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“*History
“*Nano? Why Nanotechnology?

<*Nanofabrication?
<*Market Capitalization
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Richard Feynman
(Nobel Prize1965)

There is a plenty of room at the bottom
(1960)
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Richard Smalley

(Nobel Prize 1966)
presentation molecular nanomachines model




*» Nano: Dwarf (102 m)

«» Nanoparicles (Nanoclusters): particles that shorter than 100 nm at least in one
dimension according to a recent definition of the European Union (BSI-PAS71,2006).

<+ Particular Properties of Nanoparticles:

<+ 1) anything smaller than 100 nm is no longer subject to laws of classical physics but
of guantum physics.

<+ 2) Increasing the ratio of S/\V

+«»» Conclusion: nanoparticles have unique optical, electronic, magnetic and
chemical properties and it is expected nanotechnology will be developed at several
levels: materials, devices and systems.
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Top-Down:

By: physical,
chemical and
mechanical milling
techniques.

\_

Nano
biotechnology

ottom-Up X\

By :Scanning Probe
Microscopy :
STM

AFM
Heinrich Rohrer(Nobel
Prize 1986)
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Market Capitalization
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» Drug and gene delivery ‘::' L :
| 1% 9 Silugsees

» Biodetection of pathogens

» Detection of proteins
» Probing of DNA structure

» Tissue engineering

» Tumour destruction
5 Juiirse |
Caadle (sla Sl i G iy !

» Separation and purification of
biological molecules and cells

» Antimicrobial Agents
» Biolabeling

Applications of nanoparticles in biology and medicine




<+ 1) physicochemical synthesis
“+2) biological synthesis

<*Why microbial synthesis: advantages over
chemical synthesis . v
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1) physical vapour deposition (PVD)
»evaporation

» laser ablation

2) mechanical milling

3) sol-gel

4) electrochemical reduction
5) thermal decomposition

6) photolytic reduction

7) spray pyrolysis

8) chemical reduction




<+ EXperimental
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1) Template (deposition onto alumina/silica) and surface pretreatment
2) precursor solution

3) Reducing agent

4) stabilizing agent (capping agent) =dispersing agent

5) Recovery of nanoparticle

Advantage: Rapid
Disadvantage:

1) Low Monodispersity (15-25%)
2) Low Stability

3) Impurities

4) high materials and energy use (expensive)

5) Environmental disruption

6) contamination due to side products or instability




O Why microbial synthesis?

1) relatively mild reaction conditions

2) high substrate specificity

3) fewer environmental problems
(green chemistry)

4) high monodispersity (40-50%)

5) high stability

6) cost-effective




Metal-Microbe Interaction play an important role
in several biotechnological Applications including:

» Biomineralization Biosorption
M
™ )
» Bioremediation (bioreduction) "‘:'x_fz__ M_etal-nu_crube
M. I . Interactions
» Bioleaching 12
_ _ _ Bioleaching
» Microbial crossion &.g Haterotrophic feaching
—
Insduble} Crgaric

» Recently: eco-friendly nanofactories | ™ lﬁtﬂ

Saluble metal chelale / \
Metal-ion: non-biodegradable and persistent in T Vol e
Metal
nature (evidized soluble) Biomineralization
et M,

(recucedinsaluble) HS <M — M3

Enzyme-catalysed transformations
& Bioraduiction
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+* Metal-10n resistance mechanisms:

<+ 1) efflux systems

<+ 2) alteration of solubility and toxicity via reduction and

oxidation
<+ 3) biosorption Remark: genetic and/or physiological adaptation

+ 4) bioaccumulation

«» 5) extracellular precipitation

» 6) detoxification via metal-binding proteins
“+ 7) lack of specific metal transport system



Bioreduction
Mechanism



(upstream processing)

Inoculu
Preparation

anoparticle
preparation

Nanoparticle
characterization

C Phase 1 ) C Phase 2 ) C Phase 3 )




“*Inoculum Preparation:

“» WC: whole cells (growing/resting cells) in liquid and solid
culture= wet biomass

<+ CS : culture supernatant
» CFE: cell extract of disrupted cells
» CD: cell debris

<+ Dried Biomass (60° C for 24 h)= biosorbent and in situ
bioreduction » biosorption capacity: 50-100mg/g



“*Nanoparticle Preparation:

«+ Suitable Inoculum + suitable precursor ion complex
Incubation under suitable conditions.

“*Nanoparticle Characterization :

\/

“* 1) Visual Observation (change in color ?)
<+ 2) Analytical Studies (Spectroscopy and Microscopy)
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Visual Observation

Change in color (biomass/solution) :
1) the sign of reduction

2) an indication of formation of colloidal particles , due to the excitation of
surface plasmon vibrations (typically Ag, Au): confirmed by SPR band in
UV-visible spectroscopy.

Au Fe,O Zns-CdSe
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Ag Ligg]lfo}xrl:fw_ 425 nm
Au Pink-purple* 545 nm
Ag/Au alloy Blue* 537 nm
Pt Black* 488 nm
Cu Liggtlgf*w”' 612 nm

mirror electrode
-oxched state :.uc:]izon radical

» ground state @ anion radical



< TEM/EDX and SEM/EDX Analysis
<+ LRTEM: Identification disperse particle from aggregated particle.

<+ HRTEM: Identification morphology, size (Average diameter),
location, number of particles produced per cell.

<» EDS (EDX=Energy dispersive X-ray spectroscopy):

._ < Elemental Analysis s }
| S - SEM/EDX * TEM
"f:f“f | |




“*XRD/ XPS/FTIR Analysis

<+ XRD (X-ray diffraction): 1) elemental Analysis 2) chemical
composition Analysis , 3) size ( D=0.9a/B.cos@ , Scherer)

<+ XPS (X-ray photoelectron spectroscopy):1) elemental Analysis
2)chemical composition Analysis , 3) Structural Analysis*
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FTIR /EXAFS Analysis

FTIR (Fourier Transform infrared spectroscopy):

Structural Analysis (identification functional group :-OH, -C=0, -NH, -
CHO, etc)

EXAEFS* (Extended X-ray Absorbtion Fine Structure) :

Structural Analysis (identification functional group :-OH, -C=0, -NH, -

Uv-vis

Quantitative Analysis [ ETIR [
A




O Nanoparticles Formation & Microorganisms

Microorganisms: Nanoparticle Formation:
1) intracellular/surface reduction
/ 2) Extracellular reduction
Harvesting by ultrasonic treatment or reaction with detergents.
Bacteria
Yeasts

Fungi

Actinomycetes
First Study: beveridge and Mourray (1980)., Au and Ag
Nanoparticle formation after 7 days under pH 7 and T=27°C.

Monodispersity(5-25nm)., shape: octahedral, intracellular.
bacillus sutilis strain 168. (drawback)




Metal sulfide=
semiconductors =
quantum dots

ZnS, PbS, CdS, FeS
Application: as a new
class of materials for
biological detection and

cell imaging (quantum

dot lasers)

Metal oxide nanoparticles
Fe203, UO2 , TiO2¥*,
MnO2%*, ZrO2%,
Te/Se02.

Application: as a novel
raw materials for
electrode manufacturing
and selective catalytic
oxidation catalysts.




,__ni'ln,...gl.'l‘_;lgﬁ.n Al ealaal b u::T_;::EEIE ..l.;y‘
s s 5™ 519 5000 SAD Audad DS 5L
s s 5L

Bacillus subtilis
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Pseudomonas stutzeri -+
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1)Initial concentration of
__ precursor ion Complex

6) Time of incubation )

5)Age of the cells at (= <@ = [ 2)Temperature

the time of exposure
to precursor

4)Amount of Inoculum |
and its kind



1) By using reducing chemicals: Strong (NaBH4) ,
Weak (citrate ions and ascorbic acid) and strong + weak.
Ion complex: AgNO3 ., monodispersity: 5-25%

2) Photolytic synthesis : by UV {formation
biocomposite TiO2+Silver : increasing
photocatalytic properties TiO2. monodispersity: | -
. Chemical

3-10%., ion complex: AgNO3J.
synthesis

3) Reduction by H2., ion complex: Ag20.

4) *Tollens process : reduction by sugars .

lon complex: Ag(NH3)2" - Monodispersity: 20-40%
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O Biological synthesis of silver nanoparticles

Biological synthesis : 1) plants (alfa alfa )
2) microorganisms (bacteria/yeasts/fungi/actinomycetes)

Bcteria (2000-2008)
1) Pseudomonas stutzeri AG259. (Tanja et al., 2001):isolated from a silver
mine.

2) Aeromonas .sp. SH10 ( Fu Mouxing et al ., 2006): isolated shanghang
silver mine.

3) Enterobacteriaceae (Klebsilla punemoniae, E.coli and Enterobacter
cloacae) {R.Shahverdi et al 2007}: preparation from microbial collection.




Bacteria

P.stutzeri

Aeromonas.
sp SH10

*Kiebsilia.
pneumonia

=27

Wet biomass AgNO3 ) Periplasmic Slow 35-45nm
lg (50 mM) e ok space 24 h +
incubation.72h
Dried biomass 10g1 =60 Surface/ Fast *6-4nm
2 SN2 Time of i
g? +NaOH _ ; solution 4h +
incubation:24h
T=34
Supernatant AgNO3 28-122nm

Quite fast
0 min 9

1%viv 1 mM Time of extracellular
Incubation:?
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Yeast: Isolate MKY3

Filamentous Fungi:

1) Verticillium SP. ( Mukherjee et al ., 2001 )

2) Fusarium oxysporum (Nelson et al., 2005)

3) Aspergillus fumiatus strain NCIM 902 ( Kuer et al., 2006)

4) Aspergillus flavus strain NCIM 650 (N.Vigneshwaran et al., 2007)

Shift from bacteria to fungi as nanofactories
Advantages:

1) extracellular reduction

2) simple handling of the biomass

3) simple downstream processing

4) efficient secretors of soluble proteins (30g/l extracellular Protein) and the use of
specific secreted enzymes in the synthesis of nanoparticles.



1 mM AgNO3

. Surface/ 25-30 72 h
Verticillivun SP. biomass , o
intracellular + ?
Zh
Bi / 20-50 ' :
F.oxysporum o - extracellular & endent
supernatant + reductase
and shuttle quinone
Al bi Surface/ 4-14 48 h
Ao gt intracellular + ?
Bi / 5-25 10 min
A fumigatus ¢ e extracellular
supernatant + 2







silver

<+ 1) selective coating for solar energy absorption
<+ 2) Intercalation material for electrical batteries
<+ and optical receptors

«+ 3) catalysts in chemical reaction

< 4) antimicrobial agent (19/100m?
o Gold

<+ Drapid detection of cancers

«» 2) catalysts in chemical reactions
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«» Semiconductors: ZnS/PbS/CdS/FeS

+»» Bacteria

1) Clostridium thermoaceticum . CdS (cell surface/medium)., 50-100 nm., CdClI,+
cysteine hydrochloride.

2) Klebsilla : CdS (cell surface) , 20-100 nm, CdCl, +buffer components
3) E.coli : CdS (intacellular) , 20-40 nm., CdCl,+ Na,S .
4) SRB (desulfobacteriacea): ZnS, FeS ., 2-5 nm., Zn/FeSO,.

* Yeasts (intracellular)
+ 1) candida glabrata (CdS, 2-5 nm) 2) Torulopsis SP. (PbS, 2-5 nm)
+ 3) Schizosaccharomyces pombe (CdS, 1-1.5 nm).
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* Fungi: Fusarium oxysporum ., CdS (CdSO,), cell surface/medium .

L)

J/
0‘0



1)
2)
3)
4)

Properties of quantum dots: 1) ability to tune the optical absorption/emission
properties 2) high flexibility 3) high adsorption

Application:

For making of quantum lasers

For biological detection

For cell imaging =G (S ) s p n g
Because of high adsorption , as a suitable matrix for the long- term safe of a number
of vital ions to the nuclear industry . (400-500 m?/g).




rmation of Te and Se nanoparticl

<+ Tellurium is a toxic metalloid present as a trace element (0.002 ppm) in the

earth crust.

«» Te oxidation states: 6*,4*,0, 2~

«¢+ Bacterial ragjstance mechanisms: 1) bioreduction 2) volatilization

S

*%

S

*%

S

*%

O

*%

*e

*%

Chemical synthesis of the Te nanoparticles:

1) laser ablation (T=500° C)

2) sonication

3) auto-oxidation of highly reactive chemicals
(e.g. NaHTe)




lological synthesis of Te /Se nanoparticle
1)Bacillus selenitrireducens
2) Sulfurospirillum barnesii
(Dissimilatory reduction in presence lactate)

Dispersity: in (1) 10-100 and in (2) 10-50 nm)

Location: medium/surface/cytoplasm /

Application: solar cell (CdTe)

Lactate - + Tedd;? + HY — Acetate ! + Tedl)

= HCO_—.]_ —+ H:D

My, — — 227 kJ mole lactate ! or

— &1 kI moale-eq electrons 1

i
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Formation of irregular /Se/Te) “nanorods”
by salinicoccus iranensis. TEM and
SEM/EDX analysis
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» Uranium in the environment occurs primarily as 3 of its 17 known isotopes, 238 U
(99.27%), 235 U (0.72%), and 234 U (0.005%). All are radioactive; however, it is the
chemical toxicity that is of greatest ecological risk .

» Unfortunately, the anthropogenic use of uranium for nuclear research, fuel
production, and weapons manufacturing has resulted in widespread environmental
contamination. Additional contamination has resulted from trace amounts of uranium

being released from the combustion of coal .

» Seeking to achieve this goal of remediation quickly, with reasonable expense
and a minimum of environmental disruption, the DOE has been the driving force
for the examination of microbial processes that can be exploited for cleanup.




<+ P In oxic surface waters, UO, 2* is present and form stable, soluble complexes with
carbonate, phosphate, and humic substances . The formation of these complexes is

governed by pH, Eh (reduction potential), temperature, and ligand concentration.

«» Mirobial Uranium Reduction

<+ First report : 1962 (Micrococcus lactilyticus (veillonella alcalescens)
“» Procees abiotic reduction: sulfide , Fe(ll) or hydrogen
» Procees biotic reduction: DMRB (in particular the Geobacter and Shewanella gebera

/

“» Because of respiratory versatility.



Bacteria shown to reduce U(VI) to U(IV)

renamed Desulfovibrio alaskensis)

Bacterium Reference(s) Bacterium Reference(s)

Anaeromyxobacter debalogenans strain 2CP-C 78 Desulfovibrio sulfodismutans DSM 3696 51

Celfulomonas flaigena ATCC 482° a2 Desulfovibrio vulgaris Hildenborough 51
ATCC 29579

Cellulomonas sp. W501 §2 Greobacter metalliveducens (GS-15 50

Celfulomonas sp. WS18 52 Greobacter sulfurreducens 38

Celfulomonas sp. ES5 52 Preudononas putida 4

Clostridinm sp. 22 Presdononas sp. 1

Clostridinm sphenvides ATCC 19403 21 Presdononas sp. CRBS 57

Deinococeuis radivdurans Bl 24 Pyrobaculum islandicunt 59

Desulfomicrobium norvegicum (formerly 51 Salmonella subterranea sp. nov. strain 87

!’)r'.u'.'.'_",lr-;J'L'f'.":."r'rj bactlatus) DSM 1741 FRO
Desulforomactlumt veducens 92 Shewanella alga BrY 14, 93
Desulfosporosinus ovientis DSM 765 91 Shewanella oneidensis MR-1 (formerly 50
___—1" Alteromonas putrefaciens, then Shewanella

putrefaciens MR-1)

Desulfosporosinus spp. P3 o] Shewanella putrefaciens strain 200 11

Desulfovilrio baarsii DSM 2075 51 Veillonella alcalescens (Yormerly Micracoccus s
lactifyticus)

Desulfovibrio desulfuricans ATCC 29577 44 Thermoanaerobacter sp. 7

Desulfovilrio desulfuricans strain G20 (to be 68 Thermus scotoductus 43

Desulfovibrio sp. UFZ B 490

Thevmoterrabacteriume ferviveducens




ochrome-dependent formation uraninite na
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High monodisperisity
High stability

Laser photolysis




» PGM metals (Pt/Pd/Ra) are used worldwide on an increasing scale in
catalysis and electronics, due to conductivity and catalytic activity. |

So, very interesting: 1) recovery of these precious metals 2) clean-up of PGM
contaminated waste waters and 3) production of PGM nanoclusters .

Applications of PGM nanoparticles

Ability to catalyse various

As metal catalysts m Chemical reductions such

As environmental

catalysts in fuel cells Selective hy drogengtion as dehalgenations Of
and hydroformylation polychlorinated biphenyls

reactions Or reduction of Cr(VI)
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S.algae

.oneidensis

H,PtCl,: pale-yellow
» Pt nanoparticle: gray-*black

Resting cells of S.algae were able to reduce (90%) 1 mM
H,PtCl, into elemental Pt nanoparticles at room temperature
and natural pH within 50 min, when sodium lactate was
provided as the electron donor. Dispersity: 5-10 nm., Location:
periplasmic space .

Resting cells of S.oneidensis were able to reduce S mM H,PdCl,
into elemental Pd nanoparticles at room temperature and
natural pH within 1 h, when sodium lactate was provided as the
electron donor. Dispersity: 10-15 nm., Location:
*cytoplasm/periplasmic space .

S-layer proteins of B.sphaericus arehighly interesting for clean-

up,.recovery and production of nanoparticles.
Solution precursor:Na,PdCl, ., location: s-layer ., dispersity: 0.8-1
nm(19-43 atoms) ., mechanism of reduction: 1)biosorption by phosphate and

carboxyl groups on the proteins of S-layer (confirmed by EXAFS method) 2)
reduction by the addition of H, as an electron donor.




Conclusion




Microbial nanoparticle production

I - E . ; _ . . _—_ |
Microorganisms (bacteria, yeasts, actinomycetes and fungi) as nanofactories.

For compete with existing physical and chemical synthesis protocol , points of view
require to be addressed:

1) Microbiology :the elucidation of biochemical/molecular pathways leading to metal ion
reduction that lead to the possibility of genetically engineering microbes to overexpress
specific reducing molecules and capping agents, for controlling size and sharp.

2) Nanotechnology : high reactivity and high stability.

\

The rational use of constrained environments within cells
such as the periplasmic space and cytoplasmic vesicular
compartments (e.g., magnetosome) to modulate
nanoparticle size and shape is an exciting possibility.




Process Biochemistry xxx (3xxx) XXX-XXX

Contents lists available at ScienceDirect

Process Biochemistry

journal homepage: http://ees.elsevier.com

Development and evaluation of different strategies for the clean synthesis of silver
nanoparticles using Yarrowia lipolytica and their antibacterial activity

Erfan Mohammadi Bolbanabad ?, Morahem Ashengroph b* " Farshad Darvishi®¢"

# Microbial Biotechnology and Bioprocess Engineering (MBBE) Group, Department of Microbiology. Faculty of Science, University of Maragheh. Maragheh. Iran
b Department of Biological Science, Faculty of Science, University of Kurdistan, Sanandaj, Iran
¢ Department of Microbiology, Faculty of Biological Science, Alzahra University, Tehran, Iran
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Fig. S2. Absorbance vs wavelength graph of UV-Vis spectroscopy confirms biosynthesis of AgNPs at 420 nm by ¥.
lipolytica DSM 3286. (a) YPD medium treated with silver nitrate at the beginning of reaction and (b) after 48 h of
reaction: (¢) YPD inoculated with yeast and silver nitrate at the beginning of reaction and (d) after 48 h of

reaction.
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Bactenal strains (mm in diameter)
10l 30ul  50ul
a Staphylococus aureus ATCC33591 8 20 23
b Escherichta colt ATCC25922 10 20 21
c Enterococcus faecalis ATCC29212 7 13 15
d Protous vulgaris ATCC49132 6 12 14
e Streptococcus pyogenes ATCC19615 S 9 11
£ Pseudomonas aeruginosa ATCC27853 0 7 S
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