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protein production, transcription and translation processes (DNA->RNA->protein) in a
controlled manner, harnessing synthetic biology. Here we describe a protocol for preparing a
cell-free expression system, including the production of a potent bacterial lysate and
encapsulating this lysate inside cholesterol-rich lipid-based giant unilamellar vesicles (GUVs)
(i.e., stable liposomes), to form synthetic cells. The protocol describes the methods for
preparing the components of the synthetic cells including the production of active bacterial
lysates, followed by a detailed step-by-step preparation of the synthetic cells based on a water-
in-oil emulsion transfer method. These facilitate the production of millions of synthetic cells in a
simple and affordable manner with a high versatility for producing different types of proteins.
The obtained synthetic cells can be used to investigate protein/RNA production and activity in
an isolated environment, in directed evolution, and also as a controlled drug delivery platform
for on-demand production of therapeutic proteins inside the body.

INTRODUCTION:

Synthetic cells are artificial cell-like particles, mimicking one or multiple functions of a living cell,
such as the ability to divide, form membrane interactions, and synthesize proteins based on a
genetic code®3. Synthetic cells that enclose cell-free protein synthesis (CFPS) systems possess
high modularity due to their ability to produce various proteins and RNA sequences following
alterations in the DNA template. Presenting an attractive alternative to the current approaches
of protein production, CFPS systems are based on cell lysate, purified components, or synthetic
components and include all the transcription and translation machinery required for protein
synthesis such as ribosomes, RNA polymerase, amino acids and energy sources (e.g., 3-
phosphoglycerate and adenine triphosphate)*°. The encapsulation of a CFPS system inside lipid
vesicles enables the simple and efficient production of proteins without depending on a living
cell’°. Moreover, this platform allows synthesis of peptides that may degrade inside natural
cells, produce proteins that are toxic to living cells, and modify proteins with non-natural amino
acids'¥'2, Synthetic cells have been used as a model for research purposes investigating the
minimal cell components required to enable cellular life from an evolutionary perspective®!3,
Synthetic cells have also been used to build and implement genetic circuit and as models for
directed evolution!416, Other studies have focused on the ability of synthetic cells to mimic the
biological activity of natural cells, aiming to replace damaged natural cells, such as beta cells in
patients with diabetes!’. Furthermore, the ability of these CFPS encapsulating synthetic cells to
produce a variety of therapeutic proteins illustrates its potential to be incorporated into clinical
usel®,

Here we describe a bottom-up lab-scale protocol (Figure 1) for the production of RNA and
protein-producing synthetic cells based on a CFPS system encapsulated in a lipid vesicle. This
shows the potential use of synthetic cell platforms as novel drug delivery systems for the onsite
production of a therapeutic protein drug in vivo'®. Previous studies have investigated the
optimization of the CFPS reaction and the cell lysate preparation processes*®?°. Moreover,
several techniques have been applied for cell-sized liposome preparation, such as microfluidic
and polymer-based droplet stabilization methods?23, which also differ in the liposomes' lipid
composition?*28, In the presented protocol, synthetic cells are produced using a water-in-oil
emulsion transfer method and the encapsulation process is carried out at low temperatures (<4
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°C)>10.2427.28 These mild conditions have been found to be favorable for retaining the bio-
functional integrity of the molecular machinery, namely ribosomes and proteins?’2%30, The lipid
composition of the particles consists of both cholesterol and 1-palmitoyl-2-oleoyl-sn-glycero-3-
phosphocholine (POPC). The first is found in all mammalian cell membranes and is essential for
the stability, rigidity and permeability reduction of the membrane, and the latter mimics
mammalian phospholipid composition'*3, The cellular transcription and translation molecular
machinery are extracted from the BL21 (DE3) Escherichia coli (E. coli) strain, which is
transformed with pAR1219 plasmid overexpressing T7 RNA polymerase to increase CFPS
potency and protein synthesis. This system has been used to produce diagnostic and
therapeutic proteins, with molecular weights of up to 66 kDa in vitro and in vivo'*3!, The
following protocol provides a simple and effective method for the production of the synthetic
cell system, which can address a wide range of fundamental questions associated with protein
synthesis in nature and can also be utilized for drug delivery applications.

PROTOCOL:

NOTE: lllustration of the complete synthetic cells’ production protocol is presented in Figure 1.
According to the user’s needs, the protein expression (section 3.2) and synthetic cell formation
(section 4) parts of the protocol can also be carried out independently (with some adaptations).

1. Preparation of S30-T7 lysate

1.1.  Streak plate the E. coli BL21(DE3) bacteria transformed with the T7 RNA polymerase
expressing pAR1219 plasmid on a LB-agar plate supplemented with 50 pg/mL ampicillin to
obtain single colonies.

1.2. Prepare a starter solution: Inoculate a single colony into 5 mL of LB-media
supplemented with 50 pg/mL ampicillin in a 100 mL Erlenmeyer flask and grow overnight using
a floor incubator shaker at 250 rpm and 37 °C. Prepare duplicates.

1.3.  Inoculate each 5 mL starter separately into 500 mL of TB media supplemented with 50
pug/mL ampicillin in a 2 L Erlenmeyer flask with baffles and grow it using a floor incubator shaker

at 250 rpm and 37 °C until it reaches ODgoo=1. Monitor periodically using a spectrophotometer.

1.4. Add 3 mL of 100 mM stock of IPTG (to reach 0.6 mM) for induction of T7 RNA
polymerase expression and continue growing the culture until it reaches ODgoo=x4.

1.5. Transfer the solution from each Erlenmeyer flask into two 250 mL sterilized centrifuge
tubes.

1.6.  Centrifuge each at 7,000 x g for 10 min at 4 °C. Discard the supernatant.
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NOTE: At this stage, the bacterial pellet can be stored at -20 °C for a few days before moving on
to the next steps.

1.7.  Re-suspend each pellet in 250 mL of cold (4 °C) S30 lysate buffer and centrifuge at 7,000
x g for 10 min at 4 °C.

NOTE: The S30 lysate buffer is used for maintaining protein stability after cell lysis is performed
using the homogenizer in step 1.9. From this step forward, all steps until 1.12 should be carried
out consecutively and rapidly.

1.8. Discard the supernatant and re-suspend all pellets together in 15 mL of cold S30 lysate
buffer.

1.9. Homogenize at a working pressure of 15,000 psi, with an air pressure of 4 bar (two
passes) for cell breakage. Avoid solution dilution for a more concentrated and active lysate.

1.10. Add 100 pL of 0.1 M DTT per 10 mL of the homogenized suspension.

1.11. Centrifuge the suspension at 24,700 x g for 30 min at 4 °C.

1.12. Perform the following step quickly for preserving the lysate activity: divide the
supernatant one-by-one into 200 pL aliquots in precooled 1.5 mL vials and immediately snap

freeze them with liquid nitrogen. Store at -80 °C for further use.

2. Preparation of lipids in oil solution

2.1. Dissolve POPC and cholesterol in chloroform (CAUTION) separately, each to a final
concentration of 100 mg/mL. Vortex each vial separately.

2.1.1. Combine the components in a glass vial: add 50 pL of POPC, 50 pL of cholesterol and 500
uL of mineral oil. For 100 pL of inner solution, 2 vials of lipids in oil are required.

2.1.2. Vortex, and then heat for about 1 h at 80 °C in a chemical hood to evaporate the
chloroform. Ensure that complete evaporation has occurred by following the specified

time/conditions and monitoring the solution volume.

NOTE: The resulting lipid-in-oil solution can be stored at room temperature for up to two
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weeks. For improved results, it is recommended to use a fresh preparation before each
experiment. Lipid and cholesterol ratios can be altered according to the desired membrane
composition. A high concentration of cholesterol can lead to the formation of aggregates in the
final synthetic cell solution.

CAUTION: Chloroform is classified as Irritant and Harmful and should therefore be treated with
care and in areas with fume extraction.

3. Preparations of outer, inner and feeding solutions

3.1.  Preparation of stock solutions

3.1.1. Prepare the stock solutions listed in Table 2 using ultrapure water (UPW).

NOTE: Stock solutions should be prepared in advance and stored at -20 °C until further usage.
Reagent 7 tends to form aggregates. Heating to 37 °C will reduce the aggregation. Slight
aggregation will not affect the reaction significantly. Reagent 8 solution is milky and turbid.

3.2.  Outer solution

3.2.1. Dissolve glucose in DNase/RNase-free H,0 to a final concentration of 200 mM.

3.2.2. For 100 pL of inner solution, prepare 1.6 mL of outer solution.

3.3. Inner solution

3.3.1. Add reagents 1-14 according to the amounts and concentration listed in Table 2. For
example, for a final synthetic cell volume of 100 pL, prepare 100 pL of inner solution.

NOTE: UPW should be added to complete the final required volume. At this stage, the mixture
can be stored at 4 °C for a few hours.

3.4. Feeding solution

3.4.1. Add all the reagents according to the amounts and concentration listed in Table 3.
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NOTE: Use 1:1 ratio of feeding solution:inner solution. For a final synthetic cell volume of 100
uL, prepare 100 pL of feeding solution. It is recommended to prepare a small excess volume of
outer, inner and feeding solution.

4, Preparation of synthetic cells

NOTE: The following volumes are adjusted for the preparation of 100 pL of synthetic cells.

4.1.  Synthetic cells producing protein

4.1.1. Ina 15 mL tube, place 12 mL of the outer solution and slowly add on top a layer of 500
uL of lipids in oil solution. Incubate at room temperature for 20 min.

4.1.2. Mix the inner solution ingredients on crushed ice to a final volume of 100 uL by thawing
and adding S30-T7 Lysate (reagent 15) and DNA plasmid (reagent 16) to the stored mixture.

4.1.3. In another 1.5 mL tube, place 500 pL of lipids in oil solution and add 100 pL of the inner
solution. Pipette up and down vigorously for 1 minute and vortex for another minute on level
five.

4.1.3.1. Incubate for 10 min on crushed ice and slowly add the resulted emulsion on top
of the oil phase in the 15 mL tube (from 4.1.1).

4.1.4. Centrifuge for 10 min at 100 x g and 4 °C and then centrifuge for 10 min at 400 x g and 4
°C. By the end of the centrifugation, a pellet at the bottom of the tube should be observed.

NOTE: Using a swinging bucket centrifuge rotor is preferred here for acquiring a better
coverage of a second layer of lipids during the water-in-oil droplets’ passage through the
interphase. In case there is no observable pellet, centrifugation speed can be increased to 1000
x g. Otherwise, see the Discussion section referring to the specific gravity of the outer solution.

4.1.5. Extract the pellet.
4.1.5.1. Use a trimmed pipette tip loaded with approximately 400 pL of outer solution to

extract the pellet. Release the outer solution while passing through the oil phase in order to
collect only the pellet in the aqueous phase.
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4.15.1.1. Wipe the tip after the extraction of the pellet to avoid transferring oil remains
and transfer the pellet to a clean 1.5 mL tube.

4.1.6. Centrifuge for 10 min at 1,000 x g and 4 °C, remove the supernatant and re-suspend the
pellet in 100 pL of feeding solution (1:1 ratio of inner:feeding solutions).

NOTE: A fixed angle centrifuge rotor may be used here as well.

4.1.7. For protein expression, incubate for 2 hours at 37 °C without shaking.

NOTE: Optimal incubation time varies between different proteins.

4.1.8. Evaluate the produced protein amount using a suitable method according to the target
protein properties.

4.2. Recommended control groups

4.2.1. Inner solution and lysate activity confirmation

4.2.1.1. Prepare a complete inner solution (with DNA & S30-T7 lysate).

4.2.1.2. Immediately incubate the reaction above using a floor incubator shaker at 250
rpm or a thermomixer at 1200 rpm, at a constant temperature of 37 °C for 2 h.

NOTE: Adjust the incubation time to match the synthetic cells incubation time.

4.2.2. Synthetic cells

4.2.2.1. Negative control group: Prepare the protocol presented in 4.1 with inner
solution without DNA.

4.2.2.2. Positive control: Prepare the protocol presented in 4.1 with inner solution
containing a T7 plasmid encoding for a reporter gene.

NOTE: Add a positive control group comprised of a reporter gene, such as sfGFP, alongside the
test groups to ensure the encapsulation efficiency step.

REPRESENTATIVE RESULTS:
We present a protocol for the preparation of synthetic cells by encapsulating a S30-T7 CFPS
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system based on BL21 E. coli inside lipid vesicles. A schematic description of the preparation
process that includes an image of each stage is presented in Figure 2. The success of the
synthetic cell preparation process is dependent on the appropriate performance of each stage
and effected by different parameters. The protocol should be adjusted to accommodate the
production of a specific protein.

Plasmids expressing the model protein super-folder Green Fluorescent Protein (sfGFP) and
Renilla Luciferase under the T7 promoter were introduced into CFPS bulk reactions and
synthetic cells, and protein production was evaluated using different methods, including
western blot, flow cytometry, microscopy and spectroscopy (Figure 3). A verification of the
sfGFP-Hise tagged protein (~27 kDa3?) production by western blot analysis is presented in Figure
3A. A sample of 30 uL of synthetic cells was mixed with 10 puL of a common SDS-PAGE sample
buffer (containing the detergents sodium dodecyl sulfate (SDS) and B-mercaptoethanol) and
boiled for 10 min (95 °C). We found that the combination of heat and detergents in the sample
buffer is sufficient to disassemble the vesicles and to enable the running of proteins in the SDS-
PAGE gel. Protein detection was performed using anti-His polyclonal primary antibody (diluted
1:12,000). As expected, while protein production is detected in samples containing sfGFP-
encoding DNA templates ("+sfGFP DNA"), no protein is observed in negative control samples in
which the DNA template was excluded ("-DNA"). This method can be applied to different
protein types. According to Krinsky et al.*?, the sfGFP production yield obtained under the
detailed protocol is 380 pug/mL in CFPS solution and 5.3 pug/mL, when the CFPS solution is
encapsulated inside lipid vesicles.

When the protein that is produced inside the synthetic cells is fluorescent, its production can be
evaluated using microscopy and flow cytometry-based methods. We analyzed the synthetic
cells using a fluorescent microscope with a filter for GFP fluorescence (Figure 3B). Since the
CFPS components have some autofluorescent, the image acquisition parameters should be
adapted according to an appropriate negative control sample (synthetic cells with no DNA
template, for example).

In addition, we used flow cytometry to determine the mean fluorescence intensity of sfGFP-
producing synthetic cells, and the percentage of active synthetic cells, which can produce
proteins within them (Figure 3C I&Il). 10,000 events were collected for each analyzed sample.
The synthetic cell production, which is described in this protocol, usually yields an active
population of 21-25% within a solution with an approximated concentration of 107 synthetic
cells/mL. The slight fluorescence intensity presented by “-DNA” samples in Figure 3C Il is due to
the autofluorescence of different components in the CFPS reaction such as the S30 lysate.

Representative size analysis based on the GFP signal (in diameter) of synthetic cells prepared by
the method described above shows a mean value of 2.4+0.5 um (Figure 3D Il). As the formation
of water in oil emulsion in this method is an outcome of applying mechanical forces, the size
distribution of the particles might be affected by different factors, such as the method and
speed of pipetting the emulsion up-and-down, the model of the vortex mixer machine, etc.
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To test the versatility of synthetic cells’ protein production, the expression of the reporter
protein Renilla luciferase inside synthetic cells was analyzed (Figure 3E). The assay quantified
Renilla luciferase activity by measuring the luminescence generated from the enzymatic
reaction of luciferase and its substrate, h-coelenterazine. To induce the enzymatic reaction, a
final concentration of 1 uM of h-coelenterazine was added to the synthetic cells (25 puL sample
volume) just before the measurement. “~-DNA” sample, not containing the luciferase-encoding
DNA template was used as a negative control for testing luminescence due to non-enzymatic
oxidation of the substrate. Luminescence was measured using a plate reader.

FIGURE AND TABLE LEGENDS:

Figure 1: An illustration of the process for typical synthetic cells preparation protocol. The
process is divided into two steps. Step 1: Pre-experiment preparations including DNA plasmid
purification, S30-T7 lysate preparation, stock solutions preparation required for the inner and
feeding solutions, lipids-in-oil solution preparation and outer solution preparation. Step 2:
Synthetic cell formation that includes feeding and inner solutions preparation, synthetic cells
preparation and analysis. An example of the required volume of each ingredient for preparing
100 pul of synthetic cells solution is presented in blue in brackets.

Figure 2: Schematic illustration of the synthetic cell preparation protocol. An image of a well-
performed process illustrates each stage of the protocol. This figure has been modified from
Krinsky et al.%.

Figure 3: Representative results of the production of sfGFP and Renilla luciferase inside
synthetic cells. (A) A western blot analysis of sfGFP-His6 production in both CFPS bulk reactions
and inside synthetic cells. Protein detection was carried out using anti-His polyclonal primary
antibody (diluted 1:12,000). Purified sfGFP-His6 was used as a positive control (7.8 pg). Samples
without DNA templates were used as a negative control for the production analysis ("-DNA").
(B) Representative images of sfGFP producing synthetic cells taken using a fluorescent
microscope with a bright-field and a GFP filter. Scale bars = 50 um. (C) 1&Il Flow cytometry
analysis of sfGFP producing synthetic cells activity (Data collected using digital, 4-laser
analyzer). Samples were measured after 3 h of incubation. 10,000 events were collected for
each analyzed sample. FSC (500 V) and SSC (300 V) filters were used to define the total
synthetic cell population. Then, a FITC (600 V) filter was used to detect GFP fluorescence.. (l)
Calculation of the active synthetic cell population [%] was based on GFP fluorescence intensity
threshold, defined by the “-DNA” sample (red histogram), allowing an error of ~1%. (ll) Mean
fluorescence intensity of sfGFP producing synthetic cells. This value was calculated from the
active synthetic cell population and normalized to the “-DNA” sample by dividing the mean
fluorescence of the active synthetic cells by the mean of the synthetic cells without sfGFP-DNA.
(D) I&Il Synthetic cell size analysis. The emission spectrum was detected by 505-560 nm and
642-745 nm for GFP and bright field signals, respectively. (I) A representative image of the
analyzed synthetic cells. (II) Synthetic cells’ size distribution. Analysis was performed and the
diameter distributions of the active synthetic cells was calculated based on the GFP signal. (E)
Production of active Renilla luciferase inside synthetic cells. Luciferase activity was quantified
with luminescence measurements after the addition of 1 uM h-coelenterazine using a plate
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reader and presented as light intensity [RLU] x 10°.
Table 1: Buffer and stock solutions preparation.

Table 2: Inner solution composition.
*Add calculated DNA plasmid volume to obtain a final concentration of 10 pg/mL.
**Adjust to the required final volume by adding UPW.

Table 3: Feeding solution composition.
Table 4: Required solutions for synthetic cells preparation.

DISCUSSION:

This protocol introduces a simple and affordable method for the production of large quantities
of protein-producing synthetic cells. The yield of active cells is dependent on careful and
accurate execution of the protocol with emphasis on several critical steps. In the lysate
preparation section of this method, it is essential to reach the appropriate bacteria density
before cell lysis to achieve a sufficient amount of proteins in the bacterial lysate. Second, the
lysis process should be performed at 4 °C and the lysate frozen quickly with liquid nitrogen to
maintain protein activity. Moreover, in this protocol we used E. coli BL21(DE3) cells
transformed with pAR1219 plasmid expressing T7 RNA polymerase. In cases where a different
strain of bacteria is used, changes to the lysate concentration may be required to reach a
satisfactory amount of RNA polymerase and ribosomes. Even when the same bacterial strain is
used, different lysate productions may have some batch-to-batch variability.

The vesicle production section also includes a couple of significant steps. Solubilization of the
lipids and removal of the chloroform from the mineral oil is important for establishing the
water-in-oil emulsion. The centrifugation of the water-in-oil droplets into the outer aqueous
buffer is also a key step in the protocol to generate synthetic cells with a lipid bilayer. Changes
in the inner solution of the vesicles and the lipid composition might lead to a layer of droplets
at the oil-water interphase without any observable pellet. To overcome this, a quick solution is
to increase the centrifugation speed to 1,000 x g in the emulsion transfer step. In case this does
not solve the issue, the specific gravity of the outer aqueous solution can be altered ensuring
that the inner solution will have a higher specific gravity than the outer solution. Furthermore,
the osmolality of the inner solution may also vary between different lysate sources and
productions, ranging between 800-1100 mOsm/kg. Variability in the inner solution's osmolality
is mostly due to changing concentrations of the lysate during its production process. Usually
this does not lead to significant changes in protein production, yet a large dilution might lead to
a reduced yield due to low concentrations of the transcription and translation enzymes in the
lysate itself. Measuring the total protein concentration in each lysate batch can assist in tuning
lysate concentrations in the inner solution to maintain constant values (approximately 22
mg/mL measured by Bradford assay).

Nevertheless, this method has some limitations that should be mentioned. Not all of the
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generated synthetic cells are active and capable of producing proteins due to incomplete
encapsulation of all the required components. We measured approximately 21-25% of active
cells when producing sfGFP expressing synthetic cells using flow cytometry (no significant size
differences were observed between active and inactive cells). Oil and lipid excess residues
occasionally remain in the bilayer lipid membrane after the transfer of the synthetic cells into
the aqueous phase. Optimizing the lipid and cholesterol concentrations in the oil phase can
improve this issue. It is also important to note that the size distribution of the obtained
synthetic cells is quite wide in comparison to alternative microfluidic methods, with vesicles
ranging from approximately 1-50 um.

The high yield of the emulsion transfer method makes it especially suitable for synthetic cells
encapsulating cell-free protein synthesis systems for therapeutic protein production. Different
variations of the emulsion transfer method have been used in synthetic cell studies and
included changes in the oil preparation procedure, membrane composition, sample volume,
inner solution to oil ratio and centrifugation speeds>?*?%, Microfluidic and polymer-based
droplet stabilization methods have also been used for synthetic cell preparation, however,
encapsulation of the whole CFPS system has not been performed yet with these methods?!23.

The synthetic cells obtained by this method were shown in vivo to produce proteins and treat
cancer in murine models?®. The capabilities of these cells can be further expanded in the future
beyond protein expression. Integration of other cellular processes such as cellular
communication, cytoskeleton modification and cell division in synthetic cells have been recently
described333¢, Substitution of the bacterial lysate with eukaryotic cell lysate will allow
expression of proteins with higher complexity and post-translational modifications, and will
perhaps be less immunogenic even without a cleaning procedure, therefore opening more
therapeutic frontiers®”.
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Comments
Luria Bertani (LB) agar (1.5%) plate:
10 g/L Bacto-tryptone
10 g/L Sodium chloride (NaCl) Prepare and sterilize. Add Ampicillin at a final concentration of 50
5 g/L Bacto-Yeast extract pg/mL only after cooling to room temperature.
15 g/L Agar agar purified
50 pg/mL Ampicillin
LB media (20 mL):
10 g/L Bacto-tryptone Minimal media. Prepare and sterilize in advance. Just prior to
10 g/L Sodium chloride (NaCl) inoculating the bacteria, add Ampicillin at a final concentration of 50
5 g/L Bacto-Yeast extract ug/mL.

50 pg/mL Ampicillin

Terrific Broth (TB) media (1 L):
12 g/L Bacto-tryptone
24 g/L Bacto-Yeast extract
4% (v/v) Glycerol anhydrous
2.32 g/L K2HPOA4
12.54 g/L KH2PO4
50 pg/mL Ampicillin

Rich media. Prepare and sterilize in advance. Just prior to inoculating
the bacteria, add Ampicillin at a final concentration of 50 ug/mL.

Prepare and sterilize in advance (*excluding DTT and 2-
mercaptoethanol). Store at -4 °C.

Trisma-base.

Prepare and adjust pH to 7.4 using Acetic acid.

S30 lysate buffer (1.5 L):

10 mM Tris-acetate at pH=7.4

14 mM magnesium acetate
60 mM potassium acetate

*1 mM DTT Add just prior to use
*0.5 mL/L 2-mercaptoethanol Add just prior to use
1 M HEPES-KOH (pH = 8):

Dissolve HEPES to a final concentration of 1 M. Adjust to pH 8 using

HEPES KOH solution.

Potassium hydroxide (KOH)
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Final requested Inner solution volume
Number Reagent i:on::k Final conc.| 25 puL 50 uL 100 uL | 200 L | 300 uL | 400 pL
1 HEPES KOH pH=8 1M 55 mM 1.375 2.75 5.5 11 16.5 22
2 Magnesium acetate 1M 14 mM 0.35 0.7 1.4 2.8 4.2 5.6
3 Potassium acetate 1M 50 mM 1.25 2.5 5 10 15 20
4 Ammonium acetate 52 M 155 mM 0.75 1.5 3 6 9 12
5 PEG 6000 50% 3% 1.5 3 6 12 18 24
6 3-PGA 05M 40 mM 2 8 16 24 32
7 Amino acids - mixture | 50 M 2.5mM 1.25 2.5 5 10 15 20
8 Amino acids - mixture | 50 M 2.5mM 1.25 2.5 5 10 15 20
9 ATP 100mM | 1.2mM 0.3 0.6 1.2 2.4 3.6 4.8
10 GTP 50 mM 1mM 0.5 1 2 4 6 8
11 uTpP 100mM | 0.8 mM 0.2 0.4 0.8 1.6 2.4 3.2
12 IPTG 100 mM 1mM 0.25 0.5 1 2 3 4
13 Sucrose 2M 200 mM 2.5 5 10 20 30 40
15 S30-T7 Lysate 34% 8.5 17 34 68 102 136
16 * |DNA plasmid 10 pg/mL * * * * * *
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Final requested feeding solution volume

Number Reagent Z::::Ck final conc.| 25 pulL 50 pL 100 uL | 200 L | 300 L | 400 pL
1 HEPES KOH pH=8 1M 83.3 mM 2.08 4.17 8.33 16.67 25 33.33
2 Magnesium acetate 1M 21.2 mM 0.53 1.06 2.12 4.24 6.36 8.48
3 Potassium acetate 1M 75.5 mM 1.89 3.78 7.55 15.1 22.66 30.2
4 Ammonium acetate 52M 236.4 mM 1.14 2.27 4.55 9.09 13.64 18.18
5 PEG - 6000 50% 4.54% 2.27 4.54 9.08 18.16 27.24 36.32
6 3-PGA 0.5M 60.1 mM 3 6.01 12.01 24.02 36.04 48.04
7 Amino acids - mixture | 50 mM 3.8 mM 1.89 3.78 7.56 15.12 22.68 30.24
8 Amino acids - mixture Il 50 mM 3.8mM 1.89 3.78 7.56 15.12 22.68 30.24
9 ATP 100mM | 1.8 mM 0.45 0.91 1.81 3.62 5.43 7.24
10 GTP 50 mM 1.5mM 0.76 1.51 3.02 6.04 9.06 12.08
11 uTpP 100mM | 1.2mM 0.3 0.61 1.21 2.42 3.63 4.84
12 IPTG 100mM | 1.5mM 0.38 0.76 1.51 3.02 4.53 6.04
13 Glucose 2M 200 mM 2.5 5 10 20 30 40
14 H20 UPW 5.92 11.83 23.7 47.38 71.06 94.76
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Solution & materials required

Comments

Lipids in oil

Store at room temperature until use. Prepared
according to section 2

Outer solution

Prepared according to section 3.1

Inner solution

Prepared according to section 3.2.

Prepare tests + controls samples according to section
4.1.

Keep on crushed ice until use.

Feeding solution

Prepared according to section 3.3.
Keep on crushed ice until use.
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Name of Material/Equipment

Company

Catalog Number |Comments/Description

A. Reagents required for step 1 (S30-T7 lysate preparation)

E.coli BL21 (DE3) NEB C2527 E.coli BL21 (DE3).

pAR1219 Sigma T2076 TargeTron vector for transformation.

Stock solution of 50 mg/mL Ampicillin |Sigma A9518 Stored at -20 °C.

10 g/L Bacto-tryptone BD Bioscience 211705

10 g/L Sodium chloride (NaCl) Bio-Lab 19030591

5 g/L Bacto-Yeast extract BD Bioscience 212750 For preparation of Luria Bertani (LB) agar (1.5%) plate.
15 g/L Agar agar purified Merck 1.01614.5007

50 pg/mL Ampicillin Sigma A9518

10 g/L Bacto-tryptone BD Bioscience 211705

10 g/L Sodium chioride (NaCl) BIO-L,ab - 19030591 For preparation of Luria Bertani (LB) media (20 mL).
5 g/L Bacto-Yeast extract BD Bioscience 212750

50 pg/mL Ampicillin Sigma A9518

12 g/L Bacto-tryptone BD Bioscience 211705

24 g/L Bacto-Yeast extract BD Bioscience 212750

4% (v/v) Glycerol anhydrous Bio-Lab - 7120501 For preparation of Terrific Broth (TB) media (1 L).
2.32 g/L K2HPO4 Spectrum chemical [P1383

12.54 g/L KH2PO4 Spectrum chemical [P1380

50 pg/mL Ampicillin Sigma A9518

;t_‘f:hizlguatl':crlsgjzacr:;i'\;'e'?‘l);;g;’yl B-lInaLco INA-1758-1400  |Filtered using 0.2 um hydrophilic PVDF syringe filter.
Z;‘;?rl; solution of 0.1 M dithiothreitol TCl D1071 Filtered using 0.2 um hydrophilic PVDF syringe filter.
10 mM Tris-acetate atpH=7.4 Sigma T1503

14 mM magnesium acetate Merck 1.05819.0250

60 mM potassium acetate Carlo Erba 470147 S30 lysate buffer (1.5 L)

1 mMDTT TCI D1071

0.5 mL/L 2-mercaptoethanol Sigma M6250
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Equipment required for step 1

100 mL sterilized Erlenmeyer flasks Thermo Scientific [50-154-2846 2 flasks
2L ilized Erl flasks with
sterilized Erlenmeyer flasks with 1,y kimMBLE  [25630 2 flasks
baffles
Floor incubator shaker MRC TOU-120-2 Laboratory shaker incubator 450x450mm, 400rpm, 70 °C
75003340) - Fiberlite F10-6 x 100 LEX Fixed-Angle Rotor.
Centrifuge Thermo Scientific 75004270 ( ) - Fiberlite X xea-Ang e Rotar

Should enable at least 13,000 x g.

* Pre-cooled to 4 °C.

High pressure homogenizer AVESTIN EmulsiFlex-C3 Pre-cooled to 4 °C.

-80°C freezer SO-LOW U85-18

Sterilized 1.5 mL plastic tubes Eppendorf 30120086 Preferably pre-cooled to -20 °C.
Spectrophotometer TECAN IN-MNANO Infinite M200 pro

96-well transparent plate Thermo Scientific [167008

Sterilized graduated cylinder Corning

Sterilized centrifuge tubes Eppendorf 30120086 Preferably pre-cooled to -20 °C.
Sterilized pipette tips Corning Preferably pre-cooled to -20 °C.
Crushed ice bucket Bel-Art M18848-4001

Small liquid nitrogen tank NALGENE 4150-4000

. Reagents required f

or step 3 (lipids in oil solution preparation):

1-palmitoyl-2-oleoyl-sn-glycero-3-

Lipoid 556400 Powd
phosphocholine (POPC) 'Po! owaer
Cholesterol Sigma C8667 Powder
Chloroform Bio-Lab 3082301
Mineral oil Sigma M5904 Light oil
Equipment required for step 2
Vortex mixer Scientific industries |SI-0256
Pre-heated to 80 °C.
Heating block TECHNE FDBO3AD re-heated to
Should enable controlled temperature.
) CSI Analytical
2 mL screw neck glass vials Innovations VT009M-1232 For a larger scale, use 50 mL falcons and evaporate the
CSI Analytical chloroform using rotary evaporator.

9mm Screw Cap

Innovations

C395R-09LC




C. Reagents required for step 3 (inner and feeding reaction mixtures):

HEPE H1089
> _ Spectrum 1 M HEPES-KOH (pH = 8) - pH buffer

Potassium hydroxide (KOH) Frutarom 55290

1 M Magnesium acetate Merck 1.05819.0250 Co-factor and negative charge stabilizor.

1 M Potassium acetate Carlo Erba 470147 Negative charge stabilizor.

5.2 M Ammonium acetate Merck 1.01116.1000 Stabilizes negative charge.

50% Polyethyl lycol 6000

(PE;;W/V) clyethylene glyco Merck 8.07491.1000 Increases the concentration of the macromolecules.

0.5 M 3-phosphoglycerate (3-PGA) Sigma P8877 Secondary energy source.
Amino acids additive.
Contains: 50 mM of each of the following 17 natural amino

ids - alanine, inine, ine, tic acid, cysteine,

50 mM Amino acids mixture | Sigma LAA21-1KT aclds - aianine, arginine, asparagine, aspartl <y
glutamine, glutamic acid, glycine, histidine, isoleucine,
leucine, lysine, methionine, proline, serine, threonine, and
valine.
Amino acids additive.

50 mM Amino acids mixture Il Sigma LAA21-1KT Contains: 50 mM of each of the following 3 natural amino
acids - tryptophan, phenylalanine, and tyrosine.

100 mM Adenine triphosphate (ATP) [Sigma A3377 Nucleotides & energy source.

50 mM Guanidine triphosphate (GTP) [Sigma G8877 Nucleotides & energy source.

100 mM Uridine triphosphate (UTP) |ACROS ORGANICS (226310010 Nucleotides additive.

100 mM Isopropyl B-D-1-

thiogalactopyranoside (IPTG) INALCO INA-1758-1400 Genes expression induction.

2 M Sucrose J.T. Baker 1933078 Generating a density gradient.
2 M Glucose Sigma 16301 Generating a density gradient.
H,O UltraPure Water (UPW) Bio-Lab 2321777500 DNase & RNase free

S30-T7 lysate

Prepared at step 1. Source
of transcription & translation components.

Store at -80 °c, thaw on crashed ice just before usage.




Stock of DNA plasmid of choice

Contains the sequence for the requested protein.
Under T7 promotor

D. Equipment requir

ed for step 4 (synthetic cells preparation)

Floor incubator shaker or MRC TOU-120-2 Laboratory shaker incubator 450x450mm, 400rpm, 70 °C
Thermomixer PHMT Grant Bio PSC18 Thermomixer
(75003629) - TX-400 4 x 400mL Swinging Bucket Rotor.
Suited for 15 mL sized tubes.
Centrifuge Thermo Scientific |75004270 Preferably swinging buckets.
Should enable at least 1000 x g.
Pre-cooled to 4 °C.
(75003424) - 24 x 1.5/2.0mL rotor with ClickSeal.
Table centrifuge Thermo Scientific |75002420 Suited for Eppendorf vials.
Pre-cooled to 4 °C.
Vortex mixer Scientific industries |SI-0256

Crushed ice bucket Bel-Art M18848-4001

Sterile 15 mL plastic tubes Thermo Scientific 339651

Sterilized 1.5 mL plastic tubes Eppendorf 30120086

Sterilized pipette tips Corning Sterilized by autoclave.
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TERMS AND CONDITIONS

This copyrighted material is owned by or exclusively licensed to John Wiley & Sons, Inc. or
one of its group companies (each a"Wiley Company") or handled on behalf of a society with
which a Wiley Company has exclusive publishing rights in relation to a particular work
(collectively "WILEY"). By clicking "accept" in connection with completing this licensing
transaction, you agree that the following terms and conditions apply to this transaction
(along with the billing and payment terms and conditions established by the Copyright
Clearance Center Inc., ("CCC's Billing and Payment terms and conditions"), at the time that
you opened your RightsLink account (these are available at any time at
http://myaccount.copyright.com).

Terms and Conditions

¢ The materials you have requested permission to reproduce or reuse (the "Wiley
Materials") are protected by copyright.

e You are hereby granted a personal, non-exclusive, non-sub licensable (on a stand-
alone basis), non-transferable, worldwide, limited license to reproduce the Wiley,
Materials for the purpose specified in the licensing process. This license, and any
CONTENT (PDF or image file) purchased as part of your order, is for a one-time
use only and limited to any maximum distribution number specified in the license.
The first instance of republication or reuse granted by this license must be completed
within two years of the date of the grant of this license (although copies prepared
before the end date may be distributed thereafter). The Wiley Materials shall not be
used in any other manner or for any other purpose, beyond what is granted in the
license. Permission is granted subject to an appropriate acknowledgement given to the
author, title of the material/book/journal and the publisher. You shall also duplicate the
copyright notice that appears in the Wiley publication in your use of the Wiley
Material. Permission is also granted on the understanding that nowhere in the text is a
previously published source acknowledged for all or part of this Wiley Material. Any
third party content is expressly excluded from this permission.

o With respect to the Wiley Materials, all rights are reserved. Except as expressly
granted by the terms of the license, no part of the Wiley Materials may be copied,
modified, adapted (except for minor reformatting required by the new Publication),
translated, reproduced, transferred or distributed, in any form or by any means, and no
derivative works may be made based on the Wiley Materials without the prior
permission of the respective copyright owner.For STM Signatory Publishers
clearing permission under the terms of the STM Permissions Guidelines only, the
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terms of the license are extended to include subsequent editions and for editions
in other languages, provided such editions are for the work as a whole in situ and
does not involve the separate exploitation of the permitted figures or extracts,
You may not alter, remove or suppress in any manner any copyright, trademark or
other notices displayed by the Wiley Materials. You may not license, rent, sell, loan,
lease, pledge, offer as security, transfer or assign the Wiley Materials on a stand-alone
basis, or any of the rights granted to you hereunder to any other person.

e The Wiley Materials and all of the intellectual property rights therein shall at all times
remain the exclusive property of John Wiley & Sons Inc, the Wiley Companies, or
their respective licensors, and your interest therein is only that of having possession of
and the right to reproduce the Wiley Materials pursuant to Section 2 herein during the
continuance of this Agreement. You agree that you own no right, title or interest in or
to the Wiley Materials or any of the intellectual property rights therein. You shall have
no rights hereunder other than the license as provided for above in Section 2. No right,
license or interest to any trademark, trade name, service mark or other branding
("Marks") of WILEY or its licensors is granted hereunder, and you agree that you
shall not assert any such right, license or interest with respect thereto

e NEITHER WILEY NOR ITS LICENSORS MAKES ANY WARRANTY OR
REPRESENTATION OF ANY KIND TO YOU OR ANY THIRD PARTY,
EXPRESS, IMPLIED OR STATUTORY, WITH RESPECT TO THE MATERIALS
OR THE ACCURACY OF ANY INFORMATION CONTAINED IN THE
MATERIALS, INCLUDING, WITHOUT LIMITATION, ANY IMPLIED
WARRANTY OF MERCHANTABILITY, ACCURACY, SATISFACTORY
QUALITY, FITNESS FOR A PARTICULAR PURPOSE, USABILITY,
INTEGRATION OR NON-INFRINGEMENT AND ALL SUCH WARRANTIES
ARE HEREBY EXCLUDED BY WILEY AND ITS LICENSORS AND WAIVED
BY YOU.

e WILEY shall have the right to terminate this Agreement immediately upon breach of
this Agreement by you.

¢ You shall indemnify, defend and hold harmless WILEY, its Licensors and their
respective directors, officers, agents and employees, from and against any actual or
threatened claims, demands, causes of action or proceedings arising from any breach
of this Agreement by you.

e IN NO EVENT SHALL WILEY OR ITS LICENSORS BE LIABLE TO YOU OR
ANY OTHER PARTY OR ANY OTHER PERSON OR ENTITY FOR ANY
SPECIAL, CONSEQUENTIAL, INCIDENTAL, INDIRECT, EXEMPLARY OR
PUNITIVE DAMAGES, HOWEVER CAUSED, ARISING OUT OF OR IN
CONNECTION WITH THE DOWNLOADING, PROVISIONING, VIEWING OR
USE OF THE MATERIALS REGARDLESS OF THE FORM OF ACTION,
WHETHER FOR BREACH OF CONTRACT, BREACH OF WARRANTY, TORT,
NEGLIGENCE, INFRINGEMENT OR OTHERWISE (INCLUDING, WITHOUT
LIMITATION, DAMAGES BASED ON LOSS OF PROFITS, DATA, FILES, USE,
BUSINESS OPPORTUNITY OR CLAIMS OF THIRD PARTIES), AND WHETHER
OR NOT THE PARTY HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH
DAMAGES. THIS LIMITATION SHALL APPLY NOTWITHSTANDING ANY
FAILURE OF ESSENTIAL PURPOSE OF ANY LIMITED REMEDY PROVIDED
HEREIN.
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¢ Should any provision of this Agreement be held by a court of competent jurisdiction
to be illegal, invalid, or unenforceable, that provision shall be deemed amended to
achieve as nearly as possible the same economic effect as the original provision, and
the legality, validity and enforceability of the remaining provisions of this Agreement
shall not be affected or impaired thereby.

e The failure of either party to enforce any term or condition of this Agreement shall not
constitute a waiver of either party's right to enforce each and every term and condition
of this Agreement. No breach under this agreement shall be deemed waived or
excused by either party unless such waiver or consent is in writing signed by the party
granting such waiver or consent. The waiver by or consent of a party to a breach of
any provision of this Agreement shall not operate or be construed as a waiver of or
consent to any other or subsequent breach by such other party.

e This Agreement may not be assigned (including by operation of law or otherwise) by
you without WILEY's prior written consent.

¢ Any fee required for this permission shall be non-refundable after thirty (30) days
from receipt by the CCC.

e These terms and conditions together with CCC's Billing and Payment terms and
conditions (which are incorporated herein) form the entire agreement between you and
WILEY concerning this licensing transaction and (in the absence of fraud) supersedes
all prior agreements and representations of the parties, oral or written. This Agreement
may not be amended except in writing signed by both parties. This Agreement shall be
binding upon and inure to the benefit of the parties' successors, legal representatives,
and authorized assigns.

¢ In the event of any conflict between your obligations established by these terms and
conditions and those established by CCC's Billing and Payment terms and conditions,
these terms and conditions shall prevail.

e WILEY expressly reserves all rights not specifically granted in the combination of (1)
the license details provided by you and accepted in the course of this licensing
transaction, (ii) these terms and conditions and (iii) CCC's Billing and Payment terms
and conditions.

e This Agreement will be void if the Type of Use, Format, Circulation, or Requestor
Type was misrepresented during the licensing process.

e This Agreement shall be governed by and construed in accordance with the laws of
the State of New York, USA, without regards to such state's conflict of law rules. Any
legal action, suit or proceeding arising out of or relating to these Terms and Conditions
or the breach thereof shall be instituted in a court of competent jurisdiction in New
York County in the State of New York in the United States of America and each party
hereby consents and submits to the personal jurisdiction of such court, waives any
objection to venue in such court and consents to service of process by registered or
certified mail, return receipt requested, at the last known address of such party.

WILEY OPEN ACCESS TERMS AND CONDITIONS

Wiley Publishes Open Access Articles in fully Open Access Journals and in Subscription
journals offering Online Open. Although most of the fully Open Access journals publish
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open access articles under the terms of the Creative Commons Attribution (CC BY) License
only, the subscription journals and a few of the Open Access Journals offer a choice of
Creative Commons Licenses. The license type is clearly identified on the article.

The Creative Commons Attribution License

The Creative Commons Attribution License (CC-BY) allows users to copy, distribute and
transmit an article, adapt the article and make commercial use of the article. The CC-BY
license permits commercial and non-

Creative Commons Attribution Non-Commercial License

The Creative Commons Attribution Non-Commercial (CC-BY-NC)License permits use,
distribution and reproduction in any medium, provided the original work is properly cited
and is not used for commercial purposes.(see below)

Creative Commons Attribution-Non-Commercial-NoDerivs License

The Creative Commons Attribution Non-Commercial-NoDerivs License (CC-BY-NC-ND)
permits use, distribution and reproduction in any medium, provided the original work is
properly cited, is not used for commercial purposes and no modifications or adaptations are
made. (see below)

Use by commercial "for-profit" organizations

Use of Wiley Open Access articles for commercial, promotional, or marketing purposes
requires further explicit permission from Wiley and will be subject to a fee.

Further details can be found on Wiley Online Library
http://olabout.wiley.com/WileyCDA/Section/id-410895.html

Other Terms and Conditions:

v1.10 Last updated September 2015

Questions? customercare@copyright.com or +1-855-239-3415 (toll free in the US) or
+1-978-646-2777.
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