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Methods Method summary Examples References
Microplate assay ~ Selection of mutants by Measured NAD(P)H consumption and H,O, formation to  [11-13]
assaying activity, cofactor screen for P450 BM3 mutants; Colorimetric assay to find
consumption, etc mutants with increased activity of 02,3/2,6-sialyltransferase;

Colorimetric assay to select CYP153A35 mutants with
enhanced w-hydroxylation of palmitic acid

Antibiotics Mutant selection viacelllive  Selection of trimethoprim-resistant mutants; Selection of  [14-16]
or death under antibiotics spectinomycin-resistant mutants; Selection of trimethoprim-
resistant mutants
Enrichment culture ~ Selection of mutants by Selection of mutants of AIkB and CYP153A6 with increased  [17, 18]
differing cell growth rate terminal alkane hydroxylation activity via enrichment culture in

alkane medium; Selection of w-transaminase mutants with
increased resistance to product inhibition via enrichment culture
in aliphatic ketone medium

FACS Sorting of mutant cells by Selection of Cre recombinase mutants with differing loxP  [19-21]
differing fluorescence specificity; Selection of TEV protease mutants with change in
substrate specificity; Selection of sialyltransferase mutants with
increased catalytic efficiency
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In vivo orin . .. Mutation rate -
Methods Method summary vito? Specificity ()" Applications References
. bp.
epPCR APCR-based In vitro Random N/A Improved proteolytic activity of [23-25]
mutagenesis method subtilisin BPN'in cold
that utilizes an emror- temperatures; Improved
prone DNA Coprinus cinereus (CiP) heme
polymerase to insert peroxidase stability and activity
errors randomly under laundry condition
DNAshufing APCR-based method In vitro Random N/A Increased resistance of TEM-1 [26-29]
that utilizes DNase to (-lactamase against
cut DNAin fragments cefotaxime; Increased substrate
then allow them to specificity of B-galactosidase
prime each other for toward nitrophenyl
random combinatorial fucopyranoside; Improved
library fluorescence signal of GFP;
Increased resistance of ars
operon against arsenate
Site-saturated A mutagenesis method In vitro Target- N/A Substrate specificity change for [30-33]
mutagenesis  that substitutes a specific catechol 1,2-dioxygenase;
specified amino acid to Improved uridine
any of 19 other amino diphosphogalactose
acids 4-epimerase activity on
tagatose; Increased lactose
phosphorylase activity of
cellobiose phosphorylase from
Cellulomonas uda
XL1-red an E. coli mutator strain In vivo Random ~10° Modified fluorescence of GFP; [22, 34-36]
with three repair Improved enantioselectivity of
pathways inactivated monoamine oxidase; Improved
activity of &-glucuronidase in
neutral pH
MPG6 plasmid  a small-molecule In vivo Random ~6.2x10%  Increased resistance to number  [37, 38]
inducible mutagenesis of antibiotics; Evolution of Cas9
plasmidthat offers to engineer PAM compatibility
broad mutational and DNA specificity
spectra andhigh
mutational rates by
using mutated Pol Il
and impaired repair
pathways
PACE a phage-assisted In vivo Random ~107 Modified specificity of T7 RNA [3942]
continuous evolution polymerase toward T3

method that utilizes the
survival of M13 phage
to mutate genes in E.
coli

promoter; Modified protein-
protein interaction of Bt toxin to
bind a novel receptor; Modified
specificity of TEV protease
toward a totally different
sequence; Combined with AND
gate to improve cytosolic
expression of misfolded
antibodies and the rat
APOBEC1
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In vivo orin Mutation rate

Methods Method summary vito? Specificity (W) Applications References
. bp.
MAGE a multiplex genome Invivo Target- N/A Optimized metabolic flux of [4345]
engineering method specific DXP pathway to overproduce
that utilizes single- lycopene in E. colf; Improved
stranded DNAs and the production of indigo and
recombination to indirubin; Reassignment of 314
mutate multiple lociin stop codons in E. colito
genome measure individual
recombination frequencies and
viabilities
MutaT7 amethod utilizing a In vivo Target- N.D. Improved resistance of [16]
chimeric protein of T7 specific dihydrofolate reductase to
RNA polymerase and trimethoprim
cytidine deaminase to
specifically mutate
genes downstream of
T7 promoter
EvolvR amethod utilizing a Invivo Target- 105~10%  Increased resistance of [14]
chimeric protein of specific ribosomal protein subunit to
error-prone Pol | and spectinomycin
nicking variant of
Cas9to specifically
mutate genes targeted
by gRNA
CREATE a multiplex genome In vivo Target- N/A Improved resistance of [15, 46, 47
engineering method specific dihydrofolate reductase to
that utilizes CRISPR- trimethoprim; Metabolic
Cas9 with barcode- engineering of E. coli to
tracking of mutations produce isopropanol; Increased
NADPH pool with increased
3-hydroxypropionic acid
production as well

* Mutation rate (u, D)E mutation/bp/generation2] rate@t ZLTt N/A: not applicable, N.D.: not determined,
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