BIOPROSPECTING MICROALGAE AS POTENTIAL SOURCES OF "GREEN
ENERGY "-CHALLENGES AND PERSPECTIVES (REVIEW)
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Microalgae and cyanobacteria are potential foods, feeds, sources of high-value bioactive
molecules and biofuels, and find tremendous applications in bioremediation and agriculture.
Although few efforts have been undertaken to index the microalgal germplasm available in terms
of lipid content, information on suitability of strains for mass multiplication and advances in
development of methods for extraction and generating biofuel are scarce. Our review
summarizes the potential of microalgae, latest developments in the field and analyzes the
"pitfalls” in oversimplification of their promise in the years to come. Microalgae represent “green
gold mines" for generating energy; however, the path to success is long and winding and needs
tremendous and concerted efforts from science and industry, besides political will and social
acceptance for overcoming the limitations. The major advantages of second generation biofuels
based on microalgal systems, include their higher photon conversion efficiency, growth all
around the year, even in wastewaters, and production of environment friendly biodegradable
biofuels.

MICROALGAE BIOFUEL POTENTIALS (REVIEW)
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With the decrease of fossil based fuels and the environmental impact of them over the planet, it
seems necessary to seek the sustainable sources of clean energy. Biofuels, is becoming a
worldwide leader in the development of renewable energy resources. It is worthwhile to say that
algal biofuel production is thought to help stabilize the concentration of carbon dioxide in the
atmosphere and decrease global warming impacts. Also, among algal fuels' attractive
characteristics, algal biodiesel is non toxic, with no sulfur, highly biodegradable and relatively
harmless to the environment if spilled. Algae are capable of producing in excess of 30 times
more oil per acre than corn and soybean crops. Currently, algal biofuel production has not been
commercialized due to high costs associated with production, harvesting and oil extraction but
the technology is progressing. Extensive research was conducted to determine the utilization of
microalgae as an energy source and make algae oil production commercially viable.
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MeTronoM OKHCIUTENbHOW IIOJIMMEpPU3ALMU AaHUIIMHA C HCIOJIB30BAHUEM JIBYX pa3JIMYHBIX
OMOKaTaIN3aTOPOB: MEPOKCHIA3bl U3 KOPHEW XpeHa U OMOMHMMETHKA - MUKpoIepokcuaassi-11
CHUHTE3UPOBAHBl  JJIEKTPOIPOBOALINE HHTEPIOJMMEPHBIE KOMIUIEKCHI IIOJMAHUIMHA HAa
marpunie JJHK. HMccnenoBaHbl CHEKTpalbHBIE XapaKTEPUCTHKH M MOP(OIOTHS IMOTyYSHHBIX
6uoxomno3utoB. Iloka3aHo paznauume crepeocnenUUUHOCTH  IOJIy4aeMbIX  00pa3loB
MHTEPIOJIMMEPHBIX KOMIUIEKCOB B 3aBUCHMOCTH OT HCIIOJIB3YEeMOTO OHOKaTaln3aTopa.
[TonydeHHble pe3yabTaThl CBUIETENbCTBYIOT O Ba)XKHOM poiau OuokaramusaTopa B
(OpMUPOBAHUM HAMpPABICHUSI 3aKPYyUMBAHUS CIHPAIM 3JIEKTPONPOBOJALIETO IOJMMEPA Ha
marpuie JJHK, T.e. onTuueckas akTHBHOCTbh IOJIy4aeMbIX 00pa31oB [1OJIMMEPOB, 10-BUAUMOMY,
CBsI3aHa CO CBOMCTBaMU OMOKaTalIM3aTopa.

ENZYMATIC MODIFICATION OF CHITOSAN WITH QUERCETIN AND ITS
APPLICATION AS ANTIOXIDANT EDIBLE FILMS
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Quercetin, rutin, naringin, hesperidin and chrysin were tested as substrates for cloroperoxidase to
produce reactive quinones to graft onto chitosan. Quercetin and rutin quinones were successfully
chemically attached to low molecular weight chitosan. The quercetin-modified chitosan showed
an enhancement of plastic, antioxidant and antimicrobial properties as well as of thermal
degradability. Finally, chitosan-quercetin films visibly decreased enzymatic oxidation when
applied to Opuntiaficus indica cladodes.



ENZYMATIC SYNTHESIS OF L-TRYPTOPHAN FROM D,L-2-AMINO-A2-
THIAZOLINE-4-CARBOXYLIC ACID AND INDOLE BY Pseudomonas sp. TS1138
L-2-AMINO-A2-THIAZOLINE-4-CARBOXYLIC ACID HYDROLASE,
S-CARBAMYL-L-CYSTEINE AMIDOHYDROLASE,

AND Escherichia coli L-TRYPTOPHANASE
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L-Tryptophan (L-Trp) is an essential amino acid. It is widely used in medical, health and food
products, so a low-cost supply is needed. There are 4 methods for L-Trp production: chemical
synthesis, extraction, enzymatic synthesis, and fermentation. In this study, we produced a
recombinant bacterial strain pET-tnaA of Escherichia coli which has the L-tryptophanase gene.
Using the pET-tnaA E. coli and the strain TS1138 of Pseudomonas sp., a one-pot enzymatic
synthesis of L-Trp was developed. Pseudomonas sp. TS1138 was added to a solution of D,L-2-
amino-A2-thiazoline-4-carboxylic acid (DL-ATC) to convert it to L-cysteine (L-Cys). After
concentration, E. coli BL21 (DE 3) cells including plasmid pET-tnaA, indole, and pyridoxal 5'-
phosphate were added. At the optimum conditions, the conversion rates of bL-ATC and L-Cys
were 95.4% and 92.1 %, respectively. After purifying using macroporous resin S8 and NKA-11,
10.32 g of L-Trp of 98.3% purity was obtained. This study established methods for one-pot
enzymatic synthesis and separation of L-Trp. This method of producing L-Trp is more
environmentally sound than methods using chemical synthesis, and it lays the foundations for
industrial production of L-Trp from DL-ATC and indole.

PROLINE DEHYDROGENASE FROM Pseudomonas fluorescence:
GENE CLONING, PURIFICATION, CHARACTERIZATION
AND HOMOLOGY MODELING
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The gene encoding proline dehydrogenase (ProDH) from Pseudomonas fluorescence was
isolated using PCR amplification and cloned into pET23a expression vector. The expression of
the recombinant target enzyme was induced by addition of IPTG. The produced His-fusion
enzyme was purified and its Kinetic properties were studied. The 3D structure modeling was also
performed to identify key amino acids involved in FAD-binding and catalysis. The PCR product
contained a 1033 bp open reading frame encoding 345 amino acid residue polypeptide chain.
SDS-PAGE analysis revealed a MWof 40 kDa, whereas the native enzyme exhibited a MW of
40 kDa suggesting a monomeric protein. The Ky, and Knax values of the P. fluorescence ProDH
were estimated to be 35 mM and 116 pumol/min, respectively. ProDH activity was stable at
alkaline pH and the highest activity was observed at 30°C and pH 8.5. The modeling analysis of
the three dimensional structure elucidated that Lys-173 and Asp-202, which were oriented near



the hydroxyl group of the substrate, were essential residues for the proDH activity. This study, to
our knowledge, is the first data on the cloning and biochemical and structural properties of P.
fluorescence ProDH.

ISOLATION AND CHARACTERIZATION OF FEATHER DEGRADING
ENZYMES FROM Bacillus megaterium SN1 ISOLATED
FROM GHAZIPUR POULTRY WASTE SITE
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The SN1 strain of Bacillus megaterium, isolated from soil of Ghazipur poultry waste site (India)
produced extracellular caseinolytic and keratinolytic enzymes in basal media at 30°C, 160 rpm in
the presence of 10% feather. Feathers were completely degraded after 72 h of incubation. The
caseinolytic enzyme was separated from the basal media following ammonium sulphate
precipitation and ion exchange chromatography. We report 29.3-fold purification of protease
after Q Sepharose chromatography. The molecular weight of this enzyme was estimated to be 30
kDa as shown by SDS-PAGE and zymography studies. Protease activity increased by 2-fold in
presence of 10 mM Mn?* whereas Ba?* and Hg®" inhibited it. Ratio of milk clotting activity to
caseinolytic was found to be 520.8 activity for the 30—60% ammonium sulphate fraction in
presence of Mn®* ion suggesting potential application in dairy industry. Keratinase was purified
to 655.64 fold with specific activity of 544.7 U/mg protein and 12.4% recovery. We adopted the
strategy of isolating the keratinolytic and caseinolytic producing microorganism by its selective
growing in enriched media and found that feather protein can be metabolized for production of
animal feed protein concentrates.

EFFECT OF PARTIAL PRESSURE OF CO, ON THE PRODUCTION OF
THERMOSTABLE a-AMYLASE AND NEUTRAL PROTEASE
BY Bacillus caldolyticus
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Controlling the concentration of dissolved oxygen is a standard feature in aerobic fermentation
processes but the measurement of dissolved CO, concentrations is often neglected in spite of its
influence on the cellular metabolism. In this work room air and room air supplemented with 5%
and 10% carbon dioxide were used for aeration during the cultivation of the thermophilic
microorganism Bacillus caldolyticus (DSM 405) on starch to produce a-amylase (E.C. 3.2.1.1)



and neutral protease (E.C. 3.4.24.27/28). The increased CO, concentrations resulted in a 22%
raise in activity of secreted a-amylase and a 43% raise in protease activity when compared with
aeration with un-supplemented room air. There was no effect on the final biomass concentration.
Furthermore, the lag-phase of fermentation was reduced by 30%, further increasing the
productivity of a-amylase production. Determinations of dissolved CO; in the culture broth were
conducted both in situ with a probe as well as using exhaust gas analysis and both the methods of
quantification showed good qualitative congruence.

RHAMNOLIPID PRODUCTION BY Pseudomonas aeruginosa ENGINEERED WITH
THE Vitreoscilla HEMOGLOBIN GENE
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The potential of Pseudomonas aeruginosa expressing the Vitreoscilla hemoglobin gene (vgb) for
rhamnolipid production was studied. P. aeruginosa (NRRL B-771) and its transposon mediated
vgb transferred recombinant strain, PaJC, were used in the research. The optimization of
rhamnolipid production was carried out in the different conditions of cultivation (agitation rate,
the composition of culture medium and temperature) in a time-course manner. The nutrient
source, especially the carbon type, had a dramatic effect on rhamnolipid production. The PaJC
strain and the wild type cells of P. aeruginosa started producing biosurfactant at the stationary
phase and its concentration reached maximum at 24 h (838 mg I™") and at 72 h (751 mg 1) of the
incubation respectively. Rhamnolipid production was optimal in batch cultures when the
temperature and agitation rate were controlled at 30°C and 100 rpm. It reached 8373 mg It when
the PaJC cells were grown in 1.0% glucose supplemented minimal media. Genetic engineering
of biosurfactant producing strains with vgb may be an effective method to increase its
production.

[POJIOHTHPOBAHHOE KY.IbTUBMPOBAHUE AHADPOBHOI'O COOBIIECTBA
BAKTEPHUIA, TPOAYLIUPYIOIIETO BOJIOPO/
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HccnenoBansl pa3nuyHble CIOCOOB! JJIUTEIBHOTO MOAJIEPKaHus MTpoLiecca BhICIEHUS BOAOPOIa
IpY BBIPALIMBAHUN aHA’pOOHOro coolImiecTBa OakTepuil Ha Kpaxmaicozaepxkaiei cpene. [lpu
KyJIbTUBHUPOBAaHUM B PEXKHME OTbEMHO-IOJIMBHOM (epMeHTauuu B TeyeHue 72 CyT
obpazoBeiBasiock oT 0.10 go 0.23 1 Hy/nm cpenpl/cyT. PexxuM perynspHbIX HepeceBOB
nponospkaincs 6omee 100 cyr ¢ o6pazoBanuem B cpennem 0.81 m Hy/m cpenpl/cyT. BoisiBieHbI
JIOCTOMHCTBA M HEJIOCTATKU PAa3JIMYHBIX CIOCOOOB MUKPOOHOIOTHYECKOTO MOyYeHHs BOJOPOJIa



B TEMHOBOM TIpolriecce cOpakuBaHus Kpaxmana. U3 chopmupoBanHoro Hj-oOpa3zyromiero
COO0IIIECTBAa MUKPOOPTaHU3MOB BBHIICNICHA aHA’pOOHasi cropooOpasyromias OakTepus, MTaMM
BF. ®unorenernueckuii ananus nocienoBarenbHoct reHa 16S pPHK HoBoro mramMa nokasadn,
YTO 110 CBOMM IeHOTHITMYECKUM CBOMCTBaM OH oTHocuTcs K Buay Clostridium butyricum.

BJIUSHUE DK30I'EHHBIX )KUPHBIX KUCJIOT HA POCTHU MPOAYKI IO
SK30MOJIUCAXAPUJIA OBJIUTATHOM METHJIOTPO®HOM BAKTEPUHN
Methylophilus quaylei
© 2012 C. A. M. Orman, A. b. [Imennunukona, B. U. llIBen
Mockoeckas eocyoapcmeeHHas akademust MOHKOU XUMUYECKOU MEeXHON02UU
um. M.B. Jlomonocosa, Mockea, 117571

e-mail: a_pshenichnikova@mail. ru
[Toctynuina B pegakuuio 15.09.2011

OoOHapyxeH >(GQEeKT yCKOpeHHs pOCTa W YBEJIWYEHHUs MPOAYKIMH 9SK30IOJIMcaxapuia
obsuratHo#t metunotpodHoit 6aktepun Methylophilus quaylei B mpucyTcTBUH KUPHBIX KHCIOT
C12—Cig, M00OABIIEHHBIX B MHTATEIbHBIE Cpe/bl. Hammydmmm pocTOBBIM (HaKTOPOM OKa3alics
osear Hatpus. Ha OCHOBaHMH J@HHBIX O COCTaBe (PAKIHUU CBOOOJHBIX KUPHBIX KHUCIOT B
KJIETKaX, BEJIMYMUH (-MIOTEHIHAA U aHU30TPOIUH (PIIyOPECIEHIIMU ENBIX KIETOK BBICKA3aHO
IPEIIONIOKEHNE O BKIIIOUECHHN JKUPHBIX KHCIOT B COCTaB Hapy:KHOM MeMOpaHbl OakTepuu M.
quaylei.

OTHOILIEHUE [*C)/[**C] KAK TIOKA3ATEJIb 1J151 SKCIIPECC-OLIEHKH
YIJIAEBOJAOPOJOKUCJSIOIEIO NOTEHIMAJIA MUKPOBUOTHI
B IIOYBE, 3ATPSI3HEHHOM CBHIPO1 HE®THIO
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HccnenoBan  yriieBOJOPOJOKHUCISIONIMKA — MOTEHIMAd  MOYBEHHOM  MHUKpPOOMOTHI U
MHTPOAYLUMPOBAHHBIX B IIOYBY YIJIEBOJOPOJAOKHUCISIONIMX MHKPOOPraHU3MOB Ha OCHOBE
KOJINYECTBEHHBIX M M30TOIMHBIX XapaKTEPUCTHK YIJIepoja MPOJIyKTOB, O0Opasymoluxcs Hpu
MUKpOOHOM nerpamganuu HehTh. U3 cpaBHeHUs1 ckopocTeit mpoaykiiuu CO; B HATUBHOM MOYBE U
MOYBE, 3arps3HEHHOM CBIPOH HePThIO, OOHAPYKEHO, UYTO MHTEHCHUBHOCTH MHKPOOHOM
MUHEpaIN3alui ToYBeHHOTO opranudeckoro Bemiectsa (IIOB) B mpucyTcTBUM HEPTH BHIIIE TIO
CpPaBHEHHMIO C HE3arpsA3HEHHOW TOYBOH, T.e., OOHApY)KMBAaETCsl 3aTPaBOYHOE BIHMSIHHE
(mpaiimunr-30dext) yrinesogoponoB Hedtu. IlokazaHo, YTO KOJIMYECTBO YIiiepojia BHOBb
CHUHTE3MPOBAHHBIX OPraHMYECKHX MPOJYKTOB 3a cUeT NMoTpedieHHoi HedTu (OnoMacca KIIeTOK U
AK30METa00IUTEI) 3HAYMTEIBHO TMpeBocxonuT KommdectBo I[IOB, wu3pacxomoBanHOEe Ha
npoaykiuio CO,. OOHapyXeHO, YTO B pe3ysibTaTe MUKPOOMOJOTHUYECKUX IMPOLIECCOB B MOYBE,
3arpsi3HEHHOW He(ThI0, HAOMIOJAeTCs] MOIIHBIM MOTOK YIJIEKUCIIOTHI, TOCTYyMalolled B
atmocdepy.



CONSTRUCTION OF THE INDUSTRIAL ETHANOL-PRODUCING STRAIN OF
Saccharomyces cerevisiae ABLE TO FERMENT CELLOBIOSE AND MELIBIOSE
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The gene mel 1, encoding a-galactosidase in Schizosaccharomyces pombe, and the gene bgl2,
encoding and B-glucosidase in Trichoderma reesei, were isolated and co-expressed in the
industrial ethanol-producing strain of Saccharomyces cerevisiae. The resulting strains were able
to grow on cellobiose and melibiose through simultaneous production of sufficient extracellular
a-galactosidase and B-glucosidase activity. Under aerobic conditions, the growth rate of the
recombinant strain GC1 co-expressing 2 genes could achieve 0.29 ODggo h™ and a biomass
yield up to 7.8 g I'* dry cell weight on medium containing 10.0 g 1™ cellobiose and 10.0 g 1*
melibiose as sole carbohydrate source. Meanwhile, the new strain of S. cerevisiae CG1l
demonstrated the ability to directly produce ethanol from microcrystalline cellulose during
simultaneous saccharification and fermentation process. Approximately 36.5 g 1™ ethanol was
produced from 100 g of cellulose supplied with 5 g I melibose within 60 h. The yield (g of
ethanol produced/g of carbohydrate consumed) was 0.44 g/g, which corresponds to 88.0% of the
theoretical yield.

PASPABOTKA U OIITUMU3AIIUA UMMYHOXPOMATOT PA®OUYECKHUX
TECTOB JJIAA BBIABJIEHUA BOTYJINMHUYECKUX TOKCUHOB
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Pa3zpaGotanel MMMyHOXpoMaTorpauyeckue MOHONApaMEeTPUUYEeCKUe TECThl JUIsl BBISABICHHS
OOTYIMHUYECKUX TOKCHMHOB THUIOB A, B, a Taxxke MynbTUNapaMeTpuyecKuil TecT s
OJIHOBPEMEHHOT'0 BBISBJIEHUS OOTYIMHHUYECKHMX TOKCMHOB TuUnoB A u B. Iloka3ano, 4yro Ha
YYBCTBUTEJIBHOCTh  TECTOB  BIUSIOT  pa3Mepbl  HAHOYACTHUIl  KOJUIOMJAHOTO  30JI0Ta,
MCIIOJIb30BAaHHBIX B KAUECTBE MapKEPOB aHTHUTEJ, BEJIMUYMHBI HATPY3KHU aHTUTEN Ha HAHOYACTHIIBI
KOJUIOMJIHOTO 30JI0Ta B KOHBIOTaTax, THUI aHAJUTHYECKMX MeMOpaH, a TakkKe XMUMHYECKUN
coctaB  OydepHbIX  pacTBOPOB Uil ~ XpaHEHUs  KOHbBIOraTa U IPOBEICHHUSA
UMMyHOXpomarorpaduueckoro ananusa. IIpenen oOHapyXeHHs MOHONApaMETPHUECKUX
UMMYHOXpomartorpaduueckux TecToB cocrapiseT 0.5 Hr/mi, a MylbTUIapameTpruueckux — 5.0
Hr/mi. Pa3paboTanHble MIMMyHOXpOMaTorpapuueckiue TeCTbl MOTYT OBbITh HCIIOJIb30BAHbI JIS
JKCIpecc-aHaJIM3a KadecTBa MPOAYKTOB IHUTAHHs, KOHTPOIS COJepkKaHUsS OOTYTMHHUECKUX
TOKCHHOB B (papMalleBTUYECKHUX IpernapaTax, KOHTPOJII OKpYXKaroIle cpebl.



