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| started work with NCIMB in December of 1970 at the
Torry research Station in Aberdeen; a government fisheries
research Ingtitute. Since then | have seen many changes in the
practice of microbiology and more specifically in the day to day
life and management of a culture collection. Some of these
changes have been progressive and of great benefit, but not all
of the changes have been for the better in my view. In this paper
I will attempt to give you a feel for some of these changes and
my view on what their affect has been; specifically on life
within a culture collection. | am aso mindful of the fact that |
am addressing the Japan Society for Microbia Systematics and
although it is many years since | practiced any taxonomy, | can
relate some of my experiences over the years in the field of
microbial systematics.

When | first joined NCIMB, my head of section at Torry
research was a man by the name of James Shewan who was a
well known marine microbiologist. | came to work there soon
after leaving school without a University education. He and his
staff taught me some very basic but nevertheless invauable
lessonsin my early years. One of the most important was that of
the importance of observational skills and the other was the
constructive use of encouragement and support. Shewan’s
philosophy was one of accurate observation, attention to detail
and the willingness to help stimulate and encourage both the
thought process and the development of abilities he saw in an
individual. These lessons have remained with me throughout my
career in NCIMB.

Back in the 1970’s culture collection staff were encouraged
to develop an interest in specific groups of bacteria within the
culture collections. This served two purposes. It allowed staff to
develop expertise among diverse groups of organisms for the
overall benefit of the collections, but it aso alowed staff to
develop a personal interest in taxa which they found interesting.
One group of organisms which began to interest me was a
collection of pink pigmented bacteria which all looked very
similar but had many different names. The more | looked at



these organisms the more | began to feel they were all more
closely related than their nomenclature suggested. These
bacteria al grew on methanol as well as heterotrophically and
had several interesting features. Some were called Pseudomonas,
some Mycoplana, some Protaminobacter, some Vibrio and some
Methylobacterium reflecting their facultatively methylotrophic
phenotype. What puzzled me was that why so many obviously
phenotypically similar organisms could be placed is so many
obviously quite different genera. Was | placing too high an
emphasis on a few phenotypic similarities or was this an
assembl age of taxonomic mistakes? Hence the beginning of my
interest in methylotrophic bacteria. Having been encouraged to
pursue this interest and register for a higher degree, | set about
collecting all the pink mehtylotrophs in NCIMB along with a
number of other isolates from far and wide as well. Already |
was experiencing the benefits of working in a culture collection
in terms of access to reference strains and to expertise to help
my quest for the solution to the problem. In total | set about
collecting 150 pink pigmented facultative methylotrophs or
PPFM as | called them, 28 other facultative methylotrophs and
16 reference strains for a numerical taxonomic study. Of the 150
PPFM strains a large number came from a Japanese study by
Kouno and Ozaki who were in Fujisawa. Soon | was to find the
observational skills taught by Shewan to be most important in
studying this very interesting group of bacteria. While it was
apparent all PPFM were morphologically very similar they were
not so obliging with some of their other phenotypic features.
They were recorded as being Gram negative but consistently
stained Gram variable. They were reported as being motile and
oxidase positive but some strains appeared very poorly motile
and very weakly oxidase positive. One had to repeat the testing
many times under different conditions until the proper result for
each of these tests could be accurately recorded. Get one of
them wrong and the overall taxonomy of the group would be
drastically different. There were other interesting features with
the PPFM which also fascinated me. Under certain cultural
conditions they could accumulate vast amounts of
polyhyroxybutyrate (PHB) which would amost fill the cell;
whereas on other media or at different ages, no PHB would be
present. Similarly, under certain cultural conditions they would
appear to be large stout regular rods, whereas in other cultural
conditions they would display budding or polar growth and
novel cellular arrangements.

To cut a long story short, the results of the numerical
taxonomic study, not unsurprisingly, showed that all the PPFM
did indeed belong to a single taxon which was not related to any
of the other methylotrophic or non-metylotrophic reference
strains. Within that taxon there were two sub-clusters, separated
mainly by the ability to utilize as sole carbon source a range of
carbohydrates and other compounds. So, in the absence of
todays molecular technology, what did we have? Were al the
PPFM in a single genus with two species or were the two sub
groups different genera. While pondering these questions, there
were one or two other interesting observations to take account
of in this taxonomic detective story.

However, before investigating further, we decided on the
basis of the phenotypic evidence and the numerical study, that
our PPFM were most certainly not members of any (bar one) of
the genera to which they had previously been attributed. So the
choice appeared simple; either to propose a new genus or to
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accommodate them in the only remaining appropriate genus;
Methylobacterium. This is what we did, but in so doing entered
another fascinating chapter in the taxonomy of these unusual
organisms. Fascinating, in that the type and only strain
belonging to the genus Methylobacterium (M. organophilum)
was the only PPFM ever reported to be able to utilize methane
in addition to methanol and methylated amines as sole carbon
source. Also interesting in that this feature, if it were ever
present originaly, has since been lost and no similar strain ever
isolated.

So where did M. organophilum fit within the two sub
groups of PPFM based on the phenotypic study? It fitted in the
more unreactive or least metabolically active sub-cluster but
was atypical from al the other members in that it could utilize
glucose as a sole carbon source.

Clearly further work was required to unravel the internal
heterogeneity of these Methylobacterium strains. At that time,
and arguably still the best tool for delineating speciation within
a group of organisms, was DNA:DNA homology. Thus atotal of
36 strains were selected to represent the phenotypic diversity
within Methylobacterium and their DNA homologies were
examined. The result was that four major and several minor
homology groups were recovered. Three of these groups
belonged to the phenotypically less metabolically active taxon
and one to the more active taxon. Interestingly, M.organophilum
the type strain was not closely related to any of the major
homology groups and was one of the single strain isolates
recovered in the dendrogram. So where did this leave us in
determining the taxonomy of the group? Should we now
contemplate having several different genera, some with only a
single strain in each?

After careful thought and the conservative teachings of
Shewan and the then Curator of NCIMB Dr |Ivan Bousfield, we
decided the prudent course of action would be to retain a single
genus for this phenotypically very similar group of organisms,
to propose several species where this was uneguivocal based on
the DNA homology and to note that there were several
genotypic centres of variation within the genus which may in
future studies be shown to represent different species, many of
which could only be differentiated from their neighbours by a
single phenotypic difference.

So to summarise this taxonomic detective story, what were
the important lessons learn by a young taxonomist? There were
several and they included:

o The value of accuracy and simple observational skills even
in todays molecular era

o The value of a polyphasic approach to taxonomy

e The care associated with the circumscription of a type
strain and the need to ensure its typicality of the species it
represents.

o The need to ensure taxonomic expertise is brought into any
study which results in a proposal of new taxa (much of
a taxonomists work is in rectifying the disastrous
dabblings of biochemists and geneticists who think they
are taxonomists as well!)

e And Finally, the need to deposit a valuable strain in a
culture collection where it can be properly preserved for
future generations of scientists to examine.

There is nothing more infuriating in the field of
microbiology than being stimulated by a research article only to



find the author has since lost the culture so his research cannot
be repeated or verified. Indeed this fina point brings me
conveniently back to the world of culture collections on which |
wish to devote the remainder of this paper.

Just as with taxonomy, 30 years ago, life in a culture
collection is quite different to events of today. Jobs were
relatively secure in major national collections, the pace of work
was stress free and in many collections scientific and technical
staff were encouraged to develop persona interests, in
taxonomy, preservation of bacterial identification. Endangered
collections were the preserve of third world countries. How
things have changed. While | can only speak in genera terms
and specifically about my own collection, NCIMB, | think it fair
to say that many aspects of culture collection work have
changed for the worse and not the better. For many collections,
finance has become the driving force which dominates policy
decisions. NCIMB has for many years been fighting to retain its
government grant and has suffered staffing cuts. Although other
governments including Japan are much more supportive of the
assets held by their national collections, the trend is nevertheless
very worrying globally. Gone is the luxury of research and in its
place more and more collections are being viewed as businesses
who have to participate in other non-collection activities in
order to generate the necessary income to survive. Thus for
many collections a head in the sand, status quo attitude is not an
option. These difficulties have to be viewed as challenges rather
than obstacles and met with resolve and determination to
overcome them in order to survive and prosper. Let us look at
some of these challengesin more detail:

o Tightened packaging and transportation regulations

¢ The Convention on Biological Diversity

e Commercialisation of culture collections to
revenue stream

e Quality assurance, the advent of BRC’s and an awakening
to the global market

e Internal exploitation — opportunities for applied and
contract research

If we can address each of these in turn.

increase

Tightening of packaging and transportation regulations

Well before the events of September 11, the level of
beurocracy and specialist training necessary to transport cultures
by air had grown to complex proportions. In the early days
cultures were sent al over the world in a simple jiffy bag or tin
depending on their destination or hazard grouping. Now some
would argue it is just as easy to ship plutonium than a hazard
group 2 organism, let alone a group 3 or 4 pathogen.
Mad cow disease has also caused some customs departments to
ban the importation of materials containing animal products
without a permit. Is this sensible practice or is the tail now
wagging the dog? Whatever we may think, we as culture
collections have to respond and comply, as these are not
recommendations they are national and international laws.

Convention on Biological Diversity

Another difficult challenge for culture collections to fully
implement and survive.

Although ratified by many countries almost 20 years ago,
the interpretation of a culture collections obligations under the
CBD has remained in question, with the result than the vast
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majority of culture collections have ignored it. However, as with
the postal regulations, the CBD has legal ramifications and with
more and more countries developing policies in respect of the
CBD, isonly a matter of time before most collections are forced
to comply. However let us be clear in what the CBD is all about,
what implementation means for culture collections and just as
importantly their users, the scientific community.

Somewhat ironically, the CBD was designed to protect
biodiversity, to allow benefit sharing with the country of origin
in respect of any biological material removed from that country,
but at the same not restricting the free flow of biological
materials within the scientific community. There are some who
would argue that its full implementation would have almost the
opposite effect in terms of the exchange of materials. For a
culture collection, its life blood is its new accessions and the
revenue generated from its sales of cultures. If new depositors
are obliged to obtain PIC (Prior Informed Consent) from the
government of the country of origin and a Material Transfer
Agreement (MTA) from the shipper before acceding any new
materials, then there is a serious concern that this will decimate
accession levels of new strains into culture collections.
Similarly if clients who wish to purchase a strain from a
collection, must first sign an MTA, agreeing not to transfer the
material to a third party or to commercialy exploit it in any
way; sales of cultures will inevitably suffer. So what should
culture collections do? Unfortunately there is no easy answer.
My personal view is that collections as custodians of biological
resources operate as a middle man. They are not directly
responsible for removing micro-organisms from the country in
which they were isolated, nor are they themselves likely to
commercialy exploit them. However they cannot totally
abdicate their responsibility in the transfer of these materials.
Consequently, NCIMB’s current policy is to warn both its
depositors and clients of their obligations under the CBD and to
encourage, but not insist upon compliance. This is a halfway
house but | feel to move swiftly and completely to a position of
full compliance would run the risk of being extremely, if not
fatally, damaging to the viability of culture collections.

Commercialisation of culture collections to increase revenue
stream

In the present climate of financia hardship for many
collections there is the need to develop supplemental avenues
for revenue generation. Out has gone the luxury of taxonomic
research which has been replaced with the business ethos that
“time is money”. Indeed many modern culture collections, e.g.
the ATCC, are viewed by their management as businesses which
have to cover their costs and overheads in a fully commercial
environment. In response to such change, NCIMB has
developed its identification service over the years, which indeed
is one of its success stories. This has resulted locally in the
formation of NCIMB Japan via TechnoSuruga Co., Ltd who
bought into our identification expertise for the benefit of the
Japanese market. NCIMB Japan is now a thriving company in
its own right speciaizing initially in bacterial identification but
now expanding its services to the scientific community.

Contract research, contract preservation, analytical
services and new product development are al part of NCIMB’s
current sphere of activities but at its core remains the culture
collections. Some of our latest products under development



include new user friendly transportation and delivery devices as
time saving tools for modern day scientists. These devices are
easy to use, safe, quick and disposable and can also act as
mini-incubators. We hope to be selling some cultures in this
format early next year.

Being a centre for the oil industry in the UK NCIMB was
aso able to invest time and effort into developing laboratory
biofilm generators to simulate some of the problems caused
offshore by sulphate reducing bacteria. These organisms can
sour oil and gas, corrode pipe work and storage vessels and also
present a hazard to heath in terms of hydrogen sulphide
production.

By developing these lab biofilm generators, NCIMB was
able to offer to both biocide manufacturers and oil companies
adike an independent means of testing and optimising the
efficacies of a wide range of the biocida chemicals used to
control the growth of sulphate reducing bacteria.

Quality assurance and the advent of BRC’s and the global
mar ket

Thirty years ago an organism either grew or it didn’t.
When it was dispatched to a customer, it had a limited amount
of safety and resuscitation data. Now many collections are being
reguired to operate to much higher standards; standards such as
1SO 9001:2000.

Standards such as these mean that collections now have to
carefully document all procedures and working practices,
preserve cultures by more than one method, check authenticity
and sometimes even fitness for purpose. The use of in-house
media also has to be much more rigorously quality controlled in
order to ensure the customer gets a product produced to a
uniformly and reproducibly high standard.

CABRI (Common Access to Biological Resources and
Information) which consists of a consortium for culture
collections, with a focus on quality and uniform standards, has
come about to benefit and reassure users of culture collections.
On the more global stage, culture collection users are beginning
to demand and expect more from collections than just the supply
of cultures. Increasingly they are looking for added value
information about the cultures available, advice on various
aspects of the cultures themselves in addition to more user
friendly on — line interactive services. While hard copy
catalogues remain the most popular form of hands on collection
infformation, increasing numbers of customers expect
aternatives. CD ROM catalogues, fully searchable on-line
databases, e-commerce with shopping baskets and credit card
debit facilities. Web-sites with a multiplicity of information
from patent deposits to downloading of accession forms and
information sheets, preservation advice and other ancillary
services offered by the collections.

Biological Resource Centres (BRC,s) such as the one just
recently built in SHIBA province, is the way forward as seen my
many collections and national government, although few have
yet to invest in such an evolutionary process for culture
collections.

Let us hope common sense prevails.

Internal exploitation -
contract research
Partly as part of an internal insurance policy against

opportunities for applied and
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unstable or unreliable external funding and partly as a
progressive strategy to make the collection more financialy
independent, several collections are beginning to look at their
holdings as a possible source of ling term investment. Culture
collections are in effect a pandoras box in terms of the intrinsic
potential locked up within the cultures held. Why should
collections themselves not seek to exploit some of their holdings
in terns of looking for new or novel products or applications
involving microorganisms.

NCIMB are currently looking for partners in a number of
areas to develop collaborative projects with a view to the
commercia exploitation of their holdings or expertise. Two
brief examples in the early stages of development are screening
bacteria for new therapeutic drugs active against MRSA and
VRE, two infective agents which are becoming increasingly
difficult to treat as nosocomial infections. Another project at the
partnering stage involves harnessing collection expertise with
the laboratory culture of microbial biofilms to look at the effect
of various groups of bacteria in the human gut and their role in
disease processes such as Crohn’s disease and ucerative colitis.
An eventual outcome may be the use of probiotic food products
to control or cure such disease which have a microbial cause or
origin. Our latest research effort is focusing on the use of in situ
freeze dried microbia arrays as a microbial toxicity testing tool
for environmental pollutants. This new technology (MARA
—Microbial Assay for Risk Assessment) is now under
development and trial pending a full new product launch.

These changes in the running of a culture collection are
beginning to run at a frightening pace and one wonders where it
will al end. Some collections and collection networks will
thrive and prosper where their national governments are
convinced of the need to invest in these developments. However
many will | fear be left behind, either second league culture
collections with a limited capability and limited staff resources.
Others again will not survive the winds of change and will no
longer be able to either enjoy the reputation they previously
enjoyed or will be wound up, abandoned or taken over.

Challenging times indeed for culture collections, but a
challenge which we all must face in a positive frame of mind
balancing the bonus of progress with the care and personal
service which past customers still expect to receive. Never
forgetting a the end of the day the function of a culture
collection remains the same, whether a one man band or a
multi-faceted BRC, i.e. to act as a depository to safeguard
microbia biodiversity and to provide free and easy access to
cultures for the scientific community for present and future
generations of microbiologists. If these words are not forgotten
in our rush toward commercial utopia and if culture collections
are adequately supported as a genetic resource centre for future
generations, then the next 30 years may bring less turbulent and
dramatic winds of change, and stabilise and preserve these most
precious of global resources.
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The MARA product is a multi-species toxicity test based on an array of 11 microorganisms
that
* is simple to use
+ does not require expensive equipment
+ can be used to produce toxic fingerprints of chemicals or environmental samples
* produces data for 11 test results as opposed to 1 with most other bacterial tests
* requires small sample volumes
* is particularly suitable for use in environmental toxicity testing by
« considering the toxicity of all compounds present in the sample, irrespective of
whether they are detectable by conventional analyses
» comprehensively monitoring of the toxic properties of the sample e.g. effluent,
providing an integrated measure of quality
+ evaluating the effectiveness of effluent treatment programmes
* helping satisfy the requirements of 1ISO14001.

Columns 1-12

1. The MARA plate contains 11 different
lyophilised bacterial strains.

One bacterial strain in each of columns 1-11
(all strains are of different species). Column
12 is a negative control.

_1_ 2. A concentration gradient of

the chemical to be tested is

added to rows B — G, and

the plate is incubated for 24 3. The plate is read with a flat-bed

hours at 28°C scanner and results are analysed
with the MARA software
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* The toxic fingerprint — an array of EC, values that can
be compared to toxic fingerprints of other chemicals
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A concentration gradient of pentachloro-phenol (1300 to 1.78 mg/l, 3 step dilutions) was added to rows G — B,
row A is a positive control without pentachloro-phenol.

Values determined from the scanned images are shown in the table below. These relate to the pellet size, which
corresponds to the amount of bacterial growth. The EC,, values calculated for each of the 11 micro-organisms.
Taken together, the EC,, values for all 11 bacteria constitute the microbial fingerprint of the tested chemical
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Microbial Fingerprint
‘EC50|1021 302 14 5 20 412 5 4 158 140/ 370 O 69

The strain marked with green is the most sensitive (minimum EC,), and the one marked with orange the most
resistant to pentachloro-phenol (maximum EC)

The toxicity dose of pentachloro-phenol can be described as either the mean EC, value (69 mg/l) or the
minimum EC, value (4 mg/l) of all the tested strains.

The standard deviation of the EC, values is high (306), indicating that the toxicity is selective, and thus that
pentachloro-phenol affects different organisms differently
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on dnaJ sequences
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(Subsection 1V)
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