Proteine ricombinanti per studl
strutturali:
espressione, purificazione e
ottimizzazione



Espressione/purificazione di proteine ricombinanti per studi strutturali
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Espressione di proteine ricombinanti per studi struttural
Design del costrutto

Analisi bioinformatica e Metodi sperimentali
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Design del costrutto

1)

Analisi bioinformatica: A) disorderprediction:

FOLDINDEXttps://fold.weizmann.ac.il/fldbin/findex
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Design del costrutto

Analisi bioinformatica: A) disorderprediction:

2

2) GLOBPLOTttp://globplot.embl.de/ ‘ BRussell/Linding

15 BDeleage/Roux

PROPENSIONE al disordine di ogni aa "

t I w/ bt {{ ‘
RC random coil (loops, turns) _
SS strutture secondarie regolari 0

K
0.5 RQEYFMWAL

Vo

Calcolata su un insieme non ridondante di proteine
da ciascun rappresentante da ciascuna superfamiglia

nel databaseSCORStructuralClassificatiorof Proteing:
2020-:09-25 include59,801domini nonredondantiin 682,669strutture.



http://globplot.embl.de/
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Design del costrutto

Analisi bioinformatica: A) disorderprediction:

3) https://iupred2a.elte.hu/

AGAYlF f QSYSNHA I

long disorder

G201 tS RA AYUSNYT A2yS (NI
(IPOTESI: sequenze disordinate non formano sufficienti interazioni stabilizzanti fra residui)

— ANCHOR2 — IUPred2

Nurber of globular domains: 2
globular domain 1.
globular domain 2.
hupsepseav rdwendgleas MHEVLIDLHE
SGDITEVSAL GEEALPSWLH WDSQSHTLEG
SVFSIEVYPE DHIELOQSVET AZFDFGEVVS
LLHREMESFSE VELHWNMELWF VWHNMNELFDMS
SVFDIHGVEL PAREGALMsac lgvpvwgwhi
algeppsriv ptptsSpalap ptetmappwvr
wseadgttvpy dgirptwtipg yweptawatp
tkkprtprpv prvtbtkvslt rletaspptr
VGETYFEVEIP SDTFYDHEDT TTDELELTLE
VGEHEYFMHAL TDEGCGLSAVD AFEIHVHERFP
VEELAFAFGD EMCSTITLON ITHg

21-2Z57
450-623

AVPTVVGIPD
LPLDTDEGVH
SACLADEPVT
AFMAGPGMAE
ankkpplpkr
dpwvpgkptvt
pttttkkprv
irtttsgvpr
LEEQQLVGEE
QGDRAPARFE

short disorder

— ANCHOR2 — IUPred2

structureddomains

GTAVVGESFR
TISVIATELG
VLTWVILDADL
EVVENGALLS
wrrogihatpt
irtrgaligt
stpkpatpst
ggepngrpel
SWVOFNSNS O
LEFVGDPALV

VWTIPTDLIAS
ANGSHIPQTS
TEMTPEQRID
WELGCELMON
pwtaigpptt
prlogpigpte
dstttttrrp
knhidrwdall
LMYGLPDSSH
LNDIHEKILL

= ANCHORZ = IUPred2

i t i t
o 100 200 300 400 500 600



Espressione di proteine ricombinanti per studi struttural

Design del costrutto

Analisi bioinformatica: B) Predizione della struttura secondaria

A http://bioinf.cs.ucl.ac.uk/psipred/

Sequence Plot
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http://bioinf.cs.ucl.ac.uk/psipred/

Espressione di proteine ricombinanti per studi struttural
Design del costrutto

Analisi bioinformatica: C) Allineamento con omologhi
1) basato su struttura |

MSA:
A https://blast.ncbi.nlm.nih.gov/Blastcgi?PROGRAM=blastp&PAGE TYPE=BlastSearc

NK LOC=blasthome
A https://www.ncbi.nim.nih.gov/Structure/ cdd/cdd.shtml (Conservedomains Database)

MSA#-HMM (HiddenMarkov Model).

A https:// pfam.xfam.org/
A http:// smartembl-heidelberg.de/ (Simple Modular Architecture Research Tool)

N-terminal Domain 1 Linker Domain 2 C-terminal
Query| - - : | : :
Seq 1 — - - — -
Seq 2 = : ! | i+ - —
g G [ - { } N e —— o i
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Design del costrutto

Analisi bioinformatica: C) Allineamento con omologhi

2) basato su struttura Ill

A https://blast.ncbi.nlm.nih.gov/Blastcgi?PAGE=Proteins (Database PDB)

A http://www.ebisu.co.uk/chemogenomix.com/chemogenomixGenThreadehtml

N-terminal Domain 1 Linker Domain 2 C-terminal
Query| - - : } : :
Seq 1 — - - — -
Seq 2 - | I ! —{ - —
g G [ - { } N e —— o i




Espressione di proteine ricombinanti per studi struttural
Design del costrutto

Analisi bioinformatica: C) Allineamento con omologhi

3) basato su approcci ibridi

https://www.ics.uci.edu/~baldig/dompro.html (Protein DomainPrediction)
Homology(PSSM)Secondanstructure SolventAccessibility

http://bioinf.cs.ucl.ac.uk/web servers/psipred serverompred overview/
(DomainPrediction)
PSSMIFoldRecognitionSecondanstructure

DomainDiscovery
PositionSpecificScoring Matrix (PSSMjecondarnstructure SolventAccessibility,
DomainLinkerindex
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Design del costrutto

Metodi sperimentali: D) Definizione dei domain boundaries

1. Limited Proteolysis Mass Spectrometry {MS)

Trypsin Subtilisin Elastase
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Design del costrutto

Metodi sperimentali: D) Definizione dei domairboundaries

1. Limited ProteolysisMassSpectrometry(LRMS)
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Design del costrutto

Metodi sperimentali: D) Definizione dei domain boundaries

2) Hydrogen/Deuterium Exchange (BMS)

H/D Exchange

)
1

e Structured regions
exchange rapidly exchange slowly

KI»I__M.‘:lss

¥ N Spec

Quenching locks in deuterium Digestion localizes the
and unfolds the protein information




Espressione di proteine ricombinanti per studi struttural
Design del costrutto

Metodi sperimentali: D) Definizione dei domain boundaries

3) Protein Painting

Dye does not
bind to interface
regions

Pulse protein
complex
with dye

Hotspot
regions

_ J/u} ' 78AFPED—85

Denaturation Mass spectrometry
with urea and 1

digestion with trypsin

sequencing of
interface peptides

Hotspot
Identified: PD-1 residue K78
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Design del costrutto

Espressione di singoli domini: CAVEAT

Domain swapping

Hinge loop Extended hinge loop

A\ |

Monomers Domain-swapped dimer

Secondary
interface

loop1

Stefin B swapped dimer MNEI/Stefin B

Domain swapped dimer: Folding non nativo
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Scelta del sistema ospite
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Espressione di proteine ricombinanti per studi strutturali
Scelta della cellula ospite:

Modifiche post traduzionali

1)<
4\ —{(Ub)
< 4 S\S l’l(
| N\
Disulfide bond Ubiquitination

/

g, Y Protein - I
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Glycosylation
b Lipidation

< ] / \ ‘/ 4_
Methylation SUMOylation
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Acetylation Phosphorylation



hypermannose

Espressione di proteine ricombinanti per studi strutturali

P Fucose

high mannose

Galactose

@® Mannose @ Sialic acid

B GIcNACc

Xylose

Scelta della cellula ospite:

Modifiche post traduzionali

<. pe T

high mannose

%I-Q: H core fucosylation

==

INSECT bisecting N-glycan

core fucosylation paucimannose

high mannose hybrid N-glycan

terminal sialylation

5

tetra-antennary

MAMMALIAN
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Scelta del sistema ospite: Procarioti

LR




Espressione di proteine ricombinanti per studi strutturali
Scelta del sistema ospite: Lievito

Target gene

Reporter Strain | ———

Genomic Integration
Selective medium Transformation

+-— < Positive clones
purification Optimization and larger
scale expression




pOCC shuttle
vactor

DufBac viral

viral genome

Espressione di proteine ricombinanti per studi strutturali
Scelta del sistema ospite: Baculovirus

p—
Release of ODVs in the i = Primary infection of
alkaline environment, I -] < insect cells
of the midgut ) [ ]
ODVs

Polyhedra are ingested
by insects as they feed r,
onplants @ s N

) T o)

0 Protein expression timeline

Death of _/“\
the host , Secondary
infection of

insect cells

o

~~70DV - occlusion derived virus
BV - budded virus

Acumulation of "~
polyhedra in the
nucleus of the cell

FlexiBAC overview Expression cassette overview

(;:'5“ -""'""“j

AN n MeORFISHIAN Lo -

- al—- Rl —
w-cah [cathapain] W [+ aad =
chi [chitinase)
pho-hurn fin Defuc™) 1. Not + Asel restriction digest

Viable baculovirus production
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Scelta del sistema ospite: mammalian cells

Expression Host cell line
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@ Clone evaluation
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Expression
systam

Mammalian

Scelta del sistema ospite

Maost common application

Functional assays
Structural analysis
« Antibody production

Exprassion of complex
proteins

Protein interaclions
* Virus production

| . Functional assays

+ Structural analysis
Exprassion of
intraceliular proteins

Expression of
protein complexes
* Virus production

Advantages

+ Highest-level
protein processing

= Can produce proteins
either transiently, or
by stable expression

+ Robust optimized transient
systemns for rapid,
ultrahigh-yield protein
production

* Similar to mammalian
protein processing

* Gan be used in static
or suspension culture

Challenges

Gram-per-liter yields
only possible in
suspension cultures

More demancding
culture conditions

More dermnancding

culture conditions than
prokaryotic systems
Praduction of recombinant
baculovirus vactors is time:
consuming

Structural analysis

* Antibody generation
Functional analysis
Protein interaclions

+ Structural analysis

+ Antibocy generation
* Functional assays
+ Protein interactions

+ Eukaryotic protein processing

+ Scalable up lo fermentation
(grams per liter)

+ Simple media requirements

» Scalable

* Low cost
* Simple culture conditions.

.

-

-

Fermentation required
for very high yiglds
Growth condilions may
requine aplimization

Protein solubility

May require protein-
specific optimization

May ba difficull to express
some mammalian proteins

Sludying photosynthesis,
plant bictogy, lipid
metabolism

Genetic engineering
Biolugl production

+ Genelic modification and
expression systems for
photosynthetic microalgae

+ Superb experimental control
for biofuel, nutraceuticals,
and specialty chemical
procuction

= Optimized system for robust
selaction and expression

Mascent technology

Lass developed comparad
1o other host platforms

|« Todic proteins

» [ncorporation of unnatural
label or amino acids

Functional assays
Protein interactions

» Translational inhibitor
sCreening

-

+ Open system; able to add
unnalural components

+ Fast expression
* Simple format

-

Scaling abowe multimilligram
quanlities may not be costly
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cDNA isolation:

genomic fishing fishing from mRNA
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PCR extension
of seed oligonucleotides

0 e — e waan L
“na I PP -
Insert primers
unique to ends
-
—_—
e — > T I
------- I —— S e
e

PCR amplification
of target sequence




Espressione di proteine ricombinanti per studi strutturali
Scelta del vettore :

elementi principali

b-lactamase

Transcription! M-terminal  MN-terminal Protease C-terminal  Transcription/ Origin of
translation coentrol tag fusions site tag translation stops rigin o

replication

Spel Avrl Sall Xhol Hirmallll
His, ! fwi

= o i
P | His,y |:I Awi 7

. Tarmnator
. el Insert! I Stop

Riinosines 3G |1 Multiple Hisy - don

I T "PraScisgion” CI-DI'Iir'lg
Site

&irap-1ag |J Strep-tag

I GR1
His, | C-tag

] I

Necol Notl Xhol
BamHAT EcoRI AvrII y HindIII
GGATCCATGGAATTCGCGGCCGCCCTAGGCTCGAGCTAAGCTTG
G s M E F A A A L G § 5§ *
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Scelta del vettore : PROMOTORE

In base a
KOspite
Aorza
A eakiness
A ag time
KCostitutivo/inducibile

Positive inducible
_ Inducer Transcription
activator G addition activated

—_—r —» &

Tetracycline on

g "
:i 7N E% : cDNA
|_|_| I_I_l
TRE TRE



Espressione di proteine ricombinanti per studi struttural
Scelta del vettore : PROMOTORE

Negative inducible

Inducer . Transcription
repressor addition activated
& » > _ >
pLac promoter pBAD promoter

—

Pe li b " Ppap
+ arabinose

high [Lac] e R
¥ ' Pc CAP [, b

® ?
[ ) @ : AraC
rotein
@ m P o RNA polymerase
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promotori batterici

Promoter

Promoter from T7 bacteriophage Constitutive, but requires T7 RNA polymerase.

Negligible basal expression.
Requires T7 RNA polymerase, which is also controlled by
operator.

Promoter from T7 bacteriophage
plus lac operators

Very tightly regulated by the lac
operators,tunable.

Promoter from Sp6 bacteriophageConstitutive, but requires SP6 RNA polymerase. ER6 polymerase has a high
processivity

Inducible by arabinose

repression in the presence of glucose or by competitive

binding of the antinducerfucose

Promoter of the arabinose
metabolic operon

Weaker. Low basal expression; na
tunable

Promoter from E. coli tryptophan Repressiblevith high levels of cellular trp.
operon

S = ~ ~
& oy
> o
(W)

Leaky promoter
weak expression
tunable

Constitutive in theabsenseof lac repressorléclor laclg).

P f I 3
IRmEET TET B GOEe Can be induced by IPTG or lactose.

Contains35 region fromtrpB and-
Hybrid promoter of lac and trp  Regulated like the lac promoter 10 region from lac. Very tight
regulation.tunable

Often paired with the temperature
sensitive cl857 repressor.

Promoter from bacteriophage

temperatureregulable
lambda P 9

Constitutive

Promoter from T3 bacteriophage requires T3 RNA polymerase

© v}

—+

w — Y]
O
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sistemibatterici
DE3 system
( IPTG Induction IPTG Induction
E. coli RNA * T7 RNA *
polymerase polymerase
|
T7 1 Target ¢
ngn T7 RNA polymerase - | sk
E | )
- . - Pl
I | laco P | / | I Y| Jace 3
| ~ Jéc promoter | . 17 promoter <
I & g INACTIVE [ ™ : ,,/
| |
& 5 6
lac lac
reprossor + repressor
| I
|
| |
fac | gene w lac | gene \
T7 lysosyme |
|
|
TT IWSOTYIME =iy
ene

\ E. coli genome

Espressione inducibile
Autoinduzione
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Autoinduzione

Availabl I 1t WWW. St direct.com
uuuuuuu @n..un Protein
m &'ICE]})(EI-?SI?H
. . I I l [ . I rification
I n al C u n I ed I a ( IX g | u COS I O e | attos I O) Protein Expression and Purification 41 (2005) 207-234
www elsevier comflocatelyprep

§ LI2aaAroAfsS AYRdIZNNDB zl
. . . . Protein production by auto-induction in high-density shaking cultures
| batteri raggiungono la saturazione.

F. William Studier *
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promotori di Lievito

Target gene

~/—o— ) /-

Reporter Strain

Genomic Integration
Selective medium Transformation

¢+ 4 Positive clones
purification Optimization and larger
v scale expression

Promoter o . Additional
Description Expression ) .
considerations

adiacent. divergentl Inducible with Used independently or
GAL1, 10 r ajnscrib;a d ro?note);s galactose; repressibletogether. Regulated by
P with glucose GALA480.
TEF1 from transcription elongatior Constitutive Analogous to mammalia
factor EFla promoter.

Strong
GDS from glyceraldehyde -3 Constitutive Very strong
phosphate dehydrogenase

Full length version is
rong. Trun
ADH1 From alcohol dehydrogenas Repressed by ethano\St ° g . u cz_;lted
constitutive with lower
expression.
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promotori di Baculovirus

s
Release of ODVs in the [ = Primary infection of
alkaline environment r 3 (=4 insect cells
of the midgut L, <>
ODVs
Polyhedra are ingested LN l
by insects as they feed r e N
on plants ," g D
- \
P 1 < " -
N e S ! ’ I
g -
4 .,_\ 7
Y j
svs ¢
Death of Y
the host e Secondary
s N infection of
oa% \ insect cells
s |
I
‘\ J
Acumulation of “<____-~
polyhedra in the ODV - occlusion derived virus
nucleus of the cell BV - budded virus

Baculovirus Genome

Insect Promoters

Signal Peptides

Deletion of cathepsin

Deletion of chitinase

Double deletion of cathepsin and chitinase
Triple deletion of p26,p10 and p74

BmNPV fp25k replaced by AcMNPV fp25k
polh promoter

pl0 promoter

p6.9 promoter

vp39 promoter

hybrid vp39 and polh promoter

pelh promoter enhanced by Homologous Region 1

vp39 promoter enhanced by Homologous Region 3
honeybee melittin signal peptide

cecropin B signal peptide

Staphylococeal protein A signal peptide

human azurocidin signal peptide

B.mori bombyxin(hx) signal peptide

B.mori prophenoloxidase-activating enzyme(ppae) signal peptide

A

FlexiBAC overview

pOCC shuttle ( )
vecter ¢ - EGHR" -AcorFrezenc

s lef2AN “:m
DefBac viral
backbone Av-cath (cathepsin)
AchiA (chitinase)

\_ p6.9::furin (in DefBac™)

Expression cassette overview

polyhedrin 5 UTR  transiational start stop codons  3'UTR

ACORF1620AN promater

v

Complete
viral genome

o~ tertuttengtn - ERISEHEN " AcORF-1620 ful ength

Viable baculovirus production

C

Tagging cassette options

Fluorophores

monoGFP eGFP
mCherry mCitrine
tagRFP mKate2
mRuby3

Affinity tags

éxHis 10xHis
MBP pfuMBP
GST S-tag
TwinStrep

Protease cleavage sites

3C TEV

Other

SNAP sSUMo3
Cry2 Sortase tag
HBM Avi Tag
YBBR GP64

D

site

1. Notl + Ascl restriction digest
2. insert gene of interest

3. transform into bacteria
sensitive to CcdB toxin

gene of
Interest
A A
Kot Ascl

Protein expression timeline

R )

-

%J—"

pOCC with gene linearized
of interest DefBac

day 1 Production phase 1: transfection

Y

Deep well block

nfected cell pellet SF3 insect cells
day 13 Harvest cells with target protein

IR )

5F9 insect calls
day 5 Production phase 2: virus amplification

uninfected

uninfected

infected cell
peliet
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promotori di mammalian cells

Strong
from the human
cytomegalovirus

CMV

Strong from human
elongation factor 1

from the simian
vacuolatingvirus 40

phosphoglycerate

kinase gene.

from the human
ubiquitin C gene

ifrom beta actin gene

element promoter

Tetracycline response

Constitutive

Constitutive

Constitutive

Constitutive

Constitutive

Constitutive

Inducible

Promoter origin Expression comments

May contain an
enhancer.
Silenced in some
cell types.

High expression

Mayinclude an
enhancer

vary by cell type.
Resist
downregulation
due to
methylation or
deacetylation

Ubiquitous

Ubiquitous

minimal
promoter with
low basal activity
and several
tetracycline
operators.

Expression
vector

IIIJIII:DI]IE[

Transfection

O@
.

Selectlonl

Single Cell Cloning or
Limiting Dilution

h

Q00000000000|

000000000000
QOO0 OO0

[e]e]e]e]e]e]

lo]@]

QO

ole

o0
lele]e]e]
%O

Repeat with
increasing drug
concentrations

Preliminary
clone evaluation
and

Expansion of
selected clones

(‘\ﬁmmr‘\ml

000
OO0

Clone evaluation
and expansion of
selected clones

e

_‘
[T YA

Cell Further
bankin evaluation
(- -}
—__




Espressione di proteine ricombinanti per studi struttural
Scelta del vettore: TAGs&clevage sites

Post-translationally modified
protein express in eukaryotic

Target Bioinformatic system Codon Construction of parallel
protein analysis Post-translationally unmodified optimization E?(DI’ESSIDI‘Il cazsattes with
protease site for tag removal

protein express in bacterial

system
‘Soluble protein Endotoxins
Affinity Dual Solubility Stimulus
purification affinity decreasing
tags tags tags

i
3

g N
MBP, GST, CBP-FLAG, 6xHis-FLAG, K5I, TrpALE, BRT17, ELP
SUMO, Mistic, 6xHis, Strep-Il, ExHis-myc, 6xHis ~SUMO, PagP
Fh8, NusA, 5.Tag, Halo?, ProtA-FLAG, 6xHis-MBP, ——
Skp, DsbA, ZZ CBP, C-myc, HA, 6xHis-SUMO, 6xHis-TrxA,
at suitable FLAG, etc. 6xHis-myc, BxHis-Mistic,

terminus 6xHis-NusA, 6xHis-Strep

I

Denaturation of
inclusion bodies by
Urea or Gdn-HCI
Refalding of highly
pure target protein

Purification of target protein using suitable matrix Refolding of highly
Highly pure target protein pure target protein

( A
ey

Fusion tag removal

Enzymatic Non-enzymatic
TEV, Thrambin,
Factor Xa, Genease |, Chemical cleavage Metal-ion catalyzed
SUMO protease |, CMNBr, Formic acid, (Pt2*, Mn2*, Ni?*, Cu?®,
Precision 3C, CNTB, BPNS-Skatol Pd?*)
Profinity eXact
Overexpression I [ Ami ids of , |
of highly pure mino acids of target protein

are chemically modified

target protein




Espressione di proteine ricombinanti per studi strutturali
Scelta del vettore: TAGsS

Tag Frotein source Residus  Tag Source Ligand/Matrix Purification Suitable Adh antages limitations
size(aa] placement argamism candition EXPIES I
-kDa) sy stem
Solubility enhancing tags
MBP Malnse 396/43 MN-orl- E coli Cross linkesd 10 mM Maltose  E coli Enhanced solubility of Can deexe expression
binding [ et TE amykrss target, do not leave yiekl
protein Ewtranems amino soids
GET Ghaathione-5- 211/26 N-or(- Schishosoma — Ghotathione 10 20 mM Baateria, Enhanced solubility of Can leach from calumm
tramsherase tEmminus  jgporoum radhuoed Yeast, arget, Highly spedfic
Glutathions insect, hinding
mamim dian
oells
SN0 Small ubiquitin 1007118 M- H sapiens HA NiA Badteria, Enhanced target salubility, Do not aid in
madi fier s Yeast, umigue tag nemoval purification
Insect, method
Mamm alian
oells
TrcA Thioredaxin A 108/12 Neor{= E col Phenylarsinine 51000 mM = E cobi Hel ps in crystallization, Aid Do not aid in
s i che meEnGpio- in refalding of target purification
ethanal protein
MuzA N-utilization 495/55 Neorl= E coli NiA NIA Bacteria Enhanced solubility large sire deo eases
substana A [ neth) 15 yiekl
Mistic M stic tag 110/13 N-or{- Bodllussuhtilis NA NjA Bacteria Commendable g for Do not 2id in
[ eth) TE membrane proteinsg purification and
oy stalliztion
HalaTag?  Haloalkane 30034 N-or(C- Fhodorocary’  hlormalkane  Ineanlumn Insed cells,  Inoneased expression, Application dependent
dehaloge nase terminus  enginsared mupled proteahdic Mammalian solubdlity, purn fication ligand requirement;
AT digestion oalls yiekd and high purity. ine  Fundional i nactivation
HalaLink™ viva imaging and af targst probsin
resin ol i plexing
Fha Ca™" binding 69RO M- Fadala Phenyl NiA E coli Enhanced expresion &
mecom binant termimus  hepatica sephar ose solubility, aid in
[probein purificatian an HIC
Dsha Prrotein 208{-21 N- E coli HA NjA E coli Entanced solubility, native
disulphide [ eth) TE disulfide bond formationin
isomer xoe A arget
Skp Smiall E coli 162/1749 N- E coli NiA NiA E coli Entanced salubility Do not aid in
chaperane e purification
GH gl domain B1 5675 N- Srepicocaus MIA NjA Bacteria Enhanced refalding
af tErminus  dureus
St
Protein &
22 domain  IgC binding ZZ [31 N-ar{- Sophylomeoas NA NiA Badteria, Enhanced refalding
domain af tEmminus  ureus Yeast
protein A
Stimarhes me speones ve Lags
BRT17 fi= rall repeat of 1537147 N- Synthetic MNIA Precipitation in ~ Baateria Selective purification Refalding af
GGAGNDTLY [ et TE presence af 25 precipitated target
=75 mM Ca™™
ELP Elastin=lile 5500110 NeorC=  tandem Reverse phase Precipitation by  Baderia st effective than Refalding of
Peplides repeats)] terminus  nepests of ramsition temperatune @ entional puriication  precipitated target
25 VPGHG change andj
LT ] ar= 1.5 M Mall



Espressione di proteine ricombinanti per studi strutturali
Scelta del vettore: TAGsS

Tag Prowin source Residue  Tag Sowrae Ligand Matric  Purification Suwitable A vamtages Limitations
size (a2 placement organism mnaditian =X N
= elka) sysiEm
RMA== A) buffer, pH 23 M
agamse MsCly
Gilmodulin Skeletal 26/25 Mearl H. sgpiesz Calmadulin ECTA and »1.5 M Bacteria High specificity, Linzudi ble for
Binding mede myasin T TN Hall pami fiation yield native  sularwtic sysbems
Protein  light chain ehution
kinas=
T7 Tag 1112 Hefl=or Bacenophage Ant=T,epitope Low pH Bacteria Increzsed & xpresion Inchusion body
internal T, manod anal formation, refolding
amtihady efficiency of purified
target is ampromised
Thitin hitinase A 5160 Meorl Badlbe Chittin e Bacteria High purity Lis=d with ansto
binding Ermines  cirukms mercaptosthanal cleavahle inb=in g,
Frobein ar OTT target, Target loose first
methionine after g
remiaval
Affinity epitope Lags
Rho D4 last 9 aa of C- 9710 L Synthetic Monodanal L pH Bacteria, High specificity,
erminae af T TN amti-FhaiDd Yeast, membrane protein
Bovine Mammalian parification
rhodapsin cell lines Im mumalacalization
o= Iy Humam c-Myc 11/12  Wjl-ar H. sapins Anti-hyc Lo pH Mammalian Phenomenal parity Ex: pensive due in lirmited
protoanoagens inernal amtihady oell lines reuse
{ Mycl-9E1()
coupled an
FgATOSE
FE naD 90 NefC-or H.sapims tmymushilized C= OTTor B Ins=ct, Spedfigty and high affinity
910 inernal terminal FOZ  mercaptosthanal  Mammalian
ligand
S CUETIE
HA Human 4010 WefC=or Huwman Monodonal Lows pHor HA  Mammalian Useful in detsgion, Affects cellular
influsrza vine internal  influenza virus antbady e il = el lines isolation and purification  trafficking and folding
hem agghutinin i obilied
prot=in N AgaTse
FLACE Enginsered 81 Meaorl  Synthetic Anti-FLAG 2.5 md EDTA Bacteria, Wi mirmal impact on target  Expensive & limitsd
T minas amtihady Yeast, reuse
i avilized Ins=ct,

an IgATOSE Mammalian
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Scelta del vettore: TAGS

Spluhility deoresving (induwsdon body targeting) tags

K51 Kt terand 12513 K-
IS ONTIEr 2= =T s
TrpALE Tp Loperan 1927 Hear{s
=T s
Pagh P e vl cyuder
membrans
prot=in
Alfinity Purification tags
Paly Arg MJA 5-8i08 C
=T s
Paly His HA G=10] M=arC
84 teErm s
—1.4
Strep l Tag Bacberial §A06 HNeorl
peptide iy eihy IE
aTag Barvine 151135 W=l ar
pamCTEatic intemal

RMAz= A

Py omonias
e s o &
E cobi

Pemyed comomians
L T

Eynthetic

Eynthetic

Barvins

MIA
MIA
HIA

Catian
enthange resin

B> NT A

(S trepetactin

Ssprotem (21
=124 aa af

HJA E cob

HJA E cob

MIA Bacteria

Alkaline Mall Bactera

20250 mb Bacteria

Imriid azmole flow pH

225 mbd Bateria,

Desthialmatin Yeast, Flants
blamm alian
Inset a=lls

IMCITC; 02 M Baderia
Potass jum citrate

n colurmn par ifiction,
refolding and sorting
High expression of boic
and mem brames probeins
Easier inclusion body
salubilisation af bodc
arget, commential wed

Ceneral ation exchange
resin for pamification

Tag remurval uses CHEr
Limited Refolding
efficiency

Refiol ding eficiency

iy ptic cleavag e, al tered

ieritiary stmucure of
gt

Minimal interf=rence with (o=purification of
target proiein. well defined @mbam nanits

pratocal and availabality
Imrmrumnaod steation,

speed ficity amd versatility

Linlikely interference with (ompramised

pratein folding

purification



Espressione di proteine ricombinanti per studi strutturali
Scelta del vettore: siti di taglio per Proteasi

-

| Target Gene '
~ 7

. ~
\\ ,/
Protease Cleavage site Location Residual pH  Chaotropic Salt Enzyme/substrate w
a range sensitivity sensitivity  ratio
Cloning &

TEV, ACTEV, ProTEV ENLYFQ" (G/S) N G[S 55  2Murea D1M  1-3% (wtjwi) ﬂ Expression

C ExxYxQ) -85
Thrombin (flla) LVPRGS N G 5-10 <01 Murea DIM  1-10% (wtjwt) glr:algg;-;

C LVPR Site
Factor Xa ([Xa) IEGR x N None  6-9 <01 Murea <015M  1-10% (wtjwr) m.

x=RP C IEGR

Genenase |
Enterokinase DDDDK x N None 7-8 0.1% (wi/wt) ﬂ L AcinE

C DDODK
SUMO proteases C-terminus of SUMO “ xaa- Nonly None  6-9 <01 MGn(l <05M  0.1% (wifwt)

GGlyaa 2 Murea
PreScission (human rhinovirus 3C protease) LEVLFQ GP N
TVMV (Tabacco vein mottling virus ETVRFQG™ S N GP H Elup
protease]

Immabilized subtilisin (BPN); Profinity ~ C-terminus of propeptide” Nonly None 72  2Murea

eXact system

X
EEDKLFAL

1:1(mol: mol)
o@ oo

Specific Protease

S Target

ﬂ Cleave With
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Clonaggio:

Ligationdependent

Clonaggio per restrizione

'H' "'""

© y ﬁ E@
Gene of interest Ligation of
is amplified by digestion
PCR. Plasmlid prﬂducE
contains multiple
cloning site,
encompassing Dl‘g-eatl-::nn of PCR
multiple product and vector by
restriction restriction enzymes.
ENzZyme Dephosphorylation of

recognition sites.  vector may be reguired.

TA cloning

Gene of interestis  Ligation of
amplified by PCR gene and
and contains vector
adenosine

overhangs. Plasmid

contains thymine

overhangs.



Espressione di proteine ricombinanti per studi strutturali
Clonaggio:

Ligationindependent

RFcloning L} cloning (LIC)

s ] S [ T-m h
— ‘{- \.:: N *._ -ﬁ-b-‘-ﬂ-

|

|

- - -

T4 CIbA, Folymarass (3 o) .i

S v

©c oo 6o U7

Vaccinia Topoisomerasi | (InVitrogen)

Topoisomerase | recognition sites

5 min at @
| @\< Tﬁ%%g room temperature A
|
/ A

TOPO cloning:

“
= _) CCCTT GGG
| N 3’ phosphate . GGG TTCCC - T

e
CeeTT 7
GGGA -7

s Topoisomerase |
@ is released

TOPO TA cloning vector Tag-amplified PCR product Ligation complete
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Clonaggio:

Ligationindependent

Gateway cloning:
fagoe-i attB/P (Life technologies)

BP Reaction

attR1 attR2
atPi a2
ccd8 Byproduct
attB1 attB2 BP Clonase
"~ Gene | Donor Vector — sl -+ aifl2
attB flanked PCR product
or aitB expression clone m
Entry Clone
. attP1 attP2
LR Reaction
ccdB
attlL1 attL.2 attR1 attR2 Toxic Byproduct
ccdB
LR Clonase
ast ¥ ang2

| Gene |
Entry Clone =

Destination Vector

Gene

Expression Clone

In FusionCreator cloning
fago P1 CroxP (Clontech)

Gene-specific

primers with
15 bp extension Eb
I <

CC———
.l A
In-Fusion™ — e
enzyme creates In- ori SacB
single-strand "
in regions of Fusion .-
homology and ] loxP
s — (oxP Clone l
joins PCR product pDNR-Dual or any 2
to the vector in a other linearized :
30 min, 25YC reaction. Vector &
' : ﬂﬁg{; cmT
ORF g
6xHN
Tag for Eukaryotic
Eukaryotic Expression
P Prootsr splice
Acceptor Splice ' Expression Acceptor
Vector i 9 Clone y i
/ Site loxP ;g’ loxP ﬁcwﬂal
f Bacterial & L
[0xP  promoter ﬁ
Kan® A e 7 cmr
Promoter Cre g
2 6xHN
recombinase in-Frame
Splice Stop

Donor



Espressione di proteine ricombinanti per studi strutturali
Inserimento nella cellula ospite:

\¥
D ‘
S v
Batteri e e =02 0®)

5.0.C. 37°C

Trasformazione

medium 1h l \
Electroporated 225 rpm
cells (&) Electroporation (B) Lithium acetate

- —‘-.I’.! . -
. L)
S <
Enz) —
E E YFF wmlnhd
cellwall
iAc

Protoplasts
+PEG
+5sDNA
+ Your plasmid
{or linear DNA)
PEG
pI asmid

Lievito

[Df I ar DNA)

Selection plates @

Selection plates



Espressione di proteine ricombinanti per studi strutturali
Inserimento nella cellula ospite:

Cellule insetto/mammifero:

Tr‘u:nm r11| transfec-

Optoporation
Sunupuraiion
. IR
; f,r [__11)
Instrument » Electroporation Gene gun
hvsical » Microinjection
(p a ) = Biolistic Particle Delivery
based method « Laserfection /optoinjection

Lipofection

Electroporation
Viral transduction

Reagent
(Chemical)-

based method

Biological « Viral method

based method




Espressione di proteine ricombinanti per studi strutturali
Inserimento nella cellula ospite:

Cellule insetto/mammifero:

Trasfezione Trasduzione
« Cationic Lipids : Liposome/Lipoplexes
» Calcium phosphate
f . : .
Fo) PI::T;““"" Pasmidresgert  * Cationic polymer Lentivirus Retrovirus Electroporation
R . complox » DEAE-Dextran
» Magnet-mediated transfection PR geng op:f}cgg_/;@
» Activated dendrimers A : F Y
3 g 3

e
Reverse transfection u \

Nano substrate”-induced gene delivery ;Gﬁ}, 4_,:{.3_
" : }(: }(’:ills

O Cells a g
@ OO O Plasmids ‘{"517{{ T s Transduce
ransduce Iy T cells
Plasmidireagent Manosheets g 'U

\4

pre-adsorbed to substrate

s >
Plasmidireagent complax : .

surface

] _ Transfect | -
=\ corg T O /=_ 'U' packageing cells 'U'
\- _ﬂﬂ. 4 s P N

ol
— u A A i Collect virus /O
L 4 particles I

Tcells

Manosheet-induced vector-free

gene delivery

Electric

Al shock

/29N
)
&



Espressione/purificazione di proteine ricombinanti per studi strutturali
Small scale inducible expression:

To test/optimize different strains/ expression conditionsT/[inducer]/media/time)

EXPRESSION

C& HARVESTING

(—/ceu_ '-YQ) CENTRIFUGATION
SDS-PAGE
TOTAL EXTRACTS SOLUBLE FRACTIONS
BESEC-EE 2
gressssisncds #5 - |

r
|

—— . . B

S Rt S —

Large scale expression:
To adjust optimized expression conditions to larger scales



Espressione di proteine ricombinanti per studi struttural
expression flowchart

Intracellular Extracellular
expression expression
Insoluble in Soluble in Periplasmic Culture
cytoplasm cytoplasm space medium
I I I
Cell lysis Cell wall disruption
| | |
Cell debris removal Cell removal Cell removal
I I I I
Harvest inclusion Recover Recover clarified Recover clarified
bodies supernatant sample sample
T~
Solubilization \ /
~

Purification



Espressione di proteine ricombinanti per studi strutturali
collection & lysis

CENTRIFUGAZIONE
SURNATANTE per il recupero di proteine secrete

PELLETISI CELLULAP¥E recuperare proteine
citoplasmatiche / di membrana o proteine in corpi di inclusione
fAald2 OLINRGSAYLF GFNBSGZ AyaiasSysS |
membrane e proteine di membrana, organelli, DNA, matrice
citosolica della cellula)

121 o

Cellule di insetto/ MAMMIFERO: soluzione ipotonica (Shock osmotico)

Batteri e lieviti:  piu difficile

Metodo enzimatico  Sonicazione French press & Microfluidizer
(lisozima) (alta pressione localizzata) (valvola stretta ad alta pressione)
Bead Mill

(microsfere e agitazione
ad alta frequenza)




Purificazione di proteine ricombinanti per studi strutturali
purificazione

Mass Antigen for Functional Structural Therapeutic
spectrometry immun zation studies studies proteins

Moderate > B0% High > 95-99% Very high > 99%

kg tonnes




Purificazione di proteine ricombinanti per studi strutturali

70 A

70 A

210 A

70 A

purificazione

Medium
~10 proteins

Periplasm
~100 proteins

Cytoplasm
~2000 proteins

Lipopolysaccharide

Quter membrane

Peptidoglycan

Inner membrane



Purificazione di proteine ricombinanti per studi strutturali

evoluzione dei metodi di purificazione

Table 1. Some milestones in the history of protsin purification

Precipitation

Crystaline cvalbumin

Chromatography

Uttracentrifugation

Moving boundary electrapharesis

lon excharge chromatography

T o-phase partitioning

Siza-awclusion chromatcaraphy [gel filtnation|t

Hydrowyopatite chromatography

Saphadex™ (gel filtration madium|
Pohocrylomide gel slectrophoresis

Izoelectric focusing?

High-performanice ligquid chromatcoraphy [HPLCE
Sapharoze™

SD5-FAGE

Affimity-ligand coupling chemistry for affinity
chromatzgrapht

Affinity chromatography

Reverssd-phase chromatogrophsy

Protsin & adsorbent for 1gh purification
Hydrophaobic imteraction chromatography
Two-dimensional chromatography
Immaokilzed matal ion affinity chromatearaph
Chromatofocusing

Caopillary electrophoresis

Farst Protein Liquid Chromatcgraph

Histidine offinity tagging

EKTATH d=ign

1769
13e9
1903
1924
1937
1040
1955
19z=, 1959

196
198
10s9
1955
1941; 19&5
1967
1967
1967

el 1
1970s
larz
lo7z
1a7s
lars
lor7e
19g1+
1982
10gg8=
1096

Fourcroy

Hofrnsister

Towert*

Swadberg

Tiselius

The Marhatian Project
Albert=son (1)

Lirdquist ard Storgdrds |2), Porath and
Flzdin (3], Ingelman

Tissliuz, et al. (@)

Fharmacia (row GE Hedthoars)
Raymord and Waintrauk: |5)
Kilin |6)

Martin and Symge (7]
Fharmmacia (mow GE Hedthoars)
Shapiro, =t al. |B]

Bxém, 2t ol (9]

Cuatrecasas, et o, [100

Kirkland (11} Molnar ard Horeath |12
Hjelrn, et al. (13} Kromweall (14

Parath |15]; Hisrtén |16

CrFarnel 117]

Forath, et al. 18]

Sluyterrman and Widsneas [19]
Jorgenson and Lukocs (20
Fharmacia (row GE Hedthoars)
arnith et al. [21), Hochuli et al, [22]
Pharmacia Bictech imow GE Healthoare)




Purity

Purificazione di proteine ricombinanti per studi strutturali
strategie di purificazione

Preparation,
extraction,
clarification

Intermediate
purification

Remove bulk
Capture impurities

Isolate, concentrate,
and stabilize

Polishing

Achieve final
high-level purity

Step

Resalution

Capocity



Purity

Purificazione di proteine ricombinanti per studi strutturali
strategie di purificazione: cattura

Intermediate

e R purification
Remove bulk

Capture impurities

’ !SOJ’GIE, concentrate,
Preparation, and stabilize

extraction,
clarification

Polishing

Achieve final
high-level purity

Step



Purity

Purificazione di proteine ricombinanti per studi strutturali
strategie di purificazione: purificazione intermedia

Polishing

Achieve final

Intermediate ~ '9h-level purity

purification

Remove bulk
Capture impurities

’ !SUJ’GIE, concentrate,
Preparation, and stabilize

extraction,
clarification

Step



Purity

Purificazione di proteine ricombinanti per studi strutturali
strategie di purificazione: polishing

Preparation,
extraction,
clarification

Intermediate
purification

Remove bulk
Capture impurities

Isolate, concentrate,
and stabilize

Polishing

Achieve final
high-level purity

Step



Solubility

Purificazione di proteine ricombinanti per studi strutturali
Precipitazione frazionata:

separazione sulla base della solubilita (effetto del salting out)

piTTerel
P Solubil

— Supernatant

-

Precipitate

| o

Salt Concentration oty * H.: ‘ q ‘

Salubd st lon Preiphiation
taling Salire

Salt Cancemlralion



Purificazione di proteine ricombinanti per studi strutturali
Precipitazione frazionata

Clarification Supernatant
Bulk proteins and

particulate matter

. precipitated
W
1T Extraction, Clarification, =
Concentration Redissolve pellet* Purification
Tﬂ'_rg@t PrDFEm pre Clgﬂtﬂted | Remember: if precipitating agent is
with proteins of similar incompatible with next purification
- solubility step. use Sephadex G-25 for desalting

and buffer exchange, eg.. HiTrap Desalting.

Concentration ' -
PD-10, or HiPrep 26/10 Desalting column

Extraction, Clarification Target protein e Ry
Bulk proteins and precipitated Redissolve refer to Lhapter
particulate matter with proteins pellet*

precipitated of similar *Remember: not all proteins are easy

- solubility to redissolve, wield may be reduced



Purificazione di proteine ricombinanti per studi strutturali

Precipitation agent

Precipitazione frazionata

Typical conditions

Sample type

Comment

Ammaenium sulfate

Dextran sulfate

Polyvinylpyrrolidone

Polyethylene glycol
(PEG, M > 4000]

Acetone (cold)

Polyethyleneimine
Protamine sulfate

Streptomycin sulfate

Caprylic acid

As described later in this
chapter.

Add 0.04 ml of 10%
dextran sulfate and

1 mlof 1M CaCl, per ml
of sample, mix 15 min,
centrifuge at 10 000 x g,
discard pellet.

Add 3% (w/v), stir &4 h,
centrifuge at 17 000 x g,
discard pellet.

Up to 20% (w/v).

Up to 80% (v/v) at
0°C. Callect pellet
after centrifugation
at full speed in chilled
microcentrifuge.

0.1% [w/vl.

1% (wiv.

1% (wiv).
1:15 (w/wl.

> 1 mg/ml
proteins, especially
immunaoglobulins.

Samples with high
levels of lipoprateins,
e.qg., ascites.

Samples with high
levels of lipoprotein,
e.g., ascites.

Plasma proteins.

Useful for peptide
precipitation or
concentration of
sample for
electrophoresis.

Antibody concentration
should be > 1 mg/ml.

Stabilizes proteins, no
denaturation. Supernatant
can go directly to HIC. Helps
to reduce lipid content.

Precipitates lipoproteins.

Alternative to dextran
sulfate.

No denaturation,
supernatant goes directly to
IEX or AC. Complete removal
of PEG may be difficult.
Stabilizes proteins.

May denature protein
irreversibly.

Precipitates aggregated
nucleoproteins.

Precipitates aggregated
nucleoproteins.

Precipitates nucleic acids.

Precipitates bulk of proteins
from sera or ascites, leaving
imrmunoglobulins in solution.
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Metodi cromatografici:
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Purificazione di proteine ricombinanti per studi strutturali
Metodi cromatografici:

Gel filtration Hydrophobic interaction  lon exchange Affinity Reversed phase
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Metodi cromatografici
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