Preparation and characterisation of
Eukaryotic macromolecular complexes

Contribution of the baculovirus expression system for
reconstitution of multiprotein complexes and dissection of
the protein-protein interaction network

Potential inputs from genome engineering approaches for
labelling mammalian proteins to facilitate isolation of
endogenous complexes and their characterization in a
cellular environment
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Recombinant or endogenous?

Isolate sample from native source

Advantages — Protein solubility, authenticity

Disadvantages — Expensel/effort, yield, abundancy

Popular sources: E coli, yeast, HelLa cells
Model imposed by the biological question

Bacterial expression

Advantages — Easy, great over-expression, low protease activity,
no post-translational modifications

Disadvantages — Protein solubility, lack of post-translational modifications

Eukaryotic expression

Advantages — Protein solubility, post-translational modifications

Disadvantages — Expensive, low yield, proteases, time consuming



Recombinant expression

Prokaryotic
E. coli,
B. subtilis

Eukaryotic
Yeast
Insect cells
Mammalian

Cell free systems:
E coli
Wheat germ,
Insect




Most proteins do not function as isolated particules......

.... but interact with partners to fullfill their fonction.
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Types of complexes

Composition and structure

acid, protein-ligand
Protomers/Subunits are not

Homo- and hetero found as stable structures in
oligomeric complexes VIVO

Protomers/Subunits exist
Independantly

Lifetime of complexes

Permanant interactions: stable/only exist in complexed state

Transient interactions associate and dissociate in vivo
- weak: dynamic equilibrium in solution
- strong: molecular trigger to switch on and off



Obligate and non-obligate
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Transient and stable complexes

Lifetime

Permanant interactions: stable/only exist in complexed state:
operational definition: that can be purified

Transient interactions associate and dissociate in vivo
- weak: dynamic equilibrium in solution
- strong: molecular trigger to switch on and off
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Implications for production

Non-obligatory / Obligatory

Transient / Stable
Yes/ \\Io




Strategies for production of multi-protein

complexes
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Separate expression of subunits o Tﬁ
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Strategies for production of multi-protein
complexes

Bacteria (E. coli) Viral system (baculorius, vaccinia)




Which expression system?

Baculovirus Expression Vector System

Suitable for co-expression

High levels of heterologous gene expression



What are baculoviruses ?

Baculoviruses form a group of viruses that infect specifically insects *
They are rod-shaped (latin baculum = stick), 40-50 nm in diameter and 200-400 nm in lengh

Double stranded , covalently closed and circular DNA (80 — 200 kbp)

Spodoptera frugiperda



Autographa californica Multiple Nuclear Polyhedrosis Virus (AcMNPV)

alfalfa looper = cabbage looper
ACMNPYV infects 30+ insects

In cell culture or when multiplying within an insect host, baculoviruses
form so called virions, also referred to as non-occuded or budded virus (BV)

For long-term survival (protection) virions are part of occlusion bodies (OB) or polyhedra.
Para-crystalin matrix, composed of polyhedrin (50% of the total protein mass)

Baculovirus
Multicapsid nucleopolyhedrovirus
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Strong promoters (Polyhedrin, p10)
Express lots of protein 36-48 h post-infection

Viral Occlusion (Polyhedron “package”) not required for virus replication in vitro (cellular system)

\In vivo life cycle (Insect)/
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What is needed to express a protein ?

The expression unit

»  Strong promoter: PH or p10 —-

« Kozak sequence:

« Gene of interest Promoter  Gene (GOI)  Terminator
« Terminator

On both sides, elements that will allow the integration of the expression unit(s)
into the viral genome:

« Either segment from viral genome for homologous recombination
in insect cells between the transfert vector and the viral DNA

o Or transposons (Tn7L and Tn7R) recombination sites (LoxP)
when a bacmid is to be used



An expression flowchart for BV expression

Clone into I’ Recombinant baculovirus I> Small scale I> Optimization and
transfer vetor generation expression test large scale expression
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Homologous recombination in insect cells
with disabled viral genome

I Sf cells 5 days
< | \ . — - @
chiA
Amp Disabled viral DNA Co-transfection
v-Cath ﬂ
>< l Viable genome can only be formed if the truncation is bridged
| and repaired by recombination with a suitable transfer vector.
PH locus ] ) ] ] ) ]
Recombination inserts the foreign gene (GFP) into the viral
DNA, restores the deleted gene, allowing virus replication.
ORFE03 Fmp,,cﬁf,”“; OBE1629 No need for plaque selection (screening) for medium size
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Transposition in E. Coli

pFastBac™ donor plasmid
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B2F vs B2B

1/ Low transposition efficiency: transposition into the E. coli genome
and sub- optimal transposition system

2/ Bacmid preparation contanminated with transfer vector DNA

Bac to the Future

R982-X01 pMEA ori

10822 bps

pDP1381

pFastBac1
ﬁTnTR 4776 bps

\ b
'00("
New E coli strain (chromosomal Tn7 site inactivated)

New baculovirus expression vectors: single antibiotic, that replaces the DH10 Bac: DE26
conditional replication origin (oriR6Ky)

2028 bps

New helper plasmid Tn7 transposase delivery vector
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J Mehalko, D Esposito, J Biotech 2016



B2F vs B2B

1 2 3 4 5 6M

B2F transfer plasmid (no transfer plasmid replication, pir-)

B2F transfer plasmid + new strain (no transfer plasmid replication and no transposition
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SF9 Cell Size Histogram
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In practice: culture conditions

For infections cells in exponential growth phase are required.

infect cells a 0.5 to 2.0 106 cell/ml
T =27 °C, phosphate based buffer (no CO,)
monolayers or suspension (Deep Well, Spinner, Bottles..)

Optimization of culture conditions

- harvest time post-infection: 48, 72 hrs
- multiplicities of infection: 0.1, 1, 5, 10
Very important for co-infections experiments
- cell line/media of choice:

Sf9, Sf21, H5

with or without serum

Scale: from 3 ml to several L




Flowchart for Baculovirus Expression




Preparation and characterisation of
Eukaryotic macromolecular complexes

1/ What is a macromolecular complex?

2/ Recombinant production
- The baculovirus expression system
- Purification strategies: tandem affinity
- Co-expression in insect cells

3/ Purification from endogenous sources



Tandem affinity purification

A single affinity step is usually not sufficent.

Sequential affinity steps that will select for the presence of two subunits

Apply the cell lysate to the
first affinity resin

Wash unbound proteins and
contaminants

Elute tagged protein | and interacting
partner with elution buffer |
Apply the cell lysate to the

second affinity resin

Wash unbound proteins and
contaminants

Elute tagged protein Il and interacting
partner with elution buffer I

% PROTENM OF INTEREST
WITH INTERACT WG PARTMER

COMTAMINANTS

Affinity resin |

Affinity resin Il



Purification flowchart

Cell lysis: cell wall/plasma membrane,

1. Physical means
1'. Sonication oI
1”. Osmotic shock

Centrifugation .

Chromatographies

Gel fileracion

1. Affinity/ Specific binding
2. (lon exchange)
3. Size exclusion

Concentration

Most widely used tags: His, GST, strep, FLAG

Hydrophobic pteraction  [an excharge Affiney
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His-tag

Immobilized Metal Chelate Affinity resin

Sepharose
Bead

o

g
&

&
&

NI, Co, e

H
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Protonated Histidine
repelled by metal

Unprotonated Histidine
binds to metal

Table I: Histidine Tags

Tag Amino acids

6xHis His — His - His — His - His - His

BxHMN His — Asn — His- Asn — His — Asn- His - Asn - His - Asn - His -
Asn

HAT Lys — Asp — His — Leu — [le - His — Asn — Val — His - Lys - Glu —

His — Ala — His — Ala - His — Asn — Lys

/

o

Figure 3. Binding of histidines to the
TALON® Resin metal ion. Under conditions
of physiological pH, histidine binds by sharing
imidazole nitrogen electron density with the
electron-deficient orbitals of the metal ion.
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"L GST-affinity

NH,

kDa M1 2 Lane  Sample
225 - 'r M Perfect Pratein™ Markers [10-225 kDa)
150 - i 1 Crude extract (BugBuster pratocol)

100 - | R 2 PopCulture + G5T*Mag Agarose Beads
& 75 - | —

50 - |w—

35 - [ — .
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1
k-

10-
A) BY
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Eluticn
354 e iy P —— 35 Euffer
20 | wash | 2.0 L 100
2.5+ 25
| l | Incubaticn &
204 | 1E6h 2.0 Free
| reem tamp. GET 8o
154 | | 15+ Target ./
protzin -
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50 100 180 min 20 402 B0 B0 100 120 min

Fampie: 10 mi clartled cyloplasmic axtract from Cofumn @5Trap FF 1 mi column afler 16 h

E. ooif expressing a GST fuskn protsin Incubation with thrombin
Cofumn GETap FF 1 mi Binging buer e PBS (150 mM Macl,
Binding buffer: 1x FES (130 mM Nall, 20 mM phosphate Durter, pH 7.3)

20 mM phosphats bulter, pH 7.3} Eiution beer 10 mM reduced ghisthione,
Efuion buffer: 10 mM raduced glutathione, 50 mM Tris-HCI, pH 20

S0 MM Tr=-HCI, pH 8.0 Fiow mrs: 1 mimin
Fiwrafe: 1 mumin Chromatigrapie
Ghmmstograpni procesurs: B colUmn volumes (GV) binding buttsr
DInC.egune: 4 calumn walumes (CY) binding buter, (2lution o cleaved targat protein),

10 ml sa| 5 CV alutien buffer Eution of free GST

10 CV bind g buther, 10 column wiin ard nan-Clzaved GET fuslan pretein)

1 mi thrembin sciutlon using @ syrings 5 CV binding bufler
insfrimant ARTReyplarar 10 insfrument. AKTAzplorer 10

Fig 26. On-column thrombin cleavage of a GST fusion protein. A) Equilibrarion, sample application, and washing of a
ST fusion protein on GSTrap FF 1 ml were performed using AKTAexplorer 10. After washing, the column was filled
by syringe with 1 ml of thrombin (20 Ciml 1 PBS) and incubated for 16 h at room temperature, B) G5 T-free target
protein was ehuted using 1= FRS. GST was eluted using 10 mM reduced glutathione. The GST-free targer procein fraction
aleo contained a small amount of thrombin {nor deteceable by SDE-PAGE; see Fig 27, lane &). The thrombin can be
removed using a HiTrap Benzamidine FF {high sub) column.

Source: See Figure 27,


http://upload.wikimedia.org/wikipedia/commons/7/7e/Glutathione-skeletal.png
http://upload.wikimedia.org/wikipedia/commons/7/7e/Glutathione-skeletal.png

Strep tag-ll

muumhi_:ﬂant
Derived from strepavidin-Biotin FT' Strap-Tactn

I

/4
o
O

Sirep-tog I

Elution with biotin analog: desthiobiotin or more recently

Biotin (StrepTactin@XT)

Strep-tag protein is binding
to a Strep-Tactin tetramer.

Strep-tag I
MHz -WSHPQFEK-COOH




Recombinant Protein Purification using Strep-Tactin®XT

recombinant recombinant

protein protein o
Strep tag®ll Twin-Strep-tag®

r—~%

botm

streptavidin Strep-Tactin® Strep-Tactin®XT

2" generation 3 generation

Strep-tactin®XT can be used in combination with the following tags:
Strep-tag®l|

8 amino acids
sequence: Trp-Ser-His-Pro-GIn-Phe-Glu-Lys (WSHPQFEK)

Twin-Strep-tag® (in the low pM range)
28 amino acids (WSHPQFEK-GGGSGGGSGG-SA-WSHPQFEK)

Two Strep-tag®Il motifs in series
Higher affinity than Strep-tag®I|


https://www.iba-lifesciences.com/tl_files/ProteinProductionAssays/3-Purification/Strep-tagDevelopment.jpg
https://www.iba-lifesciences.com/tl_files/ProteinProductionAssays/3-Purification/Strep-tagDevelopment.jpg

Strep-Tactin®XT purification cycle

lysate application
& specific binding

recombinant
protein
+MNaOH

/

hest proteins
T~
) Twin-Strep-tag®
regeneration i e :
trep-Tactin®XT
purification

Strep-Tactin®™XT
1
cycle
biatin

physiological washing

resin

competitive elution

Elution with 50 mM Biotin

https://www.iba-lifesciences.com/tl_files/ProteinProductionAssays/3-Purification/Purification-Cycle-Strep-Tactin-XT-Twin-Strep-
tag.jpg



CBP affinity

Calmodulin Binding Peptide interacts with Calmodulin coupled to an agarose resin

Calmadulin

domaine C-terminal
"~ atome de caleium E Cal duli
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Fold Increases in Sensitivity
Over HA Tag

FLAG and Capture Systems

FLAG and 3xFLAG Amino Acid Sequences

& ]
T‘y; ?-:-(_ (;?' :\\7’1 Fab-fragments Asp-Tyr-Lys-Asp-Asp-Asp-Asp-L
. ¥ ¥ L-chain ~Tyr-Lys-Asp-Asp-Asp-Asp-Lys . ™
% __.x-«jri_]z@lr__;’ Enterokinase Protein F LAG
. | } Cleavage Site
=
1 )
;,x"z.' _— Fe-fragment 3xFLAG 1_
r‘ & Asp-Tyr-Lys-Asp-His-Asp-Gly-Asp-Tyr-Lys-Asp-His-Asp-lle-Asp-Tyr-Lys-Asp-Asp-Asp-Asp-Lys Protein
| S ‘I;_Intemltinsasre
eavage Site
250
200 H
55 Protein
150
100
50
2 4 10 10
s e,
o o B CaptureSelect™ C-tag

3xFLAG® 6xHIS HA c-myc GST \ j




Transfer vectors for screening of affinity tags
and parallel cloning of constructs

Standardize expression screening, enable constitent comparsons

CBP 36 +13aa pACS8-C
TRX 109+13aa pACS8-X
ProA 141+13aa pACS8-0O

/ FLAG 9+13aa pACS-F
vy 5 GST 221+13aa pAC8-G
Amp PH ‘r/ Strep 10+13aa  pAC8-R

Hisg 10+13aa pACS8-H

147 bp
Wﬁcmmpv
I'-‘Ildel BamHI

, Kozak Gene .
O - - ——— 3
ATG

3 3C cleavage site

pBacPAKS8 (Clontech) backbone
Restriction/Ligation/SLIC, or GW

Abdulrahman, Anal Bioch, 2009



BAC1 Primer
» PHpromoter
ATATCATGEAGATAATTARRATCATAACCA T CT O AR A T A AR T AAGTAT T I TACTGT I TT OGS TRACASTTTTCTAATARARARACCTATARAT ACEEATCT

Mol

ACCATGERAACTARRAAC TGO TECT TTGECTCANCATGOEAT TARAGC TEATGCECARCARRAT ARCTTCARCARRGAT CAACARACGOGOCTTCTATGARRTC
M E L E T & A L A Q H A I K AD A Q Q W KK F WH E D Q Q 5 A F ¥ E I

TTEARACAT GO TARCT T ARRACGARGC AR TARCGECTTCAT TCARRGTC T TARRGACGACCCARAGCCARRGCACTARCETTTTAGETGRAGCTARRRAR
L NN M P N L N E A Q RN G F I ¢ &8 L KEDDD P S5 5 TN VvV L 8 E A K K

TTAARACCGARAT T ARG A GAARGC TEATARCAR TTTCARCARACGARCA A A AR T T T T TATEARATCT TEAATATEC CTAACT TAARCGANGARCAR
L H E &8 § A P K A D N W F W K E Q9 Q W A F ¥ E I L H ¥ P NN L R E E

CECARATEETTTCAT CCARARGCT TARRAGAT A OO CARGCCARRG TG TAACCTAT TG TCAGARGC TARAA ARG T TARARTGRATCTCARGCACCEAAMGOGEAT
R W &6 F I @ 8 L K DDUP E Q 58 A N L Lbh 8 E A K EKEULMHNE S QQ A P E A D

Zacll 3C cleavage site Ndel Pmel BamHl
ARCAARTTCAACARAGARMTCOG Z'::C'T:TC—CMET‘TETETTC‘CA;EGEEC‘"” TATGCETTTARRCGEATCCGAATTOCCGEECGECCGCTTAATTAATTGAT
W K F R E E 5 A & L E ¥V L F @ P H M WV X XX X X X
BACZ Primer
COEEETTATTAGTACATTTATTARGCECTACGATTCTETECETTETTG

Protein A: Protein from Staphylococcus aureus that has affinity for
immunoglobulins. Widely used for Ab pruifiction; Elution with pH shift
or on collumn cleavage

Protein A tag



The example of VDR

Expression screening to optimize expression of VDR (variant)

CEP
TRX
= Pros
TRo,p thyroid hormone AR VDR . FLAG
RARa,B,y all-irans RA ’ GaT
VDR 1,25-(OH)2-VD3
PPARo,B,y eicosinoids
EcR ecdysone
VDR
By (kima)
RXR-AB CBP TRX ProtA Flag % desrrmge [z:.-a‘: Prod GST
250kDa ) — H.-"' 1500 .
150 ‘ ool I e
100 » o -— - - 75 ¢ -
75 N — e =g *1'- |
L - -V 0 b -
50 » g - ) . —
— - . - g Todewgr, N
37 I8 |
h)
v -
. PO 1w M
His tag Affinity purification of VDR/RXRdelta AB
RXR capture assay On column tag cleavage

Abdulrahman, Anal Bioch, 2009



Tag Resin Elution Cost/10mg
. Calmodulin
CBP affinity EGTA 181 €
TRX Thiobond resin B-mereapto n.a.
ethanol
. IgG T
ProA Sephatose G n.a. 275€
. Anti flag M2 . 5
FLAG affinity gel FLAG peptide 2343 €
GST flrlu‘ra‘rhmne Glutathione 41 €
sepharose 4B
Strep tag II ._S‘rrep‘ractm Desthiobiotin =~ 67-134 €
= sepharose
His6 T‘%LQN Imidazole 8-23 €
Affinity
HA Red Anti-HA 1y oo tide 4480 €

affinity gel




Preparation and characterisation of
Eukaryotic macromolecular complexes

1/ What is a macromolecular complex?

2/ Recombinant production
- The baculovirus expression system
- Purification strategies: tandem affinity
- Co-expression in insect cells

3/ Purification from endogenous sources



Obligatory complexes




Co-expression in insect cells
using the BVES




Co-infection: a simple way to co-express proteins

pH GFP+ p10 DsRed



Production of nuclear hormone receptor complexes

@ TRao,p thyroid hormone
RAR RARa,B,y all-trans RA
VDR 1,25-(0H)>-VD3y s
PPAR«, B,y eicosinoids
EcR ecdysone =
T
PPARy/RXRaAAB/PPRE DRI
h i
150 =
100 — =
75 e 2
50 -
37 e - )
F
25
20— %
b

+ DR5 + MED1

06
04
0,2
0 -
10 15
(s) S
1,0 fiy
25 b x *‘\\.
2 \ 0,8
AN : AY
3 0,6 '3:_
1 LY i -
=
05 \ - -
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- | 0,2 .- T
05 | o ».\
0,0 0,1 0z 03 0 40 80 120
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Rochel, et al. NSMB, 2011



Analysis of protein-protein interaction networks

n proteins/subunits: do they form a stable complex ?

4

A A, B and C form a complex Binary and ternary interactions tested
by co-infection: using monocystronic viruses
B :
A : B  Ddoes notinteract
_ D
C - |
——
cDNAs .

r'—]rlj b I‘ C
& t

single gene constructs ® ®




Systematic dissection of protein-protein
Interactions within a complex

Generate two sets of n viruses:typically the first with a FLAG epitope and the second
with an 6His tag

Test all combinations of pair-wise interactions (Flag-protein x/His-protein y)

His-protein
p62 core-TFIIH
5 3 helicase )
\ p34 p44 ph2 pe2 XPB XPD MATI
52
. b pa ) .

34
c P
& p44
]
9 p52
CAK C'l
kinase % p62
3' 5" helicase —
g -
XPD
Inmeracion
with XPE
LI N — +
[
L — m ] 258
L - | || ]34
N 0 —
ELAN —
psz 1L_ 1 || F-:+. aBE
A& s
T 134 i :IEI1 [
| I—
Firsl ¥P2 Sevord  peoicolysic
minding raginn B satlive
enaing Byn



Systematic dissection of protein-protein
Interactions: deletion analysis

rIIH5

rIIH4

Q
v & & 3
1 2 3 4

P
-
-
™
b"‘“-
P —
[
—
. —
[

XPB
P62
P52,p44
P34

P34(1-233)

Analysis of the protein interaction network
Identification of key regulatory interactions

@ XPB

<+<—XPB o
P52 p3s E [ P52/ p3s
+—p62 A <Q
p34
1:p52 @ —\_/'_'@Q - €&
oy o
<«—p34 @
xrpe NN NN e
p62 | >~
p52 NI -— p8
() 34 \—\E "
~ P
p44 NI \Cl c2 M cycH
\\ — ¢ cdk7
) . 11 | I MAT1

Jawabhri at al. 2002, Radu et al, in prep



Production of nuclear hormone receptor complexes

' 2{ TRap

‘RXBRE RAR RARw,B, v
VDR
PPARa,B,y
EcR

thyroid hormone
all-trans RA
1,25-(OH)2>-VD3
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Co-infection with multiple viruses for
reconstitution of complexes

rTTT
p34
T ‘ pd4 J 62 |
—
i p52
XPB
Cell extract
I p89
p62
IMAC p44, p52
I p34
Affinity purification

Size exclusion

v

n # 50-100 ug/L

Low yields, labour intensive, poor reproducibility



Co-infection vs Multigene expression

pH GFP+ p10 DsRed pH GFP/p10 DsRed
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pH GFP p10 DsRed pH GFP+ p10 DsRed pH GFP/p10 DsRed
Controls Co-infection Multigene expression
i .
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(58 &%b GFP MOI0.25 GFP MOI 1 GFP MO i pH GFP/p10 DsRed
Q DsRed MOI 1 DsRedMOI1  DsRed MO MO 1

Idem for other MOls



Co-infection vs Multigene expression

Two viruses encoding a single gene each

II A single virus encoding the two genes

Co-infection Infection by a single virus



© 1993 Oxford University Press Nucleic Acids Research, 1993, Vol. 21, No. 5 1219-1223

Development of baculovirus triple and quadruple
expression vectors: co-expression of three or four

bluetongue virus proteins and the synthesis of bluetongue
virus-like particles in insect cells

Alexander S.Belyaev' and Polly Roy'?*
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MultiBac technology: Combinatorial applications
INn protein expression

pFEDM EsIZ1TI Spel Clal N

t Mulliplication Module M

; -
MultiBac ¥hal Xmal Semal Bl aﬂm”“usw"%ﬁ !
DX MCS1 e . o

Amp’ I Cre ;::‘Il“ 4 ¥bai

Sphi i

Kpnl “ i

K':B.I'I|=I lacs -m / " *.ﬂ:l o Ty LB

==

mini-atiTn7 R

S

Tools to streamline design of
multigene expression
recombinnant baculoviruses

Imre BERGER, Bristol, UK



MultiBac technology: Combinatorial applications
INn protein expression

C B =~
= = wm )--E]ﬂ—
HSVTk P10 SVv40
\ \ L\ |\ @
PH SV40 HSVTK P10 PH SV40 PH SV40 C}Q/ A-pD1- Q
""""" ®

pA-pD1 pA-pD2

B , Cm?

PH SV40 () x () P10

AmpR of CmR ori?ea AmpR F;10 HSVTK
Acceptor Donor Acceptor Donor Fusion



Insertion of an expression cassette
Into the multiplication module

P10 PH PH His-RXR RAR

MO

Flag
Strep

WB Ab @RAR



MultiBac technology: Combinatorial applications
INn protein expression

C B
HSVTk P10 SV40

PH SV40' K K ‘HSVTR P10 PH SV40 PH SV40
s CmR
Y
¢

‘ SV40 @ x P10 HSVTk' ( 3\/40
¢ B
4 L

orf*™e P10 HSVTk

Acceptor Donor Acceptor Donor Fusion



Cre-LoxP recombination in vitro

Cre recombinase loxP sequence
8-bp overlap region
]

ATAACTTCGTATA TATACGAAGTTAT
Inverted region Inverted region

+34-bp recognition sequence
+13-bp inverted repeats flanked by 8-bp spacer
region

Deneg 710
sRed = (W) P10
<4 @ = DsRed

©*  pSPL-DsRed (0) —P ®

ReKy ori Chir Pl
¢ RekKy ori Chir -}
/ox;@_lf'ﬂa i AcMNPV J AcMNPVY
pPMF-GFP . PBR322 ori Ampr ¢
PBR322 o Ampr pH GFP/p10 DsRed

pSPL Multibac, (Fitzgerald, Nat Methods 2006)



Site specific recombination cloning

+ (General
s Rech

Promotes homologous
strand recombination

« Site Specific
o Crellox

P1 phage recombinase
_re

Lux sites 32 bp

¢ Lambda integrase/att
L-phage integrase
attB
attP

Cre-loxP recombination in bacteriophage P1

o MAIN APPLICATIONS
e nVITRO

» Rapid restriction enzyme
free subcloning

+ FPlasmid excision
» Invitro clone screening

e nVIVO

« (Genome rearrangements

» Tightly regulated
transcription

A
"
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Expression of ternary and quaternary complexes with
a single virus: a problem of DNA synthesis

10 PH 10 p10 PH .
AP -~~~ B g ~ C DsRed D Flag-affinity
® -1 &=
T T
S Q Elution with
AcMNPY  PBR322 Ampr  AcMNPY R6Ky Chir Competitor-peptide
pACS8-Multi pSPL-DsRed
(Fitzgerald, Nat Methods 2006) ..
Strep-affinity
p10 PH p10 p10 PH
Ao ol B ~ C DsRed = @ D
- - — ‘ —— () — -
Elution with
Desthiobitin
AcMNPV PBR322 Ampr  AcMNPV RBKy Chir
pBac8 Multi-pSPL Fusion A: strep-tag
D: Flag-tag ﬂ
%% %Y
e
w‘. 85 kDa » [N — D
R A 130 kDa » |— P
B T2kDa > S
55kDa * |8 — A
C
e | —
3B KDa » e < C

Quaternary complex

Ternary complex



Production of core-TFIIH with a single virus

s 6 subunits: XPB, p62, p52, p44, p34, p8/TTDA (+ DsRed) )J \

+ Yield : 0.5 mg/L
MS-cross linking, Cryo-EM and crystallization

Screening for XPB inhibitors

—
- . —r— —
—

- -— - =

200 »
100 * “w < XPB
>

~ a4 pb2

- p52
1 pa4

< D34

S\ »

S

R L e I T R op

P62 p52 pd4 XPB DsRed p8  p34




Coomassie

|

Reconstitution and in vitro assays

DNA

transcription initiation

IT
1@
. ) .

Cdk7-Strep Cyclin MAT1
IIH6 wt c1348
r XPD - —=——] =1
f i rlIH6 + CAK  + + + + + + +
XPB
. XPD - -
. p62 1 2 3 4 5 8 7
033. 52
P
pa4 PH P10 LoxP
g e o T
- 34
p62 p52 p44 XPB DsRed p8 p34
" p8/TTDA

(Abdulrahman et al, PNAS 2013,

Kupper et al., Plos Biology 2014,
Radiit NAR 201 7))



Polyproteins

a
Promoter (polh = Terminator (SV40)

ORF
polh)
- —y*eorqul%qsm%qsmw-—---
fcs fcs fcs tcs lcs

fes: ENLYFQ'G

b Composite
Baculoviral
Genome

TEV CFP @

" Sf9. Sf21. His...



Preparation from endogenous sources
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Tandem Affinity Purification

Rapid purification of complexes without prior knowledge of the
complex composition, activity, or function

Ability to purify low abundant proteins/protein complexes
Fusion of the TAP tag to the target protein
Complex retrieval from tissue culture

Developed for genome wide protein-protein interactions studies and
also used for structural biology applications

B Séraphin



TAP-MS

Target protein fused to a Protein A— Calmodulin binding protein
First step: an IgG column (TEV cleavage for elution)

Second step: a calmodulin beads (Ca®°/EGTA)

. . Protein i ification
A) Associated proteins otein identificatio
Mass Sequence
TEV Protease Spectromety caabase
i — COTACGAGC
cleavage site i II | |- ATGCCTATAC
* Extract proteins cocaTTCoa
Determi CGC CG
| s e
PN TCGATOCGCT
)im i ! i . JMDETLTASEI. . *“Rf'ff"‘f:
Protein £ Target protein e aacaarercs
PR . i id COCTOTE
Calmodulin binding protein a:;‘;?e;ge ;&;3_?:}
Compare with sequences
B) in database to find matches
Analysis by mass spectrometry and Bioinformatics

]
Protein 1
Protein 2

— ‘ Protein 3 -
— Protein 4
Protein 5

Excise bands
Digest with trypsin
(Arnaud Droit, et al. 2005)
(Guillaume Rigaut, et al. 1999)
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Figure 1 Synopsis of the soreen, a, Schematic representation of the gene trgsting
procedure, The TAF cassetts i ingered at the C temines of 2 given yeast ORF by
homologows recombination, gensrating the TAP-tagoed fusion protein, b, Examples of
[AP complexes purfisd from different subcelukar compartments separated on denaturing

TAP-TAG In yeast

Strategy

PCR of the TAP cassetts

Trarafommetion of yeast calls
{hormzkegous recombination)

!

Salection of positive clonas

!

Lams-acals culthvation
Call lysiz
Tandam affinity purification

!

Cne-dimansional SDE-PAGE

|

MALDI-TOF protein identification

|

Bininforrnatic data intsrpretation

CRFs
proceasssd:

Positive
hiarrkogas
recombinations:

Expraasing

clonea:
(mernbrans protein 283)

TAP
purifications:

Idertifisd complsusa:

(Gavin, 2002)
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protein gels and skined with Coomassie, Taposd profteing are indicated at the bottom,
R, endoplasmic reticulum. ¢, Schematic representation of the sequential skeps used for
the purification and identification of TAP complexzs (eff), and the number of experiments
and sucozss rate at each step of the procedure [right),



Tandem affinity purification protocols:
Nature and position of the affinity tag

Right tag on the right place

Tandem affinity purification

-
L
L
Affinity |
P L
- ‘
Affinity [l
L
-
-

Abdulrahman, Anal Bioch, 2009
Koleschnikova et al, in prep

Which affinity tags?

10His, Twin-strep, 3Flag, (HA, GFP, CBP)

The position maters
Two different subunits

Location has tremendous impact

Strep-Tactin®

recombinant

protein HE'-'\}
T®
Twin-Strep-tag® Hzﬂ".m" ; .fg___{f,}
HyO



TAP-TAG In Mammalian cells

TAP Tag FulHength R-Ras

1 45 T4 193 B

&-His g TEW FF PF = ¥ |
Protein A repesk CBD

Hypervariable region

= Transfect
— 5x10°

MIH 3T 3 mouse fibroblasts

43 hours

¥
Binding partners

& . —Eé( [ 1% step enﬁchn‘ent]
APeRas

Ly=e cellz in NP <40 buffer Mi™-coated beads

E lute with .
TAP_Raz imidazole » .Cellular proteins
Pluz2Z mM Ca™
| 2 step purification |

Calmodulin-coated beads

Elute with | |, ) ||
10 mM EGTA

Residual -
non-zpecific

proteins [?“ step purification |

—p  LC/MS/MS analyziz




Engineering of Mammalian cell lines

Random integration (based on antibiotic selection)
Site specific integration by RMCE

DNA Editing tools: CRISPR-Cas9



Recombinase Mediated Cassette Exchange (RMCE, Flp-IN)
Isogenic Expression Cell Lines
Master cell line containing a pair of genome integrated FRT sites (+ a GFP marker)

The FRT sites are used to replace the GFP gene by the GOI leading to a Genome-integrated GOl
- Reaction catalyzed by the FTR recombinase - Targeted integration

Host cell line - Master cell line @) | Production cell line |
{CHO Lec3.2.8.1) (SWI3a-26)

' Randam

integration ’ RMCE
e

— ey — o
L] ')

S - O .

[&]
o a® @ @

| Genome-integrated GFP |

'_hFF.I'TS_ ~FAT - FHTB_ _FRT FRT3
II:_FI{I;}{]'GFPWMHEO] -4 P 'iﬂ::}v-]GFﬁ@:::—lﬂmeu}-— ":ji- W neo f-
X #\ | Genome-integrated GOI |
- GOI | P
FRT3

Current Opdnion in Structural Biology




Recombinase Mediated Cassette Exchange (RMCE, Flp-IN)

Isogenic Expression Cell Lines

Targeted integration

FRT sites (master cell line and transfer vector), recombinase

"M"‘;E—%W
-Xl-m—;ﬁ%
:: exclhange plasmid ::
Flp I[RMCE]

W—_—‘—‘ Bene W7 SERPPYN

..‘_,,...ua':'. [ —— T T .
Ll "

Clonethe gene in pcDNASFRT (1 week)

Transfection of HEK293 Flp-In cells and

Hygromycin selection (3-4 weeks)
with pOG44 and pcDNASFRT,

Establishmentof a clonal population by limit
dilution (3-4 weeks)

Clonesscreening by Western Blot (1-2 weeks)

Amplification of selected clones for first
biochemical characterization (1-2 weeks)

i RPD!

XPB-CFP P"' F‘ Rpb2

XPD o

Péz»-—- s S—

—
P44—- -
e —
—

Rpb3



CrispR-Cas 9 genome editing

T o T — Mechanism of adaptive immunity
/,,j i l / | - ) in bacteria and archaea
& txpresion O Evolved to adapt and defend
¥ < v against foreign genetic material
Qi’%) RIATRTATRT AT %;%)% : (i.e., phage, horizontal gene
o 8 o e % transfer, etc.)
_ﬂj 71 Virus DNA claaved ‘
k\\ it J
. i " 4
e e | CRISPR: Clustered Regularly
il Interspaced Short Palindromic
i Repeats

Bhaya et al., Annu. Rev. Genet. 45, 273-97 (2011) . :
> Cas: CRISPR-gssociated proteins

&



Required components for CRISPR-Cas9 gene
knockout

1. Cas9 Nuclease - creates double-strand break

2. Guide RNA - recruits Cas9 and directs target
cleavage

Genomic DNA ’;"_:.' PAM
Cas9 Nuclease /JM
O
NA G T TTITTTITIIT S
3 59

tracrRNA

« crRNA - synthetic RNA comprising 20 nt target-specific sequence
and fixed S. pyogenes repeat sequence

- High-throughput synthesis to enable arrayed screening
« tracrRNA - Long synthetic RNA which hybridizes with crRNA



Editing by repair of double-strand breaks (DSB)

nuclease-induced DSB

Non-homologous end joining Homology-directed repair (HDR)
(NHEJ)
knockouts mutations, knockins, fusions
deletions | ——— i mme—

insertions
) | W—
(indels) variable lengths precise insertion or modification

Donor DNA template : a double stranded DNA fragment or a single stranded DNA



Double-strand DNA break

v

Endogenous = LALG —

TAP-tagging e e e
with CRISPR/Cas9 : [ 3xFLAG pxStrep| '

or TALENS S e —
Expression from Homology-directed repair
natural genomic

corgtext —|:13xFLAG|2xStrep| I—

v

Affinity purification
of native complexes 7

Enzymatic Mass spectrometry Structural
studies

assays
Ac-CoA CoA

Post-translational
Interactions modifications

Dalvai, Cell reports, 2016



Two step purification from XPB-Flag Kl cells

o e p62 ) \ core-TFIIH Kl K562 XPB-3Flag
. i - ) & c¢l0 15 17 18 20 21
pg
cAK 1 2 3 . 5 3] 7
o 3§ transiocase WE Ab XPE

» Detailed analysis of the complex and its composition
 Endogenous sample as comparison
» Large scale production when the complex

* High resolution and live cell imaging

e TFIIH (10 subunits)

& 4 XPB
‘i 4 XPD
e« P62

— p4—4-_,p52

A cdk7
4 p34, cyclinH

4 MATI

Coll JP Concordet/C Giovannangeli



Preparation and characterisation of
Eukaryotic macromolecular complexes

Contribution of the baculovirus expression system for
reconstitution of multiprotein complexes and dissection of
the protein-protein interaction network

Potential inputs from genome engineering approaches for
labelling mammalian proteins to facilitate isolation of
endogenous complexes and their characterization in a
cellular environment
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