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1. Supplementary Tables

Supplementary Table 1 — Historical Trends of Cell-Free Protein Synthesis Systems

Figure 3a — Protein Yield (Batch)

Yields Protein oy
Year System (mg/mL) Expressed Citation
1996 ECE 0.4  Chloramphenicol 0 o o1 1996)
acetyltransferase
1999 ECE 0.5  Chloramphenicol o0y Swartz, 1999)
acetyltransferase
2000 WGE 0.6 tObaCSi‘:u”Swsa'C (Madin et al., 2000)
2001 ECE 052  Chloramphenicol w0 04 Swartz, 2001)
acetyltransferase
2004 ECE 0.7  Chloramphenicol ;. ot and Swartz, 2004a)
acetyltransferase
2004 ECE 0.92  chloramphenicol o oo ikuiwong et al., 2004)
acetyltransferase
2005 ECE 056  choramphenicol ., in and Swartz, 2005)
acetyltransferase
2005 ECE 0.7  chloramphenicol oo\ and Swartz, 2005a)
acetyltransferase
2008 ECE 1  Chloramphenicol ;. o ong Swartz, 2004a)
acetyltransferase
2010 ICE 0.05 B-galactosidase (Ezure et al., 2010)
g
(Promega_http://www.promega.c
om/resources/articles/pubhub/en
2010 RRL 0.006 firefly luciferase  otes/optimize-your-tnt-
reticulocyte-lysate-systems-
reaction/)
2011 ECE 1.7 chioramphenicol . ot o/ 2011)

acetyltransferase
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Figure 3b — Protein Yield (Fed-Batch/CECF)

Effective Yield

Protein

Year System Reaction Format (mg/mL)* Expressed References
1988 ECE CECF 0.002 calcitonin (Spirin et al., 1988)
polypeptide
1999 ECE  Semi-continuous 0.55 chioramphenicol (Kigawa et al., 1999)
acetyltransferase
enhanced green . .
2004 ECE Semi-continuous 0.08 fluorescent (N0|reauxzaon0d4l)_|bchaber,
protein
2004 ECE Fed-batch 14 chloramphenicol ;.\t and Swartz, 2004b)
acetyltransferase
: . G-protein
2005 ECE Semi-continuous 04 coupled receptor (Klammt et al., 2005)
. . dihydrofolate .
2000  WGE  Semi-continuous 0.36 reductase (Madin et al., 2000)
C-crystallin
2002 WGE  Semi-continuous 2.19 quinone (Sawasaki et al., 2002b)
reductase
Semi-continuous green fluorescent (Sawasaki et al., 2002a),
2002 WGE (bilayer) 1.62 protein (Endo and Sawasaki, 2006)
protein kinase
2004 WGE  Semi-continuous 0.03 library from (Sawasaki et al., 2004)
(bilayer) Arabidopsis
thaliana
Semi-continuous average of
2008 WGE ; 0.002 13,364 human (Goshima et al., 2008)
(bilayer) .
proteins
2009 WGE  Semi-continuous 0.09 renilla luciferase (Park et al., 2009)

*Volume taken as final volume for fed-batch reactions, or total volume (reaction + feed solution) for CECF

reactions
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Figure 3c — Active Reaction Duration (Batch)

Year

System

Active Reaction

Protein Expressed

Citation

Time (hr)

1996  ECE 1 chloramphenicol =, o o/ 1996)
acetyltransferase

1999  ECE 2 chloramphenicol = ;) o0y Swartz, 1999)
acetyltransferase

2000  WGE 4 dihydrofolate ;i et a1, 2000)

reductase

2001 ECE 2 chloramphenicol = ;.\ 04 Swartz, 2001)
acetyltransferase

2004  ECE 6 chloramphenicol = ot and Swartz, 2004a)
acetyltransferase

2005  ECE 4 chloramphenicol -\, chin and Swartz, 2005)
acetyltransferase

2005  ECE 3 chloramphenicol - .\ 1 and Swartz, 2005b)
acetyltransferase

2008  ECE 8 chloramphenicol - ot of al., 2008)
acetyltransferase

2011 ECE 12 chloramphenicol -\ ot o/ 5011)
acetyltransferase
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Figure 3d — Protein Synthesis Rate

Year System Reaction Format  Yield (mg/mL-hr) EProte/n Citation
xpressed
1988 ECE Batch 0.0043 calcitonin (Spirin et al., 1988)
polypeptide
2000 WGE  Semi-continuous 0.008* dihydrofolate 1. in et al., 2000)
reductase
2001  ECE Batch 0.3 chloramphenicol . o1 Swartz, 2001)
acetyltransferase
2004 ECE Batch 037 chloramphenicol (Jewett and Swartz,
acetyltransferase 2004a)
2008  ECE Batch 0.6 chloramphenicol 4 ot a1 2008)
acetyltransferase
2011 ECE Batch 0.7 chioramphenicol . ot o/ 2011)

acetyltransferase

*Volume taken as final volume for fed-batch reactions, or total volume (reaction + feed solution) for CECF

reactions

CFPS - Applications Come of Age



Figure 3e — Yield (mg/$)"

Year System Reaction Protein Yield Yields Citation
y Format Expressed (mg /$ substrate) (mg/mL)*
ECE Continuous calcetonin .
1988 WGE Exchange polypeptide 0.005 0.002 (Spirin et al., 1988)
2000 ECE  Fed-batch  chioramphenicol 0.002 042  (Kim and Swartz, 2000)
acetyltransferase
2000  WGE Batch dihydrofolate 0.543 0.36  (Madin et al., 2000)
reductase
Semi- green (Sawasaki et al.,
2002 WGE continuous fluorescent 1.835 1.6 2002a), (Endo and
(Bilayer) protein Sawasaki, 2006)
2004 ECE Batch chloramphenicol 1200 0.7 (Jewett and Swartz,
acetyltransferase 2004a)
2005 ECE Batch chloramphenicol 0.237 0.56 (Voloshin and Swartz,
acetyltransferase 2005)
2005 ECE Batch chloramphenicol 18.287 068 (Calhoun and Swartz,
acetyltransferase 2005a)
2008  Ecg  Batch CSTR - chloramphenicol 9.554 062  (Jewett et al., 2008)
(Cytomim) acetyltransferase
Semi- average of
2008 WGE continuous 13,364 human 0.002 0.002 (Goshima et al., 2008)
(Bilayer) proteins
2009  ECE Batch esterase 2 0.059 0.8  (Wangand Zhang,
2009)
human
granulocyte
2011 ECE Batch CSTR macrophage 10.439 0.7 (Zawada et al., 2011)
colony-
stimulating factor
2011 ECE Batch chloramphenicol 3.056 17  (Kimetal., 2011)

acetyltransferase

*Volume taken as final volume for fed-batch reactions, or total volume (reaction + feed solution) for CECF

reactions

Yield based on mg of protein synthesized per $ nucleotides (i.e., ATP, ADP, AMP, GTP, etc.), secondary
energy source (i.e., phopshoenolpyruvate, creatine phosphate, sodium pyruvate, glucose, etc.), and
enzymes necessary for energy regeneration (i.e., pyruvate kinase, creatine phosphokinase, etc.). Prices
for products were all determine from http://www.sigmaaldrich.com/united-states.html last accessed

August 5th, 2011.

CFPS - Applications Come of Age



Figure 3f — Reaction Volume (Batch)

Year System Protein Expressed Scale (L)  Yields (mg/mL) Citation

1996  ECE chioramphenicol 2E-5 0.1 (Kim et al., 1996)
acetyltransferase

1999  ECE chioramphenicol 6E-5 0.15 (Kim and Swartz, 1999)
acetyltransferase

2001 ECE chloramphenicol 1E-4 0.23 (Kim and Swartz, 2001)
acetyltransferase

2005  ECE chloramphenicol 5E-4 0.56 (Voloshin and Swartz, 2005)
acetyltransferase
chloramphenicol

2008 ECE acetyltransferase 2E-3 1.2 (Jewett et al., 2008)

human Granulocyte
2011 ECE macrophage colony- 1E+2 0.7 (Zawada et al., 2011)

stimulating factor
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Supplementary Table 2 — CFPS advancement timeline

Figure 4 — CFPS advancement timeline

. Yield Disulfide s
Year System Protein Expressed (mg/mL) Bonds Citation
2002 wge  Gerystaline quinone 2.2 (Sawasaki et al., 2002b)
reductase
single-chain antibody
2003 WGE ariable fragment 0.013 2 (Kawasaki et al., 2003)
against Salmonella
O-antigen
2004 ECE urokinase protease 0.04 6 (Kim and Swartz, 2004)
variant of human
2004  ECE tissue-type 0.06 9 (Yinand Swartz, 2004)
plasminogen
activator
granulocyte
2005 ECE macrophage colony- 0.043 2 (Yang et al., 2005)
stimulating factor
2006  ECE insulin-like 0.4 3 (Swartz, 2006)
growth factor |
single chain Fv
antibody fragment /
2007  ECE granulocyte 0.03 2 (Kanter et al., 2007)
macrophage colony-
stimulating factor
fusion protein
2008 ECE [FeFe] hydrogenase 0.022 (Boyer et al., 2008)
2008  WGE  2verageof13,364 0.002  variable (Goshima et al., 2008)
human proteins
human Granulocyte
2011 ECE macrophage colony- 0.7 2 (Zawada et al., 2011)
stimulating factor
2011 ECE human consensus 0.4 2 (EI-Baky et al., 2011)

interferon-alpha
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