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Presentation outline

Part |
Overview of generic process
Closer description of individual steps
Sample preparation
Purification
Concentration
Quality control
Crystallization
Results; batch yield

Part Il
Improvements of the protein purification process
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The Generic process

AR

_ : -Target protein family expertise
3 Structural Biochemistry Teams -Select target proteins -

-Decide on domain boundries

-Primer design and order

) -cDNA accrual and verification
Biotechnology Team _Cloning
(Molecular biology) -Small scale expression and
purification
@ -Decide priority for scale-up
Biotechnology Team -Protein expression, purification,

and initial crystallisation

(Large scale protein production)




Large scale generic process

Workflow:

Input:

Process:

Output:
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12 (or more) proteins per week

12 clones (or more) (Glycerol stocks)
from small scale expression test

Expression (1.5 L)

Two-step purification (IMAC ® Gel Filtration)
Concentration and Quality Control

Crystallisation screening experiments

Crystals, optimisation conditions, etc.




Preparation of samples for purification

Lysis of thawed cells by
sonication (with 2000 U Benzonase added)

|
Centrifugation
}
Filtration (0.45 pm)
|
Load on AKTA xpress
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The sonicator

Program: 4s on, 4s off, 3 min active time,
80% amplitude

The probes can handle 25-500 ml

A double probe — twice as fast

Vibracell (VCX750)




Purification system: AKTA xpress

Gel Filtration

T Fraction collectors
Columns /

(96 deep well plates)
(1 per module)

IMAC cmumns/ ____——0n-line detection:

(4 per module) Absorbance and
Conductivity

\Sample inlets

(4 per module)
 Buffer inlets




The AKTA xpress module
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Protein purification
- Materials and Methods

Buffers

Lysis buffer:

IMAC Wash 1:

IMAC Wash 2:

IMAC Elution:

Gel Filtration:

100 mM HEPES pH 8.0, 500 mM NacCl,
10 % Glycerol, 0.5 mM TCEP

10 mM Imidazole, 20 mM HEPES pH 7.5,
500 mM NaCl, 10% Glycerol, 0.5 mM TCEP

25 mM Imidazole 20 mmM HEPES pH 7.5,
500 mM NacCl, 10% Glycerol, 0.5 mM TCEP

500 mM Imidazole 20 mm HEPES pH 7.5,
500 mM NacCl, 10% Glycerol, 0.5 mM TCEP

20 mM HEPES pH 7.5, 300 mM
NaCl,10 % Glycerol, 0.5 mM TCEP




Protein purification:
Materials and Methods

Columns

IMAC: HiTrap™ Chelating HP*
Column Volume (CV):1 ml
Capacity: ~ 12 mg protein (28 kDa)

GF: HiLoad Superdex™ 75/200 Prep Grade*

Column Volume (CV):120 ml (16/60)
Separation Range: 3-70 kDa (Superdex 75)
10-600 kDa (Superdex 200)

*GE Healthcare, Uppsala, Sweden




Protein purification procedure

Air: S Inlet

S2 and S3 on IMAC column during
W2, Elution and GF of S1

Stable
A280nm

280nm
<7.5 ml
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Preparation of batches for crystallisation screens

HHHHHH

Pooling of fractions
(SDS-PAGE, Gel Filtration profile)

'

Protein concentration from pool table in

Unicorn
!

Concentration of pools
(centrifuge driven filtration)
(~15 mg/ml)
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Preparation of batches for crystallisation screens

Concentration of pools
|
Protein conc determination (A,gonm)

!

)
Batch obtained Nanodrop
Quality Crystallisation
SDS-PAGE  control screen

& Mass spectrometry
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Precipitation during concentration

Detection: Ocular inspection during concentration

Action: Continue concentration if possible,
centrifugation, rescue soluble
fraction and perform buffer screen etc.

Prevention: Concentration at higher temperature
(4® 15 °C)
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Gel Filtration Elution Volume

Absorbance,g,.. [MAU]

<

Ve(440 kDa) Volume [ml]
<S>
V(158 kDa)
V(43 kDa)
V(14 kDa)

V (X kDa)

<

N

If known, pool the desired oligomer.

Consider GF elution profile.

> +
1 log [ MW]

MW [kDa]

!

MW
MW (monomer)
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Gel Filtration Elution Profiles
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Broad non-separated peaks

4. Broadening: other contaminants
5. Broadening: desired protein
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GF profiles in crystallisation

A nice gel filtration profile is improving @
crystal diffraction R
Score Diffraction (< 3.5 A)
1 181 crystals
2 43 crystals M@
3 28 crystals 3
4 1 crystals
5 1 crystals




Initial crystallization trials

Screen: JCSG+

Two plates are set up (Corning 3:1 96 well)
- with or without substrats

Incubation temperature: 20<C and 4C-.
The drops are scored day 2 and 14 days.
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Crystallography

Robotic system for crystallisation
(Art Robbins Phoenix)

Formulatrix Rock Imager "plate hotels”
Formulatrix Rock Maker software:
keep track, viewing and scoring of crystallisation
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Time line

1 month > 1 month >
SB1 exp scree>

exp screen

exp screen

scale up
SBL 12 constr

. . scale up
Cloning & expr. Screening: SB

3x96 constructs/month (10 new targets) N

Scale-Up: (1.5 | scale):
3 x 12 (or more) constructs/month
+ special week (~8 constructs)

12 constr _

scale up
special

Tasks: clone accrual
primer design
cloning/subcloning
expression screening
scale-up expression & purification
crystallisations trials & scoring
(optimisation)
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Part |
Large scale parallel purification

Questions?
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Part Il
Improvements of the protein
purification process

-a differentiated generic process
to improve success rate



The standard process

The process worked well for strong-expressing clones
50 % sucess rate for intermediate-expressing clones
(batch yield over 2 mq)

Low-expressing clones was not duable.

Lysate from  _, 1 m| HiTrap Chelating — Superdex 16/60

1.5 L culture binding capacity 12 mg/ml {’ \

—p Larger culture volume for weak expressors \\_j
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More lysate loaded, less purification yield

GF elution profile from
. /“ ~— 1.5 L culture (standard set up)

GF elution profile from
4.5 L culture
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Different possible explanations

TCEP (reducing agent)? — No difference

+ TCEP - TCEP

Total loaded volume ? — No difference

Lysate diluted with buffer was compared to lysate diluted with non

expressing lysate
Diluted with:

— Disturbing component in lysate
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Disturbing component in lysate

Will a weak an ion exchange column (DE52) remove the disturbing
component? No

When is the protein lost?
—> Already during sample loading

Does the lysate induce Ni leakage?
—> Samples were sent for Ni analysis
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Disturbing component in lysate induces ion

leakage

Our e.coli lysate induces Ni-
leakage

Higher ( >= 20 times) levels of Ni*
in the flow trough from the

1600

1000

g Ni*

column exposed to E.coli lysate

compared to the control column.

Total Ni* values in ug

1400 -

1200 -

1375

622
448

Flow Flow Output Output
through through strip strip
control lysate control lysate
column column column column

Is it possible to find an optimal amount of cells to load?
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Optimal amount of cells to load

Area IMAC elution

- experimental set up 6.00
Culture IMAC volume 5 00
0.75L 1 ml IMAC

1.5L 1 ml IMAC . 0
1.5L 2 ml IMAC § T 300
15L 5ml IMAC 2.00
1.00
0.00

S z

setup — é %

— 1500ml/1ml

Normalized against our standard set up
(1.5 L culture and 1 ml IMAC)

4 different
test proteins

Protein 4, 47 g cells
Protein 3, 34 g cells
Protein 2, 26 g cells

Protein 1, 24 g cells

(S
0
=

S
o
S
0
—
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Optimal amount of cells to load
- regarding

Culture volume
Wet cell weight
Purity

Culture and IMAC volumes adjusted to the practical work in our lab
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Culture volume and IMAC resin

- depends on small scale expression & purification score

4 3 21

High expressing clones (3 & 4):

750 ml culture (=15 g cells) 1 ml IMAC resin
Intermediate-expressing clones (strong 2):

1.5 L culture (~30 g) 2 ml IMAC resin
Low-expressing clones (weak 2):

4.5 L culture (~ 80 g) 5 ml IMAC resin
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Results; purifications

Success rate for the low- and intermediate expressing clones increased from
50% to 75% (batch yield over 2 mg).

With earlier protocol, low-expressing clones was not duable.

Statistics Biotech purifications from the data base:

Small scale score Batches > 2 mg
2 66% ¢
3 72%
4 88%
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Results; crystallisation

73 batches obtained (21 different targets) for low/intermediate
expressing clones from 69 purifications.

Intermediate-expressing clones

19 of 38 batches in crystallisation, 50%
low-expressing clones

13 of 35 batches in crystallisation, 37%

A crystallisable batch: relatively pure and high concentrated
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Initial crystallisation trials for a low-
expressor

Small scale score: weak 2 «Da
Culture volume: 4.5 L

62
IMAC: 5 ml HiTrap Chelating 49
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Mol bio team

Martin Martina (Tanja)

Team leader SBT2

Team leader .
|mprovement exp

Susanne Helena

Scale-up team

Alex Lasse

Student

Bjorn

lda
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Thank you for your attention!

Questions?




Migration on IMAC columns
-experimental set up

load his-tagged GFP containing lysate
top ~40% on two IMAC columns coloured green
FP FP

load E. coli lysate corresponding to our standard

culture size
lysis Elcoli
buffer lysate
wash and elute according to standard protocol
ashl shl
ash2 sh2
ute elute .
nalysis:
control "# 42" analysis

observe the columns ,collect fractions and measure

_ _ fluorescence throughout the experiment
HiTrap Chelating HP 1 ml
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Fluorescence measurements
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