

Since February of 2000 the High Throughput Search (HTS) laboratory has been screening potential
crystallization conditions for the general biomedical community and two Protein Structure Initiative large-
scale structure production centers (NESG, Montelione, PI; SGPP/MSGPP, Hol, Pl) and one PSI specialized PSI-2
center (CHTSB, DeTitta, PI).

The HTS lab screens samples against an incomplete factorial screen of two categories of crystallizing agents:

1. buffered (4<pH< 10), highly concentrated salts (35 salts total, sampling 18 different cations and 20
anions) — XXXX conditions.

2. PEG/salt/buffer solutions (eight buffers (4<pH< 10), six molecular weight PEGs at three concentrations,
and 35 salts at fixed 200 mM concentration) — XXX conditions.

Added to this is a screen of some XXX conditions encompassing screens commercially available from
Hampton Research.

The crystallization method used is micro-batch under oil with 200 nl of protein solution being added to 200 nl
of precipitant cocktail in each well of a 1536 well plate.

Wells are imaged before filling, immediately after filling then weekly for six weeks duration with images
available immediately on a secure ftp server.

The HTSlab has investigated the crystallization properties of over 12,500 individual proteins archiving over
115,000,000 images of crystallization experiments.



The staff,
instrumentation
and crystallization
plate used

See the poster by Joseph Luft
for full details of the
laboratory.
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Born in Buffalo

Over 1,000 general biomedical
laboratories world wide use the
crystallization screening service
with approximately 2,000 unique
investigators.

Investigators are sent photographs
of the results, analyze these
images and perform their own
optimization of any hits observed.

No information is released on
targets. Progress is tracked by
acknowledgements and citation
searches. Currently no other
metrics are used to measure
success rates for the general
biomedical community.

These images represent examples
of structures from initial hits in the
HTS laboratory.




Where success is tracked.

For our Protein Structure Initiative
partners both success and failure is
tracked. In the case of NESG our initial
screening hits enable on average 80
structures per year to be deposited to
the PDB.

The graph demonstrates the ramp up
of operations with maximum success
reached from 2006 onward.

Our success rate from protein in the
door to a crystallization hit leading to a
PDB deposition is 22%.

The NESG samples represent a special
case in that they are well characterized
beforehand ......

Structures deposited to PDB
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Image analysis (training set)

We have manually classified 147,456 images representing
crystallization experiments from 96 different macromolecular
samples. Each image has been classified by three people into
seven predefined categories, or their combinations. These
were clear, phase separation, precipitate, skin, crystals, junk
and unsure representing a compromise between fidelity and
practicality.

Crystal images were selected from 269 macromolecules that
showed clear crystal hits (out of 823) provided by the NESG
and SGPP structural genomics centers. These were classified
by a single viewer and represent a data set of some 2.4
million images (2 week and 4 week reads) that have been
manually viewed.

These data sets were combined, a test set extracted, and the
remainder used to train an image classifier program.
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Establishing a training set through the visual analysis
of crystallization trials. Part 11: crystal examples
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In the automated image analysis of crystallization experi-
Accepted 2 September 2008

ments, representative examples of outcomes can be obtained
rapidly. However, while the outcomes appear to be diverse,
the number of crystalline outcomes can be small. To com-
plement a training set from the visual observation of 147 456
crystallization outcomes, a set of crystal images was produced
from 106 and 163 macromolecules under study for the North
East Structural Genomics Consortium (NESG) and Structural
Genomics of Pathogenic Protozoa (SGPP) groups, respec-
tively. These crystal images have been combined with the
initial training set. A description of the erystal-enriched data
set and a preliminary analysis of outcomes from the data are
described.

1. Introduction
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Image analysis
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Abstract We have developed an image-analysis and
classification system for automatically scoring images from
high-throughput protein crystallization trials. Inage anal-
ysis for this system is performed by the Help Conguer
Cancer (HCC) project on the Waorld Community Grid
HCC calculates 12375 distinet image features on micm-
batch-under-oil images from the Hauptman-Woodward
Medical Research Institute’s High-Thmoughput Screening
Labomtory. Using HOC-computed image features and o
massive traiming set of 165,351 hand-scored images, we
have tmined multiple Random Forest classifiers that
accurately recognize multiple crystallization outcomes,
including erystals, clear drops, prcipitate, and others. The
system successfully mcognizes 8% of crystal-bearing
images, §9% of precipitate images, and 98% of clear drops.

Keywords Image analysis -
High-throughput potein crystallization
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Introduction

Proein crysullization is a difficult step in the structural-
crystallographic pipeline. Lacking specific theories that
map a lrgel protein’s physico-chemical properties to a
suceessful crystalli zation cocktail, the structural genomics
community uses high-throughput protein crystallization
against hundreds or thousands of

al Research
Institute’s (HWI) High-Thmughput Seresning Laboratory
uses the microbatch-under-oil lechnique 1o test 1536
cockiails per protein on a single plate [9]. Robotic pipetting
and imaging systems efficiently process dozens of protein
samples (and thus tens of thousands of images) per day.
The botileneck in this process is in the scoring of each
imuge—recognizing crystal growth or other outcomes in an
image currently reguires visual review by a human expert
To-date, HWI has generated over 100 million images,
representing maore than 15 million distinet protein/cocktail
trials over 12,000 proteins,

We describe here o method developed For sutomatically
seoring protein-crystullization4nal images aguinst multiple
crystallization outcomes. Accurate, automuted scoring of
protein crystallization tials improves the protein crystalli-
zation processin several ways. The technology immediately
improves throughput in existing screens by removing o

&) Springer
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Chemical space mapping
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The application and use of chemical space mapping

to interpret crystallization screening results

Macromolecular crystallization screening is an empirical Received 17 June 2008

process. Tt often begins by setting up experiments with a
number of chemically diverse cocktails designed to sample
chemical space known to promote crystallization. Where a
potential crystal is seen a refined screen is set up, optimizing
around that condition. By using an incomplete factorial
sampling of chemical space to formulate the cocktails and
presenting the results graphically, it is possible to readily
identify trends relevant to crystallization, coarsely sample the
phase diagram and help guide the optimization process. In this
paper, chemical space mapping is applied to both single
macromolecules and to a diverse set of macromolecules in
order to illustrate how visual information is more readily
understood and assimilated than the same information

presented textually.
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AutoSherlock: a program for effective
crystallization data analys
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A program, AuwtoSheriock, has been developed to present crystallization
screening results in terms of chemical space. This facili i i ion of lead
conditions, rational interpretation of results and directions for the optimization
of crystallization conditions.
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Chemical space mapping



Chemical space mapping (analysis)



Chemical space mapping (analysis)
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Melting temperature (°C)

Should we look at multiple hits?
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Differential scanning fluorimetry has identified
a pH driven structural transition. This is in
structural

agreement with CD data. Our
knowledge is of the low pH form.
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Does it diffract?






A unique data set



Turing high-throughput to high output

The current success rate is 22%, i.e. 1 out of every 5 samples coming through the
laboratory door lead to a structure deposited in the PDB.

Optimist — structural information is obtained in a greater than average number of cases.

Pessimist — despite having soluble pure samples ~80% of the time we fail.
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Case study

A eukaryotic tRNA transferase

Crystallized in the
standard screen but
missing some 200
residues known to be in
the crystal



Complete pipeline
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What’s available now?
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Total number of samples

What we’re working on for the future?
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