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(57) ABSTRACT

Zera-valent iron nanoparticle-mediated oxxdative stress was
evaluated in £ diplosiphon as a measure of lipid peroxida-
ton vsing malondialdehyde and iobarbituric acid-reactiv-
iy (MUASTIEA) assay and the 2°.7-dichlorodibydrofinores-
cein diacetate (DCTH-12A)Y Muorogenic probe. Pavymatic
response of w/Vi-treated cultares was determined as o
measure of eSO (iron superoxide dismutase) using wost-
e blotting and immunodeiection. In addinon. the disinbu-
ton und surface assnnilation of n/Vis was deteeted using
transmission clectron microscopy (11:MY and encrgy-dis-
persive X-ray spectroscopy (L),
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FIGURE 5A
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METHODS FOR DETECTING ZEROVALENT
NANOPARTICLE-MEDIATED OXIDATIVE
STRESS IN CYANOBACTERIA

FIELD OF THE INVENTION

[0001]  The invention relates o the deleciion of a/VI-
mediated oxidatve stress 1 cyanobaclena.

BACKGROUND OF 1T INVENTION

[0002]  As an important clement {for most iving organisms.
iron serves us a cofactor 1o o moilunde of celluiur processes
such us respiration. photosyuthesis. and witrogen (ixation. In
phototrophs such as cyanobactena. iron is mdispensable tor
redox-related lunctions in the photosynthetic apparatus.'
Cyanobuctenal iron reguiremients exceed Ut of aon-pho-
wsynthete prokaryotes by multiple folds and are exception-
ally high compared o othwer photosvathetic organisms.” [ is
well known that in cyanobacieria, won homoeostasis is tghily
conirolled by the ferme vpiake regulator which modulates
the trunseription of fron-responsive genes.' ™ Present in the
form ol lerredoxins (Fdsy within the thylakeid membranc.
iron mediates clectron wanster in metabolic reactions and
facilitates the reduction of NADP+ o0 NADPIH by carrving
an clectron from the iron-sulfor complex to the Pd-NADP+
reductase.”™ Flowever. due o its redox propertics. iron hus the
capucily W0 react wilth oxygen. thus gencratng reaclive

oxygen species (ROS) resulting in ihie rapid genertion of

free radicals. Redox-active Fe0 reacts with oxygen or waler
and releases Fe2+ that further generates ROS via the Fenton
chemistry,”

[0003]  In recent years. cultivation ol various algal and
eyanobucterial strans with nanoscale rero-valent iron nan-
oparticles (n/VIs) has been reported 1o boost growih and
lipid production.™" The relatively low standard reduction
poteitial enabies w/Vis o act as clectron donors. catulyzing,
a wide range of reactions.” OF the various eyanobacterial
species. Fremvefla diplosiphor 1s o widely stadied model
orgamsm with mcreased {Hness © grow m g broad spectom
of light. Addiionally. the organism grows i a short pen-
cration tme of 7-10) dovs, making it an ideal model for
several stadies ™ In recent vears. metallic nonoparticles have
been shown o boost growih, photosynthetic pigmentaion.
and e fally acids accumulated in this organism. making it
an attractive third-gencration biofuel agent ™"

[0304]  While nanopariicles are known o posiively
impact cellular processes in cyanobacteria. oxidutive stress
induced by an imbulance ol intracellular ROS is inevitable,
Dasruption of cellular organelles and physiolopical pro-
cesses due 0 excessive ROS i evanobacioria has been
reported.! Specilically. singlet oxygen is a highly reactive
ROS species that targets molecules suelh as proteins. pig-
ments. and lipids i the immediote vianity, (o addition.
production of ROS increases the mtensity of hght required
for electron transport, which outpaces the rate of electron
consumption durng carbon assimilation.'? Several critical
ciwevines sueh as superoxide disntases (SO1s). catalases.
and peroxidases in this pathway have been reporied 1o be
indicators of free radical production and oxidative stress in
cyanobacierial cells '”

[GHE]  Nanoscale zero-valent iron nanoparticles (n/Vs)
are known 1o boost biomass production and hipid vield in
Frenvella diplosiphon. o model] biodiesel-producing cyuno-
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bucteriuim. [ lowever. the impact of 0V i-indoced reactive
oxygen species (ROS) in & diplosiphon has nol been evalu-
ated.

SUMMARY OF THE INVENTION

[(006] ROS in M diplosiphon strains (J3481-WT and
13481 -5123 generated in response o nZVi-induced oxadauve
stress were quantified and the envymatic response deter-
mined. Lipid peroxidation as a measure of oxidative stross
revealed significantly higher malondialdehyde comtent {p={).
01y i both strains treated with 3.20 12,8, and 51.2 mg 1.7
w/ Y Is compared w natrested control, T addition. ROS moall
0/ V-treated enltures treated with 1.6-23.6 mp 17" n/V1s
was significantly higher than the untreated control as deter-
wined by the 2.7 -dichlorodihydrofluerescein discetate uo-
ramielric  probe. hmmunodetection  wsing  densitometric
analysis of iron superoxide dismutase (SOD) revealed sip-
nificantly higher SO lovels n both strins treated with
n/V1sat $1.2mg 17", In addition. we observed significantly
higher {p=0.0013 SO0 levels mthe 3481-81) strain treated
with 6.4 mg 17" oZVIs compared 1© 3.2 mg 17" Vs,
Valwdation using transmission cleciron microscopy equipped
with enery-dispersive X-ray speciroscopy (J138) revealed
adsorption of n/V s with a strong iron peak m boil 13481-
W and 134R1-8D) strains. While the DS spectra showed
strong signals for iron a0 4 aud 12 days aller treatment. o
signticant decrease m peak intensity was observed alier 20
days.

[(007] A varicty of curvines such as cotalases. SODs. and
peroxidases are deploved against excessive ROS geaeration
i cyanobucterin.'™ O1 these. malondialdehyde Tormed due
w the breakdown of lipid peroxidation s an important
marker that rellecis collular oxidative damage due o nan-
oparticles."” The MDA content in both B4R1-WT and 13481-
S13 struins exposed @ 0/ Vs from 3.2 © S1.2 mg 17" was
observed W be sipnilicantly lgher than the control (PG 1)
[t s possible that hipher n/V concontrations could have
disrupted the redox stability between production and scav-
enging of ROS m & diplosiphon. resulting n the overacen-
wlation of ROS. tws inggering the peroxidation of mem-
brane  lLpids.  Interestingly, we  observed  signilicant
differences i the MIYA content between B481-WT and
13481-81) strains which counld be attributed to the fact that
the B3481-513 stuin was overexpressed  lor higher lipid
content."! There was ne significunt difference in the MDA
content in culiures treated with 102.4 myp 17" n/V1s and the
umreated conirol. n/V s at a ligh concentration o' 102 4 mp
17" likely induced signilicant oxidative stress. thus limiting
cuiture growth as conlicmed by reduced optical density on
day 15 Smee lipid peroxadation is directly related 10 MDA
conteni. @ reduction in the MDA content dircetly correlates
o lower growth.

[008]  Using the oxidam-sensing DCHFL-DA probe winch
is converied o the highly horescent fonm DCT m the
presence of ROS, we observed signilicanily higher Huores-
cence in both # diplosiphon strains treated with Vs
ranging from 3.2 (0 25.6 mg 7', indicating higher levels of
ROS with the wncrease e oV concentranons (G, 2%
literesungly. we obscrved lower levels of Quorescence in
the 13481-813 strain compared w0 B4RL-WT m all n/VI
concenirations tested.

[(009]  Although various types of 800s such as Fe-80ND,
Mn-501. sud Ni-8003 are expressed 10 respouse 10 stress
telerance in prokarvotes.™ we wested Fe8OD activity due o



US 2023/0392181 Al

its affinity. selectivity, and its importance as the most ancient
type of SO crucial for cell survival ™ Our results revealed
ihat both B48L-W'I and 13481-51) sirpins treated wath 51.2
mg 1.7 nZVis exhibited significomtly increased SO levels
(FFIG. 33 indicating that the cells sullered lrom sustained
oxidative stress. [ 15 known that 0/V1s fend W release
clectrons and iron (11) jons. which convert less reactive
hydrogen peroxide into more ROS via the Fenton reaction."”!
fron is essential For optimal eSO activity. as reported in
Spiruling  platensis exposed w0 several  coviconmoental
stresses mcluding won. pl L and salinity. A broad vanation in
specific SO activities has been observed in different cya-
nobucterial species. with maximal SO activity ol Ang-
haena variabilis recorded at ondy 0.02 mM e whale 1w S
maxina. it was a1 0.036 mM iron™ [ s possible dut the
n/V [-moediated oxidative siress could have clevated the
level of signal transduction, leading 1o an activation of
existing cnzyme pools or colunced expression of FeSOD
gene transcrption and cievinatic activity, particularly @t
concentrations o 51.2 mg 1.7 nZ Vs,

[GGT0G] While TEM imapmg  provided morphological
information on the adsorption ol n/VIs 0 £ digdosiphon
cells. FDS revealed qualitative analysis. distribotion. and
clemental mapping. A strong won peak e the IS spectea
(FIG. 4A) confinmed the presence ol ivon in I diplosiphon-
treated cultures. Our results on spectral analysis indicate that
the n/Vls were progressively wptaken by 7 diplosiphon
B4R1-WT and 13481-8D struns, The vanation in nZ VT sives
observed (FIG. 4i3) could be awributed w the magnetic
nature and high surface arca o volume ratio of the iron
nanoparticles, which could have resulted in agplomersion.
20 Although BEDS is an analytical weehnigue vsed 1w deter-
mine thw chemical elements present i a sample. quantitutive
unalysis could be alfected by severul tactors, While the IS
speetra of n/V -reated strains exhibiied strong signals for
iron afler day 4 and day 12 (FIGS. 8a. 8A). a significant
decrease i the won peuk inlensity was observed aller 20
days (1'IG. Se3. Cellular uptake of the o/Vis on day 4 was
lower and the strong Pe osignal wos mostly  (rom iron
nanopariicles adsorbed onto the surface of the cells. Aller
day 12, it is possible that most of the n/V s dissolve and got
absorbed e the cells. Jeading w o decrease of the iron
signal deteeted by the DS Tuis likely that most nanopar-
ticles were inlernalized by day 20 and ihe eleciron beam was
not able (o sulliciently interact with the n/V s, resulting in
a lower miensity ol the iron peak.

BRIEE DESCRIPTION OF DRAWINGS

[0011] FiG. 1. Quauniicaton ol molondialdehvde as o
measure of lipid peroxidation £ diplosiphon BAR1T-WT
and 13481-5817 stmns treated wath 17V s at concentrations
ranging from 0.8 (0 1024 mg 17", Average MDA concen-
tration {xstandard error) of three biodogical replicutes for
cach strain 1s shown, Ditlerent letters above the Gnal con-
centration point mdicate signilicance among  reatments
(p=0.01).

[G312]  FIG. 2. Intrmcellular reactive oxygen species vali-
dated using highly uorescent DOV w8 diplosiphon 13481 -
W and B481-51) strains grown in BG-TETHPHS medinim
supplemented with 1.6, 3.2, 6.4, 128, and 256 mp 1.7'
Vs Average DO uorescence (2standard error) of three
biological replicates for cach sample is shown. Diflerent
letters above the creor burs indicate significonce muong
treatinents {p<).013.
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[(013]  1G. 3. Non-denstaring PAGH analysis of FeSOiD
n FD dipdosiphon 13481-WT and B481-817 sirpins prown in
BG-1ETEPLES medm containmg 3.2, 6.4, and 51.2 mp
1= n#Vis, Dilferent letters above the lnal concentration
point indicate signilicance among reatiments (p<0.03},

[G014]  FIG. 4A. EiXS spectrmm of bure nZVis nonopar-
ucles.
[(H015]  FIGE 413, Hlhistogram showing size distnbuotion of

Vs used in the present study.

[(016] IG. SA DS ol & diplosiphor treated with 3.2 mg
17" n/Vis alier exposure 0 uZVis on day 4

[(017]  VIG. 813, LIS of B dipfosiphon treated with 3.2 mp
17" 0/ Vs afler exposure o 07 Vs on day 12,

[(018]  VIG 8C. LIS of B dipfosiphon treated with 3.2 mp
17" Vs adier exposure w0 02 Vis on day 20.

PDETAILER DRESCRIFIION OFF THI:
INVENTION

[(019]  The inventon summartzed above may be betier
wderstood by relerring to the following description. claims,
and accompanying drawings. This description of an embodi-
et set oul below w cnable one 10 practice an aplemen-
tation ol the nventon. is not intended w0 limn the preferred
embodiment. but to serve as a particular example thereol
Those skilled in the art should appreciate that they may
reudily nse the conceptuion and speciiic cmbodiments dis-
closed as  basis for modilving or desiging other methods
and systeins lor corrving out the same purposes ol the
present ivention. Those skilled in the an should also realize
hat such equivalent assemblics do not depart from the spirit
and scope of the wvention i its broadest oro.

Pxperimental Section

[(020] Swains and Culoare Conditions. £ diplosiphon
sippns, 348 LW obtamed trom the UTEX algal repository
{Avstin, TX. USA) and 1348 1-81 (overexpressed sirn with
the sterol desatrase pene: accession: ME3Z8IR3). were
used 10 tlos study, The strains were grown i liguid 13G-11
wedinm contaimng 20 mM HEPES (herealier termed as
BG-1ETEPLES) w0 an exponential growth phase (~oplical
density 730 nm ol .8}, Coltvres woere grown in venled 40
ml. tssue culure {lasks with continons shakmg ot 70 rpm
and 28° O in s onova 44R incubator shaker (Hppeadort.
FHambuorg. Germanyy, The spectrum of photsyathene hight
m the shaker had peak wavelengihs at 437 and 600-630 nm
with an miensity adjusted to 30 wmol m-2 s~ vsing the
wodel TH-T908A quantum sensor (La-Cor. Lancoln, NE.
S AY Nanoler 25 s zero-valent iron ponoparticies (n/Vis)
couted with polyucrylic acid were oblained from Nuno ron
company {Rajhrad. Czech Republic) and adjusted to final
concemirations of 1.6, 3.2, 6.4, 128, 256, 51.2, and 1024
mg 1"

[(021] Naposcule  Zero-Vulent  Nunopanticle-lnduced
Lipid Peroxidanon in £ dipdosiphon. Quantification ol oxi-
dative stress in 7 diglosiphon sivains treated with 07V s was
performed using the thiobarbiiuric acid-malondialdelyde
{IBA-MIAY addoet Tormation according o the method
described by Blundart snd Sharma™ with modifications.
Cuoliures were grown in 13G-11 media containing n/V1s al
concentrations of 1.6, 3.2.6.4. 128,512 and 1024 mp [~
{or a period of 15 days under culture conditions mentioned
above. Cultares not treated with nZ Vs served as the coutrol.
Three replicutes were manntained for cach treatiment. and the
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expenment was repeated once. A wtal of 5 mi. cells Trom
cach treatment was centrifuged a1 18.000 rpm for 15 min at

4° CThe pellet was weighed and homogenized in 1 oml. of

0.5% trichloroucetic acid (TCA)N brouglt w 5 mi. Gl
volome with 1AL and centrifuged a 14.000 rpn for 15 min
al 4% CTo o test wbe contaning 2.5 ml. of 0.5% 113A 40
200 TCA, Lml, of the supernatant was added and incubated
for 30 min at 90° . in o waier bath. The mixture was
centriivged for 2 min at 3000 rpin w reimove the noaspecific
precipitate. Absorption was measured at 532-600 nm using
a microplaie reader (13w'Tek Synergy 111 Microplate Reader.,
Agileat, USA). Peroxidation of lipids was calenlated using
an extnetion coellicient ol v 155 mM™" e,

[0022]  Detecuon ol Intracellular ROS w Frenvefla diplo-
siphor Treated with w/Vis.

[0023]  Intescellular ROS in nZVi-reawed £ diplosiphon
was measired wsing the 27.7"-dichlorodihydrotluorescein
ducetate (DCFTA) Ruorometne probe (M) Chemicals,
USA}Y wecording o the method described by Pattanaik et
al ™ B481-WT and 13481-81) strains were grown in o/ Vis
al 1.6, 32, 64, 128 and 256 mp 17" under culiore
conditions as mentioned above. As cultures treated with 51.2
my 7' nZVis resulied in clevated oxidative stress as
obscerved 10 the lipid peroxidation assay. this concentration
was 1ol used 10 deteet intracellular ROS,

[0024]  Three bwlogical replicates were mamtamed. and
the experiment was repeated once. Coltures not treated with
n/ Vs served as the control. Al LS days alier treatment. | ml
ol cach culture was incubated in 10 mM DCFH-DA Jor 1 h
al room emperatoee in the dork and vnder shaking 70 rpm.
Fluorescence of DCF-DA converied from the noniluorescent
DCI-A was detected by loading 200 pl of cach sample

in o 96 well-plate and read ot an excitation wavelength of

485 i and an emission of 5320 om in o microplatwe reader
{Bio'lek Synergy 11 Microplate Reader. USAY. Tree wech-
mcal replicates on a 96-well plaie were measured for cach

treatment (0 account or plating bias. A negative control of

bare 1/ Vs was used 10 account Tor any potential nterler-
cice ol sutofluorescence that may mterlere with the DT -
13A probe signal.

[6025]  Envymatic Response of Fremyella diplosiphon o
Nanoscale Zcro-Valent Nanoparticle-Medited  Oxwdaiive
Stress.

[0026] Prowein Fxtractuon. £ diglosiphor BART-WT and
1348 1-512 strains were growi in BG L media/EHEPES media
supplemenied with 3.2, 6.4, and 51.2 mg 17" 0/V1s. Cul-
res wore grown in 230 ml. conical Hasks with continnous
shaking at 170 rpm. 28° O and ambiont CO2 (350-1000 my
L=y in an lnnova 44R incubator shaker (Uppendorl. T lam-
burg. Germany ). Caltores not treated with 0/ Vs seeved as
the control. Alier 9 days. cells were pelleted at 8000 rpm lor
13 minat 47 C.and wial proteins exiracted. For cach sample.
two protcase inhibitor wblets {Rochie) were dissolved 1 30
mil. ol binding bulfer contwning 5¢ uM tris and 500 uM
NaCl Tysorvine (003 g) was dissolved m 3wl ol binding
bufler. added to cach sample, and incubated in ice for 1 b
The pellet was sonicated indee at LO0% ampere for 10 5 with
1w intervals. and the process was repeated wine tines.
Thwe ysate was spun dowiat 1000 rpin Gor 15 man at 4% C,
and lyophilized. and e prolein conceniration of cach
sample determined vsing the BCA assay Smith ot al™
Samples were diluted to 2.0 mp ml.™' in SDS boiling bufler
with reducing ageats and heated s digital dey buth at 95
C.dor 10 min belore loading o SIS gel.
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[6027]  Sodivin Dodecy] Sullute-Polyacrylamide Gel 1ee-
trophoresis. SDS slab gel electrophoresis was carried onl
under reducing condiions according to the method of Lac-
mmli' as modified by OTarell ™ The samples were
louded in 0% acoylomide siab gels (0.75 wm ek} and
S8 slab gel electropharesis was carried out for abont 4 b
at 15 mA/gel. Myosin (220.000). phosphorylase A (94 .000).
catalase (60.000), actin (43,000}, carbonic anhydrase (29,
000}, and lysoryme (14,0000 were used as woleenlar weight
staidards. Following slub gel clectrophoresis. the gels for
blotting were placed in a transter buller (10 mM Caps. pl!
1100 10% methanol) and transblotied onio PVIYY mem-
braves overnight ol 200 mA and approximately 100 Viwe
gels. The blots were stained with Coomassie Brilliam Blue
R-250 and scauned with Gif Imagesconner il

[0028] Western 13lot and  Densitlomeine Analysis. The
blots were destaned m 100% methanol. nnsed in Twoeen-20
iris budler saline (1T138). and blocked for 2 b in 5% nonlat
Dry Milk (NFDM) i 11138, “The blow were thea incubated
overight i pomary antibody {anti-lFeSOD [ Agrisera. Cat
HAS00125) diluied 1:20,000 in 2% NEFDM TTI38) and
rinsed for 3x 10 min in TTBS. The blots were placed in the
secondary antibody {anti-Rabbit IgG-UHREP |SeraCare. Cat
#5220-0337 | diluted 1:20.000 in 2% NFDM TTBES) tor 2 .
nnsed as above. treated with enhanced chemilmuinescence.
and exposed to Kodak BioMax MR X-ray film. Western blot
films (KO3401 #1-3: Kodak BioMax MR 3-min exposures)
were scanned wite o loser densitometer {Model POSI1L
Molecular Dyviamics lne. Suwyvale. CAY The sconner was
checked {or hncarity prior o scanmng with a calibrated
Neuiral Density Filier Set (Melles Griot, Trvine, CA). Band
volume above backpround (mamal marking) was quantificd
using Phoretix 112 soltware (version 11.23 with o Windows
10 compatble computer.

[(029]  istributon and Validation ol nZVis w Fremvefla
diplosiphon. 17 diplosiphon strins grown in 0.8 mp 1.7
0/ Vs ford, 12, and 20 days were tested for distribution and
adsorption ol nanoparticles vsing THEM. Samples were pre-
pared by aligueting 10wl one THEM carbon-coated 200+
mesh copper pods and dried overmghi al room lemperature.
The sizes of one hundred 07V s were measured and their
average with associated standard deviation calenlated. The
TEM was cauipped with an DS dewector Tor spectral and
clemental wapping.

[(030]  TEM lages of £ diplosiphor-treated with n/Vis.
unireated cells. and bare nanoparicles were acquired vsimg
the JEM-1400 PLUS (I1ECL USA, Massachuseits, [JSA)
cquipped with an encrgy-dispersive Xe-ray wicroanalysis
system (Oxlord [nstrmuents ple. Abmgdon. United King-
dom). The images were viewed vsing Dhgital Micrograph
software from GATAN (GATAN Inc.. CALUSA) In addi-
ton. samples were {ixed 0 a glass mucroscope shde and
visualized vsing o Wolle igiva DVM 9.0 digital wicro-
scope {(Caroling Biological Supply Co. Burlington. NC.
USA). and images were captured using @ Moticam digiial
WMICTOSCOPY COmera.

[B031] Statistical Analysis. Resulis woere roporied  as
cumlative treatinent meansstandard error, Statistical sig-
nilicance was determined using one-way analysis ol vari-
anee and Tokey’s honest significant differences post hoe test
at 95% conlidence intervals (p<0.03). The single-facior,
fixed-cfiecct ANOVA model. Y, pralNi,,,. was vsed where
Y represents o single. distinet porameter {growth rate or ROS
content} 1n VT treatinent 1 and biological replicate j. The
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p represeints the overall mean adjusted by ellects associated
with the n/V ] reatment (N and gij the experimental error
from 07V iweatment 1 and biological replicate j.

[0032]  Resuits

[0033]  Determination of Lipid Peroxadaton as o Measure
ol ROS. The level of malondialdehvde productaon. which
sorves as an indicator for ROS i n/V -treated F diplosi-
phop. indicated mncreased lipid peroxidation and miracellu-
lar ROS 1 a dose-dependent manner. Both 13481-WT and
34R1-813 struins treated with 3.2, 128, and 51.2 mg 17!
n/V s exhibited significant wereases {p<0.013 1 MiXA
conient compared o the vnireated control (F1G. 1), Wiile
the MDA content of the n/VI-treated B481-WT stram
ranged from 86,7397 w0 16550258, that of the 13481-8D
strain ranged from 128.46224 w 267 2022623 amol mi ™"
Liowever. we did it observe any significont dillercaces in
MIDA concentration i both stroms treated with 0.8, 1.6, and
102.4mg 7' 07V 1s. Cultures treated with 128 and 51.2mp
1.=1 nZVis exiibited sigailicantly lugher ROS compared o
the natreated control. 1.6, and 3.2 mg 17" aZVis (FIG. 1)
Compartson of MIXA content between strains 1 each ireat-
ment revealed significant differences from 1.6 (o 102.4 mp
I aZVis (data not shown).

[0034]  [ncercased ROS Detected by the 2V7' - hichlor-odi-
hydrofluerescein Divcetate Assay, Inteucelinlar ROS e
oxidizes DOFTL o highly Juorescent 2°.7'-dichlorotluores-
com (DCY) ranged {rom 0.0710:0.001 (0 0106300006 1n
B48L-WTL while that of the B481-8D mnged  from
0.0647=0.0016 1o G.0=0.002 wmel ml.~'. Both straing
treated with n/Vis ranging from 3.2 10 25.6 mg 17" exhib-
ited significantly increased levels of ROS (p<0.001) com-
pared (o the untreated control (F1G. 2). While the wild-type
strain exlubited significamly nercased ROS levels when
treated with 1.6-25.6 mg 17! (p=<0.01) n2 Vs, the 13481-8D
strain showed significantly ugher levels ol oxidative stress
ranging from 3.2 0 25.6 mp [=' (p=001) a/VIs (FIG. 2).
I addition. we observed significant differences betwoeen the
13481-WT and 134R1-51) strains grown i 1.6, 6.4, 128, and
25.6 (p=0.08)y me 17" 0/ Vs (dota not shown), ‘The negative
control of bare nunoparticles did not exhibit DCY signal
interference.

[0335]  [Immnodetection Reveals Increased SO ovels
in w/V - Tremed £ diplosiphon. SOD cnryvines kKnown lor
scavenging ROS i cells were quantified w deternine oxa-
dative stress 10w/ Vi-teeated £ diplosiphon. Densitlometoe
analysis ol anti-1"e8O revealed significantly higher eSO
levels in both 48 1-WT (p=.05) and 13481-8]) (p=(R.001)
strains treated with 51.2 mg 17" when compared o the

comteel. We alse observed signilicandy higher levels of

eSO (731972896, p<0.01) m the B481-517 sirmn treated
with 6.4 mg 17" 0/ Vs compared 10 3.2 mg 1.7 (401.37267.
L p<001 ) however. i was signilicantly lower than tat 10
51.2me 17" uZVis, Additionally. the B481-81) strain treated
with 51.2 mg 1.-1 exiubited signilicantly ngher SOD levels
compared o that of 3.2 mp 17" nZV1s. We did not observe
significant diflerences in SO0 levels of the 13481-WT sirain
reated with 3.2 and 6.4 mg L.-1 n/Vis compured w0 e
natreated contral (FiG 33 Further. FeSOD aeuvity was
significantly higher in the B481-WT struin treated with 3.2
and 6.4 mp 17" 0ZV1s (p<0.05) compared to the 13481-8D
strain grown under similar concentrations (data not shown).
[6036]  Particle Size Determination and 7 diplosiphon-
Nunoparticle Interaction. Optical imaging reveasicd adsom-
tion of pZV s on the surluce ol £ diglosiphor cells. THEM
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cquipped with DS condinued the composition and distri-
bution of n/V1s through clemental mapping and rovealed
the adsorption ol 0/V1s on 77 diploxiphon cells. A strong
iwon peak m the DS spectea conlinued the preseuce ol
clemental won 1 nanoier 25 s n/VIs (K16, 4a). As shown
in the diflereniial particle sive histogrm (F1G. 46). n/ Vs
used in the sindy ranged rom a size of 24.68 (0 82.72 nm.
with an average of $5.17 nm. Comparison ol VS spectra on
duys 4. 12 and 20w both £ dipdosiphon strains treated with
3.2 me L7 aVis showed o gradual reduction of the iron
signal over the period tested. While the spectral analysis of
both 13481-WT and B481-81) culiures treated with n/Vls
idicated o strong signal lor iwon at day 4 (G, Sa) and day
12 (G, 5b). o sigailicant decrease 10 the intensity ol the
iron peak was observed atday 20 (PG 53 Conteol cultures
that wore not treated with n/V1s did not show the presence
of the iron peak in DS speciral analysis.

CONCT.USIONS

[0037]  The exposure of F diplosiphon 10 1/ Vs icreases
itracelluiar ROS producuon. leading o oxidative stress und
wwinbrane lipid peroxidation. o addition. the data show
wereased SO0 enzyme actvites as a delense mechamism o
alleviate oxadative stress. THM imaging with 13138 analysis
showed strong signals lor ron at 4 and 12 davs aller
Lreatineint.
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I. A method For detectng andfor quantifying nZVI-
wedinted oxxdative steess i eyanobactenam. the method
COMprIsing:

a. growing a st culiore of said cyanobacteriom in the
presence of a concentration of zero-valent iron man-
oparticles

b. growing a control culture of suid eyanobuctenum in the
abscnce of zero-valent won nanoparticles:

¢ assaying said {irst culiure and said control culiure for
lipd peroxidation:

d. comparing g level of hpid peroxidation w said first
cunltare and o level ol lipid peroxadation 1n said control
culare:

- making a determination that smd concentration of
zero-valent iron nanoparticles in said {irst culiore of
suid eyanobactenum is causing oxadative stress 10 said
first culture of suid eyanobacterium when smd level ol
lipid peroxidution in smd first culture of said cyano-
bacternm is statistically hipher than sid level of hipid
peroxidation in smd control colture ol smd cyanobac-
eoum.

=

2. The method ol clonn 1. wherein said assaying of said
first culture and soid control cultare of lipid peroxadation
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comprises o deterinination of malondialdehyde comtent 1
said first cnlture and said control culivre.

3. The method of cloim 1. wherein said cvanobacicerium s
£ diplosiphon,

4. The method of claim 1. wherein said eyanobocterium s
BARL-WI T diplosiphon.

5. The method of claim 1. wherein said cyvanobactenum is
BB4RL-81Y [ diplosiphon.

6. The methed sceording o claim 1. lunher compsing,
carryiig out steps @ and c-¢ with a sccond enlire of said

cyanobacterium in the presence ol a second concentration of

zero-valeni won nanoparticles.

7oA method lor detecting andior gquantifving n/Vi-
mediated oxidative stress 10 eyvanobucterium. the method
COMPriSIng:

a. growing a fist culture of said cyanobacicriom in the
presonce ol a concentration of zero-valent ron nan-
oparticles

b. growing o control culture of said evanobuacterium i thwe

abscuce ol zero-valent won nunoparticles:

- adding a {luorometric probe to cach of said first culiure
and sad control culiure:

d. measunng g finorescence ol said first culture and sad
control cullure

- comparing 2 level of fvorescence of said st culiure
and sad control culiure:

i

=

said evanobucterium is cousing oxxdative stress i sad

first cnlinre of said cyvanobacterinm when said level of

Huorescence of said firsi cnlivre of said cvanobacierium
15 stutistically hgher than said level of fnorescence in
said coutrol cultore ol said eyonobacterivn.
8. The method of cluim 7. wherein said Quorometric probe
s 2V 7-dichlorodibydroluorescein  diceinte Hunorometne
probe.
9. The method of claim 7. wherein said eyanobacterium 1s
£ diplosiphon,
10. The method of claim 7. wherein said evanobacteriom
s BARL-WU F diplosiphon.
11. The method of ¢laim 7. wherein said evanobacteriom
is 3481-813 1 diplosiphon.
12, The wethod according w cluiin 7. lurther compnsiong,
carrying out steps o and ¢-F with a second culture of said

cyanobacterium in the presence ol a second concentration of

zero-valeni won nanoparticles.

I3 A method for detecting andior quantifving n/Vi-
mediated oxidative stress 10 eyvanobucterium. the method
COmMprismg:

a. growing a fist culture of said cyanobacicriom in the

presonce ol a concentration of zero-valent ron nan-
oparticles

making o determination that said concentration of
sero-valent ron panoparticles 1 said first colture of
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b. growing a control culture of suid eyanobuctenum in the

abscnce of zero-valent won nanoparticles:

¢ carrving ot a densitometric analysis of superoxide

disimutase (SO i said Dest colwire and said control

culare

d. comparmg a level of SO i said {irst culture and said

conirol culivre:

wwking @ determination that said concentration ol

yero-valent iron wanoparticles e soid {irst cultoee ol

said cyanobacterinm is causing oxidative siress in said

{irst culivre of said cyanobacierium when said level of

S0} in said first cnlivre of said cvanobacierivm is

statistically higher than said level ol SO 1 said

contre] cuitare of sud eyanobacterini.

14. The method of clamm 13, wherem said 801 15 Fe-
SO,

I5. The method of clom 13, wherein said eyanobacterium
s & diplosiphon.

16, The method of clom 13, wherein said eyanobacterium
s BARI-WI [ diplosiphon.

17, The method of clonm 13, wherem said eyanobacierium
15 34R1-81) . diplosiphon.

18. The method according w clmm 13, Funber comprising,
carrying ot steps a and ¢-v with a second cultvre of said
cyanobacterinm in the prosence of o second concentration of
zero-valent iron nanoparticles.

I9. A method for detecting and/or guantiiving cellular
update andior surfuce adsorption of nZV1 by eyanobucte-
rom, the method comprismg:

a. growing a st culiore of said cyanobacteriom in the
presence of a concentration of zero-valent iron man-
oparticles

b. growing a control culture of suid eyanobuctenum in the

abscnce of zero-valent won nanoparticles:

- eonducing ransmission clectron microscopy (T1M)
und  encrgy-dispersive Xeray  spectroscopy {118}
unalysis on cuch of said fiest cultore and suid control
cultare over o period of days:

d. analyzmg changes in TEM and EDS for said first
enlivre over (ume. and comparing said changes w0 'T1M
and DS Tor saxd control culture over tine.

20 The methwd ol elam 16, wherein said eyunobacterium

s I diplosiphon.

21, The meihod of cloam 16, wherein smd cyanobacierium
s BARI-WI [ diplosiphon.

22, The methwd ol elam 16, wherein said cyunobacterium
15 34R1-81) . diplosiphon.

23 The method according to claim 16, furihor comprising
carrying out steps o and ¢ and d with a second culture of said
cyanobacterinm in the presence of o second concentration ol
rero-valent iron panopartcies.

o

i



