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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, PI) 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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2 imaging tables

10,000,000 images

Plate enabling cross polarization

 analysis introduced

Moved to optimized facility

DVR/T optimization introduced

50,000,000 images

Fee for academics ($300)

3 imaging tables

Chemical space mapping

Differential scanning fluorimetry

Silver bullets added

Image extraction

100,000,000 images

Membrane screen

UV imaging

Direct extraction of crystals

from screening plate

See Alex 
McPherson’s talk 

on Tuesday

See Mike 
Malkowski’s talk on 

Tuesday

Cryocooling characterization
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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.
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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 ……
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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. 



Image analysis (feature extraction and classifier)
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Chemical space mapping



Chemical space mapping



Chemical space mapping (analysis)



Chemical space mapping (analysis)
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Should we look at multiple hits?
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PO4 
buffer, 
pH 4.2 

(%) 

KAc 
buffer, 
pH 5.0 

(%) 

PO4 
buffer, 
pH 6.0 

(%) 

Cacod 
buffer, 
pH 7.0a 

(%) 

PO4 
buffer, 
pH 9.0 

(%) 

α-Helix 32 38 37 38 30

β-Strand 21 20 22 20 25

Turns 15 14 11 18 15

Other 31 28 30 24 30

McCabe at al. Enzyme and Microbial 
Technology,36,70-74 (2005). 

Differential scanning fluorimetry has identified 
a pH driven structural transition. This is in 
agreement with CD data. Our structural 
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.



Predictive patterns

pH range

pH<5 pH<6 pH<7 pH<8 pH<9 pH<10 pH>10C
o
n
d
it
io

n
s
 w

it
h
 c

ry
s
ta

ls
 (

o
u
t 
o
f 
1
5
3
6
)

0

5

10

15

20

25

30

Crystals 

A
v
e
ra

g
e
 c

a
lc

u
la

te
d
 s

u
rf

a
c
e
 c

h
a
rg

e

-20

-15

-10

-5

0

5

10

15

20

Charge 



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?



What we’re working on for the future?
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SAXS characterization 
of all samples

Integration of all 
elements of the 

pipeline

Addition of color 
imaging

Protein specific 
screens

www.xtuition.org
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Questions?
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