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Abstract. Storage of collection microbial strains at -20°C in the absence of low-temperature
equipment is accompanied by cell damage and reduced viability. Objective. To compare the
effectiveness of different freezing regimes (including available two-step methods) for preserving
clinical strains of 8 microbial species during long-term storage. Materials and Methods. 24
strains (E. coli, S. aureus, S. epidermidis, B. subtilis, B. cereus, K. pneumoniae, P. aeruginosa, C.
albicans; 3 strains each) were stored in 20% glycerol at -20°C for 10 months. Four regimes were
compared: standard (ST), programmed two-step (PZ-1: +4°C 30 min — -20°C 60 min), rapid
transition through -80°C (PZ-2: 60 min in dry ice), shock freezing (ShZ: 24 h at -80°C).
CFU/mL was assessed monthly. Results. PZ-2 and ShZ provided the greatest protective effect
for Gram-negative bacteria: after 6 months for E. coli — 5.5+0.4 and 5.6+0.4 1g CFU/mL vs.
4.84+0.6 Ig with ST (p<0.01); for K. pneumoniae — 5.2-5.3 Ig vs. 4.5£0.7 Ig (p<0.01). For spore-
forming bacteria and C. albicans, the regime had no effect (p>0.05). Conclusions. Two-step
freezing with preliminary cooling to -80°C is recommended, increasing the viability of sensitive
strains by 0.5-0.8 1g CFU/mL.

Keywords: cryopreservation, freezing regimes, -20°C, clinical strains, viability, Gram-
negative bacteria.

-20°C HARORATDA UZOQ MUDDAT SAQLASHDA MIKROORGANIZMLARNING
KLINIK SHTAMMLARINI MUZ LATISH REJIMLARINI OPTIMALLASHTIRISH

Dolzarbligi. Past haroratli uskunalar bo‘lmagan sharoitda mikroorganizmlarning kolleksion
shtammlarini -20°C haroratda saqlash hujayralarning shikastlanishi va ularning hayotchanligini
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pasayishi bilan kechadi. Tadqiqot magsadi. Uzoq muddat saqlashda 8 turdagi
mikroorganizmlarning klinik shtammlarini saqlab qolish uchun turli xil muzlatish rejimlarining
(shu jumladan, mavjud ikki bosqichli usullar) samaradorligini solishtirish. Materiallar va usullar.
24 ta shtamm (E. coli, S. aureus, S. epidermidis, B. subtilis, B. cereus, K. pneumoniae, P.
aeruginosa, C. albicans; har bir turdan 3 tadan) 20% glitserin muhitida -20°C haroratda 10 oy
davomida saqglandi. To‘rt rejim solishtirildi: standart (ST), dasturli ikki bosqichli (PZ-1: +4°C 30
min — -20°C 60 min), -80°C orqali tez o‘tish (PZ-2: quruq muzda 60 min), shokli muzlatish
(ShZ: -80°C da 24 soat). Har oyda KOE/ml baholandi. Natijalar. Gram-manfiy bakteriyalar
uchun eng katta himoya ta’sirini PZ-2 va ShZ ta’minladi: 6 oydan keyin E. coli uchun — 5,5+0,4
va 5,6+0,4 Ig KOE/ml (ST da 4,8+0,6 Ig ga nisbatan, p<0,01); K. pneumoniae uchun — 5,2-5,3 Ig
(4,5+0,7 1g ga nisbatan, p<0,01). Spora hosil qiluvchi bakteriyalar va C. albicans uchun rejim
ta’sir gilmadi (p>0,05). Xulosalar. -80°C gacha oldindan sovutish bilan ikki bosqichli muzlatish
tavsiya etiladi, bu sezgir shtammlarning saqlanishini 0,5-0,8 g KOE/ml ga oshiradi.

Kalit so'zlar: kriokonservatsiya, muzlatish rejimlari, -20°C, klinik shtammlar, hayotchanlik,
Gram-manfiy bakteriyalar.

AHHOTaIUsA. AKTYaJbHOCTh. XPAaHCHHUE KOJUICKIIMOHHBIX IITAMMOB MUKPOOPTaHU3MOB TIPH
temneparype -20°C B yCJIOBHSIX OTCYTCTBUSL HHU3KOTEMIIEPATypHOTO 00OpYyIOBaHUs
COMPOBOXKIACTCS TIOBPSKICHUEM KJICTOK M CHIDKEHHEM WX KHu3HecnocoOHoctu. llems
UCCIICIOBaHMSI — CPaBHUTH 3(D()EKTHUBHOCTH PA3NUYHBIX PEKUMOB 3aMOpAXKHBaHUS (BKIIOUas
JOCTYITHBIC JBYXOTAllHBIC METOJBI) IS COXpPAaHEHUS KIMHUYCCKMX IITAaMMOB &8 BHUJIOB
MUKPOOPTraHMW3MOB MpU AJTUTENLHOM XpaHeHuu. Marepuansl u metofsl. 24 mramma (E. coli, S.
aureus, S. epidermidis, B. subtilis, B. cereus, K. pneumoniae, P. aeruginosa, C. albicans; mo 3
mTamMma Kaxzaoro uaa) xpanwid B 20% mmnepune npu -20°C B TeueHue 10 mecsies.
CpaBuuBanu 4 pexxuma: crangapthbiil (CT), nporpammupyemsbiil asyxastanssiii (I13-1: +4°C 30
muH — -20°C 60 muH), 6bicTpbIit Iepexo uepe3 -80°C (I13-2: 60 MUH B CyXOM JIbly), HIOKOBYIO
3amopo3ky (I3: 24 u mpm -80°C). Exemecsuno onenuBam KOE/mi. Pe3ynbraThl.
HaubGonpimmii 3amutHbii 3G GheKT Uit rpaMoTpuLiaTeNbHbIX OakTepuil obecrieunBanu [13-2 u 1113:
yepes 6 mec mis E. coli — 5,5+0,4 u 5,6+0,4 Ig KOE/Mn npotus 4,8+0,6 Ig npu CT (p<0,01); s
K. pneumoniae — 5,2-5,3 1g npotus 4,5+0,7 1g (p<0,01). {nst cnopoo6pasyromux 6akrepuit u C.
albicans pexxum He Bvsut (p>0,05). BeiBogsl. PekoMeHI0BaHO BYXITAITHOE 3aMOPaKUBAHUE C
peBapuUTeNbHBIM OXJaxkaeHueM 10 -80°C, uTO MOBBIIIAET COXPAHHOCTh YYBCTBHTEIBHBIX
mrramMoB Ha 0,5-0,8 1g KOE/mut.

KuiroueBbie c¢ji0Ba: KpUOKOHCEpBALUs, PEXKUMbI 3aMopakuBaHusi, -20°C, KIMHHUYECKHE
IITAMMBI, JKU3HECITIOCOOHOCTh, TPAMOTPHIIATEIILHBIC OAKTEPHH.

Relevance. Preservation of collection strains of microorganisms is a fundamental task for
ensuring the quality of scientific research, educational process and diagnostic work.
Cryopreservation at ultra-low temperatures (-70 °C and below) using programmable freezing is
considered the optimal method of long-term storage [1]. However, in conditions of limited
logistical support for many microbiological laboratories and departments, it becomes necessary
to use affordable storage methods at -20 ° C. According to literature data, storage at -20 ° C is
accompanied by a complex of damaging factors: the formation of intracellular ice crystals that
damage membrane structures, increased osmotic pressure, changes in the pH of the medium and
concentration gradients [2]. Gram-negative bacteria are particularly sensitive to such conditions,
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which requires the development of optimal freezing regimes available for routine laboratory
practice.

Literature review. Gracheva et al. The review of traditional and new protective media
highlights the need to test recommended media for specific bacterial species and the storage
temperature used [3]. The authors note that one of the areas of improvement of low-temperature
conservation technologies is the search for natural protectors that ensure the survival of bacteria
under stressful conditions. Smirnova et al. The mechanisms of the protective effect of
cryoprotectors on E. coli were investigated. coli and showed that cell permeability, estimated by
the release of low molecular weight compounds into the medium, is significantly less impaired
when using dextran compared with glycerin [2]. The authors also found that dextran-protected
cells are resistant to detergent-induced lysis after freezing to -10°C. Hubdlek [4], in a
fundamental review of cryoprotectors used in cryopreservation of microorganisms, systematized
data on the effectiveness of various protective media. The author points out that dimethyl
sulfoxide (DMSO), methanol, ethylene glycol, propylene glycol and blood serum are among the
most successful cryoprotectors, while glycerin, polyethylene glycol, PVP and sucrose are less
effective. However, the author emphasizes that the optimal cryoprotector for a particular
microorganism should be selected empirically. Research by Vysekantsev et al. [5] showed that
when cooled to -20 °C, -40 °C, -75 °C and subsequent storage, immobilized microorganisms in
an alginate gel did not die, however, at -20 °C, -40 °C, -75 °C in most samples, cell death began
between the 1st and 3rd months of storage. Lactobacilli were the most resistant to storage at
these temperatures, and S. Cerevisiae yeast was the most sensitive [6].

The purpose of this study is to compare the effectiveness of various freezing regimes
(including available two—stage methods without special equipment) for preserving clinical
strains of 8 species of microorganisms during long-term storage at -20 °C.

Materials and methods. Objects of research. The study included 24 strains of
microorganisms from the bacteriological laboratory of the TMU clinic and the laboratory of the
Department of Microbiology, Virology and Immunology of TMU (cultures were obtained earlier
upon official request from the Russian National Research Center for Biological Research)
represented by 8 species:

* Escherichia coli (3 strains, including 1 standard ATCC 25922)

* Staphylococcus aureus (3 strains, including 1 standard ATCC 29213)

* Staphylococcus epidermidis (3 strains, including 1 standard ATCC 14990)

* Bacillus subtilis (3 clinical strains)

* Bacillus cereus (3 clinical strains)

* Klebsiella pneumoniae (3 clinical strains)

* Pseudomonas aeruginosa (3 strains, including 1 standard ATCC 27853)

* Candida albicans (3 clinical strains)

Storage conditions. All microorganisms were stored in a 20% glycerol solution (glycerol
medium) at -20 °C for 10 months (May 2025 — March 2026). 4 freezing modes were compared:

1. Standard (CD) — direct placement of test tubes in the freezer -20 ° C.

2. Programmable two-stage non—hardware method (PZ-1) - 30 min at +4 ° C, then 60 min at
-20 ° C, followed by transfer to -20 °C for storage (adapted from the two-stage cooling method
described by Hubalek).

3. Fast transition through -80 ° C (PZ-2) — 60 min in a thermos with dry ice (-78 ° C)
followed by transfer to -20 © C (modification of the Vysekantsev et al. method).

4. Shock freezing (SHF) — pre-storage for 24 hours at -80 ° C (in in a low-temperature
refrigerator), followed by transfer to -20 ° C for long-term storage.
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Methods for assessing viability. The strains were verified monthly, assessing viability by
counting colony-forming units (CFU/ml) after sowing on dense nutrient media. Used:

* Blood agar (for all types)

* The Endo Environment\ Poppy seeds (for enterobacteria)

* Saburo environment (for C. albicans)

The crops were incubated at 37 © C for 24-48 hours (for C. albicans — 48-72 hours). The
colonies were counted in three repetitions for each sample.

Statistical processing. Statistical processing was performed using the StatTech v.4.0
software package (Russia) and SPSS Statistics 26.0 (IBM, USA). The average values (M) and
standard deviations (SD) were calculated. To determine the significance of the differences, the
Student's t-test for independent samples and two-factor analysis of variance (ANOVA) were
used. The differences were considered significant at p<0.05.

Results. Table 1 shows data on the viability of microorganisms after 6 months of storage
under various freezing conditions.

Table 1. Viability of microorganisms (Ig CFU/ml, M+SD) after 6 months of storage

under various freezing conditions (medium — 20% glycerin)

The microorganism f:(l)tli:llll)y © DC PZ-1 PZ-2 ShF

B. subtilis 6,0+0,2 5,8+0,3 5,8+0,3 5,9+0,2 5,9+0,2
B. cereus 6,0+0,2 5,7+0,4 5,7+0,3 5,8+0,3 5,8+0,3
S. aureus 6,0+0,2 5,5+0,4 5,6+£0,3 5,8+0,3* 5,8+0,3*
S. epidermidis 6,0+0,2 5,6+0,4 5,7+0,3 5,9+£0,2* 5,9+0,2*
E. coli 6,0+0,2 4,8+0,6 5,1+£0,5 5,5+0,4** 5,6+0,4**
K. pneumoniae 6,0+0,2 4,5+0,7 4,84+0,6 5,2+0,5%* 5,3+£0,5%*
P. aeruginosa 6,0+0,2 4,7+0,7 5,0£0,6 5,3+0,5** 5,4+0,5%**
C. albicans 6,0+0,2 5,8+0,3 5,8+0,3 5,9+0,2 5,9+0,2

*Note: * — differences with the control (CT) are significant at p<0.05; ** — p<0.01*

As can be seen from Table 1, the greatest protective effect for gram-negative bacteria was
provided by the PZ-2 and SHF modes. The viability of E. coli after 6 months under these
regimes was 5.5+0.4 and 5.6+0.4 1g CFU/ml, respectively, versus 4.84+0.6 lg under the standard
regime (p<0.01). For K. pneumoniae, an increase was noted from 4.5+0.7 to 5.2-5.3 lg CFU/ml
(p<0.01), for P. aeruginosa — from 4.7+0.7 to 5.3-5.4 Ig CFU/ml (p<0.01). For gram—positive
coccli, the effect was less pronounced, but also significant: S. aureus - 5.8+0.3 1g with PD-2 and
SD versus 5.5+0.4 1g with CD (p<0.05). For spore-forming bacteria (B. subtilis, B. cereus) and C.
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albicans, the freezing regime had no statistically significant effect (p>0.05): viability after 6
months was 5.8-5.9 Ig CFU/ml under all regimes.

Two-factor analysis of variance confirmed the significant influence of the factors "type of
microorganism" (F=28.3; p<0.001), "freezing mode" (F=22.9; p<0.001) and their interactions
(F=2.0; p<0.01).

Discussion. The results obtained are consistent with the data of the world literature and
expand the understanding of the possibilities of storing microorganisms at -20 ° C. According to
the medical encyclopedia, the optimal regime is a slow decrease in temperature to -20 © C and a
rapid decrease thereafter [1]. Our data confirm that two-stage modes (PZ-1, PZ-2) and shock
freezing (SHF) are more effective than a standard single-stage room at -20 °C, especially for
gram-negative bacteria. This is due to a decrease in damage from intracellular crystallization
during rapid passage of the critical temperature range [2]. Research by Smirnova et al. It has
been shown that E. coli cells protected by non-penetrating cryoprotectors (dextran) are resistant
to lysis after freezing to -10°C -2. In our study, the fast-freezing regimes (PP-2 and SHF) also
provided better preservation of E. coli, which may be due to the formation of smaller ice crystals
and less damage to the membranes. Gracheva et al. The review of traditional and new protective
media highlights the need to test media for specific bacterial species and highlights the promise
of natural protectors. Our data confirm that species specificity is a key factor: for Gram-negative
bacteria, the freezing regime is critically important, whereas bacilli and Candida albicans are
resistant to a wide range of conditions. Vysekantsev et al. It was found that when stored at -
20 °C, cell death begins between the 1st and 3rd months. In our study, with the standard mode
(CD), the critical reduction for K. pneumoniae was already observed by the 3rd month (4.5+0.7
lg), whereas with optimized modes (PZ-2, SHF), safety remained acceptable up to 6 months.
Hubélek points out in his review that DMSO is considered the most versatile cryoprotector, but
glycerin is less effective but less toxic. Our results show that using 20% glycerin in combination
with optimized freezing modes can achieve acceptable preservation even for sensitive gram-
negative bacteria.

Conclusions

1. The greatest protective effect for gram-negative bacteria (E. coli, K. pneumoniae, P.
aeruginosa) when stored in 20% glycerin at -20°C provides modes with a rapid transition
through -80 °C (PZ-2) and shock freezing (SHF), increasing viability by 0.5-0.8 lg CFU/ml
compared to the standard mode (p<0.01).

2. For spore-forming bacteria (B. subtilis, B. cereus) and C. albicans, the freezing mode It
has no statistically significant effect (p>0.05) — these microorganisms can be stored under any
freezing regime.

3. Two-factor analysis of variance revealed a significant influence of the factors "species"
(p<0.001), "mode" (p<0.001) and their interactions (p<0.01), which confirms the species
specificity of optimal cryopreservation conditions.

4. In the absence of low-temperature equipment (-80°C) two-stage freezing using dry ice
(PZ-2) or the fastest possible cooling in a metal tripod at -25...-30 ° C is recommended, which is
available for routine laboratory practice.
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