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PREFATA

In conditiile epuizarii resurselor naturale, schimbarilor climatice, deficitului de
terenuri fertile, tehnologiile scientointensive, inclusiv biotehnologiile si in special
bionanotehnologiile sunt directiile cele mai de perspectiva in contextul dezvoltarii
armonioase a tarilor mici, precum este Moldova. Producerea de microalge si
cianobacterii in diferite scopuri se inscrie perfect in reorientarea majora a economiei
mondiale spre bioeconomie prietenoasa atat mediului, cat si omului. Biomasa de
microalge si cianobacterii prezintd o sursd valoroasa de proteine, vitamine,
microelemente, lipide si carbohidrati. Mai multe specii de microalge si cianobacterii,
cum ar fi Arthrospira platensis, Porphyridium cruentum, Dunaliella salina,
Haematococcus pluvialis, sunt recunoscute ca sigure pentru consumul uman si
animal. Unele dintre acestea, de exemplu, Arthrospira platensis, cunoscutd ca
spirulina, sunt evaluate ca alimente complete din punct de vedere nutritional,
potrivite pentru imbunatatirea valorii hranei pentru oameni si animale.

Biomasa microalgelor si cianobacteriilor este o materie prima potrivita pentru
obtinerea diferitor produse alimentare si farmaceutice. Spre exemplu, din microalge
si cianobacterii, in cadrul unui singur flux tehnologic, se obtin proteine, pigmenti,
acizi grasi polinesaturati, antioxidanti de diferitd naturd, polizaharide sulfatate;
minerale si metale fixate in moleculele organice, ceea ce oferd o valoare adaugata
importanta produselor obtinute. O asemenea abordare este orientata spre satisfacerea
cerintelor pietei globale de produse alimentare, farmaceutice si nutraceutice ntr-un
mod eficient si durabil din punct de vedere ecologic.

Productivitatea obiectelor ficologice o depaseste esential pe cea a plantelor de
culturd, iar suprafetele utilizate pot fi reduse semnificativ. De asemenea, exista
numeroase instrumente biotehnologice si moleculare (utilizarea diferitor stimulatori
specifici, inclusiv nanomateriale, modelarea unui set de conditii fizice ce determina
raspunsuri specifice, instrumente avansate de inginerie geneticad s.a.) pentru a
dezvolta biotehnologii cu o eficienta mult mai inalta ca cele traditionale.

Toate aceste interventii orientate spre imbunatatirea proprietatilor
biotehnologice ale microalgelor si cianobacteriilor, pe langa efectele pozitive
preconizate, pot provoca si anumite reactii adverse, primul dintre care este stresul
oxidativ, generat de supraacumularea speciilor reactive ale oxigenului. Formarea de
radicali liberi este un proces inevitabil si absolut necesar organismelor vii, atunci
cand este vorba despre radicalii primari. Acestia joaca roluri importante in transductia
de semnale, cresterea si diferentierea celulelor, realizarii apoptozei s.a. Sistemele
antioxidante ale celulelor sunt adaptate la un anumit nivel al speciilor reactive si
asigurd o protectie eficienta si un echilibru redox perfect in conditii fiziologice
normale.

Conditiile tehnologice, inclusiv cele care asigura producerea de biomasa
ficologica pot fi o sursa de stres si pot provoca un dezechilibru dintre radicalii liberi
si antioxidanti in biomasa cianobacteriilor si microalgelor. in aceste conditii biomasa
produsa poate fi o potentiala sursa de pericol, continand de rand cu diferiti compusi
valorosi, radicali liberi si produse ale degradarii oxidative ale compusilor organici.
Cunoasterea potentialelor pericole si managementul lor eficient este o conditie a
sigurantei biotehnologiilor aplicate si a produselor obtinute.

3



CUPRINS

RADICALI SI SPECII REACTIVE
1.1.  Notiuni generale despre radicali
1.2, Clasificarea radicalilor prezenti in sistemele vii
1.3.  Formarea SRO in diferite compartimente ale celulei
1.3.1.  Formarea SRO in mitocondrii
1.3.2.  Formarea radicalilor liberi in cloroplaste
1.3.3. Formarea  radicalilor  liberi in  reticulul
endoplasmatic
1.3.4. Formarea radicalilor liberi in peroxizomi
1.3.5.  Formarea radicalilor liberi in citozol
1.3.6. Formarea vradicalilor liberi in  membrana
citoplasmaticda
1.3.7.  Formarea radicalilor in peretele celular
1.3.8.  Formarea radicalilor in apoplast
1.3.9  Particularitatile de formare a SRO in celulele
procariole fotosintetizatoare
1.4.  Metodele de studiu a radicalilor
1.4.1.  Metodele directe de studiu a radicalilor liberi
1.4.2  Metodele indirecte de studiu a radicalilor liberi
1.5.  Rolul biologic al SRO
PROTECTIA ANTIOXIDANTA LA MICROALGE SI
CIANOBACTERII
2.1. Tipurile de antioxidanti
2.2. Antioxidantii microalgelor si cianobacteriilor
2.2.1.  Enzimele antioxidante la microalge si cianobacterii
2.2.2. Componentele  antioxidante — macromoleculare
nonenzimatice ale biomasei microalgelor si
cianobacteriilor
2.2.3. Componentele antioxidante cu masa moleculard
Jjoasd la microalge si cianobacterii
ACTIVITATEA ANTIOXIDANTA A BIOMASEI
CIANOBACTERIILOR SI MICROALGELOR DE
IMPORTANTA BIOTEHNOLOGICA PE DURATA CICLULUI
VITAL
3.1. Modificarea activitatii antioxidante a biomasei de Nostoc
linckia pe durata ciclului vital
3.2. Modificarea activititii antioxidante a biomasei de Spirulina
platensis pe durata ciclului vital
3.3 Modificarea capacitatii antioxidante a biomasei de
Porphyridium cruentum pe parcursul ciclului vital
3.4. Modificarea activitdtii antioxidante a biomasei de
Haematococcus pluvialis pe parcursul ciclului vital

11
18
21
24
25

28
30
30

31
31
31
33
33
36
38
42
44
49
50
53
55

61

63

71

76

82

4



4, STRESUL  TEHNOLOGIC SI DE MEDIU LA 86
CIANOBACTERIILE DE INTERES INDUSTRIAL

4.1. Influenta stresului termic asupra tulpinii tehnologice 89
Arthrospira platensis CNMN-CB-11
4.2. Influenta stresului de lumina asupra spirulinei in conditii de 100
laborator si de producere
4.3. Influenta stresului salin asupra Arthrospira platensis si 113
Nostoc linckia CNM3 in conditii de laborator
4.4. Influenta cuprului si a zincului asupra Arthrospira platensis 124
—CNMN-CB-11 si Nostoc linckia CNM-CB-03
5. STRESULUI OXIDATIV IN BIONANOTEHNOLOGIA 138
CIANOBACTERIILOR SI MICROALGELOR
5.1.  Stresul oxidativ la cianobacterii si microalge ca urmare a 140
procesului de bionanosinteza
5.1.1. Modificarea parametrilor biomasei de Nostoc 142
linckia pe durata biosintezei nanoparticulelor de
argint
5.1.2.  Modificarea parametrilor biomasei de Arthrospira 149
platensis pe durata biosintezei nanoparticulelor de
argint
5.1.3. Monitorizarea  procesului de  biosinteza a 154
nanoparticulelor de argint de catre biomasa de
porfiridium
5.2. Stresul oxidativ provocat de diferite nanoparticule cu 160
culturile de Arthrospira platensis si Porphyridium cruentum
5.2.1.  Stresul provocat de prezenta nanoparticulelor CdSe, 161
ZnSe si ZnS in cultura de spirulind
5.2.2. Stresul provocat de prezenta nanoparticulelor de 173
CdSe, ZnSe si de ZnS in cultura de porfiridium
5.2.3. Capacitatea de adaptare a spirulinei la stresul 187

oxidativ indus combinat
5.3.  Stresul oxidativ pe durata biofunctionalizirii nanoparticulelor de 209
aur si argint de catre microalge si cianobacterii
5.3.1 Particularitati a procesului de biofunctionalizare 210
spontand a nanoparticulelor de argint si aur in
biomasa de Arthrospira platensis
5.3.2.  Particularitati a procesului de biofunctionalizare 225
spontand a nanoparticulelor de argint si aur in
biomasa de Prphyridium cruentum
INCHEIERE 238
REFERINTE BIBLIOGRAFICE 239




REFERINTE BIBLIOGRAFICE

Abd El Baky, H., Hanaa El Baz, K. & EL-Latife, S., 2013. Induction of
Sulfated Polysaccharides in Spirulina platensis as Response to
Nitrogen Concentration and its Biological Evaluation. J Aquac Res
Development, 5(01), pp.1-8.

Abd El-Baky, H.H., El Baz, F.K. & El-Baroty, G.S., 2009. Enhancement of
antioxidant production in Spirulina platensis under oxidative stress.
Acta Physiologiae Plantarum, 31(3), pp.623—631.

Abed, RM.M., Dobretsov, S. & Sudesh, K., 2009. Applications of
cyanobacteria in biotechnology. Journal of Applied Microbiology,
106(1), pp.1-12.

Abicht L., Freikamp H., Schumann U. Identification of skill needs in
nanotechnology. CEDEFOP (European Centre for the Development
of Vocational Training). Luxembourg: Office for Official
Publications of the European Communities. 2006 — VI, 67 pp.

Ahmad, P., Sarwat, M., and Sharma, S., Reactive Oxgen Species,
Antioxidants and Signaling in Plants,/. Plant Biol., 2008, vol. 51, pp.
167-173.

Ahmada 1., Mohmooda I., Coelhoa J.P., Pacheco M., Santos M.A., Duartea
A.C., Pereiraa E. Role of non-enzymatic antioxidants on the
bivalves’ adaptation to environmental mercury: Organ-specificities
and age effect in Scrobicularia plana inhabiting a contaminated
lagoon. Environmental Pollution, 163 (2012) 218-225.

Almendinger, M., Saalfrank, F., Rohn, S., Kurth, E., Springer, M., &
Pleissner, D. (2021). Characterization of selected microalgae and
cyanobacteria as sources of compounds with antioxidant capacity.
Algal Research, 53, 102168. doi:10.1016/j.algal.2020.102168

Al-Rashed, S.A. et al., 2016. Evaluation of radical scavenging system in two
microalgae in response to interactive stresses of UV-B radiation and
nitrogen starvation. Saudi Journal of Biological Sciences, 23(6),
pp.706-712.

Andreyev A.Yu., Kushnareva Yu.E., Starkov A.A. Mitochondrial metabolism
of reactive oxygen species. Biochemistry (Moscow), Vol 70., n2.,
2005, p-200-214.

Apel K., Hirt H., “Reactive oxygen species: metabolism, oxidative stress, and
signal transduction,” Annual Review of Plant Biology, vol. 55, pp.
373-399, 2004.

Arasimowicz M., Floryszak-Wieczorek J., Nitric oxide as a bioactive
signaling molecule in plant stress responses, Plant Sci. 172 (2007)
876-887.

239



Asada K. Production and Scavenging of reactive Oxygen Species in
Chloroplasts and Their Function. Plant Physiology, 2006, vol 141,
p.391-396

Asan-Ozusaglam M., Cakmak Y.S., Kaya M. Bioactivity and Antioxidant
Capacity of Anabaenopsis sp. (Cyanobacteria) Extracts. In: J. Algal
Biomass Utln. 2013, vol .4, nr. 3, p. 50-58.

Balazy, M., & Nigam, S. (2003). Aging, lipid modifications and
phospholipases—New concepts. Ageing Research Reviews, 2, 209—
291.

Barena R., Casals E., Colon J., et al. Evaluation of the ecotoxicity of model
nanoparticles. Chemosphere, 2009, 75: 850-857.

Becze, Anca, Liliana Cepoi, Dorina Simedru, Ludmila Rudi, Tatiana Chiriac,
and Valeriu Rudic. 2017. Study regarding the influence of the salinity
stress on the antioxidant capacity of Spirulina platensis. Agriculture
- Science and Practice 4 (3): 12—16.

Berman-Frank, I., Lundgren, P. & Falkowski, P., 2003. Nitrogen fixation and
photosynthetic oxygen evolution in cyanobacteria. Research in
Microbiology, 154(3), pp.157—-164.

Bittencourt-Oliveira, M. et al., 2012. Effects of light intensity and temperature
on Cylindrospermopsis raciborskii (Cyanobacteria) with straight and
coiled trichomes: growth rate and morphology. Brazilian Journal of
Biology, 72(2), pp.343-351.

Brand, M. D., Affourtit, C., Esteves, T. C., Green, K., Lambert, A. J., Miwa,
S., et al. (2004). Mitochondrial superoxide: Production, biological
effects, and activation of uncoupling proteins. Free Radical Biology
and Medicine, 37, 755-767.

Brand-Williams, W, Cuvelier, M.E., Berset, C. Use of a Free Radical Method
to Evaluate Antioxidant Activity. Lebensmittel-Wissenschaft und —
Technologie. Food Science and Technology, 1995, 28: 25-30.

Brayner R, Barberousse H, Hemadi M et al (2007) Cyanobacteria as
bioreactors for the synthesis of Au, Ag, Pd, and Pt nanoparticles via
an enzyme-mediated route. J Nanosci Nanotechnol 7:2696-2708

Bremus Ch., et al. The use of microorganisms in l-ascorbic acid production.
Journal of Biotechnology. 2006, vol 124, p. 196-205.

Brown, G. C., & Borutaite, V. (2004). Inhibition of mitochondrial respiratory
complex I by nitric oxide, peroxynitrite and S-nitrosothiols.
Biochimica et Biophysica Acta, 1658, 44-49.

Brown, G.C., Borutaite, V., There is no evidence that mitochondria are the
main source of reactive oxygen species in mammalian cells,
Mitochondrion (2012), Vol.12(1), p.1-4.

240



Buonocore G., Perrone S., Tataranno M.L. Oxygen toxicity: chemistry and
biology of reactive oxygen species. Seminars in Fetal & Neonatal
Medicine 15 (2010) 186-190

Burchardt AD, Carvalho RN, Valente A et al (2012) Effects of silver
nanoparticles in diatom  Thalassiosira  pseudonana  and
cyanobacterium Synechococcus sp. Environ Sci Technol 46:11336-
11344

Carey, C.C. etal., 2012. Eco-physiological adaptations that favour freshwater
cyanobacteria in a changing climate. Water Research, 46(5),
pp-1394-1407.

Carocho M. et al. A Review on Anti- oxidants, Prooxidants and Related
Controversy: Natural and synthetic compounds. Screening and
Analysis Methodologies and Future Perspectives. In: Food and
Chemical Toxicology, 2013, vol. 51, p. 15-25.

Cepoi L, Rudi L, Chiriac T et al (2014) Biochemical changes in some cultures
of cyanobacteria at the synthesis of silver nanoparticles. Can .J
Microbiol. doi:10.1139/cjm-2014-0450

Cepoi L., et al. Antioxidative activity of ethanol extrcts from Spirulina
platensis and Nostoc linckia by various methods. The Annals of
Oradea University Biology Fascicle, 2009, tom.XV1/2:43-48.

Cepoi, L. et al., 2016. Metals removal by cyanobacteria and accumulation in
biomass. In Cyanobacteria for Bioremediation of Wastewaters. pp.
61-111.

Cepoti, L. et al., 2018. Spirulina as a Raw Material for Products Containing
Trace Elements. In Recent Advances in Trace Elements. Chichester,
UK: John Wiley & Sons, Ltd, pp. 403—420.

Cgheng Y., Song C. Hydrogen peroxide homeostasis and signaling in plant
cells. Sciences in China. Series C, Life sciences, vol.49, no.1, pp.1-
11, 2006

Chacon T.L., Gonzalez-Marino G.E. Microalgae for “Healthy” food —
possibilities and chal-lenges. In: Comprehensive reviews in food
sciences and food safety. 2010, vol. 9, p. 655-675.

Chaiklahan, R. et al., 2013. Polysaccharide extraction from Spirulina sp. and
its antioxidant capacity. International Journal of Biological
Macromolecules, 58, pp.73-78.

Chaillan, F. et al., 2006. Role of cyanobacteria in the biodegradation of crude
oil by a tropical cyanobacterial mat. Chemosphere, 62(10), pp.1574—
1582.

Chakraborty N, Banerjee A, Lahiri S et al (2009) Biorecovery of gold using
cyanobacteria and an eukaryotic alga with special reference to
nanogold formation-a novel phenomenon. .J App! Phycol 21:145-152

241



Chen B. et al. Isolation and antioxidant property of the extracellular
polysaccharide from Rhodella reticulata. In: World J Microbiol
Biotechnol, 2010, vol. 26, p. 833-840.

Cherchi C, Gu AZ (2010) Impact of titanium dioxide nanomaterials on
nitrogen fixation rate and intracellular nitrogen storage in Anabaena
variabilis. Environ Sci Technol. 44:8302-8307

Chiorcea-Paquim, A., Enache, T. A., De Souza Gil, E., & Oliveira-Brett, A.
M. (2020). Natural phenolic antioxidants electrochemistry: Towards
a new food science methodology. Comprehensive Reviews in Food
Science and Food Safety. doi:10.1111/1541-4337.12566

Choi D.W, Leninger-Muller B., Wellman M et al. Cytocrom P-450-mediated
differential oxidative modification of proteins: albumin,
apolipoprotein E, and CYP2E] as targets. J. Toxicol. Environ.Health
A. 2004, vol.67, p.2061-2071

Choochote W., Suklampoo L., Ochaikul D. Evaluation of antioxidant
capacities of green microalgae. In: J Appl. Phycol., 2013. DOI
10.1007/s10811-013-0084-6

Choudhary, Meenakshi, Umesh Kumar Jetley, Mohammed Abash Khan,
Sunaina Zutshi, and Tasneem Fatma. 2007. “Effect of Heavy Metal
Stress on Proline, Malondialdehyde, and Superoxide Dismutase
Activity in the Cyanobacterium Spirulina Platensis-S5.”
Ecotoxicology and Environmental Safety 66 (2). Academic Press:
204-9. doi:10.1016/j.ecoenv.2006.02.002.

Cirés, S. et al., 2013. Temperature-Dependent Dispersal Strategies of
Aphanizomenon  ovalisporum  (Nostocales, Cyanobacteria):
Implications for the Annual Life Cycle. Microbial Ecology, 65(1),
pp.12-21.

Cirulis, J. T., Scott, J. A., & Ross, G. M. (2013). Management of oxidative
stress by microalgae. Canadian Journal of Physiology and
Pharmacology, 91(1), 15-21. doi:10.1139/cjpp-2012-0249

Cona A., Rea G., Angelini R, Federico R., Tavladoraki P. Functions of amine
oxidases in plant development and defence. 7rends in Plant Science,
vol. 11, no. 2, pp. 80-88,2006.

Cuellar-Bermudez, S. P., Aguilar-Hernandez, 1., Cardenas-Chavez, D. L.,
Ornelas-Soto, N., Romero-Ogawa, M. A., & Parra-Saldivar, R.
(2014). Extraction and purification of high-value metabolites from
microalgae: essential lipids, astaxanthin and phycobiliproteins.
Microbial  Biotechnology,  8(2), 190-209. doi:10.1111/1751-
7915.12167

Cuellar-Bermudez, S.P. et al., 2015. Effects of light intensity and carbon
dioxide on lipids and fatty acids produced by Synechocystis sp.
PCC6803 during continuous flow. A/gal Research, 12, pp.10—16.

242



Danesi, E.D.G. et al., 2004. Effect of reducing the light intensity on the growth
and production of chlorophyll by Spirulina platensis. Biomass and
Bioenergy, 26(4), pp.329-335.

Davies, K.J.A., Intracellular Proteolytic Systems May Function as a
Secondary Antioxidant Defenses: A Hypothesis, J. Free Rad. Biol.
Med., 1986, vol. 2, pp. 155-173.

Davies, M.J. (2016), Detection and characterisation of radicals using electron
paramagnetic resonance (EPR) spin trapping and related methods,
Methods, 109: 21-30.

De Grey, A. D. N. J. (2002). HO* 2: The forgotten radical. DNA and Cell
Biology, 21,251-257.

De la Isla A, Brostow W, Bujard B, Estevez M, Rodriguez JR, Vargas S,
Castano VM: Nanohybrid scratch resistant coating for teeth and bone
viscoelasticity manifested in tribology. Mat Resr Innovat, 2003,
7:110-114.

Del Mondo, A., Smerilli, A., Ambrosino, L., Albini, A., Noonan, D. M.,
Sansone, C., & Brunet, C. (2021). Insights into phenolic compounds
from microalgae: structural variety and complex beneficial activities
from health to nutraceutics. Critical Reviews in Biotechnology, 41(2),
155-171.

Di Caprio, F., Pipitone, L. M., Altimari, P., & Pagnanelli, F.
(2021). Extracellular and intracellular phenol production by
microalgae during photoautotrophic batch cultivation. New
Biotechnology, 62, 1-9. doi:10.1016/.nbt.2020.12.003

Dufour J., Moreno J., Rodriguez R. Life Cycle Assessment of Biodiesel
Production from Microalgae Oil: Effect of Algae Species and
Cultivation System. In: M. Finkbeiner (ed) Towards Life Cycle
Sustainability Management. Springer Science+Business Media B.V.,
2011. p. 437- 442.

Durackova, Z. Oxidants, antioxidants and oxidative stress. In: Gvozdjakova,
A., Ed., Mitochondrial Medicine. New York: Springer Science+
Business Media, 2008, p. 19-54.

El-Baky H. H. A. El Baz F.K., El-Baroty G.S. Enhancement of Antioxidant
Production in Spirulina Plantensis Under Oxidative Stress. In:
American-Eurasian Journal of Scientific Research, 2007, vol. 2, nr.
2, p.170-179.

Emad, A Shalaby, M M Shanab Sanaa, and Singh Vikramjit. 2010. Salt Stress
Enhancement of Antioxidant and Antiviral Efficiency of Spirulina
Platensis. Journal of Medicinal Plants Research 4 (24). Academic
Journals: 2622-32. doi:10.5897/JMPR09.300.

Fernandez-Sevilla, J M., Acién Fernandez, F.G. & Molina Grima, E., 2010.
Biotechnological production of lutein and its applications. Applied
Microbiology and Biotechnology, 86(1), pp.27—40.

243




Fleck R.A. et al. Comparative study of antioxidant protection in cryopreserved
unicellular algae Euglena gracilis and Haematococcus pluvialis. In:
Cryo Letters, 2003, vol. 24, nr.4, p.213-228.

Focsan M, Ardelean II, Craciun C, Astilean S (2011) Interplay between gold
nanoparticle biosynthesis and metabolic activity of cyanobacterium
Synechocystis sp. PCC 6803. Nanotechnology 22:485101 (8 pp)

Fulda S. et al. Physiology and proteomics of drought stress acclimation in
sunflower (Helianthus annuus L.). In: Plant Biol. 2011, vol. 13, nr.
632-642.

Gaber A. et al. Glutathione peroxidase-like protein of Synechocystis PCC
6803 confers tolerance to oxidative and environmental stresses in
transgenic Arabidopsis. In: Physiol. Plant., 2006, vol. 128, p. 251-
262.

Galasso C, Orefice I, Pellone P, et al. On the Neuroprotective Role of
Astaxanthin: New Perspectives?. Mar Drugs. 2018;16(8):247..
doi:10.3390/md 16080247

Galhan V, Santos H, Oliveira M et al (2011) Changes in fatty acid profile and
antioxidant systems in a Nostoc muscorum strain exposed to the
herbicide bentazon. Process Biochem 46:2152-2162

Gao Q.T., Tam N.F.Y. Growth, photosynthesis and antioxidant responses of
two microalgal species, Chlorella vulgaris and Selenastrum
capricornutum to nonylphenol stress. In: Chemosphere, 2010, vol.
82, p. 346 —354.

Genova, M. L., Pich, M. M., Bernacchia, A., Bianchi, C., Biondi, A., Bovina,
C., et al. (2004). The mitochondrial production of reactive oxygen
species in relation to aging and pathology. Annals of New York
Academy of Sciences, 1011, 86—100.

Gill S.S., Tuteja N. Reactive oxygen species and antioxidant machinery in
abiotic stress tolerance in crop plants. Plant Physiology and
Biochemistry. 48 , 2010, p.909-930

Giordanino, M.V.F. et al., 2011. Influence of temperature and UVR on
photosynthesis and morphology of four species of cyanobacteria.
Journal of Photochemistry and Photobiology B: Biology, 103(1),
pp.68-77.

Goiris K. et al. Antioxidant potential of microalgae in relation to their phenolic
and carotenoid content. In: J Appl Phycol, 2012, vol. 24, p.1477-
1486.

Gomez-Mejiba et al., S.E., (2014) Immuno-spin trapping from biochemistry
to medicine: Advanes, challenges and pitfalls. Focus on protein-
centered radicals. Biochimica et Biophysica Acta, 1840: 722729

244



Gonzélez-Fernandez, C. & Ballesteros, M., 2012. Linking microalgae and
cyanobacteria culture conditions and key-enzymes for carbohydrate
accumulation. Biotechnology Advances, 30(6), pp.1655-1661.

Goswami, Smita, Omega L. Diengdoh, Mayashree B. Syiem, Kannan
Pakshirajan, and Mothe Gopi Kiran. 2015. “Zn(II) and Cu(Il)
Removal by Nostoc Muscorum : A Cyanobacterium Isolated from a
Coal Mining Pit in Chiehruphi, Meghalaya, India.” Canadian
Journal of Microbiology 61 (3). NRC Research Press: 209-15.
doi:10.1139/cjm-2014-0599.

Govindaraju K, Khaleel Basha S, Kumar VG, Singaravelu G (2008) Silver,
gold and bimetallic nanoparticles production using single-cell protein
(Spirulina platensis) Geitler. J Mater Sci 43:5115-5122

Gross, E., Sevier, C.S., Heldman, N., Vitu, E., Bentzur, M., Kaiser, C.A_,
Thorpe, C., Fass, D., 2006. Generating disulfides enzymatically:
reaction products and electron acceptors of the endoplasmic
reticulum thiol oxidase Erolp. Proc. Nat. Acad. Sci. U.S.A. 103,
299-304.

Guedes A.C. et al. Optimization of ABTS radical cation assay specifically for
determination of antioxidant capacity of intracellular extracts of
microalgae and cyanobacteria. In: Food Chemistry, 2013, vol.138,
638—643.

Guerreiro, A., Andrade, M. A., Menezes, C., Vilarinho, F., & Dias, E.
(2020). Antioxidant and Cytoprotective Properties of Cyanobacteria:
Potential for Biotechnological Applications. 7oxins, 12(9),
548. doi:10.3390/toxins 12090548

Gyulkhandanyan, A. V., & Pennefather, P. S. (2004). Shift in the localization
of sites of hydrogen peroxide production in brain mitochondria by
mitochondrial stress. Journal of Neurochemistry, 90, 405-421.

Habib, M.A.B. et al., 2008. A review of culture, production and use of
Spirulina as food for humans and feeds for domestic animals and fish,
Food and Agriculture Organization of the United Nations Rome
2008. ISBN 978-92-5-106106-0.

Hajimahmoodi M., et al. Evaluation of antioxidant properties and total
phenolic contents of some strains of microalgae. In: J Appl Phycol,
2010, vol. 22, p. 43-50.

Halliwell B. Biochemistry of oxidative stress. Biochem Soc Trans. 2007,
35:1147-50

Halliwell, B., Gutteridge, J. M. C. (2002). Free radicals in biology and
medicine (3rd ed.). Oxford: Oxford University Press, 936 pp.

Hardman R. A toxicologic review of quantum dots: toxicity depends on
hysicochemical and environmental factors. FEnviron Health
Perspectives, 2006, v. 114, p. 165-172.

245



Hays, S.G. & Ducat, D.C., 2015. Engineering cyanobacteria as photosynthetic
feedstock factories. Photosynthesis Research, 123(3), pp.285-295.

Hee-Sun Kook, K.K., 2013. The Effect of Blue-light-emitting Diodes on
Antioxidant Properties and Resistance to Botrytis cinerea in Tomato.
Journal of Plant Pathology Microbiology, 04(09), pp.1-5.

Hernandez 1. et al. Antioxidant Defenses Against Drought Stress. In: R. Aroca
(ed.), Plant Responses to Drought Siress, Springer-Verlag Berlin
Heidelberg. 2012, p. 231-258.

Herrero M. et al. Optimization of accelerated solvent extraction of
antioxidants from Spirulina platensis microalga. In: Food Chemistry,
2005, vol. 93, p. 417-423.

Heyno E., Mary V., Schopfer P., Krieger-Liszkay A. Oxygen activation at the
plasma membrane: relation between superoxide and hydroxyl radical
production by isolated membranes. Planta, vol. 234, no. 1, pp. 35—
45,2011.

Hirst, J.; King, M. S.; Pryde, K. R. The production of reactive oxygen species
by complex 1. Biochem. Soc. Trans. 2008,36, 976-980.

Huang Z., Zheng X., Yan D, et al. Toxicological effect of ZnO nanoparticles
base don bacteria. Langmuir, 2008, 24: 4140-4144.

Tatco Iu. Tehnologii de obtinere a preparatelor lipidice din biomasa algei verzi
Dunaliella salina. Teza de dr. In biol. Chisinau, 2012, 168p.

Inoue, M., Sato, E. F., Nishikawa, M., Park, A-M_, Kira, Y., Imada, I, et al.
(2003). Mitochondrial generation of reactive oxygen species and its
role in aerobic life. Current Medical Chemistry, 10, 2495-2505.

Ismaiel, M.M.S_, El-Ayouty, Y.M. & Piercey-Normore, M., 2016. Role of pH
on antioxidants production by Spirulina (Arthrospira) platensis.
Brazilian Journal of Microbiology, 47(2), pp.298-304.

Jaeschke H. Antioxidant Defense Mechanisms. Comprehensive Toxicology
(Second Edition), 2010, Volume 9, Pages 319-337.

Jahns P., Holzwarth A R. The role of the xanthophyll cycle and of lutein in
photoprotection of photosystem II. In: Biochim Biophys Acta, 2012,
vol.1817, p.182-193.

Jakubowska, N. & Szelagg-Wasielewska, E., 2015. Toxic Picoplanktonic
Cyanobacteria—Review. Marine Drugs, 13(3), pp.1497—-1518.

Janknegt P.J. et al. A comparison of quantitative and qualitative superoxide
dismutase assays for application to low temperature microalgae. In:
Journal of Photochemistry and Photobiology B: Biology, 2007, vol.
87, p. 218-226.

Janzen, E. G. (2012), Free Radicals in Biology (4th ed.) (pp. 115-155),
Academic Press, Lousiana.

246



Jesus Raposo M.F., Morais R.M.S.C., Morais A.M.M.B. Health application
of bioactive compounds from marine microalgae. In: Life
Sciences,2013, vol. 93, p.479-486.

Jezek P., Hlavat L. Mitochondria in homeostasis of reactive oxygen species in
cell, tissues, and organism. 7he International Journal of
Biochemistry & Cell Biology 37 (2005) 2478-2503

Jimenez-Lopez, C., Pereira, A. G., Lourenco-Lopes, C., Garcia-Oliveira, P.,
Cassani, L., Fraga-Corral, M., ... Simal-Gandara, J. (2021). Main
bioactive phenolic compounds in marine algae and their mechanisms
of action supporting potential health benefits. Food Chemistry, 341,
128262. doi:10.1016/j.foodchem.2020.12826

Jones D.P. Redefining oxidative stress. In: Antioxid Redox Signal, 2006, vol.
8, nr. 9-10, p.1865-1879.

Kalabegishvili T, Kirkesali E, Rcheulishvili A et al (2013a) Synthesis of gold
nanoparticles by blue-green algae Spirulina platensis. Adv Sci Eng
Med 5:30-36

Kalabegishvili T, Murusidze I, Kirkesali E et al (2013b) Gold and silver
nanoparticles in Spirulina platensis biomass for medical application.
Ecol Chem Eng S 20:621-631

Kancheva V.D. Phenolic antioxidants — radical-scavenging and chain-
breaking activity: a comparative study. In: Eur. J. Lipid Sci. Technol.,
2009, vol.111, p.1072-1089.

Karawita, R. et al., 2007. Protective effect of enzymatic extracts from
microalgae against DNA damage induced by H 20 2. Marine
Biotechnology, 9(4), pp.479—490.

Karsten, U., 2008. Defense strategies of algae and cyanobacteria against solar
ultraviolet radiation. In A/gal Chemical Ecology. Berlin, Heidelberg:
Springer Berlin Heidelberg, pp. 273-296.

Kepek¢i R.A., Saygideger S.D. Enhancement of phenolic compound
production in Spirulina platensis by two-step batch mode cultivation.
In: J Appl Phycol, 2012, vol. 24, p.897-905.

Khanna —Chopra R. Leaf senescence and abiotic stresses share reactive
oxygenspecies-mediated chloroplast degradation. Protoplasma
(2012) 249:469-481

Kim M. J., Ciani S., Schachtman D. P. A peroxidase contributes to ROS
production during Arabidopsis root response to potassium
deficiency. Molecular Plant, vol. 3, no. 2, pp. 420427, 2010.

Kim S.F. The role of nitric oxide in prostaglandin biology; update. Nitric
Oxide, 25 (2011) 255-264

Kini, S_, Divyashree, M., Mani, M. K., & Mamatha, B. S. (2020). Algae and
cyanobacteria as a source of novel bioactive compounds for
biomedical applications. /n: Advances in Cyanobacterial Biology,
173-194. doi:10.1016/b978-0-12-819311-2.00012-7

247




Klein B.C. et al. Microalgae as natural sources for antioxidative compounds.
In: J Appl Phycol, 2012, vol. 24, nr. 1133-1139.

Kondo, T. & Ishiura, M., 2000. The circadian clock of cyanobacteria.
BioEssays, 22(1), pp.10-15.

Konickova, R. et al., 2014. Anti-cancer effects of blue-green alga Spirulina
platensis, a natural source of bilirubin-like tetrapyrrolic compounds.
Annals of Hepatology, 13(2), pp.273-283.

Koshiishi I., Takajo T., Tsuchida K. Regulation of S-thiolation and S-
nitrosylation in the thiol/nitric oxide system by radical scavengers.
Nitric Oxide 16 (2007) 356361

Krzeminska, I. et al., 2014. Influence of photoperiods on the growth rate and
biomass productivity of green microalgae. Bioprocess and
Biosystems Engineering, 37(4), pp.735-741.

Kumar A.S. et al. Biosynthesis of gold and silver nanopartcles by natural
precursor clove and their functionalisation with amine group. In:
Journal of Nanoparticles Researces. 2010, vol.12, p. 1667-1675.

Kumar C.S. et al. Seaweeds as a source of nutritionally bene fi cial
compounds—a review. In: J Food Sci Technol, 2008, vol. 45, p. 1—-
13

Kumar M. et al. Biochemical responses of red alga Gracilaria corticata,
(Gracilariales, Rhodophyta) to salinity induced oxidative stress. In:
Journal of Experimental Biology and Ecology, 2010, vol. 391, p.27-
34.

Kurd, F. & Samavati, V., 2015. Water soluble polysaccharides from Spirulina
platensis: Extraction and in vitro anti-cancer activity. Infernational
Journal of Biological Macromolecules, 74, pp.498-506.

Kussmaul, L.; Hirst, The mechanism of superoxide production by NADH:
ubiquinone oxidoreductase (complex I) from bovine heart
mitochondria. J. Proc. Natl. Acad. Sci. USA 2006, 103, 7607-7612.

Lakey-Beitia, J., Kumar D., J., Hegde, M., & Rao, K. S. (2019). Carotenoids
as Novel Therapeutic Molecules Against Neurodegenerative
Disorders: Chemistry and Molecular Docking Analysis.
International — Journal — of  Molecular  Sciences,  20(22),
5553. doi:10.3390/ijms20225553

Lambert, A. J.; Brand, M. D. Inhibitors of the Quinone-binding Site Allow
Rapid Superoxide Production from Mitochondrial
NADH:Ubiquinone Oxidoreductase (Complex I) J. Biol. Chem.
2004, 279, 39414-39420.

Lan, S. et al., 2015. Effects of light and temperature on open cultivation of
desert cyanobacterium Microcoleus vaginatus. Bioresource
Technology, 182, pp.144-150.

248



Latifi, A., Ruiz, M. & Zhang, C.C., 2009. Oxidative stress in cyanobacteria.
FEMS Microbiology Reviews, 33(2), pp.258-278.

Lau, N.S., Matsui, M. And Abdullah, A.A.A., 2015. Cyanobacteria:
Photoautotrophic Microbial Factories for the Sustainable Synthesis
of Industrial Products. BioMed Research International, 2015,
p.754934. http://www.ncbi.nlm.nih.gov/pubmed/26199945

Lee S.W., Kim S.M., Choi J. Genotoxicity and ecotoxicity assays using the
freshwater crustacean Daphia magna and the larva of the aquatic
migne Chironomus riparius to screen thr ecological risks of
nanoparticles exposure. Environmental Toxicological
Pharmacology, 2009, 28: 86-91.

Lee, R.Y. (2012). Free Radical Biomedicine: Principles, Clinical Correlations,
and Methodologies (pp. 270-294). Blacksburg, Virginia: Bentham
Science publishers.

Le-Feuvre, R., Moraga-Suazo, P., Gonzalez, J. et al. Biotechnology applied
to Haematococcus pluvialis Fotow: challenges and prospects for the
enhancement of astaxanthin accumulation. J Appl Phycol 32, 3831—
3852 (2020). https://doi.org/10.1007/s10811-020-02231-z

Lei A. et al. Antioxidant responses of microalgal species to pyrene. In: Journal
of Applied Phycology, 2006, vol. 18, 67-78.

Lemoine Y., Schoefs B. Secondary ketocarotenoid astaxanthin biosynthesis in
algae: amultifunctional response to stress. In: Photosynth Res., 2010,
vol. 106, p. 155-177.

Lengke M, Ravel B, Fleet M et al (2006a) Mechanisms of gold
bioaccumulation by filamentous cyanobacteria from gold(I1l)-
Chloride Complex. Environ Sci Technol 40:6304-6309

Lengke MF, Fleet ME, Southam G (2006b) Synthesis of platinum
nanoparticles by reaction of filamentous cyanobacteria with
platinum(IV)-chloride complex. Langmuir 22:7318-7323

Lengke MF, Fleet ME, Southam G (2007) Biosynthesis of silver nanoparticles
by filamentous cyanobacteria from a silver(I) nitrate complex.
Langmuir 23:2694-2699

Leya T. et al. Response of arctic snow and permafrost algae to high light and
nitrogen stress by changes in pigment composition and applied
aspects for biotechnology. In: FEMS Microbiology Ecology. 2009,
vol. 67, p. 432-443.

Li H.B. et al. Evaluation of antioxidant capacity and total phenolic content of
different fractions of selected microalgae. In: Food Chem, 2007, vol.
102, p.771-776.

249



Li Z. et al. Preparation and antioxidant property of extract and semipurified
fractions of Caulerpa racemosa. In: J Appl Phycol, 2012, vol. 24,
p.1527-1536.

Liochev I, Fridovich I. The HabereWeiss cycle €70 years later: an alternative
view. Redox Rep 2002; 7:55-57. McNally, J.S., Davis, M.E,,
Giddens, D.P., Saha, A., Hwang, J., Dikalov, S., Jo, H., Harrison,
D.G., 2003. Role of xanthine oxidoreductase and NAD(P)H oxidase
in endothelial superoxide production in response to oscillatory shear
stress. Am. J. Physiol. 285, H2290-H2297.

Liu J. et al. Antioxidative capacity and enzyme activity in Haematococcus
pluvialis cells exposed to superoxide free radicals. In: Chinese
Journal of Oceanology and Limnology, 2010, vol. 28, nr. 1, p. 1-9.

Liu, C. et al, 2016. Growth and antioxidant production of Spirulina in
different NaCl concentrations. Biotechnology Letters, 38(7),
pp-1089—-1096.

Lopez A. et al. The effects of solvents on the phenolic contents and antioxidant
activity of Stypocaulon scoparium algae extracts. In: Food
Chemistry, 2011, vol. 125, p. 1104-1109.

Lu, Congming, and Avigad Vonshak. 2002. “Effects of Salinity Stress on
Photosystem II Function in Cyanobacterial Spirulina Platensis
Cells.” Physiologia Plantarum 114 (3). Munksgaard International
Publishers: 405-13. doi:10.1034/.1399-3054.2002.1140310.x.

Luangpipat T, Beattie IR, Chisti Y, Haverkamp RG (2011) Gold nanoparticles
produced in a microalga. J Nanoparticle Res 13:6439-6445

Lushchak V.I. Adaptive response to oxidative stress: Bacteria, fungi, plants
and animals. In: Comparative Biochemistry and Physiology, Part C.
2011, vol. 153, p.175—190.

Ma J, Wong H., Kong LB. Peng KW: Biomimetic processing of
Nanocrystallite ~ bioactive  apatite  coating on titanium.
Nanotechnology, 2003, 14:619-623.

Magalhaes M. et al. Methodological aspects about in vitro evaluation of
antioxidant properties. In: Analytica chimica acta, 2008, vol. 613, p.
1-19.

Maksimov F.I. Kuzminov 1.V. Konyuhov 1.V. Elanskaya V.Z. Paschenko,
Photosystem 2 effective fluorescence cross-section of
cyanobacterium Synechocystis sp. PCC6803 and its mutants, .J.
Photochem. Photobiol. B: Biol. (2011), 104 (1-2): 285 - 291.

Manivannan K., Anantharaman P., Balasubramanian Th. Evaluation of
antioxidant properties of marine microalga Chlorella marina
(Butcher, 1952). In: Asian Pacific Journal of Tropical Biomedicine,
2012, vol. 2, is.1, p.S342-S346

250



Marsalek B, Jancula D, Marsalkova E et al (2012) Multimodal action and
selective toxicity of zerovalent iron nanoparticles against
cyanobacteria. Environ Sci Technol 46:2316-2323

Mary Leema, J. T., R. Kirubagaran, N. V. Vinithkumar, P. S. Dheenan, and S.
Karthikayulu. 2010. “High Value Pigment Production from
Arthrospira (Spirulina) Platensis Cultured in Seawater.” Bioresource
Technology 101 (23). Elsevier: 9221-27.
doi:10.1016/j.biortech.2010.06.120.

Menzyanova N. G. et al. Season variability of iron effects on periodic culture
of microalgae Dunaliella viridis Teod. Front. In. Biol. China 2009,
vol.,4 nr. 3, p. 328-336

Miller G., Shulaev V., and Mittler R., “Reactive oxygensignaling and abiotic
stress,” Physiologia Plantarum, vol. 133 no. 3, pp. 481489, 2008.

Miscu V. Biotehnologii de obtinere a preparatelor pe baza de astaxantina din
Haematococcus pluvialis flotow CNW-AV-05. Teza de dr. in biol.
Chisinau, 2010, 158p.

Mittler, Ron. ROS Are Good, Trends in Plant Science, Volume 22, Issue 1,
2017, Pages 11-19, ISSN 1360-1385,
https://doi.org/10.1016/j.tplants.2016.08.002.

Moreau M., Lindermayr C., Durner J., Klessig D.F. NO synthesis and
signaling in plants — where do we stand? Physiol. Plant. 138 (2010)
372-383.

Morgan-Kiss, R.M. et al., 2006. Adaptation and Acclimation of
Photosynthetic Microorganisms to Permanently Cold Environments.
Microbiology and Molecular Biology Reviews, 70(1), pp.222-252.
http://mmbr.asm.org/cgi/doi/10.1128/MMBR.70.1.222-252.2006

Morsy FM, Nafady NA, Abd-Alla MH, Elhady DA (2014) Green synthesis of
silver nanoparticles by water soluble fraction of the extracellular
polysaccharides/matrix of the cyanobacterium Nostoc commune and
its application as a potent fungal surface sterilizing agent of seed
crops. U J Microbiol Resarch 2:36-43

Mubarak Ali D, Gopinath V, Rameshbabu N, Thajuddin N (2012) Synthesis
and characterization of CdS nanoparticles using C-phycoerythrin
from the marine cyanobacteria. Mater Lett 74:8-11

Mubarak Ali D, Sasikala M, Gunasekaran M, Thajuddin N (2011)
Biosynthesis and characterization of silver nanoparticles using
marine cyanobacterium, Oscillatoria willei NTDMOL. Dig J
Nanomater Bios 6:385-390

Mueller, S., Weber, A_, Fritz, R., Miitze, S., Rost, D., Walczak, H., Volkl, A.,
Stremmel, W., 2002. Sensitive and real-time determination of H202
release from intact peroxisomes. Biochem. J. 363, 483-491.

251



Muller, F. L., Liu, Y., & Van Remmen, H. (2004). Complex III releases
superoxide to both sides of the inner mitochondrial membrane.
Journal of Biological Chemistry, 279, 49064—49073.

Mullineaux, C. W. (2014). Co-existence of photosynthetic and respiratory
activities in cyanobacterial thylakoid membranes. Biochim. Biophys.
Acta Bioenerg. 1837, 503-511. doi: 10.1016/1.bbabi10.2013.11.017

Mullineaux, C.W. & Emlyn-Jones, D., 2005. State transitions: An example of
acclimation to low-light stress. In Journal of Experimental Botany.
Oxford University Press, pp. 389-393.

Munir N. e al. Algae: A potent antioxidant source. In: Sky Journal of
Microbiology Research. 2013, vol. 1, nr.3, p. 22 — 31.

Murphy, M. P. How mitochondria produce reactive oxygen species. Biochem
J. 2009, 417, 1-13

Murray C.B, Kagan C.R, Bawendi M.G: Synthesis and characterization Of
monodisperse  nanocrystals and close-packed nanocrystal
Assemblies. Annu Rev Mater Sci. 2000, 30:545-610

Nihal T., Ferda S., Velioglu Y. S. Effects of extraction solvents on
concentration and antioxidant activity of black and black mate tea
polyphenols determined by ferrous tartrate and Folin—Ciocalteu
methods. In: Food Chemistry, 2006, vol. 99, p. 835-841.

Nishiyama, Y., Allakhverdiev, S.I. & Murata, N., 2011. Protein synthesis is
the primary target of reactive oxygen species in the photoinhibition
of photosystem II. Physiologia Plantarum, 142(1), pp.35-46.
http://doi.wiley.com/10.1111/j.1399-3054.2011.01457 x

Nohl H., Gille L, Staniek K. Intracellular generation of reactive oxygen
species by mitochondria. Biochemical Pharmacology. 69 (2005)
719-723

Oren, A. et al., 2008. Microalgae and cyanobacteria of the Dead Sea and its
surrounding springs. Israel Journal of Plant Sciences, 56(1), pp.1—
13.

Oslan, S.N.H.; Shoparwe, N.F_; Yusoff, A.H.; Rahim, A.A_; Chang, C.S.; Tan,
J.S.; Oslan, S.N.; Arumugam, K.; Ariff, A.B.; Sulaiman, A.Z;
Mohamed, M.S. A Review on Haematococcus pluvialis Bioprocess
Optimization of Green and Red Stage Culture Conditions for the
Production of Natural Astaxanthin. Biomolecules 2021, 11, 256.
https://doi.org/10.3390/biom11020256

Otero, A. & Vincenzini, M., 2003. Extracellular polysaccharide synthesis by
Nostoc strains as affected by N source and light intensity. Journal of
Biotechnology, 102(2), pp.143—152.

Pade, N. & Hagemann, M., 2015. Salt Acclimation of Cyanobacteria and Their
Application in Biotechnology. Life, 5(1), pp.25-49.

252



Paerl, H., 2014. Mitigating Harmful Cyanobacterial Blooms in a Human- and
Climatically-Impacted World. Life, 4(4), pp.988—-1012.

Pangestuti R, Kim S. K. Biological activities and health benefit effects of
natural pigments derived from marine algae. In: Jowrnal of
Functional Foods, 2011, vol.3, p. 255 — 266.

Parak WJ., Boudreau R., Gros ML., Gerion D., Zanchet D., Micheel CM.,
Williams SC., Alivisatos AP., Larabell CA: Cell motility and
metastatic potential studies based on quantum dot imaging of
phagokinetic tracks. Adv Mater 2002, 14:882-885.

Pareek, A. & Srivastava, P., 2001. Optimum photoperiod for the growth of
Spirulina platensis. J. Phytol. Res, 14(14), pp.219-220.

Park MH, Kim KH, Lee HH, Kim JS, Hwang SJ (2010) Selective inhibitory
potential of silver nanoparticles on the harmful cyanobacterium
Microcystis aeruginosa. Biotechnol Lett 32:423-428

Peralta-Vedea Jose P., Zhao L., Lopez-Moreno Martha L., et al
Nanomaterials and the environment: A review for the biennium
2008-2010. Journal of hazardous Materials, 2011, 186: 1-15.

Pinto, Ernani et al. 2003. Heavy Metal-Induced Oxidative Stress in Algae.
Journal of Phycology 39(6):1008—18.

Planchet E., Gupta K.J., Sonoda M., Kaiser W.M. Nitric oxide emission from
tobacco leaves and cell suspensions: rate limiting factors and
evidence for the involvement of mitochondrial electron transport,
Plant J. 41 (2005) 732-743.

Planchon M, lJittawuttipoka T, Cassier-Chauvat C et al (2013)
Exopolysaccharides protect Synechocystis against the deleterious
effects of titanium dioxide nanoparticles in natural and artificial
waters. J Colloid Interface Sci 405:35-43

Platenik J, Stopka P, Vejrazka M, Stipek S. Quinolinic acideiron(II)
complexes: slow autoxidation, but enhanced hydroxyl radical
production in the Fenton reaction. Free Radic Res 2001;34:445-59.

Pokorny” J., Are natural antioxidants better — and safer — that synthetic
antioxidants? In: Fur. J. Lipid Sci. Technol., 2007, vol. 109, p. 629—
642.

Pompa P. P., Vecchio G., Galeone A., et al. In vivo Toxicity of Gold
Nanoparticles in Drosophyla melanogaster. Nano Research, 2011,
4(4):405-413.

Pourova J, Kottova M, Voprsalova M, Pour M. reactive oxygen and nitrogen
species in normal physiological processes. Acta Physiol
2010;198:15-35.

Pradedova E.F., Isheeva O.D., Salyaev R K. Classification of the Antioxidant
Defense System as the Ground for Reasonable Organization of

253



Experimental Studies of the Oxidative Stress in Plants. Russian
Journal of Plant Physiology, 2011, Vol.58, no.2, pp.210-217

Prieto P., Pineda M., Aquilar M. Spectrophotometric qantitation of antioxidant
capacity through the formation of a phosphomolybdenum complex:
specific application to the determination of vitamin E. Analytical
Biochemistry, 1999, 337-341.

Prochazkova D., Wilhelmova N. Nitric oxide, reactive nitrogen species and
associated enzymes during plant senescence. Nitric Oxide 24 (2011)
, p-61-65

Qian, Haifeng et al. 2010. “Effects of Copper Sulfate, Hydrogen Peroxide and
N-Phenyl-2-Naphthylamine on Oxidative Stress and the Expression
of Genes Involved Photosynthesis and Microcystin Disposition in
Microcystis Aeruginosa.” Aquatic Toxicology 99(3):405-12.

Quigg A, Chin WC, Chen CS et al (2013) Direct and indirect toxic effects of
engineered nanoparticles on algae: role of natural organic matter.
ACS Sustainable Chem Eng 1:686-702

Raja, R. et al., 2016. Recent developments in therapeutic applications of
Cyanobacteria. Critical Reviews in Microbiology, 42(3), pp.394—
405. http://www.ncbi.nlm.nih.gov/pubmed/25629310

Ramel F. et al. Chemical quenching of singlet oxygen by carotenoids in plants.
In: Plant Physiol, 2012, vol. 158, 1267-1278.

Rantamaki, S. et al., 2016. Oxygen produced by cyanobacteria in simulated
Archaean conditions partly oxidizes ferrous iron but mostly
escapes—conclusions about early evolution. Photosynthesis
Research, 130(1-3), pp.103—111.

Ravelonandro, P.H. et al., 2008. Influence of light quality and intensity in the
cultivation of Spirulina platensis from Toliara (Madagascar) in a
closed system. Journal of Chemical Technology and Biotechnology,
83(6), pp.842-848.

Re R, et al. Antioxidant activity applying an improved ABTS radical cation
decolorization assay. Free Radical Biology & Medicine, 1999,
10:1231-1237.

Rodea-Palomares I, Boltes K, Fernandez-Pinas F, Leganes F, Garcia-Calvo E,
Santiago J, Rosa R (2011) Physicochemical characterization and
ecotoxicological assessment of CeO2 nanoparticles using two
aquatic microorganisms. 7oxic Sci 119(1):135-145

Rodriguez-Garcia I., Guil-Guerrero J.L. Evaluation of the antioxidant activity
of three microalgal species for use as dietary supplements and in the
preservation of foods. In: Food Chemistry, 2008, vol. 108, p. 1023—
1026.

254



Romero, D.M., Rios de Molina, M.C. & Juarez, A.B., 2011. Oxidative stress
induced by a commercial glyphosate formulation in a tolerant strain
of Chlorella kessleri. Ecotoxicology and Environmental Safety,
74(4), pp.741-747.

Rossa, M.M. et al., 2002. Effect of visible light on superoxide dismutase
(SOD) activity in the red alga Gracilariopsis tenuifrons
(Gracilariales, Rhodophyta). Journal of Applied Phycology, 14(3),
pp-151-157.

Rudi L., Cepoi L., Miscu V., Chiriac T., Valuta A., Djur S., Sadovnic D,
Rudic V. Determinarea dependentei corelationale dintre valorile
testului ABTS si continutul de carotenoizi in extractele etanolice din
biomasa algei verzi Haematococcus pluvialis. In: Buletinul
Academiei de Stiinte a Moldovei. Stiintele vietii. 2013, nr.3(321), p.
146-153.

Rudi L., Cepoi L., Miscu V., Chiriac T., Valuta A., Codreanu S., Sadovnic D.,
Rudic V. Producerea de biomasa si carotenoizi de catre alga verde
Haematococcus pluvialis pe durata ciclului vital sub influenta
metalocomplexelor Co (1) cu bazele Schiff. In: Buletinul ASM,
Stiingele vietii. 2014, nr. 2 (323), p.163-171.

Rudi L., Chiriac T., Cepoi L., Miscu V., Rudic V. factorii tehnologici si
calitatea biomasei de spirulina. Chisinau: S.n., 2020, Artpoligraf ,
242 p.. ISBN 978-9975-3462-8-3.

Sabatini, S.E. et al., 2009. Oxidative stress and antioxidant defenses in two
green microalgae exposed to copper. Ecotoxicology and
Environmental Safety, 72(4), pp.1200-1206.

Sadib Mohammed 1., Pakrashi S., Chandrasekaran N., Mukherjee A. Studie
son toxicity of aluminium oxide (Al2Os3) nanoparticles to microalgae
species: Scenedesmus sp. and Chlorella sp. Journal Nanoparticles
Research, 2011, 13:3284-3299.

Sadovnic D. Tehnologii de obtinere a preparatelor antioxidante si
antiradicalice din biomasa algei rosii Porphyridium cruentum CNM-
AR-01. Teza de dr. in biologie. Chisindu, 2014, 159 p.

Salata O.V. Applications of nanoparticles in biology and medicine. Journal of
Nanobiotechnology, 2004, 2: 2-6

Saraiva R.M., Minhas K.M., Zheng M., Pitz E., Treuer A., Gonzalez D.,
Schuleri K.H., Vandegaer K.M., Barouch L.A., Hare J.M. Reduced
neuronal nitric oxide synthase expression contributes to cardiac
oxidative stress and nitroso-redox imbalance in ob/ob mice. Nitric
Oxide, Volume 16, Issue 3, 2007, Pages 331-338

255



Satora, P. et al., 2015. Strain-dependent production of selected bioactive
compounds by Cyanobacteria belonging to the Arthrospira genus.
Journal of Applied Microbiology, 119(3), pp.736-743.

Scandalios J.G. The rise of ROS. Trends Biochem.Sci. -2002. -V.27. —P.483-
486

Schrader M., Fahimi H.D. Peroxisomes and oxidative stress. Biochimica at
Biohysica Acta 1763 (2006). P. 1755-1766

Sekar, S. & Chandramohan, M., 2008. Phycobiliproteins as a commodity:
Trends in applied research, patents and commercialization. Journal
of Applied Phycology, 20(2), pp.113—136.

Shabana, E.F. et al., 2017. Biochemical composition and antioxidant activities
of Arthrospira (Spirulina) platensis in response to gamma irradiation.
Food Chemistry, 214, pp.550-555.

Shanab S. et al. Aqueous extracts of microalgae exhibit antioxidant and
anticancer activities. In: Asian Pacific Journal of Tropical
Biomedicine. 2012, p. 608-615.

Shao, H.B., Chu, L. Y., Lu, Z. H,, and Kang, C. M., Primary Antioxidant Free
Radical Scavenging and Redox Signaling Pathways in Higher Plant
Cells, Int. J. Biol. Sci., 2008, vol. 4, pp. 8—14

Sharma P., Jha A.B., Dubey R.S., Pessarakli M. Reactive Oxygen Species,
Oxidative Damage, and Antioxidative Defense Mechanism in Plants
under Stressful Conditions. Journal of Botany, V. 2012 (2012),
Article ID 217037.

ShebisY. et al. Natural Antioxidants: Function and Sources. In: Food and
Nutrition Sciences, 2013, vol.4, p.643-649.

Shukla, M. et al., 2016. Influence of light intensity, temperature and CO 2
concentration on growth and lipids in green algae and cyanobacteria.
Indian Journal of Experimental Biology, 54(July), pp.482—487.

Singh, J.S. et al., 2016. Cyanobacteria: A precious bio-resource in agriculture,
ecosystem, and environmental sustainability. [Frontiers in
Microbiology, T(APR), p.529.

Singh, S.C., Sinha, R.P. & Hader, D.-P., 2002. Role of Lipids and Fatty Acids
in Stress Tolerance in Cyanobacteria. Acta Protozoologica, 41,
pp.297-308.

Singh, V., K. D. Pandey, S. Mesapogu, and D. V. Singh. 2015. Influence of
NaCl on Photosynthesis and Nitrogen Metabolism of
Cyanobacterium Nostoc Calcicola. Applied Biochemistry and
Microbiology 51 (6).

Singleton V.L., Rossi J.A. Colorimetry of total phenolics with
phosphomolybdic-phosphotungstic acid reagent. American Journal
of Enology and Viticulture, 1965, 16: 144-158.

256



Skibsted L.H. Nitric oxide and quality and safety of muscle based foods. Nitric
Oxide, Volume 24, Issue 4, 2011, Pages 176-183

Soletto, D. et al., 2008. Effects of carbon dioxide feeding rate and light
intensity on the fed-batch pulse-feeding cultivation of Spirulina
platensis in helical photobioreactor. Biochemical Engineering
Journal, 39(2), pp.369-375.

Srivastava, Ashish Kumar. 2010. “Assessment of Salinity-Induced
Antioxidative Defense System of Diazotrophic Cyanobacterium
Nostoc Muscorum.” Journal of Microbiology and Biotechnology 20
(11): 1506-12. doi:10.4014/jmb.1005.05037.

Stal, L.J., 2015. Nitrogen Fixation in Cyanobacteria. In eLS. Chichester, UK:
John Wiley & Sons, Ltd, pp. 1-9.

Starkov, A. A.; Fiskum, G.; Chinopoulos, C.; Lorenzo, B. J.; Browne, S. E.;
Patel, M. S.; Beal, M. F. Mitochondrial o-Ketoglutarate
Dehydrogenase Complex Generates Reactive Oxygen Species. J.
Neurosci. 2004, 24, 7779-7788.

Starkov, A.A., 2008. The role of mitochondria in reactive oxygen species
metabolism and signaling. Ann. NY Acad. Sci. 1147, 37-52
Steidinger K.A., Garcces E. Importance of Life Cycles in the Ecologyof
Harmful Microalgae. In: Ecological Studies (Edna Graneli and
Jefferson T.Turner (Eds.). vol. 189: Ecology of Harmful Algae. 2006.

Springer-Ver/ag: Berlin Heidelberg, 2006, p. 37-49

Stolz D.B., Zamora R., Vodovotz Y., Loughran P.A_, Billiar T.R., Kim Y.M.,
Simmons R.L., Watkins S.C., Peroxisomal localization of inducible
nitric oxide synthase in hepatocytes, Hepatology 36 (2002) 81-93.

Sujatha Kandasamy and P. Nagarajan. 2013. Optimization of Growth
Conditions for Carotenoid Production from Spirulina Platensis
(Geitler). International Journal of Current Microbiology and Applied
Science ,2(10). p.325-328.

Takaichi S. Carotenoids in algae: distributions, biosyntheses and functions.
In: Mar Drugs, 2011, vol.9, p.1101-1118

Tamary, E. et al., 2012. Structural and functional alterations of cyanobacterial
phycobilisomes induced by high-light stress. Biochimica et
Biophysica Acta - Bioenergetics, 1817(2), pp.319-327.

Thannickal V. J. Oxygen in the evolution of complex life and the price we
pay. Am J Respir Cell Molec Biol 2009; 40:507-10.

Tian J., Yu J. Changes in ultrastructure and responses of antioxidant systems
of algae (Dunaliella salina) during acclimation to enhanced
ultraviolet-B radiation. In: Journal of Photochemistry and
Photobiology: Biology, 2009, vol. 97, p. 152-160.

257



Tretter, L.; Adam-Vizi, V. Generation of Reactive Oxygen Species in the
Reaction Catalyzed by a-Ketoglutarate Dehydrogenase J. Neurosci.
2004, 24, 7771-7778.

Tripathi B.N. et al. Oxidative stress in Scenedesmus sp. during short- and
long-term exposure to Cu*‘and Zn>". In: Chemosphere, 2006, vol. 62,
p.538-544.

Tsibakhashvili N, Kirkesali EI, Gintury E et al (2011) Microbial synthesis of
silver nanoparticles by Streptomyces glaucus and Spirulinaplatensis.
Adv Sci Lett 4:3408-3417

Turkmen N., Sari F., Velioglu Y.S. Effects of extraction solvents on
concentration and antioxidant activity of black and black mate tea
polyphenols determined by ferrous tartrate and Folin—Ciocalteu
methods. In: Food Chemistry Volume 99, Issue 4, 2006, Pages 835—
841.

Turner A., Brice D., Brown Murray T. Interaction of silver nanoparticles with
the marine microalga, Ulva lactuca. Ecotoxicology,2012,21(1): 148-
154.

Turrens, J. F. (2003) Mitochondrial formation of reactive oxygen species. J.
Physiol. 552, 335-344

Valco M., Leibfritz D., Moncol J., Cronin M., Mazur M., Telser J. Free
radicals and antioxidants in normal physiological function and
human disease. 7he International Journal of Biochemistry & Cell
Biology 39 (2007) 44-84

Van Thor, JJ. et al, 1998. Light harvesting and state transitions in
cyanobacteria. Botanica Acta, 111(6), pp.430-443.

Varkonyi, Z. et al., 2002. Low-temperature-induced accumulation of
xanthophylls and its structural consequences in the photosynthetic
membranes of the cyanobacterium Cylindrospermospsi raciborskii:
An FTIR spectroscopic study. Proceedings of the National Academy
of Sciences of the United States of America, 99, pp.2410-2415.

Vitova M. et al. Glutathione peroxidase activity in the selenium-treated alga
Scenedesmus quadricauda. In: Aquatic Toxicology, 2011, vol. 102,
p. 87-94.

Volkmann, Harriet, Ulisses Imianovsky, Jorge L.B. Oliveira, and Ernani S.
Sant’Anna. 2008. “Cultivation of Arthrospira (Spirulina) Platensis in
Desalinator Wastewater and Salinated Synthetic Medium: Protein
Content and Amino-Acid Profile.” Brazilian Journal of
Microbiology 39 (1). SBM: 98-101. doi:10.1590/S1517-
83822008000100022.

258



Wang L., Nagesha Dattatri K., Selvarasah S., et al. Toxicity of CdSe
Nanoparticles in Caco-2 Cell Cultures. Journal  of
Nanobiotechnology, 2008, 6-11.

Wang P., Wong M .H., Tam N.F.Y. Antioxidant responses of two microalgae,
Selenastrum capricornutum and Chlorella sp., to estradiol and
ethinylestradiol. In: J Appl Phycol, 2013, vol. 25, p.891 — 903.

Wang, H. et al., 2013. Identification of differentially expressed proteins of
Arthrospira (Spirulina) plantensis-YZ under salt-stress conditions by
proteomics and qRT-PCR analysis. Proteome Science, 11(1), p.6.

Wang, W. et al.,, 2013. Physiological responses of soil crust-forming
cyanobacteria to diurnal temperature variation. Journal of Basic
Microbiology, 53(1), pp.72-80.

Wenjing Yang, Wang Fang, Liu Lu-Ning, Sui Na Responses of Membranes
and the Photosynthetic Apparatus to Salt Stress in Cyanobacteria
Frontiers in Plant Science V11, 2020, p.713

Xie J, Lee JY, Wang DIC, Ting YP (2007) Identification of active
biomolecules in the high-yield synthesis of single-crystalline gold
nanoplates in algal solutions. Small 3:672-682

Yan J., Tsuichihara N., Etoh T., and Iwai S., Reactive oxygen species and
nitric oxide are involved in ABA inhibition of stomatal opening,
Plant, Cell and Environment, vol. 30, no. 10, pp. 1320-1325, 2007.

Zaitsev, V.G., Ostrovskii, O.V., and Zakrevskii, V.I., Relationships between
Chemical Structure and Action Target as the Basis for Classification
of Antioxidants of Direct Influence, Eksperim. Klin. Farmakol.,
2003, vol. 66, pp. 66-70

Zaki, F.T.a, and A.A.b Fathi. 2004. “Impact of Copper on Some Physiological
Aspects of Nostoc Muscorllm with Special References to the
Detoxifying Role of Calcium.” Acta Botanica Hungarica 46 (3—4).
423-33.

Zangar R.C., Davydov D.R., Verma S. 2004. Mechanisms that regulate
production of reactive oxygen species by cytochrome P450.
Technology and applied Pharmacology. 199(2004), p.316-331.

Zeb, A. (2020).Concept, mechanism, and applications of phenolic
antioxidants in  foods. Journal of Food Biochemistry.
doi:10.1111/jfbc.13394

Zhang W_, Tian Z., Pan X, Zhao X., Wang F. Oxidative Stress and Non-
enzymatic Antioxidants in Leaves of Three Edible Canna Cultivars
under Drought Stress. Hort. Environ. Biotechnol. 54(1):1-8.
2013.DOI 10.1007/s13580-013-0070-6

Zhu, H. et al., 2017. Effects of low light on photosynthetic properties,
antioxidant enzyme activity, and anthocyanin accumulation in purple

259



pak-choi (Brassica campestris ssp. Chinensis Makino). In: Z. Cheng,
ed. PLoS ONE, 12(6), p.e0179305.

bopucosaI'.I'., Manesa M.I"., Yykuna H.B. Pacrenue u crpecc. Kypc nekuuii.
ExarepunOypr, 2008, 267 c.

Fapugszsnos AP, Xykos HH. HWsanumes B.B. OO6paszoBanune u
(bu3nonornyeckue peakuy akTHBHBIX (POPM KHCIIOpoJa B KIeTKax
pacrenuii. Coepemennvie npodaemovt Hayku u oopazoeanusi., 2011,
Ne2, https://www.science-education.ru/en/article/view?1d=4600

Jouos B.U., Kpyreko B.H., Mpukaes b.M., YxanoB C.B. AkTuHbIe
dbopmBI  KHCIOpOAA KaK CHCTeMa: 3HA4YeHHe B (DU3HOJIOTHH,
NaToJIOTUU M eCTeCTBEHHOM crtapeHun. /pyost HCA PAH. 2006, Tom
19, ¢.50-69.

3amaneena AWM. UmmoOuan3anms HaHOMAaTepHUaaoB Ha MTOBEPXHOCTH JKUBBIX
KJIETOK 2YKapuoT U Mpokapuot. ABropesepat Jluc.kana. 6mom. Hayk,
Kazanb, 2010, 25 c.

Konynaes 1O.E. AktuBHbie (hopMBbI KHCIIOPOAA B PacTEHUSAX MPH ACHCTBUU
CTpeccopoB: oOpa3oBaHME€ U BO3MOXHbIE (yHKUUU. Becmuux
Xapvrosckoeo nayuonanvno2o azpapro2o yuueepcumema. , 2007.,
Brin.3(12)., c. 6-26.

MakcumoB WM.B., UYepenanoBa E.A. Ilpo/aHTHOKCHIAHTHas CcHCTeMa W
YCTOMUYMBOCTh TaCTeHUHl K TMATOTeHaM. Ycnexu Co6pemeHHoll
ouonoeuu. 2006, 1.126., c. 250.261

Munubaesa ®@.B., I'opaon JI.X. Tlpoaykuusi cyrnepokcHaa U aKTHBHOCTh
BHEKJIETOYHOI MEepOKCHIa3bl B PACTUTENbHBIX TKAHAX IPH CTPECCe.
Quzuonozus pacmenuir, 2003, 1.50., ¢. 459-464.

[Tonecckas O.I'. PactutenpHas kiaeTka M akTUBHBIE (DOPMBI KHUCIOPOIA.
M.K/1V, 2007. 140 c.

Ckynaues B.I1. SIBneHus 3anporpamMMpoBaHHONH cMepTH. MUTOXOHIPUH,
KJIETKH U OPTraHbl: Pojib aKTHBHBIX (opMm kuciaopoaa. Copocosckuii
oopazosamenvuuiit neypuan. T.7, Ne6, 2001, ¢.4-10.

YecuokoBa H.II., Ilonykanuna E.B., busenkosa M.H. MounekynspHo-
KJIETOYHbIE MEXaHW3Mbl WHAKTHBALMM CBOOOJHBIX PpAJMKAIOB B
OMONIOTUYECKHX CHCTEeMAX. Y Chnexu coBpemMeHno20 ecmecmeo3HaHUs
Ne 72006. C.29- 36

YecnokoBa H.II., Tlonykaimua E.B., buzenkosa M.H. OOmas
XapaKTePUCTHKA UCTOYHHKOB 00pa3oBaHMs CBOOOIHBIX PAIMKAIOB 1
AQHTHOKCUJAHTHBIX CHCTEM. YCnexu coepemennozo ecmecmeo3Hanus
Ne 72006, c. 37-41.

260



