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Infroduction

Micro-organisms arc indispensable for the continued existence of plant and
animal life. Louis Pasteur was the first to recognize the link between micro-
organisms and the process now regarded as applied microbiology and biotech-
nology. He observed that micro-organisms had a specific role in human and
animal disease and in the production and spoilage of food and drinks.
Understanding and control of micro-organisms has developed over the years
and the practice of biotechnology in which micro-organisms are employed
as biological “tools” is rapidly increasing and will no doubt continue to do
S0.

The use of biological fertilizers. growth stimulators and bioinsecticides
promises to increase production capacity and ultimately to convert barren
lands to fertile areas. In medicine. novel pharmaceutical products. blood

Abbreviations: ATCC, American Type Culure Cellection: CAB. Commonwealth Agricultural Burcauy:
CBS. Centraatburean voor Schimmueleultures: CEC. Commission of the European Communitics: CM].
Commenwealth Mycological Institute: CODATA. Committce on Data for Science and Technolopy: I8M.
Dewsche Sammlung von Mikroorganismen: ECCQO. Ewropean Culture Collection Organization:  HES.
brdroxyethylstarch: TAMS. International Association of Microbiclogieal Socicties: IBP. International Biologi-
cal Programme: 1CCC Inerniional Culture Collection Conterences: KCROL International Cell Rescarch
Orgamization: IDAL International Depository: Acthority: [HEM, Institute of Hygiene and Epidemiology:
TUMS. International Union of Microbiological Societios: JFCC. Japanese Federation of Culture Colicetions:
LMG, Laboratorium voor Microbiologic en Microbicie Genetica. Gent: L Hquid nitrogen: MINE.
NMicrobid Inforpation Network for Europe: MIRC . Microbial Resource Ceatre;s MSDN. Microbial Steain
Data Network: MUCL. Myeothéque de PUniversité Catholigue de Louvain: NCTC. National Collection of
Type Cultures: PYC. Polyvinyd chioride: PVP. Polvviny? pyrolidonc: VKFCC, United Kingdom Federation
of Culture Colicetions: UNEP. United Nations Emvironmental Programme: UNESCO. Usited Natons
Educational. Scieatific and Cubtural Organdzation: UPUL Universal Postal Union: USFCC. United States
Federation of Culture Coflections: WX, World Data Centre: WFCC, World Federation of Culture Colice-
tons: WIPO. World Intelicetual Property Organization.

NB Acronyis of individual Culture Collections are listed in Appendix A, puges 168-191.
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proteins, hormones, interferon, cell growth stimulators, insulin ete. arc
already being produced and new therapeutic products are being actively
sought (Blanch, Drew and Wang, 1983a),

[t is possible to produce gases. power-alcohols, petroleum substitutes and
other renewable energy sources using microbial agents, Biotechnologically
based recycling processes often offer cheap and effective means of effluent
disposal (Robinson and Howell, 1985b). In addition MICro-organisms are
required for strain diagnosis of pathogens in human. plant and animal health
and in numerous taxonomic and ecological studies. All such applications in
microbiofogy and biotechnology depend upon a supply of authentic and
viable cuitures of micro-organisms. Research and development of bacteri-
otogy and biotechnology require that the cultures of MICTO-0rganisms
described or mentioned in publications and patent applications are available
for independent study. It is thus necessary to keep and preserve representa-
tives. types and micro-organisms of potential value for industry. medicineg,
agriculture and other scientific activitics. This important function is the
responsibility of the Culture Collections which have several roles in addition
to deposition. documentation. maintenance, preservation and distribution of
useful, representative and type strains (Clark and Locgering, 1967),
Microbial collections are living libraries, a continuing reference source and
an essential base for related research studies. Generully. collections hold a
wide range of micro-organisms which are of past. present and future interest.
Cufture Collections, associated with biological and biotechnological industry.
have also proved their worth by acting as depositories for the presecrvation
and maintenance of important and diverse groups of prokaryote and cukary-
ote recombinant and non-recombinant strains. Among other standard func-
tions, such Collections regulate the transfer and maintenance of strains as
needed for patent rights and/or patent filing procedures.

Professor Frantisek Kral (1846-1911) of Prague was the first to realize the
importance of Culture Collections: he collected cultures which he made
available for a fee to other workers (Figures 1a,b). This Collection was later
transferred to the University of Vieana in 1915 by Professor Ernst Pribram.
The next oldest Collection, Centraalbureau voor Schimmeleultures (CBS),
was founded in 1906 and stili exists at Baarn. The Netherlands.

Until the 1920s the main reason for the existence of Collections was their
value for taxonomic and epidemiological studies. In the 1930s. studies of
microbial physiology and biochemistry entailed the preservation of micro-
organisms with special properties and productive qualities. Since then many
other Collections have developed; the history of such Collections has been
reviewed by Porter (1976).

Functions

NETWORK AND COLLABORATION

The importance of Culture Collections, including those associated with indus-
try, 18 now widely recognized. The usefulness of Culture Collections in
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Figure 1. (a} Frantisck Kral ([836=1911} founder of the worlds first collection of micro-
arganisms. (b} The first page of the eatalogue of strains ol the collection Der Kral'schen
Swnmilung van Mikroorganismen.
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developing and developed countries. and their fundamental role in micro-
biotogy. has often been emphasized in the International Culture Collection
Conferences (Martin. 1963, 1976; lizuka and Hasegawa. 1970: Pestana de
Castro er al., 1970; Fernandes and Pereira, 1977 Anonymous, 1984; Kocur
and Da Silva. 1984) and by the world network of Microbiological Resource
Centres—MIRCEN (Da Sifva, Burgers and Olembo. 1977).

In 1962, during the First Conference on Culture Collections (Martin.
1963). recommendations were made to the International Association of
Microbiologicat Societies (IAMS) to form a section on Culture Collections.
This section was set up in 1963 and on the recommendations of TAMS in
1970 1t emerged as the World Federation of Culture Collections (WFCC).
The WFCC i1s a Federation of the International Union of Microbiological
Societies (HUMS} and a Commission of the International Union of Biological
Sciences in the division of Botany and Zoology. linking it with other or Taniz-
ations concerned with problems of biological preservation such as herbaria.
zoological gardens and museums. The aims of the WFCC include the collee-
tion of information on strains held by the Collections and more detailed
mformation on the strain data. In addition, WFCC OTganizes training courses
on the modern methods of preservation and on the operation and manage-
ment ol Culture Cotlections. For more details on WECC see Report of the
WFCC {Anonymous, 1975), Stanes of WFCC {Anonymous. 1972). and
the WFCC News Letters (published by The Department of Microbiology.
University of Queensland, St Lucia 4067, Austrulia).

Culture Collections aid biotechnological work by screening. selection,
computer search, identification, patent processing and many other services.
Several Culture Collection federations and associations such as the United
Kingdom Federation of Culture Collections {UKFCC). United States Feder-
ation of Culfture Collections (USFCC), Japanese Federation of Culture Col-
lections (FFCC). ete. have emerged at national and regional bases. A new
association. the European Culture Collection Curators’ Organization
(ECCCO). was established in 1982, to ensure more efficient service to
biotechnology and industry by assisting collaboration between member Col-
lections to avoid duplication of effort (ECCCO, 1984): this has now been
renamed the European Cufture Coliection Organization (ECCO). ECCO
member Culture Collections are also affiliated to the WFCC. Interaction
and collaboration between Culture Collections threugh an international net-
work has been described in detail in a review article by Hawksworth (1983).

ROLE AND APPLICATIONS

The role of Culture Collections in microbiology and biotechnology and the
scrvzus provided by these have been reviewed by Kirsop {1983a.b} and Sly

{1984},

According to the World Data Center of micro- organisms (WDC) about
0-5 % 10° cultures are on records in 356 Culture Collections from 52 countries
(Martin and Skerman, 1972; McGowan and Skerman, 1982: Skerman. 1O84).
The numbers of representative and type strains of micro- organisms held in
Culture Collections of the world are shown in Tuble /.
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Table 1. Representative and type strains of micro-organisms collected in the world*®

Micro-organisms Number of species Numbers of collections
holding these

Algae 2000 49
Bacterig 3500 261
Fungi {filamcntous) 12500 162
Protozoa 300 28
Yeasts 2000 125
Viruses
Animal 1830 54
Bacterial 180 45
Inscet 13 6
Plant 306 8

* McGowan and Skerman. 1982 Sly. (1984,

The majority of such cultures are of regional and international interest.
or of scientific and industrial importance and represent an enormous financial
investment. About 60% of WDC registered collections are concerned with
applied microbiology in fields such as agriculture. industry. dairy. food and
geomicrobiology. Such collections are a world resource. the significance of
which may be recognized only in the light of future scientific discoveries.
The main interests of some bacterial service Culture Collections, tvpes of
their holdings and services offered to microbiology and biotechnology are
summarized in Appendix A (pages 168-191).

The scope of bacterial collection activities important to agriculture is wide
ranging. Microbes are indispensable for recycling compounds and elements
that are essential for proper conditioning of soil and the continued existence
of plant and animal life. By the symbiotic union of legume plants and
nitrogen-fixing bacteria of the genus Rhizobium. nodules are formed on
the roots. Efficient strains of Rhizobiwn from standard reference Culture
Collections are thus used to inoculate seeds of legumes before planting for
effective nodufation. The collections of Rhizobia (Allen, Hamatova and
Skinner. 1973: Skinner, Hamatova and McGowan. 1983) arc also important
in research into the genetics of bacteria and their interactions with the host
plants in, for instance, the transfer of nitrogen-fixing capability to other
organisms in attempts to induce symbiotic nitrogen-fixing associations with
non-leguminous species (Lyons er al.. 1981). Such research depends on
availability of a diversity of nitrogen-fixing micro-organisms in a viable and
stable state (Malik, 1986). This need was emphasized during the National
Work Conference on Microbial Collections of Major Importance to Agricul-
ture 1n 1980 in the United States (Rogosa. 1981).

Micro-organisms are indispensable in many food production processes
because foods are often made by controlled fermentation. Maintenance of
a stable food supply and expansion of a food production capacity mainly
depends on recycling of organic material through microbial decomposition
(Blanch, Drew and Wang, 1985b; Knorr and Sinskey, 1985). The biochemical
importance of micro-organisms in the degradation of cellulose. proteins.
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organic compounds, minerals and in the recycling of nitrogen, carbon diox-
ide, oxygen, sulphur and other elements has already been established (Buli
and Dalton, 1985; Robinson and Howell. 1983a).

Colilection activity in industry has been stimulated for many years by the
search for new antibiotic-producing organisms and for micro-organisms used
in chemotherapeutic studies. In addition to the wide range of products from
the drug industry, the chemical industry produces organic solvents, orgamic
acids, enzymes and many other compounds derived from mICro-organisms
(Blanch. Drew and Wang, 1985¢). The use of microbial enzymes in biosen-
sors and their application in fermentation and environmental control. medi-
cine and the food industry is at present of particular interest (Mullen and
Vadgama, 1986). In the mining industry the bacteria Thiobacillus Jerrooxid-
ans and Thiobacillus thiooxidans rapidly oxidize and solubilize sulphide
minerals and sulphur and are utilized in waste or leaching operations for the
recovery of copper and uranium (Robinson and Howell, 1985a).

For the production of fuel and petroleum substitutes such as methane.
biogas and hydrogen, several methanogenic bacteria and phototrophic bac-
teria are used (Schlegel and Barnea, 1977; Malik. 1979; Wise, 1984: Malik.
Knobloch and Seifert, 1987). Similarly, several Clostridium species are avail-
able for the production of acetone-butanol and ethanol (Blanch, Drew and
Wang, 1985¢). Major service Culture Collections hold such bacteria. fungi
and yeasts with specific potential applications in biotechnology. The source
of availability of some bacteria with special applications in biotechnology is
shown in Appendix B (pages 192-197).

General range of services

‘The detailed services offered by Culture Collections depend upon the size
and interests of the Collection.

General services provided by major service Collections involve selection.
accession, maintenance, preservation, documentation, cataloguing. supply.
distribution, identification. safe keeping, screening. special testing. computer
search and patent deposition of micro-organisms. In addition. training. con-
sultancy, contract research and information services may also be provided.
The range of services provided by individual collections may vary consider-
ably; the services offered by some major bacterial Collections world wide
are summarized in Appendix A.

Accession and deposition of cultures

In a service culture collection new depositions or accessions are essential.
Each service collection has developed its own criteria for acceptance depend-
Ing on interests, resources and assessment of probable future needs. Special-
ized curators usually are responsible for each specific group of micro-
organisms. These curators conduct research in their appropriate fields, main-
tain contact with active workers in the field and are responsible for the
development (enlargement) of their collections and new acquisitions. Some
general categories of bacteria considered for acquisition are as follows:
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1. Pubiished strains of newly named taxa;

2. Type. neotype and selected reference strains. specific and unique bio-
types:;

3. Strains with special properties and applications {bioassay, quality control,
resistance test, degradation, etc.);

4. Strains of special significance to agriculture. biotechnology. medicine,
education etc.;

5. Strains mentioned in patent applications;

6. Genetically manipulated strains, plasmid carriers, special mutants etc.

According to the new International Code of Bacteriological Nomenclature
{Revised Code) (Lapage et a/., 1975), it is a requirement for a valid publi-
cation of a new species that its type strain should be designated and be
deposited in one or more of the permanently established Culture Coilections.
Similarty, for adequate documentation of each newly isolated strain. the
editors of scientific journals recommend proper deposition of new isolates
betore publication. Research workers are encouraged to deposit their strains
and to provide relevant published literature, on taxonomic and other import-
ant characteristics. Depositors of strains are usually given free access to their
isolates and are offered an equal number of strains in exchange if the
deposition is made at the request of a Culture Collection. Major Culture
Collections require completion of an Accession Form for each deposit in
which specific information such as the source of isolation, taxonomic status,
history, published data, special properties, reason for deposit. growth
medium. growth temperature, pH and optimum procedure of long-term
maintenance of a strain are to be given. The Accession Form used at the
Deutsche Sammlung von Mikroorganismen (DSM} is shown in Figure 2.

Supply of cultures

All major service culture collections supply authentic and viable strains for
rescarch, teaching or applied purposes. Normally. a fee is charged for each
culture supplied but as a general rule, Culture Collections supply cultures to
other Collections on an exchange basis.

Patent cultures are usually restricted and are supplied only to authorized
persons under certain conditions (Crespi, 1983).

Cultures purchased from a Collection are guaranteed for viability, purity
and. to a certain extent, according to the properties cited in publications or
Culture Collection catalogues. However, the characteristics of certain
mutated strains, phage hosts and strains with plasmids may change and so
differ from the properties cited in the literature. For this reason, Culture
Collections often stress that recipients of strains should report all discrepanc-
ies about a strain received from them. Collections bear responsibility only
for such strains which have been directly received from the Collections and
not for strains which bear the number of that Collection but which have
been received from some other source.

Certain quarantine regulations must be observed while importing cultures
from abroad: licences or import permits may be required for this purpose.
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Universal Postal Union (UPU) lays down common regulations about packing
and shipping of cultures. The details on export and import restrictions of
micro-organisms are often published in the News Letters of WFCC.

Research, consultancy, training

Apart from service functions. Collections carry out rescarch on actual collee-
tion and related matters and are concerned with the taxonomy and identifi-
cation of micro-organisms. Several major Culture Collections offer training
facilities in their fields of specialization and provide advisory and consuitation
services on such matters as cultivation, earichment, isolation. identification.
preservation and strain selection. Among their special scientific services.
major service Collections also conduet contract research for industry or
rescarch organizations,

Training courses on Culture Collection management. modern preservation
techniques and in other refated areas in applied microbiological research are
organized and conducted by experienced staff of major Cuiture Collections
at nationat and internationat fevel. Under the auspices of WFCC such
Training Courses are mostly linked with International Conferences on Cul-
ture Cellections.

STRAIN DATA AND INFORMATION

All major service Cuiture Collections obtain and document data concerning
their strains. Records are maintained on strain characteristics, nutritional
requirements and qualities of special interest. These are periodically pub-
lished in the form of catalogues and catalogue-supplements (for details sce
Appendix A). which are thus a major source of information on strains (growth
medium. temperature. pH, biochemical characters. literature references.
apphication and history),

For systematic information exchange between collections (about holdings.
type of work. type of strain data. etc.) an International Centre for Infor-
mation on Culture Collections has been established at Lausanne. Switzer-
land. The information about small Culture Collections and about their
mterests and stocks can be obtained from the WDC (Skerman, 1984) which
has published a World Directory of Collections of Cultures of Micro-organisms
(McGowan and Skerman. 1982). and the [BP World Catalogue of Rhizobium
Collections (Skinner, Hamatova and McGowan. 1983) and is now planning
to expand its services to more specific information about strain data by
publishing strain catalogues. The WDC at Brishane is one of the co-ordinat-
ing Microbiological Resource Centres (MIRCEN). and is now. as part of
the world network. establishing a regional network of collaborating institutes
and laboratories in developing and developed countries (Da Silva. Burgers
and Olembo. 1977 Annon. 1979). WD has now been transferred to
RIKEN. (Institute for Chemical and Physical Research) at Saitama. Japan
and the third edition of the World Directory will be published from there in
198K,
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Management of data and data exchange has grown in importance as a
Culture Collection function. Culture Collections associated with biotechnol-
ogy and genetic engineering organizations or industry maintain computer
data-bases for their particular interest. Major Culture Collections also are
increasingly using computers for maintaining and managing data and to
facilitate computer scarch for strains with particular qualities. An Inter-
national Microbial Strain Data Network (MSDN) is being established under
the sponsorship of the Committee on Data for Science and Technology
(CODATAY and WFCC, (Hill and Krichevsky. 1986). The Microbial Infor-
mation Network for Europe (MINE) has recently been established. MINE
is funded by the Commission of the European Communities {CEC} Bioteck-
notogy Action Programme. Its main objective is the production of an inte-
grated catalogue of the holdings of culture coliections in Europe by a
computer network. It incorporates the European Network ol Microbial
Culture Collections Databanks which has been established initiully with the
collaborative efforts of the Commonwealth Agricultural Bureaux (CAB).
UK: Commonwealth Mycological Institute (CM1). UK; Centraalbureau voor
Schimmelcultures (CBS), The Netherlands: Deutsche Sammlung  von
Mikroorganismen {DSM), FRG; the Belgian Coordinated Collection of
Microorganisms (LMG., MUCL, IHEM). Belgium and Gulbenkian Institute
of Science and Oeiras, Portugal. Similarly. at the national fevel several
advanced countries are considering establishment of their data bases. c.g.
the Microbial Culture Information Service (MiCIS) in the United Kingdom.
More detail on data management systems and the information system of
Culture Collections has been described in detail by Krichevsky and Norton.
1976; Jong, 1984; Sly, 1984; Hawksworth. 1983,

Strain maintenance and preservation

In nature, micro-organisms occur in mixed populations of diverse or closely
related species. The individual isolates in pure cultures are known as strains
and strains with common modal characteristics are recognized as specics.
Different strains of a species may exhibit differing non-modal propertics.
Thus examination of pure cultures of several strains of a species is normally
essential in selecting microbes for specific use.

After isolation from nature strains may become unstable and change on
continued maintenance in artificial media and conditions. Strains containing
plasmids and genetically engineered micro-organisms containing extrachro-
mosomal DNA and manipulated genes may also change. Successful mainten-
ance of such cells is a major problem because loss in viability and stability
of such micro-organisms may cause serious disruption to industrial processes
{Calam, 1964; Hesseltine and Haynes, 1973).

The high costs of strain selection, research, development and patent appli-
cation or processing underline the need to maintain the authenticity and
production efficiency of the strains which form the basis of biotechnological
industries. Thus it is a major concern that all microbial strains be maintained.
or preserved in such a way as to assure long-term viability, stability and
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accessibility. The maintenance of microbial culiures and living cells reguires
specialized knowledge of each organism and familiarity with sophisticated
and modern preservation techniques. It is essential that the applied methods
of preservation cause minimal damage to cells and stabilize genotypic and
phenotypic behaviour as well as viability. Major culture collections therefore
frequenily test and adopt new methods of preservation (Nei. 1968: Lapage
et al.. 19707 Malik. 1976, 1984a.b.c. 1985, 1986: Heckly. 1978: Hatt. 1980:
Gherna. 19811 Hippe. Hoffman and Malik. 1981: Rogosa. 1981: Dietz. 1982:
Kirsop and Snell. 1984}, A preservation method generally is judged by its
ability to retain significant properties of the culture and to ensure viability
for long periods. There is no universal method of tong-term preservation
because there is great variation ia susceptibility to the various preservation
methods within groups. genera and species (Redway and Lapage. 1974
Lapage ¢f of.. 1970: Malik. 1976, 1980, 1987).

MODERN METHODS OF PRESERVATION

Generally the long-term viability and stability of the microbial cell is secured
by reducing the metabelic activity to a minimum. This can be achieved by
the removal of water from the cell (to a defined extent) in the presence of
certain protective agents. by freezing at ultra-low temperatures {—196°C in
liquid nitrogen). by freeze-drying (lyophilization) and by liquid dryving (L-
drving). These sophisticated methods to various degrees secure viability and
strain stability. Such techniques are commonly used by the major service
Culture Collections and industrial and scientific labaratories and need to be
fearned in order to handle and store microbes adequately and in a well
organized manner (Figures 3¢, b). The L-drying method (drying without
freczing) was developed by Annear {1954, 1956, 1962) and later was modified
by Banno and Sakane (1979). It is successfully used by many Culture Coilec-
tHons lor the routine preservation of various bacteria and veasts which are
not otherwise easy to conserve.

Preservation by freeze-drving

For long-term preservation. freeze-drying is the commonest preferred
method. Unlike L-drving, freeze-drying causes fittle shrinkage and results in
a product which is readily dispersible, can easily be stored and is usuaily
stubie over a period of many vears,

The final objective of freeze-drying is to reduce the metabolic activity of
the cells to a mimmun and to keep these cells dormant but viable. This is
achicved by lowering the temperature by rapid freezing to reduce enzymic
activity and then stopping metabolism by the removal of cell water (Greaves,
19641, The dehydration 1s achieved by applying a vacuum to remove water
as waler vapour by direet sublimation. However. there are micro-organisms
which fail to survive lyophilization or which lose viabifity during subsequent
fong-term storage.
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Figure 3. (a) Collection of lyophilized ampoules maintained al 9°C, {Ib) Cultures preserved
in liquid nitrogen at the Deutsche Sammiung von Mikroorganismen (DSM)
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The freeze-drying stresses affect sensitive bacteria in two main ways:
(1) by creating loss of viability; (2) by loss of genetic propertics. To obtain
a truc representation of original cultures it is very important that there
should be a high survival rate after lyophilization. as only freeze-drying
resistanl mutants may survive if losses are high. Quality control testing is
essential because some sensitive microbes show no loss in viability after
lyophifization although their genetic stability may be affected and this causes
loss of important qualities. This is especially likely for bacteria with properties
depending on the presence of plasmids. Many industrially useful strains.
especially those obtained as a result of selective screening. mutations or
genetic engineering may suffer loss of useful qualities after lyophilization.
At the American Type Culture Collection (ATCC), lyophilization of plasmid-
containing Escherichia coli cultures resulted in loss neither of plasmid nor
of viability (Nierman and Feldblyum, 1980). At the German Collection of
Microorganisms {DSM) during a systematic control about 250 plasmid-bear-
ing strains of F£. coli (host of recombinant or isolated plasmid DNA) werc
checked for their plasmid content and plasmid markers and about 7% of
strains were found to maintain their plasmids after lyophilization (Rohde
and Claus. 1987). However. in some comparative lyophilization studies
diazotrophic bacteria proved very sensitive during unprotected frecze-drying
and in many cases complete loss of viability and stability (loss of chemo-
lithoautotrophy. diazotrophy and plasmids) resulted (Malik. 1986). Using a
simplified freeze-drying method {(involving protectants) successful Iyophiliz-
ation was achieved with diazotrophic and phototrophic bacteria without loss
of plasmids or other desirable characters (Malik, 1986, 1987). In some
lyophilized cultures mutant colomes were isolated; these showed loss of
uscful properties without any apparent plasmid loss. Possibly only a plasmid
injury or damage could have caused the loss of such characteristics (plasmid
located). but at present no method is available to demonstrate such plasmid
damage or injury.

Generally Gram-positive bacteria survive better than Gram-negative bac-
teria when freeze-dried under comparable conditions. Similarly. spore-
forming bacteria can better survive freeze-drying. The age of a culture can
also have a profound effect on the survival of micro-organisms to be frecze-
dried. Our results show that vsually cells in a culture at the early stationary
phase are most resistant to the freeze-drying process. Optimal incubation
periods for various bacteria to be freeze-dried are shown in Table 2. Similarly
it is known that high cell concentration usually results in an increased
percentage of cells surviving freeze-drying (Table 3). The reason for this
phenomenon is not clearly understood.

The cells of the micro-organisms to be lyophitized should be suspended in
medium containing agents which protect against freezing and drying injuries
{Greaves, 1964; Lapage er of., 1970 Redway and Lapage, 1974; Hatt, 1980;
Malik. 1976, 1986). Protective agents are needed to prevent both ice crystal
formation and total desiccation (which damages IDNA and kills the cells) as
well as to peutralize harmful effects (from electrolytes, for instance). Most
protective compounds. in general. are hydrophilic in nature. These are
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Table 2, Optimal time of preincubation for some bacteria to be

{frecze-dried

Organism Preincubation (hours)
Acetobacrer 18-72
Acinetobacter )
Aeromonis 24
Agrobacteritum 45
Alcaligenes 24
Arthrobacier 72
Azotobacter 72
Azomaonas 72
Bacifius Pli}
Bacteraides 48
Bifidobacterium 24
Brevibacteritun 72
Celludomonus 2448
Chramobacterium 24
Citrobacter 24
Clostriditn 72
Corynebacterium 24
Enterobucter 24
Erwinia 36
Escherichin 24
Klebsiellu 24
Lactobacilius 2448
Leuconostoe 24
Micrococcus 16-18
Nocardia 96 or more
Pedioeoccus 24
Prapionobacieritm 2472
Protens 24
Pseudomaonas 24
Serratia 24
Sporosarcina 24
Staphylococcus 18
Streprococcus 24-48
Vitreocillu 48
Zymomonas 2448

Table 3. Cell concentration and survival of some bacteria alter [recze-dryving

Species Before frecze-drying After freeze-drying
Serratia marcescens 35 x W T xr

2 10 I o= o
Escherichia coli 2 x 100 3=

3 x o 3 x Hee
Psendomonas putida 4 x e [T

510 4o qepn
Lactobacillus plantarum b g b 108

A Lo
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assumed to fit into water lattices by forming parallel structures {tetrahydric
and hexagonal, etc.) and are able to bind water through hydrogen bonding.
A few selected sugars, and honey (a natural combination of almost all
favourable substances) have proved to be good protective agents during
lyophilization (Matik, 1976, 1978).

To summarize, the protective agents in the suspending fluids should assist
retention of residual water to about 1% (0-133 Pa). could neutralize toxic
carbonyl radicals. electrolytes. ete. and should provide an easily water-soluble
final porous solid. This *porous cake’ is intended to facilitate sublimation of
ice. protect the dried culture from mechanical damage and prevent aerial
dispersion during sublimation of ice and when the ampoule is opened to
recover the micro-organisms. In addition. such factors as high glass transition
point (for preventing ice crystal formation within the cell during super-
cooling) of the substance and colloidal nature (for providing a protective
film around the cell to help prevent mechanical damage during the process)
and high buffering capacity aiso prove helpful.

A variety of protective agents, such as amino acids, carbohydrates (e.g.
sugars or dextran) and hydrophilic compounds. proteins {such as hacmo-
globin. gelatin and serum albumin} and materials such as milk and honey.
have alt been used with some success.

At the DSM we have tested about 30 of such substances on more than 40
different microbial species to determine their ability to ensure:

1. Maximum viability;

Minimum losses during storage at low (4°C) and relatively higher {25°C)
temperatures;

3. Maximum phenotypic and genetic stability.

t-

Only four of these additives offered good protection for a variety of bacteria
(Table 4). During more than [2 years’ experience these additives have proved
successful for the lyophilization of a broad spectrum of micro-organisms.
Special precautions are needed for the lyophilization of micro-organisms
sensitive to light, oxygen. temperature, osmotic pressure or other factors.
As an example, freeze-drying has scldom been used to preserve blue-green

Table 4. Some protective agents for successtul lyophilization *

Additives Average Storage temperature
{protective agents) sur val

(%) e 10°C 25°C
b, Skim Milk+ 20% and Honey 10% 90100 Good Moderaie Poor
2. Skim Milk 20% and Glutamate 3%  60-90 Good Good Good
3. Skim Milk 20% and m-Inositol 5% 7090 Good Good Moderate
4. Skim Milk 20% and Raffinosc 5% 50-60 Good Moderate  Moderate

* Matik, 1986. §987.
+ Bacto-Skim milk, Difco.
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algac or phototrophic bacteria. Failure to preserve such cuitures by ordinury
methods is mainly due to their sensitivity to oxygen in the presence of light
(Malik, 1983, 1984c). Photochemically active agents such as carotenoids,
bacteriochlorophylls or bacteriophytins (porphyrins) offer good protection
against photo-oxidation by absorbing light and trapping oxygen during the
freeze-drying process. Using this method. several species of phototrophic
bacteria were successtully preserved (Malik, 1978, 1984a). During recent
experiments porphyrins were replaced by fine neutral active carbon powder
used as a protective additive, together with 5% raffinose or 5% meso-inositol
{(Malik, 1987). Several species of Rhodospirillaceae (brown and oxygen-
sensitive), and a few species of Chlorobiaceae and Chromatinceae retained
viability and stability after lyophilization and after 1-2 vears of storage at
+9°C.

There have been few reports of Iyophilization of methanogenic bacteria
50 far. At the DSM a mixture composed of horse serum, glucose and ferrous
sulphide has been used as suspending fluid for lyophilization of several
species of methanogens (Hippe, 1984). The outline of a modern (reeze-
drying process and the major steps involved are shown in Figure 4 (Malik,
1985, 1986).

Crvopreservation i liguid nirrogen
YOf

Micro-organisms to which freeze-drying cannot be applied are often pre-
served in tiquid nitrogen (LN,). With controlled freezing and thawing it is
possible to freeze-store microbes and maintain genetic stability and viability
(Bridges, 1966: Jarvis, Wynne and Telfer, 1967; Swoager, 1972; Nagel and
Kunz, 1972; Daily and Higgens, 1973; Dietz, 1975; Simione and Daggett.
1977, Hatt, 1980; Kirsop and Snell, 1984; Malik, 1984b).

At ultra-low temperatures {—196°C of liquid nitrogen) metabolic activities
are reduced to a minimum. A broad range of living cells (from small
prokaryotic to large eukaryotic cells) can remain viable for long periods
(Bridges, 1966: Nei, 1968; Hatt, 1980; Kirsop and Snell, 1984). Nearly all
micro-organisms so far tested have survived in LN, and possibly can survive
for prolonged periods with little loss in viable count. Liquid nitrogen is safer
(non-burning, non-toxic) and cheaper than other inert gases. It provides a
storage temperature of —196°C and storage containers and additional equip-
ment for LN storage are commercially available.

Cells undergo severe temperature changes during freezing, for example
from growth or room temperature to betow 0°C. During this step cells are
particularly susceptible to injury and loss of viability, thus suffering *cold
shock” which can be avoided or limited by slower cooling and by the addition
of cryoprotectants (Daily and Higgens, 1973; Calcott and Gargett, 1981).

High recovery of cells from the frozen state is important to minimize the
possibility of selection of cells resistant to the technical manipulation
employed during the process of cryopreservation. Successful deep-freezing
of most bacterial suspensions requires certain procedures:
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PREPARATION OF CULTURE PREPARATION OF AMPOULES

CULTURE INOCULATION Ampoules actd washing

and agdition ol plugs

Filling of ampoules with
Skl milk 0.5 mt of 20% w/v i1 B O )

conlaiming appropriate protective midiun
INCUBATION

gTERiLIZATION
(1157 C lar 13 minutas )

HARVESTING 1

{ Centtilugation In case
of liquid cullures }

FREEZING
{ over night at =30° ¢ 1o -70% ¢ )

l

Preparalion ol homogenlzed FREEZE-DRYING
ceit sispension n apprepriale
prolective medium l

Ampaules ready with
Shim mix cake

Lanclgng and heezing

Distributtan in lo —_—. {at =307 C dor -2 houts )
predroren ready ampoules

t about 0.05 ml ) VIABITY TEST
l (€ stimation of eell counts

belore reeze-drying }

FREEZING
(at -30° ¢ for 2-3 hours )

l

PRIMARY DRYING
{ over night }

|

Teansler of ampouies In
fo soft glass lubes with
slhica gel and constriction

|

SECONDARY DRYING
{ Z=3 hours )

l

SEALING UNDER VACUUM

VIABILITY TEST
! {Estimalion of celf counls
l alter freeze-drying }

SI’ORJGE STORAGE TEST
f§4-107 C} (Eslimalion of cell counis
alter appropriale Intervals
of slorage )

Figure 4. Flow diagram of a freeze-drying process (Malik, 1986).

n
d
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LN
RS

Low cooling rate down to —30°C;

Fast coeling rate below —30°C;

Fast warming rate during thawing;

Minimum concentration of electrolytes in the freezing suspension:
Addition of cryoprotectants to the freezing suspension.

L R S

AP SR O

Compounds which protect living cells against freeze—thaw injury are termed
cryoprotectants and belong to two main classes on the basis of their per-
meability to cells (Table 5). Penetrating compounds of low molecular welght,
¢.g. giycerol, dimethylsulphoxide (DMSQO). methanol, ete. are used as Cryop-
rotectants in preserving many types of bacteria. These penetrating com-
pounds are generally applied in high concentration (0-5-1-5 m) whereas
non-penetrating agents such as HES and PVP are used at much lower
concentrations (-1 m). Toxicity of these compounds at higher concen-
trations may cause problems. At low cooling rates it can be assumed that
ice erystals are formed only outside, not inside, the cell because the interior
of a cell has a stronger freeze-depression and withstands supercooling. During
thawing (warming) of the sample from the deep-frozen state. all the Processes
during deep-freezing will reverse and could damage the cells. Generally, a
low cooling rate of 1-10°C per minute and rapid thawing is recommended
for obtaining good survival in the case of bacteria, yeasts and fungi. There
are several exceptions for which a modified freezing procedure or suspension
medium is essential for survival. For effective preservation of anaerobic
bacteria, several special methods are available (Gilmour er al., 1978: Hippe,
1984; Malik, 1984a.b).

Considerable progress has been made during recent years in low tempera-
ture preservation methods (Hatt, 1980; Kirsop and Snell, 1984; Malik, 1983).
Cryopreservation in liquid nitrogen or in deep freezers requires specialized

Table 5. General cryoprotective agents for deep-freezing

[ Penetrating Compounds
1. Dimethyisulphoxide {DMSQ)
2. Glycerol
3. Methanot
4. Ethylene glveol

I1. Non-penetrating Compounds
1. Hydroxyethyl starch (HES)
2. Polyvinyl pyrelidone (PVP)
3. Sugars, proteins, ctc.
4. Polyethylene glycoi

111, Complex Undefined Agents
i, Extract of boiled microbial cells
2. Malt extract

. Blood proteins, serum

4. Milk, skim milk

2
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Table 6. Minjaturized methods for {reeze-preservation of micro-organisms

Methods Storage temperature
Glass capillary tubes® —196°C (Liquid nitrogen)
Plastic capillary tabes {(PVC)+ —196°C (Liquid nitrogen)
Glass beads: —70°C

= 196%C (Liguid nitrogen)
Mini-screw cap glass ampoules$ =~ 196°C (Liquid nitrogen)

* Pautrizel and Carloz. 1952; Jarvis, Wynne and Teller, 1967, Hippe. 1984,
+ Dictz. 1973 Gilmour ¢t af., 1978: Hippe, Holfman and Malik, 1981,

+ Nagel and Kunz, 1972; Feltham et of.. 1978,

§ Makik. 1984b.

expensive storage. Problems of space and cost can be overcome by the use
of novel miniaturized methods. These techniques (Table 6) reduce the vol-
ume of the cell suspension to be preserved and of the unit holding this. For
this purpose small glass beads. ampoules. glass capillary tubes and plastic
polyvinylchloride (PVC) straw or capillary tubes are used to prepare several
parallel samples from the same batch of the cells (Jarvis. Wynne and Telfer,
1967; Nagel and Kunz, 1972; Feltham er afl.. 1978: Gilmour er al.. 1978;
Hippe. Hoffmann and Malik, 1981; Hippe. 1984: Malik. 1984a.b).

Some of the major steps involved during a general process for liquid
nitrogen preservation of bacteria are shown in the flow diagram of Figure 5
{Malik, 1985).

Patent deposition

A patent is valid only if the micro-organisms cited in the patent application
are deposited with a recognized International Patent Depository Authority
(recognized by the World Intellectual Property Organization (WIPQ) under
the ‘Budapest Treaty on the International Recogmition of the Deposit of
Microorganisms for the Purposes of Patent Procedure’, 1977).

Culture Collections (International Depository Authorities or IDAs) can
advise scientists on procedures for patent deposition, provide help in the
deposition of microbes in an International Depository and provide advice
and consultancy services on similar matters. An International Form for the
deposition of a patent micro-organism with a recognized International Patent
Depository Authority is shown in Figure 6.

There are 14 IDAs that have been recognized by WiPO under the Budap-
est Treaty (Table 7). The bacterial culture collections which act as IDAs and
the number of patent strains deposited at these are shown in Table &.
According to patent treaties, Culture Collections {International Depasitory
Authorities) holding patent cultures must ensure viability, stability and avail-
ability of the patent deposits for at least 30 years (Saliwanchik, 1982).
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PREPARATION OF CULTURE

CULTURE INOCULATION

1

INCUBATION

|

HARVESTING
{ Cealritugalion in casa
of liqurd cudlures )

l

Preparation of celf suspension
in sterile growlh medium

|

MIXING
¥ lpe ratio { 131 v/v ) witn
pre-cooled { kepl in lee bath )
Cryopratectan! { 20% Glycarol
or 10% DPMSO or 10% CH30H )

|

EQUILIBRATION
{for 15-30 minutes in ice balh)

VIABILITY YEST I
{Estimatlon of ceil counts *
belore raezing }

Fllling i lo ampaules
{0.5-1.0mi}
{ For anaerebic culfures oxygen lree
syringes are used to ingect cel sus-
pension m screw cap glass ampoules }

|

insertion of ampoules
in labelled racks or canes

|

FREEZING
(in liquid nilzogen at appropriate
<cooling rate of by direcl immaersion }
RE ~ FREEZING
{ Thawing-resistan| cells are
partially thawed lo lake oul

smalt armount of suspension.
Tre resl ampouie is frozen again)

' STORAGE
{Liquid nilregen centainer }

l

Removai of ampoules and
quick Thawlng al 37"

VIABILITY TEST
Eslimalion ol cell counts
atler hreezing

*—,,_____ Removal ol cell suspension,

Inocudation an< lacubalion.

{sealable or screw-cap,
for asrodic cullures only)

————

PREPARATION OF AMPOULES

Plaslic sterfe
ampevies

LABELLING

Small screw-cap

la 5 ampout
{ 1.0-1.5 m] volume }
wilh bolyl rubbey septums

SYERILIZATION
(2217 C tor 15 minutes )

Asepc evacuation
( for anaeroble cullures enly )

Figure 5. Flow diagram of a general procedure for eryopreservation in liquid nitrogen (Malik.

1983).
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Table 8. Micro-organisms deposited in some bacterial culture collections recognized under
the Budapest Treaty for the purposes of patent procedure*

International Depository Authority Number of deposits in  Number of deposits in
1983 and 1984+ 1985 and 19863

Agricultural Research Culture Collection 801 236

(NRRL),

United States of America )

American Type Culture Collection 826 1507(460)§

(ATCC),

United States of America

Centraalbureau voor Schimmelcultures — 58

(CBS),

Netherlands

Collection National de Cultures de 49 56

Microorganisms(CNCM), (for 1985 only)

France

Deutsche Sammlung von Mikroorganismen 314 308

(DSM)

Federal Republic of Germany

Fermentation Research Institute (FRI), 689 552

Japan

In Vitro International Inc. (IVI) 41 80

United States of America

Mezogazdasagi es Ipari — 41

Mikroorganizmusok Magyar Nemzeti (for 1986 only)

Gyiijtemenye (MIMNG)

Hungary

National Collection of Industrial Bacteria 76 165

(NCIB)

United Kingdom

National Collection of Type Cultures 10 2

(NCTC)

United Kingdom

* Culture collections are unable to provide detailed information on such strains deposited with

them under the Budapest Treaty although this information is available to the public after the
announcement or publication of the patent.

T Data from WIPO Publication TP/STAT/1984/A (Publication A)

f Data received directly from the collections

§ Deposited under the Budapest Treaty
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