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Abstract

Fructooligosaccharides (FOS) are prebiotic carbohydrates consisting of fructose residues
connected by [3-(2-1) bonds. Since they are widely used as dietary fibres, the mechanism
of their utilization by lactic acid bacteria (LAB) is of great scientific interest. Novel strain
of P. acidilactici PD3 was isolated and identified by 16S rDNA sequencing. In vivo ability
of the strain to ferment FOS was demonstrated during batch fermentations of 100 g/l
chicory flour at different pH and temperatures. Aiming to determine the genes putatively
involved in FOS utilization, a genome library of P. acidilactici in Escherichia coli DH5_ was
constructed. Two clones possessed significantly enhanced growth in medium, containing
FOS. The sequence analysis of the inserted heterologous fragments revealed that two
different sugar transport systems are involved in FOS uptake: Phosphoenolyruvate-
dependent Phosphotransferase system (PTS), and Major Facilitator Superfamily
permease (MFS transporter). The obtained results showed that the oligomers of fructose
are transported via alternative ways into the cell, thus achieving good growth of P.
acidilactici in prebiotic environment.

Pe3ome

®pykTooaurozaxapuaute (FOS) ca npeGUOTHYHU BBrJIEXHUAPATH, ChCTOSIIU Ce OT
ocTaTbly OT GPyKTO3a, CBbp3aHU 4ype3 [-(2-1) Bpb3kU. Tl KaTo Te ce M3MOJI3BAT
IIUPOKO KaTo JAUeTHUYHU GUOPH, MeXaHM3M'bT Ha TAXHOTO M3MNO0J3BaHE OT
miiedHokucenn 6aktepuu (MKB) e or ronsm HaydyeH uHTepec. HoBusAT mam Ha P.
acidilactici PD3 6emie usosvpaH U uaeHTUGULIMpPaH ype3 cekBeHupaHe Ha 16S rPHK. In
vivo crmoco6HocTTa Ha 1mama ga ¢epmentupa FOS e peMoHcTpupaHa nmo BpeMe Ha
nepuoguyHa ¢epmeHtauus Ha 100 g/l 6pamiHO OT UUKOpPHUA NpU pas3iudyHU pH u
TeMmnepatypu. C Len Jga ce onpejensaT TeHUTe, NpeJnoJaraeMo y4acTBallld B
u3nosizBaHeTo Ha FOS, e usrpazeHa reHomMHa 6ubsaroTeka Ha P. acidilactici B Escherichia
coli DH5a. /IBa k/10HA MpuUTeXaBaT 3HAYUTENHO 3aCUJIEH PACTeX B CpeJia, ChAbprKalla
FOS. AHa/iu3bT Ha MOCJAeJ0BaTEJHOCTTAa HA BMbKHATUTE XEeTEPOJIOKHU (pparMeHTH
pa3KpuBa, ue B ycBosiBaHeTo Ha FOS yyacTBaT /iBe pa3iIMYHU CUCTEMH 32 TPAHCIOPT HA
3axapu: ¢ocdoeHosMpyBaT-3aBUCcUMaA cucTeMa Ha ¢ocdoTpaHcdepasa (PTS) u MFS
TpaHcnopTep. [losydyeHUTe pe3yJTaTH NOKa3BaT, ye OJMroMepuTe Ha GpyKTo3a ce
TPAHCIOPTUPAT MO AITEPHATUBHU HAYUHU B KJIETKATA, KaTO M0 TO3W HAYUH Ce MOCTHUTa
Jl00bp pacTex Ha P. acidilactici B npe6buoTnyna cpeja.



2. The cell wall anchored p-fructosidases of Lactobacillus paracasei:
Overproduction, purification, and gene expression control

Petya Velikova, Kaloyan Petrov, Penka Petrova

Process biochemistry, Elsevier Ltd., 2017, vol. 52, 53-62.

Abstract

Cell wall bound B-fructosidases (exo-inulinases, EC 3.2.1.80) of the probiotic bacterium
Lactobacillus paracasei are the key enzymes involved in fructo-oligosaccharide (FOS)
prebiotic fiber utilization. They consist of conservative catalytic region and large variable
part with different number of Big3 domains for peptidoglycan binding. In this study, the
first overproduction and purification of two different enzymes of this class (InuB41 and
InuLC1) was reported. The biochemical features analysis showed similar pH, temperature
optima and stabilities of both enzymes, not influenced by the cell-wall anchoring part.
Substrate specificity revealed that InuB41 has the highest affinity to short-chain inulin,
while InuLC1 possess highest affinity to levan. Despite the predicted difference of 80
amino acids, the molecular weight of both purified exo-inulinases is equal (~100 kDa),
probably due to enzyme truncation at the “hot loop” structure formed after the second
Big3 domain. New data revealing the putative mechanism of catabolite repression on fos
operon were obtained by engagement of the unique capability of the studied L. paracasei
strains to utilize starch-inulin mixed polysaccharide sources. The performed combined
gene transcription assay proved that starch and inulin are utilized simultaneously, since
the genes encoding amylopullulanase and B-fructosidase fall under common expression
control.

Pe3ome

CBbp3aHUTE C KJETbUHUTE CTeHU PpyKTo3uAasu (ek3o-uHysuHasu, EC 3.2.1.80) Ha
npo6uoTudHaTa 6akTepus Lactobacillus paracasei ca k/1040BUTE €H3UMH, YYaCTBAIlU B
M3M0JI3BaHETO Ha MPeOGUOTUYHU BJIaKHA Ha ¢pykTo-osuroszaxapugute (FOS). Te ce
CbCTOSIT OT KOHCEpPBAaTHMBHA KaTaJMUTUYHA 06JIaCT U TroJisMa MPOMEHJIMBA 4YacCT C
passindeH 6poi Big3 foMeliHu 3a cBbp3BaHe Ha MeNTHU/IOIJIMKaHa. B ToBa nmpoy4yBaHe ce
Ccbh06I11aBa 33 MbPBOTO CBP'BXIIPOU3BO/ICTBO U IPEYUCTBAHE HA /IBA PA3JIMYHU EH3UMa OT
T03U KJac (InuB41 u InuLC1). AHa/IM3 BT HA GUOXUMHUYHHUTE XapaKTePUCTUKU MMOKa3Ba
cxoAHU pH, TeMnepaTypHU ONTUMYMH M CTAaOMJIHOCTH Ha JiBaTa €H3MMa, KOUTO He ce
BJIMSAAT OT 3aKpelBalllaTa 4YacT Ha KJeTbuHaTa cTeHa. InuB41 nma Hail-BUCOK aQUHUTET
KbM KbCOBEPWXKHUA UHYJIUH, AoKaTo InuLCl npuTexaBa Hal-rosisM apUHUTET KbM
JieBaH. BbIipeku nporHosupaHaTa pasauka oT 80 aMMHOKHUCEJTMHH, MOJIEKYJTHOTO TETrJi0
Ha JBeTe MNpPEYUCTEHU eK30-uHyJrMHa3u e paBHO (~100 kDa), BeposiTHO mnopaau
ChbKpalllaBaHe Ha €H3UMHM B CTPyKTypaTa Ha ,ropeuuss KOHTyp“, ob6pasyBaHa CJeJ
BTOpUsA JoMeiH Big3. HoBu [gaHHM, paskpuBallu MpejnojaraeMusi MeXaHH3bM Ha
KaTaboJIMTHATa pernpecusi Bbpxy fos omepoHa ca moJjiydeHU 4ype3 JIeMOHCTPUpaHe Ha
YHUKaJIHaTa CIOCOOHOCT Ha U3cJe/iBaHUTe LaMoBe L. paracasei ja U3no/3BaT cMeceHHU
HUILleCTe-UHYJIMH MOoJIM3axapuaHu cyocTpaTu. [IpoBeieHUAT KOMOUMHUPAH aHA/IKM3 Ha
reHHaTa TpPaHCKPUIILMSA Jl0Ka3a, Ye HHUILNeCTeTO U HWHYJUHBT Ce U3IM0J3BaT
e/JHOBPEMEHHO, T'bil KaTO TeHUTe, KOAUpAIM aMuJonyJysaHasa U (-opykro3uzaasa
MOMa/[aT MO/ 00611 eKCTPeCUOHEH KOHTPOJI



3. Starch utilization routes in lactic acid bacteria: New insight by gene expression
assay

Petya Velikova, Anton Stoyanov, Galya Blagoeva, Luiza Popova, Kaloyan Petrov, Velitchka
Gotcheva, Angel Angelov, Penka Petrova

Starch - Starke, 2016, vol. 68 (9-10), 953-960.

Absract

The annotation of full genomes of amylolytic lactic acid bacteria (ALAB) leads to
conviction that many of them contain a basic pool of chromosomal genes, responsible for
starch hydrolysis. However, only the strains that are forced to survive in starchy
environment are able to display these genetically determined properties. The aim of the
present work is to investigate the genes actually engaged in starch utilization by ALAB
using gene transcription assay. Twenty five new ALAB strains, belonging to 11 distinct
species of four genera were isolated and analyzed. Among them, the first amylolytic
Lactobacillus sakei, Enterococcus faecium, and E. durans were reported. The presence and
expression of the genes amyl, glgP, glgB, agl, malL, treC, and dexC were examined.
Although all strains possessed extracellular and cell-bound amylase activity and produced
lactic acid from starch, high genus and species specificity in the gene expression was
observed. ALAB strains of genus Lactobacillus (except L. sakei)andP.
acidilacticiownandexpress all the tested genes, while E. faecium and E. durans strains
expressed predominantly the gene, encoding amylase. The co-transcription of glgP and
glgB genes indicates that glycogen synthesis and starch degradation occur in parallel,
which is another example for dual metabolic role of biochemical paths.

Pe3ome

AHOTHpaHeTO Ha I'bJIHU TEHOMM Ha aMHUJIOJIUTUYHHU MJedyHOKUcenr 6akTepuu (ALAB)
BO/IU /10 YOEXKJeHUETO, Ye MHOIO OT TSX Ch/’bP>KaT OCHOBEH HAG0P OT XPOMO30MHHU I'eHH,
OTrOBOPHM 3a XW/poJiM3aTa Ha HuulecteTo. CaMo LjaMOBeTe, KOUTO ca NMPUHYJEeHH Ja
oLleJISIBaT B CKOPOSIJIHA CPeJia, ca B CbCTOSIHUE J1a TOKAXaT Te3U reHETUYHO 00YCJIOBEHU
cBoMcTBa. llesTa Ha HacTosiaTa paboTa e Jja ce u3cJie/iBaT FeHUTE, peaJHO aHTaXKUPaHHU
C W3M0JI3BaHeTO Ha Hullecte oT ALAB, kaTo ce u3moJsi3Ba aHa/lM3 Ha TeHHATa
TpaHCcKpunuud. /IBageceT U net HOBU waMa ALAB, npuHazuiexxaiy KkbM 11 pasivdyHu
BU/]a OT YeTUPH PO/ia, 6s1xa U30JMPAHU U aHaIU3WpaHu. CpeJi TSX ca ChOOIeHU I'bPBUTE
amusonuTUuHU Lactobacillus sakei, Enterococcus faecium u E. durans. [IpucbcTBHETO U
eKkcripecusata Ha reHute amyl, glgP, glgB, agl, malL, treC u dexC 6sixa u3cJjieJBaHHU.
Bblipeku 4ye BCUYKU I1aMOBE MPUTEXKABAaT H3BbHK/JIETbUYHA M CBbpP3aHA C KIJIETKHU
aMuJla3Ha aKTUBHOCT U MPOU3BEX/JAT MJeYHA KUCeJMHA OT HUIIecTe, ce HabJo/aBa
BHCOKa pO/l0Ba U BU/I0BA cielluPpUYHOCT B reHHaTa ekcrnpecus. ALAB mamMoBe oT poj
Lactobacillus (c usknrwouyenue Ha L. sakei) u P. acidilacticiownandexpress ekcnpecupat
BCUYKH TeCTBaHU reHH, JokaTto mamoBeTe E. faecium u E. durans ekcnpecupart
npeAyMMHO T'eHa, KoAupall aMmuaasa. CbBMecTHaATa TpaHCKpuUnIysa Ha glgP u glgB renu
MI0Ka3Ba, Ye TJIMKOIeHOBUST CUHTE3 U PA3TPaK/JaHETO Ha HUIIECTETO Ce MOsSBSABAT
napaJieJlHo, KOeTo e JApYyr npuMep 3a JABOMHA MeTabGoJIMTHA PoJisi HA OHMOXHMHUYHHUTE
I'bTHUINA.



4. Structural and functional analysis of PUR2,5 gene encoding bifunctional enzyme
of de novo purine biosynthesis in Ogataea (Hansenula) polymorpha CBS 4732T
Anton Stoyanov, Penka Petrova, Dimitrinka Lyutskanova, Kantcho Lahtchev
Microbiological Research, 169, 5-6, Elsevier GmbH, 2014, 378-387.

Abstract

We describe the cloning, sequencing and functional characterization of gene PUR2,5,
involved in de novo purine biosynthesis of the yeast Ogataea (Hansenula) polymorpha.
This gene (2369 bp) was cloned by genetic complementation of adenine requiring
mutation. It encodes a bifunctional enzyme of 789 amino acids (85 kDa) that catalyzes the
second and the fifth steps of de novo purine biosynthesis pathway and shows dual
enzymatic activity - of glycinamide ribotide synthetase (GARS, EC 6.3.4.13) and of
aminoim-idazole ribotide synthetase (AIRS, EC 6.3.3.1). Nucleotide sequence analysis
revealed the presence of putative regulatory elements located in the adjacent 5'-region.
Canonical motives that function as binding sites for BAS1 transcription activator were
found at positions (-593) and (-389). The putative TAATTA-box was located at (-20) to
(-14) and AT-rich heteroduplex was found in the 3'-non-translated region. We compared
the amino acid sequence of OpPUR2,5p with those of the corresponding enzymes of other
yeast species as well as with distant organisms like bacteria Escherichia coli and human
Homo sapiens. A successful disruption of OpPUR2,5 gene was done. It was found that
OpPUR2,5::LEU2 replacement affects both mating and sporulation processes. OpPUR2,5
sequence is deposited in the GenBank of NCBI with accession no. JF967633.

Pe3ome

OnurcBaMe KJIOHUPAHETO, CeKBEHUpPaHeTO U QyHKIMOHA/JHATa XapaKTePUCTHUKA Ha reH
PURZ2,5, yyacTBaiy B de novo nyprHoBa 6uocuHTe3a Ha gpoxauTte Ogataea (Hansenula)
polymorpha. To3u ren (2369 bp) e KJOHHUpPaH OT Fr€HETUYHO AOI'bJIBaHE HA aJIEHUH,
M3KCcKBalo MyTauus. Tol kogupa 6MPyHKIMOHAIEH eH3UM OT 789 aMUHO KHceauHHU (85
kDa), kosaTo KaTasM3Wpa BTOpaTa MU MeTaTa CThIKAa HA MbT HAa HOBOCHUHTE3a Ha
IYPUHOBM HOBOPOJEHM M NOKa3Ba /BOMHA €H3MMHa aKTUBHOCT - Ha TJIMLUHAMU/,
pubotus cuHtetasza (GARS, EC 6.3.4.13) 1 Ha aMUHOMMHM/IAa30J1 PUOBOTHUJ CUHTETa3a
(AIRS, EC 6.3.3.1). AHa/1M3'bT HA HYKJIEOTUJHATA NOC/A€I0BAaTEJTHOCT Pa3KPU HAJIUYHUETO
Ha MpejloJjiaraeMU peryJaTOPHU eJleMeHTH, pPa3NoJIOKEHU B CbCeAHUSA 5' peruvoH.
KaHOHWYHU MOTHBH, KOUTO PYHKIIMOHUPAT KaTO 06BbP3BAlIM Ca OTKPUTU CAaUTOBE 3a
aKkTUBaTOp Ha TpaHckpunuus BAS1 B mosunuu (-593) u (-389). [Ipexanosiaraemara
TAATTAbox ce nHamupa Ha (-20) go (-14) u 6oraT Ha AT XeTepoayI/ieKkc e HaMepeH B 3'-
HeTpaHCAMpPaHUS peruoH. CpaBHUXMe aMHHOKHUCEJHWHHATA I0C/Ae[0BAaTEJHOCT Ha
OpPUR2,5p ¢ Ta3su Ha CbOTBETHUTE €H3MMM Ha JAPYrd BUJOBE JPOXKAHU, KAKTO U C
JlaJiedHU opraHu3Mu KaTo 6aktepuu Escherichia coli u yoBeka Homo sapiens. Bemie
HalpaBeHO yclellHo pa3pyliaBaHe Ha reHa OpPUR2,5. YcTaHOBeHO e, ye 3aMeCTBaHETO
Ha OpPUR2,5 : LEUZ BiMsie KaKTO MpOLEeCUTe Ha KpbCTOCBaHe, Taka MU Ha
cnopoo6pasyBaHe. [lociegoBatennoctta OpPUR2,5 ce nenosupa B GenBank Ha NCBI ¢
npucbeauHsaBaHe 6p. JF967633.



5. Purification and properties of a new recombinant cyclodextrin
glucanotransferase from E. coli BL21 (DE3) pJCGT8-5

Penka Petrova, Iva Tomova, Kaloyan Petrov, lordan Nikov, Alexandra Tonkova

Comptes rendus de I’Academie Bulgare des Sciences, 66(10), 2013, 1437-1444

Abstract

A new recombinant cyclodextrin glucanotransferase JCGT8-5 (CGTase, EC 2.4.1.19)
produced by E. coli BL21(DE3) cells was purified by ultrafiltration, starch adsorption and
gel filtration with a yield of 34% and displayed a specific activity 35683 U mg-1. The
purified recombinant CGTase exhibited molecular weight of 75.5 kDa estimated by SDS-
PAGE. It was active at 60-65 °C, stable at a broad pH range (5.0-11.0) and retained more
than 50% of its original activities after a heat treatment at 70 °C for 1 h without additives.
The enzyme produced high amounts of cyclodextrins (CDs) from raw starch (12.0-12.2
mg ml-1) and the products formed were 22% y-cyclodextrin (CD), 1% «o-CD and 77% f3-
CD after 2 h incubation at 60 -C, without adding any selective agents.

Pe3ome

HoBa pekoMOWHaHTHaA LUKJIOJEKCTPUH TaokKaHoTpaHcpepasa JCGT8-5 (CGTase, EC
2.4.1.19), npousBegeHa oT kijeTku E. coli BL21 (DE3), ce mnpeuucTBa upes
yaTpaduaTpanus, afcopouysa Ha HULIeCTe U reja ¢uatpayus ¢ JoobuB 34% v nokassa
cnenudryHa akTuBHOCT 35683 U mg -1. llpeuncreHata pexkomb6buHaHTHa CGTase
NoKa3Ba MoJieKyJIHO TerJio oT 75,5 kDa, nusuucieno upe3 SDS-PAGE. Toii 6eliie akTUBEH
npu 60-65 °C, crabusieH npu mKMpok Auana3zoH Ha pH (5,0-11,0) v 3ana3u noBeye oT 50%
OT MMbpPBOHAYA/JIHATA CH aKTHUBHOCT cJjef] TepMU4YHa o6paboTka npu 70 °C 3a 1 h 6e3
Jl00aBkU. EH3UMBT NpoM3Bex/a rojieMu KojruyecTBa IjukaogekcTpruHu (CD) ot cypoBo
Humecte (12,0-12,2 mg ml - 1) u o6pa3yBaHuTe NpoAyKTH ca 22% Y-LUKJIOAEKCTPUH
(CD), 1% a-CD u 77% B-CD cnep 2 yaca nuky6anus npu 60 C, 6e3 jo6aBssHe Ha HUKaKBU
CeJIeKTUBHU areHTH.

Ny6avkanuu no kputepui B Ha [III3PACPB

1. Lactic acid fermentation of cereals and pseudocereals: ancient nutritional
biotechnologies with modern applications

Petrova P., Petrov K.

Nutrients, 2020, 12(4), 1118.

Abstract

Grains are a substantial source of macronutrients and energy for humans. Lactic acid (LA)
fermentation is the oldest and most popular way to improve the functionality, nutritional
value, taste, appearance and safety of cereal foods and reduce the energy required for
cooking. This literature review discusses lactic acid fermentation of the most commonly
used cereals and pseudocereals by examination of the microbiological and biochemical
fundamentals of the process. The study provides a critical overview of the indispensable
participation of lactic acid bacteria (LAB) in the production of many traditional, ethnic,
ancient and modern fermented cereals and beverages, as the analysed literature covers
40 years. The results reveal that the functional aspects of LAB fermented foods are due to
significant molecular changes in macronutrients during LA fermentation. Through the
action of a vast microbial enzymatic pool, LAB form a broad spectrum of volatile
compounds, bioactive peptides and oligosaccharides with prebiotic potential. Modern



applications of this ancient bioprocess include the industrial production of probiotic
sourdough, fortified pasta, cereal beverages and “boutique” pseudocereal bread. These
goods are very promising in broadening the daily menu

of consumers with special nutritional needs.

Pe3ome

3bpHEHUTE XpPaHU Ca ChblLIeCTBEH U3TOYHUK Ha XpaHUTEJHHU BellleCTBa U eHeprus 3a
xopaTa. MyeyHoKHcesaTa pepMeHTaLUs € HaW-CTapuAT U HaW-MOoNyJspeH Ha4yMH 3a
noso06psiBaHe Ha PYHKIIMOHAJHOCTTA, XpaHUTEJHAaTa CTOMHOCT, BKyCa, BbHIIHUSA BUJ, U
6e30MacHOCTTa Ha 3bPHEHUTEe XpaHU M HaMaJisiBaHe Ha eHeprusATa, HeobxoAuMa 3a
roTBeHe. To3u nperJies Ha JiMTepaTypaTa 006ChXKJa MJIe4HOKHCceaTa GpepMeHTal U Ha
Hall-4eCcTO U3M0JI3BaHUTE 3bPHEHU U NCEBJO3bPHEHU KYJITYpU 4ype3 H3CJeJBaHe Ha
MUKPOOMOJIOTUYHUTE U OMOXMMHUYHHATE OCHOBHU Ha npoueca. 3ciegBaHeTo npesocTaBs
KpPUTHYEH NperJie/i Ha 3alb/DKUTEJHOTO yyacTHe Ha MyedHOoKUceauTe 6aktepuu (MKB)
B INPOU3BOACTBOTO HAa MHOrO TpPaJWLMOHHU, €THHUYECKH, JJpEBHU U CbBPEMEHHU
dbepMeHTHUpaJU 3bPHEHU XPaHU U HANUTKH, ThU KaTO aHa/M3MpaHaTa JUTepaTypa
obxBaia 40 roguHu. PesystatuTe pa3kpuBat, ye QyHKIMOHaMHUTe acieKTH Ha MKB-
dbepMeHTHUpaJIUTE XPaHU Ce Ab/KAT Ha 3HAYUTEJHU MOJIEKYJISIPHU IPOMEHHU 110 BpeMe
Ha ¢depMeHTayusaTa. Upe3 AelcTBUETO Ha 06UIMpeH MUKpobOeH eH3uMeH nysa, MKB
obpa3yBaT UIMPOK CHEKTbP OT JIETJUBU CbeJUHEHUs, OUOAKTUBHU MNENTUIU U
OJIMrO3axXapu/iu C NpebuoTUYeH NoTeHnual. CbBpeMeHHHUTe NPUJIOKEHUS Ha TO3U
JipeBeH OHoMNpoLec BKJIKYBAT MPOMUIIJIEHOTO MPOU3BOACTBO Ha NPOOMOTHUYHA
3aKBacCKa, OJICUJIEHN TeCTEeHU WU3/eJHs, 3bPHEHU HAallUTKU U ,,0yTUKOB" ICEBLO3bPHEH
x/1516. Te3n cTOKMU ca MHOro obellaBaly 3a pa3lIMpsSiBaHE Ha eXeJHEBHOTO MEHI0 Ha
NOTpPeOUTEINTE ChC ClIeljMa/IHU XPaHUTENTHHU HYK/U.

2. Microbial biodegradation as an option for waste utilization during long-term
manned space missions

Hr. Najdenski, V. Hubenov, I. Simeonov, V. Kussovski, L. Dimitrova, P. Petrova, P. Angelov,
L. Kabaivanova

Bulgarian Chemical Communications, 2020, vol. 52 (3)

Abstract

Planned space flights in foreseeable future to Mars pose many important issues to be
solved by nowadays science, especially the problem of organic wastes accumulated in
large quantities. The flight from Earth to Mars takes about 520 days. The crew possibly
could consist of 6 cosmonauts, each of them needing daily: oxygen (1 kg of liquid), water
(1-2 litres), food (2-3 kg). The total weight is about 5 kg/day or 30 kg/day for the entire
crew. During long-term manned missions, the wastes are prohibited to be disposed of in
space. They must be recycled. It is known that specific bacteria are able to convert waste
substrates into usable nutrients and minerals. The enormous challenge is: reducing the
volume of wastes to generate liquid and gaseous fractions which could be used in the
production of food, water and oxygen. Simultaneously, some biogas is obtained as a
source of energy. We present the development of a process of biodegradation of cellulose
containing substrates similar to personal hygiene materials for cosmonauts by selected
non-pathogenic bacteria. Experiments were conducted in terrestrial conditions where a
degree of biodegradation of 72% of cellulose containing substrates at anaerobic,
mesophilic conditions was realized. The selected bacterial community was genetically
identified. The most abundant species were Bacteroides oleiciplenus, Clostridium



butyricum, and Ruminiclostridium papyrosolvens. Concentration and profile of volatile
fatty acids accompanying the biodegradation process in a bioreactor were also followed.
Pe3ome

[lmaHupaHUTe KOCMUYECKHU MOJIETU B 0003puMMO Objelle A0 Mapc nmocTaBAT MHOTO
Ba)XHM BBIPOCH, KOUTO TpsbOBa Ja ObAaT pelleHU OT JHellHaTa HayKa, 0COOeHO
npo6JieMa ¢ OpraHUYHUTE OTNAa/bli¥, HATPYNaHU B rojeMu KoJsudecTBa. [losieThT OT
3emaTa A0 Mapc oTHema okoJsio 520 aHMU. ExMnaxxbT MoKe JAa ce CbCTOU OT 6
KOCMOHABTH, BCEKH OT KOUTO Ce HyK/iae exxeJHEBHO: Kucaopo/, (1 kr TedHocT), Boza (1-
2 nuTpa), xpaHa (2-3 kr). O6uioTo TerJso e okoJsio 5 kr/geH uau 30 Kr/aeH 3a ueaus
eknnax. [lo BpemMe Ha A'bJITOCPOYHU NUJIOTUPAHU MUCHUM OTHAAbLUTE ca 3abpaHeHHU Ja
ce U3XBBPJAT B KocMmoca. Te Tpsb6bBa Ja ObJaT peunukgupaHu. HM3BecTHo e, 4ye
cnenMPpUIHMTE OAKTEPUU Ca B CbCTOSIHME Ja MpPEeBbpPHAT OTHNAaJbYHUTE CyOCTPATH B
M3I0J13BaeMU XPAaHUTEJNHHU BellecTBa U MUHepaau. OrpOMHOTO NpeAu3BUKATEJICTBO €:
HaMaJsifiBaHe Ha o6eMa Ha OTHaJbLiMTE 3a reHepHpaHe Ha TeYHU U ra3oobpasHuU
dpakuuy, KOUTO MoraT Ja O0'’bAaT W3M0JI3BaHU 3a NPOU3BOACTBOTO Ha XpaHa, BoJa U
Kucjaopoa. EfHOBpeMeHHO ¢ ToBa ce MoJiyyaBa OHMora3 KaTO MU3TOYHUK Ha e€Heprus.
[IpencTraBsiMe pa3BUTHETO Ha MpolLeCc HA 6MoOpasrpaXkJaHe Ha CyOCTpaTH, ChAbpKally
eJy/103a, NOA00HM Ha MaTepuald 3a JMYHA XUTHMEHa 3a KOCMOHABTH OT HU30paHU
HelaToreHHU 6aKTepuu. EKcriepuMeHTHTe 65ixa IPOBEJIEHU B 3€MHU YCJI0BUS, KbJIETO
Oellle peaJiM3UpaHa CTelleH Ha OUopasrpaxaaHe Ha 72% oT cybCcTpaTH, ChAbprKallly
1jes1yJio3a IpU aHaepoOHHU, Me30PUIHU YyCa0BUSA. M36paHaTa 6GaKTepuasiHa OOLHOCT e
reHeTUYHO UJeHTUuUUUpaHa. Hal-pasnpoctpaneHuTe BUAOBe ca Bacteroides
oleiciplenus,  Clostridium  butyricum u  Ruminiclostridium  papyrosolvens.
KoHueHTpanusaTa ¥ NpoduyabT Ha JIETJIWBUTE MACTHU KHUCEJMHH, NMPHUAPYKABAIIU
npoleca Ha 6ropasrpakaHe B 6MOpeaKTop, ChILo 651Xa Npocie/eHH.

3. Microbial production of 1-butanol - recent advances and future prospects
Tsvetanova F., Petrova, P., Petrov, K.

Journal of Chemical Technology and Metallurgy, University of Chemical Technology and
Metallurgy, Bulgaria, 2018, vol. 53 (4), 683-696

Abstract

Butanol is an alcohol that can be obtained by fermentation of organic feedstocks sugars.
Biobutanol is soon expected to surpass ethanol as a renewable fuel due to the intensive
scientific efforts aimed at substrates broadening, process parameters improvement and
genetic manipulations of butanol producing bacteria. This review focuses on the
biotechnological synthesis of 1-butanol by natural isolates (Clostridium acetobutylicum, C.
beijerinkii) and recombinant producers (E. coli, C. cellulovorans, C. cellulolyticum, C.
thermocellum, S. cerevisiae, etc.). Concerning the economical butanol fermentation, the
contemporary utilization of cheap renewable and non-food substrates (lignocellulosic
materials, glycerol, syngas, and algae) is decribed. Different strategies for advanced 1-
butanol production

are considered. Along with media optimizations, immobilization, and co-culturing, the
exploration of the strains’ tolerance to butanol, and their genetic improvement is widely
applied. The recombinants obtained in case of naturally producing strains application as
hosts possess enhanced metabolic flux, shifted towards higher butanol titer, yield, and
productivity. Another approach refers to the insertion of “butanol pathway” genes in a
non-solvent producing host, which is resistant to high butanol concentrations. The



present review analyses and summarizes the problems and the future prospects of the
development of economically feasible bio-processes for butanol production.

Pe3ome

ByTaHO'BT € aJIKoX0Jl, KOUTO MOXKe Ja ce MoJy4Yd uype3 pepMeHTaLUsl HA 3axapu OT
OpraHUYHU cypoBUHU. CKOpPO ce o4yakBa OMOOYTaHOJN'BT Ja HaJMMHE eTaHOJa KaTo
Bb30OHOBSIEMO TOPHUBO MOpPaJU HUHTEH3UBHUTE HAYYHU YCUJIHS, HACOYEHU KbM
pasuuMpsiBaHe Ha CybCcTpaTUTe, NoA06psiBaHe HAa TapaMeTPUTe Ha NIpoljeca U TeHeTUYHHU
MaHUNyJallMd Ha OaKTepuM, MpousBexjaliu oOytaHo . To3u mpersen ce Ppokycupa
BBbPXy OMOTEXHOJIOTMYHUS CUHTEe3 Ha 1-60yTaHoJs OoT ecTecTBeHM H3oJsaTH (Clostridium
acetobutylicum, C. beijerinkii) u pekom6unanTHu npoayueHTH (E. coli, C. cellulovorans,
C. cellulolyticum, C. thermocellum, S. cerevisiae u fip.). [lo oTHOLIeHMe HA UKOHOMUYHATA
dbepMeHTalnMss Ha 6yTaHOJA € OINMCAHO CbBPEMEHHOTO M3MO0JI3BaHe Ha €BTHHU
Bb300HOBSIEMU U HEXpPAHUTEJHU CyOoCTpaTH (JUTHOLENYyJI03HU MaTepHuasu, IJIULepoJ,
CUHra3 W Bojopaciu). Pa3jMyHM cTpaTerdu 3a HampejHal0 MPOU3BOACTBO Ha 1-
O6yTaHOJI

ca CYUTAHU. 3ae[JHO C ONTHMU3ALUATA HA MeIUMTe, 00e3/IBI)KBAHETO U CbBMECTHOTO
KyJITUBHpaHe, LIMPOKO Cce Mpusara M3cjieJBaHETO HA TOJEPAHTHOCTTA Ha IlaMOBETE
K'bM OyTaHOJI U TSXHOTO FeHETUYHO NoA00peHre. PEKOMOUHAHTHTE, MOJyYEHU B CJIydan
Ha eCTeCTBEHO NpOoAyILiMpaHe Ha IlaMOBe KaTO rOCTONPUEMHUIIY, IPUTEXKABAT 3aCUIeH
MeTaboJIUTeH IMOTOK, H3MeCTeH KbM I0-BUCOK THUTBP Ha 6yTaHoJ, [A06UB U
NPOU3BOAUTENHOCT. JIpyr MOAXOJ, ce OTHacAd A0 BMbKBAaHETO Ha reHU 3a "I'bT Ha
OyTaHOJI"' B TOCTONPHEMHUK, KOUTO HE IPOU3BEXKJA PAa3TBOPUTEJI, KOUTO € yCTONYUB Ha
BUCOKU KOHLEHTpauuu Ha 6yTaHo/. HacTosuuaTt npersief, aHajausupa U o60611aBa
npo6JjieMUTe UM ObAELUTE TMEpPCIeKTUBA 32 pPa3BUTUETO HA HKOHOMUYECKHU
OCBhIIECTBUMHU GUONPOLECH 3 TPOU3BOJCTBO HA 6y TAHOJI.

4. High lactic acid and fructose production via Mn2+ mediated conversion of inulin
by Lactobacillus paracasei.

Petrov, K., Popova, L., Petrova, P.

Applied Microbiology and Biotechnology, Springer Verlag, 2017, vol. 101, 4433-4445.

Abstract

Lactobacillus paracasei DSM23505 is able to produce high amounts of lactic acid (LA) by
simultaneous saccharification and fermentation (SSF) of inulin. Aiming to obtain the
highest possible amounts of LA and fructose, the present study is devoted to evaluate the
impact of bivalent metal ions on the process of inulin conversion. It was shown that Mn2+
strongly increases the activity of the purified key enzyme [-fructosidase. In vivo, batch
fermentation kinetics revealed that the high Mn2+ concentrations accelerated inulin
hydrolysis by raise of the inulinase activity, and increased sugars conversion to LA
through enhancement of the whole glycolytic flux. The highest LA concentration and yield
were reached by addition of 15 mM Mn2+—151 g/L (corresponding to 40% increase) and
0.83 g/g, respectively. However, the relative quantification by real-time reverse
transcription assay showed that the presence of Mn2+ decreases the expression levels of
fosE gene encoding B-fructosidase. Contrariwise, the full exclusion of metal ions resulted
in fosE gene expression enhancement, blocked fructose transport, and hindered fructose
conversion thus leading to huge fructose accumulation. During fed-batch with optimized
medium and fermentation parameters, the fructose content reached 35.9% (w/v),
achieving yield of 467 g fructose from 675 g inulin containing chicory flour powder (0.69
g/g). LA received in course of the batch fermentation and fructose gained by the fed-batch



are the highest amounts ever obtained from inulin, thus disclosing the key role ofMn2+ as
a powerful tool to guide inulin conversion to targeted bio-chemicals.

Pe3ome

Lactobacillus paracasei DSM23505 e cnocob6eH Ja NMpou3Bex/Ja rojJeMd KOoJU4ecTBa
MmJiedHa kucesnHa (LA) upe3 ejHOBpeMeHHO 3axapuduipane u pepmenTtanus (SSF) Ha
MHYJMH. C 1leJ Aa ce MoJydyaT Bb3MOXKHO Hal-BUCOKM KoJsimdecTBa LA u $pykTO3a,
HACTOSLIOTO U3CJe[BaHe e I0CBETEHO Ha OLleHKaTa Ha Bb3/1eICTBUETO Ha [|BYBaJIEHTHHU
MeTa/IHU MOHU BbPXy Ipolieca Ha IpeBpblllaHe Ha UHYJIUH. [loka3aHo e, 4e Mn2 + cu/iHO
NOBUIIAaBAa aKTUBHOCTTA Ha NMPEYUCTEHUs KJIWO4YOB eH3uM [-pykro3uzasa. In vivo,
KMHEeTHKaTa Ha leproJuvyHaTa ¢pepMeHTal s pa3KpUBa, Ue BUCOKHUTE KOHLeHTpaliu Ha
Mn2 + yckopsiBaT MHyJHMHOBaTa XUJpOJiM3a 4ype3 MOBULIABaHe Ha MWHYyJMHA3HaTa
aKTHBHOCT U yBeJIMUaBaT peBp’bIllaHeTO Ha 3axapuTe B LA ype3 nozo6psiBaHe Ha LieJIUs
IJIMKOJIMTHUY€EH NOTOK. Hail-BucokaTa KoHIeHTpanys Ha LA v ;06MB ca IOCTUTHATH Ypes3
fob6aBsaHe Ha 15 mM Mn2 + —151 g / L (cboTBeTcTBauo Ha 40% yBennyenue) u 0.83 g /
g, CbOTBETHO. Bblipeky ToBa, OTHOCUTEJHOTO KOJIMYECTBEHO ONpeesissHe Ype3 aHaINU3
Ha oOpaTHa TPaHCKPUINLMA B peajHO BpeMe INOKa3Ba, ye MNPUCBHCTBUETO HAa Mn2 +
HaMaJsisiBa HUMBaTa Ha ekcrnpecus Ha fosE ren, kopupany B-dpykrosunzgasa. O6paTHo,
I'bJIHOTO M3KJIIOUBAaHE Ha MeTaJIHU MOHHU Jl0BeJie [0 0Jl00psiBaHe Ha eKCIpecusiTa Ha
reHa fosE, 6Gyiokupa TpaHcmopTa Ha QpPyKTO3a U BB3NPENATCTBA KOHBEpPCHUATA Ha
bpyKTO33a, KOETO BOAY 10 OTPOMHO HaTpynBaHe Ha ppykTo3a. [lo Bpeme Ha nojjaBaHe Ha
cyOoCTpaT Npy ONTUMU3MPaHa Cpejia U NapaMeTpu Ha pepMeHTaLUs, CbAbPKaHUETO Ha
dpykTo3a gocrura 35,9% (w/v), kaTo ce noctura o6uB oT 467 g pykTo3a oT 675 g
WHYJIMH, CbAbpiKall, OpaliHo OoT uukopusa Ha npax (0,69 g/g). Maeynara KucesquHa U
dpykTO3aTa, NoJIlyieHH N0 BpeMe Ha NepuoAuvyHaTa GpepMeHTalusl ca Hal-BUCOKUTE
KOJIMY€eCTBa, [10Jly4YaBaHU HAKOTa OT MHYJIMH, KaTO 10 TO3U Ha4YUH pa3KpHBa KJI040BaTa
posist Ha Mn2 + KaTo MOLIeH UHCTPYMEHT 3a HAaCOYBaHe Ha NpeBPbLIAHETO Ha UHYJIMHA
B 1leJIEBU 6MOXUMHUKAJIH.

5. Direct conversion of chicory flour into L(+)-lactic acid by the highly effective
inulinase producer Lactobacillus paracasei DSM 23505

Petrova P., Velikova P., Popova L., Petrov K.

Bioresource Technology, 2015, vol. 186, 329-333.

Abstract

Highly effective bio-process for lactic acid (LA) production by simultaneous
saccharification and fermentation (SSF) of chicory flour was developed. The strain used,
Lactobacillus paracasei DSM 23505 produced natural inulinase (EC 3.2.1.80) with
molecular weight _130 kDa, located in the cell wall fraction. In batch fermentation with
optimized medium content and fermentation conditions, a complete conversion of 136
g/L chicory flour (89.3% inulin and 10.7% mix of sucrose, fructose and glucose) into 123.7
g/L LA was achieved. These yield and conversion rate are the highest obtained by SSF for
LA production from inulin. The high efficiency, the cheap fermentation broth and the
simple process performance disclose the promising use of the chicory flour in industrial
biotechnology for LA production.

Pe3ome

PaspaboTeH e BUCOKOedeKTUBEH OUONpPOLIEC 32 MPOU3BOJCTBO HA MJIeUHA KHCEJHWHA
ype3 eJJHOBpeMeHHO o3axapsiBaHe U ¢epmeHTanus (SSF) Ha 6GpaliHO OT IMKOpHS.
M3non3BaHuaT maM, Lactobacillus paracasei DSM 23505 mpowusBexja ecTecTBeHa
uHysauHa3a (EC 3.2.1.80) ¢ mosaekysino TerJsio 130 kDa, pa3noJioxkeHa BbB ppakiysaTa Ha



KJeTbyHaTa cTeHa. [lpu mnepuojuyHa ¢epMeHTaLUss C ONTHMHU3HUPAHO CPESHO
ChJ’bp:KaHUe U YCJOBUSA Ha pepMeHTaLUs Ce NOCTUra II'bJIHO NpeBpbllaHe Ha 136 g/L
opaiwHo ot nukopus (89,3% unyauH u 10,7% cMec oT 3axapo3a, $pyKTO3a U [VII0KO03a) B
123,7 g/L muedHa kucesrHa. Te3u AOOUB U CTelleH Ha KOHBEPCUS Ca HAaW-BUCOKMTE,
nosyyeHu oT SSF 3a mpou3BOACTBO Ha MJiedHa KHUCeJMHA OT WHYJUH. Bucokara
e(peKTHBHOCT, eBTUHUAT (pepMeHTaAlMOHEH OYyJIbOH U ONPOCTEHOTO H3M'bJHEHHUE Ha
npoleca pas3KpuBaT o00ellaBalloTO U3I0J3BaHe Ha OpallHOTO OT LMUKOpPUA B
MH/JyCTpUaJHAaTa GUOTEXHOJIOTHS 32 MPOXU3BO/ICTBO HA MJIEUHA KHUCEJIMHA.

Ny6sukanyuy no kputepwuii I' Ha MIII3PACPB

1. New Bacillus spp. with potential for 2,3-butanediol production from biomass
Petrova, P., Petlichka, S., Petrov, K.
J. Biosci. Bioeng. 2020, vol. 130 (1), 20-28.

Abstract

2,3-Butanediol (2,3-BD) is a valuable platform chemical with extensive industrial
applications. The demand for its safe and economic microbial synthesis resulted in
increased interest in the isolation of non-pathogenic producers capable of converting
cheap and renewable materials. This study reports the isolation of 62 new non-
pathogenic Bacillus strains producing 2,3-BD. Three strains were found, including
Bacillus velezensis 5RB, B. toyonensis 11RA and B. safensis 14A, which belonged to
species not previously reported as 2,3-BD producers. Seventeen strains displayed
cellulolytic activity, degrading carboxymethyl cellulose, HE-cellulose and b-glucan,
whereas 5 strains were also able to hydrolyze arabinoxylan, arabinan, galactomannan,
xyloglucan, xylan and galactan (included in hemicellulose), as well as starch and fructans.
The strain capacity to ferment lignocellulosic sugars to 2,3-BD corresponded to the
activities of CAZymes engaged in the hydrolysis of the relevant polysaccharides.
Regardless of species, Bacillus strains converted glucose, cellobiose, and mannose to 2,3-
BD with higher concentration, productivity and yield than arabinose, xylose, and
galactose. B. velezensis 5RB was the only strain, which was capable to produce 2,3-BD
from all lignocellulosic sugars which corresponded to the presence of the highest
extracellular endo-a-(1/5)-L-arabinanase, endo-1,4-b-xylanase, 1,4-3-xylosidase, and
endo-b-1,4-galactanase activity. The annotation of its genome showed the presence of 26
genes encoding glycoside-hydrolases allowing biomass degradation. In conclusion, the
non-risk new isolated Bacillus strains are promising for 2,3-BD production from agro-
industrial residues. When lignocellulose is used, the process would be more efficient if the
substrate content is rich in cellulose and low in hemicelluloses.

Pe3ome

2,3-oytanguoa (2,3-BD) e neHeH xuMuKad Ha maatdopma C IMUPOKO MPOMHUIILIEHO
npuyioxkeHue. ThpceHEeTO Ha HeroBUsl 6e3o0maceH U UKOHOMHUYECKH MUKPOOEH CHUHTE3
JloBeJile /10 MOBMUIIEH MHTepeCc KbM M30JMpPAaHETO HAa HeNaTOTeHHU NPOU3BOJUTEJH,
CIIOCOGHM Jla KOHBEPTUPAT €BTHHU U Bb300HOBSIEeMU MaTepuasid. ToBa mpoydyBaHe
CcboOI1laBa 32 U30JIMPaHETO Ha 62 HOBU HemaToreHHU wamoBe Bacillus, npoaynupau
2,3-BD. OTkpuTH ca Tpu 1aMa, BkaounTesHo Bacillus velezensis 5RB, B. toyonensis
11RA u B. safensis 14A, kouTO npuHajJieXaT KbM BHUJI0BE, KOUTO He ca JOKJaJBaHU
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npeayd TOBa KaTo npousBoguTesu Ha 2,3-BD. CepemHazeceT 1LiaMa MOKa3axa
1[eJIYJIOJIMTHYHA aKTUBHOCT, pa3rpakJaila KapoboKCcHMeTH I 1enysio3a, HE-nenynosa u
b-ruitokaH, jokaTo 5 1ama cbio 6sixa B CbCTOSIHUE ia XUIPOJU3UPAT apabUHOKCUJIAH,
apabuHaH, TrajJaKTOMaHaH, KCHWJIOTJIYKaH, KCWJaH W TaJaKTaH (BKJKWYEHH B
XEMUIeNy/03aTa), KaKTO M Huulecte W ¢pykTtaHd. KananurteTbT Ha I1aMa jJa
dbepMeHTHpa JIMTHOLENYJO3HU 3axapu Ao 2,3-BD cboTBeTCTBa Ha AeWHOCTHUTE Ha
CAZymes, aHTa)KMpaHH C XUPOJIM3aTa Ha CbOTBETHUTE MoJaM3axapuau. HezaBucrumo ot
BU/Jl0BeTe, mjamoBeTe Bacillus npeBpbiuaT riwokosara, 1jes1061M03aTa U MaHo3aTa B 2,3-
BD ¢ mo-BHCOKa KOHIIEHTpaAlMsl, MPOU3BOJUTEJHOCT M JOOMB OT apabHHO3aTa,
KCHUJI03aTa M rajiaktosara. B. velezensis 5RB e eiMHCTBEHUAT 11jaM, KOHUTO € CIIOCOOEeH Jia
npousBexga 2,3-BD OT BCHYKM JIMTHOLIEJIYJIO3HM 3axapH, KOeTO CbOTBETCTBA Ha
NPUCHCTBHETO Ha HaW-BUCOKATa U3BbHKJIETbYHA eH0-a- (1/5) -L-apabuHaHasa, eHzo-
1-4-B-kcunanasza, 1,4-B-kcuno3uzasa U eHpo-B-1,4-rasaktaHa3a. AHoTauusATa Ha
HETOBUsI T€HOM I0Ka3Ba HaIMYMETO Ha 26 TeHa, KOAUPAILM TJIMKO3W/-XH/pPOJia3y,
MO3BOJISIBAllld  pasTrpakJgaHe Ha OWoMacaTa. B  3akjw4yeHHe, 0e30MaCHUTE
HOBoHM3oJsiMpaHU 1aMoBe Bacillus ca obemjaBamu 3a npousBoacTBo Ha 2,3-BD ot
CeJICKOCTOMIAHCKH OCTaThIU. KoraTo ce M3noJi3aBa JIMUTrHOIEyJ1033a, MPOIeChT 61 OUJI Io-
epeKTHBEH, aKO ChIbpPKAaHUETO HA CcyOCTpaTa e OoraTo Ha IesyJio3a M HUCKO Ha
XEMUIENYI03H.

2. Low cell surface hydrophobicity is one of the key factors for high butanol
tolerance of Lactic acid bacteria

Petrova, P., Tsvetanova F., Petrov, K.

Engineering in Life Sciences, 2019, vol. 2, 133-142.

Abstract

Highly butanol-tolerant strains have always been attractive because of their potential as
microbial hosts for butanol production. However, due to the amphiphilic nature of 1-
butanol as a solvent, the relationship between the cell surface hydrophobicity and butanol
resistance remained ambiguous to date. In this work, the quantitatively estimated cell
surface hydrophobicity of 74 Lactic acid bacteria strains were juxtaposed to their
tolerance to various butanol concentrations. The obtained results revealed that the
strains’ hydrophobicity was inversely proportional to their butanol tolerance. All highly
butanol-resistant strains were hydrophilic (cell surface hydrophobicity<1%), whereas
the more hydrophobic the strains were, the more sensitive to butanol they were.
Furthermore, cultivation at increasing butanol concentrations showed a clear tendency
to decrease the level of hydrophobicity in all tested organisms, thus suggesting possible
adaptation mechanisms. Purposeful reduction of cell surface hydrophobicity (by removal
of S-layer proteins from the cell envelope) also led to an increase of butanol resistance.
Since the results covered 23 different Lactic acid bacteria species of seven genera, it could
be concluded that regardless of the species, the lower degree of cells’ hydrophobicity
clearly correlates with the higher level of butanol tolerance.

Pe3ome

CHJIHO TOJIEpAaHTHHUTE KbM OYTaHOJI IlaMOBe BUHAru ca GUJIM MpPUBJIEKATeJHHU NOpaju
TeXHUs NOTEeHLMaJl KATO MUKPOOHU rOCTONPUEMHHUIIM 3a IPOU3BO/CTBOTO Ha OYTaHOJI.
Bbnpeku ToBa, mopaau ampuduiHaTa npuposa Ha 1-6yTaHosia KaTO pa3TBOPUTE,
Bpb3KaTa MexAy XuApoPoOHOCTTA HA KeThbYHATA MOBBPXHOCT U PE3UCTEHTHOCTTA
KbM OyTaHOJ OCTaBa HesiCHA KbM JHellHa JaTa. B Tasu pab6oTa KOJUYECTBEHO
oLleHeHaTa XUAPOPOOHOCT HA KJeThbYHATa MOBBPXHOCT Ha 74 1aMa MJIEYHOKHCEIU
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O6aKTepUU ce ChIIOCTAaBs C TSAXHATA TOJIEPAHTHOCT KbM pPa3/IMYHU KOHLEHTpPaLUHU Ha
o6ytaHoJ. [losiydeHUTe pe3ysaTaTH pa3KpUBAT, ye XUAPOPOOGHOCTTA Ha IlAMOBETE €
0OpaTHO NMPONOPIIMOHA/HA HAa TAXHATa TOJIEPAHTHOCT KbM OyTaHOJ. BCMYkM CHIIHO
YCTOMYUBH Ha OyTaHOJ LaMOBe 0sixa XUJAPOPUIHM (XUAPOPOOHOCT Ha KJeTbUyHATa
HOBBPXHOCT <1%), fOKaTO KOJIKOTO MO-xuApodpob6HU 6sxa LiaMoBeTe, TOJIKOBA IO-
YyBCTBUTEJIHU 6s1Xa KbM OyTaHoJ. OCBeH TOBA, KyJITUBUPAHETO NPU yBeJMYaBaHe Ha
KOHI|eHTpalMUTe Ha 6yTaHOJI T0Ka3Ba SICHA TeHJEHIMs K'bM HaMaJisiBaHe Ha HUBOTO Ha
xUZpodOOHOCT BbB BCUUYKU TECTBAaHU OPraHUM3MHM, KaTO MO TO3M HAYMH IpejloJara
Bb3MOXXHM MeXaHU3MU 3a ajantanus. LleseHacoueHOTO HaMasisiBaHe  Ha
xuZipodoO6HOCTTA HA KJIeTbUHATA MOBBPXHOCT (Upe3 OTCTPaHsBaHe HAa MPOTEUHHU OT S-
CJIOH OT KJIeThbYHaTa 06BUBKA) ChIIO Jl0Be/ie 10 IOBUIIAaBaHe Ha Pe3UCTEHTHOCTTA KbM
o6ytaHos. Tbil KaTo pe3yjaTaTuTe o06xBawaT 23 pas3MYHU BHUJA MJIEYHOKHUCEJIU
6aKTepuU OT CeleM poJia, MOXe Jla Ce 3aKJII0UM, 4Ye He3aBUCHMMO OT BHU/Ia, I0-HUCKATa
cTerneH Ha XUJAPOPOOGHOCT HAa KJIETKUTE SICHO KOpesupa C IMO0-BUCOKOTO HHUBO Ha
TOJIEPAHTHOCT K'bM OYTaHOJI.

3. Genome sequence of Bacillus velezensis 5RB - an overproducer of 2,3-butanediol.
Petrova, P., Velikova, P., Petrov, K.
Microbiology Resource Announcements, American Society for Microbiology, 2019, vol. 8
(1), Art. no. e01475-18, SJR:0.553.

Abstract

Bacillus velezensis 5RB is capable of producing large amounts of 2,3-butanediol. Whole-
genome sequencing revealed that the strain contains one circular chromosome of 3.91
Mbp without plasmids. A large part of the genome is devoted to carbohydrate metabolism,
encoding an abundance of enzymes participating in polysaccharide utilization pathways.
Pe3ome

Bacillus velezensis 5RB e cnocobeH fa npousBexza rojieMu KojaniecTsa 2,3-6yTaHAUOL.
[locsienoBaTe/IHOCTTA HA LieJIUSl TEHOM Pa3KpHUBA, Ye IaMbT ChAbpKA €[HAa KpbrJa
xpoMmo3oMa oT 3,91 Mbp 6e3 maasmMuau. ['osiiMa 4yacT OT reHomMa e INOCBeTeHa Ha
BbIJIEXUJ[PATHUS MeTaboJIM3bM, KOAWpall H300W/IMe OT €H3UMHM, ydacTBald B
I'bTULIATA 33 U3T0JI3BaHe Ha MOoJIM3aXapHu/Iu.

4. Microbial diversity and health-promoting properties of the traditional Bulgarian
yogurt

Velikova, P., Petrov, K., Lozanov, V., Tsvetanova F., Stoyanov A., Wu, Z., Liu, Z., Petrova, P.
Biotechnology & Biotechnological Equipment, 2018, vol. 32 (5), 1205-1217, Taylor and
Francis Group, ISSN: 1310-2818, SJR: 0.36.

Abstract

Bulgarian yogurt is usually associated with good health and longevity. This study aimed
to analyse the current microbial content of homemade Bulgarian yogurt. Identification by
16S rDNA sequencing revealed that out of 76 isolated strains, 53% belonged to
Lactobacillus delbrueckii subsp. bulgaricus, 14% to other lactobacilli, and 32% to lactic
acid cocci (Streptococcus thermophilus, Pediococcus acidilactici, Enterococcus faecium
and Leuconostoc). All isolates inhibited the growth of pathogenic bacteria (10% of them
by the putative action of bacteriocins); 18 isolates were able to produce extracellular
exopolysaccharides (EPS), whereas 24% of them demonstrated extremely high
proteolytic activity. Remarkably, 10 Lb. bulgaricus strains produced prebiotic
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galactooligosaccharides (GOS). High-resolution accurate mass spectrometry (HRAMS)
analysis revealed production of tri- and tetrasaccharides containing atypical b(1!4)
glycosidic bonds, reported for the first time for Lb. bulgaricus. Based on the beneficial
features, along with good technological behaviour, we recommend several isolates as
highly promising for Bulgarian yogurt starters.

Pe3ome

BbJrapckoTo KHceso MJSIKO OGMKHOBEHO Ce CBbp3Ba C Z00po 3/paBe U AbJr0JIeTHE.
ToBa npoy4yBaHe MMa 3a Lies Jila aHa/M3Upa HACTOALIOTO MUKPOOHO ChbAbp:KaHUe Ha
JIOMAIIIHO 6'bJITAPCKO KUCeI0 MJSAKO. UaeHTHPULMpaHeTo upe3 16S rDNA cekBeHUpaHe
paskpy, 4e oT 76 usosupaHu mama, 53% npuHazaaexaTt Ha Lactobacillus delbrueckii
subsp. bulgaricus, 14% 3a apyru sakto6auuan U 32% 3a MJIEYHOKHUCEJU KOKHU
(Streptococcus thermophilus, Pediococcus acidilactici, Enterococcus faecium wu
Leuconostoc). Bcuukuy n3osiaTy MHXMOMpaxa pacTexxa Ha naToreHHU 6aktepuu (10% ot
TSX 4Ype3 MpeJIoJaraeMoTo JelcTBHe Ha 6akTepuouuHUTE); 18 M30JsaTH ycnsxa Aa
Npou3BeJaT HW3BbHKJIAETbYHU ek3omnosusaxapuau (EPS), mokato 24% oT TaX
JleMOHCTpUpaxa M3KJKUYUTEJTHO BUCOKA NPOTEOJUTUYHA aKTUBHOCT. 3a6e/IeXKUTEJHO,
10 Lb. mamoBe bulgaricus npousBexaaT npe6UOTUYHHU rajakToosnrosaxapuau (GOS).
AHa/nvM3BT € TOYHA MacoBa CIEKTPOMETPHUsS C BUCOKA pa3jeuTesHa CIOCOOHOCT
(HRAMS) pa3kprBa N1pou3BOACTBOTO Ha TPU- U TeTpa3axapuJy, CbAbpKalll aTUITUYHU
b (1-4) riMko3uAHU Bp'b3KH, CbOOIIEHH 3a MbPBU I'bT 3a Lb. bulgaricus. Bb3 ocHoBa Ha
NOJIe3HUTE XapaKTEepPUCTHUKH, HapeJ, C J0OPOTO TEeXHOJOTUYHO IOBEeJEHHE, HUe
npenopbyBaMe HSKOJIKO M30JIaTH KaTO CHUJIHO 06GellaBallli 3a O'bJrapCKUTe NpeAsicTUs
C KHCeJIO MJISIKO.

5. Petrova, P., Petrov, K. Prebiotic-Probiotic Relationship: The Genetic Fundamentals
of Polysaccharides Conversion by Bifidobacterium and Lactobacillus Genera.
Handbook of Food Bioengineering Volume 2: Food Bioconversion, A.M. Grumezescu, A.
Holban (Eds.), Academic Press, Elsevier Inc, 2017, ISBN:978-0-12-811413-1,
DO0I:10.1016/B978-0-12-811413-1.00007-3

6. Petrova, P. Petrov, K. Traditional Cereal Beverage Boza - Fermentation
Technology, Microbial Content and Healthy Effects. Fermented Foods, Part II:
Technological Interventions, Eds. R. C. Ray, D. Montet, CRC Press, Taylor & Francis Group,
2017,1SBN:9781138637849.

7. High Production of neuraminidase by a Vibrio cholerae Non-01 strain — the first
possible alternative to toxigenic producers.

Eneva, R, Engibarov, S., Petrova, P., Abrashev, R,, Strateva, T., Kolyovska, V., Abrashev, I.
Appl Biochem Biotechnol, 176, 412-427.

Abstract

Vibrio cholerae neuraminidase (VCNA) is widely used in biochemical and medical
research, in processes for preparing homogenous sialoconjugates, and in the
pharmaceutical industry. Its production by non-toxigenic strains is quite desirable, in
order to avoid the expensive safety measures. Here, we report the first method for highly
effective production of a novel, purified V. cholerae extracellular neuraminidase from a
non-toxigenic strain. The enzyme is highly active, and its properties, as well as the
responsible gene nanH, are practically identical with those of the toxigenic strains. It
cleaves a,2—3 and a,2—6 glycosidic bonds with highest affinity (KM 1.7x10-5 uM) for

13



human transferrin. The deduced amino acid sequence of the enzyme reveals three binding
sites for Ca2+ and one for sialic acid. The sequence analysis of the nanH gene, being the
first for a V. cholerae non-01 strain, shows 99 % identity with a new nanH allele of an O1
Vibrio strain. The simple laboratory technology for efficient production of the new VCNA
is based on the use of common and cheap nutrient media and easily available inducer—
glycomacropeptide. The rapid purification consists of salting-out and
diethylaminoethanol (DEAE) and Q-Sepharose chromatography steps. Purified
preparation contains no aldolase and protease, which gives the production scheme a great
potential for industrial application.

Pe3ome

HeBpamunugasarta Ha Vibrio cholerae (VCNA) ce vM3noJsi3Ba WIMPOKO B GUOXMMHUYHHU U
MeIULUHCKHU U3C/1e/IBaHus], B IPOLeCH 3a II0JIyYaBaHe Ha XOMOTe€HHHU CUaJIOKOHIOTAaTH U
BbB papMalleBTUYHATA UHAYCTpUSA. HeHHOTO MpOU3BOJCTBO OT HETOKCUT€HHU 1IIaMOBE
e J0CTa »KeJlaTeJIHO, 3a /]a ce M36erHaT CK'bIIUTe MEPKHU 3a 6e30MacHoCT. TyK JjoK/1a/iBaMe
I'bPBUSI  METOJ, 32 BHCOKOePEKTHUBHO MPOU3BOACTBO HA HOBA, IpeyUcTeHa
M3BBbHK/JETbUYHAa HeBpaMHUHHUAa3a Ha V. cholerae oT HeTokcureHeH wam. EH3UMBT e
CUJIHO aKTUBEH W HETOBUTE CBOMCTBA, KAKTO U OTTOBOPHUSAT I'eH nanH, ca npakTuiecku
WJIEHTHUYHU C T€3U Ha TOKCUTeHHUTe aMoBe. Tou pa3uensa «,2—3 U a,2—6 FJIMKO3UIHU
BpB3KH C HaW-BUCOK apuHuTeT (KM 1,7x10-5 uM) kbM 4YoBewKUs TpaHCHepuH.
M3BeJleHaTa aMMHOKHUCEJIMHHA N0CIeI0BAaTEJHOCT HA eH3MMa pa3KpHBa TPU MecTa 3a
cBbp3BaHe 3a Ca%* u eJHO 3a CMaJIOBa KMCeJIMHA. AHAJIU3'bT Ha IOC/eJ0BAaTE/THOCTTA Ha
reHa nanH, kolTo e mbpBUAT 3a waMm V. cholerae, koiiTo He e 01, moka3Ba 99%
WAEHTHUYHOCT ¢ HOB aJies1 nanH Ha mam O1 Vibrio. [IpocTtaTa 1a6opaTopHa TEXHOJIOTHS
3a epeKTHMBHO MpPOU3BOACTBO Ha HoBaTa VCNA ce ocHOBaBa Ha M3MO0JI3BAaHETO Ha
OOMKHOBEHM W €BTHHU XpaHUTEJHU CpeJd U JIECHOAOCTbIIEH WHAYKTOp -
[JIMKOMAaKponenTu/. Bbp30TO npedyucTBaHe ce CbCTOM OT eTalM Ha OCOJIIBaHE M
nuetunamuHoetaHos (DEAE) u Q-Sepharose xpomaTtorpadus. [IpeyrcTeHUST npenapart
He CbAbpP’Ka ajji0Ja3a U MpPoTeasa, KOeTO JaBa Ha MPOU3BO/ICTBEHATA CXeMa ToJIsIM
NOTeHLKaJl 3a IPOMUIIJIEHO IPUJIOXKEHHE.

8. 2,3-Butanediol production from starch by engineered Klebsiella pneumoniae
G31-A

Tsvetanova F., Petrova P., Petrov K.

Applied Microbiology and Biotechnology, 98 (6), 2014, 2441-2451.

Abstract

2,3-Butanediol (2,3-BD) is an organic compound, which is widely used as a fuel and fuel
additive and applied in chemical, food, and pharmaceutical industries. Contemporary
strategies for its economic synthesis include the development of microbial technologies
that use starch as cheap and renewable feedstock. The present work encompasses the
metabolic engineering of the excellent 2,3-BD producer Klebsiella pneumoniae G31. In
order to perform direct starch conversion into 2,3-BD, the amyL gene encoding quite
active, liquefying a-amylase in Bacillus licheniformis was cloned under lac promoter
control in the recombinant K. pneumoniae G31-A. The enhanced extracellular over-
expression of amyL led to the highest extracellular amylase activity (68 U/ml) ever
detected in Klebsiella. The recombinant strain was capable of simultaneous
saccharification and fermentation (SSF) of potato starch to 2,3-BD. In SSF batch process
by the use of 200 g/I starch, the amount of total diols produced was 60.9 g/1 (53.8 g/1 2,3-
BD and 7.1 g/l acetoin), corresponding to 0.31 g/g conversion rate. The presented results
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are the first to show successful starch conversion to 2,3-BD by K. pneumoniae in a one-
step process.

Pe3ome

2,3-6ytanguon (2,3-BD) e opraHM4HO CbeJUHEHHUE, KOETO Ce M3MO0JI3Ba LIMPOKO KATO
ropuBo U Jlo6aBKa KbM TOPUMBO M Ce MNpuUjara B XMMHYeCKaTa, XpaHUTeJHaTa U
dbapManeBTUUHATA NOPOMUILIEHOCT. CbBpPEMEHHHWTE CTpaTeErMU 32  HEroBUA
MKOHOMHUYECKH H3TOJEeH CUHTEe3 BKJ/IOUYBAT Pa3BUTHETO HAa MHUKPOOHU TEXHOJIOTUH,
KOUTO M3MO0JI3BAT HUIIECTETO KAaTO €BTMHA M Bb30OHOBsieMa cypoBHHa. HacTosiaTta
paboTa obxBalia MeTaboJUTHO WHKEHEPCTBO Ha OTJIMYHUA NpousBoauTesa Ha 2,3-BD
Klebsiella pneumoniae G31. 3a aa ce U3BbPILIU AUPEKTHO IPpeoObpa3yBaHe HA HUILECTE B
2,3-BD, reHa, kogupall BTeyHsiBalla a-amuasa B Bacillus licheniformis e k1oHupan nog,
lac npomoTopeH KOHTpoJ B pekoMbuHaHTHaTa K. pneumoniae G31-A. 3acuseHaTa
M3BBbHKJIETbYHA CBP'bXEKCIpecrusl Ha amyL foBeJe A0 HaW-BHCOKaTa U3BbHK/IETbhYHA
aKTUBHOCT Ha amusasa (68 U/ml), orkpuTta Hakora B Kiebcuesna. PekoMOMHAHTHUAT
11aM e crocobeH eJHOBpeMeHHO Jia o3axapsiBa U depmeHTHpa (SSF-npouec) kapTodpeHo
Huiiecte A0 2,3-BD. B nepuoguuen npouec Ha SSF ¢ usnoszBane Ha 200 g/1 HuliecrTe,
KOJIMYeCTBOTO Ha 06110 npousBeseHuTe auosau e 60,9 g/l (53,8 g /12,3-BD u 7,1 g/l
alleTOMH), CbOTBeTCTBaIU Ha kKoHBepcusa oT 0,31 g/g. [IpescraBeHuTe pe3yaTaTH ca
I'bPBMTE, KOUTO IOKAa3BaT ycClleX NpU IpeBpbLijaHe Ha Humecte B 2,3-BD or K
pneumoniae B eAHOCTbIIAJIEH NPOLEC.

9. Starch-modifying enzymes of lactic acid bacteria - structures, properties, and
applications

Petrova P., Petrov K., Stoyancheva, G.

Starch-Starke, 65, 1/2, 34-47.

Abstract

In spite that lactic acid bacteria (LAB) are used for production of fermented foods and
drinks for millennia, their ability to grow using starch as a sole carbon source was noticed
by the scientists in the last 30 years. A number of amylolytic LAB (ALAB) strains were
isolated and several detailed investigations of biochemical and genetic basis of starch
hydrolysis were performed. The purpose of this review is to summarize for the first time
the available data about the starch-modifying enzymes in ALAB. The most important
amylolytic representatives of the genera Lactobacillus, Lactococcus, Streptococcus,
Pediococcus, Carnobacterium, and Weissella are described. Amino acid sequences,
corresponding to ALAB amylase enzymes are compared and some features of the gene
expression are analyzed. The possible application of ALAB strains for direct production of
lactic acid from starch, as well as their participation in food manufacturing is discussed.
Pe3ome

Bbrpeku 4ye mieyHokucenute 6aktepuu (MKB) ce m3mosisBaT 3a NMpou3BOJCTBO Ha
bepMeHTHUPaIM XpaHU U HAIUTKU B PO b/DKEHUE HAa XUJISA0/IETHS, CIOCOOGHOCTTA UM
Jla pacTaT U3M0JI3BallKH HULIECTe KaTo eJUHCTBEH U3TOUYHUK Ha BbIJiepo/ e 3abesisizaHa
oT yyeHUTe npe3 nocaeguuTte 30 roguuu. bsixa udonupanu peguua aMmunoautTuyau MKb
(aMKB) wmamoBe M 065ixa U3BbpLIEHW HSAKOJKO MOJAPOOHU U3CJe[BaHUS Ha
O6MOXMMHUYHATa U reHeTUYHAaTa OCHOBA Ha XU/ p0oJiM3aTa Ha HUllecTeTo. llesiTa Ha TO3U
nperJsej e a 0606111 32 MbPBU I'bT HAJTUYHUTE JAHHU 3a HUILECTE-MOAUUIIMpPALIHATE
ensuMu B aMKB. Onucanu ca Hall-BaXXHUTE aMWJIOJWTHYHM IpeACTaBUTEJU Ha
ponoBeTe Lactobacillus, Lactococcus, Streptococcus, Pediococcus, Carnobacterium u
Weissella. CpaBHABaT ce aMHUHOKHUCEJIMHHUTE 10CJI€J0BAaTEHOCTH, CbOTBETCTBALM Ha
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dMWJIa3HHUTE €H3WMMHU U C€ aHAJIM3UPAT HAKOU XaPAKTEPUCTUKHN HAa '€HHATa €KCIIPpeCHA.
O6C’b)K,£[a Ceé Bb3MOXHOTO IIPpUJIOKEHHE Ha LIaMOBETEe 3a JUPEKTHO IIPOU3BOACTBO HaA
MJI€YHa KMCEJIMHA OT HUIIECTE, KAKTO U TAXHOTO y4aCTHE B IPOU3BOJCTBOTO Ha XpaHH.

10. Sequence analysis, cloning and extracellular expression of cyclodextrin
glucanotrasferase gene from the alkaliphilic Bacillus pseudalcaliphilus 8SB in E.
coli

Petrova P., Tonkova A., Petrov, K. Process biochemistry, 47, 12, 2012.

Abstract

The cgt-gene from the alkaliphilic halotolerant Bacillus pseudalcaliphilus 8SB was
isolated and sequenced. An open reading frame (ORF) of 2112 bp encoding a polypeptide
of 704 amino acids, composed of a 29-amino acid signal sequence and a 675-amino acid
mature enzyme was found. The established low level of homology with nucleotide
sequences of other Bacillus CGTases (less than 82%) suggested that the cgt-gene from
Bacillus pseudalcaliphilus 8SB encodes a new enzyme. The cgt-gene was cloned as a PCR
amplicon and thereby the construction of genome library was avoided. This is the first
evidence for the use of pJET vector as an expression vector. The opportunity to apply its
T7 promoter for efficient extracellular production of heterologous proteins in Escherichia
coli BL21 (DE3) was demonstrated. The expression of extracellular recombinant CGTase
improved 23-fold, concerning 3-CGTase activity and 4.5-fold concerning y-CGTase activity
after IPTG induction and glycine supplementation was achieved.

Pe3ome

Cgt-ren’bT OT ankajsoduyieH xanotosepaHTeH Bacillus pseudalcaliphilus 8SB 6emie
M30JIMpaH U cekBeHUpaH. OTKpuTa e pamka 3a yeteHe (ORF) ot 2112 bp, kogupania
nosunenTtus ot 704 aMHMHOKHCEJMHH, CbCTaBeH OT 29-aMHUHOKMCe/JHWHHA CHUTHaJ/HA
10C/e0BaTEJIHOCT U 675-aMUHOKUCEJIMHEH 3PsJl €H3UM. YCTaHOBEHOTO HUCKO HUBO Ha
XOMOJIOTHS C HYKJIEOTU/IHU noceioBaTesaHocTy Ha ApyrH Bacillus CGTases (noa 82%)
npeanosiara, ye cgt-renbT oT Bacillus pseudalcaliphilus 8SB kopupa HOB eH3uM. Cgt-
reH'bT e KJIoOHUpaH KaTo PCR aMIJIMKOH U 10 TO3W HAYMH € U30erHaTo U3rpakJjaHeTo Ha
reHoMHa 6u6JyinoTeka. ToBa e MbpBOTO 10KA3aTEJICTBO 3a U3MoJi3BaHeTo Ha pJET BekTOp
KaTO eKCIpeCHUOHeH BeKTOop. /leMOHCTpUpaHa Oelle Bb3MOXHOCTTA Ja Ce MPUJIOXKU
HeroBUAT T7 npoMoTop 3a epeKTHBHO U3BBHKJIETHYHO NPOU3BO/ICTBO HA XETEPOJIOKHHU
nporeuHu B Escherichia coli BL21 (DE3). EkcnpecusiTa Ha U3BbHKJIETbYHA
pekoMbuHaHTHaA CGTase ce nomo6psiBa 23 M'bTH, 10 OTHOLIIEHWE Ha aKTUBHOCTTA Ha [3-
CGTase u 4,5 n'bTH 0 OTHOLIEHME HA akTUBHOCTTA Ha Y-CGTase cinen nnaykuus Ha IPTG
U JJo0aBsIHE Ha TJIMIHH.

11. Purification and Properties of a New Thermostable Cyclodextrin
Glucanotransferase from Bacillus pseudalcaliphilus 8SB

Kitayska, Ts., Petrova, P., Ivanova, V., Tonkova, A.

Applied Biochemistry and Biotechnology, 2011, 165, 5, 1285-1295.

Abstract

A new cyclodextrin glucanotransferase (CGTase, EC 2.4.1.19) from an alkaliphilic
halotolerant Bacillus pseudalcaliphilus 8SB was studied in respect to its y-cyclizing
activity. An efficient conversion of a raw corn starch into only two types of cyclodextrins
(B- and y-CD) was achieved by the purified enzyme. Crude enzyme obtained by
ultrafiltration was purified up to fivefold by starch adsorption with a recovery of 62%
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activity. The enzyme was a monomer with a molecular mass 71 kDa estimated by sodium
dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) and native PAGE. The
CGTase exhibited two pH optima, at pH 6.0 and 8.0, and was at most active at 60 °C and
pH 8.0. The enzyme retained more than 80% of its initial activity in a wide pH range, from
5.0 to 11.0. The CGTase was strongly inhibited by 15 mM Cu2+, Fe2+, Ag+, and Zn2+, while
some metal ions, such as Ca2+, Na+, K+, and Mo7+, exerted a stimulating effect in
concentration of 5 mM. The important feature of the studied CGTase was its high thermal
stability: the enzyme retained almost 100% of its initial activity after 2 h of heating at 40-
60 °C; its half-life was 2 h at 70 °C in the presence of 5 mM Ca2+. The achieved 50.7%
conversion of raw corn starch into 81.6% {3- and 18.4% y-CDs after 24 h enzyme reaction
at 60 °C and pH 8.0 makes B. pseudalcaliphilus 8SB CGTase industrially important enzyme
for cyclodextrin production.

Pe3ome

M3cnenBaHa e HOBa LMKJIOAEKCTPUH TJtoKaHoTpaHcpepasa (CGTase, EC 2.4.1.19) ot
ankasooduseH xasotosiepaHTeH Bacillus pseudalcaliphilus 8SB ¢ y-nukausupaina
aKTUBHOCT. EQeKTHBHOTO NpeBpbljaHe Ha CypOBO IJapEBUYHO HUIIIECTE B CAMO /iBa BH/1a
qUKI0A4eKCTpUuHU (- u y-CD) e mocTurHaro ot npeyucteHus: eH3uM. CypoBUAT €H3UM,
NOJIy4eH 4ype3 yJATpapuATpalUs € MPEeYUCTEH A0 NeT MbTU Ype3 afcopoLus BbpXy
HULIECTE C Bb3CTaHOBSABaHE Ha 62% aKTUBHOCT. EH3UM'BT € MOHOMEP € MOJIEKYJIHA Maca
71 kDa, nsuuciieHa 4pes esiekTpodopesa Ha NOJUAKPUIAMHUJIEH T'esl HATPUEB A0l
cyadat (SDS-PAGE) u ectectBeH PAGE. EH3UMBT noka3Ba ABa pH ontumyma npu pH 6.0
u 8.0 u e Hah-akTuBeH npu 60 ° C u pH 8.0. EH3uMbT 3ama3Ba noseye oT 80% oT
I'bpBOHAYaJ/IHATa CU aKTUBHOCT B LIUPOK Auamna3oH Ha pH, ot 5,0 go 11,0. lil'TazaTa ce
MHXUOUpa cuaHo oT 15 mM Cu2 +, Fe2 +, Ag + u Zn2 +, 10KaTO HAKOU METAJHU HOHH,
kato Ca2 +, Na +, K + u Mo7 +, oka3BaT ctumy./upail epeKT B KOHLleHTpanus oT 5 mM.
BaxxHaTa xapakTepUCTHKa Ha u3scjejBaHaTa l[['Tasa Oemie HeliHaTa BHCOKA TepMO-
CTabUJIHOCT: eH3UMbT 3ana3u noyTu 100% oT mbpBOHAYa/HAaTa CH aKTUBHOCT cJief 2 h
HarpsiBaHe npu 40-60 ° C; HeroBuAT nosy>kuBoT e 2 h npu 70 ° C B npuchbCcTBUETO Ha 5
mM Ca2 +. [locturnatoTto 50,7% npeBpbillaHe HA CYpOBO LlapeBUYHO HulllecTe B 81,6%
B- u 18,4% y-CD cnen 24 h ensumHa peakuusa npu 60 ° C u pH 8,0 npaBu B.
pseudalcaliphilus 8SB CGTase uHAycTpua/lHO BaKeH €H3UM 3a NMPOM3BOJACTBOTO Ha
[[UKJIOJE€KCTPHUH.

12. Antimicrobial activity of starch-degrading Lactobacillus strains isolated from
boza

Petrova, P., Petrov, K.

Biotechnology & Biotechnological Equipment, 2011, 25, 4, 114-116.

Abstract

The proved probiotic effects of boza consummation prompted the increasing interest in
the microflora taking part in its fermentation. Boza is a rich source of probiotic lactic acid
bacteria that are able to produce bacteriocins active against a number of pathogens. In the
present study, three strains - Lactobacillus paracasei B41, Lactobacillus plantarum Bom
816, and Lactobacillus pentosus N3, isolated from boza and possessing significant
amylolytic activity, were studied for their ability to repress the growth of common
foodborne pathogens. All strains demonstrated antimicrobial activity against Escherichia
coli, Klebsiella pneumoniae, Vibrio cholerae and Bacillus subtilis. The results indicated
possible bacteriocin production and made the strains desirable starters with application
in cereals processing. None of the tested lactobacilli inhibited the growth of
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Saccharomyces cerevisiae or Pichia strains, suggesting the existence of stable microbial
community of yeasts and lactobacilli in boza starters.

Pe3ome

JlokazaHuTe MNpPOGUOTHYHU edPeKTH OT KOHCyMalusTa Ha 603a JoBejoxa [0
HapacTBalldsl MHTepeCc KbM MHKpodJiopaTa, y4yacTBallla B HelHaTa ¢depMeHTalUsl.
Bo3aTta e 6oraT M3TOYHUK Ha NPOOMOTHYHU MJIEYHOKHCEJU OaKTepuu, KOUTO ca
CIIOCOOHM Ja MNPOU3BEXAAT OGaKTEPUOLMHHM, aKTUBHU Cpelly peAulla MaToreHd. B
HACTOSAUIOTO NpOy4YBaHe ca M3CJAeABaHM TpU 1ama - Lactobacillus paracasei B41,
Lactobacillus plantarum Bom 816 u Lactobacillus pentosus N3, usosupanu ot 603a u
IpUTeXaBald 3HAYUTeJHAa aMUJIOJUTHUYHA aKTUBHOCT, 3a CIIOCOOHOCTTA UM Jia
NOTUCKAT pacTeXa Ha 4YeCTO CpelllaHUTe XpPaHUTEJHU NaToreHd. BcHuku 1jamoBe
JIEMOHCTPUPAT AaHTUMHUKPOOHA akKTUBHOCT cpewy Escherichia coli, Klebsiella
pneumoniae, Vibrio cholerae u Bacillus subtilis. PesynataTtuTe nokasBaT BBb3MOXXHO
IPOM3BOJCTBO Ha GAKTEPUOLMHU W MPABAT LIAMOBETE >KeJIaHU B NpepaboTKaTa Ha
3'bpHEHHU KYyJATYpU. HUTO eJUH OT TeCTBaHUTE JIAKTOOALU/IM HEe UHXUOUpPA pacTexka Ha
mwamoBeTe Saccharomyces cerevisiae vy Pichia, koeTo npejnoJiara cbljecTByBaHeTO Ha
cTabU/JIHAa MUKPOOHA OOIIHOCT OT APOXK/AH U JIAKTOOAILU/IW NIPU CTapTEPU OT 603a.

13. latenT KanosaH Iletpos, [lenka IlerpoBa, Benko bemkos (2014) “MeTop, 3a
nojiyyaBaHe Ha 2,3-0yraHauos”’, mateHT N266411, BrwoJjieTUH Ha NAaTEHTHOTO
BeJoMCTBO, (01.2014).

14. Lactic acid production from polysaccharides-containing raw materials
Tsvetanova F., Petrova P., Petrov K. Journal of International Scientific Publications, 12,
2018, ISSN:1314-7234, 197-211.

Abstract

To date, more than 90% of global lactic acid production is achieved by microbial
fermentation of sugars. Despite the significant advantages of microbial production
process over the chemical means, the final production cost is relatively high and still limits
product application. In commercial scale, it is considered that a significant part of
production cost is determined by the substrate cost, so the use of sugars is not so
economically feasible. A promising alternative to overcome this problem is the
development of new strategies for utilizing cheaper and abundant in nature materials,
such as biomass or polysaccharides containing industrial residues. In this review are
summarized the current problems and limitations of biological production process like
the last achievements in lactic acid production from renewable raw resources, such as
lignocelluloses, starchy materials and inulin-containing substrates. Although all these
attempts are still on laboratory scale, they receive extensive attention because of their
potential possibilities to replace sugars utilization in microbial lactic acid production and
to provide an economically competitive and eco-friendly production process.

Pe3ome

KbM nHenrHa gata Hag 90% OT CBETOBHOTO MPOU3BOJICTBO HAa MJIEYHA KHCEJHUHA Ce
IIOCTUTA Ype3 MUKPOo6Ha GpepMeHTallMs Ha 3aXapH. BbIpeKkyu 3HaYUTeJTHUTE PeJUMCTBA
Ha MMKPOOHHS NPOM3BOJACTBEH IpOLeC MpeJ, XUMUYECKUTE CpPeJCTBa, KpalHUTE
IPOU3BOJACTBEHH Pa3XoJU Ca OTHOCUTEJHO BHCOKM M BCe OIllle OrpaHd4YaBaT
IPUJIO)KEHUETO Ha NMPOAYKTAa. B ThproBcky Maujab ce cydTa, 4e 3HAYMTEJHA 4acCT OT
IpPOM3BOJCTBEHUTE pPa3xXoJU Ce OMNpeessaT OT pasxoAuTe 3a CybCcTpaTa, Taka 4e
M3I0JI3BAHETO HA 3aXapu He e TOJIKOBAa MKOHOMHYECKHU ocbhbliecTBUMO. O6GeliaBalia

18



aJITepHaTHBa 3a [Ipeo/j0/IsIBaHe Ha TO3U Npo6JieM e pa3paboTBaHETO HA HOBY CTPATeruu
3a M3M0JI3BaHe Ha M0-eBTMHU M 60raTHU B NpUpoJaTa MaTepuaJHd KaTo 6Guomaca WU
MOJIM3aXapUaH, CbAbpPXKaLld NPOMHUUIJIEHU OCTAThLUU. B TO3W mperses ca 06061ieHH
aKTyaJIHUTe NMpo6JIeMU U OrpaHUYeHUs] Ha OMOJIOTMYHUSA IPOM3BO/CTBEH NPOLEC KATO
MOCJIeIHUTE MOCTKEHUsI B MPOU3BOJCTBOTO HA MJIEYHA KUCEJMHA OT Bb30OHOBSEMU
CYpPOBHHH, KaTO JIMTHOLENYJIO3HM, HUILIECTEHU MaTepHald U CyOCTPATH, ChAbpPKALU
MHYJVH. BbIpeku ye BCUUKM Te3W ONUTHU ca BCe olle B JabopaTOpeH Mailab, Te
MoJIy4aBaT rojisiMO BHUMaHUe NOPaJy MOTEHUATHUTE UM Bb3MOXKHOCTH J]a 3aMECTST
M3I0JI3BAaHETO Ha 3aXxapyd B IPOU3BOJCTBOTO Ha MUKPOOHA MJeyHa KHUCeJWHa U Ja
OCHUTYPAT NKOHOMHYECKU KOHKYPEHTEH U eK0JIOTMYeH NPOU3BO/ICTBEH IPOLec.

15. Novel isolates of lactic acid bacteria display combined glycoside hydrolase
activities

Velikova, P., Petrov, K., Tsvetanova, F., Petrova, P.

Microbiology for a better health and industry, 70th anniversary of the Stephan Angeloff
Institute of Microbiology, Bulgarian Academy of Sciences, Sofia, Bulgaria, 2017, [ISBN:978-
954-92882-2-3, 71-80.

Abstract

Modern trends in food industry require the development of functional foods that combine
probiotic microbial content with prebiotic ingredients. Here we report a comprehensive
study of strains, members of novel Bulgarian lactic acid bacteria collection that inhabit
the special niche of the fermented cereals. The strains were identified, characterized and
evaluated in terms of their capability to utilize prebiotic carbohydrates inulin, resistant
starch, and soy oligosaccharides (raffinose). By gene transcription assay, it was found that
seven different genes are engaged in starch degradation by Lactobacillus, Pediococcus,
and Enterococcus isolates, as the gene expression levels were species and strain specific.
The ability of L. paracasei strains to grow in media containing starch, inulin, or mix of
them, as well as the elucidation of the genetic basis of these features, revealed that
hydrolytic enzymes belonging to GH13 and GH32 families took part in the process of
carbohydrates degradation. This opens the opportunity for strains advanced applications
in prospective beneficial consumers’ formulae.

Pe3ome

CbBpeMeHHUTE TEHJAEHI[MU B XpaHUTEJHATA UHAYCTPUS U3UCKBAT pa3paboTBaHETO HA
bYHKIMOHANHU XpPaHHW, KOUTO CbhbYeTaBaT NPOOHMOTHUYHO MHUKPOOHO CbhAbpPXKAaHUE C
Npe6bUOTUYHHU ChCTABKU. TyK JOK/JIa/iBaMe LIIJIOCTHO HU3CJe/IBaHe Ha I1aMOBE, YJeHOBE
Ha HOBa O'bJIrapcKa KOJIEKLUSl MJIeYHOKHCeN 6aKTepur, KOUTO 0OMTaBAT ClleljMaaHaTa
HUIIA Ha pepMeHTUpa/JUTEe 3bpHEHU KyJATypu. lllamoBeTe 6sixa uJAeHTUOUIMPAHHY,
XapaKTepU3UpaHU U OLleHeHHW MO OTHOUIeHWEe Ha CHOCOOHOCTTa MM Ja HW3MO0J3BaT
NpeOUOTHUYHHU BbIVIEXUJIPATH WHYJIWH, YCTOMYMBO HUILECTE U COEBH OJIMT'03axapUau
(paduHo3a). Upe3 aHasu3 Ha reHHATa TPAHCKPUINIUA Oellle YCTAaHOBEHO, Ye CelleM
pas/JiIM4YHU TeHa Yy4yacTBaT B pasrpaxkJaHeTo Ha HUIIeCTeTO 4Ype3 H30JIaTH Ha
Lactobacillus, Pediococcus u Enterococcus, Tbi KaTO HMBaTa Ha reHHA eKCIpecus ca
cnenqudUYHU 32 BUJA U 1mjamMa. CmocoGHOCTTA HA IamMoBeTe L. paracasei ga pacrart B
cpella, ChbprKallla HUIeCTe, UHYJWH WA CMeC OT TAX, KAaKTO W H3SCHSIBAaHETO Ha
reHeTUYHAaTa OCHOBA HA Te3U XapaKTEePUCTUKHU Pa3KpUXa, Ye XUJIPOJUTUUHUTE EH3UMUY,
npuHaaexau kbM cemerictBa GH13 n GH32, ca yyacTBasiu B polieca Ha pasrpaxkJaHe
Ha BbIVIexupaTHTe. ToBa OTBaps Bb3MOXXHOCTTA 3a Hallpe)keHHWe Ha HampeJHaIuTe
NpUJIOKEeHHUS BbB GOPMYJIMTE HA MOTEHLUAJHHUTE MOJ30TBOPHU NOTPEOUTEIH.
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16. Construction of a new shuttle vector PZT1 applicable to hosts Escherichia coli
and the ethanol producing Zymomonas mobilis

Popova, L., Petrov, K,, Petrova, P.

ECOLOGICAL ENGINEERING AND ENVIRONMENT PROTECTION, 5, 2, National Society of
Ecological Engineering and Environment Protection, 2015, 19-23.

Abstract

Zymomonas mobilis is a bacterium with high potential to produce ethanol via
fermentation of glucose, sucrose or fructose. The need for broadening of its substrate
spectrum requires the development of suitable host-vectors systems for gene cloning.
Here we report the construction of a new shuttle vector, applicable to hosts Escherichia
coli DH5a and Zymomonas mobilis DSM424. It was based on pCR2.1-TOPO™ (E. coli) and
contained the amplified and cloned replicon fragment (dso ori and repA gene) of 2.7 kb
plasmid of Z. mobilis. As a reporter gene, cloned under Plac promoter control, was used
amyBL encoding a-amylase in Bacillus licheniformis strain 44MB82/G. The obtained
results revealed good stability of the shuttle vector pZT1 in both hosts, as E. coli DH5a
possessed also a high amylase activity due to the extracellular expression of the reporter
gene. Z. mobilis DSM424 was able to maintain the shuttle vector, but amyBL was very
poorly expressed, thus indicating that Plac promoter is rather not suitable for gene
expression in this organism.

Pe3ome

Zymomonas mobilis e 6akTepusi ¢ BUCOK NMOTEHIMaJ Ja MPOU3BEXJA €TaHOJ 4pe3
depMeHTalMs Ha IJII0K033, 3axapo3a uin ¢pykrosa. Heo6xoauMocTTa OT pas3iiupsiBaHe
Ha HeroBUs CyOGCTpaTeH CHeKTbp M3UCKBA pa3pabOTBaHETO HAa MOAXOAALU CUCTEMHU
BEKTOPHU-TOCTONPUEMHUIM 3a KJIOHUpPaHe Ha reHU. Tyk onvcBaMe KOHCTPYHPAHETO Ha
HOB COBAJIKOB BeKTOD, nmpuokuM 3a Escherichia coli DH5a u Zymomonas mobilis
DSM424. To#i ce ocHoBaBa Ha pCR2.1-TOPO™ (E. coli) u cbabpka aMniuuuupaHus u
KJOHUpaH ¢parMeHT (dso ori u repA ren) ot 2.7 kb nsnasmuzg Ha Z. mobilis. KaTto
penopTepeH reH, KJIOHMPaH MoJ KoOHTpoJia Ha Plac npomoTop, 6elie n3noa3Bad amyBL,
Koauvpau a-amuiasa B maM Bacillus licheniformis 44MB82 / G. [lonyyenuTe pe3yatatu
pa3KpuBaT J06pa CTabUJIHOCT Ha BekTopa pZT1 u npu BaTa rocTOoNprUeMHHUKA, KaTo E.
coli DH5a mpuTekaBa ¥ BHCOKA aMHWJIa3HAa aKTUBHOCT IMOPaJM eKCTpallesyaapHaTa
eKCIlpecysl Ha penopTepHUs reH. Z. mobilis DSM424 ycns ga nojabpka BeKTOpa, HO
amyBL 6emie MHOro c/1a60 eKclipecrMpaH, KOeTo M0Ka3Ba, ye Plac npoMoTOpbT M0-CKOPO
He e MOAXO/ 1L 3a TeHHA eKCIPeCHsi B TO3U OPTaHU3bM.

17. Heterologous expression of amylase in E. coli and Zymomonas mobilis under
sacC promoter control for ethanol production from starch

Popova, L., Petrova, P., Petrov, K.

HAYYHU TPYZIOBE HA YHUBEPCUTET 110 XPAHUTEJIHU TEXHOJIOTHH - TJIOB/IUB,
LXII, 2015, ISSN:1314-7102, 494-498

Abstract

Z. mobilis is known as a promising economical alternative to presently used yeasts for
ethanol production. When Z. mobilis is grown in sucrose medium, the extracellular
sucrases hydrolyze the substrate. SacC was found to be the major responsible gene, and
the strong sacC promoter was identified. In the present study, the shuttle vector pZT1,
based on pCR2.1 vector and the replicon of 2.7 kb plasmid of Z. mobilis was used as a
platform for cloning and expression of amyL encoding a-amylase under sacC promoter
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control. PCR-amplified fragments containing either SacC promoter, or those followed by
the sequence encoding signal peptide of Z. mobilis sucrase, were inserted upstream amyL.
The obtained constructs were named pZT2 and pZT3. After transformation, both
constructs were stably maintained in E. coli and Z. mobilis. The enzyme activity assay
revealed a moderate extracellular expression of amyL in E. coli (0.07 and 0.09 U/ml) and
0.13-0.15 U/ml in Z. mobilis.

Pe3ome

Z. mobilis e u3BecTeH kaTo obelaBalla MKOHOMUYECKA aJITEPHATHBA HA U3M0JI3BAHUTE
B MOMEHTa /JIpOX/JM 3a MPOM3BOACTBO Ha eTaHoJ. Korato Z. mobilis ce oTraexzaa B
3axapo3Ha Cpe/ia, U3BbHKJIEThUYHNUTE 3aXapy XUAPOJIU3UpPaAT CybcTpaTa. YCTAaHOBEHO e,
ye SacC e OCHOBHHUAT OTTOBOPEH I'eH U e UJleHTUGULUPaH CUJIHUAT NpoMoTop Ha sacC. B
HaCTOSIIIOTO NMpPOYy4YBaHe COBaJIKOBUAT BeKTop PZT1, 6asupanH Ha pCR2.1 BekTOp M
pemsIMKOHBT Ha 2.7 kb nuasmuy Ha Z. mobilis, 6emnie u3nossBaH kato maatdopma 3a
KJIOHUpaHe U eKcIpecus Ha amyL, koaupania a-aMu/iasa noj KOHTpoJia Ha IpoMoTopa
sacC. PCR-amniinounupanu ¢parMeHTH, ChAbpKalu uau SacC mpoMoTOp, UJIHU Te3H,
nocjeBaHU OT CeKBEHIMS, KOJMpalla CUTHAJHUS NeNTH/, Ha reHa 3a 3axapasa Ha Z.
mobilis, 6fixa BMbKkHaTU npeAu reHa amyL. [losyyeHnTe KOHCTPYKTH 6sixa HapedeHU
pZT2 v pZT3. Cnex TpaHchopMaLUsATa U [BaTa KOHCTPYKTA ce NOALbpKaxXa CTaOUJIHO B
E. coli u Z. mobilis. U3cieqBaHeTOo Ha eH3WMHaTa aKTUBHOCT pa3KpUBa yMepeHa
M3BbHKJEeTbYHA ekcnipecus Ha amyL B E. coli (0,071 0,09U / ml) u 0,13 - 0,15 U/ml B Z.
mobilis.

18. Immobilization of recombinant CGTase JCGT8-5 on magnetically - modified
silicates and natural supports

Ivanova, V., Petrov, K., Safarikova M., Petrova, P., Tonkova A., Delchev N.

International Review of Chemical Engineering (IRECHE), 6, 1, Praise Worthy Prize
Publishing House, 2014, ISSN:2035-1755, 1-8

Abstract

Recombinant cyclodextrin glucanotransferase JCGT8-5 (CGTase, EC 2.4.1.19) was
effectively immobilized by adsorption on magnetically-modified particles. Silicates
(montmorillonite and halloysite), natural supports (oat straw, wheat bran, banana peel,
sawdust, hazelnut and peanut shell, coffee beans, tea leaves, algae Chlorella vulgaris) and
activated carbon were engaged as carriers, as the most of them were used for the first
time for enzyme adsorption. The immobilization capacities of the carriers entrapping
ultra-concentrate or purified enzyme were determined. Binding yields reached from 50%
to 90% of the initial enzyme quantity. The analysis of the formed cyclodextrins (CDs)
revealed that the highest amount of total CDs was obtained by the use of halloysite
particles (10.1 mg/ml), followed by sawdust (8.6 mg/ml), algae (8.6 mg/ml) and peanut
shell (8.2 mg/ml). A high degree of starch conversion into CDs, ranging from 21 to 25%
was achieved for 20 min starch hydrolysis. Variations in y-CD: a-CD: -CD ratios due to
the immobilization on the different carriers were observed. The six-fold reuse of the
magnetic biocatalysts containing purified recombinant CGTase bound to halloysite,
washed algae or sawdust provided 29-36 mg/ml CD yield without presence of a-CD for
120 min starch hydrolysis.

Pe3ome

PekoMOWHAHTHATA IMKJIOAEKCTPUH TrJoKaHoTpaHcepaza JCGT8-5 (CGTase, EC
2.4.1.19) 6eme edpeKTUBHO HMOOMJM3WpPaAHA 4Ype3 afCcopOLUs BBPXY MarHUTHO
MoaubULMpaHu  vacTUuM. KaTo HocuTesn  6sixa  aHT@OKUPAHU  CUJIMKATU
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(MOHTMOPHJIOHUT U XaJIOU3UT), €CTECTBEHU HOCHUTEeJU (OBeceHa cjaMa, MUIIeHUYHU
TPULY, KOPY OT OaHaHHU, /bPBEHU CTbPrOTHUHH, YEPYIIKU OT JIEIIHUK U QPbCTBLH, Kade
Ha 3'bpHa, YaeHU JIUCTa, Bogopacau Chlorella vulgaris) 1 akTUBeH BbIJIEH, KATO IOBEYETO
OT TAX 06sXa M3MO0JI3BaHM 3a I'bPBU I'bT 3a €H3MMHa ajcopbuud. OnpenesieHU 65xa
MMOOU/IM3ALMOHHUTE CIIOCOOHOCTH HAa HOCUTEJIUTE, YJIaBALM YJITPAKOHLIEHTPAT WU
npevyucTeH eH3UM. [lo6UBBT Ha cBbp3BaHe foctura oT 50% 10 90% oT I’bpBOHAYAJIHOTO
KOJIMYeCTBO €H3UM. AHa/IM3bT Ha 00pa3yBaHUTe HUKIoA4eKcTpUHHU (CD) paskpu, ye Hait-
roJisiMo KoJindyecTBOo oT ob6muTte CDs e mosiyueHO 4pe3 H3MOJI3BaHE HAa XaJOU3UTHU
yactuny (10,1 mg/ml), nocnesBaHo OT AbpBEHU CTHProTUHHU (8,6 mg/ml), Bogopacau
(8,6 mg/ml) u yepynka ot ¢bcTbruM (8,2 mg/ml). [locTurHata e BUcOKa cTemneH Ha
npeo6pasyBaHe Ha Huulecte B CD, Bapupama ot 21 g0 25% 3a 20-MUHYTHa XU/ApoJU3a
Ha HullecTe. HabustojaBaHu ca BapHalu B CboTHOIIEeHUATA Y-CD: o-CD: B-CD mopaau
MMOOUIM3aLUsATa BbPXY Pa3/JIMUHUATEe HocUuTe U. lllecTKpaTHOTO MOBTOPHO M3I0JI3BaHe
Ha MarHUTHUTE OMOKAaTaJu3aTOpPH, ChAbpKally NpeyrcTeHa pekoMouHaHTHa CGTase,
CB'bp3aHa C XaJIOU3UT, U3MUTH BOJOPAC/IN UJIH JbPBEHU CTbPrOTHUHH, OcUrypsBa 29-36
mg/ml CD n06uB 6e3 Hasnyue Ha o-CD 3a 120 MUHYTH HULIECTEHA XUAPOIM3a.

19. Enhanced heterologous gene expression in diploid cells of methylotrophic yeast
Hansenula (Ogataea) polymorpha

Stoyanov A., Petrova P., Lahtchev K.

Journal of BloScience and Biotechnology, 3, 3, PLOVDIV UNIVERSITY PRESS "PAISII
HILENDARSKI", 2014, ISSN:1314-6246, 247-252

Abstract

The expression of bacterial gusA gene encoding for E. coli enzyme (-glucuronidase in
haploid and diploid cells of methylotrophic yeast Hansenula (Ogataea) polymorpha was
studied. Haploid strains were transformed with plasmid carrying gusA gene under the
control of strong alcohol oxidase (AOX) promoter and several Gus+ transformants were
isolated. They were crossed with wild type strains lacking Gus activity. The resulting
diploids were sporulated and several meiotic segregants with increased Gus activity were
isolated. Some of these segregants were crossed and the corresponding diploid strains
were obtained. It was found that Gus activity of diploid strains was twice higher compared
to haploids, whereas Gus activity of diploids was increased about six fold compared to
those of haploids. Our results can be used as an approach for development of yeast strains
with elevated expression of heterologous proteins.

Pe3ome

M3cienBaHa e ekcnpecusiTa Ha OakTepuajeH gusA reH, Kojupall eH3uM [3-
IJIIOKypoHuiasa Ha E. coli B XxamougHU U JUIVIOUJHU KJIETKU Ha METUJOTPOPHHU
Apoxau  Hansenula (Ogataea) mnosumopda. XamnouJHHTe 1LaMoBe  6Gsxa
TpaHCPOPMHUPAHU C MJIA3MU/], HOCell gUSA reH NoJ, KOHTpPOoJIa Ha MPOMOTOpP Ha CHJIHA
asikoxoJiHa okcrpasa (AOX) u 6s1xa U30/IMpaHU HAKOJIKO Gus + TpaHcpopMaHTH. Te 6saxa
KpP'bCTOCAaHU C LIAMOBEe OT JHUB THI, KOUTO HAMAT aKTUBHOCT Ha Gus. [losydyeHuTe
JUIJIOUAN 6sixa CIOpooOpa3HU U 6sixa U30JIUPAHU HSKOJIKO MEMOTUYHU CErperaHTH C
noBuiieHa Gus aKTUBHOCT. Hsikou OT Te3W cerperaHTH 6siXxa KPbCTOCAaHU U Osxa
NOJIlyYeHU CbOTBETHUTE JUIJIOUJHU IlaMoBe. YCTaHOBEHO e, ye Gus aKTUBHOCTTAa Ha
JIUIIJIOUJTHUTE 1[aMOBe e 61JIa ZiBa I'bTH M0-BUCOKA B CPaBHEHUE C XAIlJIOUAUTE, J0KATO
Gus aKTHBHOCTTA Ha AUIJIOUJMTE € O1Jia YBeJUYeHa OKOJIO LIeCT I'bTU B CPaBHEHHUE C
Ta3W Ha XamjouguTe. HamuTe pesysaTaTH MoraT Ja ce M3MO0J3BAaT KAaTO MOAXOJ 3a
pa3BUTHeE Ha L[AMOBE Ha JIPOXK/H C TOBUIIIEHA eKCIIPeCUs HAa XeTEPOJIOKHU TPOTEUHH.
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20. Novel Bulgarian Lactobacillus strains ferment prebiotic carbohydrates
Velikova, P. V., Blagoeva, G. I., Gotcheva, V. G., Petrova, P. M.

Journal of BioScience and Biotechnology, SE-2014, Plovdiv University Press "Paisii
Hilendarski", 2014, ISSN:1314-6246, 55-60

Abstract

Prebiotics are non-digestible food ingredients that stimulate the growth or activity of the
beneficial to human health bacteria in the digestive system. Generally, the prebiotic
should increase the number of potentially probiotic lactic acid bacteria if they could
convert it. The aim of this study is to isolate strains belonging to genus Lactobacillus and
to examine their capability to grow in media containing prebiotic carbohydrates as a sole
carbon source. Thus, thirty two Lactobacillus strains were checked for its ability to
convert the following mono-, di-, and trisaccharides: xylose, galactose, mannose,
arabinose, fructose, rhamnose, cellobiose, melibiose, and raffinose, and also the
polysaccharides inulin, xylan, carboxymethyl cellulose and pullulan. Our results revealed
that all strains ferment to lactic acid galactose and mannose, and most of them - arabinose,
cellobiose or fructose. Eleven strains convert melibiose (gal-glu), twelve - raffinose (gal-
glu-fru). Observing the strains’ capacity to hydrolyze long-chain carbohydrates, 2 strains
were found to be able to ferment carboxymethyl cellulose, 4 - inulin, and no one
converted xylan and pullulan. The putative gene responsible for the inulin degradation by
two Lactobacillus strains was identified by PCR with specific primer pair. These results
are important for the future application of the tested Lactobacillus strains in food
industry. They may be useful for the development of functional foods containing prebiotic
carbohydrates as well.

Pe3ome

[Ipe6buoTHIIMTEe ca HECMUJIAaeMH XPAaHUTEJHU CbCTAaBKH, KOUTO CTUMYJHUpPAT pacTexa
WJIK aKTUBHOCTTA Ha MI0JIE3HUTE 33 YOBEIIKOTO 3/ipaBe 6aKTEPUH B XpaHOCMUJIaTeHATa
cuctema. KaTo 1070 npe6GUOTUKBT TpsbOBa Ja yBeJUYHM OpOs Ha MOTEHIIMATHO
NPOOGUOTUYHUTE MJIEYHOKHCENU GAKTEPHUH, aKO MOTaT Jila ro npeobpasysart. llesTa Ha
TOBA MPOYYBAHE € /la Ce U30JIMPAT LAMOBe, MPUHA el KbM poj Lactobacillus u fa
ce u3cCJaelBa CIOCOOHOCTTA MM Ja pacTaT B cpejia, ChbAbpiKalla MNPeOHOTUYHHU
BbIJIEXUJIPATU KATO €JUHCTBEH H3TOYHHK Ha BbrJepod. [lo To3W HauuH 6sxa
NpoBepeHu TpHUJeceT M JBa Ilama Lactobacillus 3a cnoco6HocTTa My Aa KOHBepTHUpa
C/IeHUTEe MOHO-, M- WU TpPHU3aXapUAu: KCHUJI03a, rajlakTo3a, MaHO03a, apabHHO33,
bpykTO3a, paMHO3a, Lies106103a, MeJIM6103a U padrHO03a, a ChUO U MOJU3aAXaAPUIUTE
WMHYJIMH, KCUJIaH , KAPOOKCUMETHUJI 1ieJlyJio3a U MyJiyJiaH. Pe3yiTaTuTe HU pa3Kpuxa, ye
BCUYKHU LIaMoBe pepMeHTHUPAT [0 MJIEeYHOKHCesa rajlakTo3a U MaHo3a, a TIOBEYETO OT
TSIX - apabuHO34a, 1[eJ1001M03a uau ¢pykTosa. EnvHaseceT mamMa npeBpbIilaT MeJub10o3a
(gal-glu), nBanagecet - paduHosza (gal-glu-fru). HabsrogaBaliku crnoco6HOCTTa Ha
I[aMOBeTe /Jla XU/POJIM3UPAT JA'bJTOBEPKHU BbIJIEXUJPATH, Gellle YCTAaHOBEHO, Ye 2
maMa Morat Ja ¢gepMeHTHPAT KapOOKCUMETHJ 1ie/yJi03a, 4 - UHYJUH U HUKOH He e
npeo6pasyBaJsl KCUJIAH U yJyJiaH. [[peinosaraeMusiT reH, OTTOBOPEH 32 Pa3rpak/iaHeTo
Ha MHYJIMHA OT JBa uama Lactobacillus, e ugentudunupan upe3 PCR cbc cnenudpuyuHa
JIBOMKa nparMepu. Te3u pe3ysiTaTU ca BAXKHU 3a 6'b/I€110TO MPHUJIOKEHHE HA TECTBAHUTE
mamoBe Lactobacillus B xpaHuTesiHaTa npomuliieHoCcT. Te MoraT Aa 6'bJaT MOJIE3HU U
3a pa3BUTHETO Ha PYHKIIMOHAJHU XPaHH, Ch'bPKalllU MPEOGUOTHYHU BbIJIEXUAPATH.
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21. Regulation of amylase genes expression in lactic acid bacteria
Petrova P., Tsvetanova F., Petrov, K.

New Trends in Microbiology, In: 65th Anniversary of the Stephan Angeloff Institute of
Microbiology, 2012, ISBN:978-954-92882-1-6, 11, 193-203.

Abstract
The enzymes a-amylases (EC 3.2.1.1) are endo-glycosyl hydrolases that randomly

cleave the a-1, 4-glycosidic bonds in starch. Their family in lactic acid bacteria (LAB)
consists of several enzymes with unclear structures, because of the long-term opinion that
this type of bacteria lack starch-degrading ability. On the other hand, the sugar utilization
has been extensively studied in LAB, because of its significant role in the industrial
fermentations. Most genes involved in sugar catabolism are organized into operons
that are strongly expressed and controlled at the level of transcription initiation and are
subjected to CcpA-dependent catabolite repression.

In the present study the molecular structures of different amylase genes, presented
in the genomes of Lactococcus lactis ssp. lactis B84 and Lactobacillus paracasei B4l,
are described. Four genes for enzymes, involved in starch degradation were detected in
B84 genome: amyL, amyY, glgP and apy, coding cytoplasmic and extracellular alpha-
amylases, glycogen phosphorylase and amylopuliulanase. Reverse transcription PCR
experiments showed that both genes, encoding alpha-amylases (amyL and amyVY), were
expressed into mRNAs, The genetic basis of Lactobacillus paracasei B41 amylolytic
properties were investigated and discussed. CRE-site for CepA-recognition was found
and the putative mechanism of gene expression regulation was proved by Northem
hybridization experiments.

Pe3ome

Ensumute a-amusiasu (EC 3.2.1.1) ca a-ryirokaHa3u, KOUTO KbCaT a-1-4 Bpb3KUTE BbB
BbTPEIIHOCTTA Ha HUIIECTETO Ha CJay4yaeH NpUHUuUIN. Ta3u rpymna eH3WMH NOpU
MJIEHHOKHUCEJIUTe OGaKTepUHM Ce CbCTOU OT HAKOJIKO pa3jiIMYHM €eH3MMa C HesiCHa
CTpykTypa. Makap 4e pgocera ce cyurtame, ye MKDB HAMaT amuiasHa akKTUBHOCT,
YCBOSIBAHETO Ha pa3/IMYHM 3aXapu MpPHU Tasu rpyna MUKPOOpraHu3Mu 6Gelle Jo6pe
u3y4eHo. [loBeyeTo OT reHHTe, y4yacTBalU B 3aXapHUS MeTab0/IM3bM Ca OPraHU3UupaHU
B ONEpOHU noJ, KoHTpoJsia Ha CcpA-3aBUcuMa KaTabosMTHA penpecus. B HacTod1oTo
u3cje/BaHe ce pas3sKpUBAT MOJIEKYJHHUTE CTPYKTYPU HaA pas3/IMYHHA aMUJa3HU TeHH,
NpUChCTBalllM B reHoMUTe Ha Lactococcus lactis B84 u Lactobacillus paracasei B41.
YeTupu reHa 3a eH3MMH, CBbP3aHU C XWApPOJM3aTa Ha HULIECTETO Ca JOKa3aHU NpPHU
Lactococcus lactis B84: amyY, amyL, glgP u apu, kojupauu IUTONa3MeHa U
M3BBbHKJETBbYHU aMWJa3M, [JHUKoTreH-pochopusiaza M amuionysayiaaHasa. RT-PCR
eKCIIepUMeHTH Jl0Ka3axa, Ye U JjBaTa reHa, KoJupald aMuaasu ce ekcnpecrupat B uPHK.
[eHeTUYHHTEe OCHOBM Ha aMMJIa3HAaTa aKTUBHOCT Ha Lactobacillus paracasei B41 cbiio
ca pasrjelaHy U JUCKyTUpaHU. PazkpuTo e HanvuueTo Ha CRE-calT 3a pa3no3HaBaHe
Ha CcpA 6esTbKa, 1 TOCOYEHUsI MEXaHM3'bM Ha KOHTPOJI HaJl eKcnpecusTa 6e Joka3aH
ype3 Northern-xub6puausanusl.
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23. Covalent attachment of cyclodextrin glucanotransferase from genetically
modified Escherichia coli on surface functionalized silica coated carriers and
magnetic particles

Ivanova, V., Tonkova, A., Petrov, K., Petrova, P., Gencheva, P.

Journal of BioScience and Biotechnology, pp. 7-13, SE, Plovdiv University Press "Paisii
Hilendarski", 2012, ISSN:1314-6246, 7-13.

Abstract

Recombinant cyclodextrin glucanotransferase JCGT8-5 (CGTase, EC 2.4.1.19) was
effectively immobilized by formation of chemical bounds on polyethylenimine (PEI)-
activated silica particles, on silanized Spherosils 5, X0A200, XOC 005, Arylamine CPG and
magnetite Fe304 (Fe(I[)O.Fe(IlI)203) micro-particles and by adsorption on
magnetite/activated carbon support. The immobilization capacities of the carriers were
determined. Binding yields reached from 50% to 93%. The amount of bound enzyme was
considerably higher when this protein was immobilized on polyethylenimine (PEI)-
activated silica particles and silanized Spherosil 5, XOA and XOC micro-particles and
reached 1.33-1.77 mg/g support. Arylamine CPG and the activated carbon/magnetite
support also possessed high binding capacities - 0.73-0.78 mg enzyme/g carrier. Analysis
of formed CDs revealed changes in the (-cyclodextrin: y-cyclodextrin ratio due to
immobilization.

Pe3ome

PekoMOMHaHTHATa ILUKJIOJEKCTPUH T/a0KaHOoTpaHcpepasza JCGT8-5 (CGTase, EC
2.4.1.19) Gelie epeKTUBHO UMOOUJIM3UpPAHA Upe3 0O6pa3yBaHe HAa XMMHUYECKH FPaHULY
BbpPXY aKTUBHpaHU C nosveTuneHUMUH (PEI) yacTuuu cuauuueB JUOKCHUJ, BBPXY
cuynaHusupanu coeposuau 5, X0A200, XOC 005, apunamud CPG u marHetuT Fe304 (Fe
II) O.Fe (III) 203) MukpoyacTULy U 4pe3 afcopouus BbpXy NOAJI0XKKA OT MarHeTUT /
aKTHUBeH BbIJieH. OnpesesieHH 65Xxa MMOOUIM3allMOHHUTE CIOCOOHOCTH HAa HOCUTEJIUTE.
Jlo6rBHTE HA cBBp3BaHe AocTUrat oT 50% 10 93%. KosmmyecTBOTO Ha CBbp3aHUsl €EH3UM
Oelle 3HAYMTEJNHO NO-BUCOKO, KOraTO TO3U MNPOTEHWH Oelle MMOOWUIM3UPAH BBPXY
aKTuBUpaHU ¢ noavetuneHuMuH (PEI) yacTuiu cununueB AUOKCUJ, U CUJIAHU3UPAHU
mukpodactunuu Spherosil 5, XOA u XOC u gocturHa nogkpena ot 1,33-1,77 mg / g.
Apunamun CPG u mojbp:KallMaT aKTUBEH BbIJIEH / MarHeTUT CbILO NPUTEXKaBaT
BUCOK KamauuTeT Ha cBbp3BaHe - 0.73-0.78 mg eH3uM / g HOcHTesa. AHa/Ju3bT Ha
dopmupanute CDs paskpuBa NPOMEHHM B CbOTHOLIEHUETO [-IIUKJIOJAEKCTPUH: Y-
I[MKJIOJIEKCTPHH MOPaAU UMOOHUIU3ALUSL.
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Abstract

The specific natural and climatic conditions in Bulgaria had contributed for the
spontaneous evolution of starter cultures, usually associated with the good health and the
longevity of the yogurt consumers. Aiming to isolate unique strains of Lactic acid bacteria
(LAB) that have acquired special properties over the centuries, about eighty distinct
yogurt samples from remote territories (towns-museums, small villages, monasteries) in
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the country were collected. Although there are many regions, known to contain endemic
micro flora (Tran, Balkan Mountain, Thracian and Rose valleys), the largest biodiversity
of LAB was observed in the samples from Rhodope Mountains. The strains isolated from
cow’s, sheep’s, goat’s, or buffalo’s products, derived from homemade yogurt according to
the ancient national receipts. The results obtained by 16S rRNA gene’s sequencing
showed that the new isolates belong to the species Lactobacillus bulgaricus, L. helveticus,
L. rhamnosus, L. fermentum, L. paracasei, and genera Pediococcus, Streptococcus,
Enterococcus, Leuconostoc, and Weissella. The strains were characterized in terms of
their acidifying ability (in skimmed milk, or in lactose medium); the percentage of the
optical isomers of lactic acid; exopolysaccharides production; proteolytic activity and the
capability to produce antimicrobial substances. Several L. bulgaricus strains were found
to synthesize galacto olygosaccharides (GOS), which are well known as valuable prebiotic
carbohydrates. The comprehensive genetic characterization of particular LAB strains and
the further analysis of the liquid and volatile metabolites are in progress. These results
would uncover the traits bringing the authentic Bulgarian yogurt fragrance and would
reveal the reason for the proven beneficial effects of the product. The known origin and
the good technological properties of the new isolated strains would allow their successful
application in starters, developed for the “Original Bulgarian type yogurt” manufacturing.
Pe3ome

CneuuduyHUTE NPUPOAHU U KJIUMATHYHU YCA0BUSL B Bbiarapus JonpuHecoxa 3a
CIIOHTAaHHOTO pa3BUTHE Ha 3aKBAaCKUTe, OOMKHOBEHO CBBP3aHU C A0OpOTO 3/paBe U
JUbJICOJIETUETO HA KOHCYyMaTOPHUTE Ha KuceJsio MJsKo. C 1es u30/MpaHe HA YHUKAJIHU
1maMoBe MJedyHokucean 6aktepuu (MKB), kouTo ca npugo6UIn celUaJHU CBOKMCTBA
npe3 BEKOBeTe, ca CbOpPAaHU OKOJIO OCeMJeceT Pa3JMYHU NPOOM KHUCEJO MJISKO OT
OTJaJledeHH TepPUTOpPUU (rpajioBe-My3ed, MaJIKU ceJjla, MaHaCTUPU) B CTpaHaTa.
Bbrnpeku ye MMa MHOTO PeruoHH, 3a KOUTO € U3BECTHO, Ye ChAbpPKAT eHJeMUYHA
mukpodsopa (TpbH, Crapa niaHuHa, Tpakuiicka U Po3oBa [0oJMHU), HAU-TOJISAMOTO
6vopasHoobpasue Ha MKDB e Ha6sogaBaHo B mnpobute ot PogonuTte. IllaMmoBeTe,
M30JIMPaHU OT KpaBe, OBILle, KO3U WJIM OUBOJICKA NMPOAYKTH, MOJYYEeHU OT JOMAIIHO
KHCeJIO MJISIKO CIIope/| APEeBHUTE HAIMOHAJIHU pelenTU. Pe3ysTaTuTe, NoJyyeHH 4pe3
cekBeHUpaHe Ha reH 16S pPHK, mokasBaT, ye HOBUTE H30JIaTH NPUHAJJIEXKAT KbM
BujloBeTe Lactobacillus bulgaricus, L. helveticus, L. rhamnosus, L. fermentum, L. paracasei
u pojgoBeTe Pediococcus, Streptococcus, Enterococcus, Leuconostoc u Weissella.
[[laMoBeTe ce xapaKTepHU3UpaT M0 OTHOLLIEeHKe Ha TAXHATa Mo KHCceIsiBalla CIOCOOHOCT
(B 06e3MacyieHO MJISIKO WJIM B JIAKTO3HA Cpe/ia); MPOLEHTbT HA ONTUYHUTE U30MePH Ha
MJIeYHAaTa KMCeJIMHA; TPOU3BO/ICTBO HAa €K30M0/IM3aXapU/iu; IPOTEOJTUTHYHA AKTUBHOCT
Y CIIOCOOHOCTTA /a MPOU3BEXKAAT aHTUMUKPOOHU BellleCTBa. Y CTAHOBEHO €, Ye HAKOJIKO
mama L. bulgaricus cuHTesupat rasakto osurosaxapuzau (GOS), kouTo ca gobpe
M3BECTHU KATO I[eHHU NMPeOUOTUYHU BbIVIEXUJPATH. B X0/ € 1s/ocTHAaTa reHeTUYHa
XapaKTepPHUCTHKA Ha onpe/iesieHH LAB 111aMoBe U o-HATAaT'bIIHUAT aHAJIU3 HA TEYHUTE U
JIETJIUBU MeTabosuTH. Te3u pesyaTtaTd 6uxa pa3KpUId 4YepTUTe, [JJOHACALU
ABTEHTUYHUS OBJTapCKH apoMaT Ha KHCeJI0O MJISIKO M 6MXa pasKpWId NMpUUYMHATa 3a
JlOKa3aHWTe TMoJie3HW ePeKTH Ha NpPOAYKTAa. M3BECTHUAT NpPOU3X0J U J0OpHUTe
TEXHOJIOTUYHH CBOWCTBA HA HOBHTE HW30JIMPAHU IlaMOBe 6GUXa MO3BOJIUJIM TAXHOTO
YCIIELIHO MPUJIOKEHUE B IPEASACTHS, pa3paboTeHU 3a MPOU3BOACTBOTO Ha ,OpUTrUHa/IeH
O'bJIFAPCKU TUIT KUCEJIO MJISIKO",

26



