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1. L- i D-y1aKktar-ceseKTUBHI OKCUA0PEIyKTa3y, peKOMOiHaHTHI KiiTHHU ApiKIKiB Ogataea polymorpha Ta
HAHOPO3MIpHi MaTepianu Al pO3pOOKKA HOBUX €H3MMATUYHUX i 6i0CEHCOPHUX MiIXOMiB KiJIbKiCHOTO aHai3y

MOJIOYHOI KUCJIOTU

2. L- and D-lactate-selective oxidoreductases, recombinant yeast cells of Ogataea polymorpha and nanomaterials
for the development of new enzymatic and biosensor approaches for the quantitative analysis of lactic acid

Pedepar:

1. Inceprauis NpucBsiY€Ha KOHCTPYIOBAHHIO IPIKIKOBUX WITAMIB — HANNIPOAYLEHTIB L- i D-J1akTaT-Ce/1eKTUBHUX
OKCUJIOPEeIyKTa3, OYuIeHHIO (epMEHTIB Ta po3pooOlli Ha iX OCHOBI, Y IoeIHAHH] i3 HAHOPO3MIpHUMHU MaTepiajiaMy,
HOBUX CIEKTPO(POTOMETPUYHUX Ta 6i0CEHCOPHUX METO/iB BU3HAUEHHS BMicTy L- Ta D-y1aKkraty, a Takox
6iopeakTopiB 1151 €eH3UMAaTUYHOIO OTPUMAHHS YACTUX €HAHTIOMEPIB MOJIOYHOI KUCJIOTU. 33 JOIIOMOTOI0
MOJIEKYJISIPHO-T€HETUYHUX IIiIX0iB CKOHCTPYHOBaHO peKOMOiHaHTHI mTamu apibkakiB Ogataea polymorpha: «trl»
(gerl catX CYB2) - naanponyueHT L-yakrat: GpepuuuToXpoM c-okcugopenykrasu (paasouutoxpomy b2, @1l b2), mo
XapaKTEePU3y€EThCSl BOCbMUKPATHUM MiBUILEHHSIM IIMTOMOI aKTUBHOCTI BiJIIOBIAHOTO (PEPMEHTY B O€3KJIITUHHUX
ekcTpakTax. CKOHCTPYHOBAHO TaKOXX PEKOMOIHAaHTHUI MPOLYyLEHT D-j1akTaT: GpepUuLuTOXpPOM C-OKCUOPEAYKTa3U
(DLDH) O. polymorpha «tr6» (gcrl catX CYB2A /DLD1), nutoma aktuBHicTs DLDH sikOro 36isbI1yeThCs y 1icThb



pasiB, NOPIBHSIHO 3 BUXiZHMMU LITAMaMU, IPUYOMY 3aBIsKu Aesewii reHa CYB2 mram He cuHTesye OI] b2.
OnTUMI30BaHO YMOBM CHHTE3Y LiJIbOBUX (EPMEHTIB 11711 000X peKOMOIHAHTHUX MITaMiB APiKIXKIB. Yiepiue
po3pobiieHo HoBuI MeTon ounteHHs QLI b2 i3 ekcTpakTiB KiTUH mTaMmy gpixkmkis O. polymorpha «trl» adinHoio
xpoMmarorpagiero Ha aMiHOIIPONIICUIOXPOMi, MOAM(DIKOBAHOMY IUTOXPOMOM C B POJIi JIiraH/1a Ta OTPUMAHO
npernapaty ¢pepmeHTa i3 TMToMOoI0 akTuBHICTIO 10 Op.-Mr-1. OnparpoBaHO CXEMY OUUIIEHHS MEMOPaHHOTO
depmenTta DLDH i3 kiiTuH mwramy apixaxis O. polymorpha «tr6» Ta oTpuMaHo o4MIlieHUH [Ipenapar i3 TMTOMOIO
akrusHicTiO 1,1 Op.-Mr-1. [l 060X pepMEHTHUX IIpeNapariB NPOBeeHO (Pi3NKO-XiMiUHYy Ta €H3UMOJIOTIYHY
XapaKTEPUCTUKY. JI0BEIEHO MOXUJINBICTb BUKOPUCTAHHS NPOAYLEHTIB L- Ta D-yakrar-crnenudivyHux
OKCHUAOPENYKTA3 AJ1sl MPOAYKLii YncTOoro D-eHaHTiomepa i3 paliemaTy MOJIOYHOI KUCJIOTH Ta YCYHEHHS D-j1akTaty B
MOJeJIbHUX CcyMillax. Yrepiie po3po6s1eH0 HOBUM eH3UMaTU4YHO-()OTOMETPUYHUI METO/, KiJIbKiCHOTO aHani3y L-
JIAaKTaTy 3a BUKOPUCTaHHS pekoMb6iHaHTHOro ®II b2 Ta «BepraiHcbKoi 61akuTi». OnparpoBaHO CIOCIO peyTuiisaiii
dbepmeHTa 17151 BU3HaYeHHs BMicTy L-yakTarty 3a Bukopuctanusa ®Ll b2, iMmmo6inizoBaHOro Ha MarHiTHUX
MikpouacTuHKax. Po3po6ieHo HoBUI GOTOMETPUYHUI METO], KiJlbKiCHOT0 aHasidy D-y1akraTy Ha OCHOBI
BMKOPHMCTaHHS KJIITHH Ta CyOKJIITUHHUX (ppakuiil O. polymorpha «tr6» ta yrBopeHHs (pOpMasaHy sIK KiHLEBOIO
KOJIbOPOBOrO NPoayKTy. CUHTE30BaHO HOCI AJ1s1 iMMOGii3awii (pepMeHTIB Ha OCHOBI HAHOYACTHHOK 30JI10Ta.
Po3pob6sieHo HOBUM MeTo[ GOpMYyBaHHS 30JI0TUX HAHOYACTHMHOK Ha II0BEPXHi pob0YO0ro IIaHapHOTO €JIeKTPoLy in
situ. 3a BUKOPMCTaHHS CKaHYBaJIbHOI €JIEKTPOHHOI MIKPOCKOIIii, PEHTT€HOCIIEKTPAJIBHOTO aHasli3y, aTOMHO-CUJIOBOI
MIKpOCKOIIii Ta TPaHCMICilIHOI eJIeKTPOHHOI MiKpOCKOMii TpoBeAeHO Pi3NKO-XiMiYHY i CTPYKTYPHY XapaKT€PUCTUKY
OTpUMaHuX HaHOMaTepiasiB. Ha ocHOBI nepmeabinizoBaHux KiiTH mTamy-HagmnponyueHta OL b2 O. polymorpha
«trl» CKOHCTPYHOBaHO HOBI MiKpOOGHi amIepoMeTpUyYHi 6i0CEHCOpY 3 OKPalleHUMU 6i0aHaNiTUYHUMU
XapaKTepUCTUKaMu. Po3pobsieHO HOBUI €H3UMHUIE 6e3MeiaTOPHUN aMIIEPOMETPUYHUI 610CEHCOP «TPEThOro
IIOKOJIiHHSI» Ha L-J1aKTaT Ha OCHOBI OunIeHOro pekomb6iHanTHOro ®II b2 Ta HaHOYaCTUHOK 30710Ta. Po3pobieHo Ta
0XapaKTepr30BaHO HOBi MiKpOOHi 6ioceHcopy Ha D-71akTaT 3 BUKOPUCTAHHSM KIIITUHHUX YJIAMKiB, CYOKJIITHHHUAX
dpakiii, 36arayeHnx MiTOXOHIPisIMYU, Ta KIIiITUH peKoMbiHaHTHoro mramy O. polymorpha «tr6». 3aBnsku neneuii
rena CYB2, sikuii Kogye L-y1akTaT-ceseKTUBHAN PIaBOLUTOXPOM b2, MiKpoOHi 6i0ceHCOpH XapaKTepPU3YIOTbCS
BUCOKOIO CEJIEKTUBHICTIO 10 D-eHaHTiomepa s1akraTy. Po3po6eHi 6ioaHaniTMyHi MigXoau Ha OCHOBI
PEKOMOIHAHTHUX KJIITUH, KJIITUHHUX YJIaMKiB Ta O4MIeHUX (PEPMEHTIB BUKOPUCTAHO 11715 KiJIbKiCHOTO aHasli3y L- Ta
D-7akTaTy B peabHUX 3pa3Kax pPifiH JIIOJUHY, XapUYOBYX ITPOAYKTIB Ta (hapMalleBTUYHYX [Ipenaparib
TpaHcy3iiiHOTO NpU3HAYEHHS. 3aBSIKU BUCOKIl YyTJIMBOCTI Ta CEJIEKTUBHOCTI, a TAKOX HaZliMHOCTI Ta POCTOTIi y
BHMKOPHMCTaHHI, ONpalpOBaHi eH3MMAaTUYHI Ta MIKpOOHI MiX0nu KibKICHOTO aHasi3y JIakTaTy MOXKYTb 3HANTH

MIPaKTUYHE BUKOPUCTAHHS B KJIiHIUHIN AiarHOCTHULIi, CIIOPTUBHIN MEOVLIMHI T XapYOBUX TEXHOJIOTISIX.

2. The thesis is devoted to construction of yeast strains overproducers of L- and D-lactate-selective
oxidoreductases, purification of the enzymes, their combination with nanosized materials, and development on the
base of obtained bionanomolecules new spectrophotometric and biosensor approaches for analysis of L- and D-
lactate, as well as bioreactors for enzymatic conversion of racemic lactic acid to pure enantiomers. Using
molecular genetics approaches, recombinant strain of yeast Ogataea polymorpha: "trl" (gcrl catX CYB2) -
overproducer of L-lactate: ferricitohrome c-oxidoreductase (flavocytochrome b2, FC b2), characterized by an
eight-fold increase in the specific activity of the enzyme, has been constructed. A recombinant producer of D-
lactate: ferricitohrom c-oxidoreductase (DLDH) - O. polymorpha "tr6" (gcrl catX CYB2A /DLD1), whose specific
activity of DLDN is six-fold greater comparing with the parental strains, has been constructed also. Due to deletion
of the CYB2 gene, the strain is not synthesizes FC b2. The conditions for the maximal enzymes synthesis for both
recombinant yeast strains have been optimized. For the first time, a new method of purifying FC b2 from extracts
of yeast strains O. polymorpha "trl" by affinity chromatography on aminopropylsilocromes modified with
cytochrome c in the role of a ligand has been developed, and preparations of the enzyme with a specific activity of
10 U'mg-1 have been obtained. The scheme of purification of the membrane enzyme DLDN from the cells of O.
polymorpha "tr6" has been developed and a purified enzyme preparation with a specific activity of 1.1 U-mg-1 has
been obtained. For both enzyme preparations, a physico-chemical and enzyme characteristic has been performed.
The possibility of using the yeast producers of L- and D-lactate-specific oxidoreductases for production of pure



D-enantiomer from racemic lactic acid and remediation of D-lactate from the model samples has been proved. For
the first time a new enzymatic-photometric method of quantitative analysis of L-lactate based on recombinant FC
b2 and "Prussian blue" has been reported. The method of reusing of enzyme immobilized on ferromagnetic
microparticles has been developed. It is shown that enzyme microparticles can be removed from the reaction
solution by magnetic field and reused at least six times without loss of quality of L-lactate analysis. A new
photometric method of quantitative analysis of D-lactate based on the use of cell and subcellular fractions of O.
polymorpha "tr6" and the formation of formazan as a final colored product has been developed. The nanocarriers
for immobilization of the enzymes based on gold nanoparticles were synthesized. A new method of gold
nanoparticles formation on the surface of the working planar electrode in situ was developed. The physico-
chemical and structural characteristics of the nanomaterials were performed by means scanning electron
microscopy, X-ray spectral analysis, atomic force microscopy and transmitted electron microscopy. On the basis
of permeabilized cells O. polymorpha "trl" - overproduced FC b2 new microbial amperometric biosensors with
improved bioanalytical characteristics have been constructed. The construction of new microbial ampereometric
biosensors with improved bioanalytical characteristics based on permeabilized FC b2-overproductive cells of O.
polymorpha "trl" enriched with an enzyme bound gold nanoparticles have been done. For the first time it has been
shown that the enrichment of yeast cells of FC b2, due to the overexpression of the corresponding gene and the
addition of immobilized enzyme gold nanoparticles into cells, significantly improves the main operational
characteristics of the biosensor (sensitivity, detection limit, storage stability, etc.). A new L-lactate-selective
enzymatic mediatorless biosensor of the "third generation" based on purified recombinant FC b2 and gold
nanoparticles has been developed. New microbial biosensors for D-lactate with the use of cell debris, subcellular
fractions enriched with mitochondria, as well, the cells of recombinant strain O. polymorpha «tr6» have been
developed and characterized. Due to the deletion of the CYB2 gene encoding L-lactate-selective flavocytochrome
b2, microbial biosensors are highly selective to the D- lactate enantiomer. The developed bioanalytical approaches
based on recombinant cells, cell debris, subcellular fractions enriched with mitochondria, as well, purified enzyme
preparations were used for quantitative analysis of L- and D-lactate in the real samples of human liquids, food
products and transfusion pharmaceuticals. Due to its high sensitivity and selectivity, as well as reliability and ease
of use, the developed enzymatic and microbial approaches of quantitative analysis of lactate can be using
practically in clinical diagnosis, sports medicine and food technology.
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