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Storage of collection and industrial strains, apart
from loss of viability, results in the processes of popu-
lation variability. The dominant phenotype is replaced
by another one, different in its characteristics and pro-
ductive activity; thus, the priority features of the strains
are lost. Reliable technologies for long-term storage of
collection, industrial, and reference cultures for various
microbial genera, species, and strains are therefore
required.

Cryoconservation, transfer of biological objects to
deep cold anabiosis (

 

–196°ë

 

) with subsequent restora-
tion of their metabolic activity under optimal culture
conditions, is an efficient method for long-term storage
of microorganisms [1–5]. The efficiency of mainte-
nance of viability and productive characteristics
depends on the methods of its transfer to and removal
from the state of deep cold anabiosis [5]. Individual
efficient cryoconservation technologies are therefore
developed for various genera, species, and strains of
microorganisms in order to ensure the maximal amount
of viable microbial cells retaining their original charac-
teristics [6, 7]. Low-temperature banks for storage of
various taxonomic groups of microorganisms are
widely used [8–10].

The goal of the present work was to investigate the
characteristics of industrial microbial strains after long-
term (15–20 years) storage in liquid nitrogen (

 

–196°ë

 

).

MATERIALS AND METHODS

Industrial strains used in this work were obtained
from the institutes of the USSR Ministry of Medical
and Microbiological Industry. They belonged to the
genera 

 

Streptomyces

 

 (species: 

 

S. aureoverticillus,
S. aureofaciens, S. griseus

 

, and 

 

S. fradiae

 

), 

 

Bacillus

 

(species 

 

B. thuringiensis

 

 subsp. 

 

galleriae

 

), 

 

Saccharo-
myces

 

 (species 

 

S. cerevisiae

 

), 

 

Streptococcus

 

 (species

 

Str. lactis, Str. diacetilactis

 

, and 

 

Str. cremoris

 

), 

 

Bifido-
bacterium

 

 (species 

 

B. adolescentis, B. longum, B. bifi-
dum

 

 LBA-3, and 

 

B. bifidum

 

 1), 

 

Anabaena 

 

(species

 

A. variabilis), 

 

genera

 

 Synechocystis, Nostoc

 

, 

 

Spirulina

 

(

 

S. platensis

 

) and bacteriophages T3, T4, and 

 

ϕ

 

X174

 

.
The microorganisms have been stored in liquid

nitrogen at 

 

–196°ë

 

 for 15 to 20 years. Cultural, mor-
phological, and biochemical techniques were used to
assess the preservation of characteristics of the cul-
tures. Productive activity was determined by compari-
sons of the values obtained after storage with those for
the cryoconserved cultures defrosted without storage.
The number of viable cells was determined by plating
serial dilutions on agarized media with subsequent
microcolony counting (CFU) [11].

Acid production by lactic acid streptococci and bifi-
dobacteria were determined according to [12]; insecti-
cidal activity of 

 

B

 

.

 

 

 

thuringiensis

 

 subsp. 

 

galleriae

 

 was
determined as in [13]; antibiotic activity of strepto-
mycetes was determined as in [14]; enzymatic activity
in yeasts, according to [15]; proliferative activity and
biomass accumulation by cyanobacteria, according to
[16]; intracellular life cycles of bacteriophages and
their adsorption rate to bacteria were determined as in
[17].
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Cell suspensions were frozen in metal containers (1
and 10 ml) hermetically sealed with Teflon screw caps
(manufactured in the Institute for Problems of Cryobi-
ology an Cryomedicine, National Academy of Sciences
of Ukraine, Kharkov).

The samples were frozen in the freezing chamber of
a UOP-6 programmed freezer (manufactured in the
Institute for Problems of Cryobiology an Cryomedi-
cine, National Academy of Sciences of Ukraine,
Kharkov) within the range from 18–20 to 

 

–196°ë

 

 at dif-
ferent cooling rates.

Heating and reactivation (deconservation) were car-
ried out in a defroster designed as a water bath with a
shaker. The optimal defrosting temperatures have been

previously experimentally determined for each micro-
bial strain by heating frozen but not stored cultures.

Storage of the samples frozen under optimal modes
was carried out in XB-05 low-temperature repositories at

 

–196°ë

 

 [4, 5, 9] with monitored liquid nitrogen levels.
Statistical treatment of the data was carried out

according to accepted procedures [18].

RESULTS AND DISCUSSION

In development of the technological process for
cryoconservation, the following factors were consid-
ered: original characteristics of microorganisms,
growth phase of the culture, cell concentration in sus-
pensions, composition of conservation media, cooling
rates, and heating temperatures.

Efficient cryoconservation technologies have been
developed for each genus, species, and strain of indus-
trial microorganisms; these technologies enabled cryo-
conservation and prolonged storage of microorganisms
[5, 9].

Microbial cryoresistance was found to depend on
the growth phase. Most of the organisms studied had
high cryoresistance in the stationary growth phase
(Fig. 1) [5].

Cryoresistance of most microorganisms increased
with their concentration in the conservation medium;
lactic acid streptococci may serve as an example
(Fig. 2). Increased concentration of cyanobacteria in
suspensions did not result in increased number of via-
ble cells after cryoconservation.

For most of the studied microorganisms, fresh
growth medium was the optimal environment for cryo-
conservation (Fig. 2).
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Fig. 1.

 

 Numbers of viable cells of 

 

Bifidobacterium bifidum

 

 1 (

 

1

 

) and

 

 Bacillus thuringiensis

 

 (

 

3

 

) after cryoconservation of material
collected at different growth phases of 

 

Bifidobacterium bifidum

 

 1 (

 

2

 

) and

 

 Bacillus thuringiensis

 

 (

 

4

 

).
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Fig. 2.

 

 Number of

 

 Streptococcus cremoris

 

 viable cells after
cryoconservation of cell suspensions of 10

 

8

 

 cell/ml (

 

1

 

) and
10

 

10

 

 cell/ml (

 

2

 

) in protective media: physiological saline
(I), growth medium (II), and recovered milk (III).



 

MICROBIOLOGY

 

      

 

Vol. 77

 

      

 

No. 5

 

     

 

2008

 

LONG-TERM STORAGE OF INDUSTRIAL MICROBIAL STRAINS 623

 

High cooling rates (

 

300–400°

 

C/min) were found to
be optimal for entomopathogenic bacteria, lactic acid
streptococci, spore cultures of streptomycetes. After
freezing these organisms, the ratio of viable cells was
53–90%. Low and medium cooling rates (0.1–
0.4

 

°

 

C/min; 1–4

 

°

 

C/min; 10–40

 

°

 

C/min) were optimal
for bifidobacteria, vegetative streptomycete cells, bac-
treiophages (T4 and 

 

ϕ

 

X174

 

), and bakery yeast strains.
After cooling, the ratio of viable cells was 50.4–91.3%
of the control values.

Spore-forming microorganisms exhibited the high-
est cryoresistance; the number of colony-forming units
was maximal when spore suspensions were frozen
within a broad range of cooling rates. Unlike spores,
vegetative microbial cells were less cryoresistant. Low
cooling rates (

 

0.2–4.0°

 

C/min) were optimal for vegeta-
tive cells of 

 

B. thuringiensis

 

, streptomycetes, bakery
yeast, two bifidobacteria species, and asporogenic
microalgae. Heating temperature also affected survival
of cryoconserved microorganisms. For example, while
low heating temperatures (

 

1.5–4.1°ë

 

) were optimal for
bacteriophages, the optimal heating temperature for
bacteria and yeasts was 

 

30–41°ë

 

.

Differences in cryoresistence were revealed not only
between microbial species, but between strains as well.
Cryoconservation in the optimal mode resulted in a
reliable decrease of viable cell numbers of some yeast
strains 

 

S. cerevisiae

 

 (no. 14 and Tomskaya-7); only
22% of viable cells survived after heating. Cryoconser-
vation of the yeast strain no. 608 resulted in 90% viable
cells. Streptomycetes also exhibited strain differences.
Although high cooling rates provided for the best sur-
vival of streptomycete spores, a medium cooling rate of
10

 

°

 

C/min was optimal for one of the six studied 

 

Strep-
tomyces fradiae

 

 industrial strains.

Bacteriophage strains also differed in cryoresis-
tance. Phage T3 was the most resistant to cryoconserva-
tion; phage T4 was the most cryolabile; phage 

 

ϕ

 

X174

 

occupied an intermediate position.

Cryoconservation under optimal conditions caused
nonlethal damage to microbial cells; this damage was not
affected by storage duration and was repaired after heat-
ing. Nonlethal damage is expressed as increased duration
of the exponential growth phase of reactivated microor-
ganisms, elongation of the intracellular assembly cycle
of bacteriophages (Fig. 3), increased number of growth
centers resulting from fragmentation of microalgal fila-
ments and streptomycete hyphae, fragmentation of strep-
tococci chains, etc. In some streptomycete strains, anti-
biotics synthesis was reversibly stimulated, in some
yeast strains, enzyme formation, and in cyanobacteria,
chlorophyll synthesis. Reversible inhibition of nucleic
acid and protein synthesis immediately after heating, as
well as inhibition of bioenergetic processes and synthesis
of cryostress proteins have been shown to be the cause of
nonlethal damage [5].

No additional deterioration of the characteristics of
microbial cultures was observed after storage for 15 to
20 years in liquid nitrogen.

Thus, the optimized procedures for cryoconserva-
tion with subsequent storage in liquid nitrogen at

 

−

 

196°ë

 

 ensured the preservation of microbial charac-
teristics for 15–20 years.

Our results demonstrate that not only taxonomically
different microorganisms, but even strains of one spe-
cies can differ significantly in cryoresistance, although
the morphofunctional and cultural characteristics, as
well as metabolic activity, are similar within a species
[5, 19, 20]. The characteristics determining strain spec-
ificity usually have no effect on cryoresistance. Micro-
bial cryoresistance understood from the viewpoint of
traditional cryobiology is therefore a feature that can be
used as an additional characteristic of a strain. Elucida-
tion of the reasons for different cryoresistance of the
strains will improve our understanding of the factors
and mechanisms determining cryoresistance in biolog-
ical objects [19]. Cryoconservation of microorganisms
results in certain changes of their cells; their conse-
quences are revealed during the first transfer after
deconservation as changes in the number of viable units
and inhibition or stimulation of antibiotic or enzyme
production. High preservation of the viable cell titer
(CFU) and their productive activity are the main crite-
rion for the choice of the technological regulations for
long-term cryoconservation of microbial producers of
biologically active compounds [20].

Prior to long-term storage, the cryoconservation
technological processes efficient for every individual
microorganism should be developed in order to pre-
serve the highest possible number of viable cells with
their initial characteristics unaffected. Efficient tech-
nologies for cryoconservation of microorganisms of
different taxonomic groups have been developed; they
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Fig. 3.

 

 Graphs of a single growth cycle of bacteriophage T4
before (

 

1

 

) and after cryoconservation (

 

2

 

).
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are used for biotechnological processes. After storage
for 15–20 years, no reliable decrease was found in the
number of viable cells; their morphofunctional, cul-
tural, and biochemical characteristics and productive
activity did not differ from those observed in the same
cultures heated immediately after freezing.

REFERNCES

 

1. Arkad’eva, Z.A., Factors Affecting Microbial Viability
and Characteristics at Different Sotrage Modes, 

 

Nauchn.
Doklady Vysshei Shkoly. Biol. Nauki

 

, 1983, no. 4,
pp. 93–105.

2. Perry, S.F., Freeze-Drying and Cryopreservation of Bac-
teria,

 

 Mol. Biotechnol.

 

, 1998, vol. 9, no. 1, pp. 59–64.

3. Ruban, E.L., Storage of Microbial Cultures, 

 

Prikladnaya
Biokhimiya i Mikrobiologiya

 

, 1989, vol. 25, no. 3,
pp. 291–301.

4. Popov, V.G., Sytnik, K.M., Brazhnikov, A.M., Itkin, Yu.A.,
Manuil’skii, V.D., Vysekantsev, I.P., Shurda, G.G.,
Popov, A.S., Petrenko, T.F., Kudokotseva, O.V.,
Pokhilenko, V.D., and Mikulinskii, Yu.E., 

 

Kriobiologiya i
biotekhnologiya

 

 (Cryobiology and Biotechnology), Tsut-
saeva, A.A., Ed., Kiev: Naukova Dumka, 1987.

5. Mikulinskii, Yu.E., Vysekantsev, I.P., Kadnikova, N.G.,
Anan’ina, A.E., Martsenyuk, V.F., Kudokotseva, O.V.,
Petrenko, T.F., Dubrava, T.G., Kotlyarov, A.O.,
Stegnii, M.Yu., Tupchienko, G.S., Gordienko, A.D., and
Fedets, O.I., 

 

Kholodovoi stress i biologicheskie sistemy

 

(Cold Stress and Biological Systems), Tsutsaeva, A.A., Ed.,
Kiev: Naukova Dumka, 1991.

6. Pasarell, I. and McGinnis, M.R., Viability of Fungal Cul-
tures Maintained at

 

 −

 

70 Degress C, 

 

J. Clin. Microbiol.

 

,
1992, vol. 30, no. 4, pp. 1000–1004.

7. Sakurada, M., Tsuzuki, Y., Morgavi, D.P., Tomina, Y.,
and Onodera, R., Simple Method for Cryopreservation
of an Anaerobic Rumen Fungus Using Ethylene Glycol
and Rumen Fluid, 

 

FEMS Microbiol. Letts.

 

, 1995,
vol. 127, no. 3, pp. 171–174.

8. Jong, S.C. and Davis, E.E., Conservation of Reference
Strains of

 

 Fusarium

 

 in Pure Culture,

 

 Mycopathologia

 

,
1979, vol. 66, no. 3, pp. 153–161.

9. Owen, R.G., On, S.L., and Costas, M., The Effect of
Cooling Rate, Freeze-Drying Suspending Fluid and Cul-

ture Age on the Preservation of 

 

Campylobacter pylori, J.
Appl. Bacterial.

 

, 1989, vol. 66, no. 4, pp. 331–337.
10. Kolkowski, J.A. and Smith, D., Cryopreservation and

Freeze-Drying of Fungi, 

 

Methods Mol. Biol.

 

, 1995,
no. 38, pp. 49–61.

11.

 

Praktikum po mikrobiologii 

 

(Practical Manual for
Microbiology), Egorov, N.S., Ed., Moscow: Mosk. Gos.
Univ., 1976.

12. Bogdanov, V.M., Koroleva, V.S., and Bannikova, L.A.,

 

Mikrobiologicheskii kontrol’ na predpriyatiyakh
molochnoi promyshlennosti

 

 (Microbiological Control in
Dairy Industry), Moscow: Pishchevaya promyshlen-
nost’, 1967.

13. Dalmedzh, G.T. and Rods, R.A., Pathogen Cultivation
on Artificial Media, in Mikroorganizmy v bor’be s vred-
nymi nasekomymi i kleshchami (Microorganisms against
Destructive Insects and Mites), Moscow: Kolos, 1976,
pp. 402–426.

14. Egorov, N.S., Osnovy Ucheniya ob Antibiotikakh (Basic
Principles of the Theory of Antibiotics), Moscow:
Vysshaya Shkola, 1986.

15. Bakushinskaya, O.A., Belova, L.D., Bukanova, V.I.,
Lozenko, M.F., and Semikhatova, N.M., Kontrol’ proiz-
vodstva khlebopekarnykh drozhzhei (Control of Bakery
Yeasts Production), Moscow: Pishchevaya promyshlen-
nost’, 1978.

16. Nikitina, K.A., Yudina, T.G., and Gusev, M.V., Morpho-
logical Heterogeneity of Anabaena variabilis under Dif-
ferent Conditions of Life and Destruction, Mikrobi-
ologiya, 1979, vol. 48, no. 5, pp. 873–879.

17. Stent, G. S., Molecular Genetics; An Introductory Narra-
tive. San Francisco: Freeman, 1971 [Russ. Transl. Mos-
cow: Mir, 1981], pp. 251–260.

18. Ashmarin, I.P. and Vorob’ev, A.A., Statisticheskie
metody v mikrobiologicheskikh issledovaniyakh (Statis-
tical Methods for Microbiological Research), Lenin-
grad: Gos. Izd-vo Med. Lit., 1962.

19. Itkin, Yu.A., Klen, R., Lobyntseva, G.S., Lugovoi, V.I., San-
domirskii, B.P., Utevskii, A.M., Tsvetkov, Ts., Tsutsae-
va, A.A., Shenberg, M.G., Shrago, M.I., Yurchenko, T.N.,
et al., Aktual’nye Problemy Kriobiologii, (Problems in
Modern Cryobiology), Pushkar’, N.S. and Belous, A.M.,
Eds., Kiev: Naukova Dumka, 1981.

20. Anan’ina, A.E., Features of a Streptomyces fradiae
Industrial Strain Under Different Storage Conditions,
Problemy Kriobiologii, 2001, no. 3, p. 69.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


