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by Ruth Knowles 

As 2009 unfolds, and 
the current economic 
climate is still  very 
cloudy, it remains to 
be seen which areas 
of research will be 
affected by any cut-
backs in government 

or industry spending. One investigative 
field, however, where the seeds are still 
being well sown and watered, is the area 
of stem cell research. In the US, the 
recent news that the US Food and Drug 
Administration has approved a human 
embryonic stem cell study, to test the 
cells in spinal injury patients, has been 
heralded by experts in the field as an 
historic milestone towards the develop-
ment of stem cell therapies. President 
Obama is expected to loosen the cur-
rent restriction on stem cell use, which 
allows funding for research only on 
already-existing cell lines derived from 
embryos destroyed prior to 2001. How-
ever, with only a handful of these cell 
lines remaining useful for research,  the 
legislation had, up until now, slowed 
down the work of many scientists. 

The latest ‘breakthrough’ may give 
stem cell research the boost it needs. 
British and Canadian researchers have 
now found improved ways of generat-
ing stem cells that do not come from 
embryos – thus avoiding the opposi-
tion of many pro-life campaigners. A 
novel way to deliver genes into adult 
cells has been developed that can then 
reprogramme the cells to become stem 
cells. The research can effectively turn 
the hands back on the cell’s molecular 
clock, so that cells are no longer special-
ised and return to their 'embryonic' 
form. Previous methods developed in 
2007 by Japanese and US scientists, 
had required the use of viruses to 
do this. Viruses, however, can damage 

the cell’s DNA and potentially lead to 
the development of cancer. The break-
through research uses a technique called 
‘electroporation’ that allows the genes 
to enter the cells through pores in the  
cell membrane. 

Other studies published this month 
have begun to unravel more about 
the messages that take place inside the 
cell to determine its fate. For exam-
ple, Canadian researchers have shown 
the importance of a molecular signal-
ling pathway that 'tells' the stem cell 
to become a blood cell. The findings 
may one day provide a new way to 
make blood from stem cells that could 
be used to regenerate the blood in 
patients suffering from leukaemia and 
those undergoing cancer treatments 
that affect the blood. Researchers in 
the Netherlands have also reported a 
molecular 'switch' that makes divid-
ing intestinal cells turn into stem cells. 
The researchers believe this work will 
eventually yield some insight into the 
cancer stem cells that give rise to other 
colon cancer cells.  

The latest research on stem cells looks 
promising. Two thousand and nine  
might be the year of economic doom 
and gloom, but it might also be the 
year that new light is shed on how stem 
cell research can be improved  and how 
these advances might one day be used 
for the study and treatment of disease.
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the way for stem cell research
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Modern biotech research techniques 

such as sequencing and gene 

identification generate such huge 

amounts of data that data mining 

is indispensable. Just as vital to 

the early industrial economy was 

coal mining, an aspect of which is 

depicted on the front cover image 

from Monet’s 'Les déchargeurs de 

charbon'. Modern software means 

that data mining is somewhat 

less gruelling (and cleaner) than 

unloading coal from barges.

Design by StudioPress Communication, Brussels

Clarification:
In the article published in the October/November issue of BTI entitled “PTM of brain 
proteins as a substrate for memories that last a lifetime”, an error was made in the caption 
for Figure 1 (Page 7). This should have read 'Comparison between the protein synthesis-
dependent (PSD) and the proposed post-translational modification (PTM) theories of  
long-term memory formation'. BTi apologises for this error.
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The fermentation of microorganisms and 
eukaryotic cells in bioreactors is one impor-
tant aspect of biotechnological research and 
production. Pharmaceutically relevant pro-
teins, enzymes for biocatalytic use, as well 
as dietary supplements such as vitamins or 
antioxidants, are among the large range of 
products developed and manufactured in 
the pharma, chemistry and feed and food 
sectors using bioreactor technologies. 

The complexity of biological systems, as 
well as increasing regulatory requirements 
(e.g. the FDA’s Process Analytical Tech-
nology initiative - PAT) demand a more 
and more extensive, detailed and stand-
ardised acquisition and documentation of 
bioprocess data. Whereas ten years ago, 
fewer than fifteen different process data 
points were tracked during conventional 
bioreactor fermentations - now, as many 
as to forty data points are collected in a 
well equipped system. Moreover, descriptive 
data like the organism used for the process, 
the media composition, cultivation profiles 
or the achieved product yields need to be  

correlated and included into the analysis. 
Therefore, comprehensive and integrated 
tools for information management and 
evaluation are required.

Data generation in  
fermentation processes
During the complete runtime of a biore-
actor cultivation process, data is gener-
ated. On the one hand, online process 
data such as temperature, pH level, dis-
solved oxygen, optical density, or exhaust 
gasses like oxygen and carbon dioxide, 
are continuously logged. Usually these 
parameters are recorded in short time 
intervals of minutes or even seconds. On 
the other hand, less frequently collected 
data from external analytical devices are 
recorded hourly or daily. This kind of 
data might describe cell numbers or con-
centrations of substrates, products or 
by-products. Data from external ana-
lysers is conventionally obtained in an 
offline manner by manual sampling and 
transferred to the control software as 
offline data. Open connectivity achieved 

by communication protocols like OPC 
(Openness, Productivity & Collabora-
tion) find their way into pharmaceuti-
cal and biotech industries and tend to 
be the key to comprehensive process 
data management. By OPC integration 
of analysers, analytical data from samples 
can be automatically transferred to the 
system to be stored together with the 
primary process data. Combined with 
auto-sampling techniques, a fully auto-
mated sampling and even a close loop 
feed-back of analytical data is possible. 
Consequently, OPC technology opens 
the possibility for easy automation of 
a broad range of analyses and thereby  
complies with the requirements of the 
FDA’s PAT initiative. Furthermore, any 
up-to-date information management 
approach has to consider the aspect of 
external data integration.

Systems running in parallel like the DAS-
GIP Parallel Bioreactor System,   where 
four to sixteen bioreactors are used at 
the same time, are widely accepted as 
powerful tools to provide a systematic 
approach in strain development, media 
or process optimisation. Industrial deci-
sion makers appreciate the time and lab-
oratory savings, as well as the improved 
reproducibility. Furthermore, they ben-
efit from direct comparability of process 
data between different bioreactors and 
from the opportunity to implement new 
technologies like Design of Experiment 
(DoE). However, these systems generate 
an enormous quantity of process data 
even in a single experimental cycle. For 
example, for a typical set of eight paral-
lel microbial fermentations this means 

Bacteria and yeast, as well as animal and human cells, are widely 
used in research and industry. The cultivation of cells in bio-
reactors is a common method for growing and screening such 
cells, and for accelerating process development in biotechnology. 
Regulatory demands in regard to the manufacture, research and 
development of bioproducts, are steadily increasing. In particular, 
the automation of bioprocesses, as well as a comprehensive and 
standardised analysis and documentation are required. Advanced 
information management systems can meet these require-
ments. The following article will give an insight into the notable  
advantage of using process-integrated data management with 
parallel bioreactor systems.

Parallel bioreactor systems: 
integrated bioprocess information 
management
by Claudia M. Huether and Dr Falk Schneider 
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eight reactors with about 30 process 
data points per reactor to be recorded 
every 30 seconds. Thus, each of these 
tracks represents approximately 3000 
values per day; for the sum of all reac-
tors this is about 700,000 values. Based 
on an average fermentation runtime 
of two days per week, you get 1.4 mil-
lion values per parallel run. This data 
amount equals roughly 10 MB of stor-
age capacity. In cell culture applications 
the same amount of data is recieved: 
the longer mean runtime compared to 
microbial applications is compensated 
by less experiments per time and longer 
logging intervals. On average about 500 
MB of raw process data is generated in 
the system's process database every year 
using such a parallel bioreactor system 
- even if data reduction techniques are 
used. In relation to today’s hard-drive 
storage capacity the amount of data is 
no longer considered critical, however 
more and more attention has to be paid 
to the ability to retrieve information.

Focussing on a single laboratory, the 
bioreactor controller can be considered 
as the local data centre aimed to pro-
vide the necessary data mining func-
tionality. On a more global scale, large 
process information software solutions 
with extended data mining capabilities,  
as well as historians with sophisticated 
data reduction algorithms, concen-
trate and harmonise data generated in 
process development, pilot scale and 
manufacturing. The definition of gen-
eralised tags for the data points in 
such a system is a challenge, as lots of 
widely spread workgroups have to be 
involved. Since the bioreactor control-
ler is only a small data provider in 
such a system, OPC and open database 
connectivity (ODBC) are again the key 
for integration into these large process  
information solutions.

Turning process data into  
valuable process information 
Bioreactor control software tradition-
ally only covers the recording of the 
raw process data, as described above, 

in combination with an event record. 
However, for later investigations of fer-
mentation and cultivation processes, or 
to compare individual historical runs, it 
is neccessary to add more detailed proc-
ess describing information into the anal-
ysis. First of all, general descriptions on 
the experimental setup e.g. the bacteria 
strain or cell line, the chemical composi-
tion of the cultivation media, nutrients 
utilised as feeds, controller set-points and 
parameters, as well as feeding profiles, 

have to be recorded during preparation 
[Figure 1]. Furthermore, the profound 
knowledge about post-process analyt-
ics e.g. achieved product yields, viable 
cell densities or a general quality valua-
tion,  turn raw process data into valuable 
process information and thereby allow  
comprehensive analysis. 

This context information is usually not 
kept together with the runtime data but 
organised by the individual working 

Figure 1. Bioprocess information generated within a parallel cultivation process.
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groups in spreadsheets or sometimes in 
individual databases. Such information  
usually contains less than 100 values per 
run and can be ignored - compared to the 
amount of process data generated. How-
ever, this particular information is the key 
to any targeted information retrieval or so 
called 'data mining'. Only the easy access 
to context information in combination 
with powerful query tools turns process 
data into valuable process information.

Information Management Tool 
for Parallel Bioreactor Systems
DASGIP has extended its Bioreactor 
Control Software by an integrated bio-
process information and documentation 
management tool, which particularly 
serves the demands of parallel bioreactor 
cultivations [Figure 1]. This tool ensures 
that all information during the whole 
lifecycle of a cultivation, beginning with 
the preparation (recipe management), 
continued by the process run and up to 
the post-process analytics, is collected 
and linked together. Online process data 
is completed with any user defined addi-
tional process information needed. A 
data mining wizard provides an intuitive 
query interface to select a set of runs 
that are automatically exported into a 
comprehensive MS-Excel worksheet for 
further analysis. 

Recipe Manager
Prior to the fermentation or cultiva-
tion run, all static parameters of the 
experimental setup are defined as a 
recipe in an intuitive operable user 
interface. The recipe manager enables 
a smart compiling of individual paral-
lel protocols clearly laid out in tabular 
form, as well as the convenient man-
agement of full sets of recipes where 
modifications like parameter variations 
are eased up by the use of a copy and 
paste functionality. During the run, the 
online process data is recorded and can 
be replenished with off-line data from 
external analytical devices (i.e. glucose 
concentration, OD, cell density). OPC 
connectivity opens the possibility for 
an at-line integration of external data, 

thus addressing different degrees of 
laboratory automation. 

Data Mining Wizard
Upon completion of a bioreactor run, 
the collected process information can be 
rounded off by the addition of the post-
process analytical data, such asthe prod-
uct yield and maximum growth rate, etc. 
The integrated data mining wizard allows 
the target-oriented data retrieval. The 

complete database can be searched for all 
datasets sharing similar key parameters  
by applying a SQL (Structured Query 
Language) -like query interface. As 
shown in Figure 2, input fields in the 
column headers of the parameter table 
are used to enter the query criteria. To 
select, for example, all processes where 
the E. coli strain K12 was used for the 
production of a certain product achiev-
ing a product yield of at least 0.2 g/L, 

Data mining

www.biotech-online.com & search 12096
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these two parameters are entered in 
the input fields for column ‘Cell Line’ 
and ‘Yield’, respectively. Step by step the 
table is reduced, showing only the runs  
matching the search criteria [Figure 2]. 

Documentation Wizard
All runs, selected as a query result, 
including their recipes, process data 
tracks, as well as events, and user 
defined content information, can be 
directly exported to MS-Excel by a 
single mouse click. The documentation 
wizard for MS-Excel generates a com-
prehensive documentation of each run. 
Online data tracks of current runs and 
historical runs can be compared to each 
other, whereas a chart creator automat-
ically creates charts populated with the 
selected tracks (i.e. pH and dissolved 
oxygen) from a subset of runs. 

The information management tool thereby 
ensures not only comparability of data 
generated in successive experiments or 

within one project but also makes it pos-
sible to analyse, at any time, historical data 
stored in the database under new foci. 

Closing note
The increasing complexity of cultiva-
tion processes and new approaches like 
the FDA’s PAT initiative has led to the 
need for comprehensive information 
management tools for the large amount 
of data generated by such biotechno-
logical processes. Tools are needed that 
can store the online data along with 
descriptive key parameters from reci-
pes, as well as external analytical data, 
derived either during or after the proc-
ess. The integrated data management 
tool mentioned in this article provides 
a straight forward approach. On the one 
hand, it enables sophisticated software 
functionality for the control of small-
scale parallel bioreactors. On the other 
hand, the OPC connectivity opens the 
integration into third-party supervisory 
process information systems. 

The authors
Claudia M. Huether
Marketing and Communication
email: c.huether@dasgip.de

Dr Falk Schneider
Executive Vice-President &
Director Software Engineering
email: f.schneider@dasgip.de

DASGIP AG
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Data mining

Figure 2. DASGIP Bioprocess Information Management System.
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this article?

please feel free to post them at

www.biotech-online.com/comment/
information_management
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Novel marker discovery obtained  
by mining the "bibleome"
Mining the text literature, not the databases
In a recent publication1 a team from Mount Sinai School 
of Medicine, New York and Vanderbilt University Nashville 
described a novel approach known as BioProspecting, which 
was first presented at the international summit meeting last 
year on Translational Bioinformatics. 
The starting point for the group's new initiative was the 
recognition that, although the bioinformatics and genomics 
communities have had great success over the past several 
years in the discovery of the genetic basis of Mendelian 
disorders (achieved via the use of ever more powerful bio-
informatics computing tools), it is an unfortunate fact that 
many diseases are not easily traced to a single genetic varia-
tion. In fact, the true origin of a disease is a complex inter-
play of genetic variations, environmental factors, "lifestyle" 
characteristics together with the involvement of some sto-
chastic processes. As the research team points out, a broader 
understanding of genetic markers and their relationships 
to each other is needed in order to advance medical science  
and healthcare. 

Hence the BioProspecting project which is an attempt to 
"discover" markers through identifying linkages between later 
research, and/or variants through the mining of the medical 
literature, which of course is a vast repository of biomedical 
knowledge. The problem is that much of the richness of this 
resource is not in a form that is easily amenable to computa-
tional analysis. No natural language processing can unlock the 
knowledge within the medical literature. The Bioprospecting 
project was designed to analyse the information in the full-
text content of the New England Journal of Medicine (NEJM), 
one of the premier medical journals, using the Multi-threaded 
Clinical Vocabulary Server (MCVS). It was possible able to 
link genes and disorders using this natural language process-
ing engine, whose output creates an ontology-network using 
the semantic encodings of the literature that is organised by 
these two terminologies. The ontology network produced 
was then indexed using two ontologies (i.e. catalogues of the 
types of things that are assumed to exist in a given domain), 
namely the Systematized Nomenclature of Medicine--Clinical 
Terms (SNOMED CT) and the Human Gene Onotology 
(HUGO), which is designed to address the need for consistent  
descriptions of gene products in different databases. 
Relationships were established between genes or proteins and 
diseases or drugs as linked by metabolic functions, and poten-
tially novel functional relationships were identified between, 
for example, genes and diseases. The results are encouraging 
enough to justify the extension of the system to cover other 
journals such as Science, Nature and Cell.

1. Elkin PL et al BMC Bioinformatics. 2009; 10: S9

Data mining

No one can read all the medical literature. 
The Bioprospecting project aimed to establish 
hitherto unknown relationships existing between genes, 
proteins, drugs and disorders by analysis of the full text 
content of the New England Journal of Medicine which has 
on-line electronic access to its content dating back to 1994.

Making Sense of Data II: 
A Practical Guide to Data Visualization, Advanced Data 
Mining Methods, and Applications

by G J Myatt, W P Johnson, Pub by Wiley (2009), 291 pp. e 61.50

A growing number of fields, in particu-
lar in science, are turning to data mining 
to make sense of large volumes of data.

The "Making Sense of Data" series 
from Wiley fills a current gap in the 
market for easy-to-use books for non-
specialists that combine advanced data 
mining methods, the application of 
these methods to a range of fields, and 

hands-on tutorials. The latest in the series, "A Practical Guide 
to Data Visualization, Advanced Data Mining Methods and 
Applications" offers a comprehensive collection of advanced 
data mining methods coupled with tutorials for applications 
in a range of fields. This book is appropriate for students and 
professionals in the many different disciplines involving the 
making of decisions from data.
Wiley
Chichester, Sussex, UK
www.biotech-online.com & search 12179

Book review
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Inspired by the use of microarray chips 
that look for gene combinations, psy-
chologists are using "pattern array" soft-
ware to spot movements in rats that 
might help them predict diseases such as 
Amyotrophic Lateral Sclerosis (ALS), a 
progressive and fatal neurodegenerative 
disease that's inherited about one in 10 
times. (The origins of the other cases are 
still under investigation).
A report in a recent issue of Behavioral 
Neuroscience 2, describes how this novel 
use of data mining may enable investi-
gators to test therapies to delay or even 
prevent disease, starting with hereditary 
forms. The authors demonstrated their 
original software on mutant rats used as 
an animal model of ALS. 
The researchers in University of Mary-
land's School of Medicine mathemati-
cally analysed about 50,000 predeter-
mined movement patterns that resulted 
when rats roamed freely, one by one, 
in a small arena. The software created 
an abstract space defined by combina-
tions of behaviour such as speed, accel-
eration and direction of movement.  
Mining the resulting behavioural data 
enabled researchers to test many more 
facets of behaviour than they could  
analyse manually.
After videotaping the movement of two 
groups of rats – one type with the muta-
tion that results in an ALS-type syn-
drome, the other type normal controls 

— the scientists used the computer to 
"pan" for differences between groups and 
identified a unique motor pattern in 
mutant rats two months before disease 
onset (which would equate to roughly 
five to 10 years in humans). 
In two independent data sets, rats with 
the ALS-type mutation were significantly 
less likely than controls to brake and turn 
from the arena wall as they approached. 
Normal rats used that behaviour for 
about 1.8 percent of their total move-
ment time; the mutants for 1.2 percent. 
Data mining to detect the subtle behav-
ioural expression of mutations could 
conceivably allow investigators to test 
therapies aimed at preventing, slowing 
or stopping disease. By being able to 
predict more accurately which carri-
ers may express the disease before they 
experience symptoms (the "premorbid" 
state), researchers could test medicines 
that might prevent symptoms from 
emerging. Methods such as data min-
ing can be therapeutically useful even 
before science understands how disease 
begins. As the authors point out, the dis-
covery of reliable behavioural endpoints 
with predictive validity, even before a 
good understanding of their aetiology 
is achieved, could significantly improve  
intervention research.

2. Kafkafi et al. Behav Neurosci 2008; 
122(4):777-87

Large-scale data mining of gene networks 
in fruit flies has led researchers to a sen-
sitive and specific diagnostic biomarker 
for renal cell carcinoma, the most com-
mon type of kidney cancer. In a recent 
publication in Science 3, a team based at 
the University of Chicago shows that the 
biomarker known as SPOP is produced by 
99 percent of clear cell renal cell carcino-
mas but not by normal kidney tissue. The 
SPOP gene encodes a protein thought to 
modulate the transcriptional repression  

activities of death-associated protein 6 
(DAXX), which interacts with histone 
deacetylase, core histones and other his-
tone-associated proteins.
Physicians could ultimately use SPOP lev-
els to confirm or rule out a diagnosis of 
renal cell carcinoma (RCC). It could also 
help them determine the original source 
of cancers that had spread to other organs 
from an unknown primary tumour.

3. Liu J et al. Science 2009; 323:1218

Data mining

www.biotech-online.com & search 12145

Data mining detects signs of 
ALS in gene carriers long 
before symptoms appear

Biomarker of renal cell carci-
noma identified by data mining 
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Abbé limit in optical systems
Since its inception, the spatial resolution 
of light microscopy has been limited by 
diffraction, as described by Abbé’s law. 
Airy disks at the diffraction limit define 
the ‘classical’ limit of resolution in all 
optical systems, regardless of the imag-
ing modality used. Upon application of 
the formula derived by Ernst Abbé, it 
became apparent that, in light micro-
scopy, it is only possible to resolve two 
adjacent points that are separated by 
more than approximately 200 nm. At all  
separation distances shorter than 
roughly half the wavelength of 
detected light from a sample, adja-
cent points would coalesce into one 
more or less diffuse structure, as 
seen in the final image produced by  
a microscope. 
Until relatively recently, the Abbé limit 
of resolution seemed insurmountable, 
and intracellular structures of low sub-
micrometre dimension were impossible 
to render with sufficient detail in order 
to truly explore their mechanisms and 
interactions. This has been particularly 
frustrating for several generations of 
researchers, who in order to gain highly 
resolved insight into ‘nano-environ-
ments’ of their samples, had to resort 
to frequently cumbersome and limiting 
electron microscopy preparations. This 
approach meant that the sample had to 

be fixed, such that these studies could 
only involve static snapshots of what-
ever processes were taking place before 
freezing. Furthermore, electron micro-
scopy cannot offer the biomolecular 
specificity that is gained from the use 
of fluorescently tagged labels. 

An emerging generation of 
‘nanoscopy’ tools
To address this fundamental problem, 
a number of leading innovators in 
the field of optical microscopy have 
introduced novel imaging techniques 
to overcome the Abbe limit and to open 
up new avenues of research at the nan-
ometre scale. These novel approaches 
involve linear and non-linear fluo-
rescence paradigms as well as refined 
methods of point-spread-function 
analysis at the single molecule level. 

Such techniques have allowed for 
enhancement of the spatial reso-
lution of images by between a fac-
tor of x2 to x100, depending on the 
specific attributes of each technique. 
Admittedly, there are limitations, and 
often very specific needs to meet, if 
one decides to use one or more of these 
techniques. Nonetheless, they all offer 
dramatic improvement over existing 
classical approaches. This new capabil-
ity to probe with substantially higher 

spatial resolution may well lead to a sig-
nificant expansion of our understand-
ing of several fundamental processes, 
such as the mechanistic foundations of 
molecular machinery.

The role of ultra-sensitive 
camera technology in delivering 
super-resolution
The new approaches covered here have each 

made effective use of ultra-sensitive, rapid 

electron multiplying charge-coupled device 

(EMCCD) camera technology in order to 

make super-resolution imaging techniques 

a viable option for extension to living 

cell interrogation and/or for achieving  

resolution at the single molecule. 

Since their introduction in 2000, EMCCD 

cameras have become the gold stand-

ard for camera ultra-sensitivity, and have 

been successfully employed in a variety 

of demanding scientific applications. The 

principal advantage of EMCCD technol-

ogy is its ability to virtually eliminate 

the camera read noise detection limit at 

any readout speed, coupled with high 

Quantum Efficiency (QE) of photon cap-

ture across the UV/Visible/NIR wavelength 

range. This allows EMCCD detectors to be 

successfully used in applications where 

sensitivity and exposure time require-

ments may have prevented the use of clas-

sic CCD or intensified CCD systems. All 

super-resolution approaches outlined here 

involve imaging of relatively dim signals 

at high speed, often to the level of single 

molecule detection. 

The possibility of acquiring an entire 
image in one exposure of a camera 
array offers substantial advantages over 
classical point scan detection. Point 
scanning, while still viable for some 

This article describes some novel camera-based approaches which 
enable cell biologists to break through the diffraction-limited spatial 
resolution of classical light microscopy, allowing much finer sub- 
cellular detail to be elucidated than was previously possible. The role 
of ultra-sensitive, rapid readout cameras is proving vital in making 
these methods faster. The goal of super-resolution imaging of dynamic  
processes in living cells can now be realised. 

The role of ultra-fast rapid read-out 
cameras in advancing cell biology
by Dr M. Barszczewski and Dr C. Coates

Microscopy


