{Emerald BioSystems

The Protein Maker™

Automated Protein Purification:
24 Samples in One Go

* Emerald BioSystems
* Protein Maker™ Hardware and Software
* Protein Maker™ Applications
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Products & Services

* Emerald BioSystems
— Products for X-ray crystallography
— Instruments
— Software
— Consumables (Reagent Kits and Trays)
- R&D

Emerald BioSystems
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Protein Maker™ Summary

» High-throughput Parallel Protein Purification (228 samples/day)

— Production Mode (24 different protein samples, one type of chromatographic resin)
- Scouting Mode (24 different chromatographic resins, one protein sample)
— Complex Purification Mode (2D chromatography)

* Runs up to 24 chromatography columns (0.1-10 ml) in
parallel

« Unattended operation

* Process large (250 ml) or small (0.5 ml) sample loads
« Customizable

U.S Patent No. 6,818,060
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Protein Maker™ Schematic
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Protein Maker™ Plumbing

Multi-port valve head on each syringe pump
Step mixer for step gradients
Sample pickup from deck or tube rack
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Protein Maker™ Deck

-

20 Deck positions for SBS plates or blocks
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Protein Maker™ Picking Up Samples
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Protein Maker™ After Wash
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Protein Maker™ Collect Fraction #2
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Protein Maker™ Collect Fraction #3

www.emeraldbiosystems.com © 2009



Protein Maker™ Collect Fraction #4
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Protein Maker™ Software and User Interface

« Select protocol and number of run cycles
- Set flow rates for each operation
« Automatic column stripping and equilibration between runs
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Protein Maker™ Software and User Interface

« Select number of equilibration and wash cycles
« Set fraction volumes and elution buffer compositions
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Protein Maker™ Software and User Interface

* Full manual control of each pump, valve and gantry position
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Examples for Protein Maker Applications

Parallel Affinity Purification (Metal Chelate)
— Mutational analysis of tagged proteins
— Dual sequential metal chelate preparative purification

Chromatographic Scouting (Multiple Substrates)
Antibody Fragments (Fab) purification on Protein A
Immuno-Depletion

« 2D Purification Schemes
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Lysates Eluates Crystals
123456789101112 123456789101112

Genes optimized for E. coli expression with Gene Composer™
Expression yields: 0.1 to 15mg per liter cell culture

www.emeraldbiosystems.com © 2009



Protein Maker™ Application:
Mutational Analysis, His-tagged Proteins
with second run
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Scouting Mode with the 4-Step Protocol

Glu-PGS — Antibody affinity column
A. Equilibration Buffer: 20 mM Tris pH 8, 100mM N&C0.5% NP40
B. Elution Buffer: Equilibration buffer 1 plus 538 EYMPTD peptide

Heparin Sepharose - Cation exchange resin
A. Equilibration Buffer: 20 mM MES pH 6.0
B. Elution Buffer: Equilibration buffer plus 1 M XA

HiTrap O Sepharose - Anion exchange resin
A. Equilibration Buffer: 20 mM Tris pH 8
B. Elution Buffer: Equilibration buffer 1 plus 1 MacCl

HiTrap SP Sepharose - Cation exchange resin
A. Equilibration Buffer: 20 mM MES pH 6.0
B. Elution Buffer: Equilibration buffer plus 1 M XA

HiTrap Blue Sepharose - affinity column
A. Equilibration Buffer: 20 mM Tris pH 8
B. Elution Buffer: Equilibration buffer 1 plus 1 MacCl

HiTrap Phenyl Sepharose - hydrophobic interaction
A. Equilibration Buffer: 20 mM Tris pH 8, 1M NH4S0O4
B. Elution Buffer: 5 mM Tris pH 8
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Protein Maker™ Results, 4-Step Scouting Protocol
(E. coli lysate)

Glu-PGS SP-Sepharose Q-Sepharose
L FtW1W2E1E2E3E4Ip L Ft W1W2 E1E2E3E4Ip L Ft W1W2 E1E2 E3E4 Ip
Heparin Phenyl-Seph Cibacron-Blue-HP
L Ft WIW2E1E2E3E4 Ip L Ft W1W2 E1E2E3E4 Ip L Ft W1W2E1E2E3E4Ip

www.emeraldbiosystems.com © 2009



Fab Purification Experiment & Results

Experiment

« Adapted standard protein A Fab purification and column
regeneration protocol developed for AKTA FPLC

« Ran Protein Maker in 4 consecutive purification cycles

« Used 5 ml Pharmacia Protein A Columns

» Loaded each column with 47 ml Fab E.coli culture supernatant
« Adapted user purification and column regeneration protocol

Results
« Time: ran 4 cycles in < 2.5 hours (corresponding to 96 samples);
< 40 min / cycle (24 samples); 288 samples / day (ca. 7.5h)

* Yield: similar to user’s current procedure, estimated ca. 80%
recovery; OD,g, ~ 0.2

- Sample capture : Fab collected consistently in Fraction #2 (5 ml)
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Fab Purification User Interface
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 SDS-PAGE (4-20%) of Fractions

 ca. 15 ul sample loaded in each lane
» each Cycle with samples from 2 x 5 ml Protein A colums

e Column #1 black, Column #2 brown arrows

Cycle 1

250 Kd -
160 Kd —

105 Kd —

75 Kd -
50 Kd -
35 Kd -
30 Kd -
25 Kd -
15Kd -
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5-step Immuno-depletion Protocol

Collects depleted flow-through in a minimal volume
(5 fractions)

Up to 96 samples in one block processed by 24
columns

User defined load volume, column dead volume and
flow rates

User defined pause after loading for absorption
Automated column stripping and re-equilibration

Validated for Rhesus cerebro-spinal fluid on Agilen t
iImmunodepletion columns
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5-step Immuno-depletion Protocol
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5-step Immuno-depletion Protocol

5-Step Protocol absorbance readings:

Vol. Total
Sample A280 (ml) Amount
Load 1.19 0.5 100
Fract. 1 0.01 1.0 1.7
Fract. 2 0.24 0.25 10.1
Fract. 3 0.74 0.25 30.6
Fract. 4 0.62 0.25 26.1
Fract. 5 0.32 0.25 3.4
B wash 1 0.05 2.0
B wash 2 0.03 2.0

Recovery in 0.5ml (Fr. 3-4) =78.8%
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5-step Immuno-depletion Protocol

SDS-PAGE gel (4-20%) of Protein Maker Rh-CSF fracthns

M 1 2 3 4 5 6 77 8
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2-Dimensional Purification Protocol

12 fractions

72 fractions
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Small-scale Expression Testing

Lysates (2 ml) made from 5 ml culture ( E.coli)
O.1 ml HisTrap FF IMAC bead drip columns

2 wash and 4 elution fractions

0.2ml peak fraction

Results scale well for NI chromatography
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0.1 ml IMAC Columns for Expression Testing
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Expression Testing E.coli lysates (FtsZ mutants)

M 12 3 456 7 8

Gel Key:
M Rainbow markers
1. 2654  18ul
2. 2655  18ul
75 Kd - 3. 2656 18Ul
4, 2657  18ul
6. 2663  18ul
35 Kd — 7. 2664  18ul
8 2684-50%18ul
30 Kd —
25 Kd -
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Schema for 24 X 2-step Purification
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*  Application: two column
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Protein Maker Technical Specifications

« 24 pumps (5 ml syringes standard, larger & smaller volume available)
* Max. number of samples running in parallel: 24
* Min. and Max. sample volume: 0.5 ml / 250 ml
« Compatible Column fittings: Luer, GE, Qiagen
*  Weight 475Ib (215kg)
* Height 49” (125cm), Depth 31" (79cm), Length 44” (112cm)
* Operating Range: 4-20 C
* CE Certified
« 110/220 VAC, 60/50hz, 880VA max
* Emergency Stop Button
« Safety sash with safety Stop Feature & Status lighting
* Dell Computer system running Windows XP,
Flat-panel Monitor, Keyboard and Mouse
« Installation and Training
* One Year Hardware Warranty included
* One Year Technical Support included
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Integrated Solutions for Biotechnology

Emerald BioSystems, Inc.
7869 NE Day Road West Bainbridge Island, WA 98110
www.emeraldbiosystems.com
(888)780 8535
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