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Abstract: The article presents a study into the effect of long-term, low-temperature (-80 and -150 °C)
storage on the properties of Streptomyces lucensis RNCIM As-1743 and Streptomyces violaceus RNCIM
As-1734 actinomycete collection strains acting as producers of glycosidase inhibitors. The titre (CFU in
1 cm® of the initial inoculum) and the inhibitory activity of strains were determined with respect to pancre-
atic a-amylase in the solutions obtained by Streptomyces culture on a corn starch hydrolysate. For Strep-
tomyces, a high survival rate (91-100 %) was established after storage at temperatures of -80 and
-150 °C using a 15 % glycerol solution in terms of a cryoprotector. Streptomyces violaceus strain was
identified to be the most resistant to long-term storage at low temperatures. Its inhibitory activity turns to
be completely retained after storage at temperatures of -80 and -150 °C. In Streptomyces violaceus
strain, the maximum activity level of 2250+200 [U/cm® for an inhibitor of pancreatic a-amylase is observed
on the 1st day of subculture, while Streptomyces lucensis RNCIM As-1743 demonstrates the highest
activity value on the 3rd day to reach a value of 3660+200 1U/cm?® following storage at a temperature
of -80 °C. The studied Streptomyces strains are chromogenic. The most intense chromogenesis is noted
during the culture of Streptomyces violaceus strain stored at a temperature of -150 °C. The cryopreserva-
tion of Streptomyces violaceus and Streptomyces lucensis actinomycete strains was established to pro-
vide high (107—108) cell survival and preservation of their inhibitory activity at a high level when exposed
to temperatures of -80 and -150 °C with a 15 % glycerol solution as a cryoprotector. Experimental data
indicate the low-temperature storage method to be promising for Streptomyces lucensis and Streptomy-
ces violaceus collection cultures.
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BO3MOXHOCTU KPUOKOHCEpPBUPOBAHUA
KOJJTIEKUMOHHbIX LWUTAMMOB aKTUHOMMLIETOB
Streptomyces lucensis u streptomyces violaceus —
NpoAyUueHTOB MHIMOUTOPOB rMmMkKko3uaas

T.B. BoibopHoBa*, H.}O. lLlapoBa***, A.A. NpuHueBa***

* BCepOCCUNCKNIA Hay4YHO-UCCreaoBaTENbCKUA MHCTUTYT NULLIEBLIX 00aBOK — domnman degepanbHoro
Hay4HOro LeHTpa nuweBbix cuctem um. B.M. lopb6atoea PAH, r. CankT-lIeTtepbypr, Poccuiickaa ®enepauns
** CaHkT-lNeTepbyprcknii HauMoHanbHbIN UCCNeaOBaTENbCKUN YHUBEPCUTET MHAPOPMALIMOHHBLIX TEXHOMOIHN,
MexaHukn n ontukmn, r. CaHkr-lNetepbypr, Poccuinckas denepaums

Pe3rome: ViccriedoeaHo enusHue dnumernibHO20 HU3KomemmnepamypHo2o xpaHeHus (-80 u -150 °C) Ha ceol-
cmea KOJIeKUUOHHbIX WmamMmMo8 akmuHomuuyemos Streptomyces lucensis BKTIM Ac-1743 u Streptomyces
violaceus BKTIM Ac-1734 — npodyuyeHmos uHaubumopos enuko3uda3. OnpedeneH mump (KOE e 1 cm’
UCXOO0HO20 UHOKYyrnama) u uHaubumopHasi akKmueHOCMb WmaMMOo8 10 OMHOWEHUI0 K raHKpeamu4eckol
a-amurnase 8 pacmeopax, rosyYeHHbIX npu KynbmuesuposaHuu Streptomyces Ha audposiuzame KyKypy3HO20
Kpaxmarna. YcmaroeneH ebicokutl (91-100 %) ypoeeHb ebikusaemMocmu Streptomyces rocne xpaHeHusi npu
memnepamypax -80 u -150 °C ¢ npumeHeHuem 15 %-20 pacmeopa anuyepuHa 8 Ka4ecmee KpUorpomeKmo-
pa. BbisieneHo, ymo wmamm Streptomyces violaceus Haubosnee ycmou4vus K ycriogusim 01umesisHo20 xpaHe-
Husi npu HU3KUx memnepamypax. OH NOTHOCMbIO COXPaHUS UH2UBUMOPHY akmu8HOCMb 1ocsie XpaHeHusi
npu memnepamypax -80 u -150 °C. MakcumarnbHbIl ypo8eHb aKmugHOCMU UHaubumopa naHkpeamu4eckou
a-amuna3sbl y wmamma Streptomyces violaceus ommeyaemcsi Ha 1-e cymKu peKynbmueuposaHusi U cocmas-
nssem (2250+200) ME/em®, y Streptomyces lucensis BKIIM Ac-1743 — Ha 3-u CymKu peKynbmusuposaHusi u
docmueaem 3HaueHus 3660+200 WME/cM® nocne xpaHeHus npu memnepamype -80 °C. Mccrnedyembie
wmammbi Streptomyces sesisromes nuemeHmo-obpa3syrowumu. Haubonee uHmeHcusHoe nuemeHmoobpa3so-
8aHUe OmMeYeHO Mpu KynbmusuposaHuu wmamma Streptomyces violaceus, xpaHuswezocs npu -150 °C.
lposedeHHbie uccriedosaHus nokasarsu, Ymo KPUOKOHcepeayus WwmaMmMo8 akmuHomMuuemos Streptomyces
violaceus u Streptomyces lucensis npu memnepamypax -80 u -150 °C ¢ nfumeHeHueM 15 %-20 pacmeopa
2nuyepuHa 8 kayecmee Kpuornpomexkmopa obecriedueaem ebicokyto (10'—10°%) cmeneHb ebikusaemocmu
K/IeMmOoK U coXpaHeHuUe ux UHaubumopHOU aKmueHOCMU Ha 8bICOKOM ypoeHe. JKcriepuMeHmarbHble 0aHHbIe
ceudemesibcmayom 0O NMepcrekKmueHoCmuU Memoda HU3KomemrnepamypHo20 XpaHeHus1 0511 KOIIEKUUOHHbIX
Kynbmyp Streptomyces lucensis u Streptomyces violaceus.

Knroyeebie cnoea: wmammbl Streptomyces lucensis BKIIM Ac-1743 u Streptomyces violaceus BKIM
Ac-1734, Hu3KomemMrepamypHoe XpaHeHUe, XU3HecrnocobHocmb, UHaUbUMOpHas akKmueHOCMb, MU2MeHmMo-
obpa3soeaHue

BnazodapHocmu: Paboma ebironHeHa 8 pamkax [Mpoespammbl hyHOaMeHmaribHbIX Hay4YHbIX uccrnedosaHull
e2ocydapcmeeHHbIx akademul Hayk Ha 2019 e. o npoekmy Ne 163.

UHgpopmayuss o cmambe: [Jama nocmynneHus 12 urons 2019 e.; Gama npuHaImusi K nedamu 25 HOs16psi
2019 2.; dama oHnatiH-pasmeujeHusi 30 dekabpsi 2019 a.

Ana yumupoeaHus: BeibopHoBa T.B., WWaposa H.1O., MNpuHuesa A.A. BO3MOXHOCTU KPMOKOHCEPBUPOBAHNS
KOMMEKLMOHHBbIX WTaMMOB akTMHoMuLeToB Streptomyces lucensis n Streptomyces violaceus — npoayLeH-
TOB MHIMOMTOPOB rMuko3uaas. Mseecmus 8y3o8. [NpuknadHas xumus u buomexHosoaus. 2019. T. 9. N 4.
C. 643-653. https://doi.org/10.21285/2227-2925-2019-9-4-643-653

INTRODUCTION For most microorganism collections, the

Actinobacteria of the Streptomyces genus
manifest themselves as producers of more than
half of the most common biologically active com-
pounds applied in medicine, veterinary, agriculture
and other industries. Thus, maintaining the viability
of Streptomyces cultures during long-term storage
constitutes an important research area and makes
a significant theoretical and practical contribution
to the problem of preserving an ever-increasing
biological diversity.

preservation of strains in working condition with
the retention of their valuable properties is carried
out using periodic subculture methods, storage
under a layer of mineral oil, in dry sterile soil or
sand, in saline solutions, as well as in a lyophilised
state or at low temperatures [1].

The primary method for long-term microor-
ganism storage consists in cryopreservation.
Among the advantages of cryogenic storage are
the low probability of culture infection, preservation
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of microorganism properties in a stable state, low
time and material costs, the possibility of using
frozen cultures as a direct inoculum and eliminat-
ing the risk of genetic changes in cultures during
storage. In addition, according to the published
studies, microorganism cultures stored at low tem-
peratures in a frozen state appear to be less dam-
aged and demonstrate a higher level of viability as
opposed to dried and lyophilised cultures [1, 2].
The cryostability of microorganisms is determined
by their taxonomic affiliation, physiological state,
cell number, cryopreservation modes, the pres-
ence of a protective environment, as well as the
temperature and heating rate. Different cryo-
stability is observed in microbial organisms of not
only different genera and species, but also strains.
Gram-positive bacteria are known to be usually
more resistant to freezing in contrast to gram-
negative bacteria [3]. It is thought that micro-
organisms are most resistant to freezing at the end
of the logarithmic growth stage or at the beginning
of the stationary phase. According to a number of
studies, increased cryoresistance is also charac-
teristic of spore-forming microorganisms [4].

Protective substances — or cryoprotectors —
can be applied in order to increase the resistance
of cells to low temperatures. Two main cryopro-
tectant types can be distinguished. The first in-
cludes glycerin and dimethyl sulphoxide (DMSO)
either easily to pass through the cell membrane
and provide both intracellular and extracellular pro-
tection against freezing. The second type of cryo-
protectors involves the following substances
providing a protective effect on the outer surface of
the cell membranes: sucrose, lactose, glucose,
mannitol, sorbitol, dextran, polyvinylpyrrolidone
and polyglycol. According to some studies, the first
type of protectors (glycerin and DMSO) have been
shown to be more effective and applicable for a
wide range of bacteria [5]. In this case, the protec-
tive action of glycerin is explained by its prevention
of excessive salt concentration levels causing a
violation of biochemical processes in microorgan-
ism cells during freezing [3].

A distinctive feature of many Streptomyces
consists in their chromogenetic ability by forming
carotenoid pigments, black-brown melanins and
blue-violet anthocyanins. Thus, the colour of the
substrate and aerial mycelium is determined by a
variety of pigments. Chromogenesis in microor-
ganisms has a certain physiological significance
through the protection of cells from natural ultra-
violet radiation, participation in biochemical reac-
tions and antibiotic effect [6]. Therefore, the study
of stressful effects on Streptomyces bacteria
appears to be of great practical importance.

The methods are known for long-term, low-
temperature storage of Streptomyces hygroscopi-
cus RIA 1433 Nonomuraea Sp antibiotic producers
(-70 °C) [4], strains of Streptomyces aureoverticil-
lus, Streptomyces aureofaciens and Streptomyces

griseus actinobacteria (-196 °C) [7], as well as
collection cultures of Rhodococcus actinobacteria
(-85 °C) [8].

Streptomyces lucensis RNCIM As-1743 and
Streptomyces violaceus RNCIM As-1734 collection
cultures of the All-Russian Research Institute of
Food Additives (VNIIIPD) involves the producers of
glycosidase inhibitors — biologically active sub-
stances and potential food micro-ingredients [9].
Currently, no studies on effectiveness evaluation of
the long-term storage at extremely low temperatures
in relation to these actinobacteria were conducted.

The present study is aimed at the effect of low
temperatures (-80 and -150 °C) on the viability of
Streptomyces lucensis RNCIM As-1743 and Strep-
tomyces violaceus RNCIM As-1734 actinomycetes
and their preservation of inhibitory activity during
storage.

EXPERIMENTAL PART

The object of the study involves Streptomyces
lucensis RNCIM As-1743 and Streptomyces vio-
laceus RNCIM As-1734 actinomycete strains
selected at VNIIIPD and deposited in the All-
Russian collection of industrial microorganisms of
the Research Institute for Genetics and Selection
of Industrial Microorganisms [10, 11].

The studied actinobacteria strains were cul-
tured before freezing on the slant starch-containing
Czapek medium at a temperature of 29 °C for
7 days.

Cell separation was carried out by flushing the
culture from a slant agar starch-containing Czapek
medium using 10 cm” of nutrient fermentation me-
dium. In order to increase the resistance of cells to
the effects of low temperatures, a cryoprotector of
15 % glycerol solution was added to the nutrient
medium for fermentation. In the study, bacterial
suspensions were apglied with a population densi-
ty of 10—10° CFU/cm”.

Cryo- (Greiner Bio-One, Germany) and Ep-
pendorf tubes were used for freezing spore sus-
pensions at a temperature of -80 °C and -150 °C,
respectively. All tubes were exposed to +4 °C for
2 h with subsequent placement in low-temperature
freezers. Cells were frozen in stages: up to -30 °C
at a controlled cooling rate of 1 °C/min followed by
lowering the temperature to -150 °C at a rate of
15-30 °C/min.

The samples of Streptomyces actinomycete
strains were frozen and stored in an MDF-1156ATN
ULTRA-LOW temperature freezer (SANYO Elec-
tric Co. Ltd) at a temperature of -150 °C and in the
"Station of low-temperature automated storage of
biological samples at -80 °C" Unique Research
Installation (LICONIC Instruments, Liechtenstein)
of the Departmental collection of beneficial micro-
organisms for agricultural purposes of the Re-
search Institute of Agricultural Microbiology [12].
The storage duration comprises 9 months.

The recovery process for frozen cells was car-
ried out by thawing at a temperature of 37 °C for
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3 minutes. Then the cells were placed on Czapek
agar medium in test tubes. After 7 days of incuba-
tion at a temperature of 29 °C, the viability of
the cultures was determined and culturing was
carried out.

The viable cell count (CFU/cm®) of Strepto-
myces actinomycetes was determined by serial
dilutions of thawed spore suspensions, followed by
inoculation on Petri dishes with agar Czapek
starch-containing medium. After exposing the cul-
tures for 3 days at a temperature of 29 °C, the
number of cultured microcolonies was calculated.
Percentage of survived CFU of actinobacteria was
determined relative to the number of CFU counted
before cryopreservation.

Streptomyces lucensis and Streptomyces vio-
laceus culturing was carried out periodically in a
750 cm® flask with a corn starch hydrolysate using
a Multitron incubation shaker (INFORS, Switzer-
land) with a stirring speed of 160+20 rpm at a
temperature of 29+1 °C for 96 h [10, 11]. The fer-
mentation medium of pH = 7.0 was composed by
corn starch hydrolysate with dextrose equivalent
(DE = 255 %), soy flour, sodium chloride, disub-
stituted potassium phosphate and magnesium
sulphate heptahydrate at concentrations of 20, 5.0,
3.0, 1.0 and 0.5 g/dm3, respectively [13]. For the
hydrolysis of corn starch, an Amilosubtilin G3x
enzyme preparation with an amylolytic activity of
850 u/g was used (GOST 23635-90).

The inhibitory activity of cells survived after
storage was determined in the obtained solutions
by culturing Streptomyces lucensis and Strepto-
myces violaceus using the colorimetric method in
reference to pancreatic amylase (test enzyme). An
amount of an inhibitor suppressing 1 unit of pan-
creatic a-amylase by 50 % at a temperature of
37 °C and pH = 7 was assigned as a unit of inhibi-
tory activity [9]. Prior to determination, the intrinsic
amylase of Streptomyces strains was inactivated
in the solution by heat treatment at 98+1 °C. The
inhibitory effect was studied in reference to pan-
creatic amylase (Sigma, USA, enzyme activity
34517 u/g) [14].

The chromogenesis property was evaluated
using a UV-1800 spectrophotometer (Shimadzu,
Japan) by determining the optical density of the
solutions obtained by Streptomyces culturing on a
starch hydrolysate at a wavelength of 560 nm.

Statistical processing data on inhibitory activi-
ty and viability was performed using the Microsoft
Office Excel 2010.

RESULTS AND DISCUSSION

Previous studies have proved the low tem-
perature storage of Streptomyces to cause no
adverse effect on the viability and inhibitory activity
of cultures. The studied strains of Streptomyces
lucensis RNCIM As-1743 and Streptomyces vio-
laceus RNCIM As-1734 actinomycetes with a pop-
ulation density of 10"-10% CFU preserved a high

viability and inhibitory activity with reference to
pancreatic a-amylase after 4 months of storage
in a 15% glycerol solution at a temperature of
-12 and -18 °C [15].

As a result of these studies, the Streptomyces
lucensis RNCIM As-1743 and Streptomyces vio-
laceus RNCIM As-1734 collection strains were
established to tolerate the freezing process at ex-
tremely low temperatures (-80 and -150 °C).

According to our data, high viability is retained
in the cells of the studied cultures stored in a
15 % glycerol solution at temperatures of -80
and -150 °C after 9-month storage. Thus, after
9 months of storage at temperatures of -80 and
-150 °C, the survival rate of the studied actinobac-
teria cells stored at a population density of 10’
and 10° CFU was preserved throughout the entire
storage time and amounted to 91-100 %. For
Streptomyces lucensis RNCIM As-1743, the num-
ber of viable cells in frozen suspensions ranged
from 1.94-10° to 1.97-10° CFU/cm?, as opposed to
Streptomyces violaceus RNCIM As-1734 amount-
ed from 5.24-10" to 5.30:10’ CFU/cm®. On both
accounts, the obtained indicators meet the re-
guirements for low-temperature storage for bacte-
rial cultures.

In a comparative aspect, by the end of the
storage period, the number of viable cells in
the studied strains of Streptomyces stored on
Czapek dense agar medium in test tubes at a
temperature of +4 °C without subculturing de-
creases by 73.8 and 64.5% and comprises
1.40-10" and 7.41-10" CFU/cm® for Streptomyces
violaceus and Streptomyces lucensis, respectively
(Table).

The viability study into Streptomyces lucensis
RNCIM As-1743 and Streptomyces violaceus
RNCIM As-1734 collection cultures established
these Streptomyces actinomycete strains to be
highly resistant to cryopreservation and remain
viable under high stress conditions. The long-term,
low-temperature resistance of the studied strains
is apparently due to the biological characteristics
of Streptomyces lucensis and Streptomyces vio-
laceus.

Collection and industrial strain microorgan-
isms are acknowledged to demonstrate population
variability in addition to loss of cell viability during
storage. In this case, the dominant phenotype is
replaced by another with altered properties and
productive activity, resulting in the loss of strain
priority properties [7].

The studied Streptomyces strains manifest
themselves as producers of a pancreatic a-amylase
inhibitor. For this reason, maintaining a high level of
biosynthetic activity of strains acting as producers of
biologically active substances during low-tempera-
ture storage turns to be a prerequisite. Therefore, in
addition to studies on the effect of cryopreservation
on the viability and inhibitory activity of actinomy-
cete cultures during long-term storage was evalu-
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ated. Throughout the storage period, inhibitory
activity referenced to pancreatic a-amylase was
monitored. Figures 1-3 demonstrate the data on

Viability of the studied Streptomyces violaceus and Streptomyces lucensis cultures

exposed to cryopreservation at -80 and -150 °C

inhibitory activity of Streptomyces strains stored at
ultra-low temperatures of -80 and -150 °C when
culturing on a corn starch hydrolysate.

XusHnecnocobHocmb uccnedyembix Kysbmyp Streptomyces violaceus u Streptomyces lucensis
nocise kpuokoHcepeayuu npu -80 u -150 °C

Streptomyces
Strain

Storage
temperature,
°C

Number of viable cells, CFU / cm®

before storage
deposition

3 months after

6 months after

9 months after

Cell
survival,
%

Streptomyces
violaceus

+4
-80
-150

(5.35+0.48)-10"

(4.1620.48)-10"
(5.39+0.50)-10"
(5.42+0.55)-10"

(3.32+0.38)-10"
(5.22+0.52
(5.38+0.61

(1.40+0.18)-10"
(5.30+0.50)-10"
(5.24+0.48)-10’

26.2
99.1
97.9

Streptomyces
lucensis

+4
-80
-150

(2.09£0.25)-10°

(9.24+0.98)-10"
(2.06+0.25)-10°
(1.92+0.17)-10’

1
1
1
(1.98+0.22)-10°

07
07
07
(1.87+0.22)-10"

).
).
(8.05£0.88)-
).
).

(7.4120.72)-10"
(1.9120.21)-10°
(1.99+0.22)-10’

35.5
91.4
95.2

Fig. 1. Inhibitory activity of actinobacteria Streptomyces violaceus VKPM AC-1734
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and Streptomyces lucensis VKPM AC-1743 before laying for storage (0 months)
and after 9 months of storage at -80 and -150 °C

Puc. 1. MlH2aubumopHasi akmueHocmb akmuHobakmeputi Streptomyces violaceus BKITM Ac-1734
u Streptomyces lucensis BKIIM Ac-1743 0o 3aknadku Ha xpaHeHue (0 mec.)
u nocne 9 mec. xpaHeHus npu -80 u -150 °C
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2000 -

1500 -

1000 +
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Inhibitory activity, IU/cm?3

|

24 48 72 96

Culture duration, h

mr4 °C

= -80°C

-150 °C

Fig. 2. Relationship between the cryogenic conservation temperature
and the inhibitory activity of the strain Streptomyces violaceus VKPM Ac-1734
in recultivation process

Puc. 2. BnusiHue memnepamypbl KPUO2eHHO20 KOHCepeupo8aHusi Ha OUHaMUKy
uHa2ubumopHoUl akmueHocmu wmamma Streptomyces violaceus BKIIM Ac-1734
8 npouecce peKysibmueupoeaHusi
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Fig. 3. Relationship between the cryogenic conservation temperature
and the dynamics of the inhibitory activity
of the strain Streptomyces lucensis VKPM Ac-1743 in recultivation process

Puc. 3. BnusiHue memnepamypbl KpUO2eHHO20 KOHCepaupoeaHusi
Ha QuHaMuKy uHaubumopHolU akmueHocmu wmamma Streptomyces lucensis BKIIM Ac-1743
e npouyecce peKy/bmueupoeaHusi

As a result of the studies, a high level of bio-
synthetic activity is established to be preserved in
both strains after 9-month storage at temperatures
of -80 and -150 °C. Streptomyces violaceus strain
was identified to be the most resistant to long-term
storage at low temperatures, as opposed to Strep-
tomyces lucensis. As referenced to pancreatic
a-amylase, the inhibitory activity of Streptomyces
violaceus is completely retained at temperatures
of -80 and -150 °C; this contrasts with the Strep-
tomyces lucensis strain, in which with the inhibitory
activity decreased by 78 % by the end of the stor-
age period at a temperature of -150 °C as com-
pared to the value prior to cryopreservation.

At a storage temperature of -150 °C, the in-
hibitory activity of the Streptomyces violaceus
strain remained at a higher level as compared to
the temperature of -80 °C. In Streptomyces vio-
laceus strain, the maximum activity level for an
inhibitor of pancreatic a-amylase is observed
on the 1st day of reculturing and comprises
(2250£200) IU/cm® after storage at -150 °C, while
Streptomyces lucensis RNCIM As-1743 demon-
strates the highest activity on the 3rd day of
reculturing to reach a value of 3660+200 IU/cm?®
following storage at a temperature of -80 °C. The
Streptomyces lucensis cells reduced following cry-
opreservation at a temperature of -150 °C is char-
acterised by low activity glycosidase inhibitor pro-
duction on the 1st-2nd day of subculture equal to
600 + 70 IU/cm®.

Unlike the strain of Streptomyces violaceus
stored under similar conditions, the Streptomyces
lucensis strain stored on a Czapek dense nutrient
medium for a long time (9 months) at a tempera-
ture of +4 °C without subculture is also noted to
almost completely lose the ability to synthesise a
glycosidase inhibitor (see Fig. 2, 3).

According to the obtained data, the reaction of
the Streptomyces lucensis strain to the low-
temperature effect (-150 °C) is represented by the
almost complete loss of the inhibitor synthesis ability.

A sharp increase in inhibitory activity of pro-
ducers exposed to abiotic stress on the first day of
subculture is apparently due to the fact that, when
the temperature drops from negative to positive
(from -80 and -150 to +37 °C compared to rise
from +4 to +37 °C when thawing cultures after
storage), the restoration of biochemical reactions
in response to stress exposure is sharply activat-
ed. During the first days following anabiosis, the
culture synthesises its own amylases to assimilate
the carbon source (glucose, maltose and dextrins
representing products of starch hydrolysis in starch
hydrolysate) followed by a secondary metabolite,
amylolytic enzyme inhibitor, is produced under
conditions of carbon starvation. The inhibitor activi-
ty decreases with increasing duration of fermenta-
tion, possibly due to its structural modification. This
is acknowledged for the studied glycosidase inhibi-
tors synthesised by streptomycetes during the
fermentation of carbohydrate-containing media
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and being pseudo-oligosaccharides represented
by the multiple forms in their chemical na-
ture [16, 17].

The adaptation to culture conditions turns out
to be slower, when subculturing the studied strep-
tomycetes stored at a temperature of +4 °C.

The Streptomyces strains under study are
recognised to be chromogenic. In relation to the
presented experiments, the "chromogenic” indica-
tor is possible to be used as a criterion for asses-
sing the adaptation of Streptomyces culture to
external conditions. In other words, when the tem-
perature moves from negative to positive, the res-
toration of biochemical reactions in response to
stressful effects is intensified. The synthesis of
secondary metabolites is activated, including pig-
ments and enzyme inhibitors.

In accordance to the results of the studies, fol-
lowing 7 days of streptomycetes culture incubation
on Czapek dense agar medium in test tubes at a
temperature of 29 °C, a clear difference is ob-
served in the staining of aerial mycelium strains.
For Streptomyces lucensis RNCIM As-1743, the
aerial mycelium pigment is white with a greyish
tint, while the staining of Streptomyces violaceus
RNCIM As-1734 is pink-violet (Fig. 4).

After the first culture on agar medium of cells
was reduced following storage at low temperatures
(-80 and -150 °C), a more intense chromogenesis
was observed in Streptomyces violaceus RNCIM
As-1734 strain. The colour of the aerial mycelium
of the strain takes on a dark purple hue (tubes 4-6
in Fig. 4). The effect of low temperatures probably
results in a partial destruction of proteins, with the
products composing a substrate for tyrosinase

catalysing the oxidation of phenols. More intense
chromogenesis of the Streptomyces violaceus
RNCIM As-1734 culture is probably due to higher
tyrosinase activity compared to Streptomyces lu-
censis RNCIM As-1743 strain [14]. The most in-
tense pigment diffusion into the medium is noted
after storage of the conidia of Streptomyces vio-
laceus strain at a temperature of -150 °C.

In order to determine the pigment concentra-
tion varying, as proved by studies, in dependency
with the storage temperature and the duration of
streptomycete culturing after removal from the ana-
biosis, the optical density of solutions was meas-
ured as characterised by an increase at the maxi-
mum absorption of the synthesised pigment by the
end of the culture process: after storage at a tem-
perature of 80 °C, the optical density increased from
0.42 AU on the 1st day to 1.5 AU at the end of the
process; after storage at a temperature of -150 °C,
an increase from 0.85 to 1.9 AU, respectively, is
detected. The data obtained indicate an increase in
the concentration of chromogenic substances in the
culture fluid. Apparently, the actinorhodin pigment is
synthesised, inherent to the cultures of Streptomy-
ces coelicolor, S. violaceoruber and S. lividans, with
the absorption maximum ranging from 540 to
640 nm [18, 19]. This pigment changing colour from
red to blue in dependence to the conditions of mi-
croorganism culturing is used by researchers as an
indicator of changes in pH of the medium. The re-
sults of the studies demonstrated the pH to vary
from 7 to 4.5 for the culture fluid where benzoiso-
chromanquinone pigments are synthesised as
characteristic for actinomycetes with a generic affili-
ation to Streptomyces [20, 21].

Fig. 4. Conidia development of Streptomyces lucensis (1, 2, 3)
and Streptomyces violaceus (4, 5, 6) strains on the Czapek's medium
with starch for 7 days of growth before freezing (1, 4)
and after storage at -80 °C (2 5) and -150 °C (3, 6)

Puc. 4. Pazeumue koHudul wmammos Streptomyces lucensis (1, 2, 3)
u Streptomyces violaceus (4, 5, 6) Ha cpede Yaneka c kpaxmasiom
8 me4deHue 7 cymok pocma 9o 3amopaxkusaHusi (1, 4)
u nocsie xpaHeHusi kynbmyp npu -80 °C (2, 5) u -150 °C (3, 6)
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According to the study results, the intensely
pigmented Streptomyces violaceus RNCIM As-1734
strain is more resistant to temperature changes;
this is additionally confirmed by the above results
of studies on the effect of ultra-low temperatures
on the strain inhibitory activity (see Fig. 1).

A study of the viability of Streptomyces lucen-
sis RNCIM As-1743 and Streptomyces violaceus
RNCIM As-1734 collection cultures identified these
strains of Streptomyces actinomycetes to be highly
resistant to cryopreservation and remain viable and
biosynthetic activity under high stress conditions.
The resistance of the studied Streptomyces strains
to low-temperature exposure for a long time is
apparently due to the biological characteristics of
these actinobacteria.

CONCLUSION

The cryopreservation study of Streptomyces
violaceus and Streptomyces lucensis actinomycete
strains showed that the process supports high
(10°-10%) cell survival and preservation of inhibito-

ry activity at a high level under the exposure to
temperatures of -80 and -150 °C using a 15 %
glycerol solution as a cryoprotector.

The Streptomyces violaceus RNCIM As-1734
strain is identified to be the most resistant to stor-
age at low temperatures, retaining both viability
and complete inhibitory activity at the studied tem-
peratures. A higher level of the inhibitory activity
of the strain is determined to be preserved at
a storage temperature of -150 °C, as opposed
to -80 °C.

The most intense pigment diffusion into the
medium is noted following storage of the Strepto-
myces violaceus strain at a temperature of -150 °C.

The obtained experimental data indicate that
low-temperature storage of Streptomyces collec-
tion cultures supported by the Research Institute
for Genetics and Selection of Industrial Microor-
ganisms is a promising method.

The investigated modes of freezing and stor-
age guarantee the preservation of the viability and
functional activity of the studied cultures.
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