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ANOTACIJA

Mijiedarbiba ar argjo vidi ir nozimigakais faktors mikroorganismu dzives cikla (Stinu daliSanas,
augsana, attistiba) stadijas. Stnu virsmas Ipa§ibas liela méra nosaka §Is mijiedarbibas (vielmainas
produktu apmaina, noturiba pret argjiem stresiem, ko izraisa mehaniskie, kimiskie, termiskie un
osmotiskie faktori) raksturu. Virsmas ipaSibas biitiski ietekm& ari mikroorganismu savstarp&jo
mijiedarbibu un attiecibas ar saimniekorganismiem.

Baktériju §tnu virsmas galvenie raksturlielumi ir $@inu virsmas hidrofobitate (SVH), ko nosaka
Stunapvalka hidrofobo un hidrofilo komponentu attiecibas, Stnu elektriskas ipasSibas (ladins) un
baktériju $lnu virsmas strukturala organizacija. Arvides parametru izmainas (kultivacijas apstakli,
dazadu agentu klatbutne utt.) izsauc daudzveidigas atbildes reakcijas, kas izpauzas Stnu virsmas
ipasibu izmainas, ko, savukart, var kontrol&t atbilstosi mainot vides apstaklus.

Promocijas darba salidzinosi izvertéta dazadu kultivacijas apstaklu kompleksa iedarbiba uz
etanolveidojoso baktériju Zymomonas mobilis 113S un probiotisko baktériju Lactobacillus acidophilus
Lab, Bifidobacterium lactis Bb12 augs$anu un noturibu nelabvéligos arvides apstaklos, to saistot ar
fiziologiski un tehnologiski nozimigam $iinu virsmas ipasibam, ipasi, probiotisko baktériju tirkultiiras,
$im nolukam izmantojot faktoreksperimentu planoSanas un daudzparametru analizes metodes. Darba
gaita novertéta arl olbaltumvielu sekrécija baktérijas ar atskirigu SVH un veikta etanolveidojoso un
probiotisko baktériju Stnapvalka kimiska sastava izveértéSana ar Furjé transformacijas infrasarkanas
spektroskopijas (FT-1S) un analitiskas kimijas metodém.

EtanolveidojoSo baktériju Z. mobilis 113S un probiotisko baktériju L. acidophilus La5 un B.
lactis Bb12 virsmas paSibu izmainu virziena un rakstura noverté&jums dod iesp&ju kontrol&t, prognozet
un virziti ietekmét tirkultiru un probiotisko baktériju ieraugu augsanu, attistibu un §tinu noturibu.

Promocijas darba rezultati apkopoti un publicéti se$as zinatniskajas publikacijas (2005. —
2012. g.) nozares starptautiski recenzg€jamos zurnalos. Par promocijas darba rezultatiem ir zinots sesas
starptautiskajas zinatniskajas konferenc€s. Promocijas darbs izstradats Latvijas Universitates
Mikrobiologijas un biotehnologijas institata (LU MBI).
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SAISINAJUMI

PB — pienskabes bakterijas

SVH — §nu virsmas hidrofobitate
LPS — lipopolisaharidi

KZT — kunga-zarnu trakts

FT-1S — Furjé transformacijas infrasarkana spektroskopija
FOS — fruktooligosaharidi

KDO - ketodioksiglikonskabe

KVV — kolonijas veidojosas vienibas
S.K. — standartklada

n.n. — nav noteikts

a.s.b. — absoliita sausa biomasa

EPS — eksopolisaharidi

MRS — Lactobacillus barotne péc De Man, Rogosa un Sharpe (De Man et al., 1960)
MATH — mikroorganismu adhé&zija ogliidenraziem (Microbial Adhesion To Hydrocarbon)

SAT — Sunu agregacijas tests (Salt Aggregation Test)
PNA — 1-N-Fenilnaftilamins
N.V. — nosacitas vienibas



PETIJUMA AKTUALITATE UN VISPAREJAIS RAKSTUROJUMS

Mikroorganismu dzives cikla (Stnu daliSanas, augSana, attistiba) norisés izSkiroSa ir
mijiedarbiba ar argjo vidi. Sis mijiedarbibas (vielmainas produktu apmaina, noturiba pret
nelabvéligiem mehaniskiem, kimiskiem, termiskiem un osmotiskiem faktoriem) raksturu liela méra
nosaka Stinu virsmas pasibas (Schar-Zammaretti & Ubbink, 2003). Virsmas 1pasibas biitiski ietekme
arT mikroorganismu savstarpgjo mijiedarbibu un attiecibas ar saimniekorganismiem. Bakteriju Stinu
virsmas galvenie raksturlielumi ir §tnu virsmas hidrofobitate (SVH), ko nosaka $@napvalka hidrofobo
un hidrofilo komponentu attiecibas, Siinu elektriskas ipasibas (ladin$) un bakteriju $tinu virsmas
strukturala organizacija (Geertsema-Doornbusch et al., 1993). Gram-pozitivajam bakterijam noteicosa
loma $tinu virsmas TpaSibas ir ekstracellulariem ar virsmu saistitiem polisaharidiem un virsmas
proteiniem (S-proteini) (Delcour et al., 1999). Savukart ir zinams, Ka proteobaktériju Z. mobilis
hidrofilaja §tnu virsma dominé lipopolisaharidi (LPS), bet hidrofobaja virsma, palielinoties SVH,
lidztekus palielinas hidrofobo virsmas proteinu daudzums (Shakirova et al., 2008). Joprojam liela méra
atklati paliek jautajumi par Siinapvalka strukturalas organizacijas, virsmas sastavdalu kimisko Tpasibu
un virsmas makromolekulu konformacijas saistibu ar §tinu virsmas fizikali-kimiskajam Tpasibam.

Darbam izvelétie modelorganismi ir etanolu un citus tehnologiski nozimigus blakusproduktus
(levans, fruktozes oligosaharidi, sorbitols u. c¢.) veidojosas baktérijas Zymomonas mobilis 113S un
pienskabes baktériju (PB) tirkultiras (Lactobacillus acidophilus La5 un Bifidobacterium lactis Bb12),
kas ietilpst jogurtu veidojoSo un ATB tipa ieraugu sastava un sintez& fruktanus saturoSos
eksopolisaharidus (EPS).

Daudzam PB kultiiram ir raksturigas probiotiskas ipaSibas, jo tas uzlabo cilvéka veselibu,
veidojot apstaklus patogéno mikroorganismu izvadiSanai no kunga-zarnu trakta (KZT), un stiprina
organismu imiunsisttmu (Guarner & Schaafsma, 1998; Ouwehand et al., 2002; Tannock, 2002).
Savukart probiotisko kultiiru attistibu sekmé nesagremojamie oglhidrati (prebiotiki), tostarp arT Z.
mobilis sintezétie fruktooligosaharidi (FOS) un levans (Semjonovs et al., 2008). Galvenais un
iz8kiroSais kritérijs, lai PB sekmigi izpilditu savus uzdevumus, ir noturiba pret kunga sulas salsskabi,
Zults skabém un gremosanas fermentiem, lai pietickama skaita un dzivotsp&jiga stavokli sasniegtu un
noturétos (piesaistitos pie epitélija Stnam) KZT (Ouwehand et al., 2002). Turklat probiotikiem
jaizdzivo ari tehnologiskajos procesos (saldéSana, liofilizacija u. c.) un gatava produkta uzglabasanas
laika (van de Guchte et al., 2002). Probiotiku dzivotsp&ja partikas produktos var biit atkariga no pH,
uzglabasanas temperatiiras, skabekla Itmena, konkurgjoSo mikroorganismu un inhibitoru klatbttnes
(Carvalho et al., 2004).

Arvides parametru izmainas izsauc daudzveidigas atbildes reakcijas, kas izpauZas $iinu virsmas
Tpasibu izmainas (Schar-Zammaretti & Ubbink, 2003). Esam noskaidrojusi, ka Z. mobilis SVH var
ietekmé@t, mainot Slinu audz€Sanas apstaklus: paaugstinot vai pazeminot audz&Sanas temperatiiru,
mainot oglekla avotu un ta koncentracijas, pievienojot eksogénus membranotropos savienojumus
(Zikmanis et al., 2007). Sadi agenti (detergenti, augstakie spirti U. c.) ietekmé membranu funkcijas un
to iedarbiba ir vérsta uz §tnas hidrofobajam dalam (Zikmanis et al., 2005). Promocijas darba rezultati
apstiprina, ka L. acidophilus La5 un B. lactis Bb12 SVH ir iespgjams modulét, mainot audz&$anas
apstaklus (oglekla avots un ta koncentracija, audz€Sanas faze, skabekla klatbutne), bet to iedarbiba
atskiras, salidzinot ar bakterijam Z. mobilis. Esam noteikusi, ka fruktana polimérs levans var sekmét
gan SVH palielina$anos, gan arT PB aug$anu (Shakirova et al., 2013). Darba gaita esam noskaidrojusi,
ka no SVH ir atkariga gan Z. mobilis (Shakirova et al., 2008), gan ari L. acidophilus La5 un B. lactis
Bbl2  (Shakirova et al.,, 2013) SGnu dzivotsp&ja  sasaldéSanas/atkauséSanas  un
liofilizacijas/rehidratacijas procesos. Sajos pétljumos iezimé&jas iespéjamas aizsargvides (sorbitols,
trehaloze) iedarbibas rakstura atSkiribas baktériju liofilizacijas laika un ir pamats uzskatit, ka
aizsargvides var atskirigi iedarboties uz hidrofilam un hidrofobam $tinam.

Literatiira ir norades par iesp&amu tie§u sakaribu starp PB (Bifidobacterium spp.) SVH un
kultiru pH-noturibu (Heller, 2001). Misu pétijumos, atseviSku kultliru ietvaros, nonacam pie
pretgjiem secinajumiem, jo novértgjot L. acidophilus La5 pH noturibu §inam ar atskirigu SVH,
nosaciti hidrofilas Stinas izradijas pH-noturigakas, tapat ari kopuma hidrofobako B. lactis Bb12
gadijuma (Shakirova et al., 2013).
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Neskatoties uz to, ka literatira ir pétijumi par PB noturibu pret stresa faktoriem, arvides
ietekmi uz virsmas Ipasibam, ar1 to izpausmeém probiotiskas efektivitates nodrosinasanai un ir atzits, ka
Sie procesi ir atkarigi no daudziem faktoriem (Gobetti et al., 2000; Vinderola et al., 2002), joprojam
nepietiekami ir pétiti So faktoru vienlaicigas mijiedarbibas efekti. To skaidroSanai nepiecieSamas
faktoreksperimentu planoSanas un daudzparametru analizes metodes, kas veido promocijas darba
metodologisko pamatu.

Tade] promocijas darba meérkis ir salidzinosi izveértét dazadu arvides faktoru kompleksu
iedarbibu uz fiziologiski un tehnologiski nozimigam S$inu virsmas ipasibam etanolveidojosam
(Zymomonas mobilis) un probiotiskajam (Lactobacillus acidophilus, Bifidobacterium lactis)
baktérijam, izmantojot faktoreksperimentu planosanas un daudzparametru analizes metodes.

Darba mérka sasniegSanai tika izvirziti $adi uzdevumi:

1. Novertet kultivaciju apstaklu (oglekla avoti un to koncentracijas, temperatiira, augSanas faze,
skabekla klatbuitne, membranotropo savienojumu klatbtitne) ietekmi uz etanolveidojoso un probiotisko
bakteriju virsmas tpasibam.

2. lzvertét bakteriju fiziologisko noturibu (dzivotsp&ju) nelabvéligu arvides faktoru (etanols,
mineralskabes, zultsskabes, sasaldeéSana/atkauséSana, liofilizacija/rehidratacija, kriokonservacija)
iedarbiba, atseviski un kombinacija ar citiem faktoriem.

3. Salidzinos$i novertét stnu barjerfunkciju un hidrolitisko olbaltumvielu sekréciju baktérijas ar
atSkirigu Stnu virsmas hidrofobitati.

4. Raksturot bakteriju $tnapvalku biokimisko sastavu (olbaltumvielas, lipidi, oglhidrati) un
izvertet ta Ipatnibas (alifatisko k&zu un olbaltumvielu konformacijas pazimes, Stinapvalka komponentu
esterifikacijas pakape u. c.) pec FT-IS absorbcijas joslu vilnu skaitla un intensitates izmainam.

Promocijas darba novitate un zinatniskais nozimigums.

1. Pirmo reizi vienota skatijuma ir salidzinos$i novértéta kultivaciju apstaklu (oglekla avoti un
to koncentracijas, temperatira, augSanas faze, skabekla klatbiitne, membranotropo savienojumu
klatbuitne) ietekme uz etanolveidojoSo un probiotisko bakteriju virsmas IpaSibam.

2. Savstarpgji salidzinata baktériju fiziologiska noturiba (dzivotsp&ja) nelabvéligu arvides
faktoru (etanols, mineralskabes, Zultsskabes, sasaldéSana/atkauséSana, liofilizacija/ rehidratacija,
kriokonservacija) iedarbiba, atseviski un kombinacija ar citiem faktoriem.

3. Atrastas jaunas pieejas etanolveidojoso un probiotisko bakteriju virsmas TpaSibu
modifikacijai, kas lauj paaugstinat $tinu dzivotsp&ju nelabveligos arvides apstaklos.

4. Salidzino$i novertéta Stiinu barjerfunkcija un hidrolitisko olbaltumvielu sekrécija bakterijas
ar atSkirigu Stinu virsmas hidrofobitati.

5. Raksturots un salidzinats Gram-negativo un Gram-pozitivo bakteriju Stnapvalku
biokimiskais sastavs un izvertétas ta ipatnibas péc FT-IS absorbcijas joslu vilpu skait]la un intensitates
izmainam.

6. lzvertetas FT-IS iesp&jas bakteriju Stinu un Stnapvalku kvalitativai un kvantitativai analizei.

Promocijas darba rezultati paplaSina priekSstatus par etanolveidojoso un pienskabes bakteriju
Stinapvalku struktiiras/ipasibu attiecibam, to saistibu ar kompleksam kultivacijas apstaklu izmainam un
stnu fiziologisko noturibu nelabvéligos arvides apstaklos. Baktériju virsmas ipasibu izmainu virziena
un rakstura novertéjums dod iesp&ju kontrol&t, prognozet, merktiecigi ietekmét Siinu augsanu, attistibu
un fiziologisko noturibu, kas nepiecieSama fermentacijas produktu tehnologiskas stabilitates un PB
probiotiska potenciala nodroSinasanai.

Promocijas darbs ir izstradats, izmantojot ESF projekta ESS2009/77 «Atbalsts doktora
studijam Latvijas Universitateé» finanséjumu (Iigums Nr. 2009/0138/1DP/1.1.2.1.2/09/IPTA/
VIAA/004).



ZINATNISKA DARBA APROBACIJA

Promocijas darba rezultati ir zinoti sesas starptautiskajas zinatniskajas konferencés Francija,
Vacija, Italija, Slovakija un Sveicg.

1. Semjonovs P., Shakirova L., Grube M., Auzina L., Zikmanis P., Levan promotes the

hydrophobicity and biomass productivity of probiotic bacteria in lactose containing media. — 13"

World Congress of Food Science & Technology — FOOD IS LIFE; 2006, Nantes, France,

September 17-21 (stenda referits).

2. Shakirova L., Auzina L., Zikmanis P., Grube M., Influence of environmental conditions on
hydrophobicity of Zymomonas mobilis 113S cells and characteristics of FT-IR spectra, 4"
International Conference Shedding Light on disease: Optical Diagnosis for the New Millenium;
2006, Heidelberg, Germany, May 21-24™ (stenda referits).

3. Shakirova L., Auzina L., Zikmanis P., Grube M., Relationship between the cell surface
hydrophobicity and ethanol tolerance of bacteria Zymomonas mobilis, 6™ Workshop, FT-IR
Spectroscopy in Microbiological and Medical Diagnostics; 2007, Robert Koch-Institute, Berlin,
Germany, October 25-26™ (stenda referats).

4. Shakirova L., Auzina L., Zikmanis P., Gavare M., Grube M., Influence of growth conditions on
hydrophobicity of Lactobacillus acidophilus La5 and Bifidobacterium lactis Bb12 cells and
characteristics of FT-IR spectra, 13" European Conference on the Spectroscopy of Biological
Molecules; 2009, Italy, Palermo, August 28"-September 2" (stenda referats).

5. Shakirova L., Auzina L., Zikmanis P., Gavare M., Grube M., Relationship between the cell
surface hydrophobicity and survival of probiotic lactic acid bacteria under adverse environmental
conditions, International Scientific Conference on Probiotics and Prebiotics - IPC 2010; 2010,
Kosice, Slovakia, June 15-17" (stenda referats).

6. Shakirova L., Auzina L., Zikmanis P., Gavare M., Grube M., Relationship between the cell
surface hydrophobicity and survival of Lactobacillus acidophilus La5 and Bifidobacterium lactis
Bb12 bacteria under adverse environmental conditions and characteristics of FT-IR spectra, 4"
Congress of the European Microbiologists FEMS 2011; 2011, Geneva, Switzerland, June 26-30"
(stenda referats).

Promocijas darba rezultati apkopoti un publicéti sesas zinatniskajas publikacijas nozares
starptautiski recenz€jamos Zurnalos.

1. Zikmanis P., Shakirova L., Baltkalne M., Andersone I., Auzina L., The effect of amphiphilic
compounds on the secretion of levansucrase by Zymomonas mobilis. — Process of Biochemistry,
2005, 40: 3723-3731.

2. Zikmanis P., Shakirova L., Auzina L., Andersone I., Hydrophobic properties of bacteria
Zymomonas mobilis under varied environmental conditions. — Process of Biochemistry, 2007, 42:
745-750.

3. Shakirova L., Auzina L., Grube M., Zikmanis P., Relationship between the cell surface
hydrophobicity and survival of bacteria Zymomonas mobilis after exposures to ethanol, freezing or
freeze-drying. — Journal of Industrial Microbiology & Biotechnology, 2008, 35: 1175-1180.

4. Shakirova L., Auzina L., Zikmanis P., Gavare M., Grube M., Influence of growth conditions on
hydrophobicity of Lactobacillus acidophilus La5 and Bifidobacterium lactis Bb12 cells and
characteristics of FT-IR spectra. — Spectroscopy, 2010, 24: 251-255; DOI 10.3233/SPE-2010-
0470.

5. Shakirova L., Grube M., Goodacre R., Gavare M., Auzina L., Zikmanis P., FT-IR spectroscopic
investigation of bacterial cell envelopes from Zymomonas mobilis which have different surface
hydrophobicities. —  Vibrational Spectroscopy, 2013, 64: 51-57; DOIl: 10.1016/
J-vibspec.2012.10.008



6. Shakirova L., Grube M., Gavare M., Auzina L., Zikmanis P., Relationship between the cell
surface hydrophobicity and survival of probiotic bacteria Lactobacillus acidophilus La5 and
Bifidobacterium lactis Bb12 and characteristics of FT-IR spectra. — Journal of Industrial
Microbiology & Biotechnology, 2013; 40: 85-93; DOI: 10.1007/s10295-012-1204-z.

Promocijas darbs ir 2005. — 2012. gados publicéto zinatnisko rakstu kopa. Promocijas darbs ir
izstradats Latvijas Universitates Mikrobiologijas un biotehnologijas institiita (LU MBI).
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BAKTERIJU SUNAPVALKI UN VIRSMAS: STRUKTURAS PAZIMES UN
FUNKCIONALAS IPASIBAS

Mijiedarbiba ar argjo vidi ir nozimigakais faktors mikroorganismu dzives cikla (Stinu daliSanas,
augsana, attistiba) stadijas. Stnu virsmas Ipa§ibas liela méra nosaka §is mijiedarbibas (vielmainas
produktu apmaina, noturiba pret argjiem faktoriem — mehaniskie, kimiskie, termiskie un osmotiskie)
raksturu (Schar-Zammaretti & Ubbink, 2003). Virsmas ipaSibas butiski ietekm& arl mikroorganismu
savstarp&jo mijiedarbibu un to attiecibas ar saimniekorganismiem. Iz8kir specifiskas un nespecifiskas
mikroorganismu mijiedarbibas. Par specifisko mijiedarbibu pienemts uzskatit to komplementaro saisu
mijiedarbibu, ko veido mikroorganismu §tinu virsma un virsma, Uz kuras tas sp&j kolonizgties un kam
ir augstaka savstarp&jaafinitate (Savage & Fletcher, 1985). Savukart, nespecifisko mijiedarbibu regulé
mikroorganismu $tinapvalka vispargjas fizikali-kimiskas Tipasibas, tostarp elektrostatiskas un
hidrofobas mijiedarbibas (Sweet et al., 1987).

Prieksstati par to, ka svarigus mikroorganismu uzvedibas aspektus iesp&ams kontrolét,
izmantojot $tnu virsmas fizikali-kimiskas ipasibas, ir veidojusies jau ilgaku laiku (Webster, 1925;
Marshall, 1976; Wadstrom, 1990). Tomér saistibas starp Stnapvalka struktiru un tas fizikali-
kimiskajam 1pasibam saka detalizéti saka pétit salidzino$i nesen (Boulbitch et al., 2000; Busscher et
al., 2000). Lai raksturotu mikroorganismu §tnu virsmas mijiedarbibas, parasti tiek analiz&tas
vispargjas $tnu virsmas elektriskas ipasibas, galvenokart z-potencials, ar virsmas hidrofobitate (Schar-
Zammaretti & Ubbink, 2003). Informaciju par §tm divam ipaSibam savukart izmanto, lai model&tu
mijiedarbibu starp baktérijas $tinapvalku un saimniekorganisma ar&jo virsmu. SVH ir uzskatama par
fizikali méramu makroskopisku ipasibu, kas atspogulo hidrofilo un hidrofobo komponensu proporciju
Stnapvalka (Geertsema-Doornbusch et al., 1993). SVH izmainas var uzskatit par atbildes reakcijam uz
dazadiem arvides faktoriem un tadgjadi ir iesaistitas starpStinu mijiedarbiba, bakteriju adhézija pie
cietam virsmam un saimniekorganisma audiem, $§inu rezistencé pret nelabvéligiem argjas vides
apstakliem u. c. (Rosenberg et al., 1980; Rosenberg & Doyle, 1990; Vanhaecke et al., 1990).

Baktériju Stnapvalka strukttiras un IpaSibu saistibas pétiSanai ka modelsistémas parsvara
izmanto Gram-pozitivos mikroorganismus, jo tiem ir salidzino$i vienkarSa Stnapvalka struktiira
(Delcour et al.,, 1999). Turklat Sie mikroorganismi ir nekustigi un ir pieejams liels skaits
mikrobiologiski un genétiski labi raksturotu celmu. Gram-pozitivo baktériju Stnapvalks parsvara
sastav no peptidoglikana slana, (lipo) teihoskabém, (virsmas) olbaltumvielam un polisaharidiem (1.1.
att.) (Delcour et al., 1999). Gram-negativas baktérijas atSkiras ar to, ka virs peptidoglikana slana ir
lokalizéta aréja membrana (1.1. att.) (Sikkema et. al., 1995). Olbaltumvielas, kas ietilpst membranas
sastava ir iegremdétas dubultslani, ko veido fosfolipidu un LPS molekulas. Argjas membranas iek$gja
dala atrodas lipoproteinu kompleksi, kas saista argjo membranu ar glikopeptidu slani (Madigan et al.,
2000). LPS ir svariga loma Gram-negativo baktériju apvalka caurlaidibas regulacija, nodroSinot
relativi hidrofilu $tinas virsmu (Nikaido & Vaara, 1985). Argja membrana pietiekami drosi aizsarga E.
coli $tnu no vairuma hidrofobo antibiotiku. Tikai izjaucot aréjas membranas struktiiru, pieméram,
iedarbojoties ar ramnolipidu uz LPS (Al-Tahhan et al., 2000), var paaugstinat membranas caurlaidibu
attieciba pret hidrofobam molekulam un joniem (Lieve, 1974).
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1.1. att. Gram - pozitivo un Gram - negativo bakteriju Siinapvalka shematisks attéls: PP - porins; C -
citoplazmatiskaja membrana “iebivéta” olbaltumviela; BP — saistitajolbaltumviela; PPS - periplazmatiska telpa;
A - argjais membranu lipids; LP - lipoproteins (Sikkema et. al., 1995).

PB ir taksonomiski atSkirigu Gram-pozitivo baktériju grupa, kas sp&j parveidot ferment&jamos
oglhidratus, galvenokart pienskabg, Iidztekus skabinot kultivacijas vidi. Daudzas PB sugas izsenis
izmanto partikas ripnieciba, galvenokart fermentéto piena produktu (siers, jogurts, kr&jums, U. C.)
razoSana, un to nozime ir visparatzita visa pasaulé. Péd&jo dekazu laika interese par PB bitiski
pieaugusi, pateicoties p&tijumiem, kas apstiprina daudzu PB sugu probiotiskas Tpasibas un to biitisko
lomu cilvéka un dzivnieku veselibas uzturésana (Corveleyn et al., 2012).

Bifidobacterium un Lactobacillus gints mikroorganismi ir uzskatami par ,klasiskiem”
probiotikiem un tos plaSi izmanto ka t. s. funkcionalas partikas sastavdalas. Probiotikus piepemts
definét ka ,,dzivus mikroorganismus, kas, péc to uzpemsanas noteikta skaita, pozitivi ietekmé
saimniekorganismu un uzlabo ta veselibu” (Guarner & Schaafsma, 1998; Tannock, 2002). Ka veselibu
veicino$i probiotiku efekti minami patogénu inhibicija, pretmutagéna un pretvéza aktivitate, caurejas
profilakse, imiinas atbildes stimulacija, holesterina limena samazinasana u. c. (Ouwehand et al., 2002).
Tomér probiotiskas pasibas ir katram celmam specifiskas un tapéc ari atseviSki parbaudamas un
novert&jamas (Ljungh & Wadstrom, 2006).

Lai PB pietickama skaita un dzivotspgjiga stavokli sasniegtu un noturétos (piesaistitos pie
epit€lija stinam) KZT un sekmigi izpilditu savus uzdevumus, tam japarvar biologiskas barjeras, tostarp
kunga sulas salsskabes, zultsskabju un gremosanas fermentu klatbatne (Ouwehand et al., 2002), ka ari
neoptimalas augSanas temperatiiras un augs$anu inhib&osu savienojumu (taukskabes un tanini)
klatbaitne, kas veidojas raugu un baktériju metabolisma laika (Kumar et al., 2011). Zultsskabju sali
sintez€jas aknas no holesterina un sekret&jas divpadsmitpirkstu zarna, lai veicinatu tauku uzstksanos,
un, ta ka Sie savienojumi ir toksiski bakterijam, tad KZT mikroorganismiem jabut rezistentiem pret
zultsskabém, t. i. jaizdzivo nelabvéligos apstaklos (de los Reyes-Gavilan et al., 2005), bet attiecigie
mehanismi joprojam nav izpétiti. Probiotisko baktériju adaptacija attieciba uz Siem nelabvéligajiem
apstakliem var veicinat mikroorganismu dzivotsp&ju KZT.

Dazi uztura parstavétie oglhidrati nav sagremojami augséja KZT un probiotiskas baktérijas var
tos izmantot ka fermentacijas substratus. Sie oglhidrati, kas definéti ka prebiotiki, var selektivi stimulét
probiotiku augSanu un veicinat to izplatiSanos KZT, tadejadi sekméjot saimniekorganisma veselibas
uzlabosanu (de los Reyes-Gavilan et al., 2005).

Fruktanu saturoSus prebiotikus, tostarp levanu (B-2,6-polifruktans) un FOS, sintezé
etanologénas Gram-negativas baktérijas Zymomonas mobilis. Sis baktérijas uzrada ievérojamu
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biosintézes potencialu attieciba uz dazadiem metabolitiem (etanols, levans, fruktooligosaharidi,
sorbitols, glikonskabe) un ir uzskatamas par perspektivu kultiru daudzveidigam tehnologiskajam
pielietojumam (Montenecourt, 1985; Doelle et al., 1993; Gunasekaran & Chandra Raj, 1999). Turklat,
proteobaktériju Z. mobilis dabisko fermentacijas kapacitati var uzlabot ar dazadam fiziologiskam,
genctiskam un metabolisma inZenierijas pieejam, introducgjot un ekspresgjot citas izcelsmes génus, lai
paplasinatu substratu un produktu spektru (Montenecourt, 1985; Doelle et al., 1993; Gunasekaran &
Chandra Raj, 1999).

Jebkurai baktériju kultiirai, kas izvéléta ripnieciskam vajadzibam, ir jaizdzivo ari nelabvéligos
apstaklos, kas veidojas tehnologiskajos procesos (saldéSana, liofilizacija u. c.) un gatava produkta
transportéSanas, Un uzglabasanas laika (van de Guchte et al., 2002). Probiotiku dzivotsp&ja partikas
produktos var but atkariga no pH, uzglabasanas temperatiiras, skabekla limena, augstam NaCl vai
etanola koncentracijam, konkuréjo$o mikroorganismu un inhibitoru klatbitnes (Carvalho et al., 2004).
RazoSanas procesa probiotikus var saglabat un izplatit Skidra, zavéta, sasaldéta vai liofilizéta forma.
Lai gan visas §1s procediiras partikas riipnieciba ir vispirms attiecinamas Uz ierauga kultiiram, uzsvars
arvien vairak tiek likts uz ilgtermina saglabasanas metodém, kas veicina augstu Stnu dzivotsp&ju un
vielmainas aktivitati, jo attiecigie parametri tiek uzskatiti par nepiecieSsamiem, ipasi (bio)medicinisko
preparatu iegisanai (Carvalho et al., 2004; Corveleyn et al., 2012).

Ir zinams, ka daudzveidigi argjas vides faktori var butiski ietekmé&t mikroorganismu Siinu
virsmas stabilitati (Das & Kapoor, 2004). Ta pieméram, fizikalie faktori (temperatiira, gaisma,
elektriskie lauki, spiediens, vides pH u. c.) izsauc izmainas $inu virsmas un membranu sastava un
funkcijas (Denich et al., 2003). Argju stimulu rezultata $iinas var attistit aréja $inapvalka slani, kas ir
vairak adaptéts dazadiem specifiskiem apstakliem un var mainit Siinu virsmas hidrofobas ipasibas
(Sikkema et. al., 1995). Mikroorganismu virsmas ipasibas ir ari atkarigas ari no kultivacijas apstakliem
un barotnes sastava. Ir zipots, ka audz&$anas temperatiira butiski iectekmé Z. mobilis membranu
sastavu, palielinoties temperatiirai, izmainas tauksabes un fosfolipidu proporcijas membrana
(Benschoter & Ingram, 1986). Ir paradits, ka kultivéjot Listeria monocytogenes baktérijas pie dazadam
temperatiiram, $linu piesaiste pie neriisgjosa terauda, t. i. SVH, palielinas, palielinoties kultivésanas
temperatiirai (Briandet et al., 1999). Ir zinams, ka saharoze butiski palielina Pseudomonas fluorescens
SVH, salidzinot ar glikozi vai mannozi (McEldowney & Fletcher, 1985). Tomér joprojam ir
nepietiekami noskaidrotas attiecibas starp kultivacijas apstaklu izmainam un bakteriju virsmas
IpaSibam, ka ar to ietekmi uz bakteriju savstarp&jo mijiedarbibu (Schar-Zammaretti et al., 2005).

Stinu virsmas un membranas stavokli var izmainit ar dazadam kimiskam vielam (Nikaido &
Varra, 1985). Pieméram, biosurfaktants ramnolipids, pat mazas koncentracijas var butiski ietekmét
SVH, izsaucot dal&ju LPS atrausanu no aréjas membranas (Al-Tahhan et al., 2000). Detergenti, kas
pieder pie heterogéno virsmas aktivo savienojumu klases, var ietekmét membranas, izmainot lipidu un
proteinu mijiedarbibu (Sikkema et. al., 1995). Organiskie $kidinataji var izsaukt lipidu un
olbaltumvielu zudumu §tinu membrana, membranu olbaltumvielu funkciju inhib&Sanu, ka arf citu vitali

Spirtu toksiska iedarbiba ir versta uz Siinas hidrofobajam dalam, visticamak uz to
plazmatiskajam membranam. Etanola un biologisko membranu mijiedarbibas rezultats ir samazinata
membranu integritate (Sikkema et al., 1995). Ir pieradits, ka alifatisko spirtu mijiedarbiba uz
mode]lmembranam izraisa fazu parejas temperatiiras nobidi (Eliasz et al., 1976), turklat spirtu
toksiskuma ITmenis ir tieSi proporcionals to oglekla atomu kédes garumam (Sikkema et al., 1995). Ir
noskaidrots, ka ari membranotropie savienojumi (alifatiskie un aromatiskie spirti, prokains un
detergenti) var ietekm&t Z. mobilis membranu ipasibas (Zikmanis et al., 2005).

Lidztekus tradicionalajam biokimiskajam analizes metodém informaciju par baktériju argjas
Stnu virsmas kimisko sastavu un ta izmainam var iegit arl ar Furjé transformacijas infrasarkanas
spektroskopijas (FT-1S) metodi. Infrasarkana spektroskopija ir neinvaziva metode, kas lauj analiz&t
informaciju par bioparauga visparéjo kimisko sastavu (Bosch et al., 2006; Huang et al., 2006; Pistorius
et al., 2009). To izmanto arT bioparaugu raksturosanai un identifikacijai (Naumann, 2002; Huang et al.,
2006; Grube et al., 2012), ka ar7 fermentacijas procesu un produktu monitoringam (Grube et al., 2002;
Mazarevica et al., 2004). Ir zinams, ka Stinapvalka daudzkomponentu strukturala organizacija var
atspoguloties baktériju virsmas ipasibas, ka ari organisma vispéréja fiziologiskaja stavokli, paradot
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dazadu arvides apstaklu ietekmi uz $tnu regulacijas mehanismiem (Pistorius et al., 2009; Wang et al.,
2010).

Stinapvalka strukturalas organizacijas, virsmas komponentu kimisko Tpasibu, Tpasi virsmas
makromolekulu konformacijas saistiba ar baktériju Stinapvalku fizikali-kimiskajam Tpasibam, joprojam
uzskatama par nepilnigi atrisinatu jautajumu.

Dzilaka izpratne par bakteriju, t. sk. probiotisko, virsmas 1pasibas ietekméjosiem faktoriem, var
veicinat tadu bakteriju celmu atlasi un 1pasibu novérté€Sanu, kam piemit vélamais biosintézes vai
probiotiskais potencials un tehnologiska stabilitate.
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MATERIALI UN METODES

Mikroorganismu kultiiras un KultivéeSanas apstakli

Zymomonas mobilis 113S un 29191 (Latvijas Mikroorganismu kultiiru kolekcija) kultivéja periodiska
procesa bez aeracijas barotné ar sastavu (g/1): KHyPOy, 2.5; (NH4)2SO4, 1.6; MgSO4x7H,0, 1.0; rauga
ekstrakts (Sigma), 5.0 un piemérots oglekla avots (glikoze vai saharoze) koncentraciju diapazona
0.14 - 1.11M, pH 5.5. Kultivésanas process veikts dazadas temperatiiras (25, 30 un 37°C), ar vai bez
alifatiskiem spirtiem (butanols, pentanols, heptanols, oktanols, tetradekanols, heksadekanols)
koncentraciju diapazona 0.04 - 1mM vai detergentiem (Tween20, Tween80) koncentracija 0.049 un
0.046mM, attiecigi.

Lactobacillus acidophilus La5 un Bifidobacterium lactis Bb12 (Chr. Hansen Appl. Technol. Lab.,
Denmark) kultivéja acrobos vai anaerobos (BBL Gas Pak 150™ System, USA) apstaklos, 37°C, MRS
barotné ar sastavu (g/l) peptons, 10.0; liellopa galas ekstrakts, 8.0; natrija acetats, 5.0; rauga ekstrakts
(Sigma), 4.0; amonija citrats, 2.0; KH,PO,, 2.0; Tween 80, 1.0; MgSO4x7H,0, 0.1; MnSO4x5H,0,
0.05 un piemerots oglekla avots (glikoze, saharoze vai laktoze) koncentraciju diapazona 2% - 5%, pH
6.5, 18 vai 48 stundas.

Siinu sagatavoSana hidrofobitites merijumiem

Lai veiktu SVH mérfjumus, S$inas, kas sasniegu$as vélamo kultivéSanas fazi, nodalija no
kultirSkiduma centrifug€jot (5000xg, 10 min, 20°C), mazgaja 50mM fosfata buferi (pH 7.1),
resuspendgja taja pasa buferskiduma, lai optiskais blivums pie 660 nm (ODggo) biitu 0.5. Relativa SVH
tika novértéta ar MATH (Microbial Adhesion To Hydrocarbon) metodi (Aono & Kobayashi, 1997),
izmantojot o-ksilolu (Sigma). Rezultatu aprékinaja péc vienadojuma H% = [(Ak — Ap)/Ak] * 100, kur
Ay ir optiskais blivums (ODggo) Suspensijai bez o-ksilola (kontrole), Ap — optiskais blivums (ODggp)
paraugam, kam pievienoja o-ksilolu (Aono & Kobayashi 1997 péc Rosenberg & Doyle 1990).

SVH noteica arT ar SAT testu (Salt Aggregation Test) saskana ar standarta procediru (Lindahl et al.,
1981), t. i. zemaka (NH4),SO, koncentracija izraisa bakteriju agregaciju. Visi rezultati salidzinati ar
pozitivo kontroli, t. i. reakcijas rezultatu pie lielakas izsaliSanas agenta koncentracijas (4M). Baktériju
suspensiju (5 - 10° sinu/ml) sajauktu ar 2mM fosfata buferi (pH 6.8) bez izsalisanas agenta izmantoja
ka negativo kontroli (Lindahl et al., 1981).

Siinu sagatavoSana un inkubacijas apstakli

Stinas, kas sasniegusas vélini logaritmisko fazi (u = 0.150 — 0.20 h™), nodalija no kultirskiduma
centrifuggjot (5000xg, 10 min, 20°C) un mazgaja 50mM Tris/malata buferi (pH 5.3). Inkubacijas
veiktas taja pasa buferi, kas satur saharozi (10mM) un $tinas (biomasas koncentracija 2.0 — 2.5 mg/ml)
(kontrole), un parbaudamos membranotropos savienojumus (alifatiskie spirti no I-butanola lidz
I-heksadekanolam) vai detergentus (Tween) koncentracija 0.04 — 1ImM. P&c 30 min $Gnu izturéSanas
attiecigajos apstaklos (30°C), tas nodalija no kulturSkiduma centrifug€jot (7000xg, 10 min) un
supernatantu glabaja uz ledus turpmakajiem testiem.

Sasaldesanas/atkausésanas, liofilizeSanas un kriokonservacijas procediuras

5 — 10 ml $tinu suspensijas (8 - 10* $tnu/ml) Gdent sasaldé (-20°C) un turpmak atkausé (30°C, 30
min) vai glaba (pie -20°C, 6 ménesus). Sasaldéto $tunu suspensiju liofiliz€, izmantojot laboratorijas
liofilizatoru (LGA 05, VEB MLW, Leipzig, Germany) pastaviga temperatira (-20°C) un 0.4 Pa
vakuuma spiediena, 16 st. Paraugus ar liofiliz€tam Siinam glaba nesasald€jot un bez argja mitruma
piekluves (eksikatora virs silikagela, 4°C) 5 — 7 dienas. Liofilizé€to Stinu rehidrataciju veic 30°C, 30
min., izmantojot tadu pasu sterila Gdens daudzumu, ko izmantoja sakotn&jas suspensijas pagatavosana.
Stinu dzivotsp&ju péc sasaldéSanas, liofilizéSanas vai kriokonservacijas noteica ar standarta sériju
atSkaidiSanas metodi. Z. mobilis $tinu suspensiju (3 paral€les) ienesa Petri platés ar agara barotni un
inkubgja 30°C, 48 — 72st. L. acidophilus un B. lactis stinu suspensiju ienesa Petr platés ar MRS agara
vidi un inkubgja 37°C, 48 — 72st.
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Siinu noturibas novértésana péc mineralskabes un $ultsskabju iedarbibas

Stinas, kas sasniegusas stacionaro fazi, nodalija no kultirikiduma centrifuggot (7000xg, 10 min,
20°C), resuspendéja MRS barotné (bez rauga ekstrakta, pH 5.5) tada pasa tilpuma (Stinu koncentracija
pie ODsso = 0.5) un atstaja pielagoties uz 30 min, 30°C. Sanu dzivotsp&ju noteica péc protokola
(Shalini & Hariom 2009). Baktériju skaitu izteica ka koloniju veidojoSo vienibu (log KVV/ml)
decimalo logaritmu. Stresa ietekmes iedarbibu aprékinaja péc vienadojuma A log KVV = log kontrole
(KVV/mI) - log testa paraugs (KVV/ml).

Sianapvalku izdaliSana

Stinu suspensiju sonic&a 20 min. pie 0.5 kHz ledus-tidens vanna. Veselas $iinas nodalija centrifuggjot
(6000xg, 10 min, 4°C). Z. mobilis stnapvalkus savaca centrifugéjot (100000xg, 60 min, 4°C) (Ikawa
& Snell, 1960), L. acidophilus un B. lactis stinapvalkus izdalija cenrifuggjot pie 25000xg, 25 min, 4°C
(Aono & Kobayashi, 1997). Sunapvalkus mazgaja fosfata buferl un glabaja pie —20°C. Izdalito
Stnapvalku kvalitati noveért€ja ar luminiscences mikroskopu (Olympus BX51).

Analitiskas metodes

Kopgjo olbaltumvielu koncentraciju noteica ar Louri (Folin-Ciocalteu’s reagent, Fluka Chem. AG,
Switzerland) krasvielas piesaistes metodi (Lowry et al., 1951).

Fosfatu daudzumu noteica ar adaptéto Bartleta metodi (Bartlett, 1972).

Membranu kopgjo neitralo oglhidratu koncentraciju novért§ja izmantojot Dreywood’s Anthrone
reagentu (Morris, 1948).

LPS no Z. mobilis stinam izdalija ar adaptéto fenola-idens metodi (Westphal, 1952). Oglhidratu
koncentraciju LPS frakcijas noteica ar fenola-sérskabes reagentu (Dubois et al., 1956; Piater, 2005).

Z. mobilis Sunapvalku olbaltumvielas izdalija ar modificéto vieglas ekstrakcijas metodi (Dyé &
Delmotte, 1997).

Ekstracellularas levansaharazes (EC 2.4.1.10) aktivitati inkubacijas vidé noteica spektrofotometriski
(UV 260, Shimadzu, Japan) pie A=330nm (£=0.514x10° I/mol cm), mérot levana veido§ana izraisitas
optiska blivuma izmainas laika, un izteica aktivitates vienibas (U) uz mg Stinu biomasas inkubacijas
vide.

Biomasas koncentraciju noteica spektrofotometriski pie A=550nm, izmantojot kalibracijas likni.
Proteolitisko fermentu (EC 3.4.) kopgjo aktivitati noteica saskana ar Kunitz metodi (Kunitz, 1947).
Viena proteinazes aktivitates vieniba definéta ka fermenta daudzums, kas vajadzigs, lai izraisitu
optiska blivuma pieaugumu par 0.01 pie OD,g testa apstaklos (Kabadjova-Hristova et al., 2006).

Sinu piesaistes novértesana hidrofilam un hidrofobam neséjmateridlam

Lai iegtt hidrofilu vai hidrofobu virsmu, standarta mikroskop&Sanas priekSmetstiklinus silaniz&ja ar
0.02M dimetilhlorsilanu (Sigma) un toluolu (Sigma) péc protokola (Batischev & Indenbom, 2004).
hidrofobitati 50mM fosfata buferi pH 7.1), izturgja taja 40 min un, lai nonemtu nepiesaistitas Siinas,
viegli noskaloja ar 0.1M fosfata buferSkidumu. Piesaistito Stinu daudzumu novértgja ar gaismas
mikroskopu, katram paraugam skaitot piesaistito Stinu skaitu 50 redzes laukos un aprékinot vid€jo. Lai
novertétu Stnu piesaisti pie hidrofilas virsmas, veica ari stikla adh&zijas testu (Pérez et al., 1998),
Stnas audzgja tiros standarta stikla stobrinos ar 10 ml barotni 24 stundas.

FT-IS

Stinu un $anapvalku FT-1S absorbcijas spektrus registréja ar HTS-XT mikroplasu lasitaju (BRUKER)
(Harrigan et al., 2004). Katru paraugu (10 — 30 pl) zavéja uz 96 vietu silikona-plates pie T<50°C,
spektrus registréja vilpu garuma intervala 4000 — 600 Cm'ly paraugu skengjot 64 reizes, ar izskirSanas
speju 4 cm™. Datu apstradi veica ar OPUS 6.5 (BRUKER) programmu; koriggja spektra bazes Iiniju
(Rubberband metode) un veica vektoru normalizaciju, kas nepiecieSama, lai izlidzinatu atskiribas, kas
radusas dazadas spektra liniju intensitates, t.i., suspensijas koncentracijas dél starp dazadiem
paraugiem (Severcan & Harris, 2012). Spektru analizei tika izmantoti tikai tie spektri, kuru profils bija

16



absorbcijas robezas no 0.25 - 0.80, nodroSinot Lamberta-Bugeéra—Béra likuma izpildiSanos, t. i.
intensitate ir tieSi proporcionala koncentracijai.

Fluorescences titreSanas meérijjumi

Z. mobilis $tnu suspensiju (3.0 mg/ml $tnu 50mM fosfata buferi pH 7.1) titrgja ar 1-N-
Fenilnaftilaminu (fluorescenta PNA zonde) (Trdauble & Overath, 1973), palielinot zondes
koncentraciju vidé no 1uM lidz 5uM. PNA fluorescenci mérija pie ierosmes vilpu garuma (A1) 345
nm un emisijas vilpu garuma (A2) 405 nm ar Fluorichrom (Varian, Inc., CA, US) fluorimeteru aprikotu
ar Coach (Couch Suplex MA, US) programmu (Tsuchido et al., 1989).

Datu apstrade un analize

Visi rezultati iegiiti vismaz tris neatkarigos méginajumos.

Merijumu vertibas parstav vismaz tris paral&lus atkartojumus.

Faktoreksperimenti realiz&ti atbilstosi 22,3 (centralie un vienmérigie plani) faktoru gradacijam.

Datu apstradei izmantotas dispersijas analizes (MANOVA) multiplas, linearas un nelinearas regresijas
metodes ar Statgraphics ®Plus (Manugistics, Inc., US) un SPSS 11.0 for Windows (SPSS Inc. IIl., US)
programmam ar faktoru efektu izvért€jumu péc F-testa.

Izmantotas vismaz 200 KVV (koloniju veidojosas vienibas) katram §tnu paraugam, lai aprékinatu
dzivotsp&jas samazinajumu, to izsakot log vienibas (A log KVV).

17



REZULTATU PARSKATS

. Iespgju, ka Gram-negativajam baktérijam Z. mobilis un Gram-pozitivajam bakterijam L.
acidophilus La5 un B. lactis Bb12 ir atskiriga SVH un to var ietekmét dazadi argjie faktori
(temperatiira un augSanas faze, oglekla avots un ta koncentracijas, aeroba vai anaeroba vide,
membranotropo savienojumu klatbiitne), apstiprina SVH vértibas, kas iegitas celmus vienlaicigi
audzgjot dazados apstaklos. Ir noteikts, ka Gram-negativas bakterijas Z. mobilis ir izteikti hidrofilas
salidzinajuma ar Gram-pozitivam baktérijam L. acidophilus La5 un B. lactis Bb12 (Tabula 1).
Lidztekus, novérots, ka visu parbaudito celmu SVH ietekmé gan aug$anas faze, gan ari izmantotais
oglekla avots (Tabula 1).

Tabula 1. Z. mobilis, L. acidophilus un B. lactis $tinu virsmas hidrofobitates izmainas atkariba no kultivé$anas
fazes un oglekla avota (Zikmanis et al., 2007; Shakirova et al., 2010).

Hidrofobitate, % + S.K.

Augsanas faze

Celms Logaritmiska faze Stacionara faze
Oglekla avots
Glikoze Saharoze Glikoze Saharoze
ZM 29191 415+0.19 5.25+0.19 6.19+0.19 6.22+0.19
ZM 113S 10.10£0.19 13.75£0.19 18.07 £ 0.19 22.61£0.19
La5 41.10 = 0.47 55.50 £ 0.33 57.40 £ 0.47 60.40 £ 0.33
Bb12 56.80 + 0.89 61.20 + 0.70 60.27 + 0.89 62.27 + 0.70

Z. mobilis, ka ari probiotisko baktériju L. acidophilus La5 un B. lactis Bb12 SVH ievérojami
paaugstinajas tiesi proporcionali palielinoties oglekla avota koncentracijai vidé (Tabula 2). Saharozes
barotné audz&to Z. mobilis un laktozes barotné audzéto L. acidophilus La5 un B. lactis Bb12 $tnu
hidrofobitate bija visaugstaka (Tabula 2).

Lidziga veida Z. mobilis SVH ietekméja kultivacijas temperatiiras izmainas (no pazeminatas
25° 1idz paaugstinatai 37°) (Tabula 2). SVH vértibas, kas iegitas, izmantojot MATH un SAT testu,
bija pilnigi korel&josas (Tabula 2). Savukart, abu probiotisko kultiiru L. acidophilus La5 un B. lactis
Bb12 SVH kultivacijas temperatiiras izmainas bitiski neietekméja (dati nav paraditi).

Jaatzimé¢, ka prebiotika levana (B-2,6-polifruktans) klatbitne kultivésanas videé ar laktozi
batiski ietekméja L. acidophilus La5 SVH. Ta, pieméram, 1% lidz 4% levana pievieno$ana kultivacijas
videi palielinaja SVH no 62% lidz 82% (Shakirova et al., 2013).

Savukart, tika konstatéts, ka skabeklis kultivacijas laika atskirigi ietekméja L. acidophilus La5
un B. lactis Bb12 SVH. Ta, audz&jot L. acidophilus La5 un B. lactis Bb12 aerobos apstaklos SVH
attiecigi palielindjas un pazeminajas. Taja pasa laika, anaerobos apstaklos tika novérota pretgja
ietekme uz SVH (3.1. attgls).
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Tabula 2. Z. mobilis 113S, L. acidophilus La5 un B. lactis Bb12 $tnu virsmas hidrofobitates izmainas dazados
kultivacijas apstaklos (Zikmanis et al., 2007; Shakirova et al., 2013).

Kultivacijas apstakli Hidrofobitate, .
% Stinu
Celms Oglek]a avots Koncelt\l/:rﬁcij a, Temperatira, °C +SK. agregacija, M

ZM113S Glikoze 0.16 30 15.59 + 0.47 >2.0
0.28 30 20.38 £ 0.68 1.8

0.56 30 39.82 £ 0.45 0.8

Saharoze 0.16 30 19.12 £ 0.33 1.8

0.28 30 29.95+£0.70 1.4

0.56 30 66.74 £ 0.16 0.2

Glikoze 0.28 25 19.17 £ 0.61 1.8

0.28 30 23.18 £ 0.61 1.6

0.28 37 43.25+0.61 0.8

O, klatbuitne

La5 Glikoze 0.13 + 57.40 £ 0.47 n.n
0.26 + 62.90 £ 0.68 n.n

0.39 + 66.87 £ 0.45 n.n

Saharoze 0.13 + 60.40 £ 0.33 n.n

0.26 + 64.30 £ 0.70 n.n

0.39 + 67.90£0.16 n.n

Laktoze 0.13 + 68.45 £ 0.61 n.n

0.29 + 70.23 £ 0.61 n.n

0.39 + 75.13+£0.61 n.n

Bb12 Glikoze 0.13 - 60.27 £ 0.89 n.n
0.26 - 64.56 + 0.80 n.n

0.39 - 70.40 + 0.80 n.n

Saharoze 0.13 - 62.27 +0.70 n.n

0.26 - 66.40 + 1.06 n.n

0.39 - 72.75+0.70 n.n

Laktoze 0.13 - 72.75 + 0.60 n.n

0.26 - 76.75 + 0.65 n.n

0.39 - 79.37 +1.00 n.n
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3.1. att. L. acidophilus La5 un B.lactis Bb12 §tnu virsmas hidrofobitates izmainas atkariba no oglekla avota un
skabekla klatbatnes: O - L. acidophilus La5 (0.13M glikoze); B - L. acidophilus La5 (0.13M laktoze); @ - B.
lactis Bb12 (0.13M glikoze); & - B. lactis Bb12 (0.13M laktoze) (Sakirova et al., 2013).

Tika konstatéts, ka membranotropo savienojumu (alifatiskie spirti un Tween-tipa detergenti)
pievieno$ana audzésanas videi bitiski ietekme Z. mobilis virsmas Tpasibas. Lielakais SVH un kopgjo
olbaltumvielu koncentracijas vidé pieaugums un levansaharazes aktivitates samazinasanas bija zemako
spirtu klatbuitng, tie$i proporcionali alifatiska spirta kédes garumam (n-butanols — n-heptanols)
salidzinajuma ar augstakiem spirtiem (Tabula 3). Tween-tipa detergentu ietekme uz Z. mobilis $tnu
virsmas 1pasibam paradijas ka neliels, bet statistiski biitisks hidrofobitates, levansaharazes aktivitates
un kopgjo olbaltumvielu koncentracijas vidé samazinajums Tween20 klatbtitné un ka izteikti pretgjs
efekts Tween80 klatbtitng (Tabula 3).

Tabula 3. Z. mobilis 113S $tnu virsmas hidrofobitates, levansaharazes aktivitates un olbaltumvielu sekrécijas
modulésana ar membranotropiem savienojumiem (Zikmanis et al., 2005; Zikmanis et al., 2007).

Stinu virsmas parametru izmainas

Membranotropie _ .. . . Sanu Levansaharazes Olbaltumvielu
L Koncentracija Hidrofobitate, _ .. e ..
savienojumi %+ S.K. agregacija, aktivitate, _ sekrécija, _

M (% pret kontroli) (% pret kontroli)
Nav - 21.87+1.84 1.8 100.00 100.00
n-butanols imM 28.80+1.30 1.4 97.95 126.83
n-pentanols 1mM 35.60 £ 0.89 1.0 88.04 145.82
n-heptanols 1mM 41.78 £ 0.35 0.8 64.73 157.46
n-dodecanols 40uM 22.98+0.41 1.8 81.30 133.29
n-tetradecanols 40uM 23.37+0.97 1.6 78.95 119.58
Tween80 46uM 56.54 + 0.26 <0.4 127.00 121.00
Tween20 49uM 17.30 £ 0.53 >2.0 70.00 115.00

Veicot 2°-faktoreksperimentu, kura vienlaicigi kombingti divi faktori (membranotropie
savienojumi un kultivacijas temperattra), apstiprinajas nozimigs (P<0.001) abu faktoru iedarbibas
efekts uz Z. mobilis virsmas 1pasibam, ka ari o faktoru mijiedarbiba (3.2. attéls). Viena neatkariga
mainiga (temperatiira) ietekme uz atkarigo mainigo (SVH) mainijas atkariba no otra neatkariga
mainiga (membranotropie savienojumi). Tatad, SVH samazinajums, ko izraisa pazeminata temperatiira
(25°) liela méra tika ,,nonemts” ar Tween20 iedarbibu (3.2. att€ls). Paaugstinatas temperatiiras (37°) un
Tween80 vienlaiciga iedarbiba izpaudas ka nedaudz samazinats abu faktoru mijiedarbibas efekts,
salidzinajuma ar abu faktoru individualo iedarbibu (3.2. att€ls). Tika konstatéta antagoniska
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mijiedarbiba dazadas citu faktoru kombinacijas (Tween80, pazeminata kultivacijas temperatiira u. c.),
tomér, augstakas Z. mobilis SVH vértibas (~50%) tika panaktas ar vienlaicigu paaugstinatas
temperatiiras un Tween80 iedarbibu (3.2. attels).

Hidrofobitate, %

3.2. att. Detergentu un temperatiras ietekme uz Z. mobilis 113S $tnu virsmas hidrofobitati (Zikmanis et al.,
2007).

. Ir noskaidrots, ka Z. mobilis, L. acidophilus La5 un B. lactis Bb12 dzivotsp&ja nelabvéligos
arvides apstaklos (sasaldéSana/atkaus€Sana, liofiliz€Sana/rehidratacija un kriokonservacija) korelé ar
intakto SVH vértibam. Tika paradita apgriezta lineara sakariba (3.3. un 3.4. attéls) starp SVH un $o
baktériju  celmu  dzivotsp€ju  sasaldéSanas/atkaus€Sanas,  liofiliz€Sanas/rehidratacijas  un
kriokonservacijas laika. Savukart, Z. mobilis dzivotspgja paaugstinatu etanola koncentraciju apstaklos
samazinajas, pieaugot intakto baktériju SVH vértibam. Paklaujot $iinas fiksétas (3.4. attéls) vai
pieaugosas (3.5. attéls) etanola koncentracijas iedarbibai, mazakais dzivotspgjas kritums bija $tinam ar
zemakam SVH vértibam (diapazona no 24% lidz 56%).
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3.3. att. L. acidophilus La5 stnu dzivotspgjas
samazinajums sasaldéSanas/atkaus€Sanas laika (4)

(r = 0.849, P<0.01) un B. lactis Bbl2 sanu
dzivotspgjas samazinajums sasaldéSanas/
atkausésanas (o) (r = 0.854, P<0.01) un

kriokonservacijas (A) (r = 0.843, P<0.01) laika
atkariba no $tinu virsmas hidrofobitates (Shakirova
etal., 2013).

Hidrofobitate %

3.4. att. Z mobilis 113S Sinu dzivotspéjas
samazinajums  sasald€Sanas/atkauséSanas  (tukSie
simboli, Itkne 1 (r = 0.973, P<0.001), liofilizé$anas/
rehidratacijas laika (likne 2 (r = 0.958, P<0.001) vai
2.55 M etanola iedarbibas laika (pilditie simboli,
r = 0976, P<0.001) atkariba no S$iinu virsmas
hidrofobitates. Dazadi simboli atbilst neatkarigu
eksperimentu datiem (Shakirova et al., 2008).
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3.5. att. Z. mobilis Stnu dzivotspgjas samazinajums vide ar pieaugoSu etanola koncentraciju atkariba no $inu
virsmas hidrofobitates ((pilditie simboli) SVH = 24% (r = - 0.918, P<0.02) un (tuk$ie simboli) SVH = 56%
(r=-0.989, P<0.01)) (Shakirova et al., 2008).

Citi fiziologiskie faktori, kas var ietekmé&t $tinu, ipasi L. acidophilus La5 un B. lactis Bb12
dzivotsp&ju, ir zems pH un paaugstinatas zultsskabes koncentracijas vidé. Ir noteikts, ka abu
probiotisko baktériju celmu dzivotsp&ja butiski samazinajas jau péc 30 min. inkubacijas vidé ar pH 3
(3.6. attéls).
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3.6. att. L. acidophilus La5 (A) (8 - 30 min, SVH = 35%); [ - 30 min, SVH = 54%, @ - 120 min, SVH = 35%;
- 120 min, SVH = 54%) un B. lactis Bb12 (B) (B - 30 min, SVH = 52.7%; [J - 30 min, SVH = 69.5%;
B - 120 min, SVH = 52.7%; E - 120 min, SVH = 69.5%) dzivotsp&jas samazinajums atkariba no vides pH
(Shakirova et al., 2013).

Lielakais L. acidophilus La5 un B. lactis Bb12 dzivotspgjas kritums (attiecigi, 46% un 84%)
tika novérots péc 120 min inkubacijas vidé ar pH 2 (3.7. attéls). Taja pasa laika abu celmu dzivotspgja
vidé ar zemu pH (3.7. att€ls) vai ar 3% zultsskabi (3.8. attéls) bija apgriezti proporcionala SVH,
apstiprinot, ka hidrofobam §tinam ir ievérojami samazinata sp&ja izdzivot nelabvéligos apstak]os.
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3.7. att. L. acidophilus La5 (e) (r=0.912, P<0.01) un  3.8. att. L. acidophilus La5 (e) (r = 0.862, P<0.01)
B. lactis Bb12 (A) (r = 0.896, P<0.01) dzivotspgjas un B. lactis Bbl2 (A) (r = 0.935, P<0.01)
samazinajums mineralskabes klatbatné (HCI, pH 2, dzivotspgjas  samazinajums 3%  zultsskabes
120 min) atkariba no Sitnu virsmas hidrofobitates klatbiitn€ (120 min) atkariba no Snu virsmas
(Shakirova et al., 2013). hidrofobitates (Shakirova et al., 2013).

Péc sanu B. lactis Bb12 inkubacijas vidé ar mineralskabi (HCI) vai Zultsskabi to SVH
samazinajas. Izteiktaks SVH samazinajums tika novérots 3% Zzultsskabes klatbiitng, Tpasi hidrofilam
Sunam. Mineralskabes ietekme uz SVH bija lidziga, tom&r mazak izteikta (Tabula 4).

Tabula 4. Bifidobacterium lactis Bb12 $tinu virsmas hidrofobitates izmainas mineralskabes un zultsskabes
klatbutné (Shakirova et al., 2013).

Hidrofobitate, %

- + S.K.
Skabe Kontrole Pé&c inkubacijas Relativais
(neskartas $tnas) (120 min) samazinajums

HCI (pH 2) 55.6 £ 0.17 51.1+£0.19 8.1

57.3+£0.19 55.0£0.16 4.0

. _ 47.2+0.18 20.0£0.20 57.6
Zultsskabe (3%)

61.2+0.18 34.1+£0.19 44.3

Konstatéts, ka daudzveidigu vides faktoru izraisitas §tinu virsmas ipasibu izmainas (Tabula 2,
3) atskirigi ietekmé baktériju Z. mobilis sp&ju piesaistities hidrofilam un hidrofobam virsmam. Stinu
adhézija silanizétai (t.i. hidrofobai) stikla virsmai bija tiesi proporcionala SVH (3.9. attéls). Turpretim,
apgriezti proporcionala sakariba tika novérota $tiinu adh&zija tirai (hidrofilai) stikla virsmai (3.9. attéls),
apstiprinot, ka Z. mobilis stnu adh&zijas spgjas ir atkarigas no virsmas hidrofobitates.
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3.9. att. Z. mobilis 113S stinu piesaistisanas hidrofilam (tuksie simboli) un hidrofobam (pilditie simboli) stiklam

atkariba no $tinu virsmas hidrofobitates. Dazadi simboli atbilst neatkarigu eksperimentu datiem (Zikmanis et al.,
2007).

Lai noskaidrotu Z. mobilis 113S un L. acidophilus La5 barjerfunkcijas (membranu caurlaidiba)
atkaribu no SVH, tika noteikta levansaharazes un proteolitiska aktivitate, ka arT kopgjo olbaltumvielu
sekrécija vidé. Konstatéts, ka gan L. acidophilus La5 Stnu proteolitiska aktivitate, gan kopgjo
olbaltumvielu sekrécija vidé inkubacijas laika, ir batiski atkarigas no SVH. Sekretéjamo olbaltumvielu
koncentracija un proteolitisko fermentu aktivitate palielinajas tiesi proporcionali SVH piecaugumam
(3.10. attels). Piekam, Z. mobilis kopgjo olbaltumvielu koncentracijas pieaugums vidé kopa ar SVH
pieaugumu (3.11. attels) visticamak norada uz palielinatu membranu caurlaidibu hidrofobas S$tnas.
Savukart, Z. mobilis $tnu levansaharazes aktivitate vidé bija apgriezti proporcionala hidrofobitates
vertibam (Zikmanis et al., 2007). Z. mobilis $tnu virsmas caurlaidibu novértéja ari ar fluorescento
titréSanu, izmantojot hidrofobo fluorescento PNA (1-N-Fenilnaftilamins) zondi. Tika paradits, ka PNA
zondes piesaistiSanas atrums (zondes fluorescences picauguma sakuma atrums) ir tiesi proporcionals
SVH (r = 0.968; P<0.001) (3.11. att&ls).
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3.10. att. L. acidophilus La5 proteolitiska aktivitate
(¢) (r = 0.846, P<0.01) un kopgjo olbaltumvielu
daudzums vidé (o) (r = 0.706, P<0.01) inkubacijas
laika atkariba no Stnu virsmas hidrofobitates
(Shakirova et al., 2013).

3.11. att. PNA zondes piesaistiSanas atrums Z. mobilis
113S stnam (tukSie simboli) un ekstracellularo
olbaltumvielu koncentracija videé (pilditie simboli)
atkariba no Stinu virsmas hidrofobitates. Dazadi
simboli atbilst neatkarigu eksperimentu datiem.
(Zikmanis et al., 2007).
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3.12. att. Oglhidratu koncentracija (o) (r = -0.896, P<0.01 (A) un r = -0.893, P<0.01 (B)) un olbaltumvielu
koncentracija (o) (r = 0.921, P<0.01 (A) un r = 0.906, P<0.01 (B)) L. acidophilus La5 (A) un B. lactis Bb12 (B)
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Stinapvalkos atkariba no §tnu virsmas hidrofobitates (Shakirova et al., 2013).

3.13. att. Z. mobilis 113S $tnu oglhidratu koncentracija (pilditie simboli, r = - 0.957, P<0.001) lipopolisaharidos
un virsmas proteinu koncentracija (tuksie simboli, r = 0.971, P<0.001) atkariba no $tGnu virsmas hidrofobitates.
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Dazadi simboli atbilst neatkarigu eksperimentu datiem (Shakirova et al., 2008).
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Olbaltumvielu, lipidu un oglhidratu koncentracijas L. acidophilus La5, B. lactis Bb12 un Z.
mobilis 113S stnapvalkos tika noteiktas ar analitiskas kimijas metodém. Konstatéts, ka Stnapvalku
komponentu biokimiskie raditaji visiem analizétajiem celmiem ar dazadu SVH veido bitiskas
savstarpgjas korelacijas (3.12. un 3.13. attels). Palielinoties abu probiotisko celmu SVH, oglhidratu
koncentracija samazinajas, bet olbaltumvielu un lipidu koncentracijas paliclinajas hidrofobajas $tinas
(3.12. attels). Taja pasa laika, Z. mobilis hidrofobo S$tnu LPS frakcija oglhidratu daudzums
samazinajas (3.13. att€ls) vienlaikus proporcionali samazinoties ketodioksiglikonskabes (KDO)
koncentracijai (r = - 0.929, P<0.001) attiecigajos LPS paraugos (Shakirova et al., 2008). Gluzi pretgji,
no Z. mobilis $anapvalka izdalito olbaltumvielu daudzums pieauga tiesi proporcionali SVH
pieaugumam (3.13. attéls). Bitiskas (P<0.01) korelacijas norada, ka abu hidrofilo (oglhidrati/LPS) un
hidrofobo (virsmas proteini un lipidi) Stnapvalku komponentu proporcijas varétu noteikt bakteriju
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L. acidophilus La5, B. lactis Bb12 un Z. mobilis 113S Stnapvalku analize, izmantojot FT-IS,
paradija bitiskas biokimiska sastava at3kiribas atkariba no bakteriju SVH. So bakteriju $anapvalku
spektros paradijas ievérojamas lipidu (3000 — 2800 cm™), olbaltumvielu (1700 — 1500 cm™) un
oglhidratu (1200 — 900 cm™) absorbcijas joslu intensitates un vilpu skaitla nobides (Tabula 5).
Salidzinot Z. mobilis hidrofilo un hidrofobo $tnu frakciju spektrus atklajas, ka mainas gan absorbcijas
joslu intensitates, gan vilnu skaitli, t. i. to maksimumu atrasanas vieta (Tabula 6).

Z. mobilis 1138, ka arT L. acidophilus La5 un B. lactis Bb12 stnapvalku spektru apgabala starp
3000 cm™ — 2800 cm™, kura identificgjas taukskabju k&des, t. i. membranu fosfolipidi, asimetrisko un
simetrisko metil- (attiecigi vas (CH3) un vsym (CH3)) un metiléngrupu (attiecigi vas (CHz) un vsym (CH2))
svarstibu absorbcijas Iiniju intensitagu pieaugums bija tiesi proporcionals SVH (Tabula 5). Turklat tika
konstat&ta arT apgriezti proporcionala sakariba starp $o bakteériju SVH un metiléngrupu asimetrisko un
simetrisko svarstibu (attiecigi vas (CH2) un veym (CH>)) joslu vilnu skait]a nobides (Tabula 5).

Spektra apgabala starp 1745 cm™ un 1735 cm™, kura paradas alkilesteru un taukskabju
absorbcijas linijas, L. acidophilus La5 un B. lactis Bbl2 SVH izmainas bija tie§i proporcionalas
alkilesteru (>C=0 str) absorbcijas Iiniju intensitasu izmainam (Tabula 5).

Spektra apgabala starp 1700 cm™ un 1500 cm™ (Amids I, Amids 1 un olbaltumvielu un peptidu
C—N svarstibu absorbcijas Iinijas) tika konstatéta tieSi proporcionala sakariba starp L. acidophilus La5
un B. lactis Bbl2 SVH un Amida I un Amida II joslu vilnu skaitla nobides (Tabula 5). Savukart
attiecigi tieSa un apgriezta sakariba paradijas starp Amida II un Amida I joslu vilnu skaitla nobides un
Z. mobilis 113S SVH (Tabula 5).

Spektra apgabala starp 1200 cm™ — 900 cm™, kas attiecinams uz oglhidratiem, paradijas bitiska
apgriezta proporcionalitate starp Z. mobilis 113S, L. acidophilus La5 un B. lactis Bb12 SVH un
oglhidratu absorbcijas linijas ar maksimumu pie 985 cm™ intensitatém (Tabula 5). Taja pasa laika
biitiska tieSa sakariba paradijas starp $o baktériju SVH un oglhidratu joslu vilpu skaitla nobides.
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Tabula 5. Z. mobilis 113S, L. acidophilus La5 un B. lactis Bb12 FT-1S absorbcijas joslu intensitates un Vvilnu skaitli atkariba no §tinu virsmas hidrofobitates (Shakirova

etal., 2013).

FT-IS spektru joslu interpretacija
Parametrs, kas korelé un to vilnu skaitli

Korelacijas koeficients,
Spearman’s (p)

Vas (CH3) ~2955 cm™

. CH,) ~2922 cm™
SVH Vas (CHy) R
un Veym (CH3) ~2872 cm
absorbcijas joslu Veym (CH,) ~2852 cm™
intensitate Amids 1 ~1660 cm™

Amids I ~1545 cm™
>C=0 str (esteri) ~1740 cm™
C-0O-C, C-O str (oglhidrati) ~985 cm

SVH vas (CH,) ~2922 cm™?
Svérsﬁltj)?l joslas Vym (CH2) ~2852 cm™®
T ~ -1
novietojums/vilnu skaitlis Amids T ~1660 cm
(cm™) Amids IT ~1545 cm’*

C-0-C, C-O str (oglhidrati) ~985 cm

-1

-1

ZM113S5,n=21

0.505*
0.576**
0.555**
0.580**
n.n.
n.n.
n. n.
-0.445*

- 0.649**

- 0.651**
- 0.434*
0.469*

0.645**

LA5,n=13

0.829**
0.898**
0.853**
0.909**
0.872**
0.852**
0.697**
- 0.814**

- 0.760**
-0.547*
n.n.
0.797**
0.757**

Bbl2,n=13

0.705**
0.602*
0.641*
0.717 **
0.691**
0.603*
0.662*
-0.735**

- 0.653*
- 0.645*
0.584*
n.n.
0.405*

** Korelacija ir biitiska 0.01 Iimen.
* Korelacija ir biitiska 0.05 Iimen.
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Tabula 6. Absorbcijas joslu intensitates un vilpu skaitla variaciju atSkiribas starp Z. mobilis 113S hidrofilo un

hidrofobo $tnu frakcijam (Shakirova et al., 2013).

Stinu virsmas

fpaibas Hidrofilas, Hidrofobas, _Atélgiribu
FT-IS joslas n=10 n=11 butiskums (p)
Absorbcijas intensitates, A. U.***
Grupas, Vas (CH3) 62.75+ 3.25 79.18 +5.55 0.0220*
kuram ir Vas (CH,) 34.80 + 2.39 47,82 + 453 0.0232*
absorhcijas Veym (CHs) 97.55 + 7.89 145.14 + 15.56 0.0265**
intensitates Veym (CH,) 45.45 + 4.58 72.45+9.10 0.0017**
variacijas >C=0 str (esteri) 27.25+1.30 35.41 + 2.47 0.0066**
Svarstibu joslas maksimuma vilnu
skaitlis (cm™)
Vas (CHy) 2924.68 + 0.21 2923.61 +0.27 0.0067**
Svarstibu Veym (CHs) 2873.93 +0.25 2872.48 + 0.54 0.0373**
grupas, Vaym (CH2) 2853.91 + 0.13 2853.28 + 0.18 0.0151**
Kuram ir >C=0 str (esteri) 1734.19 + 0.24 1741.84 + 0.81 0.0430%*
vilnu skaitla _
nobide Amids I 1654.93 + 0.14 1653.33 + 0.87 0.0410%*
Amids II 1542.89 + 0.19 1543.41 + 0.16 0.0480*
C-0O-C, C-O str (oglhidratos) 970.19 + 0.67 975.57 + 1.47 0.0046*

* Parametriskais t - tests
** Neparametriskais W — tests
*** Nosacitas vienibas (Arbitrary Units)

Lai noteiktu sakaribas starp olbaltumvielu, lipidu un oglhidratu koncentracijam L. acidophilus
La5 un B. lactis Bb12 stnapvalkos, kas noteiktas biokimiski un péc FT-IS spektru datiem, tikaveikta
kvantitativa kalibracija, izmantojot OPUS programmu (2. kartas polinoma vienadojumi). Dati, kas
iegliti izmantojot FT-1S un biokimisko analizu metodes, savstarpgji korelgja (Tabula 7).

Tabula 7. L. acidophilus La5 un B. lactis Bbl2 Sunapvalku galveno makromolekularo komponentu
koncentracijas, kas noteiktas ar kimiskajam analizém un FT-1S metodi (kalibracijas vienadojumi) (Shakirova et
al., 2013).

Membranu IS-kvantitativa analize ?

Oglhidrati Lipidi

Membranu kimiska analize

Celms  Olbaltumvielas Oglhidrati Lipidi Olbaltumvielas

mg/mg* a.s.b. + S.K. mg/mg* a.s.b. + S.K.

La5 0.572+0.047 0.180+0.017 0.153+0.012 0.569+0.066 0.173+0.027  0.156 + 0.020

Bb12 0.541+0.028 0.268+0.015 0.105+0.008 0.544+0.101 0.277+0.051 0.101+0.012

 Vertibas no kvantitativas kalibracijas vienadojumiem, kur: X — absorbcijas piku maksimumu intensitate; Y —
komponentes vértiba (olbaltumvielas, oglhidrati vai lipidi), kas aprékinata no absorbciju intensitatém (attiecigi pie
1660 cm™, 1088 cm™ un 2930 cm™).
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DISKUSIJA

l. Nosakot Z. mobilis, L. acidophilus un B. lactis celmu SVH (Tabula 1), konstat&jam, ka
Gram-negativo baktériju Z. mobilis §tnu virsma ir izteikti hidrofila, salidzinajuma ar Gram-pozitivo
baktériju L. acidophilus La5 un B. lactis Bb12 virsmam (Zikmanis et al., 2007; Shakirova et al., 2010).
Sie rezultati atbilst prieksstatiem, ka salidzindgjuma ar Gram-negativajam bakt&rijam, Gram-pozitivo
baktériju virsma ir hidrofobaka, jo to Stinapvalkos ir vairak hidrofobo komponentu (Vanhaecke et al.,
1990; Aono & Kabayashi, 1997; Nikaido, 2003; Schar-Zammaretti & Ubbink, 2003).

Ir zinams, ka SVH ir celmam specifiska ipasiba, t. i. mainas plasa diapazona bakteriju ginsu
ietvaros (Nikovskaya et al., 1989; Aono & Kabayashi, 1997; Kos et al., 2003; Karimi Torshizi et al.,
2008). Misu pétijumi (Zikmanis et al., 2007; Shakirova et al., 2013) paradija, ka ta izmainas ari
mainoties vides apstakliem — augSanas fazei un atrumam, barotnes sastavam, temperatiirai U. C.
(Tabula 1 un 2).

Dazadi oglekla avoti var ietekm&t $iinu aréjas membranas sastavu, pieméram, palielinoties
glikozes koncentracijai kultivésanas vid€, izmainas Z. mobilis membranu ipasibas (Doelle et al., 1982),
kas, iesp&jams, klust hidrofobakas. Lidzigas izmainas novérojam, parbaudot dazada oglekla avota un ta
koncentracijas ietekmi uz Z. mobilis SVH (Tabula 2) (Zikmanis et al., 2007). Neatkarigi no
izmantotajam substrata koncentracijam glikozes barotné audzéto Z. mobilis SVH bija zemaika,
salidzinot ar Stnam, kas audz€tas uz saharozes. Taja paSa laika jaatzim€, ka laktozes barotng,
salidzinajuma ar glikozes vai saharozes barotném, L. acidophilus La5 un B. lactis Bb12 hidrofobitate
bija visaugstaka (Tabula 2) (Shakirova et al., 2013). Literatiira ir dati par lidzigu laktozes efektu uz
Lactococcus lactis virsmas 1pasibam (Kimoto-nira et al., 2010).

Ir zinams, ka fruktanu saturo$ie prebiotiki (t. sk. levans) var ietekmé&t baktériju augSanu un
dzivotsp&ju (Mattila-Sandholm et al., 2002). Misu pé&tijumos novérotais levana pozitivais efekts uz L.
acidophilus La5 SVH liecina, ka levans veicina ne tikai probiotisko bakteriju produktivitati
(Semjonovs et al., 2008), bet arT SVH, turklat izmantojot levanu kombinacija ar laktozi kultivésanas
vide var iegit hidrofobaku $tnu virsmu (Iidz 82%) (Shakirova et al., 2013). Taja pasa laika, parbaudot,
dazadu sorbitola koncentraciju ietekmi uz Z. mobilis SVH, novérojam, ka pie vienadas glikozes
koncentracijas SVH palielinas (no 25 Iidz 43%) tiesi proporcionali sorbitola koncentracijai (Zikmanis
et al., 2007). Iesp&jams, ka $adu efektu izsauc osmotiska gradienta vide-Stinas izmainas un attiecigas
kompensg€josas reakcijas (Wood, 1999), kas izpauzas struktiras un biokimiska sastava izmainas.

Jaatzimé, ka audzesanas temperatiira bitiski neietekm&ja abu probiotisko kultaru SVH (Tabula
2) (Zikmanis et al., 2007; Shakirova et al., 2013). Novérotais Z. mobilis SVH palielinajums, pieaugot
temperatiirai, (Tabula 2) varétu but saistits ar kultivéSanas temperatiiras ietekmi uz membranu sastavu,
jo, palielinoties temperatiirai, membranas var mainities taukskabju un fosfolipidu koncentraciju
proporcijas (Benschoter & Ingram, 1986).

Skabekla klatbutne probiotisko bakteriju L. acidophilus La5 un B. lactis Bb12 kultivésanas
laika atskirigi izmainija SVH (3.1. attéls) (Shakirova et al., 2013). Ir zinams, ka skabekla klatbitne var
ietekmét Bifidobacterium spp. metabolismu un biokimiskas tpasibas un L. acidophilus celms ir vairak
skabekla-tolerants (Talwalkar & Kailasapathy, 2004). Miisu pétijumu rezultati (3.1. attéls) visticamak
norada uz bakt€riju virsmas modifikacijam un strukturalam izmainam, Ko izsauc skabek]a klatbiitne. Ir
zinots, ka aerobos apstaklos var izmainit B. longum StGnu taukskabju profilu (Talwalkar &
Kailasapathy, 2004).

Misu pétijumi paradija, ka, izmantojot alifatiskos spirtus vai Tween-tipa detergentus, var
butiski modulét Z. mobilis virsmas ipasibas (Tabula 3) (Zikmanis et al., 2005; Zikmanis et al., 2007).
Alifatiskie spirti nelabvéligi ietekméja levansaharazes sekréciju vidé, bet, palielinoties alifatiska spirta
kédes garumam, olbaltumvielu koncentracija vide un SVH palielinajas (Tabula 3). Ir zinams, ka
lipofilie un amfifilic savienojumi iedarbojas uz Stinu membranam un pazemina $tnu barjerfunkcijas,
vajinot membranu strukturalo integritati (Sikkema et al., 1995; Denich et al., 2003). Detergenti var
saistit membranu komponentes kompleksos - detergents-lipids un/vai detergents-proteins, ta
ietekm€jot membranu fazu pareju un ari attiecibas lipidi/olbaltumvielas samazinasanos, ka ari
olbaltumvielu konformacijas izmainas, atbilstoSi samazinot membransaistito fermentu aktivitati (Freis,
1977). Pieméram, ramnolipids pat mazas koncentracijas, var izraisit daléju LPS atrauSanu no ar€jas
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membranas, tadejadi bitiski palielinot SVH (Al-Tahhan et al., 2000). SVH palielinasanas dazadu
arvides faktoru kombingésanas rezultata (3.2. att€ls) (Zikmanis et al., 2007) liecina par iesp&jam iegiit
Z. mobilis ar plasa diapazona modificétam S$inu IpaSibam. Savukart, novérota antagonistiska
mijiedarbiba starp izmantotajiem faktoriem (3.2. att€ls) var noradit uz tiesi ietekméto Stinapvalka
komponentu ieguldijumu.

1. Zinams, ka sasaldéSanas laika veidojas kompleksi nelabvéligi apstakli, kuros
mikroorganismiem japarcie$ nelabvéligas fiziologiskas izmainas, t. sk. izmainas membranu fluiditate
un caurlaidiba (de Angelis & Gobbetti, 2004). Kriokonservacijas laika membranu integritate un
makromolekulu denaturacija ir atzitas par dzivotsp&ju bitiski ietekm&josiem faktoriem (de Angelis &
Gobbetti, 2004). Ta, pieméram, pazeminoties temperaturai, paliclinas L. delbrueckii isako un/vai
nepiesatinato taukskabju proporcijas membranu lipidos (Béaati et al., 2000). Misu pétijjumu rezultati
par L. acidophilus Lab5, B. lactis Bbl2 un Z. mobilis 113S dzivotsp&ju nelabvéligos
sasaldésanas/atkauséSanas apstaklos, kriokonservacijas (3.3. attéls) (Shakirova et al., 2013) vai
liofilizesanas (3.4. attéls) (Shakirova et al., 2008) laika un dzivotspgjas korelaciju ar bakteriju SVH
norada uz strukturalam izmaipam membranas, visticamak membranu lipidos, to sasaldésanas dg|. Sie
rezultati liecina, ka virsmas hidrofobitate var palidzet Siinam izdzivot nelabvéligos arvides apstaklos
un tapéc kultivacijas laika ir jakontrole SVH un jauztur zemako vértibu diapazona, lai samazinatu
nevélamas strukturalas un fiziologiskas izmainas.

Miisu pétijumi paradija, ka Z. mobilis dzivotsp&ju negativi ietekmé paaugstinatas etanola
koncentracija un hidrofilam $tnam ir lielakas iesp&jas izdzivot $ados nelabvéligajos apstaklos (3.4. un
3.5. attéls) (Shakirova et al., 2008). Ir zinams, ka spirtu toksiska iedarbiba ir vérsta uz S$tnas
hidrofobajam dalam, visticamak uz to plazmatiskajam membranam. Etanola un biologisko membranu
mijiedarbibas rezultats ir samazinata membranu integritate (Sikkema et al., 1995) un ir pieradits, ka
alifatisko spirtu mijiedarbiba ar modelmembranam izraisa fazu parejas temperatiiras nobidi (Eliasz et
al., 1976).

Skabju klatblitne veido bitiskus arvides stresa apstaklus ar ko PB saskaras KZT (Mattila-
Sandholm et al., 2002; de Angelis & Gobbetti, 2004; Olejnik et al., 2005; Schar-Zammaretti et al.,
2005; Ljungh & Wadstrém, 2006; Karimi Torshizi et al., 2008). Ir zinots, ka pH vértibas butiski
ietekmé baktériju dzivotsp&ju un zultsskabju klatbiitne vide ir pat salidzinos$i kaitigaka (de Angelis &
Gobbetti, 2004; Olejnik et al., 2005; Karimi Torshizi et al., 2008). Misu pétijumos paradits, ka L.
acidophilus La5 un B. lactis Bb12 dzivotspgja ir apgriezti proporcionala SVH vértibam (3.6. — 3.8.
attels) (Shakirova et al., 2013). Savukart, literatiira sastopamas norades par tieSas sakaribas iesp&ju
starp PB Bifidobacterium spp. SVH un kultiru pH noturibu (Heller, 2001). Tadgjadi misu p&tijumu
rezultati (3.6. un 3.7. att€ls) (Shakirova et al., 2013) apstiprina, ka salidzinosi hidrofilakam §Gnam ir
liclakas iesp&jas izdzivot nelabvéligos arvides pH apstaklos, turklat neatkarigi no bakteriju
taksonomiskas piederibas, t. i., saglabajoties sakaribas raksturam ari Gram-negativo bakteriju Z.
mobilis gadijuma (3.4. un 3.5. attéls) (Shakirova et al., 2008).

Salidzinot mineralskabes un Zultsskabju negativo ietekmi uz abu PB celmu dzivotsp&ju
konstatéts, ka dzivotsp€jas samazinajums ir lielaks zultsskabju klatbtitn€, neka pazeminata pH
apstaklos (3.7. un 3.8. attels) (Shakirova et al., 2013), ipasi hidrofobam §tinam. Tas var noradit uz
zultsskabju destruktivo iedarbibu uz membranu fosfolipidiem, ta samazinot $tnu integritati, jo ir
zinams, ka zults salu komponentes ietekmée lipidu emulgatorus un var destabilizét bakteriju membranu
integritati (Olejnik et al., 2005).

Zultsskabju sali izraisa SVH samazinasanos (Kos et al., 2003; de los Reyes-Gavilan et al.,
2005) un misu pétjumos (Shakirova et al., 2013) ir konstatéts, ka B. lactis Bb12 SVH samazina$anas
péc inkubacijas mineralskabes (HC) vai Zultsskabju klatbiitné (Tabula 4) ir atkariga no SVH limena.
Ir zinams, ka lactobacilli, reaggjot uz arvides izmainam (pieméram, pH), var pielagoties un izmainit
savu SVH (Majidzadeh Heravi et al., 2011). Izteiktaks SVH samazinajums 3% zultsskabes klatbiitng,
ipasi hidrofilam $tnam (Tabula 4), liecina par $tnu tendenci samazinat virsmas hidrofobitati, ta
adaptgjoties nelabvéligiem arvides apstakliem.

Jaatzimg, ka L. acidophilus La$5 intracellularo olbaltumvielu sekrécijas palielinasanas, ka art
proteolitiskas aktivitates pieaugums ir tiesi atkarigs no SVH pieauguma (3.10. attéls) (Shakirova et al.,
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2013), un var liecinat par L. acidophilus La5 membranu caurlaidibas palielinasanos. Turklat, Z. mobilis
gadijuma, palielinoties SVH, kopgja olbaltumvielu koncentracija vidé pieauga (3.11. attls) (Zikmanis
et al., 2007), savukart, levansaharazes sekrécija samazinajas, kas norada uz levansaharazes un
olbaltumvielu sekrécijas apgriezti proporcionalo saistibu. AtSkiriba no levansaharazes sekrécijas Z.
mobilis $tnas, L. acidophilus La5 proteolitiska aktivitate pieauga paraléli ar kop&jo sekretéto
olbaltumvielu daudzumu (3.10. attéls), t. i. lidztekus ar Stinu barjerfunkcijas samazinasanos, ko
apstiprina ari $tnu titréSanas mérjjumi (3.11. attéls), izmantojot fluorescento zondi (Tsuchido et al.,
1989).

. Izmantojot analitiskas kimijas metodes, L. acidophilus La5, B. lactis Bb12 un Z. mobilis 113S
sunam ar dazadu virsmas hidrofobitati tika noteikts Stnapvalku makromolekularais sastavs. Iegutas
korelacijas starp L. acidophilus La5 un B. lactis Bb12 SVH un $tinapvalka pamatkomponentém (3.12.
att€ls) (Shakirova et al., 2013) saskan ar zinam par Gram-pozitivo baktériju Stnapvalku hidrofobo
raksturu (lkawa & Snell, 1960; Schar-Zammaretti et al., 2005). Dazos mikroorganismu $tinapvalku
pétijumos ir paradits, ka $tinapvalkos esosie (gliko-)proteini veido hidrofobaku §tnu virsmu, savukart,
hidrofilas virsmas ir saistitas ar Stnapvalka esos$ajiem polisaharidiem (Kos et al., 2003; Schar-
Zammaretti & Ubbink, 2003; Schar-Zammaretti et al., 2005).

Vispargja gadijuma, Z. mobilis ir normals Gram-negativo bakteriju Stinapvalks, kas sastav no
peptidoglikana slana, lipoproteiniem, glikoproteidiem un LPS slana aréja membrana (Tornabene et al.,
1982; Nikaido, 2003). Novérotas sakaribas starp Z. mobilis SVH un oglhidratu, un KDO daudzumu
attiecigajos LPS paraugos, ka ari §tinu virsmas olbaltumvielu daudzumu (3.13. att€ls) (Shakirova et al.,
2008) apstiprina, ka proteobaktériju Stnapvalkam ir domingjoss hidrofils raksturs (Hammarstrom et
al., 1971; Osborn et al., 1972; Piater, 2005). Novérotas btiskas korelacijas norada, ka abu hidrofilo
(oglhidrati un LPS) un hidrofobo (virsmas proteini un lipidi) Stinapvalku komponentu proporcijas
varétu biit atbildigas par vispargjo baktériju SVH.

Jaatzimé, ka L. acidophilus La5, B. lactis Bb12 un Z. mobilis 113S intakto sinu FT-IS spektru
sakotngja analize paradija dazas izmainas §linu makromolekularaja sastava atkariba no SVH (Zikmanis
et al., 2007; Shakirova et al., 2008; Shakirova et al., 2010). Lai noteiktu $o baktériju $tinu virsmas
biokimiska sastava izmainas atkariba no SVH, ar FT-IS palidzibu tika analizéti baktériju $tnapvalki
(Shakirova et al., 2013). FT-IS stnapvalku spektri, salidzinajuma ar intakto $tnu spektriem izradijas
informativaki un paradija bitiskas absorbcijas {'oslu intensitaSu un vilgu skaitla variacijas lipidu (3000
— 2800 cm™), olbaltumvielu (1700 — 1500 cm™) un oglhidratu (1200 — 900 cm™) regionos atkariba no
bakteriju SVH (Tabula 5, 6) (Shakirova et al., 2013).

Ir zinams, ka dazadas strukturalas parkartoSanas bakteriju Stunapvalkos izraisa izmainas H-
saiSu, ladina/dipola, hidrofobas un van der Valsa mijiedarbibas, kas varétu izpausties ka membranu
barjerfunkciju trauc€jumi un Iidz ar to izraisit arT vitalo §tnu funkciju traucgjumus (Blyholder et al.,
1995; Nikaido, 2003). Spektru apgabala no 3100 cm™* Iidz 2800 cm * dominé absorbcijas Iinijas, ko
izraisa lipidu alifatisko kézu svarstibas (Naumann, 2002; Wang et al., 2010). Asimetrisko un
simetrisko metilk&zu svarstibas veido absorbcijas joslas ar attiecigajiem maksimumiem ap 2960 cm ™
un 2880 cm *. Noverotas Vs (CH3) un veym (CHs) svarstibu joslu izmainas FT-1S spektra var&tu noradit
Uz izmainito orientaciju metilgrupas un alifatisko k&zu izkartojuma (Sato et al., 2001), palielinoties L.
acidophilus La5, B. lactis Bb12 un Z. mobilis 113S SVH vértibam (Tabula 5). Absorbcijas joslas ar
maksimumiem ap 2920 cm ™ un 2850 cm ' attiecigi veidojas no asimetrikam un simetriskam
metilénkézu (vas (CH2) un veym (CHy)) svarstibam. So joslu absorbcijas maksimuma vilpu skaitlis var
mainities atkariba no konformacijas un temperatiiras izraisitam izmainam acilkézu trans-gauche
konformaciju attiecibas/proporcijas (Naumann, 2002; Kilimann et al., 2006).

IS absorbcijas joslas rajona no 1740 cm™" lidz 1725 cm* veidojas no 1,2-diacilglicerolipida
dubultslana C-O saites stiepes svarstibam esteros un mainas atkariba no lipidu fizikala stavokla
(Decca et al.,, 2007). L. acidophilus La5 un B. lactis Bbl2 FT-IS analize paradija butisku $o
absorbcijas joslu intensitasu korelaciju ar SVH (Tabula 5).

Amida [ un Amida II joslas ir galvenas proteinus identificgjosas joslas IS spektra. Amida I josla
(starp 1700 — 1600 cm™) galvenokart ir saistita ar C=O stiepes svarstbam un C—C saifu
konformacijam. Amida Il josla (ap 1545 cm™) veidojas no N-H deformaciju un C—N stiepes
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svarstibam. Amidu joslu vilpu skaitlis mainas atkariba no proteinu kézu konformacijam un to
savstarpgjam proporcijam (Nichols et al., 1985). Pieméram, palielinoties amida Udenraza saiSu
daudzumam, Amida I joslas vilnu skaitlis samazinas, bet Amida II joslas - palielinas (Alvarez et al.,
1987). Tadejadi, Amida I un Amida II joslu vilnu skaitlu vai intensitates izmainas (Tabula 5) varétu
attiecigi noradit uz olbaltumvielu konformacijas vai Kkoncentracijas izmainam, palielinoties L.
acidophilus La5, B. lactis Bb12 un Z. mobilis 113S SVH.

IS spektru apgabala no 1200 cm* Iidz 900 cm * dominé absorbcijas joslas, ko veido C-O, C—
C, C-O-C un C-O—H stiepes svarstibas o0ligo- un polisaharidos, kas galvenokart ir parstavéti
oglhidratos (Naumann, 2002). Oglhidratu absorbcijas joslu intensitaSu samazinasanas un bitiska vilnu
skaitla nobide, pieaugot L. acidophilus La5, B. lactis Bb12 un Z. mobilis 113S SVH (Tabula 5), liecina
par oglhidratu daudzuma samazinasanos baktériju Stinapvalkos (Naumann, 2002; Bosch et al., 2006).

Savukart, iegutas daudzfaktoru korelacijas starp Z. mobilis, L. acidophilus La5 un B. lactis
Bb12 $iinapvalku olbaltumvielu, lipidu un oglhidratu koncentracijam, FT-IS spektru datiem un SVH
vertibam norada, ka $o baktériju $tnapvalku biokimiska kompozicija ir saistita ar SVH un atspogulo
sarezgitas attiecibas starp Stnapvalka hidrofilam (oglhidrati) un hidrofobam (olbaltumvielas un lipidi)
komponentém.

Turklat, lidzigas L. acidophilus La5 un B. lactis Bb12 olbaltumvielu, lipidu un oglhidratu
koncentracijas, kas iegtitas ar FT-IS spektroskopijas un analitiskas kimijas kvantitativajam analizém
(Tabula 7) (Shakirova et al., 2013) liecina, ka FT-IS spektroskopiju var izmantot ka lidzveértigu un
operativu metodi baktériju $tinu un Stinapvalku kvalitativai un kvantitativai analizei.
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SECINAJUMI

Daudzfaktoru eksperimentu planosanas metodes lauj noskaidrot fiziologiskos faktorus (oglekla
avoti un to koncentracijas, temperatiira, augSanas faze, skabekla un membranotropo savienojumu
klatbttne), kuru izmainas un mijiedarbiba modificé etanolveidojoso (Z. mobilis 113S) un
probiotisko (L. acidophilus La5 un B. lactis Bb12) baktériju $tinu virsmas hidrofobitati.

Dazadi oglekla avoti atSkirigi ietekm& probiotisko un etanolveidojoSo baktériju Stnu virsmas
hidrofobitati. L. acidophilus La5 un B. lactis Bb12 $tnu virsmas hidrofobitati butiski palielina
laktozes klatbiitne vidg, bet Z. mobilis 113S $tinam — saharozes klatbitne.

Etanolveidojo$o (Z. mobilis 113S) un probiotisko baktériju (L. acidophilus La5 un B. lactis Bb12)
Stnu virsmas hidrofobitati var palielinat, palielinot oglekla avota koncentraciju. L. acidophilus La5
Stnu virsmas hidrofobitate butiski palielinas, pieaugot fruktozes poliméra (levana) koncentracijai
un nav atkariga no vides kop&jas osmolaritates.

Ir apstiprinata apgriezti proporcionala sakariba starp etanolveidojoSo un probiotisko kultiru
virsmas hidrofobitati un $iinu dzivotsp&ju pec kriokonservacijas, glabasanas un nelabvéligu arvides
faktoru (mineralskabes, zultsskabju, etanola) iedarbibas. Pazeminata arvides pH un Zultsskabju
iedarbibas apstaklos probiotisko pienskabes baktériju kultiirai L. acidophilus La5 ir augstaka
noturiba neka B. lactis Bb12.

Kultivacijas apstakli, kas nodrosina etanolveidojoSo (Z. mobilis 113S) un probiotisko baktériju (L.
acidophilus La5 un B. lactis Bb12) virsmas hidrofobitati, attiecigi, 15% — 25% un 35% — 50%
robezas, sekmé paaugstinatu Stinu dzivotspgju nelabveligos arvides apstak]os.

Ir apstiprinata tieSa lineara sakariba starp probiotiskas kultaras L. acidophilus La5 $tnu virsmas
hidrofobitati un proteolitisko fermentu aktivitati, un apgriezta lineara sakariba starp Z. mobilis
113S levansaharazes sekréciju un $tinu virsmas hidrofobitati.

FT-IS spektra lipidus un oglhidratus identific€joSo absorbcijas joslu vilnu skaitla un intensitates
izmainas liecina par Gram-negativo baktériju virsmas hidrofobitates atSkiribam, bet par Gram-
pozitivo baktériju Stnu virsmas hidrofobitates atSkirtbam ari olbaltumvielu un esteru joslu
raksturlielumi.
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AIZSTAVESANAI IZVIRZITAS TEZES

Kultivaciju apstaklu izmainas (oglekla avoti un to koncentracijas, temperatira, augSanas faze,
skabekla klatbiitne, membranotropo savienojumu klatbiitne) lauj virziti ietekmét etanolveidojoso
(Z. mobilis 113S) un probiotisko baktériju (L. acidophilus La5 un B. lactis Bb12) virsmas ipasibas
(Stnu virsmas hidrofobitate, membranu caurlaidiba, $inu adh&zija) neatkarigi no organisma
taksonomiskas piederibas.

Etanolveidojoso (Z. mobilis 113S) un probiotisko (L. acidophilus La5 un B. lactis Bb12) baktériju
fiziologiska noturiba nelabvéligu arvides faktoru iedarbiba (sasaldéSana/ atkaus€Sana;
liofilizacija/rehidratacija; kriokonservacija; mineralskabes un zultsskabju klatbiitne) ir apgriezti
proporcionala bakt€riju $iinu virsmas hidrofobitatei.

Etanolveidojosas un probiotisko baktériju hidrolitisko fermentu sekrécija vid€ ir korelativi saistita
ar $tnu virsmas hidrofobitati. L. acidophilus La5 proteolitisko fermentu aktivitate pieaug,
palielinoties $tinu virsmas hidrofobitatei savukart Z. mobilis 113S levansaharazes sekrécija vidé
samazinas lidz ar $iinu virsmas hidrofobitates palielinasanos.

Etanolveidojoso (Z. mobilis 113S) un probiotisko (L. acidophilus La5 un B. lactis Bb12) bakteriju
Sinu virsmas hidrofobitates izmaipas ir saistitas ar StGnapvalka biokimisko sastavu
(olbaltumvielas/lipidi/oglhidrati), ko var kontrolét péc konkrétu absorbcijas joslu intensitates un
vilpu skaitla izmaipam FT-IS spektros. Par virsmas hidrofobitates atSkiritbam Gram-negativo
baktériju spektros liecina lipidu un oglhidratu absorbcijas joslu vilpu skaitla un intensitates
izmainas, bet Gram-pozitivo baktériju spektros batiski ir arT olbaltumvielu un esteru joslu
raksturlielumi.
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ABSTRACT

Interactions of microorganisms with their environment are of major importance during the life
cycle like growth, cell division, protection against the environment and infection of a host. The cell
surface properties basically determine the character of interactions including the exchange of nutrients
and waste products, the resistance to external stresses (mechanical, chemical, thermal, and osmotic).
The cell surface properties substantially influence the interactions between microorganisms and their
relationships with the hosts.

The major characteristics of bacterial cell surface include the cell surface hydrophobicity (CSH),
which generally reflects the proportion between hydrophilic and hydrophobic components of the cell
envelope: the overall electric properties (charge) of the cell and the structural organization of bacterial
surface. Changes of environmental parameters (cultivation conditions, the presence of various agents,
etc.) cause a variety of responses including changes of the cell surface properties, which, in turn, can
be controlled by accordingly modified environmental conditions.

The Promotion work deals with the comparison of combined effects of cultivation conditions
on the growth of ethanologenic bacteria Zymomonas mobilis 113S and probiotic bacteria (Lacidophilus
acidophilus La5, Bifidobacterium lactis Bb12) and the resistance of cells under adverse environments,
in connection with relevant (physiology & technology) properties of cell surfaces, especially in single
cell cultures of probiotic and ethanologenic bacteria, using methods of factorial design and
multivariate analysis. Protein secretion in bacteria with different cell surface hydrophobicity and
chemical composition of ethanologenic and probiotic bacteria cell walls were examined using FT-IR
spectroscopy and analytical chemistry methods.

An estimation of the course of changes within the structural and functional properties of Z.
mobilis and probiotic bacteria L. acidophilus La5 and B. lactis Bb12 will help to control, predict and
realize a goal-directed influence on the growth, development and stability of single strain cultures and
probiotic bacteria starters.

The main results of the promotion work are summarized and published in six research papers
(2005 — 2012) in international peer-reviewed journals. The results of the studies have been presented in
six international conferences. The promotion research was carried out at the Institute of Microbiology
and Biotechnology, the University of Latvia (LUMBI).
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ABBREVIATIONS

LAB - lactic acid bacteria

CSH - cell surface hydrophobicity

LPS — lipopolysaccharides

GIT — gastrointestinal tract

FT-IR — Fourier transform infrared

FOS — fructooligosaccharides

KDO - ketodeoxyoctulonic acid

CFU — colony-forming units

S.E. —standard error

n.d. — not detected

EPS — exopolysaccharides

MRS — Lactobacillus medium in accordance with De Man, Rogosa and Sharpe (De Man et al., 1960)
MATH — microbial adherence to hydrocarbon
SAT — salt aggregation test

PNA — 1-N-Phenylnaphthylamine

A.U. — arbitrary units
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TOPICALITY AND GENERAL DESCRIPTION OF THE RESEARCH

Interactions of microorganisms with their environment are of major importance during the life
cycle of a microorganism (cell division, growth, development). The surface properties of a
microorganism are determinants of these interactions including the exchange of nutrients and waste
products, the resistance to external stresses (mechanical, chemical, thermal, and osmotic) (Schar-
Zammaretti & Ubbink, 2003). The surface properties also influence the interactions between
microorganisms and their relationships with the hosts. Main characteristics of the bacteria cell surface
are the cell surface hydrophobicity (CSH), which generally reflects the proportion between hydrophilic
and hydrophobic components, cell electric properties (charge) and cell surface structural organization
(Geertsema-Doornbusch et al., 1993). The cell surface properties of Gram-positive bacteria are
determined by the surface-linked extracellular polysaccharides and surface proteins (S-proteins)
(Delcour et al., 1999). In turn, in hydrophilic cell surface of proteobacteria Z. mobilis dominate
lipopolysaccharides (LPS), whereas in hydrophobic cells the amount of hydrophobic surface proteins
increases alongside with an increase of CSH (Shakirova et al., 2008). Still a number of open questions
remain including the structural organization of the cell wall, the chemical properties of the surface
constituents and the conformational impact of the surface macromolecules.

The chosen model organisms of this study were the ethanologenic Gram-negative bacteria
Zymomonas mobilis 113S that exhibit strong biosynthetic potential in regard to various metabolites
(levan, fructose oligosaccharides, sorbitol etc.), and single cell cultures of lactic acid bacteria (LAB)
Lactobacillus acidophilus La5 and Bifidobacterium lactis Bb12, that are yogurt-forming ATB type
starter components and synthesize fructan-containing exopolysaccharides (EPS).

A large number of LAB have probiotic properties, because they improve human health, form
conditions for elimination of pathogenic microorganisms from gastrointestinal tract (GIT), and build
on the organism’s immune system (Guarner & Schaafsma, 1998; Ouwehand et al., 2002; Tannock,
2002). On the other hand, the growth of probiotic cultures are promoted by indigestible carbohydrates
(prebiotics), such as fructooligosaccharides (FOS) and levan synthesized by Z. mobilis (Semjonovs et
al., 2008). The main and decisive factor for efficient manifestation of LAB functions is the resistance
to hydrochloric acid of gastric juice, bile acids and digestive enzymes, to achieve and colonize
(adherence to epithelial cells) GIT in sufficient quantity and viable state (Ouwehand et al., 2002).
Moreover, probiotics should also survive after industrial processing (freezing, freeze-drying etc.),
either during the storage of product (van de Guchte et al., 2002). Viability of probiotics in food
products could depend on pH, storage temperature, oxygen level, competing microorganisms and
presence of inhibitors (Carvalho et al., 2004).

Changes of the external environment parameters provoke various cell responses that are
reflected as changes of cell surface properties (Schar-Zammaretti & Ubbink, 2003). We have shown
that CSH of Z. mobilis could be affected by modified growth conditions (elevating or decreasing the
cultivation temperature, the carbon source or its concentrations, exogenously added membranotropic
compounds) (Zikmanis et al., 2007). These agents (detergents, higher alcohols, etc.) affect the
functions of membrane and, particularly, the hydrophobic parts of the cell (Zikmanis et al., 2005). Our
studies have confirmed that the CSH of L. acidophilus La5 and B. lactis Bb12 can be modulated by
changing the growth conditions (carbon source and its concentration, growth phase, presence of
oxygen), but the effects are different in comparison with bacteria Z. mobilis. It was shown that fructan
polymer levan promotes the increase of CSH, as well as the growth of LAB (Shakirova et al., 2013).
We have found that the survival of Z. mobilis (Shakirova et al., 2008), as well as L. acidophilus La5
and B. lactis Bb12 (Shakirova et al., 2013) during the freezing/thawing and freeze-drying processes
depends on the CSH. These studies indicated the possible protective effect of sorbitol and trehalose on
bacteria subjected to freeze-drying. Thus there is a reason to suppose that protective substances can
differently affect the hydrophilic and hydrophobic cells.

Heller (Heller, 2001) reported the direct relationship between CSH and pH tolerance of LAB
Bifidobacterium spp. culture. The results of our studies on individual cultures lead to the opposite
conclusion, as L. acidophilus La5 with different CSH of relatively hydrophilic cells were more pH-
tolerant, as well as, in general the hydrophobic B. lactis Bb12 (Shakirova et al., 2012).
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Several papers report the LAB resistance to stress factors, the influence of external
environment on the surface properties, and its expression on the ensuring of probiotic efficiency
(Gobetti et al., 2000; Vinderola et al., 2002). Nevertheless that it is approved that these processes are
dependent on many factors, still the simultaneous interaction effects of these factors is not sufficiently
studied. To evaluate these combined interactions it is necessary to apply the methods of factorial
design and multivariate analysis, as the methodological base of theses.

Therefore, the aim of the promotion work was to evaluate the complex effects of various
environmental factors on the physiologically and technologically relevant cell surface properties of
ethanologenic (Zymomonas mobilis) and probiotic (Lactobacillus acidophilus, Bifidobacterium lactis)
bacteria by methods of factorial design and multivariate analysis.

Following tasks were formulated to attain the aim of the promotion study:

8. To estimate the influence of cultivation conditions (carbon sources and its concentrations,
temperature, growth phase, presence of oxygen and membranotropic compounds) on the surface
properties of ethanologenic and probiotic bacteria.

9. To evaluate the physiological resistance of bacteria under adverse environments (ethanol;
mineral acid; bile acids; freezing/thawing; freeze-drying/rehydration; cryoconservation) individually
and in combination with other factors.

10. To assess comparatively the cell barrier function and secretion of hydrolytic enzymes in
bacteria with different cell surface hydrophobicity.

11. To specify the biochemical composition of bacterial cell envelopes (proteins/lipids/
carbohydrates) of varied hydrophobicity and evaluate its properties (aliphatic chain and protein
conformation characteristics, components esterification level, etc.) by FT-IR spectra absorption band
position and intensity changes.

The scientific novelty and significance of promotion study:

1. For the first time from a single view the influence of cultivation conditions (carbon sources
and its concentrations, temperature, growth phase, presence of oxygen and membranotropic
compounds) on the ethanologenic and probiotic bacteria surface properties have been comparatively
assessed.

2. The physiological resistance of bacteria under adverse environments (ethanol; mineral acid;
bile acids; freezing/thawing; freeze-drying/rehydration; cryoconservation) individually and in
combination was mutually compared.

3. Novel approaches for modification of ethanologenic and probiotic bacteria surface
properties were proposed, which allow to increase the cell survival under adverse external environment
conditions.

4. The changes of cell barrier function and secretion of hydrolytic enzymes in bacteria with
different cell surface hydrophobicity were comparatively evaluated.

5. The biochemical composition of Gram-negative and Gram-positive bacteria cell walls has
been characterized and compared, and its spectral properties by FT-IR absorption band position and
intensity changes evaluated.

6. The facilities of FT-IR spectroscopy for qualitative and quantitative analyses of bacteria
cells and cell envelopes were approved and comparatively evaluated.

The results of promotion paper expands the knowledge on the relationship between cell wall
structures and the cell surface hydrophobicity of ethanologenic and probiotic bacteria (LAB) and its
dependence on complex changes of cultivation conditions and the determinants of cell physiological
resistance under adverse external conditions. Estimation of direction and nature of bacterial surface
property changes enables to control, predict and affect in the preferred way the cell growth and
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development as well as physiological resistance that are required to ensure the technological stability
of fermentation products, including the probiotic potential of LAB.

Support of the promotion research has been granted within the ESF project ESS2009/77
«Support for Doctoral Studies at University of Latvia» (contract No.  2009/0138/1DP/
1.1.2.1.2/09/IP1IA/ VIAA/004).
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APPROVAL OF THE PROMOTION RESEARCH

The results of the promotion research have been reported at six international conferences in
France, German, Italy, Slovakia and Switzerland.

1. Semjonovs P., Shakirova L., Grube M., Auzina L., Zikmanis P., Levan promotes the
hydrophobicity and biomass productivity of probiotic bacteria in lactose containing media. — 13th
World Congress of Food Science & Technology — FOOD IS LIFE; 2006, Nantes, France,
September 17-21% (poster presentation).

2. Shakirova L., Auzina L., Zikmanis P., Grube M., Influence of environmental conditions on
hydrophobicity of Zymomonas mobilis 113S cells and characteristics of FT-IR spectra, 4"
International Conference Shedding Light on disease: Optical Diagnosis for the New Millenium;
2006, Heidelberg, Germany, May 21-24™ (poster presentation).

3. Shakirova L., Auzina L., Zikmanis P., Grube M, Relationship between the cell surface
hydrophobicity and ethanol tolerance of bacteria Zymomonas mobilis, 6" Workshop, FT-IR
Spectroscopy in Microbiological and Medical Diagnostics; 2007, Robert Koch-Institute, Berlin,
Germany, October 25-26" (poster presentation).

4. Shakirova L., Auzina L., Zikmanis P., Gavare M., Grube M., Influence of growth conditions on
hydrophobicity of Lactobacillus acidophilus La5 and Bifidobacterium lactis Bb12 cells and
characteristics of FT-IR spectra, 13" European Conference on the Spectroscopy of Biological
Molecules; 2009, Italy, Palermo, August 28" - September 2™ (poster presentation).

5. Shakirova L., Auzina L., Zikmanis P., Gavare M., Grube M., Relationship between the cell
surface hydrophobicity and survival of probiotic lactic acid bacteria under adverse environmental
conditions, International Scientific Conference on Probiotics and Prebiotics - IPC 2010; 2010,
Kosice, Slovakia, June 15-17" (poster presentation).

6. Shakirova L., Auzina L., Zikmanis P., Gavare M., Grube M., Relationship between the cell
surface hydrophobicity and survival of Lactobacillus acidophilus La5 and Bifidobacterium lactis
Bb12 bacteria under adverse environmental conditions and characteristics of FT-IR spectra, 4th
Congress of the European Microbiologists FEMS 2011; 2011, Geneva, Switzerland, June 26-30™
(poster presentation).

The results of the promotion research are summarized and published in six research
papers in international peer-reviewed journals in the field of the present study.

1. Zikmanis P., Shakirova L., Baltkalne M., Andersone I., Auzina L., The effect of amphiphilic
compounds on the secretion of levansucrase by Zymomonas mobilis. — Process of Biochemistry,
2005, 40: 3723-3731.

2. Zikmanis P., Shakirova L., Auzina L., Andersone I., Hydrophobic properties of bacteria
Zymomonas mobilis under varied environmental conditions. — Process of Biochemistry, 2007, 42:
745-750.

3. Shakirova L., Auzina L., Grube M., Zikmanis P., Relationship between the cell surface
hydrophobicity and survival of bacteria Zymomonas mobilis after exposures to ethanol, freezing or
freeze-drying. — Journal of Industrial Microbiology & Biotechnology, 2008, 35: 1175-1180.

4. Shakirova L., Auzina L., Zikmanis P., Gavare M., Grube M., Influence of growth conditions on
hydrophobicity of Lactobacillus acidophilus La5 and Bifidobacterium lactis Bb12 cells and
characteristics of FT-IR spectra. — Spectroscopy, 2010, 24: 251-255; DOI 10.3233/SPE-2010-0470
(10S-Press, NL).

5. Shakirova L., Grube M., Goodacre R., Gavare M., Auzina L., Zikmanis P., FT-IR spectroscopic
studies of cell envelopes from bacteria Zymomonas mobilis of varied surface hydrophobicity. —
Vibrational Spectroscopy, 2013, 64: 51-57; DOI: 10.1016/ j.vibspec.2012.10.008

6. Shakirova L., Grube M., Gavare M., Auzina L., Zikmanis P., Relationship between the cell
surface hydrophobicity and survival of probiotic bacteria Lactobacillus acidophilus La5 and
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BACTERIAL CELL WALLS AND SURFACES: STRUCTURAL FEATURES AND
FUNCTIONAL PROPERTIES

Interactions of microorganisms with their environment are of major importance in many phases
of the life cycle, like growth, cell division, protection against a hostile environment, and the infection
of a host. The surface properties of microorganisms largely determine the exchange of nutrients and
waste products and the resistance of cells to external stresses (mechanical, chemical, thermal, and
osmotic) (Schar-Zammaretti & Ubbink, 2003). The surface properties also substantially influence the
interactions between microorganisms and their relationships with the hosts. Interactions of
microorganisms can be specific or nonspecific. Specific interactions generally involve the interactions
of complementary bonds that form microbial cell surface and the surface on which microorganisms are
able to colonize and which have higher mutual affinity (Savage & Fletcher, 1985). Whereas
nonspecific interactions are governed by the overall physicochemical properties of the bacterial cell
wall including electrostatic and hydrophobic interactions (Sweet et al., 1987).

For a long time, it has been recognized that important aspects of microbial behavior are
controlled by the physicochemical properties of the cell wall (Webster, 1925; Marshall, 1976;
Wadstrom, 1990). However, detailed analyses of the relation between cell-wall structure and its
physicochemical properties are only gradually emerging (however) (Boulbitch et al., 2000; Busscher et
al., 2000). In order to characterize cell surface interactions of microorganisms the overall electric
properties, mostly the z-potential, and the hydrophobicity of the surface are usually analyzed (Schar-
Zammaretti & Ubbink, 2003). Knowledge of these two surface properties is used to correlate or
simulate the interactions of the bacterial cell wall with external surfaces or hosts. The CSH has been
acknowledged as a physical measurable macroscopic characteristic of bacteria which generally reflects
the proportion between hydrophilic and hydrophobic components of the cell envelope (Geertsema-
Doornbusch et al., 1993). CSH responds to a wide variety of environmental factors and, in turn,
appears to be involved in cell-to-cell interaction, adherence of bacteria to solid surfaces and host
tissue, resistance of cells to adverse environmental conditions etc. (Rosenberg et al., 1980; Rosenberg
& Doyle, 1990; Vanhaecke et al., 1990).

Gram-positive microorganisms well serve as model systems to study the structure-property
relations of the bacterial cell wall, as they have the relatively simple cell-wall (Delcour et al., 1999).
Moreover, these bacteria are nonmotile and a large number of microbioloically and genetically well-
characterized strains are available. The Gram-positive cell wall of bacteria (Fig. 1.1.) consists mainly
of peptidoglycans, (lipo) teichoic acids, (surface) proteins and polysaccharides (Delcour et al., 1999).
Gram-negative bacteria (Fig. 1.1.) differ by the fact that over the peptidoglycan layer also the outer
membrane is localised (Sikkema et al., 1995). Within its composition proteins are embedded in the
bilayer composed of phospholipids and LPS molecules. In the inner part of the outer membrane occur
lipoprotein complexes that bind the outer membrane with the glycopeptide layer (Madigan et al.,
2000). LPS play an important role in the regulation of envelope permeability of Gram-negative
bacteria, ensuring a relatively hydrophilic cell surface (Nikaido & Vaara, 1985). The outer membrane
sufficiently protects E. coli cells from most of hydrophobic antibiotics. Only disruption of the outer
membrane structure, for example by rhamnolipid (Al-Tahhan et al., 2000), the membrane permeability
can be increased in regard to hydrophobic molecules and ions (Lieve, 1974).
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Fig. 1.1. Schematic image of the cell envelope of Gram - positive and Gram - negative bacteria. PP - porin; C -
cytoplasmic membrane-embedded protein; BP - binding protein; PPS - periplasmic space; A - outer membrane
protein; LP - lipoprotein. (Sikkema et. al., 1995).

LAB are a group of taxonomically diverse, Gram-positive bacteria that are able to convert
fermentable carbohydrates mainly into lactic acid, acidifying the growth medium in the process. In
general, LAB species are best known for their use in the food industry, mainly involved in the
preparation of fermented dairy products (cheese, yoghurt, sour cream etc.) and their importance is well
recognized worldwide. Over the past decades, interest in LAB has dramatically increased, particularly
by the widely recognized fact that selected LAB strains can influence the intestinal physiology
(Corveleyn et al., 2012).

Microorganisms of the genus Bifidobacterium and Lactobacillus are considered as “classic”
probiotics and are widely used as active ingredients in functional dairy-based products and other foods.
Probiotics are defined as “living microorganisms, which upon ingestion in certain numbers exert health
benefits beyond inherent basic nutrition” (Guarner & Schaafsma, 1998; Tannock, 2002). Their health-
promoting effects include the inhibition of pathogens, antimutagenic and anticarcinogenic activity,
prevention of diarrhoea, stimulation of the immune response, a reduction of serum cholesterol levels
etc. (Ouwehand et al., 2002). However, characteristics ascribed to a probiotic strain are in general
strain specific, and individual strains have to be tested for each property (Ljungh & Wadstrom, 2006).

In order to achieve and colonize (adherence to epithelial cells) the GIT and successfully
perform their functions, LAB strains must overcome the biological barriers that include the presence of
acid in the stomach, bile in the intestine and digestive enzymes (Ouwehand et al., 2002), together with
non-optimal growth temperatures, and growth-inhibitory compounds such as fatty acids and tannins,
originated from yeast and bacteria metabolism (Kumar et al., 2011). Bile salts are synthesized in the
liver from cholesterol and secreted into the duodenum to facilitate fat absorption. Since these
compounds are toxic for bacterial cells, the gastrointestinal microbiota must develop strategies to
defend themselves against bile (de los Reyes-Gavilan et al., 2005), although the cellular mechanisms
of resistance to bile salts still remain poorly understood. The adaptation of probiotic bacteria to bile
salts might be a valuable tool for increasing the survival of these microorganisms in the GIT.

Some dietary carbohydrates indigestible in the upper GIT can act as substrates for bacterial
fermentation. These carbohydrates, generally known as prebiotics, are assimilated by probiotic
microorganisms thus promoting their proliferation in the gut and exerting health benefits in the host
(de los Reyes-Gavilan et al., 2005).
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Fructan-containing prebiotics, such as levan (B-2,6-polyfructan) and FOS can be synthesized
by ethanologenic Gram-negative Zymomonas mobilis. These bacteria exhibit a strong biosynthetic
potential in regard to various metabolites (ethanol, levan, fructose oligosaccharides, sorbitol, gluconic
acid) which makes them attractive for technological applications (Montenecourt, 1985; Doelle et al.,
1993; Gunasekaran & Chandra Raj, 1999). Besides, the native fermentation capacities of
proteobacteria Z. mobilis can be further improved by various physiological, genetic and engineering
approaches with a special reference to the broadening of substrate and product spectra by an
introduction and expression of appropriate foreign genes (Montenecourt, 1985; Doelle et al., 1993;
Gunasekaran & Chandra Raj, 1999).

Any bacterial culture selected for industrial purposes, should also tolerate the adverse
conditions encountered in industrial processes (freezing, freeze-drying etc.), either during starter
handling and storage (van de Guchte et al., 2002). Moreover, survival of probiotics in food products
could depend on pH, storage temperature, oxygen level, high concentration of NaCl or ethanol,
competing microorganisms and presence of inhibitors (Carvalho et al., 2004). At industrial settings,
probiotics may be preserved and distributed in liquid, dried, frozen or lyophilized (freeze-dried) forms.
While all these preparations can be suitable for use as starter cultures in food industry, emphasis is
increasingly being placed on long-term preservation methods that promote high cell viability and
metabolic activity, as these parameters are considered a prerequisite for (bio)medical applications
(Carvalho et al., 2004; Corveleyn et al., 2012).

It is known that a wide variety of external environmental factors can essentially affect the
stability of cell surface (Das & Kapoor, 2004). Thus, physical factors (temperature, light, electric
fields, pressure, pH, etc.) change the composition and functions of cell surface and membrane (Denich
et al., 2003). Induced by external environment cells can develop outer cell wall layer, which is more
adapted to various specific conditions and the cell surface hydrophobic properties can be changed
(Sikkema et al., 1995). Surface properties of microorganisms also depend on the growth temperature
and medium composition. It was reported that the growth temperature essentially influences the
membrane composition of Z. mobilis, as with the increase of temperature the ratio of fatty acids to
phospholipids in membrane is changed (Benschoter & Ingram, 1986). During cultivation of Listeria
monocytogenes at different temperatures, it was shown that the cell adhesion to stainless steel, as well
as CSH increased with the increase of the growth temperature (Briandet et al., 1999). It is known that
sucrose, in comparison with glucose or mannose, significantly increases the CSH of Pseudomonas
fluorescens (McEldowney & Fletcher, 1985). However, still there are no sufficient data concerning the
relevance between the cultivation conditions and the surface properties of bacteria, as well as their
influence on the bacterial interactions (Schar-Zammaretti et al., 2005).

Moreover, the properties of cell surface and membrane can be affected by a wide variety of
chemicals (Nikaido & Varra, 1985). For instance, even small concentration of rhamnolipid can cause
partial avulsion of LPS from outer membrane, and thereby significantly increase the CSH (Al-Tahhan
et al., 2000). Surfactants that represent a heterogeneous class of surface active compounds can affect
the membranes, changing the lipid/protein interaction (Sikkema et. al., 1995). Organic solvents can
cause the loss of lipids and proteins in cell membrane, inhibition of membrane protein functions, as
well as reduce other vitally important functions (Segura et al., 1999).

The toxic nature of alcohols affects the hydrophobic parts of the cell, most likely the plasma
membrane. Sikkema (Sikkema et al., 1995) reported that ethanol and bio-membrane interaction results
in a reduced membrane integrity. It was also shown that aliphatic alcohols cause the phase transition
temperature shift in model-membrane (Eliasz et al., 1976). Moreover, the toxicity level of alcohols
appears as directly proportional to its carbon chain length (Sikkema et al., 1995). Our studies also
showed that amphiphilic compounds (aliphatic and aromatic alcohols, procaine and surfactants) can
affect the membrane properties of Z. mobilis (Zikmanis et al., 2005).

In addition to conventional biochemical methods of analysis information on the chemical
composition of the outer layers of microbial cell wall can be obtained by Fourier transform infrared
(FT-IR) spectroscopy. Infrared spectroscopy is a non-destructive technique which allows to obtain
information on the overall chemical composition of a sample including bio-samples (Bosch et al.,
2006; Huang et al., 2006; Pistorius et al., 2009). This technique is also successfully used for
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characterization and identification biological samples/strains (Naumann, 2002; Huang et al., 2006;
Grube et al., 2012), as well as for fermentation process and product monitoring (Grube et al., 2002;
Mazarevica et al., 2004). It is known, that the structural organization of the various constituents within
the cell wall is reflected in the bacterial surface properties, as well as organism’s physiological state,
reflecting the influence of cultivation conditions on the cell regulatory mechanisms (Pistorius et al.,
2009; Wang et al., 2010).

How the structural organization of the cell wall, the chemical properties of the surface
constituents and, in particular, the conformation of the surface macromolecules determine the
physicochemical properties of the cell wall still remain as largely open questions.

Therefore, deeper understanding of the factors influencing the surface properties of probiotic
bacteria will definitely promote the selection and evaluation of strains with the desired characteristics
for food processing and health benefits.
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MATERIALS AND METHODS

Strains and cultivation

Zymomonas mobilis strain 113S and 29191 (Microbial Strain Collection of Latvia) was maintained and
cultivated batchwise without aeration in the medium consisting of (g/I™*) KH2PO4, 2.5; (NH.),SOs4, 1.6;
MgSO4x7H-0, 1.0; yeast extract (Sigma), 5.0 and an appropriate carbon source (glucose or sucrose) at
the range of concentration 0.14 - 1.11M, pH 5.5. Z. mobilis was grown at different temperatures (25,
30 and 37°C) with or without n-alkanols (butanol, pentanol, heptanol, octanol, tetredecanol,
hexadecanol) concentrations of 0.04 - 1mM, or surfactants (Tween20, Tween80) at concentrations of
0.049 and 0.046mM, respectively.

Lactobacillus acidophilus La5 and Bifidobacterium lactis Bb12 (Chr. Hansen Appl. Technol. Lab.,
Denmark) were grown under aerobic or anaerobic (BBL Gas Pak 150™ System, USA) conditions, at
37°C, in the MRS medium consisting of (g/I"*) peptone, 10.0; beef extract, 8.0; sodium acetate, 5.0;
yeast extract (Sigma), 4.0; ammonium citrate, 2.0; KH,PO,, 2.0; Tween 80, 1.0; MgSO4x7H,0, 0.1;
MnSO4x5H,0, 0.05 and an appropriate carbon source (glucose, sucrose or lactose) concentrations of
2% - 5%, pH 6.5 for 18 or 48 h.

Preparation of cells and measurements of CSH

The cells harvested at appropriate growth phase were separated by centrifugation (5000xg, 10 min,
20°C), washed twice with 50mM phosphate buffer (pH 7.1), resuspended in the same buffer to reach
the standardized concentration of cells (ODggo = 0.5) and the cell surface hydrophobicity (CSH)
measured by modified MATH (Microbial Adherence to Hydrocarbon) method (Aono & Kobayashi,
1997) using o-xylene (Sigma) and the results were expressed as percentage reductions in absorbancy of
the test suspensions (with o-xylene) as compared to the control suspensions (without o-xylene).

The salt aggregation test (SAT) was performed in accordance with the standard procedure (Lindahl et
al., 1981) to estimate the hydrophobicity of cell surface, i.e., the lowest (NH,),SO4 concentration
causing bacterial aggregation. All readings of bacterial aggregation were compared with the reaction at
the highest molarity of the salt (positive control). Bacterial suspension (5 - 10° cells/ml) with 2mM
sodium phosphate, pH 6.8 without addition of salt were used as a negative control (Lindahl et al.,
1981).

Preparation of cells and incubation conditions

Cells from the late logarithmic growth phase (u = 0.150 — 0.20 h™) were separated by centrifugation
(5000%g, 15 min, 20°C) and washed twice with 50mM Tris/malate buffer (pH 5.3). Cells were
incubated in the same buffer with sucrose (10mM), cells (2.0 — 2.5 mg dry biomass/ml) (controls) and
with compounds (aliphatic alcohols (1-butanol up to 1- hexadecanol) or Tweens), under study (0.04 —
1mM) for 0.5h at 30°C. Cells were separated by centrifugation (7000xg, 10 min) and supernatant
stored on ice for subsequent assays.

Freezing-thawing, long-term storage procedures and freeze-drying of cells

Five or 10 ml of cell water suspension (8 - 10™ cells/ml) were frozen at -20°C and subsequently
thawed at 30°C, 0.5h or storaged at -20°C for 6 months. Frozen suspensions of cells were liophylized
by a labscale freeze-dryer (LGA 05, VEB MLW, Leipzig, Germany) at constant temperature of -20°C
and vacuum pressure of 0.4 Pa for 16h. Vials of freeze-dried cells were stored in desiccator over
silicagel, at 4°C for 5 — 7 days. Rehydration of freeze-dried cells was performed at 30°C for 0.5h
using the same volume of sterile water as for initial suspensions. The viability of cells after freezing,
freeze-drying or long-term storage were examined using standard serial dilution method and
subsequent plating in triplicate onto the agar medium, and incubation of Z. mobilis at 30°C for 48 —
72h or onto the MRS agar and incubation of L. acidophilus and B. lactis at 37°C for 48 — 72h.
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Cell low pH and bile acid tolerance measurements

The cells from a stationary phase of growth were recovered by centrifugation (7000xg, 10 min, 20°C),
resuspended in an equal volume of MRS broth (devoid of yeast extract, pH 5.5) (cell concentration at
ODggo = 0.5) and adapted for 30 min at 30°C. Cell tolerance measurements under low pH and bile acid
conditions were performed in accordance with the protocol (Shalini & Hariom 2009). Bacterial counts
were expressed as the log number of colony forming units (log CFU/ml). The effects of stress
exposure were determined as the log reduction (A log CFU) between the control sample and the test
sample and compared according to the expression A log CFU = log control (CFU/ml) - log test sample
(CFU/ml).

Extraction of cell envelopes

The cell water suspension was sonicated for 20 min at 0.5 kHz in ice-water bath. Unbroken cells were
removed by centrifugation (6000xg, 10 min, 4°C). Envelopes of Z. mobilis were pelleted by
centrifugation at 100000xg, 60 min, 4°C (lkawa & Snell, 1960) and of L. acidophilus and B. lactis by
centrifugation at 25000xg, 25 min, 4°C (Aono & Kobayashi, 1997), washed once with phosphate
buffer and stored at —20°C. The quality of cell envelopes was monitored by fluorescent microscope
(Olympus BX51).

Analytical measurements

The concentration of total membrane proteins was assayed by dye-binding Lowry (Folin-Ciocalteu’s
reagent, Fluka Chem. AG, Switzerland) procedure (Lowry et al., 1951).

The amount of phosphate was determined by the modified method of Bartlett (Bartlett, 1972).

The concentration of total neutral membrane carbohydrates was determined by means of Dreywood’s
Anthrone reagent (Morris, 1948).

LPS were extracted from the Z. mobilis cells using an adapted of the phenol-water method (Westphal,
1952). The carbohydrate content of the LPS was determined using the phenol-sulphuric acid assay
(Dubois et al., 1956; Piater, 2005).

In order to release proteins from Z. mobilis envelopes a procedure of mild extraction (Dyé & Delmotte,
1997) was performed.

The extracellular levansucrase (EC 2.4.1.10) in the incubation medium was assayed
spectrophotometrically (UV 260, Shimadzu, Japan) by measuring the initial velocity of levan
formation at 330 nm (£=0.514x107® I/mol cm) and expressed as activity units (U) per mg dry mass of
cells in incubation medium.

The biomass concentration was determined spectrophotometrically at 550 nm using the calibration
curve.

The total activity of proteolytic enzyme (EC 3.4.) was determined according to the Kunitz method
(Kunitz, 1947). One unit of proteinase activity was defined as the quantity of enzyme, necessary to
increase the optical density for 0.01 at OD_gp under test conditions (Kabadjova-Hristova et al., 2006).

Evaluation of cell attachment to solid surfaces

Standard microscope glass slides were cleaned and silanyzed by 0.02M dimethylchlorsilane (Sigma) in
toluene (Sigma) as reported elsewhere (Batischev & Indenbom, 2004) to obtain hydrophilic and
hydrophobic surfaces, respectively. Fresh cell suspensions in 50mM phosphate buffer (pH 7.1) were
incubated together with glass slides for 40 min and rinsed gently in 0.1M phosphate buffered saline to
remove nonattached cells. The number of cells adhering to the surface were counted under a light
microscope at 50 randomly selected fields of vision and expressed as an average cell count per field.
The glass adherence test (Pérez et al., 1998) was performed for comprehensive evaluation of cell
attachment to hydrophilic surfaces after growth for 24h in cleaned, standard glass test tubes containing
10 ml of medium.

FT-IR spectroscopy

FT-IR absorption spectra of cells and cell envelopes were registered on a microplate reader HTS-XT
(BRUKER) (Harrigan et al., 2004). 10 — 30 pl of each sample were dried on a 96 place silicon plate at
T<50 °C, spectra collected over the wavenumber range of 4000 — 600 cm™, 64 scans, with resolution 4

50



cm™. The data were processed with OPUS 6.5 (BRUKER) software; baseline corrected by rubberband
method and vector normalization was performed to square the differences in spectral line intensities,
i.e. due to suspension concentrations of different samples (Severcan & Harris, 2012). Only spectra
with absorption in the range of 0.25 - 0.80, providing Lambert-Buger-Beer law to be executed, i. e.
intensity is directly proportional to the concentration were analyzed.

Fluorescence titration measurements

The effects of cells surface hydrophobicity on the binding of increasing amount (1 - 5 uM) of the
fluorescent lipophilic dye 1-N-Phenylnaphthylamine (PNA) (Tréuble & Overath, 1973) by Z. mobilis
cells (3.0 mg/ml cells in 50mM phosphate buffer pH 7.1) were determined on a Fluorichrom (Varian,
Inc., CA, US) fluorimeter equipped by Coach (Couch Suplex MA, US) software at 345 nm for
exitation and 405 nm for emission (Tsuchido et al., 1989).

Data processing and analysis

All procedures were performed for cells from three independent cultivations at least.

All analytical measurements for each sample were performed in triplicate at least.

Factor-experiments were carried out accordingly with 2%, 3 (central and even plans) factor gradation.
The data were processed by analysis of variance (MANOVA), multiple, linear and nonlinear
regressions using the software Statgraphics ®Plus (Manugistics, Inc., US) and SPSS 11.0 for Windows
(SPSS Inc. 1ll., US). To evaluate the statistical significance of regression models the F-test was
performed.

At least 200 CFU for each viable cell count was employed to compute the log reduction (A log CFU).
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AN OUTLINE OF THE RESULTS

l. A possibility that the CSH of Gram-negative bacteria Z. mobilis and Gram-positive bacteria L.
acidophilus La5 and B. lactis Bb12 could be different and affected by multiple external factors
(temperature and phase of growth, concentration or type of carbon source, presence or absence of
oxygen or amphiphilic compounds) was assessed by corresponding estimates of these strains
simultaneously cultivated under different conditions. It was detected, that the Gram-negative bacteria
Z. mobilis was strongly hydrophilic in comparison to Gram-positive bacteria L. acidophilus La5 and B.
lactis Bb12 (Table 1). At the same time, the CSH of all examined cultures responded to the changes of
growth phases and carbon source (Table 1).

Table 1. Changes of the cell surface hydrophobicity of Z. mobilis, L. acidophilus and B. lactis strains upon the
used carbon source and the phase of growth (Zikmanis et al., 2007; Shakirova et al., 2010).

Hydrophobicity, % + S.E.

Strain Growth phase

Logarithmic Stationary
Carbon source
Glucose Sucrose Glucose Sucrose
ZM 29191 4.15+0.19 5.25+0.19 6.19£0.19 6.22 £0.19
ZM 113S 10.10 £ 0.19 13.75+0.19 18.07 £ 0.19 22.61+0.19
La5 41.10 £ 0.47 55.50 + 0.33 57.40 £ 0.47 60.40 £ 0.33
Bb12 56.80 + 0.89 61.20 £ 0.70 60.27 + 0.89 62.27 £ 0.70

On the other hand, the CSH of Z. mobilis 113S, as well as probiotic bacteria L. acidophilus La5
and B. lactis Bb12 substantially increased in proportion to the concentration of carbohydrate in the
cultivation medium (Table 2). The use of sucrose for Z. mobilis 113S and lactose for L. acidophilus
La5 and B. lactis Bb12 as the sole carbon source resulted in the higher values of CSH (Table 2).

In a similar way the CSH of Z. mobilis 113S responded to changes of cultivation temperature in
the range of suboptimal (25°) to elevated (37°) values (Table 2). The observed pattern of CSH values
was completely concordant in respect of independent (MATH and SAT) measurement procedures
(Table 2). At the same time, the changes of cultivation temperature didn’t significantly affect the CSH
of both probiotic cultures L. acidophilus La5 and B. lactis Bb12 (data not shown).

It should be noted, that the presence of prebiotic compound levan (-2,6-polyfructan) in the
cultivation medium markedly influenced the surface hydrophobicity of L. acidophilus La5. Thus, the
addition of levan at the range of concentration 1% — 4% to the cultivation medium with lactose leads to
increasing the CSH from 62% to 82%.

On the other side, it was detected that the presence of oxygen during cultivation affected the
CSH of L. acidophilus La5 and B. lactis Bb12 strains in a different way. Thus, under aerobic
conditions the CSH values of L. acidophilus La5 and B. lactis Bb12 was found to increase or decrease,
respectively while under anaerobic conditions a pronounced opposite effect on CSH was detected (Fig.
3.1).
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Table 2. Effect of varied growth conditions on the cell surface hydrophobicity of Z. mobilis 113S, L.acidophilus
La5 and B. lactis Bb12 (Zikmanis et al., 2007; Shakirova et al., 2013).

Growth conditions Hydrophobicity, Cells
. % aggregating
Strain Carbon source Conce'r\ljratlon, Temperature, °C +SE. saline, M

ZM113S Glucose 0.16 30 15.59 £ 0.47 >2.0
0.28 30 20.38 £ 0.68 1.8

0.56 30 39.82 £ 0.45 0.8

Sucrose 0.16 30 19.12 £ 0.33 1.8

0.28 30 29.95+0.70 1.4

0.56 30 66.74 £ 0.16 0.2

Glucose 0.28 25 19.17 £ 0.61 1.8

0.28 30 23.18 £0.61 1.6

0.28 37 43.25+0.61 0.8

Presence of O,

La5 Glucose 0.13 + 57.40 £ 0.47 n. d.
0.26 + 62.90 + 0.68 n. d.

0.39 + 66.87 + 0.45 n.d.

Sucrose 0.13 + 60.40 + 0.33 n. d.

0.26 + 64.30 + 0.70 n.d.

0.39 + 67.90 + 0.16 n.d.

Lactose 0.13 + 68.45 £ 0.61 n. d.

0.29 + 70.23 + 0.61 n.d.

0.39 + 75.13 £ 0.61 n. d.

Bb12 Glucose 0.13 - 60.27 £ 0.89 n. d.
0.26 - 64.56 + 0.80 n. d.

0.39 - 70.40 + 0.80 n. d.

Sucrose 0.13 - 62.27 +0.70 n.d.

0.26 - 66.40 + 1.06 n. d.

0.39 - 72.75+0.70 n. d.

Lactose 0.13 - 72.75+0.60 n. d.

0.26 - 76.75 + 0.65 n.d.

0.39 - 79.37 + 1.00 n. d.
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Fig. 3.1. Changes of the cell surface hydrophobicity of L. acidophilus La5 and B.lactis Bb12 upon the employed
carbon source and the presence of oxygen: O - L. acidophilus La5 (0.13M glucose); B - L. acidophilus La5
(0.13M lactose); @ - B. lactis Bb12 (0.13M glucose); (£ - B. lactis Bb12 (0.13M lactose) (Sakirova et al., 2013).

Addition of amphiphilic compounds such as aliphatic alcohols and Tween-type surfactants in
the cultivation medium could markedly influence the surface properties of bacterium Z. mobilis 113S.
Thus, a more profound increase of CSH and the protein concentration in the medium concomitantly
with opposite changes of the levansucrase activity was observed for shorter alcohols in proportion to
alkyl chain growth (n-butanol — n-heptanol) in comparison with higher alcohols (Table 3). An
influence of Tween-type surfactants on the cell surface properties of Z. mobilis 113S appeared as a
slight but significant decrease of the hydrophobicity, as well as the levansucrase activity and the
protein secretion provoked by the smallest molecular mass compound (Tween20) and a pronounced

opposite effect caused by larger (Tween80) surfactant (Table 3).

Table 3. Modulation of cell surface hydrophobicity, levansucrase activity and protein content in the incubation
medium of Z. mobilis 113S by amphiphilic compounds (Zikmanis et al., 2005; Zikmanis et al., 2007).

Parameters of alterations in cell surface

Amphiphilic Concentration Hydrophobicity, CeIIs_ Levansqcrase Protein secretion,
compound Y%+ SE aggregating secretion, (% to control)
saline, M (% to control)
none - 21.87 +1.84 1.8 100.00 100.00
n-butanol, 1mM 28.80+1.30 1.4 97.95 126.83
n-pentanol 1mM 35.60 £ 0.89 1.0 88.04 145.82
n-heptanol 1mM 41.78+0.35 0.8 64.73 157.46
n-dodecanol 40uM 2298 +0.41 1.8 81.30 133.29
n-tetradecanol 40uM 23.37 £ 0.97 1.6 78.95 119.58
Tween80 46pM 56.54 + 0.26 <0.4 127.00 121.00
Tween20 49uM 17.30 £ 0.53 >2.0 70.00 115.00
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The simultaneous consideration of factors such as the presence of amphiphilic compounds and
cultivation temperature (Fig. 3.2.) by means of 2%-factor experiments (Fig. 3.2.) confirmed the
significant (P<0.001) contribution of both factors on the surface properties of Z. mobilis 113S, as well
as their interaction. Since the magnitude of the effect of one independent variable (temperature) on a
dependent variable (CSH) varied as a function of a second independent variable (amphiphilic
compound). Thus, the fall of CSH caused by suboptimal (25°) cultivation temperature to a significant
extent was “taken off” due to the participation of Tween20 (Fig. 3.2.). In a similar way the
simultaneous influence of elevated (37°) cultivation temperature and Tween80 appeared as somewhat
reduced combined effect in regard to individual potencies of both factors (Fig. 3.2.). Similarly,
antagonistic interactions were observed for various other combinations of factors (e. g., the presence of
Tween80 at suboptimal cultivation temperature etc.). Nevertheless, the highest CSH values (~ 50%) of
Z. mobilis 113S were achieved by the simultaneous influence of elevated temperature and Tween80 in
the cultivation medium (Fig. 3.2.).
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42

Hydrophobicity, %
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Fig. 3.2. Effect of surfactants and temperature on the cell surface hydrophobicity of Z. mobilis 113S (Zikmanis
et al., 2007).

. The ability of Z. mobilis 113S, L. acidophilus La5 and B. lactis Bb12 to survive under adverse
conditions of freezing/thawing, freeze-drying/rehydration cycle as well as during long-term storage
was found to correlate with the CSH values for intact bacterial cells. Inverse linear relationships (Fig.
3.3. and 3.4.) were detected between the CSH and the survival of these bacterial stains exposed to
freeze-thawing, freeze-drying/rehydration cycle and long-term storage. At the same time, the ability of
Z. mobilis 113S to survive under exposure to elevated ethanol concentration was found to decrease
with an increase of CSH values of intact bacterial cells. The lowest reduction of survival was during
exposure of intact cells to the fixed (Fig. 3.4.) or growing (Fig. 3.5.) concentration of ethanol,
particularly at the range of low (24 — 56 %) CSH values.
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Fig. 3.3. The relationship between the cell surface
hydrophobicity and survival decrease of intact L.
acidophilus La5 cells exposed to freezing/thawing
cycle (#) (r=0.849, P<0.01) and B. lactis Bb12 cells
exposed to freezing/thawing cycle (e) (r = 0.854,
P<0.01) and storage (A) (r = 0.843, P<0.01)
(Shakirova et al., 2013).
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Fig. 3.4. The relationship between the cell surface
hydrophobicity of intact Z. mobilis 113S and viability
of cells subjected to subsequent freezing/thawing,
freeze-drying/rehydration procedure (open symbols,
curve 1 (r = 0.973, P<0.001) and curve 2 (r = 0.958,
P<0.001), respectively) or affected by 2.55 M ethanol
concentration (closed symbols, r = 0.976, P<0.001).
Different symbols indicate the data of independent
experiments (Shakirova et al., 2008).
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Fig. 3.5. The viable cell count of Z. mobilis 113S with different cell surface hydrophobicity affected by elevated
ethanol concentrations in the incubation medium. Where CSH of 24% and 56% as the closed symbols
(r=-0.918, P<0.02) and open symbols (r = - 0.989, P<0.01), respectively (Shakirova et al., 2008).

Other physiological factors that may influence the cell viability, especially L. acidophilus La5
and B. lactis Bb12, are low external pH and an elevated concentration of bile salt. It was detected, that
the survival of both strains decreases significantly after incubation at pH 3 and only 30 min treatment

(Fig. 3.6.).
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Fig. 3.6. Survival decrease of L. acidophilus La5 (A) (1 - 30 min, CSH = 35%; [ - 30 min, CSH = 54%,
E - 120 min, CSH = 35%; £ - 120 min, CSH = 54%) and B. lactis Bb12 (B) (& - 30 min, CSH = 52.7%;
(1 - 30 min, CSH = 69.5%; @ - 120 min, CSH = 52.7%; £ - 120 min, CSH = 69.5%) exposed to mineral acid
(Shakirova et al., 2013).

The highest survival reduction of L. acidophilus La5 and B. lactis Bb12 (46% and 84%,
respectively) was detected after 120 min incubation at pH 2 (Fig. 3.7.). At the same time, inverse linear
relationships were detected between the CSH and survival of both bacterial strains exposed to low
external pH values (Fig. 3.7.) and 3% bile acid (Fig. 3.8.), thus confirming a substantially reduced
ability of hydrophobic bacteria to survive under adverse environments.
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Fig. 3.7. The relationship between the cell surface Fig. 3.8. The relationship between the cell surface
hydrophobicity and survival decrease of L. acidophilus hydrophobicity and survival decrease of L.
La5 (e) (r = 0.912, P<0.01) and B. lactis Bb12 (A) acidophilus La5 (e) (r = 0.862, P<0.01) and B.
(r = 0.896, P<0.01) cells exposed to mineral acid (HCI, lactis Bb12 (A) (r = 0.935, P<0.01) cells exposed to
pH 2, 120 min) (Shakirova et al., 2013). 3% bile acid, 120 min (Shakirova et al., 2013).

In addition, a decrease of CSH of B. lactis Bb12 was detected after incubation in presence of
mineral acid (HCI) or bile acid (Table 4). CSH decrease was more pronounced in the presence of 3%
bile acid, especially in hydrophilic cells. The influence of mineral acid on CSH appeared to be similar,
however less perceptible (Table 4).
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Table 4. The changes of the cell surface hydrophobicity of B. lactis Bb12 exposed to acidic conditions

(Shakirova et al., 2013).

Hydrophobicity, %

Treatment £SE.
Control After treatment Relative
(intact cells) (120 min) decrease
HCI (pH 2) 55.6 +0.17 51.1+0.19 8.1
57.3+0.19 55.0 +0.16 4.0
. . 47.2+0.18 20.0+0.20 57.6
Bile acid (3%)
61.2+0.18 34.1+0.19 44.3

Alterations in the hydrophobic properties caused by multiform environmental factors (Table 2,
3) differently affected the ability of bacteria Z. mobilis 113S to adhere to hydrophilic and hydrophobic
surfaces. The number of adhering cells on the silanized (i. e. hydrophobic) glass surfaces (Fig. 3.9.)
was in a direct proportion to the values of CSH whereas an opposite linear relationship appeared for
the clean (i. e. hydrophilic) glass surfaces (Fig. 3.9.) suggesting that hydrophobic properties are
directly responsible for the alteration in adhesion ability of Z. mobilis 113S.
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Fig. 3.9. The relationship between the number of adhering cells on hydrophilic (open symbols) and hydrophobic
(closed symbols) glass slides and the cell surface hydrophobicity of Z. mobilis 113S. Different symbols indicate
the date of independent experiments (Zikmanis et al., 2007).

In order to estimate relations between CSH and barrier function (membrane permeability) of Z.
mobilis 113S and L. acidophilus La5 cells the levansucrase and proteolytic activity, as well as total
protein release in the medium were measured. The proteolytic activity and the total amount of secreted
protein in the medium during incubation of L. acidophilus La5 cells were markedly dependent on CSH
values. Thus, the concentration of secreted protein and the activity of proteolytic enzyme were found
to increase in direct proportion to the increased CSH values (Fig. 3.10.). In addition, the total amount
of secreted protein elevated in the medium of Z. mobilis 113S as the linear function of CSH values
(Fig. 3.11.) most probably is indicating the impaired barrier function of more hydrophobic cells. In
turn, the levansucrase activity in the cultivation medium of Z. mobilis 113S cells was inversely
proportional to the hydrophobicity estimates (data not shown). In addition, fluorescence titration was
carried out and the significant linear relationship (r = 0.968; P<0.001) was found between the values of
initial rate for NPN permeation into bacterial cells and CSH (Fig. 3.11).
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Fig. 3.10. The relationship between the cell surface
hydrophobicity and the proteolytic activity (¢)
(r = 0.846, P<0.01) and the total amount of secreted
protein in the medium (o) (r = 0.706, P<0.01) of L.
acidophilus La5 during incubation (Shakirova et al.,
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Fig. 3.11. The relationship between the cell surface
hydrophobicity and initial rate of NPN permeation
into the Z. mobilis 113S cells (open symbols) and
the concentration of the extracellular protein (closed
symbols). Different symbols indicate the date of
independent experiments (Zikmanis et al., 2007).

1. Independent analytical measurements of L. acidophilus La5, B. lactis Bb12 and Z. mobilis
113S cell envelopes carbohydrate, protein and lipid concentrations of were performed. Biochemical
characteristics for all examined strains with varied CSH displayed significant correlative relationships
(Fig. 3.12. and 3.13.). The decrease of carbohydrate levels were observed in proportion to the
increased CSH values of both probiotic strains alongside with the elevated protein and lipid content in
more hydrophobic cells (Fig. 3.12.). At the same time, a gradual reduction of the carbohydrate content
was detected in the LPS fraction of more hydrophobic Z. mobilis 113S cells (Fig. 3.13.) concomitantly
with a proportional decrease of KDO concentration (r = - 0.929, P<0.001) in corresponding LPS
samples (data not shown). On the contrary, the content of extractable cell surface proteins graduated in
a direct proportion to the rise of Z. mobilis 113S CSH level (Fig. 3.13.). Observed significant (P<0.01)
relationships indicate that proportions of both hydrophilic (carbohydrate/LPS) and hydrophobic
(surface proteins and lipids) constituents of the cell envelope could be responsible for the overall CSH
of bacteria.
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Fig. 3.12. The relationship between the cell surface hydrophobicity of L. acidophilus La5 (A) and B. lactis Bb12
(B) cell envelopes and the carbohydrate level (o) (r = -0.896, P<0.01 (A) and r = -0.893, P<0.01 (B)), and

Hydrophobicity, %

Hydrophobicity, %

protein content (o) (r = 0.921, P<0.01 (A) and r = 0.906, P<0.01 (B)) (Shakirova et al., 2013).
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Fig. 3.13. The relationship between the cell surface hydrophobicity and the carbohydrate level (closed symbols,
r =-0.957, P<0.001) of lipopolysaccharides, and surface protein content (open symbols, r = 0.971, P<0.001) of
Z. mobilis 113S cells. Different symbols indicate the data of independent experiments (Shakirova et al., 2008).

Analysis of L. acidophilus La5, B. lactis Bb12 and Z. mobilis 113S cell envelope FT-IR spectra
revealed substantial changes of the chemical composition depending on the CSH of bacteria. Cell
envelopes of these bacteria with different CSH exhibited noticeable variation of band absorbance and
wavenumber at the lipid (3000 — 2800 cm™), protein (1700 — 1500 cm™) and carbohydrate (1200 — 900
cm™) regions (Table 5). Comparison of Z. mobilis 113S hydrophilic and hydrophobic cells fraction
spectra showed variations of the absorption bands intensities and wavenumbers (i. e. the peak positon)
(Table 6).

In the region between 3000 cm™ and 2800 cm™, representing the absorption modes of fatty acid
chains (e.g., membrane phospholipids), significant direct relationships were found between the CSH of
Z. mobilis 113S, L. acidophilus La5, B. lactis Bb12 and the absorbance intensities assigned to the
asymmetric and symmetric stretching of methyl groups (vas (CH3) and veym (CH3), respectively) (Table
5). Furthermore, significant inverse relationships were detected between CSH of these bacteria and the
band position variation of asymmetric and symmetric stretching of methylene groups (vas (CH>) and
vsym (CHy)), respectively (Table 5).

In the spectral region between 1745 cm™ and 1735 cm™, which represents the absorption
modes of alkyl esters and fatty acids, a significant direct relationship was detected between the CSH
values of L. acidophilus La5 and B. lactis Bb12 and the absorbance intensities assigned to the alkyl
esters (>C=0 str) (Table 5).

For vibrations in the spectral region between 1700 cm™ and 1500 cm™, which represents the
absorption modes of Amide I and Amide 11, C—N str of protein and peptides amide, a significant direct
relationship was detected between the CSH of L. acidophilus La5 and B. lactis Bb12 and the band
position variation of Amide |1 and Amide Il (Table 5). In turn, inverse relationship was detected
between CSH of Z. mobilis 113S and the band position variation of Amide I, and direct relationship
between the band position variation of Amide 11 and CSH of Z. mobilis 113S (Table 5).

The spectra region between 1200 cm™ and 900 cm™, assigned to carbohydrates showed a
significant inverse relationship between the CSH of Z. mobilis 113S, L. acidophilus La5 and B. lactis
Bb12 and the absorbance intensities was detected (Table 5). At the same time, a significant positive
correlation was found between CSH of these bacteria and the band position of carbohydrate.
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Table 5. The relationship between the cell surface hydrophobicity of Z. mobilis 113S, L. acidophilus La5 and B. lactis Bb12 and FT-IR absorption band intensities and
wavenumbers (Shakirova et al., 2013).

Parameter to be FT-IR spectra band assignment and Correlation coefficient,
correlated wavenumbers Spearman’s (p)
ZM1135,n=21 LA5,n=13 Bb12,n=13
Vas (CH3) ~2955 cm™ 0.505* 0.829%* 0.705%*
CSH Vas (CH,) ~2922 cm™ 0.576** 0.898** 0.602*
and Veym (CH3) ~2872 cm™ 0.555%* 0.853** 0.641*
Absorption Veym (CH,) ~2852 cm™ 0.580** 0.909** 0.717 **
Intensities Amide | ~1660 cm™ n.d. 0.872%* 0.691%*
Amide Il ~1545 cm™ n. d. 0.852** 0.603*
>C=0 str (esters) ) ~1740 cm™ n. d. 0.697** 0.662*
C-O-C, C-O str (carbohydrates) ~985 cm™ -0.445* - 0.814** - 0.735**
CSH Vas (CHp) ~2922 cm™ - 0.649%* -0.760%* - 0.653*
Vibra?inodn band Veym (CHy) ~2852 cm™ -0.651** -0.547* - 0.645*
position/ Amide | ~1660 cm™ - 0.434* n. d. 0.584*
wavenumbers (cm™) Amide Il ~1545 cm™ 0.469* 0.797** n. d.
C-O-C, C-O str (carbohydrates) ~985 cm™ 0.645** 0.757** 0.405*

** Correlation is significant at the 0.01 level.
* Correlation is significant at the 0.05 level.
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Table 6. The variation of differences of absorption band intensities and wavenumbers between the hydrophilic and
hydrophobic cell fractions of Z. mobilis 113S (Shakirova et al., 2013).

Cell surface
properties
FT-IR spectra peaks

Hydrophilic,
n=10

Hydrophobic,
n=11

Significance
of differences (p)

Absorption intensities, A. U.***

The groups, Vas (CH3) 62.75 + 3.25 79.18 + 5.55 0.0220*
which have Vas (CH,) 34.80 + 2.39 47,82 + 453 0.0232*
variations of Veym (CH3) 9755+7.89 14514 + 1556 0.0265**
fj‘bsorp_“_on Veym (CHy) 45.45 + 4,58 72.45 +9.10 0.0017**
Intensities >C=0 str (esters) 2725+130  3541+247 0.0066**
Wavenumbers (cm™) of vibration
band maximum
Vas (CHy) 292468 +0.21  2923.61+0.27 0.0067**
L Vsym (CH3) 2873.93+0.25 2872.48 + 0.54 0.0373**
The vibration o
groups, Veym (CH) 2853.91+£0.13 2853.28 +0.18 0.0151

which have >C=0 str (esters) 173419+ 0.24 1741.84+0.81 0.0430**
WaVeQ!Jﬁmbe“ Amide | 1654.93+0.14 1653.33 +0.87 0.0410%**

| .
ShITEs Amide 1 1542.89 +0.19  1543.41 +0.16 0.0480*
C-0-C, C-Ostr (in 970.19+0.67 97557147 0.0046*

carbohydrates)

* Parametric t - test
** Nonparametric W — test
*** Arbitrary Units

In order to examine the relationships between the concentrations of proteins, carbohydrates and
lipids of L. acidophilus La5 and B. lactis Bb12 cell envelopes and FT-IR spectral data the quantitative
calibration was performed by means of the OPUS program (2" order polynomial equations). The data
obtained from FT-IR spectra quantitative analysis and biochemical determinations were found to be
consistent (Table 7).

Table 7. The principal macromolecular component concentration of L. acidophilus La5 and B. lactis Bb12 cell
envelopes, determined by chemical analyses and FT-IR methods (calibration equations) (Shakirova et al., 2013).

Analytical chemical analysis of membrane IR-quantitative analysis of membrane?

Strain Proteins Carbohydrates Lipids Proteins Carbohydrates Lipids
mg/mg™ dry biomass + S.E. mg/mg™ dry biomass + S.E.
La5 0.572+0.047 0.180+0.017 0.153+0.012 0.569 + 0.066 0.173+0.027  0.156 £ 0.020
Bb12 0.541+0.028 0.268+0.015 0.105+0.008 0.544 +0.101 0.277+£0.051  0.101£0.012

# The estimates from the quantitative calibration equations, where: X — the absorption peak intensities; Y — component
value (proteins, carbohydrates or lipids) calculated from absorption intensities (at 1660 cm™, 1088 cm™ and 2930 cm™?,
respectively).
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DISCUSSION

I The CSH examination of Z. mobilis, L. acidophilus and B. lactis strains showed (Table 1) that the
cell wall of Gram-negative bacteria Z. mobilis is much more hydrophilic in comparison with that of Gram-
positive bacteria L. acidophilus La5 and B. lactis Bb12 (Zikmanis et al., 2007; Shakirova et al., 2010).
These results are in agreement with a common view that Gram-positive bacteria should be considered as
more hydrophobic in comparison to Gram-negative organisms due to markedly hydrophobic constituents
of the cell envelope (Vanhaecke et al., 1990; Aono & Kabayashi, 1997; Nikaido, 2003; Schar-Zammaretti
& Ubbink, 2003).

Alongside with the reported data that CSH is highly strain-specific, i.e. variable at a wide range
within genera (Nikovskaya et al., 1989; Aono & Kabayashi, 1997; Kos et al., 2003; Karimi Torshizi et al.,
2008), we have detected (Zikmanis et al., 2007; Shakirova et al., 2013) that CSH can be affected by
environmental conditions (phase of cultivation and growth rate, medium composition, temperature etc.)
(Table 1 and 2).

Different carbon sources can influence the composition of cell outer membrane. Thus, the
increased glucose concentration in the growth medium leads to changed membrane properties of Z.
mobilis cells (Doelle et al., 1982), most likely leading to more hydrophobic cell surface. Similar changes
were observed during examination of different carbon source and its concentration influence on Z. mobilis
CSH (Table 2) (Zikmanis et al., 2007). Depending of the substrate concentrations, the CSH of Z. mobilis
grown in glucose medium was lower than for cells grown in sucrose. At the same time, the presence of
lactose in the cultivation medium in comparison to glucose or sucrose endowed the highest CSH values
for L. acidophilus La5 and B. lactis Bb12 (Table 2) (Shakirova et al., 2013). Similar effect on the surface
properties was reported for Lactococcus lactis grown with lactose (Kimoto-nira et al., 2010).

It is known that fructan-containing prebiotics (for example, levan) can influence the growth and
survival of probiotic LAB (Mattila-Sandholm et al., 2002). In our study the positive effect of levan on the
CSH of L. acidophilus La5 was observed, thus indicating that levan promotes not only the productivity of
probiotic bacteria (Semjonovs et al., 2008), and therefore could be used in cultivation medium in
combination with lactose to obtain more hydrophobic surface of bacteria (up to 82%) (Shakirova et al.,
2013). At the same time, the elevated CSH values (up to 43%) of Z. mobilis 113S in proportion to an
increasing concentration of added sorbitol (Zikmanis et al., 2007) were also observed at a fixed
concentration of catabolized carbon source in the medium. It is possible that this effect causes changes of
the environment-cell osmotic gradient and the compensatory responses (Wood, 1992) that reflect in
changes of structure and biochemical composition.

It should be noted that changes of cultivation temperature did not significantly affect the CSH of
both probiotic cultures (Table 2) in comparison with Z. mobilis 113S (Zikmanis et al., 2007; Shakirova et
al., 2013). The detected increase of Z. mobilis 113S CSH in response to increased cultivation temperature
(Table 2) most likely is due to the influence of temperature on the composition of membrane, as with the
increase of temperature could be changed the ratio of fatty acids and phospholipids (Benschoter & Ingram,
1986).

It is known that the oxygen can affect the metabolism and biochemical properties of
Bifidobacterium spp. Besides, it has been shown that the L. acidophilus strain is more oxygen-tolerant
(Talwalkar & Kailasapathy, 2004). In our studies diverse effects of oxygen on the CSH values were
observed under aerobic cultivation of L. acidophilus La5 and B. lactis Bb12 (Fig. 3.1.) (Shakirova et al.,
2013) that can indicate to the structural responses and surface modifications of bacteria, as Talwalkar
(Talwalkar & Kailasapathy, 2004) have reported that B. longum exposed to oxygen underwent changes in
its cellular fatty acid profiles.

Our studies showed that the surface properties of Z. mobilis can be significantly modified by
means of aliphatic alcohols and surfactants (Table 3) (Zikmanis et al., 2005; Zikmanis et al., 2007).
Aliphatic alcohols in media adversely affected the secretion of levansucrase, while the total protein
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concentration in the medium and the CSH increased with the increase of the aliphatic alcohol chain length
(Table 3). It has been reported that both lipophilic and amphiphilic compounds affect cell membranes and
reduce the barrier functions of the cell, impairing the structural integrity of membranes (Sikkema et al.,
1995; Denich et al., 2003). Surfactants could join to the membrane components forming surfactant-lipid
and/or surfactant-protein complexes, thus affecting the phase transition of membrane, and also could
reduce the lipid/protein ratio, as well as change the protein conformation and accordingly reduce the
membrane associated enzyme activity (Freis, 1977). For instance, rhamnolipid even at small concentration
could provoke LPS partial avulsion from the outer membrane, thus significantly increasing the CSH (Al-
Tahhan et al., 2000). An amplification of CSH by combined environmental factors (Fig. 3.2.) (Zikmanis et
al., 2007) suggests fairly good prospects to obtain Z. mobilis 113S with surface properties modified at a
relatively wide range. On the contrary, the observed antagonistic interactions between studied factors (Fig.
3.2.) may indicate the overall contribution of distinctly affected cell envelope components.

Il. Freezing represents a complex of stress conditions, when microorganisms undergo severe
physiological disturbances, including a reduction in of membrane fluidity (De Angelis & Gobbetti, 2004).
Membrane integrity and denaturation of macromolecules during cryoconservation have been reported as
determinants of cells survival (De Angelis & Gobbetti, 2004). Thus, for example, as the temperature
decreases, the proportion of shorter and/or unsaturated fatty acids in membrane lipids of L. delbrueckii
increases (Baati et al., 2000). Results of our study of L. acidophilus La5 and B. lactis Bb12, as well as Z.
mobilis 113S survival under adverse conditions of freeze-thawing cycle, long-term storage (Fig. 3.3.)
(Shakirova et al., 2013) or freeze-drying/rehydration (Fig. 3.4.) (Shakirova et al., 2008) and the survival
correlation with the CSH of these bacteria likely indicate the structural changes in the membrane, most
probably in membrane lipids, due to freezing. These results suggest that the index of hydrophobicity as a
general characteristic of the cell surface properties could be of value to predict the ability of intact Z.
mobilis, as well as L. acidophilus and B. lactis to endure extreme environments and should be monitored
towards lower CSH values during cultivation in order to reduce the subsequent undesirable structural and
physiological disturbances.

At the same time our studies showed that elevated concentrations of ethanol adversely influence Z.
mobilis 113S viability and hydrophilic cells have a greater potential to survive under such adverse
environments (Fig. 3.4. and 3.5.) (Shakirova et al., 2008). It is know that alcohol toxicity affects the
hydrophobic parts of the cell, most likely on the plasma membrane. Ethanol and bio-membrane interaction
results in the reduced membrane integrity (Sikkema et al., 1995) and, it was shown that aliphatic alcohol
and model-membrane interaction causes the phase transition temperature shift (Eliasz et al., 1976).

Another important environmental stres factors for LAB is the presence of acids in GIT (Mattila-
Sandholm et al., 2002; de Angelis & Gobbetti, 2004; Olejnik et al., 2005; Schar-Zammaretti et al., 2005;
Ljungh & Wadstrom, 2006; Karimi Torshizi et al., 2008). It is reported that pH values strongly influence
the bacteria viability and the presence of bile salts in the environmental of bacterial cultures is even
relatively damaging (de Angelis & Gobbetti, 2004; Olejnik et al., 2005; Karimi Torshizi et al., 2008). The
results of our investigation (Fig. 3.6. — 3.8.) (Shakirova et al., 2013) show the survival of L. acidophilus
La5 and B. lactis Bb12 as inversely proportional to the CSH level. At the same time, a direct relationship
between CSH of Bifidobacterium spp. and its pH tolerance was shown (Heller, 2001). Hence the results of
our investigation (Fig. 3.6. and 3.7.) (Shakirova et al., 2013) confirm that more hydrophilic cells have a
greater possibilities to survive under adverse environments and, moreover, irrespective to the bacterial
taxonomic affiliation, i.e. the same character of relationship remains also for Gram-negative bacteria Z.
mobilis 113S (Fig. 3.4. and 3.5.) (Shakirova et al., 2008).

Comparison of the negative effect of mineral and bile acids on the survival of both probiotic
strains showed that the decrease of survival caused by bile salts was higher than caused only by low
external pH values (Fig. 3.7. and 3.8.) (Shakirova et al., 2013), especially for hydrophobic cells. This
could indicate the destructive action of bile salts on phospholipids in cell membranes which results in the
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loss of cell integrity. It was noted that bile salts affect the lipid emulsifier and can destabilize the
membrane integrity in bacterial cells (Olejnik et al., 2005).

It was reported that bile salts in medium cause the decrease of CSH (Kos et al., 2003; de los
Reyes-Gavilan et al., 2005). Our studies (Shakirova et al., 2013) showed that the decrease of CSH of B.
lactis Bb12 after incubation in the presence of mineral acid (HCI) or bile acids (Table 4) depends on the
CSH value. It is known that cell surfaces of lactobacilli may adapt their CSH in response to the
environmental changes, such as pH reduction (Majidzadeh Heravi et al., 2011). More pronounced
decrease of CSH in presence of 3% bile acid, especially in hydrophilic cells (Table 4) could indicate the
tendency of cells to adapt to adverse environmental conditions towards by increasing their hydrophility.

It should be mentioned that a leakage of intracellular proteins into the medium as well as the
growth of proteolytic activity in direct proportion to the increasing CSH (Fig. 3.10.) (Shakirova et al.,
2013) could indicate an increase of L. acidophilus La5 permeability. Besides, in case of Z. mobilis 113S it
was observed that the concentration of total proteins in the cultivation medium increased with the increase
of CSH (Fig. 3.11.) and the decrease of levansucrase secretion (Zikmanis et al., 2007). This indicates to
the inversely proportional relationships between the secretion of levansucrase and the total protein
concentration in media. Unlike the levansucrase secretion in Z. mobilis 113S cells, the proteolytic activity
of L. acidophilus La5 increased with the total protein amount (Fig. 3.10.), i.e. alongside with the decrease
of cell permeability, that was confirmed also by the cell titration data (Fig. 3.11) gained from fluorescent
probe measurements (Tsuchido et al., 1989).

1. The macroscopic cell wall composition of L. acidophilus La5, B. lactis Bb12 and Z. mobilis 113S
cells with different hydrophobicities was determined using biochemical analysis. The observed
relationships between the CSH of L. acidophilus La5 and B. lactis Bb12 and the content of principal cell
envelope components (Fig. 3.12.) (Shakirova et al., 2013) were in agreement with a common view on the
hydrophobic character of Gram-positive bacteria cell envelopes (Ikawa & Snell, 1960; Schar-Zammaretti
et al., 2005). Some studies of microbial cell surfaces revealed that the presence of (glyco-)proteinaceous
material on the cell surface could result in a higher hydrophobicity, whereas hydrophilic surfaces could be
associated with the presence of polysaccharides (Kos et al., 2003; Schar-Zammaretti & Ubbink, 2003;
Schar-Zammaretti et al., 2005).

Generally Z. mobilis possess a normal Gram-negative cell wall consisting of a peptidoglycan
monolayer, lipoproteins, glycoproteins and LPS layer in outer membrane (Tornabene et al., 1982;
Nikaido, 2003). Observed relationships between the CSH of Z. mobilis 113S and the content of
carbohydrates and KDO in the corresponding preparations of LPS as well as the amount of cell surface
proteins (Fig. 3.13.) (Shakirova et al., 2008) confirm that cell wall of proteobacteria has prevalent
hydrophilic character (Hammarstrom et al., 1971; Osborn et al., 1972; Piater, 2005). The detected
significant correlations demonstrate that both hydrophilic (carbohydrate/LPS) and hydrophobic (surface
proteins and lipids) cell wall component ratio could be responsible for the overall CSH of bacteria.

It should be noted that even initial FT-IR spectral analysis of L. acidophilus La5, B. lactis Bb12
and Z. mobilis 113S intact cells indicated several changes in the cells macromolecular composition
depending on CSH (Zikmanis et al., 2007; Shakirova et al., 2008; Shakirova et al., 2010). To establish the
relationships between changes in the biochemical composition of bacteria cell surface and CSH the cell
envelopes of these bacteria were separated and analyzed by FT-IR spectroscopy (Shakirova et al., 2013).
FT-IR spectra of cell envelopes unlike the intact cell spectra were more informative and showed
significant changes in absorption band intensities and wavenumber shifts at the lipid (3000 — 2800 cm™),
protein (1700 — 1500 cm™) and carbohydrate (1200 — 900 cm™) regions depending on the CSH (Table 5
and 6) (Shakirova et al., 2013).

It is known that various structural rearrangements in bacterial envelopes caused by changes of the
H-bonding, charge/dipole, hydrophobic and van der Waals interactions amongst others damage the
permeability barrier and therefore, could reduce the vital functions of cells (Blyholder et al., 1995;
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Nikaido, 2003). The spectral region from 3100 cm™* to 2800 cm ™ is dominated by the absorption modes
of lipid aliphatic chains (Naumann, 2002; Wang et al., 2010). There are IR absorption bands due to
antisymmetric and symmetric modes of the methyl chain at about 2960 cm™* and 2880 cm’
correspondingly. The observed changes of FT-IR spectral indices assigned to vas (CH3) and vsym (CHa)
vibrations indicate alternations in the orientation of methyl groups and in the chain packing mode of
aliphatic residues (Sato et al., 2001) with the increase of L. acidophilus La5, B. lactis Bb12 un Z. mobilis
113S CSH values (Table 5). At the region near 2920 cm™* and 2850 cm?, there are IR absorption bands,
which arise due to antisymmetric and symmetric modes of the methylene chain (vas (CH>) and vsym (CH)),
respectively. The wavenumbers of the absorption maximum of these bands could be conformation-
sensitive and respond to the temperature induced changes of the trans-gauche ratio in acyl chains
(Naumann, 2002; Kilimann et al., 2006).

IR bands at 1740 and 1725 cm ' due to the stretching of the C—O bond of 1,2-diacylglycerolipid
bi-layers in esters are also sensitive to the physical state of lipids (Decca et al., 2007). The L. acidophilus
La5 and B. lactis Bb12 FT-IR spectral analysis showed the significant correlation between intensities of
these absorption bands and the CSH values (Table 5).

Amide | and Amide Il bands are two major characteristics of protein in the IR spectrum. The
Amide | band (between 1700 and 1600 cm™) is mainly associated with the C=0 stretching vibration and is
directly related to the backbone conformation. Amide Il band results from the N-H bending vibrations and
the C-N stretching vibrations. Amide bands also can be conformationally sensitive (Nichols et al., 1985).
It is known that an increase in amide hydrogen-bonding causes the decrease of Amide | and increase of
Amide Il absorption band position, i.e. wavenumbers (Alvarez et al., 1987). Hence, the observed changes
of FT-IR spectra indices assigned to Amide | and Amide Il bands (Table 5) could be attributed to the
conformational changes of the protein along with the changes of its concentration with increasing CSH
values of L. acidophilus La5, B. lactis Bb12 and Z. mobilis 113S.

The IR spectra region from 1200 to 900 cm™* is mostly dominated by a sequence of bands due to
C-O, C-C, C-0O-C and C-O-H stretching vibrations of various oligo- and polysaccharides (Naumann,
2002) and these groups mainly occur in carbohydrates. The observed decrease of absorbance band
intensities and significant wavenumber shift of bands assigned to carbohydrate vibrations along with the
increase of L. acidophilus La5, B. lactis Bb12 and Z. mobilis 113S CSH values (Table 5) indicate the
decrease of carbohydrate content in bacteria cell walls (Naumann, 2002; Bosch et al., 2006).

The observed multiple correlations between the concentration of proteins, carbohydrates and lipids
of Z. mobilis 113S, L. acidophilus La5 and B. lactis Bb12 cell envelopes, indices of FT-IR spectra and
CSH values indicate that the biochemical composition of these bacteria cells are closely linked with the
CSH and reflect the complex relationships between hydrophilic (carbohydrates) and hydrophobic
(proteins and lipids) cell envelope constituents.

Besides, the quite similar data of protein, carbohydrate and lipid concentrations of L. acidophilus
La5 and B. lactis Bb12 cell envelopes obtained by quantitative analysis of FT-IR spectra and conventional
biochemical methods (Table 7) (Shakirova et al., 2013) suggest that FT-IR spectroscopy could be
considered as a convenient approach for the quantitative and qualitative studies of bacterial cell envelopes.
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CONCLUSIONS

. The methods of experimental design allow to specify the physiological factors (carbon sources and
their concentrations, temperature, growth phase, presence of oxygen and amphiphilic compounds) that
alter and modify the cell surface hydrophobicity of ethanologenic (Z. mobilis 113S) and probiotic
bacteria (L. acidophilus La5 and B. lactis Bb12).

. Various carbon sources differently affect the cell surface hydrophobicity of ethanologenic and
probiotic bacteria. Lactose in growth media significantly increases the cell surface hydrophobicity of
L. acidophilus La5 and B. lactis Bb12, while sucrose in growth media increases the cell surface
hydrophobicity of Z. mobilis 113S.

. The cell surface hydrophobicity of ethanologenic (Z. mobilis 113S) and probiotic bacteria (L.
acidophilus La5 and B. lactis Bb12) can be increased by elevating carbon source concentrations. The
cell surface hydrophobicity of L. acidophilus La5 significantly increases in proportion to fructose
polymer (levan) concentration irrespective of total environmental osmolality.

. An inverse linear relationship was approved between the cell surface hydrophobicity of ethanologenic
and probiotic bacteria and the survival of cells after cryoconservation and storage, as well as under
adverse (mineral acid, bile acids, ethanol) environmental conditions. At low external pH, as well as at
presence of bile acids, the resistance of probiotic lactic acid bacteria L. acidophilus La5 is higher than
of B. lactis Bb12.

. Cultivation conditions that ensure the cell surface hydrophobicity at the range of 15% - 25% for
ethanologenic (Z. mobilis 113S) and 35% — 50% and probiotic bacteria (L. acidophilus La5 and B.
lactis Bb12), promote improved survival of the cells under adverse environmental conditions.

. A direct linear relationship was approved between the probiotic culture L. acidophilus La5 cell surface
hydrophobicity and the proteolytic enzyme activity, whereas Z. mobilis 113S levansucrase secretion in
the medium decreased with an increase of cell surface hydrophobicity.

. Assessment of the biochemical composition (proteins/lipids/carbohydrates) of ethanologenic and
probiotic bacteria cell envelopes confirmed that changes of the cell surface hydrophobicity of Gram-
negative bacteria are indicated by the absorption band position and intensity changes in specific
regions of FT-IR spectra, assigned to lipids and carbohydrates, while for Gram-positive bacteria also
protein and ester band characteristics are significant.
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THESES FOR DEFENCE

. Cultivation conditions (carbon sources and their concentrations, temperature, growth phase, presence
of oxygen and amphiphilic copmpounds) directly allow to affect the surface properties (cell surface
hydrophobicity, membrane permeability, adhesion of the cells) of ethanologenic (Z. mobilis 113S) and
probiotic bacteria (L. acidophilus La5 and B. lactis Bb12).

. The physiological resistance under adverse environmental factors (freezing/thawing; freeze-
drying/rehydration; cryoconservation; presence of mineral and bile acids) of ethanologenic (Z. mobilis
113S) and probiotic bacteria (L. acidophilus La5 and B. lactis Bb12) is inversely proportional to the
values of cell surface hydrophobicity.

. The secretion of hydrolytic enzymes in the medium by ethanologenic and probiotic bacteria is
correlatively related to the cell surface hydrophobicity. The proteolytic enzyme activity of L.
acidophilus La5 increases, but the levansucrase secretion in the medium by Z. mobilis 113S decreases
with the increase of the cell surface hydrophobicity.

. Changes of the cell surface hydrophobicity of ethanologenic (Z. mobilis 113S) and probiotic bacteria
(L. acidophilus La5 and B. lactis Bb12) are linked to the biochemical composition (proteins/lipids/
carbohydrates) of cell envelopes and could be monitored by variations of appropriate FT-IR spectra
absorption band wavenumber and intensity values. Changes of the cell surface hydrophobicity of
Gram-negative bacteria are reflected by the absorption band position and intensity variations in lipid
and carbohydrate-specific region, but for Gram-positive bacteria the protein and ester band
characteristics are also essential.
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