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Index

a
abiological carbene transfer reactions

145, 165
acetylcholinesterase (AChE) 338
Ag nanobiohybrids synthesis 391, 392
AgNPs-CALB biohybrids 391
alcohol oxidation 199
allylbenzene

cross-metathesis of 310
allylic amination of

1,3-diphenylallylacetate 294
allylic electrophiles 286
allylic substitution 286, 296
aminoarene

synthesis 326
amorphous Ru-B catalyst 339
amyloglucosidase 341
anionic phenylacetylene analogue 305
antibodies 19
antibody 7A3 22
apo-cyt c synthesis 359
apo-metalloenzymes 6
apo-myoglobin 16, 70
artificial hydrogenases (AHases) 157,

171
biotin-avidin interaction 173, 178
chemocatalyst embedding 191, 193
metalloprotein hybrids, see covalent

metalloprotein hybrids 184
artificial metalloenzymes (ArMs)

benefits 1
hybrid nature 1
synthetic challenges 1

artificial metalloenzymes (ArMs)
formation

metal binding 2, 8, 11
artificial metathesases

catalytic performance of 308
artificial oxidases design

cofactor replacement 206, 209
de novo protein scaffold design 216,

219
inorganic catalysts binding strategies

211, 216
metal switch 201
natural enzymes, structural

modulation of 201, 206
non-heme systems 220
rational design algorithms 209
strategies 200

artificial photosynthesis 353–354
artificial transfer hydrogenases

(ATHases) 171, 178
with biocatalyst 334
cascade reactions 182, 183
imines 180, 182
ketones 178, 179

Asp-128 7
asymmetric Diels-Alder reaction 230,

232, 233, 236
Au-CALB nanobiohybrids 387

physicochemical characterization
388

synthesis 388
Au-DNA nanoclusters 368
Au nanobiohybrids synthesis 387, 391
AuNPs-laccase hybrids 389, 390
AuNPs-urease biohybrid

structural characterization 389
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avidin 20
2,2′-azino-bis(3-ethylbenzthiazoline-

6-sulfonic acid) (ABTS) 325
aziridination 265, 266

b
benzylamine

palladium catalyzed allylic amination
of 1,3-diphenylallylacetate with
291

β-barrel protein nitrobindin 309
β-barrel transmembrane protein 308
β-glucoside 341
β-lactoglobulin, aliphatic affinity of

193
bicyclononyne-substituted cofactors

31
bilirubin oxidase (BOD) 367, 368
bioadhesion-assisted bio-inspired

mineralization (BABM) strategy
337

biocatalysis 200
biocatalyst

ATHase with 334
cobalt-based 364

biocatalytic strategies 69
bioconjugation process 84
bioelectrocatalysis

future directions in 370–372
bioelectrodes

for applications in biosensing
366–367

multicatalytic hybrid system for
efficient 367–370

biofuel cell 364, 367
photoelectrochemical 361

biohybrid fuel cell 370
bioinspired photoelectrochemical cell

365
bioinspired system

for O2reduction 364–372
biomineralization synthesis

metallic NPs 327
biosensing

bioelectrodes for applications in
366–367

biosensor 367

biotin-Sav artificial metalloenzymes
177

biotin-streptavidin hybrids 84
biotin-streptavidin technology

254–256
biotinylated diphosphine ligands 175,

176
biotinylated Rh-NBD catalyst 333
boron dipyrromethane (BODIPY) dyes

302
bovine-β-lactoglobulin (βLG), CD

spectra of 85

c
CALB–copper nanoparticles 394
CAL-B-Cu nanostructure 394
CalB-Cu NPs

SEM image 331
CalB-Pd hybrid catalyst

preparation scheme 326
CalB-Pd hybrid system

catalytic activity 327
CAL-B-PdNp nanohybrids 88
Candida antarctica lipase B (CALB)

327, 384
carbene transfer reactions 145, 146
carbonic anhydrases (CAs) 3, 140, 142
carbon nitride nanosheet 369
carboxyanhydrase 22
carboxypeptidase A (CPA) 3
cascade 321

chemoenzymatic synthesis of chiral
biaryl alcohols 328

metal-based catalyst hybrids 322,
333

metal-based materials for 323
cascade process

dual activity in 396
cascade reaction 322, 324, 326, 329,

340
catalyst

earth-abundant hydrogen-evolution
357

sophisticated homogeneous 285
amorphous Ru-B 339
design 285
gold-based 324
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Hoveyda-Grubbs 307–309, 311,
312

hybrid 285, 286, 289, 291, 296,
297, 308

hybrid, see hybrid catalyst 324
hybrid protein-organometallic

333
hydrogen evolution 356
for olefin metathesis 307
phosphonate based palladium

pincer 300
Ru-Cut 310
Schrock-type 307
synthetic oligopeptide-palladium

288
catalytic oxidations 199
C–C bond formation 285
C–C bond forming reactions

conjugate addition reactions 236,
240

Diels-Alder reaction 225, 236
C–H amination 266, 267, 269
chemogenetics 103
C–H insertion reactions

biotin-streptavidin technology
254–256

hemoproteins, repurposing of, see
repurposed hemoproteins 262

myoglobin scaffold 257, 260
POP scaffold 260, 261
and Si–H insertion 260

chiral phosphane ligands 286, 287
choline oxidase (ChO) 338
citrate synthase (CS) 338
cobalt-based biocatalyst 364
cofactor anchoring 13, 19–21
cofactor replacement 206, 209
conjugate addition reactions 236, 240
covalent anchorage 77, 84
covalent ArM cofactors 25
covalent linkage 23
covalently-anchored DNA-hybrid

catalysts 57, 58
covalent metalloprotein hybrids

human carbonic anhydrase-II (HCA)
191

hybridization strategy 184

papain 184, 187
photoactive yellow protein 188
serine proteases 188, 191

cross-coupling
Suzuki-Miyaura 327

cross-coupling reaction
palladium catalyzed 296, 301

Cu(II) catalyzed Diels–Alder reaction
226

Cu nanobiohybrids syntheis 392, 394
Cu(II)–phthalocyanine cofactor 18
C–X bond formation 285
C–X bond forming reactions

fluorination reaction 243
oxa-Michael addition 240, 243

cyclopropanation reactions 261,
262–265

cysteamine-capped Au NPs 325
cysteine (Cys69) 290
cysteine residues 28–30
cytochrome c 151
cytochrome P450 superfamily 142, 144

d
Darwinian mutagenesis 177
dehalogenation 301
de novo design 10
de novo metalloenzymes 119, 122, 128
de novo protein scaffold design 216,

219
density functional theory (DFT) method

108
deoxyribozymes 41
didodecyldimethylammonium bromide

(DMB) 291
Diels–Alder reaction 225, 230, 236
diene moieties 293
diethylpyrocarbonate (DEPC) 304
directed evolution 277, 278

artificial metallocofactors
Pd-streptavidin metalloenzymes

160
Rh-proline oligopeptidase

conjugate 162, 164
Rh-streptavidin metalloenzymes

157
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directed evolution (contd.)
Ru-streptavidin metalloenzymes

159, 160, 162
Zn-binding protein 155, 157

beneficial mutations 137–139
chemical transformations 137
hemoproteins, see non-natural

catalysis 144
natural metalloenzymes 140

carbonic anhydrase 140, 142
cytochrome P450 superfamily

142, 144
process steps 138
protein fitness landscape 139, 140
screening 138

directed evolution optimization 175
direct metal salt complexation 73, 77
dirhodium ArMs 31
5,5-dithio-bis-(2-nitrobenzoic acid)

(DTNB) 388
DNA-based asymmetric Diels-Alder

reaction 226, 228
DNA based catalysts 88
DNA-templated Au nanoclusters 367
DNAzymes 41
dual supramolecular-covalent anchoring

strategy 187, 188
dynamic kinetic resolution (DKR) 398

e
electrochemical sensor 369
electron transfer chain 357
electrophilic fluorination reaction

243
enantiomer 321, 322
enzyme

monooxygenase 330
organometallic material hybrid with

333
P450BSb 330

enzyme biofuel cell (EBFC) 369–371
enzyme-Cu NP hybrid

prepartion scheme 331
enzyme hybrid

gold nanoparticle-based 324, 326
palladium and platinum

nanoparticle-based 326, 329

𝜂6-(benzene)RuCl-(Biot-p-L)⊂S112K
(Sav=streptavidin, Biotin-p-L=
N ′-(4-Biotinamidophenylsulfonyl)
ethylenediamine) 84, 85

ethylenediamine tetraacetic acid
(EDTA) 363

[FeFe]-hydrogenase
active center 360
active sites 357
photoelectrochemical biofuel cell

361

f
Fe-porphyrins 262
ferric hyroxamate uptake protein

component A (FhuA) 308
ferritin 5, 6, 297
film electrochemistry (PFE) 357
fluorination reaction 243
Friedel–Crafts alkylation 238, 240
Friedel–Crafts reaction 241
fuel cell 354, 366

biohybrid 370

g
G4DNA-Cu based catalysts 91
G4DNA-Mn-porphyrin complexes

91
glucoamylase (GA) 325
glucose oxidase (GOx) 325
glutamic acid-p-nitroanilide

transformation 398
glycosidase

mechanism 341
gold-based catalyst 324
gold catalyst 387
gold nanoparticle-based enzyme hybrid

324, 326
gold nanoparticles 367, 387
graphene-Au NP surface 368
Grubbs-Hoveyda catalyst 307–309,

312

h
halogenation 276, 277, 279
Hartree–Fock (HF) method 106
heat shock protein 310
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Heck reaction
iodobenzene and dihydrofuran 301
of iodobenzene and ethyl acrylate

300
heme oxygenases (HOs) 16
heme proteins 14, 201
hen egg white lysozyme (HEWL) 8
heterogeneous catalysts 384, 386
horseradish peroxidase (HRP) 201,

325
HRP-Au NP hybrid catalyst 325

Hoveyda-Grubbs catalyst 311, 312
human carbonic anhydrase-II (HCA)

191
hybrid catalyst 285, 308

ligand structure 289
metal-enzyme 321
oligonucleotide based 291, 296
paladium 297
substrate-catalyst interaction by

286
TEM of 324

hybrid DNA-templated gold
nanoclusters 368

hybrid protein-organometallic catalyst
333

hybrid quantum mechanics/molecular
mechanics methods (QM/MM)
112

hybrid systems
for overall water splitting 364

hydroformylation 302, 303
of styrene 304

hydrogenases 354–363
hydrogenation reactions 171
hydrogen evolution 355

iron-based metalloenzymes for
355–363

visible light-induced 362
hydrogen-evolving catalyst (HEC) 354
hydrogen evolving reaction (HER)

353
hydrogen production 363

metal-based biohydrid systems for
363, 364

hydrolysis reactions 245
hydrolytic kinetic resolution 244

i
immobilized enzyme 338
immobilized redox-active enzyme

358
inorganic catalysts binding strategies

211, 216
in silico design 10
intramolecular C–H amination 266
in vitro selected-DNAzymes

DNAzyme pool design 46
metallocofactors 53, 54
optimization 52
reselection 53

in vivo recombinant expression and
encapsulation 335

iridium
catalyzed allylic amination of

1-phenylallylacetate 295
iron-based metalloenzymes

for hydrogen evolution 355–363
iron carbonyl cluster 359

j
Janus 𝛾-Fe2O3/SiO2 nanoparticles

(JFSNs) 332

l
laccase-AuNPs biohybrid 396
lactococcal multidrug resistance

Regulator (LmrR) 18
Lewis acid catalyzed reactions

C–C bond forming reactions, see C–C
bond forming reactions 225

hydrolytic kinetic resolution 225
ligand

chiral phosphane 286, 287
multitude of 298

linear dichroism (LD) spectroscopy 89

m
malate dehydrogenase (MDH) 338
metabolon

mitochondrial electron transport
372

metal-based biohydrid systems
for hydrogen production 363, 364

metal-based catalysis 200
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metal-based catalyst
hybrids with enzymes for cascade and

multicomponent process 322,
333

metal-based materials
for hybridizing with enzymes 323

metal-based reduction
of nitro group to amine 340

metal-enzyme
complex 321

metal–enzyme hybrid catalysts 321
metals used for 330, 332
in multicomponent cascade reaction

334, 339
multistep reactions in 335
reaction mechanism of 339, 343

metallic nanoparticles 322
biomineralization synthesis 327

metallo-β-lactamase 4
metalloDNAzymes

cofactors and reactions 42
covalently-anchored DNA-hybrid

catalysts 57, 58
in vitro selection, see in vitro

selected-DNAzymes 53
supramolecularly-anchored

DNA-hybrid catalysts 55, 57
metalloenzymes 199
metal nanoparticles 383
metals

used for metal-enzyme hybrid catalyst
330, 332

metal salt 383, 394
metal substitution strategy 254
metal switch 201
metathesis

olefin 307, 312
2-methoxy-1,1′-binaphthyl 299
Michael addition reaction 236, 237
microperoxidases 216
mitochondrial electron transport

metabolon 372
Mn(salen)-(L72C/Y03C) 72
molecular dynamics (MD) 110
molecular mechanics (MM) 109
molecular modeling 100
molecular modeling methods 106, 107

monooxygenase enzyme 330
mono-oxygenation of myristic acid

332
multicatalytic hybrid system

for efficient bioelectrodes 367–370
multicomponent cascade reaction

metal-enzyme hybrid catalyst in
334, 339, 343

multicomponent process 321
metal-based catalyst hybrids 322,

333
metal-based materials for 323

multidimensional chemogenetic space
103

myoglobin 16
myristic acid

mono-oxygenation of 332

n
nanobiohybrids

Ag 391, 392
Au 387, 391
chemical applications 395, 399
Cu 392, 394
dual activity in cascade process 396
Pd 384, 386
Pt 394
synergistic effect 396

nanoclusters 368
nanoparticle-based enzyme hybrid

palladium and platinum 326, 329
nanoparticles (NPs)

gold, see gold nanoparticles 324
metallic 322

natural enzymes, structural modulation
of 201, 206

natural metalloenzymes 2
directed evolution

carbonic anhydrase 140, 142
cytochrome P450 superfamily

142, 144
nature’s hydrogenase enzymes 354
N-H insertion 269–271
[NiFe] hydrogenase 357

active sites 357
structure 357

[NiFeSe]-hydrogenase 361, 364
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NikA 19
nitrobindin (NB)-based hybrid catalyst

235
nitrobindin mutant 309
nitrogen transfer reactions 146, 151
4-nitrophenyl-β-glucopyranoside

324
4-nitrophenyl ester 326
non-covalent supramolecular anchoring

84, 86
non-natural catalysis

carbene transfer reactions 145, 146
cytochrome c 151
myoglobin-derived catalysts 154,

155
nitrogen transfer reactions 146, 151
sperm whale myoglobin 151

o
olefin metathesis 83, 307, 312
oligonucleotide

based hybrid catalyst 291, 296
optimal catalyst environment 286
O2 reduction

bioinspired system for 364–372
organometallic material

hybrid with protein/enzyme 333
oxa-Michael addition 240, 243
oxidation

ABTS (2,2-azino-bis
(3-ethylbenzothiazoline-
6-sulfonic acid) 396

oxidation reactions 199
oxygen atom transfer, hybrid reactivity

in 202
oxygen evolving reaction (OER) 353

p
palladium

catalyzed allylic alkylation of
1,3-diphenylallylacetate with
diemethylmalonate 292

catalyzed allylic amination of
1,3-diphenylallylacetate 294

catalyzed allylic amination of
1,3-diphenylallylacetate with
benzylamine 291

catalyzed cross-coupling reactions
296, 301

nanoparticle-based enzyme hybrid
326, 329

papain 184–188
P450BSb enzyme 330
Pd(allyl).apo-Fr hybrid 297
Pd nanobiohybrids (Pd(0)NPs-enzyme

hybrids) synthesis 384, 386
Pd-streptavidin metalloenzyme 160
PepA-Pt NP

synthetic scheme 329
PepA-PtNPs biohybrids 395
peptide

synthesis 287
periodic table of elements 355
peroxidases 207, 216
phenylacetylene polymerization

304–306
phosphane

modified deoxyuridine 294
modified proteins 289, 292
modified synthetic polypeptides

287, 290
phosphonate

based palladium pincer catalyst
300

phosphorous-peptide monomers 287
photoactive yellow protein (PYP) 80,

188, 189, 291
photoanodes 363
photoelectrochemical biofuel cell 361
photoelectrochemical cells (PECs)

364
bioinspired 365

photoinduced H2 evolution 361
photosensitizer (PS) 354
photosynthesis

artificial 353–354
platinum

nanoparticle-based enzyme hybrid
326, 329

p-nitroanilide 329
p-nitrophenyl butyrate transformation

397
polymerization

of phenylacetylene 304–306
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polypeptides
phosphane modified synthetic 287,

290
poly(phenylacetylene) (PPA) 304
protein

organometallic material hybrid with
333

protein databank (PDB) 201
protein film electrochemistry (PFE)

358
protein fitness landscape 139
protein sequence activity relationship

(ProSAR) analysis 142
protein shells (PSs) 327
proteins

phosphane modified 289, 292
Pt nanobiohybrids synthesis 394

q
QDs

semiconductor 330

r
rational design algorithms 209, 210
redesigning naturally occurring

metalloenzymes 69, 73
regioselective C–H amination 266
repurposed hemoproteins

aziridination 265, 266
C–H amination 266, 269
cyclopropanation reactions 263, 265
halogenation 276, 277
new-to-nature reactions 262
N-H insertion 269, 271
S-H insertion reaction 271, 273
sigmatropic rearrangements 275,

276
sulfimidation 274, 275

repurposed proteins 253
rhodium-HSA dative complex 303
rhodium substituted carbonic anhydrase

formation 303
Rh-streptavidin metalloenzymes 157,

158
ring opening metathesis (ROM) 307
ring opening metathesis polymerization

(ROMP) 307, 309

RNA-cleaving DNAzymes 44
ROM, see ring opening metathesis

(ROM) 307
ROMP, see ring opening metathesis

polymerization (ROMP) 307
RosettaMatch 121
Ru-Cut catalyst 310
Ru-streptavidin metalloenzymes 159,

161
ruthenium carbenoid catalyst 307

s
Schrock-type catalyst 307
Search for Three-dimensional Atom

Motifs in Protein Structure
(STAMPS) algorithm 201

semiconductor QDs 330
serine proteases 188, 191
serum albumins 7, 17
sigmatropic rearrangements 275,

276
S-H insertion reaction 271–273
Si–H insertion 260, 261
site-specific metal incorporation 1
Sonogashira coupling 293
sorbitol 338
SP-CHO hybrid activity 300
sperm whale myoglobin 151, 153
stereoselective reaction 339
streptavidin 7, 20
styrene

hydroformylation of 304
sulfimidation 274–276
supramolecular interactions 13
supramolecularly-anchored

DNA-hybrid catalysts 55, 57
sustainable fuel cells 354
Suzuki–Miyaura cross-coupling 327
Suzuki reaction

4-iodoanaline and phenylboronic acid
297, 298

2-iodonaphthalene and 2-methoxy-
1-naphthaleneboronic acid 299

synergistic effect, nanobiohybrids 396
synthetic chemistry 166
synthetic oligopeptide-palladium

catalyst 288
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synthetic polypeptides
phosphane modified 287, 290

t
Te-Dps-Pd NP

synthetic scheme 328
3,3′,5,5′-tetramethylbenzidine (TMB)

338
transition metal catalysts 100, 101
tryptamine halogenaseses 278, 279

u
unnatural amino acids 11–13
urease-Cu nanoflowers 393

v
vanadium-containing ArMs 7
virus-like particle (VLP) 333
visible light-induced H2 evolution 362

w
water oxidation 364
water oxidation catalyst (WOC)

354
water-soluble oxanorbornene derivative

309
water soluble tetrachloroauric acid

387
water splitting

hybrid systems for 364
for overall 365

wild-type cytochrome c556(cyt c556)
360

x
xylanases 16

z
zero-gradient structures 101




