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Facilitating quality control for spectra
assignments of small organic molecules:
nmrshiftdb2 – a free in-house NMR database
with integrated LIMS for academic
service laboratories
Stefan Kuhna* and Nils E. Schlörerb**
ABSTRACT: nmrshiftdb2 supports with its laboratory informationmanagement system the integration of an electronic lab admin-
istration and management into academic NMR facilities. Also, it offers the setup of a local database, while full access to
nmrshiftdb2’s WorldWideWeb database is granted. This freely available system allows on the one hand the submission of orders
for measurement, transfers recorded data automatically or manually, and enables download of spectra via web interface, as well
as the integrated access to prediction, search, and assignment tools of the NMR database for lab users. On the other hand, for the
staff and lab administration, flow of all orders can be supervised; administrative tools also include user and hardware manage-
ment, a statistic functionality for accounting purposes, and a ‘QuickCheck’ function for assignment control, to facilitate quality
control of assignments submitted to the (local) database. Laboratory information management system and database are based
on a web interface as front end and are therefore independent of the operating system in use. Copyright © 2015 John Wiley &
Sons, Ltd.
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Introduction

With the increasing availability of modern medium and high-field
NMR spectrometers for routine characterization of small molecules,
the ‘output’ of data from academic institutions has grown consider-
ably during the last two decades. However, while state-of-the-art
equipment is available to generate the data, solutions for the
post-processing steps like data treatment, assignment of spectra,
and quality control of NMR data submitted for publication often
lag behind. One freely available aid for academic service laborato-
ries is offered by the local database and assignment tools of
nmrshiftdb2 and its integrated laboratory information manage-
ment system (LIMS), which can facilitate the handling of NMR spec-
tra on the downstream side of the NMR facility.
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Background

Academic NMR service facilities nowadays often need to face two
main issues: on the one hand, a low budget and a reduced person-
nel situation and, on the other hand, an exponential growth in
(NMR) data. The latter is due to the increasing availability of modern
NMR equipment (including robots and automation) and pulse se-
quences, allowing to run experiments for an ‘over-determination’
of structure assignments in a fraction of the time that was necessary
in the past. Thus, although the efficiency of NMR for accurate assign-
ment has evolved rapidly after the introduction and availability of
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gradient-selected 2D experiments in academic service laboratories,
the manner how chemistry research labs/groups deal with the
resulting data often does not keep pace with the increasing amount
of ‘assignable’ structures. This becomes manifest in an observable
decline of assignment quality.[1] In fact, several journals for synthetic
chemistry do not require full assignment or actually reduce data
presentation, and there is an increasing number of cases of ‘data
mismanagement’ in Supporting Info sections,[2] not to mention
the reduced quality of assignments, including incomplete and
wrong assignment, leading in worst case to later retraction of data.

At the same time, in a field of such paramount importance for
day-to-day structure elucidation like NMR spectroscopy, there still
exists the following: (i) no agreement on how to generally submit
experimental data for small molecules[3] and (ii) there are no (freely
available) protocols/tools/implementations for a quality check of
assignments for NMR data of small molecules, as it is in contrast
the case (and often required), e.g. for the submission of X-ray and
Copyright © 2015 John Wiley & Sons, Ltd.
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peptide/protein NMR data.[4] In addition, the occupation of NMR
facility staff, with an increasingly reduced number of positions avail-
able, often does no longer allow to implement ‘traditional’ ways of
spectra assignment and quality control of assigned spectra formost
samples. Thus, the consequent treatment of scientific data is often
disregarded or left to the attention of scientists not sufficiently
trained in this specific field, because of the lacking availability of
the aforementioned resources. Therefore, in spite of the educa-
tional efforts to teach the information contents of NMR spectra
per se, users are often ‘left alone’ with the processing and assign-
ment procedures for their (high quality) data. Additionally, they
are often not informed about the possibilities on how to evaluate
their assignments (besides using the ‘predict function’ of commer-
cially available chemistry software, which can be a limiting factor for
academic scientists). Databases for small organic molecules, which
make available free tools to check the quality of assignment, are
scarce[5] or focused on specific classes of compounds.[6] Large
repositories are either restricted to internal use in industrial
laboratories or only commercially available.[7]

Recommendations from scientific research councils or scientific
divisions for magnetic resonance[8] include the entire number of
steps from making measured data available for users, local data
storage, and data handling. However, so far, these recommenda-
tions have mainly been imposed on ‘large-molecule’ NMR laborato-
ries, where throughput and workflow are comparatively minor
limiting factors. For day-to-day, small-molecule NMR facilities in ac-
ademia, which have to servemany different user groups at the same
time, the practical situation is often significantly more complex. One
aspect to improve this situation to a certain extent would be to
Figure 1. Functions of nmrshiftdb2’s laboratory information management sy
operates the lab administration functions (blue) and provides the functionalit
World Wide Web database of nmrshiftdb2 (red).
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locally improve the assignment quality ‘on the roots’, i.e. provide
service laboratories and users with an infrastructure that allows a
more efficient data treatment for assignment and its quality control.
This was the origin of our design for a LIMS for an academic service
NMR laboratory, which we describe in the present paper (Fig. 1).

With the intention to install a free, open NMR database for small
molecules, NMRShiftDB was created in the early 2000s.[9] This data-
base is so far the largest, completely free installation of its kind. To
integrate NMR users and to make them familiar with the handling
of the web-based software and the integrated tools, during the last
8 years, we programmed, installed, and institutionalized a LIMS for
nmrshiftdb2, at the University of Cologne (UzK), serving as an inter-
active, ongoing project to improve data quality control of NMR as-
signments. At this point, it features most of the aforementioned
requirements, is platform-independent, is easy to implement, and
has reached a stage of functionality and documentation, where
we would like to introduce it to the NMR community and invite
others to participate, share, use, and develop it as a common tool
for academic service laboratories.
Experimental and methods

Local situation – NMR facility at the University of Cologne

At the Department of Chemistry of UzK, NMR spectrometers are op-
erated partially in open access (four instruments), but also by tech-
nicians that belong to NMR staff (three instruments). The facility is
supervised by a scientific manager. Besides an introduction to
NMR spectroscopy, 1D and 2D NMR spectra assignment is taught
stem (LIMS) and database system in a lab environment. A common server
ies of a local database with assignment tools and (optional) access to the
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as an essential part of chemistry education; also, courses on the use
of NMR databases and, more specifically, the tools provided by
nmrshiftdb2 are obligatory. The service facility is an integral part
of the medium-sized department with about 150 active NMR users
from organic, inorganic, physical and biochemistry, and some addi-
tional external academic institutions. Users include all levels of
chemical education, ranging from undergrad synthetic chemistry
laboratory classes through advanced projects to students
conducting their thesis and research fellows. Before being able to
make use of the NMR facilities, each user is required to register
and receives a short introduction on nmrshiftdb2’s LIMS. Currently,
about 35 000 samples are processed per year. Although in our de-
partment, instruments manufactured by Bruker (Bruker Biospin
GmbH, Rheinstetten, Germany) are operated and the correspond-
ing software (TopSpin vs 1.3–3.2 and ICON-NMR vs 4.0–4.6)[10] is
used, nmrshiftdb2 can be applied to other environments, as well,
because it is platform independent. An additional installation is
currently under way at the NMR facility of Ruhr University Bochum
(RUB, Germany) and the NMR lab of the Institute of Organic
Chemistry at Johannes Gutenberg University (Mainz, Germany).

nmrshiftdb2 – LIMS and local database

nmrshiftdb2 provides two basic functions, a LIMS and a local data-
base: The LIMS operates the data server, processes orders for auto-
mated measurements, and allows access to orders through two
different profiles, i.e. facility users and facility staff. It includes tools
for a fully electronic lab administration – a ‘paper-free’ lab. For this,
we link the nmrshiftdb2 system to the spectrometers in two ways.
On the one hand, ordersmust be transferred to the instrumentman-
ufacturer’s software if a sample changer is used. In the current setup,
this is carried out by copying text files that comply with the Bruker
ICON-NMR format for ‘External Setup’ via Secure Copy (SCP) to the
TopSpin computers.[10] On the other hand, files produced by spec-
trometers must be transferred into the nmrshiftdb2 system. For this,
we use a script that automatically transfers the files generated by the
spectrometers on the nmrshiftdb2 server using the Server Message
Block (SMB) protocol. This setup can be varied depending on the
environment in the lab and can also be adopted for other instru-
ment manufacturers. Currently, the free scheduling service ‘faces’[11]

is integrated for scheduling purposes. The orders are used to pro-
duce statistics, based on the types and numbers of experiments
carried out by the members of the groups, other departments,
and external users. For accounting taking instrument times into ac-
count, a closer integration of the scheduling function is envisaged.
The local database function allows to build a dedicated database,

which can be used similar to the public nmrshiftdb2 instance, but
can contain local data in addition to data from the public server.
These data may be confidential and will help get better predictions
specifically in the areas local groups are working on. Similar to the
public database, users can submit data, but they can do this from
their sample orders, using existing data like probable structure.
They will also see a prediction and be able to use the CSEARCH ro-
bot referee.5b,12 This links the lab systemwith the quality control. At
the same time, administration of the NMR facility becomes easier
and contributes to the overall goal of quality control.

Modes of installation, practical implementation

The softwaremust be installed on a server, which is accessed by the
users via a web browser. The hardware requirements are modest;
any current ×86 server is sufficient. Technologies like high-
wileyonlinelibrary.com/journal/mrc Copyright © 2015 Joh
availability systems or Redundant Array of Independent Disks
(RAID) disks can be used as wished. Because the software is written
in Java, it can run on any operating system where a J2EE-
compatible servlet container can run, which should be all current
systems including Linux and Windows. Detailed installation
instructions are contained in the nmrshiftdb2 download.[13]

The installation at the UzK includes, besides the LIMS, a local da-
tabase, with a protocol to assure privacy of data (and later submit to
nmrshiftdb2’s World Wide Web database). However, it should be
mentioned that LIMS and local database also can be installed sep-
arately: A lab that runs its instruments differently can still build a lo-
cal database. For privacy reasons, such an instance can be operated
without being visible from outside. Users can also have private en-
tries not visible even to other internal users. In order to profit from
updates on the public database, a one-way replication from the
public to the local database can be set up. Further details (explicit
instructions for the use of nmrshiftdb2’s LIMS and descriptions of
the functionalities and use of the database) are provided in the
Supporting Information available for this article.

Results and discussion

In the following, after a short section on the installation and devel-
opment of nmrshiftdb2, we describe inmore detail its functionalities
and how LIMS and local database installations can be adopted to
environments different from the ones where it is currently running.

The current version of nmrshiftdb2 has been developed from the
original database NMRShiftDB of C. Steinbeck and S. Kuhn[9] and in-
cluded from the beginning as a central component an electronic
order submission and processing functionality. In collaboration
with the chemistry students of the department’s organic chemistry
research groups, functionality and design of user surfaces have
experienced continuous development and revision.

Organizing the lab using LIMS: sample submission, processing,
and access to data

The LIMS supports variousmodes for the administration of a service
facility. However, to give an impression of the mode of operation,
we illustrate the functionalities for the environment at UzK. Here,
a combination of hands-on, robot-supported, and staff-run spec-
trometers might be representative for most of the prevailing types
of access for service instruments.

Currently, the installation of nmrshiftdb2’s LIMS at UzK is based
on three different user profiles:

• Students and scientific users whomake use of theNMR services
can interactively submit samples and electronic orders and
download raw data of completed experiments, with the option
for a subsequent (software-assisted) assignment and/or
submission of assigned data for review to the local database.

• A second profile exists for NMR staff members, who can
view incoming orders for ‘manual processing’ on research
spectrometers (which, at UzK, are not accessible for
hands-on measurements), as well as all electronic orders
submitted by users for instruments running in automation
mode (if desired).

• Finally, an administrator account allows the NMR laboratory
manager to oversee, in addition to the aforementioned staff,
functionalities to define spectrometers, experiments, and
modes of operation for order forms; grant access to and/or
close user accounts; and accept or refuse assigned datasets
n Wiley & Sons, Ltd. Magn. Reson. Chem. 2015, 53, 582–589
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submitted to the local database. An important function avail-
able in the latter type of profile is the possibility to generate
user statistics for accounting. This is currently performed
using the types of experiments per user and group. Also, in-
strument types are distinguished. So far, time consumption
is not taken into account.

So far, our LIMS has been tested with the following modes of
spectrometer operation:

• As mentioned before, open-access spectrometers in auto-
mation or routine mode can be handled.[14] Data are trans-
ferred from the spectrometer to the local server via the
Server Message Block (SMB) protocol. On Bruker software,
a script can be integrated to do this; similar setups are pos-
sible with other manufacturers. Once data directories have
arrived at the server, nmrshiftdb2 attaches zipped raw data
to the corresponding order forms and makes them accessi-
ble for download by users through the common web
interface.

• Also, operator-run spectrometers, which are supervised by
NMR staff, are integrated in a similar manner, allowing opera-
tors to choose at which stage they want to transfer the data to
the local server, where the order then will be automatically
completed, as well.

• If necessary, the LIMS also allows to attach data ‘manually’
from the server by the users themselves, in case that such is
required for local conventions – while the automated attach-
ment through the software might have a duration of a maxi-
mum 60min (can be configured in the installation);
researchers that are used to get their data directly from the
server can remain with their habits; however, each data trans-
fer between spectrometer and nmrshiftdb2 server will be
accounted for the statistics of the lab (Figs 2–4).
Figure 2. The laboratory information management system of nmrshiftdb2: det
allows the selection of experimental conditions – spectrometer, solvent, and ex
operator. If desired by the lab administration, entering a structure may be man
interface (right). Through the latter, administration and order processing can
open orders by staff, to oversee the workflow, to schedule measurement time,
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In order to show how LIMS and database work in practice, we de-
scribe the steps from the submission of an order for a spectrometer
operating in automation to a finished entry in the database.

• The user connects to the local nmrshiftdb2 instance and logs
in with his or her account.

• He or she fills in the electronic order form and chooses the de-
sired experiments (e. g. 13C, 1H standard spectra and 2D corre-
lations). The user also submits a probable structure[15] and
other details, including the holder number where he or she
leaves his sample.

• The order is automatically entered into the spectrometer soft-
ware and executed. The spectra files generated are picked up
by nmrshiftdb2 software.

• The user logs in and can see if the order has been finished. He
or she can download the resulting files and analyze them
using processing software.

• Once the user is confident about the structure, he or she can
switch from the ‘NMR lab administration’ page to the ‘submit’
page. Data including the probable structure are already filled
in. The user can either enter the peaks manually or perform a
peak picking on a JCAMP-DX file. Using the semi-automated
assignment and comparing this with the assignment yielded
from experiments, he or she submits the assigned peak
spectrum.

• The assignment is automatically submitted to the CSEARCH
robot referee, whose rating and evaluation report are saved
alongside the assignment. If the CSEARCH rating is ‘accept’
or ‘minor changes’, the lab administrator (whomight be iden-
tical with an NMR staff) will review the assignment.

• The record is at this point also ready to be exported into pub-
lication formats. It is available via a fixed URL, including the
quality report and all meta-information that were entered
when it was submitted for review.
ails from the order form for users and the staff interface. The order form (left)
periment – and the mode of order processing – automation, hands-on, and
datory. The individual settings can be defined by an NMR staff on the staff
be supervised, which allows, amongst other options, to see and complete
or to generate statistics for accounting.

Wiley & Sons, Ltd. wileyonlinelibrary.com/journal/mrc
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Figure 3. Using the assignment aid of nmrshiftdb2. After submission of a structure and a peak list (left), the results of an automated assignment are
presented with a color-coded evaluation (right). Green on chemical shifts indicates a close fit of the assignment with the predicted spectrum. Atoms,
where assigned and predicted chemical shifts show a larger divergence, appear in yellow or red, indicating that no match between structure and
spectrum can be built.

Figure 4. Evaluation of an assignment by nmrshiftdb2’s QuickCheck: Quality of the assignment as judged by CSEARCH’s[12] RobotReferee and nmrshiftdb2’s
prediction is presented by a color-coded report and an evaluation rating from 1 to 10. In addition, a quality report by CSEARCH can be accessed.
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This process allows users to submit paper-free orders, helps the
lab with keeping electronic records, and offers the resulting files
to users, ready for download. At the same time, it assists users with
assignments and NMR staff with quality assurance.
Assignment tools and local database: improving quality of
published data

The local database installed at UzK comes with the same range
of functionalities, which are available for our free, open web-
based database at www.nmrshiftdb.org: Access is granted to
wileyonlinelibrary.com/journal/mrc Copyright © 2015 Joh
use the more than 40 000 structures, which have been deposited
so far, for extensive search and prediction options. In addition,
locally entered assigned structures will be included in the func-
tionality, thus providing a better performance once enough frag-
ments characteristic for the local research lines have been
stored.

For several reasons, nmrshiftdb2 should be considered as a
versatile, supporting tool for NMR-based structural analysis:

• It contains a prediction function for various NMR-active nuclei
(so far, mostly 1H and 13C chemical shifts are populated; how-
ever, for local databases, any other isotopes can be included).
n Wiley & Sons, Ltd. Magn. Reson. Chem. 2015, 53, 582–589
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Thus, expected chemical shifts for a spectrum can be yielded,
based on an improved Hierarchical Organisation of Spherical
Environments (HOSE) code algorithm,[16] which takes stereo
configurations into account. Shifts with up to six spheres
and identical stereo configuration are searched; fallback to
less spheres and disregarding the stereo configuration is then
applied. The user is warned if values retrieved are unlikely to
be reliable; thus, no false impression of reliability is given.
HOSE code prediction with four or more spheres and
respecting stereochemistry are generally considered reliable.
Especially if in-house data are included, this can be achieved
for the vast majority of predictions.

• The database offers various options to perform searches, e.g.
for the dereplication of compounds, which are known. For such
purpose, either some or all chemical shifts can be entered as
search key. Instead, also, the reverse approach can be chosen:
By means of a (sub)structure or similarity search, the range of
chemical shifts available in the database can be investigated.

• Besides, a semi-automated assignment tool can be used for
guiding users through the structure elucidation process: If a
(peak) list of chemical shifts and a suggested structure are
available, nmrshiftdb2 provides an assignment based on its
prediction algorithms. The user can see the quality of the pre-
diction, as explained before, and how well his or her shifts
match the prediction in the suggested assignment. The user
can either accept the assignment or edit it. Ultimately, it can
be exported as a text section for ‘copy and paste’ into reports
or publications.

Amost recent development is a ‘Quick Check’ protocol, which con-
sists of the submission of the input to the build-in evaluation accord-
ing to nmrshiftdb2’s prediction. The latter is available immediately
during submission and is presented together with a confidence inter-
val for each shift value. In case of 13C chemical shifts, the data are also
submitted to the CSEARCH robot referee. Entries, which yield an eval-
uation of the level ‘accept’ or ‘minor revisions’ there, are passed on to
NMR staffs, which do an expert check. Entries accepted by them are
considered approved and ready for publishing. Approved datasets
were checked by a combination of nmrshiftdb2’s prediction,
CSEARCH prediction (for 13C data), and NMR staffs. This helps raise
the quality of assignments that are published, and relieves NMR
personnel from going through obviously wrong entries.

Although the ‘Quick Check’ process includes several steps, bene-
fits outweigh the necessary efforts for users: Users receive the
nmrshiftdb2 prediction and get the CSEARCH assessment in case
of 13C NMR spectra; a permanent, electronically accessible database
record is created, and the assignment can be easily exported to var-
ious formats. In a local installation, the users primarily contribute to a
local database, thereby improving predictions for compounds typi-
cally used in the local laboratories, but at that point not available in
the public database. Transfer of data to the public instance of
nmrshiftdb2 either might be individually granted by the lab man-
ager or can be automatized: Publication is restricted to structures al-
ready present in PubChem, which ensures no intellectual property is
released to the public inadvertently. If the option to submit original
data with the assignment is used, an electronic archive for coworkers
is built, which is especially useful if the author has left the institution.
5
87
Implementation, training, and practical aspects

The implementation of a local database, integrated with a LIMS, is
desirable for improving research, as well as NMR laboratory
Magn. Reson. Chem. 2015, 53, 582–589 Copyright © 2015 John
management. However, the changes brought about for the
accessing user groups and the institution of which the NMR lab
forms a part will most often require to take some accompanying
educational and administrative measures, which will be shortly
considered here.

In terms of hardware and programming, efforts connected with
the setup of the LIMS and the databasewill be low. Also, on the side
of the staff, only the initial configuration of lab administration pa-
rameters like spectrometers, the available modes of operation,
and the types of experiments requires additional setup time. On
the training side for users, the installation should be accompanied
by explanatory introductions and seminars or workshops, intended
to grow a sense of responsibility for the issue of assignment and
data quality. These included in our case workshops for users, as well
as the active participation of users in development: To facilitate the
adaptation to local requirements, we integrated (selected) local
users for ‘beta testing’. This provided direct feedback and served
as vehicle to increase the acceptance of the LIMS for users. Integrat-
ing users as early as possible in the implementation of the LIMS,
when accompanied by explanation on the scientific background,
improves the understanding and valuation of assignment quality
control, going beyond the purely administrative use of the system.
At UzK, introduction of users is divided into different levels:

• A short, general introduction to the use of the LIMS is given
for freshman students when entering the first lab using
NMR spectrometers in automation, including a hands-on
training on the spectrometer by NMR staff for small groups
of four to five students. Thus, statistics for the use of spec-
trometers by teaching labs are handled through correspond-
ing lab accounts that can be conveniently installed and serve
as a general user account for all students of the teaching lab.

• During a later stage of their chemistry studies, in an interac-
tive training course, the importance of a database for assign-
ment quality and the use of its functionalities (by means of a
quiz) are introduced to MSc students in our computer lab.

• In addition, students who enter a research group to perform
independent scientific projects (in our case at MSc level) are
providedwith their own account, which is granted to them af-
ter a short quiz including the regulations and use of the facil-
ity (groups of three students).

The advantages of the nmrshiftdb2 lab system consist in a fully
electronic (i.e. paper-free) administration, giving transparency to
users and the lab, which facilitates accounting and statistics. As a
main added scientific value, the uniform user interface for lab ad-
ministration and the database and assignment tools need to be
emphasized, which encourage users to get involved with the data-
base and to develop a sense for assignment quality. Comparedwith
a completely non-supervised systemwith free access to either each
spectrometer workstation or an open, central spectra server on a
self-service basis, even basic tasks like setting up accounts for
new users and enforcing an electronic administration system are
initially connected with training investments.

At UzK’s chemistry department, the nmrshiftdb2 lab system has
been running since 2007, and all orders are processed via the LIMS.
Self-service and operator service are used. For automation mode,
the orders are transferred to Bruker software, making nmrshiftdb2
the single point of interaction for users. Assignment by users and da-
tabase usage has been started, although this is an ongoing process.
Several aspects are still under development. For example, a closer in-
tegrated scheduling system would be desirable, making accounting
Wiley & Sons, Ltd. wileyonlinelibrary.com/journal/mrc
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based on time usage possible. The system is also in constant adapta-
tion with respect to database features like the prediction system.

Conclusion

A fully electronic lab process offers advantages for users and facility
managers/staff. Users can see the current state of their orders and
track their data. Additionally, integration with the database functions
makes it easier to familiarize userswith proper data treatment and ad-
vanced database techniques, which ultimately improves the quality
of the published data. The CSEARCH robot referee, serving as an aid
for the evaluation of semi-automated assignment, is a key functional-
ity for this. On the other hand, NMR staff enjoys full transparency and
can compile statistics for accounting purposes ‘with a keystroke’. With
the described implementation, even with the comparatively large
number of data produced in our service facility, a quality control for
assignments for data to be published in thesis and other scientific re-
ports becomes feasible even with a low staff/spectra ratio. Also, (ab)
use of expensive spectrometer time and the distribution of samples
to useful applications can bebetter supervised. As intended in our de-
partment, the NMR facility operates paper-free.
The advantages come at a price: Compared with a completely

non-supervised system with free access to either each spectrome-
ter workstation or an open, central spectra server on a self-service
basis, even the basic tasks of setting up accounts for new users
and enforcing an electronic administration system are initially con-
nected with educational investments and need support or at least
acceptance from the scientific institution.
Currently, the database is restricted to 1D NMR experiments,

whereas the LIMS can be used to ‘order’ any NMR experiments.
An extension of the database to 2D experiments, also in prediction
and assignment, is a step currently under development. Although
scalar couplings (homonuclear and heteronuclear) can be included
during the electronic assignment, at the current state of develop-
ment, they are not yet used as an integral part in interactive struc-
ture elucidation. A high priority for the LIMS is the inclusion of a
native scheduling system and a flexible accounting facility. Also, in-
tegration of a barcode reader system is currently under testing.
Both, LIMS and database, could ultimately also include other tech-
niques (MS, IR, UV/Vis, etc.) because of the modular character of
setup, for LIMS, as well as for database.
We are convinced that other departments and laboratories can

profit from the currently available, free software and our experiences
made so far. Because of the open-source nature and the flexibility of
the software, it should be possible to implement it in different set-
tings. Our desire is to support nmrshiftdb2 as a free, openly accessi-
ble database with LIMS and to encourage its integration in the NMR
community. Therefore, we invite interested parties to collaborate
with us on the further development of this free lab system and,
thereby, on a better data and assignment quality in the NMR sector.
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