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Introduction

The new automated high throughput approaches applied in the field of
macromolecular crystallization during the last decade have resulted in the
generation of a huge amount of informationt. To meet the emerging need for
handling this information a number of tools has been developed. Our work
focuses on the organization of commercial crystallization conditions, as well as
those derived from a crystallization lab routine, in a database to support the
crystal optimization process. We have developed a computer software
application for handling protein crystallization conditions and trials. The new tool
facilitates organization and storage of crystallization related data in a relational
database.

System components & requirements

The application developed comprises a relational database and a database
management system (DBMS) to meet user requirements as described in Table
1. The data are imported through user friendly forms and are organized in a
repository. Our DBMS provides users the option to submit queries and retrieve
data from the database that will be exploited for further crystallization trials. The
structure of the system built and the relevant UML model of the database are
shown In Figures 1 and 2, respectively.

Table 1

System A relational database

components

A database management application

User Recording & organization of protein crystallization data

Requirements Data mining for optimization of crystallization conditions

| Optimization
opt code INT

Data entries "t A

DATA MANAGEMENT
APPLICATION
> protein percentage FLOAT
> protein concentration FLOAT
REPOSITORY ~] arystallization trials v . predipitant concentration FLOAT
hit code INT > buffer concentration FLOAT
<> condition code INT > salt concentration ALOAT

> batch code DATE
> date of trial DATE
> plate code INT

> growth temperature INT

»inspecton date 1 DATE

» form ation VARCHAR(45)

»inspectionimage 1 GHAR

B < plate code INT
> growth temperature INT
» seeding BOOLEAN
» additives VARCHAR(45)
> resultimage CHAR

Import
new data

»score INT

& <o score 1 INT

PRIMARY

database

> inspection date 2 DATE hi t code
& AS k »inspectionimage 2 CHAR
> score 2 INT e
q ue St | ons »date of validation tial DATE 7
»inspectionimage 3 GHAR
j e 2score 3 INT =
condition code INT PRIMARY
> kit description VARCHAR(45) condition codé
ﬂ > company VARCHAR(45) batch code
> well INT ' ~] Protein Samples v
» precipitant description VARCHAR(45) ' batch code DATE
» precipitant concentration FLOAT > arrival date DATE
. O u t p u t > buffer description VARCHAR(45) > sender VARCHAR(45)
F | g u re 1 . . » buffer concentration FLOAT > protein code VARCHAR(45)
N fo Fma t 1oN > salt description VARCHAR(45) > protein concentration FLOAT
> salt concentration ALOAT

> aminoacid number INT

System structure & data flow

»pH FLOAT
> comments VARCHAR(45)

> molecular weight INT
> purity CHAR

PRIMARY

PRIMARY

Figure 2:

Front-end environment UML model of the database

The database management application employs a web-based environment as
front end, therefore users can run the application on any web browser. Addition
of new data through the individual forms and submission of search gueries in the
database can be very simple tasks. Previews of the forms used for different
functions are presented below (Figure 3).
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Figure 3
Screenshots of the front end environment
a. Results of a search query.
b. Submission forms
c. Asearch query form

Types of Data

The structure of the database emphasizes into 4 different data categories as
outlined in Figure 4.
o Commercially available and home-designed screens of crystallization
conditions.
o Protein samples used in crystallization trials.
o Optimization conditions explored to improve the quality of the crystal.
o Evaluation scores of the crystallization trials results

Figure 4
Types of data imported in the

database database

Search queries

Users can compose their own search queries (Figure 3b), defining a specific
range of variables concerning:

» crystallization solution properties (pH, concentration, etc.)

> experimental conditions (temperature, seeding, volume, etc)

» other parameters relevant to a particular experiment (date of
crystallization trial / observation, sender, etc.).

Researchers may retrieve valuable information (e.g. crystallization
conditions of homologous proteins) In order to design their next set of
crystallization experiments.

How to use

Here we describe step by step a convenient method to make use of our

application as a tool in the crystallization process (Figure 4).

¢ Use the avallable templates to submit your data (protein sample,
crystallization conditions, etc.) (step 1).

¢ Compose your preferred search query (step 2).

» If you get positive results in your first series of crystallization trials:
o Use the experiment conditions as a guideline in your query
» If your crystallization trials have no significant success:

o Try to form a query based on the properties of your protein.

¢ Use the results of your search to adjust your next round of crystallization
experiments (step 3).

¢ Do not forget to submit the conditions of your last trial in the database as
a new optimization experiment (step 4).
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