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Protein expression and purification

* V. Protein expression

Lubomir Janda, Blanka Pekarova,
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temperature

5.1. Designing experiments for high-throughput protein expression

High-throughput platform requires:

* Automation

* Miniaturization

* Quantitative management tools (to identify trends and relationships)

Experimental design: 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

B production of a soluble protein.
/ e Performing one-factor-at-a-time experiments
" raises the risk of locating a local maximum (missing
é@\\o the actual best conditions).
C)OQ
time o
— ® A: One factor at a time
(—T® B: Fractional factorial
250?“7, ® C:Fullfactorial
@0 I ¢ D: Response surface model
QP‘«\\“ §h. (Box-Behnken design for

three factors)



Experimental design (commonly referred to as DOE) is a useful complement to
multivariate data analysis because it generates “structured” data tables, i.e. data
tables that contain an important amount of structured variation. This underlying
structure will then be used as a basis for multivariate modeling, which will
guarantee stable and robust models.

More generally, careful sample selection increases the chances of exiracting
useful information from the data. When one has the possibility to actively
perturb the system (experiment with the variables), these chances become even
greater. The critical part is to decide 1) which variables to change, 2) the
intervals for this variation, and 3) the pattern of the experimental points.

1) Temperature e _o
2) 15°C-37°C P TP
3) About 1°C; 5°C or 10°C

Temperature 15°C-37°C~23 culture conditions
IPTG 0,1 — 1,0 mM ~10 culture conditions q- —
Time 1h-24h ~25 culture conditions = e




5.1. Designing experiments for high-throughput protein expression

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

Soluble Protein (mgfl)

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



5.1. Designing experiments for high-throughput protein expression

Response surface model:
e fine-tunes the conditions
e capable to identify minimum or maximum
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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.



Microreactor technologies developed at LLNL use micromachining
techniques to miniaturize the reactor design.




Schematic diagram of integration of nano-UPLC (ultra performance
liquid chromatography) with droplet-based microfluidics.
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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



4.2. The key questions before DNA cloning
4.2.1. DNA-protein analysis

4.2.1.2. Secondary structure prediction

www.expasy.ch jpred3
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Confidently predicted domains, repeats, motifs and features:  ——*—=

Name Begin End E-value _:,Q;G \
REC 43 171 1.19e26 Vo




5.2. Approaches for efficient protein production

5.2.1. Genetic approach x protein knowledgebase
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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
== DD Eae,
SH3
r —
Tau1 VK s K TEINL KHOQPIG Y 6
Tau2 VTS KZC LGINI HH K PlG S 55
Tau3 ViQ s KM LDINI THVPIG :
MAP2/1 [V K S K_I TDINI KYQPK RDs Linker Module T 5
MAP2/2 M/ T S K C LKINI RHRP[G I 1
MAP23 A Q A KN LDNAHHVP.G PlecMouse  JAAAQSSKGYYSPYSVSGSGSTAGSRTGSRTGSRAGSRRGSFDATGSGFSMTFSSSSYSSSGYGRRYASGPSASLGGPESAVA
Pecic BMP w NIL KTIQR 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 1-3uM

11



5.2. Approaches for efficient protein production

Plectin

N-terminal domain
1 315

ABD

MTBD G)
|___[]_ —— ‘F"" sl

KRNPAHPVRGHVP

Spectrin = a7s

Aetinin DM 234
Itk Tyr kinase 167
Envoplakin M 404
Letinin CE 247
Periplakin M 291
Fakapo DM 7oz
Kakapo AG Q41
Desmoplakin M {3y
MACF 24
Dyrstonin M a7

Plectin M Q31

rod

2518

C-terminal domain

2739 3067

= K K E [ = =

5.2.1. Genetic approach x protein knowledgebase

IFBD

RDs

Linker  Module

SH3 domain

LR TR EARSREREW S

FOoGc M

SGEWQ
DENWVT
CGERQGL
QREQLA
QENIS
QD QKT
QIEIT
QIEIT
QWEWVT

IHEND VLT
IDEGEVHML
RCDDEETY
LEGERCT
EAGDDV
EREYTETT
EEGETVT
DENETCT
HEGDECT
CENDEC
TEDDEC
HEGDQOLCQ

LEZINED
EZETNDL

LDNEGRY
LDTEGRY
EDHNNEERS
EDNEQRT
ANMEHEAL
VGFPAQF S HAN

EADDHQG FWPAW
REEDNGVEGFWERLN
ODENGHEGTAPE R
QFPEFEGETHESAPALAC
MEDISGLEGOWE o

ETAEKEGQEGFIP
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ISPTGNEAMVE
ISPTGNEAYVYTE
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LAy S

REL Y

REWE
TEES
WIPFA
TFRI
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GLIT
CFLI
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4589

1037
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SEE
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5.2. Approaches for efficient protein production
5.2.1. Genetic approach x protein knowledgebase

PRD domain

SH3 domain PRD

Spectrin 278 I Al:i W TERl T DM EL RS P REVEREEND VL TGALSSINED M EADDHQGE FWPAV

Actinin DM gad H RFREAF 'R E GOG MERDEGEVMIGIESEETNDDUUC PEDNGYEGF WP LAN REVE B w
Itk Twyr kinase 167 HEEWYL T EDNERRSFOECEETLTEMA TR TN P OEL RBCDEETY LDESEITHV MG ODENGHEGTAP S S TEES®: NN L
Ernwvoplakin M 404 L QBN SEQRELH u T CCEVO LEGCELCTMEDNAD D Y TRU LMW OGP CCETESADP AL CEAWIDA I E
Actinin CE 247 LWQRGERIMH IK I C Dy = DENVIpMEALGDLD YV LDNSDLIFEQM T ED IS GAEGQW R SQVFRI T I
Periplakin M 391 LEYTERERET LE I Li=sE FRd CEQCLpNSRETESYTPAQENN CGESQUEMND SAGHNELIAP CFVI T I
Kakapo DM sk LNELRERQ VNERQIG LY E OQGOLOEMEEGETVITRALD NS CRVER BN ETAEGOEGP I P CLLL Ir
Kakapo AG 941 LEQREQ VNRQCT 5 I TR QNI DENETICTMLDTEGRYW M ETEEGVEGSVH CLLL D
Desmoplakin M E36 LEVMENGEDTRESNERTII i C Dj E QDOEIMHEGD ECITQAEDNMNER S BWTITGCPCEGVDMLTE SMGCLIT N
MACF 858 LEYENGDHVLESTLS i C Dy B QIEITMCENDEC EDNSQRTEMIFMM ISP TGNELNT P SYCFLI N
Dystonin M 877 LEYENGDHNRBLET ST ji C 'y E QIEITMTEDLELC ANNSHERAFWMEMISPTGNELAVVE SMCFTVW N
Plectin M 231 L HYEBEMNREAHGVERGHTY TERE TP QVEVIgGHEGD OCORAV G PAQP S HWERW LS GESSEALVD SiCFLW H

a
Intramolecular SH3-ligand ‘

association \

b Bidentate SH2/SH3 ligand

PH TH

Accessible pTyr binding site

Accessible proline-rich site

a) Model of observed intramolecular interaction

rrLy [{oE o 10e7

890
z40
oA
ol4
456
BEE
1003
G0
9ze
Sd4
loao

showing the observed interaction between the Itk

proline-rich region and SH3 domain.

b) Model of the opening of the intramolecular
complex by interaction with bidentate ligand for
the Itk SH3 and SH2 domains.

(Andreotti et al., Nature 1996)



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%
——
-
-
-
o --- -

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

mefKAIVQLKPRNPAHPVRGHVPLIAVCDYKQVEVTVHKGD
QCQLVGPAQPSHWKVLSGSSSEAAVPSVCFLVPPPNQEf



lectin

N-terminal domain rod C-terminal domain
1 315 848-905 1392 2518 4589

KRNPAHPVRGHVP

:-E -

Linker  Module



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.

.

1

-
-
-

-
-

-
Y

Julius Kost’an
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5.2. Approaches for efficient protein production

5.2.2. Expression density x functional activity

Maize recombinant f—glucosidase produced in E. coli.

Cultivation condition Yield Specific activity (nkat/mg)
(mg) /(total activity nkat)
LB medium 380 1.9 (966 nkat)
TB medium - pH 6 230 3.8 (874 nkat)
TB medium — pH 7 230 (966) nkat)
TB medium — pH 8 410 2.8 (1,148 nkat)
Additive of cellobiose (LB medium) 400 @1,080 nkat)

Radka Fohlero

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 gesmiain ol CEerming] dompdn

- o | ¥ o

N 1T e - -

Lindey - Rodue

Plectin R5
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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%)
* 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 activity = mx / mcubate
¥ o o NN
&F & &
o E B g MR /NT
S. AN MR other C 2y —
kDa proteins /:entrigufal force ==

supernatant | pellet

116
© )
.Visr: - \/_:/ % ...,w
M

66
45 x H

35 protein ge] = ==
analysts | o -

)/o

R4 Kamaran Abdoulrahman Conclusion: ®binds MTS, ® does not

25 %



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 Hisg, 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 His 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
pET32a::AHP5

AHP — phosphotransfer protein in
cytokinin signalling pathway of A. thaliana

Ava |(158)

Not I(166)
7/ Hind Ill(173)
Sal I(179)

EcoR V(206)
Nco I(212)

Bal 11(241)

Kpn 1(238
/-Ns p\f(z(s&))
= Msc l(ast)
= /Rsr 11(589)

Xba 1(729)
SgrA 1(840)

PRSETB::AHP1
PRSETB::AHP5

5\
Sca |(4995)
~
Pvu 1(4885) {3,0% Sph I(996)
« _— EcoN I(10586)
Pst 1(4760) ~ VV_*
f/ / Nt {"\‘ApaBIHZOS)
[ o \
Bsa l@se) -] [ < \ \‘.
[ | P
Eam1105 |(4357)4 | B .“ “I
- 2 Miu 1(1521)
‘ pPET-32a(+) 2 |
'\ (5900bp) = || [*Bell1535) ok
I\\ g f/ l‘BstE 11(1702) -
r /ABmg 1(1730) P
AS —
AlwN I(4038) )\ & Apa I(1732) m | )
2. BssH 1(1932) = 2 9 kh
(‘}6‘@ Hpa 1(2027) - ¥
T :
BspLU11 I(3622) /\/\ ::H;‘,;L::
Sap |(3508) PshA 1(2366) .,t.. !
g b
0 ¥
+Psp5 11(2628) g
A

Tth111 1(3367)
BspG [(3148) /

Bst1107 1(3393) 7 \\\7_\_7 A



Bands of protein of interest on SDS-PAGE

Normal buffer  With urea
Disintegration

E. coli after induction - - 100% soluble

Disintegration Normal buffer ~ With urea
E. coli after induction i - 50% soluble
Disintegration Normal buffer  With urea

E. coli after induction

- insoluble

* Disintegrate E. coli in native buffer and divide into two same parts.

» Denaturate second part of the crude extract by chaotropic compounds (urea).
-Sediment both extracts and load on 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.



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 (°C) Soluble form | Insoluble form | Soluble form | Insoluble form
growth/induction (%) (%) (%) (%)
22°C/22°C 38% | /71%\ | 29%
37°C/22°C | 0% 100% | \82%/ | 18%
37°C/28°C 0% 100% 8% 92%
Plasmid
Temperature (°C) Soluble form | Insoluble form | Soluble form | Insoluble form
growth/induction (%) (%) (%) (%)
22°C/22°C | /78D | 22% | /76%\ | 24%
37°C/22°C || 67% 33% 81% 19%
37°C/28°C 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 | AHPS5 | AHP6

Temperature
(°C)

growth/induction

8% Q O 0% | 76% | 0%
37°C/28°C

37°C/22°C |@2D) | 73% [100% | 0% |[GB1D | 51%

22°C/22°C | 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 and divide into two same parts.

» Denaturate second part of the crude extract by chaotropic compounds (urea).
*Sediment both extracts and load on 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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n production
medium engineering

Met 944 His 1122

AA, Mw = 42 kDa
AA, Mw = 47 kDa
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5.2. Approaches for efficient protein production

5.2.3. Expression system x medium engineering
Growth temperature

37°C, expression 28°C Growth and expression 25°C
1: BL21 — 1 h after induction = OD 0.5
2: ' ion = 5
123456 7 8 9 8 3 i 1234517“8_% S
= ;?j : :gé Sl ;r 4 h after induction = OD 2 ;-}E"%_:; ggzé &
'\;gg ; _5% - 6: C43 — 1 h after induction = OD 0.5 t*-:.__é‘:’; §§§E’; -
== S - 7 4 h after induction = OD 0.5 S ——— %—”!" = 4= —
\-.—..;:; _E_;_ — 8 1 h after !nduction =0D 2 S o S
=1  — 3 — 9 4 h after induction = OD 2 — ————
S == — N == -
S: 14-66 kDa £y
T—— = 28 :

BL 21 before induction - —
1 h after induction = OD 0.5
3 h after induction = OD 0.5

1:
2:
3:
4: 2 h after induction = OD 2
1 2 4 56 7 8 9 5:
- 6:
7:
8:
9:

C43 before induction
1 h after induction = OD 0.5
3 h after induction = OD 0.5
2 h after induction = OD 2

v
-
|
N
=)
A
o
o
~
oo
©

S: 14-66 kDa Petra Borkovcova



pression

ein production
X medium engineering

ysis buffers:

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

B

C

D. Trisb., pH 7.9, Triton X-100
E. Trisb., pH 7.9, CTAB

F. Trisb., pH 7.9, NONIDET P-40
G. Trisb., pH 7.9, SDS

H. Trisb., pH7.9

pellet

Blanka Pekarova



5.2. Approaches for efficient protein production E. coli BL21(DE3) Arctica

5.2.3. Expression system x medium engineering Buffer engineering

1) pH
Tris Glycine Tris lGchine pH10,6 2) detergent

-

Western blot
detected by poly- His antibodies

o

S P S P S P S P

Tween NP40 Deoxycholate E- coli BL21(DE3)
Arctica RP

‘ > -
[ - - -

Severine Jansen



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

5.2.3.3. Buffer for desintegration (pH)

LTP-2 (non-specific lipid transporting
protein from wheat)

pH medium pH 6.0 pH 7.0 pH6.0 pH7.0

supernatant pellet

Buffer for disintegration (pH) % T Catorina Skorova

[ Glycine buffer pH 10.6)
Phosphate buffer pH 7.2




Screening for solubllity

* Optimum Solubllity Screen

— Optimizing protein solubility and stability with salts
and buffers prior to crystallization can improve
crystallization results

— Microbatch experiments can identify salt and
buffer conditions that increase a protein’s
solubility

Acta Cryst. (2006) D62, 833 - 842 1zaac, C. A. Schall and T. C. Mueser. Assessment of a preliminary solubility
screen to improve crystallization trials: uncoupling crystal condition searches.

Acta Cryst. (2004) D60, 1674 -1678. B. K. Collins, S. J. Tomanicek, N. Lyamicheva, M. W_ Kaiserand T. C.
Mueser. A preliminary solubility screen used to improve crystallization trials: crystallization and preliminary X-ray
structure determination of Aeropyrum pernix flap endonuclease-1

Acta Cryst. (2004) D60, 1670 -1673. J. Jancarik, R. Pufan, C. Hong, S-H. Kim and R. Kim. Optimum solubility
(0S) screening: an efficient method to optimize buffer conditions for homogeneity and crystallization of proteins.

Joseph R. Luft



Incomplete factorial: 950 cocktalls
35 Salts and 8 Buffers

Ocecurances kil £ J-.E fuie
Salt (# cocktails) KN, B:%fi
MH BT -5 KHAFOy 3‘“;}‘_‘. i
KSCH R
NHOs 7 haBr R
NFHaP0 lat S
'HHQ it e Maghdny 3 “"'IE: mh
[ Mg JaHF Gy 26 Mal s ; = r-é'i.é_'.:':'
rh"_Iq:';-Si:'.; 20 NEHEPG.L T8 LR el B
~8(LataCal 12 Mlsizs 0y Oceurances
el 2 Z0(CarsOa) R
Licl 20 LnRel ,LJ; rfatf ' v
Mol Cau 7 e E '
V;Cb : 26 made ruTDEF’bS Ej
il 1
MgS0, o7 oo HEFES | 75 10
MInCI 23 LT Tris . 34
I{Cg HQDE an K D4 TARS i 1083
KBr 23 mA Q1 M ) CAPE 10 a5
balo 0y 24 TOTAL TOTAL

Joseph R. Luft




Data to calculate this for every protein
Statistically significant data

_. Incomplete factonal:
« 950 cocktails
35 Salts and 8 Buffers

-
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Increasing solubility o



5.2. Approaches for efficient protein production

5.2.3. Expression system x medium engineering

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

.

1

-
-
-

-
-

-

Y

Julius Kost’an
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5.2. Approaches for efficient protein production
5.2.3. Expression system x medium engineering

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
9.2.3. Expression system x medium engineering

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

36



\/. Protein expression

PROTEIN DATA BANK

The cytoskeleton is an introcellulor moze of filaments that supports and  bound inside each actin molecule, is important in this process. When it is  limils assembly.
shapes the cell. The most plentiful type of filament is composed of actin,  hydrolyzed to ADP, the filoment becomes unstable and falls aport. The protein formin assis's the assembly of acin by aligring fwo acin profeins in

shovn here in blue. The cyloskeleton, however, & not a staic structure, since  Goleglin byaoks down actin flamens by assisting the hydrolysis of ATP and  the proper crientation which staris the pracess of flament growth. One
it must respond fo the changing nesds of the cell. blocking the sites of inferaction with other acfin proteins. o different frog-  domain of formin is shown bound fo ocfin in 1ybd.

The proteins shown here help to reshape the cytoskeleton by assembling or  ments of gekolin are shown in Trlv and Trgi bound to acfin. Plectin links neighboring actin filaments into higher order structures. The
disassembling octin filaments os necessary. A molecule of ATE which & The protein CapZ forms o cap on the aciin Flaments shown in 1izn, which  aciin-binding domain is shawn in 15h5.

; D. Urosev, E.  {izn: A.Yamashita, K. Maeda, Y. 1sh5: J. Sevcik, L. Urbanikova, J.
R.C. Robinson  Maeda (2003). Crystal structure of ~ Kostan, L. Janda, G. Wiche (2004).

. CapZ: structural basis for actin Actin-binding domain of mouse
erminal half of  filament barbed end capping. plectin: crystal structure and binding
actin: roles in EMBO J. 22:1529-1538. to vimentin. Eur.J.Biochem. 271:873-

37



Fluorescence

A

ThermoFluor ® assay

CD - spectroscopy

| _ hydrophobic
dye interaction regions aggregate

with hydrophobic _ - .ﬁ,
interior of protein E “

1

native protein \

' 3 @dye

>

Temperature

Joseph R. Luft



ThermoFluor® assay

* No data In the literature to support the
prediction of crystallization conditions from

T, values

* Literature reports ThermoFluor® can identify
ligands that stabilize macromolecules to
improve crystallization outcomes

Ericsson U.B., et al. Thermofluor-based high-throughput stability optimization of proteins for
structural studies. (2006) Analytical Biochemistry 357(2) 289-298.

Vedadi M, et al. Chemical screening methods to identify ligands that promote protein stability,
protein crystallization, and structure determination. (2006) PNAS, 103(43):15835-40.

Joseph R. Luft



5.2. Approaches for efficient protein production

5.2.5. Maximizing target protein recovery

* Protein expression : Tk][e knowledge applied in constructing expression
vectors;

«Changes in cultivation conditions:
* protein induction at different temperature
» media pH
» various additives;

* Protein purification - choice of buffer for disintegrating cells (all
buffers should be degassed,

» The availability of a test for protein activity as a
supplement to the solubility test;

* The use of expression vectors without affinity
fusion proteins, which one should not be afraid to
do.



5.3. Expression system

5.3.1. E. coli expression system

Advantages and Disadvantages of E. coli

« Ease of gene manipulation

» Availability of reagents

» Easy of producing quantities of protein
* Speed

* Low cost

» Adaptability of the system

 Formation of insoluble inclusion bodies
 Size of the protein
e Post-translational modification
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(A) The sequence encoding the matrix protein and downstream 18 amino acids of
phosphoprotein (PP) was introduced to the pET22b vector (Novagen). The
resulting vector pPEMAPPHis was verified by restriction cleavage and by

sequencing.

(B) The vector pETyNMT for the production of yeast N-myristoyltransferase was
constructed by inserting the gene encoding the enzyme to the pET29b vector

A His B C PTNWS
Y 'al T7term

MA

pEMAPPHis

1 f
) PT7 Pw'p
Amp

(C) The plasmid carrying both MAPPHis and NMT genes constructed on the
basis of the pET19b and pET11b vectors used in the single-plasmid system.

(Prchal et al., 2011)

pEMAPPHByNMF

[7term

PT7
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5.3. Expression system

5.3.2. Baculovirus protein expression system

« HT-bacmid propagation
* HT-suspension-based insect cell transfection

 Methods of recombinant viral titer determination

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

« HT-miniaturized deep-well block insect cell
expression

 Transient insect cell expression



expression

tein expression system
Overview on commercially available baculovirus expression systems

Methodology Transfer of foreign
Baculovirus
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5.3. Expression system

5.3.3. Cell-free protein expression system

Simple open system which influences:
* Protein folding
* Disulfide bond formation
* Incorporation of unnatural amino acids
 Protein stability
» 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
“gene expression in Arabidopsis plants.

™

4

e S scFv x DHZR in Tobacco

E7 m8 m9 m10 m11 =12 m16 =18

» Plant number: ca 30 g
» Weight of tobacco leaves: 7-10 g T
« Number of tobacco leaves: 12—-15 62,7 >

= 50,2 48,0 49,2 47,8

» Total: ca 3.5 kg~12-15 ¢ 10 I
protein~120—150 mg scFv j I I

7 8 9 10 11 12 16 47 18




Before expression

> Host strain (E. coli, Yeast, mammalian cell, plant)
» Expression vector (plasmid)

» Gene construct:
s*domain and secondary structure prediction
s*codon usage
s stability
s toxicity
» Buffer options for disintegration



