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Protein engineering

From Wikipedia, the free encyclopedia
(Redirected from Enzyme engineering)

Protein engineering is the process of developing useful or valuable proteins. It is a young
discipline, with much research taking place into the understanding of protein folding and
recognition for protein design principles. It is also a product and services market, with an
estimated value of $168 billion by 2017 1] 3
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B B Enzyme Nomenclature 382 P Y y
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. Functional Parameters 2246
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] 0 Organism related 444 EC Tree
Information L 1 Oxidoreductases

L 1.1 Acting on the CH-OH group of donors
L 1.1.1 With NAD" or NADP* as acceptor
B E Enzyme Structure a7 L 1.1.1.1 alcohol dehydrogenase

B General Information 29

itk ] [UBME Comments

B Applications ] A zinc protein. Acts on primary or secondary alcohols or hemi-acetals with very broad specificity; however the enzyme oxidizes methanol much more poorly than ethanol. The
animal, but not the yeast, enzyme acts also on cyclic secondary alcohols.
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novozymes

Found in nature
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MBP
Fh8
GST
Medium
- Low
T5 17 Rhamnose Arabinose PhoA
Expression Inducible Inducible Inducible and Inducible and Inducible
Titratable Titratable
Expression RBS choice RBS choice [Rha] and RBS choice [Ara] and [IPTG] RBS choice
Tuning
Localization Intracellular or Intracellular  Intracellularor Intracellular Intracellular
Secreted Secreted
IP IP-Free IP-Free IP-Free IP-Free IP-Free

DNA2.02E])Ruy 29
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When IPTG is present, it causes lac repressor When IPTG is present, it causes lac repressor

dissocation, and allows RNA polymerase to initiate dissocation, and allows T7 RNA polymerase to
T7 transcription initiate target gene transcription

RNA Polymerase i

T7 RNA Polymerase is

only expressed if IPTG is
present for induction. o] Protein
. \ Otherwise the lac repres- 9 i
o ‘ sor will remain bound to \ Target protein i only
) the promoter. lac repressor /

~_ .~ T\ P DET | expressed if IPTG is

"~/ ) / present for induction.
) NN/ Otherwise the lac repres-
6 ‘ > sor will remain bound to

lacl gene the promoter.
lac repressor . \

lacl gene

Host Cell

https://www.goldbio.com/articles/article/a-deep-dive-into-iptg-induction

32



PETRIEAIE

i HERPETEAS
. PREIERIES AL R
IR FERABLL
‘ ‘ . BEMSk -
EEPpETEE SENERERIEEpETEHF
. BT EERHRKIEA SIS
. ERFEFEEEE
o BiFEANEE | . PCREE, NF
o EiFEHnS EEIBANER
O HEIRAOERS: TR, @ . [EEELPCRFZY -
R E R SRS XA . PREIMEPILIEE L
IR REREERIRE . EEMGatitk
(L ERIRAFE
ik ER I2ENEH e FRIEFHAIRAE
.- FEHER . EEEMERLE KEEFF EERRE

BN EIFITE «  HUE iBSHE., BE



pET R7UEIPIFIETIR

kan® TFiac Tr=Tag™ Tre=Tag™ H = Tag™ Dichy=Tag ™ Hus=Tag™ probease
e orbor amp® TF Hiz=Tag* S=Tag™ K= s GET=Tag™ ShrepsTag®™ 1l sigal s=q.

pET-2a—d - - M

z

pET-Sa—d - -

pET—11a—o

pET— 146

[}
z
-

pET—15L

pET—1EL

[ ]
F

pET—17b

pET-19b

pET—20b[+])

#

pPET—Z21a—di+]

[ ]

pPET—ZZh(+)

[ AR AR RE AR AR AR AR BE AN |
#

PET—22a—dl+]

PET-24 a—cl[+])

pET—2Eb[+])

PET-ZEL[+]

pPET-Z7bLL+]

Elala|n|ala|n|n|a|z
z

=
-

pPET—22a—=[+]

pPET—28a—=[+]

pPET-30a—=[+] T. E

aln

pET-30 ERfLIC 1 T. E

pPET-30 Xaf Ll

3]

T.X

a|2|2| 2|5

pPET=3 10+

pPET-3Za—c(+]

A
z

T. E

LC 1 T. E

Z

pET-32 EK/LIC

pPET-32 XafLlT LC 1 [ T.X

pPET-33b[+] M 1 1 T

pET-39bL[+]

pET-40L[+] Lc 1 M T. E -

PET—4 Ta—c[+) Lo [ M T. E

LC 1 T. E

z

pET-41 EK/LIC

PET-4Za—=[+] LC 1 M T.X

PET-42.1a<i+] Lc 1

pPET-42.1 ERfLT Lc 1 T. E

G
z

PET-344a—c[+] FLLC 1

pPET—4Eb[+])

pET-48& EKfLIC

PET-4TbL+] HT

pPET-4SbI+]) HT

PET-4Th[+)

LA AL
alaln|n(n]a
Z

PET-S0bLI+])

PET-S1L[+])

pET-51 EK/LIC

pET-SZb[+] T

LAR R AR R BN ]
LR AR AR AR A AR A A A AR A AR A A A A A A A A A A A A A AR AR AL

alm|ala|Z(-]|-|2z]|z|2

LA AR AN )
Zjz|z|z

HT

pET-52 3TjLIC

Mobes:
C: optional C-berminad tag E: =nterokinase H: HAW 3C lirndemal tag UC: ligationmindep==ndent clomirg M: H-t=rminal tag
signal seq.: Sgnal sequences for potential periplasmic localization T: thremkbin ¥: Factor Xa
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Xho l{158)
Mot li168)
Eag l{168)
Hind 111{173)
Sal I{179)
Sac 1(190)
EcoR I{132)
BamH l{198)

Mhe 1{231)
Mde 1{238)

Sty I(57)
Bpu1102 li20)

Cra lll{5063)
Xha 1(278)

Bagl 11j342)

Sgra 1(383)
Sph li539)

Pwu 1i4387)
Sgf 4267}
Miu 1{1084)

Sma l4241) Ecl 1(1078)

BstE {1245
Apa 1{1275)

Cla l{4053)
Mru 1{4024)

+
PEL )

BssH M1{1475)
EcoR V1514
EcoST [(3713) Hpa li1570)

AlwM 12581)

Psh 1(1209)
BsaS {3338 Bagl l{2128)
=l
Fap l(2148)
Psp3 l{2171)

BspLU11 1{2165)
Sap l{3048)

Bst1107 I[2926)

Tth111 l2010)

TT promoter primer #50348-3

TT promaoter

Bglll lac operator Xbal rbs
AEATCTCGATCOCGERARAAT TAATACGACTCACTATAGEGGAA T TG I GAGCGGATAACAAT ICCCCTCTAGAAATAAT TTTGTTTAACT T TARGAAGGAGHA
. " i - Eagl )
Nde | Nhel TT'Taa °b 7% Bami | ool | Sac Hind Il __ Notl ha His+Tag
TATACATATGGC TAGTA CIGGEIGEACABCAAAT GGG ICRCGEATCCGAATTCGAGET GLGGEC GABCACCACCACCACCACCACTGA
Metilafer I"l.--.lh GlyGI1yGI» G FelGlva gle’.-lrrGl.. ‘heGlulewlirgh rgal"'la«. rarghlaPrefrofreProProley
- pET=-24b GEICEEGATCOGAAT TEGARL ICCGTCRACARGCT IGCGGLCGCACTCGAGCACCACCACCACCACCACTRA
ok [ =20d GlyhirghspProfsnierierierVal isplyslevhilaflaflaleuB luHisHisHi sHi sHi sHi sEnd
Nea |
TACCATEGCTAGT pEl-24¢ d GEITCEGATCCEAAT ICGAGLICCGTCGACAABT I TGCEGCCGEAC TEGAGCACCACCACCACCACCACTGA
Meth r Glyhrgl ledrgllefrgilaPraderThrierLevArgProdisSerSerThrThrThrThrThrThrGlu
Bpul102 | T7 terminator
GATCCGeC T TAACAAAGCCLGAAAG ARG TGAGT TRGCTGC TRCCACCGCTRAGCAAT AAC TAGCATAACCCC TTGREGECTCTAAACGRGTC T TRAGGGG I'TG

T7 terminator primer £583.37-3

pET-24a-d(+) cloning/expression region
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Disaggregating
chaperone

Native

ADP

Folding chaperones

AL L L LD L LLLLLLL L L LR LD L DL LD L LD LR LD L LD L L L L]
SN SN AN NN NN NN NN NN N EEEANEEANENANERANERERERER

Holding Baneyx 2004 Nat Biotechnol
chaperones
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Generate parallel
expression clones

His6 @

Target protein)

Target protein

S
Express In &S
hal™
E. coli

/'\
His6 @7

Target protein)

Hisé Target protein

— Proteasa
cleavage site

(e) [Targst protein

Suc

CESS

(a) @

©

Dead end: insolubility

Target protein

‘%4, His6 Targe! protein
%

His6 | MBP —Targe! protein

His6 Ta rget protein

6
IMAC FT
- .

Target protein

Good

cleavage

e

= _an

(b)

Purify by IMAC

Cleave with
protease

\ Poor

\ cleavage
\
X

Target protein

Target protein

Dead end: protein insoluble
after cleavage of tag

[(e)
His6 @

Target protein

\

Hisg

Target protein

4

Dead end: difficult to separate

cleaved protein from fusion

Current Opinion in Biotechnology

HITEHEBRREHEFRAFIA

37
Esposito, 2006, Current Opinion in Biotechnology
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1. Kataeva I, Chang J, Xu H, Luan CH, Zhou J, Uversky VN, Lin D, Horanyi P, Liu ZJ, Ljungdahl LG et al.:
Improving solubility of Shewanella oneidensis MR-1 and Clostridium thermocellum JW-20 proteins expressed into
Escherichia coli. J Proteome Res 2005, 4:1942-1951.

Results from a high-throughput structural genomics project comparing MBP, GST, NusA and His6 solubility tags.
The study of 152 proteins from mesophilic and thermophilic bacteria suggested that MBP was the best tag for
making soluble fusions, and also showed the positive effect of lowered expression temperature on solubility. The
authors discuss algorithmsfor predicting the solubility of proteins.

2. Dyson MR, Shadbolt SP, Vincent KJ, Perera RL, McCafferty J: Production of soluble mammalian proteins in

Escherichia coli: identification of protein features that correlate with successful expression. BMC Biotechnol 2004,
4:32.

The authors chose 30 diverse human genes and compared expression with six different N-terminal and eight
different C-terminal solubility fusions. Results showed that MBP and Trx were the best tags and that MBP also
worked as a C-terminal fusion, contrary to previous results. The authors nicely highlight the protein features that
seem to correlate with solubility: molecular weight, number of hydrophobic residues, and low complexity regions.

3. Busso D, Delagoutte-Busso B, Moras D: Construction of a set gateway-based destination vectors for high-
throughput cloning and expression screening in Escherichia coli. Anal Biochem 2005, 343:313-321.

This article describes the construction of 10 recombinational cloning vectors and their use for comparing expression
and solubility of a small number of genes from Bacillus subtilis. Methods for generating and testing new vectors are
clearly discussed and the results of the solubility analysis suggest that MBP and NusA are much better than GST
or Trx in the case of these partner proteins.
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» 1. Conserved domain search: (for rough boundaries of conserved domains)
http://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi (incorporated in NCBI-blast searches)
http://www.sanger.ac.uk/Software/Pfam/
http://smart.embl-heidelberg.de/

»> 2. 3D structure prediction from structures of homologous proteins in the PDB:
http://www.rcsb.org/pdb/
http://bioinf.cs.ucl.ac.uk/psipred/ (mGenTHREADER)

» 3. Secondary structure prediction (if there is no structural homologue):
http://bioinf.cs.ucl.ac.uk/psipred/ (PSIPRED)
http:// www.compbio.dundee.ac.uk/~www-jpred/submit.html

> 4. Transmembrane helix prediction:
http://www.ch.embnet.org/software/TMPRED form.html

»> 5. Predicting unfolded regions:
http://bioinf.cs.ucl.ac.uk/disopred/

http://bioportal.weizmann.ac.il/fldbin/findex
http://www.strubi.ox.ac.uk/RONN 39




KITERIAZEIEREE (FAMR)

v it pET245LpET28 (MIRES4EL) SBL21(DE3)
v TBIZEFE3I7°4£ZF1-1.50D, 18 °CEK1/MHZEI30D , 0.5mM IPTGiES19/M/BJZEO0DX10

©  ERAEERRERGEE>

1. BEREE15C

2. MMEFEANYTHZYPS052(BES), BMPAEE

3. EENIHFL/RCH2-10 M EEEAE

4. SMBPEREAMEARMAREA

5. WEREESHFMHE. HRED FHE/NFFRRESIRME

Graslund et al 2008 Nature Methods n
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X ZE4t (Invitrogen)

Table 1 - Yeast Expression Systems

Fusion Partner

System/ Host Secretion Position  Purif. Epi'tope Selectable Promoter Inducer Advantage
Vector Signal Marker
Pichia P. pastoris o-factor  C-term. 6xHis c-myc HIS4, AOX] or methanol  High-level expression,
Expression or PHO Zeocin”, GAP (GAP is copy number control,
System or constitutive) suitable for industrial-
Blasticidin scale protein
production
P. methanolica  o-factor  C-term. 6xHis V5 ADE2 AUGI methanol  High-level expression
YES™ Vector S. cerevisiae - N-term. ) Xpress™ URA3 or GAL1 galactose  High- or low-copy
Collection C-term. 6xHis V5 blasticidin episomal expression
pTEF1/Zeo S. cerevisiae — —- — — Zeocin™ TEF1 — Simplified construction
pTEF1/Bsd  P. pastoris or of Zeocin™- or
P. methanolica Blasticidin Blasticidin-resistant
vectors in yeast
SpECTRA™  S. pombe — C-term. 6xHis V5 LEU2 nmtl thiamine Flexible control of
S. pombe nmt4l expression levels
Expression nmi8l in S. pombe
System
pYDI1 S. cerevisiae AGA2 N-term. 6xHis  Xpress™ TRP1 GALI1 galactose  Displays protein on
C-term. V5 cell surface

48




Pichia Expression Kits

Pichia E
A Manual of M
Proteins in Pit

Catalog mo. K1710

Multi-Copy Picl

For the Isolation and Expri
Pichia pastoris Strains Co
Particular Gene

Catalog no. E1750-01

EasySeIeclm Pichia
Expression Kit

Verzion &

EasySelect™ Pichia Expression Kit

A Manual of Methods for Expression of Recombinant
Proteins Using pPICZ and pPICZa in Pichia pastoris

Catalog ne. K1740-01

€) Invitrogen-

lite technologies

www.invitrogen.com
tech_service@@invitrogen.com

Piclria ex

1.5, Headquars
Invitrozen Corpof
1600 Faraday Ay
Canlsbad, CA 92
Tel: (BO0) #55-4
Fax: (760} 603
F-puzil: tech_ser]

é Invitrogen

lise wochnologies

Pichia Fermentation Process Guidelines

Overview

Introduction Puchsa pasioris, Bke Saccharomyces cerevisiae, 5 particularly well-saited for
furmeantive mowth. Pickia Bas e ability to reach very high coll densities during
furmeantion which fzprovs overall proten yields
Wo recommend that caly ©os with fermsatason axperionce or thoss who have access
10 people with experiance atempt frmenation Since there e 2 wids vanety of
formeaters availabls, 2t is &iffcult to provide sxact procedures for your particalyr case.
The puidekmes miven below are based on farmeatations of bota Mut” and Mut' Prolua
straims in 2 15 Lier tablo-top glass farmentar Pioase read the opsrator's mammal for your
P It bafore beginning. The table below providss an overview of the
marerial covered in hese guidelings.

Step Topic Page

Femenmtion 1
Eguipment nseded and preparation of medium 2
Msasuresenr and use of dissched oxyzen (DO) m the culnze 3
Growth of the imoculum 3
Gensration of biomass on glycerc! in basch and fod-batch phaces 43
Induction of expression of Mur and Mut* recoxsbinaats m e &7
methancl fod-batch phase
Harvesting and lysis of cells 8

Rafarsaces 9-10
Racpes 11

e ] o [

o

o e

tati Itis imp o meaitor and congrol &6 following paramsters throughost the
3 process. Tae foll z table describes the p and the reasons for
monitoring them.

Parameter Reszon

o™
-

Tezapesaturs (30.0°C)

Growth above 32°C is detrimental to protain expression

Dissclved oxygen (=20%)

Pichea nesds oxygpen to metabolize ghveercl and
mefhanol

pH (5.0-6020430)

Important whan screting protain it the medium ad
for cptmal gowd

Azitation (500 % 1500 rpm)

Asnatica (0.1 t0 1.0 vim*

 Sor glass farmanters)

Maxmuizes oxygsa conceaTation wm ths medrm
Maximize: oxygen concsnsation in the mediom widch

depends ox the vessal

Excoss foam may cause dsmanuration of your wecreted
protem and it alsc redaces headspace

Carbon source (vaniable
1)

Must be able 20 add differeat carbon sources at different
rates during the coure of farmentaticn

* velums of cxygen (liters) par volume of Srmennticn culrare (liters) par nuxte

Verzion B
053002

conmued on next page
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CHAOH » CHzOH
0z GSH
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|AI'P ADP },’,mp“,,;d,
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Typical Pichia pastoris expression vector

* 5’A0X1: AOX1 5’ region including promoter
E?&Eiﬁgﬁgﬂm * MCS: Multiple cloning site
* TT: AOX1 terminator
* HIS4: histidinol dehydrogenase
su1 * 3’AOX1: AOX1 3’ region

 Amp: Ampicillin-resistance marker

Mot | or
Byl i

* fi ori: f1 bacteriophage origin.
* Sig: signal sequences

Bgl |  Sacl, Sall, Stul and BglII cutting site are used
to linearize the vector before transformation



Promotor
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Pichia pastoris strains

L

&c{ua pasfons
X 33 GSHS
SM01168 I(M71
: KM71'H

SMDI’IGBH

Strain

X33

GS115

KM71

KM71H

SMD1165

SMD1168

SMD1163

SMD1168H

Genotype
Wild-type
his4

his4,
aoxl::ARG4;arg4

aox1l::ARG4;arg4
hisdprBl1
hisdpep4
hisdpep4prBl

pep4

Application
Selection of Zeocin-resistant expression vectors

Selection of HIS4 expression vectors
Selection of HIS4 expression vectors to generate
strains with MutS phenotype

Selection of Zeocin-resistant expression vectors to
generate strains with MutS phenotype

Selection of HIS4 expression vectors to generate
strains without protein B activity

Selection of HIS4 expression vectors to generate
strains without protease A activity

Selection of HIS4 expression vectors to generate
strains without protease A and protease B activity

Selection of Zeocin-resistant expression vectors to
generate strains without protease A



PichiaZZ1 X &k

Localization
Integration Protocol
Strains

P

Cytoplasmic or Secreted
Easy, requires linearization
Yes

IP-Free

Ura3 Amp

His3 Zeo

Gen Chlor

Zeo High Kan

Marker Ori  =—————8acterial Marke

Function Pichia S. cerevisige
Expression Inducible or Constitutive Inducible or Constitutive
Propagation Targeted genomic integration Yeast self-replicating (2p) or

Targeted integration
Cytoplasmic or Secreted
Easy

Mo

IP-Frees
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2T 55

O A - https://www.ncbi.nlm.nih.gov/genome/browse#!/overview/

U.S. National Library of Medicine NCBI National Center for Biotechnology Information

Genome > Genome Information by Organism

Organism name (common or scientific) or Accession (Assembly, BioProject or replico e E=F:1(sy

Overview (57451); Eukaryotes (14666); Prokaryotes (288046); Viruses (41549); Plasmids (25097); Organelles (17649)

Protein Sequence MSA
SQETRKKCTEMKKKFKNCEVRCDESNHCVEVRCSDTKY T C e—

MSA: Multiple Sequence Alignment 2 & F5IBAED
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BRENDA

T, %Y BRENDA |

show all | hide al Mo of entries g |

T ——— The Comprehensive Enzyme Information System

ef] login  [& history [ all enzymes
Contact

=k print visible entries

# Eel;zznl:; 22; - print all entries
Reaction Types s Information on EC 1.1.1.1 - alcohol dehydrogenase show al entres
«| Pathways 49
Systematic Name 4| for references in articles please use BRENDAEC1.1.1.1
CAS Registry Mumber 1
™ B Enzyme-Ligand EC Tree
Interactions L 1 Oxidoreductases
Substrates/Products 1587 L 1.1 Acting on the CH-OH group of donors
ga'-_urﬂ' Substrates 225 L 1.1.1 with NAD* or NADP* as acceptor
ofactors 52 L .
Melals and lons oy [E1.1.1.1 alcohol dehydrogenase
Inhibitors 407
Activating Compounds 23 IUBME Comments
" A zinc protein. Acts on primary or secondary alcohols or hemi-acetals with very broad specificity; however the enzyme oxidizes methanol much more poorly than ethanol. The
Diseases animal, but not the yeast, enzyme acts also on cyclic secondary alcohols.
Specify your search results Word Map hide
444
Mark a special word or phrase in this record: Mark! E
ep  + &5 drank E, D
: L} h s 0O = . @ m
Search Reference ID earc : 2 Smaize® E T
B B Enzyme Structure K117 synthesis =2 Smonoamines 7T U
. . = 1]
search UniProt Accession: Search . S = Zbiofuel productild@ — = 2 g
B E MUIECUIal FTURET IS LY dI’I HkEl" 5 . ;-: . T E E =) -
Select one or more organisms in this record: @ h orse £ d ISU |f| Fam= 52 N £ antidote
pplications . = = . . . I v
= : : L™
e ® intoxication nicotinamide § £ <, cyp2el
References 296 cetobacter pasteurianus o . v _ﬂ:l-' a t I
- Acetobacter pasteurianus SKU1108 <_nitrosoglutathione Etha I‘ID|-I N du CEd o retina
External Links Acinetobacter calcoaceticus c g Idehvd 1 1 1 1 nadp+-dependent
Aeropyrum pernix M ; S€émialdenyde . . . cyclophosphamide 70
= ——_— 1 . R =




WAER1SEEE . XSIZmP Ty > 1R R
N\

55/ Interference St

71



8 H a7 ISEH

'IOO .....................................................................................................
AlphaFold 2

90\ .............................................................. p \ ......
8.~ Ascoreabove 90 .. ...

g = is considered roughly

- O 70 ...... equivalent tO the ..............................................

8 o 60 expenmenta N i s O e oo

S @ determined structure

0N s

T 2

© =

Q0

20

@ "

2006 2008 2010 2012 2014 2016 2018 2020
~rafi e Contest year



Alphafold2
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Alphafold (2) &z

Sequence
an?j MSA Deep neural ‘ Sio Gradient descent on
features network distributlon predlctlons protein-specific potential

i64 bins deep |

QTKCEKKKCVCENCERSTYL
S'ERKTMKF NERDSHVVCDKTC

b 0-

BT IS
AREFIRE

2KMSAL
BREFS

BNt

L x L 2D covariation features
*________________

RS R TR N——

__________ - - e et o i e v [
7 7
s s
’ S

220 residual convolutlon blocks \

Tiled L x 7 1D sequence and profile features
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The Conter for Molecotar Lefe Sciencos

SWISS-MODEL

Itis possible that due tc planned maintenance of the UniBasel data network, access to SWISS-MODEL wet

Start a New Modelling Project @

Target Sequence Faste wvour tar get sSequ
(Format must be Fasta, ‘ '

Clustal, Promod,

plain string, or a valid

UniProtkB AC)

vad Targel Sequence File. .
Project Title: Untitled Proje
Email: Optional

Search For Templates Build Model

By using the SWISS-MODEL server, you agree to comply with the following terms of

BE—1%>30%

1.

2

=

IREEITIIR

BB S5 S IR
i

Call
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HHER

7 LTASSER ONLINE

S Protein Structure & Function Predictions

(The server completed predictic;rrs' for 200233 proteins submitted by 50153 users from 116 countries)
{The templaie Tiorary was updated on 20147 TT/0G;

I-TASSER server is an on-line platform for protein structure and function predictions. 3D models are built based on multiple-threading alignments by LOMETS and iterative template fragment
assembly simulations; function inslights are derived by maiching the 3D models with BioLiP protein function database. I-TASSER (as Zhang-Server) was ranked as the No 1 server for protein
structure prediction in recent CASP7 . TASP8, CASPY, and CASP1D experiments. It was 3IsS0 ranked as the oestior juncuon prediction in CASPY. The serveris in active development with the goal to
provide the most accurate sfructural and function predictions usm%_ state-of-the-art algorithms. The server is only for non-commercial use. Please report problems and questions at [-TASSER
messaage board and some members will study and answer the questions asap. (== More aboutthe server...)

Download I-TASSER Standalone Package (Version 4.2) «.
[Queue] [Forum] [Download] [Example] [Search! [Reqistration] [About] [Statistics] [Remove] [Potentiall [Decoys] [News]
Copy and paste your sequence here («1,500 residues, in FASTA format):

Or upload the sequence from your local computer:

1. SEEREEIER
(EETIE) FikiE it

S 41 P S
Email: (mandatory, where results will be sentto) 2. I;{tﬁ-ﬁagﬂa

Password: (mandatory, please click here if you do not have a password)
3. EEHRINEEEERFERES%3DIRE!
ID: (optional, your given name of the protein) o ==} L B

» Option I: Assign additional restraints & templates to quide |-TASSER maedeling.

» Option lI: Exclude some templates from |-TASSER template library.

(Run I-TASSER| [Clear form)
(Please submit a new job only after your old job is completed) 76




PyMOL

74 The PyMOL Molecular Graphics System == x|
File Edit Build Movie Display Setting Scene Mouse Wizard Plugin Help
COMPND 2 COMPLEXED WITH XK263 OF DUPONT MERCK 1HVR 4 ;j Reset ] Zoom ] Orient I Draw I Ray
ObjectMolecule: Read secondary structure assignments. -
ObjectMolecule: Read crystal symmetry information. Unpick I Deselect I Rock | Get View
Symmetry: Found 6 symmetry operators.
CmdLo?d: "C:\Users\xuxiaoshu\Desktop\1HVR.pdb” Toaded as "1HWR". 1< I = l Stop I Play I > l =1 I MClear
You clicked /1HVR/1HVR/A/ILE 62/CA =
Selector: selection "sele" defined with 9 atoms. Command I Bulider
Error: you must first pick an atom to replace. Rebuild]Abort
Error: you must first pick an atom to replace.
Error: you must first pick an atom to replace. -
PyMOL> |
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HIV-1 protease

Lo

PDB ID: THVR

[P P .
e G Ve Sy Ropeucn Duibing Tuch Weie beiy
e VU O Y i e
Votwpres fopi e *
Ftrm st -

W e |

L Lgm 14 -
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XK263 | FRE AR B SHERARESE
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PCRIRIE

PCR :

—lL v L

L lop »

Denaturation 94°C

| 1= ] - . - ]
=l . ™ .
- L . & '-lh._ Asah [ 3 -
L L] L] . -
I:%---’:: (Andy Vierstraets 199
dth cyele
wanted gene S— : . :
—_— vl —— Exponential amplification
= { Indewecle
lat eyele - ---m------ e 351h cvcle
template DN A < {'_':
2 ) < i
I copics 4copies B copies 16 copies 2 =34 hillion copics

{Andy Vierstracte 2001)
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- PCR

A. SOE - MUTAGENESIS

wildtype gene

v
. ’
. ’

. ‘.

7Rk

PCH rxn #1 PCH mxn #2

R 1 |
MUTANT FUSION PRODUCT

B. SOE - RECOMBINATION

gene A" gene “B*
[ TRV S0 R I
Pcmmn¢ ‘PGﬂmn’?
AT | [ ]
\ /
[RMSheSi A A
(=x} ]
‘ PCH rxn #3
EET 3G e ] 2

FUSION PRODUCT
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Stratagene Mutagenesis Kit Selection Guide

1. Mutant Strand Synthesis
Perform thermal cycling 0.
« Denature DNA tesnplale
« Anneal mistagenic pramers
contaning desired mutation

» Extend and ncorporate primers
with Afulita™ DNA polymerase

2. Opn | Digestion of Template

Digest parental methyiated and
A' with Dpa |

hemimethylated DN

3. Transformation

Transform mutatad molecule

APPLICATION

Random mutagenesis for large fragments

Targeted random mutagenesis on entire protein or
small protein domains coupled with an easy cloning
method

Highest fidelity site-directed mutagenesis

Far large plasmids; highest fidelity and
efficient site-directed mutagenesis

High efficiency, complex multi-site mutagenesis

nto competent calls for nick repas

PRODUCT

GeneMaorph® 1| Kit

GeneMaorph® Il EZ Clone Kit

QuikChange® Il Kit

QuikChange® || XL Kit

QuikChange® Multi Kit

ADVANTAGES

+ Balanced mutational spectrum
+ Easily adjust mutation frequency
+ Robust ampilification up to 6 kb

+ Balanced mutational spectrum

+ Robust amplification and randomization of sequences up to 3.5 kb

+ Eliminates difficult restriction cloning
Easily adjust mutation frequency

+

+

Greater than 80% efficiency
Non-PCR strategy minimizes errors
Single day protocol saves time
Eliminates difficult restriction cloning

+

+

+

+

Oplimized reagents for large construcis > 8Bkb
Non-PCR method minimizes errors

Eliminates difficult restriction cloning

Single day protocol saves time

+

+

+

+

Save time Introducing multiple mutations
Perform saturation mutagenesis

+ Eliminates difficult restriction cloning

+ Single day protocol saves time

+
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NEW
DESIGNED AMINO ACID SYNTHETIC
PROTEIN SEQUENCE GENE
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https://www.ipd.uw.edu/research/basic-areas/
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Mkigit
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De novo minibinders target SARS- Selective ion channels designed Introducing Co-LOCKR: designed
CoV-2 Spike protein from scratch protein logic for cell targeting
SEPTEMBER 9, 2020 AUGUST 31, 2020 AUGUST 20, 2020

De novo nanoparticles as vaccine Rosetta’s role in fighting De novo design of protein logic

scaffolds coronavirus gates
87
AUGUST 5, 2020 APRIL 18, 2020 APRIL 2, 2020
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=SB RZES AT X
DNARERES R S

- KigH&E#FR X 10-1°-10-8
* Replicase 1.03 X 10
* Vent(exo") 1.9 X 104
+ Taq 2.0-21 X 10
* KlenTaq 5.1 X 10
* Vent 2.4-5.7 X 103
* Pfu, PfuTurbo 1.6 X 106

5%¥aPCR error-prone PCR (= PCR with many errors/mutations)

« TERYIDNARSES  e.g. Taq, Mutazyme
o IR e.g. Mn2+ (V& Mg2+, ifIR4MdNTPHEYTIRE

91



(FARRHENRE

LAKIZHTEXL -RedfESEEEHIEE

XL1-Blue strain: recA7 endAT qyrA96 thi-1 hsdR17
supE44 relA7 lac [F' proAB lacle ZAM15 Tn10 (Tet")]
IEEER

XL1-Red strain: endA7T qyrA96 thi-1 hsdR17 supE44
relA71 lac mutD5 mutS mutT Tn10 (Tet")

DNA{ZSFRE
s-qmanmmmgacw
CLONE # CHANGE(S) OBSERVED
1 1-bp insenion ai bass 182
£ G- A wan&mon a1 base 148
3 nane
4 none
2 S —— Mutants of the £ furiousus Alkaline
7 T - C ranswon @ tase 223 Phosphatase Gene: Morphology of clones on
8 G- Avancmon a1 bese 103 LB plates containing BCIP indictor substrate.
> pos A: Parent Pfu alkaline phosphatase clone.
Prasied PGCIO, B: Pfu5. C:Pfu5-1. D:Pfu5-2.
, WaS 1or
s oo B o et
T8 Segon s soqanchs i IEFEI e Kb RETMEEREE
92

Greener, A. and Callahan, M. (1994), Strategies. 7: 32-34



Random Mutagenesis kit

EZClone Reaction

+
EA--:-N. T+=N B(J"-‘N. =N

Mutated PCR products serve as megaprimers
that are denatured and annealed to the original
donor plasmid and extended in the EZClene reaction
using a speciclized high fidelity enzyme mix

EZClone restniction enzyme Dpn | digests
unmutated doner plasmid DNA

l

Mutant Megaprimer Synthesis &
= 70

o0
50
40
10 1
20

'l 1o

L 0

Purify target fragment containing mutafions (X}

Amplify gene or gene fragment using
Mutazyme®“il DNA Polymerase

Percent Value

GeneMorph' Il GeneMorphy | Tag
Polymerase
(error prone)

Plasmids with mutations in targeted gene or gene fragment
are transformed into competent E. coli cells

b
Gt
1

0.1 -1.6% /PCR, H5F1 - 16 NMEERE/EE
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1Z AT

GeneArt® Site-Saturation Mutagenesis e
Custom Service Requirements Form chnologie:

Please send the completed form as well as any questions to _GeneAnSuppon@lifetech.com

Once we have received the necessary project information, we will follow up

with a quote of

price and turnaround time.

Customer Information

Name

Institution
Address

1. Permutations and strain

1.1 Mame ofthe sequence

1.2 ORF length

1.3 35M type (A16, M16; 18; Pool of one position, Pool of all
positions)

1.4 Complete sequence: (Please paste in the complete sequence of the mastergene and mark the codon (2 bp) where counting of permutated positions should start).

1.5 Number of deqg. Positions (per project)

1.6.1 Organism

1.6.2 Strain

1.7 Mastergene (template) customer provided no

Synthesised de novo
(designed by GeneArt® for thiz yes  Gene Mo

Codon usage table
L project]



ERRtIESEFINHEERESEEDMEIKEKRATE

In (specific activity)

10

wild type in water 12 amino acid
| — substitutions

- /

/ sequential random
~ mutagenesis
4 amino acid / (6 generations)

substitutions
L

f

random mutagenesis
and recombination

by site-directed mutagenesis)

— id type in 60% DMF

extent of mutation

]

Chen and Arnold. PNAS 1993
You and Arnold. Protein Eng 1996

Frances H. Arnold
2018 15 /R FIZ
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Ancestral gene

Natural evolution (primarily neutral)

/ I N S s 100's of millions of years
/ | N I
/ N
| \ \pttl&'.\—l
/
/ \
¥ species 2

l DNA shuffling

—] P
- - - -]
= = pm—
chimeric genes
j—— S}
[———————y R3
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Error-prone PCR

| Pcr

l DNasel
I N

I

library 1 screen and select

DNA shuffling

Homo-duplex formation

d |
59
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DNA Shuffling
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DNA Shuffling — B-lactamase case

B-Lactamase
: hydrolysis of beta-lactam antibiotics TEM-1 W.T.

l MIC = 0.02 ug/ml

Ampicillin shuffling - 3 cycle
Cefotaxime l X 16.000

periplasm

&

p-lactamase

Back cross over - 2 cycle

l X 32,000
MIC = 640 ug/ml

degrad

( Stemmer, W.P.C. Nature 1994 370:389-391)
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ERHCT AL

Wild-type

Handom mutagenesis
and screening

Sequential
random mutagenesis

Handom
i mutagenasis

- »—

seful mutations accumulate

sacuantially

-Mary usaful mutations

are thrown away

-Deletenous mutations lingar

Sexual recombination

X

X

Pairwiss
recombination

il il

-lseful mutations are combined
-Deletenous mutations are lost
-Progeny can have no more than

two parents

DNA shuffling

—X

. Y
X A

Poolwise
recombination

—

— -_
—il ol e
o i ik —

-Many usaful mutations are
combined in a single cross
-Deletenous mutations are lost

-Progeny can have many parents

104
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R E ShufflingF1ZEE ShufflingIR1SAY5EIE

Single sequence shuffling

Sequence family shuffling

e * 0
o
o ©° o
o ° o o o
[+ o = o ° [+
@ © o
% o o o‘° o2 oo
) o°°°°° ° o
o o ° o o o
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o oo %0 © © o o
° © 0 0 4 °
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Sequence space

Sequence space
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DNA Family shuftling

Parental Random Denaturization Annealing Extention Final Library
Sequences Fragmentation

e u!“
A

Repeated Cycles of Primerless PCR crossover
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EMHCHERIIE

Single gene Multiple genes

DNA shuffling DNA family shuffling
== + + Repeated
+ + ' as needed

Expression and screen

+
+
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Comparison of single sequence shuffling versus sequence family shuffling

a Cephalosporinase Genes
Citrobactar freunadii
Kliebsiglla pneumoniae
Enterobacter cloacae
Yersinia enterocolitica
Single gene Multi-gene
shuffling shuffling
uynt mutants Library of chimaeras
- jSca—— Tt
Plate on Moxalactam e ————
DRI LN (ol B — =
8-fold increased resistance S —
- - - | St o=
8-fold increased resistance -
T A D R W =, I @ 909090909090
B0id Incresssd resistance I e
JS=SE S SIS LSRR FE e
8-fold increased resistance — S——

Plate on Moxalactam

Select best mutant:

270-54040ld increased resistance

QERA PGMVAVLBSGKAHYFNYGVAIRESGQRV.SEQTLFEEGSVSKTLTATLGAY
51

AAVKGGFEUDKVSQOMPHLKGSAFDGVMELATY&GGLPL@EVT_L LREYQNWQL !
1

141 143 148 150 163

LGWEMLNWENEANTVWEGSOSKYALAPEPYAEVNEPAPPVIRASIHVEK TGS TGGFGSYVAFVPARGTATVMLANRNYPTEARVKAAWRTLEKEQ: 1o
208 334 349 367 374 381



Staggered Extension Process(StEP)

DNA DNA
- ]
]
Denaturation 1 Annealing Extension
- ]
I I
Denaturation 1 Annealing Extension
- ]
| I BN B
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DNA shuftling - efficiency depends on homology

Homo-duplex formation

3 FEENENRE ek
3 S’ 3’ S’

3
Cheer
4
3 5°
Resembles synthesis of

synthetic gene
(Directed Mutagenesis)

59
39

Hetero-duplex formation

b ven
— :
59

Resembles synthesis of

gene fusions
(Directed Mutagenesis)
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Incremental Truncation for the Creation of HYbrid enzymes (ITCHY)

Gene A
Gene B
v
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i DE. coli
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Sequence Homology-Independent Protein Recombination (SHIPREC)

i

1A2

VX nvb"d q@

w -
% or hybnd ¥

1\)\(?‘(

NATFIREE AABEZEPAS0F0A]
BB PAS 0T sk M 4T =& Haia AR 4E,

BREEEENS S 2B EEEhEE

[

S, TmsR2NMEHEFRLAEELA
P4505R9P4504+ 5.
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LIV - LR IELLER

error-prone PCR
2-6 nucleotide mutations / DNA molecule
1-3 amino acid substitutions / protein molecule

DNA shuftling

high homology at DNA level (> 60% 1dentity)

- fragmentation by DNase (multiple recombination)
- restriction enzymes (multiple recombination)

low homology at DNA level
- domain swapping (single-site recombination; ITCHY)
- shuffling of “‘synthetic genes” (multiple recombination)
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screeningfp 1%t selectioniZ&F
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a
starting library
competent
e OO
R COD
transform
transiate
/7 GeD N\
conventional
DOD (~days) f‘ )
mutate, /
amplify -
- & =

discard cells

AETFRRANFERAANRSE, &
BRI THE

b

continuous starting gene or libra
inflow of host 99 4
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4 translate
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mutate, @
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—— S~ select
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PACE
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Kevin M. Esvelt ,et al.2011
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XL1-Blue strain: recA7 endAT qyrA96 thi-1 hsdR17
supE44 relA7 lac [F' proAB laclh ZAM15 Tn 10 (Tet")]
IEEEE

XL1-Red strain: endA7T qyrA96 thi-1 hsdR17 supE44
relA71 lac mutD5 mutS mutT Tn10 (Tet")

DN A{I%Eﬂl}ﬁ Greener, A. and Callahan, M. (1994), Strategies. 7: 32-34

a

O Uninduced l—ﬁ Noe MP M Froofreading [ Translesion synthesis H Mismatch repair [ Base excision O Base selection
| Ihduced P

FAD
dnaQoze D’ wnuc recd r30

l—# MP1
'_*r MP2
_ MP3
n—* MP4
H*_ MP5

MP&
1E-5 1E-6 1E-7 1E-8 1E-9 1E-10 1E-11 1E-12

Hyp (Per bp per generation)

|

T dnaQe26

BAD
einaQle26 dam

X haQore da segA

' BAD l . l l

r B
dralls26 da [=1} cdai

EAL
dnacloze da segi el cdal

AAAAAA

b

—t [ XL1-Blue F’ Tn10(Tet") proAB+ lacl? A(lacZ)M15/endA 1 gyrA9E thi-1 relA1 lac ginV44 recA1 hsdR 17 -
S |1 -Rod  F~ Tn10(Tet") endA1 gyrA96 thi-1 relA1 lac ginV44 hsdR17 mutS mutT mutDs A-

iE-5 1E-6 1E-7 1E-&8 1E-8 1E-10 1E-11 1E-12
Hyp (Per bp per generation)

Liu D* et al. Nature Commun 2015 118



https://www.nature.com/articles/ncomms9425

Phage-Assisted continuous evolution (PACE)

Constant inflow Constant outflow
Pol merases DNA-binding protein Protein solubili
from chemostat to waste y o 9p B
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| productlon and phage propagation I
|
|
|
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: 1
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i
: b, |
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Liu D* et al. Nature Protocols 2020
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MP: Mutagenesis Plasmid
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SP: Selection Plasmid Kevin M. Esvelt ,et al.2011



PACEIRBIT3EEIFAIT7 RNARSES

Time (h) O 24 B 120 144 168 192

Hybrid promoter T3 promoter T3 promoter
high-copy AP high-copy AP very low-copy AP
- o— 1M .L4.M IAM .I.4M 14 4M léM
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EG3V EG3V EBG3V EG3V EG3V E63V
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£222K £222K £222K E222K 222K E222K £222K
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£2483 £2483 £2483
E484A E484A E484A E484A E484A E484A E484A
G242V G242V G242V G242V G242V Go42V G042V
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V574A V574A V574A  V574A  V574A V574A
G675R G675R G675R  G675R 2 GBI5R  G675R
18810 1881l 16810
L6939 L5991
N748D N748D  N748D = N748D
N748D N748D  N748D = N748D
E775K E775K E775K E775K E775K E775K

: 121
Kevin M. Esvelt., et al. Nature. 2011 EB7TK EB7TK EBTIK



FRISERTIRERFA—T/RNARSES + IRIEIEAR =S

on-target mutation = # MutaT7 terminators

off-target mutation = x rApo1 T7pol T7 promoter target gene jtjt

target gene
DNA .Ee

untargeted mutagen i targeted mutagen dC deamination = # -
YVVYYYVVY XYY 3
i NH, 0 2
| 2
: %
S | ———— o
global mutagenesis E targeted mutagenesis dC du

(a) Schematic illustrating global versus targeted mutagenesis. (b) MutaT7 construct and the targeted mutagenesis cycle.

DOI: (10.1021/jacs.8b04001)



Orthogonal DNA replication system (OrthoRep)
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S. cerevisiae

DNAPs: DNA polymerases
TP: Terminal Protein

Arjun Ravikumar., et al. Cell. 201823
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KITERIAZEIEREE (FAMR)

v it pET245LpET28 (MIRES4EL) SBL21(DE3)
v TBIZEFE3I7°4£ZF1-1.50D, 18 °CEK1/MHZEI30D , 0.5mM IPTGiES19/M/BJZEO0DX10

©  ERAEERRERGEE>

1. BEREE15C

2. MMEFEANYTHZYPS052(BES), BMPAEE

3. EENIHFL/RCH2-10 M EEEAE

4. SMBPEREAMEARMAREA

5. WEREESHFMHE. HRED FHE/NFFRRESIRME

Graslund et al 2008 Nature Methods 121
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