High throughput cloning and
expression screening
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SGC generic approach
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The SGC Stockholm generic workflow

-Target protein family expertise

3 Structural Biochemistry Teams -Select target proteins
-Decide on domain boundries
@I’hree 96-well plates per month
-Primer design and order
) -cDNA accrual and verification
Biotechnology Team _Cloning
(Molecular biology) -Small scale expression and
purification
-Decide priority for scale-up
@pprox 48 clones per month
Biotechnology Team -Protein expression, purification,

and crystallisation

(Large scale protein production)




Molecular biology workflow

INPUT: DBA
| | <N
Primer Design & ©—) Cloning PCR —> PCR product
cDNA verification NG purification
Transformation Annealing T4 DNA Polymerase
into cloning strain with vector treatment
1
Colony PCR Plasmid Transformation
verification preparation Into expression strain
- !
OUTPUT: Small scale
clones for {3 expression and

scale-up purification screening



Domain Boundary Analysis

Low complexity regions

Pfam domains

CDDs (Conserved Domains Database)
Secondary structure prediction

Structure models (threading, sequence based)
Gut feeling
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CDNA

In house copy of mammalian gene collection:
18 000 sequence-verified human cDNA clones.

Purchase additional verified cDNA clones from MGC/Image
distributors (RZPD, Gene Services, Open Biosystems).

Other non-profit cDNA Projects; NEDO (Japan).

Order commersiallly available cDNA clones
(Origene/Genecopoeia).

Synthetic genes (GeneScript Codon Devices).
In house cloning.
Cloning by phoning - collaborations.

Verify cDNA:s by end sequencing /
amplification with genespecific primers

(70 %)

(20 %)
(5 %)
(10 %)

(5 %)



Primer Design

Almost entirely automated.

Defined positions — only primer length can be varied.
Addition of ~15 bp overhangs for cloning.

Average 9 primers per target.

Ordered at fixed concentration in plates - Manual
batching of primers from plates to 96 well plate.



Cloning PCR

"Straightforward” PCR (usually verified template).
Proofreading polymerases (Pfx or Phusion, mix of both)

PCR products verified on gel and then purified using
standard PCR purification kit (in 96 well format).

Problems:

— Sometimes template problem (splice variants etc).

— Some sequences problematic to amplify; high local GC-content, secondary
structures, low complexity etc.



Result - Cloning PCR

Example of precast 96 well agarose gel



Ligation-independent cloning (LIC)

Utilize the high 3’ to 5’ exonuclease activity of T4 DNA polymerase in the
absence of nucleotides.

Cloning sites, approximately 12 bp, are designed to contain only three of
the four bases (in the 3’ to 5’ direction).

Treatment with polymerase in presence of the fourth base will create
single stranded overhangs .



Ligation-independent cloning (LIC)

T4 DNA polymerase digestion:
Use dCTP for PCR products and dGTP for Bsal-digested vector
(red nucleotides are digested)

PCR Product:
5'-TACTTCCAATCCATG...insert... TAAC AGTAAAGGTGGATA
3'- ATGAAGGTTAGGTCA.insert.. ATTGTCATTTCCACCTAT-%’

Vector: lr Bsal digest
5-...G TACTTCCAA AGTAAAGGTGGATAC...-3
3-...CATGAAGGTTAGGTA TTCCACCTAG...-5

T



Expression vector, pNIC-Bsal

Bsal digestion linearizes Mix the T4 treated PCR
the vector and removes - product with the T4
the SacB gene. treated vector

T7 promoter

N\

/ E/ﬂ \ T7 terminator //
ColEL pBR322 origin N f1 origin ColE1 pBR322 origin
kan

sequence

» Vector and primers are then mixed and annealed at RT for 10 minutes prior to
transformation to Machl E.coli.



Expression vector, pNIC-Bsal

T7 promoter

lac operator /%
lac \>/ &
4

Target protein

T7 terminator
ColE1 pBR322 origin f1 origin

kan sequence

The transformations are plated on 96
small agar plates containing
kanamycin and 5% sucrose. SacB
expression in the presence of
sucrose is lethal to E.coli which
removes all background.



Expression construct verification

Verify insert length by colony PCR with general primers.

Positive clones are miniprepped in 96 well format (Qiagen
Biorobot 8000) from 1 mL cultures in CircleGrow medium.

Expression vectors subsequentially transformed into
expression host and plated on small agar plates.

Example of precast 48-well agarose gel



Cloning efficiency

Cloned constructs per plate - average 87 % efficiency
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Negatives are collected for recovery cloning (together with
constructs containing mutations) on separate plates.
Average cloning efficiency including recovery cloning >99%




The Target construct
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EXxpression screen

« E.coli BL21(DE3)R3 pRARE

» Pick colonies and start over night cultures in 96-deep-
well (2 mL) plates with 1 mL TB at 30°C to make glycerol
stocks and inoculation amounts.

 |Inoculation of a new deep-well plate for expression
screening (next day) incubate at 37 °C . Temperature
downshift to 18°C when OD 2 is reached, induce with 0,5
mM IPTG and express overnight at 18 °C.

« ODG600 at harvest: approximately 10.

» Harvest by centrifugation, pellets frozen.



Small scale purifications

Lysis by thawing/re-freezing and addition of lysozyme,
benzonase and DDM (n-Dodecyl- -D-maltoside).

Lysates are centrifuged and then filtered through
a 0.65 um filterplate (Millipore multiscreen) to
remove all insoluble material.

Proteins from filtered lysates are purified with Ni-
charged chelating sepharose and eluted with
Imidazole (a 1.2 um filter plate is used).

Purified proteins and total expression are
analysed on SDS-PAGE gels.



SDS-PAGE Examples

Purified proteins

Total expression (whole cell)

Gels are manually
annotated and scored
for expression and
amounts of purified
protein.



Small scale expression score

4 3 21

463 clones — 361 purified

734 clones — 515 purified

1124 clones — 724 purified

1540 clones — 92 purified



Throughput

(No automation)
NoO expensive equipment

2 persons cloning and screening at least three plates
per month.

Balance throughput, output, quality control, and
speed.



Quality control

Size of inserts

in colony PCR.
Observed size in

small scale

expression test. Mass spectrometry

results on proteins from

: : scale up purifications.
Verify mass / size PP

deviations by
seqguencing of
constructs.

v

If there are errors
In the construct, it
will be re-cloned.



Thank you for your attention



T7 promoter

lac operator

lac |

T7 terminator

ColE1 pBR322 origin f1 origin

kan sequence



Domain Boundary Analysis

Low Complexity

Regions

\SEG

Pfam Domains

A

Conserved Domains
Database

HMMER

/Blast

MSASQDSRSRDNGPDGMEPEGVIESNWNEIVDSFDDMNLSESLLRGIYAYGFEKPSAIQQRAILPCIKGYDVIAQ...

A 4

BiolnfoBank Meta Server (http://bioinfo.pl/meta)

Secondary structure
prediction methods

*PsiPred
*Prof

Seqguence Only Methods
*ESyPred3D

*FFASO3

*GRDB

PDB-Blast

PFAM-Basic & PFAM-Blast

*Superfamily

Threading Methods
*3D-PSSM
*FUGUE2

*INUB
'mGenThreader
«Sam-T02




Follow-up experiments

Chaperone co-
expression

With / without rare
codons

Medium scale (20 mL)

C-terminal his-tag

Strains used:
BL21(DE3)gold pG-KJES
BL21(DE3)gold pGro7
BL21(DE3)gold pKJE7
BL21(DE3)gold pG-Tf2
BL21(DE3)gold pTf16
BL21(DE3)gold pRARE?2

oukwnE

Chaperones (promoter)

dnaK+dnaJ+grpE (araB) +groEL+groES (Pztl)
groES+groEL (araB)

dnaK+dnaJ+grpE (araB)

groEL+groES+tig (Pztl)

tig (araB)




