Routledge

Archives and Manuscripts, 2013
Taylor & Francis Group

Vol. 41, No. 1, 33-43, http://dx.doi.org/10.1080/01576895.2013.773850

Can archival science add value to chemical compound library
management?

Julia Cianci*

Dr Julia Cianci completed a PhD in medicinal chemistry at The Walter and Eliza
Hall Institute of Medical Research, prior to taking up a position as a research scientist
at Biota Holdings Ltd. in Melbourne, Australia. She currently works as a Project Man-
ager on antibacterial drug discovery programmes in the research division at Biota.

The synthesis and testing of thousands of chemical compounds is an essential pro-
cess in the development of small molecule drug therapies. Over time, even a small
research group can generate tens of thousands of compounds and a vast amount of
data that is associated with the compounds. One of the challenges faced by research
groups is how to manage these compound collections. This review considers chemi-
cal compound libraries from a records management perspective and was written
based on personal experience working in drug discovery and with knowledge
gleaned during postgraduate study in archival systems. A review of the four dimen-
sions — create, capture, organise and pluralise — of the Records Continuum Model
has been employed to address some of the issues associated with the management of
large chemical compound libraries. This review is not a technical description of
how to create a compound library management system; rather, it serves as a starting
point for drug development scientists to consider applying archival science theories
to improve chemical compound management.
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Introduction

Records continuum theory has provided a means by which to treat records, not just as
fixed documents, but as information objects that serve as evidence of the functions and
transactions which cause their creation.' Archives are not simply document repositories;
rather, they are active entities that are related to the records, activities and actors
involved in the creation and use of the records.” The Records Continuum Model
(RCM) developed by Frank Upward and colleagues was first published in 1996 and is
a culmination of the evolution of continuum thinking in Australia.®

The model presented by Upward (see Figure 1) uses concentric circles to display the
four dimensions: create, capture, organise and pluralise. The axes of evidence, identity,
transactionality and recordkeeping intersect across the dimensions, with the words at the
points of the axes being representative of an array of issues that are important to record-
keeping.* A more thorough explanation of all of the labels has been provided elsewhere.’
However, it is important to note that the axes and dimensions are interrelated and that the
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Figure 1. The Records Continuum Model (© Frank Upward, 1996).

continuum is not linear, allowing for the consideration of recordkeeping from multiple
starting points of the continuum or through simultaneous review of the dimensions.®

In recent years, there has been a paradigm shift away from viewing records as fixed
objects, leading the field of archival science to challenge the notion of what constitutes a
record and what constitutes archives. Records are not just considered to be embedded
within fixed hierarchical organisations, but are situated within networks of workflow func-
tionality.” This report will provide an overview of the workflows associated with creating
and screening compounds during drug discovery and then consider management of the
associated records through a reading of the RCM.® Events relating to the creation and stor-
age of compounds will be described through the dimensions of the continuum, followed
by a discussion of the ways in which an archival approach to compound library manage-
ment can ensure the integrity of the library as archives.’

Background

Research into the design of new small molecule drug therapies involves the synthesis
of hundreds or thousands of novel molecules by synthetic chemists. Once the physical
sample is prepared, analytical data is generated to provide evidence of each compound’s
chemical structure and purity (described further in the next section ‘Compound library
management and the records continuum’).'"® Compounds are then tested by biologists in
various assays to determine their efficacy against a specific biological target. The data
generated during biological screening adds value to the evidentiary nature of a com-
pound as a potential drug candidate. All of the data generated throughout the workflow
of compound synthesis to screening establishes the compound collection as an archive.
Large pharmaceutical companies will maintain libraries containing hundreds of thou-
sands of compounds and have automated robotic systems and dedicated staff for man-
aging and manipulating these libraries. Smaller research groups might initially have a
small compound library, but, over time, the library size can grow to tens of thousands
of compounds. As the compound library and associated data collection grows, an orga-
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nisation is forced to consider their library management practices to ensure that the
integrity of the library is maintained and also that compounds and relevant data are
stored such that re-access and re-use are possible.

The field of compound management became prominent with the advent of high-
throughput screening, as the logistics of managing collections of hundreds of thousands
of chemical compounds became crucial to drug development groups.'' Much of the
available literature about compound library management is written by members of large
companies with fully automated systems for the maintenance of large libraries.'? The
issue of library integrity in these reviews focuses on the specific storage conditions,
such as low humidity, the importance of an inert atmosphere and optimal temperatures.
One of the most thorough reviews on compound library management by Chan and
Hueso-Rodriguez includes schematic representation of compound management pro-
cesses and describes the automated systems and informatics tools used to manage a col-
lection.'® The authors also highlight the importance of having a group dedicated to the
management, control and retrieval of library compounds. They provide a fairly compre-
hensive analysis of the logistics involved in the manipulation of a very large compound
library. However, while the report by Chan and Hueso-Rodriguez and similar reviews
on compound management describes the use of well-established automated systems,
they do not illustrate the decision-making processes involved in system development.
Also, the incorporation of legacy compounds and data into a new library system is
rarely mentioned (if at all) in compound management literature.

For a small group without the resources for specialist robotics and customised infor-
matics systems, the management of an ever-growing compound library can seem over-
whelming. Any new system must be able to manage new compounds as they are
created, as well as being able to absorb the existing library and large quantities of leg-
acy data. The scientists’ equivalent of a dark and dusty basement packed with boxes of
old yellowing files may be fridges and freezers full of compounds in a variety of vessel
types and the metadata available to help identify each compound may be incomplete.
How does a small group with limited resources approach the complex task of upgrading
the management of their compound library?

Some of the key issues that require consideration are:

* Should a dedicated person or group be employed to manage the compound
library?

* How should the current storage space be utilised and will new fit-for-purpose
spaces be required?

* What sorts of storage vessels should be used and how will they be labelled?

* How will information about the compounds be catalogued and stored?

An approach to compound management is considered in this review through reading
the RCM and using the model to assist with the decision-making processes involved in
creating and administering a compound library.

In order to review the records continuum, it is important to consider the nature of
records in an archival context and also how scientists consider records. It was identified
in the InterPARES 2 project report that there is a strong focus on data management in
the sciences, but records receive far less consideration.'* Although scientists do not nec-
essarily consider records management as part of their everyday work, they do under-
stand the need for the authenticity and reliability of research data, so that they can
provide accurate evidence to support their hypotheses and research claims. Authenticity,
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reliability and accuracy are the features that differentiate records from other information
sources.”” Also, records have ‘transactionality’, as they serve as evidence of actions.
This is the whole purpose of creating scientific data — to provide evidence of
experiments.

It may be possible to take archiving and records management practices from the
more ‘traditional’ library and archives settings and apply them in scientific research and
development, because scientists already understand the importance of the core principles
of records management. Applying archival theory, such as the records continuum, to
compound library management could help ensure that the compounds are true records
and accurate evidence of an organisation’s research efforts.

Compound library management and the records continuum

The RCM has been a valuable theory in archival science, as it represents the multi-
dimensional nature of recordkeeping and archiving.'® The dimensions — create, capture,
organise and pluralise — will now be considered from a chemical compound manage-
ment perspective. Figure 2 describes some of the events associated with these dimen-
sions of the RCM. Two different aspects of the library need to be considered: the
physical samples themselves and the data associated with the samples.

Dimension 1: create

The ‘create’ dimension is quite complex when considering chemical compound manage-
ment. The creation of the physical compound itself is not the result of a single transac-
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Figure 2. Events involving the creation, capture, organisation and pluralisation of chemical
compounds.
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tion, such as mixing two chemicals to create a final product. Often a series of chemical
reactions are performed over several days or weeks before the final compound, which
will be tested in a biological assay, is generated.'” Throughout this process, a series of
intermediate compounds are created, and each of these has associated characterisation
data.'® Whilst each intermediate compound is itself a record, it is also a proto-record
for the final compound. The characterisation data for each compound is evidence that
the compound has the desired chemical structure, and all of the intermediates and asso-
ciated data serve as evidence of the transactions performed by chemists (as actors) that
occurred to generate the final compound. For each final compound, many different
types of assays can be performed, generating many sub-samples and a large amount of
data and metadata. The group of actors also extends to include the biologists that screen
the compounds.

To provide the samples to biologists for screening, the parent compound is subdi-
vided into daughter samples, and each of these daughters can be used for a different
purpose.'® The compounds are screened to determine their efficacy against a biological
target and serve as evidence of the early stages of a drug development programme.

Dimension 2: capture

At the ‘capture’ stage, compounds are transferred to storage vessels and a series of char-
acterisation data is collected. The metadata related to the compound (such as the chemi-
cal structure, purity, the name of the creating chemist and the synthesis date) is
registered into a database and the compound is given a unique ID number. From the
parent compound, a series of daughter samples will be generated for various purposes
in addition to the primary biological screening, including stability and solubility testing
and a variety of other assays. The data associated with all of the analyses and screening
is also captured at this stage.

Deriving daughter samples from the parent can be reviewed through reading the
records continuum in reverse, from capture back to creation. The continuum approach
does not require creation and capture to be single events, but allows for consideration
of these states through time. This non-linear approach is important in revealing a flaw
that can occur with compound management at the create and capture stages. With the
preparation of each daughter sample, a new record is created. However, the processes
associated with the capture of the sample and its associated data are not always per-
formed. Daughter samples are not always given unique IDs, and metadata that traces
the daughter to its parent may not be created. If there is a failure somewhere in a pro-
cess (for example, decomposition of a sample), it might not be possible to trace which
other related samples have been affected and, thus, the integrity of the data is compro-
mised. The records that are considered essential to accompany the creation and capture
of the parent compound should therefore also accompany all other creation and capture
events, so as to ensure that the compounds serve as accurate evidence of the core busi-
ness of the group.

Dimension 3: organise

A compound archive should allow the compounds (as records) to serve as evidence of
their functions through time and as an accurate memory of an individual’s activities and
a whole organisation. Consideration of appropriate storage conditions for the compound
library is crucial to ensure that integrity is maintained throughout the life of the library.
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Much of the compound management literature previously mentioned describes
appropriate physical storage conditions for chemical compounds to prevent their decom-
position, so the details of such storage will not be considered further here. Instead, a
review of the continuum and how it can assist in the decision-making processes relating
to compound storage will be discussed.

Initially, the creation of compounds for drug screening is dictated by the specific
biological target that is the focus of a project team. It can be tempting to group com-
pounds in archives by project, with the archives managed from within the project team,
so that the compounds are readily accessible by actors involved in their creation and
primary use. This approach privileges the ‘creation’ dimension and does not consider
all of the actors and functions that may be associated with the compounds in the future.
Over time, the library may be screened and re-screened on various projects, and subsets
of one project may become part of another. Compound storage by project therefore
becomes complicated over time. An alternative approach is to ensure that any relevant
project information is captured amongst the compound data, but to archive the com-
pound in the context of the entire library, not just within one project collection. Appro-
priate data and metadata should be archived in parallel with the compound to ensure
ease of retrieval independent of a compound’s initial purpose or time of creation.

Dimension 4: pluralise

The ‘pluralise’ dimension of the records continuum is concerned with the way in which
archives are integrated into a broader framework.”’ For chemical compound archives
that are created for internal use within a research group, the relevance of pluralisation is
not always immediately obvious. The integration aspect may not relate how the com-
pound archives could be accessed by an external organisation, but rather how the
archives integrate with pre-existing information management systems within the organi-
sation.

Consideration of the arrangement of the compound archives and associated metadata
at both the organisation and pluralisation dimensions can significantly impact how read-
ily individual compounds and groups of compounds can be accessed in the future. As
described above, consideration of possible future uses of compounds and not just their
initial use can affect how the compounds are organised into the archive. For example,
compounds could be stored in solution in 96-well plate format (see Figure 3) in a free-
zer?! This method of storage requires a significant amount of work at the ‘creation’
dimension, but will minimise storage space and cost when compared with compound
storage in individual vials, which is especially important as the library grows over time.
However, if single compounds are required for future use, an entire plate of 96 com-
pounds must be thawed in order to access one compound. Repetition of freeze-thaw
cycles can increase the likelihood of compound decomposition, yet storage of the com-
pounds at higher temperatures to minimise freeze-thaw cycles can also lead to signifi-
cant decrease in compound integrity.>? For these reasons, it may be more beneficial to
store compounds in individual vials as dry samples without solvent. The initial cost
may be higher, but the library’s integrity is preserved in the long-term. Considering
preservation at the time of creation highlights the importance of reading the whole
continuum through each stage of library management.

The metadata associated with the compound archives is as valuable to a research
group as the compounds themselves. The metadata provides information about the
chemical structure, purity and biological activity of the compounds and ensures that the
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compound can be re-synthesised. It is this data that will be scrutinised internally or by
external organisations to determine whether a drug development project is suitable for
progression into clinical development. The data may also need to be accessed for
patent publication, so the integrity of the library and data is essential for the integrity
of the organisation’s intellectual property. The system that stores the compounds and
metadata therefore requires flexibility, so that relevant information can be readily
accessed and re-packaged for a variety of purposes. Therefore, all of these elements
need to be considered, in order to ensure that the archives are readily accessible for
future purposes.

An additional external mandate that needs to be considered with chemical
compound archives is compliance with occupational health and safety (OH&S) and
dangerous goods regulations. Chemical compounds prepared for research purposes are
not subjected to a full assessment of their toxicity to determine their safety. Therefore,
the compounds are all treated as toxic and need to be stored, handled and transported
in accordance with the National Occupational Health and Safety Commission (NOHSC)
code of practice for the storage and handling of dangerous goods.”® A risk assessment
should be performed, detailing the potential hazards associated with compound manage-
ment and storage, thus ensuring that any storage space meets OH&S requirements and
also that any additional metadata is created.

Evidence, identity, transactionality and recordkeeping

The previous sections described compound management events by reviewing the RCM
from creation and working outwards. What follows considers alternate readings of the
continuum, in order to inform decisions regarding compound archiving.

To begin with, an ‘outside-in’ review of the continuum along the recordkeeping axis
considers the requirements for organisation of compounds into archives and how these
requirements can dictate events that occur at the ‘create’ and ‘capture’ dimensions. The
archives may initially need to be readily and frequently accessed by scientists as
compounds are used in current research. The same compounds may then need to be
stored for several years and re-accessed by different actors for different projects. For
current, frequent access, the archives needs to be stored on the same site as the users,
and compounds need to have appropriate accompanying metadata, so the physical
coordinates of a particular compound in a fridge or storage room are available for easy
access. If specific storage vessels are required for archiving purposes, then these vessels
could be introduced at the capture stage. Also, the data and metadata necessary for
management of the archives could be generated when the compounds are created and
captured. Planning for future uses and future library growth will also ensure that an
appropriate space is dedicated to the compound archive. By considering how the
compounds will be archived before they are created prevents resources being required to
reorganise the records at the stage of archiving and improves the efficiency of compound
management.

Reviewing the evidential and identity axes of the RCM indicates that the
compound library needs to serve as the memory of the organisation. To minimise the
risk that the memory could be lost, a duplicate of the entire archive could be stored on
a separate site under conditions that ensure the integrity of the compounds. Consider-
ations such as this, as regards the organise and pluralise dimensions, impact upon the
creation phase. If a duplicate of all compounds is required for off-site archives, then
the quantity prepared at the beginning needs to be increased. Considering organisation
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before creation ensures that enough of a compound is generated for both current and
future uses. Such risk mitigation is easily put into practice, by ensuring that scientists
are aware of the immediate use, as well as the archiving requirements, for the
compounds that they synthesise, so that the appropriate quantities are made. Also,
specialist compound management facilities are available that enable off-site storage of
a duplicated library.**

In recordkeeping systems, the authenticity of a record is essential for that record to
serve as evidence of the functions and transactions for which it was created.”” This is
certainly true when considering compounds as records in a drug development process.
Biological screening of compounds that have decomposed or have been mislabelled can
lead to drawing false conclusions based on the data generated from such screening.
Time and money are wasted by creating data based on these invalid records. Ensuring
the integrity of a chemical library by quality control analysis can be very time-consum-
ing and costly and is sometimes even considered a luxury in a research group with lim-
ited resources. The prevailing approach to compound screening in time-constrained
research groups is to screen for functional activity first and then to only review the
quality of compounds of interest. The problem with this approach is that weeks can be
wasted on invalid data; time that would have been saved by ensuring the quality of the
library from the beginning. Approaching compound management from an archivist’s
perspective highlights the importance of the integrity of records as evidence. A com-
pound archive can be created with processes in place to monitor the quality of the com-
pounds and ensure their continuing integrity.

A review of the RCM can support the decisions associated with creating a chemical
compound archive. In addition, continuum thinking can be applied when considering
how legacy data is incorporated into an archive. The requirements for archives to act as
evidence of an organisation should also be met by old compounds being introduced into
a new system. There is often reluctance within research groups to destroy old com-
pounds, not only because it would seem to be a waste of the resources that went into
preparing the compounds, but also because of the fear that such disposal will result in
the loss of crucial future results. However, as previously described, much time can be
wasted collecting invalid data. If old compounds have not been kept under storage con-
ditions that ensure their composition and integrity, then they need to be re-evaluated
before entering new archives.

Disposal schedules are very useful in records management and archiving, as they
relate not only to the destruction of records, but also to the retention, transfer and
archiving of records.”® Generating a disposal schedule relating to compound manage-
ment and storage would provide valuable information to all members of a research
group. The schedule could detail the data that is required at the create and capture
stages to ensure the validity of each record. In addition, the schedule could include
guidelines for the archiving of analytical data and associated metadata and provide
workflows for managing the physical organisation of samples into archives.

Conclusions

In reviewing compound management from a records continuum perspective, it becomes
apparent that a system that ensures the integrity of archives is not self-sustaining. It
requires active management through constant appraisal of the records and the processes
and transactions in which they are involved. The ideal compound library manager
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requires a scientific background and experience working in a laboratory environment,
but they would also benefit from training in information management and archival sci-
ences. A compound library manager with these cross-disciplinary skills to manage the
library and associated data and databases would ensure the integrity of the library as
archives and could help to introduce an accountability framework to govern the crea-
tion, capture, organisation and pluralisation of the records.

Approaching chemical compound library management through a reading of the
RCM has revealed a number of ways in which archival science can add value to the
field of compound management. A non-linear evaluation of the records continuum high-
lights events that can be introduced at the creation and capture stages, which allow for
an effective compound archive to be generated and maintained.

The compounds are not only evidence of the process involved in their synthesis, but
also evidence of the work performed by actors and evidence of a drug development
programme. When collected in archives, the compounds serve as the memory of the
group and their core business. The integrity of the records as evidence is therefore cru-
cial, and the design of the archives should incorporate features that ensure all functions
and uses are preserved.

Considering chemical compounds as records highlights the complexity that can be
associated with defining a record. Postmodern approaches to records management can
help accommodate the notion of compounds and associated data embedded within
workflow functionality. When a compound is initially created, without any confirmed
information about its chemical structure or its physical and biological properties, is it a
record yet or is it just white powder? As data relating to the chemical structure and
physical and biological properties are created, the compound becomes a true record,
continually in a state of becoming. The compound itself and each new piece of associ-
ated data are fixed at the time of creation, but this ‘record collective’ is continually
changing for each compound, as its purpose changes through time. Approaching a com-
pound as a record collective can have a significant impact on the way in which com-
pound archives are created and managed.

This review does not provide specific details on how to create the ideal compound
library management system. Rather this reading of the RCM provides a reference point
for those involved in compound management to consider such management from an
archivist’s perspective. It allows compound managers to exploit the wealth of
information published by recordkeepers and archivists to assist in the creation and
management of high quality compound archives.
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