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What is protein engineering?

» Proteins are molecular devices, in the nanometer scale, where biological function is
exerted.

Proteins are the building blocks of all cells.

Nature has sampled only ~1012 different possible proteins, while a 100 amino acid
protein has 2019 potential sequence variations.

» protein engineering is to identify specific changes in the amino acid sequence and to
alter such sequence for desired functional properties.

» construction of new proteins or enzymes with novel or desired functions, through the
modification of amino acid sequences using recombinant DNA technology.

» The sizes and three dimensional conformations of protein molecules are also
manipulated by protein engineering.
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Abstract

Hyperuncemia results from an imbalance between the rates of production and excretion of ure acid. Longstanding hyperuricemia can lead to
gout, which is characterized by the depositon of monosodium urate monohydrate crystals in the joints and periarticular structures, Because such
deposits are resolved very slowly by lowering plasma urate with available drugs or other measures, the symptoms of gout may become chronic.
Persistent hyperuncemia may also merease the risk of renal and cardiovascular diseases, Unlike most mammals, humans lack the enzyme uricase
(urate oxidase) that catalyzes the oxidation of uric acid to a more soluble product. This review describes the development of a poly(cthylene
glycol) (PEG) conjugate of recombinant porcine-like uricase with which a substantial and persistent reduction of plasma urate concentradons has
been demonstrated in a Phase 2 climical tnal. Two ongoing Phase 3 clinical mals include systematic assessments of gout symptoms, tophus
resolution and quality of life, in addition to the pnmary endpomt of reduced plasma umate concentration.
€ 2007 Ekevier B.V. All rights reserved.

Kevwonds: Poly(ethylene glyveol), Urate oxidase; Therapeutic enzyme; Gout; Hyperuricemia
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Uricase

Optimise uricase as gout treatment
Uricase 10kDa

Poly-ethylene glycol
Increase serum half-life
Attached PEG polymers Allantoin
— Lysine coupling
*  Optimised PEG number and length
— Maximise improvements
— Avoid destabilisation or activity reduction
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* Optimal PEG number and length
— 10kDA polymers
— 9 polymers per subunit of the tetramer
» 1000x reduced antigenicity
— Also improved solubility at neutral pH
— Also increased serum half-life
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Oral Treatment With an Engineered
Uricase, ALLN-346, Reduces

Hyperuricemia, and Uricosuria in
Urate Oxidase-Deficient Mice

Kateryna Fierzynowsha '+, Aditi Deshpande”, Nadiia Mosichuk®, Robert Terkeftauh®,
Pauling Szczurek ', Eduardo Salido®, Stefan Pierzyrowski*2? and Danica Grujic **
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Limitations in efficacy and/or toleranca of cumantly available urate-lowearing tharapies
{ULTs), such as oral xanthine oxidase inhibitors, uricosurics, and intravencus unicase
apganis confribute to the development of refractory gout. Renal excration is the major
route of unc acid elimination, but the intestinal tract plays an increasingly recognized
role in urate homecstasis, particularly in chronic kidney disease (CKD) in which the renal
alimination of urate is impaired. We targeted intestinal degradation of urate in wwo with
ALLN-346, an orally administared, enginsared urate oxidase, optimized for protechytic
stability, and activity in the gut. We tested ALL N-346 in uricasa/urate cxidase daficiant
mice [URKID mice) with severs hyparunicemia, hyperuricosuria, and unc acid crystaline
cbstructive nephropathy. A total of 55 male and female URKD mice were used in the
twio consecutive studies. These seminal, proof-of-concept studies aimed o explore
boih shori- (F-day) and long-term (19-day) efiects of ALLN-346 on the reduction of
plasma and urine urate. In both the 7- and 19-day studies, ALLN-346 oral therapy
rasulied in the normalization of urine wric acid excretion and a significant reduction of
hyperuricemia by 44 and 28% when therapy was given with food over 245 or was
limited for wp o & h, respectivaly. Fractional excretion of uric acid (FELIA) was nomalized
with ALLMN-34& therapy. Oral enzyme therapy with engineerad urate cadase (ALLN-34E)
dasigned to degrada urate in the intestinal tract has the pofential to reduce hyperuricemia
and the renal burden of filtered urate in patients with hyperuricemia and gout with and
without CKDO.

Koywords: gout, CKD, wrolithings, urate-lowenng therapy, ABCG2
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Fusion proteins

Creation — CEE :>
Remove stop codon of first gene —

Gene 2

Ligate genes together in frame
Include linker codons

Aims — 1

. . Gene 1 Linker
Combine the properties of the components

E.g. Addition of antibody Fc fragment to proteins increases their serum half-life
Co-localise the components

E.g. Set of enzymes that work in a reaction pathway

Considerations

Linker length and flexibility

Ability for proteins rotate relative to each other

Distance between protein components

Protease resilience

Ability for domains to fold
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Fusion proteins
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Research Article
Computational Design of a DNA- and Fc-Binding Fusion Protein
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Copyright © 2011 Jonas Winkler et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Computational design of novel proteins with well-defined functions is an ongoing topic in computational biology. In this work, we
generated and optimized a new synthetic fusion protein using an evolutionary approach. The optimization was guided by directed
evolution based on hydrophobicity scores, molecular weight, and secondary structure predictions. Several methods were used to
refine the models built from the resulting sequences. We have successfully combined two unrelated naturally occurring binding
sites, the immunoglobin Fc-binding site of the Z domain and the DNA-binding motif of MyoD bHLH, into a novel stable protein.
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Rational affinity maturation of anti-amyloid antibodies with
high conformational and sequence specificity

Received for publication, June 18, 2020, and in revised form, February 5, 2021 Published, Papers in Press, March 4, 2021,
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Edited by Paul Fraser

The aggregation of amyloidogenic polypeptides is strongly
linked to several neurodegenerative disorders, including Alz-
heimer’s and Parkinson’s diseases. Conformational antibodies
that selectively recognize protein aggregates are leading ther-
apeutic agents for selectively neutralizing toxic aggregates,
diagnostic and imaging agents for detecting disease, and
biomedical reagents for elucidating disease mechanisms.
Despite their importance, it is challenging to generate high-
quality conformational antibodies in a systematic and site-
specific manner due to the properties of protein aggregates
(hydrophobic, multivalent, and heterogeneous) and limitations
of immunization (uncontrolled antigen presentation and
immunodominant epitopes). Toward addressing these chal-
lenges, we have developed a systematic directed evolution
procedure for affinity maturing antibodies against Alzheimer's
AP fibrils and selecting variants with strict conformational and

ladan mafakher

Of the many human disorders facing our society today,
neurodegenerative diseases such as Alzheimer’s and Parkin-
son's diseases are arguably the most menacing and least
treatable (1, 2). These diseases — which are linked to the for-
mation of toxic prefibrillar oligomers and amyloid fibrils - are
particularly concerning because their frequency of occurrence
is linked to age and, thus, the number of cases is expected to
increase as life expectancy increases in the coming years due to
significant advances in treating other human disorders such as
cancer and heart diseases.

Conformational antibodies specific for different conformers
of amyloid-forming proteins are important for detecting, dis-
rupting, and reversing toxic protein aggregation (3, 4). Several
previous reports have demonstrated creative methods for using
immunization (4-12), autoantibody screening (5, 13-22),
directed evolution (23-26), and rational design methods
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Affinity maturation
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Machinelearning-aided engineering of
hydrolases for PET depolymerization

https://doi.org/101038/s41586-022-04599-z
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Plastic waste poses an ecological challenge' and enzymatic degradation offers one,
potentially green and scalable, route for polyesters waste recycling®. Poly(ethylene
terephthalate) (PET) accounts for 12% of global solid waste®, and a circular carbon
economy for PET is theoretically attainable through rapid enzymatic
depolymerization followed by repolymerization or conversion/valorization into
other products® '°. Application of PET hydrolases, however, has been hampered by
their lack of robustness to pH and temperature ranges, slow reaction rates and
inability to directly use untreated postconsumer plastics'. Here, we use a
structure-based, machine learning algorithm to engineer a robust and active PET
hydrolase. Our mutant and scaffold combination (FAST-PETase: functional, active,
stable and tolerant PETase) contains five mutations compared to wild-type PETase
(N233K/R224Q/S121E from prediction and D186H/R280A from scaffold) and shows
superior PET-hydrolytic activity relative to both wild-type and engineered
alternatives” between 30 and 50 °C and a range of pH levels. We demonstrate that
untreated, postconsumer-PET from S1different thermoformed products canall be
almost completely degraded by FAST-PETase in 1 week. FAST-PETase can also
depolymerize untreated, amorphous portions of a commercial water bottle and an
entire thermally pretreated water bottle at 50 °C. Finally, we demonstrate a
closed-loop PET recycling process by using FAST-PETase and resynthesizing PET from
the recovered monomers. Collectively, our results demonstrate a viable route for
enzymatic plastic recycling at the industrial scale.
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A. Directed evolution B. Rational design C. Semi-rational design

A prioni structural and mechanistic Combination uses directed evolution
information of the protein is required to create random diversity

Wild-type parent gene
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Required Data about structure Not required
and mechanism
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Advantage of rational protein
engineering
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Workflow of computational protein
engineering

e In silico analysis and design

e Gene library construct

e Protein display/expression

e High throughput screening/selection

e Validation and characterization

 Selection the most potential protein

€C€C€CECL
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Steps of rational protein engineering
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al assay

Undesired
properties

7)Molecular
Dynamics
simulation

(Gromacs )

1)Retrieve
protein
Sequence(Unipr
ot, NCBI)

2)Protein
Structure

finding

3)Defined
binding site
or catalytic
site

Homology
modeling
(swissmodel, |-
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6)Molecular docking
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4)Mutational
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epidermal growth factor receptor isoform a precursor [Homo sapiens]

NCBI Reference Sequence: NP_005219.2
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>NP_005219.2 epidermal growth factor receptor isoform a precursor [Homo sapiens]
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Crystal Structure of EGFR
T790M mutant in complex
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See all 151 structures...
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UniProtKB results
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'ﬁ Reviewed (Swiss-Prot) - Manually annotated
Records with information extracted from literature and curator-evaluated computational analysis.

h Unreviewed (TrEMBL) - Computationally analyzed
Records that await full manual annotation.

The UniProt Knowledgebase (UniProtB) is the central hub for the collection of functional information on
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citation information), as much annotation information as possible is added.
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A Structural View of Biology

This resource is powered by the Protein Data Bank archive-information about the
3D shapes of proteins, nucleic acids, and complex assemblies that helps
students and researchers understand all aspects of biomedicine and agriculture,
from protein synthesis to health and disease

As a member of the wwPDB, the RCSB PDB curates and annotates PDB data

The RCSB PDB builds upon the data by creating tools and resources for
research and education in molecular biology, structural biology, computational
biology, and beyond.
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File Select Actions Presets Tools Favorites Help

File Edit Build Movie Display GSetting Scene Mouse Wizard Plugin Help

_ File "C:\Program Files (x86)‘DeLano Scientific)PyMOL/modules’pmg_tkPMGApPpP.py", 1 ﬂ Reset | Zoom | Orient | Draw | Ray
ine 222, in initializePlugins = =
__builtin_._import__(mod_nama) Unpick | Deselect | Rock | Get View
ntaxError: future feature print_function is not defined (FindSurfaceResidues.

%ne Y B ( BY |< | < | Stop | Flay | = | =| | MClear

Error: unable to initialize plugin 'findsurfaceResidues'. i
vou clicked /complex-alpha-ketoglutaric_acid//B/ASP  411,/CA e | By
T‘

selector: selection “sele" defined with 9 atoms. A
yYou clicked /complex-alpha-ketoglutaric_acid//B/TRP 552/CA
Selector: selection "sele" defined with 25 atoms.

15| PyMOL Viewer

noonly.,
i.com,
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https://pymol.org/2/
https://pymol.org/2/
https://pymol.org/2/

Homology modeling
swiss model(https://swissmodel.expasy.org/
|-tasser(https://zhanggroup.org/I-TASSER/

B P'DZE"TRU“ SW'SS_MODEL Modelling Repository Tools Documentation Login Create Account

iy ol Baanl.
The Erala for Melaeuter Uie Sesnces

Start a New Modelling Project @

Target Sequence(s). Paste your target sequence(s) or UniProtEB AC here Supported Inputs @
(Formst must be FASTA,
Ciustsl, Sequence(s) =
plain string, or & valid
UniProtks AC) Target-Template Alignment  «
y User Template -
S i =

= Upload Target Sequence File. & validate Desp\iew Project .

Project Title:

Untitled Project

Online Services E_ =
Email: -7
i . I-TASSER
&
o |-TASSER-MTD =
Search For Templates Build Model ==
C-I-TASSER (The server completed predictions for 631935 proteins submitted by 168453 users from 160 countries)
By using the SWISS-MODEL server, you agree to comply with the following ferms of use and to cite the corresponding arficles. CR-I-TASSER (The template library was updated on 2022/06/14)
QUARK I-TASSER (lterative Threading ASSEmbly Refinement) is a hierarchical approach to protein structure prediction and structure-based function annotation. It first identifies structural
You are currently not logged in - to take advantage of the workspace, please log in or create an account C-QUARK templates from the PDB by multiple threading approach LOMETS, with full-length atomic medels constructed by iterative template-based fragment assembly simulations. Function
5 insights of the target are then derived by re-threading the 3D models through protein function database BioLiP. I-TASSER (as 'Zhang-Server’) was ranked as the No 1 server for protein
(There is no requirement fo create an account fo use any part of SWISS-MODEL, however you will gain the benefit of seeing a list of your previous modelling projects here.) LOMETS - ) B . . .
structure prediction in recent community-wide CASP7, CASPS, CASPS, CASP10, CASP11, CASP12, CASP13, and CASP14 experiments. It was also ranked the best for function
L prediction in CASPS. The server is in active development with the goal to provide the most accurate protein structure and function predictions using state-of-the-art algorithms. The
CEthreader server is only for non-commercial use. Please report problems and questions at |-TASSER message board and our developers will study and answer the questions accordingly. (>=
SEGMER More about the server ...)
DeepFold LTASSER-MTD: An | TASSER platform to predict multi domain (MTD) protein structure and function New
DeepFoldRNA
Queue] [Forum] [Download] [Search] [Registration] [Statistics] [Remove] [Potential] [Decoys] [News] [Annotation] [About] [FAQ
FoldDesign
COFACTOR
I-TASSER On-line Server (View an example of . TASSER output):
COACH
MetaGo Copy and paste your sequence within [10, 1500] residues in FASTA format. Click here for a sample input:
TripletGO
lonCom
FG-MD
ModRefiner
REMO ]

ladan mafakher 6/22/2022




(a)

(b)
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CSTPAGNDEQHRKMTILVYFYW
CSTPAGNDTEQHRKMTILVYFYW

Functionally Identical or Related Enzymes (property A proteins)

Sequence-related Proteins (~A proteins)

Target sequence

Mutational strategy
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https://web.expasy.org/protparam/

E)(paSyJ ProtParam Home | Contact

ProtParam tool

tps:

ProtParam (References / Doecumentation) is a fool which allows the computation of various physical and chemical parameters for a given protein stored in Swiss-Prot or TTEMBL or for a
user entered protein sequence. The computed parameters include the molecular weight, theoretical pl, amino acid composition, atomic composition, extinction coefficient, estimated half-
life, instability index, aliphatic index and grand average of hydropathicity (GRAVY) (Disclaimer).

Please note that you may only fill out one of the following fields at a time

Enter a Swiss-Prot/TrEMBL accession number (AC) (for example P05130) or a sequence identifier (ID) (for example KPC1_DROME):

Or you can paste your own amino acid sequence (in one-letter code) in the box below:

RESET

AGGRESCAN

The Hot Spot Finder References

ion of "hot spots" of aggregation in polypeptides

Enter the peptide sequences

ladan mafakher

http://bioinf.uab.es/aggrescan/

/ / protein-sol.manchester.ac.uk/

>Warwicker and Curtis Groups

Protein-Sol

Sequence

Patches Software

Heatmap Abpred pka phosIDP

Sequence Prediction

The protein-sol software will take a single amino acid sequence and return the result of a set of solubility prediction calculations, compared to a solubility database:

Please enter a single sequence of single letter amino acid codes in the FASTA format
For example

[VARLMAMNEHCGKPLNDTRLLALMGELEG
PYRERLLEGFROARCAVAEIGAVASGISGSGE

Submit protein sequence

6/22/2022



Login  SignUp  Papers Help  Contact

ClusPro

Welcome to Cluspro 2.0

Recent news: ClusPro server featured on the cover of February 2017 issue of Nature Protocols

Use Without an Account

Use the server without the benefits of your own account

-0f--

Login

Username: ‘elrismani

Password: [........

Login

ladan mafakher

Create Account

First Name: [

Last Name: |

Username: [

Examples: JSmith, John Smith
Affiliation: |

Example: Boston University

Email: |

Your email must be an educational or government address. Your password
will be sent to this address (you can change this password after you've logged
in).

Word Verification: ]

Type the characters seen
in the picture

[ ] I agree to use ClusPro only for noncommercial purposes.

Create Account

Already Have an Account?
Login

6/22/2022



Molecular docking Cluspro

v Advanced Options

Dock
Job Name: | v Attraction and Repulsion
Server:  cpu ¥ ter attraction and repulsion of residues as whitespace separated "chain-residue” entries.

eg. a-23 a-25 a-26 a-27
Accepted PDB Input:

20 standard amino acids and RNA (as receptor only), ref: RNA Select Heparin Mode to — .
use Heparin as Ligand. traction: Attraction:

PDB ID: PDB ID:

Upload PDB Upload PDB
Chains: | Chains: pulsion: Repulsion:

Whitespace separate desired chains. Leave chains blank to use all chains.

» Advanced Options

 Dock Use PDB Masking File

Use PDB Masking File
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Dock Peptide Docking Dimer Classification m Results Preferences Papers Help Contact

gt

sign out

Running Jobs

Id Name User

250015 MAPK14_Pallab pallab {in queue on supercomputer

ClusPro should only be used for noncommercial purposes.
ABC Group and Structural Bioinformatics Lab
Boston University and Stony Brook University
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Molecular docking Cluspro

< View Models >
< View Model Scores >

Download all Models for all Coefficients Balanced | Electrostatic-favored | Hydrophobic-favored | VdW+Elec
Balanced | Electrostatic-favored | Hydrophobic-favored | VdW+Elec Download Model Scores for this Coefficient

Display Models: |5 v | < Coefficient Weights))

Download Displayed Models

See Kozakov ef. al. in Papers for a description of these terms

If you use these models in a paper, please cite our papers E — 0.40E + 0.40E + GOOEM + 1.00E
= U. rep —J. att - DARS

Cluster Scores

(@]
|=

We strongly encourage you to read the FAQ related to these scores before using them.

Cluster | Members | Representative | Weighted Score
0 433 Center -847.2
Lowest Energy -956.6
1 322 Center 8533
Lowest Energy -959.0
2 140 Center -8422
Lowest Energy -915.7
3 53 Center -8447

|
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Activities [ Toplevel ~ Sat 11:59 PM
AutoDockTools

File 3D Graphics Edit Select Display Color Compute Hydrogen Bonds Grid3D Help
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EMBL-EBI

LIGPLOT v.4.5.3 - Program for automatically plotting protein-ligand

LigPLOT

/LIGPLOT

Services Research Training = About us _

interactions

®= Home
= Manual
= Reference

= FAQ

Click to en/arge

Groups > Thomton > Software > LIGPLOT

Written by And and Roman L

of protein-ligand interactions for a given PDB file. (Click on the example on the left).

The interactions shown are those mediated by hydrogen bonds and by hydrophobic contacts. Hydrogen bonds are indicated by dashed lines

LIGPLOT

the atoms

contacts are represented by an arc with spokes radiating towards the ligand atoms they contact. The contacted atoms are shown with spokes radiating back.

Availability

|'|__4|}= LIGPLOT has now been superseded by a new, GUI-based version called LigPlot*, which has a number of novel features, i

information.

while hy

ion of related plots. Please see for more

https://www.ebi.ac.uk/thorntonsrv/software
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Molecular dynamics simulation
Gromacs(https://www.gromacs.org/)
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Workflow of computational protein
engineering

e In silico analysis and design

e Gene library construct

e Protein display/expression

e High throughput screening/selection

e Validation and characterization

 Selection the most potential protein

€C€C€CECL
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