Proteine ricombinanti per studi
strutturali:
espressione, purificazione e
ottimizzazione



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

Analisi bioinformatica e Metodi sperimentali
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1) Analisi della sequenza (Codon usage, Siti di proteolisi, sequenze di secrezione)
2) Definizione dei domain boundaries
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Espressione di proteine ricombinanti per studi strutturali

Design del costrutto

Analisi bioinformatica: A)

disorder prediction:

FOLDINDEX: https://fold.weizmann.ac.il/fldbin/findex
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Espressione di proteine ricombinanti per studi strutturali
Design del costrutto

Analisi bioinformatica: A)

2) GLOBPLOT: http://globplot.embl.de/

PROPENSIONE al disordine di ogni aa
P=RC-SS

RC random coil (loops, turns)

SS strutture secondarie regolari

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

disorder prediction:
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nel database SCOP (Structural Classification of Proteins):
2020-09-25 include 59,801 domini non redondanti in 682,669 strutture.



http://globplot.embl.de/

Espressione di proteine ricombinanti per studi strutturali
Design del costrutto

Analisi bioinformatica: A)  disorder prediction:
3) https://iupred2a.elte.hu/

stima I'energia totale di interazione tra singole coppie di residui,
(IPOTESI: sequenze disordinate non formano sufficienti interazioni stabilizzanti fra residui)

long disorder short disorder
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Espressione di proteine ricombinanti per studi strutturali
Design del costrutto

Analisi bioinformatica: B) Predizione della struttura secondaria

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 strutturali
Design del costrutto

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

MSA:

* https://blast.ncbi.nim.nih.gov/Blast.cgi?PROGRAM=Dblastp&PAGE_ TYPE=BlastSearch&LlI
NK LOC=blasthome

* https://www.ncbi.nlm.nih.gov/Structure/cdd/cdd.shtml (Conserved Domains Database)

MSA+p-HMM (Hidden Markov Model):
* https://pfam.xfam.org/
* http://smart.embl-heidelberg.de/ (Simple Modular Architecture Research Tool)

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




Espressione di proteine ricombinanti per studi strutturali
Design del costrutto

Analisi bioinformatica: C)  Allineamento con omologhi

2) basato su struttura lll

* https://blast.ncbi.nim.nih.gov/Blast.cgi?PAGE=Proteins (Database PDB)

* http://www.ebisu.co.uk/chemogenomix.com/chemogenomix/GenThreader.html

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




Espressione di proteine ricombinanti per studi strutturali
Design del costrutto

Analisi bioinformatica: C)  Allineamento con omologhi

3) basato su approcci ibridi

https://www.ics.uci.edu/~baldig/dompro.html (Protein Domain Prediction)
Homology (PSSM), Secondary Structure, Solvent Accessibility

http://bioinf.cs.ucl.ac.uk/web servers/psipred server/dompred overview/
(Domain Prediction)

PSSM, Fold Recognition (Secondary Structure)

DomainDiscovery:

Position Specific Scoring Matrix (PSSM), Secondary Structure, Solvent Accessibility,
Domain Linker Index



Espressione di proteine ricombinanti per studi strutturali
Design del costrutto

Metodi sperimentali: D)

Definizione dei domain boundaries

1. Limited Proteolysis Mass Spectrometry (LP-MS)

Trypsin Subtilisin Elastase
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Espressione di proteine ricombinanti per studi strutturali
Design del costrutto

Metodi sperimentali: D) Definizione dei domain boundaries

1. Limited Proteolysis Mass Spectrometry (LP-MS)

[ Ic [
 [s L= 1c
Mixed with four = 1= # LS ﬁ
proteases ' " L )\.}\M
Ve o e
i
o Ve - L i
e T v MALDI-TOF MS
i T1 T2.. Mix w/ matrix
! ,Q.Q.‘ :
Pt == _ =
)T - - &
UL, N-terminal Sequencing — .
~ (for unspecific proteases) - -

SDS-PAGE/PVDF



Espressione di proteine ricombinanti per studi strutturali
Design del costrutto

Metodi sperimentali: D) Definizione dei domain boundaries

2) Hydrogen/Deuterium Exchange (DX-MS)

H/D Exchange

)
W

Structured regions
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 strutturali
Design del costrutto

Metodi sperimentali: D) Definizione dei domain boundaries

3) Protein Painting

.-—b —'
Pulse protein Dye does not
complex Bl bind to interface
with dye - ’ regions
Q@ C@ Hotspot
g regions

73@AFPED—85

Mass spectrometry
sequencing of 1
interface peptides

|

Denaturation
with urea and
digestion with trypsin

Hotspot
Identified: PD-1 residue K78



Espressione di proteine ricombinanti per studi strutturali
Design del costrutto

Espressione di singoli domini: CAVEAT

Domain swapping

Hinge loop Extended hinge loop

A |

Monomers Domain-swapped dimer

Secondary
interface

loop1

C  loopi

Stefin B swapped dimer MNEI/Stefin B

Domain swapped dimer: Folding non nativo



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

Modifiche post traduzionali

Disulfide bond T Ubiquitination

N\ /

Protein

Glycosylation

o

Methylation

Acetylation Phosphorylatlon



Espressione di proteine ricombinanti per studi strutturali
Scelta della cellula ospite:

Modifiche post traduzionali

high mannose

| core fucosylation paucimannose terminal sialylation

'%"Q: H core fucosylation -!-

..-.-€ tetra-antennary
@® Mannose @ Sialic acid

B GlcNAC xylose | INSECT bisecting N-givcan MAMMALIAN

high mannose

hypermannose

> Fucose Galactose high mannose hybrid N-glycan




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




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)

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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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

hromosome

Gene of interest

fishing from mRNA

(a) In vivo / (b) In vlk\
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+ | RT-gPCR { RT qPCR

'
Cilone of bacterial cells

() Enzymes thatbind 1o DNA  [Z33> Primer for DNA polymerization

sintesi genica

strategia ibrida sintesi/PCR
(overlap assembly PCR)

PCR extension
of seed oligonucleotides

w
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Insert primers
unique to ends
k3
— e — > - T I
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PCR amplification
of target sequence
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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

- i
P | His,y |:I Awi 7

. Tarmimnator
. Gl Insert/ I sice

Riinosines 3G |1 Multiple Hisy - don

I Trah, "PraSciggion” Cm“lng
Site

Sirap-tag |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§ *



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

In base a
*Ospite
*Forza
*Leakiness
*Lag time
*Costitutivo/inducibile

Positive inducible
_ Inducer Transcription
activator e addition activated

—_—r —» &

Tetracycline on

g A
:i N E % : cDNA
—_— —r
TRE TRE



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

Negative inducible

Inducer . Transcription
repressor addition activated
pLac promoter pBAD promoter

high [Lac] Wi e e -

® ¥
[ ) @ . AraC
protein
@ m o RNA polymerase
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Promoter

Promoter from T7 bacteriophage

Promoter from T7 bacteriophage

7lac
plus lac operators

Promoter from Sp6 bacteriophage

Promoter of the arabinose

araBAD .
metabolic operon

Promoter from E. coli tryptophan
operon

Promoter from lac operon

Hybrid promoter of lac and trp

Promoter from bacteriophage
lambda

-

b o] v,

Promoter from T3 bacteriophage

promotori batterici

Constitutive, but requires T7 RNA polymerase.

Negligible basal expression.

Requires T7 RNA polymerase, which is also controlled by lac

operator.

Constitutive, but requires SP6 RNA polymerase.

Inducible by arabinose
repression in the presence of glucose or by competitive
binding of the anti-inducer fucose

Repressible with high levels of cellular trp.

Constitutive in the absense of lac repressor (lacl or laclq).

Can be induced by IPTG or lactose.

Regulated like the lac promoter

temperature regulable

Constitutive
requires T3 RNA polymerase

Very tightly regulated by the lac
operators, tunable.

SP6 polymerase has a high
processivity.

Weaker. Low basal expression; not
tunable

Leaky promoter
weak expression
tunable

Contains -35 region from trpB and -
10 region from lac. Very tight
regulation. tunable

Often paired with the temperature
sensitive cl857 repressor.
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sistemi batterici

DE3 system

( LETE Tadiickicn T Trductlon

E. coli RMA * T7 RMA *

|}Dly.'n'ir-r:|~:f-- polymerase
T7 gene 1 Target gene
| T7 RNA polymerase |
L I i
- -~
I | lace > > | N 1— [ lac o P
| ~ Jéc promoter | . 17 promoter <
| = / INACTIVE | o 7
| |
o ~ 8
lac lac
reprossor + repressor
| I I
| |
fac | gene w lac | gene \
T7 lysosyme |

TT IWSOTYIME =iy
geng

\ E. coli genome

Espressione inducibile
Autoinduzione
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Autoinduzione

Available online at www.sciencedirect.com

) BGI!NG!@DIHEGTB Pr?(tg:-relss]on
. . . . . A & rification
In alcuni media (mix glucosio e lattosio) FLSEVIER T

wwwelsevier.comflocatelyprep

e possibile indurre I'espressione quando
i batteri raggiungono la saturazione.

Protein production by auto-induction in high-density shaking cultures

F. William Studier *
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promotori di Lievito

Target gene

~/—o— ) /-

Reporter Strain

Genomic Integration
Selective medium Transformation

4 Positive clones
purmcamn Optimization and larger >
scale expression

Promoter .. Additional
Description . :
considerations

adiacent. diverzent] Inducible with Used independently or
GAL1, 10 - aJnscrib,e d rogmoter galactose; repressible together. Regulated by
P with glucose GAL4, 80.
TEF1 from transcription elongation ST Analogous to mammalian
factor EFla promoter.

from glyceraldehyde 3- Constitutive Very strong
phosphate dehydrogenase
Full length version is
strong. Truncated
ADH1 From alcohol dehydrogenase | Repressed by ethanol g . .
constitutive with lower
expression.
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promotori di Baculovirus

—
-
Release of ODVs in the . Prii infecti f A 1 H £ 3
il e el e i FlexiBAC overview Expression cassette overview
of the midgut [ <> pOCC shuttle
ODVs vector Q )
c
‘;.;: -m.:’_&c polyhedrin  5'UTR  translational start stop codons  3'UTR
~ lef2AN . ACORF1629AN pomotr _——
55 il o DefBac viral 4 I - I -
onplants @ [ i backbone Av-cath (cathepsin) Neol Wetl Al Hindn
- @« " - ) Acth (chitinase)
W2 \ . \ \__Pofurin (in DefBac™) 1. Notl + Ascl restriction digest
h \ \+/ * 2. insert gene of interest
1 3. transform into bacteria
o o~ lef2tulllength | EXpresslon - AcORF.1629 full length sensitive to CcdB toxin
BVs ‘ ' Complete
viral genome of
Death of R a §— RN ]
the host N Secondary " :
e A infection of \ Nl Asel
: s l| insect cells
" / : . .
Acumulation of e L.~ Viable baculovirus production
polyhedrainthe ~  ODV - occlusion derived virus
nucleus of the cell BV - budded virus C D
Tagging cassette options Protein expression timeline
Baculovirus Genome Deletion of cathepsin
. day 1 Production phase 1: transfection
Deletion of chitinase Fluorophores Y E
L eGFP -
Double deletion of cathepsin and chitinase monoGFP & = ’ “~\
. . mCherry mCitrine
Triple deletion of p26,p10 and p74
i o tagRFP mKate2 POCC withgens linsarized —
BmNPV fp25k replaced by AcMNPV jp25k mRuby3 ofinterest  *  DefBac Despwellblock (T oet
Insect Promoters polh promoter day 5 Production phase 2: virus amplification
Affinity tags
pl0 promoter ity tag
69 6xHis 10xHis
.9 promoter
ad MBP pfuMBP
vp39 promoter GST S-tag
hybrid vp39 and polh promoter TwinStrep
polh promoter enhanced by Homologous Region 1 Protease cleavage sites
vp39 promoter enhanced by Homologous Region 3 3C TEV b
. ca PR . uninfected
Signal Peptides honeybee melittin signal peptide Other dcind call palet 379 Inssct calls
cecropin B signal peptide day 13 Harvest cells with target protein
N . SNAP SUMO3
Staphylococeal protein A signal peptide % _
human azurocidin signal peptide Cry2 So'nase tag () . \nfoctsd cell
B.mori bombyxin(b) signal peptid HBM Avi Tag "-"' O. pellst
.mor1 bombyXin(Hx) signal peptide
Y B YBER GP64 @
B.mori prophenoloxidase-activating enzyme(ppae) signal peptide
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promotori di mammalian cells

Promoter | ____origin____| Expression | _comments |

Expression

Strong
CMV from the human
cytomegalovirus
EF1a Strong f.rom human
elongation factor 1a
Va0 from the' simi.an
vacuolating virus 40

from the human
ublqumn C gene

human beta

from beta actin gene
actin

Tetracycline response
element promoter

Constitutive

Constitutive

Constitutive

Constitutive

Constitutive

Constitutive

Inducible

May contain an
enhancer.
Silenced in some
cell types.

High expression

May include 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.

wit + @O©
©l©

Selectlonl

Single Cell Cloning or
Limiting Dilution

Repeat with
increasing drug
concentrations

000000000000|
81998998999229
gssossemens  prsiminay
Q 88%08 88 clone evaluation
©1838383838383 and
Expansion of
I selected clones

_‘
[T YA

(‘\ﬁmmr‘\ml

000
OO0

Clone evaluation
and expansion of
selected clones

e

Cell Further
bankin evaluation
(- -}
—__




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

Post-translationally modified
protein express in eukaryotic
system

Bioinformatic
analysis

Target

protein

Post-translationally unmodified
protein express in bacterial
system

Codon
]/ optimization

Construction of parallel
expression cassettes with
protease site for tag removal

1

#

.
K5I, TrpALE,

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

I

i

MBP, GST, CBP-FLAG, 6xHis-FLAG, BRT17, ELP
SUMO, Mistic, 6xHis, Strep-Il, 6xHis-myc, 6xHis ~SUMO, PagP
Fh8, NusA, 5.Tag, Halo?, ProtA-FLAG, 6xHis-MBP, ——
Skp, DsbA, 72 CBP, C-myc, HA, 6xHis-SUMO, 6xHis-TrxA,
at suitable FLAG, etc. 6xHis-mye, 6xHis-Mistic,
terminus 6xHis-NusA, 6xHis-Strep
I
(—"
Denaturation of
Purification of target protein using suitable matrix Refolding of highly Inﬁ:‘;samul: :;?"l-e:cl:!'
Highly pure target protein pure target protein Refolding of highly
pure target protein
M
Fusion tag removal
Enzymatic Non-enzymatic
TEV, Thrambin,

Metal-ion catalyzed
(Pt2*, Mn2*, Ni2*, Cul*,
Pd#*)

Chemical cleavage
CNBr, Formic acid,
CNTB, BPNS-Skatol

Factor Xa, Genease |,
SUMO protease |,
Precision 3C,
Profinity eXact

<«

Overexpression - ) ,
I | Amino acids of target protein |

are chemically modified

of highly pure
target protein




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

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: TAGs

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 Inrmation, refolding
amtihady efficiency of purified
target is ampromised
Thitin hitinase A 5160 Meorl Badlbe Chittin fl= Bacteria High purity Lis=d with -
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 tmmuhilized C= OTT ar f- 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



Espressione di proteine ricombinanti per studi strutturali
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

rget

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

pratocal and availabality
Immumaod stedion,

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) Q.

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:

Ligation-dependent

Clonaggio per restrizione

e gl

© y ﬁ E@
Gene of interest Ligation of
is amplified by digestion
PCR. Plasmlid prﬂducE
contains multiple
cloning site,
encompassing Dl‘geatl-::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:

Ligation-independent

RF-cloning LI- cloning (LIC)

-----F_mz.T h
=
J\.*._ -t--t-*
|
|

T4 CIbA, Folymarass (3 o) .i

—— !

} e

=] -

TOPO cloning:

Vaccinia Topoisomerasi | (InVitrogen)

Topoisomerase | recognition sites

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

“
& & — CCCTT GGG .
B ® o 3 phosphate /! GGG TTCCC
CCCTT .
GGGA [ Topoisomerase |

~ :
@ is released

TOPO TA cloning vector Tag-amplified PCR product Ligation complete



Espressione di proteine ricombinanti per studi strutturali
Clonaggio:

Ligation-independent

Gateway cloning:
fago A — attB/P (Life technologies)

BP Reaction

attR1 attR2
atPi a2
ccd8 Byproduct
attB1 attB2 BP Clonase
 Gene SN 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 Fusion-Creator cloning
fago P1 Cre-LoxP (Clontech)

Gene-specific

primers with
15 bp extension Eb

I <
O]
l A
In-Fusion™ — e
enzyme creates ars o
single-strand m_'
in regions of Fusion -
homology and ] | toxp
o —_— cl 4
joins PCR product pDNR-Dual or any Lok e #
to the vector in a other linearized Aié"
30 min, 25YC reaction. Vector @gﬁﬁm’
ORF g
ExHN

Tag for Eukaryotic
Eukaryotic Expression
Expression Promoter splice

Acceptor Apilce v Expression Acoaptoy
Vector i 9 Clone F
She loxP § ;froxp g.:curiaz
of Bacterlal & o
[0xP promoter ﬁ
#g?i“
g Pk{woter C ORF P i
re ;
recombinase in-Frame

Splice Stop
Donor



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

Trasformazione

S.0.C.
medium 37°C

§ ‘ 1 hour
=

Batteri e g =» 020

5.0.C. 37°C

medium 1 hour l \
ﬁ )
Electroporated 225 rpm
cells (A) Eleciroporalion (B) Lithium acetate (C) PEG

— YFF with intact
i cellwall
Your DNA YFF

'I'
¥ ,‘, \ 4
L i eVitO %lempmﬁm E e ‘ Protoplasts

l {orli I near DNA)

+ PEG
Yourplasmld
heat shock (or linear DNA)
w0 ,.,
Selection plates
Selection plales @

Selection plates

ur plasmid



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

Cellule insetto/mammifero:

Tr'u:rim r11| tr: JI'I"-F"'.‘-

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)-

Biological based method

« 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
: t fecti .. . .
Fo) Pln::rdia i Pasmidresgert  * Cationic polymer Lentivirus Retrovirus Electroporation
R . complox » DEAE-Dextran
» Magnet-mediated transfection PR geng op:f}cgg_/;@
» Activated dendrimers 4 Y FY
', L q 9]
4 { (}_ I's
(é\h\.\( N "',:’QJ KE\\ - :CJ

000
Transfect
'U' packageing cells 'U'

Collect virus Iy~ . Electric

L 4 particles I L | shock

Reverse transfection “Nano substrate”-induced gene delivery f‘ﬂ’gﬁ‘- /“.ﬂs? =0
i, .. { - -
) 12 i
Cells o] - -{_.;fft s &5
O@ @ 0@ O ) Plasmids = b Transduce
‘ o Transduce o Iy T cells
Plasmidiresgent Nanosheets Tcells
o —
Plasmidireagent complex |" L g |
pre-adsorbed to substrate O, @)/
surface \a___/

i I Manosheet-induced vector-free

gene delivery




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

To test/optimize different strains/ expression conditions (°T/[inducer]/media/time)

EXPRESSION

C& HARVESTING

CELL LYSIS
SDS-PAGE

TOTAL EXTRACTS SOLUBLE FRACTIONS

]

|

[

I

I8

if

it

1]

|
T 3% B

ik

I

{

I
siueiall

- e e e e e s - .
—— . . B =

B st SSS———

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



Espressione di proteine ricombinanti per studi strutturali
expression flowchart

Intracellular Extracellular
expression expression
Insoluble in Soluble in Periplasmic Culture
cytoplasm cytoplasm space medium
Cell lysis Cell wall disruption
| I |
Cell debris removal Cell removal Cell removal

Harvest inclusion Recover
bodies supernatant
T~
Solubilization \
~

Purification

Recover clarified Recover clarified
sample sample

/



Espressione di proteine ricombinanti per studi strutturali
collection & lysis

CENTRIFUGAZIONE
SURNATANTE per il recupero di proteine secrete

PELLET: LISI CELLULARE per recuperare proteine
citoplasmatiche / di membrana o proteine in corpi di inclusione
lisato (proteina target, insieme a proteine solubili dell’ospite,
membrane e proteine di membrana, organelli, DNA, matrice
citosolica della cellula)

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

Preparation,
extraction,
clarification

strategie di purificazione

Polishing

Achieve final

Intermediate ~ 9h-level purity

purification
Remove bulk
Capture impurities

Isolate, concentrate,
and stabilize

Step

Resalution

Capocity



Purity

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

Resolution

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

Spes

Intermediate
purification

Remove bulk
Capture impurities

’ J'SUJ'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: polishing

Polishing

Achieve final
high-level purity

Intermediate
purification

Remove bulk
Capture impurities

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

extraction,
clarification

Step



Solubility

Purificazione di proteine ricombinanti per studi strutturali
Precipitazione frazionata:

separazione sulla base della solubilita (effetto del salting out)

pitreret

g==--——1x

o

-

b

Salt Concentration

Solubil

Supernatant

Precipitate

—[]eE

Soluzdling lon Frescipiiation
Laline Saline

Salt Cancemlralion



Purificazione di proteine ricombinanti per studi strutturali
Precipitazione frazionata

Clarification Supernatant
Bulk proteins and

particulate matter

. precipitated
W
[T Extraction, Clarification, B
Concentration Redissolve pellet* Purification
Tﬂ'_rgE't JDFDIFE‘JH pre CJP"mtEd I 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.




Purificazione di proteine ricombinanti per studi strutturali
Metodi cromatografici:

@ ® ® ©) ®

Mohile

| Loaded [~ phase

sample

| Sample
separation | Stronger

interactions

Stationary

| phase Weaker
interactions

)] b b Eluted _

by Fractions
collection b & molecules 4

IN BATCH CON FPLC (Fast Protein Liquid Chromatography)

B I ! £

+
i

\
Columns

. 1
RE e e————
L
o ¢

etctor[s] Fraction [t
- .
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Metodi cromatografici:

Gel filtration Hydrophobic interaction Reversed phase
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Metodi cromatografici

SEC

Carbohydrate

polymer bead ~ {2 Cross-linked ogarose

Small molecules
enter the A
aqueous spaces
within beads

Protein
Minpia ¥ I.age
. } molecules
cannot enter T+
Molecular

__ 80D+

-

E 80{!- 5-500-

: g

g 400 jm-

w®

8 200- el
0

5 1'I.'.I 1t5 2'|J 25
Elution volume (mL)

T T T T - T
8 10 12 14 16 18
Volurme (mil)



Purificazione di proteine ricombinanti per studi strutturali
Metodi cromatografici

SEC

M, 10# 10? 10* 1m0 1m0E w7 108 Resolution

Superdex 30 Increase N

Superdex 75 Increase "

Superdex 200 Increase L

Supercse & Increase ]

Superdex 30 prep grode .

Superdex 75 prep grode L ]

Superdex 200 prep grode —

Superose & prap grode 7

Superose 12 prep grode O

Sephocrd 5- 100 HR A

Sephacrd 5-200 HR ]

EWrH S300HR I

Sephocrd 5-400 HR .

Sephocry 5500 HR L
Product Efficiency’ Operational® Cleaning-in-place [CIPF  Particle size, d,, (pm)®
Superdex 30 Increase = 43000 Ito 12 lto 14 ~ g
Superdex 75 Increase =43 000 3to 12 1to 14 ~ 9
Superdex 200 Incrense =48 000 Ito 12 lto 14 ~ 8.6
Superdex 30 prep grade =13 000 Ito 12 1to 14 ~ 34
Superdex 75 prep grade =13 000 3to 12 1t 14 ~ 34

Superdex 200 prep grade = 13000 Ito 12 lto 14 ~ 34
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Metodi cromatografici

IEX

\
R O 0 R O \ Cation
N i ol | . \
H,NCHCOII H,NCHCO~ =——= [I.NCHCO" g
® oH
v T : \
{protonato) tdeprotonat ] )
Anion
Punto isoelettrico \\
(zwitterione noutro) — ~_
CATIONICO (p! 5.5-7.5) ANIONICO
Functional
Resin  Functional grou Weak or Stron
+ HN_ $OOH SrOtR g pH Range
i - diethylami hyl
binds = denaturation DEAE [ I:E(g :n;l:::]Et Y weak anion pH2-9
Mot cation exchanger stability range 3 2F5)2
BN COOH ' . ANX ?lﬁf?glan;lr:z?ropyl weak anion pH2-9
. ¥ 271572
Protein |2 - 10 )
p' Q qua:rternary amine strong anion pH1-14
v H [-N*(CH3)s]
Charge ! | HN g €00 p X ol
carboxymethy .
stability range . c™m [-0-CH,COO'] weak cation pH5-10
[__ binds 2
denaturation anion exchanger methyl sulfonate
S [O-CH,-CHOH-CH,-0O- strong cation pH2-12
CH,-CHOH-CH,-S057]
sulphonyl group . )
- SP [-CH,-CH,-CH,S05 ] strong cation pH2-14
Tertiary amines - Strong anion exchangers Sulphonic acid * Strong cation exchangers
Secondary amines » Weak anion exchangers Carboxylic acid » Weak cation exchangers
n,@ "'ﬁ> Positively charged exchangers 7@' @ "'——> Negatively charged exchangers
A W% @ * selettivita diversa
n. n, o b -

D]
'Ry

6‘ @7 Mobile counter ion

(-]

Ry

lon exchanger resin

@ T } > Mobile counter ion

lon exchanger resin

* capacita varia con il pH per
i deboli
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Martrix 2 a Lo ionic
- Etrength
. f"'ﬂ{! uffer
.. - @
Fositiealy
chargad = .
ionic groups L
*
&
Magotieely &
chargad
proteing ’ "
+
Meutral ar &
positivaly
charged —. -
protsins ~—
-
ae®
P L
.
L ]
»°
&
L L]

fbsompion

fhzompion

Absorplion

Metodi cromatografici

IEX: fasi della purificazione

Equilibration

Tirremdabarres

Sample application and wash

Timatsabmes

Elution 1

IEM madium equilibrated with
stort buffer.

Oppositaly chorged proteins
bind to ionic groups of tha

IEX madium, becaming con-
centratad an the calumn. Un-
charged protains, or thoss with
the some charge as the ionic
groups, elute during sample
opplication or just after, during
the wazhwith start buffer.

Increasing ionic strergth
lusing o gradiant] displaces
bound proteins asionsin tha
buffer compete for binding sites.
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Metodi cromatografici

IEX: fasi della purificazione

Elution 2
[ ]
| ' | Firtha inCr Qs in bonic
g | | stremegth disploce probeing thot
f | . are mre haghly chorged Imore
| . | bty B und
.’ b, (WA
Teradollere
Elution 3
r
| 1 I|
' f{
E R
& II"-\. ey 'I_II '-.,.r I-..
Toradylera =
Regenaeration
[}
5 | ". I Firal Pagh it $1P8Rgth Wtk
i | [l 1 resTicnAeES O Ny konica iy bound
3 | | Lt | PrOtHng barfore re-aquilbration
J A AUV s




Purificazione di proteine ricombinanti per studi strutturali
Metodi cromatografici

IEX: dimensioni delle componenti di matrice

Ropid exchange of counter- Euffer flow
ions, typically Ma* or Cr, and Form Mean particle size {um) PFini 4
colute molecules Minigeads™ Polystyrene/divinyl benzene 3 Ip= f:hm &Ex 20 mm|
MonoBeads™ Polystyrene/divinyl benzene 10 3 uibca
SOURCE LS Polystyrene/divinyl benzene 1s
SOURCE 30 Polystyrene/divinyl benzene 30
=i . Sepharose High Performance Agarose 6% 34 frp——
Ropid diffusion Sepharose Fast Flow Agarose &% an - foalkumn 5 30 mm
Sepharose 4 Fost Flow Agarose 4% a0 = m‘“
Sepharose XL Agarose 6%, dextran chains a0
coupled to agarose [
Sepharose Big Beads Agarose 6% 200 =
E-n'l.l:lll baad sle - Copto™ ImpRes High-flow agarose 40 | AEsIRCEma, L =
Uniform pore se distribution Capto ImpAct High-flow agarose 50 b | Iz Fmcwris =
Copto High-flow agarose 90 :I___.-ULJ_,-\.IL_nII Mﬂ..: aistzs E
=
Even buffer flow distribution | | SORCEN I
Uniform packing W T || | n;::l.ux Samm|
Narrow paorticle size d istribution = L Ul .-"q_.«_.-'.\___'l - aitzs
5
o
— wem |l | 7 SeprorTas™ High Packemancs
W LD 20 mm
' 5 SYEUNUIRES
|
h |\ | | ) Sephorces P ox Ao
| | —_— i E:-:l.u:-: amm
|, ] Harrow, syrmmatrical peoks 1 .-'ﬁ'-'i"-' e __il‘_ : —
| |] | Minimal zonea broadening : ST :
|
[
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(Good selectmity
righ efficiency
rl I‘
|}
i1
I
| | et afficiency

Bod selectmity

nigh effidency

Metodi cromatografici
IEX: selettivita vs efficienza

Mest oeidic pH: oll three prateins ore below
their pl, positieely charged, and bind orly 1o
o cotian axchanger Frateins are eluked in
thearder of their ret chorge.

Abs

v
/
~

+
-

M=t olkalire pH oll thre= prateins ore
obave their pl, negoiirely charged, and
bind orily ta the anicn exchonger. Probeines
ore =haied in the croer of their net chargs.

I

Surface net charge
[

a7
A

L=ss acidic pH: blue proieinis above its g,
riegotively chorged, other proteins ore stil
pasitvely chorged. Elus protein binds ta

on anian exchanger ond con b= s=poroted
from the pther prateinswhich weash thraugh.
A Hernotieety, red ond gre=n proteins con b=
s=porobed an o calion exchorger ond the bhee
crotaim wrishes throoah,

Less alkodi pH: red probein below its pl,
pasitively chorged. Red pratein binds ko
cotian eschanger ond con b= s=poroi=d
fram 1he piher proteins which wash
through. & kernotively; blue and oreen
proieins can be separabsd an an onicn
exchonger and ihe red proteinw oshes
throuah.
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Metodi cromatografici
IEX: tipi di eluizione

sample dient
equilibration —= injection —= 30Ot s regeneration — re-equilibration
S elution
high salt wash
1MA .

SCV tightly bound
maclecules
elutz in high

= unbound mnlgculea e!ute saltwash
= before grodient beqins
£ |
| g
B | - \
IEIJ | ,-*"df |I |
= |I gaocv | | \
I| | A
| f
|
. | ‘C’J || _}LII k / ll. \
Sto 10 CV AL _—_—
0 “‘——j - 5tol0CV
high salt wash
1Mk g Oy
elution
elution of of target
unbound  ymwonted  molecule
= molecules  material
4 elute rg
= sample / Y ightly bound
T injection Igntly boun
12 volume maolecules
5 | elute
G \ 5CV ‘ \
=) '|
= |
equilibration f\ \ ) \ re-equilibration
[ \\ \\ AN
5t0 10CV [ ) A
5to10CV

=

Column velumes (CV]



Purificazione di proteine ricombinanti per studi strutturali
Metodi cromatografici:

Capture
Isolate, concentrate, and
stabilize target protein(s)

Sample conditions:
clarified or nonclarified

 —

IEX: CAPTURE

Easy scale-up, Broad choice of
selectivity, including alternatives
to Q or S IEX media
Sepharose Fast Flow
(Q, SP, DEAE, CM, ANX)

v

Try weak ion exchangers 0 Sepharose Fast Flow
such as DEAE, CM, or [HR 16 x 50 mm)

ANX if the selectivity of
Q or Sis unsatisfactory.

Use high bed heights for Sample: .

. . Pancreatin

increased productivity. ) .

Use Capto MMC for high Gradient elution

salt feed.

Use for capture with high 0 Sepharose XL

binding capacity/rapid

separation of proteins from

clarified samples
Sample:
Recombinant a-amylase
Pilot scale:

Use with step elution. Gradient elution begins

after 201




Metodi cromatografici:

IEX: INTERMEDIATE PURIFICATION

High resolution
Easy scale-up

Sepharose High Performance (Q or SP)

High resolution and throughput
Flexibility of process design
Capto ImpRes (Q or SP)
Capto S ImpAct

—_—

Use HiTrap columns
prepacked with
Sepharose High
Performance, Sepharose
XL and Sepharose Fast
Flow for media selection
and pH scouting.

Use Capto ImpRes and
Capto S ImpAct for
increased productivity in
large-scale production

Purificazione di proteine ricombinanti per studi strutturali

Az

Q Sepharose High Performance
(HR 16 x 50 mm)

Sarmple;
Pancreatin
Gradient elution



Purificazione di proteine ricombinanti per studi strutturali

Polishing

Remove trace impurities or

closely-related substances
Sample condition:
almost pure

Metodi cromatografici:

IEX: POLISHING

Use for intermediate
purification if column
capacity is sufficient

— Highest resclution pg/run —_—
MiniBeads (Q or S) ‘

Use for intermediate
purification if column
capacity is sufficient and
no scale-up is required.
Can be used for capture
steps if sample is free from
particulate matter,

Use SOURCE 15 when
resolution is top priority.

—

Use SOURCE 30 when
speed is top priority.

and no scale-up is required.

Hiﬁqmrn & x 50 mml

H_JJJM_, "'A_,____ _

|| Mnmecl:ltmnE:S-ﬁmm

‘I
||__/'-Il\_J'JJL«-JLﬁwuw‘

SN
| RESOURCE Q. 1 ml

l
\._ ﬂllw J'u.“u«J:LMm |

-
TSoURCE 300 HR 16 x 50 rmml ‘
|| ||| \ ‘
Sample:
Pancreatin

Gradient elution
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Metodi cromatografici:

HIC

Cytochrome ¢ RNAse A Lysozyme a-chymotrypsin

hydrophobic residues A

Salt concentration

N \ |
\\« III )
;’ S 1 i . -

|

Proteins separated in order of
increasing surface hydrophobicity
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Metodi cromatografici:

HIC

A) B)

. -
a'

*"Hydrophobic
“ 4« .surfaces, -
' g <3 : . High salt
%40 . -
S : Highly ordered .
Wo o oofas e e water
© <+« . +kess ordered
e L ) .',/',u.u::ter ; .

.
# -
- g &
- -
&% . w27
1 -

LI )

Low salt

A} Highly ordered water shells surround the hydrophobic surfaces of ligands and proteins. Hydrophobic substances are forced to
merge to minimize the total area of such shells (maximize entropy). Salts enhance the hydrophobic interaction. Bl The equilibrium of the
hydrophobic interaction is controlled predominantly by the salt concentration.
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Metodi cromatografici:

i
Matrix
-
Hydrophobic
ligands
High-salt .
buffer -

Hydrophobic
proteins

Least
hydrophobic
proteins

HIC: fasi della purificazione

Equilibration
HIC medium equilibrated
with high-salt start buffer.

Sample application

Start buffer causes hydrophobic
proteins bind to hydrophobic
ligands on the medium, becoming
concentrated on the column.
Proteins with insufficient
hydrophobicity elute during or just
after sample application.

Elution 1

Decreasing salt content (using
a linear gradient) causes
hydrophobic proteins to elute:
the least hydrophobic proteins
elute first.

Adsorption Conductivity
A A
Timefvolume
Adsorption Conductivity
L [
Time/volume

Adsorption

b

Conductivity
[

Timefvolume
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Metodi cromatografici:

HIC: fasi della purificazione

E|uti0n 2 Adsorption Conductivity
A A
»* Further decreases in salt displace A
-") the more hydrophobic proteins \
: (more tightly bound). 4
& AN
E]
- ;
Time/volume
“J
Elut|0n 3 :::dsorption Ccnductiuitjt:
e o ]
\
&
E ]
- Time/volume
W a Sh ﬁ:dsorption Ccnducti\-'itjg
- Final “salt-free” wash removes A
& any hydrophobically bound \
proteins before re-equilibration. \
»
)
.

Timefvolume
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Metodi cromatografici:

HIC: tipi di matrici

Matrix Form Mean particle size
SOURCE 15 Polystyrene/divinul berzene 15 prmi
Sepharose High Performance Agarose 6% 34 pm
Sepharose & Fost Flow Agorose 6% 80 prn
Sepharose 4 Fost Flow Agarose 4% 90 pm

Phenul —D—

Butyl-S —S5—(CH.)+—CH,

Butyl —O—(CHk—CH;
Octyl —O—(CH,—CH;
Ether —(0—CH,—CHOH—CH.—OH

lsopropul —0O—CH—ICH5);
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Metodi cromatografici:

HIC: tipi di eluizione

somple — sdh-free
E U O —- InjEckan —= wish ———a= = ut - gluion —e= rE-equilroton
\ VOlUTE Bluben Eaffer 1
510 CN 510 10-20 0 250 =100
a1}
= ran-baurd makouies Hgnty DaLng =
E ahibe before malecukes eluis -
i gradent begins "I E
= '|I i =]
= \ | -
II| |III I
A |
. | I|" | %
N M
sample salt-free
equilibration — injaction = wosh — i:"tf_l:‘ clution —— re-equilibration
i volume Elution buffer k
5-10 0 F-10 0 50 -5 0 5-100/

. torget

8 non-baund  protein i Z

E miclecules * EEETHIE IE

@ e " molecules 2

= | alute c

= \ o

= |

|
| l
A
J\ N VAN

Colurnnvolurmes (O]
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Metodi cromatografici:

HIC: CAPTURE INTERMEDIATE PURIFICATION

Remove bulk impurities
Sample condition:
partially purified

GOOd reSOIUtion Use Sepharose Fast Flow Az Phenyl Sepharose 6 Fast Flow (high sub)  mS/cm

Fasy scale-up for polishing if media with ™ "“

L smaller particle size do not ¢ o

Range of selectivities offer required selectivity. N 2

Ca ptu re Sepharose Fast Flow , -

(phenyl high sub, 2001

Isolate, cgncentrote phenyl low sub, butyl, 1 o

and stabilize target octyl, butyl-S) 100 : .

protein(s) | .

Sample condition: oo
clorifliequrd olo 200 450 60,0 800 min
non-clarifie

Good resolution }
Industrial-scale Use STREAMLINE for direct
. . ! capture from unclarified
filtration and capture feedstock.

in one step

STREAMLINE
(Phenyl)
*available as a COM product



Purificazione di proteine ricombinanti per studi strutturali
Metodi cromatografici:

HIC: INTERMEDIATE PURIFICATION & POLISHING

Use RESOURCE HIC Test Kit =i SOURCE 15PHE e

i i i o 160

to find suitable selectivity
and optimize separation. 00 o
. . 400. 20
Use for intermediate .
purification or capture if s00fs .

no other medium offers
suitable selectivity.

Samples should be free 100
from particulate matter.

.T;_____

0.0 200 400 60.0 80.0 min
Use Sephorose H|gh Az Phenyl Sepharose High Performance  msem
Performance for polishing "
if SOURCE media do not 10
offer required selectivity. & 120
100
Use HiTrap HIC Selection Kit | N
to find suitable selectivity . : .

Remove bulk impurities and optimize separation. |
Sample condition: I 40
partially purified @ : .
|

00 200 400 600 80.0 min
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Metodi cromatografici:

AFFINITY
A”"; 2. Wash 3. Elute
Esr‘?
R
-

ﬂ Target Protein Ligand

Affinity Resin with
Ligand attached

u> Other Proteins
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Metodi cromatografici:

AFFINITY

Types of ligand Target molecules or molecules of interest
Enzyme Substrate analogue, inhibitor, cofactor
Antibody Antigen
Lectin Polysaccharide, glycoprotein, cell surface receptor, cell
Nucleic acid Complementary base sequence, nucleic acid binding protein
Hormone Receptor
Avidin Biotin
Calmodulin Calmodulin-binding molecule
Poly(A) RNA containing poly(U) sequences
Glutathione Glutathione-S-transferase or GST fusion proteins
Proteins A and G Immunoglobulins
Metal ions Poly (His) fusion proteins, native proteins with histidine
- adsorption of wash dule
equilb ____ sampleand _ awa¥y __ pong . gel regeneralion
ration elution of unbound proteinis)

L unbound material — material

S| begin sample 7 changeto |
application ;"' Y elution buller |
\ |
4 |
| |
g pN S LY

Y ———— 12V W 1-2 ¢V
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Metodi cromatografici:

AFFINITY

GST MBP Strep™-tag His FLAG™
"
Size 26 kDa 40 kDa 8 aa 6 aa 8 aa
Protein 30 10
binding 6 mg/ml 40 mg/ml 0.6 mg/ml
capacity mg/ml  mg/ml
Purity ++ + + +++ + +++
Increased
solubility Yes Yes No No No
Risk for
interference
With Yes Yes No No No
function
,

Immoblllzed GSH

Stabilized
Strep-Tactin Tetramer

Binding of twin-Strep-tagged
Bait Protein

i OH

£ I )
HO A

HO'

Immobilized
Streptavidin/
Strep-Tactin

Immobilized amylose

Lv\
Non-nteracting
Prateins

¥

nnnnnnn

\ETA
Acido nitrilotriacetico

Solid phase
ap Target protein

—4
L
%(Anti tag-antibody
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Tagged
protein,
with
cleavage

site

Tagged protease

can be produced

as recombinant
protein

Metodi cromatografici:

REVERSE AFFINITY

Purified and
cleaved protein Binding to
recovered in the affinity
resin

flow-through o
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Metodi cromatografici:

Typical Purification
charocteristics phase
5
; 2 | 3
= %‘ g ,3 S
[Fal
S 0. = = Z | Sample start Sample end
Method = = m % a conditions conditions
AC +H +H+ 4t T + Various binding conditions Specific elution
ar or conditions
— +
IM&C — ++ bt +4+ + For purifying histidine- High concentration
togged proteins using of imidozole,
Mi Sepharose columns:: pH > 7, 500 mM NaCl
20-40 mM imidozole; pH > 7
500 mM NaCl; no chelators
Other proteins: low
concentration of imidazole
GF H + + 44+ | Most conditions acceptable, | Buffer exchange possible,
limited sample volume diluted sample
[EX ——— - e ~++ +++ | Low ionic strength. High ionic strength or pH
pH depends on protein and changed
IEX type
HIC 444 ++ ++ +4+4 4+++ | High ionic strength, Low ionic strength
addition of salt required
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Metodi cromatografici:

[NH,);50; precipitation

*
Capture | [ |
AC AC AC IEX | HIC
ntermediate [ '
IEX ‘ HIC IEX
Polishing

GF GF GF GF




Espressione di proteine ricombinanti per studi strutturali
Espressione in forma insolubile e refolding:

fr 8 -2
g i
' "‘I" - '\‘

A W "‘-.‘d. .‘\

-

Folding in vivo: cytoplasm crowding and confinement



Espressione di proteine ricombinanti per studi strutturali
Espressione in forma insolubile e refolding:

Lisaggregating
chaperone

%

Non-native 5-5 bonds Mixed disulfide Native 5-5 bonds

Fogure b-dls
© 3OV N Jabvn Whiey & Somi inc Al Aaghis resevved

Holging
chaperones

Folding in vivo: ruolo delle chaperonine/foldasi/Protein Disulfide Isomerase



Espressione di proteine ricombinanti per studi strutturali
Espressione in forma insolubile e refolding:

LUoverespressione satura il sistema enzimatico:
aggregazione/accumulo di proteine misfolded in corpi di inclusione:

Vantaggi:
Protezione da proteasi citoplasmatiche

Elevate rese
Elevata purezza




Espressione di proteine ricombinanti per studi strutturali
Espressione in forma insolubile e refolding:

I8 recovery

/

4

cell disruphion,
cantrifugation

IB wash

L

4

ramaval of impuritas
(e.0. cell debris, DMA)

18 solubilizat

7

4

adding chaotropic and
reducing agents

predein
rizfakding

/

reduciion of chaolrope:

agenl

4
(d




Espressione di proteine ricombinanti per studi strutturali
Espressione in forma insolubile e refolding:

Misfolding ” Refolding ” Aggregazione
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Espressione in forma insolubile e refolding:

Rearrangement (Slow)

Hydrophobic collapse (Fast)
Refolding (early) | order kinetics Refolding (late)
[ ]
o * e (XC)
WO e o" 0® o ° Hydrophobic patch Reductant / Oxidant
. 9 ° — g B @
° \o METEICY Ol K
L] L] L]
:I,'lﬂ.°'\.5H ﬂ ’ @
A T AN oo < o
Hse o fe® f.x’ ° A
o ”s.‘u-. e’ . Native protein
oo ° ° Denaturant Refolding intermediate Disulfide shuffling (refolde((; )protein)
o

Solubilized unfolded protein Molten globules

v /

Aggregation

Il order kinetics
b (or higher)
Qa A Chaperones ' ;:" J
v\ Chaperones  ; [\
‘ Aggregation \/ll fl\ Nl |

Energy

Folding
intermediates

o

Partially

@ Oligomers

[
o folded
[0} £ states
A h
o Aguregates @ e oo
@ (A) Misfolded proteins state
(M)

Driving forces: interazioni idrofobiche> WdW> Pro isomerization > ponti

di solfuro> legami H

Amyloid fibrils

Intramaolecular contacts Intermolecular contacts
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Metodi di refolding: il tampone di refolding

Da ottimizzare vari parametri (T, t, pH, forza ionica)
Impiego di additivi

Additive Concentration Effect Stabilizer - Aggregation inhibitor o Denaturant
CHAPS 30 mM Detergent (kosmotrope) E (moderate chaotrope) E (chaotrope)
EDTA 20mM Chelate e ° o 1 ¢ - .
] [ ] ]
Glycerol 10-50% Stabilizer n o . ¢
Guanidine HCI 0.1-1M Chaotroph e E - A E .
L-arginine 0.4-0.5M Stabilizer . o/ = ¢ - il
@ ] ]
LﬂrOY]SﬂrCOSin UP to4 M D Etergent preferential exclusion : : preferential interaction
MgCl/CaCl, 2-10mM Cation P oy y el e
NaCl/Ammonium sulfate 0.2-0.5M Salt M eon n O NH . °
Non-detergent sulfo betain Uptol M Solublizer Silcroas e E L-arginine hydrochioride 1 glycineamide 70 E urea
PEG 3350 and cyclodextrin ~ Up to 0.5% W/V Osmolyte Z:zog . . -
= NHy H R . Jcr
SDS 0.1% Detergent M PG S L
Sodium citrate/sulfate 0.2-0.5M Sﬂlt OH : L-argininamide 691 ionic liquid [#&-21] : guanidine hydrochloride (2]
rehalose 148! n [
Sucrose/glucose Upto0.75M Stabilizer e : .
TMAO 1-3M Osmolyte o0 Ry, E o LS
Tris 0.4-1M Buffer ) _ . N-hexanol /1] Acsinaidsl  u
glycerol ¥6.471  betaine 4041 m "
Triton X-100 0.1-1% Detergent
Tween-80 0.01% Detergent
Ely;:.me EP to 1 ﬁ gsmoiyte Artificial chaperones
rotine pto MOV Detergents: Triton X-100, CHAPS, Sarkosyl, SDS and CTAB
g )
Urea 0.1-2M Chaotroph

Detergents with cycloamylose or cyclodextran
Non-detergent zwitterionic agents such as Non-detergent sulfobetaine

(NDSB), substituted pyridines and pyrroles,
and substituted amino-cyclohexanes



Espressione di proteine ricombinanti per studi strutturali
Metodi di refolding: il tampone di refolding

Impiego di addittivi proteici

Chaperone mediated (soluble or immobilized and reusable system format)
ATP dependent: GroEL-GroES, DnaK, Dnal, GrpE minichaperones

ATP independent: peptidyl-prolyl isomerase
DsbA, Trx and GST

Antibody mediated
specific for conformational epitopes

Impiego di agenti redox

Reducing/oxidizing reagents: BME, BMC, TCEP, DTT, DTE,
cysteine/cystine, glutathione, cysteamine/cystamine, and EDTA



A. Dilution

Denaturant
‘ )
conc.

—

Espressione di proteine ricombinanti per studi strutturali

method

tart

‘(high}?,\gd
v

(low)

A

e

N

B. Dialysis method

Denaturant
conc.

start

(high)

(low)

Time

Metodi di refolding in soluzione:

Dilution

\Dena'rumn'r

¥ Diffusion X

* .

#

Aggregation-promoting
environment

e

(high)

start
¥ (middle)

>
Time

—p-
Time

/(high} ?,3.@

v

(low)

.

Flexible

M

I

OO e

(middle) %54—» cm 4—»6‘:&, > @
N

Rigid

/




Espressione di proteine ricombinanti per studi strutturali
Metodi di refolding:

C) REFOLDING SU COLONNA

Denatured Loading ' Elution
Protein Solution Solution
AAT | |
OO0 0O O()z) OO0
O00 OO0 O00
QOO0 000 000
OO0 OO0 OO0
&
@

i
Adsorbimento/Immobilizzazione sulla matrice inibiscono interazioni aspecifiche -
riducono l'aggregazione



Espressione di proteine ricombinanti per studi strutturali
Refolding su colonna:

C. Solid phase method

SEC-based method Adsorption method

°n Eluent . . .
AN = .
I, A N o

o2’ %o e Eluent .



Espressione di proteine ricombinanti per studi strutturali

A) IEX

Gradiente duplice:

1) pH piu elevato del pl
(riduce I'aggregazione)

2) pH vicino al pl (compatibile
con il folding nativo)

Metodi di refolding:

ADSORBIMENTO

B) HIC

©
G
Urea Conc. (M)

S —

F [1{(2& 0 0.4

Column Volume (CV)

P High [salt]

JrDl.‘crcuﬁc [salt]

Native conformation
{hydrophobic residues buried)

High [salt] conformation
(hydrophobic residues exposed)

Glycercl Conc. (w)



Produzione di proteine ricombinanti per studi strutturali
Cristallizzazione: considerazioni energetiche

- ‘

Py & A A

Large and specific -'-." o o - - ad

‘% agregates & & fﬁ. &;‘ &r &o-

» € . oy oA A A /

W ‘e &
tﬁ 'm q (] &f"
B oA

‘!':‘55

. g !;’& e, )
‘E". Nonspecific '-':# ‘E". _/

agregates

&G

Ordering occurs

Energy barrier - critical nucléus appears

o nucleation

s
[
2

Energy AG

- = =

o €1

Clusters \) /—— .';'@
€ € W,

Energy difference between
Free molecules in solution

o8
!:;'ummm and in the crystals \ . ﬂ

-8 -;"{' - - 'ﬁ'

-

Y

Time course of crystallization

AG_. . =AH

cryst

orot” TAS ot~ TAS

prot solv



Produzione di proteine ricombinanti per studi strutturali
Cristallizzazione: considerazioni energetiche

autoassemblaggio in cristalli:

« formazione di numero di contatti relativamente piccolo/interazioni deboli:
(hydrogen bonds,salt bridges,p-p,s-p,charge-p interactions, etc)
AH_ negativi o poco significativi (-17/0 kcal/mol)

» perdita significativa dei gradi di liberta traslazionale/rotazionale
conformazionale dei residui coinvolti

AS,otein 30/100 kd / mol — -TAS,y1ein =+7,5/25 kcal / mol (a T,,,)

contributo destabilizzante positivo alla AG,, (perdita di gradi di liberta della proteina)

« compensato dal rilascio di solvente attraverso residui di superficie sia idrofobici che polari durante
I'impacchettamento (guadagno entropico del solvente)

— -TAS_,, =+25/75 kcal / mol (a T,,,,;,) corrisponde al rilascio di circa 5-30 molecole d'acqua ordinate
dalla superficie

AGc = AHc - T(Asprotein s ASsolvent )

Piccoli cambiamenti ASiein / ASsonent — €ffetti drammatici (SER: mutazione di residui superficiali con
elevata liberta entropica (Lys, Glu, Gin in Ala)



Produzione di proteine ricombinanti per studi strutturali
Cristallizzazione: parametri chimico-fisici critici

Database = 821 proteine funzionalmente monomeriche

Acta Crystallographica Section D
BIOLOGICAL CRYSTALLOGRAPHY

The role of entropy and polarity in intermolecular
contacts in protein crystals

Marcin Cieélik and Zygmunt S. Derewenda

0.7 — : : . . . : .
/,/'\./.
0.6
Aliphatic
05 - - Diverse
E‘ - -+ Aromatic
g 0.4 +—+ Small
g 2] e—=e Charged
203
s
L
0.2
0 T SRR —
0.0 : : : : . .
00 100 200 300 400 500 600 700 80.0
Expected contact area (A”)
(b)
. - [ . . . . . .
superficie accessibile al solvente dei residui
e . .
o O entropia delle catene laterali



Fraction in PDB

Fraction in PDB

Produzione di proteine ricombinanti per studi strutturali
Cristallizzazione: parametri chimico-fisici critici

Database = 679 proteine espresse (179 cristallizzano)

a
0.754
0.50+
0.254 m
D'Do o =] o o o (=] (=] o
Lo .
5 8 S 88 8 8 §
g 8
=]
Tm
L
ege \
stabilita
0.5+
a
0.4+ |
'| il
02{ T
=l
01
0.0 T T T
Monomer Dimer Multimer

o =
~ (=]
v o
i 3

Fraction in PDB
o
3

nature

biotechnology

Analysis | Published: 14 December 2008

0.25 . . .
{ |;| Understanding the physical properties that
0.00-— = - -
- 3 ] o ° . ' . .
s § t =& & control protein crystallization by analysis
‘E ‘s I3 o o
=1 =) - - 9 .
hi % b
: 1 1 of large-scale experimental data
T - i
o
o
W Nicholson Price 1, Yang Chen, Samuel K Handelman, Helen MNeely, Philip Manor, Richard Karlin,
AGunfolding)
Rajesh Mair, Jinfeng Liu, Michael Baran, John Everett, Saichiu M Tong, Farhad Forouhar, Swarup 5
Swaminathan, Thomas Acton, Rong Xiao, Joseph R Luft, Angela Lauricella, George T DeTitta,
Burkhard Rost, Gaetano T Montelione & John F Hunt B
0.35- i s
b Nature Biotechnology 27,51-57 (2009)  Download Citation &
0304 T
m
o ozs [ _|_ T
£ 0.20-
g il
S 0.151 _J_
& 0.10-
w
0.05-
0.00 T T T T
Mone Prim Mono  Poly Agg

proprieta idrodinamiche

epitopi superficiali ordinati (G) - interazioni stereospecifiche nell’ impacchettamento



Produzione di proteine ricombinanti per studi strutturali
Cristallizzazione: parametri critici

Saturation Supersaturation

Precipitelzon

Cryvakal
growsi

Lahbile zone

Caysnal

tuilealian

azd [mnt grewth
Faodunkils
'rﬂhnll
Meitastable
EOTIE

Unsaturated region

[Protein]

Solubility

(N regioni con solvente strutturato
Gravy (Grand average hydrophobicity) index

Flessibilita/regioni disordinate
pl



Produzione di proteine ricombinanti per studi strutturali
Strategie di improvement: Solubilita

Crystal structure of full-length KcsA in its
closed conformation

Serdar Uysal®®, Valeria Vasquez®P?, Valentina Tereshko®P, Kaori Esaki?, Frederic A. Fellouse®, Sachdev S. Sidhut,
Shohei Koide®, Eduardo Perozo®?, and Anthony Kossiakoff-b1

“Department o‘FBlcchemlS!:r},r and Molecular Blolog),r and blnstitute forBlophy5|caI Dynarmics, Unwemtyo‘FChlcago Chicage, IL 80637; and
Department of Protein Engineering, Genentech Inc, 1 DMA Way, South San Francisco, CA 94080

Edited by John Kuriyan, University of California, Berkeley, CA, and approved February 18, 2009 (received for review October 29, 2008)
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Produzione di proteine ricombinanti per studi strutturali
Strategie di improvement: Solubilita

fusion partners (ex: MBP)

Structure of a signal transduction regulator, RACKI,
from Arabidopsis thaliana

HEMAYET ULLAH,! ERICA LOUISE SCAPPINI,2 ANDREA FLORENCE MOON,?
LATANYA VERONICA WILLIAMS,I" DAVID LEE ARMSTRONG,2

Anp LARS CHRISTIAN PEDERSEN?

!Department of Biology, Howard University, Washington. DC 20059, USA

szhlutury of Neurcbiology, National Institute of Envir Health Sci National Institutes of Health,
Research Triangle Park, North Carclina 27709, USA
FLaboratory of Structural Biology, National Institte of Envi 1 Health Sci National Institutes of Health,

Research Triangle Park, North Carclina 27709, USA
(RecEvep February 26, 2008; Finar Revision June 20, 2008; Accseten June 25, 2008)



Produzione di proteine ricombinanti per studi strutturali
Strategie di improvement: Solubilita

3) direct surface engeneering
Amino acd at posi tion 76 ﬁu]uhiﬁt:.' (mg/mlf* °
Asp 43 I I l
"i ra‘ 4 2 Journal of Molecular Biology
Glu 47 Valume 366, Issue 2, 16 February 2007, Pages 449-460
Ser 19
1':}1'5 1 Amino Acid Contribution to Protein Solubility:
sly 27 )
Al 27 Asp, Glu, and Ser Contribute more Favorably
1;“5 :]‘ than the other Hydrophilic Amino Acids in
Asn 2
Thr 20 RNase Sa
Gln 20 SaulR. T L,). Martin Scholtz » 2 & &, C. Nick Pace 1" 2 2 &
Pl’l. ]q aul R. Trevino -, J. Martin Scholtz > © A &, C. Nid ace T
Cys 12
Met 11
Val 10
Leu 9.3
lle B.2
Tyr 5.6
Phe 4.4
Irp 3.6

® The error in these measurements is =10%.




Fluorescenca Emession

140

120

10

BO

50

40

Produzione di proteine ricombinanti per studi strutturali
Strategie di improvement: Stabilita/Solubilita

Ottimizzazione delle curve di denaturazione

110

@0
o
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o
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1
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L 4

Expressed protein
1

+
screening di formulazioni

20 40 60
Temperature, C°
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Produzione di proteine ricombinanti per studi strutturali
Strategie di improvement: Stabilita/Solubilita

*Biologia molecolare:

DNA level
Targeted design Combinatorial design
I DNA sequence l
Sequence analysis Random
' mutagenesis
Targeted [
mutagenesis Library screening
1
Mutagenesi sito specifica:
1. QuikChange 2. overlap- assembly PCR
Ry | < # - \
Parent RCR > Bl > Baaerm; . Mutagenize%j ' o @
Plasmid Amplification Digest Recovery | |\ Plasmid /| &
\ ' L ! f_:_‘.<°' _1#;" —— s
First round of—ampliﬂcation { °

Protein

% Product of primers 1 and 4
—_—
Mutation inserted
Second round of amplification




Produzione di proteine ricombinanti per studi strutturali
Strategie di improvement: Stabilita/Solubilita

Directed evolution

J

# epPCR

Random mutation
based on error-

prone
PCR (epPCR)

J\

; DMAse-|

Gene exchange

by DNA-shuffling

@
ol
7
®
3
(=2
=

PCR- ;




Produzione di proteine ricombinanti per studi strutturali
Strategie di improvement: Stabilita/Solubilita

Read out: fusione con GFP

MICS "_]I-F:l

pPDo5.75

AmpR
S65-Y66-G67: ciclizzazione, deidratazione e ossidazione—>

p-idrossibenzilidene-imidazolinone

P GF;£11I ‘_/__; . i P = _..)\
W T RPN g TR Fluorecent
il O G A Y g
(GFP) PRy Kk xSy Fusion
Green * o Lf L1 Protein
Fluorescent Properly Folded g .
Protein Target Protein SUCCESS Bacterial Fold-N-Glow™
GREEN FLUORESCENCE Split GFP S11 Plasmid
: +  @FR) -
RE W, Green
S <, AR Fluorescent
o i Protein

E ‘D :
Incorrectly Folded

Target Proteln b oorly folded Protelns will not Fluoresce



Target
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Produzione di proteine ricombinanti per studi strutturali
Strategie di improvement: Stabilita/Solubilita

Read out: fusione con GFP

it Phenotype

i selection

MNew round of
epPCR

Ll

0000
0000
0000
0000
Q000

Q000

Gene exchange
by DNA-shuffing




Produzione di proteine ricombinanti per studi strutturali
Strategie di improvement: Abbassamento della barriera entropica

*Eliminare modifiche post-traduzionali: Glicosilazioni:

1. Mutagenesi
2. Inibitori
3. Glicosidasi

N-Glicosidase F (su N, a monte della prima N-acetilglucosamina)
Endoglicosidasi H (dopo la prima N-acetilglucosamina in glicani ricchi di
mannosio)

Neuron

Structural and Mechanistic Insights into
Nerve Growth Factor Interactions with the
TrkA and p75 Receptors

Tom Wehrman,>* Xiaolin He,'# Bill Raab,® Abhiram Dukipatti,' Helen Blau,® and K. Christopher Garcia'2*
1 Departments of Mclecular and Cellular Physiology, and Structural Biology

2Howard Hughes Medical Institute

SBaxter Laberatory for Genetic Pharmacology, Department of Microbiology and Immunology, The Stem Cell Institute,
Stanford University School of Medicine, Stanford, CA 94305, USA

4These authors contributed equally to this work.

“Correspondence: kegarcia@stanford.edu

DOI 10.1016/j.neuron.2006.09.034




Produzione di proteine ricombinanti per studi strutturali
Strategie di improvement: Abbassamento della barriera entropica

Eliminare flessibilita/tags (vedi analisi bioinformatica): biologia molecolare/proteolisi

L .

A R | 14

-I'H-Iﬂﬂ' BleiT I denaly
) h_lﬂ e

2%

D Wiy slecfion h.l
o el el rag
Phait Gasia

—
2

ml

Rapid refinement of crystallographic protein construct
definition employing enhanced hydrogen/deuterium
exchange MS

Dennis Pantazatos*, Jack 5. Kim*, Heath E. Klock?, Raymond C. Stevens?, lan A. Wilson®, Scott A. Lesley®,
and Virgil L. Woods, Jr.*51

*Depart| af t San Diege, 9500 Gilman D L J H CA 92093 J C f S ral Genomics, The Scripps
Researc hl '\OSSON hT rreyPnesR d L 1 Jolla, CAQZOE? nd Yo Gen \nstit e of the Movartis




Produzione di proteine ricombinanti per studi strutturali
Spettrometria di massa

lonization Separation  Detection

| Deuterium lamps

for photoionizationf:[f ¥ MCP assembly Electron multiplier
Fast decay phosphor
TTYY DR - Linear mode it
RIS P TP T ST TR LT T LT TRDTTT A bbbl et 47
ss® 3% aa® (LT ] |°n Hﬁﬂect'on mode 'l..
'II -i’j[?:oa-.a-.o--oai’.
; N
R High voltage power supply

lonization-assisting substrates
DIUTHAME (For MALDI)



Produzione di proteine ricombinanti per studi strutturali
Spettrometria di massa: ionizzazione

MALDI (Matrix Assisted Laser Desorbtion lonization)

_Laserbeam
)
& Desolvation &
5 Desorption . :‘. ionization X .. - to Mass
& " ..o:\ "/ : - analyzer
Proton Transfer
@ Analyte spots
® Matrix spots
Matrici
CHCA (alpha-Cyano-4-hydroxycinnamic acid ) MW < 10kDa
SA (sinapinic acid) > 10kDa
Super DHS glicoproteine
mn o
/4 Semplice C Ei; interferenza fra 50-500 m/z (non quantitativa)
C\ MW alti N distribuzione non omogenea



Produzione di proteine ricombinanti per studi strutturali
Spettrometria di massa: ionizzazione

SELDI (Surface Enhanced Laser Desorbtion lonization)

E

NTA
lon Laser
Chemical % Source % — |
Surfaces | Hydrophobic
1L (O o' o%s e | Field free region
e 5,9 |i.l e
% E ® e W g
lanic U - = - = ﬂ Dealecior
§ E Washes | fum
== Be
Biochemical DNA \
Surfaces (. o _
% On-chip sample Maldi matrix
Antibody fractionation

~

p)
LE campioni biologici



Produzione di proteine ricombinanti per studi strutturali
Spettrometria di massa: ionizzazione

ESI (ElectroSpray lonization)

liquid delivery - . = molecule of interest

-

'@ °®
_I_
. ®
- @

+
=
o

- V&

|
|

With Voltage applied



Produzione di proteine ricombinanti per studi strutturali
Spettrometria di massa: ionizzazione

ESI (ElectroSpray lonization)

High Voltage
ESI needle [2 4Kv) Charged droplets Columbic repulsion MS inlet
I \l, r \ Multiply
charged
... SH' Analyte
Sample solution . A Bl
. ﬁ _; . : & —: Vacuum
To mass
'. : +©+ analyzer
SH E.lflmhhm
1-60 pm Charged joms
Solvent evaporation gas
Heated Desolvation gas [N,) I
Nebulization gas (N,) Drying gas (N,)
Atmospheric Pressure
—~ Powersupply =&

HPLC capillare (5-10 pl/min; r=0.25-0.33 mm)
nano (0.07-0.15 pl/min; r=0.075 mm)—>cala r gocce di 100-1000x - 100% ionizzazione
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Spettrometria di massa: analizzatori

TOF (Time Od Fly)

Detector

EFREYBRFF
4 - ¥ i

Time of flight tube

a
‘-‘
-
y
r

.
. i
‘..
-

Electric field
generator




Produzione di proteine ricombinanti per studi strutturali
Spettrometria di massa: analizzatori

TOF (Time Od Fly)

: Field Free Region
Source Region (Analyzer) Detector
2 e .
. The potential energy :
@ E=zeV
' The kinetic energy of ions:
V—>| <« d > E=1/2mv:
Target Accelaration Grid The potential energy is converted into kinetic energy:
neleﬂmﬁeldn drift :regiun =i zeVV=1/2mv*
i ,;: - Thus,

I
? =l

)\. "\. e
& E MW 60-80 kDa CoNm :
The time taken by ions to reach the detector: t=-

Finally, we get:
(—é Low resolution e d m
\)‘I \- .:."l'l.-

Reflection

MW 5-10 kDa

1 |
ﬂ l (e
Detector1 High resolution

Eatecturz




Produzione di proteine ricombinanti per studi strutturali
Spettrometria di massa: analizzatori

Quadrupole mass analyser

Detector

Exit slit
Quadrupole rods s

AC/DC current

~—
Resonant ion

™ Non resonant ion

Source slit
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Spettrometria di massa: analizzatori

Quadrupole mass analyser

e
O

Per controllare come si muove uno ione nello spazio: Quattro poli.
Ogni ione con un dato m/z avra un percorso stabile attraverso il quadripolo in date condizioni
(determinato dalle ampiezze RF e DC).

“
(2



Produzione di proteine ricombinanti per studi strutturali
Spettrometria di massa: analizzatori

Quadrupole mass analyser



Produzione di proteine ricombinanti per studi strutturali
Spettrometria di massa: analizzatori

Quadrupole mass analyser

o@®
Q® Q

m / z determina il modo in cui uno ione si muove in un campo elettromagnetico.
Stesso ione blu presente in tre diversi stati di carica:

2+ si comporterebbero come se avessero la meta della massa

3+ sembrerebbero avere un terzo della massa dello ione 1+.
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Spettrometria di massa:

Quadrupole mass analyser

analizzatori

Under quadrupole conditions “one" only red ions are detected.

Source || lon path

d010413d

Intensity

mass range
(m/z)

Under quadrupole conditions "two" only blue ions are detected.

Source | lon path

d010313d

Intensity

mass range
(m/z)
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Spettrometria di massa: analizzatori

Quadrupole mass analyser

The quadrupole SCANS [through a range of conditions...

O | z
mil 2
— | £
I3k m| =
A O
- * H
lon O L
Source lon path By mass range
(m/z)

... that lets ions of a specific mass to charge ratio reach the detector,
All the other ions go to waste (over a few milliseconds).

spettro cambiando sequenzialmente dell'ampiezza RF del quadrupolo per consentire a diversi ioni
di raggiungere il rivelatore.

n

)1 Spettri di massa classici ~ Risoluzione limitata
C Riproducibilita k_‘__ 7 Altezze dei picchi variabili in funzione di m
i Sistemi relativamente piccoli ed economici. V
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Spettrometria di massa: analizzatori

Single Focusing Magnetic Mass Analyzer

HEATER TO VAPOURISE
SAMPLE

CHARGED PARTICLE BEAM ELECTRON BEAM

IONISES SAMPLE

HEAVIEST T
Nl
e
MAGNETIC FIELD 5
PARTICLES BASED ON
MASS/CHARGE RATIO ELECTRON SOURCE
PARTICLES ACCELERATED

MAGNET INTO MAGMETIC FIELD



tubo di vetro a forma di ferro di cavallo sotto vuoto

ingresso campione,

sorgente di bombardamento di elettroni,
piastre di accelerazione su un'estremita
collettore all'altra estremita.

Alla curvatura del tubo I'applicazione di un campo elettrico / magnetico.
Il campione sotto forma di vapore € consentito attraverso l'ingresso e
bombardato con un fascio di elettroni a 70eV.

ioni altamente carichi +

accelerate dalle placche

un percorso rettilineo.

Applicando un campo elettrico o magnetico,

viaggiano lungo un percorso curvo
gli ioni separati in base alle loro masse
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Strategie di improvement: Abbassamento della barriera entropica

DNA level
Targeted design Combinatorial design
I DNA sequence
Sequence analysis Random

' mutagenesis

Targeted [

mutagenesis Library screening

| I

1. Mutanti di delezione
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Strategie di improvement: Abbassamento della barriera entropica

Generazione di libraries di mutanti di delezione mediante:

Unidirectional truncation Fragmentation

DNAse-I Sonication

m
x
?

‘MB—nuc End- ‘ polishing
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Strategie di improvement: Abbassamento della barriera entropica

e Surface Entropy Reduction: MODIFICAZIONI CHIMICHE:
1) LYSIN REDUCTIVE METHYLATION
P

-

K superficiali —

metilate

Structure 14, 1617-1622, November 2006 ©2006 Elsevier Ltd All rights reserved DOl 10.1016/}.51r.2006.09.005

Lysine Methylation as a Routine Ways & Means
Rescue Strategy for Protein Crystallization

‘ . Thomas S. Walter‘,‘: Chrlstoph‘n;!zlfr,‘-2‘3“
H M M- H Rene Assenberg,’ Kin-Fai Au,' >
interazioni idrofobiche g ont 224 verma

e Joanne E. Nettleship,'* Raymond J. Owens,™?

David I. Stuart,"*** and Jonathan M. Grimes'>%%*

Examples of Methylated Lysines
from MVE Methyltransferase
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Strategie di improvement: Abbassamento della barriera entropica

e Surface Entropy Reduction: MODIFICAZIONI CHIMICHE:

2) REDUCTIVE CYCLIC PENTYLATION OF FREE AMINES

Ling, <o S
iy, G
Qw 1:’-*» Lys1104

iy
5
T

Acta Crystallogr D Biol Crystallogr 2009 May 1; B5(Pt 5): 462-463. PRCID: PMC2672816
Published online 2009 Apr 18. doi: 10.1107/30907 444909008324 PhID: 19390151

Crystallization of a pentapeptide-repeat protein by reductive cyclic
pentylation of free amines with glutaraldehyde

Matthew Y. Vetting ™ Subray 2. Hegde,® and John 5. Blanchard®



Produzione di proteine ricombinanti per studi strutturali
Strategie di improvement: Abbassamento della barriera entropica

*Surface Entropy Reduction: biologia molecolare

MUTAGENESI sito specifica

_Glutamate An alanine
Rotamers SER variant

@& 5 &
: Rho6DI Rho&bI RhoGDI Rho&DI
Hsp33 RG5L of PDZ-RhoGEF LerV Ohrg K995, Q1005 K138Y, K141Y E155H, E157H K135T, K138T, K141T

Structure 12:1901 Structure 9:559 Structure 12:357 Acta Cryst D63:1268  Acta Cryst D63:636  Acta Cryst D63:6386  Acta Cryst D63:636  Acta Cryst D63:636



Produzione di proteine ricombinanti per studi strutturali
Strategie di improvement: Abbassamento della barriera entropica

MUTAGENESI sito specifica: selezione dei residui |

PROTEIN|SCIENCE OEER

research-article (1 Free Access

http://services.mbi.ucla.edu/SER/

Toward rational protein crystallization: A Web server for the
design of crystallizable protein variants

Lukasz Goldschmidt, David R. Cooper, Zygmunt 5. Derewenda, David Eisenberg s

First published: 02 January 2009 | https://doi.org/10.1110/ps.072914007 | Cited by: 134
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Produzione di proteine ricombinanti per studi strutturali
Strategie di improvement: Abbassamento della barriera entropica

MUTAGENESI sito specifica: selezione dei residui Il
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Produzione di proteine ricombinanti per studi strutturali
Strategie di improvement: Abbassamento della barriera entropica

*Surface Entropy Reduction: MUTAGENESI sito specifica:

non solo A, ma anche Y, H e S favoriscono interazioni intermolecolari

L 80
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— [ = O = 3 F X K
Proteins: Structure, Function, and Bioinformatics / Volume 53, Issue 3
Dissecting subunit interfaces in homodimeric proteins Synthetic antibodies from a four-amino-acid code:

A dominant role for tyrosine in antigen recognition

Ranjit Prasad Bahadur, Pinak Chakrabarti, Francis Rodier, Joél Janin =« Frederic A, Fellousa*, Christian Wiasmann®, and Sachdev . Sidhu**
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Strategie di improvement: summary

DNA level
Targeted design Combinatorial design
[ DNA sequence l
Sequence analysis Random
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Produzione di proteine ricombinanti per studi strutturali
Cristallizzazione: probabilita di successo

o es = TARGET CLASS
AP DT el el
e ed @ subcplimal
oo .r_al\'iz g RESULTS \ i
C s 6..'{{{3(‘ 'ﬂ‘Pﬂb l:!l . Wobsensed successes it
Y 'ﬁd" mobserved failures
e ey dificul

Classi definite per diversa percentuale di successo nella cristallizzazione osservata in TargetDB
(database centralizzato dai centri di genomica strutturale)



Espressione di proteine ricombinanti per studi strutturali
Predizione del successo della cristallizzazione

http://xtalpred.godziklab.org/XtalPred-cgi/xtal.pl
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Espressione di proteine ricombinanti per studi strutturali
Predizione del successo della cristallizzazione

Crystallization class: 2
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