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Supplementary Tables

Table S1 | Summary of biosynthesized alkali metal- and alkaline earth metal-based NMs using
microalgae, bacteria, fungi, and bacteriophages.

NM Size (nm) Shape Microorganism Species Ref.
classification
Amorphous  950+150 Polygon, Disk ~ Bacteria Pseudomonas aeruginosa !
Li SM1
LiFePO./C 50-400 Hierarchical Microalgae Spirulina 2
CdCs Atypical Spherical Genetically engineered  Escherichia coli 3
bacteria
MgO <30 Spherical, Oval  Bacteria Lactobacillus sp. 4
MgO 45.12-95. Heterogeneous  Fungi Trichoderma viride 5
37
CaCOs3 42.1 Spherical Bacteria Bacillus subtilis 6
CaCOs 20-30 Hollow Bacteria Proteus mirabilis 7
spherical
SrCO3 20-70 Irregular Bacteria P. mirabilis 8
SrCOs3 10-50 Needle Fungi Fusarium oxysporum 9
SITiO3 10-30 Wire Genetically engineered M13 bacteriophage 10
bacteriophage
SrPr 3.26-3.98 Spherical Genetically engineered E. coli 3
bacteria
SrGd 8.09-9.71 Spherical Genetically engineered E. coli 3
bacteria
Amorphous 300 Rod Bacteria P. mirabilis 7
BaCO;
BaCO3 5.02+0.15 Spherical Genetically engineered E. coli 1
bacteria
BaTiO; 20-80 Spherical Bacteria Lactobacillus sp. 12
BaTiOs; 4-5 Spherical Fungi F. oxysporum 13
BaTiOs 20-30 Anisotropic Genetically engineered  M13 bacteriophage 14

bacteriophage

The symbol (—) indicates that the data is not available.



Table S2 | Summary of biosynthesized transition metal-based NMs using microalgae, bacteria,
fungi, and bacteriophages.

NM Size (nm) Shape Microorganism Species Ref.
classification
TilTiO, 5.81-8.95 Spherical Bacteria Pseudomonas putida 15
TilTIO, 2-16 Spherical Fungi Trichoderma harzianum 15
TiO2 28-54 Spherical, Bacteria Aeromonas hydrophila 16
Uneven
TiO2 15.23-87.6 Spherical Bacteria Bacillus amyloliquefaciens o
TiO2 16.3+5.5 Spherical Bacteria B. licheniformis 18
TiO2 66—77 Spherical, Oval  Bacteria B. subtilis 19
TiO2 24.63+0.32 Spherical Bacteria Lactobacillus sp. 2
TiO2 62-74 Spherical, Oval ~ Fungi Aspergillus flavus 2
TiO> 6-13 Spherical Fungi Fusarium oxysporum 2
TiO, 12.57+0.22 Spherical Yeast Saccharomyces cerevisiae 2
C-doped 10 (TiOy) - Microalgae Cocconeis placentula 3
TiO,/SiO;
Cr 4-50 Spherical Bacteria Bacillus subtilis 2
Cr,03 8 Spherical Bacteria Bacillus cereus XMCr-6 %
Mn 13.65+8.60 Spherical Genetically Escherichia coli %
engineered bacteria
MnO_ 10-70 Spherical Yeast S. cerevisiae z
Mn304 3.93+1.299,  Spherical, Square  Genetically E. coli 1
20.84+1.39% engineered bacteria
y-MnS 2000-3000 Hexagonal Bacteria gll_(l)g;rlldlaceae bacterium 5
Fe 20.5+£5.33 Flake Bacteria Pseudomonas aeruginosa !
SM1
Fe 8.73 - Genetically E. coli 3
engineered bacteria
Fe 10-24.6 Spherical Fungi Aspergillus oryzae TFR9 %
FeCO3 10-3000 - Bacteria Geobacter sp. 30
B-FeOOH 200 Spindle Bacteria Acidithiobacillus s
ferrooxidans
Fe 03 19 Spherical Bacteria Desulfovibrio 32
desulfuricans aestuarii
Fe.0s 9.74+1.199, Spherical Genetically E. coli 1
10.38+2.04") engineered bacteria
v-Fe203 10 Spherical Bacteria Pseudomonas fluorescens 3
y-Fe203 50 Spherical Bacteria Actinobacter sp. 34
FesO4 50-150 Cubic Bacteria Actinobacter sp. %
Fes04 30-50 Hexagonal Bacteria Magnetospirillum 36
magneticum AMB-1
Fes04 81+23° Rectangular Bacteria Magnetospira sp. s
58+20%
Fes04 54+12.3% Cuboidal Bacteria Magnetotactic  bacterium 38
43+10.99 WM-1
FesOs4 113349 Bullet-shaped Bacteria Magnetotactic bacteria
40459 HSMV-1
Fes0s ~30 Spherical Bacteria Magnetospirillum 40
gryphiswaldense strain
MSR-1
Fes04 40-50 Rectangular, Bacteria Shewanella oneidensis 4

rhombic,
hexagonal
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3 NM synthesized in vivo; ® NM synthesized in vitro; © width; 9 length.
The symbol (—) indicates that the data are not available.



Table S3 | Summary of biosynthesized noble metal-based NMs using microalgae, bacteria,
fungi, and bacteriophages.

NM Size (nm) Shape Microorganism Species Ref.
classification
Ru 8.315.4 Spherical, Disk  Bacteria Pseudomonas aeruginosa !
SM1
Rh 2.1+0.9 Polygon Bacteria P. aeruginosa SM1 !
Rh 3.0-4.5 Spherical Bacteriophage T4 bacteriophage 4
Pd 1540 Spherical Bacteria Bacillus sp. GP »
Pd 340.46 Spherical Bacteria ihewanella oneidensis MR- 74
Pd 22.1+6.2 Polygon, Disk  Bacteria P. aeruginosa SM1 !
Pd 3-30 Irregular Bacteria Paracoccus denitrificans Ll
Pd 3-30 Irregular Bacteria Pseudomonas putida Ll
Pd 3.0-4.5 Spherical Bacteriophage T4 bacteriophage &
Pd 14.3 Spherical Genetically engineered  Escherichia coli 58
bacteria
Pd 14.82+4.74 Spherical Genetically engineered  E. coli %
bacteria
Pd 10-50 Spherical Genetically engineered  S. oneidensis 8
bacteria
Pd 16.9+4.0— Wire Genetically engineered  E3-M13 bacteriophage &
27.9+5.0 bacteriophage
PdpPt 59.9 Flower Bacteria S. oneidensis MR-1 6
PdPt 3-40 Spherical Bacteria S. oneidensis MR-1 8
Pd/Fe304 5.5+2.2 Spherical, Rod  Bacteria S. oneidensis MR-1 8l
PdAuU/Fe304 10-189 Rod Bacteria S. oneidensis MR-1 81
140-190”
Ag 44499, Spherical?, Actinomycetes Streptomyces sp. NH21 82
8.4+129 Oval?
Ag 5+3.9 Spherical Actinomycetes Streptomyces sp. LK3 8
Ag 2-20 Spherical Microalgae Acutodesmus dimorphus 84
Ag 5-30 Spherical Microalgae Chlorella pyrenoidosa 8
Ag 9-11 Heterogeneous  Bacteria Bacillus licheniformis 8
Ag - Heterogeneous  Bacteria Bacillus persicus 8
Ag - Heterogeneous  Bacteria Bacillus pumilus 8
Ag 20-50 Spherical Bacteria E. coli 87
Ag 6.3+4.9 Spherical, Disk  Bacteria P. aeruginosa SM1 !
Ag >200 Triangle, Bacteria Pseudomonas stutzeri 8
Hexagon AG259
Ag 19.89+6.53 Spherical Genetically engineered  E. coli %
bacteria
Ag 9.86+1.96% Spherical Genetically engineered  E. coli 1
, bacteria
11.87+2.46
d)
Ag 16.7 Spherical Genetically engineered  E. coli 8
bacteria
Ag 5-70 Spherical Genetically engineered  Ag-resistant E. coli 8
bacteria
Ag 2.0-13.8 Spherical Fungi Aspergillus terrerus %0
Ag 50-200 Spherical Fungi Phaenerochaete i
chrysosporium
Ag 20-80 Spherical Yeast Candida utilis NCIM 3469 92
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The symbol (—) indicates that the data are not available.



Table S4 | Summary of biosynthesized post-transition metal-based NMs using microalgae,

bacteria, fungi, and bacteriophages.

NM Size (nm) Shape Microorganism Species Ref.
classification
a-AlO3 20+2.1 Spherical ~ Microalgae Sargassum ilicifolium 19
Zn0O 330 Flower Microalgae Chlamydomonas 120
reinhardtii
ZnO 57.78 Spherical,  Bacteria Aeromonas hydrophila 2
Oval
ZnO 7-19 Spherical ~ Bacteria Lactobacillus plantarum 122
VITESO7
ZnO 100—-120 Spherical ~ Bacteria Rhodococcus 123
pyridinivorans NT2
ZnO 10.51+1.719,  Square®,  Genetically Escherichia coli 1
6.62+0.35”  Spherical® engineered bacteria
Zn0O - Square Fungi Pichia fermentans JA2 124
Zny(POy)s 100 Needle Microalgae Scenedesmus obliquus 125
ZnS ~2 Spherical ~ Bacteria Thermoanaerobacter sp. 126
X513
ZnS 6.5 Spherical,  Bacteria Sulfate reducing bacteria 27
Irregular (Desulfovibrio sp.,
Clostridiaceae sp.,
Proteiniphilum sp.,
Geotoga sp.,
Sphaerochaeta sp.)
a-ZnS, B-ZnS  8+2 (a-ZnS), Spherical ~ Bacteria Clostridiaceae sp. 128
4+1 (B-ZnS)
ZnS 42 Spherical  Fungi Fusarium oxysporum 129
ZnS ~209, 600- Wire Genetically M13 bacteriophage %0
650 9 engineered
bacteriophage
ZnS 3-5 Wire Genetically M13 bacteriophage 130
engineered
bacteriophage
ZnFe;04 8.45+0.619, Spherical ~ Genetically E. coli 1
8.75+0.53 ? engineered bacteria
SeZn 3.92 Spherical ~ Genetically E. coli 1
engineered bacteria
B-Cd(OH), 4.16+0.37 9,  Spherical®, Genetically E. coli 1
54.71+7.40" Rod ® engineered bacteria
CdCOs 20-30 Irregular  Bacteria Proteus mirabilis 181
Cds 120-175 Spherical ~ Microalgae Scenedesmus-24 132
Cds 2-5 Spherical ~ Bacteria E. coli 133
Cds 10 Spherical ~ Bacteria E. coli 134
Cds 3-15 Spherical ~ Bacteria E. coli 135
Cds 8.01+0.25 Spherical ~ Bacteria Rhodopseudomonas 136
palustris
Cds 35.8+12.9 Spherical ~ Genetically E. coli 187
engineered bacteria
Cds 2-6 Spherical ~ Genetically E. coli 138
engineered bacteria
Cds 10 - Genetically E. coli 139
engineered bacteria
Cds - Spherical  Yeast Schizosaccharomyces 140

pombe
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3
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3 NM synthesized in vivo; ® NM synthesized in vitro; © width; 9 length.

The symbol (—) indicates that the data are not available.



Table S5 | Summary of biosynthesized metalloid-based NMs using microalgae, bacteria,
fungi, and bacteriophages.

NM Size (nm) Shape Microorganism Species Ref.
classification
C-doped 10 (TiOy) - Microalgae Cocconeis placentula 2z
TiO,/SiO;
Si/SiO; 10 Spherical ~ Bacteria Actinobacter sp. 161
Si/SiO, 1.52-8.73 Spherical ~ Bacteria Pseudomonas putida 15
Si/SiO, 5-9 Spherical ~ Fungi Trichoderma harzianum 15
SiO, 5-15 Spherical ~ Fungi Fusarium oxysporum 2
As 20-30,500  Spherical,  Genetically Arsenic-resistant Escherichia 162
Fiber engineered bacteria coli
Amorphous 50-100 Spherical ~ Bacteria Desulfotomaculum 163
As—S auripigmentum sp. nov.
As—S 20—-100 Tube Bacteria Shewanella sp. strain HN-41 164
As—S - Tube Bacteria Ten different Shewanella 165
strains
AssSy - Wire Bacteria Shewanella sp. 166
As—S 411 +125 Spherical ~ Genetically Escherichia coli 167
engineered bacteria
Au/As-S - Tube Bacteria Shewanella sp. 168
Sh,03 3-12 Spherical ~ Bacteria Lactobacillus sp. 169
Sh,03 2-10 Spherical ~ Yeast Saccharomyces cerevisiae 10
ShySs 10-35 Spherical ~ Bacteria Serratia marcescens i
Te 200 Rod Bacteria Bacillus selenitireducens 12
Te - Rod Bacteria Ochrobactrum sp. MPV1 13
Te 781+189 Rod Bacteria Rhodococcus aetherivorans 174
BCP1
Te 4631147 Rod Bacteria R. aetherivorans BCP1 175
Te 600-700 Rod Bacteria Rhodobacter capsulatus 176
Te 10-200 Rod Bacteria Shewanella oneidensis MR-1 1
Te 100-200 Rod Bacteria Shewanella sp. 178
Te 240 Rod Bacteria Shewanella sp. 178
Te 50 Spherical ~ Bacteria Sulfurospirillum barnesii 2
Te 7.78-28.42 Rod Genetically E. coli 3
engineered bacteria
Te 35.49+9.16 Rod Genetically E. coli 1

engineered bacteria

The symbol (—) indicates that the data are not available.



Table S6 | Summary of biosynthesis nonmetal-based NMs using bacteria and fungi.

NM Size (nm) Shape Microorganism Species Ref.
classification

Se 185-190  Spherical Bacteria Agrobacterium sp. 179
Amorphous Se 50-400 Spherical  Bacteria Bacillus mycoides SelTEO1 180
Crystalline Se 50-400 Spherical  Bacteria Bacillus subtilis 181

Se 80-220 Spherical  Bacteria Bacillus sp. MSh-1 182

Se 140-200  Spherical Bacteria Duganella sp. s
Crystalline Se 100 Spherical Bacteria Enterobacter cloacae SLD1a-1 183

Se 24-122 Spherical  Bacteria Escherichia coli K-12 184

Se 90-320 Spherical  Bacteria Klebsiella pneumonia 185

Se - Spherical  Bacteria Lactobacillus acidophilus 186

Se >250 - Bacteria Lactobacillus plantarum 1a7

Se - Spherical  Bacteria Ochrobactrum sp. MPV1 173

Se 118+36,  Spherical, Bacteria Ochrobactrum sp. MPV1 188

324189 Rod
Se 90-140,  Spherical, Bacteria Ochrobactrum sp. MPV1 189
513+£92 Rod
Se 178.3+11.  Spherical Bacteria Proteus mirabilis YC801 190
5

Se 140 Spherical  Bacteria Pseudomonas aeruginosa 1ol

Se 50-500 Spherical  Bacteria Pseudomonas alcaliphila 102
Crystalline Se 555 + 308 Rod Bacteria Rhodococcus aetherivorans BCP1 1%
Crystalline Se 300 Spherical  Bacteria Sulfurospirillum barnesii 1o4
Crystalline Se 300 Spherical  Bacteria Selenihalanaerobacter shriftii 104

Se 100 Spherical ~ Bacteria Shewanella oneidensis MR-1 195

Se 439 Spherical  Bacteria Staphylococcus carnosus 196
Crystalline Se 30-400 Wire Bacteria Stenotrophomonas bentonitica 1%

BII-R7
Se 160-250  Spherical Bacteria Stenotrophomonas maltophilia 198
SelTEO2

Se 179+56  Spherical Bacteria S. maltophilia SelTE02 188

Se 28-123 - Bacteria Streptomyces microflavus 199

Se 220 Spherical  Bacteria Synechococcus leopoliensis 200

Se 150 Spherical  Bacteria Thauera selenatis 201
Crystalline Se 30-150 Spherical  Bacteria Zooglea ramigera 202
Amorphous Se  105.25+16  Spherical ~ Genetically E. coli 1

.05 engineered bacteria

Se 47 Spherical ~ Fungi Aspergillus terreus 208

Se 30-100 - Fungi Saccharomyces cerevisiae 204
Crystalline Se 70-90 Spherical  Yeast Magnusiomyces ingens 205




Table S7 | Summary of biosynthesized lanthanide- and actinide-based NMs using bacteria and

fungi.
NM Size (nm) Shape Microorganism Species Ref.
classification
Amorphous La 14.31+1.14 Spherical ~ Genetically Escherichia coli 1
engineered bacteria
La(OH)3 28.99+1.879, Rod Genetically E. coli 1
32.11+1.579 engineered bacteria
C-doped LaCoO3 - - Bacteria Bacillus licheniformis 208
R0O8
Cu-doped - - Yeast Pichia pastoris 207
LaCoOs GS115
Amorphous Ce 16.18+1.95 Spherical ~ Genetically E. coli 1
engineered bacteria
Ce0; 8.02 Spherical ~ Bacteria Bacillus 2%subtilis
CeO; 5-20 Spherical  Fungi Aspergillus niger 209
CeO, 12-20 Spherical ~ Fungi Humicola sp. 210
Ce(OH)s, Ce0, 4.09+0.319,  Spherical® Genetically E. coli 1
32.95+1.819 ,Rod®  engineered bacteria
CePOq 50 Needle  Yeast Saccharomyces 21
cerevisiae
Amorphous Pr 14.82+2.03 Spherical ~ Genetically E. coli 1
engineered bacteria
Pr(OH); 67.44+5.199, Rod Genetically E. coli 1
59.25+5.30 engineered bacteria
PrGd 6.51 Atypical  Genetically E. coli 3
engineered bacteria
Amorphous Nd 12.75+1.45 Spherical ~ Genetically E. coli 1
engineered bacteria
Nd(OH)3 61.19+4.179, Squared,  Genetically E. coli n
80.58+2.63% Rod? engineered bacteria
Amorphous Sm 11.16%1.75 Spherical ~ Genetically E. coli 1
engineered bacteria
Sm(OH)3 171.77+15.47% Rod Genetically E. coli n
, 173.83+4.53 engineered bacteria
SmPO, 20-200 Atypical  Bacteria Pseudomonas 212
fluorescens, Bacillus
subtilis
SmPO4 20-200 Atypical  Yeast S. cerevisiae 212
Eu - Rod Bacteria Clostridium sp. 2611 213
Amorphous Eu 15.27+1.35 Spherical ~ Genetically E. coli 1

engineered bacteria



EU(OH)3

EuSe

Amorphous Gd

Gd(OH)s

Amorphous
YbPO,
u@v)

uIv)

u(vI)

u(vI)

u(vI)
U0,

uo;
uo;
uo;

uo;

uo;
HUO,PO4-4H,0

H2(UO,)2(PO4)2-8
H,0
Hs0UO,PO4-3H,
0, UO,,
K(UO,)PO4-3H,
0
NH4(UO2)PO,-3
H,0

6.52+0.93%,

6.89+0.57%
2.58+0.29

15.53+1.20

5.49+0.509,

6.89+0.57%
5-200

18-200

50-100

2-59

50-100
5

1.5-2.5
1-5
~2.5

0.9-5

1000-2000

Rod

Spherical

Spherical

Rod

Atypical

Needle

Wire

Needle

Spherical

Spherical
Spherical

Pseudosph
erical

Spherical

Needle
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Genetically
engineered bacteria

Genetically
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Genetically
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engineered bacteria

Yeast
Bacteria

Bacteria

Bacteria

Bacteria

Fungi

Bacteria

Bacteria
Bacteria

Bacteria

Bacteria

Bacteria
Yeast
Yeast

Bacteria
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3 NM synthesized in vivo; ® NM synthesized in vitro; © length; Ywidth.

E. coli

E. coli

E. coli

E. coli

S. cerevisiae

Desulfovibrio
alaskensis G20
Geobacter
sulfurreducens

Streptomyces

Sporoverrucosus dwc-

3
Shewanella
oneidensis MR-1

Geotrichum sp. dwc-1

Anaeromyxobacter
dehalogenans

Desulfosporosinus sp.

S. oneidensis MR-1
S. oneidensis MR-1

Shewanella
putrefaciens CN32

Pseudomonas
aeruginosa
Saccharomyces
cerevisiae

S. cerevisiae

Bacillus
mucilaginosus

Bacillus cereus 12-2
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