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Jliogimizariss MiKpOOpPraHi3MiB Tependadae eramnu
3aMOPOXKYBAaHHSI Ta BUCYIIyBaHHS [4], siKI € eKcTpe-
MaJbHUMU YMHHHKAMH Ta BUKIUKAIOTH PI3HI YIIKO/I-
JKeHHs KIiTuH. JlocmimpKyBanmucs Taki (i3uko-XiMidHi
XapaKTEPUCTUKH KJIITHH, SK IIBHUIKICTh Ta DIHOMHA
3aMOPOXKYBaHHs OioMacH, GOpMyBaHHS Ta JIOKaIi3allis
KPHUCTAJIB JIbOAY, KOHIIEHTPYBaHHS PO3YMHEHUX PeyO-
BUH, (a30Bi MEpexoau JimiaiB y MeMOpaHax Tomio [5].
BmxuBaHHS MIKpOOHHX KIITHH y NAHHX €KCTPEMAallb-
HHUX yYMOBax HOTpeOye 3arpar eHeprii, ska 3a BincyT-
HOCTI MO3aKJIITHHHUX MOXKUBHUX PEUOBHH TCHEPYETh-
sl 33 PaxyHOK BJIAacHHX pecypciB kinituad. [Tpu mpomy
BOXJIMBY POJIb BiJIrpa€ BHXITHHUHA CTaH CTPYKTYPHHUX
KOMITOHEHTIB MeMOpaH, a TakoX (pyHKI[IOHATBHUHN CTa-
TyC KIIITUHHM B 11inomy [1]. He MeHm 3Ha4ymioro € npu-
pola CTPYKTYpHHUX YIIKOJKEHb MiIKpOOHUX KJIITHH Ta iX
3arajpHuM cTaryc [6].

OnHi€ero 3 OCHOBHHX (pyHIAaMEHTAIBHHUX 3a/1a4 CYy-
qacHUX OIlOTEXHOJOTINA 3aJUIIAETECA  TOCIIIHKEHHS
BIUIUBY €KCTPEMATBHUX HU3BKUX TEMIIEparyp Ha mepe-
OymoBy Merabomizmy Ta (i3iomoriuHi peakiii KIiTHH,
BiJl CTaHy SKUX 3aJICXKHUTh XKUTTE3NATHICTD IITaMIB Mi-
KPOOPTaHi3MiB, SIKi MOXXYTh OyTH BUKOPUCTAaHI JJIs BU-
POOHHUITBA IMyHOO10JIOTIYHUX 3aCO0IB Ta IarHOCTHY-
HUX TECT-CUCTEM 33 YMOB iX TPHBAJIOTO 30epiraHHsI.
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Lyophilization of microorganisms foresees their
freezing and drying [6], being the extreme factors and
able to cause various damages to cells. Here, we have
studied the physical and chemical characteristics of
cells such as: the rate and depth of biomass freezing,
formation and localization of ice crystals, concentration
of dissolved substances, lipid phase transitions in
membranes, etc. [2]. The survival of microbial cells
under these extreme conditions needs the energy
consumption, generated at the expense of own resources
of a cell if no extracellular nutrients are present. In
this case, both an initial state of membrane structural
components and the functional status of cell as a whole
are of a great importance [1]. The nature of structural
damages to microbial cells and their general status are
equally significant [4].

One of the main fundamental tasks in current
biotechnologies is to study the effect of extreme
low temperatures on metabolic rearrangements and
physiological responses of cells, the state of which
determines the viability of microbial strains, that can be
used to manufacture the immune biological agents and
diagnostic test systems under their long-term storage.

The purpose of this study was to investigate the
impact of lyophilization and rehydration on some
physiological indices of functional activity of Sal-

monella spp. cells: Salmonella enterica subsp. enterica
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(yHKIIOHAIEHOI aKTUBHOCTI KIITHH Salmonella spp.:
Salmonella dublin (ram 12), Salmonella typhimurium
(mtam 16), Salmonella enteritidis (tutam 34). biomacy
HaTMBHUX (KOHTpOJI) Ta Ticis Jiodimizamii/perigpa-
Talii KIITHH MIKpOOPTaHi3MiB i3 HOTPUMaHHIM YMOB
ACETITHKH HAKOITMIYBAJIH Ha M’ SICO-TICITOHHOMY OYJTbii-
oni (MIIB) 3 1% mmroko3u, pH7,4. Y koxHii cepii 10-
CJIIJDKCHb KOHIIEHTpAIlisi MIKPOOHUX KIITHH y Oiomaci
cranosuna (10,0 £ 0,5) x 10° KOJOHIEYTBOPIOHOYHX
onmauIp ((KYO)/Mi)).

JliodinpHe BHCyIIyBaHHS OioMacw KIITHH IIpO-
KapioTiB MPOBOAMIIM 3 JIOJAaBaHHSIM alliKBOTH CTEPHIIb-
HOTO 3axucHOro cepenoumia daitduyua (1:1), sike mic-
tio 10% caxapo3u Ta 1% >xematuHy, Ha Jio(inas-
Hili ycranoBmi «ALPHA 1-4 LD-2» (MartinChrist,
Himeuunna) srigno 3 unHHMU BuMoramu (JICTY ISO
13408-3:2006. Acentuuyna oO6poOka BUpoOiB, pU3HA-
YeHUX U1 OXOpoHH 310poB’s. Jliodimizamis). [Ipena-
paru mioginizaTiB GakTepiaJbHUX KIITHH 30epiraim 3a
temneparypu —20°C npotsarom 24 ronus. [loBropHOoTro
3aMOpOXKyBaHHs TpernapariB He Aomyckamu. Perimpa-
Tamiro OiomMacu OakTepialbHUX KIITHH IPOBOIWIN
IUIAXOM J0AaBaHHA a0 JjiodimizarieB MIIb 3 BMicTOM
5% mneuinkoBoi Bomu, 2% cepegosuima 199, 1% rro-
KO3M Ta KyJBTHBYBaJM 3a Temneparypu (37,0 = 0,5)°C
13 MomaJbIIUM TIepeCciBaHHAM Ha BIJMOBIJHE arapuso-
BaHE CepeloBHINe. BiomoriyHi XapaKTepUCTHKH KyJlb-
Typ Salmonella spp. KOHTPOIIIOBAIM 32 BiTHOBJICHHAM
JIMXaJIBHOT AKTUBHOCTI 130JIbOBaHUX OaKTepiabHUX
kiituH Ta H+-ATP-a3H0i akTHBHOCTI y CyMapHUX MeM-
OpaHHUX (Qpakiisx KIiTHH [2, 3].

[penaparu cymapuux MmemOpanuux ¢pakuiii (CMD)
KIIITHH CaJIbMOHEJ OCPKYBAaJIH 332 CXEMOIO: PECYCIICH-
JyBaHHS KIITHH y cepenoBuii Buaienns (0,25 M caxa-
po3u, 25 mM Tpuc—-HCIl, 2 MM EJITA, pH 7,4), 06po6-
JICHHS YABTPA3BYKOM 3a JIOTIOMOTOIO YIBTPa3ByYKOBOT'O
mucriepratopa Y3JIH-1 (Spectrometer 65, Ykpaina),
22 k['n, cuna anogHoro crpymy 0,4—0,7 A, pe3oHaHCHI
yMOBH), mudepentiitne neaTpudyrysanss npu 10 000g,
30upaHHsl Ocajy, PECYCICHIYBaHHS Y CEpEIOBHII
(10 MM Tpuc-HCI, 4 MM MgCl,, 1 MM nuTioTpeiiTo-
ay, pH 7,4). llpenapatu CM® anamnizyBanu 3a BMiCTOM
Oimka mpu 30epiranHi 3a Temmeparypu —20°C uepes
24 rtommuu. CraHmapTHUM OLIKOM Jis MOOYIOBU
KaxiOpyBagbHOI KpHBOI OyB OWYa4uii CUPOBATKOBHU
aNBOYMiH.

CraH (hi31070TYHIX TOKa3HHKIB KIIITHH IIPOKAPiOTiB
70 (KOHTpOIIL) Ta ofpasy micis Jodimizamii/periapa-
Tamii OLIHIOBAJIM 3a TAaKUMU [OKa3HUKaMH: IHTEH-
CHUBHICTIO POCTY Kynbryp Salmonella spp. y nuHamini
25 romuH, SKy BHpPaXKald y BUINIAI KIHETUUHHUX KpH-
BHX; IHTEHCHBHICTIO €HJOT€HHOIO IWXAaHHS — BU3Ha-
YeHHs] 1HTEHCUBHOCTI ITMTOMOI AUXAJIbHOI aKTUBHOCTI
(matoma JIA) B i30pOBaHHMX KJIITHHAX Ta MUTOMOI
H+-ATP-a3noi aktuBHOCTI — y CM® WonituH [2, 3].
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serotype Dublin (S. dublin) (strain 12), Salmonella
enterica subsp. enterica serotype Typhimurium (S. ty-
phimurium) (strain 16), Salmonella enterica subsp.
enterica serotype Enteritidis (S. enteritidis) (strain 34).
The biomass of native (control) microbial cells and
those after lyophilization and rehydration was ac-
cumulated under aseptic conditions in meat-peptone
broth (MPB) with 1% glucose, pH 7.4. In each ex-
perimental series, the concentration of microbial cells
in biomass was (10.0 £ 0.5) x 10° colony-forming units
((CFUs)/ml)).

Prokaryotic cell biomass was lyophilized with
adding an aliquot of Faibich sterile protective medium
(1:1), containing 10% sucrose and 1% gelatin, using
the ‘ALPHA 1-4 LD-2’ freeze-drier (MartinChrist,
Germany) according to the current requirements (DSTU
ISO 13408-3:2006. Aseptic processing of products
intended for health care. Lyophilization). Specimens
of bacterial cell lyophilisates were stored at —20°C
for 24 hrs. Repeated freezing of the specimens was
not allowed. Bacterial cell biomass was rehydrated
by supplementing lyophilisates with MPB, containing
5% liver broth, 2% medium 199, 1% glucose and
cultured at (37.0 = 0.5)°C with further inoculation
to the appropriate agar medium. Biological charac-
teristics of Salmonella spp. cultures were monitored
by restored respiratory activity of isolated bacterial
cells and H+-ATPase activity in total membrane frac-
tions of cells [3, 5].

Specimens of total membrane fractions (TMFs)
of Salmonella cells were procured according to the
following scheme: cell resuspension in the isolation
medium (0.25 M sucrose, 25 mM Tris—HCI, 2 mM
EDTA, pH 7.4), ultrasonic treatment with an ultra-
sonic disperser UZDN-1 ((Spectrometer 65, Ukraine),
22 kHz, 0.4-0.7 A anode current strength, resonant con-
ditions), differential centrifugation at 10,000g, pellet
collection, resuspension in the medium (10 mM Tris-
HCl, 4 mM MgCl,, 1 mM dithiothreitol, pH 7.4). The
TMFs samples were analysed for protein content when
stored at —20°C in 24 hrs. For plotting a calibration
curve, the bovine serum albumin was used as the
standard protein.

State of physiological indices of prokaryotic cells
prior to (control) and immediately after lyophiliza-
tion and rehydration was evaluated by the following
indices: the growth intensity of Salmonella spp. cul-
ture in dynamics within 25 hrs, expressed as kinetic
curves; the intensity of endogenous respiration, i. e.
detection of specific respiratory activity (specific RA)
intensity in isolated cells and the specific H+-ATPase
activity in TMFs cells [3, 5].

The results were statistically processed using
the 'Excel 2003' software (Microsoft, USA) using
the Student's t-test (p < 0.05). In order to obtain
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CraTuCTUYHUN aHaJi3 Pe3yNbTarTiB MPOBOIWIN 32
nornomororo nporpamu «Excel 2003» (Microsoft, CILIA)
3 BUKOpPHUCTaHHAM t-kputepito CthroneHta (p < 0,05).
Jns omepskaHHS CTaTUCTUYHO 3HAYYIIHX PE3yIBTATIB
I Yac BUKOHAHHS NOCHIIKEHb Ha 130i1b0BaHuX CM®D
KIITHH 3a3HAa4Y€Hi MapaMeTpu BH3HAYAIU Y S-KpaTHid
MOBTOPHOCTI 3 TphOMa HapalieIbHUMU MpodamMu 3pas-
KiB.

3a pesyipTataMH JOCHIPKCHHS BCTaHOBJICHO, IO
KiHEeTHYHI KpPHUBI POCTY KYJIBTYp IOCITIJHUX IITaMiB
Salmonella spp. no (xoHTpoNL) Ta micys miodimizarii/
perigpararii y auHaMimi 25 TOAMH KyJIBTHBYBaHHS 32
XapaKTepoOM KPUBH3HH € TMONIOHMMH Ta KJIACUYHUMH
JUTSL IIBHJIKOPOCITUX MIKPOOPTaHi3MiB.

TpuBainicth Jnor-gasu pocry Salmonella spp. sk
10 (KOHTpOJIB), Tak ¥ micis miodimizanii/periapararii,
JopiBHIOBaNa y cepenabomy 1,5-2,0 rogmau. [Mocty-
MOBE HAKOITMYCHHS 010MacH Ta MAKCUMANIbHY KUTBKICTh
YTBOPEHHS KIITHH YCIX JOCIITHHMX IITaMiB peecTpy-
BaJIM BKJIIOYHO NIO 25-1 TOAWHH KYJIBTHUBYBAaHHSI, IO
BIJINOBIJIa€ 3a MPUHHATOI KiacHdikalier ¢a3 pos-
BUTKY OakTepiaJbHUX MOMYJLILiK (a3i eKCIOHEeHIiab-
HOrO pocty (jor-aza). [Ipu boMy IS IEPIOAUIHHX
KyJIBTYp HaTHBHHX KIIITUH yCiX mTamiB Salmonella spp.
nor-dasza TpuBana 3 3-i mo 7-My TOAMHY BiANOBIA-
HO.

Jlis periipatoBaHuX KIIITHH JOCIIHUAX MITaMiB Sal-
monella spp. nor-haza TpuBaJia JOBIIE 32 YaCOM —
3 6-1 mo §-My TromuHy, y MOJANBIIOMY TUHAMIKa pO-
CTy KynbTyp Oyma mopiOHoOo st ycix mramis. Ller
(baxT CBIIYUTH MPO PIBHOBArYy MK KUIBKICTIO YTBOpE-
HUX Ta KUTBKICTIO MOMEPIHX OaKTepid, MO MpUTaMaH-
HO craimioHapHii ¢a3i pocty. Ilpu 1bOMy KiNBKICTB
HAKONMMYCHHS OIOMacH HATUBHHUX KIITHH (KOHTPOJb)
MepeBHIIyBaja TaKy Iicis Jodimizarii/periapararii:
MaKCUMallbHa KUTBKICTh X yTBOpEHHS Jjocsraia de-
pe3 25 romuH KyJIbTUBYBaHHS y cepenHbomy (10,2 +
+ 0,3) x 10° KYO/mu, a micns perigparamii — (6,3 £
+0,2) x 10° KYO/mn. Takum gnHOM, 30epiraHss KyJIsTyp
Salmonella spp. y niodini3oBaHOMYy CTaHI MPHU3BO-
JMTH IO 3HIKECHHS IHTEHCHBHOCTI MPHPOCTY OioMacu
yCiX JOCHIAHMX INTaMiB Tichs perigparanii. Brac-
JiIoK 30epiranus OakrepianbHOI OioMacH y OLIBIIOCTI
Mo TI30BaHUX IITaMIB 3apEECTPOBAHO MPHUTHIYCHHS
mutoMoi JIA TOpPIBHSHO 3 KOHTPOIBHHM piBHEM (10
mio¢inizanii/perinparanii) (tTadm. 1).

OTxe, 3HauyIle 3HWKEHHS piBHA muTomoi J1A y pe-
rigparoBaHuX KIiTHH S. enteritidis 341S. typhimurium 16
cknamano 33,61 232,0% (p < 0,05) BinnoBinHo. Buzna-
YeHO, MO JUIA peripaToBaHux KmiTuH S. dublin 12
piBeHb eHJOTeHHOT JIA CTaTUCTUYHO HE 3MIHIOBAaBCS Ta
HaOJKaBCsl 10 KOHTpOosbHOro. [licns monaBaHHS aH-
XaJBHOTO CYOCTpaTy A0 CepeoBHUINA iHKyOamii B KiH-
neBid koHIeHTpanii 1% 3a 06’€eMOM BCTaHOBJICHO, 110
piBeHb uToMoi JIA 3HAYHO MIABHIIMBCS Y PETiapaTo-
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the significant results during studies in the isolated
TMFs cells, the specified parameters were deter-
mined in 5-fold replication with three parallel samp-
lings.

Based on these findings, the kinetic growth curves
of the studied Salmonella spp. strain cultures prior
to (control) and after lyophilization/rehydration in
dynamics of a 25-hour culture were established to be
similar and typical for fast-growing microorganisms
by the nature of curvature.

Duration of log-phase growth for Salmonella
spp. both before (control) and after lyophilization/
rehydration was 1.5-2.0 hrs. Gradual accumulation of
biomass and the maximum number of cell formation
of all the studied strains were recorded up to the 25" hour
of culture, which corresponded to the phase of expo-
nential growth (log phase) according to the accepted
grading of growth phases of bacterial populations.
Herewith, for the native cell batch cultures of all
Salmonella spp. strains, the log phase lasted from the
3 to 7™ hour, respectively.

For rehydrated cells of the studied Sa/monella spp.
strains, the log phase lasted longer in time: from the
6" to 8" hour; the dynamics of culture growth was
similar for all the strains. This fact testified to a balance
between the number of formed and dead bacteria,
inherent in the stationary phase of bacterial growth.
Herewith, in terms of biomass accumulation, the native
cells (control) exceeded those after lyophilization/re-
hydration, i. e. the maximum amount of their forma-
tion reached on average (10.2 + 0.3) x 10° CFUs/ml
after 25-hour culture, and it did (6.3 +0.2) x 10° CFUs/
ml after rehydration. Thus, the storage of Salmonella
spp. cultures in a lyophilized state resulted in a
decreased intensity of their biomass growth for all
studied strains after rehydration. Most lyophilized
strains showed the inhibition of specific RA if com-
pared with the control level (prior to lyophilization/
rehydration) due to bacterial biomass storage (Table 1).

Thus, a significant decrease in specific RA level
in rehydrated cells of S. enteritidis 34 and S. typhimu-
rium 16 was 33.6 and 232.0% (p < 0.05), respec-
tively. It was determined that for rehydrated S. dublin
12 cells, the level of endogenous RA remained sig-
nificantly unchanged and approached the control
one. After supplementing the incubation medium
with respiratory substrate in a final concentration of
1% by volume, the level of specific RA was found
to be significantly increased in rehydrated bacterial
cells of all studied strains. For rehydrated cells of
the studied Salmonella spp. strains there was recor-
ded an enhancement of respiration intensity by 2.2—
2.7 times on average (p < 0.05) relative to the cell
index of these strains without glucose supplement.
The established fact testified to the dependence of
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Tabnuusa 1. NMuToma anxanbHa akTUBHICTb KNITUH AOCNigHMX WTamiB Salmonella spp. y cTauioHapHi dasi pocTy Ao
(koHTpoOnb) Ta nicnsa niodinisavii/perigpatadii (M £ m; n = 5)
Table 1. Specific respiratory activity of the studied Salmonella spp. cell strains in stationary phase
of bacterial growth prior to (control) and after lyophilization/rehydration (M £ m; n = 5)

Mutoma [JA, MrO,/n-xs:mr
Specific RA, mgO,/I'min-mg

Locnigni wramu Salmonella spp.

Studied strains of Salmonella spp. .
HaTtuBHi KNiTUHN (KOHTPONb)

Micna niodpinizauii/perinpaTtauif
After lyophilization/rehydration

Native cells (control)

6e3 fonaBaHHA guxanbHoro cybcTparty
without supplemented respiratory

3 [oAaBaHHAM AMxanbHoro cy6cTpaTy
(rmiokosa 1 %)

with supplemented respiratory

substrate substrate (1% glucose)

S. enteritidis 34 2,260 £ 0,010

1,500 + 0,010* 3,40 £ 0,09*%*

S. dublin 12 1,050 + 0,003

0,920 = 0,003 1,99 = 0,03**

S. typhimurium 16 3,520 + 0,040

1,060 = 0,005* 2,83 + 0,07**

MpumiTka: PisHMUs 3Havylla BiQHOCHO MokasHWka KoHTpont (*) Ta kniTuH 6e3 gogaBaHHA guxanbHoro cyberpaty (%),

p < 0,05.

Note: Difference is significant relative to the control (*) and the cells free of respiratory substrate supplement (¥), p < 0.05.

BaHMUX KJIITHH OaKTepidl ycix AOCHigHMX InTamiB. s
peTipaToBaHNX KJIITHH JOCHIAHUX IiTamMiB Salmonel-
la spp. peecTpyBajy MOCWICHHS IHTCHCUBHOCTI TUXaH-
HS y cepenHboMy B 2,2-2.7 pasa (p < 0,05) BimHOCHO
OKAa3HMKA KINTUH IUX MITaMiB 0Oe3 IonaBaHHS IVIFO-
Ko3W. BCcTaHOBIIEHWI (akT CBIMYHMTH MPO 3aJEKHICTh
JUXaJTbHOT aKTMBHOCTI KIITHH Bix THIy cyOcTpary
Ta TEXHOJOTIYHY MOXIIUBICTB ii KOPUTYBaHHS.

3HaueHHs aKTHBHOCTI MeMOpanHOi H+-ATP-a3u
KIITUH JOCITIAHMUX IuTamiB Salmonella spp. micns jio-
¢umizamii/perigparanii 3Ha4yme 3pOCTald BiIHOCHO
ii KOHTPOJBHOTO piBHS. BHSBIAETHCS, IO MiIBUIICH-
Hs €H3MMAaTHYHOI aKTMBHOCTI KIITUH S. enteritidis 34;
S. dublin 12 1 S. typhimurium 16 cknamae y cepen-
HhOMY 236,2; 194,1 1 284,0% (p < 0,05) BiamosigHO
(Tabm. 2).

MoskHa 3a3HaYUTH, IO PI3HUI TPaHCMEMOPaHHO-
ro TIOTEHINally Ha MeMOpaHax periJipaToBaHUX KJIITHH
Salmonella spp. ycix moCiigHUX ITaMiB y Tporieci Bij-
TBOPEHHS IXHBO1 JKUTTE3MATHOCTI 3a0€311eUy€EThCS JIHIIIE
€H3UMAaTH4HOI0 cucTeMoro H+-ATP-a3u, sika 3HaXOIUTh-
csl y OUTBII aKTUBHOMY (DYHKILIOHAJILHOMY CTaHi, HIK Y
HATUBHUX KJIITHH Takux mramis. [Ipu poMy KiHETHKa
OUX KITUH € OCHOBHUM MOJEKYSIPHHUM MEXaHi3MOM
TeHepaIlii 3p0CTaHHS.

Omxe, 3a pesyiabTaTaMd BHU3HaueHHS (izionoriv-
HUX ITOKAa3HUKIB PEIPOAYKTHBHOI Ta E€HEPrOIEPETBO-
PIOBaJIbHOT CHCTEM (32 IHTEHCHBHICTIO MPUPOCTY 0io-
Macu KITHH, iHAyKIiero memOpanHoi H+-ATP-a3m
Ta JIOCTAaTHIM piBHeM eHaoreHHoi /IA) BCTaHOBIICHO,
mo kiituad S. dublin 12 MOXyTh TIOTCHIIIHHO MPOSIB-
JSITH KPIOPE3UCTEHTHICTh 3a YMOB JTiodimizamii/peria-
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cell respiratory activity on the substrate type and
technological possibility of its adjustment.

The membrane H+-ATP-ase activity of the studied
Salmonella spp. strain cells after lyophilization/
rehydration was significantly increased relative to
its control level. A raise in enzymatic activity of
S. enteritidis 34; S. dublin 12 and S. typhimurium 16
cells was found to average 236.2; 194.1 and 284.0%
(p <0.05), respectively (Table 2).

We can note that the difference in transmembrane
potential on the rehydrated cell membranes in all the
studied Salmonella spp. strains during reproducing
their viability is provided by the H+-ATP-ase enzy-
matic system only, which functional state is more active
than in native cells of these strains. At the same time,
their kinetics is the main molecular mechanism for
growth generation

So, proceeding from the results of detecting phy-
siological indices of reproductive and energy-trans-
forming systems (the intensity of cell biomass
growth, membrane H+-ATP-ase induction and suf-
ficient level of endogenous RA), the S. dublin 12 cells
were established as potentially capable to show the cryo-
resistance under lyophilization/rehydration. It is ob-
vious, that the generators of transmembrane potential
of S. dublin cells of this strain are in a more active
functional state than others, since ATPase kinetics is
the main molecular mechanism for the formation of its
value generation. We can assume that during lyophili-
zation and rehydration, the structural and functional
damages to S. dublin strain cells will be less significant
as compared with other cells of this species.
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Tabnuusa 2. NMutoma H+-ATP-a3Ha akTMBHICTE MeMOpaHHOI dpakuii KNiTUH gocnigHux wramie Salmonella spp.
Ao (koHTporb) Ta nicna niodinisadii/perigpatauii (M £ m; n = 5)

Table 2. Specific H+-ATPase activity of membrane fraction of the studied Salmonella spp. strain cells prior to (control)
and after lyophilization/rehydration (M £+ m; n = 5)

CM® kniTvH NpoKapioTiB 4OCNIAHMX LITaMiB
TMFs of prokaryotic cells of studied strains

Mutoma aktueHicTb H+-ATP-asu, mkMonbP,/x8 Mr 6inka
Specific H+-ATPase activity, uMolP/min mg of protein

CM® HaTUBHUX KMiTUH (KOHTPOIb)
TMFs of native cells (control)

CM® knituH nicna niodpiniauii/perigpartauii
TMFs of cells after lyophilization/rehydration

S. enteritidis 34 2,32 £ 0,90 7,80 £ 0,12*
S. dublin 12 3,40 + 0,05 10,00 + 0,95*
S. typhimurium 16 2,50 + 0,15 9,60 + 0,40*

MpumiTka: * — pisHMLS 3HaYyLLa BiGHOCHO HAaTUBHUX KNiTuH, p < 0,05.
Note: * — difference is significant relative to native cells, p < 0.05.

paranii. O4eBUIHO, 110 TEHEPATOPH TPaHCMEMOPaHHO-
ro moTeHmiany KimituH S. dublin 1poro mramy 3HaXo-
JSThCSI B aKTHBHINIOMY (YHKIIIOHAIbHOMY CTaHi, HIXK
1HII, OCKUIbKM KiHeTnka ATP-a3u € 0CHOBHUM Mojie-
KyJISIpHEM MeXaHi3MoM ()OpMyBaHHsS TeHeparii Horo
BeMMYMHU. MOXKHA MIPUIYCTHTH, IIO ITiJ] 9ac Jiogimiza-
mii Ta perigparanii CTpyKTypHO-(QYHKIIIOHATbHI MOII-
KOJDKEHHSl KJITHH mramy S. dublin OymyTh MeHIN
MOPIBHSHO 3 IHIMUMH KITITHHAMH [IHOTO BHITY.

TakuM YuHOM, BU3HAYCHA Y KIIITHH ITaMiB S. ente-
ritidis 34 1 S. typhimurium 16 ctumynsuis H+-ATP-a3u
Ha TJTi TaJIbMyBaHHS aKTUBHOCTI €HJOT€HHOTO JIXaHHS
€ JIOKa3oM BIUIMBY Jiodimizarii/periaparamnii Ha craH
OCHOBHHX CTPYKTYPHHX KOMIIOHEHTIB IXHiX MeMOpaH
(mimigiB 1 MPOTETHIB) MiJ Yac aKTUBHOTO BiJHOBIICH-
HSl JKUTTE3NATHOCTI. Y JaHOMY BHIAIKy y MeMmOpa-
HaX KIITHH IIMX IITaMiB MOXXKHA OYiKyBaTd Ha 3HAYHI
CTPYKTYpHO-(DYHKIIIOHANBHI TepeOynoBH, sKi OyIyTh
HETaTUBHO BIUIMBATH Ha iXHifl Ol0JIOriYHUI MOTEHIia
(mpormiepaTvBHA aKTUBHICTB, BIPYJICHTHICTH, IMYHO-
TeHHICTh TOIILIO).

OtpuMaHi pe3yJbTaTH CBiAYaTh MPO 1HIUBIAyab-
HUH (Y MeXax OJHOTO TaKCOHOMIYHOTO BHJY MIiKpO-
OpraHi3MiB) XapakTep BIUIUBY IpoleciB miodimizarii/
perigparanii Ha (QyHKI[IOHAJIBHUN CTaH KIITHH TIPO-
kapiotiB. BwusHadeHi izionoro-0ioximMiuHi peakiii
KIITHH TPOKAapiOTiB JJOCHTIIHUX INTaMiB BHACHIJIOK
mio¢inizamnii Ta perigparanii OyayTh 3HIXKYBaTH POJIi-
(depaTuBHY aKTHBHICTh [UX MIKPOOPraHi3MiB, IO
MiJBUINNATL COOIBAPTICTh TEXHOJOTIH 010JOriYHOro
BUPOOHUIITBA Ta CIPHYMHUTH 3HAYHI EKOHOMIYHI
30utku. Jlana mpoOnema CrOHyKae HAyKOBIIB JIO IO-
IIYKy PEYOBHH, SIKi € TOTCHIIHHUMH MOIYJISATOPAMHU
(hi3i0510T0-010XIMIYHUX pEakKIliii MiKpOOpraHi3MiB Ta
MOXYTh PEryJIOBaTH HAKOMUYEHHS OloMacH KIITHH
MTPOMHCIIOBHX IITaMIB.
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Thus, the stimulation of H+-ATPase detected in
S. enteritidis 34 and S. typhimurium 16 strain cells
jointly with the activity inhibition of endogenous
respiration evidences the lyophilization/rehydration
impact on the state of main structural components of
their membranes (lipids and proteins) during active
recovery of viability. In this case, we may expect the
significant structural and functional rearrangements
in cell membranes of these strains, which will negati-
vely affect their biological potential (proliferative
activity, virulence, immunogenicity, etc.).

Our findings testify to an individual (within one
taxonomic species of microorganisms) character of
the lyophilization/rehydration impact on functional
state of prokaryotic cells. The identified physiological
and biochemical responses of prokaryotic cells of
the studied strains resulted from lyophilization and
rehydration will reduce the proliferative activity of
these microorganisms, that may augment the cost of
biological production technologies and cause significant
economic losses. This issue encourages the scientists to
search for the substances being the potential modula-
tors of physiological and biochemical reactions of mic-
roorganisms and capable of regulating the biomass
accumulation of industrial strain cells.
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