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Magnetotactic bacteria
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Produced NPs

Copper

Copper

Cold

Silver

Magnetic

Magnetic

@

Organism

5. oneidensis

5. loihica

5 algae

5. oneidensis

5 algae,
Shewanella

Spp.

5. plezotolerans

Chemical(s) used

CuSO,

CuCly2H,0

HAUC,

AgNO;

Ferrihydrite

Ferrihydrite

https:/ /journals.asm.org/doi/10.1128 /AEM.01390-21#T1

Aerobic
or
anaerobic

Anaerobic

Anaerobic

Anaerobic

Aerobic

Anaerobic

Anaerobic

Electron
donor

Lactate

Lactate

Lactate

NP size
(nm)

20-40

10-16

10-20

b-26

)\ — 4

Significance

Catalysis

Antibacterial activity

Intracellular recovery of gold

Antibacterial activity

Superparamagnetic
magnetite particles

Superparamagnetic
magnetite particles
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Bacteria
Baciflus subtilis

Lactobacillus sp.
Lactobacillus sp.

Escherichia coli
Exiguobacterium aurantiacumm
Brevundimonas diminuta
Thermophilic Bacillus sp. AZ1
Gordonia amicalis

Lactobacillus acidophilus
Acinetobacter sp. SW30
Lactobacillus kimchicus DCY51

Faracoccus hasundaensis BCT 4171

Micrococcus yunnanensis
Mycobacteriurn sp.
Lactobacillus sp.
Aeromonas hydrophila

Nanoparticles

TiO;

TiO,
TiO,

Ag
Ag
Ag
Ag
Ag
Ad
Au
Au
Au

Au
Au
Cds
Zn0O

Size

10-30 nm

50-100 nm
50-100nm

5-50nm
5-50nm
5-50nm
9-32nm
5-25nm
45-60nm
15-40nm
5=-30nm

20.93 + 3.46 nm

53.8nm
5-55nm
2.5-5.5nm
57.7nm

Application

Photocatalytic effect on
aquatic biofilm

Antibacterial activity
Immaobilization and refolding of
enzyme

Antimicrobial Activity
Antimicrobial Activity
Antimicrobial Activity
Antimicrobial Activity
Antioxidant scavenging activity

Genomic toxicity

Antioxidant activity

Antioxidant activity and
antiproliferative effect

Antibacterial, Anticancer
Anticancer

Antimicrobial activity against
Pseudomonas aeruginosa and
Aspergillus flavus
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Lactobacillus plantarum Zn0O 7-19nm Selvarajan and
Mohanasrinivasan, 2013
Lactobacillus sporogenes Zn0 145.70nm Antimicrobial activity Mishra M. et al., 2013
Bacillus subtilis FesO4 60-80nm Sundaram et al., 2012
Lactobacillus fermentum Iron oxide 10-15nm Park et al., 2014
Thermoanaerobacter ethanolicus Magnetite 35-65nm Yeary et al., 2005
Shewanella loihica Cu 10-16nm Antibacterial activity Lvetal, 2018
| Bacillus licheniformis cadmium sulfide 20-40nm Antibacterial activity Shivashankarappa and Sanjay, [ (d d
2015 '
Serratia nematodiphila zinc sulfide 80 + 10nm Antibacterial activity Malarkodi and Annadurai, 2013
Icliormarina sp. strain PR58-8 Lead(lV) Sulfide 6-10nm Bioimaging Srivastava and Kowshik, 2017
Bacillus sp. Selenium 80-220nm Antioxidant and cytotoxic effect Forootanfar et al., 2014
nanoparticles

Fantoea agglomerans Selenium 90-110nm Antioxidant activity Torres et al., 2012
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Actinomycetes
Q Rhodococcus sp.(Actinomycete) Au 5-15nm Ahmad et al., 2003b
Gordonia amarae Au 15-40nm Application in rapid sensing of Bennur et al., 2016
copper ions
Gordonia amicalis Au 5-25nm Antioxidant scavenging activity Sowani et al., 2016
Streptomycetes viridogens HM10 Au 18-20nm Antibacterial activity Balagurunathan et al., 2011
Actinomycetes sp. Ag 10-20nm Antibacterial activity Abdeen et al., 2014
Marine Isolate Streptomyces Ag 10-40nm Prakasham et al., 2012
albidoflavus
Streptomyces sp. LK3 Ag 5nm Acaricidal activity against Karthik et al., 2014
: Rhipicephalus microplus and |
T AP Haemaphysalis bispinosa e
: Streptomyces sp. JAR1 Ag 60-70nm Antimicrobial activity Chauhan et al,, 2013
Nocardiopsis sp. MBRC-1 Ag 45nm Antimicrobial activity Manivasagan et al., 2013
Actinomycetes Ag 5-50nm Antibacterial activity Marasimha et al., 2013
Streptomyces sp. VITPK1 Ag 20-45nm Anticandidal activity Sanjenbam et al., 2014
Marine endophytic actinomycetes Cu

Nancrange size Antibacterial efficacy Rasool and Hemalatha, 2017
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. Neurospora crassa
™ Verticillium sp.
Trichoderma longibrachiatum

Penicillium oxalicum
Aspergillus niger

Penicillium janthinellum DJPO6
Cladosporium perangustum

Macrophomina phasecfina
Neurospora crassa
Trichoderma harzianum
Moarchella esculenta

Cladosporium sp.

Penicillium janthineflum DJPOE
MNeurospora crassa

Coriolus versicolor

Thermophilic fungus Hurmicola sp.

Aspergilius niger

C. geniculatus
Agaricus bisporus
Fusarium oxysporum

E2EZZE& &&8&8& &8&82&&

Z

Au
bimetallic Au/Ag
Cds

CeOy

Zn0O

ZnO

ZnS

ZnS

25-30nm
3-50nm
25+ 12nm
10nm

60-80nm

13.2-646.8 nm

1-30nm
30-40nm

5-40nm

3-100nm
32-44nm
16.51nm

5-10nm

1-40nm
3-110nm
100-200nm,
12-20nm
53-69nm
2-6nm
2.8nm
~38nm

Antibacterial

Antimicrobial activity
Antifungal against
phyto-pathogenic fungi
Antibacterial activity
Antifungal effect

Antioxidant, anticancer, and
nano-toxicological study

Antimicrobial properties

Antibacterial activity

Antimicrobial activity and

cytotoxic activity
Photodegradation, in vitro

anticancer activity and in vivo
antitumor studies

Antibacterial activity

Singh et al., 2014

Castro-Longoria et al., 2011

Mukherjee et al., 2001
Elarmawi et al., 2018

Feroze et al., 2020
Gursoy, 2020
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Chowdhury et al., 2014
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Acay, 2020
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Castro-Longoria et al., 2011
Sanghi and Verma, 2009
Khan and Ahmad, 2013
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Kadam et al., 2019
Senapati et al., 2015
Mirzadeh et al., 2013

Fenicilium chrysogenum Pt 5-40nm

Subramaniyan et al., 2018
ajakumar etal, 2012

Cytotoxicity

Aspergillus flavus TiOa B62-74 nm Antimicrobial activity
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Yeast

Yarrowia lipolytica (NCYC 789) Ag 2-5nm Activity against E. coli, 5. Apte et al., 2013
aureus

yeast strain MKY3 Ag 2=5nm Kowshik et al., 2002

Yarrowia lipolytica DSM 3286 Ag 12.4 £ 5.22nm Antibacterial activity Bolbanabad et al., 2020

Candida guiliermondii Ag 10-20nm Antimicrobial activity Mishra et al., 2011

Saccharomyces boulardii Ag 3-10nm Anticancer activity Kaler et al., 2013

Kluyveromyces marxianus Ag 3-12nm Antimicrobial agent Ashour, 2014

Candiicla utifis 22 Ag 6-20nm Antimicrobial agent Ashour, 2014

Candida utilis Ag 20-80nm Antibacterial activity against Waghmare et al., 2015
pathogenic organisms

Saccharomyces cerevisiae Ag 10-60nm Antimicrobial effect Sowbarnika et al., 2018

Candida glabrata Ag 2-15nm Antibacterial and antifungal Jalal et al., 2018

Rhodotorula glutinis Ag 15.45 £ 7.94nm Antifungal, catalytic and Cunha et al., 2018
cytotoxicity activities

Rhodotorula mucilaginosa Ag 13.70 £ 8.21 nm Antifungal, catalytic and Cunha et al., 2018
cytotoxicity activities

Candida guilliermondli Au 50-70nm Antimicrobial activity Mishra et al., 2011

Yarrowra lipolyfica NCIM Au 15nm Agnihotri et al., 2009

Magnusiomyces ingens LH-F1 Au 10-80nm Catalytic activities for the Zhang et al., 2016
reduction of nitrophenacls

Saccharomyces cerevisiae Cds 3.75nm Prasad and Jha, 2010

Candida albicans CdSs 50-60 nm Bactericidal potential against Kurnar et al., 2019
Salmonella typhi and
Staphylococcus aureus

Baker's yeast TiOs 6.7 +£2.2nm Antibacterial activity Peiris et al., 2018

Saccharomyces cerevisiae TiOs 12nm Jha et al., 2009a

Baker's yeast Fes Oy 2=-10nm Detection H»O» and Glucose Mishra et al., 2015

Saccharomyces cerevisiae Sha0s 100 nm Jha et al., 2009b

Saccharomyces cerevisiae Amaorphous iron 50-200nm He et al., 2000

phosphate
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Neochloris oleoabundans
Enteromorpha compressa
Nostoc linckia
Leptolyngbya

Spyridia fusiformis
Chaetomorpha linum
Chlorella ellipsoidea

Amphiroa rigida

Ulva armoricana sp.
Spirulina platensis
Sargassum cymosum
Tetraselmis kochinensis

Stephanopyxis turris
Galaxaura elongate
Cystoseira baccata

Spirulina platensis

Chlorella vulgaris
Sargassum wightii
Chlorella pyrenoidosa

E2ZZ2ZZ&E & &8&83&8&3&&E

z

40nm

4-24nm
5-60nm
5-560nm
5-50nm
70-80nm

220.8 = 31.3nm

25nm

33nm
15.60-77.13nm
7 and 20nm
5-35nm
10-30nm
3.85-77 nm
8.4nm

10-20 nm
5-20nm
18nm
4-5nm

Antibacterial
Antimicrobial, Anticancer
Antibacterial
Antibacterial, Anticancer
Antibacterial

Efficient anticancer agent

Photophysical, catalytic, and
antibacterial activity

Antibacterial, cytotoxicity, and
larvicidal efficiency

Bactericidal activity
Antiviral activity

Antibacterial
Anticancer

Adsorbent

Antibacterial
Imatinib sensing

h — 4
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Arthrobacter
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Nitrate reductase enzyme

NADH and NADH-dependent nitrate reductase enzymes
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Factorial Experimental Design
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L)
pH T C R (mg/L)
3 20 0.5 12
3 20 1 13
3 20 1.5 12
3 30 0.5 14
3 30 1 13
3 30 1.5 14
3 40 0.5 12
3 40 1 11
3 40 1.5 12
7 20 0.5 13
7 20 1 14
7 20 1.5 15
7 30 0.5 11
7 30 1 11
7 30 1.5 12
7 40 0.5 13
7 40 1 11
7 40 1.5 12
9 20 0.5 16
9 20 1 13
9 20 1.5 12
9 30 05 14
9 30 1 13
9 30 1.5 17
9 40 05 12
9 40 1 12
9 40 1.5 13

Lolol O3y 0 il s e Ol Aele B ey P
Ryl Sl Zt] Jo Ji

Plasaly Julss BV ol 4 >
OriginPro 2018

DF  Sum of Squares

PH 2 6.74074

T 2 9.85185

C 2 3.85185

PH * T4 16.14815
PH*C4 1.48148
T*C 4 5.03704
PH*T*C8 14.2963
Model26  57.407 41
Error O 3.63798E-12

Corrected Total 26

Mean Square
3.37037
4.92593
1.92593
4.03704
0.37037
1.25926
1.78704
2.20798
-- 0

57.40741 O

4

\ y,
P Value

F Value

0 1
0 1
0 1
0 1
0 1
0

0 1
0 1
0

0 0

960.05 (55 ki i) Vs cpyy Lolsall cpy Digime 3 p degy P

Sl ok &) g Bl P
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Estimate

13.2 4

13.04

12.8

12.6

12.4

12.2

0.5

=

15

i 135 4
I\
|
n
135 - 13.0
g
]
. E
£ &} 12.5 1
E 1304
k7]
w
12.0 A =
n
125 T
n
T T T T
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ANOVA for Quédratlc model

Response 1: R1

Source | Sum of Mean IF-vaIue p-value
- Squares Square
' Model 3578 9 398 39.74 0.0058 significant
| AA 251 1 251 25.07 0.0153
| BB 215 1 2.15° 2152 0.0189
Bl CC 1439 1 1439 14383 0.0012
| AB 186 1 186 1862 0.0229
| AC 133 1 133 1333 0.0355
N BC 237! 1 237 23.70 0.0166
il A 07756 1 07756 7.75 0.0688
= ¢ 324 1 324 3235 0.0108
ol C 1042 1 1042 104.13 0.0020
__|Residual = 03002 3 0.1001
| |CorTotal  36.08 12

Ll 0 5,58 A O)ld e JlS a3l gl o

[~ Coefficients © Coded Equation < © Actual Equation

= | |

__|R1 =

| +92.04

| -0.5600 * A

) +0.5187 *8B

i +134 *C

| -0.6825 * a8

I +0.5775 * AC

| +0.7700 *8C -

-0.5825 * A? Factor Coding: Actual
| -1.19 *B° R1

2 ‘c s6.97 [ o2
X1=8
X2=C
Actual Factor
A=-0939118

100 Solutions found

= Solutions U g Starting Points

| Inumberl Ao | 8 | ¢ | Ri |[Desiabilty|

1

2
3
4

-0.939
-0.933
-0.243
-0.852

0.543
0.844
0.280
0474

0.362 92.492
0.156 92.357
0426 92.456
0415 92.485

3D Surface

1.000 Se!
1.000
1.000
1.000
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Scanning, transmission electron microscope
Dynamic light scattering

Energy—dispersive X-ray spectroscopy

X-ray absorption and X-ray fluorescence
X-ray diffraction

X-ray computed microtomography

Scanning transmission X—ray microscopy
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Nano secondary ion mass spectrometry rr
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Inductively coupled plasma-optical emission spectrometry

@)

Single particle inductively coupled plasma-mass spectrometry
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July 2014, Journal of Nanoscience and Nanotechnology 14(7):4745-56, DOI:10.1166/inn.2014.9527 v
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