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Protein expression and purification

* V. Protein expression

Lubomir Janda, Blanka Pekarova and Radka Dopitova
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5.1. Designing experiments for high-throughput protein expression

High-throughput platform requires:

e Automation
* Miniaturization

* Quantitative management tools (to identify trends and relationships)

Experimental design:

A B
i
C D
.
®
3 ®

e An ill-defined experiment will often produce
ambiguous results and fail to reach any conclusion.
e Analysis of quantitative response allows the
experimenter to optimize conditions critical to
production of a soluble protein.

e Performing one-factor-at-a-time experiments
raises the risk of locating a local maximum (missing
the actual best conditions).

A: One factor at a time
B: Fractional factorial

C: Full factorial
D: Response surface model (Box-Behnken design for three factors)



5.1. Designing experiments for high-throughput protein expression

Factors affecting expression: i e
e Construct ]
e Expression system and vector
e Cell line (host strain)
e Temperature and time
e Media
e Additives

Soluble Protein (mgiL)

Full factorial design (16 conditions per construct):
 three continuous factors
(temperature, time, IPTG concentration)
 one categorical (host strain)



5.1. Designing experiments for high-throughput protein expression
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Design of experiment is merely a statistical tool, a means to an end.

It does not guarantee success and cannot replace technical expertise or
creativity in experimental work.



V.

5.2. Approaches for efficient protein production

Genetic approach x protein knowledgebase (biochemical
approach)

Expression density x functional activity
Expression system x medium engineering

Troubles with removing tag fusion proteins x less
convenient purification with classical chromatography



5.2. Approaches for efficient protein production
5.2.1. Genetic approach x protein knowledgebase

ATGGGECGEECAT e c ACAGGEGET GAACAGAT GTACCCGAGGGT GTATCGT CTGCAT GAGCGECCT GGTAGCCAT CCGCACT GAGTACAACCTCC
GCCTGAAGCCAGGAGT GGGT GCCCCTGT GACCCAGGT GACCCT GCAGAGT ACACAGAGGECGCCCAGAGCTAGAGGACT CCACACT GCeCT
ACCTGCAAGACCT GCTGGECCT GCGT AGAGGAGAACCAGCGT CGAATAGACAGT GCT GAGT GEGECGT GGACT TGCCCAGT GTGGAGGECCC
AGCT GGECAGCCACCGAGCCAT GCATCAGI CTATAGAGGAAT TTCGGEGCCAAGAT CGAGCGEGECT CGGAAT GATGAGAGCCAGCTCTCCC
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5.2. Approaches for efficient protein production

5.2.1. Genetic approach x protein knowledgebase

™ Pase n
domena

Two constructs of .. D-
receiver domain.
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Lubica Urbanikova




5.2. Approaches for efficient protein production

5.2.1. Genetic approach x protein knowledgebase

Plectin

1 315 848-905 1392 2518 4589
ABD .
MTBD M1 domain 2739 3067 IFBD
SH3
1
Taul V' k s kIl TEWNLKHAQPIE v 6
Tau2 VT SKC LGINI HHK PG s 5
Tau3 V.Q s K LDINI THVPIG :
MAP2/1 [V K S KLl TDINI KYQFPK RDs Linker Module T 5
MAP22 M. T S K C LKINNI RHRPG [ 1
MAP23 A Q A KIN LDNAHHV PG PlecMouse  JAAAQSSKGYYSPYSVSGSGSTAGSRTGSRTGSRAGSRRGSFDATGSGFSMTFSSSSYSSSGYGRRYASGPSASLGGPESAVA!
Pecic B r wniE KTl@R SRR S G PlecHamst  AAAQSSKGYYSPYSVSGSGSTTGSRTGSRTGSRAGSRRGSFDATGSGFSMTFSSSSYSSSGYGRRYASGPPASLGGPESAVA
PlecHuman  AAAQSTKGYYSPYSVSGSGSTTGSRTGSRTGSRAGSRRGSFDATGSGFSMTFSSSSYSSSGYGRRYASSPPASLGGPESAVA
Kd of Plectin (Ex 1-24) for actin 320 nM (Ex 2-8) 25uM
Kd of Plectin (R5) for vimentin (IF) 100 nM

Kd of Plectin (Ex 2-8) for integrin beta 4 170 nM

Kd for microtubules in case of MAP2 1-3 uM



5.2. Approaches for efficient protein production
5.2.1. Genetic approach x protein knowledgebase

Plectin

N-terminal domain rod C-terminal domain

1 315 848-905 1392 2518
ABD

MTBD SH3 2739 3067

IFBD

KRNPAHPVRGHVP
RDs Linker Module
SH3 domain
Spectrin_ a7s IFR T DR E A RS PR REVEREENDVYLTMLESINED EADDHQG FWPRPLALVW RKLP.I
Actinin DM 834 G M IDEGEVMILMESETNDD NCEEDNGYEGEWYPAN PEWE
Itk Tvyr kinase 17 R ITEN T Q0 THD PQEL BCLDEETY LDESETITHWW MY ODENGHEGYAPRPE S TEES=
Envoplakin M 404 SCGEVOMLEGERCTRMEDNAD P T TR QGEPGCCGETESAPALACPAWTIFP A
Actinin CE 247 DENVITEMELGDDVY LDNSDLIEM TMEDISGAEGQWER SMvYFERTI
Periplakin M 291 CEQGLEERCYEYTMOENN GCESQUEMMD SAGCGHELILP CFWI
Fakapo DM 793 Q0 GOQLOEMEEGETYTMLDNSGEYV RTAHEGQEGPFIP CLLL
Kakapo AG Q41 QGNISPADENETCTMALD TSGR ETSEEGCYEGSVH CLLL
Desmoplakin M EZE QD QEIMHECDECIBGAEDNNEER = N TZPZEVYDHLYD SMMGCLITI
MACF 8538 QIEITEMCENLDEC EDNSEQRT ISPTGNEALAMYE SMICFLI
Dyrstonin M 277 QITEITEMYEDDEC ANNSHEPLEMEMISPTCGNELAYYER SMICFTY
Plectin M 931 OVEVITRMHEGDQC OV G PAQ P S HAMIERN L S GE S S EAATWE SMICFLY

4589

1037
230
E40
K]
9l4
4L
SEE

1003
&04
k3
944

1000



5.2. Approaches for efficient protein production
5.2.1. Genetic approach x protein knowledgebase

PRD domain SH3 domain PRD

Spectrin Q78 I AP* TP TR EA RS P REVEARIEEND VL TALS S INED W FELADDHQG FWPRAT RKLJ'.I ! H 1037
Actinin DM 5354 EH It ER=p F TR] E GRQG MERDEGEVHIESETNDD MUCW PEDNGYVEGF WP AN REVE 3 s30
Itk Tvr kinase 187 KiLT EDNRRESFQEMEETLMIEGAT M QO THD PO EL RCDDEETY LDESETHVRI P ODENGCHEGTAR S B TEE®:Z [ L z40
Enwoplakin M 404 RILBYOQRLN SEQNLH i I SCEVOMLEGERCTRAEDNAD P Y TR L OGPGCGETES AP ALCEITIID A E 273
Actinin CE 247 HLWORGERINH RIIE Y TG C Dy = DENVIEMEALGDD VW LDNSDLIKQTMED IS GAEGQWER SV FERI D 914
Periplakin M 391 LEYTERERET LE I VY A LE=RE TR CEQCLpNSRETESYTPAQENN CGESQUEMND SAGHNELIAP CFVI L 456
Eakapo DM 793 LNERERD TNEDQ LY E OGO LOMEEGET VT LD NS GCREVERI P R TAEGOQOEGPTIF CLLL I BEZ
Kakapo AG 241 LEQREQ VNERQCT N O C S E QGCNISDENETCTRALD TSGRV PMMETSEGYVEGSVTH CLLL I 1002
Desmoplakin M 536 LEWA C D E QDDOEIMHEGD ECIGAEDNNEER 2 MTITGPGGVDHLWE SMGLIT N &04
MACF aLa LN C Dy I QIEITCENLDELC EDNESQRTEWMFM ISP TCGNELNT R EMCFLI N DEE
Iystonin M 277 A THsmy T QIEITETEDDEC ANNSHPRBAFMFEWMISPTGNELVYVE SiCFTW H D44
Plectin M 231 RN C DY E QVEVIMHEGCGD QOCORAV G PAQP S HMUEM LS GESSEALVWD SiCFLW N lo0o

a
Intramolecular SH3-ligand ‘

association \

a) Model of observed intramolecular interaction
showing the observed interaction between the Itk
proline-rich region and SH3 domain.

Accessible pTyr binding site

b) Model of the opening of the intramolecular
b Bidentate SH2/SH3 ligand complex by interaction with bidentate ligand for
- the Itk SH3 and SH2 domains.
(Andreotti et al., Nature 1996)

PH TH

Accessible proline-rich site



5.2. Approaches for efficient protein production
5.2.1. Genetic approach x protein knowledgebase

SH3 domain of plectin with surrounding proline rich regions
(Sarc homology domain soluble in citrate buffer of pH 3.5)

- Average Mw: 8,732.3 Da
- (7 parallel measurements) RSD: 0.02%
-—
—
—
—
e o D @D -

Theoretical pl/Mw (average) for the protein sequence
Theoretical pl/Mw: 7.78 / 8,726.11

mefKAIVQLKPRNPAHPVRGHVPLIAVCDYKQVEVTVHKGD
QCQLVGPAQPSHWKVLSGSSSEAAVPSVCFLVPPPNQEf



5.2. Approaches for efficient protein production
5.2.2. Expression density x functional activity

Expression and purification of plectin’s ABD (Actin Binding Domain) in three isoforms.

Julius KoS tan




5.2. Approaches for efficient protein production
5.2.2. Expression density x functional activity

Maize recombinant 3—glucosidase produced in E. coli.

Cultivation condition Yield Specific activity (nkat/mg)
(mQ) /(total activity nkat)
LB medium 380 1.6966 nkat)
TB medium - pH 6 230 3(@74 nkat)
TB medium — pH 7 230 (4221 (966) nkat)
TB medium — pH 8 410 2(8,148 nkat)
Additive of cellobios@ B medium) 400 (2.71(1,080 nkat)

Result: TB medium (pH 7.0) supplemented by cellobiose shows 3.1 x higher (3
glucosidase specific activity than in common LB medium.



5.2. Approaches for efficient protein production

5.2.2. Expression density x functional activity

The cytolinker protein:
plectin

Plectin is one of the main linker proteins for the cytoskeleton.

M-terminal desmain riond CEerming] domapén
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Plectin R5



5.2. Approaches for efficient protein production
5.2.2. Expression density x functional activity

Converted pET 15b + IF binding domain of plectin

* R5 d. plectin (pH 7.9) Insoluble form
* R5 d. plectin (pH 7.9, urea, dialysis) Func. act.(45%)
e R5 d. plectin (pH 7.9, urea, refolding HR) Func. act.(60%)
* R5 d. plectin (pH 11, purification pH 9.0) Func. act. (295%)
Co-sedimentation — functional test on protein activityws
& & &
A &€ B FE

SPSPSFP
kDa

116 »

66
45

35

. 1. R5wt oxidased

SA form + DTT
W|Vim - 'iz. R5wt oxidased
[ &% form — DTT

R4 Kamaran Abdoulrahman ‘

25 %



5.2. Approaches for efficient protein production

5.2.2. Expression density x functional activity

Expression and purification of plectin’s ABD (actin binding domain) in three isoforms.

Julius KoS tan




5.2. Approaches for efficient protein production
5.2.2. Expression density x functional activity

Monoclinic crystals of plectin ABD

Precipitant solution: 0.1 M TRIS buffer pH 8.5
10% PEG 4000

2% dioxane

Lubica Urbanikova

Space group P2,
2 molecules in asym. unit



5.2. Approaches for efficient protein production

5.2.2. Expression density x functional activity

Orthorhombic crystals of plectin ABD

Precipitant solution:

0.1 M Cacodylate buffer pH 6.5
6—8% PEG 8000
0.2 M Ca acetate
2% dioxane

Space group P2,2,2,

1 molecule in asym. unit

2.0 A resolution



PROTEIN DATA BANK

The cytoskeleton is an introcellulor moze of filaments that supports and
shapes the cell. The most plentiful type of filament is composed of actin,
shown here in blue. The cyloskeleton, however, is not u static structure, since
i must respond fo the changing needs of the cell.

The proteins shown here help o reshape the cytoskeleton by assembling or
disassembling adtin filoments s necessary. A molecule of ATP, which is

. Urosev, E.
.C. Robinson

V. Protein expression

bound inside each actin molecule, is important in this process. When it is
hydrolyzed to ADP, the filament becomes unstable and falls apart.

Gelsolin breaks down acfin filaments by essisting the hydrolysis of ATP and
blocking the sites of inferaction with other acfin proteins. Fwo different frag-
ments of geksolin are shown in Inlv and 1rgi bound to actin.

The protein CapZ forms a cap on the acfin filaments shown in 1izn, which

lizn: A.Yamashita, K. Maeda, Y.
Maeda (2003). Crystal structure of
CapZ: structural basis for actin
filament barbed end capping.
EMBO J. 22:1529-1538.

1884.

limits assembly.

The protein formin assists the assembly of acfin by aligning two aciin proteins in
the proper orientation which sfaris the process of filament growth. One
domain of formin is shown hound to octin in 1y64.

Plectin finks neighboring actin filaments into higher order structures. The
actin-binding domain is shown in 1sh5.

1sh5: J. Sevcik, L. Urbanikova, J.
Kostan, L. Janda, G. Wiche (2004).
Actin-binding domain of mouse
plectin: crystal structure and binding
to vimentin. Eur.J.Biochem. 271:873-



5.2. Approaches for efficient protein production
5.2.3. Expression system x medium engineering

Examples of E. coli expression systems and web pages for further information

Vector Promoter/ Special host Protein tag Source (website)
system induction method strains required
tac/IPTG or T7 IPTG Yes Biotin binding domain  www.promega.com
T7 IPTG Yes Hise, T7 gene http://www.merckbiosciences.co.uk
tac/IPTG No GST www.amershambiosciences.com
araBAD Yes Hise, GFP www.invitrogen.com
P./trp Yes
T7 IPTG Yes Hisg, T7
Pitet/anhydrotetracycline No Hisg www.clontech.com
T7 IPTG Yes Chitin binding domain  www.neb.com
tac/IPTG Yes Maltose binding domain
T5/IPTG Yes/TOPP Hisg WWW.giagen.com
T7/IPTG Yes Calmodulin binding www.stratagene.com
peptide

tac/IPTG Yes www.sigmaaldrich.com




5.2. Approaches for efficient protein production

5.2.3. Expression system x medium engineering

pET32a::AHP1 AHP — phosphotransfer protein in PRSETB::AHP1
pET32a::AHP5 cytokinin signalling pathway of A. thaliana PRSETB::AHP5

EcoR V(206)

Nco I(212)
ﬁ I1(241)
Kpn 1(238)
sc 1(351
74 )

Dra Il1(5658)
—
/ — ———
———
Y '/(5434-5889) Rsr 11(589)
0(\9\“ Iy Xba 1(729)
© (&6‘6‘ SgrA |
Sca 1(4995) 6, grA 1(840)
\ -
Pvu |(4885) n?q' Sph I(996) -
lo(’c _ EcoN l(1056) 1)
Pst 1(4760) - N .
7 Nl "\ ApaB I(1205)
/ [ o \ \
Bsa |(4576) \f‘ [ < \ A
f L
Eam1105 I(4357)4 | | RS I i:' I | :
L‘I pET—323(+) c., ‘ ‘ Miu I(1521)
\ (5900bp) :; | Bel l(1535) .
\ Ll |
\ \' f <BStE 11(1702) i q B C
\ Bmg [(1730) | i "
AlwN 1(4038) )\ ’/ Apa 1(1732) T .__l.'l. ’ '}
%. BssH I1(1932) atd 2 9 kh
F?aéq Hpa (2027) s L]
| %) ;
BspLU11 1(3622) .-;.:- s
Sap |(3508) PshA I(2366) F '."\_':i}"
Bst1107 1(3393) Theee P F '{-\. mh
Tth111 1(3367) / Psp5 Il(2628) g, 5 L

!
BspG I(3148)



AHP1

5.2. Approaches for efficient protein production

5.2.3. Expression system x medium engineering

5.2.3.1. Temperature

Expression system

Plasmid
Temperature (T) Soluble form | Insoluble form | Soluble form | Insoluble form
growth/induction (%) (%) (%) (%)
22C/22C 38% | /71%) | 29%
37C/22C 0% 100% | \82%/ | 18%
37C/28TC 0% 100% 8% 92%
Plasmid
Temperature (T) Soluble form | Insoluble form | Soluble form | Insoluble form
growth/induction (%) (%) (%) (%)
22CI22C | /789 | 22% /56% 24%
37C/[22TC 67% 33% 81% 19%
37C/28TC 61% 39% 81% 19%

Radka Fohlerova

~~— ~—




5.2. Approaches for efficient protein production

5.2.3. Expression system x medium engineering

5.2.3.1. Temperature

Production of soluble AHP proteins using E. coli expression
vector pRSET at different temperatures (%)

AHP1 | AHP2 | AHP3 | AHP4 | AHP5 | AHP6
Temperature
(C)

growth/induction

8% (@5 |0D| 0% | 76% | 0%
37T/28T
37C/22T  [C2) | 73% [100% | 0% |(G1% | 51%
22CI22C | 71% | 78% | 100% |(30%) | 81% | (3%

Radka Fohlerova




5.2. Approaches for efficient protein production

5.2.3. Expression system x medium engineering

5.2.3.2. Medium pH

pH 6.0 7.0 8.0
Soluble fraction 35% 89% 100%

* Disintegrate E. coli in native buffer.

» Denaturated crude extract by chaotropic compounds (urea).
e Load SDS-PAGE.

« Scan the gel after staining and subsequent de-staining.

» Evaluate differences between signals from protein denaturated by chaotropic
compounds and protein signal from native buffer.
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Met 944 His 1122

, Mw = 42 kDa
, Mw = 47 kDa



5.2. Approaches for efficient protein production

5.2.3. Expression system x medium engineering
Growth temperature

37°C, expression 28 Growth and expression

25°C

1: BL21 — 1 h after induction = OD 0.5
- 2: ' jon = 5
12 34567 8 0 S 3 b S :1234553:778-38
: _i:i ij 4: 4 h after induction = OD 2 e ————
C—mes  —B= ~ o5 _— sE=== -
= e AR — = —— —‘-;s‘__,g'
\g§§ _B= 6: C43 — 1 h after induction = OD 0.5 S %ﬁi -
- ;_‘..:__ —— 7 4 h after induction = OD 0.5 R
Pt et 8 1 h after induction = OD 2 S SormrmTs S
— == 9 4 h after induction = OD 2 —— C e ——
™ ] — e e -
3 | S: 14-66 kDa .
1: BL 21 before induction e
2: 1 h after induction = OD 0.5
3: 3 h after induction = OD 0.5 ]
4: 2 h after induction = OD 2
1 2 4 5 6 7 8 9 5: i g :
- 6: C43 before induction 1= . g2 6 7 8=
7: 1 h after induction = OD 0.5
8: 3 h after induction = OD 0.5
9: 2 h after induction = OD 2

S: 14-66 kDa Petra Borkovcova



ression

in production
X medium engineering

sis buffers:

Citrate b., pH 3.6, Triton X-100
Tris b., pH 7.9, Triton X-100

Tris b., pH 7.9, CTAB
Tris b., pH 7.9, NONIDET P-40
Tris b., pH 7.9, SDS

A
B
C.
D. Trisb., pH 7.9, Triton X-100
E
F.
G
H. Trisb., pH 7.9

pellet

f

Blanka Pekarova



5.2. Approaches for efficient protein production A. E. coli BL21(DE3) Arctica
5.2.3. Expression system x medium engineering B. E.coli BL21 (DE3)g,

CAPS
A Tris Glycme B Tris Glycine ApH11 pH1L5 B-pH11 pH1L5
S P S P S P s P S P s P
Tween NP40 Deoxycholate

Western blot
detected by poly-
His antibodies

S P S P S P Severine Jansen



in expression

protein production
ystem X medium engineering

.2.3.3. Buffer for disintegration (pH)

pH 7.0 pH 6.0 pH7.0
supernatant - pellet
—
— W -
—— bt —
_—) -~ - * L ee—— —

T T Katefina Sikorova

lycine buffer pH 10.6)
rpH 7.2




5.2. Approaches for efficient protein production

5.2.4. Troubles with removing tag fusion protein x less convenient purification
with column

e Arg, Lys, Phe, Leu, Trp and Tyr

— Tobias et al., 1991, Science

e His, GIn, Glu, Phe, Met, Lys, Tyr, Trp,
Arg

- Hirel et. al., 1989, PNAS and Lathrop et al. 1992

- Liao et al., 2004, Protein Science




5.2. Approaches for efficient protein production

5.2.4. Troubles with removing tag fusion protein x less convenient purification

with column

Control of protease cleavage sites in fusion proteins

Thrombin
pH 8.0

PreScission
pH 8.9

Factor Xa
pH 6.5—7.5

Enterokinase
pH 7.0-8.0

Pro-Arg/Gly
Pro-Lys/Leu
Ala-Arg/Gly
Gly-Lys/Ala

Leu-Glu-Val-Leu-Phe-GIn/Gly-Pro

lle-Glu-Gly-Arg/X

Asp-Asp-Asp-Asp-Lys/X



5.2. Approaches for efficient protein production

5.2.5. Maximizing target protein recovery

 Protein expression » Take advantage of protein knowledgebase for
construction of expression vector

e Medium engineering
e protein induction at different temperature
e medium pH
o additives

e Protein purification » buffer options for disintegration
 degas all the buffers
 Test on protein activity

» Encourage protein purification without tag
sequences



5.3. Expression system

5.3.1. E. coli expression system

Advantages and Disadvantages of E. coli

e Ease of gene manipulation
 Availability of reagents

e Easy of producing quantities of protein
e Speed

e | ow cost

e Adaptability of the system

 Formation of insoluble inclusion bodies
e Size of the protein
» Post-translational modification




lectin

N-terminal domain
848-905 1392

KRNPAHPVRGHVP

Size of the protein

RDs Linker  Module

Soluble form Inclusion bodies

o =R -

main of mouse plectin



5.3. Expression system

5.3.2. Baculovirus protein expression system

e HT-bacmid propagation
e HT-suspension-based insect cell transfection

e Methods of recombinant viral titer determination

GFP co-expression, titration assay using
Alamarblue, Cedex cell counter

 HT-miniaturized deep-well block insect cell
expression

e Transient insect cell expression



expression

tein expression system
Overview on commercially available baculovirus expression systems

Methodalogy Transfer of foreign
Baculovirus for cloning gene into Selection/
expression Compatible foreign gene into  Baculovirus Recomhbination
kits and vendors  transfer vectors  transfer vector genome efficiency



5.3. Expression system

5.3.3. Cell-free protein expression system

Simple open system which influences:
 Protein folding
e Disulfide bond formation
e |ncorporation of unnatural amino acids
* Protein stability
e EXpression of toxic proteins

Use the machinery of E. coli S30



5.3. Expression system

5.3.4. Transient protein expression in tobacco leaves

An Agrobacterium-mediated transient
expression assay has been described for in
vivo analysis of constitutive or inducible

7 gene expression in Arabidopsis plants.

T

4

N scFv x DHZR in Tobacco
E7 =23 E9 10 =11 12 =16 18
* Plant number: ca 30

 \WWeight of tobacco leaves: 7-10 g QTZ
 Number of tobacco leaves: 12-15 62,7 | 66

= 50,2 48,0 49,2 47,8
e Total: ca 3.5 kg~12-15¢g 0 &
protein~120-150 mg scFv j I I

7 8 9 10 11 12 16 18




