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31 Presented here are protocols for the creation of peptide-based small unilamellar vesicles
32  capable of growth. To facilitate in vesiculo production of the membrane peptide, these vesicles
33  are equipped with a transcription-translation system and the peptide-encoding plasmid.
34
35 ABSTRACT:
36 Compartmentalization of biochemical reactions is a central aspect of synthetic cells. For this
37 purpose, peptide-based reaction compartments serve as an attractive alternative to liposomes
38 or fatty acid-based vesicles. Externally or within the vesicles, peptides can be easily expressed
39  and simplify the synthesis of membrane precursors. Provided here is a protocol for the creation
40  of vesicles with diameters of ~200 nm based on the amphiphilic elastin-like polypeptides (ELP)
41  utilizing dehydration-rehydration from glass beads. Also presented are protocols for bacterial
42  ELP expression and purification via inverse temperature cycling, as well as their covalent
43  functionalization with fluorescent dyes. Furthermore, this report describes a protocol to enable
44  the transcription of RNA aptamer dBroccoli inside ELP vesicles as a less complex example for a
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biochemical reaction. Finally, a protocol is provided, which allows in vesiculo expression of
fluorescent proteins and the membrane peptide, whereas synthesis of the latter results in
vesicle growth.

INTRODUCTION:

The creation of synthetic living cellular systems is usually approached from two different
directions. In the top-down method, the genome of a bacterium is reduced to its essential
components, ultimately leading to a minimal cell. In the bottom-up approach, artificial cells are
assembled de novo from molecular components or cellular subsystems, which need to be
functionally integrated into a consistent cell-like system.

In the de novo approach, compartmentalization of the necessary biochemical components is
usually achieved using membranes made from phospholipids or fatty acids!*. This is because
"modern" cell membranes mainly consist of phospholipids, while fatty acids are regarded
plausible candidates of prebiotic membrane enclosures>®. For the formation of new
membranes or to facilitate membrane growth, amphiphilic building blocks must be provided
from the exterior’ or ideally through production within a membranous compartment using the
corresponding anabolic processes*2.

While lipid synthesis is a relatively complex metabolic process, peptides can be produced quite
readily using cell-free gene expression reactions>'°. Hence, peptide membranes formed by
amphiphilic peptides represent an interesting alternative to lipid membranes as enclosures for
artificial cell mimics that are able to grow?™.

Amphiphilic elastin-like di-block copolymers (ELPs) are an attractive class of peptides, which can
serve as the building block for such membranes®?. The basic amino acid sequence motif of ELPs
is (GaGVP)n, where “o” can be any amino acid except for proline and “n” is the number of motif
repeats'®?’. ELPs have been created with a hydrophobic block containing mainly phenylalanine
for o and a hydrophilic block mainly composed of glutamic acid!. Depending on o and solution
parameters, such as pH and salt concentration, ELPs exhibit a so-called inverse temperature
transition at temperature T, where the peptides undergo a fully reversible phase transition
from a hydrophilic to hydrophobic state. The synthesis of the peptides can be easily
implemented inside vesicles using the “TX-TL” bacterial cell extract'*821 which provides all
necessary components for coupled transcription and translation reactions.

The TX-TL system was encapsulated together, with the DNA template encoding the ELPs into
ELP vesicles utilizing dehydration-rehydration from glass beads as a solid support. The
formation of vesicles occurs through rehydration of the dried peptides from the bead surface®’.
Other methods?? for vesicle formation can be used, which potentially show lower polydispersity
and larger vesicle sizes (e.g., electro-formation, emulsion phase transfer, or microfluidics-based
methods). To test the viability of the encapsulation method, transcription of the fluorogenic
aptamer dBroccoli?? can alternatively be used!?, which is less complex than gene expression
with the TX-TL system.
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Due to the expression of the membrane building blocks in vesiculo and their subsequent
incorporation into the membrane, the vesicles start to grow!!. Membrane incorporation of the
ELPs can be demonstrated through a FRET assay. To this end, the ELPs used for formation of the
initial vesicle population are be conjugated with fluorescent dyes in equal shares constituting a
FRET pair. Upon expression of non-labeled ELPs in vesiculo and their incorporation into the
membrane, the labeled ELPs in the membrane are diluted and consequently the FRET signal
decreases!?. As a versatile and common method for conjugation, copper catalyzed azide-alkyne
cycloaddition is used. With the use of a stabilizing ligand such as tris(benzyltriazolylmethyl)-
amine, the reaction can be carried out in an aqueous solution at a physiological pH without the
hydrolysis of reactants!, which is appropriate for conjugation reactions involving peptides.

The following protocol presents a detailed description of the preparation for growing ELP-based
peptidosomes. The expression of the peptides and vesicle formation using the glass beads
method are described. Furthermore, it is described how to implement transcription of the
fluorogenic dBroccoli aptamer and the transcription-translation reaction for protein expression
inside the ELP vesicles. Finally, provided is a procedure for the conjugation of ELPs with
fluorophores, which can be used to prove vesicle growth through a FRET assay?!?.

PROTOCOL:
1. Expression of elastin-like polypeptides
1.1. Day 1: Preparation of a starter culture and supplies for peptide expression

1.1.1. Prepare and autoclave expression culture flasks (4 x 2.5 L) and 3 L of LB medium. For 1 L
of LB medium, add 25 g of LB powder to 1 L of ultrapure water.

1.1.2. Prepare a starter culture with 100 mL of LB medium, 50 uL of sterile-filtered (0.22 um
filter) chloramphenicol solution (25 mg/mL in EtOH), and 50 uL of sterile-filtered (0.22 um filter)
carbenicillin solution (100 mg/mL in 50% EtOH and 50% ultrapure water).

1.1.3. Add a small streak from a pre-made bacterial stock containing E. coli strain
BL21(DE3)pLysS with the pET20b(+) expression vector encoding the polypeptide sequence
MGHGVGVP((GEGVP)4(GVGVP))4((GFGVP)s(GVGVP))3(GFGVP)4sGWP (abbreviated as EF) to a pre-
warmed 100 mL starter culture and incubate at 37 °C for 16 h with 250 rpm in a shaking
incubator (E. coli strains and vectors are available upon request).

1.1.4. Pre-warm the expression culture flasks and the LB media at 37 °C overnight so that they
are prepared for the next day.

1.2. Day 2: Protein expression
1.2.1. Add 750 mL of LB medium to each expression culture flask, 375 uL of sterile-filtered
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(0.22 um filter) chloramphenicol stock (25 mg/mL in EtOH), and 375 pL of sterile-filtered (0.22
um filter) carbenicillin stock (100 mg/mL in 50% EtOH and 50% ultrapure water).

1.2.2. After agitation to distribute the antibiotics, take 2 mL of the media as a reference
sample for the optical density measurement at 600 nm (OD600).

1.2.3. Add 7.5 mL of the starting culture to the expression flask and incubate for 1 h at 37 °C
with 250 rpm.

1.2.4. After this step the OD600 of each flask will be checked every 20 min.

1.2.5. When the optical density reaches approximately 0.8 reduce the temperature to 16 °C
and induce peptide expression by adding 750 uL of 1 M sterile-filtered B-isopropyl
thiogalactoside (IPTG) in ultrapure water into each expression flask.

1.2.6. Incubate the expression flask with the induced bacteria at 16 °C for 16 h with 250 rpm.

1.3.  Day 3: Extraction of the expressed polypeptide

1.3.1. Pre-weigh the centrifugation flask to enable determination of the mass of the cell pellet
after harvesting.

1.3.2. Harvest all the bacteria from the expression flasks by centrifugation for 20 min using a
pre-cooled centrifuge at 4,000 x g and 4 °C.

1.3.3. Pour out the supernatant and blot the centrifuge bottles on a sterile paper towel.
1.3.4. Weigh the centrifugation flasks and calculate the cell pellet mass.

1.3.5. Resuspend the cells, which are pelleted down from 750 mL of original cell culture, in 15
mL of phosphate-buffered saline (PBS, pH 7.4) by pipetting, and centrifuge at 4,000 x g for 20
min at 4 °C. Pour out the supernatant and blot the centrifuge bottles on a sterile paper towel.
1.3.6. Resuspend the cell pellet for the lysis step in 2 mL of buffer per 1 gram of cell pellet
using PBS (pH 7.4) supplemented with lysozyme (1 mg/mL), 1 mM phenylmethylsulfonyl
fluoride (PMSF), 1 mM benzamidine, and 0.5 U of DNase I.

1.3.7. Sonicate the cells for further lysis on ice with a sonicator at 8 W for 9 min with
alternating 10 s sonication and 20 s pausing steps, followed by a 9 min pause during which the
sample should be cooled on ice. Repeat the 9 min sonication step once more.

1.3.8. Add 2 mL of 10% (w/v) polyethyleneimine (PEI) per 1 L of original cell culture for nucleic

acid precipitation.
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1.3.9. Distribute the sample into 2 mL centrifuge tubes and incubate at 60 °C for 10 min
followed by an incubation for 10 min at 4 °C.

1.3.10. Centrifuge the solution at 16,000 x g for 10 min at 4 °C and collect the supernatant
containing the ELP.

1.4. Protein purification via inverse temperature cycling:
1.4.1. Adjust the supernatant to a pH of 2 to switch the hydrophilic part of the peptide to
hydrophobic and induce aggregation. To adjust the pH, phosphoric acid and sodium hydroxide

are used. pH stripes are sufficient to determine the pH level.

1.4.2. To improve the yield of the purification the sample, heat the sample to 60 °C and add
sodium chloride up to 2 M.

1.4.3. Subsequently, centrifuge the sample at 16,000 x g for 10 min at room temperature (RT).

1.4.4. Discard the supernatant and re-dissolve the pellet in PBS (but only half of the initial
volume is used compared to the previous step).

1.4.5. Adjust the pH to 7 with phosphoric acid and sodium hydroxide. pH stripes are
sufficiently accurate to determine the pH.

1.4.6. Centrifuge the sample subsequently at 16,000 x g for 10 min at 4 °C.

1.4.7. Collect the supernatant and repeat steps 1.4.1-1.4.6 up to 3x total, except that in the
last repetition of step 1.4.4, only water is added instead of PBS.

1.4.8. Measure the concentration of the peptides with an absorption spectrometer. Use an
extinction coefficient of 5500/M/cm at 280 nm.

1.4.9. Adjust the concentration of the ELP to 700 uM.
2. Vesicle production using the glass beads method
2.1. Concentrate the ELP solution to 1.1 mM using a centrifugal vacuum concentrator.

2.2. Mix 200 pL of the concentrated ELP solution with 1250 pL of a 2:1 chloroform/methanol
mixture followed by vortexing.

2.3. Add 1.5 g of spherical glass beads (212—300 um in size) to a 10 mL round bottom flask.

2.4. Add the solution containing ELP and the chloroform/methanol mixture to the round
bottom flask and mix by gentle shaking.
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2.5.  Connect the flask to a rotary evaporator. Adjust the speed to 150 rpm and regulate the
pressure to -0.8 x 10° Pa (-800 mbar) for approximately 4 min until the liquid is evaporated at
room temperature.

2.6.  Place the round bottom flask into a desiccator for at least 1 h to ensure that remaining
chloroform and methanol are evaporated. To avoid loss of the glass beads, loosely attached
aluminum foil should be wrapped around the round bottom flask opening.

2.7. For asingle experiment, mix 100 mg of the peptide covered glass beads with 60 uL of
the swelling solution, such as PBS. Incubate this sample at 25 °C for 5 min.

2.8. Centrifuge the sample quickly with a table-top centrifuge to sediment the glass beads.
2.9. Use a pipette to collect the supernatant which contains the vesicles.
3. Transcription of RNA aptamer dBroccoli inside the vesicles

3.1.  Clean the lab bench with wipes containing RNase decontamination solution to create an
RNase-free working environment.

3.2.  Mix the ssDNA (5 pM) comprising the T7 promotor and dBroccoli sequence
(GAGACGGTCGGGTCCATCTGAGACGGTCGGGTCCAGATATTCGTATCTGTCGAGTAGAGTGTGGGCTC
AGATGTCGAGTAGAGTGTGGGCTC), as well as the noncoding strand (5 uM) in nuclease-free
water supplemented with RNAPol reaction buffer [40 mM Tris-HCI (pH = 7.9), 6 mM MgCl,,

1 mM dithiothreitol (DTT), and 2 mM spermidine], to prepare the DNA template for the
transcription reaction.

3.3.  Incubate the solution at 90 °C for 5 min followed by a slow temperature decrease to
20 °C for 30 min.

3.4. Prepare a1l mM (5Z)-5-(3,5-difluoro-4-hydroxybenzylidene)-2,3-dimethyl-3,5-dihydro-
4H-imidazol-4-one (DFHBI) solution by dissolving 1.26 mg of DFHBI in 5 mL of DMSO.

3.5.  Prepare the transcription reaction by mixing RNAPol reaction buffer [40 mM Tris-HCI (pH
=7.9), 6 mM MgCl;, 1 mM dithiothreitol (DTT), and 2 mM spermidine] with 125 mM KCl,

15 mM MgClz, 4 mM rNTP, 10 uM DFHBI, 200 nM DNA template, 0.5 U/uL RNase inhibitor
murine, and water.

3.6.  Right before the reaction is started, add 4 U/uL T7 polymerase.

3.7.  Use this reaction mix as the swelling solution in step 2.7 and incubate at 37 °C for the

duration of the experiment, which is typically 1 h.
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4. Transcription-translation (TX-TL) reaction

NOTE: For the transcription-translation reaction, a crude cell extract is required as well as
reaction buffer and DNA. The crude cell extract is prepared as described in Sun et al.*®. For a TX-
TL reaction, use the following: 33% (v/v) of the crude E. coli extract, 42% (v/v) reaction buffer,
and 25% (v/v) phenol-chloroform purified DNA plus additives. The final concentrations are
approximately 9 mg/mL protein, 50 mM HEPES (pH = 8), 1.5 mM ATP, 1.5 mM GTP, 0.9 mM CTP,
0.9 mM UTP, 0.2 mg/mL tRNA, 26 mM coenzyme A, 0.33 mM NAD, 0.75 mM cAMP, 68 mM
folinic acid, 1 mM spermidine, 30 mM PEP, 1 mM DTT, 2% PEG-8000, 13.3 mM maltose, 1 U of
T7 RNA polymerase, and 50 nM plasmid DNA in ultrapure water.

4.1. Phenol-chloroform purification of the DNA template

4.1.1. Prepare six overnight cultures with 5 mL of LB medium and 5 pL of sterile-filtered (0.22
um filter) carbenicillin solution (100 mg/mL in 50% EtOH and 50% ultrapure water).

4.1.2. Add a small streak from a pre-made bacterial stock containing DH5a E. coli with the
pPET20b(+) expression vector to each pre-warmed 5 mL overnight culture and incubate at 37 °C
for 16 h with 250 rpm. Depending on which peptide (EF) or protein (YPet or mVenus) is to be
expressed, a specific encoding plasmid is used.

4.1.3. Extract the plasmid with a mini-prep kit as described in the user manual or by following
the protocol provided by Zhang et al.?4.

4.1.4. Prepare 100 pL of the pre-purified plasmid DNA (concentration can range from 200-600
ng/uL) and mix with 100 uL of Roti-phenol/chloroform/isoamyl alcohol (pH = 7.5-8.0) in a
microcentrifuge tube to enable better phase separation.

4.1.5. Gently invert the tube up to 6x and centrifuge for 5 min at 16,000 x g at RT.

4.1.6. Add 200 puL of chloroform to the upper phase of the tube and invert the tube up to 6x.

4.1.7. Centrifuge the sample at 16,000 x g for 5 min at RT.

4.1.8. Pipet the supernatant to a separate tube and add 10 pL of 3 M of sodium acetate for
ethanol precipitation.

4.1.9. Add 1 mL of -80 °C cold ethanol and store the sample at -80 °C for 1 h.
4.1.10. Centrifuge the sample at 16,000 x g for 15 min at 4 °C.
4.1.11. Decant the supernatant and add 1 mL of -20 °C cold 70% (v/v) ethanol.

4.1.12. Centrifuge at 16,000 x g for 5 min at 4 °C.
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4.1.13. Remove the liquid by pipetting. Be careful to not disturb the DNA pellet.
4.1.14. Store the sample at RT for approximately 15 min to evaporate the remaining ethanol.

4.1.15. Add ultrapure water to the sample to adjust the sample concentration to approximately
300 nM, which is measured by absorption at 260 nm.

4.2. Preparation of the TX-TL reaction

4.2.1. Thaw the prepared crude cell extract and the reaction buffer on ice.

4.2.2. For a 60 pL reaction mix, add the plasmid DNA (phenol-chloroform purified) to 37.5 plL
of the reaction buffer [50 mM HEPES (pH = 8), 1.5 mM ATP, 1.5 mM GTP, 0.9 mM CTP,

0.9 mM UTP, 0.2 mg/mL tRNA, 26 mM coenzyme A, 0.33 mM NAD, 0.75 mM cAMP, 68 mM
folinic acid, 1 mM spermidine, 30 mM PEP, 1 mM DTT, 2% PEG-8000, and 13.3 mM maltose),

followed by the addition of 28.7 uL of crude cell extract. Fill to a final volume with ultrapure
water to 58.8 pL.

4.2.3. Right before the reaction starts, add 1.2 uL of the T7 RNA polymerase solution and mix
the sample by pipetting up and down.

4.2.4. Use this reaction mix as a swelling solution in step 2.7 and incubate at 29 °C for the
duration of the experiment, which is typically 4—8 h.

5. Conjugation of elastin-like polypeptides with fluorophores via copper catalyzed azide-
alkyne Huisgen cycloaddition

5.1.  Prepare a 20 mM NHS-azide linker (y-azidobutyric acid N-hydroxysuccinimide
ester) solution in DMSO.

5.2.  Mix 250 uL of the ELP solution (600 uM) with PBS (8 g/L NaCl, 0.2 g/L KCl, 1.42 g/L
NazHPO4, 0.27 g/L K;HPO4, pH = 7.2) and NHS-azide (1.2 mM) and incubate for 12 h at RT.

5.3. Load the sample in a 10 kDa dialysis cassette and store itat 4 °Cfor 12 hin 1 L of
ultrapure water to remove the salts and residual NHS-azide.

5.4.  Mix the activated ELP (500 uM) with the alkyne-conjugated dye (500 uM), Cy5-alkyne,
or Cy3-alkyne.

5.5.  Mix this sample with 1 mM TBTA (tris(benzyltriazolylmethyl)amine), 10 mM TCEP (tris(2-
carboxyethyl)-phosphine hydrochloride) and 10 mM CuSOas and incubate at 4 °C for 12 h.

5.6. Load the sample in a 10 kDa dialysis cassette and store it at 4 °Cfor 12 hiin 1 L of
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ultrapure water, to remove the salts and residual alkyne-conjugated dyes.

5.7. These dye-modified ELPs are used in a 1:1 mixture of the Cy3 labeled ELPs and the Cy5
labeled ELPs analogous to the peptides in part two.

REPRESENTATIVE RESULTS:

Vesicle production

Figure 1 shows transmission electron microscopy (TEM) images of vesicles prepared with
different swelling solutions and the glass beads method (also see Vogele et al.1?). For the
sample in Figure 1A, only PBS was used as swelling solution to prove the formation of vesicles
and to determine their size. When TX-TL was used as swelling solution (Figure 1B), the vesicles
also formed. Dynamic light scattering (DLS) measurements were performed to show that the
glass beads method has an effect on vesicle formation. Figure 2 depicts the measured intensity
autocorrelation curves of an EF sample prepared without glass beads in PBS (blue) and an EF
sample prepared with the glass beads method with PBS as the swelling solution (red). The sizes
were calculated from a cumulant fit?®> and resulted in a diameter of 134 nm with a
polydispersity of 25% when the vesicles were prepared without the glass beads method. When
the glass beads were used, the cumulant fit resulted in a diameter of 168 nm with a
polydispersity of 21%.

In vesiculo transcription!?

Figure 3 shows the fluorescence intensity profile over time for the transcription of the dBroccoli
aptamer inside the EF vesicles (green). As a negative control, DNase | was added to the swelling
solution and thus also incorporated during vesicle formation (blue). The measurements were
performed in fluorescence plate reader with excitation at 480 nm and emission at 520 nm.

In vesiculo protein expression'!

Figure 4 shows the fluorescence intensity of two fluorescent proteins which were expressed
inside the ELP vesicles using a fluorescence plate reader. Excitation was carried out 500 nm and
emission at 520 nm. Transcription-translation of mVenus (Figure 4A) was performed to
investigate expression dynamics and expression level of proteins in the ELP vesicle. It is
important to note that after vesicle formation, the contents of the vesicles and outer solution
are the same. Hence, to suppress protein expression outside of the vesicle, the antibiotic
kanamycin was added to the exterior solution. As a control, kanamycin was also added to the
swelling solution, in which case protein expression inside of the vesicle was suppressed. This
further indicates that the small molecule kanamycin stays inside the vesicle and suggests that
the membrane is not permeable for this molecule over the time scale of these experiments. If
kanamycin diffused through the membrane, the mVenus expression would not have been
suppressed and at 5 h, the fluorescence would be higher. In the second experiment, the
expression of YPet (Figure 4B) was carried out. Both proteins were chosen because they exhibit
a faster maturation time than, for instance, GFP. Furthermore, the T7 promoter was used for
mVenus transcription and a constitutive promoter used for YPet transcription to show that both
inducible and continuous expression are possible.
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FRET assay!!

Figure 5A shows the results of the FRET assay performed to demonstrate ELP incorporation into
the membrane. Therefore, the vesicles were produced using a mixture of two equally
concentrated fluorophore-peptide constructs. These were Cy3-EF (donor) and Cy5-EF
(acceptor). At time t = 0, the starting FRET level was measured. The signals of the donor and the
FRET signal depend on the mean distance between the dyes in the membrane. Upon expression
of the membrane ELPs, additional peptides incorporate into the membrane, which increases
the average distance between the FRET pairs. The latter was measured through the increase in
donor fluorescence and a decrease of the FRET signal at time t = 2.5 h. Figure 5B shows the
negative control. Here, kanamycin was added to the swelling solution before vesicle formation.
Kanamycin suppresses protein expression; therefore, no change in FRET was visible. It is
important to note that this assay only shows EF incorporation.

FIGURE AND TABLE LEGENDS:

Figure 1: Representative TEM images. (A) EF vesicles formed in the swelling solution PBS. (B) EF
vesicles formed in the swelling solution TX-TL. Scale bars = 200 nm.

Figure 2: Representative DLS data. Intensity autocorrelation curves measured by DLS. The blue
curve depicts EF peptides in PBS prepared without the glass beads method. The red curve
depicts an EF solution produced with the glass beads method and PBS as the swelling solution.

Figure 3: dBroccoli transcription. Representative data of the transcription of the dBroccoli
aptamer inside EF vesicles. The green curve depicts the fluorescence signal and the blue curve
the control measurement with encapsulated DNase I.

Figure 4: Protein expression inside peptide vesicles. (A) A plasmid encoding mVenus and the
TX-TL expression mix were encapsulated in the ELP vesicles. After approximately 5 h, the
fluorescence saturated. When the antibiotic kanamycin was encapsulated as well, no
fluorescence was observed. (B) Similar results were obtained upon encapsulation of a YPet
plasmid. Error bars represent the standard deviation of the measured values at the indicated
time during a time frame of 15 min.

Figure 5: FRET assay. (A) Starting fluorescence levels at time t = 0 for donor emission and FRET
signal (acceptor emission). At t = 2.5 h, the donor showed increased emission, and the FRET
signal decreased. (B) When only hydrophilic ELP were expressed inside the vesicles, the FRET
signal and donor emission stayed constant. Error bars represent the standard deviation of the
measured values at the indicated time during a time frame of 15 min.

Supplemental File: Contains all plasmid sequences resp. gene sequences.

DISCUSSION:
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Film rehydration is a common procedure for the creation of small unilamellar vesicles. The main
source of failure is the wrong handling of the materials used in the procedure.

Initially, the ELPs are produced by E. coli cells. The yield after ELP purification can vary
significantly depending on how carefully the protocol is conducted during its crucial steps.
These are the inverse temperature cycling (ITC) step and the resuspension of the ELPs after
precipitation. For purification, we triggered the hydrophobic collapse of the peptide through
the addition of phosphoric acid, which changes the pH to acidic and leads to protonation of the
glutamic acid side chains in the hydrophilic block. After this step, both blocks are hydrophobic
at RT. It is preferable to use an acid whose salt is already in the solution to keep the ionic
strength constant, but other acids such as hydrochloric acid can be used, as well. To increase
the yield of ELP production, additional salts can be added to enhance the coacervation process,
because salt decreases the transition temperature T: and makes the ELP more hydrophobic.
Usually sodium chloride is used, but kosmotropic salts such as sodium sulphate are far better,
whereas the salt concentration can be close to its solution limit. Additional heating using a
water bath can increase the yield even further.

Another critical step is the redissolution of the ELP pellet. For maximum ELP solubility, the
solution should be pre-cooled, and a quick pH adjustment can help to dissolve the pellet faster.
The pH may need to be readjusted during this process several times. For further improvement,
the sample can be stored in the fridge at 4 °C and shaking of the sample should be avoided. To
exchange salts, the described dialysis step at the end of the purification protocol should be
preferred. In principle, ITC can be used to separate the peptides from the salt-containing
supernatant. But depending on the previous salt concentration, residual salt can be still found
in this pellet. Furthermore, dialysis can be used to concentrate the peptides needed for the
experiments without losses as mentioned before.

The next crucial step is the evaporation of the chloroform/methanol mixture. During
evaporation at reduced pressures, a delay in boiling can cause splatters or turbulences, which
may result in large loss of glass beads. This can be prevented using either filters or tissues. The
same problem arises when the desiccator is used, but aluminum foil at the opening of the
round bottom flask can be used to prevent this. For the handling of the ELP-coated glass beads,
it is recommended to use disposable antistatic micro-spatula, which also reduces losses and
simplifies the procedure.

The swelling of the vesicles using various swelling solutions such as PBS and transcription mix is
straightforward and less error prone. However, for the TX-TL system, variations from batch-to-
batch of up to 10% can occur. To minimize this problem, all experiments should be performed
with one batch of cell-free extract only, which can be used for up to 3,000 reactions. After
rehydration, the vesicle content and outer solution are the swelling solution. A purification of
the outside solution should not be performed, because this may change the osmotic pressure
difference between vesicle inside and outside. The result would be an uncontrolled size change
or even bursting of the vesicles. Therefore, possible reactions at the outside should be only
suppressed. Depending on the reaction, this can be done, for instance, by the addition DNase |
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to digest present DNA or by adding antibiotics such as kanamycin, which inhibits translation.

Film rehydration from glass beads has several advantages when compared to other preparation
methods. In contrast to solvent injection, emulsion phase transfer or microfluidics displacement
of solvent is not required, since the initial solvent is completely evaporated, and the peptides
are rehydrated in aqueous solution. Therefore, the glass beads method is particularly suitable
for sensitive samples such as TX-TL, which can be significantly affected or even destroyed by
residual organic solvents used in other methods. Furthermore, the protocol is straightforward,
less error prone, and able to be easily scaled up. Because of the large surface to volume ratio
only small amounts of glass beads are needed and allow a high degree of parallelization with
high throughput.

As its main disadvantage, the glass beads method is only useful for the creation of small
unilamellar vesicles, which cannot be observed via fluorescence microscopy. The described
method is somewhat limited when microscopic observation of the dynamics of single vesicles is
desired, which is sometimes necessary (e.g., when observing potential vesicle division
processes). Furthermore, the small size of SUVs limits the encapsulation of low-concentrated
components such as the peptide-encoding plasmid, which explains the relatively low expression
of the peptides. The underlying encapsulation process is a Poisson process, and thus the
concentration of any particular component must be at least 150 nM to guarantee an
encapsulation probability of 95%. Therefore, it is quite remarkable that it is possible to observe
such a large increase in vesicle size in these experiments.

The protocol presented here will enable researchers to create peptide-based vesicles from
elastin-like polypeptides. It also opens up opportunities to produce artificial cell-like structures
encapsulated by peptide membranes, which represent attractive alternatives to classical
compartments made from fatty acids or phospholipids. Peptides are advantageous in that they
can be easily expressed in a cell-free environment (for instance, in the TX-TL system used here),
which allows coupling of membrane growth directly to a transcription-translation process inside
the vesicle. Furthermore, ELPs can be designed and adjusted to specific physicochemical
parameters such as contour length, hydrophobicity/hydrophilicity of the used deblock, and
sensitivity to stimuli such as pH or ionic strength.
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3. Grant of Rights in Article. In consideration of JoVE
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royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to
publish, reproduce, distribute, display and store the Article
in all forms, formats and media whether now known or
hereafter developed (including without limitation in print,
digital and electronic form) throughout the world, (b) to
translate the Article into other languages, create
adaptations, summaries or extracts of the Article or other
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4, Retention of Rights in Article. Notwithstanding
the exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in
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website is provided and notice of JoVE’s copyright in the
Article is included. All non-copyright intellectual property
rights in and to the Article, such as patent rights, shall
remain with the Author.

5. Grant of Rights in Video ~ Standard Access. This
Section 5 applies if the “Standard Access” box has been
checked in Item 1 above or if no box has been checked in
Item 1 above. In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author
hereby acknowledges and agrees that, Subject to Section 7
below, JoVE is and shall be the sole and exclusive owner of
all rights of any nature, including, without limitation, all
copyrights, in and to the Video. To the extent that, by law,
the Author is deemed, now or at any time in the future, to
have any rights of any nature in or to the Video, the Author
hereby disclaims all such rights and transfers all such rights
to JoVE.

6. Grant of Rights in Video — Open Access. This
Section 6 applies only if the “Open Access” box has been
checked in Item 1 above. In consideration of JoVE agreeing
to produce, display or otherwise assist with the Video, the
Author hereby grants to JOVE, subject to Section 7 below,
the exclusive, royalty-free, perpetual (for the full term of
copyright in the Article, including any extensions thereto)
license (a) to publish, reproduce, distribute, display and
store the Video in all forms, formats and media whether
now known or hereafter developed {including without
limitation in print, digital and electronic form) throughout
the world, (b) to translate the Video into other languages,
create adaptations, summaries or extracts of the Video or
other Derivative Works or Collective Works based on all or
any portion of the Video and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works
and (c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United
States government employee and the Article was prepared
in the course of his or her duties as a United States
government employee, as indicated in Item 2 above, and
any of the licenses or grants granted by the Author
hereunder exceed the scope of the 17 U.S.C. 403, then the
rights granted hereunder shall be limited to the maximum

rights permitted under such statute. In such case, all
provisions contained herein that are not in conflict with
such statute shall remain in full force and effect, and all
provisions contained herein that do so conflict shall be
deemed to be amended so as to provide to JOVE the
maximum rights permissible within such statute.

8. Protection of the Work. The Author(s) authorize
JoVE to take steps in the Author(s) name and on their behalf
if JOVE believes some third party could be infringing or
might infringe the copyright of either the Author’s Article
and/or Video.

9. Likeness, Privacy, Personality. The Author hereby
grants JoVE the right to use the Author’s name, voice,
likeness, picture, photograph, image, biography and
performance in any way, commercial or otherwise, in
connection with the Materials and the sale, promotion and
distribution thereof. The Author hereby waives any and all
rights he or she may have, relating to his or her appearance
in the Video or otherwise relating to the Materials, under
all applicable privacy, likeness, personality or similar laws.
10. Author Warranties. The Author represents and
warrants that the Article is original, that it has not been
published, that the copyright interest is owned by the
Author (or, if more than one author is listed at the beginning
of this Agreement, by such authors collectively) and has not
been assigned, licensed, or otherwise transferred to any
other party. The Author represents and warrants that the
author(s) listed at the top of this Agreement are the only
authors of the Materials. If more than one author is listed
at the top of this Agreement and if any such author has not
entered into a separate Article and Video License
Agreement with JoVE relating to the Materials, the Author
represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them
had been a party hereto as an Author. The Author warrants
that the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate,
infringe and/or misappropriate the patent, trademark,
intellectual property or other rights of any third party. The
Author represents and warrants that it has and will
continue to comply with all government, institutional and
other regulations, including, without limitation all
institutional, laboratory, hospital, ethical, human and
animal treatment, privacy, and all other rules, regulations,
laws, procedures or guidelines, applicable to the Materials,
and that all research involving human and animal subjects
has been approved by the Author's relevant institutional
review board.

11, JoVE Discretion. If the Author requests the
assistance of JOVE in producing the Video in the Author’s
facility, the Author shall ensure that the presence of JoVE
employees, agents or independent contractors is in
accordance with the relevant regulations of the Author's
institution. If more than one author is listed at the
beginning of this Agreement, JoVE may, in its sole
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discretion, elect not take any action with respect to the
Article until such time as it has received complete, executed
Article and Video License Agreements from each such
author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to
accept or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
full, unfettered access to the facilities of the Author or of
the Author’s institution as necessary to make the Video,
whether actually published or not. JoVE has sole discretion
as to the method of making and publishing the Materials,
including, without limitation, to all decisions regarding
editing, lighting, filming, timing of publication, if any,
length, quality, content and the like.

12. Indemnification. The Author agrees to indemnify
JoVE and/or its successors and assigns from and against any
and all claims, costs, and expenses, including attorney’s
fees, arising out of any breach of any warranty or other
representations contained herein. The Author further
agrees to indemnify and hold harmless JoVE from and
against any and all claims, costs, and expenses, including
attorney’s fees, resulting from the breach by the Author of
any representation or warranty contained herein or from
allegations or instances of violation of intellectual property
rights, damage to the Author’s or the Author’s institution’s
facilities, fraud, libel, defamation, research, equipment,
experiments, property damage, personal injury, violations
of institutional, laboratory, hospital, ethical, human and
animal treatment, privacy or other rules, regulations, laws,
procedures or guidelines, liabilities and other losses or
damages related in any way to the submission of work to
JoVE, making of videos by JoVE, or publication in JoVE or
elsewhere by JoVE. The Author shall be responsible for, and
shall hold JoVE harmless from, damages caused by lack of
sterilization, lack of cleanliness or by contamination due to

the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination procedures shall be solely the
responsibility of the Author and shall be undertaken at the
Author's expense. All indemnifications provided herein
shall include JoVE's attorney’s fees and costs related to said
losses or damages. Such indemnification and holding
harmless shall include such losses or damages incurred by,
or in connection with, acts or omissions of JoVE, its
employees, agents or independent contractors.

13. Fees. To cover the cost incurred for publication,
JoVE must receive payment before production and
publication of the Materials. Payment is due in 21 days of
invoice. Should the Materials not be published due to an
editorial or production decision, these funds wili be
returned to the Author. Withdrawal by the Author of any
submitted Materials after final peer review approval will
result in a US$1,200 fee to cover pre-production expenses
incurred by JoVE. If payment is not received by the
completion of filming, production and publication of the
Materials will be suspended until payment is received.

14. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE's successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to
any conflict of law provision thereunder. This Agreement
may be executed in counterparts, each of which shall be
deemed an original, but all of which together shall be
deemed to me one and the same agreement. A signed copy
of this Agreement delivered by facsimile, e-mail or other
means of electronic transmission shall be deemed to have
the same legal effect as delivery of an original signed copy
of this Agreement.
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CORRESPONDING AUTHOR
Name: P
Tohhs Prvaey

Department: . o )

o PR sres De,pav/mm{ - Techy e Qung o by Massni th
Institution: P@,Tsr[g p:j S\/M &(/‘M\C 5\/ QWS
Title: rD/r( P V\Q‘L
Signature: /J/(A CA Date: % 5}/ 7%, Z/d

Please submit a signed and dated copy of this license by one of the following three methods:
1. Upload an electronic version on the JoVE submission site

2. Faxthe document to +1.866.381.2236

3. Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02140

612542.6  For questions, please contact us at submissions@jove.com or +1.617.945.9051.



Rebuttal Letter

Click here to access/download;Rebuttal Letter;VVogele_Cover

JOVE rebuttal letter.docx

Technische Universitat Munchen | Arcisstra3e 21 | 80333 Miinchen
Am Coulombwall 4a, D-85748 Garching

Vineeta Bajaj, PhD.
Review Editor
JoVE

1 Alewife Center, Suite 200, Cambridge, MA 02140

Munich, March 28", 2019

Dear Vineeta Bajaja,

we hereby submit a thoroughly revised version of our manuscript “In vesiculo Synthesis of
Peptide Membrane Precursors for Autonomous Vesicle Growth”, authored by Kilian Vogele,
Thomas Frank, Lukas Gasser, Marisa Goetzfried, Mathias Hackl, Stephan Sieber, Friedrich
Simmel and myself.

The reviewers’ comments were very constructive, and helped us to improve our work at various
points. In the following you can find our point-to-point replies to editorial and peer review
comments. We also provide a pdf of our manuscript where you can find our changes in the text.

We hope that after these improvements, our manuscript can be accepted for publication in
JoVE.

With best wishes,

r\&m g, (g

Tobias Pirzer

Replies to comments:

Editorial comments:

Changes to be made by the Author(s):

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are
no spelling or grammar issues. The JoVE editor will not copy-edit your manuscript and any
errors in the submitted revision may be present in the published version.

R: We thoroughly proofread the manuscript.

2. Please provide a figure or table to support any and all claims made. Previous publications
can also be used as support as well but they must be cited appropriately.

R: We cited our previous work Nat. Commun. 9 (1), 3862, (2018) as a support.

3. JoVE cannot publish manuscripts containing commercial language. This includes trademark
symbols (™), registered symbols (®), and company names before an instrument or reagent.
Please remove all commercial language from your manuscript and use generic terms instead.
All commercial products should be sufficiently referenced in the Table of Materials and

Technische Universitat Miinchen Dr. Tobias Pirzer Tel. 089 289 11609 Bayerische Landesbank

Physik Department & ZNN Am Coulombwall 4a Fax 089 289 11612 IBAN-Nr.:

Lehrstuhl fur Physik Synthetischer 85748 Garching DE10700500000000024866

Biosysteme Pirzer@tum.de BIC: BYLADEMM
www.el4.ph.tum.de Steuer-Nr.: 143/241/80037

www.tum.de USt-IdNr.: DE811193231 1/4

*


https://www.editorialmanager.com/jove/download.aspx?id=1019291&guid=1e825960-6b60-40f4-85c4-e0e56080f828&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1019291&guid=1e825960-6b60-40f4-85c4-e0e56080f828&scheme=1

TUTI

Reagents.

For example: RNaseZap, etc.

R: Thank you for this information. We removed all registered symbols and company names.
4. Please do not abbreviate journal titles.

R: We changed journal titles.

Reviewer #1:

Manuscript Summary:

The authors described detailed protocols for preparation of ELP-based vesicles that grow up in
vesiculo expression of ELP. The protocols described in the article are: (1) expression and ICT
purification of ELP, (2) vesicle preparation using the glass bead method, (3) transcription and
(4) transcription-translation reactions in ELP vesicles (including the FRET assay for the vesicle
growth by ELP expression). Overall, most of protocols are clear and provide detailed
descriptions. However, there are some major and minor concerns that need to be addressed.

Major Concerns:

1. The protocols described in the manuscript are based on the author's previous work (Ref. 23;
Nat. Commun. 9 (1), 3862, (2018)), but this was not clear due to missing citation at appropriate
texts. For example, the authors' descriptions about the ELP design, vesicles formation, and
growth by in-vesicle protein expression, which are provided in the introduction section, seem to
require citation of the author's previous article. This would provide clear information about what
have been done previously by the authors.

R: We agree with the reviewer on that crucial point. We included the citation of our previous
work Nat. Commun. 9 (1), 3862, (2018) at several locations in the manuscript.

2. A part of protocols provided in the manuscript is the transcription of the RNA aptamer
dBroccoli. However, no results for this are discussed in the main text, whereas the results for
the transcription-translation (of mVenus and yPet) are provided. If there is any reason for not
presenting the results, it should be provided.

R: We are very thankful for this remark. We added representative data regarding the aptamer
transcription to the main text.

3. It would be critical to accurately quantify the amounts of vesicles produced from the glass
beads method, if the vesicle yield is not close to 100%. The authors should comment on the
vesicle yield or appropriate quantification methods.

R: The quantity of produced vesicles is indeed a valuable point. To our knowledge the glass
beads method and other methods such as solvent evaporation (see Chem. Soc. Rev. 47 (23),
8571, (2018) produce solutions with vesicles, and micelles and monomers as well. Therefore,
we couldn’t quantify the total number of vesicles. Peptide release experiments from glass beads
would also not be sufficient, because they would only provide the amount of ELPs in solution,
but not the form.

Minor Concerns:

The protocol for preparation of the TX-TL reaction (4.2) is confusing in some texts. It is likely
that the protocols described in 4.2.2 seems to be repeated in 4.2.3, 4.2.4, and 4.2.5. The
authors my need to clarify this or correct mistakes if there are any.

R: We changed these points to make the protocol clearer.
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Reviewer #2:

Manuscript Summary:

This paper describes the expression, purification and dye labeling of ELP protein, and
fabrication of vesicles from ELPs using solvent dehydration on glass beads and aqueous
rehydration. It also describes preparation of reaction mixtures to express protein, fluorescent or
ELP, and the procedure for loading these mixtures into the vesicles. Overall, the method
description itself thorough, with only some minor details that are unclear. The major issues are
the lack of documentation that vesicles were made from this procedure and that the loading
procedure cannot place cargo only in the vesicles and not outside.

Major Concerns:

1. There are no TEM images or light scattering to actually prove that vesicles have been made
from this method, as opposed to coacervates or micelles or some other sort of structure. What
is their size and polydispersity? This should also be performed after the ELP synthesis vesical
"growth" step, since the method claims to be able to grow vesicles and this is not demonstrated.
The distance to change FRET is so small, that the overall vesicle size may not actually change
significantly. | think a method paper should include verification that the steps were performed
correctly and the reader made what was expected.

R: This is a very crucial point and we would like to thank this reviewer for mentioning this. We
added TEM images to the manuscript, which show vesicles produced with the glass beads
method using PBS as swelling solution and with TX-TL as swelling solution to see the
differences. Additionally, we added DLS data for a sample in PBS produced without the glass
beads method and a vesicle sample produced with the glass beads method with PBS as the
swelling solution. If cell extract would be present it would influence the DLS measurement and a
size determination would be error prone. But the size and the polydispersity can be determined
from TEM measurements of the same sample at ELP expression start and after 240 min.

The reviewer is right, FRET cannot indicate the size or the size change of the vesicles. The
FRET assay is only used to show the incorporation of ELPs into the membrane. For clarification
we added this information to the main text.

2. It seems like a critical limitation of the method that the contents inside and outside the vesicle
are the same, especially since some of the cargo components are quite expensive. The vesicles
should be washed so the desired cargo is only inside, and if they cannot be washed, then it
sounds like they are not actually stable. If this is the case, it should be made clear to the reader.
R: We agree to the reviewer that it is critical to have the contents inside and outside. But from
our perspective this is not a limitation. Reactions at the outside can be suppressed and the
wanted reactions at the inside observed. The suppression step does not interfere with the
vesicles’ integrity. We left out the washing step, because for all kinds of vesicles it is very
important, that the osmotic pressure difference between inside and outside is not too much;
otherwise they would change their size or even burst. And we cannot guarantee that the
osmotic pressure stays constant through a washing step. We are now mentioning this in the
main text, so that the reader is aware of this.

3. How was fluorescence of vesicles measured?
R: Thank you for commenting on that. The fluorescence was always measured using a
fluorescence plate reader. We added this to the main text.

4. FRET assay is not described fully. What is the donor and what is the acceptor? Are they
conjugated dyes or fluorescent proteins, or one of each?
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R: We clearified these points in the main text.

Minor Concerns:

1.1.1 Provide actual components of your lysogeny broth, as there is significant confusion in the
literature between it and Luria broth, also abbreviated LB.

R: We agree to this point. We now provide the components of the used LB.

1.3.5,6 How should the cells be resuspended? Pipet? Vortex? Please specify.

Why is PEI added during purification?

R: The cells can be resuspended by either way. We added this to the text. We also mentioned
that PEI was added to precipitate DNA from cell lysates.

2.1 what kind of concentrator?
R: We added this to the main text.

3.4 What is DFHBI?
R: We mentioned this in the main text

4.1.15 How should DNA concentration be measured?
R: We mentioned this in the main text.

4.2.2 is confusing given the final concentrations of everything after mixing written at the
beginning of step 4. Separate out what the cell lysate buffer should be and what the reaction
buffer recipe is, since those are supposed to be made separately.

R: Thank you for this comment. We adjusted that point in the protocol.

5.7 Is the 1:1 mixture meant to be Cy3:Cy5, or dyed: undyed? It is not clear.
R: We clearified this point in the text.
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1. Plasmid sequence for the plasmid encoding the membrane building
block EF

atccggatatagttcctcctttcagcaaaaaacccctcaagacccgtttagaggcecccaaggggttatgetagttattg
ctcagcggtggcagcagccaactcagcettectttcgggcetttgttagcagecggatctcagtggtggtggtggtggtg
ctcgagtgeggecgcaagcettgtcgacggagctcgaattatcacggcecageccggeacgecgaaaccaggaacac
caaagcccggtacgccgaaacctgggacaccaaagceccggaacacccacgeccggeacgecgaaaccaggaaca
ccaaagcccggtacgccgaaacctgggacaccaaageccggaacacccacgeccggeacgccgaaaccaggaac
accaaagcccggtacgcecgaaacctgggacaccaaagceccggaacacccacgeccggeacgecgaaaccaggaa
caccaaagcccggtacgccgaaacctgggacaccaaagcccggaacacccacgeccggeacgecctcaccagga
acaccttcgcccggtacgcecctcacctgggacaccttcgeccggaacacccacgeccggeacgecctcaccaggaa
caccttcgcccggtacgecctcacctgggacaccttcgeeccggaacacccacgeccggeacgecctcaccaggaac
accttcgeccggtacgcecctcacctgggacaccttcgeccggaacacccacgeccggeacgecctcaccaggaaca
ccttcgeecggtacgecctcacctgggacaccttcgeccggaacacccacgecgtggeccattgtatatcetecttctta
aagttaaacaaaattatttctagagggaaaccgttgtggtctccctatagtgagtcgtattaatttcgegggatcgaga
tctcgggcagcegttgggtectggecacgggtgegeatgategtgetectgtegttgaggacceggetaggetggegg
ggttgccttactggttagcagaatgaatcaccgatacgcgagegaacgtgaagegactgetgetgcaaaacgtetge
gacctgagcaacaacatgaatggtcttcggtttccgtgtttcgtaaagtctggaaacgcggaagtcagegecectgeac
cattatgttccggatctgcatcgcaggatgetgetggctaccctgtggaacacctacatctgtattaacgaagegetgg
cattgaccctgagtgatttttctctggtceccgecgeatccataccgecagttgtttaccctcacaacgttccagtaaccg
ggcatgttcatcatcagtaacccgtatcgtgagceatcctctctegtttcatcggtatcattacccccatgaacagaaatc
ccccttacacggaggcatcagtgaccaaacaggaaaaaaccgcccttaacatggeccgetttatcagaagecagac
attaacgcttctggagaaactcaacgagctggacgcggatgaacaggcagacatctgtgaatcgcttcacgaccac
gctgatgagctttaccgcagetgectegegegtttcggtgatgacggtgaaaacctctgacacatgecagcetcccggag
acggtcacagcttgtctgtaagcggatgecgggagcagacaageccgtcagggegegtcagegggtgttggegggt
gtcggggcgcagccatgacccagtcacgtagegatageggagtgtatactggcttaactatgeggeatcagageag
attgtactgagagtgcaccatatatgcggtgtgaaataccgcacagatgcgtaaggagaaaataccgcatcaggeg
ctcttecgcttectegetcactgactegetgegeteggtegtteggetgeggegageggtatcagetcactcaaaggeg
gtaatacggttatccacagaatcaggggataacgcaggaaagaacatgtgagcaaaaggccagcaaaaggecag
gaaccgtaaaaaggccgcegttgetggegtttttccataggcetccgecceectgacgageatcacaaaaatcgacget
caagtcagaggtggcgaaacccgacaggactataaagataccaggcegtttcceccctggaagetcectegtgegetct
cctgttccgaccctgecgettaccggatacctgteegectttcteccttcgggaagegtggegcetttctcatagetcacg
ctgtaggtatctcagttcggtgtaggtcgttcgctccaagetgggcetgtgtgeacgaaccccecgttcageecgaccg
ctgcgccttatccggtaactatcgtcttgagtccaacccggtaagacacgacttatcgecactggeageagecactgg
taacaggattagcagagcgaggtatgtaggcggtgctacagagttcttgaagtggtggcctaactacggetacacta
gaaggacagtatttggtatctgcgctctgctgaagccagttaccttcggaaaaagagttggtagetcttgatceggea
aacaaaccaccgctggtagcggtggtttttttgtttgcaagcagcagattacgcgcagaaaaaaaggatctcaagaa
gatcctttgatcttttctacggggtctgacgctcagtggaacgaaaactcacgttaagggattttggtcatgagattatc
aaaaaggatcttcacctagatccttttaaattaaaaatgaagttttaaatcaatctaaagtatatatgagtaaacttgg
tctgacagttaccaatgcttaatcagtgaggcacctatctcagegatctgtctatttcgttcatccatagttgectgactc
cccgtecgtgtagataactacgatacgggagggcttaccatctggecccagtgetgeaatgataccgegagacccacg
ctcaccggctccagatttatcagcaataaaccagccagecggaagggecgagegeagaagtggtectgceaactttat
ccgcctccatccagtctattaattgttgecgggaagetagagtaagtagttcgecagttaatagtttgegeaacgttgtt
gccattgctgcaggceatcgtggtgtcacgetcgtegtttggtatggcttcattcagetceggttcccaacgatcaagge
gagttacatgatcccccatgttgtgcaaaaaagcggttagetectteggtectecgategttgtcagaagtaagttgge
cgcagtgttatcactcatggttatggcagcactgcataattctcttactgtcatgccatccgtaagatgcttttctgtgac
tggtgagtactcaaccaagtcattctgagaatagtgtatgcggcegaccgagttgetcttgeccggegtcaatacggga
taataccgcgccacatagcagaactttaaaagtgctcatcattggaaaacgttcttcggggegaaaactctcaagga
tcttaccgctgttgagatccagttcgatgtaacccactcgtgeacccaactgatcttcagceatcttttactttcaccage
gtttctgggtgagcaaaaacaggaaggcaaaatgccgcaaaaaagggaataagggegacacggaaatgttgaat
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actcatactcttcctttttcaatattattgaagcatttatcagggttattgtctcatgagcggatacatatttgaatgtatt

tagaaaaataaacaaataggggttccgcgcacatttccccgaaaagtgccacctgaaattgtaaacgttaatattttg
ttaaaattcgcgttaaatttttgttaaatcagctcattttttaaccaataggccgaaatcggcaaaatcccttataaatc

aaaagaatagaccgagatagggttgagtgttgttccagtttggaacaagagtccactattaaagaacgtggactcca
acgtcaaagggcgaaaaaccgtctatcagggcgatggeccactacgtgaaccatcaccctaatcaagttttttgggg
tcgaggtgccgtaaagcactaaatcggaaccctaaagggagceccccgatttagagettgacggggaaagecggeg

aacgtggcgagaaaggaagggaagaaagcgaaaggagegggegctagggegetggcaagtgtageggtcacge
tgcgcgtaaccaccacacccgecgegcettaatgegeecgetacagggegegteccattegeca

2. Gene sequence for the RNA aptamer dBroccoli
gagacggtcgggtccatctgagacggtcgggtccagatattcgtatctgtcgagtagagtgtgggcetcagatgtc
gagtagagtgtgggctc

3. Plasmid sequence for the plasmid encoding the fluorescent protein
mVenus
tggcgaatgggacgcgccctgtageggegeattaagegeggegggtgtggtggttacgegeagegtgaccgetaca
cttgccagegecctagegeccgcetectttegetttetteccttectttetegecacgttegecggettteeccgtcaagete
taaatcgggggctccctttagggttccgatttagtgetttacggcacctcgaccccaaaaaacttgattagggtgatgg
ttcacgtagtgggccatcgcecctgatagacggtttttcgecctttgacgttggagtccacgttctttaatagtggactctt
gttccaaactggaacaacactcaaccctatctcggtctattcttttgatttataagggattttgccgatttcggectattg
gttaaaaaatgagctgatttaacaaaaatttaacgcgaattttaacaaaatattaacgtttacaatttcaggtggcact
tttcggggaaatgtgcgeggaacccectatttgtttatttttctaaatacattcaaatatgtatccgetcatgagacaata
accctgataaatgcttcaataatattgaaaaaggaagagtatgagtattcaacatttccgtgtcgececttattecctttt
ttgcggcattttgecttectgtttttgetcacccagaaacgetggtgaaagtaaaagatgetgaagatcagttgggtge
acgagtgggttacatcgaactggatctcaacagcggtaagatccttgagagttttcgccccgaagaacgttttccaat
gatgagcacttttaaagttctgctatgtggcgcggtattatcccgtattgacgecgggeaagagceaacteggtegeeg
catacactattctcagaatgacttggttgagtactcaccagtcacagaaaagcatcttacggatggcatgacagtaag
agaattatgcagtgctgccataaccatgagtgataacactgcggccaacttacttctgacaacgatcggaggaccga
aggagctaaccgcttttttgcacaacatgggggatcatgtaactcgecttgatcgttgggaaccggagetgaatgaa
gccataccaaacgacgagcegtgacaccacgatgectgcagcaatggceaacaacgttgegcaaactattaactggeg
aactacttactctagcttcccggcaacaattaatagactggatggaggceggataaagttgcaggaccacttctgeget
cggcecttecggetggetggtttattgetgataaatctggageeggtgagegtgggtctegeggtatcattgeageact
ggggccagatggtaagccctcecgtatcgtagttatctacacgacggggagtcaggcaactatggatgaacgaaat
agacagatcgctgagataggtgcctcactgattaagcattggtaactgtcagaccaagtttactcatatatactttaga
ttgatttaaaacttcatttttaatttaaaaggatctaggtgaagatcctttttgataatctcatgaccaaaatcccttaac
gtgagttttcgttccactgagcegtcagaccccgtagaaaagatcaaaggatcttettgagatcctttttttctgegegta
atctgctgcttgcaaacaaaaaaaccaccgctaccageggtggtttgtttgeccggatcaagagcetaccaactctttttc
cgaaggtaactggcttcagcagagcgcagataccaaatactgtcecttctagtgtagcecgtagttaggcecaccacttca
agaactctgtagcaccgcctacatacctcgetctgctaatcctgttaccagtggetgetgecagtggegataagtegtg
tcttaccgggttggactcaagacgatagttaccggataaggcgcageggtcgggctgaacggggggttegtgeaca
cagcccagcttggagcgaacgacctacaccgaactgagatacctacagegtgagctatgagaaagegccacgcettc
ccgaagggagaaaggcggacaggtatccggtaagegge
agggtcggaacaggagagcgcacgagggagcttccagggggaaacgectggtatctttatagtectgtegggtttc
gccacctctgacttgagegtegatttttgtgatgetcgtcaggggggeggagectatggaaaaacgecagcaacgeg
gcctttttacggttectggecttttgetggecttttgetcacatgttctttectgegttatcccctgattetgtggataaccg
tattaccgcctttgagtgagcetgataccgctcgecgeagecgaacgaccgagegeagegagtcagtgagegaggaa
gcggaagagcegcctgatgeggtattttctecttacgcatctgtgeggtatttcacaccgeatatatggtgeactctcag
tacaatctgctctgatgccgcatagttaagccagtatacactccgctatcgetacgtgactgggtcatggetgegeccc
gacacccgccaacacccgctgacgegecctgacgggcettgtcetgetcceggeatecgettacagacaagetgtgacc
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gtctccgggagctgeatgtgtcagaggttttcaccgtcatcaccgaaacgegegaggeagetgeggtaaagcetceatc
agcgtggtcgtgaagcgattcacagatgtctgectgttcatccgegtccagetcgttgagtttctccagaagegttaat
gtctggcttctgataaagegggccatgttaagggeggttttttectgtttggtcactgatgectecgtgtaagggggatt
tctgttcatgggggtaatgataccgatgaaacgagagaggatgctcacgatacgggttactgatgatgaacatgecc
ggttactggaacgttgtgagggtaaacaactggcggtatggatgcggegggaccagagaaaaatcactcagggtca
atgccagcgcttcgttaatacagatgtaggtgttccacagggtagccagcagcatcctgegatgeagatccggaaca
taatggtgcagggcgctgacttccgegtttccagactttacgaaacacggaaaccgaagaccattcatgttgttgetc
aggtcgcagacgttttgcagcagcagtcgcttcacgttcgetcgegtatcggtgattcattctgetaaccagtaaggea
accccgccagectagecgggtcectcaacgacaggagceacgatcatgegeaccegtggggecgecatgecggegat
aatggcctgcttctcgecgaaacgtttggtggegggaccagtgacgaaggcttgagegagggegtgcaagattecg
aataccgcaagcgacaggccgatcatcgtcgegetccagegaaageggtectcgecgaaaatgacccagagegcet
gccggeacctgtcctacgagttgcatgataaagaagacagtcataagtgeggegacgatagtcatgecccgegecc
accggaaggagctgactgggttgaaggctctcaagggcatcggtcgagatceccggtgectaatgagtgagcetaactt
acattaattgcgttgcgctcactgeccgctttccagtcgggaaacctgtegtgecagetgeattaatgaatcggecaac
gcgeggggagaggeggtttgegtattgggegecagggtggtttttcttttcaccagtgagacgggcaacagetgattg
cccttcaccgectggecctgagagagttgcagcaageggtccacgetggtttgecccageaggegaaaatectgttt
gatggtggttaacggcgggatataacatgagctgtcttcggtatcgtegtatcccactaccgagatatccgeaccaac
gcgcagceccggactcggtaatggegegeattgegeccagegecatcetgategttggeaa
ccagcatcgcagtgggaacgatgccctcattcageatttgecatggtttgttgaaaaccggacatggcactccagtegc
cttccegttecgetatcggcetgaatttgattgegagtgagatatttatgccagecagecagacgeagacgegecgaga
cagaacttaatgggcccgctaacagcegegatttgetggtgacccaatgegaccagatgetccacgeccagtegegta
ccgtcttcatgggagaaaataatactgttgatgggtgtctggtcagagacatcaagaaataacgccggaacattagt
gcaggcagcttccacagcaatggcatcctggtcatccageggatagttaatgatcageccactgacgegttgegega
gaagattgtgcaccgccgctttacaggcttcgacgecgcttegttctaccatcgacaccaccacgetggeacccagtt
gatcggcgcegagatttaatcgecgegacaatttgegacggegegtgeagggecagactggaggtggcaacgecaat
cagcaacgactgtttgcccgecagttgttgtgccacgeggttgggaatgtaattcagetccgecatcgecgcettecact
ttttcccgegttttcgeaga
aacgtggctggcectggttcaccacgecgggaaacggtctgataagagacaccggcatactctgegacatcgtataac
gttactggtttcacattcaccaccctgaattgactctcttccgggegcetatcatgecataccgegaaaggttttgegeca
ttcgatggtgtccgggatctcgacgetcteccttatgegactcctgeattaggaagcageccagtagtaggttgagge
cgttgagcaccgccgecgcaaggaatggtgeatgcaaggagatggegeccaacagtceccccggecacggggectg
ccaccatacccacgccgaaacaagcegcetcatgageccgaagtggegageccgatcttceccateggtgatgtegge
gatataggcgccagcaaccgceacctgtggegecggtgatgecggecacgatgegtccggegtagaggatcgagatc
tcgatcccgegaaattaatacgactcactataggggaattgtgageggataacaattccectctagaaataattttgtt
taactttaagaaggagatatacatatgagcaaaggcgaagaactgttcacgggtgtggttccgatcctggttgaact
ggatggcgatgtgaacggtcataaatttagcgtgtctggtgaaggcegaaggtgatgegacctacggcaaactgacg
ctgaaactgatttgcaccacgggtaaactgccggttcegtggecgaccctggtgaccacgetgggttatggtctgatg
tgtttcgcacgttacccggatcacatgaaacgccatgatttctttaaatctgegatgecggaaggcetatgtgcaggaa
cgtaccatctttttcaaagatgatggtaactacaaaacccgcgcggaagttaaatttgaaggcgatacgetggtgaa
ccgtattgaactgaaaggtatcgatttcaaagaagatggcaatattctgggtcacaaactggaatacaactacaaca
gtcataacgtgtacattaccgccgataaacagaaaaacggtatcaaagcaaacttcaaaatccgtcacaacatcga
agatggcggtgttcagcetggccgatcattaccagcagaacaccccgattggegatggtecggtgetgetgecggata
atcattatctgagttaccagagcaaactgtctaaagatccgaatgaaaaacgcgatcacatggttctgctggaatttg
tgaccgcggcecggceattacgcatggtatggatgaactgtataaaactagaggaggaggaggatcaggaggaggag
gatcaactagaatgtccggcccgegtectegtggtaccegtggeaaaggtegecgtattcgecgtgeggatccgaatt
cgagctccgtcgacaagcettgeggecgeactcgageaccaccaccaccaccactgagatceggetgcetaacaaage
ccgaaaggaagctgagttggctgetgecaccgetgagcaataactagecataaccect
tggggcctctaaacgggtcttgaggggttttttgctgaaaggaggaactatatceggat



4. Plasmid sequence for the plasmid encoding the fluorescent protein YPet
ctagtagcggccgctgcagtccggcaaaaaagggceaaggtgtcaccaccctgecctttttctttaaaaccgaaaaga
ttacttcgcgttatgcaggcttcctcgetcactgactcgetgegeteggtegtteggetgeggegageggtatcagetc
actcaaaggcggtaatacggttatccacagaatcaggggataacgcaggaaagaacatgtgagcaaaaggcecage
aaaaggccaggaaccgtaaaaaggcecgegttgetggegtttttccacaggctccgeccccctgacgagcatcacaa
aaatcgacgctcaagtcagaggtggcgaaacccgacaggactataaagataccaggegtttccccctggaagetec
ctcgtgegctctectgttcegaccctgecgettaccggatacctgteegecttteteccttcgggaagegtggegcetttet
catagctcacgctgtaggtatctcagttcggtgtaggtcgttcgetccaagetgggcetgtgtgecacgaaccecccgtte
agcccgaccgcetgegecttatccggtaactatcgtcettgagtccaacccggtaagacacgacttatcgecactggeag
cagccactggtaacaggattagcagagcgaggtatgtaggceggtgctacagagttcttgaagtggtggectaactac
ggctacactagaagaacagtatttggtatctgegctcetgetgaagcecagttaccttcggaaaaagagttggtagcetct
tgatccggcaaacaaaccaccgctggtageggtggtttttttgtttgcaagcagcagattacgcgcagaaaaaaagg
atctcaagaagatcctttgatcttttctacggggtctgacgctcagtggaacgaaaactcacgttaagggattttggtc
atgagattatcaaaaaggatcttcacctagatccttttaaattaaaaatgaagttttaaatcaatctaaagtatatatg
agtaaacttggtctgacagctcgaggcttggattctcaccaataaaaaacgcccggeggeaaccgagegttctgaac
aaatccagatggagttctgaggtcattactggatctatcaacaggagtccaagcegagcetcgatatcaaattacgcecc
cgccctgecactcatcgcagtactgttgtaattcattaagcattctgecgacatggaagccatcacaaacggcatgat
gaacctgaatcgccagcggcatcagcaccttgtcgecttgegtataatatttgeccatggtgaaaacgggggegaag
aagttgtccatattggccacgtttaaatcaaaactggtgaaactcacccagggattggctgagacgaaaaacatattc
tcaataaaccctttagggaaataggccaggttttcaccgtaacacgccacatcttgcgaatatatgtgtagaaactgc
cggaaatcgtcgtggtattcactccagagcgatgaaaacgtttcagtttgctcatggaaaacggtgtaacaagggtg
aacactatcccatatcaccagctcaccgtctttcattgccatacgaaattccggatgagcattcatcaggegggceaag
aatgtgaataaaggccggataaaacttgtgcttatttttctttacggtctttaaaaaggcecgtaatatccagetgaacg
gtctggttataggtacattgagcaactgactgaaatgcctcaaaatgttctttacgatgccattgggatatatcaacgg
tggtatatccagtgatttttttctccattttagcttccttagetcctgaaaatctcgataactcaaaaaatacgeecggta
gtgatcttatttcattatggtgaaagttggaacctcttacgtgcccgatcaactcgagtgccacctgacgtctaagaaa
ccattattatcatgacattaacctataaaaataggcgtatcacgaggcagaatttcagataaaaaaaatccttagcttt
cgctaaggatgatttctggaattcgagtaagcccctctagaggaccacgcatcgtgatgectatgegeggtagtecca
ccttgtccactagaatggaagattggcacgtatcaagactttggagtagtaccataacgecgtttacggcetagetcag
tcctaggtatagtgctagctagegcagegcetcaacgggtgtgctteecgttetgatgagtecgtgaggacgaaageg
cctctacaaataattttgtttaatcatgagaaagaggagaaaactagatgtctaaaggtgaagaactgtttacgggtg
tcgtgccgattctggtcgagttggacggegacgtgaacggtcacaaattcagegtgageggegagggegagggtga
cgcgacgtacggtaagctgactctgaagetgetgtgecaccacgggtaaattgecggtteegtggecgaccctggtca
cgacgctgggttatggtgtacaatgttttgcacgctatccggaccacatgaaacagcacgatttcttcaagagegega
tgccggaaggctatgttcaggaacgtaccatctttttcaaagatgatggtaattacaaaacccgecgcagaagtgaag
ttcgagggtgacaccctggtgaaccgtattgagctgaagggtattgacttcaaggaagatggceaatattctgggtcac
aaactggagtacaactataacagccataacgtctacatcaccgcggataagcaaaaaaatggtatcaaagcaaatt
tcaagattcgccacaacatcgaagatggceggcegtgcaactggecgatcattatcagcagaataccccaatcggtgac
ggtccggtgctgttgecggataaccactacctgagctatcaaagegegttgttcaaagacccgaatgaaaaacgtga
ccacatggttctgctggaatttctgaccgctgegggeatcactgaaggceatgaatgaactgtacaagacgegtggtg
gcggeggttcgatgagcaagactatcgttttgtecgteggegaggctaccecgtaccttgaccgaaattcaatccaccg
cggaccgtcaaatttttgaggaaaaagtcggtectetggtgggtcgtetgegtctgaccgegagectgegecagaac
ggtgccaaaacggcataccgtgttaatctgaaactggatcaggecgacgttgtggacageggtctgecgaaagtec
gctacacccaggtgtggagccacgatgtgacgatcgttgecgaatagecaccgaagegagecgcaagagectgtacg
acctgaccaagagcctggtggcaacgtcccaagttgaagatctggttgttaacctggtgecgetgggtcgttaaage
atgccggaggaaacacagaaaaaagcccgeacctgacagtgegggctttttttttcgaccaaaggggtgceata



